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of Invention The present invention relates generally to sem conductor
devices, nore 5 particularly, to generation of signals in sem conductor

devi ces. Bagkanflps,; Sem conductor devices such as rrerm(r;\éTﬂg\gm%mﬁermry
and el'ectroni

controller, processors reside in many conputers an tronic products
to store and process 10 data. Mst of these devices use electrical signals

to communicate with each i3 R, { The operating
speed of the device depeREéPﬁrL?Mdﬁhwfﬁetbiéﬁieniﬁﬁ%yiﬁﬁeﬁz signals. As
sem conduct or devi ces becone nore advanced, one part of the device nmay
operate at one frequency and anot herrigafhl I®fentibg Sane device or of another

15 device may operate at another frequency. Therefore, synchronizing
di fferent operati ofile pigsant fnventiontrelpigs genersilyitp senaigerdugion fevdcesy mgieong

di fferent d;yhéﬁﬁgtﬂggy’gﬁgen%pa%h%fsi nqs &oscnﬁﬁcro%&?oq. evidggrery of the Invention

20 The enbodi presen ventTon provide circuits and nethods for
generating a range of stable signals over a wi de range of frequencies to

provide flexibility for sem conductor devices to inprove operations wthin
the sane device or operations anong &ackefioERd devi ces. One aspect includes

a device having a d Y. ) | fﬂﬁ EH&}H Laf .\ari abl e
delay cells. Each osélﬁﬁgﬁdygﬁgépgesgg‘%}g%&%e taﬁ‘g‘s:égamnu0 er g? 11é}ijaeq\aay cont rol
nodes for recepnice@om réiidedy neageompintersdny elearalisgrotdund dese andyprasss  det ect or

for comparing signals frominput and output nodes of the degaé%blti e. The
devi ce al s& i néatgadMestoidbise davisas dsesictacal sigaply b0 somupwucale, WHB ey ARTOF 1 or

adj usting theggdel ay. 60984 g;@e device further includes a selector for
seiecti ng froma range of § output signals fromnultiple output nodes of
th

vari abl e del ay The dperatingspepdiod thealevice dejends mipgriain. theMfrequiensy efdhect
i ncl udes a net hod .of ,generatijn ignals. The nethod sets a I .code to a
number of vari %!S?"’ésd%? (sgme@dpgtgr %P(g’c R (sls rB?TSﬁé&fQP og%p%%ﬂse @Slvilcﬁnal
t h[ ﬁugh the vapi,2Bh&. @t oY% E&ubscylRd aRSBirpart HeleA¥RE devtPYLofenatal . The
met ho
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 si gnﬁls 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 agpect 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
l



1 WD 2006f01 7 7 2 3 PCT/US2005/ 027863 adjusts the del ayed out put signal
until the input signal and the del ayed output signal have a fixed signal
rel ati onship. The nethod selects froma range of output signals at nultiple
out put nod h ariable delay cells. The nethod passes the sel ected
out put si gﬁ%loqzugt"%ﬁn}énabl e node. 5 A further aspect incl'fdéSHIHRBAY of
processing signals. The nethod receives at |east one data signal and at

| east one strobgysi : ! n_i.nput . signal through a
number of vari agjlugb g{eéladac;l/ayggﬁwgﬁ%%&gmlg’? gﬁgﬁgs%?%laing@%oéelaé@?f’%%'twysi gnal s
in which each bavershfixadedignabredqtiohship. gFiml methaisebectsi ftela raige BRbuth@ signaRNShi p
wi th the input tsi‘glna . The n&%gﬁg&sel_eh?%& one of the cell output 10 signals
to be an enabl & BFYRE otk go vaughlealascells. Thamethod passeciie velected pass
at |east one eftphitheafidicaridbiehb@de signals fromone part of the device to
anot her part of the device. O her aspects of the enbodi nents of the present

invention Wil be apgurthertaspespmnludesadnetbod dhprosessiantigan| Tiahéwed i ncl udi ng
the draw ngs apd.clains. 15 i ef cription of the Drawings FIG 1 shows a
si gnal gener at %rgelhﬁs\ﬁtggasﬁorﬁéﬁgﬁf‘wg%é&t _EP?_*@BF gtrehessignal. nkhargethedrbodi ment s of
the invention. plop&gated anSngit si%ﬁﬁmlo%hya ﬁd11‘f83?9f gdxﬁgfegmay?:rellf {Gtan 220 FIG 3

g a g | del ay code gen

shows a del ay controller havin digita erator according to
enbodi ment's of PHRELY ehasHtoutnut signals inavhithoeash ef the kely okthitesigialitag 2 ined abl e
delay cells acg LAY . odinents o he i.nvention. FIG 5 shows a
nmermory devi ce %@({:agkégiﬂlnotégyg%Jgﬁnﬂgﬁ!%lrﬂ%‘a[)ﬁ? H’éﬂ}oﬂ\? £t5 AC of g ogl] P shows a
menory sysi®m dgmdy ibeGnteaaReignt MERS Se@bd hdtiated YERLd: 8he recEilVG i ;gmgm an

el ectronic system accordi ng to enbodi nents of the 1nvention. (= shows a
testing systentatent of the detd andiodie mgnals from dnh@ait o Gretdevice to SBHAepat bd
Description Ofth&?&i@b()di ments The follow ng description and the draw ngs
illustrate specific enbodi nents

Other aspects of the embodiments of the present invention will be apparent
upon 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.

j FIG. 4 shows a delay line having variable delay cells according to
L 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 Ifo practice the

invention. Other embodiments may incorporate structural, logical, electrical,
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of the invention sufficiently to enable those skilled in the art to practice
the invention. O her enbodi nents may i ncorporate structural, |ogical,

el ectrical, 2 WD 2006/017723 PCT/US2 011510 2 7 8 6 3 process, and ot her
changes. | nypha@iaw ngs, like nunerals describe subst arpdm§2?((,g,(,§,|sfg I ar
conponents throughout the several views. Exanples nerely typity possib
variations. Portions and features of sone enbodi nents may be i ncl uded |n or
substituted for_t ot.hers sses the
claimts 5 and %qofggf\s/agdggﬁf 8ha§'§?ﬁ V%P%nwg% gf«: Iilnﬁ%ﬂéi\%s\@g%’?g‘ﬁ%%ggﬁgr ator 100
havi ng a del aysinflak@thpohémtslihrouphontthk segeral Gewesrimpdes raerely typi€y passiblet i on.

Si gnal generator, 100 i_ncl udes del ay. | ocked ..circuit 110 enabl e
control | er 120Varigfenss dlogqngagd %’3 sqmeembodiments glay by md(!‘fc%@lﬁl? P 110

receives an in ! TRP sdopP Yt the dcleniiétl ertBshpaRBehatREna 10
del ayed out put%%téﬁﬁfgﬁ?&lth%g?{egn outsggt nolde 182 gI'he BL QUT signal is a

del ayed ver$i omdofll avhidabB ¢quivdisitgnal . I n some enbodi nment s, “the CLK IN signal

is a clock signal. I ocked CI rc i t a 0 EH;{;@ of cell
out put signals ENG I@% %‘/ 1{9%8}&:1&%%%8@? &g‘@a ?%clu?t out put
nodes 111, 1ig, enf%@miela@s of@@é ﬁycﬂtﬁ:ﬁks%ﬂl defigthfor 10@intludehedelgeloeladt es a | ock
si gnal LOCK 15 on a select node 109 to control a selection of selector 131.

Sel ector 131 reowituéds, an enkble konsradienl 20Cand sslectons 13‘1&\]’61 138dPelrydocked a

preanmbl e signal, n_nod

si gnal , sel ect‘chqutg Bgeglexggﬁn ‘é‘??&féﬁ?’aﬂﬁgkﬁﬁﬁ athg(?e ﬁ%%@&%ﬁﬂ/@p% EN si gnal
to be thel(ﬁLKddweabG@atmmlmﬁe)lﬂlodtanbmpsmeeobomhmm SUTtdignalislaC si gnal
is a 20 clock si'gnal. Enable controller. 120 responds tQ %ﬁf_ﬁNrOl si gnal

CNTL to provi déslayed versREATEIECIFK B ggnal Iﬂd"@él@(‘?ﬁ’@‘ﬂ’"ﬂ@iﬂﬁ 5% e an
enabl e code ENC gl?.zl Sﬁ g?oncg%agcufﬁ% alsh a%g% W%@Eal ol EN_CODE i's

a conbi nati on b S pres number of  di ff er ent
signal s on di félgfa@erNmEmaﬂENOZBm;mz andFEm)ﬂtrmkle\I\BI bindheed] oIt nedea si ngl e

line for clarit Sel ector 132 uses, the, to sel ect e 0 ENO- EN3
signals to an Pénéba ang b Lejay ﬁkwc@ﬁémcg‘?‘gﬂ @“gﬁﬁqsalm 4*1@8 si gnal
I's one of Hf" ﬁl\%{%@@ B9 Soriti)1 § Sh16dioR b &l 3goNt rol er 120 based on

t he .

the value ©

Selector 131 receives a clock signal CLK on an inputnode 133 anda
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 enabie 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 controlier 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

3



Del ay | ocked circuit 110 includes delay |line 104 having a nunber of del ay
30 cells 121-124 (121, 122, 123, and 124), and a delay controller 105 havi ng
a phase detector 106, an inversion unit 115, and a code adjuster 108. In
t he enbodi nents represented by FIG 1, delay line 104 includes four del ay

cells 121- 134, 0@ae33 exanple. In sone enbodi nents, the < lel ay
cell's of delay Iine 104 may be 3 WD 2006/ 017723 PCT/ e e T A B

fromfour. Thus, in some enbodi nents, the nunber of cell output signals

such as the ENGENR $ianals THRY ita%oﬂi:.%ssﬁﬁ%% 1RO bR of PO ga/htphéss:i%ﬁﬂg?“

applies a delay (delay tine) to the signa
bet ween i nput medieas IR ENGENSLsI gnats mayckee diff@entTroen &owount of del ay applied 5 by

delay line 104 is the. total of t | f del Ils, 121-124. Th
Srount | of ol ay of ekuneof et Sapielss o 0 BB o e EERSH e
same (identi cakjnaldRtvén GRfEn @Qagdeﬁkphﬂdaaé Iézﬁal‘lhegﬁﬁfkhn@&f&élﬁ #pliay cells

121-124 is a variable del'ay cell. Since each of the delay cells 121-124 is
controll ed by bhéelgnhme 1¢4isdedstal efantoupf ofidebnyddidaiay celld 211124 Th4 amasntt he

sanme or an equa nmount of .10 .del ay. r |l ess t.he, val ue,.of .t DL_CODE.
T some enbod: ReHEY ot brhe sty s B0 e Bl B eng

enbodi ment s, t Bela@edRDOICOBE dn¥hed 18338, Fieh af/ths QblbP cdlBli21A44iisa ¢aable0l | ed
digitally. Phase detector 106 has input nodes for receiving a signal CLK I N*

and the DL OUtelay eplhl Sincerracioefidhe fplay peflsdR 14124 isppatreliasibydhe same CLI C I N

signal at an 15;0 nqd f.an iRy 115 1n.s I_nent.s,

I nverter 115 isBLr-ﬁm%éea& cﬁ'r‘:@ei%cayp%9525%§4el&afsg?eSf%'o?gﬁgggﬁglgl?g@togr 106 has
out put nodes ldélapregarifeés b0the viluovf e D1, EADEtIn$b@e @hbodimbhisaid ADJ2. Code
adj uster 108 responds to the ADJI and ADJ2 signal to output the DL CODE on

lines 138. In BbatOiMbisaidigitl soder faupin sopemipdimets, she dedbmiofzach effhesent ed
by a conbinatig af&elﬂ‘é??-’l@h%éﬂhﬂ@l’iéﬁ qqlgihsl‘,'xcorrespondl ng to a nunber of

di fferent signals on ferent srgna es. FIG 1 shows lines 138 as a
single line for cl Bhdse detedded H)6 Hao ipacnaies fonirdceibiy asigm] OL& ONKatd\hsi gnal to

