: 0b -
MAGNETI C RECORDI NG APPARATUS W TH ROTARY HEADS A 0BI0~0
BACKGROUND OF THE | NVENTI ON This invention relates to a ngts ati on
nmet hod,, a recording nethod, a reproducing nmethod, a recording and
reprodud'ng -apparatus, a recordlng and reprodUC|ng nmet hod, and a
reproduci ng apparatus, and particularlylto eight-to-ten (8 10) nodul ation
for transfor nigguEdTdiHECORDING! APFARARISH WILTIE (ROFARY HEADS |:n a di-gi tal audio
tape recorder (DAT) for recording and reproducing audio data into and from
a recordi ng nedium such as, a nmagnetic tape, 8-10 nodul ation is enployed
“whereby 8-bit data is transformed to a 10-bit code. Specifically, in
t he conventional 8-10 nodul BACKGROJNG {OF THE INVENTION

This invention relates to a modulation method, a recording
method, a reproducing method, a recording and reproducing
apparatus, a recording and reproducing method, and a reproducing
apparatus, and particularly to eight-to-ten (8-10) modulation for
transforming 8-bit data to a 10-bit code.

In a digital audio tape recorder (DAT) for recording and
reproducing audio data into and from a recording medium, such as,
a magnetic tape, 8-10 modulation is employed whereby 8-bit data
is transformed to a 10-bit code.

Specifically, in the conventional 8-10 modulation, 8-bit
data is transformed to a 10-bit code in accordance with a code
table in which codes being (0,3;8,10;1) codes and having a so-
called codeword digital sum (CDS), that is, a value obtained by
subtracting the number of "Os" from the number of "1s" of the
code after non return to zero inverted (NRZI) modulation or a
digital sum value (DSV) per code, equal to O, *2, are allocated

to. 8-bit data, as shown in Figs.l to 7. The code table is

hereinafter referred to a DDS2 code table. In Figs.l to 7, a
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data is transfornmed to a 10-bit code in accordance with a code table in
whi ch codes being (0, 3;8,10;1) codes and having a so- called codeword
digital sum (CDS), that is, a value obtained by subtracting the nunber of
"08" frbomthe nunber of "Is" of the code after non return to zero inverted
(NRZlI') nodul ation or a digital sumval (DSV) per code, equal to 0, 2,
are al |l ocdihed indiBated Hgt @ izxs BEWOWIor Nncbgs. Lipt do/. thdheorodspballlingi s
hereinafter referred to a DDS2 code table. In Figs.1to 7, a

2 val ue doiii cavad by FakudS¥nfideatedesbyp @’o Lhe DSV r dogonclbdgs eswdetoand
a value indicated by Q is DSV for codes up to recedi n code of the
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enpl oyed by so-called-low disparity code (LDC).
codes allocated to one data is employed by so-called low

disparity code (LDC).

DAT has a recording system composed of an 8-10 modulator 61,
an NRZI modulator 62 and the like, and a reproducing system
composed of an integral equalizer 73, a binary coding circuit 74,
an NRZI demodulator 7;7, an 8-10 demodulator 78 and the like, as
shown in Fig.87 The 8-10 demodulato'r 61 transforms 8-bit data
to a 10-bit code. The NRZI modulator 62 NRZI modulates the code,
and supplies the reéulting code through a recording amplifier 63
to a so—-called rotary h;ad 64. Thus, audio data is recorded onto
a magnetic tape 5 by so-called helical scan.

h In reproductién of audio data, on the other hand, the
integral_equaliz'ei‘ 73'int'egra11y equalizes reproduction signals
reproduced from the magnetic tape 5 by a rotary head 71. The
binary coding c¢ircuit 74 encodes the equalized' reproduction
signals (hereinafter reférred to as equalized waveform) to a
binary code. The NRZI demodulator 77 NRZI demodulates the
resulting code to reproduce the 10-bit code. The 8-10
demodulator 78 then transforms this code to 8-bit data. Thus,
audio data is reproduced. A phase 1locked 1loop {PLL) 75
reproduces a channel clock, and a synchronization detection

circuit 76 detects a delimiter of codes, for example.



DAT has a recording system conposed of an 8-10 nodul ator 61, an NRZI

- nmodul ator 62 and the |ike, and a reproduci ng system conposed of an

i ntegral _equalizer 73, a binary coding circuit 74, an NRZlI denodul ator 77,
an 8-10 denodul ator 78 and the like, as _shown in Fig.8. The 8-10

denodul ator 61 transforms 8-bit data to3a 10-bit code. The NRZI nodul ator

62 NRZI nodul @D&P Hide &Dsle, be@ndusv@phies dh€arpeebiiss esdestBreHghadta
recording anplifier 63 to a so-called rotary head 64. Thus, audio data is

recorded fot 0 infaragrEidr papedssingodedliced ,hebthalr stiwdn audio | Bata,
reproduction of audio data, on the other hand, the integral equalizer 73

i nt egr al Ine®eAflY zesThe glatthigtdcordsrypdlse employsudte hbovet-hentdgneld -
tape 5 by a rotary head 71. The binary coding circuit 74 enqodeg t he
equal i zedt @ epedaletPBn iBtgaznrd ehuepdimeft endr diiaaryd coding eduaduized
waveforn) to a binary code. The NRZI denodul ator 77 NRZI denodul ates the
resul ting cocféea‘?‘ﬁhlXEpr%@nﬁwl%@%ﬁ@t%ﬁG@Prderm1‘8515.1.0'—he above-

described integral equalizer. That is, the linear recording
density along tracks of the magnetic tape is set to, for example,
61 kbps, which does not cause intersymbol interference in
reproduction signals. Therefore, high recording density cannot
be realized with the conventional circuit configuration.

Thus, it is conceivable to use a fechnique of so-called
partial response for controiling the quantity of intersymbol
interference to increase the 1linear fecording density.
Specifically, an équalizer of partial response class 1 may be
used instead of the integral equalizér 73, and a Viterbi decoder
may be used instead of the binary coding circuit 74.

In the conventional DDS2 code table, codes having a number
of consecutive "1s" are employed, such as, codes "l11i11i111111",
"0111111111" and "1111111110" allocated to data of "11101011",
“00101011" and "11111110" in binary expréssioh, as shown in
Figs.1l to 7. The data of "11101011" is hereinafter referred to
as data "EB". On the basis of a waveform string obtained by NRZI
modulating these codés, recording of data onto the magnetic tape
is carried out as inversion of magnetizétion polarity.

Accordingly, when a ternary reproduction signal obtained as



denpdul ator 78 then transforns this code to 8-bit data. Thus, audio data

I S reproduced. A phase locked loop (PLL) 75 reproduces a channel
clock, apd a synchronization detection circuit 76 detects a delimter of
codés, for exanple. 4 ' 3 DAT has

al so been used as a data recorder for storing data for information

processi ny fifeseresial @fhelagndidzaaido pdabeity e6e8rkionThe dahaligearegr
al so enpl oys the above-nentioned 8- 10 nodul ator, integral equalizer and
bi nary cedimigial r qwisponse clisanwhi [for t hkecoovéat ieeinglatad hambederof
enpl oys the above- described integral equalizer. That is, the |inear

- recor di ngonfaritivel 0hg"t r & ksuntier hof mugpmsteicn ttimee '18s'Seappearf dm the
exanpl e, 61 kbps, which does not cause intersynbol interference in

r epr oduct@ B i 4fhl €avaher®f ore, high recording density cannot

Two threshold values- to discriminate the ternary equalized
waveform (a so—célled eye pattern) are determined on the basis
of envelopes of the equalized waveform so as to correspond to
level changes of the feproduction signal. Therefére, a large
number of consecutive. "0s" in the equalized waveform prevent
these threshold values from being obtained stably, and thus
deteriorate the error rate. 1In addition, whether the level is
lowered by so-called dropout of‘by ﬁhe consecutive "0s" cannot
be identified. )

In Viterbi decoding, data cannot be determined when
continuous "Os" are present in the equalized waveform in so-
called maximum likelihood decoding. Stated differently, when a
large numbér of continuous "1s" are used as described above, the
memory of the Viterbi decoder must be increased. Thus, the
circuit scale is enlarged.

Also, in the conventional DDS2 code table, codes
"1011001110"; "001_1001110", ."1110001110" and "0110001110" are
allocated to data "AC" and "C6", as shown in Figs.l to 7. These
codes generate, when continued twice, generate lengths,bétween
transition 1T,-4T, ir, 3T, 1T 6r iT, 3T, 1T, 4T, 1T in the

waveform string, with T denoting minimum length between



be realized with the conventional circuit configuration. Thus, it is
concei vabl e to use a techni que of. so-called partial response for
~controlling the quantity of intersynbol interference to increase the

. linear F%ecording density. Specifically, an equalizer of partial response
~class 1 may be used instead of the intefral equalizer 73, and a Viterb

decoder <§%§§§§od E?ESOfthggeméyaaé(ggﬂ d I£ULdrdd peak snhithe

conventi ona es having a nunber of consecutive "1s"

are enpl ayaqps?g%ésereege% thl ol ld 1inperi0211bl el endotAdilEblbiQ”
all ocated to data of "11101011", "00101011" and "11111110" in binary

expressi ofh #fe SB8WReht i ohbdS 81100 modulilt i 2 ©bntiAd&tNdA" of s ikentiivallt er
referred to as data "EB'. On the basis of a waveform string obtai ned by
NRZI  nodsbdés Nis trhes & e sinteeabnig Ofanintthoricidshe higferiort @reor s
carried out as inversion of nmagnetization polarity. Accordingly,
when a t erdree yarepemglioyedn signal obtained as

OBJECT AND SUMMARY OF THE INVENTION

In view of the above-described status of the art, it is an
object of the present invention to provi&e a modulation method,
a recording method, a reproducing method, a recording and
reproducing apparatus, a recording and reproducing method, and
a reproducing apparatus whereby it is possible to realize higher
recording density of the recording medium, improve the error rate
in comparison to the conventional case, and easily determine data
in Viterbi decoding.

According to the present invention, there is pro;ided_a
modulation method for transforming data to a code using a code
having CDS after NRZI modulation equal to O, %2 of (0,3;8,10;1)
code, fhe mefhod comprising the step of traﬁsfbrming 8-bit data
to a 10-bit code, using only a code such that the nﬁmber of
confinuous "is" is not greater than N, with N being 12 to 18, in
a code series of continuous codes.

According to the present invention, there_is also provided
a modulation method for transforming data to a code using a code
having CDS after NRZI modulation equal to 0, *2 of (0,3;8,10;1)

code, the method comprising the step of transforming 8-bit data



4 differential. of magnetization polarity inversion is equalized by partial
response class 1 for the code having a number of Gconsecutive "is", a
nunber of consecutive "Os" appear in the equalized waveform Two
“threshol 8 values to discrinminate the ternary equalized waveform (a

. so-cal l ed eye pattern) are determ ned on ®he basis of envel opes of the
equal i zedovayefio-pizo e6de9 amringspondode dthext thanges obdehsuch that
~reproduction signal. Therefore, a large number of consecutive "Gs" in

t he equalileregh e \beftovererp rtenagrsti t itdne 48 ,t BPeshBl d3Tal Lks o1 dih:b8ingldbt 4T ned
stably, and thus deteriorate the error rate. In addition, whether the

Ibevgalj is.J%T o\(/j\mié-dt by stencting mimiswm olepgthhdalgirar utrepsiddonsanabe
e identified.

generated in a waveform string corresponding to continuation of
two identical codes, the wavefopm string being produced by NRZI.
modulating a code series of continuous codes.
According to the present invention, there is also provided
a modulation method for transforming data to a code using a code
having CDS after NRZI modulation equal to O,Iiz.of_(0,3;8,10;1)
code, the method_comprising'the step of transforming 8-bit data
to a 10-bit code, using a code other than a code such that
lengths betweéen transition 1T, 4T, 1T, 3T, 1T, or 1T, 3T, 1T, 4T,
1T, with T denoting Jinimum length between transition, are
generated in a waveform string corresponding td continuation of
two identical codes, the waveform string being produced by NRZI
modulating a code series of continuous codes, with the number of
continuous "1s" being not greater than N, with N being 12 to 18,
in the code series. |
| According to the present {nvention, there is also provided
a ‘recording method fof a recording mediﬁm comprising the stebs
of: transforming 8-bit data to a 10-bit code, using only a code
such that the number of continuous "1s" is not greater than N,
with N being 12 to 18, in a code series of continuous codes, each
code being é code having CDS after NRZI modulation equal to O,

+2 of (0,3;8,10;1) code; NRZI modulating the transformed code



In Viterbi decoding, data cannot be determ ned when continuous "Os" are
present in the equalized waveformin so- called maxi mumlikelihood
decodin% Stated differently, when a |arge nunber of continuous "is" are

used as “‘descri bed above, the nenory of the Viterbi decoder nust be

i ncreased. Thus, the <circuit scale i8 enlarged Also, in the
conventi @@ie?@%z enR9a ¢ o walvﬁvefoffﬂ W1ng tﬁ@lf-QQ\li-ﬂ-Q
"1110001110" an 110001110" are Iocated to data "AC' an

shown i n yR@sedrh Ostirid@esfto CORESrEE68a2HE meAgam;cONt i nued tMﬂCE generate
| engt hs between transition 1T, 4T, 1T, 3T, 1T or 1T, 3T, 1T, 4T, 1T in the

\glaveform stri ngecadding tenché r@r@wnﬂunhbeﬂgwnbetmeﬁe is also provided
a recording method for a recording medium comprising the steps
of: transforming 8-bit data to a 10-bit code, using a code other
than a code such that lengths between transition 1T, 4T, 1T, 3T,
iT, or 1T, 3T, 1T, 4T, 1T, with T denoting minimum length between
transition, are generated in a waveform string corresponding to
continuation of two identical codes, thé waveform string being
produced by NRZI modulating a code'series of continuous codes,
each code being a code having CDS after NRZI modulation equal fo
0, *2 of (0,3;8,10;1) code NRZI modulating the transformed code
series to generate a waveform string; and recording the resulting
waveform string into the recording ﬁedium.

According to the present invention; there is also provided
a recording method for a recording'medium comprising the steps
of: transforming 8-bit data to a 10-bit code, using.a code other
than a code such that lengths between transition 1T, 4T, 1T, 3T,
iT, or 1T, 3T, 1T, 4T, 1T, with T denoting minimum length between
transition, are generated in a waveform string corresponding to
continuation of two identical codes, the waveform string being
produced by NRZI modulating a code series of continuous codes,
each code being.a code having CDS after NRZI modulation equal to
0, *2 of (0,3;8,10;1) code, with the number of continuous "1s"

being not greater than N, N being 12 to 18, in the code series;



transition. That is, these codes generate a |arge peak shift, causing the

error rate to be inferior to that of other codes. |In the conventional 8-10
modul ation, continuation of identical codes is not taken into account, and
the codes of inferior error rate are enpl oyed. OBJECT AND

SUMVARY COF THE | NVENTI ON I n view of 8t he above-described status of the

art, it iSRZD mdd€TitDhgt hehdr ases fictnid | @dded Bediede tonmpgbhetdton a

nmet hod, a recording nmethod, a reproducing nmethod, a recording and

r epr oduci wgvappamas Using; rawd ndicegdmg rtdye vdsailigngevavedfoamdstming into

reproduci ng apparatus whereby it is possible to realize higher recording

density othehrecerdisigngedddimum inprove the error rate in conparison to

the conventional case, and easily deternmne data in Viterbi "decoding.

Accordi ng to thecprédas tonkde: praesemHerinventiiqyi ddiere iRl sr iRRPHEledd

for transform ng data to a code using a code having CDS after NRZ

modul at i o gegaoqﬁgyng;pgﬁh?@,ggg,fopﬁcordlng medium having a waveform
string recorded therein, the waveform string being produced by
transforming 8-~bit data to a 10-bit code using only a code such
that the number of continuous "1s" is not greater than N, with
N being 12 to 18, in a code series of continuous codes, each code
being a code having CDS after NRZI modulation equal to 0, *2 of
(0,3;8,10;1) code, and then by NRZI modulating the code series
of continuous codes, the reproducing method comprising the steps
of: equalizing by partial response class 1 a reproduction signal
reproduced from the recording medium;. Viterbi decoding the
equalized reproduction signal to generateéawaveform string; NRZI
demodulating the resulting waveform string to generate a code
series; and transforming each 10-bit code of the resulting code
series to 8-bit déta for reproduction from the recording medium.

