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Arrangement _comprising a magnetic write head, and write amplifier with capacitive current· 

compensation 

The invention rCiates.to an.arrangement for recording an information 

signal on a magnetic record carrier, comprising a write head for recording information on the 

record carrier, and a write amplifier having a first write terminal and a second write 

terminal, which are coupled· to the write head to drive the write head in response to the 

5 information signal. ., 
. . 

The invention also rClates to a write amplifier for use in such an 

arrangement. 

Write amplifiers having inductive write heads are used inter alia in hard 

disk drives for the storage of digital information signals, the polarity of ·the write current 

10 through the write head l>Cing reversed in response to the bit pattern of the information signal. 

There is a constant trend to increase .the storage capacity of hard disk drives. In order to 

minimise the time needed to store the growing amount .of data there is a constant tendency 

towards acceleration .of the. data ·transfer by. stepping up the bit rate. This req~ires an 

increasingly faster polarity reversal· of the write current. A problem which then arises is. that 

15 the write current will no longer flow. ~ugh ·the write head alone but also through parasitic 

capacitances ·present at the first and the second write ~· These parasitic capacitances 

a.ze caused by internal capacitances of the write ampli~er, the parasitic ca~itance across ~e 

t . 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 bit rates, as a result of which the recording on the information 

carrier· becomes inaccurate. 
. . ·~·· 

It is an object of the invention to improve the accuracy of the information 

storage at high bit rates. To this end, in accordance with the invention, the arrangement of 

the type defined in the opening paragraph is characterised in that the write amplifier further 

25 comprises: compensation means for producing a negative capacitance at at least one of said· 

first and- second write terminals to generate a capacitive compensation current directed 

oppositely to a ~itive current flowing through the at least one write ~-
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The' QPicit.ive-cl>rnpeusaiioil·:~t wholly or paiiiy- c:onipensa:tes .. -ior 1he: -
.iverse effed: of the p&iaSitic capacitances,- thereby enabling a· higher bit rate to be -obtained 

with the same "accuracy. 
. . . . , .. ·-

Accordhig ·to the mventlon a-- negative _capaeitance can be obtained with an 

5 embodiment which is characteri.secr in ·thaf the -Write· amplifier" comprises: a first supPly . 

terminal ~d a Seci>nd·suJ>P1y::~ fofthe~eonn~tion of a· supply" voitage for the write 

amplifier; .· :-·;··-... ;., .. ··:<','.I''.-~::::·:·;~~;-,::.:_'· .. i;<·:···. ;,.· : .. :~-- ~-~-'~·-,: .. · -· - ::. ·_,, 

a first· curre"nt mirrot""llavmg:~~t· curretat :1Dpufterifilnil~ ·if mt ·currenfoutput terminal. 

coupled tO the "fiist· Write tenitinal, ind a mst coinniori. current tetmilial ci>t1rieeted to the first 

10 suJ)Ply terininal; 
.·:=- • . .. - .·.··· . .- . •·· .......... . 

a: secorid current mirror having a· second ~rrent inpu:t terminal, ·a second current output 

terminal coupled to the SeCOiid: wnudermmai, -arid a. stcOnd" c:Onimoii 'current terminal. 
. . . . . 

c0i11iecied·to ihe.firit~supplfteiliiinal;: :--. L~- "·1:·J::.-.-<. :·;: --·::· r-·;: ·-:·.· ,~ - . . 

atleastme·of:":. ·. ;·-;:- '.'~:..: ~~ .. :·;;., ;, .. ~ .. _- _ _.; :::< ,.-,:-;:.:-. .-: . .:._. .: .. ·. >. (;j_ .:.;· ,· .. ·. . -

15 . a: first capacitor. cOlinectecM)etween :the fush:iitreitl.iripuf·termirial· and die:second current 

_ 0utput fennmil,··arut:a-second :cap&eitOi cmlnected~ tlie:seconcf·currenf" uiput"'tetminal 

and the·:firsfcuri'e!lt'·outpllt1erimiui.l.;:..U:CI·-.-.< ~;·~- :·; ·:·. :.-_:: ,_ .. _ ·. -;.- ;..··:··.· :.· .. :·_ : ··.·::..::: ~: -. · -

current -sWitcbilig means·ror establiShing· a-eunent patfi·bd\veeifthe~firsl-_-eurrmh>utiJUt - - · 

terminal and-·the.secoilCFsupply··taminal wa·:the _mst'write·tei'minal and the second write 

20 terminal for a first ~ue~ of-the'iritorma:timf signal ~Cl 'for establiihiiig a-eurrentpatb between 

·the sCc:Oncf ciiiieiit-oliqjufttrmhiaf arid thc,-·~<f suPJ>ly terirdnal vUi the· firsi wnie= tCiiriiiial 

. ~d ·the secorid'Wriunennmalf'Oi-·a:sec:ona vilUe"of-the·iiiftmnation"'Signat· . ·::: . . - :: :.~ :· 

. ·.. ·. ~ : The' firit·Ud""ihe" seoona :capacrti>r: neutralise· the: paralitic :e:aj)acitance~f"by: 

iroectitil OpJ>Osite~~tive cUrterib· irtic{ the:msf md: the ·seCOrid ·Write 1Ci1nina1 ·via -the ;first 

25 and·the seconcfeurrmfiili#Or~·Fot"aii-·0ptimum·effecfthe·C!pacit0ri are preferably·used·in .. 

_ pairs, i.e.· the first together ·with the· second, in order not to dis~rb the symllletty-ofthe 

arrangement. 

United States Patent No. S,282,094, Figilte 1 discloses an arrangement in 

which polarity reversal is effected with ~rrent switching means· which establish a low- · 

30 im~ce connection between_ one of the write termina1s and the second silpply terminal. 

The other write terminal is then· COl1ilected to the high".'impedance· current_ output terminal of · 

the first or the second cmTent mirrOr~ As a result,' the conimon-mode voltage across the write 

head does not •ve a fixed ya111e and depends on the number of ones or 7.el'OS of the_ 

preceding bit pattern of the information signal. Consequently, -the folloWing bit change can 
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be in1tueneed by the common.;.mode voltage just before the. change,. which n_iay give rise to 

bit-pattern-dependent signl.l distortion. M~ver, the fluctuating':.(X.>mmon-mode voltage may 
. . ' . . . . . . . . . 

produce crosstalk to other ~sitive circuits. These problems limit the bit rate of the 

information signal to be recorded. An embodiment of· the invention having a write amplifier 

5 whose structure makes it better suitable for high bit rates is ch.aracterised in that the current 

· · ·switching means. comprise: 

a third current mirror having ·a third current input teiminal, .a third current· output terminal 

coupled to the first write terminal, and a third common current terminal connected to the 

second supply terminal; 

JO a fourth current mirror having a fourth current input terminal, a fourth current output 

terminal coupled to. the second write terminal, and a fourth common cu~nt terminal 

connected to the second supply terminal; 

a first switchable current source connected between . the first current inpµt terminal and the 

fourth current input terminal for supplying 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 third current input terminal for supplying a.$CC9nd current for the second value of the 

information signal . 

. The write head is now connected bet\veen the high-impedance outputs of 

20· four current mirrors, which are turned. oil two at a time by means of the switchable c;urrent 

sources. When the first switchable current source conducts a current will' flow through the . 

write head from the ~t supply terminal to the second supply terminal Via the first and the 

' fourth current mm:<>r. When the second switchable current source conducts an opposite 

current will flow through the Write head from the first supply terminal to the second supply 

25 terminal via 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 v()ltage and no clamping circuits are needed 

30 to preclude oversaturation of the output transistors of the write amplifier. 

