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reprogr anﬂWWHMWﬁMWI NE | NCORPORATI NG GLI TCHLESS ENABLE/ DI SABLE
FUNCTI ONA| THE | NVENTI ON The present invention relates to an

apparatus and s®tshod for providing clock edges for use in ashgh 3pesd

Funct fonal 1 Ty, BAGERIND RRIE FRRERTAORTEIS £ HGHTSERAP | e
circuits requiring the real-tinme programm ng of delay |ine values every
cl ock cycle have re%ﬂ%@%ﬁ‘ﬂé&hﬁgnm% NEINGCQRPORAEINGexanpl e, new

del ay values are only allowed to increase fromone cycle to another, or

speci fic delay val ueGHIFCHVESY ENASLE/DISABURFENCEMNALITYD | inm tations
on conventional delay line circuits. Accordingly, a need exists for

i nprovenents in precision delay line circuits. 15 SUVWARY OF THE | NVENTI ON
A clock control circuit consistent with the present invention is used for

| oadi ng delay data into delay circuits. It includes a clock enabled | atch

recei v ngFaﬁ Dr@EﬂJIEiIBWaENE Na del ay line signal. Alatch receives the
delay line signal and an output of the clock enabled |atch. A nultiplexer,

recei ving t he @he pteserdfintdntion irelates enabdppdratiestanid methodferpgovdding cbickedgdsy 20
an output of the latch, provides a signal to |l oad delay data in response to

the enabl g, Sisgfph h%nqp&éaﬁegﬁaig%mmé déiag M@k incorpbratirkyl M1Eds e%QQéxd{eéﬁm%her

clock control circuit consistent wth the present 1nvention IS us or
| oadi ng dgléqa. dalta into delay circuits. It includes an input for receiving
an enabl e Céﬂﬁzflt&nd a delay line signal, and an output for outputting a

del ayed cl ock signal havi n&EIi rst and second states. A control circuit
provi des BAGKGRQUND OFcIHEINVENTIOMNayed cl ock signal in the first state
and 5 an output state with the delayed clock signal in the second state.

i roSponse (0 T rae andl Seeand Came OF L he Ge i Ty e e oo HHoVALES &t €
every clock cycle have required restrictive rules of operation. For example, new delay
values are only allowed to increase from one cycle to another, or specific delay values are
not allowed. These rules have placed limitations on conventional delay line circuits.
Accordingly, a need exists for improvements in precision delay line circuits.
15 SUMMARY OF THE INVENTION
A clock control circuit consistent with the present invention is used for loading delay
: data into delay circuits. It includes a clock enabled latch receiving an enable signal and a
delay line signal. A latch receives the delay line signal and an output of the clock enabled
latch. A multiplexer, receiving the output of the clock enabled latch and being controlled by

20  an output of the latch, provides a signal to load delay data in response to the enable signal

and the delay line signal.
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A met hod consistent with the present invention provides signals for use in
| oading delay data into delay circuits. It includes receiving an enabl e
signal and a delay line signal, 10 and outputting a del ayed cl ock si gnal
having first and second states. An enabled state is provid?g &Ehpzbbg
del ayed clock signal in the first state, and an output state is provided
wi th the del ayddotheoeleck comied! cirnuit hensistens mdthsthe preserSunvattiongs beetvieelvading
enabl ed state and the output state occurs in response to first and second
edges of ghigy 8ahtoldeng cie@ina! It iBRIJEE aPEPERIP e N i ad H%HWAEM‘&%? Jaiéiﬁﬁhge

[

acconpanyi ng drawi ngs are incorporated in and constitute a part o

specification and, i re W . | pt.Lon | ai n. t he advant ages
and pri ol B end BT oy blkPubine pRERGH BbHE Bun R A i R TES
illustrating delay and control paths in a clock delay circuit for use in
| oadi ng dét egntpdeleuibpropidss ap epabled Hatggyihbedelayedbeloekhsigaman thy Biskstatatandg
circuit; FIG 3 is atimng diagramfor the clock gating circuit shown in