According to the present invention, there is also provided

a reproducing method for a recording medium having a waveform
string recorded therein, the waveform string "being produced by
transforming 8-bit data to a 10—Bit code using a code other than
a code such that lengths between transition 1T, 47, 1T, 3T, 1T
or 1T, 3T, 1T, 4T, 1T, with T. denoting minimum length between

transition, are generated in a waveform string corresponding to



code, the nethod conprising the step of transformng 8-bit data to-a
10-bit code, using only a code such that the nunber of continuous "1s" is
not greater than N, with N being 12 to 18, in a code series of continuous
codes. °F According to the present invention, there is also provided

a nodul ation nethod for transformng dat& to a code using a code havi ng

CDS aft ero HRZi nREMbAL 08N t84Ualadnt i@a12 Hadd, Jire Waddformoserihfeparhiod
-conprising the step of transform ng 8-bit dat’a

6 to a 10pBbéucedebyuNREX mcOEEabiler at BoBea seedessush ¢batinhengt bedes
between transition 1T, 4T, 1T, 3T, 1T, or 1T, 3T, 1T, 4T, 1T, with T

denot i ng eauhnuudéehgingbmtanmﬁlnawﬂngtunsLaﬁmar N@Eﬂem@ﬁ@datdoa equaflotm
string corresponding to continuation of
0, *2 of (0,3;8,10;1) code, and then by NRZI modulatlng the code
series of continuous codes, the reproducing method comprising the
steps of: equalizing by partial response class 1 a reproduction
signal reproduced from the recording medium; Viterbi decoding the
equalized reproduction signal to generate a waveform string; NRZI
demodulating the resulting waveform string to generate a code
series; and transforming each 10-bit code of the resulting code
series to 8-bit data for.reproduction from the recording medium.
According to the present invention, there is provided a
reproducing method for a.' recording medium having recorded thérein
a waveform string produced by transforming 8-bit data to a 10-bit
code using a code other than a code such that lengths between
transition 1T, 4T, 1T, 3T, 1T, or 1T, 3T, 1T, 4T, 1T} with T
denoting minimum length between traﬁsition, are generated in a
waveform string corresponding to continuation of two identical
codes, the Waveform string being produced NRZI modulating a code
series of continuous codes, each code being a code having.CDS
.after NRZI modulation equal to 0, *2 of (0,3;8,10;1) code, with
number of continuous "1s" being not greater than N, N being 12'
to 18, in the code series; and then by.NRZI modulating the code
series of continuous codes, the reproducing method comprising the

steps of: equalizing by partial response class 1 a reproduction



two identical codes, the waveform string being produced by NRZI nodul ating
a code series of continuous codes. According to the present

i nvention, there is also provided a nodulation nmethod for transformn ng
dat'a to a code using a code _having CDS after NRZI nodul ation equal to 0, 2
of (0,3;8,10;1) code, the nethod conprising the step of transform ng 8-bit

data to sigdiabideprastucesifi@mtiedee®bhlnghied buk pOr tserdi ideaiod ingghles
between transition 1T, 4T, 1T, 3T, 1T, or 1T, 3T, 1T, 4T, 1T, with T
denot i ng equm hized aerspiodet e stirgaesll tobogenaretege vered form s tar iwegyse NRZD
string corresponding to continuation of two identical codes, the waveform
string bedemo@gubatitngd BheNRBsultichg aavefernogéring ¢ denrateuausode
codes, with the nunber of continuous "is" being not greater than N, with N
being 12 series; amdthearslerningesach 10-bigcsediengft $hen&esudddmeg code
I nvention, there is al so provided a reconding met hod for a_recording
medi um coF®F 88 kP Sk dgda for: repEAIRELAPRGIBOB; the Fecehdiing dmesdiunode,
using only a code . . . . )
According to the present invention, there is also provided

a recording and reproducing apparatus comprising: transforwxmegns
for transforming 8-bit data to a 10-bit code, using a code other
than a code such that lengths between transition 1T, 4T, 1T, 3T,
iT, or 1T, 3T, 1T, 4T, 1T, with T denoting minimum length between
transition, are generated in a waveform string corresponding to
continuation of two identical codes, the waveform string being
produced by NRZI modulating a code series of continuous codes,
each code being a code having CDS after NRZI modulation equal to
0, *2 of (0,3;8,10;1) code, with the number of continuous "1s"
being not greater'fhan N, N Being 12 to 18, in the code series;
NRZI modulation means for NRZI modulating the code series from
the transform means to generate a waveform string; recording
means for recording the waveform string from the NRZI modulation
means into a recording medium; reproducing means for reproducing
a signal from the recording medium; equalizing means for
.equalizing a reproduction signal from the reproducing means by
partial response class 1; Viterbi decoding means for Viterbi
decoding the reproduction'signal equalized by the equalizing

means to generate a waveform string; NRZI demodulation means for



such that the nunmber of continuous "is" is not greater than N, with N
being 12 to 18, in a code series of continuous codes, each code being a
code haying CDS after NRZI nodul ation equal to O, 2 of (0O, 3;8,10;1) code;
NRZI nodul ating the transformed code

7 series to generate a waveformstring; "‘and recording the resulting

wavef or tNEZE| ggmodudathogr dber tiave fiowdi string fromeddediVdFerd it deoaddaent
invention, there is also provided a recording nmethod for_ a recording

nmedi um cBAPRFsi hY tBBNSTRES af :cedansierirty andt IRAIRE o MEANS t T&3de,
using a code aqther than _a code such that | engths hetween transition 1T,
4T, 17, Sransferming;pachy 10rpityjcoder ofy the TCALRERRYCH AFREMUPENJREL

bet ween dg&gggh%&qgh.%g%égﬂggf§j§%€rhi%g@yeforn1string corresponding to
According to the present invention, thgre is also provided

a recording and reproducing method comprising the steps of:
transforming 8-bit data to a 10-bit code, using a code other than
a code such that lengths between transition 1T, 4T, 1T, 3T, 1T,
or 1T, 3T, 1T, 4T, 1T, with T denoting minimum length between
transition, are generated in a waveform string corresponding to
continuation of two identical codes, the waveform string being
produced by NRZI modulating a code series of continuous codes,
each code being a code having CDS after NRZI modulation equal to
0, *2 of (0,3;8,10;1) code, with the number of continuous "1s"
being not greater than N, N being 12 to 18,'in the code series;
.NRZI modulating the transformed code series to generate a
waveform string; recording the resulting waveform string into a
recording medium; reproducing a signal from the recording medium;
equalizing a reproduction signal reproduced from the recording
medium by partial response class 1; Viterbi decoding the
equalized reproductiori signal to generate a waveform string; NRZI
demodulating the Viterbi.  decoded waveform string to generate a
code series; and 'transforming each 10-bit code of the NRZI

demodulated code series to 8-bit data.

According to the present invention, there is also provided



continuation of two identical codes, the waveform string being produced by
NRZI nodul ati ng a code series of continuous codes, each code being a code
having CDS after NRZI nodul ation equal to O, [err]2 of (0,3;8,10;1) code;
NRZI* nodll ating the transformed code series to generate a waveform string;
and recording the resulting waveform striéng into the recordi ng medi um
Accor di ngat ardpeo@iesagt dppirdtws), fidier @ i fe@bH@1iNg O\neathilim a clompariciimg :
met hod for a recordi ng nmedi um conprising the steps of: transform ng 8-bit

data to aréprbducdage,memisng farcoteprédecing han sigmale forom tdatrdoengimg
between transition 1T, 4T, 1T, 3T, 1T, or 1T, 3T, 1T, 4T, 1T, with T
denot i ng medimmmlaadgd bat iden appanstes oandarentgarttingdai repnogusftoran
string corresponding to continuation of two identical codes, the waveform
string beshgnagpodidsd mawezdz nglumeanshgfarceduadéeiag dhecaapnamistion
codes, each code bei a code having CDS after NRZI nodul ation equal to

0, 2 of (8}5?&}1GFEW(ﬁ%ﬁxr%EWQﬁﬁqkﬁgumﬂﬁﬁsoPYcBﬁFFh96u§esB9nseb§i Shots

reater than N, N being. 12 to 18, in the code series;
g Viterbi decoding means for Viterb? decoéﬁng the reproduction

signal equalized by the first equalizing means to reproduce a
waveform string; second equalizing means for integral equalizing
the reproduction signal from the reproducing means; binary coding
means for binary coding the reproduction signal equalized by the
second equalizing means to reproduce a waveform string; switching
means for switchingly selecting the waveform string from the
Viterbi decoding means and the waveform string from the binary
coding'means; NRZI demodulation means for NRZI demodulating the
waveform string selected by the switching means to reproduce a
code series; and control means for detecting density of the
recording medium loaded in the apparatus and controlling the
switching means to select the waveform string from the Viterbi
decoding means when detection resuits show that the density of
the recording medium is high, and to select the waveform string
from the binary coding means when thé detection results show that
the dénsity of the recording medium is low. |

. Also, in the reproducing apparatgs for a recording medium
according to thé present invention, the recording medium is

housed in a cartridge, the cartridge having an identification



8 NRZI nodul ating the transformed code series to generate a waveform
string; and recording the resulting waveformstring into the recording
medi um According to the present invention, there is also provided a
reprbdducing method for a recording medi um having a waveform string
recorded therein, the waveform string bei #§ produced by transformng 8-bit

data to a é@r@' fofoqae&ﬁ‘h'}g’ ?@t *e%om%ﬁslﬁ‘é;x iifatof h@hé‘“ﬁ@@ér@fnéoﬁ\hh@uﬂus

"is" is not greater than to"18, in a code series of

contlnuoushggggé tﬁggglﬁode bei ng a code having CDS after NRZI nodul ation
equal to 0, 2 of (O0,3;8,10;1) code, and then by NRZI nodul ating the code

series of contifugHaiteeas, itheheeFarsdutt nptdiish v o | 86nJat Pecoranng
medium according to the present invention, the recording medium
is a tape-like recording medium housed in a cartridge having an
identification part.for showing linear rebording density of the
tape-like recording medium.
The reproducing apparatus for a recording medium according
.to the present invention further comprises clock reproducing
means selectively supplied with the waveform string from the
first or second equalizing means by the switching means and
adapted for reproducing a channel clock on the basis of the
supplied waveform stri;xg.
Thus, in the present invention, 8'-bit data is transformed
to a 10-bit code, using only a lcode having CDS after NRZI
modulation equal to 0, %2 of (0’3.;8’16;1.) code and having the
number of continuous "1s" in a code series of continuous codes
not greater than N, with N being 12 to 18. Then, the code series
of continuous codes is NRZI mddulated and recorded into the
. recording medium. Thus, a code having shorter continuation of
"1s" than in the conventional 8-10 modulation is employed in
reproducing signals from the recording medium through
equalization by partial response class 1 and Viterbi décoding.
Therefore, continuation of "0s" of the equalized waveform can be

shortened, and the threshold value for discriminating the



of : equalizing by partial response class 1 a reproduction signal

reproduced fromthe recordi ng nedium Viterbi decoding the equalized
reproduction signal to generate a waveformstring; NRZI denodul ating the
resulting waveformstring to generate a code series; and transformi ng each
'10-bit code of the resulting code seriesl4o 8-bit data for reproduction

fromthe pgeandized RRNefBrm can DECRtADIY tdbfd¥niH&Sent ThggnNtyhaN et Mer €
is al so provided a reproducing nmethod for a recordi ng nedi um having a

wavef orm raltel e e6er dRgrbbedeiin, ddifAPMRION Wi Bh T ithe- RONVenviedixeddya
transformng 8-bit data to a 10-bit code using a code other than a code

such t hat rleergidesr .betatesy, tasnsi toas hiviAg, shoértdF, cbhtiomaltiom3Bf 1M s%T,

1T, with T. denoting mnimumlength between transition, are generated in a

wavef or m dtsr iemp logredes pdatih ngetermination in maximum likelihood decoding
can be easilf carried out, that is, the memory can be reduced,
and the circuit of the Viterbi decoder can be simplified. In
addition, as the partial response technique to control the
quantity of intersymbol interference is employed, the linear
recording density can be increased in comparison with DAT and the
conventional daté recorder.
| In addition, in the present invention, é—bit data 1is
transformed to a 10-bit code, using a code having CDS after NRZI
modulation equal to 0, *2 of (0,3;8,10;1) code and other than
codes in which lengths between transition 1T, 4T, 1T, 3T, 1T, or
iT, 3T, 1T, 4T, 1T, with T denoting minimum length between
transition, are generated in a waveform string corresponding -to
continuation of two identical codes, produced by NRZI modulating
a code series of continuous codesﬂ Then, the code series of
continuous codes is NRZI modulated and recorded into the
recording medium. Thus, as a code of large peak shift is noﬁ
employed in reprodl_lcing signals from the recording medium through
equalization by partial response class 1 and Viterbi decoding,
the error rate can be improved 1in comparison with the

conveﬁtional data recorder. Also, as the partial response

technique to control the quantity of intersymbol interference is



9 continuation of two identical codes, the waveform string being produced
by NRZI nodul ating a code series of continuous codes each code being a
code having CDS after NRZI nodul ation equal to 0, 2 of (O, 3;8,10;1) code,
and then by NRZI nodul ating the code serjes of continuous codes, the

repr oduci ng nmethod conprising the steps b equal i zing by partial response
class 1 aenppbgductitie Sigiwlr repeoddcag fdemsite ce@or dendinmeiasgd in
Viterbi decoding the equalized reproduction signal to generate a waveform
string; Nedimpatésodumditihn@PAaThand il iconwmtdforah tatagrdacoriemer ate a code
series; and transform ng each 10-bit code of the resulting code series to
8-bit data forFugpheductimntheorpnegentcindenyiondi tthe lineaRcg@cdnigng
the present invention, there is provided a reproducing nethod for a

r ecor di ngdpBgiyy odvi tige r aggngdd ct Heeaording waedivpmist rihr) prBEUEdgehyis
transform ng 8-bit data to a 10-bit _ code using a code other than a code -
such t hat deéR§tes pBefeEn OB &he t iiGentifieptipn partipreyided om  the

4T, 1T, with T . . .
cartridge. With the cartridge of high linear recording density,

the reproduction signal is equalized by partial response class
1 and Viterbi decoded, so that the waveform string is reproduced.
With the cartridge of 1low 1linear recording density, the
_reproduction signal is integral equalized and binary coded, so
that the waveform string is reproduced for reproductioh from the
magnetic recording medium. - Thus, data can be reproduced
éutomatically‘both from ;he conventional cartridge of high linear
recording density and the cartridge of low linear recording
density.
BRIEF DESCRIPTION OF THE DRAWiNGS

Fig.l1l is a view showing part of a DDSZ code table in the
coﬁventional 8-10 modulation.

Fig.2 is a view showing part of the DDS2 code table in the
conventional 8-10iﬁodu1ation7

Fig.3 is a view showing part of the DDS2 code table in the
conventional 8-10 modulation.

Fig.4 is a view showing part of the DDS2 code table in the

conventional 8-10 modulation.

Fig.5 is a view showing part of the DDS2 code table in the



denoting mninmum |l ength between transition, are generated in a waveform
string corresponding to continuation of two identical codes, the waveform
string being produced NRZI nodul ating a code series of continuous codes,
each cod& being a code having CDS after NRZI nodul ation equal to 0, 2 of
(0,3;8,10;1) code, with nunber of contirous "1s" being not greater than

N, N bein LNikh i es, and then by NRZI nodul ating the
code ser &&% £g%% }n%oaé §8§§§?t§§é reprodu0|ng met hod conprising the

steps of: equa#i | B9 DYa PRE %a£n66§gg“§sr€' 82Sthe2ph8Rr 2846t t@Ble in the
10 signal repro uced fromthe recordrng medium Viterbi decodi ng the

equal i zed, 4 RpPEREYEHAPN8SHBNRbAUA agQ@r.at € a waveform string; NRZI
denodul ating the resulting waveformstring to generate a code series; and
transform ng epgp.¥0ibi & ¢9de ehowhagr pawltt ofgthed®DS2 code table in the
conventional 8-10 modulation.
'Fig.8 is a block diagram showing the structure of a
conventional data recorder.
Fig.9 is a block diagram showing the specific structure of
a data recorder according to the present invention.
Fig.10 is a view showing the circuit structure of aﬁ 8-10
modulator of the data recorder.
Fig.1l1 is a view showing a code having long continuation of
"is".
Fig.12 is a view showing a code which is not used in the
conventional 8-10 modulation.
Fig.13 is a view showing a code having a poor error rate.
Fig.14 is a view showing part sf a specific code table in
8-10 modulation according to the present invention.
Fig.15 is a view showing part of the specific code table in
the 8-10 modu;ation according'to the present invention.
Fig.16 is a view showing part of the specific code table in
the 8-10 moduiation according to the present invention. |
Fig.17 is a view showing part of the specific code table in
" the 8-10 modulation according to the present invention.

Fig.18 is a view showing part of the specific code table in



series to 8-bit data for reproduction fromthe recording nmedi um

According to the present invention, there is also provided a recording and
reproduci ng apparatus conprising: transformneans for transformng 8-bit
data to a 10-bit code, using a code other than a code such that |engths
bet ween transition 1T, 4T, 1T, 3T,- 1T, ot7 1T, 3T, 1T, 4T, 1T, with T

denot i ng niyd neLm @ eRGaN1 Rel¥ReAccoFaDSEt tONtnd SroseRt al fdehBidnvavef orm
string corresponding to continuation of two identical codes, the waveform

string being priguredidya NRdw sibwiald para eedensespesieliccostienvabse in
codes, each code being a code having CDS after NRZI nodul ation equal to
0, 2 of (Otke 88410 jocdullativht Actbedbngbeo vhecpnésanbuin¥eatiohei ng not
greater than N, N being 12 to 18, in the code series, NRZI nodul ation
means for NRZI Figlu2atise thiew alowisrg parftr ofh theespeanffior cpdeatable in
generate a waveformstring; recording nmeans for recording the waveform
string froWre @ NRZrodwlataehoaccardnsgi heother prepantginEgntdern: epr oduci ng
nmeans for réproducing . . L .
Fig.21 is a view showing other specific codes in the 8-10
modulation according to the present invention.
Fig.22 is a view showing other specific codes in the 8-10
modulation according to the present invention.
Fig.23 is a view showing other specific codes in the 8-10

modulation according to the present invention.

