_GCNPENSATING Cl REUIT EQUALI ZER AND MAGNETI C RECORDI NG / REP OWT*Y
APPARATUS USI NG THE SAME BACKGROUND OF THE | NVENTI ON The present ' ent|on
relates to a conpensating circuit and an equalizer for correctlng Qﬁus E3653
conpensating.-a positive-negative asymetry of a reproduced signal 5 23/10
outputhed froma magnetoresistive head or the like. Further, the invention

is concerned with a magnetic recording/reproducing apparatus usi ng the
conpensating circuit and the equalizer. In the field of the nagnetic disk
apparatus, 10 there is an increasing trend of inplenenting a reproducing

head with high sensitivity in an effort to realize a high- density package,
which has led to a devel opnent of a reproduci ng head based on

magnet oresi stive effect or giant nagnetoresistive effect. Hereinafter

‘these head will be 15 referred to also as the MR head. The MR head is now

repl aci ng the conventional inductive head.

COMPENSATING CIRCUIT, EQUALIZER AND MAGNETIC RECORDING/

REPRODUCING APPARATUS USING THE SAME



For having better understanding of the invention, description will be nade
in sonme detail of the technical background thereof.: The non-linearity of
the MR head will 20 be briefly reviewed.-by reference to Fig. 8 The MR head
is so designed as to performa signal reproduction by nmaking use of a
magnetic field-versus output conversion characteristic curve 76 of a

magnet oresi stive el enent such as illustrated in Fig. 8. The MR head is

i mpl enment ed such -2- that a bias field is ap '}“? the

magnet oresi stive el enent for determ ning which jpo Oﬁ?ﬁf%&&&w netic
fiel d-versus-output conversion characteristic ACBDO be gised. More
specifically, the bias field 73 is 5 superposed on the In effd 71

applied froma magneti zed recordi ng nediumso that an active region 74 is
est abl i shed BACKGROUND OF THE INVENTION

The present invention relates to a compensating
circuit and an equalizer for correcting or compensating a
positive-negative asymmetry of a reproduced signal

5 outputted from a magnetoresistive head br the like.
Further, the invention is concerned with a magnetic
recording/reproducing apparatus using the compensating
circﬁit and the equalizer.

In the field of the magnetic disk apparatus,

10 there is an increasing trend of implementing a reproducing
head with high sensitivity in an effort to realize a high-
density package, which has led to a development of a
reproducing head based on magnetoresistive effect of giant
magnetoresistive effect. Hereinafter, these head will be

15 referred to also as the MR head. The.MR head is now
replacing the coﬁventional inductive head.

For having better understanding of the invention;
description will be made in some detail of the technical
background thereof. The non-linearity of the MR head will

20 Dbe briefly reviewed by reference to Fig. 8. The MR head is
so designed as to perform a signal reproduction by making
use of a magnetic field-versus output conversion
characteristic curve 76 of a mégnetoresistive element such

as illustrated in Fig. 8. The MR head is implemented such

/_
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on-a kinear portion of the magnetic field-versus-output conversion
characteristic curve 76. To this end, there have been proposed a head
structure in which the active 10 region is controlled by a magnetic field
generated by the bias current or by nmaking use of the interlayer coupling
(or magnetic interaction) anong a sense current applied to the
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processing systemis designated on the presunption that the magnetic
recor di ng/ repragbii e &Y SNt he Dhpht NERE1A! PPEsHY]1 idAUEromhe ASyHBREEREG

presents a very influential factor for |

recording medium so that an active region 74 is established
on a linear portion of the magnetic field-versus—output
conversion characteristic curve 76. To this end, there
have been proposed a head structure in which the active

10 region is coﬁtrolled by a magnetic field generated by the
bias current or by making use of the interlayer coupling
(or magnetic interaction) among a sense current applied to
the magnetoresistive element, magnetization of the
magnetoresistive element and the bias field generated by a

15 biasing magnetic layer. For this reason, non-linearity-
represented typicaily by the positive-negative asymmetry
(i.e., asymmetry of output waveform with reference to a
given level) may make appearance in the reproduced waveform
72 due to deviation of the bias current, dispersion of the

20 magnetic characteristic of the magnetoresisti#e elements
and other factors. In general, the signal processing
system is designated on the presumption that the magnetic
recording/reproducing system is of linear property. Thus,
the asymmetry presents a very influential factor for

25 degradation of the system performance. Under being the
circumstances, there has been proposed a method of

protecting the system against performance degradation



- 25 degradation of the system performance. Under being the circunstances,

~there has been proposed a nethod of protecting the system agai nst

per f or mance degradati on -3- nmentioned above by conpensating (or

~correcting) the non- linearity before the3st+gnal outputted fromthe MR head
Is inputted to an equalizer. According to the conpensating nethod in which
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“reproduced waveform For nore partlcular refer to Japanese Unexam ned
Pat ent Appli caidttibd in which non-linearity compensating analogue-to-

5 digital conversion (hereinafter referred to as the A/D
conversion) is adopted, the scale of an A/D converter is
set to one of different values in dependence on whether the
input signal to the A/D converter assumes positive or
negative polarity, for thereby compensating the positive-

10 negative asymmetry of the reproduced waveform. For more
particular, refer to Japanese Unexamined Patent'Application
Publication No. 205205/1993 (JP-A-5-205205). Further,
according to an adaptive digital linearization method and
apparatus for compensating the asymmetry of the output

15 signal of the MR head (refer to Japanese Unexamined Patent
Application Publication No. 44510/1994 (JP-A-6-44510)),
amplitﬁde values of the reproducéd signal are compensated
or collected by reference to a look-up table after the A/D
conversion of the reproduced signal. To this end, the

2d characteristics of the individual MR heads are previously
measured by changing the bias field applied thereto, and
When the characteristic of the MR head changes,
compensation therefor is effectuated by correcting the
amplitude value by referencing the look—up table as stored;

25 Additionally, as another method of correcting or |
compensating the non-linearity of the reproduced signal

before being inputted to the equalizer, there may be



'Publ i cati on No. 205205/1993 (JP-A-5-205205). Further, according to an
adaptive digital linearization nethod and apparatus for conpensating the
asynmetry of the output 15 signal of the MR head (refer to Japanese
Unexam ned Patent Application PublicationdNe. 44510/ 1994 (JP-A-6-44510)),
anplitude val ues of the reproduced signal are conpensated or collected by

reference to anoleRal abhecARECL e BEAALR: EKALS LA G he dapodueed

signal. To this ar act eristics o he |n
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t he characteristic of anges, conpensation therefor
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tabl e as stored. 25 Additional as anot her method of cor rectlng or
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i nputted to the equalizer, there may be
5 also been proposed a method of suppressing degradation due
to the non-linearity by optimizing the_equalization target
of a FIR filter (finite impulse response filter. Reference
may be made to Japanese Unexamined Patent Application
Publication No. 266403/1993 (JP-A-5-266403)). Moreover,

10 such a method is also known according to which non-
linearities inclusive of non-linear transition shift (bit
shift) by resorting to the use of an equalizer constituted
by a combination of a decision feedback equalizer and a RAM
(random access memory) .

