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[0004] Integrated circuits are widely used today in electronic devices to
implement sophisticated circuitry such as general purpose and specific
application processors. A controller integrated onto the chip may be used to
interface the various processors with off-chip components, such as external
memory and the like. Clocks generated by the controller may be used to
access these off-chip components. These clocks should operate at a specific
nominal speed, within a certain allowed tolerance, to ensure that the controller
can communicate with the off-chip components under worst case temperature

and voltage conditions.

[0005] Due to processes inherent in the silicon wafer fabrication process, a
set of chips generated from a single wafer may fall into a range of different
process speed ratings. Depending on the application, some manufacturers are
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[0009] In another aspect of the present invention, a method of calibrating an
integrated circuit to an electronic component, the integrated circuit having a
system clock. The method includes generating an external clock on the
integrated circuit, the external clock having a programmable delay from the
system clock, providing the external clock from the integrated circuit to the
electronic component to support communications therewith, communicating
between the integrated circuit and the electronic component, and calibrating the

external clock delay as a function of the communications.

[0010] In yet another aspect of the present invention, an electronic device
includes an electronic component, and an integrated circuit. The integrated
circuit includes means for generating a system clock, means for generating an
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Aspects of the present invention are illustrated by way of example,
and not by way of limitation, in the accompanying drawings wherein:

[0014] FIG. 1 is a conceptual block diagram illustrating an example of an

electronic device employing an integrated circuit;

[0015] FIG. 2 is a timing diagram illustrating an example of timing
parameters to write to off-chip memory;



paranmeters to wite to off-chip nenory;[0016] FIG 3

is atimng diagramillustrating an exanple of timng
w@asoaneirers to read fromof f-chip nenory; [ 001F¢T/BE51804/d39691

is a functional block diagra |IIustrat|ng an exanpl e

of the operation of a control [0018] FIG 5 is a
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specific details for the purpose of providing a thorough understanding of the
present invention. However, it will be apparent to those skilled in the art that the
present invention may be practiced without these specific details. In some
instances, well-known structures and devices are shown in block diagram form
in order to avoid obscuring the concepts of the present invention. Acronyms
and other descriptive terminology may be used merely for convenience and

clarity and are not intended to limit the scope of the invention.

[0021] In the following detailed description, various aspects of the present
invention may be described in the context of an integrated circuit coupled to
external memory. The integrated circuit may be an Application Specific
Integrated Circuit (ASIC) with multiple processors. The external memory may
be a Synchronous Dynamic Random Access Memory (SDRAM) or similar

device. While these inventive aspects may be well suited for use with these



device. While these inventive aspects nmay be well
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DBystbm clock fuprsysiess timidg4. The transcei ver 108 nay be
used to provide access to an external nedium such as
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SBYHIARASC RS tRHsWBREr 1108 may provide access to Ethernet, cable
modem line, fiber optics, Digital Subscriber Line (DSL), Public Switched
Telephone Network (PSTN), or any other communications medium. In other
embodiments, the electronics device may be self-contained without a
transceiver to support external communications. The |/O interface 110 may be
used to support various user interfaces. The user interfaces may include a
keypad, mouse, touch screen, audio speaker, microphone, camera and/or the
like.

[0024] The EBI 112 may be used to provide access between the
components on the ISB 114. The EBI 112 may include a controller that
provides an interface between the ISB 114 and one or more off-chip

components, such as external memory 118. The interface may include a clock



conponents on the ISB 114. The EBI 112 may include a
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del ay requi renent between the

operation. This is called the “minimum set-up time,” and is denoted in FIG. 2 as
tsetup- There is also a period of time that the data must remain stable following
the external clock transition. This is called the “minimum hold time,” and is
denoted in FIG. 2 as tyg. If the minimum set-up and hold times are not met,
then the write operation to the SDRAM cannot be guaranteed. Thus, one can
readily see from FIG. 2 that there is a minimum delay requirement between the
system clock 202 and the external clock 204 to meet the minimum set-up time,
and a maximum delay between the two to meet the minimum hold time. The
delay may be programmable, and can be set anywhere between these

boundaries, as shown in FIG. 2 by the shaded portion 208.
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[0028] FIG. 4 is a functional block diagram of an embodiment of a controller.

In the embodiment shown, the controller may be divided into a synchronous
controller 402 and an asynchronous controller 404. This division is merely a
design preference and those skilled in the art will readily understand that any
configuration may be employed to perform the various functions described
throughout this disclosure. The controllers 402 and 404 may be configured to
interface the address bus 122, control bus 124, and data bus 126 to the ISB
114 by means well known in the art.
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T lndinL el CHil G 30 S FE b of v
é@éma@ E:Io%)( Rigravared lﬁyf\sﬁﬁ\ﬁﬁﬂi Mﬁ‘?l'ind‘&ﬁ tﬁ@hl@r%processor

used provi e extern to the SDRA
mm:m] byr famyf @tbebm&anﬂ odk buaydriver gdide mayehie fusem to ptawide the

t h t | cl ock. th
ﬁ%ﬁ%@gwéﬁb%gmm go?ﬁ ilrggkscng; .be.nproSi ded to a
Blobl.0r T o errBORe o SRt bk bfomesockor
REtEIREl E:Bcﬁn 1§15 Héb&r%éa%%bﬁlrﬂéﬁ bothecIBkd H tthf‘e pRovided

gate 418 allows either the Inverted or non-inver
tol agRkultiplexer 4d6dto providsy sameabda@atjhiyatp thel softvgarenprogoammer.

