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

The invention relates to an arrangement for recording an mformatxon

“signal on a magnetic record carrier, compnsmg a wnte head for recording information on the

record carrier, and a write amplifier having a first write terminal and a second write
terminal, which are coupled'to the write head to drive the write head in response to the
mformanon signal. N | |

The invention also relates to a write amphﬁer for use in such an
arrangement. . | _

Write amphﬁers having mductlve wnte heads are used mter alia in hard -
dxsk dnves for the storage of dlgltal mformatlon s1gna1s, the polanty of the write current
through the write head being reversed in response to the bit pattern of the information signal.
There is a constant trend to increase the storage. capacity of hard disk drives. In order to
minimise the time needed to store the growing amount of data there is a constant tendency
towards acceleration of the.data_-transfer' by stepping up the bit rate. This requires an
increasingly faster polarity reversal of the write current. A problem which then arises is that

_the write current w111 no longer ﬂow through the write head alone but also through parasitic

capacmnces present at the first and the second write terminal. These parasmc capacitances
are caused by internal capacitances of the write amplifier, the parasitic capacitance across the

. write head itself and wiring capacitances of the wires connecting the write head to the first

and the second write terminal of the write amplifier. The write eurrent through the write
head is distorted at high b1t rates, as a result of which the recordmg on the information
carrier becomes inaccurate. e

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

| 'storage at hrgh bit rates. To this end, in. aceordance with the mvennon, the arrangement of

the type defined in the opemng paragraph is charactensed in that the write amplifier further
comprises: c_ompensatlon means .for producing a negative capacitance at at least one of said-
first and second write terminals to generate a capacitive compensation current directed

~ oppositely to a capacitive current flowing through the at least one write terminal.
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The capacmve obmpensanon ‘current wholly or partly compensates “for the” o

. adverse effect of the parasmc capacrtances, thereby cnablmg a hrgher bit rate to be obtained
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) and the second writé termin

th the same accuracy . .
- ~ According to the invention & negattve capacrtance can be obtained with an
embodiment which is charactensed in that the ‘write amplifier cofriprises: a first supply

terminal and a second supply étininal for tliei"connection' of & supply volta'g'e for the Write

atnphﬁer’ : Coo T, IT oDl .'... [N ::5-'.‘-'."".. RDopL T T

a first current mirror havmg aﬁmt current 1nput ternunal -a “first current- output termmal

~ coupled to the first: wnte termmal ‘and a first common ciirfent tetminal connected to the first

supply terminal; . .
a sécorid current miirror havmg a second current input termmal ‘a second current output

“terminal coupled to the second write: termmal -and § a second common current termmal S
_ connected to the first supply termmal ‘ ST : . .

P = e et eme e s
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a first capacitor connected “between' the ﬁrst ciifrefit mput ‘terminial ‘and the- second cuirent
and the first"current’ output’termmal -and - R R
current swifching means-for estabhshmg a-cufrent path-between"the first’ current ‘output” -
terminal and thesecood supplytcrmmalwatheﬁrstwnteternunalandthe second wnte
terminal for a first valué of the’ information’ srgnal and for establishing a current path between

‘the second current: output ‘terminal and the second’ supply termmal vig the- first write' terminal

inal for a- second Value ofthemformattonmgnal

“‘The’ fifsE dnid the second: capacxtor ‘nelitralise the- parasitic capacrtances by
mJectmg opposrte eapactttve clirresits into the-first and’ the ‘second write terminal vig the ‘first .
and-the second - current nurror For an optimum éffect the capacntors are preferably used in

~ pairs, i.e. “the first together wrth the second, in order not to drsturb the symmctry of the -

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

| which polarity reversal is effected with current sthchmg means which estabhsh a low-

impedance connectron between one of the write terrmnals and the second supply terminal.

The other write terminal i 1s then connected to the high-impedance current output terminal of
the first or the second current mirror. As a result, the commonomode voltage across the wnte'
head does not have a fixed valuc and depends on the number of ones or zeros of the
preceding bit pattern of the mformatlon mgna_l ‘Consequently, the following bit change can
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be influenced by the common?mode voltage just before the ‘change, which may give rise to
bit-pattern-dependent srgnal dlstortron Moreover, the ﬂuctuatmg common-mode voltage may

| produce crosstalk to other sensmve circuits. These problems limit the bit rate of the

mformatton srgnal to be recorded An embodiment of the invention having a write amplifier
whose structure makes it better suitable for high brt rates is charactensed in that the current

: "swrtchmg means compnse

a third current mirror havmg a third current input termmal a thrrd current output terminal
coupled to the ﬁrst write terminal, and a third common current terminal connected to the

- second supply termmal

a fourth current mirror having a fourth current input termmal a fourth current output |

terminal coupled to.the second write terrmnal, and a fourth comtnon current terminal

connected to the second supply terminal; | |

a first switchable current source connected between the first current input terminal and the

fourth current input terminal for supplying a first current for a first value of the information =

signal; i | - |

a second switchable current source connected between the second current input terminal and-

the thrrd current input terminal for supplying a second current for the second value of the

information signal. . ' .
The write head is now connected between the hlgh-tmpedance outputs of

four current mirrors, which are turned on two at a time hy means of the switchable current

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

write head from the ﬁrst supply terminal to the second supply terminal vig the first and the-
fourth current mirror. When the second switchable current source conducts an opposite

. current w1ll ﬂo_w'through the write head from the first supply terminal to the second supply

terminal vig the sécond and the third current mirror. Since the write head is connected
between the high-impedance current output terminals of the four current mirrors the

‘common-mode voltage can be ﬁxed as required' by additional measures, preferably at half the
_ supply voltage, and can be rendered independent of the bit pattern. The current mirrors then

saturate only during the peaks of the write head voltage and no clamping circuits are needed
to preclude oversaturation of the output transistors of the write amplifier.
- If desired, the thrrd and the fourth current mirror may also be used for

‘ neutrahsmg the parasruc capacitances, for which purpose the arrangement in accordance with

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

connected between the third current mput termmal and the fourth current output termmal
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and/or a fourth capacltor connecwd between the fourth current rnput termmal and- the thrrd

'. current output termmal

- 'The four current mirrors may be of any smtable type. For a maxrmal
swing of the write amplifier a preferred embodiment of the: arrangement in accordance wrth
‘the invention is charactensed in that the third’ current mrrror and-the’ fourth current mnror
each compnse a dlode-connected input- transrstor of a first conducttvrty type havmg a control
‘electrode and a-second ‘main. electrode connected o the third and the fourth current input -

terrmnal respectrvely, and havmg -a first mam electrode coupled to the second supply

terminal, and an output transistor of the first conductlvrty type having a control electrode
connected to the control electrode of the relevant input transrstor, a first main electrode
coupled to the second supply ternunal and a second’ mam electrode connected to the thrrd
and the fourth current output terminal, and in that ' :

the first current ‘mirror and the second current ‘mirror-each- compnse a drode-connected input

transistor of a second conducttvrty type havrng a ¢ontrol electrode and a second main -
- electrode connected to the first’ and the second current input temunal respectrvely, and

havrng a first marn electrode coupled to the first supply ternunal and an output transistor of
the second conductmty type ha\nng a control electrode connected to the control electrode of -

_ the relevant rnput transistor, a - first ‘main electrode coupled to the first supply temunal and a

second mam electrode connected to the first:and the second current output terminal.* -
Current mirrors thus- implemented produce a minimal voltage loss and -

- allow an output swing up to ncarly the supply voltage. Moreover, they have basically a.

single pole in the current transfer function, so that no additional ringing of the waveform is
produced ngrng may lead to inter-symbol ‘initerference: - : .

