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TECHNI CAL FI ELD The present invention rel ates

generally to integrated circuits, and nore

specifically to synchronizing internal clocking

signals generated in an integrated circuit with

external clocking signals applied to the integrated
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at predetermned tines relative the rising and
falling edges of the applied clock signal. Exanples of
synchronous integrated circuits include synchronous
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operations within the nenory device typically nust be
synchroni zed to external operations. For exanple,
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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 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 directed
to synchronous memory devices, the principles described herein are equally applicable to

other types of synchronous integrated circuits.



necessarily introduces sone tinme delay, causing the
internal clock signal to be phase shifted relative to
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i ncrease the rate at whi ch“conmands can be appli ed
and at which data can be transferred to and fromthe
menory device, the frequency of the external clock
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A model delay line 104 receives the CLKBUF signal and generates a forward
delay 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 102 and a delay
D2 introduced by an output buffer 106 that generates the CLKSYNC signal, as will be
explained in more detail below. The FDCLK signal propagates through a forward delay line



108 including a plurality of unit delays 11 OA-N
coupled in series, each unit delay receiving an input
waegaabisis om t he prior unit delay and gener at i POI/ER2003/027002

out put signal having a unit delay UD relative to the
I nput signal. Each unit delgy 1 10A-N may, for
exanpl e, be an AND gate i ng one input enabled as
indicated for the unit delay 110A, with the inverter
introducing the unit delay UD corresponding to the
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backward delay line 114, DFDCLK signal propagates through the unit delays 116A-N from

right to left in Figure 1, as indicated by the orientation of the AND gate in the unit delay



4 116A. The out put buffer 106 receives the CLKDEL
signal and generates the CLKSYNC in response to the
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delay D2 introduced by the output buffer. The overall
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signal wth the CLK signal 4wi Il now be described in
nore detail with reference to Figure 1 and a signal
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This is illustrated in Figure 2 as a rising-edge of the DFDCLK signal at the time T3.

The DFDCLK signal thereafter propagates through the appropriate unit delays
116J-A in the backward delay line 114, and at a time T4 the backward delay line 114 drives
the CLKDEL signal high in response to the applied DFDCLK signal. At the time T4, the
backward delay line 114 has delayed the DFDCLK signal by a backward delay BD that equals



WD 2004/ 021573 PCT/ US2003/ 027002 5 TCK- (DI +D2) whi ch
equal s the forward delay FD of the forward delay |ine
wdae®4/03t575 is true because the DFDCLK signal PCT/US2003/027002

propagat es through the sane nunber of unit del ays

116A-N in the backward del Sy line 114 as did the

FDCLK signal to the unit deFays 110A-Nin the forward
delay line 108, as will be appreciated by those

skilled in the art. The total delay of the CLKDEL

TCK-dDdmBR) whichteguals e fonward dalag FD of the forward delay line 108. This is true

becausirig HCT K60 RmREa e, i bt parps BEPRER U] dofays LGA-N in

the béc‘kﬁfaﬁd H@lagr 4ineCLW 8s dfdhﬁle@@]YKQ@grpafl t6 NRe QLHftpdé‘la[yQ ulflbg N in the

106 before a next rising-edge of the CLK si
forwatd deday life 108 ase&ﬂidrcswptwlatmb}dhléﬁfkklﬁecgnmheaﬁ tﬂm ttotaimlelay of

LA B B P
whichrlégghlg QT@QQZO‘CTHIEeth%l ﬁééd%@ %k tlTeI (ELKB'Ei UBNal of BR Jt%%)m occurs

gener ates t he’ CLKSY I gha aving rrsing-e

the ddla‘yaIDZ ofitlee sytpathudfer 266 bwfdrdnahhnet iding-odegeesiias GIK tsigﬁal at a time
ignal . In_the SVMD 100, although the input buffe

5. Ii‘O@SPA)r‘i‘ae & thiu CLEHE e ﬁlﬁ%ataﬁhé tipg | sfhea?'éﬁufa§Uf§¢rn]é]6edﬂVeS the
d
CLSPIEH oy S5S GRRESEDEH SO RN AU e e

signal SN tHi9 Qvay] ktee $MIDu1 00 dérfeertes1BO GLH@SYN@M Thtaﬁm% Rfding-edges that
delay D1 of all conponents between an I nput t

are Sm@éﬁl%@swﬁ%ﬁle@mgsﬁ?@ﬁ%wf tha§LKhdgnalput to the rmdel

the- el ey 180) gl theines Bulet 07 Be B dRinRy 106 are

illustritb® ab@ﬁllgl/@é(ﬂnﬂﬁieﬁﬁé Eédﬁereﬂr%ﬂen@sngll %Bm?HﬁeHHJ afd tﬁ@és%&lﬁtg@ delays
CLKSYNC signal is devel oped preci at ed

betwegyythe ey andk pitpeiofi the SND b@Q Themn@ul[buffw 106 ﬁmsfrep*rmntﬁ the delay

backwa e | i nes 8, 114 ea ncl yde t he
D1 of i ecTRBE b5 onh 1 BBERYE" TSN CEK. NEnA 3 i input o the
delMHmEREs e0f04JfAh& b AWt
mode pr é;lmi/gllel dne the SMD 10%¥WI %ﬁrl}&@elp? égﬂrgﬁg E)SINhE %eﬂ@%f opaf CB&ponents
bemecgeﬁner(mtput ofithe bidkwaead delay dine Hd4 e rat (ﬂR}bl&Ycﬁ vﬂﬁbh o, CLKSYNC
ei naf&)er will -collectively be referred to as

Slgnalés‘iﬁéﬂ% lopgd, @s wald aﬁpmyletied by thogpyshibpsinithe 9He resol uti on

?L a: hery, In ?,\lgle)l H d fg%arg @%1 lbﬁa{wdé&]? gﬁi?l% S, ?{)/861 rllq g lbelggh include the

same ra@dtey oMihit ddlaysh 1@@141@11 51GAMNC €A 1dige nuthibdr of@havielald PfoA-Re116A-
unit_ delays 11 OA-N, 11 6A-N in the SVMD 100. Better
N is desizable foi savide al?ﬁsSM% e0pichhetterarereviiian in g‘rmlr&:mgn th¢ fgyward and

backw?x{1 o@eg{l}gs{]iﬂ? %lh %Qrg rx}aﬁe Wﬂ!ﬂ 8%&?0?2% eh ere earreaép S é)n&arlable

delay V@Cﬁri‘éar\ﬁbﬂlﬂbaBDb | mag rdddfutioh ot tH3ISMIDE 0039 'tl'ﬁ: §n9allest increment of
collectively provide a maxi num vari abl e delay V

delay that may be @ddfrdgaltdosubtrectei Komi Gmadkriatilaviclay \t’Ih,ewhmhleaqtlals twice the
unit del%yeﬂ'ﬁ r}g}ﬁg glay% ﬁﬂyﬁn@(&& ?\Pgle thS?\/ID%I ¢ detttlgre I'eS(')\{Il:l)tlon means

the CLK and CLKSYNC signals will be properly synchronized, as will be appreciated by

those skilled in the art. In addition, the forward and backward delay lines 108, 114 must be
able to collectively provide a maximum variable delay VD corresponding to the CLK signal
having the lowest frequency in the frequency range over which the SMD 100 is designed to

operate. This is true because the forward and backward delay lines 108, 114 must each
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the fine delay enable signal having the fine del ay

circuit iggnegatey @ coarse Helay sanfarespdasisg te thedseilivtagnimput, and euadelidelayed
cock i B b0 305 LSS e ety couns
being égcggggﬁggféﬁnge BEntCOAS € AARHe ibR§ SRLANBRALME 18) IRk Signals
responsive to the input clock signal and develops a fine delay from the latched tap clock
signals. The fine delay circuit activates a fine delay enable signal in response to the coarse
delay enable signal, the fine delay enable signal having the fine delay relative to the coarse
delay enable signal. An output circuit is coupled to the coarse and fine delay circuits and

generates a delayed clock signal responsive to the coarse and fine delay enable signals going

active.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 3 is a functional block diagram of a rising-edge portion of an SMD 300
that eliminates the relatively large and high power forward and backward delay lines 108,
114 contained in the conventional SMD 100 of Figure 1, and instead includes a ring oscillator
302 that clocks coarse counter circuitry 304 to define a coarse delay CD and is utilized by fine
delay circuitry 306 to define a fine delay FD. In operation, the SMD 300 adjusts the values of
the coarse and fine delays CD, FD to generate a delayed clock signal CLKDEL that is
synchronized with (i.e., has a desired delay relative to) an external clock signal CLK, as will

be described in more detail below. In the following description, certain details are set forth to
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sufficient understanding of the invention. It wll be
web@an2tse3 one skilled in the art, however, thetT/AUR®03/027002

i nvention may be practiced w thout these particular
details. In other instances, well-known circuits,
control signals, timng protocols, and software
operations have not been shown in detail or omtted
entirely in order to avoid unnecessarily obscurin

provide laesuffisienitundatstandingod tigNinvedom. Ianvlllrbpmleabm pee 81@881 in the art,

rec the CLK sign cl oc
howevgf fal T IefEpiSon, iy pus e T Bo B ooy pfeRilorfBlai] ufn other
instan®¥df (WRAI-13QHn EEML@@UG&ﬁrol %Ii‘gdaﬁp lt'i'inlﬁg'f})fr%ca@l a4 Eftware operations
causi ng the CLKBUF signal to be dél'ayed by the input
have rotibter stbhetmain ddblil pebmitiedecntioely e odeK ts hygrid lunngeessadiét obscuring
del.ay line 310 receives the CLKBUF signal and
the invsBlie-at es an up- count del ayed cl ock signal CLKUP
havi ngpayBeeeh 306! Y inphebidrd Sofirbdtfves the EAR GhitBRd d
Si gnalghlatThe o? I’ deVIE%s D1 ran D2 simu e[ gt et %I?de?aflvelom 4
clock txfferisignab@LES#AHoip redpensd topghe CRET fignial 3W8e anpat buffie %)38 ib2oduces
i ntroduced by an, output buffer (not

an inpYRHETT AF18Y Do ST G 3K HIANE e be JEIRORthg nput Differ delay
L

generated \e@ripeéinB ddldydd @evkedigtal CLKIAP having K nsodghatlay ﬁl-l-E? relative to
respecti vel ¥ The NAND ?Ef_e 314A includes a second
the CIj stgnak  Feewodd delaye Dd| aadD2 isighdiate ﬂ&éﬁax By igtredueed by the

Si A0 ha n|t flne F at|veto
imput (P30 At ey B relca i Sl it Gt ik

corr esnw%ggoscﬂ&k@y:«sazelnadmde@ i NAKD %@d@ 3714;:9 kan@ ! &Plrality of
) T7. The tap clock signal T7 fromthe Tinal inverter
invertegs] 3&#Bi(s cappicieddin bermagithnthi rogpute frogd She M@&Begm 814A and

inverteigs SA NG BPReBTE B8 ik Ol O trop et oRheg AR eate 3144
1ncludéiei §63n@ inpul thaf 82l ﬁle%m%@gnat NEadH BT i&i(ss[lgoﬁﬁf]'@l 7 has a

