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Arrangenent conprising a rragnetlc wite head and wite anplifier with
capacitive current conpensation The |nvént|on relates to an arrangenent for
recording an information signal on_a magnetic record carrier, conprising.a
write hAmangement cOBpHSingG & magnetisi Wit head; and weite:amplifier with capaeifive qurrens
arrpllfléqre‘%ﬁgdd?,g afirst wite term-nal and a second wite terminal, which
are cou he wite head to drive the wite head in response tQ the 5
|nformat|on signal. The invention also relates to a wite anplifier for use
in such an arrangenent. Wite anplifiers having inductive wite heads are
‘used inter alia in hard disk drives for the storage of digital i nformation
signals, the polarity of the wite current 10 - through the wite head being
reversed in response to the bit pattern of the information signal. There is
a constant trend to Theirsxaton kelates to anarrangement foofechrding dn siformations. | n

order to mnimse the ti needed to .store t.he, gr,ow unt .of data there
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St eppi Nigeid dabier? and 'aAWfite dipiBfidrHivi rt@ﬁrﬁh ﬂﬁ{karlty |
reversal of theewrltél curren A prol{ em V\/mﬁ'% nagirl?ﬂséegé{oga at 15 the
wite dnrmmal which areocoupiageto meovmtemeed:mdnheﬂwwne headdn aespoasdta thel so

t hroyg Poar agll t | C paci tances present at the first and the second wite
ter THREeR S iSiti c capacitances are caused by i nternal capacit-ances

~of the wite anplifi The ifveationaRs rtlafes ¥8RAHilcAdIRRIMG 105 fsd HEsubhidne head
Itself and wiring capacitances of the wres connecting the wite head to

the fir&ffange@eltae second wite.térmnal of the vvrlte anplifier. The wite
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| naccurdiledrivés fo? the stohigecsf digitdl lisformusei sn?ﬂalﬁ LOtht 'PRIRIE of Afe Whitd/Edeentof the
i nformation storage at hlgh bit rates. his en i-n” accordance with the

i nvd@it i tBreughithe write hgadrbeing seversed Wm ththe bihpatiem of he informatieg signal.i s
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said minimise the time needed to store th_e growmg amount of data there is a constant tendency
towards acceleration of the.data_-transfer' by stepping up the bit rate. This requires an
| increasingly faster polarity reversal of the write current. A problem which then arises is that
15 _the write current wrll no longer ﬂow through the write head alone but also through parasitic
' capacmnces present at the first and the second write terminal. These parasmc capacitances
_ are caused by internal capacitances of the write amplifier, the parasitic capacitance across the
D write head itself and wiring capacitances of the wires connecting the write head to the first
~ and the second write terminal of the write amplifier. The write current through the write
- 20" head is distorted at high b1t rates, as a result of which the recordmg on the information
carrier becomes inaccurate. e

N It is an object of the invention to improve the accuracy of the mformatlon |
storage at lngh bit rates. To this end, in. accordance with the mvennon, the arrangement of
_ the type defined in the operung paragraph is charactensed in that the write amplifier further
| 25 comprises: compensation means for producing a negative eapacrtance at at least one of said
| first and second write terminals to generate a capacmve compensauon current directed
| _ opposxtely toa capacitive current flowing through the at least one write terminal.



first ' g dwrrtetermnalsto generateacapacrtrvmmm@tron
current ditected oppositely to a capacitive current flow ng through the at
-l east one wite termnal. W95/ 35563/ PCT/ 1 B95/ 00431 2 The
'capacrtlve conpensati on current whol Iy ‘or partly corrpensat es for the'

adver se effect of ?&t‘_‘ Baﬁba&s:e er 'brt'
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“characterised in that the wite. anplifier conprises: a first supply .
term“ﬂﬁltharﬁmam suppry terminal for the connection of a supply

vol tage for the wrg ﬂﬂ% e%vennonaneganve capacitance can be dbtdihéd withlanr ent
mrror hawngaflrst rrent input termnal, a first current __output

. t & miembodinsenp which i3 chhracterisad i m that the wemmptiﬁermmses ras first SupRlY; cur r ent
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termzﬂ?klﬁgpum ed to the second wwiteitern nal - and-:second ‘eonmon: cur r ent
termn cdnnected to the.fijrst suppl y terninal -~ at
- | easta firsecurfent miirrog havingia fitsp suirensrinp %ﬁt%@ﬂeﬂtr@ml}tmmﬁﬂrrent

LQB;E‘P{@F&T‘%&%&S s Seeﬁ’?ﬂﬁ”ﬁ%rﬁ%&f@#&ﬁl?ﬁ term ha angcﬁrﬁt

. %;]Yrtéﬁﬂhalout pUt* terninal;® and: .current.- switching means for establising
' a curr ath between the fi rst current output termnal and the second
suppla exrreat mirtr thawingia second Furzent dRPHLfrMinaly & 6O GUTRAL QUIRUE 20

corr b ofich s e WRONE ol sABIMLAHAE puts“rﬁ*ﬂ*ng‘t“‘%ﬂ ?r"“‘ﬁé*“;“e"céﬁﬁ' A

supplcynAéted tb&he\ﬁrﬁt shbplyftenni‘naw Pt &t B nal

- at’least one-of: VPRI ol e L T T ”— et DR R T Ta
15 =z ‘first capacitor connected “between' the ﬁrst ciitferit’ iriput ‘termirial and the- second cutrent

~ output termmal and a-second’ capacttor connected between the sécond current mput ‘términal -
and the first"current’ outpnt’termmal -and - R R
current swifching means-for estabhshtng a-cufrent path-between"the first’ current ‘output” -

: terxmnalandthesecond supplytermmalwatheﬁrstwntetenmnalandthesecond wnte

'. 20 terminal for a first valué of the’ information’ stgnal and for establishing a current path between
‘the second current: output ‘terminal and the second ‘supply terminal via the first wiite términal

" and the second writé términal for a second valug’ ofthemformattonmgnal S

“‘The’ fifsE dnid the second: cepacttor ‘nelitralise the- parasitic capacntances by

mJectmg oppostte capacmve currénts into the- first and’ the second” write terminal via the ‘first .

25 and-the second’current’ ‘mifror. For an optimum éfféct the capacntors are preferably used in
}  pairs, i.e. “the first together w1th the second, in order not to disturb the symmetry of the
- arrangement. | | :

: United States Patent No. 5, 282'094 Figure 1 discloses an arrangement in
which polarity reversal is effected with current sthchmg means which estabhsh a low--

30 | impedance connectton between one of the write ternunals and the second supply terminal.

| The other write terminal i 1s then connected to the high-impedance current output terminal of
the first or the second current mirror. As a result, the commonomode voltage across the wnte
head does not have a fixed value and depends on the number of ones or zeros of the
preceding bit pattern of the mformatlon s1gna_l. ‘Consequently, the following bit change can



and 't hé' E‘Essfs |te termnal for a second val ue of t he 'g&%ﬁ‘%}ob ?
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si gnal . st and- the seconditapacitorsneutral i se thé parasl
capaci tances by injecting ppitecapacitiye currents into the fi rst and the
second wite termnal via.the first 25 and t he second current mrror. For
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arr angbntpnnenwupemnsctynalsdrm Nioreober? 8he ﬂﬁdtuatﬁrgycommondnmel voltage anay
arrangerrent in C | arity reyversal_is effect e h._curren WI t chi ng
means ﬁﬂi-‘ﬁ ‘%&E ‘%36""9 ﬂ\?&’ep@g‘ B@‘!‘\/@W of t he -

write G réﬁﬁauﬂ&venbwmme{ I&m&tm Wrfte aftiplifies! |
t hen: connecte t%mhe hi gh-1 npedance current oeultnput termrgl\f i rst
or tShe whese struatunermakes it bcttnr sui«uale forchigh tit ratesds chanacterisasdin that thegurrent oss
- the wite head have a fixed value and depends on the nunber of
ones 0 wﬁgt nz)e‘aﬁgﬁg g’trlﬁedl ng bit pattern of .the information signal.
Conseqydanird ¥urrehemiredr RV a third eﬁe&&%pmemmw&@ha%@&m ou ut terminal
PCT/ 1 B95/ 00431 3 be influenced by -the comon- node vol tage ju before the
change coupled to the\first waite tezminad, ad a third ecommen surreahtermingh aonrwp@ddotthon

Mor eover .. t.he ,ng common-node vol tage may produce crosstalk to

ot her. é%“r?&f‘t @yﬁ%ﬁﬂ These problens limt the bit rate of the =

| NIy MatfoAh Sherea mirtotRavile e Telath cvifert ThptiaRihalo’s folRhiciyent ompunavi ng a
wite anplifier 5 whose structure makes it better suitable for high b|t

rat es mmircaapleﬂltgéhp saqond, srite terminal; and a Joprth gemmonwuRent tespinale:
third %Pﬁﬂe%&rd %?RQ%PQQM &#l'l&ld current input terminal, a third current
ou

out put “Termna rs&t. wite terninal, andathlrd comon
cur renta first uwmiablecnumt sourte conrected betwieenLthe Ififstt ciirfent iiput fdmisal fagd ithé)

current, mrror having a fourth cyrrent _input terminal, a fourth current .
out put fourth current mput%e for suppliymg a first current for a first value of the information-
15 signal; _
a second switchable current source connected between the second current input terminal and:
the thrrd current input terminal for supplying a second current for the second value of the
information signal. '
The write head is now connected between the hrgh-rmpedance outputs of
20" four current mirrors, which are turned on two at a time by means of the switchable current
- sources. When the first switchable current source conducts a curre_nt will flow through the -
 write head from the ﬁrst supply terminal to the second supply terminal vig the first and the-
. fourth current mirror. When the second switchable current source conducts an opposite
. current wrll ﬂo_w'through the write head from the first supply terminal to the second supply
25 terminal vid the second and the third current mirror. Since the write head is connected
between the high-impedance current output terminals of the four current mirrors the
‘common-mode voltage can be ﬁxed as required' by additional measures, preferably at half the
 supply voltage, and can be rendered independent of the bit pattern. The current mirrors then
saturate only during the peaks of the write head voltage and no clamping circuits are needed
30 to preclude oversaturation of the output-transistors of the write amplifier. - | |
' - If desired, the thtrd and the fourth current mirror may also be used for
‘ neutrahsmg the parastuc capacitances, for which purpose the arrangement in accordance with
the invention is further characterised in that the write amphﬁer comprises a third capacitor
connected between the third current mput tenmnal and the fourth current output termmal



" terninal @?tothe second wite. termnal, andafour g;ﬂ&gcurrent
term nalwﬁgﬁ’g ed to the second supply term naI a fi rst svmtc f

current source connected between the fjrst current input terminal and the -

" fourth current i'nput termnal for supplying a first current for a flrst
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1 nput memf@fmﬁﬁpplylng a second’ current for .t:he second..val ue of t he
. information signal. The wite head is nowc gbetwenthe :
hi gh- i npedance out pThes; WW&W@M)@E@ 1‘?/\HIPEh SF@:W‘H%‘OI on two
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first and the fourth current, mrror. V\hen t sec swi.t.ch

 sour c&aclhReMPrise MIQSIWQ%WPEWW‘?W g\‘!fgl’(“ym\?& ﬁeégéé&r om
‘the fi mﬁﬁb' figin dlecthdde-conAeded wmeltuxr&%ndtﬂ%fdmlcuﬁent tsecond
and thde& aﬂcurrent mrror. Since the wite head i.s connect ed ibrteptﬁween t he

~ hi gh- itemsiral) cespectively; tanddtapmgaﬁrshmnelectmdmwupledtttﬂwmdﬁm s -the

' -Ecr)g}ne)n node voltamn be fl)éggtf ﬁﬁéw amnal ﬁ%@%@%@%nt of

t hio Didonh %&Fgﬁh Uaﬁusvélé&mderaﬁﬁ.e&aetmvm;ﬁn%et@r,omm:dmnrenctrbce peaks of
e VO

t he wrl t | tage :and no clanping circuits are needed 30 to pr ecl ude
overs amupledlto thersecond snml)omndn and a seeondi mainsleqtsode cangacted; torthe third

desired, rd-and mrror. -y al so be.used for .
neutreﬂ"ﬂs"}‘ S"‘l‘ﬁb "’"‘Q"h“g‘% t"%f ?’ﬁ&@mfor whi ch purpose the arrangenent
in acGRE $ACRneht thifrbe ahd ¥R Secomtt brirréni iifror catincomprise & dibdewohfiexted inputwr i t e

anplifier corrprl ses-a.third ca aC| tor connect ed bet vveen the th| rd current

i nput " transistor0f aamdmeondmtlm havingca,egnirol elecirode and a seeqndgains 563
PCIé ! %&&043 finected to the first’ and the second current input terminal, respectively, and

havmg a first mam electrode coupled to the first supply termmal and an output transistor of
the second- conductmty type ha\nng a control electrode conneécted to the control electrode of -
the relevant mput transistor, a - first ‘main electrode coupled to the first supply ternunal and a
| second mam electrode connected to the first:and the seeond current output terminal.* -
20 - Lo Current mirrors thus- implemented produce a minimal voltage loss and -
 allow an output swing up to neerly the supply voltage. Moreover,- they have basically a
single pole in the current transfer function, so that no additional ringing of the waveform is
produced ngmg rnay lead to inter-symbol ‘initerference: - : .
: _ Itisto be noted that the transrstors may be. btpolar transrstors or umpolar
25 MOS transistors. The control electrode, the firs main electrode and-the second main
electrode correspond to-the base, ‘the emitter. and the collector, respectrvely, for a bipolar
transrstor and to the gate, the source and the drain, respectrvely, for a umpolar transistor.
~ This embodlment may be characterised further in that the first main
electrodes of the input transistors and output translstors of the first and the second current
) 3(l ~ mirror are connected to the first supply ternunal via resistors, and the first mam electrodes of
' the input transistors and output transistors- of the third and the fourth current mirror are
connected to the second supply terrmnal vig resistors. The resrstors provrde a better matching
' between the current mirror transxstors and i improve the temperature stabxhty




