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PCT/ 1 B96/ 01211 Arrangement conprising a nagnetic wite head, and wite
anplifier with capacitive feed-# forward conpensat.i-on

The invention relates to an arrangenent for recording an information signal
on a magnetic record carrier, conprising a wite head for recording

i nfornmati on orVOR#1¥M4E or d carrier, and a wite anplifier rIMpIGEI2ING:

a first signal termnal and a second signal tlermi nal for receivi ng opposite

signal s represgnta- i ve. of t i nformatign_sj [ first. wide
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to dri ve tfopwvardicompérsation n response to the information signal; a
first supply termnal and a second supply term nal for connection of a
supply voltage for the wite anplifier; 10 a first current mrror

having a first current input termnal, a first current output term nal
coupled to the first wite termnal, and a first common current term nal
connected to the first supply term nal; a second current mrror

havi ng ? secolnddcurreﬂt'menavangbeww' {o ancarfu &ﬂéﬁtg&ﬁxl’e&?&inglihﬁhformaﬁon signal on
term nal coupled to the second wite termnal, a second conmbn curren
Corminal 15 cbRARRESJo0ES Coper, omprisins 8 Wrie bea o5 recordipg miormafipy pp e reco
swi t chi ng neanGarfié| afda Wit @mplifer dofiprisihpOW via a first current path
between the fir

termnal via t‘hg}'sf sigogl %é na%‘@ r%Ut Ut w&eﬁg\:ma&q récgi%i“sgeocf’gggtess%‘g{sxep’em‘a'
5 tive of the information signal;
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 information signal;
a first supply terminal and a second supply terminal for connection of a supply voltage for
the write amplifier;

10 a first current mirror having a first current input terminal, a first current output terminal
coupled to the first write terminal, and a first common current terminal connected to the first
supply terminal;

a second current mirror having a second current input terminal, a second current output
terminal coupled to the second write terminal, and a second common current terminal

15 connected to the first supply terminal; and
current switching means for enabling a current flow via a first current path between the first
current output terminal and the second supply terminal via the first write terminal and the
second write terminal for a first value of the information signal and for enabling a current
flow via a second current patﬁ between the second current output terminal and the second

20 supply terminal via the second write terminal and the firsi write terminal for a second value
of the information signal.

The invention also relates to a write amplifier for usc in such an arrangement,
Such an arrangement and write amplifier are known from United States Patent
No. 5,282,094, Figure 1. Write amplifiers baving inductive write heads are used inter alia in

25 _hard disk drives for the storage of digital information signals, the polarity of the write
current through the write head being reversed in response to the bit pattern of the informa-
tion 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



second wite termnal for a first value of the information signal and for

enabling a current flow via a second current path between the second
current output termnal and the second 20 supply term nal via the second
wite terminal and the first wite termnal for a second val ue of the
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current having a direction corresponding to the direction of the current flow in the second
current path in response to the information signal.

During signal transitions the first and second compensation means feed

20 capacitive charge via the current mirrors to the write terminals. These additional capacitive
currents help to compensate the capacitive currents flowing into the parasitic caphcitances,
thus improving the slew rate in the write head. As the compensation is based on feed-
forward, over-compensation only results in overshoot, but not in instability.

According to the invention a feed-forward compensation can be obtained with

25 an embodlment which is characterised in that the first compensation means comprise a first
feed-forward capacitor inserted between the first current input terminal and the second signal

- terminal and the second compensation means comprise a second feed-forward capacitor
- inserted between the second current input terminal and the first signal terminal. For an
optimum effect the capacitors are preferably used in pairs, i.e. the first together with the

30 second, in order not to disturb the symmetry of the arrangement.

In the known arrangement polarity reversal of the current through the write
head is effected with current switching means which establish a lbw-impedance connection
between one of the write terminals and the second supply terminal. The other write terminal
is then connected to the high-impedance current output terminal of :ﬁe first or the second



conprises at |east one of: first conpensation neans for adding to the
first current input termnal a capacitive current having a direction
corresponding to the direction of the current flowin the first current
path 15 in response to the information signal; and second conpensati on
means for aﬂﬁi%gugf the second current input termnal a capacitive
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WD 97/ 1944%erminal coupled to the second write termmal and a fourth common current terminal
PCT/1B9 Olzljécted to the second supply terminal;
a first switchable currcnt 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
signal;
a second switchable current source connected between the second current input terminal and
20 the third current input terminal for supplying a second current for the second value of the
mformatxon signal.

The write head is now connected between the high-impedance outputs of four
current mirrors, which are turned on two at 'a time by means of the switchable current
sources. When the first switchable current source conducts a current will flow through the

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

| 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
30 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
to preclude oversaturation of the output transistors of the write amplifier.
If desired, the third and the fourth current mirror may also be used for feed-



current mrror. As a result, the common node voltage across the wite head
does not have a fi xed val ue and depends on the nunber of ones or
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of the bit pattern. The current nirrors then
- supply terminal vig the second bias current source;

first, second, third and fourth coupling resistors for couplmg, respectwely, the first main
electrode of the first transistor to the first main electrode of the fifth transistor, the first main
electrode of the second transistor to the first main electrode of the sixth transistor, the first
main electrode of the third transistor to the first main electrode of the seventh transistor, the
25 first main electrode of the fourth transistor to the first main electrode of the eighth transistor;
. a first capacitor coupling the first main electrode of the second transistor to the first main
electrode of the seventh transistor and a second capacitor coupling the first main electrode of
the third transistor 1o the first main electrode of the sixth transistor;
the second main electrodes of the first and fourth transistors being coupled to the first supply
30 terminal; and the second main electrodes of the second, third, sixth and seventh transistors
being coupled to, respectively, the first current input terminal, the second current input
terminal, the third current input terminal and the fourth current input terminal.
This arrangement buffers the information signal, is fully balanced and uses only
two feed-forward capacitors instead of four.




saturate only during the peaks of the wite head voltage and no cl anpi ng

circuits are needed to preclude oversaturation of the output )

transistors of the wite anplifier. |f desired, the third

and the fourth current mirror may al so be used for feed- WO

97/ 19445 719445

PCT/ | B96/ 01997 forward conpensatingsthe parasitic cRJ4BM%Hdes, for

whi ch purpose the arrangenent in accordance with the invention is

further characteri sa¥e iidurtclifént infifrol¥ by b 8PArly' suftsbié glp& DEdr a maxxﬁﬂm%hﬁﬁ at
between the third

| east one o athir eed- forvvard capaci I nserte
current WBffta"ﬂg'r‘j YT A Rreferrrg empod E&é’bﬁé%lame“leé‘r%%‘éﬂ'fdm “athftb‘tlrt h
f eed- f or warigven@aizi chiXacteried ih Bft the thied ¥Rt iFor Sidl thd f&wc%ﬁém'xﬂﬂb} each

termnal and the first signal termnal. four
f eed- f or warr@mgEA fiode-conaected inputijgangistor, gfa Systpw@ucwwrtm hayingA gmm at

T ggdf 1)1[ S% he 1 n?%ﬁ %memhsuw c?gﬂércggqgﬂfdéngﬂaﬁf '{!mg"ne ar g‘ﬁllg\e/(rarent
accor di ng ttQIﬂtlm tegpeetinelyo and davingaa fiest anains dectrode conpled: loathe sdmmd/\supplg
Fransi st or SSHE! sARARE Ranchibr, df i hen, SRRy betB Y coRll lefrie "
el ectrode, camfecwmto ﬂulcnnml@lncmlteofahdMom umnstoneladirstrmain el&bedecont r ol
e SC1 T 005 et 1 Mokd iy R0 WA B M Bl e,
t ransi si®r and ierfourttocyrreat ovtputitermisatcanddinghaynal 't er mi nal ; fifth, sixth,
ig\r/]_ent h an?'bﬁef"g{]%"g{eﬁ' g}gé‘l’rs rﬁ%% sec Qd Co?fé&ht | Vi I%@é’éﬁlg each rllr%)\{zlt ng a
el ectrode; transistorooffd seséndocotiductisity oype hiVing a eoritfob electheer2hd a *E&dmﬁ rol
ol et odo SETHE el e et B he FRoPE B apigesHBa s RSy
termnal vihavihdie fikstinudin bieetfode CouRES 1oIhe!fifse sup@ryd:ehﬁsﬁaxg: aid abutplteahsisteess of
A T R ELE CER Rt T R DX
the relevant input transistor, a first main electrode coupled to the first supply terminal, and a
second main electrode connected to the first and the second current output terminal.

.Current mirrors thus implemented produce a minimal 'voltage loss and allow an
outpui swing up to nearly the supply voltage. Moreover, they have basically a single pole in

20 the current transfer function, so that no additional ringing of the waveform is produced.
- Ringing may lead to mter-symbol interference.

It is to be noted that the transistors may be bipolar transistors or unipolar MOS
transistors. The control electrode, the first main electrode and the second main electrode
correspond to the base, the emitter and the collector, respectively, for a bipolar transistor and

25 to the gate, the source and the drain, respectively, for a unipolar transistor.

This embodiment may be characterised further in that the first main electrodes
of the input transistors and output transistors of the first and the second current mirror are
connected to the first supply terminal via resistors, and the first main electrodes of the input
transistors and output transistors of the third and the fourth current mirror are connected to

30 the second supply terminal via resistors. '

The resistors provide a better matching between the current mirror transistors
and improve the temperature stability.

A first embodiment of an arrangement in accordance with the invention with
common-mode control is characterised in that the write amplifier further comprises: a first



20 supply term nal via the second bias current source; first, second,
third and fourth coupling resistors for coupling, respectively, the first
mai n el ectrode of the first transistor to the first nain el ectrode of
the fifth transistor, the first main el ectrodg of the second

transi stor tWOSH4S rst mai n el ectrode of the sixth tranSIﬁéﬁmaﬁﬁﬁfl rst
mai n el ectrode of the third tranS|stor to Bhe first main el ectrode of the

seventh transistor, the é! mai n el ectrode Ff the fourth transistor
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first main ' el ectrode of the seventh transistor and a second capacitor
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mai n el ectr géH:h W A% nod t he second nai n el ectrodes of
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seventh tra r [ S /. ent
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i nput t er nmi neditechead isrequéldothévaltage emlha ﬁmnode,ewhiich:ﬁbnns the centre tap of the first
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97/ 19445 . the power supply and comprising the third and the fourth resistor. The fixation of the
PCT/IB%/ 1211 e. f oyr ent m rf.arns n
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enbodi ment  odn inpedance &mmewmvadw uﬁmewroialua:mcmkﬂiﬂg mmpanon in thervoRagei dWidérs
characterised in tha th th| glrré’gsﬁl Mmrror fou?th current
mrror each hﬂ uER Be CuRRatan.R sq Yie asrangement with

conduct i Vi t Yoomtih Jﬂé&d Edhtrol npiu‘omhnceiwai msiiﬁ\eﬁhmm@hm% mat me&brnst rode
connected to t e third and the fgurth current i nput
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supply 15 #if RedeRh sechind redistdtdoRhectdd tRRFecA HEY il ndde@nd kHeSdecorianiaite terriinal,
type having a control el ectrode
a first transistor of a first conductivity type having a control electrode, a first main clectrode

connected to the first node and a second main electrode coupled to the first supply terminal,
a second transistor of the: first conductivity type having a control electrode connected to the
control electrode of the first transistor, a first main electrode, and a second main electrode
20 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 main electrode con-
nected to the first node and a second main electrode coupled to the second supply terminal, a
fourth transistor of the second conductivity type haviﬁg a control electrode connected to the
25 control electrode of the third transistor, a first main electrode connected to the first main
electrode of the second transistor and a second main electrode connected to the control
electrode of the fourth transistor, and a fourth resistor connected between the second supply
terminal and the second main electrode of the fourth transistor.
The first and the second transistor operate in class A/B and produce at the first
30 node a low impedance, which can be realised with comparatively larger third and fourth
resistors.
Only two of the four current mirrors are active at the same time. The tum-on of
the current mirrors can be speeded up by allowing quiescent current to flow through the four
current mirrors. Then, less current is needed to charge and discharge the stray capacitances



connected to the control electrode of the relevant input transistor, a
first main el ectrode coupled to the second supply termnal, and a
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first current input terminal and the fourth current input terminal, a fifth transistor of the second

_ donductivi'iy type ha\?in_g' a control electrode connected to the control electrode of the fourth
20 transistor, a first main electrode connected to the first main electrode of the second transistor .
and a second main electrode connected to the control electrode of the fifth transistor, a sixth
tesistor connected between the second 'supply terminal and the second main electrode of the
fifth transistor, a sixth transistor of the second conductivity type having a control electrode
conpectéd' to the control electrode of the fourth transistor, 2 first main electrode connected to
25 the second node and a second main electrode coupled to the other one of the third current
input terminal and the fourth current input terminal.
This embodiment advantageously combines the 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
30 but ﬂové into the respét:tive current input terminals of the four current mirrors and serve as
quiescent currents for the current mirrors. The damping 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 series chains
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PCT/ 1 B96/ 01211 resi stor connected between the first wite termnal and
a first node, a second resistor connected between the first node and
the second wite termnal, a-third resistor connected bet ween the first
suppl y ter miwaloresass t he first node, and a fourth resistor pepfiRchRT bet ween
the second supply ternminal and the first ndde. 5 The first
and the second resistor are arranged in series across the wjte head

and al so f ofHacHERPS AEiteE degonefation sistonciof the: firsyand the fonsthdmasister.skpse vol t age

across the eminsk ieCconficttbd t8 URIHRE ndde, sﬁh%metms aﬂ@:ﬂefs%uﬁh&ﬁ&st&odﬁmwm'ch

forms the centre tap of the first and the second resistor, and Is fixed

by means of mgmrpteecoumg;ommnmrmwmrmwﬂuencemfemm mispastly
aN0 COMDr | ih L it sh ) A Al o B 5 A9, Bl A9

common- node ge |rrproves as t ance of
reduced. - Foaltermative emqumemrneclamwnssl inchd eheaseoonﬂembdens conpected tot the first node.

i ncreasi ng dissipati ' ¥!§S or.der
to reduce the dissipa f(‘)’%’%-n‘&c%r%%gsﬁrbag% ‘?“"F"f’%‘s °3‘E‘°"ar?a%'ﬁ% ?"‘%M’\"ff how
comon node mwchtandlin whichadirectiencuzrent flows theough\tmwnmm Infthisaedpestianed i n

that the wit I|f|erfther o e aflrst esi st or.connect ed
bet ween the WMWW?{@“WW ﬁ ‘E‘f‘ @%%%%4 'S
fconnect ed befirsena t?dﬂﬁc?ﬂd mwmslg camin tshﬁcémwtiems Isévﬁnth&famnﬁtai' of =|a first a

irst trapsistor .of a rst condu Vi t avi ntr el ec , a
first W&ﬁlﬂ &CF' a"‘%ﬁﬁ@'&‘f‘ﬁ.&i ‘ilarfé%g?cfegt r?tfg‘é‘?&ﬂ‘ge ‘gré'c'aﬁ‘ﬂ eﬁFéﬁ e,
el ectrode C%alaeséodrﬂ mhe efectrode GoupIed Yo the ivstivatrent input tém iR Ofifleiplith hahsister  Of
the first conducél Vi t ty e havi ng“ga control el ectrode. ¢connect ed Eo t he

control el ecRfrthgi "SBP° ghivity type havinga conyrpl electiode conngeted, tq.the contpl electrpde of
second mai N QL &eht dfindor, mﬁﬁmcbléc&ow%eﬁ%c’dﬂh nftirf eledtRsde caﬁplwﬁ, e g d

transistor, a third resi stor connected between " the first su

term nal ancsuppl¥ teravealca piath transistor of 3 second FP@%‘@WHMPQ haying & ceptro. 5)Slei:‘Fﬂ"i"'d
transi st qg nfiect og'g Ao Hde! h‘ﬂr&t%nﬁﬂ Qﬁcﬁ’é&é dagn&tﬁqakﬁ@ﬁm?h\ﬁﬁtéi%de 6f the

first main e con- necte ) first node and a second nmi n
el ectrode cowpenshitrarsistare ard-e secand msjn gleqtngﬂwmed tq the fourth gurrent inpus terminaby

of the secong ectr&&i\& %uﬁ s@?%fﬁﬂs@coﬁ@%ﬁ&kmﬁlﬁg{;é Y rg&’PPs??&aﬁf’ to the

25 control |rd transi st or ectrode
connected t cﬁlﬂwdqi connected tonthe ﬁl‘St ndin eleetrnde Ocﬁﬁhet ¢ighth transision andrhavieg @rcontiel a

second nmi n a&g&h ?ﬁlda Wﬁ%eéikciﬂdégﬁn {o% fourth 1 ctrode of the fourth
a ourt 4

transi stor, resistor connec bet ween the second supply
t er ni nal 28nca biagcirend mhrcmcoupbt_iectthed’omlohodm sfipply @ lbiascyrrentgo ghe 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 electrqde coupled to the second current
input terminal, a twelfth transistor of the first conductivity type having a_coritrol electrode
connected to the control electrode of the eleventh transistor, a first main electrode, and a

25 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.