~f desired, the third and the fourth current mirror may also be used for 

neutralising the parasitic capacitances, for which purpose the arrangement in accordance with 

the invention is further characterised in that the write amplifier comprises a third capacitor 

connected between the ~ird cµrrent input terminal and the fourth current output terminal, 
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and/or a fourth caPaator ~ected·betWeen the fOurtli c~t mput termii1al and-the third .. 
current output tenninaJ.. · · -· · 

· · The four current mim>rs may ~ of any suitable type. For a maximal 

swing of the write amplifier a preferred ·embOdiment of the:ari'Bligement in. accordance with 

s : the··invention is charaCteriSed-·m that ·the· third: current ·~r· and·the' fourth current .mirror 

each comprise a diode-c0nnected iilput·trarisistor ofa fii'si coriductivify iype haVilig a control 

.electrode and ··second·mam.eiectrooe .. Corinected-to·the thirdandthefoUrth ~urrent input· 

tei-minal, resi)edively' and ·havmg ·a. firit mairi electrode' coupled ·to the "second. su}Jply ' '' . 

terminal,· and an ou!ut transistOr of the firsi conductivity type· h&ving ·a control electrode 

10 connected ·to ·the controlelectn>de of the relevant·input transistor, a-fifst main electrode 
. . . .. ·. .. 

coupled t0 the second suPJ>ly ·,terminal, and a second>m&in eleCtrode connected to the ~d 

and the fourth currerit output terminal; and in· that-· · · ' . : . - ' · ·· : 

the 'fiist eurrent ·mirror anci ·the second· current :illi!TI>r 'each: comprise a cikxkH:onnected input 

· trarisistc>t of·~ sec0nd eonductiVity· t)'pe having a eontrol electrode and a Sec()nd. main · 

15 · electrode cminected_ to the firiiand the second current input terminal, respectively, and 

having a first ~.m dectrOde t()iiJ>lCd tO the fli'St -Supply terminal, and an output transistor of 

the' secOnd 'conductivity type· b&W1g il Control electrode conneeted ·to -th~ control electrode of 

the retev8ni. input transistor,· a_. first ·main··electrode ·coupled· to the.first supply ~al, and a . 

second main e1ecttode -conneCtecl to the· first:'uict the ·~nd •. cmlent output terminal.* 

20 · · -· · ·'·Current mmors· thus ·implemented ·prOduce a ininimal voltage loss· and 

aiioW a.ii. Output swmg' up to nearly 'die :supplf Volta:ge~"Moleover ,:: they have basically a 

-single ·pole in the current tran~er function, so that no ·additional ringing of the waveform is 
. ' 

produced. Ringing may leacl-to inter-symboHntenerence~ ·: · :· : :: · ·. ·, 

It is· to· be lioted··that. the trinsistors may be· bipolar ·trailsisuri· or unipolar 

25 MOS transiStOrs~ The eontiol~eleCb:ode,. the·~f main electrode:and·the second inain 
' 

' 

elecbooe corlespond to·tJte baSe, :the eniitter and ·the colleetor,·i'espectiv~y;· for a bipolar 

transistor and to the gate; the source· and the draili; i'espectiVely, for. a unipolar transistor. 

This embodiment may be characterised. further in that the first. main 

. electrodes of·the input transistors. and output transis~ .of the first and the second current 

. 30 mirror are connected to the first supply. terminal via resistors, and the. first main electrodes of 

the input transistors and outptit transistors of the third and the fourth current mirror are 

connected to the second supply terminal via resistors. The .l'C$istors provide a better matching 

between the current mirror transistors. and improve the temperature stability •. 
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A first eriibCMnment. of an arrangement iri brdance .with the invention 

with common-mode ~ntrol is characterised· in tha~ the write amplifier further comprises: a 

first resistor. connected between the first write terminal and a .first. node, a second resistor . . . .· . . . 

connected between the first node and the seci>nd write termin~, a third resistor connected 

5 between Uie first supply tenninal and the first node, and a fourth resistor connected between 

the second supply terminal and the first node. The first and the second ~stor are arranged 

. in series across. the write head and a1so· form damping resistors for the write head. The 

common-mode voltage across the write h~ is equal to the voltage on the first node, which 

forms the centre tap ~f the first and. the second resistor, and is fixed by means of a simple 

10 voltage divider ammged across ·the power supply an~ comprising the third and the fourth 

resistor. The fixation of the common-mode voltage improves as ·the· impedance of the voltage 

. divider is reduced. Too low an impedance is to be avoi4ed in view of the increasing 

dissipation in the voltage divider. 

In order to ·reduce· the dissipation a second embodiment of the 

15 arrangement with common mode control in accordance with the invention is ·characterised ·in 

that the write amplifier further comprises: a first resistor connected between the first write 

tenillnal an<~ a first node, a second resistor .coiinected between the first node and the· second 

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 .having a control electrode · 

connected t9 the control el~e of the first transistor, a first main electrode, and a second 

.. main Clectrode 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 transistor of the second conductivity type having a control electrode 

connected to the control· electrode of the third transistor, a first main. electrode connected to 

the first main electrode Qf the second transistor and a second main electrode connected . to the 

control electrode of the fourth. transistor, and a fourth resistor connected between the second 

30 . supply terminal and the second .. main ~lectrode of the fourth transistor. 

The first. and the second transistor operate in class A/B and produce at the 

first node a low impedance, which Call be realised With comparatively larger third and fourth 

resistors. 
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Oniy" two of the four ciirrent muTors are aetlve' i.t Ute: Sa.Irie time~ The 
. .. . . .. . . . . . 

turD~ of the CUrrent mirrors' can be speeded up by allowirig quiescent current to flaw 
.......... -·. . . .... ... . . . . 

through the foUr CUrrent ~S. Then, less current_ is needCd to chargb .and dischirge ~ . 

stray capacltances in· the C\irreiit mmors .. A. third embOcliment· of an. ariangement with 
. . .· -- . . . . . . .. 

5 common m<Mle control·~ ·accordance Wiih the inventi~ids "cha?acterised ~ that the write" .. 
·: . - .. . . . . . . . . 

; ~ . . 

amplifier further eomprises: . . _ ' -· · · · · ·- -· ·-

a fu.si ~stor·~~~-t>e~· ihe:fust ~te·~~-·an(l·~ first ricSde, ~ secon~ ·resijt<lf 
. .· . ~ . . . . . . 

. connecteci"~· die first nOti~ ~d'die-~nd wriie termin~," a tin~ ~~~t eo~ecteei" 

. be~~n the first Write ~-~d a ·~d nOde; a fourth reSistOr· cOrinC:C:tecl between _.the 
., 

10 second node and the sec0nd. write. lerininai, · · 
a first tranSis~r "of ~ first c0ndudi~fyt~ ha~g a control el~e~ a first niain eleetrode 

connected tO. the first ~Ocie and a ~nd riwn ·el~trode ~~pl~~~ the first suppl~ termiDal, 

a seeond ~sistor. ~f .the ~i ~nduCti~ty· ~-h~~~ a co~tr0i ·~trode cO~ted. to the 

conqol elec~~ of ·th~ mS~ ~~~tOr, ~- fust ·mafu·~,- and ~-~rid' maiil .el~~e. 
15 connected to thC cOntrol ~e of~ ~d ~~;tOr, a fifth ~tor .connected between 

the first ~uppiy tem~inal and°th~ ~nd ~·el~~ of die ~nd ··trln~ti>r,: a third 

transistar of tb~ ·m~~ ~ductlVify type having ~-~~i ~~ ~ to'the eontrol 

el~ of the first ·t?ansi~~, a first mam ~e ciimected·tri·ih~ first n~e anif a . 
second ~&in ·el~ ~~ to ·the ~nd :iu~iy te~al, -.· · 

20 ' a fouith ttansistor-~f-a second.' condUctivttY iYPe' llaVirtg a' ~trOl e1eclroct~, a, tirSt" 'main ... '' 
-el~~ ~eCted .. ~· the fust ~e and a~~ mah,-~~ cOupiecn~·one of.the third 

.current uiput terminal and tlie·fourth curreiit._mput termlDat, a fifth transistor of'the ~nd 
. condtictivltY. ~ haVing a cOntfol·. ~e ~~eeted: to th~· ~iltrol ~~.of the fOurth . 

