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As conputer hardware and software technol ogy continues to progress, the
need for |arger and faster

SERVER HARD DISK DRIVE INTﬁtRATED v/
CIRCUIT AND METHOD OF OPERATION

TECHNTCAL FIELD OF THE INVENTION

This invention relates in general to the field of
information storage and more particularly to a sexrver
hard disk drive integrated circuit and wmethod of

operation.



‘mass storage devices for storing conputer software and data continues to

i ncrease. El ectroni c databases and conputer applications such as

mul ti medi a applications require |arge amounts of nmass storage capacity,
such as hard disk drive storage capachty. To nmeet these ever

I ncreasi ng demands, hard disk drives (HDDs) continue to evolve and advance.
Sone of the early disk drives had a maxi num storage capacity of five

megabyt es .anq,.u t | s, whereas today's HDDs are
comonly ovel Lllc(%q;%y&gng%% o.]é(i\; nch platters. Simlarly, advances
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and a variety of_electronic circuitry for controlling the operation of the
HDD and for Bi'k?r Frig Storagmearasidifonic circuitry is
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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

conputer system bus. A separate mcroprocessor is generally
provided for executing instructions to control the operation of the HDD.

An HDD performs wite, read, and servg operations when storing and
retrieving data. A typical HDD performs a wite operation by
receiving data froma system bus and storing the data in Io](c:al nmenory. TBe
m cr oprocessQr_sch dul.e erles sto allow the information to be
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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 rellably 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 filtérs 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 mcroprocessor may then conmunicate to the host that data is
ready to be transferred. As the disk platters are noving, the

read/ wite heads must align or stay on a particular track. This is
acconpl i shed by the servo operation. In a servo operation, a servo wedge
Is read fromthe disk that generally includes track identification

I nformation and track msregistration I nformati on. The track
m sregistration information may also be referred to as a position_ error

i nf or mat i on. RAM. TheThe o Biicreprosessor may nbheen aasyusd gateyi Bed the servo

bursts and naysbetHaeddduhi Dg +eadyapd Bei LeaAREERLEQNS to ensure that the
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data (SSD) channel, using a data recovery clock., The sanple is then

pr ocessed thlfl%%ghd rJ.ngg reacf‘ and -er.‘":i‘:ey 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 1level during a sampling
window. For example, if the waveform level is above
the threshold level, 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 uéed in
read channel electronics to improve areal density. 1In
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 wusing signal
processing theory to reconstruct the original data

written to the disk.



series of mat hemati cal mani pul ati ons using signal processing theory to
reconstruct the original data witten to the disk.

5 There are several types of SSD channel s. Partial response,

maxi num | i kel i hood (PRM.); extended PRML (EPRM.); enhanced, extended PRM.
(EEPRWML); fixed delay tree search (FDT:'S) and deci si on feedBack

equal i zation (DFE) are several exanples of different types of SSD channel S
usi ng DTSP techni ques. The nmaxi num | i kel i hood detection perforned in
several of these Shiwxesare several pgpésr mfd I8P chdnmzls. depPagthal
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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



noi se and undesirable circuitry characteristics that are present due to the
I nt erconnecti ons needed between the various separate circuitry elenents.”
For exanple, it is difficult and often inpossible for certain types of high
speed signal processing, such as read_.channel signal processing, to be
perfornmed because of the undesirable “circuitry characteristics

I ntroduced through the interconnections between a separate

m croprocessor, and the source of the signal being processed. The
separat e cir ddiaroprgceasas énda Shet i souaceHDRL artthgersignal) desinmed so
that the HDDpp\eddueRy.face with one particular interface-or system bus.
This prevents the HDD from bei ng used on other systens and networks which
use different intdheaceePaFakesicdianiday alewentpDef neeHarteienlarct|y to

the bus of aHDDPWRY , JaldraBly Sdedfgré@nesper eARR! ERRPULRID OfymdA, Server
of a network,, or .interfate with a network bus or

n31_‘nd cannot, direct g coug ﬁ €
other bus and™&RFEEs LIRS KPBFLLEUIRE al BRET ERERERE. SYRYER tRHS her
limts the fMmadisbigrdevernfs Hikes . HDD frdwebaingeusell eampthelr RHisMHmes such

