Dl G TAL FREQUENCY LOCKED DELAY LINE Field of Invention The present
invention relates generally to sem conductor devices, nore particularly, to
gener at i onvoabosaiignal s i n sem conduct or devi ces. Backgr orgu/tSesnsootsdsict or
devi ces such as nenory devices, nenory controller, and processors reside in
many conputers and el ectronic products to store and process data. Mst of

these devices use el ectpiGIEIAIS FREQEENCY DOUREDEDEDAY ILINECh ot her or
wi thin the sane device. The operating speed of the device depends in part

on the frequency of the signals. As sem conductor devices becone nore
advanced, one part of the device ndieldpddavention one frequency and anot her
part of the sane vi ce or. of another devi.ce nmay.o . er
frequency. Ther ef gﬁE,Pr%%%"éHY%WPBif?}S‘%& ﬁ??%?’@ﬁo 58%%? a%p%hgd‘?}rllceg?@?%r ent parts
of the sage ¢amichbrl toadBRBALiEH bf Spedlé iewiicarriuoly dedcaonpl ex and

constrai ned. Summary of the Invention The enbodi nents of the present

i nvention provide circuits and nethods for generating a range of stable
signals over a w de range of frequencﬁif& FSud ovide flexibility for

sem conductor devices to inprove opera I'Bhe Wi thin the same device or
oper ati ons anong @ehfiesmdnttoddsviessuciemampacdeviaes) melaeryecongvllepathvi ng a
delay line. The delay |ine has a nunber of varjabl e del a\éﬁcel s. Each of

the vari abl epé‘éqeéﬁpr%@i@ i‘?ﬁ’@“&?‘?ﬁ}ﬁ’ﬁt@ﬁ il elRetraiicdBHYcE) o shIR 804 BOCPSScei vi ng
a del ay ggde.q e ge e flcRods it blesich AEARGABHMARIMCS RitheatPahbls
and out put nodes of the del

signal s fromi nput ay line. The device also
i ncl udes a codéhinathasatrerdevesponsi ve to the phase detector for adjusting the

del ay code. The deyice further .incgludes sel ector for, sglectin roma
range of output sigifAPSHIPE ﬁl??‘?f}@?.%‘tﬂ ‘gevb‘i?t BFH‘ﬁdHB%Ij“ 8B ﬂﬂehﬁeq}lfpf%gﬁ ti‘edel ay
celI's to prowidgsam LR RIREENEvichBRENRE nREPEEanddls bakigat f theldbade of
generating signals. The nethod sets a
may operate at one frequency and another part of the same device or of another
15  device may operate at another frequency. Therefore, synchronizing different
operations in different parts of the same device or among different devices may be

complex and constrained.

Summary of the Invention
20 The embodiments of the present invention provide circuits and methods for
generating a range of stable signals over a wide range of frequencies to provide
flexibility for semiconductor devices to improve operations within the same device
or operations among different devices.
One aspect includes a device having a delay line. The delay line has a
25  number of variable delay cells. Each of the variable delay cells has a number of
delay control nodes for receiving a delay code. The device also includes a phase
detector for comparing signals from input and output nodes of the delay line. The
device also includes a code adjuster responsive to the phase detector for adjusting
the delay code. The device further includes a selector for selecting from a range of
30  output signals from multiple output nodes of the variable delay cells to provide an
enable signal.
Another aspect includes a method of generating signals. The method sets a
delay code to a number of variable delay cells. The method propagates an input

signal through the variable delay cells to obtain a delayed output signal. The method
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del ay code to a nunber of variable delay cells. The nethod propagates an

i nput signal through the variable delay cells to obtain a del ayed out put

si gnal . TWe 2omtthortadj usts t he del ayed out put signal unt PCTiUseo0s0p1863 Si gnal
and the del ayed out put signal have a fixed signal relationship. The nethod
sel ects froma range of output signals at nultiple output nodes of the
vari abl e del afivgisthedelayed antnii signplasgié $hetinput signat sreithe dtlayed sutpuiadigitab an

et hod rocer (8 AFkAEGeARRRL oD ARG Pt S5 SLO el TRl |

The method propaBRlesutpit AdHRYbf the ¥REAbIE BEIRY 86112 THEHGhoPhasiay thablisciae! ay
cells to obtain a plurality of cell output signals in which each of the

cel | output SMPHLFENHAR aBepablenodsi gnal rel ationship with the input signal.
The T hosl et Fo A RRePhsrERIngRhds HLRLS 0PHABAL D! Ferfs, FheSHARE, °) 0%

The net hod acti vates ast one receiver t he data

and strobe sigrdies af leasnona dafaaidnabindt 4o deadicotieGerobOsighalt e nd@kdd of t he
device. O her aggects of the enbodiments of the present invention wll be

appar ent upoR'PEEUPHY ORE PERA drpughbrimeber oy aﬂ?’@? deley getlsie aptaimpngs and
claims. BriebiPassorpii Sﬁ'tgﬁt.f sibids igv@’ﬂ/blpga%h%lf%eo%lﬂﬁc&% s%xa{s%'aéh fYgger at or

having a delay | oCked circuit according to e he I'nventi on.
FIG 2 is ansigrdmplatiogship withghelinpgr ignal. dfheFhéthod selédiGonsSoftheovall autgel ay

troll havi digit del d .at di 1 nbodi t
of "the | Ryencieat? Epee?sndlppnd 18P HPRA AN o HOSPRPoArE T PSR s
accor ding. t 016aeRioTRY dutPfnd Dot AARIITRA ofl Fart S HERWR ST pebrCe

accordi ng to enbodi nents of the invention. shows a nenory system
accordi ng t otherflssiderent s of the invention. FIG 7 shows an el ectronic

SyStem aCeor 00 L STRRA I Bl R R G BB
t he Embodi meapesh reading the present application including the drawings and claims.
15
Brief Description of the Drawings
FIG. 1 shows a signal generator having a delay locked circuit according to
embodiments of the invention.
FIG. 2 is an exemplary timing diagram for FIG. 1.
20 FIG. 3 shows a delay controller having a digital delay code generator
according to embodiments of the invention.
FIG. 4 shows a delay line having variable delay cells according to
embodiments of the invention.
FIG. 5 shows a memory device according to embodiments of the invention.
25 FIG. 6 shows a memory system according to embodiments of the invention.
FIG. 7 shows an electronic system according to embodiments of the
invention.

FIG. 8 shows a testing system according to embodiments of the invention.

30 Detailed Description of the Embodiments
The following description and the drawings illustrate specific embodiments
of the invention sufficiently to enable those skilled in the art to practice the

invention. Other embodiments may incorporate structural, logical, electrical,
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The follow ng description and the drawings illustrate specific enbodi nents
of the invention sufficiently to enable those skilled in the art to
practice wbeaoéanaensi on. O her enbodi ments nay incor por aPeTAiS2MS0RTSES |

| ogical, electrical, process, and other changes. In the draw ngs, |ike
nuneral s descri be substantially simlar conponents throughout the several

Vi ews. Exanphggedieafl othéndbihesd @5 Sicirewings,ilikeiminteralPdesciiba sutstuititbat ur es of
some enbodi nents may be included in or substituted Ior t‘gs,%e. f ot.tgFrs. The
scope of t hesimilaspempencatstbravgbewdhe sveral Hics- Arampies M) '|EB?Y 0ss1ble

equi val ents. FEl '?Qgg : I §Yi &y of ocked
circuit acco?’%‘ilanlém 'oﬁ(g%n]’\é,(ﬁ)%?hﬁdzfr? S Sfﬁgﬁﬁégﬁ@gﬁlﬁﬁmg’gﬂf‘g%ng& or 100

[ nlcl udes a g@ﬂ%ﬁ&d‘cé&fﬁem&é b ohers] The seopearfdiid i vedivnrepcompasseOthe ghagms
selectors_ 131 and 132 Del ay | ocked circuit 110 receives an input signal
CLK_I N at5 ananhpti&varigple egovalsa gener at es a del ayed out put signal DL_OUT at

an out put node 10%&%&10%@1%%%%@&0} POPhABA Y 86lay RICREDBirdfit 4c0erddgl | N

signal . In some enbodi nents CLKJIN signal 1s a clock signal. Delay
| ocked ci r cuitd erti@limests of treeina¢rdiona Signabgenerstorckd)0l ingudesa dadayylesked ENO- EN3

(ENO, EN, ENZ2, .and EN3) .at nqde 1 .1 d 12, d
113, polay | SeRaG!h AR HTE SRR f Aot adraved A M PR C PRIt “on
sel ect node 108t P1(FRBEVE arfinp @l S&al @ﬂLKO_ﬁN%Eh@ﬁ‘%ﬁf nd@1101S@ldgeheanted 31
receives a clock signal CLK on an input node 133 and a_preanbl e signal

PREAVBLELEN delapestentp@signhDad O3 atram astrat 80dF 19 elheddl Qldnagnal & ect or

131 selects either the i r th B'r:éai%@ 54%3 Sj |y t

CLK_I'N si gnafae]tﬁ1 e%%eagoﬁgﬂﬁesc?l%eﬁyn%g%%b%gnen S, EN: &_ﬁgs@g{na@ él?gnagﬁgl ock
si gnal . Enablagl&knignal. | Bélazt tkee spantlsl 0t aiscogemenitesal nishigmalf cNdigpeo provi de
t he PREAMBLE_EN signal to selector 131 and to pr og(g](é%l n.enabl e gode EN

CODE on_ sel etenalsdd0-ENS (ENQ, EditeENHui Rk & nod L TERge JIRUERO8Sbi nat i on
o uL D', H80F M SSRGSl e
clarity. 15el eataceletBbdeso9 td bentbdl aGEldEtidootseleetor 18he of t he ENO- EN3 signal s
E)]E) ? Reegﬁggﬁgm)de S%?egto?siﬁ ?&eﬁggglc ocElgligiglgd?ﬂ('onTarﬁunslputtn% e IT'% %1'1(9 A al vi S one
preamble signal PREAMBLE_EN on node 135. Based on the state of the LOCK
signal, selector 131 selects either the CLK signal or the PREAMBLE_EN signal to
be the CLK_IN signal on node 101. In some embodiments, the CLK signal is a
20 clock signal. .
Enable controller 120 responds to a control signal CNTL to provide the
PREAMBLE_EN signal to selector 131 and to provide an enable code EN_CODE
on select nodes 128. In some embodiments, the EN_CODE is a combination of
multiple binary bits presented by a number of different signals on different signal
25 lines. FIG. 1 shows lines 128 as a single line for clarity.
Selector 132 uses the EN_CODE to select one of the ENO-EN3 signals to an
enable node 190 as the enable EN signal. Thus, the EN signal is one of the ENO-
EN3 signals selected by enable controller 120 based on the value of the EN_CODE.
Delay locked circuit 110 includes delay line 104 having a number of delay
30  cells 121-124 (121, 122, 123, and 124), and a delay controller 105 having a phase
detector 106, an inversion unit 115, and a code adjuster 108. In the embodiments

represented by FIG. 1, delay line 104 includes four delay cells 121-124, as an

example. In some embodiments, the number of delay cells of delay line 104 may be
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signals selected by enable controller 120 based on the value of the

EN CODE. Delay | ocked circuit 110 includes delay |line 104 having a nunber
of del ay wel2b&/ai223124 (121, 122, 123, and 124), and a eerap2@snetses | er 105
havi ng a phase detector 106, an inversion unit 115, and a code adjuster

108. In the enbodinents represented by FIG 1, delay |line 104 includes four

delay cells llﬁierélﬁ‘frorﬁ%@nThK@nﬁ)‘scﬁne tinbsdirenmhe dumbet of cel hetputstppalsof
delay cells of delay |ine may bedi fferent fromfour. Thus, in sone
enbodi nent s, SttheasiheBdiP- 1@11‘13 é@P?lSBth‘?tdlgf?r@Waﬁr%mgﬁ‘Eh as the ENO-EN3 signal s

may be different et‘i’%?eﬁr%_ull% a?ﬁ@s)’a Jlél?;?gdjef’a BRBItb B Feh®hah Jrel eykt nve) to

the signal path o . si gna en ‘i nput node 101 and out put
node 102. Theiganaihutiearlinpetrmde Appbaddutpyt weledP2| The atount of dekay apptied of

e e Al i B Pl e el
DL_CCDE on | 'o@ﬁﬁla}?%aoﬁ%@%éﬁeléﬁ&ll@QQ@MZQ‘i’é dontrbAdd By the san (KRAtied) e del ay

cell. Since eac del ay cel 121-124 is controlled by the sanme DL
CODE, each oﬂelaheodeD@yC@QEsanslﬁ& Fagh of the dskayecells 12hr124yisa vasisblnt  of

del ay regardl S he va t.he ts, the
DL CODE i s a f Cf’ 1 %ﬁgaCh'I‘ﬁJE © delgy g%ﬁé%%f ﬁ%ﬁ{%ﬂﬁd%w aé; of each of
the del ay celprs clé’@'ﬁlé’a@hbmé%ldyqiellecﬂzﬂlm had thy sarf@asen etgiaeamonntme has
input nodes for recelving a signal CLK IN and the DL_OUT signal. The CLKIN*

si gnal i $0i n\délasflr@gardiﬁsst éhﬂWW%%M_CQDEnhbiﬁ%@ﬁh%@eﬁ W inverter
115. In sone t
106. Phase dm g‘ia ét%p%o 1286835’21815%%%?7&%# f'aar oVl %llﬁg&lagj 8;t

signal s ADJI dens cAly 221-(noi cadgruwdedlgliﬂgz responds to the ADJI and ADJ2

signal to output the DL_CODE on lines 138. In some embodi DL_CODE
is digital code rdppesdaicey 199 ha sgmpmlf%rﬁengwma@@angyagg%

corr espondin ﬁ%@ngggQng&fcﬂwa§gﬁa1§ 080 ol & & AOLighkongh |i nes.

