
AUTOMATIC GAIN CONTROL CIRCUIT             AND METHOD FOR FULL GAIN RESTART
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 for full gain restart.
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BACKGROUND OF THE INVENTION     As computer hardware and software
technology continues to progress, the need for larger and faster mass
storage devices for storing computer software and data continues to
increase. Electronic databases and computer applications such as multimedia
applications require large amounts of disk storage space.      To meet
these ever increasing demands, the hard disk drive (HDD) 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
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 performs write, read, and servo operations when storing and
retrieving data.   As the disk platters are moving, the read/write heads
must align or stay on a particular  track.   This  is  accomplished  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 data channel receives this position
information so the servo controller can continue to properly position the
heads on the track.      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 transferred 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 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 



4    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 the  lowest
bit  error  date  (BER)  in  the  noisiest environment.      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 level 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
5    decoder implementing the Viterbi algorithm, named after Andrew Viterbi
who developed it in 1967.     The function of the automatic gain control
circuit, used in the read channels of DTSP systems, is to generate an
appropriate output gain signal that will be used to amplify the analog read
signal during a read operation so that the read signal may be efficiently
and accurately 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 somewhat 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 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 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                                       6    those
utilizing DTSP to reconstruct the original data written to the disk.  The
magneto-resistive heads often used in these systems provide read signals
having non-sinusoidal waveforms causing the automatic gain control circuit
to overshoot and undershoot.  To compensate for such problems, the
automatic gain control circuit must be given more time to determine the
appropriate gain. This 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.
7    SUMMARY OF THE INVENTION     From the foregoing it may be appreciated
that a need has arisen for an automatic gain control circuit and method for
full gain restart using an automatic gain control circuit. In accordance
with the present invention, an automatic gain control circuit 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 loop.  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                                        8
storage capacity available for user data by reducing the amount of storage
capacity dedicated to providing header information used to determine the
output gain signal. 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 rapidly and
accurately generated.  The present invention may also reduce latency which
improves overall performance. Other technical advantages are readily
apparent to one skilled in the art from the following figures, description,
and claims.                                      9    BRIEF DESCRIPTION OF
THE DRAWINGS     For a more complete understanding of the present invention
and the advantages thereof, reference is now made to the following brief
description, taken in connection with the accompanying drawings and
detailed description, 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 system;     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    DETAILED DESCRIPTION OF THE INVENTION      FIGURE 1 is a block
diagram of read channel 18 of a disk drive mass storage system. Read
channel 18 includes a variety of circuit modules used to process and
condition an analog read signal received from a preamplifier 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 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 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 sampled  read
signal 62 during a read operation.   Automatic gain  control circuit 44
uses filtered read signal 60 to generate                  output gain
signal 64 when operating as part of the continuous-time control loop and
sampled read signal 62 when operating as part of the sampled time control
loop. Output gain signal 64 is provided to variable gain amplifier 40 and
is used to amplify the analog read signal. The continuous-time control loop
includes automatic gain control 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 values, 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 provided 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.
12        Filter 42 receives  the amplified read signal and modifies the
signal in a variety of ways such as modifying the gain and removing
undesirable noise, such as high frequency noise, to generate filtered read
signal 60. Filter 42 may be a continuous-time 7th order filter designed
using Gm/C components and may have a programmable cutoff frequency.
Filter 42 may also 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 circuit, 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  using   PRML  detection
techniques  and  employing  a  Viterbi  decoder.    After receiving a
synchronization field, the detector 54 provides
13    user data, in digital, parallel format, to the control circuitry.
Assuming that detector 54 is implemented as a discrete time signal
processing system, detector 54 will generally include an equalizer, such as
a finite impulse response 



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
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 continuous-time  control loop is used to generate
output gain signal 64.  Automatic gain control circuit 44, described more
fully                                      14 



below with respect to FIGURES 2-4, receives filtered read signal 60 and
generates output gain signal 64 after a continuous restart signal is
enabled. During the time that the  continuous   restart   signal   is
enabled,   the continuous-time control loop will respond to the analog read
signal and will settle to a steady state level resulting in a stable output
gain signal 64 being provided to variable gain amplifier 40.   After the
continuous restart signal is unenabled, automatic 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 is 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 continuous-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.       



