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Arrangement comprising a magnetic write head, and write amplifier with capacitive current 

compensation 

The invention relates 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 inven~on also relates 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 being 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 requires an 

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

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

capacitances present at the first and the second write terminal. These parasitic capacitances 

are caused by internal capacitances of the write amplifier, the parasitic capacitance across the 

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 capacitive current flowing through the at least one write terminal. 
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Tlie' clp&clti~e cl>Dipettiatloft·:currerit wholly or partly eoinpensates:-ior 1he · 
. ~verse effeet of the p8:raiitic capaeitances,-thereby enabling a higher bit rate to be"obtained 

with the same ·accuracy. • • •• I •·. .. 

Aecordhig ·to the mvention a' negative _capaeitance can be obtained with an 

s embodiment which is chit&Cterisecr in ·thaf the -Write· ampli~er· comprises: a first supply . 

terminal and. a Sec:Ond ·supplf tCriilinar fOf ffie::eonnectimi of a· suPJ>ly voltage for the write 
amplifier; .· :-·'·. ··:. ·-: ·: ;•·:·':: :;;· :;· .. i•,::.' ·. - i:O~· ... >. : . ·. ,. :· .. '·:--.:·. :· -. - :· · .. 

a first curre"nt Mirror'· "llavmg .. ~ ~t· cbrrettt :1iipufteriiilri81~ •. a'fiiSt cuirenf.output terminal .. 

coupled tO ihe fifst· write teiminal; iiid a fifSt coinnirin. ciiriei'lt terminal eonrieCt.ed to the first 

10 suJ>Ply terminal; . . .. , . . .. ·•· 
~ . . . . . . ·~- . . .. 

a: secorid current mirror having a· second current input terminal, ·a· second current output 

terminal co~pled to the seeond'.wnte·tenriiiiaJ.,-alid a·second· co~moii "current "termin&l 

cOiuiect.ed ·to the firSt;!Upply~teirillnll; :·'. ' ·'- ~"::".-..·:.·<. :· · : -.-::· ~-.-, ·-::·.· ~~- · .· · · 

at least cine-of: : · ·. ::-·::· :·:~= (',;-·:;.,. ,, .. ; .. -- _,,. ·:: · ;-:·;.:-:-.:.:-: · :. .. • :: ,-_ .: '· ;.:; . ... : · -· · ·· .. 

15 . a·first capacitor" colineclecFbetwmfdie ftnfcimeiffmpufteriniriil ad the:second c\Jrrent 

output terfturuu, ·and: a-~d :cap&eitOr coDnected behWm= Uie·:seeond eurtenf iriput .;terminal 

and the-:firsfeurrenfoutpUtleriillili.l;:.ana··:~:~·~ : ";·· :·, ,:·. ::.:: :< · · -.:- ::.··:·:·· :c · · .:· ~ .- ·.-::..::: - : · · · 

current sWifChiiig mean1ffor establishing· a·Cllrimt patli·betweetfthe·nnleurrmt·outj)Uf · . · 

terminal and· ·thifiieconil':mppty;·tammat wi-"tiie _msfwrite·termiDal and the second write 

20 terminal for a first ~ue~ ot1he --mfonDatioo: siim·· ~a ·r« C'stabliihiiig aeurrenfpath between 

·the second-ciiiieiit·oliqjuf~ mid the --~d ·supply terinfna1 ·Via the· first Write= teitriii1al 

. and the iecmd'Write:termmal·mrisecc>iid"Viltte"otth~'i"ilt"Onnauon"-signat ... :: ... · :: :: . 
· · · ·. : :·The' firit-ancrihe · leCOna 'CaPaCfti>r' iieuriti~··the: parasitic :caPacitances .. by· 

iruectirig. Opi>Osite:~tlve ciirteriiS· irtiO ·the: msf and: th~ '·seCOild-Write 1Crininal. via the ;first 

2s and ·the seCond ·. eurrent :ini#Ot~ · Pot" ail'· Optimum· effecfthe ·a.paatdri me preferably ·used· in ·· 

. pairs, i.e. the first together ·with the· second, ~ order not to dis~rb the symmetry· of the 

~gement. 

United States Patent No. 5,282,094, Figure 1 discloses an arrangement in 

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

30 impedance connection between one of the write terminals and the ~d supply terminal. · 

The other write terminal is then conilected to the high-impedance current. output terminal of 

the first or the second current mirrOr. As a result,· the common-mode voltage ·across the write 
. . 

head does not ~ve a fixed value and depends on the number of ones or zeros of the 

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

bit-pattern-dependent signal distortion. Moreover, the fluctuati~ common-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 characterised in that the current 

·switching means comprise: 

a third current mirror having ·a third current input terminal, 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 current terminal 

connected to the second supply terminal; 

a first switchable current source connected between the first current input 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 second current for the second value of the 

information signal . 