FIG 1 shovvs imes s'a sin or c arlty Defray I["ocked circuit
110 uses1fhe oGigtd hodsd g‘rmlmv«megémﬁr Bt entchembRidiefts shyertdr 13 fichinthided t he

DL_QUT si gnaln?mgeagha%e etgcntgrl 1(5’6e Pahalsg gtre]cl;t T Y}Sé ﬁ]astoﬁt%u%g(felgl 126 and 127 for
providing adjust signals ADJ1 and ADJ2.

Code adjuster 108 responds to the ADJ1 and ADJ2 signal to output the
DL _CODE on lines 138. In some embodiments, the DL._CODE is digital code

20  represented by a combination of multiple binary bits corresponding to a number of
different signals on different signal lines. FIG. 1 shows lines 138 as a single line for
clarity.

Delay locked circuit 110 uses the CLK_IN signal to generate the DL_OUT
signal such that the DL_OUT signals has a signal relationship with the CLK_IN

25 signal. InFIG. 1, the DL._OUT signal is 180 degrees out of phase with the CLK
signal.

Delay locked circuit 110 has pre-locked mode and a locked mode. In the
pre-locked mode, the phase between the CLK_IN* and DIL._OUT signals may not be
at a fixed relationship. Delay locked circuit 110 adjusts delay line 104 until the

30 phase between the CLK_IN* and DI,_OUT signals is fixed. In FIG. 1, delay locked
circuit 110 adjusts delay line 104 until the CLK_IN and DL_OUT signals have the
same phase. When the CLK_IN and DI, OUT signals have the same phase, delay



signal. In FIG 1, the DL_QUT signal is 180 degrees out of phase with the
CLK signal. Delay locked circuit 110 has pre-locked npde and a | ocked node.
I'n the prwelomkadzaode, the phase between the CLKIN® an@#CDIUS@MF/os1sghal s may
not be at a fixed relationship. Delay |ocked circuit 110 adjusts delay |ine
104 until th hase between the CLKIJN* and DL_OUT signals is fixed. In FIG
1, del ay | ockesdred cirewt 110 aqhivags thetliOdK|signal foyait delay ovlkiet! cirpit tlkinNhand
DL_QUT si gnallgckgg dehe same phase. Wien the CLKIN and DL_QUT signal s have
t he sane phase, delaylocked circuit 110 activates the LOCK signal to put

del ay | ocked ci rcii thelgr-lodked hmdeosHeseldeteder 106 confiRrdd tRe itk ade iPRascpPhase
L in phase between the CLKIN* and DL_QOUT

det ect 106, conpares the djff n ] t _
s?gﬁgl gr I'n QBW{;%Eﬁ%@iﬁeﬁ%?ndﬁhgséﬁge?%@ﬂ%rmf%e@mdﬁéﬁﬂ% RBase; @F%@Dre?geﬁ
falli : I : g@ég i . e es of the
E:I?[(JI\I’(le ahﬂgDEd%@JT%g%%g{é?sare %% (dg:i}?lgl%d, p%ggtggg%tkecr&g?dﬂg?gﬁa@?vat es one
of the ADJI skignals. Mikd the giges of thedeleK i “usildd], 108 Trsimpizrds notalighed, ADJ|  or

. . : Th
Val ve of ¢ heP B dRElor 0P REFETE 0de ahB AL mal P12 epiae Cage gl
applies to thkepéhds tbhhesADIAbr Aﬁwﬁgnmglﬁdjﬁgﬁiﬁ@éa!é@op{iec}éh@ej ugt@g@go#ﬁg

adj usted, the anount of delay of dela i'ne 104 is also a
conpari son aRd_ @18+ Fhavalpe ofbe DL LPREfcontreld theramdunt bedelakiHaNdelapnd DL_OUT

i . . ) .h | N* d i.gnal ave the
:;?rga:o?\aggyeg}é?g??%gfg%? @?rccﬂtﬁ]—t%ls& eﬂ&&ﬁ‘%ﬁaﬁ@&%&%f&gﬂ@?@%ﬁcﬁ%@w_ del ay
| ocked ci r cuadjustéd) theainbentlcfakig ofelgy 1ihe 164 5 .alsh adpishéee TGRSl si gnal

is an inversion of the CLK IN signal (180 degrees out of phase with the
CLKJIN si gnal 91}<P djestmeniguyecesp W%n@ecbm@td ﬂl@@gﬁe@J gendDL_6/UTsigsds hiveh t he

N i AP s b B o b B o
| ocked ci r cuddlay R@ked¢igeuitl)] O activites the ¢JCRTK Bipaiel tofpat delbRldckyd cikdu@ 119 jami t's
del ay cafgsedthlg)foa(%ld%?otd%r s 131 and 132. As shown in FlI 2, the DL_QUT and
In FIG. 1, since the CLK_IN* signal is an inversion of the CLK_IN signal
(180 degrees out of phase with the CLK_IN signal), the DI._OUT signal is also 180
degree out of phase with the CLK_IN signal when delay locked circuit 110 is in the
locked mode.
20 FIG. 2 is an exemplary timing diagram for FIG. 1. FIG. 2 shows the timing
of delay locked circuit 100 (FIG. 1) in the locked mode. For clarity, FIG. 2 omits
delay caused by selectors 131 and 132. As shown in FIG. 2, the DL_OUT and
CLK_IN* signals have the same phase. The DL, OUT signal is 180 degreés out of
phase with the CLK_IN signal. Tck indicates the cycle (period) of the CLK or
25 CLK_IN signal.
FIG. 2 shows that the ENO-EN3 signals have a fixed signal relationship with
the CLK_IN signal and with each other. As shown in FIG. 2, each of the EN1-EN3
signals has a fixed delay of a multiple of % Tcx (one-eighth clock cycle) relative to
the CLK or CLK_IN signal. For example, the EN1 signal has a delay of % Tcx
30  relative to the CLK or CLK_IN signal. As another example, the EN2 signal has a
delay of two times % Tck relative to the CLK or CLK_IN signal. FIG. 2 also shows
that each of the EN1-EN3 signals has a fixed delay of a multiple of % Tcx relative to

each other. For example, the EN1 signal has a delay of % Tcx relative to the EN2
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CLK_I'N* signal s have the sane phase. The DL_OUT signal is 180 degrees out
of phase with the CLK_IN signal. TCKindicates the cycle (period) of the CLK
or CLKINwOgnade17BBG 2 shows that the ENO-EN3 signal s Iravasacsioxmsds si gnal
relationship with the CLKIN signal and with each other. As shown in FIG 2
each of the EN1-EN3 signals has a fixed delay of a nultiple of Y ’
TCK(one-ei g mtl%a@ haek A6 o8 tws BhiRE VB (O bikefokit ddsck@yilENralatiyreetb thd=or

exanpl e, the signal "has a delay of Y TCK relative to the CLK or CLKIN
signal . As aFiNd8 kignalexanpl e, the EN2 signal has a delay of two times Yt TCK

relative to the K or KJ
EN1- EN3 signal s s”&“"ffig”%df\l IBSIPtg’Se%L}% ogdq%uﬁg\% E#\ﬁ Q@Q$%Stdq§teed gta?\?g@{laét Qgch
other. For exaWah®s TRENEN )stighad tohhsCHch&I(éM{olfN MgdKwhered 2 ealt o t he

EN2si gnal and a delay of two tinmes Va TCK(or one-fourth clock cycle
rel ative & o nuebeENESsdhagrgie. | n some enbodi ments, each of the EN)(S EN%%

signal s has a fixgddal NG bR 13T ENeT@nihip Qidtthy €U0t he CLK

or CLK I N signal, ere area | ess an one. Since the ENO- EN3
si gnal s haveCaKf mte@ns] gfreaﬂrequeha)t mfdhsENp-E/m Blgmtie clownges hen Kool fFe®ERYal , t he

frequency of the ENO- E nal s anges, when he fre CLK
CLK_I N si gnafftha&hdeqr C é‘rgna]t‘ﬁ’@ngq% WP 1? oS gﬁr?lglﬁr%ﬁllﬁgen{imc angeg.r

For exanpl e, Eﬁﬂ%‘%%&%ﬁ wha?thgeydéwfﬁiem{ Nesight if dle (nalnosecond

each of the has a fixed delay of a nultiple of 0.
nanosecots (Mmoiédé)ld,r@chtofﬁEENl-ﬂﬂhE stynals s @i gw&delag@faﬁw Itiple of Y Ie when

the cycle of the CLK | 2

,SA i _glg_&a<l s Ihaf %arﬂs%e’ﬂdgélhtﬂﬂl) g‘?q éverﬁﬁlﬂi‘%l\g‘]g’ h}l g%ﬂﬁg%ﬁsg%%}ggg%nﬁg JVH i sls'ltE |NI3 I
rel ati

Ajacrela p‘\‘lﬁl‘% ﬁft{hﬁgL%_K | '\Eﬁaﬂlﬁ@ﬂwo (Ihﬁaﬂaﬁ&emcﬁwme@m EMSSlglaﬂs hesd

nal i the enbodi nents_r n
2, the PREAVBIEed Edlayofnatultipls Ogﬂéémawe%deéfh% %da?tin E{%@@‘P ﬁ%sgé‘%ﬁg by FIG
enbodi nment s, rtlrligﬂe& ycl e of the PREAMBLE EN signal may be different from
50 percent. £ : odi ments, the PREAMBLE _EN signal includes a nunber
of pul segsin whi clrhe@REANBILEYEBUggnal has a fixed relationship with the CLK_IN

signal. In the embodiments represented by FIG. 2, the PREAMBLE _EN signal has

about 50 percent duty cycle. In some embodiments, the duty cycle of the

PREAMBLE EN signal may be different from 50 percent. In some embodiments,
the PREAMBLE_EN signal includes a number of pulses in which each rising edge
20  of each of the pulses aligns with a rising edge of the CLK_IN signal.
FIG. 2 shows that a range of signals (ENO-EN3) exists in signal generator
100 in which each signal within the range has a fixed signal relationship with the
CLK, CLK_IN, and PREAMBLE_EN signals. Therefore, any one of the EN1-EN3
signals may be used in place of the CLK, CLK_IN, or PREAMBLE EN signal in
25  situations where the CLK, CLK_IN, or PREAMBLE_EN signal is an unsuitable
choice.
FIG. 3 shows a delay controller 300 having a digital delay code generator
330 according to embodiments of the invention. Delay controller 300 includes a
phase detector 306, an inverter 315, and a code adjuster 308 having a logic unit 320,
30  and a digital delay code generator 330. Phase detector 306 receives input signals
CLK_IN* and DI,_OUT and activate adjust signals ADJ1 and ADJ2. Lo gic unit
320 responds to the ADJ1 and ADJ2 signals to control a lock signal LOCK. Digital



of each of the pulses aligns with a rising edge of the CLK_IN signal. FIG
2 shows that a range of signals (ENO-EN3) exists in signal “generator 100 in
whi ch eacwo=nemdal72ai t hin the range has a fixed signal relcatisesshesen th the
CLK, CLK_IN, and PREAMBLE _EN signals. Therefore, any one of the ENL-EN3
signals may be used in place of the CLK, CLK IN, or PREAMB LE EN signal in

Si tyati ons WielEoddl @ cfidritor Sho<ddebbndaro BREAYBLMAADS? gigabls ts gemeraingui t abl e
choice. FIG 3};52?10\/\/? a del aé control l er 300 haying a digital delay code

gggeif ﬁf:lotrjdgsma h;u:ofdd)dad)titsc% Foen hiehnes Bxl ae3Pnvention. Del ay controller
se_det ec Vet ef 315 :
asg gﬁagﬁg%aéogﬁ%e}r?ﬁ;t}& gléﬁ%l r@fatléﬂsfhg)e B&tdredn BRAG RANSSt er 308

having a | ogic uni . . y code nerator 330. Phase
det ect or 306,{dE0Ei GET digpl I8isomalembClifentshbhasa de®ttoPB06 aompares theat e adj ust

signals ADJI and ADJ2. Logic unit 320 r d ADJ [
E g c 2\ & Ir S 31'1$1@@ Rdgsis @@raﬁalll%@@geﬁﬁoé fhedy f&n@gld%fgéﬂgrsﬁr@hs @%gn Og};tfﬁ)%?\hgn? IoS
e an 2 si I f ¢ i i
éﬁggéncf é%gg g§%1rg . §oh @ﬁ%ﬁdge,?hawﬁ@éct& 30601 Evated the XD ANIQMI bi t

i nes 331 an ector onpares the signal relationship
bet ween t he GidddabityaascthOn DIVEigiabwhérsthe risingsdge efithet HENENY signhdsdyiet ect or

306 conpares the risjing_ed falli f, t
signals to cBistisHIg adge OK%\?ﬁDe];néﬁilﬁﬂg?auIgggﬁg&%sf})?ﬁglfaﬂh%sgd %E@E géggt (I;)I(;:[J(E))ET
306 acti vat e%tfv?ﬁgﬁgé??i GiBAAI AR desRRalel R ADI T HgnARIRnehgrishg ehgnoft he

rising edge o _I'N*“signal leads the rising edge of the DL_QOUT
signal . 5 athetCidt R¥angiab Jagp hesmsingedastodtheddb_QEHL sigtads It $80ADI 2 si gnal