15 The scheme of canceling out or compensating the
non-linearity of the output signal of the MR head before
being inputted to the equalizer i$ certainly effective.
However, in order to cancel out the non-linearity
satisfactorily or completely, there will be demanded a

20 canceler of complicated characteristics, realization of
which needs arithmetic circuits of complicate structure
and/or a memory of large capacity, leading to increasing in

-the system scale and the manufacturing cost. Further, the
method of compensating the non-linearity of the output of

25 the MR head by usiﬁg the A/D converter itself is difficult
to realize in an LSI (Large Scale Integrated circuit) with
higﬁ accuracy because the voltages applied to the

components of the A/D converter circuit and the load will



'--4- nentioned a nmethod of canceling out the non-linearity by approxinmating
the characteristic reverse to the magnetic fiel d-versus-output voltage
conversion property with a degree-N function (where N = 3 or so). Besides,
‘there has 5 al so been proposed a nethod_o§ suppressing degradation due to
the non-linearity by optim zing the equalization target of a FIRfilter
(finite inmpuls %%%gonse filter. F@ferfnce may_be made to Japanese

Unexanmi ned Pat PRt T SR PR 2§ PR 5662837 1995EeIP- BO5- 266403) ) .
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signal of the MR head before
5 wvalue of the reference voltage for the A/D converter.
Consequently, due to dispersions of the circuit elements
and other factors, difficuity will be encountered in
realizing the compensation of the non-linearity of the
output signal of the MR head.

10 At- this juncture, it should however be mentioned
that the compensation of the non-linearity of the output
signal of the MR head is basically to improve the so-called
error rate, for which perfect or complete cancellation 6f
the non-linéarity is not necessarily demanded. The portion

15 of the characteristic curve of.the MR héad which exerts
most remarkable influence to thé error rate is the portion
where distortion is extremély large. In this conjunction,
it is.noted that when the positive and negative amplitudes
of the waveform of the nonlinear output of the MR head are

20 asymmetrical, the distortion mentioned above makes
appearance most remarkably in the signal portion where the
amplitude thereof is large. Accordingly, by performing the
amplitude compenéation or correction for such signal

portion, it is possible to improve the error rate with

25 enhanced efficiency.

SUMMARY OF THE INVENTION

In the light of the state of the art described



‘being-inputted to the equalizer is certainly effective. However, in order
to cancel out ‘the non-linearity satisfactorily or conpletely, there will be
demanded a 20 cancel er of conplicated characteristics, realization of which
needs arithnetic circuits of conplicate-storucture and/or a nenory of |arge
capacity, leading to increasing in the systemscale and the manufacturing
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changi ng the scaling. Besides, in the nethod nentioned
which suppressing to a possible minimum the error rate due
5 to the non-linearity of the characteristic of the MR head
minimum by realizing a non—lihearity compensating equalizer
capable of canceling out the non-linearity with an
extremely simplified circuit configuration so that output
of the recording/reproducing system using the MR head can
10 be processed by the conventional linear signal processing
system.

In view of the above and other objects which will
becomé apparent as the description proceeds, there is
provided according to a general aspect of the present

15 invention a compensating circuit, which will be described
below by reference to Fig. 1 for illustrating the principle
or concept underlying the present invention.

The compensating circuit according to the
invention is designed for compensating a positive-negative

20 asymmetry of an input signal 1 having an amplitude
exhibiting a positive-negative asymmetry with referenée to
a given level. To this end, the compensating circuit is
composed of a unit for selecting by means of an input
selector 4 either one of the input signal 1 or a signal

25 obtained by multiplying the input signal by a giﬁen number
by means of a compensation operating unit 3 for thereby

Outputﬁing the selected signal, a unit for deciding whether

the input signal 1 is greater or smaller than a threshold



j-ust above, the asymmetry conpensation coefficient (or correcting
coefficient) is set in terns of an analogue 5 value of the reference
voltage for the A/ D converter. Consequently, due to dispersions of the
circuit elenments and other factors, diffiTutty will be encountered in
realizing the conpensation of the non-linearity of the output signal of the

MR head. 10 t, thi s g re, Jd h '
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remar kabl e influence to the error rate is the portion where distortion is
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and negative anplitudes of the waveform of the nonlinear output of the MR
head are 26 asipmadt tiasala lteheeldilsiwent ithmmerhe ditecestoml@ beskels. The

unit mentioned just above is further imparted with a
function capable of outputting constantly the uncompensated
value.

In a preferred mode for carrying out the

10 invention, there may be adopted an arrangement for
equalizing by using a FIR (finite impulse response) filter
2 the waveform of the'signal compensated in respect to the
positive-negative asymmetry.

In another preferred mode for carrying out the

15 invention, there may be provided a digital arithmetic
operation circuit for arithmetically processing a digitized
signal outputted from an analog-to-digital converter,
wherein the circuit may include a unit for determining a
value multiplied by power of 1/2 by shifting an absolute

20 wvalue part of the input signal to thereby add or subtract
the value to or from the input signal.

In yet anothef preferred mode for carrying out
the invention, there may be provided a unit for adding to
or subtracting from the input signal the absolute value

25 part of the input signal shifted by three bits, i.e., a
value of 1/8 of the input signal. .

In a furthér preferred mode for carrying out the

invention, when the threshold level for decision for



!appeaﬁance nost remarkably in the signal portion where the anplitude
thereof is large. Accordingly, by performng the anplitude conpensation or
correction for such signal portion, it is possible to inprove the error
rate with 25 enhanced efficiency. SUMVARYgO= THE I NVENTION In the Iight of
the state of the art described -6- above, it is an object of the present

package densi | JOURE Ehiae CHa hFELET VBEHE 4P f5oan SULpOECaeaeh Wi ch
of "The char act SerErFardr EPR. SRREMLASL AR, o] BerElR, 3ol xRty o)
conpensating eggaki B¢t s&Pahkeinbueagighhfg out the non-linearity with an
The above and other objects, feaﬁures and
5 attendant advantages of the present invention will more
easily be understood by reading the following description

of the preferred embodiments thereof taken, only by way of

example, in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

10 | In the coursé of the description which fbllows,
reference is made to the drawings, in which:

Fig. 1 is a schematic block diagram for
illustrating the principle or concept underlying the
present invention;

15 Fig. 2 is a-schematic block diagram showing
geﬁerally and functionally a structure of a recording/
reproducing system in a magnetic disk apparatus according
to a first embodiment of the present invention;

Fig. 3 is a schematic block diagram showing a

20 circuit configuration of an asymmetry compensation
equalizer according to the first embodiment of the
invention;

Fig. 4 is diagram showing a circuit configuration
of an asymmetry compensation equalizer according to a

25 second embodiment of the invention; |

Fig. 5 is a view for iilustrating graphically an

input/output characteristic of an asymmetry cbmpensator



Eextrenely sinplified circuit configuration so that output of the
recordi ng/ reproduci ng systemusing the MR head can 10 be processed by the
conventional |inear signal processing system In view of the above and

ot her objects which will beconme apparent- & 4 he description proceeds, there
I's provided according to a general aspect of the present 15 invention a
conpensating circyit, which,wll be.described hel ow by.reference to Fig. 1
f or iIIustratiﬁ@p#ﬁgeSrﬁHCFEﬁéeﬂwag&ﬁgﬁbﬁcﬁﬁa A3 G t 5¥§§§Hf i nventi on.
The conpensatig%b%i&&ghk.%%cghg gga%%tggﬁéinvention i s designed for
conpensating a posPtlve-negatlve asy try of an input signal 1 having
an anplitude exhibiting g;goskt i uezNg8akL: . as rya:\ to a
given level. To this end,l?he_conpgnga?%ﬁéeé?r%gngi?lc nposg%ﬁﬁﬁggﬁﬁhit
for selecting By #RARS cBhfAGUrARY NS BIFEENO R sdmBidthS Ripeisdti®d Nput
signal 1 or a signal 25 obtained by nmultiplying thé input signal by a given
nunmber 5 equalizer according to a third embodiment of the invention;

Fig. 7 is a view showing input/output
characteristic of an asymmetry compensator employed in the
equalizer according to the third embodiment of the
invention;

10 Fig. 8 is a view for graphically illustrating
reproduction characteristic of'an MR head; and

Fig. 9 is a view for illustrating positive-

negative asymmetry due to non-linearity of an MR head.

