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Periodic digital signals are comonly used in a
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synchronism with a clock or data strobe signal.

[004] As the speed of memory devices and other devices continue to
increase, the “eye” or period in which a digital signal, such as a data signal, is
valid becomes smaller and smaller, thus making the timing of a strobe signal
or other clock signal used to capture the digital signal even more critical. In
particular, as the size of thé eye becomes smaller, the propagation delay of the
strobe signal can be different from the propagation delay of the captured
digital signal(s). As a result, the skew of the strobe signal relative to the
digital signal can increase to the point where a transition of the strobe signal is
no longer within the eye of the captured signal.

[005] One technique that has been used to ensure the correct timing

of a strobe signal relative to captured digital signals is to use a phase-lock loop
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Vcon signal.

[007] In operation, the closed-loop nature of the phase-lock loop 10
causes the phase of the CLKour signal from the VCO 20 to be adjusted so that
the phase of the CLKoyr signal differs from the phase of the CLKn by a phase
error that causes the Vcon signal to have a magnitude that maintains the
frequency of the CLKour signal equal to the frequency of the CLKy signal.
In general terms, a small phase error can be maintained by using a loop

amplifier 14 having a larger gain since a given phase error will produce a

larger control voltage Vcon.



The phase-lock loop 30 is substantially identical in
structure and operation to the phase-lock |oop 10 of
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! Océ(e%gra(l: ggrglmtelte?g " In general, the power consumed by a phase-lock loop is
directly proportional to the frequency of the signal generated by the loop since
power is consumed each time a transistor is switched between two logic
levels. Unfortunately, a high operating frequency is needed to match the high
operating speed of digital devices, thus making it impractical to minimize
power consumption. Also, a high operating frequency has the advantage of
reducing the time required for the phase-lock loop to achieve a locked
condition.

[011] Phase-lock loops can also exhibit problem other than those

related to power consumption. A clock signal produced by a phase-lock loop
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[01 5] HN}(S) 1/(1+G(S)) (Graph 3)

[016] Graphs for these formulae are shown in Figure 4. As explained
below, similar graphs for an embodiment of the invention can be favorably
compared to these graphs.

[017] There is therefore a need for a phase-lock loop that can operate

at a high frequency and yet consume relatively little power, and can operate

over a wide frequency range and relatively quickly achieve a locked condition.

SUMMARY OF THE INVENTION

[018] A phase-lock loop and method is used to generate an output

clock signal responsive to an input clock signal. The phase-lock loop includes
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di agram of the phase-lock |oop of Figure 2 after being

annotated to show vari ous noi se sources. [022] Figure
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lock loop circuit.

[020] Figure 2 is a block diagram of another type of conventional
phase-lock loop circuit.

[021] Figure 3 is a block diagram of the phase-lock loop of Figure 2
after being annotated to show various noise sources.

[022] Figure 4 is a graph showing the effect on an output signal from
the phase-lock loop of Figure 2 of the noise sources shown in Figure 3.

[023] Figure 5 is a block diagram of a phase-lock loop circuit

according to one embodiment of the invention.
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t h&&&é&ﬁa&m. Al so, the signal VOUT
[033] One embodiment of a phase-lock loop circuit 40 for generating
an output clock signal CLKoyr from an input clock signal CLKy in
accordance with the present invention is shown in Figure 5. The phase-lock
loop 40 is similar in structure and operation to the phase-lock loop 10 of
Figure 1. Therefore, in the interest of brevity, identical components have been
provided with the same reference numerals, and an explanation of their
function and operation will not be repeated. The phase-lock loop 40 differs
from the phase-lock loops 10, 30 by including a frequency multiplier 44 in the
signal path from the VCO 20 to the phase detector 12. Also, the signal Vour
generated by the phase-lock loop 40 is taken at the output of the frequency
multiplier 44 rather than at the output of the VCO 20 as in the phase-lock loop



generated by the phase-lock I oop 40 is taken at the
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Souﬁ;ﬁ)?l%d%" the phase detector 12 had a frequency commensurate with the

operating frequency of the VCO 20. The phase lock loop 40 also has the

advantage of reducing the effect on the output signal CLKoyr of phase noise
in the input signal CLKx, as shown in Figure 6. Figure 6 shows the phase-
lock loop 40 of Figure 5 to which the previously described noise sources Oni,
B2, and By; have been added. Also, as before, the gain of the phase detector
12 is shown as Kg, the transfer function of the loop amplifier 14 is shown as

Zr(S), and the transfer function of the VCO 20 is shown as Kvco/S. The open



Q\2, and QN3 have been added. Al so, as before, the
gain of the phase detector 12 is shown as Kf, the
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i ncl udes a phase detector 72 that receives a
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the clock tree 52, the phase-lock loop 50 insures thaf the data bit DATA bit is
coupled to the data bus terminal 58 in synchronism with the CLKy signal.
[041] A phase-lock loop 70 according to one embodiment of the
invention is shown in greater detail in Figure 9. The phase-lock loop 70
includes a phase detector 72 that receives a CLK|y signal and a feedback clock
signal CLKpg. The phase detector 72 includes an up/down control circuit 74
that generates either a “DOWN?” signal to decrease the frequency of a CLKour
signal output from a clock tree 76 or an “UP” signal to increase the frequency
of the CLK oy signal output from a clock tree 76. The phase detector 72 also
includes a charge pump 78 that receives the DOWN and UP signals.

Basically, the charge pump 78 generates- an error voltage Vg that increases in



that generates either a "DOMN' signal to decrease the
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i ncludes a non-inverting
circuit 100 that generates a pair of control voltages Vcon+ and Vcon- that are

applied to respective control inputs of a ring oscillator 102. The ring oscillator
102 includes 4 delay stages 104a-d each of which includes a non-inverting
input, an inverting input and inverting and non-inverting outputs, in addition
to the + and — control inputs. The delay stages 104a-d are coupled in series
with each other and from the last delay stage 104d to the first delay stage 104a
with each inverting output coupled to a non-inverting input, and each non-
inverting output coupled to an inverting input. Insofar as there are an even
number of delay stages 104a-d, the delay stages 104a-d are unstable and

therefore oscillate at a frequency that is a function by the propagation delay



i nput, an inverting input and inverting and
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[047] One embodiment of a clock serializer circuit 120 that can be
used as the clock serializer circuit 110 of Figure 9 is shown in Figure 10. The
serializer circuit includes four parallel branches 122a-d of first and second
NMOS transistors 124, 126 coupled in series, which have been provided with
odd-numbered designations for reasons that will become apparent later. The
serializer circuit also includes four parallel branches 130a-d of first and second
NMOS transistors 132, 134 coupled in series, which have been provided with

even-numbered designations. The transistor branches 122 are coupled to the



the latch 56 to the data bus term nal 58. [047] One

enbodi nent of a clock serializer circuit 120 that can
wbeondpendsas the clock serializer circuit 110 oPCHU20£017692

9 is shown in Figure 10. The serializer circuit
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per Ciogit' 10 toggles ethevepkiransHpnaeny of the CK(0-CK?7 signals so that it
has 4 times the frequency of the CK0-CK7 signals, as shown in Figure 11.

