CHARACTERISTIC EVALUATION METHOD FOR MAGNETIC DISK
MEDIUM BACKGROUND OF THE INVENTION 1. FIELD OF THE
INVENTION The present invention relates to a characteristic evaluation
method for a magnetic disk medium. More particularly, it relates to a
method of quantitatively evaluating the nonlinear transition shift, the
partial erasure or the like nonlinear distortion of a recorded signal
attributed to the fact that bits are adjacently recorded in a high-density
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processing in the read channel of a magnetic disk device, a PRML
(Partial Response Maximum Likelihood) scheme has become the
present-day mainstream instead of a_conventional peak detection

method. The PRMU ettt Bih& fschidme WHérem PR equalization in
1. \ﬁlqlﬂ]g %%a%ﬂgn%lﬁ%t\)ﬁ%@ is equalized to a predetermined PR target
om W

by an equalizeris ¢ Ined with an ML method in which NRZ data are
reproduced from bit data sampled at a channel rate, by
maximume-likelihood decoding. When a bit interval narrows, the

interfgyencs,Qf waveforms0ecyis, and bit detection becomes difficult yath;

1 the peak detection method. In contrast, since the PRML method
evaluation method for a magnetic disk medium. More
particularly, it relates to a method of quantitatively
evaluating the nonlinear transition shift, the partial
erasure or the like nonlinear distortion of a recorded signal

attributed to the fact that bits are adjacently recorded in

a high-density record medium.
2. DESCRIPTION OF THE RELATED ART

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

waveforms occurs, and bit detection becomes difficult with



positively utilizes the waveform interference, the bit detection of a higher
line record density is possible. However, when a line record density
becomes conspicuously high (the bit interval becomes conspicuously
narrow) , the nonlinear distortion of a head signal increases, and the
performance of the bit detection in the PRML method degrades. This is
because the PR equalization is based on the linear superposition of
signals. In the development of a high-record-density medium, therefore, it
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nonqg%%gemgg%é%rtion of a head signal increases, and the
performance of the bit detection in the PRML method degrades.
This is because the PR equalization is based on the linear
superposition of signals. In the development of a
high-record-density medium, therefore, it becomes important

to precisely evaluate the magnitude of the nonlinear

distortion.

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

shift”.

Besides, in the case where the two magnetization

transitions have been recorded in proximity, the amplitude



of a reproduced pulse waveform based on each of the magnetization
transitions becomes smaller than an amplitude in the case where the
reproduced pulses of isolated waveforms are linearly superposed. This is
called the "partial erasure". The partial erasure includes the following two
factors: One of them is ascribable to the fact that a head magnetic field
undergoes interference on account of a demagnetic field from an
adjacent bit, so the magnetization transition width of a recorded bit
of spreatiRPTREBRRSA is PaskFiDablert6ahe ¥act thaf&fegidR wissrel ©of the
magnetization is divided appears within a bit cell on account of the
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demagnetic field from an adjacent bit, so the magnetization
transition width of a recorded bit spreads. The other is
ascribable to the fact that a region where magnetization is
divided appears within a bit cell on account of the

interaction between grains constituting a recorded layer,

resulting in the decrease of the total magnetization.

Various methods have heretofore been proposed for
measuring the nonlinear distortion. They are classified into
a time domain method and a frequency domain method. The time
domain method includes a method stated in IEEE Trans. Magn.,
Vol. 23, pp. 2377-2379, 1987. This method is such that
pseudo-random signals are recorded on a disk, that the dibit
response of a reproduction system is obtained by the inverse
convolution calculations between the input pseudo-random
signals and the reproduced signal waveform thereof, and that
the magnitude of the nonlinear distortion is obtained from

the amplitude value of an echo on a dibit response waveform



the amplitude value of an echo on a dibit response waveform 3 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, and
that an extreme measurement error arises when a DC offset exists in the
reproduced signal waveform. Besides, the frequency domain method
includes a method called a "Harmonic Elimination method" stated in IEEE
attrrapst #adr, Yol 27 Nee 8 pp.Y531608 21 991 s hrethéd i SwEhaHage
a periodic pattern which contains dibits and isolated bits and in which
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Besides, the freqguency domain method includes a method
called a “Harmonic Elimination method” stated in IEEE Trans.
Magn., Vol. 27, No. 6, pp. 5316-8, 1991. This method is such
that a periodic pattern which contains dibits and isolated
bits and in which specified odd-numbered order higher
harmonic components become zero in a case where a nonlinear
component is zero, and a reference pattern which contains only
isolated bits are respectively written into a disk, that the
reproduced signal waveforms of the patterns are
frequency-analyzed to obtain the odd-numbered order higher
harmonic components of the respective waveforms, and that
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 of performance. However,
it has the problem that the partial erasure and the nonlinear
transition shift cannot be separated, so the nonlinear

transition shift becomes larger than an actual magnitude,



it has the problem that the partial erasure and the nonlinear transition

shift cannot be separated, so the nonlinear transition shift becomes larger

than an actual magnitude, 4 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 degrades

under a condition in which the assumption does not hold true. Besides,
ungggartiiy a mMettrinsviiéh tHeendidinbar trafSifis SRift anBGfé Partial the
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Besides, regarding a method in which the nonlinear
transition shift and the partial erasure are separately
measured, there is a method stated in IEEE Trans. Magn., Vol.
31, No. 6, pp. 3021-6, 1995. This method is such that the
partial erasure is first obtained alone by employing a square
wave signal which 1is not influenced by the nonlinear
transition shift, while the total nonlinear distortion is
obtained by the above harmonic elimination method. In
addition, the nonlinear transition shift is obtained from
both the obtained results. It is a method which is excellent
in the point that the nonlinear distortion can be separated.
For the above reason, however, it has the problemvthat the
measurement precision of the nonlinear transition shift
degrades under the condition in which the assumption of the
nonlinear transition shift being sufficiently smaller than

the bit interval does not hold true.