- The bias current source determines the magnitude of the write current through

30 the write head. The bias current is drained to the power supply via the eighth transistor or
via the twelfth transistor, depending on the value of the information signal. The seventh, the
ninth and the tenth transistor form a translinear loop with the eighth transistor, and the
eleventh, the thirteenth and the tenth transistor form a translinear loop with the twelfth
transistor. Conduction of the eighth or the twelfth transistor now results in an amplified




The first and the second transistor operate in class A/B and produce at the
first 30 node a | ow i npedance, which can be realised with conparatively

| arger third and fourth resi stors. Only two of the
four current mrrors are active at the same time. The turn-on of t he
current mrgQor be speeded up by allow ng quiescent current to.flow

t hr ough the‘glﬁgiﬂs'C4ﬂ1 current mirrors. Then, |ess currentPGTEBMEMHAd to

charge and di scharge the stray capacitances _ WO 97/ 19445
7 current flowing from & Tirdt B0ém Ifphi terminal to thd thifdSoufrdh’ iﬁﬁh hlid? i A
third enbodi mrent of an arrangenent with comon node control™ 1 n

accor dance thé seventh and fheayinth transistorcor-from thersecand qurrentiipput terminal tq the fogsth | er

further conqg e £r St hesi rs ot i ite
tor el - oraetifipu termingd. The' GE. 166 lof W infoRHARA'siftab S U il S ple S e
first node appliedtviea suitabiecbuffer iforequiredi iscfblly isolated from theidse. devet atrthe creet 5

bet ween ¢ h SR : .46l : . " [esistor
conmect et Nt ikl Thie sdHatiR eyl BurS SR roRR Homeidl Syt Eiffins frees

a first trowhossswitchilg signalsrhave d.ontbvels iwhichycan bp ehdserv fregya cont rol el ect r ode,

a first main el ectrggde . eCapnect ed..t o first node-.and a second main . |
el ectrode coupl ed t@gfh'éffﬁ‘rf F%ﬁngwgﬁ&?“é‘wﬁsﬂ'“ emtﬂera%ggmgrﬁ%i- stor of ™
the fi Irst I ct'dluhwﬁ.d i'm;cetqn:]&q?em U tm@ply fo?auwfou?meumaemml m?deihﬁg@o 10
control elecgtrode.of the fiLrst..trapsistor, a firs in electrode, and a
second nai ﬁ"‘é\'ﬁﬁf‘l’%ﬁ‘é“’l’my h’é’i‘ﬁh%&’g I¢ et sQUIGESy ?@%’%G@M‘Wr}second
t ransi st®r thevarfdngérient @sfutther chacoefissdeidl tha® thecfirst and the tdd6nd switchalilé! Biitreént
termnal and th econd -mai n el ectrode of the second transistor, a third
transi st or SB¥% FEPPEENduct i vity type having a control el ectrode
connect ed aJotifenhQninkigtor of the fikbt@ohduedityypé Revidg 4 Edntrol @B&ioak For: re@ci\fih% st

mai n el ectrode_connpected to_the first node and a 15 _second main el ectrode
coupl ed t o e nformation;sighal, A first wain; electrode connected to the third node and a second main

electrode coupled to the first supply terminal, a fifteenth transistor of the first conductivity
15  type having a control electrode for receiving the information signal, a first main electrode
connected to the fifth node and a second main electrode coupled to the first supply terminal, .
a sixteenth transistor of the first conductivity type having a control electrode connected to the
control electrode of the eighth transistor, a first main electrode connected to the first main
electrode of the eighth transistor, and a second main electrode coupled to the fifth node, a
20 seventeenth transistor of the first conductivity type having a control electrode connected to
the control electrode of the twelfth transistor, 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
and the second main electrode of the twelfth transistor being connected to the fifth node.
25 The fourteenth and the fifteenth transistor operate as signal followers and buffer
the information signal. The current throﬁgh these transistors now flows to the fourth node
| through the eighth and the twelfth transistor, respectively. The sixteenth and the seventeenth
transistor ensure that always one half of the bias current from the bias current source flows
through one signal follower and the other half through the other signal follower.
30 The current switching means may also be devised in another manner, for -
example as known from the aforementioned United States Patent No. 5,282,094, Figure 1.
To this end an 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 fourth transistor of a second conductivity type having a control
elFectrode, a first main el ectrode connected to the first node and a
second mai n el ectrode coupled to one of the third current input
termnal and the fourth current input termnal, a.:fifth transistor of the
second VOsMIs vity type having a control el €ctrode coawaBismizno the
control electrode of the fourth 20 transi¥or, a first main el ectrode

connected to the first main, electrode of_ the second transistor . and a
second nai n &Eend diiercabiplrpain tasistor ok the fifpk Gopuctivity. typs whese firiemaip elegtrodes

transi stor, greoupléd to receives biak Lhrréif TRE b Bihs REFER ABurcs SwRGIE @Bfitrol RRBirddes are
term nal and the second_ main electrode of the fifth transistor,; a

si xth transi@mnBectek tomesivecthe ifformation slendliang whosesecand mainclesedescare epupladrigde
connect ed t o st GRedhptétfiffad 46 B scBihd cBtEninpilt Aokl fespelibely: f £IP 1 1

el ectrode connected to 25 the second node and a:second nain el ectrode
coupl ed t§ teusrent srasorgesistor canmectedhbetween the serond supply tepuinak anda fugtherasecondhe
~fourth curregf i t ' : _ I i | S

aavant ageous P ERUPHLERRISE e sscond eyt mirrry nd B oo Ul Sl rsier
current set tcongediest batweenfthe second supply terminalrand aNwrsherhfirsbéureent outpwirtersisdliobugh

the four H‘{.ﬁ%ﬁhﬁﬁtonfxﬁm?p@ %?s?;;ﬁfsi'ﬁ@gntggﬁsﬁtﬁ) af thé Hifst &du%ﬁﬁ%%?@%ﬁtgﬁﬂ ©

not drai ned % e supply termmn I'nt.o theres rrent
i nput t er m nedntrobéle¢tinele fand first imaire electnoderconnected do sher finst awgrent sensayuresistorarid a

Coroa ° 10°" el iy 0ol BERIER 1p N Rl ol B aies KRRy RS

the second ngasistoriof thefirseednductivity type iavingracebnere] élbctrode pad fint natrséledtrodee of

t he danping resistors. for comon-node signals.,b a factar determped
by t he. bur T cFRIPEEIF toche BE6an AIFFeah SeTior FRSET a8 Secpnd el IRcHogt chEAE 1 e
WO 97/ 19445 second current output terminal, PCT/ 1 B96/ 01211 function as
emtter degeneration resistors for t first and the fourth transistor
whose emtters alt ¥oxeHopafpne 8P§?"ré:“f’f"?‘s‘f“r?ﬂfﬁé‘, de&ﬁtfd}bara Fureent ﬁh"‘?‘ﬁhand

the sixthst r aséfsthe currét @&for resistors. The voltage across the relevant current sensor resistor
turns on the associated pull-down transistor, which in its turn connects one of the 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 wlrite- amplifier a prefcrré(l:__’__:embodiment of the aﬁ'angement in
20 accordance with the invention is chamcteﬁ$ed in that the first current mirror and the second
current mirror each comprise a diode-connected input transistor of a second 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
25 connected to the control electrode of the respective input transistor, a first main electrode
coupied to the first supply terminal, and a second main electrode connected to the first and
the second current output terminal, respectively, and a further output transistor of the second
conductivity type having a control electrode connected to the control electrode of the relevant
input transistor, a first main electrode coupled to the ﬁrst supply terminal, and a second main
30 electrode connected to the further first and second current output termin'al, respectively.
- Current mirrors thus implemented produce a minimal voltage loss and allbw an
output swing up to nearly the supply voltage. _ |
In addition to the capacitive feed-forward current 6ompensation technique, a
feed-back neutrodyne compensation may be used to compensate for the adverse effect of the



emtters are connected to the second node. This reduces the influence of a
possi bl e m smatch between the first and the fourth transistor and
between the third and the sixth transistor. An 5 alternative enbodi nent is
characterised in that the second node is connected to the first node.

The afore-nentioned first and second swi tchable current sources determ ne
how mIERPAR5i n whi ch direction curfgnt flows throudSTIRERLte head.
In this respect an enbodi ment of the arrangenent in accordance with
the i nvent paBghs cARakAGSE For Bs putpdsdah ehBdiment of the Srangflert iecor@if wtne

swi t chabl eb%gsrlrlecfﬂasource conp rl?ds?,%& a seventh transi stngr of a |r£s)

conduct i vi went;qnes charaqierised Ubﬂiﬂfr e wiite amplifiss comprises ablgast @ne of qu @m@@, a
first maln ﬁﬁﬂeﬁ t i rst
current lnput fcera%ﬂg%‘fapmm’ g E*Hﬁﬁ?fb%ﬁ%eg?%r e ?9'? %ﬁler@;ln{i: The uctnlkw ty
t ype havi ngument ontpnblermihalc hn(bai second papaciteat is connbatectortweean| the: sesand aurenbinput

t he sev thtr a firs ctrode,” and a second. nain el ectrode
coupl ed °ﬁ5t°“§ﬁrf§;ﬂ&'9’ﬁf&§?'ﬁ1 %gl a ninth transistor of a second
conduct i vi ty type h'ahe first ambsacmdcdapa:itexstnemkﬁ:sdme prositic capatitareesby injecting

Covent bt BPRSER Pty irRas SBRIRE sk ond SetridCuntitcsBimifl v Be PR ap B | °
current i npurent @iiffon &Hor an opnm&nwfﬁdahcmmﬁetpemﬁglg {u?aigjigqiggﬁ n:géc tt?c]et ]

second conducti vi t havi n
D he O S0 B eetnet with 35 5rondnih Srdes oot to PRl the GymEIY o6 e ASTaRERRM: 1 o
el ectroge and secong dedifed, ﬂie&ﬁ:idﬁdﬁfoﬁﬂmaﬂem%&rer ﬁuhyzafsouéhkedrraﬂﬁeumﬂﬂnga

bi as current source coupled to e fourth node to supply.,a bias current to

the fourt hthedagsitic capacmcs%ef%wbﬁ h ppepass e afrangementdin dpcatdance, e AANEIYAR ¢y pe
having a confuihlr BhReierdSn @0 RROKAE an@lifier com é)riEésfdt eaftQsiR .of awé Hiirlier N8I N

el ectrode, and a second nmain el ectrode coupled to the second, current

i nput  t er NCARAFILOrg, of yehieh  thivdgapaciipnis CBF“CFWQ between the Shind syrrant input tepingla i ng
a control shmyfa&ia‘ current gﬁﬁm&hﬁﬁhtﬁdt ufif RdpaitorG} B5inbASLbéwedntRe Buftient h

transi st or Lrst malin trode, and.a 25 second main el ectrode coupl ed
to the ¥ r surrent inpu termingl ?T!ﬂl‘heﬁlﬁ@%f"@?ﬁ‘?“ﬁlé'ém'ﬁ“ﬂ ansi stor of the

second conductivity type having a control electrode connected to the fourth
node, a first main el ectrode connected to the first main el ectrode of
the transistor, andTeesearbatlernspactstldhe inyention will begasoribed and elycidated Vith
current in he bias current source :
determ nes%e %ragn tu omg?nylnﬁedrav\\/\rnlngse l%uwrmrcgnt through 30 the wite head.
The bias current i sFignei hshewsa mmmmoﬁampmyodmwtwﬁ@ﬂéﬂgﬂcmeﬂtr%hy st or

|O:1forma Iggecémn%%i%r&aéeveﬁaﬂ)ﬁ’ ma%ﬁ&ﬁ’}%#}ﬂtcﬁ%gngn tﬁd?@nt transi st or

forma traimentimar | oop with the eighth transistor, and t'he el event h,
the thirteenth and tenth. |
twel fth transégg?e.f%c?gﬁ;ﬁc{:'? &ﬁaafaf%‘e&@ogh'ﬁﬁ@gpq e trans?stor

now r esul t aniinfosmatiansighdlionch magnetlc record carrier in accordance with the mventxon,
Figuré 3 is a circuit diagram of an embodiment of an arrangement for recording

25 an information signal on a :magnetic record carrier in accordance with the invention,

Figure 4 shows a first common-mode circuit for use in an arrangement in
accordance with the mventlon, ' '
Figure § shows a second common-mode circuit for use in an arrangement in
accordance with the invention, '

30: Figure 6 shows a circuit diag'ram'of an embodiment of an arrangement for
ré'cording an information signal on a magnetic record carrier in accordance with the
mvenuon, including a third common-mode circuit,

Figure 7 shows a fourth common-mode circuit for use in an arrangement in

accordance with the mve_.nt;gn, §
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PCT/ 1 B96/ 01211 current flowing fromthe first current input term nal
to the third current input terminal via t he seventh and the ninth
transi stor or fromthe second current input termnal to the fourth

current i npWOOEMM#hal . The dic. |level of the infarnati on Beymeberit t he
third and the fifth node, applied vild a suitable buffer if required,

is fully isolated frgmthe d.c. Level at the cyrrent . 5 input termnals.
The. swi £ chabl & cur r B Ss 3 AR S HeAm 52,0 Ryt SR DU o e i in
sources  arrghsenfentill dcobrdaibe WMk inveatieh,d. . | evel s which can be chosen

freely. ' . The buffers for the infor i on signal can be
enmitter followers orFigygs 2 shows a sacgnd pypierentation °gl§Y’_ ﬁP“E’HrsglérﬁFs Yt P
for these fghlapRfementih R2oAMER wiifithedwanlageously with the current
supply for the swtchable current sources. To this end, an enbodiment of 10
the arranyement is f iigurl0 showsaeiequitliagram of pm embediment of an aFangement f ond
Swi t chabl e SRoRGiRE an infi Sgnditn 4 ERédoRe carrier in adcdriatick Withitie

transi stor of t géﬁ"rms? condu tnls\L/{ftyﬁt%?%g h'av?‘ﬁ%argerc,gntrol el ectrode for
recei ving inventibs i nformation signal, a first main el ectrode connected to
the third node and a ' g.l”?g Qe i ; et ly -
termnal, a fifteentkll=§ (r}gggf’é%{hg‘enEWe -|'-?ét céﬁ%%ﬁ\%ﬁ}nﬁ?‘%ype %?g‘l\éﬁtﬁg

a control elshows guEighre 1Q,ecei ving the information signal, a first main

el ectrod connegk ' ' . ; OB rode
coupl ed ?% th@a fi rst%ﬁgﬁﬁg_‘@ﬁ%{%%%M%°‘§O‘gf°§ﬁ‘g’§’?ﬂp?‘@ﬁ3?§{"§?h8 t he
first conducifaugément weoerdisg tomhe anventidr, ahd el ect r Bigereckinshows acblack didgram of a
control electrpde qof .fhe eighth transi I fir. i .
connected t gt“{‘ﬁ%‘ ‘?’?%PQV“%&%‘ ﬁ“ﬂgﬁg’iﬁ'ﬁ%@‘éﬁ‘&%ﬁ*&’%ﬂ% sﬁ"é’r:\é'lg gﬁ%ﬁ?ﬂgnd a
second mai n re¢ard icarvide irc accprdanket with the ihvention.node, a 20 seventeenth
transistor of the first, copductinity t hayi nqg_a _control ctrode
connected to thé"é‘b"ﬁ? F@ur¢@|lﬁ%t=¥eg&§g§aﬂq*g%yeﬁ? -'“Icrsgﬂ’g’lgt or, .a first
mai n el eqgrode connected to the first . main electrode of the twelfth

transi stor, and a secggnd in electrode coupled to the third .. .
_ (iggure qasﬁzows thecbas:c structurepof an arrangement E)r recording an informa-

tion signal on a magnetic record carrier in accordance with the invention. The arrangement
comprises a write head 2 for recording infomia._tion on the record carrier (not shown) and a

write amplifier 4 for driving the write head 2 in responée to the information signal, which is

