
1              SERVER HARD DISK DRIVE INTEGRATED           CIRCUIT AND
METHOD OF OPERATION      TECHNICAL FIELD OF THE INVENTION     This
invention relates in general to the field of information storage and more
particularly to a server hard disk drive integrated circuit and method of
operation.                                 2   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 mass storage capacity,
such as hard disk drive storage capacity.      To meet these ever
increasing demands, hard disk drives (HDDs) continue 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.  Similarly, 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. The cost per megabyte of
a 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 for positioning the read/write heads, a pre-amplifier,
and a variety of electronic circuitry for controlling the operation of the
HDD and for  processing  data.    The  electronic  circuitry  is
implemented  as   separate  circuitry   elements  and integrated circuits
such as analog integrated circuits and  digital  integrated  circuits.
These  circuitry elements include such elements as a read channel, a write
channel,  a servo controller,  a motor  control circuit, read-only memory
(ROM), random-access memory (RAM), and a variety of disk control and
processing circuitry to control the operation of the HDD and to         



3   properly interface the HDD to a system bus such as a personal
computer  system   bus.       A   separate microprocessor is generally
provided for executing instructions to control the operation of the HDD.
An HDD performs write, read, and servo operations when  storing  and
retrieving  data.    A  typical  HDD performs a write operation by
receiving data from a system bus and storing the data in local memory. The
microprocessor 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 positioned on the appropriate track and the appropriate sector of
the track is located. Finally, the data from the RAM is stored at the
located sector of the disk platter by providing the data through the write
channel. The write channel may encode the data so that the data can be more
reliably retrieved later.   A sector generally has a fixed data storage
capacity, such as 512 bytes of user data per sector.      In a read
operation, the appropriate sector to be read is located and data that has
been previously written to the disk is read.   The 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 signal to
an appropriate level using automatic gain control (AGC) techniques. 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.  The binary or digital data is then
transferred from the read channel and is stored in the    



4   RAM.  The microprocessor may then communicate to the host that data is
ready to be transferred.      As the disk platters are moving, the
read/write heads must align or stay on a particular track.  This is
accomplished by the servo operation.   In a servo operation, a servo wedge
is read from the disk that generally includes track identification
information and track  misregistration   information.        The   track
misregistration information may also be referred to as a position  error
information.    The  position  error information may be provided as servo
bursts and may be used during read and write operations to ensure that the
read/write heads are properly aligned on a track. The track identification
information is used during read and write operations so that a track may be
properly identified.      When reading data, traditional HDD data channels
often use a technique known as peak detection for extracting or detecting
digital information from the analog information stored on the magnetic
media during read  operations.    Peak  detection  involves  level
detecting the waveform and determining if the waveform level is above a
threshold level during a sampling window.  For example, if the waveform
level is above the threshold level, the data is considered a "one."1" 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 in a synchronously sampled
data (SSD) channel using a data recovery clock. The sample is then
processed through a 



series of mathematical manipulations using signal processing theory to
reconstruct the original data written to the disk.
5        There are several types of SSD channels.   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 systems is usually performed by a Viterbi detector
implementing the Viterbi algorithm, named after Andrew Viterbi who
developed it in 1967.  The SSD channel, also referred to as a read channel
or data channel.      As discussed above, the electronic circuitry used to
implement a HDD is complex and is implemented using separate circuitry
elements and integrated circuits such  as  analog  integrated  circuits
and  digital integrated circuits.  The separate circuitry elements
generally increase the overall cost and complexity of the HDD and increase
overall power consumption. Power consumption  is  especially   critical  in
portable electronic applications such as laptop and notebook computers.
Furthermore,  the  separate  circuitry elements often complicate "trouble
shooting" when repairing an HDD.      The separate circuitry elements and
integrated circuits often harm overall HDD performance, especially in high
speed applications, because of the additional 



noise and undesirable circuitry characteristics that are present due to the
interconnections needed between the various separate circuitry elements.
For example, it is difficult and often impossible for certain types of high
speed signal processing, such as read channel signal processing, to be
performed because of the undesirable  circuitry   characteristics
introduced through  the  interconnections  between  a  separate
microprocessor and the source of the signal being processed.      The
separate circuitry elements of a particular HDD are generally designed so
that the HDD may interface with one particular interface or system bus.
This prevents the HDD from being used on other systems and networks which
use different interfaces or system buses. Also, HDDs interface directly to
the bus of a computer, such as a stand-alone personal computer or a server
of a network, and cannot directly couple or interface with a network bus or
other bus and serve as a network or stand-alone element.  This further
limits the flexibility of HDDs.      The number of computer networks such
as local area networks (LANs) and wide area networks (WANs) continues to
increase  as  the  demand remains high.    Computer networks often include
network HDDs that are typically implemented in a computer network as HDDs
coupled through a network server computer.   In this manner, network HDDs
couple to the network server computer- in much the same manner that a
non-networked HDD couples 



