1- -+ A METHOD AND APPARATUS FOR THE COVPENSATI ON OF AN
ADDI TIYE SI GNAL I N A DATA Bl GNAL The present invention relates generally
to a method of conpensating for an additive signal in a data signal and
circuitry for conpensating for an additiye signal in a data signal. The
invention is particularly useful in a data channel enploying
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illustrated in Figure 2a, which plots the magni t ude of the data signal
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patterns are detected during a read process by a magneto-

resistive (MR) head which produces a data signal. A magneto-
resistive (MR) head undergoes a change in resistance in the
presence of a changing magnetic field, and this resistance change
is transformed into an output voltage signal (data signal) by
passing a constant current through the MR head. An example of
such a data signal is illustrated in Figure 2a, which plots the
magnitude of the data signal (measured in unspecified units)
against time (measured in bit .periods). MR heads are now
becoming increasingly popular in magnetic data storage products
such as the hard disk drive (HDD), due to the high signal to
noise (SNR) and the robustness to tracking errors they provide.
The output voltage signal from the MR head is amplified, and
converted from an analogue signal to a digital signal. In
products that use a partial-response-maximum-likelihood (PRML)
channel the output voltage signal is passed through the PRML read
‘channel to estimate the data that was recorded on the media. In
a PRML read channel partial response (PR) signalling is used in
combination with maximum-likelihood sequence detection (MLSD) .

The frequency response of the read channel is designed to have



frequency nulls at dc and at the Nyquist frequency (half the data sanpling
frequency). This partial response format is achieved by the conbination of
an anal ogue filter, a variable gain anplifier (VGA), a sanpling device and
possibly a discrete-time filter. Maxinugtlikelihood sequence detection is
achieved using a Viterbi detector. Furthé&r details of the appli-cation of a
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head in the head/disk block 104 (read channel).

For the write process, the error control encoded (ECC) data is
passed to an encoder 101 for run-length limited (RLL) coding.
The output of the encoder 101 is passed to a precoder 102 which
~is described by a 1/(1eD?) operation, where D is the delay
operator. The resulting bit pattern, output by the precoder 102,
is passed to the write pre-compensation circuit 103 which
produces the final pulse signal to be applied to a write circuit
incorporated in the head/disk block 104. The write circuit

provides a write current to produce the magnetization pattern on
the media.

During the read out process, the signal from the MR head
incorporated in the head/disk block 104, is passed to a variable
gain amplifier (VGA) 105. The gain of the VGA 105 is controlled
by a gain and timing control loop 107. Slow variations in the
data signal amplitude are compensated by the gain control loop
107. The signal output from the VGA 105 is passed to a low-pass
filter 106. The output of low-pass filter 106 is input to the
bit rate sampler 120. The bit rate sampler 120 is connected to



3 a voltage controlled oscillator (VCO 110 which controls the sanpling
tinmes of the bit rate sanpler 120. The VCO 110 is connected to and
controlled by the gain and timng control |oop 107. The output of the bit
rate sanpler 120 is connected to an anal ggue to digital converter (ADC)
108. The operational range of the ADC 108 (illustrated in Figure 2a) is not
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asperity (TA) signal. head output saturates t 108 used to
convert the anal ogue out put voI tage signal to a digital signal. Thus at

hi gh dat aThat @at®oduction of MR heads, along with the PRML read channel
has been responsible for large improvements in magnetic data
storage. However asperities or defects on the storage media,
give rise to thermal effects in the MR head which tends to
decrease the reliability of the MR head. These asperities or
defects are referred to as thermal asperities. When an MR head
hits a defect (asperity) on the disk, the friction between the
MR head and the defect causes the temperature to rise sharply.
This increases the resistance of the MR head element
substantially, causing a voltage increase at the MR head output
lasting for tens of nano-seconds. As the MR head element cools
down to the temperature of the environment, the thermal asperity
signal returns slowly to zero. The amplitude of the TA signal
can be as high as 250% of the peak-to-peak data signal, and the
time taken for the TA to decay to 30% of its maximum can be of
the order of a few micro-seconds. This additive disturbance in
voltage is called the thermal asperity (TA) signal. The MR head
output saturates the ADC 108 used to convert the analogue output
voltage signal to a digital signal. Thus at high data rates of



4 the order of 100MHz, the MR head out put signal can exceed the
operational range of the ADC 108 for a period spanning a few hundred bit
periods causing long error bursts that the error correction techni ques used
cannot handle. The rise tinme of the TA si,gnal is only of the order of a few
bit periods. An exanple of a TA signal Is illustrated in Figure 2b. In this
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random er i'ng the mllions of tines the TA-affected sector is read
during the lifetinme of the disk. Anot her prior arrangenent for

el ectroni gne Thay APATEIEM ing the effects of thermal asperity is to design
heads that have reduced TA sensitivity. Two such heads are the
flux guide head and the dual stripe head. The former lowers head
sensitivity and the latter adds cost and complekity to the head.

Electronic compensation methods to take into account the TA error
have been proposed. One class of prior arrangements (US patent
4,914,398 and US Patent 5,057,785) for electronic TA abatement
reconstructs the TA signal through envelope detection of the TA-
affected signal and the subtraction of the envelope from the TA-
affected signal, thereby restoring an approximation of the data
signal. The method suffers from the disadvantage that the
reconstruction circuitry adds to the complexity and introduces
some delay. More importantly, the reconstruction is never
perfect, and some data ripple and noise filter through, causing
channel degradation. This degradation may not be noticeable in
specific runs, however they can cause random errors during the
millions of times the TA-affected sector is read during the
lifetime of the disk.

Another prior arrangement for electronic TA abatement



5 specifically relates to a PRM. channel (US-A-5,233,482). The Viterbi
detector used in the PRML channel is robust to slow signal variations, and
the TA signal is a slowy varying signal during the falling portion. Thus
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predeterm ned thres '
of saturated bits is largely reduced, thereby reducing the TA

errors significantly. While simple to implement, this method
still has some disadvantages. Since the number of bits in the
ADC is not increased, expansion of the ADC range results in a
loss in SNR-due to the loss in quantization resolution. Further,
if the TA signal amplitude is large, even after ADC range
expansion, a large saturation period remains, causing many
errors. This is especially true if the fall time of the TA
signal is large.

According to a first aspect of the present invention there is
provided a method of compensating for an additive signal in a
data signal comprising the steps of:

detecting a contribution to said data signal by said
additive signal;

initially compensating the data signal by maintaining a DC
offset in said data signal, the initial level of said DC offset
being set in dependence on said detected contribution; and

while compensating the data signal, detecting when said

compensated data signal exceeds a predetermined threshold and



varying the set |level of said DC offset in dependence upon said detection.
According to a preferred enbodinent this nethod is used to conpensate for
an additive disturbance in a partial-response maxi num|ikelihood data
detection channel which includes convertigng the conpensated data signal
from anal ogue to digital using an anal ogue to digital converter
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exceeds the operational “range of "t he anal ogue digital converter in a
polarity opposite to that of the estimted anplitude of the thernal
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stoppi ng the therim| asperity node when the DC I evel is reduced bac
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provided circuitry for conpensating for an additive signal in a data
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provided a method of thermal asperity compensation using an
analogue to digital converter, the method comprising the steps
of:
detecting a thermal asperity signal and its polarity, and
estimating its amplitude;
establishing a thermal asperity mode to respond to the
detected thermal asperity;
initiating cancelling of a constant DC level from the signal
input to the analogue to digital converter to produce a resultant
signal, the magnitude of the DC level being determined by the
thermal asperity amplitude estimate;
detecting the times during the thermal asperity mode at
which the resultant signal exceeds the operational range of the
analogue to digital converter in a polarity opposite to that of
the estimated amplitude of the thermal asperity signal and then,
cancelling the DC level in steps back to zero;

stopping the thermal asperity mode when the DC level is
reduced back to zero.

According to a further aspect of the present invention there is
provided circuitry for compensating for an additive signal in a
data signal, comprising:

an input for receiving said data signal;

a summer for combining the data signal and a compensation



signal to produce an output signal; an out put for outputting said
out put signal; and conpensati on neans for receiving said output signal
and providing said conpensation signal, said conpensation neans bei ng
adapted to detect a contribution to sai d7out put signal by said additive
signal, to set said conpensation signal to an initial DC offset- to
conpensat g - outp L.gnal_, t Initi.al _l.evel of said DC offset being set
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| ogi ¢ of &8pefi@ghtel Lpbnokatinedeeapensat.or of Figure 4; Figure 6a is a
schematic representation of the discrete-tine equalizer of the circuit of
Figure 3; and Figure 6b is a schematic representation of the Viterhbi

detector Bértle betcert widdrgrumdihgi bifusthiat pigsthe COivestion ofnd heo

d|fferenc&nggggtgnashgwﬂfﬂg éiﬁéTﬁé§ogBe%§%hb %’into effect, reference
will now be made by way of example, to the enclosed Figures
wherein:

Figure 1 is a schematic representation of a PRMI data
channel according to the prior art;

Figure 2a illustrates a typical data signal;

Figure 2b illustrates a typical thermal asperity signa;

Figure 2c illustrates a typical TA-affected signal;

Figure 2d illustrates a typical compensation signal;

Figure 2e illustrates a typical compensated TA-affected
signal;

Figure 3 is a schematic representation of a PRML data
channel according to an embodiment of the invention;

Figure 4 illustrates the configuration of a compensator used
in the circuit of Figure 3;

Figure 5 illustrates the decision logic of the controller
of the compensator of Figure 4;

Figure 6a is a schematic representation of the discrete-time
equalizer of the circuit of Figure 3; and

Figure 6b is a schematic representation of the Viterbi
detector of the circuit of Figure 3, illustrating the correction
of the difference metric as part of the TA compensation.



8 The circuit of Figure 3 relates to an enbodi nent of the present

i nvention. The Figure illustrates a PRML wi-te and read channel simlar to
that illustrated in Figure 1 and |ike nunerals denote |ike features. The
circuit of Figure 3 additionally has a symrer 130 pl aced between the out put
of the low pass filter 106 and the input“to the bit rate sanpler 120 and a
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asperity, TAtefE¢eeedt signah 1hér asl the additive combination of the data
signal and a TA signal. The compensation signal 115 is
subtracted from the TA-affected signal 114 by summer 130 to
produce the compensated signal 118. The bit-rate sampler 120,
under the control of the gain and timing control loop 107,
samples the compensated signal 118 to produce the sampled signal
119 which is received as a input to the compensator 113 and the
ADC 108. The ADC has normal operating range which does not vary.
The digitized samples, output from the ADC 108, are applied to
a discrete-time equalizer 109, which is usually an finite impulse
response (FIR) digital filter. The equalized samples 121, output
from the discrete-time equalizer 109 are supplied as an input to
the gain and timing control loop 107 and to the Viterbi detector
111. The output of the Viterbi detector 111 is connected to a
decoder 112 which run length decodes the output signal 410 of the
Viterbi detector to produce the error control encoded data
originally supplied during the write process to the encoder 101
in the write channel.

