1 "1. Title of the Invention MAGNETI C DI SK CERTI FI ER 2. Description
2-1. Technical Field The present invention rela Ol Py qgmaqaetic di sk
certifier and, particularly, to an inprovenment of a nagnetlc di Sk certifier
(referred to as "certifier”, hereinafter) for testing a quﬁ tic
menory nmedi um on errors of electric characteristics there uch 4h55|ng
error and/or spike error to nake the naghetlc disk certifier possible to
performa high precision error test by nerely adding a sinple circuit
thereto 2-2. Background Art A hard magnetic disk (referred to as
magnet i c Hi skitl®eP®i e tHFYeR G ecording an information is certified on

quality by a %E@I@'Iﬁi‘sﬁ%ﬁﬂﬁﬁ%ﬁﬁm' ch tests a magnetic disk on
|

el ectrical defect thereof and sign cance of the defect. Fig.4 is a
bl ock circ2itDe$eyipbiadl a conventional magnetic disk certifier 4. A

HggPﬁélg désf lTeéhn égiaggé&énMJnted on a spindle 2 and a test signal ST

The present invention relates to a magnetic disk
certifier and, particularly; to an improvement of a magnetic
disk certifier (referred to as "certifier", hereinafter) for
testing a magnetic disk memory medium on errors of electric
characteristics thereof such as missing error and/or spike
error to make the magnetic disk certifier possible to
perform a high precision error test by merely adding a
simple circuit thereto.

2-2. Background Art

A hard magnetic disk (referred to as "magnetic disk",
hereinafter) for recording an information is certified on
quality by a magnetic disk ce;tifier which tests a magnetic
disk on electricél defect thereof and significance of the
defect.

Fig.4 is a block circuit diagram of a conventiona;
magnetic disk certifier 4. A magnetic disk 1 is rotatably
mounted on a spindle 2 and a test signal S, having a
frequency £, generatéd by a test signal generator circuit 41
of the magnetic disk certifier 4 is supplied to a write
control circuit 42. A test data is generated correspondingly
to the test signal S, in the write control circuit 42 and is
supplied to a write/read amplifier 43 in which the test data
is converted into a write current having a predetermined
level and sequentially written in respective tracks T, of
the magnetic disk 1 through a magnetic head 3.

After the test data is written in all of the tracks T,



frequency f[err] generated by a test signal generator circuit 41 of the
magnetic disk certifier 4 is supplied to a wite control circuit 42. A test
dat.a i s generated correspondingly to the test signal S[err] in the wite
control circuit 42 and is supplied to a wite/read anplifier 43 in which
the test data is converted into a wite current having a predeterm ned

| evel and sequentially witten in respecive tracks T[err] of the magnetic
disk 1 through a magnetic head 3. After the'test data is witten in
all of the tracks TR -2 onthe
magneti ¢ dPBkthe magnetictdhskebi tha anitdaredigsh idatiey areagequentyat by

magnetic h 3 poesLtl i a | I h .t he
witel r ead ang PHEPYAERE i ERERE, 1R 2GRS BRSNS Sk hlRR) 44
A posi ti vephadensfghale phaseglsi gl ifetvdadrmhpIficielr W6 ahdceenespond to
the test sigpnal ST having.frequency. flerr] and are output fromthe |evel
regulatingaaﬂﬁV?fiEﬁgﬂgég}%gs%TéigﬁiFé(Jéﬂ%ﬂiége.@EHQSlgéPFiﬁBHLircuit 45
and a def egbgdei 96! phaSer S¥ghatd 95 dtfk, WHicH @Arespond to the

test sigﬁallsT having frequency f, and are output from the

level regulating amplifier 44 are supplied to a slice level
setting circuit 45 and a defect detector circuit 46 as read-
out signals.

Incidentally, the read-out signal S; is a signal having
.frequency corresponding to the frequency of the test signal
S,. When all of bits of the test data to be produced are
"1", the frequency of the read-out signal becomes one half
of the bit frequency of the test data. This is because the
write circuit outputs a write current which magnetizes the
magnetic head alternately every test data bit to write the
test data in the magnetic head. Therefore, the frequency of
the written signal also corresponds to the frequency of the
test signal S,.

The slice level setting circuit 45 includes a track
average amplitude generator circuit (referred to as "T,,
generator circuit",'heieinafter) 451 for generating én
average voltage value for one track and a slice level
generator circuit 452. The T,, generator circuit 451
generates a track average amplitude, that is, a peak to peak
average voltage value for one track of the read-out signal .
1. There may be a case where the T,, voltage valué is
calculated on the positive side of the read-out signal and
on the hegative side, independently.

The T,, generator circuit 451 includes, for example, an
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'is a predetermined fraction or percentage (%) of the output
voltage level of the T,, generator circuit 451 as a
threshold value, that is, a slice level. The predetermined
fraction or percentage is set by a signal P supplied from a
CPU 47 of a control unit 48. The slice level signal
generated by the slice level generator circuit 452 is sent
to a defect detector circuit 46. The slice leﬁel signal is a
voltage signal Toa * P% where T,, is a voltage value of the
output signal T,, of the T,, generator circuit 451 (cf.
chain lines and solid lines.in Fig. 6(a)).

The defect detector circuit 46 includes, in addition to
the test signal generator circuit 41, a waveform comparator
circuit 461, an error detector circuit 462 and an error
memory 463. The error detector circuit 462 is constructed
with a gate circuit. In a case of the missing test, for
example, the error detector circuit 462 counts period T/4
pulses generated by a period T of a timing pulse signal T,
which respectively correspond to bits of the test data
supplied from the test signal generator circuit 41, for a
period of the detection signal obtained from the waveform
comparator circuit 461 as a window pulse having a
predetermined set period, for example, 1.5t £ o (where t is
a bit period of the test data and o is é tolerance in which

"the peak is allowed to shift) and outputs a bit error signal



3° envelope detector circuit, an integrator circuit for integrating

vol tage for one conplete track and a peak detector circuit, etc., all of

whi ch are not shown. The TAA vol tage val ue output fromthe TAA generator
circuit 451 is supplied to the slice level generator circuit 452. The slice
| evel generator circuit 452 generates a voltage value which is a
predeterm ned fraction or percentage (@@4of the output voltage | evel of the
T[err] generator circuit 451 as a threshold value, that is, a slice |evel.
The predeterm ned fraction or percentage is set by a signal P supplied from
‘a CPU 47 oEralBofyRehronismgithhehe| ¢ieing alanalyfalwhedh &h@red iy ohe

slice leve r at-o i | 2.1 : :HEE§ t-qdetector circuit 46.
The slice Fgggﬂﬁs?gnngjgggégg tdagﬁﬁﬁﬁgﬁgfﬁékx /3%ﬂére TAA is a voltage
val ue of the oufputhei gthkrThend] Dh &heae\fofjethee atpikeiemndt 451 (cf.
chain line nd.solid_|ines_in Fig. 6(a))- .. he defect tect.or circuit
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wavef or m cempakaknal’ BUi WthéRlthéndStéfisietRaiptt O adld wifaieh an error
“menory 463. The error defector circuit 462 is constructed with a gate
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from the CPU 47.

As mentioned, the defect detector circuit 46 requires a
high precision timing circuit for setting the period for
error judgement. Therefore, the frequency of the test signal
S, is strongly related to this timing circuit.

The bit error signal E, output from the error detector
circuit 462 indicates an absence of error when it is "0" and
a presence of error when it is ﬁl" and is sent to the error
memory 463. The bit error signal indicative of presence of
error will be referred to as "error detection bit". The error
memory 463 responds to the timing signal T from the test
signal generator circuit 41 to sequentially update addresses
thereof and sequentially stores the bit signals "1™ and "0"
output from the error detector circuit 462 in the updated
addresses as defect data. |

The CPU 47 reads the-éontent of the error memory 463 in
the memory 50 through a bus 49 at a time when the test of
- the whole tracks of the magnetic disk 1 completes and
evaluates the quality of the magnetic disk 1 according to
the content of the error memory 463.

Fig. 5 is a general circuit diagram of the waveform



pfedeternined set period, for exanple, 1.5t [err] [err] (wheret is a bit
period of the test data and a is a tolerance in which the peak is allowed
ta shift) and outputs a bit error signal .

4 E[err] in synchronismwth the timng signal T when there is no out put
of the waveform conparator circuit 461. On the other hand, in a case
of the spike error detection, the error "detector circuit 462 outputs the
bit error signal ER when the detection output of the waveform conparator

circuit 4 r eset . per d err InC|dentaIIy,
t he test ?émgafgﬁgﬁ a#gg %?t%? %WWF%FQngrﬁnéiﬁaf t§s¥aé Fhe spi ke
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signal fromthe CP nmentioned, the defect detector circuit 46
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related to this timng circuit. bit error signal E[err] output
fromthe Ehgogompasateors (COMP's) 461a and 461b, a shift wvoltage
generator 461lc, an inverter (INV) 461d, an OR circuit 461le,
an inverter 461f and, as an input circuit of the comparators,
.a plurality of capacitors c¢ and a plurality of resistors r,
as shown in.Fig. 5.

The comparatof 46la has a + input terminal supplied
with the positive phase read-out signal S, having frequency
f, and a shift voltage +V, generated by the shift voltage
generator 46lc through the capacitor ¢ and the resistor r
and a -~ input terminal supplied with the negative phase
read-out sighal S; having freduehcy f, through the capacitor
c and a voltage -V, obtainea by inverting the shift voltage V,
by the inverter 461d through the resistor r. Similarly, the
comparator 461lb has a + input terminal supplied with the
negative phase read-out signal S, having frequency £,
through the capacitor ¢ and the shift voltage +V, through the
resistor and a - input terminal supplied with the positive
phase read-out signal S, having frequency £, through.the
capacitor c¢ and the voltage -V, through the resistor r.