d | ay the feedback K, ;oThe feedb

elegiebaden Hodh TRy e hBikS to' A pLCSRR IR s 418, The

érmm UH@'g@E@M@nQIlm'eﬁﬁéwméR\lé%@ @ronbﬁm\ﬁarte@scuock to be
wel | as the delay of the feedback cl ock, nay

ymesyrApregrapynatle delaycell Azl maydie used e @ﬁ!lab ﬂ@ﬁ:t@ﬂ@mk clock.

et A0, g R o . o

R hipleXer ahd @xdiusive CRRYEE wantrblsias vﬁdﬂ&asotb@&iéléyeoﬂﬂiea’xeedback
settings for the external_ and feedback clocks. The

¢lesiaymay bej garasPMEr DY Reibvare rupnitaon the micrappreessan 04, or
by any other means.

[0031] As discussed earlier, certain timing constraints imposed by the
controller and the SDRAM may limit the possible delay settings for the external
and feedback clocks. The delay setting for the external clock, for example, may
be constrained by the minimum set-up and hold times for the SDRAM.
Similarly, the delay setting for the feedback clock may be constrained by the
minimum set-up, hold and resampling set-up times for the controller. These

timing constraints can vary with process, temperature and voltage.

[0032] The delay settings for the external and feedback clocks may be
programmed during a characterization procedure at the factory. This process

may entail the collection of characterization data for the integrated circuit across



be constrained by the m nimum set-up and hold tines

for the SDRAM Simlarly, the delay setting for the

wo e@dlosaiki cl ock may be constrai ned by the m ni POTIS2004/039691
set-up, hold and resanpling set-up times for the
controller. These timng constraints can vary with
process, tenperature and voltage. [0032] The del ay
settings for the external and feedback cl ocks may

RPegsa Yetage anfdigmperaturanct ke delay; sehtingsoray dhen H? cpﬁ@uted in
f

RRORY ot AR o M) cRalactelfdbh) ¥ (8d! the timing

specifications dors they SDRAM. ailtiese qpen@ited edeldih eetimlgaymay used to

GbFAtE e UL DAP BN e LRt PRATOISH nni Spproach may
WORCHIS HIOfeT drif p‘aﬁﬁ:uﬁ?%egg%?néﬂwtrﬁﬁ%%tavyork well for
settings may used to calibrate the programmabl e del ay

atberss on the controller. This approach may work quite
wel | for one particular process corner, but may not
[ﬂOBB] weMaribos metheds. nay0B8] impdementedrin hodke thg $ystem work

ted.t ke th k
4BLS PS8 o CE . ol 5 dRimbeRail i VoRntions. o Ry way of

Y, Ristér el ;%rhééé?tr‘ﬁbre @ Aﬁerﬁ’sﬁ\r/é‘%’@mo RPAEVIEP R ME used.
menory’ devi ces be used ternatively, stricter

Alternativelynstrictey Ibﬁltatmsmyobe tmm@oge@mﬂwes precessaspiead and

2647 A4t RS LA LSR8 el By v

wedd. acpempaprar pasre ame@tuvesmﬁrbabm dhvolges healidedtimg the delay
settings on a per-device basis. A calibration

sattipgs o RefsiRYIGRIDASHS s ff ealibration,algpFihine sethasied i %mpNare or
ner € Ja t t

BFSTefR B8R gl Y Boafed it BRlory oot overy

tcmethen slectbpiccavicegbodts upper abnhtu'nuods@(kﬁk]ngﬂseoperahon.

calibration algorithmw Il be described in connection

[ooB4] FI Ghe o'é,llbﬁat@ﬁcbldjontﬁhﬁwmade désdribed ialcpanedtion with FIGS. 2,
constrai ned aﬁhfl ve timng paraneters. Duri ng t he

JuANCe5 o bhe cabration AlgpEIER tolcapStrainedIy fee dmins saremeters.
@m&&%%lté%&e%@%ﬂé S&&n{*ﬁe@pg g@%gfbepg{ﬁaﬂfa%m%eto satisfy

theaninimahaget-gih @nddhdid tpneglf@rthdSDRﬁd\At(seé )FIGhQ) During the

i mum set the ho
. QRsretion. the ket sHnId b Bogrammedsp Saishhegpinimum
_ fui lﬁh{& t
§gt Jg?ﬁ@.gs éh%() ozda e an t en’per altﬁlgf l(::lgi Cllﬁ'ﬁ fﬁsthé{ﬁg{rt]rouer (see

EIIGe watlﬁanmmgrmftthese five diming tpapameters cannot be met under worst
case voltage and temperature conditions, then the data integrity of the controller

cannot be guaranteed.