"ags the 11 sPHEoUEGESoR R AR S rear yncrerh PE S APCaRtADDE ik Mot 0Nt
detect or deaglioabeGotRafhp®!, rishh -ARY) offid K 2N guiadb_Obidsigats xdges ( f or
5 a1 S0 uhenabiredGHKINS Hsacr DI FLE, sraRsd R0 GhSeapanaprate ] st
enbodi nents, logi¢ unit 320..] ' 'a . j = P i b
ot h of the ADOT ShiPeEHOR R C R0 ARl 8 el R Bl 6,
| ogic unks 33nds itisabem diiee AODK and G signels Haoe Hhecreigoabist clarfir AD) 2 |
? examr?l\g 1?) Igl% rlll%jt 32%\21?:’1i\'fatésnthg tL%%K Siqglblﬁd\?!ll%% to o}‘ &%IACDanlmtd 320 is
ADJ?2 signals have a low signal level. In other embodiments, logic unit 320 is
configured to activate the LOCK signals when none of the ADJ1 and ADJ2 signals
is activated within a number of cycles of a clock signal CLK. For example, logic
20  unit 320 activates the LOCK signal when none of the ADJ1 and ADJ2 signals is
activated within three cycles of the CLK signal.
Digital delay code generator 330 includes a counter 334 having counter bit
lines connected to bit lines 331 and 332. In FIG. 3, bit lines 331 and 332 are also
referred to as counter bit lines. In some embodiments, counter 334 is an up down
25  counter. The combination of code bits CO-CN represents a binary value (digital
value), which corresponds to the count value of counter 334. Digital delay code
generator 330 uses counter 334 to adjust the value of the CO-CN code bits based on
the ADJ1 and ADJ2 signals. In some embodiments, digital delay code generator
320 sets the value of counter 334 such that the value of the C0O-CN code bits
30 corresponding to a minimum delay of a delay line such as delay line 104 of FIG. 1.
In some embodiments, digital delay code generator 330 adjusts the value of
the CO-CN code bits by increasing or decreasing the count value of counter 334. For

example, digital delay code generator 330 may increase the count value of counter
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configured to activate the LOCK signals when none of the ADJI and ADJ2
signals is activated within a nunber of cycles of a clock signal CLK. For
exanpl e, wogn@w/umi28 320 activates the LOCK signal when momassedosiokmenDIl and
ADJ2 signals is activated within three cycles of the CLK signal. Digital

del ay code g rator. 3 | ncl udes a counter 334 having counter bit |ines
connect ed to%g?tw ePﬁlé?s‘ggi“s Sl&ﬂé’i 13agjivafed apgd decrgasep the qauntealeaaf coveteB324 ar e

al so referregHen RSADPY BRI PhdiivJatddeS- | n sone enbodi ments, counter 334 is
an up down counter. The ?grrt%lpna% iaon'of code bits COCN represents a binary

‘[’]?" ue I(dijg: t al vglhmet)me mbcﬁmgtgréigﬁﬂiﬂﬂiﬁytmdéIgm&z%ﬂ%%_ﬁbpl@acﬁﬁstﬁ@ullﬂé er ]?34.

g|ta el a 0 or se (0] er to a l_.lSt the value o

the Co O codaTBRF SREAEER! Ghterbita WhRE Polival ThopDIT e A2 s nadsfie the

embodi mens s, sathgbizall 1) ath QRECIARBRAIOIi AR dSRY SoldEnlbe R wgRUNt o 334
p 0 a

such that the value of the CO CN code bits correSpondrng m i mum del ay
of a del ay | pdiastingthe yalugef the G- agle btk whetnode of the #dDE axdbADient s,

di gital del ay; - 330 adj h | of CN bi t
oy i ner eaci ngEn BeRRaaer nibiRE Bt Rrkeort Settness OS5, Tromeqshl o,

di gi tal del agmbodiemepaneigithiatel 33 deREndrierf 836 RopRIEAMBLLY FAIHE o Pfhe EQUNT €1 334
when the ADJ| _signal is activated and decreases tllue count val ue of counter

334 when t he CACEPRle bitg maren the LOCK\signad is activaledrby dogiounitdd@.s, digital del ay

code gengfator 33 i: iLn f code bit en
bot h gf ﬂ\e ADJ| %n%@%%ﬂf’s‘%%%cgonﬁﬁielgr?gﬁedlﬁéng%ﬁ%éis?‘?F%CQF?IWE?
enbodi nent s, a delgy tiat subdl aylehydmedOner a1Gr 1. 380hedeBbATh& RS, digitd gy al ue of

the CO CN code, bits vvhsg none of the ADJI and ADJ2 signals is actiVvated
within a nunf¥e gsherainr 324 mgy sgt the yalue of gormter3¢ suph thebthe valusef temGBdi ment s,

digitar del apnaode n980ar 06 (30 154D R RiiFh etk PFaifg! Sl Lhe COON code

bits when the LOCK signal 1s activate "M% onme

embodi ment s, erdeddimenisihe dlitiglrdeBYOvadfe iFh GrinBnuraylehg viRedvition @ddlg) a del ay
l'ine such as aﬂel ay |i &5(151%4 ﬁ.f FEHG 1. hj these enbadi nents, digital delay
code generat 6t 3 gﬁ8€ ayfrige, I glbepsm £ls, the mitigldelaynelugifenyal ue of

the COCN codgalid wih@aHs 8slay 5luéle¥ oHH%QieieBr figve an initial delay value. In
sonme enbodi ments, the initial delay value rs a m ninmum delay value within

the del ay In some embodiments, delay controller 300 is substituted for delay controller
105 of FIG. 1.
FIG. 4 shows a delay line 400 having variable delay cells according to
20 embodiments of the invention. Delay line 400 includes a number of delay cells 421-
424 (421, 422, 423, and 424) for applying a delay to an input signal CLK_IN at an
input node 401 to generate an output signal DL,_OUT at an output node 402. The
DL_OUT signal is a delay version of the CLK_IN signal. The CLK IN and
DL_OUT signals have a fixed signal relationship. In some embodiments, the
25 CLK_INand DL_OUT signals are 180 degrees out of phase. In other embodiments,
the DL._OUT signal is N degrees out of phase with the CLK_IN signal, wherein N is
zero to 360. For example, N may be 90 or 270.
Delay line 400 also generates a number of cell output signals ENO, EN1,
EN2, and EN3. The ENO signal is the CLK_IN signal. The ENI, EN2, and EN3
30  signals are the signals at cell output nodes of delay cells 421, 422, and 423,
respectively. In some embodiments, each of the EN1, EN2 and EN3 signals has a
fixed signal relationship with each other. For example, the EN2 signal is the EN1
signal delayed by a first amount of delay; the EN3 signal is the EN2 signal delay by
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val ue range of the delay line. In other enbodinments, the initial delay
value is any value within the delay value range of the delay line. hi some
enbodi mrenwe,20abal1age3control l er 300 is substituted for delpay/useosnotsber 105
of FIG 1. FIG 4 shows a delay |ine 400 having variable delay cells
according to enbodi nents of the invention. Delay |ine 400 includes a nunber
of del ay cel] sec8rd amédd dréélhy whéte thé 2&ondnchohBlgf demery ia pptiatitortheefiretel ay to an

%E{Nn %?:E%%%waééﬂiﬁaﬁfﬂﬂ%ﬁﬁ%ﬁfﬁ%% A Fenals ety DEPLFRRIBY ¢ ne
rel ati onghl p, lﬁnes m& th?%ﬁ%&ﬁﬁ{@‘a‘?ﬁefré ﬁw?l %@esr h?asrse 180
out of phase i Lt ne T%{ii?'ﬁ‘?f°1ﬁ§?“"“m“‘$"f o ot o g e o e
ey e 50 ool B e Yo e Gt B SEnd gufed PRy o BRSO o
ENIg EN2, diE P\II%KQ gﬁg fslpce{%&% ﬁ@glfg%ﬁ ZNg%g% léllelﬁs Wﬁﬁ%gﬂs%ﬁlﬁergs

Eﬁlz s 32é|\134m2 ENinENR and EdBpegral ey pe Hie SokeN pigod; d byaaetiple afhe” EN |
an Si as a fixed | at i nshl p wth each other. For
exanpl e, the” QP@E‘%}}“}\QO‘%@C@P%’@?}‘&E& yed by a first amount of

del ay; the EN3 signg| of e hi8y BB £i10malis d@hﬁé’ol@&lélayf eelbNBacratuld delhy del ay
where the second anmount of delay is equal to the first ampunt of del ay.

Each of e &lls42EM24 applesEFqsilpmaunt nﬁéelmqtia@alga@%h egs CLiS IN ti mes

TCk (N TCk ¥ to th K |

onehan](cj ;I'ﬁ) kiiéa tq‘?éiﬁ 31 g;((a% W&@zoﬁpﬁkeum%ﬁ%%ﬂ B&a(#fdéglgt&felggﬁglset han
each o e bhebehef ddlid

mul tiple of Vs e'IS'C,LLIL onzeagl ;Etrbl%:lﬂogﬁtamm)n abbe% Ndsbgsédlgmlés%)aye?hl;?/ :
exanmpl e, eacPLof0: Ré._Ed) DLENN aném.@& % CPHEg]%gF(amu’é‘icgﬁ

BoinY ol 1o il Bl oF g pl €9 U9RoThAW T 5@7 &kgﬁ@%ﬁ@aﬂg Gideddiost onal

Each of the i's avaria cel l ach of the del ay
cells 4215 42141t§erle&am@re estlectlitsadio LCT amlfDHeC&’S/fdrmalbmr of gpdabitpaOthesf t he

SO e e P S b ahor, P oS3 B (e hiiBE, Enputher of
code bits in each pair may be represented by a pair of signals in which one signal is
an inverted version of the other signal. For simplicity, the code bits DL,_CO0,

DL _C1, and DL._CN and DL, C0*, DL_C1*, and DI, CN* are referred together as
20 the DL_C code.
In some embodiments, the DL._C code is a digital code. For example, the
DL_C may be a combination of binary bits representing a binary value. The DL, C
code of FIG. 4 may represent the DL_CODE of FIG. 1.
For clarity, FIG. 4 shows detailed structure of only delay cell 421. Other
25  delay cells 422, 423, and 424 have a construction similar to that of delay cell 421.
Delay cell 421 includes a number of delay stages 451, 452, and 453
connected parallel between supply nodes 461 and 462. Each of the delay stages
includes an input node 471 and an output node 472. All input nodes 471 within one
delay cell are connected together. All output nodes 472 within one delay cell are
30 connected together. The combination of input nodes 471 of the delay stages within
one delay cell is also the input node (cell input node) of the delay cell. The
combination of output nodes 472 of the delay stages within one delay cell also the

output node (cell output node) of delay cell.
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nodes 4 11, 412, 413, 431, 432, and 433. A nunber of delay code bits
(signals) DL_CO, DL _Cl1, DL _CN and DL_CO*, DL_Cl*, DL_CN* control the anpunt
of del ay wo2e@ah7128 the cells 421-424. These code bits formsacosoaises of
pairs of code bits. For exanple, code bits DL_CO and DL_CO* forma pair of
code bits. Other pairs of code bits include DL_C1 and DL C*, and DL_CN and
DL_CN*. The code E[ihtmutput fadehofumicdelamyelb eommeptsds éret iaputnpeda op anathestdelaygnal s

in which one s is an i nverted erS| e .. F
sinplicity, f/ﬂ%gk@aéerm & ODEXWIG{QP g"ﬁ‘(ﬁﬁ[ﬁf%ﬁfya‘f? ‘B}S n%tsdi? a%rl* and
DL CN* are r BRIE ﬁwﬂié nhed th
DL_C code |s%ﬁg?gﬁwggg§5 y 8l Meyiﬁm%@@%%}jﬂt b a gjgtn% ngtelsoneof

bi nary bits oégelegeslts 423, éZhlané|494 mllwledﬂﬁ\emﬂ_oUTewée%fVeb’l Al delayy

r epr esent the FI G r ¢ FI G 4 shows detailed
struct ure’ of © ﬂﬁfﬁ%ﬁv@@leqﬂéfm%eﬁ%fl&gaé}%%g Cel |'s 422, 423, and 424 have
a construction siPatiRbf iR de steigfes a5, 392, Cé@klMSéZﬂclud&laamnﬂﬁ bf ¢2isisters| udes a

nunber of del ay stages 451, and 453 connect ed paraIIeI be en supply
nodes 461 and8%@84 ( H8éf4&3h@1(ij‘e34éyol§teé@é§n poFEs beEeeamopppAf 2471 and

an out put noe}% é{%i?}&’ me %gtvﬁe?ﬁﬁﬁ a‘hﬁi’rmﬁ%ﬁaﬂ&ﬁ%@ﬁ sﬁge aFoP@:Ja @ge connect ed

t oget her. AUoUt . I'n one e connec ed t oget her.
The conbi nat Itlfaﬁ51§fbrsl48rlu484ﬂﬁdie&y47a'ge@51 fdren aieilreqnt phthdestwedntivides 46learde| ay

cell is alsothelnput node i nput n of the de ell. Th
combi nat 18n 4p2odsedelaygelds 2 9<§fa Q“Hﬁ’%%?&“jg%ﬁt%eéénwrtahaﬁb %ﬂnd&d8§ cel |

al so the out Qrﬁ aRP96> (aQﬁJrﬁbe?ld?BéiIaIIQQ:QGE Jg)fatl‘g%lx?s‘(s n&dela -@%ﬁ 29{(oM cupRge of

one delay cell connects to the I nput anot her e ay cell in the
series. For @xﬁrqxhsﬂsmmabh)delamedge)MZ of del ay cell 421 connects to an input

A N T R N R L
respectively gfﬁ{el DEet RY¥d& Shdrexdm r&%ﬁ%ém}vs@ag%msqqe@emrmercmnmLaaom ages.

