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Anangement 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-

5 tive of the inronnation signal; 

a first write terminal and a second write terminal, which are coupled to the write head to 

drive the write head in response to the information signal; 

a first supply terminal and a second supply terminal for connection of a supply voltage for 

the write amplifier; 

10 a first current mirror having a first current input terminal, a first current output terminal 

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

supply terminal; 

a second cunent mirror having a second current input terminal, a second current output 

terminal coupled to the second write terminal, and a second common current terminal 

15 connected to the first supply terminal; and · 

current switching means for enabling a current flow via a first cunent path between the first 

cunent 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 ~d for enabling a current 

flo"'! via a second current path between the second current output terminal and the second 

20 supply terminal via the seamd write terminal and the first write terminal for a second value 

of the information signal. 

The invention also relates to a write amplifier for use in such an arrangement. 

Such an arrangement and write amplifier are known from United States Patent 

No. 5 ,282,094, Figure I. Write amplifiers having inductive write heads are used inter alia in 

25 hard disk drives for the storage or digital information signals, the polarity of the write 

current through the write head being reversed in response to the bit pattern or 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 ~y internal capacitances of the write amplifier, the parasitic 

S capacitance across the write head itself and wiring capacitances of the wires connecting the 

write head to the first and the second write terminal of the write amplifier. The write current 

through the write 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 

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

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

comprises at least one of: 

first compen~on means for .~i.ng to the first current input terminal a capacitive current 

having a direction corresponding to the direction of the current flow in the first current path 

lS in response to the information signal; and 

second. a>mpensation means for adding to the second current input terminal 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. 

During signal. transitions the first and secp~d compensation means feed 

20 capacitive charge via the current mirrors to the write terminals. These additional capacitive 

currents help to compensate the capacitive currents flowing into the parasitic capacitances, 

thus improving the sJew rate in the write head. As the compensation is based on feed­

forward, over-compensation only results in overshoot, but not in instability. 

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

25 an embodiment which is characterised in that the first compensation means comprise a first 

feed-forward capacitor inserted between the first current input terminal and the second signal 

terminal and the second compensation means comprise a second feed-forward capacitor 

inserted between the second current input terminal and the first signal terminal. For an 

optimum effect. the capacitors are preferably used in pairs, i.e. the first together with the 

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

In the known arrangement polarity reversal of the current through the write 

head is effected with current switching means which establish a low-impedance connection 

betwe.en one of the write terminals and the second suppJy terminal. The other write terminal 

is then connected to the high-impedan~ current output terminal of the first or the second 
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current mirror. As a result, the common.:mooe voltage aeross the write head does not have a 

fixed value and depends on the number of ones or .zeros of the preceding. bit pattern of the 

information signal. ConSequently, the following bit change can be influenced by the 

common-mode voltage just bef~ the change, which may give rise to bit-pattern-dependent 

S signal distortion. Moreo~, 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: 

I 0 a third current mirror having a third current input tenriinal, a third current outpUt terminal 

coupled to the first write 1enninal, 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 

15 connected to the second supply terminal; 

a first switchable current s0urce 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 connceted between the .second current input terminal and 

20 the third current input terminal for supplying a seeond 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 

sou~s. When the first switchable current source conducts a current will flow through the 

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

fourth current mirror. When the second switchable current· source conducts an opposite 

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

terminal via the second and the third current mirror. Since the write head is connected 

between the high-impedance current output terminals of the four current mirrors the 

30 common-mode voltage can be fixed as required by additional measures, preferably at half the 

supply voltage, and can be rendered independent of the bit pattern. The current mirrors then 

saturate only during the peaks of the write head voltage and no clamping cireuits are needed 

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

1f 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 terminal and a founh feed-forward capacitor inserted 

S between the fourth current input terminal and the first signal terminal. 

The four feed-forward capacitors need to be driven by the information signal at 

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

signal source an embodiment of the arrangement according to the invention is characterised 

in that the write amplifier further comprises: 

10 first, second, third and fourth driver transistors of a firSf conductivity type, each having a 

control electrode, a first main .~ectrode and a second main electrode, the control electrodes 

of the first and second transistors being coupled to the first signal terminal, the control 

. el~trodes of ~he t'1inl and fourth transistors being coupled t~ the second signal terminal; 

fifth, sixth, seventh and eighth transistors of a se.cond conductivity type, each having a con-

15 trot 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 sixth transis­

tors and the second main electrode of the. fifth transistor being coupled to the second supply 

terminal via the first bias current source, and the control electrodes of the seventh and eighth 

transistors and . the second main electrode of the eighth transistor being coupled to the second 

20 supply terminal via the second bias current source; 

first, second, third and fourth coupling resistors for coupling, respectively, 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 

mai!J electrode of the third transistor to the first main electrode of the seventh transistor, the 

25 first main electrode of the fourth transistor to the first main electrode of the eighth transistor; 

a first capacitor coupling the first main electro<ie 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 to. the. first main electrode of the sixth transistor; 

the second main electrodes of the first and fourth transistors being coupled to the first supply 

30 terminal; and the second main electrodes of the second, third, sixth and seventh transistors 

being coupled to, respectively, the first current input terminal, the second current input 

terminal, the third current input terminal and the fourth current input terminal. 

This arrangement buffers the jnformation signal, is fully balanced and uses only 

two feed-forward capacitors instead of four. 