[0035] Returning to FIG. 3, one can readily see that the set-up time tset.yp for
the controller is based on the delay from the transition of the external clock to
the transition of the feedback clock. One can also see that the hold time tyoyq is
based on the delay from the transition of the feedback clock to the next
transition of the external clock. Accordingly, If the delay between the external
clock and the feedback clock is reduced, the set-up time tset.p decreases and
the hold time tnoq increases. Conversely, if the delay between the external clock

and the feedback clock is increased, the set-up time tset.yp increases and the



cannot be guaranteed. [0035] Returning to FIG 3, one
can readily see that the set-up tine tset-Up for the
w@oosnsd7ier is based on the delay fromthe trapPST/UBIN4/039691
of the external clock to the _transition of the

feedback clock. One can al so'See that the hold tine t

d is based on the delay fromthe transition of the

f eedback clock to t next fra SItI of the exte
0T A6 I SRRTGRSRS: TUSy She ey S LU elibratar alaninm may

e ﬁfe&t)rgggt_et he detfBafect] MiefoutemaPeldeR dnd!the féilddR clock that

decreases and hol d tinme increases.
saiisﬁes @etly 1he fninieird @Iea»japkmtd/\leeid tumes of tthe wahtrolleroknder worst
s in reased t he

Gk, oAby 30Radh 3 hBipa it LSS Haidns , Bl a8 Bohi T step 502

éfma.mtial step of the calibration algorithmmy be
to corrpute the del ay between the external clock and

ee hat
set L m.ﬁd&frgsaogﬁaﬁ mpLRY BOhLY behfedh ‘Fhé“éﬁlernal clock

p and hol e controller under wor st
and thepfemabgek ictock way thegienplamentethisr atnunebercfdvaysonBy way of

Sl e Teenb e it B de-ge thach ice b m TR Sy3leM clock by
sdlesthgahé é@eﬁme@daawthcih@cﬂﬁumm 4180 TRBafiBrdtidnaalgorithm

nunmber of ways. of exanple, the feedback clock

may then gy lm@lgmr\t%ththﬂmnmeh@rogy%mmﬂm slelayogell 420 for the
BRUBEL) Rk e B Aol WD bt iy, e

$ame nimé h thep peggrammdble @kﬂhyl}ceue-ﬂm 4élﬂtrﬁ@rextetraal clock may be

0BA4BING oM ange Wihea Saniart oEStRY Biig: i faseack clock

S5 kel clé@@pfc% %trﬁa?F enéét-li;# 9%@3 egttlzl%?ﬂ')ld time thog

through its aco st ant o
fﬁr ﬁmacdmmolleeddkmn Ichahge,kamhtlheeetfbe& rcannot bela goovee of failure.
together, the set-up tinme tset-Up and the hold tinme t

[00B7] t Maeconlyr @mainindotimirg phmgeter efmd theheead @peration is the
cannot be a source of failure.

MEHRRUA fﬁfatmnhnsgseawa%@ém tfporRQfﬁE“r\Qeté’oF '@p@r é%t? geanapling set-
L?;S‘%E?BG setyp rf% Al g ng@eﬁ%eudlalé Horhe&l the sﬁeﬁg%gi& and the

I'ng set u time is very
feledback elabkl Bysrhnatlvveblowteher sys ttieendelac bebweken like two clocks is
feedback, cl ock i

PRE00. EoiEeemRIngREt U RS e IR Heiipaabe- iyl T Teaches
fheRirih@h k&aﬁﬁlh@%&%;ﬂﬁﬁf@%& S Uhid s the u;ﬂ%?rlﬁﬁlﬁdlé?y of the

m ni mum r esanp quet up tlmetset-Up This is the
@qjmtlmaiggatrynofl theedelay between the system clock and the feedback
clock is increased beyond the upper boundary, then the data integrity of the

controller cannot be guaranteed.

[0038] Returning to FIG. 2, there are two more timing parameters that are of
concern: the minimum set-up time tset.yp and the minimum hold time tyqq for the
SDRAM. As a practical matter, however, the minimum hold time thoq is normally
not a limiting factor. This is because the hold time is approximately equal to the
clock period less the set-up time tset.up, Which is much larger than the minimum

hold time thotd.

[0039] Once the delay between the feedback clock and the external clock is
determined, the calibration algorithm may be used to sweep the tuning range of



calibration algorithm f the delay between the system

cl ock and the feedback clock is increased beyond the
waip@snsizoundary, then the data integrity of theCT/US2004/039691

controll er cannot be guarant %ﬁf [0038] Returning to

FIG 2, there are two nore ti'ming paraneters that are

of concern: the mninmumset-up tinet t- p the mninmm

hold tine f the S M . a practical nmatter, .
OB o RlE FRIRHEIS PRRSSSchBIegapy Mare gpeciically, the
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appr oxi mat'el y equa the clock p ess t
thetfeagbadknelock and upGrement4ilyi iscreaske therdgday. t Rameadheincremental

A hal d .t Q039] Once.t he del bet th .
Tl e lot Rigo i aliges i1 Eob M8 Tekd Hrhdind write to
theeSDRAMIaid @ierdlciRsificdne4el réwd Whedwrte awBRipttdiea failure or
tuni ng range ofthe programmble delay cells while

siceess drgendingan thetusCeipeci fical Iy, the calibration
al gorithm may begin with zero del ay between the system
[9040k aifn stepe504cchipoioltagechaybe setdodhedowestyrated voltage. In

