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BACKGROUND The background description provided here 5 of generUy

presentingdisclosure. Work of the Prly named | s. to the exte scribed in

this backarognt sestien- Bl asraspacis pEiG descrntign plich may

not otherwise qualify as prior art at the time o g are nel er expressly nor
impliegip@emittedias prorartagaipshine Rigsentdisclosyre, [0004Z1H0st
_devices such as computers, laptops,sewers etc typlcaiy
Application No. 60/808,799, fied on May 26, 2006 and U.S. Provisiochal
Application No. 80/759,431, filed on January 17, 2006. The disclosure of the

above application is incorporated herein by reference in its entirety.

FIELD
[0002] The present disclosure relates to storage systems, and more

particularly to testing electronic devices and subsystems in storage systems,

BACKGROUND

[0003]  The background description provided herein is for the purpose
of generally presenting the context of the disclosure. Work of the presently
named inventors, to the extent it is described in this background section, as well
as gspects of the description which may not otherwise qualify as prior art at the
time of filing, are neither expressly nor impliedly admitted as prior art against the
present disclosurs.

[0004]  Host devices such as computers, laptops, servers, etc., typically
store data on storage devices such as hard disk drives. Refarring now o FIG. 1,
an exemplary hard disk drive 10 is shown to include a hard disk drive {(HDD)

system 12 and & hard drive assembly (HDA) 13. The HDA 13 includes one or



store data on storage devices such as hard disk drives. Referring now to

FIG. 1. an exemplary hard disk drive 10 is shown toe a hard diskHOD)
system 12 and a hard drive assembly (HDA) '13 The HDA 13 includes one

or tding surfaces 14, The recording surfaces 14 are coated

with magne Data is recorded on the recording surfaces 14 in the fo of

dicital bits called ones and zeros [0005jA spindle motor, shown schly at
TErpotatBsahes tecdinding Surfacds 14 iGenematlyntheusiingieimater dfated with
rotatesthe recording surfaces 14 at a fixed speed during reead/*rite
BiserticnsyeInd DF G carrivt e ihator g urtves felatiieadorm of
the r cqrdinq surfaces 14 to read andier write to/from the recording
‘@@?ﬁ%@ﬁ&?’i&d ONgtediiniitEdevice 20 is located near a distal end of

the read/write arm 18. The read/write device 20 includes a write element
such as an inductor that g .erates a magnetic field. The ace 20 also

includg%?ﬁ%mer}g (ssu%q.ws a rg%%net‘ -reﬁsist‘i\éaA‘err)é%‘t,gt_senses ";h:emim o
magnetic figld an the fecording Surfacas 1 4 S FACHIBAYAP ciftuit 92 Totates the
%’&%‘?& analog reag/ W"aﬂ%éé%}ﬁ)s the spindle motor 16 rotates the recording
surfaces 14 at a fixed speed during readiwrite operafions. One or more
readiwrite actuator-arms 18 moves relative to the recording surfaces 14 to read
andfar write data to/from the recording surfaces 14

f0008] A readiwrite device 20 is located near a distal end of the
read/write am 18. The read/write device 20 includes = write slement such as an
induclor that generates a magnetic field. The readfwrite device 20 aiso includes
a read slement (such as a magneto=resistive (MR) element) that senses the
magnetic fisld on the recording surfaces 14,

{00087] A preamp circuit 22 amplifies analog read/write signals. When
reading date, the preamp circult 22 amplifies low level signals from the read
element and outputs the amplified signal to a réad channel device 24. When
writing data, a write current is generated which flows through the write element of
the readiwrite device 20. The wr;ie current is switched to produce a magnetic
field having & positive or negative polarity. The positive or negative polarity is
storad on the recording surfaces 14 and is used to represent data.

{0008] The HDD 12 typically inciudss a buffer 32 that stores data that

is associated with the confrol of the hard disk drive. Additionally, the buffer 32



reading data, the preamp circuit 22 amplifies low level signals from the
read element and outputs the alled signal to a read dhannel device 24.
When data, awtite current is generated which flows through the write
element of the read/write device 20. The write current is switched to
produce a magnetic field having a positive or negative polarity. The

)OsHive or. tive polarity is stored.on the recording surfaces 14 and is
{6 Bbreeant SATR TR 12 Sy iR 4 (A aforbes ther

used to represent dafa.

datadhatdated with.the control of the, har j,disk, drive. Addjtionally, the _
buffer 32 buffersgijgd%‘alﬂtggcﬁﬁ(%agt‘is8 rgélltgfgﬁh% €50 e Writta? eh & dhey g The

ifferedasiageirmssmiiedns saRANRCK %ﬂgfg&gﬁ%@g& ﬁ%t%fp oy memory.

reading and writing. The buffer 32 may emp

types-i ol ateney hemeaty . -The HRD 12 further ineluc cessor 34
that performs proces‘siﬁgﬁfa?e%%ﬁlﬁgoﬁéjﬁgﬁ%%g%ﬁ%%%%%%?ﬂg rre%f;@d 9
[OB0giTheitiQB 142 faltbergncludes a hard disk controller (HDC) 36 that
communicates with a host device via an input/output (110) interface 38.

The IlelHtePace B8ecaiDbe & sertakorinsialies interfageiiskeh asanR (HDC) 36
Integrated Drive Electronics (ID:), Advanced Technology Attachment '
(RE AL OFSETRRIAT AV ANDHitdefdce VEna/ @intsizoe:3IBOPMBHEIGAES The

ith an 1/0 interface 44 that is associated with a host device 46.  [0010;

vge‘ﬁ@@%%%ﬂmﬁf@ WitFR Bes pivieliEtoeicaicoibmetoiné6radY Drive
griver 40 anz{ [ the read channel device 24. The spindieNCM driver 40

EOTTOIE v & §ﬁéﬂ e SRR thhe ot th\iadidingt s(Afedbs 4. SEimal  ATA

indle/VVONA driver 40 also generates control signals that position the
f§a“ﬁlﬁrﬂge?r%ﬁ“i‘8 %Jrgﬁ ﬁ?%@ggilsgb%’ﬁ@%ﬁﬁéﬂfﬁﬁoﬁﬁrﬁ@ amgrface 44

aibersuitahle.actyator, ,1}8%1&4%9m§8electronic devices in the disk drives
perform comp}éx TS RS deviee 50,

{08101  The HDC 3
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(VCM) driver 40 and/or the read channel device 24. The spindie/NVCM driver 40
controls the spindle motor 16 that rotates the record ing surfaces 14. The
spindle/VCM driver 40 also generaies conitrol signals that pesition the readiwrite
arm 18 using a voice coil actuator, a stepper mgv’amn or any other suitable
actuator,

[0011]  Some siectronic devices in the disk drives periorm complex
funclions. For example, the read chamnel device 24 may incorporate an efficiant
date-encoding scheme in addition to advancad digital filtering and data-detection
techniguss. The raad channel device 24 may thereby increase areal densities
and data transfer rates of disk drives. Thus, lesting devices such as the read

channel device 24 may ensure data refiability.

(€N



functions. For example, the read channel device 24 may incorporate an
efficient data-encoding scheme in addition to advanced digital filtering and
data-detection techniques. The read channel device 24 may thereby

increase areal densities and data transfer rates of disk drives. Thus,

testing devices such as the read cnhanne,i device 24 may ensure data

reliability. [0012]Generally, external test equipment is used to test

electror%:g égeg/ ganeﬁa%xy Qgﬁ%%% dhahAEIRVIRR 28, BISK divéast electronic

iceS suchas t

RRwexer.are steadil dac asing in size and increasing in speed, Thisis
be\gﬁa%l:ésgesl?sg (?f d‘]’?ggk )éerl\%eé%?fﬁ%i?e“% |ﬁg§l%‘ sﬁfﬁﬁ oot R e g susipadiy

asMERplayersr9ame consales, &efts cameras, etc. These devices
typicallyﬁggﬁ:o;ﬁn%%%%%@ ﬁg/‘%gigié 3?&1%%%35%&%55 \AHphighves is

datairanBigniraiesafeBdesult, physical dimensiqns of disk drives are

steadily shrinking. This makes using external test equipment m%?é”&‘s?ir?&vmmv

Mmtﬁwlzefmmsaquemﬁys@cmwaﬁ@r’@bi@me%@res;,a{fpgaymugm% Qvin
test complex devices and subsystems such as read channel devices, arg g
disk centrgiersaptciibcempayandighrsnsrd diskdrives. SUMMARN o)
[0013]A system comprises a hard disk controller (HDC) module that '
E8RADRoARaF s KiHWReE e adechiip i (RG)deVice thakeomemmiEdesal tast
with the HDC module via a read bus and a write bus. The P,C device
TTERTIES & IB6HARRLrcuR #icsd e Slivesip doepshhackntie el besttedhRment
read pbus. The RC device generates a write clock for the HDC module to

Witte T GR &R ERIBRIAY d9¢aBSCRIEK folbtis HDE snotiude teseachannel
QL%,;QgtaQQ %ggr‘ead bus, wherein the write clock is independent of the

Fead clocke [0 T4 P ARRtREY flfitula SATBRRE! @aditihorapris alisk doveol
module that activates the loopback circuit. [0015jIn another feature, the

RO device generates the write cock based on a fixed RC timebase. The

RC device generates a read cloclg_%m%q,a recovered channel clock

[G013] A system comprises a hard disk controlier {(HDC) module that
controls a hard disk and @ read channs! {RC) device that communicates with the
HDC module via a read bus and & wiite bus. The RC device includes a loopback
circuit that selectively loops back the write bus to the read bus. The RC device
gensrates g write clock for the HDC module to write data on the write bus and a
read clock for the HDC module to read the data on the read bus, wherein the
write clock is independent of the read clock.