ot eage as i ASESELE VRLeRTRakt i A SRl IR P EAdGR, ke GPEF nol de
net wor k HDDs buisgis .ar Algpi cEPDs  idnpeefeceediirect lgortmut ghie nbusoif as HDDs
coupl ed throughdtRet WS e SPIRELEione #Q{%gﬁél n@Bﬁl&ﬁteQ‘eto}%p rk HDDs
couple to the nétwork_server conputer- 1n nuch the sane nner that a
non- net wor ke§SHMBYcoRpl & 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 exhausﬁed, 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.



to a single-user conputer. As nore and nore storage capacity is needed in
a network, additional network HDDs nmay be added at the network server

conputer until all expansion slots have been exhaust ed. Once al | .
expansi on slots have been exhausted, existing network HDDs nust be taken
out of service and replaced with higher capacity drives. Thi s

presents serious di sadvantages and probl ens because the information stored
on the network HDD nust being taken out of service and transferred to

anot her net werRSaa ¢ s xSLLIMSs process is expensive, tine consum ng,
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provi ded wRtERCtd¥bsinayiage withnviztuallyhany shetwarlgad thewtor obl ens

outlined abok@ving 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 motbr, 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



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 nedia of
the server hard disk drive is provideg. The storage nedia includes a notor,
such as a servo or spindle notor, for“rotating a magnetic disk and a head, .
actuator for positioning a read/ wite head. The server hard disk drive
integrated circuit includes a data nenory, a disk control circuitry, a
wri t e channelcongricdadciremite| regeivesoacimanon  contpobr ioputr gignakuit,
and a digitalps P, dj Ntk AT ei ves
And ot or o5 1 o o OB Png P PP g\ et
client, and &8t r¥R%vVe hBosesr A dthe hkeafgiackuatsra i nFinaldyva thewry.
The wite chalgqladen@igdl apiddedsordnNanidulHited a r\WHd e HReT awfd&k and

t he read channel generates a r ag signal and an i nt®rnedi ate read_signal
during a rea@P&H &ﬂnc?n.asl'h’ée§§? o tei Raxrforgeneheat EeaHestEpy PEAGIHEd duri ng
a servo oper ftroan, tihe@d dlientt or The digital signal processor alko
control circuit recei%ﬁé a_notor control input S|§nal and nerates a notor

control out pREEEREAR S FROPFETERE SUneE 108 e, & J]58% or .
Finally, thecdngrodl impgtalsigmadedsoresponsat ¢o reasisithigmtles smidrat i ons
as needed to rm p [ from.t client.. The digital
signal pr ocessgg?’ggl’soé%gr#%&é%% eEPﬁéngglg.‘r?en < ti%%t i’f)érégl Séﬁgfigt e¥ the
not or cont r oBengpatesiagrglad chaangdnparametersi vi ng t he servo signal, and

processes the int gh@edhAd£eiteadnsellebnt Yrovides 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 1read 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 1lower 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 commands and

exchange data with a variety of clients c¢f a computer



generate a read channel paraneter. The present invention provides

various technical advantages. A technical advantage of the present
i nvention 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
advant age of the present invention includes inproved and faster hard disk
drive perforﬂ%ﬁ@@oﬁhewxbhautlghvengcbepbcngpbetmsemmpansuunisﬂs& dfive
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the read charfifEAmRke t Hehe rm%memx@mma}y bear s amyetbeork

cal cul at ed anghpbadhidly dPbrd akht CHItEeFacdd witfPPftEQ(é by &£l d

cal
per f or mance. Yet another technical advantage of resent |nvent|on

i ncl udes | owdtr RSO k? STRIRR i Wﬁ%ﬂ’ﬁ‘i@e%ﬂ@%@@ﬂy sgergant in
portabl e el ecdewide de&eseﬁbsecbyatﬂeammawwlﬁéﬁtenéfn@ﬁb%cal