.. ~ .. . .: ~:; . 
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The four current mirrors inay be of any suitable 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 eurrent mirror and· the fourth current mirror each 

comprise a diode-conneeted input ttansistor of a first conductivity type having a amtrol 

5 electrode and a second main electrode con·nected to the third and the fourth current input 

terminal, respectively, aild having a first main electrode eoupled. to the second supply 
terminal, and an output transistor of the fint conductivity type having a control electrode 
connected to the control. electrode of tht relevant input transistor, a· first main electrode 
coupled to the second supply terminal, and a. second main electrode connected to the third 

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

the first current mirror and· the second ~rrent minor each comprise a diode-connected input 
transistor of a second conductivity type having a control electrOde and a second main 
electrode connected to the fint and the second current input terminal, respectively, and 
having a first main electrode coupled to the first supply terminal, 1:nd an output transistor of 

15 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 eleetrode oonneeted to the first and the second current output terminal . 

. Current mirrors thus implemented produce a minimal voltage loss and a11ow an 
output swing up to nearly the supply voltage. Moreover, they have basically a single pole in 

20 the current transfer function, so that no additional ringing of the waveform is produced. 

Ringing may lead to inter-symbol interferenee. 

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 
corr_espond to the base, the emitter and the collector, respectively, for a bipolar transistor and 

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

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

30 the second supply terminal via resistors. 

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

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



W097/19445 
6 

PCT/1896/01211 

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

~nnected between the first node and the second wri~ terminal, a third resistor connected 

between die first supply terminaJ and the first node, and a founh resistor connected between 

the second supply terminal and the first RC)de. 

S The first and the second resistor are arranged in series across the write head 

and also form damping resistors for the write bead. 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 

10 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 di$sipation a second embodim~nt of the arrangement with 

common mode control in accordance with the invention is characterised in that the write 

amplifier further comprises: a first resistor connected between the first write terminal and a 

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

a first transistor of a first conductivity type having a control electrode, a first main electrode 

connected to the first node and a second main electrode coupled to the first supply terminal, 

a second transistor of the first conductivity tyPe having a control electrode connected to the 

control electrode of the first transistor, a first .main electrode, and a second main electrode 

20 connected to· the control electrode of the second ~ransistor, 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 

foutth transistor of the second conductivity type having a control electrode connected to the 

2S 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, 1p1d a fourth resistor connected between the second supply . . . . . . 

terminal and the second main electrode of the fourth transistor. 

The first and the second transistor operate in class AIB and produce at the first 

30 node a low impedance, which can be realised wjth 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 embooiment of an arrangement with common mode controJ 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 fint node and the second write terminal, a third resistor connected 

5 between the first write terminal ind· a second node, a fourth resistor connected between the 

second node and the Se.cond write terminal, 

a first transistor of a fir$t conductivity type having a eontrol ·electrOde, a first main electrode 

connected· to the fll'St node and a second main electrode coupled to the first supply terminal, 

a second transistor of i~ first conductivity type having· a control electrode connected to the 

10 control electrOde of the fir$t transistor, a first main electrode, and a second main electrode 

connected to the control electrode of the second transistor, a fifth resistor connected between · 

the first supply terminal.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 first transistor, a first main electrode connected· to the first node and a 

I 5 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 

conductivity type having a control electrode connected to the control electrode of the fourth 

20 transistor, a first main electrode connected to the first main electrode of the second transistor 

and a second main electi'ode connected to the control electrode ofthe fifth transistor, a sixth 

resistor 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 

COO!lected to the eontrol electrode of the fourth transistor,·.a first main electrode connected to 

25 the second node and a second main electrode coupled to the other one of the third current 

input terminal and the f()urth current input terminal. 

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

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

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

30 but flow into the respeetive current input terminals of the four current mirrors and serve as 

quiescent currents for the current mirrors. The damping resistance is made up.of two series 

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

mirrors reduce the apparent resistance of the damping resistors for common-mode signals by 

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

.... ·(·· .: 

. ~~:. 

.. ···:..···· ·._;· _ ............ 
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function as emitter degeneration resistors for the first and the fourth transistor, whose 

emitters are connected to the first npde, 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 tbt'; fourth transi~tor and between the third and the sixth transistor. An 

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

The afore-mentioned first and second switchabJe cunent sources determine how 

much and.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 

10 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 term~nal, an eighth transistor 

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

the seventh transistor, a first main electrode, and a second main electrode coupled to the first 

supply tenninal, a ninth transistor of a second conductivity type having a control electrode 

15 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 founh current input terminal, 

a diode-connected tenth transistor 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 foµrth node, . 

20 a bias current source coupled to the fourth node to supply a bias current to the fourth node, 

an eleventh transistor of the first conductivity type having a control electrode connected to a 

fifth node, a first main electrode, and a second .main electrode coupled to the second current 

input terminal, a twelfth transistor of the first conductivity type having a control electrode 

conJ:.1ected to the control electrode of the eleventh transistor, a first main electrode, and a 

25 second main electrode coupled to the first supply terminal, and a thirteenth transistor of the 

second conductivity type having a control electrode connected to the fourth node, a first main 

electrode connected to the first main electrod_e of the transistor. and a second main electrode 

coupled to the third current input terminal. 

The bias current source d~rmines the magnitude of the write current through 

30 the write head. The bias current is drained to the power supp1y 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 thineenth 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 
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current flowing from the first current input 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 terminal. The d.~. Jevel of the information signal at the third and the fifth node, 

applied via a suitable buffer if required, is fully isolated from the d.c. level at the current 

5 input terminais. The· switchabie clirrent sc>urces thus form ·floating switchable current· sources 

whose switching signals have d.c. levels which can be chosen freely. 

