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anal og delay circuits and nmethods for setting a tuning
range of the analog delay circuits. BACKGROUND I n
nodern high frequency integrated circuits, it is often
necessary to generate internal clocks with

pr edet er "MEFHOPEARD £PPARNTWS 7O $ET A TENINENRANGE
cl ock. Conventi onal Eﬁiga Phase Locked Loop (PLL) or

Del ay Locked Loop ( R AN ADMAOGRELAY generate this

predet erm ned phase relationship. A variety of reasons
may exi st for requiring the phase rel ationship. For

exanple, it may be desi TEQINICAI2BIELEY an i nter nal

clock relative to a reference clock to mnim ze del ay

bet we e Rhif Fyvepiamaelsirs gerrgbkio apiged il Hnes, 4d ppdicularly o analog
C i . T
ROk O S0 ShA el br BRADSE oBkpIRLRS

del ay between the reference clock and an internal

cl ocl:)IELbuffeLed_ byI a l a[ g%é&(&mﬁl ockI tree. tA ngL
or may be inplenmente or elimnate del ay
bet wee IBS&FE ﬁilfgﬁ RS hlﬂf%at@@ dirdi§, if 1s@en Héé%ﬂ%tgeﬁerate

the internal cloc ree. yet anot her exanple,” |
mimgeried chbeks witlh predé¢torntnebplesarcidtiasshipsgb atréferenceclock.

dEPaire Grcs PreSpLog8 Lon g 3aor deyb dderrch Sin () as been used
t ReehahRnes ?ﬁd@ﬂeﬂﬁi&ed gﬁm %la‘%i&»ﬁ&ﬁ?.dﬂvﬂﬁ. of kS nddyexist for
often used Tor circuits that performdifferent

orsqriaing dresphdserrielagjonshin:. dios sramppiademanbe desarable sradiesy en wternal

Ls a nventional ly.all .diqi [ ‘
<D By B G RARsK il el B pBfbpePliock and
| f@pwt@irnalsdehteolleld bpehedhtetliaf tloak. 1Bl Bomet &awipld)itahaBealesirable to

del ays. A phase detector conpares_the reference sigpal
aminRizesken gt /irsingts slelay betyeern feirpisrappe ¢lagk anggngnternal clock

Oy S & by Qﬂ%xﬁteﬁﬁPMF% tg% ggﬁﬁfg ro} thLrlﬁ??gé %Igﬂ)}é}ﬁed to reduce or

i ncreasi'ng the overa , iscr
etlaninate slelah betwateth therrefierenedcldckoandtthefinkd beanchdsrod the internal clock

decreasi n he overal | del a ii% I tal DLLl? ha\i%athe

=35t AL, R B PR RSPt SPIigt 10 Eenerate

agi: e MERANASEs! BF Kx RFIVRhaddtRIFE HEI® NS, 2A00KH R Uegrees relative

feedback signal in a relatively short lock ti me.

HovikemfgretdaelockaThese pbastidstayed clodgerobitprused feadiits that perform

J (|1itﬂter%rr.1t Iopnergtlrg%s glll'lrgrpguc{iffgljegtcplﬁlagers oFthe clock cycle.

DLLs are conventionally all digital, all analog, or some form of digital/analog

hybrid. Digital DLLs include a delay line of digital elements with discrete delays. A
phase detector compares the reference signal and a feedback signal to determine whether
more discrete delays should be added to the delay line, increasing the overall delay, or
discrete delay elements should be removed from the delay line, decreasing the overall
delay. Digital DLLs have the advantage of a wide locking range and ability to achieve
phase lock between the reference clock and feedback signal in a relatively short lock time.
However, they have the disadvantage of pronounced jitter in the output clock or an
undesired skew between the feedback clock and the reference clock due to the availability
of only discrete time adjustments in increments of the delay through a single delay

element,
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t hrough a single delay el enent. Anal og DLLsS
conventionally contain delay el enents that maybe

adj usted by nodifying a bias voltage controlling the
del ay elements. Simlar to the digital DLL, an anal og

DLL i nghdlé€P1as phaeatisialiectmiin del wﬁfentsttﬂa& rﬁe@ﬁb\ﬂ aﬂjustfed by
the phase conparison is a bias volta whi ch
UBoGHyiEMbias TRitage ceriTaliang the delavelements. binlayd ﬁha&tgltal DLL, an

43R B, EL SRR 00 s

hsixevdlfage, advdnhageood ugendval. i Tig baasomhhgernmuallsyhe voltage swing of

Vt?lr Iﬁ%}gl e@?ga%lf %efa?f\ég?@ é%: a ’fe,q%:‘)lg Eh%g? (fgr Iaﬁl ggta%glg{g gglg}? g\rsle Analog
|

rﬁtﬁ% hate, é&%@% norat %a cIiPRENST Rﬂ dV i e eQigl gl-\]vﬁlcltﬂ 8b&tes

a relatively nar range a atively | ong
| sadotit (ireseocmdimlmjsasl opmosed i d‘is:lreté)!.dks:k pelibd adjsstments and relatively

o iiacgu i Poneis Aty DLk bRELRHRTk Aoy kg rnge and
Fbé%'v@i %ﬂgaom& @éuwgﬂa@bm@nate forms. However,

hybri d DLCs nmay be generally considered as either a
digit aHybmisal;aalbg/d@ltathbsr ateemphita mcemoratesthe gdvdotages freméboth

8%%%% alog8ﬂ f%%é”ﬁ%ﬁ$i§ electégle taps . at %ﬂgnns

Dubwere® MyBAH DI RInhay B&%nélﬁﬂy &ﬁﬂfd%ﬁed@b gitlierla d@éiﬁﬂ”@élé)shﬁeﬂn series
achieve an initial |oc he reference cl ock,

f Witk amealeg debantlnewr en malegw@el@eluwnth seeectbletaps %éheezv@ut of each
ol A LRI o, DAL TG R e gl clemnts

afoakchigvd ammﬂ]ouls toe refereycectotkawhilé fise mjmstrﬁertts within the delay
tunlng probl ens. Cbnventlonaly% g} has
2 fforaed b

plé8e Pha discrgisidigishelamer) ToRy bap 3t 1§odi 1@,% e eley tiane through
\a}lhkaggggg\é#gpa@&eﬁgrners of variations in Process,

nperature, and Frequency of the output
cl ock HE’W&'\%) anAlmgéimalangstﬂmhaylaj' cangait ?ﬁsldwnisct dfmtégglabblems

| .
iRttt iaohoGh rradk e Pequone a8y e &4l poss an
t (lii?ere@ioﬁa?l bRk AT aflhiins REPREEYISVSithgk, Ofe‘?lﬁj@a%}%aénﬁ Fr@'hency of the

the other hand, at the fastest corner (i.e
mlﬁplés;bck KPGEF) oAn argdog dely lineviends tpistegtae @t)smh @Iom@er e. slow

| ock f.requen he bi ol t,age be ad ust.e
HECORIBETP AR bieh R Rl PR OO o b SR A et
t WHaBgmis iR djusted th€orpeasaty. 0Dh agaoth@hahd)at fhe festdstisvrig (i.e., fast
is not set initially at a value allow ng substantia
t RrAP9se high voltage, and low temperature) and low clock frequency, the bias voltage
must be adjusted in the opposite direction in order to provide adequate tuning range. If the
bias voltage for the fine tuning is not set initially at a value allowing substantial tuning
range in both directions, coarse digital corrections may be required introducing undesired
jitter.
There is a need for a hybrid DLL using an analog delay line for fine tuning,
wherein an initiating bias voltage may be established to allow a substantial fine tuning

range by adapting to differences in operational PVTF parameters. Additionally, there is a

need for a means for adjusting between establishing the initiating bias signal and
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range in both directions, coarse digital corrections
may be required introducing undesired jitter. There is

w@2meetk4bor a hybrid DLL using an anal og del ayP¢T/mg2005025962

fine tuning, wherein an inixiating bias voltage may be
established to allow a substantial fine tuning range

by adapting to differences in operational PVTF

paraneters. Additionally, there is a need for a neans
froaintaohiingsd bingsiped vweponsastiabhdngbd inghd feéerénee tlogk imerdér tagnaintain
si gnal . andnni nt.ai hi a bias signal responsive to