Fig.24 is a view showing the specific circuit configuration
of an 8-10 demodulator'of the data recorder.

Fig.25 is a block diagfam showing the specific structure of
a reproducing system of the data re‘corder according to the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the modulation method, the
recording method, the reproducing method, the recording and
reproducing apparatus, the recording and reproducing method, and
the reproducing apparatus will now be described with reference
to the attached drawings.. In the present embodiment, the present
invention is applied to a data recorder for storing data from an
information processing device on a magnetic tape .as a recording

medium, with the linear recording density along tracks set to 122



a signal fromthe recording medium equalizing nmeans for equalizing a
reproduction signal fromthe reproducing neans by partial response cl ass

1; Viterbi decoding neans for Viterbi decoding the reproduction signal
equal i zed by the equalizing neans to generate a waveformstring; NRZ
denodul ati on neans for NRZI dyﬁndulating t he waveform string from

the Vitiggps, deaadnndis MERiSe! @hARNSS Al €n8 AAYS t3A1 | £8di @NUafecrUIHr-dE&ANS
for transform ng each 10-bit code of the code series fromthe NRZ

denodul gbADh EBaBRet @ofvienit iddiad. data rea@i«l Ng to the present invention,
there is also provided a recording and reproduci ng nethod conprising the
steps of: tThestata neddrhldr daicording 10e bthecptesenti igventdda ddwer

than ‘as essential portions of a recording system thereof, an 8-10
modulator 10 for transforming 8-bit data to a 10-bit code, an
NRZI modulator 21 for NRZI modulating a code series of continuous
codes from the 8-10 modulator to.generate a waveform string, an.
amplifier 22 for amplifying the waveform string_from the NRZI
modulator 21, and a rotary head 23 for carrying out recording
onto a magnetic tape 1 on the basis of the waveform string
_amplified by the amplifier 22, as shown in Fig.9.

The 8-10 modulator 10 transforms 8-bit data to a 10~-bit
code, using a code having so-called CDS after NRZI modulation
equal to 0, *2 of (0,3;8,10;1) code, and having the number of"
continuous "1s" in a code series of continuous codes not greater
than N (N = 12 to 18), other than code in which lengths between
transition 1T, 4T, 1T, 3T, 1T, or 1T, 3T, 1T, 4T, 1T (T denoting
minimum length between transitionj are generated in a waveform
string corresponding to continuation of "two identiéal codes,
produced by NRZI modulating fhe code.séries.

The NRZI modulator 21 functions as a so-called precoder

_ corresponding to equalization by pértial response class 1 in a
reproducing system, as will be described later. The NRZI

modulator 21 NRZI modulates the code series supplied from the 8-

10 modulator 10 to generate a waveform string, and supplies the



a code such that lengths between transition 1T, 4T, 1T, 3T, 1T, or 1T, 3T,
1T, 4T, 1T, with T denoting mninmum | ength between transition, are
generated in a waveformstring corresponding to continuation of two

i dentical codes, the waveformstring beﬂpg produced by NRZI nodul ating a
code series of continuous codes, each code being a code having CDS after
NRZI nodeestl bingowaveformOstRing (rdysh thel ampdddien 212 ttioe thenbetaoly
continuous "1s" being not greater than N, N being 12 to 18, in the code
seri es; he®¥| 2fpdul Bhiag deda rsupd bieddf rode agerinkonmatygrer Rrecgssing
wavef orm string; recording the resulting waveformstring into a _ recording
nmedi um $@PEeAuciSNGPa 8Fgn#t PPERPRAE reMRWLST) REJiRNYOTEqultatAony ais
reproduction signal reproduced fromthe recordin medi um by partial
responserefatded. oRt o FRe WagBatAg taee éqﬁél?%@ngéBPoﬂﬁcP?S edigadiong

generate a_wayeform string; | . .denqodul ating the Viterbi decoded waveform
string t%obﬁﬁéfgtgya5°68831§55%§§F°553SFP&nsforning each 10-bit code of the

NRZ demodul f%ledflfrgt%ezserde%saflq 8_tpllet g@i@- modulator 10 has an -8-10

transform circuit 11 for transforming 8-bit data to a 10-bit
code, a flipflop (FF) 12 for storing so-called DSV, and a shift
registgr 13 fbr transforming to serial data the code supplied as
parallel data'from the 8-10 transform circuit 11, as shown in
Fig.10. | |

The a-io transform circuit 11, composed of a logical circuit
functioning as a cod; table as will be later described,
transforms 8-bit data to a 10-bit code §n the basis of a DSV
value Q’ supplied from the FF 12 for the codes up to the code
previously outputted. The 8-10 transform circuit 11 supplies the
lo—ﬁit code to the shift register 13, and supplies a DSV value
@ for the codes up to the corresponding code to the FF 12.

The shift register 13 loads the 10-bit code supplied as
parallel data from the 8-10 transform circuit 11, by a data byte
clock indicating a delimiter of data, and then shifts the code
every one bit on the basis of the channel cloék, to supply the
code té the NRZI modulator 21.

The NRZI modulator 21 has an'FF 21a for operating with the

code from the shift register as a clock, and an inverter circuit



According to fhe present invention, there is also provided _
12 a reproducing apparatus for a recording medi um conprising: reproducing
nmeans for reproducing a signal froma recording mediumloaded in the
appar atus and outputting a reproduction 2ﬁignal; first equalizing neans for
equalizing the reproduction signal from™he reproduci ng nmeans by parti al
response Zlhsnvierting et cdddqodi of thanfFf2ta\Vid erds thhec ddiveg tieldeoutput
reproduction signal equalized by the first equalizing nmeans to reproduce a
wavef or m &% r Pig; RN heqedionzia’y mbaws fin FhgedPal eToel FF rRlaf hehen
reproduction signal fromthe reproducing neans, binary_codln% nmeans for
bi nary coﬂ?ﬂ@l%%g ¥ahPoddct:i dRVETdFall tagurnipwl, tihaheisscVRAE mgduliatiesy
i ng; itchin
reans to {ggrgg %eé%pp\qggrgkggghﬂghsiy fromgthe shift register 13 to
generate the waveform string.
The 8-10 transform circuit 11 will now be described in

detail.

The 8-10 transform circuit 11 transforms 8-bit data to a 10-
bit code in accordance with a code table composed of a code which
has CDS as a value obtained by subtracting the number of "Os"
from the number of "1s" of the NRZI mpdulated code, that is, DSV
per code equal to 0, *#2, and in which the number of continuous
"1s" is not greater than N (N = 12 to 18), of (0,3;8,10;1) code
for transforming 8-bit data to 10-bit code with a so-called
minimum run 4 of "O" equal to 0 and a maximum run k of "o" equal
to 3.

That is, the 8—10'transfofm circuit 11 employs the code
table in whiqh codes "1111111111", "0111111111" and "1111111110"
causing long continuation of "1s" and allocated to data
"11101011" (data "EB"), "00101611" and "11111110" as shown in
Fig.1l1l in the code table (DDS2 code table) conventionally used
in the data recorder, as shown in Figs.l to 7, are replaced by
15 codes,‘such as, codes "0111001001", "0111001011", "0111001i10"
and the like not used in the DDS2 code table, as shown in Fig.lz.

In Fig.12, the value indicated by Q is a DSV value for the codes



means for switchingly selecting the waveformstring fromthe Viterhbi
decodi ng neans and the waveformstring fromthe binary coding neans; NRZI
denodul ation means for NRZI denodul ating the waveformstring selected by
the swi tching nmeans to reproduce a code series; and control neans for
detecting density of the recording nedi u#d | oaded in the apparatus and

control | h?gtWQ.heSVhidl@ﬂ‘é neens éoase! aal the vwavabornmasichitved byt hiss
Vi t er bi ecodi ng neans en detection results show that the density of

the recordi Dgvediluwe | £d glhheancod®s salectiot he wndaf opreseding foomide
bi nary codi ng neans when the detection results show that the density of
t he recocdmepspetiding scddevw  One ofl w90 cndekealdprcadied Mg ameardstts ionr a
recordi ng medi um according to the present invention, the recordi ng nmedi um
i s housseliacted ds rsegeallied bBBE:ri @he badesg hayingedong canbipuation
of "1s" of the codes shown in Fig.11 are.replaced by codes having -
the number of continuous "1s" not greater than N, in the sequence
starting With the code of the longest confinuation of "1s".

However, a code having a poor error rate causing a greater
peak shift than other codes is included in the code téble having
the number of continuous "1s" not greater than N, as described
above. Thus, the 8-10 transform circuit 11 transforms 8-bit data
to a 10-bit code; using a .code other than codes in which lengths
between transition IT, 4T, 1T, 3T, 1T, or 1T, 3T, 1T, 4T, 1T (T
denoting minimum length between transition) afe generated in a
waveform string corresponding to continuation of two identical
codes, with the waveform string produced by NRZI modulating the
code series.

.That is, codeé "1011001110", "0011001110", "1110001110" and
"0110001110" allocated to data "A6" and "C8", if consecptively
appearing twice, generate lengths between transition 1T, 4T, 1T,
3T, &I, or 1T, 3T, 1T, 4T, 1T in the waveform string, as shown
in Fig.13. The 8-10 transform circuit 11 uses the code table in
which these codes are replaced by the codes (as shown in Fig.12)

not used in the DDS2 code table. The 8-10 transform circuit 11

also uses a code table in which codes of poor error rate other



13 part for identifying recording density of the recording medium housed
therein. In addition, in the reproduci ng apparatus for a recording
nedlun]aggording to the present invention, the recording nmedium is a
tape-1i ké recordi ng nedi um housed in a ca tridge having an identification
part for show ng |inear recording density of the tape-Iike recording

medi uUm than The I apoY@ufend idpRar acwsielsor "a oammrid 1" red! am T IR hy
to the present invention further conprises clock reproducin nmeans

sel ecti vehy 19oppied wahll thel veweivrof st rsuh f aem t Aedes; r's90 K3 1 E@Ebhds
equal i zing means by the switching neans and adapted for reproducing_ a
channel ¢l16al010/0 11" bat161H0110E0" sapdl i P LEQEIGI spllpgated to Tdgka jp
the present invention, 8-bit data is transformed to a 10-hit cod usi,ng
only a cdd@"haﬁ“ﬁﬁ'CES arecreRkaced by codes not used 1n the DD§§ code

table, as shown in Fig.13.

The number -of reblaceable codes is 15 as described above.
However, as a code of poor error rate .is included in these 15
codes, the total number of the codes for preventing continuation

" of "1s" and the codes for improving the error rate is necessarily
limited. Thus, the 8-10 transform circuit 11 uses a code table
as shown in Figs.14 to 20, in which code "1111111111" allocated .
to data "EB"_ in the DDS2 code table is replaced by code
"0111601061“, codes "1110001110" and "0110001110" allocated to
data "C6" replaced by code "0111001011", codes "1011001110" and
"0011001110" allocated to data "A6" replaced by code
"0111001110", code "0111111111" allocated to data."ZB“ replaéed

-by code "0010011011" or "1010011011", codes "1111111110" and
"0111111110" allocated to data "FE" replaced by codes
'"11001001]_.0" and "0.100'100110" , codes "1011111111" and
"o01i111111" allocated fto data fAB" replaced by codes
"1110110010" and "0110110010", codes "1111111101" allocated to
data "EA" replaﬁéd by _1011110010“ or "0011110010", codes
"1110001011" and "0110001011" al}ocated to data "C5" replaced by
codes "1100100011" and "0100i00011", codes "0010110110f and

"1010110110" allocated to data - "76" replaced by codes



‘nodul ation equal to 0, 2 of (O, 3;8,10;1) code and having the nunber of
continuous "1s" in a code series of continuous codes not greater than N,
with N peing 12 to 18. Then, the code series of continuous codes is NRZ
nodul ated and recorded into the recordi,ag nmedium Thus, a code having
shorter-continuation of "1s" than in thé conventional 8-10 nodulation is
enpl oyed"oo100épaadticang “10doals11bromsot kthatr ebher dunbernmedi contihuough
equal i zation by partial response class 1 and Viterbi decoding. Therefore,
continuat'ilefi ¢ 'O’ gifeater etbahi 2¢d (MNawefld)m cadl becakinn t efiedpdand tiche
t hreshol d value for discrimnating the

14 equal Aaéa hevBPEr himdhege tor &by redediennsspownTins Fighe 14r Lter 20n g8 dcan

be i nmproved .in conparison wi'th the conventional data
various combinations can be made arbitrarily.

The code table as shown in Figs.14 to 20 is only a specific
example. Therefore, a code table may be employed in which, for
example; the number of continuous "1s" is not greater than 18 (N
= 18), and in which .code "0010011110" or "1010011110" is
allocated to data "EB", code "1011110010" or "0011110010" to data
"A6", code "1100100011" or ._"0100100011" to data "C6", code
"1100100110" or "0100100110" to code "76", code "0016011011" or
"1010011011" to data "A7", code "1110110010" or "0110110010" to
data "C8", code "0111061110“ to data "47",‘cod¢ "0111001011" to
data "74", and code "0111001001" to data "C7" in the DDS2 code
table, as shown in Fig.21.

Also, a code table may be employed in which, for example,
the number of continuous "1s" is 16 (N = 16), and iﬁ which' code
"0010011001" or "1010011001" is allocated to data "EB", code
"0010011110" or "1010011110" to data "A6", .code "1011110010" or
"0011110010" to data "C6", code "1100100011" or "0100100011" to
data "2B", code "1100100110" or "0100100110" to data "FE", éode
*0010011011" or "1010011011" to data "76", code "1110110010" or
"0110110010" to data "A7", code "0111001110" to data "C5", code
"0;11001011"_to data "47", and code "0111001001" to data "74" in’

the DDS2 code table, as shown in Fig.22.-



recorder. Also, as a code having shorter continuation of "1s" is

enpl oyed, data determ nation in maxi mum|likelihood decoding can be easily

carried out, that is, the menory can be reduced, and the circuit of the

Viterbi decoder can be sinmplified. In a? ition, as the partial response

.technique to control the quantity of intérsynbol interference is enployed,

the |inear redmal my cedsitgbtanmby becespdoyedn idoiuak¢Bont o t X BPR18nd

t he conventional data recorder. In addition, in the present

i nvent i ortheg-nimberataf icontinwedsr'hkel” t bSal40(Bi T Eble, 204, fﬁj whiGReCR9Gi ng

CDS after NRZI  npdul ation equal to O 2 of (O,3;8 10;1) c%de, d, ot her

g_rll_anl cod@sl I0LGMI k0" | et Hsl HEYQRERD |t r ARsialil@eated 450 #f %T%T‘, gpdeq T,
, 1T, 4T, 1T, with T depoting m nipum | ength, between. transiti are

generated994QP¥%RQQcw?ﬁst¥9h%gﬁb99ég35ﬂd$ﬁgatOE§£0n??ﬂﬁatﬁg§b%h8p&8 or

et cal oR5Py oB R0UES DY, W OB B! 1108, 695 B, SRogBaRnipEGHS
recorded (o dfien  coge "1011110010" or "0011110010" to data "FE", code
"1100100011" or "0100100011" to data "AB", code "1100100110" or
"0160100110" to data "EA", code "0010011011" or "1010011011" to
data "76", code "1110110010" or "0110110010" to data "A7", code
"0111001110" to data "C5", code "0111001011" to_data 47", and
code "0111001001" to data "74" in the DDS2 code table, as shown

in Fig.283.
In addition, a code table may‘be employed in which, for
‘example, the number of continuous "1s" is 12 (N = 12), and in
which code "0110100110" or "1110100110" is allocated to data
“"EB", code "0010011001" or "1010011001" to data "A6", code
"0100110010" or "1100110010" to data "Cé6", code "0010011110" of-
"1010011110" to data "2B", éode *1011110010" or "0011110010" to
data "FE", code "1100100011" or "0100100011" to data "AB", code
*1100100110" or-"0100100110" to data "EA", code "6010011011" of
"1010011011" to data "OB", code "1110110010" or "0116110010" to
data "B3", code "0111001110" to data "EF", code’ "0111001011" to
data "FC", and code "0111001001" to data "FD" in the DDS2 céde

table.