The buffets fot the information signal can be emitter fOJlowers or source .~. 

followers. The quiescent current supply for these followers cari be combined advantageously 

with the current supply· for the switchable current sou~. To this end,· an embodiment of 

10 the arrangement is further characterised in that the first" and the second switchable current 

source further comprise: 

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 suPJ>ly terminal, a fifteenth tiansistoi' of the first conductivity 

15 type having a control electrode for receiving the information signal, a first main electrode 

connected to the fifth node and a second main electrode coupled to the first supply terminal, . 

a sixteenth transistor of the first conductivity type having a control electrode connected to the 

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

electrode of the eighth transistor, and a sec0nd main electrode criupJed to the fifth node, a 

20 seventeenth transistor of the first conductivity type having a control electrode connected· to 

the control electrode of the twelfth transistor t a first m;lin electrode connected to the first 

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

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

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

25 The. founeenth and the fifteenth· transistor operate as signal followers and buffer 

the information sigriaJ. The current through these transistors·now flows to the fourth node 

through the eighth and the twelfth transistor, respectively. The sixteenth and the seventeenth 

transistor ensure that always one half of the bias current from the bias current source flows 

through one signal follower and the other ·half through the other signal follower. 

30 The current switching means may also be devised in another manner, for · 

example as known from the aforementioned United States Patent No. 5,282,094, Figure 1. 

To this end an embodiment of an arrangement in accordance with the invention is 

characterised in that· the current-switching means comprise: 

a differential pair comprising a· first differential-pair transistor of a first conductivity type and 
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a se.cond differential-pair transistor of the first conductiyity 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 
·, 

S current sensor resistor connected between the second supply tenninaJ 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 

10 second main electrode coupled to the first current outpu~ terminal, and a second pull-down 

transistor of the first conductivity type having a control electrode and first main electrode 

connected to the second current sensor resistor ~d a second main electrode coupled to the 

second current output terminal. 

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

15 one of the current sensor resistors. The voltage across the relevant current sensor resistor 

turns on the associated pull-down transistor, which in its tum eonnects one of the write 

terminals to the negative supply terminal. 

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

maximal output swing of the write amplifier a preferred_ embodiment of the arrangement in 

20 accordance with the invention is characterised 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 sec:ond main electrode coupled to the first supply 

ter~inal, an output transistor of the second conductivity type having a control electrode 

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

coupled 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 con,rol electrode connected to the control electrode of the relevant 

input transistor, a first main electrode coupled to the first supply terminal, and a second main 
. . 

30 electrode connected to the further first and second current output terminal, respectively. 

Current mirrors thus implemented produce a minimal voltage loss and allow an 

output swing up to nearly the supply voltage. . .. · 

In addition to the capacitive feed-forward current compensation technique, a 

feed-back neutrodyne compensation may be used to compensate for the adverse effect of the 
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parasitic capacitances. For this ptirp05e an embodiment of the arrangement according to the 

invention is charactemed in that the write amplifier comprises at least one of two capacitors, 

of which a first capacitor is connected between the first current input terminal and the second 

current output terminal, .and a second capacitor is connected between the second current input 

S terminal and the first current output terminal. 

The first arid· second capacitors neutralise the paraSitic capacitances by injecting 

opposite capacitive currents into the first and second write terminal· via· the· first and· second 

current mirror. For an optimum effect the capacitors are prefetable used in pairs, i.e. the 

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

10 If desired, the third and fourth cµrrent mirror may also be used for neutralising 

the parasitic capacitance~, 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 which a third capacitor is connected between the third current input terminal 

and the fourth current output terminal, and a fourth capacitor is CQDnected between the fourth 

15 current input terminal and the third current output terminal. 

These and other aspects of the invention wm ·be described and elucidated with 

reference to the accompany~ng drawings, in which 

Figure 1 shows a block diagram of an embOdiment of an arrangement for 

20 recording an information signal on a magnetic record carrier in accordance with the 

invention, 

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 

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

Figure 4 shows a· first common-mode circuit for use in an arrangement in 

acoordance with· the invention. 

Figure 5 shows a second common-mode circuit for use in an arrangement in 

accordance with the invention, 

30 Figure 6 shows a circuit diagram of an embodiment of an arrangement for 

recording an information signal on a magnetic record carrier in accordance with the 

invention, including a third common.;.mode circuit, 

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

accordan.ce with the invention, · 
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Figure 8 shows. a fmt implementation of switched current sources for use in an 

~gement in accordance with the invention, 

Figure 9 shows a second implementation of switched current sources for use in 

an arrangement in a~rdance with the invention, 

5 Figure 10 shows a circuit diagram of an· embodiment of an arrangement for 

10 

IS 

recording an informatiQD. signal· on a. magnetic record carrier in accordance with the 

invention~. 

Figu~ 11 shows cunent mirrors for use in the embodiment of the arrangement 

shown in Figure 10, 

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 accordan~ with the invention. 

In these Figures like. elements bear the 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 inform.~tion on the record carrier (not shown) and a 

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

20 present at a first signal terminal I and a second signa1 terminal 3. The write ampHfier has a 

first write terminal 6 and a second write terminal 8, which are coupled to the write head 2 to 

supply a. write current. A first supply terminal 10 and a second supply terminal 12 serve for 

connection of a supply voltage for the write amp1ifier. In the present case the second supply 

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

25 having a first current input terminal 16, ~ 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 ~ second current input terminal 24, a second 

current output terminal 26 coupled tQ the ~nd write terminal 8, and a second common 

current terminal 28 connected to the first supp~y terminal 10; a third current mirror 30 

30 having a third current input terminal 32, a third current output terminal 34 coupled to the 

first write terminal 6, and a third common current terminaJ 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 coupl~ to the s~nd 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 terininal 16 and the fourth 

current input terminal 40. The first switchable current' source supplies a first current for a 

first value of the information signal Ui at signal terminal l and is currentless for a second 

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

S binary data signal for a disk drive or anotlter magnetic storage medium. A second switchable 

current source 48 is connected· between the se.cond current input terminal. 24 and the third 

current input terminal 32. The second switchable current source 48 receives an inverse 

information signal NUi at the second signal terminal f and supplies· a second current if the 

first current is zero and the other way around. 

