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1 System and Method for Phase Shift Calibration FIELD OF INVENTION
5 The present invention relates broadly to a system and method for phase
shift calibration as well as to a computer readable data storage medium
having stored thereon computer code means for instructing a computer to
execute a method for phase shift calibration. 10 BACKGROUND Serial
data transfer is popular in connections between electronic cards or
systems. Serialized data makes greater use of the resources such as

connectag aine 12 204 RRWICE S BlRbLS (e sxstom. I, serial data

ransfers;” one or more data signals, which ¢an either be singlé-ended or
differential, and a clock signal, are transmitted to a receiver. In the
receiver, a sampling clock is generated from the received clock signal by
20 clock multiplication (if necessary) to match the data rate. Also,

FIEpRaSE- $HFENTODMe sampling clock is performed to align the sampling
clock edge to the center of the valid data window. In general, there are
two_forms of clock edges the rising edge and the falling edge.

25 .
Depelfufig6h tHY SR P @iEs AREANd YA SIGRR SR BfRerdanfitage shift
caliaratioe-senaized Usirg thesamplesgiahbelddizhstosagepigliisvsihgléndatored

the:gé’éﬁ éwﬁep%é&%egﬁmrﬁﬂéﬂ@ﬁﬁﬂg%%%!@&%éé%&ﬁ@ 40ABRIR (NP ase

_data and hence the sampling clock rate is the same as data rate. If the
shift GAIBRRALPR double data rate (DDR), both rising and falling sampling clock
edges are used to sample data and hence the data rate is double 30 the
BABKARIBYRECK rate. In an ideal data transfer, the received clock and data
signals are phase-aligned in the receiver. The sampling clock is typically
a phase shifted version of the received 2 clock, with a phase shift of'/
sanf@ii®y claiek pansder insSPREr/ samplnagicloskipdnesh electronic cards or

systems. Serialized data makes greater use of the resources such as connector pins
and cable wires avaiiable to the system. In serial data transfers, one or more data
signals, which can either be single-ended or differential. and a clock signal, are
transmitted to a receiver,

in the receiver, a sampling clock is generated from the received clock signal by
clock multiplication (if necessary) to match the data rate. Also, phase-shifting of the
sampling clock s performed 1o align the sampling clock edge to the center of the valid
data window. In general, there are two forms of clock edges the rising edge and the

falling edge.

Depending on the defined data rate, the data signals are then sampied and de-
serialized using the sampling clock, If the sampling is single data rate (SDR), only the
rising sampling clock edges are used to sample the data and hence the sampling clock
rate is the same as data rate. If the sampling is double data rate (DDR), both rising and
falling sampling clock edges are used to sample data and hence the data rate is double

the sampling clock rate.

In an ideal data transfer, the received clock and data signals are phase-aligned in

the receiver. The sampling clock is typically a phase shifted version of the received
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in DDR, such that the sampling edges of the sampling clock are in the

center of the data valid window. 5 The received clock and data signals

may have different delays along the connecting cable between the

transmitter and the receiver. This introduces timing skews between the

received clock and data signal, such,that the received clock and data

signals are not phase-aligned. The timing skew between clock and data

an cause data sampling clock edge to be off the center of the valid data.

cOq UL EHESF T PR 16 R EACEhIA ChT 1 TGS clock period
in ¥R nswritsh e dhskeamphingredudsinftine datapiagrpliogasioskhedyetey bbthe data
vaii@sigssthe valid data window and result in the incorrect data being

sampled. The timing skew can increase with cable length and may vary

with cable quality. 15 Timing skew between clock and data may also be

dueTteeditfeeamdP G8-kPamed=GircighaBodndy tiale|shthenantbieiysuitignin the
conmfcltffiﬁ'_l%t%_. t%@ﬁ@ﬁ%ﬁ@iﬁ@ﬁsmi@é}%ﬁ@@@?@iﬁ%}( Tﬁ?%ﬁ%m ééi‘riing s_li_<ews

multiplication circuits in the receiver may further intfroduce, so ay.
oot i TR A kb S BI THe ALCEIVER oo Sl G e, cete
sigrEgediffe rohppasselshittahtieskeine srevchiotwastholiepies thdgthedo wadsia data

sanipinglaiscRicif a5 ndBff SXEEMPIRY IF BYRITRI 4P RikkeW MR|t@@Rsfore reduce
leferentlaI,Slqna\g chtannel link re.celv%%]a%)redetermlr]ed P asgz shift is
: Athe fi8

the AR GBI (EREVEEREI SER T8 Sy Bkl '€8YE R aryPing
clogkaeggeirid dw. Riside SieuaChrstswingrio e Sduess!SyritierororsCloel aeihg
sankpda Signals” (US Patent 7,301,996 B1), Chi et a/ discloses a system
where the timing skew is manually measured through e.g. an
oscilloscope, and the measured timing skew is programmed into a data
storbie e ekSuealingrerrsk wih resis o fanathingp magev diffeién ceg dronality.

Tindhg dieeebad&ackRanalaisgonsgs ales fer frlac inm-BASPE R THARed Circuit

measured timing skew 30 value stored in the data storage deyice, one
o8 i A SO TS T e IEERTON Tt G B O T clock
reconensanthguiioltheling skawstethe eeceiggiataintidter ihsodvee ebantidrlaas

disclosed in "Using Multiple High Speed Serial Lines to Transmit High

Data 3 Rates While Compensating, for Overall Skew", (US Paten ,

61??(?7?5{:%% at Irtgp; é) sﬂew ggtween tﬁe received élo§< anc? dlata signals,
different phase shift and skew correction techniques may be found in the state of the art.
For example, in a typical LVDS (Low Voliage Differential Signal) channel link receiver, a
predetermined phase shift is imposed on the received clock to align the clocking edge

with the valid data window.

In “Skew Cancellation for Source Synchronous Clock and Data Signals” (US
Patent 7,301,886 B1), Chi ef af discloses a system where the timing skew is manually
measured through e.g. an oscilioscope, and the measured timing skew is programmed
into a data storage device. Sampling clock signals of varying phase differences from the
received clock signat are generated for selection. Based on the measured timing skew
value stored in the data storage device, one sampling ciock signal is then seiected for
use.

Other techniques of measuring the timing skew between signals include the use
of a timer as disclosed in “Using Multiple High Speed Serial Lines to Transmit High Data
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The timer times the receiving of the data sets and measures the data
skew across the plurality of serial lines. The measured skew data is then
forwarded to a control circuit for skew correction. 5 Also disclosed in
"Skew Cancellation for Source Synchronous Clock and Data Signals" by
Chi at al, is the use of a clock recovery PLL (Phase Locked Loop) to
adjust the phase of the sampling clock to be in-phase with the serial input
data S@Sal during an initial training period. 10 Open-loop skew detection

Ratgia VA% brmRsag i geRriiisdh outtDIFEN By! 4isH{g'a Brearmbia! &
Theptitser dirasytioo nebetadtigrodfrsudeirssite argingeasdrtallihg edgescawanaiada the

ol 5P IRENGRd N ALARIR A5t BN ARARHMY L& ontrol circuit for

Compensation for a Serial Data Bus", (US Patent 5,467,464, Oprescu at
ke CUEHRTer, the method described 15 by Oprescu et al requires a large
number of clocks, including clock multiplexers and complicated circuitry

for the Jala-RAMPINIs ARF QST ANMidRIREA), HFH&SS%E%%%E‘%%@“%% Data

Low Voltage Differential Receiver”, (International Application Number WO

Siggass0b! PER & RSruthel algHB%é%Ca"ﬁfétﬁbb O sty hep) to adjust

theqrimarentf feskawptingocighkttahsitivpreasd eiib tsarsplh gpoitotats. thal during an
imtiléﬁqygﬁ]\(ﬁé,ﬂg%gjsclosed techniques above require the use of convoluted

sampling circuits or clock generation circuits which are susceptible to
process shifts and variations, and may result in stability and resilience
issuesgaidiguhdy witfeckhapechtalsthbemadd hal dailiages/ dreadionsn2d skew by

us;rTé;'ErEFQé?n&Q%Gt@é‘@%@%?ﬂa‘ﬂ%vﬁ%@c%éé% ADAgH i F@{ DAREIn 2

ft calibration to address one or more of roblems mentionéd

datgsigne! P NIV LeeBYa4rieE AT Y ﬁ?é‘t QupeydF theprersation for a
Seiiial Bato B efieS Ppreni detb d 48k thodeeficatiblatitugvavphabe siaiftdd aescribed

by @B@sﬁl?‘élf §f%al,l l%rsﬂéelgﬁge?\h%&f g@@oé?sarhag&%g%ﬁﬁ%Qilttplexers and

comprising the steps of: receiving the input clock signal;
complicated circuitry for the data sampling, decoder and detéctor units.

in “Skew-insensitive Low Voltage Differential Receiver”, (Internationat Application
Number WO 99/55000), LEE et a/. further discloses a method of determining the amount
of skew through transition and over-sampling circuits.

