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the field of informati on storage and nore particularly to an autonmatic gain
control circuit and nethod for full gain restart.
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AUTOMATIC GAIN CONTROL CIRCUIT
AND METHOD FOR FULL GAIN RESTART

IECHNICAL 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 for full gain restart.



BACKGROUND OF THE | NVENTI ON As computer hardware and software

- technol ogy continues to progress, the need for larger and faster mass
storage devices for storing conputer software and data continues to _

i ncrease. El ectroni c databases and conputer applications such as multinedi a
applications require | arge amounts of di sk storage space. ~ To neet

t hese ever increasing demands, the hard disk drive (HDD) continues to

evol ve and advance. Some of the early disk drives had a maxi num st orage
capacity of five megabytes and used fourteen inch platters, whereas today's
HDDs are commonly over one gi gabytejand use 3.5 inch platters. Advances in
the amount of data stored per unit of area, or areal density, have
dramatically accelerated. For exanple, in the 1980's, areal density

i ncreased about thlrty percent per year while in the 1990's annual areal
density i nRAEXSE FhEk VENTION xty percent. Areal density may be
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operati on Gheddbyt@Dand used fourteen inch platters, whereas today's
HDDs are commonly over one gigabyte and use 3.5 inch
piatters. 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,
& 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 memory may all be
implemented as one integrated circuit that is referred to
as a data channel. Some of the more advanced HDDs may be
implemented in mixed-mode circuitry. The control circuitry .
often includes a microprocessor for executing control
programs or instructions during the operation of the HDD.




3 An HDD perfornms wite, read, and servo operations when storing and

-retrieving data. As the disk platters are noving, the read/wite heads
must align or stay on a particular track. This is acconplished by
reading information fromthe disk called a servo wedge. Generally, each
sector has a correspondi ng servo wedge. The servo wedge indicates the
position of the heads. The data channel receives this position
i nformati on so the servo controller can continue to properly position the
heads on the track. A typical HDD performs a wite operation by

transferring data froma host interfgce to its control circuitry. The
control circuitry then stores the data in a |ocal dynam c random access
menory (DRAM. A control circuitry processor schedules a series of events
to allow the information to be transferred to the disk platters through a
write channel. The HeER@emformshenike ameadpyvaudt et opepaspenat ehex ack and
sector. Fi naldokingheaddDD-&oridaingCidads Iy akr aid edssit hg18@derd r@ra t he DRAM

to the sect ing t.he wi channel . A sector generally has a fixed data
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control s théeantdichdast hracktie opBrisi ovs i rRedrmpdiishedchimnekreadifie wite

fhannel Ny eifeefacibe Hmche dhat dd19edahasésio hedgy.e eheaRiyyretrieved
ater.

| acat ed and RFh RO IR CortoRATetAd, 190 TEiste aTER PETYRad. A
read/ wite Heaggesehndicatrs chbageesitione ofigtdei cheads: of The datk platter
Feceives th o Tt L e et ante " por 05"
ind ~onest PR 3R A8 e PRE MEORSELY o e (BU RERECRE by
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control A typical HDD performs a write operation by

transferring data from a host interface to its control

circuitry. The control circuitry then stores the data in

a local dynamic random access memory (DRAM). A control

circuitry processor schedules a series of events to allow

the information to be tranéferred'to the disk platters

through a write channel. The read/write heads are moved to

the appropriate track and sector. Finally, the HDD control

circuitry transfers the data from the DRAM to the sector

using the write channel. A sector 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

digk 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



4 circuit. The read channel then filters the signal, to elimnate
-unwant ed hi gh frequency noi se, equalizes the channel, detects "zeros" and
"ones" fromthe signal, and formats the binary data for the contro
circuitry. The binary or digital data is then transferred fromthe read
channel to the control circuitry and is stored in the DRAM The processor
then communi cates to the host that data is ready to be transferred. A read
clock controls the timng of a read operation in the read channel. The goal
during a read operation is to accurately retrieve the data with the | owest
bit error date (BER) in the nojsiest environnent. Tradi ti onal
HDD read channel s used a techni que khown as peak detection for extracting
or detecting digital information fromthe analog information stored on the
magnetic nedia. In this technique, the waveformis sinply |evel detected
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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

the 1lowest bit error date (BER) in the
environment.

noisiest

Traditional HDD read channels used a technique known:
as peak detection for extracting- or detecting digital
information from the analog information stored on the
magnetic media. In this technique, the waveform is simply
level detected and if the waveform 1level is above a
threshold during a sampling window, the data is considered
a "one." More recently, advanced techniques utilizing
discrete time signal processing (DTSP) to reconstruct the
original data written to the disk are being used in read
channel electronics to improve areal density. In these
techniques, the data is synchronously sampled using a data
recovery clock. The sample is then processed through a
series of mathematical manipulations using signal
processing theory. '

There are several types of synchronously sampled data
(SSD) channels using DTSP. Partial response, maximum
likelihood (PRML); extended PRML (EPRML); enhanced,
extended PRML (EEPRML); fixed delay tree search (FDTS); and
decision feedback equalization (DFE) are several examples
of different types of SSD channels using DTSP techniques.
The maximum likelihood detection performed in several of
these read channels is usually performed by a Viterbi



processi ng theory. There are several types of synchronously sanpl ed
-data (SSD) channel s using DTSP. Partial response, maxinmum |ikelihood
(PRM.); extended PRML (EPRM.); enhanced, extended PRML (EEPRWM.); fi xed
delay tree search (FDTS); and decision feedback equalization (DFE) are
several exanples of different types of SSD channel s using DTSP techni ques.
The maxi mum | i kel i hood detection perfornmed in several of these read
channels is usually perfornmed by a Viterb

5 decoder inplenenting the Viterbi algorithm nanmed after Andrew Viterb

who developed it in 1967. The fusction of the automatic gain control
circuit, used in the read channels of DISP systens, is to generate an
appropriate output gain signal that will be used to anplify the anal og read

signal during a read operation so that the read signal nay be efficiently
and accur at degyodeal yiagd dnentthagr at@d chiduidli dlgomitHTBinfnegRi HEEHNL T O
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analyzed by the read channel. The automatic gain control
circuit may be part of a continuous-time and a sampled time
control loop and may generate a gain signal. The automatic
gain control circuit first generates a gain signal as part
of the continuous-time control loop and later generates the
gain signal as part of the sampled time control loop. When
transitioning from the continuous-time control loop to the
sampled time control loop, the gain signal should remain
somewhaé constant, otherwise, data errors may result.