10 When the first switchable 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 current 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 tlie first current mirror 14 to the fourth current 

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

current flows from the first write terminal 6 to the sec0nd write terminal 8 through the write ' '' · 

20 head 2. .'::c· 

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

switchable current source 48 is turned on the second current mirror 22 and the third current 

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

cu~nt flows in the opp0site direction from the second write terminal 8 to the first write 

25 terminal 6 through the write head 2. It will be obvious.that the first current of the first 

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

48 should be equal in order to obtain equal write currents in ooth directions in the case that 

the current mirror ratios -of the current mirrors are all equal. 

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

30 second current mirror 22 oompriSe: bipolar PNP transistors and the third current mirror 30 

and the fourth current mirr0r 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 partl~ by unipolar MOS transistors. The control electrode, the first main 

electrode and the secondimain 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 diodeaeonnecte.d PNP input 

transistor T ipl, having its emitter c:onnected to the first common current terminal 20 via an 

optional emitter resistor ~ipl' as shown in Figure 3, and its collector to the first current input 

S terminal 16, and a PNP output transistor T opl' having its base connected to the base of the 

input transistor TipJ, its emitter to the first common current terminal 20 via an optiona1 

emitter resistor Rop1, ·~ shownin 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 current mirror 22 likewise comprises 

10 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 corresponding ~h~als. of the current mirrors. 

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

value Ccwp between collector and weU of the PNP output transistors Topi and Top2, one 

15 having a value Ccsn between collector and substrate of the NPN output transistors T0 n3 and 

T 084, one having a value Ccbp between collector and base of the PNJ> output transistors T opJ 

and T o;2, and one havjng a value Ccbn between collector and base of tJie NPN output tran­

sistors· Toal and T on4· A parasitic capacitance c;, 1 is present at the first write terminal 6 and 

a parasitic capacitance CP2 at the second write terminal 8. All these parasitic capacitances 

20 have an effect on the write current through the write terminals 6 and 8. The effect is that at 

high frequencies the write current flows through the parasitic capacitances instead of through 

the write llead. This effect limits the bit rate of the write current. In order to re.duce or even 

eliminate the adverse effect of the parasitic capacitances, a first capacitive feed-forward 

capacitor 170 is inserted between the second signal terminal 3 and the first current input 

25 terminal 16, a second feed-forward capacitor 172 is inserted between the ~ond current 

input terminal 24 and the first signal terminal 1, a third feed-forward capacitor 174 is 

insened between the third current input terminal and the second signal terminal and a fourth 

feed-forward capacitor 176 is inserted between the founh current input terminal and the first 

signal terminal. During transitions in the information signal ca?,lCitive charge is fed forward 

30 from the signal terminals 1 ~nd 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~baek com­

pensation systems which are susceptible of oscillations if too much· compensation is applied. 

When the information signal at the first signal tenninal 1 goes high, the first 

switchable current sourde 46 enables a current flow from the first current input terminal 16 
5 to the fourth current input terminal 40. A :M-times multiplied current flows· from the first 

write tenniilal 6 via the :head 2 to the second write terminal 8. The reverse signal transition 

at the second signal tetminal3 causes a capacitive currenl'tlow in the current inpuUerminal 
. . 

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 
10 current input terminals 24, 32 and 40. The c0mpensating eap8citive currents thus have the 

same direction as the capacitive currents. flowing through, for instance, the parasitic. 

capacitances cpl and cp2 at the first and second write tenni~als 6 and 8. 
It will be obvious that the crimpensating effect is already obtained with one 

fee.cl-forward capacitor. However, in order to mainwll the symmetry of the arrangement and 
15 to avoid unnecessary loading of a 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 Ui at signal terminal. l is relatively high and is 

switched off if the signal Ui is relatively low. It is clear that. a switchable :current source 
20 requiring an inverted input signal can also be used for this purpose. The same hoJd 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 tenriinal I and the second and fourth 

feed-forward capacitors 172 and 176 to the second signal terminal 3. 

The common-mode voltage of the write head 2 is completely indeterminate and 

25 may fluctuate with the data pattern of the information signal to be recorded. This is 

undesirable. The common-mode voltage should preferably lie halfway between the available 

output swing and should be independent of the signal content of the signal to be recorded. 
Since the write head 2 is arranged exclusively between high-impedance outputs of current 
mirrors it is possible to fix the common-mode voltage with a common-mode circuit. 

30 Figure 4 shows a simple common.:.mode circuit. A series arrangement of a first 

resistor 50 conneeted 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 fiht.suPi>ly terminal 10 and the first node S2, and a fourth resistor S8 

connected between the second· supply termina1 12 and the first node 52 is arranged in parallel 

.... :.;.~ . . . 
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with the write head. The resistors SO and 52 also function as dampin~ resistors for the write 

head. The impedance at the first node S2 is dictated by the resistors 56 and 58. For a correct 

fixation of the common-mode voltage a minima] impedance is desired. However, the 

resistance value of the resistors 56 and SB cannot be chosen arbitrarily small on account of 

5 the increasing current through these resistors. 

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

circuit again comprises a first resistor 60 connecte,d 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 transistor 66 having its emitter 

10 connected to the first node 62 and having its collector ~upled to the first supply 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 between the first supply terminal 10 and the 

collector of the second NPN transistor 68, a. first P}ll)> transistor 72 having its emitter 

connected to the first node 62 and. having its collector coupled to the second supply terminal 

15 12, a diode-connected secon~ PNP transistor 74having its base connected to the base of the 

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

transistor 68, and a fourth resistor 76 connected between the sec<?nd supply terminal 12 and 

the collector of the second PNP transistor 74. 

