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. THE | NVENTI ON This invention relates generally to the field of
information storage and nore particularly to an automatic gai R r

circuit and mnet hod. BACKGROUND OF THE | NVENT

conput er hardware and softmare technol ogy continues to progress, the need
for larger and faster mass storage devices for storing conputer software
and data continues to increase. Electronic databases and conputer
applications such as nultinmedia applications require |arge anounts of

AUTOMATIC GAIN CONTROL CIRCUIT AND METHOD

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to the field of
information storage and more particularly to an automatic
gain control circuit and method..



di sk storage space. - To neet these ever increasing demands, the hard
.di'sk drive (HDD) continues to evolve and advance. Sone of the early disk
drives had a maxi mum storage capacity of five nmegabytes and used fourteen
inch platters, whereas today's HDDs are commonly over one gi gabyte and use
3.5 inch platters. Advances in the anpbunt of data stored per unit of area,
or areal density, have dramatically accel erated. For exanple, in the
1980's, areal density increased about thirty percent per year while in the
1990' s annual areal density increases have been around sixty percent. Areal
density may be increased by increasing the rate at which data nay be stored
and retrieved. The cost per negabyt@& of an HDD is inversely related to its
areal density. In general, mass storage devices and systens, such as
HDDs, include a nagnetlc storage nmedi a, such as rotating disks or
platters ) ) heads, an actuator, a pre-anplifier,
a read cha ervo controller a menory, and control
circuitry to c@rst coinpwml:' d‘peqdalarénam safswepp aﬂqhm@l?mbrmﬂt}nilﬁﬁerface
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read, and s {0 O erations when storing and retrieving data. A typical
HDD perfor storage space. 3  wite operation by

transferring dat®o fmesh o Hess emtzer:i:measongt dewande ol the rkagd [disk The
control cirgpiddy(Hi®" continues to evolve and advance. Some of the

early disk drives had a maximum storage capacity of five
megabytes and used fourteen inch platters, whereas today's
HDDs are commonly over one gigabyte and use 3.5 inch
platters. Advances in the amount of data stored per unit
of area, or areal density, have dramatically accelerated.
For example, in the 1980's, areal density increased about
thirty percent per year while in the 1990's annual areal
density increases have been around sixty percent. Areal
density may be increased by increasing the rate at which
data may be stored and retrieved. The cost per megabyte of
an HDD is inversely related to its areal density.

In general, mass storage devices and systems, such as
HDDs, include a magnetic storage media, such as rotating
disks or platters, a spindle motor, read/write heads, an
actuator, a pre-amplifier, a read channel, a write channel,
a servo .controller, a memory, and control circuitry to
control the operation of the HDD and to properly interface
the HDD to a host or system bus. The read channel, write
channel, servo controller, and wmemory may all be
implemented as one integrated circuit that is referred to
as a data channel. The control circuitry often includes a
microprocessor  for executing control programs or
instructions during the operation of the HDD.

An HDD performs write, read, and servo operations when
storing and retrieving data. A typical HDD performs a



stores the data in a local dynam c random access nenory (DRAM. A control
.Ccircuitry processor schedules a series of events to allow the information
to be transferred to the disk platters through a wite channel. The

read/ wite heads are noved to the appropriate track and sector. Finally,
the HDD control circuitry transfers the data fromthe DRAMto the sector
using the wite channel. A sector generally has a fixed data storage
capacity, such as 512 bytes of user data per sector. A wite clock controls
the timng of a wite operation in the wite channel. The write channel
may encode the data so-that the data can be nore reliably retrieved later.
In a read operation, the appropriate3sector to be read is |ocated and data
that has been previously witten to the disk is read. A read/wite head
senses the changes in the magnetic flux of the disk platter and generates a
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generally has a fixed data storage capacity, such as 512
bytes of user data per sector. A write clock controls the
timing of a write operation in the write channel. The
write channel may encode the data so that the data can be
more reliably retrieved later.

In a read operation, the appropriate sector to be read
is located and data that has been previously written to the
disk is read. A read/write head senses the changes in the
magnetic flux of the disk platter and generates a

corresponding analog read signal. The read channel
receives the analog read signal, conditions the signal, and
detects "zeros" and "ones" from the signal. The read

channel conditions the signal by amplifying the read signal
to an appropriate level using an automatic gain control
circuit. The read channel then filters the signal, to
eliminate unwanted high frequency noise, equalizes the
channel, detects "zeros" and "ones" from the signal, and
formats the binary data for the control circuitry. The
‘binary or digital data is then transferred from the read
channel to the control circuitry and is stored in the DRAM.
The processor then communicates to the host that data is
ready to be transferred. A read clock controls the timing
of a read operation in the read channel. The goal during
a read operation is to accurately retrieve the data with



thé lowest bit error date (BER) in the noisiest environnent.

. The goal of the automatic gain control circuit during a read operation is
to generate an appropriate output gain signal so that the read signal nmay
be efficiently and accurately anal yzed by the read channel. The automatic
gain control circuit often uses peak tracking techniques to establish an
appropriate gain to be applied to the read signal. Peak tracking involves
foll owi ng the peak of the read signal and cal culating a correspondi ng
out put gain signal in response. For exanple, if the peak is too high, the
output gain signal is reduced, ‘and if the peak is too |ow, the output gain
signal is increased. Peak tracking does not provide the desired speed
needed in high performance HDD systens. Peak tracking also suffers the
added di sadvant age of gai n overshoot and undershoot when read signals are
provi ded hayi ng hon-sin pldal mavef vel sho an hoot
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signal in response. For example, if the peak 1s too hlgh,
the output gain signal is reduced, and if the peak is too
low, the output gain signal is increased. Peak tracking
does not provide the desired speed needed in high
performance HDD systems. Peak tracking also suffers the
added disadvantage of gain overshoot and undershoot when
read signals are provided having non-sinusoidal waveforms.
The overshoot and undershoot harms overall HDD performance
by increasing the time needed by the automatic gain control
circuit to reach steady state and to provide the
appropriate output gain signal.