15        Automatic  gain  control  circuit  44  includes  a continuous
gain control circuit 144A, a sampled gain control circuit 144B, a control
circuit 126, a first amplifier 120, a second amplifier 122, various
switches, and a low pass filter 84. Continuous gain control circuit 144A
and sampled gain control circuit 144B contain the same or similar circuitry
and are further described below with reference to the gain control circuit
144 of FIGURE 3.      Control circuit 126 receives various signals and
includes various timing circuits that are used to control the operation of
the switches of automatic 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 (A1,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 B1, 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
16    control circuit 144A also receives a first gain signal, shown as Gain
Al, a second gain signal, shown as Gain B1, and a threshold signal shown as
Thresh 1. The continuous- time error signal is provided to first amplifier
120 and second switch 102.  First amplifier 120 also receives a first full
gain signal. The first full gain signal is used to control the gain of
first amplifier 120 and may be a programmable value.      First amplifier
120 amplifies the continuous-time error signal and generates an amplified
continuous-time 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 B1, 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 B1 is some time
period greater 



than the response time of the continuous-time control loop. Control circuit
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
17    detector 54 and generates a sampled time error signal in response.
Sampled 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 sampled time error
signal and are described more fully with respect to FIGURE 3.  The sampled
time error signal is provided to 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
to variable gain amplifier 40 and controls the gain or amplification
provided to the analog read signal. During second period B1 and fourth
period B2, low pass filter 84 maintains the last output gain signal 64
generated.  Low pass filter 84 may be implemented using any of a variety of
circuit elements. For example, low pass filter 84 may be implemented using
passive 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
control 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
continuous-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  Thresh1 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                                     19    a value of "zero" when
the rectified read signal is less 



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.    Adder  circuit  74 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, B1, A2, and B2 shown in
FIGURE 2. Gain A and Gain B may be programmable values 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.   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,



20    as described below, with the offset signal. The value of these gain
signals may be equivalent 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
provided as the output of gain control signal 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   



21    circuit 44 so that the appropriate error signal may be provided to
low pass filter 84.   Control circuit 126 controls  the  operation  of
these  switches.   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 sampled
restart signal, and various time period values.   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-time control
loop. The sampled restart signal 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 B1, 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 Al, 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 B1 begins. The second period B1 extends for a
period of time greater than the response time of the continuous-time
control loop. This allows for the effect on the continuous-time control
loop, brought about by the amplified continuous-time error
22    signal, to be seen.  After the expiration of the second period B1,
second switch 102 transitions from open to closed. This allows the
continuous-time error signal to be provided to low pass filter 84. Second
switch 102 remains closed until the continuous restart signal goes from an
enabled state to an unenabled state.     Third switch 104 and fourth switch
106 operate similarly to first switch 100 and second switch 102. Third
switch 104 and fourth switch 106 are used during the time in which the
sampled restart signal is provided in an enabled state. The time that the
sampled restart signal is provided in 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.                                      23    This signifies
the end of a read operation for a particular sector of data.      Thus, it
is apparent that there has been provided, in accordance with the present
invention, an automatic gain control circuit and method for full gain
restart so that an output gain signal can be rapidly and efficiently
generated and 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 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 skilled in the art that various
other changes in form and detail may be made without
24    departing from the spirit and scope of the invention as defined by
the following claims.       



25    WHAT IS CLAIMED IS:     1.  An automatic gain control circuit for use
in a control  loop,  the  automatic  gain  control  circuit comprising:
a gain control circuit operable to receive a read signal and to generate an
error signal in response;     an amplifier circuit operable to receive the
error signal and to generate an 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.                     6. The automatic gain
control circuit of Claim 4, wherein the sampled read signal is provided as
the output of an error circuit.        7. The 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.
11.  An automatic gain control circuit for use in controlling a first
control loop and a second control loop, the automatic gain control circuit
comprising:     a first gain control circuit operable to receive a
continuous-time  read   signal   and   to   generate   a continuous-time
error signal in response;      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 operable to receive the
signal provided by the control circuit and to generate an output gain
signal.                     12.  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 output 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, second full gain signal.        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.
18. A method for full gain restart using an automatic gain  control
circuit  in  a  control  loop,  the method comprising the steps of:
receiving a read signal;     rectifying the read signal to generate a
rectified read signal;      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 signal 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.    