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
following the peak of the read signal and calculating a
corresponding output gain signal in response. For example,
if the peak is too high, the outpdt gain signal is reduced,
and if the peak is too low, the output gain signal is
increased. Peak tracking does not provide the desired
acquisition 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 circuitry to
reach steady state and to provide the appropriate gain.
The problem of overshoot and undershoot is especially
troubling in more advanced mass storage systems using
magneto-resistive heads. Such advanced systems include



tracking techniques to establish an appropriate gain to be applied to the
-read signal. Peak tracking involves follow ng the peak of the read
signal and cal culating a correspondi ng output gain signal in response. For
exanple, if the peak is too high, 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 acquisition speed needed in high performnce
HDD syst ens. Peak tracking also suffers the added di sadvantage of gain
over shoot and undershoot when read signals are provided having
non-si nusoi dal wavefornms. The oversghoot and undershoot harnms overall HDD
performance by increasing the tinme needed by the automatic gain control
circuitry to reach steady state and to provide the appropriate gain. The
probl em of overshoot and undershoot is especially troubling in nore
advanced nddwsst onbybizing eRESEsitty megpetbruesi stheveohigilsal dstah
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added time means that more of the HDD capacity must be
dedicated to providing header information including an
automatic gain control signal. As a consequence, overall
HDD capacity is reduced because the remaining available
capacity for user data storage is reduced.

In a typical automatic gain control circuit, the time
required to acquire the output gain signal is necessarily
limited by the control loop response times of the various
control loops of the automatic gain control circuit. This
adversely increases the time required to generate and
acquire the output gain signal. The increased time

decreases overall HDD capacity that may be dedicated to
user data.



automatic gain control signal. As a consequence, overall HDD capacity is
reduced because the remaining avail able capacity for user data storage is
reduced. In a typical automatic gain control circuit, the tine
required to acquire the output gain signal is necessarily limted by the
control |oop response tinmes of the various control |oops of the automatic
gain control circuit. This adversely increases the tine required to
generate and acquire the output gain signal. The increased tine
decreases overall HDD capacity that nay be dedicated to user data.

7 SUMVARY OF THE | NVENTI ON Fromthe foregoing it nmay be appreciated
that a need has arisen for an automatic gain control circuit and nethod for
full gain restart using an automatic gain control circuit. In accordance
with the present |nvent|on an automatic gain control circuit and method
for full gai SUMMA i18QNf or rapidly and efficient]y generating

an output gain S'E‘Jﬂﬂﬁ tﬂ:—.hefdlre%ﬁﬁﬂ iRvRaYy Ba Qbﬁﬁe@iﬁédjaﬁla&n aOlHe@k!t gain
signal that properly transitio om a_continuous-time. conty
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control circeitchot.userd ngécé‘ﬁ[&r{é& hﬂ@:@ thePipR¢isdad tihilenitiehydes, a gai n
control Clrcghgbmggig. Liﬁ'%&n c1rcu1t and method for full gain
restart are provided for rapidly and efficiently generating
an output gain signal. The present invention also provides
an output gain signal that properly transitions from a
continuous-time control loop to a sampled time control loop

and is not limited to the response time of the control
loops.

According to the present invention, an automatic gain
control circuit for use in a control loop is provided that
includes a gain control circuit, an amplifier circuit, a
control circuit, and a filter circuit. The automatic gain
control «circuit may be included as part of a
continuous-time control loop or a sampled time control
loop. The gain control circuit receives a read signal and
generates an error signal that is provided to the amplifier
circuit which amplifies the error signal to produce an
amplified error signal. The control circuit provides
control or switching functions so that the amplified error
signal is provided to the filter circuit during a first
period that is shorter than the response time of the
control loop. The control circuit provides the error
signal after a second period that occurs after the first
period and which is longer than the response time of the
control 1loop. The filter circuit filters the signal to
generate an output gain signal.

The present invention provides various technical
advantages. A technical advantage of the present invention
includes the ability to rapidly and accurately acquire and
generate an output gain signal. This increases overall HDD



control circuit, and a filter circuit. The automatic gain control <circuit
.may Dbe included as part of a continuous-tine control loop or a
sanpled tine. control |oop. The gain control circuit receives a read signa
and generates an error signal that is provided to the anplifier circuit
which anplifies the error signal to produce an anplified error signal.

The control circuit provides control or switching functions so that the
anplified error signal i-s provided to the filter circuit during a first
period that is shorter than the response tine of the control | oop. The
control circuit provides the error ngnaI after a second period that occurs
after the first period and which is onger than the response tine of the
control loop. The filter circuit filters the signal to generate an out put
gai n signal. The present invention provides various technical

advant ages. shdregenicaplacadyaatagkablet borpueaentacayvent ireducingl udes t he
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by nagnetcrrﬂ%é&& &t R¥adegnefpeegistiyeeljeads, to be accurately

processed so that the appropriate output gain signal can be
rapidly and accurately generated. The present invention
may also reduce latency which improves overall performance.

8

Other technical advantages are readily apparent to one
skilled in the art from the following figures, description,
and claims.



processed so that the appropriate output gain signal can be rapidly and
-accurately generated. The present invention may al so reduce | atency which
i nproves overall performance. O her technical advantages are readily
apparent to one skilled in the art fromthe follow ng figures, description,
and cl ai ns. 9 BRI EF DESCRI PTI ON OF
THE DRAW NGS For a nore conpl ete understanding of the present invention
and the advantages thereof, reference is now made to the fol | owi ng bri ef
description, taken in connection with the acconpanyi ng draw ngs and
detail ed description, wherein |ike geference nunerals represent |like parts,
i n which: FIGURE 1 is a block diagramillustrating a read channel of a
di sk drive nmass storage system FIGURE 2 is a block diagram of an
automatic galn control circuit of the read channel ; FIGURE 3 is a bl ock
di agr am of 2&*§% 2 oriidl ' GRut omatic gain control circuit;

and FI GURE Hot S aa thbie n@odpagtamuddeﬁcbaauﬁg tde swet GiiagRf a fi r st

switch, a 539&5\9.031 Bﬁhthg écmgnq:ag\énst Elbereeg}.d %effggtraﬁgeszy\é tnorlv made
to the following brief description, taken in connection
with the accompanying drawings and detailed deécription,
wherein like reference numerals represent like parts, in
which:
FIGURE 1 is a block diagram illustrating a read
channel of ~a disk drive mass storage syétem;

FIGURE 2 is a block diagram of an automatic gain
control circuit of the read channel;

FIGURE 3 is a block diagram of a gain control circuit
of the automatic gain control circuit; and

FIGURE 4 is a timing diagram illustrating the
switching of a first switch, a second switch, a third
switch, and a fourth switch. .



10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON FIGURE 1 is a block
- di agram of read channel 18 of a disk drive nmass storage system Read
channel 18 includes a variety of circuit nodul es 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. The circuit nodul es of
read channel 18 include a variable gain anplifier 40, an automatic gain
control circuit 44, a filter 42, a sanpler 46, and a detector 54. Al of
these circuit nodul es are used during a read operation to perform various
functions in processing and conditioning the anal og read signal so that a
corresponding digital data signal nmay be rapidly and accurately provi ded at
the output of read channel 18. The digital data signal is provided to
control circuitry of the disk dri vetdass storage system and then to a host
or system bus. Data is stored on the disks of disk/head assenbly 12
and is organized into sectors. The data is provided fromeach sector in the
form of thegaagk 38 SHEN o R SR nt ai ns header i nformati on and
user data that % BFOVIO blA Sl Nﬁ%%%Fﬁﬁ read signal. The anal og read
si gnal provi des Ftf8RFeddds @n#ﬁ@ﬁgtﬂéﬁgﬁﬁﬂ Pﬁeﬁeﬁﬁecﬁééﬁeﬁa}%.Of a
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operates as RAkieff afv@ﬁemog@sm@s uggatw'g}mswm ABAdeE; LA or mat ! on

S prOV|ded by tq. anal og.rea g aln control "Circuit 44
al so nalog read signal re elved from a preampllfler 14 and

a disk/head assembly 12 during a read operation. The

circuit modules of read channel 18 include a variable gain
amplifier 40,

an automatic gain control circuit 44, a
filter 42, a sampler 46, and a detector 54. All of these
circuit modules are uséd 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 rapidly and accurately 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 the analog read signal. Each
sector contains header information and user data that are
provided through the analog read signal. The analog read
signal provides the header information and then the user
data.