) Itisto be noted that the transistors’ may be: btpolar translstors or umpolar =
MOS transistors. 'I‘hecontrolelectrode theﬁrstmarnelectrodeandthesecondmam
electrode correspond to-the base, ‘the emitter. and the collector, respectrvely, for a bipolar

transrstor and to the gate, the source and the drain, respectrvely, for a umpolar transistor.

~ This embodrment may be characterised further in that the first main
electrodes of the input transistors and output transrstors of the first and the second current
mirror are connected to the first supply termrnal via resistors, and the first mam electrodes of
the input transistors and output transistors- of the third and the fourth current mirror are
connected to the second supply terrmnal vig resistors. The resrstors provrde a better matching

' between the current mirror transrstors and i improve the temperature stabrlrty
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A first embodtment of an arrangement : in accordance with the invention
with common-mode control is characterised in that the write amplifier further compnses a
first resistor connected between the first wnte termmal and a first node, a second resistor |

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

between the first supply termmal and the first node, and a fourth resistor connected between
the second supply terminal and the first node. The first and the second resistor are arranged

- in series across. the write head and also form damping resrstors for the write head. The

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

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

voltage divider arranged across the power supply and comprising the third and the fourth

~ resistor. The. ﬁxauon of the oommon-mode voltage improves as the 1mpedance of the voltage
-~ divider is reduced. Too low an rmpedance is to be avoided i in view of the increasing
' drssrpatron in the voltage dmder

In order to reduce’ the drssrpatron a second embodtment of the

: arrangement with common mode control in accordance with the invention is characterised in

that the write amplifier further compnses a ﬁrst resistor connected between the first wnte

terminal and a first node, a s_econd resistor .connected between the first node and the second
write te_rmihal, a first transistor of a first condl_lctivity type having a control electrode, a first
main electrode 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 matn electrode, and a second

- main electrode 'connected to the control electrode of the second transistor, a third resistor

connected between the first supply terminal and the sécond main electrode of the second
transistor, a third transistor of a second conductivity type having a control electrode, a first
main electrode connected to the first node and a second main electrode coupled to the second -
supply terminal, a fourth transisto_r. of the second conductivity type havmg a control electrode
connected to the control electrode of the third transistor, a first m'ain..electrode connected to
the first main electrode of the second transistor and a second main electrode connected fo 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 transrstor

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

' ﬁrst node a low impedance, which can be reahsed with comparatlvely larger third and fourth
resistors. '
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| Only two of the four current mirrors are actrve at the same ume “The

_tum-on of the current nurrors can be speeded up by allowmg qulescent current to flow

through the four current nurrors Then, less current 1s ‘needed to charge and drscharge the -
stray capacltances m the current m1rrors A th1rd embodrment of an arrangement with

' common mode control m accordance wrth the mvennon 1s charactensed 1n that the wnte

_ amphﬁer further compnses

a ﬁrst reslstor connected between the ﬁrst wnte termmal and a ﬁrst node a second res1stor

_ _.eonnected between the first node and the second write termmal a third resrstor connected _

between the ﬁrst wnte termmal and a second node a fourth reslstor connected between the
second node and the second wnte termmal T : :

'_ - a first translstor ofa first conductmty type havmg a control electrode, a ﬁrst mam electrode

connected to the ﬁrst node and a second mam electrode coupled to the ﬁrst supply termmal
a second transistor of the ﬁrst conducttvrty type havmg a control electrode connected to the
control electrode-of the first transistor, a ﬁrst main electrode and a second main electrode.
connected to the control electrode of the second translstor a ﬁfth resrstor connected between

_ the first supply termmal and the second mam electrode of the second tranststor, a third

transxstor of the first conductlvrty type havrng a control electrode connected to the control
electrode of the ﬁrst translstor a ﬁrst main electrode connected to the ﬁrst node and a

second mam electrode coupled to the second supply termmal

' _'_a fourth translstor of a second eonductmty type havmg a eontrol electrode, a ﬁrst mam
_elecu'odeconnectedtotheﬁrstnodeandasecond mamelectrodeooupledtooneofthethxrd
- current mput ternunal md the fourth current mput terrmnal a ﬁfth tranststor of the second

) conductrvrty type havmg a control electrode connected to the control electrode of the fourth

) transistor,-a first main electrode connected to the ﬁrst main electrode of the second transistor
: and a second mam electrode eonnected to the control electrode of the fifth transrstor, B

and a second reslstor connected between the second supply terminal and the second main
electrode of the fifth transistor, a s_urth transistor of the seeond con_ductmty type having a
control electrode connected to the control electrode of the 'foiirth transistor, a first main
electrode connected to the second node and a second main electrode coupled to the other- one
of the tlurd current input termmal and the fourth current input terminal. - '

' This embodiment advantageously combines the common-mode control and -

' 'the quiescent current settmg for the four current mirrors. Now the bias eurrents through the

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

~ terminals but flow into the respecuve current mput ternunals of the four current mirrors and
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serve as quiescent currents for the current mlrrors The dampliig fesistance is made up of

- two series chains of two reslstors havmg a centre tap at the first and the second node. The
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‘current mirrors reduce the apparent resistance of the dampmg resrstors for common-mode

signals by a factor determined by the current gain of the current mirrors. The individual _
series chains function as emitter degeneration resistors for the first and the fourth transistor, -

whose emitters are connected to the first node, and for the third and the sixth transistor,
_whose emitters are connected to the second node. This reduces the influence of a possible

mismatch' between the first and the fourth transistor and l)etween the third and the sixth
transistor. An alterative embodrment is charactensed in that the second node is connected to -
the first node. . ' | ' _ | , |

. The'afore-mentioned first and second switchable current sources determine
how mich nnd in which direction current flows through the write head. In this respeCt an
embodiment of the arrangement in accordance with the invention is characterised in that the
first and the second switchable current source comprise: a seventh transistor of a first-
conductivity type having a control electrode connected to a third node, a first main-electrode,
and a second main electrode coupled to the first current input terminal, an elghth transistor
of the first conducnvrty type havmg a control electrode connected to the control electrode of
the seventh transistor, a first main electrode, and a second main electrode coupled to the first
supply ternunal a ninth transistor of a second conductwrty type having a control electrode .
connected to a fourth node, a first main electrode connected to the first main electrode of the