[050] Another embodiment of a phase-lock loop 170 according to the
present invention is shown in Figure 12. The phase-lock loop 170 uses many
of the components used in the phase-lock loop 70 of Figure 9 and, therefore,
an explanation of their function and operation will not be repeated. The
phase-lock loop 170 differs from the phase-lock loop 70 by coupling the 4
phased clock signals CK0-CK3 to the clock tree 76 where they can be used for
various functions where a multi-phased clock signal is useful. For example,

they can be used to coupled 4 bits of data to each of several data bus terminals.



signals are both high. As a result, the CLK QUT signa
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memory controller (not shown in Figure 14). A row address is generally first
received by the address register 212 and applied to a row address multiplexer
218. The row address multiplexer 218 couples the row address to a number of
components associated with either of two memory banks 220, 222 depending
upon the state of a bank address bit forming part of the row address.
Associated with each of the memory banks 220, 222 is a respective row
address latch 226, which stores the row address, and a row decoder 228, which
decodes the row address and applies corresponding signals to one of the arrays

220 or 222. The row address multiplexer 218 also couples row addresses to

the row address latches 226 for the purpose of refreshing the memory cells in



[052] The SDRAM 200 i ncludes an address register 212
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259 I n accordance with the present invention, The
phafiem|the Hatp byp 258 through data mput receivers 260 to a data 1nput register

261. The write data are coupled from the data bus 258 responsive to the
CLKour signal, which is used as a write data strobe. As a result, the write data
are coupled into the SDRAM 200 from the data bus 258 substantially in phase
with the CLKy signal. Altematively, the phase-lock loop can be designed so
that the phase detector used therein generates a minimum error signal when
the CLKrg signal is the quadrature of the CLKy signal using techniques that
are well known to one skilled in the art so that the write data are coupled into
fhe SDRAM 200 at the center of a “data eye” corresponding to the CLKy

signal. In either case, the write data are coupled to the column circuitry 254,



receives a periodic CLKI N signal and generates a CLK
A IT signal, as explained above. The CLK QUT si gnal

w0 200dmendsas a read data strobe so that the reaPCDEER05/017692
are coupled to the data bug4258 in substantially in

o omavhir thed e Py Sh 8 St el R, 29 bt 5" A

dat padrUegidRB 260 redpahddet 2 dath Pridsk MRS Me $o 2él6ctivelylalter the
data i nput register 261. The wite data are coupl ed

f r oflew rf drte dnteusnd o8t ofSposolupn cicriy 224 2337 such as by

Si | [ q ] ghe. As a

r eg%%tcf“"twﬂé‘%\l%}r‘ﬁn g&%ﬁ?gé‘gerag ﬁ&"b%*}%eﬂ%‘%&ﬁ%%é’ﬁﬁg SDRAM 200

fpose6) t he dat aFipue 125Bowu s embbdiadny of o c@hpuster syistem 300ethat

CLK I N signal_. Alternativelé t he phase-| ock Iogp car%
Sng o the

be B&%Hn M%OQ HeSPHaS R Benof e \ise at ¥g
9eNGhiH eﬂﬁ aF g Bg%@gll@é'l{ 8bp aéﬁﬁgéd YRRR oF Q@m%lﬁwF Bmbodiment

signal 1s the rature of t CLK I'N signal using

t ecdfhihguiaseritivat Fhe comphtek spstemt 300 melwles lal pabcessot B2 for
art sp that the wite.data are coupled into the. M
200PERIHE VAT CoBPIGTE BaFRosy SeTot PESBURTG e gorhare
CLKo! PeredrnN@pecifid) cBlchilAB6nsC 88 Qaskb. NETHE iphScedra3 @ encludes a
coupled to the colum circuitry 254,255 where they are

t r apro¢assorduist394dhat nofmalheinghuday en 2d@yesspn, a control bus, and a

o iond i as e e SERPRRT Sl HOTRAVERORF BB Gimoue

| Nt @evases 3041t sueh ak AkegBbdidar @imidust} caupRdo tRS processoh 36 to
by selectively nmasking data to be read fromthe arrays
22allogpan oy%é} terimgenitece tiths Hisveompvte iysiameot  dypigally, the
co {: : r

ot reahuicr 3B 08 o B B nde b Bu T S BB E o
of the [Preesdr AR, kaxdpowtpsicdéviied tsyhiosley beinganprinteher a video
enbodi ment _of the invention. The f ut ﬁr S}%/pst m 30

i nclerpigal: (0P gt B ELAata goraesdeyices g ﬁl’w sappisaly coupled to

Cor@ﬂ\%’\é}r%sg& YL 8 N%ore o2t E Watd BEMSPREMNAI Sorage media
software to performspecific cal culations or tasks.

The(npt shoss3.0Exa0gles ntlypitebstarage devisesdirl Shugudolard land floppy

normal Iy includes an address, bus, cont r.ol

ot S5 e oot wRCeotnpE S ptronl EFBoR (o ROMY, Fre
i nC%HQc%%rom A aRBItSpicAIBU oM €CS chbe nSdifidtya®@ which is
keyboard or a mouse, coupled to the processor 302 to

al | enaldn stapierrandnm tagcés taeherye("WRAM Dhand: émphg SPRAM 200
system 300. Typicall t r

heniied o EBvistisn o8, IR0 HEhEdler g Apies an

Pr ofRIs&ObusOoupdadC ko ok [dtrese\bius €251 4t YFige@! 1Y) beicogpla row
printer or a video termnal. One or nore data stora

devaddezssesamdpobiman adrressss tosthe pLRAM 2. ¢ Bhe memory cEtroller

330 also includes a control bus that couples command signals to the control
bus 206 of the SDRAM 200. The external data bus 258 of the SDRAM 200 is
coupled to the data bus of the processor 302, either directly or through the
memory controller 330.

