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Arrangement comprising a magnetic write head, and write amplifier with capacitive feed-
forward compensation

The invention relates to an arrangement for recording an information signal on
a magnetic record carrier, comprising a write head for recording information on the record
carrier, and a write amplifier comprising:
a first signal terminal and a second signal terminal for receiving opposite signals representa-
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;
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
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
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

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
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an increasingly faster polarity reversal of the write current. A problem which then arises is
that the write current will no longer flow through the write head alone but also through
parasitic capacitances present at the first and the second write terminal. These parasitic

‘capacitances are caused by internal capacitances of the write amplifier, the parasitic

capacitance across the write head itself and wiring capgcitanées of the wires connecting the
write head to the first and the second write terminal of the write amplifier. The write current
through the write head is distorted at high bit rates, as a result of which the recording on the

~ information carrier becomes inaccurate.

It is an object of the invention to improve the accuracy of the information
storage at high bit rates. To this end, in accordance with the invention, the arrangement of
the type defined in the opening paragiaph is characterised in that the write amplifier further
comprises at least one of:
first compensation means for adding to the first current input terminal a capacitive current
having a direction corresponding to the direction of the cufrcnt flow in the first current path
in response to the information signal; and
second compensation means for adding to the second current input termmal a capacmve
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
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
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
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
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current mirror. As a result, the common-mode voltage across the write head does not have a
fixed value and depehds on the number of ones or zeros of the preceding bit pattern of the
information signal. Conséquently,' the following bit change can be influenced by the
common-mode voltage just before the change, which may give rise to bit-pattern-dependent
signal distortion. Morébi}éf;_ the fluctuating common-mode voltage may produce crosstalk to
other sensitive circuits. These problems limit the bit rate of the information signal to be
recorded. An embodiment of the invention having a write amplifier whose structure makes it
better suitable for high bit rates is characterised in that the current switching means com-
prise: SRR _

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

a fourth current mirror having a fourth current input terminal, a fourth current output
terminal coupled to the second write terminal, and a fourth common current terminal
connected to the second supply terminal; o '

a first switchable cu'rrcnf 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
the third current input terminal for supplying a second current for the second value of the
information signal. '

' The write head is now connected between the high-impedance outputs of 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
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
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-
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forward compensating the parasitic capacitances, for which purpose the arrangement in
accordance with the invention is further characterised in that the write amplifier further

comprises at least one of a third feed-forward capacitor inserted between the third current
- input terminal and the second signal terminat and a fourth feed-forward capdc_itor inserted

between the fourth current input terminal and the first signal terminal.
The four feed-forward capacitors need to be driven by the mformatlon slgnal at

 the first and second signal terminals. In order to reduce the capacitive load of the information

signal source an embodiment of the arrangement accordmg to the invention is charactensed
in that the write amplifier further comprises:

first, second, third and fourth driver transistors of a first conductiv_ity type, each having a
control electrode, a first main electrode and a second main electrode, the control electrodes
of the first and second transistors being coupled to the first signal terminal, the control

-electrodes of the third and fourth nanéistors being coupled to the second signal terminal;

fifth, sixth, seventh and eighth transistors of a second conductiviiy type, each having a con-
trol electrode, a first main electrode and a second main electrode;

~a first and a second bias current source, the control electrodes of the fifth and snxth transis-

tors and the second main electrode of theﬁfth transistor being couple_d to the second supply
terminal via the first bias current source, and the control electrodes bf the seventh and eighth
transistors and the second main electrode of the eighth transistor being coupled to the second
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
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
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.

et
i
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The four current _mirrors' tay be of any suitablé type. For a.maximal swing of
the write amplifier a preferred' embodiment of the arrangement in accordance with the

invention is characterised in that the third current mifror'_aﬁd‘ the fourth current mirror each
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comprise a diode-connedted input transistor of a first conductivity type having a control
electrode and a second main electrode connected to the third and the fourth current input
terminal, respectively, and hhvi'ng a first main electrode coupled to. the second supply
terminal, and an oiltput i_rahsi'stor of the first conductivity type having a control electrode
connected to the control electrode of the relevant input transistor, a first main electrode
coupled to the second supply terminal, and a second main electrode connected 1o the third

. and the fourth current output terminal, and 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 a second main
electrode connected to the first and the second current input terminal, respectively, and
having a first main electiode coupled to the first supply terminal, and an output transistor of
the second conductivity type having a control electrode connécted to the control electrode of
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
the current transfer function, so that no additional ringing of the waveform is produced.
Ringing may lead to inter-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
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
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
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resistor connected between the first write terminal 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 terminal 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 resistors 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 fixation of the

- common-mode voltage improves as the impedance of the voltage divider is reduced. Too low
~an impedance is to be avoided in view of the increasing dissipation in the voltage divider.