conmput ers. yet 0 tech adva of . resent

i nvention inc a{f]'léaae lhworg% ‘?%Hé’pﬁéd(ﬁfi‘f% a’t‘%pm&‘q'% B8 sk

drive as a sK&m@hﬂkmEysEovprovidae@mmﬁipﬂanimﬁerﬁawaﬁ sbatthaan tlesei ve

commandsand ri et ient s, qf 8,50 uter

9  network W;ggtiﬁoguyt qh%s‘%ﬂd%’%%%cyuegyﬁeé@@palﬁeoﬁ”ﬁ {Q%e & @r or to

use the contﬁmnﬂﬂoﬂﬁb%Scenb@réaceForOeh&Wptechmheaﬂra@manUagesnarm may be

used as a netMYdily apparent to one skilled in the art from the
following figures, description, and claims.



hard di sk drive that interfaces wwth the bus of a |ocal area network to
serve as an i ndependent network storage device accessible by the various
clients of the local area network. Another technical advantage includes the
capability to provide multiple interfgres so that the server hard disk
drive is conpatible with nore than one type of bus interface. O her
techni cal advantages are readily apparent to one skilled in the art from

the followi ng fi descr|ot|on and cl ai nB.
10 BRIEF D%@@ﬁ ARG AENCE L BY a nore conplete
under st andi ng of tﬁaﬁ: péeﬁa@ﬁé |dEb talt@n @miaﬁétfarﬁﬁwajlt@ge%htehegsﬁsﬁent

reference i s _.now nmade to fo brief des ti.on, taken in
connect i on Wi qﬁﬁi (ﬁﬂé)ﬁkﬁ ﬁ?ﬂagﬂ ﬁﬁrEQE E 8§e380CE S Y wher ei n
li ke referenuadanmmﬂlsheepfetbowlhgkebpﬁefs,degbwtptibn, také&REA is a
bl ock diagra rafi % L v§pkat earat circuit of a
server hard ?or{gle ﬁ?gl ! c}-? el F‘?%fﬁ%gn %ﬁg g E’g‘ g?agg’gﬁ\cﬁ%ﬂ?éti ng a
r ead channeldﬁSqﬂumeaanWHﬁthnhbkkdrreéeranegramw&nahanﬁepresent

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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON . FIGURE 1 is a block diagr
server hard disk drive 10 which is used for storing data and exchangi ng
data with a client 20 through an interface. Server hard disk drive
includes a server hard disk drive integrated circuit 12, a disk/he

assenbly 14,

a preanplifier 16, andt power driver 18. D sk/ head

assenbly 14 may al so be referred to as a storage nedia and will gene
i nclude a stack of nagnetlcally coated pIatters for storing data that is

repr esent ed

[ON c platters and a

am of a

10
ad

rally

plurality of read/ di | o) | des of
each magnetic_ pl até#ec?d!g% hgfig% LTEIBEE g?'wggggl #gaés may be t|9‘-={n}‘:p e‘?rie% ed

usi ng any avadfing el cubighi is need $orh sdoring gateo-andiexthanding.

Di sk/'head assgid ywignhwid ! cqhaatl Q@' L@i?ral ryg OInLSé’ffhﬂJ:& MOlGE Pt Shown
in FIl GURE 1) to rotate magnetic_ di sks I sk/ head ®gssenbly 14 and a voice
coil notor or %ddaﬁkuﬂr(}r"et o’-‘boéPF{LBﬁthé‘ (RN SY | harfe ddekordmi e/ head
assenbly 14. nal to

1ntecﬁ:l<'b/\%d drdivefuil8 necei &eSdasﬁpheadcoaéé@hbpyt P4, sig

tIth t d the head actuat k/'head . assenbl
VAT oLt R e e .

separate C|HﬂBSemhkyminsmmythlsoebelreﬁerreﬂemenhsﬂaﬁshnnayé(mediarolIlng

t he spindle
t he head act
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bet ween t he recated inlatkens for oﬁ@@h@dm&mw i :e:mrwmd hesss d d| sk

drive integr aiphdd {EUkkahg cionsSa CleHRA faghstidr ipiaddiadr ghad £ireuit
12 controls the operation of server hard dis rive _10 an rocesses
digital data RFUGH el oneaddwaA§ed haadmchor| reading d’i’@f@md
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cfyvesnhdpotndisides 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 circpit 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 d:isk/head assembly 14. Server hard disk



