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Arrangement for reading infonnati.on from a magnetic record carrier. 

The invention relates to an arrangement for reading information from a record carrier, 

the arrangement comprising: 

- a read head having at least one magneto-resistive element (Rmr1), 

- a first transistor (Tr1) having a control terminal and first and second main terminals, 

5 - a second transistor (Tr2) having a control terminal and first and second main terminals, 

the control terminal of the first transistor being coupled to the first main electrode of the 

second transistor via a first capacitive element (8), the control terminal of the second transistor 

being coupled to the first main electrode of the first transistor via a second capacitive element 

(6), the first main electrode of the first transistor being coupled to a terminal of the said 

10 magneto-resistive element CR.mr1), the first main electrode of the second transistor being . 

coupled to a terminal of a second magneto-resistive element (Rmr2), the second main electrodes 

of the first and the second transistor being coupled to a first point of constant potential(+) via 

first and second impedance means (R1), respectively and to a h~d disk drive provided with the 

ammgement. Such arrangement is known from USP 5,559,646 and is used for reading 

15 information from eg. a hard disk. 

Amplifiers for magneto-resistive (MR) heads sense very small variations in the MR 

resistance (typically I %) and amplify these signals. MR elements are biased by either a 

20 voltage or a current. Variations in the resistance of the MR heads, due to a magnetic field, 

result in small signal voltages and/or currents which can be detected by the sense amplifiers. 

The biasing of the MR heads causes a DC voltage across the head. MR sense amplifiers must 

be AC coupled to the heads. To avoid filtering at the low end of the data frequency spectrum, 

which results in data distortion, the AC coupling has a long time constant, typically at 1 µs. 

25 Large transients, such as those caused during thermal asperities, pass the AC coupling and 

cause the amplifier to overload, resulting in loss of data during long periods. 
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The invention aims at providing an improved arrangement for reading information 

from the record carrier. In accordance with the invention, the arrangement is characterized in 

that 

- non-linear transconductance means (14) are provided having first and second inputs coupled 

5 to the second main electrodes of the first and second transistor, respectively, and first and 

second outputs coupled to the control terminal of the first and second transistor, respectively, 

the non-linear transconductance means being adapted to supply a control current at the first 

output in response to a voltage present across its inputs, such that for first and second input 

voltages across said inputs, resulting in first and second control currents, respectively, at said 

10 first output, the first input voltage being larger than the second input voltage, the amplification 

factor of the transconductance mean~ being larger for generating the first control current than 

for generating the second control current. 

The invention is based on the following recognition. 

The MR heads fly above the disk at very low heights (typically 10 nm). When a 

15 collision with a particle on the disk takes place, kinetic energy is transferred to heat. The 

resistance of the MR elements increases (maximally some 10-20 %). As the bias current 

remains constant, the baseline voltage (that is: the low frequency component of the output 

signal) increases rapidly. Further, the signal amplitude of the wanted signal changes by not 

more than the same 10-20 %. After the thermal asperity, the MR element cools down slowly. 

20 These large unwanted baseline shifts saturate the read amplifier during long periods. 

In accordance with the invention, the non-linear transconductance means result in a 

non-linear operation of the bias control loop of the amplifier (which detennine the time 

constant of the AC coupling). This leads to a shift of the lower bandwidth of the read amplifier 

towards higher frequencies, in dependence of the amplitude of the thermal asperity (or any 

25 other transient). In this way, thermal asperities are compressed. This prevents overflow in the 

read amplifier and allows the channel IC to recover the data without making incorrectably 

many bit errors. 