The shift woltage generator 46lc functions to divide
the input voltage signal T,, x P(%) set as the slice level
by two and outputs it as the voltage-Vs for setting a
reference amplitude level for the positive phase read-out
signal S; and the negative phase read-out signal S,. The
voltages V, and -V, provide detection threshold values with

respect to the read-out signals as will be described later.



cirrcuit 462 indicates an absence of error when it is "0" and a presence of
error when it is "1" and is sent to the error nmenory 463. The bit error
stgnal_indicative of presence of error will be referred to as "error
détection bit". The error nenory 463 responds to the timng signal T from
the test signal generator circuit 41 to sequentially update addresses

t hereof and sequentially stores the bit éignals "1" and "0" output fromthe
error detector circuit 462 in the updated addresses as defect data.

The CPU 47 reads the content of the error nennr%R%GB y 50
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phase readpegitsivgnélde portion of the negative phase read-out signal
Sp with respect to the'reference amplitude level -V, are
detected as shown in Fig. 6(a). That is, this circuit
detects the negative side portion of the read-out signal
which is below the threshold value -V,. |

Fig. 6(a) shows the waveforms of the input signals to

the comparator 46la in a case where P = 75(%), that is, the
slice level is set at 75% of T,,, that is, V; = T,, x 75%/2.
The read-out signal S, having frequency £, and input to the
+ input terminal of the comparator.46la is shifted upward by
the shift voltage +V, and the reference amplitude potential
thereof is increased by +V; with respect to ground potential
(GND) which is OV. On the other hand, the read-out signal S,
having frequency £, and input to the - input terminal of the
comparator 46la is shifted downward by the shift voltage -V
and the reference amplitude potential thereof is lowered by
-V, with respect to ground poténtial (GND) . The comparator
46la compares only the negative side portion of the read-out
signal S,. That is, when the wave height value of the read-
out signal S, is not smaller than the wave height value of
the read-out signal S,, in other words, when these read-out
signals are crossed each other, the comparator 46la outputs
a low (L) level signal (cf. Fig. 6(b)). On the contrary, when
the wave height value of the read-out signal S, is not
larger than the wave height value of the read-out signal S,

the output of the comparator 46la is maintained at high (H)



In"detail, the waveform conparator circuit 461 includes the conparators
(COMP' s) 46l1a and 461b, a shift voltage generator 461c, an inverter (INV)-
461d, an OR circuit 461e, an inverter 461f and, as an input circuit of the
conparators, a plurality of capacitors ¢ and a plurality of resistors r, as
shown in Fig. 5. The conpar at or 4612 has a + input term nal supplied
with the positive phase read-out signal S err] having frequency f[err] and
a shift voltage +V[err] generated by the shift voltage generator 461c

t hr ough thg cagacitor ¢ and the resistor r and a - input term nal supplied
with the ne§¥EFvBIBKEAENT Q- BBEPEFynal S[err] having frequency flerr]
through the capegsbk@Fogeanfha ¥ombpasetor£81d PhRidAIdERd the ideRiddibg the
shift voltage V[err] by the inverter 461d through the resistor r.
Sinilarly, obhputowparatbe B6ILHEE Ehaserﬁﬁﬁ@TQﬂﬁﬁ&tﬂnaéuﬁplﬂédlﬁﬁgﬁrthe
negative p ead:; 0 Si [ ' 2y lerrl through the
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t hr ough the_res%gt%ﬁerLtheF H%ﬂ@’sﬁ??t %WF?E&E?EyAEiFhfﬁ%tgﬁ§fb functions to
di vide theckBByink8! 689€nei gosd tifersid dddhicieloPTHPoslitael P)ﬁaheby t wo

and outputs it as the voltage V[err] for setting a reference anplitude
| evel for ¥RadpesttsienphaSe WiER-wrAPestyi emgfensdcehampdditidee phase
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| at er. phase read-out signal S, with respect to the reference

amplitude level +V,. That is, this circuit detects the
positive side portion of the read-out signal which is not
below the threshold value +V,.

Fig. 6(c) shows the waveforms of the input signals to

_the comparator 4615. Contrary to the case of the comparator
46la, the positive phase read-out signal S, input to the -
input terminal is lowered by V, with respect to ground
potential (GND) and the negative phase read-out signal S,
input to the + input terminal is increased by +V, with
respect to ground potential (GND).. The comparator 461b
compares only the negative side portion of the read-out
signal S, and, when the wave height wvalue of the read-out
signal S; is not smaller than the wave height value of the
read-out signal S,, in other words, when these read-out

- signals are crossed each other, outputs a low (L) 1evei
signal (cf. Fig. 6(c)). On the coﬁtraiy, when the wave
height value of the read-out signal S; is not larger than
the wave height value of the read-out signal S,, the output
of the comparator 461lb is maintained at high (H) level

providing no output.



6" Descri bing an operation of the conparators 46la and 461b with
reference to Figs. 6(a) to 6(f), crossings of a negative side portion of
t he positive phase read-out signal S[err] with respect to the reference
anplitude level +V[err] and a positive side portion of the negative phase
read-out signal S[err] wth respect to the reference anplitude |evel
-V[err] are detected as shown in Fig. 6(Ca). That is, this circuit detects
t he negative side portion of the read-out signal which is below the

threshold value,-V[err]. Fig. 6(a ws t he, wavef or of . t.he input
signals to t he%?&f%?%‘%m t&@lﬁ%‘ﬁaﬁag%%egaﬂér%rqy = eFS(%%e, raseﬁ&f:til?,n t he
slice | eveutiputs@hedt the%p6kitieérphaddateddrod &ilgnal FAALS 1a¥gér The
read- out si gnal S[er&%éhaV|ng frequency flerr] and input to the + input

ternminal &PahdaofpdPir oRS48Rathe casetel thmerammarater 4ble. Thatage

+V[err] and theer ebabars ' ' S g ased by -
+V[err] with Ir%esepect bt 0 S?gzﬁéh%g%g%§%wicﬁ3)&% gﬂ{% S 6\?&%3%1 t he ot her
hand, t he sigadloerceedsall5%| eas] showm nip fFeguehis) f[err] and input to the -
I nput terninalmp rator 46la is shift war.d he shift

f .the conpa d dawn b :
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-Vlerr] wskelt espeet 76¢,96eung peseibli&l td @éYectl the ERAI-JR" signal

having amplitude exceeding the threshold value which is set
to 75% of the T,,.

. Besides this waveform comparator circuit, there is a
waveform comparator circuit which is shown as a prior art in
Fig. 7 of U.S. Patent Application Serial Number 08/771,156
aséigned to the same assignee'as that of the present
application. In the prior art waveform comparator, levels of
positive and negative peaks of a read-out signal are detected
by generating reference sigﬁals vV (= T,, x P%/2) and
setting them directly in comparators as threshold values.
Since it is known to set the threshold values +V in
comparators and obtain a detection signal from the
comparators when the read-out signal exceeds the threshold
values of the comparators or when the read-out signal is
smaller than the threshold values thus set, details of the
setting of the threshold values and the operation of the
comparators are omitted.

The positive and negative peaks'of the read-out signal
correspond to bits of the test daﬁa, respectively.
Therefore, the detection is performed for reépectivé bits of
the test data by means of the comparators 46la and 461b. The
detection signals from the comparators 46la and 461lb (Figs.
6(b) and 6(d)) are ORed by the OR circuit 46le and inverted



461a conpares only the negative side portion of the read-out signal S[err].
That is, when the wave hei ght value of the read- out signal S[err] is not
snal l er than the wave hei ght val ue of the read-out signal S[err], in other
wor ds, when these read-out signals are crossed each other, the conparator
461a outputs a low (L) |evel signal (cﬁ.g Fig. 6(b)). On the contrary, when
t he wave hei ght value of the read-out signal S[err] is not |arger than the
wave hei ght value of the read-out signal S[err], the output of the

conpar at o4 I ' [ a ' . . . V. Vi ohi no
ourput - o e ARG a3l dBihitin 5 sommaetend e B RRE oo
when t he rgmatFie mh@e mhddhods sugpldliel| eorthéserpsgedetdati dhA X 75%
That is, the ca rator generates a pul se when the read-out signal exceeds
75% as SWU!J':H)%%.‘ 6(b) . On the other hand, the conparator 461b

detects crossi nfferdfrddts RSithie hisisdBgPREELONtRE EHSpRPSELA Ve PBSE
read-out signal S[err] with respect tothe reference anplitude |evel

-V{err] arfdand Aeyds @ensiraéegorsi annotmaheshgpal i ween the both
comparators 46la and 46lb generate the output pulses. On the

other hand, the spike error test is performed with P being set
larger than 100%, for example, 125%, of T,,, in which case,
the generation of pulse Cp means the generation of error
detection signal and no pulse Cp generated means the
generation of normal signal.