:. traii~r,. a first ~ el~-~eCted .to ihe: fust ~ain dectrode of the· ~d "transistor 
- -

25 . and a second maiii eleCtrOde ConnecteeftO the controfelectrode of the fifth tran~stor, · 

ind a second resistor Connected. betWeen the second "supply termiDaJ. and the $ec0Dd mi.in 

electrode of :the fifth trinsistor' a sixth transistor of the seeond conductivity type having a 

control electrode connected tO the ci:mtrol electrode of the fotirth transistor, a firSt main· 
' . . 

electrode connected to the second node and a seCond main eteCtrocle coupled to the other ·one 

30 of the third current input ~ and the fourth current input terminal~ 

This embodiment advantageouSly e:ombines ihe common-mode control and 

the quiescent current setting for· the four current mirrors. Now ·the bias currents through- the 

four transistors connected to the first and the second node are not drained to the supply 

terminals. but flow into the respective current input terminals· of the four current mirrors and 
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serve as quiescent currents fof\ffie ·current ~rs. The dampifi*:·resistance is made up of 

two series chains of two resistors having a eentre tap at the. first and the second node. The 

·current mirrors reduce the apparent resi.stance of the damping ·resistors for common-mode 

signals by a factor determined by the current gain of the current mirrors. The individual 

· 5 series chains function as emitter degeneration resistors for the first and the fourth transistor, 

whose emitters are connected to the first nQde, 'and. for the :third and the sixth transistor' 

whose emitters are connected to the second node. This reduces the influence of a p0ssible 

mismatch· between the first and the fourth transistOr and between the' third and the sixth 

transistor. An alternative embodiment is characterised in that the second node is connected to. 

10 the first node. . · 

The afore-mentioned first and second switchable current sources determine 

how much and .in which direction· current flows through the w~te head. In· this respect an 

embodiment of the arrangement ·iii accordance with the invention is characterised in that the 

first and the second switchable current 's<>urce comprise: a seventh transistor of a first. 

15 conductivity type having a control electrode connected to a: third node, a first main· ~ectrode, · 
. . . 

and a second main electrode coupled to the first current input terminal, an eighth transistor 

of the first conductivity· type having a eontrol electiode connected to the ·control electrocle o( 

th~ seventh transistor,· ·a ·first main electrode~ and a ·iecond main electrode coupled to· the first 

supply terminal, a ninth transistor of a second conductivity 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 electfode coupled ·tO the fourth current input terminal, 

a. diode-connected tenth transistor of the second conductivity type having a first main 

t 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 a bias current source· coupled to the fourth node to supply a bias current to.the fourth nOde, 

an eleventh transistor of the first ~nductivity 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 seeond main electrode coupled to the first supply tenilln_al, 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 input terminal. 
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_: - i'he-bias ~t-iiource ·deteniUnes:·the·IDagiliiUcte :of-tlie Write ·ciJrieiit­

througli· the write head. The ~·current is drained to· the power supply_ via. the eighth 

transistor or Via the twelfth uansistor' ctePending oii the value of the infonDatiOn Signal. The .. 
. . . . 

seventh, the mnth and the'tentlt'ttanSistor fOrm a translineaf loop with the eighth transistor, 

5 and the eleventh, the thirtemtll and die tenth 'tianslstOr form a tran~ear 10op with the 

iwe1fth transist0r .. Conduenon of the :efghtli or. the tWelfth· transistor ne>W mUlu iii: an · · · . 

Utplified current" floWing from the' fhsfcurmlt uiput •termina.i. tO the· third ~cinTenfinput .. . 

temiliial via. the seventh. iiid 1he niildt ttansistor Or &Om the second cufrent. il)j>ut-terminal to 
. .. 

the fourth currendnput "terminal. The·d.c. level of the.-inf'orinatiOn·signal aiihe third and the 

10 fifth node, .applied Via ·a suitable buffer if required, is fully is0lated from ·the d.c. :level at the . 

c~nt input temiinals. Ttie;· Switchable ·current sources thus· form floating switchable· current 

sources whose switching ~gnats· bav~. d~~-_.. ICVets :which can. be·_cllosen freely. 

: "The buffers fot the information sigilal "cim be elriitter '.followers or source 

followers. ·The quieseertt tmrterlt SUpPly fOr th~ foU~ .cali be' combined acfyantageously 

15 with die. c~t slippiy for the sWitchable ·eurient ·sourees.' '1'o ~this enci:: an eDibodiment of 

the mangement. is furth~· cbalacterlsCd in :that' the fitSt and the. seeOnd sWitchable current 
· source further. comprise:· · · ·· ·· · .· _.: · · · ·· - · ·· 

a fourteenth iransisiOr .of the fiist c:OnCluctiViiy· tjpe havmg a· eontrol electrode for receiving 
. . 

the information sigUi, a ·first. fuaiil ~eiectibde. connected tC> the. thUd 'node and a· secOnd· main. 

20 ~trode coupled ·to·tlle.-firstllippiy temiliull;a: fifteeftth'tiarisistor of the filst conductivity 

iype havjiig a eontio1 ·eledrode tor·feCeivllig the hifuiniation· sigDaI, a first main .electrode 

coruieeted t0 the fifth ·iu>de ancl a·-(f .• ·eICCtrode coupitcr to the first suJ>Ply terminal, 

a sixteenth transistor ()f tiie first. conciuCtiViiY type h&ving. a· Control eiedrocte eonnCcted: to the 
. . 

. . - . . . .. . . .. . . . . .. ~ . . . . • , . . . . r- . . .• . : . 

control electrode. of the eighth tranSistor~ a first main electrode connected to the first main 

25 . electrode of the eighth tranSiitor, an~. a :Second mairr eiectrode c0upled tO. the fiftli" node, a 

seventeenth transistor of the ·fiftt conductivity type having a control electrode·connecied to 

the control electrode of thC twelfth ll'ansistot, a ·first ·main electrOde connected to the first 

main electrode of the twelfth transistor, and a second main electrode coupled to the third. 

node, the second main electrode of the eighth transistor being connected to the third node 

30 and the second main electrode ~f the twelfth transistor being connected. to the fifth node. 

The fourteenth: and the fifteenth transistor operate as signal. followers and 

buffer the information signal~ 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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seventeenth transistor ·ensure ~t always ·one half of the" b~. :~~nt from the bias current 

source flows through one sigrOO follower and the other half through the other signal follower. 

The· current switching means may also be ~evised in another manner, for. 

example as ·known from United States Patent No. 5,282,094, Figure 1. To this end an 
5 embodiment of an arrangement in· accordance with the invention is characterised in that the 

current-switching means comprise: 

a differential pair comprising a first differential-pair transistor of a first conductivity type· and 

a second differential-pair tninSistor of the. fiist conductivity type, whose first main electrodes 

are coupled to receive a bias current from. a bias current source, whose control electrodes are · 

1 O connected to receive the information signal· and whose second main electrodes are coupled to 

the first current input terminal and the ~nd current input terminal, respectively; a first 

current sensor resistor connected between the 8econd supj>ly terminal and a further second 

current output terminal of the second current mirror, and a second current sensor resistor 

connected .between the second supply terminal and a further first current output terminal of 

15 the first. current mirror; 

. a first pull-down transistOr of the first conductivity type having a ci>ntrol electrode and first 
. . . 

main electrode c:Onnected to the· first current 5ensor resistor and a sec0nd main electrode 

. coupled to. the first current output terminal, and a seeond pull-down transistor of the fifst 

. conductivity type having a ~n~l electrode and first main electrode c:Onnected to the second 

20 . current $CDSOr resistor and a ·sec0rid · maiD electrode· coupled to the second current output 

terminal. 

The actiVatioo of0ne of the current mirrors is detected by a current 

' through one of the ~t sensor resistors. The voltage across the relevant current sensor 

resistor turns on ·the associated pull~wn traiisistor, which. iil its tum connects one of the 

25 write terminals to the negative supply terminal. 

The two current mirrors· may be of any suitable type." In order to obtain a 

· maximal output swing of the write amplifier a prefened embodiment of the arrangement in 

accordance with the invention is characterised in that the first current mirror and the second 

current mirror each comprise a diode-connected PNP input ~sistor of a second 

30 conductivity type having a coritrol 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 
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~ and the seconci·· euiTeni'6~iJ;ut ~,-~vely, aild a further OutpuhranSisiOr" of 

the ~d cond~tlvity. iYPe ~Virlg ·a eolltrol electrode connected to the controi electrode of 

the ielevant input transi~tor, a 'fust ·ml.iD etectlocle c0upi4'CI to ·the firSi supply terniliial~ ··and a 
- . . . . ' . 

second main electrode conneeted ·to the· further fitst and ··second current output terminal, 

S iespectivety ~· -· ' ·· · - · · 

· · · Curient mirlors thus· implemented ·produce a· minim81 .voltage loss· and 

allow.~ output swiilg ·~p :it»: ~iy the siipply voltage'; .. 
. . . . : . ~ . ·. . . . .. . .. ... --··· . . . - . . . 