12 drive-integrated circuit 12 includes a plurality of circuit nodul es or
circuit elenents as discussed nore 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 nornmally be a
net wor k connection so that server har¥? disk drive 10 may serve as a network
storage device to provide storage for nunerous clients of a network such as
a LAN. In this manner, server hard disk drive 10 functions as a network
node and doesiriGte haneegga@ﬁaplj@idfaiwde 1zet mekuaésomhpauuraum:yk sHnput er
or server. However, serye ar .S rive, 10 upd.e direc a
si ngl e- user &1%9%-'5‘?%‘h£e%oﬁﬁutcércé’fﬁ se}%elgggag%o?éscgiaésseést%?]t'é%e

devi ce. SarMey Hedlaw di Semréw énard edfisk edirive cintedated | gilesuit di sk
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i mpl enented using any  of a variety of interface cirtuitry and/ or software
to all ow serviriveart0dasf ¢liiemt1@0.0 cBoapseinsexdasht iaf | gormSThIAR| abl e
network or Compul horma ?gr?}aéa@' BetWbik CUHALE Hd CHb! ithatt d&gvéBP 26

may be inplenented to interface hard disk drive integrated circuit 12 with
client 20 thhaxsh digk vErdue L8riBRY BIREYUBBRS 221308t Har% tFEPXFIFt bus,

or any other Juisicd tbt YriReRle stofhgel3duhr datimerbaaspsliedts of aa | EEE
data transport bus .that currentl upports to 63 nodes per b nd up
to 1023 busedStWARK 1849R 38 s%p%’@f‘lt's béf‘h %@%cﬂ?%ﬂ%ﬁs fﬁp&-"iefoglﬁ?’éﬁous
data and can diskabhfivgiresl finetiore, aa daneywolrki moder aany dmedbimati on
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 integfated 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,



thereof. The USB currently supports 12 _negabits per second data transfer
for up to 63 devices and includes three basic types of data transfer:

i sochronous or streaming real time data; asynchronous interactive data; and
asynchronous bl ock transfer data. Generally,

13 the 1394 data transport bus s wused for higher bandw dth
applications while the USB is used for |ower bandw dth applications. I n
ot her enbodi ments, hard disk drive integrated circuit 12 may be provided
with the capadid i t332% idataf aexanspareul bupl eipustisedor f@ayi deiigherhi s
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to confi gur e gearivess har ghilssifudtthee léhlianogerehe eempgtabdaddityedandt er f ace
cirout 12 | ITETRATE nOF| G 19188, ViR Ve, dnraEepen, e o
circuit 12 i moddideshievemdpirtforss indaprndence (IRAMRl3owinga servesad- onl y
memory (ROM 128a % bR 82408 16 'ed canney %ﬁygffégédmﬁnraﬁlf%e servo
circuit 36, an analog-to-digital convert , a notor contro
circuit 40, inetapyks omnd dompweng olusdind uidifferentnd inferineas.
introduced aRQ¥Ry hBPR 2@iHoNtaLise ibe wmMeralihclude 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 c¢verall
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



operation of server hard disk drive 10 by initiating read, wite, and servo
operations as needed to performrequests provided fromclient 20. In
acconplishing this, DSP 26 perfornms file managenent functions by
correlating the requests fromclient 20 to the actual l|ocation of files and
I nformati on stored on the nmagnetic pI]a"tters of di sk/ head assenbly 14. DSP
26 perfornms file managenent functions to keep track of where information is
stored on the various platters of disk/head assenbly 14. This may be
performed usimthatyivay i ety ofillef f exldidcateidiods tabdle asohy odisk/hgadnd
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nunber of ro‘ég{d‘eélgéP#HrﬁQ 88 B! TY4E L REAS260MPAiP! S5\ DRfcP8de DSP
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and posi ti on ladradctdayomtdarah.the repiandtetmoigprt he Tht dread actuator
must be properly controlled to position the read/write
heads over the track or 1location 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 receivirig 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, serxrvo
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



control input-signal, DSP 26 operat.es under the control of an algorithm or
software routine, preferably st or ed in ROM 28, such as a servo algorithm
DSP 26, servo circuit 36, and nmotor control circuit 40 forma control