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

20 low, which provides a correct fixation of the common-mode vol1age. The class A/B operation 

. enables a small quiescent current to be obtained in and a large maximum current to be 

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

mode resis~nce is equal to Rd/4, the resistance value of both the resistor 60 and the resistor 

64 ~eing equal to Rd/2. The overall damping resistance across the write head 2 is 

25. consequently Rd. 

In order to step up the switching speed. of the current mirrors in the arrange­

ments shown in Figures 1 and 2 it is desirable to have a quiescent current in the current 

mirrors. This quiescent current setting and the common-m~de circuit can be combined 

advant.ageously. Figure 6 shows an embodiment in which this is implemented. The write 

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

first switchable current source 46 and the second switchable ~urrent 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 its emitter connected to 

·~·. 
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the first node 80 and having its collector coupled to the first current input· terminal 16,· a 

diode-connected second tran~istor 88 of the NPN type' having its base cc>nnected to the base 

of the first transistor 86~ a third resistor 90 connected between the first supply terminal 10 

and the collector of the ·seeond transistor 88, and a third transistor 92 of the NPN type 

S having its base connected to· the base of the first transistor· 86 and its emitter to the second 

node 84 and having. its.f<'ltector coupled to the second current. input tenninal .24. The '· :~---~ 

common-mode circuit further comprises· a fourth transistor· 94 of the PNP t)'pe having its ,: .. "~ 
: . . 

emitter connected to the first node 80 and· having its colJector eoupled to the third current 

input terminal 32, a diode-connected fifth transistor 96 o.f the· PNP type having its base 

10 connected to the base of tht; fourth transisior 9.4 and naving its emitter connected to the 

emitter of the second transistor 88, a fourth resistor 98 'connected 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 cortnected to the base of the fourth transistor 94 ·and its emitter to the 

second node 84 and ha~ing its collector coupled to the fourth cu~t input terminal 40. The 

15 first node 80 and the seeond 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 mirror 14 and into the third current input ternifoal 32 of the third current 

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

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

20 effective common-mode resistance is equal tO Rd/(4(M+ 1)), where Rd/2 is the resistance :2 
" ' 

value of the first 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 voltage variatiOn at the write terminai 6 

produces in the first resistor 78 a current which appears M times as large at the same write 

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

25 factor (M + 1). The same occurs for the second resistor 82. It is to be noted that the collector 

of the transistor 94 may be 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 tenninal 32 instead of to.the fourth current input terminal 40. This 

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

30 and 100 is the same. If desired, instead of the transistors 94.and 100, the coUectors 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 con~ected between the write terminal 6 and the second node 84 and a 



W091n9'45 
. ~-. .· 

·.··=·· 

18 

.. ·. 
:, :: .. , . ~ 

PCT/IB96/0Jll I 

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

more accurate because the transistot'S 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 
•. 

5 94 and 100. Again, it is to be noted that the collector of the transistor 94 may be coupled to 

the fourth current input 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. 

Figure 8 shows a circuit diagram of an implementation of the first switchable 

10 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 conne.cted 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 tr3nsistor 106 and having its collector coupled to 

15 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 colle.ctor coupled to the 

fourth current input terminal 40, a diode-connected PNP transistor 116 having its emitter 

connected to the emitter of the transistor 110 and having its base and its (:91lector connected 
. . . 

to the fourth node 114, a bias current source 118 coupled to the fourth node 114 to supply a 

20 bias current Ic to the fourth node 114. The circuit further comprises an NPN transistor 120 

having its base connected to a fifth nod.e 122 and having its collector coupled to the second 

current input terminal 24, an NPN transistor 1~4 having its base connected to the base of the 

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

tran_sistor ~26 having its base connected to the fourth nod.e 1 J4 and its emitter to the emitter 

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

The nodes 108 and 122 are driven in ph!lSe opposition with the information 

signal Ui and the inverse information. signaJ NUi ~ia buffers l 28 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 Ic of the bias current source 118 flows 

· 30 wholly through the transistor 110 via the transistor 116. The base-emitter junctions of the 

transistors 106, 110, 116 and 112 form a transJinear 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 
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derive that the current I through the transistors 106 and 112 is equal to I = SQRT (M * N) * 
1c, 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 

s proportional to the:, current le, the proportionality factor being 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 preferabJy an adjustable or 

10 programmable cunent s0urce, for example an IDAC (digital-to-analog convener with current 
output). Since the current input terminals 16, 24, 32 and 40 are all eoupled to collectors the 

. . 

d.c. level of the information signals Ui arid NUi is now isolated from the d.c. Jevels 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 suppJy voltages at the first suppJy 

15 terminal JO and the seCorid supply terminai 12. 

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

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

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

now an NPN emitter-follower .132 whose base receives •n ·ampJitied information signal, 

20 whose emitter is connected to the third node 108 and whose collector is coupled to the first 

supply terminal 10. The collector of the transistor J 10 is connected to the emitter of the 

emitter-follower 132. The buffer 130 likewise compri5es an NPN emitter-follower 134 whose 

base receives an amplified inverse information signal, whose emitter is connected to the fifth 

nod~ 122 and whose collector is coupled to the first supply terminal 10. The collector of the 

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

of the transistors 110 and 124 consequently also flow through the emitter-foHowers 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 colJector' coupled to the fifth node 122, and an NPN transistor 138 having its base 

30 connected to the base of the transistor 124 and its emitter to the emitter of the transistor 124 

and having its collector coupled to the third node 108. The transistors 136 and 1:38 ensure 
that the currents through the emitter-followers 132 and 134 cannot become zero jf one of the 

transistors 110 and 124 i~ cut off. Thus, each of the two emitter-foUowers always receives 

haJf the bias current le if the geometries of the transistors 110, 136, 138 and 124 are selected 
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to be equal. 