PR S B T R I T R
180 degreegs oUbyipht AR SPardnbbher 185 Frfsome embodiments, inverter 115 is included
inside phase detector 106. Phase detector 106 has output nodes 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, In FIG. 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 DI_QOUT 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 DL._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 DL_OUT signals have the same phase, delay



signal. Delay |ocked circuit 110 has pre-locked node and a | ocked node. In
the pre-locked node, the phase between the CLK IN* and DL_QUT signal s may
not be at a fixed relationship. Delay |ocked circuit 110 adjusts delay |ine

104 until t se between the CLK IN* and DL_OUT si | S . i xed. In
FIG 1, del\gé zﬁcgféﬁ@g? circuit 110 adjusts delay line loﬁﬂﬂqsﬁpdsﬁ’#gﬁ%}_K_l N

and DL QUT signals have the sane phase. Wen the CLIC IN and DL_QUT signals
have t he sane [erekciréd® AY actvale i R ed
cir ¥ activalée tRODOCR LTehdPro é;ﬁl%l’%%ﬁ@@dﬁ%%ﬁ@@lo inqgé<

circuit 110 activates the LOCK signal to put ocked circuit 110 in the
| ocked node. | C{‘%H‘ﬁﬂ@-l ocked node, phase detector 106 conpares the

di fference in phase 2 d OUT signals. |n.sonme

enbodi nents, phase H‘e‘?‘gg’}l%fragk%ﬂﬁ%%&@g%%%?%gﬂrt1%“??‘3?@g‘@%’bfzegen(%rm lfc’hfis?i ng

edges) of the GitketriNthedlidk DN* G DLI ORI signaldh@n sdrheenBsRgemt, phi® deleltol N* and

DL_QUT si gnsal sb}]@re not aligned, . phase detector 106 activates one of the '
A

ADJI si gnal QuEpisesdhe peipg odgsy (8 delling ertges)rod Shsdalk NS and DLAGIIT or ADJ2

si gnal to adj Ugkndid "WHEARR BbestR ) | ol The val ue
of the DL CODE %I(l)ntrol S ?ﬁeﬁgﬁnuﬁﬁ?ﬁﬁgdﬁm e%lg'yg/ﬂ%fe%nae 4 applies
to the CLK_ I N BliagndétectThlis actiaies dneef thal ART1eign4l¥eD I signaleO0dé sdjuseljlost ed,

t he anount of r%?lo?é gf d%ﬁ li,ne 104 isééil sq, adj usted. The_ conpari son and
adj ust nent pr 0T L e REALIA fignal i adipst finprease 05 deease) she ¥alhpmaf the have
the same phaseDLWIODE, heGatteloNiheand dADETnition hase,

del ay |l ocked circuit 110 act icvat é:s tthe LOCKn Si gng {)@ﬁ‘éﬁ{i&lﬁ%@?&ﬁ?@?ked

circuit 110 i nlineH)4tappliesoe kKeedClolo &Y signal. FTI@s, whensthe galut b&th€DILOCODE isi gnal i s

an inversion ofyt N_si I 80..degr.ees, out. of phase with the CLK IN

signal), the d“ﬁg"ef" %ﬁf‘ﬁunf%ﬁé%f&év 1"6%814(4%5‘6%? jgsted, nHeComPARsOhe CLK_IN

si gnal when dedndedjueakad pfickssys %rﬁ)%tﬁed;:blﬁlgl ’fhzet(tﬁ( INSCIGR DI TR e 31%#55(?9': 2 is an
of dela

exenplary timnpg diagramfor Fl . shows the tim ng y
| ocked ci rcui tthd samg phase. Whep fhetGK [INE l2ad DR QYT stgnalscase iteyamEplase,2 o t s

KN st gnal ey aetitul ol Bfuds or Ot ogia Py ey idekadgRpd B oLt of
15  the locked mode.
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 DL_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 ar;d

{ CLK_IN* signals have the same phase. The DL_OUT signal is 180 degreeé out of

phase with the CLK_IN signal. Tcy 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 % Ty (one-eighth clock cycle) relative to
the CLK or CLK_IN signal. For example, the EN1 signal has a delay of %4 Tcx

30 relative to the CLK or CLK_IN signal. As another example, the EN2 signal has a
delay of two times % Tex 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 % Tk relative to
each other. For example, the EN1 signal has a delay of % T relative to the EN2
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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 {guksBN3 signals has a fixed delay of a /'s TCK
(one-eighth clock cycle) relative to the CLK or CLK_ INn']rg-'%ﬁl"ﬁ"ogl;m’31 npl e,

the ENI signal has a del ay of %TCK 30 relative to the CLICor CLK I'N

Celative' tot et K ARmf ieima TedbronBird st pfile iR bfes, 7, I

ENI - EN3 si gnal gNhggna. fixed deI ay of a multiple of %8 TCK rel atlve to each
ot her. For exanple, the ENl signal has a del ay_of %3 TCKIéf ve to the EN2
5 WD 211116/ 017723 Ipemnesmbosi@atraash ofthe EM0- Slan-'ﬁ%hw YeiMRs' ' /s

TCK (or one-fq t one '
enbodi nent s, §§1ﬂ8§4? ﬂ@@e&ﬁ‘?ﬁ&“t‘%%‘we{‘ﬁé@} ‘rxed aié?@?ee}cl]hg?ﬁ to N tinmes
TcK (N TCK 9 rmiiniet \e8s thaniohe CLK or CLK I N signal, where N a real 5 nunber ’
| ess than one. Since the ENO EN3 si nals ave .a fixed signal re onship

with the CLK or ClSogeNhg ENOEN3 sigea %Wﬁﬁ%ﬁé@maalfﬁ%ﬂ%@m@éﬁ%% changes
when the 1 IequUeNeNN Gindl/ e § @ﬁ@%ﬁﬁo@%ﬂ@@ﬂ@% wHeRIRVPsquenidye f i xed

rel ati onshi p remarns ~unt or exanpl e, Wwhen the cycle of the CLK IN
signal is one ¢fthe GIDI&rmrﬁisiédem@nabfalmgesf Ht)h'eveENhe Exed elagioaship rearning i xed

delay of a multiple of 0.125 nanos T Iatlveto he CLK-IN
signal . As anoiWBIEEdaFpT @amplfeYheh chcg?éﬁéegﬁkkhgs@?& TR nal is two (2)
nanoseconds eax%ﬁo&t:oﬁ%%amﬁ N%Jmasll aiac’hasaﬁxéd 38y, skel myltipfe cTormakti pl e of
0. 25 nanosecon s still % T relative to the CLK_ N signal. 15

The PREAMBLE Etdnssegorad ('/Eﬁsk)ae]ﬁatmetd theeCIK | D wsgriap Manmthen@xaﬂe,l Nlensﬁh@nal . In
t he enmbodi nent s re Fl.G the P bout 50
percent duty c%e F% Eg}gﬁ&’ é‘é‘?ﬂ; ﬁg)snan?ﬁ?gmﬁf’vﬁéggfel\bﬁ LE_EN
signal may be pﬁiédﬁfeﬁd}toffarxﬁmlpr?l@ o@@l’zmﬁﬁosedoﬂdaﬂﬁalﬁrmnd@ W@;{Tﬁe&nvet(hﬁe

PREAMBLE- EN si gnal i ncCludes a nunber of pulses in which each rising edge 20

of each of theChli|Beggadli gns with a rising edge of the CLK I N signal.
15 The PREAMBLE_EN signal 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 DL_OUT and activate adjust signals ADJ1 and ADJ2. Logic unit
320 responds to the ADJ1 and ADJ2 signals to control a lock signal LOCK. Digital



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, CLICIN, and PREAMBLE EN signals. Therefore, any one of the

ENl - EN3  si wofBYs be used in place of the CLK, CLK | Ncerafs:@8eAELE_EN
signal in Z‘ga?huatlyons where the CLK, CLK IN, or PREAMBLE-EN signal is an

unsui table choice. FIG 3 shows a delay controller 300 having a digital

del ay code gengrator 330 .a rdin 0 [ t 8o beheedid 4 Oon. Del ay

control | er BO@E[aH(PP%%"é‘e’?mréﬁggeSpa&Sé%Ehgmg&gg mzﬁi)%l%{ge? g315, and a code

adj uster 308 hawibeso oo BitECOUTN 0380 1indG3aant 33Xi gi t al del ay code gener at or

330. Phase detector 306 receives input_signals ., CLK an .and

activate adjust si qhasesleomr 3%301]@%@_m{%&}ﬂiﬁiﬁ]ﬁ“@%&%@%ﬁ%ﬂ he ADJI

and ADJ2 si gnal 0 t.ro I ' ?ggs ddt&kdros @ ede/ 01 7 7 2 3
gé%]_,_@ 31%1%503111 Sgﬁlié Bﬁ‘llbg&ﬂ'llegt!% € oMbhr

PC1-/ US2005/ 027 e generator responds to the ADJ1 and ADJ2
si gnal s t o sgengimdges (oﬁmlmg"edgés)mcﬁde@ﬁﬁ_smt@amlgﬁ)lmnglllﬁl&fé@mt%d 332.

Ph det ect 306 th ' I | at,i hip. be: t Al N* d

DL GUT o1 gnal sADllandohisl g ok G 26ise deEagt o SopiEeattn Salel & "

ri Sing edges (g ofalhia0uRdaE)s gl Whéh (b HeihhEaganed (RLCOITING gl eadso_con ol
signal's

the ADJI and . For ‘exanpl e, phase detector 306 actévﬁgtes t he
ADD signal angle deiag tdgeasfelse DheORDHEnel. grsanctipesrappie, phasedgteeas2f%s t he

CLK-I N* signal leads, t risin . of th ' o her
exanpl e, phas@%&%‘%@6&861@@@?’9\%3%& atﬁ'ntée %ﬂ%n‘g*&gﬁ%nﬂgggﬁa\%t es the
ADJI si gnajq W%E&:}Rg_lngigi:gﬁﬁllﬁgigﬁeﬁiingl&lgébﬁﬂﬁm_msﬁg,gﬂal{ntm the rising

edge of the DL_ n some ‘enbodiments, phase R&gc.tor deacti vates
bogh of the ADmbbdimehts\pbasesietgoiar deaghieates botheofdbrADTT ary ADVZ Shenals Whetj g
edges) -of the CLK I Nt and QUT si + gOEBL WBUE i dnaisaks 0 When the
CLK I N* and DLé‘:Lﬁﬂgcéi(@ﬁSﬁaén 56&%&"“3%395“’%%&& n solﬁewbté]g‘;%gldi ment s, | ogi ¢
uni t 320 i s copfshedwaRhiPalasivhatathe OLRe INOEHE DILSOWT gigmhls hanesm dpelphete. ¢ he

ADJI and ADJ2 signals have the same sigpal_ |eveL. For X | e, gic unit
320 activates the Losmmsiegphadimenisnlogistugitd20 tsican F‘?E?nﬁg"%%gfﬁsqd&ﬁal s have a
| ow signal . Jevel. . ln ot ' L fis MVettheddthe sSonaf Rl oy ed to
activate t LWSS%Waq%Eﬁ aﬁggg‘gﬁg@%gbtj%gggﬁl gnd ADJ 2 génl nal s

example, logic unit 320 activates the LOCK signal when both of the ADJ1 and

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 ADIJ1 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 tines 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 C0-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 C0-CN code bits