However, the disclosed fechnigues above require the use of convoluted sampling
circuits or clock generation circuits which are susceptible to process shifts and
variations, and may resull in siability and resilience issues particutarly with respect to

thermal and voltage variations.

Therefore, there exists a need to provide a system and method for phase shift
calibration to address one or more of the problems mentioned above.

SUMMARY

In accordance with a first aspect of the present invention, there is provided a
method of calibrating a phase shift to an input clock signal for the detection of data
in an input data signal comprising the steps of receiving the input clock signal;
receiving the input data signal including a predefined data pattern; consecutively
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receiving the input data signal including a predefined data pattern;
consecutively 4 generating a plurality of output clock signals of different
phase shifts with respect to the input clock signal using a programmable
clock circuit; and determining for each of the output clock signals,
whether the predefined data pattern js detected. 5 The different phase
shifts may be increasing phase shifts. The method may further comprise
determining a widest working range of output clock signals wherein each

gensugsiioctoele @l Ry iRl sinrin gt diftriepioViass wiithe tietastsst to
theahpig preentedigesl dalagoatiesaranchaple divgkane utayl a@tétgnmhtqu each

of tche ou getsttbio Q{k',ﬁﬁggn%%&fqg}’wg Ioocelﬁgegpgl térp%gtft?rpr ?etg{ ining

ewitlest Worki g range may fturther comprise: flne ata etectlng
a first consecutive sequence of output clock signals which provide for the

detemiioninéibe predefinetkdaty patiesrs sipdnsnthe firstreonsecutive 15
sequence as the widest working range; comparing, if available,
subsequently detected consecutive sequences with the stored widest

workifgy Fapi§edamay répiieh AW Le6r S RITusNG RkiMgeahyedng snge of
outpvaiaiie sigharouerilyitlelacico ponseniiive saqHetRes/ BsNihePRErafge
g t e \/ €s.IS [ n the
BT R R o B SR MR oot
3‘9Eﬁiét@ﬁdhﬁl%%%‘ﬁﬁfbt“@e@@@?e‘ét|‘P|'gtptﬁé’@é7hté'€66tput clock signal of the

widest worklng range as said one output clock signal. 25 The step of

Selopoasald gne.aipH sl pAL B sPLsS Seleglng RIDSLNE e

of the cent r output clo nal e as the sal
Preéﬁé'ﬁgtﬂéf%ﬁﬁfﬁ@lﬁazﬂ ﬁl‘?fé’@t’@ﬁ%ﬁb{@%?f@ca Bflﬂtéﬂﬁytcﬂ’%hﬁtﬁ“@@cwhmh
provigaats ahdneseasiog phasepr3dinils vath tﬁﬁfmt tdhegnpefictocosignative

sequ%‘X CEORDriRe dglaving Mg n ”Pa"r% gk sian [&lnn §S&Y 'faefg.B cdelayR. 58y
elay output generating a res ectl output™ clock signa

detected consecutwe sequences with the stored widest working range; and
replacing the stored widest working range each of available subsequently detected
consecutive sequences when the one or more subsequently detected consecutive

sequences is wider than the stored widest working range.

The step of selecting said one output ciock signai may comprises selecting
the center output clock signal of the widest working range as said one output clock
signal.

The step of selecting said one output clock signal may comprise selecting
either one of the center output clock signals of the widest working range as the said

one output ctock signal.

The siep of generating a plurality of oufput clock signals of increasing phase
shifts with respect to the input clock signal may comprise delaying the input clock
signal with a series of delays, each delay output generating a respective output
clock signal.
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The input clock signal may be in differential form and the step of receiving
the input clock signal may further comprise converting the input clock
signal into a full- swing form. 5 The input data signal may be in differential
form and the step of receiving the input data signal may further comprise
converting the input data signal intoga full- swing form. The method may
further comprise the step of multiplying the input clock 10 signal to modify
the frequency of the input clock signal to match that of the input data
sigridie THRYHSRAEIEN UG htalr BisprrERLDIT AN haraift pigGeaktas the
inpei gedk. sigbal meagl dokeigrakhmpayec oompeasing i< logkisigmaN . sidreatlotk a full-
swifll nay comprise a plurality of clock signals, each clock signal
associated to a respective one of the parallel input signals. 20 In
accordance with a second aspect of the present invention, there is
proVide cthais ysiensifprzt atibyabin iraiffleasetishittio andrtpatstépotd siepeavitar the
inp{? S BGHAN AL0AR ORI RIOARI BB AL OBRIPIANS full-
‘for receving the’input clock signal; a data réceiver for receiving the input
swigaf§'8lgnal including a predefined data pattern; a programmable clock
circuit for consecutively generating a 25 plurality of output clock signals of

dfeiient phRe SR> LR SReeL AN A, ackSiRIgIa 1A PR ook

~ logic etermining for each of the output clock signals,” whether t .
sioabefrANARs SRENRY RiidteliPthe oRferNAHABYRM IRy RS input

datineirgrasing phase shifts. 30 The system may further comprise means for
determining a widest working range of output clock signals wherein each
output clock signal in the widest working range provide for the detection

of tHEPIRRMIHRIA HSNAERYFPERESE SdbRYoP LRy (SHRITHR'S

signal from the widest working range of output clock signal. 6 The means

for %@%@H%ﬂ?ﬁ WQF&SM’Q&%@QJ@%%M@HWW comprise: a first

detector detecfing a first consecutive sequence of output clock signals
which
The clock signal may comprise a plurality of clock signals, each clock signal

associated to a respective one of the parallel input signais.

In accordance with a second aspect of the present invention, there is
provided a system for calibrating a phase shift to an input clock signal for the
detection of data in an input data signal comprising: a clock receiver for receiving
the input clock signal; a data receiver for receiving the input data signal including a
predefined data pattern; a programmabile clock circuit for consecutively generating a
piurality of output clock signals of different phase shifts with respect to the input
clock signal; and a control logic for determining for each of the output clock signals,
whether the predefined data pattern is detected.

The different phase shifts may be increasing phase shifts.

The system may further comprise means for determining a widest working
range of output clock signals wherein each output clock signal in the widest working
range provide for the detection of the predefined data pattern; and a selector for
selecting one oufput signal from the widest working range of output clock signal.
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provides for the detection of the predefined data pattern; means for storing

the first 5 consecutive sequence as the widest working range; means for

comparing, if available, subsequently detected consecutive sequences

with the stored widest working range; and means for replacing the stored

widest working range each of availaple subsequently detected

consecutive sequences when the oné or more subsequently detected

consecutive sequences is wider than the stored widest 10 working range.

The selector may select the center output clock signal of the widest

working niaaae€ s GaishaneRuihvileek sighalg Fanteensa)acterdnaymprise: a
frsP Y INSL ANe of the ¢ E&erso‘é@d‘ec's%c‘( sinals of (e, WIdGSLWOMING i

range as the gaid orie ot pu cfoe &gnaﬁ*ﬁe progranf)malgle dock Gredit
Proiviggscimpisseetedinsivhadtssdeforaser@imyatiasinpiasnis drr sipraigdheHirst
corfiRlatioutd-EeRBEatiRg MECTRESHV e HaGkeSIgNabn2dMedRBHring, if
ava‘%lgé’!é?'95@&%8&?&'%qu‘é‘?é‘?{‘%%'ﬂﬁs%é{}@%d?‘Qeu%ﬁgésreﬁ%"?ﬁef“&é‘r%a widest

compfises means ftor converting the input clock signal into a full-swing
WORGHIE . raESingtd dRRarsigiealrarigdRdint@iffdpeptiavibert wietking crnge each of
avd@ﬁ@?&ffwgﬁkrﬁ@ camwh ﬂé@wamfgé cgéuél k@éﬁagsthﬁwékp' %@ha&héi@aa«hore

into a full-swing form. The programmable clock circuit may further ,
s S e e e e LR Ll e s
workiagregiteency of the input clock signal to match that of the input data

signal. 30 The input data signal may comprise a plurality parallel input

data.signals. , The clock signal may, comprise pne clock signal. 7. Th .

clock el SIS IR R SR P diesiprians
rangesHTRABHCRP L HERWIAGE $8B20f the parallel input signals. In accordance

with a third aspect of the present invention, there is provided a 5

computes Jeaglable data storage mediup having stored (hetean computer

code means- for inerrge Ing a compu?er to execute a nethod o caﬁlbrating
widggwag@iggifﬁf@g@ﬁﬁgtsaid one output clock signal

The programmabie clock circuit may comprise: a series of delays for delaying

the input clock signai, each delay output generating a respective oufput clock signal.