DESCRIPTIQN OF THE PREFERRED EMBODIMENTS

15 Now, the present invention will be described in
detail in conjunction with what is presently considered as
preferred or typical embodiments thefeof by reference to
‘the drawings. In the following description, like reference
characters designate 1ike or corresponding parts throughout

20 the several views.

Embodiment 1
In the compensating circuit for the magnetic
recording/reproducing apparatus according to a first
embodiment of the invention, an asymmetry compensaﬁion
25 equalizer implemented according to the teaching of the

present invention is employed in place of the equalizer in_



3by means of a conpensation operating unit 3 for thereby outputting the
'selected signal, a unit for deciding whether the input signal 1 is greater
or smaller than a threshold =~ -7- level 6 by a conparator 7, and a unit
(selector controller 5) for selectively-deperm ni ng whet her the conpensated
isignal is to be outputted ei ther when the input signal has a | evel higher
‘than a threshold when_t he in 5.signal.,has,a level, | ower than
the threshol d F‘e%’éﬁy‘ RETEn ﬁﬁﬁ?PBﬁgdi"]a ”g‘bg\}é@iiéhpﬁ’rd:%h&lq rted with
a function capg g constantly the unconpensated value. In a
preferred node ngegé%ﬁg ggEe ‘the 10 invention, there nay be adopted an

arrangenent for equal i zi pgoRyoUsi0g 2 ELBehbERE! B1bERULSESHERPARSREAL | ter

generally a structure of a recording/reproducing system of
S a magnetic disk apparatus according to the first embodiment
of the invention. Referring to Fig. 2, a controller 10
outputs user data in accordance with instructions issued by
a machine of hierarchically higher rank such as a computer
or the like. The user data is inputted to an 8/9 encoder
10 11 to be converted into an'8/9 code signal which is then
suppliea to a write current controller 12 designed for
performing controls such as write pre-compensation and
others. Under the control of the write current controller
12, a write amplifier 13 generates a write current, whereby
15 recording on a recording media 15 is carried out by means
of a write head 14. Upon reproduction, the signal picked
up by the MR head 16 is amplified through cooperation of a
pre-amplifier 17 and a read amplifier 18, the output signal
of which undergoes processing for eliminating extraneous
20 high-frequency noise by a low-pass filter (LPH) 19 to be
subsequently converted into a digital signal by a 6-bit A/D
converter (ADC) 20. The digital reproduced signal
outputted from the A/D converter 20 is corrected or
compensated in respect to ﬁhe positive-negative asymmetry
25 which is ascribable to the non-linearity characteristic of
the MR head by an asymmetry compensation equalizer 21 which

is provided according to the teachings of the invention and



2 the waveform of the signal conpensated in respect to the
positive-negative asymetry. In another preferred node for carrying out the
15 invention, there may be provided a digital arithmetic operation circuit
for arithnmetically processing a digitizedlsignal outputted from an

.anal og-to-digital converter, mherein t he circuit may include a unit for

determining a MabiieRaktd 6%¢ %y i 3 Wvepbihi B8 ﬂaéQS@bRtﬁyzo

val ue part of the input S|gna to t d or subtract t e value to or

fromthe i nputmeaabe Aﬁla@ﬁapﬂgéﬁezzprei@rtﬁﬁsn?@ﬁcéﬁfepaiﬁysﬂsumatbéhe
I nvention, there may be provided a unit for adding to or subtracting from

the input sigmeénthenedsthat etival egubi part i 9f inptenapuédsignehesbBoihedfby
three bits, i.e., a value of 1/8 of the input signal. In a further
preferred nodea fBIR céFiyitng Impulde Response), fibeertbe thaeshersalevel for
dect sion f?; filter with seven taps. The output signal of the equalizer
22 is decoded by a maximum likelihood detector 23 to be
subsequently converted into user data from the 8/9 code by
means of an 8/9 decoder 24.
_ Now, description will be directed to the circuit
10 configuration of the asymmetry compensation equalizer by
reference to Fig. 3. For each of the samples of the
digital reproduced signal outputted frém the A/D converter
20 and sampled at predetermined time points, there_are
outputted from a compensating operation unit 40 two wvalues,
15 i.e., intact value and value mgltiplied by an asymmetry
compensation coefficient 34. Each of the samples is
compared with a threshold level 35 by a comparator, whereby
result of the comparison is outputted as the bit “1” or
“«0#, The bit “1” or *0” signal is used as the seléct
20 signal for selecting either one of the two values mentioned
above. To this end, a compensation polarity selecting
register 38 is provided for selecting as the compensated
output value the compensated or corrected value greater
than the threshold level or the value smaller than ﬁhe
25 threshold level. More specifically, by the compensation

polarity selecting register 38, either the result of the

comparison with the threshold level 35 or the inversion of



'sel ecting the output value is zero, the decision for selecting the output
val ue may be nmade on the basis of a code bit of the input signal. The above
and ot her objects, features and 5 attendant advantages of the present
invention will nore easily be understood ¥ feading the foll ow ng
description of the preferred enbodi ments thereof taken, only by way of

exanpl e, in ngp%g&&hﬁgrfkéﬂ EPEu?ﬁCQEpQBXEBQ gra §8§t1§§%§ DE%SR TLEN

OF THE DRAW N e course o f he "descri

fol lows, ref er§£‘5€1&édr@déoﬁlﬁeﬁgﬁtgéﬁ"‘iﬁgal1&QtY.‘H§C?egE§Qerl PS f%xschermt Ic
bl ock di agram Il Tustrating t principle or concept underlying the

present inventsenecéh? the mvalfaatea témBefiSAENBA @nbhag-kcals@gramne
showi ng generally and functionally a structure of a recording/

output of the compensation invalidating register 39 is

5 1logically ANDed with the output of the compensation
polarity selecting register 38 for controlling the input
selector 32. Accordingly, so long as the output of the
compensation invalidating register 39 is “0”, the input
selector 32 always selects the input “0”, as a result of |

10 which the data resulﬁing from the A/D converter (ADC) 20 is
outputted intact, i.e., as it is. The control performed
through cooperation of the two registers 38 and 39
corresponds to that of the selector controller 5 described
previous by reference to Fig. i.

15 Incidentally, in the equalizer according to the
instant embodiment of the invention, the asymmetry
compensation coefficient 34 and the threshold level 35 can
be set such that the équalization error or error rate.is

minimum.

20 Embodiment 2
The second embodimerit of the iﬁvention will now
be described. It should first be mentioned that the second
embodiment differs from the first embodiment only in
respect to the structure of the asymmetry compensation
25 equalizer.
The asymmetry compensation equalizer according to

the instant embodiment of the invention will be described



‘reproduci ng systemin a magnetic disk apparatus according to a first

-enbodi nent of

the present invention; Fig. 3 is a schematic bl ock di agram

showing a 20 circuit configuration of an asymmetry conpensati on equali zer
.according to the first enbodi ment of the imvention; Fig. 4 is diagram
.showing a circuit configuration of an asynnetry conpensation equal i zer

according to
illustrating g
‘conpensat or

enbodi nent of
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asymmetry compensation coefficient and the threshold level
decision unit are simplified on the prerequisite that.the
output data of the A/b converter 20 is of a 6-bit word
length and represented by complements of #2”. An
compensating operation unit 41 outputs a value
corresponding to “7/8” of the output of the A/D converter
20, which is equivalent to fixation of the asymmetry
compensation coefficient 34 to “7/8* in the arrangement
shown in Fig; 3. For determining the value “-1/87, fwo
more significant bits exclusive of the most significant bit
serving as a code bit are converted into two less
significant bits with the most significant bits being
converted to the remaining four more significant bits by
inversion through the respective NOT circuit. In this way,
the value “-1/8" (compensation signal 51) of the output of
the A/D converter 20 can be determined. By adding this
value to the original wvalue, the value of *#7/8” can be
obtained. For the control of the compensation polarity,
the most significant bit and the inverted value thereof are
used. The compensation polarity control signal thus
generated controls the input selector 32 in dependence on
the outputs of the compensation polarity selecting register
38 and the compensation invalidating register 39,
respectively.