These and· other Utiects ·of' the invention win be Cieicrit>ed and elucidated 

10 .· with. ref~rence to the" ~~paiiyilig. drawings, in which 

Figure 1. Shc:>Wi a biock dialram ·of an embOdiment of an amngement for 

recording an information signal Oil a magntti.c·tecorc1 cariier·in accordance with· the ... 
. . . . ., 

invention, 
. .. .... , .· 

Figure 2 IS· :a cfrcuit diagram of an: embodiment ·of an· arrallgement for 

15 ~ding·~ information sign.i.on a:-magiieti.C.recoid carrier in"accorctance·with ·the 

20 

invention, · 

·pigure 3 iS a circuit·diag!Ui·of"an·em~meni-of an arrangement for 

recoi'ding -~ il'lrotmatiOn "signat ml a "riuignetie: i'eCmd ·catiier in 8cCofdance ·with the. 

invention, 
- ... . .-..... ._._, .... -·-

-'. .. .. . .. •: .. ·. . .. . . - ... : . ~-- ... -. ;_ . . . •. . . .. . . . . ': : 

.. ~.-. ··-~: -·. - .::·. ·.··.··:.:.· ... :­
accordance with the mventton, ·· · · · · · 

Figure S shows a ~nd common-mOc:te circuit for use in an arrangement . 

. in accordance with the invention, · 

· Figure 6 shows a circtJit ·cfiagnµn of an embodiment of an arrangement for 

25 recOnting an information signal on a magnetic .record carrier in accordance with the 

invention, includbig 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 implementation of switched current st>urces for use 

30 in an arrangement in accordance with the invention, 

· Figure 9 shows a second implementation of switched current sources for 
use in an arrangement in accordance with the inverition; 
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Figure 10 $hows a circuit diagram of an embodiment of an arrangement 

for recording an info;rmation signal on a magnetic record carrier in accordance with the 

invention, and 

Figure 11 shows current mirrors for use in the embodiment of the 

5 arrangement shown in Figure 10. 

In these Figures:like ~lements bear.the same reference ·symbols. 

Figure 1 ·sho~s the basic structure· of an arrangement for recording an 

information signal on a magnetic record carrier in accordanee with the invention. The 

10 arrangement compriSes a write head 2 for recording information on the record carrier (not 

shown) and a write amplifier 4 for driving the write head- 2 in response to the information· · · 

signal. The write. amplifier has· a first write terminal 6 and a second write terminal 8,. which 

· are.coupled to the write head 2 to supply a write current A first·supply ~nal 10 and a . 

second supply terminal 12 serve for connection of a supply· voltage for. the write amplifier~ In 

15 . the present_ case the second supply terminal 12 is connected to signal earth. ·The amplifier 4 

comprises 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 lO;·a second current mirror 22 having a·second 

current input terminal 24, a second 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 tem'liJial 32, a third current output . 

terminat 34 coupled· to the first· write terminal 6, and a third common current terriiinal 36 

t .· connected to-thC second supply tenninal 12; a fourth curtent mirror 38 having a fourth 

current input terminal 40, a fourth cu~t outj>ut terminal 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 Ui and is currentleis for a second 

value of the information signal Ui.,The information signal Ui may be, for.example, the 

30 binary data signal for a disk drive or another magnetic storage medium. A second switchable 

current source 48 is connected between the second current input terminal 24 and the third 

current input terminal 32. The second switch~le Cllll'Cnt source 48 receives an inverse· 

information signal NUi and supplies a second current if the first current is zero and the other 

way around. 
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··- WJien· the fint ~witchable:·~t·:sauree' 46 is turned on current: Win flow 

from the firit supply terminal io· to the iecond supply. tCnninal 12 tiuoiigh the first ·current 

input terminal 16 of the firit Current mirror 14 ·and through tile· fourth current input terminal 

40 of the fourth current.mirror 38. A cUrrent which is M: times as large flo\vs hr the same 

s . direction from the first current output teiniinal-18 of th~ first. Cu~ miiror 14· tO the foUrth 

. clilrent output teimiiial 42 "~l die ioiirth. ~Urrelti .. nlirror :38 via the first write. terminal 6, the 

write head 2 and tlie sCa)tid .. wnte terrtwiaf 8. :Here,. M is th~ .curfen:t. mumr ratib of the . 

current miin;rS·i4, 22, 30 and 38~ The seeOri(t· swi~hable·dirtent murce 48 is.tUrned off, so 
. . . --

that the second current mirror ~ and the- third current mirror 30 are inoperative.· Now a 

10 . write ~t flows ftom the fii'St write temunat. 6 to the second write ~iminaf g through the . 
. . . 

write" head 2·. 
. . . . 

·'··When the 'first switchable current source 46 is turned off and the second 

switchable current' ·source 48 is turned: Cm ·ttie· Secortd' current mirror 22 .Ud the thinf clirrent 

· mirror. 3o are -~ve· anci ~ 'Oih~ t\iVo ~rrent :durrors 14 :mid 3s are ~ve~ Now a write 

15 eurrent-flows in the opPOsite diieCtion &oin·_.,tlje ~tf wriie·~· 8 ·to the first write 

terminal6 thrOugh the ~te liel.d 2: lf win~ obvioos thlt ihe ·first Ctftrenr of the ffrst . · 

s~tchable· cuitent · lource 46 ·amt the ·SeCOitd cuireilt ·of the. second· switchable current. source 
. . .. ~· ·-· . . .... . . .· .. 

48 should be equal m "Otder tc,. obtain equaf\vrlbf CUttents in• both directions in the :case. that 

thcf current" mirrOf ratios··~t th~ ~t ~.-me· alleqUat:· · · · · · · · 

20 : - ·. Figure ·f sliO.Ws·ai{em~mtnt°in which ·the .tit$t current miriOr 14.and 

· the .. 5ecx>nCI clitteiit iilittdr. 22-c0mpri5e· bipol&r :PNP ··ttanslitors arid ·die ~third current mirror, 

30 and the"fo~rth:~t-tnhtor'3s mm-bip0Jar·Nni" tiailsistots. Howe\ret, .it 1s·to be 

n~ that iil the Citah1 ariarig~tl ·disclo5'~,f8nd··k)·i;e ·tiisc1osec1· bip>lar• transistms may be 

replaced whOlly bi Piftiy·by hniJ;ti~~os· ~sistOrs. ·™ bontrol ~' the mst .main 

. 25 electrode and the second mahl' ~ conesPmid ·to the base~ ·the emitter and the' c:Oneetor, 
- . 

respectively, for a bip01ar traniist,or·and to the gate, the source and the drain, respectively, 

for a unipolar.transistor. The first current mirror 14 comprises a diode-connected PNP input 

transistor Tipl, having its· emitter· connected to· the first common current termirial 20 via an 

option&l emitter resistor ~pl, as shown in Figure 3, and its collector to the first current input 

30 terminal 16, and a PNP output transistor T0P1, having its base connected to the base of.the 

input transistor Tipl, its :emitter tQ the ~t eommon current terminal 20 vi~ an optional 

emitter resistor ~1 , as shown in Figure 3, and its collector to the fint current output 

terminal 18. The optional-emitter reSistors improve the matehing of the transistors and 

. increase the thermal stability of the current mirror. The second current mirrOr 22 likewise 
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comprises PNP transistors and the third current mirror 30 and the fourth current mirror 38. 

likewise compnse NPN transistOrs and optional emitter resistors, the electrodes of the 
. . ... ~- ~-:~~.-.< ... : . ~ . .: ... /,.;,: ... : . . 

respective transistors being cOiihected to the co~nding teririirials of the current mirrors. 

Figure 2 further shows a number ()f parasitic capacitances, i.e.· one having 

5 a val.ue Ccwp between collector and well of the PNP output.transistors Topl and T0 P2' one 

. having a value Ccsn between collector·and substrate of the NPN output tranSistors TODJ and 

T004, one having a value Ccbp betw~n collector and base of the PNP 9utput transistors.Top_l 

an_d T 0pl' and one having a value Ccbn betw~n collec~r and base ()f the NPN output 

. transistors T0 n3 and T004• All these parasitic capacitances have an effect on the write current 
.. 