The input clock signal may be in differential form and the clock receiver
further comprises means for converting the input clock signal into a full-swing form.

The input data signal may be in differential form and the data receiver further

comprises means for converting the input data signal into a fuli-swing form.

The programmable ciock circuit may further comprise a clock multiplier for
multiplying the input clock signal to modify the frequency of the input clock signat to
match that of the input data signal.

The input data signal may comprise a piurality parallel input data signals.

The clock signal may comprise one clock signal.
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clock signal for the detection of data in an input data signal comprising the
steps of: receiving the input clock signal; receiving the input data signal
including a predefined data pattern; consecutively generating a plurality of
output clock signals 10 of different phase shifts with respect to the input
clock signal using a programmable ¢lock circuit; and determining for each
of the output clock signals, whether the predefined data pattern is
detected. 15 BRIEF DESCRIPTION OF THE DRAWINGS Embodiments
of tEMSRK IR B EREIPHREE S5 Mhaf rea8lyPigngkrepr Clb Ok sfanal
assotthsd s kilagoteiestdrenftine fodave gnputttégnadescription, by way of
example only, and in conjunction with the drawings, in which: 20 Figure 1
illustrates an example embodiment of a data output circuit. Figure 2

illudit RO PReR ¥ Ehit JEhASREEARG EMRTESRAL TYENIBIKiHIF TR fyRL Vised a

confrigierer&atlaistr ateta tierggdibnatiompracegsshoratetesreiring@pdipedaieningans
: v I ment. Ei ‘

o s Sl U U0 A AP

clogkfigaaiaividie Aetrstian sbdaigun 2 JRBWIaRRIPRRLFPMRER N ¢ steps of.

recangthodtfer Rbasecthift Caliatatienciigurens illostiatastthesimethadadunding a

tionei¢ t
gl s e PR e

of dffrgpioRzse ShiipratierRRREEIR the JaRE: AIRCHRIANA 1S tRgfrPrggrammable
clodletaraine dhe iatagnekay toroemthaof apendogideteckicrigsahemeeer the

preﬁgﬂﬁré%! @qu:y%%% i &gmggng clock across a phase shift range through

a programmable clock circuit to identify working ranges where the
predefined data pattern is recognised. The control logic then selects an
optimal phase shift for the sampling clock based on the identified working

BRIBPISESERIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:

Figure 1 illustrates an example embodiment of a data ouiput circuit.

Figure 2 illustrates a Phase Shift Search Range indicating the working ranges.

Figure 3 illustrates the calibration process for determining and performing the

phase shift calibration in the example embodiment.

Figure 4 shows the example embodiment of the data output circuit illusirating the

individual units in detail.
Figure 5 shows a flow chart illustrating a method for Phase Shift Calibration.

Figure 6 illustrates the method and system of the example embodiment

implemented on a computer system.
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Some portions of the description which follows are explicitly or implicitly
presented in terms of algorithms and functional or symbolic
representations of operations on data within a computer memory. These
algorithmic descriptions and functional or symbolic representations are
the means used by those skilled in the data 15 processing arts to convey
most effectively the substance of thélr work to others skilled in the art. An
algorithm is here, and generally, conceived to be a self-consistent
sequence of steps leading to a desired result. The steps are those
DEfQUED ORISR TEaRipulations  of physical quantities, such as electrical,
magnetic or optical signals capable of being stored, transferred,
combined, compared, and otherwise manipulated. 20 Unless specifically
statbmhbeHEnRnte oAtk ayeasphreyriom spekitl exmialt Hefilfor predefined data

patRPPIE¢iiedthaltara we etdrihpaPasentsperdicaliang Fliss usipMsop tizingion

terms,such as, "scannin determining", "replacin eneratin
SR S O S YRR s TRITLAS SRk 95TH%S AdUBTaY blates duoygh @
programplie clopsteiny bisiAsMNeNtioaiceoeofcwhna s niedsingdddaianatten
is reansiREnS Thiareptesemtethas Bheisad sl wpRHiie SHWAENHIR th€the sampiing
clo &ogg%u e(gns%st%n i{?ft]g do\}htg)eﬂ%da’E%nsimSilarly represented as physical

quan e Within the compu't"gr sygFer'n or other information storage,

transmission or display devices. The present specification also discloses

appgptes @ﬁ@ﬂﬁoﬂmiﬂ*& thieipptiaHORMIH) fﬁlﬁ\@sm@%i@whor implicitly
preSREIAS Ay be specially construled for éﬁ‘ eorre%%%%%d%“r Soresanialions) of

comprise a general purpose Computer or other device selectively activatéd
opepptipasonfigiftad Wi cantpiteytpr oy R StoFdash wecstmpateesTiirtions and

funaigpsitbms,andidisplRe NEESAYIE hereleane D%d%@fﬁcﬁygﬁlﬁ@ﬂﬂm@f&ﬁéta
articular. computer or othe ratus. rious era rpos . )
Pro B O oo A Bl L B2 SR B B S ere sileg 0

the sk, Ateitiuive fenh oo tenaciyn nafiredsivcksati 2et-cappiatant saauence
of $RaKERGthE ke WiserenRIbad SiRNSIPaYrBeRBRrRRlIMS) JhRisHUsHHB M tRdNs

of GRAventonalgeneralpuipgse, comnuter will appear from the description, i
Eiow: 5TH 4 8ﬁion,' the presén speuﬁca Ion alsd mp |€RF§/ diec10gesa ¢
stogshiprnefe o dgrembingdneeMremidabe aiysarias matheuiséedon skilled in the

art that the individual steps of the method described herein may be put

mto&ﬂggst Qge%%ﬁilﬁtsetra e%dcﬁhgrbmelse, and as apparent from the foliowing, it will be

appreciated that throughout the present specification, discussions utilizing terms such as
“scanning”, “determining”, “replacing”, “generating”, “initializing”, “comparing”, or the like,
refer to the action and processes of a computer system, or similar electronic device, that
manipulates and fransforms data represented as physical quantities within the the
computer system into other data simifarly represented as physical quantities within the
computer system or other information storage, fransmission or display devices.

The present specification also discloses apparatus for performing the operations
of the methods. Such apparatus may be specially constructed for the required purposes,
or may comprise a general purpose computer or other device selectively activated or
reconfigured by a computer program stored in the computer. The algeorithms and
displays presented herein are not inherently related to any particular computer or other
apparatus. Various general purpose machines may be used with programs in
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computer program is not intended to be limited to any particular
programming language and implementation thereof. It will be appreciated
that a variety of programming 10 languages and coding thereof may be
used to implement the teachings of the disclosure contained herein.
Moreover, the computer program is not intended to be limited to any
particular control flow. There are ma%y other variants of the computer
program, which can use different control flows without departing from the
accopiianos siihpbeofetimbimyentiem. Fidrostivenmtre constoicinoref ofdhesstaypsized
apdr AR GOMRHLRT PR REM AR PRI IBParalisl ratberiBakycture of a

sequentjally. Such a computer program may be stored on any computer
COpERYRRR HREHRIRYPRES H{é)?‘i” b?f%ﬁﬁar%%@ifﬂﬁ P85 IR RS Horage

devices such as magnetic or optical disks, memory chips, or other storage

devigesuitiahledyy Inlediacing Wi AiGeNSEa RYRERG CRUMLEL- Theomputer

computer readable 20 medium may also include a hard-wired medium
Progifhy 43 BREMBIMEY i ARPATEHIRIS BRI PR IBs D madilh Siripgidual
stepxefnibifi etkinadh el€s SNia disileitetemh ba el Sttmmefigtiehyomoputee pragean he
cordfifd} 1980eR ARG EXARNEEHAD BY G RAGDIR) PHHROSS: %%'@F}Hﬁﬁing language

effectlvg%y results in an aﬁparatus that implements the steps of the

and, RN gl 1 REs FARSE A NI YA Rire RTBeEming

- langizdges apd cofingittideoiTheydataised tioutpimuirt Gtedermbitgmsodite plixciofure

corfdifReRiRdaINgIRRRdedeceBRl BoaRrh 14 JOMEERE4NY 8D iRRdLABENy
%nal Dataln_106 and an input clock signal Clockin 108 respectlveg/. The

si .
PartH R CRPEP cliRflit 160 H At S R SR 5 R TR RIFRURT 9™y Which
carcleelddiecent toirel tomsreltiogitdebarang feoohettsesiziliz atiopopraiitheliGvéartien.

data output 30 circuit 100 generates output data and clock signals

DataOut 118 and ClockOut 120, which respectively represent the
de-SHTRRBTEat S tHE XD BirRieRs. Qlriklf Prapier 16fogiam may be

perfametio s ot dhel diffese tittal/stuglevérige Budteiversplog a@gm rargy lacstared
on 18 Rerspskillehiniheakiand are nYAsserbeddadiletaibhRig- Hay include

eneral, differential/single-ended receivers 102 and 104 convert the

SO A P AR I RIS BREIE e8P ARER) FOFrite Fiihats BRI a0e
devi@8 awithiBtotkimB:1e5rfomitirthgetepriovessimgcoynthiereSpe ctvapliataeadable

meR@MRHARY ard GlagkLyowie Meankdlé: 5aEneXamRBndMed in the Internet

ifferential/single-ended receivers 102 and 104 comprise buffers or
system, or wgleles medium such as exemp rﬁegqn t(%e @SXA mobﬂe telephone system.