In order to reduce the dissipation a second embodiment of the'arrangemem with
common mode control in accordance with the invention is characterised in that the write
amplifier further comprises: a first resistor connected between the first write terminal and a
first node, a second resistor connected between the first node and ihe second wﬁtg terminal,
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
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
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. A

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

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
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in the current mirrors. A third embodiment of an arrangement with common mode control in

" accordance with the invention is characterised in that the write amplifier further comprises:
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a first resistor connected between the first write terminal and a first node, a second resistor
connected between the first node and the second write terminal, a third resistor connected
between the first write terminal and a second node, a fourth resistor connected between the
second node and the second write terminal,

a first transistor of a first conductivity type having a control electrode, a first main electrode
connected to the first node and a second main électrode coupled to the first supply terminal,
a second transistor of t'hé' 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

connected 10 the control electrode of the second transistor, a fifth resistor connected between -

the first supply tcrmmal_and the second main electrode of the second transistor, a third
transistor of the first conductivity type having a control electrode connected to the control
electrode of the ﬂrst transistor, a first main electrode connected to the first node and a
second main electrode coupled to the second supply terminal,

a fourth 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 one of the third
current input terminal and the fourth current input terminal, a fifth transistor of the second
conductivi'iy type ha\?in_g' 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 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
conpected' to the control electrode of the fourth transistor, 2 first main electrode connected to
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
but ﬂovc into the respc‘ctive 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

aman,
RS
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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 _trans'i_sto'r,. whose
emitters are connected to the second node. This reduces the influence of a possible mismatch
between the first and the fourth transistor and between the third and the sixth transistor. An

- alternative embodiment is characterised in that the second node is connected to the first node.

The afore-mentioned first and second switchable current sources determine how
much and in which direction current flows through the wri_ie 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 eighth transistor
of the first conductivity type having a control electrode connected to the control electrode of
the seventh transistor, a first main electrode, and a second main electrode éoupled to the first
supply terminal, a ninth transistor of a second conductivity type having a cbﬁirol 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 fqunh current input terminal,
a diode-connected tenth transistor of the seéo_m'l 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 no_de,.

a bias current source coupled to the fourth node to supply a bias current to the fourth node,
an eleventh transistor of the first conductivity type having a control electrode connected to a
fifth node, a first main electrode, and a second main 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
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
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

!-\LE—
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current flowing from the first current mput terminal to the third current input terminal via
the seventh and the ninth transistor or from the second current input terminal to the fourth.
current input termmal. The d.c. level of the information signal at the third and the fifth node,
applied vig a suitable buffer if required, is fully isolated from the d.c. level at the current
input terminals. The switchable current sources thus form floating switchable current sources
whose swltchmg signals have d.c. levels which can be chosen freely.

The buffers for the information signal can be emitter followers or source
followers. The quiescent current supply for these followers can be combined advantageously
with the current supply for the switchable current sources; To this end, an embodiment of
the arrangement is further characterised in that the first and the second switchable current
source further compnse ' '

a fourteenth transistor of the first conductivity type having a control electrode for receiving
the information signal, a first main electrode connected to the third node and a second main
electrode coupled to the first supply terminal, a fifteenth transistor of the first conductivity
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
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.

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.

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
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a second differential-pair transistor of the first conductivity type, whose first main electrodes
are coupled to receive a bias_eurrem from a bias current source, whose control electrodes are

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

the first current input terminal and the second current input terminal, respectively; a first
current sensor resistor connected between the second supply terminal and a further second
current output terminal of the second current mirror, and a second current sensor resistor

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

the first current mirror; a first pull-down transistor of the first conductivity type having a
control electrode and first main electrode connected to the ‘ﬁrst current sensor resistor and a
second main electrode coupled to the first current 6utpuf terminal, and a second pull-down
transistor of the first conductivity type having a con,trol. electrode and first main electrode
connected to the second current sensor resistor and a second main electrode conpled to the
second current output terminal, | | |

The acnvanon of one of the current mirrors is detected by a current through
one of the current sensor resistors. The voltage across the relevant current sensonj 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 mu'rors may be of any sunable type. In order to obtain a
maximal output swing of the write amplifier a preferred embodlment of the arrangement in
accordance with the invention is charactens_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
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
electrode connected to the further first and second current output terminel, respectively.