Besides, another method in which the mnonlinear



degrades under the condition in which the assumption of the nonlinear
transition shift being sufficiently smaller than the bit interval does not hold
true. Besides, another method in which the nonlinear 5 transition shift and
the partial erasure are separately measured is a method stated in Patent
JP-A-10-269511. This method is the improved method of the harmonic
elimination method based on the fifth order harmonic. It is such that a

periodic pattern of 30 bits containing dibits and isolated bits is employed
LSy meaBurémeht pattetn, tHaf thedith! efdeP harfhdific A6 b&tiRehthE LY
measurement pattern and a reference (ﬁa@zttern which is caused to contain
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ibits is obtained, and that the partial erasure is obtained from the . .
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order harmonic ratio and the partlal erasure as well as the nonlinear

a JEAnsiien Sl Ploee, Beweyer, this method; necessitalas means foLfinely o 4
adjusting the intervals of the dibits at a high precision, it is not easy of
bitealizatigmtergea measurement privgiple fos the-nenlinegh s+ the fifth
order harmonic ratio between the measurement pattern and a
reference pattern which 1is caused to contain only the
isolated bits by successively changing the bit intervals of
the dibits is obtained, and that the partial erasure is
obtained from the minimum value of the ratio. Further, the
value of the nonlinear transition shift is obtained by
employing the relational formula between the fifth order
harmonic ratio and the partial erasure as well as the
nonlinear transition shift. Since, however, this method

necessitates means for finely adjusting the intervals of the

dibits at a high precision, it is not easy of realization.

Here, a measurement principle for the nonlinear
transition shift as 1s based on the prior-art harmonic
elimination method stated in TEEE Trans. Magn., Vol. 27, No.
6, pp. 5316-8, 1991 will be elucidated in order to supplement
the embodiment of the present invention as will be described

later.



transition shift as is based on the prior-art harmonic elimination method
stated in IEEE Trans. Magn., Vol. 27, No. 6, pp. 5316-8, 1991 will be
elucidated in order to supplement the embodiment of the present
invention as will be described later. 6 Fig. 3 shows a periodic pattern
containing dibits and isolated bits, for use in the harmonic elimination
method, and the reproduced signal waveform thereof. This pattern is
composed of the dibits P and the succeeding isolated bits Q. Here, the
termTémbit" 3ighifveSa parerhliAMHTCR Fhaghet ZadhidmsiBnd Shéssegnd
two bits. This pattern is represented by an NRZI (Non-Return to Zero
isqhobhdtdfion, 4SaivaRDeldiv. IREABAETIHE "RixZThBRLibR s thods
eﬁhod in wh h thg emstencle of thefma%n %zatlonftran?ﬁlon IS noted as,
1 Whereas the nonexisterice Of the magne Fation tranditlor 18 Adtedds is
""110 5)100...(n 1100,.. (m O's)10 re o)
com38 Ocl)é)q (w greap%ngg ge%)oté r?ar%ﬁra uﬁl%n é)rs %uojfdS true(-}t1ehdn¥olés Q-

He fWIMbenRQf bits.gfithiswpafiern is Nys 2m # 20+ 6, a”ﬁé*&%@?ﬂf’d theregtisch
(2m + 2n + 6) T (Where T denotes the b|t period of the dibits) . It will be

madhdicated: below that,dn @icase wheredhg noplinear distoftipNdspattern is

an

represented by an NRZI (Non-Return to Zero Invert) notation,
as given below. Incidentally, the “NRZI notation” is a method
in which the existence of the magnetization transition is
noted as “1”, whereas the nonexistence of the magnetization
transition is noted as “0”.
1100...(m 0"s)100...(n 0’s)1100... (m 0"s)100... (n O0’'s)
Here, m = 6p and n = 6g (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 the nonlinear distortion is
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 is decomposed
into three periodic patterns (a) - (c) of isolated bits.
Accordingly, the reproduced signal waveform y(t) is expressed

as follows:



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 is decomposed into three periodic patterns (a) - (c) of isolated
bits. Accordingly, the reproduced signal waveform y(t) is expressed as
follows: 7 Formula 1 y(t) = x(t) - x(t- (n + 1) T) + x(t - (n + 2)T) Here, "x(t)"
denotes the temporal waveform of the periodic pattern (a) in Fig. 4. The
frequency spectrum Y(w) of the reproduced signal waveform is expressed
as: ForPUufEB MWl = X((0) - X((0) e-+ 1)T + X((0) .e- jOJ(n + 2)T Here, a

fundam al freguency wo is e sed as:_ Formula 3 It wn=-_NT
(m F i gT Th}gldgh ordet harr)lﬁi)ﬁli compghent expré gred as:

Formula 4 Y(k wo) = X(k wo) - X(k w") e je. pm IDT + X(kw ) e ik.min+2, T

Here, ™“x(t)” denotes the temporal waveform of the

periodic pattern (a) in Fig. 4.

The frequency spectrum Y (®w) of the reproduced signal

waveform 1s expressed as:

Formula 2

Y((,O) — X((D) _ X(w).e—jw(n-Fl)T + X(O)).e—j(l)(n-FZ)T
Here, a fundamental frequency oy is expressed as:

Formula 3

27 T
Wy = — - =
NT m+n+ 3)
The kth order harmonic component is expressed as:
Formula 4
Yk 0o = XK @, — XK @,) - e—jkmo(n+1)T + Xk o) - e—jkmo(mz)T

n+1 . n+2

= X(k wmo) — Xk 030) . e_jm+n+3kn + Xk gyo) e_]m+n+3kn

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



nil n+2 X(k (00) X(k w0) ' e ks m ini3 + X(k wQ) - e m+n+3 In case of k =
2p + 2q + 1, the kth order harmonic 8 component becomes zero as
indicated below: Formula 5 n+l ri+2 Y(k (90) = X(k Q)0) (1 e_'m+n+3k +
e+,i+3 X(k (J)) (1 e 6p+6,+923+24+t)rt + e 26p+6y+3(2p+2q+1)s~
X(k0)0O1' ~I- e + e-' 4k 0)0) (I - e ', + e j2sn) = O Here, "k" is always an odd
number, and k = 5 holds true in case of p = g = 1 by way of example.
Next, it will be indicated that, in the existence of the nonlinear transition