[0014]  In another feature, the RC device comprises a control module

that activates the loopback circuit.



[0016]feature, the RC device comprise a wn rater module that
generates the write clock by dividing, one of a fixed RC imebase and a
recovered channel clock. The RC device comprises a clock

etching and re.phasing features of the write clock generator module, The
RC device comprises a clock control disables switching between the fixed

RC tin %Bﬁje tggor,{%cover erator Lnodule selects one f
the f|x fimebase el 'clock 8 th AififedbaiEra ey HBayrEle clock

{he40E mpdis fehdcatec @;E%d'tg 2 IGaE] N 82PN Bited on

In another feature, the HO& mo uIe an e

400L8kMbstihatharn fagtures, a system comprises a hard disk con tier
(HOC) module that controls a hard disk using a read bus and a write bus

a firspioffiyst-out (EH6@Ememansthalbutiersdata.on the r%ag%%\fl m ook

read channel device that communicates with the HDC

geaerbls andithe Wetegbterdibe RE device inalusesiaionpbask @f%ﬂ‘ﬁ%@@t RC
selectively loops back the write bus to the read bus, The RC device

tgesleratesiadicopbankectackthatie! clock. The RC device comprises a tlock
control module that disables stretching and rephasing features of the write clock
generator module, The RC device comprises z clock control module that
- disables switching between the fixed RC timebase and the recovered channel
clock after the write clock generator module selects one of the fixed RC fimebase

and the recovered channel clock to generate the write clock.

iy
©

f0017]  In ancther feature, the HDC module is fabricated on a first die
and the RC device is fabricated on a second die.

[0018] in another feature, the HDC moduls and the RC device are
fabricated on a common die.

0019}  In still other features, a system comprises a hard disk controlier
{(HDC) module that controls a hard disk using a read bus and a write bus, a firsi-
in first-out (FIFO) memory that buffers data on the read bus, and a read ‘channel
(RC) device that commuriicates with the HDC module via the read bus and the
write bus. The RC device includes a loopback circuit that seleciively loops back
the write bus to the read bus. The RC device generates a loopback clock that

clocks the FIFC memory when the write bus is fooped back fo the read bus.



ihr=i FIFO memory when the write bus is looped back to the read bus, ry
generated by the loopback clock when the write bus is looped back to bus,
[0021]in another featuredule eads an output of the generated by a
read-write ¢ ock hte bus Is not looped back to the read bus. [0022]In

another feature, the PC device comprises a read-write dock generator that
generates a read-write clock for the FIDC.," module to read data on bus :
and to WA st b AtRE v iteaburs, ThehEkd mweiteidoekdeaeratornerates FIFO
the read-write clock based on a fixed RC timebase and a recovered ' o
CHERAB! SBEK 2P Pea@anREPaGKISerdten goreratissthe redebpariteback to
'%lnoecakead bus,

[0021]  in another feature, the HDC module reads an output of the FIFO
memory generated by a read-write clock when the write bus is not looped back to
the read bus.

[0022]  In another feature, the RC device comprises a read-write clock
generator that generates a read-write clogk for the HDC module to read data on
the read bus and to write data on the write bus, T he read-write clock generator
generales the read-write clock based on & fixed RC timebase and & recovered
channel clock. The read-write clock generator generates the read-write clock
based on the fixed RC timebase when the HDC module writes data on the wiite
bus. The read-write clock generator generates the read-write clock based on the
recovered channel clock when the HDC module reads data from the read bus.

[6023]  In another feature, the HDC module Is fabricated on a first die
and the RC device is fabricated on a second die.

[0024]  In another feature, the HDC module and the RC device are
fabricated on & common die.

{0025]  In still other features, a method comprises selectively looping
back a write bus fo & read bus between a hard disk controller (HDC) moduie and

& read channel (RC) device in a disk drive, generating a write clock for the HDC

module o write data on the write bus, and generaling a read clock for the HDC



based on bus, The readclock orator generate ecovered channel clock
when the HDC rr rites data on the write !le clock based on the ads data
from the read bus, 2 ]in another feature, the HOC module is fabricated on
a first die he RC', device is fabricated on a second die. [0024]In another
feature, the HDC module and the RC device are ted on a commonthe.

d comprises selectively looping back

0025]In slHother features, a metho lectively loop .
SRS 158 1B B DoMREREA it HER SRR SF TR D biReRadent
at, g@gh r%gl((RC,) device in a disk drive, generating a writ clock for the,
ﬁ[g%' ’ gé]&:JTe fo write datathe write bus,and generating a read dock for the

HDC [0028]  in another feature, the method further comprises generating the
write clock based on afixed RC timebase.

[0027]  in another feature, the method further comprises gensrating 2
read clock based on a recovered channel clock.

[0028]  in ancther feature, the method further comprises generating the
write clock by dividing one of & fixed RC fimebase and a recovered channg|
clock, The method further comprises disabling sfretching and rephasing of the
write clock. The method further comprises ﬁ.‘zsab%iﬂ-g:sWitdﬁfﬂg between the fixed
RC timebase and the recoverad channsl CLO»ék.aﬁerseie.cti;mg one of the fixed RC
timebase and the recovered channe!l clock to gensrate the write clock.

[0028]  in still other features, a method comprises selectively looping
back a write bus 1o a read bus between a hard disk controller (HDC) module and
aread channel (RC) device ina disk drive, buffering data orithe read bus using 2
first-in first-out (FIFO) memory, and generating a loopback clock for clocking the
FIFO memory when the write bus is looped back to the read bus.

[0830]  In another feature, the method further comprises reading an
output of the FIFO memory that is generated by the loopback clock when the
write bus is looped back to the read bus.

(00311 In ana’{hér feature, the method further comprises reading an
cutput of the FIFO memory that is generated by a read-write clock when the write

bus is not locped back to the read bus.

-



module to read the data on the read bus, wherein the write clock is
independent of the read clock. [0026]in another feature, the method
further comprises generating the write clock based on a fixed RC
timebase. [0027]In another feature, the method further comprises
generating a read clock based on a recovered channel clock. [0028]in
another feature, the method further comprises generating the write dock

by dividiftyBne of EAREFREEbAEE FitiprebsleredeRairarcrierating a
The met ﬁodki;kgrtber omprises disabling stretching and reohasing of the .
[5S QI0 RS et TR CUl oS o SR SARRTG Bkweh mharie
fix C.limebase and-the recovered Channel clock after selecting one of
R e L R B 0 (NG kol VLA GRRAr S E 5 R -
\é‘g_}&%g K on olA0ZPRA ﬁM%g%%s%%o%;‘égge;c %ngrgé%da%%@pcr 5ER ”ﬁﬁe method

ectively 1oopinc back a wr bus between a’hard dis

R%H@J'%&Hggéénggﬂlﬁﬁ% atf_ﬁeac%@%pwe@ <Fé@weg%§§§ adiskdriye.y eo

buffering dataonthe read bus using a first-in first-out memory, and,

gengiating.adeopRasiceioaklanclagking the fIEO:meRnany when t"r%év?(r}%maa

bus is looped back to the read bus. [0030]In another feature, the metho
further comnprises readingtary abtputetithekl KD eremesydhatisine racovered

generated by the loopback clock when the write bus is locoed back to the
g basefe83thknanetHodeatuld sthes dwethod ffurthismoempisas reading
- [0033] in still other features, a sysiem comprises hard disk controller
(HBC) means for controliing a hard disk, and read channsi (RC) means for
communicating with the HDC means via a read bus and a write bus, selectively
iooping back the write bus to the read bus using a loopback means, generating 2
write clock for the HDC means to write data on the write bus, and generating a
read clock for the HDC means to read the data on the read bus, wherein the
write clock is independent of the read clock.
- [0034]  in anothér feature, the RC means comprises control means for

activating the loopback means.