Exemplary operation of the compensating operation

unit 41 will be described. When the output of the A/D



"gircuit configuration of an asymetry conpensation 5 equal'i zer according to
a third enbodi nent of the invention; Fig. 7 is a view show ng input/out put
characteristic of an asymmetry conpensator enployed in the equalizer

according to the third enbodi nent of theilgwention; 10 ~ Fig. 8is
a view for graphically illustrating reproduction characteristic of an MR
head; and Fig. 9 is a view usgratin osit |ve- egative asynmmetry
due to non-IiENTSFSF l\;gsglr#eﬁd BE&?R’I %I*E ?%%?E
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descri ption, ref erence characters signate | or correspondin

parts throughqiasy thee %é{s%ﬂﬁ-s%ﬂ'@nﬁolthe output of the A/D
5 converter, a corrected or compensated value 49 “110001~7 (-
15) can be obtained. By neglecting three less éignificant
bits, the compensating or correcting quantity is determined
by using the most significant éode bit and the_two
succeeding more significant bits. In that case, the less
10 significant bits are rounded off. Consequently, the result
of the computation may contain round-off error.

Figure 5 illustrates, by way of example only,
input-versus-output characteristic of the asymmetry
compensation equalizer according to the instant embodiment

15 of the invention. In actuality, the iﬁput value and the
output value are given by discrete values. However, for
the simplification of illustration, the input and output
values are shown in the form.of continuous values. The
value of the compensation polarity selecting register 38 is

20 “1". When the input value is negative, the value
corresponding to the compression of the input by #7/8”
{i.e., compensated signal 48) is outputted. On the other
hand, when the input valué,is positive, the input value is

outputted as it is (i.e., as the uncompensated signal 48).

25 ime 3
The third embodiment of the invention will now be

described. It should first be mentioned that the third



‘In the conpensating circuit for the magnetic recording/reproducing
apparatus according to a first enbodi ment of the invention, an asymetry
conpensati on 25 equalizer inplenmented according to the teaching of the
_present invention is enployed in place ofig he equalizer in - 10 - a PRML
“(Partial Response Maxi mum Li kel i hood) signal processing system Figure 2 is

hematic bl ock di ' | 1 t f.
ecor ol ng!  cpr ORI HISRy S bhEBF S Eoe Bt F eC Ak appan &Y uLPaEEBPRFg EPo?
the first enbaqdi he, | | | Fi troll 10
out put & user GFEE | of oy Sk B Ehte 107 <Br hbrfiet Pu cbibioRysac 8L T o

hierarchicalIyeéyéﬁggefgnk such as a conputer or the |like. The user data is
i nputted to an encoder '

The asymmetry compensatioﬁ.equalizer according to
5 the instant embodiment of the invention will be described
by reference to Fig. 6. In the'asymmetry compensation
equalizer now under consideration, the multiplier of the
aéymmetry compensation coefficient and the threshold level
decision module are simplified on the prerequisite that the
10 output data of the A/D converter 20 is of a 6-bit word
length and represented by complements of “2*. An
compensating operation unit 42 outputs a value
corresponding to “9/8" of the output of the A/D converter
20, which is equivalent to fixation of the asymmetry
15 compensation coefficient 34 to “9/8” in the arrangement
shown in Fig. 3 according to the first embodiment of the
invention. For determining the value “1/8”, two more
significant bits excluéive of the most significant bit
serving as the code bit are converted into two less
20 significant bits with the most significant bits being
converted to the remaining four more significant bits. In
this way, the value “1/8”" of the output of the A/D
converter 20 can be determined. By adding this value to
the original value, the value of “9/8” can be obtained.
25 For the control of the compensation polarity, the most
significant bit and the inverted value thereof are used.

The compensation polarity control signal thus generated



*10 11- to be converted into an 8/ 9 code signal which is then supplied to a
wite current controller 12 designed for performng controls such as wite
pre-conpensati on and others. Under the control of the wite current
controller 12, a wite anplifier 13 gerensgtes a wite current, whereby 15
recording on a recording nedia 15 is carried out by neans of a wite head

L hend  head
Uhrouth cooperdPGR 0f Sep e el P PRI i g et

i gh- {1 squency seq%“‘wﬁw S PR Baffoquld R L0 R e

conver t ed | Nt @ cgsbiidealonsisghal faa oy bidg AR LI TS d AT RP; The

digital reproduced signal outputted fromthe A/D converter 20 1s corrected

or conpensated in respegikem@liahs PRI FAHNE. cHpBR ,2% M ich
ascribable to the non-linearity characteristic of the MR head y an

asymet ry Sonmueritatdi2onridquald Bescli b .ch Witerpraha dectmoc o fli dige t2/D he
t eachi ngs of the invention and
converter is #010000” (16), then the compensating operation
-unit 41 outputs “000010” (2) as the compensation signal 52
through the bit operation mentioned previously. By adding
the compensation signal 52 to the output of the A/D
10 converter, a corrected or compensated value 49 “010010”
(18) can be outputted.

Figure 7 shows, by way of example only, input-
versus-output characteristic of the asymmetry compensation
equalizer according to the instant embodiment of the

15 invention. In this case, the value of the compensation
polarity selecting register 38 is “0”. When the input
value is positive, the amplified value corresponding to the
input value multiplied by “9/87 is outputted. On the other
hand, when the input value is negative, it is outputted

20 intact.

In the compensating circuit according to the
instant embodiment of the invention, the S/N ratio required
for realizing the bit error rate *1lE-5" can be reduced
about 1.0 dB when thelpositive—negative asymmetry‘ratio of
the reproduced waveform is 20 %. In this conjunction, the

25 positive-negative asymmetry ratio is defined as (Ep - En)/
(Ep + En) [%], where‘Ep and En represent, respectively, the

amplitude values of the reproduced waveform of positive



‘t hen under goes equalization into waveform of class 4PR by neans of an
equal i zer 22. At this juncture, it should be nentioned that the equalizer
is inplemented in the formof a FIR (Finite | npul se Response) filter or
transversal 5 filter with seven taps. Thejgutput signal of the equalizer 22
is decoded by a maxi numlikelihood detector 23 to be subsequently converted
I nto user data fronlthe 8/9 code by neans of an 8/ 9 decoder 24. Now,

descri ption wi PP BélﬂyréEpeHhForFH€°@PF@élWaY@f@6ﬁ¥F§hF§ﬁ<§¢Qﬂt%Wﬁa

asynmetry conpe ﬁ g i zer 9% ference.tq Fig. 3. For each of the
sanpl es of thePALGreLy F Po&ﬁ@éd F§RatSBREST T €d from the A/D converter

20 and sanpl ed at predetiﬁnkagd EEQE°EO£HESE§§Rﬁ?§?§r§°®§%§ggkgg fron1a

conpensati ng operation unit WO “val ues, valrue and val ue
mul tiplied by agua3¥FuBE Yccording to the second and third embodiments of

5 the invention, by selecting the asymmetry compensation
coefficient as a power of “1/2”, the multiplier of the
input signal and the asymmétry compensation coefficient can
be implemented in a simplified circuit structure, whereby
the circuit scale can be made remarkably small.