FIG 2 - outpht shyie withaA0delaledd cldck sigrml dh thgrsacondfstae.f The tontivl kirkwit - out
(FIFO wi ndow clock circuit; FIG 5 is a timng diagramfor the FIFO w ndow

cl ock cirgu j ; R | : [ Ll rating

t he oper af‘%ér‘]‘egpaﬁéh E]e:zéa?%eﬁétoa\?f %]dc}g%&@}l t:%tlalt% “Z h%&gnsgntgg'{r%%g .SL(%%BETAI LED
DESCRI PTI Precision timng on the fly (TOF) delay |ine systens are

desi gned %@&9?@6#6@%%@&@3&9% on pre-specified clock cycles. Embodiments
consistent with the present invention elimnate non-desired cl ock edges

f r om er r oneousAymethot kénsestend writhethe presers inveaidibayprdviides shgrfaby fer iise indoadingnded.
The enbodi nents i nclude a high speed re-programabl e delay Iine 10 enpl oyi ng

a sel ectiyard% nt6 a8ty elrcits! Tinkludes fel@idinglan@hpiRdighal A Qaélgy lifd Q! ay
circuits. ThHey also include a clock qualifying circuirt applied in a high

o ot AERPATTEY s BeRfYiosk SEntbRl AR b Ry SRE e e LRI Rt pun

clock signal on one input clock edge and re-sets the signal on the opposite
edge. 15 mpdded withghie delayed dJeck signad én e fipistatemnden oyimuistatois provideshvibeed
TOF system 10.

the delayed clock signal in the second state. Switching between the enabled state and the

output state occurs in response to first and second edges of the delay line signal.

BRIEF DESCRIPTION OF THE DRAWINGS

15 The accompanying drawings are incorporated in and constitute a part of this
specification and, together with the description, explain the advantages and principles of the
invention. In the drawings,
FIG. 1 is a diagram illustrating delay and control paths in a clock delay circuit for
use in loading delay data;

20 FIG. 2 is a diagram of a conventional clock gating circuit;

FIG. 3 is a timing diagram for the clock gating circuit shown in FIG. 2;



A master clock (MCLK) signal is applied to a first delay stage 11. Del ay
stage 11 represents a programmable delay |line. Delay stage 11 receives an

i nput signal and outputs a delayed version of the input signal based upon a
recei ved programmabl e control signal, in this case a digital A?ﬂtggb3value
froma register 13._The,de|aygd vens%pn of %he signal is 20 referred to as
a delay |ine silgn@ ispqiagrm of3 firsiria-fiustas (FIEQuyrndow glogk sércitnabi | ity
results frombeing able to change the digital control value, and that val ue
i s proportional Fi3h 5-i8a tinfihg Afagidm 2GABe FH® wimiont clodk tirauit shekayin FlGo4ced.

Any type of conponent for providing a del ayed version of a signal can be
used for inple i 3 : _ o |

Stage 1115 anor 60 P Plefaltifysaink Ife SEAUEOAH PO Rinddt ook Ehét
inverter 16 to.a ﬁéqfk enable circuit 12. If an output is expected froma 5
specific wndpEidi4.cycle, gate generation logic 15 outputs an ENABLE
signal. Gate generation logic 15 accepts inputs froma core control logic
FI FO cbBoc KRETAIBBEDDESCGRIPTION t he MCLK cl ock. Gate generation logic 15
creates the ENABLE signal that is locally synchronized to the MCLK signal
The digital COFI%J:i@i@hQixﬂﬁg%h%@ﬂy CPOF) @layphifdkenistrd@esi@ieldite duipdt ddhfed
generation logic 15 if a delayed output is desired during a particular MLK

10 cycle. t e generat.i-Q Qgi c .15 : ral .si |s.of the core.logic
Lo guner acders BBt sieSf folsy MRS RhaResRi st R iama
The ENABLE signal allows clock enable circuit 12 to pass the F OUT signal
to a FI FOeliminaipnon4lesicedrlock edsay remgaronegwdy clefippneydataminte: delpxling 14
can be inplenented with a conventional FIFO nmenory circuit. The ENABLE

si gnal al $eferaalb agestzidayheegibetinnentSintRide @ higipdpeed heprlolghdthginedelny ligat put
data to the delay line, represented by delay stage 11. FIFOcircuit 14

cl ockqoouten;g@ggé%geag@&o&a nfroflGikaiit B304l iftkRad 4o ggttarigffa,i B ciRLRE | N

at delay re i nce t data I1s now at t ay register
13, it will be cl.ocked into the delay line.at. the next MCLK cycle t
enabl o5 a ey SJrorinelidon ERek s iuBsHErrDicting e et SR s YRaRbledalyr os
that a specified edge, in this case 20 negative, be gated out at
pr edet er nilimedystamnchataingbleT e edgerbaded alpck mbowiubsyentednglitchase dihipdacksuch t hat
the negative edge to be gated is always within a gating w ndow -4

qualifying circuit enables an output clock signal on one input clock edge and re-sets the

signal on the opposite edge.