COTYRRN TS vAIBE IERoFEET bE BB Hord tReRtAder harmonic
components of the respective reproduced signal waveforms of the
periodic pattern containing the dibits and the isolated bits and the periodic
pattern )%trheui %Ia d bits. In the existence of the nonlinear transition shift,
the temporgﬁ wavetorm y(t) (the reproduced signal waveform of the
periodic pattern containing.the dibits and the isolated

Y(k (,00) = X<k 0)0) -1 - eajm+n+3kn + eﬂjm+n+3
. 29+1 . 29+2
= X(k CDO) * (1 - e ]6p+6q+3(2p+2q+1)7r + =} J6p+6q+3(2p+2q+l)n)
_L6q+1 642
= ko) L -5 " +e775 )

Xk @) - (1 - e_ji" + eﬁén) =0

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

in case of p = g = 1 by way of example.

Next, it will be indicated that, in the existence of the
nonlinear transition shift, the value thereof can be ocbtained
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 existence of the nonlinear transition shift, the

AY

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:



bits) is expressed as follows, when A denotes the nonlinear transition
shift: 9 Formula 6 A y(t)=x (t)-x (t-(n+ 1) T+4)+x(t-(n+2) T+a) ) Here, owing
tox (t+ A) - x (t) + Ax (t) /dt, the following is obtained: Formula 7 A y(t)=x
(O)-x (t-(n+1) T+4)+x (t-(n+2) T+4) =x (t)-x (t-(n+l) T)-&x (t-(n+1) T) /dt+x
(t-(n+2) T) +ax(t-(n +2)T))/dt Here, "y (t) " is let denote the temporal
waveform of the periodic pattern containing the dibits and the isolated bits,
in the nonexistence of the nonlinear transition shift, and an error signal
e(t) is dERFEaS fdlows: Formula 8 e(t) = y(t) - y(t) -A x(t - (n + 1)T) / dt +
~ A-X({t-(n+2)T)/dt The frequency spectrum E(w) becomes: Formula 9
y(BEF (ta sd(win € JOTr. £ rT = (A WX tvd). TeHtmi2n

Here, owing to x(t + A) = x(t) + Ax(t)/dt, the following

is obtained:

Formula 7

AN

Vit =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

Here, “y(t)” is let denote the temporal waveform of the
periodic pattern containing the dibits and the isolated bits,
in the nonexistence of the nonlinear transition shift, and

an error signal e(t) is defined as follows:

Formula 8

~

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

The frequency spectrum E(®) becomes:

Formula 9

—jo(n+1)T —ja{n + 2T

Fw) = -A » oX(®) + e + A - oXo) - e

10



10 The kth order harmonic component is expressed as follows: Formula
10 E(kwo)=-AkwnX(kwn)e-iko~("+pr+AkwX(kwn)e-1kOj"+2)r o -l 2,+2,,+I
(6q p _~ 2p+2g+l (6g+2)r =-A kwOX(kwo)-e (ep+6p+3) +AkwOX(kwo)e
(6p+6p+3) =-4kwoX(kwo)e-xzg. 3| +AkwnX(kwo)e-x2g+)n
=-A.kwOX(kwo)(e 3 -e 3 ) =-A kwaX(kwo) Here, from the following:
Formula 11 A F(k coo) = Y(k (on) (where Y(k con) denotes the kth order
harmonic component of the A reproduced signal waveform y(t) of the

periodiC pafteth &orit&ining e MBS and B I6Tated Bifs), RS ASMfRGAr 25
folt&aonwsgti:on shift A eventually becomes: Formula 12 JF(k (Dnj jY(k (00)

Formula 10

Etkp,) = _A'ka)oX(ka)o)'e_jkw"(nH)TJr A'ka)oX(ka)o)'e_jk“"’("”)r
- 2p+2q+ . 2p+2g+1

=—A k@, Xk e o™ LA kg Xk, @ ©ror

(6g+2)T

L

, A 2
=AMk, Xk, PRAELEYS k@, Xk, e T

a2
=-A kg, Xk (e’ -’
= Ak, X(kg,)

Here, from the following:

Formula 11

Ek wo) = Y(k o)

N

(where Yk w,) denotes the kth order harmonic component of the

Fa¥

reproduced signal waveform y(t) of the periodic pattern

containing the dibits and the isolated bits), the nonlinear

transition shift A eventually becomes:

Formula 12

|E(k 6001 \Y(k ®o)

T KooKk oo | K wolXk oo

11



k on IX(k woj k coo IX(k (.onj 11 In this manner, the nonlinear transition
shift is evaluated as the ratio between the magnitudes of 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. 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 = 6l nthec hamberaofrits N £ 8@, andhe bi periadEn@n thisroceasidn, is
the fundamental frequency becomes wo = 27¢/NT, and the higher
evaanmbait tosberatimmaied hetomes thediftla grdiet dnermorfict Fiesk theorder
periodic pattern containing the dibits and the isolated bits:
ha rMeude001 080G IDD0CUD 1GHT00 SsREeCOriiEe orf & Piagtetie disk Agnal
the bit period T. Subsequently, the periodic pattern containing the dibits
WaRHRRE fsQatdd it Tead ldhdP e Ragnitrde A5 WP of fite Ak dfderand

harmonic comgqnent is obtained by a, . _
the isolated bits, and the périodic pattern of the isolated

bits.