Each of the delay stages 451, 45 31 ncludes a nurber of transistors
481- 484 (1881 couigd thelgdes amlsaxaaﬂ%mw@cwnﬁols@ﬁnae@ubteqfweérﬁntrmdiebmm and

ggg_np;rg,e tr an§l St48{ STi’lllS ?%ﬁsﬂstglts%ﬁ an8 4§2l' ger%g 53r Se\{}l crnes l-IIO CAHQTO?ﬁl han%uig&‘ For

current in each current path in which the gates of the transistors serve as switch
control nodes of the switches. Similarly, the amount of current in delay stage 452 is
controlled by code bits DL,_C1 and DL_C1*. The amount of current in delay stage

20 453 is controlled by code bits DL CN and DL._CN*. The amount of current in each
delay cell may be increased or decreased by selecting a number active delay stages
in each delay cell. An active (activated) delay stage is the delay stage with both
transistors 481 and 484 are turned on. An inactive (deactivated) delay stage is the
delay stage with one or both transistors 481 and 484 are turned off.

25 Since the amount of current in each delay cell is control by identical code
bits DL._C, delay cells 421-424 have an equal amount of current. Since the amount
of current in each delay cell is controlled by the code bits DL,_C, in embodiments
where the DL_C code is a digital code, the amount of current in each of the delay
cells 421, 422, and 423 is controlled digitally.

30 The total amount of delay of delay line 400 depends on the delay of each of
the delay cells 421-424, The amount of delay of each delay cell depends on the
current in the current paths of each delay cell. Thus, by adjusting the current in the

current paths of each delay cell, the total delay of delay line 400 is also adjusted.
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transistors 481-484 in delay stage 451 forma current path between nodes
461 and 462. Since delay cells 421 has a nunber of delay stages in parallel
bet ween mwdesosd172and 462, a nunber of parall el current PRAUSI00802WES | N
delay cell 421 (one current path exists in each delay stage). The anount of
current in each current path is controlled by a pair of code bits of the
DL_C code. F@he exraenpliretheicnrreiet paghsstfageh dddy catlod rdyiortsorl ta0bhe anabey ofco*

control the gates,  transi stors, 481 a 84 to.control the.anpun rrent
in delay st a@@“’&ﬁfiayﬁ?%§ Iy %hé?éﬁ’&?@- é%‘fe £368 ‘%@W sg%ge\;:@nélg agﬁl/il\)l’a%t%q?éeysﬁjt%o
control the agpuiits SthEDLT €Rbdé, IhERAGHLEGOF heie diidy stadts Wi BOsdletedsey es Of

the transistors serve as switch control nodes of 'the switches. Simlarly,
t he anount oselesingdnt vilpe ofthaygods bitseof4BeDLs Cwoder ol | ed by code bits DL_C1

and DL C*. The apount of, current..in. . d e . J.eg. by code
bits DL _CN and DL%@I‘?G FHRO Wgﬁtﬁtth8§b Lt-gfr(?%iﬁ? ¢ ?gonéglg%u%%f)g@ﬂ%@ﬂds% be
i ncreased or ydesEapsEhelY, GiglRst thEbiaaticdfRthe Bitbiywkitiabape stlagasto n each

delay cell. An active (activated) delay stage is the delay stage w.th both
transi stors g8tuendifiegnt alﬂl@bﬁliﬁfr?étl\’?)dﬁlaﬁﬁag%a]iqrie%fn?@eﬁ\?tqovg’fr@g'f’néféI ay
stage is the, del ay ' r ' 58
turned off. Ef%@gyl{ﬁi‘%(ﬂg‘ﬁn@m]% &%?c@{du@rag n?&t?%&l&%@%ﬁ%& aémg%?alca?zge g% qtsr ol by

i dentical codgd b52.sTihls, [ the ekayple sdillp odRAf th2 delag s genis aquedtedimoaaniy obf

current. Since the anmount of current in each delay cell is contr ed by
the codel®i t sheplelay cells 42hiddhi ﬁéﬁflgth%%‘ra@l’?%giw 1IR3t (?#?maariﬂlgﬂf ?Ld code,

the amount Oﬂnagllﬁersﬁf;-gtei}@o Q&mtﬁoéeé%%ﬁ%%ggﬁy ggrlfh&; aftPdeacti¥ate daRfl sAg8453

controlled digrtal he tota ay of delay |ine 400 depends
on the del ay This,éadlis efanijle toeldeiaystges at 2ttivirad infiach afitheritelayicelefal, of
each delay cell depends on the current in the current paths of each del ay
cell. Thus, H?-adjusting the current in the current paths of each del ay

cell, the total de) Q%nQEmQS&iﬁién{si,ﬂl%déﬁg stabe@inScROF HRtRthyldeEs apT-HRAt in the
current paths of each delay cell Is proportional to the nunber of active

del ay st afes form smetendeinthyr oféurrensitatied arnstetsdh ayhich eagh commniséanied i vat ed by
N o e o
enbodi nent s, iiReePls conG O] By5thd sashilRRtbdsuch abiRaY, Gicbde. For example,
delay cell 421 may include six delay stages in which a first group of three delay
stages (such as delay stages 451, 452, and 453) forms a first current starved inverter
20  and a second group of three delay stages (similar to delay stages 451, 452, and 453)
forms a second current starved inverter connected in series with the first current
starved inverter. The first and second current starved inverters in this example are
controlled by the same DL_C code. Since all of the current starved inverters are
controlled by the same delay code, all of the current starved inverters have an equal
25  amount of delay.
In embodiments where each of the delay cells 4212-424 has M (M is an even
number) current starved inverters and each of the EN1-EN3 signals has a fixed delay
(N Tck) relative to the CLK_IN signal, each current starved inverter has a delay of
(N/M) Tck (or N divided by M times Tck), where Tex is the cycle of the CLK_IN
30 signal. For example, in embodiments where delay line 400 has eight (8) current
starved inverters (two current staved inverters in each delay cell), the EN1, EN2, and

EN3 signals have a delay of % Tcx, ¥ Tck, and % Tck relative to the CLK_IN
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t hese enbodi nents, different conbination of the binary bits may be sel ected
to produce different nunber of active delay stage. For exanple, the

conbi nat iwo 2066/tarT2ary bits 001 maybe sel ected to acti vareTdsbagostsage 453
and deactivate stages 451 and 452. Thus, in the exanple, only one of the
delay stages is activated in each of the delay cells 421-424. As anot her
exanpl e, t hesigathiesgdctioslyofin thigxaaynpd, b cighd comgridstaseddeiaverters baveoi vat e

del ay stages 451 and 452 and deactivate delay stage 453. Thus, in this
exanpl e, twoeH d5la¥ phltsTew e activated in each of the del ay cell's 421-
424. 1n some e”boﬂlﬂa%;%%er ! A rdaGay, Sh@&ags DIN RAC Kighll it hR CEK AN &ghdls

421-424 form an even current starved invérters in which each

current st ar deldyddriwent @mouins aplieddxy dw}aymlla 431 Hafbe r@atlmhlawegv%@@ébe and

each curr nt ved Lnv r is contr t saire e,such as
the DL_C Q;ﬂpﬁgﬁﬂﬁ @‘:yacgléﬁt?ﬂi b‘%]/’gl cﬁl%lél e@l X % g‘gﬁis gges in
which a fi rSHeé&ﬁBéﬂ)anetdlﬁ%&nﬂ@il@éé STHROBS, CSaéaamgz veekRryted t@adiast4hd, 452,
and 453) forns a first current starved inverter and a second group of t hr ee
del ay st agesapeimtidfaielaydn dedhadelastastles 451, 452, and 453) forns a second
current starved inverter starved
inverter. The fir so%%ergg 6@%&%&%39@3%&” g%\?% (?E?/% gé:ysl&?l%et é&gé

are control | gghtiyllet bechses @elablcofdréilate 05 SF FIE. b deddy ctdm&oﬂenrct(mmflﬁ(}a#ved
inverters are controlled by the sane de] ay_code,  al] ﬁQO\ti?fgWg@u”e starved

i nverter have anleHesmbedauemts wpregerted by FIC hidslay s sdoleldy ¢ he
del ay cells ﬁﬁzﬁéﬂg{@fp&\" ﬁl'\%oin% bR &t@ﬁﬂ@ﬁlf&b&lgfﬂgc%céﬂéiéf’@éﬂa}l Iger ters

and each of nal's has i X8 relative to the
CLK_I N si gnal0o ﬁ&gfbeehiﬁfdsremtfrcﬁhéasured‘lmrefm;mrsoma$nﬁ>odﬁhays cbl[le mmgr ofCK (or N

divided by Mtimes TCK), where T C e o naI For
exanple, in 8%8‘&?%8@1%?@38@%8 &é@“ﬁé%{’%ﬁgfﬁr% ent starved
inverters (t t 82841 oxaniphe® BN , EN2,
and EN3 si gngﬁrtﬁﬁ;VW4%ga]§§g%ﬂm c&éﬂ,&ﬂ%%CK gﬁgh%"éé é;Se‘irﬂel)ﬁatl ve to the

CLKINsi ghal , some pmbbiivents, themuntbies o Bddmpitagesan baaki aflihe delay eslls maybs/ed
i nverters have._an delay of 1/16 Toe- In delay line 400 of FIG 4,
since the DLdEff?feIgefgﬁ%ihr?es the CLKJN signal

In some embodiments, delay line 400 is substituted for delay line 104 of
FIG. 1.

FIG. 5 shows a memory device 500 according to embodiments of the

20 invention. Memory device 500 may be a dynamic random access memory (DRAM)
device, a static random access memory (SRAM) device, or a flash memory device.
Examples of DRAM devices include synchronous DRAM (SDRAM), synchronous
graphics random access memory(SGRAM), various generations of double data rate
SDRAM (DDR SDRAM), various generations of Graphic Double Data Rate DRAM

25 (GDDR), and Rambus DRAM devices. In FIG. 5, some elements of memory device
500 are omitted for clarity.

Memory device 500 includes a memory array 502 having a plurality of
memory cells 503 for storing data. Memory cells 503 are arranged in rows and
columns.

30 Row decoder 504 and column decoder 506 access memory cells 503 in

response to address signals AO through AX (A0-AX) provided on address lines 508.
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del ayed by an anmount applied by delay cells 421-424, the relationship
between the CLK IN and DL_QUT can be adjusted by adjusting a delay in each
del ay celwo 20&5/demar i bed above, different val ues of thePrDL/US2e60278aRy b €
selected to adjust the anmount of delay in each delay cell. In sone

enbodi nents, the value of the DL_C code is controlled by a delay controller
such as del ay conty miw sddrddbutfer FH4Gransfens roebdidressenen bhdséx034000wf FI G 4.

In the enbodinents resent ed FL.G A4 del | ine 400.1 ncl s.four
del ay cells, deeodgp s Baseg a0 2 Prgnatopt ¢ i A n g, Pﬁ%&gﬁ%g‘éfeésy cell's
of delay |ingoidf dMYeshR HHilfdee 568 to dol@ih estder IEPREQ LA a sighaB&Ene 546.
enbodi nents, the nunber of cell output signals such as the ENO-EN3 signals

may be different feantfoboircuiFiiStaeairolstheppesations @l mearary deviegSe& with

three del ay stages, as _.an ex | e. ' t 3 f del ay
stages i n?eaﬁﬁﬁsgg?settﬂgglggfq%gn gel s°°%%§l lﬁ}%gglzﬁggrggkgﬁg %’gtrlﬁetcﬁﬁté@% %[Ssoglrre
embodi ment s, lided 580 inthide 4 ROw AccudSirotiesigthl ROS*alGuurhh Aecd8$trobe EIAS* 1.
FIG 5 shows a nenory device_ 500 ac*cordi,n t o enbodi ment s of the invention.
Menory devi céigsalpa YeijtedmahledjgnghVd aa@%g%@és@ahgﬁor@d(‘ﬁ%&% siggdl ce, a

static rando C ﬁ%@% | ; J e
Exanpl es of % %%%?@gggftﬁgﬁ e snfﬁgm%ﬁogzg%@iﬁ?%%g% c#rltgﬁlous
gr aphi cs r andndn aaite speragorn r @éBERAWyit VEY ismues agdEeD abimmresndah thboedd e dat a

rate SDRAM (DDR SDRAM) , | ous generations of aphic Double Data Rate
DRAM ( GDBR) |, OB‘?"FBU%?FMJ%% ‘Eﬂ’é‘Vg n G,WHIGQPSENo e ef ements of nenory

device 500 are omiL&eith Q?Grﬁﬂiﬁ{ Wwhiles i%ﬁﬁéﬁélﬂﬁf{kl% 128901 N34 HeBTals SVATBrY

array 502 having a pluraltty of menory cells 503 for storing data. Menory
cell's 503 ar excamargegas(3n Thewsadomtraminueards. ouRoivddia dsae mesy aelts X¥31tam

TR AR NEN ENENE S ERRITHE TR T S,
transfers rowAdgheEsLsofled i REmeRBddvice 300 Wesrdesmibukasad i oudp@i gnal
on line 544. A columm address buffer 536 transfers
15  data outputted from memory device 500. A combination of the address signals A0-
AX on lines 508 provides the address of a row or a column of memory cells 503
being read or written.

Control circuit 518 includes a mode register 519 to store values representing

the operating codes of memory device 500. Examples of the operating codes
20  include a write latency time interval and a read latency time interval.

Memory device 500 also includes a strobe transceiver circuit 570, a data
transceiver circuit 590, an input data path 511, and an output data path 522. Data
transceiver circuit 590 transfers data to and from memory device 500. Strobe
transceiver circuit 570 transfers timing information of the data.

25 Strobe transceiver circuit 570 includes a write strobe unit 571 and a read
strobe unit 573. Write strobe unit 571 has strobe input circuits (STRB IN) 572-0
through 572-M. Write strobe unit 571 transfers timing information of the input data.
The write strobe signals (bits) WDQS-0 through WDQS-M on lines or strobe
terminals 582 represent the timing information of the input data. An external source

30 provides the WDQS-0 through WDQS-M signals together with the input data to
memory device 500.