In the absence of a thermal asperity, the circuit is in "normal



node". In the normal node, the conpensation signal is zero and the

TA-af fected signal reduces to-the data signal (TA signal zero). |In the
normal node the conpensator 113 detects the presence of a TA signal (above
a predeterm ned threshold) in the TA—aff%gted signal 114 and initiates a
thermal asperity node. On initiating the A node the coHpeQZet?¥ 113d
estimates _the anplitude of the TA SI conponent .in the -affecte
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10 the step-wise decrement in the compensation signal 115 and the

corresponding increments in the compensated signal 118.

Figure 2d illustrates a possible relationship between the TA
signal (as previously illustrated in Figure 2b) and the
compensation signal 115. This Figure plots the magnitude of the
TA signal and-the compensation signal (measured in unspecified
units) against time (measured in bit periods). Figure 2e
illustrates a compensated signal 119 formed from the difference
of the TA-affected signal 114 illustrated in Figure 2c and the
compensation signal 115 illustrated in Figure 2d by the summer
110. This Figure plots the magnitude of the compensated signal
118 (measured in unspecified.ﬁnits) against time (measured in bit
periods) .

We refer now to Figure 4 which illustrates a compensator 113
suitable for use in the circuit of Figure 3 in which the sampled
signal 119 input to the ADC 108 is also fed to the compensator
113. The sampled signal on receipt by the compensator 113 is
supplied to a polarity detector circuitry 200, to each of first,



second, third and fourth and possibly nore adjustable threshold detectors
201, 203, 205 and 207 and to the additional adjustable threshold detector
213. The polarity detector circuitry 200 supplies a sign signal 230 to
the controller 210 for each sanpled sign 119 received. The sign signal
230 indicates the sign (plus/ninus) of t sanpl ed signal 119. -The

controller 210 has are t n whi ch the val ues of the _sign si
230 are sF6FRGI THE: dg%nélgﬁ anhgoéﬁﬁ dHt "Orgnafivgtpbdel th ﬁ%éh&%ﬁed
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sanmple is_stor Jegdl 9 as SIGNPREVI QUS. The updating of the
regi ster 5%5 8@8&93 |%% %@ ngﬁ node and the TA node on the receipt of

t he sign signal 230 When t he TA node is initiated the value of the sign
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The sampled signal 119 is also supplied to each of the series of
first, second, third and fourth adjustable threshold detectors
201, 203, 205 and 207. The first, second, third and fourth
threshold detectors 201, 203, 205 and 207 each receive the
sampled signal 119 and respective first, second, third and fourth

threshold values TO, Tl1, T2 and T3, as inputs. The threshold

values, in this embodiment, are set at T1 = TO+ADC, T2 +

T0+2 (ADC), T3 = T0+3(ADC), where ADC is a pre-set incremental

DC-step. The first, second, third and fourth threshold detectors
201, 203, 205 and 207 respectively produce first, second, third
and fourth detection signals 231, 233, 235 and 237. The
detection signals are pulsed signals and a pulse is produced each
time the magnitude (irrespective of sign) of the sampled signal
119 exceeds the threshold detector’s threshold value. The first,
second, third and fourth threshold detectors 201, 203, 205 and
207 operate in the same manner in both the normal mode and the
TA mode. First, second, third and fourth counters 202, 204, 206

and 208 receive respectively the first, second, third and fourth



detection signals 231, 233, 235 and 237 and produce respective first,

- second, third and fourth count signals 232, 234, 236 and 238. The first,
second, third and fourth count signals 232, 234, 236 and 238 are supplied
to the controller 210. Each count sign produced by a counter represents
t he nunber of pul sed detection signals received at that counter- since it
was | ast reset. . e first, _secq thirdxﬁgd fourtg counters 202, 204,

Th , )
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The contrebket . 210 produces reset signal 215 when the TA node is initiated
(step 514 in Figure 5), when the controller decrenents the conpensation
signal 115 in the TA node (step 555 in Figure 5), and when the controller
deact i vat Eet ie¢r$A, medeonst, e Hia@ iandri fpurecb)countlhss f203) zount b62@Agmay

b ing t de by the reset si TA) 242. Th | ed
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of the cupienbas 89ales@TPAght A WuiATR ALY Wle Loddolfer 210 via
OR gate 216 to each of the first, second, third and fourth
counters. The controller 210 produces reset signal 215 when the
TA mode is initiated (step 514 in Figure 5), when the controller
decrements the compensation signal 115 in the TA mode (step 555
in Figure 5), and when the controller deactivates the TA mode

(step 556 in Figure 5).

The first counter 202 may be reset during the TA mode by the
reset signal (TA) 242. The sampled signal 119 is also supplied
to the additional threshold detector 213 which is used to reset
the counter 202 during the TA mode. The additional threshold
detector 213 receives the sampled signal 119 and the threshold
value TNO and it produces a reset signal (TA) 242 when the
sampled signal 119 exceeds the threshold value TNO. The reset
signal (TA) is supplied to the first counter 202 via a gate 214.
The gate 214 is controlled by the enable signal 240 supplied by
controller 210. The controller controls the gate 214 so that it
passes the reset signal (TA) 242 to the first counter 202 during
the TA mode (and not in normal mode) and only when the polarity
of the current signal sample 119 is the same as that of the TA.



O herwi se the controller blocks the passage of the reset signal (TA) 242 to
the first counter. The counter 202 al so receives control signal 212 from
the controller 210. This signal causes the counter 202 to operate

differently in the TA node conpared to tjhe normal node. In the normal node
the counter 202 is permanently enabled via control signal 212.- 1In the TA

node, the counter 2 I s _enabl ed control signal 212 _only if the val ue of
S CNCURRERTSF T e Ee  SoRoro} o 1 0ERR fhe fihag S e, trpepestBpet
regi ster (PRP.24£2nsequbat fyrstheovontarer 202 is enabl ed during the TA node
only if the sanpled signal 119 is of opposite polarity to the TA signal.

The controller on the basis of the first, second, third and fourth count
signal s ZBre 2¥MntZ36 202 2@Bsandradeivasyi SPBEYPal RIS ENAIRRENToandthe

SI GNPREVI QU5 eI €510 06 | Thast Rabiah 2SRRI X HRATREYY efh2 egbi gpteackthe
TA signal _and initiates the TA node as di scyssed further below in relation
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Figure 4 yllnbe %Péd‘egi%h&m nafer eHcert (i Spathehel | kestiipd egat he
functionaljty of the controller 210. The controller 210 receives the sign
signal 239*9¥¥dMthe polarity detector circuitry 200 each tine the

conpensator 113 receives a sanpled signal 119 (step 500 in Figure 5).The
SO0y 28yd RIS, e KR St 08, Ll Th4 e BRI Ui, o
si gnal 23Dountb SIGNCURRENTalst 8p250R34 236 and 238 and the register
13 Values SIGN_CURRENT and SIGN_PREVIOUS, determines if a thermal
asperity has occurred, estimates the TA signal and initiates the
TA mode as discussed further below in relation to Figure 5. The
controller produces as outpﬁts, in the TA mode, a compensation
signal 115, a detector control signal 117 and timing and gain

contxol signal 116.

A thermal asperity often causes a quick shift in the TA-affected
signal 114 which would saturate the ADC 108. This is used to
detect and estimate the amplitude of the TA signal and hence the
initial DC offset wvalue of the compensation sigﬁal 115. The
controller receives as inputs the sign signal 230 and the first,
second, third, and fourth count signals 232, 234, 236 and 238.

The operation of the controller 210 of Figure 4 will be explained
with reference to Figure 5 which illustrates the functionality
of the controller 210. The controller 210 receives the sign
signal 230 from the polarity detector circuitry 200 each time the
compensator 113 receives a sampled signal 119 (step 500 in Figure
5) .The controller then updates the register 209. It writes the
value of SIGN_CURRENT into SIGN_PREVIOUS and writes the value of
the received sign signal 230 into SIGN_CURRENT (step 501 in



Figure 5). The controller then determnes whether the operational
node is the nornmal node or the TA node (step 502 in Figure 5). If the
normal node is operational the controller junps to step 503. If the TA node
is activated the controller junps to step, 550 Nor mal Mbde At step 503
the controller checks whether SIGN CURRENT is equal to SI GNPREVI OQUS. | f
there is not equality '"the controller_asserts the reset signal (normal) 221
to reset FREVErstS) -seconthe t FPREEPH #Bur FReRouAEEREMEDES2 0Whetbeand tios
(step 504ppandtiibenl) Wk i 3D n2ehallo il orl kearm wlaeof (g ey sign
si gnal 50%" Lf the sigg f. the current %SLGNCURRENE% and the previous
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reset by si | .22 hi<ss4 S done to ensure that the count does not
accunul at ghg@% ttc%)) |jsr11:((:a desfljtds different from  TA-affected signal shifts, which

may per haps be due to noise or gain variations. If there is equality the
control | efgoA48s ModeSt ep 505 to determ ne whether the normal node should be
term nated and the TA node initiated. At step 505 the controller conpares
the value of the first count signal 232 to a first qualifying value Nerr].
][f t he vam;as_efept B@3f ichet c@ﬁiﬁ&bl&ie&nﬁhe%%% %ﬁtn@&dmbmbmmz%mqli@_ dqudihe
irst qualify, V. rr en,the controller does not change its

oper at i ongfb %@—%ﬁ?%ﬁuwé?o%ﬁ 508 W anBARaLAEYr it coRtEPd & gn
si gnal 23@sskfrtshthéi rasetmignasl gimarnizdy beaote eewet titee thierdd r sfecond,
qualifyin u [ hﬁg ORLY er. S 5 The
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val ue N[err&. The_ four count signal is the count_ signal from the counter
att ached t§IFNgPREVIOUS) sampled signals 119 are differept, it means that

the current sample has changed in polarity from the last one, and

the counter 202 is reset by signal 221. This is done to ensure
that the count does not accumulate due to incidents different
from TA-affected signal shifts, which may perhaps be due to noise
or gain variations. If there is equality the controller moves
to step 505 to determine whether the normal mode should be
terminated and the TA mode initiated.

At step 505 the controller compares the value of the first count
signal 232 to a first qualifying value Np,.. .If the value of the
first count signal 232 has not yet become equal to the first
qualifying value Ny, then the controller does not change its
operational mode, and it jumps to step 500 to await the reception
of a sign signal 230. If the first count signal has become equal
to the first qualifying value N, then the controller moves to
step 507. The controller will subsequently initiate the TA mode
and set the initial DC offset level of the compensation signal
115.