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 wg = 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 a

12



12 frequency analysis. Subsequently, the periodic pattern of the isolated
bits: 12700000000000001000000000000000 is recorded on the magnetic
disk at the bit period T. Subsequently, the isolated-bit periodic pattern is
read, and the magnitude k(5mcl of the fifth order harmonic component is
obtained by a frequency analysis. In addition, the nonlinear transition shift
A'is evaluated as A=k (S mod/ (5 (o, x IX(5 mul) . As stated above, in
the prior-art harmonic elimination method, the approximation x(t + A) =
f rex@ty enfx(t)Adtds nade . assuming that the nonlinear transition shift is

sufficiently smaller than the bit period T. Therefore, this method has the
problem that the measurement precision degrades under the condition in

which the assumption does not hold true. Besides, this method cannot
separat IRE parial BrastfeS sd WWattRe Rommeh? Fransition Shift dezohmized

larger than its actual magnitude in the existence of the partial erasure.
bitso the method stated in IEEE Trans. Magn., Vol. 31, 13 No. 6, pp.

100060 OB A FPFIEY EAHYEY the partial

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

Subsequently, the isolated-bit periodic pattern is
read, and the magnitude kﬁSmJ of the fifth order harmonic

component is obtained by a frequency analysis.

In addition, the nonlinear transition shift A is

evaluated as A = [{(5m,] / (50 x|m50mb.

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 degrades under the
condition 1in which 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 existence of the partial erasure.

Also the method stated in IEEE Trans. Magn., Vol. 31,

13



erasure and the nonlinear transition shift assumes that the nonlinear
transition shift is sufficiently smaller than the bit period T, and it has the
same problem as that of the harmonic elimination method. SUMMARY
OF THE INVENTION An object of the present invention is to provide a
method which can separately measure a nonlinear transition shift and a
partial erasure in the measurement of the nonlinear distortion of a
magnetic disk, in which a measurement precision does not degrade even
No at@, higl rectid depsityl Whérea the apalirreiae iransiktion shitsistioé partial
negligible relative to a bit period, and which can quantitatively evaluate
e rghe neortindart bistorton withut Fetpidtigfireadiusineatsmeass fohthe the
bit interval of a periodic pattern to-be-recorded. The invention is
norehhRRASTiIZEtPBY ddrhphsythE sieps of e avfishpersdic Siyhal the
which contains dibits and isolated bits, into a magnetic disk in

bl%yﬁ@rﬁbﬂf%m Wit 2ciddk gl WhichS88§naHr 6RO toZProtdtidh of thet he
%netlc isk and \Jévhlch |sg Q §ted on the basis of a trigger signal
Rerronsud T rbatidROF A magnetic disk; sampling a read signal
of the first periodic signal recorded 14 on the magnetic disk, in
accordance with a sampling clock

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
which can separately measure a nonlinear transition shift
and a partial erasure in the measurement of the nonlinear
distortion of a magnetic disk, in which a measurement
precision does not degrade even at a high record density where
the nonlinear transition shift is not negligible relative to
a bit period, and which 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
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which is synchronous to a rotation of the magnetic disk and which is
generated on the basis of the trigger signal; Fourier-transforming those
sampling data of the first periodic signal which have been obtained by the
sampling, thereby to obtain a predetermined odd-numbered order
harmonic component with respect to a fundamental frequency; recording
a second periodic signal which contains only isolated bits, into the
magnetic disk in synchronism with the clock signal; sampling a read
on sidrfal BRtRdetond pelodit BSignaf rEcdrIEee oh itd maghetediskginclock
accordance with the sampling clock; Fourier-transforming those sampling
whifafla bf tfe 8&cornpefodie sigrid WHidPRave b8 dbBHRET by the sk and
sampling, thereby to obtain the odd-numbered order harmonic .
whighpbAen?S BRd taRkAIalify d partidefdsureand & RonfiRddPfansitioAnal i

shift of the ma%netic,disk from the obtained odd-numbered order ,
oYt onic CoMpSHERt 0f the firdt Beris G RigHAP and Ihé otﬂginetdhe first

odd-numbered order. harmonic component of the second periodic signal.
e b agbbULy the Tt perbic SgHal hat boshos ‘ahd Reriods oF the 2"

£ n s and tedsqlgted its deterpinad 5 that fng predetegpined 1o rmonic

odd-numbered harmonic component may become zero in nonexistence

corgh SRanlingar sompaneat, that the seeond pesiodic-signalie @,5igadlo raing
which has a period
a second periodic signal which contains only isolated bits,
into the magnetic disk in synchronism with the clock signal;
sampling a read 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.

Advantageocusly, the first periodic signal has positions
and periods of the dibits and the isolated bits determined
so that the predetermined odd-numbered harmonic component may
become zero in nonexistence of a nonlinear component, that

the second periodic signal is a signal which has a period
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15 equal to that of the first periodic signal and which contains only the
isolated bits, and that positions of the isolated bits of the second periodic
signal are equal to those of the isolated bits of the first periodic signal.
According to the invention, the partial erasure and the nonlinear transition
shift can be separately evaluated. 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
eqimatmonit heliminatiohaméthoslt sothatiheameasmememcpregision obthieains
nonlinear transition shift does not degrade even under a condition in
oniwhich thelworlimeaptrardition shift is hat neghgiblerefativé téfive Bisolated
~ period. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a block
b i efagrant bEaTBAGMItE testerwRich BFsedfor i ingfa HoAMfe&t the
. distortion in the present invention; Fig. 2 is a flow chart showing a
st Gdeflir® tdrin8dsuring thenTdniRBar Giiortich #theé 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 a

peﬂqggbording to the invention, the partial erasure and the
nonlinear transition shift can be separately evaluated.
Further, an approximation operaticn 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 does not degrade even under a
condition in which 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 in the present
invention;

Fig. 2 is a flow chart showing a procedure for measuring
the nonlinear distortion in 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 a periodic

16



16 pattern waveform in Fig. 3 is decomposed into three isolated pulses.
DESCRIPTION OF THE PREFERRED EMBODIMENT Now, an
embodiment of the present invention will be described. First, the basic
principle of a measurement method for a nonlinear distortion in the
invention will be 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 in IEEE Trans. Magn., Vol.
pat7e No. 6 ppL 531618) 1004 - That i, dEiS P eriddic partémriagichagl ated
below. 1100...(m O's)100...(n O's)1100... (m O's)100... (n 0's) Here, as
Pulst@ed before, m = 6p and n = 6q (where p and g denote natural numbers)
hold true, and a period is represented by (2m + 2n + 6) T (where "T"
denotes a bit period) . The temporal waveform of a reproduced signal in

nonlinear BASHON B ot b Biore ke T E R 13 17
y(t)=x(1)-(1-(x) X(t-(n+1)T)+(1-a)x(t-(n+2)T+A)

Now, an embodiment of the present invention will be
described. First, the basic principle of a measurement method
for anonlinear distortion in the invention will be 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 in IEEE Trans.
Magn., Vol. 27, No. 6, pp. 5316-8, 1991. That is, it is the
periodic pattern indicated below.

