; 1 JKLe3e$\ 6T$sr 2 ~ 0 C T 2003 i ~~~n~~~~ ELECTRONI C MAGNETORESI STI VE SENSOR
Bl ASI NG BACKGROUND OF THE I NVENTION 1. Field of the Invention The present
invention relates to magnetoresistive (MR) sensor biasing. Mre
particularly, the present invention relates to nmagngtoresi-st.| sensor

bi asi ng methods and circuits. 2. Description of theiégdiéézihﬁg For the:
pdrpose of this disclosure, the terns "magnetoresistive (MR) sensor" and
"MR head" both enconpass any magnetoresistive el enent used for detectin

g a
varying magnetic field by detecting a chapge in resi stance\\ml\mﬂ\“‘MM“

el ement resistance RS caused by variations in the nmagnetic for
purposes of this disclosure, the terns MR sensor and MR head argsb®t h not
limted to nagnetic recording el enents only. Exanpl es of enbodi nents of MR
sensors that are cont gigplaidicrd Quifniioraist sthozSepRoriaidieag tvo ter m
cinclude, but are not Tirmted to, barber pole MRs, dual MRrs, soft adjacent
l-ayer Mrs, differential MRrs, spin valve MRs, tunnel junction MRs and gi ant
MRs. - An MR sensor is an engagetGROBNDYOPITER VENVENTION t hat uses a sense-
current (or voltage) for detecting a change in sensor resistance in the
formof a signal.v@didge ofr thiegXalveatioent. The sense current may al so be-
uses for providing all or part of a macrnetic bias for the sensor t'.”. at

i s needed fcr gFfbpeprddRrgergwention-relatey po nagnptzagsisséivat i¥R) This

di scl osure does not distinguish between sense and bias cyrrent (or

vol tage) . FRESPErhbRINR seMeFie) BRI CULAT &KL BRI RFRASSRJe JRVENGRE relates
“i nterchangeabl.y throughout, this disclqsure. The biasi and r.eadout

el ect r oni c$CaBegReEPELF I T iFe SERSAE PIRSIPIFR” Q?i”f@?%??éd to as an
armel ectronic (AE) nodul e. The physical characteristics of an MR sensor
are determ ned by the properties of the materials used, the MR sensor

sandw ch confi gur ati . ikmangilens, that is, the thickness,
4.2 80 Al M6 G o1l BRNRLL

hei ght and | ength o nsor . nmensi on havi ng t he greatest
tolerance in exiginahlYpexposeb M SRNHIz1888de OEhamgnaid ¢ recording is
t he sensor height h. The tolerance on this dinension is for conpensating
for head weq;{agmolregpgagvé O(MR B peeisaals andndMRohe &BS bappi evpdrpasd sky
drive heads. Figure 1(a) shows the physical relationships between the

di fferent resisitmresistoveai abendmt twsed flor ldesdctdsgsa arrey R TRIGRGTtAC1( b)
shows a schematic diagramfor an electrical nodel of resistance R'. The
total MR hefieXddiystanect RRgi 8 @bange eth dtetistansgl 4R4 Plafdel 18FeRRe AE
modul e. The MR head and the AE nodul e are shown as part of di,sk drive 12
in Figure 1¥ejistAncepBstfarret Bhe/aorHIoNR hRatR? gft%ﬁfc%aﬁﬁﬁé?-va 88 in

accordance with a varyin netic field is.the sens resistanc w4 h
the resul ti hg- cRERFESSn O%egggﬁahﬁgcggﬁﬁﬁei ndt ¢ &8 d Sa R DRSS es?%‘fabﬁz?gl e\lgg
varies inversel ropQrti.onal .t _t r- el gh totalidhead | ead
resi stance ﬁﬁeiéo@héﬁgéénggﬁge98~R§ﬁ§g€?€e§5$% tgﬁpgggﬁgﬁp?y§+é¥ o~ the AE
modul e and Eggmﬁf§é§5fﬂéﬂﬁ%dﬂhents of MR sensors that are contemplated to be

within the scope of these two terms include, but are not limited

to, barber pole MRs, dual MRs, soft adjacent layer MRs,
differential MRs, spin valve MRs, tunnel junction MRs and giant
ot MRs.

- An MR sensor is an energetically passive sensor that uses a
sense current (or voltage) for detecting a change in sensor
resistance in the form of a signa. voltage or signal current.

The sense current may also be used for providing all or part of a

magnetic bias for the sensor trhat is needed for proper MR sensor

[
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2 20CT Za03 3 the back-1eads BL inside the MR head. Lastly, the total
front lead resistance of the I~t head is indicated as Rt. Resistance Rf
al'so varies irnversely proportional to the sensor hei ght h. However, Rt
shows no signal variations for varying magnetic field Equations .
(1)-(4).represent these principles in synbolic notati2n Rr + Rs
Cl) R~ Rgal~h. (2) h =sensor height, ( 3 ) and-RS = Rsa ~ S (signal

i nduced) . (4) _~r~ In Figures 1(a) and 1(b) and throughout the follow ng
di scl osure, bias current le equals head bias current IR The voltage VH s
the bias voltage appearing across the total MR head resistance RH Vol tage
Ve is the bias voltage appearing across sensor resistance RS and front | ead
resistance Rt. VoJtage VS is the bias voltage appearing across sensor

resi stance FET3eiYht WIS dieippareatossingh dfstimgusehsbetwihar sense

t hree conventéqaal %Rggoa hes for providing MR sensor biasing: a constant
bi as current Schehe: CH 1st\&ft VELEESE bt t abpe SEREWe: (MBngeasoadj hiaed bi as

iscd when rore e Yl ahe A0% Bka  ir R o PSR F B ety
220 CT 2803c1losire. The biasing and readout electronics associated with
an MR sensor are generally refgrred Eo as an arm electronic (AE)
module.

The physical characteristics of an MR sensor are determined
by the properties of the materials used, the MR sensor sandwich
configuration, and the sensor dimensions, that is, the thickness,
height and length of the sensor. The dimension having the
greatest tolerance in externally exposed MR sensors used for
magnetic recording is the sensor height h. The tolerance on this
dimension is for compensating for head wear and lapping for tape
heads, and for ABS lapping for disk drive heads.

Figure 1(a) shows the physical relationships between the
different resistances forming the total MR head resistance Ry.
Figure 1(b) shows a Schematic diagram for an electrical model of
resistance Ry,. The total MR head resistance R, is measured at
terminals 10 and 11 of the AE module. The MR head and the AE
module are shown as part of a disk drive 12 in Figure 1(a). The
portioh of the total MR head resistance that varies in accordance
with a varying magnetic field is the sensor resistance Rg;, with
the resulting change in resistance being indicated as ARg.
Resistance Ry varies inversely proportional to the sensor height
h. The total head lead resistance R, is the resistance of the

wlres to the pre-amplifier of the AE module and the resisrarce of



fromsensor to sensor in view of manufacturing tol erances. For a
conventional constant bias current schene, the sanme bias/sense DC current
is applied to all MR heads by AE nodul es during manufacturing of a product
regardl ess of the respective head resistances, sens hei ghts, etc., of the
MR heads. Figures 2(a) and 2(b) illustrate an exarrpl%ZoOéiTagﬁ@B condi tions
for an MR head for different sensor resistances Rp f.or a conventional
constant bias current IH schene. If IBin Figure 2(a) is 10 mA for

exanpl e, Figure 2(b) shows that the head bias voltage VH varies accordingly
bet ween 200 nV and 500 nV as RH varies betyween 20 and 50 Chns. For a
conventional constant bias voltage schene, the sane bias/sense DC voltage
is applied to all MR heads in a product by an AE nodul e. Figures 2(c) and
2(d) illustgpd esrenphasyebi a8sc@adihd ans Heya . anthBehoadehore i {1 efredie -
sensor resistances RR for a conventional constant bias voltage VA schene.

| f the biaslysad tragd sYBnappefr thg MRIeésd tie isRlisertedeabsRanc RS sitankiegr| €
2(d) is 500 nv, for exanple, Figure 2(c) shows that the bias current IH _

t hr ough t heaMp® head esainesrsaler sebyopt dpmal itondlhet senbert be aghthaad
resistance R'. U S. 5,309,294 to Cahal an, issued May 3, 1994, discloses
vol t age bi aBbveret r Rdi showmtnproigrids varigtdenat for aaypinagagnatisn MR
head. According to Cahal an, voltage biasing circuit includes a nulling .
circuit thafiatfustETuakdopst pit '(Sg)tﬁép’o"%ﬁ%fgé:hrﬁsfsipﬁén(?il?&ﬁ?t?nw&#q ng
circuit effectivehy i ncreases the output of the voltage biasinc circuit by
an amount t A9F3FECR- 2 7 0 C T 2003 approxi mately equal to a cable drop
across any parasitic cable resistance that are present. The Cahal an circuit
uses a resistive elenent having a re®j stineeRthaRs i s an estimate of thél)
parasitic cable resistance for generating the nulling voltage. This
approach, however, does not conpensate for any voltage drop appearing
across the back |eads inside an MR heBg. Rsr £h8: convent i onal adj ust ed b#as
current schene for attaining a constant bias voltage, the bias current
t hrough the MR head is adjusted during nanufgctu ing to be inversely (3)
proportional to the MR head resist #n&eSH¥°%tRtIFng an essentially
constant MR head bias voltage. The resistance RH nust be measured during

t he manuf actand ng process. .~1~" 2 20 CT 2003 None of these
conventional MR head bi asi ng schene conpensate for variations in physical
characteristics of the MR hegd £ hat .0ggUr (d¥Ehag ihg Jgguf act uring progass,
specifically, the sensor dinefisi o’ tol efances. Consequently, operation of
an MR head bi ased by a conventional biasing schene is typically not at or
near the operational optinmmfor the head. Further, uniform magnetic

perf or mance fr omRehggadoL o M3 Naadl 0l @ HOUELLGhBRL Life dATRMAG ability

in magnetic performn rom regar ss of manufacturi'ng

tolerances, §8sNQYsulr¥Pi 62LLYRFA Vel equdld Reda oW SHMNARY It T an

obj ect of the present invention to aneliorate one or nore di sadvant ages of
voltage V, is the bias voltage appearing across the total MR head

resistance R,. Voltage V, is the bias voltage appearing across
sensor fesistanée R; and front lead resistance R,. Voltage V, is
the bias voltage appearing across sensor resistance R;. Height h
is the physical height of the sensor.

There are three conventional approaches for providing MR
sensor biasing: a constant bias current scheme; a constant bias
voltage scheme; and an adjusted bias current scheme for attaining
constant bias voltage. The term "constant" as used when

referring tc biasing schemes incicates a biasing invariability



the prior art. ~ 2 0 c T Zoo3 According to one aspect of the present
i-nvention there is provided a biasing circuit for a nagnetoresistive (M)
trransducer having a total resistance RH, the total MR transducer resistance
RH i ncluding a sensor resistance RS, a |ead resistance R~ and a frontl ead

resistance Rf, the biasing circuit conprising: a tra@%qp{ﬁ31eggngalent
circuit including a voltage source and an input resistance; 't ol t age

source having a predeterm ned voltage and the input resistance having a
resistance that is related to the | ead resistance R~ of the MR transducer;
a difference sensing circuit having first &and second inputs, the first

i nput being coupled to the MR transducer and the second input being coupl ed

Sensing o Eogt Her¥Y V8 §RhaBL)TH! Yol O, et R AR T e T LPCEat wedion e

first and seaaAthdiaplys cofsthhs! nEbl! &M SRULERCRESPORS ¥ond QLN serce nc

difference sensing circuit by generating a bias cufreén

transducer , cueedt rist apwireat ts0H1 tempeidithd %g 28l RogQuELeafifde bias -
current IB for the MR transducer; and a second current source responsive to

t he differ emareufSensirmiggCofcai profugentsddridl@ss oBnNthel réspeepivd hadads .-
coupled to the transducer equivalent circuit, the control current being

proporti onatesistancesR seasstubeightas eurrenf ktBesMRtheids he miqaeieraiaed
vol tage of the V0|t33f source equals a predetermnm ned voltage VB appearing
across the ¥hsold)r ddilyssreseran exanple gf digstny 200Qiviens disw 4o MR

anot her aspect cg-the resent invention there is provided a circuit
head for different sensor resistances R, for a conventional

constant bias current I, scheme. If I, in Figure 2(a) is 10 ma,
for example, Figure 2(b) shows that the head bias voltage V,
varies accordingly between 200 mV and 500 mV as R, varies between
20 and 50 Ohms.