- Current mirrors thus implemented produce a minimal voltage loss and allew an
output swing up to nearly the supply voltage. _ |

In addition to the capacitive feed-forward current eompensation technique, a
feed-back neutrodyne compensation may be used to compensate for the adverse effect of the
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parasitic capacttances For thts purpose an embodiment of the arrangement according to the
mventlon is characterised in that the write amplifier compnses at least one of two capacitors,
of which a first capacttor is connected between the first current input terminal and the sccond
current output terminal, and a second capacttor is connected between the second current input
terminal and the first current output terminal. _

The first and second capac:tors neutralise the parasitic capacitances by injecting
opposrte capacmve currents mto the first and second write terminal via the first and-second
current mtrror For an opnmum effect the eapacttors are preferable used in pairs, i.e. the

first together with the second, in order not to disturb the symmetry of the arrangement.

If desned the third and fourth current mirror may also be used for neutralising
the pérasittc capacttances, for which purpose the arrangement in accordance to the invention
is further characterised in that the write amplifier comprises at least one of two further
capacitors, of whtch a th:rd capacitor is connected between the third current input terminal

and the fourth current output terminal, and a fourth capacntor is connected between the fourth

_ current input terminal and the third current output terminal.

These and other aspects of the invention will be described and elucidated with
reference to the accompanying drawings, in which

Figure 1 shows a block diagram of an embodiment of an arrangement for
recordmg an mformatton signal on a magnetlc record carrier in accordance with the
mventxon,

Figure 2 is a circuit diagram of an embodiment of an arrangement for recording
an information signal on a magnetic record carrier in accordance with the invention,

Figure 3 is a circuit diagram of an embodiment of an arrangement for recording
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 mventton, ' '

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

Figure 6 shows a circuit diagram of an embodiment of an arrangement for
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 invention,
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Figure 8 shows a first implementation of switched current sources for use in an
arrangement in accordance with the invention, |

Figure 9 shows a ;eédnd implementation of switched current sources for use in
an arrangement in accordance with the invention, | |

Figure 10 shows a circuit diagram o_f an embodiment of an arrarigemém for

~recording an information signal on a.magnetic record carrier in accordance with the
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invention,.. .. , _ _
~ Figure 11 shows current mirrors for use in the embodiment of the arrangement
shown in Figure 10, _ o |
Figure 12 shows a balanced capacitive feed-forward circuit for use in an
arrangement according to the invention, and. Figure 13 shows a block diagram of a
further embodiment of an arrangement for recording an information signal on a magnetic
record carrier in accordance with the invention.

In these Figures like elements b_eaf t_hé same reference symbols.

Figure 1 shows the basic structure of an arrangement for recording an informa-
tion signal on a magnetic record carrier in accordance with .the invention. The arrangement
comprises a write head 2 for recording mformanon on the record carrier (not shown) and a
write amplifier 4. for driving the write head 2 in response to the information s1gnal which is
present at a first signal terminal | 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 seoond supply

- terminal 12 is connected to signal earth. The amplifier 4 comprises a first current mirror 14

having a first current input terminal 16, a first current output terminal 18 coupled to the first

~ write terminal 6, and a first common current nermmal 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 second common
current terminal 28 connected to the first supply terminal 10; a third current mirror 30
having a third current input terminal 32, a third current output terminal 34 coupled to the
first write terminal 6, and a third common current terminal 36  connected to the second
supply terminal 12; a fourth current mirror 38 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
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current source 46 is connected between the first current input terminal 16 and the fourth
current mput terminal 40. The first swntchable current ‘source supplles a first current for a
first value of the information signal U at srgnal terminal 1 and is currentless for a second
value of the information stgnal U;. The information signal U; may be, for example, the
binary data srgnal for a drsk drive or another magnenc storage medium. A second switchable
current source 48 is connected between the second current input terminal 24 and the third
current input terminal 32 The second switchable current source 48 receives an inverse
information sngnal NU; ‘at the second signal terminal 3 and supphes a second current if the
ﬁrst current is zero and the other way around '

When the ﬁrst swrtchable current source 46 is turned on current will flow from
the ﬁrst supply terminal 10 to the second supply terminal 12 through the first current input
terminal 16 of the first c_urrent mirror 14 and through the fourth current input terminal 40 of
the fourth current mirror 38. A current which is M times as large flows in the same direction
from the first current output terminal 18 of the first current mirror 14 o the fourth current
output terminal 42 of the fourth current mirror 38 via the first write terminal 6, the write
head 2 and the second 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

second current m1rror 22 and the third current mirror 30 are inoperative. Now a write

