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TESTI NG STORAGE SYSTEM ELECTRONI CS_USING LOOPBACK
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s

application clains the benefit of U. SMWMM&MWﬁM'ﬁﬂ”
Application No. 601808, 799, filed on ) and
U.S. Provisional Application No. 60/759, 43dis9«fi | ed on
January 1.7, 2006. The disclosure of the above

appl ireatrion s-fomeer BEOE R BhanRYs LA ﬁb‘%@ﬁs&dr{ S

entirety. FIELD [0002] The -present disclosuré
relates to storage systens, and nore particularly to
testing electronic : devices and subsystens in storage

syst ens. Eﬁ%{{g&%@r i ption
provided herein I's E%‘E @%’%’%@ﬂ’éﬂg’lﬁ%
pres gt c sure. Wrk_of the
pr eszﬁl '9 ﬂﬁ%dgf’@ h?%rga"f’% tﬂﬁee g?‘[’ Bt 9t Y-8 Provisional
' c und sect s well as
AEIERIET T sbgB IR, Bed e 2oy 788 6l SErosone

[ if [ rt tthe time of filing
}%@%‘Fﬂ@ &%p% g%g'ﬁi If Clei] |J§8|J?/Wa?j7m 4008 5@9 rﬁ*ﬁi(‘d@&éﬁ? tof the
a2@)& nst the  present disclosure. [0004] Host devices

oyl a&E“%‘ﬁ‘BLﬁ Brerroraipd pgein Bureferesce it s entirgfyi cal | y
store data on storage devices such as hard di sk
drives. Referring nowto FIG 1, an exenplary hard
disk drive 10 is shown to include a hard disk drive
(HDD) system 12 and a harlEdE ve assenbly. (HDA) 13.
The HDA 13 includes one or 1

{0602] The present disclosure relates to storage systems, and .more

particularly to testing electronic devices and subsystems in storage systems.

BACKGROUND

{0003] The -backgrou.nd description provided herein is for the purpose
of generally presenting the context of the disclosure. Work of the presently
named inventors, o the extent it is described in this background section, as well
as aspects 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 disclosure.

[0004]  Host devices such as computers, laptops, servers, etc., typically:
store data on storage devices such as hard disk drives. Referring now to 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
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nore circul ar recording surfaces 14. The recording
surfaces 14 are coated with nagnetic |ayers 15. Data

is recorded on the recording surfaces 14 in the form

of digital bits called ones and zeros [00051 A

spi ndl e notor, shown schematically at 16, rotates the
recordi ng surfaces 14. Cenerally, the :spindle notor

16 rotates the recordin surfaces: 14 at a fixed speed
AP FEEUF S8R THINO RITG6R? gf"i oh&. FEERIEingy syRces e@/amrtadewith
actuator -arns 18 noves relative to the recording )
'PEPRECIEYEN 1P Dalads regRtfegroniNeecerding suslerep it imihe form of
recordi ng surfaces 14. [0006] A read/wite device 20.
{igitg! Ritgt xR ofesenH 388F end of the read/wite arm

18. The read/wite device 20 includes a wite el enent
such as an inductor that generates a nmagnetic field.
The. read/wite device 20 also includes a read

el endB00FIsudh sEndie nawphert oshowsl sschemc(idaly et etBntdtates the
that senses the nmagnetic field on the recording

regofdinge surfates| D00 Tersrapiye g spindEurotd21@mplatds B racording
anal og read/wite.signals. Wen reading data, the
quUreesd T4 L Ud tfixed spgdd fdiuﬂﬁil-@wMN@l-o;@rMss foMdrhgore
read elenent and outputs the anplified signal to a
re@aAvrRd abietor demisCes AtbvedativeWoi the REcslaig, suffaktd 48 to read
current is generated which flows through the .wite
aperaite ofbta olfftorh @Rdfbbidigy 81466 140. The wite

current is swtched to produce a nmagnetic field '
havi peo@6IPOH tre¥&whte RRIRE! Y& iBObektbl Ynedg gl 'en€of the
or negative polarity is stored on the recording

r%l%ﬁh@ﬁu Smt4s "Tﬁiwe readf B&lé%ﬁ? @@%ﬁ%g{e élglglg%su&gtaas an

DD 12 typically includes a stores
iﬁ@l%ior that generates a magnetic field. The read/write device 20 also includes
a read element (such as a magnetosresistive (MR) élement) that -sénses the
magnetic fizld on the recording surfaces 14.

{0007] A preamp circuit 22 amplifies andlog read/write signals. When
reading data, the preamp circuit 22 amplifies low level signals from the read
element and outputs the amp!ﬁed signal to a read channel device 24. When
writing data, a write current is generated which flows through the write element of
the read/write device 20. The wr_ite current is switched to produce a magnetic
field having a 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 includes a buffer 32 that stores data that

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



Is associated with the control of the hard disk drive.
Additionally, the buffer 32 2 buffers data that is
read or that is to be witten. The data thus buffered
is then transmtted as data bl ocks to inprove
efficiency of reading and witing. The buffer 32 may
enpl oy DRAM SDRAM or other types of |ow latency

Hﬁﬁ@r%hata #0281 TR LS frdr Isht%r .@%gg esr.nt% itogessgtfx‘%qegfls then

t hat performs processi ng

i furthe | udes a hard_.
&IE]S contro QQE&W%&EBQ?M{‘C%BM qc t Witng. The
, put |nt ace 38.
B S5B4T %P@zc SRAUP oMt tier e of kvafatency memory
{11 6@22 uch. gs an Inte rat_ed Drive Electronics
J( %EE Ju, eefd“ BB IPTRF ié\?ft it Hisd perpmanprocgssisaelated to
@ _ % %\F‘hgf ace. The /O interface 38
' dh ¥h1/O0interface 44 that is
assocj| at ed with. a. host device 46. [0016] The. HDC 36
al so B0Nni Eha DM IHughepinetidesvmines Giskl cantrbbier (HDC) 36
Y&VCI\/D driver 40 and/or the read channel device 24. The
Bl FRMENaIvates; With 2 4ost devite ¥e ant inpukpitpidd ((OnintterfadH38. The
that rotates the recording surfaces 1.4. The
QiimariasechP ¢aribera soriallos pagaiebinddréoc sndh aé abilglegtded Drive
that position the read/ wite arm 18 using a voice '
lerironics JHRED), , Advastoegpa@ectmtagy, Aaracamenot(hen)swbrt@é}laqs ATA
actuator. [0011] Sone :electronic devices in the disk

(@A sntedatar Mheond! xﬁverfaéél BetdcmduniceiesSXiBh 90 tnl&@n‘ace 44
read channel device 24 may incorporate an efficient

ttat ia-essegated gvithchBo@ devicaddi ti on to advanced digital
filtering and data-detection

| {00101  TheHDC 36 also communicates with a spindie/voice coil motor
(VCM) driver 40 and/or the read channel device 24. The spindie’VCM driver 40
controls the spindle motor 16 that rotates the recording surfaces 14. The
spindle/VCM driver 40: also generates coritrol signals that positisn the read/write
am 18 using a voice coil actuator, a stepper motor, or any other suitable
actuator.

{0011}  Seme -electronic devices in the disk drives perform commplex
functions. For example; the read channe! device 24 may incorporate an -'efﬁ'cient
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 trath_e'r rates of disk drives. Thus, testing devices such' as the-read

channel device 24 may ensure data reliability.
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techni ques. The read channel device 24 may thereby

i ncrease areal densities and data transfer rates of
di sk drives. Thus., testing devices such as the read
channel device 24 nay ensure data reliability. 3
[0012] GCenerally, external test equipnment is used to
test electronic devices such as the read channe

i 80, R0 B ChEE ye gern
U T P ) T Y R e

: éCJI ital caneras,.etc. These dgw ces ty ically use
%ﬁ% ?9 i e aRY LSRG 'AgPerd gif Ny ’érbﬁﬁéui?alf!f@c@ft il drives is

h data transfer rates. Asa result, physical
FHP F%i” n'& %T‘aaie?&frafﬂ*P\ﬁ@éﬁC&Feﬂ@he%MFgﬁ slayemskioage Thitsles,

$ers usi ng external test equipnment :increasingly

MR LAY AP, €lon SeRfFefiBYiGes Beisrdytusenedmipass diskqdiipere having
may be unable to test conplex devices and subsystens

gl Ipterage r eapgcitigaransl highe dhieetransiar dateis sk Asoatnestilt,episysical
etc., in conmpact and hi gh=speed di sk drives. SUVMARY

C{"@@!ﬂ@}mﬁ\oéy@t(eﬁﬂve@am bleadityashrinking. dTik neakes rslidgeexternal test
(HDC) nodul e that controls:a hard disk and a.read

eghirmett itREpsidglyiimpradiiasl. cOomastjueatg o éttiohBBtesHBGuipment
nodul e via a read bus and a wite bus. The RC device

may bedesbleatd tepbanislexcdaviestaddalibsyslettd suP ¥s r@P hannel
>back' the wite bus to the read bus. The RC devi ce :

WResAheS dsEdritieliers 0sts. flrﬁéorhb@ctléh@(ﬁ!dmgpéédedlﬂpd%é

data on the wite bus and a read clock f
nodul e to read the data on the read bus, wherein the
wite clock is independent of the read cl ock.
SUMMARY

00131 A system comprises a hard disk controller (HDG) module that
controls-a hard disk and & read ¢channe! (RC) device that communicates with the
HDC module via a read bus and a write bus. The RC device includes a loepback
circuit that selectively loops back the write bus o the read bus. The RC 'device
generates a write cleck 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 compfises a control module

that activates the loopback circuit.