10 through the write terminals 6 and. 8. The effect is that at high frequencies the write current 

flows through the parasitic capacitances instead Qf through the write head. This effect limits 

the bit rate of the write current. In order to reduce or even eliminate the adverse effect of the 

parasitic capacitances four neutralising ~pacitors 142, 144, .146 and 148 are provided, .whose 
. . . . . : . 

capacitance val_ues are C0P' Cnn m.td ~nn' respectively. The capacitor 142 is. connected 

15 between the first current ~put terminal.16 and the second current output terminal 26, the 
. . 

·second capacitor 144 between the second current input terminal 24 and the first current 
.. 

output terminal 1.8, the third capacitor 146 between the ~ current input terminal 32 and 

the fourth current output terminal 42, and the fourth capacitor 148 _between the fourth current 
-· 

input terminal 40 and_ th~ ~ current, output ~rminal ... 

20 When it is assumed_ that .the current mirror ratio· of the four current 
. . .. .. . . . 

mirrors 14, 22, 30 and 38 is M the capacitance value Ch seen between the write terminal.6 
~ . . . . ·. . . . . 

and the write terminal 8 will be equal to : 

J Ch= (Ccwp+Ccu+(l+M)CC.cbp+Ccb.J + (1-M)(Cnp+Cnn))/2 
.. 

This may be illustrated as follows by determining which currents flow hi, .for example, the . 
. .. . . 

25 third current output termiQal 34 as a result of the capacitors connected to thi$ terminal. If the 

voltage at the third current output terminal 34 is assumed to be V, the voltage at the fourth . . . 

currerit outpu~ terminal 42 will be -V. The Current i in the third current output terminal 34 is 

then: 

30 i = p*V*Ccu +p*V*Ccbn +p*V*Cnn + M*{p*V*Ccbn-p*V*Cnn} = 

p*V*{Ccsn+(M+l)Ccbn-(M-l)Cnn} 

The current through the· capacitor 146 has an opposite sign and is enlarged by. the current · . 

·.mirror factor M. A similar c8Icwation applies to the other current ou~~t terminals. -
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·.··with M: = s;· c~:+c~ :--.6 i)F anCi'c~b;+ccbo ~ 4 pF·ch.will be is 
p~ _w_i~out neutrali5ati~ and S pF with ~eutralisation, &Ssuniing_ thar cop + Cu·= s pF. 

This yields an in:iprovement by a factor .of 3. 

The ci.rrent mhmrs and the neuttausing .eaPatitors thus provide a broad-

s band write mnplifier with. a very. large' ~uq>~t ·swing~ whicli is nearly" equal tO. the su~ly . 
~oltage. In addition, it" is p<>Ssibte. not ohly to ·neutrali~ th~ pirasitic :capaatances of the Write 

amplifier bui ai.j t0 nelittalise tiie ~tic caPadWice ijf'ffie Wit~ head itself (not ,.show~ in 

Figure 2) by. making tHt nellttalisillg c&Paci~ ~UffiCi~tly large~ In that. caSe. the Write· . 
amplifier 4 .will oscillate.when ·tiie Write° head 2 is disconnected. This Uiakes it.possible to 

10 detect a defeetive co~tact between. the ~ amplifier· arid ·the· Wri~ head :by means of a· 

detection circliit, which detects Whethe~ the Wri~ amplifier· oSclllates.· · 

It ~ al~ 'be ~vio~s tiiat the neutralising -~ed: ls a'lre&dy ·obtained with 

· one neutralising capacitor. "IJowever, in order to mlintain the· symmetry of the arrangement 

and to a:void. unnecessary loadiDg of a conimon-~Ocie ~ntrol circuii, it "is preftmd to use 

15 neuttalising" capacitors in tWo pain. .·• . .... · . 

nie common~mbde voltage of the write head ::i is completely 
. -

indeterminate ~d may fluctuate"witll the data patteni of.the information"sipal ~-be . 

recotc1ed. This is llndesirabl~. '.Tile Coiri~on-niOcle voltage. shC>wCI pteierabty lie halfway 

between "the aVaiiable outj;ut swing and ·showd be inctepeli~t ·ot the signal· con~t of ·ihe 

20 sigDat to be recoi-de.d. · siltce:ilie; writihead 2 is arrali~ed exciuSively t>dween high~iinpCd&Qce 
outputs of current mirrors. it iS · possibk tO fiX ·tiie cortimC>n-nlOci~ voltage with a ··c:Ommon-. ·. · 

mode circuit. 

. Figme 4. Shows a .siJiipie cointnoli-mode "CircUit .. A· senes arrangement of a 

. first resistOt 50' cOlinectect benWen the firSi wriu;::teiminaf6 ancfa first iiode 52, a sec0nd 

25 resistOr 54· corinected betWeen ~the tirSt node S2 and the second write terminal 8, a third 

resistor 56 connected between the first supply terminal 10 andthe first node S2, and a fourth 

resistor 58 connected between th~ second supply ternlinal 12 ·and the first node 52 is 
. . 

· . arranged in parallel with the write head. The resistors SO and S2 also function as damping. 

resistors for the write head.· The impedance at the first node 52 is dictated br the resistors 56 

30. and 58. For a cimect fixation of the comnioo-mode voltage a minimal impedance is desired. 

However, the resistance value of the resistors S6 and 58 cannot be chosen irbitrarily -small 

on account of the increasing current through these resistors. 

Figure 5 shows a common-mode circuit which. mitigates this problem. The 

circuit again .compriSes a first resistor 60 conneeted between the. first write terminal. 6 and a . . ·. 
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first node 62, and a second.resistor 64·connected betWeeri the tint node.62 and the second 

write terminal 8 and, in additib~f it comprises a first NPN trari~stor 66 having its emitter 

connected to _the ~t ~ode 62 ~d havmg lts collector eoupled 'tb :the first supply terminal 10, 

a diode-connected second NPN transistor 68 having its base connected to the base of the first 

5 NPN transistor 66, a tnini resi~tor 70 connected between the first supply terininal 10 and the 

collector of the ·second NPN transistor 68, a first PNP transistor· 72 having its ~mitter 

oonnected to the first il~e 62- and having" its collector coupled to. the second supply terminal 

12, a diode~nnected second PNP transistor ·74 having its base connected to the base of the 

first PNP transistor. 72 and having its emitter connected to the emitter of the second PNP 

10 transistor 68, and a fourth resistor 76 eonnected between the second supply terminal 12 and 

the collector of the second PNP trarisistor 74 .. .-

·The circliit operates in class A/B. Seen at the first node 62, the impedance 
. . . 

is low, which provides a· correct ·fixation of the common;.mode voltage. The class A/B 

operation enable5 a small quiescent current to be obtained in and a large maxin:ium current. to 

15 be supplied by the first NPN transistor 66 0r ·the first PNP transistor 12·. The effective 

common-mode resistance is equal to Rd/4, the i'esistance value· of both· the resistor 60 and the 

resistor 64 being equal to Rd/2. The overall dampirig resistance across the write head 2 is 

consequently Rd. 

·In order to step up the·-switching siJeed of the current mirrors in the 

20 arrangements shown in Figures · 1 and 2 it is desirable ·to have· a quiesceilt current in the · 

current mirrors. ·This quiescent curreni Setting and the common-mooe circuit can be 

combined advantageously. Figure 6 sho\vs an embodiment in which this is implemented. The 
. . 

write amplifier 4 again comprises four current mirrors 14~.22, 30 and 38, the write head 2, 

the first switchablC current "source 46 and· the second switchable current source 48 as shown 

25 ·. in Figure 1. The common•mode circuit eomprises a· first resistor 78 connected ~etween 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 

connected 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 be~een 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 einitter to 

the secand node 84 and ha~g its collector coupled to the second current input terminal 24. 