' th | ay. h i tal I th

R 0B BBl T R sl REcerbn o e e e the Afptem clock
ardPtRefeddphatk €lotk md\etheRRAVatitd r, Ra the ¥ety b&tweAdhe system
read and wite attenpt as a failure or success

clegiennd te external Mk:r@ﬁﬁ.bel[ftm«ap hKst Hiis faﬁdqne;in gtep 508. The
t . St
AP Sl B Ly 6 SR 58 10,

ared veoond tthe resudtseim step &4 2aniexthén stepdd i kthel catibration algorithm
t hen, be S(tat to n, and the del ay between tge sgﬁvt em
PRYdhen Aetarming 1N efdRlR thamaximug delgy pefwren the system
i i h r . .
HEck AN the Be@hck Ko NI HEARDRICE Y is, 0RE Rk ETRle, 1f n is
leses dhah theemaxsoumsdéelay,sthep rbiray bieingrementadepy Bhé, intstep 516.

£, cAlbaen Audihin AaencRedEa e 55 408 to Harfommanother
ﬁe'é@/v@r‘ﬁ@?ﬁ%?igt;&? ahé reddrd tﬁﬁﬁbgﬂﬂfg.dﬁ‘l éi(’{j the ofitd HdreClh rr?aqums the

cycl e. ess than the maxi mum del ay, then n y
Imeximiim cirlay detween ribe isystane wlake andHbe dgedback clogk, then the

GBEHar FaBihep 159 SBERTRE finkfhet B8 P vhBaGEis Af Be highest
fated QOltadee Py 5hand.|If thee@hipl SoltdiRe BRMsELRLA&haYhighest rated
bet ween the system cl ock and the feedback clock, then

Yolageathesy e eibsatins algariihmnayinsramert figehie voliage by some
&RbBntiR! 4898205 afll 1ddHFbALICR StEp 506 to sweep the full tuning range of

the programmable delay cells again while accessing memory. If, on the other
hand, the chip voltage is at the maximum rated voltage, then the delay settings
may be selected in step 522. Although not shown, a temperature loop may also
be added to ensure proper operation under worst case temperature conditions.
However, in many applications, the speed of the chip does not vary much with
temperature relative to variations due to process and voltage. In these
applications, the effects of temperature can be ignored.

[0041] FIG. 6 shows the results of the read/write operation recorded in step
512 above. The results are shown in bar graph form with a bar graph for each
chip voltage setting. The shaded areas of the bar graph indicate the n values in



rated voltage in step 518 . f the chip voltage is |ess
than the highest rated voltage, then the calibration
wa@b@snsishm may increnent the chip voltage by SPOEUS2004/039691
anount in step 520, and | oop back to step 506 to sweep
the full tuning range of the ﬁrograrrmabl e delay cells
again while accessing nenory. If, on the other hand,
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et l2RHEL oN e FHRMRritePopEYIRER &t Wheé nhiRPRUTTBY4ted SipRRItage. This

added to ensure proper operation under worst case

bamgraphthasea aweii houndary Bbnev @r , This means higbwheatn inless than
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the! délﬁeintd@]rftWQSmeaﬁﬁhlrélﬁrl Gmﬁmtlbléeg@éréﬁfée@ offhe bar graph also
tenperature can be ignored._ [0041] FIG shows t

Fs antupper bosacaRGal s (& T Beros thekwhaad oarsaiss than 19,
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dditadatégat)emydfe ¢drapiomnisgd apihem diis diebwedre 2randal S)J,eacluswe, all
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Y% GG gatel G CUASRIOBA R INSCOVGgH TAiRG Chip Voltaga:

read/vvrlte operation at the mninumrated chip

e Therext har ggam) ROf shows; taﬁ/erfeswsmﬁtjmeyre@p/mnte gperation
A_P'tascﬁrﬁa{)&t 4& prald thémgp v%lt:f@%e rre oWy BW&: boundary

canno

tdmmaé dixed dthe= d?at hut theegpperybaninddnye hasmowtd epwaehtmn = 28.
e guar an e bar gra al so has. an u

FBisrtnancs iiatiita hghrkhld AaiHGe. T npiTam fooampling sel-up time

£030 af She |dhurBlleY RIFBJRBATP TH 18- ti B8 46 Bhe Wi hip voltage

cannot emst and therefore agal n, atalnte I‘It

inereasepr oln thed nexthiwo rbarsgrraphsveﬁé}ﬁ andrﬁD819he| lmpansbmmdary is

el hife codtmOnt BoBaeliis"] Sod 23 MR BoB stoMs g msults of
HidAredanistet B@er’éﬁéh”étsa %ﬁlpt U@Itégé'igt‘dlﬁtlyt ﬁb&@h@fﬁnﬁm aid the bar
ch voltage slightly below the nom nal voltage. The

rGQﬁ)@hGWS)IhGe&%ﬂﬁh@tfthQé’daHmum fated, cfmtvodtageupﬂ@s means

Q\%*‘}qﬂféﬁ?% RSP iy TR 3eEEP g st e

Sa&itralier tanmevseche the edudehef fauver ol | er is reduced. This
trend continues as the chip voltage increases. n the

[0043] t WTheabaldgriphs 4196 Moy €Kit lovee Ud)l%ﬁ@énpﬁlé,ﬁdlﬂbbédsés with

to the rraxummdela¥ settings. The bar g
g@cltaw t d a chip tvoltgge slightly above nomlnal the Iower oundary has
moved upward to n = 3, and at the maximum rated chip voltage, the lower
boundary is at n = 5. This means that the programmable delay required to meet
the minimum set-up time tstup at the SDRAM increases as the chip voltage

increases.