éﬂgﬁﬂﬁ@c HﬂBﬁEﬁFEgé nce clock in orderpto mai ntain a

phase |l ock in the hybrid DLL. DI SCLOSURE OF | NVENTI ON

An enbodi nent of the present invention conprises an
adj ust abl e anal og dEM5§L®SHBEAﬁBHﬁ%EHBEDET generating

|a2 C |a3 3%% glgﬂ c!iwéltdgqm Agnr;ltgﬁ%{ngp ggl%plg% %ﬁ lélg]%lftgl%le analog delay line

A0 @ M of fg@ﬂ&atﬁq dn%aldg ldaMy! Theadjldieblé hrdbog®llAMinkeiim@udes an
may be configure generate a delay with a fine

dehing Ph&igrgenwt@r @efmﬁ/éms gandritaw agék dpe delpyitine nthefine delay line

d I
urg% con l&(%cr ge%n%ra a%eé d\g‘?}ég lﬁﬁg d%%)?ﬁ‘lg%&]g.?@ Ibﬁt%%é Q?ine delay
Ciﬁbtﬁ)anﬂ b Eiﬂayé&tﬂﬁplﬂtt AoRag@font ﬁﬁe bian elgi@al asayHegised tormntrdﬂethe fine

controlled by the fine bias generator. The fine bias
giehratitudedf thelihedshyHitey Spgration phhe fige piag signaj anay be

Sdog{}@l edrbSJ tﬁérﬁge BIQS geng}a@ﬁ. Ef'h% @iﬂ!a bftag gﬁe?'eﬂgr HAPH LR VASE to an
gener rato S|nt|at|ng | as Si e use to
enﬂfratneg Biassipsdl acdateddo aﬂhmﬂgnahfmgl thcaarguhog‘phaset genefaiane This

delay ljne.. In sone enpodi nents, thefnetunln a
ﬁaylaﬁ%g Wias sigral %&Pe.uﬁedrtegﬁ%ﬁ%sqbataa}a@ g%%lf Hibdine
Qfelaéfl{ﬁﬁl Yn ¥Rhd &Hﬁodlﬁlgﬁfp A tﬁmn? P&nge [‘r?aS’r%% @%bhs-ﬁg@m response to

bias signal may alternative résponsive to an
(Iﬂ’@r?@ng D%‘ atmietess ofisgpEly voltagestompe@tm@ dhdraquency ’th%le bias signal

phas t a reference s

PR Ty PP e ap AP B Brde il g opR R Bdiments, a fine
SitaBAdetecfiIRbMPEri R IR éRB kighhl AnbQ fBIIBEE Vigralha berfate the
conprises a hybrid delay |Iine and nmethod of generating

HeHting liageigagl: The hybrid delay |ine conprises a

coar s, dek MolloBient BFineBALAY iRIARS ARISLA Mybuliliay line and

fine ay | , and I'as gen
caahs@oighaymtihg o Bybtaikdabayc Tk sebidieyy hm;gcrmﬂpxﬂes a odarselielay line,

it 12 o bttt T i SN S T
& eé;ﬂﬁfg%‘ég E godﬁﬂab Iﬁ{y’ng%n ef‘ §d) Wit rfm At 'afdl@%t one coarse phase

ting t I ne. 0 ne e I nent s,
t ddgusatherntt signil. In this embodlment the coarse delay line may be connected in series

with the fine delay line creating the hybrid delay line. In some embodiments, the at least
one coarse phase adjustment signal may be controlled by a coarse phase detector
configured for comparing the reference signal and the feedback signal. Operation of the
fine delay line and fine bias generator in the hybrid delay line embodiment is similar to the
previously described adjustable analog delay line embodiment.

Another embodiment of the present invention comprises a DLL and a method of
generating a delayed output phase locked to a reference signal. The DLL includes the
analog phase generator, a coarse loop, and a fine loop. The fine loop includes a fine phase
detector, the fine bias generator, and the fine delay line. A fine delay magnitude through
the fine delay line may be controlled by at least one fine bias signal, which may be
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one coarse phase adjustnent signal may be controlled
by a coarse phase detector configured for conparing

wao b@onefsesr ence signal and the feedback signal .PCT/US2005/025962

Operation of the fine delayline and fine bias

generator in the hybrid delay |line enbodinent is

simlar to the previously described adjustabl e anal og

del ay line enbodi ment. Another enbodi ment of the

reasretet] biy tivefivd s geneptor ess@nbt lo cther @ imgibtiggibied signal or an

ener.at|ng a del ayed output phase |.ocked to a :
e an S slglans tetrae B AR RC e A Ciaosidavdioe
GBRRHAHAT  th@inRRRS Biak Si@Ral eAehbhRd %2% anhldg phhSenerator.
| oop includes a fine phase detector, the fine bias

demtheatter harah thetoperafingibiasisiPaa) mayrbe. gererdtiedh as ajrsisulyof a comparison
it h h the.fi lLay |i b
S R SR AR

RrésnafcatiRghd hethie dﬁaiag Snd2hASd IR0 Bk HcréRed BSRORERA! The coarse
either an initiating bias signal or an operating bias

dpeminkludesa ehasse phisedletebion@ doarse delay Hay, aad tisifimegalay dge

d | | i I’Tb . e . . .
e 3R E S B e bRl e e Pt may e
Qohes1ldiesycht 1dalioneRE4rad pHage Lj@tmentGiakl, Whjdhengeiedentrattd by the

as a result of a conparison hetween the reference
Sogisa phass detepfer paapmaa wmpaason of thestarenes sighalgwd a feedback

0 . . . . .
SR AL S L LSRN Wi

.\ géedﬁmk @t}m?els the rclbasealodﬁhﬁtﬁm loop by ometin@ﬂhaﬁelhj;}ad&utput to
and_ the fine delay line gonnected in serjes with t

b fesdd Q@L Figpal i eomeRnhGAMER &E%Pem!#@dz ath G2 anclvf%buffer
;%miéa%pamatﬂlgg {R¢ d@%(%?*’fz oﬁﬁ&%ﬁ&ui&? 8n GABHRBndARAR Yevice.

