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(57) Abstract

A device for write precompensation of data signals to be recorded on a magnetic medium, which device has an input for receiving
input data signals and an output for supplying output signals to be recorded, an integrator/limiter circuit which receives the input data
signals and which supplies an output signal which is in synchronism with the data signal and whose amplitude varics substantially linearty
as a function of time at positions where a signal transition appears in the data signal, which amplitude is limited within a data symbol
interval; an adjustable filter which receives the input signals and supplies an output signal whose instantaneous values depend on the pattem
of preceding and future signal transitions in the data signal; and a comparator circuit which through comparison of the output signal of the
integrator/limiter circuit and the output signal of the filter produces the output signal in which at least some signal transitions of the input
data signal can be shifted in time. An important aspect of the present invention is that with the output signal dt, an arbitrary number of
desired time shifts can be obtained rather than that, as in the prior art, only & choice can be made from a limited number of delay values.




del ayed dependi ng on the value of a nunber of preceding bits. It is also
known to consi der for this purpose nerely the last preceding bit,
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"bits, referred to as second-order preconpensation. Recently, it has
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US- A- 4, 607, 295 descri bes a device which conprises a transversal filter
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bits, not to delay a bit to be recorded or to record this bit with a
flrst or a second fixed delay. 25 - US- A4, 964, 107
descri bes a device by neans of which it is decided, dependi ng on the

sign of two preceding bits, whether or not to delay the bit to be recorded.
Here, the selected delay al so depends on the | ocation where the data is
recorded on a magnetic disc, for which purpose a choice can be nade
fromeight delay val ues. Finally, US A-5,325,241
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erasure”. Par tmaghetic medium "opposes* the recording of a sign reversal in the bit stream, particularly

10 when a plurality of bits of the same sign precede a bit of an opposite sign. This effect
manifests itself in that a sign reversal is recorded too late or too early, as a result of which
bits are recorded which are too short or too long, respectively. Such an inaccuracy in the
length of a recorded bit is highly undesirable, particularly in the case of high recording and
read densities, because the reliability of the bit detection in the read signal is then reduced

15 significantly.

It is known that said effect can be precluded at least partly by the use of
write precompensation, which means that a sign reversal to be recorded is either advanced or
delayed depending on the value of a number of preceding bits. It is also known to consider
for this purpose merely the last preceding bit, referred to as first-order precompensation, or

20 the last two preceding bits, referred to as second-order precompensation. Recently, it has
also been proposed to apply a third-order precompensation.

US-A-4,607,295 describes a device which comprises a transversal filter
and by means of which it is decided, depending on the sign of two preceding bits, not to
delay a bit to be recorded or to record this bit with a first or a second fixed delay.

25 US-A-4,964,107 describes a device by means of which it is decided,
depending on the sign of two preceding bits, whether or not to delay the bit to be recorded.
Here, the selected delay also depends on the location where the data is recorded on a
magnetic disc, for which purpose a choice can be made from eight delay values,

Finally, US-A-5,325,241 describes a write precompensation device in
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mitigate the effect of partial erasure by moving the two transitions, which bound a single bit
cell of minimum width, away from each other by a small amount. By means of the method
20 proposed in said article it is, in fact, ascertained whether there are transitions between the
consecutive bits ay 5, ay.;, 8 and a,, and, depending on the detected pattern of transitions,
the shift of the transitions bounding the bit cell a, is determined. The practical
implementation of this method is fairly intricate.
A third effect which introduces non-linear bit shifts has its root in the

[ 2% ]
L

limited bandwidth of the recording channel. A transition produces a comparatively slow
variation of the magnetic field in the write head by means of which the signals are recorded
on the magnetic medium. A reversal of the magnetization of the medium does not occur and
recording of the transition is not effected until the magnetic field strength exceeds a given
threshold value. At high data rates the overall response to a signal transition extends over
30 many bit intervals and thus influences the recording of the transitions of many subsequent
bits. In practice, it has been found that this effect can result in the transitions being shifted
relative to one another by an amount of 20 % or more of one bit interval. |