20 present at a first signal terminal 1 and a second signal terminal 3. The write amplifier has a

first write terminal 6 and a second write terminal 8, which are coupled to the write head 2t0
supply a write current. A first supply terminal 10 af;d a second supply terminal 12 serve for
connection of a supply voltage for the write amplifier. In the present case the second supply
- terminal 12 is connected to signal earth. The amplifier 4 comprises a first current mirror 14
25 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 nerm_ihal 20 connected to the first supply
terminal 10; a second current mirror 22 having a second current i_nput: terminal 24, a second
current output terminal 26 coupled to. the second write terminal 8, and a seconid common -
current terminal 28 connected to the first supply terminal 10; a third current mirror 30
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 havin_g a fourth current input terminal 40, a
fourth current 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



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

the third node and the second main el ectrode of the twelfth transistor .
bei ng connected to the fifth node. 25 The fourteenth and the
fifteenth transi stor operate as signal followers and buffer t he

i nformation _signal. The current through these transistors now flows to the
fourth node¥®%"M45 ough the eighth and the twel fth trandfCIABI6OI21T
respectively. The sixteenth and the sevenieenth transi stor ensure that

al ways one abdi ér - DL RS ade: eﬁﬁéenf ek BiErddt BSuCldlRent r ws
throﬁzh one sl 533‘}“’% gﬁ%\/@?ﬂ? t e.é{hﬁ&{ W* ?‘?Pgﬁé'ﬁ'ﬁ?hlés %Pr}gffofs"hgnal
fol | ower. gorrent input terminal 40. Thedfirst awitchabla;cyrrest sowgrernupplies aefirstiusrentior devi sed

i n anot her . ” B ASuk oM.t & ' Uni t ed
Srat oo Pat SR VRS of Wjnformaidi R 6, ighlPkfintdiC hid S raliRlEY 5 S0y 0L | O
ar r angenentvaiue ofithednfsemation\signal Uf2 &he infermation sigaal U; mayche; forccexamplegthei n t hat
the currgent:sw tchi.n ans. c ise: - a.differential palir comprising a .
lrse ard r Lrai dsin sgsh Jor, Sk BT b foter pop @it storme apecls. A Shdon Sfnadie "0 ©
WD 97/ 1944 gurrent source 48 is connected between the second current input terminal 24 and the third
. PCT/1B96/ 01211 .. . . . . 10
second di f PUSENARRYE texminal ?HH‘&’S%F syitchaple ?‘FF%&?E%&EJ?‘FWEW’&Y&@? whose
first mainisfomeitiondighal NU; itiee seooiidl sighal erminale3 wl supplicda setdndasiireit ipthea bi as
current sozirce, whqse c_on%rol el ectrodeg are ~ connected to receive the
i nf or mat i oMrSCYTE iS,7r30 AP, the ather fyay M- el ectrodes are coupled to t he
first cioyrent inputwhes Hefirkt sWighdbleciRAOSAre U6 is Mimed \Giiurkent KEINAbw from
respectively;_ a first SWSLiQrt?e t sensor resistor.connected _between_the

socond sup e AELIRPY Jerm seennd SupRly, erminal 12, Mresigh the, fFst, CUITesH AP of

t he second igminaPé ofthe fitét. cutest mirfP A81Ad SH#bughnhe FRAR RurrbRShit ¥rminal 40 of
connected between the second supply term nal .and.a further first current

out put t er therfQprtypurrent mirrar 38. A purzent which isM Hies aslarge flows i the. g firection

transi stor g thBeirftichibntGRGAY Etminhl 18 SHHE fiRRitéht Fnirror 14 Rihe Fburl! &ffehiode
and first main el ectrode connected to the first current sensor resistor and

a 10 sebbn@uiphl terreingl 42rof dhe foyrth icumrent anirme 38 vieghe ot weiig tepmingl b, thewhiteal |
and a secORghdPlhdd Me'\%bond write terminal 8. Here, M is the current mirror ratio of the current

mirrors 14, 22, 30 and 38. The second switchable current source 48 is turned off, so that the

a ..

second current minfof 22'and the third current mirror 30 are inoperative. Now a write
current flows from the ﬁrst Write terminal 6 to the second write terminal 8 through the write
20 head2. -

When the first switchable current source 46 is turned off and the second
switchable current source 48_ is turned on the second current mirror 22 and the third current
mirror 30 are active and .'thé_ other two current mirrors 14 and 38 are inactive. Now a write

* current flows in the opposite direction from the second write terminal 8 to the first write
25 terminal 6 through the write head 2. It will be obvious that the first current of the first
switchable current source 46 and the second current of the second switchable current source
48 should be equal in order to obtain equal write currents in both directions in the case that
the current mirror ratios of the current mirrors are all equal. |
| Figure 2 shows an embodiment in which the first current mirror 14 and the
30 second current mirror 22 comprise bipolar PNP transistors and the third current mirror 30
“and the fourth current mirror 38 comprise bipolar NPN transistors. However, it is to be
noted that in the circuit arfangemetits disclosed and to be disclosed bipolar transistors may be
replaced wholly or parﬂy' by unipolar MOS transistors. The control electrode, the first main
electrode and the second 'main electrode correspond to the base, the emitter and the collector,



transistor of the first conductivity type having a control el ectrode and
first main el ectrode connected to the second current sensor resistor
and a second rmain el ectrode coupled to the second current output

term nal . “The activation of one of:ithe current mrrors is
det ect ed by woenm9sasnt t hrough 15 one of the current sensorpdmambeiigns. The
vol tage across the relevant current sensod4resistor turns on the
associ ated pull-down transistor, which in its turn connects one of the
wite respestively sfor @ bipplariensistoy and tathe gate cthaispuree and the drain, respectively, The
two current ggpg Wdﬁﬁsﬁﬁr.@h@ﬁﬁt Sltren? BiPort VPS&MPrited 8idte-bohneltb PNPanput
maxi mal output swing of the wite anplifier a preferred enbodi ment of the
ar r angenent trensistar Tige having dts ewitten conpected ja thei fisst commannumrenttermingl 20rvig pat

the first c ikt R th : Collals ] r Ed a
di ode-connegﬁﬁeoglgllt% ut %%‘3%2?&"0% %?Wamggé%'rﬁ%i%“éﬁd‘%&‘%‘ér;ﬁt‘%g%c : Eé@ﬁg
a controlS eleswinabif, andd BNE onpurmnsisior dep i davng iss basetcounected ttor theftiasss of thad

el ot rode. c Iyt EAskE . AR Sy AR e SRR, bruBACorPord 6 BPSOrP

of the secoentitteo nebistdri Rg'tp;,yas,_tsymn.hal?igng 3 andiits collecair ag thedfirst disrencompigaéred t O

el cctrode . manal 1y SE oo St BEROLfrprd)Riths eflihe Sk Rle st e

el ectrode c¢irtherimall stabilitynef the tarrend meirror. Thetsieond eafra mirror 2D tlikewds® vdmprises
termnal,_ r ectiyvel d g further.output trapsistor of the ond
conduct i 1 ¢ PREeamsisiags' i e s suspent rirzer, Jind she, e e e 38 gge

el ectrode Olkoipriser RPR\ARistors andiopHoval emRRE réistdrs, the EledtfddesTdf e etspedtivede
coupled to the fir t,s;gglé term nal angi a seconpd in 30 el ectrode
connect ed tmwrfi’ﬂ“ﬂ B Fegt“’glffcf‘% ERRENE 1S D EHTne TP
respectively. . Figure 2 further shows!d @itiberof tid Edpacilai®dseNBNdrethaping@uce a
m nimal vol tage | oss and all ow an oumj swing up to nearly the supply

Wi
vol t age. value C,,, between collegtar ansivell phthe PN Quiput tansistors ol op g prled
current pPNRgAREL valkelEC hoEneR  coflector and fsEiSitlale st Ifhd"fﬂ!’?[}dg% Gansidis T3 3 dndn

may be used to conpensatle for the adverse effect o .
Tons: ONE having a value C,, between collector and base of the PNP output transistors T,

and Tayy, and one having a value C,, between collector and base of the NPN output tran-
sistors Toq3 and To4. A parasitic capacitance C,,) is present at the first write terminal 6 and
a parasitic capacitance C; at the second write terminal 8. All these parasitic capacitances

20 have an effect on the write current 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, a first capacitive feed-forward
capacitor 170 is inserted between the second signal terminal 3 and the first current input

25 terminal 16, a second feed-forward capacitor 172 is inserted between the second current
input terminal 24 and the first signal terminal 1, a third feed-forward capacitor 174 is
inserted between the third current input terminal and the second signal terminal and a fourth
feed-forward capacitor 176 is inserted between the fourth current input terminal and the first
signal terminal. During transitions in the informatioh signal capacitive charge is fed forward

30 from the signal terminals 1 and 3 to the current input terminals 16, 24, 32 and 40, multiplied
and added to the total current flowing to the write terminals 6 and 8. The extra capacitive
currents compensate the capacitive currents flowing into the capacitive capacitances and
improve the slew rate of the current through the write head 2. The compensation is based on
a feed-forward system which is unconditionally stable, even if overcompensation is applied.
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PCT/ 1 B96/ 01211 parasitic capacitances. For this purpose an enbodi nent |
of the arrangenent according to the i nvention is characterised in that
the wite anplifier conprises at |east one of two capacitors, of whi ch

a first cap&gigg}?&dés connected between the first current input termnal and -
t he second current output termnal, @gnd a second capBeiBigoIzY
connect ed between the second current input 5 termnal and the first

current OUtEHK orlfréSulidn more overshooting, but not iniatiifityS oAl e Bhek 2BAS! L OF S
neutralise the parasitic capacitances by injectin opposi te capacitive
currents i reBsatip sysiams; whighare susceptiblp of escillationsifitooumuchicompensation isappliedcond
current mrror. For yaenQhe infdtRaféd §edal LG I : sed in
Al rer ive the . VRt iniafiol SE bl e PR3N iR 1 el hEh et

di st ur b t heswitghable: quprent saurg 46renablgsarcurrent flow from the first current inputdersiinatdé t he

hird fourt, : S Eror. \ Lhe. . : . |'k.sing. h
par i 15, (Ome Py ek it {ehinkPlo, A REahifs WSEBICE BBl hE0t il fhce 1o

t he i nvent ivgite terminal 6 vaithe thead 2 kmtha second swrife tenminab8. Theareverset sigrahrhrisitionr
conpri ses- ' ne of . twg t her ... capacitors, .of which a third.
capaci t or %‘s "_Jc? (;esg‘?]&gg % M%ﬁm‘e“@ng %’égﬁl‘?ﬁf'%v&rﬁ”&ﬁ?t fﬁ%ﬁ't the gprsny é{fp"?m‘“ﬁln d

t he fourth 16uia thetfirs feqalforward capaaitor EM0¢ which@updchive 2paéit thas the Sake diretibs d

bet ween the_fourth 15 rrent. input termnal .and the third current output
termnal . 35We °“"“'“&°““‘°%¥i ‘ﬁ"_ firg _‘Ee'_ﬁﬁﬂ“‘gpl 864 é%@&?&%?%"i‘&ﬁ/@ﬂ?’i Breewi | |
be desctd bedrremdngit terimiialsct, 32 tahd 40. The éonfpensabiny épaditve APRRBTIAR 2R the

drawi ngs, in ng ch. e Eigure 1 shows, a bl ock di agram of an
enbodi ment SHPE AITELIOR 27 Jefamcitivg cumrgnts gegf’\gi‘ﬁ’@“&'h foringtanegy thspagslifal on a
magneti c reqmﬁamwc%,exndin%iacmrmrm' séidohd) wirfi€ terminals i@ 8.1 on,

Figure 2 is a circuj am.of. an enbodi nent of :an arrangenent for -

t

recor di ng an i “ﬂﬂerg : uiqus; thatthe campensating effest s alseady @bined with ong

accor dance fuddtfbrwdi@ capaigst HoWever, in order to maintain the Synimétr§ of theSarfangéméntahd

di agranbgf an enpbodi nent of an arrangenent for recording 25 an rnformation
si gnal & Pfﬁl}ﬂ annecessary doading af a; comman-rmedecsontelcareyit.s in is: preferred tnse dhe
Figure 4 sli@dSoRvard tsgacit?§ TR MSe, Circuit for use in an arrangenent in

accordance with the_inyention Figure 5 shows a second

common- node i rcui t MiHRREELAqId that inrthe;Figareeray way of examples Sheckwitskablel ¢ h t he

i nvention, current source 46 is switched on if the signal U, at signal terminal 1 is relatively high and is
~ switched off if the signal U; is relatively low. It is clear that a switchable current source
20 requiring an inverted input signal can also be used for this purpose. The same hold for the-
~ second switchable current source 48. In that case the first and third feed-forward capacitors
170 and 174 should be connected to the first signal terminal 1 and the second and fourth
feed-forward capacitors 172 and 176 to the second signal terminal 3. -
_ The common-mode voltage of the write head 2 is completely indeterminate and
25 may fluctuate with the data pattern of the information signal to be recorded. This is
undesirable. The common-mode voltage should preferably lie halfway between the available
output swing and should be independent of the signal content of the signal to be recorded.
‘Since the write head 2 is arranged exclusively between high-impedance outputs of current
‘mirrors it is possible to fix the common-mode voltage with a common-mode circuit.
30 Figure 4 shows a simple common-mode circuit. A series arrangement of a first
resistor SO connected between the first write terminal 6 and a first node 52, a second resistor
54 connected between the first node 52 and the second write terminal 8, a third resistor 56 |
‘connected between the fiFst 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 is arranged in paraliel



30 Figure 6 shows a circuit diagram of an enbodi nent of an

arrangenent for recording an information signal on a magnetic record
carrier in accordance with the i nvention, including a third
common-node circuit, Figure 7 shows a fourth conmon-node
citcuit for We&MIMsN arrangerrent in gccordance Wit h poemBsueRNt i on,
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PCT/ | B96/ 012 j rst tqtion of
swi t ched cuM 1érﬂ'e writs: head. m’%@m@%’#ﬁﬁs"aﬁﬁ“ pf'ﬁ ‘f%ﬁ@@ Wi h
the i Evgnt | @iead. The lmpedance at the ﬁran@ursa i9 dﬁctmusbyazha €xiststs lsmalne lsegmta ékﬁrdai;]
sw t che Current sour ces ccordance wt
The | nvent | datian of the Commonmole vellags s mingal NUREEATee i AENAed. BPYEYn{MS! an

enbodi ment  edsishicd Vdlae BE R Tesisors 56 and 158 e@indt BE civsier AvbRFAMY bRl 68 BEBLNAT 2
magnetic record carrier in accordance with the ~ invention,

Fi gure 115 sthsvigcreasingscirrent throyeh these resiors.y  he enbodi nent of the

arrangenent showgigfl 4 5ikbwst ddtmdiimode circuit which mitigaied ti€ prolen) AR 2 L
bal anced capacitive feed-forward circuit for use in an arran ement o

accor di ng t girewibagain/eamprises a sy resistqr; G goanepted ietyyeen shepfirst writs tagpingh Ganda

further embegyraat foﬁf'arh QESrAYSGNEF b4 Lo eét&PQét%ﬁ:gthﬁMt Rb8é EPbAdihe Sbédd! ©ON

a magnetic record carrier 1n accordance e Fnventl on.

I n these Fi ouiteterminak8and,ipradditipeait comprisesadirst VRN mt@y%hﬂvm itssemitter

Figure 1)6NQUfnekg e fﬁfﬂd’dé%é Shé hRJm {is &1 e@@g th e AREN Cﬂ aﬂﬂnﬁ‘u‘ﬂal

i nf or na- tron signal on a magnetit record carrier 1n acc

“t he i nvent i andiodelconsectedrsgeond NPN trans:stor 68 having its base connected to the base of the ﬁrst
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 node 62 and ‘having its collector coupled to the second supply terminal

15 12, a diode-connected second PNP tr_ansxstor 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
transistor 68, and a fourth resistor 76 connected between the second supply terminal 12 and
the collector of the second PNP transistor 74.

The circuit operates in class A/B. Seen at the first node 62 the impedance is

20 low, w‘mch provides a correct fixation of the common-mode voltage. The class A/B operauon

.enables a small quiescent current to be obtamed in and a large maxlmum current to 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 dampin_g resistance across the write head 2 is

25 consequently Rd.