The problem of overshoot and undershoot is especially
troubling in more advanced mass storage systems using
magneto-resistive heads. Such advanced systems include
those utilizing discrete time signal processing to
reconstruct the original data written to the disk. In such
systems, the read signal is synchronously sampled using a
data recovery clock. The sample is then processed through
a series of mathematical manipulations using ‘signal
processing theory such as partial response, .maximum
likelihood detection. The magneto-resistive heads used in
these systems often provide read signals having
non-sinusoidal waveforms causing the automatic gain control
circuit to overshoot and undershoot. To compensate for




5 ° such problens, the automatic gain control circuit must be given nore
tinme to determne the appropriate gain. This added tinme neans that nore of
the HDD capacity nust be dedi cated to pr.oviding header information

i ncluding an automatic gain control signal. As a consequence, overall HDD
capacity is reduced because the renmaining avail able capacity for actual

data storage is reduced. In a servo operation, the servo controller is
used, while the disk platters are noving, to align the read/wite heads
with a particular track. The servo controller generates position error

signals (PES) and provides themto the control circuitry during read and
write operations. The PES relate togthe position of the heads on particul ar
tracks so that the heads can be properly positioned for both read and wite
operations. The PES are generated by reading information fromthe disk

called a servo wedge. Cenerally, each sector has correspondi ng.servo
wedge. The SR @ § mdihea P OFRE LG 0gRLR 0ROBF X P heS HESY: “‘I"r?é‘ &t omat i ¢

gai n cont r ofieés Chbte Mymdetd sadtérmiynnetln capprepniatpaigaisi.gnathiso t hat
t he servo \/\gggeed n@xmgemgggge e el ePYod hE’hfef-IﬁB ogey lbq_lt&ermust be

Probl ens arise whe tIc galn contr,

clrcui usi_n 8eak tracki ng
t echni ques fiedigakrd otge ¥R ing cherderyint QF&ﬁEFDnTH@s"&"%ﬂ'

ul timat el y AGEOhAtLiE g@ﬂuC@dht:}dﬂDsmaam ths a cémseduencesedvexdble with
respect i CERESISRALLEY AL Mo SRIAA Xne PERaLhEAK HUal LABIN dUES
may result ers

I'n-ove and In thehgeener lon of the servo gain
si gnal- whi cﬁapﬂéi'é&s%%r t#@‘—‘%qlrréaﬁéeééﬁr?ﬂ? ig tic gain control

circuit to.reachiat aadgervbabperathonauthenbeevgaconteolletr térused, nust be
e omans BhSTe BR BOBEEAFE APLRAGL g g, st TR 5

the servo hgedge With opnapaphicular Agrag - condBGuePREVC 0\FOP% iBE

capacity is gefdvaeds hessiitiont Beror signals (PES) and provides them to

the control circuitry during read and write operations.

The PES relate to the position of the heads on particular

tracks so that the heads can be properly positioned for

both read and write operations. The PES are generated by

reading information from the disk called a servo wedge.

Generally, each-sector has a corresponding servo wedge.

The servo wedge indicates the position of the heads. The

automatic gain control circuit may be used to generate a

servo gain signal so that the servo wedge may bé properly

read by the servo controller.

Problems arise when an automatic gain control circuit

. using peak tracking techniques is used to generate a servo

gain signal. These problems ultimately result in reduced

HDD capacity. As discussed above with respect to

generating an output gain signal, peak tracking techniques

may result in overshoot and undershoot in the generation of

the servo gain signal which increases the time needed for

the automatic gain control circuit to reach steady state.

The automatic gain control circuit must be given more time

to determine the appropriate servo gain signal. This added

time means that more of the HDD capacity must be dedicated

to providing the servo wedge information. As a

consequence, overall HDD capacity is reduced because the
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.data storage is reduced. O her

control

remai ni ng avail abl e capacity, or bits per inch, available for actual

probl ens arise when an automatic gain
circuit using peak tracking techniques is used to generate a servo

gain signal that is provided to a servo controller using area integration

t echni ques.

t he di sk nmust be increased so that the inaccurate position error signal

be used. As a result of this increase in track w dth,

tracks per
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remaining available capacity, or bits per inch, available

for actual data storage is reduced.

Other problems arise when an automatic gain control
circuit using peak tracking techniques is used to generate
a servo gain signal that is provided to a servo controller
using area integration techniques. The combination of
using peak tracking and area integration techniques may
lead to non-linearities in the ultimate servo response. 1In
order to compensate for these non-linearities, the width of
the tracks on the disk must be increased so that . the
inaccurate position error signal may be used. As a result
of this increase in track width, the overall number of
tracks per inch is reduced and overall HDD capacity is

reduced. This is because fewer tracks are available to
store user data.

the overall nunber
inch is reduced and overa& | HDD capacity is reduced. This
because fewer tracks are available to store user data.