For a conventional constant bias voltage scheme, the same
bias/sense DC voltage is applied to all MR heads in a product by
an AE module. Figures 2(c) and 2(d) illustrate exemplary bias
conditions for an MR head for different sensor resistances Ry for
a conventional constant bias voltage V,; scheme. If the bias
voltage V, appearing across the sensor resistance Rg in
Figure 2(d) is 500 mV, for example, Figure 2(c) shows that the
bias current I, through the MR head varies inversely proportional
to the total head resistance R,.

et U.S. 5,309,294 to Cahalan, issued May 3, 1994, discloses
- voltage biasing circuit that provides a constant bias voltage for
an MR head. According to Cahalan, voltage biasing circuit
includes a nulling circuit that adjusts the output of the voltage
biasing circuit. The nulling circuit effectively increases the

outrut of the voltage bilasing circuit by an amount that is



for magnetically biasing a magnetoresistive (MR) transducer, the MR
transducer including a sensor portion having a sensor resistance Rs, a | ead
portion having a |l ead resistance R~ andSa frontj%gﬁfgsﬂTzﬂga havi ng a
front-lead resistance Rf, the biasing circuit c iVsT ng- t ransducer

equi valent circuit; a difference sensing circuit having first and second

ruLs, e 11Tt ohelagcRual ot kol A Ry essabonia ot

U|va circ e di fference sensing
circuit Sg&sﬁrg&nﬁ Thé é&hal%?cl%ﬁmgéa vl stieg eledtiehf lenvirerdsistanee that tseanf i r st
and second 1nputs; a first current source responsive to the fference
sensi ng Ciektmate ob yhegnasitat ¢able resisianee fongeraratingshe spllingyoljges r M ducer, the

first current source being the sole s urce of [ t he
MR t r ansd@@pioacty rli‘élwév%reé%erq?d‘o& El‘?’PB‘?ﬂsa‘e‘? gF & Y& é@%%ﬁrsolg a@ﬁ?ﬁr}ﬂ%ﬁ%ﬂs # ]%egrag%ce
sensi ng Cﬁéﬁﬁﬁﬁm&éﬁﬁﬁﬁﬁﬁéﬁ'ng a control current that is coupled to the
transducer “equi valent circuit, the control current being proportional to

the MR transducer bias current 1B so that the bias current |IB through the
MR transducer gf Qlﬁhlmﬁ'eﬂnqmbmtguﬂcdrbmedum!érftechqmﬁefofra@m@tﬂlgcﬁ Gongianigriag he
sensor portion of the MR transduce C Q03 _Ac yet
aspect of voltag®itheskias CyrFRRb HRIPRED t?‘ﬁéﬁe hiegd Hraglﬂsﬁgcﬁj%gnﬁm ocﬂlé-ls}ll% @:BSe (MR
head/arm el ect r ROBEIREOR;,, RnRRHREhYse&IiaN ¥enstant
transducer' V?ﬁ 9ﬁ£§§e§§gé§ﬁ§ ?ggk%ranséﬁber aV|ng % total resistance RH,
the total MR HehaBid WoRkge. ERicatdnanceRR; must badinagpuredghmiagithe ewnufeetdiBg Rs, a
| ead resistance R~ and a frontlead resistance Rf; a transducer eqU|vaIent
circuit irgbedbng a voltage source and an input resistance, the voltage
source having a predeterm ned voltage an the input resistance having a
resistance that is related to the | ead resistance R~ of the MR transducer;

a difference sensing circuit having first and second inputs, the first
i nput being coupled to

T S



3220CT 2003 the MR transducer and the second input being coupled to
the transducer equivalent circuit, the difference sensing circuit sensing a
vol tage difference between the first and second inputs; a first current
source responsive to the difference sensing circuit by generating a bias
current IB for the MR transducer; and a second current source responsive to

the difference sensing circuit by generating a cont I hat is

coupled to the transducer equivalent circuit, the CZ%QVEZQD@& bei ng
- proportional to the MR transducer bias current 1B so that the predeterm ned
vol tage of the voltage source equals a predeternined voltage VB appearing
across the sen?@(; ' hext @BrenBenal-MR Head biasing sdifenz chrilehsR0 G vhcianemdiing t o
still aspect o fhe present invention there I's provided a magnetoresistive
(MR) head/physicalchataceristics of Al MR head thatosaprdusingghe manwfgAarpe PEICEES: ve
transducer, the magnetoresistive transducgr havi t ot 5t e RH,
the total speeifigallys éé?sqrQgpgrisé%@iﬁ?qeﬁc&%ﬁe%e@%sg?]eggt?&lr%f;% Z@n@ggl?s, a
| 'ead resi st Reofihtdnhl A §shyi@NG fofitior Aehr RO BPera8SnaBqUI val ent
circuit; angﬁﬁéﬁéﬁce §@H§ﬂﬁgﬁ%%§%%FF ﬁQ@inggfirst and secgnd i nputs, the
first i npupteinfprelpsinadd Fuetheh) en¥rh nmgseticqerfoamanaetfeors 8B dad tog¥R bei ng

coupled to the- transducer equivalent circuit, the difference, sensing
circuit sewedafjaaroduct; that is, less variabiltyjn WWF{;’W’& e&&ﬁl% qté’ﬁl@é‘dbet ween
the first and.sec i X I - : esponsive to the
differ enceregaéﬂléf%%nrgﬂdg%}{ﬁﬁ%Pogljéeljﬁécr%tgtllg #B@B{Sﬂg%}ﬁﬁ%m IB for the MR
transducer, the first current source being the sole source of the bias
current IB for the MR transducer; and a second current source responsive to
the difference sensing circuit by generating a control current that is
coupled to the transducer equivalent circuit, the control current being
proportional to the MR transducer bias current |I$ so that the bias current
| B through the MR transducer produces a predeterm ned effective magnetic
bi as of the sensor portion of the MR transducer.



Q2 OCT 203 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is
il lustrated by way of exanple and not limtation in the acconpanying
fi'gures in which like reference nunerals indicate el ements and in which:
Figure 1 (a) shows the physical relationship between the different

resi stances formng the total MR head resistance RH, Figure 1(b) shows a

schematic diagram for an electrical nodel of resiigf1§§1§§' Figures 2(a)
fder DU

and 2(b) illustrate exenplary bias conditions for nsor
resi stances RH.for an MR head for a conVentional constant bias current IB
approach; _",r~ . ., 220CT~~03n Figures 2(c) and 2(d) illustrate

exenpl ary bias conditions for different sensor resistances RR for an MR
head for a conventional constant bi§§g¥3¥Aﬁge VR approach; Figures 3(a)
and 3(b) show exenplary bias conditi - aryi ng sensor resistance R’
for a constant bias power PH approach according to the present invention;
Figure 4(a) shows aa dbidee BBthepréventinvetitagrarmmeliomate onetoriteeis dioAvantagsaof o an
arm el ectronics nodul e; Figure 4(b) shows an equivalent circuit for an 1~2
head accortiée pgotat.t he present invention; Figures 4(c) and 4(d) show

equi valent circuits according to



the present invention for a bias voltage source VS having a negative i nput
resistance; Figures 5(a)-5(c) show schematic bl ock diagranms of equival ent
citcuits for the biasing circuit of Figure 2(d); Figures 6(a) and 6(b) show
exenpl ary -biasing conditions for an MR head for a constant sensor
tenperature rise biasing approach according to the present invention;

Figure 7(a) shows theoretical biasing conditions f apnew a const ant
ef fective magnetic bias; Figures 7(b) amrd 7(c) shozgi Qicﬁ?mditi ons for

a practical approximtion for achieving a constant effect nmagnetic bias
according to - the present invention; Figures 8(a) and e(b) show schematic
bl ock diagranms for illustrating the general concept .of co% té nt .1~ head

power bi asi: : g Aeoukitg Hyonerspes opfheqEesent Bygntionithep 1s proyy aSH3 13
Figure 9 shows_a schematic blo iaqr .a_Dbi Lo RRM AV klingRa
const ant lﬁ“ﬁglt&fv@e?“a r&?ﬁ?‘fn‘feo(ﬁhéﬂtr%%dﬁeégg‘ﬁ@%glrtcg;gln%klts %H%eg’pr esent
i nvent i on. . Fic@iteerebd{zate RNGNGudng GREMGRE redistinoe R, di lagt sesisainca R and aifront-
provi ding a constant voltage bias.for the sensor_ resistance of an
lead resistance Ry, the biasing circuit comprising: a transducer equivalent circuit
including a voltage source and an input resistance, the voltage source having a
predetermined voltage and the input resistance having a resistance that is related to the
lead resistance R, of the MR transducer; a difference sensing circuit having first and

second inputs, the first input being coupled to the MR transducer and the second input

being coupled to the transducer equivalent circuit, the difference sensing circuit sensing a

et



MR head according to the present invention; Figure 10(b) shows a network
equi valent circuit for the schematic block diagramof Figure 9(a); Figure
1T shows an alternative schematic bl ock di agram of g, Gj rcui viding a
constant voltage across the sensor resispance porti %%ﬂéhizﬁéﬁ head
according to the present invention; Figure 12 shows a schematic bl ock

di agram of _anot her. circuit provi.ding.a tant t . sor
resi st anceV81(5 i (ﬁerg?cea t\f{ﬁ%ﬁﬁﬁ@%éﬁ%ﬁ&ﬁﬁ%ﬁp@&t ﬁ\gl?%rcggfg%t% %p%\%}gﬁs&)pgsﬁ?g i gure
13 shows a schematic bl ock .di agram of an input stage for i ngl e-ended | ~
preanpl i fi e dfferenes S%mﬂgm@gﬁgb’rgeﬁle%%g lﬁé%@%ré‘?qtlgli ey @ﬁmrtéag’é&cer’ the
invention; Figure 14 shows another schematic block diagram of an input

st age of afisitogirentsnded being the sderpduiréd eff the bras wutrentsls dgr the MR trabsdusemgnd
according to the present invention; Figure 15 shows a schematic bl ock

di agr am of 3aeGbdde difrer? dVicdi REpchsien®t thiet digfeferet iseasinp@iretit bybparitg an MR
head according to the present invention; and Figures 16(a) and 15(b) show
head bi asi e} i 1GP B B fraRfih&F LdqUR al kR ORIk CthP I BfitrBcurrent
accordi ng ?gntt&ﬂgqg%ggg%% flsggc\)/ nﬁ)on. ~ g 0 2003 18 DETAILED -~ orren

DESCRI PTI O}\)Ieigg pIo%%ﬂ?c%%?%%%E%%u@r%% current Ig so that the predetermined voltage

of the voltage source equals a predetermined voltage Vg appearing across the sensor

resistance Rs.



The present invention provides an |I~t head biasing schene that conpensates
for physical variations fromhead to head w t hin manuf acturi ng tol erances
of  the head using one of five rel ated approaches. ﬁe m oach is to
electrically bias an MR head so that .thg (electric 2 Q Si pation
in~the head is kept constant from head to head, regardl ess of variations in

total head resrstanc dy turl

acconpl i shed by 1&8 hnégE haen%bhregg%}?e? Héfﬁ)[e ere%gt i/n ﬂa‘%{eﬁ%?:er bsg} b?’ﬁ%&;ﬁeclrﬁu\/H
and the DC current thr og gh, the head I|" const%. XM}&

cons tan t for naengcally bmsingsa Wég’b‘?t‘a‘:?mﬁ%‘ﬁer( i & CSr( a§hea 3?(%})5(1%%5\,\,
exenpl ary bias conditi ons for varying total head resistance R, for a

const ant  biizdudingwer scRraptiombhving cosedsorgresistan¢re Rs.ng dead; pattioRihguing Bleay
shows variations in head current IH for variations in total head resistance
R~ for a cogsdtane Ryiand aRtontHegiusortid{ hyvishabencizad ecsiadie Ry, thabiaingmiguit n
vol tage across the head VH for variations in total head resistance RH for

the same cqp &)ﬁ@ﬁlglbb AanfHicer &ﬁrl »%‘P'éfﬁ%eﬁ? @Hlfﬁﬁﬁ@%&ﬁﬂﬁ% Bir&fit RAMES fisthade

over a convention const ant as vol tage approach 1s 1hat II’ICI’ eases in

head current er s h d

const ant  bireeonfEYE s dier PR R PEASR! 00 MR Usha iy ST T SR eyl ®
techni que is useful for avoidi ng, magnetic (Hder ;iasi:-;c of 1 ow senscr
rei gn head$owpedto the trapsdyger equivajpng girouits the ditf erepéqepsing sispuit segising a
demagneti zation effect. This is because the head voltage VH does not renain
constant for constant PB bias, but increases slightly for higher resistance
heads. A second bi asi ng approach of the present invention is a constant M
sensor current density scheme. Wth this bias technique, the current
density JS in the MR sensor is held constant. This allows operation of all
MR sensors in a product as close as possible to the electro-mgration
limts. The electro-mgration depends on current density, = VS Pl = Is~t =
constant (6) where p = sensor resistivity, 1 = sensor |ength,



h = sensor height, t = sensor thickness, VS = the voltage across the
senscr, that is, the portion of the MR head corresponding to resistance R's
and responsive to the magnetic data, and IS = the current through the
sensor (which equals the current throu t he enti "). The sensor
resistance is given by _ 1 RSP h't T%gll(el ectrizz mm%. ssipation in
the sensor is (Q t:~erefore = . . ~ 2 Qg.T 2(_)03. mPs = JsPl th §8)V The

t enper at ur doHagediffqrenes batweertha figst apd, secopd inpyis, pAEELUESNt SOFHETCROITY B i on
is ~TS =PS x Reer~l (9) where R-,~~1 is the thernal resistance of the
sensor to dbiliffetencd senstgneituitdnogenetnyingsabiasi chmren iln doatheyMRy Gansdveer.sBasor

t hrough the two-side surfaces facing the shields. The thermal resistance
resul ting firqrutrbhtsofirgiveingahekdlagoirse bfthe bim|cyrmpniolpdot iherMR ttansduver; sads or
hei ght h. Another cooling nechanismis by heat diffusion into the |eads of

the sensor., Jhgnd REAER! sdutS MspOtEfeARsS Afd alfReente - defisih i crcGRY REndMRGRART SM

is al so
control current that is coupled to the transducer equivalent circuit, the control current
being proportional to the MR transducer bias current Ig so that the bias current I through

the MR transducer produces a predetermined effective magnetic bias of the sensor portion

of the MR transducer.



inversely proportional to the sensor height h. Hence, the total thermal

resi stance R-heZ."~1 in equation (9) is inversely proportional to the
sensor height h. Rthermal h-( 1 ~) where Kis an arbitrary constant. .
Therefore, DIs = JSpltK ~ (11) is no |longer a functz%.gﬁfgﬁgéensor hei ght
h.. Consequently, if the biasing circuitry of an-MR [ signed to
bias at a constant current density JS, all MR sensors in a product wll be

operating at the sane tenperature rise OIS above anbient. A third biasing
approach of the present inventi onagrovi ces a.copstant I\/Isgencf&r bi as vol rage
, at

VS. For this sc¥éepgling oyt asnert {ghe pieseny pyeauon HETeIs RIgy .s tize

porticn of the M i [5eSPOREpAsink Oa MAShetbrasiseveRS and
responsi vén%ggetto%elglsﬁggﬁ\edﬁ)gle%%/%g?—c%g@%elﬁ(@ﬁgt%ant fgr 2%| | ~t heads in a
product . ReWsddckNeheadbi@iekosifthd)transduter havisg atogal Zesistance\Ru,tthe otal MR

