; e3e4, p6T4W ~ ~ E s 2003 M 7CSD- SI GNAL S| NGLE- CBI P | NTEGRATED SYSTE?L FE:B 2003
EL$CTRONI CS FOR MAGNETI C BARD DI SK DRI VES | ~~~I ~~I k nm-Wwer - 1 -~

E B 2003 M XED- SI GNAL SI NGLE- CBI P | NTEGRATED SYSTEM ELECTRONI CS FOR
MAGNETI C BARD DI SK DRIVES 5 10 FI,~~LD OP' T88 I NYSNTI ON 1S The present
invention relates to conputer hard disk drive (HDD) controller circuitry,
including read/ wite channel circuitry, ATA hard disk controller,

m crocontrol l er, and notion control servo block circuitry. In 20
particular, the present invention is directed toward a novel integrated
circuit enconpassing all of the abovenentioned circuitry into a single
integrated circuit device which is capable of retrieving and processing
data at rates of 260 Md/s. - 2 2 4 F EB 2003 ~~xaROVND og Te~

i NV~rrriorr Prior art conmputer hard disk drives (I~Da) include a nunber of
circuits for reading data and controlling the 5 HDD. These circuits may

i nclude a PRML read channel (RDC)) an ATA hard disk controller (HDC), a

m crocontroller (Uc), and a notion control servo block. In such prior art
devi ces, each of these devices may be provided as one or nore separate and
di screte integrated circuits or chips. 10 Thus, the entire HLD el ectronics
package may conprise a

MIXED-SIGNAL SINGLE-CHIP INTEGRATED SYSTEM ELECTRONICS
FOR MAGNETIC HARD DISK DRIVES
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circuit board provided with such a set of chips, along with intercon gt#f@ 2003
circuitry. Such a design suffers froma nunber of faults. Mst 15 apgg en
of these is cost. The use of separate discrete conponents for drive contro
and read circuitry drives up costs by requiring an increased nunber of

di screte devices, assenbly, and interconnection circuitry. In addition, the
use of nultiple devices decreases overall production yield, 20 as the
probability of a faulty device or interconnection occurring increases with
t he nunber of such devices in a circuit. 1UDs are cost-sensitive devices.
In addition, the use of separate, discrete conponents increases overal

power consunption in a hard disk drive or the like. 25 - 3 2 4 FEB 2003
Ever nore conpl ex sMIXED-SICNALeSINGLE ¢CHIP CINTEGRATED SYGTEME

with greater storage capaciti es PFORMAGNEIIC EABDvOISK: DRTVESr | ess t han,
previ ous generation nodels. Consuners generally will not replace existing 5
conputers unless newer nodels are faster, nore powerful, have a greater
storage capacity, and are cheaper (or as costly) as well. In addition to
cost, speed and reliability are also 10 factors. Market pressure creates a
need for faster hard drive access tines, as conputer prograns becone nore
conpl ex and hard drives ever increase in capacity. Throughput speeds of
over 200 Mo/s may be required, and speeds of over 250 Md/s are desirable.
15 In t prior art, such read and controller circuitry was typically
provided in separate circuits for a nunber of valid reasons. Chief anong
these was the desire to separate digital control signals for the hard drive
from 20 the analog read signals fromthe hard drive. Expertise in managi ng
noi sy anal og data signals and digital control signals on the sane
integrated circuit device was sinply not avail able. Al though a F~DD may be
t hought of as a digital device by nost conputer users, the data read from
25 the read head (or witten to the wite head) of an HDD is in fact a

rat her noi sy anal og signal which nust be - 4 - 24 FEB 2003
10
FIELD OF THE INVENTION
15

The present invention relates to computer hard disk
drive (HDD) controller circuitry, including read/write
channel circuitry, ATA hard disk controller, micro-
controller, and motion control servo block circuitry. In

20 particular, the present invention is directed toward a
novel integrated circuit encompassing all of the above-
mentioned circuitry into a single integrated circuit device
which is capable of retrieving and processing data at rates

of 260 Mb/s.



converted to digital formin order to provide the proper data output I’Ifl B 2003
addition, circuitry nust generally be provided to supply error correz:('i 0E1
to such a data stream (due in part to the high noise level in HDD anal og 5
signals). In addition, the use of discrete conponents for separate HDD
functions allowed drive manufacturers to tailor a solution for a particul ar
hard drive design based 10 upon conbi nations of individual discrete
conponents. An integrated circuit solution for one type of |13DD nay not be
satisfactory for other manufacturers or nodels. Thus) different integrated
circuits may have to be designed for different hard drive manufacturers. 15
I n addition, prB&AKGRQUND OF Jdie LHNESRLAINI ts nay be manuf actured using
different integrated circuit technol ogies. For exanple, high perfornmance
partial response maxi mum |i kel i hood (PRWM.) read channel circuits 20 have
been generally realized usi Bl - r i ntegrat i kCcyit
t echnol ogy. See, for&%?zfrrparrg:,g ‘i%?ﬂ%;%i qﬁrlgl_?%gt ﬁrggeg ZgBﬁapté‘lnc&é"&ﬁ\ﬁl te
Channel with EP ecki L ] .Qf [ ; 7, 7,
Fob. . 1004). N G 8rehigE s Sidlaitly WO SERRESLIRRS" O
Drives, (I SSCChmes TechRi,¢ .82 . chehfey (Rstyds,
J., ?. al ., Alg(’)](% 1?}1%fs-e gi?ﬂh%ég @Q%qfczlggéEgRﬁ@&Chgﬁlc wth ]T nt egr)g't ed
Servo Denpdul atg A1 M eliisk PonksollbSSGHE Jes midrotemitididlerass)s,
pp. 314315, Feb., 1997). Such circuitry lends itself well to the |arge
anal og circuit #edt aonsotigm cabnokolPr iservdr tbleeckl. 5 chansalchci peiokr yaxt n
contrast, other HDD systemcircuits, particularly digital control circuits,
may be render eddevicis) teacltMiS. tRegendevioes oparenbe oprevidedaksRoBieh| @cks
- such as an 10 extended partial response, class 4 detector (EPR4), servo,
finite inpul se MREPoRERAYALR) aBAJALACERES| AREATTRREERCLEERIERy On TR)ips:
digital CMOS ci rcuitrg has enhanced voiume mgnuf actc}rabi lity. See, .for

n#) e, Tyson Fa43j ¢! e

exa he, entize 2lectyorics PIAI IV CPEPERET T Wi
th Digi tal 15 Servo. Detectiyon, ( i ge of. Technical . Pape p. 6465,
Feb. 1 996) . ar ArCHA R Begv s wptATRlei s BRETGE MRl LRond iR
Channel with D g | 1B W SR i ey SSCC Di gest of Techni cal Papers,
pp. 388- 389, Febfg{!é%%%%ﬂg.a%b I'n oraiéir I'Sylo conbi ne anal og circuits such as
the RDC Wth digital control circuits, a conmon integrated circuit

technol ogy may be needed in order to conbine both anal og and digital
devi ces on one int egtatlech cdegign abffersisfrom a number of faults. Most

15 apparent of these is cost. The use of separate discrete
components for drive control and read circuitry drives up
costs by requiring an increased number of discrete devices,
assembly, and interconnection circuitry. In addition, the
use of multiple devices decreases overall production yield,

20 as the probability of a faulty device or interconnection
occurring increases with the number of such devices in a
circuit. HDDs are cost-sensitive devices. In addition,
the use of separate, discrete components increases overall
power consumption in a hard disk drive or the like.

25



25 nost Prior Art hard drive controller circuits utilize NMOS or H2-ICREB 2003
circuitry, such designs may resi~L large scale - 6 2 ~ F E B 2003
integration. Sinply stated, the resultant die size for an NMOS or Bi-CMOS
integrated hard drive control may be too large. 5 Crrus Logic, Inc., Mass
Storage Division, Broonfield Col orado, has been one of the few, if only)

hard drive controller device manufacturers to utilize CMOS control circuits
for both analog and digital circuitry in read channel controllers. The use

of CMOS circuitry for both 10 anal og an digital devices is non-intuitive,

cves d t lend itself | | t | t injtiall t I i it
dosi on. Hovever i ¢ E4STo APEBUEORBRER anf Graredirioiea Sbmnge0E)d: A8 BEFe0. 25
i d || technol ogi t echnol id Nl
Rdvant ages. - 16 PERAIUGRES AR HERAGPE CRFBRRES FaPRCARdRRy © 2t
cormponents can ﬁ%léeeé‘dé ﬁ%éﬂ! 94 al of NGt Shatl! | ré#‘f&{]‘ gg&aggt”gx
initially appedr 1o 1ncrease die size, as semconduckor technorogy: SArinks

to smaller resqdddiqNs 2@dnBumdrs %&%ﬁ&ﬁ@pmni haori;e%%mte djaﬁi.i.hg':r%ag

circuitry correspondingly shrinks. "Analog Circuitry, on the other _
remaigns rel ati Rinputledls Griless ZRwes indRU Al L6k CEs6tet, L REPO0bOWEr SN NKS.

Thus, overall die size for a CMOS read channel circuit wll shrink
dramati cal | y wiHdve?5a dgreatsesstoragei capdaitp; ahdnsire! athedipexr (bheas
types of technology (e. g., NMOS or Bi-CMOS) using |largely anal og 24 FE
B 2003 circui t ssostdyotassmedlsuch a di stinct shrinkage with decreases in
transi stor size. Thus, CMOS read channels may be | everaged in systens |evel
integration and, typically, benefit first fromrapid process and

| it hography inprovenents, Moreover, the use of circujtry for an
integrated hard dri v IGO0 ES SRS ?%-%F?}%%b%’r&i Fet 81eRe
prohlem of further, integrati hard drive circuitry. | n_addition. to.the
abo@'eo?nenti oned ST es‘?grsuc pa%eﬁ%‘freegr%ﬁee%es%/sﬁ eﬂ?%‘%-ggﬁhgﬁséSFupFEH may

b et Sukt AP i, | N EpBIERE: | CALEL blclnd More
conmponent s ( RD@onfplAest Ntfid atRrddr Q¥4 . e¥ee t HAcrease in capacity.
Throughput speeds of over 200 Mb/s may be required, and

speeds of over 250 Mb/s are desirable.