10 In the foregoing description, it has been assumed
that the present invention is applied to the PRML signal
processing system. However, it goes without saying that
the invention is never restricted to any specific signal
processing system. By way of example, the invention can

15 equally find application to the EPRML (extended PRML)
signal processing system as well.

The magnetic field-versus-output voltage
conversion property 62 of the MR head may assume a
curvilinear form deviated from the linear conversion

20 property 61, as is illustrated in fig. 9. In that case, by
carrying out the compensation as described hereinbefore by
reference to Figs. 5 and 7 by amplifying the waveform of a
given polarity having a small amplitude or compressing the
waveform of a given polarity having large amplitude,

25 compensation of the positive-negative asymmetry can be
gccomplished with an extremely simple circuit structure.

As will now be appreciated from the foregoing

description, it is possible according to the teachings of



‘compensation coefficient 34. Each of the sanples is conpared with a
threshold I evel 35 by a conparator, whereby result of the conparison is
outputted as the bit "1" or "0". The bit "1" or "0" signal is used as the
.select 20 signal for selecting either enggof the two val ues nentioned
above.” To this end, a conpensation polarity selecting register 38 is

Corr cct ed val UE"8y BEFSPAENSHYERE Py BonGPHBFBEFoP™ REXy BFbe LR PR LOH:
el ccting rogi SterohEion; PREFIBRELL E8) Hhs Rl TnRRERERCRY, e Pl
el cted. Add T onally o e R B e e s SRS s | nosr s ey
register 39 fopy combining the asymmetry compensation equalizer according
5 to the invention with various conventional signal
processing systems designed for processing the output
signal of the MR head exhibiting non-linearity property,
the system performance can be significantly enhanced. On
the other hand, even the MR head exhibiting the non-
iinearity more remarkably can be employed while maintaining
10 the system performance, which in turn means that the system
such as the magnetic recording/reproducing apparatus can be

manufactured with high yield at low cost, profitably from

the economical standpoint.



:selec¢|ng t he iy ahdedak Bnepmensati on in any case. The output of the

conpensati on i ny ster 39 is 5 logically ANDed mnth the outpu
~of the conpensat ME@'HE el ecting register 38 fg

_input selector
I nval i dati ng reglster 39is " ", t he i nput sel ector

so | ong a9 t-he out pui THIS sm&m&mﬁmt i on

i nput "O', ﬂ% v%?ch the data resul tin} . >
converter (AD&?ﬂgg 'S ou Mé@ |ntact i.e., as it is. The control

performed through cooperati{n t el
o Rl eérHs i £5 %ﬁucgtﬁﬁgé}ﬁs%% p&sHP

that of the selector contro

1. 15

enbodi nent of the invention,

ESCI' previ o rence to g

negdtiGidlefydrietry ot e eﬂ&tﬂh& ze{ ﬁ&P%&Hfﬂﬂgt&xt&ﬁpIi‘@ﬁé@t

B2 al Wm@gﬂects t he
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t he asymmetry conpensation coefficient 34 and

t he threshol d d:avigdit3ingan ﬂlﬁsﬁﬁitv&tfé'géﬂ't?&e téf@yrﬁﬂél@iyzﬁitﬂnréfé@én@é €61 or
rate is mnimum 20 Enbodi ment 2

5

10

15

a given level,.

wherein either one of said input signal and a
signal obtained by multiplying said input signal by a given
number is éelected to be outputted as a compensated signal
when said input signal has a level higher than a threshold
level or alternatively when said input signal has a level
lower than said threshold level.
2. A compensating circuiﬁ according to claim 1,

wherein said compensating circuit is imparted
with a fuﬁction for allowing an uncompensated signal to be
outputted constantly regardless of the level of said input
signal.
3. A compensating circuit according to claim 1,

comprising a digital operation circuit for
arithmetically processing a digitized signal outputted from
an analog-to-digital converter,

wherein means for determining a signal by
multiplying said input signal by a given number is so
designed as to determine a value by multiplying said input
signal by power of 1/2 by shifting an absblute value part
of said input signal, and

wherein said determined value is added to or

alternatively subtracted from said input signal.

G



-The second enb n e;ﬂﬁ:k&ﬁe”t'on w |l now be described. It should
first be nentlo ond enbodi nent differsg onlthe flrst
enmbodi nent onIy m’] E he structure of 'the a?ﬁ@ _ _
25 equal i zer. npensathn ual i zer .
embodi nent of the |nvent|on w |l be descri bed -

Fig. 4. In the asymmetry conpensati on equal i zer now under T thes
the nultiplierdof the aSQTﬁﬁﬁﬁﬁn%%ﬁ%%%s%}I%Ml%o@¢¢©€@bﬂg Eﬂdclﬂémtﬁreshold

| evel decision unit are lified o rere uisite that 5 outp
ot s of ihe a D convert MOEe1s e FhsafePs ralie prre of soitetaRbEn by
conpl ement's of ;2.1 Al CONPEDSET LI QRELLE 00 LNkt 148 PULPULE 13,43 HE

said three-bit shift, i.e., a value of 1/8 of.said input

5 signal, is added to or alternatively subtracted from said
input signal, and
| wherein said threshold level for selecting the
output value is set to zero with decision for selecting the
output value being made on the basis of a sign bit of said
10 input signal.
5. A ‘compensating circuit for compensating positive-
negative asymmetry of an input signal having an amplitude
exhibiting a positive-negative asymmetry with reference to
a given level, comprising:

- 15 a compensation polarity selecﬁing register for
selecting either one of said input signal of a signal
obtained by multiplying said input signal by a given number
as a compensated signal when said input signal has a level
higher than a threshold level or alternatively when said

20 input signal has a level lower than said threshold level.
6. ' A compensating circuit according to claim 5,
comprising: |

a compensation invalidating register for allowing
uncompensated values to be outputted coqstantly regardless

25 of the level of said input signal.

7. A compensating circuit according to claim 5,
comprising a digital operation circuit for

arithmetically proceésing a digitized signal outputted from

* c L M s *



corresponding to 7/8" of ot he aitput of the A/D converter 20, which is

equi valent to fi YRS SO ! ymmetry 10 conpensation coefficient 34 to
"7/8" in the arran * E n Fig. 3. For deter 9 he.-val ue "-1/8",
two nmore significa i 8% ve of -t lpg nost si ghi HEEmessByEw g as
a code bit are converted into two | gss significant QLLS \BEPhA@m nost

significant bits beiqgﬁéﬁyp nvg%t d.to the remaining four ~galfii cant
bits by i nversarrbr‘?rf“ﬂr_ t T aslge%cfrm%r circuit. In this way, the

val ue "-1/8" (conpensati | 5)4:0f: 1 he . D¢ erter_20
can be determ ned. By a&g{ér%ltqﬁiaésalv%laldulgltéﬁt ho%%%%%%lélva‘flﬁ{et? é(;illil/ Be? of
"7/8" can be ZQ:phdaidiethg Rfeddts GPMEMs Ofof NS COPRENSAG | QNsPOhRTI Y, the
nost signifi cantn%b%t and g{ hdeﬁ? nverted valsue ?%ereoé)ﬁgr eﬁgése .s'l'ﬁllési by
conpensati on pRlBfigMW GRNtd0ld Sihal divfaDaRer At vERNhEbsrt De sHput

sel ector 32 in dependence on the outputs of the conpensation polarity

sel ecting megiddsigritad M arsl ddreneinpens atda Dite iy atu Ted pIi i@ gsai@r ivPut

signal by power of 1/2 by shifting an absolute value part
of said input signal, and | |
wherein said determined wvalue is added to or
alternatiﬁely subtracted from said input signal.
10. 8. A compensating circuit according to claim 7,
comprising:

a compensating operation unit for'adding to or
alternatively subtracting from said input signal a value
obtained by shifting the absolute value part of said input

15 signal by three bits, i.e., a value of 1/8 of said input
signal.
9. An equalizer,

wherein said compensating circuit set forth in

claims 1 is provided in a.stage preceding to a transversal
20 type filter. |

10. A maénetic recording/reproducing apparatus,

comprising:

an equalizer set forth in claim 9;

wherein a magnetic head operative under

25 magnetdresistive_effect or alternatively under giant

magnetoresistive effect is employed as a reproducing head.

