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current mrror consists of diode D2 and transistor Q0. Current J2 is used::
hs a feed-forward current which. supplgpegséihaimgini mal current needed for the
M ni mum resi stance-of Rh to the input stage. Current J8 supplies an :
hddi ti onal feedforward current which, when conbined with feedforward
current J2, wirtof. The HNPtmifrpr @nsists of tosistars 05.c00 pwin@7, Ao reisisterd AGo RY fand RABPTNE NPN
5t age f or t heungotrmirser] copsistsoof (diode B2 ancteangistor [Q20.Havveny J2) iscauded aptaufged:fomward etisent wiich
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Feedforward cuRh@iipotsnfdiu ali@n&ﬂﬂb Q&b%feéd%&ﬁdoﬂ‘é‘ret o the initial
settings pgeviously di scussed The i nportant equations characterising the

" |second feedback | oop are: 15 [ERR] 20. Where H(s) does.not include the
ef fects of - inter r;ﬂlsiy __gpu ed f eedf eRREtst"ctildent by J2- and- J8 and ere RL
RO + R11 25 VtRe re = 38 [ERR + (N Blurpent gain of ‘
'm rrors assum ng that the gai nmgf5 1h)gmle\lPNz%ngrr16%&2“_31“;1;2r]— beta of NPN
\(J?ees s2= Lapl ace operator 40 and where: [ERR] 50 55 6 .EP 0 361 781
Ny ' ' a ' [ERR] 15 where Vo(dc) is the -dc output
of fset at VoWhsre H(s) dpeenotiicludecibel éffortaal internaliyl apriiertiedsifanmrrcheprrent by dand JBlgnd-where
J1Rh/.Re[err]. The ac response of the anplifier is shown on the Bode plot of
Fig. 6. Her efRL FH® 48M nant | ow frequency pole of the second feedback |oop.
results i #.the | ow frequency rolloff shown. The biasing and anplifying
circuit conponents are shown int erconnectedzej n Fig. 7. Here, extra diodes
20 are shown in the voltage foll ower eStauy]fa!hto al l eviate dynam c range -
constraints caused by a comon-npde vol tage change ‘at Vo because the '
fcircuit mist operate with a range of resistances Rh. The conpl ete
preanplifi‘er capable of switching fromone g;@ad head to another is shown in
Fig. 8. A cascode stage consisting of Yt aggTSkprs QL0 and Ql1, diodes D11
and D12 and resistor R23 has been included to allow for -one of several
i nput stages to be used. Each input stage consists .of an anplifying 25
stage conpecledato an MR el ement. Each anplifying Stage is connected in a
dot-OR configuration to the input to the differential cascode stage at
nodes n3 and n4.= kir@nt ginSNPNBmPOIs ¥ssDiig TdCthe §eindd o NPRSHiSIriNg of transistors
QL7, Q18, Ql9agn£)b&ka of NN deviaed Q7,,resistors Re, R17 and R18 and head Rh.
Biasing for alk  Diptate apetator f.i €rs is common at node n5. Tran5| stor swtches
Ql?“"are tlvoenanswhére:hed ON or G:F by a control
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i at node nc to supply the biasing current to any one of the several .
anplifier stages. 30 Concurrently pblghelhgs gioresaid control signal,
contfol signals at-nodes na and nb are al so appropriately changed to allow : -
"the reference hiasing current J1 to bias the appropriate MR el enent. Nodes
nl,- n2, n3, n4, n5 and n6 are cgnnnn to both each separate input stage and

to a part of the anplifaer put stages. Control signal g1t
nodgs na, nb and nc are pegyli 3L 9N kk8daRerBach i ndi vi dual input stage of

whi ch only one can be turned on St anyredne tine. 35 Bias current J5 is
made.vari abl e fo accommpdate a fast swi tching node which occurs imediately
after switchover. A swi tchover includes switching fromone read head to

anot her or froma standby or wite node to a read node in a disk file

system A signal of knovvr} t] rre durat-i gH¥sh Re SCBF1HNO the preanplifier by .
external logic circuitr Afthe a-t-el-y—-f-gl-l-gm-ng—a—s-w-tchover wher eby [12]
current J5 is Increased for the duras_l ‘@eOf Rehe timng signal. |ncreasing