Read strobe unit 573 has strobe output circuits (STRB OUT) 574-0 through
574-M. Read strobe unit 573 transfers timing information of the output data. The
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col um addresses on lines 508 to colum decoder 506 based on a signal on
line 546. A control circuit 518 controls the operations of nenory device
500 in respansairredcontrol signals on control |ines 520PCEAm2@sA37865 t he
control signals on lines 520 include a Row Access Strobe signal RAS*, a
Col um Access Strobe CAS* signal, a Wite Enable signal WE*, a Chip Sel ect
signal CS*, and seolsd a6kalsROIGE-0 GrbugEXBQSHesomlindstve swpley wtioals 58 nenory

devi ce 500 include a read operation_and a wite qperation. .Cont i rcuit
518 i ssues arcREABGhetaeE informagion eéwe&ﬁ@r%ﬁ’%ﬁd% Slemﬁfée"c‘%em@nd&#‘n t he

write operat %Ngtggbs}r%?)e\%h&gm?ggge ?%ﬂsp@%s\é&g %s-omrougﬁkms-mi@am lines or

data term na 0 “nenory read operation reads output
data from nenory Datd tars6@véraidait 490 inchrlesdata tpascsivern@s TEY 492 dhrough

bi-directional _data |lines; . the i,nes.carry bot.h..of ..t he | £ ta

provi ded Yo ABHDY yYDYR {REECHEE éﬁ%@&t’eﬁ?ﬁ a eglﬂlfdé%ecg%ﬁtchg&%ﬂ%%gt dat a
outputted fram LY indeh ABedRs. PahaerRiddald 95920 thrbeglasoh-Nasnsfeghaths AOAX
on |ines 508 provides the address of a row or a col um of mam)rcipcel | s 503

bei ng read oof theiihpedataGodtthodutpitrdaid. tTIB1Rta (Wetarnalsordstebise §&Per 519 to

store val ues representing opgratin %W ' ta.
Exanpl es of EIHEE%}J];&QN aiagﬁéeg |ﬁ5?%%%n§§£vﬁ?¥g{ell engga ét?llﬂ\rgé&?%t?gﬁaa% and a
read |atency ﬁc%.@thoa £ D@EN repREai YhaphtchtbOBeraimsmornddvictes00arestiveshe
transceiver circuit 570, a data transcejver circuit 590, an inr‘)# \g@ta pat h

511, andl@n datepluringsheawyite apespipn. DQ-§ throygl DQ-Vaiepiesent e oWy Fer s
data to and from nenor Vi . Sgebyer circuit 570
transfers ti met%or?ﬁpxgp%gﬁ 8%t%§§%[%%edu§§%g&eer§%§o e transceiver circuit 570
includes a wite 3fk6he chidbllinkhls, aavth of thecRDQSED tireugnRDQSZL sighals eardesy obe
unit 571 has strobe input cjrcui tsréSTRI;YI NAQSdﬁO ttir.ou h 572-M Wite
strobe unit Spang infpenation afione Afthed1Q@OHATIUEH et HE g0t 3t a. The wite
strobe signal s (hits) WG DY R HDOSMOTerslio beud &5 enal s
582 repr esenteﬁ}b}(?gh%%’ng [ r{%érr%gﬁéon of the L%[r}pthdat a.gn%\n_ eg?ler nal source
provi des 15he nBXEEr 6 thb DIQ9HthiDESDIQ-N ggral Mdbe tthethenimbodimentsnpash ofat a t o
memory devi C(?cheS 1%([))'(28-0 through RDQS-M signals carries timing information of a group of the

DQ-0 through DQ-N signals; in these embodiments, the number of the RDQS-0

through RDQS-M signals is less than the number of the DQ-0 through DQ-N signal

(M<N).

20 Input data path 511 transfers data between data transceiver circuit 590 and

memory array 502 during the write operation. Output data path 522 transfers data
between data transceiver circuit 590 and memory array 502 during the read
operation.
In some embodiments, lines 508, 520, 582, 584, and 594 correspond to pins
25  or solder balls on a packaged integrated circuit of memory device 500. In other
embodiments, lines 508, 520, 582, 584, and 594 correspond to pads on a circuit die
of memory device 500.
Memory device 500 further includes a signal generator 588 responsive to
control signals CNTL on lines 589 to generate a number of enable signals EN(0-N).
30 In some embodiments, signal generator 588 includes embodiments of signal
generator 100 described in FIG. 1 through FIG. 4. In some embodiments, the EN(0-
N) signals include one of the ENO-EN3 signals described in FIG. 1 through FIG. 4.
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Read strobe unit 573 has strobe output circuits (STRB OUT) 574-0 through
574-M Read strobe unit 573 transfers timng information of the output
data. Theweadosatirmbe signals RDQS- O through RDQS-M on | iPogassesosseTsehe
termnals 584 represent the timng information of the data outputted from
nmenory devi ce 500. An output strobe generator 586 generates the -0
E hr ough RDQ&n?A[t)@{%ﬁﬁgg%ng@i ﬁldENﬁBm kigadls fichurieiat con@nationl af dlessENAEN
ransceivers (I 592-0_t hrough 592-N. Data transceivers 592-0 through
ggtz-N are bisignaledsseibad in &G cLithreuesh WGy % ransfer data in both directi o%s.
a transceivers;_592- 16 - anst % ihak i epator slkha and
the output data. %hsg%ggepgﬂ%gdg%gsé?%ﬁ%é{eor datz; bi ?%S?JSI Ogt hrough [1)(} N on
data |ines S@kigmapparentr Hotih wifich the signpligendeater ingludesvesroalt punbdRfa. DQ O

t hrough DQ N _repr t the.i t dat .devi : '
QU g 1S WTBEeTparh BRI T BOP R e COE O P RS S EE LTS, o
when nenory gﬁy&ﬁﬁgﬁg%gyﬁ%%fg_%gﬁﬁi Fer@tHidrTBStey, beRdalbpRabd tna rdlativebime

enbodi ment s, “eac _ ; thf ough RDQS- M si %nal s carries tinng
i nformati on sfialbmea of art dpprédPial tokatiandt MXNETySieyiea oo to arqufkesaeraéﬁ%?r?‘di ment s,

t he nunber of. the - O . - M Si gnal§i h b f
the DO O ¢ hr JEHHE BOERS LGy T NE T PesTRer R aic, § U i@ A e purper ©
RDQS- O t hr ough RDESoMeSdnddihiea, the BS(0NYisiigalsborerm tinting sfgnals ¢o ocuprodbf t he

DQ O through DQ N signals; in these enbodiments, the n r. of the RDQS-O
t hr ough RDQOSa kbsbigatonsof strobe deput RaenitsHS TRENDB S 7310 thipug %‘Mh?tfﬂﬁ?ﬁh D(%Qﬁ

signal (MN). | nput da t r & ,C PSR ~gnscei ver
circuit 590 aﬁta‘lﬁ%%ﬁﬁmw%@% élu(? %@@h@ﬁﬁ fgrécpg%erat icgﬁr‘:eﬁ%@]it gut dat a
path 522 tr apgheshssodana npemheeanbsetiinent, trrENE@ Npsigeils serive abmirehtimirgror y
array 502 during the read operation. In_sonme_enbodi nents, |ines 508, 520,
585, 584, dan@%ﬁ@&“&:@hﬂé@%ﬁd’aﬁéoﬁm@owd"s"é‘F ‘bal I's on a packaged

i ntegrated circui f r i i | i nes 508,
520, 582, 584, an31(8‘9%5@(%r%%rggyﬁgtga@gsabg%ﬁgﬁgibf?t???ﬂg?%ﬁ%f?hﬁemry devi ce
t500- Menpsy @enchiien. SOBmbty $ystm 60@inatidss devidegfa D agd a0 andransspasloshsi ve
o]

generator 630.

External clock generator 630 provides an external clock generator CLK to
both of the devices 610 and 620. In some embodiments, external clock generator
630 includes an oscillator on a circuit board.

20 Device 610 includes a transceiver circuit 612 having a number of data
drivers 614 for providing a number of data signals DQ-0 through DQ-N,and a
number of strobe drivers 616 for providing a number of strobe signals DQS-0
through DQS-M. Each of the strobe signals DQS-0 through DQS-M carries timing
information of one or more of the data signals DQ-0 through DQ-N.

25 Device 620 includes transceiver circuit 622 having a number of data
receivers 624 for receiving the DQ-0 through DQ-N signals, and a number of strobe
receivers 628 for receiving the DQS-0 through DQS-M signals. Each of the strobe
signals DQS-0 through DQS-M carries timing information of one or more of the
data signals DQ-0 through DQ-N.

30 A signal generator 635 provides an enable signal EN to control strobe
receivers 628 in an operation such as a write operation of device 620. The EN signal
activates receivers 628 to allow the DQS-0 through DQS-M signals to pass from
input nodes 627 to output nodes 629 of receivers 628.
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control signals CNTL on lines 589 to generate a nunber of enable signals
EN(O-N). In some enbodi ments, signal generator 588 includes enbodi ments of
si gnal geweratwn7280 described in FIG 1 through FI G 4PCIrusse@sm27863
enbodi ments, the EN(ON) signals include one of the ENO-EN3 signals
described in FIG 1 through FIG 4.1n other enbodinents, the EN(O-N)

signal s include apcQuiRRAkieRersor 6he pihNRicENIati @iblesighebDr Ebed contréll G 1

through FIG 4. hi sone enbodi nents, signal generator 5 in d a si I
gener at or suddta eseivegrial igtheeapstabon sueh asrfhg\m%échom%ucgq cgfsﬁgpncﬁghgr g"fxgr stgna

Lo 2, SN DSkl USRI sl ek Bl peESIgoSEt ey
genreg aﬁprt5 sgﬁiénbﬁphmf bt ﬁzftmadmldatimde‘s 6251 efirboeiteys 6241 | area in an

iate location of me i i i
RS SR LI T AN TR o
enbodi nents, th i tinlioRt: SireAbISmbAts desiibell e
conbi nati on %@ﬁﬁ%go%%ﬁtaggl glu%'ﬁ?ﬁ Slf'la%lg aIInE;)OH%%i-rO thrrgu I’SI 572-M 1st r obe

out put ci r CUFIG. 1(1535aBh BIG) 5 5Hdethert dmtmdgerss Alaka timing geaemtaro4Adedvdesr 592-0
t hrough 592-N. In other, epbodi nent,

tining si gnaf@bedmsnised aé}gnéhgeﬂle’ﬁé(?rtstgc e?SE#é?% %n%'%@? ?gﬁ %%Cg‘stﬁ% @ugoghg\%ls
menory syst egi'gﬁlggts%&gi}?gﬂ Ropic 1eRAghmeat 5. Bf sdnkeothaveitiddmentb/tutht yf syst em

600 includes devices and 620, and an external clock generator 630.
Ext er nal 1G] othe sipmbgateotords qudehatadéinggeaseter 49 inclusieienthodupentypf B K 1o

gencr at or 630EHGREELT SIFTGEAELERIT O WS <oy ekl Reatig
includes a tFRHSCHI MGrsuit 612 having a nunber of data drivers 614 for
providing a nunber of" data signals DQ O through DQ N, and a number of
strobe drivers 61®ekise 689 elspdidigres aninsel @PCISS‘?QS’B%(’W%F ET%@@‘% hr ough
D05 M ERCh Ol Bgng RN IPRE RIS 415 U CRBM SRLIIR I
]ES (2) (r) |r 2 glaiygies tﬁe{]%QS@@,ir%%h PQJN: biighal 32d tR\DQS-Cethromgh &QBHM dignals fercoither s 624
n%roces?six?g(.} A cgnt;o% lfl%{]c 6980?11‘(%1% gﬁlle? birc?ur}‘% o? dQ\lfjirch 860.0f strobe
The EN, CLK, and CLK_IN signals are similar to that of the signals
described in FIG. 1 through FIG. 4. As described in FIG. 1 through FIG. 4, signal
generator 100 provides a range of enable signals such as the ENO-ENS3 signals in
20  which one of the ENO-EN3 signals is selected to be the EN signal. In FIG. 6, signal
generator 635 may include embodiments of generator 100. Thus, signal generator
635 also provides a range of enable signals similar to the ENO-EN3 signals. This
range of enable signals provides device 620 with a flexibility to select an appropriate
signal among the range of enable signals to appropriately control the transfer of
25  signals such as the DQS-0 through DQS-M signals. Further, the range of enable
signals provides a useful alterative where the signals such as the CLK and CLK_IN
signals are improper options.
In some embodiments, device 610 is a memory device such as memory
device 500 of FIG. 5 and device 620 is a memory controller. In other embodiments,
30  device 610 is a memory device such as memory device 500 of FIG. 5 and device 620

is a processing unit such as a microprocessor. In some embodiments, both of the

devices 610 and 620 are formed in a single chip.
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receivers 628 for receiving the DQS- O through DQS-M signals. Each of the
strobe signals DQS-O through DQS-M carries timng information of one or
nore of twe detvm|7e3gnal s DQ O t hrough DQ N. A signal gemerAtSeeos®3B6pr ovi des
an enabl e signal EN to control strobe receivers 628 in an operation such as
a wite operation of device 620. The EN signal activates receivers 628 to

al | ow t he DQS- O t Ay uddhoR@en Mesirgiialsgstéra 708 ascdrdinmio epbodimettsidy t o
out put nodes 629 of receivers 628 A data ti mgsg g_? er at or Géo ) r?g(it)daes a
data enabl e ivention. Flexrande et G10 Bedes BRIOCHEP AR EC 1%8 ion such

as the wite_operatiaon i ﬁTz(Qm i i Sohtesi®rver s
624 to all oWﬁ@“@@%"%ﬁ%ﬂgﬁg@%}‘ SI gﬁgﬁs%%giggpﬁdoﬁﬁ)%\ég@ngdes 623 to
out put nodes75R% didpl4ET5;, WkeghARUT54, n peintiagelriiod 7h&rand 2 perigherrl dviker at or
635 i ncludes_enbodi nents of a signal generator. such .as_siagn erator 100
and ot her’ ci 7%31%@58@%!%‘?@168‘@@@5’?@?86 ﬁﬁVIﬁs%‘)gefh‘irhr‘Abf}Sa{ &?r%raqér’gﬁ ot her
enbodi nent s, g%%%s bh f&t%fhag EIREE &R41 (840 td MabakdBse 6ntae dbviea of edctranisi gnal

generator su as signal generator 100 and other circuit el enents described
in FIG 1 thsystah760.GIwb.orimors demicestshewn émpleeironin systenn g0 mad beemgdyRal

generator 635 an ata timn ner at or 640. i nGl ' si gnal
gener at or suéﬁmgg" g?%?% SO r?g?lgﬁgper%ﬁieﬁﬁaglgts %‘Fﬁgﬁp 3‘3&%@@%?@"5@%“ bed
in FIG 1 thygaHeh shb&nipFideri ce 620 al so includes an internal clock

generator 650 for providi n%@an i nput signal CLK IN to si gngl ener at or 635.
A data chpture ci Busi760 68§ bexpndictisg tiaecsmn TR BN 89 RENATd t he