[0044] The bar graph 610 shows the final solution. The lower boundary is
fixed by the maximum lower boundary of the bar graphs 602, 604, 606 and 608.
The upper boundary is fixed by the minimum upper boundary of the same bar
graphs. In this case, the final solution has a lower boundary at n = 5 and an
upper boundary at n = 19. Thus, when n is between 5 and 19, inclusive, all five

timing parameters can be guaranteed under worst case voltage conditions. The



the read/wite operation at a chip voltage slightly
above nom nal and the bar graph 608 shows the sane at

wo b@swosec7rrum rat ed chip voltage. This neans t hedT/@52004/039691
hi gh chip voltages, the mninqumresanpling set-up tine
tset-upat the controller can 'ffever be the cause of
failure. [0043] The bar graphs also show that |ower

| s h | hi
e ogiterm, TBR0vet e pegrarEatiswdrRo Rl GenaEIC. 4)
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vol tage,” the |l ower boundary is at n = 57 This neans
bmenhéwqobogmtéaﬂammaydbeag,ele@tqd; sadhtas neeﬂz heThis approach
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A0nrffoA WP tHe efibRdihBRts MoIBEEd he‘r&nfMégcbeWn;BIBﬁented or

m ni mum upﬁer boundary of the sane bar graphs
perfermachwithiahgenersll purpesehprocassewer digbainsigngl procassorgDSP),

R HBR s AR Bl T LRSI Y e BtRyimhaie gate aray
FPGAF beoth Tﬁrdgeamwmu@gid devitRy, disdréte ga@eowwahamﬁ)r logic,

condi ti ons. ecal i bration al gori t hm may set the
disegite hatdvarefomponeants,or@wecambiinatign Hweeﬂqiwgryed tp perform

I f
Gy A0SR Wl o Wer SR (EeS oy bo o

micropcessors bap v dm:hltemawel emeapr@ceslsorahgy rbef any lzohbentional
of the dlffer nt t, es of failure rrecE@nls [ 0045
ﬁfﬁ’@e\‘/%ﬁrr &8&"?' Gfrué‘?' LePPkogyg OF Statg) rpaghine WOQESS ngay also

66 i plehorfIE8 ¢1  8Omblh BRIt dlevidlss, &1BOY difibpation of

erern my e In"p enent ed or per
a QSReand @ummmopemssmplurahtghgi mitroprapesisors, one or more

rocessor an. a icatjon s ific int egrat ed
BPEBREE &Py cORBREOD  BiParmbrE i o0t gy Foksy such
€6nfRfubgtiorPr ogr ammebl e | ogi ¢ device, discrete gate or

transi stor |logic, discrete hardware conmponents, or any

gfg)gh’ natip@n rh@fh'b@@f o‘i‘e% e@?@ﬂg&"d@@&rﬁﬁd“ hhecoanBEﬁérg”ﬁgh the

i bed hereln. ur pose processor
aﬂnbodpneﬁsgi;sclosednheremt mayabe eemhodied, drrmtlypmd:\asdymre in a
controll.er

e an onventi onal processor
TIE ABtR Sreclind Ba BEERPRer R R rcoRuiSaon.g] the two. A
@ém@emoanleeww RIS i Wﬁh@ﬁ{dr?nﬂé’éh GREFALEY, TROM memory,
devi ces, e.g. conbi nati on of
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the art. A storage
medium may be coupled to the processor such that the processor can read
information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The ASIC may
reside in the terminal, or elsewhere. In the alternative, the processor and the
storage medium may reside as discrete components in the terminal, or

elsewhere.

[0047] The previous description of the disclosed embodiments is provided to

enable any person skilled in the art to make or use the present invention.



a DSP and a m croprocessor, a plurality of

M Ccr opr ocessors, one or nbre m Croprocessors in
w@onsosrri on with a DSP core, or any ot her suchCT/US2004/039691

configuration. [0046] The nethods or al gorithns

described in connection with fhe enbodi nents discl osed

herein may be enbodied directly in hardware, in a

sof t war e ut ed pr cessor, or.in a
LSiinmadiieagens fa thaes e will A6 rearfly, apaereg to those
éwéat\m {RITBRY andl IS éﬁ%‘i"%rﬁ’nnc?@é HRAREY heEER%fbde@éEp|ied to
ROM nmenory, registers di sk, a renovabl
@thexaemdlmentmyltmwteiegawmg fons the agu;ut @edicape lafdhe invention.