to a single-user computer.  As more and more storage capacity is needed in
a network, additional network HDDs may be added at the network server
computer until all expansion slots have been exhausted.   Once all
expansion slots have been exhausted, existing network HDDs must be taken
out of service and replaced with higher  capacity  drives.        This
presents  serious disadvantages and problems because the information stored
on the network HDD must being taken out of service and transferred to
another network hard disk drive. This process is expensive, time consuming,
and often makes network data or information unavailable for a period of
time. This process can also result in file management problems and lost or
missing data.                                 7   SUMMARY OF THE INVENTON
From the foregoing it may be appreciated that a need has arisen for a
server hard disk drive integrated circuit and method of operation that
allows a mass storage device, such as a network or server hard disk drive,
to be controlled by a single integrated circuit that combines both control
and processing functions for enhanced performance and reduced costs.
Furthermore, it allows the network or server hard disk drive to directly
interface with virtually any network without having to couple through a
network computer or server. In accordance with the present invention, a
server hard disk drive integrated circuit and method of operation are
provided   which  substantially  eliminate   the disadvantages and problems
outlined above. 



According to the present invention, a server hard disk drive integrated
circuit for controlling the operation of a server hard disk drive and for
processing digital data exchanged between a client and a storage media of
the server hard disk drive is provided. The storage media includes a motor,
such as a servo or spindle motor, for rotating a magnetic disk and a head
actuator for positioning a read/write head. The server hard disk drive
integrated circuit includes a data memory, a disk control circuitry, a
write channel, a read channel, a servo circuit, a motor control circuit,
and a digital signal processor (DSP). The disk control circuitry receives
and stores requests from the client, exchanges digital data with the
client, and controls the storage of the digital data in the data memory.
The write channel generates a write signal during a write operation, and
the read channel generates a read signal and an intermediate read signal
during a read operation. The servo circuit generates a servo signal during
a servo operation, and the motor                                 8
control circuit receives a motor control input signal and generates a motor
control output signal to control the servo motor and the head actuator.
Finally, the digital signal processor initiates read and write operations
as needed to perform the requests provided from the client.   The digital
signal processor also performs file management functions, generates the
motor control input signal in response to receiving the servo signal, and
processes the intermediate read signal to 



generate a read channel parameter.      The present invention provides
various technical advantages.   A  technical  advantage  of  the  present
invention includes reduced overall hard disk drive fabrication costs due to
the integrated circuit fabrication  savings  achieved   by   integrating  a
significant portion of the hard disk drive electronics into one integrated
circuit that includes both analog and digital circuitry. Another technical
advantage of the present invention includes improved and faster hard disk
drive performance due to a tighter coupling between the hard disk drive
processor and the various circuitry components. For example, the digital
signal processor  may  analyze  intermediate  read  signals generated by
the read channel so that read channel circuitry parameters may be
calculated and used by the read  channel  to  improve  overall
performance.    Yet another technical advantage of the present invention
includes lower overall power consumption which is especially important in
portable electronic devices such as laptop computers and notebook
computers. Still yet  another  technical  advantage  of  the  present
invention includes the capability to independently operate a hard disk
drive as a stand alone server or network storage device that can receive
commandsand exchange data with a variety of clients of a computer
9   network without having to occupy the expansion slot of a computer or to
use the controller of a computer. For example, the present invention may be
used as a network 



hard disk drive that interfaces with the bus of a local area network to
serve as an independent network storage device accessible by the various
clients of the local area network. Another technical advantage includes the
capability to provide multiple interfaces so that the server hard disk
drive is compatible with more than one type of bus interface. Other
technical advantages are readily apparent to one skilled in the art from
the following figures, description, and claims.
10   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 server hard disk drive integrated circuit of a
server hard disk drive; and     FIGURE 2 is a block diagram illustrating a
read channel of the server hard disk drive integrated circuit.        