Further, in accordance with the invention, an additional DC correction can be carried 

out in order to further suppress the thermal asperities. This is the subject of the claims 8, 9 and 

30 10. In addition, it may be required to add a detection circuit to detect thermal asperities, e.g. so 

as to freeze the circuits in the read out circuit, in the event that the thennal asperities would 

otherwise severely distort the read out circuit. This thennal asperity detection is the subject of 

claim 11. 
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These and other aspects.of the invention will be discussed in more detail hereinafter 

with reference to the disclosure of preferred embodiments in the figure description, in which 

figure 1 shows a first embodiment of the arrangement, 

5 figure 2 shows amplifier characteristics of the non-linear transconductance amplifier of 

10 

the arrangement for generating the control currents, 

figure 3 shows a second embodiment of the arrangement, and 

figure 4 shows an input signal for the read amplifier as a function of time, distorted by 

an asperity, 

figure 5 shows two output signals as a function of time, one for an apparatus provided 

with a linear transconductance and one for the apparatus in accordance with the invention and 

provided with a non-linear transconductance, 

figure 6 shows an explanation of the non-linear behaviour of the current mirror circuit 

in the transconductance amplifier of figure 3, 

15 figure 7 shows a further embodiment of the arrangement, provided with a DC 

20 

correction circuit for further correcting the thennal asperity, 

figure 8 shows an elaborated version of the DC correction circuit of figure 7, and 

figure 9 shows a detector circuit for detecting the thermal asperities .. 

The arrangement of figure 1 comprises a magneto-resistive read head (not shown) 

having a magneto-resistive element 1, having a resistance value Rmr. A first transistor T1 of the 

npn type is available having a collector terminal coupled to a first point of constant potential 

( +) via a resistor Rt and having an emitter terminal coupled to a second point of constant 

25 potential (-), via a bias current source 4. The emitter terminal is also coupled to one terminal of 

the magneto-resistive element 1. A second transistor T2 of the npn type is available having a 

collector terminal coupled to the first point of constant potential ( +) via a resistor R1 and an 

emitter terminal coupled to the other terminal of the magneto-resistive element 1, as well as to 

a bias current source 16. The base terminal of the transistor T 1 is coupled to the emitter 

30 electrode of the transistor T 2 via a first capacitive element 6, having a capacitance value C. 

The base tenninal of the transistor T2 is coupled to the emitter electrode of the transistor T1 via 

a second capacitive element 8 having a capacitance value C. The terminals 10,12 form the 

output terminals of the arrangement. 
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A non-linear tramconducwu:e amplifier 14 is provided which ba.s a first and a. second 

mput coupled to the omputtemzmals 10 and. 12, resp~ely, of the amngemem. 1'b.c 

amplifier 14 has first mci second outputS coupled co the base termiDa1 of the transistorT1 and 

Ti, respectively. The cransccnducranc:e amplifier 14 i~ designed to supply.control Cllirents a.c 

5 its first and second outputs in response to a voltage Vin· More specifically, figure 2 presents 

two possible characteristics of the cransconduc:ance amplifier 14 for generating rhe colltrol 

c:urrenIS i1 and h. figure 2 shows the control currents i1 and h as a function of the input 

voltage V m· Tb.e non-linear characteristic ia clearly visible in the figure. Figure 2 shows a 

gradual increase in the slope (apart .from its sign) for increasing input voltage level. Instead of 

1 O chis, it is also possible co have at least two regions witb. each a. linear .characteristic, where the 

slope of the character..sric in tile region of higher input voltages is ite..."'Per than in the lower 

region. Figure 2 shows a gradual increase in slope fur increasing input voltage level. The bias 

cUII'ent source 4 generates a current Imr +Ta and the current source 16 ierierates a currenc Imr­

~. I. is the quiesc..."'Tlt ctment that flows through the transistors Tri and Tr1 and Inv- is the bias 

15 cutrent that flows th.rough the Lv!R element 1. 

It should be noteci in this respect that tb.e embodimenc of figure 1 is only a. schematic 

embodiment in the sense chat it only shows tb.e elements that are essential for explaining the 

invention. More specmcally, .figure 1 does not show all the elemeucs rhat are needed to realise 

tb.e common mode setting of the read amplifier. Those elements are however well known for 

20 the skilled man. 