[057] From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the
spirit and scope of the invention. Accordingly, the invention is not limited

except as by the appended claims.



the processor 302 to store data or retrieve data from
external storage nedia (not shown). Exanples of

wo yeoalosst or age devi ces 318 include hard and PETDPR3005/017692
di sks, tape cassettes, andigonpact di sk read-only
menories (CD-ROM5). The processor 302 is al so
typically coupled to a cacORAIM®ry 326, which is
usual ly static random access nenory ("SRAM') and to
t hew@RAM: 200 t hrough a nenory control l er 330. The
menory controller 330 includes an address bus coupl ed

to the address bus 214 (5g%ure 13) tq couple row X
addresses andl-col ufmphageneskslosr tgsneREngHRARR PR Clogk ssignal

me ' a control bus that
co%ﬁ%@gfg’g%gﬁé} gﬁ% %Ert?ég (%O@ﬂcég%sr ol bus 206 of the
SDRAM 200. The phaseatermtordaymghu Sirs Highud redehanSHRANMpR0Gock
is coupled to the data bus qf the processor 302,

ei 171874 4 ééF‘WHdPP‘FH?%‘@Bg ﬁﬁéwfrﬁwﬁétﬂ%ﬁ &R Bjasg dggector
[ O5ddneFati Rl fifasd A GAREMD af 4n Yhtbht S RRRIIEAIVRIFR dela@bnship

al though specific enbodi nents oft the invention have

b e ebeteesrc the lphdsehefr the mpud clogk signsleandathe iphisgsafrthe oufput clock
varLo%ﬁ.nDdifications may be nade without deviating
froifthe spirit and scope of the invention.

Accordingly, 4 ReltigavesmtioNed bscin@br having af iﬁ;ﬁﬁ&f@h RE tB)the
t he appended clains. CLAIMS W claim 1. Ap ase-Fock,

| ooptpenef Hiei plpsadletsatoputhecyddiege sogielied: esgidniern generaiing a
an jjnput: ¢l.o S| I r&sing. . C

B Siefr o B GBI 50 By R RBBRBENRE e cror
andsign#ggand i nput receiving the output clock signal,

t he phase detector generatjng a phase error sjgnal at
an out put that Trequarivy Teip et bowirtg 3tk it 6%%?4)9%%8 rfhe

th f, [ i
eclgagﬁg?eﬁ gotgg E’le'sc{?l Ut lo;? ltlf%%lt%%& Blrotied OE(PF%tgH 8 r8duency

the outp a volTage contro
oscimbultiplior gérevitmg the outpputloclosighalchttan duitpt diavimgta féquency

t he_phase detector, .the vol e.controlled oscillator
gorGRLe rrgsipErasche Grarary ot AETIGRSR g oR fomy e Suput
fr eQrIBRCYoIGRE ' @AROIH BELilidisr, RRAD8tRE (0?1the 'fgég[ﬁkﬁcyﬁﬁﬂltﬁ)lier
frequency multiplier having an input coupled to

r ecledingcaupdeddb daksesonrhmput afdhe pliese detegtor. of t he
vol tage controlled oscillator, the frequency

2. The phase-lock loop of claim 1 wherein the phase error
signal is indicative of the difference between the phase of the input clock

signal and the phase of the output clock signal.

3. The phase-lock loop of claim 1 wherein the phase error
signal is indicative of the difference between the phase of the input clock
signal and the sum of the phase of the output clock signal and plus or minus 90
degrees.

4. The phase-lock loop of claim 1, further comprising a
loop filter coupled between the output of the phase detector and the input of

the voltage controlled oscillator.



mul tiplier generating the output clock signal at an
out put having a frequency that is a nultiple of the

wo ewquersy of the cl ock signal received from tPer/ostopiet7692
of the voltage controlled aecillator, the output of
the frequency_nultiplier heing coupled to the second.
i nput of the hasehg“ei’g%gf"g?‘?k gw_op : eClﬁWblée-fﬁlnglFﬁ oBL0E 2
cl aAlodp Imdneeetsupldi RRaSahE bt 8F B8 PhadcSddtEtdbiCaHdi the input
of the difference between the phase of the input clock
si gofithe aoltagelvenipdlissieosoillatone out put cl ock signal. 3.
The phase-lock |Ioop of claim1l wherein the phase error
signal is indgicati F hifer t -
phase of the ?nput¥§ %%%kgﬁagé%&%ﬁgqgﬁgpguﬁﬁggntﬁ%zoumUt
phaggclotighdlezeatiafpdtbycthe dleqatrgyahulkipterhdssa fequenoyshad@s an
degrees. 4. The phase-lock | oop of claim 1,%({%” htgr
conifagst Ayltiple ebpreriraarencyciupy sloch stsRgertotiied BOMpHE opfput
t he ﬂﬁﬁﬁgl Qﬁﬁﬁ@kﬂQEgﬂﬁﬂf i nput of the voltage

e

contro oscillator.5. The phase-lock | oop of claim
1, further conprising a loop anplifier coupled between
t he out put of 7t he Thagphasddoekctomp eihcainhd, ifmhar eoimprismg a

|t t l.ed i 11 at . . The ph - | ogk
of PG e GaBled 1 TRE"5 B L SRERFBRA P B s et ency
by ﬁlﬂﬁi}:fli@ﬁﬁlﬁﬂ@ Befé)Snélelﬁuit RIf ey piias datebiof BERBbupRALlto itie alock

integer multiple of the frequency of the clock signal
r ecleéey sal tifat ¢ha sdeendinputief die phase deleetay seaebies s peigut clock

.|l ator 7. The phase-| laim1, furth
corp G 4R BTl ek Betlod ™ e ot pur

clock signal fromthe frequency multiplier, the second
i nput of the phaseThephadedoclbéoapgof elgimetl witertinethe | vadtage
tree so_that .the second input of the phase detector

r eceirodled AECIMAPTRPMRLISEL A T8RS 3¢t om t he frequency
mul tiplier through the clock tree. 8. The phase-I ock

l'oop of claiml M?ﬁ@iﬂ'ﬁagéjﬁ)ckoiobﬁgﬁ it @ h@fdrein the ring
oscillator conprises a ring oscillator. 9. The

phaswillaokcimppenfa pluelity 8f Whkyetlemente thitrage woupled 4o rach

co ises a plurali of , del el enepts that .are .
couphetie b Ainsiabis eSS ERIE b PG héins having o
r el pkhQRTHidRlayedmfoD teriniiil dRdt a3onebRNBBsSerAB Prdigation delay
respective delay control termnal that controls the

si gihadughr bipaisdayi eamget, dhe delay control terminal of each of the delay
elements being coupled to the output of the phase detector so that the signal

propagation delay of each of the delay elements corresponds to the phase error
signal, each of the delay elements generating a respective phase of the clock

signal generated by the voltage controlled oscillator.

10.  The phase-lock loop of claim 9 wherein the frequency
multiplier comprises a clock serializer coupled to receive each of the phases of
the clock signal from the respective delay elements, the clock serializer being
operable to transition the output clock signal on each transition of any of the

phases of the clock signal from the respective delay elements.