The bases of the emitter-foUowers 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 sig~als U; and NU;. which are supplied, for example, by a data flip-

s flop. 

Figure 10 shows another embodiment of an arrangement in accordance with the 

invention in which the parasitic ca~citances are neutralised in a manner similar to that in the 

embodiments described hereinbefore. The arrangement comprises a write head 2 for 

recording information on the record carrier (not shown) and a write amplifier 4 for driving 

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

terminal 6 and a sec<>nd write terminal 8, '\Vhich terminals are coupl~ to the write head 2 to 

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

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

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

15 first current input terminal 16, a first current output tenninal 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 supply ~rminal 10. A feed-forward capacitor 170 is 

20 connected between the first current input·terminal 16 and the second signal terminal 3 and a 

second fee.d-forward capacitor 172 is connected between the second current input terminal 24 

and the first signal terminal 1 in a fashion similar to Figure 1. The function and operation of 

the first current mirror 14 and the second current mirror 22 and of the first feed-forward 

capacitor 170 and the second feed-forward capacitor 172 is comparable with those of the 

25 arrangements in Figures I 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 interconnected and receive a bias current from a bias current source 154. 

The.bases are connected to ~ve the infor'1'ation signal Ui and NUi and the collectors are 

coupled to the first current input termifial 16 and the second current input terminal 24, 

30 respectively. A first current sensor resistor 156 is connected between the second supply 

te.rminal 12 and a further second current outpµt 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 

"<=-~ •.. 
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sensor resistor 156 and has its coIJector 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 coJlector coupied to the second current output terminal 

26. 

The differential pair transfers the bias current of the bias current source 154 to 

the first current input terminal 16 or to the second current input terminal 24. If the first 

current mirror 14 receives current the second pull-down transistor 166 is turi'led on, as a 

result of which the write' ~n31 8 is interconnected to the second supply terminal 12 and 

the current can flow from the first current output termihal 18 to the second supply terminal 

10 12 via the ~te head 2. If the se00nd current mirror 22 teceives current this results in a 

current through the write head 2 in the opposite direction. 

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

10. The first current mirror 14 and the seeond current mirror 22 each comprise a diode-con­

nected PNP input transistor Tip having its base and collector connected to the first 16 and the 

15 second 24 current input terminal, respectively; and having its collector coupled to the first 

supply terminal 10, a PNP output transistor Top having its· baSe ·connected to the base of the 

respective input transistor Tip• having its emitter coupled to the first supply terminal 10 and 

its collector connected to the. first 18 and the second 26 ·current. output terminal, respectively, 

and a further PNP output transistor T' op llaving its base connected to the base of the relevant 

20 input transistor Tip• its emitter coupled to the first supply terminal 10, and its collector 

connected to the further first 162 and second 158 current output terminal, respectively. If 

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

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

by l!nipolar transistors, for example MOS transistors. In that case base, emitter and collector 

25 should read gate, source and drain. 

Figure 12 shows a bipolar circuit implementation of the feed-forward technique 

which can be used in the embodiments employing four current· mirrors. The bases of two 

NPN transistors 182 and 184 are coupled to the first signal terminal l and receive the 

information signal Ui. The bases of two further NPN transistors 186 and 188 are coupled to 

30 the sec0nd signal terminal 3 and receive the inverse information signal NUi. The bases of 

two PNP transistors 198 and 200 and the collector of the PNP transistor 198 are intercon­

nected and coupled to the negative supply terminal 12 via a first bias current source 206. 

Likewise, the bases of tW<> further PNP transistors 202 and 204 and the colJector of the PNP 

transistor 202 are interconnected and coupled to the negative supply terminal 12 via a second 
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bias current source 208, which proYides a bias current substantially equal to the bias current 

of the flJ'st bias current source 206. The emitters of the transistors 182/198. 1841200, 

186/202, and 1881204 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 

S 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 ~coupled to, respectively, the first current input 

terminal 16, the second current input terminal 24, the third current input terminal 32 and the 

10 fourth current input terminal 40, for supplying the capacitive compensation currents to 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 Ui and NUi create a 

15 voltage difference 2Ui across the feCd-forwai'd capacitors 178 and .180 and steers a capacitive 

current. from the first current input terrnina1 16 to. the fourth current input terminal 40 or 

from the se.cond 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 parts at the emitters 

of the transistors. 

20 If desired, the bipolar transistors may be replaced by unipolar transistors, for 

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

and drain. 

Jn addition to the capacitive feed-forward current compensation technique, a 

f~·back neutrodyne compensation may be. used . to compensate for the adverse effect of the 

25 parasitic capacitances. This is shown in Figure 13 which is basically the same as Figure 1. 

However, also Figures 2 and 3 can be. modified in the same manner and the capacitance 

values used in the next explanation are shown in Figure 2. Four additional neutralising 

capacitors 142, 144, 146 and 148 are provided, who~ capacitance values are C11p, Cnp• Cnn 

and Cnn• respectively. The capacitor 142 is c:Orineeted between the first current input terminal 

30 16 and the second current output termina1 26, the second c~pacitor 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 mirl'or raiio of the four current mirrors 14, 

22, 30 and 38 is M the capacitance value Ch seen between the write terminal 6 and the write 

terminal 8 will be e.qual io : 

Ch = {Cewp +Cc:sn +(l + M)(Ccbp +Cebu) + (1-M)(C0 P +C00))/2 

S This may be illustrated as "foJJows by determining which eurrents flow in, for example, the ·:·. · 

10 

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

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

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

then: 

i = P*V*C +p*V*C bn+p*V*C + M*{p*V*C -p*V*C } . = can c no cbn nn 

· p*V*{Ccsn +{M+ l)Ccbn·(M·l)C00} 

The current through the capacitor 146 has an opposite sign and is e~larged by the current 

15 mirror factor M. A similar calculation applies to the other current output terminals. 