The functiocing of the arrangement is as follows. The read arrangement is based on a 

cross coupled architecture, as ls known :from. USP j,559,646. This is optimum for noise and 

bandwidth. The AC couplin& formed by the capacitors 6 and 8 are biased. by feedback from· 

output to input (the bases of the transistors T1 and Tz) to outp1_.1t (the tenninals 10,12), via the 

25 rra.n.sconductance ampll.S.er 14. In the prior art, che transconductance 14 exhibits a linear 

characteristic. The AC coupfo1g time con.scant is therefore fixed and large. 

The AC coupling time constant c.an be expressed as: C • (R"" + Rin) / 2 • Gm ·R1o where 

Rin equals k • TI q • I11 .The non-linear transconductance 14 therefore provides a large time 

coD!tant for small input signals, but provides a. small time constant for larger signals. In fact, 

30 che resultant behaviour is that the low frequency cut-off of the amplifier is shifted to higher 

frequencies for higher input signal· levels. 

The embodiment of figure l shows a single stripe magneto-resistive element. Figure 3 

shows a read arrangement for a dual stripe magneto-resistive head, with a. further elaboration 

of the non-linear transconductance amplifier. denoted wit the reference numeral 14' in figure 

RECTIFIED.SHEET (RULE 91) 
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3. The two magneto-resistive elements of the dual stripe magneto-resistive read head, denoted 

Rmr1 and Rmr2, are now coupled between the emitters of the transistors T 1 and T 2, respectively, 

and the second point of constant potential (-). The transconductance amplifier 14 'is in the form 

of a class AB stage in order to have low noise. Further, the current source 4 in figure 1 is 

5 positioned at another location in the circuit of figure 3, bears the reference numeral 4' and 

generates a current IRD' - Ia. 

The non-linear transconductance amplifier 14'comprises transistors Tr3 and Tr1 of the 

npn type, having their bases coupled to the output tenninal 10, transistors Tr4 and Tr8 of the 

npn type, having their bases coupled to the output terminal 12. The transistor Tr7 has its 

10 collector coupled to the first point of constant potential ( +) and its emitter coupled to the 

second point of constant potential (-), via a series connection of a diode D1 and a current 

source 30. The terminal interconnecting the diode D1 and the current source 30 is coupled to 

the base of a transistor Trs, of the pnp type, which has its emitter coupled to the emitter of the 

transistor Tr3. The collector of the transistor Tr3 is coupled to a first output 40 of a non-linear 

15 current mirror circuit 32. The collector of the transistor Trs is coupled to a first output 42 of a 

non-linear current mirror circuit 36. A second output 44 of the current mirror circuit 32 is 

coupled to the base of the transistor Tr1 as well as to a second output 46 of the current mirror 

circuit 36. 

The transistor Trs has its collector coupled to the first point of constant potential ( +) 

20 and its emitter coupled to the second point of constant potential (-), via a series connection of 

a diode D2 and a current source 50. The terminal interconnecting the diode D2 and the current 

source 50 is coupled to the base of a transistor Tr6, of the pnp type, which has its emitter 

coupled to the emitter of the transistor Tr4. The collector of the transistor Tr4 is coupled to a 

first output 52 of a non-linear current mirror circuit 34. The collector of the transistor Tr6 is 

25 coupled to a first output 56 of a non-linear current mirror circuit 38. A second output 54 of the 

current mirror circuit 34 is coupled to the base of the transistor Tr2 as well as to a second 

output 58 of the current mirror circuit 38. The interconnected emitters of the transistors Tr3 

and Trs are coupled to the interconnected emitters of the transistors Tr4 and Tr6, via an 

impedance 60. The impedance 60 includes a first path comprising two series connected 

30 resistors Re and a second path comprising two series connected capacitors Ce. The circuit part 

comprising the impedance 60 and the transistors Tr3 to·Tr8, (and more specifically also the 

diodes Di, Di and the current sources 30 and 50) form a voltage-to-current converter circuit, to 

be described later. 
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The current sources 62 and 64 provide a CUlTeilt le which is the quiescent current for 

the bases of the transistors Tri and Tr2. 