30  cormresponding 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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Is activated wthin a nunber of cycles of a clock signal CLK For exanple,
| ogic 20 unit 320 activates the LOCK signal when none of the ADJ 1 and ADJ2
signals is activated within three cycles of the CLK signal. Digital delay

code gener aivrdad7i2Bcl udes a counter 334 havi ng count erpdyisaudshdRigs
connected to bit lines 331 and 332. In FIG 3, bit lines 331 and 332 are

also referred to as counter bit lines. In sone enbodi nents, counter 334 is
an up down 25 JSéthmther theP icsignial isactitedand decteasks the 6k Ghlue SPERERRABSS A

bi nary val ue ( h, corresponds to the count val ue of
C&Jh@l{n ttkfe %D?”aé yéia a%vg

counter 334. D gl erator 330 uses counter 334 to adjust

the value of the COb{Réneshsbodirhéntd)dfeel dfhy odNeralo I'n
sonme enbodi ment Su? Hg% {C‘%écﬁel ay é%dggﬁdenerac?gf 320 r?e?’gs%e J\égtﬁlg%é

counter 334 sudf §Prcbitsrwhendotboftne ABdkars ABIBSgnals havelendi ng to a

m ni num del gy efmdsigieh | 104, of FIG | n sone

enbodi ment's, di grglllt zi%ﬂdg%(’gﬂy Hgg ?g@%@lg% a%%{ﬂl %53?3(1%0@ gFWéat\%#HeSt t he

CO- CN code bi tsdmgtmgnbamm ofgheoCO-MR cRia dith hédRore e XBIUgndOADEOUNt er 334,
caqde generator 330 ma% i ncrease the count val ue

For exanpl e di taI del

of counter QW%V‘IQE‘TFBB‘Z’@WGw%@a signehCLKe Ingute sthgmal i s
s aoti vat 23" ﬁ?‘”“i“‘éﬁéﬁia%%"aﬁ Ay Codé Felleni s R0 Sindeh 0l 0T o8 o1 ope.
adj usting the Ciiglodebiss whénsth€DOCK ﬂgﬁﬂélsbﬂctlﬁatbﬂmoﬁﬁtlﬂltgbot he ADJ1 and ADJ2
signal s hay the 5 sane s n ot her enbodi nents, digital delay
code generator 330 St°6[¢ em%a?ggcpgs gelﬁmn(‘i%}ll‘?ﬁé%f’ﬂ;% 3amche wsed o dontrel when

none of the ADJfelaBneNadR as @dlﬂﬂﬁi&lmz)gpggllv%%%ﬁgéd%%gg d@%&;@f cycles of

cl ock signal CLK. In sone other ments, drgl %ygenerat or
330 stops adj u@siplggnqrﬁ@r le@tthterveluQ&cdmitccGBifesﬂmhttlsat\ﬂtmldehﬁﬂhe@@( si gnal

Is activated uni & 2 nhadi nents, delay controller 300
of FIG 3 mayb%N cggéeﬁ 3useﬁﬁ} r%!ayq'a‘[‘eéféf‘%’ﬁ@ﬂm‘éﬁsdﬁ@ﬁ valieq dn %qu i ne 104 of
FIG 1. In thessbodiremk, Werihisial &g vahle léi%ﬁa&muﬁp&é?adgﬁ%%f 1By set the

val ue of caunter 334 such that the value of th s causes t he
del ay |inet o Yolipdangs af therdelay lingl Ayothed embodinrenssythe mmbhthlzyemmls e initial

del ay val ue is, me%l%ggﬁ@%]tug%%ﬁ8%ﬁp lia-‘éi he delay 15 value range of the

delay line. In othe N¥el ay val ue is any
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
mp_ut 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_IN and 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 ENQ, EN1,
EN2, and EN3. The ENO signal is the CLK_INsignal. The EN1, 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 ils the EN1
signal delayed by a first amount of delay; the EN3 s} gnal is the EN2 signal delay by
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value within the delay value range of the delay line. In sone enbodi nents,
del ay 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
enbodi ment swofdshermnventi on. Del ay |ine 400 includes a priiies0biseel ay
cells 421- 424 (421, 422, 423, and 424) for applying a delay to an input
signal CLK IN at an |nput node 401 to generate an output signal DL OUT at

an out put node, ¢0gnd éﬂi&nt QP%{F ﬁér@ﬂ@lsedoﬁdamd@d@mgﬁw ¢20alab tHefstCLK | N
signal. The CLK_IN and nal s have a fixed signal rel atlonshl p. In

some enbodi meramount pdeday. @.ﬂ(llpma IpEN& ndSiNprsagnalshas afizgd delay ews! Sut  of

phase. In oth t..@f phase
with the CLK ﬁ&t@%ﬁgrm%&)glﬁﬂ t%e%m%tggﬁg @e@ﬁ?%(ag %‘llﬁgmy be 90
or 270. Del ay thaménedddid mapﬂngeme Giceisd)af thendf €K TNGidral. (Rdrpm:mlﬂa,g;adi s ENQ

ENI, EN2, and EN3. The nal js the CLK_IN_sign The ENI N2, and
EN3 30 signal® t%FrENﬂr@\T%,lagﬁgi Ss&ﬂab@ﬂbrb%@?@?(_ﬁﬂéh%g'ﬂbfldadéﬁ’ ﬁ%aéﬁ'ﬂq © 421,

422, and 423, [@EREC dn\é‘c?f| @nc @\c of EPRIN aaﬁ&haf exmﬁleEé\ﬂch oEN2 and
EN3 signals has a na re at 1 onshi each ot her. For exanpl e,

the EN2 si gnaltheEIw‘tlhENEJ\ﬂndIﬁibngial dmybyém%IxJNfsngmtddmdlbwamu]@Idta? t he
EN3 signal is t 06/ 017723 PCT/ US20415/ 027863
a second amount! @F réy%%%’% Eé&gngy\o nt of delay is equal to the
first amount of d%%)fofﬁ%&i&] fceﬁMlﬁﬁhus%abﬁ%la%%u%mﬁhm fixed

delay equal to N tines relative to the CLK IN signal, where N
a real nunier deﬁséz1Mchappdueeaxaemnarramtmsoﬁde@ydq&te@g@bpaﬂ@qﬁhgﬁ of CLK I N

signal . For exa eac EN E fe the
CLK_I N signal &1 L@éégemn ]t‘?nl&%) f'chﬁequ% cf(%ﬁ’ bcr%@ialygg% cycle) of
CLK I N si gnal . hofiss @HOHWMIQX@TW@,, afb433. of nurdytie oElblay &iﬂ%blta(sigrﬁw si gnal may
be the CLK I N signal del'ayed multiple of % TCK (one-fourth ¢l ock

i eRnd £

cycle) of CLK PN G4.¢HalCl, e &I B, _CHY, DI._EN" WﬂﬂfO]i the gmUE Phbl e del ay
fo the o gnal SIOHOGIRIRRAR A48 giks BRI RimBinERbFor AR ko' 20,
cel | incluges witsnFapexantile @Sdls'ib’lts@mtootﬂnd DIDCDBS férhila paii af codid Bits. 4ABther 432, and
433. A nunber of dela code bits (signals
pairs of code bits include DL_C1 and DL _ Cl* and DL_CN and DL_CN*. The
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_C0,
DL C1,and DL_CNand DL_CO0* DL_C1*, and DL._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

ouiput node (cell output node) of delay cell.
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DL CO, DL Ci1, DL CN and DL _CO*, DL C1 *, DL _CN* control the anmount of

delay in each of the cells 421-424. These code bits forma nunber of pairs
of code 15 bits. For exanple, code bits DL_CO and DL CO* forma pair of code
bits. O herwoRalefos7;@8 code bits include DL Cl and DL Cl gordighskbstN and
DL_CN*. The <code bits in each pair may be represented by a palir of signals
I n which one signal is an inverted version of the other signal. For
simplicity, the COth@bﬁt?ut%@fo@ldeﬁkcelmm%s_mh@[lﬁuﬁocg@fan@hﬁ%ﬁy and
DL_CN* are referred together as 20 the DL -C code. I'n sone enbodi nents, the

DL_C code is acdligithasericsdBor exemplexautgit aode 47 of gelaycethg? eonaeddiodiinat i on of

binary bits re i i nary yal . F y
represent the %@ﬁ%é@% (ﬁlc%lay %?IY&%T Itﬁfglra}]i_ yfh%pét nﬁ&g%{)l%heddg&eﬁt %d(?
structure of oof delfledelly 428423 4ehll.420akdibeled INGRHQUT, abdpectily. AR3elaypnd 424

have a construction simlar to that of delay cell 421. Delay cell 421
i ncl udes a huntls 481 -4dé haye an egyaknumber ofgshay stages. 453 connect ed paral | el

bet ween supply nod [§ h ' an

i nput node 471 ande%an(:%&jjftt%&léo%aegeg%%f 4%’ lﬁ?ﬁ%uﬁbﬁéﬁﬁﬁﬁw&f |gﬂgie del ay
cel | are connediledi4 @g§etdsar 483Akhd 484) poiinectodi missedebanivédn modesdd Ideidalg2.cel | are
30 connect ed t,?ggt her. The conbi ng}tion of 1 nput %des 4%1 of the del ay
stages W thin {Eangistory incgach stage 1o @ cpment PGP S3OFRBEC EPT %2Rk node) of
the delay cell yankiigors SOTTRRN R dePly sPige A5 fohy aRHER AtPh Rl edd1RdECAAYanT a0ES

wi thin one delay cell also the “output node (cell output node) of del ay
cell. 9 WOIR0043D Ninz3iehyrel)saD0hds@antbe of sy stagerun pardlel ketwemeiodes ay cel |
connects to the input .node of another del ay.cel.l in,the series. For exanple,
ouf put node 47%610?“%6{9%@“‘58‘9? OZQira@'gﬁWE‘?ﬂt BX‘P%G’SﬂS n q‘?gal}’tceﬂét&i?ﬂel\cl)mﬁt del ay
cel | 422. For gltREekikdin E4RR deDRYtagiodes and the output nodes of delay cells
422, 423, and 424 are |abeled | N"and OUT, respe_ctiveI?/. Al'l delay 5 cells
421- 424 have an equBlic amonnépf efrrefibinggchonungnispatica chntefiled hy agairaf cededhies 451,

452, and 453 ingcludes.a. .nugber of tr | st or 481-.4 ~383, and
484) connect edofthe g z'HCeC? d%e{g%eeé‘ﬁmﬁ]gd@?'gﬁﬁ 285, 14 8‘2&3 bl%ﬂ%l('-t%ﬁg ﬁgll?ﬂqog I n each
stage forms cegnt@Nthe Rate trafkiRe 38 54RI0B4 (&eont@X tRRhRUNt dfTcRfehiSh @kley 481- 484

in delay stage 451 forma current path between nodes 461 and
stage 451, Thus, transistors 481 and 484 serve as switches to control the amount of

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 DI,_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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10 462. Since delay cells 421 has a nunber of delay stages in parallel

bet ween nodes 461 and 462, a nunber of parallel current paths exists in
delay cell 421 (one current path exists in each delay stage). The anount of
current in weememurieent path is controlled by a pair of raagsztistosrsenf the
DL_C code. For exanple, in delay stage 451, code bits DL-CO and DL-CO* 15
control the gates transistors 481 and 484 to control the anpbunt of current
in del ay stageTH&Murehtinghe turmnspahosfeadSdelayndll 48grop@tional as thewumbeey t o
control the anpbunt of curren

t .ip each gurren ath in i ch..t he s of
the transi st or &t¥epgay stagesin £aah d?"l?é’r?tﬂll'o INERHHE dgle?tﬁ%e% ecﬁ?té‘éa?edsllg%h arly,
the amount of CIHRGOLS B DICICAbE RO RuRE of&ﬁv@@ﬂhﬁ%%&%aﬁﬁe@ﬂdﬁedﬂﬁs DL_Cl
and DL C | *. e anount of current 1 n delay stage 20 453 is controlled by

code bits DL_Qéleting tie valve of fhecoderbitanf taf Dbiff fedet i n each del ay cell may be

I ncreased oy decreased hy selectin n .actli 4 | n each
del ay cell § An acti ego’@"gc?msn\?g]ftée&ks’ glgli)z}y%gélesa% cson}\ﬁﬁbagglél%g?/ﬁéﬁgjgé' vld th both
transi stors 48heanghtdfmaite diffsrde dofbinatih df fteihar bitdeag be veltwet) todel ay st age
is the delay stage with one or both transistors 481 and 484 are turned off.