DETAILED DESCRIPTION OF THE INVENTION      FIGURE 1 is a block diagram of a
server hard disk drive 10 which is used for storing data and exchanging
data with a client 20 through an interface.   Server hard disk drive 10
includes a server hard disk drive integrated circuit  12,  a disk/head
assembly  14,  a preamplifier 16, and a power driver 18.   Disk/head
assembly 14 may also be referred to as a storage media and will generally
include a stack of magnetically coated platters for storing data that is
represented as magnetic transitions on the magnetic platters and a
plurality of read/write heads for reading and writing data on both sides of
each magnetic platter or disk. The read/write heads may be implemented
using any available read/write head such as a magneto-resistive head.
Disk/head assembly 14 will also include a servo or spindle motor (not shown
in FIGURE 1) to rotate magnetic disks of disk/head assembly 14 and a voice
coil motor or head actuator to position the read/write heads of disk/head
assembly 14.     Power driver 18 receives a motor control output signal to
control the spindle motor and the head actuator  of  disk/head   assembly
14.     In  other embodiments, power driver 18 may be provided as two
separate circuit elements with one circuit element dedicated to controlling
the spindle motor and the other circuit element dedicated to controlling
the head actuator.     Preamplifier 16  amplifies  data  signals exchanged
between the read/write heads of disk/head assembly 14 and server hard disk
drive integrated circuit 12.     Server hard disk drive integrated circuit
12 controls the operation of server hard disk drive 10 and processes
digital data or information exchanged between client 20 and disk/head
assembly 14. Server hard disk  



12   drive integrated circuit 12 includes a plurality of circuit modules or
circuit elements as discussed more fully below. Server hard disk drive
integrated circuit 12 also provides an interface between server hard disk
drive 10 and client 20.  This interface or connection will normally be a
network connection so that server hard disk drive 10 may serve as a network
storage device to provide storage for numerous clients of a network such as
a LAN.   In this manner, server hard disk drive 10 functions as a network
node and does not have to couple to the network through a network computer
or server. However, server hard disk drive 10 may couple directly to a
single-user or stand-alone computer and serve as a local mass storage
device.     Server hard disk drive integrated circuit 12 includes a disk
control circuitry 24 and a digital signal processor (DSP) 26 that may be
implemented using any of a variety of interface circuitry and/or software
to allow server hard disk drive 10 to couple to essentially any available
network or computer.   For example, disk control circuitry 24 and DSP 26
may be implemented to interface hard disk drive integrated circuit 12 with
client 20 through a Universal Serial Bus (USB), a 1394 data transport bus,
or any other bus or interface.     The 1394 data transport bus is an IEEE
data transport bus that currently supports up to 63 nodes per bus, and up
to 1023 buses.  The 1394 bus supports both asynchronous and isochronous
data and can be configured as a tree, a daisy chain, or any combination 



thereof.  The USB currently supports 12 megabits per second data transfer
for up to 63 devices and includes three basic types of data transfer:
isochronous or streaming real time data; asynchronous interactive data; and
asynchronous block transfer data. Generally,
13   the  1394  data  transport  bus  is  used  for  higher bandwidth
applications while the USB is used for lower bandwidth applications.    In
other embodiments,  hard disk drive integrated circuit 12 may be provided
with the capability to interface with multiple buses  or devices.  This
further enhances the compatibility and flexibility of hard disk drive
integrated circuit 12 and achieves platform independence by allowing server
hard disk drive 10 to easily interface with different networks and
computers using different interfaces. Server  hard  disk  drive 10  may
include  multiple connector types for interfacing with the various
different buses and devices and may include a hardware or software switch
to configure server hard disk drive 10 to operate using a desired interface
format.     In the one embodiment of server hard disk drive integrated
circuit 12 illustrated in FIGURE 1, server hard disk drive integrated
circuit 12 includes a random-access   memory    (RAM) 30,   a    read-only
memory (ROM) 28, a bus 22, a write channel 32, a read channel 34, a servo
circuit 36, an analog-to-digital converter (A/D) 38, a motor control
circuit 40, in addition to disk control circuitry 24 and DSP 26 as
introduced  above.    DSP 26  controls  the  overall 



operation of server hard disk drive 10 by initiating read, write, and servo
operations as needed to perform requests provided from client 20. In
accomplishing this, DSP 26 performs file management functions by
correlating the requests from client 20 to the actual location of files and
information stored on the magnetic platters of disk/head assembly 14.   DSP
26 performs file management functions to keep track of where information is
stored on the various platters of disk/head assembly 14.  This may be
performed using a variety of different methods such as by creating and
14   managing  a  file  allocation  table  on  disk/head assembly 14.  DSP
26 performs  its various  functions while operating under the control of
various routines and algorithms stored in ROM 28.  ROM 28 may include any
number of routines provided as instructions compatible with DSP 26.     DSP
26 also generates a motor control input signal that is used by motor
control circuit 40 to control one or more elements of disk/head assembly 14
such as the head actuator and the spindle motor. The head actuator must be
properly controlled to position the read/write heads over the track or
location of the magnetic platters so that information can be properly
exchanged with the platters. DSP 26 generates the motor control input
signal in response to receiving a servo signal generated by servo circuit
36  that may include such information as a track identification information
and position error information.  In generating the motor 