4 and/ or WOeS(B5563*capacitor connected between the fourth cworaBsscosgut
termnal and- the thi-rd current output termnal. The four current mrrors
may be of any suitable type. For a maxinfl swing of the wite anplifier a
preferred enbodi nent of the.arrangenment in accordapee with 5 the invention
‘i's characterised in tAafirst bifibbdiinterit ofian arrangeniendin atcbrddnee fwith the invention -
current.mrror each conprise di ode- connect ed ipput trangi stor of a first
Conduct ; With GOMPIA-Madk FORLEDL i ARArRERYed A 15l Nrith ARLGRE TR COmpESeSs de.
connect oRhbcech Bl ulePrfsh WrflYfithal | 4 s BRI cechfif Rfshdr/ ! V.
and hav?ﬁrg{ﬁsﬁst mal n el ect1 ode csou-p ed to tf?g secong'sdppﬁbterm nal ,.
“and ‘an oconpedted betwees the first nodecand thetsecandiwrité termynal yp thitdarasistpreconoeated|

| ect 10 ted. to the. cont el ect f the rel t input
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~and a sefg @deﬁaiﬂpﬂb%fmﬁdﬁmﬁomeﬁkﬁﬁb&QmEﬁﬂMddme%ﬂc&ﬂW'% arthnged!
output termnal, and in that the first current mrror and the Second:

cur r ent- imiseries acrasstheowtitei head and ialsodform idampingiresistars for theswrtedeads The second
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‘respect i fopmy theddhtreadp f tiee first Ghd R SecORE EdsistotS ahi@ iPfiveld b nidafis bf asimpleprp! ¥

term pal, and an _ output transistor of the second conductiVvity type having a
cont 18| valtage diiderasranged aerosytherpowes supply andcompsisingothe ithisd jand heafourthnput

! S iR, The BB O B OBk Vb Bdke bl 45 R ek of R VoiRke,
out put "t dividen i reddéed. Too low an impedance €46 bevoided il view bf the increasing

| npl-enment ed- produce a mnimal vol tage | oss and all ow an output swing up to
near|y t¢issiRation iy theveliage diXxMekover, they have basically .a -single pole in

the current transfer ' AT B e P : | 1. (P e ToTigqTs wd he
‘waveformis produced. irgla%lk%@%%@&%’%%@%ﬁ@%ﬂ??gkéce It is
t 0. b15ot anangement with tcommsorsmods comtyollin abcordanoe witlatise inventionois charapterised &b
MOS trams ors. The control electrode, .the first main electrode_'and. the
second nRehte|vte ampl SOmRIISes: 1 fifs Jesistoreonneeted between the, first write
col 1 ect OerminhPARPS firkiHobe, b YecdhdTeRBOR Lolriediy o first Adfe Mdlthe siddfid
source and the drain, respectively, for a unipolar transistor. -
' write terminal, a first transistor of a first conductivity type having a control electrode, a first
main electrode connected to the first node and a second main electrode coupled to the first |
20 supply terminal, a second transistor of: the first conductivity type.haVin_g a control electrode -
connected to the control electrode of the first transistor, a first main electrode, and a second
. main electrode connected to the control electrode of the second transistor, a third resistor
. connected between the first supply terminal and the second main electrode of the second
transistor, a third transistor of a second conductivity type having a control electrode, a first.
25. main electrode connected to the first node and a second main electrode coupled to the second
supply terminal, a fourth transisto_r. of the second conductivity type havmg a control electrode
connected to the control electrode of the third transistor, a first m'a.in..electrode connected to
the first main electrode of the second transistor and a second main electrode connected to the
control electrode of the fourth transistor, and a fourth resistor com\ectgd _between the second

30 supply terminal and the second main electrode of the fourth trax_i_sistor.

.

o The first and the second transistor operate in class A/B and produce at t_hé
- first node a low impedance, which can be rmhsed with comparatively larger third and fourth
resistors. B ' '



Thi's enbodi:ment . may be characterised further in that the- f| T8t .181 N
el ect r o0%@ ¥P56%he | nput_ transi stors. and output  transi st & @psrmy fi rst
and the second current 30 mrror are connected to the first supply
"~ terminal. via. resistors, and the first in electrodes of -the |nput _

~ transistor&and out. trans S of” the Lhi-rd and.-t four ent
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W ist € chhioh TRbdedshtrdl fin hédordh?@émﬁl sreciﬂmmbﬁss charictésedcntthat thewiten t he

first node.and the second-wite terninal, a third:resistor.copnected 5
bet\/\/eampllﬁeff\ltﬂlstcgmppﬂ;‘ term nal and the f| rst node and a fourth resistor
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al SO bernecea Hetwieenrthe ifiztarode and thé second werits aerhinalh e age

~across the.wite head.is equal to. the voltag; onthefrrsttea(r)w "h‘ .

'_fornsbGﬂ@e%éhﬁﬁ@tMBe qﬂF‘ secand node, as{ouph Jesister onyiec “Y%e“f Red by

S F&h\\kﬁer arranged -acr 0oss t he power supply and

co%rls%fong@ﬂg%ﬁl rdsegﬁ the our resistor.. The..fixation of the _

c onmo a-firseansistoragfca ﬁrsnlcondncmuy type havn@laoontmifeledmdepa fmgamin\eld:mode S
reduced. Toq | ow 1ce i s .to. bé- avoided i n:vi t.he i ncreasgi ng
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accorgance Wt m‘ﬁg&r%?ﬁﬁgﬂ&?s C cit;‘erréedﬁr n that .the wite arrpl ifier

. f ur t heontral repectrode of she ﬁrstttrannstos,ta)ﬁrstanmneleetrodmtaudmsechnd ‘main; elegprpde:
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 the first supply termmal and the second mam electrode of the second tranststor, a third
transxstor of the first conducttvrty type havmg a control electrode connected to the control
electrode of the ﬁrst transrstor a ﬁrst main electrode connected to the ﬁrst node and a
_second marn electrode coupledtothe second supplytermmal o o
20 ‘af fourth transrstor of a second conductmty type havmg a conu'ol electrode, a ﬁrst mam
| _electrodeconnectedtotheﬁrstnodeandasecondmamelectrodeooupledtooneofthethtrd
- current mput temunal md the fourth current mput terrmnal a ﬁfth transrstor of the second
) conductrvrty type havmg a control electrode connected to the conu'ol electrode of the fourth
) transistor,-a first main electrode connected to the ﬁrst main electrode of the second transistor
25 . and a second mam electrode connected to the control electrode of the fifth tranststor, B
and a second reststor connected between the second supply terminal and the second main
electrode of the fifth transistor, a s_urth transistor of the second con_ductmty type having a
control electrode connected to the control electrode of the 'fotirth transistor, a first main o
electrode connected to the second node and a second main electrode coupled to the other one
30 of the thrrd current input termmal and the fourth current input terminal. - '
B o This embodiment advantageously combines the common-mode control and -
' 'the quiescent current setung for the four current mirrors. Now the bias currents through thc
four transistors connected to the first and the second node are not drained to the supply
~ terminals but flow into the respecuve current mput termmals of the four current mirrors and



wite terwioyalzssed first transistor of a-first -conductivity Pc ng a
.control electrode, a first- main el ectrode connected.to the rst no e and a
“second main el ectrode.coupled to the fif7st 20 supply termnal, a second
transistor of the first conduyctivity type having a.control el ectrode

connectsegvet 23 qdlescemmurtﬂntsemttthe ‘outert imirfues./ The darhpip Tesiétaice i8 madeip ofli n
el ectrode, and a .secpond nain el ectrode connected to the control el ect rode
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contr 0|wﬁds€<‘e*tﬂ1ﬁél§ a0é conifectellith dhd Firdi 108 Cind forithé Hird Bdthe! sBéth tRrGstopnect ed

to the first main el ectrode of the second transi stor and a second nmin
el ect r ouhose emittens e connested 4o the second mode.oThis seduces tecinfluencerof aspassible and
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i mpedance, which can be realised with conparatively larger third and fourth
resi@t Jhe first nodgy 95/ 35563
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the' sane tinme. The t%‘trllé on o}ne%'ﬁe curr}eﬁ'{['ﬂci ﬁ%ﬂ%@@%g‘@ﬁ@ Bffgﬁégﬁy“‘“e
al | owi rigowywiueh @adtin sehictediredtion fduerent flows ghiroute tHeowFite- hsade it thik éspéct-anThen, -
| ess currenf |sl4§eeded to charge and di scharge the 'stray capacitances in

the cursmbndimentqfithe amsﬁm@ Wﬁlﬁé\% with the inventiegdse risedsindhatrthe
rove S8 S 9 PSR SRAS Gl o SO A: 5B SRS A AL 1 1
fir§ veonductivityrtypehaving axohirokelectrute, connéscted Ryla tieisd aw a first main-electrode,
and a second main electrode coupled to the first current input termmal an elghth transistor
of the first conductmty type havmg a control electrode connected to the control electrode of
the seventh transistor, a first main electrode, and a second main electrode coupled to the first
supply ternunal a ninth transistor of a second conductmty type having a control electrode .
20 connected to a fourth node, a first main electrode connected to the first main electrode of the
~ seventh transistor, and a second main electrode coupled to the fourth current mput termmal
a dlode-connected tenth trans1stor of the second conductivity type having a first main
D electrode connected to the first main electrode of the eighth transistor and having a control
_ electrode and second main electrode connected to the fourth node,
25 abias current source coupled to the fourth node to supply a bias current to the fourth node, .
an eleventh transistor of the first conductivity type having a control electrode. connected to a
fifth node, a first main electrode, and a second main electrode coupled to the second current
input terminal, a twelfth transistor of the first conductivity type having a control electrode
connected to the control electrode of the eleventh .transistor, a first main electrode, and a
30 second main electrode coupled to the first supply terminal, and a thirteenth transistor of the
| second conductivity type having a control electrode connected to the fourth node, a first main
electrode connected to the first main electrode of the transistor, and a second main electrode
coupled to the third current mput termmal




connect%mn the first node and the second write t epErfiBbsodst i rd

resi stor connected' between the first wite term nal and a secon node, a
fourth resistor connected betweenthe B0 second node and the second wite
termnal, a first transistor of a first’ conduct|V|ty type having a control

el ect rode a. first }ﬂ?seé.ﬁﬁ& ?%c@%@ﬂﬂﬁ?ﬂg roFt et -Second
mai n el ectrode cout')qﬁé the t1irst supply term atJdezf?stggond transi stor of

t he fﬂfret%lptmdwiblheadqubmslcunenlglsaimned tmtheqmcerrsunplyommecmehthto the
. control ectrode of t first transi.stor rst electr

| seconM*‘?FGT?&q‘Baﬂel% %?écmgt%mﬁ&ﬁt tgam ggﬁléiﬂgcond
trans, ﬂi’eﬁhlﬂ’&hdﬂt&'téﬁtﬁruﬁ@liﬂﬁ%ﬁﬂamtl&p Mthsthe fH sransivtor, nal

and the second mal n el ectrode of the . second transistor, - ird tranS|stor

of 5t hand thesaleventhythe mwmmmmmwgummtfoon aeuuslmweloeom@bﬂled to the

o, 1 Bvoifth b Chobuifioh bE e HRRA 8 wele bhblndih R 1088 SO o0l o

t er mi prblifidd curferit Aowilig fon Shesfifst cofrestt inpetaesminaniseitiird gutrgmeinpatvi ng a
~control "electrode, a frrst main electrode connected to the first node and a

seconterminial via thetseventh mmmnﬂbmmmort fram; the mrmt inpytite Hal

22ﬁdb&°{ﬂ"% %{{@g ﬂi Wg‘c fi}méf{hlgfe conne k@’@ %e con?ﬁfmd

eligct fgmenodk, apjtied aud hfsuiﬁtﬂe Buffeoif requifed; 3§ fulby ﬁolatedd’rdmctbe danileel atitheo t he
first main el ect r ode. of. t.he: second ‘transi stor 25 a second i’ra
el ect cmtdommakomnéwmwummmﬂw oHR M&S‘F“‘aﬁ‘? yrent 5nd a

secon 1 ?qa?se@m 7 " and the’ second
mai n g?‘{ég%r%%‘g{eo 1 s? ransi s?eeﬁ%ﬁy ﬂﬂ%)?g%%ﬁgtp% ‘of the second
-conductivity type l‘latelhtdfens fomhcdxifouhauﬂrnglmlmbectmtlenfnlloWermmurde

-el ectrode of the fourth tranS|s (rf?rrg ---t -ai-n: }lectrqde connected,to the

secon@’llfﬂﬂ'%s ahhe %ﬂ'm ﬁ“m VARERgSoslY)r ¢ he

et E MR iboly AP e %@%WE?M?&@%%@ b Sl or 1

qU| es therarrangement isforthemchatasterised in that the first and the second switohableccusrent

currents tg‘f h the four. transistors connected to the first and the. second
node SPWCH ’ﬁlﬁgé’f’ﬁ’é’&s?o the supply termnals but flowinto the respective

Cur r eRtfohidenth hﬁﬁdﬂtﬂﬁbﬁt}ﬁfﬁﬁh&rﬁ%ﬁw@lw Ravifij 2/ Snfroh Bléctrode for receiving
the information signal, aﬁrstmamelectrodeeonnectedtothethxrdnodeandasecond main
20 electrode coupled 'to the first supply termmal "% fifteenth’ trarisistor of the first conductivity '
type havmg a control electrode for recelvmg the information signal, a first mam electrode -
connected to the ﬁfth node and a’ second main electrode coupled to the first supply terminal,
a sixteenth transistor of the first eonductmty type havmg a eontrol electrode connected to the
control electrode of the eighth transistor; a ﬁrst main electrode connected to the first mam
25 electrode of the elghth transistor, and'a second main electrode coupled o the fifth node, a
seventeenth tranststor of the first conductwlty type havmg a control electrode connected to
the control electrode of the twelfth transrstor, a first matn eléctrode connected to the first
mmn electrode of the twelfth tmnsrstor, and a second main electrode coupled to the third
~ node, the second main electrode of the eighth transistor bemg connected to the third node
30 and the second main electrode of the twelfth transistor bemg connected to the fifth node.
| _ The fourteenth and the fifteenth transistor operate as signal followers and
buffer the mformatton stgnal The current through these transistors now ﬂows to the fourth
" node through the eighth and the twelfth transistor, respectively. The sixteenth and the
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7 serve as qui escent currents for the current mrrors. The danping.
resistance is made up of two series chaifs of two resi'stors having a centre
tap at the first and the second node. The current mrrors reduce the

appar entseyenteenthtransister mwt&%alﬂ@ys o8¢ balf of the bias gurrent fromcthe biasqusreny, é

factor f L
i ndi vi dﬁ#&rﬂ%ﬁh@%‘lg@ hain ﬁ?t@%%r}gg tg%?t?{eflﬂﬁf egengi'l éljétr?tlelt -sel_lgﬁ Stfg}lgw
the first and the foméqcamsmﬁn méms enyaise be Yevised ﬂﬂmmlwtadanmr,tfm

first node, and for the third and the SIXth %@awstor se eméters are
connectmet#e‘“!%‘ﬂbﬁﬁ“hgﬂﬁed ’I]L:}SH’c',ee Q“E)GE aBl e