It is an object of the invention to improve the known techniques and,
more particularly, to provide a device which enabies all or at least some of the currently
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Figure 5is a L AGL . nbodi nent of the device in accordance 20
with the i nveg%gﬁ;halgdﬁg%e%mﬂ% i . Fi gures 6a-6d are waveform
di agram of the input and Oliepuvention wilbnows be describdd ianmare tiewgil heminafternwitter
circuit and of_ 4 he tpu vef or t he conparator as used in the

devi ce shown in 'tﬁugeu?es&ra%g?' £} Eanlg: In order to explain the
three effethi s which can | eRigureo | bgillustneea howinbndihear bit sRifits asse whi ch can be
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with reference to Fi gures Figures 3a-3Qelacidaté the bit shift caused by bandwidth limiting{ r st of
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Figure 5 is a block diagram of an embodiment of the device in accordance

20 with the invention; and
.Figures 6a-6d are waveform diagram of the input and output waveforms
of an integrator/jimiter circuit and of the output waveform of the comparator as used in the
device shown in Figure 5.
In order to explain the three effects which can lead to non-linear bit shifts
25 and which can be mitigated by means of the write precompensation device in accordance
with the invention, these three effects will first be described briefly with reference to Figures
1, 2 and 4.
First of all, the effect is described that non-linear bit shifts caused by
demagnetization effects, i.e. a signal wansition 1o be recorded, referred to hereinafier as a
30 rransition, is recorded with a delay when no transition occurred in the preceding symbol
imerval. Conversely, a wansition is recorded prematurely when a transition occurred in the
preceding symbol interval and no transition occurred in the symbo} interval preceding the
last-mentioned interval.
Figure la shows a reference pattern of symbol values as function of the
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15 Figure 2 shows diagrammatically how the partial erasure effect arises.
The principal cause of partial erasure, which occurs mainly in the case recording on thin-film
media, is the demagnetization effect exerted on one another by very closely spaced areas
with opposite magnetization. The boundary line between adjacent bit cells, which defines a
transition, has a zigzag shape as shown in Figures 4a, 4b and 4c.

20 When the width of the bit cells decreases the zigzag boundaries of one bit
cell may overlap one another, as at D in Figure 2, and consequently the bit cell will have
only a limited magnetization. Partial erasure occurs only in the case of bit cells having a
minimum width, i.e. the two adjacent bit cells have an opposite polarity, so that a, ,, = -3,
= -3, .. It is known to compensate partly for partial erasure, particularly at data frequencies

25 well below the Nyquist rate, by moving the transitions bounding a bit cell of minimum width
away from one another by an amount ty, as a result of which the overlap of the boundaries
shown at D in Figure 2 is eliminated. For this purpose, the first transition of a minimum-
width bit cell should be advanced and the second transition of 2 minimum-width bit cell
should be delayed. .

30 Advancing the first transition from a, to a,. , only makes sense if ay ;
ay41+ as shown in Figure 1b, because otherwise the width of the minimum-width bit cell a,
would be reduced. Therefore, the precompensation required for this can be expressed as dt

= (a4 +; D a, ;) ty. This precompensation can have the same structure as the
precompensation described hereinbefore for the shift t,; in Figure 1b.
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15 the shift of tra.nsmons relative to one another is relevant. Since dt represents the shift of a

transition between by and by, it holds that at b, ; = - by so that, after dropping the
constant delay 0.5[t;,~t;,], dt can be written as
dt = 0.5 by 1Ibysa o + by (o + tay) + b bl 3
Non-linear bit shifts as a result of the limited bandwidth of the recording

20 channel are now described with reference to Figure 3. Figure 3a shows a highly
diagrammatic representation of a recording channel for data recording on a magnetic
medium. The NRZ data signal by, which is shown in Figure 3b, is appiied to a preamplifier
21 and, via a connection 22 having a given inductance, to a write head 23. The magnetic
field H, produced by the write head 23 is shown in Figure 3c. As a result of the hysteresis