11.  The phase-lock loop of claim 10 wherein the clock

serializer comprises:



through the del ay el enent, the delay control term na

of each of the delay el enents being coupled to the
wouopnt19sf t he phase detector so that the si gnedT/US2005/017692

propagati on delay of each af the delay el enents

corresponds to he rror, signal,.eac f the

del ay el ement § E‘&ﬁyn TAnSISton §§'11$9% "bﬂ%fg]égd’fl‘ﬁ{ fagh other
cl ogkiwieks Bfﬁrstgﬁlﬁﬁft ab&artda fiREreYQLARIRItELE) ehH bfAHe transistors
oscillator. 10. The phase-lock | oop of claim9 wherein

t heitf thegfifshpipratity beipkicenpled ipeltermating enesc Be delaychements;
coup lﬁ?d to receive each of the phases of the clock

signal fromthe respective delay elenents, the clock
serializer beangconrepribdiy o tiansisst copled hie patdllelitvith each
cl ock signal on each transition of any of the phases

of OR®r FieRn & sgaend Pytaph Aade amésqo%w% éefer@p%yvoltage each of

el e T i

the%%lsg%? fnafh%zer cgplh é'elg&gg?&f 1 fFE.)I Z{Jnrea ﬁg%ggégfthe
t r adslag elzmentsLtp vdrcH the pansaitbnslm whetﬂ‘rsepiuiahqt dre mobemmeetnd.
a first output node and a fi rst reference vol tage,

each of the transi

coupl ed to al térna ?‘8?? O%Léf%léﬁ?‘éw }Iéetﬁéﬁtqgé ?gsﬁcfmd

a S§&nd réteiehad V&lhﬁg@:fcdrﬁﬁ&%'g%t@nﬁp@%ﬁbled in parallel
Wi th each ot her between second out put node and a

second reference voltﬁ‘l)g]|a each of the transistors in
the second pl dPal i tije pdipsrgloglo dpareaf choimi . cfurthen pompifre a

Of ‘i:P)%k Qr%e L,(? %fﬁltesvoétg% V‘&inﬁ% 1&&1 Ssci]gﬁgf‘rﬁsljeg{ﬁe i ﬂhgges of

Iura onne ase-|

| o 0 mlelodld Sigrinl géne)t\hed BY thetr@eétll\fe&iel@rﬂelﬁeﬂﬁ nd
ref erence voltages conprise ground potential 13. The

phase-1ock | o of Ia m 9, r.co | ock
tree coupl ed 3% 9(9 't‘séngCI%tJ?I‘?Pro clay SW ‘FrF tg?%‘ieﬁuency

r ecg{&piidr %oﬂﬁbﬂ?&% c@écktsgﬁalgep%f?écﬁﬁ%e asdefrad %QG@éfve each
the respective delay el enents 4. The phase-1ock | oop

of of Hienpta8esnblctheictockirigrial éguetheyresnectivepii¢lay eleoreptsi thenigh
cl,oc erializer cou cktr.e 0

" o c o dClee the" s FHRLES vEPeoRerafledt drabi i quupt cock

t he s1pR8IP&E khotetrai@ittoh 61 BIEDBE Shel PARekd bf thecleLioGlenkl f6m the

the clock serializer being operable to transition the

out pwpedivecklayielpeanton each transition of any of the
phases of the clock signal fromthe respective del ay

S:qgngﬂ;:é 15. lg.he %@Sﬁialsé)-?cjﬁkl RBB @5 cﬁﬁrﬂi fn\;hé[i,@ﬁlr ﬁ{enphase

detector comprises: |

an up/down control circuit that is operable to generate a down
signal responsive to the output clock signal leading the input clock signal and
an up clock signal responsive to output clock signal lagging the input clock
signal; and

a charge pump coupled to the up/down control circuit, the
charge pump generating the error signal with a magnitude that causes a
decrease in frequency of the output clock signal responsive to the down signal,
the charge pump generating the error signal with a magnitude that causes an

increase in frequency of the output clock signal responsive to the up signal.



detector conprises: an up/down control circuit that is
operable to generate a down signal responsive to the

wonioed19st ock signal | eading the input clock spgnab2oasc7eo2
an up clock si gnal responsils'e to out put clock signal

| aggi ng t he | Si and.a c e

coupled to t h up/ @JB 'r\‘?ﬁq(aioo& Sy Pfﬁ‘%‘ E@E‘hﬂ% up/down
PUNgor@RNEir@lii dtnpries:er ror signal with a magnitude that
causes a decrease in frequency of the output clock

si gnal responsifirst flip-flor havng asrlgalalinputeoupledr igeraseig the
ge n(%t@ﬁlj cﬂgckt J‘ a? Fh&'first 'fﬂg ?llog e}lg}a d rHostE%rfalp ?‘%%rkoutput,

causes an 1 nc ease infr outp

Si gwlalﬁrgteﬁpmlhaemtg@ﬁrhﬂeswmngml 16 The phase-1 ock
| oop of claim 15 vvherel n the up/dovvn control (ﬁl rcuif
conprises: a ®ispeondgilipflop hayingaa, rlagk annut sewpled i feceive the

cou | )
CoUBbARL 80P, Sy rnlp st osh sibieal bt s,

fi r g se¢and-flip-Slopthavingg sacdndrsset teprmatal stapd mi naI a

second flip-fl .havin cIo npyt cou

recei ve the ihptAcC Ellr?}ligh%‘”’bgnﬁl rSttlﬂ}g“ SCQBB]ﬁ ?}fepoqtp‘g pf the

genﬁfs@hhﬁﬂols hescdbhdingiadoupled 36 tHRWBuBMIt of Eﬁ};ese@&ﬁpﬂfé flop, and
l'ip-flop having a second reset termnal; and a l[ogic

CI r auputphizaduplyddo fherfist anldpmondcml tegiminals octhatithpup sighal is

the first, fl flo secon upl t

our BOE PR ERoRs BIROSER o ikl B ot Qebllivien i
Lo béiRrdied &ly andl tﬁ@@p@@nmagg&netraédn nal s so that the up
signal is generated only until the down signal is

gener at ed, and the down si %nal i s generated on

|y ti
the up signal 1T-s g@nBhasedeek lopp gensraliag. qnoektp%ﬁlzﬁ’cp Slgnal
genper&; sﬂ%t@'ﬂn%@lﬁl‘bcl‘?%‘gﬁé‘l édngi}f’slm .esponsi ve to an