[0035] in another feature, the RC means generates the write clock
based on a fixed RC timebase.

f0036]  in another feature, the RC means generates a read clock basad
on a recovered channel clock.

[0037] in another feature, the RC means comprises write clock

generaior means for generating the write clock by dividing one of a fixed RC



output of the FIFO memory that is generated by a read-write clock when
the write bus is not locoed back to the read bus. f00321In anotner
featur'od furtherprises gene readfor the HD.0 moduleread data on the
read bus and to wn data on the u The method further comprises
generating the read-wh dock based on a fixed RC timebase and a

covered channel clock. The methpd further comprises generating the '
e SR BaCy ORIl R A uRon ST ABMERS cook
i ata.on the weite hus,.. thad. further comprises generating,
?ﬁeﬁe%?) g?:%c ansggé(%%i&%es?%?v@?d%g%ar% AEETIAA @ﬁ%ﬁﬂ?eﬁ[f&erﬁﬂﬁdﬁlémm
teadsdatadedimcthertpac buslin still,pther featiure ystem cortiptises .
hard di&c con (HOC) mencon?rollin%&?ﬁaﬁ%d %?é%ﬁfn@@é%ﬁfﬁ&?sm%&%%mmg

sncemp unating witivine: HRGIMEBRSV koAl busand 2 wite bus, 3 .

looping back the write bus to theeausing aback means enerating write

tackfive thedd @Enmenstewriie daiaobHesang generalingaseaddaek .
for the HOC means to read the data on the read bus, wherein the ck is '
depermderitaoftheciedd idackdrmamivtherfeativiekthe RC means comprises
control earls for pback means.

[0038] In another featurs, the HDC maans is fabricated on 2 first die
and the RC means is fabricated on a second die.

[0038] In another feature, the HDC means and the RC means are
fabricated on 2 common die.

[0040]  in still other features, a system comprises hard disk controlier
{HDC) means for controlling a hard disk using a read bus and & write bus, first-in
first-out (FIFO) memory means for buffering data on the read bus, and read
channel (RC) means for communicating with the HDC means via the read bus
and the write bus, selectively looping back the write bus to the read bus using
loopback means, and generating a loopback clock for clocking the FIFO memory
means when the write bus is looped back to the read bus.

[0041]  In another feature, the HDC means reads an output of the FIFO
memory means that is generated by the loopback clock when the write bus is
looped back to the read bus.

[0042]  In ancther feature, the HDOC means reads an output of the FIFO

memory means that is generated by a read-write clock when the write bus is not

looped back to the read bus.



in another feature,the RC means generates the w based or a fixed RC
timebase, in another feature, the RC means generates a read
clock based on a recovered channel clock. [0037]in another featurecans
comprises wote dock generator means for generating the write clock by
dividing one of a fixed RC timebase and a recovered channel clock. The

RC me: omprises clock.control e s.for disabling stretching and
repha@%if@atuﬁgs BIHE Wfﬁ%téigclgpb’;r?e‘rafa?’?ﬁ%’aﬁ%@?ﬁ@@@d%@dﬁﬁtg clock
omprses clocl tral means for disabling switching between the fixed
.0 timebgge Zl%g%ﬁeé%eéHg})%%eﬂrédg c “fnni”eﬁ’ilr%lbcq\ﬁé StePhe fuiite cideRans to read

O e e o T AT ook

channel clock to generate the write clo n another

HioE-means s tpbesatet 9w frestidigiand the %gsgl?%ﬂséﬁ&%?{' efl O ase
e S

a second die, [ 0]En another feature, the HOC means andth mean

are tateitovated OmAredRIcRN ties BO40HACSE) featuy (.
comprises hard disk controller (ti-IDC) tTirfrlp\!?lgnE {‘%grki%é%%n%gﬁi ﬁagrﬁc}?é Sé%ﬁbratus
Usingacreatcbuiveindasedtebiss fiiskin RGt-ubEHEOWREMAHY PERNSrsans
for buffering data on the read bus, and read channel (RC) means for
¢oirmdaleatingwithrritie MBC Theansiavthe reack bysnanstdhenuriie biserates
selectively looping back the write bus to the read bus using loopback
WRaRAGHd erierathrpadcspackioerrtst clotkind doelFH@MemPIYC means
;@g Sngggél?n the write bus is looped back to the read bus. '

rom the read bus.

[0044]  in another feature, the HDC means is fabricated on a first die
and the RC means is fabricated on a second die.

[0045]  In ancther feature, the HDC means and the RO means are
fabricated on a common die.

[0048]  In stil ofher features, a computer program executed by =
processor comprises selectively looping back a write bus to 3 read bus between
a hard disk controlier (HDC) module and a read channel (RC) device in a disk
drive, generating a write clock for the HDC module to write data on the write bus,
and generating a read clock for the HDC module o read the data on the read
bus, wherein the write clock is indepandent of the read clock.

{06477 In anot"her feature, the computer program further comprises
generating the Miie clock based on a fixed RC .timebase.

[0048] in ancther feature, the computer program further comprises

generating a read clock based on a recovered channe! clock.

10



[0041jIn another feature, the HOC means reads an output of the FIFO

memory means that is generated by the locpback clock when the write

bus is looped back to the read bus. [00421in another feature, the HOC

means reads an output of the FIFO memory means that is generated by a
read-write clock when the write bus is not looped back to the read bus.
[OO43]I{b8g ) heriieat,ur(-i;:,1 the R _ means cr%glrprises read-write clock ‘
generator means fof ge St atifrg A Fead vty G o ReaROt eansamprises
read.dal read d to,write data on the write bus, The
%ﬁ%ﬁ%@&éeﬁ%g&éﬁn@ar%é%é%ga?gsethoe rag%ﬁitg{go@wﬁgééﬁ gid @

afed BE timebaseped a recoverad chanpel slock The readawrite clogk.
generator means generates the rea -\%%egﬁjgg%ﬁa?ﬁ"b‘% RERLEGRESabling

tirrebase;Wwhen herHRG means Wiitss data,on t*?ﬁerEé%ﬁg%g c%?%%%ae- firtrer

read-write clock generator means generates the read-wri

themscevereskeliagnelielanly whandbe HOGmerns terdsdataframithe

read bus. [0044]In another feature. the HDC means is fabricated on a first
dieand the RC:ireantisifgbtoated anafeedREdie 048] ¥iR IOhSEovered
feature, the HOC means and the rs.L., weans are

thannel clock to generate the write clock,

[0850] In siill other features, a computer ‘program executed by a
processor comprises selectively looping back a write bus to & read bus between
& hard disk controller (HDC) module and a read channel (RC) device in a disk
drive, buffering data on the read bus using a first-in firstout ﬁ{Ffi’FO)-memow, and
generaling a loopback clock for clocking the FIFO memony when the write bus is
looped back to the read bus,

[0051] iIn another feature, the computer program further comprises
regding an cf{at,pm of the FIFO memory that is generated by the loopback clock
when the write bus is looped back to the read bus.

[0052] ~In another feature, the computer program ‘further Compfiges
reading an output of the FIFO memory that is generated by a read-write clock
when the write bus is not looped back to the read bus,

[0053] In ancther feature, the computer program further comprises
genéaraifﬂg a read-write clock for the HDC module to read data on the read bus
and to write date on the write bus. The cornputer program further comprises

generaling the read-write clock based on a fixed RC timebese and a recovered

11



fabricated on a common die. [004'61In still other features, a computer
program executed by a processor comprises selectively looping back a
write bus to a read bus between a hard disk controller (HDC) module and
a read channel CRC) device in a disk drive, generating a write clock for
the HOC module to write data on the write bus, and generating a read
BCk f%' e HOC module to read the data on the read bus, wherein the
BRICK 35 indé PErRP Siih B RSHATEI GER TG0 ATTRDas6ther featiies the read-

puter rogram further_co |ses generating the write clock based on
‘[fr xeé; RC E)tlrﬁﬁ% Pese! %6%4%‘]?? TotEFRET ¥ e Eoniphferpreglamrites dat

f S read clock. based on a recovered channel
o B O e o oo e eorpAdbs reac-

ganerating %M'%Cﬂf?&kr%%‘%@dﬂ%%&f @J&ed%er c§§ﬁ§?§§§5]du & reads

recovered channel clock. The computer program fu il
disebliaeh the read bus.