Automatic gain control circuit 44 generates an output
gain signal 64 and operates as part of a continuous-time
control loop when header information is provided by the
analog read signal. Automatic gain control circuit 44 also
generates output gain signal 64 and operates and as part of
a sampled time control loop when the latter portion of the

header information is provided and when user data is

provided by the analog read signal. Automatic gain control

circuit 44 receives a filtered read signal 60 and a sampléd

read signal 62 during a read operation. Automatic gain

control circuit 44 uses filtered read signal 60 to generate



generates output gain signal 64 and operates and as part of a sanpled tine
-control | oop when the latter portion of the header information is provided
and when user data is provided by the anal og read signal. Automatic gain
control circuit 44 receives a filtered read signal 60 and a sanpled read
signal 62 during a read operation. Automatic gain control circuit 44
uses filtered read signal 60 to generate out put gain
signal 64 when operating as part of the continuous-tinme control |oop and
sanpl ed read signal 62 when operating as part of the sanpled tine control
| oop. Qutput gain signal 64 is provided to variable gain anplifier 40 and
Is used to anplify the anal og read signal. The continuous-tine control | oop
i ncludes autonmatic gain control circuit 44, variable gain anplifier 40, and
filter 42. The sanpled tinme control |oop includes automatic gain control
circuit 44, ¥&EYEbl S2HRi FigRpli f6%r WGP [PPRERTLUIT EnpPIFL 46L ablde det ect or
54, | n cgetdmaiousg t ué pdbngaoh &bgpalaw,swﬁmtfélacgaérgmntsm:
circuit 44 Y I Si (S : u ' gnal , tine
per i od val udht (el e® R or? MM eIl cluk onBBbE BLERE
second gai n R | SEBWnSAENR| P4B, 18 t RFe¥herd stYynaldrighdea gainart
signal. The ampAtifiersi@rald iisclsed td amplifpuohs amllto@" trez3idgBagnand a ded
sanpl ed rest Wolgte) 1€ :6ant.| ar; ' ' a provi de
inngn enabl e %t%%e, elllsougg\%%gi tﬁbéF%Eﬁg?bd&hcﬁ‘ggggea‘tuiﬁﬁegggﬁéwh%%ﬂ t he
header i nf orGRit¥g4 circuit 44, variable gain amplifier 40, and filter

42, The sampled time control loop includes automatic gain

control circuit 44, variable gain amplifier 40, filter 42,

sampler 46, and detector 54.

In generating output gain signal 64, automatic gain
control circuit 44 receives a clock signal, shown as CLK,
a full gain signal, time period wvalues, shown as TIME, a
first gain signal, shown as Gain A, a second gain signal,
shown as Gain B, a threshold signal, and a restart signal.
The restart signal includes a continuous restart signal and -
a sampled restart signal. The continuous restart signal is
generally provided in an enabled state, as shown in
FIGURE 4, during the time in which the header information
is provided through the analog read signal. The sampled
restart signal is generally prov{ded in an enabled state,
also shown in FIGURE 4, during the time in which the latter
portion of the header information is provided and when the
user data is provided through the analog read signal.

Variable gain amplifier 40 receives the analog read
signal from preamplifier 14 and generates an amplified read
signal in response. In doing so, variable gain
amplifier 40 receives output gain signal 64 from automatic
gain control circuit 44. Variable gain amplifier 40
generates the amplified read signal by amplifying the
analog read signal an amount determined by output gain
signal 64. Variable gain amplifier 40 may be a
differential analog amplifier with variable gain.



is-provided t hrough the anal og read signal. The sanpled restart signal is
-generally provided in an enabled state, also shown in FIGJRE 4, during the

time in which the latter portion of the header information is provided and
when the user data is provided through the anal og read signal.
Variable gain anplifier 40 receives the anal og read signal from

preanplifier 14 and generates an anplified read signal 1in response. I n
doing so, variable gain anplifier 40 receives output gain signal 64 from
automatic gain control circuit 44. Variable gain anplifier 40 generates
the anplified read signal by anplifypng the anal og read signal an anount
determ ned by output gain signal 64. Variable gain anplifier 40 may
be a differential analog anplifier with variable gain.

12 Filter 42 receives the anplified read signal and nodifies the
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Sanpl er 46°u88§§eFF§qu?P$YeredFliéaﬁ 22 may alse provide Filtered
read signal 60 is provided to automatic gain control
circuit 44 and sampler 46 as a continuous-time signal.
Sampler 46 receives filtered read signal 60, samples
the signal and provides a discrete read signal having
discrete values. Sampler 46 converts filtered read
signal 60 from continuous time to discrete time. Sampler
46 samples the signal and holds the value until the next
sample occurs. The sampling of sampler 46 is controlled by
a clock signal generated from a variable frequency
oscillator of detector 54. Each discrete value of the
discrete read signal corresponds to the value or amplitude
of filtered read signal 60 at the time the signal was
sampled by sampler 46. Sampler 46 may be implemented as a
sample and hold ciréuit, such as a circular sample and hold
circuit, that is time sequence multiplexed to detector 54.
Detector 54 receives the discrete read signal from
sampler 46, and generates a digital data signal
corresponding to the data stored on disk/head assembly 12
and a sampled read signal 62. Detector 54 may be
implemented using any of a variety of circuitry using
various techniques for extracting or detecting digital
information. For example, detector 54 may be implemented
as a discrete time signal processing system such as a
synchronously sampled system usiﬁg PRML detection
techniques and employing a Viterbi decoder.  After
receiving a synchronization field, the detector 54 provides



signal 60 fromcontinuous tinme to discrete tine. Sanpler 46 sanples the
- signal and holds the value until the next sanple occurs. The sanpling of
sanpler 46 is controlled by a clock signal generated froma vari able
frequency oscillator of detector 54. Each discrete value of the discrete
read signal corresponds to the value or anplitude of filtered read signa
60 at the tinme the signal was sanpled by sanpler 46. Sanpler 46 nay be

i mpl enented as a sanple and hold circuit, such as a circular sanple and
hold circuit, that is tinme sequence nmultiplexed to detector 54.