LT



' r.espectively. Exenplary operation of the conpensating operation unit 41
w Il be described. Wien the output of the*A)D - 14 - converter |
"101111" (-17), then the conpensating operation unit
-~ (2) as the conpensation signal 51 througR2thke bit oper

; above. By adding the conpensation signal 51 to the o

converter, a | ue 49 "110001" (- 15) can be

obt ai ned. By %%%ﬁ§§¥ﬁﬂ§&{ﬁ%@gqﬁgggkgggﬁ?ficant bits, the conpensating or
correcting quantity is de ] |2 Re gmst, S 45 Lt
and the two succeedi ng %b%ghg%%%%Fgﬁgﬁ?h%%FéE I'n tﬁgﬂégﬁéééﬁﬁﬁaéééﬁiﬁké

, signi ficant bineyadlierd Quunaeibrahs -ofc%@ﬁfi%ﬁm |Shgridle HEPHd A ddiS1itude

conput ati on may contain round-off error.
exhibiting a positive-negative asymmetry with reference to

a given level. Either one.of the input signal or a signal
obtained by multiplying the input signal by a given number
is selected to be outputted as a compensated signal when
the input signal has a level higher than a threshold level
or alternatively when the input signal has a level lower
than the threshold level. Distortion of signal waveforms
ascribable to non-linearity of an MR.head can be
compensatéd satisfactorily with an extremely éimplified and

inexpensive circuit structure.

ect Has Been-Reilaced
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FiguxefS illustrates, by méy of exanple only, input-versus-output
characteristic of the asynmetry conpensation equalizer according to the

i nstant enbodi nent 15 of the invention. In actuality,. the input val ue and:
t he out put val ue -are given by discrete val ues. However, for the
sinmplification of illustration, the in yurnd out put val ues are shown in
the form of continuous val ues.:- The val ue“of the conpensation polarity

sel ecting register 38 is 20 "1". Wen the input value i.s negative, the
val ue corresponding to the conpression of the input by "7/8" (i.e.,
.conpensated signal 48) is outputted. On the other hand, when the input
value is positive, the input value is outputted as it is (i.e., as the
unconmpensat ed signal 48). 25 Embodi nent 3 The third enbodi ment of the
invention will now be described. It should first be nentioned that the
third

]
AN @
~ E5
(T
'}
| ettt shatiadahainbed i ittt ettt 1
o« : '
< - !
T cw MW @ :
Y : O O :
| ] |—O ot i
W <~ — O < 1
7] ' & c :
- 1 _ll" < )
— 5 ! w< o !
. o ! nQ = !
G z | ° S ’
[ ] - _. ] O :
LL E . N~ :
: &= | © |
; == \ "
: < 52 :
! x "\(')Z; + | H
: o< g |
. e 1 18 :
' CEDLU O I
l oS ' e
: °© Q| |
' (v ]|
- 5 L '
é ' — :
5] A S )
T e
-
=
o
Z



-15- enbodinment differs fromthe second one only in respect to a part. of
the structure of the asymetry conpensation equalizer. The asymmetry
conpensation equalizer according to 5 the instant enbodi nent of the
invention will be described by reference to Fig. 6. In the asymetry

- conpensation equalizer now under consideyayion, the multiplier of the
-asymmetry conpensation coefficient and the threshold | evel. decision nodul e
are sinplified on the prerequisite that the 10 output data of the A/D
converter 20 is of a 6-bit word Ilength and represented by conpl enents of
"2". An conpensating operation unit 42 outputs a value corresponding to

"9/ 8" of the outpubgof the A/ D cogverte 20, ich is gquivalgnt togo
~fixation of the asyhnetry«+5 conmgensati coef fy¥=cCi ent to "¥ 8" i\ he
arrangenent shown jtﬁFig.AgiaccorPing toathe_f[?st enb?dinenteof the?
| o
1 : o
i ol |o g = o =
o N Z . Q L S = o
< L 2a w T T o =
2 w ™SQ— = s = 2! Z
- @) L= <C
L = o= 0 << a O
= o ] = ' Q : O
= L < =
< o | w (o) a
A .
> 5
=
E5S
L5
18] ==
| B2
= <34
|G &)
QU -
¢ 120l A
O [oE i
— Lu"" w
L |=3 o | N
o N <
= 3
(]
236
™ 2;5
N S¢ Ll
_ <l
(o Y L
L Ejo
8
O =
Z v
w o
@ w
0 (@]
8] 008
O =)
—
CONTROLLER




i nvention. For determning the value "1/8", two nore significant bits

excl usive of the npbst significant bit serving as the code bit are converted
into two less 20 significant bits with the nost significant bits being -
converted to the-remaining four nore significant bits. In this way, the
value "1/8" of the output of the A/D cogverger 20 can be determ ned. By
adding this value to the original value, the value of "9/8" can be
obt ai ned. 25 For the control of the conpensation polarity, the nost
significantgbit and the inverted value thereof are used. The conpensation

polarity co@irol signalathus generated - - 16 - controls the input
sel ector 327y n dependenfe on the outputs of the conpensation -polarity-
sel ecting rﬂiister 38" The conpensation invalidating register 39,
respectivel gz N - '
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Exenpl ary operation of the conpensating operation 5 unit 42 will be

descri bed. When the output of the A/D converter is "010000" (16), then the
conpensating operation unit 41 outputs "000010" (2) as the conpensation
signal 52 through the bit operation nentioned previously. By adding the
conpensation signal 52 to the output of%%hq A/ D 10 converter, a corrected
or conpensated val ue 49 "010010" (18) c be outputted. Figure 7 shows, by
way of exanple only, input- versus-output characteristic of the asymetry -
conpensati on equalizer according to the instant enbodi nent of the 15
invention. In this case, the value of the conpensation polarity selecting
register 38 is "O Wen the i.nput value is positive, the anplified val ue
corresponding to the input value multiplied by "9/8" is outputted. On the
ot her hand, when-the input value is negative, it is outputted 20 intact. In

t he- conpensating circuit. according toFtrfa “
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~instant enbodi nent of the invention, the S/INratio required for realizing
the bit error rate "1E-5" can be reduced about 1.0 dB-when the
positive-negative asymetry ratio of the reproduced waveformis 20 % In
this conjunction, the 25 positive-negative asymmetry ratio is defined as
(Ep - En)/ (Ep + En) [, where Ep andéfz epresent respectively, the -
anpl i t.ude val ues of the reproduced wav m of positive - 17 - polarity
and the reproduced waveform of the negative polarity when -consi dered
separately. In the case of the asymmetry conpensation equalizers according
to the second and third enbodi ments of 5 the invention by sel ecting the

asynmetry conpensation coefficient as "1/ 2", the multiplier. of
the i nput signal and the asymetry conﬁﬁ; 5 coefficient can .
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be-inpl’emented in a sinplified circuit structure, whereby the circuit scale
can be nmade remarkably small. 10 ' In the foregoing description,
it has been assuned that the present invention is applied to the PRWM

si gnal -processi ng system However, it goes w thout saying that the

I nvention is never restricted to any sggg}ﬁic si gnal processing system By
way of exanple, the invention can 15 equally find application to the EPRM.
(extended PRM.) signal processing systemas well. The magnetic