Rs p 1 results in DIs = VS Pi K (13) It also follqws,that fog coc?s&an -

sensor volttaagbichi wsisagse Rhéncleding p SeNSADESAIANFE 5 gaq tesisiancy "¢ B8 1

2@228: S ] ISQF@ @é&%ﬁ‘%&l}h \é\"t}fgsd\éscerl gqui:va‘ile%tarcirc:uit inBRidirpS: Coifape Sburdeind &n/inhe t he
resistance, the voltage source having a predetermined voltage an the input resistance

having a resistance that is related to the lead resistance R, of the MR transducer; a

difference sensing circuit having first and second inputs, the first input being coupled to



(15) Hence, if VSis held constant for all heads within a product,. JSis
al so held constant for heads within the same product. Thus, both the

constant |~ sensor current density bias scheme of the invention and the
constant MR sensor bias voltage schene of the pr eserﬁ invention are
identical. It should be understood that, gonstant vol Qg@[bi]'aéu}@@ of an MR

sensor is not the sanme as ccnventional constant voltage biasing of an
entire MR head, which dces not produce the advantages of constant
tenperature rise ane constant current de”sity. rg8 2 0 CT 2003 23 A
fourth MR BERSOfrakidasdriedapecasdindht bigg coupkednod thetvansducen eq@vaentonst ant MR
sensor tenperature rise bias schene. This MR sensor biasi n&b%eﬁ:.hni '%le | eads
to the sarercsigithodiffesensesanungCirquilesenyinga ypPiagsdierance IrEWEFOE firt 4Mdpi as
power dissipatj.on.in the sensor f : i: cltyeally, this
bi asi ng apsﬁg‘ﬂ‘éiclﬁp‘i‘té’ a[ﬁ@?%'gﬁeéﬁggarf %&esﬁ&v\él%ﬁggﬁ o%gcﬁpgi%ﬂgﬁggbﬁgg%es of the
present i nyaphiifia bilsReaeRORIEAME MR faasdubepet atacord cursentsb@se ng, const ant
sensor curtent density biasing, and constant sensor bias voltage biasing
are all i nespasitent thofdifenaser sensingircyit by penseating aconpLITH! Q‘ﬁg’rs&% ed of
the present jnvention can all be.treated .as_t : hageviRH - R1L +
Rf + Rs ( tpdhg tr%mgucpgfrgqﬁgal%gyﬂ{cupit}‘rf cgnté%lr%l{rgﬂfo e@@@&g@% ngbgger 0Ss the
front-I eadtlre{n(éal'lc%} gﬁg%uﬁmtqggo Hhe eshedierhfsddsionrageoRbe vbhigde soarc@egosisaRl +
RS, will also produce a-constant current-density in the sensor and provide
a const ant preéhpetiatdivatage S& dppeaririglacsess slor sensay resipans@ st , regar dl ess of
'sensor height h. Therefore, a constant sensor tenperature rise can be
obtained in principle as indicated by the schematic bl ock di agrans of
Figures 4(a)-4(d). Figure 4(a) shows a schematic bl ock diagram-of an M
head, an AE nodul e and wires Wconnected between the MR head and AE nodul e.
Figure 4(b) shows an equivalent circuit for an MR head with | eads and
wires. According to the invention, the MR head Q2 0 CT 2003 24 "sees" a
bi as vol tage source having a negative input resistance at the input
termnals of the AE nodul e. Figure 4(c) shows an equivalent bias circuit
where a voltage VS is devel oped across the sensor resistance RS of the MR
sensor. Figure 4(d) shows an equ~.valent bias circuit where a voltage VH is
devel oped across the sensor resistance RS and the |ead front-end resistance
Rf. The equivalent circuit shown in Figure 4(c), where the input resistance
is -(Rf + Rl), isrelatively difficult to realize because-Rf a 1/h and is
dependent on each individual head. RlL, on the other hand, is relatively
constant. Consequently, the equivalent circuit shown in Figure 4(d), having
a bias voltage VH and an input resistance -Rl, is the preferred

i npl ementation for a biasing circuit that provides biasing for the second,
third and fourth biasing schemes of the present invention. The negative
resistance -R1 of the equivalent circuit in Figure 4(d) cancels Rl of the
Nfft head wiring and | eads, and effectively applies the bias voltage VH
across RS + Rf of the MR head. Figures 5(a)-5(c) are equivalent circuit
nodels for the circuit of Figure 4(d). In Figure 5(c), the current source |
and



t he negative input inpedance -Rl result in a constant bias _." voltage VH
across (RS + Rf) of the MR head, shown in Figure 4 (b) , - when | = VHR .
Figures 6 (a) and 6 (b) show exenplary biasing -'conditions for a constant
sensor tenperature rise biasing scheme according to the present invention.
In Figure 6(a), sensor current IHis shown for varyf ' head

resi stance RH for a constant sensor ten'bderature ri sgn%@@rﬁgu gure 6(b)
shows a 25 2 2 0 CT 2003 graph of head bias voltage VH for varying NIR
head resistance RH for the sanme conditions. The curves of Figures 6(a) and
6(b) are d %%Fdiﬁg% 8T ashéet of MrepréfSt thvBhtfon thert idlfrovidetd ivagretovsistivexR~ . (
19 ) The eftective magnetic bias caused by a constant current density-JS in
a sensor hMReadarogietonive4E) eswiteomprsingen seeneieregist ve Bar¥icdsthgue to a

demagneti zation effect on,the top and . bottom . To obtain
a pogst antmgmggﬁalv@_eﬁr&a%’tc%h%ﬁ&a f%algfé%%mcg%&%ﬁé@t%@ﬁ%g&smal | er
hei ght, a LLLHR-R aﬁ'fcyg/ PERRG T SSGRECR NG 154 rediRaRbeSRLAHd 4 fle@ribadn

provi des a progres%lv arger sensor current density JS and which is

gi ven by tjagsthndd Rk ngngnkymeay il ena pivcwk iardiffé remce sgnsing hiacwbhgving Rrst grb)
Figure 7(a) shows a theoretical curve for J Figures 7(b) and C

show-bi asi ssgonsbingptsi Ba & IRRA §Fing CRUPES &t ﬁhﬁiﬁR é‘ﬁﬁ?‘@%ﬁf*’n@%‘i %ﬁ Sef%’ﬂ&“%’&nst ant
current density JS i as QbR EeRreicRic BE diftdrbhtcRbAghosirashem@ngh t he
pr esent iﬁ?ﬁé’?‘ﬁ?%lr?.%dgé?}géw@%ls-aﬁéeégﬁairuggllcgttCallfr?glet’ tliI%HO, éorreespon%i ng to a gensor
‘height ha, a head -is biased with a constant bias voltage yielding a

‘constant current density JS. Above resistance R ,0, a head is biased with a
constant current Ig, resulting in an increase in a sensor current



~Q20~T? Q3 26 density that is inversely proportional to the sensor
height h and is proportional to the sensor resistance RS. Figures 8(a) and
8(b) show schenmatic bl ock diagrans for illustrating the general concept of

the constant MR head power biasing schemg according z?ztﬂgggr t
invention. Each electronic circuit shown in Figures & &) quglincludes
a nultiplying devpce 8 for ex le, a Ll -kng tr 0 C

mul tiplier Vﬂﬁ%en%hgreflﬁlg‘?twf %F?@ﬁﬂglsecto\éﬁfnﬂuis’ﬁﬁﬁgocﬁl ﬁ% (ﬁ)ﬁ%)lﬂgct%gggpgﬁglr‘{?j tOa
second input signal that is proportional to Vp. IH and VH are signals

avai f abl e &e ﬂllfgf qT6P SENSIRE GiFGYAl) [y Senertinge g Gygent fa dop s R tr%ﬂsgﬁ%r’ @t put
82 fromnultiplier 81 is conpared by a conparator 83 to a reference signa
84. Signal B4 dusreptr wpwrettictngahe sale shwrcel efthedibsmuasniplavier theMBi twwsdusesdndy MR
head resi stance RH Conparator 83 outputs a control signal 85 that is
proporti onal sdcond hardntl e eapoisitd® Meodifftrerse gRAting Zivnd beienanieg a
signal 84 and is used for controlling the bias current le (Figure 8(a)) or

for controldfg éd}f'eﬁlbg?ag iy%%@gf té/tﬁhé FrhldhGer oale%fﬂ?cncfnh,afhet({batrg{] gﬁ'ﬂa&

| bvH i s constant ure e controlled variable 1s

variable VH is autopmaticall i.nked to, le through the .equation VH & e.
The head r é’§}n§tpéﬂ}?:(§g8¥?l ﬁ%hﬁﬁﬂ&tr%éﬁj%ekhlg%ur\r/%?g%’so {lﬁg{heﬁ)&a}s ?‘?Te%@ %5?11 from
head to head. For Figure 8(b), the control]led variable is VH and the .

vari abl e | thg MR fransducer producess prgfetenmapdaiective amenslis biash phiR SeRsappPatioBs a
bias circuit 900 that provides a constant bias power to an Ngt head. Bias
circuit 90@fithecMRdemsduasur rent sink formed by anplifier 901, LzZzO0OCT
2003 27 transistor 902 and resistor 903. The output current of the current
sink is proportional to head voltage VH As shown, the output of anplifier
901 is coupled to the base of transistor 902. The emtter of transistor 902
is coupled to the inverting input of anplifier 901 and to a first power

source VS1 through resistor 903. The non-inverting input of anplifier 901
is connected to



input term nal 804 of bias circuit 900. Input termnal 905 of circuit 900
i's coupled to power source VS1. |~t head (R~) is connected across input
term nals 904 and 905. Thus, the ' magnitude of the voltage VH appearing
across Rp is connected across the current sink ang, controls the magnitude
of the collector current of transistor 903. Trans&%ﬁoﬂ{y? d 907 are
connected to forma first differential anplifier. That 15, emtters of -
transi stors 906 and 907 are connected together and coupled to the collector
of transistor 902. The o ¢R IGRNOB DRIWWINGSire coupled to
opposite sides of are - connected so that the
current flow ng through resistor 917 is the bias current |H that flows
through t er ni natne9PdkeAigvERicaUg Stiated s veayl df estmpleahd noblisiteiary inghe i s
connected to a second power source VS2 througgégﬁﬁistaé 908, @hil§§hhe

‘col | ect or atorhpaydigsignresoiovhish like Frierercs FEned CAGHEPCES PR E W8S hr ough
resistor 909. The differential collector current of transistors 906 and 907
is proportional_to ILHVH A sec e 1 iefdi@érehSrebiotah®d by
transistors 91G &8 1%@03/331%@13?160%1{;6{5&1@&?%15 g'litgé Qﬂ%”é dg?ﬁért ters of

transi St Or3riih® the total MR h@ad@rdsistand®8g; 28 and 911 are connected together and
coupled to one"term nal of current source 913. The other term nal of
current source 913 is connected to first power sour%e Y?i' CUrBFnt source
913 out puts curFigme 118 shoats a sshematis diagraps 195 phglertigadneded PE s sng Rrg 1 1.
,The collector of transistor 910 is coupled to the collector of transistor

1906, and the CO"eCtﬁép%ﬁg?hﬁgﬁﬁiéﬁgVéﬁﬁ?&ﬁﬁﬁﬁ%eh&q°ﬁ§“*Bﬁﬁﬁgﬁk&%ﬁpr of

transi stor 907.TAUEE I'ch has a magnitude that is
proportiongl; %gcéshﬁ{ e 5h MR heh@forRRBVendbnali con s tisccuoreh weepptdachbases  of
transi stors 3 and 911 causing a constant differential current at the
collectors of transistors 910 and 911 to be subtracted fromthe
differential current output of transistors 906 and 907. The constant anount

can be varied by varying Vr~i. Wiile Figure 9 shows that Vnf is externally
applied to circuit 900, W~t can alternatively be made to have a const ant
magni tude, that is, internal to circuit 900, and |, can be nade to be

varied externally in proportion to the desired bias power Pe for
accommodating a wi de range of products having different PH requirenents.
The collector of transistor 906 is coupled to the inverting input to a
control anplifier 914, and the collector of transistor is coupled to the
non-inverting input of control anplifier 914. The output of anplifier 914
controls a current source formed by transistor 916 and resistor 915.
‘Transi stor 916 and resistor 915 generate bias current IH that flows through
resistor 917 and through head resistance RH Wth resistor 917 KkT/qglB and
Vref KkT/q, it follows that Q20CT20fI3 29 RL (21) Pe ' vxls " Is
UeF Rs ' where R and RS are the resistance of resistors 903 and 917,
respectively.



For a constant MR sensor bias voltage approach according to the present
invention, only the resistance RS of the total I~t head resistance RH is
biased with a constant vol tage. As denonstrated above, this biasing schene
al so achi eves a constant current density JS in the sensor in addition to a
constant tenperature rise of the sensor above anbient tenperature. As

i.ndi cated by Figures 4(a)-4(d), a constant sensor bi

i npl enent ed by conpensating for the non-sensor resi sf?nﬁggéuﬁgf t he head
resistance, that is, the lead resistance Rl and the front-|ead resistance
Rf, or nore easily by conpensating only fciz the | ead resistance Rl (see
Figure 4(d)). A sinple and el egant way to ‘achieve this is shown by Figures
10(a) and 10(b). Figure 10(a) shows a schematic block diagramof a circuit
1000 providing aicRrekani-5epaqrovaht a t t .-

i nvention and Fi ggrae lo(tl:())$5 hows \:ft ?le?gv\gr%%aiﬁr \%glg{elg%gg\(r%%{%log{%%f%‘%n% he
_»» Schemat i foldidifedteagr agnsbrFrguietdéey Ry foti funvr Hiad) £okthg net work
equi valent circuit 1010 of Figure 10(b) having a negative input resistance
-R1 with a caivenfdonalr cenyBant bieat edltrgea VRrapipseddhce circuit 1000.
Circuit 1000 includes an anplifier 1002 that senses a voltage difference
bet ween the tot dion&es Bé3) seadcd (RH ahew texenpdael biaequinditdminsificouit -
1001 for the MR transducer, that is, a circuit AM-96-032 2 0 CT 2003 30
havi ng a NRia’i'Yr?-ngersieé‘§°rAﬁﬁFi1FFéPc$0&2fé’d‘ BsESnEHRPE RiedhPoyelr Ees 1003 - and

.1004 until the Vol tage drdffergncg sensed at .the mBut to anplifier 1002
‘equal s zer " PRHWEF BHFPTIARE &R E‘SuPE%S?L‘EFo§°§&E}5F B¢ current | H and

current source ]qu%r%uQQE')eﬁhS grgngchgléyilé/\/%ei %k d osepca%ggﬁ;hl%t ter

than 1 for power Vi ngs consi er atrons ~OWeVEr,

consi der at | @snddtdd Re- aR' aern' @@bc\e%ﬂfésfrr&duweare 'n the range from 5- 20.
Figure 11 shows a schematic bl ock diagramof a Circuit 1100 providing a

constant vol t agerNRracuqss bRewseRROEh EFd RINee YRR BOELE Ofh Qi A MR head.
Crcuit 1100 includes a transistor 1101 connected as an emtter foll ower.