In the erfor detection circuit 462, when the error is
detected according to the relation between the window pulse
generated with 1.5t + o and the pulse Cp, an error bit
signal ER is output as shown in Fig. 6(f). ,

As mentioned previousiy, the frequency £, of the test.
signal S, is a half of thé frequency of the test data "FFh"
where h means hexadecimal notation and FF depicts data
having bits all of which are "1", and the frequency £, is
the write frequency for the magnetic disk. Although this
frequency was as low as 7.5 MHz in the early time, it has
been stepped successively up to a high frequency, for example,
25 MHz.with the continuous increase of the memory density of
the magnetic disk and. there is a tendency of further
increase of the frequency up to, for example, 50 MHz with a
further possible increase of the memory density of the
magnetic disk, while the error detection circuit of the
defect test circuit 4 is usually designed in concomitant
with the write frequency from 7.5 MHz to 25 MHz. Although

there are practically some testers which can process the



phase read-out signal S[err] with respect to the reference anplitude |evel
+V[err]. That is, this circuit detects the positive side portion of the
read- out signal which is not below the threshold value +V[err]. Fi g.
6(c) shows the waveforns of the input signals to the conparator 461b.
Contrary to the case of the conparator 1 la, the positive phase read-out
signal S[err] input to the - input termal is |lowered by Verr] with
respect to ground potential (GND) and the negative phase read-out signal

S[err] inp 0 th i nput_termnal is_increaseqd by +V[err] wth respect
to ground %ﬁﬁéﬁﬁ%%§3€- 9n°ﬁu?ﬁgﬁﬁﬁaF§F5rS&§TB cBrpar2eront the negative
si de porticsrifidss rMtsbe Wrode@sdngSkerthiandnusbepe t fp¥ewved hed ght val ue
of the read-out signal S[err] is not smaller than the wave hei ght val ue of

the read- heSHgraIcgraqieristigsnhor wBaagedwhanthpescha el out signal s ﬁre
' | . 1g. 6 . Ont
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contrary, when the wave hel g ther out signal Slerr] is not
|'ar ger t hafredqureneie Ireityig ladlter olseheitehdecomes shgral dSf£icylt tte out put

of the corparal Qe AN &P YRS Al ) 1hO¥RL BEgYLdIng no output.
detection circuit among others with the increase of the test
signal frequency and so erroneous detection tends to oécur.
3. SUMMARY OF THE INVENTION

An object of the present invention is to provide a
magnetic disk certifier capable of detecting defects at a

- higher frequency by merely adding a simple circuit to the
magnetic disk certifier.

In order to achieve the above object, the magnetic disk
cextifier according to the present invention is featured by'
comprising a write cipcuit'for writing a test data having a
period which is one n-th of a bit period of the test data an
error of which is to be detected, where n is an integer
equal to or larger than 2, a read circuit for reading the
test data written in the magnetic disk, a comparator circuit
for comparing a read signal‘read out from the read circuit
with a predetermined signal level or a predetermined reference
level to produce a detection signal and an error detector
circuit for receiving the detection signal output from the
comparator circuit with a period which is n times the bit
period of the test data to detect an error of the test data,
one bit of the bit data for an error detected by the error
detector circuit being made n bits as the error data.

The higher the recording density of the magnetic disk

is generally the smaller the detection unit of a defect of the



8" Therefore; the conparator 461b provi des the detection output when
the positive phase read-out signal S[err] is larger than TAA x 75% as in
the case of the conparator 46la. That is, the conparator generates a pul se
when the read-out signal exceeds 75% as shown in Fig. 6(c). Wth
these two conparators with the slice Ienzl being set to P = 75% it is
possible to detect the read-out signal ving anplitude exceeding the

t hreshol d value which is set to 75% of the T[err]. Besides this

wavef orm conpar.at or . ci.rcujt here, i.s. a,wavefor opparator circujt, which
i s shown d%ggb?ﬁ¥?wd¥ﬁﬁ':h1qﬁéfc 7W@fcﬁ.é§ Bg gﬁgéipg?iﬁaf+%ﬂf%mk+ | Nunber
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application. In the prior art waveform conparator, |evels of positive and

negative pRAKIEALEEY Qfd-BIRCEASIVE Dbite apfethednBybgenet abiky MY dpence
signals V {g Jéféé% vﬁiﬁ'%i%’)c%é%es%tft 'the EQet@ﬁghﬁﬁC&é sifycomparators as

t hr eshol d val ues. ince it | nown to set resho values Vin
conpar at or s andlivdtpresentddcrsmntdonsiigndasedoont hbisoppantt ofkathis, t he

d- ' | d hr, | d f.th h
ead-out SHORGR™ (R ARG A iarih A0S, R8N GEBo) B UESC PRIt G : Chagier Tt of

the settingo Gbe tdrddters bk walriee aid tlkedeperabiopyOhothe sonPB&at ors
are omtted, The positive and negative peaks of the read-out signal
correspondt® % 2 ALysRlitasofysugcessiyecbitver yThereferer et thd detection

s perfor%gﬁglé esPefddad B [t by testing every bit but one.

In the present invention, a test data hawving a bit
period which is 1/n of the bit period df the test data to be
detected is produced from a test signal having a frequency
n x £, obtained by multiplying the frequency f, of the test
signal corresponding to the bit period of the test data to
be detected by n, is written in the magnetic disk and is
read ocut from the magnetic.disk. A read-out signal is
compared by the comparator circuit with the predetermined
reference level, the detection signal output from the
comparator circuit is received with the period which is n
times the bit period. of the test data written in the -
magnetic disk and the error detection is performed by thé
error detector circuit with a similar timing to that used in
the conventional certifier. Therefore, there is no need of
modifying the erré; detector circuit so that it operates
with a special timing.

| The pulse width of the détection signal practically
detected from the comparator circuit becomes smaller when the
frequency of the test signal is n times the frequency £, of
the test signal. This fact can be compensated for by setting

the detection threshold value or the amplification of the



the test data by neans of the conparators 46la and 461b. The detection
signals fromthe conparators 46la and 461b (Figs. 6(b) and 6(d)) are ORed
by the OR circuit 46le and inverted

9" Dby the inverter 461f, resulting in a conparison result pulse Cp (Fig.
6(e)) which is supplied to the error detygction circuit 462. Ther ef or e,
in the mssing test, the conparison result signal Cp is generated as a
normal signal when the both conparators 46la and 461b generate the output

pul ses. On _ eLs t spi r to] ' P bei ng
set Iargerr%%%ngﬁgoé%PQ%gkbxéﬁﬁﬂ%LA§E£§§?%3FE$?érF?,9§ﬁ63%?%ﬁ92%%£, t he
gener at i onvalu@uds ex Gpf nelae spiddde tpemeinsid eretafingr periddt &cStob @) gnal and

no pul se C% ﬁenerate%hneans t he generation of nornal signal. In the
error det eSRPEPEIFLRHY- 462, when the error is detected according to the

relation betweeghéhenW APy Pré Sei Gafier g tWuldtibnobf @hanflabhecpdl se Op,
an error bcil}.s]iigerlgtl:ifEfeJi: Sac(:)gczrpcijj:[ngastosQ:%Vg]-plrgsgln%' iI61£Tfel)'lt.:ion becomes
simpler compared with the conventional construction which -
requires two comparators, since a single comparator can
generate a detection signal having a period which is twice
the test data bit period.

On the other hand, when n is larger than 2, the present
invention requires two comparators since the detection must be
performed at respective peaks of the positive and negative
side waveforms of the read-out signal. In such case,
however, the error detector circuit can receive a detection
signal having a period which is n times that of the test
data bit period by sending.the detection signals from the .
respective comparators to the error detector circuit through
a (n-1) bit thinner circuit.

In the present invention, it is assumed that, when one
defect is detected, a negative or positive side waveform of
the read-out signal subsequent td the detection of the
defect is also defective. Fufther, in the present invention,
the error detection bit frequency can be as low as that of
the conventional'ce:tifier. That is, the error detector
circuif for the test freguenéy which is one n-th of the
write frequency can perform a similar test for the write test.
frequency havihg n times frequency.

As a result, it becomes possible to use an error
detector circuit similar to that used in the conventional

certifier, the setting of the detection timing becomes not



As nentioned previously, the frequency f[err] of the test signal S[err] is
a half of the frequency of the test data "FFhh" where h neans hexadeci nal
notation and FF depicts data having bits all of which are "1", and the
frequency f[err] is the wite frequency for the magnetic disk. Although
this frequency was as low as 7.5 M& inlkhe early tinme, it has been stepped
successively up to a high frequency, for“exanple, 25 MHz wth the
continuous increase of the nenory density of the nagnetic disk and there is

a tendency_of further increase of, the.frequency u o,._f npl e, 50 MHz
with a fur?ﬁg?r%o§§?%l%ni$c$%%§ea§ﬁh%QRa#ﬁ%ﬂﬂ%ﬁéaéﬁgbt$r5?5?§égnagnetic

di sk, whil get8gr 6k haf@lpCdiQirs] IMidthed!, tive idebeskibeet toi realizd is
usual |y designed in concomtant with the wite frequency from7.5 MHz to 25

MHz. Al t hodgRerkbftenrehosackekiailidomd s aotelovwrRprEne¥8R BFoBEER t he

10 incre§§gguéﬁg?yency of the test signal S[err], there are certifiers
whose processing cfrcuits must be inproved on electric characteristics or
changed t o4t hBREERaPESGRIPTION OF THE DRAWINGS

Fig. 1 is a block circuit diagram of a magnetic disk
certifier according to a first embodiment of the present
invention; ' _

Fig. 2 shows waveforms for explaining a nature of a
defect of a magnetic disk;

Fig. 3 is a block circuit diagram of the magnetic disk
certifier according to a second embodiment of the present
invention; _

Fig. 4 is a block circuit diagram of a conventional
magnetic disk certifier; .