15 FIG. 1 shows part of the delay and control paths for a high speed TOF system 10.

A master clock (MCLK) signal is applied to a first delay stage 11. Delay stage 11

represents a programmable delay line. Delay stage 11 receives an input signal and outputs

a delayed version of the input signal based upon a received programmable control signal, in

this case a digital control value from a register 13. The delayed version of the signal is

20 referred to as a delay line signal, in this example signal F_OUT. The programmability

results from being able to change the digital control value, and that value is proportional to



25 April 2003 boundary, as determ ned by edges of the ENABLE signal. There
are no restrictions on the placenent of the unused rising edge of signal
nF-QUT within the ENABLE wi ndow. However, the unpredictability of the
rising clock edge generall y pr events the use of sinple corr@m&bhpg@bgl ogi c,
such as a conventiopal cl c%f circuit, 20 sho in FlG

reliably | BRdHYDHRY Bge 45 5 pr 'SAK b(bE of GampPRE erpre‘rldalo agcﬂfal%s@ﬁ 42

that could incorrectly clock FIFO 14 prematurely and place the wong data
at del ay regsishef ai@nahcambetusad f@.impla@eringldshayistagadir at es t he gating
wi ndow boundaries formed by edges 37 and 38, and by edges 39 and 40, of the

ENABLE signal fope G&Eyéaﬂod%ﬁlt@ﬁgﬂ@eﬁa'y%fh%’eq 144 agiifd48 thelfkx ik st%g@% Svell

circuit 12 elimnates the litch" probl'em descri bed above by quali fying

h h h f [ 1
thi's exanpratibgnat st £ bEp RloP effiteg iuh |2 o sp Jutpdt & oebRERBIY o1 gnal

resulting in a si g&l e control interface and reduced circuit size. FIG 4
shows & FI srecikicEnKesiged cyrngate genstationdogic il ppnimutsan RyABLdtsigealablate 15
circuit 12, and FIG 5 is a timng diagramillustrating its operation. FWC

circuit 50gé?@ﬁatioﬂpngs 15 @tcepeciapis fignt HeofeNbbirbl 18 FFOstkad ¢y vedsidd of
si gnal , |n this exanple the nF QUT signal. It has an output for pI’OVI ding a

del ayed c t QEQ@

circuit @gwné%gs%ﬁs a%tg@bl%erg Een @1053?%%%:4 SI gna EE%@%\B}@ lggét}fa l950 The
control CI rcuit switc Ci r .Sstates in response to edges
20 of the PBchomzed &]g‘eﬁwcﬁ sigap AEF‘? 3182'@ %OrPe i-’é? E?H*?éat%cqﬁltregﬁgaalaﬁu P& FWC
circuit 50 operates as follows. Signal nF OQUT is the inverted output from

t he del ay appilied tdgate genexatpdn legict 1 iFWGekiyed outputs® desitedsivsing mglarticilaNCLEd t o
the clock input of a negative edge triggered clock enabl ed DFF 51,

oper atjgg le,'f._’ t€ gBRrorClo ﬁuﬂstuseg&ﬁfﬁ)l@fggms%@t}g:d%réﬂog'lcr‘tot%}héra?c&ﬁgp' eis
i npl enent e aDtypef 6 wth a feedba nmul t1 pl exer 55

back { L°¥h€§3§1€ gt T i we—%n?ﬁf@ﬁfz'g%%w?ﬁg SUBLE oi gnal 1 I'ow Thus,
t he out put of cl ock enabl ed DFF 51 does not change while ENABLE is
The ENABLE signal allows clock enable circuit 12 to pass the F_OUT signal to a
FIFO circuit 14 as a falling edge signal nFIFO_CLK. FIFO circuit 14 can be implemented
with a conventional FIFO memory circuit. The ENABLE signal also enables delay register
15 13 to apply the FIFO present output data to the delay line, represented by delay stage 11.
FIFO circuit 14 clocks out the next output cycle delay data into a delay register pipeline at
delay register 13. Since this data is now at the input of delay register 13, it will be clocked
into the delay line at the next MCLK cycle that enables a delay line output.
The control of the FIFO clock signal requires that a specified edge, in this case