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

head 2. _ '
When the first Switchable current source 46 is turned off and the second
swnchable current source 48 1s tumed on the second current mirror 22 and the third current

mirror 30 are active and the other two current mmors 14 and 38 are inactive. Now a write

| current flows in the opposlte direction from the second wme terminal 8 to the first write

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 currem of the second switchable current source
48 should be equal in order to obtain ‘equal wnte currents in both directions in- the case that
the current mirror ratios of the current mirrors are all equal.

Fxgure 2 shows an embodiment i in which the first current mirror 14 and the

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 arrangements disclosed and to be disclosed bipolar transistors may be
replaced wholly or panlf by unipolar MOS transistors. The control electrode, the first main
electrode and the socond?m'ain electrode correspond to the base, the emitter and the collector,
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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 mirror 14 comprises a diode-connected PNP input
transistor T;,;, having its emitter connected to the first common current terminal 20 via an
optional emitter resistor Ry;;, as shown in Figure 3, and its collector to the first current input
terminal 16, and a PNP output transistor T, having its base connected to the base of the
input transistor. T, its emitter to the first common current terminal 20 vig an optional
emitter resistor Ropps @8 shown in Figure 3, and its collector to the first current output ter-
minal 18. The optional emitter resistors improve the matching of the transistors and increase
the thermal stability of the current mirror. The second cufrent mirror 22 likewise comprises
PNP transistors and the third current mirror 30 and the fourth current mirror 38 likewise
comprise NPN transistors and optional emitter resistors, the electrodes of the respective
transistors being connected to the cpﬁesponding terminals of the current mirrors.

Figure 2 further shows a number of parasitic capacitances, i.e. one having a
value C,,,, between collector and well of the PNP output transistors T, and Ty, one
having a value C,,, between collector and substrate of the NPN output transistors T, 5 and
Tonss 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
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
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
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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This only results in more overshooting, but not in instability, contrary to feed-back com-
pensation systems which are susceptible of oscillations if t66 much compensation is applied.
When the information signal at the first signal terminal 1 goes high, the first

 switchable current source 46 enables a current flow from the first current input terminal 16

to the fourth ciirrent input terminal 40. A M-times multiplied current flows from the first
write terminal 6 via the head 2 to the second write terminal 8. The reverse signal transition

" at the second signal terminal 3 causes a capacitive current-flow in the current input terminal

16 via the first feed-forward capacitor 170, which capacitive current has the same direction
as the current caused by the first current switch 46. A ‘similar effect occurs at the other three
current input terminals 24, 32 and 40. The compensating capacitive currents thus have the
same direction as the cﬁpaciiive“t:urrentsﬂoiving through, for instance, the parasitic.
capacitances C,; and sz' at the first and second write terminals 6 and 8. .

It will be obvious that the compensating effect is already obtained with one
feed-forward capacitor. However, in order to maintain the symmetry of the arrangement and
to avoid unnecessary loading of 2 common-mode control circuit, it is preferred to use the

feed-forward capacitors in two pairs.

It is further noted that in the Figures, by way of example, the switchable
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
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
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.

Figure 4 shows a simple common-mode circuit. A series arrangement of a first
resistor 50 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
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with the write head. The resistors S0 and 52 also function as damping 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 volta_ge a minimal 1m_pedance is desired. However, the
resistance value of the resistors 56 and 58 cannot be chosen arbitrarily small on account of
the'increasing current through these resistors. |

. Figure 5 shows a common-mode circuit which mitigates this problem. The
circuit again comprises a first resistor 60 connected between the first write terminal 6 and a
first node 62, and a second resistor 64 connected between the first node 62 and the second
write terminal 8 and, in addition, it comprises a first NPN i:ransissor 66 having its emitter
connected to the first node 62 and having its collector coupled to the first sixppiy terminal 10,