In order to step up the switching speed of the current mirrors in the arrange-
ments shown in Figures 1 and 2 it is desirable to have a quiescent current in the current
mirrors. This quiescent current setting and the éommon-mode circuit can be combined
advantageously. Figure 6 shows an embodiment in which this is lmplemented The write

30 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 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 1ts emitter connected to



conprises a wite head 2 for recording information on the record carrier
(not shown) and a wite anplifier 4 for driving the wite head 2 in
response to the information signal, which is 20 present at a first signal
termnal 1 and a second signal termnal 3. The wite anplifier has a

first wrltede%gb{}gl 6 and a second wite termnal 8, which are.coupled to
the wite hoat supply a. wite {;-)Jrrent A flrst"gﬂwzi'erm nal
10 and a second supply term nal 12 serve for connection of a supply

vol tage foregt st Wolid 80 iﬁ@hd\fidgeﬁs cdnectah@oupree:wme tﬁft%?ntatﬁnﬁﬁq%§ 48P v

terminal 12 Is connected to signal eart ler 4 conprises a first
current mi rdiede-qopneoted seeqndnigansistor 88 of &hﬁrm ttmedpmrg ils bmermnnep@d to thej hase

current out giihe Fik Hahditorld QQH?JI g%lstd? %%mi tbetween t%’rﬂr%tesuﬁgg Wriia fo and

a first conmon current  term connecte to.the T
terninal 10anddhe eellentor ofitheseeond transistor8s, land artlyrdatrmmm 2of rtlleeNPN itygeut

ter i N2l 52 g SRR conncoied 1 Bhso it it isP 56 354 P BlBE g g WHGng 0N -

vvrltetermna ed to
the first snodpl8¢ anérhxmngtits d:ﬂlecﬂrthxpld touhefmdmmmrmfm te¥thindd 24 Tig @ third =

current input term third curre out oupled to
Phe oM Pidy Pl el et BB s 1, Biok oh S e e B PR RS 06°
connect ed tanxttheco&ﬂmaﬂo the firssngrie! 80 dndihaving lits i:&lec&rt:&wléﬁl”to&w thirdtcuffedtr or 38
having a faurth currept input ter th current output

term nal 42" B‘BBff 'E'f‘?’g tﬁ@%%ﬁﬂ%ﬁﬁt‘é@‘&‘%%?ﬂbe Bﬁhdﬂ& haymg.il§ base

comon d0r rednhectedrioitieebased 6f the Towrdt msismr&hanaﬁﬁ\ﬁﬁgimmt/cdrﬂém| thel2. A

f t t chabl e 97/.1
p'c-rr/s ! BS\E/SV; of atef of the secong F@msmg%r eé ﬁstero?ﬁtwm«@@ﬁhq sreond supply

current i npimihareyidialthel oiRasr e mrztahsnstor 96, @vd b 8Bkh trﬁt&tktortleolairml PNI®.
The first svmtchabl e current source supplies-a first current for.

first val udYPg having itshase rennecied Q'QﬁQF‘elﬂfé'Perﬁ"“'é'E trgtsgﬁtfm%taeﬁmwmﬂtqr t‘&ﬁl? i s
current| essseécnd n%dé%&@ﬁdhavmg ns/émuaopéoubtw th Gteqamt &ifend inpitderniihAlr40] Thd he

| nf or mat Bonﬁritl n%'so L\S rtlgej secor?cll node 82 Ca)nr'e 1%Xteracr(r)m|e%tedt The quiescent current which flows
through the transistors 86 and 94 now also flows into the first current input terminal 16 of
the first current mirvor 14 and into the third cufrent'input' terminal 32 of the third current
mirror 30, The qu1escent current setting . for the second current mirror 22 and the fourth
~ current mirror 38 is obtamed in a similar way by means of the transistors 92 and 100. The
20 effective common-mod_e- resistance is equal to Rd/(4(M+1)), where Rd/2 is the resistance e
value of the 'ﬁr'st resistor 78 and of the second resistor 82 and M is the current mirror ratio |
of the current mirrors 14, 22, 30 and 38. A voitage variation at the write terminal 6
produces in the first resistor 78 a current which appears M times as large at the same write
termina! 6. The apparent resistance value Rd/2 of the first resistor 78 is thus reduced by a
25 factor (M-+1). The same occurs for the second resistor 82. It is to be noted that the collector
 of the_ transistor 94 may be 'coupted to the fourth current input terminal 40 instead of to the
| ~ third current input term_'i'n'al 32 and that the collector of the transistor 100 may be coupied to
the third current 'tnput 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
30 and 100 is the same. If desired, instead of the transistors 94 and 100, the collectors of the
~transistors 86 and 92 may be connected crosswise to the current input terminal 16 and 24.
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 comiectéd between the write terminal 6 and the second node 84 and a



5 binary data signal for a disk drive or another magnetic storage nedi um
A-second swi tchabl e current source 48 is connected between the second
current input termnal 24 and the third current input termnal 32. The
second switchabl e current source 48 receives an inverse i nformation
signal NU erWp9%i%44she second signal terminal 3 and” stppl i epcrimesand
current if the first current is zero¥nd the ot her way around 10
When the first swtc

| e curre SO is turned rre W || flow
From e T skt Fasetor d1 riy bt e irsh noge B and e e SR, o st SIMPRGEn o
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current mrror 14 to fourth current 15 output term nal 42 of

fourth cu¥r Sttand lDﬂoAg@s, if isstothecnoted, that the callector pfithg Arangistox Hé may |bp@ouxﬂed to
head 2 and t ng%zd tio
of the currelﬁff(ﬁ&\tﬁQ:G%e)rﬁ[r oé télrﬁﬁnge and 35‘ Wh‘g seco g@ﬁ“@?aﬁ%“ that
current ‘sourthecoligctos of therteasissor 100smay he.coupled to the third currentcnputderminal 32 or 22
andthethlr r ' ive. Now a wite current
flows fromt t%ﬂ#fé?&hﬁ&ﬁ’?tgf%u ‘.L"Q’?@’g‘{ﬁ% second wite term nal 8

t hrough the wite 20 Figura8 sBows a circuit diagram of an implementation ¢fi the firs switctiablel e
our et 30V 44t BT SRR s 8 RSB i
mrror 30 arIEigmet i v2 and§. Thetwat svdichable current smircesiare onited i one cir@ft Gomprising

i nacti ve. I, r fl.ows t he osite directi.on, fr.o he
second wri tetwfqu#%‘mﬁe‘%m%s t‘ﬁbf‘w'&"sﬁx"rﬂ@w@tﬁfﬁ?ﬁﬁ? nreclEd ﬁ&ﬁ“’[‘ﬂ’é’ea;b{’ te .
head 2. It vindlhabing 8\colettoricopied tbethé ifirst curgent igpik tedfnirah €6, dnrNPN transistor 110
swi tchabl e current source 46 t%ntgghgsﬁ(giecond cur

swi t chabl e HAVINgits hasg, pongected the YAosisto g 456 P?PO&VH&"&‘B"ST}P%?%PGGG%

Wite cunsenhg firdl siisply tedininal 10, BNP mrahiiﬁmcﬂaa:amgtus base conféctéd ol sfolrtinbdeor
ratios of the current mrrors are a

shows an enbbldiard/its emitterip the ?’Wé‘e’f 9 ré? "gﬂﬁ'w nt06,and haying ifs sollpcior @%e‘g'é’égﬁd

current N r Rtk dugeitlfiput GeriindP4Gi a HbIR-ConAEdSENP Sraidislort NI nabinrgdtscammant
mrror 30 and the fourth current mrror 38 coﬁnﬁ’rlse Bisp ' NPN
r qu

transi st or s. canaewarddo the emitter phthg dransistor |10 and haying iis aserand T conn
ar r angenment Syothhe fdurthGfode 1 i, L0bibEcuitent SRR 181 BGpIAd td ihd fsuri fide 1MYo Spply a

repl aced whol |y or partly by unipolar MOS transistors. The control
el ect r od@0 t bias eurrent Intgithe fourth nede:214. Jie cigeuit funber camprisesen NPY| tansisigr 420

correspond t g ifdGitsRsE cotnbBeft 4 Hifth nﬁ&ylﬁ%dqalﬁlngﬂs%ﬂector 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

25 of the transistor 120 and having its collector coupled to the third current input terminal 32.

' The nodes 108 and 122 are driven in phase opposition with the information
signal U; and the inverse information signal NU; via buffers 128 and 130. When the voltage
at the node 108 is high and the voltage at the node 122 is low the transistor 110 is conduc-

. tive and the transistor 124 is cut off. The bias current I, of the bias current source 118 flows

30 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 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 voliage of a transistor it is then possible to
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respectively, for a bipolar transistor and to the gate, the source and the
drain, respectively, for a unipolar transistor. The first current
mrror 14 Gayw s a di ode-connected PNP i nput transistor Tlerr],
having its em tdtggg connected to the fi rsg9comon current PCT !14' 120 via an
optional enmitter resistor Rerr], as show in Figure 3, and its collector
to the fir dbn\(euhatethé curngnti T t’lﬁouglﬂherirandnsto‘rﬁ 106uasll E12AREqualitplit= SQRTIME* Q) *

Tlerr], se.connected t he b se of the I n ut transi stor
Tlerr] |tsY~éﬁ’g\e ﬁ "'tW&r??Q%C‘EC%EB’ p the fmitter ayeps\af she transistorgna
emtter re306asd m{ardrﬂr theoratis between meEmw?areas of{he thahsist68! 112 @h@1168. ¢ 1€
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t 18.
i nprove thé"'sHléPg "h@ Wh‘e“”cllr%%gg'f" s the terminals, 6.and 40, wh °§°n'§3&“h‘!!¢%'él-
stabi |l i tsy ?fopb jon4l b RIR urféht I Othe T&iﬁn&ﬂﬁlﬁsi(? Yefigtdetiriingd bg h éégﬁm?
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conpri ses PNP .t ransi st ors he third current mrror

fourth cur PEthe trapsistors. 108, HQ«N\?%" 116.  conprise NPN transi stors and
optional emtter regiakis, %ct&xtéﬁt ﬁilPﬁMr 9&%&9{? e s&ond GMH@G?meﬂ 24 and

transi stors bei ng connect’ed correspon term nal e current
mrrors. the third current input temqngl@?elf zhef mltmeat tbﬁhm 122 visubigh and fhapatrths nedec
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and ' t 0 of the
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Cl err] bet deeleveloflthe informatioh Sigmmis U{amhw,l\ii’liiowummwd fromrthe d.c. levels Bf thes

T[err] and_T r.as |c capaci t an err sent at.,the first
wr Lt 1 o newresht by erfiRhS B e Gl @Rl R 6 ne bl Ameifioly T toe Awitdlef o
wite ter m:uradnt Sourcds |46tand 48 apeeficating matmmmetsamyaoﬁégehm/nﬁe ameﬁ;fmst on the
wite rr ném(fﬂghthe |teterm%@§56and . The effect is that at

hi gh f 2qu Fn"c“ fHPPl:Yn‘F"‘?'P t hrough the parasitic capacitances
i nstead of through The buffehelzsrranaemmylcoﬁbmsfe eﬁfniteqbnéwm with e icurrémt € of
the wite- curre;ﬁ%‘gln order to red uce or even limnate the adverse

effect of INECHRAUTHERCAINR GETE iRassibly by ysing thfaﬂla@n&s.tb@us‘b@a tragsistans
110 and 124 for this pyrpose, lFlgure 9 shows how this can be realised. The buffer 128 is

‘now an NPN emitter-follower 132 whose base receives an -amplified information signal,
20 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 comprises an NPN emitter-follower 134 whose
‘base receives an amplified inverse information signal, whose emitter is connected to the fifth
ndde_ 122 and whose collector is coupled to the first supply terminal 10. The collector of the
25 transistor 124 is connected to the emitter of the emitter-follower 134. The collector currents
- of the transistors 110 and 124 consequently also flow through the emitter-followers 132 and
134, respectively. Furthermore, there is provided an NPN transistor 136 having its base con-
nected to the base of the transistor 110 and its emitter to the emitter of the transistor 110 and
having its collector éoup]ed to the fifth node 122, and an NPN transistor 138 having its base
30 connected to the base of the transistor 124 and its emitter to the emitter of the transistor 124
and having its collector coupied 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 emitter-followers always receives
 half the bias current I, if the geometries of the transistors 110, 136, 138 and 124 are selected



capacitor 170 is inserted between the second signal termnal 3 and the
first current input 25 termnal 16, a second feed-forward capacitor 172 is

i nserted between the second current i nput termnal 24 and the first
signal termnal 1, a third fiéed-forward capacitor 274 is I nserted
between the MR¥#%rrent input terninal agg the second si grewBsesmimnal and
a fourth feed-forward capacitor 176 iS inserted between the fourth
current inpuf, gEidinal - and the first signal termnal. During
transitions Int I nformati on signal capacitive charge is fed forward 30

from the signal. terni g bases ofrtlic emitterfollowers t32mndi 134 are driveni hyway D6 exdiviple,32

and 40, multipliled . to. e oW Ng.t .o ite
termnals 6 Qﬂ@%&%%eé{ggﬁ%g%gﬁll@fﬁ/@ ‘H&ééﬁsri?é;ﬁt@ag ér??ét\éﬂnrg%t"}ee tP%ggmMe-
capaci tive cuenant infdrimatiomsjgnals U; areNUa pelich aresupplied ¢ fdr znamaple Awda data flip-

| mprove ttge | ew rate of the current through the wite head 2. The -
conpensat ivon B based on - a feed-forward systemwhich is

uncondi tional |y st abl Bigufevisholvs anatherasigbodindnt of\an arrangeméentdn accordance with the
WO 97/ 19445 .. . .. . L a . ' .
PCT/ | B96/ 012 invention in whighthe parasific capacitances are nptialiser.ingg, magner, similay; fo that in; the
i nstability, emBodimenty deerib&rReréifbdfore0 The arrangemRGoRiprisdt Hwfitectidad Bifoeh are
susceptible of osci]latigns if too ch, conpensation is applie

| d. .
Wien the i nf SCREBREIRIgHGN o theyReprd camier §104 Shaw) anda,veite ampliGiar 4.fcs iriving

first 10 e WARHAE 2 GA résPoiise 36 e GRfofrRatRISEENAE The GhHith GMblifidrohds bR W@
first current input termnal 16 5 to the fourth current I nput term nal

40. A M ti mederminal fang ageeqnd verite tarmingl 8¢ which terminaly are coupled tythe avrigehed a0 6
via the head d R ey ' ; - :

{12 L1, heal o Wife SEEARCA Wil o 4Rl 1 and USRI SER0) Bl 12 serve e,
flow in the ceseivemtsupplyvoltagesrfor the write amplifiery jlm therwesentr ease thesecond waite terminal

Caact O 38 B e K1 e BT 65 o 14 e
t he ot her 13 hifiest chffentGnputderminahi6f a fiest cument Duthay tedftinalnitB ehdpled he thedinstewdiet | ng
capacitive CY&B&{H %, M‘&’é ﬁps?\égm;ngg current fcrminai 20 do_nnected.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 terminal 8, and a second common current
terminal 28 connected to the first supplf tgrmimil 10'._'_"A feed-forw_ird capacitor 170 is

20 connected between the first current in_put-térininal 16 "an'd the second signal terminal 3 and a
second feed-forward capacitor 172 fs gonnécted between the second current input terminal 24
and the first signal terminal | in a fashion similar to Figure 1. The function and operation of
the first current mirror 14 and the second cﬁxrrent mirror 22 and of the first feed-forward
cap_aéitor 170 and the second feed-forward capacitor 172 is comparable with those of the

25 arrangements in Figures 1 and 2, The arrangement.funher comprises a differential pair with
a first NPN differential pair transistor 150 and a second NPN differential pair transistor 152,
whose emitters are interconnected and ;ecpi\)g a bias current from a bias current source 154.
The bases are connected to receive th_é .i_n'fon:hation signal U; and NU; and the collectors are
coupled to the first current input_term_ipa__l 16 and thc second current inp_u_t terminal 24,

30 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 currént mirror 22,
and a second current sensor resistor 160 ns connected between the second supply terminal 12
and a further first current output terminal _IG_2 of the first current mirror 14. Furthermore, a
first NPN pull-down transistor 164 has its base and emitter connected to the first current

i
T



sanme direction as the capacitive currents flow ng through, for instance,

the parasitic capacitances Cerr] and (Jerr] at the first and second
wite termnals 6 and 8. It will be obvious that the
conpensating effect is already obtained with one f eed-forward

capaci tor. er, in order to maintain the symmetry of the arrangenent
and 15 to a"\b/@}a?fyﬁﬁsnecessary | oadi ng of agpommon-node contRCIVBIMIL ¢t it s
preferred to use the feed-forward capacitors in tw pairs.