[0014] In another feature, the RC device conprises a
control nodule that activates the |oopback circuit. 4
[0015) In another feature, the RC device generates the
wite clock based on a fixed RC tinebase. The RC

devi ce generates a read clock based on a recovered
channel clock. [0016] In another feature, the RC

[ r - c rator nmo t hat

IV SR h e el e R e SRORE S R yi clock

j nd over ed channel . e
%&%&&%@Jﬁ%ﬁ?ﬁ%ﬁa T3¢ @dex@ﬁtq»aﬁr%%alraaé’ flek baSed on

' and rephasing. features of the
ﬁe}%@%r@ﬁ Cﬁ%ﬁ%s&gﬁg?at or mngul e. The RC gevi (t:)le
conpr, | oc. tro nodul e t hat i sabl es
svmn.tpé{)]‘?ﬁ;é bé’i‘ ‘?rh al“l”'?edh??@@l ARYieRs cogiseRea wiite clock
recovered chapnel clock after the wite clock

YSORENSR H}OdHEd‘lﬁ‘laégs'éeFrélﬁssthé HETET Cledeby idkedinRone] ofeb dized RC
and the recovered channel clock to generate the
timrghase and adkcoyared ThrRnelndetter TieaRGrdeviteheompases a clock
nodul e is fabricated on a first die and the RC device
cptrelppidatest denbles sicepbingised rpphasingleatureans thewrite. clock
feature, the HDC nodul e and the RC device are
gﬁaarat@_ranwutm allo M daice. cpOPlis€ a ologki tdntall habdule- that
features, a systemconprises a hard disk controller
~ digablys mmmg bbhbitecooherioded RChtamebatiesénd) stic gecdveERRchannel
bus and a wite bus,. a first- in first-out
cloek rientheowytetdiedk Jenkfaosmdadle selectdiénd 6Bt TS F@U“ﬁ'm@base

read channel (RC) device that conmunicates with th
ahDEhemstoleredi dranhdleiddkad geHsratd theligie: clock.

-{0.017._} In ancther feature, the HDC module js fabricated on a first die
and the RC device is fabricated on a second die.

[0018] -in another feature, the HDC module and the RC dsavice are
fabricated on @ commion dije.

[0019] In still other features, a system comprises a hard disk controller
(HDC) module that:contrals a hard disk using a read bus and a wiite bus,:a first-
in first-out (FIFO) memory that buffers data on the read bus, and a read-channel
{RC) device that communicates with the HDC module via the read bus-and:the
write bus. The RC.device includes a loopback circuit that selectively loops:back
the write bus to the read bus. The RC device generates a loopback clock that

clocks the FIFO memory when the write bus is jooped back to the read bus.



wite bus. The RC device includes a | oopback circuit
that selectively | oops back the wite bus to the read
bus. The RC devi ce generates. a | oopback clock that

cl ocks the FIFO nenory when the wite bus is | ooped
back to the read bus. 5 [0020] In another feature, the
HDC nodul e reads an output of the FIFO nenory

oopdeadlc . p Bpied PRI s AL 05D Rl ol S Frro
e, Sgarrafeat B0 e BatfieRPy MheRibBInR by ssoped, ok 1o

%us is, not |ooped back to the read bus. [0022] In
'Frd'?ﬁipu?‘eature, the RC device conprises a read-wite

cl ock generator that .generates a read-wite clock _
for tiRBZHoc Incagkheriepti@atnefaby wrduleHeadean obipst aile FIFO
to wite data on the ,wite bus. The read-wite clock
generagencragefyrateas-wiie qekavhien the wits dlustimpedoopetback to
fixed RC tinebase and a recovered channel clock. The
thedeadbis-e cl ock generator generates the read-wite

clock based on the fixed: RC tinebase when the HDC
nmodul[8022]i t d8 atetherdeatute te RGdelios cofipeise® adrendivirite clock
cl ock generator generates the read-wite clock based
ganerdter that gonenatss & heathetitectlockk fortied HON® nidadlemedieke data on
reads data fromthe read bus. [0023] In another

theatad eus bhe thiGteadl on itse Waly beat THe 08adiwhitd Sibclh8nerator
and the RC device is. fabricated on a second die.

Gk Itie aseet-Wete Elosk Based bhe QA i(}pﬁﬁlrh@b@ééﬂaﬁ@% iBeovered
| e.

‘device are fabricated on a compn
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 write
Qbus‘. The read-write clock generator generates the read-write clock based on the
recovered channel clock when the HDC module reads data frem the read bus.

[0023] In another feature, the HDC module Is fabricated on a first die
and the RC device is fabricated on a second die.

[0024] In ancther feature, the HDC module and the RC device are
fabricated on a comrﬁon’.di_e. |

[.Q025] In still other features, a method comprises selectively looping
back a write bus to a read bus between a hard disk controller (HDC) module and
a read channel (RC) device in a disk drive, generating 2 write clock for the HDC

module to write data on the write bus, and generating a read clock for the HDC



[0025] In still other features, a nethod conprises

sel ectively looping back a wite bus to a read bus
between a hard di sk controller (HDC) nodule and a

read channel (RC) device in a disk drive, generating a
wite clock for the HDC nodule to wite data on the
wite bus, and generating a read clock for the HDC 6

. NK: d on, t . L Wher ei.n. the
P e AL Bo Bk TRl b SR LS BEER T Epren

€ clocC epen

other feature, the nethod further conprises :
YanErGas et

he Wite clock based on a fixed RC
ture, the netho

time [Q027] .l n_ another fe _ _ t hod _
fur ¢ AP 2 om i At el Tieg B Mopdne] GURbS SEnBrRtAQ the
recovered channel clock. [0028] In another. feature,

WiHE 'q\g‘éﬁkﬁ?ﬁe‘f’ @Ptari@ied;%é"ﬁ'ﬁﬁké'é% generating the wite

clock by dividing one of a fixed RC tinebase and a
recoM@P€d cHEROIRerdpalbike. thddnetRed dertharr¢amrrises ganesing a
di sabling stretching and rephasing of the wite

repe clock Preedren iro@cev@retheharsehplotises di sabl i ng

sw tching between the fixed RC tinmebase and the
reco\le92d] cHammether fertireathieemetheldduttherycomaises geherating the
fixed RC tinebase and the recovered channel clock to
witaesiatke by hbvidingt enec bbakfixedOBZ9fimEbasd bhl. Dtdw@ivered channel
features, :a method. conprises selectively |ooping

deakk FheundtRod hatieo canpeaes Hisablre] veeehiag middredhaking of the
controller (hDC) nodule and a read channel . (RC)

wietei oieki The whesodduitiver, cobnises idigbtiad- swghitdBetvead thé!fixed
using a first in first-out (FIFO nmenory, and

Re niefcdabaand the epbasteduhankelfdckadfee kbRretindhe 6 1FOfixed RC

menory when the wite bus is | ooped back to the read
t,,bh!@oas‘e and the recovered channe! clock to generate the write clock.

[6029] In still other features, a method_.-cqmp_ris_es_ selectively looping
back a write bus to a read bus'between a hard disk controlier (HDG) module and
aread -.éhannel (RC) device in a disk drive, buffering data on'the read bus using a
first-in first-out (FIFO) memory, and genetating a loopback clock for clocking the
FIFO memory when the write bus is Jooped ba'ck'-td’the..r_.';ead bus.

[0030] 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.

[0031] In an-ot'nér feature, the method further comprises reading an
o‘ut_putIOf the FIFO memory that is generated by a read-write clock when the write

bus is not looped back to the read bus.



[0030] In another feature, the nethod further

conprises reading an output of the FIFO nenory that

is generated by the | oopback clock when the wite bus

is | ooped back to the read bus. [0031] In another

feature, the method further conprises reading an

output o the FIFO nenory that is generated by a
read-mwite cl ock when the wite bus js not |ooped
back 85%he 'neanpitrideatpry.0ogetheddHBTprePOTBES T §eNETAENY 2
met hod further co ses generating a read-wite .
"epgoKTite slookrer ﬁ@dﬂwﬁwmpsugotw@aa Qﬁ% andhe trpiad beigRrisLip write
and to wite data on the wite bus. The nethod

date tarethecwitp riuse sTifemsthad gtheh eomprsesgenarating dusk read-write
based on a fixed RC tinebase and a recovered channe
godckasetan. arfixetBC timehdserandmamooseredgbasneitdlok. t Tre method
read-wite clock "based on the fixed RC tinebase when
futee HROMMIMEt egonerdtey dad acad-virhe olbtit dsed. ofhthe fixed RC
met hod further conprises generating the read-wite

trheisdscbased the HIDE meegerr@s ehaniekhe Work biken ThEmethod
: HDC nodul e reads data fromthe read. bus. [0033]. In

fitthb} whipeked e@indi@hg theS YAGMIRO IS B3sE@I6h the recovered
di sk.controller (HDC) neans for controlling a hard

sheinel @bsk WEAGHHADOShod R e diRANS: Trof thE 985)! Bb§ ating
with the HDC neans via a read bus and a wite bus,

sel eqppygl v mlﬁmmm& Ra6led e kP OBl hhg ﬂ@?%&ltmller

bus using a | oopback means; generating a wite

ey %aﬁ%mﬂﬁ%{ i hgr% gg'ka aﬂag'dgaa Mdrﬁﬁ%io ?ﬁ dﬁ.g%ns for

generating a rea k for means t

&@%@mﬂﬁa{uﬁ }]‘33@%% m ﬁ Q)ia{:a rggd b%'a%g CIN%%( buéc' selectsvely

epenae € rea

looping 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 independént of the read clock.