With M = 5, Ccwp+Cc:sn = 6 pF and Ccbp+Ccbn = 4 pF Ch will be 15 pF 

without neutralisation and S pF with neutralisation, assuming that Cnp + C00 == 5 pF. This 

yields an improvement by a factor of 3. 

The current mirrors and the neutra1ising capacitors thus provide a broad-band 

20 write amplifier with a very large output swing, which is nearly equal to the supply voltage. 

Jn addition, it is possible not only to neutraJise the parasitic capacitances of the write 

amplifier but also to neutralise the parasitic capacitances Cpl and CP2 and the capacitances of 

the write head itself (not shown in Figure 13) by making the neutralising capacitors 

suffi.ciently large. In that case the write amplifier 4 will oscillate when the write head 2 is 

25 disconnected. This makes it pc.lssible 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 

neutraUsing capacitor. However, in order to maintain the symmetry of the arrangement and 

30 to avoid unnecessary loading of a common-mode control circuit, it is preferred to use 

neutralising capacitors in two pairs. 

The neutralising capacitors operate according to the fee.dback principle and may 

cause ringing or instabilities whell 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 alleviate this problem, but a substantial 

margin has to be kept. The above discussed feed-forward compensation can be used, if 

S desired, in_ combination with the feed-back technique to fill in the margin without the risk of 

instabilities. 
.· . ..f.~~-
.. ~· 

.,,.' . 



W097/l9445 
25· PCTIIB96/01211 

CLAIMS, _______ _ 

I 1111111111111 Ul!I Ill' II l~I 
* C L , 

1. An arrangement for recording an infonnation signal.on. a magnetic record 

carrier, comprising a write head (2) for recording information on the record carrier, and a 

write amplifier (4) comprising: · 

a first signal terminal (1) and a second signal termina1 (3) for receiving opposite signals 

5 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); 

10 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 

15 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) via the first write terminal (6) and the second write terminal (8) for a first 

valu~ of the information signal and for enabling a current flow via a second current path 

20 between the second current output terminal (26) and the second 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) funher comprises at least one of: 

first compensation means (170) for adding to the first current input terminal (16) a capacitive 

current having a direction corresponding to the direction of the current flow in the first 

25 current path in response to the information signal; and 

second compensation means (172) for adding to the second current input terminal (24) a 

capacitive current having a direction corresponding to the direction of the current flow in the 

second current path in response to the information signal. 

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

:··-;;;: ... ~ 
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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 mPans 

comprise a second feed-forward capacitor ( 172) inserted between the second current input 

terminal (24) and the first signal terminal (1). 

5 3. An arrangement as claimed in Clai_m 1 or i. 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); 

10 a fourth current mirror (38) having a fourth curren~ input_ terminal (40), a fourth current 

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

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

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

and the fourth current input terminal (40) for sµpplying a first curre~t for a first value of the 

15 information signal; 

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

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

vaJue of the information signal. 

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

20 further comprises at least one of a third feed-forward capacitor (174) inserted between the 

third current input terminal (32) and the second signal terminal (3) and a fourth fe.ed-forward 

capacitor (176) inserted between the fourth current input terminal (40) and the first signal 

terminal (1). 

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

25 . current mirror (30) and the fourth current mirror (38) each comprise a diode-connected input 

transistor (Tin> of a first conductivity type having a contr<>l 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 secon4 supply terminal (12), and an output 

transistor CT0 n) of the first conductivity type having a control electrode connected to the 

30 control electrode of the relevant input transistor (Tin), 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 (Tip) of a second conductivity type having a control electrode and a 

'!.:"'-·~~-: 
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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 (I 0), and 

an output transistor (Top) of the· second conductivity type having a· control electrode 

connected to the control elec~e of the relevant input transistor (Ti1), a first main electrode 

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

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

6. An arrangement as. claimed in Claim S, characterised in that the first main · ::.:: 

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

second (22) current mirror are connected to the first supply terminal (10) via resistors <RiP' 
10 R0 .,>, and the first main electrodes of the input transist&rs:: (Tin> and output transistors (T0 n) of 

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

(12) via resistors (Rin• Ran>· 
7. An arrangement as claimed in Claim 3, 4, S or 6, characterised in that the write 

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

15 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) eonnected 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 (S2). 

8. An arrangement as claimed in Claim 3, 4, Sor 6, characterised in that the 

20 write amplifier further eolilprises: 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 (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 

seco~d main electrode coupled to the first supply terminal (10), a second transistor (68) of 

25 the first conductivity type having a control electrode connected to the control electrode of the 

first transistor (66), a first main electrode, and a second main electrode connected to the 

control electrode of the second transistor (68), a third resistor (70) connected between the 

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

transistor (72) of a second conductivity type having a control electrode, a first main electrode 

30 connected to the first node (62) and a second main electrode coupled to the second supply 

terminal (12), a fourth transistor·(74) of the second conductivity type having a control 

electrode connected to the control eJectrode of the third transistor (72), a first main electrode 

connected to the first main electrode of the seci>nd transistor (68) and a second main 

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

....... .:0 -~ 
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(76) connected between the second supply terminal (12) and the second main electrode of the 

fourth transistor (74). 