The reproducing system of the data recorder'will now be



recordi ng medium. Thus, as a code of |arge peak shift is not enployed in
reproduci ng signals fromthe recordi ng nedi umthrough equalization by
partial response class 1 and Viterbi decoding, the error rate can be

i nproved in conparison with the conventignal data recorder. Al so, as
the partial response technique to contr P the gquantity of intersynbol
I nterferedescribed. 15 enpl oyed, the

| i near recording density can be increased in conparison with DAT and the
conventional dZbhe r dedrderecorder Fhasherasi ressenpiaterporhiensi @f tites

| i near recording density of the nmagnetic recording nediumin the cartridge
i s det ecTeRredded ngn s¥ftementi rréarvonessr 3 priny dEEPEAHRANEC & tSighpl

Wth the cartridge of high linear recording density, . .
from the magnetic tape 1 and outputting a reproduction signal,

én amplifier 32 for amplifying the reproduction signal from the

rotary head 31, a PR1 equalizer 33 for equalizing by partial -
response class 1 the reproduction signal amplified by the

amplifier 32, a Viterbi decoder 34 fér Viterbi decoding the

reprodﬁction siénal equalized by the PR1 equalizer 33

(hereinafter referred to an equalized waveform) and reproducing

a waveform string, a phase locked loop (PLL) 35 for reproducing
a chgnnel clock based on the equalized waveform from the PRi

equalizer 33, a syncﬂronization detection qircuit 36 for

detecting a synchronization signal from the waveform string from

the Viterbi decoder 34, an NRZI demodulator 37 for NRZI

demodulating the waveform string from the Viterbi decoder 34 and
reproducing a code series, and ‘an 8-10 demodulator 40

corresponding to the 8-10 modulator io, for trénsfofmihg each
code of the code series from ﬁhe NRZi demodulator 37 to data, as

snoﬁn in Fig.9.

The rotary head 31 outputs a ternary reproduqtion signal as

a differential signal of magnefization polarity inv?rsion of the
'magnetic tape 1. The amplifief 32 amplifies this reproduction
signal and suéplies the resulting signal to.the PR1. equalizer 33.

The PR1 equalizer 33 equalizes the reproduction signal by



the reproduction signal is equalfzed by partial response class 1 and
Viterbi decoded, so that the waveformstring is reproduced. Wth the
cartridge of low linear recording density, the reproduction signal is
intégral equalized and binary coded, so Zghat the waveformstring is
reproduced for reproduction fromthe magnetic recording nedium — Thus,
data capariidalr gresponsel chassmiti cald ysupp hiés ovhehequadieetl oneveform
cartridge of high linear recording density and the cartridge of low linear
recor di n§avd@gsiqoptinuous "0s" for sREEReDESCRPATIONOCE THE "DRANANGSiS,
Fig.1is a view showing part of a DDS2 code table in the conventional 8-10
nodul at | §@-called |¥e Pattern) ohpshhai Hdtpapi decoderpddz cdde tvbterbh
the conventional 8-10 npdyl ati on. Fig.3 is a view show ng part of
the DDS2 %GR aBte?t AT HBLNRERAT I ST BLA%H HoTRTATHHS 108 2 threshold
Vi ew Shov’\‘f"arl%eo%rbttao:{netg'efrpgrﬁzaﬁOgr?vef&l)g Iol} El;'lar'x% equalized waveform, and
carries out so-called maximum likelihood deceding, to reproduce
the waveform string. That is, as the 8-10 modulator 10 in the
recording system transforms data to a code of shorter
continuation of “1s" than in 8-10 modulation by the conventional
data recorder, continuation of "0s" in the equalized waveform can
be shortened, and the threshold value for discriminating the
equalized waveform can be stably determined. Thus, the error
rate can be improved in comparison with the conventional data
recorder. In addition, as the code of shorter continuation of
"1s" 1is used, data can be easily determined in the maximum
likelihood decoding, that is, the memory can be feduced, and the
- circuit of the viterbi decoder 34-can be Simplified.

As 1is described above, the 8-10 modulator 10 of the
recording system does not use a code of large peak shift in which
lengths between transition 1T, 4T, 1T, 3T, 1T, or 1T, 3T, LT, 4T,
1T are generated in the waveform string corresponding to
continuation of two identical codes. Therefore, the error rate
can be improved in compafison with the conventional data

recorder.

The PLL 35'reproduces the channel clock on the basis of the



conventional 8-10 nodul ati on. Fig.5 is a view showing part of the
DDS2 code table in the

conventional 8-10 nodul ati on. Fig.6 is a view showi ng part of the
DDS2* code table in the conventional 8-10 nodul ati on. Fig.7 is a view
showi ng part of the DDS2 code table in tR conventional 8-10 nodul ation.
Fig.8 i s aduaddizedi agasprfohmw sgpp hiedt foromur thef BR1 c equedtiizeral 3dat sand
recorder. . Fig.9 is a block diagram show ng the specific structure of
a dat a recowmpdriegccbhei mhannalhecppekertio | fhentVigkerbi decpigriB4s a Thew

showing the circuit structure of an 8-10 ) )
synchronization detection circuit 36 detects a synchronization

signal from thé'waveforﬁ string supplied from the Viterbi decoder
34, and supplies a data byte_clock-indicating a delimiter of
codes or ddata to the 8-10 demodulator 40. .

The NRZi demodulator 37 has an_FF 37a for sequentially
storing the waveform string from the Viterbi demodulator 34 every
one bit, and an exclusive OR (EXOR) circuit 37b, as shown in
Fig.24. The FF 37a sequentially stores the waveform string every
one bit by the channel clock supplied from the PLL 35, to delay
the waveform string by an amount of one channel clock. The EXOR
circuit 37b finds the ;xclusive OR of the bits preceding and
succeeding ihe waveform string, thefeby NRZI demodulating the
waveform string to reproduce the code series. The EXOR circuit
37b then supplies the code series to the 8-10 demodulator 40.

The 8-10 demodulator 40 -has a shift register 41 _for
separating each code from the code series supplied from the EXOR .
circuit 37b, a latch circuit 42 for laﬁching the code from the
shift register 41, and a 10-8 transform circuit' 43 for
transforming the 10-bit code from the latch circuit 42 to 8-bit
dafa, as shown in Fig.24.

The shift register 41, operating on the basis of the channel
clock supplied from the PLL 35, separates each code from the code'

series supplied as serial data from the EXOR circuit 37b, to



nodul at or of the data recorder. Fig.11 is a view show ng a code

havi ng | ong continuation of "1s". Fig.12 is a view show ng a code
which is not used in the conventional 8-10 nodul ation. Fig.13 is a
vi ew showi ng a code having a poor error Egte. Fig.14 is a view

showi ng part of a specific code table in“"8-10 nodul ation according to the
present iswmply dthe resulting. dddéesas pacwlieawdagapaot thée tLhéchpedirtiudt
code table in the 8-10 nodul ati on according to the present invention.
Fig. 16 i st viBeeshetichgcpacuidfl 42hdl stpeves | the ot~ ib| eode ont hke8baB8is

modul ation according to the present invention. Fig.17 is a view
showi ng pft ©iet fatpedite «drek aupnlied t frog 16hepdgvachsanagediginng
to the present invention. Fig. 18°is a view showi ng part of the

specific RRCEEPReCLRCULL 36.

~The 10-8 transform circuit -43 is composed of a logical
circuit for carrying out the reverse of the processing by the 8-
10 transform circuit 11. The 10—8 transform circuit 43
transforms the 10-bit code supplied from the latch circuit 42 to
8-bit data. Thus, data is reproduced from the magnetic tape 1.

As is clear from the above description, the data recorder
employs the partial responée technique for controlling the
quantity of intersymbol interference. Thus, the linear recording
density can be increased in comparison with the DAT or the
conventional data recorder. In the above-described embodiment,
the linear recording density is increased to twice that of the
conventional example. However, the linear recording density is
not limited to twice the conventional level, and may be (M+1)/M,
with M = 1, 2, 3,

A data recorder capable of reproducing data both from a
magnetic tape having the conventional linear recording density
of 61 kbps, and frbm a magnetic tape having a higher'lineaf
recording density of 122 kbps, for example, will now be
described. The circuit identical to that in the reproducing
system of the above-described data recorder is denoted by the

same reference numeral and will not be described further in



17 the 8-10 nodul ati on according to the present invention. Fig.19 is
a view showi ng part of the specific code table in the 8-10 nodul ati on

according to the present invention. Fig.20 is a view showi ng part of
thé specific code table in the 8-10 nn% | ati on according to the present
I nventi on. Fig.21- is a view show 5 ot her specific codes in the 8-10

nodul at dehaddcording to the present invention. Fig.22 is a view
showi ng other specific codes in the 8-10 nodulation according to the
present invefflheondata refpydes ikas, viaw sssentgiadt heordgeuis i ©fcodds in

the 8-10 nodul ation according to the present invention. Fig.24 is a
vi ew shoePrgadusdngpsystien énradditionfiqurha icompagrends From ddfodotagdr of
the data recorder. Fﬁg.ZS is a block diagran1shomﬁn%.Lhe specific
struct upeagf 31 to the 8-10 demodulator 40, an integral equalizer 51 for

integral equalizing the reproduction signal amplified by the
amplifier 32; a binary coding circuit 52 for binary coding the
.equalizeduwaveform from the integral equalizer 51 and reproducing
the waveform string, a switch 53 for switchingly selecting the
equalized waveform from the integral equalizer 51 or the PR1
eéualizer 33 and supplying the selected equalized waveform to the
PLL 35, a switch 54 for switchingly selecting the waveform.string
from the binary coding circuit 52 or the Viterbi decoder 34, an
8-10 demodulator (DDS2 5emodu1ator) 55 used in the conveptiona}
data recorder, a switch 56 for switchingly seiecting the data
from the DDS2 demodulator 55 or the 8-10 demodulator 40, and an
identification hole detection circuit 57 for detecting the linear
recording density of the magnetic tape 1 on the basis of an
identification hole 3 fér identifying the 1linear récording
density provided on a cartridge 2 of the magnetic tape 1, and
controlling the switches 53, 54 and 56 on the basis of detection
resﬁlts, as shown in Fig.25. |

The 1integral equalizer 51 integrally equaliies the
reproduction signal supplied from the amplifier 32.  The binary
coding circuit 52 binary codiﬁg the equalized -waveform. The DDS2

demodulator 55 transforms the 10-bit code supplied from the NRZI



a reproduci ng system of the data recorder according to the ' present

i nventi on. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Preferred enbodi ments of the nodul ati on nmethod, the: recording method, the
reproduci ng net hod, the recording and reproduci ng apparatus, the recording
and reproduci ng nethod,” and - the reprod ng apparatus will now be

descri beéémoidul atefrer @hcto Bebtilie dattanocdredthe abiasds. of |the heopvestional
enbodi nent, the present invention is applied to a data recorder for .

st ori ng DiPi2a dademtable MorsevoniprBigssingod&vi ce on a nagnetic tape as a

recording nedium wth the |inear recording density along tracks set to
122 The identification hole detectimn |gdgeuihiSdhiudeesicent ke of

the digital audj o.tape recorder . QPAT) or the conventiopal data recorder.
basis of the identification hole 3, whether the loaded cartridge

2 is for the linear recording density of §1 kbps, or 122 kbps.
The identification hole detection circuit 57 controls the switch
53 to select the equalized waveform from the PR1 equalizer 33,
the switch 54 to select the waveform string from the Viterbi
‘decoder 34 and the_switch 56 to.select the data from the 8-10
demodulator 40, when the linear recording density is 122 kbps.
On the other hand, the identification hole detection circuit 57
controls the switch 55 to select the equalized waveform frdm the

_integral equalizer 51, the switch 54 to select the waveform
~string from the binary coding circuit 52 and the switch 56 to
select the data from the DDS2 demodulator 55, whénlthe linear
recording density is 61 kbps. .

The PLL 35 reproduées a channel clock of a frequency
corresponding to the linear recording density. The Viterbi
decoder 34, the 8-10 demodulator 40, the binary coding circuit
52 and the DDS2 demodulator 55 operate with corresponding chaﬁnel:
clocks. |

Thus, with this data recorder, data can be automatically

- reproduced bothjfrom the conventional cértfidge 2 of low linear

recording density and from the cartridge 2 of higher 1linear

recording density.



The data recorder according to the present invention has, as essential
portions of a recording systemthereof, an 8-10 nodulator 10 for
transforping 8-bit data to a 10-bit code, an NRZlI nodul ator, 21 for NRZI
nmodul ating a code series of continuous el des fromthe 8-10 nodul ator to
generate a waveformstring, an anplifier 22 for anplifying the waveform
string fromtA& NRZItonbdukaders2bodarthat ritiaryrésant 23nentdanr Misngrogt
recording_ onto a magnetic tape 1 on the basis of the waveform string

ampl i fi eg15‘}t@ﬁetanbhﬁfamv?%emrtb@i\mmmdiingn&, and ma¥hee &pil sl icgt or
10 transfornms 8-bit data to a 10-bit code, using a code having so-called
CDS af t ef ORREK2MRI R a3 PP iRl dbs© devige (Bsing, an; opticad, dise asviag
t he nunber of _contiguous "1s" in a code series of continuous codes not
greater TERNIINE\MEediym., AR50, otheugh Hhe code tablki dF Tembized dut iden °
transition 1T, 4T, 1T.. 3T, 1T, or 1T, 3T, 1T, 4T, 1T (T denoting m ni num
length bgPﬁégﬁltﬁéﬁﬁqﬁﬁnﬁnzﬁ%@g%%%Y%tEHbPﬂlﬁeﬂéweFB?nF°de table may be

constituted by a read-only memory (ROM). That is, codes may be

read out of the ROM using the data as a readout address.



string.correspbnding to continuation of two identical codes, produced by

NRZI nodul ati ng the code seri es. The NRZI nodul ator 21 functions as a
so-cal l ed precoder corresponding to equalization by partial response class
1 ih a reproducing system as will be described |ater. The NRZ

modul ator 21 NRZI nodul ates the code seiies supplied fromthe 8- 10
nodul ator 10 to generate.a waveform string, and supplies the

19 resulting waveformstring through the anplifier 22 to the rotary head
23. ThusSladmsa supplied froman information processing device, such as, a
personal conputer or a work station, is recorded onto the magnetic.tape 1
as inversion of magnetization polarity by so-called hélical scan. - 1In
further detail, the 8-10 nmodul ator 10 has an 8-10

) 1. A reproducing apparatus for a recording medium comprising:

reproducing means for reproducing a signal from a recording
medium loaded in the apparatus and outputting a reproduction
signal; | |

first equalizing means for equalizing the reproduction
signal from the reprbducing means by partial response class 1;

Viterbi decoding means for Viterbi decoding the reproduction’
..signal equalized by the first equalizing means to reproduce a
waveform string; |

second equalizing means for integral equalizing the
reproduction signal from the reproducing means;

binary 6oding means for binary coding the repréduction

signal equalized_by the second equalizing means to reproduce a

waveform string; .

switching means for switchingly selecting the waveform
string from the Viterbi decoding means and the waveform string
from the bindry coding.means; ‘

NRZI demodulation means for NRZI demodulating the wa?eform
string selected by the switching meané to reproducg a code
series; and

control means for detecting dénsity of the recording medium
loaded in the apparatus and controlling the switching means to
éelect the waveform string from the Viterbi decoding means when
detection results show that the density of the recording medium

is high, and to select the waveform string from the binary coding

* [ L M H] *




transformcircuit 11 for transformng 8-bit data to a 10-bit code, a
flipflop (FF) 12 for storing so-called DSV, and a shift register 13 for
transformng to serial data the code supplied as parallel data fromthe

8-10 transformcircuit 11, as shown in Fig. 10. The 8-10 transform
circuit 11, conposed of a |ogical circui> functioning as a code table as
will be later described, transforns 8-8Pt data to a 10-bit code on the

basi s of maalSV wneal uené) devupptied reemithke showliHLt the aedsstyp dfo i
code previously outputted. The 8-10 transformcircuit 11 supplies the

10-bit codeordimpe maddifum riegildwer 13, and supplies a DSV value Q-for the
codes up to the corresponding code to the FF 12. The shift register .
13 | oads 3.he Thebirepcodacimgpeppdratuspdiozl dereckerdingonediansad @ kaiwed or m
circuit 11, by a data byte <clock indicating a delimter of data, and then
shifts tHa codeimevd?y othensiin ofuxteher_bagrginz thrdEwmnied  boysked t dnsuppl y
the cartridge, the cartridge having an identification part for
identifying recording density of the recording medium housed
therein.
3. The reprodﬁcing égparatuS'for a recording medium as claimed
in claim 12, wherein the recording medium. is a t;be—like
-recording medium housed in a cartridge having an identification
'part for showing 1linear recording density of the tape-like
recofding medium. M
4.. The reproducing apparatgs for a recording medium as claimed
in c¢laim 12, further .comprising clock reproducing means
selectively supplied with the waveform string from the first or
second equalizing means by the switching means and adapted for

reproducing a channel clock on the basis ‘of the supplied waveform

-string.