20  negative, be gated out at predetermined intervals. The TOF delay line subsystem is

designed such that the negative edge to be gated is always within a gating window



| ow. 10 The hi gh ENABLE signal at edge 59 allows the falling edge of nF QUT
signal at edge 57 to clock the high signal at point 70 out of clock enabl ed
DFF 51, causing the signal at point 71 to go high at edge 61. The signal at
point 71 is also inverted by an inverter 52 to create a fabki ggriedgegon the
signal at point 70 and on edge 62, The | owgoing signal at point 70 flows

t hrough &Ronndaryassetrmymd hyFdags elktha ENABLE signal. [Eheseigre nerresirigiiens amtheO CLK
at edge 63. This falling edge output signal is transmtted to FIFO 14 to

cl ock outpldeeitictied fajie daised riStipeedgt B sigaslalF, OUDRathimthe BYTABDESviRdeh. at edge
58. The rising edge of signal nF-QOUT is applied to a rising edge triggered

DFF 54. D A S aTeY 704

ow goi ngt Sy hERttre®biablly Bl isBY lbok gk BeARAIERFAAS 1T steg

si gnal at int, 72 farces, nultiplexer 53 to select 20 the input of the

i onal  a€oPBITHIoNA 1pfiaSiE BB SERYTHONH SHaaER G O ARSEY TORISL 3. B8l ot ed
signal at point 70. The output nFlI FO CLK signal now passes the signal at

poi nt5 71 relmb]y lmediagdekyldata. goes hi gh at edge 65. -6 25 April 2003 During
the next MCLK cycle, no output is desired and the ENABLE signal is held | ow

from edges 60 H@. $8hovSthd ckR8ibhbf @F'ghitr" FINNRL Bl 4akreb®y dobPWrd g next
falling edge of signal nF-QUT at edge 66 has no effect on cl ock enabl ed DFF

S |, and_the signal, at int 71.renpins at.its,previous.hi ue. The
next 11 sPirgattge 1 heilh Wrodg g AP Mt 20 SRt el - YRS oue put

nFI FO CLK signal and does not create any glitches due to the follow ng. The
pr evi ous ilfusitaies ghegpgiag afindow harndariegforpied hyradgesvhband he aElibBledzssi Yrrmld was

|l ow. This maintains 10 the output state of the clock enabled DFF 51

unchangedo, sfeh ENABIE sighglfet g@ingt®IRO_TLKadighalhéhasd 43.he signal at point
70. The unchanged state of the signals at points 70 and 71 nmeans that the

1TSi g ol ook CHO! el 4TS BOURUL L SBIAS S SHBeh 9ndaS,Pr eV ouS

rising edge input, resulting in the sign at “ pol remai ni ng unchanged
as well. The effect. of these uncghanged. states_all falling edge output
of Pvc cavdlivineshe ENARYE S SRHHIh the Tekinge g%?@%&va?ﬁ_éyéfer%ﬂnhlbw thisd
signal nF-QUT falls froma high value to a | ow value. Once this occurs, the
next ri sexgneldgequfes 8d grieimalk tiGlifig renteri dbkats theF DUT gignab Gesubtyayrid lagiaplef
the state of the ENABLE signal. Further rising edges of signal

control interface and reduced circuit size.

FIG. 4 shows a FIFO window clock (FWC) circuit 50, implementing clock enable
15  circuit 12, and FIG. 5 is a timing diagram illustrating its operation. FWC circuit 50 has

inputs for receiving the ENABLE signal and a delay line signal, in this example the nF_OUT

signal. It has an output for providing a delayed clock signal, in this example the

nFIFO_CLK signal. A control circuit determines a state, and hence output signal, of FWC

circuit 50. The control circuit switches FWC circuit 50 between states in response to edges

20 ofthe nF_OUT signal.



nF-QUT will not generate erroneous outputs (glitches), regardless of the
state of the ENABLE signal. 20 The operation of FWC circuit 50 can be
sumari zed in the state diagramof FIG 6. In FIG 6, FWC circuit 50
remains in a disabled state 80 regardl ess of a val ue of thgsn}_{p%()gi?,gnal
until signal ENABLE goes high. Once the ENABLE signal is high, circuit SO
remains in an enabl ed state 81, providing a high nFIFO CLK signal, until
signal 7 25 April 2003 rLF _OUT falls or the ENABLE signal goes low. A
| ow- goi ng ENABREfesial FIGSL YA 5CFWetkitcubO o dpestitssadd! BHows. a8 Bn80hF Atial | i ng
~ QUT signal takes circuit 50 fromenabled state 5 81 to an output state