I nput ock si bhase det ect or
having a firsh phagudetectmrdiavingga fins 1npmlrbcewmg khe inpnatlock

and a secqnd in recei.vi ng the ou cl oc i gnal
© heSIBHaGBa dee kAP YRGH R A S pHALE Y F15h 5 PP dgfectr
an ou-Piin tah}%asé érrbpggfagtat g oﬂbuﬂhﬁ@isﬂhd@ﬁ%‘ cﬁ‘ PRIABREhip

the phase of the inpu and the phase of

t hebciwlegutheqihaefkoﬁuhg nigphut 012001( cszgmar andt the phasepdicttie outpuhelock
out gut of the phase detector, the loop filter

gen :’ling a filtered error signal;

a loop filter coupled to the output of the phase detector, the
loop filter generating a filtered error signal;

a plurality of delay elements coupled to each other in a ring in
an unstable relationship, each of the delay elements having a respective delay
control terminal that controls the signal propagation delay through the delay
element, the delay control terminal of each of the delay elements being
coupled to the output of the phase detector so that the signal propagation delay
of each of the delay elements corresponds to the phase error signal, each of the
delay elements generating a respective phase of a clock signal; and

a clock serializer coupled to receive each of the phases of the
clock signal from the respective delay elements, the clock serializer having an
output on which the output clock signal is generated with a level that

transitions responsive to each transition of any of the phases of the clock



a plurality of delay elenments coupled to each other in

aring in an unstable relationship, each of the del ay
web@apots2 havi ng a respective delay control tepor/mst005/017692

that controls the signal pnepagati on del ay through the

del a Iene t he del ntr ol ern1n e

t hes dal P P%ctlws.d%yc BIBFs the opiey 863 606K sPiigizer
pha@&n?@dﬂ%@d"cf) tﬁ@se&&?& inpiofIhIPKRke Bétetagat i on del ay of
each e delay elenments corresponds to the phase

error signal, each of the delay el enments gfgneratl ng
respective phhe oTh@phasgdqushogn@rf clagmdl i lrthftrkcompﬂsmg a

tscﬁg |1§+k égf%oﬁlég le%?%e?ﬁ'et tﬁg%h X g@ s%ﬁealetf wtzl%?énahzer

t hethglseedndsigputadfitae phdsa \detrrgtod beidgtopupled o wha cbclt tree so that
output clock signal is generated with a | eve

t r atHSiseFNsInPsoths iphase @Pt%‘éweﬁ?léi‘?%’ihﬂ%‘ﬁp%fcl%ﬁ?ﬁl%al from
t heth@*&ﬁ:'%ﬁer‘?z{hzw@ﬁe gg‘ifféélgaﬂfr ed.rOM the respective

del ay el enen ut put the clock serializer
being coupled to the second input of the phase
det ector. 18.1%he ”ﬁhmspbadedokk Ilmppoﬁfclanlnail?nwﬁ’qrelfluﬁltehldmse

C1 oRtr gL o vt GRROES PP esEhe e ddngiaRl bock

| NpybnAfind HR phASSS tHeb@Bhdlodkadigtal.coupl ed to the clock
tree so that ‘the second input of the phase detector

recei ves the output clock si gnal fromthe cl ock

serializer thPGughThh@hasederk doape of pRimTAE Wheasi- thscphase
l oogrroorfg af srﬂl@léat & ﬁ@dl‘ﬂ%ﬁengg?&%egﬂ Eh% é)hﬁ%]egmhe #tﬁ)tult']glock

i ndicatise of f'erence ween ase o0

I Npsignadt lafe khessugned thaphhst béthelvagat ofock b@nﬁitﬁnﬂ pluscdraninus 90
Si gnal 20. The phase-1ock [oop of claim17 wherein

t he ‘?ﬁ‘i%e error signal is indicative of the difference
bet ween the phase of the input clock signal and the

sum of the phage ofpd g)ﬁaé%L‘lBE’lUtlo&ﬂ Q¢ k1siional wAs€inP ks clock
or m nus 90 degrees. 21. The phase-lock [ oop of claim

17 winaligéricotipeises: ock serializer corrprl ses: a first

plurality of t ans or in

ot her bet ween glrsft Ip ?11t8§8ﬁ581ﬁt88 &ou 13 }%aralle\t(mwd'lll &2f I3ther
r ef g41RB&Ea Yitdt bagat nQREAd Qf firbt1efekdrrB SbBALRY! Sachrbfttietransistors
first plurality being coupled to alter na:olirg]gﬁ ones of

t heindik dirsteplurabifit Being saupled ke aliRInasingr e delay elements;
transd stor coupled in parallel with each

a second plurality of transistor coupled in parallel with each
other between a second output node and a second reference voltage, each of
the transistors in the second plurality being coupled to alternating ones of the

delay elements to which the transistors in the first plurality are not connected.

22.  The phase-lock loop of claim 21 wherein the first and

second reference voltages comprise ground potential.

23. The phase-lock loop of claim 17, further comprising a
clock tree coupled to the delay elements to receive the phases of the clock

signal generated by the respective delay elements.



ot her between a second out put node and a second

reference voltage, each of the transistors in the
waeaenadiopt ural ity being coupled to alternati ngpones200$/017692

the delay elenents to whichkothe transistors in the

first plurali are not cqnnected. .22. T hase- | oc
| oop of cl ai né% 1 ﬁﬁﬁ“elpé?sﬁﬁf’ﬂ%?‘?qpr of cﬁar‘f& Ezc emn the phase
r ef g&RGeoMPrisdges conprise ground potential. 23. The

phase-lock l'oop of claim 17, further conprising a
cl ock tree couphg/down confeolcicniy thatdsreperable do igenerptgea down

t he .phases of. the,cl ock. si gnal ner. at . the, .

r es?d if?fgc"&SéYea()]) tgF 8 H@’H% gl.o %ﬁ?lgtf‘% geap %t%g’-%llg%% ﬁli]%cg pSI%ﬁa L and
cl aimyg ¢lopkesigial réspensVieeodpitedbdX sigMIMigEes thedihput clock
up/ down control circuit that is operable to generate a
dowkgealgidl responsive to the output clock signal

| eadi ng the i I ' I Sk
reaponei v t of et A ZpHRRY (8 AB/ARF Bt LARR, e
cl oghargd gomb; ganrehtiag cthar geor psigiml cwitlp | 2 ehaigoithdee thap/cdoses a
control circuit, the charge punp generati.ng the error

si gPRErealf tireAusRGHPY the guipHEgI O g respoRtiVielgdt figvm Signal,
f T efue rebdiRE thé bRGKsi Shal Mth 5%%%&%&’&1 f BasBe
domﬁgs?gﬁgl u%% chalrge pun%ksd nerating the errgr . o
si gimateasd inHrequenmyrif thedmitputalock aignebresponisivete dweip signal.
frequency of the output clock signal responsive to the
up signal. 25,  The.phase-lock |00 f. claim24 erein
the up/down coht roTﬁ%?ﬁ ﬁ"ll?cq(clc?ﬂf)rol@scg i %fﬁmﬁrse%n lprddvn