S

_ ~-The conbi nation of using peak tracking and area integration
techniques nay lead to non-linearities in the ultrnate servo response.
order to conpensate for these non-linearities,
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SUMVARY OF THE | NVENTI ON Fromthe foregoing it may be appreciated that
.a. need has arisen for an automatic gain control circuit and nethod. In
accordance with the present invention, an automatic gain control circuit
and method for quickly and accurately generating an output gain signal is
provi ded which substantially elimnates or reduces the di sadvantages and
probl ems of previously developed circuits and nmethods. The present
i nvention, using area integration techniques, quickly and accurately
generates an output gain signal based on a read signal having either a
si nusoi dal or a non-sinusoidal waveform The present invention may also be
used to quickly and accurately generate a servo gain signal. The area
integration techniques used in the present invention elimnate the
non-linearities that result fromcoupling an automatic gain control circuit
usi ng peak tracking technloues to a servo controller which uses area
i nt egr at i on2YMEIEN R8N di ng to the present invention, an
aut Omlit:cc gai n st rele Gidrdgdings ipr asydbed Apprgebared i tintara megaut gain
signal for use in.a fead channe %J a tL§ GORLER! dddcuit
I ncl udes a fril%%t |a’fr & Ci ??:%l taaf}p L‘m-'%l @Pcc:étrag%?tb % rru:F zp ler circuit, and
a filter. Tmethediifi&n ageprdpncecdbithesthe r PXESEPGnANVENFiGBner3 es a
recti ]1: ! eg &dimﬁtﬂalabaiﬁl émeur“amtaddﬂr nemodu fogeqeickby amd of f set
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I nvention p Sva i%ﬁ“s’ tl % c‘yaé 'gidg%% agesegrf\‘tlo -rl:ﬁggg'ﬁ §gvant age of
t he presentqumghm(ﬁpd accurately generates an output gain signal
based on a read signal having either a sinusoidal or a
non-sinusoidal waveform. The present invention may also be
used to quickly and accurately generate a servo gain
signal. The area integration techniques used in the
present invention eliminate the non-linearities that result
from coupling an automatic gain control circuit using peak
tracking techniques to a servo controller which uses area

integration techniques.

According to the present invention, an automatic gain
control circuit is provided for generating an output gain
signal for use in a read channel. The automatic gain
control circuit includes a rectifier circuit, an adder
circuit, a multiplier circuit, and a filter. The rectifier
circuit receives a read signal and generates a rectified
read signal in response. The adder circuit generates an
offset rectified read signal or offset signal by
subtracting a threshold signal from the rectified read
signal. The multiplier circuit receives the offset signal
and multiplies the offset signal with a gain signal to
generate an error signal that is provided to the filter.
The filter then filters the error signal and provides an
output gain signal.

The present invention provides various technical
advantages. A technical advantage of the present invention



8 ° includes the ability to quickly and agccurately generate an accurate
.output gain signal or a sefvo gain signal while increasing overall storage
capacity. Overall storage capacity is increased by reduci ng the anount
of storage capacity dedicated to providing header information or servo
wedge information. Another technical advantage includes increased servo
performance which results in greater track density and hence increased
overall HDD capacity. Yet anot her technical advantage of the present
invention allows read signals having non-sinusoi dal waveforns, such as
t hose provided by nmagneto-resistive heads, to be accurately processed so
that the appropriate output gain sighal can be quickly and accurately
gener at ed. Q her technical advantages are readily apparent to one
skilled in the art fromthe follow ng figures, description, and cl ai ns.
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capacity is increased by reducing the amount of storage
capacity dedicated to providing header information or servo
wedge information. Another technical advantage includes
increased servo performance which results in greater track
density and hence increased overall HDD capacity. Yet
another technical advantage of the present invention allows
read signals having non-sinusoidal waveforms, such as those
provided by magneto-resistive heads, to be accurately
processed so that the appropriate output gain signal can be
quickly and accurately generated. Other technical
advantages are readily apparent to one skilled in the art
from the following figures, description, and claims.



whi'ch: - FIGURE 1 is a block diagramillustrating a read channel of a

.di sk drive mass storage system and FIGURE 2 is a diagramillustrating
an automatic gain control circuit of the read channel.
10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON FIGURE 1 is a bl ock diagram

of read channel 18 of a disk drive nmass storage system Read channel 18 is
used to process and condition an anal og read signal received froma
preanplifier 14 and a di sk/head assenbly 12 during a read operation. Read
channel 18 includes a variable gain anplifier 40, an automatic gain control
circuit 44, a filter 42, and a detector 54. Al of these circuit nodul es
are used during a read operation togperformvarious functions in processing
and conditioning the anal og read signal so that a correspondi ng digital
data signal nmay be provided at the output of read channel 18. The digital
data signal is prOV|ded to control C|rCU|try of the disk drive nmass storage
syst em and BRE § ' ivil Data is stored on the disks
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FIGURE 1 is a block dlagram 111ustrat1ng a read
channel of a disk drive mass storage system; and
FIGURE 2 is a diagram illustrating an automatic gain

control circuit of the read channel.
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header information may also contain servo wedge information. A
.synchroni zation field is provided in each sector that serves to separate

t he header information fromthe user data. Variable gain anplifier 40
receives the header information in the formof the analog read signal

provi ded by preanpllfler 14 and an output gain signal provided by
automatic gain control circuit 44. Variable gain anplifier 40

generates.an anplified read signal by anplifying the anal og read signal an
anount determined by the output gain signal. Variable gain anplifier 40