he st.or age.. medi u e, coupl ed. .
TG dbe presunPRRIST . M} bl G 4R Rt e ppegiments
dHoWR HEREinvbut §s it BE "@ddopdled Ahet WRIeSt @cape cHmtHisteht With the
the alternative, the storage nmediummay be integral to
piinciples epggvel feﬁ@rss@mcsﬁﬂd hefginhe storage nedium
may reside in an ASIC. The ASIC may reside in the
termnal, or elsewhere. n the alternative, the
WHAEIS GLAIMEDR I8: st or age nedi um may reside as
di screte conmponents in the termnal, or el sewhere.
[0047] The previous description of the disclosed
enbodi nents is provided to enable any person skill ed
in the art to nmake or use the present
i nvention. Various nodifications to these enbodi nents
will be readily apparent to those skilled in the art,
and the generic principles defined herein may be
applied to other enbodi nents w thout departing from
the spirit or scope of the invention. Thus, the
present invention is not intended to be [imted to the
enbodi nents shown herein but is to be accorded the
wi dest scope consistent with the principles and novel
features disclosed herein. WHAT S CLAI MED | S: CLAI M5
An el ectroni c device, conprising: an electronic
conponent; and an integrated circuit configured to
generate a system cl ock -and an external clock having a
programmuabl e delay fromthe system cl ock, the
integrated circuit being further configured to provide
the external clock to the



el ectroni ¢ conmponent to support conmunications

therewith, communicate with the el ectronic conponent,
wapa)sosd7rbr ate the external clock delay as a fROTAUSENG039691

of the conmunications. 2. Thg el ectroni c device of

claim1 wherein the comunic ?ions conprise a

plurality of transm ssions fromthe integrated circuit

to the electronic conponenéL. @ integrated circuit

being further configured t ﬁﬁ granta di fferent

ext er nal clock del ay for each of the transm ssions,

and c I|b ernal clock delay as a functi on

of th B’PBW 1eVICE, ERERESEY 1 oni ¢ devi ce of

claim 1 V\A}ﬁ{gketrb,lﬁ@ @hftsdneAlti ghgconponent  conpri ses
menory. 4. The electronic device of claim3 wherein

the i nt egrat mlegramltcultq:drugumwcgﬁnergtﬁ a8ystem clock and an

ner feedback cl ra bl e

FETRT o SEHINE % oA BHIL SR iR PR BBt Mk, the
lﬁtergtétea SRt lﬁlelhgd’uhﬁeruSﬁnﬁdlﬁ‘eeRbe;srﬁaidecﬂh@CéxtteﬂwaMdlé& to the
to and read fromthe nenory, and use the feedback

QledEqnic sosANeat R SHPPR FOMMBURICAEORE fargwith, camgunicate with
tﬁé%?éét |<9 c?ﬁ}ﬁ#}ﬁgntognﬁ | AiBlte M%é)gt'gﬂllef)r qug'}ﬁ%y 35 %%unction of

CIrCUI configured

the&@hanknmhﬁmk;delay as a function of the

conmuni cations. 6. The electronic device of claim5
wherei n the comuni cati ons conprise a plurality of

read/2v i t eTHED &l@dtianis .devive ioftggiatedviEreinuthe b)‘e:inmgunlcatlons
further configured to programa different exter
queratksetjap&yahtyd)farqnsmlweﬂt rpgbtttfat@ke%ﬁt?@kc'tféttég) th%.electromc

ext er naﬂttﬁl% E%@% aylééﬁgﬁ%%fﬁf CEH@Q 5e tggf%€fag£5glﬁerent

éxdanial clookf dellay foeedblwofttbedtm'rsmlssines @nd Tadibrate the external
(glelgtronlcd E claimé vvfterelnthelntegrated
pekedela ,a§q B rRRIESP8Spr ogr am t he ext er nal

cl ock del ays and the f eedback clock delays with a

fixed offset bet ween he eft r nal nd feedb ck cl.ocks
for ehch ofhq gleciranig/ wqeeoocgemt. ein ihg elastronig cemponent

ﬁé@{]s% Iock del ay and the feedback cl ock del ay
M?ﬁ% t he ?I xed of fset between the external and

f eedback cl ocks.
4. The electronic device of claim 3 wherein the integrated circuit is

further configured to generate a feedback clock having a programmable delay
from the system clock, the integrated circuit being further configured to use the
external clock to write to and read from the memory, and use the feedback clock
to sample data read from the memory.

5. The electronic device of claim 4 wherein the integrated circuit is
further configured to calibrate the feedback clock delay as a function of the

communications.