f 11 gonltdoPpirii@vdontprizess! ock i nput coupled to receive the
out put cl ock sifgnal , the first flip-flop generating
1r

p-.
the down si gnafirgit flipnflepuhpying a pleck jipRyt goupleds topfseeive the

havi : Al - .
DB Sl ik SRR o RO A e e,
cl otk fsstdlipdflopthaeingadirsidtedet tepmidabp generating the up

signal at an output, the second flip-flop having a .
second reset % &89nadlip-tiopdayingyrlock innulicpumed it gecsive the
R ieRHP {i5- dting {he up isIghhal at an output
fli %ﬁ;ﬁ ‘gg&ﬁ g%gégbgﬁ e|E6r%1|c()1ut %c%ﬁ}p%rt ogt eufc))jtgglut ao%n (t?lf}gl.l’
s ecthededdnd flipflop hawing aaacomdtrgast tecroiqal;eddt o the first
and second reset .term.nals so that the ignal 1s
generated onl §/?9ﬁ‘|‘f FIrCYHRAVIRRAR fggdﬂ%t Wgﬁg‘éﬁ%ﬂ}ﬁ %‘HP“ta dhe
t heﬁf},@mb-tﬁb;gwecérﬁi iagMeonbRE @ MeYoutilt iok tHeh@cotll Sipdad, and
i s generated.
gn output coupled to the first and second reset terminals so that the up signal is
generated only until the down signal is generated, and the down signal is

generated only until the up signal is generated.

26. A memory device, comprising:

a row address circuit operable to receive and decode row
address signals applied to external address terminals of the memory device;

a column address circuit operable to receive and decode
column address signals applied to the external address terminals;

a memory cell array operable to store data written to or read
from the array at a location determined by the decoded row address signals

and the decoded column address signals;



26. A nenory device, conprising: a row address circuit
operable to receive and decode row address signals

wappkioendst o external address term nals of the PEDDS3005/017692
devi ce; a colunmm address ci2tcuit operable to receive

and decode col unn address. si.gnal s plied tq the .
external addrés§a®ermifth aP’é‘,’u“g alg | ICO‘&%F ayfata  signals

Ope&ﬁ'}%'sﬁor{éﬂllgsfo%g ddatreptdnt the rdntag aRd a&@ﬂféclﬁ&é&ﬁ@tﬁ hch, each

array a ocation determ ned by the décoded row
addofaths dstadatehes baig cpembiietooepledhe taspective dafgsignal between

o1 o EiaRR BB Er Sl e PRER O Be iRty RisFicf Fionsive
andiodh dRSRfPeiskpariat a | atch, each of the data | atches

bei ng operable to couple the respective data signal
bet ween the dasemmandfeceder enerable wrdeapdegnpliralisy af pemmand

of {. f evj S Y r
o PSR B85S RRRAY ey BERag 6P memor
pl udédidel thefcoammmdndecod g beidg agiferibdel td Qzeneapecontved signals

external command termnals of the nenmpry device, the
conerifrsPeskrgferthedecded orspmandsigiplyéfdr at e control

signal s correg @%@ila& Iogﬁgeﬁeaﬁgggﬁgdagg RS 'baﬂ Redpdnsive

and a phase-lo oop ge atin ata strobe
si gtoadn inpepdockisygnal, thegphabarfaek ladpoimpisgigal , t he

phase-1 ock | oop co i sing: a,phase detector havi a
first input recei v‘fr‘TBBaSFWg%F}% VIgg 8 S%ﬁn_BHtaﬁeC%mﬁlggﬂe input
second i fBe sfpRgleind Nedodn8 iARItAeSdiviabahs dgRadtiobt REenal, the
phase detector generating a phase error signal at an

out put t please idstectedi geaetating of phase edreari Bgrshiah aepweBh that is

t he phase .of .the.input cl.ock, si | ,and .nhas f .
the dat a GiPHEROL? 5“13%1@@3’8?“{3382@%%%5? SH}‘%&RI’& cock signal
osci | | at gid fRaphire ofifhd daptrobeuighel] to the out put of

t he phase detector, the voltage controlled oscillator

generating a cl ocka ¥pasl coatrobied esailiater havang Amdnpt coupled
fr equency, &%r{ue(‘ Lﬁocﬁdt'hﬁ g;hmedél@&&e tfrd ngftall%' &:gﬁllo'ile@%gciﬂator
I'plier led to

frequency nmul ving an I nput co

recei ve ghieratingcla sloghakighaloratt e owtpyutthaf hhdea frequency
vol tage control ] ed osgi | I ator, th;&{)r equency

mul ti pl i ereseonding theghessesrgnsigndi phe signal at an

?lrjtegﬂtenlgya/\/iopgt ﬁef r 2apEReNcy MRttipBerdhHhE | B Snfit Edipled to
receive the clock signal from the output of the voltage controlled
oscillator, the frequency multiplier generating the data strobe signal at
an output having a frequency that is a multiple of the frequency of the
clock signal received from the output of the voltage controlled
oscillator, the output of the frequency multiplier being coupled to the

second input of the phase detector.

27.  The memory device of claim 26 wherein the data strobe
signal comprises a read data strobe signal, and wherein the phase error signal
is indicative of the difference between the phase of the input clock signal and

the phase of the read data strobe signal.



cl ock signal received fromthe output of the voltage
controlled oscillator, the output of the frequency

wondosioploser bei ng coupl ed to the second i nput BET/UER®05/017692
phase detector. 27. The nermry device of claim26

wh in the d b
Strobe 'si gnal 2%-and ORBEERR PRl Iagaert yPerefifis {ediobe
I ndiigadlicy Eﬁﬁe J‘\Qnﬂal daftﬁﬁtﬁﬂb@%lﬁﬁl \WBE Whickegn ﬂﬁgﬂﬁs@érrdrfb@gnal

I nput cl oc nal and the phase of the rea

st rishndigityeeaf t edlffpr@cprbmn dhs/phase of the) igpyh cherk signal and
wheyp ei a I r

o1 tet b A0 SO RERLIBRS sha it R4 oo
I ndilegpa¢dsve of the difference between the phase of the

i nput clock signal and the sum of the phase of the

wite data strobe gnal us .o ees
29. The nemory’ dev ee“t?fnoéYgFg‘F?@fctEWt% g r}‘?b“ga
a | R fliter ip1 @ Yoiwen t&eta\a%ﬁh mﬁe %tsetttet&tortiﬁe RO &gt of
detector and e I nput of the voltage control

oscfhelvattage co&&olladmcmnmy device of claim 26 furt her
conprising a |l oop anplifier coupled between the output
of the phase tectpor and t in Qgﬁ
controll ed osg 11 at Of meﬁ)ryl% Vlc%@’?to}a?&dééﬁgéﬂ%f nsmg a