Once skilled in the art w | understand Suitab
unit firgd deday UFD fetative do thengrecediveg ﬂhp\l‘d[moga;nglaﬁla«ﬁé\ altmvhasgi correspondmg

delay r?]a&ég %(ogq%rg ttaepsuy} WS S?ﬁs Lﬁ‘l% tﬁa@fcltl ¥ del a g;ighgqsé ﬁ]qal jnyerter 314G
is appl%:ep\étgf(otugﬁ ﬁg%%? 395 g %ﬁér #{@1 %)gélﬁ‘ﬁtf)y aﬁélgsgnﬁ é@gOSC The unit

fine delayl @FDv@respdnde td 61[6 redpeCtkveSprgllS@atla'm delayofStie AND feate 314A and
[ nals T3-T6. The fine del ay

. the remainin cl ock si \
the inverters A lhPyUs dgnqqt skilleden the, @% t"‘élB uwideistend sigatde sirquitry for fprming
the Nlﬂ@]{) é]abé; g}jielg glral 188 dip? %lxgﬂat?lg tge ts%rplfe ugé %deb e@sat%e inverters

314B-@S CTHuks aﬂl@rtaﬁeﬁxcﬂmgnhlnﬂ iR vBREEarl hzfseANééla* 033} Fcﬁﬁtﬁfe to the tap
324, as will Frematedb those skilled in th

clock signal TThas @Qsartlgfetapl@ ogly signelc T relativa0g thenep wihek signal T1, and s0 on

for the rgmal%\ll\rpg t%;? Yook sgg(?llal%yl?g’?g.ml“ﬁer: ﬁgé' gelay circuitry 306 utilizes the tap clock

signals T1-T7 in defining the fine delay FD of the CLKDEL signal, as will be described in

more detail below. The ring oscillator 302 may include more or fewer inverters 324, as will
be appreciated by those skilled in the art.
The coarse delay circuitry 304 includes an up/down coarse delay counter 316

that is clocked by the CLKOSC signal and develops a coarse delay count CDC in response to



that is clocked by the CLKOSC signal and devel ops a
coarse delay count CDC in response to WO 2004/021573
wEDS2003/ 027002 9 the CLKOSC signal. The cpOTUS1003/027002
316 receives the CLKUP signal on an up count input,
and operates in an up-count node in response to
ri sing edge of the CLKUP siQgnal to increnent the CDC
count in response to each rising edge of the CLKOSC
signal. The counter 316 operates in the up-count node
the CI&K@SC signel. sSThycwuitgs 306 r@dtré/es:llheBEFKﬂPgﬂiglal o8 aneapeiovridinput, and
oert i SRR o B AT 295 e 1 O S BB remen
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a rising-eﬂgfedﬂieﬁhk CIKBEE gl op&rhtidh &1 GDdotaliduntRAbae saameficds And the
a period TCK of the CLKOSC signal since the CDC count
Counter deqrerprtpndin B Corouabrasponsivedd caeh rlélgg GAgeof thedddHOSC signal to
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equal s fourteen unit fine delays UFD (UCD=14XUFD
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ac verter 14B G ring each
rising ffciof 51 CERENG Bt oF Brtalt Sonv8 51w AICD SR AEedc begeaual (o
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enabl e sign when e CDC count i1s equal to the
delays {URD ((dCDF&HXITéFD)I'hmcé theeCIdCOA¢ sigrmat popagatS&Othroughl the BAND gate

| atch. and conpare.circuit 320 that [|atches the t o
314A %%o@?h dPYFAtSr 143G fwics Ging gachy ngeo%%ﬁhm%%@sgcszgqaﬁ A digital
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when thdﬂéfIEt(aiuﬁt sfequélieo thd inGiabe4lind.| at or 302 at a gi ven point
intime (i,.e., at the rising edge of the CLKBUF
si gnalBhe fing, delaytcinguisiy B Woinstades @i latehi andsgonmali@rceramt 820 that

latchesqgg ﬁqpfbﬁloecift] szgﬁLsg%faltT tfyo oglg&'{ngﬁ)gsg zlfa@ ‘ﬁi nr%s;i’%lgcggo a rlslng edge of
the CLKMS[F Silghal |14 ,thik Reayl ﬂlte%tclﬁﬁﬁ’d 6GHIPAE Rircit BEH bdptdePthe state of the
performs an XCOR operation on each pair of a(f acent tap

ring osgillatar 3R sl & varl paint inniimp (i.¢.hat tthesmirtg Qﬂ‘geexiahe !ZCII(BUF signal).
The latﬁg & E:IC)I%BaI%eCTr%Irlﬁ‘ t3'28 Qherea%e? %crer{e%?tgsog %iur.’gltg % ﬁlr:197delsay s1gnaIs FDI1-

FD7 from the latched tap clock signals T1-T7. More specifically, the latch and compare

circuit 320 performs an XOR operation on each pair of adjacent tap clock signals T1-T7, with
the result of each XOR operation generating the corresponding FD1-FD7 signal. For
example, the latch and compare circuit 320 performs an XOR of the tap clock signals T1 and
T2 to generate the FD1 signal, performs an XOR of the tap clock signals T2 and T3 to



exanpl e, the latch and conpare circuit 320 perforns an
XOR of the tap clock signals Ti and T2 to generate
wo b@4bR1513 si gnal , perforns an XOR of the tap cPoOrkS2003/027002
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the tap clock signals T7 a&& Ti generating t he FD7
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or inveriey rﬁdﬂB‘IG W\Mlll ¢quhhv<é”,ewh1llfeﬁleaXORs gh allmbhﬁr tam dlockwignal pairs will
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the rising edge of the tap clock signal T7 and this
skilledringhargyt.e Hgeeramplgpf thedVAND: gate BIMMD igdevel @pigthe Risings edge of the

B T S S P A A REL et 5h B ok s
T7 and th& rldingSédBas applied to the NAND gate 314A. Prior to the rising edge of the tap
clock signal T7 being applied to the NAND gate 314A, the NAND gate drives the T1 signal
high. Thus, when the rising edge of the tap clock signal T7 is initially applied to the input of
the NAND gate 314A, the NAND gate has a high input (tap clock signal T7) and a high



hi gh. Thus, when the rising edge of the tap clock
signal T7 is initially applied to the input of the
wolRiNDogse 314A, the NAND gate has a hi gh i npupCt/U803/027002

clock signal T7) and a high WO 2004/ 021573
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CLK in response to the CEN and FEN signal s.
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reference to the di ag f Figure
descnlmdgnaiore dctanhgeldwagr amof Figure 4 that illustrates

VAt el avmtibopftapmyar Bie SHIDL D wiT owbecsrdesideiagre detil
with r&&%ﬂ%ee{ontﬁé %l%cﬁ'dtui ¥ gllﬁ? gfg%épiﬂl&éa 1a§ra¥1a+ftﬁg\?rfe 4 that
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| ow so that the AND gate 326 drives the CLKDEL | ow. At

4, the yp/dpyya comse delay gpunten 316 isitiay s@agl@ §D6F caunbtocr Kalyg ghagro, and

the trax?&ﬁi%l? %Qg%gf'éﬁA ! %g::lnl 1a{l}i§§rsg$18 tQ ﬁ ée?‘l]\rhg{e Q%Faﬁ It:he FEN signal

to be mass@qrist&hé Q\Nm%at%'ﬁGQﬂlv@ﬁﬂﬁ @EKDEE 16%K Al 0@k To! Bn initial rising
response to e rising edge of the CLKBUF signal, the

edge b G signdl openrsan] the inpais buffer 108idoves thyrGLK BB gignahlkigh the
delay ﬂ?ggtﬁrggead%%e 5gl+1fqﬁgsl,p%h%r8@ghe nsmgmage of the éﬁ(tspg%teﬂ tf;] response to
the rising edge of the CLKBUF signal, the model delay line 310 drives the CLKUP signal
high the model delay D1+D2 later at a time T2. Note that the rising edge of the CLKBUF
signal is also applied to the latch and compare circuit 320, but that at this point the operation
of latch and compare circuit in response to this signal does not affect operation of the SMD

300 and is thus ignored in this description.



signal is also applied to the |atch and conpare
circuit 320, but that at this point the operation of

wo agoglo2smsl conmpare circuit in response to thi SPGT/gRzEN3/027002
does not affect operation of the SMD 300 and is thus
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equal to the initial value and activates the CEN signal to thereby enable the NAND gate 326.
At a time T7, the activated transmission gate 324A-G outputs the selected tap clock signal
T1-T7 as the FEN signal to the NAND gate 326. The period from the time T4 until the time
T6 is designated a down-count coarse delay DCD, and the period from the time T6 to the time
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In the SMD 300, the single ring oscillator 302 is utilized to replace the large

and relatively high-power forward and backward delay lines 108, 114 previously described
with reference to the SMD 100 of Figure 1. Moreover, the single ring oscillator 302 is
utilized in generating both the coarse and fine delays of the CLKDEL signal. By utilizing the
ring oscillator 302, a wide range of CLK signals may be synchronized, with a low or

frequency CLK signals having correspondingly longer periods being accommodated merely
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TABLE 1: Operation of Transform Fine Delay Transform Circuit 322
in Mapping Measure and Replay Functions of Ring Oscillator 302

During Measure During Replay
RO Stored Stored Ending Coarse Ending g glec;ef(: Tlgg
Stage (i.e., State of Down Count State of 'gnal from Fi
active FD1-7) |  T7 signal (CDC) T7 signal | Stagc outputas Fme

Output Signal
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determ ned | ocation, selecting which tap signal T
wa2004/0p15at i s to be output to activate the CLKBELUS2003/027002

signal. TABLE 1: Operation of Transform Fine Del ay

TransformCircuit 322 in pi ng Measure and Repl ay

Functions of Ring Gscillat 302 During Measure

During Re la RO Stored Stored Endi ng Coarse Ending

Setected TifT7 Stagg (1. e State of —Dowr Couggy Stat g
of Signal ffomRO ag¢tive FDL1-7) |T7 signal (CDC) T7
si gnal1 st age outoput as|FineoQutpuyt Sognhall WO T1
20047 21573 PCT/gUS2003[/ 027092 1% FElN 1[0 O ORI 2 O
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oo 1+—TF6+1+3+ 10— 2-+% 1’08’3 —1+—1-0607T5
1 g7 8% 9% 170y x0 99y 707 g

4 Count®_down paqtoil to +1 (iop 3, b 150, - 112 )
The c& umns| of Pable|1/will%e re¢ferted to as d8l ums
1-5 friomleft t® rightiin @he foll oW ng|di scugsi on.
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5 1 NE 1 T2

6 1 -1* 1 T4

7 1 -1* 1 T6

*Count down past 0 to -1 (i.e. ...3,2,1,0,-1,...)

The columns of Table 1 will be referred to as columns 1-5 from left to right in
the following discussion. Column 1 illustrates the location of the rising or falling edge of the
clock signal propagating through the ring oscillator 302 in the form of the activated FD1-FD7
signal from the latch and compare circuit 320. When the latch and compare circuit 320
latches the states of the T1-T7 signals and activates one of the FD1-FD7 signals, the latched
T7 signal will be either a binary “1” or “0” as indicated in the column 2 of Table 1. The
columns 1 and 2 illustrate the final state of the various signals received by the transform
circuit 322.