. The write head is now connected betWeen the high-impedance outputs of 

20 four current mirrors, which are turned oil two at a time by means of the switchable current 

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

write head from the first supply terminal to the second supply terminal via the first and the 

t fourth current mirror. 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 voltage and no clamping circuits are needed 

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

If desiredt 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 chanlcterised in that the write amplifier comprises a third capacitor 

connected between the third current input terminal and the fourth current output terminal, 



··------~-~---------------------------------------

·-wo 9513S563 

4 

and/or a fourth caPacimr Cmmected between the !Ourth Current input teniliilal and· the third . 

current output terminal. 
The four current min'ors may ~ of any- suitable type. For a maximal 

swing of the write amplifier a preferi'ed ·emoodbneni of the:IJiBDgement in accordance with 

5 the invention is charaCteriSed m that·the thircf current nnr,or and-the"fourtb current mirror 

each comprise a diode-cOnnected input ·trarisistor- of a fii'si coriductivify iype haVirig a control 

.electrOde and a·second·mam ~-eonnected-to the·thlrct and the·foUrth current input 

teiminal~ .tivety, •d ·having'& firit mairi dectiode. coiipled tO the ·second· supply .. 

terminal,. and an outi>ut ttansisiOr of the "first conductivity "type· halving a control electrode 
. .; 

10 ~nnected ·to the control electrOde ·of the relevant-input transistor, a -first main d~e 

coupled tO the second supply terminal, and a· second: mam electrode connected to the ~ 

and the fourth . current output terminal, and in. that· . .. . .. .. . . . .... . . . 

the fiist cuirent·mirror anci ·the second· curie"nfmirrw 0each comprise a mooe-connected input 

. tralisistOi' of-~ second eondUCtiVity fype having a ·control electrode and a Sec(>nd main . 

15 ·electrode cminected to th"e firSf8nd the second current input terminal, respectively, and 

having a first ~ electrode c0Upled tO the mst -Supply terminal, and an output ttansistor of 

the ·second. conduCtivity type· h&Wig a conttol eiectrode connected to ·th~ control electrode of. . 

the relevant. input trinsiStor, -a: first main. electrode ·coupled· to the. first supply terminal, and a 
. . . 

second main electrode-conneCtecl to the· first ;and the-~ culrent output terminal.* 

20 · - · · ·Cmrmt m&rors· th'tls -implemented -prOdUce a ininimal voltage loss and . 

allow a.n· Output swmg" up tO nearly :the :sUpply" Volta:ge~· MOreover,:: they have basically a 

-single pole in the current ttansfer function, so that no ·additional ringing of the waveform is 

produced. Ringing may lead-to inter-symbol :interference~ : · :· - '· 

It is io be liotecfthaf the transistors may be--bipolir trailsis~- or unipolar 

25 MOS ttansiitOrs~ The eonttol :eleCtrode, the ~f main electrode ·and -the second inain 

electrode corfespond. to·the base, the emitter and the colleetor; respectiv~y,- for a bipolar 

transistor and to the gate, the source· and the dralli, respectiVely, for a unipolar ttansistor. 

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

electrodes of·the input ttansistors_ and output ttansis~ _of the first and the second current 

30 mirror are connected to the first supply terminal via resbtors, and ~e first main electrodes of 

the input ttansistors and output transistors of the third and the fourth current mirror are 

connected to the second supply terminal via resistors. The .resistors provide a better matching· 

between the current mirror ttansistors _ and improve the temperature stability. 
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A first ertibOdiment of an arrangement in· iccordance .with the invention 

with common-mode control is characterised in that the write amplifier further comprises: a 

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

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

5 between Ute 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 re~istor are arranged 

in series across. the write head and also form damping_ resistors for the write head. The 

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

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

10 voltage divider arranged across ·the power supply and 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 avoi,ded 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 

terminal an4 a first nodet a second resistor connected 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 to the control ~e 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 ter;minal, 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 can be realised with comparatively larger third and fourth 

resistors. 
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Oniy two of tbC four cUrrent mnTors ~ active' at the. same time~ The 
turii-:00 or tlie cUrrent ~·can be speectec1 uJ, by. a110wmg qlliescent current io t1ow 

. ·-· .. -·. •. -.... ... . .. . . 
through the four CUrrent JD!rr()is. Then, less current is nemect to charg'e.and discharge the 

stray cap&citances in· the Clirrent DiirrOrS. A. third embOdimeilt. Qf in. ~gement with 
. .· ·- . . . . ... 

S com~on mOde con~l ~ ~~~ Wiih _the inventioii 'is ·characterised hi that the write. · 
• . . ; i. 

amplifier further comprises: . · · · · · · · ·· · ·· 

a fust ~star ~eC~-~ thC. fu.st Write :~il~ai :~,f~ fttst ri~, i second ·resijtOt' 
, ~~teci- ~iWeeri: ilie fus~ ~ode -~d,_the· ~rid write ·te~,· a thkct ~~~r- eo~~ted · 
between the first Write ~ anci a seeorid nOde, a fomb reSistor" cOrinected between 'the ., 

10 second node and the sec0nd write lerinmai, . . . .. . . .. 

a first transistor -of a first c0nduCtivitY type having a control elecirOde~ a first niain eleCtrode 
connected tO. the first ~Ode and a ~nd ~ el~ttocte· ·~~led-tb the mt supply tenniDal, 
a seeond ~sistor. ~f. the ~i ~nduCtiVity ~ ~~g a corttrOl ~trode cO~ectm- tO the 
control el~~ ·of th~_ ~~ ~~~tor, ~-first ·~-~,·Ind a ·~cs· main el~e. 