15

In the prior art, such read ancd controller circuitry
was typically provided in separate circuits for a number of
valid reasons. Chief among these was the desire to
separate digital control signals for the hard drive from
20 the analog read signals from the hard drive. Expertise in
managing noisy analog data signals and digital control
signals on the same integrated circuit device was simply
not available. Although a HDD may be thought of as a
digital device by most computer users, the data read from
25 the read head (or written to the write head) of an HDD is

in fact a rather noisy analog signal which mwmust be

- 4 -



like) , both for devel opnent and for production, is known in the przéngﬂtmm3
However, an integrated HDD controller product may require an entirely new
testing reginme and equi pnent in order to properly test individual circuit
20 functions. Mreover, given the level of integration, it mght not be
possible to properly and thoroughly test all circuits within such an

i ntegrated device due to the high level of integration. 25 In addition to
testing difficulties, a large scale integrated device nay be difficult to
programand test. _ g _ 2 4 F EB 2003 For exanple, a hard drive
control l er system may be progranmed by an end user (e. g., hard drive
manuf act urer) wphiesbédwboeddgitalnfars uni ordegntoopsroyideattihen pfoper
hard drive. Typically, such software devel opment requires 5 an iterative
routine of progasamawrpatd t eERi Rditdeni nEirauitgnd Wist e gepsrrdilYerbemy
be achi eved by running the software and nonitoring sel ected pins of various
devi ces in thePKavadadi te ewpR}Yv| PEFOr 16PFRACHLIQN | 99thﬂué;§ﬁiQEFeam

controll er compr.i sing a nunber of .discrete citcuit, conponent such

devel opnent agg@sstgﬁg%rﬁvi &R 1Fhe g‘i&&‘ffpi?b??y.lq%ﬁpevéﬁ gﬂ%n FRADpi ng
softgare f or an.intgﬁsated hard drive controller, a nunber of internmedi ate
signal. lines faeRe 15 conponents may not be "visible" at input or output

pi ns of the device. Providing additional signal pins for such testing is
expensive and difficult. Specialized chips my be made havi ng such extra

pins just for testifg PAIPOSIHH, HEMR eligeSUSH dilgRTetet BBhpbREAELSECNESE Ve
of production 20 devi ces and noreover incur additional coat in

manuf act uri ng sephrapeci KD z €indtiionss. alhowed Widivies maadfdctaraps to

i nexpensive, integrated solution for a HDD read and control circuit which
25 adequately madlecta solutin fqna pantdoudax bgrdi dnavre ndesign usased a
common integrated circuit technology for all g _ 2 4 F EB 2003
conp@nent s, whiupenstdambipatipasn@ff [imdiyidua) O3 asreteaqiamponeditis.ed An
design to work with a nynber of different HDD desiggs. Ir. addition, a

t echni que for t%pgp@tpngww gsolution for one type of HDD may not be

satisfactory for other manufacturers or models. Thus,
different integrated circuits may have to be designed for
different hard drive manufacturers.
15
In addition, prior art discrete HDD circuits may be
manufactured using different integrated circuit
technologies. For example, high performance partial
response maximum likelihood (PRML) read channel circuits
20 have been generally realized using BI-CMOS or N-MOS
integrated circuit technology. See, for example, Welland,
D. R., et. al., A Digital Read/Write Channel with EPR4
Detection, (ISSCC Digest of Technical Papers, pp.276277,
Feb., 1994), Mita, S. et. al., A 150 Mb/s PRML Chip for
25 Magnetic Disk Drives, (ISSCC Digest of Technical Papers,

pPp.62-63, Feb., 1996), Fields, J., et. al., A 200 Mb/s

-5 -



el ements within such a highly integrated circuit preferably 5 usin@ brif8 2003
art equi pnent and nethods woul d al so be desirable) along with a technique

for devel oping software for such a device. 10 SU ~A, RY OF T8E | NVENTI ON The
present invention conprises an integrated HDD systemintegrated circuit

conmbi ning RDC, servo logic, ATA interface, mcroprocessor, and ot her

formerly discrete 15 conponents into one highly integrated system design.

The integrated circuit is rendered using a single integrated circuit

technol ogy type (e.g., digital CMOS) for all components. Anal og and digital

Ci rcu;ts are C?ﬁ?#{&ﬁd i %(?Sﬁjaﬁ aﬁv\@g ?f%ﬁt'-ﬁo el i%ngﬁt%r rDeduc g%if%e c%rr?r
interference 2( i g “TIre Tk ( t (?8?%&4 .
o e ot ng o1 AGHEBLE DALY (rofioc BIRCED SR pe BB Db, 331420

backward 25 co ’i?séﬂ%'érlﬁgﬁh C%ﬁ@ﬂ”%%&u%i‘yaﬁ?@%@@@é‘ﬁf qunetlrleé:o4 the .

i ntegrated circul ock~~ conponent s are - 1

2003 unchanged Pt dagi ~'t§;&Qi- S QfyhyiRiaa. a i
operability of t Iéé%vgggiﬂl)&i ﬁ?’gg?g%e Ci rl%tli}ist q:fmaly 5“2‘ rég]éd?lggé%cﬂfte:verc?al%
altersng "soft bhHekel cOMRAIRIE t 0 custonmize or tailor the design for a
particular hard drive. 5 By reserving existing elenments as "hard bl ocks",
testing and proving the overall systemis greatly sinplified, and system
design time is reduced. In addition, this present invention provides a

met hod 10 for testinktnicriitaaital atthemr HRD wysdtiem tdiarduitteyr fanticiuladly
using prior art_techniques and equi pnent. Individual elements may have one

or more of theiHiFiEphteontiel GiFcyiss), cpayybeyranderrd obb tdigitalc FMOft

i ndi vi dual el t b | ectivel Wit d L testi d 15
R SR SRR TS G TR E

10 extended partial response, class 4 detector (EPR4), servo,
finite impulse response (FIR) and interpolated timing
recovery (ITR) in digital CMOS circuitry has enhanced
volume manufacturability. See, for example, Tyson Tuttle,
G., et. al., A 130 Mb/s Read/Write Channel with Digital

1s Servo Detection, (SSCC Digest of Technical Papers, pp.64-
65, Feb., 1996), and Vishakhadadtta, G., et. al., A 245
Mb/s EPR4 Read/Write Channel with Digital Timing
Recovery,, (ISSCC Digest of Technical Papers, pp.388-389,
Feb., 1998).

20

In order to combine analog circuits such as the RDC
with digital control circuits, a common integrated circuit
technology may be needed in order to combine both analog
and digital devices on one integrated circuit chip. As

25 most Prior Art hard drive controller circuits utilize NMOS

or Bi-CMOS circuitry, such designs may resist large scale

-6 -



same or simlar manner as one of the prior art conponents (e.g., RDG [l BER 2003

Servo logic, processor, or the like). In such a testing node, prior art
testing equi pmrent and techniques may be utilized to test individual hard
bl ock 20 conponents to verify proper operation, both in devel opnent and in
production testing. In addition, selected inputs and outputs of individual
el ements may be MJXed to input or output pins of the device 25 so as to
allow a progranmer to "view' selected signal |lines within the device using
standard testing equipnment. Thus, - 11 2 ~F E B 2003 for exanple, a
sof tware devel oper, devel oping software (firmvare) for the device may be

able to view i &ﬁt\ég%e&oﬁi.gnghmbi?e&mcf,h e redh1RanRelliy Biggepbrahnan
output pin sinply by progranm ng the device to run in such a node. 5 Figure

Z is a block diymgisamy I8isIMON | 110 dftdied\ HardDlArGres Wil ardy ObBéC8oo
Figure 2 is an integrated circuit 1C H ock D agram of the |UD system

el ectroni cs of Iadtgenresent invention. 15 , Figure 3 is a diagram

illustrating integrated circuit electrical and physical design |ayout for a

preferred enbodi nent of the present invention. Figure 4 is a block diagram

il lustrating operation of 20 the validation nodes used in testing the

intedated circuit &irene ppaient InAventiasm Starage: Diviisigngr BgpomEield

illustrating the relationship, between "Bus ver $us ,St and- Al one grron rat es
a

i ndi cating 25 t9RFOEAQ-athRS oPeFﬂeWes@ntglP%vgﬁY'i oft Ep sl ard a 8FdpEan| e

levels. - 12 controller device manufacturers to utilize CMOS control
circuits for both analog and digital circuitry in read
channel controllexrs. The use of CMOS circuitry for both
10 analog an digital devices is non-intuitive, as CMOS does
not lend itself well (at least initially) to anmalog circuit
design. However with the reduction from 0.8 micron
technology to 0.35, 0.25 micron and smaller technologies,

CMOS technology provides surprising advantages.

1s

For example, in a read channel circuit, more analog
components can be rendered as digital circuits. While such
a design may initially appear to increase die size, as
semiconductor technology shrinks to smaller resolutions
20 (e.g., 0.25 micron), the resultant digital circuitry
correspondingly shrinks. Analog circuitry, on the other
hand, remains relatively static in size as integrated
circuit technology shrinks. Thus, overall die size for a
CMOS read channel circuit will shrink dramatically with
25 decreases in semiconductor transistor size. Other types of

technology (e.g., NMOS or Bi-CMOS) using largely analog

-7 -



2 4 F E B 2003 DETAI LED DESCRI PTION OF TSB | NVENTION Figu;e 1 ie a2uh §&8 2003
diagramillustrating hardware 5 functions perfornmed by Prior Art HDD system
el ectronics 100. Such electronics nay be found packaged on a circuit board
or the like within or attached to the FAD case or encl osure. Mgnetic hard
di sk drive electronics typically inplenment an enbedded CPU system 120 to
manage specific 10 real-tinme tasks, including controlling dedicated

har dwar e bl ocks 140, 150, and 160, which handl e the high speed data stream
bet ween di sk 190 and host bus 110, and providing notion control via

spindl e/VCM driver 165 for_the head and spindle. Traditionally, these

har dwar e functi GAECHARE. hekh ROLpPROV| FWeh | at distiacy shxinkages with t he
present inventiqgn, all of these functions are integrated into one
integrated ci rcAPFrEAPES MLTARFLETON B4R nore detail ed description of

this integrated circuit 20 chip may be found in the Crrus Logic CL-SHB669
Prelimnary Data Hook, Version 0.9, Novenber 1998. Shaded segnent | 00 of

Figure 1 presents th he ?e i t t4.10 %ﬁf r, mnimum
system cost, since ZEhﬁ \érs%meJ e%rg?\ schgéﬁg%gre iéz)egaiélgnﬁsé% erffcialrnd %f\%m The
presemt inventiqR,ghsSPne ﬂpé ,}1 Al e ! CRenetdt firs? £
enhancenents by ?nt ggrgt? g ﬁsog u%andvxlﬁ'?'glh s;r:/[??em Buses olhc Ep_,r%é?vég'gdg
functional bl ocks-oaedsl Qﬁ&@!i&&%ﬂ?ﬂil Ampkoveiéhts | NMoReeveRr! thy At ¥
t hus reduces system power and board area requirenents. 5 Figure 2 is an IC
Bl ock Di agr am ottMbe ¢ivdgtatyedESPDasy sistregtanid ohacd Aeavel ddreryuERant
invention. During read operations, read/wite channel (RDC hard block 240)
extracts high spemdif@coMbon)inkyitivelmalutiom fontheyproblem of further
integrating hard drive circuitry.
10
In addition to the above-mentioned obstacles, such an
integrated system-on-a-chip solution may be difficult to
properly test, due to the inherent complexity of the
device. Testing equipment and procedures for individual
15 circuit components (RDC, ATA interface, processor, and the
like), both for development and for production, is known in
the prior art. However, an integrated HDD controller
product may require an entirely new testing regime and
equipment in order to properly test individual circuit
20 functions. Moreover, given the level of integration, it
might not be possible to properly and thoroughly test all

circuits within such an integrated device due to the high

level of integration.