ust nent si gnal, maybe generated by the coarse
phase Amitbateotbogiarehbofithegresent tvpatidnswmpoises dmethod of achieving

f .si gnal, and i gnal_t t er ni

SR G g BREo8CR AhEE A e N8R, el Helirile Bpese

Wenélafor %?%unnb/é 4 astRelkioRatiin & sRafSwhith had@piae td@dnship to
e [oop by

and fin C connecting the del ayed output to the

fthetsirencesiggak by adjustingrpephestrsaristonbins sighel, Waish ik may adjust
|.s0 i REl buf f | '

R Bl R o 2 LBl 6P R R P, or

driffefed. veAvis, Bal be ibwidb weddrato bin idigatie &8 Rignalfeetht ifina delay line.

conErises_a net hod of achieyigf and _mai nt ai ni ng phasg )

| Weth theingiahspipgsipial setiag sifief Gas detpy wegnivde ithg figgdelay line,
I s

AR SRS B SRR ORK 05, MR o

rtefaeomipaigsoniof el refetepcadpud tind fpedbaoh agealge Hercatse phdsadetector.

signal, which in turn pay adjust the dela ni.t ude

ot?lgqeﬁeéoaﬁs Pt MkdtaguRet diehne I%ﬂ%e Soterios L e gy e may be

Ri351ed tMBIntairPk fifle A6 RERIATNER Afhse HBCtAR oM PRfEs R reference

generate an 1nitrating bias signal for the fine delay

| signal and feedback signal to generate an operating bias signal, which the fine bias
generator may use to control the fine delay magnitude in the fine delay line.

Another embodiment of the present invention comprises a semiconductor device
including at least one adjustable analog delay line according to the invention described
herein.

Another embodiment of the present invention includes a plurality of

semiconductor memories incorporating an adjustable analog delay line according to the

present invention fabricated on a semiconductor wafer.
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del ay magnitude in responseéto a conparison of the
reference signal and feedback signal in the coarse

phase detector. Once a coarse phase |ock is acquired,

the fine phase detector and fine delay |ine my be

enabl eWet aotieir anbodimant ineecpddarse withctke prEbent frivestigha@sprises an

det ect or conpares. the.reference si and feedback
SPBHET S GEHar e AR BTGt BHIEY e Gha oL anemory
f h8gcdd IR o ab@ke &Hiﬂéprgéseattl&sp&fétse&hcow&téﬂ &S i@brporating
magni tude in the fine delay |ine. Another enbodi nént

ofin gdjestihlesming detaydineiaceprdiogpy the present dmienemduct or
devi ce including at |east one adjustabl e anal og del ay
line according to the invention described herein.

Anot her enbodi neNBRIHF DRSCRIFENON OF MEAWINGS ncl udes a
plurality of sem conductor nenories incorporating an

adj ust bibhe deavangsgwhich ajusirptaevhatis srapnily considered forhegbebest mode
| PO\f%ﬁllg#iRgﬂ%@g% lr%l%%{“%gz on a semnm conduct or waf er. Yet

anot in accordance with the present
I nvent FIth 1cie aplock diagti 6f 8cixemplagy BYStigthding |autbing @ttePthings, a
i nput devi ce,. an output device, a processor, and a

ERBASIAERE 8 dne g sersFeTy Ak seeEsedsliylinges at | east
e | oehIcE. ONLY Bl dllighinl éd!fldnr&eﬁquaﬁgﬁ%{@na@d&é’dt&St abl e

anal og l'ay I'ine ng to sent 1 nvéntion.
BRI EF BESGRE BBlock dideradRAVInNGEmplary fise dblawlinegs, whi ch

illust e wh js.currently considered to be the best
mode ¢ B.&is IWE%@&{MP&%@@H@%%@ WPEENErA 4 bl ock
di agr apiPi480 aBIRERER M Bhdn dxREIUEN, Bls a@dﬁ%%a@hﬁ?‘bg H(Sjed in the

things, a fine delay 1Tine, a fine Dbias generator,
afinobipsgengettary |ine; FIG 2 is a block diagram of an

I f.i d ; ' bl
G aor ahih AR BRR BB OF depuleny iy &8s

bl ock Hi@@riaakséhicamivewe Mk inchidifiea Pluasitgsmemaioffuctor devices
FIG 4A is_a block diagramof an exenplary bias

airslyding ardelay lingyconading ixthp presens ifviepdorspad ™ gener at or ;

gerer aTSF e B AR B D ) BB o

phematied iiclofling ardiclag ticle a¢cordinketol thepresent invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, circuits and functions may be shown in block
diagram form in order not to obscure the present invention in unnecessary detail.
Conversely, specific circuit implementations shown and described are exemplary only,
and should not be construed as the only way to implement the present invention unless
specified otherwise herein. Additionally, block definitions and partitioning of logic
between various blocks is exemplary of a specific implementation. It will be obvious to
one of ordinary skill in the art that the present invention may be practiced by numerous
other partitioning solutions. For the most part, details concerning timing considerations
and the like have been omitted inasmuch as such details are not necessary to obtain a
complete understanding of the present invention and are within the abilities of persons of

ordinary skill in the relevant art.
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including a delay line according to the present

i nvention. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON | n

the followi ng description, circuits and functions

mgybe shown in block diagramformin order not to

obscur I

Conver 2si5H S RTsed B LARHATSRARS Bt VorkdRbate yhigh may
dessed toadnsieorxe muiraryrion types aﬁmfcsmmrd st aspsleta, addresses,

construed as t

caoeh P ALGiSRLE A b 0t SuleEhon e nelsdip b R o n the
fa 902kikYal. BhoOkms el tanaraeganea aE@JeEpeEhﬁHPy (¢td9fhen referring

| ogi ¢ between various bl ocks is exenplary of

stp éwirenderingpf e signdl atatonbit, ot sindilat anpéra@wnf@u‘@ lvwcmémﬁfor

%@r%lﬁgiét@ é%fﬂfép ﬂ%ﬁgﬁ%g%tlézg gpch c PIn% rft].‘rlle\r/]l%ntcﬁl%fnfalse state

SellWel a0 Sic 1dver zekd) GC(SHi&iseg/afftthe 1d gﬁ:ﬂly' tBueCsRdl€ Bralbgig level zero, the
timng considerations and the | ke have been onitted

ilngis Isastateucll beetegit leveraenot necessary to obtain a

| d f
oo wi VAR B el g SRR B RGP b gpal
i d@nfrblﬁn% eHeMmaht & dela'ﬂiﬁ tHeh#log ldelay lihemag del ptdbldl’l&ftlef Atsitrary

@Qura ity of signals or conductors, which fe
LS tegtioroofta bissrodnt neYenoh ke aQP&Pmd%raP%@é gaggtions of process,

u r
t?&?éﬁﬁ‘&é 1%% oA ﬁu%‘y%ﬁ gﬁ%?éngg 2 d %ﬁﬁ o?’heé Plgﬁearllt 1Snvent10n
r@yelbps 1 ﬁfuemg bdis Exgnalr(altsdnmfmadg}u baan m#iading bigs signalYteeaccount for
terns "assert" . and ' ate" are respect.ive se
riagseoppeiafonad VaTiatiopy i%a YRItRe RPHAF S g?ﬂ? Bﬂ?wm&a
Séumtaﬁfal ﬁHé’ﬁhﬁ%‘%ﬁuge%Qvé a{na HeRﬁI e Iﬁlﬁaﬁd‘ntp%u@ kwhleR ﬂie%bllog delay
fal se state the | ogica true state is a lo
| lgnesstwitohes, to nbranal ogmtmn ylof adpéen e prasentjiimventen, at ip qmbed in the