control input signal, DSP 26 operates under the control of an algorithm or
software routine, preferably stored in ROM 28, such as a servo algorithm.
DSP 26, servo circuit 36, and motor control circuit 40 form a control
system to control the head actuator and the spindle motor.  The fact that
DSP 26, servo circuit 36,  and motor control circuit 40 are closely coupled
in one integrated circuit improves overall performance.     DSP 26 is also
designed to perform signal analysis on intermediate read signals generated
within read channel 34.  DSP 26 may then generate a read channel parameter
in  response  to  performing  the  signal analysis.  The read channel
parameter may be stored in memory, either locally or within read channel 34
as indicated by the arrow directed to read channel 34, so that the read
channel circuitry may access the read channel parameter.  For example,  DSP
26 may perform                                15   adaptive filtering to
generate filter coefficients that may be used by read channel 34.  These
coefficients or parameters may be generated and updated on a real-time
basis.   Examples  of each of the various  functions performed by DSP 26
are provided below.     DSP  26  will  preferably  be  implemented  as  a
specialized digital signal processor as opposed to a generic
microprocessor.    However,  it  should  be understood that the present
invention could also be implemented  using  a  generic   or
non-specialized microprocessor. DSPs provide two main advantages over
non-specialized microprocessors in that they have 



powerful mathematical computational abilities, much more than normal
computer microprocessors, and DSPs provide an instruction set that allows
them to be easily programmed to perform many different functions from one
moment to the next.     Disk control circuitry 24 assists DSP 26 in
performing its functions and may include any of a variety  of  circuitry
elements  to  achieve  this. Generally, disk control circuitry 24 will
include digital circuitry, such as digital logic circuitry, to perform
functions such as bus arbitration to control access to bus 22 so that
digital data and control signals may be properly transferred, routed, and
exchanged within server hard disk drive integrated circuit 12 during the
various operations such as read, write,  and   servo  operations.     In
an  actual implementation,  bus  22  may  be  implemented  using multiple
buses and may be provided as a parallel bus.     The digital circuitry of
disk control circuitry 24 may also generate internal enable signals that
are provided to the various circuitry elements of server hard disk drive
integrated circuit 12. For example, a read, write, and a servo enable
signal may be provided                                16   as needed. These
enable signals may be generated using such circuitry as state machines,
counters, and timers. In one embodiment, a read enable signal may be
provided to read channel 34, a write enables signal may be provided to
write channel 32, and a servo enable signal may be provided to servo
circuit 36. The servo enable 



signal, for example, may be generated using a timer, a counter, or a phase
locked loop circuit to generate a servo enable signal at appropriate
intervals during read and write operations.  Disk control circuitry 24 also
interfaces  with  client 20  to  receive   and communicate data and control
signals from RAM 30 as needed to properly interface with client 20.  RAM 30
may be referred to as a data memory and may be implemented as one or
multiple memory blocks with addressable memory elements.  In general, disk
control circuitry 24 may be implemented and configured using commonly
available digital circuitry well known to those of ordinary skill in the
art.     Disk control circuitry 24 may further include a digital-to-analog
(D/A)  converter  to  convert  the internal or intermediate read channel
signals that are provided from read channel 34 in the analog domain to the
digital domain.  These digital intermediate read channel signals may then
be provided to DSP 26 for any desired analysis or signal processing.     In
operation, client 20 provides commands or requests to server hard disk
drive 10 to perform desired functions such as storing a computer file or
retrieving a stored computer file.   DSP 26, under the software control of
routines and algorithms stored in ROM 28, and disk control circuitry 24
provide the interface with client 20 by receiving and responding to the
requests received  from client 20.  As discussed above, this interface may
be virtually any interface                                17   