At step 507 the controller compares the value of the fourth count
signal 238 to a fourth qualifying value Nrapeta- The fourth count

signal is the count signal from the counter attached to the



t hreshol d detector having the |argest threshold val ue. I f the val ue of
the fourth count signal is greater than or equal to the value of the fourth
qgual i fying value then the controller noves to step 508 and sets the
conpensation signal 115 at an initial Dg of fset level of DC3 = DQCO +
3(ADC), where DCO is the m ninmum DC of f %t | evel and ADC is a-pre-set

I ncr enent st vi_ousl defined.in_relation to the threshold voltage
val ues To%hffs%%%tfé%oéf HEVing Fhend argestoitrsshol g yaddieo stidp te.
| f the vavaduef offhéhkofictibthoootinsi ghghal sis apsedthan tHih \oit wenefl thee the
fourth qualihfyi u t optrollersnmoves to_step 509. At ste
509 t he cg%%%b ﬁ%Agﬁ%E%%ggn%ﬁgﬁﬁg i Y%%u?hfﬁ%ncgﬁﬁt88?85891§§6W9Y
third qualtief wtep Ml eN eseljs . the fcompensdiubonf sigmal hllH souah dingndlal s
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initial DC offset |evel of DC2 = DCO + 2(ADC). After step 510 the
control | ePC phiffett be¥etpand 4ADCf ifhe RER Rebfingremerited shem psieyiausd3s
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([err]DC). After step 511 the controller junps to step 514. If the val ue
of the second count signal 234 js |less than the value of the second

qual i fyi nftvaFER PRRntER WP bl $ercomRA%eS ha w3 of the shdpdscunite
control | esigahd LBE compenIAtidoRGIGTRN nbl Sraatuea i) Nt i al 1ECepEf $8t ykews!

of DCO an t,0 step 514. At step,514 the controller perforns the
follomﬁngngﬁgﬁﬁgﬁsgoPﬁ 8ighal Ts grektdr than OF equal to"the vaiue of
the third qualifying value then the controller moves to step 510

and sets the compensation signal 115 at an initial DC offset
level of DC2 = DCO + 2(ADC). After step 510 the controller

jumps to step 514. If the value of the third count signal 236
is less than the value of the third qualifying value then the
controller moves to step 512.

At step 512 the controller compares the value of the second count
signal 234 to a second qualifying value Nrapers- If the value of
the second count signal is greater than or equal to the value of
the second qualifying value then the controller moves to step 511

and sets the compensation signal 115 at an initial DC offset
level of DC1 = DCO + (ADC). After step 511 the controller jumps

to step 514. If the value of the second count signal 234 is less
than the value of the second qualifying value then the controller
moves to step 513.

At step 513 the controller sets the compensation signal 115 at
an initial DC offset level of DCO and moves to step 514.

At step 514 the controller performs the following functions: the



15 controller asserts and nmaintains the timng and gain control signal 116
and further changes to the VGA gain and sanpling phase are di sabl ed. The
controller activates and naintains the TA node until it is positively
deactivated in step 556 of Figure 5. Thegiontroller asserts reset signal
215 and resets the first, second, third d fourth counters 202, 204, 206 and

208. The reset signal (nornal 21 i,s di,sabled in , the TA npde. The
cont rol | ePOREEGILET APTRIR afRS BRIDES D15 riahe 2HOTHAT cRTEhaBRER GRS TS
to pass tb&ghaaellslwlfx(%%)eﬁ%aﬁrge@aof thet VERWH B a2 safipd iGN ipheldeer

h fq SI RRENT 2 S
control | cPEEnEI S UES o STl COBCFaLIa Bty Arage b oI ER Shgn BrgiTA
230. Thmo§Eepst5®71t01SJﬁoex1ngly hdtacthivatred iial shepobbsetofl Aiguref 5.
conpensat g 1ol Ly 'és%ee}t?é m-0gde bXFi].gHSld%tl%Cta éi V%éé‘ééé‘etﬂégtﬁ%

t hreshol d val ue Icht count in t correspon count ér

reached |§§089§h|F9¥ﬁ§ Faf fourtdt copnRsins 208, 8ﬁﬁy29ﬁea%@u%@8(ﬁ ﬂhﬂamaaan

counter Z%Eghaqc?ﬁ%rmb%)aa?ﬁt1§uahgabuea !ﬁ'ﬁ?eofA?&Saé%h and %Bﬁt%bﬁq
counters ave no acne elr | yln val ues en e initial
Coret o ABRerig saal TG In dhibile eliha T AR il eables: fateodit of

the fourt hocpamsethQOBeseacmagnahe(Tmur:mz qiquHeylfriqs\talcuaeml‘d[e&r Plo2 .andnche

oal | 1yi ngoUGFIATaE: mER s ' benBRREET oo SR PORERAL o cheit s g
115 woul dib&oDS3GN_MODE+ 3@percpncrollefhehﬁalJnmpertoysmbpeSOOAtbeawbhe TA
si gnal hagnpeepcdptecheds Lis; Eﬂgg eslyi mated and the initial DC offset

| evel of the conpéensation sign nabled, the conpensated signal 118
falls within the ADC range, prOV|ded the DC | evel s have been chosen

properly ana bb@pEASSﬁQB@|5§BDEhbu§é taaEOEhaigh@tlamaﬁctBefsbahgébe@Cof
| evel . As e TA S|gfa .drops, the TA- af fect ed ipgéﬁFé so drops and the

conpensatF8Wp§P§ﬁ5F 151807 i 5 dis e reipad, eLGRTPE, WiRE the
conpensathdghegnathneehsmdovalﬁhefdiXhmfwmﬁths1dbwmﬂ ani tYieoppesebpohdinkat

of the TA ghﬂggk ha E E253h88'9Es agg§1%§ngle%alue For example, if only
the count of the first counter 202 reaches its first qualifying
value of Ng,.., and the other counters have not reached their
qualifying values then the initial DC offset of the compensation
signal 115 is set at DCO whereas if the count of the fourth
counter 208 reaches the fourth qualifying value Npp.., and the
counts of the higher counters (if present) have not reached their
qualifying wvalues, the 1initial DC offset level of the

compensation signal 115 would be DC3 = DCO + 3({ADC).

Thermal Asgperity Mode

After the TA signal has been detected, its amplitude estimated
and the initial DC offset level of the compensation signal 115
enabled, the compensated signal 118 falls within the ADC range,
provided the DC levels have been chosen properly and the TA
signal amplitude is not higher than the highest DC level. As the
TA signal drops, the TA-affected signal also drops and the
compensation signal 115 remains constant, so that after a while,
_the compensated signal overshoots the ADC range in a polarity
opposite to that of the TA signal. At this point, some samples



16 start saturating the ADC 108 on the opposite polarity as the TA signal.
This fact is used to release the DC | evels of the-conpensation signal 115
in discrete steps back to zero, as the TA signal drops to zero. The
conpensation signal 115 is adjusted whe éhe count of the first counter 202
reaches a qualifyi ng vaI ue Nerr] duri ngl he TA node. The DC | evel of the

conpensati on S|gnal I S Lel eased by a step of one unit and the first
counter 29%3F§ @EEFaE}nEhE gi HhS 19§5°nTF|]P§ ppPBegstecBalAxity ast the A&

canceljl i nglg';ﬁalevelh'rm Eegm resluaeddt g;def@le&héethbe m@ngekr@l@ﬁ & lt%\éle'
is reduced t he TA.ND st.op t he cqunters reset e signa
215 and t %‘“é%‘?ﬁaéﬁant Fﬁgﬁaicgﬁ‘? %ﬁos’&reng Sack ﬁe‘?e?é?ﬂg g§athet o
Fi gure 5, TAeignpel atiags dfo zlae‘oconTheId:canpél'iéhtiibrt e gbalmds Wsl hdjested
e1pl ) etk rong ekl ofS RS CAERLPnSt L Ue gl o gr ket

t he sign signal tlne t he conpensat or r8c8Ives & s¥
119 (step'3be§ Nither Soing Fbe Thenodpdat®he ik 1|e(¥gllspért]zegc(:mpepsaﬁi)anand

det er mi nesi yhgl hqr15t hes Oﬁ}@aétabeaalbﬁvée dted her nehael,,mde ﬁ gg@e
(step 50 pormal node is operatjional the contro

2
step 503. g?‘Fn'f‘Fl’é 2(9&2 nbﬁer‘?ﬁe"éc]PYv"a]E'-%ds%ﬂ’éa%O%ﬁoI | Bpis Lﬂ%@cﬁ%sst:@ptsages
At step 5kt heriponiarodd i mheckdeweat hak ﬁé&l@&m&ltﬁ)%@i@ t BnekGRAINRDE.

If there Lty trolle ) ep_551 and, di sabl es _t he

first coué e?ggg"gﬁél%érgf(;e %IlsslrgeréT eﬁ% ar?d ?: &nTHulg get bSsFERPBEE . ¢ Ghe

avai t t hecoweleprs oresdt dnottite sigrlsizgmalan#3@hel fatheardi sindhgegoati-by

the cont rpcgd,}f% AOVESbPgl €Pp 551" and asserts the control signal 212 which
|

enabl es the rst counter 202 and then noves to step 552 to determ ne
whet her the value of the conpensation signal 115 should be adjusted. At

step 552 RdEe£Oitig cac_i,aeinctea ariguies swhetherp stt!ahustEhé hﬁoﬁgmﬂé@bep

signal 115 shoul cont r ol conpar es I rst coun

si gnal 23#t9'% "ﬁ’gﬁvg?%ee’ﬂfh%ﬂl}edllfn tmfér@/éﬁ}@b* t Hs fprevyievany

si gnal 23&entsidresd ttHnart:cbrInﬂ:d}alete Bécé hecdughé fyidg yadnel N6 rdathepikbe

Contro”(%héuggﬁpéRSQESP 113 receives a sampled signal 119 (step 500).
The controller then updates the register 209 (step 501) and
determines whether the operational mode is the normal mode or the
TA mode (step 502). If the normal mode is operational the
controller jumps to step 503. If the TA mode is activated the
controller jumps to step 550.

At step 550 the controller checks whether SIGN CURRENT is equal
to SIGN_MODE. If there is equality the controller moves to step
551 and disables the first counter 202 via control signal 212 and
then jumps to step 500 to await the reception of another sign
signal 230. If there is not equality the controller moves to
step 551’ and asserts the control signal 212 which enables the
first counter 202 and then moves to step 552 to determine whether
the value of the compensation signal 115 should be adjusted.