~ seventh transistor, and a second main electrode coupled to the fourth current mput temunal

a dlode-connected tenth transrstor of the second conductivity type having a first main
electrode connected to the first main electrode of the eighth- transistor and having a control

_ electrode and second main electrode connected to the fourth node,’

a bias current source coupled to the fourth node to supply a bias current to the fourth node, .
an eleventh transistor of the first conductivity type having a control electrode. connected to a
fifth node, a first main elecn'ode, and a second main electrode coupled to the second current
input terminal, a twelfth transistor of the first conductivity type having a control electrode
connected to the control electrode of the eleventh .transistor, a first main electrode, and a
second main electrode coupled to the first supply terminal, and a thirteenth transistor of the
second conductivity type having a control electrode connected to the fourth node, a first main
electrode connected to the first main electrode of the transistor, and a second main electrode
coupled to the third current mput termmal
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- Thé"bias currest soirce determines thé maghitide of the write Giirrent-
through the write head. The brascurrent is drained to the power supply via the eighth
transistor or via the twelfth transistor, depending 6ii 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 transhnear loop with the -
twelfth transistor. Conductlon of the elghth or the twelfth’ transrstor now results ii-an

amphﬁed current ﬂowmg from the' first current mput terininal to the tlurd current ‘input -
terrmnal via the seventh and the ninth transrstor or from the second current input terminal to -
the fourth current rnput termmal The d.c. level of the: mformatton stgnal at the third and the
ﬁfth node, apphed viaa smtable buffer if requrred is fully xsolated from the d.c. ‘level at the _
current input termmals The swrtchable current sources thus form ﬂoatrng sthchable current
sources whose swrtchmg srgnals have d. c. levels ‘which can be chosen freely

‘The buffers for the information signal ‘can be emitter followers or source
followers. The qmescent current supply for these: followers cari be combined advantageously
with the-current supply for the swrtchable current ‘sources. To tlus end an embodrment of
the arrangement is further charactertsed in that the ﬁrst and the second swrtchable current

© source further compnse

a fourteenth transistor of the first conducuvrty type: havrng a control electrode for recelvmg o
the information signal, a first mam ‘clectrode connected to the third node and a second main
electrode coupled 'to the first supply termmal "% fifteenth’ trarisistor of the first conductivity '
type havmg a control electrode for recervmg the information signal, a first mam electrode -
connected to the ﬁfth node and a’ second main electrode coupled to the first supply terminal,
a sixteenth transistor of the first conductmty type havmg a conttol electrode connected to the
control electrode of the eighth transistor; a ﬁrst main electrode connected to the first mam

'_electrode of the erghth transistor, and’ a second main electrode coupled to the fifth node,

seventeenth transrstor of the first conductwlty type havmg a control electrode connected to
the control electrode of the twelfth transrstor, a first mam eléctrode connected to the first
mmn electrode of the twelfth transrstor, and a second main electrode coupled to the third
node, the second main electrode of the eighth transistor bemg connected to the third node

‘and the second main electrode of the twelfth transistor bemg connected to the fifth node.

- The fourteenth. and the fifteenth transistor operate as signal followers and
buffer the information signal. The current through these transistors now flows to the fourth

" node through the eighth and the twelfth transistor, respectively. The sixteenth and the
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seventeenth transistor ensure that always-one half of the bias current from the bias current
source flows through one srgnal follower and the other half through the other slgnal follower

~ The current switching means may also be devised in another manner, for
example as known from United States Patent No. 5,282,094, Figure 1. To this end an

embodiment of an arrangement in-accordance with the invention is charactensed in that the
current-switching means compnse

 a differential pair comprising a first drfferenttal-patr transistor of a first conductivity type and -
_ a_ second dlfferennal-paxr transistor of the first conductivity type, whose first main electrodes

are coupled to receive a bias current from a bias current source, whose control electrodes are -
connected to receive the information signal-and whose second main electrodes are coupled to
the first current input terminal and the second current, input terminal, respectively; a first

current sensor Tesistor connected between the second supply terminal and a further second

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

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

the first. current rmrror

afirst pull—down transistor of the first conductmty type havmg a control electrode and first

20
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mam electrode connected to the first current sensor resrstor and a second mam electrode

" coupled to the first current output terminal, and a second pull-down transistor of the first
‘conductivity type having a control eléctrode and first main electrode connected to the second

current sensor resistor and a second main electrode coupled to the second current output

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

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

resistor turns on the associated pull-down tranststor, which in 1ts turn connects one of the
wnte ternnnals to the negattve supply terrnmal .
The two current mirrors may be of 'an'y suitable type. In order to obtain a

"maximal output swing of the write amplifier a preferred embodiment of the arrangement in

accordance with the invention is characterised in that the first current mirror and the second
current mirror each compnse a drode-connected PNP mput transistor of a second

conductivity type having a control_ electrode and second main electrode connected to the first - -
and the second current input terrni_nal, respectively, and a second main electrode coupled 'to'

~ the first supply terminal, an output transistor of the second conductivity type having a control

electrode connected to the control electrode of the respective input transistor, a first main

B electrode coupled to the first 'supply _teri_ninal, and a second main electrode connected to the
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first and the second current output termmal respectNely, and a further output transrstor of

 the second conducttvrty type havmg a control electrode connected to the control electrode of

the relevant input tranststor, a ﬁrst mam electrode coupled to the first supply terminal, and a

‘second main electrodc connected to the further ﬁrst and second current output ternunal

respcctlvely : T _
T Current nurrcrs thus 1mplemented produce a n'ummal voltage 108s and
allow an. output swmg up to narly the supply voltage

These and other aspects of the mventton will be described and elucidated
wrth reference to the’ accompanying drawings, in which - '
' Fxgure 1 shows a block diagram of an embodtment of an arrangement for
recordmg an mformatlon srgnal ona magnetlc record carrier m accordance with the -

Frgure 2isa cnrcult dtagram of an’ embodlment of an arrangement for .
recordmg an mformauon s1gna1 on @ magnenc record carrier in accordance with the -
mventron," - T S o :

' | Frgure Jisa ctrcutt dragram of an’ cmbodlmcntof an arrangement for
recordmg an mformanon srgnal on a magnetlc mord carrier in. accordancc with the

thure 4 shows a first comnion-miode cu'curt for use in an arrangement in’

.

accordance ‘with the mvennon, ot
' Fxgure 5 shows a second common-mode circuit for use in an an'angement

, m accordance with the mventton,

Frgurc 6 shows a circuit dragram of an embodiment of an arrangement for
recording an information signal on a magnetlc_,record carrier in accordance with the

 invention, including a third common-mode circuit,

Figure 7 shows a fourth common-mode circuit for use in an arrangement
in accordance with the invention,
Figure 8 shows'a ﬁrst 1mplementanon of swrtched current sources for use
in an arrangement in accordance with the invention, ' '
' Frgure 9 shows a second 1mplcmentanon of sw1tchcd current sources for
use in an arrangcment in accordance wrth the invention, - '
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Figure 10.shows a c1rcu1t dxagram of an emibodiment of an arrangement '
for recordmg an information s1gnal on a magnetlc record carner in accordance with the -
mventlon, and ' ' o |
'Figure il shows current mirrors for use in the embodiment of the
arrangement shown in Flgure 10. _ ._ ,
' In these Flgutes hke elements ‘bear the same reference symbols