.. ~- . ··. . . .. ' -- ~-

lS conneicted to. the c0ntrol electiOde of the lecOnd transistOr, a fifth resistor. connected between 
the first supply temiliw and.~ ~d ~ ·~ c)f the ~d .. trlniistor; a third 

trlnsistol' of tbe ~ c0nductiVi~·type having ~-~~i··~ ~ to ·the eontrol · e1ec•. of the first ·transi~, :a first main ~ ciimecteci""udh~ first n~e an&f a 
second main el~ ~~ .o··tiie :Sec:ond: mppiy temili~ai, .· .. ·· · · 

20 a fouith ttansisior-~f· a second.- condUc:tiViiY iJPe b&Vin~ a ~trol ~' a firit .main 
. el~~ ~neeted to. the fu.st node and a ~d mah. -ei~ 'c0iipiecf ·tr. ~e of.Ute third 

. ~urrent iriput ien1una1' and die fourth cu~t.::fu~t tenmnai, a fifth ~~ of the ~d 
condueuvit}r. ~ .haVing a c0ntiol' ~ ~eeted: to the. ~ttol ~eetrode -~f the fourth . 

:. traDsis~,.~ fiat~ ~-~eelect to ille·fusi ~·dectrodeofthe secorid transistor 
. . . . . - - . 

2S · and a second mahl electrodC Connec:tecl. t0 the controi ·.Clectrode of the fifth tranSistor, . . . . 
and a second resistor connected. betweeD the seeorid'. ·supply terminal and the second main 

electrode of ·the fifth trinsistor, a sixth transistor of the second conductivity type having a 
control electrode connected to the control electrode of the fourt:h·transisior, a first main 

. . 

electrode connected to the second node and a sec:Ond main electrode Coupled to the other ·one 
30 of the third current input terminal and the fourth current input terminal. 

This embodiment advantageouSly combines the c0m1non-mode control and 
the quiescent current setting for the four current mirrors. Now the bias currents through the 
four ti'ansistors connected to the first and the second node are not drained to the supply 
terminals but flow into the respective current input terininals . of the four current mirrors and 
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serve as quiescent currents for.i-the current mirrors. The dampiiig resistance is made up of 

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

current mirrors reduce the apparent resistance 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 node, and for the third and the sixth transistor, 

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

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 write head. In this respect an 

embodiment of the arrangement m accordance with the invention is characterised in that the 

first and the second switchable current s0urce comprise: a seventh transistor of a first 

15 conductivity type having a control electrode connected to a· third node, a first main· electrode, 

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

of the first conductivity type having a control electrode connected to the control electrode o~ 

the seventh transistor, a first main electrode, and a ·second 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 electrode coupled to the fourth current input terminal, 

a. diode-connected tenth transist<>r of the second conductivity type having a first main 

J electrode connected to the first main electrode of the eighth transistor and having a control 

electrode and secoiad 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 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 nansistor 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 input terminal. 
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_: - ne··-bias curreiif iource-Ctetenmnes:-ihe·magilitude :of-the write ·curimt­
througti the write head. The bias current is drained to the power supply via the eighth 

transistor or Via th~ twelfth transistor, depending Oii the· value Of the infoniuati0n Signal. The --

seventh, the mnth and the'tenth"ttansistorfOrm a translinear loo}> with the eighth ttansistor, 

s and the eleventh, the thirteCDth and tlie tenth tiansist0r form a tiiii~ear loop With the -
tWelftlt transistOr. Condudiori of the -eiihtli or' the tWeICth-triDSistor now resutts in: an - -

mnplified curreltt' floWing from the' fitsfcurrmt uiput ·terftllnal-tc)· the· tiiird ~cllrienfinput . 

termirial via the SeVCnth. and 1he ilinth tilnsistor or &Om the second c0rient "input-terminal to 
- -

the fourth curreni "Input -terminal. The d.c. level of thcdnforiMtion. signal at the third and the 

10 fifth node, applied Via ·a suitable buffer if required, is fully ls018ted from -the d.c. :level at the . 

current _input· tenriinals. ·TJie: switchable --current SOurCes thus· form floating-switchable- current 

sources whose switching ~gnats· have d~~~- leVels:which can be-.chOsen freely. 