J5 by a factor of N wll correspon&| ngHy—+retease the | oop gain of the

second 40 f eedback 1 oop by N and thus inBkéase the domi nant | ow frequency

pole by N. If Nis sufficiently large, the otherwi se |long |inear .
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f eedback circuit means (B) responsive to the sensed centre potential of
sai d magnet oresi stive 20 el ene fagﬂ the current output (J1) of
said first current source to maintain said centre potential to a

pr edeternined reference vol tage (Vcentre). 2. A protection circuit as

cl ai med i Nrakd iiNitaioh has BBEIRGY, B irfaresel Polb Maduecioflthe isscahd foedJREK 16opGMPRVEsIRSIinbafO -
equal resi gécay B stdly 06 NaifleS Ristbritha@kpetRd Al 1S RorM sl ilddp FESEINeS. ARtErIheSHigh/gain mode
el"errent anendsSin this case at 1083 % domial e §aimef theddcand Idetitack Bbe réspanbs fa changd in the
magnet or es steddy \seatecérenbetivectthel High gainrent! ilovgalnahades for tha @od-naminak geretabease. Alter this
pr ot ect i sonrespangaddcayssthed the napinder of the nsiepf regpoasepis dawiuataddpydhealoweast pole frequency
char act er i eatl in thetfirsh teedbacidodpeedback circuit nmeans conprises 30 a
differential anplifier (B) having two input termi nals and an out put
termnal, Fl8lMs connecting said sensed centre potential to one of sai d

I nput ternm nal S, nmeans connecting said edeterm ned reference voltage to
the ot hdt &f %gptacqoﬂ (Srguit fog Prﬂ‘%sa?tgfes'sawlgmh@"btﬂxm P igt teﬁa'"%l&t"batse@r‘d 'aa'
anplifier to the current out a | rst curre source., 35
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c aracterlse ta

pot ent i aI o chfg E cou @ é%al cor nmg.anf said rg%n%tgreggﬁgy QQTentéo
3, charatt or PEE rclif n?@d.. &%ts%mr&%ﬂd 584 %%menmmg 806id Madh etarsgttk
negative vol tefé%nt Q:a ens& thit G &ifdGlt mbdn§ Yhrisesihe Chritle TPotential 0PSRN ﬂﬁ[fr'\eﬁ sib 5’
preceding cl fueman fa&%ﬁtdbmanynm&mtbewn sdid iREfornfifATEHd! s518 SedBREBmifaf)
anplifying the gh ciléGt TBER (BF FeSSohsiveRiotndTB&HESd BdnP6 lp&bmueofeéaemsgneﬁreestws ed
as- a fupgt i onyefentito BBEH Mo lchrdnt slfpub @MSd? GaidFirstScairéht BORELS & M&IAEIh Shidl véntre lpesiiakto

and i ncl udi NG gredeRaRNLA réterentd acitagei@centre). Ci rcuit coupled to feed back a
portion of the voltage sensed across said nmagnetoresi stive elenent to .

renove the2.da pratbdtiag irctitis dabnesidn claidditachaacterdsedin ttanshid drenitanaans gongsises si gnal
vol tage. 7. A pwoiequd fesistors (R) connbetartin sérias ameas said whgnptimedstivh elemertend sed i n

t hat saksl seconuednedatisansiogdher canire patentiprof saids magneforepistive slementi at theaiwriction ketween

| east two tr dirstivgtegistors( QL7, QL8) coupled in a differential pair
configuration so and havi ng the magnetoresi stive el enent coupl ed