{0034] In another fedture, the RC means coemprises confrol .Imean"'s-for
activating the loopback means.

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

[0036] in another feature, the RC means generates a read ¢tlock based
on a recovered.channel clock.

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

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



[0034) In another feature, the RC neans conprises
control neans for activating the | oopback neans.
:[0036] In another feature, the RC neans generates the
wite block based on a fixed RC tinebase. [0036] In
anot her feature, the RC neans generates a read cl ock
based on a recovered channel clock. [0037] |In another

HEENL ok 12 B0 IR RN LBGE Wil ReCH ks BERBHAL O o

ans for generating ite clocC
| xed -RC.. ' ecovered channel .

Byl e cenduls BB g 2 BB B YR et plock
QQSaQ£in %gr %PFEQ agd regpasingifeatu%qs of the .
QIT LGRS gulfeRit BP=HR SRTP 7 CReX rRAHY 8aRT i¥dlisabling
clock control ,means r..disablin swi t chi ng, bet ween
SRS BRen (TR BELGEETE FREGIPEASIRARABI SRRk afer
after the wite clock generator neans sel ects one of
RVIPRFERESAGTARD MEENS eI One & e fiser Rtalimebass eol the
to generate the wite clock. [0038] In another
reeayeree chamre! plock feaererate thawrite dioeld on a first. die
and the RC neans is fabricated on a second die.
[ 003.10938]In dnaredherffeattte, dhe tHRC H@anreanebdcated lve R@rst die
means. are fabricated on a common die. [0040] In
and the RE hexans égitabricated ansysscend dimpr i ses hard di sk
controller (HDC) means for controlling. a hard disk
usi ndoa3gleadnbarsotberdfeatue| the BDC rhédrst ahd thé i RStmedhs are
(FIFO nenory neans for buffering data on the read
fabscatet dneesainmon die.

[0040] in still other features,.a system comprises hard disk controller
(HDC) means for Gontrolling_ @ hard disk using a read’bus and a write bus, first-in
first-out (FIFO) memory. means for buffering data on the read bus, and read
channe! (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 Io_qpba-_.ck-ciock.-fbr 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 whan the write bus is
looped back to the read bus.

[0042] In another feature, the HD_C 'meéns reads an output of the FIFO
memory means that is génerated'by a read-write clock when the write bus is not

looped back fo the read bus.



channel (RC) neans for communicating with: he HDC
nmeans via the read bus and the wite bus, selectively
| oopi ng back the wite bus to the read bus. using

| oopback neans, and. generating a | oopback clock for

cl ocking the FIFO nenory nmeans when the wite bus is
| ooped back to the read. bus. [0041] In another

om0 TAUE e B U S e o
eg% i o AR e e

of t Fl FO rre that is generated

Gt it e i Mﬁetﬁ%;avm Bl pis.aghe magmEne clock
back to the read.bus. 9 [0043] In another feature, the
FREGTARA SCHRASTERCT MRS YES Alerkibaspenen atfivedrid@rinebase
for generating a read-wite clock for the HDC neans to
Feha reqpyedaianng! ¢legrd Hesreaduvrite clack wengeter meansgenerates
wite bus. The read-wite clock generator neans
gerreadtvete winck baspdventibedixedkRBativebase avhenxtae ROC means

ti nrebase and a recovered channel cl ock. The

witad-data oo theouite demer Hicoreadpaite afmrkegaiestor trheans generates
read-write clock based on the fixed RC tinebase when
thiaeexD@rifeezinsk basdd @sthdateowencd bieanwiel tlock When the HDC means
read-wite clock generator neans generates the

‘Teedsl dafai ftogn theoradlimsed. on the recovered channel cl ock
when the. HDC neans reads data fromthe read bus.

o fhsdan amd st LG M PAEb S on st i
drathi RO Aka0Bi9fadbA6s8E ofliPsecond die.

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

[0046] In still ofher features, @ 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 cha-nna?i (RC) device in-a disk
drive, generating a write clock for the HDC moduie to write-data on the write bus,
and generating ‘a read ciock for the HDC module to read the data on the read
| bus, wherein the -write‘-.do'c-k' is independent of the read clock.

[0047] in another feature, the computﬁr program further compnses
generaung the wrrtn clock based on a fixed RC timebase.

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

generating a read clock basad on a recovered channel clock.
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[0045] In another feature, the HDC neans and the RC
nmeans are fabricated on a common die.. [0046] In
still other features, a conputer program executed by a
processor conprises. selectively |ooping back a wite
bus to a read bus between a hard disk controller
(HDC). nodul e and a read channel (RC) device in a
di sk. raadbi Ve, er ate) [ - the HDC .
modui 9005 vy 1, SRGEER oA M, bEBLRE Prb et b raeomgrises
. | olg le to,read the data on
Befiaths RE (L RBEE P ENERRY: 1 & et R dphaen.and -
f. t read clock, [0047] |n. another feature, the
Rsatiar ERwg SRckur D Fomihis Shafmdidier impises disabiing
v_s%i tﬁ clock based on_a fixed RC tinebase. [0048] In
Argrhigr L reREsInGh 8t dahITe roiBttogr Hif COFPHEST program further
conprises. generating a read clock based on a '
FUEBRS IS R CRING SRbveRy Hs0HST RG VaIebeRe end dhe raoyered
t he conputer program further conprises generating the
ghannel glogklaftey sglegling rge ofl dheffixgdf RQ diingt@se ansh tree remodered
a recovered channel clock. The conputer program
ghannebelogiblppranssate dhe whld #lgck.st ret chi ng and rephasi ng
of the wite clock. The conmputer programfurther
conpri088e] dilsaktill mfherwfaatireng cbevmpetert pegfamedkddated by a
ti mebase and the recovered channel clock after
prekessdr mgmprise®belebitvelyi wedinB®ackreweareb@N® 4 Asad bus between
recovered channel clock to generate the wite cl ock.
dGabdHiskreositroliér GIDEY mbealkudtb a raad @RRMAEA (R YBVRD in a disk
executed by a processor conprises selectively |ooping
ek baffudrig €atatinsihb fe@d biie 88inBUSTRERMRSDLUL (FIFO) memory, and

generating a loopback clock for clocking the FIFO memory-when the write bus is
looped back to the read bus. |

[0051] iIn another feature, the computer program further comprises
reading an -oLﬁput 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 Compﬁses
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.

[00_53] - In anocther feature, the computer program further comprises
g_e_n—:-rating a read-write clock for the HDC module to read data én the read bus
and to write data on the write bus. The computer program further comprises

generating the read-write clock basad on a fixed RC timebase and a recovered
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a hard disk controller (1-iDC) nodule and a read
channel (RC) device in a disk .drive, buffering data:
on the read bus using a first-i.n first-out (FIFO
menory, and generating a | oopback clock for clocking
the FIFO nenory. when the wite bus is |ooped back to
the read bus. [0051] in another 'feature, the conputer

t [ i ses readi,ng an out put of the
BPRE ek, ¢ R PP B e T e SpB e Beidne read-
n.the wite bus is | ed back to the read bus.
PR 5100 Pkl naie e (R Trtaase onfsth ¥ PG gnasle writes dats
:further conptises reading an_output of the FIFO
SEHBP IR G| JNEEREIRER PTEGa Fet fPTPESeS GRleraiinghe read
t h, IC%ED bus is not | ooped back to the read bus.
m@gg{o ‘PASROCRENE recrvered channel slogkmerenghe diRemodule reads
further conprises generating a read-wite clock for
fRE irpw thReBrAdDUSt 0 read data on the read bus and to
wite data on the wite bus. The conputer program
furt hE0S8bnpin s otpgen deatuiesy thbesystamos varidt enathaik described

based on a fixed RC ti nebase and a recovered 11 1 .

ehavmeire cimpikentad morp ubmpuiErogrogrant WxebetedCByTYreS 86 more
generating the read- wite clock based on the fixed RC

provebass. WirercdnieitéiDiCogrit can wedite6n dadomnpAbr feaBateirhédium
bus. The conputer program further conprises generating

Sbeh aeddt noliited ab awmdra sesh-oplatilblatL B YRIAhIHIAIAS suit
cl ock when the HDC nodul e reads data fromthe'r 'eaﬁjsmable

m@jbgé-gaﬁa@dm@ﬁigﬁg;l | other features, the systens and
net hods descri bed _

[0055] Further areas of applicability ‘of the present disclosure will
‘become apparent from the detailed description provided hereinafter. |t.should be
understood-that the detailed description and ‘'specific examples, while indicating

the preferred embodiment of the disclosurs; are ‘intended for purposes of

illustration only and are not intended to timit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0056] The present disclosure will becorfie more fully undersloo’d from
the detailed description and the aécompanyin'g d-_raWingé_-,. whearein:
[0057] - FIG. 1 is a functional block diagram of an exemplary hard disk

drive according tc the prior art;
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above are inplenmented by a conputer program executed
by one or nore :processors. The conputer program can
reside on a conputer readable nmedium such as but
not.lttmted to.,:nenory, non-volatile:data storage
and/ or other suitable tangible storage nedi uns.