I I he,l I
iyt & Bpa T 53 hes gl el se st ate w11 be

a | OQIF’IG & \{BdwONBloc i@ BrabiSé fGodipl @O Ry L1 IIiEL &00 | Biid operation of
selecting a starting €0| nt for a bias sig

ctbn frllgPLL A Q0 widkd be desaribeddrefere Ida%‘ﬁflbﬁlgldﬁ@ﬂ&ﬁ%qh% indindelug) elements. A
Per?n@glﬁﬁ 1@5% ee@@tt('t) &Coé%géodetiéi)ﬂfrﬁé 1§6| a[s&)tahlgrﬂ)hﬁge d@te@fo??lo and

t ta 0 account oper at1onal “variations
Oé fifdd SleeSSetedt@MBOr Al dase delal baipet 128rbrh thequense elay linh E20

St e RS SR e T L
| e ? tﬁg DA aSh HRRkd H%a}%ﬁ%ﬁﬂﬂt 259 nibee %pphcatlons the inverted

opera variations and create a starting point, or
" dalwyetl osipot 238 rahy mtibagealed and, therefore, may be optional. The delayed

output 239 may connect to a feedback signal 195, or to an optional buffer replica 194.
The feedback signal 195 connects to the coarse phase detector 110 and the fine phase
detector 130. The buffer replica 194 may be implemented to emulate other circuitry on a
semiconductor device by creating a delay representative of the other circuitry. Examples
of this other circuitry to be emulated include a clock tree, an output buffer, and an output
buffer in combination with an input buffer. Yet even more circuits may be emulated
depending on the reason for, and application of, the DLL 100. Additionally, rather than
create a buffer replica 194, in some implementations the other circuitry itself may be

placed in the feedback loop in the position of the buffer replica 194. Also shown in FIG. 1
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it is described, in the context of a hybrid DLL
system as an exenplary use. FIG 1 shows a bl ock

di agram of a conplete hybrid DLL 100. Basic operation
of the full DLL 100 will be described before

de &6 hrhdldghaskefeietatoraB0L Mhe hriathigvilAstedenelatia 80 may@srowde a phase
reference signal 105 connects to a coarse del ay

lin
1geperalyr biga Fighal R4 dethe ding bias generdor 240s &s ?&p}?énﬁ’;slﬁa%r@ Kty below.
det ect
coar et qaFagopP 9 B st Quribtinaddiccld b dfmopring e
defepnct sipeal 200 and the féddbeckdiinal195 to gedtifie melgay enecatse phase
del ayed out put 239 and an |nverted. del ayed_ out put 238.
1adiustaent sigpali 1d & Whisk controls the Goartestrlayanagpinde i the soamg glelay
gﬂ% Bt be needed and, therefore, my be optlonal The

ayed out put 239 may connect to a feedback signa
195, oA fiheleop nogytheariaded by fHeefinerphpdel detectb®430 Tdraparing the reference

(UPOE R i 1Bk Tt £00 S5Rerel 4 QPUEREs DIgupEnay 49, which may be
hitd B tHeTRleibER b dattRYA08 dbitedi @ RA% 8fe KR BiabbighA 209 Reich may

circuitry on a sem conductor device by creating a
cket thy fine geley mapuitideof tfe fineelelay ioe 260.r cui t ry. Exanpl es

? ]; etehl Oggﬁ%{#}& %qcil%'lslfet@&l setéﬁae %ﬁ?g@?%ed | a%xlé?cgﬁsea}iefaﬁme 120 are

CT IV in@Rordddkiail &ianithyd B FIT!fif @loweVet, tiR\RBicBpétion is briefly
circuits may be emnul ated dependi ng on the reason for,

ai@gcréa@él Centantianadly, a digitalmonrse plaese Aefgster biP-nelpdesiagoptse phase

REROLE A kRSP O o5 o
pé1@@113 3. rDéﬂ’eﬁdlﬁg eq lflﬁb(ﬁpphmpn ithis tph&e ROSIphtison mzfy Helperformed on
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coarse delay magnitude In the coarse delay |line 120.

fleast ohoepraswhassedivistacsdsigyal tlh2 indicsing hews dieropise deley maamtude
Sg}gng@ |ng thg reference signal 105 and feedback signal
1 é’ &St e an operating bias signal 149, which

nmay beFdi%ﬁQthé pefieapk tobisa delgEhine B(0hclddd A0aekeombledklay taps
at | east one fine bias signal 249, which_may set the

 fanddhejeyreeptlyaaiented drlaydep 1shid- Thaeoares phipse deiectargld 0 may compare the

rising edges of the reference signal 105 and feedback signal 195 and determine that the
feedback signal 195 leads the reference signal 105. As a result, the coarse delay
magnitude may need more delay. Accordingly, the coarse phase detector 110 may use the
at least one coarse phase adjustment signal 115 to indicate a selection of delay tap 15.
Ultimately, the loop may reach an equilibrium point where the compared edges of the
reference signal 105 and feedback signal 195 are substantially aligned and the coarse loop
is considered phase locked.

Unfortunately, due to the discrete time delays available from the various delay

taps, the coarse loop may bounce back and forth between two adjacent taps because the



The exenpl ary coarse phase detector 110 and exenpl ary
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briefly described. Conventi®nally, a digital coarse

phase detector 110 includes a coarse phase conpar at or
for conparing clock edges of the reference signal 105
and feedback signal 195. Dependi ng on the application,

t dungpapilagigescarapatrpreddselnaignbd cpesidgjittae ch tho resuBingdelayed

edges,. fallin ges, or both edges of the two signals .
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are not eci se i d, causi lifter hn. t

Bt g o R B SRR ey 0ol g 14010
| @@pol®find Stake djtdmenmeigal B2, (Thp fidgbhae adjustefnt Sgnat K4Ms a bias
wi |l exist between the reference signal_ 105 and the .
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d
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types of cogrse delay. Faor exanple, the coars e
Xol%vn. A loop fﬁter ?44 may t\ale used to genegpt)e an operatmg%?as ssgna f4%¥)y

integrating the fine phase adjustment signal 142 to produce the operating bias signal 149
and ensure a first order closed loop response for the fine loop. The fine bias generator 240
may buffer the operating bias signal 149 to create at least one fine bias signal 249 for
controlling the fine delay magnitude of the fine delay line 200.