such  as  a  network  interface.    For  example,  when client 20 attempts
to store or retrieve information from server hard disk drive 10, commands
or requests are first communicated from client 20 and stored in internal
memory, such as RAM 30, by disk control circuitry 24 so that DSP 26 may
access and interpret these commands and initiate read, write, and servo
operations in server hard disk drive integrated circuit 12 as requested or
as needed.     When storing information, client 20 communicates the data or
information to be stored to disk control circuitry 24 where the information
is stored in RAM 30. DSP 26, under the control of an algorithm in ROM 28,
will schedule or initiate a write operation to store the information by
routing the information from RAM 30 to write channel 32. Write channel 32
will receive and process this inbound digital data signal and will generate
a write signal in response.  The write signal is then communicated to
disk/head assembly 14 where it is stored.  Write channel 32 may be
implemented using any known or available write channel.   For example,
write channel 32 may include a register, a scrambler, an encoder, a
precoder, a serializer, and a write precompensation circuit.     When
retrieving information, DSP 26, under the control of an algorithm in ROM
28, will schedule or initiate a read operation to retrieve the desired
information  from  disk/head   assembly 14.        Read channel 34 will
receive and process a read signal to generate  an outbound digital  data
signal.    In  the process of accomplishing this, read channel 34 will
generate various intermediate read signals that may be processed by DSP 26,
either in a real-time mode or an off-line mode, to generate read channel
circuitry parameters.  This  is discussed more  fully below  in      



18   connection with FIGURE 2.  The outbound digital data signal is then
provided through bus 22 and is stored at RAM 30 by disk control circuitry
24 or sent directly to client 20.  In either event, the outbound digital
data signal in eventually provided to client 20 with the assistance  of
disk  control  circuitry 24.          Read channel 34 may be implemented
using any known or available read channel.  For example, read channel 34
may be implemented as a synchronously sampled read channel that uses
discrete time signal processing such as the one illustrated in FIGURE 2.
As  mentioned   above,   DSP 26  performs   file management functions for
both read and write operations by correlating the requests from client 20
to the actual location 'of files and information stored on the magnetic
platters of disk/head assembly 14.   DSP 26 performs file management
functions to keep track of where information is stored.   This may be
performed using a variety of different methods such as by managing a file
table.      During both read and write operations, the head actuator must
be properly positioned on the correct track of the storage media.
Similarly,  the spindle motor must be operated at the correct speed to
ensure optimal  performance.    As  mentioned  above,  this  is
accomplished through the combination of DSP 26, servo circuit 36,  motor
control  circuit 40,  and  power driver 18 during a servo operation.    DSP
26,  servo circuit 36, and motor control circuit 40 form a control system
to control the head actuator and the spindle motor.  The fact that DSP 26,
servo circuit 36,  and motor control circuit 40 are closely coupled in one
integrated circuit improves overall control system performance. 



19        Servo circuit 36 receives and processes a servo wedge signal from
the storage media to generate a servo signal.  The servo wedge signal, and
hence the servo signal, contains position error information and track
identification information.   The servo signal, in the one embodiment of
FIGURE 1, is generated in the analog domain and is then converted to the
digital domain by A/D 38.  In alternative embodiments, the servo signal is
provided from servo circuit 36 in the digital domain.  The servo signal is
then provided to DSP 26 through bus 22. DSP 26, operating under the control
of an algorithm stored in ROM 28, receives the servo signal and generates a
motor control input signal in response.    The motor  control  input,
signal  contains information relating to adjustments that may be needed in
the position of the head actuator and the spindle motor.      The motor
control input signal is then provided to motor control circuit 40 where a
motor control output signal is generated and provided to power driver 18.
Motor control circuit 40 contains circuitry to properly interface with
power driver 18 so that the head actuator and the spindle motor may be
properly controlled.   In alternative embodiments, motor control circuit 40
may generate separate motor control output signals to control specific
devices of disk/head assembly 14.  For example,  one motor control output
signal may be provided to power driver 18 to control a voice coil motor to
position the head actuator, while a 



separate motor control output signal may be provided to power driver 18 to
control the speed of the spindle motor.     In  such  a  case,  power
drive 18  may  be implemented using any of a variety of known or available
circuitry to drive the various devices of disk/head assembly 14.
20        FIGURE 2 is a block diagram illustrating read channel 34 of
server hard disk drive integrated circuit 12. It should be noted that the
implementation of read channel 34, as illustrated in SIGURE 2, is only one
embodiment of a read channel and that the present invention is not limited
to any one particular type or arrangement of read channel.   In fact,  the
present invention could be implemented or practiced using virtually any
type of read channel. For example, read channel 34 may be implemented as a
synchronously sampled read channel that uses discrete time signal
processing, such as the one illustrated in FIGURE 2, or as a peak detection
read channel that attempts to identify  data  through  peak  detection  and
level detection techniques.    Read channel 34 receives  and processes a
read signal from preamplifier 16 and disk/head  assembly 14  during  a
read  operation  and generates an outbound digital data signal in response.
In processing the read signal and generating the outbound digital data
signal, read channel 34 may use a circuitry or read channel parameter that
was calculated by DSP 26 and stored in a memory that is accessible by read
channel 34. 