Detector 54 receives the discrete rgqad signal fromsanpler 46, and
generates a digital data signal corresponding to the data stored on
di sk/ head assenbly 12 and a sanpled read signal 62. Det ector 54
may be inplenented using any of a variety of circuitry using various

t echni ques fieerexdatactiing digileabct pagalilglt dbrinator et ithe Fentmdanpl e,
detector 54ckByuberynpl enented as a discrete tine signal processing system
such as a synchrgnous| anpl.ed system, usi PR detectio
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synchroni zatisg Sighdl phecelssiotd ysSemr ggtgesor 54 will generally
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processi ng syste&hy cmaexfecet""c}”:"%SIA}:T%%‘W%{I}a ;ﬁgar ZﬁlﬁseghifL%%ce°é¥#rg§u§: iggag%a,‘ such as
a finite i npynschrppipaniten circuit, a deserializer, and a variable
frequency oscillator. The equalizer receives the discrete
“read signal and equalizes the signal to generate an
equalized read signal. The equalized read signal is then
provided to the error circuit and the Viterbi decoder. The
Viterbi decoder analyzes the equalized read signal and
generates a digital read signal.

The error circuit generates an error signal that
indicates how far the equalized read signal varies from an
ideal value. The error signal may serve as sampled read
signal 62. The variable frequency oscillator receives the
error signal from the error circuit. The variable
frequency oscillator also receives a reference clock signal
and generates the clock signal and response. The clock
signal is used to control the sample time of sampler 46.

‘The deserializer receives the digital read signal from
the Viterbi decoder and converts the signal from serial
format to parallel format. Finally, the data
synchronization circuit receives the digital read signal
from the deserializer and generates a synchronization
detect signal once the synchronization field is detected.
The synchronization field indicates that user data will be
provided next. Detector 54 then provides digital data to
the control circuitry in parallel format.

In operation, read channel 18 receives the analog read
signal containing header information. The continuocus-time
control loop is used to generate output gain signal 64.
Automatic gain control circuit 44, described more fully



filter, an error circuit, a Viterbi decoder, a data synchronization
~circuit, a deserializer, and a variable frequency oscillator. The equalizer
receives the discrete read signal and equalizes the signal to generate an
equal i zed read signal. The equalized read signal is then provided to the
error circuit and the Viterbi decoder. The Viterbi decoder analyzes the
equal i zed read signal and generates a digital read signal. The error
circuit generates an error signal that indicates how far the equalized read
signal varies froman ideal value. The error signal may serve as sanpl ed
read signal 62. The variable frequenigy oscillator receives the error

signal from the error circuit. The variable frequency oscill ator

al so receives a reference clock signal and generates the cl ock signal and
response. e cl QCF signal is used to control the sanple tine of sanpler
46. Th«?e 8¥e MH&P fsgp?%rce??/egnftﬁﬁ%l?gl"t'alrerct?a’fd'e?l ghdtereSnFed’d Vit er bi
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fully restart signal is unenabled, l4utomatic gain control
circuit 44 maintains this stable output gain signal 64

until a sampled time control loop can be used to generate
output gain signal 64.

Next, the sampled restart signal i§ enabled and read
channel 18 receives the latter part of the header
information and the user data through the analog read
signal. The sampled time control loop is now used to
generate output gain signal 64. Automatic gain control
circuit 44 receives sampled read signal 62 and. generates
output gain signal 64.

FIGURE 2 is a block diagram of automatic gain control
circuit 44 of read channel 18 that is used to generate the
output gain signal 64. Automatic gain control circuit 44
functions as part of the continuous-time control loop and
as part of the sampled time control loop. When functioning
as part of the continuocus-time control loop, automatic gain
control circuit 44 receives filtered read signal 60 and -
generates output gain signal 64. Automatic gain control
circuit 44 functions as part of the continuous-time control
loop during the time in which header information is
provided by the analog read signal. During-the time in
which automatic gain control circuit 44 functions as part
of the sampled time control loop, automatic gain control

circuit 44 receives sampled read signal 62 and generates
output gain signal 64.



bel ow with respect to FIGURES 2-4, receives filtered read signal 60 and
- generates output gain signal 64 after a continuous restart signal is

enabl ed. During the time that the continuous restart si gnal S

enabl ed, t he continuous-tine 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 64 being provided to variable gain anplifier 40. After the
continuous restart signal is unenabled, automatic gain control circuit 44
mai ntains this stable output gain signal 64 until a sanpled tinme control

| oop can be used to generate output ldain signal 64. Next, the sanpled
restart signal is enabled and read channel 18 receives the latter part of

t he header information and the user data through the anal og read signal.

The sanpled tine ntrol loop.is now used tQ rate ouf ai n signal
64. Automatic gal EO%%Bf?oIgngCU|Pn&5°$ec§35§§ anpied é§i¥i§ Sgnft 62 and
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the operation of the sw1tches of automatlc gain control

circuit 44. The switches include a first switch 100, a
second switch 102, a third switch 104, and a fourth switch
106. These switches determine which signal will be
provided as an input to low pass filter 84. Only one of
these switches is closed at any given time. Control
circuit 126 receives the clock signal (shown as CLK), the
time period values (shown as TIME (Al1,A2,B1,B2)), and the
restart signal. The restart signal includes the continuous
restart signal and the sampled restart signal. When the
continuous restart signal is enabled, control circuit 126
closes first switch 100 during a first period Al. After
the first period Al and the second period Bl, second
switch 102 will be closed. When the sampled restart signal
is enabled, control circuit 126 closes second switch 104
during a third period A2. -After the third period A2 and
the fourth period B2, control circuit 126 closes fourth
switch 106. Each of the time periods are programmable
values and are related to the response times of the
continuous-time control loop and the sampled time control
loop. '

Continuous gain control circuit 144A receives filtered
read signal 60 from filter 42 and generates a
continuous-time error signal in response. Continuous gain



15 Automatic gain control circuit 44  includes a continuous
gain control circuit 144A, a sanpled gain control circuit 144B, a contro
circuit 126, a first anplifier 120, a second anplifier 122, various
switches, and a |low pass filter 84. Continuous gain control circuit 144A
and sanpled gain control circuit 144B contain the same or simlar circuitry
and are further described belowwith reference to the gain control circuit
144 of FI GURE 3. Control circuit 126 receives various signals and

i ncludes various timng circuits that are used to control the operation of
the switches of automatic gain contt®l circuit 44. The switches include a
first swtch 100, a second switch 102, a third switch 104, and a fourth
switch 106. These switches determine which signal will be provided
as an irunnch{QS¥N asqrfilter 84. Onl e of these switches is_closed at

on

any given tTne. LT 01 c]i4r4&1i?l%6r¥‘é%ﬁa‘f%sat EXEFo8RE §tgPatshown as
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error signal. During the first period Al, and as detailed
more fully in FIGURE 4, the amplified continuous-time error
signal is then provided to low pass filter 84 through first
switch 100. During the first period Al, control
circuit 126 closes first switch 100 which allows the
amplified continuous-time error signal to be provided to
low pass filter 84. The first period Al is provided at
some period of time which is less than the response time of
the continuous-time control loop. After the first
period Al expires, control circuit 126 opens first
switch 100. After the second period Bl, control circuit
126 closes the second switch 102 so that the continuous-
time error signal is provided to low pass filter 84. The
length of the second period Bl is some time period greater
than the response time of the continuous-time control loop.
Control cirguit 126 maintains second switch 102 in a closed
state until the continuous restart signal transitions from
an enabled state to an unenabled state.