: drban t Ifdﬁb’cet I jrd.
andrm%te Sl xt grﬁ?‘lﬁst orﬁalxn qI‘Itie%re‘r)lat | vealet%rbﬂ?)éc?llﬁirrvgﬁt%nlg characteri sgﬁtmy

't hat the:ummaswitclmgmeans:mnmed to 10 the flI’St node. The -

f d t d d L.t C t t
ion” and Sietieteal bHF FeRPURE & s AithereniAb oRin EHHRRE o LT SoritBh S RBeaRd
respect Agcend affferErtial-Phir thifsiior YT IRETRRL cbﬂd&ﬁeﬂy@i&cevwsé Ifirétfiaih RIQOUEY)

is characterised in that the first and the second switchabie current source
-conpr i seare goupled: ta recewerasblas ourrerit frorhiar bias ¢drrentsotirce; whiose contro} elestriodes are

(S:ggtjml el ectr &e&eg%}ge to a thl rfﬁ?‘gf”?‘(? a f|r h?%%ﬁ?@ﬁﬁstrodemeggoa .
. ei ght h tthefisét ubrenPin tphf‘&rﬁtir[aﬂn&wseébhdlbﬁffeﬂt tttaﬂmhﬂl FespeBiivedy; £hiestt r ode

connected to the con el ectrode of the seventh transi stor, a first main
el ect r ocufreahseNSORTRSistAr qennected besween ecsmpmbelppbv tevminal and acfuptbes;second

ci eot  odat ol KRR BE B Bt FERGR kR uid h eloh' BBl BlsBP il O
‘to the fmhﬁécwmbﬂwémetdmw&upﬁpt@ﬂmtahdtarmmeﬁﬁm cufténit cutptaentinabof
electrode coupled to the fourth current-input termnal, a diode-connected

~ tent b5t rthe Sirsiicyrrest miMerisecond conduct i vitty type having a first main
i hav AR BIRCSH sl &f 3 nrlURaSily e nilind ARLI HGHAIMORRE
fourth nmsia,electrode connected to the first current sensor resistor and a second main electrode
' " coupled to the first current output terminal, and a second pull-down transistor of the first |
‘conductivity type having a control eléctrode and first main electrode connected to the second
20 current sensor resistor and a second main electrode coupled to the second current output
rerminal. . L o .

| _ The activation of one of the current mirrors is detected by a current
. . - through one of the current sensor resistors. Thé voltage across the relevant current sensor
resistor turns on the associated pull-down transxstor, which in 1ts turn connects one of the
25 wnte terminals to the negauve supply terrnmal . |
| The two current mirrors may be of 'an'y suitable type. In order to obtain a
" maximal output swing of the write amplifier a preferred embodiment of the arrangement in
accordance with the invention is characterised in that the first current mirror and the second
_ current mirror each compnse a dxode-connected PNP mput transistor of a second
. 30 conductivity type hav_m_g a control_ electrode and second main electrode connected to the first - -
and the second current input terminal, respectively, and a second main electrode coupled 'to'
 the first supply terminal, an output transistor of the second conductivity type having a control
~ electrode connected to the_ control electrode of the respective input transistor, a first main
- electrode coupled to the first 'supply terminal, and a second main electrode connected to the



- .write current- throug

25" a-bigas yent sour ce coupled to the fourth node t 0 pemaBesdsdli as
current to the fourth node, an el eventh transistor.of the first : -
conductivity type having a control. el mtrode connected to-a fifth node a
first rrar n eI ectrode and a second mai n el ectrode coupled to the second

curregg ddrentoutyit|thinkinll aespectively, Gindta furfher sutpa transistorok y type
havi ng a contro Iectrode connected to the control el ectrodg f the of

el ev eMmmmyatm thYmBﬂr W“@P& G’FFB'E@

el ect rode co Q&'iﬁrﬂa]t ai stor
of thg'l o'l%@ﬁs\thq’té pmiﬁ'gw ng a o‘?aﬁ?ectrtg%ﬁel connecfglc?id]to t he

fourt Becaﬁdenmﬂetec&ode cmnecseﬂeothe)ﬂnﬂ\enmacandcsecmdtem outputtérminal oct.r ode
of the transjstor, and-a second: main; el ectrode coupled to the third current
i nfut respegiivel . . WD 95/ 35563

PCT/ 1 B95/ 00431 -8 T%"%“x??'eﬁ?ﬁte fllﬁ m&eﬁ,@g@e@mhﬁ] n%getlugbeamf t he

ead.. The 'bi as, current rained to the

'povveranupphwmpm stvineg upmncaﬂyﬁnalpplyr\'(ﬂhgm a the twel fth t ransi stor,
dependi ng on ‘the val-ue. of the_ information:signal.. The .seventh, the ninth

and the tenth transistor forma transllnear 1 oop with the ei ghth

transistor, 5 and t’ﬁ*}ﬁ;@ sﬂk{ﬂ dffthé irtRfilion willl bk fdesdrivel ant rehwcidatédr
oop wt

forma translinear twel fth transistor. Conduction of the
eil@nt kvithr reférencevtolthe’ hcmmymgcdrawmssmsw hich in an anplified current

Lo ng O e e R B bbb, O o e

curre c?lﬂg”antrﬂfoﬁnﬂﬁon hgnﬂfmiw&@mmepmmmwmmme d.c. level
of the In mat 1 on si.gnal’ at the third and.the 10.fifth node, .applied via a

sui t alinvention,f er if.required, is fully isolated fromthe d.c. level at the

current input:term Eﬁrﬂodiﬁﬂl’lﬁ hﬁuﬁ efn%df‘ oati ng
swi tchabl e current @%‘?&%W‘@%. ngﬁm ghal's §§§n . g evelfzsuLV\hl ch
capy boecoiding anfinformition Sighaltol & eiagnétiy récbrl carfier iadcordancemith then be
emtter foI owers or -source followers. The quiescent .current supply for

thesem\(ﬁmlgmers can be' conbi ned advant ageously )
o Frgure31sac1rcmtdragramofan embodiment of an arrangement for

recordmg an mformatxon srgnal on a magnetlc mord carrier in. accordance with the

_mvennon,
20 o Flgure 4 shows a first comnion-miode cu-cmt for use in an arrangement in

.

accordance wrth the mvennon, ot
' Fxgure 5 shows a second eommon-mode circuit for use in an an'angement

, m accordance wrth the mvennon, . _ .
" Figure 6 shows a circuit dragram of an embodiment of an anangement for
25 recording an information signal on a magnetlc_,record carrier in accordance with the
 invention, including a third common-mode circuit,
| ' Figure 7 shows a fourth common-mode circuit for use in an arrangement

in accordance with the invention,
' Figure 8 shows'a ﬁrst 1mp1ementanon of swnched current sources for use

._ 30 inan anangement in accordance with the invention,
' Frgure 9 shows a second 1mp1ementanon of swrtched current sources for

use in an arrangement in accordance w1th the invention,



15 V\nthwagsmsent supply for the switchabl e current soupmgsmﬂamthl s
end, ‘an enbodi ment of the arrangement is further characterised in that the

first and the second swi tchabl e current. Hource further conprise: a
- fourteenth transistor of the first conductiwvi t}/pe havi ng a control
el ectrode for recei vikFigutentO showsrareircuitdiagram, of amembpdunenﬁafnnmzmm '

Frret s onabfe i ftbrnitith, 8piat by RS for oafif | RS i e ? yt e

type hayavegtionCatid r ol el ectrode for recei ving the information si gnal ,
first main el ectrode.connected to the fifth pode and a-second majn
el ectrode coupled to E‘HMHW fnirrers ar usg in the ermbedimeptofthe: o of

t he fjr tsh(‘.‘ tﬂéﬁermw ng a.control electrode connected to t he:
control rode o ghth transistor, a first nmam el eci rode cannected

to the f| rst mai n 25 Inethesethgdzesdﬂcetdlmnmtghm the sarse seferencaisymbolsecond nai n
el-ectrode coupled to the fifth node, a seventeenth transistor of the first
conductivity type havi ng a cont rol electrode connected to the control"

el ectrode of the tvvellﬁg ssﬁﬁrwﬁ dttuctire: gphﬂraﬁaﬁ%édﬁgﬁgggg&ggﬁhgqnt o

the first main electro th transisto mal n
el ect r odeformatioresignal mmnetlt record cartier mamutdanee with| the invedtionf Théne

o) Il o AR comrines € R Rl 21100 bRRine itoRaon h 1S R0 T
fourtee rsh&wﬁmsh& Devrte fahﬁﬁﬁhf‘ 4'fof fivitigahe %ﬁé ehtam 9Sn FbspOAbe {00tk GHRFMaRoH

buffer the infornation signal. The current through thése transistors now

flows t signab Theuwrite amplifierrhas agfirst write tegimisal £rand & second write terminal 8t which

respectiyyel X th 5/ 355 :
ot ngf%e%@i%%séve‘kﬁéﬁfm%awﬁlgtw“n&?w@ ASBrs sop el 10 404 ¢ e

bi as cursesinid supply tefiinkl Q@s&ﬂérfeﬂcorﬁﬁdﬁtﬁﬁo“w?ly WoRagfor e wirilé amplified. aner
and the other half through the other si gnal f ower. The current Sl\pM tc4h| ng

“meanb® mibe presentisaseithe; seeond supphibterminald A ie ponneg ted dg siggabearth. i
Uni ted %Bﬁfpﬁ&fﬂﬁ&tcu%t mifrof 14 %ﬂva 'agﬂfs?carrer;gqnﬁﬁ' ErninA fé) a first current

output terminal 18 coupled to the first write terminal 6, and a first common current terminal
20 connected to the first supply terminal 10; a second current mirror 22 having a second
~ current input terminal 24, a s_econd current output terminal 26 coupled to the second write
20 terminal 8, and a second common current terminal 28 connected to the first supply terminal
- 10; a third current mirror 30 having a third current input terminal 32, a third current output
'_termmal 34 coupled to the first write terminal 6, and a third common current terrinal 36
P  connected o the second supply- terminal 12; a fourth current mirror 38 having a fourth
current mput terminal 40, a fourth current output termma.l 42 coupled to the second write
25  terminal 8, and a fourth common current terminal 44 connected to the second supply terminal
. 12. A first switchable current source 46 is connected between the first current input terminal
16 and the fourth current input terminal 40. The first .switchable current source supplies a
first current for a first value of the information signal U; and is currentless for a second
value of the information signal U.. The information signal U; may be, for example, the
30 binary data Signal for a disk drive or. aﬁother magnetic storage medium. A second switchable
- current source 48 is connected between the second current input termmal 24 and the third
current input terminal 32. The second switchable current source 48 receives an inverse
~ information signal NU; and supplies a second current if the first curren_t is zero and the other
ivay around. o | ' | '



S5 ‘enmbogy s an arrangenent in accordance W th . the i p¢eliBdsioass :
characterl secf I'n that the current-sw.tching nmeans conprise: a differential
pair comprising a first differential “pair transistor of a first
conductivity type and a second differential-pair transistor of ‘the flrst

conductivity type, Wﬁ&ﬁﬁefﬂrﬁﬁimmeﬁiuﬁehfm%esmmﬂcmmaﬁmﬂma
bias current. froma bias current source, whm&%ect hmc;les are 10
c onnefroputhe dirst-aipplycterminal 30 &0 ﬂiﬁmﬂ“‘gﬁ

el ectrod : Qfren ond
cur r /P8 fﬁ"ﬁ'ﬁf’ﬁ} Zﬁyﬁggﬁﬁraé'gtec{ hiﬁ# Sﬁfppg?é}gg{rerfgﬁ{tmgensofﬁ esi st or. B
‘connegy of tiefoorthculient: ﬂfh‘OﬂG8SA|fmin;ent whmlnnIManﬂesaasthgelﬂowsucﬂncsamw rent
out put term nal of the second current. and- a. second f#{ﬂt«?’nt sensor
%§F a &P

r e§i sdisection frm t%ﬁfﬁtc\ﬂgéﬂt ?‘ngu%@gm’n’al fiest m’ﬁﬁm THTEPT, r st
curr ew O;ﬁut i aiz ﬁmé?fou&muﬁedt%ufwsseab the FirdtIvirife teiniinal 6)Uthe- down

trans st conductiviity type having. a.control. el ectrode and '
fi rStwmheudkanddmmmm&rmalmeﬁmthsumcsummrmmofttbﬁ and a |

second nmin. elec rent out T,

© seconGurEent |fmm gfvﬁ?@r g@fﬁ%?}&f’\‘é E‘Fﬁﬂ‘ﬁ? % é’gé\‘ﬂ"ﬁ@ogf nt roI_
el ect fatlthedabond EifrrertGhifro? wdouemaeﬁaﬁqniﬁbrtmmqa 2. Now aent

sensor resistor and a.second main. el ectrode coupled to.the second current

oUuOpuwrite carrerit| flowihfomcthe first writesterminal 61to the:sesond avrite mnmm@ thzough: thet ed

by a. currsnt .hrough. one- of. the_current sensor _resi stors. The voltage

acr os Wit :evant current sensor resistor. turns on the -associated

pul | -down transi st oyhen/hecirs mwﬁbtewmomeé 46 a9 furnéd offand The'sécond

termnals to the negative. suppea/ term.nal. . i The. twp. current m-ryqQrs nmay be
of. anywuebabmwp@xrom ds Gned on dhe secand, cHERAtMIrTer 22,aad the; ‘Hﬁgﬂmﬂﬂé

xthef'f "’f h@@ﬁé F%h‘}grag’de'hér acteri sewnﬁo{shﬁh dffl rgﬁ%enmr Pﬁ?e;ﬁd

| tfls SW@iMeW%M?WWvﬁmWMtMMtW ; N
“transistor of a secon conduc JVI e-ha a contr rode an
seconmm&%mmgd X‘PY‘K‘E’[“‘% 8! ?é‘iﬁ' ~ i.nput

o Sl B ity BT S e o B iy ’?é‘%”&h@?.@?‘f‘;“?’y‘w .
haVI n¢8ahould tbeadqual in ordet to’ obtam equal ‘write ciifrenits in both dxrecttdns in the case that
_ thecurrentmmorranosofthecurrmtmmorsareallequal S
20 Figure 2 shbws an “embodiment in which the first current mirror 14.and
- the sécond curfent mirror 22 compnse bipolar PNP tranisistors and the third cutrent mirror’
30 and the fourth current ‘mirfor 38 comprise btpolar NPN transnstors However, it is to be
noted that in the cu'cuit amngements dtsclosed and'to bé dtsclosed bipolar transistors may be
neplaced wholly of partly by umpolar‘MOS transistors. ‘The ebntrol electrode, the first main _
25  electrode andthe ‘second main eleetrode correSpond to the base the emittér and the collector, -
' respectively, for a bipolar transistor and to the gate, the source and the drain, respectively,
for a unipolar uinststor The first current mirror 14 compnses a diode-connected PNP input
transistor Ty, havmg its emitter connected to the first common current terminal 20 vig an |
opuonal emitter resistor R;;;, as shown i in Figure 3, and its eo]lector to the first current input
30 terminal 16, and a PNP output transistor Topl’ having its base cormected to the base of the
~ input trans1stor T; ipl> its emttter to the first common current terminal 20 vig an opuonal
emitter resistor Ropl, as shown in Flguxe 3, and 1ts eollector to the ﬁrst current output
terminal 18. The opnonal emitter resistors improve the matchmg of the transistors and
. increase the thermal stability of the current mirror. The second current mirror 22 likewise -