Read  channel 34,  in  the  one  embodiment  of FIGURE 2, includes a
variable gain amplifier (VGA) 42, an  automatic  gain  control   circuit
(AGC) 44,  a filter 46, a sampler 48, a phase locked loop (PLL) 50, a
discrete signal equalizer 52, and a detector 54.  A parameter memory 35 is
also shown provided as part of read  channel 34.   Parameter  memory 35
stores  the circuitry or read channel parameter generated by DSP 26 in
response to analyzing an intermediate read channel signal. Depending on the
particular implementation and the particular signal analysis performed by
DSP 26, parameter memory 35 may be accessible by any of the
21   various circuitry elements of read channel 34 that utilize a read
channel circuitry parameter generated by DSP 26 and stored in parameter
memory 35.   Parameter memory 35 may be provided as part of read channel 34
or separately from read channel 34.      Read channel 34 receives the read
signal at VGA 42 where the signal is amplified by an amount that is
controlled by AGC 44 to generate an amplified read signal.  VGA 42, along
with AGC 44, work together to provide an appropriate amplification or gain
to the analog read signal. AGC 44 receives a feedback signal from the
output of filter 46 so that appropriate adjustments can be made in the
amplification or gain provided to the read signal by VGA 42.      The
amplified read signal is then provided by VGA 40 to filter 46 for further
processing.  Filter 46, in one embodiment, filters the signal to remove
unwanted 



high frequency noise and thus is implemented as a low pass  filter.
Filter  46 may also provide  waveform shaping with amplitude boost.  For
example, filter 46 may be a continuous-time 7th order filter designed using
Gm/C components.  The cutoff frequency and boost of filter 46 may be
programmable. As mentioned above, VGA 42, filter 46, and AGC 44 form a
continuous-time AGC  control  loop.   The  filtered  read  signal  of
filter 46 is provided to sampler 48.     Sampler 48 samples the filtered
read signal from filter 46 and generates a discrete read signal having
discrete values. Sampler 48 converts the filtered read signal  from
continuous-time  to  discrete-time.    The filtered read signal is sampled
synchronously at times that correspond to the various magnetic transitions
stored on the magnetic or storage media of disk/head assembly 14. These
magnetic transitions correspond to the data stored on disk/head assembly
14.  Sampler 48                                22   samples the signal and
holds the value until the next sample occurs.  PLL 50 provides a sampling
clock or signal to sampler 48 that controls when sampler 48 samples  and
holds  the  filtered read, signal.    Each discrete value of the discrete
read signal corresponds to the value or amplitude of the filtered read
signal at the time the signal is sampled by sampler 48. Sampler 48 may be
implemented as a sample and hold circuit such as a circular sample and hold
circuit that is time sequence multiplexed to discrete signal equalizer 52
so that the correct time sequenced value 



is presented to discrete signal equalizer 52.      PLL 50 may be
implemented using any of a variety of known circuitry to generate the
sampling clock or signal  described  above.      Preferably,  PLL 50  will
include a voltage controlled- oscillator and phase detector.   PLL 50 will
generally receive  a crystal clock or timing signal input (not shown in
FIGURE 2) to assist in establishing the sampling clock.  PLL 50 may also
receive an error signal (also not shown in FIGURE 2) to further adjust the
timing of the sampling clock or signal. However, it should be understood
the present - invention   is  not   limited   to   any   one implementation
or type of phase locked loop.     Discrete signal equalizer 52 receives the
discrete read signal from sampler 48 and generates an equalized read signal
having discrete levels corresponding to the magnetic   transitions  on
disk/head   assembly 14. Discrete signal equalizer 52 may be implemented as
an analog finite impulse response filter. In such a case, discrete signal
equalizer 52 receives a plurality of filter coefficients or taps and uses
them to equalize or  filter the  discrete  read  signal.    These  filter
coefficients may be generated by DSP 26 and stored in parameter memory 35
where they are accessible by                                 23   discrete
signal equalizer 52. The discrete read signal is equalized to the target
function of detector 54.      Discrete signal equalizer 52, when
implemented as an analog finite impulse response filter, includes a 