_. "The buffers for the inforination siPa'i"·"ean be emitter" followers or source 

followers. ·The qui~t~t supi)ly foi' these foli0Wel-S-c:art6e·c0mbinect-adyantageously 

15 with the Culrent siippiy for the switcha1>1e·CUfient ·s0urces:'To~this end:- an embodiment of 
the amngement _is• furthd- Chatacteriied in :that' the fitSt ind the. secOnd sWitchable current 

.. - .. · source further comprise:· - ·- - - · 

a fourteenth ttansistOr-.of the fiiit conClucliViiy-tjpe h&Ving- a· Control electrode for receiving 

the inforlnatioo sign8t, a ·firsi-iftam ~eteCtrode-c0nnected io the third 'node and a secimd main 

20 electrode· coupled -to ·tlie--first ·10ppiy temiliull, · ~- fifteenth' tiarisiStor of the fiist conductivity 

type having a Control -electrOcie tor· recaving the bifomiation" sigiial; a first main _electrode 

conneeted tO the ftftlrnOde and a--(t-.riuim-eledrod~ coupfeidto the first supply temUnal, 
a sixteenth uansisUn- of tiie firsi-conciuCtiViiY type iimng' a· eontrol eiedrode "coimectecl-- to the 

controi etectrOde -of the "eiihth ttanSiitor~ a first main eleclrode connected to the firit. mm 
~ electrode of the eighth transiltor~ an~. a "ieeond nwrreiecirode CC>uPled t() the fiftli'" node, a 

seventeenth ttansistor of the -first conductivity type having a control electrode· eonneeted to 

the control electrode of the twelfth lrallsistot, a -first -main electrode connected to the first 

main electrode of the twelfth ttansistor, and a second main electrode coupled to the third_ 

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

30 and the second main electrode ~f the twelfth ttansistor being connected _to the fifth node. 

The fourteenth· and the fifteenth ttansistor 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 that always-one half of the bias. current from the bias current 

source flows through one _sijnal follower and the other half tilrough the other signal follower. 

The cutrent switching means may also be ~sed in another manner, for 

example as known from United States Patent No. 5,282,094, Figure 1. To ihis 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 transistor of the first conductivity type, whose first main electrodes 

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

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

the first current input terminal and the second current input terminal, respectively; a first 

current sensor resistor connected between the second supply 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 control electrode and first 

main electrode connected to the· first current sensor n;sistor and a second main electrode 

coupled to the first cunent output terminal, and a second pull-down transistor of the first 

conductivity type having a con~l electrode and first main electrode Connected to the second 

20 current sensor resistor and a ·second· mam electrode coupled to the second ciJrrent output 

terminal. 

The activation of one of the current mirrors is detected by a current 

through one of the current sensor resistors. The voltage across the relevant current sensor 

resistor turns on ·the associated pull-down tranSistor, which in 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 preferred 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 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 
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These and· other asPects ·of the invefition· will. be described and elucidated 

10 with.reference to the"~mpailying.drawings, in which 

Figure I ·shows a biock magmm:·of an embOdiment of an arrangement for 

~ing an inforinmon ~gnal on a·.Daindic~tecorcl cairier in 8cc0rdance with· the ··· 
. . - .... . ., 

invention, .• ............ . 

Figure 2 ls ·a cfrcuit diagiam of an ·embodlmeni ·of an-arrangement for 

15 ~g ~ informati~ ~ on a: magnetic recoi-d carrier in -accoroance with "the 

20 

invention, · 

· Figme 3· is a circuti diagrUi ·or-an-embOdiment"Of an arrangement for 

recordini ·~ innmnatioo .signil on~ ·mBgnene· reeoi'd ·earlier in 8cCoidance ·with the. 

invention, 
- ·- . ·-····· -­. . .. '• ... · ... 

. . Figure. 4 .Shows ;ffitst c0min0n.;m0de cilcuit tOr use in an arrangement in 
~idan~ wltli ·th~ iliventioo~· .. · · · · · ,·: : ·· · 

Figure S shows a $CC011d common-mode circuit for use in an arrangement 

in accordance with the invention,-

·. Figure 6 shows a circuit diagram of an embodiment of an arrangement for 

25 rec:Ording an information signal on a magnetic .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 implementation of switched current st>urces for use 

30 in an arrangement in accordance with the invention, 

Figure 9 shows a second implementation of ~tched current sources for 

use in an arrangement in accordance with the invention, 
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Figure 10 shows a circuit diagram of an embodiment of an arrangement 

for recording an information signal on a magnetic record ~er 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 elements beat the same reference symbols. 

Figure 1 shows the basic structure·of an arrangement for recording an 

information signal on a magnetic record carrier in accordance 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 terminal 10 and a 

second supply t.ermina1 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 10; 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 terminal 32, a third current output 

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

connected to-the second supply terminal 12; a fourth current mirror 38 having a fourth 

current input terminal 40, a fourth current output 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 ip.put terminal 40. The first.switchable current source supplies a 

first current for a first value of the information signal Ui and is currentless for a se.cond 

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

30 binary data signal for a dislc 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 switchable current 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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... Wheai the. tint mfchable:Current-source· 46 is tumec1· OD current: Wm flow 

from the first supply ierminaI 10 .. to the second $uppiy. tmninal i2 ibroligh the first ·current 
input terminal 16 of the tint eurrent mirror 14 and through the fourth current input terminal 
40 of the fourth current· mirror 38. A cUrrent which is M: limes as latge flows in· the same 

s direction from the first current output temiinat··f8 of th~ firsi.cu~·miiror 14· tO the fourth 
curlent output teimmaI 42 ··~f tbe ·totirth. ~t .ttdrtor ·33 via' the firSt write terminal 6, the 
wri~ h~ 2 ilaid tlie ~cl. Write termlnaf 8. ·aere, M is th~ .cmTerit. iiiirfor ratio of the 
~t miirorS'l4, 22, 3o anei·38~ ·nae secOrtd~ switthabu;·Curfe.it Source 48 iS'tiitned off, so 