Ji




el ectrod¥93ﬂ?ﬁ§5‘? ed to the control el ectrode of. the respec?WE”P’ﬂ?ﬁ}!

transistor, a first main el ectrode coupjed te the first supply termnal,

- and a second mai n el ectrode connected to the "~ W95/ 35563
PCT/ | BSoth l’N"thtah istbrs2did the thidd® c@eht SHirfdt ?Hf toﬁﬁh’ﬂa r 38
respecti 2 urther out put transistor: € secon con uct|V|ty
type hhhewng eompnseNPhbkmmatmdandmpﬁonalmﬂutter rdsstom,nﬁtedeotrlodmt obthe of the
rel evant ut tr., in el ec rode s€oupl ed, -t o the first -
-supplyetsm a‘t’? ﬁe‘gé tgﬂ ing ¢ . O?Gh G FRrrent TRITEALS.; j st

and second current Fighite' 2 fufthe? ﬂﬁlws énu:hBédO@Pﬁdﬂﬁhé/ca {thiidaS, 115." 6 Ravirgl'S
I mpl enent ed E roduce a m ni mal vol tan%e | oss and al | ow% output swng up to

nead| ya valye bptwesnicollectorrards welliaf the FNP eutputctransistors (T, andELjo0nei | 1 be

e A 0k 68 S o RIS (1
wthe d?ﬁ!q ofie having Gaiah@Cg), demtecn tolloomeand bﬁseomeMEéﬁtpueﬁahs’lst&%Cpr dance

of an ¥Kbdejinanf OBQ hﬁﬂ“&&ﬁ@@%ﬁéwf"@?‘”@ cqllg@tgr Gﬂdt@a@rpf ﬂwmm‘l&?\“a gnal -on

O T hB L A Tors A el RS sl M BN e i fitrtat 2
i nflor rratmugm meomtb talmmalmﬂts CTheceffécy i€ that hEhigh Trauensietheswile! duriehe’
i nvent i on, Figure 4 shows a first connon-node cj rcw t-

for usHowh ﬂaﬂueh the-RAsRsitiG canqcitances insicad ofjthrough ghe it heagln This effeqs dimi |
. shows the HE A of mﬁte”aﬂ?ent' FnCotabr tcpfedué@of Qvﬁtnelﬂﬁﬁtﬁﬁ%gﬁaverse effect of the

~ parasitic capacttances four neutrahsmg capacttors 142, 144 146 and 148 are provxded whose
capacitance values are C,, C,, and Cm, respectrvely “The capacrtor 142 is connected
15 between the first current input termmal 16 and the second current output terminal 26, the |
‘second capacitor 144 between the second current_mput terminal 24 and the first current
~ output terminal 18, .the third cauacitor 146 between the third current input terminal 32 and
the fourth current output terminal 42, and the fourth capacitor 148 between the fourth current
input terminal 40 and the thll’d current output termmal ' '

20 . When it is assumed that the current mlrror ratto of the four current
_mrrrors 14, 22, 30 and 38 is M the capacxtance value Ch seen between the write temunal 6
andthewntetemunalSwrllbeequalto . '
D G- (chp+ccsn+(l+M)(chp+chn) + (1-M)(c,,p+cm))/2 .
This may be ﬂlustrated as follows by deterrmnmg which currents ﬂow in, for ‘example, the
25 third current output termmal 34 as a result of the capacrtors connected to this termmal If the
voltage at the tlurd current output terminal 34 is assumed to be V, the voltage at the fourth |

| * current output terrmnal 42 wnll be -V. The current i m the th1rd current output termmal 34 i is
~ then:

30 i

'p*?v-fcm+p*v*c oo +p*V"'C + M*{p*V*Cyy, PV} =
pfv*{ccsn+(M+l__)chn M- I)Crm} '

“The current through the mpacttor 146 has an oppostte sign and is enlarged by the current
'.'rmrror factor M. A stmrlar calculatton appltes to the other current output terminals.

e invention gure 2 I's . circuit cf’pagram- ’



in acco;ﬂqﬁ% th the invention, Figure 6 shows a ci rcwl;c.lt;hm of an
enbodi an arrangenent for 25 recording an information signal on a
“magnetic record carrier in accordanceqgi th the invention, including a third

. common-node circuit, Figure 7 shows a fourth commn node CII’CUI'[ for use in

an-arrangement in’ aggRNaEos @ t . 'he d°gy %gggﬁpﬁtg ggﬁst

- i npl enent ati on: of sw tched cur‘?‘@nt “Sbur.ces I n’an ement in
- accor pEnwithout meutralisation and 5@1’ WM@H@MHM@WMW Gmeﬁt 5 n of
SWi tcﬁﬁd c.gfdrent ‘sQurces L se |?3an arrangemant i n accordance with-the

“inven

PCT/ | B9S/ 00431 11 W@nﬁh@m@ steruéuuihsﬁt AGiAORGES TS POV BivadOf  an
arrangenent. for recor di ng -an.information si on: a magnet. ¢ recaord

cadr | band write awplifier-withja Yery flarge outowt swing, clpthmﬂymuam/tbe SUPRLE Nt

mrro t I 10.
I n th(;alélégq%i glllilurg‘gdslh ?kgqs%@ 9 E‘g&g%rtsg dt'% erence é%‘féssrb @g%l

shows lambﬁﬁbnbutcalsd tdmeuuaused)theaparalucammf?tthe arite Eeatﬁrwf (niot showet in_o E _
si-gna magnet i ¢ r-ecord. carrler In grdance. wi_t h .t.he -i-nvent,i on. e
10 aF t%iﬁéﬁtmﬂﬁ%mes@ mmgaau&ﬁ tﬁb@&fdulﬁ JtRask Ht?t\VBF? on the

e Y i O e 1
: .-f |lJOSt devectt aadtfecmveﬁntﬁ:t benween the read amplifier ind Ithmwhtéiheadtb)cmeansaolba)upl ed to
4" Sec ey, o BReds Series MRS Apkbetpscllag 20101 L Vol tage for
the write anmplifi et will also be obvious that the neutrahsmg éffect is already obtained with
~ “one neutrahsmg eepacltor However, in order to maintain the symmetry of the arrangement |
and to avoid unnecessary loadmg of a common-mode control ctrcutt lt is preferred to use _'
15 neutrahsmg capacrtorsmtwopaus o T ‘ )
o ‘The common-mode vollage of the wnte heed 2 is completely
mdetermmate and may ﬂuctuate w1th the data pattem of the mformanon slgnal to be
: recorded This is undesxrable The common-mode voltage should preferably lie halfway
 between the avatlable output swmg and should be mdependent of the srgnal content of the |
20 | s1gna1 to be recorded Smce the wnte "head 2is arranged exclustvely between hrgh-tmpedance
' outputs of current m1rrors 1t is posslble to ﬁx the common-mode voltage wrth a common-
_modectrcutt ' ' S
§ Frgure 4 shows a s1mple common-mode ctrcurt A senes arrangement of a
_ﬁrst resrstor 50 connected between the ﬁrst write tenmnal 6 and a ﬂrst hode 52, a second
25 reststor54conneetedbetwwntheﬁrstnode52andthesecond wrttetermmal8 athid
resistor 56 connected between the first supply tertmnal 10 and the first node 52, and a fourth
resistor 58 connected between the second supply terminal 12 and the first node 52 is |
' arranged in parallel with the write head. The resistors 50 and 52 also function as damping
resistors for the write head. The impedance at the first node 52 is dictated by the resistors 56 |
30 and 58. For a correct fixation of the common-mode voltage a mlmmal 1mpedance is des1red
| However, the resistance value of the resistors 56 and 58 cannot be chosen arbmanly small
on account of the mcreasmg current through these resrstors : . |
' Flgure 5 shows a common-mode ctrcutt whrch mmgates this problem The'_

circuit agam compnses a ﬁrst resustor 60 connected between the first wnte termmal 6 and a




15 the pwedsnsssgase the second supply terminal 12 is connpergsbsiodsssi gnal
earth. The anplifier 4 conprises a first current mrror 14 having a first
current input termnal "16, a first currl®nt output term nal 18 coupled to
the first- wite termnal 6, and a first common current termnal. 20"
connec tfirst nodet62s ahd mm@rdsgstdreﬁwnmbctw betwess thefirst mode 62 and the) secdfd
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t er m NonKtdOiONAE FiRst ﬂdaetdzeantil Kﬁngsi!@@e%ckﬁ‘rd&xﬁﬁh 't Qhe first Bupply GernfiRdl(10,

mrror 30 having a-third current input termnal 32, a third current output

t er ni nal digde-connerted seeond MPN,; transistor 68-havingrits basecconaected: to therbase of thenfirst

CorEn iR g Ros 38, 08 S5 7, bR BB i, Pl Bl 15 a1

cur r enteolledtoriéf thersséond NPR weansisiord68, @ fifse PNEC triiikistor V2 having ig'emifted 8, and
a fourth commpn current term nal 44 connected to the second supply terninal

12. A foppaectad joithe fisstnade 62.and haying-its gellactorconpled te dhe) seopad supply terminal
n )
FUr g, Albod SR8 oSl b WankONE 7 1EVp S bdsB Rohnd RITH I pf o BE,

01;] t heffim‘ Bmaneistosﬂgruaid liawmngtsamht? cotiniectek focthe elhﬁt[teraof]sme rsecbtr)ma!mp of-

t he normatlo S err]. i nformati on signal [err], may be -

exalp| drangisior a:y? 33‘[99&'@1&?%“%’ g& PH}CHY%% Be; “érsumttﬁ@*mﬁlabitéﬂ c

storagqh &mr&ﬁéﬁ%ﬂdwmktg gyrrent source 48 is connected between
m na 4 '

the sec current 1 nput ter and the third current input termnal
32. The second swi t CHabtigcuitioperates imclasscA/AB. Seeneit \the first node 625 thei infpedarecei on

tSIhgnglt ngr] ﬁféﬁ sugBI i es. a sgﬁondscur ee‘r:ltt)mllnfontﬂtitgdef‘lrghsét:gec%er‘e:ﬂgs A?BZGrO and
PCT/ I B t £ reed
%‘ik%ﬁl:naﬂl@s X\Viﬁﬁn brft Turrei %%?Bhﬁm@& if g{i& 151?3 ﬁxenmﬁﬁ) bitrrdrit 16

on current wll flow fromthe first s y termn second
suph? y betsupplied by thenfirsti JIPN transismsﬁmnheaﬁrst PN transistor 721 Thﬁemctlvbe first

U e hdn2mode rékistanicd i et 8 R4 tht Tesisthncz Vatie 6 Both the'rsMor 60 and the
 resistor 64 being equal to Rd/2. The overall dampmg resistance across the write head 2 i is
consequently Rd. '
| R In order to step up the” swnchmgspeedofthe current mirrors in the
20 arrangements shown in Figures 1and 2 itis desirable to have a quiescent current in the -

current mirrors. This qulescent current setting and the common-mode circuit can be
| combined advantageously. Flgure 6 shows an embodiment in which this is implemented. The
' write amplifier 4 agam comprises four current mirrors 14,.22, 30 and 38, the write head 2,
' the first switchable current source 46 and ‘the second switchable current source 48 as shown
25 - in Figure 1. The common-mode circuit comprises a first resistor 78 connected between the
first write terminal 6 and a first node 80; a second resistor 82 between a second node 84 and
the second write terminal 8, a first transistor 86 of the NPN type having its emitter
cohn_ect_ed to the first node 80 and having its collector coupled to the first current input
~ terminal 16, a diode-connected second transistor 88 of the NPN type having its base
30 connected to the base of the first transistor 86, a third resistor 90 connected between the first
supply terminal 10 and the collector of the second transistor 88, and a third transistor 92 of
the NPN type having its base connected to the base of the first transistor 86 and its emitter to
the second node 84 and havmg its colleetor coupled to the second current input terminal 24,
The common-mode circuit further comprises a fourth tranmstor 94 of the PNP type havmg its



40 of t W 9538363 currentmrror 38 A current whlch is Mrcmsuozsl:arge
flows in the sane 5 direction fromthe first current output term nal 18 of
the first current mrror 14 to the fdéth current out put terminal 42 of the
fourth current mirror 38 via the first wite ternmnal 6, the wite head 2

“and temittereonngcted ito the: firstnodg 8@ andbaving fitsicollector cariplesito' thie third cuarent of the
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mrr Q'bnﬁ&tafﬁ the basy of thedfourtly trasidtor 94/aintl havingrity émittep 6onrierd th e f i I st
wite term 6 to the-second wite term nal 8 through the withead2. V\hen

'the femitier éﬁ%ﬂ!!d 8, RAMER resistor; 98 connectedbetwern theseeond supply
S t 2 d
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cur r ¢hrough thentwansisions B6 andr4 nowtatsa fiowsinté the ﬁrsEcmentanputrmnnmal I6of os of
shovis- an
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M T I Qhirede mm&nqﬁﬁs&m%ﬁénm 1o The §eRbiid RBHedt Rirkdt 221mwme%hnm rror 30

and the fourth current mrror 38 conprise bipolar NPN transistors. :
- Howe wurrent; mirrer 3 isebtaised in a isimilariway by meansip thcrtmsgmﬁaandumet Tbed and

i SE e Rl e 3uhhic SRS e £ £ RERREE o Bt Y

el ecivaludofahe firitaesitor T8 antviof tied SLbid P&istor’ 823&RPM11§ metchﬁ'eﬁlaﬁlﬁmﬂ Rigioem t 1 er
and the collector, -respectivel éi for a bipolar transistor and to the gate,

- the %m%m migtors| 14 22, A aoltage variation 4t the write tesminal 6or . The
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Vi ?I ‘aermindli 6 rEhe a;:cmtmewslmetvalue[m%gahe ﬁk'swesul.tﬁrlgli @&lﬂtgsiedptﬁgdib yia S
col l ecto i rst current input Lo pa and a out put
T an SRR T, sne, 056t e soe SEishA Jeviuer BE. fits it 006 thabe pllecior

't angf thedtransidion 94 infty V8 doupled !t thefoulth' ifrre TR 1deitidt W0 ihk4H 8Pt B8 Vi a an

opti onal:
0 third current input terminal 32 and that the collector of the transistor- 100 may be-coupled to -

. the third current input terminal 32 instead of to the fourth current input términal 40. This = . .
makes no difference for the quiescent current setting because the ctment in the transistors 94
and 100 is the same. If desired, instead of the transistors 94 and 100, the collectors of the

_ transrstors 86 and 92 may be connected crosswise to the cumcnt input terminal 16 and 24.