[0054]  In still other features, the systems and methods described
above are implemented by a computer program executed by one or more
processors. The computer program can reside on a computer readable medium
such-as but not limited to-memory, non-volatile data storage and/or other suitable
tangible storage mediums.

[0055] Further areas of applicability ‘of the present disslosure wil
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1 ihe detalied description provided hereinafter. it should be
understood that the detailed description and specific examples, while indicating
the preferred embodiment of the disclosurs, are intended for puposes of

Hustration only and are not intended to imit the scope of the disclosurs,

BRIEF DESCRIPTION OF THE DRAWINGS
[0056]  The present disclosure will becomes more fully understood from
the dstailed descrintion and the accompanying drawings, wherein:
[0057]  FIG. 1 is a functional block diagram of an exemplary hard disk

crive according 1o the prior art;
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stretching and rephasing of the write clock. The computer progran-i further
comprises disablina switching between the fixed RC timebase and the
recovered channel clock after selecting one of the fixed RC', tiraebase and
the recovered channel clock to generate the write clock, 10050]In still
other features, a computer program executed by a processor comprises

selectiy opipgH @ write bus 10 .a gadb _between a hard disk -
MRl¥do0pipg-hack a w j&g”ﬁé&%{é}%e%%f RO CRIAR e face

controller (HOC) module and a rea device i K

bufferingdata-onthe.epad hus using adisstin first-oHh(EIEQ)y memory, and
generating a loopback clock for clocking the-FIFO memi)ry vz\jlﬁee%%hgé %vlk\/aﬁ[l}!emsk
Htigeis looped back to the read bus. [0051]in another feature, the computer

program further comprises reading an output of the FIFO memory that is
generdtadtly thelloopizack eldekaibas tbewkiteihys:is lepped backde thesock

read bus. [0052]In another feature, the computer program further
genprises:iseading @ o utputref theiEtRO meeraen: thatisigenerakeskby a
read-write clock when the write bus is not looped back to the read bus.
[0053]IAEStheffeattrs, 2HsrBioptittiogiogragnefur thica texgprisesy system for
generating a read-write clock for the HDC module to read data on the read
PRIECARINE (phiePasta Bifthelvrite 6. Thekcsitipaterosrugiagn forttrer present

omprises

isciosure;

[o061] FIG. 4A is a functional block diagram of an exemplary write
clock generator according tothe present disclosure;

[0062] FIG. 4B is a functional block diagram of an exemplary write
clock generator according to the present disclosure:

[0063] FIG. 5 is a functional block diagram of an exemplary system for
performing loopback tfests in a hard disk drive according to the present
disclsoure;

[0084]  FIG. 6 is a flowchart of an exemplary method for performing
loopback tests in a hard disk drive according to the present disclosure:

[0085] FIG. 7 is a2 flowchart of an exemplary method for performing
loopback tests in a hard disk drive according to the present disclosure:

[o088] FIG. 8 is a flowchart of an sxemplary method for performing
toopback tests in a hard disk drive according o the present disclosure:

[0100] FIG. 9A is & funclional block diagram of a high definition

telovision;
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generating the read-write clock based on a fixed RC tmebase and a
recovered channel clock. The computer program further comprises
generating the read-write clock based on the fixed RC timebase when the
HDC module writes data on the write bus, The computer program further
comprises generating the read-write dock based on the recovered channel

clock when g-le HOC m¢ dgle reads date from the read bus. [0054]In still
other:‘lé turds, tﬁ"é‘”é"ysr,%g’m@ ahd THEHTHGE ReRekibéa@BBveara vehicle control
igpglgnmented by a computer program executed by one or more

p’r/oC“ésSors. The computer program can reside on a computer readable

mediu%ibé@ as; !sl['i'té '%% {ggt@qggo@&'g% & :'agé%{%a;s%]’eﬁ%% %ggﬁg%gts‘f

and/or other suitable tangible storagé medium

applicabfigs o thegressit disclosure Wil become. ppparent famthe .,

detailed description provided, hereinafter. It € understoo

detailetbdsepriptars aod speeifiemyamplesc wbilsdndisating the preferred
I

embodiment of the disclosure, are intended for purposes of illustration
only and are not intended to iimit the, scope of the disoiosure. BRIEF
DESCRITION OF THE DRAWINGS [0056] The present disclosure
will become more fully undeStabhdE Do e rRistailet; description and the

accompanying cirawings, wherein: [0057]FIG, 1 is a functional block

diagrabf ¥ &n exdimpriigfiagdiaskicitysaccersingtenthepriormamiure nd is in
no way intended to-limit the disclosure, its application, or uses, For purposes of
clarity, the same reference numbers will be used in the drawings to identify
similar elements. As used herein, the term module, circuit andlor device refers o
jon Specific Integrated Circull (ASIC), an slectronic circult, a
processor {(shared, dedicated, or group) and memory that execute one or more
software or firmware programs, a combinational logic circult, andior other
suitable components that provide the described funclionality. As used herein, the
phrase at least one of A, B, and C should be construed to mean a logical (AorB
or C}, using a non-exclusive logical or. It should be understood that steps within
a method may be execuied in different order without altering the principles of the
present disclosure.

[0068]  Self-tests using loopbacks can verify system operation without
using external test equipment. In loopback tests, a loopback circuit typically
loops back outputs of an output driver of a device to inputs of an input driver of

the device, If data writlen matches data read back, the device and associated

14



[0058]FIG. 2A is a functional block diagram of an exemplary interface

between a read channel device and a hard disk controller module it, a

hard disk drive; [0059]FIG. 23 is a functional block diagram cf an

exemplary ciock generator used in a read channel device to generate a
read-write clock; [01360] FIG. 3 is a functional block diagram of an
exemplary system for performing locoback tests in a hard disk drive

FCEEIARY (6 O PRASSRE dRs B Sure {006 JRIGH i, iCarHondtienal Blgkknciion is
diagram of an exemplary write clock generator according to the present
a%g?&%?e [0062]FIG. 413 is a functional block diagram of an exemplary

write (flock.generator according tn thP preeent [0063]FIG. 5 is a functional
block d%g?agﬁ ofiéonag%%ﬁlgﬁyg ' ‘§t§?ﬁ$8%@ﬁérﬁﬁirfé%d%’m tespsifpam self-

h@@%@i%% uE Accar ing_to.the pr‘e_ené di; cls‘c‘ug:e',‘ 00643,FIG.6isa )
flowchaft ofB an exe,m fé%%/ Hsthod tor derfofiNg tional test squipment 1o test

electronic devices and subsystems in disk drives, Loopbacks may be preferable
to external test equipment when disk drives are compact in size, high in storage
capacity, and have high throughput or data transfer rates.

[0071]  Referring now to FIGs, 2A-28, an.irterface 50 betwesn a read
channel (RC) device 24 and a hard disk controfier (HDD} module 36 of a disk
drive comprises a data bus 52, a readfwrite clock {RCLK), and a iréi:um read/write
clock (WCLK). The data bus 52 comprises read datapaths and write datapaths.

Th

LAY sy sy ik
e HDU oduh

B

[4
€

es with the RC device 24 via data bus 57,

(43}

Specifically, the HDC module 36 reads and writes data via data bus 52 using
RCLK generated by the RC device 24,

[0072]  As:shown in FIG. 2B, the RC device 24 comprises a RC clock
generator module 54 and & RC clock divider module 56. The RC device 24
generates RCLK-during normal operation as foliows. W hen the HDC module 38
writes data, the clock generator module 54 gene‘lrétes a clock signal based on a
fixed RC fimebase. This is because write getapaths typically use a clock of a
constant periodicity to write data at a constant bit rate. On the other hand, when
the HDC module 36 reads data, the clock generator module 54 generates the

clock signal based on a recovered channel clock. The divider module 58 divides

-
(7]



loopback tests in a hard disk drive according to the present disciosure;
[0055]FIG. 7 is a flowchart of an exemplary method for performing
loopback tests in a hard disk drive according to the present disclosure;
10066]FIG. 8 is a flowchart of an exemplary method for performing toop
ck tests in a hard disk drive according to the present disclosure;

0QJFIG, 9A i afur}p ional blgck diagram of a high definition television;
%’lfo%ﬁg ."igﬁafi%aﬂ?h%%?oq%yb%‘a(%%Wﬁ%@é?ﬁ%ﬁe%@%ﬂ@l &¢sterpenerate
9

202]FIG. 90 is a functional block diagram of a celluiar phone; [0103]FIG.
9D is a functional block diagram of a set top box; and

[0073] Swilching between fixed RC timebase while writing and
recovered channel clock while reading may alter periodicity of RCLK.
Aaditionally, when reading data, the periodicity of RCLK may be altered due to 2
zero-phase-restart (ZPS) andfor a re;::‘ha-sing of RCLK. ZPS occurs during initial
channel synchronization. Rephasing of RCLK may occur whan a sync-mark is
detected.