T



code to the NRZI nodul ator 21. The NRZI nodul ator 21 has an FF 21la
for operating with the code fromthe shift register as a clock, and an
inverter circuit ' . 20 21b inverting
the"output of the FF 2la to use the inverted output as an input thereto,
as shown in Fig.10. The FF 2l1a, when ggpplied wth "1", inverts its
out put, that is NRZI nodul ates the code Supplied continuously fromthe

shift register ﬁ'%ﬁ)ﬁﬂmﬁﬂﬁﬁﬂtﬁ Rofiky meaps The 8- 10
transforn1C|rCU|t 117 w now be described in detail. . The 8-10

transformcircuit 11 transforns 8-bit data to a 10- bit.code in accordance
with a code table conposed of a code\MnggA@@s CDS as a val ue obtai ned by
subtracting the nunber of "Gs"

. A modulation method is disclosed, for transforming data to

a code using a code having CDS after NRZI modulation equal to 0,
+2 of (.0,'3;8,10;1). code, the method comprising the step of
transforming 8-bit data to a 10-bit code, using a code other than
a code such that lengths between transition 1T, 4T, 1T, 3T, 1T,
or 1T, 3T, 1T, 4T, 1T, with T denoting minimum length between
transition, are generated in a waveform string corresponding to
continuation of two identical codes, the waveform string being
produced by NRZI mbdulating a code series of continuous codes,
with the number of continuous "1s" being not greater than N, with

N being 12 to 18, in the code series.

~ Figure 13



fromthe nunber of "1s" of the NRZI nodul ated code, that is, DSV per code

equal to 0, 2,

and i n which the nunber
than N (N = 12 to 18),

of conti nuous
of (0O, 3;8,10;1) code

n I Sll

IS not greater

for transformng 8-bit data to

10-bit code with a so-called mnimumrun d of "0" equal to 0 and a maxi num
run k of "0" equal to 3. That is, the 8-10 transformcircuit 11
enpl oys the code table in which codes "11111112111", "0111111111" and
"1111111110" causing |ong continuati oA/2df "1s" and allocated to .
data "11101011" (data "EB"), "00101011" and "11111110" as shown in Fig.11
in the code table (DDS2 code table) conventionally used in the data
recorder, as shown in Figs.l1 to 7, are replaced by 15 codes, such as,
codes "0111001@6+—-6+1169+0++—"0+11064H3 9" —eand—the—++ke—rqt used in
the DDS2 code fabl @A®S Shqwa—-h—FLg—1=2- FrRrg—2—the—value-i ndi cat ed by
Qis a DSV val uefqr the cddes Q=-1 Q=

Hex | Binary CODE |[DC| Q CODE ([DC|Q

00 {00000000 | 0101010101 | © 1 | 0101010101 | O | -1

01 | 00000001 | 0101010111 ] 0 | -1 | 0101010111} O | -1

02 100000010 | 0101011101 }{ O | -1 | 0101011101 | O 1

03 | 00000011 | 0101011111 | O 1 | 0101011111 | O | -1

04 100000100 | 0101001001 | O | -1 | 0101001001 | © 1

05 | 00000101 | 0101001011 | 'O 1 | 0101001011} O | -1

06 |00000110 | 0101001110 | O 1 | 0101001110} 0 | -1

07 {00000111 | 0101011010 | O 1 | 0101011010 0 | -1

08 | 00001000 | 0101110101 | 0 | -1 | 0101110101 | O 1

09 |00001001 | 0101110111 | © 1 | 0101110111 | O | -1

OA | 00001010 0101111101 | © 1| 0101111101 | 0 | -1

0B 100001011 | 0101111111} O | -1 | O101111111 | O 1

0C {00001100 | 0101101001 | O 1 | 0101101001 | O | -1

oD |oo0001101 | 0101104011 | O | -1 | 0101101011 ] O 1

OE {00001110 | 0101101110 { O | -1 { 0101101110{ O 1

OF (00001111 | 0101111010 | O | -1 | 0101111010 | 'O 1

10 {00010000 | 1101010010 | O 1 | 1101010010 | 0 | -1

11 100010001 | 0100010010 2 | -1 | 1100010010 | -2 | -1

12 100010010 | 0101010010 | O | -1 { 0101010010 | O 1

13 | 00010011 | 0101110010 | O 1 | 0101110010 ] O | -1

14 100010100 | 1101110001 | 2 1 ] 0101110001 | -2 1

15 00010101 | 1101110011 | 2 | -1 [ 0101110011 | -2 | -1

16 |00010110 | 1101110110 | 2 | -1 | 0101110110 2 | -1

17 (00010111 | 1101110010 O | -1 | 1101110010 O 1

18 | 00011000 | 0101100101 § 2 | -1 | 1101100101 | -2 | -1

19 {00011001 | 0101100111 | 2 1 | 1101100111 | -2 | 1

1A {00011010 | 0101101101 | 2 1 | 1101101101 | -2 1

1B {00011011 | 0101101141 | 2 | -1 | 1101101111 | 2 | -1

1C {00011100 | 0101111001 | 2 1 | 1101111001 | -2 1

1D 100011101 | 0101111011} 2 | -1 | 1101111011 | -2 | -1

1E |00011110 | 0101111110 | 2 | -1 | 1101111110 | -2 | -1

1F |00011111 | 0101101010 | 2 | -1 | 1101101010 | -2 | -1

20 100100000 | 0111010101 | O | -1 | 0111010101 | O 1

21 | 00100001 | 0111010111 | © 1 | 0111010111 | 0 | -1

22 | 00100010 | 0111011101 | O 1 | 0111011101 | O | -1

23 {00100011 | 0111011111 | O | -1 | O111011111 | O |- 1

24 100100100 | 1111010001 | 2 1 | 0111010001 | -2 1

25 100100101 | 1111010011 | 2 | -1 | 0111010011 | 2 | -1

26 |00100110 | 1111010110} 2 | -1 | 0111010110 | -2 | -1

27 (00100111 | 0111011010 { O | -1 | 0111011010 O 1

FIG.1



21 up to the corresponding code, and the value indicated by Q is a DSV
val ue for the codes up to a code preceding to the ~correspondi ng code. One
of two codes allocated to one data is selected by so-called LDC. The codes
havi ng lFong continuation of "is" of the codes shown in Fig. 11 are
repl aced by codes having the nunber of continuous "1s" not greater than N,
I n the sequence starting wth the code of the | ongest continuation of
"1s". However, a code having a poo2/aror rate causing a greater
peak shift than other codes is included in the code table having the
nunber of continuous "1s" not greater than N, as described above. Thus,
‘the 8-10 transformcircuit 11 transforns 8-bit data to a 10-bit code,
usi.ng a code offfrer—thamr—coges—+mwhi—ch IltII%(i)‘E betweermr—transittji on 1T, 4T,
1T, 3T, 1T, or |1T, DATA 1T, 4+ &T’éj dens{.:tgniﬂinﬁﬁ¥%0ﬂgth—Metmeen
~transition) afﬁijM£#ﬁﬂémLLn;a— =-1 :

ex | Binary CODE DC| Q CODE DC | Q

28 100101000 | 0111110101 1 | 0111110101} O
29 100101001 | 0111110111 -1 { o111110111 | O
2A 100101010 | 0111111101 =1 | 0111111101 [ O
2B |00101011 | 0111111111 1 {o111111111 | O
2C | 00101100 | 0111101001 -1 | 0111101001 | O
2D 100101101 | 0111101011 1 1-0111101011 | O
2E 100101110 | 0111101110 1 | 0111101110 g -1
0
2
0
0

2F | 00101111 | 0111111010 1 { 0111111010

30 00110000 | 0111010010 1 { 0111010010
31 00110001 | 1110010010 -1 | 0110010010
32 100110010 | 1111010010 -1 | 1111010010
33 |00110011 | 1111110010 1 | 1111110010
34 {00110100 | 0111110001 1 | 1111110001 | -2 1
35 {00110101 | 0111110011 -1 | 1111110011 | -2 | -1
36 (00110110 | 0111110110 -1 | 1111110110 | -2 | -1
37 (00110111 | 0111110010 -1 | 0111110010 | 0O 1

38 |00111000 | 0111000101 -1 | 1111000101 | -2 | -1
39 100111001 | 0111000111 1 { 1111000111 | -2 1
3A {00111010 | 0111001101 1 {-1111001101 | -2 1
3B [00111011 | 0111001111 -1 | 1111001111 | -2 | -1
3C. [00111100 | 0111011001 1 | 1111011001 | -2 | 1
3D | 00111101 | 0111011011 -1 | 1111011001 | -2 | -1
3E j00111110 | 0111011110 -t | 1111011110} 2 | -1
3F jo0o111111 | 0111001010 -1 | 1111001010} -2 | -1

40 |{01000000 | 0100010101 1 | 1100010101 | -2 1
41 {01000001 | 0100010111 -1 | 1100010111 | 2 | -1
42 101000010 | 0100011101 -1 | 1100011101 | -2 | -1
43 101000011 | 0100011111 1 | 1100014111 | -2 1
44 101000100 | 0101010001 1 | 1101010001 | -2 1
45 101000101 | 0101010011 -1 | 1101010011 { -2 | -1
46 101000110 | 0101010110 -1 | 1101010110 | -2 | -1
47 (01000111 | 0100011010 1 | 1100011010 | -2 1

48 101001000 | 0100110101 -1 | 1100110101 | -2 | -1
49 101001001 | 0100110111 1 | 1100110111 | -2 1
4A (01001010 | 0100111101 1 | 1100111101 | -2 | 1
4B '| 01001011 | 0100111111 -1 { 1100111111 | -2 | -1
4C 101001100 | 0100101001 1 | 1100101001 | -2 1
4D |01001101 | 0100101011 <1 | 1100101011 | 2 | -1
4E 101001110 | 0100101110 -1 | 1100101110} 2 | -1
4F 101001111 | 0100111010 -1 | 1100111010 | -2 | -1

FIG.2
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waveform string corresponding to continuation of ‘two identical codes, with
the waveform string produced by NRZI nodul ating the code series.

That is, codes "1011001110", "0011001110", "1110001110" and "0110000110"
allecated to data "A6" and "C6", if consecutively appearing twice,
generate | engths between transition 1T, 4T, 1T, 3T, 1T, or 1T, 3T, 1T, 4T,
1T in the waveformstring, as shown in Fig.13. The 8-10 transformcircuit
11 uses the code table in which these cages are replaced by the codes (as
shown in Fig.12) not used in the DDS2 code table. The 8-10 transform
circuit 11 also uses a code table in which codes of poor error rate other
22 than ‘the above-nentioned codes "1011001110;, "0011001110",

CODE
DATA a=a o

Hex | Binary CODE DC| Q CODE DC | @
50 01010000 | 0100100101 | O | -1 | 0100100101 | O | 1
51 01010001 | 0100100111 | 0 | 1 | 0100100111 | O | -1
52 101010010 | 0100101101 | ©0 | 1 | 0100101101 | O | -1
53 101010011 | 0100101111 | 0 | -1 | 0100101111 | O | 1
54 |01010100 | 0100111001 | 0 { 1 | 0100111001 | O | -1
55 |01010101 | 0100111011} O | -1 | 0100141011 | O | 1
56 01010110 | 0100111110{ O | -1 | 0100111110| O | 1
57 01010111 | 0100101010} O | -1 | 0100101010| © | 1
58 |01011000 | 0110100101 | 0 | 1 | o110100101{ O | -1
59 01011001 | 0110100111 | O | -1 | o110100111 | O | 1
5A {01011010 | 0110101101 | O | -1 | o110101101| O | 1
5B |o1011011 | o110101111 | 0 | 1 | o110101111 ] © | -1
s5C |01011100 | 0110111001 | 0 | -1 | 0110111001 | O | 1
5D {01011101 | o110113011 | O | 1 | ot10111011| O | -1
_5E |01011110 | o110111110| O | 1 | o110111110| O | -1
5F {01011111 | 0110101010 0 | 1 | 0110101010 O | -1
60 {01100000 | 0010010101 | O | -1 | ocoto0t0101| O | 1
61 | 01100001 | 0010010111 { 0 | 1 | 0010010111 0 | -1
62 |01100010 | 0010011101 | 0 | 1 | cotoot1101| O | -1
63 |01100011 | 0010011111 | 0 | -1 | 0010011111 | O | 1
64 (01100100 | 1010010001 | 2 | 1 | 0010010001 [ -2 | 1
65 |01100101 | 1010010011 | 2 | -1 | 0010010011 [ 2 | -1
66 01100110 | 1010010110 | 2 | -1 | 0010010110 2 | -1
67 |01100111 | 0010011010 | 0 | -1 | ooloot11010| O | 1
68 01101000 | 0010110101 | 0 | 1 | 0010110101 | O | -1
69 |01101001 | oofo1to111| 0 | -1 | oo10110111| O | 1
6A (01101010 | 0010111101 | O | -1 | oOt0111101| O | 1
6B |o1101011 | 0010111111 | 0 | 1 | oofoi11111| O | -1
6C {01101100 | 0010101001 | 0 | -1 | cototot001| O | 1
6D |o1101101 | 0010101011 | O | 1 | oofo101011| O | -1
6E |01101110 | 0010101110 | O | 1 | ooto101110| O | -1
6F (01101111 | oof0111010| O | 1 | 0010111010 O | -1
70 |{01110000 | 0010010010 | O | 1 | 0010010010| O | -1
71 |01110001 | 1011010010 | 2 | -1 | 0011010010 | -2 | -1
72 101110010 | 1010010010 | © | -1 | 1010010010 O | 1
73 |01110011 | 1010110010 | © | 1 | 1010110010| 0| -1
74 101110100| 0010110001 | 2 | 1 | 1010110001 | -2 | 1
75 (01110101 | 0010110011 | 2 | -1 | 1010110011 | -2 | -1
76 |ot1110110| 00t0110110{ 2 | -1 | 1010110110 | 2 | -1
77 |o1110111 | oot0110010 | 0 | -1 | 0010110010 O | 1

FIG.3



"1110001110" and "0110001110", such as, codes "0010110110",
"1011011010" and "0011011010" allocated to data "76", "A7" ..., are

repl aced by codes not used in the DDS2 code table, as shown in Fig.13.

The. nunber-of replaceable codes is 15 as descri bed above. However, as a
code of poor error rate is included in these 15 codes, the total nunber of
the codes for preventing continuation of "1s" and the codes for inproving

"1010110110",

the error rate is necessarily limted. Z?%?’ the .8-10 transformcircuit 11
uses a.code table as shown in Figs.14 t0"20, in which code "1111111111"
allocated to data "EB" in the DDS2 code table is replaced by code
"0111001001", codes "1110001110" and "0110001110" allocated to data "C6"
repl aced by code "0111001011", codes "1011001110" and "0011001110"
allocated to ¢ata éé_AG" eplaced by co¢goDE 0111001110", code. -
"0l11111111" al ocaP Ato data "2Bqitepl aced [by code@'=4010011031" or
1010011011., Ch&s éﬂ..;,lyu [TTXS6EY | po Q CODE oc | a

78 (01111000 | 0011100101 | O 1 | 0011100101} 0 | -1

79 |01111001 | 0011100111 | O | -1 | 0011100111 | O 1

7A |01111010 | 0011101101 | O | -1 | 0011101101} O 1

78 | 01111011 | 0011101111 | O 1 | 0011101111} O | -1

7C 01111100 | 0011111001 { O | -1 | 0011111001 | O 1

7D {01111101 | OO11111011 | O 1 | 0011111011 | O | -1

7E (01111110 | 0011111110 O | 1 | 0011111110 | O | -1

7F 01111111 | 0011101010} O 1 | 0011101010 O | -1

80 110000000 [ 1010010101 | -0 1 | 1010010101 { O | -1

81 |10000001 | 1010010111 | O | -1 | 1010010111} O .| 1

82 110000010 | 1010011101 | O | -1 | 1010011101 | O 1

83 110000011 { 1010011111 ] O 1. | 1010011111 | O | -1

84 110000100 { 1010001001 { O | -1 { 1010001001 { O 1

85 {10000101 | 1010001011 | O 1 { 1010001011 | 0 | -1

86 | 10000110 | 1010001110 ] O i | 1010001110} O | -1

87 10000111 | 1010011010 | O 1} 1010011010} O | -1

88 [10001000 | 1010110101 | O | -1 | 1010110101 | O 1

89 110001001 | 1010110111 | © 1 | 10101101411 0 | -1

8A | 10001010 | 1010111101 | © 1 | 1010111101 | 0 | -1

8B 10001011 { 1010111111 { O { -1 | 1010000000} O 1

8C 10001100 | 1010101001 | © 1 | 1010101001 | O | -1

8D |10001101 | 1010101011 | O | -1 | 1010101011 | O 1

8E 110001110 ) 1010101110} 0 | -1 | 1010101110 © 1

8F (10001111 | 1010111010} 0 | -1 | 1010111010| 0 1

80 |10010000 { 1100100101 | O 1 | 1100100101 | 0 | -1

91 |10010001 | 1100100111 | O | -1 | 1100100111 | O 1

‘92 110010010 | 1100101101 | O | -1 | 1100101101} O | 1

93 |10010011 | 1100101111 | O 1 | 1100101111 | O | -1

94 |10010100 | 1100111001 | 0 | -1 | 1100111001 | O 1

95 110010101 | 1100111011 | O 1 1 1100111011 O | -1

96 {10010110 | 1100111110} O 1 | 1100111110} O | -1

-97 10010111 | 1100101010 | O 1 | 1100101010 0 | -1

98 110011000 | 1010100101 | 2 | -1 | 0010100101 | 2 | -1

99 (10011001 | 1010100111 | 2 1 | 0010100111 | -2 1

9A {10011010 | 1010101101 | 2 1 | 0010101101 | -2 1

9B- 110011011 | 1010101111 | 2 [ -1 | 0010101111 | -2 | -1

9C 10011100 | 1010111001 | 2 1 | 0010111001 | -2 | -1

9D {10011101 | 1010111011 | 2 | -1 | 0010111011 | -2 | -1

9E 110011110 | 1010111110 2 { -1 | 0010111110 | -2 | -1

9F |10011111 | 1010101010 { 2 | -1 | 0010101010 | -2 | -1

FIG.4



"0111111110" allocated to data "FE' replaced by codes "1100100110"
and "0100100110", codes 1011111211 and "0011111111" allocated
to data "AB" replaced by codes "1110110010" and "0110110010", codes
"1141111101" allocated to data "EA" replaced by 1011110010" or
"0011110010", codes = "1110001011" and "0110001011" allocated to data "C5"
repl aced by codes "1100100011" and "0100100011", codes "0010110110" and
"1010110110" allocated to data "76" gmplaced by , codes :
23 "0010011110" and "1010011110", so that the nunber of continuous "1s" is
not greater than 14 (N = 14). Allocation of codes to data is not limted

to the relation shown in Figs.14 to 20, and various conbinations can be
made arbitraril\]L The code tabhle _as shown in Ei gs. 14 to.2 is only a

specifig DATA = CODE oo

Hex | Binary CODE

A0 {10100000 | 1011010101
A1 {10100001 | 1011010111
A2 110100010 | 1011011101
A3 10100011 | 1011011111
A4 110100100 | 1011001001
A5 110100101 | 1011001011
A6 (10100110 | 1011001110
A7 {10100111 | 1011011010