The fact that
DSP 26, servo circuit 36, and notor ¥ontrol circuit 40 are closely coupled
DSP 26 is al so
designed to performsignal analysis on internmedi ate read signals generated
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o main advantages over

they have

powerful mathematical computational abilities, wmuch

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

performing its functions and may include

DSP 26 in

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 wmway 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

a
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power ful mathenatical conputational abilities, nuch nore than nornal
conputer m croprocessors, and DSPs provide an instruction set that allows
themto be easily programred to perform many different functions from one
nonent to the next. Di sk control circuitry 24 assists DSP 26 in
performing its functions and may inclfe any of a variety of «circuitry
elements to achieve this. Generally, disk control circuitry 24 wll
include digital circuitry, such as digital logic circuitry, to perform

functions suGls afediisd ar BHdsd | BB IR CPTYRL] s AREL KSe L FelddiPadd S@si gt
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circuit 36. qu serggtgn%aces 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 meﬁory blocks with
addressable memory elements. 1In general, disk control
circuitry 24 may be implemented and configured using
commbnly 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



~signal, for exanple, may be generated using a timer, a counter, or a phase
l ocked loop circuit to generate a servo enable signal at appropriate
intervals during read and wite operations. Disk control circuitry 24 al so
interfaces with client 20 to receive and conmuni cate data and control
signals from RAM 30 as needed to prodérly interface with client 20. RAM 30
may be referred to as a data nenory and may be inplenented as one or

mul ti pl e nenory bl ocks with addressable nmenory elenents. 1|n general, disk
control circgudhy & My hfdwadke i ke conf igpy edtple ,CORFREY Y
avail able digital circuitry well known to those of ordinary.skill,in the
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requests rec&LFEYLY Agm3S resuested R dissgeded -above, this interface may
be virtually any whieey f&€6ring information, client 20 comllinicates

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 informétion 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



such as a network interface. For exanple, when client 20 attenpts
to store or retrieve information fromserver hard disk drive 10, conmands
or requests are first comunicated fromclient 20 and stored in internal
menory, such as RAM 30, by disk control circuitry 24 so that DSP 26 may
access and interpret these comands aHtl initiate read, wite, and servo
operations in server hard disk drive integrated circuit 12 as requested or
as needed.- When storing information, client 20 communi cates the data or
i nformati on taorirectticre dwi 0hdiFIGURE 2 .0l aihecwmtl:lyoﬁhzﬂdv\mmttaﬂe datar rrat i on
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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 wmethods 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 mwmentioned 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.



18  connection with FI GURE 2. The outbound digital data signal is then
provi ded through bus 22 and i's 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 mﬁth t he assi stance of

disk control circuitry 24. 1Read channel 34 may be inpl enented
usi ng any known or avail able read channel. For exanple, read channel 34

may be inplemented as a synchronously sanpled read channel that uses

discrete time si gl ogﬁgéugg $¥iC fe%'r%l%es o] dl Iréarl.b%ters%t %%E 2.
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signal and generates a motor control input signal in
response. The wmotor 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. 1In 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 wusing any of a variety of known or
available circuitry to drive the various devices of
disk/head assembly 14.



19 . Servo circuit 36 receives-and processes a servo wedge signal from
the storage nmedia to generate a servo signal. The servo wedge signal, and
hence the servo signal, contains position error information and track

i dentification information. The servo signal, in the one enbodi nent of
FIGURE 1, is generated in the anal og2fomain and is then converted to the
digital domain by A/AD 38. 1In alternative enbodi nents, the servo signal is
provi ded fromservo circuit 36 in the digital domain. The servo signal is

then provided to IQSI?U?@ th oygh 33U§>1%%k D§Eaﬁ§amopﬂmé'@ga Nasr fdigg control

of an algorithmsto 8, receives the servo signal and generates a
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posi tion the pgagteaChUYal iy, Wiid © fmplemented 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



separate notor control out.put signal may be provided to power driver 18 to
control the speed of the spindle notor. In such a case, power
drive 18 nmay be inplenented using any of a variety of known or avail able
circuitry to drive the various devices, of di sk/head assenbly 14.