The computer program when loaded and executed on such a general-purpose computer

effectively results in an apparatus that implements the steps of the preferred method.

Figure 1 ilustrates an example embodiment of a data cutput circuit 100. The data
output circuit 100 comprises of a pair of differential/single-ended receivers 102 and 104
for receiving an input data signal Dataln 106 and an input ciock signal Clockin 108
respectively. The data ocutput circuit 100 further comprises a data sampling circuit 110, a
clock circuit 112, a control logic 114 and a de-serialization circuit 116. The data output
circuit 100 generates output data and clock signals DataOut 118 and ClockOut 120,
which respectively represent the de-serialized data and the clock for the de-serialized

data.
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differential-to-CMOS convertors to convert the input signals Dataln 106
and Clockin 108 into full swing signals DatalnB 103 and ClockinB 105. 10
In the example embodiment, based on the full swing signal ClockinB 105,
the clock circuit 112 implements clock multiplication (if necessary) and
clock phase-shifting to generate a s%npling clock signal SCLK 107 and
an output clock signal ClockOut 120. " Clock multiplication may be used to
match the frequency of SCLK 107 with DatalnB 103. For example,

assUnifig Bans et the JikprgtREKIaR-e0SsH ereBYT8 INhashtPAGH Q8N to

a pespeactield Har B Reglatangarmaplingnt Cliekhni2d O wiitsl heste tan  general,
. multipli factor of 3.5 such t out 7] 140Mhz

IR AR fefude S T e A Dot e
intof pRREPIIRARY ShMMERe SOLRSLJFéVERa takgast Elgekis (EP8ndom further
protBeseiy entahstapsRiceve. DdtanSabblihe samprdidandits Datagntil1is For
exlfi5R. SEEHRO D e A csetipleallon, dicub, 146, 04 B ARRISHAIENAY, o

a petson skilled in the=art that various torms of de- serialization may be
diffesepEine MDY EXBYRPRSS thecaavel s Zapdrianalit Prtslpiofiged sselte 108
intotustvRPLitsisloDeevan nbvayd stabitegmn DataS 111 which forms a

data frame according to specific signal protocol. Each stored burst of

seven bits within a data 25 frame are then organized according to specific

datiPpfstoearmie stpRitisenltarasusly thes THIKRRS PP dritfdl e da% the

clodksclPaadte HSehbatfearmeyiafihaiauipuicdataasiyemm adaprisklshifting
S a di I he original jal dat

o G B D ST BB RC RAR 120

C'O%Wéf%ﬁb‘m,% BatptactedquRiakyNe ftRrersaneioe-SelithttitineatzighaPs:

Forfeaguaneyadamthey Batwerispa 280N hacatainniO8diesa Tsukaspandiagivinz

t 120 Thi t
eSS e oS ety oA T MR R A £ Bt
of ShistiRg hALLRGIRKRHYBIIH (FHaesd Ay hEto TR @bie 3P R&RIREL19P dseers Y-
Thek@eperation of eleck et FidherovisiagHmiyei @G0 perfera: theange of

o gc:“lggé(zg%% gﬁﬁ@}@gﬁ@apgggrit&?g ga&lﬁ{s The control logic interacts with a

S Ksh . . .
host (not Illustrated here) to override the phase shift setting and reports

the status of the phase shift calibration, e.g. calibration in progress,
calibraticshpiadcesedsd Oaemibratienfetedciasmietrei\wesdasdidationsircuit

11sfr?{*h}iﬂen@"é"{;ﬁ?e&%@%r@y%e person skilled in the art that various forms of de-
serialization may be performed. For example, the de-serialization circuit may provide
storage to store bursts of seven individual data bits on DataS 111 which forms a data
frame according to specific signal protocol. Each stored burst of seven bits within a data
frame are then organized according to specific data protocol and output simultaneously
as a single 7 bit pafallei stream as DataOut 118. The frequency of the output data
stream DataOut 118 may also be of a different frequency than the original serial data
Dataln 106 frequency. For continuous data flow, since 7 bits of data are received before
output, the output frequency is lowered to one-seventh the original frequency. In other
words, a 280Mhz Dataln 108 has a corresponding DataOut 118 and ClockQut 120 of
40Mhz. This ClockOut 120 frequency of 40Mhz can be generated by the Clock Circuit
112 through phase shifting and clock division {if necessary).
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searches for the optimized phase shift setting. The data output circuit 100
can be implemented totally or partially in a FPGA (Field Programmable

Grid Array), e.g. Xilinx Virtex-1l or later FPGA family. In Xilinx 10 Virtex-II

or later FPGA family, differential/single-ended receivers and data

sampling can be implemented in Input/Output Blocks, clock circuit in

Digital Clock Manager, and the othetd in Configurable Logic Blocks. The
detailed operation in the control logic 114 for phase shift calibration is 15
elabdratethbielolwginsiddsenbededhte oibthtodamd sirsinticontaliig.aproviding

insﬂﬁ%@f@ﬁﬁmnp%@@btwmﬁaéét‘%lhﬁ]@%%%cméc;oé%ﬂ@?neﬂéj@é?ﬁroi logic
attern S In e I es INQg ClOC IS WI

S S At T B L I OB o EoR i £ Fh A blgoors
the dateiysateéritharpiratal goifting/beatise caobechituaporated regeEsd. acalibration

suckBENEY GAlIANa A daRalteIR dorcallbsaton BHERO$R M thd MBst to perform the
ates the calibration process for the

td b b low jllust
Seaéé%%%?‘?ﬂ%%?ﬁi%&\? @gﬁg%lv o%géa?a is sent during an initial training

period. For clarity and simplicity, the data and clock input rates are the

Samﬂwéraéﬂae&%mmﬁmka mumi%timﬁbiéme@e&%e@meﬁr&%mn a FPGA

ribed exar ent 5em in ther
(F'eiﬁfg %ﬁFﬁ@ﬁ?@ %rary IeePenc g%rxe thlé':J l%():ontro g|c5nﬂ4i” Allirx
Virtgntiaky EatethEP@Pefar@tMedtfff;s@n’sfﬁé/@mgie@weelrbﬁsmﬁsmg@@hefaomrtw@ng can

be hﬁ&b(ﬁ@ttﬂwﬂr&{s@dm&%lwléogi&lb@@éﬂﬁ IREIENIBIRR RIARSES, A the
ththe C ?I lo !i< 1L1r4 st us |s changed to a 30 "calibration in progress"
© %Eﬁfe e fﬁ IS designed to provide a range of phase shifts
or time delays, known hereinafter as the Phase Shift Search Range, in the

exam@ed%m#mﬂiaee%n&ne@lw Sorfit bbb caubp contedlechiy dBration is

Contr Logic 4t0| oea Iur hase shifts to the Cloc
oG GE0K 15 SRRLE R AR e (R BTestt CobtAles 10 Pieg, date
patmmeﬂmér@ehbeomne@d&ﬁmwdgw 4958, rBleK is0retéyedsaittvgiriner

the%ﬁﬁm\% i darrespentahasershitiieshianvinablihe regRel fhase abifésnot
the entir Epréa e Sth:Search Ral;tge has bee exhausted. Wltt Cge{ach
o send a

corlRlh & IEG-LAREITG AL SeL LB 7 T BT Sahilty G

known calibration data pattern for calibrafion purpose.

The embodiment described below iliustrates the calibration process for the
scenario where known calibration data is sent during an initial training period. For clarity
and simplicity, the data and ciock input rates are the same and hence no clock
multiplication is used for sampiing in the described example embodiment, but may be

employed in other embodiments.