[0074] - drregularities in' the periodicity of RCLK are not problematic in
normal read/write operations since normal readiwrite operations are not
performed simultaneously. During loopback tests, however, read and write
performed simulianeously. That is, read and write datapaths ars
clocked simulianeously during loopback tests. I RCLK is used to write data
during ioopback tests, data read back may differ from data written due fo
irreguiarities in RCLK rather than due to 2 fault Therefore, RCLK cannot be
used to write data during loopback tests. Specifically, the clock for write
datapaths may not have irregularities even if the clock for read datapaths does.

[0075]  The present disclosure discioses various schemes for enabling
loopback tests by generating a wiite clotk of & constant periodicity for write
datapaths. Specifically, a RC davice generates & write clock of & constant
periodicity for write datapaths in addition fo generating 2 read clock for read
datapaths. The write clock does not siretch and/or rephase during ZPS and/or

synchronization of the rsad clock of read datapaths during a read operation.
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[0067]FIG. 9E is a functional Nock diagram of a media player, DETAILED
DESCRIPTION [00651The followiria description is merely exemplary in
nature and is in no way intended to limit the disclosure, its application, or
uses For purposes of clarity, the same reference numbers will be used in
the drawings to identify similar elements. As used herein, the term
( QLuI,e,@" guit and/or device refers to an Application Specific integrated
O & A BRI P, & et iR s caad, ok sven
group)-and memory i }%ﬁ%%%%gv%% r({)ghrpoorgaﬁpftwage or firmware

programs, a combinational logic ciréait, and/6r Stherstitable components

that preyiderthe leacried funcliopatitys Ag d‘é??%#&eé%%%‘g -ze?ﬁ%%ﬁ;%ﬂg&pmmk

least one of A, E3, and should be construed to mean a logica

Chsising AsRaiexdusivedegisakor o ghopld heundesstqod that steps, . n -
Within a methodv may be executed in different order without altering the
‘Poacipies ofthes pretenhdisciotielbe)Selt- tests ¥singdaenkacks £aN from
verify system operation without using external test equipment. In loopback
testpaibdatzackichci By picadlyhiio pkabaekiauouts abanceutaub A iveref dock
device to inputs of an input driver or the device. If data written matches
Grrgrvead batike the dsvice d dssovtattdatitaiati dexcooridesadhios read
be functioning normally. Othery se, a malfunction is detected. ‘
FOFFOSEOUBERCIY CaF HEGréoYpsratédenvdisk ditvis e perforneiself-gestsiicity
Loophacks may be used instead of conventional test equipment to test

BIELORIE (R GLTIEU bS5 BRI HISR IR, Loopbacks may be
preferable 10 external test equipment when disk drives are compact in
size, rﬁ‘gﬁ "stoﬁé?é%g?pé%ﬁ%?a%% HHUR'HiGH thierigPilt 6ridlsrh ranere G 1, an

4 [00711Referring now to FIGs, 2A-2B, an interf 0 betyveen
AP G G A MR B it oy o v

abadisk-drive.comprisess data,bus 32,2 4g-aduite clock (RCLK), and g,

jERcRieit diw] VVRICEE

return read/write clock (Vi/CLK). The data bus 5§wcom'p'r|se's read

satapaths qaswatﬁ_gd%@@thﬁﬁ%b@%m%%ﬁmﬂ@uEliFa%?g;; T
the RC device 24 via data bus 52. Specifically, the HOC module 36 reads
langhaiitesidakervia Wata bostar vising REL Kreenerated ythe.RCdeMieaops
24.

back the write bus 52-1 to the read bus 52-2, Specifically, the loopback circuit 71

loops back outputs of the output driver module 85 to inputs of the fnput driver
module 83. Alternatively, the loopback 70 may be sffectuated by an external
loopback or & test module (both not shown),

[0078]  The write clock generator module 62 generates the wiite clock
using a fixed RC timebase. The read clock generator module 84 generates the
read clock using & recovered channel clock. The HMDC module 37 comprises &

write module 68 that writes data on the write bus 52-1 using the write clock. The



[0072] As shown in FIG. 2B, the RC device 24 comprises a RC clock
cenerator module 54 and a RC clock divider module 56. The RC device
24 generates RCLK during normal operation as follows. When the HOC
module 36 writes data, the clock generator module 54 generates a clock
signal based on a fixed RC timebase. This is because write datapaths

icall a,clock of a constant periodicity to write data at d constant tilt
R e RS e O BB RIS O eToroeRac bus
g@n@r@g{m%gé generates the clock signal based or a recovered

channel ciock. The divider module 56 divides the Clock signal generated

by the Rg-aigck generater medule-54 to,generate. | K.,[0Q73]Switching
betwee%%f?d RC tirneg{'slétse while wrﬁing'a%%"’re'%(é{%ok\?/'ge{;#_gOI'{5 %Hﬁ‘g‘n%éeﬁ%%‘éﬁf Foduie
whileaeading-mayraltarrededicity Qfé%%'ém‘g%%% whenseading
data, the periodicity of RCLK may be altered due to%ﬁé%i%/\-,p%g ered a‘trtm one
(@nSyradiota skphagimg iR Ghitdd B 0eaHS AUiNg IBIUALENANNEL. 67 fha
synchrc_)nlzatlon. Rephasmg of RCLK may occur when a sync-mark Is
dbtdetedr {0D@ELL R@gintatites to thenpesiedisity @i RObKaES B8bwr in EIC. 4A.
pmblematicin normal read/write operations since normal read/write

spratidns areyhdhpewdimetbshrusreretusiyndaukingdoephasietsts, RC clack
however, read and write operations are performed simultaneously. That is,
FEAEERE WHES d&taathsaRCceri diédataneduslysauting idopbeiglsk control
tests, If RCLK is used to write data during loopback tests, data read back
ﬁ3§%ﬁg?ﬁﬁmﬁfﬁ'%ﬁ&%n%e to irregularities in ROLK rather than due

to afagg g refg&e% CLK gﬁ‘?nnot be used to write data during loopback
tests. Specifically, the todOfBr JTte GRApRRERaS nbt merRReghRdites RC

enif the clock for read datapaths does, ___[0075] The present
e S e TR R naiiehsedeerding e wie
gensrating auuite-Hlock0f 4 constant periodicity for write datapaths. -

WHIEHOGRRLAROPS BILR %C@f%v%hvgﬁﬁﬁﬁé Seficitge RC

Specifically, a RC device generates a write clock

fasonrise sataprathiairs @ad@tiorrraesg,eta@re@@%@gﬁ@%ﬁé@%@é&agwq may

datapaths, The write clock does Flat stretch an ase durin

asthersyhat mizatiopnidbereat cleskwfEepddatapaths during a %%%gce for
g the

operation. Thus, a HOC module writes data at a constant rate usin
geiterdtok évemnitheriotie réad<ivekperfesmsdining SYRSREORIZatoN FeC

3

[00763Referring now to FIG. 3, a system 60 for performing loopback
generator module $4-1 may not swilch the source. Additionalty, the clock control

module 72 disables ZPS clock stretching and rephasing features of the RC clock
divider module §6-1. Thus, the write clock generated by the write clock
generator module 62 has a constant periodicity.

[0081]  Alternatively, data may be read back during loopback tests
using a clock of a constant periodicity. Specifically, a data-flow synchronization
circult such as g firstin first-out (FIFO) memory is used in read datapaths. The

FIFO memory is clocked with a clock of a constant periodicity during loopback
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tests in a disk drive comprises a RC device 25 and a HOC module 37.

The HDC module 37 writes data on write datapaths (write bus) 52-1 and

reads data from datapaths (read bus) 52-2. The write datapaths 52-1 are

docked by a write clock generated by the RC clevice 26. The read

datapaths 52-2 are docked by a read dock generated by the RC device.