may be a differential analog anmplifier with variable gain
Filter 42 receives the anplified read signal and renoves undesirabl e noi se,
such as high frequency noise, and generates a filtered read signal 60.
Filter 42 may be a continuous-tinme 7th order filter designed using G C

d

conponent s s i$ %requency Filtered read

signal 60 i - . ' circuit 44 and detector 54
as a continuous- FIGﬁRslgnaB a blochudmagram gii neadnchannel 18 of 44,
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filter 42, and a detector 54. All of these circuit modules
are. used during a read operation to perform various
functions in processing and conditioning the analog read
signal so that a corresponding digital data signal may be
provided at the output of read channel 18. The digital
data signal is provided to control circuitry of the disk
drive mass storage system and then to a host or system bus.
Data is stored on the disks of disk/head assembly 12
and is organized into sectors. The data is provided from
each sector in the form of an analog read signal. Each
sector contains header information and user data, the
header information is provided to read channel 18 before
the user data. The header information is used by automatic
gain control circuit 44 of read channel 18 to establish an
appropriate gain to apply to the analog read signal when
user data is being processed by'read channel 18. The
header information may also contain servo wedge
information. A synchronization field is provided in each

sector that serves to separate the header information from
the user data.

Variable gain amplifier 40 receives the header
information in the form of the analog read signal provided
by preamplifier 14 and an output gain signal provided by
automatic gain control circuit 44. Variable gain
amplifier 40 generates an amplified read signal by
amplifying the analog read signal an amount determined by
the output gain signal. Variable gain émplifie; 40 may be



t hrough the anal og read signal . Automatic gain control circuit 44,
.variable gain anplifier 40, and filter 42 function as a control ‘| oop for
generating the output gain signal. This control |oop processes the
anal og read signal during the tine in which the header information is
provided. During this tinme, the control loop will respond to the anal og
read signal and wll settle to a steady state level resulting in a stable
out put gain signal being provided to variable gain anplifier 40.
Typically, after the header information has been provided, automatic gain
control circuit 44 maintains this stable output gain signal for use
during the processing of the anal @qg read signal containing user data by

read channel 18. Detector 54 may include only a data signal detector
or both a data signal detector and a servo signal detector.
12 The servo S|gnal detector may be referred to as a servo controller.
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synchronousidggntrol circuit 44 and detector 54 as a continuous-time
signal. _

Automatic gain control circuit 44, described more
fully below with respect to FIGURE 2, receives filtered
read signal 60 and generates the output gain signal used by
variable gain amplifier 40. In generating the output gain
signal, automatic gain control circuit 44 uses a first gain
signal, shown as Gain A, a second gain signal, shown as
Gain B, a threshold signal, and an enable signal; The
enable signal is generally provided in an enabled state-
during the time in which the header information is provided
through the analog read signal.

Automatic gain control circuit 44, variable gain
amplifier 40, and filter 4§ function as a control loop for
generating the output gain signal. This control loop
processes the analog read signal during the time in which
the header information is provided. During this time, the
control loop will respond to the analog read signal and
will settle to a steady state level resulting in a stable
output gain signal being provided to variable gain
amplifier 40. Typically, after the header information has
been provided, automatic gain control circuit 44 maintains
this stable output gain signal for use during the
processing of the analog read signal containing user data
by read channel 18.

Detector 54 may include only a data signal detector or
both a data signal detector and a servo signal detector.



sanpl ed system using.partial response, maxinmm likelihood (PRW.) detection
.techniques. The systens inplenmenting PRVL techni ques generally enploy a
Viterbi decoder inplenenting the Viterbi algorithm naned after Andrew
Viterbi who developed it in 1967. After receiving the synchronization
field, the data signal detector provides user data, in digital, parallel

format, to the control circuitry. The servo signal detector receives
fittered read signal 60 and generates a nunber of servo levels or .
position error signals corresponding to the |ocation of the head on the

di sk. The servo signal detector may function as a servo controller and may
be inplenmented using an area integiation technique where the output
signal is proportional to the area of the servo waveformor filtered

read signal 60. FIGURE 2 is a diagramillustrating automatic gain-
control circuit 44 of read channel 18. Automatic gain control circuit 44
i ncl udes a Theieeyvefsignali delectey way Pécé’PﬁSrFﬁgt EPe@8r FaB¥Vhal 60

from L : I terc&ﬂ:ﬁld.etr]? maaﬁrﬁé@daéhamﬁeuutlega.isnp&bgaabm@aﬁsés cnattm/,i ded to
vari abl e n a L T1e t| ga tro
13 |nclu§%§ 8? reé%é*%eﬁ EF EQtEQQ £n§ ?Héed read si gnal

recervin

60 from fi| chanael aﬁ-& rb%t PrPcRgsing ﬁeg'f?&l Q#@en&hat @%"Pecﬂ-%@d read
si gnal .

4 g Thété@ﬁbtf ligd d@nidres. gn&he Id‘itaprﬁgniﬂd défecttor pedeivesircuit
[Fondl™ cSnBRTRg Soek eiepes 40 s ol ¥ aschiio ER SR o
corresponding to the data stored on dlsk ead assembly i2.
The data signal detector may be implemented using any of a
variety of circuitry wusing various techniques for
extracting or detecting digital information from filtered
read signal 60. For example, the data signal detector may
be implemented as a peak detection system or as a discrete
time signal processing system such as a synchronously

sampled system using partial response, maximum likelihood

(PRML) detection techniques. The systems implementing PRML

techniques generally employ a Viterbi decoder impleménting
the Viterbi algorithm, named after Andrew Viterbi who
developed it in 1967. After receiving the synchronization
field, the data signal detector provides user data, in
digital, parallel format, to the control circuitry.