. . .. 
that the second cUrrellt mirror 2~ and the third current mirror 30 are inoperative. Now a 

10 write cWrent flows trorii the fii'St write terminal .6 to the second write ~iminaf g through the 
.... 

write• head 2~ 

. . . . . : . •'When ihe 'first switchable current source 46 is turiled off and the seamd 

switchable current" ·source 48 is turned: (;n the· Secorici· cu~t'lnittor 22 IPld the third. Current 

minor 3o are 'active· aiid ~ 'oiher iWo cUrtelit ~tniriors t4 ~iaid 38 are Ulactive: Now a write 

15 current-flo\Vs in the opposite mrection troni.··~e·~··wrtie·fenninal· 8 to the first write 

terminal 6 thrOugh the ~te lieacI 2: If will~ obvioUs tblt tiie:fitst current" of the first . 
switchable· cuitent ·1ource 46 ·am1 the·~ cl.~t--Gf ·ibe· -second switchable current source 
48 should be equal -in:~ tO ·c.btain ~~f\vrtte-"cUtreiits in: bOth dkeetiems in the 'case· that 

. . . . .... - --· .. ... . .. 
the-c~t- rilirrOl ratios ·ot the e1lrrent inirrors are all eqlial~ · 

20 · - · · Figure ·f ~s·an· ~ment· in which ·the fitSt Current miri'Or 14. and 
. the second clittent ~-22··c0mprile·biPol8r PNI>··ttaJtsiiiors and .. tlie:third cutterit mirror· 
~ aild the ·tori: ~(iniimr 38 comPriae bipc)J.ar·NJ>r~f ttanSistots. Howe\ter, ·it is·to be 

~otCd that iil the Cm:.iit ariaft-tl disclo~· 8nd··m:be.ciisclosed bip01ar·lrinsist0rs may be 
repiaced wholly bi ~y·:·bJ Wdpo~'ldos· traDsistOrs. Tlie ~iroi el~, the first-main 

. 25 electrode and lltt" second. niain-·~ cottesPmid to the ·base, ·the. en1iuer and. the c0lleCtor' 
. . 

respectively, for a bipOlar traniistot•and to the gate, the source and the drain, respectively, 

for a unipolar trlnsistor. The first current mirror 14 comprises a diOde-connected PNP input 
transistor Tip1, having its emitter connected to the first common current terminal 20 via an 
optional emitter resistor Rq,1, as shown in Figure 3, and· its collector to the first current input 

30 terminal 16, and a PNP output transistor Top1, having its base connected to the base of the 

input·transistor Tipl' its.emitter t() the first eommon current termina1·20 via an optional 

emitter resistor Ro,·1, as shown in Figure 3, and its collector to the first current output 
terminal 18. The optional-emitter reSistors improve the matChing of the transistors and 

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

likewise compnse NPN trans~stors and optional emitter resistors, the electrodes of the 

respective transistors being c:Odh~ to the corresponding terfufuais of the current mirrors. 

Figure 2 further shows a number of parasitic capacitances, i.e. one having 

5 a value Ccwp between collector and well of the PNP output transistors Topi and Top2, one 

having a value Ccsn between collector and substrate of the NPN output transistors T on3 and 

T 084, one having a value Ccbp between collector and base of the PNP output transistors T 0p_l 

and T 0P2' and one having a value Ccbn between collector and base of the NPN output 

transistors T0 n3 and Ton4• All ~ese 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 of 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 Cnp' Cun l?d Cu, respectively. The capacitor 142 is connected 

15 between the first current input 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 18, the third capacitor 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 th_e third current output ~al. 

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+Cc1n+(l+M)(Ccbp+CcmJ + (1-M)(Cup+CnJ)/2 
.. 

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

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

voltage at the third current output terminal 34 is assum~ to be V, the voltage at the fourth 

current outpu_t terminal 42 will be -V. The current i in the third current output terminal 34 is 

then: 

30 1 = p*V*Ccsn +p*V*Ccbn +p*V*Cg + M*{p*V*Ccbn-p*V*Cnn} = 

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

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

mirror factor M. A similar calculation applies to the other current ou~ut terminals. 
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·.··with_ M = s,- t~+c~sn · ·.6 pF anei·~~b~+ccbn · 4 pF ch ·will be 15 
pF without neutrali5ation and 5 pF with neutralisation, assuming that" cnp + CDD . = 5 pF. 
This yields an i11_1provement by a factor of 3. 

The ck-rent mirrors and the neutrBlising capacitors thus provide a broad-
. s band write mnplifier with. a very large output swing·, whicli ls nearly· equal tO the supply . .. . . 