25 Since the apuodwne differenfruaiber pipctuedrloeiasy. Eer sxample inGoBoIHIoR gent i cal
Coe oo 7o R0 kB AAkarEd AN MRS IR el gD S nce

t he amount  of rent 1 ay C y

C, in enbodi mepids452WThLS, ifi He eRbmplecatieonesofahetieliiytstdges ischetivatetbinaagiuoft  of
current in each of the delay cells 421, 422 and 423 is..cont éﬁl Ll%d
digitally. 180 thedelepeels LoRE PN Agangfhersxamplefhe sompinagon g paty B % ¢ he

detay of each by pb Uifecid @hefiidd Geidslaghods| RASRIRY Heachlatelabiay stafe 3C_del ay

cel | depends on current rent pat each delay cell. Thus,
by adj usting t Wkuscinrthisrkample; tee detayrstagext arp attivated in eagb lof thsidelaysells 421t he t ot al
delay of delay line 400 is also adjusted. 10 WO 2 0116 /111 7 7 2 3

PCT/ U52005/ 027%88  The current in the current pat hs of each delay cell is

proportional to theynpmaembehimeat! indeldsbayes i aaaorite dasiveliehzyamel | . Since
each del ay stage can be activated by the <code bits of the DL_C code, the

number of ~ &Eti feemdeleasn wirabps of currenbsarved imversats isywhiglepashenmgntsievedal ue of the
o D! ot RS B SRR B B B 13,7, o
the binary bitgveee iP&nkellars ethe k@ne delay code such as the DL_C code. 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 Tex) relative to the CLK_IN signal, each current starved inverter has a delay of
(N/M) Tcx (or N divided by M times Tek), where Tek 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 2 delay of % Tk, % Tck, and % Tex relative to the CLK_IN
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produce different nunber of active delay stage. For exanple, the conbination
of binary bits 001 may be selected to activate del ay stage 453 and
deactivate stages 451 and 452. Thus, in the exanple, only one of the delay
stages is activated in each of 10 the delay cells 421-424. As anot her

exanpl e, thwocambirati on of binary bits 110 may be sel aghragké@oegti vat e

del ay stages 451 and 452 and deactivate delay stage 453. Thus, in this
exanple, two delay stages are activated in each of the delay cells 421- 424.

I n sonme enbodidgigal, Fespebterelie [aYhiS taghte, ol eghttureht diftocdpivayers Riveand21- 424 15
forman even nunber of current starved inverters in which each current
starved invert®#l deleofifitdcby an odd nunber of del ay stages and each

current starved irﬁé%’é?a?rliaé§0§Wlﬁ9h,|%e%yﬁﬂe%?3§%ngﬁls%?Bl@eﬂ\séignﬂlas the

DL_C code. For exanple, elay cell 4 In Si X delay~stages in
whi ch a first dplayepbpfin hinbes agplied\by detaggels 4234M, ths releienshpthetyesndiel, 452,

and 453) faqrns first r t starved inverter 20 and a ond .gr pup of
three del a&r st @ﬁﬁéﬁﬁﬁﬁaﬁ'& %@@5@'@_&%@‘1@?8@2}’ “’a‘?"i’aﬁgég)’ cel?d& a
second currentdesiriied @8ove)¥iBfetRl vARRT HeIOL | McRR MBS MeleBteli ieadjiidi e CUr T ent

starved inverter. The fi rst and second curtent starved invertérs in this
exanpl e are coerunbdf dedayoy eadhededayreellDl C code. Since all of the current

starved inverters are contralled the del ay code |l _of . the current
starved inverters ﬁ[ﬂ\?gmgﬁmhﬂ‘ﬁg‘lems’ztggﬁ%%?ﬁﬁ‘gﬁ‘dgI°3 ?lslcﬂn%%éﬁyr?eﬁag wher e
each of the deloaioNé!shsh £4bly43MrdIRS 104 ¢IVIGS | 3Pd@MEEoNntrOHBE0)of FIGT £t
starved inverters and each of the ENI-EN3 signals has a fixed delay (N TcK)

relative tW® t he CLHnti enbpdihentsrgpiesentadrbyilGs é.adelaydinerde includen fopr delge| ay of
N/ TCK (or i,Yi tinmes re TCK i he f. the

( KE/{ N 30 gi gnéaélllg agggﬁg%r@,s% egﬁég@e%é&hhﬁg n\‘/‘\ﬂ%@%@fﬁ?ﬁ@éﬁ E’&Bm as eight

CL

(8) current sti@mypchd diffeehtefsn (duno Thetefofd) in Shddtbodiiieitd, @icnunibeeat h del ay
cell), the EN I, EN2, and EN3 signals have a delay of '/a TcK % TcK, and'
TCK rel ative t§llonPubsignalasueh agihe 134 igpags mey bedifforent fronv8s i gnal |

eepectiel v dpkliiosaihsaaelle Su 0o 1 Abgh By Busplery Tove o
signal is IShe sGhi enbodingmss| thediembyreaf dolay aragesineadh afjtid dedaly dujls dmlydg cel | s
421- 424, the rded_fgte;]to (;snrlnt eel?et ween the
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 A0 through AX (A0-AX) provided on address lines 508.
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5 CLK_IN and DL QUT can be adjusted by adjusting a delay in each delay cell.
As described above, different values of the DL_C code may be selected to
adj ust the anount of delay in each delay cell. In some enbodi nents, the
val ue of theoBws@iwaxle is controlled by a delay controlpcarussssinzmas del ay
controller 105 of FIG 1 or delay controller 400 of FIG 4. 10 In the

enbodi nents represented by FIG 4, delay |line 400 includes four delay
cells, as an exarrplAronddmssﬂnu&abiﬂiitrmsﬁcs,rothdnew&ben linés fdltayowcel | s of

he.mumber of GBI SRERIE cBrgrEar Loraierr s A ol pkesteses bl AP R e

di fferent fromdh@it addredsbd1 linek 563 to‘boﬁfﬁ%c@@é%@()@’%hﬁﬂ oﬁ%'signw dhlidelgge del ay
stages, as an exanple. In 15 sone enbodi ments, the nunmber” of delay stages

in each of the del & certrlsiramls ifeconpls fl@m@mtwmsmﬁmmw devipe S¥hia

nmbodi t G 1.
PG 5 shows aotones  ulpubrals3aahdirthe1et EaBo st ont siaish

i nvention. Menlirfey 52@ tichrle 2 bwAYceBEStRobe yipaal FeA §°6 Adtyluras AR66s BBy §ASDORAM)
device, a static random access nenory &E@Sg{!ﬁ%ew ce, or a flash nenory

device. Exanpli@glaf Dmaérbw@@%wﬁc@ Hgenh 694, oale
h aehi f
Synont onous: Seehgg b ROHRH: AT PRGN 0 RIS HERSHAH 0TS of

Dat a Rat e DRAMnda WI@B&mtlamoCcRﬂmbumu[DBAMsﬂwmmSAchnnﬂaﬁd n5thc$aﬂe el enent s

of nmenory eV| ce 500 tted f Iarlty Menory devi ce 500 includes a
menory arr SUFWS mcgm@ er‘?ﬁ"r%PRFr%t&W s 503 for storing data.

Menory cells 503 aAltheritedg &thdxf‘wﬁt‘éf‘ﬁg%ta £6h W SnesHr d%?é"fegﬁgﬂggﬁ 04 and

%Iurm decoder 506 access henory ce 03 In response to ress signals
t hr ough AX niga@mXeliph @i Tedeadropadtorssdd oupe ds@grom tR2mely @He6031017723

A

PCT/ US2005/ 027 ddress, buffer. 534 f dd i

508 to row decBaingshEnRaRgh oS Xt brtesiirel e Rncr i M G BOBRE ST
buffer 536 tramfngﬁﬁdam:pﬂoumed fAdeRsAvied 500 Bies S88ndiQokoé i the sapater 506

based on a signal line 5
15 data outputted from mcmory device 500. A combination of the address signals AO-

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
374-M. Read strobe unit 573 transfers timing information of the output data. The
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A control circuit 518 controls the operations of nmenory device 500 in 5
response to control signals on control |ines 520. Exanples of the control
signals on |ines 520 include a Row Access Strobe signal RAS*, a Col umm
Access Strowe wkdHM7723i gnal, a Wite Enabl e signal WE*, gpd@nipeusebeed signal
CS*, and a Cock signal CLK Exanples of the operations of nenory device
500 include a read operation and a wite operation. Control circuit 518

i ssues a READ fadgRélt dighalsFEDQ8adhbigloRPOSIM@n lmeslonstiobe ilélﬁnmamﬁﬂd in the
write operation. The wite operatjon wrlte es or

S {Huggij data from dat
dat a ter ni nal srepusent ghe timipgigfogastiog of the datgou ﬁB‘HéP%‘P?réfl‘ileYlﬁ%\ put
data from neno Rﬁ%v I Ygnare.e
bi - di recti onal 5%31§teslnjf)§e g&%r#%esssg%kl?eﬁ%gﬂgirr b%?@&%h Rﬁﬁg h?n ut data
provi ded to menory Dmltﬁas&ﬁ@rh;;cuﬁri%xtchldmadatastnmc@vemﬂ)ﬂﬁ@ 582110@!9“8?5 dat a
outputted from

devi ce 50 on.of. the addr gnal s AO
AX on |ines’ 50§§T—§No ‘é’a’tsﬂ"é"%{ﬂgg‘egg égag\i 15, P1-dirgion 8$§s|‘rgﬁgry cells
503 being. reagaforhialih BBth dHBdue! DifalidckivedBopnahisigs soo-Naaskeibt er 519
to store values representing the operating codes of rrermrg/ devi ce 500.
1

Exanpl es of theftdapmpatdatgambﬂiesutﬁotdatmlmﬁdda@(daiaslsﬂal&@tedﬂé%/ tﬁ)ﬁ)&f)nterval and