82, providing a lo Fl.F K sl | .. G.rcuit 850 L NS. | tput state 82
until si dﬁélFegWI‘—‘?‘&Si{VmﬁP%te@n%eg‘ieﬂ%fn@%esthgls?Pl%he\ggf)&gﬁ fClrFWéSENiléf_séliqa Kal .
Once signal nF QUT rises, circuit 50 enters enabled state 81, and signal

nFl FO CLKappéied thihgiglock;ipputiof amgssing edaqtriggerd drckamrklgd R &1, @perating pynal
ENABLE goes low, or it may return to output state 82 if signal nFl FO CLK
falls.5 10a foMrot titeuii. t Clodk easblaeDERpPIL dmedtis exhmple is iafplernanpd withtasD pymvligh ng
these states and with different conpl enentary val ues of the signals

- g
resul U nGndy AMANG Bk SnkBenAlipRhepks BRRRSHPETecbuan oS siBb ALY

circuit co ts are only one such exanp Xers

i mpl enented, for e e, With conventjignal twa-tQq-0 | t] or

ot her ci rréwq"éatfoé‘roﬁg je {P‘t‘\t@u&?ﬁﬁﬁéof p{p? 11‘?%82%‘&%99%3?’%& t{é‘gg% n be 15
i npl enented, for exanple, with flip-flops or other types of circuits for
storing adighabistlpwt tThug, the atigpt of clack énapled R yHhHoes no ehanpe v ledENABRE is

i npl enented with any circuit for inverting an input signal. Also, FW
circuit 5gycan be used with different types of ENABLE signals and del ay
line signals, and with various types of delay stages and |lines. Wile the

present inventj,on .h descr i k I Lt h | ar.y ., 20
rbodiment . 1t T HEN BTG Ga ppees AR e AR Mk AT Betbnr
apparent to those skilled in the art, and this application is intended to
cover anyedgaaptacioskhedrigh signakat paut ¢H é%‘éﬁ‘c.lochﬁna&ﬁﬁ m3iteS 1, gpesing Bstsigngbes
of circuit conponents to inplenent the functions of the F1FO0, | atches,

mul ti pl ex#psint 70vegpd igh Aedzelel. aPhesdigge acpeEneTt s ahsd)inbateddgthnvint drte 52 t6)_

create a falling edge on the signal at point 70 and on edge 62.
The low-going signal at point 70 flows through a multiplexer 53 and exits as a falling

15 edge onsignal nFIFO_CLK at edge 63. This falling edge output signal is transmitted to

FIFO 14 to clock out new delay data. Some time later, signal nF_OUT goes high at edge

58. The rising edge of signal nF_OUT is applied to a rising edge triggered DFF 54. The

"D" input of DFF 54 at point 70 is now clocked out as a low-going signal at point 72 on

edge 58 of signal nF_OUT. The low-going signal at point 72 forces multiplexer 53 to select
20  the input of the signal at point 71 that is opposite in polarity of the previously-selected signal

at point 70. The output nFIFO_CLK signal now passes the signal at point 71 and, as a

result, goes high at edge 65.



25 April 2003 departing fromthe scope of the invention. This invention
should be limted only by the clains and equi val ents thereof. -9 10 25
April 2003 What is clainmed is: 1. Aclock control circuit for |oading del ay
data into delay circuits, conprising: a clock enabl ed Iatcbsrgﬁﬁpgogg an
enabl e signal and a delay line signal and having an out put atch
receiving the delay line signal and the output of the clock enabled | atch;
and a multipl exes, receiving the output of the clock enabled |atch and
bei ng controlled by an output of the latch, for providing a signal to Ioad
delay data in respoase to the enable signal and the delay |ine 5|gnal