The common-mode circuit further eomprises a fourth transistor 94 of the PNP type having its 
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emitter connected to the first node 80 and having its collector coupled tO the third current 

input terminal 32, a diode-connected fifth transistor 96 of the PNP· type having its base 
' ' ' 

connected to the base of the fourth transistor 94 and having its emitter· OOilllected to the 

emitter ~f the second transistor ~8, a fourth re&.stor 98. connected between the second supply 

5 terminal 12 and the coll~ of the fifth transistor 96, and a sixth tranSistor · 100 of the PNP 

type having its base connected tO the base of Ute fourth tran~tQr 94-and its ·emitter to the 

second node 84 and.having its collector coupled to·-the:fourth qurrent input terminal 40. The 

first node 80 and the Sec:Ond- nod~ 84 are interconnected: The quiescent current whieh flows 

through. the. transistors. 86 and 94 now also -flows intO the "first current input terminal l6 .of 

10 the first current mirror 14 and into· the third current input terininal 32 of the thk,d current 
' ' 

mirror 30. The quiescent current setting for the second. current mirror 22 and the fourth 

. current mirror 38 is obtained in a similar way by means <?f the ·transistors 92 and 100. The 

effeC:tive common~mode resistance-is equal to Rd/(4(M+ 1)), where Rd/2_ is the resistance 

value of .the first resistor 78 and .. of the second ·resistor ~2 an~ M is the c\lrrent mirror ratio 

15 of the curtent mirrors 1·4, 22, 30 arid ~8. ·A voltage variation at the :wnte terminal 6 

produces in the first resistor 78 a curtent-which ·appears M times. as large: at the same write 

terminal 6. The apparent resistance value Rd/2 of the first resistor 78 is thus reduced by a 

factor (M+l). The same occurs for the-second resistor 82. It is to be rioted that the collector 

of the transistor 94 may be coupled to the .fourth current input ~al ·40 ins~ of to the 

20 third current input .termi_nal 32 and that the collector of the transistor 100 may be· coupled to · 

the third current input terminal .32 instead of w the .fourth current inpl1t terminal 40. This 

makes· no difference for the quiescent current setting because th~ current in· the transistors 94 

and 100 is the same. If desired,· instead. of the ·transistors 94 and 100,. the collectors. ~f the 

transistors·86 and ·92 may be connected crosswi,se to-~e cuirent input terminal 16 and 24 • 

. 25 Figure 7 shows an alternative solution, in .which the connection between 

the first node 80 and the second node 84· shown in Figure 6 is severed. Instead·of this, a fifth 

resistor 102 is now connected between the write terminal 6 and the second node 84 and a 

sixth resistor 104 between the first node 80 and the write terminal 8. This solution can be 

. more accurate because the transistors 86 and 92 as well as. the transistors 94 and 100 now 

30 each see a separate degeneration resistor. in series with their. emi~rs. This mitigates the 

effect of a possible mismatch between the transistors 86 and 92 aitd between the transistors 

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

the fourth current input terminal ·40 instead of to the third current input terminal 32 and that 
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the e<>llector of the transistor 100 may be coupled to the third current input terminal 32· 

instead of to the fourth current ~put terminal 40. 

Figure 8 sliciWs a circuit diagram of an impl~fuentation of the first. 

switchable current source 46 and the second switchable current source 48 of the. 

5 arrangements shown in Figures 1, ·2 and 5. The two switchable current· sources are united in 

one circuit comprising the folloWing ·elements. An. NPN transistor 106 having its base 

connected to a third node 108 and having its collector coupled to the first current input 

terminal 16, an NPN transistor 110 having its base connec;ted to the base of the transistor 

106 and having its collector coupled to th~ first supply terminal 10, a PNP transistor 112 

10 having its base connected to a-fourth -node 114 and its emitter to the emitter of the transistor 

106 and having its collector coupled to the fourth _current input terminal 40, a diode-· 

connected PNP transistor 116 having its emitter connected to ·the emitter of the transistor 110 

and having its base and its collector connected to the.fourth node 114, a bias current source 

118 coupled to the fourth node 114 to supply a bias current 1c to the fourth node 114. The 

15 circuit further comprises an NPN transistor 120 having-its ·base connected to a fifth node 122 . 

and having its collector coupled to _the second current input terminal 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 to 

the fourth node 114 and its emitter to ·the emitter of.the transistor 120 and having its 

20 collector coupled to the third cm.rent input terminal 32. . 

The nodes 108 and 122 are driven in phase apposition with the 

m.rormation signal Ui an~ the inverse information signal ·NUi via buffers 128 and 130. When 

J· the voltage at the node 108 is high and. the voltage at the node 122 is low the transistor 110 

is eonductive and the transistor 124 is cut off. The bias current le of the bias current source 

25 . 118 flows wholly through the transistor 110 via 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 basC-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 current I through the transistors·l06 and 112 is equal to l =_SQRT (M * N) * 
le, where SQRT is the root function, M ~e 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 c~nt I will flow between the terminals 16 and 40, whose magnitude is · 



.... 
W095/3SS63 PCf/IB95/00431 

18 

proporti0nal to the current Ic, the proportioriality factor being clet.ennined by the geometrle$ 

of the transistors_ 106, 110, 112 and 116. 

Likewise, a c~t ·will flow between the second current input termiDaI 
24 and the thini"current input terminal 32 if.the voltage at the.node 122 is high and _that at. 

5 the node i08 is low. To this end, the bias ~urrent source 118 is preferably an adjustable or 

programmable current source, for exainple an IDAC (digital-to-analog conv~ with current 

output). Since the current input terminals 16, 24, 32 and 40 are all _coupled to collectors the 

d.c. level of the information signals Ui and NUi is now isolated from the d.c. levels of the 

current ·mput terminals· of the Current mirrors of the write amplifier. Thus; the switch~ 

10 current sources 46 and 48 are floating relative to the supply voltages at the first supply 

terminal 10 and the secand supply terminal 12. 

The buffers 128 and 130 may comprise emitter-followers with emitter 

current sources. However~ saving current is.possible by using .the currents through the 

transistors 110 and 124 for this purpose. Figure 9 .shows how this can be realised. The buffer 

15 128 is now an NPN emitter".'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 connected to the emitter of· 

the emitter-follower 132. The -buffer 130 likewise coinprises 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 termin8J. 10. The 

collector of the· transistor 124 is connected to the emitter of the emitter-follower 134. The 

~llectOr currents of the transistors 110 and 124 consequently also flow through the emitter­

followers 132 and 134, respectively .. Furthermore, there is provided an NPN transis~ 136 

havmg its base COIDlected to the· base of the· transistor 110 and· its emitter to the emitter of the . 

25 transistor 110 and having its collector coupled to the fifth node 122, and an NPN trm.sistor 

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 emitter-followers 132 and 134 cannot 

become :zero if one of the transistors 110 and 124 is cut off. Thus, each of the two ell)itter-

30 followers always receives half the bias current le if the geometries of the transis~rs 110, 

136, 138 and 124 are ~ted to be equal. 

The bases of the emitter-followers 13_2 and· 134 are driven, by way ·of 

example, by. the transistors of a differential pair· 140 whose bases are manged to receive the 
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. complementary information signals Ui and NUi, ·which are supplied, for example, by a data 

flip-flop. 

.Figure lO .• h6ws another embodiment.of llri~:;bzigement in accordance 

with the invention in which the parasitic capacitances are neutralised in a manner similar to 

5 ~t in the embodiments described _hereinbefore. The arrangement comprises a write head 2 
for recording information on the record carrier (not sho\\'n) and a write amplifier 4 for . . . . . . . 

driving the write head 2 in response to the information signal. The write amplifier has a first 

write terminal 6 and a second write terminal 8, .which terminals are coupled to the write head 

2 to supply a·write current. A first supply terminal 10 and a sea>nd supply terminal 12 serve 

10 to receive a supply voltage for the write amplifier. In the present case the second write 

terminal 12 is connected to signal earth. The amplifier 4 comprises 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 a1:rrent terminal 20 connectef;I to the first supply 

terminal 10; a second current mirror 22 having a second current input terminal 24, a second 

15 current output terminal 26 coupled to the second write terminal 8, and a second common 

cu~t terminal 28 connected to the first supply terminal 10. A neutralising capacitor 142 is· 
connected between the first current input terminal 16 and· the second current output terminal 
26 and a second neutralising capacitor 144 is connected bet\Veen the.second current input 

terminal 24 ind the first current output terminal 18. The function· and operation of the first 
. . 