Fig. 5 is a block ciréuit diagram of a defect detector
circuit of the conventional magnetic disk certifier shown in
Fig. 3; and - '

Figs. 6(a) to 6(f) are waveforms for explaining an

. operation of the defect detector circuit of the conventional
magnetic disk certifier, in which Fig._6(a) is an input
signél waveform to one of-comparators which compares a
negative side waveform, Fig. 6(b) shows an output of the
comparator, Fig:G(c)is an input signal waveform to the other
comparators which éompares.a positive side waveform, Fig.
6(d) shows an output of the other comparator,_Fig.'s(e)
‘shows an output signal of a waveform comparator circuit and_
Fig. 6(f) shows an error signal.
5. DESCRIPTION OF THE PREFERRED EMBODIMENTS

In Fig. 1, a defect certifier circuit 40 according to



per f ormances hi gh enough to process such increased frequency. In the latter
case, it becones nore difficult to set a setting tinme for error detection
in the error detection circuit anong others with the increase of the test
signal frequency and so erroneous detection tends to occur. 3. SUMVARY OF

THE | NVENTI ON An obj ect of the pregdant invention is to provide a
magnetic disk certifier capable of detecting defects at a higher frequency
by nerely adding a sinple circuit to the magnetic disk certifier. In

order to aghe efierdthceriinVignaity &t tH@reRenet iavehskoseaiffées gEGRrding to
the present invention is featured by qoqpr|5|ng awite circuit for witing
a test datEHRMERtialdefacth gertdfdes- dnshpwa bnt Fhgr i doinfthale aest

data an ergofeof h&dLds dy teact:ed et ' LRk € ual to or
| arger than 2e, a read cdlrcul%t&ﬁ&?qr@gé%ngsyée&ﬁggtehéaﬁg %%t‘?%%e‘?ﬁ t he
magnet i ¢ dietkector aripauittord kiaft tihe foonventrpanabgdafeetdeastgifier ead out
fromthe r cigycpit _wt redet ermi ned _signal | eyel or a predeterm ned
ref erence #igkﬁlﬁ(#anﬁﬁuééé%éhﬂégi 9§ﬁréF&ﬁ&ngné6én1%?}%99%e¥éE?%F circuit
for recei viighdlheyetedeidOcidiciial 4Q0t Rl chr EEBEoRINPS §érdrftd Calit Wi th -
a period whjch is n times the hit period of the test data to detect an
error of tHUIRYGHqteshdomal devipg B frequaneyr vhkChrivrtwieedihel by
the error &iRGiOomdr Gdde RSi mgge I-{,S gaS4 kN r 3 q The

hi gher the recor diong density o tlhe mdgr?gF' cfdi glg ?ge%%%'ergﬁlé e Thal | er
t he det ectfftsh and ttofrecamst ddt iof a magnetic disk 1. The test data

"FFh" obtained from the test signal having frequency 2f, has

a frequency which is twice that of the test signal frequency
f, and a period which is one second of that of the test data
corresponding to the signal frequency f,. A case where the
test signal frequency is 2f, will be described. That is, in
Fig. 1, a signal having frequency 2f° is generated by the
test signal generator circuit 410 and used as a test signal
S, to be recorded in and read out from the magnetic disk 1.
Along with the employment of the test signal generator circuit
410, the defect detector circuit 460 is used instead of the
defect detector circuit 46 of the conventional certifier
shown in Fig. 4. Since a circuit construction preceding to
the defect detector circuit 46 includes circuits such as
amplifier which process analog signals mainly, there is no
need of substantial changing the circuit construction
although the frequency characteristics thereof may be
changed more or less. Therefore, in Fig. 1, the same circuit
components as those shoﬁn in Fig. 4 are depicted by the same
-reference numerals, respectively, without detailed
description thereof.

The defect detector circuit 460 comprises a waveform



magnetic disk. A defect which is detected by a single bit in the
conventional nmagnetic disk certifier nmay be detected by a plurality of
successive bits and the nunber of bits may be increased with increase of
the recording density. The present ‘invention is based on this point.
That is, it can be said that, in the hiq density recording, the defect to
be detected every wite bit is detected™ by not a single bit but a plurality

of successive bits. Therefore, it is possible to detect a defect by testing
every bit but one.

. Int present inventigp,..a . haying a bit
peri od VWHQQWR%F%BQF(ﬂlqﬁﬂétbggspeﬁpoﬁrSPrt§8£?§€?rd%%%é*%gg%%%é%%%ted is
produced fg0m@ dafdrpigaml havingragheaayedasyidex éietuit ob6hiamd dy -
mul tiplying the frequency flerr] of the test signal corres q$ding to the
bit peri odl-dfitfR-hisstcanmertes §ér§§ﬂ§c€é8-b90ﬂ§t¥%CE&QQ§eﬁl n the magnetic

di sk and ir%érlg Y I AR R CB0RRTE LS kirul gadspUing! aRal edfog ompar ed

by the co rcircuit wth the predetermned reference |evel, the
det ecti on mémpay 448 mre fulemsare esnplwoseorfciheurenventieraed with the

period which is_n tines the hi.t peri of _th S It Ln_the
magnet i ¢ cﬁ%ﬁ?%ﬁ&?ﬁrégaﬂqwﬁn éﬁ%ctVo&%FéWS&F?8%§E%°@€£?%Q6£ Effcid
' 465 will be described in detail later. The l-bit/2-bit

converter circuit 468 receives a 1l-bit output of the error

detector circuit 462 and converts it into a 2-bit signal
which is sent to the error memory 463. The 1l-bit/2-bit
converter circuit 468 will be described in detail later.

The 1/2 frequency divider circuit 467 divides the
frequency of a timing puise signal T/2 by two to produce a
timing signal T similar to the timing signal used in the
conventional certifier shown in Fig. 4, which is supplied to
the error detector circuit 462. The timing pulse signal T/2
corresponds in frequency to a write data or test data S,
supplied from the test signal generator circuit 410 to the
write control circuit 42 and its frequency is 2f,. In this
embodiment, a memory capacity of the error memory 463 and an
address update speed thereof are twice that of the
-conventional error memory 463 shown in Fig. 4, respectively.

The waveform comparator circuit 465 includes a single
comparator 46lb which, in this embodiment, corresponds to
either one of the comparators 46la and 461b of the
conventional certifier shown in Fig. 5 and checks a positive
side waveform, a shift vbltage generator 461c and an
inverter 461f. In this embodiment, the comparator 46lb can
check signals having frequency of S50MHz.

A negative phase read-out signal S,(2f,) shifted up by



ekror detector circuit with a simlar tinng to that used in the
conventional certifier. Therefore, there i's no need of nodifying the error
detector circuit so that it operates with a special timng. The pul se
wirdt h of the detection signal practically detected fromthe conparator
circuit becones smaller when the freququy of the test signal is n tines
the frequency f[err] of the test signal **This fact can be conpensated for
by setting the detection threshold value or the anplification of the

12 read-out circuit, etc ropri atel tin the val ue of a of
the predet®rihiee At3gR ‘f)serar“%g alI%ﬂSl[téF)ré] pg‘asﬁpg?ﬁ rPatefy? 4t When n

IS 2, the el GONSIdYEdRD B é%ﬁlrf%g%mtﬁgél ok &gétsﬁppn@@cmdang to
the present?® |annt|on econes si'npl er conpared th the conventi onal

const ruct |bn1m1c htemuinale sandya c:ormmuéit @l%mlgﬁﬁcéfatbﬁneP@Pééﬁb‘AF ator can
generate a, def eci] g0, 5i A, N h 3°UAd WH el SohbbesbigL oSt data

bi t perlo
comparator 461lb shown in Fig. 5.

Therefore, a relation between the detection waveforms
becomes similar to that shown in Fig. 6(c), except the -
frequency thereof which is doubled. Thus, the frequency of
the detection pulse output from the comparator 461lb is also
twice that shown in Fig. 6(d) and its period is one half of
that shown in Fig. 6(d). Since, in this case, only one side is
detected, the frequency or period of the detection signal is
the same as that shown in Fig. 6.

The 1-bit/2-bit converter circuit 468 is constructed
with an OR gate 468a, a delay circuit 468b and a one-shot
circuit 468c. The OR gate 468a sends a one-bit output to the
error memory 463 when the error detector circuit 462 outputs
a pulse. On the other hand, the delay circuit 468b delays
the output pulse by a time corresponding to one bit period
(one bit of the write data) which corresponds to the
frequency 2f, and supplies it to the one-shot circuit 468c,

'upon which the one-shot circuit 468c outputs one bit which
is supplied to one input of the OR gate 468a. The OR gate
468a outputs a 2-bit output upon 1l-bit error detection
output supplied from the error detector circuit 462 to
another input thereof and the 2-bit output is supplied to
the error memory 463 as an error detection bit.

Thus, the error détector circuit 462 can detect an
error at the frequency 2f, corresponding to the write data

bit period T as in the case of the conventional certifier.



On the other hand, -when n is larger than 2, the present invention requires
two conparators since the detection nust be perforned at respective peaks
of the positive and negative side wavefornms of the read-out signal. In such
case, however, the error detector circuit can receive a detection signa
having a period which is n tines that oi7the test data bit period by
sendi ng the detection signals fromthe respective conparators to the error
detector circuit through a (n-1) bit thinner circuit. In the present

i nvention,.Jt .. ned tRhat 2.Qn e t i e te egative or
positive sllddteth\%/}vg%c%%m 0 C?%gkr ggg%ﬁt %glgg%§§ %ﬁ%%’gq%%e% %OO).’?%J; tection
of the defrt drvoxd semdefeatdves EuUet Ard, its fhequemsents igwention, the
error detection bit, frequen§¥!can be as | ow as that of the conventi onal

certifier. Thatlh FX%-hé el GEIGEFBCROPIBFFRYI t21BPPIHES t2ROFF IRy whi ch
s one -t ladide Wod erel ffyARE cCalsReL] ORLA NI toRind10r Lhe write

test frequency having n times frequency. As a result, it becones
possi bl e tSa (#fe )ad semMrdittent éot Shectragktpertiomrla cinddaxdimged i n the

conventio rballur%ﬂrittiyf 0¥ s etggfen%gt, t itﬂg 8 &gﬁgﬁtgeéf Céléa?& tﬂcmtr}.%nb qROHR ot
magnetized N, S, N, S and so on sequentially corresponding
to respective bits of the write data. It is aséumed that, in
a range of the track portion, there are successive points of
track portion, which are indicated by symbol X and correspond
to respective positive and negative peaks of the test '
signal, in which memory performance of the magnetic disk is
degraded and the magnetization of the track portion becomes
insufficient. This is the defect of the magnetic disk 1.
When this test signal is read out, peak values Sa, Sb, Sc,
Sd - of the read-out signai,SR in that range are smaller
than a normal wvalue.

In the comparator 461b, the positive side waveform of the
read-out signal S;(2f,) is detected as it is, the bits of the
recorded data are skipped every bit but one, the positive
side waveform indicated by a symbol O is compared and
detected and the positive side waveform Sb is detected as
defective waveform. In this case, assuming that a subsequent
negative side waveform Sc adjacent to the positive side
waveform Sb is defective, an error detection bit_therefor is
produced by the 1l-bit/2-bit converter circuit 468. Since the
positive waveform train is selected even when a number of the
positive side and negative side defects appear successively,
the negative side defects are detected simultaneously. As a

result, successive defects are detected.