The circuit of i back
mul ti pl exes co]r?nec% m(f]l}e%g/[(ﬁé% %ng&{&ﬁ utﬁgﬁ%ex%glalr}gttt# %%L%g’gmﬁ % 1% ﬁggcl ock
enabl ed Iatch the feedback nulti Iexes hei control led by the enable

ol gnal - dowramerges 60 10015, ohah FASEI of e FRIAEILRCS GRAL hGdda: TRbeieKElel g
bet ween an out put of the clock enabled | atch and the feedback multi pl exes.
4. The cisfaigrial aF OUdl anedge\b@&has 1o ¢ffket onkldckleaaxdsd DETely esd thie sigifapatt of t he
inverter. 5. The circuit of claim1l wherein the clock enabled Iatch

i ncl udesoéofgy Ifehﬁglsa@]t%pgugdsr tal@f claim 1l wherein the clock enabl ed
e I

| at ch pr s constant out put | e receiving a particular value of the

enabl e signal._7. The circuit .of i nc

Flrotoint bret - Bl nqitFisese ep of PendinbelIat By2eh 00 e b P B puphe

mul tiplexes. 8. The circuit of claim7, further including a delay stage
recei vi ngnEIFQa L& sigha) @kd dbesadt cenate Eplycghtdleﬁgluc tethddpbgwingn&heipgnadus 9. The
circuit of claim?7, further including gate generation |ogic providing the

enabl e sifnlg. edééofﬁgﬁél%‘k QPNbErediwienithe ENABIGRSIAS w18y cmsammmns
del ay CIrCUItS conpri si ng: an i nput for rece|V|ng an enabl e 5|gnal and a

del ay 0 ttl ayed
cl oc SI S‘ﬁSP“%’Mz‘ tﬁAq?t#) s‘fl% @%@%F S?Iﬁ?gﬂé&q% ‘“dﬁlnjtﬁ‘ CI r u{?%ll
operably connected to the input, for providin an enabl ed state with the
del ayed cingekenseghgisignal atpoit; 0s tThetuaﬁléa%ﬁél Sfa?f- Qfih signals at Roipfst’A apAdl

del ayed cl ock signal in the second state, and for sw tching between the
enabl ed shedrs thatdhé Ha‘ngutqaktm;mtm BFFrf4rmsimmeeutut Chargdes dneltsthe pravimdges of

the delay |ine signal. The circuit of claim 10 wherein the control
circuit i e tc}égﬁﬂf PR BleasafbiGbifeReiealng MEcHRRSK & wiignal and the
del ay Ii nlgsq}l%]gna mgu avllngg an3 outaputtc[;bl. a eatachnrecel v?%]&g the delay line

I d th th bl
" eaei vi gt ho TR PR B et Rk ey H S P s aep aniegy CERICHTa By an
out put of the latch for roviding a si gnal to | oad del ay data in response
Lo LHE eremy hen gk NARER Henales ssyeriadush ahaiBnal 13 OFRG il fecus & high vehis i 11

wherein the cl ock enabled | at ch i ncludes a feedback nultipl exes connected
to a feedbekvdlagpOhee thécaicus, themertitiging edde dfinigrmal BcRUahakdnabllel BWaD, t he
f eedback mul tipl exes being controlled by the enable signal.
circuit 50 regardless of the state of the ENABLE signal. Further rising edges of signal
nF_OUT will not generate erroneous outputs (glitches), regardless of the state of the
ENABLE signal.
20 The operation of FWC circuit 50 can be summarized in the state diagram of FIG. 6.
In FIG. 6, FWC circuit 50 remains in a disabled state 80 regardless of a value of the

nF_OUT signal until signal ENABLE goes high. Once the ENABLE signal is high, circuit

50 remains in an enabled state 81, providing a high nFIFO_CLK signal, until signal



13. The circuit of claim1Z, further including an inverter coupled between
an output of the clock enabled |atch and the feedback nmultipl exes. 14. The
circuit of claim13 wherein the nultiplexes receives an output of the
inverter. 15. The circuit of claim 1l wherein the clock enahl ES il abeh
includes a flip-flop. 16. The circuit of claim 11 wherein the cf ock enabl ed
| atch provides a constant output while receiving a particular value of the

enabl e signal . ~ 2 25 April 2003 17. The circuit of claim 11, further
including a first-infirst-out (FIFO circuit clocked by an output signal of
the nultiplexer. . 18. The circuit of claim17, further including a delay

stage recg} W I S F v d - i si gnal .
10" The. G ) B AFENRA sEhil1Bs RN RIAN R ABLICB koclfis?