The write clock has a constant periodicity even if the read clock may

Strateh *aiﬁéj%ﬁ"?eﬁﬁ’aﬁé?em[@o@f@f? ﬁﬁé‘ﬁ% Heldersurniridesiamain such as

Lg%?jgﬁa% control %g)vdul% 61.an in§_ut river module 63, an output driver

module 65, a [Gopback cir 7 1P S e ot BRASRISr EdERT BN aRavig &
lock generator module 64. When performing loophack tests, the

rdgg%t;%@ﬁgc%ﬁ)t%%&bdule el activates the toopback circuit 71. The

Copbagiosisi B aleshaloed lepaback LN oops At eI Do

52-1 to'the read bus 52-2. Specificall ,'fhcé ck circui

eusruls tibe aupubdimnadsle §5 jodnruis otiRe input friver module . .
63. Altern at%e%%%%ﬁ@%ﬁ%?g g%fe%ﬁgéﬁc? b%%%(?g’ngﬁga First n
fospbackrr @ tessmagute. (bote passhalic 57(00783 Jhs WHESIOKapathe
generator module 52 generates the write clock using a fixed RC} ‘
{inmébases ) Tdie Tend! deck gentrdionmetid eifd ganeratesithespad glockye re
using a recoverec channel clock. The HOC module 37 comprises a write
Afodte 86 thapwiitisselata AR lte geiterbtrs SRotuisingstie writogloakk Thentrol
HDC module 37 comprises a read module 68 that reads data from the
rea-be$ boaleRmgthe Reddosineka JO0TSIRESCH irly ROVInfLFBise4AmdByle 63,
the write clock generator module 62 may generate the wine clock of a
ORI NG IRH e RN P V55 JOVR & WisgHTEHE write clock generator
moduleﬁ%lgpmp;ges, Néivider module 67 that divides the fixed RC
timebaSe t5 jenerite the Wiite Gbck aSshoRiF i GYaRraniaqsaecliay that
the wirjte clock generator madule 62 comprises a RC clock generator
module éﬁf‘ff‘a ﬁ%‘ﬁgék%%%? ar module'56- 1P AREYa dotk EortraYmelled by
; sh infr 0080 T ¢ geperatormodule 54-1
o os e hiad H trob o5 A e 1Bk clen Braimal Heek a6 74 tha i

sleurcas for Renerajing, %&H&&é@&‘ﬁu}@%ﬂ%ﬁa@%%ﬁ%%?ﬁ%%ﬁétmpba@{

disables a source switching feature of the RC clock generato

G444, Tbusthe RE Elbck-Generator mogdblasd + maydmathedixad RG. noc

limebase or the recovered channel clock as a source for generating the
write:cloCK. Grces the soupce isfstlectaidhomener; the RG<@oelocked by the
cenerator module 54-1 may not switch the source. Additionally, the dock
contrsiciroatierTR disaiskes ZRS diieldstietchlingaridtesphasing features

of the RC clock divider module 56-1. Thus, the write clock generated by

the write®6tk géher&ieiagrnesinamedetntarnt menedides ROLK that the
HDC module 37 uses to wrile data on write datapaths 52-1 and to read data on
read datapaths 52-2. The loopback clock generator module 64-1 generates the
ioopback clock of a constant periodicity that is used to clock the FIEQ memory 74

during loopback tests.
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InfiR1)Alternatively, data may be read back during loopback tests using a
clock of a constant periodicity. Specifically, a data-flow synchronization

circuit sucn as a first-in first-out (FIFO) memory is used in read datapaths.
The FIFO memory is docked with a clock of a constant periodicity during
loopback tests. Thus, the Fir-O memory can transfer data from one ciock
domain such as RCLK that may have irregular periodicity to another clock
domaiddi&ing & CoHsRAT PERGEICRY PIETS IR orting nowbeck | GyBra module
%)éstem 60-1 for performing loopback tests in a disk drive comprises a RC

VICEBEE DRIBORGANIE SR a fifGintraRaak (FIRO) mMénssigonagtes a
The HDC.module 37 writ t ite_datapath ite bus) 52-1 and
i s G A B 8 S e o desaeSpoctaly
B L O L B e B T 2R 85 1o

a loopback clock generato , an Input

Rkt diver Madulerbe: anda loaphack ety [RSNGB Ory gy e

memory 74 is a data-flow synchronization circuit that is'us

IRéanalsi By an The FHEOIDERRR cbIRBOHRAINEIREES Ry RCLK. The

DC module 37 reads an putout of the FIFO memony '

is docked

by RCt¢sdhen Teasing sktakd uﬂmm@{h@p@@%ﬂv&@g%é%@%@gr% slock
. e

tests, however, the FIFO memory 74 is clocked by a loopback cloc
¢#DermoduleddTeréads aflioeiipopbbiieddBOgeBMR: TddhatdssdoekeshBYates
the ioopback clock when reading back data during idopback tests.
opdaprhed, Corkgeherawrsiod ylerRaitigetiertas kO iketiFthendREry 74.
module 37 uses to write data on write datapaths 52-1 and to read data on
T8addBfa a5 7 FRETGEDIRR Tokayensienbrdpudinestdilas RCLK that
enerates the 1000bac.:k clock of a constant periodicity that is used to
B TRESF TR Wiy o ulritty Fotpbaicictedisdomain that has a constant
periodicity. ‘

[0087] in some implementations of systerns 60 and B0-1, the RC
device and the HDC module may be fabmicatecz on separate dies. in some other
implementations of systems 80 and 60-1, the RC device and the HDC module
may be fabricated on a common die,

[0088] Referring now to FIG. 6, a method 100 for performing seff-tests
using loopback begins at step 102. If loopback is not enabled i step 104, the
method 100 returns to step 102. Otherwise, a RC read clock generator module
64 generates a read clock in step 106 using a recovered channel clock. A write

clock generator module 62 generates a write clock in step 108 by dividing a fixed

RC timebase. The method 100 ends in step 110.
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iINnen perfouting loopback tests, the loopback control module tivates
the locpback circuit The Ic pback circuit 71 effectuates a loopback 70 and
loops back the write bus 52-1 to the read bus 52-2. Specifically, the
loopback circuit 71 loops back outputs of the output driver module 65 to
inputs Of the input driver module 63, Aitematively, the ioopback 70 may
be ctuategdégx an external loopback or a test module (not shown). 6The

loopbaéki&htrol RFGETIB7BoAE IV ATES the dooishiack ¢itkalpbrnodie seif-tests

LQ%IO {j)b gﬂkv‘cl%%peggrator module 64-1 generates ~  back doer: of

a cons a?ﬁ%p“e%}fo SRS the [FIRCG PREH by Pl eTHEIF FO stranidly, the
&;@yﬂ )sters data from one clock domain.such as RCLK that may have hre

Z@‘?.o‘ ici&@itgorg(w%{f tcaf’%3 sqg%oég%‘?‘ﬂgﬁci%t%rﬁa@oﬁfé’kgﬁ"‘@faf@f’ module

implementaticns of systi 0 andthe RC device and the HOC module

may%ggﬁ)?ﬁ%m%éggﬁy ?@%@?& e S(’?Fe% ?n%sé?)%gf@%tﬁeF‘?ﬁ%’l@?ﬁgn@%ﬁ?!o@?%“ A

syptepnsRQiand @9'%&%&%8%35%%%@5 Igv%%rpi?%d ) lge @%H%ﬁam%q oftock

fabricated on a common die. eferring now

peHerminalifitests using lpgphagk %”Eo?%%?ﬁwé%&”ﬂg‘t’ ng?\a;aééz%éﬁmk

enabled in step 104, the method 100 returns to step
readctiogkgenesatosmg e 64 BeaeRIeS IR AP FKIA S1eRs 108 Using 4 o

a recovered channel clack. A write clock generator module 62 generateSa
Wme-‘ilh‘flﬁokieplimﬂe byretivatingatived RC giorehass Ehemetbedil0f ends iian:
geer%@%oity in step 162 using a fixed RC timgbase or 2 recoverad channel clock.
The:method 150 ends in step 164,

[6080]  Referring now to FIG. 8, a method 200 for performing sef-tests
using loopback begins at step 202. if loopback is notenabied in step 204, the
method 200 returns to step 202. Otherwise, a RC read clock generator module
64 generates & read clock in step 206 using a recovered channel clock. The
write clock generator module 62 generates a write clock of 2 constant periodicity
in step 208,