Figure 1 'shon}s the basic structure of an arrangement for recording an

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

arrangement comprises a write head 2 for recording information on the record carrier (not o
shown) and a write amplifier 4 for driving the write head 2 in response to the information
signal. The write amplifier has a first write terminal 6 and a second write terminal 8, which

~ are coupled to the write head 2 to supply a write current. A 'ﬁ'rs‘t‘supply terminal 10 and a

second supply terminal 12 serve for connection of a snpply'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 having a first cutrent input terminal 16, a first current
output terminal 18 coupled to the first write terminal 6, and a first common current terminal
20 connected to the first supply terminal 10;-a second current mirror 22 having a second

~ current input terminal 24, a second current output terminal 26 coupled to the second write

K

terminal 8, and a second common current terminal 28 connected to the first supply terminal

'~ 10; a third current mirror 30 having a third current input terminal 32, a third current output
'_termmal 34 coupled to the first write terminal 6, and a third common current terrinal 36

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

25
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current mput terminal 40, a fourth current output termma.l 42 eoupled to the second write
terminal 8, and a fourth common current terminal 44 connected to the second supply terminal
12, A first switchable current source 46 is connected between the first current input terminal
16 and the fourth current input terminal 40. The first .switchable current source supplies a
first current for a first value of the information signal U; and is currentless for a second

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

binary data Signal for a disk drive or another magnetic storage medium. A second switchable
current source 48 is connected between the second current input termmal 24 and the third
current input terminal 32. The second switchable current source 48 receives an inverse

~ information signal NU; and supplies a second current if the first curren_t is zero and the other

way around.
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: " When the first switchable current Source 46 is tumed on current will flow
from the first supply terminal 10:to the secon cond supply. terminal 12 through the first current

| input terminal 16 of the first current mirror 14 and through the fourth current input termmal

40 of the fourth current mirror 38 A ciirrent which is M times as large flows in the same

'drrecuon from the ﬁrst current output terminal- 18 of the ﬁrst current ‘mirror 14 to the fourth
- current output termmal 42'of the fourth current mirfor 38 vza the first write terminal 6, the

wnte head 2 and the second wnte terminal 8. Here, M is the current mirror ratio of the

current mirrors’ 14 22 30 and 38, The second swrtchable current source 48 is turned off, so -

' that the second ¢urrent mirror 22 and the third current mirror 30 are inoperative. Now a
10

write current ﬂows from the ﬁrst write termmal 6 to the second wnte termmal 8 through the

writéhead 2. T

_ When the- ﬁrst sthchable current source 46 i is turned off and the second
swrtchable current source 48 is turned on the second current nnrror 22 and the third current

'mrrror30areacnveandtheothertwocurrentnurrors14and38aremacuve Now a write
current flows in the opposrte dlrectlon fmm the second wnteternunalStothe ﬁrst write

S | ternunal6ﬂ|roughthewntehead2 Itwﬂlbeobvrousthattheﬁrstcurrentoftheﬁrst

20
- the sécond curfent mirror 22 compnse bipolar PNP’ transistors and the third cutrent mirror

o 25

30

swrtchable cuitent source 46 and the secOnd current of the second swrtchable current source -

48 shouldbeequalmordcrtoobtam equalwntecurrentsinboﬂldxrecuonsmthecssethat
thecurrentmrrrorranosofthecurrcntmurorsareallequal
Figure 2 shbws an embodlment in which the first current nurror 14 and

30 and the fourth current ‘mirfor 38 comprise btpolar NPN transrstors However, it is to be
noted that in the crrcuit amngements dxsclosed and'to bé drsclosed bipolar transistors may be
replaced wholly of partly by umpolar‘MOS transistors. ‘The control electrode, the first main _
electrodeandthe “second malnelectrode correSpond tothebase theenutterand the collector, -
respecnvely, for a brpolar transistor and to the gate, the source and the drain, respectively,
for a unipolar tﬁnststor The first current mirror 14 compnses a diode-connected PNP input
transistor Ty, havmg its emitter connected to the first common current terminal 20 vig an
opuonal emitter resistor R;;;, as shown i in Figure 3, and its eo]lector to the first current input
terminal 16, and a PNP output transistor Topl’ having its base connected to the base of the

' mput transrstor T; ipls its emltter to the first common current terminal 20 via an opuonal

emitter resistor Ropl, as shown in Flgure 3, and 1ts collector to the ﬁrst current output
terminal 18. The opnonal emitter resistors improve the matchmg of the transistors and

_ increase the thermal stability of the current mirror. The second current mirror 22 likewise -
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comprises PNP txanststors and the third current mirror 30 and the fourth current mirror 38

hkewrse comprise NPN transrstors and opttonal emitter reststors, the electrodes of the

10

15

20

25

respective transistors being connected to the corresponding termmals of the current mrrrors
_ - Figure 2 further shows a number of parastttc capacitances, i. e one havmg
a value C” between collector and well of the PNP output transistors Ty, and Ty, one

- having a value Cesn between collector and substrate of the NPN output transxstors Ton3 and

T4, ONE having a value chp between collector and base of the PNP__ output transistors T,y

and T, and one having a value C,y, between coliector and base of the NPN output

op2’

transistors T4 and T ons- All these parasmc capacrtances have an effect on the write current

through the write termmals 6 and 8. The effect i is that at hrgh 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 elumnate the adverse effect of the

~ parasitic capacttances four neutrahsmg capacttors 142, 144 146 and 148 are provxded whose

capacitance values are C,, C,, and Cm, respecttvely “The capacrtor 142 is connected
between the first current input termmal 16 and the second current output terminal 26, the |

‘second capacitor 144 between the second current_mput terminal 24 and the first current
- output terminal 18, the third 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 th1rd current output termmal ' '

When 1t is assumed that the current mlrror ratto of the four current

_mrrrors 14, 22, 30 and 381thhe capacttance value Chseenbetweenthewntetemunal6

andthewntetemunalSwrllbecqualto

Ch = (chp+Cm+(l+M)(chp+chn) + (1 M)(Cnp-i-Cm))/Z :
This may be ﬂlustrated as follows by deterrmmng which currents ﬂow in, for ‘example, the

‘third current output termmal 34 as a result of the capacltors connected to this termmal If the

voltage at the third current output terminal 34 is assumed to be V, the voltage at _the_fourth _ |

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

E then:

30

i = PV, WPV, PPVEC,, + MAp*VeCy, PVIC,) =
P V*{Ccm+(M+l)chn M-Co} '

“The current through the eapacltor 146 has an oppostte sign and is enlarged by the current
'.nurror factor M. A srmrlar calculatton applles to the other current output terminals.
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" 'With M=S5; c +c =6 pF ind c,,,,p-t-ccb,, = 4 pF c,, w111 beis
pF without neutrahsanon and 5 pF w1th neutrahsanon, assummg that C + C = 5 pF.