The base- enatd¢@rdite ttagehef presenatstiared®idn;i s cancel |l ed by the

base-em tter voltage of transistor 1002, which has an area preferably N
times smaller tHRigukest ddiesi sindr 4X801show gouisaleati ngreohiss deraiddingg cbhe
resi stance NR1 of equivalent circuit 1001 is scal ed accordingly by N
Transi st or 119 Presqntefiavabityorh&ornpubias arsditager sofircheVy dadbagka
anplifier of an AE nodule. Although not shown in Figure 11, the readback
signal is JBEERLEP P T&SHSERRSR t r ansi st or. 1101. Capacitor 1105 is

connect ed betwee,n the b |sto s 1101 .and, 1102 and power source
VvS2 for providing $11%% r“ila ‘%Nﬁ; SRR &iS\?Fdé&la%F?m%rﬁ 5 for

greater - fLexi pidddy (flécwtre%my oglagurggr IS S

1104, and is connected i'n an wel'l -Known ™ cur m rror i‘on

o< LI etevtis e s 0 sasel gy oty Lol i
and 1102, aad MﬁsﬁeéﬁwﬁhﬁﬂhIadﬁﬁﬁénmpééhségoﬂeﬂﬁéraeure rise biasing
approach according to the present invention;

Figure 7(ar shows theoretical biasing conditions for
achieving a constant effective magnetic bias;

Figures 7(b) and 7(c) show biasing conditions for a
practical approximation for achieving a constant effect magnetic
bias according to the present invention;

Figures 8(a) and 8(b) show schematic block diagrams for

illustrating the general concept of constant MR head power

biasing azcording to the present invention;



be scaled by N. Figure-12 shows a schematic bl ock di agram of anot her
circuit 1200 providing a constant voltage Ve across the sensor resistance
RS portion of an MR head. Circuit 1200 is configured for detecting an MR
head readback signal directly fromthe MR head signal voltage. Grcuit 1200
includes |I~t equivalent circuit 1001. Anplifier 1201 is connected to detect
a voltage difference between the voltage VH appearisng ACl QS &ﬁe MR head
and the vol tage appeari ng across equi val ent circuitPgOQEanéh at regard,
the non-inverting input of anplifier 1201 & coupled to the MR head, while
the inverting input of~anplifier 1201 is coupled to the equivalent circuit
1001. The output_of amplifier 1201 is connected to the bases of transistors

1202 and 1204, viniSH Sre SBSHF BoRfPGUREEC drladntdigidranl efcar béns soureas.

The area ragj : ' L.+2Q2_to_transistor, 1204 is preferably N.1 for
power saviﬁ%saggﬁg%%g?%#%%%§?£bgfa%a§oﬁ?§ocﬁﬁnﬁﬁb§€ﬁ £5r MBt Repd according

consi der at i gasth&apasddritt 1h¢Qarigncoupl ed between the output of anplifier
1201 and a power supply voltage V~ for providing filtering of the control
signal output frefgueliof(a8" shows1803cndhge SIS Qf ShytQr 1202.1s
coupl ed to power supply -'voltage VSZ through resisté?b%§@3§§sgn$fﬁﬁ¥§5 the

emitter of prembditora Kddtiantcouptagetvi sy tHl Ts@ﬂ%oySZeElﬂggé’zg{%Q £ a
resi stor 1205. The collector of transistor 1202 is coupled to the <%eadf
whi l e the c¥R|keadracdondiagsicst bhelpbdseést cinypntd ong 22 0CT 1n03 32
equivalent circuit 1001 through di odes 1208 and 1209. Capacitor 1207 is
:connect ed to t heF¥BtT%d0dP) oShpwanai Bebwortie Gtrfiona linkt ediregipufopSEse

Crcuit 1209 includeifan out put stage fornmed by transistors 1211 and 1212.
The base of STREPRTLS dHlock sirgrapupt eBigere Hadal | ect or of transistor 1202.
Simlarly, the qgse of _t.ransi stor 11 is coupled to the_collector of

1 h .
transi stor 1204. F ol 5Py 8P ?i%ﬁ§?§?¥ﬁe:Efffmﬁ§léo§épéh dbagoamrof a

supply V~ thy =T tQr 1Q, et ect ed readback,signal fromthe MR
head is gengF£E§§}eéﬁ%ﬁ;§%¥§i%sg891E§Eg Yﬁi@ﬁﬁﬁ]qﬁﬁoﬁﬁnép§ 83805 Eeaiatance
Fi gure 13 sphems; | l.ac j input _stage circuit 1300
for a sing|2-enﬁgﬁaﬁgﬁg?2§ﬁﬁgfgiéfgﬁg?%§9Q%%§%% 5F§§FH§ égXSPafﬂﬁfto t he

present inventi omigdd QW tshbd@0ai Behudes: €11t 3L hgk | hown in .
Figure 11. Additional ly, a current source 1304 av%%gag g%r%éﬁ hEL o4 Sl

to 21 B/ Q whereiding @ tdumstantenblgags rdsangleSt@hsbtO3esises
bet ween a voltage source VS2 (+5 V for exanple) and fhe bggestoﬁggm§g§§ion

transi st or s°1133 Mhchead @4 coEdéngi tohehe srepwmit nvehgiavai | abl e bet ween
termnals 1310 and 1311, and is described by the follow ng equation: -_ D
Rh v Rc oUT Rh ¢F¥Fereé2)sheys) aasghemenic suiade dlegtrannbligaani apipt i §tRfe
1305, a capgcitor 1386, a conpensation_diode 1307, a resistor 1308 and a
transi stor 13D9%i%* gnghed: BIPRGP L fiep gircyfict Neibgasenaor entad g

according to the present invention;

Figure 14 shows another schematic block diagram of an input
stage of a singlg-ended MR preamplifier circuit using sensor
biasing éccording to the present invention;

Figure 15 shows a schematic block diagram of a circuit
providing a constant effective magnetic bias for an MR head
according to the present invention: and

Figures 16{(a) and 16(b) show head biasing conditions for a
constant effective magnetic biasing according to the present

invention.



Q2 0 CT 2003 33 around resistor 1303, so that resistor 1303 can have a
lFarger resistive value, for exanple, 450 Chns, for providing nore gain
wi't hout causing transi stor head-room problens. For a resistive val ue of 450
Ohnms for resistor 1303, resistor 1308 should preferably have a resistive
val ue of 194 Ohns so that 70% of 18 is sourced through transistor 1309:
Preferably, capacitor 1306 is 470 pF. To nmirror thegeWw Lent through
resistor 1303, which is, for exanple, 30% of the biigiiﬁanhZUQSt a series
di ode 1301 (self-biased transistor) is used with transistor 1302. This
circuit configuration, however, can resul t19n si gnal distortion, offset,
etc., despite conpensation diode 1307 in the bleed-off current source. The
probl ens of circui 3 S I ir t i LSLoLti i ded by -
Bl Foui T 1400, showdErAteEopaStRrEEzdh oF S otk bebodbindie: 2
si ngl e-ended MRqpee khkek | EPSOF | ASN [ éj{i}% J.cuit
1100 (Figure 11)T?{ea%ggtglﬁgtb?ggg?g??ﬁcurrelncggsg%brgﬁé ?glgcrlcﬁf% O%l{el%\(%
circuit 140fhatd kerglnsdiedefor3Phyandall 3k aft iohkC Bkrbm 18058 Y enddRENithin
el imnated. Resistors 1303 and 1308 are chosen to be equal, for exarrﬁ] e,
450 Ohns, smarnufsctm@¥maf tbéethnuvest bf otlyh Heraginsisshgr ond’ dfl OB dH0%d ows
t hrough transistor 1309. An anplifier 1401 is -coupled to the emtters of
t he currentapingamheiser nBliebfirscaABPEeagl 1s10® sddctiddalheoime put MK
amplifier 1401 is coupled to the gate of- a transistor 1304. The source of
transi stor H9R¥Y S tdaGprse (8lE6HELCIbLIIRArSALIERiBaGhOR ekt sthy HetGB isThe
tdrain of transistor 1404 . s cgégled to tge col | ector ~g 2. 0 CT 2003 34
of transi st STPY FPRSEARFpLR. beafdatri Readuedardiesa ¢6rvatiateionsy im
circuit 1400, tih gni tude _of the compensation current_ i.n _the right-nost
verti cal brtgf?lt%:%l ?’c?”%airﬁlsﬁﬁ%ﬁglga E‘Eﬁ‘}eln@'ﬁ FRPUER P LR 109 FOL SF8TEESi v e dDEF om
the base-enift : agco : A0S o] i ansi st or
1101. Anpl H’% eafécﬁ%fﬁggﬁ‘& r gﬁsgtg ﬁ%iﬁth%%%%#ggoggcé,ﬁetlﬂlg'?& ?%{a F dFE°SEor
1404, so thake te £ MPLAG A AODE Widhint RntBEgRI G - :?,f@&g&é 1/10
times, for exanple, the input bias current 1B through the MR head. 1n the
constant effesd iz magnetic bias schene of the present invention, an MR
sensor having a relatively | ower sensor height is biased at a higher
current density than woul d be proyildeg y=theosecond, third or fourth
bi asi ng schemes of the present inverdti 0A. The?f o=t curve for increasi
current densjity is difficult to realize (Figure 7(a)), therefore the
appr oxi mat i BReEF . FegliFetPEDPiaS RRWRA ded by the present invention. The
approxi mation realizes con§tant vok%age bias faqr |ow resistance heads
(Figure 7(b)) arnfd-THTst ari) caRfent Phi 380 P XSTIRgI&Y Péas sEar: I Fi gur e
7(c)). The GLOSS over o%%%d.rggtMEEncc$€s%ant Ve and constant IHis
bet ween t he M hi UM Head ~c P et She B RH it ~ a d PHe- x| REXET Fs
et stance Fbbiofdh AucdtUiAY e elle! Indehl 26! rid00.COILPORUS o @ Ol ven
variations in head current I, for variations in total head

resistance Ry for a constant bias P,. Figure 3(b) shows
corresponding variations in voltage across the head v, for
variations in total head resistance R, for the same constant bias
Py. - An advantage of a constant bias power scheme over a
conventional constant bias voltage apprcach is that increases in
head current I, caused by larger sensor heights are less dramatic
with a constant bias power scheme. Additiocnally, a constant
power biasing technique is useful for avoiding magnetic

undersiasing of low senscr height heads (high 2,) due ts a senscr



Figure 15 shows a schematic block diagramof a circuit 1500 providing a
constant effective nagnetic bias according to the ~. ~20CT 2003 35
present invention. Circuit 1500 includes circuit 1100 of Figure 11. Circuit
"~ 1500 provides a constant sensor voltage for relatively |ow values of RH for
whi ch the head bias current through RH and transistor 1101 is sufficiently

large to turn off a controllable current source forne 1502
and resistor 1503. For a relatively higher val ue of hg%gylugﬁnﬁgﬁée RH, the
bias current |e becones sufficiently snmall that anplifier 1501, which
conpares the voltage drop across transistg 1504 with the voltage drop

across transistor 1103 (both shown connected as di odes), applies a forward
voltage to the base of transistor 1502. Transistor turns on accordingly and

circuit 1588ndary i A% idnCeAgkant CHhrieNis asuke the MNRaheaditkbgw eg.48(a)
and 16(b) show exenplary Nit head biasing conditions for constant effective
magnet i ¢ bhetsi rematin cidnisthn@0 foTheonsosst dyebipsi Nbut sinetexsdned dgpheihe
value of the (reference) current lo and the transistor area ratio N So,
for head réer shigher R4sssitiancieeherydsl arge that 1g > Vgl ( Rx - Rl ) . (23)
the head bias current IHis kept constant at the value, IH=No, _~.r.

Q2 o C T Q03 BeFend Midsing) apprepcheafl thes PHefEE ROVERR&CR| A8 &urrent

| B d d by IB - R1) 24) Th

at the val GERGTSRE M PR QYFeRE éewénzs%cw%wﬁr%i‘ﬁihﬁéﬁpacﬁ'f%% QES%Zre
hi h d h i I,

AL of t hetATERTENRd TGOl ARERCS CERALEEnts i KPFONE BPOPRE BT Al roui t of

the presentoLguent  Onnealn 58 SAIBCRALE 85 61 T Wi JuhdsVRLAE Fodul &

which is par rrve fie present 1 nvention

descri bed g EQBB@csé i1 d e Itlﬂeuatxéeﬁﬁ&ﬁ@&%ﬁntlsi,mﬂcfs Wi irhebe
appreci ated and understood that nodifications nay be made Wi t hout departing

fromthe telecspbrilghithicic Qperids g cayesht density,
J. = V.=~ = 1.-L = constant (6)
S S 1 Sht

where p = sensor resistivity,
1 = sensor length,
h = sensor height,
t = sensor thickness,
Vs = the voltage across the senscr, that is, the
portion of the MR head corresponding to resistance Ry and
responsive to the magnetic data, and

CIg = the current through the sensor (which equals the

current through the entire MR head I,).