25 " Figure 7 shows an alternative solution, in which the connecuon between

~ the first node 80 and the second node 84 shown in Flgure 6 is severed. Instead of this, a fifth
' resistor 102 i is now connected between thewntet:emunalﬁand the second node84anda
. srxthresrstor 104betweentheﬁrstnode80andthewntetennma18 This solution can be -
o more accurate because the transistors 86 and 92 as well as the transistors 94 and 100 now

'. 30 each see a scparate degeneration resistor. in series with their emitters. This mitigates the

effect of a possible mismatch between the transistors 86 and 92 ar'td between the trancistors _

94 and 100. Again, it is to be noted that the collector of the transrstor 94 may be coupled to -

the fourth current mput terminal 40 instead of to the third current mput terminal 32 and that



emtter r@ﬁ’é@@ﬁ‘:’[-“erf] as shown in F_i"gur'e 3, and its col | eBCBABIYS®O4Me fir st
current output termnal 18. The option emtter resistors inprove the
mat ching of the transistors-and increas€ the thernal stability -of the

current, mreor. T ecand rent. mirror. 22 |likewi se . WD 95/35 C
PCT/ | BB? rlﬁﬁ%f’f@&i%ﬂyr%g‘?‘ﬁ%é tgﬁaﬁfwgwtrlﬂp@miﬁf rror 30
and t henéead éftocthe Todrth Barréntlinpit teirifial 46 conpri se NPN transistors and

optional emtter resistors, ;the el ect erés of the réspective transistors
bei ng connect ed the Eigure:85hois agircuit diagsam of rantimplesnentation ofi the dirst. Fi gure
C
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val ue [err etween colle
and § erarfangererits shovon én Figures {22 ahd iS¢ Theawoswlilchatile cufrbat soubces adé tnitdd inhe

NPN out put ,transistors [err]l and [err] one_having.a value [err] between

col | ectQe GECHILCQEPTISING; Efﬁﬁ@v‘ﬂﬁl‘iﬁﬂeﬂ]{‘ﬁvaﬁﬁ?‘g’t}bm{l@? P%hﬂ“{‘&ﬂgs]ba&hd one
havi n : : ' :

t rans?s@gﬁgﬁﬁf%d%r@]ﬁ%‘ﬁ%gg ﬁg@%% ?p%gptggﬁ ¢ g%gggwglgefenpgtn effect
O_R t he temminal ?ﬁ;rane_NPNlﬁansistoroll@mh hhaving its base dforneutaﬁtlcsﬂﬁ bﬁ@dgﬁtheTtlimm’tdrec_t is

t hat at, hi frequenci.ges the i,te cuLrent ows .t hrou t he parasitic
capaci t@%@g’g W@'&%@Mﬁﬁﬁﬂgﬁdﬂ@m é“m&.fmmsl%gfw qag#FtPE H3e bit

" at 0 Ofhalil ity base oHECR to d Roupthibde! 014/ EHECerflte (6 thedrhitiel B fhel (nsBEbfeT S

effect of The parasitic capacitances four neutralising capacitors 144,
. 146 andiO6zndzhaving its/callegtorcoupled ¢o thecfausthacurreat input termirad 40] a[diode} and

[err] respectiugly. The capacitor.142.is connected, 15  bet nthe fir
curre ntcopﬁﬁi?d ¥§]Pyrﬁﬂ§*s Gﬁ%"mge“%m copneciad; tooq}? ﬁﬂ?“?r&Y}BrFﬁﬁ sransigfor | ié '
second maiavingts Babé aRa ieDMledtbe coiifeered 16 'th _fa&}m'mtuh?a id¢urreht he
first current output termnal 18, the third capacitor 14 etween the third

cur r entl18rqoupled dp the fourtionadedl 14t supplytshbias current koo the fouethrriade!1142 Thend

L0 AR el o I el 0 o B T b 1207,
that thamdtaving'its collector coapled to thel setord tirréiit ifitititerminal 24, an NPN transistor
124 having its base connected to the base of the transistor 120 and having its collector
coupled to the first supply terminal 10, and a-PNP transistor 126 having its base connected o
. the fourth node 114 and its emitter to the emitter of the transistor 120 and having its
20 - collector coupled to the third current input terminal 32. . o '
o The nodes 108 and 122 are driven in phase opposition with the
ipforh:ation signal Ui and the inverse information signal NU; via buffgrs 128 and 130. When
' . the voltage at the node 108 is high and the voltage at the.node' 122 is low the transistor 110 -
is conductive and the transistor 124 is cut off. The bias current I, of the bias current source
25 118 flows wholly through the transistor 110 vig the transistor 116. The base-emitter junctions
of the transistors 106, 110, 116 and 112 form a translinear loop, the sum of the base-emitter
voltages of the transistors 106 and 112 being equal to the sum of the base-emitter voltages of
 the transistors 110 and 116. By means of the well-known formula for the relationship
* between the collector current and the base-emitter voltage of a transistor it is then possible to
30 derive that the currént I through the trénSistors- 106 and 112 'is equal to I = SQRT M*N) *
- L, where SQRT is the root function, M the ratio between the emitter areas of the transistors
- 106 and 110 and N the ratio between the emitter areas of the transistors 112 and 116. As a
result of this, a current I will flow between the'tzl"lminals 16 and 40, whose magnitude is -




mi rrorswigless8es 30 and 38 is Mthe capacitance val ue Ch pewsésuogsen the
wite termnal 6 and the wite.termnal 8 will be equal to Ch = [err] +

' -.[err] This may be illustrated as fol Il by determining which currents flow

in, for exanple, the 25 third.current output ternminal 34 as a result of the
c apacprbpomonalrtoethe currens I fthe propartionality factorrheing>tetermined by ithe geometries;r r ent

out put, t er m nal S be V, the voltage at the fourth current
~ out pff! %Fﬁ{‘-ﬂﬁf’fﬁ%ﬁﬂﬁ itﬁlf‘t‘%e current i in the third current output
~terninal 34 is thepikewfke, hcunentwﬂﬂbwrﬁdnvé@fﬂtbs%dcwmﬁnpdﬂmuﬂﬁhlt he

‘capaci.tor 146 has -an opp05|te S|g%n) and is enlarged bht he current mrror

f act G4 and the shind lcurrent-npuf termisal 33 i ﬂmegol%gq scthemede 122 iy high apdthatrat
bk 188 5Pds, 08 ipWytbdfivend, the bias oprrent souroe L18 is prefergbly an adjustable or

¥m t th p}egl?ngilab;fﬁcumr sorce Tforgexaimple imm]\C (Elxgml-lyo-enaleg sonvener mﬂmmenby a
acC
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not only-to neu parasitic capacitances o e wite a fier

' ?ut edmhmnt lnpuntcmalalsef thbeeumnmmnrors afa:bamﬂtemhﬁbr t’l’lmsyvthetsth@ed itself
ntsovvnlnFl b malln utraljsi capacitors sufficiently
1B gl ontpescdh okt f g SHply lEhefy B the FHECSERLY e ¢
head Eﬁd‘ﬂfe%%hd mllg possible to 10 detect a defective
cont act etvveen the read lifier and the wite head by nmeans of a

~detection circuit, Thibuffersd28and menanemmnemmt@r-ﬁnunwme\nﬂmm ates.
| current sources. However, saving currcnt is possible by using the currents through the
trans1stors 110 and 124 for this purpose Figure 9 shows how this can be realised. The buffer
15 128 is now an NPN emttter-follower 132 whose base receives an amplified information
 signal, whose emitter is connected to the third node 108 and whose collector is coupled to |
the first supply terminal 10. The collector of the transistor 110 is conne_cted to the emitter of
the emitter-follower 132. The buffer 130 likewise comprises an NPN emitter-follower 134
| whose base receives an amplified inverse information signal, whose emitter is connected to
20 the fifth node 122 and whose collector is coupled to the first supply terminal 10. The -
collector of the transistor 124 i is' connected to the emitter of the emitter-follower 134. The
collector currents of the translstors 110 and 124 consequently also flow through the emitter-
followers 132 and 134, respectively.. Furthermore, there is provrded an NPN transistor 136
havmg its base conmected to the base of the transistor 110 and its emitter to the emitter of the.
25 transistor 110 and having its collector coupled o the fifth node 122, and an NPN transistor
138 having its base connected to the base of the transistor 124 and its emitter to the emitter -
of the transistor 124 and having its collector coupled to the third node 108. ‘The transistors -
136 and 138 ensure that the currents through the enutter-followers 132 and 134 cannot
become zero if one of the transxstors 110 and 124 is cut off. Thus, each of the two emrtter-
30 | followers always receives half the bias current Ic if the geometries of the transistors 110,
| 136 138 and 124 are selected to be equal. |
' Th bases of the emitter-followers 132 and 134 are dnven, by way- of
example, by the transistors of a dlfferenual pair 140 whose bases are arranged to recelve the



It will aMSA8SBbvious that the neut raI i si ng effect i s al PETABYIHWHI ned
wi th one neutralising capaC|tor I—|ovvevei in:erder to maintain the sym"retry
~of the arrangenent and to avoid unneces 9ot!ry | oadi ng of a common- node -
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tndetermp:ﬂbp, and may fluctuate with the data pattern of the |nforrrat|on
signal to be recorded, This. IS undesi rabl e. The commpn- node voltage should
‘preferably lie halfi [raothen emhodiment of an agangement dn aecondan
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connect writdhterménah 6tdnd & second sm:tpltgmumlrﬂ rvehich Germinhls hre déoupled maﬂeu&ﬁe head a

~fourth SISt r 58 connec t he, s nd, su termnal /12 and the -
first nggﬁ g‘ﬁ’é‘r & "’W‘{'ﬁfiﬁ é@‘%&eﬁ!ﬂ’M’Ml 12iserve 50
and 192 ﬁjﬁ@e,wtaogu \Qﬂ ‘,p&@ far %e%% edance . .
at the first node 2 ?g?‘adtﬂgd by t e{ﬁr%ey stors i%efiﬁ@gfgm‘éw?tgp

cor r ect terminal 13 is eonrtenr@dctomgm ea;ﬂe Thelamghﬁa 4comprises mnﬁmtiexmmtlmrrrtn'sw ed-

by ¢ o R, UK ol it S S ke ol il B CiRled o b st

resi st owsite fermitiad 65aﬁdlﬁ\ms@coiﬁhﬁ8ﬁ '&uﬁéﬂeteﬁhﬁlﬁym chfreetrd b ithé first Su

‘problem The circuit again conprises a first resistor 60 connect bet ween
the firterminal 4@; 3 seeond Lurmentmirrer 22 heying 3/ ge@rEi3current input terminal 24, a second -

PCThK 59519&4%41@? terminal 26 coupled to the second write terminal 8, and a second common
curr_ent terminal 28 connected to the first supply terminal 10. A neutralising capacrtor 142 is
connected between the first current input terminal 16 and the second current output temtinal‘
26 and a second neutra.hsmg capacitor 144 is connected between the second current input
terminal 24 and the ﬁrst current output termmal 18. The funcuon and operatxon of the first

20 current mirror 14 and the second current mirror 22 and of the neutrahsmg capacrtor 142 and
~ the neutmhsmg capacrtor 144 is comparable thh those of the arrangements in Figures 1 and
2. The arrangement further comprises a differential pair with a first NPN differential pair
| ’ - transistor 150 and a second NPN differential pair transistor 152, whose emitters are
mterconnected and receive a bias current from a bias current source 154. The bases are
25 connected to recerve ‘the information signal U; and NU; and the collectors are coupled to the
ﬁrst current input terminal 16 and the se_cond current input terminal 24, respectively. A first
current sensor resistor 156 is connected between the second supply terminal 12 and a further
second current output terminal 158 of the second current mirror 22, and a second current
. sensor resistor 160 is connected between the second supply terminal 12 and a further first
30 current output terminal 162 of the first current mirror 14, Furthermore, a first NPN pull-
~ down transistor 164 has its base and emitter connected to the first current sensor resistor 156
_and'has its collector coupled to the first current output terminal "18, and a second NPN pull-
down transistor 166 has its base and emitter connected_to the second current sensor resistor
160 and has its collector coupled to the second current output terminal 26. o




first nWRIEIS6hnd a second resistor 64 connect ed bet weerPCIABISI043L node 62
and the second wite termnal 8 and, 2@ addition, it conprises a first NPN
transi stor 66 having its emtter conn€tted to the first node 62 and having :
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. el il i st o W ity