26 1apragiphificheoaddbeiw eDibie Dugpnabl grerhass éddedwyr ztﬂillethe input
frequency multiplier has a frequency that is an

i nt eiée velirgeiqoneokd aspdlaforequency of the clock signal
received fromthe output of the voltage controlled

oscillator. g Thep CRMRIoYy &'&x+ ﬁféttmf: G2t LG dfrobe

the data strobe si gna I'S coup to the second input

of sigeal peaseted dlyahe ﬁ'eqliemoymmltqplren: g a tﬁ@qwrmbl atltlatusan integer
cl ose 0 ata la B to e req

mul Erpine et st cndees o e b el feBrltimuRRapE s oo
theVM@Jgg@gletr@%torSgllm@g oscillator conprises a r| ng

oscil |l ator. The nmenory device of claim33 wherein

the ring osci I I ator conprises a plurality of dela
el enents that3are Eb@mem@rx devaercof Deipeo Wherginy the glatarstrobe

bl f
oy PREHE Gl B 8 SRR e B ot A EC S G ERLR node

COoNtHablstldsbetosh@oah 14topag &tis @nthd &leqyench hmalgblicrhe

del ay el enent, the delay control term nal of each of
t he del ay . . .
33. The memory device of claim 26 wherein the voltage

controlled oscillator comprises a ring oscillator.

34, The memory device of claim 33 wherein the ring
oscil‘lator comprises a plurality of delay elements that are coupled to each
other in a ring in an unstable relationship, each of the delay elements having a
respective delay control terminal that controls the signal propagation delay
through the delay element, the delay control terminal of each of the delay
elements being coupled to the output of the phase detector so that the signal
propagation delay of each of the delay elements corresponds to the phase error
signal, each of the delay elements generating a respective phase of the clock

signal generated by the voltage controlled oscillator.



el enents being coupled to the output of the phase
detector so that the signal propagation delay of each

wobkoobhelosel ay el ements corresponds to the phaseCEUSDNS/017692
signal, each of the del ay eBenents generating a

respective phase of_,the cloc ted

vol t age contr§$IedT$§&???%? V@% k@%ﬁgl 1§¥@§q8gmy
cl ainn1@gtioteBhPtiBestd @odk RENBAE ¥oupléd otetdive @@Hmfltﬁiéi;ﬁuaaes of
clock serializer coupled to receive each of the phases

of ﬁhﬁecleclb&lgn@hfgmlthef resprectinedeley pleaentsethgetlepk serializer being
el ey gl’e t%r}ﬁan%%lgc l&hg ?Etlaasltljogg ,%E‘?l' e (Hle{]ﬁ% t?on &i analnof the

t ra I ont robe eac ransi

of @nyse@f)f tHe | R as@al ﬂémttﬁkereﬁlb&ﬁke aelgyl alenfensm t he
respective delay el enents. 36. The nenory device of

claim 35 wherein the clock serializer co e
first plurali§ of 1heaMENensAevss Nl etiainy aPNi‘F’Teé‘} %\‘ﬁ {lpek
eacRehhef chgieen a first output node and a first

reference voltage, each of the transistors in the
first plurali tayﬁrbtelblngzlit,}oojfthistqn cabpled ﬁtapam@elovﬂels eagh other

t he. del a emen I f )
e bESep e Rt o Sl PREFRSte B ot Satof e rpasisors
a seeaRdfRNbRIAIIY BdRmatdpRd 16 GRBGafiRS BARNSEhY Aefaddfements;
each of the transistors in the second plurality being

couphéd to alternating ones of the delay el ements to

whi ch the tr anssleﬁ&?(fn‘élurﬁlty FEM tIalnrsfég Q:lo él%h %é) %ﬁl g\ﬁ{rlll each

connected. 37 I'ce o

t he oftier Hetvaded asecomt oﬁt@ﬁﬁﬁcﬁi&%dva)hdcag@sc:fe&ﬁ@d’ vslmge each of
ground potential . 38. device of claim

fur lpfeirmtsmﬁ il rh@gseaoresiu E}EI@hf}f 'éeéng; seiledtor @t%?élnganﬁ%@%the
Cong&ﬁg' %sceo'wlﬁ&i){ a&%nglﬁg&' i¥ e £y foa gf»?@fnot Bhnected.

clo generat e e respect

elenents. 39 The menory device of claim 38 mherein

the frequency 3ful t iTheimemaynjrvicces daicl 36 kwiseeinghe fiest and
coupled to.the clock tree.to re%flve each of the

pha§% ngreferrace Y ages sURRItseFIMIREENak pect i ve del ay

el enents through the clock tree, the clock serializer

bei ng oper abl ggt 0 tmhangéhoNddvite ¢tadlains B4 oRethst 8ovdprisifg a
each transition of any of the ihases of the cl ock

si gedackftregreoupled te ﬁ}@e\@dr@%cmo 9d epcaliatar t, reggve thgephases of
co ::%l?ely %lgcgy élgﬁal %Ene%t% Bg/ ?h% r%%gt?vgldetlﬂﬁelag@lﬁg det ect or

39.  The memory device of claim 38 wherein the frequency
multiplier comprises a clock serializer coupled to the clock tree to receive each
of the phases of the clock signal from the respective delay elements through
the clock tree, the clock serializer being operable to transition the data strobe
signal on each transition of any of the phases of the clock signal from the

respective delay elements.

40. The memory device of claim 26 wherein the phase
detector comprises:
an up/down control circuit that is operable to generate a down

signal responsive to the data strobe signal leading the input clock signal and an



an up/down control circuit that is operable to
generate a down signal responsive to the data strobe
waegwabisseadi ng the i nput clock signal and anupCT/USDKS/017692
signal responsive to data g#robe signal |agging the
i nput clock signal; and ,a charge coypl ed the
U/ BOHRCK Sl gPnensizg a dats HEObersrpL Asang the beL lopl Sienal
theygrror signal with a nmagnitude that causes a
decrease in frequency of the data strobe signal =
responsi ve t oatchergdopwmpsicgupled te Hbe oipadqyen sangpol circuit, the

gengrating the error signal wth a. [t t
CaugttesRirh FuBbiRe B AR bl o fRE Mg BB causes «