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

NPN transistor 66, a third resistor 70 connected bstween 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 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 b_etweén 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
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
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-m,ode circuit can be combined
advantageously. Figure 6 shows an embodiment in which this is implemented. The write
amplifier 4 again comprises four current minérs 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
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| the first node 80 and havmg 1ts collector coupled to the ﬁrst cun-ent input-terminal 16, a

dlode-connccted second transistor 88 of the NPN type havmg 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 fransistor 92 of the NPN type
having its base connected to the base of the first transistor ‘86 and its emitter to the second
node 84 and havmg its oollector coupled to the second current input terminal 24. The
common-mode circuit further compnses a fourth. transistor 94 of the PNP type having its
emitter eonnected to the first node 80 and havmg its collector coupled to the third current
input termmal 32 a dlode—connected fifth transistor 96 of the PNP type having its base
connected to the base of the fourth transistor 94 and having its emitter connected to the
emitter of the second transistor 88, a fourth resistor 98 connected between the second supply
termine! 12 and the coilectoi' of th_e 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 are interconnected. 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, Thc qu1eseent 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

_ effective common-mod_e- resistance is equal to Rd/(4(M+1)), where Rd/2 is the resistance

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
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 term_'i'n'al 32 and that the collector of the transistor 100 may be coupied to

30

the third current "input terminal 32 instead of to the fourth current input terminal 40, This
makes no difference for the quiescent current setting because the current in the transistors 94
and 100 is the same. If 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 comiected between the write terminal 6 and the second node 84 and a
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sixth resistor 104 between the first node 80 and the write terminal 8. This solution can be
more accurate because the transistors 86 and 92 as well as the transistors 94 and 100 now
each see a separate degeneration resistor in series with their emitters. This mitigates the
effect of a possible mismatch between the transistors 86 and 92 and between the transistors
94 and 100. Again, it is to be noted that the collector of the transistor 94 may be coupled to
the fourth current input terminal 40 instead of to the third current input terminal 32 and that
the collector of the transistor 100 may be coupled to the third current input terminat 32
instead of to the fourth current input terminal 40. _

Figure 8 shows a circuit diagram of an implementation of the first switchable
current source 46 and the second switchable current source 48 of the arrangements shown in
Figures 1, 2 and 5. The two switchable current sources are united in one circuit comprising
the following elements. An NPN transistor 106 having its base connected to a third node 108
and having its collector coupled to the first current input terminal 16, an NPN transistor 110
having its base connected to the base of the transistor 106 and having its collector coupled to
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 having its collector coupied to the
fourth current input terminal 40, a d_iode-conngc._ted PNP tra_nsistbr 116 having its emitter

to the fourth node 114, a bias current source 118 coupled to the fourth node 114 to supply a
bias current I, to the fourth node 114. The circuit further comprises an NPN transistor 120
having its base connected to a fifth node 122 and having its coilector coupled to the second

current input terminal 24, an NPN transistor 124 having its base connected to the base of the

transistor 120 and having its collector coupled to the first supply terminal 10, and a PNP

transistor 126 having its base connected to the fourth node 114 and its emitter to the emitter
of the transistor 120 and having its collector coupled to the third current inpht 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

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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derive that the current I through the transistors 106 and 112 is equal to I = SQRT (M * N) *
1., where SQRT is the ro’btfhnction, 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
propomonal to the' current I, the proportlonahty factor bemg determined by the geometries
of the transistors. 106, 110; 112 and 116. :

Likewise, a current will flow between: the second current input terminal 24 and
the third current input terminal 32 if the voltage at the node 122 is high and that at 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 amplifier. Thus, the switched

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

mermmal 10 and the second supply terminal 12,
" The buffets 128 and 130 may comprise emitter-followers with emitter current

sources. However, saving current is possxble by using the currents through the transistors

110 and 124 for this purpose, Figure 9 shows how this can be realised. The buffer 128 is

‘now an NPN emitter-follower 132 whose base: receives an -amplified information signal,
‘whose emitter is connected to the third node 108 and whose collector is coupled to the first

supply terminal 10. The collector of the transistor 110 is connected to the emitter of the
emitter-follower 132. The buffer 130 likewise 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
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
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
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to be equal. _

The bases of the emitier-followers 132 and 134 are driven, by way of example,
by the transistors of a differential pair 140 whose bases are arranged to receive the comple-
mentary information signals U; and NU;, which are supphed. for example, by a data flip-
flop. S S |

Figure 10 shows another embodiment of an arrangement in accordance with the
invention in which the parasitic capacitances are neutralised in a manner similar to that in the -
embodiments described here_inbefore. The a:ringe_ment comprises a write head 2 for
recording information on the record carﬁer. (_ndt shown) and a write 'ampliﬁer 4 for driving
the write head 2 in response to thé information signal. The write amplifier has a first write
terminal 6 and a second write termmal 8, whxch terminals are coupled to the write head 2 to
supply a write current. A first supply termmal 10 and a second supply terminal 12 serve to
receive a supply voltage for the write amplifier. In the presem case the second wn;e terminal