DQS- O t hrough - jgnal s for furt J . el i 70
controls ot hg?b?%r]%ﬂlﬁsz B¢y %5?/?%%1%{3%38aﬁlﬁéeé%%%,%%&ﬁ%}mgﬁﬁ&?ﬂg? B%ﬁﬂg‘%%%m s are
simlar to thahnPfuchhe ckcgoabsetie satiatiadeign radiGwales)h Potighersl davics.758s

described in FIG 1 through FIG 4, signa enerator 10 oyi des a range

of enabl e si gwalbs @Iéﬁeraégﬁpf@atﬂﬂlﬁ\@ggiag@aggam‘?%?e&{ 33%‘2504/“%“1?2 4ENO- ERB

signals is sel d i Qi F &l gnal ah®r 635
BRSSP iy o s et ngnaey

may i ncl ude S signal generator al so
provi des1s r angeor9ideeitalie nmiydral dymsmid laadorh actdse mENOTE Myrigvice, Thi s
range of enable signals provides vice, 620 with flexibilit sel ect an
appgopr i at e static random accgss memory ( dev120e, or may Be o 8 memor}y dé\gce, &t

a combination thereof.
At least one of the devices shown in electronic system 700 includes
embodiments of a signal generator such as signal generator 100 and other circuit
20 elements described in FIG. 1 through FIG. 6. Therefore, at least one of the devices
shown in electronic system 700 has the option to select an enable signal from a
range of enable signals such as the ENO-EN3 signals described in FIG. 1 through
FIG. 6. The option to select an enable signal from a range of enable signals may
allows at least one of the devices in electronic system 700 to properly transfer data
25  within the same device or among two or more devices of electronic system 700.
Electronic system 700 of FIG. 7 includes computers (e.g., desktops, laptops,
hand-helds, servers, Web appliances, routers, etc.), wireless communication devices
(e.g., cellular phones, cordless phones, pagers, personal digital assistants, etc.),
computer-related peripherals (e.g., printers, scanners, monitors, etc.), entertainment
30 devices (e.g., televisions, radios, stereos, tape and compact disc players, video
cassette recorders, camcorders, digital cameras, MP3 (Motion Picture Experts

Group, Audio Layer 4) players, video games, watches, etc.), and the like.
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signal anpng the range of enable signals to appropriately control the
transfer of signals such as the DQS-O through DQS-M signals. Further, the
range of woabdenizizgnal s provi des a useful alterative whece/ush@ssemgeal s such
as the CLK and CLK_IN signals are inproper options. In some embodi nents,
device 610 is a nenory device such as nenory device 500 of FIG 5 and
device 620 is a NERRIEYshoRRtartedtingrsystém 800 hecordimgoo embndismyentienfithe 610 is a

menory devi ce such as menory devi 500 of FIG d ' '

processi ng UMVENtaze Tesingsy "élilgé‘il’ g@l—%‘s%? Sirqat %%@Og%a%ﬁﬁﬁ’te%&%g%e{%ogf the

devices 610 gnd n%%ﬁ)e?%?cén%%%ﬁbs%r%hﬁﬁl&ﬁ 828 Pn Kdife erfibSdigiatspdiralitect roni ¢
I'ng to odl

system 700 accor e nts of the invention. Electronic, system 700
i ncl udes a ph@c@EEEmR tZster and derive 80 tevicodca@iocton devinwr ip aertopbodapentso g

graphic control l.er 740, an input .and ut (1/09, contral di spl
752, a keyboFgutisb 819 lﬁait??ﬁfﬁﬁé&EY}F%@%é‘,mé{ﬂ%‘yadeﬁb"gisrﬁﬁ‘elﬁsgrﬁw‘ég icg 7133'.o aAy

bus 760 conngghis fid ofafIc E??&s&ﬁé’&ﬁ@@diﬁl@ﬁ@}tﬂl@@&ﬁl\bﬂi@% Seligss26r 770
provi des an external clock signal CLK to at | east one of the devices of

el ectroni ¢ syepresant3 Ok cofwinationmsitke DOV theeughidRrN isignalsede MRIS-Qy st em 700

may be fornmed in ' chip. 1n.s ' ' t 700
Ty ot _onelEP LY OGRN sEguS:miind RO HIShERD DS SRR ACER R
traces on a gineFethbodiRRAE, B DRPNIEGgEo0lndyB826 repbicnts thBusmBhatiomyt al so
connect the devices of electronic system 700 by wrel eans as

el ect r omignetliedQekihzauighPQeY gignals aod BeeR9)thiopg R@éﬁﬁl%@épéﬁi@% may be

2 Drinter, an optyeldehiBukfi i CB PR GalOHRNSE) . o

magnetic device ( _%o_n?efrp iver), or an audi evice (e.g., a

(rjn cr Olohone)i ert%{bamhiengt?umee FRDopersteddt azechdadquengnidovhielr thesscandnor y ( DRAM)
evice, a static random access pempry (SRAN) device —or be a flash
rrennlr y devi cEeqemcy iTwnae iﬂéﬁ]ﬁfsgg?@&PW-A TPYLRYD grrpelsﬁpﬂﬁ%‘ge‘ggwlé%%es hown
in el ectroni g aystem 790 {.06L 486S HEMRRAURRIM SRR, ArcaitGiBIS 108 @hdibaredsuch as
si gnal gener atsr ‘f%} ang S%er circuit el eman?.s ’desccri bed in FI Grg@lrle t hr ough
FIG 6. Ther & msedevive S20asticrodevics 820mperhtses at @srystikpquencigs.ect roni ¢ syst em

700 has the opt O%i}cait%%[) %(ﬂ) ir?cquc?ers]%tzlle\?icesa %%1 ﬁa!wi}clé gg}g%al generator 840 and a
control unit 850. In some embodiments, device 830 is a memory controller. In
other embodiments, device 830 is a processing unit such as a processor. Signal
generator 840 of device 830 generates a number of enable signal ENO-EN3 (ENO

20  through EN3). Control unit 810 provides control for device 830. In some
embodiments, control unit 810 is configured to scan the ENO-EN3 signals to select
one of the ENO-EN3 signals in which the selected signal allows circuit hub 810 to
properly manage the transfer of the DO-DN signals between device 820 and circuit
hub 810. In some embodiments, device 830 of circuit hub 810 includes

25  embodiments of device 620 of FIG. 6.

Signal generator 830 includes embodiments of signal generator 100, 5 88, or
635 described in FIG. 1 through FIG. 7. In FIG. 8, the ENO-EN3 signals represent
the ENO-EN3 signals described in FIG. 1 through FIG. 7. As described in FIG. 1
through FIG. 7, the ENO-EN3 signals provide a range of enable signals in which an

30  enable signal within the range may be selected to appropriately control a transfer of
signals between devices.

In FIG. 8, since devices 820 operates at varying frequencies, device 820 may

transfer the DO-DN signals at varying frequency domains. The ENO-EN3 signals
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range of enabl e signals such as the ENO-EN3 signals described in FIG 1
through FIG 6. The option to select an enable signal froma range of

enabl e siwoab&/arege3al | ows at | east one of the devices i RCEIUSC05021863 SySst em
700 to properly transfer data within the same device or anbng two or nore
devices of electronic system 700. Electronic system 700 of FIG 7 includes

conput ers ( ep@vide ¥R5It PESS10 with affexitiiydo beipddy nempyetis, ransfor apfieRihces,
routers, etc.), wreless comunication devices (e.q., | ] ul.ar eohones,
cordl ess phoRdksigyaisdor selechag aBeng the WQ‘@N%%@?%ﬁﬁﬁg@ag@ﬁt suits th

conput er - rel at ed { r : i AQNEd8ai a" ieg 810.et c.
entertai nrren&e%lée\??}géésrﬁ%lg.ng,ﬁcélg{l]g?/igls%%g%g{}g%?qg%, st é?zggs@ f‘gpesahd co%ri)act
di sc pl ayer sFondxdeples aisast b §omnpylerisst traibsigarldo nange tle transfrscdgie vp3

(Motion Picture Ex ts & , Audio L i
wat ches, %t CDP:DEﬁEE%E‘FEVI}eP%E%@Pégg{gg?ﬁ%ég{ %&%5‘%&‘%&2% Iglm&gb%ﬁg%@or ding to

enbodi ment s Hfaygélsctitﬂé’mhis%al 68 daGh S HHEMPAL DOCINGignals wienaisiice hub 810
connected to a device 820 via a nunber of conducting |lines or_channels 825.

L some enbodB2eodesatecitrasgcendhiitu@noy irequali te shesfirshikequsacy-c Ehgofprs.sirguit

sem conduct oy devjce. Ln other.enmhodi , = Cl | j : t
devi ce 820 ifgulag%ﬁm}ﬁ%‘ge Eoese%%gﬁ’emg?@rsﬁﬁ és\%’a' g%’ad @ngegjgpglt—a:tlggaS. e?]it e;oﬁgd
enbodi ment s, ﬁfeg\ﬁen EBL§¢ 081 16 rdhakk tHRSrahRfr oLhe EXeDNssifiuds bawbemat | on of

the DQ O throu N signal s, the WDQS-O t hrough WDQS- M signal s, and the
RDQS- O t h oughicuRDOS- N0sing digvise 820F1 G 5. hi ot her enbodi ments, the DO DN

signals on lines 325 repre t j J : DQ N
signals and the D&f‘ﬁ@dtﬂﬁcpgﬁlgﬂ O%E@ﬁl fsﬁ?g a{}g@b ’rbﬁ?{gﬁsgﬁldﬁtg}o% gﬁrirg%di ment s,
devi ce 820 opgpadidfnfimay bd insludtd anoresnbytithied Gortthosearfiseiotinenersbodimenise 820
operates at a second frequency in which the second frequency is unequal to
the first frequency. Circuit hub 810 is configured to manage data transfer
with device 820. hi sone enbodi ment sgogdiiGsht hub 810 is configured to test
devi ce 820 where device 820 operates at varying frequencies. Crcuit hub
810 incl ysles a dewagiouSaAbddiienty of tiss ignedtioggneride grcgisend mepthodsder r ol uni t
850. hi sone enbodi nents, fjevi ce, Sglg i s a nenor ont.r %.l &, e{nll gLk
enbodi nent s, SERSFRER BBOST S sabip siga it%gnrg}mllpggg%l}q 1945 WItHIN SRG ET8¢ ¢ éﬁ;nal
?Erl\llgr ator 84Q. gﬁergt%ﬂsgﬁlogéqigaggg&g,%s_a nunber of enabl e signal ENO- EN3
As integrated circuit devices become more advanced, one part of the device
may operate at one frequency and another part of the device or of another device
20  may operate at another frequency. Therefore, synchronizing different operations in
different parts of the same device or among different devices may be complex.
Embodiments of the present invention provide a technique to provide flexibility for
selecting a signal among a range of signals so that the selected signal may improve
the accuracy of the transfer of data within the same device or among two or more
25  devices. Further, embodiments of the present invention also compensate for any
variations in environment factors such as manufacturing process, operating voltage,
and temperature so that the selected signal and the range of signals remain stable
despite the variations in the environment factors. Moreover, embodiments of the
present invention offer a relatively compact circuit for a signal generator that
30  operates at a wide range of frequencies and with reduced current or power
consumption.
It is to be understood that the above description is intended to be illustrative,

and not restrictive. Many other embodiments will be apparent to those of skill in the
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t hrough EN3). Control unit 810 provides control for device 830. Li sone
enbodi nents, control unit 810 is configured to scan the ENO-EN3 signals to
sel ect onwoabodithe72BNO- EN3 signal s in which the sel ect edpsirgrsadosabisesvs
circuit hub 810 to properly manage the transfer of the DO DN signals

bet ween device 820 and circuit hub 810. hi some enbodi ments, device 830 of
circuit hub 8Giponetdditesandrindeistmding thé atbeeidescrphion oThep@pe®L I8 gnal
generator 830 includes_ enbodjnments of signal nerator, 100 8, .or 635
descri bed i nlpjeafion S@‘Wll‘g G%ekfe@%e % tefTing @lthg,gfelr%e -eéﬂgé%qégﬁéa}l@s’
represent th ~§N§ 1 j | glnfifidd. 7. As
descri bed in% %%?Nl te?%%gﬁbéfgfégymgﬁg“Eﬁgﬁgﬁgdgﬁgﬁﬁff provi de a range of
enabl e signals in which an enable signal within the range nay be sel ected
to appropriately control a transfer of signals between devices. In FIG 8,
since devices 820 operates at varying frequencies, device 820 may transfer
the DO DN signals at varying frequency domai ns. The ENO- EN3 si gnal sprovi de
circuit hub 810 with a flexibility to properly nanage the transfer of the
DODN signals by selecting anong the ENO-EN3 signals the signal that suits
t he frequency domain of circuit hub 810 with each frequency domai n of