~oltage. In addition, it. is poSsible. not Oi1Iy to neutraliie the pirasitic :caPaeit3nces of the Write 

amplifier but aisti to ne\Jttalise tiie ~tic •Wic:t bf ·!he Wii~ head Itself (liOt 'shown in 
Figure 2) by making tlit ilellttallsing caPacltOrs sfilncl~tly large~ In that· caSe the Write 
amplifier 4 will oscillate ·when ·the Write head 2 is -discminected. This makes it possible to 

. 10 detect a defeetive contact between the rCad amplifier. arid. the Wri~ head by means of a 
detection circilit, which detects wheth~ the write mitplifiei oiclJ.lales.·: · 

It Will aiso be obvlo~s that th¢ neiltralislng.~ffeCt~is atre&dy.obtained with 
. one neutralising capacitor. ·However, in order to m8intain the· symmetry of the arrangement 
and to a-Void unnecessary loadllig of a· ~rrimori•~ode eontrol circuii, it ·ts prekrreci. t0 USe 

15 neUttalising· alpacitors in tWo pairs. . . 
The common~mOde voltage of the Write head :2 is coinpl~y 

mdetermiilate ;ind may fluctuate.with die datt pattenl of.the informati0n·signal to.bC 

recotded. This is undesirable. The eonimoo-niOde voitage. shoWd plderably lie h8lfway 
between the aVallable ouq;ut swing and.·shohld be in~~t :of the qnal .. content of ihe 

20 signat to be recoi-ded. · shice: die' wnti head 2 is arranged eiclusivety bCtween high~impedance 
outputs of current mirron it iS. Possible t0 fiX ·tiie cortimon-nia&; wltage with a ·c0mmon-
mode circuit. 

Figure 4 .shows a simpie cotntnoJi-mode·circllit .. A· senes arrangement of a 
first resistOr so·eOimecied ~the .first write••termmat6 ancfa first bode 52, a second 

25 resistor 54· cminected between ·the first node 52 and the second write terminal 8, a third 

resistor 56 connected between the.first suPJ>ly tenninal 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 SO 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 minimal impedance is desired. 
However, the resistance value of the resistors 56 and 58 C:annot be chosen arbitrarily small 
on account of the increasing current through these resistors. 

Figure S shows a common-mode circuit which mitigates this problem. The· 
circuit again compri5es a· first resistor 60 connected between the first write terminal 6 and a 
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first node 62, and a second resistor 64 conneeted between the first node 62 and the second 

write terminal 8 and, in addition, it comprises a first NPN transistor 66 having its emitter 

connected to _the first node 62 and havmg its collector coup1eftb ·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 third resistor 70 connected between the first supply terminal 10 and the 

collector of the second NPN transistor 68, a first PNP transistor 72 having its emitter 

connected to the first n~e 62 and having its collector coupled to the second supply terminal 

12, a diode-connected 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 connected between the second supply terminal 12 and 

the collector of the second PNP trarisistor 74. -

The circuit 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 maximum current to 

15 be supplied by the first NPN transistor 66 or the first PNP transistor 72. The effective 

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

resistor 64 being equal to Rd/2. The overall damping 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 Figmes ·1 and 2 it is desirable· to have a quiescent current in the 

current mirrors. This quiescent current letting and the common-mode circuit can be 

combined advantageously. Figure 6 shows an embodiment in which this is implemented. The 

I write amplifier 4 again 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 

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 ~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 emitter to 

the secOnd node 84 and having its collector coupled to the second current input terminal 24. 

The common-mode circuit further comprises 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 ta the third current 

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

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

emitter of the second transistor 88, a fourth ~stor 98. connected between the second supply 

5 terminal 12 and the co~ of the fifth transistor 96, and a sixth tratisistor·too of the PNP 

type having its.base connected tO the.base of.the fourth tranSi$tor 94-aild its emitter to the 

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

first node 80 and the second·n~ 84 are intercoru1ectect The·.quiescent.current which flows 

through the transistors.86 and 94 now also .flows intO the.first current input terminal 16 of 

10 the first current mirror 14 and into· the third current input terminal 32 of the th~ 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 of the ·transistors 92 and 100. The 

effeetive 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 82 .an~ M is the. current mirror ratio 

15 of the curient mirrors i4, 22, 30 arid 38. · A voltage .variation at the ·Write terminal 6 

produces in the first resistor 78 a current-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 colledor 

of the transistor 94 may be coupled to the fourth current input tenirlnat· 40 in~· of to the 

20 third current input .terminal 32 :and that ~ collector of the transistor·too may be coupled to · 

the third current input terminal 32 instead of to the fourth ·current input terminal 40. This 

makes no difference for the quiescent current setting because the current in. the transistors 94 

and 100 is the same. If desiml, ·instead. of the ·transistors 94 and 100,- the collectors of the 

transistors·86 and 92 may be connected crosswise to the cuirent input terminal 16_and 24. 