12 is connected to signal earth. The amplifier 4 comprises a first current mirror 14 having a

first current input terminal 16, a first current output terminal 18 coupled to the first write
terminal 6, and a first common current terminal 20 connected to the first supply terminal 10;

- a second current mirror 22 having a second current input terminal 24, a second current

output terminal 26 coupled to the second write terminal 8, and a second common current _
terminal 28 connected to the first supplf tgrmimil 10'._'_"A feed-forw_ird capacitor 170 is e
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
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 recewe a bias current from a bias current source 154.
The bases are connected to receive the mformanon signal U; and NU; and the collectors are
coupled to the first current mput_terrn_lpa__l __16 and thc second current mp_u_t terminal 24,
respectively. A first current sensor resistor  156 is connected between the second supply
terminal 12 and a further second _cgrrcﬁt 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
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sensor resistor 156 and has its collector coupled to the first current output terminal 13, 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.

The differential pair transfers the bias current of the bias cusrent source 154 to
the first current input terminal 16 or to the second current input terminal 24. If the first
current mirror 14 reoetves current the second pull—down transistor 166 is turned on, as a
result of whtch the wnte ‘terminal 8 i is interconnected 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 receives current this results in a
current through the write head 2i in'the opposnte direction. '
Figure 11 shows current mirrors for use in the arrangement shown in Figure

10. The first current mirror 14 and the second current mirror 22 each comprise a diode-con-
‘nected PNP input transistor T: having its base and collector connected to the first 16 and the

second 24 current mput termmal respectavcly, and having its collector coupled to the first
supply terminal 10, a PNP output transistor 'I' having its base connected to the base of the
respective input transistor T“,, havmg its emitter coupled to the first supply terminal 10 and
its collector connected to the first 18 and the second 26 current output terminal, respectively,
and a further PNP output transistor T'  having its base connected to the base of the relevant
mput transistor T;,, its emitter coupled to the first supply terminal 10, and its collector

~connected to the further first 162 and second 158 current output terminal, respectwely If

des:red series resxstors may be arranged in series with the emitters.

If destred 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
should read gate, source and drain.

Figure 12 shows a bipolar circuit implementation of the feed-forward technique
which can be used in thc 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, _The bases of two further NPN transistors 186 and 188 are coupled to
the second 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 viq a first bias current source 206.
leewnsc 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
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bias current source 208, which provides a bias current substantially equal to the bias current
of the first bias current soﬁrce 206. The emitters of the transistors 182/198, 184/200,
186/202, and 188/204 are interconnected by means of resistors 190, 192, 194 and 196,
respectively. A first feed-forward capacitor 178 is connected between the emitter of transistor
178 and the emitter of transistor 202, Likewise, a second feed-forward capacitor is connected
between the emitter of transistor 186 and the emitter of transistor 200. The collectors of the
transistors. 182 and 188 are coupled to the positive supply terminal 10. The collectors of the
transistors 184, 186, 200 and 202 are 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, for supplying the capacitive compensation currents 10 the
four current mirrors. |

The circuit of Figure 12 is symmetric, needs only two feed-forward capacitors,
is floating and is an effective buffer of the signal terminals 1 and 3 and may advantageously
be combined with the circuit of Figure 9. The information signals U; and NU; create a
voltage difference 2U, across the fe_éd—forwaf_d capacitors 178 and .180 and steers a capacitive
current from the first current input temiihal 16 to the fourth current input terminal 40 or
from the second current input terminal 24 to the third current input terminal 32. The resistors
190, 192, 194 and 196 prevent the signal current from splitting into two pmfts at the emitters
of the transistors. _ _ |
- If desired, the bipolar transistors may be replaéed 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 currem_compcnsétion technique, a
feed-back neutrodyne compensation may be used to éompmsate for the adverse effect of the
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_aﬁaciténce
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
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.
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When it is assumed that the current mirror ratio of the four current mirrors 14,
22,30 and 38 is M the capacltance value C, seen between the write terminal 6 and the write

 terminal 8 will be equal to

Cp = ConptCosat(l +M)(c,,.,p+cc.,,,) + (1-M)(C, +c,,,,»'/2

This may be illustrated as follows by determining which currents flow in, for example, the
third current output termmal 34 as a result of the capacitors connected to this terminal.. If the
voltage at the third current output terminal 34 is assumed to be V the voltage at the fourth
current output terminal 42 _w;ll be -V. The current i in the third current output terminal 34 is
then: '

i = p*V*C,,+ p*Y *Ceon FP*V*Cyy + M¥{p*V*C, p*V*C, ]} =
' p*V*{Ccm + (M+1 )Cepn-(M-1 )Cnn}

~ The current through the éapécitor 146 has an oppbsite sign and is enlarged by the current

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
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
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
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
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variations, load capacitances, etc. In order to prevent excessive ringing and instabilities, the

neutralising technique should under-compensate the parasitic capacitances by a large amount.

