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Bl - DI RECTI ONAL DELAY LINE TECHNI CAL FIELD 5 The present invention relates
general ly | n ted circuits, and nore specifically to synchronizing
i nt er nal c&&:i@%@ggﬁgnal s generated in an integrated ci ¥€UP§2°XW1?ﬁ6ext er nal
clocking signals applied to the integrdted circuit. BACKGROUND OF THE

| NVENTI ON I n synchronous integrated circuits, the integrated circuit is

cl ocked by an 10 external clock signal and perforns operations at
predetermned tines relative the rising and falling edges of the applied
cl ock si gn@YNCHRONOES MIRRORADEDAYYSMD) CIRCEIEANIEMETHOB INCCUDIRGG

synchr onous neggk%)devices such as_synchronous %éﬁ@ggiﬁ%§€d0n1 access

menori es ( SDRA WU RER FoWe REIN/GED S 142 B RHBIAE ©LINESRAME),  and
packetized nenories |ike SLDRAMs and RDRAMs, and include other types of 15
integrated circuits as well, such as mcroprocessors. The timng of signals

external to a synchronous nenory device is determ ned by the external clock
signal, an ti Wi thin the nenory device typically nust be
synchronizgg%gﬁhéﬁkgﬁﬁap operations. For exanple, commands are placed on a
command us of the e e ViveRH b rel R EEANY fNntcrdted BRBX! £IdNAbreC! OCK
signal, and the nenmory device nust |atch these 20 conmands at the proper
times to sepwEssiuto syndupniging inthmakcdookingokgnalfgeherniot in ke integogded eirtutonmands,
an internal .cl ock signal i.s devel.o in.re nse.to the external clock

si gnal , anav@sﬁxt%%?%lg{’]?ﬁgﬂgﬁq? %D&’lhfg%ﬂg?g’ﬁe a%egdgcrli‘ic}ﬂthed in the nenory device -
to thereby clock the commands into the |latches. The internal clock signal
and external clock nust be synchronized to ensure the internal clock signal

cl ocks t he BAGIKGRAUAD PRIHE NPEINtimes to successfully capture the

commands. In the prese L0t vl . o signals
and operations out sllﬁdc’gIE %h?&fo%éhﬁé IHF(;/C Z‘?%’?fé%aeﬁai téq %ifcglgﬁ%?]'oafeg%&ea? er to
si gnal sl(anextempledlodki Gl whd Pérforink @ peratos it preddtertinddiraesvielativathe fiegh t he
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and falling edges of the applied clock signal. Examples of synchronous integrated

circuits include synchronous memory devices such as synchronous dynamic random
access memories (SDRAMs), synchronous static random access memories (SSRAMs),
and packetized memories like SLDRAMs and RDRAMs, and include other types of
15 integrated circuits as well, such as microprocessors. The timing of signals external to a
synchronous memory device is determined by the external clock signal, and operations
within the memory device typically must be synchronized to external operations. For
example, commands are placed on a command bus of the memory device in
synchronism with the external clock signal, and the memory device must latch these
20 commands at the proper times to successfully capture the commands. To latch the
applied commands, an internal clock signal is developed in response to the external
clock signal, and is typically applied to latches contained in the memory device to
thereby clock the commands into the latches. The internal clock signal and external
clock must be synchronized to ensure the internal clock signal clocks the latches at the

25 proper times to successfully capture the commands.
In the present description, “external” is used to refer to signals and
operations outside of the memory device, and “internal” to refer to signals and

operations within the memory device. Moreover, although the present description is



2 directed to synchronous nenory devices, the principles described herein

are equally applicable to other types of synchronous integrated &i9 52085

Internal circuitry in the nenory device that generates the internal clock
i ntroduces sonme tine delay, causing the internal clock

i I il
:: 82; tngcg}z)sz é{’oﬂﬁa@e shifted relative to the external chTc.’)WO(’s’ﬁé%é?. As | ong

as the phase-shift is mnimal, tim ng_l%/ithi n the nenory device can be easily
synchroni zed to-the external timng. increase the rate at whi ch conmands
can be applied and at which data can be transferred to and fromthe nenory
device, the frequency of the external clock signal is increased, and in

nmodem syncdirmtedus syrchoorioas mdnery devjuesnthe principlesedeseritwddierdif@relequblly. As t he

frequency of ..the external clock signal increases, however, the time delay

i nt r oduced?ARe b‘rﬁeetoio L PREt ogcﬁy? ?Il‘gf/mﬁe@&ag%{agmﬁﬁ?'e_ significant. This is true
because as the frequeRaycithithhB 8% HRIBA}H déiRKatSdettales tCmRARE Slock he peri od
of the signal decreases and thus even small delays introduced by the

i nternal céignalineqeysasbr inrodenssl seme dimgrielayceawsing fheyderndli dlock Hignahéebe t he

internak and external .cl si.gnal s. , As re { he co nds. 15 applied to
e’ ronsr st AR o e i SUARR ook S, PR3 45 b PR TR P BindRat b
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signals in nodem synchronous menory devijces, a nunber of different
appr oachesinpigess heelgtec ah ahirdy sepumangds ean be Applied Aed @diwhchidpigycanobked | oops

DLLS), - . o) W s (SMDs),
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t er m synchincieaseé,daridnizl tmdéan SSygeiadout admoiee tio finquetieynts andxcesgofl@ t hat

have a_desjred delay relati to one another, Figure 1 is a functional block
di agr 2 - c%we#eama}_/ ot exisal ﬂa@ v W@@ge&nl_l%m%lep OS] gnal OLK
and gener hiSaded By REfnRat foilp blooticl itke GLAHNE IThid RIRRMREnLOAE N CLK

signal, the CLKSYNC 25 signal beling synchronized with e CLK signal. The
SMD 100 i ribé didgeengy of theextemal tlock sipdd itdredses, duepariod dflthe §ghal slegreasts and

generates a huffered k signal UE in . response to the.CLK sjgnal. The
KB o gt e sl i iined iRt trrhe cFRRY Spg e it

cor r espondshabdshiffeoetwibi tBdintdphiQ RAQ atéraal &t&h{%}égnelﬁ. A& el thelidinhhds A nmodel
delay line 104 receives the CLKBUF signal an enerates a 30 forward

del ayed? c| @plicdsfogihgImammsry Weyigy may ne lopers|bedvalid pyshe time e dntexpal elock he 19 SEP

2006 signal clocks the latches.

To synchronize external and internal clock signals in modern
synchronous memory devices, a number of different approaches have been considered »
and utilized, including delay-locked loops (DLLs), phased-locked loops (PLLs), and

20 synchronous mirror delays (SMDs), as will be appreciated by those skilled in the art.
As used herein, the term synchronized includes signals that are coincident and signals
that have a desired delay relative to one another, Figure 1 is a functional block diagram
of a conventional SMD 100 that receives an applied clock signal CLK and generates a
synchronized clock signal CLKSYNC in response to the CLK signal, the CLKSYNC

25 signal being synchronized with the CLK signal. The SMD 100 includes an input buffer
102 that receives the CLK signal and generates a buffered clock signal CLKBUF in
response to the CLK signal. The CLKBUF signal has a delay D1 relative to the CLK
signal, where D1 corresponds to the inherent propagation delay of the input buffer.

A model delay line 104 receives the CLKBUF signal and generates a

30 forward delayed clock signal FDCLK having a model delay D1+D2 relative to the



WD 2004/ 001972 PCT/ US2003/ 019426 3 CLKBUF signal. The nodel del a¥s D and
D2 sinulate the delay D 1 introduced by the input buffer 102 andld Y%&120 D2
i ntroduced by an output buffer 106 that generates the CLKSYNC signal, as
will be e I i.n nore detail below The FDCLK sign s t hrough
a forwar dx‘géﬁg@%ﬁ}dﬁg 108 including a plurality of uni taﬂtfgﬂg%gﬁ%%k’eN 5
coupled in series, each unit delay recgiving an input signal fromthe prior
unit delay and -generating an output signal having a unit delay UD rel ative
to the input signal. Each wunit delay 110A-N may, for exanple, be an

inverter as indicated for the unit delay 110A, with the inverter
i nt r oduci ngLKB&F signal. (Ehemodef QGIGYﬁrIPbglpbéaFlﬁgﬂ&t@ﬂlﬁﬁiélaphﬂiﬂaggdqcefhby@él ay of

the inverter f r i 4, i gates .
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i ndi cat ed QUKSN&IC eighflnba il rbeodxplditedi nvaoleedetdinbélbw. uThd FDEILRY sigdddA. The

forward delay line 108 includes a_ plurality of oufputs 112A-N, each out put

|
1797 N bel PIGPRSSASIEEEHA PRuard delsutind 1 Bhimeheine dotmaby o sk deavs 106N ay
110A-N, sr eéAcfbﬁfeH:}% Sdrs, dath Eﬁ?dﬁ%&i@ﬁug AR knpRf QRBRofSthe %ﬂBP&iﬁJﬁeﬂ?&n&' nit

del ays 110 en the signal “Is presSent “on respective output 112A- 15 N
t he si gnal gémsratieg iag atpet signaldlazipgd drotr dwaydUDI relatives togtha linfi Bighél. Bechackwar d

delay line 114 | lurality of unit delays.l116A.N led i i
s o evi oot dea TR oyl ot e 2p kol i 1f Wi T dog ot dgpy' S ©°
provi di ng {fua, eiRE fivbA@ThidRiciBithe S8l @S U GArdpasdit it Pﬁ)tpt;gmar d del ay

line 108, however, the backward delay |ine 114 has a plura of inputs
118A- N, eaddlay apihe inverisei dy thodprwer delay line ilovhube FDGLe sigpel propagaids ng uni t

“out pur 401180 SRR ot alide e B HAR gl B BT RER of e

backwar d defiehyatioh 0€thé IdvertbNintBSANSRayt 1 0AL Jihe Gor®AeEdel Hf linet 108 ik si gnal ,
the mrror controller 120 applies the DFDCLK signal fromthe corresponding
unit del ayplm@dquuwuwbl%gﬁm oyiuhy13A-Nebeinscoupled fie therpitput fpm the 25

correspondj i . |y N . Kk d I exanpl e,
if the FS@E’%S@‘&%’& gg‘*%??@%&*e?éﬁ“?ﬂ% o %‘St %ﬁ&éﬁﬁﬂﬁg’%&?@é 1107,
t he mi rr orthesugh tied unétrdelad@ 01 0AHNp when the 8ighhlXChiéscht g a kespertivl eutput [1aA- of t he

unit delay 1101 to the input of the wunit delay 116J in the backward del ay
line 123 e WB&I@C%‘%%aﬁ?%QW&dCIQ%S%@%DmR LEorr espondi ng uni t del ay
116A-N in the backwaf dadlsldy dbispBind 44 330 o NRHGM A aebls 1dghavs to the

|l eft of that unit delay, and 1s output fromthe baCkwar
coupled in series as previously described for the forward delay line 108. Instead of

providing the outputs from the unit delays 116A-N as with the forward delay line 108,
however, the backward delay line 114 has a plurality of inputs 118A-N, each input
20 being coupled to the input of the corresponding unit delay 116A-N, respectively. A
mirror controller 120 is coupled to the outputs 112A-N of the forward delay line 108
and the inputs 118A-N of the backward delay line 114. In response to rising-edges of
the CLKBUF signal, the mirror controller 120 applies the DFDCLK signal from the
corresponding unit delay 110A-N in the forward delay line 108 to the input of the
25 corresponding unit delay 116A-N in the backward delay line 114. For example, if the
FDCLXK signal has propagated to the output of the unit delay 110J, the mirror controller
120 outputs the DFDCLK signal on the output of the unit delay 110J to the input of the
unit delay 116J in the backward delay line 114. The DFDCLK signal propagates
through the corresponding unit delay 116A-N in the backward delay line 114 and
30 through all unit delays to the left of that unit delay, and is output from the backward



19SEP2006 WO 2004/ 001972 PCT/ US2003/ 019426 4 delay line 114 as a del ayed
cl ock signal CLKDEL. Thus, in the backward delay |ine 114, DFDCLKIsSEQA06
propagates through the unit delays 116A-N fromright to left in Figure 1,

as i ndi catﬁgﬁ%@gﬁ%ori entation of the inverter in the Mﬁﬁzﬁ@og‘ 16A. The

out put bufter recei ves the CLKDEL signal and generates YNC in 5
response to the CLKDEL signal, with thg CLKSYNC bei ng del ayed by the del ay
D2 introduced by the output buffer. As illustrated by a dotted line in
Figure 1, the output buffer 106 nmay correspond to a data driver that

receives a data signal DQX and outputs the data signal in response to being
cl ocked bydelaelim KBEes gidglastd claek sigtal GBEDElpplhes, an 8t igkwirdgielagling| ed in

the art. 10, I erat| of .t i chroni zi .t he

cLkeve st bhaitidhich Hena BERAE S uplag BF o B M BEE TR R et

with referpipoe 1,as ifidigated b¥ tied Gri¢htdiofl Rdlihd infereg il it taindelay filGALr ahe

illustrating various signals gﬁn(raqrated by the SMD during operatiaon. In the
(<]

exanpl e of oEpyubwier 106, Tecsives LKDR]- siggal and mpeeratey fthes; YNfedlirs at a
ti TOg | - 1S i ti TO
the i npot | EpERP RS COKBE dirdl WnERI TR it ity B (02 11 T ]

time Tl, wintdoddded dyithé tutptt buffer.ndselligaated by heloGeKBhE-iisFigor! 1, el cutputlesi gnat ed
the N edge f e CLKBUF signal. I n response to_the rising-edge transition
of the CLK rébgﬁwcogﬁsppﬂé?%%a diiver b receiyes ﬂé%tsw?lﬁ%&g@ag B¥PYEs t he

FDCLK si gn@le Bit0Righte idel8bnsdeloaYeindLibled 8% Ghe @LI’Ql)EL r@%_n-gl? as Wil BPCLK

signal thereafter propagates through the unit 20 delays 110A-N in the
f orward dekppyediatedebyltbsesiilled imthe@rtt ri si ng- edge N+1 of the CLKBUF signal is

appliedyto the mrr control |l er. 120 at ti T3, , At .the, tit t he

f or wargodel ay line 108 Wselpnerigy O?H]é? %IQHE?QWW% fos ; lay FD

t hat equal §ignal Gifth &i@' ¢iR) sig%ﬁemuw b& déagbdiein ﬁﬂr@ﬁethiﬂl@viﬁ-i’éf&érﬁe% . This is
true because, as illustrated in Figure 2, the next rising-edge of the

CLKBUF si ghighreocang & sigoi-tinpigg dipgranpyf Bigwe 2 flugrating vpdEeusysighalsgeasrafed of ¢ he

FDCLK si gngl yatannB ekl L N Q%@ : risik ) CLKBUF
si gnal at ?’F]gl%tl rre%%%lg}taﬁéel;gnongf :i%ﬁéscon %o#tﬁ:é%ﬂggoh%iﬁ%@ggggﬁggﬁf( si gnal
from the oQLRuignal odct® atp pitr@Or0. din@esponse to thelridingleigédoNhe CIiRsignabasvae d del ay
i ne 13%;0 the corresponding input 118A-N of the, backward delay |ine 114.

For exdipl €6 405 heampyidutien d0% i treKLRBET signel bighthe delay D1 later at a

time T1, with this initial rising-edge of the CLKBUF signal being designated the N edge
of the CLKBUF signal. In response to the rising-edge transition of the CLKBUF signal
at the time T1, the mode delay line 104 drives the FDCLK signal high the model delay
D1+D2 later at a time T2. The FDCLK signal thereafter propagates through the unit
20 delays 110A-N in the forward delay line 108 until a next rising-edge N+1 of the
CLKBUF signal is applied to the mirror controller 120 at a time T3. At the time T3, the
forward delay line 108 has delayed the FDCLK Signal by a forward delay FD that equals
TCK- (D1+D2) where TCK is the period of the CLK signal. This is true because, as
illustrated in Figure 2, the next rising-edge of the CLKBUF signal occurs TCK-
25 (D14D2) after the initial rising-edge of the FDCLK signal at the time T2.

In response to the rising-edge of the CLKBUF signal at the time T3, the
mirror controller 120 applies the FDCLK signal from the output of the appropriate unit
delay 110A-N in the forward delay line 108 to the corresponding input 118A-N of the
backward delay line 114. For example, assume that the delay TCK- (D1+D2) equals

30 eleven unit delays UD so that the mirror controller 120 receives the DFDCLK signal



30 eleven unit delays UD so that the mrror controller 120 receives the
DFDCLK signal 1 9 SEP 2006 WD 2004/001972 PCT/ US2003/ 019426 5 f 1 9rEPr2806
output 112K of the unit delay 110K in the forward delay |line 108. In this

n
si tuation, ! r controller 120 applies the DFDCL i he i nput
118K of thvéwﬁ“r‘\‘{ g ay 116K in the backward del ay |ine§°?i[g’2€d?/ﬁ?9§2“lts

illustrated in Figure 2 as a rising-edge of the DFDCLK signal at the tine
T3. 5 The DFDCLK signal thereafter propagates through the appropriate .unit
del ays 116A-N in the backward delay line 114, and at a tinme T4 the backward

delay line 114 drives the CLKDEL signal high in response to the applied
DFDCLK si gfiain. the\outphie 112K o€ thequnit dedayh hidknarr thefetwayd Idelag ling 408.adn dldb ayed t he

DFDCLK si gnal ..by .a backward .. d Dth l.s = (Dl + i ch equal s
Cho T or vers HRigucth ot BRES SBfoned Fadarates b RO T Bl e Siud Pl € 20002
t he DFDCLKuit 8élad 1 PO R gt Bielvhid ety [ineel 19aMEhis IRSHated inFighredehays 11 6A-N
in the backward delay line 114 as did the FDCLK signal to the unit del ays

110A- N i n Esieg-edgedthe RPGLK sigral &t 88, timesT3hi | | be appreci ated by those

skilledsin the art. i ; e T4
equal s 5D1+D1+D2+T - ?E%g?waﬁﬁf%%%&ﬁgﬁg gﬁé‘ﬁgﬁ 5‘?@59‘352& Ef#‘i‘g'ss t he
rising 15 édge 106AMN the Khdikdwasd drtyllinat] 14,ed tat arimé T4abebackwirieletigliay D2 of
TS. In T esbBHbbet et BEk e A arPaRse e PRUSTE DCRE SR B { er 106
drives they Y, ' Ia0fnat | s ' ith the
rising- edg%%]l‘ﬁ’t Elgb%%l%@g{iéiﬁlg.?ﬁﬁn?%l% Elé‘ssdefl}\a}laysﬁt%ﬁ[éﬁﬁ%% i 0 82%2?%@%&\1 he
CLKSYNC si dpi@y BDdhat eguals CKg (RO wihinditeqazle theyfotard délae BD of theviptward he

ri sing-edg of t K signal. In_t D100, . al t ho t he i nput buffer
102 and VoL St s ttRe  ThinE SFepecssf fie DEGHCAERE] FgPEAisd HomebE St ch

repr esent smahler 6 PHROARNsS 18AN e BackatPdds) 1irfdell13%s dREhYWEDCLKgdanput and
out put of the SMD 100. The input buffer 106 thus represents the delay D of

al | conponterthesuiedalssd 184-N ipihe forward delaydingd §8.tasavitlbk appreeipigh iy thesel t he

i nput to tfe el, del aynl i 1 t P fer..106.5epresents the
delay D2 o zliﬂ)gcglﬁp%&neﬁﬁse E’eatlvéegap{ ?%nhgleo%ggio#éqagéi Bgecl?vnvlg?ldﬁ 55’1“1?@ line 114
and an ouppHDd1--2-MTID1-+HE2)ErERYNC+BRY Maichi cuale RECHPBRL, ThsS, thelrisinge

appreci ated by those skilled in the art.
15 edge’of the CLKDEL signal at the time T4 occurs the delay D2 of the output buffer 106

before a next rising-edge of the CLK signal at a time T5. In response to the CLKDEL
signal at the time T4, the output buffer 106 drives the CLKSYNC signal high at the
time T5 and in synchronism with the rising-edge of the CLK signal. In this way, the

SMD 100 generates the CLKSYNC signal having rising-edges that are synchronized
20  with the rising-edges of the CLK signal.

In the SMD 100, although the input buffer 102 and output buffer 106 are
illustrated as single components, each reprcschts all components and the associated
delays between the input and output of the SMD 100. The input buffer 106 thus
represents the delay D1 of all components between an input that receives the CLK

25 signal and the input to the model delay line 104, and the output buffer 106 represents
the delay D2 of all components between the output of the backward delay line 114 and
an output at which the CLKSYNC signal is developed, as will be appreciated by those
skilled in the art.

In SMD 100, the forward and backward delay lines 108, 114 each

30 include the same number of unit delays 110A-N, 116A-N. A large number of umit



In SVMD 100, the forward and backward delay |ines 108, 114 each 30 incl ude
the sane nunber of unit delays 110A-N, 116A-N. A | arge number of USisP2M06SEP
2006 WD 2004/001972 PCTI US2003/ 019426 6 delays 110A-N, 116A-N is desirable
to provid 00 with better resolution in genergti rward and
backwar d S‘Zf’gg"s“’?‘%?’lso, whi ch hereinafter will collect i@tﬂﬂyﬁgooé@%rde‘?erred to
as a variable delay VD (i.e., VD=FD+BLj. The resolution of the SMD 100 is
the smal |l est inerenment of delay that can be added and subtracted fromthe 5
vari abl e delay VD, which equals twice the unit delay LTD of the unit del ays
110A-N, 116A-Nin the SVMD 100. Better resolution nmeans the CLK and CLKSYNC
si gnal s wi delays a0ANpEl6AyN Sy desiralla ity Brpvidgshe SMD BRO wih bedsraesotitioy it hose
skilled in . . [ {4 f I jnes 108,
114 mast oS s S PERId blRyarg WO .80 bR n BB E SRl U

cor r espondhengeferved focas@ variabprizlay WA (ireg VIDeFD-EBRE t THOrekslaticresitite SMD he
frequency range over which the SVD 100 is d si%geegéo operate, This 1is true

3e|cause t hE90s Br thersanallpst Bererirah of deliathaf cap e ¢ d s tedaBPm fhev dg a
T : ; . _ D
el ay of q%aﬁl@h%ﬁ%i)@}é‘%gtﬂ gg‘{%lé \tl\‘lii@é’ fhel it 406! %Fétﬁ{e Whit WeRHs TAReri o

of the Sl gha ich occurs’at t owest frequency of the
CLK si gnal 1168l im fierSMDPH 00h Bettérassobrtien metind the UKt apd IGIKRENE kigngls @l and power

15 consumed by the delay lines. 108, 114 is illustrated.in Figure.3 which
dopi ot s arbeSEPeH GBSO e il 18 SoBreF e vy et SRR B s gaddiotgener at | ng
the requi rgd fdehaRY atdbackW NIy [ERs 208 YNGR b a8lleGb @6Hectival) Frovidd®YNC Wi t h
an applied clock signal CLK he SMD 300 i ncludes an input” buffer 304, a

del ay | i nen@d@umameriable delay bViPfeorreqoadingap the ddiktsigriah havieg sherdowgsy as

[ |y d i.bed h di : ' h f
P qur o 10, "R 8 e el e EPPRPE LRV TR B Rmd e, TS ot

agai n be dgsfieideeslst thel &rvatd anfiRichivardi deRgtlinesabs, deldapusti ¢ach ERidene! udes a
plurality of unit del a]és 31 OA-N that operate in a forward delay node to
recei ve a e elICREPAYRY), vhichokilldiaye i largsst velys when the pedeb TCEfdhe | i ne 306

o opagat es TP ELgn BARKe hieh GeRb e 199 Rellthty BRNPLLERMAR | oF 10 g

in Figure 3). The FOmeKapproaeal thatohdsi beeasutfiizep agatedug ther Sxggland tpoeerini t
delays_ 31 OA-Nin the forward direction until a reflection, signgl REF is
recei v 3 conmed byothe dsley dpe iR, B4 3 i Siee e ot dmih & ME . (e
bi - di rect i iaincK@IndYa lvildRectional delay line 302 for generating the required delay to

synchronize a synchronized clock signal CLKSYNC with an applied clock signal CLK.
The SMD 300 includes an input buffer 304, a delay line 306, and output buffer 308 that
operate in the same way as previously described for the corresponding components in
20 the SMD 100 of Figure 1, and thus, for the sake of brevity, these components will not
again be described in detail. The bi-directional delay line 302 includes a plurality of
unit delays 310A-N that operate in a forward delay mode to receive a forward delayed
clock signal FDCLX from the model delay line 306 and to sequentially delay this signal
by a unit delay TPD as the signal propagates through each unit delay in a forward
25 direction (left to right in Figure 3). The FDCLK signal continues propagating through
the unit delays 310A-N in the forward direction until a reflection signal REF is received
from a control circuit 312. In response to the REF signal, the bi-directional delay line
302 commences operation in a backward delay mode and reverses the direction of the
propagating FDCLK signal, which begins propagating through the unit delays 310A-N
30 in a backward direction (right to left in Figure 3). Once again, as the FDCLK signal



302 commences operation in a backward del ay node and reverses the direction
of the propagating FDCLK signal, which begins propagating throug’hgtslﬁg 2006i
del ays 310A-N 30 in a backward direction (right to left in Figure 3). Once
agai n, as signal 19 SEP 2006 WD 2004/001972 19426 7
pr opagat es&lpﬁp(g@gﬁ% he unit delays 310A-N in the backmﬁ?{éﬁyﬁéé&?ﬁéﬁ each
unit delay delays the signal by the ugit delay TPD until the signal is
output fromthe-unit delay 310A as a del ayed clock signal CLKDEL. The FDCLK
si gnal propagates through the sane nunber of unit delays 310A-N in the

forward and backward del ay nodes. 5 In operation, an initial rising edge of
t he CLK si propigajss dhaygh ¢ unil delayl 319ACN iim phet bapkdrd rditgctipnagagh it deledel del ay

i ne 306 t enerate an jhnitial. ri.§ e of . the F K signal, that is
nput to SR SieXy afshitheal i B8 s i AShL DR e BRaHY%) ' Dhe
fol I owi ng SEECis pHelaged dlbe £4@ECOKDHIS FRAUKCEK Gl hopigates toagagat i ng

t hrough the bi-directional delay line 302 may sinply be referred to as the
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backward node in responSe to the REF signal. Note That at this po ,
i ndi cat ed throuigh ¢herts-directidnel dddydine 302 maysingdy boyeferted thas the FEEILKosigial del ay

| i 3 | s.. l.ay..FD.that .i | TCK- .- The FDCLK
s: Sﬁal % hg?%gg?g?@?g O‘E)"ﬁ(rj"gf ggdl?%%% Hgﬁﬁ«yn% rﬁ?ert %gee?géfgmgéﬁﬁfﬁe%{% bgc kwar d
direction gipal koktliRes pfbpagating t@ohgithe funfinetahe 3 VIAIN BethaordhR\diétid® t he

CLKDEL signal. The bi-directional delay |ine 302 del ays the FDCLK signal in
the backwiitd adsubsequeninrigpg gdgraek ther P sigpl fiere fheaippriouifea 38t yis equal s

t he forwar : ay. F - + span .Cl L signal, the
out put buf%’g%lgi&&eg%ﬁgl{ogg%s&{%' %%(@@#ﬁ%s gs?%ﬁgel g‘\%ﬁéaqtgeétg? Sénﬁ%oorﬁgd wth

t he CLK siQDRBUFMsiggal, sipeedritiol &ircyit 310 dppes afpictivé ®REFesigngi wethe wif Figure 3
alter nage r.ising edges of the 25 CLKSYNC signal are zﬁ/nchr oni.zed wth

cor r espondiiFrgtionat Aelay WagQ2 vich, prtun, gowmGRess operphieq indhepackyardmodeds one

enbodi ment Qiontdi Bk REF Golal. ORBle HA! A¥hib bRt 30 Tndicated in Figure 3, the delay
introduced by the bi-directional delay line 302 equals a forward delay FD that is equal
to TCK- (D1+D2). The FDCLK signal thereafter propagates through the unit delays>
310A-N in the backward direction until the signal is output from the unit delay 310A as
20 the CLKDEL signal. The bi-directional delay line 302 delays the FDCLK signal in the
backward direction by a backward delay BD which approximately equals the forward
delay FD of TCK-(D1+D2). In response to the CLKDEL signal, the output buffer 308
generates the CLKSYNC signal that is synchronized with the CLK signal. More
specifically, in the simplified embodiment of Figure 3 alternate rising edges of the

25 CLKSYNC signal are synchronized with corresponding rising edges of the CLK signal.
Figure 4 illustrates one embodiment of the bi-directional delay line 302
of Figure 3 and illustrates the unit delays 310A-N in more detail. Each unit delay
310A-N includes a first group of the PMOS and NMOS transistors 402-408 connected
in series and connected to a second group of the PMOS and NMOS transistors 410-416
30 the connected in series, as illustrated. The PMOS transistors 402 and NMOS transistors



of Figure 3 and illustrates the unit delays 310A-N in nore detail , E@?,hzbtnit
delay 310A-N includes a first group of the PMOS and NMOS transi 39(9 0
402- 408 connected in series and connected to a second group of the PMOS and
NMOS t r ansyyghedamofhy?- 416 30 the connected in series, asddddehhadsd. The
PMOS transistors 402 and NMOS transistors 19 SEP 2006 WO 2004/ 001972

PCT/ US2003/ 019426 8 408 in each unit gelay 310A-N receive a forward control
signal FWD while the PMOS transistors 410 and NMOS transi stors 416 receive
a backward control si gnal BWD. The FWD and BWD signals are active high and
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signal actjy @ts@agmagifﬂe\baaw&muﬁmlgiagﬁﬁlﬂ wmeunvadhpmownd applies a high
backwar d |nput signal BN+l to the final unit delay 31 ON. In response to

t hese si gnal s t he bihediperation ofthe bidiregiional feley BEBQ3rad Sy will new hodes 420

and theeeb KDEL d n 41 d t her eby
t he FA—qé { Si gn% - rc?w&taglsw\%hl e§enge goegc?@gpu%le% dltd&%%‘ %ﬁ%‘“&efa%? In the
fol | owi ng idlaseitdspiations sigdads @Eadihl—cﬁﬂad‘xdﬁél- dedyllingidgriag Spesatidn ibéhe forward

and backward modes. Prior to commencing operation of bi-directional delay line 302 in

delaying the FDCLK signal, the delay line operates in an initialization mode to
precharge various signals to desired values. To place the bi-directional delay line 302 in

20 the initialization mode, the control circuit 312 (Figure 3) drives the BWD signal active
high, drives the FWD signal inactive low, and applies a high backward input signal
BN+1 to the final unit delay 310N. In response to these signals, the bi-directional delay
line 302 precharges the nodes 420 and thereby the CLKDEL and BB-BN signals high
and the nodes 418 and thereby the FA-FN-1 signals low, as will now be described in

25 more detail. In the following description, the BB-BN and FA-FN-1 signals will be
described as being precharged either high or low, which means the corresponding nodes
418, 420 are either being charged or discharged to drive the corresponding BB-BN and
FA-FN-1 signals to the desired voltage level, as will be appreciated by those skilled in
the art.



described as being precharged either high or |ow, which neans the .
correspondi ng nodes 418, 420 are either being charged or di schar’b&@EPdﬂﬂﬁ
drive the corresponding BB-BN and FA-FN-1 signals to the desired voltage
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302 is initialized, having precharged the FA-FN-1 signals low and the CLKDEL and

BB-BN signals high. Before a time T0 in Figure 5, the CLKDEL, FA-FE, and BB-BF

signals are shown at their precharged levels.
After the bi-directional delay line 302 has been initialized and before the
20 time TO, the control circuit 312 drives the FWD and BWD signal high and low,
respectively, to place the delay line in a forward delay mode of operation in anticipation
of a rising edge of the CLK signal. At the time T0, a rising edge of the CLK signal is
applied to the input buffer 304, and in response to the rising edge of the CLK signal the
input buffer 304 generates a rising edge of the CLKBUF signal the delay D1 later at a
25 time T1. In response to the rising edge of the CLKBUF signal at the time T1, the
model delay line 306 develops a rising edge of the FDCLK signal the model delay
D1+D2 after the time T1, which occurs at just before a time T2. At the time T2, the
high FDCLK signal turns ON the transistor 406, driving the CLKDEL signal low
through the turned ON transistors 406, 408. In response to the low CLKDEL signal, the
30 transistor 412 turns ON and the FA signal is driven high through the transistors 410,



nodel- delay |line 306 develops a rising edge of the FDCLK signal thegrgbdel
delay D1+D2 after the time Ti, which occurs at just before a timd .F 2806
the tinme T2, the high FDCLK signal turns ON the transistor 406, driving the
CLKDEL si g@&) 20bH019075hr ough the turned ON transistors 4%%“6 03/01842E ESPONSE
to the | ow CLKDEL signal, the 30 transistor 412 turns. an t(1e EA si gnal
is driven high through the transistorgp410, 1 9 SEP 2006 WO 2004/001972
PCT/ US2003/ 019426 10 412, which occurs just after the tine T2. The high FA
signal turns ONthe transistor 406 in the unit delay 310B, which then

drives the BB si_gnal | ow t hrough the transjstors 406, 408. As shown in
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Figure 4) thepfsiag edgedf tHee /5 ipBal Y afi thtghe TRSCri bed for the unit delays 31
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t hrough t haittdetayesd OBNnd tesnehiysdrives thé FB, sigrihPhigh. Abeheiiné T3gthe d8ybseq@sent
illustrated for the caorresponding signals in Figure 5 At a tine T4, which
is the deljnersdespt thg CLk pignalps srplied grﬂre gppphufiend04.i e ugipdefays 3 PG next
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backward del. no operation. Ln r.espon to.the | ow FWD signal, the
Cr ans b or Cab A DN dis T BARor 4P8; 408 a B RAH By B anirn O TP or s 402
turn ON, 38 sighall16% PRIIR ehd Owl B sipn8NuBWR ON the corresponding transistor 412 to

thereby drive the FX signal high through the turned ON transistors 410, 412 in the unit

delay, as illustrated for the corresponding signals in Figure 5.
At a time T4, which is the delay D1 of the input buffer 304 after the time
20 T3, the next rising edge of the CLKBUF signal occurs. In response to this rising edge
of the CLKBUF signal at T4, the control circuit 312 drives the FWD and BWD signals
low and high, respectively, placing the delay line 302 in a backward delay mode of
operation. In response to the low FWD signal, the transistors 408 in each unit delay
310A-N turn OFF and the transistors 402 turn ON, and in response to the high BWD
25 signal the transistors 416 turn ON and the transistors 410 turn OFF.