At step 552 the controller determines whether the value of the
compensation signal 115 should be adjusted. The controller
compares the first count signal 232 to a qualifying value Noyapeen
If the value of the first count signal 232 is less than the value

of the qualifying value Np,., then the controller jumps to step



17 500 to await the reception of a sign signal 230. If the value of the
first count signal 232 is greater than or equal to the qualifying val ue

N[ err] then the controller noves to step 554. At step 554 the controller
det erm nes whet her the conpensation sign 115, if decrenented by the step
555, would be zero. If this is the case the controller noves to step 556.
If this is not the case _the controller_noves to block 555. At step 555,

the cont r 8PPefodémdite ithe (HRCERIMINRE i drskgnalional B30a pAddsher mMadaw

val ue of offe thdl tEirdte coOmMit Okighadl 992a5seidreddtRe dtACtOF £80LN Ok Sitgnal
117, the gurgo e.of whiich wll be descLibed 'atfi and resets the first
counter 28%%byTXILG PGS Narewnt PSR ERGnEPRSTSILeheMeBREr 5P SLePh&B4-unps

to step 500 to await the reception of a sign signal 230. At step 556,

h I ' d | | sabl he |,
N et ok e G R R R s s

control | §¢En§@7 145 . f ddctdesramanted oy rivheli step Y5, aboeldabpr eedet.er mfed
settling £hiB. 1Eh@HeoRtdd IhtEHe %&fmépwtw%&ﬁg@%}/ﬁI%%f@grsois

The controller. asserts detector control _ signa

the
control | ePPHi 5861 8senbbensoréraldes mexes e LAk §5%r resets the first,
second, third and fourth counters 202,204, 206 and 208 via reset signal

215. Th troll th ' t t 500 t it th ti f th
nexi sign’Si GhaP 735, ThfL Eitiha HAICSH Ul B° { RATPEERRF AEPy Signal
over shoot 1thebDE mpecatticomelnedangelue tdf poearinit opposét eohordAldue aligd he
dimnutio e 'égg# e §$Hp s C ter,202 is reset _duti,n

the TA nogéeQ%i;Ergegg@ ?i gna t%zcl a(r?lf géﬁ%?% ?ggfurtt %erplfrrp%%%nf)?u %‘llcg’om
TO (with Cppdsiace doraribedt datrr mWnd hseashndlhepebikeso- pomnteal UR02f biyhe

Ly ek contofdei i sl usbel cobsesbpds i 1o

with a threshold TNO (in, practica

203, 205 EFEPnﬁ?oonuégalgoF%FhF§c68F58§ePﬁ #hE1PBsEL98Ber 25i%n i s enabl ed

only during the TA node through the gate 214 by enabling signal
At step 556, the controller deactivates the TA mode. The
controller disables the timing and gain control signal 116 and
thereby allows the gain and timing control loop 107 to function
normally immediately or after a pre-determined settling time.
The controller sets the compensation signal 115 to zero. The
controller asserts the detector control signal 117. The
controller disables the enable signal 240. The controller resets
the first, second, third and fourth counters 202,204, 206 and 208
via reset signal 215. The controller then jumps to step 500 to
await the reception of the next sign signal 230.

To ensure that only samples that genuinely overshoot the ADC
operational range with polarity opposite to TA due to the
diminution of the TA signal are counted, the counter 202 is reset
during the TA mode by reset signal 242 if any sample is further
in magnitude from TO (with opposite polarity to TA) by the
nominal peak-to-peak value of the signal. This may require an
additional adjustable threshold detector 213 with a threshold TNO
(in practical implementation, one of the detectors 203, 205 etc
may be used for this purpose). The reset operation is enabled
only during the TA mode through the gate 214 by enabling signal



18 240. A concrete exanple of the operation of the circuit of Figure 3
w Il now be-given and reference will be made to Figures 2a to 2e, wherein
the x-axis of each figure is scaled according to the sanme units. The ADC
108 has an upper operational range of + nits and a | ower operational
range of -3 units. The threshold val ues , T1, T2 and T3 of the first,
second, thihpd and fourth threshold detectors 201, 203, 205 and 207 are
determ ned according to the previously given forrmula where TO is 3 units
and ADC is 2 units. The values of the thresholds T[err], T[err], T[err]

dT f t t 01,
205, 205 260 arc 11 o Eared o he I St 1A iy resshole det sapgts 3

Fi gure 2c¥ newbe FHesn 2Ry irefegiemicguvéd Lsbet Rade oty Figuremids ta?n@et,he

val ues fowhblretin] tha[£rd%is ®rddch Highik igdsélﬁ?éc&]a@é&dﬁr@% iR ¥abhe 2.
of.fset_levels of the conpensation 5| gnal 115

2, 2 and 2 The I ti
(Do, e, B2 EEnd E% e S iar PRI FRHACLABhdr2Rge rAEakd PodLen
counters 204, a2bdwe206penat 2682l armgélmf‘st-mauﬂﬁm t Maepkhireghol@npansals on

signal vs n u T d | | 2

betgween +£bun| tis anFIl ) éﬁunl 3 I2>%cc %I ng o ‘t hi gg%e%?gﬁp?eh ‘%e ‘-’i“r?z %OPEtPhe
conpensat bhreshelga. éﬂiéé‘tﬁ@@ism 3PAl 1203 he 2% maindo @y emreeddetlaermlned

t hreshol dayabu@ifg £6rtite R¥dwibemaeediag Moehil adgnbLLushral %dtu};'arlt':é gk

2c. Consequently the controller viia'step 508 of Figure 5 sets e 1ni

DC of f set AIDﬂ/els oz whitsonpEheavadnesi gfiakhélEhresBG3das T,| | wst raf ethd nr
Figure 2d. the magnitude of the TA signal (and the conpensat ed
TA- af f ect @8 §h@nﬁll)fSFedﬁéé‘é’nﬁihetbéﬁtirénﬂefouéﬁhcélsreﬁbO&dn@eheatomB Qlogr)al

115 in stgps, obogne2yni &rél Qlﬁl@’@rééédoén':tﬂérﬁlétaéf"H&uéff@tzﬁgd' nghg‘i

2d. The co ensatl on.signal_ wl event ual |y be reduced to zero via 556
of FigureVs ”f‘ﬁelf’legﬂg 7t 2(Elorrp PG YRET PP s i sorEigaured £a thltire

2e. In thbeoexanpl entihe thdeshal dzatzlfuéshef@dmg Oﬁéth Jhreshold, dﬁAeDCt 05n3113

TNO coul Pe TO)')(B runsllgeét_l_lver}l (Ehe no x%?a:([( eakni/tlgf Bg offset

si gnal AEFﬁ‘I't ¥ e o? y o? A
1evels of the compensatlon s:.gnal 115 (DCO,DC1,DC2 and DC3)
associated with the first, second, third and fourth counters 202,
204, 206 and 208, are illustrated on the plot of compensation
signal vs time in Figure 2d. The data signal (Figure 2a) has a
range between +2 units and -2 units. According to this example,
the input to the compensator (the TA-affected signal in the
normal mode) exceeds the threshold value T3 for a period
exceeding Nppe.; as illustrated in Figure 2c. Consequently the
controller via step 508 of Figure 5 sets the initial DC offset
level of the compensation signal 115 to DC3 as illustrated in
Figure 2d. As the magnitude of the TA signal (and the
compensated TA-affected signal) reduces the controller reduces
the compensation signal 115 in steps of one unit via step 555 of
Figure 5 as illustrated in Figure 2d. The compensation signal
will eventually be reduced to zero via step 556 of Figure 5. The
resultant compensated signal 118 is illustrated in Figure 2e.
In this example the threshold of the additional threshold
detector 213, TNO could be TO (3 units) minus the nominal peak
to peak wvalue of the signal (4 units) i.e. 1 unit (in the
polarity of TA).



19 The different DC | evels to be used in the conpensation signal 115 have
to be determned by the TA statistics for instance, it is reasonable to
assume that the TA anplitude varies fromthe 100%to 250% of the
peak-to-peak read out signal. The enbodi nent of the invention described
inrelation to Figures 3 and 4 uses first? second, third and fourth

counters 2, 12 20 208. It shoul.d, be .appreci at ed .t hat .any _nunber
of count e%gec%ﬁgésrﬁggoﬁ%gt%véﬁe t[oe%>8| H§F8n1%?tqq35qmgﬁeﬁs§1t15@ SAeSe Ldvel
i ncr easi ngawviet hot be deteeminedd by tie StRowthial smide fgpricsasndet hat aely
the first fogh |.[ St C , i NI o] h_counters, 20 204,
206 and 256 onEb1e! FEeEbhs' chafceRd Th uhf1 IPHGL YELICBPPIRE' Eng Fhot
third or FOurbR*t REcEhel neakreerpeak2gead208tasdgnret-associated with the

second, third and fourth counters 204, 206 and 208 can be used to perform

t he functjon of. the additiorﬁal threshold detectors 213 in the TA node.
When t he CBFpRRRAEIBARE| ghafhe ApvYentindesaiihgs dp selasdrnstepFagures
rel ease (3tapdSé5used SieptH56eobndli Jtherd)andt FORYLEAEHSENEOFE HROT S0k

the Viterbhj detect 111 e tot ui ck change in the signal. However,
this changgsi sa%ir;\o%?‘andqgansrboeuig(gn‘g’gns%?%ﬂ?c%teeé;cI’?gétte Y Bamksze| of
rel ease, @odmtersorandrg neledswgnll thé7résobenion mff heVihdttialdptecforetll
to enabl e per.at.i requit t o] e t he.si gnal ange.

1800 PPOLA Al EAULARE LOnCOMRGRRA! Cub0a t hersl dal, Fhande., o

Figure 6a illustrates one possible I nplementation of
equal i zer2RPYECTREEdafrpREd Wiy ttdhe sFEpat coontasnosf dheh Tifst r edetonds

[err], iscsuppl afd Eoutba eauakizer 2509 WhiaCh RYOdLES dd E%@é&@% gagp! e
121, henc,f%ort referred to a err%ﬂa “n"_in relation to the sanple

digital stgndiPefro, é’w‘?&‘ster%leé’dﬁ%m 79%0e s Sfpl Bhe 2 FercRateat Bair@atont hEovanbl e
i s the ntthsespbrd detédeoparzdTulZ0s iangd evantabbenasbawRith Fheusec6aq,t he

di t ] | 4 09.1 ' I inite-inmpul se, response filter with
N nunber SHTESGHE SEfa Pt SRR, Cobb hnd ddARE e RBEAS e b Eorm
y[err] i sthe|furetion [&f rghehpddig ifopldlowhygséoladt denectors 213 in the TA

mode.