It is furt bensometisgr 156 hnd h:sgbeowrcgﬁple&w tHeSirsd Curfend Biipas tehﬁiflalsw, hﬁ«ha:al e
current source,46 S itched, on'.i.f .the signal. Werr]. at sigpal termnal 1
ool at v e NN i rnsisi 156 basos Goef aic eHer Sohgerind oitbs peoonds
relativelychrpolt sérisof fesiéloP 360 hrtPhas dts Poildctdr RBhfled i/ the SdcomdP birféht ditput’ Bhhdli NY
an inverted i-nput signal can-also be used for this purpose. The sane hold

f or the * second swi tchab! e current source 48. In that case the first
and thirgd feed-for vpgdldifierRafdl tpair Sransfers tHeBlastditret'¢F (RO Bidk urréit P44 L O
the first signal terminal | ,and _the second and fourth feed-forward

capaci t or s theArstgigrent7ispetgenmigal 46 95 e theisepend curmentiipgut tegminal 24. If the first
Jne commoNRE nifftol 14 fecived! chfret the Secdft ylfdovin FrlfiRIGE186 s hifftalgnr B g2l € and .-
th t Of the Inro

25 may fluctuate w 1e. data pattern . rmat1 on signal to be
recorded. wWesulgof which the writectermyinal|8cis interconnected>to- the second supplyctesioall 12 and

pref erabl ygl. l&ﬁ%wpﬁm et val e o o . ' hpul d
be indepeng{grft% "g?ﬁ the si gnal cé_n?é’r{% ¥g§4x@ﬁ(§§ms|:5;;]é§%’%&%&aoﬁ@‘g@&é@&?ﬁw

Si nce tKe W2 vigahewaite teaid 2. 3f thaseproud enrcintigiinver 32 fee¢ivesaourrientothisi ragults ima e

out put s of ' ey si:ble-to fix the common-node

vol tage w f%@&rﬁ%‘n‘yﬁoﬁééﬁgdhﬁé é@ggé&%m' Figure 4 shows a

si npl e common- node FEigoreuiltshows arrent mirers forgsadmtheatrangeiens shown in Rigiee st or

50 connect etween the first, w,ite termnal 6, and.a first node,k52, a
second r,es?@ft@}e.ﬂ'\% curgept '&'B'Fﬂﬁzlétagﬂ “tb%m@rf“frﬁ%t mirpog 22 each-camprise 4 dt“ﬁé'cg'é'cond
writ Ie t er mhevedd Emg mmhintnﬁisro]?_sn;pslgmnggﬁ baszé mdwgnéua?‘rt&dndgw‘d\wﬁ&t ﬁ:laelch aridSthe

su ermna and.the first node 52, a four resi st or

coggegtéd B‘é?\?de%#‘tfﬁ%‘?é@&bﬁﬂ“'g pﬁ?’?“‘f’é’ﬁ}’n Waﬂwzs é‘ﬁ&"'ﬁ%@'ﬁ?‘?é‘?" de%ﬁfﬁ i's
arranged i supphrtatrhiaal 10, a PNP output tidfi3isior 1.9 4d0ing its base connected to the base of the

96/01211 - _
Eav?ng &s en]ﬁtter coupled to the first supply terminal 10 and

16 respective input transis Pﬂ/.,',,',
" its collector connected to the first 18 and the second 26 current output terminal, respectively,
and a further PNP output transistor T.'oé having its base connected to the base of the relevant
20 input transistor T;,, its emitter 'coup'le&t'o the first supply terminal 10, and its collector
| ~connected to the further first 162 and second 158 current output terminal, respectively. If
desired, series resistors may"be arranged in seﬁés with the emitters. -
X desired. the bipolar transistors in the examples shown herein may be replaced
by unipolar transistors, for example MOS transistors. In that case base, emitter and collector
25 should read gate, source and drain.
| Figure 12 shows a bipolar circuit implementation of the feed-forward technique
which can be used in the; embodiments employin'g four current mirrors. The bases of two
NPN transistors 182 and 184 are coupled 1o the first signal terminal 1 and receive the
| information signal U, _Tlie bases of two further NPN transistors 186 and 188 are coupled to
| 30 the sgc'ond signal terminal 3 and receive the inverse information signal NU,. The bases of
~ two PNP transistors 198 _and 200 and the collector of the PNP transistor 198 are intercon-
nected and coupled to the negative supply terminal 12 via a first bias current source 206.
Likewise, the bases of two further PNP transistors 202 and 204 and the collector of the PNP

transistor 202 are interconnected and coupled to the negative supply terminal 12 vig a second



with the wite head. The resistors 50 and 52 al so function as danpi ng

resistors for the wite head. The inpedance at the first node 52 is
dictated by the resistors 56 and 58. For a correct fixation of the
comon- node vol tage a mini mal .i npedance is desired, However, the

resi stance \WIPQH1%#S.t he resi'stors 56 and cannot® be chosemmghmzmrl |y
smal | on account of 5 the increasing curr t hrough these resistors.

Ci Poutt agath A e 708 wfeh pibical ik ichf ol i 6 B i

write ter ni rofithesfimnbias current sourse 206 Eheaitters of ﬂleSmmstdrsrmﬁilgsolmmO

connected b t no e 62 the se ' rm 8

and, in addﬁ@%ﬂ ?’{be% [ "Féféjklbﬁ'e??s ergflngs lgglr #aﬁlh‘gam E%ém tter

].:L_O connect led'eépéctivbfy }‘A fifst faﬁdanﬁzd aipiculwrwvsgs mgeaad ba@wd " Ptlr\;le emijtiee of tmﬁdgg
irst sup t erni na co_nnecte S n transj st or

havi ng |t§ b‘g§e‘“ﬁm%"ftmﬁ@'§9§ WEwis,a second l%e((l)forwmql%y pected

a third resigetvden fhe &rfitieL6f @ahshifir\1861and R émmatof&wmkwr bev. maioué&oraadmehe

collector of the second NPN trans stor 68, a f t PNP transist 72 havi ng

its emitter transistops, B8 a5 copp qd.tpé'ee m&yeezp terming} 19, Theco EH"P‘E@f the
coupl ed to thRasSRAOTEE, I85,0200 dndr202 39 coipled s, re?pe@b%e'tﬁé)ﬂfk?%r%tﬁﬂﬁpnd PNP

transi stor 74 havi ng its base connected tQ the base first PNP

transi stor 7grming mmwrldscw& inpyt %@Hﬂ@(%eél‘ettb‘“i ﬁwmmétmamak Feandothend
PNP 10" %ﬁhﬁ%ﬁﬁeﬁ% g'laf 20" fof ﬁl&ﬁ!@‘nﬁ file o] c fﬁﬁﬁg s 1d'fhe
e secon

second suppl y term nal ector
transi st or 7iour current mmors The circuit operat es in class A/B. Seen at

Fixat i on of s he cormeie et 8 FRutf 17 sybfieis ol ol M okl Bk,

smal | qui escisifloating andnis ah effective tlmﬁt‘eneﬂhe igaaidermmds gand’ramndmny(advmgeously be

supplied by the first NPN tka first Ptr 2. The
effective cowb"ge% m%&@'%niogi: e lﬂﬁ'&?“f"d’ arﬁ'g r e'S| a%ce
val ue of 150t voltapediffesenst QU, fdtosarthe fdae—fomr&tapacnors 1786a4adl:1<80ragd swerala dapaditive? .

e ©ver el SRR B e e PR RS 1 RS PO g paseBRRR R

current mrrRoe thé’lsdcbﬁi Qirfenl §rput terminanBHioSthe lﬂﬁmmnﬁnﬁwwﬁmﬁal 320 The F]dsxstoss
urren mrrors., Thi

desirabl e to _have. a qui nt cur enI i.n the
qui escent cu}% ,]?2 ﬁgﬁ ESWrF“ﬁ‘S@e’C’@PPEIGH'Pg g, twrPats A itheem ifters
advant ageousgfthe kiafigistérsS shows an ermbodi nent in which this is inplenmented.

The wite 30 arrpllfler 4 again_conprises four_current mrraors 14, 22, 30
and 38, t®e write hedd desiredpthe bipolar transistors may be replaced by unipolar transistors, for

example MOS transistors. In that case base, emitter and coliector should read gate, source

and drain. _ |
In addition to the capacitive feed-forward current compensation technique, a
feed-back neutrodyne compensation may be used to éompmsate for the adverse effect of the
25 parasitic capacitances. This is shown in Figure 13 which is basically the same as Figure 1.
However, also Figures 2 and 3 can be modified in the same manner and the c_aﬁacitance
values used in the next explanation are shown in Figure 2, Four additional neutralising
capacitors 142, 144, 146 and 148 are provided, whose capacitance values are Cap> Cop» Can
and C,,, respectively. The capacitor 142 is connected between the first current input terminal
30 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 the third current output

terminal.




first swtchable current source 46 and the second sw tchable current source
48 as shown in Figure 1. The common-node circuit conprises a first

resi stor 78 connected between the first wite termnal 6 and a first
node 80, a second resistor 82 between a second node 84 and the second
wite termnal a first transistor 86 of the NPN type haV|n% its emtter
connect ed ¥ 57/19445 the first mpyfe 80 and havi n§CTARISERIY ect or
coupled to the first current input termnal 16, a di ode- connect ed

sfecoRd ]Er ansi st or 8%@{ 1tg§éﬁsmhﬂmxﬂ3me bmmmmgngrahawmomgeb@ﬂr&dt fnihdrﬁu ]lgase
of the fir transi.s a,.third resisto connect ed bet the, first
suppl y terfé 3%8 the, capacitance yajug #et Ummﬁﬂme ¥Eite 5ng
athird trﬁnﬁ;nﬁpa,,@gegéuaﬂbe- NPN type 5 -having it's base connected to the
base of the first transistor 86 and its emtter to the second node 84

and havi ngChrs(%ﬂ'geind‘ﬂltMJﬁch"@m)t‘hé@‘@&@md'%m»f?ent i nput termnal 24.

The m strafed t of
t he PNPst ype havi [Hr%gﬁ‘llt S . . r‘-‘sﬂfd‘h;st edetéc@ﬁﬁ{eglc?ﬁeigh te%ﬁé[ahkreﬂﬁ E'{s ?&ﬁ%‘gﬁmebaén

havi ng |tsmud|w@entmutmtwpnmi 3oas yzesulf pf the capacisers connected tpthis teeminglnHithg2, o
di ode- Connfﬁﬁggaé%gse O.ﬁeﬁea;‘ t et 34 Reaskiiied WiE V) éoalndgéﬁttm@?&l 0

connect ed ourth transistor s emtter
connect ed ¢uwrenheutput terminal 42 ovill b -Vh The curventi i in- the shist curredBoutput ferminah 34 is

resi stor Q&F'g;onnect ed between :the second supply termnal 12 and the
col | ector ‘the fifth transistor 96, and a sixth transistor 100 of the PNP
type ha®ing its base connected to the base of the'fourth transi stor 94 and

its emtter_to the wyxC_ S no d lector coupled to
t he fourth{current |np6:f“'t$ gﬁ‘%mq' ﬂﬁgfl r§?" “and the second
node 84 are |nterccp‘rwe'wm(l\?l’he)qhu-amm}current whi ch flows t hr ough

the transistors 86 and 94 now also flows into the first current i nput
termnal 16 of the first current mirror 14 and into the third current

i nput  t er nTiRB¢urredt Mirough @he dipaciiof 146 Rftan opposite sign and is enlarged by the current
15 mirror factor M. A similar calculation applies to the other current output terminals.
| With M = 5, Cpy+Ceyy = 6 pF and Catp+Cenn = 4 PF G, wil be 15 pF
without neutralisation and 5 pF with neutralisation, assummg that C,, + C,,, = 5 pF. This
yields an improvement by a factor of 3. '
The current mirrors and the neutralising capacitors thus provide a broad-band
20  write amplifier with a very large output swing, which is nearly equal to the supply voltage.
In addition, it is possible not ohly to neutralise the parasitic capacitances of the write
ampliﬁer but also to neutralise the parasitic capacitances C,,; and C,, and the capacitances of
the write head itself (not shown in Figure 13) by making the neutralising capacitors
sufficiently large. In that case the write amphﬁer 4 will oscillate when the write head 2 is
25 disconnected. This makes it possible to detect a defective contact between the read amplifier
and the write head by means of a detection circuit, which detects whether the write amplifier
oscillates. | -
It will also be obvious that the neutralising effect is already obtained with one
neutralising capacitor. However, in order to maintain the symmetry of the arrangement and
30 to avoid unnecessary loading of a common-mode control circuit, it is preferred to use
neutralising capacitors in two pairs. '
The neutralising capacitors operate according to the feedback principle and may
cause ringing or instabilities when the parasitic capacitances are over-compensated. The total
parasitic capacitance is often not easy predictable due to process tolerances, temperature



mrror 30. The quiescent current setting for the second current mrror 22
and the fourth current mrror 38 is obtained in a simlar way by
means. of the transistors 92 and 100. The 20 effective conmon-node
resistance is equal to Rd/(4(M+1l)), where Rd/2 is the resistance val ue
of the firstWQ¥i9450r 78 and of the secong resi stor- 82 andPQuViB6/G1RK cur r ent
mrror ratio of the current mrrors %, 22, 30 and 38. A voltage

variation 3\5 &swﬁ&a W%&gl eté In order Q§ B&E&ﬁ%stiepﬁ %hé ﬁﬁd § %ain%hé?{ d?eg a
current whi ch appeéars I Nes 'as large a & SAnE Wi T Termnal s
The appar enpeutralising techniquesshould Ruder-coimpensatefthe parasiticcapacitandts bysa largesamsositic ed

by a 25 fagtor (M- T r resi Wt is
o be not ed R i of e WiraiE EBEHOM coB it TBE BBICHT Babh SioskBig o' 1o
the fourth margirehds torbekept. dheiabae distussed feeddorafard coigensation car be uskdcifr r ent
input termpal 32 and,fhat the collector of. th ansi stor, 10 be
conpl ed 5o etred, i Foipinafon, i e terdEfaek teeBpiinfh £l 31 31atkin ehoptthe ik of
fourth currmetbitiiesst term nal 40. This nmakes no difference for the
gui escent current setting because the current in the transistors 94 30 and
100 is the sane. If desired, instead of the transistors 94 and 100, the
collectors of the transistors 86 and 92 may be connected crosswise to
the current input termnal 16 and 24. ' ' 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 wite termnal 6 and
t he second node 84 and a - WD 97/ 19445

PCT/ 1 B96/ 01211 sixth resistor 104 between the first node 80 and the
wite termnal 8 This solution can be nore accurate because the
transistors 86 and 92 as well as the transistors 94 and 100 now each
see a separate degeneration resistor in series with their emtters. This
mtigates the effect of a possible m smatch between. the transistors 86
and 92 and between. the transistors 5 94 and 100. Again, it is to be noted
that the collector of the transistor 94 may be coupled to



‘the fourth current input termnal 40 instead of to the third current input

termnal 32 and that the collector of the transistor 100 may be coupl ed.
to the third current input term nal 32 i nstead of to the fourth current
i nput term nal 40. Figure 8 shows a circuit diagramof an

i npl enent at%&s ,g%ghe first switchable 10 current source 46 and the second -
swi t chabl e VLS source 48 of the arrapgenents shown i PCTBISARY res 1, 2

and 5. The two switchable current sources are united in one circuit

conpri si ngCLAIMSt he fol | owi ng el errents An NPN transistor 106 having its

base connected t node 108 and having.its collector coupled to

the first current wum an NPN transistor 110 having its
base connected to m‘ E‘“H ransi stor- 106 and having its collector
coupled to 15 the' v ret sufply térninal 10, a PNP transistor 112 having
its base connected to a fourth node 114 and its emtter to the emtter
of the transistor 106 and having its collector coupled to the fourth

current input termnal. 40, a diode-connected PNP transistor 116 having its
enitter - connechBaTRRgemeEt foFFecpringcAn infasmatiosysigngl e a megnesisdeomdi ng its

base and i tsrieQlchbmptisihg sm@ﬁéaacm for m&ﬁ:ﬁé‘ﬁférﬁifﬁ&&‘oﬁ‘%Wgr%}) afifa_

current source 118 coupled to the fourth nod 4 to su
current | waite ameplifier (dcomprising:14. The circuit further conprises an NPN

t | st Q@ﬁﬁ

h;\alllnfllgslgg co s‘ c?]otren@c‘)ﬂp d{d t he %@i@gﬁgﬁﬁﬁéﬁ’gﬁ;g&éﬂ{;& %’%gm]geg" nal 24,

an NPN #r amrsmmu@mmmﬂqmamnssimm connected to the base of the

: ot ) ;

term nal 10 175 VS Rl shd a 3o st 51 G, ol B8 ol e e g ¢ e

fourth nod&)lddﬁwﬂleiwmehea'dt(a)am tespmkeetoetha'iﬁfm-maﬁ& sngialthe transi stor 120
d h Ll ecto d t ut t