20 current mirror 14 and the second current mirror 22 and of the neutralising capacitor 142 and 

the neutralising capacitor 144 is comparable with ·tho~ of the arrangements iii Figures 1 ·and 

2. The arrangement further comprises a differential pair with a first NPN differential pair 

.J transistor 150 and a second NPN differential pair transistor 152, whose emitters are 

interconnected and receive a bias current from a bias ~rrent s0urce 154. The bases are 

25 connected to receive the information signal Ui and NUi and the eollectors are coupled to the 
. - .. 

first current input terminal 16 and the second 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 secQnd current ·mirror 22, and a second cur.tent 

. sensor resistor 160 is connected between the second supply terminal 12 and a further first 

30 current output terminal 162 of the first ~urrent mirror i4. Furthermore, a first NPN pull­

down transistor 164 has.its~ and em.itter connected to the first current sen59r 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 Sellsor resistor 

i 60 and has i~ collectOr coupled to the second current output terminal 26. . 
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';Ibe differential pair transfers the bias current .of the bias current source 

1S4 to the first current input terminal 16 or to the sec0nd curient input terminal 24. If the 

first current mirror 14 ~ves current the second pull-d:o~ transistor 166 is turned on, as a 
result of which the write. terminal 8 is interconnected to the second supply ~nal 12 and 

S the current can flow from the firs~ current output terminal 18 ·tO the secimd supply terminal . . 

12 via the write head 2. If the second current mim>r 22 receives current this· results in- a 

current through the ~te head 2 in the. opposite direction • 

. Figure ·11 shows current mirrors for use in the arrangement shown in. 

Figure 10. The first ~urrent mirror 14 and the second current; mirror 22 each ·comprise a 

10 . diode-connected PNP; input transistor Tip having its base and· collector connected to the first 

16 and the second 24 current inp~t terminal, respectively, and having i~ collector coupled to 

the first supply terminal 10,·a PNP output transistOr T0P having its base connected to the 

base of the respective input transistor Tip' having itS ·emitter coupled to the first supply 
terminal 10 and its.collector connected to the first.18 and the second 26 current ouiput 

lS terminal, respectively, and a further PNP output transistor T' op having its base connected to 

the base of the relevant input trimsistor TiP' its emitter COUJ>led to the first supply terminal 
10~ and its collector connected to the further first 162 and secon4 lS8 c~nt output 

terminal, respectively. If desired, series resistors may be arranged in series with the emitters. 

If desired,. the bipolar transistors in the examples shown herein -may be 
20 replaced by unipolar transistors, for example MOS transistors. In that case base, emitter and 

. collector should read gate, source and drain.· 
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1. An arrangement. for recording an information signal on a magnetic record 
carrier' comprising a write head (2) for recording information on the- record. Carrier' and a . 

. . 

write amplifier (4) having a first write terminal (6) and a .second write terminal (8), which 
are coupled to the write head (2) to drive the write. head (2) in· response to 1he information 

5 signal, characterised·,in that the Write amplifier (4) further eomprises:· compensation means 
(14, 22, 142, 144) for producing a negative capacitance at·at least one of said.first (6) and 
second (8) write terminals to generate a capacitive compensation current directed oppositely 
to a capacitive current flowing through the at least one write _tCrminal. 
2. An arrangement.as claimed in.Claim 1, characterised in that the write 

10. amplifier (4) compnses: a first supply __ terminal (10) "'1d a. Seco~d supply Umninal (12) for 
the connection of a supply voltage for the write amplifier (4); 
a first current mirror (1.4) having a first current input terminal (16), a first current output 
terminal (18) coupled to the first write terminal(~), and a first ~mmo_n ~urrent terminal (20) 

·connected to the first supply·terminal (10); 

15 a second current mirror (22) having a ~nd current input terminal (24), a second current 
output terminal (26)· coupled to the second write ~nal (8), and a second common current 
terminal (28) connected to the first supply terminal (10); 

t at least one of twc) capacit.On (142, 144), of which a tirSt capacitor (142) is connected 
between the tint current input terminal (16) and the second current output tenninaf(26), and 

20 a second Capacitor (144) is·connected·between the second current input terminal (24) and the 
fll'st current output terminal (18); and 

current switching means (46, 48, 30, 38; 150, 152, 164, 166) for establishing a· current path 

·beiWeen the first current output terminal (18) and the second supply terminal (12) via th~ 

first write terminal (6) and the second write terminal (8) for a first value of the information 
25 . signal and for establishing a current path· between the second current output termirial (26) and 

the second supply terminal (12) via the tint write terminal (6) and the second write terminal 
(8) for a second value of the information· signal. 

· 3. An arrangement as claimed in Claim 2, ·characterised in that the current 
switching means· comprise: 
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· a· third current mirror (30) having a third current input terminal (32), a third current output 

terminal (34) coupled to the first write terminal .(6)~.an~ a third common current terminal 
• .. t 

(36) connected to the second supply ~ (12); 

a fourth current mirror (38)" having a fourth current input terminal (40), a fourth current 

5 output terminal (42) coup~ to the second write terminal (8), ·and a fourth common current 

· · terminal (44) connected to the second supply terminal (12); 

·a first switchable ~t source (46) colinected between the first current input terminal (16) 

and the fourth current input terminal·(40) for supplying~ first current for a first value of the 

information signal; . . 

10 a second switchable current· source ( 48). connected. between the second current .input terminal 

(24) and the -third current input terminal (32) for supPlying a second current for the second 

· value of the information signal. 

4. An arrangeJJlelit as claimed in Claim 3, .characterised· in. that the write 

amplifier comprises at least one of. two further capacitors (146,148), of which a third 

· 15 capacitor (146) is connected between the third current input terminal (32) and the fourth 

current output terminal (42), and a fourth capacitor (148) is connected between the fourth 

current· input terminal (40) and the third current output terminal(34)~ 

5. An arrangement as claimed in Claim 2, .3 or 4, characterised in that the 

,third current riiirror (30) and the fourth current mirror (38) each comprise a. diode-connected 

20 · input transistor (Tm) of a first ec>nductivity type having· a control electrode and a second main 

electrode eonnected to the third (32) ~.the.fourth (40) current input terminal, respecti~ely, 

. and having a first main. ~ectrode coupled to the second supply terminal (12), and an output 

transistor (T 0J of the first condum,vity type having a control electrode connected to the 

control electrode of the relevant input transistor (Tm), a first main electrode coupled to the 

25 second supply terminal (12), ind a second main electrode connected to the third (34) and the 

· fourth ( 42) current output terminal, and in that 

the first current mirror (14) and the second current mirror (22) each comprise a diod~ 

connected input transistor. (Tip) of a second conductivity type having a control electrode and a 

second main electrode connected to the first (16) and the second (24) current input terminal, 

30 respectively, and having a first main electrode coupled tO the first supply terminal (10)," and 

an output transistor (Top) of the second conductivity ~ having a c;ontrol electrode 

connected to the control. electrode of the relevant input transistor (Tip), a. first. main electrode 

coupled to the first supply terminal (10), and a second main .~trode connected to the first 

(18) and the second (26) ·current. output terminal. 
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6. ·Ari arrangement as claimed in Claim 5, characterisCd in that the first main 

electrodes of the input transis~rs (Tjp) and output transistors g:'.op) of the first (14) and the 

second (22) current mirri:>r·arelxnmected to the first supply ~rminal (10) via resistors <RtP' 
. . .. 

Rc,p>, _and. the first m8in electrodes of the input transi~tors (Tin). and output transistors (T0J of 

5 the third (30) and the fourth (38) current mirror are connected to the second supply terminal 

(12) via resistors (Rm, R0 n>· 
7. An arrangement as claimed in Claim 2, -3, 4, 5 or 6, characterised in that . 

the write amplifier· ( 4) further comprises: a first resistor (SO) connected between the first 

write terminal (6) and a first node (52), a iecond resistor (54) connected between the first 

10 node (52) and the second Write teqninal (8)' a. third re8istor (56) oonnected between the first 

supply terminal (10) and the first node (52), and a fo~rth resistor (58) connected between the 

. second ·supply terminal (12) and the flrst node (52). 

8. An arrangement as claimed in Claim 2, 3, 4, 5 or 6, characterised in that 

the write amplifier further comprises: a first resistor (60) connected between the "fll'St write 

15 terminat (6) and a first node (62), a second resistor (64) connected between the first node 

(62) and the second write terminal (8)~ a first transistor (66) of a first conductivity type 
. . 

having a control electrode; a first inain electrode connected to the first node (62) and a 

second main electrode eoupled tO the firSt supply terminal (10), a second transistor (68) of· 

the first conductivity type having· a control electrode connected to the control electrode of the 
. . . 

