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This invention relates to a nethod and circuitry for detecting and rem)w\‘ﬂug
additive transient disturbances in a data channel, and nor e partlcul arIy

to method and circuitry for detecting electrical
tenperature change in a magneto-resistive (MR n 3? '
contact of the sensor with the recording surface o etl

di sk. BACKGROUND OF THE | NVENTI ON Di st ur bances whi ch occur in a
dat a channel can be 1

OFFSET FREE THERMAL ASPERITY T/A DETECTOS/

'TECHNICAL FIELD OF THE INVENTION

This invention relates to a method and circuitry for detecting
and removing additive transient disturbances in a data channel, and
more particularly, to method and  circuitry for detecting electrical
fransients ccuseq by temperature change in a mogneto-resisﬂve
(MR) sensor due to physical contact of the sensor with the recording
surface of a rotating magnetic disk.

' BACKGROUND OF THE INVENTION

Disturbances which occur in a data channel can be
categorized as either additive or multiplicative.  An undesirable
additive disturbance signal is simply added to the information (dataj)
signal. An undesirable multiplicative disturbances or data density
change causes a modulation of the data signal.

| In.the data channel, where the signal sensing transducers, for
example mogneto—resisﬁve_ (MR) sensors are exposed to the air in the
air bearing surface of a slider assembly and a rotating magnetic disk,
addifive disturbances can occur due to physical frictional contact of
the sensors(s) with the moving recording surface of the disk. The

disturbances result from the friction-generated elevated temperature



categorized as either additive or nultiplicative. An undesirable additive
*di st urbance signal is sinply added to the information (data) signal. An
undesirable multiplicative disturbances or data density change causes a
nodul ati on of the data signal. : In the data channel, where the signa
sensing transducers, for exanple magneto-resistive (MR) sensors are exposed
to the air in the air bearing surface of a slider assenbly and a rotating
magneti c di sk, additive disturbances can occur due to physical frictional
contact of the sensors(s) with the noving recording surface of the disk.
The di sturbances result fromthe friction-generated el evated tenperature

2 (up to 120[err] C at the contact spot. This friction-generated el evated
tenperature produces a small yet sudden increase in tenperature of the MR

sensor, fof,sXMbeel @) igHE Enictlisot] hidriEfgRgaMeratéd elevated
temperature produces a small yet sudden increase in temperature of
the: MR sensor, for example in the order of 1° C averaged over the
entire sensor within about 50 to 100 nanoseconds. Due to the
nonzero temperature coefficient of resistance of the MR sensor
(approximately 0.003/°C for permalloy), the sensor resistance will
increase with this sudden temperature rise. The heat conducted into
the MR sensor from the hbt spot will diffuse slowly _10 the environment
.of the sensor, causing the resistance increase to decay slowly to the
original value. Typically, a drop to about 30% of the thermally
induced resistance change will occur in 1.5 to 5 microseconds (us).
~ Such a combination of signals and disturbances cause many
problems with signal detection in the data channel. The automatic
gain control (AGC) circuit in the channel may fade out quickly during
the transient and recover only slowly. Even if an AGC circuit were to
accommodate the disturbed signal, the thermal fransient would still
result in a peak shift, for example, the data signal is differentiated for
peak detection, and as a result of this the thermal transient will also
be differentiated. This leads o an exira zero crossing and a shift of
the zero crossing level after the thermal transient.

Fig. 1 illustrates the magnetic signal or the information signal 2 to
be detected by the MR sensor without the disturbance.



entire sensor within about 50 to 100 nanoseconds. Due to the nonzero
stenperature coefficient of resistance of the MR sensor (approximately
0.003/[err]C for permalloy), the sensor resistance will increase with this
sudden tenperature rise. The heat conducted into the MR sensor fromthe hot
spot will diffuse slowly to the environnment of the sensor, causing the

resi stance increase to decay slowy to the original value. Typically, a
drop to about 30% of the thermally induced resistance change will occur in -
1.5 to 5 mcroseconds ([err]s). Such a conbi nati on of signals and

di st urbances cause many problens wth signal detection in the data channel.
The autonmatic gain control (AGC) circult in the channel nay fade out