With further reference to figure 1, the control logic 114 is initially in the “ldie”
state. Upon receipt of a calibration trigger from the host (not iliustrated), the control logic
begins the calibration process and the control jogic 114 status is changed to a
“calibration in progress” state. The clock circuit 112 is designed to provide a range of
phase shifis or time delays, known hereinafter as the Phase Shift Search Range.

in the exampie embodiment, the Ciock Circuit 112 can be conirolied by the
Control Logic 114 to impose a plurality of phase shifis to the ClockinB signal 105 to
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5 110 samples the data on the DatalnB signal 103, the control logic 114
checks for the predefined data pattern in data out 118. For each SCLK
107 which successfully detects the predefined data pattern, the

associated phase shift value is considered as a working value. Working
phase shift ranges comprising one O{%nore consecutive working values
are stored in the Control Logic 114 As the phase-shifted versions of
the ClockInB signal, SCLK 107, are generated one at a time, and not in

progisaIRiaeRe pfederfieasath ParenRiddraRiRRa Fegesisinys ghfhe Clocking
sigra) DIES) URDH Ket@Tphey déves reeeiveTe 182z wintl datacsamgliag phitheadhift fashion

untﬁ)qgglql ?e 59 tgag%piggelssﬁl E}}{e{?i, %ﬁ%“?fﬁé%n ghﬁp@ é%ﬁ %%r%gv'“&ebeen

precia any numbpber o gnltu e may be used

exfﬁra‘ma Ywmr?@gha%eéﬁﬁﬂdt@@?e&ﬂmc’fw arﬁBfeDﬁiﬁ Serg'sg Cirouit
110tigzengriayseofath lons e aydosinis et ival providesadshasieldghiftl Seatelks for the

preRg § 8&35?3&11&%?%5@@9 il §hF§aJ£%ﬁ ?él%%?d\%%ﬂds%g&é%ny detects

_ Specil cation.In ano er exam e search 20 range covers

*hed?tﬁéﬁfj f%ﬁ% RAIPIte RSePH AR mﬁ?&nsmw%ﬁé%%ﬂféﬁf%iﬂs 2 working
valsarniplingh¢loekseysis raagesdiaghisirepecificrsignal qraiecalye goXbnsvilues
areill also he. &{’@&Iﬁé ttﬂ:fgf the Clock Circuit 112 may be a

programmab e cloc cult capable of being controlled by the Control
Logic 114 to impose the plurality 25 of phase shifts to ClockinB 105.
Figure B 4llpsiaiesitddhase dbiifIeaClhRmBysid () iBdidating  the=\werdrted

oneIr 3 %%0 %%j%? h ‘fugrﬁllé?tﬁﬁéeﬂr [@e@@&&fgtﬂﬂ{ ’%%F%’&Q&éd%%%@atedfy

can be dete the control logic 114 scans phase shifts across
for ﬁi@ﬁﬁﬁ@‘bf?&@é’éwﬁ‘ﬁ)@%ﬁﬁ H2ny8 é@‘@"ﬁr%?ﬂ"ﬂ‘i@QIdWé‘sﬁ‘bﬁag%%uﬁCLK

107204alizibe highedblaionaxomupgtphase shift 204j) for working values of
SCLK 107, the working ranges 202a, 202b are detected one at a time,
with the widest working range being recorded. Upon reaching the highest

phalevihie 2eRieHfeR e ENoPKMBSHigie's e plidneiieeitide iy be used to
prosm!erlf@uﬁeapga& 208t hareckedn 1@ vedxdineieefires206 ahthimwitiesys of

0.149 % %9 folifleinafds sﬁﬁﬂﬁ@ﬁ?&’i"@%@% Rhase SBERNHHBIS carch
comp etes e calibration process. After t
Range reqwred depends on the specific application.ln another example, the search

range covers the duration of one complete data frame which may consist of several
sampling clock cycles according 1o a specific signal protocol, e.9. 25ns.

It will also be appreciated that the Clock Circuit 112 may be a programmable
clock circuit capable of being controlied by the Control Logic 114 to impose the piurality
of phase shifts to ClockinB 105,

Figure 2 illustrates a Phase Shift Search Range 200 indicaling the working
ranges 202a, 202b. As illustrated, more than one working ranges 202a, 202b can be
detected. As the conirol logic 114 scans phase shifts across the entire Phase Shift
Search Range 200 {from the lowest phase shift 204a to the highest (or maximum) phase
shift 204j) for working values of SCLK 107, the working ranges 202a, 202b are detected
one at a time, with the widest working range being recorded. Upon reaching the highest
phase shift 204j, the widest working range 202b is refrieved, as the spurious ranges
202a have been removed, The centre 208 of the widest working range 202a is defined
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calibration, the defined optimized phase shift is incorporated into the
ClockinB 105 (Figure 1) to generate the optimised sampling clock SCLK
107 (Figure 1). In instances where the widest working range comprises of
an even number of working phase shifted 5 clock signals, there can be
two centres, and either one of the tw1o centres can be selected as the
optimised phase shifted clock signal. %lgure 3 illustrates the calibration
process 300 for determining and performing the phase shift calibration in
as fhe orimPrderiseairiiitand skip SoPPiREToRfdtRibcare N OreeasEidiirs the
calib)dsonitiaky &afme&dtmﬁmtedtmwer@mg rertged@;actaimtemoaﬂ@ ahaseraiftos
(Fi Stﬁ {ig gt ree%te!'n g o A I CIS& H% ?}% yEng ran esﬁ&gnces
|n are at same vafue quwalen pling c
Wh%’ér {Be m@eﬁwerrkms'aﬁw@@ﬂere@:é ﬁéﬁﬁ&Yﬁ@Wt@b@cﬂWMQtﬁﬁﬁéﬁ? shifted

clotﬂalwaﬁspt}@e Saift H@smtwmtf@&stem3@ﬂnetheneomr@4ecrmultcéslﬁtes can be

seié | }13 sets the phase shift 8c§oc|kK 104 (Figure 1) to the lowest 15
ase s ﬁ (‘?—8 ure %fln the entlreglyﬁase Shift Search Range 200

(Flgure 2). At step 306, the newly phase shifted SCLK 107 is used to
sarrmtﬁ:t@rah@meefimedcda&aemttemétgt@pr&ﬁeim@cﬂrﬂﬁftg RatesBrisrming
rrectl tected. it is also che rm ul onse utive
e B A B 8 SR SRR 0B 2B YRR

“"stﬁtﬂefaét)e@tiﬁﬁfiib/th‘e%‘réﬂleﬁh?éﬁ ééﬁa'%’étt@@rf aﬁ&ﬁé’?ﬁﬂ@ﬁﬁ%é@a@ﬁ%e shift
setitajtars it 26tiaot dotected ostigtunsdadie, ;thetuobaae:ﬁhigt tang€lekdphase shift

' mented untjl the d r et d or,
Setﬁi@ ergtégh%%% sﬁg# FR#;% éhase Sgﬁ%tgé? @t é‘g |§%r5eﬁac e}dSalmpimg
Clogsted4e3 10 3 Q?“V\ﬁ?éiﬁ’tﬁ HFé & tEYR I YRa0RE § e
logkteeyiod1ip BRE 34 ttRE H‘é‘%’@&%%‘éﬁ@ﬁ%‘?ﬁﬁ@teé%fh
corlipRErERLIA Fahpantisetam@pisasenanit, a:mrkbtg(ta@@se mngexe lowest
phassdhiP SRR ‘&?&B}dﬁt‘ﬁ{@é@; i Eﬂss@%% ?%T&‘QA’%S{BOS r% 9 [ At
l?te corresp ond| WO kln hase range en om% orkin
stepaf{ife ﬂe?]eewtmtéﬁ?@ %@%@P%r@ﬁéﬁtﬁ%ﬁéé@@tﬁf@t@@mﬂretﬁte%éata
pattiph. #lew thaeiehreeci aagdstabladdaiestiondeidibepredeiinedciaicepatiestbility
he hi eshlf t ift rch Ran
for B NSRS el 1 S T T S 4 s

to espyreipiqristastan Bbt*r*ﬁ BW@’*MI%?F@ Bﬁ%%r@ tfaﬁ*i@é’ﬁgd@@ftﬁfﬁrﬁﬁ@dﬂﬁter nis
notwetktiginhasaistibranae (haeesndtd ﬂecteds am@wﬁeat& anel the predefined

dat ﬁ%&éﬁwrﬁt%&% ?ft%%té QIAREH Re R aeéa % Search
start” point, and e cycle repeats ts the estp ases t|nt e
Rangs-20shirsker dRipRsig and 312).