[ 0055] Further areas of applicability of the present

di scliggsgre v ZARE?CQHET IGHAP B o%ntdi gfr?m (%fhgl’li g?%r?ibia%ginterface

description provi hereina ter.

'M@Eﬁtaor%gdtchgﬁnefltb%v%%t cig‘i‘ia 8@ ICBFI{I'QIF r gcij eérli Iaé‘-aar'd disk

specific.. exa e I'n ing
odi ment of the di scl osure, are |ntended for
‘purposes of illustration only and are not intended to

o ii&b%vﬁés %o%%ffu%hioq&i’ Hiisk: SGREE A shpTPlany clock

l.y.understood from the detail ed

.%eégea%fpbvmmma?w@aae%&mﬁw HgneEiaR fad-witthepekin:
[00571; FIG. 1 functional block di agram of an
exerrri 869 hdHe- éi'%l@ fupetiana! Bleee Awommad anrexepimlar system for

[0058] FIG 2A is a functional block diagram of an
i@(&iﬁmr yoqnbesk igsts iHet vRA diskeddve heaseedingleloi ¢ee present
and:a 'hard disk controller nodule in a hard disk .d
gipglesure] 0059] FIG 2B is a functional block di agram of
an exenpl ary cl ock generator used in a read channel

devi dB08Y gdrier dife isp ar dtional thdoakd diakrarh Q68 exbplaly write
is. a functional .block diagramof an exenplary system
dlack ggrerdior acavgdihg dptimcires@g tdisdosuse;hard di sk drive
according to the present

[0082] FIG. 4B is a functional block diagram of an exemplary write
clock generator according'to the:preserit-disclosure;

[0063] FIG. 5 is a functional block diagram of an exemplary system for

performing loopback tests in ‘a hard disk drive according to. the present

disclsoure;

[0064] FIG. 6 is a.flowchart of an exemplary method for perdforming
loopback tests in a hard disk drive according to the present disclosure;

[0085] FIG. 7 is-a flowchatt of an exemplary method for performing
loopback tests in a hard disk drive according to the present disclosure; |

[0066] FIG. 8 is a‘flowchart of an exemplary -me‘th‘ed'_'for performing
toopback tests in a hard disk drive according to the present disclosure;

[6100] FIG. SA is a functional block diagram of a high definition

television;
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di scl osure; [0061] FIG 4A is aunctional block diagram
of an exenplary wite clock generator according to
the present: disclosure; [0062] FIG 4B is a.
functional block diagram of an exenplary wite clock
generator according to the-, present disclosure;

[00.63] FIG 5 is a functional block diagram of an

exe sysi-e oL . perform | oopback tests in 'a_
har d b?‘gﬁ drri“s]\fén%%c’(%r%ﬁﬁij&?%‘g} %80%§ M G 8chelygipecontrol
4] FIG 6 is a flowhart of an exenplary nethod

006
é.yfsf)erm'perform ng | oopback tests in a hard disk drive.
accordi to_the present. disclosure.; [0065] FIG 7 is
el b ]

afld I8 ReHRTiong! bishdiagrasm oba Felbiariphgne;
| oopback tests in a hard disk drive according to the
pr esdAt0%i sdT!Gs §Pds 2[fpdispaklesk gagem of 2 eeichRbexcaNdan
exenpl ar% met hod for performng |oopback tests in a
har d [APEH drfiiFe 95de arfandtigneldiediedipgreseaita ticgi piayare;
[0100.] FIG 9A is a functional block diagramof a
hi gh definition television; 13 [0101] FIG 9B is a
functional block diagram of a vehicle control system
.[0102] FIG 9C is BETAKED DRSCRIPBKEXN di agram of a
cel lular phone.; [01031 FIG 9D :is a functional
bl ocKo@k&igr arheobollewingtdesaptioods namely ex0MGEFy Ml KatuREaridSis in
a functional block diagram of a nedia player. o
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 and/or device refers to
an Application Specific Integrated Circuit (ASIC), an electronic circuit, a
processor (shared, ded-ica’i‘ed, or graup) and memory that execute one or more,
software or firmware ‘programs, a combinational logic circuit, and/or other
suitable components thatprovide the described functionality. As used heérein, the
phrase at least one-of A, B,.and C-should be construed to mean a logical (A or B
or C), using a non-exclusive logical or. It should be understoed that steps within
a method may be-executed in different. order without altering the principles of the
‘present disclosure.

- [0069] 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 written matches data read back, the device and associated

14



DETAI LED DESCRI PTI ON [ 0068] The foll owi ng description
is nmerely .exenplary in nature and is. in no way
intended to limt the disclosure, its application, or
uses. For purposes of clarity, the sane reference
nunbers will be used in the drawings to :identify
siml ar el ements. As used herein, the term nodul e,

refersto lication
e AP B 386 B i B iasfoey e BB asb oA Teatiuntion is
{%%g a processor (shared, dedicated, or group)
q nory that execute one :or nore. software or
f|r r ro a _co lnat|onal l.ogic circuit,
and/ o Gg{’ﬁ go‘%ﬁ%ﬁl"é” Brorted Hadighy exyagetor perform self-
gﬁs cr| bed. functionality. As used herein, the phrase
?P%Sdﬁaw\bewseadasteéd SHawnvenionab st regeiproent to test.
nean a logical ."(A or B or C), using a non-exclusive :
elggireni d@iﬂceas end isgbsystares imdiek sitives! tonpbaskepmyvia higferable
a method may be executed in different order w thout
@ exeinag tasheqpipment phes disk drives aue esmpactinstizey$igein storage
[0069] Sel f-tests using | oopbacks can verify system
earaciyi and hdvelogh throgihpgt exdatenainstee sdteequi pnent . 1 n
| oopback tests, a | oopback circuit typically | oops

back [@0Tput sReferrmg o ol F1@s.1 2RRBOENaANRENMES S0t tVBBH taSread
of an input driver of the device. If data witten

oetrriee 6ROpHavite 2d SaLk, haraalﬂeu¢mﬁ)llaﬂm@@§%o%ﬁee@6 &f“a disk
dat apat hs are considered to be functioni ng nornal

@ivzetorhprisesan d@th bus P 8 Ped BwriReISE (RELK) 09 PL: return read/wnte

Loopbacks can be |ncorporated in dISk drives t

clec (NOLES! THeldsd Bus E9QBRAFKSs %\6 4R8pARELnk fw&sad%té’éaths.
conventional test equiprment to tes
The HDC module 36 communicates with the RC device 24 via data bus 53.
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 a RC clock di_vide'r_ module 56. The RC device 24
generates RCLK-during normal operation as follows. When the HDC madule 36
writes data, the clock generator module 54 gen'eréteS a clock signal based ona
fixed RC fimebase. This is because write da?(apathszity;i_ica'}!y 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 56 divides
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el ectroni c devices and subsystens in disk drives.
Loopbacks may be preferable to external test

equi pnent when di sk drives are conpact in size, high
in storage capacity, and. have high throughput or
data transfer rates. [0071] Referring now to FlGs.
2A-2B, an interface 50 . between .a read channel (RO

Vi . £ di roller (HDC dul e
48455 B B LO At FOUE AL EP AR penerat
ﬁﬁﬁg{/write clock (RCLK), and a return read/wite
crock (WCLK). The data bus 52 conprises read datapat hs

and ' dat apat hs. _The HDC. npdul e 36 comuni cat es

Wit h%héﬁma%%\%w heRyegn d'gg%d b3§& gimebasgpaiilei omiting, and
t he HDéI: rmdulei 36 reads and wites data via data bus
"SSOYRIPA g ChaRiek glopkr whdle Fsading mByda@ltet ep@indigigo Taf2]JRCLK.
As shown in FIG 2B, the RC device 24 conprises a RC
reGeanaliyepbemiesdingdripetispasiogicly REROLICKagtibel almred due to a
nodul e 56. The RC device 24 generates RCLK during

5P PhPSSTRER (A5 )aand/el & seshasWieof RGEKHAPSodeure d3fing initial
wites data, the clock generator nodul e 54 generates a
1eooR! singhedrizsdised Rephasingi ofcBCRR iy bebasehen Bhéyhclark is
because wite datapaths typically use a .clock of  a =
wedeant periodicity to wite data at a constant bit
rate. On the other hand, when the HDC nodul e 36 reads

dat a,{007 cloe@igdtivsrat hie paibaicty st REDRr Abe%oi fi8blematic in
clock signal based on a recovered channel clock. The" N
retirniatl ereadivdiid eopdratiing dgfce Lorhfe AaBRtrital Sgg}ations are not
generated by the RC cl ock generator nodul e to i