Cr anacei ver ! e 08 o dea i e et S B QR Bt BBl oy,

511, and an oubpyp gl IEQIN"re‘i?e%em@?etlﬁputtdﬁtamﬁﬁﬁlnvworydéxﬁc& $0068&itssanst er s
data to and from nenory device 500. Strobe transceiver circuit 57Q

transfers 0ni dga durﬁngﬂhawramowattoheﬂﬁhﬁﬁm% TN prprasenftheutnu dataiwheni ¢ 570
includes a wite str d, & unit 573. Wite strobe
ungt 571 has sPIFBYY ‘?Yb‘i? |°Pg’ﬁflst£&(d§?ﬁ%ﬁ%gﬁad§%’§‘%ggnthr ough 572-M Wite

strobe unit 571 tramSoffeSenttodinigts, aefcnromtsumqsm thlbeghRDQlSMEui@als citieswrite

strobe signals (bits) WDQS-0 throu h V\D% l.ines or. strobe termnals
582 represent timingini U@Wﬁﬂﬂﬁﬂﬂhé@%pt H'égmﬂgtws'(sa%]&’mﬂﬁs‘éxternal sour ce

e i ki
OUT) 574- 015 hr augber oF - IM)-(Raaugls DQeNeignal (MM Inrodires embeditienispggch of or mat i on
of ‘the output dhaetR?DQér-%etluo%lgh %st(ul'\lftomgenla 5 c%m?es t7u%m§g m?T n/ngt“?gnogts a/ &%Zﬁ? he

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 fransceiver circuit 590 and memory array 502 duning 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  Insome embodiments, signal generator 588 includes embodiments of si gnal
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 signals RDQS-0 through RDQS-Mon lines or strobe term nals 584
represent the timng information of the data outputted from nmenory device
500, An output strobe generator 586 generates the RDQS-0 through RDQS-M

si gnal s. Daya zhdsaasesi ver circuit 590 includes data tranggaidaissis TX)
592-0 through 5 592-N. Data transceivers 592-0 through 592-N are

bi -directional circuits; they transfer data in both directions. Data

Lranscel vers 3%ulr %ﬁﬁfdé&@nté%ﬁe B0 RO SiEAs Biofue a bmbitiddiuhe BNOZNING ¢ he

out put dat a. ta signals or data bits) DQ 0O through DQ N on data
lines 594 reprsignabhtdekwibed of Fithd thnepght Fifata and the out put data. DQ O

through DQ N represent the ut, dat a, when s 10
data during the wit&Bp E’P cﬁ%‘ﬁmg’[ﬁ@nﬁl A8 Wﬁ%ﬁ%&’h 81 %?n{rﬁé@ég‘&l?put dat a
when nenory dﬁ‘éigﬁ@l g@g&a@bﬂlmﬁnswﬁi@lﬁ Ehcdtghb]@nérhﬁr ﬁﬁadleowﬁnaiﬂ munberloﬁ sorre

enbodi ments, each of the RDQS-0 through RDQS-M slﬂ%gal s carries
i nfoor mat i orf ofdetaysels Smh@%&@t&ﬁﬁ%@‘gﬁﬁﬁ@ﬂ"&%ﬁ? elchﬁmPF@é’gcm% c“n rrent s,

e punber of SRR i P B0y o sy B fRugRepurer of
RDQS- 0 thr ougmnm@eal\{h&ngpgﬁbpnﬂatdcam&mmmydm«;eri%)ttppmvaﬂe araggeotfp of the
v ough. RDCS. MiaRiraiioas 5e FOENE S esiB e T e evBb 8 ¢hr ough DON
signal  (MN). 20 'Jﬂgg% e ORhAuiRRAR, A ENto- ﬁ?glgﬁ'ﬂ%éi’@é@sthﬂlh@@i%ﬁalﬁﬁi@mrol

transcei ver circuit and nenory a a during the write operation.
Qut put datm paddibnﬁﬁﬁ’aubnaﬁstfcmesnpimmacmﬂs(a‘ﬁmm%?ao tmmgﬂd‘éﬁ“@?’? cuit 590

508, 520, " sa2. ook i GOAB I TLEAMRER S7SE 0t Td WP O L

packaged i nt egg @og,ggsﬂsgﬁqhbth@ RBSRMntOBY i @gomexgnmsmaemmmmgents,

| i nes 508, 520, and 594 corres to pads on a circuit die of
menory devi ce S@ls 1Nbﬂmry1raim\pade050@mf)l)fr mige SPhcl udes a signal generator 588

responsive to cont signal s CNTL on n t nunber of
enabl e signals EN( C#Iﬁ)ﬁ ]!‘(g’ff IPEmLLY S t@ﬁ‘é% ?%ér ,tose?lbb%gﬁﬁ%ng%\@r% or 588

i ncl udes epPodipBitba. Menftirg BatendOEmaads dbPidesiHant 1620, and afrkGemal donkough
FIG 4. In sone enbodi nents,” the EN(O- N) signals include one of the ENO EN3

signal s descrigssgralon6B9.G. | through FIG 4.
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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14 WD 2006/ 017723 PCT/ US200S/ 027863 I n other enbodi ments, the EN(O-N)
signals include a conbination of the ENO-EN3 signals described in FIG 1
through FIG 4. In sone enbodi nents, signal generator 588 includes a signal
gener at or sWOR6#37783 gnal generator 100 in which the si gaalusgmnerratsor
includes a small number of 5 delay cells such that signal generator 588 may
be a relatively conpact circuit. Thus, enbodinments exist where signal

generator 588 may bedit9aalidg/gcherattedad ﬁroaxdbeh dith wiedble sigmahD|_Ebirte sontrel an

appropriate location of nenory device 500 to provide a nge |gnal S
such as the EI@WIW@%‘I 13 tbna@ﬁﬁ“ﬁ%&“‘i?‘ﬁs ﬁ?eck"“tr‘? °PWPB%WI ‘%V%F 626 Tﬁn sonme

erhodi ment s, 1) SENel Mg SRR ARG Bl 1TNR03hiaRR! DAL shperel 10 o

conbi nati on of S IRPUL ¢TI TCult s 72-0 rough 572-M strobe
output circuit (ﬁﬂ&;ﬂdﬁ@dd&'ﬁ%@ﬁdt;mbugdasfﬁl&eﬁtecavﬂsd%a transcei ver 592-0

t hrough 592-N. In ot her enbodi nent S aI S control
timng signals in lBserag c@poHmERs, 65"‘?@ f?éﬁ&gyl bcg}g%&ﬁ?: 6 shows
menory system ﬁt%@,gl g&g&wsﬁ& %c,% O@mbgeﬁeﬁﬁml@o d dthe cirbuit eemeit describhiar y

system 600 i nc evi ces nd 620, and an external clock ener at or
630. External Ianoctkhrgegtemﬁisr Ixsaheqmmdmwtsadat@nm@r&ﬁﬁnemséﬁ YJeHEERt or CLK

to both of the C 10 a cl ock
gener at or 63031?1??? g&o&pg@.@gﬁn‘e ) rsu%na%gl%“ | r%ﬁ?r? og‘f gnd gé %fref\%&l(t:e 610
includes a tr aNsh&ity @scftedGH F1G.61Brobgly FIG Sa I ssrhesthed emtaidm:etds lbuélrca‘ 614 for

provi ding a nunber of data signals 0 throug a g er of
strobe driMer smﬁmenﬁlcgpnqyatgwﬁ:ﬁaﬂg dataﬁmm&ger@fat@"t%whédeg’ﬁga a t hr ough

i ormat 1 on ofs BHCeg R R Tl et St £R ﬁ%ag“*ﬁ%"ﬁ% Devi ce

620 incl udes tr@ENs¢RbLYE! FIG. 5Cui t 622 havi ng a nunber of data receivers 624
for receiving the DQ O through N signal s andané%’ntr trobe
recei vers 628 for raevigei2Agisehesbcsanintgina) Glosk Besralpce 0ar &r of t he

4750 U T A, g St
provi des arp entiﬁBDQ oitlgomadh IFQMN signadnandche BQSebthrough DQS-M signals for further
processing. A control unit 670 controls other circuits of device 600.

The EN, CLX, 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-EN3 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 coniroller. In other embodiments,

30  device 610 is 2 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 in an operation such as a wite operation of device 620. The
EN signal activates receivers 628 to allow the DQS-0 through DQS-M signal s
to pass from input nodes 627 to output nodes 629 of receivers 628. 15 WO

2006/ 017723yHehchD3905/ 027563 A data tim ng generator 49, RiPVHESS a data
enabl e signal D EN to control data receivers 624 in the operation such as

the wite operation of device 620. The D EN signal activates receivers 624

to allow the DQ O tgheongh RN Sk GRakRIdP 0PRSS dlzATenBBdimeRBdE ]he623 1 0
out put nodes 625 ofﬁé'e?:lg?bverg é24. 5 yl%n sonme enbodi ments, signal_generator

635 i ncl udes enzntibneBlestrafic systeni Hancludasapaecsssos iith agreaqry 48Yicqyee? at or 100

and other circuit el enents scribed in., F .1 her
embodi nents, JAEOTYCAPH {eégg@zag '%%Btr?%éhgééé Inp@ﬁ%&r%ﬁﬂoi?oﬁeg%nal
generat or suchysgs, &kgaahsYaneyEial 7540péiftngdvive 766, auiatperipharateletise descr i bed
in FIG 1 through FI'G 5. In sone other enbodi nents, both of 17 t he signal
gener at or 635 TRd Adautsa 60icaimegts g ivé hescievissntogsbet declepp BN 'd00f a  si gnal

generator such_as.signa r.at. ' b R[¥eRbsc descri bed
in FIG 1 thrp(’)?:‘aﬂgslﬂ%@‘keg%@\9?&@6%%%a@s%gle?%?ﬁﬁgg@ggwl}gﬁ\d anal e ock
generat or 650 sh@EmmMOQY Teiont névte déviges showirpinalechic kPdtann 760 yanbe fomed ix or  635.

A data capture circuit 660 captures 15 the. DQ 0 through N signal s and
the DQS-0 t hr AUEIDEBP MULIOFHAmRboERents, plegfEqnic %F%E’e@é’i‘?é’." D%‘b%‘irﬁ‘g‘?reunit 670

control s other, circui : ice 600. The EN, CLK, and CLK IN signals are
simlar to thaeg%F§#’r?§1§ﬁfgrll‘g% described in FIG 1 through FIG 4. As
descri bed ign FI G IBusl60ugly belcthduétinsirapaabn a giesnat boarst or gty hsrapgionig®ren r ange

of enable signals such_as the ENO EN3 sjgnal s. in. 20 which e ENO EN3
signals is seICéEIte%dBP%7@b‘“ﬁ¥l ScEf@ng?céNﬁEI‘iegﬁcﬁs ‘f‘“—flal(lfm@??cﬂsémlﬁé]g%ﬁier? 1Ea‘#or 635
mely include erfodk oRm A e@cu&ﬁgﬁ{el PitiahiBR (. g I'Ya8io wves)alPegpiitedt dbvite 75835 al so

provides a range of enable signals simlar to the ENO-EN3 signals. This
range- of enablmasbamplintenpooptitabdativei(es, 8ED-ROMdeyige sl YPidEVICY? sel ect an

cont ol the t AERLE dBpecls ey aot AyhE pra PR G, TBRERRIRL 5 Y
Further, the naaasryHevRBIDD trayPeddghinip tmdbiiescas erint (DRAM) devisgawher e the
signals such as thée CLK and CEK_I N signals are ipprqper options,.
static random access memory (SRJGAMSJ device, or may be a %as 1 memory device, or
a combination thereof.
At least one of the d;:vioes 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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In sonme enbodi nents, device 610 is a nenory device such as nenory device
500 of FIG 5 and device 620 is a nenory controller. In other enbodi nents,
30 device 610 is a nmenory device such as menory device 500 of FIG 5 and
device 620 w® miqgnonessing unit such as a m croprocessorpersiRHBI863

enbodi nents, both of the devices 610 and 620 are forned in a single chip.
16 WO 2006/017723 PCT/ US20051127863 FIG 7 shows an el ectronic system 700