When the compensation signal 115 is reduced by unity at each step
of release (step 555 and step 556 of Figure 5), it may cause some
errors in the Viterbi detector 111 due to the quick change in the
signal. However, this change is known, and can be compensated.
At each step of DC level release, a detector control signal 117
is sent to the Viterbi detector 111 to enable an operation
required to compensate for the signal change.

Figure 6a illustrates one possible implementation of the discrete
time equalizer 109. The sampled digital signal 119, henceforth
referred to as x,, 1is supplied to the equalizer 109 which
produces the equalized sample 121, henceforth referred to a Va-
"n" in relation to the sampled digital signal 119, and the
equalized sample 121 indicates that the sample is the nt® sample.
In the particular implementation shown in Figure 6a, the discrete
time equalizer 109 is a simple finite-impulse response filter
with N number of coefficients o, o,, ... Oy - The equalized

sample y, is related to x, by the following equation:



20 [err] Fi gure 6a shows the direct-formrealization of the digita
FIR filter, using delay elenents 301, 302 etc. represented by D,
corresponding nultipliers 351, 352 etc., and a sumer 399. In the
direct-formrealization of the FIRfilter, the del ayed sanples of the
digital signal 119 (i.e. x[err], x[err],29[err] ... etc.) are nultiplied by
t he correspondi ng cqffficients of the FIRfilter (i.e. [err], [err] [err]
... etc.) and then summed to produce the output y[err]. (For a description
of different impl enBoaii.ons of FIRfilters, we refer to a standard text
"Digital Signal Prgggssing” by A V. Oppenheimand R W Schafer,
Prentice-Hall, Chapter 4). We now refer to Figure 6b, which illustrates
the procedure for conpensating the Viterbi detector at the tines of DC

| evel re'@@%@ﬂéﬂdéKhHJW%?Eh@ngfrectEfgfﬁerégl§99ﬂ§oﬁpgfpgﬁgi@i ital FIR
i npl enent r o eratlggwth Viterbi_algorithmusing differénce netric
a

t.ion fo
conputati%ﬁ&q%ﬁ't RRUNE menterp0l npP8jeMtat-i orER¥eSeRERB| by D,
decgd:ng ud#zgsﬁdﬁﬂﬂngumnlﬁﬁpj$Eﬁgnaﬁg?Ii%msité,ﬂiﬁﬁasiggghaekEggﬁﬂogyﬂg
on Sel ect r | nuni cati ons o] n _— st em
For “di gi t SPeahePE- FOED, i S AN IoR a8h y SRE R | TR SEquathe e Bamade
121 out putsafipdest e RilRe ediaitabr s168ails 1p8ssied e.hrqugly, b hexgir cui.t <405, f or
di fferenc t gl at T Ao [ i the fo]l] owm
2l gor | £ e or M bHEPTREA N (e (eradatda il LOBEEIEIALL g PhRCYINE
+ Qerr], filéex Hierr] % [@rr |9 err] ebg-dr BN ghen summed &or produsk itthe
Plerr] ~ sutputey,|er rgpdperd |desdergdidn of ai = bt 5
-1<P[err]<r%préef’Lerr?3 err] = egg:hger?L dlg&é{éﬁ%r%ﬁbg%&%nk%tlo?s of
-1[err]P[gF ]t F.E?’[e ?]J%%§§% Loy rrf_qndard ext” "Digital Signal

Processing" by A.V. Oppenheim and R.W. Schafer, Prentice-Hall,

Chapter 4).

We now refer to Figure 6b, which illustrates the procedure for
compensating the Viterbi detector at the times of DC level
release during the TA mode. Figure 6b shows one possible
implementation for operating the Viterbi algorithm wusing
difference metric computations for the PR4ML channel. The
implementation of Viterbi decoding using difference metric
computations is discussed in IEEE Journal on Selected Areas in
Communications, Vol 10, No 1, Jan 1992, "A PRML System for
digital magnetic recording", by Cideciyan et al. The equalized
samples 121 output from the FIR equalizer 109 is passed through
the circuit 405 for difference metric computations. The circuit
405 implements the following algorithms for updating the
difference metric:

AJ, = ¥, + Q,, where P, = AJ,, -y,, and

Q= +1 1if P, = + 1 i.e. AJ, = y+1
Q, = P, if -1<P,<+1 i.e. AJ, = AJ,,
Q, = -1 if -1=P, i.e. AJ, = y,-1



21 and where [err]J[err] 1is the difference netric and y[err] is the
nth equalized sanple 121 to the Viterbi detector 111. The Viterb
detector 111 receives equalized sanple signal 121 and produces an out put
signal 410. The detector 111 conbines the equalized sanple signal 121
(y[err]) with the difference netric [err%J[err] In a sumrer 412 to produce
Plerr]. Decision circuitry 414 receives Plerr] and in dependence on its
val ue pr odndesnl@mr]l-\-é;ndlﬁhetb@t st f fnxpnde 4retrAcsuap@r vi6igorimenth
ylerr] and Qerr] to produce [err]J[err] which is fed back as an input to
the sunmefa¥a}izgf RABPEE! dyploft ecN' rQjicogs ecktertert-ed t hr ough two

registers in series in the path of [err]J[err]. This arrangenent

automati c Iy ens that th i terbi, detection circuit
dependenbPyVEFEERE SRRFSERE dvh “Emives sruphazeq armely SRGAT o ang,
an interlpauédceanmaroutpkﬂxsxbmqﬂt@lnhe dthec rddiedt teyrb ddi Treadbmbiihe sVither bi

detector LhialiescANoBiE! 808ha8UTHE (02 ASIPHAN ditksELANGE i d fer,PAth

of the di rence ne c[er e Co |nat|on e equal’i zer "ffap
coef fi ci ehnsa( pummpr| 422] to. propuice] Pn- ar Becheionocdrvi trrpdiléd receives

summer 408, whic Hr@r@eﬁé@déﬂcé nohh%€§%§i@é Spff%@uégg 431 an\H‘e'Bhé heutp ut
controll er®210_decrenents the DC | evel_ o he cggpensatlon naI 115

step of ufitgpaltheOsandl B BEEi 448 %WTF%Feﬁ£§=§ P Gy e frx Mey
by a stepisf fedi backlhiss a anghad aso titheé émmer na;:tm,asmm & haeeqyablfz szlo
si gnal sa | e 121 err acco uatlon Lven_above rel.atin

di
Lo SR et bS] Lo BRERT A" Enl Rubhe R 3500 Bt Ia " BRNE LR
a[err], [path, dferad,.. mesr?rrangemsatuamm@m@ManmalmﬂanﬁuxgsIEhatT¢he

conpensat 9%{(;:8&10&“&%%{:}@90& WAL &y TS 808k 14008! d L S

Vit er bi ctor e rnstant t e conpensation signal 115
i s decr enelerd gl eg epfoftheni equabirag tHETPA nbéfe: THi 91 dnaerdeaysst s
a nodul o- pENKR2).counter 401 operating at the rate 1/[err]t (the channel
data rate), where N is the nunber of equalizer coefficients as defined
before. A set 406 of registers FIRSL, FIRS2 ... etc store the FIRTfilter
109 meighAbagraQﬁgfteiehésdéebrﬁbedeqmbbaimbhmn thervirefkir Betecten 111 As

t he count . of count I 1 |ncr ses £ t S; of t e ster n th set
406 of r clREt BPs SC0rF ASPERITHINES 142 = PhEM %P riGE-L BB LR e bl

of the dlfference metric AJ,.,. The combination of the equallzer
tap coefficients (o, @,, ... o), are the two other inputs to the
summer 402, which are stored in the registers 430 and 431. When
the controller 210 decrements the DC level of the compensation
signal 115 by a step of unity, the sampled digital signal 119 x,
undergoes an increment by a step of unity. This translates to
a fast increase in the equalized signal sample 121 y,, according
to the equation given above relating y, and x,. The equalized
signal sample 121 vy,, increases by o,, 0,, & ... 0y in consecutive
channel clock cycles. To compensate for this, the controller 210
sends a control signal 117 to the Viterbi detector at the instant
the DC level of the compensation signal 115 is decremented by a
step of unity during the TA mode. This signal triggers a modulo-
(N+2) counter 401 operating at the rate 1/At (the channel data
rate), where N is the number of equalizer coefficients as defined
before. A set 406 of registers FIRS1, FIRS2 ... etc store the
FIR filter 109 weighting coefficients for the equalization («,
o, ... o). As the count of counter 401 increases, the contents
of the register in the set 406 of registers corresponding to the



22 count is |loaded into register 430 and 431 alternately, starting with
regi ster 430. At count 1, the content of register FIRSl, [err], is |oaded
into register 430. At count 2, the content of FIRS2, [err], is |oaded into
regi ster 431. At count 3, the content of_ FIRS3, [err] is loaded into

regi ster 430 again, and so on. At count s2A+1 and N+2, the contents of the
regi sters 430 and 431 are  successi,vel et to zero_.and naigtai ned sq

unti | anoFﬁBPtcdﬁt}8Fd§ﬁgﬁQFolf?gﬁ§tFébés egnd ?§6 §HFFFn588ﬂ§feF§a&F€J§%ed
because t hetdi freegfietes 0. ¢ MmOnE®dt i DN Che cmﬁtgnbpefateglsnéepmdmﬂ ly
for the odd and ven i terleaved s of th alrz M he
equal i zed sa ? f%fd1 gg ggpher %rgoggﬁpehsa % E?Hé §ﬁ1ﬂ
of one uniFt[Rsa xperris (M@@rmmm@nﬂb | ALt h@l@l@qﬁen@élwp@mrqe)ntby
adj usting e%&ké[ae”lr,stescma aakﬁtéo chhetébl b50 agdhf, Vhher lgb %%t ectr

in the P channél ver | ow variations i n si gnal
but sensi FW@tﬁoNhﬂgﬁn@r]%q%: \P&ﬂ%ﬂ%@f the xeehstens 4 53513 43\/%@1-’% he

conpensat isQkclssaklygt téséecr@ﬁseerot heng udRemtEised Nséhausd Onalandteidd
can cause errors in the Viterbi detector Fggfv r can, conpensate for
this si ncERETRAFHIE Jd’d7en1%h£ﬁ§§wﬁdt he gr‘?&’fléjt[ee‘r??l%% S BrRaprsits
Thi s chan@ecaueler sthef di€ felrenkleR hettie , camgunat idnr ecitquitoy Wpeddtes
This is | R i_ght i (@ f r rr