Th1s yrelds an 1mprovement by a factor of 3.
~ The current rmrrors and the neutrahsmg capacrtors thus provrde a broad

" band wnte amphﬁer w1th a very large output swing, whtch is neurly equal to the supply

voltage In addmon, it is possxble not only to neutrahse the parasmc capacxtances of the write
amphﬁer but also to neutralrse the parasmc capacltance of the wnte head itself (niot shown in
Figure 2) by malong the neutrahsmg capacltors sufficlently large In that case the write
amphﬁer 4 will osclllate when the wnte heed 2 is dlsconnected Thls makes it posS1ble to
detect a defecttve contact between the read amphﬁer and the wnte head by means of a
detectlon circuit, whrch detects whether the wnte amphfier osclllates '

" Itwill also’ be obvious that the neuttahsmg éffect is already obta.med with

'one neutrahsmg cepacltor However, in order to maintain the symmetry of the arrangement

and to avoid unnecessary loadmg of a common-mode control clrcuxt 1t is preferred to use _'
neutrahsmg capacrtorsmtwoparrs ' T T ‘ -

o "The common-mode voltage of thie wnte heed 2 is completely
mdetermmate and may ﬂuctuate w1th the data pattem of the mformanon slgnal to be

: recorded This is undesxrable The common-mode voltage should preferably lie halfway

between the avaxlable output swmg and should be mdependent of the srgnal content of the |

| slgnal to be recorded Smce the wnte "head 2is arranged exclusrvely between hrgh-tmpedance

outputs of current mlrrors 1t is posslble to ﬁx the common-mode voltage wrth a common-

_ mode c1rcu1t

~

Flgure 4 shows a s1mple common-mode cxrcurt A senes arrangement of a

_ﬁrst resrstor 50 connectedbetweenthe ﬁrst wnte termmal6andaﬂrst node52 asecond

reststor54connectedbetwwntheﬁrstnode52andthesecondwntetermmals athid
resistor 56 connected between the first supply terrmnal 10 and the first node 52, and a fourth
resistor 58 connected between the second supply terminal 12 and the first node 52 is |

" arranged in parallel with the write head. The resistors 50 and 52 also function as d_ampi_ng '

resistors for the write head. The impedance at the first node 52 is dictated by the resistors 56 |
and 58. For a correct fixation of the common-mode voltage a mlmmal 1mpedance is deslred
However, the resistance value of the resistors 56 and 58 cannot be chosen arbltranly small
on account of the mcrcasmg current through these res1stors ' : . |

' Flgure 5 shows a common-mode clrcutt whrch mmgates this problem The'_

circuit agarn compnses a ﬁrst res1stor 60 connected between the first wnte termmal 6 and a
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' ﬁrst node 62, and a second reststor 64 connected between the ﬁrst node 62 and the second

wnte terminal 8 and, 1n addmon, it compnses a first NPN transistor 66 havmg its emltter '

connected to the first node 62 and havmg its collector coupled o the first supply termmal 10,
a diode-connected second NPN transistor 68 havmg 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
12, a diode;connected second PNP transistor '74 having its base connected to the base of the.
first PNP transistor 72 and havmg 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 1mpedance

is low, whlch provides ‘a-correct fixation of the common-mode voltage The class A/B

operation enables a small quiescent current to be obtained in and a large max_unum 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 dampmg resistance across the write head 2 i is

consequently Rd

~ In order to step up the” smtchmg speed of the current mirrors in the
arrangements shown in Figures 1and 2 itis desirable to have a quiescent current in the -
current mirrors. This qutescent current setting and the common-mode circuit can be =~
combined advantageously. Figure 6 shows an embodiment in which this is implémented. The
write amplifier 4 again comprises four current mirrors 14, 22, 30 and 38, the write head 2,

_the first switchable current source 46 and ‘the second switchable current source 48 as shown
25 -

in Figure 1. The common-mode circuit comprises a first resistor 78 connected between the
first write terminal 6 and a first node 80, a second resistor 82 between a second node 84 and
the second write terminal 8, a first transistor 86 of the NPN type having its emitter
conn_ect_ed to the first node 80 and having its collector coupled to the first current input

terminal 16, a diode-connected second transistor 88 of the NPN type having its base

connected to the base of the first transistor 86, a third resistor 90 connected between the first
supply terminal 10 and the collector of the second transistor 88, and a third transistor 92 of
the NPN type having its base connected to the base of the first transistor 86 and its emitter to
the second node 84 and having its collector coupled to the second current input terminal 24.
The common-mode circuit 'furthef_ comprises a fourth uansistor 94 of the PNP type having its
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- emitter connected to the. ﬁrst node 80 and having its collector coupled to the tlurd current -

10

input termmal 32, a diode-connected fifth transistor 96 of the PNP type havmg its base

| connected to the base of the fourth transistor 94 and havmg its emitter connected to the

enutter of the second translstor 88, a fourth resistor 98 cconnected between the second supply

| terminal 12 and the collector of the fifth transistor 96, and a sixth transistor 100 of the PNP
 type having its base connected to the base of the fourth transistor 94-and its emitter to the

second node 84 and having its collector coupled to"the fourth current input terminal 40. The
first node 80 and the second. node 84 dre interconfiected: The quiescent current which flows

~ through the transistors 86 and 94 now also -ﬂ'o_n's into the first current input terminal 16of

the first current mirror 14 _and.'into: the third current input termmal 32 of the third c_urrent |

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

* current mirror 38 is obtained in a similar way by means of the transistors 92 and 100. The

15

20

25
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_effecnve eommon-mode resistance. is equal to Rd/(4(M +1)), where Rd/2 is the resistance

value of the ﬁrst resistor 78 and of the second resistor 82 .and M is the cuirent mirror ratio
of the current mirrors 14, 22, 30and38 Avoltagevanatlonatthewntetemnnal6 |
produces in the first resistor 78 a current-which appears. M umes as large at the same wnte :

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

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 coupled to the fourth current input terminal 40 instead of to the

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

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

makes no difference for the quiescent current setting beceuse the current in the transistors 94
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 cument input terminal l6 and 24.
Figure 7 shows an alternative solution, in whrch the connecnon between
the first node 80 and the second node 84 shown in Flgure 6 is severed. Instead of this, a fifth

' resistor 102 i is now connected between thewntetemunalﬁand the second node84anda
. sixth resistor 104 between the first node 80 and the write terminal 8. This solution can be -
“more accura_t_e 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 emitters. This mitigates the -
effect of a possible mismatch between the transistors 86 and 92 and between the transistors
94 and 100. Again, it is to be noted that the collector of the tran.fnstor 94 may be coupled to -
the fourth current mput terminal 40 instead of to the third current mput terminal 32 and that
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the collector of the transrstor 100 may be coupled to the third current input termmal 32

instead of to the fourth current mput temunal 40.