bet ween thd Haerelection cwitasmamegwsetweeof the prageding sims charpterispd inphat sgig fepaback ¢
bet ween t he - EHeUtiMePas ompasas d transi stors, and a transconduct ance stage (o)
coupl ed¥bet meenaﬁ'ﬁ%e'ﬁ'é'laﬂ‘@@'ﬁb@éhad'f’gE"o?l"d’“ttP'ﬁt'@Fﬂ "?‘ “tpg'#?'ﬂ“'la anscon- duct ance
stage havi ng an™gaf °§‘<§(PB°‘?'P‘§'ﬁ%?’B°t°
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of the second oop | roves |near decay to steady state N

times fastgr 4 &'Ztgctﬁ% Bttt $9ciithddin bEodd U EBlBins h 008 3, BRRIBARd inthithid pRaetbHriad
gai n node enqgge vt,,gbg,sg@ﬁ,g" fdgativé véithge. t Ne nor mal | oop gain of the second

f eedbacl, | oop responds to a change in the steady state error between the

hi gh gai n &ndh pRwctdai dicuiDsteSaih@ int dd¢ oRe R B8 NBrétading) EiaiME dharadaiBed Mf thatrit tulthes s
response decay@mprisbdien t he renmai nder of the transient response is dom nated
by the | owest pebasfAcoummtiying thensignalnvotdge aérbasssaidfreagaltaedistiveoegmenChrmtyred 29a 1.
A protecti on faictianuif & rfagretia fluxesgneed by eaid sagneleresistizerelament Bid) intledingragseqonidi feegipack

t er m naks and cacuteouniall to deedibac a paipprof terygitage sdnedsacross) paic mBgNSISIASIERYe GISTSNEY)
to said firstremeve tHersigivoltate dugitelsairhijasccument ariddeave enletaidipignd! veiBge-pr oduci ng a
bias current (J1) through said magnetoresistive el ement and a second
current sofir derreledtipn eipuit e claimed i elaimfrheragterisedn thaysald speendife ‘i’ﬂ??'b‘f"é’gt OfP(es

el ement to 15 3aningyt skRye Baving pLlpast @’ﬁé’é"s@tffsr(@ht Q(”P) Qed g d WPT"atR?!iﬁgnf'?‘ﬁ?tm
coupl ed $cr o8 83ying the pagpetoreriptive glemeatqo f saig jrgnsistors,

magnet or esi sti v reference resistor (Re) connecte between the emntters [o) sasd transns ors and
a transconductance stage (Go) coupled between the collectors of said transistors, said transcon-
ductance stage having an output coupled to said transistors to ‘supply a feedback current to maintain
the dc current through each of said transistors equal so that only the signal voltage due to the magnetic

55 flux being sensed by said magnetoresistive element is coupled to an output terminal.
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el ement characterised in that the circuit nmeans senses t ent |
of said magnetoresistive el enent at EPmcnmmDBwubstantlEEllﬂ mﬂm

said ftrst termnal and said second term nal; and feedb

(B) responswe to the sensed centre dpotentlal of sai.d magnet or esi stlve 20

el enent to afffeliytation hassubsidedy the)inerpased ple)frequneyefithe Jepqnd foegdbpck lopp Imprypscthe fingar
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(Vcentre). 26nd3, (m, i %’1"£f WEG"‘??F fepdhadh
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series acr os Sﬂ’éfg %" ‘é’f“g'f' ?E IRt resRES 18 °m'" to H’§St1p8'F freque“cy
sensing the é) §I Bf sai d magnet oresi stive el enent at the
junction betug thetwo resistors. 3. A protection circuit as clainmed in

ei t her of the precedl ng clains characterised in that said feedback circuit

nMeans conpfigeg &Qemon cu'cuat fofa ﬂia{;rfe%%i@&vb lemBATRRH) Thbvilg a(ﬁ%l haNGd taVL‘aodnH Rdthinal
termnal s and ngﬁ}g term na nmeans connectl ng sail sensed centre
potential to one Qirstscamt §d0ib boubd ¥ said st tedfi b ss@mgga%aestawé dibrent for producing a
predet erm ned bRs &frﬂm@l)‘ﬁfﬂu?tﬁ&ﬂ rhd@ndtbissisie Bimetfang i d 1'nput term nal's; 5
means coupl i ng t he ssoddottimetl sotrde doupBdlid Edi bechtt mmAal of sdidma@ufofeeuatvemmm