[err] have epﬁggﬁgﬁﬂﬁ &%ﬁbt§€C°dﬁfaggleQ%n gﬁ&ﬁbﬁ SQ%% ?qﬁkhfgﬁeﬁ%%ﬁﬁﬁ%s
t he di scr eguailiimerf idutputl0othe soviaddded reamp s ch%b théI‘l”engemmetrr @2
procedur e i3 alrgle cor{rﬁeﬁgﬁt gesmcetﬁé té}ﬁﬂﬂ Rofi IR, uhlie dBeT TNt

chosen to be 1 unit_specifically to keep the corrpensatlon procedure Sl ‘?
However i COEKEsPORcdmentShikre eﬁosfeheteeeeerlﬁenarm)lhym% Hohnpe 5. o

steps of kempknshlte E&angmd mnd[fy.r] could be conpensated by nultiplying
the tap outputs of the shift registers 430 and 431 by [err]. Fi gure 2c

shows a TA-affected signal 114 output fromthe filter 106 for a portion of

a sector, TheeWisetrbér dateasperinythes FRMIs ehianneilt hst heryi nebust bid -Queraratls

8? Eﬂg ’(;(jﬂ?;gioﬁr val1etinAtie iRl S18081 , e Ole b B fe 260! RibRE FRUPRLIRP
variations. At steps 555 and 556, when the compensation DC
offset is decreased, the sudden rise in the signal y, can cause
errors in the Viterbi detector. However, we can compensate for

this since we know the sudden change in the signal vy, when it

happens. This change occurs before the FIR filter, and not
directly to vy,. This 1is the reason the FIR weighting
coefficients o, o, ... o, have to be taken into account. In some

PRML channel implementations, the discrete-time filter 109 is
avoided, in which case the compensation procedure is simpler.
In the presence of the FIR filter, the decrements are chosen to
be 1 unit specifically to keep the compensation procedure simple.
However if the decrements were chosen to be in non-1-unit amounts
e.g. steps of B, the change in y, could be compensated by
multiplying the tap outputs of the shift registers 430 and 431

by 8.

Figure 2c¢ shows a TA-affected signal 114 output from the filter
106 for a portion of a sector, when a thermal asperity is
present, with the time in bit-periods on the x-axis. The TA-
affected signal 114 of Figure 2c¢ is the summation of the data



23 signal and TA signal illustrated in Figures 2a and 2b respectively. The
nom nal range of the data signal is within 2 units. Al so shown in solid
lines in Figures 2a, 2c and 2e are the references of the ADC 108 at + 3.0
units during normal operation. The anplitude of the TA signal (Figure 2b)

i s about 250% of the noninal peak-to-peak3signal and is about 9 units. Its
rise time i,s 3_bit-periods, and the tinme taken to fall to 37% of the

maxi mum i $18881bi A0 t iTe- OFEIEht bFLYRkrakednetti aF19WreF . 2Rot @nchat2b
with no ceeppesatively.a ITegeomimzdr rehogeams eheolathe sTAnNf 6 & t3ignal
114 (Fi gute 2c}§_ Wi Illusat urat e t he AEC ].@8 and. wi || becone unrecoverable.
Figure 2d%i PPaSPrat 845PhE RBRpERSEP TR 1305 1A B I9HSSitdn 2@ Rf @%%
shows t hetdegnzfergutes oofhet OCADAS YGtheatompehsat athitisgndihyingemdrerl
conpensat | [ | 1 il . d den LEi e ' t fr.om_the
TA- af f ect g%%ru%g%g’?’u I I;lfﬁigt _ra1 a# génc?ltr?%ﬁoéurt e eggrAsggfl 'a?tj%"?é%?%t %g)t) t'tre bt
conpensat 8898i @falthe penipahi peaketabpepkngdonrdoandatisl abouhed, varidts.he

saturati ontsappkest ane £OMN ivied ded-ildis | Ridd @hePe{he0Sa0En i §eed 1) takes; sl O
initiate t%e X%gpensat or. .In enbodi nments of the invention the operati o_na°|
range of Phe BB G Y LRt (EdmergeBstanth et RenpeRenensi adi
the currefinlénbodVorattindt thiclphesedipengantban & Matds nineNEOYanfles

[ ' 11 _f. t hi .t Lcul |
AT DnSEothy, PRSarebEEa STRERN b e Bt R PR BaRurl e e B
confined 188t Radhetilold ecame deneecpuvarablieanplHituwte 51 i ihlustrafbis téie or
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input to the ADC 108 (the compensated signal) when the
compensation signal 115 illustrated in Figure 2d is subtracted
from the TA-affected signal illustrated in Figure 2c¢. It is
clear that the compensated signal falls within the ADC range
almost at all times, and the saturation samples are confined to
the initial periods of time it takes to initiate the compensator.
In embodiments of the invention the operational range of the ADC
108 is not varied, it is fixed. With the compensation of the
current embodiment of the present invention enabled, the number
"of errors given by the Viterbi detector 111 for this particular
case is only 4. All these four errors are part of an error burst
9 bits long, and are confined to the period of TA detection and
amplitude estimation. This error burst can be easily handled by

the error correction encoding used.



signal conprising the steps of: detecting a contribution to said data

signal by said additive signal; initially conpensatin

by maintaining a DC offset in said data signal, the initi aﬂnwmﬂm“ﬂ“ﬂm‘
DC of fset being set in dependence on said detected contri butt off; &nd" °
whi | e conpensating the data signal, deté%%lng when said conpensated dat a

si gnal exceeds a predeterm ned threshold and varying the set |evel of said

DC offsetgkﬁlgéﬁendence upon sai d detection. 2. A nmethod of conpensating
for an additive disturbance in a partial -response nmaxi nrum|likeli hood data

detectlon chan elﬁgﬁﬁgprgs é%ﬁﬁ?&ia§3£%r an déxgggguég% 91 lgagadgagna

accord|ng tot convert 1 g~ "sai npensat éd
si gnal fremgaaalogmpru61dggthalst&pa of: equalizing and detectlng sald

digital signal susibpg:a d'9' t%t#ﬁﬂlmd t¥ t gLkl d@é@&tagldﬁpa t said

partlal-response X T ood detecti on. as “cl ai nmed
in clalntaddmheV§|ﬁ19ﬁélstep of converting said conpensated data signal

from anal ogue aﬁléllatttt | coppRhisseS nga ¥Rkl BEtSakdganal ggugashaaahm@da DC
converting _said s nal u5|g %Eeanalo

§ % g E io di gi nvert%]f
having a Pfﬁ@ﬁtobEréﬁﬂén ptRafganal. sthepipndtigd levetap ﬁaF DfaPhtset
further cbephiyskeg tihedspenpdehcesiong saigaidetanted womng rdduitrien;l Gopl t o

control the in Ht‘ %%ch;[a(tht% anéagtoq,ltbe Eﬂed'cﬁ taIS 83%(?”% t?é@?: %gjetm‘ggéﬁn%allae

conpensati on o t e opera ionof the t mn
control | coppessttededata 31gnal exceeds a predetermined threeﬁolé ang

met hod as., gtgttt&dthe 28¥ 98%e f ol abag Bct efésetu,thheé e08BhES iBonORaid

varying the the dc offset, controlling the detecting step in
dependenc@e8fcEaPr# -vari ati on.

2. A method of compensating for an additive disturbance in a
partial-response maximum-likelihood data detection channel,
comprising the steps of:

compensating a data signal according to the method of claim
1;

converting said compensated data signal from analogue to
digital; and '

equalizing and detecting said digital signal using a digital
filter and Viterbi detector to effect partial-response maximum-
likelihood detection.

3. A method as claimed in c¢laim 2, wherein the step of
converting said compensated data signal from analogue to digital
comprises sampling said analogue signal and converting said
sampled signal using an analogue to digital converter having a

fixed operational range.

4. A method as claimed in claim 3, further comprising the step
of using a gain and timing control loop to control the input to
the analogue to digital converter wherein during the compensation
of the data signal, the operation of the timing and gain control

loop is frozen.



6. thod as claimed in claim2 or any precedi ng cl ai m dependent upon
cIa|m2 V\herﬁmmmllmumlﬁl filter is a finite inpul se response filter.
7. A net hod im6 when dependent upon claimb5, wherein the
step of controrllng he detecting step in dependence on said variation
conpri ses |ncrenent|ng the difference n##tic used in the Viterbi detector

conputatl ns | ence upon e.finite inpulse_response filter
coefficie ts o giﬁanﬁﬁaéiﬁﬁW%é;+%S%B¥SQHF|PFeF1a1W§ 2 A9ret hodugsher

cl ai red i coapyipiagedi pg clarminghethen the snepemf w8rythe the S@Efb@%®'

of the DC Lncl S .1.1ng t riation in.the set leve

of said 688%§?§%%595 ggg 28%%?%%58a§@8§a?§9 ﬁngnycSrggeﬁ?ﬁ EREfALion.
wherein said step of detecting a contributlon to said data signal conprises

det ecti nggwhenat hgediRye! 287 Sahdlpt 8nSi In N3s gxcg e%&aec@cﬁiq'? erc'f[‘aned
detection_threshold, for a predetermne ratlon met
cl ai med i ASRPRARNY, URABr €1AlBaRd VAPTEAR ﬁé\’f@l deagl‘éaldfgtt@rf et ai §1n1te

dependent impabséardspyacededipeedet ermi ned detection threshol d. 11. A
method as clained in claim9 or 10, wherein said exceeded predeterm ned
detection threshold is one of a plurality of predeterm ned detection
threshol d3.  A2metthodt 4o dcksimddi iredliaimaey wheec ddpagdehai ﬁpoﬁh@ﬂ.@.'lﬂ\ the

coepont ot Byt e Sl eb S cchlc S 08 OHle Bl B ATRRTEH, 5 h0Pg R ence

predetern?%eﬁaédrﬁﬁréﬁtlon comprises incrementing the differen@é metric
used in the Viterbi detector computations in dependence upon the
finite impulse response filter coefficients of the finite impulse
response filter.

8. A method as claimed in any preceding claim, wherein the step
of varying the set level of the DC offset includes effecting a

stepwise variation in the set level of said DC offset.

9. A method as claimed in any preceding claim, wherein said’
step of detecting a contribution to said data signal comprises
detecting when the level of said data signal has exceeded a

predetermined detection threshold, for a predetermined duration.

10. A method as claimed in claim 9, wherein said initial level
of said DC offset is dependent upon said exceeded predetermined
detection threshold.

11. A method as claimed in claim 9 or 10, wherein said exceeded
predetermined detection threshold is one of a plurality of
predetermined detection thresholds.

12. A method as claimed in any preceding claim, wherein the step
of varying the set level of the DC offset is dependent upon the
compensated data signal exceeding said predetermined threshold

for a predetermined duration.