20 FIGURE 2 is a bl ock diagra }Ilustrating read channel 34 of
server hard disk drive integrated circuit 12. It should be noted that the
i npl ementation of read channel 34, as illustrated in SIGJURE 2, is only one
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processi ng, such as the one illustrated in FIGQURE 25, or as a peak detectlon
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was calculate tored in a
channel 34. prov1de an approprlate ampllflcatlon 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



Read channel 34, in_. the one .enbodiment of FIGJRE 2, includes a

variable gain anplifier '(VGA) 42, an automatic gain control circuit

(AGC) 44, a filter 46, a sanpler 48, a phase | ocked |oop (PLL) 50, a
nal equalizer 52, and a detector 54. A paraneter nenory 35 is

di screte sig
al so shown p

rovided as part of read sghannel 34. Paraneter nenory
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stores the circuitry or read channel paraneter generated by DSP 26 in
response to analyzing an internedi ate read channel signal. Depending on the

particul ar’
DSP 26, para

BRI 3} "SRR S A B e Laked o

21  various sammle t pgcarsnent PLAf Sioegorchibdes| addsdhpling i ldloeka oead

‘%jgﬂafart%mts%%ﬁ%%e " e‘é%l@é Dﬁgngﬁai}gd 9he ed?ér{;&%f%{a ter
arret et menory 35 nmay be provi ded as part of read channel
or separ at el SINRRS e hhedds 3ghe filtexed cireath| signedcei veBache read

channel circ
menory 35.

signal at VGy#eMed evige Sb8Nghel Hiddldtl f‘;%
controlled by AGC 44 to generate an anplifie

~

rateegd?l glgérg%r{{/éﬁﬁ%éésal ong

34

with AGC 44, SRrkheoyetHér oo PmhttRdanchpphepliidtergdpingatasignadr gain
to the anal ot eathesi @idde AHe 44ibpeai Vs ashpplbackpyi asahpiepmghe

out put of fi
anplificatio

anplified reaisigitalsuch tdwena peindubsr hyanile 4hd hdld tetrdsi € ochdur t her

pr ocessi ng.
unwant ed

Ir#er 46 s

t hat appropriate adjystnents can .be nade in
FPIsE ngﬁr dﬁﬂegj%t TH & hdﬂ%

o*PREEPERHCS | Gifal 2byPAREN & 231

he
e

fg|t€£mé6’s%%u%%%eem%%ﬂéqgiexééltggs %ﬁ%é?éﬂgﬂ éf@ﬁgfbve

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. 1In 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



high frequency noise and thus is inplenented as a low pass filter.

Filter 46 may al so provide waveform shaping with anplitude boost. For
exanple, filter 46 may be a continuous-tinme 7th order filter designed using
GM C conponents. The cutoff frequency and boost of filter 46 nay be
progranmabl e. As nentioned above, VG442, filter 46, and AGC 44 form a
continuous-tinme AGC control |oop. The filtered read signal of
filter 46 is provided to sanpler 48. Sanpl er 48 sanples the filtered

read signal f mfllter 46 a nerates a discrete read sigpal L having
di screte val rehfh Hhanal é‘dﬂ-&éﬁt%ﬁr{ M2 £ i 110 sr%‘:aeot%lrgﬁ"ﬁfﬁ] sigRat
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so that the cor t%ﬁgﬂg vbPHEgS provide i quéilzeé

read 81gna1 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. 1In 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



is presented to discrete signal equalizer 52. PLL 50 may be

i mpl enent ed using any of a variety of known circuitry to generate the
sanpling clock or signal described above. Preferably, PLL 50 wll
i nclude a voltage controlled- oscillator and phase detector. PLL 50 will
generally receive a crystal clock or24imng signal input (not shown in
FIGURE 2) to assist in establishing the sanpling clock. PLL 50 may al so
receive an error signal (also not shown in FIGURE 2) to further adjust the
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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 S4. 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



plurality of nultipliers. Each nultiplier 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 anal og sumer, which sunms the inputs to provide the
equal i zed read signal. As the discretesread signal changes, the consecutive
di screte values of the discrete read signal that are provided to each
multiplier are shifted to the next nultiplier such that a new discrete
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24 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.