Figure 8 shows a circuit diagram of an 1mplementauon of the first
switchable current source 46 and the second swrtchable current source 48 of the. ' -
arrangements shown in Frgu_res 1,2 and 5. The two switchable current sources are united in

 one circuit comprising the fol'l'ow"i'ng'eler'nents An NPN transistor 106 having its base

connected to a third node 108 and having its collector coupled to the first current input
terminal 16, an NPN transistor 110 having its base connected to the base of the transrstor

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

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

106 and havmg its collector coupled to the fourth current input terminal 40, a diode-
‘connected PNP transistor. 116 having its emitter connected to the emitter of the transistor 110 :

and havmg its base and its collector connected to the fourth node 114, a bias current source
118 coupled to the fourth node 114 to supply a bias current Ic to the fourth node 114. The
circuit further comprises an NPN transistor 120 havmg its-base connected to a fifth node 122 .
and having its collector coupled to the second current input terminal 24, an NPN transistor
124 having its base connected to the base of the transistor 120 and having its collector

coupled to the first supply terminal 10, and a PNP transistor 126 having its base connected to

the fourth node 114 and its emitter to the emitter of the transistor 120 and havmg its

- collector coupled to the third current mput terminal 32.

_ The nodes 108 and 122 are driven in phase opposition with the
inforntation signal Ui and the inverse information signal NU; via buffers 128 and 130. When
tne voltage at the node 108 is high and the voltage at the.node 122 is low the transistor 110 -
is conductive and the transistor 124 is cut off. The bias current I, of the bias current source

118 flows wholly through the transistor 110 vig the transistor 116. The base-emitter junctions

of the transistors 106, 110, 116 and 112 form a translinear loop, the sum of the base-emitter
voltages of the transistors 106 and 112 being equal to the sum of the base-emitter voltages of

 the transistors 110 and 116. By means of the well-known formula for the relationship
* between the collector current and the base-emitter voltage of a transistor it is then possible to

derive that the current I through the transistors 106 and 112 is equal to I = SQRT (M * N) *
I., where SQRT is the root function, M the ratio between the emitter areas of the transistors

106 and 110 and N the ratio between the emitter areas of the transistors 112 and 116. As a

result of this, a current I will flow between the'terminals 16 and 40, whose magnitude is -
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proporttonal to the current L, the propornonahty factor bemg determmed by the geometnes

of the tranststors 106 110, 112 and 116.

kaew;se, a current will flow between the second current xnput terxmnal
24 and the third current input terminal 32 1f the voltage at the’ node 122 is high and thatat -
the node 108 is low. To this end, the bias current source 118 is preferably an adjustable or

~ programmable current source, for example an IDAC (digital-to-analog converter with current .

output). Since the current input terminals 16, 24, 32 and 40 are all coupled to collectors the
d.c. level of the information signals U; and NU, is now isolated from the d.c. levels of the
current input terminals of the current mirrors of the write amphﬁer Thus; the switched

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

terminal 10 and the second supply terminal 12. .

~ The buffers 128 and 130. may comprise emttter—followers with emitter
current sources. However, saving current is possible by using the currents through the
trans1stors 110 and 124 for this purpose Figure 9 shows how this can be realised. The buffer
128 is now an NPN emttter-follower 132 whose base receives an amplified information

 signal, whose emitter is connected to the third node 108 and whose collector is coupled to |
the first supply terminal 10. The collector of the transistor 110 is 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 node 122 and whose collector is coupled to the first supply terminal 10. The |
collector of the transistor 124 is connected to the emitter of the emitter-follower 134. The
collector currents of 'the 'transistors' llO" and 124 consequently also flow through the emitter-
followers 132 and 134, respectively.. Furthermore, there is provxded an NPN transistor 136
havmg its base conmected to the base of the transistor 110 and its emitter to the emitter of the.
transistor 110 and having its collector coupled to the ﬁfth_ node 122, and an NPN transistor
138 having its base connected to the base of the transistor 124 and its emitter to the emitter -
of the transistor 124 and having its collector coupled to the third node 108. ‘The transistors -
136 and 138 ensure that the currents through the enutter-followers 132 and 134 cannot
become zero if one of the transxstors 110 and 124 is cut off. Thus, each of the two enutter-
followers always receives half the bias current Ic if the geometries of the transistors 110,
136 138 and 124 are selected to be equal. .

' Th bases of the emitter-followers 132 and 134 are dnven, by way- of
example, by the transistors of a dtfferenttal pair 140 whose bases are arranged to recelve the
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complementary mformauon sxgnals U; and NUi," which are supplied, for example, by a data '

- Figure 10 shows another embodiment of dn’ arrangement in accordance
wrth the invention in which the parasmc capacitances are neutrahsed in a manner similar to
that in the embodiments described herembefore The arrangement compnses a write head 2
for recordmg mformatxon on the record carrier (not shown) and a write amphﬁer 4 for
dnvmg the write head 2 in response to the information signal. The write amplifier has a first

: wntetenmnalGandasecondwntetermmalS whlchtemunalsarecoupledtothewntehead

2 to supply a write current. A first supply temunal 10 and a second supply termmal 12 serve
to receive a supply v.oltage for the write ampltﬁer. In the present case the second write

terminal 12 is connected to signal earth. The ampliﬁer 4 oomprises_a first current mirror 14

having a first current input terminal 16, a first current output terminal 18 coupled to the first
write terminal 6, and a first common current terminal 20 connected to the first supply

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

current output terminal 26 coupled to the second write terminal 8, and a second common
current terminal 28 connected to the first supply terminal 10. A neutralising capacitor' 142 is
connected between the first current input terminal 16 and the second current output temtinal‘
26 and a second neutrahsmg capacitor 144 is connected between the second current input
terminal 24 and the ﬁrst current output ternunal 18. The funcuon and operatxon of the first
current mirror 14 and the second current mirror 22 and of the neutrahsmg capacltor 142 and

~ the neutmhsmg capacltor 144 is comparable thh those of the arrangements in Figures 1 and

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

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

mterconnected and receive a bias current from a bias current source 154. The bases are
connected to recerve ‘the information signal U; and NU; and the collectors are coupled to the
first current input terminal 16 and the second current input terminal 24, respectively. A first
current sensor resistor 156 is connected between the second supply terminal 12 and a further
second current output terminal 158 of the second current mirror 22, and a second current