25 In addition to testing difficulties, a large scale
integrated device may be difficult to program and test.

-8 -



10 anal og signal input fromthe magnetic head pre-anmps and provides 24 FEB 2003
parallel data to the hard disk controller (HDC) 250. A description of an
exanpl e of such a RDC bl ock may be found in Wlland) D. R, et. al., A

Digital Read/ Wite Channel with EPR4 Detection, (ISSCC D gest of Techni cal

15 Papers, pp.276-277) Feb., 1994). HDC 2SO formats the read data and

applies error correction algorithnms to it before supplying it to the Host

via ATA host interface bus 210. During wite operations, 20 HDC 250 accepts
data from host interface bus 210) formats it and appends ECC syndrone bits
before sending it to RDC 240 for encoding, serialization and transm ssion

to pre anps 204, for Mﬁlt conpl e o) e d | gor | sed
to control not ?‘(?rf of S ENE éa(roBan%Aspl ng}'%‘p reéols’{r{rtp 0215.Le§f bes}%Duh%grmg%d
DSP 230. Servo k A0 Uit

f eedback (via §%§ihs reglsygrg)gpﬁp%%ﬁagz aﬁd |nte?PQg§ to %?ébaﬁﬁgrﬁ
and power driveyigH rgafw&@w)o;cmtﬁﬂalfen%%ﬁ e rand ae,le&at&onSo@PHhaZO
may conprise an ARM/TDM m croprocessor, designed by and | icensed from ARM
Ltd. of Canbri dga:a Bigvand. TypecARMFTOBM i soflasnrd e loprent delgaiitreisn
the ARM Architecture Reference Manual by D. Jaggar (Prentice Hall; | SBN

0- 13-5/36299- 4) .aril (i tldma tARN/ TolMt imed dfe pragracmingsand seatdagd vJeistiad
desi gn bl ock whi ch has been incorporated into the integrated circuit design
of the present the dmidrdriveczontrebbenrmay cek sanhjevnedobie runadngi thien

the spirit and 15 scope of the_ present inventjon. For exanple, _ other types
of a to 64 bit SAFtwaRRANG RoRi @ylwmeém@ﬁ af variens demjseagifes

or ST-10 serles es or pes of RISC or ClI SC processors) may
be used wit hout® g'h’r’qur‘%"f" oFFPP °é F\F/'lt and scope of the present
invention. 20 CPU 220 nmay be coupled to on-chip SRAM 222 and ROM 224 as
hard bl ocks, and DSP circuitry 230, bus interface |ogic 226 and peripheral s

(e. xp, timers, inteidlpl, pgphe: AvR thaPlaS AN oAREr§P1Er PLBmpEisThguie 3

is a diagram

number of discrete circuit components, such development and
testing provide 1little difficulty. However, when
developing software for an integrated hard drive
controller, a number of intermediate signal lines between
15 components may not be "visible" at input or ocutput pins of
the device. Providing additional signal pins for such
testing is expensive and difficult. Specialized chips may
be made having such extra pins just for testing purposes.
However, such chips are not representative of production
20 devices and moreover incur additional cost in manufacturing

such specialized devices.

Thus, what is needed is an inexpensive, integrated
solution for a HDD read and control circuit which
25 adequately protects digital signals from analog sgignal

noise, using a common integrated circuit technology for all

-9 -



25 illustrating integrated circuit electrical and physical design |2%oREB 2003
for a preferred enbodi nent of the present - 15 2 4 F EB 2003.

invention. In Figure 3, hard blocks are shaded while soft bl ocks are not.
The term ~hard bl ock” is used to refer to design bl ocks which have already
been |l aid out and thus are not disturbed or re-routed when using
conventional 5 integrated circuit |ayout software. Soft blocks, in
contrast, nmay be altered in layout and design using integrated circuit

| ayout design software. The system architecture enabl es hi gh speed
execution 10 (-35 MPS) of arelatively small and highly optim zed code
base in which génts Cathidedsti Bl hvsiai@dnaedleRibilit i@ bet geaaily
menory 222, 224. de which is not speedcritical may be supplied in an
external nmenor ym@@Bfie@5iwidedHlgrs t22 korkhuwa tiho ac aumberr ofMIifferenti HBD i n
this 15 optim zation for | owest coat. A well-organized system nenory map -
which will survidesigm$ti plr pdidituicn,genarextlindgme floas teetaingeintddyddualhe
bus structure includes two nmain system buses. A 20 CPU | ocal bus (FBUS) 234
supports fast ieienentsIithin ghde adhighilys inkegnaked Hircuiseprpgferablyus
supports all other devices (e.g., 16 ,or 8 bits mﬁde%. Bot h huses _support
all p?ocessor aé8tng t%@r(érg.)ewmw biandg amgthede s wenlehd algoz2 b ¢
instruction fet hes%. fS - 16 2.4 FE 2003 The peri pheral b%%, whi | e

| ogi cal |y a singfét %E,e'rra?f?%ﬂ/é‘”t% J TSP eZRBTRBUSCESYaTSBUS
232 may connect o nt er pal | es and may have mul tiple physical segnents to
reduce power digé?pg?ggﬁagﬂgél owi ng only 5 addressed segnents to be
active. EBUS 227 may support external nenories 223, 225 and/or |/0O devices.
Typically, a single 16-bit w de burst flash device 223 may be attached to
EBUS 227 which may al so provide debug and test visibility (when enabl ed) by
echoing internal bus activity. 10 These buses have been inplenented within
apprbxi mat el y 1SUMMARY cOW| THE (INVENTIOMas each to effectively manage
resistive and capacitive effects. The architecture of Figure 2 may al so
support four or 15 nore operational nodes to facilitate chip validation, as

illustrated in Figure 4. Figure 4 is a block diagramillustrating operation
of the validation no¥e® RP¥edeph MG qrht CEPRFEELTDRNs yieegeaterd r s

200 of the presghL | Aventi o, VI QHS, GO IRST:8. ko]t AL IR, AT

interface, microprocessor, and other formerly discrete

15 components into one highly integrated system design. The
integrated circuit is rendered using a single integrated
circuit technology type (e.g., digital CMOS) for all
components. Analog and digital circuits are combined in
such a way as to eliminate or reduce noise or interference

20 in digital circuits from analog circuit components.

In addition, the integrated circuit of the present
invention takes advantage of existing circuit design
modules to simplify the design and insure backward

25 compatibility. Such components may be provided in the

integrated circuit as "hard block" components which are

- 10 -



20 system el ectronics 200 of the present invention nay be | aid out zaﬁoFEB 2003
function in a manner simlar or identical to, discrete conponent
counterparts. For exanple, HDC 250 may conprise functionality taken 25 from
the G rrus Logic SH7660 discrete conponent HDC sold by G rrus Logic, Inc.

of Frenmont, California. As noted above, - 17 ~ ~ FEB 2003 the core logic
for CPU 220 may be taken froma nacro cell logic provided by ARM Ltd. of
Canbri dge, Engl and. Testing equi pnment and testing paranmeters for such core
5 circuits are known in the art. However, when a nunmber of such macro cell
units are conbined onto one integrated circuit substrate (or packaged
circuit el enent)unshahgéedsbyninteghatedesiniiteqlegignisofiywaret. b&hanges
applicable. In particular, individual input and output signals for 10

i ndi vi dual macr oinelopexabidity ffcHcke | avgrakk aintegratpdii eirenitumay be

i ncorporating many such nmacro ce~.| units may not appear at chip input and
output pins, as rRaghdyr aghievede RbnpbHRFNE oUFPEF pALESK" 1 SOmBORERES | %O

either a whole new regine of tests st .be, established to teat. each. nacro
el | component , GRSBORLPEISE JraLIRF ier SSRLeR S REAT SOWSE oA fh e b1 .
The present invegtion, as.il|ust.rat iR Figure 4, J[rov des t,echni que
Wnerebg' i ndi vi dud¥ F§EFS EEP) eﬁ‘rﬁs{%é%%afrjﬁé“e%st g;éte a%é’: g’g%%sdr z}r‘%&mg
testing techniqu apd . egHLP t %IC ggta(ejg%i 4 A i vi d
macro cell el ems%@g Egghggé EB% 3§§‘§ak 524% %%,%%J?‘Welﬁrﬁe\é’m%d
have their indivigduabm A841§naPImO U P UESauBEd.I Pl exed 25 together with one
or nore chip I/O pins. Under normal operating conditions, the integrated
HDD system el ectronics - 18 2 4 FEB 200 may operate as an integrated
circuit hard drive controller as described above in connection with Figures
2- 3. -However, for testTnngdditposesthisderegenyr dnyenkbbnsysdeided axtmetrhad
may be switched into one of a nunber of testing
10 for testing individual elements within the integrated
circuit using prior art techniques and equipment.
Individual elements may have one or more of their outputs
and inputs selectively MUXed together such that individual
elements can be selectively switched (during testing modes)
1S such that the integrated circuit emulates or behaves in the
same or similar manner as one of the prior art components
(e.g., RDC, HDC, Servo logic, processor, or the like). 1In
such a testing mode, prior art testing equipment and
techniques may be utilized to test individual hard block

20 components to verify proper operation, both in development

and in production testing.