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
existence of the nonlinear distortion (a partial erasure and

a nonlinear transition shift) can be expressed as follows:

Formula 13

17



Here, "A" denotes the nonlinear transition shift, "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(c)) and Y((u),
respectively, Formula 14 Y(w) = X(w) - (1 - a)X((D) eT + (1 - a)X(w)
e_0~"+2)T+0) Here, a fundamental frequency wo is expressed as follows:
Formula 15 2nit wn NT (m+ n+ 3)T Accordingly, the kth order harmonic
component becomes: Formula 16 . 2n k)n +1) _ 2ak)n +2+A / 'f) Y(k wo)

y () X6k W)~ (kodo &) tr{ayé NI+ X(K wi) 6 (&)< nN2 Hetd) the following
formulas hold true: 18 Formula 17 27ck(n +1) _27n(2p+2q+1) (69 + 1)
N 2m+2n+ 6 2mc(2p + 2q + 1) (6q + 1) 2(6p + 60 + 3)

Here, “A” denotes the nonlinear transition shift, “o”

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

—Jon+LT —Jo{n+ 2)T +A)

Yo) = X() — (1 — a)X(w) - e + (1 - aXw) e

Here, a fundamental frequency ®, 1s expressed as

follows:

Formula 15

Accordingly, the kth order harmonic component becomes:

Formula 16

_.2rkin +1) _.2rkn+2 +A / T)

YK o) = X(Kwo) —XKog)r (L —a)r e’ v +Xkoy)-1-a) e’ N

Here, the following formulas hold true:
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it 3 Formula 18 27ck(n+2+A/T) _ 2ic(2p+29+1)(6g+2+A/ T) N 2m+2n+6
2icp+2g+1) (6g+2+A/T))2(6p+6qg+3) =it(6g+2+-)
Accordingly, the following formula holds true: Formula 19 Y(k 0)0) = X(k
(00) - X(kwa) (1-a)e'3+ X(kWC) (1 e-3"i(R=X(k X(kw,)) (1 e'3 + X(k
wo) (1a) e 1312+T ) 213 =X(kwo) - X(kon) (1-a) 1+ X(k(0,) (1-a)
(cosn(2+Ai sin(2+A 3T3T Here, when 19 Formula 20 0,, = 3(2+)
is put, the following formula is obtained:

Formula 17

onk(n + 1) _ 2n@2p + 29 + 1) - (69 + 1)

N 2m + 2n + 6
_on@p + 29 + 1) - (6g + 1)
N 26p + 6q + 3)
_ Tt
)

Formula 18

onk(n + 2 + A/T) _ 2n@p + 2g + 1) - (6q + 2+ A/ T))
N om + 2 + 6
onPp + 2g +1)-(6q + 2+ A/T))

26p + 6g + 3)

wla

A
60 + 2 + —
(6q T)

Accordingly, the following formula holds true:

Formula 19

T LT 0+é
Yk gy = Xk oo = XKk o) - (1 —a)- 3+ Xk o)+ (1 — a) - 7?3577

LT

& A
=Xk o) — Xk oy - (1 — o) 73 + Xkay (1 —a) 737

1 3
= Xk ao) = X(k @) - (1 —a) + (= - j£)
2 2
T A , .m A
+X(k0)o)-(l—OL)-(cos§<2+¥)—l‘51n—3-(2+5))

Here, when
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Formula 21 Y(kwo) / X(kwO)=1(1a)2i2+(1a) (cos0di sinOd) 1(1
-a) (2-c0s9d) +j(1-a) -sin O] Here, when Formulas 22 Re[Y(k (0 0) /
X(k coo)] = R, Im[Y(k c)n) / X(k wo)] = | are put, the following formulas are
obtained: Formula231 R =1 -(1-a)(2 -cos0,,) Formula241=(1-a)Y2-
sin Od) 20 When these formulas are solved as to cos Od and sin Odp the
following formulas are obtained: Formula 25 cos 0,,=(R-1)+(1-a) 2(1
- a) Formula 26 sin Od = (1-a)Y -2I 2(1 - a) Formula 27 r2(R-1)+(1-a)12
rr(l -a)fRrmula 20

bid A
= =02+ =
04 3(+T)

is put, the following formula is obtained:

Formula 21

T
|
[
v &

Yk wy) / Xk @y =1 -1 - a)- )+(1 —a)-(cosQ, — 1-sing,)

1 3
=1-(1- a)-(é - cos(h)+-j- 1- a)~(7; - sin(%)

Here, when

Formulas 22

Re[vik o) / Xk 00)] = & [k 05 / Xk 09| = 1
are put, the following formulas are obtained:

Formula 23

1
R=1—(1—a)-(5—cosed)

Formula 24
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L2(1-a)112(1-a)J=1Accordingly, the partial erasure a becomes:
Formula 28 a Rz+12 2rR+1+1 "Equation (5. 1) R-1-r -1 The nonlinear
shift A becomes: 21 Formula29A_(3Bd-2)=3cos(2(R1)+(1a))-2
. Equation (5.2 ) TL TL 2(1 - (i) In this manner, when the values of the
real part and imaginary part of the ratio between the kth order harmonic
spectra of the reproduced signal waveforms of the periodic pattern
containing the dibits and the isolated bits and the isolated-bit periodic
pattelir are fdumele tHeoparihperastite scahvisslobmified Y Efuation (511 Oas
and further, the nonlinear transition shift can be obtained from the value
Eheyt fig partiar erd<UrE By EYUAESn 183 1 Rethis regard, 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 b%i(r)] colglpa{etg@greement. Otherwise, the ratio between the
respectlveﬂh order harmonic components becomes erroneous, and the
partial
AR — 1)+ (1 — a)