A8 110101000 | 1011110101
A9 | 10101001 | 1011110111
AA 10101010 | 1011111101
AB 10101011 | 10111111114
AC |10101100 | 1011101001
AD 10101101 | 1011101011
AE }10101110 | 1011101110
AF | 10101111 | 1011111010

B0 [ 10110000 | 1101110101
B1 10110001 | 1101110111
B2 110110010 | 1101111101
B3 {10110011 | 1101111111
B4 |10110100 | 1101101001
B5 |10110101 | 1101101011
B6 [10110110 | 1101101110
B7 |10110111 | 1101111010

B8 110111000 | 1011100101
B9 {10111001 | 1011100111
BA (10111010 | 1011101101.
BB [10111011 | 1011101111
BC 10111100 | 1011111001
BD {10111101 | 1011111011
BE 10111110 | 1011111110
BF {10111111 | 1011101010

€0 111000000 | 1110010101
C1 111000001 { 1110010111
C2 { 11000010 { 1110011101
C3 | 11000011 { 1110011111
C4 11000100 | 1110001001
C5 | 11000101 | 1110001011
C6 [11000110 | 1110001110
C7 (11000111 | 1110011010

)
O

Q| copE |pc|a

1 | 0011010101 | -2 1
-1 | 0011010111 | -2 | -1
-1 | 0011011101 | -2 | -1

1 | 0011011111 | -2 1
-1 | 0011001001 | -2 | -1

1 | 0011001011 | -2 1

1 | 0011001110 | -2 1

1 | 0011011010 | -2 1

1 -1 | 0011110101 | -2 | -1
-1 | oot1t110111 | -2 1
1 | 0011111101 | -2 1
-1 | 00111111141 | -2 | -1
1 | 0011101001 | -2 1
-1 | 0011101011 | -2 | -1
-1 { 0011101110} -2 | -1
-1 | 0011111010} -2 | -1

1 | 1101110101
-1 | 1101110111 | O 1
-1 1 1101111101
1 | 1101111111
-1 | 1101101001
1 | 1101101011
1 | 1101101110
1 | 1101111010

-1 | 1011100101
1 | 1011100111
1 | 1011101101
-1 | 1011101111
1 { 1011111001
-1 | 1011111011
-1 { 1011111110
-1 | 1011101010

1 | 0110010101 | -2 1
-1 | 0110010111 | -2 | -1
-1 | 0110011101 | -2 | -1

1 | 01100111141 ) 2 " 1
-1 | 0110001001 | -2 | -1

1 | 0110001011 | -2 1

1. ] 0110001110 | -2 1

1 | 0110011010 | -2 1

FIG.5
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exanple. Therefore, a code table may be enployed in which, for exanple,
t he nunber of continuous "1s" is not greater than 18 (N = 18), and in
whi ch code "0010011110" or "1010011110" is allocated to data "EB", code
"1041110010" or "0011110010" to data "A6", code "1100100011" or .
"0100100011" to data "C6", .code "1100100110" or "0100100110" to code "76",
code "0010011011" or "1010011011" to data "A7", code "1110110010" or
"0110110010" to data "C5", code "011100%¥2®" to data "47", code
"0111001011" to data "74", and code "0111001001" to data "C7" in the DDS2
code table, as shown in Fig.21l. Al so, a code table may be enpl oyed
I n which, for exanple, the nunber of continuous "1s" is 16 (N = 16), and
in which code "0010011001" or "1010011001" is allocated to data "EB", code
"0010011110" or_"1010011110" to data "A6", code "1011110010" or
"0011110010" tq data »C6", Jcode "1100100011¢gpg "0I001000I1I™ to] data "2B",
code "1100100110" JATB100100TTO o data " FH', code gz

Hex | Binary CODE |DC| Q CODE |DC|Q

C8 111001000 | 1110110101 | 2 | -1 | 0110110101 | -2 | -1

C9 [11001001 { 1110110111 | 2 1 1 0110110111 § -2 1

CA |11001010 | 1110111101 | 2 1 [ 0110111101 | -2 1

CB | 11001011 | 1110111111 ] 2 | -1 | 0110111111 | -2 | -1

CC 111001100 | 1110101001 | 2 1 | 0110101001 | -2 1

CD 111001101 | 1110101011 | 2 | -1 | 0110101011 | -2 | -1

CE |11001110 | 1110101110 | 2 | -1 | 0110101110 | -2 | -1

CF |11001111 | 1110111010 | 2 | -1 | 0110111010 | -2 | -1

DO 111010000 | 1101000101 | 2 | -1 | 0101000101 | -2 | -1

D1 {11010001 { 1101000111 | 2 1 | 0101000111 | -2 1

D2 111010010 | 1101001101 | 2 1 { 0101001101 | -2 1

D3 |11010011 | 1101001111 | 2 | -1 | 0101001111 | 2 | -1

D4 111010100 | 1101011001 | 2 1 | 0101011001 | -2 1

D5 111010101 | 1101011011 | 2 | -1 | 0101011011 | 2 | -1

D6 |11010110 | 1101011110 | 2 | -1 | 0101011110 -2 | -1

D7 |11010111 | 1101001010 | 2 | -1 | 0101001010 2 | -1

D8 {11011000 | 1110100101 { 0 | -1 | 1110100101 | © 1

DS 111011001 | 1110100111 | 0-| 1 | 1110100111 | 0 | -1

DA (11011010 | 1110101101 | O 1 | 1110101101 O | -1

DB | 11011011 | 1110101111 | O | -1 | 1110101111 | O 1

DC 111011100 | 1110111001 | © 1 | 1110111001 | 0 | -1

DD (11011101 | 1110111011 | O | -1 | 1110111011 | O 1

DE 11011110 | 1110111110 0 | -1 | 1110111110 O 1

DF 11011111 | 1110101010 | © | -1 | 1110101010 | 0 1

EO0 |11100000 | 1111010101 | © 1 | 1111010101 | 0 | -1

E1 [11100001 | 1111010111 | O | -1 | 1111010111} O 1

. E2 111100010 | 1111011101 { 0 | -1 | 1111011101 | O 1

E3 [11100011 | 1111011111 | © 1 111101141 0 |

E4 (11100100 | 1111001001 | O | -1 | 1111001001 | O 1

E5 111100101 | 1111001011 | O 1 | 1111001011 | 0 | -1

E6 { 11100110 | 1111001110 | © 1 | 1111001110 O | -1

E7 |11100111 | 1111011010 | © 1 | 1111011010 | 0 | -1

E8 (11101000 | 1111110101 | 0 | -1 | 1111110101 | O 1

E9 111101001 | 1111110111 | O 1 1111110111 0 | -1

EA |11101010 | 1111111101 | O |- 1 | 1111111101} 0O | -1

EB | 11101011 | 1111114111 | O | -1 | 1111111111 | © 1

EC | 11101100 | 1111101001 | © 1 | 1111101001 | 0 | -1

ED {11101101 | 1111101011 | 0 | -1 | 1111101011 | 0 1

EE (11101110 [ 1111101110 | O | -1 | 1111101110| © 1

EF [11101111 ) 1111111010 | O | -1 | 1111111010| O 1
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"001011011". or "1010011011" to data "76", code "1110110010" or

"0110110010" to data "A7", code "0111001110" to data "C5", code

"0111001011" to data "47", and code "0111001001" to data "74" in the DDS2
code tabfl e, as shown in Fig.22. 24
Al so, a code table may be enployed in which, for exanple, the nunber of
continuous "1s" is 14 (N = 14), and in which code "0110100110" or
"1110100110" is allocated to data "EB", cpgg "0010011001" or "1010011001"
to data "A6", code "0100110010" or "1100110010" to data "C6", code
"0010011110" or "1010011110" to data "2B", code "1011110010" or
"0011111001" to data "FE', code "1100100011" or "0100100011" to data "AB","
code "1100100110" or "0100100110" to data "EA", code "0010011011" or '
"1010011011" to '

CODE
DATA T O
Hex | Binary CODE DC| Q CODE DC | @
FO | 11110000 | 1101010101 -1 | 1101010101 | O | 1
F1 | 11110001 | 1101010111 1 { 1101010111 | O | -1
F2 | 11110010 | 1101011101 1 | 1101011101} O | -1
F3 | 11110011 | 1101011111 -1 | 1101011111 | O | 1
F4 | 11110100 | 1101001001 1 | 1101001001 | O | -1
F5 |11110101 | 1101001011 -1 | 1101001011 | O | 1
F6 | 11110110 | 1101001110 -1 | 1101001110{ O | 1
F7 | 11110111 | 1101011010 -1 | 1101011010} O | 1

F8 | 11111000 | 1111100101
F9 | 11111001 | 1111100111
FA | 11111010 { 1111101101
FB | 11111011 | 1111101111
FC | 11111100 | 1111111001
FD | 11111101 [ 1111111011
FE | 11111110 | 1111111110
FF | 11111111 | 1111101010

SYNC|{ PATTERN | 0100010001

1 -1 { o111100101 | -2 | -1
1 | 0111100111 | -2 1
1 | ot11101101 | -2 1
-1 Jot1t101111 | -2 | -1
1 | o111111001 | -2 1
-1 | 0111111011 | -2. | -1
-1 | o111111110 | 2 | 1
-1 | ot1101010 | -2 | -1

1 | 1100010001 | O | 1

© NN NNDNNNNDN OCO0O00000
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data "76", code "1110110010" or "0110110010" to data "A7", code
"0111001110" to data "C5", code "0111001011" to data "47", and code
"0111001Q001" to data "74" in the DDS2 code table, as shown in Fig.23.

In addition, a code table may be enployed in which, for exanple, the
nunber of continuous "1s" is 12 (N = 12), and in which code "0110100110"
or "1110100110" is allocated to data "EBS8/280de "0010011001" or
"1010011001" ‘to data "A6", code "0100110010" or "1100110010" to data "C6",
code "0010011110" or "1010011110" to data "2B", code "1011110010" or

"0011110010" to data "FE", [code "110010001I3" or 100100011" to data "AB",
code "1100100110" or "OJUU_UUElO" to data "|EA" ode "0010011011" or
"1010011011" to data "OB", sc@dp "1110110010' or "011p110010" to data "B3",-
code "0111001110" to (&%ﬁ "l=code "0111001011" go data "FC', and code
"0111001001" to data ' gRtphe DDS2 code |taljl e /_& The reproduci ng
system of the data recordemdi}j| npPW e oj"
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25 descri bed. The data recorder has, as essential portions of its
reproduci ng -system a rotary head 31 for reproducing a signal fromthe
magnetic tape 1 and outputting a reproduction signal, an anplifier 32 for
anplifying the reproduction signal fromthe rotary head 31, a PRl
-equal i zer 33 for equalizing by partial response class 1 the reproduction
signal anplified by the anplifier 32, a VA/8rbi decoder 34 for Viterb
decodi ng the reproduction signal equalized by the PRL equalizer 33

(hereinafter referred to anpeguazedwavefgrm d reproducing a waveform
string, a phase locked |qapl(Pll) 35 for re rodug?ng a channel cl ock based
on the equalized wavefor fgfwlthe PR1
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equal i zer 33, a synchronization detection circuit 36 for detecting a
synchroni zation signal framthe waveformstring from the Viterbi decoder
34, an NRZI denodul ator 37 for NRZI denodul ating the waveformstring from
the Viterbi decoder 34 and reproducing a code series, and an 8-10

denodul ator 40 corresponding to the 8-10 nodul ator 10, for transform ng
each code of the code series fromthe NRZI denodul ator 37 to data, as
shown in Fig.9. ~ The rotary head 31 q@tpyts a ternary reproduction
signal as a differential signal of nagnetlzatlon polarity inversion of the
magnetic tape 1. The anplifier 32 anplifies this reproduction signal and
supplies the resulting signal to the PRL equalizer 33. The PR1
equal i zer 33 equalizes the reproduction signal by

s
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26 partial response class.l, and supplies the equalized
continuous "Gs" for a code of continuous "is" (that is, so-called eye
pattern) t-o the Viterbi decoder 34. The Viterbi decoder 34 discrimnates
the equal i zed waveformusing a threshold value obtained froman envel ope
of the equalized waveform ‘and carries out so-called maxi mrum|i kel i hood
decodi ng, to reproduce the waveformstring. That is, as the 8-10

nodul ator 10 in the recording systemtransforns data to a code of shorter
continuation of "1s" than in 8-10 nodul ati qq By the conventional data
recorder, continuation of "Os" in the equalized waveform can be shortened,
and the threshold value for discrimnating the equalized waveform can be
stably determined. Thus, the error rate can be inproved in conparison
with the conventional data recorder. In-addition, as the code of shorter
continuation of "1s" is used, data can be easily determned in the maxi num
| i kel i hood decoding, that is, the menory can be reduced, and the

wavef orm havi ng

CODE
DATA : —

: Q'=-1 Q=1 CONTINUOUS
Hex | Binary "CODE | DC| Q CODE DC | Q NUMBER
EB | 11101011 [1111111111 | 0 | -1 | #111111111| 0 | 1| INFINITE
28 | 00101011 | 0111191111 | 0 | 1 | o111114111| 0 | -1 | LASTO9
FE | 11111110 | 1111111110 | 2 | -1 | of11111110| 2 | -1 | FIRST9
AB | 10101011 {1011111111 | 2 | -1 | oo11411411| 2 | -1 | LAST8
EA |11101010 | 1111111101 | 0 | 1 | 1111111101} O | -1 | FIRST8
0B | 00001011 0101111111 | 0 | -1 | oto1111111| O | 1| LAST?
B3 | 10110011 (1101111111 | 0 | 1 | 1101111141 | 0| -1 | LAST?
EF | 11101111 | 1111111010 | o | -1 | 1111111010] 0| 1| FIRST?
FC [ 11111100.| 1111111001 | 2 | 1 |ot11111001| -2 | 1 | FIRST?
FD | 11111101 {1111111011 | 2 | -1 | 0111111011 | -2 | <1 | FIRST7
48 | 01001011 { 0100111111 |. 2 | -1 | 1100111111 | -2 | -1 | LAST®
6B | 01101011 | 0010111141 | 0 | 1 | 0010111111 | O | -1 | LAST6
8B | 10001011 [1010111111 | 0 | -1 | 1010114111 0 | 1| LAST®6
CB |11001011 1110111111 | 2 | -1 | otfot11411| 2 | -1 | LAST6
33 |00110011 1111110010 [ 0 .| 1 | 1111110010| O | -1 | FIRST6
34 | 00110100 [ 0111110001 | 2 | 1 | 1141110001 | 2 | 1| FIRST6
35 |00110101 |0111110011 | 2 | -1 | 1111110011 | 2 | -1 | FIRST6
36 | 00110110 0111110110 | 2 | -1 | 1111110110 | 2 | -1 | FIRST6
E8 |11101000 [ 1111110101 | 0 | -1 | 1111110101 | O | -1 | 'FIRST6
E9 |11101001 |1111110111 | 0 | 1 | 1111110111| 0 | 1 | FIRST6
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circuit of the Viterbi decoder 34 can be sinplified. As is described
above, the 8-10 nodul ator 10 of the recording system does not use a code
of large peak shift in which |engths between transition 1T, 4T, 1T, 3T,
1T,. or 1T, 3T, 1T, 4T, 1T are generated in the waveform string
corresponding to continuation of two identical codes. Therefore, the error:
rate can be inproved in conparison with the conventional data recorder
The PLL 35 reproduces the channel clock o¥2/2Re basis of the

27 equal i zed waveform supplied fromthe PRl equalizer 33, and supplies the
channel clock to the Viterbi decoder 34. The synchronization detection
circuit 36 detects a synchronization - :