Upon occurrence of an asperity, a DC voltage of substantial amplitude appears across 

the output terminals 10 and 12. Suppose that the voltage on terminal 10 is higher than on the 

5 terminal 12. Or, the cUITent through the transistor Tr2 is larger than the current through the 

transistor Tr1. The higher voltage on tenninal 10 results in a current, from left to right in figure 

3, through the impedance 60. This current flows from the output 40 of the current mirror 32, 

through the impedance 60 to the terminal 56 of the current mirror circuit 38. This current is 

copied in the non-linear current mirror 32 and results in a current from the output 44 towards 

10 the base of the transistor Tr1 and the capacitor 6. This cUITent is also copied in the non-linear 

cUITent mirror 38 and results in a CUITent from the capacitor 80 and the base of the transistor 

Tr2 towards the terminal 58 of the current mirror 38. As a result, the capacitor 6 is charged, 

resulting in a larger base voltage for the transistor Tr" and thus a larger current through the 

transistor Tr1. Further, the capacitor 8 is discharged, resulting in a decrease in the base voltage 

15 of transistor Tr2, and thus a smaller cUITent through the transistor Tr2. This results in a 

suppression of the asperity, as the low frequency cut-off frequency of the read amplifier is 

increased for higher amplitudes. 

Suppose that, as a result of the thermal asperity, the voltage on the terminal 12 is 

higher than on the terminal 10. Or, the current through the transistor Tr1 is larger than the 

20 cUITent through the transistor Tr2. The higher voltage on the terminal 12 than on terminal IO 

results in a current running:from right to left in figure 3 through the impedance 60. This 

CWTent flows from the output 52 Of the current mirror 34, through the impedance 60 to the 

terminal 42 of the current mirror circuit 36. This current is copied in current mirror 34 and 

results in a control current from the output 54 towards the base of the transistor Tr2 and the 

25 capacitor 8. This cUITent is also copied in the current mirror 36 and results in a control cUITent 

from the base of the transistor Tri and the capacitor 6 to the terminal 46 of the current mirror 

36. As a result, the capacitor 8 is charged, resulting in a larger base voltage for the transistor 

Tr2, and thus a larger.cWTent through the transistor Tr2. Further, the capacitor 6 is discharged, 

resulting in a decrease in the base voltage of the transistor Tr1 and thus a smaller current 

30 through the transistorTr1.This results again in a suppression of the asperity, as the low 

frequency cut-off frequency of the read amplifier is increased for higher amplitudes. 

The non-linear behaviour in the non-linear current mirrors of figure 3 is realised in the 

following way. Reference is made to figure 6, which shows the essential element of the current 

mirrors 32 and 34. Because of the symmetric construction, the currents Ix through the 
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transistors Tr10 and Tr1 1 are equal to each other. Further, assuming the currents at the tenninals 

40 and 52 equal Lio and Is2, respectively, the currents Iio and In both equal (Lio+ Isz)/2 and 

thus equals the current I, through the resistors Rn1: I,= (L.o -Isz)/2. 

The circuit point 70 can be considered to have a constant potential, e.g. V d· Thus, the 

5 voltage at the base of the transistor Tr12 equals V d + V, where V = (Lio - Is2) • Rn1/2. In the 

same way, the voltage at the base of the transistor Tr13 equals V d - V. As a result of the voltage 

present at the base of transistor Tr12, the current 144 through this transistor Tr12 equals: 

10 

and the current Is4 through the transistor Tr13 equals: 

Is4 =Io exp (Vd - V). 

15 Thus, for large voltage values V, 144 becomes larger and Is4 gets smaller. The 

exponential term in the above fonnulae accounts for the non-linear behaviour of the current 

mirrors. For thermal asperities, V is very large, resulting in a current Is4 that will be very small 

and can be neglected, as has been done in the above explanation of the behaviour of the non­

linear transconductance amplifier of figure 3. 