The servo signal detector receives filtered read
signal 60 and generates a number of servo levels or
position error signals corresponding to the location of the
head on the disk. The servo signal detector may function
as a servo controller and may be implemented using an area
integration technique where the output signal is
proportional to the area of the servo waveform or filtered
read signal 60.

FIGURE 2 is a diagram illustrating automatic gain

control circuit 44 of read channel 18. Automatic gain
control circuit 44 includes a variety of circuitry used to
receive filtered read signal 60 from filter 42 and to
generate an output gain signal that is provided to variable

gain amplifier 40." Automatic gain control circuit 44



the threshold signal to the rectified read signal to generate a conparison
.signal that indicates whether the rectified read signal is above or bel ow
the threshold signal. For exanple, conparator 72 may generate a digital
conparison signal which is equal to a value of "one" when the rectified
read signal is greater than the threshold signal and is equal to a val ue of
"zero" when the rectified read signal -is less than the threshold signal.
The threshold signal nay be. a programmabl e val ue that can be provided over
a range of values. The conpar.ison signal is provided to a nultiplexer 76
and controls its operation. Adder circuit 74 receives the rectified
read signal along with the threshgld signal. Adder circuit 74
subtracts the value of the threshold signal fromthe value of the rectified

read signal to generate the offset signal. OQher enbodinents of the present
i nvention, not_shown in FIGURE 2, may_include other circuitry for

Y. :
det er mi ni ngiRPARGRS far Enth B%YW%WQ%C?Q ffen Fegeivcingafilirrade
threshol d séeghalignalFent Be6WDE £lter 2 atdae:&hahdymggané pigwalatb t 0 adder
CIrCUIt 74 in GR5 ld gna
t hat %?%%?% .téécoggégksg?gszgnggi ctua pé%ﬁﬁiﬁ?étrﬁf%$ eshol d
si gnal may Bbg’b?%w #8d BIOVidedepk? atdn si YMRT MAVFFRLEI (T4r e vel ues.

Aut omat i ¢ gebmparatd®l7xi rcuit 44 also receives Gaiin A and Gain B which

are provided to g fir édcgégtnm Bo-agﬂgog r&ESWVELELT ;%agnd Qiéﬁgfnd
di gi tal -to-anal og conver%

respectlveI9°mE§ﬁ4F9¥'aﬁdaéﬁ9nrQFQﬁ¥Fsbé pheephahthifignal and compares
the threshold signal to the rectified read signal to
generate a comparison signal - that indicates whether the
rectified read signal is above or below the threshold
signal. For example, comparator 72 may generate a digital
comparison signal which is equal to a value of "one" when
the rectified read signal is greater than the threshold
signal and is equal to a value of "zero" when the rectified
read. signal is 1less than the threshold signal. The
threshold signal may be a programmable value that can be
provided over a range of values. The comparison signal is
provided to a multiplexer 76 and controls its operation.
Adder circuit 74 receives the rectified read signal
along with the threshold signal. X Adder circuit 74
subtracts the value of the threshold signal from the wvalue
of the rectified read signal to generate the offset signal.
Other embodiments of the present invention, not shown in
FIGURE 2, may include other circﬁitry for determining the
difference between the rectified read signal and the
threshold signal. Furthermore, the threshold signal
provided to adder circuit 74 is shown in FIGURE 2 as being
the same threshold signal that @ is provided to
comparator 72. In actual practice, the threshold signal

may be provided as two separate signals having different
values.

14

Automatic gain control circuit 44 also receives Gain A
and Gain B which are provided to a first digital-to-analog
converter 78 and a second digital-to-analog converter 80,



val'ues. First di gital -to-anal og converter 78 and second digital-to-anal og
.converter 80 receive their respective signals and convert themfromthe

digital domain to the anal og donai n. The out put of first _
digital -to-anal og converter 78 and second digital-to-analog 80 are provided
as inputs to nultiplexer 76. Mul-ti pl exer 76 operates as a sel-ection

circuit and is controlled by the conpari son signal provided by
conparator 72. Miultiplexer 76 selects either Gain A or Gain B, as

determ ned by the conparison signal, to be provided at the output of

mul ti pl exer 76. \Wenever the conparison signal indicates that the
rectified read signal is greater thaa the threshold signal, Gain Ais

provi ded at the output of multiplexer 76. - Conversely, whenever the
rectified read signal is |ess than the threshold signal, Gain B is provided

as the output of nultjplexer Gain A and GalnBare I gnal s
that are uFlrFﬁﬁF‘éFF’ﬁdetl plﬁ;"’le’d"1 Bs L FriBd BeMgY, BF ¢ RTPEE 'B‘F%éi?gm gnal .
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Gain B, as determined by the comparison signal, to be
provided at the output of multiplexef 76. Whenever the
comparison signal indicates that the rectified read signal
is greater than the threshold signal, Gain A is provided at
the output of multiplexer 76. Conversely, whenever the
rectified read signal is less than the threshold signal,
Gain B is provided as the output of multiplexer 76.

Gain A and Gain B are gain signals that are ultimately
multiplied, as described below, with the offset signal.
The value of the signals may be eqﬁivalent but will
generally be provided at some ratio of one another.