qui ckly during the transient and recover only slowy. Even if an AGC

circuit were tqragggmMmpdage diftoridapicd b&gneilgnalis HIStReEBLithbRASitRa!
woul d still result Tn a peak shift, for exanple, the data signal is

di f f er ent i mfedriationsidgndeleothich, ey s caussd! by dhd phyysida friagiored|
transient will also be differentiated. This leads to an extra zero crossing
and a shi f casitadiewitbribhe sensomyitheing moviag reeordingsurfacenef the disk.
Fig. 1 illustrates the magnetic signal or the information signal 2 to be
detected by thefigR3UWsEETRS twesighels. namelydhecdisturbance signal 4 plus
the information signal 2 to form tﬁe input signal é detected by the
magneto-resistive head from the MR sensor and -oddiﬂvely
combined.

Several devices illustrated in the below references are
attempied unsuccéssfully to detect the informcfion signal 4 during
the time period of a disturbance signalt 4.

US. Patent 3,566,281 discloses positive and negative peak
detection, which are offset by a constant voltage and averaged
and subtracted from the delayed input signal.

U.S. Patent 3,473,131 and 4,356,389 are other patents which do
not solve the problems of additive disturbances.

U.S. Patent 4,914,398 discloses positive and negotive envelope
detectors and a buffer which interconnects the detectors \)vi’rh a
nonlinear signcl-cndcpiive fiter. However, the device of this pctenf
introduces phase distortion which is caused by the low pass filter. The
sharp disturbance signal 5, as illustrated in Fig. 3, tends to be an
abrupt change from the steady state, and the filter response makes it
difficult to respond to these abrupt changes. In conéequence, it is

difficult to detect high frequency responses. Thus, it is difficult to



3 " In Fig. 2. adisturbance signal 4 is illustrated w thout the
*informati on signal 2. which may be caused by the physical frictional
contact with the sensor with the noving recordi ng surface of the disk.
Fig. 3 illustrates two signals, nanely ‘the disturbance signal 4 plus the
information signal 2 to formthe input signal 6 detected by the

magnet o-resi stive head fromthe MR sensor and additively conbi ned.

Several devices illustrated in the bel ow references are attenpted
unsuccessfully to detect the information signal 4 during the tine period of
a di sturbance signal 4. U S. Patent 3,566,281 discloses positive and
negati ve peak detection, which are offget by a constant voltage and
averaged and subtracted fromthe del ayed input signal. U S. Patent
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negati ve envel ope detectors and a buffer which interconnects the detectors
wi t h a noniejeediors signaltcadagysly.enspitesf the wakaptivenlow gissfiltér. t hi s pat ent
i ntroduces phase distortion which is caused by the | ow pass filter, The

shar p di st ur barlbe ardgraltos eligsinateudheatdigturibange signehdé obepcofarthgbr upt

Feapond t oNMRECISHoRvI MRS 1o RSB en T dsturbance sgnal -
occurs, namely in Fig. 3, at ti. : _

One circuit to detect when the sharp disturbance: signal occurs,
namely at t; is a threshold detector in the form of a comparator.
Such a detectoris illustrated in Fig. 4.

The comparator 100 compares the output of amplifier 104 with
the output of voltage source 102. The voltage source 102 is set at a
threshold voltage. The comparator 100 du’rpu’rs a signal when the
output of the amplifier 104 exceeds the threshold voliage. If the
threshold voltage is sufficiently high, fof example 20% of the sharp
disturbance signal 5 over the zero level of the information signal 2.
When the sharp disturbance signal 5 exceeds the threshold voltage,
a signal, for example a TA signal, output frém the comparator 100,
indicates the occumrence of the sharp disturbance signal 5.

Fig. 5 illustrates a MR head 130 connected to a precmb 100
and connected to a read channel circuit 120. .The TA signal is
activated by the sharp disturbance signal 5.