At some later point in time, the sampled restart
signal, provided to control circuit 126, will transition
from an unenabled state to an enabled state. Automatic
gain control circuit 44 now operates as part of the sampled
time control loop. In doing so, sampled gain control
circuit 144B receives sampled read signal 62 from



read signal 60 from filter 42 and generates a continuous-tine
-~error signal in response. Continuous gain

16 control circuit 144A also receives a first gain signal, shown as Gain
Al , a second gain signal, shown as Gain Bl, and a threshold signal shown as
Thresh 1. The continuous- tine error signal is provided to first anplifier
120 and second switch 102. First anplifier 120 also receives a first ful
gain signal. The first full gain signal is used to control the gain of
first anplifier 120 and nay be a progranmmabl e val ue. First anplifier
120 anplifies. the continuous-time erkbr signal and generates an anplified
continuous-tinme error signal. During the first period Al, and as detailed
nmore fully in FIGURE 4, the anplified continuous-tinme error signal is then
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peri od greate
second amplifier 122 and fourth switch 106. Second

amplifier 122 also receives a second full gain signal which
is used to control the gain of second amplifier 122. The
second full gain signal may be a programmable value.

Second amplifier 122 amplifies the sampled time error
signal and generates an amplified sampled time error
signal. During the third period A2, beginning when the
sampled restart signal transitions from an unenabled state
to an enabled state, third switch 104 is closed. This
enables the amplified sampled time error signal to be
provided to low pass filter 84. Third period A2 is a
programmable period provided to control circuit 126 and
will be some time period less than the response time of the
sampled time control loop. Third switch 104, as controlled
by control circuit 126, is opened after the third period A2
expires. At this time, the fourth period B2 begins and
lasts for a period of time greater than the response time
of the sampled time control loop. After the expiration of
the fourth period B2, control circuit 126 closes fourth
switch 106. This allows the sampled time error signal to
be provided to low pass filter 84. Fourth switch 106
remains closed until the sampled restart signal transitions
from an enabled state to an unenabled state.

Low pass filter 84 receives and filters the various
error signals provided through the various switches. Low
pass filter 84 generates output gain signal 64 by averaging
the input error signal. Output gain signal 64 is provided



than the response tinme of the continuous-tine control |oop. Control circuit
126 mai ntains second switch 102 in a closed state until the continuous
restart signal transitions froman enabled state to an unenabl ed state.

At some |later point intime, the sanpled restart signal, provided to
control circuit 126, will transition from an unenabled state to an enabl ed
st at e. Aut omatic gain control circuit 44 now operates as part of the
sanpled tine control | oop. In doing so, sanpled gain control circuit 144B
recei ves sanpl ed read signal 62 from

17 detector 54 and generates a sagpled tine error signal in response.
Sanpl ed gain -control circuit 144B also receives a third gain signal, shown
as Gain A2, a fourth gain signal, shown as Gain B2, and a threshold signal
shown as Thresh 2 which are all used in generating the sanpled tine error

si gnal and twevdeseblbedainr earfpllilfyiew t40 raspecontooks GURE gainThe sanpl ed

time error §&Sﬂ§hé§t?£r@‘6ﬂﬁﬁd% ecend amphbg ﬁéadlg a?lﬁd dldrg? switch
106. Second applif] 122 a| so re ei ves a seco whi ch
i

n si aI
FeCused to COTRIDI PHFSL AT BT SRS RAGRPRI ey 109" BTRS Cier A | oni o
si gnal may belatplngrahaahhetvahugut gain Setomal a6l géneratkZ2 afgw fies the

et o | folngd o8 ABPL &8 d BT T OF
e S et e s S

when _the sa estart
signal tranSHEFBHS fiemeny uneﬁf%leéi?"?igte ﬁsﬁngbrﬁ‘ars? t'%aytl?ﬁ rd

switch 104 hispltéwmserked usihgspassive components such as a resistor and

a capacitor, or using active components such as an
operational amplifier. Low pass filter 84 will generally
be designed to ensure low current leakage so that output
gain signal 64 can be accurately maintained when all of the
various switches are open.

FIGURE 3 is a block diagram of a gain control
circuit 144 of automatic gain control circuit 44. Gain
control circuit 144 may be implemented as continuous gain
conﬁrol circuit 144A or as sampled gain control
circuit 144B, both of FIGURE 2. @Gain control circuit 144
includes a variety of circuit elements used to receive an
input signal, such as filtered read signal 60 or sampled
read signal 62, and to generate an error signal, such as
the continuocus-time error signal or the sampled time error
signal, respectively. Gain control circuit 144 includes a
rectifier 70 for rectifying the input signal and generating
a rectified read signal. The rectified read signal is
provided to an adder circuit 74 and a comparator 72.

In addition to the rectified read signal,
comparator 72 also receives a threshold signal, such as
Threshl or Thresh2 of FIGURE 2, 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 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



enabl es the anplified sanpled tine error signal to be provided to | ow pass
. filter 84. Third period A2 is a programmabl e period provided to control
circuit 126 and will be sonme time period |l ess than the response tinme of the
sanpled tine control loop. Third switch 104, as controlled by control
circuit 126, is opened after the third period A2 expires. At this tine,
the fourth period B2 begins and |asts for a period of tine greater than the
response tine of the sanpled tine control |oop. After the expiration of the
fourth period B2, control circuit 126 closes fourth switch 106. This all ows
the sanpled tinme error signal to be Y ovided to | ow pass filter 84.
Fourth switch 106 remains closed until the sanpled restart signal
transitions froman enabled state to an unenabl ed state. Low pass

filter 84 i d,filters th . d_through
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subtracts the value of the threshold signal from the value
of the rectified read signal to generate an offset signal.
Other embodiments of the present invention, not shown in
FIGURE 3, may include other circuitry 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 3 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.

Gain control circuit 144 also receives Gain A and
Gain B, such as Gain Al, Bl, A2, and B2 shown in FIGURE 2.
Gain A and Gain B may be programmable wvalues that are
provided as either analog or digital values. These gain
signals are provided as inputs to multiplexer 76.
Multiplexer 76 operates as a selection circuit and is
controlled by the comparison signal ©provided: by
comparator 72. Multiplexer 76 selects either Gain A or
Gain B, as determined by the comparison signal, to be
provided at the output of multiplexer 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. Converéely, 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,



operational anplifier. Low pass filter 84 will generally be designed to

. ensure |low current | eakage so that output gain signal 64 can be accurately
mai nt ai ned when all of the various swi tches are open. FIGURE 3 is a

bl ock diagram of a gain control circuit 144 of automatic gain control

circuit 44. Gin control circuit 144 may be inplenented as continuous gain

control circuit 144A or as sanpled gain control circuit 144B, both of

FIGURE 2. Gain control circuit 144 includes a variety of circuit elenents

used to receive an input signal, such as filtered read signal 60 or sanpl ed

read signal 62, and to generate an emoror signal, such as the

continuous-tinme error signal or the sanpled time error signal,

respectively. Gin control circuit 144 includes a rectifier 70 for

rectifying the input S|3) and eneratin% a rectified read sjgnal The
rectified r@8dispgriped idh Fhen ofdger EiPRaAtt 7EPANPLIS dMpar at or
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the rectifi ef gadd soguebl isidreds 144.