Programming of the neutralising capacitors can alieviate this problem, but a substantial
margin has to be kept. The above discussed feed-forward compensation can be used, if
desired, in combination with the feed-back technigue to fill in the margin without the risk of
instabilities..
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carrier, comprising a write head (2) for recording information on the record carrier, and a o
write amplifier (4) comprising' |

a first signal terminal (1) and a second signal terminal (3) for receiving opposite signals
representative of the information signal;

a first write terminal (6) and a second write terminal (8), which are coupled to the write head

(2) to drive the write head (2) in response to the information signal;

a first supply terminal (10) and a second supply terminal (12) for connection of a supply

voltage for the write amplifier (4);

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 2 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 terminal (8), and a second common current

terminal (28) connected to the first supply terminal (10); and %
current switching means (46, 48, 30, 38; 150, 152, 164, 166) for enabling a current flow via |
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

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

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-
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tion means comprise a first feed-forward capacitor (170) inserted between the first current
input terminal (16) and the second signal terminal (3) and the second compensation means
comprise a second feed-forward capacitor (172) inserted between the second current input
terminal (24) and the first siglial terminal (1).

3. . An arrangement:as claimed in Claim 1 or 2, characterised in that the current

switching means comprise:

a third current. mirror (30) having a third current input terminal (32), a third current output.
terminal (34) coupled to the first write terminal (6), and a third common current terminal
(36) connected to the second supply terminal (12);

a fourth current mirror (38) having a fourth current input terminal (40), a fourth current
output terminal (42) coupled to the second write terminal (8), and a fourth common current
terminal (44) connected to the second supply terminat (12);

a first switchable current source (46) connected between the first current input terminal (16)
and the fourth current input terminal (40) for supplying a ﬁrsi current for a first value of the

- information signal;

-a second switchable current source (48) connected between the secbnd current _inp_ut terminal

(24) and the third current input terminal (32) for supplying a second current for the second
value of the information signal.

4, . 'An arrangement as claimed in Claim 3, characterised in that the write amplifier

further. comprises at Jeast one of a third feed-forward capacitor (174) inserted between the
third current input terminal (32) and the second signal terminal (3) and a fourth feed-forward
capacitor (176) inserted between the fourth curreat input terminal (40) and tﬁe first signal
terminal (1).

5. - An arrangement as clalmed in Cla:m 3 or 4, characterised in that the third

. 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
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

iy
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second main electrode connected to the first (16) and the second (24) current input terminal,
reSpectively, and having a first main electrode coupled to the first supply terminal (10), and
an output transistor (Toi,) of the second conduc”tivi’ty type having a control electrode

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

" coupled to the first supply terminal (10), and a second main eléctrode connected to the first

(18) and the second (26) current output terminal.

6. An arrangement as claimed in Claim 5, characterised in that the first main -
electrodes of the input transistors (T;) and output transistors (T,,) of the first (14) and the
second (22) current mirror are connected to the first supply terminal (10) via resistors R
R,p), and the first main electrodes of the input transistors (T,,) and output transistors (T,,) of
the third (30) and the fourth (38) current mirror are connected to the second supply terminal
(12) via resistors (R, Ryp)- "

7. An arrangement as claimed in Claim 3, 4, 5 or 6, characterised in that the write

amplifier (4) further comprises: a first resistor (S0) 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 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

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
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
connected to the first node (62) and a second main electrode coupled to the second supply
terminal (12), a fdurth 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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(76) connected between the second supply terminal (12) and the second main electrode of the

- fourth transistor (74).