20 Figure 4 shows an input signal applied to the amplifier in accordance with the 

invention. The asperity accounts for the sharp increase in the ·input signal. Figure 5 shows two 

output signals. One denoted 'linear', is obtained with a read amplifier exhibiting a linear 

control characteristic and the output signal denoted "non-linear' is obtained with the read 

amplifier in accordance with the invention. Clearly visible is that the wanted signal, which is 

25 the sinusoid superimposed on the asperity signal, is amplified by a factor ofroughly 15, and 

remains visible through the asperity, whilst moreover the amplification factor for the aperity 

signal is largely reduced, to roughly 5. 

It can further be said that the read amplifier can be followed in a later stage by a further 

correction circuit equivalent to the asperity correction circuit explained above. This further 

30 correction circuit can function on signals having a higher amplitude, so that in this further 

correction circuit a further asperity reduction can be obtained. 

Figure 7 shows a further embodiment of the reading arrangement. The magneto­

resistive head Rmr is coupled to a block 70 which denotes the non-linear transconductance 

amplifier as described above with reference to figure 1or3. The output of the block 70 is 
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coupled to an input of a block 72 which realises an AC coupling and can be in the form of an 

HP filter circuit, such as a capacitor. The output of the block 72 is coupled to an input of a 

block 74 which comprises a voltage controlled amplifier, which has an output coupled to a 

block 76, which is in the form of an equalizer filter. The output of the equalizer filter 76 is 

5 coupled to a block 78 which carries out a DC correction on its input signal. An output of the 

block 78 is coupled to inputs of a bit detection block 80 and a subtractor unit 82, to the latter 

via a delay unit 83. An output of the bit detection block 80 is coupled to an output terminal 88 

as well as, via a filter unit SS, to a second input of the subtractor unit 82. An output of the 

subtractor unit 82 is coupled via a connection denoted by A to a control input of the correction 

10 unit 78. 

The function of the non-linear.transconductance amplifier 70 was to suppress the 

thermal asperities as far as possible. Suppose, as an example, that the amplitude ratio R, 

defined as the ratio of the amplitude of the thermal asperity VTA and the peak-peak amplitude 

Vpp of the information signal, in the output signal of the read head Rmr is at maximum 20, then 

15 the amplifier 70 might, in unfavourable conditions, result in a ratio in its output signal of 

around I 0. Under the influence of the AC coupling in the block 72 and the signal processing in 

the blocks 74 and 76, the ratio R is further decreased, for example to a value of3. Now, in this 

situation, it is possible to further suppress the influence of the thermal asperities by canying 

out a DC correction. 

20 For partial response detection systems, as well as for dual feedback equalizer (DFE) 

detection systems, the input signal to the bit detection unit 80 is not free of inter-symbol­

interference (ISI). In order to realise a correct error signal in the subtractor 82, it is required to 

filter the detected data signal at the output of the bit detector unit 80, in the filter unit 85. The 

filter unit 85 has such a filter response H(f), that it replicates the !SI-structure at the input of 

25 the bit detector unit 80. The impulse response function of the filter H(f) equals in principle the 

'target' response of the detector 80 (although other choices for the impulse response are also 

possible and useful, especially when the DC correction loop is asynchronous). Further, delays 

occurring in the bit detector unit 80 and the filter unit 85 can be corrected for by the delay unit 

83. For a bit detector unit 80 in the form of a slicer, the circuit simplifies for the reason that the 

30 blocks 83 and 85 can be dispensed with. 

Figure 8 shows the complete circuit that realises the DC correction in more detail. An 

error signal is generated which is the difference between the input signal to the bit detector 

unit 80 and the output signal of the bit detector unit 80, that is: the actual data signal. The bit 

detector unit 80 can be asynchronous, or can include a sampler. The error signal obtained by 
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the subtractor unit 82 is fed via the line denoted A to an integrating circuit 84 included in the 

DC correction unit 78. The output signal of the integrating circuit 84 is a measure of the DC 

value in the input signal of the subtractor unit 86, which is again a measure of the remaining 

influence of the asperities at this stage in the read out circuit. The functioning of the DC 

5 correction is thus such that the error signal on the line denoted A is controlled towards zero. 