13 severe even in a test at high frequency and erroneous detection hardly
occurs. Further, it is possible to realize a certifier whose reliability is
not | owered even at high frequency. 4. BRI EF DESCRI PTI ON OF THE DRAW NGS
Frg. 1 is a block circuit diagramof a nagnetic di sk certifier according to
a first enbodi mrent of the present |nvent8 Fig. 2 shows waveforns
for explaining a nature of a defect of é nagnetic di sk; Fig. 3is a

bl ock circuit diagram of the nagnetic di sk certifier according to a second

enbodi nent of the present invention S I, Lr I agr am
of a convention9P EBSnSPPErﬂF¥k %%?4 thexe 1é}°ﬁi¥'§n%5%l%%§eeﬁ 8E%%Fgcu?t
d'agra”‘OfwﬁvngﬁﬁtEﬁ?ﬁf@ﬁ0rn@ﬁIdéﬁécﬂﬁwéJéfdimTpQQEHGna|sﬁ&géedingdlsk

certifier shown in ; d Figs. 6(a)_to 6(f) .are waveforns for
expl ai ni ngtaﬁreperawoheoﬂe@lh%dd%ﬁ edefefl s@SToEmy POFEiOPST hBOWEHEENt i onal

magnet i ¢ dléfgfgééém%ggﬁekg P& K1 Ghe B3 h'&éé?lﬂy”&ﬁbo%uﬂaglawaveforn1t0

one of conﬁ npares a negative si waveform Fig. 6(b) shows
an out put gbeshaocosnbsatntially. £f09dts the inglitabdilghyl ofatbormto the

ot her conparators which_conpares a positive side waveform Fig. 6(d) shows
an output GEYtREIEEnSP EBFparator, Fig. 6(e) shows an output signal of a

wavef or m conpar aOma% beUbbsa8iBle to realize the 1l-bit/2-bit converter
circuit 468 by a software program.. In such case, it is
possible to remove the 1—bit/2-bi£ converter_circuit 468 and
supply the output of the error detector circuit 462 to the
error memory 463 as shown by dotted arrows in Fig. 1. In the
latter case, the memory capacity of the error memory 463 is
made the same as that of the conventional certifier shown in
Fig. 4 and the timing signal T of the 1/2 frequency divider
circuit 467 is supplied to the error memory 463, so that a
defect bit information is 6btained in the error memory 463
at the frequency 2f, with using a similar circuit
construction to that of the conventional certifier. Then,
the data obtained from the error memory 463 is processed on
the side of the CPU 48 to convert 1-bit error into 2-bit
error according to a conversion processing program. Such
conversion processing program is stored in the memory 50. In
a case where the data is processed according to the
conversion processing program, it is possible to add one bit
.to a header of the data or it is possibie to add (n—l) bit
to both the header and an end of the data to thereby make
the data n bits totally. The latter is effective in a
second embodiment to be described later with reference to
Fig. 3. Since such processing program for enlarging the data

by adding a predetermined number of bits may be realized



Frg. 6(f) shows an error signal. 5. DESCRI PTION OF THE PREFERRED

EVMBODI MENTS In Fig. 1, a defect certifier circuit 40 according to

14 the first enbodi ment of the present invention differs from the
conventional defect certifier 4 showm in Fig. 4 in that a defect detector
circuit 460 is used instead of .the defect detector circuit 46 of the
conventional defect certifier circuit 19 The defect detector circuit 460
includes a test signal generator circuit 410 which functions to generate a
si nusoi dal test signal having a frequency which is twice the conventional
test si gnadimplarlanacysifgersr knokn2pripizamt fiar addimy angHPrARESSdNecord it

In a magnetic diisk 1. The.test d - " ' f test signal
havi ng freeiﬁféﬂ:cf ‘er ﬁ aﬂ‘ta"s?% gesﬁr;gagté§§€ |7 %:%éfllgl% véng're&%%gt of the test
signal frequencwigf[®rid amlarkpeiredivhdébgramoof skeoselcarddt hat of the

{5t 0t R SO SRRAn 0 Llie S 00al L Eguoney (el lond ARG T (e

signal havifgfd aaancys gidienitd nirS afieesahedsbint ifteger equal to or
larger than 2. The second embodiment differs from the fifst
embodiment shown in Fig. 1 in that a test signal generator
circuit 410a for generating a test signal having a frequency
nf, is used instead of the test signal generator circuit
410, a waveform comparator circuit 466 including comparators '
46la and 461b having threshold values +V, and -Vg,
respectively, for performing error detection which are
similar fo the conventional circuit construction disclosed
in the previously mentioned U.S. Patent Application Serial No.
08/771,156 are provided instead of the single comparator
461b in Fig.ll, a 1/n frequency divider circuit 467a is used
instead of the 1/2 frequency divider circuit 467 and a 1l-
bit/n-bit converter circuit 468d is used instead of the 1-
bit/2-bit converter circuit 468. Further, a (n-1) bit
thinning circuit 462a for receiving an output of the 1/n
frequency divider circuit.467a is provided'on an input side
of the error detector circuit 462.

The waveform comparator circuit 466 comprises the
comparators 46la and 461lb, as mehtioned above. An inverter
461f is provided between the comparator 461lb and an OR gate
46le which provides a logical sum of outputs of the
comparators 46la and 461b and an output of the OR gate 46le
is sent to the thinning circuit 462a. An output of the
thinning circuit 462a is sent to the error detector circuit

462. The comparator 46la detects the read-out signal S,



test signal generator circuit 410 and used as a test signal S[err] to be
recorded in and read out fromthe magnetic disk 1. Along with the

enpl oyment of the test signal generator circuit 410, the defect detector
circuit 460 is used instead of the defect detector circuit 46 of the
conventional certifier shown in Fig. 4.,Snce a circuit construction
preceding to the defect detector circuit 46 includes circuits such as
anplifier which process analog signals mainly, there is no need of

subst anti al L 0g e cjrcuit nstruction I uency
characteri??%ggggﬁgrgﬁg b yt%égl%q%ﬁﬁé'Snng'5P%Ié§§gggﬁé§gfg§§? in Fig. 1
the sane cdetdtts thappasdtsutissidingle Shdelown thegvodtage depuet e by the
sanme reference nuneral s, respectivel ,_wﬁthout,det%iled descriptLon

t her eof . TEECHQF%E?lﬁﬁteE@%rtQﬁﬁhﬁﬂq AFFUESIPREe SORVEET ST SR

i00, SOPSSREBGCCLIGHLL ESmarR 6t SESne il SepetORectnost o) oY
circuit 4egertndswhyghibag1mmmms that of the output signal of the OR
gate 46le.

The test signal generator circuit 410a generates the
test signal S, having frequency nf,, and a test data obtained
through a write cdntrol circuit 42, a write/read amplifier
43 and a magnetic head on the basis of the test signal is
written in the magnetic disk 1. The test data read out from
the magnetic disk 1 through the magnetic head and the
write/read amplifier 43 are amplified as read-out signals by
the amplifier 44 and the read-out signal Ss (frequency nf,)
is supplied to the waveform comparator circuit 461a.shown in
Fig. 3. |

The output of the waveform comparator circuit 466 is
supplied through the OR gate 46le to the (n-1) bit thinning
circuit 462;. Thus, (n-1) detection pulses of the n
detection pulses shown in Fig. 6(c) are thinned by the (n-1)
thinning circuit. 462a and the remaining one detection pulse
is output to the error detector circuit 462. Since the
number of error detection bits becomes 1/n by the (n-1) bit
thinhing circuit 462a, the error detection at the frequency
similar to that used in the conventional certifier becomes
possible and to store n bits in the error memory through the
1-bit/n-bit converter circuit 468d. This expansion to n bits
may be performed by a program processing in the control unit
48 as mentioned previously and is able to remove the 1-

bit/n-bit converter circuit.



operations of the error detector circuit 462 and the error nenory 463 are
the sanme as those of the conventional certifier shown in Fig. 4. The
wavef orm conparator circuit 465 will be described in detail later. The
1-bit/2-bit converter circuit 468 receives a 1-bit output of the error
detector circuit 462 and converts it ingﬂ a 2-bit signal which is sent to
the error nmenory 463. The 1-bit/2-bit cOnverter circuit 468 will be
described in detail later. The 1/2 frequency divider circuit 467

di vides the frequency of a_ timng l.se.signal _T/2 by two t oduce a
timng signal P3iBgREOReE H |(rﬁp':1‘d S’llzfngp’l BLHY ﬁyfﬁ‘éltéoﬁélg%t i onal
certifier ghowyddys R tiin WH-ah b3 tSUBRbeEnkont Bempar DEolet €SUDE Isitsui t
462. The timng pul se signal T/2 corresponds in frequen to a wite data

or test daektaired Lz Qadfmrﬂhéloﬁ‘@éﬂfaifxpénﬁir@%’ér’g%/%rt%iFléiﬁ?bﬁlo to
e ot monSEOHE G e 45 ANtd 1 h5INREAKIRS GLbeaLE 4b2all °

enbodi nment? hory “tapacity o e error nenor and an address update
speed t heresfipti®ed i qe-titatshifftt hegisteentibdhabndr aodehayoeiradgBt shown in

Fig. 4, respectively. The wavef qQr.m.co rator, cipcuit 465 includes a
si ngl e conﬁgg%I%H§Z§%§F%Qﬁ§ﬂE°i%?qqﬁ l@ﬁggggﬁéﬁ%,£E%r#ﬁ@b%%d€l?%££ither one
of the conppy affsmk ¢iid aed sty ofgdeatenventtansl 4teatbitebyshbn in

Fig. 5 and checks a positive side waveform a shift voltagg gqur%aor 461c
and an invevery asgRut |of tHhie waHRfmefomPaFatesnpararst 488 p2RANRBeck

g'[gp?i ?Zpﬁ%lj}r 'ffs Wu{)&%@%% a daha"egahi ¥etRNagger RfrUL si gnal
register 462b outputs a first bit of the n bit data in
response to the output signal T of the 1l/n frequency divider
circuit 467a and, thereafter, reset through the delay
circuit 462c. Thus, it is possible to output a header bit
every n bits and to thin the (n-1) bits stored subsequent
thereto by resetting. _

The 1l-bit/n-bit converter circuit 468d comprises an n-
bit shift register 468e, an OR gate 468f and an AND gate
468g. The n-bit shift register 468e is supplied with the
timing signal T/n from the test signal generator circuit
410a and an output of the error detector circuit 462 and sends
logical éum outputs of the respective digits through the OR
gate 468f to the AND gate 468g to send the output of the AND
gate 468f in response to the timing signal nT to the error
memory 463 as the error detection bits.