25 effect the magnetization M of the medium 24 is not inverted until the magnetic filed strength
H, exceeds a threshold value Hy,. This means that, in fact, the recording of the transition in
b, of Figure 3b results in an actual magnetic recording by a reversal in the magnetic field at
a later instant. Moreover, the [ag in the variation of the field strength H, will often result in
H, not yet having reached its final value when subsequent data transitions appear, which

30 gives rise to interference with the response of Hy to these subsequent transitions. As outlined
in the article *Considerations for High-Data-Rate Recording With Thin-Film Heads’ by R.
Wood, M. Williams and J. Hong (IEEE Trans. Magn., Vol 26, No. 6, pp. 2954-2959, Nov.
1990) this interference leads to bit shifts similar to the demagnetization effects described
above. At high data rates this interference may cover several symbol intervals. In terms of
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L err] T B, B fefenty pSeBescrinsion of sr i fon (S IPIRE o bY ARGS B U ERS

b[err] ofl5Fi tgtzxperaincls ek UWoed and TD aleéml m@m:‘anm ofeNstisiear Vil Effecavigsing|
vari ati o ofPspHsram Stapenerss, FERE TR, 1 MRGESe B s AP AP ot
yet havi ng ryazhgghiculaly the appendixie when subsequent data transitions appear,
Stibaoquont t1 ansi trons. KU 19 FRwE a Sansioph BomSih et B NG HER koS  or
Hi gh- Dat a- Rat B 1 Reatfictdirat@itioh twill DB icOnsiderdd tepéiflifier. MMorover, use i¥\eade oMranétiohi ans

and J. I Trans., Magn., Vol 26, No. 6, pp. 2954-2959, Nov.
.1990) tmg 'slg{f'\gggélkeh(‘?@ W eads to bit shifts sinilar to the demagneti zati on

effects desccfkl beck (-2, 0, Hlehétein Q,t =hb,ghb,gi ta rates this interference may (5)
cover several symbol int e:rrvalg) it can be genvet?that gy = +2 for a rising transition, q; = -2
and g, = O when there is no transition.

Figure le illustrates the customary method of describing' the first-order bit

25  shift ¢;, which presumes a constant signal by, ; = -1 or +1 with a single symbol b, having
the length of a symbol interval having a value opposite to that of the constant signal.

Figure 1f illustrates the customary method of describing a second-order
bit shift e,, based on a constant signal b, -1 or +1 with two symbois by and by ; having
the length of a symbol interval and both having a value opposite to that of the constant

30 signal.

it can be inferred that the compensation for the time shift ¢, requires a
precompensation A, in accordance with

Likewise, it follows that the precompensation for ¢; complies with:

Hence, the required total precompensation is:
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the description of (3) this great nenory length requires that bits
precedi ng bk-2 should al so ~contribute to the preconpensation. The
overal | preconpensation required consequently has the foll ow ng

structure: [er re clerr], c[err], c[err], cl[err] etc.

wei ght i ng facto&%oaﬂ*@ﬁ‘define t he degree of 7 preconpensati%ﬁaéﬁﬁ?ﬁgo
non-l-inear bit shifts as result of the bitsb[err], b[err], b[err], b[err]
.... For t he sake q&+p@gpleteness it is to be noted that, in general,
these-meightingAf&ctﬁws—fgﬁy-non- negative. The
above description of the value of dt differs fromthe customary 10
description in the literature of the tinme shift required in order to

achi eve first-og er-apdn+19k4second order preconpensation for the bit

shifts referred To inthe4iterature as [err] and [err] However, it
can be denonstrated that there is a direct relationship between [err] and
[err] on the one_hand, and t[err] and t[err], on the other hand. This
wi || be expl ai ngg w-t.féiefeeq,‘encg &Q; i gures l e-1g. For a frequentl \é)
used description of [e’?‘r] and [err], reference can be made to D. Pal nmer, 15
P. Ziperovich, R Wod and T.D. Howell, 'ldentification of Nonlinear Wite
Ef fects Using Pseudor dnfhliowSéome{irasd' (6) tgEE Tr ans. Magn. Vol . MAG 23,
No. 5 pp. 2377-2379, Sept. 1987, particularly the appendi x.
Figure le shows a transition fromb[err] to b[err] for an NRZ signal b[err]
= [err] (-1,1), which transition will be considered hereinafter.
Mor eover, use i s nadequl transition 20 synbols g[err] wth:
Qror = - —— { €y {Bp=by)) + € (Dyoy =By} -
= °E'§—'- { €1bg- (€~ €3) by~ €3 by}
+ €1~ € €9
=C+ %21 { '2 Zbpy + —§:bk-2}
where C = T‘q'“’ by)

