A rangerrent for reproducing a digital signal froma track on a rragneti"Q.l--
rgcord carrier using a read head with a MR el enent. The
igvention Telates to an arrangenent for reproducing a digital signal froma

t¥ ack @ng%ﬁgq ic record carrier, rrangenent includi ng.g netic
Fad hea av?%éba magnet o re5|st|ve (EFQ el enent, and mhereiEJIGﬁgggd I n
e d|re of .ac he Jragneti c
kad has a %ntsﬁ’og ép?ﬁ&& a ?@ES{%A §|tt§éf()h§ eﬁﬁéec(gf FHECE des
kavi ng aumgm%a&hedwﬁitmlamfgémém_e MR el ement whi ch |s | arger than the
jagnetic shielding on the other side, - an equalizer filter neans, having
gn i nput coupled to an output of the magnetic read head, and an output, the
gqual i zer filter nmeans being adapted to supply an output signal at its

gut put whi ch has been substantially equalized as regards magnitude and
group delay as a function of frequency, the equalizer filter neans

kncluding finite inpulse response (FIR) filter nmeans, - transport means for
movi ng the track i Fhe imvention relates tocan mrnamcnttﬂoermgdmngcad@al fignall. Thin

filmhea f rd n the f have been

di scl osegﬁmﬁ t%‘?gﬁ\?gR g&gﬁ g‘é’f&&%@fﬁ tgF ge ?H%ﬁ%% pages 61 to 64.
Whers used a mamuawmmﬁvmgqrmﬁmfwamybuhieﬁi and Gvlrein,f VBWEd t r ack
on a magnetic record car- rier, an equalizer filter neans is needed so as

to conped Hhecdirestion oé transport| ofithe track Taktive dn dheheady thermagnetic head hasd oduci ng
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f r equencor theeMBédétierfiathioh Bflardge thai $he MapreticahieRlifg bR the théhadehase
response of the systemln that, the group delay is proportional to the fir'st

deri vat i vangquplizes filfer meags, faving an dgpuscovpled fshakeutputseidhe magaeticoead [err]
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It is knawtts botgusethFHaRbéed §ubktantinllyhequalined| as z6gardd mbgnitudeand grdupR filters
are also called transversal filters, and are well known in the art of
di gi tal Melayas a funetiom of fyequency, the equalizer filter means including finite impulse

response (FIR) filter means,

- transport means for moving the track in a certain direction past the magnetic read
15 head. Thin film heads of the MRH type as described in the foregoing have been

disclosed in the Journal 'Electrotechnology’, April 1988, pages 61 to 64. When used in

an arrangement for reproducing a digital signal from a track on a magnetic record car-

rier, an equalizer filter means is needed so as to compensate for the non-flat frequency

characteristic of the reproducing system. The frequency characteristic of a system is
20 expressed as a magnitude response and a phase response of the system as a function of
frequency. The group delay of the system has a relation to the phase response of the
system in that the group delay is proportional to the first derivative with respect to
frequency of the phase response, or D(f) + d¢(f)/éf, where D is the group delay of the
system as a function of frequency and ¢ is the phase response of the system as a
function of frequency.

It is known to use a FIR filter in the equalizer filter means. FIR filters

are also called transversal filters, and are well known in the art of digital filter
technology. |
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2 Prior art reproduci ng arrangenents have the di sadvant age
that the equalizer filter neans becones very conplex in that a |l arge
nunber of= coefficients are needed in the FIR filter neans in order to

suffigi epwl:ﬁgyc?l ize the signal read §romthe track. Such fjigl fiefogrEans
realised 1n the Tormof an integrated circuit results in a large surface

area of the substrgltigr i%@?&#ﬁé&#‘ggﬁ‘gﬁﬁ%e g?ﬁsra&% ettgat%@rease t he

conpl exity of the equa to a deterioration after
equal i zaegelizef filtdrhreank gscdmesarty tomplex frethatipdarge number of coefficients arghe