9. - An arrangemem as claimed in Claim 3 4, 5 or 6, characterised in that the write
amplifier further comprises:

a first resistor (78) connected between the ﬁrst write terminal (6) and a first node (80), a
second resistor (104) connected between the first node (80) and the second write terminal
(8), a third.resistor (102) connected between the ﬁrst write terminal (6) end a second node
(84), a fourth resistor (82) connocted between the second node (84) and the second write
termmal (8),

a first transistor (86) of a first eonductw:ty type having a comrol electrode a first main
electrode connected to the first node (80) and a second main electrode eoupled to the first
supply terminal (16), a second transistor (88) of the first conduct_ivity type having a control
electrode connected to the control electrode of the first transistor (86), a first main electrode,
and a second main electrode connected to the control electrode of the second transistor (88),
a fifth resistor (90) connected between the first supply terminal (10) and the second main
electrode of the second transistor (88), a third transistor (92) of the first coriductivi_ty 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), '

scan

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

- node (84) and a second main electrode coupled to the other one of the thlrd 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
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that the first (46) and the second (48) switchable curret source comprise: a seventh
transistor (106) of a first conductivity type having a control electrode connected to a third
node (108), a first main électrode, and a second main électrode coupled to the first current
input terminal (16), an elghth transistor (110) of the first conducu\nty type having a control
electrode. connected to the oontrol electrode of the seventh transistor (106); a first main
electrode, and a second main electrode coupled to the first supply terminal (10), a ninth.
transistor (112) of a second eonductmty type havmg.. a control electrode connected to a
fourth node (114), a first main electrode connected to the first main electrode of the seventh
transistor (106), and a second main electrode coupled to the fourth current input terminal
(40, a diode-connected terith transistor (116) of the second conductivity type having a first
mam electrode connected to the first main electrode of the cighth transistor (110) and having
a control electrode and second main electrode connected to the fourth node (114),

a bias current source a 18) coupled to the fourth node (1 I4) to supply a bias current to the
fourth node (114), ' S '

an eleventh translstor ( 120) of the first conductivity type having a control electrode connected
to a fifth node (122), a ﬁrst mam 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 couf)ied to the first supply terminal (IO),
and a thirteenth transistor (126) of the second conductivity type having a control electrode -

'connected to the fourth nade ( 114), a first maih electrode connected to the first main

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

12. An arrangement as claimed in Claim 11, charactérised in that the first (46) and
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,
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 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
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first conductivity type having a control electrode connected to the control electrode of the
twelfth transistor (124), a first main electrode connectcd. to the first main eléct_rode of the
twelfth transistor (124), and a second main electrode coupled to the third node (108), the
second main electrode of the eighth transistor (110) being connected to the third node (108)
and the second main electrode of the twelfth transistor (124) being connected to the fifth
node (122). .

13. - Anarrangement as claimed in Claim 1 or 2, characterised in that the current-
switching means compnse

a differential pair comprising a first dxfferennal-paxr transistor (150) of a first conductivity
type and a second differential-pair transistor (152) of the ﬁrst cor_\ductlvxty type, whose first
inain electrodes are coupled to recei\(a a bias current from a bias current source (154), whose

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

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

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

- 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 th_e first conducti\(ity type having 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 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 Claim 13 characterised in that the first current

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 (lO), an output transistor

(Top) of the sec_énd conductivity type having a control _electrodé connected to the control

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
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'seoond main electrode connected to the further ﬁrst ( 162) and second (158) current output

termma] respectwc]y

15. An arrangement as claimed in Clalm 3, charactensed in that the write amphﬁer
(4) further comprises: '

first (182), second (184), third (186) and fourth (188) driver transistors of a first conductivity
type, each having a control electrode, a first main electrode and a second main .electrode, the
control electrodes of the first (182) and second (184) transistors being coupled to the first
signal terminal ( l), the control electrodes of the third ( 186) and fourth (188) transistors being
coupled to the second signal terminal (3), o '

fifth (198), sixth (200), seventh (202) and eighth (204) transistors"of a second conductivity
type, each having a control electrode, a first main electrode and a second main electrode;

a first (206) and a second (208) bias current source, the control electrodes of the fifth (198)
and sixth (200) tranSistors and 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
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 second 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
the ﬁfsh (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) transistor.' 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
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),
sixth (200) and seventh (202) 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
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(142,144), of which a first capacitor (142) is connected between the first current input
terminal (16) and the second current output terminal (26), and a second capacitor (144) is
connected between the second current input terminal (24) and the first current output terminal
(18). _

17. | An arrangement as claimed in Claim 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 further capacitors
(146,148), of which a third-capacitbr (146) is connected between the third current input
terminal (32) and the fourth current output terminal (42), and a fourth capacitor (148) is
connected between the fourth cumnt input terininal (40) and the third current output terminal
(34).

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

s
Ui

preceding Claims, for recording an information signal on a magnetic record carrier.