fiel d-versus-output voltage conversion property 62 of the MR head may
assune a curvilinear formdeviated fromthe |inear conversion 20 property
61, as is illustrated in Fig. 9. In that case, by carrying out -the
conpensation as described hereinbefore by reference to Figs. 5 and 7 by
anplifying . the waveformof a given p [ty having a small anplitude or
conpressing the waveform of a given~ﬁ%ﬁéélt65 havi ng | arge anplitude, 25
conpensati on of the positive-negative asymetry can be
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acceonplished with an extrenely sinple circuit structure. As wll now be
appreciated fromthe foregoing description, it is possible according to the
teachings of . -18- the present invention to conpensate or. correct the
waveform di stortion ascribable to the non-linearity of the MR head with an
extrenely sinple circuit structure. Ac0ﬁ2d7ngly,_by conbi ning the asymetry
conpensati on equalizer according 5 tot i nvention with various
conventional signal processing systens designed for processing the output
signal of the MR.head exhibiting non-linearity property, the system -

per f ormance can be significantly enhanced. On the other hand, even the MR
head exhibiting the non- linearity nore renarkably can be enpl oyed while
mai ntai ning 10 the system performance-,FV'/@hgn turn means that the system
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such as the'nagnetic recordi ng/ reproduci ng apparatus can be nénufaétured
with high yield at low cost, profitabliy“fromthe econom cal stafg 'ngj
19. WHAT | S CLAI MED-: 1. A conmpensating circuit for conpensati ne f?0§9
posi tive-negative asymetry of an input gi-gnal "havi ng an anpl i tude
exhibiting a positive-negative asymretry with reference to a given level,
conprising: a nultiplier having said input signal as an input and

mul Ui plyi g sap pﬁﬁexhﬁcgeehcﬁx 2 BoHRRI2MAORAD! GaBkprge a mul tipl i cd
DING /o

out put S|gnaP—?§ | nal and said
mul tiplied srgru BEDUCIH ETHPERSH i ' H ' en said
| nput signal has a IeveI hlgher than a threshold | evel or when said input
signal has a l.evel lower than said threshold |evel. 2. A conpensati ng

circuit accorBACKGR@UND adf THE BNVENDIONer including a conpensati on ..
invalidating circuit for allow ng an uncommpensated signal to be output‘
constantly regardl ess dthe [present invention relates to a compensating T
circuit and aﬁ equalizer for éorrecting or compensating a
positive—negatiﬁe asymmetry of a reproduced signal
5 .outputted from a magnetoresistive head or the liké.
Further, the invention is concerned with a magnetic
recording/reproducing apparétus using the compensating
circuit and the equalizer.

In ;he field of the magnetic disk apparatus,

10 there is an increasing trend of implementing a reproducing
head with high sensitivity in an effort to realize a high-
density package, which has led to a development of a
reproducing head based on magnetoresistive effect or giant
magnetoresistive effect. Hereinafter, these head will be

15 referred to also as the MR head. The MR head is now
replacing the conventional inductive head.

For having better understanding of_the invention,
description will be made in somé detail of the technical
background thereof. The non-linearity of the MR head will

20 be briefly réviewed by reference to Fig. 8. The MR head is
so designed as to perform a signal reproduction by making
use of a magnetic field-versus output conversion
characteristic curve 76 of a magnetoresistive element such

as illustrated in Fig. 8. The MR head is implemented such
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| evel of safd,inbut signal . 3. A conpensatlng circuit accordlng to clalm
| -and further including: an anal Qg-tie-digital converter digitizing: sai d

i nput signal; and wherein said nmultiplier conprises aﬂ‘ﬂS@Bﬂﬁ iSAS ﬁEEﬁ for
arlthnetlcally processing a.digitized S|gnal out put - C
~anal og-to-digital converter, said dig??al circuit i luﬂln ﬁqﬂnet r

mul tiplying said input S|gnal by a pomer of [err] by shlftlng an absolute
val ue part t adder
adding or s Sa

conpensat i @t Uit NS Sl 1% ? 3 mhereln the output of sald

anal og-to-digital converter is a series of binary bits representing the
absol ute val ue of said input signal and said register shifts said series of

added Lo oraTiraSr: 85 FrEp %Fiés'ﬁﬁéé’f signal i said hdder, and wherein
said threshold level { % Ség E?ggagggggigukoya Bﬁgn FagagggPég%?ingth a

deci sion for selecting RE ou erng nade a sign
_b't of Sa'dnéQQHivé'Qgﬁhmetry of an input signal having an amplitude

exhibiting a positive-negative asymmetry with reference to
a'given level. Either one of the input signal or a signal
obtained by multiplying the input signal by a given number
is selected to be outputted as a compensated signal when
the input signal has a level hiéher‘than a threshold level
or alternatively when the'input signal has a level lower
than the threshold level. Distortion of signal waveforms
ascribable to non-linearity of an MR head can be .
compensated satisfactorily with an extremely simplified and

inexpensive circuit structure.

~Figure 1 -

This Sheet Has Been Replaced
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- 20 - 5. An equallzer conpr|5|ng sai d conpensatlng circuit a54§8&VV5 o
forth.in claiml.; and a transversal type filter followi ng said

cdnpensati ng circuit. 6 . A magnetic recordi ng/ reproduci ng apparatuslvo:‘
conprising: an equalizer as set forth in claim5 and a magneti c head
operative under the magnetoresistive e;ifct or alternatively under:-the

gi ant magnetoresistive effect used as eproduci ng head coupled to said

equaI| n sating circuit for conpensating positive-negative .
asynme ﬁéToFsAﬁﬁg B slgnal having an anplitude exhibiting a

positive-negative asymmeiry with reference to a given |evel, risin
-mJFt i pliler h‘é\FPWQCQS&{ng FH"E'&'F Tor, compensading PoSIHN ENCERHEY S ATV EFR t@f ﬂggg F‘%ﬂ?}t

' I
el ot APVl BB Bt e BRRE eilhc s M P TrRP R g el |

be out Rginpasing: conpensated signal either when said input si gnal has -a | evel.
hi gher than a threshold | evel or when said |nput si_gnal has, a | evel Iomer

then said t larroshiplior having $aldmmutag)1alaas@nmﬁsad muitiphying sa1¢ ingait signg} by
control ling sagid sel eqtel on ¢ Gh“ t to sel ect ei ther one of said input
si gnal 8D ehif PeMtGeA™ outpyt,signalsand corpensat ed si gnal when -sai d

| nput si gnal; sejector selectmg one of said input signal and said multiplied signal 10 be output asa
compensated signal either when said input signal has a level higher than 2 threshold levcl or when

said input signal bas a level lower than said threshold Ievel.

2. A compensating circuit according to claim 1 , and further including a compensation
invalidating circuit for allowing an uncom'p'msate;i signal to be output constantly regardiess of the

level of said input signal.