I nvention ajns at providing a, reproducing, arrangenent havin reduced
conpl exi hgeded ip the g’é‘@tﬂ’fz@m il OEder rﬁ%é‘%fg,glemﬁ' S‘H&gﬁ g"r?g‘éﬂ\?,‘]f&p&% | e of
suppl yin ' ' f C i '&nﬁ£ | i

For t hat %ﬁ’?pﬁgﬁlﬁéﬁgﬁ#%%ﬁh?ﬁ? gor@r%ra%c@ggl zeda?dn t al%lﬁt ea lé%ﬁ?al I zer
filtser meafiscefared bftheisolsstractest the € eing dcoppibd eAttempto ts decpeds&thed i | t er neans,

the IR filter, neans being adapted to sybstantially.equalize magnituyde and

del ay of complexity ahthefgynlizen filter means; Weieqs ® aaa?%w%?@ha@&?ﬂ%a%" f the

si gnal f"t&qﬂgﬁ]{lwdaﬁ&ﬁ tg?tagfzfunction of fre- quency, the FIRfilter means
0 substanti

bei ng adapte 1y equalize at |east the magnitude of the
signal applied to its input in a higher frequency region of the signal
frequency range, as a function of frequency, and in that the first side
(front) of the magnetic head is the side having the | esser magnetic

shigjding for the B aims at providing a reprbificihd) ¥hdgestient Bavi@pgd on the
fol Tow ng recognitrx‘gﬁﬂ he daélt ection bygthgpnagne%'i C hgead of a bit recorded

ai n the t reduced dempleyity inotlie etjualizenfiltsremedngy whiol arrangeroenttinicapaplgiefrity in the

out put signal, of the head. In prior art r.oduci systens the nmagnetic

r ead heaégﬁ’éy’&gta@ﬁq% PBWEEISIE@é’fi F@Fetpﬂ@‘#rqﬁ%]‘gybn the record carrier

so that the secondﬁ%gﬁtgp‘?%&, a&meﬁﬁgpﬁtdhw@ﬁ%dﬁl&mgieqwﬁ&/i ng the
Ing for 't

| esser magnetic shie e MRelenent. As a consequence this | eads
to a posifiltermeansfugihat inchdpoindinite impilse)resporise (BR} Sltpomeans; yhe HRifHterout put

el B oVBARES DDA SARL BRI b, eniaE d AT B fhe eal Bortef
(frequency, 53388 in a low frequency regih of tiedgnap fieGRenRy tidgeZRra funtfi®! oftens into
two filter sections in the form
quency, the FIR filter means being adapted to substantially equalize at least the
magnitude of the signal applied to its input in a higher frequency region of the signal
frequency range, as a function of frequency, and in that the first side (front) of the
20 magnetic head is the side having the lesser magnetic shielding for the MR element.
The invention is based on the following recognition. The detection by the
; magnetic head of a bit recorded in the track ideally leads to a pulse signal with a
certain polarity in the output signal of the head. In prior art reproducing systems the
magnetic read head is often positioned relative to the track on the record carrier so that
25 the second side {back) of the magnetic head is the side having the lesser magnetic
shielding for the MR element. As a consequence this leads to a post-pulse signal
component having an inverse polarity in the output signal of the magnetic head, which

results in an increase of the group delay towards lower frequencies in a low frequency

region of the total frequency range.
Splitting up the equalizer filter means into two filter sections in the form

of an IR filter means and a FIR filter means opens the possibility of realizing the
equalization only in the high frequency region of the signal frequency range by means
of the FIR filter means and only the low frequency equalization by means of the IIR

e ————
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pf an IIR filter nmeans and a FIR filter nmeans opens the possibility of

Feal I zing the equalization only in the high frequency region of the signal
requency :range by neans of the FIR filter neans and only the | ow frequency