At the time T4, the FE signal from the unit delay 310E had begun going
high to turn ON the corresponding transistor 406 in the unit delay 310F, as illustrated by
the FE signal in Figure 5. Moreover, at the time T4 the transistor 406 in the unit delay
310F had begun turning ON and started driving the BF signal low, as is also illustrated

30 in Figure 5. But at the time T4, due to the FWD and BWD signals being driven low and



25 signal the transistors 416 turn ON and the transistors 410 turﬁv (ﬁﬁ At
the time T4, the FE signal fromthe unit delay 310E had begun goi @ '7@% to
tam ON the corresponding transistor 406 in the unit delay 31 O, as

i Il ustratedobyosdofyez FE signal in Figure 5. Moreover, atpdiagabisipoedd t he
transistor 406 in the unit delay 31 OF had begun turning ON and started
driving the BF signal low, as is alsoifjlustrated 30 in Figure 5. But at the
time T4, due to the FWD and BWD signals being driven |ow and 19 SEP 2006 WO
2004/ 001972 PCT/ US2003/ 019426 11 high, respectively, the BF signal in the
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In the bi-directional delay line 302, the resolution of the delay line is
defined by the analog operation of the last unit delay 310A-N that is utilized in delaying
the applied FDCLK signal. In the example of Figure 5, the unit delay 310F is the final

20  unit delay used in delaying the applied FDCLK signal, and thus the analog operation of
the unit delay 310F defines the resolution of the generated forward and backward delays
FD+BD. This is true because the analog voltagés developed in the final unit delay 310F
at the point the delay line 302 terminates operation in the forward delay mode, which
corresponds to the time T4 in Figure 5, are utilized at the start of operation in the

25 backward delay mode, which also corresponds to the time T4. For example, at the time
T4 the BF signal in the unit delay 310F returns high from its value at the time T4 and is
applied to the transistor 414 in the unit delay 310E to drive the FE signal back low from
its value at the time T4. Thus, the time it takes the BF signal in the unit delay 310F to
return high depends on its value at the time T4, and this time determines the time

30 required to drive the FE signal back low from its current value at the time T4. The



corresponds to the tine T4 in Figure 5, are utilized at the start of
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to return high-depends on its value at the time T4, and this tine
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current value at the tinme T4. The 19 SEP 2006 WO 2004/001972
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2, 404 drive the BF signal |ow and high during the forward and
backmand dBrieyhisdbe baclb delpy, BOge, Wevepribshe PMQSgHﬁ%St%%g%ﬁﬁﬁﬁéd havi ng
the the final unit delay 310F that drive the BF signal back high. Thus, the rate at which the

NMOS transistors 406,408 drive the BF signal low during the forward delay mode is

ideally equal the rate at which the PMOS transistors 402, 404 drive the BF signal high

p=

during the backward delay mode.

20 In order to make the rates at which the NMOS transistors 406,408 and
PMOS transistors 402, 404 drive the BF signal low and high during the forward and
backward delay modes, respectively, the transistors must be designed having the
required operating characteristics, as previously mentioned. For example, due to the
lower majority charge carrier mobility in PMOS transistors, these transistors must be

25 physically larger than corresponding NMOS transistors to provide the same voltage-
current characteristics, as will be appreciated by those skilled in the art. For the PMOS
transistors 402, 404 to drive the BF signal high during the backward delay mode at the
same rate the NMOS transistors 406,408 drive the signal low during the forward delay
mode the PMOS transistors must therefore be physically larger than NMOS transistors.

30 The physically larger size of the PMOS transistors 402, 404, however, increases the



requi red operating characteristics, as previously nentioned. For iﬁ@' ﬁz
due to the lower majority charge carrier nobility in PMOS transi ,205
these transistors nust be 25 physically larger than correspondi ng NMOS

transi st ongohehah@ys de the sanme vol tage- current char aglcgfyssosefazds W 11 be
appreci ated by those skilled in the art. For the PMOS transistors 402, 404

to drive the BF signal high during thgibackward del ay node at the sane rate
the NMOS transi stors 406,408 drive the signal |low during the forward del ay
node the PMOS transistors nust therefore be physically larger than NMOS
transistors. 30 The physically |arger size of the PMOS transistors 402, 404,

however, i93Biaacss of e M OScrnsistors TR 2 ol OB P ramerriopsstieiBo 19uve 13
capacl tanﬁgg&tsdtéa aatgﬁe{% bf AMSPMCY Bahsfh@s 1400, B4 LIRAME %&Qg%%ﬁé)rs

406, 408. I ncte capaci tance of the P transi stors 404
af f ect s t heansiplersatnd thus heay tasalhsn sparatsngacivrdctenisticsathatr esudifferent fopahat i ng

h teristigs that di the, P i stor.s 402, .404 and
RVES. £ 1 an S winiors A0, Ak, NMPR thiors Aos M FPRFR AT fERIL & bei ng
intr odusechim&eﬁmwgg Ngei%gﬁ&&du&%ﬂ BYthe EnfFun@i1ay J10F agdy Gl ehverly Skt the

resol ution of the As previously discussed for the SMD 100 of Figure
1, the bi -tb¢ reseluiiomed the §M1300.i ne 302 in the SMD 300 nust provide a maxi mum

vari abl e del ay VD ( ED+BD). or.r es i K si |..havin he | owest
frequency in the fré}f@éﬁ‘)cl?/usi%ﬂécéls%gr}%v@gS&?ﬂ?m@?ﬁb%ﬁdqg%obli@m%@f ned to
operate. Tdelay 1R300 6A) the SMDEDO0hust pfovidei a0 imuheble deRy 302 (FD+BIC| ude a

relatively large nunber of unit delays 310A-N which, as previously
di scussed,coEgspopding|te thenCEKgrigmal baying pisvievest diequonsyiip iheffequeecyINEEs300 and

whi ch rgy i , ' .0 appld ' . ey nchr onous
menor ywd eo\?'igrcgﬂgg%lé%%eg? r? gg%lr Erllésgﬂlf)%yt éa{l%e:r%e'bgﬂse@a %)eg]\/\etr} \éﬁ(}% gi\lll%(g:%).na%br eover,
in the SMdeBUint32hie inclgde aeaelatiielplargeanmtet iof mnitadeldye 3U0AN ohich, 40 obt ai n

due to the inherent problens assocjated with properl i Z] e NMOS and
PNOS trapﬂr%‘fl?}}sb &W“ﬁ?&%ﬁﬁ@suﬁ‘e‘flé&g@ﬁ%ﬁ@ﬂyﬁf oS fiqn %’etiﬁé%ﬂgé&g by those
skilled i ntiiendy be uﬁ&esﬁ’gﬂé,?]%a:rﬁaﬁla%}g‘?ﬂ Y5lchfchs WHEEE BRIGnchBHBls HRRbly

variations in the variable can I ntroduce undesirable del'ays or
jitter of dehise G &«BVNIBdsingnpdrtabksl tatieryeoweredhievick.K Morgownzt,.in 2 IMEY 300 s a need

serm comudboroati APaY saRon o hrcbicul 35 SBlal o e SARRG: Broefems
associated with properly sizing the NMOS and PMOS transistors in the unit delays
310A-N, as will be appreciated by those skilled in the art. As operating frequencies
increase, even small variations in the variable delay VD can introduce undesirable ‘
delays or jitter of the CLKSYNC signal relative to the CLK signal.
20 There is a need for an SMD having good resolution that occupies less

space on a semiconductor substrate and consumes less power.

SUMMARY OF THE INVENTION
A synchronous mirror delay (SMD)includes a model delay line that is
coupled to a bi-directional delay line. In operation, an initial edge an input clock signal
25 is applied through the model delay line to the bi-directional delay line. The SMD
thereafter operates in a forward delay mode to alternately operate the bi-directional
delay line in a forward mode and a backward mode to propagate the initial edge of the
input clock signal through the bi-directional delay line and delay the initial edge of the
input clock signal by a forward delay. In response to a subsequent edge of the input



SUMMARY COF THE | NVENTI ON A synchronous mrror delay (SMD)i ncl udes aéﬁﬁdel
delay line that is coupled to a bi-directional delay line. In op d rdflb an
initial edge an input clock signal 25 is applied through the nodel del ay
line to thgosdfastional delay |line. The SMD ther eaf tyghr @R6:alass i N a
forward delay node to alternately operate the bi-directional delay line in
a forward node and a backward node toigropagate the initial edge of the

i nput clock signal through the bi-directional delay |line and delay the
initial edge of the input clock signal by a forward delay. In response to a

subsequent ut SEP 2006 2004/001972. PCT/ Q3/ 019426

clock ¢ ’tﬂit’ﬁeeg%%ﬁ Pronppgatmf Abe inp i clogk signal ﬁiﬁ(ﬂ‘\fgﬁé ¢tk signal
thr ough thﬁrebuonad uéleylm@aalmgd(ﬂé wvdafmcaiéwdrmrthamdagrmafx&md éMfe f ur t her
delay the initial edge of the lgﬁt cl ock si gnal ?/ a backward del ay that

i s subst ari!lp'élcl%ﬁkétﬁl}allb}‘t?cbaph‘éﬂﬂdp fhat isspksjantiaibrequel ofisGRrvari delaoe THE
DRAWNGS 5 Figure 1 is a functional block diagramof a conventional SMD.
Figure 2 is a signal timng diagram show ng various signals generated by

t he SMD omemmong)mpﬂEmR@wmésgure 3 is a functional block diagram

illustrating a conventional including a hi-directional delay line for
reduci ng the power fr‘ﬂlr%ﬂisea%‘PCtt%élelﬂ@mFPQEP@V&mF@ah MPhemat i ¢
illustrating in nor HRid gggafg onal
delay line of Fi gur?@iﬁé I%?Jguérl%% I's g(ﬂ%rg%% ugts gra r%eﬁH {tg&s;%}? ating

various sn@mﬁh@ofﬁgﬁehﬁhﬁgoperﬁl@ure 3 and b| d| rectl onal delay line of ,
Figure 4 during ope tio Fi_gur.e functional block dia

illustrating an SMD'F 5’1’6‘? df A tloﬁg bi%raﬂl@m’ah SF@%%BO%WE%O“%J%%U onal
delay i ”%&ﬁ&i&é%ﬂ&ré&ioﬁﬂ%ﬁ RélforRdduciaf tHepwePhiRE@ o fiiv@VIbi on.  Figure 7

is a functional "diagramillustrating the operation of the SMD of Figure 6.

Figurel® is a scherrﬁllguce#lls ajschﬁla@ﬁqvéiusmtmmnendl@t@tailtheumt delajsiferyingont ai ned

20 in thetF d ?%)ng&é: Iuln of Figure 6. Figure 9 is a functional

di agram i | f]g]t P 5‘? the operation

Flgure 5 is a signal timing diagram illustrating various signals in the

SMD of Figure 3 and bi-directional delay line of Figure 4 during operation.
Figure 6 is a functional block diagram illustrating an SMD including a
15  counter and reduced-size bi-directional delay line according to one embodiment of the
present invention.
Figure 7 is a functional diagram illustrating the operation of the SMD of
Figure 6.
Figure 8 is a schematic illustrating in more detail a unit delay contained
20 in the bi-directional delay line of Figure 6.
Figure 9 is a functional diagram illustrating in more detail the operation
of the bi-directional delay line and unit delays of Figures 6 and 8, respectively.
Figure 10 is a schematic illustrating a simplified current mirror for
matching charging currents through the NMOS and PMOS bias transistors in the unit
25 delay of Figure 8.
Figure 11 is a functional block diagram illustrating an SMD including
four of the SMDs of Figure 6 for generating a clock signal having rising and falling
edges synchronized with an applied clock signal according to one embodiment of the

present invention.



of the bi-directional delay line and unit delays of Figures 6 and 8,
respectively, Figure 10 is a schematic illustrating a sinplified & GrSERr006
mrror for matching charging currents through the NMOS and PMOS bi as

transi stora,oiztamﬁaﬁgg?nit 25 delay of Figure 8. Figure %f%@ns@?ﬂ%i onal

bl ock diagram rating an SMD including four of the gure 6
for generating a clock signal having rjssing and falling edges synchronized
with an applied-clock signal according to one enbodi ment of the present

i nvention. 19 SEP 2006 WD 20041001972 PCT/ US20031019426 15 Figure 12 is a
functional block diagramof a synchronous nenory device including the SMD
of Figure 6 and/or Ffigued2 isia fupttinnabblock diggramfofsynchrramPuHmEERIYAicHISe am of a

comput er s I,0C i . . ice of Figure 12. 5 Figure 14 is a
functi onal %gﬁggﬁ%%%ﬂagrﬁlﬁggfﬁ%émgﬁsw including eight SVDs of Figure
6 to generate a del aBiggtedBack fiicgowdl biosk dpugtant af 4 osEplievdysigmaincludihgt | vel y

| ong nodel _del ay accaordi % to_anot her enbodi nent of the present invention.
Fi gure 15 thsmemorydeyics oflige l-agramillustrating the operation of the SMD

of Figuse 14. 10 Fi GfGel8 it S AnSRATALICabiLHSHLAHEE A NDGhRaREd! Ment of

the unit delay contarned in the bi-directi ay |1ne of Figure 6 and
in the SMVDsgluf SMDgwfcigure6 tngengvkie DidElAydd=Elo¢hESIGRUI Bl |aphliddFoiHEavingVENT| ON
Figure 6 is function | ock diagramj| | ustrati n_SMD, 600 i ncluding 15
 Per ot e Hesbode A erditety ARPtbss St R Figep PR PGP sl |
nunber of unit del aigurBO4AsH siBfalainidp/ GRuNafig EHiOopdhaiongtah@te in
conbination to generate a forward delay FD and a backward delay BD that are

utilized i PMEPeofdiigureAdé a synchroni zed cl ock signal CLKSYNC that is

synchr gri zed wi th an.. lied clock signal ..CLK .as w.ll.be d ribed in nore
det ai | ?gel ow. Brief Iq:;}g'ﬁg hle6 Bet 50316 |a§ce%@5§a%n§e% 5 e’lmrPogmfﬁlt fogr%ﬁ%}’%‘?del ay
node to préyagsintidd infhd bialirettichian@el@dge ¢ffFigurt eranainlihdeMpedf Eigaek si gnal

FDCLK t hrough the unit delays 604A-H in both directions, with the counter
606 1T"and 14.

DETAILED DESCRIPTION OF THE INVENTION
Figure 6 is a functional block diagram illustrating an SMD 600 including
15 a reflecting bi-directional delay line 602 including a relatively small number of unit
delays 604A-H and an up/down counter 606 that operate in combination to generate a
forward delay FD and a backward delay BD that are utilized in generating a
synchronized clock signal CLKSYNC that is synchronized with an applied clock signal
CLK, as will be described in more detail below. Briefly, the delay line 602 operates in a
20 forward delay mode to propagate an initial rising edge of a forward delayed clock signal
FDCLX -through the unit delays 604A-H in both directions, with the counter 606
incrementing a count CNT each time the signal passes the first unit delay 604A. The
delay line 602 then operates in a backward delay mode to reverse the direction of the
propagating rising edge of the FDCLK signal at a given point in time, and the counter
25 606 thereafter decrements the count CNT each time the signal passes the first unit delay
until the count equals 0, at which point a backward delayed clock signal BDCLK is
output from the unit delay 604A and utilized to generate the CLKSYNC signal. In one
embodiment of the SMD 600, the structure of the unit delays 604A-H eliminates the

requirement for matched PMOS and NMOS transistors as previously discussed and



increnenting a count CNT each tinme the signal passes the first unit | a
604A. The delay line 602 then operates in a backward del ay node 1§ Yt&\2806s e
the direction of the propagating rising edge of the FDCLK signal at a given

point in t%%omﬂﬂﬁ# he counter 25 606 thereafter decrengilgshdiRidagsnt CNT
each time the signal passes the first unit delay wuntil the count. equals O,

at which point a backward del ayed cl ocig signal BDCLK is output fromthe
unit delay 604A-and utilized to generate the CLKSYNC signal. In one
enbodi mrent of the SMD 600, the structure of the unit del ays 604A-H
elimnates the requirenent for matched PMOS and NMOS tranpsistors as
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del ays 31 gure as w e described in nore detail bel ow.
In the foll ow ng deshr thpt followidghdesctijgtiong tkd gieing f edigh eo fHBEL RDELK nsipnal

propagating thraou th nit, del] a 604A-H may _be referre 0.as sinply the
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under st andi ng of ‘the present invention. However, it wll be clear to one

ski | | ed i ntheHellawring desstiptidnetopresddma suffivienttunderstamdmgef thp peaserit dentivrt hout

t hese particul ar details.. In othef.dnstance | 1 -kno sof t war e
conponent s’ gwaveé’pgr lﬁi b(fnqél?argf)oor’i‘ﬁ S&ilf[eﬂ uéﬁll:ei ?’?Wﬁ ?%ff’%v_e HOPWBRY b8 4 g )
comuni cat pRaetickd WitifubeYss panicalan @etallg € Mn SAIMIndtihcdgtRéll-khdwiD k6B art 0 avoi d
unnecessarily obscuring the present invention. The SVD 600 includes an

i nput buf f esMBEHENts [§RE operalionsealong Wity arcil pyritcuitsy signale nandagosmunisstipn er ed

el ay Bt BoEP e ot SeERRREE ol Sy ol & POR endsBeanf R B 12 o

pr opagat i oprestalk fiyemtfont he i nput buffer. A nodel delay |ine 610 receives the

CLKBUF signal and generates the forward del ayed cl ock signal F K having a
model del ay D1+D2 7 e SNE 600 nohudesangnpet by DS ﬂ*ﬁhgccwaseqheéfé@i?@abl and D2

simul ate t ey dokgyesD bdﬁ“e&é@@lHa@Qél?szr ATNEB IR RY tesPatsE 85 ﬂ@oéLﬁ%%al.g?g%l DZaS

i ntroduced by~ an output buffer that generates the CLKSYNC
will be exPLEBbEF®Fignal hasralely Dietchiive toethe LK Aignel) tvhete 12T capresponfd th thener at es

for v §sand backuRl deanbgl PHNahs D LIRS I0RNED fllnSH B
CLKBUF signal and generates the forward delayed clock signal FDCLK having a
model delay D1+D2 relative to the CLKBUF signal. The model delays D1 and D2
simulate the delay D1 introduced by the input buffer 608 and a delay D2 introduced by'
an output buffer 612 that generates the CLKSYNC signal, as will be explained in more

20 detail below. A control circuit 614 generates forward and backward control signals
FWD, BWD in response to the CLKBUF signal, the BDCLK signal, and a forward
output signals HOUTF from the unit delay 604H. The BDCLK signal from the unit
delay 604A corresponds to the CLKDEL signal output from the unit delay 310A of
Figure 4 and the HOUTF signal from the unit delay 604H corresponds to the forward

25 output signals FN from the unit delay 310N of Figure 4, as will be discussed in more
detail below.

The control circuit 614 also generates increment and decrement signals
INC, DEC in response to the OUTF signal, and applies the INC, DEC signals to
increment and decrement the cqunt CNT, respectively, generated by the up/down

30 counter 606. The control circuit 614 further generates an output signal OUT that is



out put signals HOUTF fromthe unit delay 604H The BDCLK si gnal fr%nrsé he
unit delay 604A corresponds to the CLKDEL signal output fromt he'l P 2008 ay
310A of Figure 4 and the HOUTF signal fromthe unit delay 604H corresponds

to the forwy fogmi Pyt put signals FN fromthe unit del ayp3dfdofoiddgure 4. as
will be discussed in nore detail below The control circuit 614 al so

generates increnment and decrenent signgls INC, DEC in response to the OQUTF
signal, and applies the INC, DEC signals to increnment and decrenent the
count CNT, respectively, generated by the up/down 30 counter 606. The

control circuit 614 further generates an output signal OQUT that is 1 9 SEP
2006 WO 2uphedioist mey ofepcNR @416, which megivesehe BBCLK sigaal fioppilie of an

AND gat e 6.64. Whi 1 t he . S r t i di i onal del ay
e 002 op rebfiel qhy B 000 o1 Rebinf bl pirkfifs  Beaite el o 7
response t OLKDELGWTespoube BOGOTT gnd BOCLRhsigmil. (ilie dutput dufférled 2remedieyes t he
CLKDEL si gnal enerates the KSYNC i n_response tqQ t DEL signal, 5
with the Rﬁ&é}d@gﬁlﬁaal&é‘ﬁaﬁi%ﬂﬁ?t ﬂ% B& Fapesa iR & @ﬁl(ghg SBEbut

buf fer. 5Asy;it kleUSLRSYRE: %ﬁ%&%ﬂg'd’eﬂ?ﬂd‘m@o%@eﬁb thd BRpRBuptef, Byffer 612

may correspond to a data river that receives a dafa signal DQX and outputs
t he dat a sillgstedted by z detpadrlgr indigue¢ Hgthe olipuikmdfeh§12 tnay CoBpbod togmddta as wi | |

be appreci ated by those illed in,the art illustrated in Fi.gure 6, the
ool anPLe’ ot e s etk i 0kt o Rlphs 465 9 M PrBousich Bt 6o

t oget her f@pdRel b9 tﬂsebﬁmmgm,rﬁsv@ﬁHafapfaﬂa&amgglm&elsﬁmehiilmqleGa}Q As o
(D2=DO+DA). The overall operation of the SVD 600 will now be described in

nmore det aillustygtedning Bigae dndlee dedayrDuefethe ontpyt bifies 6léfaad endaday BAzofftheict i onal

di agr appof , Gl [ r h U K.signal s
al ong vlfvlb t hAﬁngétfggVG c%éél} ta#% %@M@F%ﬁlﬂ%m&@%%h@? Eié) dgﬁgﬂiffé%? |6?)6nal del ay
i ne 602 am2-DO+#BAYf the CNT count during operation. Before commencing

operation to generate the CLKSYNC signal, the control circguit 614 resets
the counter 606 whi dire averafliqnsratipp o&ihe SIMD eiirwilbpew beglescribed i @05 ges t he

U R
616. The 2Batcidlnstrapés ther@LKt CEEBUR], and FOXGDKasigsals hbnEWiitls ittgnfow anfdhe
deacti \fgl t ebsl)éﬂg s?gvr\gl ﬁ{rgung%l the bi-directional delay line 602 and value of the CNT count
during operation. Before commencing operation to generate the CLKSYNC signal, the
control circuit 614 resets the counter 606 which, in turn, resets the CNT count to 0,
precharges the unit delays 604A-H as previously described for the unit delays 310 of
Figure 5, and drives the OUT signal inactive low to disable the AND gate 616. The
20 control circuit 614 also activates the FWD signal and deactivates the BWD signal,
placing the bi-directional delay line 602 in a forward mode of operation. At this point,
an initial rising edge N of the CLK signal is applied to the input buffer 608 which, in
turn, drives the CLKBUF signal high in response to the CLK signal. In response to the
rising edge of the CLKBUTF signal, the delay line 610 drives the FDCLK signal high the
25 model delay D1+D2 later. At this point, the FDCLK signal propagates through the unit
delays 604A-H in the forward mode (left to right in Figure 6) as indicated by the line
700.
When the FDCLK signal reaches the end of the bi-directional delay line
602, the output signal HOUTF signal from the unit delay 604H transitions, and in
30 response to this transition the control circuit 614 deactivates the FWD signal and



placing the bi-directional delay Iine 602 in a forward node of opgraéﬁi on. At
this point, an initial rising edge N of the CLK signal is applie 9 3P 2606
i nput buffer 608 which, in turn, drives the CLKBUF signal high in response

to the CLKw&) #pfdo197kn response to the rising edge of t{;@r/g%m@,éggnal, t he
delay line 610 drives the FDCLK signal high the 25 nodel delay D1+D2 | ater.

At this point, the FDCLK signal propag®tes through the unit delays 604A-H
in the forward node (left to right in Figure 6) as indicated by the line
700. Wien the FDCLK signal reaches the end of the bi-directional delay line

and i n - soanie SN semed ripas piderl et orley Bee S p Aok B3R | vat es
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activates the BW signa pl acing the bi-directional delay line 602 in a
backwar d n’bqféectedf” TORROITR ﬁhatrthe rlﬁeqﬂ@gpé thedF LK signgl ip reversdd iand nowe flows kwar d

node, the ecte apj ng of the
FDCLK si gnglfou 'gierdseéa 58 now n(ﬁ%gto lg‘ﬁ'r Ehlg fﬁeﬁzgo%ﬂf@ %@@%“g‘?ﬂk H from
right t6 Isflnustﬂﬂau 5yﬁ1ﬁa‘1hxmozpmdo&1e pf@ag%@a; Kf me@mﬂu«s siighaliih kheHatlobed by the
line 702, and the propagatl on of the in the backward _ node is

i |1 ust rat e@ods, is; Hastratodeby the. thn@“FDal_q(FQp&Kaﬁlgf&ﬂ (Pﬂ%f@ﬁ%té%ﬂllwﬁbdbﬁufﬂﬁe uni t
del ays 604@%{3‘1396@%%—}&1&%%‘6%&‘ fr ﬁi‘oh%ﬂtlf‘tﬂé b{ltpﬁhﬁgrﬁii'%ﬁué‘f@ %Q?LK from

the unit transitions. I n response‘to IS transition t he
BDCLK si gnddlay 644 tcansitions. Incriespousd toGhid uanmmotmfe;he Bﬂi)é:ﬂK\lﬁgﬁalglhabontmau5| ng the

counter 606 to crenent O count_ fromO to 1,. as indic
Figure 7. 9y 4l 4 %%%Q@W £ausmg;thy Gepntsr ‘{Or?eto @mn%ﬂ‘@w t he
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signal, once again and placing the bi-directional delay |ine 602 in the
forward nBBELEf signabrthe |conirol|ancu1e§pé>ms’evam§ the FWD signekeand deactieatdschevar d node,

t he FDCLK gi is reflect as_indi.cated. by, Li.ne..70

thr ough t HEN I P Pas Chaaiatipifn P RLFCoRY poiBp IS 8o Rt S e
line 708. hbdeoftdparatibhlEmAMBoaEE bbih BéLﬁ@étﬁmﬂlﬁEfor\ﬂﬁHlnYcﬂi%ethEFDC@M%aISI gnal in
response to this transition of the K signal since the AND gate i's

di sabl ed by reflested g imlivated gridine 708nsndheove ﬂﬁw dhrough thej unitedelays 404441 s poi nt ,
T T T
" activate the CLKDEL signal in response to this transition of the BDCLK signal since

the AND gate is disabled by the low QUT signal from the control circuit 614.
At this point, the FDCLK signal propagates through the unit delays
604A-H in the forward mode as indicated by the line 708 until the signal reaches the
20 end of the bi-directional delay line 602 and the output signal HOUTF from the unit
delay 604H once again transitions. In response to this transition of the HOUTF signal,
the control circuit 614 deactivates the FWD signal and activates the BWD signal,
placing the bi-directional delay line 602 in the backward mode and once again reflecting
the FDCLK signal as indicated by the line 710. The FDCLK signal once again begins
25 propagating through the unit delays 604A-H in the backward mode as indicated by the
41ine 712. While the FDCLK signal is propagating through the unit delays 604A-H in
the backward mode, the control circuit 614 receives the subsequent rising edge of the
CLKBUF signal that the input buffer 608 generates in response to the N+1 rising edge
of the CLK signal. In response to this rising edge of the CLKBUF signal, the control
30 circuit 614 activates the FWD signal and deactivates the BWD signal, placing the bi-



20 end of the bi-directional delay |line 602 and the output signal F from
the unit delay 604H once again transitions. In response to this t | Pt 208n
of the HOUTF signal, the control circuit 614 deactivates the FW signal and

activates {goBWaisskonal , placing the bi-directional dgh@ysbdsnged§2 in the
backward node and once again reflecting the FDCLK signal as indicated by

the line 710. The FDCLK signal once ag@ n begins 25 propagating through the
unit delays 604A-H in the backward node as indicated by the line 712. Wile
the FDCLK signal is propagating through the unit delays 604A-H in the

backward mpde,. the, control circuit 614 receives the subsequent _rjising edge
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t he CLKBUFokthg §KBU signelgeursiang does pat oeeusrn gither e mptdetay 6Qftdaer becurs in 5
the unit dﬁﬁif"% %%%wn%pr &&Wﬁ&gﬁglﬂ&as propagat ed when t he

ri sing edge st gnal occurs, dnd do€s not occur in either the
unit delay 604A or tAethisipbint,dabBDCIR sigas] prophdaeespthicugh riaé lvaittdetyys 702,
706, and 710. At, this point, nal propagates, through the unit

fo ny e Ca0tAH in B dorbgrdyiode AOHL IR RERER InciBaten o, the ing 148 SHAGHE byt he
line 7348 uplbhl: sl g@ﬁ%ﬁﬁtmﬁﬂi@aﬂay@ﬂfoﬁ& heanWitibhs, debaxn §04H once

again transitions, point the control Circuit 614 deactivates the
FWD si gnal therpdntadlt dixcatt &6 4t deactiBiaRs shgyFRID signalpind castivites thie-BWiDesignabrnal del ay

e 720, Pabe fis thabwuenal e tns 2 e ket Rogt apdadiab ee ity {ght 1 o”
| ef t t hr ougibndl B€ inditatedds) BYES7004h-tht BeekivRdi Acde theDEDR signdEprépgagateit i | the

15 BDCLK signal fromthe unit delay 604A transitions. In response to this

transi ti onfrom rightto Bfdtinqugh theainit delays 6¢d-Hois indieated by BiedingFRe watilethe t he DEC

si gnal ,; ccays| th ount er . cr.ement. the CNT count .f.ro to O.
A 901 157 oBBSHEAPE FRMIhEmir 878 dAJRSERER iR I B R8s o
circuit 61BDELKi sigiaStht RentrINRi%uid6al acthidicd @ DRCASigsall ising the counter

606 to decrement the CNT count from 1 to 0. Also in response to this transition of the

BDCLK signal, the control circuit 614 activates the FWD signal and deactivates the

BWD signal, once again and placing the bi-directional delay line 602 in the forward

20 mode of operation. In response to being placed in the forward mode, the FDCLK signal

is reflected as indicated by line 724, and now flows through the unit delays 604A-H

from left to right as indicated by the line 726. At this point, the control circuit 614 also

activates the OUT signal to thereby enable the AND gate 616. Note that the control

circuit 614 does not activate the OUT signal until after the FDCLK has begun

25 propagating through the unit delays 604A-H in the forward mode and after the transition

of the BDCLK signal. Thus, the AND gate 616 is not enabled until after this transition

of the BDCLXK signal occurs and therefore does not activate the CLKDEL signal in
response to the transition of the BDCLK signal.