In operation, rectifier 70 receives an input signal,
such as filtered read signal 60 or sampled read signal 62,
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. Multiplexer 76, as
controlled by the comparison signal, provides either Gain A
or Gain B to multiplier circuit 82. The Gain A signal is
provided when the rectified read signal is greater than the
threshold signal and the Gain B signal is provided when the
rectified read signal is less than the threshold signal.
Multiplier 82 multiplies the selected gain signal with the
offset signal and generates the error signal. When gain
control circuit 144 is implemented as continuous gain
control circuit 144A of FIGURE 2, the error signal is the
continuous-time error signal. When gain control
circuit 144 is implemented as sampled gain control circuit
144B of FIGURE 2, the error signal is the sampled time
" error signal.
FIGURE 4 is a timing diagram illustrating the
switching of first switch 100, second switch 102, third
switch 104, and fourth switch 106 of automatic gain control



thén the threshold signal. The threshold signal may be a programuabl e val ue

-that can be provided over a range of val ues. The conparison signal is
provided to a nultiplexer 76 and controls its operation. Adder
circuit 74 receives the rectified read signal along with the threshold
si gnal . Adder circuit 74 subtracts the value of the threshold signal

fromthe value of the rectified read signal to generate an offset signal.
Q her enbodi nents of the present invention, not shown in FIGURE 3, nay
include other circuitry for determning the difference between the
rectified read signal and the threshdotd si gnal . Furthernore, the
threshold signal provided to adder circuit 74 is shown in FIGURE 3 as
being the sane threshol d signal t hat is provided to comparator
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is provided in an enabled state during the time in which
automatic gain control circuit 44 functions as part of the
sampled time control loop. The time period values are
programmable values and include the first period Al, the
second period Bl, the third period A2, and the fourth
period B2.

First switch 100 and second switch 102 operate when
the continuous restart signal is in an enabled state.
First switch 100 is closed for the first period A1,
beginning when the continuous restart signal is enabled.
This allows the amplified continuous-time error signal to
be provided to low pass filter 84. The first period Al is
equivalent to some period of time that is less than the
response time of the continuous-time control loop so that
output gain signal 64 may be rapidly increased. Once
again, the continuous-time control loop includes automatic
gain control circuit 44, variable gain amplifier 40, and
filter 42. After the expiration of the first period Al,
first switch 100 is opened and the second period Bl begins.
The second period Bl extends for a period of time greater
than the response time of the continucus-time control loop.
This allows for the effect on the continuous-time control
loop, brought about by the amplified continuocus-time error



20 as described below, with the offset signal. The value of these gain
-signals may be equivalent but will generally be provided at sone ratio of
one anot her. A multiplier circuit 82 receives the output of nultiplexer
76 and the offset signal of adder circuit 74. Multiplier 84 nultiplies
these two signals and generates an error signal. The error signal is

provi ded as the output of gain control signal 144. I n operation,
rectifier 70 receives an input signal, such as filtered read signal 60 or
sanpl ed read signal 62, and rectifiqizthe signal to generate the rectified
read signal. The rectified read signal is provided to adder circuit 74 and
conparator 72. Conparator 72 generates a conparison signal indicating
whether the rectified read signal is greater than or |ess than the

thr ejsp_olg SisgR@akhl , AddebeCi deidi .t 7I4f6éhbtfﬁ§t§xbbfat:tﬂiresd§lﬂl dhéigéadéndr omthe
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gal n cont
provided 1n an enabled state corresponds generally to the

time in which automatic gain control circuit 44 functions
as part of the sampled time control loop. |

As soon as the sampled restart signal transitions from
an unenabled state to an enabled state, the third period A2
begins and third switch before transitions from open to
closed. This allows the amplified sampled time error
signal to be provided to low pass filter 84. Third
period A2 lasts for a period of time that is less than the
response time of the sampled time control loop so that
output gain signal 64 may be rapidly increased. After the
third period A2 expires, third switch 104 opens and the
fourth period B2 begins. Fourth period B2 lasts for a
period of time greater than the response time of the
sampled time control loop. This allows for the effect on
the sampled time control loop, brought about by the
amplified sampled time error signal, to be seen. After
the expiration of the fourth period B2,'fourth switch 106
transitions from open to closed so that the sampled time
error signal may be provided to low pass filter 84. Fourth
switch 106 remains closed until the sampled restart signal
transitions from an enabled state to an unenabled state.



21 circuit 44 so that the appropriate error signal may be provided to

| ow pass filter 84. Control circuit 126 controls the operation of
these sw tches. Control circuit 126, shown in FIGURE 2, receives various
control signals that are used in controlling the switches. The various
control signals include the CLK, the continuous restart signal, the sanpled
restart signal, and various tine period val ues. The continuous restart
signal is provided in an enabled state during the time in which automatic
gain control circuit 44 functions as,part of the continuous-tinme control

| oop. The sanpled restart signal is provided in an enabled state during the
time in which automatic gain control circuit 44 functions as part of the

sanpled tine control | oop. The tine period values are programabl e val ues
and incl udethhe digrmilfiper thd Hd dfha sesansbaeldienh Bbr thpatbideiperi od A2,
and the fougth, peripds B2, First switch 100 and second switch 102
oper at e when Ee continuous restart signal is in an enabled state. First

switch 100 is cl 5% figr isha@prparentpehaedthgre had heiengprREhdede Eonti nuous
restart si gaakordaraabivédh EheSpab_bews iheentponf i &A aaabm@uanSgéiﬂre error

i gnal 1o beoprou] deddd el Qs PRSI e8! £8 ddetaReEbotnat
g t1ne qh e

eqU|vaIent to sone er|0 response InE of

t he conti nuSHEPYEE rﬁa’ébrﬁlﬁéﬁll 3P %"b qaw&élzu%%tefgquq@eat@wagesﬂrarﬁsd be
rapi dly i ncaedssatisfi@icehagadvantduescepti fobtls -dhove ComlthbugROEhé Ncl udes

automati ¢ 9gkBre@PbE Ol enlddittleht? nad 2edll CadA®! 1hi Herdla , angh
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
gain control circuit 144. One threshold may be provided to
comparator 72 while a different or related threshold may be
provided to adder circuit 74. Many of the signals provided
to automatic gain control circuit 44 may be programmable
signals. Also, the present invention is not limited to the
specific read signals provided to automatic gain control
circuit 44, namely, filtered read signal 60, used in the
continuous-time control loop, and sampled read signal 62,
used in the sampled time control loop. The present
invention encompasses the use of related, but different
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 gkilled in the art that various
other changes in form and detail may be made without



filter 42. After the expiration of the first period Al, first swtch 100 is
- opened and the second period Bl begins. The second period Bl extends for a
period of time greater than the response tinme of the continuous-tine
control loop. This allows for the effect on the continuous-tinme control

| oop, brought about by the anplified continuous-time error

22 signal, to be seen. After the expiration of the second period Bl,
second switch 102 transitions fromopen to closed. This allows the
continuous-tinme error signal to be p%gvided to |l ow pass filter 84. Second
switch 102 remains closed until the ‘tontinuous restart signal goes from an
enabl ed state to an unenabl ed state. Third swtch 104 and fourth swtch
106 operate simlarly to first switch 100 and second switch 102. Third