:Bqual I‘ZmNOrB.gBO nmeans of the IIR 19.11 1991

3 filter nmeans. IR f3| lters are also called fecirsive

filter m‘[}r}geéngcorporate a feedback so as to feed a del ayed out put signal

of the Tilter back to an input of the filter. Therefore, a linited nunber

of coefficients SliRffiliees ars atsoccalleRrdcutsivey filters,r vl ih rae 4 feadbackgyency

equal i zation. Further, because of the fact that the FIR filter equalization

is onlyd% todeed adelayedoytput qigrghof ﬂ@cfg@ﬁ @9;1; Ebﬂbiﬂ?“b@ﬁ the Slter. Thezeforeurber  of
fficlents : yhlie nt '
CroL A BRG] T a1 o

Re§ ponsequatizition z Rintitsr, becahidecof! theyfiot et cFIR fierogyualizatiog & oslyt he del ay as a
function of freclggg% means that the IR nust exhibhit a delay as a function

of freqsEiediR; draguency regiany ol [adiisited purahes of icoefficientseaaipt s to real i ze
h 1| 1R. which fLLt 0. i 71 ng, L h i red
moni ¢ st LEE FIRHIGR, AS o (Bl BE SoRoRRins 8RR WA of ind Gt Bkl 1€ ' P11 1€

if i | t er smedrisdb redueed sigrifieaitlyy unst abl e. However, rotating the
imagneti ¢ head through 180[err] with respect to an axis perpendicular to the

‘track surface maﬂ%‘??‘l*ﬁ&teqvﬂémli%?’ct@il% frequensy)region @p segardmibe idelaiead i s the
sitge hay ' ' ' e s a

0 ol & furclion P EGUpnET Bidehd thalhe MRl St S 9B aba WhcHon b, 5

pol ar i tfrequentyhwhizhtdeuteases gonadrds lowdrdreqmencids. Attempts tovealize suelsliR s in a .
decr easg, of the oup delay tqwards |.ower frequenpcies, in the | qw frequency
ool oo st uhich TR 18 ghio! rapahie, b Faipe (b LAY, TREBHIS ANAIZAPR I oy et
exhi bi t t 1. ON: : :hl i ses towards

| ower f%@q%ﬁmﬁkgﬁﬁﬁ’ﬁﬁw?ﬁdﬂ %%Wsl%yi%ﬁ? e required
magni t ude equal i ZHbwever; rotdting the magnetiviiead yhroegh 680° witle réespéetrteanl y st abl e

agg easy .to reali an. arr nment for
;

- oAbt BerpSaics AT the rAck SurfassmEany Uik e i S KBt oF e qHREnels 1 i or

i ncl udi A8l § .0 ki P Qs hah ) el ement, has
oo 3 TR bl S ipie BRTORRG, MEE AR AIF) © o

magni t uchasequena, ¢hip ledds &ya pfe-puise siphad component withean myerse poladiguinl theed as a
FUNCtl Ofhupit signaf of e magnetic Aead’ Wisdh sesuts i dechease of the group delay

towards lower frequencies in the low frequency region of the total frequency range. In

this situation the IIR filter must exhibit a group delay as a function of frequency which

D)

increases towards lower frequencies. Such IIR filters, that can also realize the required
magnitude equalization in the low frequency region, are inherently stable and easy to
realize.

As a result, an arrangement for reproducing a digital signal from a track
on a magnetic record carrier, including a magnetic read head having a magneto
resistive (MR) element, has been realized with equalizer filter means of reduced
complexity, the magnitude and group delay of the output signal having been equalized

as a function of frequency with an acceptable quality. S e
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These and other aspects of the invention will be apparent from and
further explained with reference to the embodiments described in the following




hese and ot her aspects of the inventionrwi | be_ap aren-fm_'from and further
xplained with reference to the enbodi ne 5 laced t he fol | owi ng
description of the figures, in which igure 1 shows a

ross-v@gﬁ}' view of a nmagnetic rgad h typ
i gure s%%'\?s%an enbodi nent of the arrangenent, f§'11’1‘1|9991ure 3

hows i 1 0 signal of the head plotted against tinme in
d@scglggbjt{ 6t 4 fz%?esl, n g ichm51