digital filter and will receive the digital signal from the

anal og-to-digital converter. 'Di screte signal equalizer 52 wll
filter the digital signal to generate the equalized read signal. In one
enbodi ment, discrete signal equalizer 52 will be inplenmented as an
adaptive digital filter, such as an 26finite inpul se response or a finite
| mpul se response, that is capable of receiving and wusing filter tap

coefficients. The adaptive filtering may be perforned by DSP 26 and
the filter tap Coﬁéfhﬁh%ﬁb%eGHYaﬁ@vé’ro‘é'o%’ed &teﬂm p@fameef vEEIBLY .35 S0
that they are acce55|ble by the di |taI filt t ector recei ves
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digital data s whi ch serves as the output of" detector i hough
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t he out bound nal illustr read, channel
34 contai ns a varl el e#@%l gFgng&&Ys.%%e sﬁ’éh%ﬁgraid&r
t he use and time and thus the circuitry parameters must be

recalculated, at 1least 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



25 anplified read signal, the filtered read signal, the discrete read
signal, and the equalized read signal. These internedi ate read signals may
be accessed and anal yzed by DSP 26 whil e operating under the control of
software provided in nenory, such as ROM 28, so that any desired read
channel circuitry parameters may be g&herated and stored in paramneter
menory 35, where they are accessible by the circuitry of read channel 34.
The internedi ate read channel signals that are provided as anal og signals

) o CAR L B e, L g i el
not shown in - .an en_anal yze .. _The analog-to-, digita
converter nayfuﬁ’é:%ﬂldéd’ aé’?paFﬁeong%%‘?P hafY&aR 34y itgiﬁg'beﬂb?ovi ded
separately. directhecdratdctiwis DEPl2étratédphepehhedoadda ks ngleeradegr at ed
circuit or integrated,ci.ccuit, package great| nhanc t ssihility of
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26 to recei veeaed yansdypkedingoofoneheangithenethuoughead sinfrefmedisoe
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digital filter, P %E ngégggggprh?gggggiggé%ﬁﬁtéigﬁéé%gycﬁ%nge t %&taps or
coef fi ci ent s whilenestdilgh tachievieg thendegdged mesulésuldpmnge¥deeded on a
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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.



60/(513,094, (TI Docket Number TI-20668), provides a-circuitry and nethod
of accessing internedi ate read channel signals froma read channel.

26 As mentioned above, sone or all of the vari oufuuww,”s'mnm ’ or
el enents of read channel 34 may recei:yg read channel pa o r”"’
enhanced or optimal circuitry perforrnance. The parameters are" géheral ky
cal cul ated during burn-in but may be cal cul ated at other tines, such as

during real-tine operation or while optim zing server hard disk drive 10.
The read chamm be designed to account for the various
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Thus, it is &F&eHIAIat there has been provided,

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



in accordance with the present invention, a server hard disk drive
Integrated circuit and nmethod that satisfies the aﬂlmuﬂﬂm t
forth above. Al t hough the present invention ha HHHMHWI n
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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 inferfaces 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 c¢lient 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



28 - WHAT IS CLAIMED | S: 1. A server hard disk drive integrated
circuit for contr i tion of a server hard disk drive and for
processi ng digi témgugjﬂ“ml‘mﬁﬁ between a client and a storage nedi a of
the server hard disskedrrvet tﬁe*storag media for storing conmputer files
and including a spindle notor for rotating a nmagnetic di sk and a head
actuator for positioning a read/wite head, the server hard disk drive
integrated- circuit conprising: .a data nmenory operable to store

di gital data;integratefl sgirxenitomayi Aaferfpcgparisll £he ¢kentyeughdst ore
requests fromi\iessd i §hta gothE LXFheNOtntbBfd@e flodbmatsth the client, the
di sk control circuity operable to control the storage of the digital data
in the data nenory; a wite channel operable to receive and process an
i nbound digital data signal provided fromthe data nenory during a wite
operation and to generate a wite signal in responst that is comruni cated
to the storage nedia; a read channel operable to receive and process a
read signal fromthe storage nedia during a read operation and to generate
an outbound digital data signal in response, the read channel operable to
generate an intermedi ate read signal while processing the read signal