The FDCLK signal then propagates through the unit delays 604A-H in

30 the forward mode from right to left as indicated by the line 726 until the output signal



BWD signal, once again and placing the bi-directional delay |line s?gzsgu&n t he
forward 20 node of operation. In response to being placed in the r ket r 2906
mode, the FDCLK signal is reflected as indicated by line 724, and now fl ows
t hrough t hgohbdeothays 604A-H fromleft to right as indcab@iifysthe line
726. At this point, the control circuit 614 also activates the OUT signal
to thereby enable the AND gate 616. Nagipe that the control <circuit 614 does
not activate the OUT signal until after the FDCLK has begun 25 propagating
t hrough the unit delays 604A-H in the forward node and after the transition

of the B ignal . _Thus, .t he D gate 616 i.s not enabled uptil after this
transition Bﬁﬁﬁgmmuﬂltsqe&ﬁaqﬁﬁcg&%%drwg?ﬁ atw e@“ﬁ e 5% at e t he
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as i ndi casigepl gipm theamptaplays 044 dransitiqasaTde 19 gaterd 6 mnekths ((JAPEr opagat es

fromright . t ! - indi the line
730 unt 1 it Bisgtp redpBBE s Bty Bide SHAHDCER bty S0 BELGBRESARY 1L 0
gate 616 d6ivédveshhe CLKISEINC siggaldlighhinglesgonse Rstheidgh COKDEE sigial.nThedge of
the BDCLK signal, and the oQutput huffer_ 612 drives_the CLKSYNC signal high
in responsBSiEdedgeeoiing -1 signgris synchrpgized i“é‘thé‘eé\Hé’enﬁ’r‘g gdee Ath&syNe

si gnal 1ips ' g i S . ' | (not
shown 115" Fgar iR holirt i riclfo 1 Saichphids SRR fler M Mnfillladidil . (20
si gnal , WhELE sigok], wheteHECK érthepermi of tre CILKsighalndhe SVAR 6EMpefids ingles at es i n

this way to generate.t YNC si.gpal that .i s synchronjzed. with ever
other ri Zi hafe4 g’&f@‘“a@fm‘f E@K%@ lé‘??ihgpﬁsﬁy’ﬁli‘éo Ve &L‘Hin-sﬂﬁgreé%‘? i onaly

del ay |ineGi@CLR s@parated alternately 15 in the forward and backward nodes

to generate a forward del% FD, which is the delay corresponding to the
| i nes 700, 704, 708, Iatle 3P 600, thebetlirectiondrielsy Llink S0F mpneratedyaitgrnatelndi cat ed

by the i5i ng i fbrwifdl 58 tIGEHE mloded ELBUIRE o KO RESEFPB Whick 1 1Hle 8485 ©OF the

corresponding to the lines 700, 704,708, and 712. The reflection of the FDCLK signal

indicated by the line 714, which occurs in response to the second rising edge of the
CLKBUF signal, initiates the replaying of the forward delay FD to thereby generate a
backward delay BD, which is the delay corresponding to the lines 718, 722, 726, and
20 730. The bi-directional delay line 602 also operates alternately in the forward and
backward modes in generating the backward delay BD. Each of the forward and
backward delays FD, BD has a value of TCK-(D1+D2), just as in the conventional
forward and backward delay lines 108,114 of Figure 1 and the conventional bi-
directional delay line 302 of Figure 3. During generation of the forward delay FD, the
25 counter 606 increments the CNT count to indicate the number of number of times the
FDCLXK signal has been reflected during generation of the forward delay. This CNT
count is thereafter decremented to reflect the FDCLK signal the same number of times
during generation of the backward delay BD.
In contrast to the conventional bi-directional delay line 302, the bi-

30 directional delay line 602 operates alternately in the forward and backward modes in



CLKBUF signal, initiates the replaying of the forward delay FD to thereb
generate a backward delay BD, which is the delay correspondi ng td & ZﬁEes
718, 722, 726, and 20 730. The bi-directional delay line 602 al so operates
al t er nat el wg Hoddaw7oorward and backward nodes in genergddigodsgodbackwar d
del ay BD. Each of the forward and backward del ays FD, BD has a val ue of
TCK- (D1+D2), just as in the conventiodl forward and backward delay |ines
108, 114 of Figure 1 and the conventional bi- directional delay Iine 302 of
Figure 3. During generation of the forward delay FD, the 25 counter 606

increments_the .CNT co i ndi et he. number. .of nu Qfq.. L t he
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t he conven?Q2onBliis by trug pecauseoiiaicorisntgnal bindiregtional Wrlay bine 382 nyist Bekidenal del ay
line 602 i . i_n.19 SEP
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el o Cp st delrs AL SO PR shenne L et oo oo
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forward and backward del ays ) n“contrast, the bi-directional delay
602 may i NBy udidizimgnfgwef emigr delayist 604él-Hy the6biddizdefional t delayhbnd=BAL Knayi heal bei ng

del d f | . i i mly by bei fl ect ed, £ hr.ough it
del ays. morEPrHe Pl et apdind s poder Bandyt oG bR el
del ays 1604#neH402t he bi-directional delay |ine 602 nmay be physically snaller

‘and consune | ess power than the conventional bi-directional delay 10 line
302. Figure 8 is a JSusbadk isca pahemetie dlustrajing rame cmphodimat of dlie upibdelayt del ay

604A of Fi gune B Jhe uni ' BAGA- H i i ~di heetd I y line
602 all i GEA ?ggg&aﬁd n];}k’ug‘,ﬂ4 gy RV th %gf‘g{’ﬁt’{ta{;}& ‘%Hyaﬂfeh%&ﬁ%l?t del ay
604A is ilidesticairtand ttausdfor whd $akbef Besity,i dnddthe Rmitaleky o8 Al ik ilhistrhted @hdr ence to
Figure 8. The unit delay 604A 15 includes a first group of the PMOS and NMOS
transi st or¥iligbp dewEbed imsrare detat) veilly rdaenasdeiEgire 8. i1hs runifodrdaysbtand a

second 500G 1§48 a ARfgRus BF BRPNIOF YR KMV R AR8ts 800-806 connected in series
between a first node 808 and a second node 810, and a second group of PMOS and

NMOS transistors 812-818 connected in series between the first and second nodes. The
gate of the PMOS transistor 802 is coupled to a forward output node 820 and the gate of
the PMOS transistor 814 is coupled to a backward output node 822. When the unit

20 delay 604A is operating in the forward mode, a forward output signal AOUTF signal is
developed on the node 820, and when the unit delay is operating in the backward mode
a backward output signal AOUTB signal is developed on the node 822. In the unit
delay 604A, the AOUTB signal corresponds to the BDCLK signal from the bi-
directional unit delay 602.

25 The unit delay 604A further includes a PMOS bias transistor 824
coupled between the node 808 and a supply voltage source VCC and receiving a bias
voltage PBIAS. The PMOS bias transistor 824 provides a relatively constant charging
current IC having a value determined by the value of the bias voltage PBIAS. Similarly,
an NMOS bias transistor 826 is coupled between the node 810 and a reference voltage

30 source and receives a bias voltage NBIAS. The NMOS bias transistor 826 provides a



NMOS . transi stors 812-818 connected in series between the first and second
nodes. The gate of the PMOS transistor 802 is coupled to a forwald tZBQﬁt
node 820 and the gate of the PMOS transistor 814 is coupled to a backward

out put nod@cBxesoo¥yen the unit 20 del ay 604A is operatip@risoddtfoker Ward
node, a forward output signal AOQUTF signal is devel oped on the node 820,

and when the unit delay is operating i22 the backward node a backward out put
signal AQUTB signal is devel oped on the node 822. In the unit delay 604A,
t he AQUTB signal corresponds to the BDCLK signal fromthe bi- directional

unit delay_602.. 25 Th nit dela A.further includ P bi as
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val ue of t¢hargngeuriests Isguovigrddsy thepigs frapsisjors 8Zhand\836 teibgsqeal.assvilber 826 is

coupl ed be wean it . nd a reference voltage 30 source and receives
a bias voltage ﬂ%%g?gq!ﬁ%%% bi as transistor 826 provides a 19 SEP 2006
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t ransi st orcadfiilemetaiy sgnelemearingathat wheprthe WIS isignall is Rigb thé BVED tsigeal RB3/0S

t i stor, 812 asi st qr. .818 ive, . th trol signal

BUD. The PAB S RN Ry et s et g 8RS Gretahis 189 THeCNHOSERASPS. ; gnal s,

nmeani Ngot hgyg4 10b&Vest DR vy ifhd Rihall AINE, Whi&h%n@ﬁ%{%& tﬂmls Pf]ﬁf%LK g%mari@l when the
ransi sto

BWD signal is high the FWD signal is low. The : or 10 804
recei ves athfspiideldy ofpt The S mangiston§i b edreives p bagkonubinpyt sigrel ADE K si gnal

i gnal Al e s Ripd? S B USSR DR BEIE o) "o

t he AOUTF sppliedihs the BONP pigh€ldo ts uhlidelBy 804851 gnal to the unit delay 604B. The
unit delay 604A, along wiith the unit delays 604B-H in the bi- 15 directional
del ay |ine 602 of FilgGrenibdelay §0hpealong guth the yk delave 0B Hain feeRi ousl y

15 directional delay line 602 of Figure 6, are precharged in the same way as previously
described for the conventional unit delays 310A-N of Figure 4, and thus, for the sake of
brevity, this operation will not again be described in detail. Furthermore, the transistors
800-806 and 812-818 operate in the same way as the corresponding transistors 402-416
in the conventional bi-directional unit delays 310A-N of Figure 4, and thus their

20 operation will not again be described in detail. In the unit delay 604A, the bias
transistors 824 and 826 provide the charging current IC to charge and discharge the
nodes 820 and 822 during operation of the unit delay. The value of the charging current
IC is set at a value that is much less than the drain-to-source current that can be
provided by the transistors 800-806 and 812-818 when these transistors are turned ON.

25 In this way, it is the charging current IC that determines the rate at which the nodes 820
and 822 are charged and discharged. In contrast, in the conventional unit delays 310A-
N of Figure 4, it is the drain-to-source current of the NMOS and PMOS transistors 402-
416 (Figure 4) that determine the rate at which the corresponding nodes are charged and
discharged, which may adversely affect the resolution of the SMD 300, as previously

30 mentioned.



descri bed for the conventional unit delays 310A-N of Figure 4, anq té}ﬂ’s for
the sake of brevity, this operation will not again be described il tzﬂﬂﬁ.
Furthernore, the transistors 800-806 and 812-818 operate in the same way as
the correspeigbishidhansi stors 402-416 in the conventi opadudositibHst i onal
unit delays 310A-N of Figure 4, and thus their 20 operation W(I)J?d| not again
be described in detail. In the unit deljmy 604A, the bias transistors 824
and 826 provide the charging current 1C to charge and di scharge the nodes
820 and 822 during operation of the unit delay. The value of the charging
current 1Cis set a value that Ls nug es hap the dyain-to-source
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| C that determnes the rate at which the ndodes 8 and 822 are charged and
di schar gedthelnext vsing @dge of thet ClKBUR \ségnal isiradeived &s previaysly disowssed\with Fi gur e
4, it is the drainsto-sgurce current of the NMOS.a P .transi stors 402-
416 (Fi qur ETIPE PRS2 FiRe B Pk obbralo i i oy B BREE Rodes ar e
char ged sangr théliuSit Belhpestresydhds b 1B YniRd¥ley 8@hingiht applicd MO CIES Qilgyﬂlvﬂianof t he
SMD 300, as previously 30 nentioned. 19 SEP 2006 WO 2004/001972
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recei ved, SMIP6&Y (Figat\).disthisssmdtion, bisumeehe AOUTF dignaFisgiditially highlaig, the .
anal og operat'8 of .the unjt delay 604A is described as 5 jf the unit delay
corr esp_ondEhet‘% {}ﬁg signal 18&@4“&9.‘/ A rRe Fﬁ_@) &%BI“& S@Dﬂﬁl@%ﬁoﬁr@d Kighen this

Signal 10S FeRpdoRedIf iding ﬂﬂ@'uﬁﬁhglgy IBViné BEIbaREmAddlod BefaliGh! P g@gm eviously

di scussed, 1t is"the analog operation of this final unit de t hat
det er mi nessigha tures OMNUthE dransdtors 8¢ 8 ail 80, 6odal] BihguiransBlors 4ma initially teinediat i on,

assune the F signal .j.s.injtially. hi an he A igpal is initially
oo and '« A PR EAD Bing g aartat S A Bo S BEACER Bt b1 b ng
the unit dghavtbhof the,Rag B HedMatbeRire 2RAEAVIRNAOTNTE sr@hisBA, si gnal turns
ON the transistors 818 and 800, and all other transistors are initially

t ur ned CFFl. A snal | Athgriae qu,ﬁhﬁmmjtbﬁz@diﬂcenh@ﬁh@@ @Hogeshiows t he
AQUTF si ! . i . ! . i i TO
e Aoirie BBl ONL kiksfy 6 s R ele HEMRBR nldn PERBIA AN oot

unit del aytré3bt@39©8%6, 818 and through the bias transistor 826. As the node 820 discharges,

the AOUTTF signal begins going low as indicated in the signal diagram. As previously
mentioned, the rate at which the node 820 discharges is determined by the current IC
through the bias transistor 826, which is much smaller than the drain-to-source currents
20 capable of flowing through the transistors 816, 818. Note that as the node 820
discharges, the transistor 802 begins turning ON to thereby begin charging the node 822
high through the turned ON transistors 800, 802 and the bias transistor 824. A small
signal timing diagram adjacent the node 822 shows the AOUTB signal as a function of
time, and illustrates that befdre a time TO the AOUTB signal is low, and that at the time
25 TO the node begins charging high through the transistors 800, 802, 824. The rate at
which the node 822 charges is also determined current IC through the bias transistor

824. |
At a time T1, the next rising edge of the CLKBUF signal is received, and
the FWD and BWD signals go high and low, respectively. In response to the high FWD
30 signal and the low BWD signal, the unit delay 604A commences operation in the



15 hi.gh, turning ON the transistor 816 and di schargi ng the node 820 g%rough
the turned ON transistors 816, 818 and through the bias transistéd $26006As
t he node 820 di scharges, the ACUTF signal begins going low as indicated in
the signal wei.ge@2 AS previously nentioned, the rate g@iyyhiRidshe node 820
di scharges is determ ned by the current 1C through the bias transistor 826,
which is much smaller than the drain-t24 source currents 20 capabl e of

flow ng through-the transistors 816, 818. Note that as the node 820

di scharges, the transistor 802 begins turning ON to thereby begin charging

t he node 822 i.gh thr t he t e tr i staors 800, 8 a he bi as
t ransi st or Foé‘ﬁrra r%"? dlotﬁggfn{fﬁgqrs ? f%‘ﬁg@ﬂ%@% aé‘&ﬁlé%%ﬁ’tsmmse&%o g%égz shows
the AQUTB GingOa in@8spende\td Glel FWDOBWD kifRals. 3Aicthis|pbis, th@ ABST bigadl foef iee a tine
TO the AQUTB signal is low, and that at the tine 25 TO the node begins

char gi ng hdjrenhvmtidgdla ¢4 is highs hichalsodoms OdDthe tgpsjstorpR4. r Breenode 824hi ch t he
node 822 clakOes: iiS.a enm r . o] i as nsi st or
824. At a F?gﬁrrgs f{.tls&lﬁx{@%gs (relhergféhr |Ehrs€: tﬁgggg(glg o#htmts#?e% %:?{(B ’s%%gﬁga iﬂSa }ngetgei ved,
and thé Fi¥ieratiaedBiNihe icarmeiit $C giarotigtothe diad thamsigtor’ 826 pacil lustedtad inlthe sigmponse t o

the high F\WD, 30 signal and the | ow BWD signal, the unit delay 604A

comences Bpéttiregmi Nofafaatibe agde 8396 chigpoin arye 197 UB26637™19426 24
forward moge e hDids PmsisRt 854 ol & Wdﬁ%ée’dra@_ (afe @@ Yy @psi stors
806 and 812 turn ONin response to the FWD, signals. At thi's point, the
Al NF si gnaturfenbthrough thedjasdrensiston826, ded wyth@efbre changeghandwhschiwged stothe ur ns ON

the t i st 0 Th de, 822 ins. di i h h 1t d ON
transi of or STBUAT SBGTHIRT BB B ACKEL S8 S dPr e By Bt 8 |
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diagram Note that the node 822 was charged at a rate determned by the
current | @d fRdoumce pgaini the rate b sihichothe @pde 820 chargesolw detosmivgd dedhat a rate

d i ned . QAN i [ [ her ef
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signal on whepreasi82ischirBed whivhsw st doterBired 1y thel cager®NCafhebuigh@he1bide 820
begi ns char gi _ng)through the turned ON transistors 814, 812, and 824. Once
agai n, t helr3osts r&26whi ch the node 820 char ges is determ ned by the current

| C thrqygh the bias Ay 2RglSERMEA0 | ARARLIchAls iR o tAktk ch the
node 820 was previ ous?y gi séhar geéj%?%% was de1 ersfnhnedlre y the current 1C
t hr ough t herigihaldow and high levels, respectively. Because the nodes 820 and 822 are charged

and discharged at the same rates, which are determined by the current IC through the
bias transistors 824, 826, the interval TO-T1 is equal to the interval T1-T2 for the
AQUTB and AQOUTF signals. As a result, the delay introduced by the unit delay 604A
20 is equal in both the forward and backward mode of operation, which means the
resolution of the SMD 600 of Figure 6 is improved when compared to the conventional
SMD 300 of Figure 3. '
Figure 9 is a functional block diagram illustrating the operation of the bi-
directional delay line 602 in the forward and backward modes of operation. In Figure 9,
. 25 the two unit delays 604A and 604B are functionally illustrated. In the unit delay 604A,
a NAND gate 950 corresponds to the transistors 804, 806, a NAND gate 952
corresponds to the transistors 812, 814, a NAND gate 954 corresponds to the transistors
800, 802, and a NAND gate 956 corresponds to the transistors 816, 818. Two current
sources 958 correspond to the bias transistor 826 and two current sources 960

30 correspond to the bias transistor 824. The components 962-972 in the unit delay 604B



transistor 826. 15 At a tinme T2, the AQUTB and AQUTF signals have returned
to their original |Iow and high |evels, respectively. Because t he bl 20880
and 822 are charged and discharged at the sane rates, which are determ ned
by the cur rough the bias transistors 824, 82 i val TOT1
i s equal tgﬁ?%gi@rl\%*grval T1-T2 for the AOQUTB and AQUT %T’E%’Pjs’&% a
result, the delay introduced by the umst delay 604A 20 is equal in both the
forward and backward node of operation, which nmeans the resolution of the
SMD 600 of Figure 6 is inproved when conpared to the conventional SMD 300
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‘the FD@HK signal duifige 408sfOidRmbtic MRARatingNsiRBBIS bR Uridd ohfift backwar d
node, the FDCLK signal propagates through the ND gates 968, 966, 956, and

954 and i st0§élferygederatingthe bias usltage *BIAS iihreshonTehtoghe binhred tagdINRMA §aTks

oper ating conbi nat.i a_formth si.gn th f t he FDCLK si gnal
Gori gt heeBiRgiharh b andSiet - pi6s BapShlr 3o Bivink Yhe siSe (rerieg

si mpl i fi edcharakteBtics @b tHeObiaCtrinbistdr 828 GR thef it BRIYSOANA SXFiEYE 8D Adiode! t age
PBIAS in response to the bias voltage NBIAS. The mrror circuit 1000

i ncl udes APUNKOEM QS frapsitterr 10Dd0P corplednig seties wilthEhedppapigior 4802 between a

15 supply voltage source VCC and a reference voltage source. A PMOS transistor 1006,

which corresponds to the bias fransistor 824 in the unit delay 604A of Figure 8, has its
‘gate coupled to a node 1008 to receive the PBIAS voltage, and has its source coupled to
the supply voltage source VCC. The PMOS transistors 1004, 1006 are matched so that -
they have the same operating characteristics. In operation, in response to the NBIAS
20 signal, the NMOS transistor 1000 causes a current IC to flow-through the diode-coupled
PMOS transistor 1004 and the NMOS transistor 1002. The PMOS transistor 1004 has a
gate-to-source voltage VGS that causes the current IC to flow-through the transistor.
The PMOS transistor 1006 as the same gate-to-source voltage VGS, and therefore,
because the transistors 1004, 1006 are matched, the current IC also flows through the
25 PMOS transistor 1006. In this way, if the PMOS transistor 1004 is matched to the
PMOS transistors 824 in the unit delay 604A of Figure 8, the current IC through the
PMOS transistors 824 will equal the current IC through the NMOS transistors 826, as
previously described.
Figure 11 is a functional block diagram illustrating an SMD 1100 that
30 generates a synchronized clock signal CLKSYNC having rising and falling edges that



characteristics as the bias transistor 826 in the unit delay 604A of Figure
8. A diode- coupled PMOS transistor 1004 is coupled in series with 9 HkP (2;006
transi stor 1002 between a 15 supply voltage source VCC and a reference

vol t age SowEResyddi#NYOS transi stor 1006, which correspop%dﬁugﬂogﬂngupi as
transistor 824 in the unit delay 604A of Figure 8, has 1ts gate coupled to
a node 1008 to receive the PBIAS voltage, and has its source coupled to the
supply voltage source VCC. The PMOS transistors 1004, 1006 are matched so
that they have the sanme operating characteristics. In operation, in

response to the NB|AS 20 signal, the N ransj stor 1000 uses a. current
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that causes the current 1Cto flowthrough the transistor. The P
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because th r.ansi stors 1004, .1006. ar tched, the current 1C also flows
Chrough ¢ hEUSHR BB ey gy espotpoieBined Bir e Sampsbemetit dotionsss S o1 o
1004 i s5nmegpinesod 6f Fiigre BMOEhd CBRBIUF SHdSCBRWPI dighallie ard Nipliete ko firs6 @A Of
Figure 8, the current 1C throu]ghh the PMOS transistors 824 will_ equal the

current | Coeerdoisie-edes SRS ICHEN 5106 b1 thatgrorrggpond te thepgppnenisiartheed.
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with corresponding rising and fallin es.of an applied clqock signal CLK
The SMD 1196 -ﬁa@aﬂ%@ﬁﬁ%ln&ﬂn%fi?sg d g%%areém{ae 40 aenaalterafferianeeet at
devel opg a,{GhKBYk & al%_a:%tﬂé%h%hﬂ N3bg gErePR&CS hviab¥dad l&elﬁﬁ‘e?lpc%b‘l‘tesiérﬁl an,

applied clock signa In the sane way as previously described for the

cor r espondCh§DEbRP draeings: desiredhdeldy BANvE0Q odd akéryate eisBig ges L KBUEKand CLKUP
signals are appli t jrst and, s j §i_hg-.ed SMD. circuitsg 1106, 1108
That - cor reSBBnD O% #le Lhipiberdis e eoRELE L g i e¥ A iR o kaur
and CLKUP soB8RIES iandspdasetootheset dighalel KRS Hip a8 111D fo@sdacnis®yot @odshese
signals. The circuit 1106 generates a rising-edge del ayed clock signal

CLKDELR1 hewpled NORj@sties dd14 dil 4§ receivatlioRES gigaslean abetdrpititaad geraraies @dges 10

ol ock 37 grark ORPetsplEmfhs Sihs o B DEREIAN B, 8 ARG OB TG

ri sing edggigendf the€CIH Kignal. In response to the CLKDEL signal, an output buffer 1118

generates the CLKSYNC signal having rising edges that are synchronized with rising
edges of the CLK signal ‘

An input buffer 1120 and a delay line 1122 develop a CLKBUF* and a

20 CLKUP* signal, respectively, in response to an applied complementary clock signal
CLK* in the same way as previously described for the corresponding components in the
SMD 600 of Figure 6. The CLKBUF*, CLKUP* signals are applied to SMD circuits
1124, 1126 that correspond to the components in the SMD 600 that receive the
CLKBUF and CLKUP signals and generate the CLKDEL signal in response to these

25 signals. The circuit 1124 generates a falling-edge delayed clock signal CLKDELF1
having a desired delay relative to even alternate falling edges of the CLK signal, and the
circuit 1126 generates a falling-edge delayed clock signal CLKDELF2 having a desired
delay relative to odd alternate falling edges of the CLK signal. The OR gate 1110
receives the CLKDELF1-2 signals and generates a falling edge strobe FES in response

30 to these signals. The RS flip-flop 1112 receives the FES signal on a reset input and



signal. An OR gate 1110 receives the CLKDELR1-2 signals and generates a
rising edge strobe RES in response to these signals. An RS fli p-fl|90$£P12m&
formed by two cross- coupled NOR gates 1114, 1116 receive the RES signal on

a set i npUiveelydensr ates a 15 CLKDEL signal having ri spRgyed bhat have a
predeterm ned delay relative to rising edges of the CLK si gn%?ﬂ%l n response

to the CLKDEL signal, an output buffer271118 generates the CLKSYNC si gnal
having rising edges that are synchronized with rising edges of the CLK
signal An input buffer 1120 and a delay line 1122 devel op a CLKBUF* and a

20 CLKUP* signal,..r ively,.inr onsge t applied co nt ar
chock s grireasit TR sl verpe ERRcoEe Bef Btk retutroR AR oY
corres pondﬂe&ﬁvsmnﬁ@teaﬁ%noﬁ e CIRViHAD The Biugﬂf Suffer Th® £dnkiRtds *the CLKUP*
signals are agg_‘lwl ed to SMD circuits 1124, 1126 that correspond to the

conponent sCERSYNE sigm! daving falting edges thet amsynchrqusigr veithifatlingidses ofribe s and
generate teﬁf%ﬁlﬁgﬁhrgslgg&%g%%ydem%gnglo these 25 signals. The circuit 1124

generates a ng- edge Signal CLKDELF1 having a desired

delay rélative to evgural 122inat fanttidnhi bipckdijggamaf of Aemeinkrysdghiad 8o@nd t he
circuit 1126 generates a falling-edge del ag(ﬁfl_lcl ock_signal CLKDELF2 having a
[

desired deruging dhe, SMR, 69Q, ob Figury 9 apdiof the £ hY elEigureok!. The memers gnal .
The OR gat & el ve h ) p (’Blﬂ{) o A alling
edge st rob%vé"léé@ionﬁlre%g%%ngze%g dt ot egjera%i gha gs{yﬁ%kﬁge&%ﬁgwuﬁgq?%%ﬂllu

recei ves tdweessBE®nsrg (EDRAME), nitbatghitiepprincipia deScribed® hexhitare Wiplizaiild 401972

PCT/ US2003/ 019426 27 . generates the E|. signal .having falling edges that
nave o pr QBT v GEILE) ThRelbeR  SHT SF S e ol ad RSl gnal The
~out put 1puf §igfals] dddh Bedav@itRaalldyfichrédoiSHNANS ledagyéuaéslﬂaeﬁeﬁ%tges, t hat
are synchronized with falling edges of the K signal in response to the
CLKDEL si gmethorysdevigss rlike 1 SLIPRANsf andcRPBAM:S, ind ke ¢ileallyasnplifable tepmy y devi ce

800 includjng,the 00 .of Fiqure and/.or. the SMD 11.00.of Figure 11. The
rerory el BRaroR her pilp vt doil i Heh i g BB PR omous

dynam ¢ random acceme m@Ris YevicORFAMcludesbh Rodigdy fepistep BOD &apk®siveescri bed
herein are applicable to any nenory device that may include an SMD for
synchr oni ZioMe Colma 94 bagk addsgases gysr am asidegsy b ADDRy, #h admemery eprtioblgs|

synchr qgo L@OH%ME) %Rg@@ﬁpplﬁﬁg it lahdr@s%eé? aﬁ{%ec{dh?egéjregister 802 receives a row

address and a bank address that are applied to a row address multiplexer 804 and bank

control logic circuit 806, respectively. The row address multiplexer 804 applies either
the row address received from the address register 802 or a refresh row address from a
refresh counter 808 to a plurality of row address latch and decoders 810A-D. The bank
20 control logic 806 activates the row address latch and decoder 810A-D corresponding to
either the bank address received from the address register 802 or a refresh bank address
from the refresh counter 808, and the activated row address latch and decoder latches
and decodes the received row address. In response to the decoded row address, the
activated row address latch and decoder 810A-D applies various signals to a
25 corresponding memory bank 812A-D to thereby activate a row of memory cells
corresponding to the decoded row address. Each memory bank 812A-D includes a
memory-cell array having a plurality of memory cells arranged in rows and columns,
and the data stored in the memory cells in the activated row is stored in sense amplifiers
in the corresponding memory bank. The row address multiplexer 804 applies the
30 refresh row address from the refresh counter 808 to the decoders 810A-D and the bank



menory devices |ike SLDRAMs and RDRAMs, and are equal ly appli cabl g-tfﬁfanb/
integrated circuit that nmust synchroni ze internal and external cl &k g205
signals. The nmenory device 800 includes an address register 802 that

receives {(@Moobedheam. and bank addresses over an addr eﬁcsr,p%gom with a
menory controller 15 (not shown) typically supplying the addresses. The
address register 802 receives a row adify ess and a bank address that are -
applied to a row address nul tipl exer 804 and bank control logic circuit

806, respectively. The row address nultipl exer 804 applies either the row
address receiv fromtg address_regqgi stey, 802 or,a refresh row address from
S ot e h oo toate Rt A6 3565 el o G B hesh s Ao lor o
810A-D. ThgcRBRKJIARcL 900 bidrate®H n GAB-réfdsh \RIBE-rERGH BYIASERSdiochahch and
decoder 810A-D’corresponding to either the bank address received fromthe
addr ess r ergispanse t8@Raute- er selffrefzesh chmmiand teing appliefl to thetthemoryidedish 8@bunt er

808, and the tivated r%wtﬁddrg S Jgﬁch and decoder | atches and decodes
the recei v&"¥o 3298{??]@%6& ML 8841 $%"t he decoded row address, the
activated row addresg coRinghadiéss GegpUed of HAPAADDROBLS &fer I8 foUsmdShagiRal S to a
25 correspondi ng nenory bank 812A-D to thereby activate a row of nenory

cel I s cor pdssgseesd pnsythe @dduges 1¢8isistieQ? applieseibiel pelymn agdieps oeraplymmbeadikesg 12A- D

i ncl udes a I AV | R ral it r ranged in
rove and coinand ik #1300 A Rl Bl Bl ol o, SRORO Y b8 P VS
row i s st oéeh@imh addressse agytiphlityi of kSlumh et dders@I6AEB.pThel bk doRtOY Ipgio30&. The row

address nul tj pl exer 804 applies the 30 refresh row a,ddrgss fromt h; refresh
count er 80%tVates Hig QBEMYdrcoderig /AT SprespaRdingaioutha trsersodbenk andresy3ad 001972

PCTI USA003481,067 e ot bt der HOBUE (5 bitch cgﬂﬁmua?ﬁfesg.hﬁeg%fgﬁ%;%r fgnk.

address fromthe refresh counter en t menory devi ce ates in an
aut o- r ef r esperaimgsndde- ofethe @xmany device 80fp theatlumm address eswoersandtlatchléut o- or

opr ec at oty SEdgarBitr e Hiifist Eilutd ande R B deshfers AFALL or bt e on
the ADDR btguétct @F chbhifin’ 2138 t@aﬁlﬁec&%rﬁ&ﬁﬁgat @edohihf RLFEE D vIdedi st er 802

applies the colum address to a colum address counter and |latch 814 which,

in turn, |by tiecasddrene ragitarni92Zada respensgriel thgpgsilinas address e Hexicountsr ghth addr ess
to a plyural it Ve Qf I egoder <.y The. ont.r (o]s]] 6
acti vatlgs iat?lié 801 31 t&fé\%ch?egg%%%c}m flggﬁoﬁérggg r6 rRe% %Bﬁhaﬁggfggg?% atnhézglrltg%:les?%lgla annk
address, agmfl/O gating and data masking circuit 818 which, in turn, accesses memory cells

corresponding to the decoded column address in the activated row of memory cells in

the memory bank 812A-D being accessed.
During data read operations, data being read from the addressed memory
20 cells is coupled through the I/O gating and data masking circuit 818 to a read latch 820.
The I/O gating and data masking circuit 818 supplies N bits of data to the read latch
820, which then applies two N/2 bit words to a multiplexer 822. In the embodiment of
Figure 12, the circuit 818 provides 64 bits to the read latch 820 which, in turn, provides
two 32 bits words to the multiplexer 822. A data driver 824 sequentialty receives the
25 N/2 bit words from the multiplexer 822 and also receives a data strobe signal DQS from
a strobe signal generator 826 and the delayed clock signal CLKDEL from the SMD
600/1100. The DQS signal is used by an external circuit such as a memory controller
(not shown) in latching data from the memory device 800 during read operations. In
response to the delayed clock signal CLKDEL, the data driver 824 sequentially outputs
30 the received N/2 bits words as a corresponding data word DQ, each data word being



10 the activated col um decoder decodes the applied col unm address.