In addition, selected inputs and outputs of individual
elements may be MUXed to input or output pins of the device
25 so as to allow a programmer to "view" selected signal lines

within the device using standard testing equipment. Thus,

- 11 -



5 modes) as illustrated in Figure 4. Figure 4 illustrates a |ab vald 4aktEBr2003
PC. board 405 provided with four integrated HDD system el ectroni es 1200,
2200, 3200, and 4200, each coupled through a common bus to 10 | aboratory

instrunentation 402. The arrangenent illustrated in Figure 4 is for
purposes of illustration only. It will be appreciated by one of ordinary
skill in the art that other configurations may be used for testing,

i ncludi ng individual testing or testing in groups of other 15 than four, or
singularly. In addition, a PC board need not be used for testing purposes.
Appropriate testing equipnment, using a test socket or pins may be provided

wi t hout departi ggyf rQEMgIR SPAT ido R rec 08evelopdie, pae%embpm endd@iward | n
Figure 4, a first |ntegrated circuit hard drive controller Ois

illustrated bei ngirpwhed) i BokbDEnaDdevibe HRE Bedablenwd s;fwl imdpeidud D
and from HDC macro cell 250 may be nultiplexed to one or nore chip I/0O

pi ns~1401 25 suglighhat lines @whichlagke natunormdldyt puesengnalts aro dii¥pumcr o
cell 250 are routed through chip I/O pins 1401. In - 19 2 ~F E B 2003
such a node of pparainply by tpamporamthidDthe sdevicd act rom ¢8 4260 dawdes
simlarly to, if not identically to, a discrete conponent version of IBC
macroScel | 250. 5 Testing procedures for IBC macro cell 250 are known in
the art. Thus, once switched into HDC node, HDC nacro cell 250 integrated
HDD systen1e|ectron|cs 1200 nay be readlly tested using lab instrunmentation
402 wi t hout any_peed or equipnent. 10 Simlarly,
i n ARM node, as*rostrare P F rrsystem el ectronics 2200 in
Figure 4, inputs and outputs of CPU core 220 are MDXed to chip 1/0 pins
2401 such that integrated 1UD system el ectronics 2200 operates in a 15
simlar, if not idencigakemniela HiBck disgral 8 100HRIBRANGOPE: 220Ard Gip
procedures for CPU 220 may then be perforned using lab inStrunentation 402.
Not e yohat al t hoggiatielm e3keBiefditere as being used with 20 |ab
instrunmentation 420, the MJXing techni que of the present invention may be
al so be used for production testing and validation of integrated |UD system
el ectronics 200. MJX 404 is provided within integrated HDD system

el ectroni cs 200, andFdaprpe2siscaninttegrahed sizguiy IS Bleﬂgn?iQG¥Em of

appropriate codes to_integrated S
PProp %. HDD sygtem electrogics of the present invention.

15 . Figure 3 is a diagram illustrating integrated circuit
electrical and physical design layout for a preferred

embodiment of the present invention.

Figure 4 is a block diagram illustrating operation of
20 the validation modes used in testing the integrated circuit

of the present invention.

Figure 5 is a graph illustrating the relationship
between "Busy" versus Stand-Alone error rates indicating
25 the apparatus of the present invention performs at

acceptable levels.

- 12 -



- 20
or | ow

2 4 E EB 2003 electronics 200 or by holding certain 1/0O

on power-up. Integrated HDD system el ectronics 3200 is illustra

F

F tgus,

as being in RDC node. As the nanme inplies, in RDC node, RDC core 244 is
hrough MJUX 404 to chip 1/0 3401 to |lab instrunentation. In R DC
node, integrated HDD system el ectronics 3200 enul ates a di screte conponent
| nput and out put responses and may be tested using conventi onal

MJXed t

RDC i n

testing techni ques and equi pnent.
illustrated as operating in a integrated (normal) node.

404 of

i ntegrated HDD system el ectronics 4200 is set 15 such that

In this node,

10

I ntegrated HDD system el ectronics 4200 is

MUX

integrated HDD system el ectronics 4200 operates as a conplete integrated
Once each macr o ceII bIock has been val i dated using the HDC, AR~~I,

system

and RDC nodes, DETATRED I L
routines developed partlcularly for

BNTIAN| ng addi tional

t eat

|ntegrated HDD system 20 el ectronics

200. However, since fundanental |ogic bl ocks have already been vali dated,

t he anpunt and nunbers of tests for the over al

Furt her,
of S%Fh

10

15

20

25

system are reduced.

val i dati on F¢Ou8 i hdil® quableeki Alagrasnchtuskuating hardwareity

functions performed by Prior Art HDD system electronics

100. Such electronics may be found packaged on a circuit

board or the like within or attached to the HDD case or

enclosure. Magnetic hard disk drive electronics typically

implement an embedded CPU system 120 to manage specific

real-time tasks, including controlling dedicated hardware

blocks 140, 150, and 160, which handle the high speed data

stream between disk 190 and host bus 110, and providing

motion control via spindle/VCM driver 165 for the head and

spindle. Traditionally, these hardware functions have been

partitioned into several VLSI chips.

In the present invention, all of these functions are

integrated into one integrated circuit chip. The operation

and more detailed description of this integrated circuit

chip may be found in the Cirrus Logic CL-SH8669 Preliminary

Data Book, Version 0.9, November 1998.

Shaded segment 100 of Figure 1 presents the elements

to be integrated, optimized for minimum system cost, since

these elements may be realized in standard CMOS.

The

present invention also enables future performance

- 13 -



- 21 2 ~F F 8 2003 testing and noreover nmay be useful in pi npca AtFEB 2003
probl enms in production or prototypes. Pre-existing validation set-ups and
vectors may be 5 used in RDC and HDC nodes. Internal buses, nodule I1/0Gs and
test nodes are nmade visible on the validation PC board. Selected inputs and
out puts of individual elenents may be MJXed to input or output pins of the
device so ae to allow a programrer to "view' selected signal lines within
the 10 device using standard testing equi pment. Thus, for exanple, a

sof tware devel oper, devel oping software (firmvare) for the device may be
able to view individual signal lines which are not normally present at an
out put pin si nenhapremenysabyi intedratdad badghobandwidth mystembuses1enBy
setting appropriate registers or other indicia within the device, a

devel oper nay gphidgranbetrecenr fynstipnalsdlaaksd andbdntEgnated (memgry.
eight) to echo signals fromvarious jnternal elenents_in the device which
20 ordinarily exot Ghe RRAgSRt AnYRnkian thiyf sredures (aYRFe™ PPYREI s
on the internal FEbus 234 or Pbus 235 nmay be read out onto one or nore

sel ected pins. g@GF"Bﬁ?aofﬁgplg?ﬂﬁﬁgsrines (not shown) or internal

sign lines fromwithin an el enent of the device nmay be appropriately 25
MJXed to one or nore output pins. - 22 2 ~ F E B 2003 Using such a

techni que, a SOftV"arﬁgf[ﬁng 'gr FALEYYS f@Vl?i&B@eréﬁ}ah@%ff 2nd Qﬁ\esggateg HDD

svftware/firmiare for evice wthout the reed for a specidlized pin-out
prototype devi gErgtRtHRedtrbss F0d et | the pros&RY einvéREidNY ObuPial

actual device (as opposed to a specialized pin-out prototype) will produce
data nore accunsiad Yoperfdteiciriang ddwd fvarifte nehaamedf (ROTIWArdnbhecks 240)
extracts high speed (260Mb/s) serial data from a noisy
10 analog signal input from the magnetic head pre-amps and
provides parallel data to the hard disk controller (HDC)
250. A description of an example of such a RDC block may
be found in Welland, D. R., et. al., A Digital Read/Write
Channel with EPR4 Detection, (ISSCC Digest of Technical

15 Papers, pp.276-277, Feb., 1994).

HDC 250 formats the read data and applies error
correction algorithms to it before supplying it to the Host
via ATA host interface bus 210. During write operations,

20 HDC 250 accepts data from host interface bus 210, formats
it and appends ECC syndrome bits before sending it to RDC
240 for encoding, serialization and transmission to pre-

amps 205 for write completion on the disk.

25 Servo algorithms used to control motion of the head

and spindle are implemented by CPU 220 and DSP 230. Servo

- 14 -



Note al so that although only four “nodes” of operation 10 are illus? %aFEB 2003
in each of the chips of Figure 4, other nodes of operation may be enabl ed

and noreover other elenments of the integrated circuit hard drive controller
may be tested. For exanple, customservo logic or the |ike may be tested in

a servo logic node or may be otherwi se 15 isolated or have its outputs

sel ectively MJXed for testing, evaluation, or other purposes. Note that

al t hough described in the present invention for use in magnetic hard di sk
drives, the apparatus of the 20 present invention may be adapted for use

for other types of drives such as -ROM drives, floppy drives, tape drives,
and the |ike. Chip,diotegoat hal tRiES sdyaniagedy FakBnlakd wgasoégaeés

bl ocks. Stand-al one conponents, such as RDC 240 may be virtualized for

reuse as hard blsdEstdr)enab!cpuieysd oOpadt intedface 2ot grd=dhp#)0805 and
concurrency and to mnimze the cal endar del ay between stand-al one products

and the integr atpsweiPldrdyetrsmndeashowi)c contrbhdingedentheadyanti spindle.
Functional architecture, timng, noise and routability considerations 5
drove hard bl ock placenents as illustrated in Figure 3. Top-level circuitry
and HDC 250 may be inplenented as soft blocks to maximally utilize

intrabl ock silicon &RV cRaft iy arrampxisef f a8 ARMYTEBMIgnnicKoRYareBsar.,

such soft 10 bl ocks, may_be | ater rfdesi gned to custom ze the int%%rgat ed HDD
syst em el ect r onit@signed, BYr 3ndy| Atcepged ofrppa My Hidg M vEamPridge.

Qiseéﬁbc%of‘”%gg%ﬁ-@sﬁﬁﬁgﬁﬁﬁ%geﬁ%ﬁ% ﬁ"éﬁ”é\&%&%ﬁ@%@iiﬁﬁ% &
. DSP 02 ¢ - & . _
[l ming_ conver gerit; ABFEIEC AR SalerMes oA ORY D NEIRAS, (RERETRe

and cel | - speci figs{pnopdpe L3-Fagbaglg)t he Synthesis library contributed
to a 20 routable netfist with timng margin. Static and dynanic tim ng

anal yges, based on RC-back-annotation, drove timng nodification-is in
-0.1~ of total net population (-50K nets). Chip timng verification
utilized hierarchi cal TH | ARMFITEMI' mughbdles ma3s compiise a standard verified

design block which has been incorporated into the
integrated circuit design of the present invention. Other
processor blocks may also be used within the spirit and
1s scope of the present invention. For example, other types
of 8 to 64 bit (or other bit size) processors such as an
Intel 196 series or ST-10 series processors (or other types
of RISC or CISC processors) may be used without departing

from the spirit and scope of the present invention.