Columns 3 indicates the ending value of the down count CDC has when the
CEN signal is activated, and as indicated by the “*” in rows 8-14 in Table 1 the CDC count
goes past zero to —1 in some cases before the CEN signal is activated. Column 4 indicates the
binary state of the T7 signal when the CDC count reaches the value designated in column 3,
and column 5 indicates which T1-T7 signal is output as the CEN signal to thereby activate the
CLKDEL signal. The transform circuit 322 activates the appropriate FDC1-FDC7 signal to
output the desired T1-T7 signals, respectively. As the fifth row of Table 1 illustrates, when
the FD5 signal is activated and the latched T7 signal is a binary O at the end of the
measurement interval, the transform circuit 322 thereafter outputs the T2 signal as the CEN

signal during the replay interval when the CDC count equals 0. Thus, Table 1 illustrates the



| at ches the states of the T1-T7 signals and activates
one of the FDl-FD7 signals, the latched T7 signal
wond/obs7ei t her a binary "1" or "0" as indi cat ed/UR2005627002

colum 2 of Table 1. The colums 1 and 2 illustrate

the final state of the vari 3us signals received by the
transform circuit 322. Col'dims 3 indicates the ending

val ue of the down count CDC has when the CEN signal

is activated, and as indicated by the "*" in rows 8-14

operation Jlatheetransfdmn GR@itcHiehfor @bpesSﬁde;ﬂat‘zlmdocqndainaltidna ofahe T1-T7

. cases before the CEN si th ed. Co
signalf fahe sHEe TR e AR YR e T 1T stene Sitaas ViR el a the
o of R R (PR 0 SRR bt e e
t he CHMgsiegi6alis tao furdvtivedy bhek i diapent ad Sdhikiltic sillgstedting one
Thetransformclrcmt 322 activates the appraopriate

embodpent. of Hherriag B3alatero3 02 S lofoheand Sempals cTicurt328 g Rigse 3. The

0
ring ofFRAGE M fckudels NARK bk HobUuflea 1A Refipe with  BEAE B series-
conneced)indbrtérs 682 AiF)avith fhe NANDegawhddhvériees 60PREEUIg@RRIbg tap clock
interval, the transformcircuit 322 thereafter outputs

signalg BbTw"zr@PWPIYaéF he AATRNgates O Qearrespanidp o thednyasisr 3)4G in Figure

5, and bt TP g 8 st B eSS W Dot Ao v gers c024-

F, whﬂD@(ﬁﬁésF)QﬁH f the igvereASIUAL i Figakd 3. A2echRI inphl of the NAND gate
ossi bl e |l atched conbi nati ons of the T1-T7 signals at

600 remvéeSemta@fSIgnlabSﬁéagunh@t gaes dow 40 causd thehNAND g3z &0l inverters

02A-£.p g et cr T el ¥ el oS e Fhefeasier Getchish dp dnable the
%Y irﬂlocﬁgreﬁif iditi R op&tafidtforahd nn%: b&YliRoB302s a functi onal

di agram and schematic iTlustrating one
errboleiBnltap co;lockrsegrralsn”gl -03 qird hpptlmd t&@ﬁglarﬂpethelimmrs 604A-G

0 a pGERY PhEGRRISCE Y Hed 0 Y0AE: gt W ie atpiheld preuit 606A-G
latchesstﬁE z\%ﬁal‘"ﬁ&ﬂﬂ the E&Hﬁgﬁb&@é%ﬁfveﬁgr @%—qug%@%égegt_oﬂﬁﬁﬁé gﬁgc‘ed of a

tht te and 1 nver
samplegﬁgml BAMPLEAand ik tiwi grehbd sibhallon afi @APRct Wk the THEMPLE
NAND gat e 600 corresponds to the inverter 314G in
signal isj lgyyy gachzsamplgjandhiold cifpit 690Ar& dayesythesipnaliam ity qutput low. The

I rter
CEN S@tdmi %ﬁhg% t}l?éu%ﬁ {féﬁ@ﬁ%dt% Vgrra eetpé %Mg]\f'ﬁ_ 51%1i1a'ﬁ_ g grahty of
XOR ghtesh6 19RCONELcEIRP Wie Gﬁt ﬁd@ erdNANRIrg aF @amplRhindeed ‘éﬁéules 606A-G to
start signal START t %oes | ow to cause the NAND

therebyyproxidg@d) ageiet tameleek elg@als OIA-tP each YOR gate. h@herXOWgates 610A-G
and thereafter

hi
seneray SEFDT iy GasclPalam wamaeg 1 e s S8 e Eprepgonding

samplel 44 Hold8ir Q86 IG06ALQ! Fa0RamPle thARnPIOfkd 11§ Qﬁ'hﬁts-rébﬁ;]and 606B
are applied through respective inverters 604A-G to

latch thel stated ofithe tdp deaksignaterikl oel T2, tresrpectmely t0fAp@hse Eag hsmg edge of
the SA?\?IQEE)ILZ SIgnai:J t}?lle dsarcr:llp Culdt hoqg 01rcu1ts 606A, 606B apply the latched T1, T2
signals to the XOR gate 606A, which develops the FD1 signal having a value corresponding
the XOR of the sampled T1 and T2 signals.

In operation, the START signal initially goes inactive low, causing the NAND
gate 600 to drive the T7 signal high and the inverters 602A-F to drive the signals T1-T6 either
high or low in response to the high T7 signal. At this point, the SAMPLE signal is low,



| atches the signal fromthe corresponding inverter
604A-G in response to a rising edged of a sanple
wer@aab1sBAMPLE, and pl aces the | atched signal poT/Es2003/027002

out put. When the SAMPLE signal is |ow, each sanple

and hold circuit 606A-G drll\g s the signal onits

output low. The CEN signal s applied through a

buffer 608 to generate the SAMPLE signal. A plurality

of XOR gates 610A-G receive the outputs frompairs of
causingzaaph éaranlﬁ ahldlfwlft cirewt 6@61’6@&& dzivieaits euipwteloy whish; meturn causes

e XEASONE 5% 8 380 2T o O e s

active'H880 %ﬁﬁén‘{ge{h)é NARD 239806 & didetthe el §%ﬁa{1qm 1btazeand starting an
correspondl ng sanple and hold circuits 606A-G

edge propagiting thneughathe envaertdrsh604A-¢1 pediiths MABND @at 60@Bas will be

he st at ft ap clo nal
sppreqigis By e SiTet in st e Ve ir SENG S Ei)eetst hiin e buffer 605
i
dnves%@)?ﬁ{lﬁde]%ﬁg}tug #g%}? _faﬁ@mél I[Egar#aalcﬂso(ﬂctl gl'r(tﬁﬁtlé d)%q@@ﬁch BR&S clock
&gnalﬁ(lHA[‘ 7 wpplidd deveglo iz trivertﬁ@]ﬁOQrAgGadtndhappl}nghaevlatdhed data clock
XOR of the sanpled T

signalg { %ﬁ%ﬁﬁgn&déﬁq%p@}% Ton The KO ealRY o4 P@r@lthqfﬁﬁf{ﬁ? a@eniratgdb% FD1-7

s 3] Qe B P DECRA 98 100R S R PG

recelvss' tephis of fapldoki difals Thirg ffrdﬁ{ tHedwdrier 604RAR #At tvas pérating the

h T7 si gnal At this poin t he SAMPLE sggnal 'S
currenr e afithof Wgwlmmmwlﬁﬁe@zal wegt Bighdi- agbethdap clock

I
S@als;;q{mhﬁlgﬁw 00, i 8 bSrr QRGO PRI P 1P o

t he FDiigdresi i@Rdhsctiondt blddkedi &Eﬁllﬁétﬁtﬂﬁ% ah BRI 200 Bfat generates a
goes active high, causing the NAND gate 600 to drive

Synchlphléed apodd cegnati GhESYNC | lmwingn disgigaand nglearﬁalhwg@iges that are

smeh:Bli2BE A3t ety 5 o SRS (e of o aBb g PSPl CLK
The SWGU focludbesmh RYEf buhe 70Ebh$h 9@1@&/ 1199 9@4 ka9 Hevetl(ﬂﬁ?] CLKBUF and
fer 608 drives the SAMPLE si g h,

a CL@m@ml,anspehtWaﬂy an respose 6 @ﬁAp}ﬁdda:ﬂ([dk Slg'nal CaK ialthe kame Way as
T7 applied throu the i nveréer s _604A-G
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a functional block diagramill ustrg?iling an SMD 700 s

rising-gdggtdedpyné clock signal Gl heinged deskred idglagtirel@ivSvNdd alternate
rising Igélgveis & tfl(ie %ng s?grr]lgl t Rn 6ﬁ| gatep 916 dgc%fc’veg QI?e CTI&)ELRI -2 signals and
generates a rising edge strobe RES in response to these signals. An RS flip-flop 712 formed
by two cross-coupled NOR gates 714, 716 receive the RES signal on a set input and generates
a CLKDEL signal having rising edges that have a predetermined delay relative to rising edges
of the CLK signal. In response to the CLKDEL signal, an output buffer 718 generates the



synchroni zed with corresponding rising and falling
edges of an applied clock signal CLK. The SMD 700
WO o33 an i nput buffer 702 and a del ay | i nep@D¥S1002027002

devel op a CLKBUF and a CLKUP signal, respectively, in
response to an applied clock signal CLK in the sane
way as previously descri bdd for the correspondi ng
conmponents in the SMD 300 of Figure 3. The CLKBUF and
CLKUP signals are applied to first and second

CLKSYING isigneldpaving nigingsadged tiab rreSlybBehronized intith 1766 ed@8 of the CLK
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signal.t he conponents in the SVD 300 that receive the CLKBUF

and CLKUP signals and generate the CLKDEL signal in
r esporG8UE S Ereliactiongh glogk dyggrarg jof @ upemary Aleyisp SO tireuding the
i 19 I ' I KDELFI .havi :
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The memory device 800 includes an address register 802 that receives row,
column, and bank addresses over an address bus ADDR, with a memory controller (not
shown) typically supplying the addresses. The address register 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



of the CLK signal. The output buffer 718 generates the
CLKSYNC signal having falling edges that are
wayonahesns zed with falling edges of the CLK siBOBUS2003/027002
response to the CLKDEL signal. Figure 8 is a
functional bl ock di agram of a menory devi ce 800
i ncluding the SMD 300 of I’3‘| gure 3 and/or the SVD 700
of Figure 7. The nmenory device 800 in Figure 8 is a
doubl e-data rate (Exgg synchronous dynam ¢ random
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amphfm@rméz GoBeperding meppory dask.v dhe row midnses myliptexer 804 applies the

Lel f h
e S o R o I FERAD PR S v
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to-an i BE REIEERHHoR oRaRLiTig AP hoddp, e ersdeatiar s as will be
apprec[aggd:gytﬁggsq@%qﬂhela@{ ches and decodes the received row

dress. In response to the decoded row address, the

aCt i vah ecblumny addatse s appliah oanttle dRDDB®e buB hftée fhe row and bank

ous signals to_ a corresponding nmenory_ bank
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columipladd@bs tey aoflurakitypof celahnsdablies 1 AFD. r D barild control logic 806
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actlvatgg' ﬁ?]ﬁ (?e%gé’egg%g&ieﬁkqo Sﬁi{l%@%‘élu Thfd eslso ega%ﬁf gn fﬂPe %)eratmg

exer rerres
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bank control B@gl c circuit 806 uses the refresh bank
I

appliesaifid dateledrqobmn hddressfte dliehdesoders 816 Al rortapplies a sequence of column
addresses to the decoders starting at the column address provided by the address register 802.