The sensor resistance is given by
1
R, = p— 7
s T PET (7)

The (electrical) power dissipation in the sensor is

therefore



CLAIMS What is clainmed is: -37 2 2 0OCT 2003 1. A biasing circuit for a
magnet oresi stive (MR) transducer having a total resistance RH, the total M
transducer resistance R -i including a sensor resistance Rs, a |ead

- resistance R and a front-lead resistance Rf, the biasing circuit
conprising: a transducer equivalent circuit including a voltage source and

an i nput resistance, the voltage source having a prede Qh;n? age and
AU

the input resistance having a resistance that is related d
resistance Rl of the MR transducer; a difference sensing circuit having
first and second inputs, the first input bging coupled to the MR transducer
and the second i nput being coupled to the transducer equivalent circuit,
the difference sensing circuit sensing a voltage difference between the
first and second inputs; a first currqgt:sggqgg responsive to the (8)
difference sensing circuit by generating a bias current IB for the MR
transducer, the fThéStengerziires@tibeeadeidty chBessRtSr SO a8 fhd ha bicaS a1
current 1B for the MR transducer; and a second current source responsive to
t he di ff er epowesedsssiparicguiits by generating a control current that is
coupled to the transducer equivalent circuit, the control current being
proportional to the MR transducer bigs cyr (ri(eFt | B so that the predeter{g ned
vol tage of the voltage source equal s a prédet &ned vol tage VB appear Hg

across the sgnsor resi st ance R% -
where Ripemay 15 the thermal resistance of the sensor to ambient.

The sensor cools by heat diffusing away from the sensor
through the two-side surfaces facing the shields. The thermal
resistance resulting from this facial coocling is inversely
proportional to the sensor height h. Another cooling mechanism
is by heat diffusion into the leads of the sensor. The thermal
resistance associated with this cooling mechanism is also
inversely proportional to the sensor height h. Hence, the total
thermal resistance R.perma iR equation (9) is inversely

proportional to the sensor height h.

K
Rchermal = 72' (10)
where K is an arbitrary constant. Therefore,
ATg = JipltK ' (11)

is no longer a function of the sensor height h. Consequently, if
the biasing circuitry of an MR sensor is designed to bias at a
constant current density Jg, all MR sensors in a product will be
operating at the same temperature rise AT; above ambient.

A third biasing approach of the present invention provides a
constant M? sensor bias voltage Vg. For this scheme, the vol-age

V, across the sensor, that 1s the porticn of the MR head



22 0CT~C-O- 2. The biasing circuit according to claim11, wherein the
biasing circuit is part of an MR head/armelectronics (AE) circuit. The
biasing circuit according to claim2, wherein the MR head/ AE circuit is
part of a disk drive. 39 ~p 2 ~ ~ ~T~ 2003 4. The biasing circuit
according to claim1, wherein the difference sensing circuit includes first
and second transistors each having first, second and hﬂ'rﬁ des. the first
node of first transistor being coupled to the first a Z iﬁiﬁﬂ&s of the
second transistor, the second node of the first transistor being coupled to
the MR transducer, and the second node of2t he second transistor being
coupled to the transducer equivalent circuit, and wherein the first current
source includes-a third transistor having$%irst, second angﬁthird nodes,

and the secSAd CHPPERTY stUrke® 1 et tftfeSsa®FOrTIP IS S0l PRalRAGSFHF st ,
second and éaglailgigg_gg??ré$%%‘%§g§oa$ﬂa&t¢mdpﬁgggsigfat hgo J‘é rd transistor

bei-ng couple our Fahsi 3tBF°TE Form a current

mrror, the thithQQ@?ane%ﬁEh$$ﬂr§%?VQﬁimstOr bei ng coupled to the third
r,

node of the first transtst and e third node of the fourth transistor
bei ng coupled to the third node of the second transistor. 402 Z0CT
2003 5. The biasing circuit accordipy:t@.éla& nrgﬂ wherein an area ratig)of
the first transistor to the second transi8¢or i #4N: 1, and an area ration of
the third transistor to-the fourth transistor is N:1. 6. The biasing '
circuit accoasliltg tie claim 1, wherein the difference sensing circuit
“further including an output, wherein the first current source includes a
first transistor having first, second and thigd nodes, and the second

current source includes a second trandifsto s?gﬂ?ng first, second and ¢4#)rd
nodes,

It also follows that for constant sensor voltage biasing,
the sensor temperature rise is the same for all sensors in a
product.

With
1%
I.= Jht = —=2,
s = Jsht = £

the current density of the sensor J; is

Je = Vo/pl. (15)

Hence, if Vg is held constant for all heads within a
product,. J; is also held constant for heads within the same
product. Thus, both the constant MR sensor current density bias

- tn . scheme of the invention and the constant MR sensor bias voltage
- scheme of the present invention are identical. It should be
understood that constant voltage biasing of an MR sensor is not
the same as conventional constant voltage biasing of an entire MR
head, which dces not produce the advantages of constant

temperature rise and constant current density.



the first node of the first transistor and the first node of the second
transi stor each being coupled to the output of the difference sensing
circuit, the third node of the first transistor being coupled to the M
transducer, and the third node of the second transistor being coupled to
the MR transducer equivalent circuit; the biasingifkréxgt t her
conprising: an output having first and second in n an out put
node, the first input node of the output circuit being coupled to the third
node of the first transistor, the second input of the output circuit being
coupled to the third node of the second 4¥ansistor. 41 2 2 OCT 2003 7.
The biasing circuit according to claim1, wherein the difference sensing
circuit includegolirest Man PP i e having first, second and
third nodes, the f??gtM%o%gﬁggppg¥%%§¥fgﬁé?é%%ﬁqﬁgfﬁf ESGS5FBG £BVERELPR Y st
and t hi r dsnadesnetahbems esomsbs radigera@iret Pess e J20d60f LRl ik st
transi stor being coupled to the MR transducer, and the second node of the
second t reeRsiost blabénagtecupl @ik tleadse tor ahs dsumey sR@idoralkeRpeehEGHLT |
wherein the first current source includes third and fourth transistors each
havi ng fi%se, (SeSYABLIRAIE¥PM richeRlestninal sebamdavede diksdpabiofh ihechdird
and fourtgédg%%nsi i led to the third node of the first

to ei cou
transi stor, an e?iing%?égtﬂﬂ: PrOfcEnt Birad livnc thidssbaasihgh
transi st -0 ; L , 0 d.third nodes, .the first node of the
third tr%ﬁ’g@%? Séi %géc%up‘fe%dt%{% htté"°f PFEYTUR) R4Rsingn888T8RheR 9Fft h
transi st ahe @rbaeRtaifiibheidn M rd; S of the fifth
transi st or bgirng cou;l)l ed to the Eglﬁlircred%%ga{é% fe%lg&gecr%ﬁl SIPEHERsTHPE 42 2

0 C T ZOOAaEieghi ashBgant rsendom cardntgdbes o @idTabinghenailn 8RsfLe@ ratio
of the first transistor to the second transistor is N°{, and a curfent

rati o of semscenbifibowbhtage hirsiserare ndieimdegdiidn®Ublhstbhabsi Bt ognt 0 the
current flowng in the second node of the third transistor to the current
flow ng ith {HES€eEBRAS NBHRS HIY t3RPHAachest pAnthies toresként: inveheden Kean L

equal s N._.9. ,The _bhiasi,ng circuit according to claiml, further conprising:
aid ol %5‘38??&1?? RO (RS agl%‘iﬁ’rent | B generated by the

a current ‘sefnsi
first current source for the predeterm ned bias voltage Vs appearing across
t he sensor resistance Rs; and Ry = R + R, + Ry (16)

and

R, R = 1/h, (17)

a constant voltage bias across the front-lead resistance R and
the sensor resistance Ry, that is across R + Rg, will also
produce a constant current density in the sensor and provide a
constant temperature rise for all sensors in a product,
regardless of sensor height h. Therefore, a constant sensor
temperature rise can be obtained in principle as indicated by the
schematic block diagrams of Figures 4 (a)-4(d).

Figure 4(a) shows a schematic block diagram of an MR head,
an AE module and wires W connected between the MR head and AE
module. Figure 4(b) shows an equi&alent circuit for an MR head

with leads and wires. According to the invention, the MR head



a third current source responsive to the current sensing circuit by
generating an output current when the bias current |IB generated by the
first current source for the predeterm ned bias voltage VS is |less than-a
predeterm ned sensor bias current, the output current generated by the
third current source being coupled to the transduc i circuit and
conbining with the control current generated by thg gwment source
to forma conbined control current, tPp4 conbined control current being
related to the MR transducer bias current IB so that a predeterm ned MR
transducer bias current IH flows through the sensor resistance Rs producing
a preﬁ@é@ém@aﬁﬁéfﬁ@uaﬁemgwb@ Haivasigoh hlgaséreoninpesi deaicerdlice - 43
2 Z0CT 2003 . 10. The biasing circuit according to claim9, wherein
the dif fenentgpeensénginalsut ithel wdemobiulet afdgmeeodd d)r aisivd airs each
having first, second and third nodes, the first node of first transistor

bei ng=g@iphtent obike Eirstiandhehier & vedeagel Vi hes sdevallopednaicsbsrs, t he
second node of the first transistor being coupled to the MR transducer, and
t he segendensde pésibeaneeoRd of abhhesMRrsérsoy. coBpfedet ¢ (the shomssducer
equi valent circuit, and wherein the first current source includes a third

t ransegtbvabant npidsr eircaétomhearsd a hiold agedds, iandevhdopedondross ent
source includes a fourth transistor having first, second and third nodes,

t he fthetsandothtediabdaseoﬁsthedtnhﬁdleagnﬁrgnbrebdiﬁgsé§@9n§G Re-t he
first node of the fourth transistor to forma current miror, the third
node Thet aquivbilentr ghzcuisr sheiwry idodpiaage 4 (e Mhaxe M VIPYhe first
transistor, and the third node of the fourth transistor being_ coupled to

t he thesiishateeoist hdReetoRd + remsrelativelydififieuit £o Bedlizqhe biasing
circuit according to claim10, wherein the current sensing circuit

i ncl udesaugef Rith Tfhiendt b8 BapeRgentr on eaghohBdaNadupil, eacdes Ruvhe
first node being coupled to the third node; a fourth current_  source coupl ed
to thent khedosbes bandpne i MelatirRIBIANSEARF -an CORFSIYREEY r € havi ng
a first input, a second input and an outpu{ the first input being coupl ed
to t heQUAVPdERSIE1FE UL ke SHOWY ¥ Figeiort (dhe hastidify 3 rﬁ:‘xﬁi‘s bEPhEREBUYS ed
to the third node of the fifth transis or-an% t he _out ﬂt bein%.cou%¥ed to

t he tﬁpﬂda@uﬂpgh’tt IE§isLance -R,, 1s the preferred implementation for

a biasing circuit that provides biasing for the second, third and
fourth biasing schemes of the present invention. The negative
resistance -R, of the equivalent circuit in Figure 4 (d) cancels
R, of the MR head wiring and leads, and effectively applies the
bias voltage V, across Rg + R, of the MR head.
Figures 5(a)-5(c) are equivalent circuit models for the
circuit of Figure 4(d). In Figure 5(c), the current source I and
~ the negative input impedance -R; result in a constant bias
~"™ voltage Vg across (Rg + R¢) of the MR head, shown in Figure 4(b),
.-—when I = Vy/R,. Figures 6(a) and 6 (b) show exemplary biasing
- conditions for a constant sensor temperature rise biasing scheme
according to the present invention. In Figure 6(a), sensor
current I, is shown for varying totlal MR head resistance Ry for a

constant sensor temperature rise biasing. Figure 6(b) shows a



- 45 - ~ 2 ~CO T 2~~3 12. Acircuit for magnetically biasing a

magnet oresi stive (MR) transducer, the MR transducer including a sensor
portion having a sensor resi st ance Rs, a lead portion having a | ead
resistance Rl and a front-lead portion having a front-|ead resistance Rf

the biasing circuit conprising: a transducer equi Vgl Lrcyit; a
di fference sensing circuit. having firs25and seconinZ&hCSQt Zﬁhél first input
bei ng coupled to the MR transducer and the second i nput being coupled to

the transducer equivalent circuit, the difference sensing circuit sensing a
vol tage difference between the first and second inputs; a first current

sour-ce re Y t.he difference sensing circuit by generating a bias
curref@® aiF%Pﬁrf l'f??eé 2F aliSyheer, Vi heor i vartying Mhtherslrresbetagcehe, sol e

source. of .the bias curctent IB for the MR transducer; and a second current
sour cé&Fe SARE t ?P?%%tﬂ?P?ereﬁbé SURYPRGOE| FEaRTesy6daherad gk cort rol
curre o Epat coupled to the transducer equivalent circuit, the control
curre ﬁxfﬁp'% pbrt|onal to the MR transducer bias current 1B so that the
bias current 1B through the MR transducer produces a predeterm ned
effective magnetic bias of the Bprsop/ Q@srtiptry,of the MR transducer.(18)46

and

Vg = Vg + IR, (19)
The effective magnetic bias caused by a constant current
density- Js in a sensor becomes progressively less as the sensor
height decreases due to a demagnetization effect on the top and
bottom edges of the sensor. To obtain a constant effective
magnetic bias in sensors having .a relative smaller height, a
fifth biasing approach according to the present invention
provides a progressively larger sensor current density Jg; and

which is given by the following polynomial approximation

Js = (Jyp = J,) (%’a)é. (20)

Figure 7(a) shows a theoretical curve for Js. Figures 7(b)
and 7(c) show biasing conditions providing a practical
épproximation for a constant current density Jg biasing accérding