A multiplier circuit 82 receives the output of
multiplexer 76 and the offset signal of adder circuit 74.
Multiplier 84 multiplies these two signals and generates an
error signal. The error signal is then provided to low
pass filter 86 whenever enable switch 84 is closed. Enable
switch 84 is controlled by an enable signal. The enable
signal typically closes enable switch 84 when the analog
read signal contains the header information. This normally
occurs before user data is provided from a sector.

Low pass filter 86 receives and filters the ‘error
signal when enable switch 84 is closed. Low pass filter 86
generates an output gain signal in response. The output
gain signal is provided to variable gain amplifier 40 and



15" controls the gain or anplification provided to the anal og read
.signal. The output gain signal is an area integration of the error signal
provided by multiplier circuit 82. Once enable switch 84 is opened, |ow

pass filter 86 will maintain the | ast output gain signal generated. Thi s
signal will be provided to variable gain anplifier 40 while the anal og read
signal provides user data fromthe sector being read. Low pass filter

86 nmay be inplenmented using any of a variety of circuit elenments. For
exanple, low pass filter 86 may be inpl enmented using passive conponents
such as a resistor and a capacitor, or using active conponents such as an
operational anplifier. Low pass filbter 86 will generally be designed to
ensure | ow current | eakage so that the output gain signal can be accurately
mai nt ai ned. The output gain signal will generally be maintained throughout

the t t d ded t
v a(ral a|b|m2 ;;2??111 + rﬂﬁ Rﬁl(aersg%&n A2 a%ﬁ.&%ggagi?ﬁ hﬁré@f&@({ c}i% égféa%?lgﬁb%w ed 1o
initiated iyeadkadonahanntre m%ngame%’fﬁ'ft?d-nﬂ-ﬁoﬁns?ml nit'sem Once

t he rlead C@fl'([jltﬁb Sty ?ﬁgﬁnabbfﬁn&h@d :japl aug];auplata’pl idirenid0 82. gcel ves
an anal og rgad_ si cont.al.ni e _he r
receives th ‘é%a?'g%bair ea%fnsﬁcd'h and °%F cg’r slévﬂegéé? f:‘?&[exl: de q"rl]ti

0_generate
filtered reundintainl the. lamh omutpet ggiainc optgnsnl CQPBQWJZQ@, r eC@tifes

filtered regggnsi GAah BE prewiddd ko vaZialbld Igmvampeaﬁérem #hikecei ves
this S|gnaIH§nd reitlfles t he signa

ener at C [
si gnal ¢ 8kt ??eﬁe?% d"%rfad'hzﬁr?‘}sl%‘e%r gl\%ieg %’ ﬁ Ei&%r%%?{£34 and
conpar at or bging_réadCbnparator 72 generates a conparlson signal indicating
whet her the rectLéd:@awaﬂlpdanads |n&ygwt1@cfplbh%ﬁtéa hesﬁg afgrof he

t hreshol d . A bt racy h f h
ot fied T BRRSPY A dacybtorheRentl” of ek oAdiipng  oRY Bple ERTEGE 0011

mul tiplier &6romayt 82 implemented using passive components such as a
resistor and a capacitor, or using active components such
as an operational amplifier. Low pass filter 86 will
generally be designed to ensure low current leakage so that
the output gain signal can be accurately maintained. The
output gain signal will generally be maintained throughout
the time in which the user data portion of the sector is
being provided to variable gain amplifier 40.

In operation, a read operation is initiated in read

. channel 18 when a read control signal is enabled. Once the
read control signal is enabled, variable gain amplifier 40
receives an analog read signal containing the header
information. Filter 42 receives the analog read signal and
filters the signal to generate filtered read signal 60.
Automatic gain control circuit 44 receives filtered read
signal 60 from filter 42. Full wave rectifier 70 receives
this signal and rectifies the signal to generate the
rectified read signal. The rectified read signal is
provided to adder circuit 74 and comparator 72.

Comparator 72 generates a comparison signal indicating
whether the rectified read signal is greater than or less
than the threshold signal. Adder circuit 74 subtracts the

" threshold signal from the rectified read signal to generate
an offset signal that is provided to multiplier circuit 82.



16° Mul ti pl exer 76, as controlled by the conparison signal, provides
either Gain Aor Gain Bto nultiplier circuit 82. The Gain A signal is
provi ded when the rectified read signal -is greater than the threshold
signal and the Gain B signal.is provided when the rectified read signal is
| ess than the threshold signal. Multiplier 82 nmultiplies the value of
either the Gain A signal or the Gain B signal with the offset signal and

generates the error signal. The error signal is typically provided to |ow
pass filter 86 during the tinme in which the analog read signal is providing
t he header information. Low pass filter 86 receives the error signal

and averages the error signal to gensrate the output gain signal
Typically, once the header information is no | onger being provided by the
anal og read signal, enable switch 84 opens, as shown in FIGURE 2, which
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providing the header information.

Low pass filter 86 receives the error signal and

averages the error signal to generate the output gain
signal. Typically, once the header information is no
longer being provided by the analog read signal, enable
switch 84 opens, as shown in FIGURE 2, which results in the
decoupling of multiplier circuit 82 and low pass filter 86.
During this time, low pass filter 86 still provides the
~output gairi signal to variable gain amplifier 40 for use in
amplifying the analog read signal when user data is being
provided.