CoOMifie Iﬁsh%ofithECruleiramCiﬂpﬁtl @@ﬁlsﬁnf’l‘ ! Sits éfiitied b@ﬁpl&? td e fifs W ?ﬁﬁ‘gﬂ't Loe
S e

first wite termnal 6 and a first?node 80, a 'second resi ween a

secontf,bd dtsgollgeter conncsted 3o dhe:further fisstrd 62-andssecond 158 currentrostmtor 86 of
‘the Ngﬁlpﬁmg%aﬁx ['ff%‘;ﬁﬂft t.o fhe f| rst node nd haV| ng
"its col'lector co%% sﬁ'?i&@ﬁﬁ 2‘%" %é)'&“ 'E%'e _
- If desu'ed the bipolar transistors in the examples shown herein may be :
20 replaced by unipolar txansxstors, for example MOS transistors. In that case base, emitter and
eollector should read gate source and drain.




term nal YEQ9¥3SS63de- connect ed sé_cond' transi stor 88 of the pdiiBbsashavi ng
its base 30 —connected to the base of the first transistor 86, athird -

resistor 90 cOnneth 2§uppl y terminal 10 and the - _
~col l ectgp .,of the second transi 8,-and a.third transistor 92 of the NP
type haw +ts basﬂlﬂm 0 the base of the first transistor 86 and
its emtter to the Si@ mmﬁlgﬂw d having its col.lector. coupled to the
~second current input tefmmnal 2 Athe conmon-node circuit further conprises
a fourth transistor 94 of thé PNP type having its © WD 95/35563" T
~ PCT/1B95/00431 16 em tter ctonnected to the first node 80 and having its
coll ector coupled tot third current input termnal 32, a diod-connected
fifth transister 96 of the PNP type having its base connected to the base

of the fourth transistor 94 .and having its emtter connected to the enitter
of the decond transi Amarrasgement forrrebonding an infosationrsignal ed abmagwetic retard

d < 1] . the col l.ect f.the fifth t i st 96, .
o o s EAREcomprid § byt B oy f0F rcRrdifie SlopRarion pu the tebotd SHtBeS it ne
base of maﬁ?uﬁwmmma fifst YAite iétniihal (B)'and &'seédhd! WALSREMREI Qf)gﬂevh% and
o .

havi ng its coll ector cougl-ed tothe fourth-current input termn 40. The

first nd@coupledia the write headi(2) o drive the writeihead:(2) incesponseTtocthq infosmation

curr ent whiic ' J3h LT ISt OF.S, and 94 now also flows into
Che. P r ST Bharaéfisdd ik b ek B HioRk B4 0uffer ormprisely PopSifation feats
.into thel4,22; d42,u144)ifor prodduting o négative Sapatitarich at abidast erér 6fosald fikst () andd-
The qui escent _current setting for the second current mrror 22 and the.

fourth SEFPREKE) Vit tsrmingls to spemts a capacitivecompensatign,cumspnh dizected bppasisely

transis i q:"}%ﬂ Ea.ﬁ]%?%&g!i“ - - ‘resistance is equal to.
Rd/ (4( wﬁ??‘%ﬁe R &ﬂl S er .i%‘ggﬁgéﬁséhe{}gﬁ%{eﬁﬁ, ‘irst resistor 78 :
and- of 2t he second r @i afrangefi®ntasiclvimed inh€labm 1, ohhradierised inf Giat thel®ritedf the
currant mrrors .14, 22 30 and 38. A yoltage variation at the wite o
ter 8'na flﬁ%@&&@@?{iﬁé& Refizst ?‘@P&-Mlﬂ cangd asacpnd, supply derminal {32 fon

57 s P VAR g o5 o e vl e
| - a first current mirror (14) having a first current input terminal (16), a first current output -
terminal (18) coupled to the first write terminal (6), and a first common current terminal (20)
connected to the first supply terminal (10); ~ - | ' |
15 a second current mirror (22) having a second current input terminal (24), a second current
output terminal (26) coupled to the second write terminal (8), and a second common current
terminal (28) connected to the first supply terminal (10);
P atleast one of two ca‘p'aciwrs_(142;144), of which a first capacitor (142) is connected
| between the first current input tenmnal (16) and the second current output terminal (26), and
20 a second capacitor (144) is connected between the second current input terminal (24) and the
first current output términal (18); and | | |
cqrrent- switching means (46, 48, 30, 38; 150, 152, 164, 166) for establishing a cu'rrent path
“between the first current output terminal (18) and the second supply terminal (12) via the
ﬁrst write_ terminal (6) and the second write terminal (8) for a first value of the in_fofmatioh
25  signal and for establishing a current path between the second current output terminal (26) and
the second supply terminal (12) via the first write terminal (6) and the second write terminal
() for a'second. value of the information signal, B e

.' 3.~ An arrangement as claimed in Claim 2, characterised in that the current
switching means comprise: - - . B



S ——

factor (wmw:)sssil'h uﬂm’ the- second resi stor @TIBYSAM3L 0 be
‘not.ed that the col m”"" m”m stor 94 may be coupled to the fourth
current input ternmi’nal® 40 imstsea o the 20 third current I nput

~termnal 32 .and that the coll ector of thetransl t be couled_to .
t he tanshird cugrent mirrpr, () 4 third-gurreat inpy M(ﬁk PﬁﬂEﬁ‘r Ui nput
term e HrstOivfite el Giffen wtr ng

; t%gllnfé cill-r r@l In the transi storst@4%§§m%ﬁ% 4

- beca 100 is the sane. If desired,
- |nst€(aﬁ)oonhe¢tedatdﬂmmoond)supp54temnmamm), the collectors of the transistors

52, " Rtouan T u5087 O S L oL W K 407 b Bl 15, 7o
t e ORI Sriinal 62)"&%?16&& thé 's8dondl GAtedBrmiRel (8) Cariks SoEHNESIRMBA catrenn i n

Fi_gure. 6 I S severed nstead of this, a_ fifth resistor 102 is now connected

- bet wéenminale(44) connected o the. sesondh Supply: teratieal (1 Asde 84 and a sixth resistor

106 SRR EIAPe iy 506 ok Ve ey e 1 =

t r angingtthe fouth Qirfent Hpud w&l«mﬁfaeﬁpﬂymmﬁm eudemem raaﬁnsonalueof theor, in
.series with their emtters. This mtigates the effect of a possible
m sndnformatien signali he -t ransi stors 86 and .92 and bet vveen the transr stors 94

o0 Moot ftable end sifed 246 bl Sk Ul bucf shpdiaitod 04

t hl r q24)dridethe thind currestr inputterriidab(32) formsupplyinifa ¢ Qﬁoiﬁment for the second

" PCT/.1' B95/ 00431 17 the goll ector of the transistor 100 may be coupled to the

t hi r valugrofdhe infopmation-sigaalg 32 |nstead of to-the. fourth current i nput

termgpal -40.- Fi gur | &Iaéﬁfkd iwite Of t he
- Fi rst4nsw| t chabl e c‘S’r‘ren B%iﬁuégg Aﬁj% second ‘sw tchab e current source
48 ofamplified comprisesgatiieast ene bf) two. rfurtlferg:apmtoﬂs (136:148),50f Which @vthirdwi t chabl e

 SH AR i ol acti i it SR AR I B o o
108 %ﬁehta&mp& febhinaP (423 A a Foured eti:a&i@oﬁ (188J is'dohnédiéd BétwebM Bi¥ fourth
~ current mput terminal (40) and the third current output terminal (34). :
5. . ' AnarrangementasclatmedmClatmz 3or4, charactensedmthatthe
, _tlurd current mirror (30) and the fourth current mirror (38) each comprise a. dxode—connected
20  input transistor (T;,) of a first conductivity type having a c_ontrol electrode and a second main
‘electrode connected to the tlurd (32) and thefourth (40) current input terminal, r‘eSpecﬁ\rely',_
~and having a first main electrode coup_led to the second supply terminal (12), and an output
transistor (Ton) of the first conductivity type having a control electrode connected to the
* control electrode of the relevant input transistor (T;,), a first main electrode coupled to the
25 _second supply terminal (12), and a second main electrode connected to the thxrd (34) and the
- fourth (42) current output terminal, and in that
the ﬁrst current mirror (14) and the second current mtrror (22) each comprise a dtode-
connected input transistor (T,P) ofa second conductivity type having a control electrode and a
_ ~ second main electrode connected to the first (16) and the second (24) current mput termmal
30 respectively, and having a first main electrode coupled to the ﬁrst supply terminal (10), and
an output transistor (T,;) of the second conductivity type having a control electrode
connected to the control electrode of the relevant input transistor (T;,), a first main electrode -
_ coupled to the ﬁrst supply termmal (10), and a seoond main electrode connected to the first
(19 and the second (26) current output terminal. '



‘terminal YO 9585563PN tr w'!mgm gmr ng its base connect mrmwmslbase of |

the transistor 106 an ctor coupled to the first supply - _

~terminal 10, a PNP transi st 33| ng its base connected to a fourth
node 114 and its emitter to the emtter of the transistor 106 and having

~its collect or coupl ecAn mngemmasnlauneduncmmiuchamsad inm ghat she;fipst gnain -

connect ed PN srst 116 ha its-.e tter of
e o aserpss of e syt iapege) (oo Sufif bl (ot F hd frk oL
fourth gadmd citrddt Mirfor aké &t,nw ldeﬂnﬁnﬂ 0 9iar rekistops 4
to supply a lj)(rég)s current [err] to the ft%%rﬁtﬁh ggﬁde 114. q’ﬁej 15 crsrcurat{“]"1

further Rophpani sk first main|electradessefothe input {eansistors (Einhandcoutput-zansistors (Tay) of

~fift t t

ter nihah u%znﬁtl&r@@ {9 G G el AP il tn 20 sty AinihdlP

the tra msﬁ@&esis't&s JRy).ng its coIIector coupl ed to the first supply

fourt Ra'a@dg VRN A AL A i 3¢ 3¢ RS OF d hampietiiot

h A 2.

e’ o e vl afflibBte ol piﬂﬁgt**%%%gﬁ. D SShaec berk e of‘r‘r;f’.

i 13 8 na{M [vﬁtue]rtemndTltm and ‘dhshemde(rj G2)ed semnerti u-gsmoh r gﬁb rqmnecaedmdtwl eensthe firstand
en the voltage_ at. .t t t

122 10 e (2 20 4hS secdpg wils 1etiogh Bhct (T TP 00 poner el deiesh e Tl

of £ TheuBiis Sefbibdi(ib) b ftle st hike (25 0arfths K6ifh RAHIRI5BPcorhbére betpectital | v

t hreugh transi via t ransi stor-116. The base-em tter
j unct i orsecamk ‘supplyt teeminak (12) and alts ﬁtslmpd&m)and 112 form a translinear |oop,

el %, 015" CTh bt alehF S Biihed HECLABS 5141 of 87 cBbfladd e i
- 116. By B3hfe [phﬁSr P&tﬂer lcBRpHisds? wmlserésntort(oo) e&tne&ea vetdeniné festrwiitee

collector current and t base-emtter volta atransrstor it is then
possisl etemmnao(ﬁoland aeﬁnshaodet (ﬁa)mmond resistor ?ﬂg

e il ord it i . 5 S, T o i O

the rat ifavhip! ¥e6ttrd] fecadbé, t@ﬁrstrmaﬁ efictrotle chhntefidtoahé fitsthode ¢62)ldhd as a
result of this, a current 1. wll. flow between the termnals 16 and.40,
whose nﬁgmndjm glectrode coupled to the first supply terminal (10), a second transistor (68) of
the first conductivity type havmg a control electrode connected to the control electrode of the
20 first tranststor (66), a first main electrode and a second main-electrode connected to the -
| control electrode of the second transistor (68), a third resistor (70) connected between the -
first supply terminal (10) and the- second main electrode of the second transistor (68), a third
| transistor (72) of a second conductivity type having a control electrode, a first main electrode
_ ~ connected to the first node':(62) and a second main electrode coupled to the second supply
25 terminal (12), a fourth transistor (74) of the second conductivity type having a control
electrode connected to the control electrode of the third transistor (72), a first main electrode
- connected to the first main electrode of the second transnsnor (68) and a second main -
electrode connected to the control electrode of the fourth transistor (74), and a fourth resmtor
(76) connected between the second supply termmal (12) and the second main electrode of the
30 fourth transistor (74)
9, - " An arrangement as claxmed in Claim 2 3 4 5 or 6, charactensed in that
 the write amphﬁer further comprises: o |
a first resistor (78) connected between the first wnte termmal (6) and a first node (80), a

second resxstor (104) connected between the first node (80) and the second write terminal
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| \1/\18) g:—segfgﬁﬁﬁf \““m\u““m ‘\‘“E‘\ th proport I onal |lt y faﬂmy 00431

- determ ned by the g*eorret i e8 of t he t nS| stors 106, 110, 112 and 116.