'hFo the fifth biasing scheme of the present invention. Below a
"head resistance Ry, corresponding to a sensor height h,, a head
“is biased with a constant bias voltage yielding a constant
current density Js;. Above resistance R,,, a head is biased with a

constant current Iy, resulting in an increase in a sensor current



2 2 0~ T 2003 13. The circuit according to claim12, wherein the circuit is
part of an MR headl arm el ectronics (AE) circuit. 14. The circuit according
to claim 13, wherein the MR headl AE circuit is part of a disk drive. 47 2
2 0 CT 2003 15. The circuit according to CIain{lz further conprising: a
current sensing circuit sensing the bias current eper at ed the first
current source for the predeterm ned effective nagn [B635788éthe sensor
portion of the MR transducer; and a third current source responsive to the
current sensing circuit by generatin%Iﬁ n out put current when the bias
current 1B generated by the first curfeent source for the predeterm ned
effective nmagnetic. bias of the sensor portion of the MR transducer is |ess

t hang ﬁ,@i gdel i 18d; $6850E1 Y Ei‘og)%rrré:‘égtn)alt he, Q:lﬁemét&?gsgxr g{% SRNY A af,ed by

the third ‘current source beihg co to'the trans ent=Tel r cui t
and £o %@&%ﬁmt@@ £€R81 EehsoWr kAl JaRRIARd by the second current
o

source 't orm a conbi ned control current, the Sconbi ned control current

being relpiggrés &%) NBnaréwwug%mls%aewt&%ﬁtbﬂo%ksglta@éitan% Hgdet erm ned
MR transducer bias current 1B flows through the MR transducer producing the

pr edﬂm@tﬁ@@hﬂ%f@ﬁél enardietbaclipts off thie AUNPMR HAPpdWis MR
t ransducer T 2003 16. The circuit according to cIa|n115

whengidsine schége easeos@nfgngotitheligresesitldessdrtiitn . angazecond
transi stors each having first, second and third nodes, the first node of

firsdléceponseocibeniy shophednt Tilgueeld ela)anrthd B (4 Hedandds the second
‘transistor, the second node of the first transistor being coupled to the MR

transalletplying deeisecend fode esanigle,sec arl I-laitsirs tHarRic@uctidied to
t he transducer equivalent circuit, and wherein the first current source

i ncImdbslpliérrﬂaviﬁgsasfmrshaﬁ.wp@tf igiginals edeitd md_;rtdjjdxd;ﬂmﬁqs,t@qq t he
second current source includes a fourth transistor having first, second and

t hi randoaesecohd inpat ahdgntli thatodes prfopidre iidiald o aRsi sl[prax’malvlg
coupled to the first node of the fourth transistor to forma current
m rrare shenahsravabliebdé ahe thie deputanwsrstioralzeiofy axoWE eebdudld.he third
node of the first transistor, and the third node of the fourth transistor
bei nBhe oppbddct osigral hontipntd® 20ff rdwe meddoipl el sitsorcompared by a
comparator 83 to a reference signal 84. Signal 84 is
proportional to the desired bias power P, dissipated by MR head
resistance R,. Comparator 83 outputs a control signal 85 that is
proportional to the difference of the product signal 82 and
reference signal 84 and is used for controlling the bias current
Iz (Figure 8(a)) or for controlling the head voltage V, (Figure
8(b)) such that the product I,Vy is constant. In Figure 8(a),
the‘controlled variable is I, and variable V, is automatically
linked to I; through the equation V; = R,I,. The head resistance
?ﬁ need.not be a known value, that is, it may vary from head to
éead. For Figure 8(b), the controlled variable is V, and the
variable I, is linked to V,.

Figure 9 shows a schematic block diagram of a bias circuit

900 that provides a constant bias power to an MR head. Bias

circuit 900 includes a current sink formed by amplifier 901,



49 7 2 0 ET 2003 17. The circuit according to claim 16, wherein the

current sensing circuit includes, a fifth transistor having first, second

and third nodes, the first node being coupled to the third node; a fourth

current source coupled to the third node of the fifth transistor; and an

anplifier circuit having a first input, a second input and an output, the

first input being coupled to the third node of the th'ﬁ% transistor, the
grh

second i nput being coupled to the third node of the f U(rﬁgﬁyﬁgor and
t he out put being coupled to the thirdggurrent sour ce. 50 2 T 20f13

18. A magnetoresistive (MR) head/arm él'ectronics (AE) circuit conprising: a
magnet oresi stive transducer, the nagnetoresistive transducer having a tota
resi st pamcei &ebrt B62t andl rERitatansAler s stupd RMuyrrettudbhgthesensor
resistance Rs, a |lead resistance RL and a front-|lead resistance Rf; a

t r anscureentqainkl ést propowitiianel u hpad wellitage SGur cdsaheym i rpgue

resi stance, the voltage source having a predetern ned voltage an the input
resi sourpet hafi agrdifaersOficd g eaupked dicttdie RAGHOF LHRREBEFEOHENEO2R of
the MR transducer; a difference sensing circuit having first and second

i nputEhet dwittest ofnsransistor 902 is coupled to the 'inverting input

of amplifier 901 and to a first power source Vg through resistor
903. The non-inverting input of aﬁplifier 901 is connected to

input terminal 804 of bias circuit 900. Input terminal 905 of
circuit 900 is coupled to power source Vs,. MR head (R;) is
connected across input terminals 904 and 905. Thus, the

magnitude of the voltage V, appearing across Ry is connected

across the current sink and controis the magnitude of the

collector current of transistor 902.

Transistors 906 and 907 are connected to form a first
differential amplifier. That is, the emitters of transistors 906
and 907 are connected together and coupled to the collector of
transistor 902. The bases of transistors 906 and 907 are coupled
to opposite sides of a resistor 917. Resistor 917 is connected
so that the current flowing through resistor 917 is the bias
current I, that flows through terminal 904 and through R,. The

" collector of transistor 906 is connected to a second power source

R T

Vs, thfough resistor 908, while the collector of transistor 907
_is connected to second power source Vg, through resistor 909.
:The differential collector current of transistors 906 and 907 is
proportional to IgVy.

A second differential amplifier is formed by transistors 910

and 911, and current source 913. The emitters of transistors 910



bei ng coupled to the MR transducer and the second i nput being coupled to
the transducer equivalent circuit, the difference sensing circuit sensing a
vol tage difference between the first and second inputs; a first current
source responsive to the difference sensing circuit by generating a bias
current IB for the MR transducer; and a second Curreﬁ? ¢§%@ ponsive to
the difference sensing circuit by generating a control curren at is
coupled to the transducer equival ent cRgcuit, the control current being
proportional to the MR transducer bias current IB so that the predeterm ned
vol tage of the voltage source equals a predeterm ned voltage VB appearing
across the sensor resistance Rs. 51 2 2 0~ T 2003 19." The circuit

accor @ngg 21d Axg wABeGHRE e Hee vrRRd eP WPl ed r ki PrestpamEngd afdi sk
drive. 20. The circuit according to claim 18, wherein the difference

sensi FYTHEUITOYTRS (RS- f i The GFesceemmipahnef sFUFEeBhCACHAFRNG 18I At ,

second and third nodes, the first node _of first transi stor being coupled to
Che 1 IGORRSEREA HiS o otfe SOHEX HROWERSYiert r afSFEEBE . SOHE e Odrid MBI t he

first transistor being coupled to.the MR transducer the.s nd node of
e s QRFRG cho BT L5o AR Gts S Astion & SA RN “CH 938 oht Lo ERe T

;ng aher i n theS;'rs: cﬁirg;tggﬁ.rce i ncludes, a %girdqggah is?or ﬁ;Lingt

first,°?£;ﬁﬁﬁPEuR#t?ﬁ?QF+ﬁﬁ@§, gﬁdl?hgoggg%ﬁdteu gnf° gﬁfggriﬁéludes a

f th t i St i figst d hi rd.nod he first third

nodes GHATHEREH 140y A HBE P RECRSEoPE L P BERE, s a0 “EbARE el 1

irro t he,t

L%?R%i :%?ch%ﬁl%%%fé‘of FRRUBEOE 20Re 1 Ay SEEPFAAEE. PhrtaGe, Verre {ﬂﬁ??di node
Cr ansititty s Megh 008, Phab®La0oOHR ok BS LAL" deBTIRATb A" pRERY)
N1 A Al Retuddf cig Macd STE Rt ol ol P MR BT T o s

(';'; rléui%{augfﬁ?g%f&&ﬁétaﬁeoaﬁkfgr&atﬁgéi ButBenthgtet et BR1didder@neg sensing
transistors 910 and 911 to be subtracted from the differential
current output of transistors 906 and 907. The constant amount
can be varied by varying V,.,. While Figure 9 shows that V., is
externally applied to circuit 900, V.. can alternatively be made
to have a constant magnitude, that is, internal to circuit 900,
and I, can be made to be varied externally in proportion to the
desired bias power P, for accommodating a wide range of products
having different P, requirements.

The collector of transistor 906 is coupled to the inverting
'input to a control amplifier 914, and the collector of transistor
"7 907 is coupled to the non-inverting input of control amplifier
~ 914. The output of amplifier 914 controls a current source
" formed by transistor 916 and resistor 915. Transistor 916 and
resistor 915 generate bias current I, that flows through resistor

917 and through head resistance R,;. With resistor 917 « kT/qI,

and V., « kT/q, it follows that



further including an output, wherein the first current sources includes a
first transistor having a first, second and third nodes, and the second
current source includes a second transistor having first, second and third
nodes. the first node of the first transistor and t first node of the
second transistor each being coupled to the output %O@Td?@[rjgr ence
sensing circuit, the thi'rd node of the first transistor being Coupled to
the MR transducer, and the third node of the second transistor being
coupled to the MR transducer equiva%gnt circuit, the circuit further
conprising: an output circuit having first and second input nodes and an
out put node, the first input node of the output circuit being coupled to
the third node of the first transistor, the gecond input node of the output
circuit being coupled to the Phi7 ¥yhpdelgf,  the.second transistor. (253 2 Z
OCT 2003 23. The circuit according to claim18, wherein the difference
sensing circuit includes first and second transistors each having first,

second and third des, the first pode of _.first transistor _hei. coupled to
The MbSTe dhd ik mpaty Thetelanna praheriebPERt hBboRRg Hode bof ¢ he
first transistoi bei ng coupled to the MR transducer, and the second node of
the SECHRCEIERSY stor being coupled to the transducer equivalent circuit,

wher ei fi iNGl. i f h ' h
i ng 111607 cEoRHCARl 10 AT Hod Lo yokbet ShBReHH AaddiRe i ra
-and f h [ ' I . ' f [

randtis grreafie FhPERS BRI GBI (B pRdiatantel R Qe bl e MY

1 SELE" hBYLEARLLY B 459690 A LR, ACchAdESn DEILLS! e of (ne

ransis erng cou to the firs the fifth

LranshshQhst fal 88 hBoGH! I €L SIAinA UL SARNLIRIS A 4 NEoddldhl

transistor berng coupled to the third node of the second transistor.
current density Jg; in the sensor in addition to a constant
temperature rise of the sensor above ambient temperature. As
indicated by Figures 4 (a)-4(d), a constant sensor biasing can be
implemented by compensating for the noﬁ—sensor resistance part of
the head resistance, that is, the lead resistance R, and the
front-lead resistance R, or more easily by compensating only for
the lead resistance R, (see Figure 4(d)). A simple and elegant
way to achieve this is shown by Figures 10(a) and 10(b). Figure
10 (a) shows a schematic block diagram of a circuit 1000 providing
a constant sensor voltage bias according to the present invention
and Figure 10(b) shows a network equivalent circuit 1010 for the

_+.8chematic block diagram of Figure 10(a).
In Figure 10(a), the network equivalent circuit 1010 of

Figure 10(b) having a negative input resistance -R; with a
voltage source V, is created by a bridge-like circuit 1000.
Circuit 1000 includes an amplifier 1002 that senses a voltage
difference between the total head resistance R; and the model or
equivalent circuit 1001 for the MR transducer, that is, a circuit

AM9-96-032



54 2 20 CT 2003 24. The circuit according to claim23, wherein an area
ratio of the transistor to the second transistor is N1, and a current
ratio of current flowng in the second node of the fourth transistor to the
current flowng in the second node of the third .tragsistor to the current
flowing in the second node of the fifth transistor QQCW@{]BQK + L
equal s N. 25. The circuit ‘according to claim 18, further conprising: a
current sensing circuit sensing the bigg current |B generated by the first
current source for the predeterm ned bias voltage Vs appearing across the
sensor resistance Rs; and a third current source responsive to the current
sensi having @ INRjy igeserdieisng gl fidr clooze rddjvers tiweo btasrentrent | B
generated by the first current source for the predeterm ned bias voltage Vs
i s | esoures d@rEdaicerii eduseniothbi asltageediffemencet pehsed rmentthe
generated by the third current source being coupled to the transducer

equi vdmgt dio ampliaficec ohdd 2i eguailshzehe. coRtrederabiyentcugereatatssdine t he
second current source to forma conbined control current, the conbi ned

cont r dl003ursuppl es murednt el tand heunvent sotteerl M assuppléas cBryenthat
a predeterm ned MR transducer bias current IB flows through the sensor

resi stlade RBepeodudisnghosereda drern grentdr ddhaw cl iR apP¥edi aavongshe
sensor resistance Rs. 56820 CT zOI3 26. The circuit according to

cl ai memmsigaratipnhe dHoveyenceNsmayi bg ehpsent otherugessidesatdmns goond
transi stors each having first, second and third nodes, the first node of
£irst mingthsi Rerchiexy wdlpeedfes Nharei ist thadrapged fxoMe$-@0 t he second
transi stor, the second node of the first_transistor being coupled to the MR
t ransducer ,Figure hkl sshews aogchsmatie bdeskddirgnamsPdr pEAFESIUMIRL t o

t he transducer equivalent circuit, and wherein the first current source

i ncl uREOELIHY R t FRRSTFAREr VRALRAHES Verdfrosec ot SFUSPHi FESHBEBRCCaRd t he
second curyent source inclgdes a foyrth_transi stqr having fi.rst, second and
Lhi 1 d BRIGEOD (96 47 (MR BSad: hi FaTRoEs L3PO; RBCLHORS fr SASmiSt dei TP

led to the first node of t th transistor ta f t
1 OrSORIRET R 1 nERCSBLEERE FRLIAEFansiCroP BB RILEH SR RAINEE hi r d