esponse€ a rever gnhetization direction in the track that is

transported past fighie lhﬁﬁﬂvsiﬂc@sél%ﬁ&iaﬂ'viﬂ\ﬁﬁﬁih&gne&néa& head 6f the t he group
delay of the head plotted agai nst frequency, an figure 4

shows MRHit¥phe 4a the output signal of the head in response to that sane

transition in na i l.on e directi t port being the reverse
di rection, and flgggr ei%v%haé‘ éd?%‘ﬁig&‘ p&ﬁ%fﬂ%{}gg{nﬁﬁgd plotted against

f rsequency. figure 3 shows inm@wmmnﬁﬁhcs éntheheadppued agaiddti n film

magnetic read head of the MRH type. The head has a face 1 which cooperates

with t Baetipgesposse @ wiryseal in the sagactization directipn in thetragk hahisgneti c t ape.

thetr SepsberR s ShE R AR et s BB B HEEBBTR A", cngth of
the traedd pldhed apime flequdiRpdardins a substrate 2 of a non-nagnetic materi al
on which a magneto resistive (MR) elenent 107, a first magnetic fl ux

conduct or 103 anéigurestshnws i fe the eptpw signakelothe head in respanses0 t ed. The

net iy . f 0 d 10 - ng a gap width
gﬁpgr.lt rtls‘J(i)Ar{ ér‘riﬂgg&%nm?g%eﬁ%@ﬁaﬂﬂeeé:aécﬁégg?%ﬁ%ﬂﬁr}éﬁ% 1 s\%eppl led to the
MR el edizedtiohQ dnd Tigerecdly theniroupidelay of thedtiead plotted agsinfdreduendyar to the face
of the drawi ng through the MR el enent

Figure 1 discloses an example of a thin film magnetic read head of the
15 MRH type. The head has a face 1 which cooperates with the track on a magnetic
record carrier 20, such as a magnetic tape. Figure 1 shows a cross-sectional view of a
plane intersecting the head and the track, which plane runs perpendicular to the face
and in the length of the track. The magnetic head has a substrate 2 of a non-magnetic
material on which a magneto resistive (MR) element 107, a first magnetic flux
20 conductor 103 and a second magnetic flux conductor 104 are deposited. The magnetic
flux conductors 103 and 104 form a read gap 117 having a gap width of g.. In order to
function as a read head, a DC current is applied to the MR element 107. The current
runs in a direction perpendicular to the face of the drawing through the MR element
| 107.
| 25 The electrically and/or magnetically conductive layers in the read head
are separated by a material 113 having an appropriately isolating behaviour,
Magnetisation variations in the track detected by the head when the
record carrier 20 is transported past the head in either direction A or B lead to

, variations in the magnetic flux passing through the magnetic circuit of the head which
B30 are formed by the flux conductors 103 and 104 and the MR element 107. Those

‘ magnetic flux variations lead to a variation in the electric resistance of the MR element
107 and, consequently, to variations in the voltage across the element. Those voltage

variations present at the output of the element represent the magnetisation variations in




l107. The el ectrically and/TeE SIERGRESd.L ReplYegCiONduct i ve |ayers

n the read head are separated by a mater]i i an appropriately
sol ati ng -behavi our. Magnetli H i MEI ons in the track
et ect Vs - head when the record carr'i i spor p t he
head iﬁg%ﬁtll;r{e&di rection A or B lead%o variations in the rrggﬂ‘ét]iaggafl ux

passi ng,through the magnetic circuit of the head which are fornmed by the
f 1 ux coﬁﬁﬁ@f’grs 103 and 104 and the MR el enent 107. Those nagnetic fl ux
variations | ead tigienifiolsl @ledibdifien D o fepfodubip skAfigenat Lhe MR el ement
107 and, consequengly, to variations 1n the voltagé across the el enent.
Those vestmprising/the iread head 2iraftbeMRE types aowoupput 22 fof mthicheiseoupled tepr esent t he