20
CPU 220 may be coupled to on-chip SRAM 222 and ROM 224
as hard blocks, and DSP circuitry 230, bus interface logic
226 and peripherals (e.g., timers, interrupt, gpio, uart,
not shown) as soft blocks. Figure 3 is a diagram
25 illustrating integrated circuit electrical and physical

design layout for a preferred embodiment of the present

- 15 -



2 4 F E B 2003 The RDC anal og front-end 240 incorporates several n@ §eFER 2003
isolation and mnim zation techniques. In addition, I/O interference was

m nim zed by nmanagi ng peak di/dt and staggered I/O switching. Transients
were further isolated 5 by placing strategic cuts in the I/0 power buses to
confine high frequency noise to snall est feasible paths, w th dedicated
VDD/ VSS pads per segnent to conplete the | oops. Core noise was reduced by
addi ng --12nF of distributed capacitance in the power grid. Analog, PLL,
edge sensitive 10 and asynchronous |1/ 0Os have been isolated with dedi cated
VDD/ VSS pads. Core and 1/ 0O VDD/ VSS pads are al so separated.. Lab data on
channel bit error imtent(idBR) ¥n. Figyrel 3 15hand Mmlossks aireo shaded while soft
generated by convolving a 50% Lorentzi an and 50c Gaussi an pulse with the
expect ed channel chkddks, aygt netn aThesegm-rhaxdidodkindia usedPtosyefer to
illustrated in Figure 5. The entire read and servo paths in the chi

(i ncl udi ng ECC) ardesigm blpekal whichpave already been ladd rip@ngd fdusoarem
active transistors; .-300k transistors are active jn the stand-al one RDC
test. The data prdReeddisFyrhed e @F| sFeFﬁméBﬁé wiben yelieg, pFPEvAgtignade

the circuitry is epabled in CMOS, nmpst.25 of the _addition i gi.t.al .
ci rcui tsgadded to ’t‘h%ewgr&r eﬁﬁfﬁk‘?ﬁe 1PEeRel SoFE"83 i gi t ‘?&ci Péﬂ% in
create little - 25 F 2003 iLden p r T « S gnhals
noi se fromthis di%??%%éckl'r cﬁ??r yQ%r e%g%ééc?i tih e%ﬁé‘ﬁ?i g&r]%? r,;#ég%r:ll' nglgslélg
for the anal og por{QyQftdd'eiredditMiayeuthaBBein soft@basf@l a denonstrates
no degradation in perfiormance in integrated "BuSy" vs. stand-al one RDC
operation. Perfonaance data is summarized in Table 1 below. D e

Si ze7. 3x7. 3MRTechnol ogy0. 35um CMOS, 1-Poly, 3-Metal Transi stor

Count 1. 45M5uppl y Vol t adiiie Gytstent dfgiritscturel @mablaesuhigh spéedPexecution
Di ssipation at 3.3V1l. 7WPackage208QFP_ Routing Pitch M&3 (V); M(H)1.3 um

1.5 umMi Host | nt ér3R0EIRANARE( 33 rRRASiVedy Bmall Rnd dswhly opriBized tede

26
base in which speed-critical code is handcrafted to £it

into internal memory 222, 224. Code which is not speed-

critical may be supplied in an external memory 223, 225 via

Ebus 227. Thus no cache or MMU is required in this
15 optimization for lowest cost. A well-organized system
memory map - which will survive multiple product

generations - has been developed.

The bus structure includes two main system buses. A
20 CPU local bus (FBUS) 234 supports fast internal 32-bit wide
memories 222 and 224. A peripheral bus supports all other
devices (e.g., 16 or 8 bits wide). Both buses support all
processor access types (e.g., 8/16/32 bit data accesses and
16/32 bit instruction fetches).

25
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enbodi nents of the invention have been disclosed and described in

herein, it nay be apparent to those skilled in the art that various changes
in formand detail 10 nay be nade therein without departing fromthe spirit
and scope thereof. For exanple, while disclosed herein as read channel
circuitry (RDC), such circuitry may al so conprise 15 read/wite channel
circuitry without departing fromthe spirit and scope of the present

i nvention. Mreover, while disclosed herein in the context of a nmagnetic
hard di sk drive, the present. invention may also be applied to tape drives,
fl oppy disk drives) amhe GhaXigHettalyémsqr whidel LbgicaDlyi AMdiaidle buds,| may
descri bed herein as using an ATA interface, other types of interfaces may
be used (storagehateei twoi vagiante; PBUSa@S2arazal rERUSrA27 nt ePBUSe 23@r may
network interface) w thout departing fromthe spirit and 25 scope of the
present inventi omnmﬁtem#pmalamgggless&xd Tayr bamanmultiplgatphysical

Et hernet, or the like nay be - 2 ~ FEB 200 substltuted for or

augnent ed t o thesmeﬁ‘ﬁ?er%cEeG‘il%%l Fauehefippiration byy allowipgomdy
cr~—rt§ W claim

2 ~F E B 2003 5 Wile the preferred enbodi nent and various al tern?ell'v FB 2003

addressed segments to be active. EBUS 227 may support
external memories 223, 225 and/or I/O devices. Typically,
a single 16-bit wide burst flash device 223 may be attached
to EBUS 227 which may also provide debug and test
visibility (when enabled) by echoing internal bus activity.
10 These buses have been implemented within approximately 16
square millimeter areas each to effectively manage

resistive and capacitive effects.

The architecture of Figure 2 may also support four or

15 more operational modes to facilitate chip validation, as
illustrated in Figure 4. Figure 4 is a block diagram
illustrating operation of the validation modes used in

testing integrated HDD system electronics 200 of the

present invention. Various components of integrated HDD

20 system electronics 200 of the present invention may be laid
out and function in a manner similar or identical to,

discrete component counterparts.

For example, HDC 250 may comprise functionality taken
25 from the Cirrus Logic SH7660 discrete component HDC sold by

Cirrus Logic, Inc. of Fremont, California. As noted above,
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1. In a hard disk drive having one or nore disk surfaces, a corres@ohdiRy 2003
nunber of read/wite heads, a spindle notor for rotating the disk surfaces,
a voice coil notor for noving the heads relative to the disk surfaces, a
head preanplifier, coupled to the nunber of read/wite heads, a servo
control coupled to the voice coil notor for driving the voice coil notor in
response to control signals, an integrated hard disk drive controller
integrated circuit conprising: a host interface for interfacing with a host
conputer; at |east one internal conmunications and control bus, for
transferring stored data and control data to and fromelenents within the

i nt egrat ed har cchib skoxk i dsgiconiow |CHEF 220d magt bec takent €tom ahmabeohoell
interface to transfer stored data and control data to and fromthe

i ntegrat ed har dlefidk prawiseshdy dRMer Ltdt ¢£aCambnidae, aEnglandhannel
controller and a read/wite channel controller, coupled to the head
preanplifier arid the at | east one internal conmunications and control bus,
for receiving and processing read channel data fromthe heagﬁ reanplifier;
a notion control sertRFYRY gﬂ“&@ﬂ‘ﬁpéﬂ beRt1Rg pazamesREs; gﬁ‘l‘é’lh core

i ti d t | dt the - 2 2 4 F.E B 2003
SO At o LKAl e e i b’ B, Bomeyirc WEBR, 3 CURPRE, BE

di sk controller u t g, t-he .least_ o i rsN i [ S,
for transferri nsguési?o?‘éggaa%ae]{lo %%é{oé%ei n?gbggcg; a%%%é)gmr{hgcﬁ'g{go ?ri(t):?ﬁer,
coupled to the tegﬁﬁi rn cq;%?,gg' ti Qe IS, er atgl
control data to@%:%'%]‘t??%l evitcl::le&té:%wi ?Jﬁfn t he :g%taegreg?gggﬁar%ﬁd?és*gadri %Ig%g

control I er int egsg¢ ey Uedchitiiqued ahbceduimiint! adyhaoe Beskpslicmbleont ral | er

integrated circuit of claim1, wherein the hard disk drive controller
integrated cirgattisulanderiafiividualpl iimpatar ankdet autputde sSemadendEotor
(CMOS) transistor circuitry. 3. The integrated hard disk drive controller
i nt elj&at ed circindividuali macre ureekl cenits si by: suchgi Bal leingealscale
processor, coupled to the at |east one internal communications bus, for
processi ng raw SRePStRERL SiMAHRt ABCITPPEALING MATY SUGE PRGEC FRhapits

ctored data . ey 6t pnea BRO0RS Tk afa, SR Rine kel 1 HPRTE
controller int ?@Igéfgtéié&i}g%nﬁt c‘:ldqjﬂ@e}pa%gr_ ein said mcrocontroller
0

conprises: a m Croprocess aving a set-of rnstructions for controlling a
hard di sk drive; and an internal nenory for storing a first speed critical
portion of m croprocessor code and data containing instructions for
prockssing, retrieving,aanesslorieititkd a twhold dewnrddigndasfl thistls auiste,

be established to test each macro cell component, or
portions of the macro cell components may be untestable.
The present invention, as illustrated in Figure 4, provides
a technique whereby individual macro cell units may be

20 tested using prior art testing techniques and equipment.

As illustrated in Figure 4, individual macro cell
elements such as HDC 250, RDC 240, CPU 220, and the like
may have their individual inputs and outputs multiplexed

25 together with one or more chip I/0O pins. Under normal

operating conditions, the integrated HDD system electronics
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wherein the mcroprocessor accesses an external menmory through the 2té FE8s2003
one internal comrunications bus to access a second non-speed critical
portion of m croprocessor code and data containing instructions not related
to processing, retrieving, and storing date to and fromthe hard di sk
drive. 5. The integrated hard disk drive controller integrated circuit of
claim4, wherein said at | east one internal comuni cati ons bus conprises: a
m crocontrol l er local bus coupled to said m croprocessor and said internal
menory for transferring the m croprocessor code and data to and fromthe

m croprocessor; a peripheral bus coupled to said mcroprocessor with said
at | east one of mayr epeiratea|an dntegragedagdrquitshard ¢rive: cengrzdder
read/wite channel controller, said nption control servo |logic, said disk
drive control | eR8~afl@sSaikedi gRPaAY®e si #Mal CPRRRESLRIY ; Wl x Fgvare Sme Ay
bus, coupled to_said nicrogrocessor and an external, menor

U f
transferring m HPYBVEEesEBF E68E1REJPYIPRSES. alk efﬂGﬁFgg?geﬁig%BpﬁMﬁ%ﬁﬂn;
d bus/ troll | ed. t d interfaci i d .
i cr ocont rof | or SHEERFORLES ey P ERASRBPE BLR, i 4% B, BUBRT Y ESREAG
bus. g. The intﬁg&g ?da?a{ﬂl§@6¥%é§d‘”%ﬁ¥ﬁ Ll lqer integrated circuit of
claim5, wherein a fi'rst portion o el'eneit s are provi ded as hard design

bl ocks, and a second portion of elenments are provided as soft design bl ocks
such that the soft bl ock conponents nay be readily redesi gned w thout

redesi gni ng the hardrbgegk eonuANetrates of dpdb t Palidi®©ibr epthBoaptearas ed
hard di sk drive controller integrated circuit. 7. The integrated hard disk
drive control | eprontidgdawith cfouniintHguatadrHDD eifstemneledtiromitios 1400,
conmmruni cations bus further conprises: a MIX for selectively nultiplexing
out puts of one 2R0Rwr 23200, tard d:29%0 c ®agly|dowpledhshrpughpa oeemman bushdQ he
at - 32 2 ~ F E B 2003 | east one of a read channel controller and a
readtfrite chanAdPoxahPEY| | eFRRFFHMFHAYOhor 49210 pi nsTREch IFEARIReNt

i nt ted ci i | ti | t put si | f f.th
of the disk controrPEratnein Hiaki £ he" AR Riposes Gk L PR o ag
h | trol d [ WL ; t | ) . I i d
e skt | veoRIyANC R LERY Ke bBpaaiREeaBYl bRt 6F qfaiodlly |dHOH S
internal comunigatl bRRSthAE bthdP GorrPiRir=t8%ns2 My} bE0ls88! £5¢ iedting,

mul ti pl exi ng out puts of one or
including individual testing or testing in groups of other
15 than four, or singularly. 1In addition, a PC board need not
be used for testing purposes. Appropriate testing
equipment, using a test socket or pins may be provided
without departing from the spirit and scope of the present
invention.
20
In Figure 4, a first integrated circuit hard drive
controller 1200 is illustrated being tested in HDC mode.
In HDC mode, inputs and outputs to and from HDC macro cell
250 may be multiplexed to one or more chip I/O pins 1401