e RS RIS P heaR i 15, Lt AR RaR el A s st
2001 3 2l I0ECSET 24b3, 2ROLH RS @3l BRertIBhAY o Yol il BEPST N9
than T, transistor 1101 for power saving considerations. The
resistance NR, of equivalent circuit 1001 is scaled accordingly

by N. Transistor 1101 is preferably the input transistor of the

readback amplifier of an AE module. Although not shown in

Figure 11, the readback signal is detected at the collector

transistor 1101. Capacitor 1105 is connected between the bases

'of transistors 1101 and 1102 and power source Vg, fo; providing

et filtefing. NR, and V, can be provided off-chip for greater

-'flexibility. A current mirror is formed by transistors 1103 and
- 1104, and is connected in any well-known current mirror

configuration (double FET mirror, etc.), and is also scaled by a

factor N. This current mirror forces the currents through



I ncludes, a fifth transistor having first, second and third nodes, the
first node being coupled to the third node; a fourth current source coupled
to the third node of the fifth transistor; and an anplifier circuit having
a first input, a second input and an output, the first input being coupled
to the third node of the.third transistor, the secoﬁhZi 1'230 g coupl ed
to the third node of the fifth transistor~and the output beinhg Coupled to
the third current source. s~ - 2 2 2003 28. A mmgnetoresistive (MR
head/ arm el ectronics (AE) circuit conprising: a nmagnetoresistive
transducer, the magnetoresistive transducer having a total resistance RH,

the t th%lnéﬁédﬁé‘sﬁi‘@fraﬁési%QnCQgBHaiQS' Eﬂwggg RS04 n@g&éft 796 By, @

| ead resistance R,_and a front-fead resistance ucer “equi val ent
Circuide RAidd asgnge sensing circuit having first and second inputs, the
first input being coupled to the MR transducer and the second input being

coupl ed t 0 Hififtd amldyﬁ@&s egukxabRAtie! YLk d]%&?%f ber agﬁ%h%?ﬂ?i'}%ujtt

circuit sensing a voltage difference between t I rst and second T nputs; a

First 1900 PorRIH S 4 CEBREEANE ’ér@lEE%eRdV,f f R YShdsSt! £Eb sP¥nce
generating a bias current IB for the transducer, the first current

sour ceghbpbReibhe oolat MRIMEADS tdierdis XIU0 & ddhfgutég BBt ransducer;

and a second current source responsive to the difference sensing circuit by

gener ddtegting an MR head readback sigmal directly from the MR head

| signal voltage. Circuit 1200 includes MR equivalent circuit
1001. Amplifier 1201 is connected to detect a voltage difference
between the voltage V, appearing across the MR head and the
voltage appearing across equivalent circuit 1001. In that
regard, the non-inverting input of amplifier 1201 is coupled to
the MR head, while the inverting input of ‘amplifier 1201 is
coupled to the equivalent circuit 1001. The output of amplifier
1201 is connected to the bases of transistors 1202 and 1204,
which are both configured as controllable current sources. The
area ratio of transistor 1202 to transistor 1204 is preferably
N:1 for power savings considerations, but may also be chosen for
other considerations. Capacitor 1206 is coupled between the
output of amplifier 1201 and a power supply voltage V,, for
providing filtering of the control signal output from amplifier

’ 1201.-

The emitter of transistor 1202 is coupled to power supply

- voltage Vg, through resistor 1203. Similarly, the emitter of

transistor 1204 is coupled to supply voltage Vg, through resistor

1205. The collector of transistor 1202 is coupled to the MR

head, while the collector of transistor 1204 is coupled to



a control current that is coupled to the transducer equivalent circuit, the
control current being proportional to the MR transducer bias current IB so
that the bias current |IB through the MR transducer produces a predeterni ned
effective magnetic bias of the sensor portion of. the MR transducer. 58 2
2’0 CT 2003 29. The circuit according to clain128,2%2eo ifiw. MR head/ AE
circuit is part of a disk drive. 30. The circuit ac d ié t ai m 28,
further conprising: a current sensing rcuit sensing the bias current IB
generated by the first current source for the predeternined effective
magneti c bias of the sensor portion of the MR transducer; and a third

curT eg ORI EReT BIRRRTYS dOA e GUGK S8l o801 2 d%&ﬁ%f’?y gengraiing an

out put “current when the bias curr genera irs

Sourﬁﬁzé‘i’riéhéoﬁhéé%ﬁr @:d‘%@fé&?iéc‘!@ofm&f‘eﬁf& i &SoPT1308 ggpsor portion

of the MR transducer is less than a predeterm ned sensor bias Current, the

out pufjTHEFERY ﬁg@gbgggq-by the third current source being coupled to the
transducer equivalent circuit and conbining with the control current

gener at ed Pyréfetse0o0d iGWliREs SOur &bk frdaa £ORheAagy, CORLALY kent,
t he conbi ned control current being rel ated tdﬂ%he MR trgﬁgducerg FE§ES

currepp1iBafi@ 1babk.a Thed@eielicw ot Mhéianse Ucer2 biéisc&&t?lé&tthtBEOV"S.
t hrough the MR transducer producing the predeterm ned effective magnetic

bi as oblléetsensdr tpansistoaf I302 MR $imiEaDES - the Hade 20f €rdind0EL3 31

The circuit according to claim30, wherein the difference sensing circuit

incl utleslf isscoapledetondthe ansl ké ot Sr 66 hevs gk &2 r5304 secpprd and third
nodes, the first node of first transistor being coupled to the first and

t hi r dcobliestot betransidtioransdkl ois ¢deplat ol peeer aduppBy f VLSt

transi stor being coupled to the MR transducer, and the second node of the
seconthroaghi sesisbernd2asupl &he cdé¢tectednsshdisacle gt gwd ENEr6inl €Mkt Mrand
wherein the first current source includes a third transistor having first,
seconbeaddishgedenatied aambssheressisnor clZI@rvetseascccermingdes a2iguahh

transi stor having
1214.

Figure 13 shows a schematic block diagram of an input stage
circuit 1300 for a single-ended MR preamplifier using sensor
biasing according to the present invention. Circuit 1300
includes circuit 1100 that is shown in Figure 11. Additionall?,
a current source 1304 having a current I, equal to 2I,/8, where
B is the current gain of transistor 1103, is connected between a
voltage source Vs, (+5 V for example) and the bases of
transistors 1103 and 1104. The MR head signal V,, is available
between terminals 1310 and 1311, and is described by the

~"following equation:

] AR
Voop = —2 v, Re (22)
Ry (Lgy*1,;)

A current source containing an amplifier 1305, a capacitor
1306, a compensation diode 1307, a resistor 1308 and a transistor

1309 is used for "bleeding off" part of the bias current I,



first, second and third nodes, the first and third nodes of the third
transistor being coupled to the first node of the fourth transistor to form
acurrent mirror, the third node of the third transistor being coupled to
the third node of the first transistor, and the .third node of the fourth
transi stor being coupled to the third node of the.s nd tran5|stor 60 2
2 OCT 2003 32. The circuit according to claim 31) V\ﬁﬁ rrent
sensing circuit includes, a fifth traniéstor havi ng flrst second and third
nodes, the first node being coupled to’third node; a_fourth current source
coupled to the third node of the fifth transistor; and an anplifier circuit

h f t t b
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A% + AQ . AQ . A
0 RS de 050 St s Mo et 90 Anpind AT K0

ca] c(pkkebahbalchaleake &e@ﬁa}«&a}m}&aﬂm}wlm@% cehsel §84) 6gl g2
U c”ral]ca]cRa]jc(aUc a .3H'S$

\ FHU 28 gb\YWEHC (aouigh Qaiaﬁlﬂfs(@iﬂ qﬁyawmﬁaﬂfal e&ﬁseleée%&%l ca] ¢

.a] c&al] c&a] ca] ca] ca] ca] ca]ca] c aV]ca]caV]ca] caV]ca]ca
FIITLI8" 47p#Pr SOSEORA WU EHE current through res;stor 1303,

g' zupkf " [VV]]ca]c(aLﬂc(a]c(a]ca]ca]ca]ca]ca]ca]ca]c&aU]c&a]c&a]cafca]ca]ca
| ca] chgcaFer] ekalmplel] @0% of the bias current a series diode 130
a]ca]ca]ca]cBaLﬂc8a]ca]ca]ca!g"(s(()))))))‘,b,d,q,,//#/&/6/11111112m22)333
~xsni (s€Uf}-baheealic aramsdaiter])c (iadude] atiddic transistor 1302. This

circuit configuration, however, can result in signal distortion,
offset, etc., despite compensation diode 1307 in the bleed-off
current source.

The problems of circuit 1300 associated with signal
distortion are avoided by circuit 1400, shown in Figure 14.
Circuit 1400 is an input stage of a single-ended MR preamplifier
using sensor biasing, and includes circuit 1100 (Figure 11), and
the bleed-off current source (circuit 1300). For circuit 1400,
though, diodes 1301 and 1307 of circuit 1300 have been
eliminated. Resistors 1303 and 1308 are chosen to be equal, for
éxample, 450 Ohms, so that 50% of I, flows through transistor

1103 and 50% flows through transistor 1309. An amplifier 1401 is
fooupled to the emitters of the current mirror formed by
transistors 1103 and 1104. The output of amplifier 1401 is
coupled to the gate of a transistor 1304. The source of

transistor 1404 is coupled to power source Vg, through resistor

1403. The drain of transistor 1404 is coupled to the collector
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10% | & ()-s10%| & () - Yi%%&x& ()- 971 égﬁoig%sl gco?ftg#foa/rd?ﬁ&ag)e- bias for

low resistance heads (Figure 7(b)) and constant current bias for

higher resistance heads (Figure 7(c)). The cross-over point
.~ between constant V, and constant I, is between the minimum head
_resistance R, ., and the maximum head resistance Ry max @S
~encountered in a product, and corresponds to a given sensor
height h,.
Figure 15 shows a schematic block diagram of a circuit 1500

providing a constant effective magnetic bias according to the
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11. Circuit 1500 provides a constant sensor voltage for
felatively low values of R; for which the head bias current
through R; and transistor 1101 is sufficiently large to turn.off
a controllable current source formed by transistor 1502 and
resistor 1503. For a relatively higher value of head resistance
'Ry, the bias current I, becomes sufficiently small that amplifier
1501, which compares the voltage drop across transistor 1504 with
the voltage drop across transistor 1103 (both shown connected as
diodes), applies a forward voltage to the base of transistor
1502. Transistor turns on accordingly and circuit 1500 supplies
a constant current bias to the MR head. Figures 16(a) and 16 (b)
show exemplary MR head biasing conditions for constant effective
magnetic biasing circuit 1500. The cross-over point is
determined by the value of the (reference) current I, and the

transistor area ratio N.

So, for head resistance Ry sufficiently large that

Iy > Vg/(Ry - R)), (23)
the head bias current I, is kept constant at the value, I, = NI,.

e T
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For lower values of head resistance Ry, the bias current I,

is determined by

I, = V,/(R, - R)) . (24)

The cross-over point occurs at the value of R, given by
= —= + R, (25)

and can be located anywhere within the product head resistance

interval

Rymin £ Rpo € Ry pay - (26)
All of the disclosed embodiments and configurations of the
bias circuit of the present invention can be made part of
circuitry in an MR/AE module which is part of a disk drive.
While the present invention has been described in connection
with the illustrated embodiments, it will be appreciated and

understood that modifications may be made without departing from

the true spirit and scope of the invention.
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CLAIMS
What is claimed is:
1. A biasing circuit for a magnetoresistive (MR) transducer having a total resistance
Ry, the total MR transducer resistance Ry including a sensor resistance Rg, a lead
resistance R, and a front-lead resistance Ry, the biasing circuit comprising:

a transducer equivalent circuit including a voltage source and an input resistance,
the voltage source having a predetermined voltage and the input resistance having a
resistance that is related to the lead resistance R, of the MR transducer;

a difference sensing circuit having first and second inputs, the first input being
coupled to the MR transducer and the second input being coupled to the transducer
equivalent circuit, the difference sensing circuit sensing a voltage difference between the
first and second inputs;

a first current source responsive to the difference sensing circuit by generating a
bias current Ig for the MR transducer, the first current source being the sole source of the
bias current Iz for the MR transducer; and

a second current source responsive to the difference sensing circuit by generating
a control current that is coupled to the transducer equivalent circuit, the control current
being proportional to the MR transducer bias current I so that the predetermined voltage
of the voltage source equals a predetermined voltage Vp appearing across the sensor

resistance Rg.
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2. The biasing circuit according to claim 1, wherein the biasing circuit is part

of an MR head/arm electronics (AE) circuit.

3. ‘The biasing circuit according to claim 2, wherein the MR head/AE circuit

is part of a disk drive.
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circuit includes first and second transistors each having first, second and third nodes, the
first node of first transistor being coupled to the first and third nodes of the second
transistor, the second node of the first transistor being coupled to the MR transducer, and
the second node of the second transistor being coupled to the transducer equivalent

circuit, and

wherein the first current source includes a third transistor having first,
second and third nodes, and the second current source includes a fourth transistor having
first, second and third nodes, the first and third nodes of the third transistor being coupled
to the first node of the fourth transistor to form a current mirror, the third node of the
third transistor being coupled to the third node of the first transistor, and the third node of

the fourth transistor being coupled to the third node of the second transistor.



'109& ()- &LOY&' ()- L$L109& ()-"109& ()- 109& ()- 10%& ()-90:]::::5; dEVK@A
10! 10, &3"109%& ()- F1 109 ()-f/109%& 6)- - 109 ()-+109%& ()-)109%& ()- 5;°;

©<<<<<xMbCFA 10! 11097Z& ()-Z 10 10 10S: 109%&' () - S8n L% () -
6100& () -, 4 10%& () - <<<<<¥%=Q-aBmbCFA 10! 100Z& ()-2@&&&205]% 3

10%Z &' -FSz 109 ' -10l. 0 () - 0 ! - ===
()-FS g) & '{“l)xe bl(z)iélr\l(g gﬁ%u?t@%é‘rdﬁr}g tloSc :gn/{%fg,‘ v‘l?ere% an afe%%ftf@m%&t
transistor to the second transistor is N:1, and an area ration of the third transistor to the

fourth transistor is N:1.