according to errbodlﬂ@tsssh&i«saﬁﬁlwwlmomﬁkmgfdmxfodﬁﬁaﬁgmmeo i ncl udes a
processor 710, a nmenory device 7 a nmenory controller 730, a @@hlc

control | er 740invemiopn @ﬁtllmrsorstgmt&ﬂﬂﬂm{qdﬁﬁ CIwﬁtmlblsllapomIFs@d tga éﬁ‘@ﬁ‘cﬂ 752, a
keyboard 754, | A b
760 connects. alegPMREd SR e (7 gr Sitafs BE. PSR BN R A gt B TS s

an external cl pk8I%iigaadstechid aalatszoﬁaﬁenmdma‘tortdwmdem other enfbodinaants; oni c
system 700. Two or nore devices shown el ectroni.c . system 700 may be forned

in a singl® cHrgyithup Ségh%*éﬁﬁfc?@idﬁﬁﬁﬁ%so%é%&ewee‘gw SRRy omit one
or more  devi CegiRIRNdsFRG. A, cfnsgmeéﬂbc;ﬁéﬁgflgtgﬁh%%ﬁ{ﬁga%ﬂﬂg%hh&%ﬂsraces on a

circuit board or may be one or nore al so connect the
devi ces of el empresaitcths yoinbimiiéiOofitle DIQrlsthemigh D@h!rmgrsﬂscﬂleégD&Sth romagnet | c

opt i cal _devi cowe VBRSO Senviscv BB BiER BRI BinalS oIl bty Co

(e.g., floppy &hal%nsidddﬁﬁé&m ﬂférD@-DI\%'QiaQ dﬁqmbmﬂ(@p&sem@merwﬁﬁamﬁaf 15
Menory device 720 may b dynam ¢ random access nenory (DRAM device, a

static rand®om ﬁncﬁé@tllmndTPQ(EWIS gl the BQSed thm;ghtl%Q&-M sigadls pERISH 9. devi ce,

or a conbination thereof hown . i nthgll ectronic

system 700 i ncl ude SWB&Eﬂb ‘Hleél%o evgeS?gﬁ%ﬁrggseﬂearégﬁtgﬁe@u%w Ao

generator 100 gasbdhBRE, devics 826 opefdlestk 8 BROhS froQEaty Reshithtelsézond t hr ough
FIG 6. Therefore, at |east one of the devices shown in electronic system

700 has the opfrequeneyds saeqiet todhe Grstiquerdyg Catcuit hubrd H) isicapiigirest toanaipee
signal s such a@;ité{j?{. ENQ%%F’I\A%%’“’S%;@ ﬁlr g%%%m'b%ﬂmhﬂ &Gt hlib 516 ﬁ%gfhsi glitd> 6. The

option to sele md range of Shant e stgnal'smay all ows
at | east ope of t&dﬁee\dwsmeﬁhdradah@cazo@pmﬁte§ytsaaqﬁhgﬁeqdeﬁcxas operly transfer

data 25 within the sane device or ng two or. nore devices qf electronic
system 700. Circuit hub 810 1nc1udes a devme 830 having a signa! generator 840 and a
control unit 850. In some embodiments, device 830 is a memory controller. In
other embodiments, device 830 is a processing ur.1it 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, contro] 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, 588, 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 contro] 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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El ectronic system 700 of FIG 7 includes conputers (e.g., desktops, |aptops,
hand- hel ds, servers, Wb appliances, routers, etc.), wreless comrunication
devices (e.g., cellular phones, cordl ess phones, pagers, personal digital
assistants, etc.), conputer-related peripherals (e.g., printers, scanners,
moni tors, e Qweneieertai nment 30 devices (e.g., televi SHEanAK00ERHES
stereos, tape and conpact disc players, video cassette recorders,
cancorders, digital cameras, MP3 (Mdttion Picture Experts G oup, Audio Layer
4) players, vi RS, i , : h468 theltfanéi@r 3DBEDBL 7723
AT U008 05 TS0 B b0 iha iy ‘@Qﬁ’gfﬂéfn“‘%’%, according to

embodi nents of DNsiznale by stleesing amengitlheENG-ENS7izmals thawgnsd bt sEiheyi t hub 810

connected to a.device, 820 Vi a ugher . ' I NEYeAke §ltannel s 825.
In some enbodi FEHELCY d@ﬁabnu?f;/mrcﬁﬁlbﬁ%wwgﬁéacﬁ %ﬁg‘%ﬁggﬁ%ﬂ?g\r}lﬁ ce 820 is a
sem conduct or Pg\k&fple, dircok heb 8 Eiidagsdmntte ENI gimat toi haripetthSttnsfes oftheest er

and device 820 is a nmenory device _such asi*&g\:trrorzée devi cg 500t of i G 5 1In
sone enbodi frenP8-DN signabovhre davineS20 operates aediinaEequpnay,aad sedt PS8 nbi nat i on

of the DQ O tht h i E}S/%g% \QQQ&M i ks, and

t he RDQS-0 thrrgggf%lﬁ%wgﬂgﬁgﬁ’sm% gﬂr ?it\tlﬂégjte%\ﬁg]r\l enbodih(r%fggte’g, the

% BN si gnial S S%Dcf[ﬂﬁﬁm aBQgec?ﬁcbﬁ'ethnt)Surtemal @hﬁb:ﬁaﬁtﬁicq:l:ﬁmf’- gbercieee, B t hr ough
Sl gnal s an e - ro - nal.s. O . . sone

orbods ments. deiA18 ioeRTapER & SHE e ENG b SBRE bk oh e otpin

enmbodi nents, dgyj . ibimlybeteber he second
! ﬁ%‘hﬁ‘gﬁﬁ%cm@ 8 ﬁ ©SmaHag@ihd HamTet of &Ws%ﬁa b

frequency is u to the first frequency. Circuit hub 810 is configured
t o manage 1@at drcuiténk 8t and devicdéllce 820. I n sone enbodinents, circuit hub

810 is configured Sﬂwséﬁiogﬁgpg(geﬁ%%u\é@ﬁ& ﬁﬁ%‘gﬁs SAF-008L 8l &eat varying

fr(equenci es. Circui S victe aving a signal generator

840 and a conghidiHetd m@pOe incfuds® Eoreukeilitaiefor thoselefithe eth8B3Anbcsliraente nor y
controller. In other enbodi ments, device 830 is a processing unit such as a

processor. Signal generator 840 of device 830 generates a nunber of enable
signal ENO EN3 (ENO 20 through EN3). n sﬂ:h unit 810 provides control for
device 830. In sone enbodinents, co it 810 is configured to scan the
ENO- EN3 si gnal s t o galdstmbeditments of He imNaidiNGosidg nintdtsiand wiethods fdie sel ect ed
signal allows circuit hub 810 to . properly mana%e the t{l.anﬁfer odf t he DO DN
si gnal s bet we egendating a range ofstable sigpals to improving operations within the same device

or operations among different devices.
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 {wo or more

devices. Further, embodiments of the present invention also compensate for any

b2
th

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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hub 810. In sone enbodi nents, device 830 of circuit hub 810 includes 25
enbodi nents of device 620 of FIG 6. Signal generator 830 includes

enbodi ments of signal generator 100, 588, or 635 described in FIG 1

t hrough FI Juip G 8, the ENO EN3 signals represen E :

signal s deS%Pﬁwg@rpgiFlG. | through FIG 7. As describegmrhnﬁmﬁﬁg%gp?hrough
FIG 7, the ENO EN3 signals provide a range of enable signals in which an 30

enabl e signal .t hi [ Q. ap At control a
transfer of S%B%E‘%lgre%@i &ea@%g%g@_ﬁ t?eﬁibﬁf?@&gﬁ }glsal%h %%%%Cogg%&o oper at es
at varying fregventioreshouidemeetdrdde dewymintd with feferehdeco B dPNemded whdimgs, at
varyi ng frequency donai ns. The ENO EN3 signals 1 2006/ 017723

PCT/ US2005/ 0278688 Withdks seq’ne&'f Fﬁ“lﬁﬂﬁﬂtéwnwft W"g Ci/ai\g@%?fﬁie?‘?%%ﬂ- to properly
manage the transfer of the DO DN signals by selecting anmong the ENO EN3
signals the signal that suits the frequency domain of circuit hub 810 with
each frequency domain of device 810. For exanple, circuit hub 810 may
select the EN1 signal to nange the transfer of the 5 DO DN signals when

devi ce 820 operates at a first frequency and circuit hub 810 may 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 10 circuit hub 810 and device 820. In the description of

FIG | through FIG 7, portions and features in sone enbodinents nay be
included in or substituted for those of the other enbodi nents. Concl usion
15 Vari ous enbodi ments of the invention provide circuits and net hods for
generating a range of stable signals to inproving operations within the sane
device or operations anong different devices. As integrated circuit devices
beconme nore advanced, one part of the device mnmy operate at one frequency
and anot her part of the device or of another device 20 nay operate at

anot her frequency. Therefore, synchronizing different operations in
different parts of the sane device or anong different devices may be

conpl ex.
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Enbodi ments of the present invention provide a technique to provide
flexibility for selecting a signal anong a range of signals so that the

sel ected signal may inprove the accuracy of the transfer of data within the
sanme device or anong two or nore 25 devices. Further, enbodi nents of the
present jnventjon also conpensate for any variations in environnent factors
such as ﬁﬂﬁﬁhrﬁ?ﬁﬁg process, operating voltage, and tenperature so that
the sel ected signal and the range of signals remain stable despite the
variations in the environnment factors. Mreover, enbodinents of the present
i nventi oh of fA&dedces edmprising:y conpact circuit for a signal generator that 30
operates at a w,de.range . .of freguencies and with reduced current or power
consunpti on. 1 {fiteRRGaR: a6 SGRT bk 2R bBuLRHER SEMURT! s nfended
to be ilburldyatilyonfigaid thicefves b idehtida dighinieltdoge lddByetvieetti | | be
apparent to those of skill in the 19 WO 5006/9 7 7 2 3 PCT/US2005/ 027863

art uponthe delay inpubnefeand dhesdadaydiuippt fade, spdvad tiredalay ¢olls dneludimga scope of t he
inventio r . i i e 0 pended
ol ai s, Pt e OFRE! REs e8FBTEL Bebfilalhin LRl LEROE el RREPTOET
enti t| edincRAinghaiuniber of ddlayesdages coupledAn ghesilelcbetweanra Brstmppl mbde ayd 4 | ne

i ncl udi ng a del aP/ i nput node, a del ay oufput node, and % nunber of del ay
cel I's cotfepyliupalwde<aeh okthe drlay gagisiconlizgedtorgspond ta g JEEEt BAICB oupl ed
bet ween j . node and the del ay out put node, each of the del ay
cells in%ﬁtﬂgfj%g!ﬂgdéldgtr})%&e’r of delay control nodes for receiving the digital
del ay code, eaplmsofletedter ideludipgadirbtgnpiit nodaictiuplpdao therdetay infutdeli@y st ages

coupled in paral].el between first supply node and a second supply node,
each of e WP “B‘Etdﬁ’ggc‘&%?aqt@ﬁ‘ir’ee%elaiyocp'ﬁ%éﬁfi&’d af“g a different portion of
the digital det sapERr iRIRINASENHEIR6f Mitphtholisidiongled té tHeHelaynput node
coupled to the delay input node, and a second input node coOupled to the

del ay outitol nesies; andadiumbspeleinpetjnedesaesponsive i thg paasa datsetor & out put nodes
coupled to th e ntrol nodes, and a nunber of input nodes responsive
to the p?i(glslsém (;filglee(%:et{il rc g’r adj usting the delay code.