and g, ;b, = -2 in the case of a transition.
The constant precompensation C = ¢,/2 which applies to all transitions
may be ignored because only the shift of transitions relative to one another is relevant.
5 Since qy+; = 2by,.; when there is a transition, it therefore holds that
Gy+1/2 = by .y so that, after dropping the constant C, it holds that

(El - Ez) €9
A = by {blz-l —— * D2 5

As a matter of fact, this expression is of the same structure as (4), where c, and ¢, can be
identified as (e;-€,)/2 and €,/2.

The precompensation in accordance with (4) can be realized, for example,

10 by means of a transversal filter as shown in Figure 4.
This filter comprises four delay stages, which each delay the signal
. applied to the input by one bit interval. The delay stages may comprise, for example, in

known manner series-connected flip-flop circuits 11-15 clocked by a clock signal which is in
synchronism with the bit intervals.



[err]=[err](-2, 0, 2) wherein qg[err] = b[err] - b[err]
(5) From (5) it can be derived that g[err] = +2 for

a-rising transition, gk = -2 and g[err] = 0 when there is no
transition. Figure le illustrates the custonmary
met hod of desgri i the first-order bit 25 shift [err], whi I AeRdTES @
const ant si gng{o%}[@a?] = 1 or +1 with a $ingle synbol b[err avi ng

the length of a synbol interval having a value opposite to that of the
constant signal . The sigiials by ., through tni;Appear jop the TesRectve inguts prd outputs

on-a const gl 18 o ERCkikent 165, e SaBRCapiaf 6f e aip B |1 Bkpplied 674 drynffe 2
havi ng cir¢uit 2(bvigtarmultipbersiforirowhich thersignatl tind i gultiphied, by reaweighitiog factor
be. ni e reactie SricEay bRl skt & iy 13 i by e ot ©41
pr econperfsatficer o dyrmeans ofia @mitqch &7,the butput signal by » qf e ﬂi.p-ﬂop circuit 14 liewi se,
e e AR SRNGHCALLES, PRk b il 1. 'k oy b
7 of the flip-flop 15ACTHUltRYiEd b9 SreOwdighting factor ¢, by means of a multiplier 19. The
output signals of the multipliers 17, 18 and 19 are also applied to the summing circuit 20.

Thus, if the weighting factors are correct, a signal dp is available on the

10 output of the summing circuit 20, which can provide a compensation signal for all the
currently known non-linear non-linear bit shifts. In order to realize the actual compensation
in accordance with equation (4) this also requires a multiplication by -b, as well as a variable
delay, which is determined by the result of the multiplication of dp by -by. In accordance
with to the invention these two steps are replaced by a simpler equivalent operation in

15 accordance with the diagram of Figure 5. Here, the transversal filter of Figure 4 is
represented diagrammatically as the block 30. This also indicates that, although a transversal
filter is a practical and easy to implement solution for obtaining a suitable signal dt, other
solutions are also possible. For example, it is also possible to use for the filter 30 an anaiog
filter, a RAM filter or a table filler. A RAM filter or a table filter can supply a -

20 predetermined value for dt on the basis of the variation of the bit sequence bkﬂ-. An
additional advantage of such filters can be that, it also enables other effects leading to bit
shifts to be compensated for. Moreover, it is possible to use a combination of different filter
types. It will be obvious to those skilled in the art how a RAM filter or table filter can be
implemented in the present case.