The problem with this configuration is that the circuit does not
take into consideration a DC offset of the information signal 2. The
amplifier which may be a preamplifier may cause the information

signal 2 to be biased with a DC offset voltage. This DC offset voltage



difficult to detect hi-gh frequency responses. Thus, it is difficult to

2 pmaintain group delay +Phse due to the phase distortion and ripple
+Frequency rejection sinultaneously, inspite of the adaptive |ow pass
filter.: In order to elimnate the disturbance signal 4 one of the
intended requirements is to determi ne when the disturbance signal occurs,
nanely in Fig. 3, at t1. One circuit to detect when the sharp

di sturbance signal occurs, nanmely at t1l is a threshold detector in the form
of a comparator. Such a detector is illustrated in Fig. 4. . . The
conpar at or 100 conpares the output of anglifier 104 with the output of
vol tage source 102. The voltage source 192 is set at a threshold voltage.
The conparator 100 out puts a signal when the D

effectively raises the information signal 2 to a point above the
threshold voltage causing a false indication of the sharp disturbance
signal.

Thus, it is desirable to eliminate the disturbance: signal offset”
voltage from the information signal 2 to provide for more accurate

detection of the sharp disturbance signal 5.



out put of the anplifier 104 exceeds the threshold voltage. If the threshold
svoltage is sufficiently high, for exanple 20% of the sharp disturbance
signal 5 over the zero |level of the information signal 2. Wen the sharp

di sturbance signal 5 exceeds the threshold voltage, a signal, for.exanple a
TA signal, output fromthe conparator 100, indicates the occurrence of the

sharp di sturbance signal 5. Fig. 5illustrates a MR head 130
connected to a preanp 100 and connected to a read channel circuit 120. The
TA signal is activated by the sharp di sturbance signal 5. The probl em

with this configuration is that the circuit does not take into
consideration a DC offset of the inforemation signal 2. The anplifier which
may be a preanplifier may cause the information signal 2 to be biased with

a DG of  sefyyelixage OF e REelkfien] vl tage

A circuit and method are disclosed for eliminating the offset, for
example a DC offset produced in an amplifier, or more specifically a
prestage amplifier which may be connected to a magneto-resistive
(MR} head. The DC offset may cause false triggering of a detector
which may include comparator and threshold circuit leading to false.
detection of the sharp disturbance signal. A RC circuit may be used
to eliminate this offset, while maintaining the gfoup delay of the
information signal. The capacitor may be positioned in the sig_ncl

~ path of the information signal or may be positioned in a shunt circuit
connected to the diréct signal path of the information signal.

The comparator and resistor eliminate the DC offset from the
direct signal path, leaving only the information signal.

The present invention includes an apparatus for detecting o
disturbance signal in an information signal, including a reading circuit
to read the information signal from a storage device, an amplifier
circuit to amplify the informdiion signal and to add a DC bias signal
to the. information signal. a detection circuit to detect the
disturbance signal by elimiﬁofing the DC bias signal and to output a
detection signal in response to the detection of the disturbance
signal, and a read channel circuit to receive the information signal

and the detection signal. The detection circuit eliminates the DC
bias signal from the information signal.



effectively raises the information signal 2 to a point above the threshold
Vol tage causing a false indication of the sharp disturbance signal

Thus, it is desirable to elimnate the disturbance signal offset voltage
fromthe information signal 2 to provide for nore accurate detection of the
shar p di sturbance signal 5. ' 6
SUMVARY OF THE | NVENTI ON A circuit and nmethod are disclosed for
elimnating the offset, for exanple a DC offset produced in an anplifier

. or nore specifically a prestage anplifier which may be connected to a

- magneto-resistive (MR) head. The DC of fset may cause false triggering of a
. detector which may include conparator and threshold circuit leading to

. fal se

Additionally, the amplifier circuit and the detection circuit are
connected by a signal path, and the detection circuit includes a
comparator to remove the DC bias signal from the signal path.

.Fun‘her, the amplifier circuit and the detector .circuit are
connected by a signal path, and the d_efec’ror circuit includes a

comparator connected to but short from the signal path.