For example, if the feedback signal 195 lagged the reference signal 105, delay may
need to be removed from the fine delay line 200. The fine phase detector 130, detecting
this edge misalignment between the feedback signal 195 and reference signal 105, may
generate a down pulse 136. The charge pump 140 may use the down pulse 136 to lower

the voltage level of the fine phase adjustment signal 142 proportionally, which in turn may



out put 125 maybe generated as a result of other
i npl ement ati ons such as a synchronous mrror del ay.
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mul ti pl e stages including i9%s own coarse and fine
del ay adjustnents within the coarse delay I|ine.
| mpl ementing a fine loop, including an analog fine

d@é Aierkd BRI 2R b%z%l'ié 188 mt&n 4%@ &%@Jt@ﬁae%?la@ﬁng bid€signal 149.
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Tﬁoéls?rflﬁlé%?rggo‘é’gﬁerator 240 may buffer the operating

bi as sDg#igh arddihplé@nétfidhef de VERE magne abphietibh dpendent. FIG. 3
signal 249 for controlling the fine delay magnitude of
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signal 149 W%Kajust
VCDL if needed. The bypass mechanism may select the clock signal 212 and inverted
clock signal 214 if a loop enable signal 118 is negated or may select the delayed clock and
delayed inverted clock from the VCDL if the loop enable signal 118 is asserted.
The fine bias generator 240, shown in FIG. 4, may include a fine bias buffer 250 to
control the at least one fine bias signal 249 comprised of the n-channel fine bias signal
249N and the p-channel fine bias signal 249P. The fine bias buffer 250 may continually

adjust the n-channel fine bias signal 249N and p-channel fine bias signal 249P in response



the at least one fine bias signal 249, causing the
fine delay line 200 to proportionally reduce the fine
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nore detail in FIG 3. A clieck splitter 205 receives
the coarse delay output 125 to generate a cl ock signal
212 and an inverted clock signal 214. The clock signal

212 and jnverted cl ock sj e.th h .
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| An benplagpnaogbhae geignadr 1R0Gas owsseFi@d, niilide hicoaplete DLL

bi
f\%/ﬁ}zltegﬁ\gg rqa;tg%cggnd'egggﬁ?rg W?'he QonE/lentlonaI function ol}%lpﬂgsee gaenerator is to

develop a set of multi-phase signals 192 with a desired phase reiationship to an input
clock. The analog phase generator 180 includes a phase detector 182, and a bias
generator 186 similar to those described above for the fine delay line 200. The analog
phase generator 180 also includes analog delay elements 188 including differential buffer
elements similar to those described for the fine delay line 200. The phase detector 182
compares the input clock to a phase generator feedback signal 190 to generate a phase
generator adjustment signal 184. The bias generator 186 uses the phase generator
adjustment signal 184 to generate the phase generator bias signals (189P and 189N). In
this exemplary embodiment, the analog phase generator 180 includes four equal sized

analog delays such that the multi-phase signals 192 are generated at 90, 180, 270, and 360



10

15

20

25

30

control the at |east one fine bias signal 249
conprised of the n-channel fine bias signal 249N and

wao b@epiabhannel fine bias signal 249P. The fi neP@I/ES2005/025962

buffer 250 may conti nual | y1adj ust the n-channel fine

bi as signal 249N and p-channel fine bias signal 249P

in responseto voltage changes on a bias input 242. In
adjusting the fine bias signals 249, the fine bias

hiepfees rePiive cothi figpus cloble Mahy ater grusaglatiensdhipgsnay be desirable and
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fine bias generator 240 is.to reduce.or elim.na
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afdhyl1he 2909 0Rbodld 85 BhfBmEAS N BEeSfdel bBSveciMlecthaloR Helay
be 'n the form of 'the phase generator N bias signal

1denents Wi gfibesmnalpgmbese: gsnerptop il 8 and the fine dgapling200 atepossible.
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227 Ry bR ey O Wity BRLeeBl gl clements
1636k asthc EMERBIRICY 268) Bdveshphas 2 3) eftemaltiplexéBQ30 as the Hpwdelay
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055, b b PG 5 90 A T AN ba 2RSS i Bluir 250
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and .a bi as. generataqr imlar to

td NSUEE £ b SO0 B BHAREDIR e gg‘bfﬂlr hehiasipppt 24 when a
344188 enable signal 117 is negated or select the operating bias signal 149 for the bias
input 242 when the fine lock enable signal 117 is asserted.

The initiating bias signal 254 may be optionally coupled to the phase generator P-
bias signal 189P (shown as a dashed line in FIG. 4). Alteratively, the initiating bias
signal 254 may be coupled to an output 253 of a bias adapter 252, which may be tunable
to adjust the initiating bias signal 254. The bias adapter 252 accepts the phase generator
N-bias signal 189N to buffer it and create the initiating bias signal 254 at a p-channel bias
level, rather than the n-channel bias level of the phase generator N-bias signal 189N.

Buffering the phase generator N-bias signal 189N may provide isolation from potential
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phase generator 180 al so includes anal og del ay
el ements 188 including differential buffer elenents

W@ 20bloex64 0 t hose described for the fine del ayPdT/mg2005/025962
200. The phase detector 1822conpares the input clock
to a phase generator feedback signal 190 to generate a
phase generator adjustnent signal 184. The bias
generator 186 uses the phase generator adjustnent
stagaativd@pling gewemnaheatde ghassgengeterld0 end thedme bias

S 189P and 189N). In this exenplary
e&’?g Cﬁ@%? t he anal og phase generator 180 incl udes
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W t hin the scope of the present inventiaon.
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perturbations to its input clock.

When the analog phase generator 180 achieves phase lock, the phase generator
bias signals (189P and 189N) may be used by the fine bias generator 240 as an initiating
bias signal 254. This initiating bias signal 254 represents a preferable initiation point for
the fine delay magnitude of the fine delay line 200 that may provide a substantial fine
tuning range above and below the initiation point that is also compensated for the present
operation parameters of process, voltage, temperature, and frequency.

With thé initiation point and fine tuning range set, the coarse loop may be enabled

to phase lock to the reference signal 105 by asserting the loop enable signal 118. The
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bi as i nput 242 when a finelBock enable signal 117 is

negated or select the operating bias signal 149 for

the bias input 242 when the fine | ock enabl e signal

117 is asserted. The initiating bias signal 254 nmay be

Oa%ért%}?(gf{ e DB BARIE §1%1at1 heg RhRaRo Qé‘r‘ﬁtﬁi'eﬁltlé)lﬁyﬂ:’ Qi Bsm SediR! delay
(shown as a das line in FIG 4).
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Additionally, the bias adapter 252 may

rcbmﬁf:n‘g@rs which wh@g:amed &y ardigitsl ﬁn@dféﬁélmes map be chmiater.

2 usc Sy onegRper B bR e BT b s M ine 200 may

edvpbhEor! BE hitinber cﬁfdlﬁdaaltianbﬁﬂf@i pT0gusedl axasesleg redr ex@thpit] thefine
to the phase enerator_ N-bi as signal
%ewen%@agd BB e At ADoK IR %A%F @ay be able to provide

gagélel?%% apgutaﬁ Dok ﬂl'e%f@l%h&%lé’da?ﬁ 164 2 gn(}%ﬁ h Iﬁ‘gﬁF&ﬁlﬁguratlon the

rne tuning range ura
bigitatic®bip sigied d54 fnay sebaariftial, detajy fomttie fiye dejay e 300; éependmg on

mber, ,or size and nupber of, n-channel r i stars

bR ABRH i ReETRgiES PRECHDEE e AR PIGROBY AL a@?@%ﬁ g his

C v
A0 IR o RSO A M ey 1ok nd e

tmenmumdelalyocﬁﬁerfhtelde}ayhacﬁo@w ng phase lock in the DLL

100 T8Xs hownin %1886 fa%em?cvgic’qduc't:orrwafér 400, in accordance with the present

invention, includes a plurality of semiconductor devices 300 incorporating the adjustable
analog delay line described herein. of course, it should be understood that the
semiconductor devices 300 may be fabricated on substrates other than a silicon wafer,
such as, for example, a Silicon On Insulator (SOI) substrate, such as, for example, a
Silicon On Glass (SOG) substrate, or a Silicon On Sapphire (SOS) substrate, a gallium
arsenide wafer, an indium phosphide wafer, or other bulk semiconductor substrate. As

used herein, the term “wafer” includes and encompasses all such substrates.