. eeRenad %imB@éﬂ%ouE@'W?rjurﬂ%idaﬂibagk'qgé_%{eﬁﬂwg/é?dregg and write

ti mebase while witing ani
operations are performad simultaneously. That is, read and write datapaths are

clocked simultaneously during loopback tests. If RCLK is used to write data
during ioopback tests, data read back ‘may differ from data written due to
irregularities in RCLKrather than due to a fault. Therefore, RCLK cannot be
used to write data :during loopback tests. Specifically, the clock for write
datapaths may nothave irregularities even if the clock for read datapaths does.

| [0075] = The preserit-disclosure discloses various schemes _for--enj_'a'bl-ing'
loopback tests by generating a write clock of a constant periodicity for -write
datapaths. Specifically, a RC device generates & write clock of a constant
periodicity for write datapaths \in addition fo generating a read clock for read
datapaths. The write clock does not stretch and/or rephase during ZPS and/or

synchronization of the read clock of read datapaths during a read operation.
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recovered channel clock while reading may alter
periodicity of RCLK. Additionally, when readi ng data,
the periodicity of RCLK may be altered due to a

zer o- phase-restart (ZPS) and/or a rephasing of RCLK
ZPS occurs during initial channel synchronization.
Rephasi ng of RCLK may occur when a sync-mark is

515 e, PO LS 3 bS] Lol v
N G A O

howey regd .and wite operations are perforned

oi mulPUHRouSFSEMARAON & HGad ArrStw 6O 'depapeTHEa dcpback
cl ocked, sinmul taneously during | oopback tests. If RCLK
tests 8 @cishodnie dumrrises @ Bhrdavire Bopishe HRE srasule 3at he HDC
read back may differ .fromdata witten due to .
TPRdgui’aviiiep diata ANREIIR dasanedhs (widn buisp 58l and aedds. data from
Therefore, RCLK cannot be used to wite data during
dajepithe keedbus) 5BPedheivoit datapatine S2-bake Elockadr bit & write clock
datapaths may not. have irreQuiarities even if the
garecdted by the RE daticpal hThdoesd dpRPZHE 52-Thee pibeieNby a read
di scl osure discloses various schenes for enabling
doophercated shys tHeyRgedevied.i Mpeaviiei disckchas e &nstant periodicity
constant periodicity for wite datapaths.

syedi the ¢edd dloclanR stewhcehdgsitepades a wite clock of a
constant - periodicity for wite datapaths in addition

to gqoe7At i MhedRCaRNice! 28 korhpfisdsefbopBatieBaiths motif

. 1, an
wite clock does not stretch and/or rephase during ZE’S an

iAPG diver AVBGRI BT A UOR Rivet RBJILREE, &l IBSKbRK dirBdd 71, 5 wiit
,g‘g?apgt%s during a re@Jd opgr ati 0%% %ge%és& d;“eﬂg@- wilte

ARG BBk ERod@E a6 At afy GORSIARIck AehetstbNFnddife Wil t Qvnen
cl ock even . S
performing loopback ‘tests, the loopback control module 61 activates the
toepback circuit 71. The loopback circuit 71 effectuates.a loopback 70-and faops
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. Alternatively, the .loo.pback 70 may be effectuated by an external
lbopback or a test:module (both not shown).

[0078] The write clock generator moduile 62 generates the write-clock.
using a fixed RC timebase. The read clock generator module 64 generates the
read clock using a recovered channel clock. The HDC module 37 comprises a

write module 66 that writes data on the write bus 52-1 using the write clock. The
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when the read.clock perfornms timng synchronization,
etc. [0076] Referring nowto FIG 3, a system 60 for
perform ng | oopback tests in a disk drive. conprises
a RC device 25 ,.and a HDC nodul e 37. The HDC nodul e
37 wites data an wite datapaths (wite bus) 52-1 and
reads data from datapaths (read bus) 52-2. The wite

AR 7 B PR L e A 015 e
A : | ock. db he RC devi ce.
SOURGRIEBIERE, ook doneraed by he R device

s a constant periodicity even if

the. read.cl ogk, . may stre and/ or rephase. [0077]
The Réggzef c eﬁ%e"?:'l%‘ﬁ?‘?’ §%E&g5' I%ﬁg bR WER Ak gREG@IRter module
%10 an_ ingu_t‘. driver nodule 63, an output driver
qAYeowisrats tngapbaciock of acenstant pedodicity in menpokays. n.one
gener ator, nodul e 62, and a read cl ock generator nodul e
way. Rewritepdptlo gaNeIglargoptide 62 esmprisashe didopbaddule 67 that
control nodule :61 activates the |oopback circuit 71.
divides dmbredk RE limabasertd edrfarateuthe awita cldakombaiodwd th &1 4A.
| oops back the wite bus 52-1 to the read bus 52-2.
IBpardther atdyy the hveite oiptkaginaratezuinbd@éd 64 eopmrigaska RC clock
out puts of the output driver nodule. 65 to inputs of
gemeratopunodié \iert, ailotoc&3divitlet efigtald 6Ly, adde clack coritrol
| oopback 70 may be effectuated by an external -
tnodplb Fkasoshoavrt iastiG. aBdul e (bot h not shown). [0078]
The write clock generator nodul e 62 generates the
wr i t g0080JocKThalROV&IoekS gerRiaBE rhodBOa3e1 EBaVEERfe fixed RC
cl ock generator nodul e 64 generates the read clock
ﬁtﬁéﬂilj}seaarﬁ@@Qé/_%C@der%haﬁ?ﬁnepbl%l’é'-aéj@&_r&@qogg%gggagﬁéhtge write

'co_n'pri ses a Wi te nmodul e 66 that wites
A6 eTHYISoS ettt hdGule R WEhBiBs &l BBk sWkhinhfeature ofthe RG

clock generator module 54-1. Thus, the RC clock generator module 54-1 may
use the fixed RC timebase or the 'reco_ver.ed; channel clock as a source for
generating the-write clock. Once the source is ._sele.c‘ted, however, the RC clock
generator module 54-1 may not switch the source. Addiﬁonalry,._it'he'f:'clock-:co.n'trol'
module 72 disables.ZPS clock stretchingand rephasing features:of theRC clock
divider module 56<1. Thus, the write clock generéted by the wrte clock
generator medule 62 has a constant petiodicity:

[0081]  Alternatively, data may -be read back during loopback tests
using a clock of a constant periodicity. Specifically, a data-flow syrichronization
circuit such as a first-in 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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HDC nodul e. 37 conprises a read nodul e 68 that reads

data fromthe read bus 52-2 using the read cl ock.

[0079] Referring nowto FIGs. 4A-4B, the wite clock
generator. nodule 62 may generate the wite cl ock of

a constant periodicity in many ways: In one way, the
wite clock generator nodule 62 conprises a :divider

nodul e 67 :th di vi des the f xed F§C ti mebase to

G&tter B4 thret v FEMANHERD é’é” fRta FPrEoag cigck darpain such as
another way, the wite clock enerator modul e 62 .
REkPr V’@éé“%)’ %V%I'Hﬁﬁu‘abé’%?@? "oAngtRer. gack domgirdhaving a
clock divider :nodule 56-1, and ;:a. clock control

FRRStAT PROOGiSTshown in FI G 4B. [0080] The RC cl ock
generator nodule 54-1 receives the fixed RC tinebase

and t[B882]ecoveferihgotmiteFl@| D ks siers ¢0r cls pEdprming loopback
generating the wite clock. The:-clock control nodule
tBRtsdh saditiedrive cotpises sWRCdevieg. 25 bt HDE mbdilbes7REnd a first-in
cl ock generator nodule 54-1. Thus, the RC cl ock

IehentqFtFOmeaioey B4- T heeyDC useddld e?fwﬁtasd d&e dr weibagstapaths
or the recovered channel clock as a source for

@ehenat) 81 afteresdstaats froek reddndstapdiths $RAHCRS) $2-2. The RC
sel ected, however, the RC clock generator nodule .541

RV P B Wohlised e RTIK Goneheldh ol 124, 1 L& 1Bopk
controla rmgadme 72 di sablc%s ZPS cl ock stretchi ?1% %cﬂ@'éontrol

;rngeb@smn sBs?age ke@o&fgémﬁatgpmao%sc;g gh ATt 'H‘ﬁ%# ﬁwdule 63,

wite clo generate y the writ

fﬂbggﬂﬁ I%Fb‘?rn%oqfe @?déﬂdgaafé%pﬂga( @}%ﬁﬁlﬁt ant peri odi CI ty.

ternativ ta -nay read back during

ooPtal =1 £ oy £ BB Bt
%'S%s ‘é: 'ih %gggu%%%ﬁ%?%? ) LTrﬁeéf#zﬁét 8orf 74 RO HRARY )éxocEed: by
RCLK. The HDC modulé 37 reads an output of the FIFO memory 74 that is
clocked by RCLK*when reading data-during normal operation. During loopback
tests, however, the Flpo_memory 74 is clocked by a locopback clock. The HDC
module 37 reads.an. output of the FIFO memory 74 that is clocked by the
loopback clock when reading back data 'durim_g'.loopbac‘k tests.