The nodes 2 65 afifb BSiHaL (Y Frelfiscoind iely Yrmmud D IR conbfiion o p fviftrs | on

signal U ewl]agalfd'thélwmmmupliﬁermt ormation si gnal NU err] via buffers 128
d 130, th h de 108 i ' apd th | t t

The nod? 195 e @Y (14) heyind b Ard EuTRE Toah il U, o figecutizat oot

t ransi st or tefmihal €8y céupletifto nréfmstbuvﬂe teraiinag 06), hicCd fikst dminbA cliriréht teimirlak (T0)
source 118 fl ows, 30 \ﬁ/noll throu b)t;e transistor 110 via the transistor

116. The bSneciyd to the ff yoﬁE““B transistors 106, 110, 116 and

112 form aawoamshum&mﬁexom) hdvéngSalBBcoiid EutRnDMPEL BfMiAdl {24), a secol® chrrées Of
the transistors 1Q6 e&% be| equal to the sum of the base-emtter

vol t ages oftput termigyl e sepgnd, efte tersmingl (E)yanch 3 Sepone KOmED FURRO L
formul a5f ofermin@ ¢28) é&n'n&!?éhﬂoﬁhe first sdiﬁiy"ﬁﬁﬁlnilr‘(%)cﬂﬁd ector current and the .«
base-em tter voltage of a transistor possible to -
current switching means (46, 48, 30, 38; 150 152 164 166) for enabling a current flow vig '
a first current path between the first current output terminal (18) and the second supply
terminal (12) vie the first write terminal (6) and the second write terminal (8) for a first
value of the information signal and for enabling a current flow via a second current path
20 between the second current output terminal (26) and the sécond supply terminal (12) via the
second write terminal (8) and the first write terminal (6) for a second value of the informa-
tion signal, characterised in that the write amplifier (4) further comprises at least one of:
first compensation means (170) for adding to the first current input terminal (16) a capacitive
current having a direction corresponding to the direction of the current flow in the first
25 current path in response to the information signal; and
second compensation means (172) for adding to the second current input terminal (24) a
capacitive current having a direction corresponding to the direction of the current flow in the
second current path in response to the information signal.

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



WO 97/ 19445
PET/ | BY6/ 01211 wumu’m Mlﬂﬂllcurrent through the transistors 106
and 112 is equal to | I[err] where SQRT is the root

function, Mthe ratio between.the enmtter ar eas of the transistors
106 and 110wwwinbesshe rati o-between the g tter areas of trocaABYGANEBIISt Or S
112 and 116. As a result of this, current will flow between the

t | 16 d 40, d t

| Cor T2 S o Rgss GomBER A a forva, sapastion {Jﬂﬁfr@ﬂ" Betwise, g skl e

of the tr Q:i}?iiufﬁfeﬁhﬁlgﬂgﬁ) aridL@e sdcbid sigrlal kdstninal (3) and the second compenkankm\maﬂs a
current w ow bet we

h d |
the third COMPESSa $e6 M%F%%MF&E%"P? ent eﬁﬁlfr ter‘ﬁnna ‘é*“TQ inpt i gh

and that ayerififal (XY @nd the first 1@%},511 &rﬁ,m (13'0 th| s end, the bias current source
118 is preferably an adjustable or granmabl e current source, for

exanpl e Jn 3t DAC (di Qﬂtaﬂau@le&h%ﬂ ‘35‘"@8%’ ‘t"@rl Of #-Fharacterispd in that the cusrent

Since the g mleﬂﬁ% gkdvi nal s 16, 24, 32 and 40 are all coupled to
col l ectors ?}L tﬁﬁE nfpl evel of the inforpmation signals Uerr] and

NUerr] i s artbind certnmirror (¥)havieg a third qusteat inpulrtermipal (32), athird gyrrent guiput
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sour ces savi ng cur using the currents through
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‘ 28 is NOW. J\Iemtter foll ower 132
whose base ! F@BE‘\’%‘Q c&ﬂ“ﬁ"?ﬁl‘? ees&cqqqfsgp%ﬁrg“ﬁg 20 whose enitter is
connect ed tfidshewitdhabilé cioéht sdiite (IG) cotnoced betlvbacme Iﬁrét&un'auphpul terqrinah €16)i r st
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an NPN ¢§1 tihREmatinl iil; 134 whose base rece| ves an arrpl ified inverse
I nformati on signal, whose emtter | conp&%g‘% he fi ﬂgcgl%'nl 2
and whose &Ww@abl%swwéaow b conn f'é?q‘ﬂ' 5\’"% inpy !

col I ector oqu;m the thutdr&ﬂx%hﬁ t é&ﬂnaxqsaqeﬂafpb%gt@sec&w &uftent fr the secbed
emtter-follower 134. The collector currents
value of the information signal. .
4, . 'An arrangement as claimed in Claim 3, .chz.u.'actcrised in _that the write amplifier
20 further comprises at least one of a third feed-forward capacitor (174) inserted between the
third current input terminal (32) and the second signal terminal (3) and a foqnh feed-forward
capacitor (176) inserted between the fourth curreat input terminal (40) and the first signal
terminal (1). _
5. - An arrangement as claimed in Cla:m 3 or 4, characterised in that the third
25 . current mirror (30) and the fourth current mirror (38) each comprise a diode-connected input
transistor (T;,) of a first conductivity type having a control electrode and a second main
_ electrode connected to the third (32) and the fourth (40) current input terminal, respectively,
and having a first main electrode coupled to the second supply terminal (12), and an output
transistor (T,,) of the first conductivity type having a control electrode connected to the
30 control electrode of the relevant input transistor (T;,), a first main electrode coupled to the
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;,) of a second conductivity type having a contro] electrode and a
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of the transistors 110 and—tZ4 consequently also flow through the

emtter-followers 1 respectively. Furthernore, there is .
provi ded an NPN tra‘jgmngllI“HH"mu\g its base con- nected to the base
of the transistor 1 andut® emtter to the emtter of the transistor 110
and havi nﬂﬁ-ig%s coll ector coupled to the fifth node 122 . and an NPN .
transi st or MY ing its base 30 connectred to the base BFT’f'ﬁémW'ansi st or

124 and its emtter to the emtter of the transistor 124 and havi ng
s COll eGhbitnd apiif eiRetrdde dofifectellith the Rig(1 EDkhd (kb Secbiich(B4) edreurs itgpﬂﬁteugiﬂallBB
ensure ~that the currents thro the emitter-followers 1L 134
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Thus, eachnQtgub trahsifore(T, idP the @kbrivédnductivitpiype having  eontrol electiade! t he bi as

current I[err] if the ge tries of thetran&sto,rs.},llo, 6, 138 and, 124
are sel ecteeanected to the control gieatrpde ofjthe relevant input transistor (Ti;), a first' main electrode,

PCT/ 1 B9g/ %ﬁ%ﬂéﬂ to the é‘g&c&ggﬂg%ﬁlﬂ (10), and a second main electidlR BAfERRed 3 tHe/Tist

emtter=f wers 1 a 34 are driven, by way of exanple, by the
t ransi st or(@8)sndheisecprd €6) cemrenp guputitemmipflose bases are arranged to receive 7
the conpl me a,w%.' sﬁu- ' %% \dhSabtbris dn Mak ie'flrst it Ch are
supplied, Tor exarrp%e, a g?%‘ |§h 5 f10p. o .n e s Figure 10

|
shows anotdietrodestnfdherimput trinsistorso(Ti A aod metpet transigtorsde 0f the finst(1fhand the

i nvention | j L] i - r by ' ranner
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ar r ang@OerR ., anp thesfrst mainrdlectrodias ad tii input transistorsdT ) andoutputitransistots (D 0f t he

oL o0t i BB R o e R S e S Bl
a first w(lRpevia msistM(RﬁL%)ﬁ and a secogqt-wr ite t eLm‘ Inal a8, whi ch r oA
Firat supply ter m ol arpecm 3 Rt I § 4 895 G aneedbel b e -
receive a finglifiey (4) Fuktid @oiprises: e fivst rdsibton (50) icbhrieted baveletherfirstandtecase t he
conpri 455 THTAISE) ek G S (90 2 SERHG TFRPrH connetted Debwed e HrsC e | ¢
'(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 3, 4, 5 or 6, characterised in that the
- 20 write amplifier further comprlses a first resistor (60) connected between the first write
terminal (6) and a first node (62), a second resistor (64) connected between the first node
| (62) and the secbnd write termina! (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
25  the first conductivity type having a control electrode connected to the control electrode of the
first transistor (66), a first main electrode, and a second main electrode connected to the
control electrode of the second transistor (68), a third resistor (70) connected between the
first supply terminal (10) and the second main electrode of the second transistor (68), a third
transistor (72) of a second conductivity type having a control electrode, a first main electrode
30 connected to the first node (62) and a second main electrode coupled to the second supply
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 mam 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
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15 first current inpu Lpal 16, a first current output term nal 18
coupled to the first " ImHMT" M’tﬂj | 6, and a first common current
term nal 20 connected t® | S ly term nal 10; a second

current mrror 22 having a second current input term:nal 24, a second
current wQAYVM4S ter mi nal 26 coupl ed tg the second witectmpgsmid 8, and
a second common current termnal 28 é®nnected to the first supply

term nal 10 feed-forward capacitor 170 is connecteqd between th

et our r oFIE) epRREHed BrAYRrine BRSOH sopmt dmine 62 pf e SEeon e elsciiy of e
second feedfdupthwrnsisteapalg) tor 172 is connected between the second current

Il nput term pal 24 and the first signal term.nal 1 in a_fashion sinmlar
to Figure 19 The fundPAHARESMENASHia H'-,Gfa'm 3. 4, 91k 6 chargcigrised hthat,the wijte 14
and the secgmglifidd'fufiker cBinpfis; 22 and of the first feed-forward

capacitor 170 and_t he second feed-forward capacitor 172 is conparable with

those of % ha firs resistpro(T8Lcanpeated betweeg the §rst witte tepminat (6) and afisefofe (804 her
conpri ses ai%Bﬁ% ﬁééﬁ I 904) RBArtecttll bBiween th_eaﬁrgt: roat (987 ndl vle bt tétitital

transi stor 1d a second NPN differential “pair “transistor 152,
whose eni t t @)sashind resistor (3N connected hefweancthe st avrite serminal (@ rand farscoond nipdeas

current sou coand] r ' he i .nf( tion
Conal Uf or 65, By resivr 09, BAREAed pRwEAIE Webfa hiud GEFMIENG Reohd WAL ¢
current inpterminat 8nal 16 and the second current input termnal 24, 30
respectiyel y. I L r . | . | e n the
second stlﬁp f‘ ré%g‘?‘é‘? mgfgﬁg‘?ﬁgﬁé“?ﬁ?ﬁ%?&?ﬁgﬁbﬁ ?E?ngtfgﬁwﬁrm nal
158 of the slectowid counectedtto ther fixst n®i2, (80) and acsecond main eledtreder coupled toothe dirst
resistor 160 i s conne bet ween the 0 S ly .termnal ,12 and a
ot ner i v SHpoiy,ferel UL A Econd: Famyior 1853 2F the P qnpiciivit, s t6¥ing a conily
Fur t her nor e eledtrode conhdctetto ME\eahttbl elestitide of Biesfirst tnsit@f (863 5a Fikst nladbéledifvde,
emtter connected to the first curr

O T 0L S A el i ol e conel ek S St i B
its col | gt arifoieibee (90Y chitRcted bétwesn! the FiRét sapplP wWrmir (10) @hd 2. second nfain
second NPN pul | -down transjstor 166 has its base a_nd em }_t er -conr‘:’ect ed to
t he second e¢lectrode of the second transistor (88), a third transistor (92) of the first conductivity type
having a control electrode connected to the control electrode of the first transistor (86). a
first main electrode connected to the first node (84) and a second main electrode coupled to
the second supply terminal (24), _ '

20 a fourth transistor (94) of a second conductivity type having a control electrode, a first main
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 inpui terminal (40), a fifth transistor
(96) 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 first main

25 electrode of the second transistor (88) and a second main electrode connected to the control
electrode of the fifth ;raﬁsis__tor (96), a sixth resistor (98) connected between the second
supply terminal (12) and the second main electrode of the fifth transistor (96}, a sixth
transistor (100) of the second conductivity type havihg a control electrode connected to the
control electrode of the founh transistor (94), a first main electrode connected to the second

30 node (84) and a second main electrode coupled to the other one of the t.hird current input
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 3, 4, 5, 6, 7, 8, 9 or 10, characterised in




current sensor resistor. 160 Its collector coupled to the second
current out put tern‘:\mnm‘“ 6‘& The differential pair
transfers the bias

las current source 154 to the first
current input termi nl 16 or to the second current input termnal 24. If
the first current mrror 14 receives current the second pull-down :
transi st or W@&145 urned on, as a rgpul t of which t RETARYSORMY er i nal 8
i s interconnected to the second supply terminal 12 and the current can
fl1 ow from ghhethé lﬂi'ﬁt(4QLHn6 en seewdpc«zs) §vﬁfcmmaburi&t Souréd @nippise severiip| Y
termnal 10 12 vi ?eéil\'” the second current mrror 22
recei ves cUfnsiior (f(ﬁlﬁ)§ A ﬂl‘l"gdq"ﬂ"‘é)’ tYP"' ha‘ﬂ'ﬁ&?&?ﬂm’! glegirrde conrectRditg @ tehg 2 i n

the opposi 4get108)Ch iiPfl-main electrode, and a second mﬁh%lbﬁﬁod@coﬁﬂ% i e urrBit" 1 O7 S

for use in the arrangenent shown in ure first current
mrror 14 iapet tsmln%le(g@man eighthetransistor (1@3) obthe figsh cendupu\ma'etyep bavingea eamtrol
nect ed NP [ r nnect ed
to the fi rs%a%g c&éﬁénﬁ%cﬁ??éeﬁeﬂﬁﬁw %ﬁﬁaﬁm&ﬁp‘gct ively,

and havi ngeleqtmde,cmd@caegondaoup letedtreds conpled 1o e first supply fpphinat G0hiawinth10, a