[0081] A loopback control module 76 uses a dlock of a constant
periodicity such as the write clock to clock a FIFO memory 72 inread datapaths
92-2 in step 210. The FIFO memory 72 transfers data from & clock domain
having an frregular clock such as the read cloek fo 2 fime domain having a
constant periedicity in step 212. The method 200 ends in step 214,

[008Z] Referring now to  FIGs. OA-9E, various sxemplary

ok tations of fhe o a - ~ .
Impiemeniztions of the system 80 and the systern 80-1 {collectively system 80)

N
X



[0089]Referring now to FIG. 7, a method 150 for performing self-tests
using loopback begins at step 152. If loopback is not enabled In step 104,
the method 150 returns to step 152. Otherwise, a RC read clock generator
module 54 generates a read clock in step 156 using a recovered channel
clock. A control module 72 disables a clock source switching feature of a

RE clock egzg%‘t’gr module, S%ﬁ%insteg 158. The control module 72
disables ZPS dotk Sketchirg ahd répridiing eiiines 6Pd RE ElodRanmRst in &

lg 55-1.in step,160. ;The write clock generator modu§62 ienerates
e Sa-k 012 EChelaft PeTBAIEH) G 0¥ Tag Al e e HOTV

timehase ora resovered channel clock, The method 15(3 ends in step
164. [0090;§eferr%¥§r%%v%2%%ll /& méthod 200 T5F pRdtififRgs format and
geHtests;usingogphagkdeains at ste; 202, If Jogpback is riot enabled in..
step 204, the methogﬁéﬁoo returns to steé)gé)oz é)%%érv%s.eg,gélri ﬁéﬁggey 58@30%’
genelafoooeedile 2e@aneias amAbrlerkin sten 20BMsING@: wrcuits fnot
recovered channel clock. The write clock generator modlﬁg g%'géng'rrgt%és tnot
WW@@@QK&)%@MW@M%@@% %@%[‘Q@%h@h@ encryption,
control module 76 uses a clock of a constant periodicity such as the writé
RRICKT0 clebkiBIIRY remalydZ2=nedtbdatapaihs %22 wtsiept2dd. TheipTy
FIFO memory 72 transfers data from a clock domain having an irregular
BIBERRIEH HintHeaed 6ecke6.a time domain having a constant pertodick,
in step 212. The method 200 ends in step 214. [0092]Referring now toFl
Gs.9A8R ShrioddexdmpraiZiviprr fermonicefaheitbytitermessaddtthetorage
%ﬁte{gﬁogl (collectively system 60,) are shown. Referring now to FIG.

(| RESFLER S EbS RPIERd R R IeAsS ShtaStoREgel 4 Krarhiginstic
&gfrigitigorgteg}g\étsionthDT¥§/42_O. The HDTYV 420 receives HDTV input
SIQRAIS i Biher a wirsd or WilBied fof & Bhd ihdrste DriBes qitgupr more
signals for a display 426, in.some implementations, signal processing
‘circuit ané’ldr%i%#g ‘Circuit 422 and/or o h%gféiréﬁﬁgo HOELHE WY of thise HDOTV
HRTM:A20 mayprocess dataRerioyrteading andlor sgryption, perform,
calculations, format data and/or ‘pga#orm any o%ﬁgé%ygg %’i; H%" Tow Tatency

IRINCERSING MahBYsher QRUISth merl8RP3LdBE BRI\ A2 I o nic data
communicate with the mass data storage 427 that stores data in a
sloragratiEhm BTy sacheasopsicalppeiornaanatic storagederices2the an
HDD may be a mini HOD that includes one or more platters having a
fantsteinisattisestizdller than approximately 1.8f1. The HDTV 420 may be
connected to memory 428 such as RAM, ROM, low latency nonvolatile
memolj&Rfth ag¥rsHingrurantBoBBthéesyitable &lectorie Hatdemented in
storage, The HDTV 420 also may support connections with a WLAN via a
AVIERPn&tBriSiEgacet49907 @ vehicle control system 430,  In some

implementations, a powertrain control system 432 receives inputs from one or

MOfe sensors such as temperature sensors, pressure sensors, rotational
sensors, aiffiow sensors and/or any other sultable sensors and/or that generates
one or more output control signals such as engine operating paramesters

transmission operating parameters, and/or other control signals.
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10094)Referring now to FIG, 9.8, the system 60 may be implemented in a
mass data storage 446 of a vehicle control system 430,in some
implementations, a powertrain control system 432 receives inputs from
one or more sensors such as temperature sensors, pressure Sensors,
rotationai sensors, airflow sensors and/or any other suitable sensors

and/or gggégene{atgs one or more, output control signals such as engine
operating parametéfs] n%ﬁgg?oﬁd*gpgi%ﬁr’iﬁ‘%“éﬁ%‘?nﬁé%{%ﬁéﬂﬁﬁ@tﬁ&m input

trol.si , \ control system 440 may likewise receive signals
B e R e
Quiput devices 44410 seme é@r‘?‘lz%ﬁnrg?% NS, 4he conttol s 556%4%) Btliock

be part of an anti-lock braking syste ), @ navigat on

telarnaion sustemasiehicieglemais Sysiem, alang dRRAUIE SYSEM
an adaptive cruise control systém, a ehicie entertainment system Such &2
apigeYReromnast dissanstdhs diken, St inlementations are .
contemplat\gd. [0096] Thge powgﬁiﬂ?ﬁﬂ 63%33@%%&%% 5%%2%%25?@? Hstem, 2
comicitiBitatemithtiiesnsaas daichHOrages446, At SIRBsHRIRIR@ and the like.
nonvolatile manner. The mass data storage 446 may include optical
&ahid/cihetdymétivstoatigesdevcesisushiatadard disk drives HDD and/or

DVDs.. The system 63 may be implemented in at least one HDD. The

HOD ri28#5é a miif HOTethatinchaties Brstcon mdkerpiattesshavingsee with the
diarrieterthat is small& than approximately 1.8". The powertrain control '
BRIERABSRIAPHE LD NI S AvdBry 20T cishiasRAM ROM; foves data
latency nonvolatile memory such as flash memory and/or other suitable
%ﬂ%ﬁﬁé@é‘?aa%ﬁwé%é: T RV ATtk §isteras doviiss wiagh as hard
upport connections with a WLAN via a WLAN network interface 448. The
R T 210 ) T s s A S rag B RE iy et
aWwlahinterface (il not shawn), .. [0097] Referring now to FIG. 90, the
Sy 0 can be imj fé*ﬁ%’z%t‘éaﬁiﬁ*S‘Pn%%’dé%‘s%%&&?ﬂ%% B&tiariaters

system 60 can be imp

RRARE ﬁ@a%ﬁ@%amglg%%?ﬂu%aégg%%ﬁ? S g Ofpﬂﬁeéo%%wm ain: control

implementations, the cellular phone 4 es’a micro .an
SUlhOUBILARSHSLICHAS ASPeaKRE ADA/ULAUR PUDEAREKAAIBOIAY aioncy
460 and/or an input device 462 such as a keypad, pointing device, voice ‘
astuatishand/onoherdhmg deviceskhesignalaresessing: and/Canirgl data
oG :

circuits 452 and/or other circuits (not shown) in the cellular phone 45

BRIy ProCESS tatasreiforomtotingtamiicaenisoyptions pastormoerlsulaiansit -
format data and/or perform other celiular phone functions.  {posal The
GtMhrfhenEasdimacoininirTicate #th thamassidatastorage 464-thatiso
stores data in a nonvolatile manner such as optical and/or magnetic

GG R T RaRIRRR Y dRR BFiv ey DDA daeDsI D e wn).
system 60 may be implemented in at least one FIDD The HDD may be a

mini HEB®Hat incRIBBE8AL S tbte plattdrs BsIAT Slisaebsr imatdmented in
smaller than approximately 1,8". The cellular phone 450 may be
Lohnected o ?E%I@%?y%%(ﬁg SRR A BAR RB NP Yol sty metiisasIselular
m | ch as flagh memary and/ar other suitaple electronic data

e Fh caias o DI oy gLt Beluces s

W&@%&ﬁ@é@é—%%&g%%%fq%% 43@%?1 as a speaker andior audio output

jack, a display 480 and/or an input device 462 such as a Keypad, pointing device



[0099] Referring now to FIG, 9D, the system 60 can be implemented in a
mass data storage 490 of a set top box 480. The set top box 480 receives
signals from a source such as a broadband source and outputs standard
and/or high definition audio/video signals suitable for a display 483 such
as a television and/or monitor and/or other video and/or audio output
devices. The signal processing and/or control circuits 434 and/or other