In response to the column address from the counter and latch 814, the activated column
decoder 816A-D applies decode and control signals to an I/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.



menory device 800 operates in an auto-refresh or
self-refresh node of operation in response to an
w@nioa/26r3 sel f-refresh command bei ng appl i ed teCT/82003/027002
menory device 800, as will be appreciated by those
skilled in the art. A colu address is applied on the
ADDR bus after the row and“bank addresses, and the
address register 802 applies the colum address to a
colum address counter and |latch 814 which, in turn,
| at cheButihg date|readropetrtions slatahtingrshad dont the addrested dnemory cells
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driver ghpnapentidllypuinnts the repsived N/B Ak weids/as B dogesnpnding slatseriord DQ,
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nti al recelv s, the V2 bit words fromth
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prev101$SIl)g ﬂedcnbsd MSKhdebeelﬁe to EXGREN36. CTHCDIAT AS BG4 aRs itludes masking
controller (not shown) in |atching data from

SlgnaIStlF\M hjch will,be dlesmivedin mege detald bslsey atithow&renca to data write
Lgsponse to t he del ayed cl ock signal CLKDEL, the data
river 824 sequentially outputs the received N2 bits
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ng
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and the associated DMO-X signals, and applies these signals to input registers 830 that are

operatla

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 DMO-X signals. The input register 830 provides the two latched N/2 bit DQ words



signal DQS having rising and falling edges in
synchronismwith rising and falling edges of the CLK
wae@aab1s7s espectivel y. Each data word DQ and tPeT/dstoa3/027002
strobe signal DQS collectively define a data bus
DATA. As will be appreciat by those skilled in the
art, the CLKDEL signal fr the SMD is a del ayed
version of the CLK signal, and the SMD 300/ 700 adj usts
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awife FIF nd driver 832, which cldcks the applied
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commargls kindg gerierates ta 8fietceans fodockingt ad Qnwol dignalst that control the
addressed nenory cells in the accessed bank 812A-D

compogies $O2-833 tpr@ecw/@%ﬁ&cgﬁaw@ wapzlrf:dr@méndj ddietcdock enable
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The c@afiaRS decbder 884 Vatclds| ®mmiar@odidr mdrés@wl@aasn@t Siti@Néliges of the
decoder 834 receives a plurality of command and

CLK, GLKS kSilm)glsS(v gnéhescr@s;smg peirtotGld gping haghnand €LKT* cgamgylovv) while

the imp SPE SRR R oG i s BaTe: et P "Serdiven, e
memod 8@de 8% in PespWfidel 8 IR RHLsSHfOMME! da¥EStrolR §8AAIMQS and thus at
addr ess strobe signal CAS*, and a row addreSs strobe

doublesthg fizgqudRsg-of thehcloek slgealsw&lﬁig(*sl Ghialis trie becadee the DQS signal
has thg lsa?r?ekfreeqql%gclzyeas t'hg I&EK %iFK 51gnals 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 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.



conpl enmentary clock signals CLK, CLK*, with the "*"

designating a signal as being active |ow The conmand
wee@nabs7LS*, WE*, CAS*, and RAS* are driven tPCT/EF200%027002

corresponding to a particular command, such as a

read, wite, or auto-refreig conmand. I n response to

the «clock signals CLK, CLK?, the conmand decoder 834
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a sequence of clocking and control signals that
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circuitry 902 to store data or retrieve data from
external storage nedia (not shown). Exanples of
wo y@ioais7st or age devi ces 908 include hard and PEDPP3003/027002
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activate a coarse delay enable signal responsifve to
adapted heredeivayhe mpundlodkediginl ethiel e delag cirefieosonatde ewlanth the tap clock

) val ue; a fine delay circuit coupled to the ring
signalspggpqnsiyedp thonpalcepckesighal and o deyeena dingdlay, frore i latphed tap
lock 4 HEER o SLEN LAY & L ER TRk SpIIFR IR g soponse

to the €dagekdetdydinable sigagl, tHenened@l@yerableGinial BPGHiRINe FirleQleladtrelative to
the tap clock signals responsive to the I nput clock

the coassayirday enablletsigndbged op a fine delay fromthe | atched
tap clock signals,.the fine delay circui perabl e to
activate a i ﬁ'gtpﬁtefné%}meﬁ%%leed g‘f é}he\gf’oz}rﬁe ?Iéi &g‘ﬁs ay Circults, the

output circuit generating a delayed clock signal responsive to the coarse and fine delay enable

signals going active.

2. The synchronous mirror delay of claim 1 wherein the coarse delay
count initially has the reference count value, and wherein the coarse delay circuit is operable
during an up-count mode responsive to a transition of the model delayed clock signal to
increment the coarse delay count responsive to the oscillator clock signal, and the coarse

delay circuit operable during a down-count mode responsive to a transition of the input clock



to the coarse del ay enable signal, the fine delay
enabl e signal having the fine delay relative to the
weoanselsdel ay enabl e signal; and an out put ci reai/us2003/027002

coupled to the coarse and fine delay circuits, the

output circuit generating el ayed cl ock signa

responsive to the coarse a fine delay enabl e

signals going active. 2. The synchronous mrror del ay

of claim1 wherein the coarse delay count initially
signalfgsdecrrenang the ecrste ddduiheouph rerponsaved tankher escillatdrecledkasigrel and to

bl dur an u ount
sencrfIEURYoBIG Bl hyPRRRATPanal Lille FEm ot GalBefpequat o e
xe&mﬁu@mmﬁn¢@m¢lncrenent the coarse del ay count responsive

to the oscillator clock signal, and the coarse delay
circuit operable during a down-count node responsive

to a t ansi tjon o the in | o 4/02 573
PCT/ US3003/ 5 058 i def OS:SWBr?éWge Fahe B peunt mode is
1mt1at6iﬁ‘fe§ orfs BN o @ARADAI 0fGhd &oHélQle@a%l@& kel o%k‘% [gn&i ra%écﬂlﬂa he model
0 generate the coarse delay enabl € si
delay h@&smansponee tocant Neh tramsitise ofl Elfiealyput elk st@ar@omqu’st Ibglc level to a

refere e count valu synchronous mrr
secon(L gg‘ylelsqkl %q ﬁ,figwmgpxglq)’o H% HﬁtbatE‘gEﬁﬁPm}fchTéo ithe N+1th transmon of
the Inﬁtﬁ‘ bfo‘cﬁ%@‘ﬂalr ANSHiréLrolRe ?ecBﬁ(?g%Ltl'eQﬂ. of the nodel
del ayed "cl o si gnal generate y the nodel del ay
line in response to an Nth transition of the input
cl ock |gnal froma first logic |level to a  second o
| ogi ¢ tevel Thesamchioaogsgipie sigly ofstam lswherein the dge delay circuit
ponsi ve to the Ntlth transition of the i nput cl ock
Compﬂsg%nal fromthe first to the second logic level. 4
The synchr onglatipiéner @iiviAe h plurdlity off aipitslcodbRdeb e i oscillator,
fine delay circuit conprises: a nmultiplexer having a
each ippyfy @P‘lelgo? Y¢Sﬁ9<mV§ tep inckasigunlt the miligplaxscioperablerto provide a

espefiE By B S S By SRBTEH U8 4o st
with thelt@s Klosik ﬁ@ﬂél omh@autgwd@%sﬂoea PRNS méeﬁﬂe%@aynén%@' #&?ﬂ of

i nput sel ection signals, th the tap clock sig
t he out put a:bmh@lﬂ(mmpag cnmutt lteuledieo thelrmg cenﬂ]latoe, the latch and

compaf e opreb i B,taEh Fhs TFREIETH siRRrS ESPMING L& Hrecppe clock signal and
to gené?ﬁ’t% raﬁﬁﬁx%hfy‘bf'fﬁfe‘&'@la& 'gfg]nﬁlg E%sﬁblqs(f'ke 180k chel gagyocﬁ&ﬁ{ s\f§1a§s

t he i'nput k signa to generate a
fine del ay asﬁgm@dla.y trasfoomsinreeit couglédtd Iatfsﬂftedletcaﬁs@ﬂélﬁyenable
nals: and a fine delay transformcircuit coupled to

signal Apd droyalefHg sk o) wn@aeamrewt sndrihe %W&pkees@rplt% fing delay
transfowecﬁcgh (g)e%% GOFRASRe 8 M hihe aglgw slk%afmtot RN éerer:Spectlve input

selection signal and to activate the selected input selection signal responsive to the coarse

delay enable signal going active.

5. The synchronous mirror delay of claim 4 wherein the multiplexer

comprises a plurality of transmission gates.

6. The synchronous mirror delay of claim 4 wherein the ring oscillator

includes N delay stages that generate tap clock signals T1-TN, respectively, and the latch and



transformcircuit operable in response to the fine
delay signals to select a respective input selection
wer@aatisand to activate the selected i nput selBCL/US1003/027002

signal responsive to the coarse delay enable signa

goi ng active. 5. The synchrgnous mrror delay of claim

4 wherein the nultiplexer onprises a plurality of

transm ssion gates. 6. The synchronous nmirror del ay of

claim4 wherein the ring oscillator includes N delay
compart agfesit tittahesgtep enlenkesigrgls &1l ook finytlad sing DsdiNator and performs an

tively, and | at ch. and. 04/ 021573
XOR pO&R: b S PH0 2 1S e S AIOEK ISTES 1 3¢ Lhds e so on through
TN-1-8N0 Gd SIS B iSoris- FNXICTO BhLfor 'oHQRQ qirl TALA ”I‘N‘,gwiéh teg%h XOR

perfornms an XOR operati on on eac alr of l[atche
operatodnogekeratiggalksrrdspoii@ing Tide d8lay sigdalso on t hr ough

TN-1-TN, and al so performs an XOR operation on the

pair Ti and TN, with each XOR operation generating a

cor r espondi fdl VoSt gn 7 :

mrror p’del a?g%fs&g?{glgﬁug m‘%e?ér%a){ r?g élilylﬁle%/d gﬁ%{/e%] e fine delay
transférire¢isduitropeitesduiat firspodd espdinsiva té b fselected dfe bLHRARSEISEK signals

to a selected one of the tap clock signals T 1-TN
T1-T,bapingya frst agae stat§gi ¢ state. 8. The synchronous mirror

delay of claim7 wherein the fine delay transform

circuit operates in a second node responsive to a

sel ectgd oneh@fsyhdiRodoul M@irREkdels @fiadlsim! - WHehaYithe fie delay

second |l ogic state. 9. The synchronous mrror del ay of
transformpipguit Qpfsates i ersecad made cdspensive tocasplertsd onarof ADtap clock

. 10. The s hrongus mirror delay of claim1
mgnﬂ%ﬁ%ﬁ@iﬁ”?ﬂ%a%%8%@§%&€$§§‘ circuit conprises: an

up/ down counter coupled to receive the input clock

signal and the nodel delayed cl ock signal, and

coupl é8l t o Theesyrichrpnoss nlifrat delay of rcémi I evhielngin the output circuit

oscillator clock signal, the up/down counter operable
COMPISEY V&80 a transition of the nodel del ayed cl ock

signal to increnment the coarse delay count fromthe

ref erence count val ue responsive to the oscillator

cl ock Hi.gnaThe symthamensabiiror dslpgnsfi algint @ whéremnshiet ¢dafse delay
. .of the input clock signal to decrenent the coarse
cirewit g@MpYsesSount responsi ve to the oscillator clock signal;

o0 . COTPRUE oS URLA, g5 LIRS S Ay e
model rdeRpenslovie sighall Afd cOF&Rtodt aiyig @atillhtob & REeR@URE odcdllator clock
signal, the up/down counter operable responsive to a transition of the model delayed clock
signal to increment the coarse delay count from the reference count value responsive to the
oscillator clock signal, and operable responsive to a transition of the input clock signal to
decrement the coarse delay count responsive to the oscillator clock signal; and

a comparator coupled to the up/down counter, the comparator

activating the coarse delay enable signal responsive to the coarse delay count being equal to

the reference count value.