Thus, the test at the test frequency nf, becomes
possible. Of course, n can be 2 as in the first embodiment
shoﬁn in Fig. 1; When n is an even number, the (n-1) bit
thinning circuit 462a selects the output of either one of the
comparators 46la and 461b as the error detection bit. On the
other hand, when n is an odd number, the outputs of the



16 a shift voltage V[err] and a positive phase read-out signal
S[err](2f[err]) shifted down by a shift voltage V[err] are supplied to a +
input terminal and a - input terninal of the conparator 461b, respectively,
as in the case of the conventional conparator 461b shown in Fig. 5.
Therefore, a relation between the detectipn waveforns becones simlar to
that shown in Fig. 6(c), except the fred%gncy t hereof which is doubl ed.
Thus, the frequency of the detection pulse output fromthe conparator 461b

is also twi_ce that sho in_Fi.g d_and jt ri.Qqd i s.one half. of that
shown 1 FFgTPetarofs Asa"mne hpEh cdad Vel o A dere b e BIT B k8 1 ne
frequency qh-perbed ehihRengdetestuDh SEBNAs ithd hrwamRicdedtian paewn in
Fig. 6. The 1-bit/2-bit converter circujit 468 is constructed with an

OR gate 468a, alBeigentaliltsised BaR GluwelkrAnsgrughiomdgeon the or gate
468a sends ne:Pi ths t+Lo e rs e ek det ect or
f@aa Bub EIQ%FEJB chd c&ﬁoéﬁar% cf.ys ?%}agg‘?/n £He 280 Al

circuit 462 outputs a pu On the ay circuit “468b
del ays t hecawtpit pohsérbgtaoni ieclhwdires poveliampliic iere maiinlyer ithdt( one bit

o Lhe vl BEpR8) cHbE BRI £EoRmn e L LI SRS FLRhd i e
‘the other hand, when the error detector circuit is to be
operated at high frequency, the timing width becomes severe
and the possibility of erroneous detection may be increased.
In the present invention, hHowever, since the error detector
circuit is operated at frequency f, even when the test signal
frequency is nf,, there is no such problem. Therefore, it is
possible to test a magnetic disk by means of the error
detector circuit similar to tﬁe conventional circuit by
recording the signal having higher test signal on the
magnetic disk. |

As described hereinbefore, the comparator 461lb of the
first embodiment shown in Fig. 1 may be replaced by the
comparator 46la of 461b of the second embodiment shown in
Fig. 3. On the contrary, the comparators 46la and 461b of
the second embodiment can be replaced by the comparators
46la and 461b of the conventional waveform comparator shown

in Fig. 5.



upon which the one-shot circuit 468c outputs one bit which is supplied to
one input of the OR gate 468a. The OR gate 468a outputs a 2-bit output upon
1-bit error detection output supplied fromthe error det ircuit 462
to another input thereof and the 2-bit output is supplied to the error

menory 463 as an error detection bit. 93 Thus, the errb”m m ' '
462 can detect an error at the frequency 32f[err] correspo ﬁ (Immm/m
data bit period T as in the case of the conventional certifiert. t ®- s '+
17 In thhﬁa%?ﬁ%’g%aﬁhgﬁk'g?riOd for the error data stored in the error

menory 463 1S I'tTs Tréquency is 4f[err]. In Fig. 2, a reference
nunmer al | aldepi &t magnpaiti dhskf cartificér TEdt odettduet imag e micsdingk ekrovhen

the test si | S 2f ' jtt in the t k ti, I
| ncl uat g’ BipRuPBLRe, SoFoscghun BEedhtetEne o A RiOR 40
magnet | zedphledStebiniRedNdes® QALECANEANEAII] s Y MRHRORAIGHAL! G’ @SPECtive

bits of the wite data. It is assumed that, in a range of the track
portion, tHRegackie dickessp3dingi hRe Best data to obtain a read-out

signal and comparing the read-out signal with a
predetermined signal or a predetermined reference level,
said magnetic disk certifier'comprising:_ |

a write circuit for writing the test data having a
period which is 1/n of a bit period of the test data error
of which is to be detected, where n is an integer equal to
or larger than 2;

a read circuit for reading out the test data written in
said magnetic disk;

a comparator circuit for producing a detection signal
by comparing the read-out éignal read out from said read-out
circuit with the predetermined signal or the predetermined
reference level; and

an error detector circuit for detecting an error by
receiving the detection signal from said comparator circuit
with a period which is n times the bit period of the test
data written in said magnetic disk, a . bit data being used as
an error signal by converting one bit of a bit data of the
error detected by said error detector circuit into n bits.
2. A magnetic disk certifier as claimed in claim 1,
wherein said comparator circuit detects whether or not a
level of the read-out signal exceeds the predetermined
reference level by comparing the read-out signal with the
predetermined reference level.

3. A magnetic disk certifier as claimed in claim 1,

‘This Sheet Has Been Replaced

(L

THIS SHEET Hag
BEE
REPLACED

1
q



tr-ack portion, which are indicated by synbol X and correspond to respective
positive and negative peaks-of the test signal, iF | menory perfornmance
of the magnetic disk is degraded and the nagnetizgzrﬁtcg?_?ﬁé—F?aék‘portion
beconmes insufficient. This is the defect of the naa"mmu. ' en this
test signal is read out, peak values Sa,,Sb, Sc, S ﬂw,mII”E#mIOUt
signal S[err] in that range are smaller 4han a normal %alue.n s aPn the

conpar at or 461b, the positive side waveform of the read-out signal

S 2f .is detected as_it.is, the bits of th ded_dat
ki pped ViR EBi BALSoReat ALFBHT (IS RS e bORGNEn CaEea 8 A Syrmbo

O is conpagpedtaadrdgieehedsaghlal Nendasindget iSiedphameeisagMadbaks téet ect ed as
defective waveform In this case, assum ng that a subsequent negative_ side
wavef or m Sergdphesnined shenpbsidnd SaidCaPreRdoR SBrryigereseives she

error deteqlion;bLt e | q#ﬁg ; i =hitqC rter
circuit 46%%%?%?% Pﬁgg%oé?@ég %/\K/a(Se or%l%azﬁl% ? sg}e{ac%f"gggévggx en a
nunber of shedpasatiFeatscilecait ardadetects deradsfiagss odppedhesucnessifvel y,

t he negative_side.defects are detected simultanequsly. As.a result,
SUGCoss ve SIBPSLE vEr 8105 SteBeL nd o megativE S1dR bigna1®o e

positive phase signal with respect to a first amplitude
reference level and the other side signal of the negative
phase signal with respect to a second amplitude reference
level.

4. A magnetic disk ceitifier as claimed in claim 3,
further comprising conversion means for converting each bit
of the bit signal into n bits to increase the number of bits
of the bit signal n times, and wherein said error detector
circuit outputs a bit signal indicatiwve of an existence or
absence of an error as an érror signal.

5. A magnetic disk certifier as claimed in claim 4, wherein
said comparator detects the crossings the negatiﬁe side of
the positive phase signal with respect to the first
amplitude reference level and the positive side of the
negative phase signa; with respect to the second amplitude
reference level and the crossings of the negative side of
the negative phase signal with respect to the first
amplitude reference level and the positive side of the
positive phase signal with respect to the second—amplitudé
reference level. |

6. A magnetic disk ceftifier as claimed in claim 5,
wherein the first amplitude reference level is set above a
ground level by a predetermined value, the second amplitude '

reference level is set below the ground level by the




18 On the contrary, when there is only one discrete defect waveform -

portion, non-defect waveform portions succeeding thereto nmay be S
def ect waveform portions. However, such case is very r ' i-gh
density recording and does not substantially affect ttﬁ!!milwgm‘l,ﬂajm,the
certifier so far. It may be possiblfst() realize t - .