PNP out put F?d\m 8e of the ..
respecti ve"#dr’]s%%? (sznm [Ss?{oml errtfﬁwh |l%g{ht Rgﬁ’%?mg‘gﬁ%{ﬁgcﬁ Yhe first"
suppl y t er fourthnode)(1d4) a first main slecddeswhimacted do tedfirsimaio eleotrodel ofthe d¥enthd t he
second 26 curr { respect i and a. fyrther . PNP
output ¢ r oieaEn 108 B JoEid Bl e ohpE el e fourty e Ciogll i
rel evartd 2@0),rapdidde-conneitealt terith Tiassistdr, (116)ofale seoeiid adwiteily Lﬁembﬁnhhﬁ-ﬁ?
supplytermna 10, and its ¢ ector o the t he i rst
5P cBR derfe e o e, F rain slorpad REE e byt (/18] S fpetnl oo
ffr :j es r eza edmh elembldaanamm; ﬁﬁml dlectrolé &ﬁmuté(htottﬁ@foﬁhﬁhtn’oﬂéh g114),

esired, the ol ar nsi st [ exanpl es shown herein
repl aced @ bias W"d‘g )r%ﬂ‘fg F@r}oqu}“‘@izi%é" ﬂﬁBBlYtarQ‘ﬁ%?“gfeﬂF?%Fn t hat
case base, foaﬁhtnb&-,rng coI l ect or 25 shoul d read gate,  source and drain.
Figure 12 shows ‘a olar. circuit inplenentation of the feed-forward

t echni dde an elevepfh; tmmétah (120) pktbe first conductivityoype iaving a-eptrel eleqsrode gennected o nt
mrrors. Ti& ﬁms&:eqﬁzi)\/\@ ﬁrst malr{\@%tﬁd'd@nﬁidsat $8Echd Iigin %fégtn;&%oﬁﬁ Bd fPme! ed to

the first signal term nal and recei ve Information signal Uerr].
The bases %FWV%‘"FM'E‘W&‘CM' 7492 twelth srar!.sss)ra(m)p@@eaf T8t copdyntixtly ype30 t he

second si Qmingtaeédmraﬁéle&ma@%{neaé‘d 6Cthé b&mxﬂé&ewwdgmhmnggl%a 120),

NU err]. The Dbases of two PNP transistors, 198 an
col | ect or ®first maincelpetnode, rand 4t sepond guain electrade epupled to the ﬁrsne-mpbdtemaldé%l ed

h I
L kew 207 4l o' GirAR indi T 196) orite Jeefbdoonticnif |48 yhE S cby B ekl
col | ect or aohndcted tPile fourth nodeafl$4)s & dirstatkdin alee;rodntcenmledmtlmdimndamoupl ed to
the negat 'éf&n%&é’l# iﬁetueafxﬁlm 12&)2 aXd & s&ond ﬁﬁﬂl electrode coupled to the third current

input termmal (32). '
12. An arrangement as claimed in Claim 11, characterised in that the first (46) and
25 the second (48) switchable current source further comprise: '
a fourteenth transistor (132) of the first conductivity type having a control electrode for
receiving the information signal, a first main electrode connected o the third node (108) and
" a second main electrode coupled to the first supply terminal (10), a fifteenth transistor (134)
of the first conductivity type having a control electrode for receiving the information signal,
30 a first main electrode connected to the fifth node (122) and a second main electrode coupled
to the first supply terminal (10), a sixteenth transistor ( 136) of the first conductivity type
' having a control electrode connected to the coritrol electrode of the cighth 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
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bi as current source 208 u‘“‘!ﬁ““‘m bi as current substanti al I y equal
to the bias current e iMst Shias current source 206. The emtters
of the transmwoemesss2/ 198, 184/ 200, 1861202, and 188/ /b2

i nterconnected by means of reS|stors 190, 192, 194 and 196,

respectively. . A fir feed-forward c itor 178 is necte et wee he
enmitter of trfgﬁs"'l"gg‘l‘f}hv’éy ty??é‘agﬂﬁ at"ﬂ@"@rﬁ qeirede. 89““?‘?%‘3 ?8‘?“‘ EC‘E‘?’@&% . a
tsecond I eed- 1ggém{jtﬁglﬁiﬁbﬁclz‘4§),ra ﬁfs% ﬁltiﬁll aedue:ie connetted !I_&Etha ﬁrfl;i‘nmfe&tﬁfde(l{f the
ransi st or e e er .of transi.s cql | ect or e
transi stors I‘B’Q‘%ﬁﬁ‘“&‘%’ '@83&’@6“ o‘"?'ﬂéﬁ'ﬁgg‘?et g&‘ﬂ)&e '“F‘i) ?;eré&s)ig'e The
col l ect ors Ofseddh@ main eleb@étfel GFithe Sigﬂﬁ4m§1§tﬁr (ﬂ@?b@ﬁgc&ﬁaczad > the iitdisbde 1108

respectively, the first current gﬁ term nal t he second curren
i nput  t er n§ neand ghe secopd Mpin clectrode et theitwelfih trapsisior, €24 B@'%@“ﬂﬁféﬂdﬁ@ the fifth 1
current input oB@UﬂZ’f'a 40, for supplying the capacitive conpensation
currents tot“n four current mrrors. The circuit of
Figure 12 is Bymetri cAnmmmlqcmme@amimﬁdcmm%nstmthecurmt-
floating and q@%g sauffer of the signal termnals | and 3 and may
advant ageousl%‘/‘ﬁl‘:’ﬁﬁg $ho ned with the circuit of Figure 9. The
information s @ffatenuall[mmqomnénw[fqulffwm@m trafsistor (15Q)cof i firsboanduesivity
2U err] o] C 0
capact 11 a0 pe it 4 86 BARHMBRAGARIOP (1557 of B S boRAMATHP GRS, dbasg fire
fourt h curr enmainejectrodesrane aalpled(loaeceweablisrmmhhﬁ'omecbaxjcwmnt sourcei (A4 wbose
termnal 24 to e third current ut ferm.n tors
192, 194 and ?Q&h‘p?‘ﬁ}'é’ﬂf S R & ‘é’t‘ﬁﬁ?ﬂl EFvE the ‘f‘f"é‘r‘&‘?‘é‘m ﬁ‘&'\a} ﬁ'b"s?’ 955 sengd ;5'%??‘[ s
gt t Ihe em t t edléctrodes arefoo?);hai forthe) ﬁrsg corrent inlat Itermmal (16) and the sééofnd eaimémdoput he
i pol ar transijst.,or.s & i uni polar . tr stors or
oxhnple MOB CEHEN LB, SesbroivElng oS caprlietior Shsisds 1 ) doptsried bBfween s pegpnd
read gat e,15SO0ippl§ terminal TN aﬁ}ﬂ%l forther second current output terminal (158) of the second current

- mirror (22), and a second current sensor 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 transistor (164) of the first conducti\(ity type having a control electrode and
first main electrode connected to the first current sensor resistor (156) and a second main

20 . electrode coupled to the first current output terminal (18), and a second pnll-d_(}wn_ transistor

(166) of the first conductivity type having a control electrode and first main electrode
connected to the second current sensor resistor (160) and a second main electrode (_:bup!ed to
the second current output terminal (26).
14, An arrangement as claimed in Clalm 13 characterised in that the first current
25 mirror (14) and the second current mirror (22) each compnse a diode-connected input
-transistor (T;,) of a second conductivity type having a controlplectrode 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 outﬁut transistor
(Top) of the sec_imd conductivity type _ha_wing a control _electrodé connected to the control
30 electrode of the respective input transistor (T;,), 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, respectively, and a further output transistor (T‘op) of the second
conductivity type having a control eiectrode connected to the control electrode of the relevant
input transistor (Tip), a first main electrode coupled to the first supply terminal (10), and a



adverse effect of thes paci tances. This is shown in Figure 13
which is basically the sane as Figure 1. However, also Figures 2 and 3
can be nodified in the sane nanner and the capacitance . values used in -
the next eM?P¥A&45on are shown in Figurg;2. Four -additi oREFIBI6NL2RI i si ng
capacitors 142, 144, 146 and 148 are provi ded, whose capacitance val ues are
qerr], Clilohd mafl 8bsthode connedi®d 1dihe Firher 9@ RAG hﬁ&keeond gsspamﬁi biput142 is
connected between the first current input terminal 30 16 and the second
current omrmal,treﬁm'm;ly 26, the second capacitor 144 between the.second

current i ngut ¢ er g akraddhilad (il P 16613, ShiracisBn o ik Woke dplfieR®

In addition to the c 1tive feed-forward current conpensation techni que,
a f eed- back neuiﬂﬁﬂfbﬂ le on may be used to conpensate for the
c s .

third capacitor 146 etween the third ¢urrent |nput term na

t he fourt {4)cfurthesreompaisssut terninal 42, and the fourth capacitor 148
bet weeng t t { r ut
gl st (P& Lol (13@ éa,.;hogg%ﬁa%w (188) AHVr beRfsididhs of a Gtk osmucg\g{yp

PCT/ | B9 6/ W.‘Lgach having a control electrode, W/first main ielectredeand @ seéond  mdin electradenthe
mrror rat f t he
capaci tan & {/og lehegn@?fs gg (Eahn Cf?)lé"t Qgie}nﬂp ﬁé&\g‘\? |‘fﬁ) {rg?sr'# %rgﬁetgé htg thé ﬁ?l\/'
term nal Signall terniisal i), alie d¢ontrol electro@senfrthe third (186) and: fourth ( 188) transistors being

(derr]+derr errllnt (I-M(Cerr]+Cerr]))/2 5 This may
be |IIusﬂ°3 %’éﬁh%gw é”@”%)'m ng which currents flowin, for
exanmpl &) Hifth (198), sikihi (200) severth (202) apditighth r(nM)adans'istoras:fa seeond chndni:n\tdye

ted to this,t voltage at the third

t
Car ont o BHPRu ToEn APV &1eon lecedR s i, leGrode o g ety ikt r ¢

current Outfirstt(206) ant taasbc(ﬂ-a (208) beabe:urréﬁt solirce, ahé Edhitdo] elettioded6f b il (098)r ent

out put term nal 10.
P and rr.llxth (%00) transistors ang the second main electrode of the fifth (198) transistor being

coupled to the second supply terminal ( 12) via the first bias curfent source (206), and the
15 control electrodes of the seventh (202) and eighth (204) transistors and the second main
electrode of the eighth (204) transistor being coupled to the second supply terminal (12) via
the sccond bias current source (208); '
ﬁrst_( 190), second (192), third (194) and fourth (196) coupling resistors for coupling,
respectively, the first main electrode of the first transistor (182) to the first main electrode of
20 the ﬁfih (198) transistor, the first main electrode of the second (184) transistor to the first
mai__n electrode of the sixth ('198) transistor, the first main electrode of the third (186)
transistor to the first main electrode of the seventh (202) trarisistor.’ the first main electrode
of the fourth (188) transistor to the first main electrode of the eighth (204) transistor;
a first capacitor (178) couplmg the first main electrode of the second (184) transistor to the
25 first main electrode of the seventh (202) transistor and a second capacitor (180) coupling the
| first main electrode of the third (186) transistor to the first main electrode of the sixth (200)
transistor;
the second main electrodes of the first (182) and fourth (188) transistors being coupled to the
first supply terminal _( 10); and the second main elecirodes of the second (184), third (186),
30 sixth (200) and seventh (202i transistors being coupled to, respectively, the first current input
 terminal (16), the second current input terminal (24), the third current input terminal (32)
"and the fourth current input terminal (40). '
16. An arrangement as claimed in Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,

14 or 15, characterised in that the write amplifier comprises at least one of two capacitors



[err] The ¢ pacitor 146 has an opposite sign

and is enlarged by th or factor M A simlar calculation
applies to the other ’!ﬂ'ﬁ[ﬂiﬂ“%rmnals Wth M=
5 (derr]+Cerr] =6 orr|s+Crerr] = 4 pF Clerr] will be 15 pF

wi't hout nequdmsatr on and 5 pF with neu al i satl gn, assumargstemaziiClerr] +

(err] =5 pF. This yi el ds an |rrpro ment by a factor of 3.

The current rrors e neutral 1 t rov

br oad- band Wsqué"a‘!&&b?? 1t SPPARILOT, lgb\/'g '1%8%& E‘F% ﬁ;eﬁkr\ﬂs%th is
nearly equ%&m‘iﬁl (15 afid R sécondl dud@ht output terinab (@6)] andra sec:bnd QpaUns |(b44ea inot
only to neut raI i se t he Far asitic capaci

but  al so t eonnected %m@"e‘éb%%ﬁ@%@@&vﬁff‘ %"tf@?ﬁme%ﬂﬁt he

capacrtancq g the wite head itself (not shown in Figure 13) by
maki ng the ‘néutralising capacitors suffjcj entl g hat .case
the wit® dfplifier AB axrangeneent ps Flained ip Sla 4430 tﬁe h§ é‘ ﬁj'llé ég 183 14or e

di sconnect g laeARHR thd BRI U Ehts & 1AL 85 o1 YoPRAAapidfibccn

the read anpli wri t'e head by neans of a detection circuit,
- whi ch det eq146, 8} dfcwhicha third c@aatopl(i%)esrconnectedowmnatbw!rd current input
Itvmllalobe $i)q4 ned
W th one  iormiel 128 nd Wik cofedl Sl flcrningied), &R s fosrifiLdsRE AR 12
symet ry ofconﬂaetedrhemagn nienfourth duzent inpyit teywind! (#9hardothe Abipd cuseant AYPUR tegminal
conmon- gﬁde( ﬁontrol circuit, it i s preferred to use neutral i sing
capacit -t wo pairs. The neutralising capacitors
operate accy® di ng t @ tinite dmplifien (&) for usecin@harmngement as claimed auany onenefithe or .
instabilities when_the parasit.ic ca cit.ances .are over The
t ot al pregediog (Glaims, for pear 5%31' gimatign ﬁ'&fm@gs%/mﬁ'gﬂ?@ﬁ a%h%cei to

process t ol er ances, tenperature:
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PCT/ 1 B96/ 01211 vari ations, |oad capacitances, etc. In order to prevent
excessive ringing and instabilities, the neutralising techni que should
under - conpensat e the parasitic*capacitances by a | arge anount.

Programm ng efobdheadscutral i sing capacitors can all evi at e t hpeTyeoghizem but

a substanti al margin has to be kept. The above di scussed feed-forward
conpensation can be used, if 5 desired1 Jinconbi nation with the feed-back
technique to fill in the margin w thout ﬂ@ ri sk of instabilities.
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PCT/ 1 B96/ 01211 CLAI V5 1. An arrangenent for
recording an information signal on. a magnetic record tcarrier
conprising a wite head (2) for recording information on the record
carrier, and a wite anplifier (4) conprising: a first signal

termnal (1) and a second signal termnal (3) for receiving opﬁfsite
signals 5 repre J T T i ; st wite
termnal (6) and a segagr@gwite termnal (8), which ar o8pled to the
wite head

172

FIG. 1



(2) to drive the wite head (2) in response to the information signal;
a*first supply termnal (10) and a second supply termnal (12) for

connection of a supply voltage for the wite anplifier (4); 10 a
first current mrror (14) having a first current input ternlnal % ?{

first currentWQiVigs terminal (18) coupled to the firskC® erm nal
(6), and a first conmmon current term nal (20) connected to the first
supply term nal (10); a second cur?ﬁﬁlpnirror (22) having a second
current input termnal (24), a second c out put term nal (26)

coupled to the second wite termnal (8), and a second common current 15

termnal (28) connected to the first supply termnal (10); and current
swi tching neans (46, 48, 30, 38; 150, 152, 164, 166) for enabling a current
flow via a first current path betmeen the first current output
termnal (18) and the._segand supply termpal (12) a dA10st wite
termnal (6) and the secq q¥¥W|te t er mi nal (8) for a f| 529 val ue of
the information S|gnal or enabling current flo ia a second current

second
he first
wd gnal ,

| east
st current

path 20 betwee
supply term na
wite term nal
characterised
one of: fi
i nput term nal ' ‘
corresponding to thg [ t he currept 2 '.'2625 current
path in response to the |nfor tidn §ignal; second fonpensation
means (172) for add ggr mnal [24) a
capacitive current betli 3P g to the d|lrection of the
current flowin the nt pattili psponse to fhe information
si gnal . 2. 2An afrarjgenent as cliained in Cainml
characterised in fh the;first cgnpensa- WO 97/ 9%45

26 T BYe/ 0121t

X
L—K . 1;4 1\7: | L Ccan_
Tind  Tond T

36 44

;’ 212
FIG. 2
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~tion neans conprise a first feed-forward capacitor (170) inserted between
the first current input termnal (16) and the second signal term nal
(3) and the second conpensati on neans conprise a second feed-forward
capacitor (172) inserted between the second current input t er m nal
(24) and the WDOS%9%443 gnal terninal (1). 5 3. AnPSFIBIAR e Nt as
clainmed in aim1l or 2, characterised in that the current swi t ching
means conpri se: athird current mrr Z GO) having a third current
input termnal (32), a third current outg t termnal (34) coupled to
the first wite termnal (6), and a third common current term nal (36)
connected to the second supply termnal (12); 10 a fourth current mrror
(38) having a fourth cursenteinput—terminal (40} o fourthy.c enicr—10
output term nal (42) coupleo tg%the secondd¥W|te t erm nal Bg% and a fourth
conmon current term na ) connectedito the second’ ly term na