6. The biasing circuit according to claim 1, wherein the difference sensing

circuit further including an output,

wherein the first current source includes a first transistor having first,
second and third nodés, and the second current source includes a second transistor having

first, second and third nodes,

the first node of the first transistor and the first node of the second
transistor each being coupled to the output of the difference sensing circuit, the third node
of the first transistor being coupled to the MR transducer, and the third node of the

second transistor being coupled to the MR transducer equivalent circuit;
the biasing circuit further comprising:

an output having first and second input nodes and an output node, the first
input node of the output circuit being coupled to the third node of the first transistor, the

second input of the output circuit being coupled to the third node of the second transistor.
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circuit includes first and second transistors each having first, second and third nodes, the
first node of first transistor being coupled to the first and third nodes of the second
transistor, the second node of the first transistor being coupled to the MR transducer, and
the second node of the second transistor being coupled to the transducer equivalent

circuit,

wherein the first current source includes third and fourth transistors each
having first, second and third nodes, the second node of each of the third and fourth

transistors being coupled to the third node of the first transistor, and

wherein the second current source includes a fifth transistor having first,

second and third nodes,

the first node of the third transistor being coupled to the first and third
node of the fifth transistor to form a current mirror, and the second node of the fifth

transistor being coupled to the third node of the second transistor.

10Z



,6- 10%g&' ()- !5S&10%&' ()- @"10%& ()- s$:10%& ()-"10%g& ()-Sf 10%g& ()-F

GXGYGZE G GMGEECFA 10! Y'109& ()- s10%&()-L10%& ()- 10g 10g

10g@ " 109g& () - @By10%&' () - GGHDH21 " | ~I dBbCFA 10!
1 q” y10%& ()-&10W&y()-910t(ye)&' ()- : 22 0CT 2003
109&' ()-1109%& ()-VY"10%&' ()-~I111iJJI}"?bCFA 10!/ 10%& () - |

C410% () -1 a' 189 ( Therbiasingeireyit accomtivge qlaim % WisyEB 4N @jearsiarf the st

K<K=KaVK@A 10! 10 10 10 %R (. U (i L '

Bl AL 8 e g m
second node of the fourth transistor to the current flowing in the second node of the third
transistor to the current flowing in the second node of the fifth transistor K:L:1, where K

+ L equals N.

9. The biasing circuit according to claim 1, further comprising:

“a current sensing circuit sensing the bias current Iy generated by the first
current source for the predetermined bias voltage Vs appearing across the sensor

resistance Rg; and

a third current source responsive to the current sensing circuit by
generating an output current when the bias current I generated by the first current source
for the predetermined bias voltage Vs is less than a predetermined sensor bias current, the
output current generated by the third current source being coupled to the transducer
equivalent circuit and combining with the control current generated by the second current
source to form a combined control current, the combined control current being related to
the MR transducer bias current Iy so that a predetermined MR transducer bias current Ip
flows through the sensor resistance Rs producing a predetermined effective magnetic bias

of the sensor resistance Rg.
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wherein the first current source includes a third transistor having first,

second and third nodes, and the second current source includes a fourth transistor having
first, second and third nodes, the first and third nodes of the third transistor being coupled
to the first node of the fourth transistor to form a current mirror, the third node of the
third transistor being coupled to the third node of the first transistor, and the third node of

the fourth transistor being coupled to the third node of the second transistor.
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a fifth transistor having first, second and third nodes, the first node being

coupled to the third node;

a fourth current source coupled to the third node of the fifth transistor; and

an amplifier circuit having a first input, a second input and an output, the
first input being coupled to the third node of the third transistor, the second input being
coupled to the third mode of the fifth transistor-and the output being coupled to the third

current source.
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transducer including a sensor portion having a sensor resistance Rg, a lead portion having
a lead resistance R; and a front-lead portion having a front-lead resistance Ry, the biasing
circuit comprising:

a transducer equivalent circuit;

a difference sensing circuit having first and second inputs, the first input being
coupled to the MR transducer and the second input being coupled to the transducer
equivalent circuit, the difference sensing circuit sensing a voltage difference between the
first and second inputs;

a first current source responsive to the difference sensing circuit by generating a
bias current Iy for the MR transducer, the first current source being the sole source of the
bias current Iz for the MR transducer; and

a second current source responsive to the difference sensing circuit by generating
a control current that is coupled to the transducer equivalent circuit, the control current
being proportional to the MR transducer bias current Ig so that the bias current Ig through
the MR transducer produces a predetermined effective magnetic bias of the sensor portion

of the MR transducer.
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14.  The circuit according to claim 13, wherein the MR head/AE circuit is part

of a disk drive.
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a current sensing circuit sensing the bias current Iy generated by the first
current source for the predetermined effective magnetic bias of the sensor portion of the

MR transducer; and

a third current source responsive to the current sensing circuit by
generating an output current when the bias current Iy generated by the first current source
for the predetermined effective magnetic bias of the sensor portion of the MR transducer
is less than a predetermined sensor bias current, the output current generated by the third
current source being coupled to the transducer equivalent circuit and combining with the
control current generated by the second current source to form a combined control
current, the combined control current being related to the MR transducer bias current Ig
so that a predetermined MR transducer bias current I flows through the MR transducer
producing the predetermined effective magnetic bias of the sensor portion of the MR

transducer.
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B 16.  The circuit according to claim 15, wherein the difference sensing circuit

includes first and second transistors each having first, second and third nodes, the first

node of first transistor being coupled to the first and third nodes of the second transistor,

the second node of the first transistor being coupled to the MR transducer, and the second

node of the second transistor being coupled to the transducer equivalent circuit, and

wherein the first current source includes a third transistor having first,
second and third nodes, and the second current source includes a fourth transistor having
first, second and third nodes, the first and third nodes of the third transistor being coupled
to the first node of the fourth transistor to form a current mirror, the third node of the
third transistor being coupled to the third node of the first transistor, and the third node of

the fourth transistor being coupled to the third node of the second transistor.
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17.  The circuit according to claim 16, wherein the current sensing circuit

includes,

a fifth transistor having first, second and third nodes, the first node being

coupled to the third node;
a fourth current source coupled to the third node of the fifth transistor; and

an amplifier circuit having a first input, a second input and an output, the
first input being coupled to the third node of the third transistor, the second input being
coupled to the third node of the fifth transistor and the output being coupled to the third

current source.
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a magnetoresistive transducer, the magnetoresistive transducer having a
total resistance Ry, the total MR transducer resistance Ry including a sensor resistance

Rs, a lead resistance R; and a front-lead resistance Ry;

a transducer equivalent circuit including a voltage source and an input
resistance, the voltage source having a predetermined voltage an the input resistance

having a resistance that is related to the lead resistance R, of the MR transducer;

a difference sensing circuit having first and second inputs, the first input
being coupled to the MR transducer and the second input being coupled to the transducer
equivalent circuit, the difference sensing circuit sensing a voltage difference between the

first and second inputs;

a first current source responsive to the difference sensing circuit by

generating a bias current Ig for the MR transducer; and

a second current source responsive to the difference sensing circuit by
generating a control current that is coupled to the transducer equivalent circuit, the
control current being proportional to the MR transducer bias current Ig so that the
predetermined voltage of the voltage source equals a predetermined voltage Vg appearing

across the sensor resistance R.
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of a disk drive. '

20.  The circuit according to claim 18, wherein the difference sensing circuit
includes first and second transistors each having first, second and third nodes, the first
node of first transistor being coupled to the fifst and third nodes of the second transistor,
the second node of the first transistor bein g coupled to the MR transducer, and the second

node of the second transistor being coupled to the transducer equivalent circuit, and

wherein the first current source includes a third transistor having first,
second and third nodes, and the second current source includes a fourth transistor having
first, second and third nodes, the first and third nodes of the third transistor being coupled
to the first node of the fourth transistor to form a current mirror, the third node of the
third transistor being coupled to the third node of the first transistor, and the third node of

the fourth transistor being coupled to the third node of the second transistor.
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transistor to the second transistor is N:1, and an area ratio of the third transistor to the

fourth transistor is N:1.

22. The circuit according to claim 18, wherein the difference sensing circuit

-further including an output,

wherein the first current sources includes a first transistor having a first,
second and third nodés, and the second current source includes a second transistor having

first, second and third nodes.

the first node of the first transistor and the first node of the second
transistor each being coupled to the output of the difference sensing circuit, the third node
of the first transistor being coupled to the MR transducer, and the third node of the

second transistor being coupled to the MR transducer equivalent circuit,
the circuit further comprising:

an output circuit having first and second input nodes and an output node,
the first input node of the output circuit being coupled to the third node of the first
transistor, the second input node of the output circuit being coupled to the third node of

the second transistor.
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includes first and second transistors each having first, second and third nodes, the first
node of first transistor being coupled to the first and third nodes of the second transistor,
the second node of the first transistor being coupled to the MR transducer, and the second

node of the second transistor being coupled to the transducer equivalent circuit,

wherein the first current source includes third and fourth transistors each
having first, second and third nodes, the second node of each of he third and fourth

transistors being coupled to the third node of the first transistor, and

wherein the second current source includes a fifth transistor having first,

second and third nodes,

the first node of the third transistor being coupled to the first and third
node of the fifth transistor to form a current mirror, and the second node of the fifth

transistor being coupled to the third node of the second transistor.
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the second transistor is N:1, and a current ratio of current flowing in the second node of
the fourth transistor to the current flowing in the second node of the third transistor to the

current flowing in the second node of the fifth transistor K:L:1, where K + L equals N.

25.  The circuit according to claim 18, further comprising:

a current sensing circuit sensing the bias current Iy generated by the first
current source for the predetermined bias voltage Vg appearing across the sensor

resistance Rg; and

a third current source responsive to the current sensing circuit by
generating an output current when the bias current Iy generated by the first current source
for the predetermined bias voltage Vs is less than a predetermined sensor bias current, the
output current generated by the third current source being coupled to the transducer
equivalent circuit and combining with the control current generated by the second current
source to form a combined control current, the combined control current being related to
the MR transducer bias current I so that a predetermined MR transducer bias current Ig
flows through the sensor resistance Rs producing a predetermined effective magnetic bias

of the sensor resistance Rg.
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the second node of the first transistor being coupled to the MR transducer, and the second

node of the second transistor being coupled to the transducer equivalent circuit, and

wherein the first current source includes a third transistor having first,
second and third nodes, and the second current source includes a fourth transistor having
first, second and third nodes, the first and third nodes of the third transistor being coupled
to the first node of the fourth transistor to form a current mirror, the third node of the
third transistor being coupled to the third node of the first transistor, and the third node of

the fourth transistor being coupled to the third node of the second transistor.
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includes, -

a fifth transistor having first, second and third nodes, the first node being

coupled to the third node;

a fourth current source coupled to the third node of the fifth transistor; and

an amplifier circuit having a first input, a second input and an output, the
first input being coupled to the third node of the third transistor, the second input being
coupled to the third node of the fifth transistor-and the output being coupled to the third

current source.



10%@& ()-" 10%@& ()- Ls10%@& ()- -10%@& ()-& *:rdvH 10@ 10@ 10 10

10V N ' 109& ()- 'f940%]& ()-S 109&& () - Ff 109Z& ()- 10@| dEdVH 10@
10@109%@& ()- " 109%@& ()- YL109%@& ()-f 109%@& ()- 9109 51% @B () -$q) 9: ;
<Nxmb@ 10@ 10! 109% ()-m 10@ 10@ 10@L0%a& () - 9! 109 8(-) 19068 ()- °
3109@& ()- N?rdEnb@

28. A magnetoresistive (MR) head/arm electronics (AE) circuit comprising:

a magnetoresistive transducer, the magnetoresistive transducer having a total
resistance Ry, the total MR transducer resistance Ry including a sensor resistance Rs, a
lead resistance R, and a front-lead resistance Rg;

a transducer equivalent circuit;

a difference sensing circuit having first and second inputs, the first input being
coupled to the MR transducer and the second input being coupled to the transducer
equivalent circuit, the difference sensing circuit sensing a voltage difference between the

- first and second inputs;

a first current source responsive to the difference sensing circuit by generating a
bias current I for the MR transducer, the first current source being the sole source of the
bias current Iy for the MR transducer; and

a second current source responsive to the difference sensing circuit by generating
a control current that is coupled to the transducer equivalent circuit, the control current
being proportional to the MR transducer bias current I so that the bias current Iy through
the MR transducer produces a predetermined effective magnetic bias of the sensor portion

of the MR transducer.
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- 30.  The circuit according to claim 28, further comprising:

a current sensing circuit sensing the bias current Iy generated by the first
current source for the predetermined effective magnetic bias of the sensor portion of the

MR transducer; and

a third current source responsive to the current sensing circuit by
generating an output current when the bias current Iy generated by the first current source
for the predetermined effective magnetic bias of the sensor portilon of the MR transducer
is less than a predetermined sensor bias current, the output current generated by the third
current source being coupled to the transducer equivalent circuit and combining with the
control current generated by the second current source to form a combined control
current, the combined control current being related to the MR transducer bias current Ig
so that a predetermined MR transducer bias current Iy flows through the MR transducer
producing the predetermined effective magnetic bias of the sensor portion of the MR

transducer.
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second and third nodes, and the second current source includes a fourth transistor having
first, second and third nodes, the first and third nodes of the third transistor being coupled
to the first node of the fourth transistor to form a current mirror, the third node of the
third transistor being coupled to the third node of the first transistor, and the third node of

the fourth transistor being coupled to the third node of the second transistor.
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32.  The circuit according to claim 31, wherein the current sensing circuit

includes,

a fifth transistor having first, second and third nodes, the first node being

coupled to third node;
a fourth current source coupled to the third node of the fifth transistor; and

an amplifier circuit having a first input, a second input and an output, the
first input being coupled to the third node of the third transistor, the second input being
coupled to the third node of the fifth transistor-and the output being coupled to the third

current source.