[0084] The RCLK generator module 24-1 generates RCLK that the
HDC module 37 usesto write data on write datapaths 52-1 and to read data on
read datapaths 52-2. The loopback clock generator module 64-1 generates the
loopback clock of a constant periodicity that is used {o clock the FIFO memory 74

during loopback {ests.
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FIFO nenory is clocked with a clock of a constant

periodicity during |oopback 18 tests. Thus, the FIFO"

menory can transfer data from one cl ock donain such as

RCLK that may have irregular periodicity to another

cl ock domain having a constant periodicity. 10082]

Referring nowto FIG 5, a system 60-1 for performng

| oopback tests in a disk drive conprises a RC device

+ 25- 10085IHDAV ﬁg@mv@‘ogwnga[ﬁgptﬁqksqesﬁsn the fqapbaclky gontrol module
FIFO nmenory 74. the HDC nodul e 37 wites data on
iaCHVRIaS dpatleepbaciir ¢itcaith(s) Bre jocnbdck reimdd Hhtedfettustas a

read data paths (read bus) 52-2. The RC device 25-1

leephrakssant IRCPKDgenbeavite bue §at eto2he teadibuinbpiracIpecifically,

control nodule 61, a |Ioopback clock generator

thedabplad4cicuitaf noqmst babki eetpuisodiuthe 6utBut dameoniodule 65 to

driver nodule 65, and a |oopback circuit 71. (0083].

Whats FofFDenapot drivet medaledéd.a-Alteomativghc thenbestddcRN70 may be

circuit that 1is used in read datapaths 52-2. The FIF

affctuated By bs ereinatlldopbakleke tediynodild-thot Shew

nmodul e: 37 reads: an output- of the FlIFO nennry 74

=t hatjods6] clTRKRBpBACKREbHiraBSIIEaH B&ivdRdA 1] Sack clock

normal operation. During. |oopback tests, howev

AT4
ALY 12 HOSHEL Y AN B g

'tﬁé lBBé’éackSci&ékoﬁ*(Sdcolﬁ\é %erxb@ieﬂb%% Oegéq&%\@h@gg ﬁ'laegnon 74.

‘data during.loop ack tests

IS SR I {5 i o R
N T T e -
penodwuy

[0087] In some implementations of systems 60 and 60-1, the RC
device.and the HDC module may be fabricated on separate dies. In some other
implementations of systems 60: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 self-tests
using loopback begins at step 102. If loopback is not enabled in step 104, the
method 100 retums to step 102. Otherwise, a RC read clock generator module
64 generates a read clock in step 106 using a recovered channe! 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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| oopback clock of a constant periodicity that is used
to clock the FIFO nenory 74 during |oopback tests. 19
[ 0085] When perform ng | oopback tests, the | oopback
control nodule 61 activates the |oopback circuit 71
The | oop. back circuit 71 effectuates a |oopback 70
and | oops back the wite bus 52-1 to the read bus

52-2. g_ﬁ’%ﬁ aII t he Ioo?back circuit 71 | oops
back S f~f" & NBYHB G ¢ ERethed dp8 fesp@@rmmg self-tests

ut.s. of the i nput driver nodule 63. Alternatively,
b S| IBeRRRk besinshalySteR 1581 flblocphadi isoyotenablecimstep 104, the
| ogpback or a test nodule..(not shown). .[0086] The
I 4RO EIHIBJP . Stem AB2 e Otbensdss, \ﬁaR@sreadlmodkogmtmaﬂor module

cl ock generator nodule 64-1. The | oopback cl ock
§ér@sRraies rioteAc CBLK Iin gereriabessing he réavpbat khahrost kciadk., A
a constant periodicity that clocks the FIFO :nenory

Tantrol Thed®e FUI misabtes  d4cibclanslires s@REEng rfeatenf Cd FaK clock
domai n such as RCLK that may have irregul ar

pemerathr ondduld 64anint dtep 168 0Cededriol nidtille 12igkibles ZPS clock
constant periodicity. [0087] In sone inplenentations

stretslying and réhanth BAtukes bhe RRCcIo8R ividsr rasdliid B@-ﬁﬁ%tep 160.

nmodul e may be fabricated on separate dies. in sone

Shéatrite epiegBnEatdoma0k wsge%@atég A6 Qadox BF‘% BSnstant
de VI ce and the HDC nodul e Tmay be fabricated on

‘dh &ted @@ﬁﬁ]smﬁ@c ﬁ)féd RE YR & ?re ggﬁedg%ghﬁgl clock.

100 for performng Self-tests using |oop

‘ﬁhe et dlfd adds lh‘%?ﬂab?&i( is not enabled in step 104,
the method 100 returns to step 1.02. O hewni se, a RC
read Bbogk. HGBRIAUw TPRIE.%, a method 200 for performing self:tests
using icopback begins at step 202. If loopback is not-enabled in step 204, the
method 200 returns to step 202. Otherwise, a RC read clock generator module
G4 generates a read clock in step 206 using a recovered channel ciock. The
write clock generator moduie 62 generates a write _c'lo-ck-'-:df a constant perigdicity
in step 208. |

[0091] A loopback control module 76 uses a clock of a constant
periodicity such as the write clock to. clock a FIFO memory.' 72 in read datapaths
52-2 in step 210. The FIFO memory 72 transfers data from a clock domain
having an imegular ¢lock such as the read clock to a time domain having a
constant periedicity in step 212. The method 200 ends in step 214.

[0092] Referring now to FIGs. QA-QE, various  exemplary

implementations of the system 60 and the system 60-1 (collectively system 60)
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64. generates a read clock in step 106 using a
recovered channel clock. A wite clock generator
nodul e 62 generates a wite clock in step 1.08 by
dividing a fixed RC tinebase. The nethod 100 ends in
step 110. 20 [00.891 Referring nowto FIG 7, a nethod
150 for.performng self-tests using |oopback begins

152, | oopba i S t enabled in step 104,
Ao S dtistho BRAE: P85 50 Elrienis Hvianeive i
read Iocslg enerat oy nodul e enerates a read
E‘l‘%‘é 13 ?fgseﬁ% Ris® ﬁ@rhdwam FpatiBTVE 488k, The HDTV
.control nodule 72 disables a clock source swtching
f"’égt Feeivep HDRE HRsit isigngdisér aither bdvites §1-viirdlesss famat and
158. The control nodule 72 disables ZIPS clock
SEPRIRLR MY Tah@uinsh Isigsialsg fof eatdiapday 626.a IRGonn¢ doklementations;
di vider nodule 56-1 in step 160. The wite :clock.
§nat arepesspguriecuioandnecanies! airowii #2 chraliér ofhea circuits (not
constant periodicity instep 162 using a fixed
REwihebtieeHdil Vad2k cwy aireck sshaatae beddroc kodiiy entiir ke@ryption,
150 ends in step 164. 10090] Referring nowto FIG 8,

pefietnh ockl@0&ionsp rfopeatl dati agdsel ;ﬁertcﬁﬁfi Sny Ustheg type of HDTV
| oopback begins at step 202. If oopback IS not

proebbsidgitimat st@pbe uirkhe et hod 200 returns to step
202. O herwise, a .RC. read clock generator nodule 64

generplnee,} a WB@%W@O'rﬂa?E@ﬁm@@ﬁc&é WS el rﬁﬁ%vaéédstoragc

channel ock. The "wite clock generator

gET AR S6red Whtali £ t i i
step 208. r[oogllxﬂAég|n§§{|cf>°t§§1t§:l RS %FE@‘%%”WW hBanetic

cI i t@%vng?%gﬂﬁﬂ@ﬁ%% kR4 ‘BQ' 5{%%1 ; eagg &QEJESF h%ne or more
platiers having a diameter -lh_at.-.'IS' smaller than approximately 1.8. The HDTV
420 may be connected ‘to- memory 428 such as RAM, ROM; low latency |
nonvolatile memory such as flash memory and/or other suitable electronic data
storage. The HDTV 420-also may-support éonnections with a WLAN via:a-WLAN
network interface 429.