phase | ocking in the fine | oop and the coarse | oop nay
be di sabled, and the fine delay |line 200 bypassed, by

woe@abizng t he | oop enabl e signal 118. In FIG BCT/UR®05/025962
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| oop enabl e signal 118 is sHown energing fromthe

anal og phase generator 180. However, it may just as
easily be generated by one of the other functiona

bl ocks or a state nachine (not shown) controlling the
phase h9sidwitinMQCE % cleirbiic kyifert 900, S adcORRnaNWith tHePresent

| oop di sabl ed, the ‘anal og phase generator 180 may

alEntipg, eonpisesar 1@@1% dgyice éfﬁ an ﬁﬁtpatj@rweéaﬁm mcqswréﬁo and a

pﬁrg%lér Se%iecrggﬁg ﬁt ml?ﬁp‘yet" ﬁ %pp [21{ 1'3?% %Héa%en%conductor

gRBRLAL 3DV’ Rcapositigf teadfusthBR Bnﬂﬁgi ddigplifle daynm Hege@itlintyDRAM

the fine bias generator 240 as an |n|t|at|ng bi as

silqyifgt Itsbauldbg “ugdfrrﬁpt)ql et the snisendycign genpey 30 ey sevpyise a

fal

‘rfjr\gg%‘%{aﬁ%g%k ?C\/ll OP%% gh%g cﬁ% Q#élhtfrl](g{ t&)%ﬁ F{hA Mt eiprgglhlgl C)or g(ample

aStatibRIAAM (SRRAM) ﬂﬁﬁﬁésumd@as{haﬁ@ﬁo@hle\heesang ?el owht he

|n|t|at|o oint that is_al so cqomen or the

pr esenf\lth %ﬁéblﬁ aweﬁféqnah?ébe%&é fribse ou § erepge foppsticular
%ﬁlﬂEﬁ{E @he @AVChtoh SR 'i‘iﬁMtedYg follsd &@cﬂﬂ%ﬁ tehi%t)ﬂl?rﬂagﬁo iRRther, the

an I'ne t’uni ng range set he coarse | oop nma

eimabrltmd 1$ Imjpiechady by te appeltdhé chehg Mélmhendummum (ﬂ&nbspope all

asser the | 0o ble signal 118. Theas [
Y Jeich o Ml a Dot s g Rl OB G5gfGention as
f&g@m&ge fine delay line 200 so that the fine del ay
magni tude set by the initiating bias signal 254 may
participate in the overall delay of the coarse | oop.
Once the coarse |oop is phase | ocked, the fine | oop
may be enabl ed by asserting the fine | ock enabl e
signal 117. Wth the fine | oop enabled, the fine bias
generator 240 may use the operating bias signal 149
generated by the fine phase detector 130 rather than
the initiating bias signal 254 derived fromthe anal og
phase generator 180. At this point, the fine | oop may
generate continuously variable fine adjustnments to the
fine delay magnitude to conpensate for any variations
in process, voltage, tenperature, frequency of the
reference clock. Generally, in DLLs containing a
coarse delay and a fine delay, once the coarse loop is
phase | ocked further nodification to the coarse | oop
are disabled to avoid a potentially large jitter in
the final delay output. Further nodifications to the
del ayed output may be acconplished with the fine del ay
line. An analog fine delay |line may be desirable over
a digital fine delay |line because anal og fine del ay

| ines can make fine adjustnments quicker resulting in a
faster



| ock and response tinme. Additionally, because the
anal og adjustnents are continuous, discrete jitter,

wokioshizasy be caused by a digital fine delay |PCEUSIIOY025962
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be elimnated. As stated eaflier, the fine tuning
range possible in the fine delay |ine 200 may depend
on the nunber of differential buffers 220 used in
series. For exanple, the fine delay Iine 200 nay be
configured such that at a maxi@uUAIMS!| ay it may be able
to provide a delay of about 1A of the reference
signal's 105 period (Tck). In that configuration, the
At R i.as signal 254 may set an initial delay
fggﬁrﬁéjﬁg%éﬁdelay i ne 200, depending on the
operati ng paraneters, sonmewhere near the m dpoint, or
about 1A Tck. In this configuration, the fine delay
line 200 na§n§9B§€&Fdﬁm¥ AP-FgPEMGE bet ween VT. Tck
apfind Bigs g@g@%@f%gﬁé@é’d Rfcohbsl o 128 oﬂf@ lsgy bia0 Eﬁ%{lﬁ?@hﬂ@ﬁ the fine

shown 1 n 6, a sem conductor wafer 40

accor daincgenaiatdy i teepqmsivs éneithiensreinitiating biam siignaleelatad to a phase
pluralit f .sem conduct or devices 300, i ncorporat.i N
t he adﬁ’i‘é{ag%lbéasa?@ﬁ OIHéPé’Qzaq?% PResqeTER Y& "‘H@P%f?‘ﬁ‘?gn%“s signal;

coursegnd t shoul d be understood that the sem conductor
devi ces 300 may be fabricated on substrates other than

aa §n¢ ddanlingndpding adine delay fnppt andangslayed quigi, wbereingthe fine delay

I nsul ator. (S bst s at.e, . suc s, for ex e .
Silicoleds g@%%lge%l('{%&;ayih&bdgfayg$ gﬁp%t rrelg{ng tp?fi&éﬁné&e?ay inputby a
Sapphi fife debyGhagitaaé feddted toahgalléastshedine s dienwiaf er, an

i ndi um phosphi de wafer, or other bul k senm conduct or

substrate. As used herein, the term"wafer"” includes

and engonpa : S - 4.1 F .
o S oo PR R B SRR f e dty e
popesabhy cauplednd b oetereacagigriab sl cnfipmpdito dkdayi Le@abst@elagoutput

out put device 520, a processoy 530, and a menor
e retRaceignal §Y HERFFEA kY BragBifie elsiedde of g pne coarse
sSEghGRBuedqr menory 300" incorporating the

adj ust abl e anal og delay line described herein in a
DRAM devi ce. It shoul d be understood that the

of devices. bGP eIt SN By Gp Eo b rEjaK e phase
| seoust oafigred toraipRfet fosibatlt §gihd Sﬁeééﬂzreﬁ&yéi%ﬁii to gdi6kate the
as

Fl ash menory devicés. Although this invention been
denseating bipswignpl indicetingrivhethes thedineidelay aragaivsisaibaeldtbs increased or

t Lovention is not limted to these described

e‘ﬁr]sggé(%?eﬁ‘gnt s. Rather, the invention is limted only by

t he appended cl ai ns, which include within their scope

al | equival ent devices or _ methods that operate .
accor dfng t bhe ¥eusiabledslay ling ofclaim @, Vhgreinithe#palpg phase generator is

configured to phase lock to an input signal that is phase related to the reference signal by

generating the phase generator bias signal to control a delay magnitude of the analog

phase generator, and further comprising:

a coarse phase detector configured to compare the reference signal and a feedback signal
to generate the at least one coarse phase adjustment signal;

a fine phase detector configured to compare the reference signal and the feedback signal to
generate the operating bias signal; and

a feedback path operably coupling the delayed output to the feedback signal.