13. A method as clained in any one of clains 1 to 10, V\/nereln sald step of
conpensating the data signal conprises adding or subtra “J ’r

said DC offset fromthe data signal. 14. A method as 'ﬁ’ml m"m'”m
precedi ng claimwherein said additive si gnal has a fast Fise and®s *
decay, wherein the polarity of said init DC offset is opposite to the
sign of t var. of the s | eyel of the DC qof fset. 15. A nethod for
correcti nggf qdecﬁ% aJc‘H% nb? 28BePPEi 85 Ghaims dr &ge Idevivtierein
conpri si n@atnkﬂe stethodf otompygnpaedadi npeCl@ita gLl nce@ ngéba asidl é§

i o Cher DSt MY G SRET pHRE e By S S'r&”&%@eﬁ%f’%ﬁ&ﬁ?a

wherein said data S|gnal i's processed by an analogue to digital converter

wherein t pred ed.t er rdan evvrththe
oper at i on?flQ ra%g?%mﬂeggngl%&egdtjoi% Qﬁ%, r£léeo%r%\(/aelr er V\%e'{r?e RefRan sald
conpensat éddddiyesi giemal s haghst afiephl Iry-srﬁal andi séawwiddday t heheperat itdreal -

range of palcran3! egusalig Shotidl sEVEIdA! is oﬁ%os@t@eEBOQths:[fﬁl%f]gche
i nformati on_st.ored on.a storﬁ%ycﬂgv corrgorrsrnq: readi ng t

st or age dé{\%xé’é'ntgooofﬁ’t‘?cege&n £yl gﬁiﬁgtd%ﬁ e conpensat i ng sai d
data signal according to the nethod of any one of clains 1 to 16. 18. A
met hod of jreading tQr d Qn_a rage device as cl

claim17, \?/herg‘r n“{r gglg)ﬁtflognt %é)(%st Stage déd ce% (‘Ja‘rrplelf3§§che O%Iea(’frq’r‘?&"%ﬁl
magnet i ¢ ASihemitviesh em WRsrlr@er@ge d@l%mthmprmélngertmml mt;leasdtysf any
conpensat 98 ualing 1AR8! A dih &aéaegn%/géﬁgi Lhee gdggg) 'd Aid

the steps of: tectin errra asperi Si gna
and est|n§$pﬁ@gq5§qyﬁﬁetg ;sald additive signal is produced by sald

thermal asperities.

16. A method according to any preceding claim, wherein said data
signal is processed by an analogue to digital converter, wherein
the predetermined threshold is determined in accordance with the
operational range of the analogue to digital converter wherein
the compensated data signal is substantially maintained within
the operational range of said analogue to digital converter.

17. A method of reading information stored on a storage device,
comprising:

reading the storage device to produce an analogue data
signal;

compensating said data signal according to the method of any
one of claims 1 to 16.

18. A method of reading information stored on a storage device
as claimed in claim 17, wherein reading of the storage device

comprises the reading of a magnetic medium with an MR head.

19. A method of thermal asperity compensation using an analogue
to digital converter, the method comprising the steps of:

detecting a thermal asperity signal and its polarity, and
estimating its amplitude;
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27 estéglpi shing a thermal asperity node to respond to the detected

t hermal asperi i ng cancelling of a constant DC | evel from
the signal lnpﬂ“‘“““l“‘“llﬂ“ﬂllﬂu‘m to digital converter to produce a

resul tant signat, the mdgnftude of the DC_| evel being deternined b the
thermal asperity anplitude estinmate; 27det ect | ng the tines during the

thermal asperit e at. which the resultant.signal, exceeds the operational
range of the ar%t(r)%%el% T of't eﬁthec‘g?ﬁ(;‘ler?ﬁperﬁt}i % i £9 FSsEand £ tHhe
of the esteatmtcrddarplarmede adfpdariecyther mal asperity signal and then,

cancel ling the ;DG4; | d . t ; [ t he t her mal
asperity node \i?ﬂl?lgr# lt%h\{:grﬁiaﬁg&gﬁiilggffé u%eﬂsca}:cﬁ(ntt 5 CZZ%‘%QP‘ P’%ﬁ‘.“ %?‘rﬁlrﬁ)rba]of
t her mal adp®@ytt focbhperRal eove 4 digiiked convexiterl9e pisvduca gyaieswcthnt

timng cortii@lall,00thd OmsSRt ¢ @det BE ichRUY éxh-;elag@i u Lalja
converter lbgl?ei n duri n§§ﬂtghe t?\,ermal as;l)?griolty node trﬁ% %%%?gﬁ?%%? lck))fy ttf{lae
timng an {%&i"ﬁlc@rﬁpredql YoSArRdrid udeAstimate; A nethod of thermal asperity

conpensati on asletlezitibgy | thel aifedd Qridly UShEJ tacpAkll &lsPaSPORSRERXIJUM
likeli hoog] q%the%ihi on dai%ﬁcr%annel t]_favi ré%&% finite i ?ul,se response filter
and a Vit eFBi d&CSCrSr SN RE TSR It FRERSe sy OPeRG tiRBadt ddtiie Shditey a
si gnal toanhdogiueertsi ddgti¢eflocomvesdelr step pblaaicel bppgstite BG lewal 4o
conpensat 0 n hEB S ' 22, A _nmethod. a
clained i Eh%I Egﬂ:ﬂﬁ%f%@%ﬂ%ﬁg?.%t?ﬁg é?e%'ﬂl%l?{%%ﬁn{ﬁ%g?a |er{:gl %F%ﬂ{ga%cr‘?é}?gé:%%'t he
resul t ant C8PGRAL iag the WG diepielddire@t@psc s $oszero; sending the signal

to the Viterbi sdejpGher i achb¥ahe aspRUy (RS &Hé&@; Eg;e""*‘r?é ellé'vgi i [eng

nunber of fi.nit npul se response filter coéfficients; ncreme
t he diffeF&ﬁB&e%n%FF tPs&&% the Viterbi detector conputations by the
finite inpul se response filter coefficients for the follow ng N+1 cl ock
cycl es. 20. A method of thermal asperity compensation as claimed in
claim 19, using a gain and timing control loop to control the
input to the analogue to digital converter wherein during the
thermal asperity mode the operations of the timing and gain

control loop are frozen.

21. A method of thermal asperity compensation as claimed in
claim 19 or 20 using a partial-response-maximum likelihood
detection data channel having a finite impulse response filter
and a Viterbi detector, the method further comprising the step
of sending a signal to the Viterbi detector at each step of
cancelling the DC level to compensate for the change in the
resultant signal.

22. A method as -claimed in claim 21, wherein the step of
compensating for the change in the resultant signal at the
Viterbi detector comprises:

sending the signal to the Viterbi detector to activate a
modulo (N+2) counter where N is the number of finite impulse
response filter coefficients; and

incremeting the difference metric used in the Viterbi
detector computations by the finite impulse response filter
coefficients for the following N+1 clock cycles.



28 23. Circuitry for conpensating for an additive signal in a data signal,

conpri si ng: an input for receiving said data signal;
conbi ning the data signal and a corrpensation signal to proJmulliulﬂ!mlmmII
si gnal ; an output for outputting said output signal; arfd © *
conpensation nmeans for receiving said o&%ut signal and providing said
conpensation signal, said conpensation nmeans being adapted to detect a
contribut?dn tBIEEPALEH POF SPHPRPSRYIRG| FPRAN B ighS1LINed & asdpda
corrpensatgp@nélgnabmfjglgmngmt|aI DC offset to conpensat e t he out put
signal, the initial g of sai.d.DC offgtet:.l gei ng set in dependence on said
detect ed cont r PButPBHE &R WRFEAVELIpERLS: R put signal, to detect
when said conpansammdro&bmumcmhynﬂngnuhﬂxﬁaua[Bighabrmeed tbmpehebdlamd
to vary the ai S dependence upon said detection.
24. Circuft égias{-‘% §r°8{iclgn & ggmg%% gﬁgb?% conpri si ng: a sanpl er
and anal ogue tandbgtpak éomveuteuttgngcenudrpuﬁgu§asé9@aﬂpuﬁusignal to a
digital signal comgeggaeleﬁ' qn@ml, ogye R diigi! tr@\/é‘aomestleputassf?ﬁueena

i terbi ect or

operating rang gital filter and
ef fect | ngpsaw-dang %:s%m@eﬁh%atmﬂﬁ FRRBPLh 0B A ATRIVIR PR MIGRTA Bedag

signal . ad8Rpt&Hr bl Hé)ﬁe@% el aﬂdmlﬁutclcﬁi MR 3Hld Zutpul t HEGnEONBY Bl
gain and ti to cont.r t he out t si nal. ipput to the

cont.r ol
anal ogue £9 %ngFaFl%‘ﬁ%e & SSkhéih Ct'ﬁﬁ‘ STbEEht F8nBf lPPrélal
out put sipoabffsbe opecampensabé the bunpny amgnght nthennnd)tlbmoneanea of
frozen. cu S | f | 23 25
dependent %gonqe{: ‘Sié%?@f uﬁr%%&egeg%én%rﬁsr}l}/ngé |e(r310u rymraels o%gl vedf\gg%%ted
vari at i onsonhrthetsen | ane | winfl & giopgsnsetfiae the mmelsxmw tter Bietect
detect Or . yheR 7 -sfdd CHbhp¥nga tekal TRt EidnM24eLbcdly RY eﬁ?@lﬂ@ﬁe?‘hﬂh@d

when dependent Eon clarm 24, wherein saiddigital filter is a finit
hreshold and to vary the set level of said DC offset in

dependence upon said detection.

24. Circuitry as claimed in claim 23, further comprising:

a sampler and analogue to digital converter for converting
said output signal to a digital signal, wherein said analogue to
digital converter has a fixed operating range; and

a digital filter and Vitexrbi detector for effecting partial-

response maximum-likelihood detection on said digital signal.

25. Circuitry as claimed in claim 23 or 24, further comprising
a gain and timing control loop to control the output signal input
to the analogue to digital converter, wherein during the
compensation of the output signal, the operations of the timing

and gain control loop are frozen.

26. Circuitry as claimed in any one of claims 23 to 25 when
dependent upon claim 24, further comprising circuitry responsive
to the variations in the set level of said dc offset to control
the Viterbi detector.