[0084] Referring nowto.FIG. 9B, the system 60 may be-implemented in
a8 mass -data storage 446 0of a vehicle control system 430, In some
i_rnp!ementa'tions, a :powartra'in control system 432 receives inputs- from one or
more sensors such .as iemperature sensors, pressure sensors, rotational
sensors, airflow sensors. and/or any other suitable sensors and/or that generates
one or more oulput control signals such as engine -operating parameters,

transmission operating parameters, and/or other control signals.
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52-2 in step 210. The FIFO nenory 72 transfers data
froma clock domain having an .irregular clock such
as the read clock to a tine domain having a constant
periodicity in step 212. The nmethod 200 ends in step
214. [0092] Referring now to FIGs. 9A-9E, various

exenplary inplenentations of the system 60 and the
21 are shown,

t -1 (collectiyel t .60). S
S g L OB AER L3S UE e e s om g

.l emented jn a Ss_data storage 427 of a high
SO o el e0ind B S0P Boorerpie PSR P8 vices 444. In
receives HDTV i np:#i signals in either a wred or

HPe| ERETERFHI A Ee SN} VBT Bubphe RATy I a0 faski-lock
a display 426. In some inplenentations, signal

Piebines SYHigMc (ARS) ta AYIgsHO® divsiesn. i telamatics2gysieny, ar vehicle
other circuits (not shown) of the HDTV 420.: may

sraseatips ystam, glent deparvgi sygteandiroadaplive wptis@nontrol system, a
perform cal cul ations, format data and/or perform any
ahigle enjgrainrheMBYstenpsuctess argjetdoaDVibaohpacedistred. the like.
[ 00931 The HDTV 420 nay. conmunicate with the nmass

it ethespiementati@® sleatonsdroples=ddat a ;in a nonvol atile
manner such as optical and/or magnetic storage

devi qesgs]TheTHdDPoweytraire cantrdl ystdaP aBbahay BEIRScABSvith the
or nore platters having a dianmeter that:. is smaller -
Bes dé@%ﬁ@?@g@%' tiatst8reEheatdiATY noféSlaBnBeEONMRCLSES data
to menory 428 such as RAM ROM | ow | atency '

siorgel Mg hRyTREDdY obt I . _ RErae
suﬁggbl e el gc’t"?g?}i Cﬁtékgétﬂaa% /sc{rorﬁiéghe%%@égl%wyg%%a#goas hard

AT dEWRPROD sﬁavefa@ygg%ﬁsm@ EhstBmVBA N 15 irﬁplg\lréwted in at least

network. i nterface
one HDD. The HDD may be a mini HDD that includes one :or more piaﬁers

" having a diameter that is smaller than approximately 1.8”. The powertrain control
system 432 may be-connected to memory 447 such as RAM, ROM, low: latency
nonvolatile memory such as flash memory and/or other suitable electronic data
storage. The powertrain control system 432 also may support connections with a
WLAN via a WLAN network interface 448. The control system 440 may also
include mass:data storage, memory and/or a WLAN‘iinterfaCG--('all not shown).
[0097]  Referring now to FIG. 9C, the system 60 -can be implemented in
a mass data storage 484 of a cellular phone 450 that may include a cellutar
antenna 451. In some implementations, the cellutar phone 450 includes a
microphone 456, an audio output 458 such as a speaker and/or audio output

jack, a dispiay 460 and/or an input device 462 such as a keypad, pointing device,
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[0094) Referring nowto FIG 9B, the system 60 may be
inmpl enented in a mass data storage 446 of a vehicle
control system 430, In sone inplenentations, a
powertrain control system 432 receives inputs from one
or nore sensors such as tenperature sensors, pressure
sensors, rotational sensors, airflow sensors and/or
sensor enerates one

B0 ST AR e PR, R Bl BEREAhS Boo orto
°’§$L5%e%€$é” Aerchor %mﬁs BhEhanng iy daF <olol2” po0s] <58 may

cont r ol stem 440 may |ikewi se receive signals from
PHYGes s%r'éorﬁhﬁo‘é’ﬁa/%?d/quFBQWP%htF?QﬂOF@l erlewistions, format
one or nor e out put devices 444. In sone

fais &eertrariosR therkelldanphaie fupetianm 440 may be part of
an anti-lock braking system (ABS), a navigation
syst elf098] t elles watlulesphyns 459 maw edrholusicate Withehe asass data
system a | ane departure system an adaptive cruise
glorageok64 ythateniores dathirc ben@mvoldtiteaameet stiyis teRMo Bt and/or
as a stereo, DVD, conpact disc and the like. Still

OlEgestic alolagediatdsdns eadraplednire niiskedbgs HDO@P@)or DVDs. The
The. : pow. ertrain control system 432 may communi cate

_wﬁtérnt&&mag&fb&n%r&eﬂéd iageletdbohd HDD STPEaIDBHAY b8 Amini
nonvol ati | e= manner. The mass data storage 446 nay

HDO thie inghid sSabnaaBE MYre PRRES hevinh Y 8BfheteiHat &S |
as hard disk drives HDD and/ or %/Ds Thee system S&%ﬁé} than

ampyroRiendtapesrentrpd denul@F phemS k50 oRsy be cbﬁ%ct&ﬁfoa{ﬂt Mory 466

may be a mini HDD that includes one nore p

S BY RARI 3By er}ov@ hﬁttenbys nOARLILEE &Q%R{ fh .assy@?sé‘nmmemory

appr oxi mat el y. he' powerfrain co

ﬁoﬂg‘%ﬁgﬁ EUW@ %Qcﬁgn&:%é@ TRt Fn Yelluds p%'\é 5Mso may
support-connections with a WLAN via:a WLAN. network interface 468.

[0099]  Referring now to.FIG. 9D, the system 80 can be implemented in
a mass data storage 490 of .a gat top. box '480.. The set top box. 480 receives
signals from a source such-as-a broadband solrce and:outputs -standard and/or
high definition audio/video sighals suitable for a d_isél_a_y 488 such:as a television
and/or monitor and/or other video andfor audio output devices. The signal
processing and/or control circuits 484 and/or other ¢ircuits (not shown) of the set
top box 480 may process data, perform coding and/or encryption, perform
calculations, format data andlor perform any other set top box function.

[00100] The set top box 480 nﬁay communicate with the mass data

storage 490 that stores datain a nonvolatile manner. The mass data storage
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nonvol atil e nmenory such as flash nenory and/or other
suitable electronic data storage.. The. powertrain
control system 432 al so may support connections with a
WLAN via a WLAN network interface 448. The control.
system 440 may al so include nass data storage, nmenory
and/or a WAN interface (all not shown). [0097]
ferring now to Fl 9C, the system 60 can be
Fadntede pRtical andios meanst I%%{'a@% dgggepforexgamie nard disk
one 450 that _may include a cellular. antenna 451. In
e ) aswisit %Y%ns,T het §ystese B0UNaY beHBwemeed i lat thast one
m_crophone 456, an audi o output 458 such as a
E‘BQaﬂé”ne R& Y R ind e that jiagludesonf epmage Alstiers having a
and/ or an input device 462 such as a keypad, pointing
dapetes thatds spwilles thaet appredmataiy /6. offherset tpuboxi 480 cray be
The signal processing and/or control circuits 452
comaeeied do meemaeiyr494 such(asRASH AR, low {dienayetdnokatie memory
phone 450 may process data, perform coding and/or
b ragfiasbmempenf andiveatheusuioblensiectanitrdbta stetageanteoset top
perform ot her cellular phone functions. [009.8] The .

beoad K80 aalsphane sdpfortaynaodctionsi Wik & WELANT g segsafiahatwork
storage 464 that stores data in a nonvol atile. manner
isteethcagoepti cal and/or magnetic storage devices for
exanple /lard disk drives HDD anti/or DVDs. The

syst Tmm]Wef@@ranWGegE' theadystRR8h: &ﬂ%ﬁ@%ﬁgﬁedi'in

bé a mni H D Dt hat |ncludes one or

P h\%‘s‘s Qfa?a Q@Yéd!ﬂs% oPI L& 'bfay%?’sob S (i)ﬁ gﬁt{{oeolh%é}ﬁ%maﬁo ns, the

approxi mately 1. The cel'lul’ar ph

HONRegLRY & WF%‘HFHe‘é 46§ ayi?p M LRQM%A V%daagg&c%s a

nonvol ati |l e nmenory ‘suc nenDry or 0

léggé@qggclﬁ%\%cér{cpmecllkgatlﬁ sﬁr‘n%r %@emgﬁgtlgr% ItHJ: Hedk ah 8%383’ 560
may employ a graphical userinterface (GU)) that typically employs menus, drop
down'menus, icons and/or a point-and-click interface via the display 507 and/for
usér input 508. The media-player 500 further includes an audio output 509 such
as a speaker andior -audio -output :ja_c'k; The signal processing and/or control
cireuits 504 and/or other circuits. {not shown) of the media player 500 may
process data, perform coding and/or encryption, perform calculations, format
data and/or perform any othermedia player function.

[06102] The media player 500 may communicate with the mass data
storage 510 that stores data such as compreslsed 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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support connections with a WAN via ~a W.AN net wor k

, interface 468. .[0099] Referring nowto.:FIG ;9D, the

system 60 can be inplenmented in a mass data storage
490 of a : set top. box 480. The set top box 480

receives signals froma source such .as a broadband
source arid outputs standard and/or high definition

udi o/ vj.dea signals suitable for a_ displ 488. such
0. ol o igte e iate oot RoTaHE o Wemay: iagibae optical
-and/ or _audi g out put. deyi ces. The sjignal , processing
AP b =GR S APIBICES ARSI B o Pr RGP A ST VDS,
Eovvn% of the set top box 480 may process data,
ﬁ ¢ PHTRTCBUMRY B HnRIpmentadyiptatdaastnser GPR. The HDD may be a
cal cul ations, format data. and/or perform any other
gt R thekinelydes iova. o MoK plettere hang tropiameter4®@t imymaller
comuni cate with the mass data storage 490 that .
Georanprodmaiohn 18" .nonbe nadid playenb60.mahbe massectatido memory
storage 24 490 may include optical and/or magnetic
Stbsageas BAM d3OMp fove jaeqiyendrawntitith siemotly suers ablBash memory
and/or DVDs. The system 60 may be inplenmented in at
drediot othwee sultilly elutrohibDiata\stivaga. My middR plagkr 500 aiso may
.includes one or nore.platters having a dianeter that
supponeddneectidnsiwitipptxANBieh WILAR netWhR isBHat®B 180t other
480 may be connected to nmenory 494 such as RAM ROM
irplehekanens ineaYBbals toserisRENbeSsdVe R6 chh@sibisRAD Y
and/ or other suitable electronic data storage. The set
top [09r0A80rRssasKRY iRl c&P. | :
s i e R S