descri bed. CLAIMS What is clainmed is: 1. An adjustable
delay line, conprising: a fine bias generator

wa@ombiogpased to control at | east one fine bias BCONS1005/025962
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wherein the fine bias genet@ator is responsive to

either an initiating bias signal related to a phase
generator bias signal from an anal og phase generat or

or an operating bias signal; and a fine delay Iine

I ncl udb.ng aThe adudsdlagelaynipne ofaiuiimal, dib@iratle ootrgthase detector is
wherein the fine delay line js configured to delay the
d@f@,@@@déﬁgﬁ eitabled viep pdoqryenehis signads g%?%?ﬂ- i nput by a

fine delay magnitude related to the at | east one fine

bias signal. 2. The adjustable delay Iine of claima1,

f urt heb. conibh¢ sdjugabde dday e afelaay 4, whercoyptbe &elihack path
coupled to a reference sj.gnal .and.confi.gured_to.dela .
e Gamay SO el G sonEansd fr g et g erein an
bbﬁpﬁt SR Bt %‘ééﬁ)éa BRI Belp1dsb ﬁfe%@lak@d &ipht@Ad an 83But of the
coarse phase adjustnent” signal. 3. The adjustable

dedffey rénlice opdraldy apuplies,to therfe¢dbaclcogpli sing a fine phase
detector configured to conpare a feedback signal and

the reference signal to generate the operating bias

si gnal 7i ndi ¢a¢ adj@stélﬂl‘@&é]?hﬁehﬁ‘ cldifie, gedlam ABeeidinithe fine phase
shoul d be increased or decreased. 4. The adjustable

déstegfor foriker gpmprisgs tmloop ke cenfiguredeto gangralg thyhepseating bias signal by
g rator | ont: | . h [.nput

SFRER Lt e BT b BBR A PRk "0 e

by generating the phase generator bias signal to

control a del ay _nagnitude of the anal og phafe )

gener abor, Eh%ia@wgq%@el@qufﬁa\u@:h glaiug 301 €139R 4 wherein the fine
de: ' ; . - . .
P R A R o e SR LB LB bl signal i
coepasd apt asspomicus theaperasing hiak sigaal fwhee thiehfared ode¢rablesignal is
configured to conpare the reference signal and the

f &8 k signal to generate the operating bias signal;

and a feedback path operably coupling the del ayed

output to the feedback signal.5. The adjustable delay
| i ne of. cl aiChe adjusitble ddlay lineenfckim Sewpergihe nelock engbie signal is

contioured 0., $0abled when. 2. Jgpe enabl e signal is

10.  The adjustable delay line of claim 1, claim 2, or claim 4, wherein the phase
generator bias signal, having a P-channel bias level, operably couples to the initiating bias

signal.

11.  The adjustable delay line of claim 10, wherein the analog phase generator
is configured to modify the initiating bias signal to establish a substantial tuning range for
the fine delay line at the operating parameters of supply voltage, temperature, and

frequency.

12.  The adjustable delay line of claim 1, claim 2, or claim 4, further
comprising a bias adapter operably coupled to the phase generator bias signal and

configured to generate the initiating bias signal.



6. The adjustable delay line of claim4, wherein the
feedback path alternatively conprises a buffer replica

wa@oemwbiotp4sed to enmul ate a buffer delay, wherei nPE@NUBIUPH025962
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of the buffer replica opertibly couples to the del ayed

out put and an out put of the buffer replica operably

couples to the feedback signal. 7. The adjustable

delay line of claim3, or claim4, wherein the fine

phase Het ecTlor adjustdbleatelaydimerof skasim 42 velogoeih ithet béas adapter is

configured to _generate the operating.bias,signal b

f §opfigyre BOfitRe gﬁaétglgdvaﬁf%ﬁqt%@%gﬁza Stpsteel Rt AR for
: [

0B fic A A hpeltie Dot IRV Ry Pl CrBlrathBla

gieeypeadyor i s responsive to the initiating bias signal

when a fine | ock enable signal is negated and

responsive to the operating bias signal when the fine

| ock epgabl eTl%Q}Ij\ﬁ!tableSde@a%ﬁﬁ{eto?@}ahﬁ 1, dikign Q- URiA B ®herein the fine

delay line of claim8, wherein the fine |lock enable

shignganerator aseafigedd Whiemenahled sdign g dodparmpbla gighalisssserted.

phase | ock. 10. The adjustable delay Iine of claima1l,

claim2, or claim4, wherein the phase generator bias

si gnal 15, haviingadusbibtd@iaineldif afirh @Vehim D2 chbh W, wherein the fine
couples to the Initiating bias signal. 11. The

adflaslingtis eondigresd to bebynsssed vdiemalerp epablesignalipaegaingh og

phase generator is configured to nodify the initiating
bias signal to establish a substantial tuning range

for the.fi nEhaeljayable debaydinetdieladpeay elkinng) op alaand} whaemfthe fine
supply vol tage, tenperature, and frequency 2. Th ) i
PRSI IgREsRApSIVE Fothe it iap sigoplayhgnA ﬁl&gloek ear}aﬁ%e@}gnal is
; . g . . | .

X g‘é’%ﬁ éarslgf%gédsﬁz'e@(gth% éﬁﬁn?ﬁii%’flgﬁal QREA AR Hhe TN e kinal is

ner at or tg) as signal "and configured to
gesa@tedt e the initiating bias signal.13. The adjustable
delay line of claim12, wherein the bias adapter is
configured to nodify the initiating bias signal to

establ {gh arpulBiBbd @llay 1421 T91akA 1 98ailP2, or BRirh UNRrther
delay line at the operating paraneters of sup

A Ipply |
voimpmigag a semicondecietalevien ovhicresiie ndjpstalila delpyiine comprises at least a
adAgﬁSt abl e ed%%éiul iOngeVo&‘e claiml, claim2, or claimd4,
wWhEr et B PRETH B'ilé éeherator is configured to be
enabl ed when a | oop enabl e signal is asserted.
18.  The adjustable delay line of claim 17, further comprising a semiconductor
wafer wherein the semiconductor wafer comprises at least one semiconductor device

comprising the adjustable delay line.

19.  The adjustable delay line of claim 17, further comprising:
at least one input device;
at least one output device;
at least one processor; and

the semiconductor device configured as a memory device.
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15. The adjustable delay line of claim1, claim2, or
claim4, wherein the fine delay line is configured to

wheoobypassed when a | oop enabl e signal i s negaP@dUSHB5/025962

The adjustable delay |ine a8 claim1l1, claim2, or
claim4, wherein the fine bias generator is responsive
to the initiating bias signal when a fine | ock enabl e
signal is negated and responsive to the operating bias
si gnal20ahenA tnfeghdd oTged@siinganabhleg delgpalompsisiagser t ed.
17. The adjustable delay line of claim1, claim2, or
HeRfIRiing a phase Beteraigiies signahbuphased osking e eeplogipRgse generator to an
wher ei; ' i nprises at |east a
porti olnplgﬁtg %lﬁlglhggetn%% %%)e?&gg% %}éregééﬁ%@{ 18. The
gdinirgt thbpleasd gbryatdn tiss sidnatioaanrimitidting hiad digtal;conpri si ng
a seni.conduct or fer wherein the sen conduct or wafer
c%?ﬁﬂ@tl%@q%ﬁst 8k b Eakin SRERRE o Pk Vheditigpghipssighgl or an
t he add'fl;é "tiﬂQ'b{%sgi%h@’alldi ne. 19. The adjustabl e del ay