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

current output terminal 162 of the first current mirror 14, Furthermore, a first NPN pull-
down transistor 164 has its base and emitter connected to the first current sensor resistor 156

and has its collector coupled to the first current output terminal 18, and a second NPN pull-

down transistor 166 has its base and emitter connected_to the second current sensor resistor
160 and has its collector coupled to the second current output terminal 26. |
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The drfferentlal pair transfers the bias current of the bras current source
154 to the ﬁrst current mput terminal 16 or to the second current input terminal 24. If the

first current mirror 14 receives current the second pull-down transrstor 166 is turned on, as a

result of which the write terminal 8 is mterconnected to the second supply terminal 12 and
the current can ﬂow from the first current output terminal 18 to the second supply terminal
12 via the write head 2. If the second current mirror 22 recetves current this results in a

current through the write head 2 in the opposrte dtrecuon. _

15

2

Figure 11 shows current mlrrors for use in the arrangement shown in

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

dtode-connected PNP: input transrstor Ty havmg its base and collector connected to the first
16 and the second 24 current mput terminal, rcspecttvely, and having 1ts collector coupled to |
the first supply terminal 10, aPNP. output transistor Top havmg its base connected to the
base of the respechye input transistor Txp' having its emitter coupled to the first supply
terminal 10 and 'its'collector connected to the first 18 and the second 26 cuirent output
terminal, respectwely, and a further PNP output transistor T’ gp having its base connected to
the base of the relevant input transistor T,l,, 1ts emitter coupled to the first supply terminal -
10 and its collector connected to the further first 162 and second 158 current output

tcrrmnal respecuvely If desired, senes resistors may be arranged in series with the emitters. |

I desu'ed the bipolar transistors in the examples shown herein may be
replaced by unipolar transxstors, for example MOS transistors. In that case base, emitter and

: collector should read gate source and drain.
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carrier, comprising a wfite head (2) for recording information on the record. ean'ier anda
wnte amplifier (4) havmg a first wnte terminal (6) and a second write terminal (8), which
are coupled to the write head (2) to drive the write head (2) in Tesponse to the information
signal, characterised-in that the write amplrﬁer “) further comprises: compensation means
(14, 22, 142, 144) for producing a negatwe capacitance at-at least one of sard first (6) and
second (8) write terminals to generate a capacitive compcnsatxon current directed opposrtely |
toa capacmve current flowing through the at least one wntc tenmnal _

2. " An arrangement as claimed in Claim 1, characterised in that the write
amphﬁer (4) compnses a first supply terminal (10) and a second supply terminal (12) for
the connection of a supply voltage for the write amplifier (4),

~ a first current mrrror (14) havmg a first current mput terminal (16), a first current output

terminal (18) coupled to the first write terminal (6), and a first common current terminal (20) _

- connected to the first supply terminal (10);

a second current mirror (22) having a second current input terminal (24), a second current
output termmal (26) coupled to the second write terminal (8), and a second common current
termmal (28) eonnected to the ﬁrst supply terminal (10); -

at least one of two capacmors (142,144), of which a first capacrtor (142) is connected
between the first current input tenmnal (16) and the second current output terminal (26), and

~ a second capacitor (144) is.connected between the second current mput termmal (24) and the

first current output terminal (18); and :
current switching means (46, 48, 30, 38; 150, 152, 164, 166) for establishing a current path

'between the first current output tenmnal (18) and the second supply terminal (12) via the

first write_ terminal (6) and the second write terminal (8) for a first value of the information

~ signal and for establishing a current path'between the second current output terminial (26) and

the second supply terminal (12) via the first write terminal (6) and the second wnte terminal
() for a second value of the' mfonnauon sxgnal

3. An arrangement as clarmed in Clarm 2, charactensed in that the current

sthchmg means’ compnse '



-, 0

- --latlurdcurrentnurror(SO)havmgathrrdcurrentmputtermmal(32),atlurdcurrentoutput

- terminal (34) coupled to the first write terminal (6), and a third common current termmal
(36 connected to the second. supply tertmnal (12),

a fourth current mirror (38) having a fourth current 1nput termmal (40), a fourth current

~output temunal (42) coupled to the second write terminal (8), and a fourth common current

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

10

15

20

‘a first swrtchable current source (46) coninected between the first current input ternunal (16)

and the fourth current input terrmnal (40) for supplymg a ﬁrst current for a first value of the
information signal; 3 R |

a second swrtchable current source (48) connected between the second current input terminal
(24) and the third current input terminal (32) for supplymg a second current for the second

" value of the information s1gnal

4. An arrangement as claimed in Clarm 3, charactensed in that the write
amphﬁer comprises at. least one of two further capacttors (146, 148), of which a third -
capacitor: (146) is connected between the third current input termxnal (32) and the fourth
current output terminal (42), and a fourth capacitor (148) i is connected between the fourth

~ current mput terminal (40) and the third current output terminal (34).

5. . ' AnarrangementasclatmedmClarmz 3or4, charactensedmthatthe
_tlurd current mirror (30) and the fourth current mirror (38) each comprise a. dxode—connected

input transistor (T;,) of a first _conductmty type having a c_ontrol electrode and a second main

electrode connected to the third (32) and the fourth (40) current input terminal, reSpecﬁyely',_

~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

" control electrode of the relevant input transistor (T;,), a first main electrode coupled to the

30

' _second supply terminal (12), and a second main electrode connected to the thxrd (34) and the
- fourth (42) current output terminal, and in that

the ﬁrst current mirror (14) and the second current rmrror (22) each comprise a dtode-
connected input transistor (T,P) of a second conducuvrty type having a control electrode and a

- second main electrode connected to the first (16) and the second (24) current mput termmal

respectively, and having a first main electrode coupled to the ﬁrst supply terminal (10), and
an output transistor (T,;) of the second conductivity type having a control elect_ro_de
connected to the control electrode of the relevant input transistor (T;y), a first main electrode -
coupled to the ﬁrst supply termmal (10), and a second main electrode connected to the first

(19 and the second (26) current output terminal.
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6. " An arrangement as claimed in Cla1m 5, charactensed in that the first main
electrodes of the mput translstors (T,p) and output tranststors (Top) of the first (14) and the
second (22) current mirror are ‘connected to the first supply terminal (10) via resistors (R;;,

WO 95/35563

| Rop) and the first main electrodes of the input transistors (Ty) and output transistors (T,,) of |

the third (30) and the fourth (38) current mirror are connected to the second supply termmal
(12) via resrstors (Rm, Rop)- '

7. AnarrangementasclarmedmClarmZ 3,4, Sor6 charactensed in that .
the write amphﬁer 4) further compnses a first res1stor (50) connected between the first
write termmal (6) and a first node (52), a second resistor (54) connected between the first

' node (52) and the sécond write terminal (8), a- th1rd resistor (56) connected between the first

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

- second ‘supply termmal (12) and the first node (52).
8. - An armangement as claimed in Claim 2,3,4,5 or 6 charactensed in that

the write amplifier further comprises: 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 second write terminal @), a first transistor (66) of a first conductivity type
having a control electrode, a first main electrode_connected to the first node (62) and a
second main electrode coupled to the first supply terminal (10), a second transistor (68) of -
the first conductivity type havrng a control electrode connected to the control electrode of the
first tranststor (66), a first main electrode and a second main-electrode connected to the -
control electrode of the second transistor (68), a third resistor (70) connected between the -