6. The electronic device of claim 5 wherein the communications
comprise a plurality of read/write operations, the integrated circuit being further
configured to program a different external clock delay and a different feedback
clock delay for each of the read/write operations, and calibrate the external



8. The electronic device of claim7 wherein the
integrated circuit is further configured calibrate the
wezdsnszll cl ock del ay and the feedback cl ock dedBYSHg4/039691
determ ning the | owest delay et ween the system cl ock

and one of the external and fi@edback clocks for a
successful read/wite operation and the hi ghest del ay

ol el e 1 dRofienci, iikc BBl P 2 unefion o e readiwrite
hBbhSLN, and sel ecting a delay therebetween, the

sel ected delay being used to calibrate said one of the
external and feedback cl ocks. 9. The electronic devi ce

of claim8r H@%ﬁ&tﬂbnﬁ@@ﬁ%{a‘%ﬁtﬁﬁnﬂﬁ' Whe el %ﬁ%ﬁdﬁ@d circuit is

center val ue between t owest delay and t
fuethay configured do giregran the edtevinal ecladk délaysnapdvthe rfeeahback clock

‘i%%% yﬁ%&gﬁ?@iﬁ’ﬁt@vﬂ?ﬁm o %ﬁglr %)Iﬁ(? few,é:?qf?s for each of

theareadiwnterqidiafidis, eArd L dAliBrste A GStERBP dIEES d%lay and the
W rel ess tel ephone. 12. A nethod of calibrating

fendbackaclagkdelay witht theafixed @ﬁ‘setomtwee@nm@n@ﬁernal ra@d feedback
gﬁg rated circuit having a system cl ock, conpri sing:

ﬂ rating an external clock on the integrated

circuit, the external clock having a progranmabl e

cl ocB1 ronl 1 RARLGT UEUBS & a7 WREhe HENBaRe crcuit i
fUPtRRP eRfiglieds baliRate ammextdraalt clobk deigy edt the feedback clock
communi cating between the integrated circuit and t

¢elay by slaterniBingdherewesiiplay Pebyesn ke $)f$éef@>a|%¢"n%ﬂ\d one of the
%gﬁﬁé t §3¥e k‘c Hﬂ%é Vﬁregf st sgmgbmﬁeogﬁeraﬁgn and the

rern € conmuni cati'on
lighpsti delay bétwwm the rsﬁ/smnamnksandnsalﬂrm tdiethe external and
gntegrat dcgcwt tot E c@(:tronlc conpone

R HPSHHG oA RS, $1h Selsicing a delay
l‘ﬁé?@d bef] %‘%e Caflé%f@él g%ng dif tér@é]mtésb&ﬁsone of the

re| h rati e ext er nal
ebetbmal apddeé¢dbankialocksf t he transni ssions. 14. The
met hod of claim 12 wherein the el ectroni c conponent

9. The electronic device of claim 8 wherein the selected delay
comprises the center value between the lowest delay and the highest delay.

10.  The electronic device of claim 3 wherein the memory comprises a
Synchronous Dynamic Random Access Memory (SDRAM).

11. The electronic device of claim 1 wherein the electronic device

comprises a wireless telephone.

12. A method of calibrating an integrated circuit to an electronic
component, the integrated circuit having a system clock, comprising:
generating an external clock on the integrated circuit, the external
clock having a programmable delay from the system clock;
providing the external clock from the integrated circuit to the

electronic component to support communications therewith;



conprises nenory. 15. The nmethod of claim 14 further
conprising generating a feedback cl ock on the

wo niosgsaEved circuit, the feedback cl ock havi ngper/Us2004/039691
programmabl e delay fromthe stem cl ock, and wherein

t he conmuni cati ons between t integrated circuit and

the nmenory further conprise using the external clock

to wite to and read fromthe nenor nd_usin he .
f oedback CREURUPIGaaTHERweSR ThdnearaigR SsitcTt e electronic
chrhgoriéttdannd om t he nenory. 16. The nethod of claim 15

further conprising calibrating the feedback clock

del ay as eadlibratingorthef externabreioek cdelaynas 1&. funglion of the

@é‘qﬁﬁ‘%& g% aim 16 wherein the comunicati ons between
FAC8YP 5 ed circuit and the menory conprise a

plurality of read/wite operations, the nethod further

conprj.sin r ogr, ' a different .external clock .

ol oyt Sing T FEBRE oF el WeEPb B8 @runGfids popprise o
plogilityeaitkransnhiesions fin Gtsintabidtethsiriititotthe efedtiobicdédrponent,
of the external clock delay and the feedback clock
theiragthiod fartheneemerisivg RrRararamindpiditterept pxteraiclockgdelay for
T m 1 j e nal_cchac
P, SE W drefiontis S0 A SR U oBBE08 of el iggmal clock
delayissa functidn of tisetrahbraissloeisween f oreach of the

read/wite operations, and wherein the external clock
del ay and the feedback clock delay is calibrated with

t he fi4ed THd smktldderafbelaimen2 Wherdine thet dledtroficc kcdhiponent
18 wherein the calibration of the external clock del ay
GHAPHIRS MEEWh‘ck cl ock del ay further conprises

determining the | owest del ay between the system cl ock

and one of_the external and feedback c] ocks for a

succebyf ul Theathed Pkclgi 4 fusieasamprising gererating pdpedback
GERR 5 oS U PR O e RRpa0k BRRheRlng Ty SieRiiBe ceiy

or "a success
fegrarthe isgstenaoldck caret wheeia the tanmuricationsVisstwee Itfee integrated
sel ected del ay being used to calibrate salih% ?n?( of the
Qreudand theraemosy FQopyuise using i exieral £legk tor wiitg to and
itRa t e d a '

PABE e el el pSilg e JRRALRGE Qo &5 il at the
iategrated qircutipdtafread fiom the mesogy.n t he nmenory
conprises a Synchronous Dynam ¢ Random Access Menory
( SDRAM .