C ,

line o arm 17 urther conprising: at |east one
i depyingdeddlayed outpul reltive ren iomitt paud fidedélaeliney ddpasihg o fiee delay
processor ;. and the sem conductor. device configured as
a mendPendy ?’@é?lﬁwngﬁ%?tﬁ%aﬁt?}fe%ﬁ’éqsﬂ@ﬁ an anal og
del ay, conprising: generating a phase generator bias
signal by phase | ocking an anal og phase generator to .
an i nglt  siHreahethorhefelane 24 Sutheocamprisingreompering g featlback signal
j.oini ng.t he pha enerator bias signal .to.a
R R P REA BTEC E surafTe o Sral i ing wheth the fine
hieksy rSighntade dhouldespeRcRed 6r ®&icidagsd. the initiating bias
signal or an operating bias signal; and delaying a
del ayed output relative to an input to a fine del ay
l['ine adjHstj [ eh@% ' e inrelation
to th?éat I%%sr{l&%%(goééilﬁnlgl P as S| gngﬁs 1. The net hod
afelayingj agodfde délay binput relatips io eferencafimiut wigh a cobasddegkmagnitude
signal an reference signal to e&giat t he

1 5

th |
oper atrFllgrﬁ’ 59 adeast grtoarsh drlak AR MR apfle fine
\ i d. 22.
deh e AR iR SRONLA 108 FHERSEE ariRRRRASE

claim?2 urther conpri si

23.  Themethod of claim 22, further comprising comparing the feedback signal
and the reference signal to generate at least one coarse phase adjustment signal indicating

whether the coarse delay magnitude should be increased or decreased.

24.  The method of claim 23, further comprising:

comparing the feedback signal and the reference signal to generate the operating bias
signal indicating whether the fine delay magnitude should bg increased or
decreased; and

completing a feedback loop by operably coupling the delayed output to the feedback
signal.

25.  Themethod of claim 23 or claim 24, further comprising enabling
comparing the feedback signal and the reference signal to generate the at least one coarse

phase adjustment signal when a loop enable signal is asserted.
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del ayi ng a coarse delay output relative to a reference
input wwth a coarse delay magnitude related to at

wo e@sM1une coarse del ay adjustnent signal; andpdr/Us10n8025962

the input of the fine delay9line with the coarse del ay
out put. 23. The nethod of claim 22, further conprising
conparing the feedback signal and the reference signal
to generate at | east one coarse phase adjustnent

si gnal26. ndi Betmethodvnaddier2 1t, bleine d2yros elate Rayfurthepreotpdeing filtering

shoul d be j.ncreased or decreased. 24.. The _ met hod of

A Aotk 2y il § e SRS 59 CORRBAIE e eARhok Sag Ao the
| t ' : : ate the
e B L ik Bl R P o M ne

del ay magni tude shoul d be increased or decreased; and

ol ny - o Ther o e el it O el 2258 o Bt
QonfpriginETbggasGihg Aklajifly & defayed B@putGHHERra 166eha8 AW AN negated.

conparing the feedback signal and the reference signa
to generate the at | east one coarse phase adj ustnent

si gnal,gnwhe I ignak,is.asserted. 26. The.

met ho 80f (r:q‘hai%&g(% © cﬁ?%n%ozﬁl,gn%?l’c aél?’%%%{ C??{?rzghgl’erem

Gefigbfittd the phask igefidratgr Hlad difie] phigshad) subdtiamial tudingadge for the
enerated by conparing the feedback signal and the

reredcksy diae J the aperatingaiagpreters REFWPIY g tagk topreraiiiend frequency.

bias signal. 27. The nmethod of claim 20, claim 21,

claim?22, or claim 23, further conprising bypassing

del ayi29g t Héhedndthydeef daitn claine ], &ldim@R, @rddime?3s ivha@in joining

[ egated. 28. The t hod. of. claim 2Q, claim?21,
éﬁ%&}ﬂggg?neaiorilg Spgngto ‘&Hél}taﬁﬂg 125 élggﬁ il%@erﬁqqlée%é)é%@erable
GBORERLR by BuferS @e ﬁhas%%%ﬁé%tblsﬁigsssi%ma?ﬂbﬁ antial tuning

range for"the fine delay |ine at the operating

paraneters of supply voltage, tenperature, and

frequency. 29. The hod, of, cl aj m 20,,,claim2 1

cl o) i FReleo0r e F M2 wa e frther
GORNFiGhS endblias tifd Tkt dne finb Biak Righh1aHeN A 180PdnableGipRbl s Ssserted.
per

ormed by an operable coupling or by buffering the
phase generator bias signal. 30. The nmethod of claim

corpr 101 ng- diedfiy i BeRimED. Sl A1 Shimerd i Eim s, gty

conpri’si ng ‘enabl’i ng one ras s gha
whsiprising bopassing tedingidglagline svhas 8 &odpedabld dignal iendgateiod
of claim20, claim?21, claim?22, or claim23, further

32. The method of claim 20, claim 21, claim 22, or claim 23, wherein the at
least one fine bias signal is generated responsive to the initiating bias signal when a fine

lock enable signal is negated and generated responsive to the operating bias signal when

the fine lock enable signal is asserted.

33. A method of achieving phase lock in a clock system, comprising:
acquiring a phase lock, to a reference signal, in an analog phase generator by adjusting a
phase generator bias signal;
joining the phase generator bias signal to an initiating bias signal;
controlling a fine delay magnitude of a fine delay line using the initiating bias signal;
acquiring a coarse phase lock between a feedback signal and the reference signal using a

coarse delay line and the fine delay line using the initiating bias signal;



conprising bypassing the fine delay |ine when a | oop

enabl e signal is negated. 32. The nethod of claim 20,
w@b@sn12244 claim 22, or claim 23, wherein the BCT/USHE$/025962

one fine bias signal is generated responsive to the

initiating bias signal when a fine | ock enable signa

i's negated and generated responsive to the operating

bi as signal when the fine | ock enable signal is

agenerating an 8Beratinghsesdrighabfromahineyihase detete bly comparingthe feedback

cl ock sys C ri si.ng; acquiring a phase lock, to a
refereﬁé@higgﬁéﬁggpﬁs%ﬂ%%nalog phase generator by
agli i gnble BorARR tBEARS AUB mBiA®ds FeRAlsing tRé Mith8ink B signal to

phase generator bias signal to an initiating bias
si gnal Usiggihe operpiingpiss fignaafierlagguiriegyihetcoatee pifasalockrad

5 e b g AR R G S g e
r ef er ecsugsesieBiydine usd Mg fide A6lay e Geh@ihe bp&atidMad Hgnal.
fine delay line using the initiating bias signal;

generating an operating bias signal froma fine phase
detector by conparing the feedback signal to the
reference signal; switching the controlling the fine
del ay magnitude fromusing the initiating bias signa
to using the operating bias signal after acquiring the
coarse phase |l ock; and acquiring a fine phase |ock

bet ween the feedback signal and the reference signa
using the coarse delay line and the fine delay line
usi ng the operating bias signal.