Dependi ng on the operating node of the nenory device 800, the collUhSEP 2005
address counter and latch 814 either directly applies the |atched col um
address towdwwosleseders 816A-D, or applies a sequence pf ,ﬁ@ohgm %gdr esses
to the decoders starting at the columm address provided %y t dress
regi ster 802. In response to the columpg address fromthe counter and 15
| at ch 814, the activated col um decoder 816A-D applies decode and contr ol
signals to an 1/0 gating and data masking circuit 818 which, in tam

accesses ry. cells .corr. aondi n 0 the decao col address in the
activated ?‘g&?y P?é‘il?ﬁ‘?ri}srﬁé‘flﬁ’s‘?flﬁné f’ggﬁ%fgﬁ ﬁﬁgfﬁal%me]is ﬁ@p@églssed
During dat goflefd iiedrdidefiRs sodiatRe 824 Hﬂve{r%@d aiswwd&ethefagfaes&ss&mmor y 20

cells is coupled through the 1/0 gating and data masking circuit 818 to a
read | at chD@3chavingyising/and daltingefdsgnin soractlmonm niithgisingrandifelling edgssipptibes N bits
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the nultiplexer 822. A data driver 824 sequentially receives the 25 N2 bit
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the SMD 600 s used by an extéernal circuit such as a
menory condigml keeensufertbat thé\DQS)mgnal gt théd Diwaals méplmﬁtoh&h&@Aﬂ%ybwml ce 800

during read o eratl response t.o clock sj KDEL, the
data drivef™X d’ﬂ’ghfqeaﬁ%/ pit Ere‘%u?&%gestcﬂhéyvgﬁ i tf’%n%?‘ﬁ as a
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PCT/ US2003/ 019426 29 output in synchronismwith arising or falling edge of

a CLK si gnialmaerhdetail belappviterfarence tq:data:\kntemeany devi ce 800. The data

driver 824 al so outputs t data strobe sign % 1D(%ESF aV| r| sin and
falling edges in symeHPEnf&m e iPPEREPy dreriont! Ftetigicesct 1t
signal, resp@sliérV@by shcﬁagha BEANYID bH da@ ROflstHQ, €t robk rsiglasl Eqsnah DQS S

coIIectlver defi ne a data bus DATA. w Il be appreciated by those skilled

in the artcorreﬁmd@gmmﬁlg%wgw%wonx og\vbe Gae/busdATA. A deleggesiveyer si on of
the CLKssignpa h 0 Y. .of L signal
relati ve to thecel&%lgacth Eﬁgw{dg%é{ng%er %s?ﬁiét%lfh?\d& &%ﬁh@ alfa aﬁrﬁgﬁ? he wor ds
are pl acedsigmalsth enﬂi)Ail'egldmrs 83Mthat are clocked by the DQS signal. In response to a rising

edge of the DQS signal, the input registers 830 latch a first N/2 bit DQ word and the

associated DMO-X signals, and in response to a falling edge of the DQS signal the input

registers latch the second N/2 bit DQ word and associated DMO0-X signals. The input

20 register 830 provides the two latched N/2 bit DQ words as an N-bit word to a write

FIFO and driver 832, which clocks the applied DQ word and DMO0-X signals into the

write FIFO and driver in response to the DQS signal. The DQ word is clocked out of

the write FIFO and driver 832 in response to the CLK signal, and is applied to the I/O

gating and masking circuit 818. The I/O gating and masking circuit 818 transfers the

25 DQ word to the addressed memory cells in the accessed bank 812A-D subject to the

DMO-X signals, which may be used to selectively mask bits or groups of bits in the DQ
words (i.e., in the write data) being written to the addressed memory cells.

A control logic and command decoder 834 receives a plurality of

command and clocking signals over a control bus CONT, typically from an external

30 circuit such as a memory controller (not shown). The command signals include a chip



synchronismw th the CLK signal, as previously described with reference to
Figures 6 10 and 11. The DATA bus al so includes nasking signals DS WP 2006 ch
will be described in nore detail belowwith reference to data wite

oper at i onswdXodsu@edat a write operations, an external cCpEEusdoHtedlsas a
menory controller (not shown) applies N2 bit data words DQ the strobe
signal DQS, and corresponding data nmegki ng signals DMO X on the data bus
DATA. A data receiver 15 828 receives each DQ word and the associ ated DMO X
signals, and applies these signals to input registers 830 that are cl ocked

by the DQS_ signal . response to Lsing, edge of the Lgpal . the

i nput regi %@%??g%d#la?gﬁ&ae“?ﬁpg{@%@tm% Séﬁt&‘n{eﬁ%aéégc’ia&ged DVO- X
signal s, aneow RAARSPSFHR sighaPRASK] While m«ég@o&hﬁt fgnalRRcmidg adodkh@abigput
registers latch the second V2 bit DQ word and associ ated DMOD- X signals. The

i nput 20 regnad CHKE*smd qomplanepatary pleck siendlaCbReGLKF 2with thelSty” designatiagaan N- bi t

word to a wi Fl E nd i ver 83 Whi ¢ 9 xt apnl Dgﬁgrd and
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The DQ $or @rived t6 valkecbridgpording to hgyamcutag crhinghd RAcks! a/Rad,8B e, ot aisponse to
the CLK signal, and is applied to the 1/0 ggtig&tand masking circuit 818.

The 1/ 0 gakfath comamsnds psespensede the qhack signals 1y Chke thacqmmans, decedsr ¢ he

addr essed | - i DMO- X
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signals include a Chi&fl 9 SEP 2006 WO 2004/001972 PCTI US2003/019426 30
sel ect si geram@G* andaaderess igaalsit @ositivm adgenref the CEEL (K sighals §i.sstthebe si gnal

CAS*, and row addr strobe.si |l RAS* ile. the.clocki. Lgnal s
ol ude s 2Pt R BhRE My S o o g B8 @t B Lk
CLK*, W t harldhiata'driveflesDi4aratfendatfintSdnd T, a&pBaively, e evrdry @wiceld0e ig onmrand
signals CS*, We*, CAS*, and RAS* are 5 driven to values corresponding to a

parti cul arfesrsmniocbotls géars o the dagansirobgsignd DQS and thys at dayblasthe Ssavaaey. | n
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and decodes an appl1 conmand, enerates a sequenc ng and
frequency as the CLK, CLK* signals. The memory device 800 is referred to as a

double-data-rate device because the data words DQ being transferred to and from the
device are transferred at double the rate of a conventional SDRAM, which transfers data
at a rate corresponding to the frequency of the applied clock signal. The detailed
20 operation of the control logic and command decoder 834 in generating the control and
timing signals is conventional, and thus, for the sake of brevity, will not be described in
more detail.
Figure 13 is a block diagram of a computer system 900 including
computer circuitry 902 that includes the memory device 800 of Figure 12. Typically,
25 the computer circuitry 902 is coupled through address, data, and control buses to the
memory device 800 to provide for writing data to and reading data from the memory
device. The computer circuitry 902 includes circuitry for performing various computing
functions, such as executing specific sofiware to perform specific calculations or tasks.
In addition, the computer system 900 includes one or more input devices 904, such as a

30 keyboard or a mouse, coupled to the computer circuitry 902 to allow an operator to



control signals that control the conponents 802-832 to execute the function
of the applied command. The clock enabl e signal CKE enabl es cl ocKih3EMb200§ he
command 10 decoder 834 by the clock signals CLK, CLK*. The comrand decoder

834 | at chesyo sRypRGME and address signals at positive ed K, CLK*
signals (i.e., the crossing point of CLK going high angg%t’%m%@?ﬁgl_l ow) ,

while the input registers 830 and datzg drivers 824 transfer data into and
from respectively, the nenory device 800 in response to both edges of the
data strobe signal D@ and thus at double the frequency 15 of the clock
signals CLK, CLK*. This is true because the DQS signal has the sane
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Such adda Yo SHEPHY pauEhe SR ML 4098 B cOfecIRNG colBll sUBMVEES 0 02" o
al  ow an ofledkadigial COKDEY, r&éponsGdvio ad@pRlidadbdaf kipnal CIR Aidkplidaiond Bty 31
interface with the conputer system Typi'écal ly,. the conputer %{\ist em 900 al so

i ncl udes  DFRAIBFIYNBRS TOGelAA YR £ 508 e sapregd i more de@imdbefixed rcui try
202, SUCh B3dURID LAY hE BR fe?! DS ¥ Iifkdd 8 Bl 31 R el i@ fhpfoptt €0

termnal. One or data storage devices 908 are also typically coupled

to the congpetationcisrtbeifeqyeney 2f the €1Krsgrdhbeng delyedincrease. dRiiais traam ext er nal
oL 00Tty Sheltl, SXRNLSE Qb BLER, i} PSSR "l e
becomes a relatively larger portion of the overall delay being provided by each SMD,
When the frequency of the CLK signal becomes large enough, the SMD may need to
begin operating in the backward mode prior to receiving the edge being delayed from
the corresponding delay line. In this case, the SMD cannot properly delay the applied
20 CLK signal, as will be appreciated by those skilled in the art. As a result, as the
frequencies of CLK signals to be delayed increase, with the prior SMDs the maximum
frequency CLK signal capable of being delayed inay be undesirably limited by the delay
D1+D2 presented by the delay line. The SMD 1400 increases the delay provided by
each SMD and thus makes the fixed model delay D1+D2 a smaller portion of the
25 overall delay, allowing proper operation at higher frequencies of the CLK signal, as will
be explained in more detail below.
Each of the SMDs 1402A-H corresponds to the components in the SMD
600 of Figure 6 that receive the CLKBUF and CLKUP signals and generate the
CLKDEL signal in response to these signals. The SMD 1400 includes an input buffer
30 1404 and a delay line 1406 that develop a CLKBUF and a CLKUP signal, respectively,



ROMs) and conpact disk read-wite (CD-RW nenories, and digital vi 3?5% di Eks
(DVDs). Figure 14 is a functional block diagramillustrating anot fl P~ 2006
enbodi mrent 10 of an SMD 1400 including ei ght SVDs 1402A-H that coll ectively

gener at e awdelgt72Cl ock signal CLKDEL responsive to apriagRbésidosss oCk
signal CLK in applications having a relatively |ong nodel delay D1+D2, as

will be explained in nore detail. The ¥ xed nodel delay D +D2 in the prior
SMDs of Figures-6 and 11 can result in inproper operation as the frequency
of the CLK signal being delayed increases. This is true 15 because as the

f f ih i.gnal <1 ACk . fl . b
a ol ot vellyePRrap PR R GRRP GhK MR Sy ERPRVdR B 20T Shp,

Wien the fihegugepyndihg Edigponkitis &i 16 SMID 60D EgUra 60 &he CDKPUF dddeCI3VOP may need
to begin ogperating in the backward npde prior to recejving the edge being
del ayed fr¥gmaly g @pplicdsiystisnng drakagisiibyon cheyity1408 dag funpons\as 2 annot

properly d@érﬁgtiglrgferqggdri)ﬁée%% t@ﬂ&ﬁi‘ ﬁ%zil’t?%e"gflthquura CiRbRD Ry those

skilled in't ares as t requenci es of CLK signals to be
del ayed3i nespase 2 twbiblit ¢ouet peneratedIDs cotnger et 0.mithe dlackcligribytioBldiresit gnal

capabl e of i del aye undesirably .limte l.ay_. D1+D2
present ed b@ﬁtaﬂ% Be &'Iem S%stféfﬁbro Hap 83‘%%% "Bf\{néﬁ\@iﬁ g@%]&}? ded by
each SMD apghtlolu® RRKEE ahll Dablbwedd nBAEEbs S5tk kiaén SvaAvRITHECTRGSE On of t he
25 overall delay, allow ng proper operation at higher frequencies of the CLK

si gnal , assighdlfis al$peappligd throwgl annnvegerel 4atalocktie sountealdio ghidhhin BivDs 1402A- H
corresponds to t C ents. in the SVD .600. of .Fiqure 6 that receive the
GKBUE andoeiaeapg SP St ifesriie Prisct eederss B Srhthepafce 'to

t hese 10gnialerter Hie tRi¥RedptDibive A6 lebuheRllg-cdgot theUCLIBUBGighd04 Taseloak del ay

| ine 1406 that devel op a CLKBUF and a CLKUP. signal, respectivel 1 9 SEP
2006 WO 2¢isibpidomcasubdF0g axhenymtsr d4Hopsrate inropbinatiag o appluheLdMURY ¢l ock
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appl i ed t hprouighd ay edchc3MDBiis twicbas long as iinf theiSMD 408 off Fegurd 6iand theriMBs a _
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di stri gt i Qdeaiih s drt will understand circuitry for forming the clock distribution circuit 1408
and counter 1410, and thus, for the sake of brevity, such circuitry is not described in
more detail.
Each of the SMDs 1402A-D generates a respective rising-edge delayed -
clock signal CLKDELRI1-CLKDELR4 having a desired delay relative to a
20 corresponding rising edge of the CLK signal. More specifically, the SMD 1402A
generates the CLKL.DELRI1 signal having a desired delay relative to a first rising edge
of the CLK signal and to every fourth rising edge of the CLK signal thereafter. Thus,
the SMD 1402A may be viewed as generating CLKDELRI1 signal having a desired
delay relative to the first, fifth, ninth, thirteenth, and so on rising edges of the applied
25 CLK signal. Similarly, the SMD 1402B generates the CLKLDELRZ2 signal having a
desired delay relative to a second rising edge of the CLK signal and to every fourth
rising edge of the CLK signal thereafter. Thus, the SMD 1402B may be viewed as
generating CLKDELR?2 signal having a desired delay relative to the second, sixth, tenth,
fourteenth, and so on rising edges of the applied CLK signal. The SMDs 1402C and
30 1042D similarly generate the CLKLDELR3 and CLKDELR4 signals having desired



1408 al so provides the CLKBUF signal to appropriate ones of the SMDs 1402A-D
to control the forward and backward nodes of operation of each SNO§ Stfha006
CLKBUF signal is also applied through an inverter 1412 to clock the counter
1410 whi chwo fokgidz 1 ncrements the two-bit count resppagidRolfepach

ri sing-edge of the output fromthe 10 inverter and thus responsive to each
falling-edge of the CLKBUF signal. The3xlock distribution circuit 1408 and
counter 1410 operate in conbination to apply the CLKUP and CLKBUF signals
to each SMD 1402A-D such that the forward and backward del ay provided by

each SMD ig twice.as, |o as i.n the.SM) 60 f ~FLqure. 6 and.the SVDs 1106,
1108, 11242 ERGY o i 4 Sudtying <ogeb 089%? g%g%g‘}ah rﬁ%’F%”ﬁB’t 48 pel ow
One 15 ski bl fouttht igngédgedflthe CNEES SaPihdreafiérC UA INOR fotle 1408 Reédefred the Cl ock
distribution circuit 1408 and counter 1410, and thus, for the sake of

brevity, sGEEKRELRI sigpals and appliessey pype thrpughwsndnyeteniltls tuepmesiie he SMDs
1402A- D ge i LSi NGl el Clock (S}

CLKDELR1 CLRRBCEEr fosbPIERCH Mot Gl U] YRS b RE 7418 ilea by g

ri sing édgewotroshieoupled NOBngkes Mh8.e1 20 aedetvies did RES tsipgnalSdDa ké0idputgmder at es

t he CLKLDELRL si gnal Lhg.a desired delay relative to first rjsing edge
of t he CLIESIEgS e R RUEE gl RaRE Fiske bty Ehafbevs  RestesrRingt ooy
thereaft er relkfiMdSo risihd 6dge/br did @2 & fEparbe viewed as generating CLKDELRL signal
having a desired delay relative to the first, fifth, ninth, thirteenth, and

S0 on rising edges oAntinput hpfiéri a2 26d eidelay ligend#24 Siveldpaa CLKBURE a8l 1402B
gener at es KLDELR2 signal .havin desir.ed del rel ative to.a second
o g edgG LRI I degp Y. JA dopgtiee 5 FRUR fompRORERGHE: SEH he CLK

si gnal 1tohe CexMif the siiid way'ab BreSiMusty 4estBbétesor R MiffinedoRsnd &pyamsl 40w CLKDELR2
signal having a desired delay relative to the second, sixth, tenth,

f our t eent hA dek digribytian ajichly 14agcourier 1428, anspinveter AtE0 eperetglin thprsemeVDs 1402C

Gesi red 10 “Bereo e Rt birbdBn Bl BsIRty (bRl By Sl Ve (6
a third ansespeativé Fisihg g de CLEUR N ad QIKBUB Rignalsrte sixeSMDscl492E-dnd to
every fourth risi g%_edge of the CLK signal ;thereafter. A NOR gate 1414

recei ves t Fech of t § JAQUE Hagenentey aqssnerties GHingrrdge delakedoelgek signal nvert er
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of the CLK signal. More specifically, the SMD 1402E generates the CLKLDELF1

signal having a desired delay relative to a first rising edge of the CLK* signal and to
every fourth rising edge of the CLK* signal thereaﬁer. The first rising edge of the’
CLK* signal corresponds to the first falling edge of the CLK signal, thus the

20 CLKDELFI signal has a desired delay relative to the first falling edge of the CLK
signal. Thus, the SMD 1402E may be viewed as generating CLKDELF1 signal having
a desired delay relative to the first, fifth, ninth, thirteenth, and so on falling edges of the
applied CLK signal. The SMDs 1402F-H operate in the same way as the SMDs1402B-
D except with regard to corresponding falling edges of the CLK signal. A NOR gate

25 1432 receives the CLKDELF1-4 signals and applies an output through an inverter 1433
to generate a falling edge strobe FES in response to these signals. The RS flip-flop
1416 receives the FES signal on a reset input and generates the CLKDEL signal having
falling edges that have a predetermined delay relative to falling edges of the CLK
signal.



5 two cross-coupled NOR gates 1418, 1420 receives the RES signal gihagjl%{jset
i nput and generates the CLKDEL signal having rising edges that h 2006
predeterm ned delay relative to rising edges of the CLK signal. An input

buf fer 142%ndsevisie! ay |ine 1424 devel op a CLKBUF* andp@r/uédelddisssi gnal ,
respectively, in response to an applied conplenentary clock signal 10 CLK*

in the sane way as previously describe84for the buffer 1404 and delay line
1406. A clock di'stribution circuit 1426, counter 1428, and inverter 1430
operate in the same way as the corresponding conponents 1408, 1410, 1412,

respectively, to app respe t|ve i8] th n KBTJF
signals to the SMDs J[%%Yf’f?s-\P &E% fi‘tﬁ? Egﬂ%ﬁi@\fﬁgﬁ =M é&‘gsngg*%q i;:‘lsrq%rg‘
respect i ve dttill wittg refetggeedl Bigad 13, eafichsisgn silgnal Sirkinl [Frddram GlidRitidgd tHeavi ng a
desired del ay rel atl ve to a correspondl ng falling edge, of the CLK si gnal .

More speci Ppeaianof thy3MENH 004 Fe sigapldimipg diagpe 1&Emaeeﬁmnﬂsgqlﬁwa|to ving a
desired del dto
every fourlgﬁyrnl{tgdl gg gﬁgﬁﬂtﬂﬁraﬁ%ﬂé %é&t%g&ﬁereg@e he f| rstg?i si ng
edge of % helgnﬂkKThso@naionmfrtheeSMDmL@ZAwﬁlPbe described fimt. I Inngspe@eto affirithe CLK
signal, thus, the 20. CL Si i red rel at veIothe
first fall Pﬁ’@gég%fe"fé?‘? %E\Iﬁélgrgpﬁtﬁﬂe OFﬂ't?sd%faP' ’é‘eég%& ﬁé{is HEgi ewed as
gener at i Dg‘e@é@@é:éLﬁU@@énahﬁ\ﬂ titde Tﬁ T'E‘e%lé&ddl&ﬁbxﬁibnrc%lc%’ft 468 4p?hésr1§1sf' rst,
fifth, ninth; thirteenth,” and so on |ing edges of the appli

si gnal . Thér$KEng e4goet- the Gbﬁiﬂtmahmtthmswm;/wmhphera@a@shﬂsz\&rdD except
wth regard to _carre fall.ing ed sof t CL, gate 25
1432 1 ocer Jo pied of ARRY BNE RoioB sk ST AT Soetal 17 e Sy T e

i nvert ero M&&ardtdbla@erﬂea@weﬁes‘eaiehlbwnaﬂeﬁ 1300 @bs thEBnieTT @gPpanme T these

signals. The RS fl]| 1416 receives the FES signal on a reset input and
gener at es tah‘éhldEK?)EE S@Elaﬂwl?a‘\/mgmerfca# pRagdjioady ths baplayard mpde sespRUsHEt er ni ned

do0aioorer s BEARLsbs SesFEaCtkploaEhl rhk 208l 1 Mt SER-GARGER) 100 wi 1)

now be desesprdseied hy anrarowdEi02i | Thei SMDr1e02A geneateo thei GUKBELR] sighalch is a
Si gnal 1 GO R QAP TP  Poieatss 5 CLREPRLNJctgns! VOBt didd oL KDEL
signal 1l aid ¥Ferte? 1485 B&FhieMBe REYQFTnA witiE ifrki/Ragiad tlg-l@h”ﬂm to drive
the CLKDEL signal high at the time T3.
The SMD 1402A generates the total delay from the time T1-T3, which is
twice the delay provided by the prior SMDs of Figures 6 and 11. The delay is twice

because instead of placing the SMD 1402A in the backward mode in response to the
20 next rising edge of the CLKBUF signal after the edge being delayed, the SMD 1402A is
not placed in the backward mode until the second rising edge of the CLKBUF signal
after the edge being delay. More specifically, the SMD 1402A operates in the forward
delay mode until the rising edge of the CLKBUF signal at the time T2 instead of the
prior rising edge of the CLKBUF signal at a time T4, as would the prior SMDs of
25 Figures 6 and 11. By increasing the delay provided by the SMD 1402A, the SMD
operates properly even where the delay D1+D2 generated by the delay line 1406
becomes larger relative to the period of the CLK signal being delayed. In prior SMDs,
the interval from T1 to T4 may be so small that the SMD could not properly delay the
applied edge of the CLKUP signal. The increased delay provided by the SMD 1402A
30 thus allows applied CLK signals having higher frequencies to be properly delayed. In



5 signals. The operation of the SMD 1402A wil|l be described first. I&
response to a first rising edge of the CLKBUF signal at tinme TO 1% PdZﬂﬂﬁay
| ine 1406 generates a first rising edge of the CLKUP signal at a tinme T1.

The cl ock @igdobd/deshon circuit 1408 applies this firstprigiesRsase of the
CLKUP signal to the SMD 1402A, which operates in the forward delay node to

delay this rising edge. The del ay genegsated by the SVD 1402A in the 10
forward delay node is represented by an arrow 1500 fromthe tinme Ti until a
time T2, at which point the SMD 1402A conmences operation in the backward

he: backua i cibadifeat ofiedd e SI A% tigse 8 osTtonel B ks s cner af o5
t he CLKDELRlpgiddnet th@hggiiélﬁCLkeﬁ%{a% Athbagother infdper hm%ﬂ&p&nm pegiolihe

CLKLDELRL si ?nal the NOR gate 1414 15 and inverter 1415 activate the RES
si gnal whi ednld plso beiprevidsao droseas e logeralh dalay of the SYHD 4024 el QlowDERPEsi gnal

high at the tine .. .The. SMD 140 r.at es 4 he, total ..del ay. fr he tine
T 2Ta™ i et o higheheatieles o e SR bR Erobf rireliedei el s 6 and
11. The deh@ycdufitet WMt DEopdREE &l Eéintifktiof 36! révbrsP HiRGhOW diftpefalibh dZAMID t he
backward node in response to the 20 next rising edge of the CLKBUF signal

after the &HJA 1saongivedq thy epproprpte wigpof the SAKBUF sighalp| aced in t he backward
node until the seco i s t [ i @t dge being
del ay. More specifi g%cpy&tpﬂgﬁwjolfgf%%@gtgﬂng&?h‘e ora\%l?)%&gcsgl ay node
until| the thasjustgdeschibeddbr thth SMID KEIA ai gursespontiingrisinigi and fAlEng edpeeafithef t he ,
prior rising.e f. the KBUE signal at a tjine T4, a uld t rior SNDs
of 25 Fi guf eg% i i%&ﬁ%cgé%ga@ﬁﬁéﬂ%lt §/ORsTEiA a\aqﬁvfgl?? 1402A,
‘the SMio opsRLESwill RR®E! des@itR iiRfLddie BEFRireDlt e AfNA Bogd 1BYg t he del ay
line 1406 beconmes larger relative to the period of the CLK signal being

del ayed. | mdjgaieche Stiges, of TS signeledalayed by dhe $MDsol403Anly rebpectivelsmdhe t hat t he

SMD coul d erl.y delay th [ e.of .th KUP sianal. The

i ncreased g@f"ay@’?%ﬂ\%ﬂédn%‘ﬁ@%gﬁ%@%@%@g‘qﬁmsﬂéﬁ s eéﬂ?p‘frf)gge K signal s
havi ng hi gbgh if QY EREIE thetfeRsusidpeieyt sEFigyed, dud thes MdRiAAVDYO :
2004/ 001972 PCT/ US2003/ 019426 35 the enbodi nent of Figure 15, the SMD 1402A
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delay provided by each SMD the more individual SMDs required.
Figure 16 is a schematic illustrating another embodiment of the unit
delay 604A of Figure 6. The unit delay 604A of Figure 16 includes components 800-
826 previously described with reference to Figure 8, and thus, for the sake of brevity,

20 these components will not again be described in detail. The unit delay 604A of Figure
16 further includes a first diode-coupled transistor 1600 coupled between node 822 and
anode 1602 and a second diode-coupled transistor 1606 coupled between the node 820
and a node 1608. The diode-coupled transistors 1606, 1600 ensure that the nodes 820,

822 never go below a threshold voltage VT1 the NMOS transistors 804, 806, 816, 818,

25 and ensure the nodes 1604, 1608 never go above a voltage VCC-VT2, where VT2 is a
threshold voltage of the PMOS transistors 800, 802, 812, 814 and is assumed to be
equal to VT1. These threshold voltages will be referred to as a threshold voltage VT
hereinafter.