25 Figure 7 shows an altemative solution, in which the COilllection 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 CQnnected between the write terminal 6 and the second node 84 and a 

sixth resistor 104 between the fjrst 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 emitters. This mitigates the 

effect of a possible mismatch between the transistors 86 and 92 and 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 collector of the transistor 100 may be coupled to the third current input terminal 32 

instead of to the fourth current input terminal 40. · 

Figure 8 s&Clws a circuit diagram of an implementation 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 connected 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 current input terminal 32. 

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

information signal Ui and the inverse information signal ·NUi via buffers 128 and 130. When 

t 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 ~e base-emitter 

voltages o(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 current I through the transistors 106 and 112 is equal to I = SQRT (M * N) • 

Ic, where SQRT is the root function, M the ratio between the emittet 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 terminals 16 and 40, whose magnitude is 
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proportional to· the current Ic, the proportionality factor being determined by the geometries 

of the transistors 106, 110, 112 and 116. 

Likewise, a ~t will flow between the· second current input terminal 
24 and the third· 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 example an IDAC (digital-to-analog converter 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 suPJ>ly voltages at the first supply 

terminal 10 and the second 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 ~O. The collector of the transistor no is connected 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 is connected to the emitter of the emitter-follower 134. The 

collectOr currents of the transistors 110 and 124 consequendy also flow through the emitter­

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

having its base connected 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 trarisistor 

138 having its base connected to the base of ihe transistor 124 and its emitter to the emitter 

of the transistor 124 and haVing its coll~r coupled to the third node 108. The transistors 

136 and 138 ensure that the currentS. through the emitter.;followeis 132 and 134 cannot 

become 7.e1'0 if one of the transistors 110 and 124 is cut Off. Thus, each of the two emitter-
30 followers always receives half the bias current 1c if the geometries of the transis~rs 110, 

136, 138 and 124 are selected 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·ilrows another embodiment of art"arrangement in accordance 

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

5 ~.at in the embodiments described hereinbefore. The 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 terminals are coupled to the write head 

2 to supply a ·write current. A first supply terminal 10 and a second supply terminal 12 serve 

1 O to receive a supply vDltage 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 current terminal 20 conn~ 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 

current 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 neutt.alising capacitor 144 is connected between 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 those of the arrangements in 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 current source 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 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 sen59f 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. 
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'Jbe differential pair transfers the bias current of the bias current source 

154 to the first current input terminal 16 0r to the second curient input terminal 24. If the 

first current mirror 14 receives current the second pull-cl.own transistor 166 is turned on, as a 

result of which the write terminal 8 is interconnected to the second· supply ~inal 12 and 

5 the current can flow from the first. current output terminal 18 · tO the second supply terminal 

12 via the write head 2. If the second current mirror 22 receives current this results iii a 

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

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

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

10 diode-connected PNP; input transistor Tip having its base and c:Ollector connected to the first 

16 and the second 24 current input terminal, respectively, and having its· collector coupled to 

the first supply terminal 10, a PNP output transistor Top 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 output 

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

the base of the relevant input transistor TiP' its emitter coupled to the first supply terminal 

10! and its collector connected to the further first 162 and second 158 c~t output 

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

If desired, the bipolar transistors in the examples shown herein may be 

20 replaced by unipolar transiston, for example MOS transistors. In that case base, emitter and 

. collector· should read gate, source and <Qin. 
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Claims: 

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 the 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 terminal. 

2. An arrangement as claimed in Claim 1, characterised in that the write 
.... - - . . -

10 amplifier (4) comprises: a first supply terminal (10) ~d a second supply terminal (12) for 

the connection of a supply voltage for the write amplifier (4); 

a first current minor (14) having a first current input terminal (16), a first current output 

terminal (18) coupled to the first write terminal (6), and a first comm~n ~t terminal (20) 

connected to the first supply ·terminal (10); 

15 a second current mirror (22) having a ~d 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); 

J at least one of two capacitOrs (142, 144), of which a first capacitor (142) is connected 

between the first current input terminal (16) and the second current output terminal (26), and 

20 a second capacitor (144) is-'COnllected between the second current input terminal (24) and the 

first current output terminal (18); and 

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

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 

(8) for a second value of the infurmation 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) c0upled to the first write terminal (6),.and a third common current termirial 

(36) connected to the second supply termiu,l (12); 

a fourth current mirror (38)" having a fourth current input terminal ( 40), a fourth current 
S output terminal (42) coupled to the second write terminal (8), and a fourth common current 

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

a first switchable current source (46) connected between the first current input terminal (16) 

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

information signal; . 

10 a second switchable current source (48) connected between the sc:cond current input terminal 

(24) and the third current inputterminal (32) for supplying a ~nd current for the second 

value of the information signal. 