CETEIBSR oY Of HBEEDRD BBX B0 Mgy Teoce SRS pemador control
coding and/or encryption, perrcrm calculations, format data and/or perform
grr{fiu(’i)%e‘r?seta ?gg%og%' ng-ys{s (f%ﬁ}ﬁﬁ\ﬁ“ﬁi BefigpI5dLianeinay 450 may

communicate, with the mass data storage 490 that stares data in a ,
OISt RiaAee The S, AECAL It SAGISPA80 nhay HIEhG8 ircars: format

and/ormagnetic Sl evige example hard disk drives HDD and/or
D R O b b SN o o least one HOD. The

HDD mgydze a nini HB; Lipgludesioneg or, ) S havin v
diamergar fhy% IS gnﬁﬁ%@?ﬁ%ﬁoﬁ%ﬁ% 'ﬁ@%%(m;ﬂ %8%1%8§yd ata
be cannectediomemasy 44 such ASRAMIRAMniew @seﬁcasnagxeﬁﬂéwm
memory such as flash memory and/or other suitable electronic data

sterageic Herses i0pimc480 alamprasharppaik ernaections wWidha MYBAN The
via a WI_AN network interface 496. [00101] Referring riow to FIG, 9E,
fhelsysteinredy can bepimplentehiediin eepassedaiztonitde B0 0k be a mini
media player 500. in some implementations, the media player 500

iNelddés alenbsiay S0P dHdiopTa iekanpies08) suchiaassickappads smaller than
touchpad and the like. In some implementations, the media player 500
ﬁ?&%’%@n’?ﬁ@%ﬁaﬁgﬁaphi@Qﬁu'é%%m%Wéaée(é@ fraY typicamyiesiasidgsmeemurs, 466

drop dowp menus, icons and/or a point-and-click interface via the display

S0 aftor Uer it 508, PR THeORTGP SO TORHeF Bl Rl ot atfcor
Qutput 509 such as a speaker and/or audio oui%ut jack, The signal
%ﬁr'oé%*s’“s}ifﬁyﬁ "anaror Contrat it éﬂgo?f%{l’i’éft‘f{r ot "8r£ﬁﬂb’fﬁfs%@%ﬁé\9\’/rﬁ7%ﬁ may
e suacia playes 00 ey posRSRaanonlamg coding.andion o,

encryption, perform calculations. format data and/or perforn any cther

Media player funedianing rEIORLERS Tie he “Lﬁ?%ﬁ*'%?‘f” %Yméﬁamanted in

communicate with the mass data storage 513 that stores data such'as
sompresked audigyandior yideefogtenidn agionvolatile Mmanner, Isomesiveas
implementations, the compressed audio flies include clieS that are

signgitint withsMRSefeunai Sr othessidable semprassednaudioandlar ang/or
video formats. The mass data storage 510 may include optical and/or

ey deficistoragd dévites forexamyiiethardrdiskigivesddOR andioL BVMBSsion
The system 60 may be implemented in at least one HOD. The HOD may
FEEPMIAAOD Hst fclides ofteorandferphitties baying dediameter thatdgnal
smaller than approximately 1.8". The media player 500 may be connected
REPRRSRIOS) and/or control circults 484 and/or other circuits (not shown) of the sat

fop box 480 may process data, perform cading andfor encryption, perform
calculations, format date and/or perform any other set top box function.
(801001 The set top box 480 mav communicate with the mass data

slorage 490 that stores data in a nonvolatile manner. The mass data storage



514 such as RAM, ROM. low latency nonvolatile memory such as flash
memory and/or other suitable electronic data storage. The media player
500 also may support connections with a WLAN via a WLAN network
interface 516. Still other implementations in addition to those described
above are contemplated. [00103] Those skilled in the art can now
%%g)reciat,e from the foregoing description that the broad teachings of the

fisciB8Hre B EHiBIeRIE! e iHoa Vet T6itR ey CRiscieTene ibliter thig disk
R ho0 BT B s YR TRGHEARORS PISESiesappatdnets e
e A S LSS, e e 2«
e ot ot W, 2% TR (SIS,
S o e A o
SUsRIBWIIEHEE mory andlor other suitable electronic data storage. The set top
box 480 also may support cconnections with & WLAN via & WLAN network
interface 496,
[00101] Referring now to FIG, 9E, the system 60 can be implemented In
& mass data storage 510 of 2 media player 500. in some implementations, the
media player 500 includes a display 507 andlor a user input 508 such as z
keypad, touchpad and the like. In some implementations, the media piayer 500
may employ a graphical user interface (GUI) that typically employs menus, drop
dowrt menus, icons andfor @ pointand-click interface via ths display B07 and/or
user input 508. The media player 500 further includes an audic output 509 such
as a speaker and/or audio output jack. The signal processing and/or control
cireuits 04 and/or other circuits {(not shown) of f‘he» media player 500 may
process data, perform coding andfor encryption, perform calculations, format
date and/or perform any other media player function.
[00102] The media player 500 may communicate with the mass data
storage 510 that stores data such as compressed audio and/or video content in a
nonvolatile manner. In some implementations, the compressed audio files

include files that are compliant with MP3 format or other suitable compressed
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and that generates a rend clock for said IDC module to read said data on
said read bus, where said write clock is independent of said read clock,
The system of claint activates sai)ophack circuit. RC linc. a e 4.The
system of claim: recovered channe clock. in d .RC device comprises a
control moduTe that device gentates saidclocke( said RC device

generates a read clock based_on a_The system of claimsaid LC device
comprises & witsclotR Generatt Mass data storage 510 may include opfical

and/or magnetic storage devices for example hard disk drives HDD and/or DVDs.
The system 60 may be implemented in at least one HDD. The HDD may be a
mini HOD that includes one or more platters having a diameter that is smaller
than approximately 1.8". The media player 500 may be connected to memory
514 such as RAM, ROM, fow latency nonvolatile- memory such as flash memory
and/or other suitable electronic data storage. The media player 500 aiso may
support connections with a WLAN via a WLAN network interface 516. Stilf other
implerentations in addition to those described above are contemplated.

f60103] Those s}«:i%i‘a&i in-the art can now appreciate from the foregoing
description that the broad teachings of the disclosure can be impilemented in 2
variety of forms. Thersfore, while this disclosure includes particular exafnpi%,
the true scope of the disclosure should not be so limited since ather modifications
will become apparent to the skilled practitionsr upon a study of the drawings, the

specification and the followingclaims.



moduie taut _cctrite clock by dividing one of a fixed RC timebase and a
recovered channel clock. 6. The systin said RC device comprises a clock
control module that disablesmg and rephasiag features of said \Tite clock
generator module. 7. The system of clan 5 wherein said RC device MCSLLP
omprises a clock control module isables switching between said fixed. RC
timcbase and said recovered channel clock after  rite clock generator
module selects one of said fixed RC timebase d said recovered channel
clock to generate said write clock. ThéyStem of claim | wherein
said HDC module ..fabricatedona firstde and said RC device is fabricated
on a second die.  The system of claim | whcrein said UDC module and.
said RC device are d on a common die.

1. A system, comprising:
a hard disk controller (HDC) module that controls a hard disk; and
a read channel (RC) device that communicates with said HDC module via a read
bus and a write bus, that includes a loopback circuit that selectively loops back said write bus to
said read bus, that generates a write clock for said IDC module to write data on said write bus,
and that generates a read clock for said HDC module to read said data on said read bus, th-;min

said write clock 1s independent of said read clock.

2. The system of claim T wherein said RC device comprises a control module that

activates said loopback cireuit,

w3

The system of claim 1 wherein said RC device generates said write clock based

on a fixed RC timebase,

4. The system of claim I wherein said RC device generates a read clock based ona

recoversd channel clock.

3. The systern of claim 1 wherein said RC device comprises a write clock generator
module that generates said write clock by dividing one of & fixed RC timebase and a recovered

channel clock,
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MCSLLP

o. The system of claim 5 wherein said RC device comprises a clock control module

that disables stretching and rephasing features of said write clock generator module.

7. The system of claim 5 wherein said RC device comprises a clock control module
that disables switching between said fixed RC timebase and said recovered channel clock after
said write clock generator module selects one of said fixed RC timebase and said recovered

channel clock to generate said write clock.

8. The system of claini I wherein said HDC module is fabricated on a first die and

said RC device is fabricated on a second die.

9, The system of claim 1 wherein said HDC module and said RC device are

fabiricated on a common die.
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