The DC correction is based on the error signal. The data, however, is already removed · 

from the error signal in the block 82. Thus, in principle, only the DC offset is fed back, not the 

data. Therefore, the DC correction does not distort the data. This is contrary to prior art ways 

of solving this problem. A prior art way is a non-linear control of the AC coupling in the block 

10 72. This however also influences the data, which is not desired. 

By making the DC correction _fast (by increasing the loop gain), the data can be read, 

even though aggressive asperities, without making lots of errors. With the further use of ECC 

techniques, it is possible to read through most asperities, without uncorrectable errors. 

The DC correction control loop can be non-linear, in the sense that for small amplitude 

15 asperities, the time constant of the loop is relatively large and that for large amplitude 

asperities, the time constant is smaller. Making the time constant in the loop smaller can be 

realised by increasing the loop gain. This can be done in an automatic fashion by inserting a 

suitable non-linearity block 87 between blocks 82 and 84. The non-linearity should be odd, 

and should basically provide a gain that increases with input signal amplitude. 

20 For sufficiently large signal amplitudes the gain may level off again so as to restrict dynamic 

range of the resulting output signal and simplify implementation. 

The non:..linearity provides extra loop gain and hence faster response to large deviations from 

the wanted situation. 

By introducing some hysteresis, the increased loop gain can be maintained for a somewhat 

25 longer time so as to reduce the duration of the tail of the loop-settling :r;esponse. 

Figure 9 shows an additional circuit arrangement for use in the read out circuit of the 

invention, for detecting residual asperities, i.e. for detecting any asperities that remain in front 

of the bit detector after application of the aforementioned suppression and compensation 

techniques. The circuit arrangement of figure 9 comprises a lowpass filter unit 90, which bas 

30 an output coupled to inputs of comparator circuits 92 and 94. Outputs of the comparator 

circuits are coupled to corresponding inputs of a combiner circuit 96, which has an output 

coupled to a one-shot circuit 98. 

A thermal asperity detector is needed in order to improve the reliability of the read 

arrangement. It can warn the read arrangement that there can be a problem with the 
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corresponding part of the data signal. Preca~tionary actions can be taken, so that the overall 

performance of the read out arrangement can be improved. 

A prior art way of detecting asperities is to detect the peak values of the read out signal and 

check whether they remain within certain limits. This procedure is data (PWSO) dependent and 

S is affected by DC-offset. In principle, a thermal asperity detector should follow the baseline of 

the signal and it should detect anomalies.Thermal asperity detection in the pre-amplifier and in 

the channel IC is not the same. In the pre-amplifier, thermal asperities are detected, 

independent of whether they are corrected in the read channel path, that could have been 

incorporated in a channel IC. This path can identified by the blocks 72 to 82 in figure 7, 

10 although it should be stressed that the read channel path may comprise other circuits, such as 

control loops that will be discussed later. 

In the present invention, however, thermal asperity detection is carried out in the 

channel IC, by detecting any asperities that remain in front of the bit detector after application 

of the aforementioned suppression and compensation techniques. These residual asperity 

15 effects manifest themselves in the fonn of a short-term DC-offset in the error signal present at 

the output of subtraction circuit 82 in figs. 7 and 8. To detect this offset in the presence of 

additional disturbances that are contained in the error signal, such as residual intersymbol 

interference and noise, the error is first applied to a low-pass filter. It is then compared to 

positive and negative threshold values +Vth and-Vth, respectively. When the signal applied to 

20 the comparators 92 and 94 exceeds the threshold value, a residual thermal asperity-effect is 

detected. The output signals of the comparator units 92 and 94 are combined in the combiner 

96 and a one shot 98 may be provided to lengthen the detection pulse that indicates the 

occurrence of a residual asperity-effect. The output signal of the one shot 98 can be used, for 

example, as an ·erasure' indicator for the error correction circuitry outside the channel IC, or as 

25 a control signal for circuits within channel IC. 