25 such that most or all of input and output signals to HDC

macro cell 250 are routed through chip I/O pins 1401. 1In
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nore of the disk controller, the mcroprocessor, and the at |east pheFpf 2803
read channel controller and a read/wite channel controller with one or

nore |/ O pins such that the integrated hard disk drive controller

integrated circuit may selectively operate as a discrete disk controller,
conponent - m croprocessor, and at | east one of a read channel controller and
a read/wite channel controller. 9. A hard disk drive conprising: one or
nore di sk surfaces; a nunber of read/wite heads corresponding to the one

or nore disk surfaces; a spindle notor for rotating the disk surfaces; - 33
2 ~ F E g 2003 a voice coil notor for noving the heads relative to the disk

surfaces; a heaguireanibdd icH ope€@tiRbf( iftédeatudrivmD eistemdéyecteoheass;
a servo control coupled to the voice coil notor for driving the voice coil

motor in respon3yR000 behaves Signdlaxrlyandogan ift agrat ddemzidadilyk doi,vea
controller integrated circuit conprising: at |east one internal

conmmuni cat i ons &idareter cbmpasent ovexrsion fef HDQ) mxaxncededdt 258nd cont r ol
data to and fromelenments within the integrated hard di sk drive controller
and with a host interface to transfer stored data and control data to and
fromthe integrated hard disk drive controller; at |least one of a read,
chann® control |l er af®skirgRFeFedureshfarePCONRFEP IRl AA%HPEE KBoWRelRead

lifi d,th I i I ' ' I ,

For 1 bcei vi ng. aifiAtEessiAp « GRESL AHURBRofLLALS I (TeEne ARG, PRRRRI FPLLr |
ti trol v | 0gi | _J '

Control si gnal o 3% SHGeaeRG o, SO0 p9RckR, PIERERbESE T208 ngy phe OFRRREAY0

di sk controller . £uy ggifn 488 2hsteambnPALibAt £682Li RSN NALFT heBA BUS.

for transferring stored dafa to the host interface; and a mcrocontroller,
coupled to the aew aFtingepirbtedires cofMequimidmns bus, for generating

control data to control devices within the integrated hard di sk drive
contnid@ | er integrated circuit.
Similarly, in ARM mode, as illustrated by integrated
HDD system electronics 2200 in Figure 4, inputs and outputs
of CPU core 220 are MUXed to chip I/0 pins 2401 such that
integrated HDD system electronics 2200 operates in a
15 similar, if not identical manner, to a discrete component

CPU 220. Test procedures for CPU 220 may then be performed

using lab instrumentation 402.

Note that although illustrated here as being used with

20 lab instrumentation 420, the MUXing technique of the
present invention may be also be used for production

testing and validation of integrated HDD system electronics

200. MUX 404 is provided within integrated HDD system
electronics 200, and may be selectively activated by

25 transmitting appropriate codes to integrated HDD system
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10. The magnetic hard disk drive of claim9, wherei-n the hard di sz lblfiE\peZUM
controller integrated circuit is rendered in conplinentary Metal Oxide

Sem conductor (CMOS) transistor circuitry. 11. The nagnetic hard disk drive
of claim9, wherein said integrated hard disk drive controller integrated
circuit fuxther conprises: a digital signal processor, coupled to the at

| east one internal conmmunications bus, for processing raw stored data from
the at |east one of a read channel controller and a read/wite channel
controller and outputting processed stored data. - 35 2 4 FEg 2003 12.
The magnetic hard di sk drive of claim11l, wherein said mcrocontroller
conprises: a m elepteeaiasr2tie\vom oy Holdimef ceatadnd Iget pOis | HisgH Wt | 1w
optim zed for controller a hard disk drive; and an internal nenory for
storing a first opopbwer-up.ni croprocessor code containing instructions for
processing, retrieving, and storing data to and fromthe hard di sk drive,
wherein the m croprocessor accesses an external nenory through the at |east
one internal comunications bus to access a second portion of,

m croprocessor code &BEEIFAFeY HOR (gYRGeam fdasdrondrgt 300 olprivlamsirared
retrieving, and st%ri,n% date_to a%% fromthe hard disk drive. 13. The_hard
disk drive of cP& n"o%ed at®q Wi‘rﬂ‘é’r”r‘?ﬁ' S RRT @R9%ms

bus conpri ses: i croco ol lLe a 0, e o.sai,d. m 0Gessor
and said inter nng@rTgr?%%y%%rL%rgﬁggér#Pgéﬁgﬁeﬂﬁ*cg%%r%%e%@ﬁ 12/(982;4 d ta
to and fromtheqxhCrs - er izph ey .&gfecoi{.m %

m croprocessor v:{ig%)h lgigtg%g‘téﬁpégéﬁgne I(E}f area c'hanné%qgtg%td?o ers%%tde%
read/write changglectephiek! £i00 Sl dFels ANGERBEEEE ipdhent3RDC i ingutE 9
2003 logic, said disk drive controller, and said digital signal processor;
an external nemand ukputowpbpink@s Sahd Wag' BRI 068664 udiMy Fordidret ivhal
menory, for transferring m croprocessor code and data to and fromsaid

m cr 8fr ocessor ; tastiagbtethehques camd refuipnemmnupl ed to and interfacing
said mcrocontroller |ocal bus, said peripheral bus, and said external

menory bus. 14. The hard disk drive of claim 13, wherein said at |east one
of a read channel controll er%$nd a read/wite channel contyol]er, said

mi croprocessor, and SRFEIFARST FHD AR SAEGHOPLE814200 nis L gtyated

bl ocks, and sai d _di sk miroller d servo, contral.ker gre provi,ded as.soft
desi gn bl ocks s&h °Pﬁ§% f‘ﬁg :'leléf% %q:oecq(ractcﬁ’rd’poﬁ‘é’rﬁm?]ﬁ)mgl‘ogﬁ' r e%t'?ﬂi'f%/"? SRS gned
W t hout redesigmé'fig tae rs tlglgc}% FertoL j r u 1 ze t

i ntegrated hard di sl? rié\}i‘él J'cont rolﬁlegl(r) I nt :%:s}tééﬂ %eﬁ%ﬁﬁc 5.§%$Fl§lez'%ar%%ji sk

drivesof clai m bhohVit@iagi intagdat88eund! s¢aaEHNetatt foSidwISaddy tdfdrates
conpri ses:

as a complete integrated system. Once each macro cell
block has been validated using the HDC, ARM, and RDC modes,
the overall circuit may be tested using additional test
routines developed particularly for integrated HDD system

20 electronics 200.

However, since fundamental logic blocks have already
been validated, the amount and numbers of tests for the
overall system are reduced. Further, validation of

25 individual logic components enhances reliability of such

- 21 -



a MJUX for selectively multiplexing outputs of the disk controller, tLh? B 2003
m croprocessor) and the at | east one of a read channel controller @and g
read/ wite channel controller - 37 2 4FEB2003-with one or nore I/0O

pi ns such that the integrated hard disk drive controller integrated circuit
may sel ectively operate as a discrete disk controller, conponent

m croprocessor, and at | east one of a read channel controller and a

read/ wite channel controller. 16. An integrated circuit conprising: a
plurality of predeterm ned circuit blocks corresponding to discrete

conponent circuits: a MJUX for selectively multiplexing outputs of one or
nore of the pluralit Ofrﬁfi screte corrgo ent c%rcujt bl ocks with_qQne or, nore
I/ 0 pins such tYRECHIE 304 SPREVET-MAYLPE HE§TEk| Ht BRI BFALLemsh dits
fromone or nore of the predeterm ned circuit blocks. 17. The integrated
circuit of claifffA®c % BHRENYR®Eel ectivel y nul ti pl exi ng out puts of
one or mare of the plurality of discrete conponent circuit blocks wth one
or nore I/O pins such that the integrated circuit may sel ectively operate
as di screte conpone e Qi 0 k r t LS LGy

bl ocks. - 38 2 4%:%0&9 3 81{?9}%&% ardgﬁfzs %’r?\f}g ﬁ;aé\?I ng on{é‘agr k;r'fanre
di sk surfaces, \gs&®I{IEHRNA0RAIHDCTREde S| TERWRL! BubESdSmodu B VDS 1 OF
for rotating the disk surfaces, a voice coil notor for noving the heads
relative to thecgbtsknedebaaes, nadecad fitAa T f e , v&DUGhEToh O Pthebguser
of read/wite heads, a servo control coupled to the voice coil notor for
driving the voiSsleciéd ninputs mndspurmed @i ditdividuadnallemeat s mtagyrks ed
hard di sk drive controller integrated circuit conprising at |east one

i nternal comunfted ok innktc on utputspingr of rehefdevicr sa ddaaklamd
control data to and fromelenents within the integrated_hard disk drive
control | er and 3 nPEPFEANBEY e§Owi TH-eY "holaleghed 18tal, 11883 WAthin, dhejat a

and ntrol data tp and fromthe integrated.hard disk drive cquptroller, at
| eas &one of a&%‘é’ac%hawgcosgi%rgr gﬁﬁgé{n?eaﬁﬁi“i"?%n%hanngﬂ’%ht r%q’f er,
coupled to the peearpl | fecfedlid N8 0b1bEaS! OBEVEIRELHE!  software
communi cati ons and ctontrol bus, Tor recerving and processfng read channel
data from the hesfriN£AaY! Ebi ethe AdERLEONMEPNbROGNIA! & hAWW  idPiP &tk O
the servo control, for generating control signals for driving the servo
control, a disketemalolires whiphedreonvhe natrmh2dgt presgentt atnaln output
communi cations bus, for transferring stored data to the host interface, and
a mcrocontrol Ipin sipledy prograrmingathe odavigse dionanc dnmeweck a2 i mede bus,
for J(_gener ating control data to control devices within the integrated hard
di skX¥rive controller - 39 2 4 F EB 2003 integrated circuit, a method

f testi the int ted ci.rcuit _hard disk dri troll LSi
Uhe Step of el ect P8I PIRIPEh BRPRGPHR Tt SoBF SHRESor TroPERGF | HRHF oK
control Ier the Ji £ opr PRESSRY1 8N da t B8yt od 8P Shar ir iy 308 EPARREL o

controller and a“read/wrte chanh e or nore pi NS

such that the igt ggnalceddCidunber B¥ ﬁfﬁ@?ké\!&l}’ QYGRE todNAins f5PEMRTS OF
nore of the of the disk controller, the m croprocesSor, and the at Teast

one of a read chasmel vaehbus! | entapad repsnerits € Dhankid CAEvio! ewhidR.
The met hod of claim 18, wherein said step of selectively nultiplexing
furt@er conprisesdiharilpgp wouldsai@ct beelpyesenti @Etexpig-oat put Thoifs t hodi sk

controller, the mcroprocessor, and the at |east one of a
example, signals on the internal Fbus 234 or Pbus 235 may

be read out onto one or more selected pins. In addition,
other signal lines (not shown) or internal signal lines
from within an element of the device may be appropriately