The diode-coupled transistors 1600, 1606 ensure the transistors in the

30 unit delay 604A of Figure 16 are operated outside of a “dead zone” or “cutoff” for each



operation at higher frequencies of the CLK signal. The clock distri bgéi on
circuit 1408 5 and counter 1410 operate in conbination to rever se fthek e
of operation of the SMD 1402A responsive to the appropriate edge of the
CLKBUF si 9@ 200d58%,0f the other SMDs 1402B- H oper at es j@padhoiBhiogs

anal ogous to that just described for the SMD 1402A on corresponding rising
and falling edges of the applied CLK3 gnal, and thus, for the sake of
brevity, the operation of each of the SMbs 10 1402B-H will not be descri bed
in nore detail. In Figure 15, the arrows 1504-1518 indicate the edges of

CLK signal ,del ayed, by the S 1402A-H, respecti.yely. .Th 14, requires
ot e i i vIHRAECNECh PROSREER i date Ot a NS B e VPRI agaln | <

| ar ger t hapf grouddor NMOS Hdbsifoke asd Wahin \Of of V0OIfer BMOSansisiats Wekihi onal

SMDs are required to delay edges that occur while a given SMD is delay a

respect i veoRuygon the cute igpien. wgh tprsigerging nonkineapcurenteandheapaciiapesd by

t hose skil I t r Eviiad , C t he
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enbodi meént theéshbéldevoltagd VTdrkarescdhized frabticguofeh® supplevalnagé VG, ay w44 of
Figure 16 includes conmponents, 800- 826 previously described with reference

to Figure 8PPregiated by thosg gkilled g theyprd  Y¥ithythe diadg-covpled fansistors Ap¥hdA¥% wi || not
agai n be dgscAiNgEdo i yuTal i fart her
includes a first %?{33%&2%33 gagqaggﬁg; iltﬁgk%egqél?tﬁyzgé%%%gﬁgﬁo e 822 and
a node 160%hemtheaimitedadayd 6idske-Kigurp |6 dret changing tlivectib6€) he vansistat §iétimeen t he
node 820 and a.npde ,160 The .di qde- coupl ed transi stors 1606, 160Q ensure
Chat the noHBaBiZRIE 15330 el T GRPISE: B ot B SHBT B I GROARERRL NVDS
‘transi stoor pigdRAB, wheR the@ht deBIS60420e s giRR AERioh e thREBGrslfGhavd AR Never go
above a voltage VCGC- VT2, where VT2 is a threshold vol ;age of the PMOS
transi st or ¥0l8@e of gwroxigatzly goundapgli¢dtodbeiugases and aprethusiptae cutoff yegion. These

t hreshol d | tages.wil l...be 2 T S a Lashal d. vol t VI
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for P transi stors.
. of Figure 8, when the unit delays 604 are changing direction the transistors 802, 814

have a voltage of approximately VCC on both gate and source and thus operate in the
cutoff region.

It is to be understood that even though various embodiments and

20 advantages of the present invention have been set forth in the foregoing description, the

above disclosure is illustrative only, and changes may be made in detail, and yet remain

within the broad principles of the invention. For example, many of the components

described above may be implemented using either digital or analog circuitry, or a

combination of both, and also, where appropriate, may be realized through software

25 executing on suitable processing circuitry. Therefore, the present invention is to be

limited only by the appended claims.



operating in the cutoff region, each transistor has nonlinear currents and
capaci tances that can adversely affect perfornmance of the unit ddl ByER 2086,
particularly as the 5 threshold voltage VT becones a |arger fraction of the
supply voltage VCC, as will be appreciated by those skilled in the art.
Wth the diode-coupled transistors 1600, 1606, the AINB signal applied to
the transistor 816 is ensured to almafg be at least VT so that when the
unit del ays 604 (see Figure 6) are changing directions, the transistor 816
in each unit delay has at |least VT applied to its gate. In contrast, in the
enbodi nent of 10 Figure 8, when the unit delays 604 are changing direction
the transistors 816 have AINB voltage of approximately ground applied to
their gates and are thus in the cutoff region. The sane is true of the Al NF
si gnal ﬁgg tge transistors 804. Simlarly, with the di ode- coupl ed

transi 00, 1606, the nodes 1604, 1608 never go above VCC-VT to

ensure the PMOS transistors 802, 814 in each unit delay 604 never operates
in the 15 cutoff region when the unit delay is changing directions. In
contrast, in the jembodj , he unit delays 604 are
changi ng dlrectlon th2‘5§£%5|éﬁ%ﬂﬂ?%gggfé§fﬁ@ﬁﬂg'e a voltage of approximately
VCC on bot h gat e aandded delag dinerfiat mbnmng;peﬂrqmeclionk tilgeal andtopéfableagigeneraté i s to
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above dhasfilgastédel delay fdlétﬁ/tert@tﬂe\l?@ﬂloyks@m changes nmay be made in detail,
and yet remain within the bro principles of the invention. For exanple

many of the conpdénbidisectionad (delayelinaisavicddy the nﬂchiﬁl delaiitling and insludingrar
di gi t al pl@rrah%/rlﬁ4 u?ig (ﬁlaﬁle, '1& Bﬁlc(ijlr&'ﬁo@al d%BgtP?QWg a%ﬁﬂrd fHade ?ésg&lsw\énf he

appropri ate, al1zed through 5 executing on Suitab
pr ocessmodg mnutlohsrgngd to‘ﬁnqragat@rthe; ntoldel qlnimémlo&rwmt tlopughsthe aingadeldys m ked

only by t he nded 006 7 .CL synchrono S mrror
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i nput clock signal, the npdel delayed clock signal having a node] del ay

rel ati vBodeh dphéeq Alogk signalcthreyehrihe una dslaygiin @cttq%wg]d Qj&qcagzn |aple uib delaxd t o
the modglayfe RY molif&leBEd LIBEL 4ghd1By Bhe corresponding delay; and

a control circuit coupled to the bi-directional delay line, the control circuit
operable to alternately place the delay line in the forward and backward modes of operation to
time a forward delay, and thereafter operable to alternately place the bi-directional delay line in
the forward and backward modes to time a backward delay that is approximately equal to the
forward delay, and the control circuit operable upon expiration of the backward delay to output

the model delayed clock signal from a selected unit delay.

2. The synchronous mirror delay of claim 1 wherein the control circuit
alternately places the bi-directional delay line in the forward and backward modes responsive to
the applied clock signal and the location of the model delayed clock signal as the model delayed
clock signal propagates through the unit delays.

3. The synchronous mirror delay of claim 2 wherein first and second
transitions of the applied clock signal are applied to the model delay line, and wherein the

control circuit changes the mode of the bi-directional delay line from the forward mode to the



plurality of unit delays, the bi-directional delay |ine Operab|6ilhéif
forward node responsive to a node control signal to propagate t hé e 2006
del ayed cl ock signal through the unit delays in a forward direction, each
unit del ay del aying the nodel del ayed cl ock signal by a correspondi ng

del ay, and operable in a backward node responsive to the node control signa
to propagate the nodel del ayed clock'gﬁgnal through the unit delays in a
backward direction, each unit delay delaying the nodel del ayed cl ock signa
by the i , i LCUi . .

by - i e LRR g B AENEYo i Hodh SO0k fighh boR BB h% i dely,

pl ace tdnd dhehgey thd mede nf theebifdirevondl delaly bac koar ihe acdegardimmlpao alid forward ti me
a forward,del ay,.and thereatter ope le to,alternately ace .t

b1 a1 RpOFRaoTRay TP TRSRh P ElsPR st Cding JosRlar . AdRcot ihyeang
backwar ghafigls alye ibdd frbs iBRRE@N RE @ the Bptite sRtd MGespoRiIBItEe SRbAY irardRfdnt he
control circuit operable upon expiration of the backward delay to output

t he noddithepligdeloek geralsi gnal from a selected unit delay. 2. The
synchronous mrror delay of claiml wherein the control circuit alternately
pl aces the bi-directional delay line in the forward and backward nodes
responsive to tHe apfheegndiracks shigioaldelapdbftdi@m dodteran thd fitdt endodaind

del ayed cl ock signal .a he nodel del ayed .clock signal, pro ates t hrough
e rensgiots 3 A5t olodf RS Fomeng st s e gn Brup RS A ARhER s o,

and secthegppliet alvsk bighdlsreopeciitid@yappl i ed cl ock signal are applied to the node
delay line, and wherein the control circuit changes the node of the
bi-directional delay line fromthe forward node to the 19 SEP 2006 38
backward node responsi y C ' I ' I ed in
‘a last unit dela?' an ggﬁﬁgﬁgﬁ?ﬁgqﬁgﬁgﬁ%ﬁ ?ﬂg&I?-%f?ﬁ%??éggﬁb@gﬂdgﬁﬁﬁne

f r om t hieclbdeskavgounterotiet tdeveldpe & cafluatich cormtiethe eopioriséivaitt epetdbde podeto thel ayed
clock signal. being l.ocated.in, a first. uni | a nd .chan th de from
o  cur R PSR of SRR bRk Byt Cirof B RouaBF B, ERERRE oA ¢ 1 on
of the cppl fired aaliniilsl $dl@ghadch tine theensdenaélhypdailsckrsignadis ldedtéed/ inothe Giraiufit3
wherein the first and second transitjons of the applied c]ock sjgnal
conpri s¥1ay qyringithe bagkygrdmgde.A0d opeaplssalisti st serpnd tepseipgertdhe applisd ghski ed

cl ock sdigaflo cohBSIRRE Loutedr¥o decremtEf HRYRAE: BN RYSht ThéH Ghe HR! rﬁé(de@ﬁel&yle%icmcﬁ ]
wherein the control circuit 1ncludes a counter that develops a Teflection

count, sigrel sdedated|in dierfost unitalséayalyrieg preibackwayd niede, and dlonepntmobeigivitioperable t he
appl i eqocéu9pcul§ e glr(])gclel c}e?aycé(? %}orcglsigtngfefrgr%utrﬁté ?{rsttu%itl @e(fz{yecrirlllarmg tthg %aglgilelrg %dd%n

when the reflection count has been decremented to the initial value.

6. The synchronous mirror delay of claim 1 wherein each unit delay
comprises:

“a first logic circuit coupled to receive a forward input signal, a forward mode
signal, and a backward mode signal, and having a forward output node, and being operable in
response to the forward input signal to charge and discharge the forward output node at a rate
determined by a value of a bias current; and

a second logic circuit coupled to receive a backward input signal, a forward mode
signal, and a backward mode signal, and having a backward output node, and being operable in
response to the backward input signal to charge and discharge the backward output node at the

rate determined by the value of the bias current.



count. froman initial value each tinme the nodel del ayed clock signal s

| ocated in the first unit delay during the backward node, and ope}%ﬁt%mﬁ
after the second transition of the applied clock signal to control the
counter to decrenment the reflection count each tinme the nodel del ayed cl ock
signal is located in the first unit delay during the backward node, and the
control circuit operable to output t e nodel del ayed cl ock signal fromthe
first unit delay during the backward node when the reflection count has
been decrenmented 40 t initdal val ue. The synchronaus, mJr.or del ay. of
claim| wherein e7tach t}ﬁ‘uetsya‘té‘f@‘&"“sg“&#%’rr idggg :Or}gd?%r §thfe(58flcth%iﬁrrr%Lﬁnfj EUH! ed to
r ecei velogicfeorrwigradmipnigett si gnal, a forward node signal, and a backward node
signal, and having.a f.orward output. node, and bein erable in response to
the forward i nput® EERIA cicyitbgyp éfﬁﬁd‘g&?]s‘%%{?ﬂé’o’t‘ﬂ%é‘??‘b% WP WHEgRIEOUSde at
a rate afdeHa@m@ia@eorAysighal R MMaP iheiRi s GHIuItDPLrabRNE provEREPHIds LREENE frin! CUI t
coupled to receive a backward input signal, a forward node signal, and a
backwar e ses@ad sigagldgrmingkd havi ng a backward out put node, and bei ng operabl e
in response to th rg. i t.. s{.gnale to. r.ae.and. di r h
backwar d out put naogeecggtwgff%etgadrs fagﬁ)g hélglngra?ﬁﬁrr\%as 1%%%%@"\?%08@!) %ﬁq?hag?%%rgsce

cur r ent volb8SkRRQ0Md 188ing. a Jdvend yigodi temons, thie Bedond dlia\cirfbit opeabie 6o pheidei n t he
first atlrgd second Iog&lc Ci r(iuit conprise: a first bias circuit having a
first sPGREF PP {TRAYthe sTFoPd dend) ermitalni v vol t age source and having a

second signal teraviredwitchiiy difchi hatih@$irst ah® Séchbn® BighaRbehih s BEupYdddnieddi as
current from the second S|%nal termnal; a second bias transistor having a

first sthgmegond signphigrmigaupl Be firy bias drcujtand dhe bagkwarfeowpuirnade #nd havivg ng a
second g ] . HAS: GGt r; i he
Brae cupteomph coBbR AFbecel o SBRARE pRUE Sefll il sothR 1 Solileohd Rbwas
havi ng dutpwtnodedths dustnsivisihgneatirdur opierebles tocappby ¢leb bies werent frdre the fimdimsi gnal

termnal. of the first, bjas circuit and the backward qut put .node d having a
oot st o Sl IRl el hod Bonan e S i Rt r L n Rt
coupl edodtgut sizaalf darth@rdiwadWulit nogge, the first switching circuit operable to

apply the bias current fromthe first bias circuit to charge the backward
out put node respdnsicord tsyitchiag f drowir kpvingd Brss jagd asecendd sigpalwigrminalsueqyptedsi gnal

on the LA Ele %Q&&Htsié}ﬂg%rminal of the first bias.circuit and the forward output node and
having a first input coupled to receive the backward mode signal and a second input coupled to
the backward output node, the second switching circuit operable to apply the bias current from
the first bias circuit to charge the forward output node responsive to the backward mode signal
and a backward output signal on the backward output node;
a third switching circuit having first and second signal terminals coupled between
the second signal terminal of the second bias circuit and the backward output node and having a
first input coupled to receive the forward mode signal and a second input coupled to receive the
forward input signal, the third switching circuit operable to sink the bias current from the
backward output node to discharge the backward output node responsive to the forward mode
signal and the forward input signal; and
a fourth switching circuit having first and second signal terminals coupled
between the second signal terminal of the second bias circuit and the forward output node and
having a first input coupled to receive the backward mode signal and a second input coupled to

receive the backward input signal, the fourth switching circuit operable to sink the bias current



a second switching circuit having first and second signal term nals coupled
bet ween the second signal termnal of the first bias circuit and t1h% SER 2088 d
out put node and having a first input coupled to receive the backward node
signal and a second input coupled to the backward out put node, the second
switching circuit operable to apply the bias current from the first bias
circuit to charge the forward output ntde responsive to the backward node
signal and a backward out put signal on the backward output node; a third
Swi t chi ' i ' L [ Sk i ] ween
he sechnn tf Bitkra B Aapd [0 BaFke 3L AR SRRl rblt B 8 WL BRR

out put modktesigmadl atchthie hgckavard inpst sigrmaput coupl ed to receive the forward node
signal and a second input coupled to receive the forward input signal, the
third swtching circuit operable to sink the bias current fromthe backward
out put node to digscharme syhehrbasukiaitdr Aulap W cidsle 7 KESemShY Firktobibd&irdugtr War d
node signal and the forward input signal; and a fourth switching circuit
havi ng $amRsiseshBMOScEngistor derdpeeivungd HEX Biag ¥oliaze@n its @pigeld Wheseis Sicgherndi gnal

t er m nag;,0f; ( b GU ; f r nd having
a fi rs?lg l?ﬁ%ﬂcﬁlnggﬁlgﬁ%ﬁq{l gq @ggg{a\gg% %%’ggégng]\gradﬁ %}g’eﬁzs%btrl\tggé %mngsd%t%econd i nput
coupled to receive the backward i nput signal, the fourth switching circuit

operable to sink he hias current 19 SEP, 2006 ., 40 from t.he f rd, out put
node to discharge 't he%&%&ﬂ%ﬁ?p‘ﬂ?mﬁo‘g@yr fgf)%'l%i %er?ecSe‘PhtEe %%ﬁ%?c Mehpde
si gnal é@rdittcdmpkisss Kiver £hdi saguiid setig@nnedied FRIO SSYaiEIRERE A firsk PMOS @dsayorof
claim?7 wherein the first bias circuit conprises a PMOS transistor for

recei vi fYINE # gt caypled tooreeeile thenfarwardymede signal andethe sscandePMESoHansistiras
circuit [ NS ' f r Wil S | v ge on
Tro’ ga SFAEPEESHNCAME IS FANLEERby fide! SRE LR BeuReaitading Bl

SW t chi ¢anprisey itnsf andseeqmdissiees donnestedddOS emusistosethi disst PHOHMS oramsistdMaBng a

t i st first P t ransi st hav| led .t i th
For ver el ek A R LR FRHhEePaf MRS PG St B3l e 1o
t he f orswaplidedlihe bhckvwadé outpichodber ei n the second switching circuit conprises

first and second series connected PMOS transistors, the first PMOS
transi stor having a gate coupled to receive the backward node signal and

the second PMXS tipansitkQyndla¥idie Iﬁin%?to%la?/%t{ﬂ&iﬁfj ¥ QyHehén AL AT éivi&glfn@m

node. 10. The synchronous mrror delay, of claim7 wherein the thir

swi t chi ¢iguitgpmprises fzsirapd isseond fsenigstconmested NMOS teamsistoss, tlonims tNMO Nividsistor
transi Sl]ia%nsg’ atggg Joiui)lseﬁ t'é"vr%)csei;[u{ ?h%s%osr\gvgxrd mode signal and the second PMOS ftransistor
having a gate coupled to receive the forward input signal, and wherein the fourth switching
circuit comprises first and second series connected NMOS transistors, the first NMOS transistor
having a gate coupled to receive the backward mode signal and the second NMOS transistor

having a gate coupled to receive the backward input signal.

11. A synchronous mirror delay including a model delay line that is coupled to
a bi-directional delay line, the synchronous mirror delay operable to apply an initial edge an
input clock signal through the model delay line to the bi-directional delay line, and thereafter
operable in a forward delay mode to alternately operate the bi-directional delay line in a forward
mode and a backward mode to propagate the initial edge of the input clock signal through the bi-
directional delay line and delay the initial edge of the input clock signal by a forward delay, and
operable in a backward delay mode in response to a subsequent edge of the input clock signal to

mirror the propagation of the input clock signal through the bi-directional delay line during the



having a gate coupled to receive the forward node signal and the sec
transistor having a. gate coupled to receive the forward input sﬂgﬂwgﬁ ZUQIhd
wherein the fourth switching circuit conprises first and second series
connected NMOS transistors, the first NMOS transistor having a gate coupl ed
to receive the backward node signal and the second NMOS transistor having a
gate coupled to receive the backward i'hput signal. 11. A synchronous mrror
delay including -a nodel delay line that is coupled to a bi-directional

an ) nplif e (AR REETHE o g e BRAROR ol BRPRY bkl @y 2P

deI ay |thatds s@tisthntikibr @@blterthe fopeardldelayi n a forward delay node to alternately
operate the bi-directional delay line in a forward node and a backward node
to propagate the initial edge of the input clock signal through the bi-

directional del ay2l i nerangndh@bidvs hhifod dElé}l &t clH0e1 Qhedeltetht MAtAl bkl gnal
by a forward del ay, and_ operable in backward del ay node in response to a

subsequiepst derkesigial eoraptisep@n ipitialclising gcigmofttbe inppt elek sigeal angd pheysubbesmest t he

i nput c g the 19 SEP
2006 éo%%lgmlggrg% Clg g%nfc ?H@M@Je e§§‘t‘%‘ %@dgﬁ?ﬁ:@?{m@gggmggfg‘tnﬂe i nput cl ock
signal by a backward delay that is substantially equal to the forward

del ay. 12. The synchranous rror del ay | ai.m erein the initi edge
of the input ol dok o eyl sEoR efa i dait 1 A GBrbine 8 ihgu

cl ock shgfalko@il fohbe sndasedrIBNtine &0 Qftpdtherciio BbuSplé‘d QCtke Bi-GiedtiofMRIalySes

the next rising edge of the input cl|ock signal. The synchronous mrror
del ay olfines Mhpsein the fipput fuffercrsagiv essamigitiah edgmftan axigrpd eleckupgnab andhgengeatasp del

del ay 'ﬂh@ﬁné@:{l%dgé‘ @H? ?g)tut ElblIEYhal G0 +cﬁ1§ei IhE Q;gteFHar 95{%‘%% A gﬁ%@yt el I NE,

wherein t I nput receives an initia xt’ernal ¢l oc
si gnal autpht genlst gdzremteStdmeedlgn of a aynchgéezedfclack elgnmlputrespbosﬂ«o shegymitial edgeradsponse
to the cﬁxter cl.oc output circuit generates an

, h
edge of' "?3‘7 ﬂ?kosﬁg iaavd?%@f f%rwé‘ﬁdam%ac:kg’grtgo%@é’sto the initial edge of the

i nput clock signal having the forward plus backward del ays. 14. The
synchronous mrror delay of claim13 wherein the input buffer delays the

initial edge of tie i ApEsYRIhENOUS MifHe defpy of claipdg "tfféelr%w theeinpytibusfes ¢elayse
initial thﬁ%@al%ﬁgé mhgﬁ{p‘ﬁf D8tk 51% a‘P‘B§ asﬂr&'?i%la ragﬁivé’vﬂ%@fnﬁlatl Q@ge%fttlw&xt&ha{lcu' t

del ays the edge of the synchronized clock Signal by a second delay relative
to the dlodkt sugial aud svhorfeint ﬂhe ohtpplitircolt deley sthg edge ¢fah¢ sipchiosizEd rlnel sigmdl by a

Pna).gg}/var d def fei‘t%/l?ye réllatlveTE)ethseylrr]lcl:tparl Oe gé’l f rﬁler r1rﬂ)rut %Focl’:(‘ymé)rfa Ia\@ilnrgn tl1ig' fg\lhw%rf ppust he

backward delays.

15.  The synchronous mirror delay of claim 14 wherein the model delay line

delays the initial edge of the input clock signal by approximately the first and second delays.

16.  The synchronous mirror delay of claim 13 wherein the output circuit
comprises an AND gate having an output coupled to an input of an output buffer and having an
input coupled to the bi-directional delay line to receive the initial edge of the input clock signal

having the forward plus backward delays.

17. A synchronous mirror delay, comprising:
an input buffer for receiving an applied clock signal and operable to generate an

input clock signal in response to the applied clock signal;



delays the initial edge of the input clock signal by approximately the first
and second del ays. 16. The synchronous mrror delay of claim13 whk@&EﬁZMhe
output circuit conprises an AND gate having an output coupled to an i nput
of an output buffer and having an input coupled to the bi-directional delay
line to receive the initial edge of t %%lnput cl ock signal having the
forward plus backward delays. 17. A syhchronous mrror delay, conprising: an
input buffer for-receiving an applied clock signal and operable to generate

an input clock 54,95'@;]] d!alg F %9(?%? ﬁg%e Jgﬁ[t%gﬂ%lj t%qe N%C[Ke ﬁll 9{1&%% mgnalsﬁ’tp 2006

42 a nodel delay line cou fler 1o rece cl ock
si gnal epethblo pepatelate hamgdat elchtyed alovbdgnadl egpahse toche ipgnalock |§1ghﬂ$ gense to

t he i nput ¢l ock signal . nodel ock .signal having a nodel del ay
rel ati v&° fi‘% dfﬁﬁeqsﬂg{]‘t“gﬂ E)E‘I‘?’ ing Jmgdel dﬁlaﬁlrgﬁﬁ"f‘eé&ﬂ?eo‘ﬂﬁ E‘@f‘éﬂﬁ“?'i ne coupled to
the nodel delay |d BRdiddt#iohd1CHdIE Mge Q:ouﬂledi”t@'thé ¥n&fel URlaly B aN@ indlifing a

bi -directignal delay Iine operable in forward node responsive to a node

cont r ol Plyfalityaef undt qyﬁa@atbedtrmorﬁid@layd@re&yer@blmlbekfomagﬁmod@ msmgswetth@ uni t
del ays hle@corLlQ)'i ‘Q%BQI g e;ér r%fénthe @1 Hé]h}ted J)@(ymgﬁl %15(1’0{3‘@1 ﬁ% %'sqﬁ l,ayed

cl ock signal by a-corr I ng el ay, oper eina
res ponsfmardcdlmebtmrrmatél mmhderlw d@a)gmgthetmocml dplagat dod;lhagnamxy&i ccn‘mbpxylddlgcl ock

si gnal rou unlt del a in a back d|r a uni t e

del ay nion TR & paToRE mode Rsniriyo fiecmads fartiSh Aa o abinaghle e
control m@dé’lcdélatyedl @wak 8bnhp tHré@hbihe dinfteglldyoriala siekaydrd dikktioh,N@cE @altrdlay
circuit operable to alternately place the delay line in the forward and

backwar @el#treethe giodglsislayed sleck signal bbféheacolf@ﬁﬁﬁéifi@g(ﬁélaé(y, and thereafter
operabl e to alterpatgly QlcdfiSedu E dbﬂo ﬁixh lﬁ%n‘e@ﬂ@dal Qela gyllllné r{ﬁe'c'an 5lh8rJuﬁr war d

and backward nodes to tine a pprOX|nat ely equal to
t he f oopesable d)edl@mateiy}glathéaecdnlﬁyr lmie inithe fanamdpzmddiabbwmlono@x pif optratom ©f t he
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recei vethe rfenmﬂ ad bagkdlakd mdatsasein€ b dakkvedrd dalay akdl i9 aﬁ;sraianhatdlyl efi$ pOtRe to
t he out put nDdeI del ayed cl ock signal to generate_a synchroni zed cl ock

si gnal RavaAdlely, augbe centrol; csrcglflﬁe%?lﬂwa@hewr@ﬂma%@ﬁrbéglﬁms@#ﬁlgy teeButof t he

appl i edye ekl RlGeRblock Signal HonsY MMEQNRNSIey! &Rf del ay of claim 17 wherein
t he output circurt COHDFISESZ

an output circuit coupled to bi-directional delay line to receive the output model
delayed clock signal and operable in response to the output model delayed clock signal to
generate a synchronized clock signal having an edge that is synchronized with a corresponding

edge of the applied clock signal.

18.  The synchronous mirror delay of claim 17 wherein the output circuit
comprises:

an AND gate having a first input coupled to receive an enable signal from the
control circuit and having a second input coupled to receive the output model delayed clock
signal, and having an output that develops a delayed clock signal responsive to the enable and
output model delayed clock signals; and

an output buffer coupled to the output of the AND gate and operable to generate

the synchronized clock signal responsive to the delayed clock signal.



an AND gate having a first input coupled to receive an enable signal from
the control circuit and having a second i nput coupled to receive’l%gE%ﬂm&ut
nmodel del ayed clock signal, and having an output that devel ops a del ayed

cl ock signal responsive to the enable and output nodel del ayed cl ock
signals; and an output buffer coupled (o the output of the AND gate and
operable to generate the synchronized™cl ock signal responsive to the

del ayed clock signal. 1 9 SEP 2006 43 19. The synchronous m nor del ay of
claim i wherein fohe oRiglhfbnGhdhhror & BALEIY 1Bl AfG8i! he Bhufl LEGS ona
delay line in the forwar and Backward rodes responsi ve to “the |npdi cl ock
si gnal dtechatdhe plaossahe bindiodctibig deiagldine drethafevard ek bakegaal madestrbspongiteto

del ayed, cl ock, sjgnal, propagates through the uni elays. 20. T

e o ik ciop ke B BF HERER % el Al dack iR an fitm ol dotereds ons
of the ag@dﬁgﬁjﬁb@gﬁmghmﬂa%1mkgnag@hy§d to the nodel delay |ine, and wherein
and the control circuit changes the node of the bi-directional delay |ine

fromthe forward node to the backward node responsive to the nodel del ayed

cl ock signal bei | oGgt.ed bt askerdtn FaYain@h8 & e of the
bi -directional delay Ii%eg?roﬁﬁ%Se&%acka%?%%hn %n%ogthggggragﬁgﬁdggggd
r esponsiransitioos phtherapplidd dedlasienhl aroogiplisd ¢gmtble ralehdelhy diat,enhdiwheseid iands theuni t

esponsTa! CRENGanit of Aitdr of B Sicfrefinaliiins b Brboit dFaREr Foss o g © 1

synchr obdekward héd re€i@nsiye @ thel bdel dblaydieiedknsigie bf:iinF SécabdddinsElaqn@it delay
transitions of the applied clock si?nal comprise a tirst risinghedge and a

p | ock
subsequiid changss e Bge obthe birtiregtional delay: fige krogy g drackwasd gradeitg dhg forward The
synchr opgys &{SR{e lqedhgymgciell Qieﬁ?éﬂ %ch’f}?gfnﬁlt Eeih qo&%} ok ke G Hela)'l hudes a

counter that devel ops r ectron count’, e control circuit operdble prior
t o t he chaegesnibe mpoda §omiitncunfent $iae &pthieiopposite stike i rgspmhse to thosecpnd tradsagiopount er
to incr0 nt Hh& reggﬁcqion count froman initial value each tinme the node
del ayed iAMoMPIST §iogk 51888l scated in the first unit delay during the backward
node, and operable after the second transition of the applied clock signal

to control the counter to decrenent. the reflection count each tine the nopdel
del ayed clock si’dnal Thg syBcuenaysimirendelpy o claipiZ0 wherslp G firfqnd iecmdckwar d

mode, apthshidRs SORL hlicd eIk Efgflﬁ’l%g@ﬁg@a ﬁfs@riélgg le!(’ée & sﬁgﬁﬁhzﬁ ghﬁg ‘ré]glgecdfoc k

signal fromthe first unit delay during the backward node
r ef | ectthoappisd stock aignblewspattivelgnented to the initial val ue.

22.  The synchronous mirror delay of claim 20 wherein the control circuit
includes a counter that develops a reflection count, the control circuit operable prior to the
second transition of the applied clock signal to control the counter to increment the reflection
count from an initial value each time the model delayed clock signal is located in the first unit
delay during the backward mode, and operable after the second transition of the applied clock
signal to control the counter to decrement the reflection count each time the model delayed clock
signal is located in the first unit delay during the backward mode, and the control circuit operable
to output the model delayed clock signal from the first unit delay during the backward mode

when the reflection count has been decremented to the initial value.