- detection "

detection of the sharp disturbance signal. A RC circuit nmay be used to
elinmnate this offset, while maintaining the group delay of the information
signal. The capacitor may be positioned in the signal path of the
information signal or nmay be positioned in a shunt circuit connected to the
direct signal path of the information signal. The conparat or and
resistor elimnate the DC offset fromthe direct signal path, |eaving only
the information signal. The present inventijion includes an apparat us
for detecting a disturbance signal in an information signal, including a
~reading circuit to read the informationgsignal froma storage device, an
canplifier circuit to anplify the information signal and to add a DC bi as
~signal to the information signal. a detectlon circuit to detect the
- di sturbanc hi.as signal and to output a
%ﬁtﬁrﬁé e TS€ on of the disturbance signal,
" and a read channel circuit to receive the information signal and the
detection signal. The detection circuit elimnates the DC bias signal from

the informationFiygnalllustrates the information signal without the disturbance

signal;

Fig. 2 illustrates the illustrates the disturbance signal without the
information signail;

Fig. 3 illustrates the information signal and the disturbance signall
combined:

Fig. 4 illustrates a detector circuit for a sharp disturbance signal
of the disturbance signal;

Fig. § illustrates aread channel circuit;

Fig. 6 illustrates a read channel circuit in accordance with the
present invention;

Fig. 7 illustrates another embodiment of the read chcnnél
.circuit in accordance with the present invention;

Fig. 8 illustrates a threshold detection circuit in accordance
with the present invention; and |

Fig. 9 illustrates another threshold detection circuit in

accordance with the present invention.



7 Additionally, the anplifier circuit and the detection circuit are
tonnected by a signal path, and the detection circuit includes a conparator
to renmove the DC bias signal fromthe signal path. Further, the
anplifier circuit and the detector circuit are connected by a signal path,
and the detector circuit includes a conparator connected to but short from

t he signal path. . 8 BRIEF
DESCRI PTI ON OF THE DRAW NGS - Fig. 1 illustrates the information
~signal wi thout the disturbance 9

DETAILED DESCRIPTION OF THE INVENTION

The MR head 130 reads the total information signal é from a
magnetic recording surface and transmits the total information signal
6 to the preamp circuit 100. Fig. 6 illustrates that the preamp circuit
100 transmits the total information signal 6 with the DC offset signal to

. threshold detection circuit 110 and to the read channel circuit 120
along the main signal path.

The detection circuit 110 is connected to the preamp circuit 100
by a connection to the main signal path 102 to obtain the
information ‘signcll while the information éigncl is being transferred
from the preamp circuit 100 to the read channel circuit 120.

As illustrated in Fig. 3, the total information signal 6 'may include
the disturbance signal 4 including the sharp disturbance signal 5 to
result in the total information signal 6. |

As discussed above, the total information signal é may be
combined with the distubance signal 4 including the sharp
disturbance signal 5, as shown in Fig. 3. As illustrated in Fig. 9, the
threshold detection circuit may include a capacitor connected to
one leg of the input to the comparator 330 and connected to the
main signal path 102. A resistor 310 may be connected to the
ground between the capacitor 300 and the input to the comparator
330 to form a RC circuit. Additionolly..connec"red to another input of

the comparator 330 is a threshold voltage 340 set to approximately



signal; - Fig. 2 illustrates the illustrates the disturbance signal

Wi thout the information signal; Fig. 3 illustrates the information
signal and the disturbance signal conbined, Fig. 4 illustrates a
detector circuit for a sharp disturbance signal of the disturbance si.gnal
Fig. Sillustrates a read channel circuit; Fig. 6 illustrates a read
channel circuit.in accordance with the present invention; Fig. 7

il lustrates another enbodi nent of the read channel circuit in accordance
with the present invention; Fig. 8 illustrates a threshold detection
circuit in accordance with the present iRggention; and Fig. 9

il lustrates another threshold detection circuit in accordance with the
present invention. 9

20% of the sharp. disturbance signal 5 over the zero level of the
information signal. If the ampilifier circuit 100 outputs a DC gain offset
along the main signal path, this signal will not be transmitted to the
comparator 330, since the capacitor 300 will block the DC offsét gain
component of the information signal. Thus, the comparator 330 will

. not provide a false tipping signal based on or caused by the DC
gain offset. Since, capacitor 300 is not directly in the connection to
the read channel circuit 120 the capacitor 300 does not affect the
information signal 4 input to the read channel circuit 130, when the
voltage across the capacitor 300 exceeds the threshold voltage from
the voltage source 340.