plurality of multipliers. Each multiplier receives one of the plurality of
filter coefficients and a consecutive discrete value of the discrete read
signal. The outputs of each of the multipliers are then provided as inputs
to an adder, such as an analog summer, which sums the inputs to provide the
equalized read signal. As the discrete read signal changes, the consecutive
discrete values of the discrete read signal that are provided to each
multiplier are shifted to the next multiplier such that a new discrete
value is now provided to the first multiplier and the oldest discrete value
is dropped from the last multiplier.      Discrete signal equalizer 52 may
be implemented as a five tap filter with coefficients set by programmable
digital circuitry.  Discrete signal equalizer 52 would then receive five
digital coefficients or filter tap weights that are converted to an analog
value through a digital-to-analog converter. Each coefficient is then
provided to a separate multiplier. The outputs of all five of the
multipliers are provided to an analog summer to generate the equalized read
signal. Although five coefficients or taps are described, the number of
coefficients or taps and the corresponding number of multipliers may vary.
Alternatively, an analog-to-digital converter may be provided in place of
sampler 48 between filter 48 and discrete signal equalizer 52 to convert
the filtered read signal from the analog domain to the digital domain. In
such a case, the analog-to-digital converter  will  be  controlled  by PLL
50.   As  such, discrete signal equalizer 52 will be implemented as a
24 



digital filter and will receive the digital signal from  the
analog-to-digital  converter.       Discrete  signal  equalizer 52 will
filter the digital signal to generate  the equalized read signal. In one
embodiment, discrete  signal equalizer 52 will be implemented as an
adaptive  digital filter, such as an infinite impulse response or  a finite
impulse response, that is capable of receiving  and  using  filter  tap
coefficients.    The  adaptive  filtering may be performed by DSP 26 and
the filter tap  coefficients may be provided within parameter memory 35  so
that they are accessible by the digital filter.      Detector 54 receives
the discrete read signal from discrete signal equalizer 52. Detector 54
analyzes the signal and generates the outbound, digital signal
corresponding to the data stored on disk/head assembly 14. In one
embodiment, detector 54 may be a maximum likelihood detector or Viterbi
detector implementing the Viterbi algorithm.  Assuming that detector 54 is
implemented as a Viterbi detector, detector 54 includes a metric circuit
and a trellis circuit for analyzing the signal. The metric circuit receives
the discrete read signal from discrete signal equalizer 52 and performs an
add, compare, and select function to determine whether a magnetic
transition may or may not have occurred on the disk.   The output of the
metric circuit is provided to the trellis circuit which acts as a decision
tree for sequence decoding.  The trellis circuit generates the outbound
digital data signal which serves as the output of detector 54.   Although
not illustrated in FIGURE 2, read channel 34 may also include a
synchronization detection circuit and a deserializer to properly interface
the outbound digital signal with bus 22.     As illustrated, read channel
34 contains a variety of intermediate read signals such as, for example,
the    



25   amplified read signal, the filtered read signal, the discrete read
signal, and the equalized read signal. These intermediate read signals may
be accessed and analyzed by DSP 26 while operating under the control of
software provided in memory, such as ROM 28, so that any desired read
channel circuitry parameters may be generated and stored in parameter
memory 35, where they are accessible by the circuitry of read channel 34.
The intermediate read channel signals that are provided as analog signals
may be converted to the digital domain by an analog-to-digital converter,
not shown in FIGURE 2, and then analyzed by DSP 26. The analog-to- digital
converter may be provided as part of read channel 34 or it may be provided
separately.      The fact that DSP 26 is implemented as a single integrated
circuit or integrated circuit package greatly enhances the accessibility of
the various intermediate read signals of read channel 34.   This allows DSP
26 to receive and analyze any of the intermediate read signals.  For
example, assuming that discrete signal equalizer 52 is provided as a
digital filter, DSP 26 may perform adaptive filtering to change the taps or
coefficients of the digital filter as needed.  This could be performed on a
real-time basis or during  select  intervals  and periods.    In other
embodiments,  additional  circuitry,  not  shown  in FIGURE 2, may be
provided to allow select intermediate read channel signals to be selected
and analyzed by DSP 26.   For  example,  the  U.S.  Provisional  Patent
Application entitled Waveform Sampler and Method for Sampling a Signal From
a Read Channel, Serial No. 