the reference count value. WO 2004/021573
PCT/ US2003/ 027002 27 11. A synchronous mrror del ay,
wWE@ompn2srng: an i nput buffer adapted to recei VBCEIS2003/027002
i nput clock signal and operable to generate a
buffered clock signal inr onse to the input clock
signal; a ring oscillator g%ﬁrable to generate a
plurality of tap clock signals wth one tap cl ock
si gnal being designated an oscillator clock signal,
each t&p cIgckn@ngmawnnnavdﬂgxaomegp@et|ve del ay
relative to_the qr cl ock signal: .a . nadel | a
li ne coupl e '8 Fﬁ%tijr ﬁ’g o e Ve @9}1188{6?19@( fgRal ahd opérable to
generzﬁé'ﬁ Bﬁff&gd clokR §1‘§n§l‘ ifl @&boﬁ’é@% aRahpblcRodkiganerate a
del ayed clock signal in response to the buffered
cI ock si gnad ringhesciilathe| opdebley wdgenke ik asplgmahty hﬁtalpngock signals
.. hodel delay relative.to the buffere cl oc nal ;  a
with Q38 4e, g5k i et oS RS SO e IoFip enih g 0 kg sgmal
hav1ng3§fé'spécﬁ(/9 Eie:la?ﬂﬂiatlvteng e afe L RYK Isfgﬁ?l the coarse
del ay circuit operable to generate~a ¢oarse del ay
count responsidekddlay tihe cagidd loatheinpud buffer edreceiRe the buffered
npdal $e|a yed cl ock signals, and further operable to
clock signal and apesable i generpss ajnodelkdalayed closk signalspaesponse ‘pghe buffered
he d [ r e un
clock (gfal, e ipy TR nifing e 4] FRETHRRUE 0 the buferea
clock ©igidlj | ator to receive the tap clock S|gnals coupled
to the coarse delay circuit to receive the coarse
del ay enabl®&cadrsdglay ginenit miﬂdete th@ i huﬁfpmmmmcé}ator and
r [ huf f er ed cIo t he f
the mbdet GRF' fe, I B4 ST, Gt e siSuieghapese Bay coun
responki®’s PO i Us@ﬂtaﬁbrt beffred,f it erbdel aslkysd QB! sighsls, ta‘?ld%ﬁﬁér%erable
a fine deIaY fromthe Iatched tap cl ock “signal s,
to aCtINFlTﬁea @earacy delay caniableogignal riegponsivaddi thatdelay Eoume hdaﬁigayqual to a
referers s#%nal in response to the coarse del ay enable
§e§ﬁ e fine delay enable signal having the fine
del ay rel atd %ife ldelaly NGreaRaonfled &b ae q'ﬂ%b!)sgilﬂt&nﬁl recfive the tap
del ayed signal genération circuit coupled to the
clock stgrmatss eovgpra tb|t}n@c®edea$claymlmum itd ceinel thzp@aabldelay @nable signal, and

lggnﬁgate % ? Ia ed cl gnal respon3|ve to the
couple] 8 fhednpiy uf 8 rogy e pe SHEBIPA clsck sl s e ey Gesuit operablo
I
to latclggﬂee?a t(?(gx%]kpéé%rrdgﬂlgs%ns%ut% tg? g% glte?eclgc?é ﬁ%r?a? a%d 95 %evelop a fine
delay feym ¢erlatcheddp clook kiga Ntk fihe dplan sirmet blserim@tcdﬁuam@ti fine delay
clock signal, the synchronized clock signal having

enable stggalkin resppnserte the saresislay saabie signaldedinsfdetayenablpsignal having
the fin& hagy relative to the coarse delay enable signal;

a delayed signal generation circuit coupled to the coarse and fine delay
circuits and operable to generate a delayed clock signal responsive to the coarse and fine
delay enable signals‘ going active; and

an output buffer coupled to the delayed signal generation circuit and
operable to generate a synchronized clock signal responsive to the delayed clock signal, the

synchronized clock signal having edges that are synchronized with edges of the input clock
signal.



signal . WD 2004/ 021573 PCT/ US2003/ 027002 28 12. The
synchronous mrror delay of claim1ll wherein the
waeoanselsdel ay count initially has the refereneer/vsmns 027002
val ue, and wherein the coarse delay circuit is
operabl e during an up-count, node responsive to a
transition of the nodel del“dyed cl ock signal to
i ncrenent the coarse delay count responsive to the
oscillator clock signal, and the coarse delay circuit
oper abl® dufhagynehenans eoimar dﬁi@Me)frCé@plohls iwhereip the coarse delay
of. the buffered na ecre
count iR, s dBe FRtpreg e Sutht PHEE o oipeeit ¥ Sharss el 1cEay 1 operable
duringCh® le dufthodaRespohdivd & ! @diRitiol S fCRR MG %ﬂePaX/e@ ReRk&ignal to
signal responsive to the coarse delay count béing
mcrerreaqu ghe caarse fleday ebwntanspensivartt thalbsellatdscloth emgnal and the coarse
m.rror, delay of claim12 wherein th

nchr onqys
delay GEOELOMEHIE JBring § o b ot SHBRSR YK b AR Sf thepuffered
clock anil he dg&gﬁ'entcﬁ% eyt &él%‘:&uﬁf %ﬁéns%rlﬁ "t @ééllpaxortﬁ@ck signal and
del delay Iine in response to an Nth transition
to geneﬂaes thelfcbzmscedelay adblessigmud resbomiveatofthe sbarseodplay cduavbdamg equal to
second Ioglc | evel, and the down-count node is
the refereneq cquBlv#lB& ponsi ve to the N+lth transition of the
buffered clock signal fromthe first to the second
logic level. 14. The synchronous nirror delay of claim

11 wher®i n Thesynchenoe @jtrordelayloficl 4N wh&ein e up-count mode
mul tiplexer having a plurality of inputs coupled to
is initiaied fespRRSHSClol 4 Heasition efdhe megelt delayedi elpeig signal generated by the

model rdglsag(?%g |1r\1/ Feséﬁﬂ%g gosﬁ)ngls hstlr %1051 og htb Ctg}fte[r %1)81(0 gxﬁ o ;bﬁfst logic
level t6 @SqRedHd Meid Rvél, MdJih%'doWh &unt MRUE iSRRAEd REp &is%&bsthe N+1th
wWth the tap cl ock S|gg tsbpn t he out put correspon i ng
Bl

transitiog of Hee lfuffeéedcrétl)(ét)/slm £ finsltq the skeindhogiatevebnpar e
circuit coupled to the ring oscillator, the latch and
conpare circuit operable to latch the tap cl ock

si gnal g respgn ‘éﬁrotn@u§ B ideRy 6% Elaftt lsk’v@l@ﬁ:lln R %ine delay

. to generate a plurality of fine delay signals
circuit cempusesi ve to the | atched tap clock signals; and a

fine del ay traﬁ %fr CIrCUIt coupled to receive the
coarse del MBNRI*E @méhéph%ﬂﬁyEBHEP@&OHHEQWéﬂWéF€HmmHM0f

each ngﬂ.ﬁ &mﬂ ea és?éélﬁivle t @lc}cp %t ﬂthrﬁfﬂ% lex&hggér%ﬂplg tﬂ eprov1de a

mcir ItO SOﬂS

respectﬁvm'&p dﬁcbc&ymgnaj] oalan dmplﬂa‘ethsme tes ﬂﬂlﬁhht\y&)ﬂ APkt selection signals,
sel ection signal and to activate the selected input

with thedanelpclotigag] gRde FWRYSATFIRONIHS thEedbwrdstay caablayignal;
enabl e si grbafatcgoa'nﬁ %o%%gr'evc“:fr'cuit coupled to the ring oscillator, the latch and

compare circuit operable to latch the tap clock signals responsive to the buffered clock signal
and to generate a plurality of fine delay signals responsive to the latched tap clock signals;
and

a fine delay transform circuit coupled to receive the coarse delay enable
signal and coupled to the latch and compare circuit and the multiplexer, the fine delay
transform circuit operable in response to the fine delay signals to select a respective input
selection signal and to activate the selected input selection signal responsive to the coarse

delay enable signal going active.



WD 2004/ 021573 PCT/ US2003/ 027002 29 15. The
synchronous mrror delay of claim 14 wherein the
wondotiopisexer conprises a plurality of transm BST/082003/027002

gates. 16. The synchronous mirror delay of claim 14

wherein the ring oscillator,. includes N delay stages

that generate tap clock sigmals TlI-TN, respectively,

and the latch and conpare circuit latches tap clock

signals T1-TN fromthe ring oscillator and perfornms an

XOR opé$.at i dhe syndhaerioupanirropfdelayt eheldim ald wherskn the multiplexer

si gnal s Tl-}rér, T2 T3 nd so on through TN 1-TN, and
Comp‘éﬁegsph)‘g?lfté’ro aayn %%%Sratl on on the pair Ti and TN,

with each XOR operation generating a corresponding

fine delay signal. 17. The synchronous mrror delay of

claim 16 \/\hé’heisynchtwoﬁi merrdiedayy of clams fldrwhearéinahe ting oscillator

1nclud8$ ﬁrcﬁal:gftssézlig%& [gglie?rﬂggq%glo%i é?qnq?sn L t P rgspgngl,vé yt, g@‘bﬂ’@ latch and
o g, SO RGO 9 Gl B e

XOR apaetmmdn rackepdie s iundiedt @ag 6loak SEhelstHATDNE2-08, tulitesd aﬂ through
lock  signals TI-TN having a second | ogic st ate.
TN-1- Thle agd 3oy BersuEs Ay KOR gpgrajoropn dheypair 141 ke ddy, rintﬂh éaCh XOR

to the buffered
Operadcoiﬁ%&ella% af Onésﬁaéﬁ%ﬁﬁgd?ﬁ}qgﬁ%ut cl ock signal and
the output buffer introduces a delay D2 to the

synchroni zed clock signal relative to the del ayed
cl ock 5-gnafhe amhrqmumaor d@laezyofaslatmrb& vehsteis gbofihe delay

ents hat
wans ARG Rl £ 0P e St Re o 1oeIRERRt of B tep clock signals
T1-TNCRA/iSLa st f)gic ghtecui t conprises: an up/down counter
coupled to receive the buffered clock signal and the
nmodel del ayed cl ock S|gnal and coupled to the ring

osci | | or 0 rec e the oscj | | at cl ock si gnal

the up {“}beoéﬂ’cc %PHB‘P& dlregé( %fgg faja 1% Wélerem ‘ihé fine delay
transfolrfmA@&dul! (%Er&%s Ihe sgaﬂg ap ﬁ(gjnsufel 3K s ﬂé&&? nd Of the tap clock

i ncrement the coarse ay count fromthe reference
signalscBI+iN heavingen seespblogicwseaté.o WO 2004/ 021573

PCT/ US2003/ 027002 30 the oscillator clock signal, and

operabl e responsive to a transition of the buffered

cl ock gn r dej .

res ponlg veaitﬂ%e %@Cﬂﬁgégq‘% %IIr Heg gg cia?néng]l %gﬁeg# the input buffer
introduces a delay D1 to the buffered clock signal relative to the input clock signal and the

output buffer introduces a delay D2 to the synchronized clock signal relative to the delayed
clock signal, and the model delay as first and second components that model the delays D1

and D2.