imagnet i sat | i ons in

ti vari at. . . . .
5 0 mput of equalizef AIGEF Mesns, 73 via acoupling GRMAEHr M & BrERTRIifies Aandgn
jar angemwg_&,qng' i r MR : t 22 of
?Wmsch I's coupl e E%l%b%\%r%eﬂ%&?@?%ﬁrﬁ%?&‘pwfser ne%}]ég&%tgqeitgéjgﬁgoupl I ng
‘capaci telemem, 108 ofrtbehpdd 21. ekn efualinal outputrsignalywilbbelavailable atdhevoutpatr 26. The
DC sourﬁ: éé\ supplies the DC current to the MR el enment 107 of the head 21.
An equaft ? ec?é'%gﬁ?m%‘}tgnal will be available at the output 28 of the
arrangenent . d whize | g i&% s@bekpgr oup
del ay of the resplgnosreerotfo etqhe rce}gg%ﬁggfgu%i&gsgrg‘%gﬁg iagﬁﬁof ft:ﬁequengy, it is
known treaghead Ak as hdumationlof frequdricly: #ris kpewrs tgrovidethe equalizén fiterr . Such a

FILR il , | nber of ffici d th f
effal | pps PHE e FRCENS Syorth Pl AR wpey Bt B8 iBEfad f  eqoncy
jrange. darfcieneand thudtdps fof e@aﬁaugltﬁezfasb&iaae :oﬂtﬁeh;ead avad 6ve W oralr egi on of

the total signal frequency range require ong i npul se response of the*

filter sigenlifrequencylrangse Montspecificallyo 8tefequalization imthedawi fsequendyeregion of t he
i f.the filter i .. 150 hits. Wth le rate of 1

ol o eI SEng? Sroalhey reReh rebiin® A o rise dwmbrie poE HIRE B B 1 1

case isg %ﬁhuﬁ@er%oefﬁ&&@%?&ﬁ&ﬁ@leﬁ#tﬁzfrthéf %W@f@h@ﬁ&&“ﬁ ve.

In_the enmbodi nent of figure 2 the equa AR 23 conprises an
| IR fi | iseg. 250 bits Withiarsapriple mte 801 samplecpen biti this meansothat the number o€ gnal

rcoi on GethARAE pbael B ik M3 sl PR IHE ke 8 ki bR s
the |1 Redpehdigd, 29, and an equalization for
In the embodiment of figure 2 the equalizer filter means 23 comprises an
IIR filter 29 and a FIR filter 30. The equalization of the total signal frequency range is
20 now divided into an equalization for the low frequency region of the total signal
frequency range, which will be carried out by the IR filter 29, and an equalization for

the high frequency region of the total signal frequency range, which will be realized by
the FIR filter 30,
The equalization for the high frequency region can be realized relatively

simply by means of a simple FIR filter with a reduced number of coefficients (taps).
For example, only 4 coefficients suffice, which is a great reduction compared to the
150 coefficients of the original FIR filter.

The IIR filter, though having a limited number of coefficients, has, as
the name already says, an impulse response of infinite length, because of the feedback
included in the filter. This makes even an IIR filter with a low number of coefficients
useful for equalization in the low frequency region of the total signal frequency range.
For example, only 6 coefficients suffice for realizing a 2nd order IIR filter, that is, 3

coefficients for the numerator and 3 coefficients for the denominator.




# hi gh frequency region of the total ShigStedtHbyBeeiregBydrange, which will

-,'.real I zed by the FIR filter 30. al.ization for the
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npl e reduced number ICi s (tapy), I
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ange, and a di scussion e equali zation S group
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during read-out of the track.” The ou ignal exhi"bits an 1 npulse having
a cert abeingoormalized tondl.Ozindbe example ofifigurel 3ae The himpilse iscfollowedihyaor mal i zed to

1.0 in th I f fi 3a. The |, Is foll db t - pul
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I,magnetization ransitions in the track that a%ﬁ)roach the gap 117 in the
dildection A are dEtemagnetizationeansitions imthettrack thattapproach theegppeti7at i on

transitjons di.rectly face.th 117. Lor.thereto, f.he. detect.ion of the
rmgnet | DadHton &2k rGE by T Bk e fieat M Wies BedhSimeliaion B8 kPRD o ¢
becausegitdrly Tac @k igap N7 CPBbHeRRi)REE Hotestfont dfahé hisindRAdE trdksitiddd Prevents
the magneti € field caused by the
: by the MR element 107 is more or less impossible because the magnetic shielding

property of the flux conductor 104 prevents the magnetic field caused by the
20 magnetization transitions to reach the MR element 107.