When the predefined data pattern is stably detected by an SCLK 107 of particular
phase shift, a working phase range “start” poini has been determined. The process then
moves to search for the corresponding working phase range “end” point. The working
phase range “ends” when a) a further incremental phase shift to SCLK 107 does not
allow the correct and stable detection of the predefined data patlern or b} when the
highest phase shift in the Phase Shift Search Range 200 (figure 2) has been reached, as
Hiustrated in steps 314, 318, 318 and 320. Once the *end” point of the working phase
range is determined, a working phase shift range is deemed detecied at siep 320 and
the process returns to step 310 to search for a new working phase range “start” point,
and the cycle repeats itself uniil the highest phase shift in the Phase Shift Search Range
200 (figure 2) is reached. The parameters (start and end points) of the widest of the
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200 (figure 2) is reached. The parameters (start and end points) of the
widest of the 14 earlier working phase shift ranges (measured in terms of
e.g. delay elements) are stored as the widest working phase shift range.
With each detection of working phase shift ranges at step 320, the newly
detected working phase shift range is compared with the stored range. If
the newly detected range exceeds that of the stored range, the stored 5
parameters are replaced with the new parameters. Upon return to step

earl@IOVaftRg AlghestPheseeninesseishdesnsrBedislanaivatenss e sered

as m@me&ﬂft@m@adéy%m thpnsehtne phasesbifide an WPIREHase shift
agéese fts%w is d ter §d as the m| 0|n o_{ the stored workln

ran%hase St ran e 164 (gt 33’ b t!ﬁ arﬁelg CmBodents, S, a{areﬁg ih the

storgeltepsagal tbeuégwﬁfoé@teptomaree |@Wme<tﬁeta®*p?é8‘@té@[%¢ éﬁﬁéﬁsdhe stored

parSidiedsiarthegdRPIRIR: abdaiarsigaals can be received. Insuch a
circuit, the data signals can be taken as a single set and the same skew is
15 assumed and hence only one clock circuit can be used for all the data
sighésn AsternaavelppifiiHe dkéwe aneoagt tRBasrIrefy isf cRashsiynaligns302 is

rettﬂiﬁar@wtmaeaqtit&@éi@nmeordﬁmdotdudvﬁ@aadétaﬁe sigiRlshBashAdgtimized
hh % Wn cor es%)ndlnog clock rcu;ct 2 Further the
icITis delermined a5 1he midpaint of e vgf? phase shy range

ratlon process can riggered elther manual after connecti
(Stefe?r%%)dy or automatically when the forwarded input clock is detected.

Figure 4 shows the example embodiment of the data output circuit

illustrating the individu un| in det shown in F| , one .

daé;t gém%f(ng cf:rcunt f?j 5au§g' & ?51' cfafja |rctr' %I%&%?ﬁé eyl
be ?HE'IﬁC'AfQE |AYoR RISH) i‘@@-d”lﬁ"ﬁréﬁréd&%ﬁyo?f r‘é@ﬁéoglwsdﬁ@érbﬁﬁﬁt:ewed

in g@ﬁealerﬁ;dtmaedoemgx@m@réed b¥adkenapproprigiey=ffarmalied signakew is
L InB, A2, InB and A3 InB.103a Inthec se of SD

o5 T A I AT RS A 0L e i o By Sl

A'quééb\%ttv@ Brsksprgse thaehspduaiiae agﬂﬁh%tﬁadét@rwmntoea“braﬂon be

dondpires@iad thakia higreasaetiDRt Qsataaing Bstype khp-dlgRsdnay clock
Circb%required for each data input stream instead. The sampling clock signal

LK 107 is generated by the Clock Circuit 112. In the example -
embodiment, the Clock Circuit 112 uses only one variable phase shift unit

412 urther, the calibration process can be triggered either manually after the

pha

connection is ready or automatically when the forwarded input clock is detected.

Figure 4 shows the example embodiment of the data output circuit iflustrating the
individual units in detail. As shown in Figure 4, only one data sampling circuit 110 is
used. Each serial data input signal (AO_in, Al1_In, A2_In or A3_In) 108a-d is first
received by respective differential receivers 102a-d and converted into the appropriately
formatted signais A0_InB, A1_InB, A2_InB and A3_InB 103a-d. In the case of SDR data,
A0_InB, A1_InB, AZ_InB and A3_inB 103a-d are then clocked in by a respective one of
D-type Flip-flops 410a-d as illustrated. it will be appreciated that in the case of DDR
data, two D-type Flip-flops may be required for each data input stream instead.

The sampiing clock signal SCLK 107 is generated by the Clock Circuit 112. In the
example embodiment, the Clock Circuit 112 uses only one variable phase shift unit 412
and one clock multiplier 414. The Clock Circuit 112 can be implemented in different
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and one clock multiplier 414. The Clock Circuit 112 can be implemented in
different 15 ways, including , but not limited to, by using Digital Clock
Manager (DCM) in Xilinx Virtex-1l FPGA devices, enhanced phase-locked
loop (PLL) in Altera Cyclone TM FPGA devices or stand alone
PLL-Based clock synthesizer, e.g. CDC5801A from Texas Instruments
Incorporate or ICS1523 from Integrated Device Technology, Inc. As 5
described earlier, the Clock Multiplier 414 may not be necessary. The
wayg|deri it Ranaldivieddratby tingfeigintCirthiiarserTsigitdY Cin ckilinx
Virtut FE2Goatheee- aahi@ﬁlz@.ﬁl mfas{@lﬁfdl@cﬂmﬁ) @ock @umé?é.‘) detidhe™ FPGA

dev %%‘fl'é‘?'lgata 'S pRReEARIY AN %%"ke S0 e, %@B\'%‘%‘Oﬁ;exas

e vanable p ade shitt ement ‘by the Variable

InstppReEsS R AE29h t‘l@@@?@cﬁ@iﬂcd‘@%ﬁ%’c&%@ﬂb& HhaeentRsl As

deskigia é&%ﬁ@e@@é@h@qm@mwﬁ@@sﬁhw@f&w Vieetbnhaseuit 112

aisg e g S AT PR e o
I celve correc via attern un| |na etermine

paf@ﬁﬂﬁﬁi@&%&‘%ﬁﬁ@é@fﬂha PrRrRdqiréRiads 6?%%’&%%[?16‘?0?% BRIz the

- datPbaseshitidék rttirg voperated by the State Machine 420, as illustrated

in Figure 3. The Control Logic 114 also provides access to the host

processor (not illustrated) to override the current phase shift setting and

to cheeKarebiaRiiRsefaint seripareniadbi he Mpprbisdtbassy hipersbAt12 in the
csoakltbedum the wtcdheauedswmh@almrwnuo@iﬁ'l 28 deteraines adma frameies

the Cord"}%{: VRPRRNES é@@%ﬁ&"?‘% %P%Péggﬁ‘ %?o qdent i?ea%%g[%‘% the

arallel data accor ing to specifl data protocol. enL

knowigy rp@réeffhesd@@é@&l@@’deﬁﬁraﬂé|taat83ét%rwrﬁek @7*@@8 Isfm@y determme
the ¥Stinied fplﬁa\éN Snanektitg, lmt%apmmam&mm@fﬂr 1R8 oitisiild PAase shift

settexa@'%' érﬁows g 0%9 Reypealio B, “5‘?‘%@? (ﬁ 'ﬁas%?é% %a‘?%ré‘ Cohtrol

ure OW Cc art illustrating a met

Log@ahb%a@féﬁ RICAiITe FGERFS I §@18Pférﬁ'ﬁ’éﬁf§f€cﬂ&ﬁ Brstzrier &h Mpiiide the

curdatasigaaliiofetiistnr idghdbetHaptitciosiusionalis received. At step

504, the input data signal including a predefined data pattern is received.
At step 506, a plurality of output clock signals of 30 using a programmable

clodiecHit e FPameiERAE Hh AsBespRisSWterrEsPisctfo i dRmgiialization unit 116

determines a data frame according to specific signal protocol and organizes the serial
datz info a paraliel data according 1o specific data protocol. For exampie, in OpenlDl
signals, the de-serialized parallel data are R7-R0, G7-G0, B7-B0, VSYNC, HSYNC and
DE in each cycle of Clock Out 120. In such an example, HSYNC would be ideal to be
used as a known data pattern.