~ Thus, it is apparent that there has been provided, in
accordance with the present invention, an automatic gain
control circuit and method for quickly and accurately
generating an output gain signal that satisfies the
advantages set forth above. Although the preferred
embodiment has been described in detail, it should be
understood that various changes, substitutions, . and
alterations can be made herein. For example, a variety of
different threshold values may be provided for use in
automatic gain control circuit 44. One threshold may be
provided to comparator 72 while a different or related
threshold may be provided to adder circuit 74. Also, many
of the signals provided to automatic gain control circuit



17" 44 may be progranmabl e signals. Furthernore, the direct connections
illustrated herein could be altered by one skilled in the art such that two
devices are nerely coupled to one another through an internedi ate device or
devices without being directly connect.ed while still achieving the desired
results denonstrated by the present invention. O her exanples of changes,
substitutions, and alterations are readily ascertai nable by one skilled in
the art and could be nade wi thout departing fromthe spirit and scope of
the present invention. While the invention has been particularly shown and
described by the foregoing detailed description, it will be understood by
those skilled in the art that varioip other changes in formand detail may
be made without departing fromthe spirit and scope of the invention as

defined by the follow ng clains. 18
44 may be programmable signals. Furthermore, the direct
connections illustrated herein could be altered by one
skilled in the art such that two devices are merely coupled
to one another through an intermediate device or devices
without being directly connected while still achieving the
desired results demonstrated by the present invention.
Other examples of changes, substitutions, and alterations
are readily ascertainable by one skilled in the art and
could be made without departing from the spirit and scope
of the present invention. While the invention has been
particularly shown and described by the foregoing detailed
description, it will be understood by those skilled in the
art that various other changes in form and detail may be
made without departing from the spirit and scope of the
invention as defined by the following claims.



WHAT | S.CLAIMED | S: 1. An automatic gain control circuit conprising:
.arectifier circuit operable to receive a read signal and to generate a
rectified read signal; an adder circuit operable to generate an offset
signal by subtracting a threshold signal fromthe rectified read signal

a multiplier circuit operable to multiply the offset signal and a gain
signal to generate an error signal; and a filter operable to fifter

the error signal and to provide an output gain sign
2. The automatic gain control circuit of Claiml, ]?]M"Hmiwaﬂ ng
a conparator operable to generate a conparison S|gnal i t her

the rectified read signal is greatets than or less than the threshold
signal, and wherein the gain signal includes a first gain signal and a
second gain signal; and a selection circuit operable to provide

either the first gain signal or the second gain signal as determned by
t he conpanﬂﬁﬁﬂ—éﬁg%&ﬁlMEn—15* 3. The automatic gain control circuit of
Caim2, wherein tha aatematde gair ddnyyalyicdesutibecbmpsisiegn signal
when the conpari SHcelgna aé{}dalg]aé SheidiBie! §8 rbgELbd i #hdpnbigandl is

greater than the he automatic gain control
circuit of andita Eenemélee?-nr?ﬁﬁlgb?%c’f?% %%'t provi des the second gain

si gnal when t he aaprgderseiraiighaperable ate gerextatehan offset isignadad si gnal

's less thqut£ﬁbéigéﬁﬁﬁg($Sgﬂygghold signal from the rectified read
signal;

a multiplier circuit operable to multiply the offset
signal and a gain signal to generate an error signal; and

a filter operable to filter the error Signal and to
provide an output gain signal in response.

2. The automatic gain control circuit of Claim 1,
further comprising:

a comparator operable to generate a comparison signal
indicating whether the rectified read signal is greater
than or less than the threshold signal, and wherein the
gain signal includes a first gain signal and a second gain
signal; and '

a selection circuit operable to provide either the
first gain signal or the second gain signal as determined
by the comparison signal.

3. - The automatic gain control circuit of Claim 2,
‘wherein the selection circuit provides the first gain
signal when the comparison signal indicates that the
rectified read signal is greater than the threshold signal.

4. The automatic gain control circuit of Claim 2,
wherein the selection circuit providés the second gain
signal when the comparison signal indicates that the
rectified read signal is less than the threshold signal.



19° 5. The automatic gain control circuit of laim2, wherein the

.selection circuit is a nmultiplexer. 6. The automatic gain contro
circuit of daim?2, further conprising: a first digital-to-anal og
converter operable to receive the first gain signal and to convert the
first gain signal to an anal og signal in response; and a second

digital -to-anal og converter operable to recei ve the second—ygartn—stgnal and

€

to convert the second gain signal to an anal og si AN .

7. The automatic gain control circuit of Claim 2?1 ’H@Mﬁmmﬂﬁt gai n
signal and the second gain signal are programuabl e valc S g M8, The

automatic gain control circuit of Cll® m 1, wherein the rectifier circuit is
a full wave rectifier. 9. The automatic-gain control circuit of
Claim 1, wherein the rectifier circuit 1is operable to provide synchronous

rectification. 10, . The automati C I.n.cond LCireuld o aim1l
wherein the adde?'ci I”%hl.ﬁ talftso'?gﬁé‘rcqlﬂaé. océlgzﬁ&lat%l{%elt o#ffcs% alsr|£ g%lal by
subt r act i ngwhisreincthe| selectipnsicdaguits dm at malthpleXsiid signal .