60/013,094,  (TI Docket Number TI-20668),  provides  a circuitry and method
of accessing intermediate read channel signals from a read channel.
26        As mentioned above, some or all of the various circuit modules or
elements of read channel 34 may receive read channel parameters for
enhanced or optimal circuitry performance.  The parameters are generally
calculated during burn-in but may be calculated at other times, such as
during real-time operation or while optimizing server hard disk drive 10.
The read channel parameters may be designed to account for the various
physical and magnetic characteristics of the storage media of disk/head
assembly 14 that normally vary  from  system  to  system  and  affect
system performance.    The  various  physical  and  magnetic
characteristics also generally change or degrade with use and time and thus
the circuitry parameters must be recalculated,   at  least  periodically,
to  further optimize system performance.      In one embodiment, parameter
memory 35 is provided as a volatile memory and the read channel parameters
are calculated during start-up and stored in parameter memory 35.   In
other embodiments,  the read channel parameters are calculated during
burn-in or other times and stored in non-volatile memory such as ROM 28 or
parameter memory 35.  When stored in ROM 28, the read channel parameters
may be communicated through bus 22 to read channel 34 during start-up.
Thus, it is apparent that there has been provided, 



in accordance with the present invention, a server hard disk drive
integrated circuit and method that satisfies the  advantages  as  set
forth  above.    Although  the present invention has been described in
detail, it should be understood that a multiplicity of changes,
substitutions, and alterations can be made herein without departing from
the scope of the present invention.     For  example,  a  variety  of
different techniques and alternative circuitry could be used in
27   read channel 34 while still achieving the desired functionality of the
present  invention.   Also,  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.   For example,  server hard disk
drive integrated circuit 12 may be used to control the operation and
exchange of digital  data between client 20  and  any  storage  media  even
though  other devices or elements are coupled between server hard disk
drive integrated circuit 12 and client 20 or between server hard disk drive
integrated circuit 12 and the storage media.   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 as defined by the following claims.  



28   WHAT IS CLAIMED IS:      1.  A server hard disk drive integrated
circuit for controlling the operation of a server hard disk drive and for
processing digital data exchanged between a client and a storage media of
the server hard disk drive, the storage media for storing computer files
and including a spindle motor for rotating a magnetic disk and a head
actuator for positioning a read/write head, the  server  hard  disk  drive
integrated  circuit comprising:      a data memory operable to store
digital data;      a disk control circuitry operable to receive and store
requests from the client and to exchange digital data with the client, the
disk control circuity operable to control the storage of the digital data
in the data memory;      a write channel operable to receive and process an
inbound digital data signal provided from the data memory during a write
operation and to generate a write signal in response that is communicated
to the storage media;      a read channel operable to receive and process a
read signal from the storage media during a read operation and to generate
an outbound digital data signal in response, the read channel operable to
generate an intermediate read signal while processing the read signal;
a servo circuit operable to receive and process a servo wedge signal from
the storage media during a servo operation and to generate a servo signal
in 



response;     a motor control circuit operable to receive a motor control
input signal and to generate a motor control output signal to control the
spindle motor and the head actuator; and                                29
a digital signal processor operable to initiate read and write operations
as needed to perform the requests provided from the client, the digital
signal processor operable to perform file management and to generate the
motor control input signal in response to receiving  the  servo  signal,
the  digital  signal processor further operable to process the intermediate
read signal to generate a read channel parameter.       2. The server hard
disk drive integrated circuit of Claim 1, wherein the server hard disk
drive integrated circuit couples with the client through a network
connection.       3. The server hard disk drive integrated circuit of Claim
1, wherein the server hard disk drive integrated circuit interfaces with
the client through a 1394 data transport bus and the exchange of
information between the server hard disk drive integrated circuit and the
client is controlled by the digital signal processor.  



4.  The server hard disk drive integrated circuit of Claim 1, wherein the
server hard disk drive integrated circuit interfaces with the client
through a Universal Serial Bus and the exchange of information between the
server hard disk drive integrated circuit and the client is controlled by
the digital signal processor.       5. The server hard disk drive
integrated circuit of Claim 1, wherein the interface between the server
hard disk drive integrated circuit and the client is configurable  so  that
the  server  hard  dIsk  drive            integrated circuit may interface
with the client using any one of a plurality of interface formats.
31        6.  The server hard disk drive integrated circuit of Claim 1,
wherein the servo signal includes position 



error information and track identification information.        7. The
server hard disk drive integrated circuit of Claim 1, wherein the servo
circuit generates the servo signal in the analog domain and further
comprising:      an analog-to-digital converter operable to convert the
servo signal from the analog domain to the digital domain.        8. The
server hard disk drive integrated circuit of Claim 1, wherein the read
channel is operable to receive the read channel parameter from the digital
signal processor and to use the read channel parameter to generate the
outbound digital data signal.        9. The server hard disk drive
integrated circuit of Claim 8, wherein the digital signal processor
performs adaptive filtering using the intermediate read signal to generate
the read channel parameter as a filter coefficient.        10. The server
hard disk drive integrated circuit of Claim 8, wherein the read channel
parameter is the coefficient for a finite impulse response filter of the
read channel.    