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

transistor (72) of a second conductivity type having a control electrode, a first main electrode
connected to the'ﬁrst node':(62) and a second main electrode coupled to the second supply
terminal (12), a fourth transistor (74) of the second conductivity type having a control
electrode connected to the control electrode of the third transistor (72), a first main electrode

- connected to the first main electrode of the second 'transrstor (68) and a second main

electrode connected to the control electrode of the fourth transistor (74), and a fourth resrstor
(76) connected between the second supply termmal (12) and the second main electrode of the
fourth transistor (74)

9, - " An arrangement as claxmed in Claim 2 3 4 5 or 6, charactensed in that

 the write amphﬁer further comprises:

a first resistor (78) connected between the first wnte termxnal (6) and a first node (80), 2 -
second resxstor (104) connected between the first node (80) and the second write terminal
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*(8), a third resistor (102) connected between the first wite terminal (6) and a second node
' (84), a fourth resrstor (82) connected between the second node (84) and the second write
' tenmnal ®), ' '

a first transistor (86) of a first conductrvrty type havmg a control electrode a ﬁrst main
electrode connected to the first node (80) and a second main electrode coupled to the first

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

electrode connected to the control electrode of the ﬁrst transistor (86), a first main electrode,
and a second main electrode connecwd to the control electrode of the second transrstor (88),

a fifth resistor (90) connected between the first. supply terminal (10) and the second main

electrode of the second translstor (88), a third transistor (92) of the first conductxvrty 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),

a fourth transistor (94) of a second conductrvxty type havmg 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 mput termmal (32). and the. fourth current mput tertmnal (40), a fifth transrstor

- (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 mam

-electrode of the second translstor (88) and a second main electrode connected to the control

electrode of the fifth translstor (96), a sixth resistor (98) connected between the second
supply terminal (12) and the second mam electrode of the ﬁfth transistor (96), a sixth

transistor (100) of the second conductmty type havmg a control electrode- connected to the

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

- node (34) and a second marn electrode coupled to the other one of the tlurd current mput

terminal (32) and the fourth current input termmal (40) .
10. AnarrangementasclalmedmClarm9 charactensedmthatthe second , |

node (84) is connected to the first node (80). L
11. - AnarrangementasclarmedmClatm23456789or10

'charactensed in that the ﬁrst (46) and the second (48) sthchable current source comprise: a |
seventh transistor (106) of a first conductivity type having a control electrode connected to a ’
third node (108), a first marn electrode, and a second mam electrode coupled to the first

. current mput terminal (16), an eighth transistor (110) of the ﬁrst conductmty type havmg a
_control electrode connected to the control electrode of the seventh transrstor (106), a ﬁrst
- main electrode, and a second mam electrode coupled to the ﬁrst supply ternunal (10), a ninth
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_ transistor (112) of a second. conductivity type havmg a control electrode connected to a
“fourth node (1 14), a first mam electrode connected to the ﬁrst mam electrode of the seventh

o
iy

© (40), a diode-connected tenth transrstor (116) of the second conductrvrty type havmg a ﬁrst

main electrode connected to the ﬁrst mam electrode of the eighth transxstor (110) and havmg

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

a bias current source’ (118) coupled to the fourth node (l 14) to supply a bias current to the
fourth node (114), N ' o '

~ an eleventh- transistor (120) of the first conductmty type having a oontrol electrode connected

toa fifth node (122),:a first main electrode, and a second main electrode coupled to the -
second current input terminal (24), a twelfth transistor (124) of the first conductivity type
having a control electrode connected to the control electrode of the eleventh transistor (120),
a first main electrode, and a second main electrode coupled to the first supply terminal (10),

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

connected to the fourth node (114),a first ‘main electrode connected to the first main -

electrode of the transistor (120), and a second main electrode coupled to the third current
input terminal (32). -

12, -An arrangement as clalmed in Claim 11, charactensed in that the ﬁrst
'(46) and the second (48) switchable current source further comprise:

a fourteenth transistor (132) of the ﬁrst conduct_wrty type having a control electrode for

' receiving the information signal, a first main electrode connected to the third node (108) and -

a second main electrode coupled to the first supply terminal (10), a fifteenth transxstor (134)
of the first conductivity type having a control electrode for receiving the information signal,

a first main electrode connected to the fifth node (122) and a second main electrode coupled
to the first supply terminal (10), a sixteenth transistor (136) of the first conductivity type
having a control electrode connected to the control electrode of the eighth transistor (110), a
first main electrode connected to the first main electrode of the eighth transistor (110), and a
second main electrode coupled to the fifth node (122), a seventeenth transistor (138) of the
first conductivity type having a control électrode connected to the control electrode of the
twelfth transistor (124), a first main electrode connected to the first main electrode of the |
twelfth transistor (124), and a second main electrode coupled to the third node (108), the
second main electrode of the elghth transistor (1 10) being connected to the third node (108)
and the second main electrode of the twelfth transistor (124) being connected to the fifth

' node (122).
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13.  Anarmangement as claimed in Claim 2, characterised in that the current-
_switching means comprise:.. ‘ . . . .
a dtfferennal pair comprising a first dlfferentral-parr transistor- (150) of a first conducnvrty

type and a second dlfferentral-patr transistor (152) of the first: conductmty type, whose first -

' main electrodes are coupled to. receive a blas current. from a bras current source (154), whose

control electrodes are connected to recelve the information slgnal and whose second main

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

terminal (24), respectively; a first current sensor resistor (156) connected between the second -
supply terminal (12) and a further second current output terminal (158) of the second current
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 conductrvrty type havmg a control electrode and

first main electrode connected to the first current sensor resistor (156) and a second main
_ electrode coupled to the first current output terminal (18), and a second pull-down translstor

(166) of the first conducnvny type havmg a control electrode and first mam electrode
connected to the second current sensor resrstor (160) and a second main electrode coupled to-

the second current .output terminal (26).

14. _ An arrangement as clatmed in Clarm 13, characterised in that the first

- current mirror (14) and the second current mirror (22) each compnse a dtode-connected PNP

20

30

‘input transistor (T,p) of a second conductmty type havmg a control electrode and second

mam electrode connected to the first (16) and the second (24) current input terminal,
respecnvely, and a second mam electrode coupled to the first supply terminal (10), an output
transistor (Top) of the second conductivity type having a control electrode connected to the
control electrode of the respecuve input transistor. (T;p), a first main electrode coupled to the -
first supply terminal (10), and a second rnain electrode connected to the first (18) and the |
second (26) current output terminal, respecnvely, and a further output transistor (T’ ol,) of the

. second conducuvrty type having a control eléctrode connected to the control electrode of the

relevant input transistor (T;,), a first main electrode coupled to the first supply terminal ( 10),
and a second main electrode connected to the further first (162) and second (158) cufrent
output tenmnal respectively.. |

15. - A write amphﬁer (4) for use in an arrangement as clalmed in any one of
the precedmg Clalms, for recordmg an mformauon signal on a magnetic record camer