25 Figure 5 further shows an integrator/limiter circuit 31 1o whose input the
data signal by, , 1o be recorded, which is shown in Figure 6a, is applied and whose output
supplies the signal shown in Figure 6b. This signal is in synchronism with the data signal but
the transitions therein have each been replaced by substantially linearly rising or falling
slopes. To select the slope, i.e. the integration constant, it is important that the maximum

30 value, the limit value Vy, is reached within a single bit period of the data signal, so as to
ensure that the desired trapezium shape is also obtained for signals having a duration of only
one bit period. This means that in the case of a data signal with a higher clock frequency the
slope of the signal in the circuit 31 should be steeper. This can be achieved, for example, by

coupling the integration circuit to the circuit for generating the clock signai in such a manner



It follows from (5) and (6) that: [err] and qg[err]

+[err]b[err] = -2 in the case of a transition. The
constant preconpensation C = [err]/2 which applies to all transitions
may be ignored because only the shift of transitions relative to one

another is rel exgabrosn Si ncg glerr] = 2[err] péomotoesre | S
r

a transition, it therefore hol ds t hat g[érr] = b[err] so that, after
OB L1, SRR ot kb0 s GBi s iy RSB Tl
can be | dahdrtet iimtelgrasor gme poétaannd [err]/ 2. The
preconpensation in accor dapgeq i Niohd)or S infEralor Alnkifef Girci®1 R5BPRAS0 one
input of a comparator 32 whose other input receives the output signal of the filter 30, which
5 signal is shown in Figure 6c. For each symbol interval the output signal of the filter 30 is
compared with the signal from the circuit 32 and when both signals are identical the
comparator output is inverted, as a result of which a transition is produced in the output
signal. The afore-mentioned multiplication of dp by the signal b, , ; is obtained impticitly in
that the output signal of the integrator/limiter circuit has a positive slope for up-going data

10 rransitions and a falling slope for down-going data transitions, as a result of which the signal

. at the output of the comparator exhibits a time shift with the correct polarity. Figure 6d
shows this output signal b’y ., of the comparator 32, which is a signal baving a bit pattern
similar to that of the data signal in Figure 6a but in which, where necessary.--the transitions
have been shifted to compensate for non-linear bir shifts. If desired, the difference between

15 the output signals of the limiter and the filter may be determined before the comparator, the
resulting signal being subsequently compared with a reference signal by means of the
comparator.

If by means of the circuit shown in Figure 5 should also be capable of
compensating for non-linear bit shifts as a result of partial erasure, the bit by, , should be

20 available at the filter 30, as described above, at the instant at which the integrator/limiter
circuit processes the bit by .., i.e. the output signal of the integrator/limiter circuit should be
delayed with respect to the input signal of the filter 3. This is possible by including a delay
stage 33 in the branch to the integrator/limiter circuit 31, which stage delays the signal
applied to this circuit by one period of the clock signal. If the influence of the partial erasure

25 effect is very large, the signal to the integrator/limiter circuit 31 can be delayed by a
plurality of clock periods in order to ensure that the signals b 4, by, 4 etc.are aiso
available. The filter 30 should then comprise further delay stages and multipliers so as to
enable each of these signals to be weighted before they are applied to the summing circuit
20.

30 As is apparent from the foregoing, an important aspect of the present
invention is that with the output signal dt an arbitrary number of desired time shifts can be
obtained rather than that, as in the prior art, merely a choice can be made from a limited
number of delay values. The signal dt can be amplitude-discrete but also analog.



10 by neans of a transver er as_shown 4.
~This filter conprises fouiﬁﬂ ,ﬂﬂ m Ht“lml ch each deI ay the signal
applied to the input by o A he del ay stages may conpri se,

for exanple, in known manner seri es-connected fl i p-flop circuits 11-15
cl ocked by a gnal which is in synchronismwth t :
Cnterval o) O Wolaliodh WO 98/ 10420 10 Pt
PCT/ 1 B97/ 00840 The signals b[err] through b[err]
appear on t Spective inputs and outputs of the flip-flop circuits