Figure 5 shows a flow chart illustrating a method for Phase Shift Calibration fo an
input clock signal for the detection of data in an input data signal 500. At step 502, the
input ciock signal is received. At step 504, the input data signal including a
predefined data pattern is received. At step 506, a plurality of output clock sighais of
using a programmable clock circuit of differant phase shifts with respect to the input
clock signal is consecutively generated. At step 508, for each of the output clock
signals, it is determined whether the predefined data pattern is detected.
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clock signal is consecutively generated. At step 508, for each of the output
clock signals, it is determined whether the predefined data pattern is
detected. 16 The embodiments of the invention can provide a variety of
benefits, some of which are described as follows: 1) Minimized data error.
The embodiments enable automatic galibration of 5 phase shift to
compensate for the timing skew between clock and data signals, and can
ensure the data sampling is performed in the center of valid data window,

minihfzREReRaRIE &t dheonsmtisfiseaRorsevidargin aBshs apirefigatepie of

whithecemdesifdinaamlidwata window, the noise margin can also be

optimized. 10 3) Adaptation to different cable length and quality. Different
cable length and quality can cause different timing skew between clock

and'tiata iMRENiZRM ARtAEEUrd BFffeRRIMES Enspabitnevir i AraRtatiny of

calibrate thaghang: sbiidesarppesatpdonirihetisning skewdpebvermnstoakta
and data signals introduced by the cable in the impl tions,, 15
Aapatos BT A A et e e BRI e her of
including tfligragisnHtePUnBriRbTE ey tBR AFETRE clock recovery and

multiplicatipsigiresiteise thRngecBpkaifiergnis B trackdergtbsite) valid data
Elimination .of desjgn changes for differe a hift setting to
compensavf"engﬁ%r{eﬂr?t Prh%%gngigeicvc Lﬁe% [[Sé{] éﬁgpgr%%% le length or other 20
factors. THs eptaisHichiisrsnherdlalrpaiaseE aneiaridrTaradighiosesth and
the phaseghiftcaarbestoiatcalytidetersieadbsasesdetrhdaagt dla if the

Automatic car;ﬁrggi[gg ié}%te%?gjep Y i ﬁ\%ﬂgtsad%mgicaiiy calipraip the

embodiments. the optimiz ase s n be determined automatica
7) No extrBhasfh iy teicaimpersaiecipeuite e rmie Redivesn sreefidaiata
25 circuitssigtalexaroplese mpodinans-ohtrrplesentdtvgntion can use

only, one %%spfcé Pl &%Witégtﬁm@e%s‘é(é%l}d%%i“&%‘%érs:i YRRANGy factors
scenario where n different clocks are used for n serial inputs, e.g.
because dnaHfBERSKENBAtRIGEhISBURTIIRISUANS YiualRcsmrgpvery and

multiplication circuits in the receiver, different PCB frack lengths.

5) Elimination of design changes for different phase shift setting to
compensate different timing skew due to different cable length or other
factors. The embodiments enable automatic calibration in design where
the phase shift can be automatically determined, recorded and sef.

3) Automatic  calibration instead manual measurements. [n  the
embodiments, the optimized phase shiff can be determined automaficaily.

7) No extra sampling circuit, clock circuit, measurament circuit or detector
circuits. For exampie, embodiments of the present invention can use only
one data sampling circuit for the serial data inputs. Even in the scenario
where n different clocks are used for n serial inputs, e.g. because of
different skew on different input lines, n is usually smali,

8) Easy implementation in a programmable logic device, e.g. FPGA

The method and system of the example embodiment can be implemented on

a computer system 600, schematicaliy shown in Figure 8. It may be implemented as
software, such as a computer program being executed within the computer system
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8) Easy implementation in a programmable logic device, e.g. FPGA 30
The method and system of the example embodiment can be implemented
on a computer system 600, schematically shown in Figure 6. It may be
implemented as software, such as a computer program being executed
within the computer system 17 600, and instructing the computer system
600 to conduct the method of the example embodiment. The computer
system 600 comprises a computer module 602, input modules 5 such as
600amb*@&*ﬁep@mtgﬁ&mr@y@tgﬁu%ﬁ%ﬁ%ﬁb%m%%%Uﬁ@&%a@p*e
emisodlisplay 608, and printer 610. The computer module 602 is connected to
a computer network 612 via a suitable transceiver device 614, to enable
access to e.g. the Internet or other 10 network systems such as Local .
AreBTRENORKIE! AMFBMVERI: SRR RRRAFRTRMR) MPRE B SRS U hBdGides
suchQd ia Kagreamnelr: inatdes:seppocessy s Gl e AitRemslapuieeassdMentony a

. (RAM).6 Only Memory (ROM) 622. The computer module
dlsr.g%xé%?g %Roaéﬁn?eﬁg%i

0 inclides a number of Input/Output (I/O) interfaces, for 15
example 1/O interface 624 to the display 608, and I/O interface 626 to the
keybﬂ@rdorﬁaéthhammeoents mﬁhemmnw@rcmﬂuieraﬁh&vwﬁicaﬂsz via a
suit%]g@m}éwgc%ﬁ/ thaéj%r\]ri Qt%’%),n%ecéﬁ%bl?éjsagggsg‘ngi_'%, .n}ﬂgnﬁ{tm%\fv%rtoother
the person Skilled In the Felevant 20 art. The application program Is

netyalte BHGIRTIS I BSthacad éren Metwsrpkidl) syMédie doreNebud 6N

data storage medium such as a CD-ROM or flash memory carrier and

e e ot " .

o S e  basplnons. »
Rang@putieresy M@r@?&éw%%@ Iﬁféfrﬁeg%ﬁéfé SRralflerrprdGiaiegs: The
confpayhemascamplizshadousiogdeaM 62thHentf hepaprepiatetdy iatpdsses, for

exinfggjs%; s%&&hﬁﬁvmﬂeoaggag%&?%n c@@l{%rffgeed%@@ﬁenm%%m

e to the present invention hown In the specifi

The components of the computer module 602 typically communicate via an
interconnected bus 828 and in a manner known to the person skilled in the relevant
art.

The application program is typically supplied to the user of the computer
system 600 encoded on a data storage medium such as a CD-ROM or flash
memory carrier and read ufilising a corresponding data storage medium drive of a
data storage device 630. The appiication program is read and controlied in its
execution by the processor 618. Intermediate storage of program data maybe
accomplished using RAM 620.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be illusirative and not restrictive.
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embodiments without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore, to be
considered in all respects to be illustrative and not restrictive. 18 CLAIMS
1. A method of calibrating a phase shift to an input clock signal for the
detection of data in an input data signal comprising the steps of: 5
receiving the input clock signal; receiving the input data signal including a
predefined data pattern; consecutively generating a plurality of output
CLAIMX signals of different phase shifts with respect to the input clock signal
using a programmable clock circuit; and determining for each of the output

mothod A SN S ErEIR heeront hace SR g o e
detRRERMSIIFF RS AR CBEAFIITR FRBIABHNE BRFMRRE i claim 2, further

comptision gletenmining cxivstasiiworking range of output clock signals
herei " o ) : : vides f
the e e L B o
sigrraBeRYEMENEaS! kiR PrUALY 6f BUtput eletk SiEmalgRadifersi phase
shifféeifthdxp etatm e imelaiondvdigiairising stepeiaaterornongkherayit] esk
work| ther rses, ' i ' .
con e e e Rl et ca

patigshdetiastere predefined data pattern; storing the first consecutive
sequence as the widest working range; comparing , if available,

su béequeﬁ%% ?ﬁ&%dai%"&ﬁﬁﬁﬁﬂ‘éﬁ %%‘?;Heﬂ%ﬁ&‘g he §¥@éﬁé%¥"ﬂ>‘ﬁ%§fé shifts

working range; and replacing the stored widest working range eac
areNeiRaAsIeab38Y SRy 30 detected consecutive sequences when the one
or more subsequently detected

3. The method as claimed in claim 2, further comprises

determining a widest working range of output clock signals wherein each
output clock signal in the widest working range provides for the detection of the
predefined data pattern; and

selecting one output signal from the widest working range of output clock

signal.

4. The method as claimed in ciaim 3 wherein, the step of determining the
widest working range further comprises:

predefined data detecting a first consecutive seguence of output clock
signals which provide for the detection of the predefined data pattern;

storing the first consecutive sequence as the widest working range;

comparing , if available, subsequently detected consecutive sequences with
the stored widest working range; and

replacing the stored widest working range each of available subsequently
detected consecutive sequences when the one or more subsequently detected

consecutive sequences is wider than the stored widest working range.