of said fihgst @rbicRitreferonteCarenBef}. A protection circuit as clained in any o

one of the precediragt s (B), coofial Sfdise kaid &t and daidadecand itéimipale debaid Magretbresistive
ref erence vol t agaentshgactasse ip dak thd ickduit nfeans/sepses itectenionpatantial Wof 'sauamagdemmlsﬁe_
in any one of elementst dposifiorosubsiantiatiin midwey isatwesm shid fivst ttdmainal sad shidmeemid teominalreed .
ref erence vol t agdeddback cirenitl hean (Ritrbspensivelta thgesenséd centre potential ot sdidh mametomalsﬁve
as cl ai neep i n alayend teeadjst thi curgnteouiputi (19 olctaldifirst curmetrspustectp imgintdinj spid cchriie potential to
\rher conpr | $@Bdeieravined [elrenteyyoltageifYoetsel.ng t he signal vol tage across -said
magnet oresistive el ement produced as a function of a magnetic flux sensed
by said magriet dmetqcten W“éP é'ﬁ'ﬁ‘ﬁ? inglaim 1. ﬁ?ﬂ%ﬂ?‘?@ "‘a‘@éﬁ!‘bﬁ@”’f @%B&W"ﬂ“j
circuit coupled t%¥°eped conescted iy pe I"laﬁlgg maptands said
magnet or e&i st i ye R Fe"F'Bg fh8 2 pPﬁ%"aH%f s@'ﬂl“ﬁ"&@@'ﬁ t%e"gea'i Y 1y yection, betegsp

and | eave only 3?”0"’1‘ Fral vol tage. 7. Aprotectlon circuit as-clainmed in

ot o oot ATREh, bl ARl RS Of e SREMR Ll f e S8 TSR Bl
differentjgal pal ratﬁf% n{-aﬁ! &h ﬁg@ hafing two in .adélﬁ%nnﬁ’aYédHQaﬁ i ARG OF esi st Ve.

el ement coupl ed t@%ﬁé&%&i& Rputrin4iE" ence resistor
(Re) connected bq'ﬁéﬁﬁ@&mﬁ ﬁ"ng%gih rp;eﬁétémﬂ d reftefcelVorge tothedtifor ofdaid irfbut terminals; and

transconduct ance rsdaAd&ubiigihe GG bELidRRbIEAD cintt tieRulr&hE buius ofRbiaSidt Slirent source.
transi stors, said transcon- ductance stage having an output coupled to said

transi st ogsS 4.0ASprapdtisn airbureibaged W BifNbnet & HBlipRicading EiliMs,denarbibiisdlin ik Gugh
each of said tpRasérmined RfeRmtNoltayd istgiiihd ftdnyialt he signal vol tage due to the
magneti c 55 flux being sensed by said neagnetoresistive elenent is

coupl €d to ak Aukqpattiont clreuiti as @laime8 in any bRd & cBk 173 &r Bhdiabterideld in that said predetermined
11 -éliat ent anspr fefetdnee voltage is a small negative voltage.
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7. Un circuit de protection tel que revendiqué par la revendication 6 caractérisé en ce que ledit second
circuit de réaction comprend:
- un circuit d'entrée comprenant au moins deux transistors (Q17, Q18) connectés en paire
50 différentielle et avec I'élément mégnétorésistif connecté entre les bases desdits transistors,
- une résistance de référence (Re) connectée entre les émetteurs desdits transistors, et
- un étage de transconductnce (Go) raccordé entre les coflecteurs desdits transistors, ledit étage
de transconductance ayant une sortie raccordée auxdits transistors pour délivrer un courant de
réaction afin de maintenir les courants continus dans chacun desdits transistors, égaux, de fagon
85 que seule la tension de signal due au flux magnétique détecté par ledit élément magnétorésistif,
soit raccordée a une borne de sortie.
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