Fig. 7 illustrates another embodiment of the present invention
with the threshold detection circuit 140 positioned between the
preamp circuit 100 and the read channel circuit 120. In this
el:nbodiment, the threshold detection circuit 140 is positioned in the
main signal path 102. - This- threshold detection circuit 140 is illustrated
in Fig. 8. The capacitor 200 is connected directly in the main signal
path l(_)2 and between the preamp circuit 100 and the read channel
circuit 120. Connected between the capacitor 200 and the read
channel circuit is a resistor 210 connected to the main signal path 102
and comparator 230. One leg of the compdrc’ror is connected to
the main signal path 102 between the preamp circuit 100 and the |
read channel circuit 120. Additionally, another leg of the

comparator 230 is coupled again between the capacitor 200 and



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The MR head 130 reads the
total information signal 6 froma magnetic recording surface and transmts
the total information signal 6 to the preanp circuit 100. Fig. 6
illustrates that the preanp circuit 100 transmts the total information
signal 6 with the DC offset signal to threshold detection circuit 110 and
to the read channel circuit 120 al ong the main signal path. The
detection circuit 110 is connected to the preanp circuit 100 by a
connection to the main signal path 102 to obtain the information signal
while the information signal is being t¥hnsferred fromthe preanp circuit
100 to the read channel circuit 120. As illustrated in Fig. 3, the
total information signal 6 may include the disturbance signal 4 including

h h i ] i e | $¢.) le i i | 6.
ne i soubs a1, ERRT ChahfieR cifcuf 120! TheapiootrSeR frofh Skl Todth « ne
s disc ab . ar T ST € . A
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include a cxppaditor eooned@demmdqg inf ekBess rcwrhéqgfrggwyé@;w% 330

and connected to the main signal path 2. Aresistor 31 conrect ed

to the grosed byt viben threshalchoidltog@ogemeraior R40uthto dhmpadiar 2930 330

to forma RC circuit. Additionally, connected to another input of the

conpar at or APV Q& TAwsignabita indicate: thab thetsharpagistorbants signal 5 has
| been detected.



10 20% of the sharp disturbance signal 5 over the zero | evel of the
A nformati iLgnal . If the anplifier circuit 100 outputs a DC gain offset
al ong the maln Si this signal will not be transmitted to the

conpar at ory’ﬂm the capaci tor 300 will block the DC offset gain
conponent Bw, jn signal. Thus, the conparator 330 will not
provide a fal se wr gnal based on or caused by the DC gain offset.
Since, capacitor 300 is n’bt directly in the connection to the read channel
circuit 120 the capacitor 300 does not affect the information signal 4

i nput to the read channel circuit 130, when the voltage across the

capaci tor 300 exceeds the threshold vol#éage fromthe vol tage source 340.
Fig. 7 illustrates another enbodi nent of“the present invention with the

threshol d Wﬁ&etlga&ir\kg&t 140 positioned between the

1. An apparatus for detecting a disturbance signal in an
information signal, comprising:

a reading circuit to read the information -signal from a storage
device; _ _

an amplifier circuit to amplify the information signal and to add
a DC bias signal to the information signat; |

a detection circuit to detect the disturbance signal by
eliminating the DC bias signal and to output a detection signal in
response to said detection of the disturbance signal: and

a read channel circuit to receive said information signal and
said detection signal.

2. An apparatus for detecting a disturbance signal in an
information signal, as in -Claim 1, wherein said detection circuit
eliminates said DC bias signal from the information signal.

3.. An apparatus for detecting a disturbance signal in an
information signal, as in Claim 1, wherein said amplifier circuit and
said detection circuit are connected by a signal path and wherein
said detection circuit includes a comparator to remove said DC bias
signal from said signal path.



preanp circuit 100 and the read channel circuit 120. |In this enbodi nent,
the threshotd-detection circuit 140 is positioned in the main signal path
102. This t heshold detection circuit 140 is illustrated in Fig. 8. The

capaci tormj mﬂ"ﬂmnﬂm'dl rectly in the main signal path 102 and between
the prea c I the read channel circuit 120. Connected between
t he capacitor 200 ahd the* read channel circuit is a resistor 210 connected
to the main signal path 102 and conparator 230. One | eg of the conparator
is connected to the main signal path 102 between the preanp circuit 100 and
the read channel circuit 120. Additionally, another |eg of the conparator

230 is coupl ed agai n between the capacii®r- 200 and the read
channel circuit 120. The DC offset fromanplifier 100 is elimnated through

the capacitor 240. Wierg I i \ @ﬁﬁﬁe
vol tage in excess of theb?ﬁl{ééﬁ?ﬂ%ﬁ%?\/é&é?%@ﬂ@ @péﬁiﬁr‘ﬁcﬁeg s ™ %on
information signal, as in Claim 1, wherein said amplifier circuit and
said detection circuit are connected by a signal path and wherein
said detection circuit includes a comparator connected to but shunt

from said signal path.