When the magnetization transitions in the track have passed the gap 117,
the magnetic field caused by the magnetization transitions is still capable of reaching
the MR element 107, because of the fact that the substrate is of a non-magnetic

material, so that it cannot prevent the magnetic field from reaching the MR element

25 107. This results in the post-pulse signal component shown in figure 3a.
Figure 3b shows the group delay D of the head plotted against frequency
f. The frequency is plotted on a logarithmic scale along the horizontal axis. The curve
for the group delay D exhibits an increase towards lower frequencies in the lower
frequency region of the frequency range plotted in figure 3b. The post-pulse signal
30 component shown in figure 3a is the reason for this increase of the group delay D for
lower frequencies.
The IIR filter 29 should exhibit a transfer characteristic as a function of
frequency such that it also equalizes the non-flat group delay characteristic of the head.




magneti zation transitions to reach the MR el ement 107. When
t he magneti zation transitions in the tré‘hiksha\}bsrlmxmticdihe gap 117, the
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The ocche explaireddis followspr e- pul se signal conponent can
The magnetization transitions in the track which approach the gap 117 in
20 the direction of B are detected by the MR element 107 when the magnetization
transitions directly face the gap 117. This results in the impulse in figure 4a. Prior
thereto, when the transitions approach the head, the magnetic field caused by the
magnetization transitions is already capable of reaching the MR element 107, because
of the fact that thie substrate is of 2 non-magnetic material. Therefore, it cannot prevent
25 the magnetic field from reaching the MR element 107. This results in the pre-pulse
signal component shown in figure 4a. When the magnetization transitions in the track
have passed the gap 117, the flux conductor 104 prevents the magnetic field caused by
the magnetization transitions from reaching the MR element 107, because of the

Q

magnetic shielding property of the conductor 107.

30 Figure 4b shows the group delay D of the head plotted against frequency
f. The frequency is plotted on a logarithmic scale along the horizontal axis. The curve
for the group delay D exhibits a decrease towards lower frequencies in the lower

frequency region of the frequency range plotted in figure 4b. The pre-pulse signal com-




‘be expl ai ned as foll ows. The magnetizafion transitions in
the track which approach the gap 117 in thmgﬁheeegssigg&@{,h& are detected by
the MR el.enent 107 when the nmagnetization t jmgiect |y face the gap
117. This results in the inpulse in figure 1@,@:&"&&‘!&&"&0 when t he
transit iIRHN 13/8§30oach the head, the magnetic by t9a1.1991
magneti zation transitions is al ready capabl e of reaching the MR el enent

107, begoue shéwh e figafe! 44 Rake tdaSors flR Thik Yerehe ST thé gRAP-dBRGBIff Material .
Ther ef o?g, it cannotﬁgprevent the magnetic field fro%@gachi ng the MR

el enent lower fraqueaciessul ts in the pre-pul se signal component shown in figure

4a. When the magnetization transitions in t tra have sse he gap

137, "The 11ux conddedard Somuspl it pcbNinee i i Hioeirr B BE IR "* e

magnet i ek ikchésad GhoveO AdwT ot of the
chésed abdveO Adw Ha@?g{-cﬁlg A & @Hﬁﬂ%ré@c?mpl@ﬁ@ﬁtﬂﬁei .

magneti c shi el ding property o onduct or 107. ure 4b
shows t He egeloother] sbdbat Rnaiqualiztiore afi thel decteasing groupsdeldyr efcthe head €an béhe

f is plotted i.thmic.scal e al th i zontal axis. Th
cur e T R BB 5 R I Bhet e rofeBhE sholp AT RBRNB IR ne i oo
in the Ifeaq]aéndiéseiattﬁafdwerr%'qaébyoffegioh%ffm@wrﬁequém%g&otted in figure 4b.