5. The method as claimed in claim 4, wherein the step of selecting said

one output clock signal comprises:
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consecutive sequences is wider than the stored widest working range. 5.
The method as claimed in claim 4, wherein the step of selecting said one
output clock signal comprises: 19 selecting the center output clock signal

of the widest working range as said one output clock signal. 6. The

method as claimed in claim 4, wherein the step of selecting said 5 one
output clock signal comprises: selecting either one of the center output
clock signals of the widest working range as the said one output clock
sigrigisctinaettetRBl a8 HRHINEaGH HaYB R BreeomifsstwerlingHangs afesaid

onsstepoditpbgengrating a plurality of output clock signals of increasing
phase shifts with respect to the input clock signal comprises: delaying the
input clock signal with a series of delays, each delay output generating a

resfective ‘GGt pIRIERERSGRENSSB, Cltd hetriteieid Hsisien i SRiPEHS srid
ondb@t@tﬂ@ﬁ&hﬂ@@lﬁmmﬂhmn the input clock signal is in differential form

and_the ep of rgrcgnle# g?' a&é@ﬁ'%%kfgr &lCq Ré'%@ﬁ st working

converting the input c Fg nto swing form. 9. T emet od as
fa“@%ﬁﬁéﬁﬁﬁ%ﬁ)%ﬁ@‘ﬁf’%ﬁ@’ﬁ SR claims, wherein 20 the input data
signal is in differential form and the step of receiving the input data signal

furt '
10, J%'E&%?%fﬁ%%ﬁ&ﬁﬁ%zv“ﬁﬁé oG S e sep

of geRfHRLNEg ThB!YRIBYCIaHEBNiNE IRE TSR élﬁk‘%i‘dﬁ%ﬁféﬂnﬂﬁﬁ?&tﬁ@'ﬁs with
respesiuenisy ob 2z bk isippaicioekpsigesl to match that of the input data

Sl ol e m%&npggs&caan cinasy aheldhedieeedig s, fifou

input SI na omprises a purallty parallel input data signals. 30712.
ge“ﬂﬁ%“ﬁﬁéﬁﬁ'&%%%c&%rﬂ%’ﬁ‘i’ﬁ‘é%ﬁﬁﬁ‘a\}vhereln the clock signal comprises
one clock signal. 20 13. The method as claimed in claim 11, wherein the

Clocég Slgnarlhe method as claimed in any one of the preceding claims, wherein
the input clock signal is in differential form and the step of receiving the input clock
signal further comprises converting the input clock signal into a full-swing form.

9. The method as claimed in any one of the preceding claims, wherein
the input data signal is in differential form and the step of receiving the input data
signal further comprises converting the input data signal into a full-swing form.

10. The method as claimed in any one of the preceding claims, further
comprising the step of multiplying the input clock signal to modify the frequency of
the input clock signal to match that of the input data signal.

11. The method as claimed in any one of the preceding claims, the input

data signal comprises a plurality parallel input data signals.

12. The method as claimed in claim 11, wherein the clock signal

comprises one clock signal.
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comprises a plurality of clock signals, each clock signal associated to a
respective one of the parallel input signals. 5 14. A system for calibrating
a phase shift to an input clock signal for the detection of data in an input
data signal comprising: a clock receiver for receiving the input clock
signal; a data receiver for receiving Hbe input data signal including a
predefined data pattern; 10 a programmable clock circuit for
consecutively generating a plurality of output clock signals of different

phaké shifl§ it PESe o HRMEHULRISER Blgridl; aWePEEbNi8I IBigikfatianal
congleiesiaipyfaiteathtiothagapukalacicisignaisnaihetbetidiae preseligesttive

on ed %B%%ti%ﬂ %'fi}&%?g}%qa&S 15. The system as claimed in claim 14,

wherei rent phase shifts are increasing phase shifts. 16. The
system as claimed in claim 15, further comprises means for determining a
widesgt workisgstamge ot sltiptihgleclkisigaadsif? vdrereinteacbikosignd: for the

det&?f&iﬁ?ﬁé‘?‘ i'fhtgﬁi B%@%\{gg{?gg r ﬁ%%'jde for the detection of the

predefi ata pattern; anc se'lecto selecting one output signal

frorft FRCWIGESMROIRINERINGE Be dirpLFQBERSR/Mal. 25 17. The system

as clajataddnedlainiol Gasbieeinthienme alasd elgdeteroniaing theraddesed data
atﬁgg{king range further comprises: a first detector detecting a first

consecutive sequence of output clock signals which provides for the

detEchiGIY R PlR Bl et AP SRBRTHILENs I8P iBTRRY amiufipdty of output
clocosigealtivedifeeenphas trefwidist raxrkingo 30:range crosasg fat; and

Conéo%iﬁk%ligggiéi'i%P'ﬁet%%ﬁﬁﬂye%gp%ﬁ'&’ie&ﬁ‘?ﬂe%ﬂ Yj¥Ex %‘?&Hﬁ@hc%ether

with the stored widest working range; and 21 means for replacing the
the KGRI AR BALRT rafEERh of available subsequently detected

consecutive sequences when the one or more subsequently
15.  The system as claimed in claim 14, wherein the different phase shifts

are increasing phase shifts.

16. The system as claimed in claim 15, further comprises

means for determining a widest working range of output clock signals
wherein each output clock signal in the widest working range provide for the
detection of the predefined data pattern; and

a selector for selecting one output signal from the widest working range of
output clock signal.

17. The system as claimed in claim 16 wherein, the means for
determining the widest working range further comprises:

a first detector detecfing a first consecutive seguence of output clock signals
which provides for the detection of the predefined data pattern;

means for storing the first consecutive sequence as the widest working
range;

means for comparing, if available, subsequently detected consecutive
sequences with the stored widest working range; and
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detected consecutive sequences is wider than the stored widest working
range. 5 18. The system as claimed in claim 17, wherein the selector
selects the center output clock signal of the widest working range as said
one output clock signal. 19. The system as claimed in claim 17, wherein
the selector selects either 10 one of the center output clock signals of the
widest working range as the said one output clock signal 20. The system
as claimed in any one of claims 15 to 19, wherein the programmable
clofReaRuETRPIREEY 5% SarRs el W 6t BRIPIRFIRE Tt dyakable

subsignaintadetdetay outsatujen eting s speatitteeourip uirciovle sighetaRently

detdESYSIRELAR, €1RINEL-B:RNY WRR ASIRIRS 4 2R dadiarsini e dnput

- clock signal is in differential form and the clock receiver further comprises

20 means for converting the input clock signal into a full-swing form. 22.
Thei 8ysteifhassgkiamedsrchnyathénof elaims, 1vher2ih, (rheselecthe seipels the

cenB? R SigRALISIR difgieriatiorm g W‘ﬁ'lg%arrﬁﬁf‘év% fusthes COMPHSeSIock

_ means for converting the input data signal into a tull-swing form. 25 23.
sighfhe system as claimed in any one of claims 14 to 22, wherein the
programmable clock circuit further comprises a clock multiplier for

multiglyingrthe japu clogiosionaldempdify thedrefieRcyeRidie B sither
clock signal to match that of the input data sTl'%nal. 30 24. The sy%tem a

onecpifhe RN PHIRV bPOEMTEIA P2 AV HET BT KRB URREE S dhg sald one
outpainjaagesgmalurality parallel input data signals. 22 25, The system as
claimed in claim 24, wherein the clock signal comprises one clock signal.
26. The syistem as claimed in claim 25, wherein the clock signal 5 ,
SclaeinEan the

comPrises @ISR 0P EIGANRh NLPVA AN RISLCE R s d
progespeciivie clock circuit comprises:
a series of delays for delaying the input clock signal, each delay output

generating a respective output clock signal.

21. The system as claimed in any one of claims 14 to 20, wherein the
input clock signal is in differential form and the clock receiver further comprises
means for converting the input clock signal into a full-swing form.

22, The system as claimed in any one of ciaims 14 to 21, wherein the
input data signal is in differential form and the data receiver further comprises

means for converting the input data signal into a full-swing form.

23. The system as claimed in any one of claims 14 to 22, wherein the
programmable clock circuit further comprises a clock multiplier for multiplying the
input clock signal to modify the frequency of the input clock signal to match that of
the input data signal.

24. The system as claimed in any one of claims 14 to 23, wherein the

input data signal comprises a plurality paraliel input data signais.
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one of the parallel input signals. 27. A computer readable data storage
medium having stored thereon computer code means for instructing a
computer to execute a method of calibrating a 10 phase shift to an input
clock signal for the detection of data in an input data signal comprising
the steps of. receiving the input clock,signal; receiving the input data
signal including a predefined data pattern; consecutively generating a
plurality of output clock signals of different phase 15 shifts with respect to

thedAput diBeK SYSHRINUSRg AAIREGaMnEBIB cribk WREiRNadtediRinig e
confprieachnef thelosiguiclock signals, whether the predefined data pattern
is detected.
28. The system as claimed in claim 25, wherein the clock signal
comprises a plurality of clock signals, each clock signal associated to a respective

one of the parallel input signals.

27. A computer readable data storage medium having stored thereon
computer code means for instructing a computer to execute a method of calibrating a
phase shift to an input clock signal for the detection of data in an input data signal
comprising the steps of:

receiving the input clock signal;

receiving the input data signal including a predefined data pattern;

consecutively generating a plurality of output clock signals of different phase
shifts with respect to the input clock signal using a programmable clock circuit; and

determining for each of the output clock signals, whether the predefined data

pattern is defected.