20. The synchronous mirror delay of claim 11 wherein the coarse delay

circuit comprises:
an up/down counter coupled to receive the buffered clock signal and
the model delayed clock signal, and coupled to the ring oscillator to receive the oscillator
clock signal, the up/down counter operable responsive to a transition of the model delayed

clock signal to increment the coarse delay count from the reference count value responsive to



a conparator coupled to the up/down counter, the
conparator activating the coarse del ay enabl e signa
W0 e@ponsTye to the coarse del ay count bei ng eqgeel/usmo3/027002
the reference count value. 21. A synchronous mrror
del ay, conprising: a first jnput buffer adapted to
recei ve an i nput clock sig@& and operable to
generate a buffered clock signal in response to the
i nput clock signal; a first ring oscillator operable
the os¢ifaige alorksignal, phdioperatly resportsiyg te ladtaisition gh tedufiferdd adenk signal

ta ock signal being designated oscill ator cl ock
to dectefint 12 harS APy o SRPOTT VIR G i b SRl
del ay rel at j VeorhParktBE QRiplel! & Othe CLipRbwaA! 8B ter, 2hE! Ecthparator
model delay line coupled to the first input buffer to
activatieg thevomatsh elelaly enfildle stgnal wesponsivg ratheacrarsepietgybdoant being equal to
{ enerat e a nodel delayed clock signal in response to
ﬂwre?ﬁﬁceﬁﬂ¥¥gﬂﬂﬁ cl ock signal, the nodel delayed clock
signal having a nodel delay relative to the buffered
clock signal; a first rising-edge synchronous mrror
del ay 2I.r cuAtsyncupiord niierot deday, icomprising:ng osci | | at or
and operable to generate a del ayed clock signal have
course and %ifHet dmuhhuffegadaptedda Feeeine tave inpah dodkcrignal and

' t I S | Ni . del ay

operatfy @i hbraic BB RR AP W R o T eD Bl T

edges of the firstpHhg WsCitlktos ioperable o gewcdmtd 4 phirMgtyasfoRp clock
. .synchronous mrror delay circuit coupled to the first
signaly Wil opgdan rlack siganldbeips fesigneted angesaidlator eleckdegrm),emch tap clock
. l ack signal e course and fine .delays devel oped
signal i35 o FsPe Qe SRS e BN B A St laRE 1o MR T e el ays

defining a gatawmdiel 4618y lifetAWRl @l 06 firs ignalbutel &f tek6ive the

to odd rising edges of the input clock signal; a
bufferegedonkdsignap and ppdratde tagknstataa modelatetiyed clonk sigpaltincéspoise to the

si ghal an operghle to ner at e huffered c] ock = .
outferd] S5 s, d0REE e SRR slamet Poeie & ndst delsetsting o the
bufferdd dd&kOS&lal;| ator operable to generate a plurality of

tap clock signals with one tap clock signal being

desi gnat ed afirsosisingiedg®synchwabussmiral delgagdituitapusled ¢k the first

. si.gnal having a respective delay relative to the
ring oqgglgaitqq aémldoqpe&ar % fo g;%@ a dglayod slock sagpab have course and fine delays

develo %er e %%a?ﬁ%ﬁ@g %iéfl%ls athg[?:%gllse da‘ih Zfiﬁ%e]ljg&g%sﬁggfg&rl e%cil af: eé%yk of the

second e€r to recelv

delayed tignlakigasidelafies adven kising@dgdsaif ehelinpdddckdedry.ed cl ock
signal in response to the buffered clock signal, the
nodel del ayletEcend eringiegga synshianeys airror dflay eirayit coupled to the

first riﬁg lo@éiilXt%r L84 torf)grable to generate a delayed clock signal have course and fine
delays developed from the tap clock signals, the coarse and fine delays defining a delay of the
delayed clock signal relative to odd rising edges of the input clock signal;

a second input buffer adapted to receive an input clock signal and
operable to generate a buffered clock signal in response to the input clock signal;

a second ring oscillator operable to generate a plurality of tap clock
signals with one tap clock signal being designated an oscillator clock signal, each tap clock

signal having a respective delay relative to the oscillator clock signal;



buffered clock signal; a first falling-edge
synchronous mrror delay circuit coupled to the
waewmaneisrs ng oscill ator and operabl e to gener aP@r/as2003/027002
del ayed cl ock signal have course and fine delays
devel oped fromthe tap clo signals, the coarse and
fine delays defining a del of the delayed clock
signal relative to even falling edges of the input
cl ock signal; a second falling-edge synchronous mrror
del ay circubtmedelgelay ling qopled rtp rihe sepondl linpwrbudfed to receive the

oper abl.e t.o gener a del ayed k signal .haye
butfer§ BB sm pf FRiaRledy Gl nsBLOTF YR THE et enpnse to the
buffersd 8RRk Sigrall&hé QRRE daRftd’ L16& dsharpviEgid RioaEl @elsif kdive to the
of the Tdelayed clock signal relativeto odd falling
bufferediglesk signalhe i nput cl ock signal; and an output circuit
coupled to the first apd second rising-_ and . .
falling-edg® t%é’y F?éﬁﬁ‘ﬁi sSyH‘FlFPB‘?uSd’é‘Fré% ea?% Giredit cqppfed to the

second® Hﬁ%%@c‘:iﬁa{op aﬂgﬁﬁéﬁglgl g%ﬁ&%ﬁé%i&%&&%&@?%@n Wlt@ ¢ course and fine

responsive to t
delaysnievelopedifrbmythe tapaliddkssigrialsetheynare amd fireldelhyaadefingiggnddlay of the
bei ng synchronized with the input clock signal. 22.
delaye#ww%ﬁ%w WS toreyandplling edges of the igpyhclocknebi n each
of the syn aLr jreuits.incl udes a
fine del ay %P%c%ﬁlﬁtf ,§1110 r?%?‘ir Ss)?lgiél:%ylg&gnﬁ r?lrp(?eéé?grlr ugtvcloﬁlaleg to the
ring opdillétad arid/ opdrablopoltgenerae R @dayicd didtk digndd has€ churad @hd fine delays
each input receiving a respective tap clock signal,
developpd fram tthe tapx eloclo signals| thet epapsecanddfing delaps definingen delay of the
sive, t.o.a ral,ity of

|.oc i gnal_..on.an ut _.res plu
cctayefgH BBl BR PR el R TSRS Bl on
the out put &PsutESRMAGH BEUPIA tblike fitlshEndRkand £OAE! fd falling-edge
signal; a latch and conpare circuit coupled to the

synchrongug mewon Helapreircuite dndt operabiel to alemplap ea symabwortized clock signal
operable,to lLatch the ta | ock si,ghal s r.esponsi ve t.o

responfE 1f el ek sugtals S the Auge PR ot Spgreamrgpiged clock

signal b&iRg sERhAhiIAIIAR el P@B@kéﬁ 410 the latched tap clock

signhals; and a fine delay transformcircuit coupled to
recei ve the coarse delay enable signal and coupled to

the latch gnd conpare circuit and the nultipl exer, the
fine d&lay [B% ébf@mﬁu&imm& delperodbslaim 2] ediserinecach of the

symehrbfifs BB U8B RIRURI6 3 BB Y P IBRRERYE gnal” ana
to activat ea tlnipt&leehivenl b pRudlits oF Bputsadupledn@the ring oscillator,

responsive to the coarse delay enable signal going _
each ipputigeciving a TespeddiyactRp sirslissighal,r be rdeltinlexer opgrablm tpprovide a

respeci‘l\?e:{ﬁl 'rﬁrf%ctskrgﬁnn% lc’;(l)%lie%l. &d S&t regp%rr@l(/ie 3 p?ur%li&roafl iin{)é{t s?eﬁection signals,
with the tap clock signal on the output corresponding to the fine delay enable signal;

a latch and compare circuit coupled to the ring oscillator, the latch and
compare circuit operable to latch the tap clock signals responsive to the input clock signal and
to generate a plurality of fine delay signals responsive to the latched tap clock signals; and

a fine delay transform circuit coupled to receive the coarse delay enable

signal and coupled to the latch and compare circuit and the multiplexer, the fine delay

transform circuit operable in response to the fine delay signals to select a respective input



24. The synchronous mrror delay of claim21 wherein
each ring oscillator includes N delay stages that
w@eonanatses t ap cl ock signals T1-TN, respecti vel p¢T/@8m03/027002

the latch and conpare circuit |latches tap clock

signals T1-TN fromthe rin% oscillator and perforns an

XOR operation on each pair | atched tap cl ock

signals TI-T2, T2-T3, and so on through TN 1-TN, and

al so perforns an XOR operation on the pair T1 and TN,
selectmtmh@hd KORCtiapre that Jedastedeinputatclactjom siepek wspamsiienig the coarse
del f@? del éﬂ> gnal 25. The synchronous mrror delay of
eay%q BB 8°% he output circuit conprises a first

OR gate coupled to receive the del ayed cl ock signals

fromthe first and second rising-edge synchronous

mrror 23jel ai]hfr: isymohirdmeps anisoc glethy G gaite 2owpéreth the multiplexer

recei dela ed clock signals fromthe first and
Comprises 3 rﬂgVP OgAehr onous mirror del ay

circuits, an RS fllp flop coupled to the first and

second OR gates to receive set and reset inputs and

oper ab24 t oTkesyaklmoneus witiqrulelayeif i 2| whiteini cgﬁlﬁlhng oscillator

responsive tQ the reset and set_ inputs, and an ou

includgs Nrdslaystgss Bt generate tarsqaki signpisghl -ANerespestivelye amcbthe Tatch and
comp £ BELH] SRS o KOER FBEST) ShFOnS 8 e SR B pboms an

XOR &eritih @keb@yl @ﬁr of Ritdhed 1ap/\bleae kignglaah-BY, nmarrg N&WBso on through
mrror delay circuit includes a coarse delay circuit,
TN-1-ENnpend siﬂngper@mng pmdxm @mm@r 01@ @nqop@d Ttloarrcgw weitlt pach XOR -
o mahonpUtI%ﬂOCk SI g ? del ayed cl ock
PeratiON RTaF %ﬁ&fo QQP% n??FaX?ﬁﬁloSC|llator to receive
the osci |l | at or clock signal, the up/down counter

oper abl e responsive to a.transition of the node
deI ayetb.cl obtie syichpoadus mirrercdedayeof cluine 2¢ orlrcseindbe aytput circuit

comprisgy A frsh B e, cRORP L Fecestfel T AP SloER U b e dist and
second ﬁﬁﬂg-'eﬁéco@neﬁroh% TiYPOH détd ﬁi‘cu'f’tb 94 ﬁécoh@ QI @G{eS ?fedt E%celve

coar Se delay count respon |ve tot oscl | [Fat or
the dekiyehalock asrgxhaMﬂ’r@ﬁGhé GRétEa]ﬁ deca dUBRNG3LdPR /9achroddusamirror delay
or_coupled to the up/down counter, the

Circuitggwpgé gt flopagquple torige e @atesendiPRagaten &bre@egfﬁgsﬁhand reset
Inputs a ﬁ& 8?&?151\4 % h@vethgbeﬁxf Q@Eﬁﬁ%&g)ﬁ@%l‘i{ﬁ %ﬁ? 1 &ﬁ%gg thet fset and set

erence cC
inputs,C afitPlah Sourput bafiferacslip®sis tdttse RS €l§El69 | an@USperatle dat @nerate the

bus;
synchronized clock signal responsive to the output delayed clock signal.