23. The synchronous mirror delay of claim 17 wherein each unit delay

comprises:



23. The synchronous mrror delay of claim 17 wherein each unit delkag
conprises: 19 SEP 2006 44 a first logic circuit coupled to recei ved SEP 2006
forward i nput signal, a forward node signal, and a backward node signal,
and having a forward out put node, and being operable in response to the
forward input signal to charge and di s§harge the forward out put node at a
rate determ ned by a value of a bias 4iJrrent; and a second logic circuit
coupled to receive a backward input signal, a forward node signal, and a
backward node si ' bac . : ' rabl e
in response to %ﬂg}%é g/ﬁ?%)ﬂl E(%ﬁ)?e ds@g‘%é@oétqug a?%éﬁ@ggl ?Q%h%?‘g%gtrﬁ%%
backwar sigmlit gndta beswamt mbée signalt anddietvergnad foedatdyoutpre nodé,Lemddfeirtghepebrbiesin
current, 24. ;I'hc?1 ?ﬁﬁr‘]{:h onous. m rrop del ay of cl a{"hmJZS wherein the first and
second TFREEFE i dOALd IPppiead. to ghingy apd disghargq the fprward OptRYt BOde; 3t &1 gna
t er m nadletermipdesy 4 vahi SaRdsycurentt age source and having a second si gnal
termnal, the first bias circuit operable to provide a bias current from
the second si gnal? Seeen IH&IF;leaUIS@B@r#Jf‘d tpirecgivejarhagkwarg 4uluk gigealf ¢ fosyardimedg)

t erm nal; r r r [ : i gnal
tor m nal e e R R FIGE A S RE AR R IR B8 RURPSREBIEOT o
t he secissrbnsé tntht backwrrdalput sighalrte chage ahdischacdertheibackvaavd ngtpht nale aathd
second rsa'egdﬁ Ir te[jrtr)i nl‘ﬁl ) cou@ée betvvegn t he second signal termnal of the
first bl PPy Ha AYeBhe RaRF T8t put node and having a first input
coupled to receive the forward node signal and a second input coupled to the
forward output node, the first switching circuit operable to apply the bias
current from the %% r stIhgjsyachrenqus jifrof delay of skim s Whekinathg foeitandiseemide

T esponsjoyr diruitd@nfppisyvar d node signal and forward output signal on the
forward out put node; a second switching circuit having first and second

si gnal term nal s adtrefhiescirchisthariog atfiigt sigpaldaunisalgnapled tr asupaly \witaggwoufder st

bi as ci i.t.and f orward. out.pu ode .an hayi a first. input, goupl ed
to-r eceridind ettt ot irs R AR cpRbleARpforbds e APt R
backwar the e¢topdisigndld@miidte second switching circuit operable to apply the

bias current from the first bias circuit to charge the forward out put node

responsi ve to t hé KU RirHCIHRSYhayingfafirst signpl terminak Griedogransteraicgvaltagsn t he
backwar ghuRutAdthaiAE8:second signal terminal, the second bias circuit operable to provide the bias

current from the second signal terminal;

a first switching circuit having first and second signal terminals coupled between
the second signal terminal of the first bias circuit and the backward output node and having a
first input coupled to receive the forward mode signal and a second input coupled to the forward
output node, the first switching circuit operable to apply the bias current from the first bias
circuit to charge the backward output node responsive to the forward mode signal and forward
output signal on the forward output node;

a second switching circuit having first and second signal terminals coupled
between the second signal terminal of the first bias circuit and the forward output node and
having a first input coupled to receive the backward mode signal and a second input coupled to
the backward output node, the second switching circuit operable to apply the bias current from
the first bias circuit to charge the forward output node responsive to the backward mode signal
and a backward output signal on the backward output node;

a third switching circuit having first and second signal terminals coupled between

the second signal terminal of the second bias circuit and the backward output node and having a



a third switching circuit having first and second signal termnals c | ed
between the second signal terminal of the second bias circuit andﬂgépmﬁ
backward out put node and having a 19SEP2006 45 first input coupled to
receive the forward node signal and a second input coupled to receive the
forward input signal, the third switching circuit operable to sink the bias
current fromthe backward out put node*X o di scharge the backward out put node
responsive to the forward node signal and the forward input signal; and a
fourth i j preul t. havi fi,rst,.an econ i gnal. term.,nals .coupl ed
pet ween b PRl i Heki SR Bl R aetlta RGeS L0RL: bR - TR

f or war dfoowirduinputosignadnthe thirdi svgtchinki ¢iguiti apetibleC aupink dhé dbidseariene filohe the
backwar de signal ,and a second input coupled ., to receive the backward
hout <P CHE PoE fd B i DR P PP aI I fret HEVBR 8o r e
fromthﬁg,ia(paly@ﬂhgf&mamhpqu?agqn@ii scharge the forward out put node responsive
to the backward node signal and the backward input signal. 25. The
synchronous ni rr dr fepsthaywisghing #irgvip hayimer Bish andeseponds sighplaterminalsufqupled
conpris P i i a finstebi its
gate, oo S MERkhATnat BimBa P LnBRAR fEu abd bR foRl il AR 40
coupl edhaving efisi inpuacapdrd rideas thobickgardmodd signajahd a sednd Thyt syupddd tonous

mrror del.ay of claim.24 wherein the first switchin Cl rcyi onpri ses
st aifeereelBrhadiind st SHRG tedoPiev bR i Rperbirctor ik the Bipguran
transi sirom thd@whd it n8de ALMs@ErdeGhé &FREACOUPIR nb@E YEP6hsTRAS 1 GitRWarand t he
second PMOS transistor having a gate coupled to the forward output node,

and wheWedesignabandihe hackyward BRRGYE.r cuit  conprises first and second series
connected PMOS transistors, the first PMOS transistor having a gate coupl ed
to receive the backward node signal and the second PMOS transi stor having a
gate coupl ed to 25he Bheksyachtomus puitrondeay of Zlaimihix whereinr thadrst biay ciouitdel ay

of cl ai m 24. wher.ej he.third switchi.n ircuit conprises first and second
seri oo GMHISET SRS GlPEpEHto FPhadp Rtk Bhes Eferendehs o 13 ot o
coupl edsetond KgLdiNAit lchf pfiss Wa NMOB dRnSibtgnedupRado tdeeive aGedbd BidsPoltagavaiist or

havi ng a gate coupled to receive the forward i nput signal, and wherein the

fourth &k -tching circuit conprises first and second series connected NMOS
transistors, the first NMOS transistor having a gate coupled to receive the
backward node signal and the second NMOS transi stor having a gate coupled
to receive the baékwarlheisypchrosiugrairror delay of claim 24 wherein the first switching

circuit comprises first and second series connected PMOS transistors, the first PMOS transistor
having a gate coupled to receive the forward mode signal and the second PMOS transistor
having a gate coupled to the forward output node, and wherein the second switching circuit
comprises first and second series connected PMOS transistors, the first PMOS transistor having a
gate coupled to receive the backward mode signal and the second PMOS transistor having a gate

coupled to the backward output node.

27.  The synchronous mirror delay of claim 24 wherein the third switching
circuit comprises first and second series connected NMOS transistors, the first NMOS transistor
having a gate coupled to receive the forward mode signal and the second PMOS transistor
having a gate coupled to receive the forward input signal, and wherein the fourth switching
circuit comprises first and second series connected NMOS transistors, the first NMOS transistor
having a gate coupled to receive the backward mode signal and the second NMOS transistor

having a gate coupled to receive the backward input signal.



1 9 SEP 2006 46 28. The synchronous mrror delay of claim24 further
conprising a first level shifting circuit coupl ed between the badknsffi2006
out put node and the third switching circuit and a second |evel shifting
circuit coupled between the forward out put node and the fourth swtching
circuit. 29. The synchronous mrror de|lay of claim28 wherein the first and
second |evel shifting circuits each ¢ rise a di ode-coupled transistor.

30. A synchronous mrror delay, conprising: a first input buffer for
receiving an applied clock signal and operable to generate a buffered clock
signal in response to the applied clock signal; a first nodel delay line
coupled to the fi28st iThpuyndhmbfoas nti@or ddsi ofeclditne2ofufther ednprivingekfist goell and

operabl e.t.0 generate i nput_clock sjgnal in response to. the buffered clock
o anal , iiBe PR SPlsdibebrGne hikivag! Snuaer 85 B s 1G0T SeHangdr | or o
clock sieghtd leva shiffisd cidduitdiouplell ibeflen AR RYwAd Rt UBIEshd Me tthiH dWikhingode!
delay line, the first bi- directional delay |ine operable to alternately
oper at ecf%Mita forward node and a backward node to propagate a first edge of
the input clock signal through the bi-directional delay |line and delay the

first edge of the input clock signal by a forward del ay, and operable in a
backward del ay ndde i Mhersgsgoosas tndrrar delbg efjekirth X8i whéreiaddje vt dnHesecandut

clock sjignal..to mrror the propagation of the input clock signal through
t he bi -f(ﬁ?‘?l]é%'lﬁi“}?ncélicuﬁ%‘faﬁb c?‘?‘ﬁ‘ésegqﬁf"#gcquﬁ%df“&wgf’ﬁ node and further delay the
first edge of the input clock signal by a backward delay that is

substantially equal to the forward delay, and operable to output the first
edge of the input3lel odksyickiienpusHaiiongelansompriiggd pl us backward del ay; a
second bi -directiofgl; I Iy I J: | jne, the
‘second bi-dir ectai onalflgﬁé)? gff {Olpgegggg%raglgﬂpgﬁet%ﬁgﬁl{%éﬁg%e gaggﬁggénérﬁgg

f or war dbuffedes conk signbhinkespodserto dlee appbedclogeg@tal a second edge of the input

cl ock signal through the bi-directiopal I L.ine . apd . dela h cqnd
edge of the inpuf® SHmeag) Ag"ha% “’beyc"é'ppegr‘ﬁgﬁed%éél‘ ¢ biler t8pfS?eé%‘I e hyFiEred
backwar fockdsib@y af® dperablelt8SRAEER 4nOinpusStibaesigfiltin Seponst vi@e baffedch@idcRpUt

clock signal to mrror the propagation of the input clock signal through
the bi -9813bdhs Bagiclosk|signal hayingp mpdel delap ralasivgde the byffaed shgk sightlher del ay the

S 88 g“d4$dge of t henkRitlirecliR dShg Tt Apid RARK MG IRl 8¥a RAL, the fids? bREP

directional delay line operable to alternately operate in a forward mode and a backward mode to
propagate a first edge of the input clock signal through the bi-directional delay line and delay the
first edge of the input clock signal by a forward delay, and operable in a backward delay mode in
response to a subsequent first edge of the input clock signal to mirror the propagation of the
input clock signal through the bi-directional delay line during the forward mode and further
delay the first edge of the input clock signal by a backward delay that is substantially equal to the
forward delay, and operable to output the first edge of the input clock signal having the forward
plus backward delay;

a second bi-directional delay line coupled to the first model delay line, the second
bi-directional delay line operable to alternately operate in a forward mode and a backward mode
to propagate a second edge of the input clock signal through the bi-directional delay line and
delay the second edge of the input clock signal by a forward delay, and operable in a backward
delay mode in response to a subsequent second edge of the input clock signal to mirror the
propagation of the input clock signal through the bi-directional delay line during the forward

mode and further delay the second edge of the input clock signal by a backward delay that is



substantially equal to the forward del ay, and operable to output the econd
edge of the input clock signal having the forward plus backward dé?&
second input buffer for receiving a conplenentary applied clock signal and
operable to generate a conplenmentary buffered clock signal in response to
the conplenentary applied clock signqb; a second nodel delay |ine coupled
to the second input buffer to receive t'he conplenentary buffered cl ock
signal and operable to generate a conplenentary input clock signal in

r eSponsﬁbEthtFahlﬁ e,@gﬁptloetﬂ‘g Q%;%{ayd Q{a'llfa%/ea{n%do Cél'a%fektosdlg the tsgzl%ng% ar s L ??Ml | nput

clock signa ing a no rel ative to the co er ed
cl ock sélgekadignabhdvimg the forwaid o baskerarddtielayy I|ne coupl ed to the second nodel

delay line, the third , bi ctional .delay lin erab | terna
operate in a for \ﬁa?edo%djé)ughaﬁg t%cfﬁ?ﬁé‘?’dﬁ ﬁ&d@’plﬁe%dﬁaﬁgﬁia&& F'Igg*tr‘] aé‘gge of
t he congpeedbbnfoagerietattPal torfiplegkntahyghdterdloelgbighdl @n Résphdeastth® Bahplei@bdyry | i ne
and delay the first edge of the conplenentary input clock signa ? by a

f or war darpEFd§locksignalioper abl e in a backward del ay node in response to a

subsequent first £ggg,phy Jd@delQiqheCJo‘anég t§'tﬂ£‘%lscotnﬁ g})ﬁtr @Iffefrhg xQEé?-fLa tion

of the conplenentary i1nput clock signa hr ough Irectio el ay
li ne dusdnmpjemdngary druffiered ctodesignal dndrdpeeabledtel ggnetdu@ afqomltlemdmy ofiput hedock

conpl engntary in DUt c ock si.gn rd d is substantially
caual IR resPR o VRSO e bu e RS it Y comPbmp RS BB A he
conpl ens#giahhyvingPhivdelderly relagvath tHreaoUIrmgeméimy boffwvad dlopk signdlhe backwar d _
delay; a fourth bi-directional delay line coupled to the second npdel del ay
line, the fourt i F’%%"ctioﬁﬂaﬂeladel!‘ﬁfo}‘i’lﬁ%t‘bg‘érsﬁ‘fﬂ“é peflel delay Hag.dhg/thier at e

in a f ogiVvileisHRAge ANn Lo RV ke rdmﬂeoﬁe?at@hp&)ﬁg@m RoREAANbR WS d Hodehe
conpl enentary input” clock signal through the bi- directional delay |ine and

del ay tﬂqepr@@e@ind fedgdgodf thheomdnmbretmnmanquch pighalghroogh thednrdiredsipnal defagr war d
del ey ARCRPRIAPHE i el aE LGk NarT R ek SRRATES 5 1Py HRTS MG

second e e conpFenentary 'l hpu ror

pr opaga(bpef:ubla)fn 4 backoanp delag micke in i régpohse 1ol a)&lbséql@ﬂﬂﬁrst ldgeughtht Heput clock
bi -directional delay line during the forward npde and further del ay
second HEe Mg t %@?@&@mnapg the, sormPlemseiRrys inpubclash siensh dhirdely tli‘fe P'eiy t hat

i's subsgipRtibi | delaye fHA! durifigt he foPhvirar 9109@'291)1 ﬁﬁlﬂn@r Qia zaﬁkeﬁ?s@ éaﬁé Ryt ehe
second edge of theé conplenentary clock sig avin forward plus

t he bactomnlementdrsynpusplack sigoaltbhya ba@E andi ctelwdthlledlb@tantlﬁbf ffqualstp thfs@mard
N R D R
forward plus the backward delay; '

a fourth bi-directional delay line coupled to the second model delay line, the
fourth bi-directional delay line operable to alternately operate in a forward mode and a backward
mode to propagate a second edge of the complementary input clock signal through the bi-
directional delay line and delay the second edge of the complementary input clock signal by a
forward delay, and operable in a backward delay mode in response to a subsequent second edge
of the complementary input clock signal to mirror the propagation of the complementary input
clock signal through the bi-directional delay line during the forward mode and further delay the
second edge of the complementary input clock signal by a backward delay that is substantially
equal to the forward delay, and operable to output the second edge of the complementary input
clock signal having the forward plus the backward delay; and

an output circuit coupled to the first, second, third, and fourth bi-directional delay

lines, the output circuit operable in response to the first and second edges of the input clock



48 si.gnal having the forward plus backward delay and the first and-sgégnd
edges of the conplenentary input clock signal having the forwardhﬁ 2006
backward delay to generate a synchroni zed cl ock signal having rising and
falling edges that are synchronized with rising and falling edges of the
applied clock signal. 31. The synchrongus mrror delay of claim30 wherein
the first edge of the input clock sigifal conprises an even rising edge of
the input clock signal and the subsequent first edge of the input clock
signal g r e Nyt S e LN K.si.gn and
wher ei nﬁgﬁg lisazlc n%eggg)%df ?’;{lﬁebfrldrlfgdﬁg(g cq%%gka@lf éﬁ\%ﬁ]r%:tor%gr isgéeogﬁaﬁ %gd&l r |th§i ng
edge of canidernenpary inplitoclleclsisignal havidg tthe fernesd qlienbackeaohdekgge ednetdne ai nput
cl ock sjignal .compri,ses the next.odd i.si ng ed of the input .clock signal,
and whePBfTTopized HpyCTiEas) JBvise Tsing g bk et TR i incliopiRe vithgtsine and

conpr i sfaflingredgaser thid spphied aogesigialt he conpl ementary i nput cl ock signal and

t he subsequent first edge of the conplenentary input clock signal conprises
t he next even rising edge of the conplenmentary input clock signal, and
wherein the second. edggoQndiionAQTRHBFBALALY claflf o whliiikns A HipL BBl SeS
an odd rising edge of the conplenentary 1nput clock signal an tﬁe
subsequiapet deckovighab dgmpuisestanecvenmsingnge af yhei inputt cladkosignad iagd shie bsuueses t he

next od i sin ed f the conplenmentary input. cl ock signal, .32. .Th

oynchr oflsL ekt s R ok sibhal R SET (k@b oy O Mm@ s e PR 58T s

a firstandRvigadie tiesepbricedge of ki ihputlocRBiEnslewaiipdiséy andéddatsih®edye ofteedi)iplti Nes;
a seconq(gﬁ,ga e coupled to the third and fourth bi-directional delay |ines:
an RS f¢p -mfﬁ) ARG Mentyosequent serpisk edes bt inpyt dackosiepalicomprisesdhe nexdioddr gat e
and a fi&seldekBPHle i@ﬁg{eiggg sitgﬁa@&hldqvﬁe% t&fﬁrgﬁwtggsfﬁgqgﬁﬁe%hﬁry APt clock

generati ng a del aye st gnal responsive puts fromthe first
and secoigil GRipriseean ewendising edge plithe barhplementonpinpe dakishgnalR@dfthe gubsdqoentt o
recel vegkhedelaked  chagkeahIpBly o800 eREaRbS. AL BERANEE AR, LS, delayed

cl ock S|gné¥;to gener%Fe PR s?nc%? nt'e 2MBLK signal. 33" %ﬁégsy ronous
mrror ceipsmentargliapun chitkvdigiadi ahdeakdicini thelisedat iedpéalof ded aymplementagnipputses a
plurality of unit delay, each unit, delay co ising: .19 SEP 2006 49 a first
| ogi ¢ cHPusignd sappeees: & PAL G ceF Gif ?aogﬁ%wn@rygmf clock staRak thdride

E i gnal , sméé,g?mt&e@dﬁ\e@age BPHR cdhipihentary thplB¥lbBYsigndl QoHpFiSksaHE Rt Ja@GRingand
ei ng operable in
J e%ge of the complementary input clock signal.

32.  The synchronous mirror delay of claim 30 wherein the output circuit
comprises:

a first OR gate coupled to the first and second bi-directional delay lines;

a second OR gate coupled to the third and fourth bi-directional delay lines:

~an RS flip-flop having a set input coupled to an output of the first OR gate and a

reset input coupled to an output of the second OR gate, and generating a delayed clock signal
responsive to the outputs from the first and second OR gates; and

an output buffer coupled to the RS flip-flop to receive the delayed clock signal

and operable in response to the delayed clock signal to generate the synchronized clock signal.

33.  The synchronous mirror delay of claim 30 wherein each bi-directional

delay line comprises a plurality of unit delay, each unit delay comprising:



response to the forward i nput signal to charge and di scharge the forward

out put node at a rate determned by a value of a bias current; ant9 SER at6nd
logic circuit coupled to receive a backward input signal, the forward node
signal, and the backward node signal, and having a backward out put node, and
being operable in response to the backward i nput signal to charge and

di scharge the backward out put node at"the rate determ ned by the val ue of
the bias current. 34. The synchronous mirror delay of claim33 wherein the
first and second I Coi Gl ' risg. ' Pl as.: cir cuj V] a
first signal ter m rﬁ%@ l%%ﬁﬁ[rg%“ %@%%p%??%%%%%%%@%ﬁ aré?\adfok‘g%?ngg%
second sigepbadndt @bavkmwatd mbhe sighals éndohavingca fawatd apputaioide, 4nd hwingvopbeable ini as
current from t{}%fsecond sitgnalltteli]m' nal ; .a Eecop’t%atbi as .transi stor having a
first sTegRAre fM fRarard A Steneldo £hpter ApAAEENaTso IRV Ad QM BRYF HARIy a
second gétgiihed B WA of di® @peandndi as circuit operable to provide the
bias current fromthe second signal termnal; a first switching circuit
having first and %&€and lagigaiisuit epupladatosreedvipp dgclyrardeeppt signel, dee masi gnal
term na i i i [ t:,and t ving a
ot modt Stenel, pad fe MBRafd RO sl Rl SIRLE A it 300 A0

coupl edopeatihrin fesponae th the agkward dnpay sighad t ichate swd disthiangg the backwardpetpetbl e t o

apply the, bias current. f the firgt .bias circuit to charge the backward
out put Iﬁ%d&eatﬁlgsf tSHg'ie%mF%Bﬂ?@VPWﬁﬁﬁbmcfgng?tgnal and forward output signal
on the forward output node; a second switching circuit having first and
second signal termnals coupled between the second signal termnal of the
first bias circuit? and hernespigus dnigior daky mbdtaimnt? Whergimthe first gnd; sependut
coupl edidoR diRGiR dprf€ backward node signal and a second input coupled to

t he backward out put node, the second switching circuit operable to apply the
bi as current frornfitshigaf ¢ircnit hoviag adirsteignal teoniohlanogpled keea $upplyardadtageisquete node

responsive to the backwa mode .si gnal. and.a ba rd out put sign on t he
backwar S fiad TRaR [RRE 4 B3 hies AR DePRRIV rep fi S Rl BE kot

si gnal thesedonakignslaerplied; bet ween the second signal terminal of the second
bias circuit and the backward out put node and having a 19 SEP 2006, so first
i nput coupl ed to & &end diashEansitaraayingor dirdi genal tefainal couplsddoi g FiererSupl ed

tor _ece{/d’l%gé B&urcd Q{MV%Q HBEbnd E&Hﬁltern{iﬁ'&ﬁ, thBisE&nd WidsCditcd oﬁérﬁﬁl@ité pﬁp\/ﬁfeabl €
to sink the bias current” fromthe
the bias current from the second signal terminal;

a first switching circuit having first and second signal terminals coupled between
the second signal terminal of the first bias circuit and the backward output node and having a
first input coupled to receive a forward mode signal and a second input coupled to the forward
output node, the first switching circuit operable to apply the bias current from the first bias
circuit to charge the backward output node responsive to the forward mode signal and forward
output signal on the forward output node;

a second switching circuit having first and second signal terminals coupled
between the second signal terminal of the first bias circuit and the forward output node and
having a first input coupled to receive the backward mode signal and a second input coupled to
the backward output node, the second switching circuit operable to apply the bias current from
the first bias circuit to charge the forward output node responsive to the backward mode signal
and a backward output signal on the backward output node;

a third switching circuit having first and second signal terminals coupled between

the second signal terminal of the second bias circuit and the backward output node and having a



backward out put node to di scharge the backward out put node responsive to the
forward node signal and the forward i nput signal; and a fourth svi

circuit having first and second signal termnals coupled between the second
signal termnal of the second bias circuit and the forward output node and
having a first input coupled to receive the backward node signal and a
second i nput coupled to receive the bt kwar d i nput signal, the fourth
switching circui't operable to sink the bias current fromthe forward out put

node t o:di (0] onsive. he kwar d.. nmode
e o o Tk R e N
cl ai m 3fbrwier mpmt sipealf thesthindi swatohingceitduit epergbld sesink thMBTast ewreat Stoat tleoupl ed

to recejve a first bias voltage on its gate, and wherejn the _second bias
i rcui t PEEREH QB ARARREISFhaTHE frerbap kvt it 5% Eenme 40 dak Rt Hede
voItageg?mﬂbﬁ@ﬂwgaggnj§§mxm?@h§xachronous mrror delay of claim34 wherein
the first switchin circuit conprises first and second series connected

PMOS transi stors,a tieusth jswiehipg/@cnit drgingt Grst andvienenda sigasle tesminalse doupded
receive for I an r i St hayi a

gat o contEsr B Bia THAGL RLANG| o0 skl SRRIACLEMEF ofd BBV o IR 20 0y

ci r cui t havirgngpfitss @puf coupledan deedeathe baskmagbmodansigad] @dd RNEXndriamaicstiglédto t he
first PMOS transistor .havin gat e coupl.ed to.receiye th ackward node

si gnal SEREE HE eRwed ipRtaitah e Cpep SW&@?%C%C%%rabXeo@pq@a&P 3SRIMEAC kwar d
out put feflahe fofwariutsit HoBE &@deharlel the ford@tPoutpllt nelidkd¥pSkivensrikd PackWardt hi rd

swtching circuit conprises first and second series connected NMOS

t r ansi smedesigaghang the backwanbinppbsignadt or  having a gate coupled to receive the
forward node signal and the second PMOS transistor having a gate coupled to
‘receive the forward input signal, and wherein the fourth switching circuit
conprises first aid scdemynslepn@s miorondelgdf NMIB 34 avheiest the Sirstt ies €ircusit NMOS

transi stor . havi ate coup] ed to recejve.the backward node signal, and
{he s ectprioe Mo e Bider B iy e S A A GURESOT Bk b maniherat tear d
i nput  st@erl biasldrcRfRoRPHSes aa NMBOS tAnSBEPEINpAD e cive A¥BEINAIbM volt@dt chdfdr €SS

bus; a control bus; a data bus;
gate.

36.  The synchronous mirror delay of claim 34 wherein the first switching
circuit comprises first and second series connected PMOS transistors, the first PMOS transistor
having a gate coupled to receive the forward mode signal and the second PMOS transistor
having a gate coupled to the forward output node, and wherein the second switching circuit
comprises first and second series connected PMOS transistors, the first PMOS transistor having a
gate coupled to receive the backward mode signal and the second PMOS transistor having a gate

coupled to the backward output node.

37.  The synchronous mirror delay of claim 34 wherein the third switching
circuit comprises first and second series connected NMOS transistors, the first NMOS transistor
having a gate coupled to receive the forward mode signal and the second PMOS transistor
having a gate coupled to receive the forward input signal, and wherein the fourth switching
circuit comprises first and second series connected NMOS transistors, the first NMOS transistor
having a gate coupled to receive the backward mode signal and the second NMOS transistor

having a gate coupled to receive the backward input signal.



an address decoder coupled to the address bus; a read/wite circuit_coupled
to the data bus; a first control circuit coupled to the control bds§ SEP 200
menory-cell array coupled to the address decoder, the first control circuit,
and read/wite circuit; a synchronous mnor delay coupled to at |east the
first control circuit and for receiving an input clock signal, the
synchronous mrror delay operable to nerate a del ayed clock signal and
the first control circuit generating control signals in response to the

del ayed clock signal, the synchronous mirror delay conprising, a nodel
delay line for receiving the input clock signal and operable to generate a
nodel del ayed cl @8k siAgmamotryndevicgpeomgeising: t he i nput cl ock signal, the node
del ayed cl ock signal hqying a nodel delay relative to the input clock
signal; a bi-dir&PefdEsb%elay 1ine coupled to the nodel delay |ine and
including a plurgdohfry wk; unit delays, the bi-directional delay line
operable in a forward node responsive to a node control signal to propagate
t he nodel del ayed d@tadu®s; si gnal through the unit delays in a forward

di rection, each RN (] O&glc%lg@mttpeea(@pg%usdel ayed clock signal by a
a a

correspondi ng delay, and oper € in a backward node responsive to the node
control signal tarpadipegatieuit beupledndetie dhed ysed cl ock signal through the unit

del ays in a back d direction, each unit delay delaying the nodel del ayed
cl ock signal by gﬁ%“éﬁp?%gﬁﬁﬁﬁFWQ&WGP§%¥X§HSL§%Second control circuit

coupl ed to the bixHeh&GtdeANdayd8hFYd td A8 addBS &REQRTthE TRétBhtroldifcGil] dnd
operable to alternately place the delay line in the forward and backward

nodes ofad/wptrarckibn to time a forward delay, and thereafter operable to

alternately plac |~ di [ I | [ ' .an ckward
‘nmodes to tine a g‘a%@\gh/aljrahm%e#gg&t%g“? ?Oggggg%{@&(il%gtt g@yﬁ@ga%ng{o‘f‘t%g%ﬁgﬁ gor?’ward
del ay, mcgivihfandepordookogignal the isyadhrdnooperiatd éelay operebpito aehanteaf ddliyed

backwar el.ay . to,output the nmbdel del ayed cl ock signal froma selected unit
ol sy sdotiueiayand Jit st shmtal i eetesmbrs ook ea® Joresniie o ith J00: co of
cl ai m 3fodihgral, thel SYRCHIBAGYS YniflBY H 1Sy fsinges a DDR DRAM 40. The nenory

device of claim 38 wherein the delayed clock signal is applied to clock an

out put driver coagheds! delay Hae &ytrecebiiag the input clock signal and operable to generate a
model delayed clock signal in response to the input clock signal, the model delayed clock signal

having a model delay relative to the input clock signal;

a bi-directional delay line coupled to the model delay line and including a
plurality of unit delays, the bi-directional delay line operable in a forward mode responsive to a
mode control signal to propagate the model delayed clock signal through the unit delays in a
forward direction, each unit delay delaying the model delayed clock signal by a corresponding
delay, and operable in a backward mode responsive to the mode control signal to propagate the
model delayed clock signal through the unit delays in a backward direction, each unit delay
delaying the model delayed clock signal by the corresponding delay; and

a second control circuit coupled to the bi-directional delay line, the second control
circuit operable to alternately place the delay line in the forward and backward modes of
operation to time a forward delay, and thereafter operable to alternately place the bi-directional
delay line in the forward and backward modes to time a backward delay that is approximately
equal to the forward delay, and the second control circuit operable upon expiration of the
backward delay to output the model delayed clock signal from a selected unit delay as the

delayed clock signal.



41. A conputer system conprising: a data input device; a data output

devi ce; a processor coupled to the data i nput and out put devices;1d£§E%ﬂm5
menory devi ce coupled to the processor, the nenory device conprising, an
address bus; a control bus; a data bus; an address decoder coupled to the
address bus; a read/wite circuit coupled to the data bus; a first control
circuit coupled to the control bus; a nory-cell array coupled to the
address decoder, the first control circuit, and read/wite circuit; a
synchronous mrror delay coupled to at least the first control circuit and
for receiving an input clock signal, the synchronous mrror delay operable
to generate a del38yed Thelnuamkorgidgvia¢ oficldint B& whieredt theandémarly device dompgesar ati ng

cont rol _ si s, in response to the delayed clock signal, the synchronous
mrror Béhggﬁég%prising, a nodel delay line for receiving the input clock

signal and operable to generate a nodel delayed clock signal in response to
the input clock signal, the nodel delayed clock signal having a nodel delay
relative to the i4Qput ToFoBRMEIYgdeyice af ilaindi 38 whprsimatheqdelayed| ¢laek signdl isd t o

t he ”Dg??ligﬂoadcﬁ;lkiaﬂ%uﬁ{ﬁgdﬂ.ix%lcU%{lgtoﬁhe @Atgt;@é.i ty of unit delays, the

bi-dir 1onal delay I'l ne oper in a forward node responsive to a node
control signal to propagate the nodel del ayed clock signal through the unit

delays in a forward direction, each unit delay delaying the nodel del ayed
cl ock signal by gqcor CHRWE Y5198, SEFTSH85 53 del ay, and operable in a

backwar d node respRfshy@ devict;he node control signal to propagate the nodel
del ayed cl ock signal through the unit delays in a backward direction, each
unit delay del ayid3 Uit @Bdes: del ayed cl ock signal by the corresponding

~delay; and a secg o&?&?"&@dglgdt()%g(ﬁat&fﬁggt{a%q ohfbufh‘&zi&is-' rectional del ay

line, the second contro Ircuit oper e to alternately place the del ay
line in the forwarmkenery doeick eauptedrto thesprodessoopbe semory deyidei compeisihgr war d
del ay, and there%ng&ﬁgﬂﬁ&?ble'to alternately place the bi-directional

a control bus;

a data bus;

an address decoder coupled to the address bus;

a read/write circuit coupled to the data bus;

a first control circuit coupled to the control bus;

a memory-cell array coupled to the address decoder, the first control circuit, and
read/write circuit;

a synchronous mirror delay coupled to at least the first control circuit and for
receiving an input clock signal, the synchronous mirror delay operable to generate a delayed
clock signal and the first control circuit generating control signals in response to the delayed
clock signal, the synchronous mirror delay comprising,

a model delay line for receiving the input clock signal and operable to generate a
model delayed clock signal in response to the input clock signal, the model delayed clock signal
having a model delay relative to the input clock signal;

a bi-directional delay line coupled to the model delay line and including a
plurality of unit delays, the bi-directional delay line operable in a forward mode responsive to a
mode control signal to propagate the model delayed clock signal through the unit delays in a

forward direction, each unit delay delaying the model delayed clock signal by a corresponding



delay line in the forward and backward npdes to time a backward del ay_t hat
is approximately equal to the forward delay, and the control cirdd 3EP 2006
oper abl e upon expiration of the backward delay to output the nodel del ayed
clock signal froma selected unit delay as the del ayed clock signal. 42.
The menory device of claim4l wherein the nmenory device conprises a DDR
DRAM 43. The nenory device of claim wherein the del ayed cl ock signal is
applied to clock an output driver coupled to the data bus. 44. A nethod for

contr Ol e'ld(}rgfu?d Qper lé fCd b?&warodl%l 3%/ res%ﬂh %equ&%t gonﬁﬁpgglg%ﬁg 81‘0%!1%1) h%' gnal

having a ative to an ap rising
recei vi mgde&rdelamed clakk et@el th’roughahapxpitldemys hmcakbaskwgmal direapuh, ydaolg uhhelelagi t i al

edge of nal to the bi- d|re onal, delay |ine;

o Sor et REEofE lsee SHPRE b e CCaretr e AP o war g and backwar d
del ay rmdes of QReEdRicontrd|igeR esA @ tikettichal @layfind, IR steinticahtrgdge of
the applied clock signal; in resgpnse to a subsequent edqg of the app%led

cl ock siggHiIopembleetonalianstely| plasenthe deley Bine dn rthe forswed ang trefwiasd amedes
bac k""ar&l)e%%ﬁ)(o %sfom/ fa?t élf?lnth&%atg&%?)[aﬁpﬁ t8 aﬁ@ﬁgt\é@f ﬂacedtﬁla Ydﬁ)é ]Jlt)nﬂ

initial e of e app 1 ock signal generati'ng an e ge 0
del ayeddedaydmc ls|tgma1rw|aai\/andgbwkv§Mdayodys to Itlmefa)bwkwdr@dielew thahes dpackimatelydel ay

relative to t 5 |n|t he a I|ed C ck SI EP 2006 , 54
15 “ThelRolE et Briet i B soRForBRuk SPebRoiigd Pt 86 e teikeid o

si gnal d‘equmblcﬁuqﬁn ﬁlermﬁddlgieﬁsigﬁcléﬂdmgﬁkﬂ mba@aluaea ubil gelapfas tedapplicesdk cl ock
si gnal nErlses the next rising e A nethod for generating a
delayed“%1 ck signal having a del ay relatlve to an applied clock signal,

t he met hod conprising: receiving an initial edge of the applied clock,
signal; timng a forward delay by propagating the initial edge of the
applied clock sidgdal Thhmmmyhy deyiteiphtlainny4bfvherin the noavmore cleeide bomplisesat i onal

unit d i forward and a backward direction; in response to a
subseqﬁéﬁﬁ%ggg¥€of the applied clock signal, timng a backward

43.  The memory device of claim 42 wherein the delayed clock signal is

applied to clock an output driver coupled to the data bus.