CODE
Q=1 Q=1

CODE pc| a copE | pc| a
0111001001 | o | 1 |ot11001001| o | -1
0111001011 | 0 | -1 |0111001011{ 0 | 1
0111001110| 0 | -1 |0111001110| 0 | 1
1110110010 | 2 | 1 |ot10110010| 2 | 1
0010011011 | 2 | -1 1010011011 | 2 | -1
1100100110 | 2 | -1 |otootoof10| 2 | -1
1100100011 | 2 | -1 |0100100011 | -2 | -1
1011110010 | 2 | 1 }oot1110010]| 2 | 1
0010011110| 2 | -1 [foto011110| -2 | -1
0100110010| 2 | 1 |1100110010| 2 | 1
0010041001 | 2 | 1 | 101101001 | 2 | 1
0110100110 | 2 | -1 |1110100110 | -2 | -1
0110100011 | 2 | -1 1110100011 | 2 | -1
0011100110 2 | -1 |1011100110| 2 | -1
0011100011 | 2 | -1 |1011100011 | 2 | -1

FIG.12



signal fromthe waveformstring supplied fromthe Viterb
supplies a data byte clock indicating a delimter of codes or data to the
8- 10 denodul at or 40. The NRZI denodul ator 37 has an FF 37a for
sequenti‘ally storing the waveformstring fromthe Viterbi denodul ator 34
every one bit, and an exclusive OR (EXOR) circuit 37b, as shown in .
Fig.24. The FF 37a sequentially stores the waveformstring every one bit
by the channel clock supplied fromthe PL3/235 to delay the waveform
string by an anobunt of one channel clock. The EXOR circuit 37b finds the
exclusive OR of the bits preceding and succeeding the waveformstring,

t hereby NRZI denodul ating the waveformstring to reproduce the code
series. The EXOR circuit 37b then supplies the code series to the 8-10
denodul at or 40. The 8-10 denodul ator 40 has a shift register 41 for
separating each code fromthe code series supplied fromthe EXOR circuit

decoder 34, and

37b, a latch circuit 42 for latching the code fromthe shift register
41, and a 10-8 transform circuit 43 for
CODE

DATA a=1 Q=1 _
Hex | Binary CODE |[DC| Q CODE |DC|Q
A6 |10100110 (1011001110 | 2 1 | 0011001110 | -2 1
C6 | 11000110 | 1110001110 | 2 | 1 | 0110001110 | -2 1
76 | 01110110 [oo10110110 | 2 | -1 | 1010110110 -2 | -1
A7 | 10100111 | 1011011010 | 2 1 | 0011011010 | -2 1
C5 | 11000101 | 1110001011 | 2 1 | 0110001011 | -2 1
47 | 01000111 | 0100011010 | 2 1 | 1100011010 | -2 1
74 | 01110100 | 0010110001 | 2 1 | 1010110001 | -2 1

»

75 | o1110101 { Q010110011 { 2 | -1 | 1010110011 | -2 | -1
A5 | 10100101 | 1011001011 | 2 1 | 0011001011 | -2 1
C7 | 11000111 | 1110011010 | 2 1 | 0110011010 | -2 1
c4 | 11000100 | 1110001001 | 2 | -1 | ot10001001 | 2 | -1
34 | 00110100 | 0111110001 | 2 1 [ 1111110001 | 2 | 1
39 00111001 | 0111000111 | 2 1 | 1111000111 | -2 1
43 101000011 { 0100011111 | 2 1 | 1100011111 | -2 1
7E | 01111110 | 0011111110 | O 1 { o011111110| O | -1
A4 | 10100100 | 1011001001 | 2 | -1 | 0011001001 | -2 | -1

FIG.13




transform ng the 10-bit code fromthe latch circuit 42 to 8-bit
regi ster 41,

shown in Fig.24.
channel

The shift
cl ock supplied fromthe PLL 35,

series supplied as serial

data fromthe EXOR circuit 37b,

data, as
operating on the basis of the
separates each code fromthe code
to

- 28 supply the resulting code as parallel data to the latch circuit 42. The
latch circuit 42 | dtches the 10-bit code on the basis of the data byte
cl ock supplied fromthe synchronization j;despction circuit 36. The
10-8 transformcircuit 43 is conposed of a logical «circuit for carrying
out the reverse of the processing by the 8- 10 transform circuit 11
The 10-8 transform circuit 43

CODE
DATA Q=1 o=
Hex | Binary CODE |DC| Q CODE |DC|Q
00 |00000000 { 0101010101 | O 1 | 0101010101 | O | -1
01 |00000001 | 0101010111} O | -1 | 0101010111 | © 1
02 j00000010 | 0101011101} O | -1 | 0101011101 O 1
03 {00000011 | 0101011111 | O 1 | 0101011111 | O | -1
04 |00000100 | 0101001001 { O | -1 | 0101001001 | O 1
05 | 00000101 | 0101001011 | O 1 | 0101001011} O | -1
06 | 00000110 | 0101001110 | O 1 ) 0101001110 O | -1
07 |00000111 { 0101011010 O 1 | otot011010} O | -1
08 |00001000 | 0101110101 | O | -1 | 0101110101 | O 1
09 }00001001 | 0101110111 | O 1 | 0101110111 | O | -1
OA |00001010 | 0101111101 | O 1 | oto1111101 | O | -1
0B 00001011 | OfO1111111 | O | -1 | 0101111111} O 1
0C | 00001100 | 0101101001 | O 1 | 0101101001 | O | -1
0D | 00001101 | 0101101011} 0 | -1 | 0101101011} O 1
OE {00001110 | 0101101110} O { -1 | 0101101110} O 1
OF {o00001111.|{ 0101111010 O | -1 [ 0101111010 | O 1
10 {00010000 | 1101010010 | O 1 | 1101010010 | O | -1
- 11 00010001 | 0100010010 | 2 | -1 | 1100010010} -2 | -1
12 {00010010 | 0101010010 | O -1 [ 0101010010 | O 1
13 |00010011 | 0101110010 | O 1 | o101110010( O | -1
14 100010100 | 1101110001 | 2 1 | 0101110001 | -2 1
15 {00010101 | 1101110011 | 2 | -1 | 0101110011} -2 | -1
16 {00010110 | 1101110110{ 2 | -1 | 0101110110 | -2 | -1
17 {00010111 | 1101110010} O | -1 | 1101110010 | O 1
18 |00011000 | 0101100101 | 2 | -1 | 1101100101} -2 | -1
19 {00011001 | 0101100111 | 2 1 | 1101100111 | -2 1
1A [00011010 | 0101101101 | 2 1 | 1101101101 | -2 1
1B [00011011 | of01101111 | 2 | -1 | 1101101111 | -2 | -1
1C |00011100 | 0101111001 | 2" | 1 | 1101111001 | -2 1
1D |00011101 | 0101111011 | 2 | -1 | 1101111011} -2 | -1
1E [00011110 | 0101111110 | 2 | -1 [ 1101111110 | -2 | -1
1F |00011111 | 0101101010 | 2 | -1 | 1101101010 | -2 | -1
20 100100000 | 0111010101 | 0 | -1 | 0111010101 © 1
21 |00100001 | 0111010111 | O 1 | o111010111 | O | -1
22 | 00100010 | 0111011101 | O 1 Jo111011101 ] O | -1
23 100100011 | 0111011111} O { -1 | 0111011111} O 1
24 100100100 | 1111010001 | 2 1 { 0111010001 | -2 1
25 [oo100101 | 1111010011 | 2 | -1 | 0111010011 | -2 | -1
26 (00100110 1111010110 2 | -1 | 0111010110 | -2 | -1
27 | 00100111 | 0111011010 | O | -1 | 0111011010} © 1
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transforns the 10-bit code supplied fromthe latch circuit 42 to 8-bit

- data. Thus, data is reproduced fromthe nagnetic tape 1. As is clear
fromthe above description, the data recorder enploys the partial response
technique for controlling the quantity of intersynbol interference. Thus,
the linear recording density can be increased in conparison with the DAT
or the conventional data recorder. In the above-descri bed enbodi nent, the
| i near recording density is increased toisygxe that of the conventiona
exanpl e. However, the linear recording density is not limted to twice the

conventional level, and may be (Mt1)/M with M=1, 2, 3, - A data
recorder capable of reproducing data both froma magnetic tape having the
conventional [Thear Tecorfiing density Of cpbgKDPS, and froma magnetic tape

havi ng a hi gher | PAG& r ecordi llgb.gglbi ty-ofr 122 Kbggy for exgnple, wll
now be descr L +ett—teftteat—t9—that—++r—the—rreprqduci g

hrett THEe—C€
system of the g%/eBﬂ‘@%r be®Q@RBEa |G der |i s GRPLBt eq

9 jt®e
28 (00101000 | 0111110101 1 [ 0111110101 O | -1
29 00101001 | 0111110111 -1 1 0111110111} © 1
2A (00101010 | 0111111101 -1 [ 0111111101 | O 1
2B |00101011 | 0111111111 -1 | 1010011011 | -2 | -1
2C 100101100 | 0111101001 -1 | 0111101001 | O 1
2D |00101101 | 0111101011 1 | 0t11101011 | 0 | -1
2E [00101110 | 0111101110 1 | 0111101110 | O | -1
2F |00101111 | 0111111010 1 | 0111111010 O | -1
30 100110000 | 0111010010 1 ] 0111010010{ O | -1
31 100110001 | 1110010010 -1 | 0110010010 | -2 | -1
32 | 00110010 | 1111010010 -1 | 1111010010 0 1
33 (00110011 | 1111110010 1 | 1111110010 O | -1

34 (00110100 | 0111110001
35 (00110101 | 0111110011
36 {00110110 | 0111110110
37 |00110111 | 0111110010

38 |00111000 | 0111000101
39 00111001 | 0111000111 |}
3A (00111010 | 0111001101
3B |00111011 | 0111001111
3C {00111100 | 0111011001
3D (00111101 | 0111011011
3E |00111110 | 0111011110
3F {00111111 | 0111001010

40 101000000 | 0100010101
41 101000001 | 0100010111
42 101000010 | 0100011101
43 101000011 | 0100011111
44 101000100 | 0101010001
45 101000101 | 0101010011
46 (01000110 | 0101010110
47 (01000111 | 0100011010

48 (01001000 | 0100110101
49 101001001 | 0100110111
4A [01001010 | 0100111101
4B 101001011 | 0100111111
4C 101001100 | 0100101001
4D 101001101 | 0100101011
4E {01001110 | 0100101110
4F 101001111 | 0100111010

1 | 1111110001 | -2 1
=1 | 1111110011 | -2 | -1
-1 [ 1111110110} -2 | -1
-1 | 0111110010 | O 1

-1 | 1111000101 | -2 | -1
1 | 1111000111 ) -2 1
1 | 1111001101 | -2 1
-1 | 1111001111 | 2 | -1
1 | 1111011001 | -2 1
-1 { 1111011001 | -2 | -1
-1 | 1111011110 | 2 | -1
-1 | 1111001010 | -2 | -1

1 | 1100010101 | -2 1
-1 | 1100010111 | -2 | -1
-1 | 1100011101 | -2 | -1

1 | 1100011111 | -2 1

1 | 1101010001 | -2 1
-1 | 1101010011 | 2 | -1
-1 | 1101010110 | -2 | -1

1 | 1100011010 | -2 1

-1 { 1100110101 | -2 | -1
1 | 1100110111 -2 1
1 { 1100111101 | -2 1
1 | 1100111111 | 2 | -1
1 | 1100101001 | -2 | 1
-1 | 1100101011 | -2 | -1
-1 1 1100101110 | 2 | -1
-1 | 1100111010 | 2 | -1

FIG.15
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same reference nuneral and will not be described further in
The data recorder

29 det ail

has,

as essenti al

to the 8-10 denodul ator 40, an integral .equalizer 51 for
equal i zi ng the reproduction signal

i nt egral

51 or the PR1
to the

_ anplified by the
coding circuit 52 for binary coding the
equal i zer 51 and reproduci ng
switchingly selecting the

_ portions of
reproduci ng systemin addition to the conponents fromthe rotary head 31

i nt egral

anplifier 32, a binary
equal i zed waveformfromthe

t he waveform stri ng,
equal i zed wavakgesn from the i ntegra
equal i zer 33 and supplying the sel ected equalized waveform
PLL 35, a swtch 54 for switchingly selecting the waveform string

_ CODE
DATA 5= a5
Hex | Binary CODE |(DC| Q CODE [DC|Q
50 (01010000 [ 0100100101 [ 0 | -1 | 0100100101 | 0 | 1
51 |01010001 | 0100100111 | O | 1 | 0100100111 | 0 | -1
52 (01010010 | 0100101101 | © | 1 | otooi0t101| O | -1
53 |01010011 | 0100101111 | 0 | -1 | 0100101111 | O | 1
54 101010100-| 0100111001 | O | 1 | 0100111001 | 0 | -1
55 |01010101 | 0100111011 | 0 | -1 | 0100111011 | O | 1
56 |01010110 | 0100111110 | 0 | -1 | 0100111110} O | 1
57 |01010111 { 0100101010 | O | -1 | 0100101010 O | 1
58 {01011000 | 0110100101 | 0 | 1 | 0110100101 | 0O | -1
59 (01011001 | 0110100111 | 0 | -1 | o110100111{ 0 | 1
5A |01011010 | 0110101101 | 0 | -1 [ o110101101| O | 1
'58 {01011011 | 0110101111 | o | 1 | 0110101111} 0 | -1
5C |01011100 | 0110111001 | 0 | -1 | 0110111001 | O | 1
5D | 01011101 | 0110111011 { 0 | 1 | 0110111011 ]| 0 | -
5E |01011110 | ot10t11110| 0 | 1 { ot10111110] 0 | A
5F {01011111 | 0110101010 | O | 1 | 0110101010 | O | -1
60 01100000 | 0010010101 | O | -1 | 0010010101 | O | 1
61 |01100001 | 0010010111 | 0 | 1 | 0010010111 | O | -1
62 |01100010 | oto011101 | 0 | 1 | 0ot0011101| O [ -1
63 |01100011 | 0010011111 | O | -1 | 0010011111 | O | 1 .
64 {01100100 | 1010010001 | 2 | 1 | 0010010001 | 2 | 1
65 {01100101 | 1010010011 | 2 | -1 | 0010010011 | -2 | -1
66 |01100110 | 1010010110 | 2 | -1 | 0010010110 | -2 | -1
67 01100111 | 0010011010 | O | -1 | oot0011010| 0 | 1
68 |01101000 | 0010110101 | 0 | 1 | 0010110101 | O | -1
69 |01101001 | 0010110111 | 0 | -1 | oofof10111{ ©0 | 1
6A |01101010 | 0010111101 | 0 | -1 | oo10111101| O | 1
6B |01101011 | 0010111111 { 0 | 1 | 0010111111 | O | -1
6C |01101100 | 0010101001 | 0 | -1 | 0010101001 | O | 1
6D |01101101 | 0010101011 | 0 | 1 | 0010101011 ] O | -1
6E |01101110 | cofoio1110| 0 | 1 { 0010101110 O | -1
6F |01101111 | ootof11010| 0 | 1 | oo10111010| O | -1
70 |01110000 | 0010010010 | O | 1 | 0010010010 O | -1
71 |01110001 | 1011010010 | 2 | -1 | 0011010010 | -2 | -1
72 (01110010 | 1010010010 | 0 | -1 | 1010010010 O | 1
73 |01110011 | 1010110010 | 0 | 1 | 1010110010 O | -1
74 {01110100 | 0010110001 | 2 | 1 | 1010110001 | -2 [ 1
| 75 |o1110101 | 0010110011 { 2 | -1 | 1010110011 { -2 [ -1
76 |01110110 | co10110110 | 2 | -1 | 1010011110| -2 | -1
| 77 {o1110111'| 0010110010 | 0 | -1 | oot0110010| 0 | 1