11-15. The output signal of the flip-flop 11 is applied to a sunm ng
circuit 20 via a nultiplier 16, in which the signal bk+2 is nmultiplied by

t he wei ghting factor cl[err]. In a simlar way, the output signal b[err]
of the flip-flop 13 is nultiplied by the weighting 5 factor c[err] by
means of a nmultiplier 17, the output signal b[err] of the flip-flop
circuit 14 is multiplied by the weighting factor c2 by neans of a

mul tiplier 49, and the oyt ﬂxmakggkg t I [

mul tiplied ljoiy t he wei ght %‘n&%cggdt,or c3 b ntnasﬁtéonoof%m %fs tng;&c%FHe&?aﬁas

out put  si gnanagneic mpdiumy minqb| dewiee bas7an mxtafwe.mwas &pyy dasa apeﬂis and ancoumve

200 oet 18 o oupuscan gt iy e eorae, S e o 8% el B 151
circuit 20, tuse @htpgadatpmmldbeles ddaméws&tnemctsmgmortemonding signal transitions in
currentlys kKnpwhoRodhd LBRAT ARGt rhiriter o lreﬁirc%}&efv Plnle 3puf NE

act ual conpensatl1 on I N accor ce V\A ﬁ% quat I on SO requlres
a nul tipli calalactignals andkwhich supblicsz qutnnaalgnﬁblvélch is in sy@Fhrpnismiwidhibe data signal
determ ned by, thRd Ga lithdﬂ&m‘e??uﬂmhﬁdlﬂll e e)’ A Rincith i b fnhlituhggein
accor dance Wthto t nventlon-t two steps are replaced by &

si npl er equilimiltqdnvithipardatai symbphintepral; aamcadmahbeﬂlw which receiliesi theanpu SigRals ane

a agr ot AP 3E SR el i s anlf coneny o O B! hreceae .

transver 44l and/or future signal transitions in the data slgr_:al and a comparator circuit which through

comparison of the output signal of the integrator/limiter circuit and the output signal of the
filter produces the output signal in which at least some signal transitions of the input data
signal can be shifted in time.
2. A device as claimed in Claim 1, characterized in that the signal path of
15 the integrator/limiter circuit includes means for delaying the input data signal by at least one
data symbol interval.
3. A device as claimed in Claim 1 or 2, characterized in that the filter
comprises a transversal filter in which each of a predetermined number of bit values is
muitiplied by an adjustable weighting factor and the multiplication results are summed in
20 order to obtain the output signal of the filter.
4. A device as claimed in Claim 2 or 3, characterized in that for determining
the time shift in the signal transition from a symbol by to a symbol by .., in the data signal
the symbols by, ;, by ; and by ; are used, where by ,; = e (+1, -1).
5. . A device as claimed in Claim 2 or 3, characterized in that the filter
25 comprises a table filter.
6. A device as claimed in Claim 2 or 3, characterized in that the filter
comprises a RAM fiiter,



filter is a practical and igp) ement solution for obtaining a
sut tabl e signal dt, other ﬂiﬂm ﬁ 'Iii U“Je al so possi ble. For exanple, it
is al so possible to use fol% d et g3oy8n anal og filter, a RAM

filter or atable filter. A RAMfilter or a table filter can supply a 20
predeterm ned wybwgndses dt on the basis of fpe variation of thgcRideroosde
sequence b[err]. An addi ti onal advantage of such filters can be that,
it al so enabl s other effe ; i ' ' s 3 at ed
for. Mor eover?’ it is possi%?gv'{:%ﬁﬁkgie*glg& ?loé a?%é?(?ﬁ%*%??%#ﬁ%ﬁ@??@&f
types. |t wil Fomprisehen aealog fitathose skilled in the art how a RAMfilter or
table filter can be i npl enented in the present case. 25

Figure 5 further shows an integrator/limter circuit 31 to whose input the
data signal b[err] to be recorded, which is shown in Figure 6a. is applied
and whose out put supplies the signal shown in Figure 6b. This signal
is in synchronismw th the data signal but the transitions therein
have each been replaced by substantially linearly rising or failing

sl opesS. To select the slope, i.e. the integration constant, it is inportant
that the maxi rum 30 value, the limt value V[err], is reached within a
single bit period of the data signal, so as to ensure that the
desired trapezium shape is al so obtained for signals having a duration of
only one bit period. This nmeans that in the case of a data signal

wi th a higher clock frequency the sl ope of the signal in the circuit
31 should be steeper. This can be achieved, for exanple; by coupling
the integration circuit to the circuit for generating the clock signal in
such a manner WD 96/ 10420