(12); a first swt ent source (46) co peen t he
first current input tehm and the fourt curqgnt i pyout
termnal (40) for SUpl!g E mﬁwrrent for a fi afr~ue o! : 15
i nformation signal; tchabl e current soB ce (48% c ected
bet ween the second cur 'ernlnal (24) &ng the thiyd current
input termnal (32) fo a second current fon s—sedind
val ue of the infor m s s
clained in ClalmSmT ¥ 'lh‘ ‘;%t the eri{'E2A ZT?R?rther
conpri ses at | east one of a thlrd ~Y=Ya . aac tor ifnserted
bet ween t he thirdgcygrent 4608 apd the second si gnal
termnal (3) and a foufth feed-fofward 1 (176) ins¢rted
between the fourth curgent ‘ irst sign
termnal (1). 5. : i R hP3 or 4,
characterised in that §he third 2% i P R0) and the|fourth
current mrror (38) eaq X i el & 49 jr ansi st or
(T[err]) of a first cofducti vi ¢ hp X Q) el ectrod¢ and a
~second nmain el e¢t fode connecred N§ '(ﬁgth (40)
current input term ndhg v ; Y3 ' 5
el ectrode coupled to the segend s 27 and e ouf put
transistor (T[err]) of [the M rs€yronducti Viry typ havbgl § congrol
el ectrode connected to|thegzgg contrgl el gCtwode ¢f the r want] i nput
transistor (T[err]), al|first mainjfel ¢ctrode coupl ¢d o the second
supply termnal (12), &nd a seconq ndigy el ectrodejcopnected to the third
(34) and the foudth (42) cu rerT?output termngl, and in 3hat

34 32- 76 138 40 42~

ond

FIG. 3



the first current mrror (14) and the second current mrror (22) each
conpri se a di ode- connected input transistor (T[err]) of a second
conductivity type having a control electrode and a WO

97/ 19445 27

PCT/ | B96/ 012 WO 9719445 second main el ectrode connected to t hECHIBRIZH 6y 5ng
the second (24) current input termnal, respectively, and having a
first main electrode coupled to the fir d/éqpply termnal (10), and

an output transistor (T[err]) of the secdnd conductivity type having a
control electrode connected to the control electrode of the relevant
input transistor (T[err]), a first main electrode 5 coupled to the first
supply terminal (10), and a second main el ectrode connected to the first
(18) and the second (26) current output termnal. 6. An
arrangenment as clained in aimb5, characterised in that the first main

el ectrodes of the input transfStors (T[err]) and output transistors
(T[err]) of the first (14) and the qed (22) current mirror are
connected to the first supply termnal (IpP) via resistors (Rerr], 10
Rlerr]), and the first nmain el ectrodes of tgg i nput transistors (T[err])
and output transistors (T[err]) h'{d (30) and the fourth (38)
current mrror are connected to the y term nal (12) via
resistors (Rlerr], Rerr]) - genment as clainmed in
Claim3, 4, 5 or 6, characterised in thatjthe wite anplifier (4)
further conprises: a first resistor (50) [qoppected between the first wite
15 termnal (6) and a first node (52), a nd resistor (54) connected

bet ween the first node (52) and the eﬁgnd wite termnal (8), a third
resistor (56) connected between the first & supply termnal (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
arrangenent as claimed in Claim3, 4, 5 or 6, characterised in that the 20
wite anplifier further conprises: a F1(3t11e5|stor (60) connected between
the first wite

2p
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termnal (6) and.a first node (62), a second resistor (64) connected

_ between the first node (62) and the second wite termnal (8), a first
transi stor (66) of a first conductivity type havi ng a control
el ectrode, a first main el ectrode connected to the first node and a
second nmain eW@XBME coupled to the first supply terninal PER * 1Pdcond

transistor (68) of 25 the first conductivity type having a control

el ectrode connected to the control elect of the first transistor
(66), a first main electrode, and a second main el ectrode connected to the
control electrode of the second transistor (68), a third resistor (70)

connect ed between the first supply termnal (10) and the second main
el ectrode of the second transistor (68), a third transistor (72) of a
second conductivity type Rhaving a control electrode, a {irst majn-1gl ectrode
30 connected to the firsf node (62) andja second main Iectro-e coupled to
the second supply t eghrtdlal (12), at Lﬁfth tranS|st 2874) of the
second conductivity typethaving contro el ec ddcon ed to the
control electrode of fhe thirdtYansistoy (72), a f rst mai n ctrode
connected to the firsg main elctrode of |[the second tran5|stor (68) and a
second main el ectrode—codned?l®d to {he conl?dl g of the fourth
transistor (74), and a four reskst or 'Tll 97/ 9445

28 P BU€7 0T21 TTTTTTVD qonne cted betmeen t he
second supply terninal J & Jqsthe secoyt-8Gai n epgcg) 3

fourth transistor|(74)° An arrangef -nt as Ialned in
Claim3, 4, 5 or tharagte |sed in thal b Wwite |f|er further
conprises: 5 a fi rs ?f‘ét 86) connec}efl bedlnpn QY wite
termnal (6) and s de ATOT, A 5 r=.,s ) o4) connect ed

between the first no (8F) 4nd the secofid Wk ngl ) (g, athird
resistor (102) copnefted lgiyeen the firgt wite tggringl ( arld a second
node . (84), P o S SOfHEE et ® node

(84) and the seco

A 42
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termnal (8), 10 a first transistor (86) of a first conductivity type
having a control electrode, a first main el ectrode connected to the
first node (80) and a second main el ectrode coupled to the first

supply termnal (16), a second transistor (88) of the first conductivity
type havi ng VO8I el ectrode connected to the cont r BF/EPEB2hde of
the first transistor (86), a first main el ectrode, and a second nmain
el ectrode connected to the control el ect%th]of t he second transistor (88),
15 a fifth resistor (90) connected betwe the first supply termnal (10)

and the second main el ectrode of <he ord—tgtalbi stor (88), a third
transistor (92) of the first conductivity pe havi ng a control

el ectrode connected to the control eIectEOnrgﬂf the fjrst transistor (86),
a first main el ectrode connected@rdbt bk firstBrtlie (84) and a second
mai n el ectrode coupled to the sefond Qupply termnal (24), 20 a
fourth transistor (94) of a second copducti type having a control

el ectrode, a first main el ect rodeNconnedt ¢dWe-9he first node (80) and
a second mai n el ectrode coupl ed to ong/Rigat A third current input
terminal (32) and the fourth curent [np ter tt na (4 afifth

t ransi st or (96) of thg sec.;;_co;ductivity type ing 8 control

el ectrode connected to the{copt ™o g&! dctrode pf fpunt h transistor
(94), a first main electroge—etdhectef to tlhe firsf naig | ect rode of
the second transistor (88) anyl_s-sgcopnd mailn el ectkode-spnpnected to the
control el ectrode of the f tfansi qtor (96), =& Sl xth resistor (98)
connect ed between the second suppl Hﬁrrﬁqﬁal 12) and the second main
el ectrode of the fifth transistor (96 g SNt 100r ansi stor (100) of

t he second conductivity type having a dgpnirgf €l §gtrode connected to the
control electrode of the fourth trans|stor [(94), a first nmain el ectrode
connected to the second 30 node (84)|and d secondj nai n el ectrode coupl ed
to the other one of the third currentgi-3gu tgpr40 nal (32) and the
fourth current input term nal (40). 1p An arrangenent as
clainmed in daim9, characterised in that 98 econd, pode (84) is
connected to the first node (80). 4 2V1£

arran t -as
clained in daim3, 4, 5 6, 7, 8 9 or 1l@gzrharacterised ian1t;.77
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PCT/ 1 B96/ 01211 that the flrst (46) and the second (48) sw tchable
current source conprise: a seventh transi stor (106) of a first
conductivity type having a control electrode connected to a third

node (108), ‘ZOP%%“!-" mai n el ectrode, and a second main el ecP¢HHRESth] ed to
the first current i nput termnal (16), an eighth transistor (110) of
the first conductivity type having a coZt/m el ectrode connected to the
control electrode of the seventh transi (106), a first main

el ectrode, and a second main electrode coupled to the first supply term nal
(10), a ninth transistor (112) of a second conductivity type having a
control electrode connected to a fourth node (114) a first main

el ectrode connected to the i o-1@event h

transi stor (106), and a secon ed to the fourth current
input termnal 10 (40), a di hnsi stor (116) of the
second conductivity type havi L ik mai n e ectrode connected to
the first main el ectrode 2 I and havi ng a
control electrode and second ed to the fourth node
(114), a bias current so he fourth node (114) to
supply a bias current to the 15 an eleventh _
transi stor (120) of the first ng a control electrode
connect ed to a fifth nodp b| ect rode, and a second
mai n el ectrode coupled to the seconn current ipput termnal (24), a
twel fth transistor (124) of the first cgixluctivity jype havi ng a
control electrode connected tp the contf¢&) electrodp of the eleventh

transi stor (120), a firsf main elecfrode, and p second main el ectrode
coupled to the first supply termnal (10), 20 and g thirteenth t ransi st or

(126) of the second condﬁgtlv ty type H@ggng a cont el ect rode

connected to the fourth 114), a first main elactﬁﬂde connected to the
first main el ectrodeyof fhe tt3fsistor (380), pnd g second main

el ectrode coupled to the ihir' rr-nt i Rp ermhal (32). 12.

An arrangenent as cl ai arasgervpefl | i t the first (46)

and 25 the second (48) gzl ol' i onpri se: a
fourteenth transistor (13 m |122 ype having a control
el ectrode for rece|V|ng 0 3l , affirst nain el ectrode
connected to the third nodle (103 and a secohd maijn el ectrode coupl ed .

" to the first supply termi eﬁg(lﬂ) a fiffeenth transi48jor (134)

112% 1s 126

114
e, |
11642
o112
7

FIG.9



of the first conductivity type having a control electrode for receiving the
information signal, 30 a first nmain el ectrode connected to the fifth node
(122) and a second main el ectrode coupl ed to the first supply term nal
(10), a sixteenth transistor (136) of the first conductivit

havi ng a contY@P"@MSct r ode connected to the control el ectro%%"%gﬁ"f’ﬁ‘é ei ghth
transistor (110), a first main electrode connected to the first main
el ectrode of the eighth transistor (1102&4@:@ second mai n el ectrode
coupled to the fifth node (122), a seve h tranS|stor (138) of t he

WD 97/ 19445
PCT/ 1 B96/ 01211 firstjc
connected to the control
first main el ectrode penree
twelfth transistor (1p4),
node (108), the S
bei ng connected to the
the twelfth transistor
13. An arr angese
that the current-

@Educt|V|ty type haV|ng a controlgf ctrode
trode of the twelfth.tra or (124), a
gd {40 the first main elect
a second nme4n el ectrode foupledjto the third
di n el ectrode of the eighth transijstor (110)
90(108) 5 and thq7§ecduu el ectrode of
ing connected to the fiffh “node (122).

- ; cterised in
aldifffgrential pair

i t ¢hi ng nmeans c rise:

conprising a first dif ial-pair tr tor (150) o fifrst
conductivity 10 type§ ' ' ' ' [52) of
the first conductijvj y i i ege-24e| coupl ed
to receive a bhias|c ; , ose

control el ectrodes
whose second nmin

n ¢$i gnaf and
st} clirrenf i nput

termnal (16) and . 824y,
respectively; a fijst SI st orcpng%conpe ed betyeen the
second 15 supply 12) urther Se r gnt jout puit
term nal (158) of 5 ; alsecond current
sensor resistog,( 60) ¢onneg¢ted between { second supply NUi
1
152
t 3
164 154 166
156 160
4 —e 12
FIG. 10
- 10
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termnal (12) and a further first current output terminal (162) of the

first current mrror (14); a first pull-down transistor (164) of the
first conductivity type having a control el ectrode and first main

el ectrode connected to the first current sensor resistor (156) and second
main 20 el eMOBAEoupl ed to the first current output ter mew ?96(0178?, and a
second pul | -down transistor (166) of the first conductivity type
~having a control electrode and first mai ctrode connected to the
second current sensor resistor (160) and/a second main el ectrode coupled to
t he second current output termnal (26). 14. An arrangenent

as claimed in Caim 13, characterised in that the first current 25 mrror
(14) and the second current mrror (22) each conprise a di ode-connected

i nput transistor (T[err]) of a second conductivity type having a
control electrode and second main el ectrode connected to the first
(16) and the second (24) current input term nal, respectively, and a
second mai n el ectrode coupled to the first supply termnal (10), an output
transi stor (T[err]) of the second conductivity type having a control
el ectrode connected to the control 30 el ectrode of the respective input
transistor (T[err]), a first nain el ectrode coupled to the first

supply termnal (10), and a second main el ectrode connected to %hevfirst
(18) and the second (26) current output termnal, refpecti¥ely, and a
further output transistof (T[erpl)igof the second p 9gconfluctivity type
havi ng a control el ectrode conngcted to the contr{l electfode of the

rel evant i npyt trangistor (T[err]), a first main el eftrodegcoupled to

the first supply term pal{gh0) agg/glzll 18§ {ER-OR(J1 944
& o ' ! ecs ] -

31 U' = tNU;)de

{
connected to the furth@

ent out put
term nal, respectively. s clainmed in
Claim 3, characterised i 1) further
conpri ses:
l 194 ! 196

FIG. 12



5 first (182), second (184), third (186) and fourth (188) driver
transistors of a first conductivity type, each having a control
el.ectrode, a first nain el ectrode and a second nain el ectrode, the

control electrodes of the first (182) 'and second (184) transistors heing
coupl ed to t NP IHIPUS signal terminal (1), the control ¥¥8MYEHs of
the third (186) and fourth (188) transistors being coupled to the
second signal terminal (3); 10 fifth (119 ‘[lg xth (200), seventh (202) and
eighth (204) transistors of a second co Ivity type, each having a
control electrode, a first - main electrode and a second nmai n el ectrode;

a first (206) and a second (208) bias current source, the control

el ectrodes of the fifth (198) and sixth (200) transistors and the
second main electrode of the fifth (198) transistor being coupled to
the second supply termnal (12) via the first bias current source (206),
and the 15 control electrodes of the seventh (202) and ei ghth (204)

transi stors and the second main el ectrode of the eighth (204)

transi stor being coupledgto the second supply termnal (12) vi t he
second bias current sourg¢e (208); first (190), secon 9& third
(194) and fourth (196) ing resistors for coupling, respectlvely
the first nmain electr, first transistor (182) st main

el ectrode of 20 the flfs’“; ( % tranS|st‘br t he flrst mhg rode of
the second (184) tran o] hﬂé first mai ct e f t he sixth
(198) transistor, thetes i | ectrode of the |r

transistor to the firgt i of t 2) transistor, the
first main electrodgk 1 hggfourth 8) tragsidto %g first main
el ectrode of the ei 244) ot O 17 rst ra (178)
coupling the first nai e)ke rstor to the 25
first main electrode gf thgq sey ' ' r anfl a spcond capacitor

(180) coupling the fidst Main electrode of thejthifd (1B6) transistor
to the first main eleqgtrodqg of {th¢ sixth (200) 3 trapsi stpr; t he

(
_ S
second nai n el ectrode 4& fli r (182) and fownrth éﬁ%at ansi stors
bei ng coupled to the sthgaiply ter m nal- l}O ; the second main
el ectrodes of the sgf nd (184). third xt hl (200 nd seventh
(202) transistors b plec 10, reé%gékively, Tne 11T ufFrent input

termnal (16), the sedo g e rnpyt ter al (2 @, “third current
i nput termnal (32) pthe&#iggf \ ent u 2 w (40).

16. NtaHa fenent ~as ¢l aj 1 6, 7, 8, 9,
10, 11, 12, 34 4 5, charaé\g /(h that t 4ui fnpllfler
conprises at Ieast'3 0 CaPaﬁhéo 148 —
I L
i 2 " l
. 174 176~ .
M1 | 3 L B
36 M

WI; 12
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cyrrent output termnal (26), and a sec?ﬂﬂ%@%to (144) is 3 S@g@j
conhect ed between the second current input termnal (24) and f 1," rst
current out put tB@ﬂhal V(OBB)INTBSMIK!zPROPBRTYORGANlZAAnNarrange

clainmed in_Claim "“¥2, 13. 14 or
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FORWARD COMPENSATION
(ST) Abstract

(54) Title: ARRANGEMENT COMPRISING A MAGNETIC WRITE HEAD, AND WRITE AMPLIFIER WITH CAPACITIVE FEED-

A writc amplifier (4} comprising four cur-
rent mirrors (14, 22, 30 and 38) which are tumed

210

on two at a time by two switchable floating cur-
rent sources (46, 48) between the input terminals
(16, 40; 24, 32) of the current mirrors in order

to produce a write cumrent of altemating polarity
through the write head (2). The parasitic capaci-
tances across the write head (2) and/or the parasitic
capacitances (Cp1, Cy2) of the writs amplifier (4)
at the write terminals’ (6, 8) arc- compensated by
means of feed-forward capacitors (170, 172, 174,
-176). The high impedance at the terminals (6, 8)
of the write head (2) enables the common-mode

voltage across the write head (2) to be fixed at
any desired voltage value by means of a common-
mode circuit.