This control signal can be used, for example, to command the read PLL within the channel IC 

to coast, or the AGC within the channel IC to freeze. 

Whilst the invention has been described with reference to preferred embodiments 

thereof, it is to be understood that these are not !imitative examples. Thus, various 

30 modifications may become apparent to those skilled in the art, without departing from the 

scope of the invention, as defined by the claims. As an example, the measure of the DC 

. correction carried out and the measure to- generate an asperity detection signal, as explained 

with reference to the :figures 7, 8 and 9, can be applied separately from the measure to use the 

non-linear read amplifier described with reference to the figures 1 to 6. 
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Further, the invention lies in each and every novel feature and combination of features. 

i· 
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CLAIMS: 

111111111111111111111111111111 
* C L M S * 

1. .Arrangement for reading information from a record carrier, the arrangement 

comprising: 

- a read head having at least one magneto-resistive element CRmr1), 
- a first transistor (Tr1) having a control terminal and first and second main terminals, 

S - a second transistor (Tr2) having a control terminal and first and second main terminals, 

the control tenninal of the first transistor being coupled to the first main electrode of the 

second transistor via a first capacitive element (8), the control tenninal of the second transistor 

being coupled to the first main electrode of the first transistor via a second capacitive element 

( 6), the first main electrode of the first transistor being coupled to a terminal of the said 

10 magneto-resistive element <Rmz.1), the first main electrode of the second transistor being 

coupled to a terminal of a second magneto-resistive element CRmr2), the second main electrodes 

of the first and the second transistor being coupled to a first point of constant potential(+) via 
.. 

first and second impedance means (Ri), respectively, characterized in that 

- non-linear transconductance means (14) are_provided having first and second inputs coupled 

15 to the second main electrodes of the first and second transistor, respectively, and first and 

second outputs coupled to the control tenninal of the first and second transistor, respectively, 

the non-linear transconductance means being adapted to supply a control current at the first 

output in response to a voltage present across its inputs, such that for first and second input 

voltages across said inputs, resulting in first and second control currents, respectively, at said 

20 first output, the first input voltage being larger than the second input voltage, the amplification 

factor of the transconductance means being larger for generating the first control current than 

for generating the second control current. 

2. .Arrangement as claimed in claim 1, characterized in that the non-linear 

25 transconductance means is further adapted to supply a control current at the second output in 

response to a voltage present across its inputs, such that for first and second input voltages 

across said inputs, resulting in third and fourth control currents, respectively, at said second 

output, the first input voltage being larger than the second input voltage, the amplification 
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factor of the transconductance means being larger for generating the third control current than 

fpr generating the fourth control current. 

3. Arrangement as claimed in claim 1 or 2, characterized in that the non-linear 

5 transconductance means comprises 

- voltage-to-current conversion means for generating a current in response to a voltage 

appearing across the first and second input of the transconductance means, 

- first non-linear current mirror means for generating a first output current in response to the 

current generated by the voltage-to-current conversion means for supplying said first output 

10 current as the control current to the first output of the non-linear transconductance means, 

15 

- second non-linear current mirror means for generating a second output current in response to 

the current generated by the· voltage-to-current conversion means, for supplying said second 

output current as the control current to the second output of the non-linear transconductance 

means. 