a servo circuit operable to receive and process a servo wedge signal from
the storage nedia during a servo operation and to generate a servo signa

in



respon a notor control circuit operable to receive a notor contro

p
i nput sr gnal anHulH Eﬂm tﬂﬂjﬁ tor control output signal to control the
spi ndl e not or and 29

a digital signal processor operable to initiate read and wite operations
as needed to performthe requests pro%?ded fromthe client, the digital
signal processor operable to performfile managenent and to generate the
notor control input signal in response to receiving the servo signal,
the digital signal pmheemve&u&tarzer dyEk aditierd ol @gessed heirpteemedi at e

read signal t O te d.c ranet er e server hard
disk drive in eg?gg @ cir h%%e %ﬁ Q%VQMﬁﬁQﬂﬁ}t+ﬂ§£¥§%%rpﬂ§r8 18Psk
drive integraexoxi InmchMeand\n t hack el déntenf i ¢ Lo hi mf oxahaioi dn .
connecti on. 3. The server hard disk drive integrated circuit of C aim
1, wherein the server hard disk drive integrated ci*ncuit interfaces with
the client through’e 1Zbe esraerr hagordiskidming tinteguoitedechtcuit

i nformation ket weariwha SegMere A’ AHE SkePbbY i A e abethetateld tad the

client is controlled hy ‘t he dj gital signal_ processor.
ervo 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.



4. The server hard disk drive integrated circuit of Claim1, wherein the
server hard disk drive integrated circuit interfaces with the client
t hrough a Universal Serial Bus and the exchange of infornmation between the
server hard disk drive integrated cirgyit and the client is controlled by

the digital

si gnal processor. 5. The server hard disk drive
integrated circuit of daim1l, wherein the interface between the server

hard disk drive integrated circuit _and the client is configurable so
hard di sk SERYYR HARD DISK DREVRINTEGRATERyit may interface

the server

with the client using anycoreuyt anp! MERHODYORTOPERETI@¢E fornmats.

31

6.

The server hard disk drive integrated circuit of Caiml,

wherein the servo signal includes position
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ABSTRACT OF THE DISCIQSURE

A server hard disk drive integr;Eed circuit (12)
is provided for controlling the operation of a server
hard disk drive (10) and for processing digital data
exchanged between a client (20) and a storage media.
The storage media includes 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 (12) includes a RAM (30), a disk control

circuitry (24), write channel (32), a read
channel (34), a servo circuit (36), a motor control
circuit (40), and a DSP (26). The disk control

circuitry (24) receives and stores requests provided
from the client (20) and exchahges digital data with
the client (20) and stores the digital data in
RAM (30). The write channel (32) generates a write
signal during a write operation, and the read
channel (34) generates a read signal and an
intermediate read signal during a read operation. The
servo c;rcuit (36) generates a servo signal during a
servo operation, and the motor control circuit (40)
receives a motor control input signal and generates a
motor control output signal to control the spindle
motor and the head actuator. Finally, the digital
signal processor (26) initiates the read and 'write
operations as needed to perform the requests of the
client. The digital signal processor (26} also
performs file management, generates the motor control
input signal, and processes the intermediate read

signal to generate a read channel parameter.

Figure 1

t hat



error information and track identification information. 7. The
server hard disk drive integrated circuit of Caiml1, wherein the servo
circuit generates the servo signal in the anal og donain and further
conpri si ng: an anal og-to-digital converter operable to convert the
servo signal fromthe analog domain to the digital domain. 8. The
server hard disk drive integrated circglt of Caim1, wherein the read
channel is operable to receive the rea &hannel parameter fromthe digital
signal processor and to use the read c?&? p raneter to generate the
he'server hard disk drive

outbound digital data g gnal
I ntegrated circuit of Zi%iHIS whergpn the digital signal procgpgso
perforns adaptive filteri*ng ugi ng th i nternedi ate read S|gnal to generate
t he read channel paraneter as fI1[E perT cient. e|server
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