FIG.16
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fromthe binary coding circuit 52 or the Viterbi decoder 34, an 8-10
denodul ator (DDS2 denodul ator) 55 used in the conventional data recorder

a switch 56 for switchingly selecting the data fromthe DDS2 denodul at or
55 or the 8-10 denodul ator 40, and an identification hole detection
circuit 57 for detecting the linear recording density of the magnetic tape
1 on the basis of an identification hole 3 for identifying the |inear
recording density provided on a cartridd@/28 of the nagnetic tape 1, and
controlling the switches 53, 54 and 56 on the basis of detection results,
as shown in Fig.25. The integral equalizer 51 integrally
equalizes the reproduction signal supplied fromthe anplifier 32. The

bi nary codi ng—et+et-+—52birary—ecodi-rg—the—equatbzed—waveferm The DDS2
denodul ator 5pb trpashor nslthe 1ﬂqh|_t J‘ﬂdpcg Splied fromthe NRZI|
- =1 . Q=1
Hex | Binary CODE |DC| Q CODE |DC|Q
78 (01111000 | 0011100101 | © 1 | 0011100101 | O | -1
79 {o1111001 | 0011100111 | O | -1 | 0011100111 | O 1
7A |01111010 | 0011101101 | O | -1 | 0011101101 | O 1
7B | 01111011 | 0011101111 | O 1 | 0011101111 | O | -1
7C (01111100 { 0011111001 { O | -1 | 0011111001} O 1
7D 101111101 | 0011111011 | O 1 | oo11411011| O | -1
7E 101111110 | 0011111110 | O 1 0011111110} O | -1
7F | 01111111 | 0011101010 | O 1 } 0011101010} 0 | -1
80 |[10000000 | 1010010101 | O 1 | 1010010101 | 0 | -1
81 110000001 | 1010010111 | O | -1 | 1010010111} O 1
82 (10000010 | 1010011101 | O | -1 | 1010011101 { O 1
83 110000011 { 1010011111 { O 1 | 1010011111 | O | -1
84 110000100 | 1010001001 | O | -1 | 1010001001} O 1
85 |10000101 | 101000111 { O |- 1 [ 1010001011 O | -1
86 |10000110 | 1010001110 | O 1 { 1010001110 O | -1
87 110000111 | 1010011010 | O i | 1010011010 | 0O | -1
88 (10001000 { 1010110101} O | -1 | 1010110101 | O 1
89 110001001 | 1010110111 | O 1 { 1010110111 | 0 |
8A {10001010 | 1010111101 | O 1 { 1010111101} O | -1
8B (10001011 | 1010111111 | O | -1 | 1010111111 | O 1
8C |10001100 | 1010101001 | O 1 | 1010101001 | O | -1
8D 10001101 | 1010101011 | O | -1 | 1010101011 | O 1
8E |10001110{ 1010101110 (- O | -1 | 1010101110 | O 1
8F (10001111 | 1010111010 O | -1 | 1010111010 O 1
90 |10010000 | 1100100101 { O 1 | 1100100101 0 | -1
91 110010001 | 1100100111 | O | -1 | 1100100111 | O 1
92 110010010 | 1100101101 | O | -1 | 1100101101 | O 1
93 (10010011 | 1100101111 | © 1 | 1100101111 | O | -1
94 |10010100°| 1100111001 | 0 | -1 | 1100111001 | O 1
95 |10010101 | 1100111011 | O 1 | 1100111011 | 0 | -1
g6 (10010110 | 1100111110} 0 | 1 | 1100111110( O | -1
97 10010111 | 1100101010 | O 1 | 1100101010 | O | -1
98 {10011000 1010100101 | 2 | -1 | 0010100101 | -2 | -1
99 10011001 | 1010100111 | 2 1 [ 0010100111 | -2 1
9A |10011010 | 1010101101 | 2 1 | oof0101101§ 2 | 1
9B 110011011 | 1010101111 | 2 | -1 | 0010101111} 2 | -1
9C 110011100 | 1010111001 | 2 1 | 0010111001 { 2 | 1
9D (10011101 | 1010111011 { 2 | -1 {-0010111011 | -2 | -1
9E )10011110 | 1010111110} 2 | -1 | 0010111110} -2 | -1
9F |10011111 | 1010101010| 2 | -1 | 0010101010 | -2 | -1
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s

30 denodul at or
table-as shown in Figs.1l to 7.

circuit 57 judges,
| oaded cartridge

kbps.

waveform from
waveform stri
sel ect the dat

37 to 8-bit data on the basis of the conventional DDS2 code
The identification hole detection
on the basis of the identification hole 3, whether the
2 is for the linear recording density of 61 kbps, or 122

cont

The identification hole detection circuit 57 controls the switch 53
to select the equalized waveformfromthe PRl equalizer 33,
to select the waveformstring fromthe Viterhi
56 t0 sel ect the data fromthe 8-10 denod®i%
recording density is 122 kbps.
detection circuit 57

the switch 54

decoder 34 and the switch
or 40, when the linear
On-the other hand, the identification hole
rols the switch 53 to select the equalized

hre—-rtegraf—equalizer—51—the switch 54 to select the
hg fpamat he pi-nary coding ci€OBE 52 and the swiffch 56 to
fromthe DNS?2 den@®$tlat or 55| when t®&1linear
Hex | Binary CODE [DC| Q CODE DC | G
A0 110100000 | 1011010101 | 2 1 | 0011010101 | -2 1
A1 10100001 | 1011010111 | 2 | -1 | co11010111 | -2 | -1
A2 110100010 | 1011011101 | 2 | -1 | 0011011101 | 2 | -1
A3 (10100011 | 1011011111 | 2 1 | 0011011111 | -2 1
A4 110100100 | 1011001001 | 2 | -1 | 0011001001 | -2 | -1
A5 110100101 | 1011001011 | 2 1 | 0011001011 | -2 1
A6 (10100110 | 0111001110 | 0 | -1 | 0111001110 | © 1
A7 |10100111 | 1011011010 | 2 1 | 0011011010 | -2 1
A8 {10101000 | 1011110101 | 2 | -1 | oo11110101 | -2 | -1
A9 (10101001 | 1011110111 | 2 1 | 0011110111 | -2 1
AA 10101010 | 1011111101 | 2-| 1 | 0011111101 | -2 1
AB |10101011 | 1110110010 | 2 1 | 0110110010 | -2 1
AC (10101100 | 1011101001 | 2 1 | 0011101001 | -2 1
AD | 10101101 | 1011101011| 2 | -1 | 0011101011 | 2 | -1
AE 10101110 | 1011101110 | 2 | -1 | 0011101110 | 2 | -1
AF (10101111 | 1011111010 | 2 | -1 | 0011111010 | 2 | -1
B0 10110000 | 1101110101 | O 1 | 1101110101 © -1
B1 110110001 | 1101110111 | 0 | -1 | 1101110111} © 1
B2 110110010 | 1101111101 | 0 | -1 | 1101111101 | O 1
B3 110110011 { 1101111111 | 0 1 | 1101111111 ] 0 | -1
B4 110110100 | 1101101001 | 0 { -1 | 1101101001 | © 1
B5 {10110101 | 1101101011 | O i { 1101101011 0 | -1
B6 {10110110 | 1101101110 O 1 | 1101101110 | 0 | -1
B7 {10110111 | 1101111010 | © 1 | 1101111010} 0 | -1
B8 110111000 { 1011100101 | 0 | -1 | 1011100101 | 0O 1
B9 110111001 | 1011100111 | © 1 | 1011100111 | 0 | -1
BA {10111010 | 1011101101 | 0 | 1 | 1011101101| O | -1
BB {10111011 | 1011101111} 0 | -1 | 1011101111 | O 1
BC 10111100 | 1011111001 | 0 1 | 1011111001 | O | -1
BD |10111101 | 1011111011 § 0 | -1 | 1011111011 | O 1
BE 10111110 | 1011111110] 0 | -1 | 1011111110] © 1
BF {10111111 | 1011101010 | 0 | -1 | 1011101010 | © 1
C0 |11000000 | 1110010101 | 2 1 | 0110010101 | -2 | 1
C1 111000001 | 1110010111 | 2 | -1 | 0110010111 | -2 | -1
C2 111000010 { 1110011101 | 2 | -1 | 0110011101 | 2 | -1
C3 11000011 [ 1110011111 | 2 | 1 | 0110011111 | -2 1
C4 111000100 | 1110001001 | 2 | -1 | 0110001001 | 2 | -1
C5 111000101 | 1100100011 | 2 | -1 | 0100100011 | 2 | -1
C6 (11000110 | 0111001011 | 0 | -1 | 0111001011 | O 1
C7 111000111 | 1110011010 | 2 1 | 0110011010 | -2 1

FIG.18



recording density is 61 kbps. :
corresponding to the |inear
t he 8-10 denodul at or 40,

of a frequency
Viterbi decoder

34,

The PLL 35 reproduces a channel
recordi ng density.
the binary coding circuit

and *t he DDS2 denodul at or 55 operate with correspondi ng channe

Thus, with this data recorder, data can be automatically
fromthe conventi onal

the cartridge 2 of
31 I t

to the above-described enmbodi ment, _
optical disc device using an optical disc as a

hi gher

cartridge 2 of
| i near

| ow |'i near
recor dijpg glensity.
is to be understood that the present
and may be applied to,

repr oduced both
recordi ng density and from

i nvention is not

CODE

DATA Q=1 Q=1
Hex | Binary - CODE DC| Q CODE DC | Q
C8 {11001000 | 1110110101 | 2 -1 | 0110110101 | -2 | -1
C9 |11001001 | 1110110111 | 2 1 | 0110110111 | -2 1
CA | 11001010 | 1110111101 | 2 1 | 0110111101 | -2 1
CB 11001011 | 1110111111 | 2 | -1 | 0110111111 | -2 | -1
CC {11001100 { 1110101001 2 1 | 0110101001 | -2 1
CD [11001101 | 1110101011 2 -1 | 0110101011 | -2 -1
CE {11001110 | 1110101110 | 2 -1 | 0110101110} -2 | -1
CF | 11001111 | 1110111010 | 2 | -1 | 0110111010} 2 | -1
- DO 111010000 | 1101000101 | 2 -1 | 0101000101 | -2 | -1
D1 {11010001 | 1101000111 | 2 1 | 0101000111 | -2 1
D2 {11010010 | 1101001101 | 2 1 | 0101001101 | -2 1
D3 | 11010011 | 1101001111 | 2 -1 | 0101001111 | -2 -1
D4 |11010100 | 1101011001 | 2 1 | 0101011001 | -2 1
D5 111010101 | 1101011011 | 2 -1 | 0101011011 | -2 -1
D6 [11010110 | 1101011110 | 2 -t | 0101011110 | -2 | -1
D7 [11010111 | 1101001010 | 2 | -1 | 0101001010 | -2 -1
D8 111011000 | 1110100101 0 -1 | 1110100101 0 1
D9 {11011001 | 1110100111 | © 1 | 1110100111 | 0 | -1
DA {11011010 | 1110101101 0 1 | 1110101101 0 -1
DB |11011011 | 1110101111 | © -1 (1110101111 | O 1
DC | 11011100 | 1110111001 0 1 | 1110111001 | © -1
DD 11011101 | 1110111011 0 -1 | 1110111011 | O 1
DE [11011110 | 1110111110 | O | -1 | 1110111110 © 1
DF 11011111 | 1110101010 | 0 -1 | 1110101010 | 0 1
EO (11100000 | 1111010101 0 1 | 1111010101 ] © -1
E1 (11100001 | 1111010111 | © -1 | 1111010111 | O 1
| E2 [11100010 | 1111011101 | O | <1 | 1111011101] © 1
. | E3 {11100011 | 1111011111} © 1 | 1111011111 | 0 | -1
E4 [11100100 { 1111001001 | © -1 | 1111001001 { O 1
E5 [11100101 | 1111001011 | © 1 | 1111001011 | O | -1
E6 |11100110| 1111001110 | 0 111111001110 | 0 | -1
E7 11100111 | 1111011010 | © 1 | 1111011010] O | -1
E8 (11101000 | 1111110101.| O | -1 | 1111110101 | © 1
E9 |11101001 | 1111110111 | © 1 11111110111} 0 | -1
EA | 11101010 | 1011110010 | 2 1 10011110010} -2 | 1
EB { 11101011 | 0111001001 | 0 1 |1 0111001001 | O -
EC | 11101100 | 1111101001 | © 1 | 1111101001 | O | -1
ED (11101101 | 1111101011 0 -1 | 1111101011 { O 1
EE | 11101110 | 1111101110 | O | -1 | 1111101110] O 1
EF [11101111 | 1111111010 | 0 | -1 | 1111111010 © 1
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limted
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recordi ng medium Al so, though the code table is realized by the |[ogical
I n the above enbodi nent,

menory (ROV). That

circuit
r ead- onl

is,

the *data” as a readout address.

.Cl ai ns 1.

the code table may be
codes may be

constituted by a
read out .of the ROM using

A reproduci ng apparatus for a recording nedi um conpri sing:
‘reproduci ng neans for reproducing a signal froma recording nFQ|un1Ioaded
i rst

in the apparatus and outputting a reprodugpiypn signal;
equal i zing means for equalizing the reproduction
y CODE
DATA Q=1 o=
Hex | Binary CODE |DC| Q CODE [DC|Q
FO | 11110000 | 1101010101 | 0 | -1 | 1101010101 | © 1
F1 | 11110001 | 1101010111 | © 1 | 1101010111 | O | -1
F2 |11110010 | 1101011101 | © 1 | 1101011101 | O | -1
F3 | 11110011 | 1101011111 | O | -1 | 1101011111 | O 1
F4 | 11110100 | 1101001001 | O 1 | 1101001001} O | -1
F5 | 11110101 | 1101001011 0 -1 | 1101001011 | O 1
F6 (11110110 [ 1101001110 | 0 | -1 | 1101001110 O 1
F7 | 11110111 | 1101011010 | O | -1 | 1101011010 | O 1
F8 | 11111000 | 1111100101 | 2 | -1 | 0111100101 | -2 | -1
F9 | 11111001 | 1111100111 | 2 1 | 0111100111 | -2 1
FA | 11111010 | 1111101101 | 2 1 | 0111101101 | -2 1
FB (11111011 [ 1111101111 | 2 | -1 | of11101111 | 2 | -1
FC | 11111100 | 1111111001 | 2 1 0111111001 | -2 1
FD (11111101 (1111111011 | 2 | -1 | o111111011| 2 | -1
FE | 11111110 { 1100100110 | 2 | -1" | 0100100110} 2 | -1
FF (11111111 | 1111101010 | " 2 -1 | o111101010 | -2 | -1
SYNC | PATTERN | 0100010001 | 0 1 | 1100010001 | © 1

FIG20




signal fromthe reproduci ng neans by partial response class 1;

Viterbi decoding neans for Viterbi decoding the reproduction signal
equal i zed by the first equalizing neans to reproduce a waveform string;
secend €qualizing nmeans for integral equalizing the reproducti on signal
fromthe reproduci ng neans; ‘bi nary codi ng nmeans for binary coding

t he reproduction signal equalized by the second equalizing neans to
reproduce a  waveform string; - swiugd ng neans for switchingly
'selecting the waveform string fromthe Viterbi decodi ng neans and the
wavef orm string fromthe binary codi ng neans; NRZI denodul ati on
means for NRZI denodul ati ng the waveform string selected by the sw tching
means to reproduce a code series; and control nmeans for detecting
density of the recordi ng nmedi um

CODE
Q=+ Q=1

CODE DC| Q CODE DC| Q
0010011110| 2 | -1 | 1010011110 2 | -1
1011110010 2 1 10011110010 | -2 1
1100100011 | 2 -1 1 0100100011 | -2 -1
1100100110 2 | -1 | 0100100110 | 2 | -1
0010011011 2 | -1 | 1010011011} 2 | -1
1110110010§ 2 1 0110110010 | -2 1
0111001110 0 | -1 0111001110} O 1
0111001011| 0 | -1 | 0111001011 | O 1
0111001001 | O 1 |0111001001 | O | -1

CODE
Q=1 Q=1

CODE DC| Q CODE DC| Q
0010011001| 2 | -1 11010011001 | -2 1
0010011110| 2 | <1 |1010011110| -2 | -1
1011110010 | 2 1 10011110010 | 2 | 1
1100100011} 2 | -1 10100100011} 2 | -1
1100100110 2 | -1 0100100110 -2 | -1
0010011011{ 2 | -1 1010011011 | 2 | -1
1110110010 | 2 1 10110110010 | -2 1
0111001110} 0 | -1 | 0111001110} © 1
0111001011} 0 | -1 |0111001011| O 1
0111001001 | © 1 |0111001001 | O | -1

FIG.22



| oaded in the apparatus and controlling the switching neans to select the
waveformstring fromthe Viterbi decoding neans when detection results
shom/thag the density of the recording nmedium is high, and to select the
wavelf orm string fromthe binary coding : :
33 neans when the detection results show that the density of the recording
mediumis low. 2. The reproducing apparatus for a recording medi um as
clainmed in claim12, wherein the recordi pg/zeediumis housed in a
cartridge, the cartridge having an identification part for identifying
recordi ng density of the recording nedium housed therein. 3. The

repr oduci ng appar at-us f a-recording nedium as cl ainmed
: CODE
Q'=-1 Q=1
CODE DC| @ CODE DC| Q
0110100110| 2 | -1 | 1110100110} 2 | -1
0010011001 2 1 | 1010011001 2 | 1
0100110010 2 1 | 1100110010] -2 | 1
0010011110} 2 | -1 | 10100111410 -2 | -1
1011110010 2 1 | 0011110010 -2 1
1100100011} 2 | -1 | 0100100011] -2 | -1
1100100110| 2 { -1 | 0100100110 2 | -1
0010011011{ 2 | -1 | 1010011011 -2 | -1
1110110010 2 | 1 | 0110110010| 2 | 1
0111001110 0 | 1 | 0111001110{ 0 | 1
0111001011 0 | -1 | 0111001011| 0 | 1
0111001001 0 | 1 [ 0111001001| 0 | -1
FIG.23
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in claim12, wherein the recording nediumis a tape-like recording nedium
housed in a cartridge having an identification part for show ng |inear
recafding density of the tape-like recording nmedium 4. The reproducing
apparatus for a recording nediumas clainmed i*n claim 12, further
conprising clock reproduci ng means selectively supplied with the waveform
string fromthe first or secend equaliziﬁﬁ/%%ans by the sw tching neans
and adapted for repronsing channel clock on the basis of the supplied

waveform string. O\ <
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