BRIAPfid thah @Yk BR)&E't@aci%«g%st. Bh-%é%%%ﬁ@gr%gcégfgg %ngﬁgented in a

inplenented in a mass a storage

WrR%ehs RIPRs. |fhe?9ﬂ5?e-,'.-m!ee%nﬁgkiog% intRGes particular examples,
- the true scope of the disclosure should not be so limited-since other modifications
will become apparent to the skilled practitioner upon a study of the drawings, the

specification and the following claims.



nmedi a pl ayer 500 Includes ::a display 507 andlor a
user input 508 such as a keypad, touchpad and the
like. I'n sone inplenmentations, the nedia player 500
~may enploy a graphical user interface (GUJ. 1) that
typically enploys nmenus, drop down nenus, icons
and/ or a point-and-click. interface via: the display
507 and/or user input 508. The nedia player 500
further-includes an .audio outdﬁbﬂ%ﬁ@ such as a
speaker and/or audi o out put jack. The signal
processing and/or control <circuits 504 and/or other
circuits (not shown) of the nedia player 500 nay
process data, perform coding: 'and/or :encryption,
perforn1cal?ulat|ons format data and/or perform any
ot her A §95W“V8ﬁct|on 100102] .The nedi a pl ayer
500 may co ni cat e w ss data _storage 510
Uhat ot GriBE! Gk SONHURT égbé Wﬁg‘g% gutconiior e sk $1ddeo
content in a_ nonvolatile manner. |In sone _
i npl enrertraad Gysnel(Re) dones Batwommidsagestwithesaid HRE) mddule via a read
files that are conpliant with MP3 format or other
bus sud & abitebwothpt Bsbdes 4 RBpbacHicocanthanselactideg 1dops atkssaid write bus to
The mass data storage 510 may include optical and/or

saidFBGIIRls| GuSiPEAGS adaite ek e saRMADTI o & Wi Kt dnVe@ Rt write bus;
HDD and/or DUDS.: The system 60 may be i npl enented in

and @lat b&RSAte ONRHBIAcK FH%axU@@)O@NoJﬂR @ red¥ Rl &R Had e ad bus, wherein
i ncfudes one or nore platters having a di aneter that

| 1.8". The nedi a pl ayer .
sndxéﬂ%%&%kggng ﬁg%? p&@§h%§%§#¥ 514 such as RANF RéM

.low | atency nonvol atile nmenory such as flash nenory
and/ or other suitable electronic data storage. The

medi a player 500 Iso ‘ connections wth a:
WA N vi 3 C & >‘Wﬂf\f’ “1”?1?@5 ﬁgékﬂ@féomgmsw SfHaymodule that
activates said loopback circuit.

3. ‘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 on.a

recovered channel clock.

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

channel clock.
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i mpl ementations in addition to those described above

are contenpl ated. .[00103] Those skilled In. the art

can now appreciate fromthe foregoing description

that the broad teachings of the disclosure can be

inplenmented in a variety of fornms. Therefore, :while

this :disclosure includes. particular exanples, the

true scope of the disclosure should not be so limted

since other nodifications WII| becone apparent to the

ski bl ed phagtsicni oméamu@@({M&uSiauﬂKCQfevicBeoﬂbﬂw’swocktd@ﬁtrol module

specification and the following clains. 26 CLAl
thaf\disatstsyMetchth@ipl irédhaging Feaf@t Ho iR RIS R! def Eraﬁ

modul e that controls a hard disk; and a rea anne

(RC) device that communi cates mnth sai d HDC nodul e via

a read bus and a wite bus, that includes a Ioopback

cirguit p e Q0 Wite to

Sl B¢ othR R R Xne PRSI R KoVt Eoibise Kk cgnirol module

t t ald wite bus; and that

maﬁg%“bﬁ'%ﬁé%mamﬁ&“’%Ve&va@a fikg RCQiipebase pscsatbrriap eeredbehigagl clock afier

, aata on said. read bus, wherein said wite clock
Sa“?%’“lten e¥esraerstor groduls sslecispme of suf fixgd REHimehpse ard safd recovered

claim|l wherein said. RC device conprises a contro
chappgl glask g generaje s4id arisscleek.d | oopback circuit. 3. The

system of claim'1l wherein said. RC device tenerates

said wite clock based on a fixed RC tinebase. 4. The

systemof claim| wherein said R C device generates a

reakl cl Clile syssmcbiemin 1 wREeMekRDb e §/fRfeated 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

fabricated on a common die.

10. A system, comprising:
a hard disk controller (HDC) module that controls a hard disk using a read bus
and a write bus;-

a first-in first-out (FIFO) memory that buffers data on said read bus; and
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5. The systemof claiml| wherein said RC device
conprises a wite clock generator nodul e that
generates said wite clock by dividing one of a fi xed
RC ti.nmebase and a recovered channel clock. 27 6. The
systemof claimb5 wherein said RC device conprises a
cl ock control nodule that.disables stretching and
r ephasi riFeadehanneldRED dewreithar somemenieasks wigle said B2 -module via said
nodul e. 7. The systemof claim5 wherein said RC
readibus and seidmpnite Hus, Uzet cobiskes e dovpbatk emditltlent stlbattvel)i lnapd Bk said write
swi tching between said fixed RC tinebase and said '
bushec4y edag dus; iao tigl gelepads afobpback Shick tht clotk£448€ RIFG memory when
generator nodul e sel ects one of said fixed .RC
said WHARRAS & 135sbd bk & JaRFRYebed channel clock to
generate said wite clock. 8. The systemof claiml
wherein said HDC nodule .is fabricated on a.first die
and said RC device is fabri cated on a .second die. 9.
syst.em of. cl |clm

Th

saleld S TR r?z:]\gl?l ) e%‘n‘ghﬂ)dﬂ{{}?ﬁ%ﬁe%ﬂiﬁé“%@m%wd FIFO
em C. rd disk, cantroller (1=1UC

e A BLTEIRA B GO PIOEIEC Ak e S WaerRyis as eses gk to seidiread bus.

a. wite bus; a first-in first-out (FIFO nenory that

buffers data on said read bus; and 28 a read channel

(RC) device that communicates with said HDC nodul e via

sail@. rdde spusmaridiagail 8 wheidiresdd BDQ matule neddsdesugput of said FIFO

| oopback circuit that selectively Loops back said

‘mentiytgenerbied by @ redi-ariterodadt. wimssaidovndic. bub B nog ok d bk 18 said read bus.
| oopback clock that clocks said FIFO nenory when

13.  The system-of claim 10 wherein said RC device comprises a réad-write-clock
generator that generafes:a réad-write clock for said HDC module'to réad data on said téad bus

and to write data on said write bus.

14.  Thesystem of claim 13 wherein said readiwrite clock generafor gencrates said

read-write clock based on a fixed RC timebase and a recovered channel clock.
15, Thesystem of claim 14 wherein said read-Write clock generator genetates said

read-write cJock based on said fixed RC timebase when said HDC module writes data on said

write bus.
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said wite bus is. |ooped back to said read bus. 1.1.
The system of claim 10 wherein said HDC nodul e reads
an out put of said FIFO nenory generated by said
| oopback clock when said wite bus is | ooped "back to
said read bus. 12.. The system of claim 10 wherein
sai @ HDC._: nod: ul e. reads, an output:o f said .FlI+0O
menbty gEPRTAREC! ¢Rimal 4 Bhgeipspidacad-wiile slpdngengiatbr generates said
wlite.. bus is of |ooped back to said read bus. 13.
read it Glork ks on grid recoyeredisbansicheleeli wh®Gaid HDC module reads data from
devi ce: corprises.a react-wite clock generator that -
saidywad bnat es: a read-wite clock for said |1UC nodule to
Teal data on said Tend bus and to wite data on said
wite bus. 14. The: system of claim 133 wherein said
read-wite clock generator generates. said read-wite

clo bas 1160 fll ORGh ks 1563 recovered oo
Chorhel TR R e B SOREE o i an
- SprgiLeqd-mrit e clock generator generates said
saicRE ?&#%?Ssem@i‘%gidc na‘g%é&gmn&g'ai d fixed RC ti mebase when
.said HDC nmodule k ites data on.said wite bus. 29
16. The systemof claim 14 wherein said read-wite
cl ock geperator geperates said_ read-wlitc clock based
on $ai d ﬂ@@éﬁi@?@g‘@g‘ﬂaﬂﬁ&ﬁhe&%wd\k}% moditls and siB®C deviee are
. nmodul e reads; d.ata from said read bus. 1.7. The
fabrigasadean peoepen #ie10 wherein sai d HDC nodul e is
fabricated on a first die and said RC device is.
fabricated on a second die. 18. The :system of claim
.1 0 wherein said HDC nodul e and said RC device are
fabricated. on a common die. 30
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