16. The method of claim 15 further comprising calibrating the

feedback clock delay as a function of the communications.

17.  The method of claim 16 wherein the communications between the
integrated circuit and the memory comprise a plurality of read/write operations,
the method further comprising programming a different external clock delay and
a different feedback clock delay for each of the read/write operations, and
wherein the calibration of the external clock delay and the feedback clock delay

is a function of the read/write operations.

18. The method of claim 17 wherein the external clock delays and the
feedback clock delays are programmed with a fixed offset therebetween for



22. The nethod of claim 12 wherein the integrated

circuit and the el ectronic conponent form at |east
w@anos/088778 Wi r el ess tel ephone. 23. An el ect r onPCT/US2004/039691

devi ce, conprising: an electﬁgnlc conmponent; and an

integrated circuit including, nmeans for generating a

system cl ock, neans for generatlng an external clock

et A8 PR RS . B ) oG PR EloBk eiay and the

feb@badlotibek delyds ealibratedswith thid figarhotisetthétebetveen.
therewi th, neans for communi cati ng between the

integrated circuit and the el ectronic conponent, and

meansid.or T Inbétabdrtﬁ ¢lakn erg WheaéinClhecsalitghtion a$ the external
function of the conmmuni cations.24. The el ectronic

cleck delayr apd athﬁh fegdhaek elack: delay| fuethed SPEREISR JHRIAIMINIng the
'?8’??{1@3'% EE%W%EK thé’%ﬂ!&?ﬁ%&k LAE onBt &9t éﬂg@aﬁ St feedback

onpri ses or generating a fee
clbciskfora sinecessiud gead/atite bperation admbtrfeelelgbaskdeibpcbletween the

PHRATB GO S IRLOR® Of dom I el 315, a5SbRE P qg0r 2 Successful
t u

(oBHRAE, GPorRlo ihd SRIOAIG TS 1) eBehied Yp Soiecipd delay

baing uged dm dalibrateysait @nkeard dha ekterhalcdnd feedhagh elodks.a

read fromthe nenory, and wherein the integrated

circuit further conprises neans for calibrating the

f eedd2k cThe malkddpf alaim MOuwbeieimtief selbeted delay comprises the

t L i nbodyi
GPTipoginPshveen Lo RRSH A 8% BB PSSy Be@ocessor {0
performa nmethod of calibrating an integrated circuit
ol (il -ng ey RERAL o Raka 14 MRS dnBEIeheAmgrises
erh‘PSﬁ 2h§mg::h§bfdéﬁ1%ﬁ6§§§ M5 SBF@&M the

terna ing provided to t e el ectfonic
conponent to support conmmuni cations therewith, the

met hosh compy émodcmﬁ'gcfe\% 'V\F}%rgﬁtﬂ%efhtéar%ted circuit and the

i ntegrat ed CI rcurt and t ectronic
electronic component form at least part of a wireless telephone.

23.  An electronic device, comprising:
an electronic component; and
an integrated circuit including,
means for generating a system clock,
means for generating an external clock having a
programmable delay from the system clock,
means for providing the external clock to the electronic
component to support communications therewith,
means for communicating between the integrated circuit
and the electronic component, and

means for calibrating the external clock delay as a function
of the communications.



conmponent; and calibrating the external clock delay as

a function of the communications. 26. The conputer

wo eadakd7el nedi a of claim 25 wherein the el ect rpei/vs2004/039691
component conprises nenory, ng wherein the integrated

circuit further includes a feedback clock having a

programabl e del ay fromthe system clock, wherein the

oot o TR« Sk, didsy TRaTaRt c2hahereBi tng electronic
WMnhpéherf? é‘&?ﬂpf@é’éﬂ ﬁ\éﬁi@&h%nHEWPerelnaﬂ% Uatddgatele circuit further

feedback clock to sanple data, at the integrated
asimpriges, means for @merabngr@nfeeglba@ih alock @mihehiotegratedeircuit, the

R Fook Mol orbal tiireBREBERY fom e Gstinod, wherein
the means for communicating between the integrated circuit and the memory is
performed by using the external clock to write to and read from the memory,
and using the feedback clock to sample data read from the memory, and
wherein the integrated circuit further comprises means for calibrating the

feedback clock delay as a function of the communications.

25. Computer readable media embodying a program of instructions
executable by a processor to perform a method of calibrating an integrated
circuit to an electronic component, the integrated circuit including a system
clock and an external clock having a programmable delay from the system
clock, the external clock being provided to the electronic component to support
communications therewith, the method comprising:

communicating between the integrated circuit and the electronic
component; and
calibrating the external clock delay as a function of the

communications.

26. The computer readable media of claim 25 wherein the electronic
component comprises memory, and wherein the integrated circuit further
includes a feedback clock having a programmable delay from the system clock,
wherein the communication between the integrated circuit and the memory is
performed by using the external clock to write to and read from the memory,
and using the feedback clock to sample data, at the integrated circuit, read from
the memory, -and the method further comprises calibrating the feedback clock

delay as a function of the communications.