21 — )

cos By =

Formula 26

(1 - a3 =21
21 — a)

sin g, =

Formula 27

2R -1+ -] +W3(1 -t
2L — o) 20 — a)

=1

Accordingly, the partial erasure o becomes:

Formula 28

+ 7" —-2R+ 1
o= R L + 1 "Equation (5. 1)
R-1-+v3 1

The nonlinear shift A becomes:
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erasure and the nonlinear transition shift cannot be evaluated precisely.
In the method of the 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 generated by
disk rotations. 22 Next, a practicable measurement method for a nonlinear
distortidfritHé iveRtion will be described. Fig. 1 shows a read/write
tester 100 for performing the measurement of the nonlinear distortion. A
magnetic disk 101 igfixed_totire +otary shaft @fa spindle motor 102, and
i85 rdfatéd and Tonir6Msd by a mofpr_drjyer TO3. A head 16435 fiRdt t5 a 2
head positioning mechanism 105 through a suspension arm 113, anditis
moved in the radial direction of the magnetic disk 101 while floating over
the record surface of the magnetic disk 101, during the rotation of the

magnefic, %&‘é 101,/ gata gepgrator, 1Qz8a% craes wile dala 131, .« 4ng

corresponding to a data’pattern programmed beforehand. The write data

imdPiAey C‘f?]ille_eEtlebyt%é"”E% @T&“%%rtjm%e'ﬁtoc% WIrige QUICRHWNOSE mon i

direction changes in accordance with the pattern, and which
spectra of the reproduced signal waveforms of the periodic

pattern containing the dibits and the isolated bits and the
isolated-bit periodic pattern are found, the partial erasure
can be obtained by Equation (5. 1), and further, the nonlinear
transition shift can be obtained from the value of the partial
erasure by Equation (5. 2). In this regard, 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 invention,
therefore, the positions of the respective isolated bits of
the periodic pattern containing the dibits and the isolated
bits and the isoclated-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 generated by disk rotations.
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causes the change of the magnetic flux of the unshown record element of
the head 104. 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. A signal read out from the head 104 is amplified by a read amplifier
107, and a read signal 122 being the output of 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
wavéferm menpary ¢nictcshioln ) méadigitalrstoragesasciltbstopea 23omilichear
is commercially available can be used as the data acquisition unit 109. A

dispdrgitcuit AT L2772 aht wePItll cincwit 18 P28 dsultiplybhe indE% pulse shows
signal 124 of the spindle motor 102, thereby to create the write clock

a repAANE2d-gnd e saMdliRgiaEck SSidRaInB0g rESseBiRREN RREGRINEGIY, the
the write clock signal 129 and the sampling clock signal 130 are

norgl heRrhots S TReWRE clock STGHEITY §s folP&s thelbdsic ElbERSf fife the

data outpuf of the data generator 108, and the sampling clock signal 130
Ot e UG IS S SR BN ot F00. Hetd, g 3 ved and

corf[SENSY Qrfﬁ/heas%?@'ér}g 8'9%8:9”% 130 Iz ghout b imes ey o 4
requency of the write clock signa
head positioning mechanism 105 through a suspension arm 113,
and it is moved in the radial direction of the magnetic disk
101 while floating over the record surface of the magnetic
disk 101, during the rotation of the magnetic disk 101. A
data generator 108 generates 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 change of the magnetic flux of the unshown record

element of the head 104. 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. A signal read out from the head 104 1is
amplified by a read amplifier 107, and a read signal 122 being
the output of 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
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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 as a trigger and in synchronism with
the write clock signal 129, thereby 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 as a trigger and in
synchronism with the sampling clock signal 130. Thus, the phases of the
whiddta ingheccasesrafvarlting anda iczdingeout dine deta care e alwvayhe data
brought into agreement. 24 Besides, the portions of the read/write tester
acqro0sareieontroiiet! byOfarious control signals which a computer 111
generates. The control signals are, for example, the control signal of
positioning for the head positioning mechanism 105, and the control
signal of the data output for the data generator 108. In addition, the
samplind-Hata oFtiktdaty” atqdistich arfitto§ hr&tahsidired (P L tiply
computer 111 throygh a signal line 126. Besjdes, a program_(nat shown)
14 e oM mikrs

Ehol BoMPUtig e fibHMAdar distortior AEnt e SHipiling ddtal i stoftFireoY
to P EOMPULRILLL: NexXt 3 measyrement progedure ar the nalingar .1 ocx
signal 130, respectively. Accordingly, the write clock
signal 129 and the sampling clock signal 130 are synchronous.
The write clock signal 129 is fed as the basic clock of the
data output of the data generator 108, and the sampling clock
signal 130 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 as
a trigger and in synchronism with the write clock signal 129,
thereby 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 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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distortion will be described. First, as preprocessing, the peripheral track of
a measurement track 112 on the magnetic disk 101 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 a 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
eraseeappears td-hecomet thenerrorfot the merlhéar distortionatastrib8bleare
to the adjacency of bits to be actually measured. A further succeeding
congroeed@re i®shawn im tte flowt2®ehart 6nFikS 2vhiksh afadtapr20emh 111
Fig. 2, a periodic pattern containinﬁ dibits and isolated bits is written into

genpEFhessureriénERBER B thé el disk 00, S FPReFronidti AR THE 1
. index signal 124, In order to write the periodic, pattern, the following dibit
sigdiodE pattett HPBOBRsTS progTdtmedin thé Hatd GenBrabrideth 1 0=
correspondence with predetermined periqds:
and) 158600616666 1f686§§01é%001§6eTh8|§ %gtteorH Biesdotids '8 st
gerMREIERL= g 1 s Rutinihis Reriodic patter contaiging. the diitsand the .
acquisition unit 109 are transferred to the computer 111
through a signal line 126. Besides, a program (not shown)

for computing the nonlinear distortion from the sampling data

is stored in the computer 111.