devi ce 810. For exanple, circuit hub 810 may select the EN signal to nmange
the transfer of the DO DN signals when device 820 operates at a first
frequency and circuit hub 810 nay select the EN2 signal to mange the
transfer of the DO DN signals when device 820 operates at a second
frequency unequal to the first frequency. Therefore, circuit hub 810 is
configured to select the ENO- EN3 signals based on the operating frequency
of device 810 to nmanage the transfer of the DO DN signals between circuit
hub 810 and device 820. In the description of FIG 1 through FIG 7,
portions and features in sonme enbodi nents may be included in or substituted
for those of the other enbodi nents. Concl usion Various enbodi nents of the
invention provide circuits and nethods for generating a range of stable
signals to inproving operations within the same device or operations anong
di fferent devices.
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As integrated circuit devices becone nore advanced, one part of the device
may operate at one frequency and anot her part of the device or of another
devi ce mayoapevEtr®m3at anot her frequency. Therefore, synebmrarscaisngrsds ffer ent
operations in different parts of the sanme device or anong different devices
may be conpl ex. Enbodi nents of the present invention provide a technique to
provi de flexhpﬁhgg¥h£&{3§electing a signal anong a range of signals so that
the sel ected signal may 1 nprove the accuracy of the transfer of data within
t he sane device or anong two or nore devices. Further, enbodinents of the
resent invention, al so conpe te for any variations in environnent factors
guch as nandfactd?gﬁﬁc%nggggggoperatingyvoltage, and tenperature so that

the sel ected si gnadelanind Meludmpgedetdy inpynmds, a datmy outptiatside, adspruebahe
variations in the environnment factors. Mreover, e i ment t pr esent
i nvent i o ofdfelelay coelis seunled betwermihe deley fpw Po‘feoar“datﬁgﬁ%ﬁ‘éf’“%’étrfgérdaet gafcht hat
operates at g de range of i | 683 né R YsBdctinpandigion power
consunpti on.()z%lt]Pe &‘%W 8er1 em%{r%%léggglggﬁgtﬁg% t"he abo?/e description is intended
to be ill ustdeddyiso@de; and not restrictive. Many ot her enbodi nents will be

apparent to those of skill in eart .upon readin : i t he
above descri pti ondPhase d§"@6“65“’8¥“ e ﬁﬁg@ﬂ?{l{ %c?]a%sqgggfeg?o #%grﬁ!a%?@# r@ge’
determ ned w BdedyeutulBodeabadg With the full scope
of equi val e\rll\gfnfsd%%géﬁ%ﬁﬁ@ﬁ%oﬁ C%F%F%s&p%re e%,t i ﬁuedg.)ve\haat is cl gll r@? is: 1. A
devi ce clnpri si nga cedeckeljmyerlinaheding e nuaberfovgntt agdesfoupleddg e ¢e'ae| ay

out put node, and_a nunber of del cells co glegy 1 nput

node and t hecWEPhpo t?ﬂ?{a DHopler Ogﬁ’é’ﬁ?ﬁ?‘fets ﬁ%sﬁgiéﬁg?ggg%fg%etﬁgﬁﬁgi ng a nunber
of del ay C0n%d'@étin%QﬂggelE?Eodeecei ving a digital delay code; a phase detector
i ncluding a Hrst i nput node coupled to the delay input node, and a second

i nput node coupled to the del ay output node; and a code adjuster including

a nunber of g”t puibgﬁg‘{e@%&%g{‘ﬁg \%}ﬁeéésig %%éeixteéﬂ}{e 8@1?& eals ijﬁél@léés, a @fifbed ofunber

of input nodes re ector for adjusting the del ay

code. 2.;sTheqdgy kigSestfouplediimparallsthtetvaien acfastsupblytivde dod apeearisyppliicl udes a
nunber of
node.

3. The device of claim 2, wherein each of the delay stages includes a number of
transistors coupled in series between the first and second supply nodes, wherein at
20  least one transistor among the plurality of transistors includes a gate coupled to one

of the delay control nodes.

4. The device of claim 3, wherein the code adjuster includes a counter having a

number of counter bit lines, each of the counter bit lines coupled to one of the delay

25  control nodes.

5. The device of claim 1, wherein the code adjuster includes a digital delay
code generator configured for generating a number of binary bits representing the
delay code.

30
6. The device of claim 5, wherein each of the delay cells includes a number of

current paths coupled in parallel between a first supply node and a second supply
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del ay stages coupled in parallel between a first supply node and a second
supply node. 3. The device of claim2, wherein each of the delay stages

i ncl udes wonroednar72ef transi stors coupl ed in series betweem/usb@shersst and
second supply nodes, wherein at |east one transistor anong the plurality of
transistors includes a gate coupled to one of the delay control nodes. 4.
The devi ce ofode] Rhéfeld, cabh 8F Bietleldy@clioneonfigured for dontrbllingsnamogohefer havi ng
a nunber of counter bit lines, each of the counter ({%llt | i.nes coupled to one
of the del aycussnt eotachadeyrres pattsdasrd e gplug 0 ﬁ‘rﬁ 1ay,408Fei n the code
adjuster includes a digital delay code generator configured for generating
a nunber of binary bits representing the delay code. 6. The device of claim
5, wherein each ofhd feicted fataines, veherain bactiad the euurenépatbs inslidee ASWHER hs

coupled in parallel between a first | v, nod d
V\,hgrpei n :s5ac E\CQS‘qudH% sefétsptEeany Jéle flgst &%&:%%&%4 %‘H’pfyo a&%(%%{vﬁ%%ﬁiqﬁ%ggﬁalama nte of
current on e&gfg}dg‘%‘ al &g{tfo\e,}\ﬂbdcpggmed%%qgsmlgyh@nual hRieQGimdrigahelétlay camrhd. 7.

The device o ereln“each of the current paths includes a switch
coupl ed in spsdeses between the first and second supply nodes, wherein the
switch includes a control node coupled to a first delay control node anong
the delay control nodes. 8. The device of claim7, wherein each of the

current pathg furihegedifChtidain 2 wireahdaciiftibhiceestppeds fintiee inchelebet ween
the first and second supply nodes, wherein_the secon(g swi.tch inc]udes a

control Hbdescompbwitch eouplekin sadesterugndhn fifsh rndertend Sy BHESEPEF cont r ol
Rgd : S for rec %&%&@d&%ﬁhéﬁél@&é ﬁ:ﬁo,n{rglsﬁodg %l)%ﬁ&(? fo . Egégg&ej H?lg%l RodttdiTbdé NPU

a second | npu recerving a

preanbl e enabhgnsitglay dhttobfibdeel ect or out put node; a delay line including
a delay input node coupled to the sel ector output node, a delay output
node, and a nunber of delay cells coupl ed between the del ay i nput

9. A device comprising:

15 a first selector including a first input node for receiving a clock signal, a
second input node for receiving a preamble enable signal, and an selector output
node;

a delay line including a delay input node coupled to the selector output node,
a delay output node, and a number of delay cells coupled between the delay input

20  node and the delay output node, wherein each of the cells includes a cell output
node, and a number of delay control nodes for receiving a delay code;

a delay controller including a first input node coupled to the delay input
node, a second input node coupled to the delay output node, and a select node
coupled to the first selector; and

25 a second selector including an output node and number of input nodes, each

of the input nodes coupled to the cell output node of one of the delay cells.

10.  The device of claim 9, wherein the delay controller includes:
a phase detector including a first input node coupled to the delay input node,
30 and a second input node coupled to the delay output node; and
a code adjuster including a number of input nodes coupled to the phase
detector, and a number of output nodes coupled to the delay control nodes, and a

number of input nodes responsive to the phase detector for adjusting the delay code;
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node and the del ay out put node, wherein each of the cells includes a cel
out put node, and a nunber of delay control nodes for receiving a delay
code; a debayosoant2sol | er including a first input node ceaplusdooso2tshe del ay
i nput node, a second input node coupled to the delay out put node, and a
sel ect node coupled to the first selector; and a second sel ector including
an out put node and nunber of input nodes, each of the input nodes coupl ed

toth |1 t put node of f the . del ls. 10, .The deyi f (Cl ai

0. wheroin thb delhgSeaeR A REY (- aute e o pubSerbrlares PRl (huRsas ™

first input noge GAURERo:and B diehAbniBRtdenode, and a second input node
e oae,; n

coupled to t ay output n a code adjuster including a nunber of
i nput nodes coupled to the phase detector, and a nunber of output nodes

coupled to the del control .nodes,. and_.a n [ ' ponsi ve
to the pﬁ%selﬁetegﬁ%ﬁeW%ﬁOﬁﬁ?ﬂéfﬁﬁﬁk¥%ﬁﬂﬁépggg%gﬁgg?k.;#hgﬂggggg%&%f claim
10, wherein phe &poRirah YRl Siast Btebtige®d @niolOiighaloauhe sdedtaoddie phase
detector and the delay control nodes. 12. The device of claim 11, wherein

the code adjuster further includes a logic unit responsive to the phase

detector to ¢ontr si.gnal, .on tE@ﬁQSm Ahgetaviass &f cl ai m
12, wherein ﬁ%‘e dgkﬁge‘@?)%?f%?]fq}a}é’?ﬁ}e?ﬁlé?%%c u eg%gﬁr I nvgl(rjrt%er coupl ed

bet ween the ggleay: éda?wd vResenaned dengimpht hdie ahtiroat ofitie firsicandecoplinpriodes of
t he phase detector. 14. The device of claim 13, wherein the first selector

i s confi §Ur edodesrof e phese A¢jeethe preanbl e signal to the sel ector output node
when t he del ayed output signal is 180 degrees out of phase with the input
signal. 15. The device of claim 14, wherein the second selector is.
configured fqa. selmaeidevige bhelamell 3, whirginthesfighsdlecterascorfignmed o selaetinge| ay

o gnal {5 160TEGENe S b p Ao oG T ARG AR oLRur MR Co
pat noda. £ 4F7 AaREks Mk o BRAS il AEK ERRAG COLE) d 16 & del ay oLt put nods
}gfu;rgenging a delayedg P ? P , Y g

15.  The device of claim 14, wherein the second selector is configured for

selecting the cell output signal from of one of the delay cells to the output node of

the second selector when the delayed output signal is 180 degrees out of phase with

the input signal.

20

16. A device comprising:

a number of variable delay cells coupled in series with a delay input node for
receiving an input signal and coupled to a delay output node for providing a delayed
output signal, each of the delay cells including a cell output node for providing a cell

25  output signal, each of the delay cells also including a number of delay control node
for receiving a digital control code;

a phase detector including a first input node coupled to the delay input node,
and a second input node coupled to the delay output node;

a counter including a number of counter bit lines coupled to the delay control

30 nodes, and a number of input nodes responsive to the phase detector for adjusting a
count value on the counter bit lines; and

a selector coupled to the cell output node of at least two of the delay cells for

selecting the cell output node from one of the delay cells to provide an enable signal.
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out put signal, each of the delay cells including a cell output node for
providing a cell output signal, each of the delay cells also including a
nunber ofwodeb@yicnatrol node for receiving a digital comrCralS2esmeIsea phase
detector including a first input node coupled to the delay input node, and
a second i nput node coupled to the delay output node; a counter including a
nunmber of counter bit lines coupled to the delay control nodes, and a

nunber of input nodes responsive to the phase detectqr.for. adj usti a
count val ue 1on tHﬂknhmhtéfcbﬂﬂ155Wh@?“ﬁﬁﬂhngﬁﬁ@@W6FHEHﬁBF%ﬁa Bm%ﬁg%%el

out put node of ar |east A a8 alsefehdt s |1
out put node GIFISHY R ‘iﬂ”pte\égn Lerlaggeoggﬁ@at%&t)ér%&i}gg%n enabl e si grﬁlgf 17. The

devi ce of cligjgg 16, wherein each of the delay cells includes a nunber of
current paths coupled in parallel between a first supply node and a second
supply néde. 18. The device of claim 17, wherein each of the current paths

i s configuref forleﬁa&é(}idg%éeq&\?ﬂr{qy%e&gn &ehay t1ef cupratpahs kkenfigirad farel | s.
Clalm ,

19. The device of erein each of the current paths includes at

| east three {drgingiadoanceidelaybfieaclsefthedelbrcolien the first and second
supply nodes. 20. The device of claim 19, wherein each of the current paths
includes a switch having a switch control node coupled to one of the del ay

control nodefy 21y, Jh&iGe $8mOfs, Gldici deh ofites @irfent pethyimcludbs e ldest ay cel |'s
are configured for providing the enable sjgnal delayeg fr n1t€§ i nput

signal by a thedeayansitoas caupled imspri¢sesvesn the Ersh P 3¢OBE S Fﬁiﬂ?? Sof the input
signal. 22. The device of claim?21l, wherein the variable delay cells are
configured for providing an equal anmount of current flowing in each of the
del ay cells.,@3. Thedsey selai B, ailrralR cachivditles curtdnepaths imbides dewigh cel | s
are configured for providing the cell outpuh sigpal in which the delay from
one cel | out baitingi gnith cantrohvedregoupled)to gn¢ f eé‘f% SPHATONS to a muitiple
of one-eighth of a cycle of the input signal. 24. The device of claim 23,
wherein the phase detector is configured for conparing the del ayed out
signal w4h ajver ghodewbe dhdaitnd)twinkgn fie vaniabkeideteytdells are configured for

providing the enable signal delayed from the input signal by a delay equal to a
multiple of one-eighth of a cycle of the input signal.

79, The device of claim 21, wherein the variable delay cells are configured for

20  providing an equal amount of current flowing in each of the delay cells.