4. Arrangement as claimed in claim 3, characterized in that the voltage-to-current 

conversion means comprises 

- third transistor means (Tr3) having a control electrode coupled to the first input of the 

transconductance means, and having a first and a second main electrode, 

20 - fourth transistor means (Tr4) having a control electrode coupled to the second input of the 

transconductance means, and having a first and a second main electrode, 

- second impedance means (60) coupled between the first main electrodes of the third and 

fourth transistor means, 

- fifth transistor means (Trs) having a control electrode coupled to the first input of the 

25 transconductance means, and having a first and a second main electrode, 

- sixth transistor means (Tr6) having a control electrode coupled to the second input of the 

transconductance means, and having a first and a second main electrode, the first main 

electrodes of the fifth and sixth transistor means being coupled to the first main electrodes of 

the third and fourth transistor means, respectively, 

30 the second main electrodes of the third and the third and fifth transistor means being coupled 

to the first non-linear current mirror means, the second ·main electrodes of the fourth and sixth 

transistor means being coupled to the second non-linear current mirror means. 
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5. Arrangement as claimed in claim 4, characterized in that the first non-linear current 

mirror means comprises 

- a :first non-linear current mim>r (32) having a tenninal coupled to the first point of constant 

potential(+) and having first and second current terminals (40,44), the first current terminal 

S (40) being coupled to the second main electrode of the third transistor means and the second 

current tenninal ( 44) being coupled to the control electrode of the first transistor means, and 

- a second non-linear current mirror (36) having a terminal coupled to the second point of 

constant potential(-) and having first and second current terminals (42,46), the first current 

terminal (42) being coupled to the second main electrode of the fifth transistor means and the 

10 second current terminal ( 46) being coupled to the control electrode of the first transistor means 

and the second current terminal (44) of the first non-linear current mirror, 

the second non-linear current mirror means comprising 

- a third non-linear current mirror (34) having a temrinal coupled to the first point of constant 

potential(+) and having first and second current tenninals (52,54), the first current terminal 

15 (52) being coupled to the second main electrode of the fourth transistor means and the s~cond 

current tenninal (54) being coupled to the control electrode of the second transistor means, and 

... a fourth non-linear current mirror (3 8) having a terminal coupled to the second point of 

constant potential (-) and having first and second current tenninals ( 56,58), the first current 

terminal (56) being coupled to the second main electrode of the sixth transistor means and the 

20 second current terminal (58) being coupled to the control electrode of the second transistor 

means and the second current tenninal (54) of the third non-linear current mirror. 

6. Arrangement as claimed in claim 1, the read head being a single stripe magneto­

resistive head having one magneto-resistive element CRnr) and that the second magneto-

25 resistive element is the same element as the first mentioned magneto-resistive. 

7. Arrangement as claimed in claim 1, the read head being a dual stripe magneto-resistive 

head having a first and a second magneto-resistive element, a second terminal of the first 

mentioned magneto-resistive element being coupled to a second point of constant potential 

30 and a second terminal of the second magneto-resistive element being coupled to the said 

second point of constant potential. 

8. Arrangement as claimed in claim 1, further comprising 
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- DC correction means (78) for subtracting a correction value from an input signal in response 

to an error signal so as· to obtain a DC corrected output signal, 

- bit detection means (80) for detecting a sequence of bits based on the DC corrected output 

signal, 

5 - error signal generating means (82,83,85) for generating the error signal in response to the DC 

corrected output signal and the sequence of bits. 

9. Arrangement as claimed in claim 8, wherein the error signal generating means 

comprises subtraction means (82) for subtracting the sequence of bits from the DC corrected 

10 output signal or a filtered version thereof, and wherein the DC correction means comprises 

integrating means (84) for integrating the error signal so as to obtain a correction signal, and 

subtraction means (86) for subtracting the correction signal from the input signal. 

10. Arrangement as claimed in claim 8, wherein the arrangement further comprises non-

15 linear amplifying means (87) for non-linearly amplifying the error signal prior to applying the 

error signal to the DC correction means. 

11. Arrangement as claimed in claim 8, further comprising 

- comparator means (92) for comparing a lowpass filtered version of the error signal with a 

20 threshold value, 

- means for generating an asperity detection signal (98) in response to the filtered version of 

the error signal exceeding the threshold value. 

12. Hard disk drive, provided with the arrangement as claimed in anyone of the preceding 

25 claims. 
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