L
converter circuit 468 by a software progfam |n such case, it is possible
to renmove the 1-bit/2-bit converter circuit 468 and supply the out put of

the error Lrquit,462 . th r 3 y dotted
arrows in g&%ag%gEF%hFﬁeb%%??éré%ﬂéésmﬁﬁggﬁgggE&%@%ﬁ%ﬂqﬁ%p%a%?%e%érror
menory 463 fizstadadt becsadecaspabatord, tdeld afivestt icamglaradol idetectisown in

Fig. 4 and the timng_signal.T of , the 1/2 frequ divider circuit 467 is
Suppl 1 ed t 6T BB EHBRBRY LIRS0 RALE GRS di diiay HOS HHAARIART | <
obtained i BiyRgi1eiieh ¥eEPEYt4BS EhelfErdt etmenNodudd [Rfidretide 1¢sidlg a
simlar circuit construction to that of the conventional certifier. Then,

the data obrdi Pe§itivm shdeeppoticmeney WHs negafiistephesopigralsWdhof the
CPU 48 to %%@%%Etgm{bggglﬁe%E%nh”&ﬂgﬁ@ﬁ&e L RL- AREONANAY ta%tda saa/er s, on

processi ng progr conversron processing programis stored 1n the
menory 50. slkegocadcasmpatratort Hetdats cuogsiroes el meyagridiengitde t he
conversi on_processin Lt i one bit to header of

the data oF9 l|°§‘sp8gsf‘gbggggggﬁé{ﬁel(ab%)es%%‘fe# %th:ﬂ‘dt‘??épr?%d&o an end

of the dat #iket!t AepehyulBkectheeflod Al dvdl ténd B iltivel e dedtidatt iichs

effective B% %he positiVe phase signal with respect to the second
amplitude reference level. _
7. A magnetic disk certifier as claimed in claim 6, further
coﬁprising a thinning circuit for thinning (n-1) detection
outputs of n detection outputs of said first and second
comparators and sending a resultant one detection output of
said thinning circuit to said error detector circuit, and
wherein said conversion means comprises a bit conversion
circuit for converting 1 bit of the bit signal from said
error detector circuitlinto n bits.
8. A magnetic disk certifier as claimed in claim 6,
wherein n is 2, said comparator circuit comprises either one
of said first and second comparators and said conversion
means comprises a bit conversion circuit for converting each
bit of the bit signal from said error detector circuit into
2 bits. _ '
9. A magnetic disk certifier as claimed in claim 8,
further comprising an error memory, wherein the resultant
one detection output of 2 bits from said bit conversion
circuit is stored in said error memory with a timing

corresponding to the period of the test data written in said




second enbodi nent to be described |ater wwth reference to Fig. 3. Since
such processing programfor enlarging the data by addi ng a predeterm ned
nunber of bits may be realized : 19
sinply by using a known program for addi ng and processing error bits,

G agram of the econd enbodi ment of t ne B esent +nvent: W IHEMAEN

frequency of the test signal is nf[err] where n is an inteder teqtial St o* or

| arger thap Th econd enbodi nent differs fromthe first enbodi nent
shown in g?%gnﬁt+§ ?ﬁgg‘a test signal generator circuit 410a for generating
a test sigpnal havinagnétitedlsincyerdiifier usedlaisnledadnotlhlim 6esFustheal
generator circujt, 410, a waveform conparatar circuit 466 including )

conpar at or SOHBIASHRY 4B 18T RN i BRI TH e WRALE 1althes D1V, sigpalvfepm) Said
respecti vebyrof Ofe PEEEPEM S &IFOTi JRAdOR IVIGR B80! REMEEY! RikRE
conventional circuit construction disclosed in the previously nentioned
U.S. Pateng Pppingacoprespending\do dg/w ot 8¢ pexipdoefdthei hestadabda t he

single CONpArAlol in said magnetic disk and said conversion means

comprises a program to be executed by a processor converts
each bit of the bit signal indicative of an error recorded in
said error memory into n bits to increase the numbér of bits
of the bit signal n times.

11. A'magnetic disk certifier as claimed in claim 2,
wherein the predetermined reference level is a first voltage
level set above a ground level and a second voltage level
set below the ground level, said comparator circuit
comprises a first and second comparators, said first
comparator compares the first voltage level with the read-
out signal and detects the read-out signal exceéding the
first voltage level, said second comparator compares the
read-out signal with the second voltage level and detects
the read-out signal below the second voltage level.

12. A magnetic disk certifier as claimed in claim 11,
wherein said error detector circuit outputs the bit signal
indicative of presence or absence of an error as the error
detection signal and comprises conversion means for
increasing each bit of the bit signal to n bits.

13. A magnetic disk certifier as claimed in claim 12,
further comprising an error memory and a thinning circuit for
thinning (n-1) detection outputs of n detection outputs of .
said first and second comparators and sending a resultant

one detection output of said thinning circuit to said error
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461b in Fig. 1, a 1/n frequency divider circuit 467ajﬁ—®w0[f_at he
1/ 2 frequency divider circuit 467 and a 1-" bit/n-bit converter circul 68d
is used instead of the 1- bit/2-bit converter circuit 'Mﬂ : n-1)
bi't thinning circuit 462a for receiving an output of t l’/’ﬂ""@ﬂ”“{
divider circuit 467a is provided on an igaput side of. t He érrer wetecCt

circuit 462. The waveform conparator circuit 466 conprises the
conparators 46la and 461b, as nentioned above. An inverter 461f is provided

bet ween t b apgd g esWBhSD PHOMI 955 j.cal
sum of ou?%%?és@%?f ta%%%%i?rtlp'ar at or@éfg;g g?\% %g%bs\gﬁgganeo%pﬁfs %?e %ﬁ‘ngR
gate 46le datesetion ccitmuithiimistpreid dm sadGarrém mempuy witbha thinning
circuit 462a is_sent to the error .dete circuit, 4.6 The co rat or
461a det ectHIRE TREFESRAR 'Ib%atlo é[/zlrro%t%le period of %he lE'esg cqgga

20  exceegidged Ntn voaidgggrdtiec s Andardidheocadepaishomnedfdb detects
the read-out signal S[err] below the voltage value -V[err].

| nci dent al FORVeRES t2AFHI Rt QF difie bid2 $igpdlesttoredein the error

memory and indicative of the error into n bits according to

a program to be executed by a processor.
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out put signal of the OR gate 461e into a signal haV|ng period which is n
times that of the output signal of the OR gate 461e. © The test signal -
generator circuit 410a generates the test signal S[err] having frequency
nflerr], and a test data obtained through a wite control circuit 42, a
writelread anplifier 43 and a nagnetlc hzgd on the basis of the test signal
is witten in the magnetic disk 1. The té&st data read out fromthe nmagnetic
disk 1 through the magnetic head and the wite/read anplifier 43 are
anplified anplifier 44 and the read-out signal
Ss (f reque?\%ygﬁﬁber ﬁ% S#P%p?ulgsp gﬁo t he waveform conparator circuit 461la
shown in Fig. 3. The out put of the waveform conparator circuit 466 is
suppl i ed t MAENRTIOIIK RREIITER to the (n-1) bit thinning circuit 462a.
Thus, (n-1) detection pulses of the n detection pulses shown in Fig. 6(c)
are thinned by the (n-1) thinning circuit 462a and the remai ning one
detection pul sea h e r €Al e the
nunber of error dZ“ta ctl otﬁ %’?tsz‘ %ggggﬁgss'elg/ g&?&;@ﬁ& %h%% {uélr%r:n ng
circuit 46idaventtdoer isr féeturedohyacompri$ingue eyl te mllmuzﬂb fidmt used in
t he convent i gnal | cones._possible sIor 1S i.n the
error Moo RAPSugh NG PABR, FAUAPE SoRuErodr it ot A% %xpansi on
to n bits payrikd € fthlentdsky datpl 0gEa0T PODCREEECOLS ntdi I‘tﬁeCdHﬁédﬂedlnit 48
as nentioned preV|oust %pd isw%ble to,renmove the 1- b|t{n-bit converter

circuit. in a magnetic disk ere is an integer equal to or larger
than 2, a read-out circuit for reading out the test data
written in the magnetic disk, a comparator circuit for
producing a detection signal by comparing a read-out signal
read out from the read-out circuit with a predetermined
signal or a predetermined reference level and an error
detector circuit for detecting an error by receiving the
detection signal from the comparator circuit with a period
which is n times the bit period of the test data written in
the magnetic disk, a bit dafa of an error detected by the
error detector circuit being used as an error signal by
converting each bit of the bit data into n bits.
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21 As nentioned, the (n-1) bit thinning circuit 462a functions to
fhin (n-1) bits fromthe n conparison result bits obtained fromthe
wavef orm conparator circuit 466 to thereby provide only one bit. The (n-1)
thinning circuit 462a conprises a n-bit shift register 462b and a del ay
circuit 462c and operates to sequentially shift the timng signal T/n from
the test signal generator circuit 410a tyst by bit every output of the

wavef orm conparator circuit 466 and the shift register 462b stores.a data
of n bits. The shift register 462b outputs a first bit of the n bit data in
response to the output signal T of the 1/n frequency divider circuit 467a
and, thereafter, reset through the delay ¢jrcuit 462c. Thus, it is possible
to output a header bit every n bits and tethin the (n-1) bits stored
subsequent thereto by resetting. The‘ﬁﬁpit/n-bit converter circuit

468d conprises an n- bit EATTT T egi 51 €} -4680, - af- OR-GaH €- 468F - an AND
gate 468g. The n-bit shiff registler 468e is Supplied with the timng gignal
T/n fromthe test signal generatar cirghit 410a and anoutput| oft;the error
detector circuit 462 and sends |dgicgl | @ output = _The respegtive digits
through the OR - 2 ! 9|9z alz 3| . z
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gate 468f to the AND gate 468g to send the output of the AND gate 468f in.
response to the tinming signal nT to the error nenory 463 as the error
detection bits. Thus, the test at the test frequency nf[err] becones
possible. O course, n can be 2 as in the first enbodi ment shown in Fig. 1.
Wien n is an even nunber, the (n-1) bit thinning circuit 462a selects the
out put of either one of the conparators, la and 461b as the error
detection bit. On the other hand, when iW1s an odd nunber, the outputs of

t he 22 conparators 46la and 461b
are selected alternately by the (n-1) bit thinning circuit 462a as the
error detection bit. Incidentally, since the circuit construction from

the read-out circuit to the conparators is usually the analog circuit
construction including the anplifier mainly, that circuit construction can
be operated at high frequengy. On the other hand, when the error detector
circuit is to be operated af high frequency, the timng w dth becones
severe and the possibility éL;e?roneous detection may be increased.
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lm the present invention, however, since the error detector circuit is
operated at frequency f[err] even when the test signal frequency is
nf[err], there is no such problem Therefore, it is possible to test a
magneti c di sk by means of the error detector circuit simlar to the
conventional circuit by recording the signal having higher test signal on

t he magnetic di sk. As descri bed herei nbefore, the conparator 461b of
the first enbodi ment shown in Fig. 1 n§i6be repl aced by the conparator 46la