Next, a measurement procedure for the nonlinear
distortion will be described. First, as preprocessing, the
peripheral track of a measurement track 112 on the magnetic
disk 101 1is 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 a 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 to be actually measured.

A further succeeding procedure is shown in the flow
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isolated bits as stated before, and the fifth order harmonic wave thereof
becomes zero in the nonexistence of the nonlinear distortion. Here, the
number of the periods of the pattern to be programmed should preferably
be larger because a measurement precision is enhanced more. However,
when the number of the periods is too large, the time period of data
processing increases. Approximately 100 is suitable as the number of the
periods though this number depends also upon a bit period T.
chagifbsefuBatly, the proddimedivatesdatn a#€ buiputted) from tihe Batalodic
generator 108, with the index signal 124 as a trigger and in synchronism
Pa Wit theSRrite TStk g Aaioes mistditioh e datitare witted by firer into

head 104. 26 Subsequently, at a step 202, the read signal of the periodic,
Ch o R CoRtAmMIgthe UibfE drithtHié okl bitsS 'ort i%e' mayReRERsR ™+ ST

. 101 is sampled with the ind ignal 124 as a trjgger, thereby to obtain .
W R A e A B b orore e e fo BB 5 St ppsiic

eriodic ter, taining the, dibits and the.isolated bhits, on.th . .
o T e o e b

magnetic ead e resulting read

prSnalhed is samplediby the data,agayisitions uyf 109, withdbe ndeXe ich
signal 124 as a trigger and in
predetermined periods:

110000001000000110000001000000

This pattern corresponds to a case where p = g =1 is
put in the periodic pattern containing the dibits and the
isclated bits as stated before, and the fifth order harmonic
wave thereof becomes zero in the nonexistence of the nonlinear
distortion. Here, the number of the periods of the pattern
to be programmed should preferably be larger because a
measurement precision is enhanced more. However, when the
number of the periods is too large, the time period of data
processing increases. Approximately 100 is suitable as the
number of the periods though 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 as a
trigger and in synchronism with the write clock signal 129.

In addition, the data are written by the head 104.
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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(5wO0) of a frequency spectrum. Here,
"wo" denotes a fundamental frequency, and it is given as w0 = 271/30T =
m/15T. Accordingly, the fifth order harmonic becomes a component at a
frequency of in/3T. Here, "T" denotes the period of the write clock signal.
129. Subseqiertlyl sva sfep203taperiddic pafiernr eankistirg ohly eff the
isolated bits is written into the, measurement track on the magnetic disk
peqpdihshidhrEment ShftPtHeliRdek sy A4S IR BFdE R WFite tHeod bits,
periodic pattern, the eri%er of the measurement track on the 27
N BEnBRS iRk 10 L1 Tist AG-SrBsEHTR bréprboeSsec it Hierior. the | 124

as oJowing jsglatedbit peiagic pattern of 30 ki isprogrammed in the data
generato in correspondence” with predetermined periods:

compRrmately 100 js,ayitable rﬁ%ﬁﬁ%%ﬂ&ﬁ%% é?xﬁpﬂ%’éoi,s 350 e £ASE;

of the periodic pattern contai isolated bits.

pa%%%%Pt@MEBQ%H%?iH%S (e Pt bit,and44th pit), of, theyisolated-bity, ¢he
periodic pattern at which the isolated bits

magnetic disk 101 is first read out by the head 104, and the
resulting read signal 122 is sampled by the data acquisition
unit 109, with the index signal 124 as a trigger and 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, “m¢” denotes a fundamental frequency, and it is
given as oy = 2n/30T = w/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. 1In order to write the periodic

pattern, the periphery of the measurement track on the
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appear need to agree with those of the periodic pattern containing the
dibits and the isolated bits. Otherwise, a phase shift occurs, and the
measurement cannot be made correctly.
000000001000000000000001000000 Subsequently, the programmed
write data are outputted from the data generator 108, with the index
signal 124 as a trigger and in synchronism with the write clock signal 129.
In addition, the data are written by the head 104. Subsequently, at a step
ma Rt e Eatksidital of thef befibdR GeRiers 8ondistiny 6HY oF fieSisblated 10
bits, on the magnetic disk 101 is sampled with the index signal 124 as a
2dGigdér theréby 16 dbfih e fiffiPorfer Aahhbnke Edmponiemt T ©f 30
. processing of this step is _similar to that of the step 202 stated above.
01 B T OHRET e 28 Attt ObIAECTS Sae R bgR e
. .Subsequently, at a step 205, the partjal erasure and-the linear. .

v e D R e Srei arone Comgara 612+
as be perigdicnatiesn crntaining the diits and the isolated bits;and theyfifthy
order harmonic component of the periodic pattern consisting only of the
patitQlated bits, in, order 40 perfarmdhe evaluatigns, & Falio j solated bits.
Incidentally, those positions (the 9th bit and 24th bit) of
the isolated-bit periodic pattern at which the isolated bits
appear need to agree with those of the periodic pattern
containing the dibits and the isolated bits. Otherwise, a
phase shift occurs, and the measurement cannot be made

correctly.

000000001000000000000001000000

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

In addition, the data are written by the head 104.