- Li kewi se, a current | flow etvveen t second cyr t term,nal 24
“and t KB arfhicd Tesi VR PRIty () and haEoaif o, | -

hi gh tnes?s %Bﬂfec? emg} RleSondCWHites Nt
sourcg%ié I's pre eraﬁ?& an adj ustabl e orsz‘f?r“gg??e b aéﬂdgglrgrent source, for
exanpternsimal (BRC (digital -to-anal og converter wi'th current output). Since s
t he cu ent | 2 nd 40 ar | e o col lectors -
ihe SasSl asiher o of i seuesfity e 8ving & Gonfiel clegRel aCHmh G| oL
frem El&trdd&codrﬁcﬁd&o(ﬂﬁe ﬁfnneae(so)tmursos&eﬁ@mnmateeu@de ledtor the tfirsei rrors’
of the wite amplifier. Thus, the swtched 10 current- sources 46 ‘and 48

ar e f supply feyminal {16), & second, transissor (88) of the, fizst sondustivity tyne baving § cortroli nal

om 1 HecH %ﬁﬁ?%‘?ﬁ*%ﬁ@ﬁ%b?&%ﬂf@ﬁ&!&éﬁﬁﬁs&é@efg*gﬁﬁgﬁ%%{ H

possi gh& aliécotfd mﬂaecmrmecﬁmwreohnol électrodesofahe sécondardhsisibt (B8), t hi s
purpose. Figure 9 shows how this can be realised.. The buffer 15 128 is now

an NPR fifth resistarr (90) eonnected betwesa the first supply; teeminal (10} gnd the-second Maimi i on

'co eg'leg%&és cgﬁp#k"ﬁ‘{“[hﬁ?ﬁ%@éf suppﬁﬁf Jﬁgﬁ?% é‘&ﬁ%%%of t he |

~ transihaviag mmmmmwmmmmmef thei fisetraisidton(@6), 432. The
e ot Tin SiHoRs campapin 0SBt o (B S Scond A SRS RO 0
§orneGilebfa Sy Bamlidi@apode 122 and whose ool fector 1s caupled Lo the
't o t ha fourth transistor (94) ofid second coadustirity type. having « obniteo} tetectrode,r & first mdint he
(rjﬁnm stori 11%@&% égsgs ug@)#dal SO fiow tae%)%cq "tbfntngémﬁ -~
- transiggieuriaft xh?)t Sﬁ‘d Wﬁh‘ﬂnbﬁt 40)8 fifiP@aiskigy 110
- and its emtter to the emt er of the 25 tranS| st or 1 0 and having its
~ col | e€96G)rofcthe secondtoonduativity ftype havieg QMWMMMMNM&&
- electrodeofthefourthu'anststor(94),aﬁrstmamelectrodeconnectedtotheﬁrstmam .
_ -electrode of the second translstor (88) and a second main electrode connected to the control
20 electrode of the fifth tranststor (96), a sixth resistor (98) connected between the second
' supply terminal (12) and the second mam electrode of the ﬁfth translstor (96), a sixth
transistor (100) of the second conductmty type havmg a control electrode- connected to the
control electrode of the fourth transistor (94), a first main electrode connected to the second
' node (84) and a second mam electrode coupled to the other one of the tlurd current mput
" 25 terminal (32) and the fourth current input terminal (40). |
10. AnarrangementasclalmedmClalm9 charactensedmthatﬂte second B

node (84) is connected to the first node (80). L
11. - AnarrangementasclmmedmClatm23456789or10

. 'charactensed in that the ﬁrst (46) and the second (48) sthchable current source comprise: a |
30 seventh transistor (106) of a first conductivity type having a control electrode connected to a ’
" third node (108), a first main electrode, and a second main electrode coupled to the first
. current mput terminal (16), an eighth transistor (110) of the ﬁrst conductmty type havmg a
_control electrode connected to the control electrode of the seventh transrstor (106), a ﬁrst
- main electrode, and a second mam electrode coupled to the ﬁrst supply tenmnal (10), a ninth



138 havi ROPHIBISe ¢ Ko ase of the transistofCHEIMM (s -
emtter to the em tteﬂlmrm lllawlﬂ 124 and having its col |l ector
coupled to the third nedec . mThe t¥arfSistors 136 and 138 ensure that the.
currents-thro the emtter-foll rs.132 and 13 annqt beco zero if
one of tramaisior (Rt und Sady i iR ving  Cotrnl SSRERE oBRRHRE 6,
en tt erfoudh) nod® p 19y first! K elécirodé \COnnelBd tolthe fibitafiaifi elécadle be Hid sevénthhe
geonetries of the fransistor;s.:110, 136, 138 and 124.:are selected to be

o
B

equal . trmsistea(#96)oand hsecond: main clegtradecsoypled 1o Abeifolizth cureentiinput termigaluay of - |
o rangd40 s GifeboiRPien Bl Bhliod (116)'¢k thé Secoh condivtly 46t RRAPa Hrbt
A 'I.' d, f blﬂrﬁrtgaﬂﬁtidm?ﬁrfl'. felositlwlgbﬁth[ﬁmrfiosmg(dlomdttm#ﬁg:h
are.supplied, for exa e, by a data i p-flop. Figure S anot her
hodi eeantisl clestrade. AR, woRd man slecHpde AoTnegien 1o the fouthcrrdedd 19 whi ch t h
SargS:tJ ShRRet chg;gi 1" @ the $6brti nédd B85 fo S by 2'bidsCurrent Ifhei” )
t he enbodinments- d%scris(bgy?#eﬁ?el n'%eqiore.ﬂﬂ{;ﬂe ‘{X’r aﬁgem conprises a wite
head thmlﬂ_n}npdo(ﬁli?g i nfor _rra"t--i-;)'h on the L.ecg‘r'czi carrier (not sh;)wn) and a
wite anplifier for drivipng the wife hea in, respons o the = .
i nf or rrér'r‘lp deven mstst%&z\ﬂ) PPB‘ g P‘P’P‘@'F“Wé)é typerhaving W\E?Qt@?FiQCHPH%PO%“e&WG a

d ' ' ' 440 8, od g - | d- 2 to-
Suplyy e fiftn nBACTV L), & kil liBupian £56onft A Lickfobd Eotfied B BRAT 2 1O
_term nalecditl arrent irigit terminal dR24); - astveelftip kransistot- (194) 1of the first conduetivity typei er .

et n R lechgS SRR e hSHR kconte F R R sk ).
currenta 5 Main @Ie@h'ﬂé’é,aﬁ]a@a sechid Hajff Elebf®ode ed tof the 'ﬁrﬁaéu[n)éﬁatlﬁﬂgighﬁﬂ(b,o

the first wite termn 6, and-a first common current ter

connectand a thirt¢entlf transistet;(A26y of thensecand condugtivity: typé havinganconttol elactrode

tor b o onBESR fo e fofh e Kaa) , Reft it etochhon€ offecttd s e % AR o
: electrode of the transistor (120), and a second main electrode coupled to the third current
input terminal (32). . .. . - TR o i
12 An arrangement as claimed in Claim 11, characterised in that the first
(46) and the second (48) switchable current souice further comprise: o
20  a fourteenth transistor (132) of the first conductivity type having a control electrode for
_ receiving the information signal, a first main electrode connected to the third node (108) and
a second main electrode coupled to the first supply terminal ('10),' a fifteenth transistor (134)
. ' ~ of the first conductivity type 'héﬁng’ a cdntrol eléctl_'0de for receiving the information signal,
. a first main electrode connected to the fifth node (122) and a second main electrode coupled
25 1o the first supply terminal (10), a sixteenth transistor (136) of the first conductivity type
" having a control electrode connected to the control electrode of the eighth transistor (110), a
first main electrode connected to the first main electrode of the eighth transistor (110), and a
second main electrode coupled to the fifth node (122), a seventeenth transistor (138) of the
first conductivity type having a control électrode connected to the control electrode of the
30 twelfth transistor (124), a first main electrode connected to the first main electrode of the |
twelfth transistor (124), and a second main electrode coﬁpled to the third node (108), the
second main electrode of the eighth transistor (110) being connected to the third node (108)
and the second main electrode of the twelfth transistor (124) being connected to the fifth

" node (122).



current WaPHISS e first suppl y term nrﬂc'fﬁb’ml

neutral i si ng capaﬂmﬂmlmumimﬂmg between the first current |nput .
“terminal 16 and the sécohd Burtert  oufPut terminal 26 and a second

neut r sing.capacitor 144 is connected en. t he se nd current input
Ferm ki 24%ang thé\wmsem AR GRS Rapsaeised i e i
operag‘bﬁ%}“ﬁ% aﬁ& current mrror 14 and the second current mrror
22 and of the neufralising capacitor 142 and the neutral i sing capaC|tor 144
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current froma bias current source 154. The bases are 25 connect ed to

r ecei cantxoh glectrodesnare iconnestadntel re{:@w theqinformation sigagl and-whese second main o

Cor m RS dfe é%'f&%d 61 S o i ofiths (R0 bl ecio Bt R, 7

bet wegpminak (26 ¢ fa8 Iy % fisst clirferlt sésonnesistof (Y56 eonreerd etwesn' theisecondput
term nal 158 :)f t e second current mrror 22, and a second current sensor
1 esi ssupplyiwominal tae@r@etmn cHErent-ouiput terminal (158) af the second;enrrent

g_jbt hn. . 222? IJannﬁte{e?(sJWnlq&gnSI S%@EM as |{&8@as@piail

emt tarmmahom)taad atfurthbeﬁfst matremutpuﬁtemab(l&)aef tieofirst Ofrremdnirror (14
col | ector W to.the féﬁﬁ } current output term pal 18, and a second NPN
4

pul | - WS‘Q‘B@ b eondugtvity type dyaving #:eenteal elestrode.andc on g
curre %@Qo ﬁ%@g%ﬁ@%%&% ¢056)'afd a Reddiemaicond

curr ent OUt put ter m

- PCT/ | éle&taiie4diipled tiﬂthe ﬂrs‘tfcunemwmpumnnnu}(d&,fmdsa semndlpuﬂ-dmmﬂanslsmdr t he

<8 onfitel F nechis Senabeitvly wor aving s el BlEpdt i BFR oAl electrede | oo vos

Cur r eggnnbéted 16 the sécond mﬁwﬁspuw @nd & seédn'deﬂaiﬂrble&%dé cofipled to Of
which the wite termnal 8 i$ .interconnect ed to the second suppl y term nal
12 anthe second current output terminal (26). _
14. _ An arrangement as claxmed in Cla:m 13, characterised in that the first
- current mirror (14) and the second current mirror (22) each compnse a dtode-connected PNP
20 input transistor (T,p) of a second conductmty type havmg a control electrode and second
mam electrode connected to the first (16) and the second (24) current input terminal,
respecnvely, and a second mam electrode coupled to the first supply terminal (10), an output
transistor (Top) of the second conductivity type having a control electrode connected to the
~ control electrode of the respective input transistor. (T;,), a first main electrode coupled to the
25 first supply terminal (10), and a second rnain electrode connected to the first (18) and the |
- second (26) current output terminal, respecnvely, and a further output transistor (T* ol,) of the
- second conductmty type having a control eléctrode connected to the control electrode of the
relevant input transistor (T;,), a first main electrode coupled to the first supply terminal ( 10),
- and a second main electrode connected to the further first (162) and second (158) current -
30 output tenmnal respectively.. |
15. - A write amphﬁer (4) for use in an arrangement as clalmed in any one of
the precedmg Clalms, for recordmg an mformauon signal on a magnetic record camer



5 the cuMOMBSHEN flow fromthe first current output ternPOMBIESO43d t he
second supply termnal 12 via the wite head 2. If the second current
mrror 22 receives current this results in a current through the wite head
2.in the opposite direction. Figure 11}80\/\/5 current mirrors for use in the
~arrangement shown in Figure 10. The fi current mirror 14 and the second
current mirror 22 each conprise a 10 . di ode-connected PNP i nput transistor
[err] having its base and coll ector connected to the first 16 and the
second 24 current input termnal, respectively, and having its collector
coupled to the first supply terninal 10, a PNP output transistor Top having
its base-connected to the base of the respectLve i nput transistor Tip,
having its emtter coupled to the first supply termnal 10 and its
col | ector connescteg—to—the—fitrst—13 1Qut put 15
term nal, respecti ., and ‘@ further PNP output trangi $foor . T p having its
base connected to base of the relevant input tra or [err] its
emtter coupl eg .{St supply termnal 10, phchelds og?ector ;
connected to t irst 162 dhd second 158]curr nt put term nal,
respectively. be| ar idhgel in series with
the emitters. rorsblin The exanpl es shown

1‘zrles resistors
[he blpolar transi:¢

transistors. Injthat -Ilector shoul d read gat e,
.source and drd ' _ _ 26 _ .
PCT/ | B95/ 00431 An_arrandenentd for recording an
information sig aI a nagnetlc record carrier, cqgnprigding a wite head

(2) for recordi n on the recor c rrieg and a wite anplifier
inal (6) and a cac%»% termnal (8), _
he wite hea (2) to drlve t wifte head (2) in :

'(4) having a fif

whi ch are coupl ¢ _

response to tge i nfolmation 5 seAh~Cchar act eri sdd in gt the wite
~amplifier (4) f conpri ses:. conpensati-on neans

L= T &

717 — 12

FIG. 1



(14, 22, YPI5B38%3  for producing a negative capacitance at PEIIBYSO¥M3Ione of .
sai d flrst (6) and second (8) wite termnals to generate a capacitive '
conpensation. current directed opp03|tely to a capaC|t|ve current flow ng
through the at least one wite termn An. arrangenent as
~clained in daim1, characterised in that t he Mﬁlte 10 anplifier (4)
conprises: a first supply termnal (10) and a second supply termnal (12)
for the connection of a supply voltage for the wite anplifier (4); a first

current mrror (1' a naa firct curront |nn||f Lernna 0. wfll‘St
current output. terntn '8) coupled to the first wile germ nal (6), and a
first common current #¥&rff nal (20) coﬁnected to the f%r7 supply t er mi nal :
(10); 15 a pecond eRrt—H{ I 1 0 22) havH g a *57"‘ =¥ pput

‘term nal (240

Ler _ ' ecqqd cyrfent '¢fit put ter'm
write ternihal R M

the first SRR efm ng 0) ;- Rt 3 16 - = 12, 144) ,
of which a fiopk cc%,.0| 0 i : : : op2 |[current .

i nput term ha ' N3 )J and 20 - a
second’ capaC|to( Qﬁ IS c-nTﬁcted betmeen the S #onH curr-né i nput
termnal (24). first¥culrent output ter) Qurrent

swi tchi ng neans 18, 3' 38 50, 15 64 66) for esfablishing a
‘current path befl meen th46 ukr ent ou AT, al (18)] and t he second
.supply termnal |(12) via t g flrst wite termN\W (6) and the second wite

termnal (8) fof a first vaJue of the informatipn 25 signa -and for
establishing a ¢urre® path|between the second furrent output. term nal (26)

and the secon Supply ermpal (12) via the firpt wite ternlﬁg (6) and
the second wTt®¥ Termnal (PB) Tor a second valug of tie TT&oT Rat i on signal .
3. . : |An arrangengnt as clained in dpgim2, char.cterlsed in that

the current sw {chi ng nmeans

B5563
~ PCT/ | B95/ 00431 L
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athird cO¥5&iiror (30) having a-third current input tE@ERIBYHO0ID) o
~third current output ternmnal (34) coupled to the first wite termnal (6),
and a third common current term nal (36) connected to the second. supply
‘termnal (12); a fourth current ntrroné ) .having a fourth current input
termnal.(40), a fourth eurrent 5 outp erm nal (42) coupl ed to t he
Second write term na So-r and_2a fnllrfh r‘nr‘n"n\n clLrrent 1t ullaF: "0
connected to the second gup@ y ternm nal 12) “afirst s 'L&Hable current

source (46) connected be B0 the first Burrent input té (16) and the.