2. The device of claim 1, wherein each of the delay stages includes a number of
transistors coupled in series between the first and second supply nodes, wherein at
least one transistor among the plurality of transistors includes a gate coupled to one

of the delay control nodes.

3. The device of claim 2, 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

control nodes.

4. 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.

5. The device of claim 4, wherein each of the delay cells includes a number of
current paths coupled in parallel between a first supply node and a second supply
node, wherein each of the delay cells is configured for controlling an amount of

current on each of current paths based on the value of the delay code.
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2. The device of claim1, wherein each of the delay stages includes a nunber
of transistors coupled in series between the first and second supply nodes,
wherein at |east one transistor anmong the plurality of transistors includes
a gate coupled to one of the delay control nodes. 3. The device of claim 2,
wherein the code adjuster includes a counter having a nunber of counter bit
lines, e&ch ofhadeyice@lifladn Spwvherpinfagh eldhe Peeent pathnimchides mewiel ay  cont r ol

nodes. 4 . ' i rei.n i adj uster. includes a

di gi tal %Dé% ta})g/ "ggééleeggatgjnegqug o&%%%%&?é%q’lgrﬁo%gﬁg]}% I{nlr‘g}ée %Wlhcthlrrber of binary
bi ts repineldedd comtroheoddeloayled adefirst elaylévmtdenddeanting chaddRyconwber ei n each of
the delay cells includes a nunber of current paths coupled in parallel

bet ween K st supply node and a second supply node, wherein each of the
delay cells is configured for controlling an amount of current on each of
current paths based on the value of the delay code. 21 6. The device of

cl ai m 5, 7wher Biedexelof ofaimh hewbereinemach pfthé surrant battie furthesincludes a coupl ed i n

series between .the first and cond. s | v, nodes, erein the.switch

i ncl udesseﬁo%(gsr’l‘flf'cglcoﬂli’} eS5UET é"gwf?ﬂl tge?‘%é%/d HEP S‘@\ﬁﬂ’t‘}(@Fs’r’fﬂ@éelrérrong t he

del ay CofMek&ond BRASSIncilidesTHEorABY h6R c@ﬁ%@a & dRelond 85 EL NS PESHcAmdhpe Ccurrent
paths further includes a second switch coupled in series between"the first

and secotid delapppytraldedss, wherein the second switch includes a control node
coupled to a second delay control node anmong the delay control nodes. 8. A
device conprising: a first selector including a first input node for
recei vi ng. a chdelicstgh@lisin®@ second input node for receiving a preanble
enabl e signal, _and an sel ector output node; a delay line including a delay
i nput node cotfrseiplectrripdudipg a firs innytpefstfonserivinga signalieput node, and a
nunber o I . ay.4.1p nd the del ay
out put n%ﬁgﬁi@ﬁgﬁg?%ﬁgggﬁﬂﬁﬁg?Eﬁﬁﬁgﬁﬁgﬁﬁﬁé%ﬁgéé“%ﬂggFF“ﬁﬁ ﬂ? node, and a
nunber ofiodtel ay control nodes for receiving a delay code; a delay controller
including a fi '

i nput node coﬁ%ﬁ%ﬂm$§%%H 83%Fé&ggﬁggB%gﬁ%ggkgg%g%éég Bé@#g%ggéqa second
a delay output node, and a number of delay cells coupled between the delay input
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

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.

9. The device of claim 8, wherein the delay controller includes:

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; 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;

10.  The device of claim 9, “wherein the code adjuster includes a counter coupled

to the phase detector and the delay control nodes.
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coupled to the first selector; and a second sel ector including an output. .
node and nunber of input nodes, each of the input nodes coupled to the cel
out put node of one of the delay cells. 9. The device of claim8, wherein the
delay controller includes: a phase detector including a first input node
coupled to the delay input node, B and a second input node coupled to the

del ay ouklput Thsdevicapbclaing devhemin ieciods %P%@f'fﬁﬁh@‘ ingludes e legici nput nodes
coupled 1 g rg{b%nﬁgéa‘t%eche ﬁ%}sg%t%to fb%nﬁofhuﬂ@fa eQUlRUfoggodes coupled to the
nodes, a i ‘hp SRt

del ay contr es responsive to the phase
detector for adjusting the delay code; 10. The device of claim9, wherein

t he code adj lnc des count er upled t he phase detector and the
del ay colftr ofﬁﬁ&a&e 012 aify | Werfalé& d%’ aé’fcoﬁtlr%ﬁ‘?‘n?‘i@erm Mt he code
adj ust erjp{diel Bg{pléd' MerWeiiSh clJ:lQang»Ht ¥ and 8 @61"(}1%& Yifst Eﬁ’q §e'3§‘—n mB&te detector to

control a sign on the se ect 12.°T evi ce 11, wherein the
del ay comdeod the pliase tietectoi.ncl udes an inverter coupl ed bet ween t he del ay

i nput node and one of the first and second input nodes of the phase
detector. 13. The device of claim 12, wherein the first selector is

configured forpesRiREbE HEim we\m&aﬁm ﬁ'stsde&%l' 1stdanﬁ§@ce§ eraele@ingOUt put node
when t he del ayed out al is 180 degrees out of phase with the input

Si

si gnal . thdpreméled@nag@ thé s ¢C&¢rmuij3lt nodeewkdnthe delayedawipit sighdds or i s

confi gur n put signal from of one of the delay
cells toﬁg gggh?% hﬁ%qﬁhh%? L%%ghd sel ector when the del ayed out put
signal is 180 degrees out of phase with the input signal. 15. A device
conprisin a nunber of variable delay cells configured to received an

i dent i caldi gT}teaieVGepégflalreéaeN@ﬁenéwpw sehectopisicoBiigred il del ay i nput node

for r eceéeYécH%%ﬁlg cbiBY utss!l o ’Iﬂon‘é%'ﬁle%glaﬁ/%eﬁ’s g%eae(ut}gﬂheaé oftode for

provi ding a ed o tpu si gna eac s 1 ncluding a cel
out put nthdeecbod sq:beom(m whenghaddaydd omtpupsignad iighll degsme bumf phhee wiei ay cells

i ncluding a nunber of delay control node for receiving the digital control
code, and® MWPHENEMY- the delay cells including a number of delay stages
coupled in parallel between a first supply node and a second supply node,

each of the delay stages configured to
15. A device comprising:

a number of variable delay cells configured to received an identical digital delay
code and 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 cel! output signal, each of the delay
cells including a number of delay control node for receiving the digital control code, and
each of the delay cells including a number of delay stages coupled in parallel between a
first supply node and a second supply node, each of the delay stages configured to
respond to a different portion of the digital delay 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
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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respond to a different portion of the digital delay code; a 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 nunber of
counter bit lines coupled to the delay control nodes, and a nunber of i nput
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

the del o cer Y Qe h PR & hin B EFyabite” 5a 6Fhre BlRRahs REE%1 Clrai m 15,

wher ei n dufebetlef Qirrent ﬁ@mmg&b iPparalié beEleal a FRtlsSp 1P hbdedandikdbeid of current
paths coupled in parallel between a first supply node and a second supply

node. 17uPHb@odRvi ce of claim 16, wherein each of the current paths is
configured for varying an anmount of delay of each of the delay cells. 18.
The device of claim17, wherein each of the current paths includes at | east
t hree trEnsi skherdeviceuptleitn il 6, velexdin sadhaif\teasurichepdths is tosfighrafopnd suppl y

nodes. 19. The device qof claiml erein each of the current paths
incIudesW%wg&PQ%ﬁomﬁéﬁﬁﬂéyaﬁg&kpgﬂmggHWPém&node coupl ed to one of the del ay
control nodes. 20. The device of claim 15, wherein the variable delay cells

are configured for providing the enable signal delayed fromthe input
si gnal big.a dBlealevieqoétlaino 13 whendit epdheofdlfie mmenepagiit incloflesat tepetl € of t he i nput

signal. 21. The devic f cl.aim 20 rein,the variable delay cells are
confi guréEf’eftr&PSIStB‘Fsc?\‘?Pﬁie%ﬂ“ ?He%g‘ltmleé”atﬁgﬁﬁﬁ apd Se@ﬁ?@/W%‘me'ng in each of the
delay cells. 22. The device of claim?2l, wherein the variable delay cells

are configured for providing the cell output signal in which the delay from
one cel | 1%ut plhe dsvigaaf clabn 1 ivheanein eeak af thagupent pathiatluiles astyish to a mul tiple
of one-e¢ej ght h of. i.n i | . . _The device of claim?22,
wher ei n %éngp%sg’ggﬁ(gg%@gﬁlgr%Fsﬁgeéfrﬁ){%é%% egglr%y C%rﬁ%éél??eﬁg t he del ayed 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. 24. A

syst em c&hpr i Hherflgvicy of plaigp 1gevhesein theviarigbla deleg salts ssmeonfigueediier mi nal for
provi di n&o@idﬂi%ttﬁe é{agfé%ignal delayed from the input signal by a delay equal to a
multiple of one-eighth of a cycle of the input signal.

21.  The device of claim 20, wherein the variable delay cells are configured for

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

22.  The device of claim 21, 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

signal.

23, The device of claim 22, 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.

24. A system comprising:
a first device having at least one data terminal for providing a data signal,
and at least one strobe terminal for providing a strobe signal representing a timing of

the data signal; and
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and at | east one strobe termnal for providing a strobe signal representing
atimng of the data signal; and 24 a second devi ce having at |east one
data receiver coupled to the data termnal of the first device, at |east
one strobe receiver responsive to an enable signal for receiving the strobe

signal fromthe fu{%%rdeV|ce and a signal generator coupled to the strobe
recei ver, whet$Pong dryicsihgring aflead one sata rereivgtieypl eétﬁ&ediﬁtq tsewisdl circuit

havi ng aoﬂﬁéﬁ ¢ LR o108 LR EleKIoR Kol RRY b el Bhng) el 2y out put

node to prOV| é out put signa vari abl e del ay
cells comta:lgmgetd: stobe mg&al\fauhl the firdteteyice,and di sgnahgendmtcayocpiddatoand coupled in

series e n the de] ay. ipput and del a t put nodes, wherein each of the
del ay ce’%?l §&\$9?€F%\?§ w er%‘l‘]f’f@% g‘?fiﬁ?ﬂp‘ﬁ H%F]Bftjl ﬁodes and a cel|l output node
for providing a Ceidela@-lbékgd chcBi fhving @Haafﬁ{ght erdetf@reregé{/lﬁgaﬁﬁ{ﬂ@ includes a

nunber of delay stages coupled in paralle et ween t supply node and
a seco ndslgmqh,pil qplaydnu@ut osadhtogirovitea déa}sﬁgd csitpai eigna oarfdi agmumeebr vdvarrablepond to a
differen controller

coup! ed P ted B Ryrdd15 e et 2o PR QBT et Sy Bnd RS RSBISSCL <! gna

from t heb@@bdn taebElEY inpadddelatod ;ﬁﬂﬁbdasv%aémteaﬁ] ¥xhé a&bﬁca%hﬁd{u&@' I's to be
the enable signal. 25. The system of claim 24, wherein the delay | ocked

circuit #Oownbdelayepatadgodesaand soakquiputingds t@ﬁpmlchngaﬁ?ih@utpwgﬁneu to the
del ay !“%H{ o gﬁmeaaqy @le lhapﬁefs aq{urr?olét Biel tsgaf‘ﬁes éonLga d%i,slﬁ &)%%ﬁlglcge%ee'nnd uding a

first inpu e cou e inverter o a second i nput
node coupkiedsipplyt Ilmiﬂedﬁﬂ aye@ut pupplnocke, ehaf &e%lﬁ?&tag@i corfigufedito nodes; and a
di gi tal del ay. enerat or _i nc udlg% &gﬁb%L i nput nodes coupled to

Y & unbe

code
t he outpU?WH@dgéﬂgﬁgﬁﬁéoﬁﬁﬁ§gt r of bit lines coupled to
the delay —controlaf\ides comfollel Bouptdth 20 faycbaledchduir kLR die di 01 tal

del ay code generator 1ncludes a ounter i ng nunber of courtter bit |ines
coupl ed tadl ditput signadron® the cEHeutppstainodht lehsaivwe 2bthe wheatde delamodllisof t he del ay
stages i qu ﬁ& L. ea t one switch coupled in series between the first and
second SE§§| S'§8 “controlling an amount of current of between the
first and second supply nodes.