Subsequently, at a step 204, the read signal of the
periodic pattern consisting only of the isolated bits, on the
magnetic disk 101 is sampled with the index signal 124 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
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Y (So0) /X (So0) is first obtained from the fifth order harmonic component
Y (5wp) of the periodic pattern containing the dibits and the isolated bits,
and the fifth order harmonic component X (5(00) of the periodic pattern
consisting only of the isolated bits. In addition, the ratio is divided into a
real part R and an imaginary part |. Besides, the partial erasure a is
obtained in conformity with Equation (5. 1). Further, the nonlinear
transition shift A is obtained in conformity with Equation (5. 2). Then, the
conmpeastmémehtafithechonfineart distorddry isccompleted. As described
above, owing to the application of the method of the invention, the partial
erasure and the nonlinear transition shift can be separately evaluated.
Further, an approximation operation in which the terms_of the second and

highér%?é’é’%ﬁhérnéﬂiﬁeﬁﬁﬁn%ﬁi%n $hift BT BisRarGeddtot and the
executed unlike in the prior-art harmonic 29 elimination method, so that
“O?rfé%eeaa%ufréﬁw%ﬁﬁﬁﬁe%i iﬁﬁjoﬁhgrﬁoﬁﬁfnae%a?%gﬁ it O&hi??h%egslﬁ&h order
h dn? rrladce even %%de£@ ¢ ndci%iLon ine\/Y:hich théa nor |i98%%tr%”sli}lca{‘-5hljfﬁ IS fhe
2o nlegliglgiréprelﬁlve to%he fpé)rlo_dl.%?thoughrh_us emboalme_njfrﬁasg
a19eeD desaribed.as to the case pfusing e PRUodic pAHEMWRIEN ha rmoni

contains the dibits

component of the periodic pattern consisting only of the
isolated bits. In order to perform the evaluations, a ratio
Y (5m¢) /X (50g) 1s first obtained from the fifth order harmonic

component Y (5wmp) of the periodic pattern containing the dibits

and the isolated bits, and the fifth order harmonic component

X (5m9) of the periodic pattern consisting only of the isolated

bits. In addition, the ratio is divided into a real part R
and an imaginary part I. Besides, the partial erasure o is
obtained in conformity with Equation (5. 1). Further, the

nonlinear transition shift A is obtained in conformity with
Equation (5. 2). Then, the measurement of the nonlinear

distortion is completed.

As described above, owing to the application of the
method of the invention, the partial erasure and the nonlinear
transition shift can be separately evaluated. 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
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and the isolated bits and from which the fifth order harmonic wave is
eliminated in the nonexistence of the nonlinear component, a usable
period pattern containing dibits and isolated bits is not restricted to the
described periodic pattern, but any periodic pattern containing dibits and
isolated bits may be used as long as it satisfies the conditions stated
before. Besides, although this embodiment has been described as
applicable to the case where the write clock in the data writing mode and
el ind sarhpimgresididn the datd sanipliagrhode e eidatetsons tvairmdex he
pulse of the spindle motor, these signals may well be created by another
nonpddth6a By-way ot tekamphe] e whecodkdndtRe SRRy Eckieger 2
also be created on the basis of a synchronizing signal of predetermined
COMEHtH 38 isrittEhiintd & BFeciidposiion WiAMTHE Mrdastfentént track ot
e bY the head be;orehand. 30 What js.claimed.is: 1. A characteristic
\

%\%Ja%oﬁ nf&thod fofa r%%gﬁgﬁc K r%%ﬁih?nd, 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

SynC@P@HHE&%a€H¥goQﬁg5@%ment has been described as to the

case of using the periodic pattern which contains the dibits
and the isolated bits and from which the fifth order harmonic
wave 1s eliminated in the nonexistence of the nonlinear
component, a usable period pattern containing dibits and
isolated bits is not restricted to the described periodic
pattern, but any periodic pattern containing dibits and
isolated bits may be used as long as it satisfies the

conditions stated before.

Besides, although this embodiment has been described as
applicable 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 basis of a synchronizing signal of
predetermined length as is written into a specified position

within the measurement track by the head beforehand.
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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 on the magnetic disk, in accordance with
a sampling clock which is synchronous to a rotation of the magnetic disk
and which is generated on the basis of the trigger signal,
Fourier-transforming those sampling data of the first periodic signal which
have been obtained by the sampling, thereby to obtain a predetermined
WhafeldifurfiBére@e8rde? harmonic component with respect to a fundamental
frequency:; recording a second periodic signal which contains only ,
isolated b?%sﬁ%rtﬁs‘iﬁafdr%‘ﬁé%iﬁm]é%%ﬁ%i%mdﬂ%@aoék%F@%ﬁﬁ'tlc
. sampling a read signal of the second periodic signal recorded on the
disgg e(r% &%ﬁ tﬁetp%gr%pﬁr% clock;

L UI0 COMmprisin
magnetic digk, iy aecéoraan

Fourier-transforming those sampling data af.the second periodic signal _ .
which have %(é%ﬁ%gngd % fhet %es%lrﬁ)r%ﬁ\%, %le?élgygtowo thih tﬁ%natams

a1 pddnymbered prderharmanic ;camponent, and;calgylaing @ patiat roni sm
erasure and a nonlinear

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 on the magnetic disk, in accordance with a sampling
clock which is synchronous to a rotation of the magnetic disk
and which is generated on the basis of the trigger signal;

Fourier-transforming those sampling data of the
first periodic signal which have been obtained by the
sampling, thereby to obtain a predetermined odd-numbered
order harmonic component with respect to a fundamental
frequency:

recording a second periodic signal which contains
only isolated bits, into the magnetic disk in synchronism with
the clock signal:;

sampling a read 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 periocdic signal which have been obtained by the
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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.
2. A characteristic evaluation method for a magnetic disk medium as
defined in 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 may become zero in

s ampdrieXisteiCE SRR Rohfin & Compdrishtofd duaBRE HRAoakIgRNapRTeN i C

signal which has a period equal to that of the first periodic signal and
ComphiRAtbhtaiionly the isolated bits, and positions of the isolated bits of

the second periodic signal are gqual o those, of fhe isglated bits.of the,
first periodi€ sighaf 329 b er car

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 pericdic signal.

2. A characteristic evaluation method for a magnetic
disk medium as defined in 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 may become zero in
nonexistence of a nonlinear component, 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, and positions of the isolated bits of the second
periodic signal are equal to those of the isolated bits of

the first periodic signal.
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