20 first transistor (66); a first main electrode, and a. second inain. electrode connected to the 

control electrode of the second transistOr (68), a third resistor (70) C()imected between the 

. first supply terminal "(10) and ~e--second main electrode of the second transistor (68), a third 

transist9r (72) of a second conductivity tYJ>e having a control electrode, a first main electrode 

connected to the ·fust node· (62) and a second main electrode coupled to the second. supply 

25 terminal (12), a fourth transjstor (74) of the second Conductivity type having a control 

electrode connected to the coritrol electrode of the third· transistor (72), a first main electrode 

connected to the first main eleetrode of the second iransistor (68) and a second main 

electrode connected to the control electrode of the fourth transistor (74), and a fourth resistor 

(76) connected between the Second supply terminal (12) and the second main electrode of the 

30 fourth trailsistor (74). 

9. An arrangement as claimed in .Claim 2, 3, 4, 5 or 6, characterised in that 

· the write amplifier further comprises:· 

a first resistor (78) connected ·between the first write terininal (6) and a first node. (80), a 

second resistor (104) connected ~een the first node (80) and the second write terminal · 
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. (8), a third resistor (102) connected between thC' first Write terminal (6) and a second node· 

(84), a fourth resistor .(82) connected between the sec0nd node (84) and die second write . 

terminal (8), 

a first transistor (86) of a first conduefivity type having a contrQl electrode, a firs~ main . . 

s electrode connected to the first node (80) and. a seeon<l main. electrode coupled to the first . . . . ' ; ,. . . 

supply terminal (16), a second transistor (88) of the first conductivity t)'?' having a control 

electrode connected to the co11trol elec~ of the first transistor (86), a first main electiode~ 
' ·. ··.' . 

and a second main ~trode. connected to the control electroc;le of.the second transistor (88), 
. ,. . . . . . 

· a· fifth resistor (90) connected .~een the first.supply terminal. (10) and t,he second main 

. 10 electrode of the ~d transis~r (88), a third transistor (92) ()f the first conductivity type 

. b&ving a control electrode connected to the control electrode of the ~t transistor (86), a 

first main electrode connected to the first node (84) and a $ec011d main electrode coupled to 

the seeond supply terminal (24), 

a fourth uansistor (94) of a second conductivity type having a C911trol electrode, a first main 

15 electrode connected to the .firs~. node (80) and a seconc1. main electrode coupled to one of the ·· 

third current input terminal (32) ~the fourth current inpµt terminal (40), a fifth_.transistor· 

(96) of t,he second conductivity type.having a control electrode connec~ to .the control 

electrode of the fourth transistor (94), a first main electrode C011Dected to the first main 

. electrode of t,he second transistor (88) and a second main electrode .connet::te.d to the control 

20 electrode of the fifth transistor. (96), a sixth resistor· (98) connec~ between the second 

supply terminal (12) and the second ~ electrode of the :~ transistor (96), a sixth 

transistor (100) of the second conductivity type having 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 main ~trode coupled to the other one of the third CUl'.fCnt input . 

· 25 terminal (32) and the fourth C1ll'l'Cllt input terminal (40). 

10. An arrangement as .claimed in. CJaim. 9,. characterised in that the second 

node (84) is connected to the first node (80). 

11. An arrangement as claimed in Claim 2, 3, 4, 5, 6, 7, 8, 9 or 10, 
. . 

characterised in that the first (~) and Ute second . (48) switchable current source comprise: a 

· 30 seventh transistor (106) of a first conductivity type having a control electrode conneeted to a· 

third node (108), a first main electrode, and a second main electrode coupled·to the first 

current input terminal (16), an eighth transistor (110) of ~e first conductivity type having a 

control eleetrode connected to th~ c0ntrol electrode _of the ~enth transistor (106), a first 

main electrode, and a second maiii electrode c0upled to _the first supply terminal (10), a ninth 
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transistor (112) of a second· conductivity ~.·h&Ving a control electrode connected to a 

·fourth node (114), a first main electrode connect.eel ·to the first main electrode of the seventh. 

transistor (106), and a secona<L electrode coupled io the fodrlh current -input terminal 

( 40), a diode-connect.eel tenth transistor (116) of the second conductivity type having a first 

S main electrode -connected tO the first main electrode of the eighth transistor (110) and having 

a· control electrode.and second main electrode connected to the fourth node (114), 

a bias current· 5ource ·ens) coupled to the fourth node "(I l4) to supply a bias current to the 

fourth node (114), 

an eleventh·transistOr- (120) of the first c:Onductivity type having a control electrode connected 

10 to a fifth node (122);; a first main electrode, and a second . main electrode coupled to the 

second current input tenninal (24),. a twelfth transistor· (124) of the first" conductivity type 

having a control eleetrode connected to ihe· control electrode of the eleventh transistor (120), 

a first main electrode, and a ~d main electrode coupled to the first su:pply tentlinal (10), 

and a thirteenth transistor (126) of the second conductivity type having a control electrode 

· 15 connected to the fourth node-(114),'a first-main electrode connected to the first main · 

electrode of the transistor (120), ·and a second main electrode coupled to the third current 

input terminal (32). . .. 
. .. 

12. . An arrangement as claimed· in Claim 11, characterised in that the first 

· (46) and the _second (48) switchable current saui'ce further comprise: 
. -· .. . - . 

20 a fourteenth transistor (132) of the first ~ductivity type having a control electrode for 

receiving the information signal, a first main elCctrode coruiect.ed to the third node (108) and 

a second maiit electrode coupled to the "first s'upply terminal (10), a fifteenth transistor ·(134) 

. ' . of the first conductivity type "having a control electrode for receiving the information signal, 

a first main electrode connected to the fifth node (122) and a seCond main electrode coupled 

. · 25 to the first supply terminal (10), a sixteenth transistor (136) of the first conductivity type 

having a control electnxle connected to the control electrode of the eighth transistor (110), a 

first main electrode connected to the first main elect1'9de of the eighth. transistor (110), and a 

second main electrode coupled to the fifth node (122), a seventeenth transistor (138) of the 

fint conductivity type having a cc>ntrol ~lectrode connect.eel 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 coupled to the third node (108), the 

~nd main electrode of the eighth transistor (110) being connect.eel to the thiid node (108) 

and the second main electrode of the twelfth transistor (124) being connect.eel to the fifth 

node (122). 
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13. An arrangement as claimed in Claim 2, characterised in that the Clirrent-

switching means comprise: . 

a differential pair comprising a first differential-pair ttansistor. (150) of a first cond~vity 

type and a second differential-pair ttansistor · (152) of the· firSt coriductivity type, whose first · 
. . . 

5 main eleetrodes are coupled to.receive a bias current from a bias current source (154), whose 

control electrodes are connected to receive the information signal and whose second main 

. electrodes. are coupled to the first current input terminal (16) and the second current input 

terminal (24), respectively; a first current sensor resistor (156) connected between the second 

supply terminal (12) and a further second current output terminal (158) of the second current 

10 mirror (22), and a second current $Cnsor resistor (160) connected between the second supply 

terminal (12) and a further first current output terminal .(162) of the first current mirror (14); 
. ·. . .. . 

a first pull-down ttansistor (164) of the·first conductivity. type having acontro1··e1ectrode and 

first main electrode ~nnected to the first current senior reSistor (156) and a second main 

electrode coupled to the first current outp11t terminal (18), and a second pull-down ttansistor. 

15 (166). of the fir$t conductivity type having a control electrode and first main· electrode 

connected to the second current ~sor resistor (160) and a second main electrode coupled to 

the second curi:ent output terminal (26). 

14. An arrangement as claimed in Claim 13, characterised in that the first 

current mirror (14) and the second current mirror (22) each comprise a diode-connected PNP 

20 ·input ttansistor (tip) of a second ColldUd.ivity type havirig a control electrode and second 

main electrode connected to the first (16) and the second (24) current input terminal, 

respectively, and a second main electrode coupled .to the first supply terminal (10),. an output 

tiailsistor (top). of the second conductivity type having a· control electrode connected . to the 

cC>ntrol electrode of the respective .input ttansistor. (Tip), a first·main electrode coupled to the 

25 first supply terminal (10), and a .second main electrode .connected to the first (18) and the 

second (26). current output terminal., ~tively,. and a further output ttansistor (t' o.,> ~f the 

second conductivity type having a control electrode connected to ·the control electrode of the 

relevant input ttansistor (Tip), ·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) ·cuirent 

30 output terminal, respectively. 

15. A write amplifier (4) for use in an arrangement as claimed in any one:of 

the preceding Claim.s, f~r recording an information signal on a magnetic record carrier. 