3. A compensating circuit according to claim I and further including:
an analog-to-digital converter digitizing sajd input signal; and wherein .
said multlphcr comprises a dlgxta] mrcult for anthmetxca])y processing a dxgmzed sxgna]

: output from said analog-to-digital converter, sald d:gltal circuit mclud:ng-

Ks

a register multiplying saxd mput signal by a power of % by slnﬁmg an absolutc
value part of said mput sxgna] to obtain a detenmned value, and

" an adder adding or subuactmg sald detcm)med value from said input sxgnal

4. A compensatlng circuit according to claim. 3,
~wherein the output of said analog—to—dxgltal converter is a'series ofblnary bxts
representing the absolute value of said input s:gna! and sand register shifts said series of bits by
three bifs to obfain a value of 1/8 of said inpuf signal, to be added to.or subtracted from said inpﬁt
signal in said adder, and | | o
wherein said threshold level for selecting the output value is set at zero, with a dcci_sion

for selecting the output value being made on the basis of a sign bit of said input signél.
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has a | evel higher than.a threshold level or either one of said input
signal or said nultiplied output signal as a conpensated signal when said
i nput signaLhas a level lower than said threshold level. (38) A
conpensating circuit according to claipp7-and further including: a
conpensation invalidating register for allow ng unconpensat ed val ues to be

out put eQnst Aif dquatieeeompfisingf the | evel of said input signal (39). -
21 - 9 A conpensating circuit according to claim?7 and further -

i ncl udi ng: analdrmhqtg,nsaimglcglcualas sed fordl ineclaidi bistandi ng sai d input signal; and

wherein (20) said nultiplier conprises a digital circuit for arlthrretlcally
processi ng aaa"aBFqu%dy&éh% foPlow g said comPSRFAing SHEWE- t 0- di gi tal converter

said digital circuit including:(41)(Fig. 4) aregister nultiplying said
input signal by a power of [err] by shifti ng an absol ute val ue part. of

sai d.jngut sp o] r.ah.@/,@ !gr,#gg, r@ﬁg an adder addi ng or
subt ractl ng sgﬁ%ndéét er%& ne ﬂ% ?é"h sald | ﬁ’S i gnal . A -
conpensat i ngaedualizer @cseo feithi dldmCl5aand 7 wher ei n:

a magt:letic head operative under the magnetoresistive effect or altemati‘iely under.the

giant magnetoresistive effect used as a reproducing head coupled to said equalizer

7. A compcnsatihg circuit for compensating positive-negative asymmetry of an input signal
having an amplitude exhibiting a positive-negative ésynuneuy-wiﬂl reference to a given level,
comprxsmg : _ o
a mu)hpher havmg sa.ld input signal as an input and mu]tlplymg sald mput sxgnal by a

g:ven number to provide a multiplied output 31gnal (40) . '

a selcctor selecting one of said input signal and said multxphed sxgnal to be output asa
compensated signal either when said input signal has a level higher than a threshold lcx_rcl or when
said mput sxgna] hasa level lower then said threshold level; amd (32) '

_ _ a compensation po]aniy sclector controllmg said selection clrcmt to select e:thcr one of
said input signal or said muluphed output 81gnal asa compensatcd szgnal when said mput signal
has a level hlgher than a threshold level or cxthcr one of said input s:gna] or saJd multlphcd output
signal as a compcnsatcd s:gnal when said mput sgnalhas a lcvel lower than said threshold level.

(38

! g. A compensatmg circuit accordmg to claim 7. and further mc]udmg
a compcnsatlon mvahdatmg reglster for allowmg uncompensated values 16 be output

constant!y rcgardlcss of th.c level of sald mput signal (39)
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the output of said.anal.og--to-digital converter is a series of binary bits
representing the absolute value of said input signal -and said register
shi.fts said series of bits by three bits to obtain a value of 1/8 of said
i nput signal, to be added to or subtagcted fromsaid input signal in said
adder. (Fig 4) 11. A nethod of conpensating positive-negative asymetry of
an input signal having an anplit.ude exhibiping'a positfve negati ve

asy try vvlthreferen.cetoa iven . level, - | Sl oul tiplying said
i npm@y g afOTBREnIaURg, S 3) taflaim ge @%MWPF IMgit put signal ; and

selectin to beot t
as a cljrrgéﬁgg ]8% ﬁ‘%’%‘&%’%ﬁ%ﬂ‘z‘ﬁ@ g!ﬁnm gngl eggﬂgﬂ evel hi gﬁelrou
than a thggahald 1; fﬂsey\ba@ﬁaeidcumﬁutanﬂimmaup?ﬁ oceskippel difitined sighsin

ai

said threshold Ievel A method according to c m 11 and further

co rrppumhhﬁom@h@cnnam-@-dlﬁual dogaetergsaid digitebrisenit ingluding(4D@Fignd)
uncorrpensated signal to b out const a regar s pl..the | I of
said i nput sigf gmfém“]tﬂ’ﬁ’é'lgi‘? %Mﬂfaﬂb)'%é’ 3’?% %éﬁ éﬁﬂ"%ﬂ %”?

| ncl udi ng: di GYifug B o34 hPRY raindHeiiihed Jaibe] hatul {1 bl ying

conprises arithmetically processing sal igitized signal by multiplying

said input si gmbddnyaddmg\mrsub&adtagrshxdlﬂeta-hiﬁéd vajua fromb szidibputsignak part of
sad input signal to obtain a determ ned val ue, and addi ng or subtract_l ng

sai d-determined val ue fromsaid input signal.
10. A compensating cxrcult according to claim. 7 . wherein:

the output of said analog—to—dxgﬁal converter is 2 senes of binary bits represennng the
absolute value of said input signal and said register shifts saxd series of bits by three bits to obtain

a value of 1/8 of said input signal, to be added to or subtracted from said input signal in said
adder. (Fig 4) - | | -

11. . A method of compensanng posmve-negatwe asymmeu'y of an input signal having an

sin
amphtude exhlbltlng a positive-negative asyxmneﬁy with reference to a given level, compn ing:

multxplymg said mput signal by a glven number to prowde a multxphcd output signal; - and

selecting on¢ of said input sxgnal and said multxphed signal 10 be output asa compcnsatcd

-SJgnal either when said input signal has a ]cvel higher than a threshold level or when said mput

signal has a level lower then said thrcshold level.

12, A method accordmg to claim '1 land further comprising selectively mvahdatmg saxd
selecting to allow an uncompensated signal to bg output constantly regardless of the level of said

inpﬁ_t si gna]

A mcthod accordmg to claim 1 1 and further mcludmg
dlgitlz:mg said mput signal; and wherein

' said mulnplymg compriscs anﬂxmchcally processmg sai
said input si ignal by a power of ‘4 by shifling an absolute value part of said input signal to obtain a

B dctcnmned value, and addmg or subtractmg saxd detenmned value from said input signal.
: REPLACEMENT SHEET
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- 22 - 14. A conpensating circuit according to claim.13 wherein said
digitized signal is a series of binary bits representing the absel ute value
of said input signal and said shifting conprises shifting said series of
bits by three bits to obtain a value of 1/8 of said input signal, to.be
added to or subtracted from said input glgnal and wherein said thréshold

| evel for selecting the output val ue”i €%s8t at zero, with a decision for

sel ecting the output value being made on the basis of a sign bit of said

i nput Qiaghal A compensatmg circuit according to claim .13

wherein said digitized signal is a series of binary bits rcprcsentmg the absolute value of
said input s:gnal and said shifting comprises s}uﬁmg said series of bits by three bits, to obtam a
value of 1/8 of said input signal, to be added to or subtracted ﬁom said mput s:gna] and |

wherein said threshold level for selecting the output value is sel at zero, with a decrsmn for

selecting the output value being made on the basis of a sign bit of said input signal.
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COMPENSATING CIRCUIT, EQUALIZER AND MAGNETIC RECORDING /
REPRODUCING USING THE SAME _ a

ABSTRACT OF THE DISCLOSURE

A compensating circuit for compensating positive-
negative asymmetry of an input signal having an amplitude
exhibiting a positive-negative'asymmetry with reference to
a given level. Either one of the input signal or a signal
obtained by multiplying the input signal by a given number
is selected to be outputted as a compensated signal when
the input éignal'has a level hiﬁher than a threshold level
or alternati#ely when the input éignél has a level lower
than the threshoia level. Distortion_éf signal waveforms
éscfibablé to non—linearity of an MR head can be
compensated satisfactorily with an extremely simplified and

inexpensive circuit structure.

"Figﬁre 1
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