SWi tf:hd104 ai]ii)afr(t_lili‘lbhlf&\_&nt Ghel ingi_Q U éi@c%%@gof hehé i @Kgﬂtm cgﬁt he )
sanpl ed rest . S rovided in _an enabl ed state. e tinme that the
sanpl ed restéﬁ%légdg% Itbé g?%%ﬁwe? iT%N%enabl ed state corresponds
generally to the tinme in which automatic gain control circuit 44 functions
as part of the sanpled tine control | oop. As soon as the sanpl ed
restart signal transitions froman unenabled state to an enabl ed state, the
third period A2 begins and third swtch before transitions fromopen to
closed. This allows the anplified sanpled tine error signal to be provided
to low pass filter 84. Third period A2 |asts for a period of tine that is
| ess than the response tinme of the sanpled tinme control |oop so that



out put gain signal 64 may be rapidly increased. After the third period A2
~expires, third swtch 104 opens and the fourth period B2 begins. Fourth
period B2 lasts for a period of tine greater than the response tinme of the
sanpled tinme control loop. This allows for the effect on the sanpled tine
control |oop, brought about by the anplified sanpled tine error signal, to
be seen. After the expiration of the fourth period B2, fourth switch 106
transitions fromopen to closed so that the sanpled tine error-signal may

be provided to | ow pass filter 84. Fourth swtcgmm ed until
the sanpled restart signal transitiohs from an ngm mmm;

unenabl ed state. signifies
the end of a read operation for a particular sector of data. Thus, it

i s apparent yhat tEhef £1ia@s peen provided, in accordance with the present
I nvention, an automatl c ga| n control circuit and method for full gain
restart so that an offp AU RRAtiS FREn GEPWeL HixAYLtarPeivsei Batdy

generated amwrgabilsfibsodhe aHeantagemasét f gaim abowrtrdlt hetghuibe

preferred erﬁgq%wg% ghas been described in detail, it should be understood
t hat various changes,. substitutions, and alteratlons can be made herein.

For exanple, a variGtiP ofORFFPL EAFCHRT cSREFAPLSI (R TREEIHE pRo¥Faed for
use i n gain sigmalokndi tougénddate Gne edyioesbdbdaimynbeegpavsaled t o

conparator 72 whighe gnshi f‘lg_rrerqu{u tel?r @eéé‘olcgcg?wye bepar aybded to

adder circuit, 74.. Man e si oV ed to autonmatic, gai_n control
circuit 44 rﬁigng& pﬁﬁéra‘?ﬁmlﬂeéler te amplified error signal in

response;

a control circuit operable to provide the amplified
error signal during a first period that is shorter than the
response time of the control loop, the control circuit
operable to provide the error signal after a second period,
the second period occurring after the first period, the
second period being longer than the response time of the
control loop; and

a filter circuit operable to receive the signal
provided by the control circuit and to generate an output
gain signal.

2. The automatic gain control circuit of Claim 1,
wherein the read signal is a continuous-time read signal.

3. The automatic gain control circuit of Claim 2,

wherein the continuous-time read signal is provided by a
low pass filter.

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

5. The automatic gain control circuit of Claim 4,
wherein the sampled read signal is provided by a detector.



signals. Also, the present invention is not Iimted to the specific read
-signals provided to automatic gain control circuit 44, nanely, filtered
read signal 60, used in the continuous-time control |oop, and sanpl ed read

signal 62, used in the sanpled tine control |[|oop. The present invention
enconpasses the use of related, but different signals. Furthernore, the
direct connections illustrated herein could be altered by..one skilled in

the art such that two devices are nerely coupl ﬁmmone anot her through an

i ntermedi ate device or devices with Lét being d Lﬂﬂ”’m while still
%t : Umt ion. O her

achieving the desired results denonstrated by i
exanpl es of changes, substitutions, and alterations are readily
ascertainable by one skilled in the art and could be nmade wi t hout departing

fromthe spirit and sePeuRonali®cPRIeNtcddte@tl IQkcuili |4 thig ihvent i on has

been partic rLy. shown_and descriped by .the foregaing detaile
descri pti on%}h?freg\ﬁnl Fg%esfm%e‘?it%e&é)wqx%&séss Iarﬂvggeanafh%h%r?“”c% vari ous
ot her change§ PR $B¥PX amiridttai | may be made wit hout

24 departing fromthe spirit and scope of the invention as defined by
the fol | ow ng Cl?[nBThe automatic gain control circuit of Claim 1,

wherein the filter is a low pass-filter.

8. The automatic gain control circuit of Claim 1,

wherein the first amplifier is provided with a programmable
full gain signal.

9. The automatic gain control circuit of Claim 1,

wherein the first period and the second period are
programmable periods.

10. The automatic gain control circuit of Claim 1,
wherein the gain control circuit comprises: _

a rectifier circuit operable to rectify the read
signal and to generate a rectified read signal;

a comparator operable to receive the rectified read
signal and a threshold signal and to provide a comparison
signal 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; and _

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



25 VWHAT IS CLAI MED | S: 1. An automatic gain contro

circuit for use

-in a control |oop, the automatic gain control «circuit conprising:

a gain control circuit operable to receive a read signal and to generate an
error signal in response; an anplifier circuit operable to receive the
error signal and to generate an anplified error signal in response; a

control circuit operable to provide the anplified erraor_signal -during a

first period that is shorter than the response tinme of the control |oo
the control circuit operable to provide the err_onml mmmu“muﬂjsecond
period, the second period occurring arter the fi Full " *Hecond

peri od being | onger than the response tine of the control

Wogp;

and a

filter circuit operable to receive the signal provi ded by the control
circuit and to generat Bnadu@dhBdicyabAnSidPmtlrol circuit fdheuselt epatic

gai n control. gl teyh @Tab nq a:.%ls'p &n}é‘@&gf‘ﬂo’&% ggglrj% gge%:ar%] AodiZd 1

I'C gal ncont

conti nuous-tine rea ma

P8P circuit

of O aim 2, SfedditRrakdccaAlnneorerel mindd segralsisgprovided by a |ow:
pass filter. a fikst TfeimutonBieor garduiOnbpetallid cubt retelrai | 1,

wherein the sgad Rinakiie @ sallR! edsi6ac ST Al ko

continuous-time error signal in response;

generate

a

a second gain control circuit operable to receive a
sampled read signal and to generate a sampled error signal

in response;

a first amplifier circuit operable to receive the

continuous-time error signal and to generate an amplified

continuous-time error signal in response;

a second amplifier circuit operable to receive the
sampled error signal and to generate an amplified sampled

error signal in response;

a control circuit operable to provide the amplified
continuous-time error signal during a first period that is
shorter than the response time of the first control loop,
the control circuit operable to provide the continuous-time
error signal after a second period, the second period
occurring after the first period, the second period being
longer than the response time of the first control loop,
the control circuit operable to provide the amplified
sampled error signal during a third period that is shorter

than the response time of the second control loop,

the

control circuit operable to provide the sampled error

‘ signal after a fourth period, the fourth period occurring
after the third period, the fourth period being longer than
the response time of the second control loop; and
a filter circuit oberable to receive the signal'
provided by the control circuit and to generate an output

gain signal.