The pre-pul se signal com . L o
8 ponent shown i A% tpsulé an ariapgement isebained i whichghel diseationcofdranspast gr oup

delay D f{ wer frequenci.eS. g The ,head. as .rot.ated i
accordar?ggﬁ?/\nhg’ﬁpﬁtgth?g@'@lﬁérb@}eh‘gfec&ﬂﬁq;héeqﬁ ill'f@PtHrgbeu e °%18gve, now
hayge gr agpsstat af thehaicRatiafiveto the hedd 5Hinal dire66® fRONE tHeaside 4P oL B hedd her, so
t hat an equalization of the decreasing group delay of the head can be

_easi lé devisgrtbelawerimagnptic shieldingrapadity ]Lor megnetic Belds mmﬁgidgrfldulpf del ay
t r oquendh® Nl Rtk R it idghélfe hibifibe chERTTO: PARIGE las 'S (b1 % ned i 1

whi ch t IRurthefrgre] €ie eaializen ifeay 23,0donipiiingodrelIR Hitter DY eant @ACFIRSfiktdt 30)e
directign of B, see figure 1. That .is: the direction of tranggort of the

track rdf #fasmple eonstriction and can easily; hecintegmted. ‘B BR dilter 32 isadaptedi e head

(g o ac Uy cIRHDE e Bl il e cFaRTRdY s BF rIPIE QI HBLBATY T o
nmagnet i ufidtioncst. frdqueddycin e Bower ffeqaenoy| region. TROFIR Zilter 80 iddapteddoan | I R

filter 29 and an FIRTilter 30, is of a _sinple construction and can easily
be i nt egibitantiallyggugliz the respnse of the head in dhe higher fiRausney BEIOR. equal i ze the

magni tude and gr oyp;dglav et S he TGS & ndt HmifkA38 RS eMbodiment
disclosed in the present descriptions of the figures. The invention equally applies to
20 those embodiments which differ from the embodiment shown in aspects which are not

relevant to the invention.
In this respect it is to be noted that it is possible to incorporate in one of
the filters 29 or 30 a block for a DC component present in the input signal of that
filter, in order to realize a DC free output signal at the output 28.
25 Although a capacitor 24 is present in the arrangement, DC components
may occur in the signal applied to the inputs of the filters 29 and 30, because of offset
errors in the amplifier 25 or quantization errors in the AD converter 26.
A block for DC components can be realized very easily in the FIR filter
30 by adding one more coefficient. This one coefficient can be chosen such that
30 together with the other coefficients the output signal of the filter 30 has a zero DC
component. If, however, the DC block is incorporated in the IIR filter 29, and the IIR
filter 29 is connected in series with and prior to the FIR filter in the series connection,
this means that a DC-free signal is applied to the FIR filter 30. This has the advantage



function of frequency in the | ower frequency. region. The FIRfilter 30 is
adapted to substantially equalize the response of the head in the higher
frequency region. It is to be noted that the invention is
not |i niPHN 1283%the enbodi nent disclosed in the present descrilptilorggiof the
figures. The invention equally applies to those enbodi nents which differ

f rom t hethatihe dotabetistirigoamplitidempge IS the/ FIRNilesr €an bk used forahé equalizdtion,
i nventi on. In this respect it _is _to he noted that it is

possi bl ek that & swalies amplitpde 1ghge eAn beused;in the EIR filtey, leading t9asc&veRor a DC
conponeny: teql ) the input signal of that filter, in order to realize a
DC free %ﬁ@%ﬁ?&gﬁak£1 at the output 28. Al t hough a capacitor
24 is present in the arrangenent, DC conponents may occur in the signa
pplied to the inputs of the filters 29 and 30, because of offset errors in
he anplifier 25 or quantization errors in the AD converter 26—
bl ock for DC conmponents can be realized very easily ifddig.FLR.fi]ter 30
y addi ng one nore coefficient. This one coefficient can)jsauchas sy d
tthat together with the other coefficients the output sig
30 has a zero DC conponent. If, however, the DC block is i ¢

the IR filter 29, and the IR filter 29 is connected in series wth and
brior to the FIRfilter in the series connection, this nmeans that a DC-free
signal is applied to the FIRfilter 30. This has the advant age