27. Circuitry as claimed in claim 24 or any preceding claim when
dependent upon claim 24, wherein said digital filter is a finite
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29 inpul se response filter. 28. Circuitry as clainmed in claim26 or any
precedi ng claim u nﬂnrn“ pon claim 26, wherein said Viterbi detector
i s responsive t$ “ E“ﬂ he set |evel of said dc offset to increnent
the difference netricc bsetl ih t'he Viterhi detector conputations in
dependence upon the finite inpul se resp&ﬁ%e filter coefficients of the
finite inpuls reagonse filtgg. 29. Crcuitry as clained in any one of
claims 23URMbEe HREPEPASsAL A Ehnpensati on neans is adapted to vary the set
| evel of said DC offset in a stepw se manner. 30. Circuitry as clainmed in
any one of cla,ns 2 0 , el n.sahd:coppe | ri.se

t hr eshol dg%ét e% i ﬁ§tﬁ% n%ghcaly/g}]lﬁ‘ée(# ﬁﬁs?hgﬁﬁegﬁoﬁ%g{éfggg%%ﬁﬁﬁégns 3 ?)nr When
det er m ni depehdentai vpout mitaig gaéal. ewberdina fa¥dt Viiteddtier dietestidy edsol d
value.  Blo GhEgybtEY FarGheiRd iR &hel B30, 1 thar i saidl dbresheld o
detection neans further conprises second threshold detection neans for

det er mi ni HECHABANE atdreo A btEeBeRFR MEkEdEdVse Sk etnBPEr SddiThd negtector
threshol deyhiiatioRd. i@ r aepbhilenseCl@podthe cof AiitSLl.inpharRl Nrédpbnse
conpensagkog nmeans Eﬁéther co rkges control neins res§on3|v%&hglsald first
t hr eshol d- et eEt FORTFESAERFS S&t CBSi §1Rok5entRE SR SFGRIFSFo iStitial DC
of fset | evel and responsive to said second threshold detection neans to
vary sai d,gonp | sign . 3 | ' 1) ' ai '
wherei n S d ConFeRl Chtahd Sheimediip EPAAL e R1RTEY, LB 260 hitpin.
of f set | ev@ld depepeiepdt bansheanexveararted dio preatetdensaédleNedshél gaid
val ue. Bé. o£EEEHI LhYaastebadli BBAmbAnekai m 32 or 33, wherein said contro
means i s responsive to said first threshold detection neans to set said
conpensati on signal when said output signal has exceeded said first
predetermoed threshekd 8l vbaimed aimradetdidriofedlaims 23 to 29, wherein

said compensation means comprises threshold detection means

having first threshold detection means for determining when said

output signal exceeds a first predetermined threshold value.

31. Circuitry as claimed in claim 30, wherein said threshold
detection means further comprises second threshold detection
means for determining when said output signal exceeds a second

predetermined threshold value.

32. Circuitry as claimed in claim 31, wherein said compensation
means further comprises control means responsive to said first
threshold detection means to set said compensation signal to an
initial DC offset level and responsive to said second threshold
detection means to vary said compensation signal.

33. Circuitry as claimed in claim 32, wherein said control means
sets said compensation signal to an initial DC offset level

dependent on said exceeded first predetermined threshold value.

34. Circuitry as claimed in claim 32 or 33, wherein said control
means is responsive to said first threshold detection means to
set said compensation signal when said output signal has exceeded

said first predetermined threshold value for a predetermined



30 duration. 35. Circuitry as clained in any one of clains 32 to 34,
wherein said control neans is responsive to said second U"Jmmmmﬂlwﬂg gjon
nmeans to vary said conpensation signal when said output m,ed
sai d second predeterm ned threshold value for a predeter m nell durdtidn. *
36. CGircuitry as clainmed in claim30 or ¥y precedi ng cl ai m when dependent
on cl ai mgo, wherein said first predeterm ned threshold value is one of a
plural it y9Bfahie8et er ni ned threshol d val ues. 37. Circuitry as clained in

claim 31 or any precedi ng cl ai mwhen dependent on claim 31, wherein said
first predeterm.ned.threshol d val ye,has an opposite ,polarity to sajd second
predetermgﬁéd ?ﬁf&?ﬁg}FH 75 Ga2ime s.lnd‘?%ﬁl%‘%)fi&]a%}%& 5P Cltai MbsFeI™
any precedandg ctantrehemempendaent respohaines, tohaesxid seicdrmelt phtresihgnal
s a sanp [ I | I | rises at | east
one threshlg?géggtg gc?%gggf\gé gﬁ%%%? goggﬂgéﬁ%%g?gn@@a%%fgeﬁ tsraﬁigu&péﬁ d
in clai m 833gnahkches rexereddd mald reeondl Predeeeribne dezinse sturid ivedaia for

pl uralityaobrbheeehalidedetRehei®neach having an associated counter wherein
each detector has one of a first plurality of predeterm ned threshold

val ues and each counter counts the nunber of sanples of the output signal

exceedi ng3the thireshely sal dtabdfied tin 29306 abeartéﬁfﬁi@&di.eig?@l%&m whiefr
edet.erm ne

Circuitry cl.aimed in clai.m 39, wherein, said pr d duration is
det er ni neggaﬁrelﬁep Ego%oc&nﬁuér? 3:?5388?5?%8 W{‘iaéalﬁsﬁr 8§ﬁ81@5‘e6§'t16’9%0?:hﬁ3§ihﬁ&dt he
| onest of vaaid fisr snepbdr al pilyrefl ipye dét predete rtiineshahdestlales vaxaaeds a
predet erm ned count.
37. Circuitry as claimed in claim 31 or any preceding claim when
dependent on claim 31, wherein said first predetermined threshold
value has an opposite polarity to said second predetermined
threshold value.

38. Circuitry as claimed in claim 30 or any preceding claim when
dependent on claim 8, wherein said output signal is a sampled
signal and said threshold detection means comprises at least one

threghold detector and at least one counter.

39. Circuitry as claimed in claim 33, wherein said first
threshold detection means comprises a plurality of threshold
detectors each having an associated counter wherein each detector
has one of a first plurality of predetermined threshold values
and each counter counts the number of samples of the output
signal exceeding the threshold value of its associated threshold
detector.

40. Circuitry as claimed in claim 39, wherein said predetermined
duration is determined when the counter associated with a
threshold detector having the lowest of said first plurality of

predetermined threshold values, exceeds a predetermined count.

41. Circuitry as claimed in claim 39 or 40, further comprising

first reset means for resetting said plurality of counters.



41. CGrcuitry as clainmed in claim39 or 40, further conprising first reset

means for resettl ﬂmm,mm of counters.
31 42. CGrcuitry l H " ',alm41 further conprising polarlty

detection nmeans for' détektithg sthe pol ari{y of said output signal, wherein
said first reset neans is enabled responsive to said polarity detection

means. 43.. Cdiglinh-As a¢l aLgdnby clai m r gny I.ng when
dependent on cl é:l m §1 yfaurt her coﬁprl le'n atfri)l tqul1 de@%ﬁ%ﬁn@%@@mng
det ect i ngPPHérﬂGD’arqi%‘}e%‘Flgﬁl Fegasputosi gﬁéleCtéale e opelemigshodfl said

det ecti onotfepile CeHBhiadl, NJwhetBiAshebfdadet edor Aadig R aspc0NG enabled
predeterm ned threshol d val ue and .an %ssom gt ed counter for counting the

nunber of TSSREPELVEr toh&add AL YA [ASHF B M8 St-he second

predeterm ned threshol d vaI ue, sai d second t hreshol d detecti on neans being
enabl ed |n res S ol ar tectLgn _neans. 44, . Crcuitry _as
claimed i Ao¢l ale% Sutt%@f ? Toh é %lrf ﬁg'aslé[}:égd ¥ LYY BRSGRAIRG il
sai d coundepeadensi a{-‘bredCilvatLh t3ﬁe sémotlhlepr@daﬁmmsnngd pdirasihioy d dealede.i on
45. O I CUkbYsadil AAOBLCE IndNEnON G o) Toe 2t 8 géﬁztﬁftapgfggaiff theq

conmpensation of a_ thernal aﬁgerltyln uc additrv
appar at usSEEPRFeEBY R§LPARCFRBEFBHOR Mepa RS Q%?m“ql@mmﬁh@@ﬁpplsi dgtector

readi ng nRagsngor éé&dhﬁgp&@@eﬁé@h&ﬁéd”ﬁﬁkéghéﬂé 95@@@0589 aﬂ ag%b%&%%e%?ta
si gnal ; ain neans nt rol t he anplitude o

C
anal ogue EQPBQEFQESF Countlegr Eﬂ?t PV‘“E?’CCP& ﬁﬁ[ﬂpiﬁsaﬁ pheceutrytcisdigmatlor
recei vi ngwbacl dateesd gthle asecqiddpticds taitndtcaut tBr@8Rbld val @), argliggue

to d'g'tage88ﬂﬁe E&%sﬁg-dxﬁéegéé{ghtggaggakogng enabled in response to

said polarity detection means.

44. Circuitry as claimed in claim 43, further comprising second
reset means for resetting said counter associated with the second
predetermined threshold wvalue.

45. Circuitry as claimed in any one of claims 23 to 44, adapted
for the compensation of a thermal asperity induced additive
signal.

46. An apparatus for reading information from a storage medium
comprising:

reading means for reading the storage medium and producing
an analogue data signal;

gain control means for controlling the amplitude of said
analogue data signal;

circuitry as claimed in any preceding claim for receiving
said data signal and producing an output signal;

an analogue to digital converter for converting the analogue
output signal to a digital output signal; and

equalization and detecting means for recovering said

information from said digital output signal.

47. An apparatus as claimed in claim 46 when dependent on claim



output signal to a digital output signal; and equal i zati on and
detecting nmeans for recovering said information from said-digital output
si gnal . 47. An apparatus as claimed in claim46 when dependent on claim

32 31, wherein the second predeterm ned threshold vaI ratus
for conpensating for an additive signal in the data si ﬂm”mm@g@i
by the operational range of the anal ogue to digital converters
apparatus as clainmed in claim46 or 47, ¥herein t he conpensati on means

n

provi des a control signal to sald detec% g nmeans on varying the

oy one. St Idbeln! bi SLEOaC RS ntd (R-ARSIA. U505 el IR
cont rol §PQ§§BUH§(ﬁQ%ﬂﬁQmB%mﬂagamg tont pol adeHnsiven sigrahgisakttle data

conpensakkghadi,onal ddtévhidid vy Eﬁéoéééfét+gﬂ§i’r ﬁ%g ankhgléﬁgygﬁge
bei ng asserted ,until said conpensation signal I1s re edin step
manner t&5°9z&8igital converter.

48. An apparatus as claimed in claim 46 or 47, wherein the
compensation means provides a control signal to said detecting

means on varying the compensation signal in a stepwise manner.

49. An apparatus as claimed in any one of claims 46 to 48,
wherein the compensation means provides a control signal to
disable said gain control means on setting said compensation
signal to an initial DC offset level, said control signal being

asserted until said compensation signal is reduced in a Stepwise
manner to zero.