44. A method for controlling a bi-directional delay line to generate a delayed
clock signal having a delay relative to an applied clock signal, the method comprising:

receiving an initial edge of the applied clock signal;

applying the initial edge of the applied clock signal to the bi-directional delay
line;

~alternately placing the bi-directional delay line in forward and backward delay

modes of operation to generate a forward delay of the initial edge of the applied clock signal;

in response to a subsequent edge of the applied clock signal, alternately placing
the bi-directional in forward and backward delay modes of operation to generate a backward
delay of the initial edge of the applied clock signal; and

generating an edge of the delayed clock signal having a delay of the forward plus

the backward delay relative to the initial edge of the applied clock signal.



del ay by propagating the initial edge of the applied clock signal through
the plurality of series connected bi-directional unit del ays in fld Wi W0&nd
backward directions to generate a backward delay of the initial edge of the
applied clock signal that is substantially equal to the forward delay; and
generating an edge of the delayed clock signal having a delay of the forward
plus the backward delay relative to the initial edge of the applied clock
signal. 47. The ‘method of claim46 wherein the initial edge of the applied
clock signal comnpgris S e e S U e, of. pplied
cl ock signal con&?isegﬁfﬁg&hﬁ£§?c?ﬁgfﬁguggég{ﬂ%ggﬁ$ﬂ§8%%9ﬁg% @&hg?gﬁﬁ?46
wher ei rsigrabcomprisesih ricidgedgd artditbe aylstquedt alge ok thesipplial clodnyigriab esmprises thiet | al

ri sing edge .and. t he subsequent edge of the applied clock signal conprises
the a §5¥gﬂﬂn$?%$hg edge after the initial rising edge. 49. A synchronous
mrror delay, conprising: a first input buffer for receiving an applied

cl ock signal and ogperable to generate a buffered clock signal in response
to the applied clck <\ pstrod farogegematingadelared ¢logk sigral haviag adelayyelptivedo

coupl edyf B lifECIHAN Fénal @%e@%ﬂfrﬁpﬁﬁn .eceive the buffered clock signal and
operable to generate an input clock signal in response to the buffered clock
si gnal, the i nputreesivinkansingirbbdgeafithecppalictbcledk siglaly rel ati ve to the buffered

clock signal; a first grou f bj-directional. delay |ines ach, del.ay .line
operable to gener§i'28 39°r8vé'1P%§9/%?}y é’( BWB?gaIEPB% irt}?'?gmglalj%‘?/ggff?% %U[p?'ﬁ‘i Cltogk %.'ﬁxaéppl i ed
si gnal ; thebufgh asilualigcdf @tisd codndtted bE-tiredtiohal amitpde®t)sti® at fopwdrt ra8dl al baRkarBuf f er
and first nodel delay line and to the first group of bi-directional delay
lines, 48U 0ck distribution circuit operable apply respective edges of

the input clock jaRahnst% %%luﬁ%hgglt Risdbf BELpHRA! clgcg(: sg%nkal],ist?g%gla%a%g\gﬁﬁd

input buffer for receiving a c | enentary applied an
oper abl delayocbyypmapagatieg theciortial edgsnefathy applicdedland signat kregughntt pluralitgofoerize t o

t he conpl e t.ar a i e | ock signal : econ del, del ay. |i.ne coupl ed
ot he DRBSTA' RaliceBRl bEF ofaTE BNORT e SR RN relROG o B SRR

si gnal dehy ofpthe ditiel ¢édyeasnie apglicd cesRpsigmanihaAry sibdpiatially eq@lal t6 tignfdkward
response to the conplenentary buffered clock signal, the conplenentary i nput
clock 9aynand having a nodel delay relative to the conpl ementary buffered

clock signal; generating an edge of the delayed clock signal having a delay of the forward plus
the backward delay relative to the initial edge of the applied clock signal.

47.  The method of claim 46 wherein the initial edge of the applied clock
signal comprises a rising edge and the subsequent edge of the applied clock signal comprises the

next rising edge.

48.  The method of claim 46 wherein the initial edge of the applied clock
signal comprises an initial rising edge and the subsequent edge of the applied clock signal

comprises the a second rising edge after the initial rising edge.

49. A synchronous mirror delay, comprising:
a first input buffer for receiving an applied clock signal and operable to generate a

buffered clock signal in response to the applied clock signal;



a second group of bi-directional delay |lines, each delay line operable to
generate a del ayed signal having a del ay relative to an appl i ed 4iS%SE 2006
second clock distributor circuit coupled to the second i nput buffer and
second nodel delay line and to the second group of bi-directional delay
lines, the clock distribution <circuit operable apply respective edges of
the conpl enentary input clock signal t® selected bi- directional delay
lines; and an output circuit coupled to the first and second groups of

bi -directional del the out pyt cirgcuit bIe in.re to the
del ayed signal s Fr@%ﬁ fnﬁgé]b clay; lluéCC?qUBR:§|to gll?-ﬁ g{Vt 'WH“EEE todg?FéYeaﬁ’@ yifered

synchr aslockeslgill @l opergbial to @Méra@ dnl mpidclaekdsifadl lih rigspad@e@ t‘h@flilff@{re@ clock
synchronizgd with rising and fallln? edges of the applied clock signal. 50.

The syntigiabsBPYcqck sienal hayingra mpdg ﬁ?lﬂbre\}%'é@é‘? thepyHered clock sighals econd
groups of bi-direckkondlp @%ﬁmréaueﬁaﬁo% ghmegrgam 38ad BHE op@rw th i ate gnd

wherein the first clock distribution circui't sequentialfly prOV| rising
edges dkkbhésgnﬁmmvmg@dkhswqmahtD@namﬂWﬂcumawelay | i nes, and mhereln t he
second cl ock distrj n.circuit .se uentl | 1 ovude rd.sin dge f the
conpl enent ary |npu1 lB@%déslkrbbﬂgr(i"gu‘[ QURlE Fo g’«fl t qpﬁgglﬁlf?Qa"gE@g %e?

51. Thedefgyntity @ndws the fiksergrog) ay bediredtidhan d’&awméseltﬁe QRek didtabultiod @f.cmtbut or
circuit conprises a clock distribution circuit coupled to receive the

buf f er eRPSEAPIAPPY TEIPSFIERILes ¢fhg inprigdackssiggablo SF‘reﬁtﬁﬁ’Ph@r%PP‘éé‘ﬁléﬁ&P?ﬁg buf f er
and delay line anse@orRPH{ﬁh?Bufférhﬁr%&% dicshy; m%ta?pspméauuscléﬁgﬁaqunag the

bi -directional delay line to receive th e |npu cl ock gnal responsive to a
count faopsrablenie geoemteer complemensanyt rifecksvadbadpsigan! it eesponsatto tless pumpementary t he

corresp p(pgog“gn%ied clock signal. 52. The synchronous mirror delay of
‘claim wher er i each bi -directional delay line conprises a plurality of

uni t del ays, each seéid deidayda@ymﬂhe Sdongled ao fthe SécohddhputChutfenitd recvine e t o

receive a forward . in na a forward node signal, and a hackward node
si gnal , SOHIEMENATR U uffe 'feér‘a%?‘d%%ﬁl Fad gpseble Wngengraied copplemmntary Anput W@lﬁbnse to

the forygiaflid &Mns@k&ﬂﬁ'cohﬂ;l&x%’izﬁl? bRfighedcRRR 318, YR INREAa 9 hRN IR e

arate deternlned by a value of a bias current; a second’logic circuit
coupl edignal having W@Oéﬁllﬂa'@kmmdleltﬂﬁmcomp@mntarlablﬁﬁﬁfrrv@ddclfmﬂ@l signal, and a

packvar e, =1 daglpg it 2 BRI s RO R RS 01
backwardtlayed pighal hadeag aTdelaheelatlve to an applied signal;
a second clock distributor circuit coupled to the second input buffer and second
model delay line and to the second group of bi-directional delay lines, the clock distribution
circuit operable apply respective edges of the complementary input clock signal to selected bi-
directional delay lines; and
an output circuit coupled to the first and second groups of bi-directional delay
lines, the output circuit operable in response to the delayed signals from the bi-directional delay

lines to generate a synchronized clock signal having rising and falling edges that are

synchronized with rising and falling edges of the applied clock signal.

50. The synchronous mirror delay of claim 49 wherein the first and second
groups of bi-directional delay lines each comprise four delay lines, and wherein the first clock
distribution circuit sequentially provides rising edges of the input clock signal to the four delay
lines, and wherein the second clock distribution circuit sequentially provides rising edges of the

complementary input clock signal to the four delay lines.



rate determ ned by the value of the bias current. 53. The synchronous_mrror
del ay of claimb52 wherein the first and second logic circuits coﬂrﬂ' &Fe2006:
first bias circuit having a first signal termnal coupled to a supply

vol tage source and having a second signal termnal, the first bias circuit
operable to provide a bias current fro the second signal termnal; a
second bias circuit having a first si gi?al termnal coupled to a reference
vol tage source "and having a second signal termnal, the second bias circuit
operable to provide the bias current fromthe second signal termnal; a
first swtching circuit having first and second signal termnals coupled
between the secdid siThaalndhesmounalirraf deldyeoff dlaist 4bivhsrein ¢achiictocRrlttritugor
backward out put .node and having a. f.irst input coupled to receive the

f or war &‘Wﬁﬁéogﬁpljﬁ% a éﬁgk A étH‘('J‘ﬂH °ﬂfﬁb'hf°%?£f%eff°?‘6° eb‘ff%eﬁﬁéf;'&‘:k sebghandnode,
the firiaputsuibéicRighal GbmCthct cRRBpAMMy bOfEPRIY dSIBE 1k adC T doBRYer, fthOmIdcRe
first bias 19 SEP 2006 57 circuit to charge the backward output node

r esponsqigtebytipn: piecuito pelegting nibe ebiglirgetignab delay dingatod receive phe inpujnelpckopignsle

f or war de; d kL Ch i [ [ ' second
si gnal drteﬁjr&rhggéltggc%tﬂ) B ggﬁ{l g%t (\:/\%\emrftr’t E‘g f@ggﬂgég&s@oﬁ@ &}t{bg?ér#nﬁlg%w %%g) I'rst
bi as cicotgspgonding bufferefl otosksignalut put node and having a first input coupled
to receive the backward node signal and a second input coupled to the
backward out put node, the second switching circuit operable to apply the

bias current fromp, thaghtisyhthrOAS mhirfof delayldT AMAT 99 Wieeih QaviRbildpatkipadl node
responsive to the backward npde signal and a backward out put signal on the

L ) g C !

backwar¢flaydins sempeers 2 Phurehtyof uaipdelays, syphaniteglay cpmprisinet i rst and second
'signal termnals | %(;,-gn i Livhha cond

bias circuit and atcﬁgpb%k\%géugﬁgdt}lpggpgn% e a%é%\g?ﬁlntfhgs%iﬂf étfgf‘)\r’\%ﬁﬁl@gupl ed
t 0 receigml tand af ackwad modtesigialrmld lamoiga Hesadduipunbde auplbethgtaperablednve t he
forward i nput, signal he third . sw tching,ci,rcui erable to sjnk the bias
or onsreiBif ot Merd APt Distal f Chesto aftEo bt IOTHET bok ot M arPEL node
I esponsdewmiRd @ vialle\Wwlh id¥RdgentSar@nal and the forward input signal; and a

fourth switching circuit having first and second signal term nals coupled
bet ween the secodeaingragic cispyif ¢papledfto faseaiveabactavasd Hmputsigrali a foaperd mpde

f orwar ds‘g}HI Hi aHAAEY A8 thodd 3nd LVirsd 2 AR AR i
backwar : rr[’)%e sai gnalﬁagncf a ségc%%‘gd flénpl)t#t ac%%pl E%Q%{B&t%dg,oand%ﬁ{g (ﬁ)ewﬂﬁe n
response to the backward input signal to charge and discharge the backward output node at the

rate determined by the value of the bias current.

53.  The synchronous mirror delay of claim 52 wherein the first and second
logic circuits comprise:

a first bias circuit having a first signal terminal coupled to a supply voltage source
and having a second signal terminal, the first bias circuit operable to provide a bias current from
the second signal terminal;

a second bias circuit having a first signal terminal coupled to a reference voltage
source and having a second signal terminal, the second bias circuit operable to provide the bias
current from the second signal terminal;

a first switching circuit having first and second signal terminals coupled between
the second signal terminal of the first bias circuit and the backward output node and having a
first input coupled to receive the forward mode signal and a second input coupled to the forward

output node, the first switching circuit operable to apply the bias current from the first bias



recei.ve the backward input signal, the fourth switching circuit operable to
sink the bias current fromthe forward output node to dischargeiﬂ&ﬁ&&ﬁmbfd
out put node responsive to the backward node signal and the backward i nput
signal. 54. The synchronous mrror delay of claim53 wherein the first bias
circuit conprises a PMOS transistor faor receiving a first bias voltage on
its gate, and wherein the second bias ‘circuit conprises an NMOS transi stor
for receiving a-second bias voltage on its gate. 55. The synchronous mrror
del ay af : | . L . . . . and
second aiild Pharck RO T RRRia ke RSN R b AR TR B LR T g
a gat e adtpybkigualton theetosward outpat iedepar d node signal and the second PMOS
transi stor having a gate.caoupled to the forward output node,.and wherein
the second sw t o GO0t AIFEE Giph ek RL HRY e Sien B nindR eREE e
PMOS t risenséent the Secont &igrial SdrmiDGf il fifst Hiagrcideaiy iand the forQaELtB@0KdeBdgat e
coupled to receive the backward node signal and the second PMOS transi stor

havi ng MVEgtelirstivap) ypled te freelysdhakackivaidipede sigaéands secprd inpyh epipaddas
mrror gehakwitd Sl!ltgﬁtmoﬁg, HWoSE&hA é(Nth@hih 'cfrgjitsé%eﬁ‘ﬁﬁ'é ﬂ)gapﬁ)g}; ;hlgtﬂslzﬁs (iqul%{ frGift S

first and second series connecte transistors, t

t r ansi sthefirst béasicirguis tayeltaegecthe foravdrd outpeowide eespbisiveotowhe Haokwael siodnsignaind t he

second P transistor . havi a gate coupled to receive the forward i nput
si gnal , *"aid *wher |°tpflﬂselgr%agﬁ?p%bg\%ﬁyagﬁf’ﬁtgup%o%?tuit conprises first and second
seri es connect ed aNMeBswitehingd Sitdalthaving €irdtiahd becdMDE ghdlaggiigdlOtouphd\betigeed gat e
coupled to recei ve the hbackward node signal and the second NMOS transi stor

havi ng e gesprd dignad terming of geaecandi s qystit wad theihapkvard joyipyt nodgand hgung 2

synchr oflUspdt ohikd Q?}e@%’lv%fhe%ﬁbd?a mddb g@&a%d GARBEHdShRG Buplkd & reE&Vcﬁihe

shifting circuit couple etween the backward out put node and the third

swi t chiflegvard rinpttsignatl the thied smitchiag adircgihiopeiably toi sinkiithe dbmaplugdnth&ometn t he
forward_out pyt node and t.he fourt wi t chin circuit,. 58 The sypchr.onous
i 11 or SR spRR Bt Ahal e Prdtlekd Shbdh mecrtiiohon i e ERTT ARG
Ci r cui tsigrabald the fpwaldnputdigadieasdupl ed transi stor. 59. A synchroni zing
circuit for generating a delayed aqut put c|ock ‘ii gnal ,schhro_niéed Wlﬁth an
i nput cl ock si gndl Pouftheswiching giswt hgvieg riish end shpdssisgal rminglst cyplsdp of

bi - di r eghi.@nahe S&bAY _si'gh&l%pmiﬁﬁccﬁ tHeL&¥nd biAS cHENLARE ihToRyHEbapetnoRi MRl
having a delay relative to a respective applied signal, the bi-directional

del ay |haming a first input coupled to receive the backward mode signal and a second input coupled to
receive the backward input signal, the fourth switching circuit operable to sink the bias current
from the forward output node to discharge the forward output node responsive to the backward

mode signal and the backward input signal.

54.  The synchronous mirror delay of claim 53 wherein the first bias circuit
comprises a PMOS transistor for receiving a first bias voltage on its gate, and wherein the second

bias circuit comprises an NMOS transistor for receiving a second bias voltage on its gate.

55.  The synchronous mirror delay of claim 53 wherein the first switching
circuit comprises first and second series connected PMOS transistors, the first PMOS transistor
having a gate coupled to receive the forward mode signal and the second PMOS transistor
having a gate coupled to the forward output node, and wherein the second switching circuit

comprises first and second series connected PMOS transistors, the first PMOS transistor having a



sequentially receiving a first delayed input clock signal and a second

del ayed input clock signal and sequentially generating a respectﬂﬁ§ﬁ&ﬂﬁyed
signal; a second group of bi-directional delay |ines, each delay |line
generating a delayed signal having a delay relative to a respective applied
signal, the bi-directional delay lines sequentially receiving a first

del ayed conpl enentary i nput clock sigﬁ@l and a second del ayed conplenentary
i nput clock signal and sequentially generating a respective del ayed signal;
and 19 P an..oyt ircuit coupnled to irst. and second groups
o i - dreEPh 19 elPE R P o ol EE et B R EPRER Bal ng

ri si ng saopled &l tht backedgbsutpitaiodar e synchronized wth rising and falling
edges of the input clock signal. 60. The synchronizing circuit of claimb59
wherein each bi-directional delay |ine conprises a plurality of unit

del ays, each unigdel gye GORIMoRME irdr UbIES lof | RHICsE Whettd tHeOMRbaidcming eCel ve
a forward input signal, a forward node signal, and a backward node srgnal
and hawingenit gompisga tisst ond pesond series carnectsdiNYOSgransibloss, the firsicN MM eansistor he
forward. i npu i char.ge i scharg he f.Q [ node. at a
rate ﬁgtk’ {é}@rﬁI %"8%331"35 \C}glrﬁel‘%f thgn%f‘gésracr{ljﬁeeﬁgéal an tgesggogﬁgé ]ﬁgbtgi %anéllsFoéui t
coupl echavimgraegaie coupled ac kevrivd thagodwasd dnpat sighalf andvavhdreide: foarthnalitchiapd a

backward npde si.gnal, and hayi ng a back ut put. node, . and bej ng operabl e
in res%H'ééO'%‘B“S%ﬁgr%ée%ﬁ%‘PB P tcogr}egwﬁﬁilﬂggmgﬁl@t@rsaﬂ@ %ﬁ&g%} 'éa"tsﬁg’r

bac kV\’arlﬁv&%taO%ﬁte Reedto tddBive R BaclRaRT ALAEGighY dndany abddad AhMORer isRfor
current. 6I. The synchronizing circuit of claim®60 wherein the first and

second hagijig@ gateiqouplied & reeripe thebackavard input ignes circuit having a first signal
term nal coupled to a supply voltage source and having a second signal
‘termnal, the first bias circuit operable to provide a bias current from

t he second si gnals7t er Thaayrchsnsecmirtbriaiely ofictairis3 fhakeérngnpribing aitfirst Igvidl
termnal.coupled to a reference vpoltage source and having,a second signa
tor m nabitiih BrQd oHeies PRweEs P CupRiainE Rod BEcr 48 HarheSTeRR LA T om
t he seceashdIb@nahifii diddalcoufled bétSleers Wetf6Ridd obipi€ Hode Aﬂa\thaﬂ)ufrm_rs%ﬁtcﬁmg
second signal term nals coupled between the second signal term nal of the

first bimsitcircuit and the backward output node and having a first input
coupled to receive a forward node signal and the second i nput coupled to the
forward '

58.  The synchronous mirror delay of claim 57 wherein the first and second

level shifting circuits each comprise a diode-coupled transistor.

59. A synchronizing circuit for generating a delayed output clock signal
synchronized with an input clock signal, the synchronizing circuit comprising:

a first group of bi-directional delay lines, each delay line generating a delayed
signal having a delay relative to a respective applied signal, the bi-directional delay lines
sequentially receiving a first delayed input clock signal and a second delayed input clock signal
and sequentially generating a respective delayed signal;

a second group of bi-directional delay lines, each delay line generating a delayed
signal having a delay relative to a respective applied signal, the bi-directional delay lines
sequentially receiving a first delayed complementary input clock signal and a second delayed

complementary input clock signal and sequentially generating a respective delayed signal; and



out put node, the first switching circuit operable to apply the bias rrent
fromthe first bias circuit to charge the backward output node réébﬁﬂ%ﬂm&
to the forward node signal and forward output signal on the forward out put
node; a second switching circuit having first and second signal. term nals
coupl ed between the second signal terypanal of the first bias circuit and
the forward out put node and 19 SEP 20 60 having a first input coupled to
recei ve the backward node signal and a second input coupled to the backward
out put node, the 4 chi [ | e / 1 ' urrent
from the first gﬁggﬂg?f%%QQEQ%ﬁ%%gig%q¥téﬂgd%gg#ﬁg%EFigfB%%%%%P%%g%ﬁ ive to
t he badingatalgensoe diegleidyed alvdk aighalchawpgdrising gt faingrediesothat dre srachkondaed

out put pode:. a third switching circuit. having first and second si gnal
ternindf@]%%ﬁ%?%ﬂﬁgggﬁﬁg ()ﬂﬁ%ngggﬁ S¥'8nal terninal of the second bias
circuit and the backward out put node and having a first input coupled to
receive the forward npde signal and, a _second input coupled to receive the
forward input si@Ral, Tbﬁémq%rqrﬁﬂ@wqrem pgcleim &8iwhespie cadh bi-digectiprak delay bi as
cur r entlidel QMpHSS a ghaakirdnR LR cM%it%la?'c%ﬁB?&ﬂ& the backward output node
responsive to the forward node “signal and”the forward input signal; and a
fourth swi t chi ngacfinstlegic tisspitngpupledsd reseivese domard inpunbighay aifnovasd codpl ed
bet ween.t he secqnd, signal  termnal ,of. the.secqgnd bias. circuit and e

For war S 50 2rB5e PRt e B rRlink R Sk BRod onf Beloe FperehEn
backwarrdspoastetosth@ fievaahihpat §ge0 sl chargelhind disgHag@ the forR&QE(EbMEutt mlehogkward
i nput ﬁ%gnal, the fourth switching circuit operable to sink the bias current
from t HESBINRA OY 2yalus of 2 R surent@Adchar ge the forward out put node responsive

to the backward a@&ﬁd%@@?ﬂrgﬁﬂ%ubfég tORLEVEE Bad kv indLOGE al, PR rwakl Brode

synchroni zing circuit of claim®59, further conprising: a counter having an
i nput tsegnal, and a dackyrard modnsighply and bisviing e Hadkmyard owspwalods,i apd dieingpemplslin ed,

t he counter devel ppin .count value in re nse . to . the first del.ayed input
ol ook S 6 BRANGinpb fing) B Wick! WL REPEE DErictSatd flbu S Pre
first gaeuptethinbd bgtheaatie@fighe biskdua¢nd, i nes, and having i nput clock termnals

at which the first and second del ayed input clock signals are applied, the
first distributor circuit applying respective edges of the first and second

del ayed clock si gnal s The sehchRIneAhECiIrQ o ail 60 Rhedin @etir@nal d&m@Mogit nes.
the clock distributor circuit selecting one of the bi-directional delay

| i nes tarenigscesimpsise:he first and second del ayed i nput

a first bias circuit having a first signal terminal coupled to a supply voltage source
and having a second signal terminal, the first bias circuit operable to provide a bias current from
the second signal terminal;

a second bias circuit having a first signal terminal coupled to a reference voltage
source and having a second signal terminal, the second bias circuit operable to provide the bias
current from the second signal terminal;

a first switching circuit having first and second signal terminals coupled between
the second signal terminal of the first bias circuit and the backward output node and having a
first input coupled to receive a forward mode signal and the second input coupled to the forward
output node, the first switching circuit operable to apply the bias current from the first bias
circuit to charge the backward output node responsive to the forward mode signal and forward
output signal on the forward output node;

a second switching circuit having first and second signal terminals coupled

between the second signal terminal of the first bias circuit and the forward output node and



clock signals in responsive to the count value fromthe counter %p
synchroni zing circuit of claim®62 wherein the counter and the m:%§$ 2065
circuit conprise a first counter and a first distributor circuit, and the
synchronizing circuit further conprises: 19SEP2006 61 a second counter
having an i nput term nal at which theéﬁirst conpl ementary del ayed i nput
clock signal is applied, the second cdunter devel oping a count value in
response to the first delayed conplenentary input clock signal; and a
second r ' ' (o1 d
second v 4 BpuCLif o FRURLARL WD ABRTRS L el Sl FadfE0RC,
whi ch tthe bidkmatd wt;iutsmde,mue dedoa;i eW1tcluogrpirar'rteaspemWe torm:lpﬂy thlednaks airgniafrem ar e
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of the anbia-bdi:l(v%iﬂb@ﬂpaimgiﬁ'laUtHeIUaﬂ&Neﬁ’ﬂotlﬂi)&trﬁﬂéond group, the second
distributor circuit, selecting one of the -directional delay lines to
recei ve the f|rs@t%ﬁﬁsﬁeﬂﬁmﬂmﬁeﬂé?éﬁgé%ﬁﬁpéﬁ%ﬁﬂ%ﬁﬁnﬂﬁ@ﬂﬂn%$@wwed CYYRaNs i n

r €SPONShy Gechfd bi lQ&Hﬂﬁal‘é?lHé%eéJ rﬂlésfb‘?rcﬁi?%x?d“ BRI, Hou ﬂt e%ﬂ%g& V\?hz' ng

circuit for genérating a del aye out put c sl gna Rroni ze

i nput  diirsticikpwticgnpled ta teecisy thetfoovird muge signauand acsomdl lepmgoupied tosnenegvmlige
clock s rob CIrCUIt hav at. whi c ut cl ock s

appl 1 edP BT AR ikah Bt Bt PP tPehls Gount e s g fORgne

provi delﬁck\bzh& output AEdeet0dischatgeake hekaled suthatnddef rdspoRsive Rahearvardedcay | i ne
coupled.to the input of the rising edge clock strobe circuit to generate a
del ayedignapind the Brwardiipppsignal; a4 st group of bi-directional delay |ines,

each delay |ine GeRGHAL Liknhel elrdke farhgike BAY 1566 HEhAVICHAA! diple an
applied signal, and a clock distributor circuit coup to the |nput of the

ri sing t@d@@ndhmﬁcosd sighd teimmioaliaf tbmsbcmrrebmelcayuit hidhdee foiveard bulpht hidstanil but or
circuit_ _furth pled to the fir ctlon del s to
sequent*%a&“ﬁy %rsto Ul °°“H‘ed? hput'e |“bec R g a’P"Je?nag"raﬂ d%Fe""“% ‘“PHSX‘E“F’!:‘Q%

si gnal reeivathd badkvidid ifput s@haﬂﬁmblf&n'&i swiedhtg dltc[l&é‘opelfablehe sfdkrtﬁé bias ougent t he
rising edge cl ock strobe generating a rising ed strobe signal in response

to a rifEmiheiggrard putput pedeto dischanes e @rwerﬁeumu a?fiee@ﬂmﬁlap t‘él@leaﬁﬁ“’lf‘vfﬁés of

the fi rrﬁ&de%'i%?x’dpand%héﬁéc'kkvﬁﬂi iApQ&ignhpck strobe circuit having an input at
which a co enentary input " clock signal is applied and having an out put

fromwhich a falling edge strobe signal is provided, the falling edge clock

strobe ciroul t 1yt herry DRyl bl bt Binf QLR bamplgng Pt OF e

a counter having an input terminal at which the first delayed input clock signal is
applied, the counter developing a count value in response to the first delayed input clock signal;
and

a distributor circuit coupled to the counter and the first group of bi-directional
delay lines, and having input clock terminals at which the first and second delayed input clock
signals are applied, the first distributor circuit applying respective edges of the first and second
delayed clock signals to a selected one of the bi-directional delay lines, the clock distributor
circuit selecting one of the bi-directional delay lines to receive the first and second delayed input

clock signals in responsive to the count value from the counter.