25 MUXed to one or more output pins.
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read channel controller and a read/wite channel controller wth on@ brFER 2003
more |/ O pins such that the integrated hard disk drive controller

integrated circuit may selectively operate as a discrete disk controller,
conponent m croprocessor, and at | east one of a read channel controller and

a read/wite channel controller. 20. A nethod of testing an integrated

circuit conprising a plurality of predeterm ned circuit bl ocks - 40 2 4

F E B 2003 corresponding to discrete conmponent circuits, said nethod
conprising the step of: selectively nultiplexing outputs of one or nore of

the plurality bf discrete conponent circuit blocks with one or nore |I/0O

pins such that the | &M@t eSuEH I Gl icedBiigee £Cld Valoftalxieut o JF3rwhiem
one or nore of the predetermned circuit blocks. 21. The nmethod of claim

19, wherein sai ddévelopér Seanctiese! wnduldevplepi sgftwatdAfiomwanre SESrt ltte
step of selectively multiplexing outputs of one or nore of the plurality of
di scret e conponedevice auitthdditothe neefl for acspecizl iz« pims asuic prohatypec
integrated circuit may selectively operate as discrete conponent
correspondi ng t dentcei nerdle cpreekesu mxd ther ddke -bl Moxsoverjitesping of
N3. AS. AF2. AY. AV. AY. A3. A E. AN. Al . AAYn AYAZREJA[S AHY. AL A . AY . AU Al _. AYC
A AR ALAA %PA&[ctRaAL deyrge o (As ppose 9%&%&@%&%}%28 pin-out

St el bstalalmnddy Lot

performance of production parts.

Note also that although only four "modes" of operation

10 are illustrated in each of the chips of Figure 4, other
modes of operation may be enabled and moreover other

elements of the integrated circuit hard drive controller

may be tested. For example, custom servo logic or the like

may be tested in a servo logic mode or may be ctherwise

15 isolated or have its outputs selectively MUXed for testing,

evaluation, or other purposes.

Note that although described in the present invention

for use in magnetic hard disk drives, the apparatus of the

20 present invention may be adapted for use for other types of
drives such as CD-ROM drives, floppy drives, tape drives,

and the like.

Chip integration takes advantage of both hard and soft
25 blocks. Stand-alone components, such as RDC 240 may be

virtualized for reuse as hard blocks, to enable development
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constraints in the Synthesis library contributed to a

20 routable netlist with timing margin. Static and dynamic
timing analyses, based on RC-back-annotation, drove timing
modification-is in ~0.1% of total net population (~50K
nets). Chip timing verification utilized hierarchical
"black-box" models.

25
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{\=10%& ()-' F10%0& ()-Z 10t 10t 10t3:10% & ()-!C (@L10%& ()-' & ( @bk R)2003
W [}A2{\ =#@10%8 ()- !-10%08 ()- Y 10%% ()- @L0%K ()- !!]

@L0% O[O ()- | @LO%OHOS: () - dYNC 100 100 100 910%X%' () -6

10908 ()-F . 10%% ()-s, g&L0%XK () -3

The RDC analog front-end 240 incorporates several

noise isolation and minimization techniques. In addition,

I/0 interference was minimized by managing peak di/dt and

staggered I/0 switching. Transients were further isolated

5 by placing strategic cuts in the I/0 power buses to confine
high frequency noise to smallest feasible paths, with

dedicated VDD/VSS pads per segment to complete the loops.

Core noise was reduced by adding -~12nF of distributed
capacitance in the power grid. Analog, PLL, edge sensgitive

10 and asynchronous I/0Os have been isolated with dedicated

VDD/VSS pads. Core and I/0 VDD/VSS pads are also

separated..

Lab data on channel bit error rate (BER) vs. signal-

15 to-noise ratio (SNR) was generated by convolving a 50%
Lorentzian and 50% Gaussian pulse with the expected channel

quality pattern at 244.3MHz (User Density = 2.14) as
illustrated in Figure 5. The entire read and servo paths

in the chip (including ECC) are operational in the "busy"

20 test, corresponding to ~Lm active transistors; ~300k

transistors are active in the stand-alone RDC test.

The data produced in Figure 5 is, in some ways, not
surprising. Since the circuitry is enabled in CMOS, most
25 of the additionmal digital circuits added to the core

read/write channel analog/digital circuitry create little
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| % 10908 ()-° JL O }[ <YNCH 2 4L FEB 2003
10% u&' () -!+a&l09XuXu&' ()-210% u&' ()-!nYmd0%u& ()-! YnPdO%u& ()-' 10% u& (
)-O,lzodY: "10%& ()- 10-u 10-u

10-u910% u& () -! sF¥%@&10%u& () - Z! HFY%@&10%uuuu&' () - Z! 4F%@&10%uau& () -ZB\ gj *
2dY: # 10%& ()-! Q@ &0 ()- !'C& &10%& ()- yY 10%& ()-

10% & ()-10%& ()-j; Tz[ PE: 10z 10z

10z: 10%& ()-!|n' g&LO0%& ()-~! " n' g&LO%& ()-~!'Ln' g&LOY& ()-~%0%& ()-za?PE:

10! 4@&109%\NbNDb&' () - !9@10%EbSh& ()- , MIO%& ()- vy 10%& () -

10%& ()-& 109%& ()-Dnt~?PE: 10F 7 10%& ()-1. @10%& ()-!>l. @10%XbXb& () -,
10%¢&' () - additional power draw. Thus, signal noise from this

digital circuitry presents little additional signal noise

for the analog portion of the read/write channel.

5 Lab data demonstrates no degradation in performance in
integrated "Busy" vs. stand-alone RDC operation.

Performance data is summarized in Table 1 below.

Die Size 7.3x7.3 MM?
Technology 0.35um CMOS, 1-Poly, 3-
Metal
Transistor Count 1.45M
Supply Voltage 3.0 to 3.6 V
Operating Temperature 0°C to 70°C
Power Dissipation at 3.3V 1.7W
Package ] 208QFP
Routing Pitch M1&3 (V); M2(H) 1.3 um; 1.5 um
ATA Host Interface UDMA33 (33 MB/s)
User Data Rate 260 Mb/s

TABLE 1

10
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(10%& ()-! 4@10%bNb& ()- w = 1!0-&L0%IbIb& ()-y!!j-&10% b; b&' ()-yg FEB 2003
109& ()-' 3109%& ()- 10b 10b 10b910%& ()-$zI ~P1 &10% & ()- 10bb 1 6b

10bb! %2 &10%b& () - Y! Qr&L09KbKb& () - Y! 492 &109MbNDE& () - YO$ 109%& () - $Yw

1 }A<APL &1 FOA0% (& ()-- %A0% & ()-1& Y%0% (& ()-'E " %0%(~(& ()-3

10% & ()-3 109% & ()-!!F'""c#y#aB "P1 & ! ,2S10% & ()-" .10% & ()-

) &L0% & ()-!> )&L0% (& ()-Y YVAOU & ()- FYAOY & () - - yH#ssst#s%\ el |

040%u& ()- !~ %0%u& ()- "1 (10% u& ()- 10( 10( 10(910% & ()-![35&10% (;
(& ()-% 5(())) Wb+

While the preferred embodiment and various alternative
embodiments of the invention have been disclosed and
described in detail herein, it may be apparent to those
skilled in the art that various changes in form and detail

10 may be made therein without departing from the spirit and

scope thereof.

For example, while disclosed herein as read channel
circuitry (RDC), such circuitry may also comprise
15 read/write channel circuitry without departing from the
spirit and scope of the present invention. Moreover, while
disclosed herein in the context of a magnetic hard disk
drive, the present. invention may also be applied to tape
drives, floppy disk drives, and CD-ROM drives or the like.
20
Similarly, while described herein as using an ATA
interface, other types of interfaces may be used (storage
device interface, storage area network interface, or
network interface) without departing from the spirit and
25 scope of the present invention. For example, a 1394, SCSI,

FibreChannel, Gigabit Ethernet, or the 1like may be
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10-u: 10% u& ()-! V2@10%iu& ()-t!L2@10%uyu& ()-t!s&S&10%iu&’ ()-! LeIkIdR HP03
u& ()-! 4&S8&10%uau& ()-)))()d))**nmk 10-u:10% ! YIL0%b& ()- 10%& ()-
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@BL0%E& ()- 6-&10%& ()-Y 410%& ()-Y 2109%& () -3

010%¢& () -! QV+&10%b& () ------- LIIT{Y:0-u

109%Z& ()-! x, MA0%& ()-'!, mA0%& ()-''0Y 109 ()- 10b 10b

10bF: * 109%9& ()-/0011227<{Y: O- u! Of 2810%& () - ! H, &10%&’ () -

substituted for or augmented to the ATA interface disclosed

herein.
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10@3: : 10%@& ()-![96-810%& ()-F CLAIMS
We claim:
1. In a hard disk drive having one or more disk

surfaces, a corresponding number of read/write heads, a
spindle motor for rotating the disk surfaces, a voice coil
motor for moving the heads relative to the disk surfaces,
a head preamplifier, coupled to the number of read/write
heads, a servo control coupled to the voice coil motor for
driving the voice coil motor in response to control
signals, an integrated hard disk drive controller
integrated circuit comprising:

a host intexrface for interfacing with a host computer;

at least one internal communications and control bus,
for transferring stored data and control data to and from
elements within the integrated hard disk drive controller
and interconnected with the host interface to transfer
stored data and control data to and from the integrated
hard disk drive controller;

at least one of a read channel controller and a
read/write channel controller, coupled to the head
preamplifier and the at least one internal communications
and control bus, for receiving and processing read channel
data from the head preamplifier;

a motion control servo logic, coupled to the at least

one internal communications and control bus, and to the
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the servo control;
a disk controller, coupled to the at 1least one
internal communications bus, for transferring stored data
to the host interface; and
a microcontroller, coupled to the at 1least one
internal communications bus, for generating control data to
control devices within the integrated hard disk drive_

controller integrated circuit.