provi di ng .t he enabl e si.gnal ., 20._ Amret ho f .providing signals for use in
Foadi ng. sy 0o A1SHhiEd et 89 i RGBS, OLOr B 3k5 Cheaih U g enold aie
signal and a delay line signal; outputting a delayed clock signal having
first SandBisecnruhtmit atags 32, providioigragowmRALCEN ssgral.eCinctih 50 hemaled ayedpetl ock
signal in the first state and providing an output state with the del ayed

cl.ock si oial ghRntinGesR FENOTAL ALR; repidlc3vbl BB VAR REUREENABIE hah! erlcst ate
and the output state in FTesponse to first and second edges of the del ay

LI ne sl gns?éﬁal nﬁf Eﬁ%'ripég!s,'c'?‘r@éit 'e'?i e'réA‘ éiapb‘?c%ls‘té%g{ Q{,'aﬁ 's'fg%'alb‘rlﬂgﬂfgl ﬂ%‘égés/hﬂh?ég?lw
K} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca&():at] cal cRﬁ] caj ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] c@iroal t&inex hew|entdr cagablefstatekO if signal ENABLE goes low, or it may return to

RKt ! OM\} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] ca] ca] cadueplicalesd rrjgn] ARFORICIH eakca! "+ nm & s
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states of an input signal. Inverter 52 can be implemented with any circuit for inverting an
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delay line signals, and with various types of delay stages and lines.
While the present invention has been described in connection with an exemplary
20 embodiment, it will be understood that many modifications will be readily apparent to those
skilled in the art, and this application is intended to cover any adaptations or variations

thereof. For example, different types of circuit components to implement the functions of

the FIFO, latches, multiplexers, inverter, and delay stage elements may be used without
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a clock ‘enabled latch receiving an enable signal and a

delay line signal and having an output;

a latch receiving the delay line signal and the output of the
clock enabled latch; and

a multiplexer, receiving the output of the clock enabled
latch and being controlled by an output of the latch, for
providing a signal to load delay data in response to the
enable signal and the delay line signal.

2. The circuit of claim 1 wherein the clock enabled latch
includes a feedback multiplexer connected to a feedback
loop to receive the output of the clock enabled latch, the
feedback multiplexer being controlled by the enable signal.

3. The circuit of claim 2, further including an inverter
coupled between an output of the clock enabled latch and the
feedback multiplexer.

4. The circuit of claim 3 wherein the multiplexer receives
an output of the inverter.

5, The circuit of claim 1 wherein the clock enabled latch
includes a flip-flop.

6. The circuit of claim 1 wherein the clock enabled latch
provides constant output while receiving a particular value
of the enable signal.

7. The circuit of claim 1, further including a first-in-
first-out (FIFO) circuit clocked by an output signal of the
multiplexer.

8. The circuit of claim 7, further including a delay stage
receiving a master clock signal and providing the delay line
signal.

9. The circuit of claim 7, further including gate generation
logic providing the enable signal.

10. A clock control circuit for loading delay data into
delay circuits, comprising:

anr input for receiving an enable signal and a delay line
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providing an enabled state with the delayed clock
signal in the first state and an output state with the
delayed clock signal in the second state, and for switch-
ing between the enabled state and the output state in
response to first and second edges of the delay line
signal.

11. The circuit of claim 10 wherein the control circuit
includes:

a clock enabled latch receiving the enable signal and the
delay line signal and having an output;

a latch receiving the delay line signal and the output of the
clock enabled latch; and

a multiplexer, receiving the output of the clock enabled
latch and being controlled by an output of the latch, for

providing a signal to load delay data in response to the
enable signal and the delay line signal.

12. The circuit of claim 11 wherein the clock enabled latch
includes a feedback multiplexer connected to a feedback
loop to receive the output of the clock enabled latch, the
feedback multiplexer being controlled by the enable signal.

13. The circuit of claim 12, further including an inverter
coupled between an output of the clock enabled latch and the
feedback multiplexer.

14. The circuit of claim 13 wherein the multiplexer
receives an output of the inverter.

15. The circuit of claim 11 wherein the clock enabled latch
includes a flip-flop.

16. The circuit of claim 11 wherein the clock enabled latch
provides a constant output while receiving a particular value
of the enable signal.
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data into delay circuits, comprising:
receiving an enable signal and a delay line signal;
outputting a delayed clock signal having first and second
states;

. providing an enabled state with the delayed clock signal
in the first state and providing an output state with the
delayed clock signal in the second state; and

switching between the enabled state and the output state
in response to first and second edges of the delay line

signal.