73, The device of claim 22, wherein the variable delay cells are configured for
providing the cell output signal in which the delay from one cell output signal to

another cell output signal is equal to a multiple of one-eighth of a cycle of the input

25  signal.

24.  The device of claim 23, wherein the phase detector is configured for

comparing the delayed out signal with a version of the input signal in which the

delayed output signal is 180 out of phase with the version of the input signal.
30
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del ayed output signal is 180 out of phase with the version of the input
signal .25. A systemconprising: a first device having at |east one data

t ermi nal woro@voaviadi ng a data signal, and at | east one ®Craiseooseetsshal for
providing a strobe signal representing a timng of the data signal; and a
second device having at |east one data receiver coupled to the data

term nal of rkhe fy | in@t | east one strobe receiver responsive to an
enabl e signgF'fofiéé%%ﬁggﬁgﬁ?%% strobed;%gnaL fromthe fir

_ : att devige, and a
si gnal gener at or adfispdevitetavingat estome gimiagl fopproviding ¢ a2 S1E0RL)|
generator includes: a delay |ock I i i 1 S¥nfinatimneder f or
recei vi ng aﬁmflﬁbﬁf‘Stﬁnﬁﬁgf’?%gn%%F‘g@r@E’E@E{lé 7o ee{.%g%rgé\?!rde aﬁ%)el ayed out put
signal, a nypbelia Sfondebay control nodes, and a number of variable delay

cells coupled in series between the del ay | nput. and I S,
wherei n 8ach of tarscomd @%Vl%eélal‘@giaﬁiqaﬁ‘d%"? d&{ar}%ﬁ%‘é‘?r CBBSEQ?%@%% %I%Iﬁlg&gglg, and
a cell output..node for. providi ; SYOrAdn erdabd atfoabl e
controller cogﬁlﬂﬁ ﬁt fl%VIﬁ?IgP%Léﬁqg;ﬂ/gth%l%:rgéeéﬁfgﬁﬁmf or selecti nsg@t he cel |

out put si gnakcdiviaiiid@rodelsignaluiqu thenfirdiedeyiceaand e signaltagoergor cAwIghIa apl e
delay cells to be the enable si nal.126. Tpe.ﬁx§%§n1of claim 25, wherein
the del ay | dbxeleoksiteeqiver, WHsERRC FIged GGREOLGYERY t er i ncl udi ng an i nput
coupl ed to the del ay doiyibcaadfcuithisliada BNP iR nedd Ptkeodiviiey areinpitase
detector including a first input node coupled to the inverter ou%gut node,
and a sqoondigmaput deakpdentpuupdeth providne detayay oBiptpsigndeImBF L4 Ynber of

t put des; d di gi tal I ' x f
nput  nodes B W PoHKBHTAAL RUNESOR 108 B R bR O ber

of bit Ii nesdeﬁeg;&@ibﬁ@m{dlcaeuﬁmtwd&p%é@in &t e thelklayTdells sncdidesrof ¢l ai m
gta

25, wherein t dél ay code generator jncludes. a coynter having
nunber of coumhlear dblay contrelsnodes gnéa celboBpHt 1ededer PrgVidiee? gé@?@%‘tof claim
27, wherein egach of. the delay cells includes a nunber of delay stages
coupled in pség%lﬂlﬂd between a first supply node and a second suppl

15 an enable controller coupled to the delay locked circuit for selecting the

cell output signal from the cell output node of at least two of the variable delay cells

to be the enable signal.

26.  The system of claim 25, wherein the delay locked circuit further includes:
20 an inverter including an input coupled to the delay input node, and an

inverter output node;

a phase detector including a first input node coupled to the inverter output
node, and a second input node coupled to the delay output node, and a number of

output nodes; and

25 a digital delay code generator including a number of input nodes coupled to

the output nodes of the phase detector, and a number of bit lines coupled to the delay

control nodes.

27.  The system of claim 25, wherein the digital delay code generator includes a

30 counter having number of counter bit lines coupled to bit lines.
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node. 29. The system of claim 28, wherein each of the delay stages includes
at |l east one switch coupled in series between the first and second supply
nodes forwoaniaab123ng an anount of current of between tIreTfiSe@is/021863 Second
supply nodes. 30. The system of claim 26, wherein the delay | ocked circuit
is configured for providing the delayed out put signal at 180 degree out of
phase with tie i Py syateanat claidd 27, Wierdy sachofihe délay oelBlncubies siumbaief del ay
| ocked circuit is configured for gr ovi di t he cell ou{%gut Si %nal1 del ayed
from the i npdalawstagesicobyled inparaliel bginaen e st svaplyingde apd 2 SerONd YRR of a
cycle of the kpput signal. 32. The system of claim 31, wherein the del ay

| ocked circult® s confi gured for providing the cell output signal in which
the delay fromone cell delay signal to another cell output signal is equal

to a multiple of one-eighth of cycle of .the input signal, .33, ystem
conpri si iy: #-devieesyrsm agclaen ﬁ& cgeip gpch ?fih%ag'ﬁyat&ggs 1&{;lug%s %6%5‘2“ ng
freauency; aggl G cdIRaGEUBLEBehiteh i HavitBcobiPapphosides fitb i ncl uding a
signal generator tor providing a nunber of enable signals, the circuit hub
i s confi gur ecorftmilimedreahoury o nerrérnt of betwbtmthsifiyptzand speenddupplytRéesper at i ng
frequency of the device to manage a transfer of the data between the
circuit hub and the device, wherein the signal generator includes: a del ay
| ocked cir CU?G. haw},8gyter $FBRIm 06, Widrbiatheddsy Rykedtitaicoupifeghrecifoser i es
between a delay input” node and a del ay output node, wherein each of the

del ay cel0s providingthealetnynd entpuesignal ebHid dsisreroers of phaseathethe iyt signal.
identical digital delay code; and a selector coupled to a nunber of out put
nodes of |east two of the variable delay cells.34. The system of claim 33,
wherei n the gir cuirhe Byterh f 8laie SUEWherdh. thd belay kekedeinduitck abmliiBued fomer ei n
the device is a sem conductor device. 36. The_systen1q£ i m35  wherein

cl
the del ay | oplesitling theurell ouimut signal detayed Bom the IR siepah X%@%@G?‘Hﬁl i nput
coupled to t ?nei‘llt(ijpel!e %¥oh@8féﬁthn&%e0ycﬁ%q tl‘?ﬁnput signal.

15
32,  The system of claim 31, wherein the delay locked circuit is configured for
providing the cell output signal in which the delay from one cell delay signal to
another cell output signal is equal to a multiple of one-eighth of a cycle of the input
signal.

20
33. A system comprising:

a device having terminals for transfer data at an operating frequency;
a circuit hub coupled to the device, the circuit hub including a signal
generator for providing a number of enable signals, the circuit hub is configured for
25  selecting one the enable signals based on the operating frequency of the device to
manage a transfer of the data between the circuit hub and the device, wherein the
signal generator includes:
a delay locked circuit having a number of variable delay cells coupled in
series between a delay input node and a delay output node, wherein each of the
30 delay cells includes a number delay control nodes for receiving an identical digital
delay code; and
a selector coupled to a number of output nodes of least two of the

variable delay cells.
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i nverter output node; a phase detector including a first input node coupl ed
to the inverter output node, and a second input node coupled to the del ay
out put noate20@d7E3nunber of out put nodes; and a di git alpCualisagosootie3
generator including a nunber of input nodes coupled to the output nodes of
t he phase detector, and a nunber of bit lines coupled to the delay control
nodes. 37. The system of claim 36, wherein each of the delay cells includes
a nunber of delay stages coupled in parallel betwen a first supply node
and a second34upplThe sicsthm ofeglainTB3, %W?léﬁlileo?lrcémjluﬁe%ﬂe%er ein each of the
del ay stages includes at |east one switch coupled in series between the
first and second supply nodes for controlling an amount of current between
the first andssecUnésptgapby clang 64, widdein Thedsycst iemsemiwmndieto3®viskher ei n t he
signal generator is configured for providing the enable signals in which
each of the enable signals has a fixed signal relationship wth each other.

40. The system of 1ol ajRidBr MhRns! e maddiaploeketebissticekiber haudesan equal
. nme (0] C

anount of delay. onprising: setting a delay code to a nunber
of delay cells of a adhesttdrimdudingpaipati enypad to thrdelay bl nadsy W t he
delay cells to obtain a gelayed out put signal; adjusting the del ayed out put
signal unti | MVEES] QYRR 908 nal and the del ayed out put signal have a fixed

signal relationship;, sigleatiefer ARt Bfilst Rt rlel coapleptd tiwiigvates at
mul tiple cell output nodes of the delay cells a selected cg%éﬁ&utput

signal ; a0d patpst mayler il & edcond awputrode couplsdto Gieglehay Quipymo & node. 42.
The net hod of clai @4%%*tvm§rei ndsetti ng the del ay code includes setting an
i denti cal cofBPRS: T SHIBE "8 ?Fa?&} bits to control nodes of each of the delay

cells. 43. The net hogdigftalcdediyneotid gendiatoeineluditig s humberi aféhmd asdessainplgiing a
val ue of the o\
to the output nodes of the phase detector, and a number of bit lines coupled to the
delay control nodes.
15
" 37.  The system of claim 36, wherein each of the delay cells includes a number of
delay stages coupled in parallel between a first supply node and a second supply

node.

20 38.  The system of claim 37, wherein each of the delay stages includes at least
one switch coupled in series between the first and second supply nodes for

controlling an amount of current between the first and second supply nodes.

39,  The system of claim 33, wherein the signal generator is configured for
25  providing the enable signals in which each of the enable signals has a fixed signal

relationship with each other.

40.  The system of claim 39, wherein the variable delay cells have an equal
amount of delay.

30
41. A method comprising:

setting a delay code to a number of delay cells of a delay line;
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del ay code. 44. The nethod of claim43, wherein nodifying the value of the
del ay code includes controlling an anmount of current in each of the delay
cell s. 45vOoTh@/arer2hod of claim 44, wherein controlling troe/tsresnz7ses
current in each of the delay cells includes allow ng an equal amount of
current to.flowin each of the delay cells. 46. The nethod of claim 43,
wher ei n nmodi fyi ngpj fifSan Gi gl @rdipihedel¥ptalR th Bblt & elbyel aoprit er
val ue correspondsp¥gﬁ%%e vaﬁggmo#ﬂkhe(ggﬁay coﬁ%. 47. A net hod conpri sing:
recei vi ng at sigeast one data signal at an input node of a data receiver;

receiving at Ieaséﬁggéﬁg E@%?yﬁigﬂ i aﬂ&ﬁbqu ﬂpﬁgmﬁg?ﬁﬂﬁ%ﬁﬂﬁﬁdfeCEiVer’

wherein the strob mTg 1 ntormati on~o e data signal;

propagat i ng Bﬂt[phﬂﬂg'ﬁal%h%‘éihxécbﬁightghelatidsnshiper of variable delay cells to
obtain a glura ity of cell output siﬁnals i.n WhiCh ﬁﬁh ?f th% cgll ut put
signals has a fi xedeeingranonganultiplsite iob‘tﬂmtﬁlﬁn%ﬁétmﬁﬁ e eqllpptput 08p%e% i ng
one of the plurall f I; .54t 0 be an enabl e signal;
andsendi ng tke(%%%éegggféﬁg%d?gﬁ§g£P§% t’g%g of the data receiver and
strobe receiver t pagagsthaielbeasdtelbnepufsigriabtosiranigblegiogaal and the data
signal fromthe input node of at |east one of the data receiver and strobe
receiver to an output node of at |east one of the data receiver and strobe
recel ver . 48, The 1iRtiatePbs Qhif] 41, dvhereih Rith s defiGlooBgioNdes daing @i ect i ng
anong the cell output signals in which the nultiplé cell output signals
have a filged idkmtial cotbinatimolof biraeyr bits4e comnel nedehefeash of thsidelaygellivher ei n t he
fixed delay is a nultiple of one-eighth of a cycle of the input signal. 50.
The net hod of claim49 further conprising: sending the data signal froma
data driver; 4and sgRdhdifod becisihi PhevIetdnaljuétininaudés abdifving wenluedftheThe
met hod of claim50, wherein sending the data signal and sending the strobe
signal are peelgrpde by a first device, and wherein receiving the data

si gnal

15 44.  The method of claim 43, wherein modifying the value of the delay code

includes controlling an amount of current in each of the delay cells.

45.  The method of claim 44, wherein controlling the amount of current in each
of the delay cells includes allowing an equal amount of current to.flow in each of the

20  delay cells.

46.  The method of claim 43, wherein modifying includes changing a counter

value in which the counter value corresponds to the value of the delay code.

25 47. A method comprising:
receiving at least one data signal at an input node of a data receiver;
receiving at least one strobe signal at an input node of a strobe receiver,
wherein the strobe signal carries timing information of the data signal;
propagating an input signal through a number of variable delay cells to
30  obtain a plurality of cell output signals in which each of the cell output signals has a
fixed signal relationship with the input signal;

selecting one of the plurality of cell output signals to be an enable signal; and

28



and receiving the strobe signal are performed by a second device.
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sending the enable signal to at least one of the data receiver and strobe
receiver to pass at least one of the strobe signal and the data signal from the input
node of at least one of the data receiver and strobe receiver to an output node of at

least one of the data receiver and strobe receiver.

48.  The method of claim 47, wherein selecting includes selecting among the cell
output signals in which the multiple cell output signals have a fixed delay with each

other.

49.  The method of claim 48, wherein the fixed delay is a multiple of one-eighth
of a cycle of the input signal.

50.  The method of claim 49 further comprising:
sending the data signal from a data driver; and

sending the strobe signal from a strobe driver.
51.  The method of claim 50, wherein sending the data signal and sending the

strobe signal are performed by a first device, and wherein receiving the data signal

and receiving the strobe signal are performed by a second device.
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