2. The integrated hard disk drive controller
integrated circuit of claim 1, wherein the hard disk drive
controller integrated circuit is rendered in complimentary

Metal Oxide Semiconductor (CMOS) transistor circuitry.

3. The integrated hard disk drive controller
integrated circuit of claim 1, further comprising:

a digital signal processor, coupled to the at least
one internal communications bus, for processing raw stored
data from the at least one of the read channel controller
and a reqd/write channel controller and outputting

processed stored data.

- 30 -



0 0%& ()-H) JJIJI#II~_=0-u!l 9MO%UE ()-9 ' YI0%G& ()- 10M 10M 10M 2 4 FEB 2003
- 109VE () - 96

1090V& ()-!>, - &L0Y%& () - 6ILLLMBN Nz[ <~_=0- u. 109G& () - #&10Y%G& () - ! 9#&L0Y& () -
"109G8 ()-!+ 0% r& ()-9'n 9%0% & () -9 NNNO=ODOEOFOGOdYNCO- u 10G 10G

10G : &10%G& () - BLOYGE () - 96&10%GE () -

Y410%38 () - 0210%3& () - GOTOO3PQQR} [ 9YNCO- u! 4#&10% t & () -

11 &10%a& ()-z! &10%\ & ()-z! X&10%&: () -z

109%@& () - &10%@& () - RLSSTTUTVTWICTTr S40- u3 109% & ()-' 10%& ()-, 10 10

10! QV&10%& () -3 !>q§409&~§£4)'§n€é&92@§ﬁ()hard disk drive controller

integrated circuit of claim 3, wherein said microcontroller
comprises:

a microprocessor having a set of instructions for
controlling a hard disk drive; and

an internal memory for storing a first speed critical
portion of microprocessor code and data containing
instructions for processing, retrieving, and storing data
to and from the hard disk drive,

wherein the microprocessor accesses an external memory
through the at least one internal communications bus to
access a second non-speed critical portion of
microprocessor code and data containing instructions not
related to processing, retrieving, and storing date to and

from the hard disk drive.

5. The integrated hard disk drive controller
integrated circuit of claim 4, wherein said at least one
internal communications bus comprises:

a microcontroller 1local bus coupled to said
microprocessor and said internal memory for transferring
the microprocessor code and data to and from the
microprocessor;

a peripheral bus coupled to said microprocessor with

said at least one of a read channel controller and a
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read/write channel controller, said motion control servo
logic, said disk drive controller,’' and said digital signal
processor;
an external memory bus, coupled to said microprocessor
and an external memory, for transferring microprocessor
code and data to and from said microprocessor; and
a bus/memory controller, coupled to and interfacing

said microcontroller local bus, said peripheral bus, and

said external memory bus.

6. The integrated hard disk drive controller
integrated circuit of claim 5, wherein a first portion of
elements are provided as hard design blocks, and a second
portion of elements are provided as soft design blocks such
that the soft block components may be readily redesigned
without redesigning the hard block components in order to
customize the integrated hard disk drive controller

integrated circuit.

7. The integrated hard disk drive controller
integrated circuit of c¢laim 1, wherein said internal
communications bus further comprises:

a MUX for selectively multiplexing outputs of one or

more of the disk controller, the microprocessor, and the at
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least one of a read channel controller and a read/write
channel controller with one or more I/O pins such that the
integrated circuit may selectively output signals from one
or more of the of the disk controller, the microprocessor,
and the at least one of a read channel controller and a

read/write channel controller.

8. The integrated hard disk drive controller
integrated circuit of claim 1, wherein said internal
communications bus further comprises:

a MUX for selectively multiplexing outputs of one or
more of the disk controller, the microprocessor, and the at
least one of a read channel controcller and a read/write
channel controller with one or more I/0 pins such that the
integrated hard disk drive controller integrated circuit
may selectively operate as a discrete disk controller,
component - microprocessor, and at least one of a read

channel controller and a read/write channel controller.

9. A hard disk drive comprising:

one or more disk surfaces;

a number of read/write heads corresponding to the one
or more disk surfaces;

a spindle motor for rotating the disk surfaces;
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a voice coil motor for moving the heads relative to
the disk surfaces;

a head preamplifier , coupled to the number of
read/write heads;

a servo control coupled to the voice coil motor for
driving the voice coil motor in response to control
signals; and

an integrated hard disk drive controller integrated
circuit comprising:
at least one internal communications and control
bus, for transferring stored data and control data to
and from elements within the integrated hard disk
drive controller and with a host interface to transfer
stored data and control data to and from the
integrated hard disk drive controller;
at least one of a read channel controller and a
read/write channel controller, coupled to the head
preamplifier and the at least one internal
communications and control bus, for receiving and
processing read channel data from the head
preamplifier;
a motion control servo logic, coupled to the

servo control, for generating control signals for

driving the servo control;
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a disk controller, coupled to the at least one
internal communications bus, for transferring stored
data to the host interface; and

a microcontroller, coupled to the at least one
internal communications bus, for generating control

data to control devices within the integrated hard

disk drive controller integrated circuit.

10. The magnetic hard disk drive of claim 9, wherein
the hard disk drive controller integrated circuit is
rendered in complimentary Metal Oxide Semiconductor (CMOS)

transistor circuitry.

11. The magnetic hard disk drive of claim 9, wherein
said integrated hard disk drive controller integrated
circuit furxther comprises:

a digital signal processor, coupled to the at least
one internal communications bus, for processing raw stored
data from the at least one of a read channel controller and
a read/write channel controller and outputting processed

stored data.
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12. The magnetic hard disk drive of claim 11, wherein
said microcontroller comprises:

a microprocessor having a limited command set of
instructions optimized for controller a hard disk drive;
and

an internal memory for storing a first portion of
microprocessor code containing instructions for processing,
retrieving, and storing data to and from the hard disk
drive,

wherein the microprocessor accesses an external memory
through the at least one internal communications bus to
access a second portion of microprocessor code containing
instructions not related to processing, retrieving, and

storing date to and from the hard disk drive.

13. The hard disk drive of claim 12, wherein said at
least one internal communications bus comprises:

a microcontroller local bus coupled to said
microprocessor and said internal wmemory for transferring
the microprocessor code and data to and £from the
microprocessor;

a peripheral bus coupled to said microprocessor with
said at least one of a read channel controller and a

read/write channel controller, said motion control servo
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logic, said disk drive controller, and said digital signal
processor;

an external memory bus, coupled to said microprocessor
and an external memory, for transferring microprocessor
code and data to and from said microprocessor; and

a bus/memory controller, coupled to and interfacing
said microcontroller local bus, said peripheral bus, and

said external memory bus.

14. The hard disk drive of claim 13, wherein said at
least one of a read channel controller and a read/write
channel controller, said microprocessor, and said internal
memory are provided as hard design blocks, and said disk
controller and servo controller are provided as soft design
blocks such that the soft block components may be readily
redesigned without redesigning the hard block components in
order to customize the integrated hard disk drive

controller integrated circuit.

15. The hard disk drive of claim 14, wherein said
internal communications bus further comprises:

a MUX for selectively multiplexing outputs of the disk
controller, the microprocessor, and the at least one of a

read channel controller and a read/write channel controller
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with one or more I/O pins such that the integrated hard
disk drive controller integrated circuit may selectively
operate as a discrete disk controller, component
microprocessor, and at least one of a read channel

controller and a read/write channel controller.

16. An integrated circuit comprising:

a plurality of predetermined «circuit blocks
corresponding to discrete component circuits:

a MUX for selectively multiplexing outputs of one or
more of the plurality of discrete component circuit blocks
with one or more I/0 pins such that the integrated circuit
may selectively output signals from one or more of the

predetermined circuit blocks.

17. The integrated circuit of claim 15, wherein the
MUX selectively multiplexing outputs of one or more of the
plurality of discrete component circuit blocks with one or
more I/0 pins such that the integrated circuit may
selectively operate as discrete component corresponding to

one of the predetermined circuit blocks.
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18. In a hard disk drive having one or more disk
surfaces, a corresponding number of read/write heads, a
spindle motor for rotating the disk surfaces, a voice coil
motor for moving the heads relative to the disk surfaces,
a head preamplifier, coupled to the number of read/write
heads, a servo control coupled to the voice coil motor for
driving the voice coil motor in response to control
signals, an integrated hard disk drive controller
integrated circuit comprising at 1least one internal
communications and control bus, for transferring stored
data and control data to and from elements within the
integrated hard disk drive controller and interconnected
with a host interface to transfer stored data and control
data to and from the integrated hard disk drive controller,
at least one of a read channel controller and a read/write
channel controller, coupled to the head preamplifier and
the at least one internal communications and control bus,
for receiving and processing read channel data from the
head preamplifier, a motion control servo logic, coupled to
the servo control, for generating control signals for
driving the servo control, a disk controller, coupled to
the at least one internal communications bus, for
transferring stored data to the host interface, and a
microcontroller, coupled to the at least one internal

communications bus, for generating control data to control

devices within the integrated hard disk drive controller
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circuit hard disk drive controller, comprising the step of:
gselectively multiplexing outputs of one or more of the
disk controller, the microprocessor, and the at least one
of a read channel controller and a read/write channel
controller with one or more I/0 pins such that the
integrated circuit may selectively output signals from one
or more of the of the disk controller, the microprocessor,
and the at least one of a read channel controller and a

read/write channel controller.

19. The method of claim 18, wherein said step of
selectively multiplexing further comprises the step of:

selectively multiplexing outputs of the disk
controller, the microprocessor, and the at least one of a
read channel controller and a read/write channel controller
with one or more I/O pins such that the integrated hard
disk drive controller integrated circuit may selectively
operate as a discrete disk controller, component
microprocessor, and at least one of a read channel

controller and a read/write channel controller.

20. A method of testing an integrated circuit

comprising a plurality of predetermined circuit blocks
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plurality of discrete component circuit blocks with one or
more I/0 pins such that the integrated circuit wmay
selectively output signals from one or more of the

predetermined circuit blocks.

21. The method of claim 19, wherein said step of
selectively multiplexing further comprises the step of
selectively multiplexing outputs of one or more of the
plurality of discrete component circuit blocks with one or
more I/O pins such that the integrated circuit may
selectively operate as discrete component corresponding to

one of the predetermined circuit blocks.
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