11. The automatic gain control circuit of Claim1, wherein the read signal
is afiltered read signal.

of daim1, wheréin the ?lﬁoé%a}'tn:&cd %:Larzjaha%&f IaozLiit gﬁéééiﬁ%feeggt%g%,c' reutt

further comprising: -

a first digital-to-analog converter operable to

receive the first gain signal and to convert the first gain
signal to an analog signal in response; and

a second digital-to-analog converter operable to

receive the second gain signal and to convert the second

gain signal to an analog signal in response.

7. The automatic gain control circuit of Claim 2,
wherein the first gain signal and the second gain signal
are programmable values.

8. The automatic gain control circuit of Claim 1,
wherein the rectifier circuit is a full wave rectifier.

9. The'automa;ic gain control circuit of Claim 1,
wherein the rectifier circuit is operable to provide
synchronous rectification.

10. The automatic gain control circuit of Claim 1,
wherein .the adder circuit is operable to generate the

offset signal by subtracting the rectified read signal from
the threshold signal.

11. The automatic gain control circuit of Claim 1,
wherein the read signal is a filtered read signal.

12. The automatic gain control circuit of Claim 1,
wherein the threshold signal is a programmable value.



ZQ' _ 13. An automatic gain control-circuit conprising: arectifier
.circuit operable to receive a continuous- tinme read signal and to generate

a rectified read signal; a conparator operable to receive the rectified
read signal and a threshold signal and to provide a conparison signal in
response; an adder circuit operable to receive the rectified read

signal and the threshold signal and to subtract the threstotdsignal from
the rectified read signal to generate an of fset

_ : _ S Y tiplier
circuit operable to multiply the offset signal ar{i@i ﬂ"jmh"! Hm 0 :
generate an error signal; and a filter opera 0L error
signal and to provide an output gaigpsignal in response. 14. The
automatic gain control circuit of Caim13, wherein the gain signa
includes a first gain signal and a second gain signal, and further
conprising a selection circuit operable to Eroyide_either the first gain
signal or the sd@endABaRRtANYHEE IR GRRLEP eGLEFUL heCOBRHAF N si gnal .
15. The aut orrgt laC rgat Of LN tdigtouiity opeirable tai reddive vihararitiintbessel ect i on -
circuit prquide e _fi s | stanal n i GOHRALLSE fﬁﬁ%FH
i ndi cates that %ﬁéﬁ Pg bl?iggap%%&£5| ﬁg¥p?§f%?§§?er tﬁ%n E%e t hr'eshol d
si gnal . a comparator operable to receive the rectified read
signal and a threshold signal and to provide a comparison
gsignal in response; '
an adder circuit operable to receive the rectified
read signal and the threshold signal and to subtract the
threshold signal from the rectified read signal to generate
an offset signal;
a multiplier circuit operable to multiply the offset
signal and a gain signal to generate an error signal; and
a filter operable to filter the error signal and to
provide an output gain signal in response.

14. The automatic gain control circuit of Claim 13,
wherein the gain signal includes a first gain signal and a
second gain signal, and further comprising a selection
circuit operable to provide either the first gain signal or

the second gain signal as controlled.by the comparison
signal.

15. The automatic gain control circuit of Claim 14,
wherein the selection circuit provides the first gain
signal when the comparison signal indicates that the
rectified read signal is gréater than the threshold signal.

16. The automatic gain control circuit of Claim 14,
wherein  the selection circuit proiides the second gain
signal when the comparison signal indicates that the
rectified read'signal is less than the threshold signal.



16." The automatic gain control circuit of daim214, wherein the selection
_circuit provides the second gain signal when the conparison signal
indicates that the rectified read signal is |ess than the threshold

si gnal . 21 17. The automatic
gain control circuit of Claim214, further conprising: a first

digital -to-anal og converter operable to rece|ve_Lhe—+rr§T‘§5Tﬁ_§Tbnal and

to convert the first gain signal to an anal og si and a
second digital -to-anal og converter operable to r Eﬂ mam‘i gain
signal and to convert the second gain S|gnal to gn5|gna1 in
response. - 21

17. The automatic gain control circuit of Claim 14,
further comprising:

a first digital-to-analog converter operable to
receive the first gain signal and to convert the first gain
signal to an analog signal in response; and

a second digital-to-analog converter operable to
receive the second gain signal and to convert the second
gain signal to an analog signal in response.



18." A method for generating an output gain signal, the nmethod conprising
the steps of: receiving a read signal; generating a rectified read
si gnal ; generating an offset signal that is the difference between a
threshold signal and the rectified read signal; generating an error
signal by multiplying the offset signal and a gain signal; and

filtering the error signal to generate an output gain signal 19.
The nethod of Claim 18, further conprising the steps of: generating a
conparison signal indicating whether the rectified u i gater
than or less than the threshold signal; and umﬂllﬁllﬂm Ilg I“|5| gnal
as either a first gain signal or a agcond gai n S|gnar ih responde to the

conmparison signal . 20. The net hod of C|a|n118 wherein the read
signal is a continuous-tine read signal.

18. A method for generating an output gain signal,
the method comprising the steps of:

receiving a read signal;

generating a rectified read signal;

generating an offset signal that is the difference
between a threshold signal and the rectified read signal;

generating an error signal by multiplying the offset
signal and a gain signal; and '

filtering the error signal to generate an output gain
signal.

19. The method of Claim 18, further comprising the
steps of:

generating a cowmparison signal indicating whether the
rectified read signal is greater than or less than the
threshold signal; and '

providing the gain signal as either a first gain
signal or a second gain 'signal in response to the
comparison signal.

20. The method of Claim 18, wherein the read signal
is a continuous-time read .signal.