or 461b of the second enbodj in Fig 3 (n the PnnfraL¥8 t he
conparators 46la and 461b qf the:sec md- enbodi-mert - tan‘be'FEpTace by the
conpar ators 46la and 461b df the, qgn enti Qna eforam aratjor [shown in
Fig. 5. - claimmeq is: 1.
A magnetic disk certifier flor dene tyng al@|i error of
a predeterm.ned test data by wifgi & tHeopl et ccording
~to a test signal in a magnetic diskig rgd8ligag in a
read- out Do c
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si=gnal

and conparing the read-out signa

wi th a predeterm ned signa

predeterm ned reference | evel, said magnetic disk certifier conprising:
a wite circuit for witing the test data having a

ant period which is 1/n of a bit period of the test data an error of which

is to be detected, where n is an integer equal

read circuit for

read-out signa
si gnal

reading out the test data witten in said nagnetic disk;
a conparator circuit for producing a det/

to or

Bction si gnal

and

| arger than 2;

by conparing the

an error

det ect or

conparator circuit with a period which is n times the bit period of the

test data witten in sa
signal by converting_one

error detector

claimed in claim1l
a level of the redﬁ-
conmparing the read¥ol
A magnetic disk cert
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or .a

a

read out fromsaid read-out circuit with the predeterm ned
or the predeterm ned reference |evel;

circuit for detecting an error by receiving the detection signal fromsaid

d magnp'rir disk a bit data beij ng used as an error
L bit .of - a_bit .data of _the error_detectied by said
circuit iyt Hilsey 20.] A magfetic disﬁ certiffier as
 d qg arqat or ci KENi t det ect s@@Het her or not
gxjcte pred ref erlence | evel by
hiith the @redetier i gegrefierencd level . 3.
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24 wherein said read circuit generates a positive phase signal ‘as the
read-out signal and a negative phase signal as the predeternined signal,
and sai d conparator circuit receives the positive phase signal and the
neégative phase signal fromsaid read-out circuit and detects crossings of
either one of a positive side signal and a negative side signal of the
positive phase signal with respect to a first anplitude reference | evel and
the other side signal of the negative pﬁ@se signal with respect to a second
anplitude reference level. 4. A magnetic disk certifier as clainmed in
claim 3, further conprising conversion neans for converting each bit of the
bit signal into n bits to increase the nunber of bits of the bit signal n
times, and wherein said error detector circuit outputs a bit signa

i ndi cative of an exi stence or absence of an error as an error signal. 5. A
magnetic disk certifier as claimed in claim4, wherein said conparator
detects the crossings the negative side of
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te positive phase .signal with respect to the first anplitude reference

| evel and the positive side of the negative phase signal with respect to
the second anplitude reference |level and the crossings of the negative side
of* the negative phase signal with respect to the first anplitude reference
| evel and the positive side of the positive phase signal with respect to
the second anplitude reference level. 6. A nmagnetic disk certifier as
claimed in claim5, wherein the first #Wlitude reference level is set
above a ground |l evel by a predeterm ned val ue, the second anplitude
reference level is set below the ground | evel by the

predeterm ned val ue, said conparator circuit conprises a first and second
conparators, said first conparator detects crossings of negative side
portions of the positive phase signal with respect to the first anplitude
reference | evel and positive side portio t negati ve phase signal

W th respect to the second anplitude refE?AKEi.Egvel and said
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second conparator detects crossings of negatlve side portions of the

negat kve phase signal with respect to the first anplitude reference |evel
and positive side portions of the positive phase signal with respect to the
second anplitude reference level. 7. ©= A magnetic disk certifier as clained
in claim6, further conprising a thinning,gircuit for thinning (n-1)
detection outputs of n detection outputs 8& said first and second

conpar at or s and sendlng a resultant one detection output of said thlnnlng

C|rcu!t to Eﬁpr q%ﬁfiﬁﬁgﬁbﬁﬁﬁgt and mhereln sald convers!on nmeans
|

conprises a | onvers converting 1 bit of the bit signa
fromsaid error detector circuit into n bits. 8 A magnetic disk certifier
as clai mred MAGNESIO ®ISKhEERTAFAERS 2, said conparator circuit conprises

ei ther one of said first and second conparators. and sai d conversi on neans
conprises a bit conversion circuit for converting each bit of the bit

si gnal from sai dAefng%e@%e&E\.Qfé Gbbetkiet nsecgr@iﬁ% t& théd gEgEEid ¢ di sk

certifier as clalne In claim conprising an error rrermry,
wher ei n t heinwentiant isn§easusedi by oonprd s oig 2 brtitd raimesit fon

Cy e oo fhLEhb b5 3bE B p LS ch e A 5 A A% mie
period of the test data, error of which is to be detected,
in a magnetic disk, where n is an integer equal to or larger
than 2, a read-out circuit for reading out the test data
written in the magnetic disk, a comparator circuit for
producing a detection signal by comparing a read-out signal
read out from the read-out circuit with a predetermined
signal or a predetermined reference level and an error
detector circuit for detecting an error by receiving the
detection signal ffom the comparator circuit with a period
which is n times the bit period of the test data written in
the magnetic disk, a bit data of an error detected by. the
error .detector circuit being used as an error signal by
éonverting each bit of the bit data into n bits.

{Figure 1)




magneti ¢ disk. 10. A magnetic disk certifier as claimed in claim®6, further
cohprising an error _nenory, wherein the bit signal fromsaid error
det®ection circuit is stored in said error nenory with a timng '
correspondi ng t i period of the (Sdistitateasheet {24 July Sl998
magneti c di sk ElmllIHllmmmmlm n nmeans coqprises a programto be executed
by a processor .converts gach bit of the b signal indicative of an error
recorded in said error nmenory into n bits to increase the nunber of bits of
the bit sig Etnigigﬁﬁiméa' g.magnetic disk certifier as claimed in claim
2, wherein e predefeimned feference level is a first voltage |evel set
above a grodnd | avalagnetia sdskndexbifige fewadetssttired avntissigrowntdrevel |
sai d comparator circuit conprises a first and, second, conparatars,_ said
first compaPht 6r SOkEaPEEOFNEL} Fr BEeIoF CERERTEL oS WidaFa Y Miing, P8 gnal
and det ect spirBacteathiaed tbgBablatxcegbrdindecd id Hestoldirgrll dwela said
second conparator conpares the read-out signal with the second voltage

level and dBegReSicnéiskadreadingghbe tRtbatR e Ridivold Ffad-op . 12. .
A magnetic @&ghai%haf 'c%hpggigé;atﬁsdré@%@ﬁ "dildhahEegl i said error

detector circdit outputs th t signal indicatlve of presence or absence
of an error paedeffersined d¢dgvsli on 3i predetemniowd nieterenges deyiedn nmeans

f or

said magnetic disk certifier_éomprising:

a write circuit for writing the test data havingha
period which is 1/n of a bit period of the test datajerror
‘of which is to be detected, where n is an integer equél to
or larger than 2; |

-4 read circuit for reading out the test data written in
said magnetic disk;

a comparator circuit for producing a detection signal
by comparing the read-out éignal read out from said read-out
circuit with the predetermined signal or the predetermined
reference level; and | _

an error detector circuit for detecting an error by .
receiving the detection signal from said comparator circuit
with a period which is n times the bit period of the test
data written in said magnetic disk, a bit data being used as
an error signal by converting one bit of a bit data of the
error detected by said error detector circuit into n bits.
2. A magnetic disk certifief as claimed in claim 1,
wherein said comparator circuit detects whether or not a
level of the read-out signal exceeds the predetermined
reference level by comparing the read-out signal with the
predetermined reference level.

3. A magnetic disk certifier as claimed in claim 1,
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I ncreasi ng each bit of the bit signal to-n bits. 13. A magnetic disk
certifier as clainmed in claim12, further conprising an error nenory and a
thi*nning circuit for thinning (n-1) detection outputs of n detection

outputs of sai d”mmmlnam ifl comparators arguistitdigishéet’ €241 it 998
detection outpu "mﬂrmﬂ g circuit to said error
detector circuit,; ahd whereisn #he bit sidtYal fromsaid error detection
circuit is stored in said error nenory with a timng corresponding to n
times of the perjod 8f #he test data stored in said magnetic disk and said
conver si on PREAEELONYEFEs each bit of the bit signal stored in the error
memory and 4 9di CAt ngnetié NG Sk redritien 4y (B AR dnN¢laimd 6 Furekelo be
executed by a processor. )
comprising an error memory, wherein the bit signal from said

error detection circuit is stored in said error memory with

a timing corresponding tg'fiﬁgs'of the period of the test data
written in said magnetic diskland said_conversion means
comprises a program to be executed by a processor converts
each bit of the bit signal indicative of an error recorded in
said error memory into n bits to increase the number of bits
of the bit signal n times.

11. A magnetic disk certifier as claimed in claim 2,
wherein the predetermined reference level is a first voltage
level set above a ground level and a second voltage level
set below the ground level, said comparator circuit
comprises a first and second comparators, said first
comparator compares the fifst voltage level with the read-
out signal and detects the read-out signal exceeding the
first voltage level, said second comparator compares the
read-out signal with the second voltage level and detects .
the read-out signal below the second voltage level.

12. A magnetic disk certifier as claimed in claim 11,
wherein said error detector circuit outputs the bit signal
indicative of presence or absence of an error as the error
detection signal and comprises conversion means for
increasing eéch bit of the bit signal to n bits.

13. A magnetic disk certifier as claimed in claim 12,
further comprising an error memory and a thinning circuit for
thinning (n-1) detection outputs of n detection outputs of
said first and second comparators and sending a resultant

one detection output of said thinning circuit to said error
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detector circuit, and wherein the bit signal from said error
detection circuit is stored in said error memory with a
timing corresponding tgf-l-%-e.s of the period of the test data
stored in said magnetic disk and said conversion means
converts each bit of the bit signal stored in the error
memory and indicative of the ‘error into n bits according to
a2 program to be executed by a processor.
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