D that the total existing anplitude range in the FIRfilter can be used for
[ he equalization, or that a smaller anplitude range can be used in the FIR
filter, leading to an even sinpler FIRfilter.
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10 dains 1. Arrangenent for ital signal_from
a track on a nmagnetic record carrier, the mﬁﬁﬂgﬂﬂm ud| ng - a
magneti ¢ read head having a nagneto resis , and wherein,

vi ewed 'ipppN he. g8prection of transport the track relative t@ypggpead, the
magneti c head has a first side (front) and a second side (back), one of the
sides hayiip@ a nmagnetic shielding for the MR el enent which is larger than

t he magnetrc shielding on the other side, - an equalizer filter neans,

havi ng dn i nput cdupngement fenrepondducingcd digital signgh ébirca traekd oh @ardagneticl an

output, the,equalizer filter npeans being adapted to supply an output signal
at its 69&05‘319&7\*? 'ﬁeﬁ%nm éﬂ?ﬁ&‘%t ially equalized as regards magnitude

and gr oup I t ans
ncl udi ng f;%@“ ol adhalaling d Slerlef AR (RPEICERHE ahd Snclen, AELBESTC
movi ng tiin¢het dizeckion wf ranspottaofithel traekc relativepta the héad, thegmagnietic heathdseand,
ch agteﬁ:rlze n that tar?:eu,llzegflltlia gnsfurther fncl (ﬁg%nflnlte
ng{JI se gﬁb‘gfn tont) and)a secpRd sidenback), slliaé’?‘“gn%%gnﬁéﬁﬂtf pted to
SUbStamfb@ihbﬂﬁ“ét@rhé:?t%vﬂ"f&ﬂ&'l&%@?d?ﬂ% q@bﬂméo:ﬁapha@d toits

n o gnal re

input in a low frequency regi ency range as a function
of frequansgualizee filteRnfeats, dnavmgansnp]mcng)ledltqamdutput ofithe maghetid fepd equal ize

t | t t ud ft | d t hi
Fr equion g R SHBEn e salplier AEqTEHSPeine aabted 13 s &n SHtEBt SEfquency.
and 0 GRS oblyt GhichingS e Gkl ol TGRS Bt ind Yo 0 Navi ng

the | esser nagnetic shielding for MR el ene Arrangement
asl®| ai deltyias acfuactionlof fréquency, ¢he equalizer filtentmeant including fikiteesimpulsens is |
further ada tedﬂ%ﬁgéubstantlal |y equalize the group delay of the signal in

t he hi gﬁ%ﬁp" n as a function of frequency. 3.

AT angenTiiinsgit fledhdTofl ridVifal b Malk  a 2enfRARRCHA bt thel flagref réat® | I R
filter means I's arranged prior to the lter means I n the equalizer
filter headhs.

characterized in that the equalizer filter means further includes infinite impulse
15 response (IIR) filter means, the IIR filter means being adapted to substantially equalize
magnitude and delay of the signal applied to its input in a low frequency region of the
signal frequency range as a function of frequency, the FIR filter means being adapted
to substantially equalize at least the magnitude of the signal applied to its inputin a
higher frequency region of the signal frequency range as a function of frequency, and
20 in that the first side (front) of the magnetic head is the side having the lesser magnetic
shielding for the MR element.
2, Arrangement as claimed in claim 1, characterized in that, the FIR filter
means is further adapted to substantially equalize the group delay of the signal in the
higher frequency region as a function of frequency.
3. Arrangement as claimed in claim 1 or 2, characterized in that the IIR
filter means is arranged prior to the FIR filter means in the equalizer filter means.
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