25.  The system of claim 24, wherein the delay locked circuit further includes:

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

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.

26.  The system of claim 24, wherein the digital delay code generator includes a

counter having number of counter bit lines coupled to bit lines.
27.  The system of claim 25, 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 of between the first and second suppty nodes.
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25 28. The system of claim25, wherein the delay |ocked circuit is
configured for providing the delayed output signal at 180 degree out of
phase with the input signal. 29. The system of claim 28, wherein the del ay
| ocked circuit is configured for providing the cell output signal delayed
fron1the |nput signal by a _delay equal tqo a nultiple of one-eighth of a
cycl e o8t he T pypiens pfeiaim 2§0th?1%%§y3§49é(rjr9‘3@d€lr‘&i%329“ﬁ%%4 &rn the del ay

| ocked r di gnal in which
R e R S e D AR AN
to a nultlple of one-eighth of a cycle of the input signal 31. A system
conpri si g device v1n rm.ngl s rotr nsfer dat n operating
frequen ihEFDfS&HIP ggydﬁ?"‘éﬂ ng dteF‘i’é( Egcm{]ﬁé;oxa 3‘3?14 Thub including a
si gnal %ﬂ(ﬁhguferceﬁ%mpaf Quhdliaegy @df?&ml?émﬁﬁt s?gqemfa dligpadimi tde circuit hub
IS conflgured or selecting one the enab signdl s based on the operating

f r equenayulidfle bhendeghtbef acyclrahtiganput sigaglsf er of the data between the
circuit hub and the device, wherein the signal generator includes: a delay
| ocked circuit having a nunber of variable delay cells configured to

recei vedpan Ime@ygt&ﬂbfdhﬂm baul witkedia YheCR el 1adkdd et BQohfigiied f@s between a
delay input node and a del ay outEut node, wherein each of the delay cells

i ncl udePreviginabwrcel outpyt Slé'@ﬁit"? whic d@?e@labbﬁrom@eewl dedex fignaigi t al del ay code,
and eac%g&#&ﬂo gju?lﬁrgﬁ?“éé arﬁ)laurq 1p?e 0&’% thod adCSJc@ f%ﬁe%g coupled in
hode and "a

par al | el ween each of the
del ay stsgmel configured to respond to a different portlon of the digital
del ay code; and a sel ector coupled to a nunmber of output nodes of |east two
of the wvariable delay cells. 32. The system of claim 31, wherein the
circuit fub U§g%&%?&%ﬁﬁml The system of claim 32, wherein the device is a
seni conduct or devi ce 26 34. A syst em conprising: a sem conductor device
havi ng t er mi palesicé bavitg tenmingls fdatransér data abpreepriting frdquetspyency;

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
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 configured
to received an identical digital delay code and coupled in series between a delay input
node and a delay output node, wherein each of the delay cells includes a number delay
control nodes for receiving the digital delay code, and each of the delay cells includes a
number of delay stages coupled in parallel between a first supply node and a second
supply node, each of the delay stages configured to respond to a different portion of the
digital delay code; and

a selector coupled to a number of output nodes of least two of the

variable delay cells.

32.  The system of claim 31, wherein the circuit hub is a tester.

33.  The system of claim 32, wherein the device is a semiconductor device.
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a circuit hub including a tester coupled to the device, the circuit hub |
including a signal generator for providing a nunber of enable signals, the
circuit hub is configured for selecting one the enable signals based on the
operating frequency of the device to nanage a transfer of the data between
the circuit hub and the_ device, wherein the signal generator includes: a
del ay | dékedAc3YPtent ®OMHUFINgg a nunber of variable delay cells coupled in

series betwahnRafalay deg@g%@gegger[g{yaqls%fd@ Rher QthBthn fingeach of the

delay cells in ng a control n f recgiving an
i dent i cdteqadémgif al del ay code , wherein the delay |ocked circuit further

i ncludes- an inverter, including an input cqupled tqQ th el ay,, i nput node,
and an inverlaéFC‘b‘hﬁ‘gh’t“CﬂgH‘@;a,te er&qaglgggb@'l@ gyre. it lﬁﬂitﬁfﬁg@“?qdr”ﬁai nput node
coupl ed t i : '}P@H%' pled to the
del ay oj%gglﬁ]t&ﬁ%ﬂg%?&gﬁgwgmgﬁg%‘g@ g?F %’%@g&fgnﬁlg’ggg?lr%ﬁ a 18?%?'%%?3%6' ay code
gener at dor sefectingloneghe emabidegnads basexport tha oderstingirgiuedcy ¢ofithe Hevieubput nodes of

e P, 92 S8k 75 AP & phliubbORAERRLshah I el oty

the varig@hdreiofRlcRMes:Cel I's. 35. The system of claim 34, wherein each of the
delay cells includes a nunber of delay stages coupled in parallel between a
first supply asetie leakad airemchayingampnber ohwdiableaglayTigls egupledrin o¢ries| ai m 35,

wher ei n h_of, the I t i nel I t..0one.switch coupled in
cor ! o6 HELTRLR el TytF upde ARy AR BER e AEN S BT el B e

of cur r enimbeedai@esdntroEnddes 8ir revetliseanidentidpdibital dele odP WhaGatha'g an i nput
signal through the de| ?% cells to obtain a del ayed output signal; adjusting
\

the del gty lesked girowdt iyrhsr ingfhdes: amiavertss including\al ingwroupled gethayeldy out put
ne o ! gl . FIpL e _ P i
outpat Afth nBad, &k FivERE oub Bt AN dcRIGR I ARG AL B © el ect ea

cel | outoupledioghalinvederbu@iut pads andja sévend eipecricld coapled muhpdélagpgpatl t o an

enabl e node. 37. The %ysten1q5 pl%in131, wherein the signal generator is
confi gur”é’ ¢,;agd a number o output nodes; an

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; and
a selector coupled to a number of output nodes of least two of the variable delay

cells.

35.  The system of claim 34, 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.

36.  The system of claim 35, 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.

propagating an input signal through the delay cells to obtain a delayed output
signal;

adjusting the delayed output signal until the input signal and the delayed
output signal have a fixed signal relationship;

selecting among multiple cell output signals at multiple cell output nodes of

the delay cells a selected cell output signal; and
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provi ding the enable signals in which each of the enable signals has a fixed .
signal relationship with each other. 38. The system of claim 37, wherein
the variable delay cells have an equal anount of delay. 39. A nethod
conprising: setting an identical digital delay code to a nunber of delay
cells of a delay |]jne, eac@ of the eI ay ceI | s including a nunber of del ay
st ages coupl gass;qgtbg;eéqsqt@ce é’cu\%'é?ﬂg& tp pit gnable ey node and a second supply
node, each of the delay stages configured to respond to a different portion
of the digital delay code; 40. The nmethod of claim 39, wherein setting the
del ay cdde i ﬂ“hbﬂmnsétlainmgl ,awherdinl éretsigral gmrnhirriﬁtdlﬂ‘rgumﬂtbi nary bits to
control nodes each of the C s. 4 od, of Iaim40,

wher oi n PRGIGE MesTATE sigaes Thuheh SR el sigmalies o dardestie. 4o The

met hod Qélaﬁdr@hlﬁglvﬁﬁ]ea\eﬂgﬂﬁhn modi fyi ng the value of the delay code includes
controlling an amount of current in each of the delay cells. 43. The nethod
of claim42, wherein controlli ng t he anobunt of current in each of the del ay
cel I's inglud al | owi unt. of ,curr t to |n each of the
ol &y coni o Ths Bt oRdeR 37 RS IR ol ABRL A hgliP g il nci udes. ahang ng
a count anoumadﬂaelalyn whi ch the counter value corresponds to the value of the
del ay code. 45. A nethod conprising: receiving at |east one data signal at
an input node of a data receiver; 28 receiving at |east one strobe signal
at an i MPut rouethofl camptisingie recei ver, wherein the strobe si gnal carries

numbor of varrube 8" BsploH? obRh el B o PAORBGRE bRy Yot BBt put i gl o

in whic maaa@hh@ﬁelaheelﬁeﬁdlu@ug RHEmBé@TALRyY B@Bestoupled @flp bt Bbtwesh at | onshi p
W th the |nput signal, the variable delay cells responding to an identical

di gi t al [HEISHPPIY A andzacsscentd upBly\ieds, a?B%OHB? delaygpges cppidguied 99 a nunber of
del ay sf%%gﬁéeacﬁ%%q‘:?‘L}“Bﬂ’f’l&%ﬂg‘@?&w&dﬁ first supply node and a second

supply n ages ‘configured to respond to a different
portion of the digital delay code; sending the enable signal to at |east one
f th I r

ot the d%t a %%%e\ﬁ?od oa%'rg:?al 39 wﬁerem setting the delay code includes setting an

identical combination of binary bits to control nodes of each of the delay cells.

41.  The method of claim 40, wherein adjusting includes modifying a value of the

delay code.

42.  The method of claim 41, wherein modifying the value of the delay code

includes controlling an amount of current in each of the delay cells.
43.  The method of claim 42, 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

delay cells.

44.  The method of claim 41, wherein modifying includes changing a counter

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

45. A method comprising:

receiving at least one data signal at an input node of a data receiver;
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receiver to pass at |east one of the strobe signal and the data signal from
the input node of at |east one of the data receiver and strobe receiver to
an out put node of at |east one of the data receiver and strobe receiver.
46. The net hod of claim45, wherein selecting includes selecting anong the
cell output signals in which the nultiple cell output signals have a fixed
delay with each other. 47. The method of claim 46, wherein the fixed del ay
is a multipl eceiviggatlaasyruhstrape signalat e input nods dfaptrobsiegeizér, 48. The met hod

of ¢l al Myt d Bithe SOTBY Gl RINGoR NEuaka sigpal from a data driver:

and sending the strobe signal a _ 1949, The nethod of claim
48, wherei n geoghgagng dreingad stigral Ghalghantinfend vigiableelelagicepde si gnal are

Fecer vi rPe PUFBar LU TaDelor PoIhSang! b SULORBNGIRDER 80
fixed signal relationship with the input signal, the variable delay cells responding to an
identical digital delay code, each of the variable delay cells including a number of delay
stages coupled in paraliel between a first supply node and a second supply node, each of
the delay stages configured to respond to a different portion of the digital delay code;
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.

46.  The method of claim 45, wherein selecting includes selecting among the cell

output signals in which the multiple cell output signals have a fixed delay with each

other.

47.  The method of claim 46, wherein the fixed delay is a multiple of one-eighth
of a cycle of the input signal.

48.  The method of claim 47 further comprising:
sending the data signal from a data driver; and

sending the strobe signal from a strobe driver.
49.  The method of claim 48, 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.

29