4. An arrangement as claimed in Claim 3, char8cterised 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-coniiected 

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

electrode eonnected to the third (32) ~ the fourth (40) current input terminal, respecti~y, . 
. and having a first main ~ectrode coupled to the second supply terminal (12), and an output 

tr8nsistor (Ton> of the first cond~t;ivity 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), and 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 diode­

connected input transistor. (T q,) of a second conductivity tYJ>e 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 type having· a ~ntrol 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 electrode connected to the first 

(18) and the second (26) current output terminal. 
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6. An mangement as claimed in Claim S, characterised in that the first main 

electrodes of the input transistors (Tip) and output transistors (Top) of the first (14) and the 

second (22) current mirror·are connected to the first supply terminal (10) via resistors CR;p, 

Rop), and. the first main electrodes of the input transistors (Tin) and output transistors (Ton) of 

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

(12) via resistors CRtn, Ron). 

7. An arrangement as claimed in Claim 2, 3, 4, Sor 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 second resistor (54) connected between the first 

10 node (52) and the second write terminal (8), a third resistor (56) connected between the first 

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

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

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

thew.rite amplifier further comprises: a first resistor (60) connected between the first write 

15 terminal (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 main electrode connected to the first node (62) and a 

second main electrode coupled 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 main electrode connected to the 

control electrode of the second transistDr (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 transistor (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 transistor (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 terminal (6) and a first node (80), a 

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

(84), a fourth resistor .(82) connected between the seco~d node (84) and ttie second write . 

terminal (8), 

a first transistor (86) of a first conductivity type having a control electrode, a firs~ main 
5 electrode connected to the first node (80) and. a second main electrode coupled to the first 

supply terminal (16), a second transistor (88) of the first conductivity type having a control 

electrode connected to the control electrode of the first transistor (86)' a first main electiode, 
and a second main electrode connected to the control elec~. of the second transistor (88), 

a fifth resistor (90) connected .between th~ first .supply terminal (10) and the second main 
10 electrode of the ~d transistor (88), a third transistor (92) of the first .conductivity type 

having a control electrode connected to the control electrode of the (int transistor (86)' a 

first main electrode connected to the first node (84) and a second main electrode coupled to 
the second supply terminal (24), 

a fourth transistor (94) of a second conductivity type having a ~trol electrode, a first main 

15 electrode connected to the first node (80) and a second main electrode coupled to one of the · 
. . 

third current input terminal (32) and the fourth current input terminal (40), a fifth transistor 

(96) of Ute second conductivity type.having a control electrode conn~ to the control 

electrode of the fourth transistor (94), a. first main electrode connected to the first main 
electrode of .the second transistor (88) and a second main e1ectrodC connected to the control 

20 electrode of the fifth transistor (96), a ~th resistor (98) connected between the second 

supply terminal (12) and the second~ electrode of the fifth transi~tor (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 electrode coupled to the other one of the third current input 

2S terminal (32) and the fourth current input terminal (40). 

10. An arrangement as claimed in Claim 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, S, 6, 7, 8, 9 or 10, 

characterised in that the first (46) and the second .(48) switchable 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 input terminal (16), an eighth transistor (110) of the first conductivity type having a 
. . 

control eleetrode connected to the c0ntrol electrode of the ~th transistor (106), a first 
main electrode, and a second main electrode coupled to .the first supply terminal (10), a ninth 
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transistor (112) of a second conductivity type having a control electrode connected to a 

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

transistor (106), and a second: main electrode coupled to the fourth current input terminal 

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

5 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 source (118) coupled to the fourth node (114) to supply a bias current to the 

fourth node (114), 

an eleventh· transistor- (120) of the first c<>nductivity 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 inJ>Ut terminal (24),. a twelfth transistor· (124) of the first· conductivity type 

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

a first main electrode, and a second main electrode coupled to the first supply terminal (10), 

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

15 conn~ted 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 s0utce further comprise: 
-· - . . . 

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 mam electrode coupled to the "first supply terminal (10), a fifteenth transistor "(134) 

t of the first conductivity type having a control electrode for feceiving 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 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 electrode 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 coupled to the third node (108), the 

~d 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). 
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13. An arrangeinent as claimed in Claim 2, characterised in that the cunent-

switching means comprise: 

a differential pair comprising a first differential-pair transistor (150) of a first conductivity 

type and a second differential-pair tranSistor (152) of the- first conductivity type, whose first 

5 main electrodes 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 

e1ectrOdes 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 se.cond current 

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

terminal (12) and a further first current outpui terminal (162) of the first current mirror (14); -

a first pull-down transistor (164) of the first conduetivity type having a control electrode and 
. . 

first main electrode_ ~ected to the first current sensor resistor (156) and a second .main 

electrOde coupled to the first current output terminal (18), and a second pull-dowft transistor. 

15 (166)_of the first conductivity type having a c0ntrol electrode and first main electrode 

connected to ·the second current sensor resistor (160) and a second main electrode coupled to 
the second current output terminal (26). 

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

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

20 ·input transistor <Ti,> of a second eond~vity type having a control electrode and second 

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

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

tiansistor (Top)- of the secolid conductivity type having a control electrode connected to the 

c0ntrol electrode of the respective input transistor (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, ~vely, and a further output transistor (T' o.,> ~f the 

second conductivity type having a control 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 electtode connected to tne further first (162) and second (158) current 
30 output terminal, respectively. 

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

the preceding Claims, for recording an information signal oil a magnetic record carrier~ 