26.  The synchronous mirror delay of claim 21 wherein each synchronous

mirror delay circuit includes a coarse delay circuit, comprising:
an up/down counter coupled to receive the input clock signal and the
model delayed clock signal, and coupled to the ring oscillator to receive the oscillator clock
signal, the up/down counter operable responsive to a transition of the model delayed clock
signal to increment the coarse delay count from the reference count value responsive to the
oscillator clock signal, and operable responsive to a transition of the input clock signal to

decrement the coarse delay count responsive to the oscillator clock signal; and



an address decoder coupled to the address bus; a

read/ wite circuit coupled to the data bus; a contro
wa@ooaoets7eoupl ed to the control bus; a nmenory-eet/iS2003/027002

array coupled to the address decoder, control circuit,

and read/wite circuit; g% synchronous mrror delay

coupled to at | east the comYol circuit and adapt ed

to receive an input clock signal, the synchronous

mrror delay operable to generate a del ayed cl ock

signal and @h@ﬁ@ﬁﬁwwoluum%@uﬁv @enep@pWﬁgcemnmnoﬂw comparator

a he cl ock nal , . the
activaliyh I Syt ST PG R el RERansReab e Cortie dORRIn peipg eaual t
ﬂmreﬂﬂgkab&guwgugenerate a plurality of tap clock signals

with one tap cl ock signal being designated an
oscillator clock signal, each tap clock signal having
a resp89t| delay relative to the oscillator clock

si gnal pm Iéﬁ“?iﬂ@“ﬁﬁgﬁted to receive an input
cl ock S|gna5n§&gmm%gerable to generate a nodel del ayed
clock signal I n response to the input clock signal,

the nodel debmydtusl ock si gnal having a nodel delay
relative to the input clock signal; a coarse del ay
circuit adapf#8b$ receive the input clock signal and
coupled to r el del ay
line, the c%g%¥%&§g$§§@¥&h@k%togﬂg¥§ %SBF% generate a
coar se del ayreadiwrite cROEOORIPE tbmetdwamgl I'lator,

i nput, and nodel del ayed clock signals, and further
oper abl e t 02 GRAFO) greui QH@Eﬁé@tQRQOQVOHMEbIe S|gnal

responsive cauni

reference C%%}#@Xg% aa¥r§y O @985 é’fﬁ fle(’@gﬁrplc%tr?l circuit,
and rebd@ritd Elcu@said | ator to recei ve the tap clock signals,

coupled to the coarse delay circuit to receive the

coarse del ay syshisingus ingmet delyye@@dell ©243FBt the control circuit and

/ US2003/.027002 . 34 adapted to.receive th nput
adapte T SR TP e ah B SPeRIoPeeA FirAgel kA 1§ Gfgeppeate

delayeHhﬁoékaElgnzﬂl BRKHR &ﬂ%ﬁ clrERP QORI ME t&)nhjaia s #gﬁ;ﬁse to the
at C

and to develop a fine dela fron1t
delayeﬂatDCklsrgnhl ﬂlegmwmonmlhmxfmnéelawmpmrrg;w t oper able to
activate a fine del ay enable S|gnal in respgnse to
the coarse del ay? é‘ﬁ&kﬂSE\l ligfog pppra 1(eh(@ $qnﬁetm|pdyraawaef tap clock

mgnalsgbvﬂﬁ%ne ri%ﬁ:lggkg alfﬁéﬁ%géas aﬁl)étedraﬁl Lildfor c?(%cﬁ(n‘s? Ca?%éaf tap clock

del ay en e si clrcu
signal hinéing @ agspectiv defaly nelatihad tayhmst:ﬂlatdrﬂocktsfgﬁaa@ ut put
circuit generating a delayed clock signal responsive
to the coarse ardMPielcdedri lw adapted to receive an 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 coarse delay circuit adapted to receive the input clock signal
and coupled to the ring oscillator and the model delay line, the coarse delay circuit operable to
generate a coarse delay count responsive to the oscillator, input, and model delayed clock
signals, and further operable to activate a coarse delay enable signal responsive to the delay
count being equal to a reference count value;

a fine delay circuit coupled to the ring oscillator to receive the

tap clock signals, coupled to the coarse delay circuit to receive the coarse delay enable signal,



enabl e signals going active. 28. The nenory device of
claim 27 wherein the nenory device conprises a DDR
woeDbHANtBnEl t he synchronous mirror del ay recei VBST/US2003/027002

conpl ementary i nput clock signals and generates the
del ayed cl ock signal that synchroni zed to the
rising and falling edges &ﬂ the cl ock signals, the
del ayed cl ock signal being applied to clock an out put
driver coupled to the data bus. 29. A conputer

and adaptedem reesyvrpthie Snpwg clock signah theyfoe deley icevit apetabla to latch the tap

ut put device r oc ed to the da
clock SEpATY rierret ReBPCHR Sl ( dafiond TetsHstai AR the lached
tap cl&!ke s1@ﬁz§1§ Cthe Hine Q43P Eir&hf‘ Qper@l‘)'le ag dicBoste tltuﬁme d@la? %551@' signal in
dat a bus; "an address decoder coupled t

responaddcr d@scolauss :delay enelzld/sxgnalt, ¢heciinecdilsy embid sgnal dnatnhg thlfaﬁae delay
a control CI cuit coHpIed to the control bus; a

rela“"Fré‘hﬂFfoﬁréF felgy F‘%ﬂb OFARt 0 the address decoder,
control circuity, élggll ﬁﬁgl’itv\fohégd% rtﬁé"l:éazrseaﬁfh e delay circuits,

synchronous mrror ay coupl to at Ieast e
the ouqnnmtcrroﬂut generatitigt a deldyaidelptiesighal regoekive tarhd e &ldofhe delay
gnal , .the synchronous mrror delay operable to WO
mwbk2@ﬂﬁgqﬁﬂﬂ¥W§“ﬁ€T/U82003/027002 35 generate a del ayed
cl ock signal and the control circuit generating
control signals in response to the delayed cl ock

si gnal 28.t heTlse/membonddsicerdfTcladmn 2Jel it eia APmkemoRddevice comprises
ring oscillator operable to generate a plurality of
a DDR Ré%@va sthe wancélr«mquﬁ IBHEOTt @éaycrmwes |cgmlenmtafg input clock

sj anat n r.clogk si :

51gnals gnd g neﬁaac\e/sl tﬁn dg? 1%8? -5{%12110 tav glgag{)]i‘l &t F % eH‘ésmg anci< falling

edges @ﬁﬂie' dl@é]@ﬁgﬁdeQKe 8431@?6‘81' ¢loék SRAAIbefiR) é}i{)hkdl @@cﬁ)@ﬁ%%tﬂlﬁ driver
receive an input clock signal and operable

coupleddptheatate Busnodel del ayed cl ock signal in response to
the input clock signal, the nodel del ayed cl ock
signal having a nodel delay relative to the input

cl ock ® gnak computer system, comprising:
a data input device;
a data output device;
a processor coupled to the data input and output devices; and
a memory device coupled to the processor, comprising,
an address bus;
a control bus;
a data bus;
an address decoder coupled to the address bus;
a read/write circuit coupled to the data bus;
a control circuit coupled to the control bus;
a memory-cell array coupled to the address decoder, control
circuit, and read/write circuit; and
a synchronous mirror delay coupled to at least the control

circuit and adapted to receive an input clock signal, the synchronous mirror delay operable to



a coarse delay circuit adapted to receive the input
clock signal and coupled to the ring oscillator and
wo be4oodet del ay |ine, the coarse del ay circuiPCT/US2003/027002

operable to generate a coarse delay count responsive

to the oscillator, input, ggd nodel del ayed cl ock

signals, and further operablFe to activate a coarse

del ay enabl e signal responsive to the delay count

being equal to a reference count value; a fine delay
generaté a delayed ologhk eignslaantllike comirpl obciit Bettematingaonirelcegnads inhesponse

cl ock si s, coupled to the coarse delay circuit

o the iRyiedides @%@aﬁ%m@og@rsaym% Agiay eompyTag, and

adapted to receive th I

delay circuit operabl %n;n Q}g lgtgcﬁ%bﬁebfggg gc E? .Illlpﬂﬁal tg of tap
clock sigsgiomsthvanet tap tchoekisipnal beihg désignatgibin asmildtm dedeklgmlaeach tap

f.i ne_del ay fron1the | at ched tap ¢l ock signals, the
clock signas hawing g respeetinerdelsyariaystothe mliasogtcéocéf S§186 del ay

enable signal inr eSp@%%eL?eeﬁgiqﬁlﬁg%f ﬁ&‘addtgl I%Xe{‘lﬁgzaPllﬁ%ut clock

signal, the fine delay ena avin

signal ded apelfableatbl gegerae 4 hredelodulsed delca\siga bl &spcbrgead) theaingut clock
utput circuit coupled to the coarse and fine del ay

an
signal,the writ:lsdelmé clogk pignaldiavingiarmeyieh delay relefive tadhedppef clock signal,

clock signal respon3|ve tQ e $Qanss

enabl e signal s going LTS F I @ %@ﬁ‘gu(f Eelpelélygfelﬁﬁém clock
signal @hd ebap1ed 28 tNhahLoBcillAter BRITHeYmE&M | defuy KRTREd 8&FsAddMRcircuit

SDRAM and t he synchronous mrror delay recei ves

operabo tp Igenerateas yoirsp delay clognk respepsittestoatit grerliater ésput,hand model

a ock S..S nchronl d to
aelayefl Stk Sienly SHLEMAR PRt b ogRiTHiE S POts ARy iRble gt responsive
to the &E@i}f’é&ﬁt BeiR %léqu?a'l eefREiRGodmRlRd to clock an output
dri'ver coupTed to the data bus. WD 2004/ 021573
PCT/ USZOOS/ 027002 36 Sihe dklayetinadt touplek ne b | |rmg ascillator to
ed c| ock na haV|ng a delay relative an
recelvea |t Rglog é@pafﬂ g‘ﬂﬁ’l‘ torthe ﬁ%‘irﬁ‘beeléb ﬁﬁgqlg Fch@ecelve the coarse delay

enableg%?xﬁf %3'3 ;ﬁecp o%re?é&e{(%e%%lﬂ%ﬁ kl af ﬁé‘daé)g @i']%{)terable to

OSCI fRator ¢ ng a re u
latch thest@rcﬂactleslghhamesbbl&vapml the dnmit Qﬁd@delgfamand\M Hbveﬁdi}ﬁa fine delay
scillator _clock signal being designated a reference
from th dat¢ied gp qbcsily Ab fiaR @cBalcireDl peraicofo egtivele a fine delay

e S0, DAHORG 3, O5L L L4 1 8159t v

enera

the fin€ H&laKresdtdRad tHetohRs gelag endble difalamal i ed cl ock signal,
the nodel del ayed cl ock signa haV|ng a nodel del ay
relative to the appl iaddoutpdtontcutjapnpled to the coarse and fine delay

circuits, the output circuit generating a delayed clock signal responsive to the coarse and fine

delay enable signals going active.