63.  The synchronizing circuit of claim 62 wherein the counter and the
distributor circuit comprise a first counter and a first distributor circuit, and the synchronizing

circuit further comprises:



edge clock strobe circuit to generate a del ayed conpl enentary input ¢l ock
signal, a second group of bi-directional deiay lines, each del ay 113 ¥ 2008
generating a delayed signal having a delay relative to an applied signal
and a clock distributor circuit coupled to the input of the falling edge
clock strobe circuit and the delay line, the clock distributor circuit
further coupled to the second group 19 SEP 2006 62 of bi-direction delay
lines to sequentially provide the conplenentary input clock signal and the
del ayed conpl enent i Cl Q6 i .2aC . j = di i del ay
| ines of the secgn§£¥%%gﬂ%#mfﬁﬁgt%ﬁ+?ﬁghégggﬁgl%cﬁﬂgﬁpg%ghaeﬁgﬁg%#ﬁgﬁg

fal | i nglebygdinpur dbek Sgnphéd apphied, dspwperl doontar dévsloping acyat wfluaingegpoade thr om
any of th i, odirectional delay lines of the first group; and an out put

| at ch H}é%{ﬁﬁgd%{ayéfjcprgem"ﬁtﬁy E'PXWH?C ignak 38| ayed output clock signal is
provi ded, and f uatsbe&hdhigstiitngorecifcuit SbupléiiatthEdphdebunter b the dbdontl geduptdfe
rising edge clock strobe circuiit and a second input coupled to the output

of t he_#“_éiI‘rF?tH’@a]le&é’_ l&e&c%déxaviasénmit Flogk termingls b whislithe figt ard sesend delavedponse
10 a Iihplntdnff¥inpudatk QFxPJléd Ertg 8})}? ddNfe sk donl _dﬁs%ox‘géggu{f_ ﬁgﬁg?hgﬁﬁ)géﬁgpse to

a rising clock signal appflie he second i nput. oni zi ng
ci r cui tedgés afithé firseandikecord delayed chbmplmentady mputorieckeyignapssto aokelebied dne efthe onal

del ay li.nes .each. conprise..four delay |jnes nd wherein.th | ock

ai st 11 BURERe RS 2F i et o e SR ond S POk Sl Hiectogatent v 1y
provi des-directiongl élgesings td Feeeivophy fiest @GE secing nddllayed cohpldntentargdedpay clockes of
the first gtoup, and erein the clock distributor circuit of the falling
edge clHERISR FSpRNSiete thercourligiatistTom thy sprogdicawder  sing edges of the

conpl ementary input clock signal to the four delay |lines of the second
group. 66. The synchronizing circuit of claim64 wherein the clock

di stributor cir&fitsAofyncheoniding sgcwtider gergrdting| @ riglayed) eutiup oitookt signnd

circuit Qppr.se | ock di.stributi.on circuit coupled to receive the
s pect VUG R 4o B o nah AP AR e Skt R S0.1 S "ong
counter, the cl oakisthgsidpé blotk sirobeicirewlt havird aadhpur@t whizhlhe dpiitetdckaipabl idel ay
line to freceive the respective input clock sjgnal responsive to a count
from t HEPUgLaddtaving A QuipiTEgm whishendipg srgerstabe signtl is EQYited; the risingrgdlge

cor r espduli di@hé RRit Glrfek h§¢igg?;dela®l7line-rbﬁlp$éﬁnﬁ>hﬂh@ Nhiit W hé Feibledgf clRi M 64

wherein each bi-directional ine conprises a plurality of "unit

del ays,strebe firquitito gdedraty acistayed gipngcloek signadta fisygroup iof birdirectiongldeldy lives; ecei ve
a forward i . Si f r e. signal, a . pd i gnal ,
o A8 i Sinech DRIl i h 0B o B B, P RIBA BB BP0

and having a ou ng o e 1n Tespo

f or war ctlacklidtrisiteinddcuit @ogfled gethairpudoBihb 2isipe ctdfeclbek sweobd ciratiipwid thedelagt a

rate line, the clock distributor circuit further coupled to the first group of bi-direction delay lines to
sequentially provide the input clock signal and the delayed input clock signal to each of the bi-
directional delay lines of the first group, the rising edge clock strobe generating a rising edge
strobe signal in response to a rising edge of a signal from any of the bi-directional delay lines of
the first group;

a falling edge clock strobe circuit having an input at which a complementary input
clock signal is applied and having an output from which a falling edge strobe signal is provided,
the falling edge clock strobe circuit further having a delay line coupled to the input of the falling
edge clock strobe circuit to generate a delayed complementary input clock signal, a second group
of bi-directional delay lines, each delay line generating a delayed signal having a delay relative

to an applied signal, and a clock distributor circuit coupled to the input of the falling edge clock

strobe circuit and the delay line, the clock distributor circuit further coupled to the second group



determ ned by a value of a bias current; and 19 SEP 2006 63 a second | ogic
circuit coupled to receive a backward input signal, a forward modé 9 %P I,
and a backward node signal, and having a backward output node, and being
operable in response to the backward input signal to charge and di scharge
t he backward output node at the rate geternined by the value of the bias
current. 68. The synchroni zing circui P20f claim 67 wherein the first and
second logic circuits conprise: a first bias circuit having a first signa
termn

tor m nall AR P defly oSt Bk PR ARHRE B ABHGHIRY BRISRIANA HIARE
t he secbhdedsccgmdbmelﬁanylmmlt cl(mksgnalrtd elaclasf the bcdmretctlhaahda@yamﬁs oBthe s¢qgndl

t erm nal pl to,a reference volta .source_ anpd ha a second .signal
tor m ndrouty 1 1Sn Aact sl SPE Bt PR ATIRS pagem Bl sEnaib s CCRRFBRC 11 om
the secapsofd gl frb@rdily ddthe t-direétfonaSddldydites 8f i figddigtoupamidng first and
second signal term nals coupled between the second ;ﬁ&nal termnal of the

first bias circup® ouiRet kafeh hexing\deglerkopiiet whish thgdelpyedi awpus clogk sigpaliipput
coupl e%réxﬁi’derdegﬁd Otllgr haig qirﬁqg@t%'o 2 1 otuﬁfutt %?%nﬁ%+%9&§e cﬁ(%ﬁpétr%g%t o the

f or war out put no t he |rst |ng circuit opera to app e bias
cur r entcirtwiband decdnd isputirioapsled i the nutputt af th;d”r%\ﬂ@g eﬁ@:edbeicskm@e dircnit, ﬂwtounmd e
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si gnal risgipEldtRlsineloappliedito thessoeadinptie second signal termnal of the fi rst _
bias circuit and the forward out put node and having a first input coupled

to receive the backward node signal and a second input coupled to the

backward output g9de. 408, SGGARS Sgse@fchﬁfa!faqm%aweienpmgrfﬁgla%dfs 3‘}‘}9% Jipt he

bias current from the TiITst circuit to charge t or war t node
r es ponsif \be-directioha dm'khm¢anbdanpm@n®hr delayl llaedaaodkwdlecblmmepdbclsdlgmbutoon t he
backward o SW tc i fCui avi i
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bi as cisfgabl fo thé our kielahamkyaf theaitbidgibup) ede varebim el digckedisttibitdt cirduist tieupl ed
to receive the forward npde signal and a second input coupled to receive the

f or war dallipg deesslofkastrobe ey Pwe%tmllwwwgesewreﬁ;?qg%ﬁ&ﬁ@bqoglnl%neﬁtw HME bi as
curr e”%lJck@&hSlhﬁ the B EKNGY 1&%?&&% sOQfl& gffapdi scharge the backward output node

responsive tot forwar

66.  The synchronizing circuit of claim 64 wherein the clock distributor
circuits of the rising edge and falling edge clock strobe circuits each comprise a clock
distribution circuit coupled to receive the respective input clock signals and delayed input clock
signals, and a counter, the clock distribution circuit selecting the bi-directional delay line to
receive the respective input clock signal responsive to a count from the counter, the counter

developing the count responsive to the corresponding input clock signal.

67.  The synchronizing circuit of claim 64 wherein each bi-directional delay
line comprises a plurality of unit delays, each unit delay comprising:

a first logic circuit coupled to receive a forward input signal, a forward mode
signal, and a backward mode signal, and having a forward output node, and being operable in
response to the forward input signal to charge and discharge the forward output node at a rate

determined by a value of a bias current; and



signal and the forward input signal; and 19 SEP 2006 64 a fourth s chlng
circuit having first and second signal term nals coupl ed bet ween ltheEPsB8ond
signal term nal of the second bias circuit and the forward output node and
having a first input coupled to receive the backward node signal and a
second i nput coupled to receive the backward input signal, the fourth
swtching circuit operable to sink the-bias current fromthe forward out put
node to di scharge the forward out put node responsive to the backward nopde

signal and the bagkua E %Qgﬂéultséogﬂl%htope%elvgg%aa%%%fn?)m5 Cfoagéfhtm Qb claim

68 wherein the first circurt rises ran tor receiving
a fir stmgnabsnd'alb'adqmrd) made signalt end Mg/\mm«kwarct blepmemda,chndblearg apeerablei ih
conprises an ansj stor .for cei vi second, bi as voltage .on its

gat e. f&spomtogﬁﬁ B?Wﬁrdzlnnat SigTAL {f Fhasge adoqisrhaeEe thio PRk archutpHLGEe Btdhe chi ng
Ci r cui trate@ef®PrhinS@By fhealucdTeheBasusteser i €s connected PMOS transistors, the
first PMOS transistor having a gate coupled to receive the forward nnde

signal and the second PMOS transi stor having a gate coupled to the forward

out put node, and ggher g’g@ * gr(ﬁﬁﬁ eram 6@&51&%6?%&%”R}%gﬂ%}rdnﬁes%c&drlﬁ jcand

second series connect transistors firs ransi stor having a
gat e cainghigscomprise:ecei ve t he backward node S|gnal and the second PMOS

transi stor havin ate.coupl ed t ack 71. The
synchr on i ng. cf AT Rres? Rt Er AL hryne LA RPN oLFFanES
conpr i <@g havihg b seddvild SREANErmsiail, 8% Mavedidit dPEEbIE tRpoivRieArtias dufend frdiit NMOS
transi stor having a gate coupled to receive the forward node signal and the

second thngssond sigral tr@makiavi ng a gate coupled to receive the forward input
signal . and wher qioBedAidsUtchit Ve MRt fithinaPOBIduaES refefdnSt vale second

series connected N transistors, the fi nsi stor havi ng
coupl ecourse ard bawneg & kecobdsignalr tdrmipale thei sgerald taasceitchit operabledo NkddRlet thahsus st or
havi ng receive the backward input signal. 72. The

synchroHF%%kgm&ﬁ?S (Pg8$n3'5VW$§8 further conprising a first level shifting

circuit coupled hdlrwasiitching ciragik navisl fist i scoortEsigil tdriéndlhédugled Wetwiddh ng
circuit and a, second level shifting.circuit coupled between the forward
out put thersonthsigndl dermypgliof theufirst hiasgircpit ppdithe, bagwagdroupyigrodggnd having a

first input coupled to receive a forward mode signal and the second input coupled to the forward
output node, the first switching circuit operable to apply the bias current from the first bias
circuit to charge the backward output node responsive to the forward mode signal and forward
output signal on the forward output node;

a second switching circuit having first and second signal terminals coupled
between the second signal terminal of the first bias circuit and the forward output node and
having a first input coupled to receive the backward mode signal and a second input coupled to
the backward output node, the second switching circuit operable to apply the bias current from
the first bias circuit to charge the forward output node responsive to the backward mode signal
and a backward output signal on the backward output node;

a third switching circuit having first and second signal terminals coupled between
the second signal terminal of the second bias circuit and the backward output node and having a
first input coupled to receive the forward mode signal and a second input coupled to receive the
forward input signal, the third switching circuit operable to sink the bias current from the
backward output node to discharge the backward output node responsive to the forward mode

signal and the forward input signal; and



73. The synchronizing circuit of claim72 wherein the first and second | evel
shifting circuits each conprise a di ode-coupled transistor. 74. Alr9eStbr 008
device, conprising: an address bus; a control bus; a data bus; an address
decoder coupled to the address bus; a read/wite circuit coupled to the
data bus; a control circuit coupled to the control bus; a nenory-cell array
coupl ed to the address decoder, contrd* circuit, and read/wite circuit; a
synchronous mirror delay coupled to at |least the control circuit to generate

a delayed output ¢logk signal synchranized with an input clock signal the
control " circuit ﬁeﬁ’é‘?ﬁt PHE™M ﬁir%/‘Bﬁ th'E]glaf&t I""?‘f} rsggoﬁgn?g“%' ote‘f’WElélae‘F"g?gﬁ

out put etvadels the GHahd sigh&l (eI TNRd!SecBhd bRE cHEliE¥nd HeTBFfwasd Batpu@ndderadll gr oup
of bi-directional delay lines, each delay |ine generating a delayed signal

havi ng havingiasirst puirqoyled o geopiys rechackwardppedecisngl aitha seqone inpiut eupkditP onal
del ay L08R the BAUGHEd HpuY F(i%ﬁéﬁ,efhglf&gﬂﬁs iicrhﬁ{% ﬁt%bﬁ%?grabl@gb'tsin(l\t! A KiaS @ and a
second del ayed 1 nput clock®signal and sequentially generating a respective
del ayedram graforwad 9etpoh dodgr toufschirgb ithedforeart iontpal nodel mypdnsiveso theambkwiet ay
line generatin elayed ..signal having a delay relative to a respective
app! i edn%legst"ganfi?a"t%ﬁge kﬁ‘cy( F?de@ﬁ%&%‘f’hdel ay lines sequentially receiving a
first delayed conplenentary input clock signal and a second del ayed

conpl ementary input clock signal, and sequenti al | enerating a respective
del ayed signal ; &Ad aﬁgﬁdWBﬁFo@Fméu@ﬁmﬁoﬁ%P@H“t Wﬁ@“??ﬁ@?f%ﬁdb§édﬁﬁangroups

of bi - diohRikdsANaNIOLelistot fPEtelvh SERET lﬁ%@y&lﬁge Qﬂtt@gﬁa_ AnH QHEred BRbcohdVvi ng

rising and falling edges that are synchronize th rising and falling
edges dfiastdireuit pgraprises ar RMP G transistator fEheivime asespnd bias veltade aplitsigate74 wher ei n
each bi-directional delay line of the synchronizing circuit conprises a
plurality of unit delays, each unit delay conprising: 19 SEP 2006 66 a
first logic circaot cotplaithtaniziee Cirotdt ¢f dlgifes ehhereplitheSirgndvitchigf dcuwiar d
node signal,fand a backward nobde gi%?al and having a forward o%tput node,
and beiSRBPHEr usfand sepond series connected PMOS transistors, the fifst PMOS transistor having a
gate coupled to receive the forward mode signal and the second PMOS transistor having a gate
coupled to the forward output node, and wherein the second switching circuit comprises first and
second series connected PMOS transistors, the first PMOS transistor having a gate coupled to
receive the backward mode signal and the second PMOS transistor having a gate coupled to the

backward output node.

71.  The synchronizing circuit of claim 68 wherein the third switching circuit
comprises first and second series connected NMOS transistors, the first NMOS transistor having
a gate coupled to receive the forward mode signal and the second PMOS transistor having a gate
coupled to receive the forward input signal, and wherein the fourth switching circuit comprises
first and second series connected NMOS transistors, the first NMOS transistor having a gate
coupled to receive the backward mode signal and the second NMOS transistor having a gate

coupled to receive the backward input signal.

72.  The synchronizing circuit of claim 68 further comprising a first level
shifting circuit coupled between the backward output node and the third switching circuit and a
second level shifting circuit coupled between the forward output node and the fourth switching

circuit.



response to the forward i nput signal to charge and di scharge the forward

out put node at a rate determned by a value of a bias current; and $EPs¥tond
logic circuit coupled to receive a backward input signal, a forward node
signal, and a backward node signal, and having a backward out put node, and
bei ng operable in response to the backward i nput signal to charge and

di scharge the backward out put node at *he rate determ ned by the val ue of
the bias current. 76. The nenory device of claim75 wherein the first and
second logic circuits conprise: a first bias circuit having a first signal
term nal coupled to a supply voltage source and having a second signal
termnal, the fif73t bilas syichomizing piecudtbdfecidim 12 otedén the firstsandwec@idtlefal om

t he secBr}ﬁ si.&nﬁl tgrm’ nal ; a. ecor;ﬁleggti as. circuit having a first signal

t er mi nal BRPIEHS A LOMBFE 2HES-GURUJENSISYhr ce and having a second si gnal
termnal, the second bias circuit operable to provide the bias current from
t he second signal termnal; a first swtching circuit having first and
second signal terfd nalsmemery| dsHichomPEfingt he second signal terminal of the
first bias circupf ,afdekstie backward out put node and having a first input
coupled to receive a forward node signal and the second input coupled to the
forward output medaroltths first switching circuit operable to apply the bias
current fromthe fditrsot bias ~circuit to charge the backward out put node
responsi ve to th8 8™ W&rd node signal and forward output signal on the

forward out put nagleddrasseiRestRelcaipddab ethdaiesEhlist having first and second
signal termnals coupled between the second signal termnal of the first
bias circuit andat$d/YHegHFY! evplsdito Hedidtads: having a first input coupl ed
to receive the backwadiditRds iegqgltheacla Qpaecond input coupled to the
backward out put node, the second swi tc ing Circuit operable to apply the

bi as current from mehery-telktardy asoupledcto tthe addigsy glecddes tontwdr dreoist pod node
responsri ve, L trhel,backvvard mode signal and a backward output signal on the
backwar POt H “N6de; a third switching circuit having first and second

si gnal term nal sacoughr@tbubehiweedelay Reusier gt 1Ba@ i cordfoliciralit &f géndtesgcond
bias circuit and the backward out put node and havi ngl a 19 SEP 2006 67 first
i nput  Cslapekentpy clask siapal YRehrprzehyih A Hpukslomkasignahthe sortedl sHeuit ggvgratingupl ed

t 8 gieﬁg:io{{tﬁcgt %@glssf @Lﬁr’é?%dri:ltsé ?c?‘ct)'l’ir% ;&ﬂgﬁ%‘ outhR&IR! dighaP Wht GPAG oS Gitkor QBIGY D1 €
comprising,

a first group of bi-directional delay lines, each delay line generating a delayed
signal having a delay relative to a respective applied signal, the bi-directional delay lines
sequentially receiving a first delayed input clock signal and a second delayed input clock signal
and sequentially generating a respective delayed signal;

a second group of bi-directional delay lines, each delay line generating a delayed
signal having a delay relative to a respective applied signal, the bi-directional delay lines
sequentially receiving a first delayed complementary input clock signal and a second delayed
complementary input clock signal and sequentially generating a respective delayed signal; and

an output circuit coupled to the first and second groups of bi-directional delay
lines to generate the delayed clock signal having rising and falling edges that are synchronized

with rising and falling edges of the input clock signal.

75.  The memory device of claim 74 wherein each bi-directional delay line of

the synchronizing circuit comprises a plurality of unit delays, each unit delay comprising:



backward out put node to di scharge the backward out put node responsive to the
forward node signal and the forward input signal; and a fourth s$igtSHPi 206
circuit having first and second signal termnals coupled between the second
signal termnal of the second bias circuit and the forward output node and
having a first input coupled to receive the backward node signal and a
second i nput coupled to receive the ¥8ckwar d i nput signal, the fourth
switching circuiit operable to sink the bias current fromthe forward out put
node to discharge g he forward outpuyt node responsjve to. the ckward . node
signal and the b&cttr\%alroélcl %‘f)ctﬁlﬂ N %gltf) rﬁ}veﬁigrﬁlg%wuééw eaggrwcalrmgi"}ﬂd%
wher ei nsignak agy addacionird im@leCsigmyidnd fhavinper forw@dRiipaesode a6 BBing loplakleng an
input termnal at which the first delayed input claock signal 1s applied,
the codRitPaRsedaVas Sal impelotighal (arhnses and: disghresche dorvaed Pytpuiinadeahy ddiei nput
cl ock sefalned bpAdaRie dF 3 biak Bkt 4ndr cuit coupled to the counter and the
first group of Dbi-directiona del ay lines, and having input clock termnals
at which the firgtsecond legic oinehitoliplgd ¢b iengiue a bhakevard wipghagmsl,arfervegsginiode, t he
first di i [ Gl reuit | yi respective edges of, the . first and.second
del aye%ﬁ%%ggﬁajé?)a%a aégg‘l o} dga% g lé%@‘g}éavgnr’gga g#c {RE %L?Eu i g%’taln r?gingd)gfrﬁggllp nes,
t he cl aedpodiestb thdbdokivardinpatsignab €l etk genghdatischarge tlebdvkwatd @gputaiddé ackht ay
lines to receiyve ghg\ﬁfi [st ﬁgch{isecond del ayed input clock signals in
r espond Py detepminpd by Bigyelug of S EMe counter. 78. The nenory device of
claim77 wherein the counter and the distributor <circuit of the
synchroni zing circuit conprise a first counter and a first distributor
circuit, and the76syn&he oxmprndeviderafglaim{7dryheesin therfisst and secoand degiosiccuitount er
havi ng ap . loput termnal at which the first conplenentary del ayed i nput
cl ock S|gRa ‘is applied, the second counter devel oping a count value In
response to theaffirstbiasdirtaiy bal imgparfitse sigmil adryninah peiipled o aksupplgvaltageabarca
second dij?]t ributor ciycuit coupl eg. t%.the second .counter and the second
group &fd hayingp seqopd sigap! tarmiggl the disst biag farewt 0paraple Fpbrovide QMRS YRR  at
whi ch thesebbdBdigpn@rsgepnd del ayed 19 SEP 2006 68 conpl enentary input clock
signals are applied, the second distributor circuit applying respective
edges of the firatsceond biascanquit aying e dirst Gignkkbivamninak soupled e agtlsrresveliges to a
sel ect : i - dli i I Lignes.. of . .t he
second 8F Enheiiloa sftond oIE] A, BE e ARl bha5E S rooRicHObia

current from the second signal terminal;

a first switching circuit having first and second signal terminals coupled between
the second signal terminal of the first bias circuit and the backward output node and having a
first input coupled to receive a forward mode signal and the second input coupled to the forward
output node, the first switching circuit operable to apply the bias current from the first bias
circuit to charge the backward output node responsive to the forward mode signal and forward
output signal on the forward output node;

a second switching circuit having first and second signal terminals coupled
between the second signal terminal of the first bias circuit and the forward output node and
having a first input coupled to receive the backward mode signal and a second input coupled to
the backward output node, the second switching circuit operable to apply the bias current from
the first bias circuit to charge the forward output node responsive to the backward mode signal
and a backward output signal on the backward output node;

a third switching circuit having first and second signal terminals coupled between

the second signal terminal of the second bias circuit and the backward output node and having a



bi -directional delay lines to receive the first and second del ayed

conpl ementary input clock signals in responsive to the count val 44 SEPoxits he
second counter. 79. A nmethod for generating a del ayed cl ock signal
synchroni zed with an input clock signal, conprising: sequentially applying
an input clock signal and a del ayed |(§ut clock signal to bi- directional
delay lines of a first group, each bi-*directional delay |ine generating a
del ayed signal -having a del ay relatlve to the applied signal sequentially

appl yi t k | _and
"hput aroaRPEBHERY [tve PR dor Tt sdf ndhionde sefond B RePIEY BLiSeeeEn bi -
di r ect iforvalrd d@jud)sidnial) eh@ enied aMtagngt citehiayperable A0adinin@d BRks 2uftehtaffomethat i ve

to the applied signal; generating a rising edge strobe signal in response to
the delbagerard |05Wag nege @r@lswrgetth% bagkward aetputoinde respoasive fhihs fervardanoder st
group Qﬁ%hngmqhgﬁﬁwag ngeggfatlng a falling edge strobe signal in
response to the del aye of any of the bi-directional delay |lines of

t he second group ah@)urthgsvatthrgl pigcwd having dirsti agl acdomticignal teesipanswupledt he

edge sty resetti t he tch.in response to the falling edge
ot P obe telnThORBbna B3R aREH G 1Gnd B8 fopdh HRERE TERerSri g undieshls an

i nput  daoidk a frstiApht oanplledttcdﬁdcalyedld bapkiwvard Inixdé S‘Sgr@hﬁ{d £ SaPhd &pat ccﬂ@rddadl cally
coupl i ng eaﬁp f the bi-dire tlonal delaé | i nes, of Ee first group

recei veSiehe ﬁge& “@F%H’lk’u%f" 1 the Aeprihnawvitghing cirguit perable to slak §h“gh‘é§ curafwa

equal | Yot 8RUBFIA9 ohfﬂ)ﬁt H&{e' t‘é)%é‘ch&r@é‘ Bld RByA oﬁ&aﬁhn&ﬁe xfegt%n?i've & feHabiBludel ay

| ines over the period . The nethod of claim 79 wherein sequentially
appl yi myodg scgmtﬂnértbmbaeskyvard lnpl!HSl&l:lhbck signal and a conpl enentary del ayed

i nput clock signal conprises: 19 SEP 2006 69 periodically coupling each of
the bi-directional delay lines of the second group to receive the

conpl ementary input cTheknemognatvienst didim Towhdreiehd synghdalzipedrcuifurthee! ock
signal; and equally staggering the periodic coupling of each of the

bi - dlréEWPBﬁ”delay lines over the period. 82. The nethod of claim 79

wher ei n gener ati R@ogntEiel A%RGnSihPRatmiiAN aP@hRRh the first delayed input clock signal is
applied, the counter developing a count value in response to the first delayed input clock signal;
and
a distributor circuit coupled to the counter and the first group of bi-directional
delay lines, and having input clock terminals at which the first and second delayed input clock
signals are applied, the first distributor circuit applying respective edges of the first and second
delayed clock signals to a selected one of the bi-directional delay lines, the clock distributor
circuit selecting one of the bi-directional delay lines to receive the first and second delayed input

clock signals in responsive to the count value from the counter.

78.  The memory device of claim 77 wherein the counter and the distributor
circuit of the synchronizing circuit comprise a first counter and a first distributor circuit, and the
synchronizing circuit further comprises:

a second counter having an input terminal at which the first complementary
delayed input clock signal is applied, the second counter developing a count value in response to
the first delayed complementary input clock signal; and

a second distributor circuit coupled to the second counter and the second group of

bi-directional delay lines, and having input clock terminals at which the first and second delayed



delay relative to the applied signal by a bi-directional delay, cagpéé?ses:
receiving an initial edge of the applied clock signal; applying t i 4008
edge of the applied clock signal to the bi-directional delay Iine;
alternately placing the bi-directional delay line in forward and backward
delay nodes of operation to gener ate@ forward delay of the initial edge of
the applied clock signal; in response t'o a subsequent edge of the applied
clock signal, alternately placing the bi-directional in forward and

backwar, iy i : ; d

R e S L P e S R R S

del ayecdg¢sodkhesfigghand deaenddelayed ebmpleoientahicinparalenkasigrialssto atsakectod okevaf tie del ay
relative to the initial e of the applied ¢l.ock signal. 3.. The hod of
i e m S5l G R of M SeBingh iy TR S b Etliceibune B Fhdes o
ri si ng ledirectiongl ddigy HibEssROHEREIVe @t Eirsdfand Recoap MelB9d GCofPlentanfhiid linpud Rk Ses
the next rising edge. 84. The nethod of claim 79 wherein generating a

del ayed&RGHAresPRIFIVRde the cquntypluyedrom thgseqogd cpenteippl i ed signal by a

bi -directional delay, conprises: receiving an initial edge of the applied
clock signal; timng a forward del ay by propagating the initial edge of the
appl i ed clock sidghal At methedhfon goheratilg 2 yelafed elock signehmpwheaized -with ext i onal
unit de i o) .and a backward direction; in response to a
subseqdléﬂ%f%leoag%%%%l’ {(}‘Q@rgbn Tied clock signal, timng a backward del ay by
propagati ng the ié¢guentidllyepplingfantihputaiekisiaalcdndakdetdygd &lput blockigibndl laebi-

pl ural i i-directignal unit delays in

i of ries 19 S 2006 70Q connecte
f or war dﬁ%ﬁ&%i%!%wsaﬁf AdEEt o €ac rﬁ@rﬁa%%agdeg%kwawera&eg aylelayed Hignal i ¢ al

edge ofha{,ﬂ;ggaqi@gyiragﬁ\celtgma?pggmgigﬁgp,at is substantially equal to the forward
del ay; and generating an edge of the delayed cl ock signal having a del ay of

the forward pl ussequeetidhycRpelyingdel egmplementarye inpot tdlecki signplalané dgedetdyed he

he. apsrrieitnBe 1 o 3fa . BRRliof Rl ks "Aoh SR Bkl el vEG0e o
t he appliteetibnal detdy Iiegiratrationpdelsyed signel havagta delayi ralgtied@ehe applied signal;
generating a rising edge strobe signal in response to the delayed signal of any of
the bi-directional delay lines of the first group having a rising edge;
generating a falling edge strobe signal in response to the delayed signal of any of
the bi-directional delay lines of the second group having a rising edge;

setting a latch in response to the edge strobe signal; and

resetting the latch in response to the falling edge strobe signal.

80.  The method of claim 79 wherein sequentially applying an input clock
signal and a delayed input clock signal comprises:

periodically coupling each of the bi-directional delay lines of the first group to
receive the input clock signal and the delayed input clock signal; and

equally staggering the periodic coupling of each of the bi-direction delay lines

over the period.

81.  The method of claim 79 wherein sequentially applying a complementary

input clock signal and a complementary delayed input clock signal comprises:



86. The nethod of claim84 wherein the initial edge of the applied clock
signal comprises an initial rising edge and the subsequent edge ofl %¥& 2006
applied clock signal conprises the a second rising edge after the initial
ri sing edge.

69

periodically coupling each of the bi-directional delay lines of the second group to
receive the complementary input clock signal and the complementary delayed input clock signal,
and

equally staggering the periodic coupling of each of the bi-direction delay lines

over the period.

82.  The method of claim 79 wherein generating a delayed signal having a
delay relative to the applied signal by a bi-directional delay, comprises:

receiving an initial edge of the applied clock signal;

applying the initial edge of the applied clock signal to the bi-directional delay
line;

alternately placing the bi-directional delay line in forward and backward delay
modes of operation to generate a forward delay of the initial edge of the applied clock signal,

in response to a subsequent edge of the applied clock signal, alternately placing
the bi-directional in forward and backward delay modes of operation to generate a backward
delay of the initial edge of the applied clock signal; and

generating an edge of the delayed clock signal having a delay of the forward plus

the backward delay relative to the initial edge of the applied clock signal.

83.  The method of claim 82 wherein the initial edge of the applied clock
signal comprises a rising edge and the subsequent edge of the applied clock signal comprises the

next rising edge.

84.  The method of claim 79 wherein generating a delayed signal having a
delay relative to the applied signal by a bi-directional delay, comprises:

receiving an initial edge of the applied clock signal;

timing a forward delay by propagating the initial edge of the applied clock signal
through a plurality of series connected bi-directional unit delays in a forward and a backward
direction;

in response to a subsequent edge of the applied clock signal, timing a backward

delay by propagating the initial edge of the applied clock signal through the plurality of series
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connected bi-directional unit delays in forward and backward directions to generate a backward
delay of the initial edge of the applied clock signal that is substantially equal to the forward
delay; and

generating an edge of the delayed clock signal having a delay of the forward plus

the backward delay relative to the initial edge of the applied clock signal.

85.  The method of claim 84 wherein the initial edge of the applied clock
signal comprises a rising edge and the subsequent edge of the applied clock signal comprises the

next rising edge.

86.  The method of claim 84 wherein the initial edge of the applied clock
signal comprises an initial rising edge and the subsequent edge of the applied clock signal

comprises the a second rising edge after the initial rising edge.