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

amplifier further comprises: 

5 a first resistor (78) connected between the first write terminal (6) and a first node (80). a 

second resistor (104) conn~ between the first n~ (80) and the second write terminal 

(8), a third resistor (102)connected between the first write terminal (6) and a second node 

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

terminal (8), 

10 a first transistor (86) of a first conductivity type havini ~ control electrode. a first main 

electrode connected to the first node (80) and a s=.>nd main electrode coupled to the first 

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

electrode connected to the control electrode of the first transistor (86). a first main electrode, 

and a second main electrode connected to the control electrode of the s~d transistor (88), 

15 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 conductivity type 

having a control electrode connected to the control electrode of the first transistor {86), a 

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

the second supply terminal (24), 

20 a fourth transistor (94).of a.second conductivity type having a control electrode, a first main 

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

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

(96) of the second conductivity type having a control electrode connected to the control 

elect1ode of the fourth transistor (94), a first main electrode connected to the first main 

25 electrode of the second transistor (88) and a s~nd main electrode connected to the control 

electrode of the fifth transistor (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 having a control electrode connected to the 

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

30 node (84) and a second main electrode couple.cl to the ot~er one of the third 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. S, 6, 7, 8, 9 or 10, characterised in 

.. ~.:::i:. 
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that the first (46) and the second (48) switchable current souree comprise~ a seventh 

transistor ( 106) of a first conductivity type having a control electrode connected to a third 

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

input terminal (16), an eighth transistor (110) of the first conductivity type having a control 

S electrode connected to the control electrode of the seventh transistor (106), a first main 

electrode, and a second mairi electrode coupled to the first supply te~inal (10), a ninth 

transistor (112) of a second oonductivity type. having a control electrode connected to a 

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

transistor (106), and a secon~ main electrode coupled tO the founh current input terminal 

10 (40), a diode-connected tenth transistor (116) 9fthe secbrid conductivity type having a first 

main electrode connected to the first main electrode of the eighth transistor (110) and having 

a control electrode and second main electrode connected to the founh node (114), 

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

fourth node (114), 

15 an eleventh transistor ·c120) of the first conductivity type having a control electrode connected 

to a 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 

h~ving a control electrode conneeted to the control· electrode of the ele\ienth transistor ( 120), 

a first main electrode, and a second main electrode coupj'ed to the first supply terminal (10), 

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

connected to the fourth node (114), a first main electrooe connected to the first main 

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

input terminal (32). 

12. An arrangement as claimed in ·claim 11, characterised in that the first (46) and 

25 the second (48) switchable current source further comprise: 

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

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

a second main electrode coupled to the first supply terminal (10), a fifteenth transistor (134) 

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

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

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

having a control electrode connected to the 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 

.· .. ,: 
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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 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 eighth transistor (110) being connected to the third node (108) 

S ancUhe second main electrode of the twelfth transistor (124) being connected to the fifth 

node (122). 

13. An arrangement as claimed in Claim 1 or 2, characterised in that the current-

switching means comprise: 

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

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

main electrodes are coupled to receive a bias current from a bias current source (154), whose 

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

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 

15 supply terminal (12) and a further second current output terminal (158) ':>f 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-d~ transistor (164) of the first conducti~ity type having a control electrode and 

-first main electrode connected to the first current sensor resistor (156) and a second· main 

20. _ electrode coupled to the first current output terminal (18), and a_ second pull-down 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 coupled to 

the second current output terminal (26). 

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

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

transistor (Tip) of a second conductivity type having ~ control_ electrode and second main 

e1ectrode connected to the first (16) and the second (24) current input terminal, respectively, . . . . 

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

(Top) of the second conductivity type h~ving a control electrode connected to the control 

30 electrode of the respective input transistor (Tip), a first main electrode coupled to the first 

supply terminal (10), and a second main electrocle connecte.d to the first (18) and the second 

(26) current output terminal, respectively, and a further output transistor (Top) of the second 

conductivity type having a control electrode connected to the control electrode of the relevant 

input transistor (Tip), a first main e1e~trode coupled t() the first supply terminal (10), and a 
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second main eJectrode connected to the further first (162) and second (158) current output 

terminal, respectively. 

15. An arrangement as claimed in Claim 3, characterised iri that the write amplifier 

(4) further comprises: 

S 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); 

10 fifth (198), sixth (200), seventh (202) and eighth (204) ~sistors of a second conductivity 

type, each having a control eJectrodc, a first main electrode and a second main electrode; 

a fim (206) and a second (208) bias current source, the control electrodes of the fifth (198) 
. . . 

and sixth (200) transistors and the secCirid main e1ectrode of the fifth (198) transistor being 

coupled to the second supply terminal (12) vio the first bias current source (206), and the 

15 control electrodes of the seventh (202) and eighth (204) transistors and the second main 

electrode of the eighth (204) transistor being coupled to the second supply terminal (12) via 

the 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 

20 the fifth (198) transistor, the first main electrode of the seeond (184) transistor to the first 

main 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 eJectrode 

of the fourth (188) transistor to the first main electrode of the eighth (204) transistor; 

a fi~t capacitor (178) coupling the first main -electrode of the second (184) transistor to the 

25 first main eJectrode 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 founh (188) transistor! being coupled to the 

first supply terminal (10); and the second main electrodes of the second (184). third (186), 

30 sixth (200) and seventh (202) transistors being coupled to, respectively, the first cunent 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 J, 2, 3, 4, S, 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). 

5 17. An arrangement as claime.d 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 capacitor (146) is connected between the third current input 

terminal (32) and the fourth current output terminal (42), and a fourth capacitor (148) is 

connected between the fQurth current input terminal (40) and the third current output terminal 

10 (34). 

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

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

·--~~r~. 
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