9 PCT/ 1 B97/ 00840 that, via circuit
matching in an integrated circuit, a higher clock frequency results in a
"shorter integration tine constant. The out put
signal of the integrator/limter circuit 31 is applied to one




i nput” of a conparator 32 whose other input receives the output signal of
the filter 30, which 5 signal is shown i:n Figure 6¢c. For each synbo
interval the output signal of the filter 30 is conpared with the
signal fromthe circuit 32 and when both signals are identical the
conpar at or out pyfg 0‘{zl)werted as a result of which a transiti pfyivnoosso
produced in the out pu - signal. The aforenentioned nultiplication of dp
by the signal b[err] is obtained ian|C|tIg(5 t hat the output signal
of the integrator/limter circuit has a pJ ive slope for up-going data 10
transitions and a falling slope for down-going data transitions, as a
result of which the signal at the output of the conparator exhibits a
time shift with the correct polarity. Figure 6d shows this output
signal b[err] of the conparator 32 mhﬂch is a signal having a bit pattern

simlar to that of yhe data signal_in Hi gure 6a but in which, where
necessary, the trangitiophs | ?@ME 4 ﬂhlf edjto co ensz'f[aqag
non-linear bit shifts. If de§jr t g di f f@Quence bet 15 tﬂput

signal's of the limter and the Tilter rigy be ‘determ ned before the
conparator, the resul ting signal mﬂgﬁ%ubsequent |y conpared with a
reference signal by,means of the donpar at or .

I f by neans of the é rcu] hown in Fig 5 sh'GUTId al so be E@ f
conpensating for no car lﬂw ? k+l"|"€|;ult ICF JB the
bit b[err] should be 20 avai a?bl at tihe filter 30, as descrl bed above,

the instant at which the integrator/|-isjeskg circuit processes the b|t
b[err], i.e. the output signal of the ijntegrator/limter circuit should be
del ayed with respect W lter 3. Thi ogsi bl e
by including a del af stan'e2 1 mlv-t-hetl nt eF'iGU Criter
circuit 31, which stage del ays the sk applied to “To this CII’CUIt by
one period of the clock signal. If the |nf§2.1ence of the partial erasure 25

effect is very largéd, th fgnal thdb..tewmu.llirriter ci can
be del ayed by a OW e —et-tet to &EG.e éat t he
signals b[err], b[err] etc.arke2also k l| ad¥ abIe The Thiter 30 should
then conprise further delay stages anesnlipliers so as to enabl e

each of these signals to be wei ghte&l _be ore they are applied to the sunm ng

circuit 20. 3Q4 e
o i nvept i onFEé.hat with

f oregoi ng, an inportant aspect e
r of desired ti e ®hifts can be

the output signal dj
obt ai ned rat her than that, ],pl"l or art, nmerely a choice can be nade
froma limted nunber of éfl ay] vallues. The signal dt can be

anpl i tude-di screte but al so analog. ) 2
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pt econpensati on of data signals to be recorded on a magneti ¢ nmedi um
whi ch device has an input for receiving input data signals and an out put
for supplying QHBQHhmﬁata signals to be recorded, at |east so

si*gnal transitions In t hese out put data signals being delayed with
respect to the corresponding signal transitf&ns in 5 the input data
signal, characterized by an integrator/lim/tér circuit which receives the
i nput data signals and which supplies an output signal which is in
synchronismw th the data signal and whose anplitude varies
substantially linearly as a function of tinme the anplitude being

limted within a data synbol interval; an adjustable filter which receives
t he input signals and supphi es an @it put signal whpse instantaneous
val ues depend on the pattern pf precedh ng a0 4ndnpn fuiureakqugnal
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that the filter
pr.edet er m ned nunber

device as clainmed in Qaiml or 2, characterized in
conprises a transversal filter in which each of a
of bit values is mul tiplied by an adjustable

wei ghting factor and the nultiplication results are sunmed in 20 order to
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