fourth current inpg e+o-ek—— 40) for supplylng a cH-ent for a
first value of thegh nforgationksignal; 10 a second SWi 1 -el.current
source (48) conneoEe betneen E S, econd current E it =8 mong é24) and
the third current np@ﬁ‘tern1 PiZ)'for suppl yi ip2econd tur apdt for

t he second val ue o the i nf or
arrangenent as clal : w'm 3, characterised i |te

anplifier conprl eS /it w g of two further capa or K26, 148), of
paC|tor

ation signal. 4.

which a third 1 1|$ﬂ&onnected Tegme he thl Ndgggrrent
i nput term nal 2 and t he urrent outp t er m nal (41) and a
fourth capaC|tor ig i's con g '-c DETWEETT S Qg T Op ’ i nput
termnal (40) and s third cérént output teymnal (34). 5

An arrangenentas Ce-ahdein-Clhim?2 2 or 4 f§haca terised in fthat the

third current mrror (30) and fhe fourth curreént régr (38) %C&COITDI’ISE
a diode-connected RO - input trjnsistor [err] of afiITfSt condu ty type
havi ng a control e|ectrode angla second nain eféctfode connectled to the
third (32) and the|fourth ggQl~ A_jagt inpuflferpfQplag r espectfi vel'y, and
having a first mainp el ect rode -oupled t? the 'secoQg supply terfm nal (12),
and an output tranpistor (Ton) of the f rst conduc |V|ty type |havi ng a
control electro orrrectet—tor-the—edh SR cas re—-gFc0ant i nput
transistor [err] ajJfirst main lelee eee co pled g the 25 sedond supply
termnal (12), andla second main el ectPQgé connected to the third (34) and
the fourth (42) cufrent output term nal/N\and in that the first] current

mrror (.14) and the second curgest—a-T Or. —eagh conprise g di ode-
connected input trpansistor [erff] of a second condUctivity typdq having a-
control electrode pnd a -': _
I A
. ﬁ
i
Ton3 Tin3 | .
Rm3~1] 30 LHR3s  Rind
36
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second ma\V@%8P¥E?r'ode connected to the first (16) and the BEUHHEO0PA)
current input termnal, 30 respectively, and having a first main electrode
coupled to the first supply termnal (1 ‘and an output transistor [err]
of the second conductivity type_havin f? ontrol electrode connected to the
control electrode of the rel evant |npu ansiStor [err] a first main
el ectrode coupléd to the first supply termnal (10), and a second main
el-ectrode connected to the first (18) and the second (26) current output
“terminal. . WD 95/ 35563 PCT/ | B95/.00431
6. An arrangenent as claimed in Caim5, chaacterised in that
the first main electrodes of the input transistors (Ti) and out put
transistors [err] of the first (14) and the second (22) current nmirror are
connected to the first supply term nal via resistors [err] [err] and
the first main el ectrodes of ‘the input& sistors [err] and output :
transistors [err] of 5 the third (30) and the fourth (38) current mrror
are connected to the second supply ter A (12) via resistors [err] [err]
7. An arrangenerg as(rl a Caim?2,°3, 4, 5 or 6,
characterised in that the wite a I furt er- conpri-ses: a first
resistor (50) connected betwefh WYY , mnal (6) and a first.
node (52), a second resistor (54) conngdcted betmeen the first 10 node (52)
and the second wite termnal (8), a't $&re5|stor (56) connected between
the first supply termnal (10) .and the t node (52), and a fourth
resistor (58) connected betmeen the seqond supply termnal . (12) and the
first node (52). 8. An agdl enent as clainmed in aim2, 3,
4,.5 or 6, characterised in that the wite anplifier further conprises: a
f|rSt resi stor (60) connected between the first wite 15 ternminal (6) and a
first node (62), a second resistor (64) connected between the first node
(62) -and the second wiite term nal 5 , first transistor (66) of a first

I

conductivity type having a control bde, a first main el ectrode -
connected to the first node (62) and a *second nain el ectrode coupled to the
first supply termnal (10), a second transistor (68) of




the firstWOMARSi vity type having a control el ectrode conREVIRGPFthe
~control electrode of the 20 first transistor (66), a first main el ectrode,
~and- a second:main el ectrode connected to, the cont r ol el ectrode of the _
- second transistor (68), a third resi st 4( 70) connected between the first
supply termnal (10) and the second marh el -ectrode of the second transistor
(68), a third transistor (72) of a second conductivity type having a
control electrode;, a first main electrode connect ed to the first node- (62).
and a second. Mai Ne-el-egtio.ao—c-otHH-a4 +-hecoeond , zert nal (12),
~a fourth transistor (tA 5f the second C nduct|V|ty t ?%paV|ng a control
el ectrode connected t¥ tf%e control elp ﬂfode of the t transistor (72),

a first main el eq=eeé—eeme %gd to tpe first nmai f the second

transistor (68) gnd a secofid”fmi n el eftrode c'onn e ont r ol -
~electrode of the|fourth trhnsistor (.;74), and.a fqurth resiftor (76) _

connect ed bet weerltheseaahd 148ppl y t prm nal 1442 —aqe—iho-kecond nain

- el ectrode of the 39 fotht nsi st (74). Q. . An ' o
arrangenment as cl ajned =3, 14,"-"5 OTID, aracterised in that the
wite anplifier fu tHer ;fgprlses [ngg_ res?gL?“ (26 onnect ed between

the first wilte Terni fal and a fifst node [ setond rijesi stor (104)
connect ed betjween thelfirfst node (80) h the seco ite terfm nal WO
95/ 35563 46 86
.resistor (103) co e
r (82) con

~node (84), a fourth IS second node (84)
~and the secod\/yate_terrrinal,(S).,-a.firs (86)820f Ja first
conduct i vi typg havil§lyla control el pctrode, aBik elgctrode
connect ed Y0¥ Mle==HTST NHOE (B0 and Secona mal " l'ed to the
- first supply \ er mi n&l (1), a second fransistor (8B) rst. ' '
conductivity [\ype baviing]a control el pctrode connegte cont r ol
el ectrode of fthe .firsy tansistor (8o), a first na) n El ecirodg, .and a
-second mai n gl ectrodejcornnected to the control elegtrpde of the second
transi stor (48), - ' '

N
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a fifth WQP¥ISEE3 (90) connected between the first supply tPéT'rfFP?r“éqo":(IIO) and
the second main 10 electrode of the second transistor (88), a third .
transistor (92) of the first conducti vi type having a control el ectrode
connected to the control el ectrode of Xé"fi rst transistor (86), a first

- main electrode conpected to the first hole (84) and a second main_ el ectrode
.coupl ed to the second supply terns —a—f-gn10h transi stor (94) of a
second conductivity type having a contrgl electrode, a first main 15

el ectrode connected to the first node_ (BP80rnd a second main el ectrode
coupled . to one of the third curreg ﬂﬁp term @efle¥(32) and the fourth
current input. termnal (40), a fifjth trdnsistor |(96) of the second
conductivity type having a.control} el ectjrodq corjnected to the. control

el ectrode of the fourth transiistorN\J94);\d fli £ _J®i n el ectrode connected -
to the first main el ectrode of the 4t _ TRl stor (88) and a second nmin
el ectrode: connected to the pntrol &v88 Jd® of ygye fifth transistor
(96), a sixth resistor_(98)"Conne tween the second. s%ppl y term nal
(12) and the second n el aes=rnde a i prTSTs+or 9(96), a sixth

transi stor (100) of th§ .sdcond dulld i fi ty- t ypg-havigg o cgntrol el ectrode
connected to the cont e rod e fourth trams
mai n el ectrode connected tlQ. = selcond rode  (84),

i For2(94), a first
_ e . re—gyslkecond nai n

el ectrode coupled -to the other ong of the thirdlcurrent input 25 terminal
(32) and the fourth current input ergi4 al eééo ] 10. - An ’
~arrangenent as clained in Caim 9, \gnarad 0100t hat the second node
(84) is connected to the first nodeA(80). I N o An arrangenent as.
clained in daim2, 3, 4, 5 6, 7,{8, 9 0, “dharactensed in that the
first (46) and the -second.(48) . swifchabl®e=ctrrent source conprise: -a 30
seventh transistor (106) of .a firg} %n ctivityetpgoe having a control.

el ectrode connected to a third node ? 0 ,a fifst nmainelectrode, and a
second main el ectrode coupled to the fikdtggurrent. i-nput termnal (16), an
eighth transistor (110) of the fir Qi LViby-fvpe havipg g cgntrol
el ectrode connectedto the..control" el ectjfode of"the: sevent hﬁﬂﬁns‘i?;tor
(106), a first main electrode, and a sé&éhd nain el ectrode tdipl*ell to the
first supply termnal (10), a ninth. SR L




W95/ 3556?’0 95735563

t ransi st.or (112) of a second conduct|V|ty type having a .control
“a first main el ectrode connected to the

??ﬁalstor (106),
put ternina

(116) of the second conductivity type

.connected to a fourth node (114),
first main electrode of the seventh.

el ectrode coupled to the fourth curren
di ode-connected tenth transistor

PCTABIYORRYS/ 00431

‘el ectrode

~and a second naln
(40), a

having a first 5 main electrode connected to the first nmain.electrode of

the eighth transistor (1 10) and having a control’
el ectrode connected to the fourth ode (114), a bi

coupled to the fourth node |(
node (114), an el eventh trgnsistor
havi ng a control el’ectrode |connect
el ectrode, and a second Eai
. terninal.(24)_ a twel f-U8 v
havi ng ‘a control el ectrode-
el eventh transistor. (120),
el ectrode coupled to the fi
transistor (126) of .the sed
15 connected to the f.ourth
to the first mai.n el ectrodg
.el ectrode coupled to the tHird curreni
An arrangenent as clainmed iln Ctaim 11
and the second (48) sw tchgble current
fourteenth transistor (132)
- electrode for receiving the i-gnal ;.
connected to the thlrdﬁnode (108) and a second WB
the first supply term
conductivity type havi \
signal, a first main ellggtr
second nmai'n electrod@
si xteenth transistor. (18§)
el ectrode connected to
(110), a- :

nput terni

el ectrod

he second current

fving a contr.ol

‘haracterls

ﬁ'16f i-ft eent h138r ansi §
r f

el ectraode and second nain

rent source (118)
rent- to the fourth
st-conductivity.type
‘a first main .
i nput
554conduct|V|ty type
.el.ectrode of the-

and a second .mai n

; and a thirteenth

el ectrode
hi n el ectrode connect ed

, and a second main

nal (32). 12.
2d in that the first (46)
ner conprise: 20 a .

ty type having a control.
irst-main electrode

N elﬁttrode coupled to

' (134) of the first
'ing the information
ode (122) and a -

Hgdnal (10), a
ype having a control
i phth transistor




first maith28¥¥%% ode connected to the first main el ect r od@TBIHYAS ght h

transi stor (110), and a second nain el ectrode coupled to the fifth node .

(122), a seventeenth transistor (138) of the first conductivity type having

‘a control electrode connected to the Eﬁﬁgrol el ectrode of the 30 twelfth

transistor (124), a first mai.n electro connected to the first main

el fth transistar (124)  and 3 secoq
ode (108), the second main elecfr

#@ connected to the third node (

pd fth transistor (124) bejng

ectrode
ge of the eighth
and the second
Qnn Cﬁfd to:the fifth

el ectrode of
coupled to the thi
transi stor (110)
mai n el ectrodeg
node (122).

PCT/ | B95/ 00431
characterised |

pair conprising
conductivity typ

J

An arrangenent as Flained fn Caim2, . .
gfrrent- 'swi t chi'ng, peank conprike: -a differenti al
st d|1 erenti.al -pair tr%lst pr [ ;O) of a first

_ a s:rond differential -ggir tfansi dtor (152) of the

first conductiyv e f t B mai-n &¥ectrpdes dre coupled to -

receive a bias gurferit fron1a bi as rrent source 4) ,| whose control

el ectrodes are Qt.ed to-recei Re infornatio1 grlal and whose sécond

mai n el ectrodes}.ate qoupled to the first current i tlerm nal (16) and

the second q i gjﬁ termnal (24), respects ayrl%st current =

sensor ‘resistor connect ed betjveen the second] supplly termnal (12) and

a further secon urrient out put te inal (158) of sgcond current 10
mrror (22), anf § - r resistor [160) |[connected between

. the second supp urrlent .out put term nal

(162) of the fi}

of the first co

a fifrst pu-lrdonm transi stor (164)
el ectrode connefpted tjo t he firsf-d'

rode and first main
_ istol (156) and a second
mai n el ect,ode foupldd to-the fir
second pul ¥¢d TSI STor— T

termfnal &18);~and a
i ty type having
a control trqde 4nd - first main electrode connecte
current s gsi sffor (160) and a second nmin elfctrfo

mnal (12) an
yrrent nirfof_§14)

ent sensor re

second

A el
I 10
KK, Tor >L

¢ %
158

6 12 18 2%
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claimed in C
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second carren-t out put term nal
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t he second current mrror (22)

(26).
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(57) Abstract

| '(_54) Title/&ﬁRANGEMENT COMPRISING A MAGNETIC WRITE HEAD AND WRITE AMPLIFIER WITH CAPACI'HVE

210

A write amplifier (4) comprising four cur-

on two at a time by two switchable floating cur-

“fent sources (46, 48) between the input terminals : 4
(16, 40; 24, 32) of the current mirrors in order [ 4] . - 1M
to' produce a- write current of . alternating polanty : 142 LS
through the write head (2). The parasitic- capaci- "L |J| : li___JJ
tances across the write head (2) and/or the parasitic ' . !
capacitances of the write amplifier (4) at the write f 16 U Ny f’ 24 -26
terminals (6, 8) are neutralised by means of neu-
1 tralising capacitors (142, 144, 146, 148). The high
impedance at the terminals (6, 8) of the write head .
(2) enables the common-mode voltage across the -n- wr .
write liead (2) t0 be fixed at any desired voltage - 2
value by means of a common-mode circuit. 6~z rrteren Q’ 8
34\_91 32? 3% 2-40 g2
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