5. The automatic gain control circuit of Claim4, wherein the sanpled read

signal is provided by a detector. 6. The automatic gain
control circuit of daim4, wherein the sanpled read signal is provided as
the output of an error circuit. 7. The automatic gain control
circuit of Claim1l1, wherein the filter is a low pass filter. 8. The
automatic gain control circuit of Claiml, wherein.the. flrst amplifier is
provided with a programmbl e full gal n signal . . The automatic

gain control circuit of Claim1l, whegein the fi rst! mg,mﬂiuﬂﬂﬁmecond
period are progranmabl e peri ods. 10. The au r ol
circuit of daiml, wherein the gain control circuit corrprl ses:

rectifier circuit operable to rectify the read signal and to generate a
rectified read st@gnal The automatic gain control circuit of Claim 11,

wherein the continuous-time read signal is provided by a
low pass filter.

13. The automatic gain control circuit of Claim 11,

wherein the sampled read signal is provided by a detector.

14. The automatic gain control circuit of Claim 11,

wherein the sampled read signal is provided as the outpuﬁ
of an error circuit.

15. The automatic gain control circuit of Claim 11,

wherein the filter is a low pass filter.

16. The automatic gain control circuit of Claim 11,

wherein the first amplifier is operable to receive a
programmable, first full gain signal and the second

amplifier is operable to receive a programmable,
full gain signal.

second

17. The automatic gain control circuit of Claim 11,

wherein the first period, the second period, the.third
period, and the fourth period are programmable periods.



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 threshol d
signal and to subtract the threshold signal fromthe rectified read signal
to generate an offset signal; and a multiplier circuit operable to
mul tiply the of fset signal and a gain signal to generate an error signal.
11. An automatic gain control circuit for use in controlling afirst

control |loop and a second control |ggp, the auto ,ﬂlﬁmllr'mﬂ!m circuit
conpri si ng: ~a first gain control circuit oper ﬂ I
continuous-tinme read si gnal and to generate a‘coftihuous-tine

error signal in response; a second gain control circuit operable to
receive a sanpl etlsr eckl msitdpod| fandfuld gener atstaxrts angiingd aer aotosaghal in

1esponse;  gain? LbhELoRTPLLLEA CUkCUL! OBEEADL © 1S eoRhie hbhod

conti nuous-fine error nal and to generate an anpllfled conti nuous-ti ne
error S|gnaF°PﬁrF§§B%nE% steps ©fiacond anplifier circuit operable to

recei ve the sanplkedegving sixpel sdmghaflo generate an anplified sanpled error

signal in responsgetifying EﬁatwgaéﬂéfaﬂélCEE”Q@%@%&E@D£O¥EQ€1£b§d
anplified contlnuous ilne error signal during a first period that iIs

shorter thafe@fest888bhse tine of the first control | oop,

comparing the rectified read signal to a threshold

value; '
generating an offset signal by subtracting the
threshold value from the rectified read signal;

. generating an error signal by multiplying the offset
signal by a gain signal, the gain signal provided in
response to the comparing the rectified read signal step;

amplifying the error signal to generate an amplified
error signal;

providing the amplified error sxgnal to a filter
during a first period that is shorter than the response
time of the control loop; and

providing the error signal to the £filter after a
second period, the second period occurring after the first
period, the second period being longer than the response
.time of the control loop.

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

20. The method of Claim 18 wherein, the read signal
is a sampled read signal.



the control circuit operable to provide the continuous-tinme error signal
. after a second period, the second period occurring after the first period,
t he second period being |longer than the response tinme of the first control
| oop, the control circuit operable to provide the anplified sanpled error
signal during a third period that is shorter than the response tine of the
second control loop, the control circuit operable to provide the sanpled
error signal after a fourth period, the fourth period occurring after the
third period, the fourth period beigg |onger than the response time of the
second control |oop; and afilter circuit operable to receive the
signal provided by the control circuit and to generate an output gain

si gnal . 12. The autonmatic gain control circuit of
Claim 11, wherein the coITOMAITIS- GAON CENTRGL gBERCUET provi ded by a | ow pass
filter. 13. The aNHONBHISD PR KA '@l rREGYRkTOf Caim 11, wherein
t he sanpl ed read signalﬁFs proJ@%edlgy a detector. 14. The autonatic

gain control circuit of J aig@®rRhcTasr ainE tows@amureg read signal is
provi ded as -the output of an error circuit.

An automatic gain control circuit (44) is provided for
generating an output éain signal (64) in a control loop.
The control loop may a continuous-time control loop or a
‘'sampled-time control 1loop. The automatic gain control
circuit (144) includes a gain control circuit (100), an
amplifier circuit such as a first amplifier (120) or a
second amplifier (122), a control circuit (126), and a low
pass filter (84). The gain control circuit (144) receives
a read signal and generates an error signal in response.
The first amplifier (120) receives the error signal and
generates an amplified error signal. The control
circuit (126) controls various switches, such as a first
switch (100) and a second switch (102), so that the
amplified error signal and the error signal may be provided
to the low pass filter (84) during different periods. The
amplified error signal is provided during a first period
that is shofter than the response time of the control loop.
The error signal is provided next after the first period
and after a second period that is longer than the response
time of the control loop. The low pass filter (84) filters
these signals and generates the output gain signal (64).

Figure 1



15. The automatic gain control circuit of Claim1l, wherein the filter is a
| ow pass filter. 16. The autonatic gain control circuit of Claimll
wherein the first anplifier is operable to receive a progranmble, first
full gain signal and the second anplifier is operable to receive a
programuabl e, second full gain signal. 17. The automatic gain
control circuit of Claim1ll, wherein the first period, the second period,
the third period, and the fourth period;gne progranmmabl e peri ods.

18. A method for full gain restart using an automatic gain control

circuit in a control loop, the nethod conprising the steps of:
receiving a read signal; rectifying the read signal to generate a
rectified read signalc conparing the rectified read sigrnal to a
t hreshol d val ue; q;ﬁtqgreting ap of fset signal by subtractfing the
t hreshol d val ue ffilbn regtiiirgdlread signal; generati.ng Berror
signal "by nultiplyi ndlMEre—g‘H-sqt tsitgnal by a gain signal, the3ain signal
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response to the conparing the rectffied read signal step; anplifying

the error signal to generate an anplified error signal; provi di ng the
anplified error signal to a filter during a first period that is shorter
than the response tine of the control |oop; and providing the error

signal to the filter after a second period, the second period occurring
after the first period, the second period being |onger than the response

time of the control |oop. 19. The nethod of C aim 18 wherein, the
read signal is a continuous-tine read si @d& . 20. The net hod of
Claim 18 wherein, the read signal 1is a sanpled rea%iigywﬂ.
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