30.  The computer system of claim 29 wherein the memory device
comprises a DDR SDRAM and the synchronous mirror delay receives complementary input
clock signals and generates the delayed clock signal that is synchronized to the rising and
falling edges of the clock signals, the delayed clock signal being applied to clock an output
driver coupled to the data bus.



initiating a time-to-digital count coarse del ay
interval in response to a transition of the node
waoedoapers7el ock signal generated in response torpenuBtin3/027002

transition of the applied clock signal; incrementing

a course del ay count respo§§|ve to the reference

oscillator clock signal ing the first coarse del ay

interval; termnating the first coarse delay interva

responsive to an N+lth transition of the applied

cl ock ¥i.gnaf;method fargendrating ateayast clodiesigend ihaviag grdelay relative
e first coarse delay interval is

toanaPBﬁ?d(ﬂ ﬂgnarnﬁﬁhﬁﬁl?aﬁgcoglp&rs Yetal-to-time coarse del ay

i nterval i ngdeeRiaRseplblit @f oRARkdredo& QEKalS! @8R bscillator clock
decrenentlng the Goarse delay count responsive to the

signal maf/mgsnfrequems}z ithdt as greatsr dodn theapplied latqchgslgrtah w1th one oscillator
ital-to-time coarse del ay interval;
clock SRl Shing devipiied f Rehara g d MM CRE SiRba eateesiutor dock
I I ting the
signal h%a@gggfg rél& &t tgéltlléﬁa%/llﬁﬁ%gé aﬂgeiloggﬁgﬁeﬁat ive to the

appl ied cl ogdnemtlggai niokeit d¢15yede¢le¢Hmrgedl byrdsb@nseotartﬁe applied
el ay count being equal to a reference value plus
clock &lgn%lu the: wadef; dnleyad- Ctl‘?.ka sighal dayiag 2 gwdehddayeslpsie '@fthe apphed
clocksg%-?a j.m 31 wherein calculating a digital-to-tine fine
ay fromthe stored states of the oscillator clock

Si gnal S conpitiatiag atdhetd-digitageouhecddrsedsl) Rivervdl ia r¥onse to a
2004/ 021573 PCT/ US2003/ 027002 37 according to a first
transitign o deromeds! dedayed alacksignal genswieddnaesponss tofantNd tramgition of the

k .signals T1-TN having a first logic state. 33.
apphe(ﬁ"ﬁl le‘r%‘?ﬂ d of claim32 wherein calculating a

di gi tal -t o-fhtrdehiinea BQird&Ydeldy @t fé@poilts%%it}&tr@fe?e?lcé’f)scﬂlator
the oscillator clock signals conprises calculatingt

clock signabdasigthe fagcoandé dgay mtavalecond met hodol ogy
responsive to a selgl}?}a one of ;the.ta Iock signal s
d 111

T1- TN havifgrRads fio8rsg dgly infgrva H%SPﬁ’é%l}ﬁ o g N+1th

transm@uh%Tme%pl’mtfél%blgsléﬁﬂr' ng the states of the oscillator
clock signals wheR the first coarse delay interval is

term nat ed sty thsestatest eff tha @stilletor ichwk asigrairewhen gicafires coarse

f th l K l's, dth ft f i XOR
delaylgtﬁgwag%es,tgxﬁx%gﬁtegl gnal s, an ereafter performng an

initiating a digital-to-time coarse delay interval in response to the
applied clock signal;

decrementing the coarse delay count responsive to the reference
oscillator clock signal during the digital-to-time coarse delay interval,

calculating a digital-to-time fine delay from the stored states of the
oscillator clock signals; and

generating the delayed clock signal having the delay relative to the
applied clock signal that is determined by the coarse delay count being equal to a reference

value plus the calculated digital-to-fine delay.

32.  The method of claim 31 wherein calculating a digital-to-time fine delay

from the stored states of the oscillator clock signals comprises calculating the fine delay in a



adj acent pairs of clock signals to generate a
plurality of fine delay control signals, with the
wao ova/oeszay control signal having a fal se val uBCT/US2003/027002
indicating the location of the reference oscillator
cl ock signal edge at the pglnt in time when the first
coarse delay interval is t ’mi nated. 35. A nethod for
generating a delayed cl ock signal having a del ay
relative to an applied clock signal, the nethod
accordangnior 4 Sishethyelobgatrespgnsivplon sdléatsd afe ofstbe kdpatlock sipmdk T1-TN
. Signa each oscillator clock signal having a
lmymgqgﬁﬁ WRat is greater than the applied clock
signal, with one oscillator clock signal being
designated a reference oscillator clock signal and
each o3Xi| | Bh@methodok clain §2athehuy talgulatinged mgltaleﬂoatme/ﬁne delay

to the reference oscillator clock signal; timn
from the stared glateryok fireoscHlafaspionksesrals FP%‘HE‘PQSl %@Jlfamgt 11?@ fine delay
accordﬁlfgf &' £eEnd ‘Eﬂddb ?? %ﬁ’&ife & QE@%ctecF{n?J 61"@? .tt#eqltcf&@élgnals Tl-
of” the OSCI at or ghals at a first ti :

TN havigplaayédid lbgie saear se delay time; calculating a fine
delay tinme fromthe states of the oscillator clock

signals at the first tineg; and generating the del ayed
cl ock gn hayv eIa ative to the . appligd .
cl ock %il gha hei Hlakhq%sgfglq\a}l% by }Eler{%msﬁ%"%ﬁ hfeh%tatggé)rf §§e oscillator

clock dghal¢ whée thé Usistt BearkERIcR %eﬂhes%@;ﬁr SCterdiflafd toBristh Ustoring the
the fine delay tinme. WO 2004/ 021573 PCT/ US2003/ 027002

instantg@eoB6 . staf¢seofriitehddclo pigoalai md3theraBer perforapngyi MGORhaperation on

e 85 AR o MBS 50 B b

fine del&f FBOLEgn L %ﬁhh% alfplke Gzllﬁ’&fﬁdﬁ:'aﬂg?{he%éa?iﬁn blp ﬁlefrbfe%nce oscillator
ti'me. 37. The nethod of claim 35 wherein storing t

clock sggral edgzfat theepapstan ltinet whienche fikst codrgmddlay iatereal fig tleamnauede
conprises storing the instantaneous states of the
osci |l | ator clock signals and thereafter perform ng

an XORsope r@ . u h a ggﬂle?ﬁ?& egég{eﬁ c(l)ctckcgl th‘\}ugé: "élldglagl Pelative

generate a cont
to an applidd dlduk sigrme td@h&&od@ﬁﬁpﬁ&mgl gnal having a false
value indicating the |ocation_of the reference
osci | | at or &neekng aghiplitypfesgilaor &lqokrsignals, gech gillator clock

s TSSO B TLARMIRASLE Aol Shehft v s

clock §1m$eidg6déh€§fa€eﬂ zd@éféﬁén&d bRillacdcloat cighall 88 Ela ctsbm%tor clock
delay tinme, and wherein a second circuit replays the

signal baying edelay rgjativierie therraferpane pspildaon Heckdugnafed cl ock

si gnal .
9 timing a coarse delay time in response to transitions of the reference

oscillator clock signal,

storing the state of the oscillator clock signals at a first time;

replaying the coarse delay time;

calculating a fine delay time from the states of the oscillator clock
signals at the first time; and

generating the delayed clock signal having a delay relative to the
applied clock signal that is given by the sum of the coarse delay time plus the replayed coarse

delay time plus the fine delay time.



39. The nethod of claim38 wherein the first and
second circuits are different circuits. 40. Adigita
WOore@gzisng system conprising: a ring oscill at opCTiU$1002027002
start function, operable to generate a plurality of
tap clock signals with one tap cl ock signal being
desi gnated an oscill ator c138ck signal, each tap clock
signal having a respective delay relative to the
oscillator clock signal;.a coarse del ay nmeasuring _
ci r cui 86.adaphednethod edetlsim Bhewhérag vapddylingather comseadelay time
signal. ang. a asure si | ,..and coupled to the ri
comprseg FRing b i e RSP GRRIFe i L ePBonss S R bns of i reference
oscill #H M ckiglal 8rr&SRd Hilsatifle. ¢! ock signal between the start
signal and the neasure signal and thereby to devel op
a coarse digital delay neasurenent result; a fine
del ay asurjn ircuit.cqupled.to the ring oscillator
to recelve rrb‘ﬁ %efc}é’ﬂ oglciﬁ"l‘:rﬂ %g 17591 Storge g&’aﬁﬁ‘%é Sifh(? osSllgtor clock
signalé RCEHNLCiMB L oPBAS sfori H@lns&ﬁﬁﬁms%tgt& clf%&gscﬁlrh‘?ortcg&k signals,
clock signals responsive to the nmeasure signal an
and theieeftetyyerfoomitpyal KPRaopedratndingadjadentpdigsyof dideksdigreietot generate a
fesFIt. WD 2004/ 021573 PCT/ US2003/ 027002 39 41. A
pluraligy gf fige delapcagtral signalh withths Gnedelay contrp) signal havinga false value
Ny i . i | t r .
icalfd o BYOEbr UG Al p SRR BB B
si gnal being designated an oscillator clock signal,
each tap clock signal having a respective del ay .
rel ati¥® t oThhvemediogiof FlainBS eihetsin 8 figh aircuihgenseatesethe plurality of
.1 del repl a ircuit adapted.to receiv ngd _ st.or .
oscillft RS SRR e ie coARERLE it 58 SRS ¥ Sty time, and
whereifll et ld ARuY cIBASHE tollseSdebdyImAR ddieraidsiBe @15yddl MR signal.
start signal, and coupled to the ring oscillat’or
cl ock signal, operable to generate a cycle count

based t oscillator_ clo i gnal . a to generate a.
coar se del I;gher ggﬂ“&g&‘agfg}?gp }%@%e?% the, %Fte a?ﬂong circuits are

differeffdlalufist he stored digital delay neasurenent data; a
fine delay replay circuit to receive the fine digita
del ay neasurenent data and the coarse delay repl ay
signal , and coupled to the ring oscillator to receive
t he tdp” c|féékg1§%§waw}lga¥§éer%egr§p%ngro devel op a fine

del ay repl S My e sel ed .
el o, b 5ot ok e Bl S O ey o
tap clodklsipnalsepitiayns kgpnebck signal being designated an oscillator clock signal, each

tap clock signal having a respective delay relative to the oscillator clock signal;

a coarse delay measuring circuit adapted to receive the ring oscillator
start signal and a measure signal, and coupled to the ring oscillator clock signal, operable to
generate a cycle count of the oscillator clock signal between the start signal and the measure
signal and thereby to develop a coarse digital delay measurement result;

a fine delay measuring circuit coupled to the ring oscillator to receive
the tap clock signals and adapted to receive the measure signal operable to latch the tap clock
signals responsive to the measure signal and thereby to develop a fine digital delay

measurement result.
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41. A digital replay system comprising:
a ring oscillator with a start function, operable to generate a plurality of
tap clock signals with one tap clock signal being designated an oscillator clock signal, each

tap clock signal having a respective delay relative to the oscillator clock signal;

a coarse delay replay circuit adapted to receive and store coarse digital
delay measurement data from the digital delay measuring system and the ring oscillator start
signal, and coupled to the ring oscillator clock signal, operable to generate a cycle count
based on the oscillator clock signal and to generate a coarse delay replay signal when the
cycle count equals the stored digital delay measurement data;

a fine delay replay circuit to receive the fine digital delay measurement
data and the coarse delay replay signal, and coupled to the ring oscillator to receive the tap
clock signals, and adapted to develop a fine delay replay signal at the first digitally selected

tap clock edge after the activation of the coarse delay replay signal.