- 5. A method for detecting a disturbance signal in an
information signal, comprising the steps of:

reading the information signal from a stbrcge device;

amplifying the information signal and adding a DC bias
signal to the information signal; |

detecﬁng' the disturbance signal by eliminating the DC
bias signal and outputting a detection signal in response fo the
detection of the disturbance signatl; and

receiving the information signal and said detection signal.

6. A method for detecting a disturbance signal in cn.
\informqﬁon signal, as in Claim 5, wherein the step of detecting

includes the step of eliminating the DC bias signal from the
information signal.



set by the threshold voltage generator 240 the conparator 230 outputs a TA
.signal _to indicate that the sharp di sturbance signal 5 has been detected.

12 WHAT IS CLAI MVED: _ 1. An apparatus for detecting a disturbance
si gnal ji ' I [ signal, conprising: a reading circuit to read
the i nflmmum:l mir“mnllnprom a storage device; an anplifier circuit to
amplify the i nfofmatioh signal and to add a DC bias signal to the
i nformati on signal; a detection circuit to detect the disturbance
si gnal by

14

7. A method for defecting a disturbance signal in an
information signal, as in Claim 5, wherein said method includes the
step of positioning a capacitor between an amplifier to amplify the
information signal and a read channel circuit.

8. A method for detecling a disturbance signal in an
information signal, as in Claim 5, wherein said method includes the
step of forming a signal line between an ompli_fier to amplify the
information signal and a read channel circuit to receive said
information signal and said detection signal.



elimnating the DC bias signal and to output a detection signal in response
to said detection of the disturbance signal; and a read channel

circuit to receive said infornmation signal and said detection signal

2. An apparatus for detecting a disturbance signal in an information
signal, as in Caim1l, wherein said detection circuit elimnates said DC

bi as signal fromthe informtion signal. 3. An apparatus for
detecting a disturbance signal in an infgrmation signal, as in Caim1,
wherein said anplifier circuit and said detection circuit are connected by
a signal path and wherein said detection circuit includes a conparator to
renove said DC bias OFF$EI FREEWTHERMALI MSPERIIYh T/A DETECTOR

ABSTRACT:

A circuit for detecting a disturbance signal in and information
signal for a read channel circuit. The circuit provides a detection
signal in response to the disturbance signal that is not affected by the
effect of an DC bias éignal infroduced to the information signail.

FIGURE 6



13 4. An apparatus for detecting a disturbance signal in an
-information signal, as in Caim1l, ‘wherein said anplifier circuit and said
detection circuit are connected by a signal path and wherein said detection
circuit includes a conparator connected to but shunt from said signal path.
5. A nethod for detecting a disturbance signal in an infornmation signal,

conprising the steps of: reading the information signal froma
st orage devi ce; anplifying the informati on signal and adding a DC
bias signal to the information signal; detecting the disturbance

signal by elimnating the DC bias signal andlpytputting a detection signal
in response to the detection of the disturbance signal; and

receiving the informati on signal and said detection signal. 6. A

met hod for detecting a disturbance signal in an information signal, as in

Claim5, wherein the step of detecting includes the step of elimnating the
DC bias signal fromthe information signal
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14 7. A nmethod for detecting a disturbance signal in an information
Signal, as in Caimb5, wherein said nethod includes the step of positioning
a capacitor between an anplifier to anplify the information signal and a

read channel circuit. 8. A nethod for detecting a disturbance
"signal in an information signal, as in Caim5, wherein said nethod
I ncl udes the step of formng a signal line between an anplifier to anplify

the information signal and a read channel circuit to receive said
i nformation signal and said detection signal.
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