Si gitteak@ FPEBGIeVEy bPtHelRtdIrobk gipmbl redgonsiMeco MB1@GWn signal,
device of claim40 wherein the up/down control circuit
contheichatge pamp generating fhe praer HERAl 1ythaa aagaitude,fhat causes an
coupl . ' e f , f i
R R S
first flip-flop having a first reset termnal; a

second flip-fé#bp hEké ngmere dedke ofiplaimcuphertint the up/down
recei ve the . input. clock signal, the second flip-flop

gent e FECWHOMASISES gnal at an out put, the second

flip-flop havj R @npaﬁ@p!ﬁgvihg§%uock%mtr&ahple@wre@eﬂv@meCdata
circuit having a first input coupled to the output of

t hestfabessigrfal,i the firgpllipdlopegamariting phe dewnpignal aban patput, the
OUtfuLﬂOf' thﬁ: seco 1dS fel ietft'fliogl% and an out put coupl ed
to PREMR PR Daiee 8 DIt Faer 80Ul er minal's so that the up
signal is gengkadond Mpivptaving 4 bieck avput Sogslad td seceive the

generated, and the down signal is generated only until

t heingpt elpefn ailgnals thgessapnsk Bip-loppgenpradingdhepp sigwg] learpputput,
cl g =Y | ce. I ses a dynam c
raﬁ%lg]r%g%g\éggé%ﬁg%gﬁggg\%né.rg%&e@h%ﬂ%ﬁmy devi ce of

cl ai m 26 wher gilogi¢ biecuinipavingch dicdt ispugrrabiplednp thesagp@ of the
clock signal that js externally coupled to the penpr
devieseilirdop. 4 caersiinayt @ygl?:_@ iR ﬁ@&ﬁ;ﬁt f s secong} Hodiapp nd
h avhrpgutgutp(fo‘ﬁ?ﬁﬁ §ﬁ fheltHSt andRed JARYEseH RYinHRICRURAGHe 1P siehAl is
processor thtough the processor bus to allow data to

be gateeatad] ohiyt untilhthe clommusignal siy sgesematedn aond ttheidodoviigmal is

cou cl,n%rdat(te orElIQ %ngftgg 35’ gllz)ggialtilsq [ggn%gage&. he processor

42.  The memory device of claim 26 wherein the memory

device comprises a dynamic random access memory device.

43.  The memory device of claim 26 wherein the input clock
signal comprises a clock signal that is externally coupled to the memory

device.

44. A computer system, comprising:

a processor having a processor bus;

an input device coupled to the processor through the processor
bus to allow data to be entered into the computer system,;

an output device coupled to the processor through the processor

bus to allow data to be output from the computer system,



bus to allow data to be output fromthe conputer
system a data storage device coupled to the processor

W0 boosogivst he processor bus to all ow data to beperasd2005/017692
froma mass storage devicep2sa nenory controller

coupled to the processor . through, the processor S:
and a nenory %l.é@fac SOMgG pqeé’ﬁ’et% Ied f?eﬂber Progsmet g‘ijrloggh the
t hepraBd¥Berbud @Y hitev ARG b tead from & AWsAEEags et é;CUi t
operable to receive and decode row address signals

appl i ed to ex® enemoryaeriitredlsr ceppled dpsthef progessee Miypygh the

dgv r%%sgér%‘&s-t%]% menory cont roller; a colum address
ci r'cu operabl’e to receive and decode col um address

si gnal s appl i gdntmoiyh@etixé etonpledacdrtts sme@org radhsollerprthe
the nmenory control]er; a nmenory cell array operable to
st oREMgBt SIS WSS or read fromthe array at a

| ocation determ ne? sl Jdggpsg%Fr@ﬁf'%ﬁ)éxl%’leagdgé;céﬁfesingﬂé’éﬁde

and the decoded col umm address signals ta pat

ci rcuit wperadbitess tsignalsuppdiedaton estegrad| sldeess r espoalii nfj the
to the data between the array and respective data

| at ch, eREWOBTITHE gxqrgf,rg §°BE$“‘EI’ operabl e to

coupl e the respectj E&u&ﬁtaﬁdl%'hg&?duitlhﬁk}’%ﬁqtot 186eiP@hR decode
0

| at ch and an external data term na the nenory

devi ce redponsiddesss sigealslappliedite dheexiegahaddressgommnalg from
decoder Qper abl e tot ggc,ode a plurality of command

si gnal s 3‘85?%0%‘38“?0 $hective external command
termnals of the memRijordesi a@ay ssuratloeo BERDda written to or
controller, the command decoder bei ng operable to

gener at ers@drifora| theagiea & & dpeatiepairtrratnedoby Hie diseerteddrow
command 5 (%&g!s%;qgl?'md theRfAS &l Bfitfnd Qd%ﬂesg%l’gglﬁg ing the

data stro responsive to an I nput ck
signal, the phase-4 aaka Ipathp crouiprapsrabty t@ qolopleedata signals
detector having.a first input receiving.t [

clock si gHESPANINgGiodhe By beNsER theswy Al gngplégf% data latch,

strobe siRals it NGaPREE BIGHE ShAabI8aE Wolble e 3cBBARR data

error signal at an output that Is indicative of "a

rel ati onspng lmewvemethet drga Pitels @ndfant bxternal data terminal of the
memory device responsive to a data strobe signal;

a command decoder operable to decode a plurality of
command signals applied to respective external command terminals of
the memory device from the memory controller, the command decoder
being operable to generate control signals corresponding to the
decoded command signals; and

a phase-lock loop generating the data strobe signal
responsive to an input clock signal, the phase-lock loop comprising;:

a phase detector having a first input receiving the input
clock signal and a second input receiving the data strobe signal,
the phase detector generating a phase error signal at an output
that is indicative of a relationship between the phase of the
input clock signal and the phase of the data strobe signal;

a voltage controlled oscillator having an input coupled

to the output of the phase detector, the voltage controlled



i nput clock signal and the phase of the data strobe
signal; a voltage controlled oscillator having an

wo nanosupl ed to the out put of the phase det eetDUS200$1€17692
vol tage control | edoscill at @6 gener ating a clock signal

at an output t has a fre c:orre pond|

phase error s??jﬂfﬁ’ltor %cﬁ)&raémg FP@%C E’%ﬁé@ﬁﬂfs a
an input coupfegheh8y 5&9@&%@%%%%@@@@& fim t he
out put of the voltage controlled oscillator, the
frequency nul ti pl |erfrwne¢>’atmldgph¢ieh@1\an& ant B Qqu@iﬁéll to
at an out put havin quenc I

the fr equencyreg?w? ﬂtelecf:loc AP gnafrgr ec}é‘% voe r}c))itn%ﬁ \%ltage

out put of t hecotdrollad &seitinor,ofhk Effesady nAlGpliert Meratmg the
out put of the frequency mul tiplier being coupledt
the second i nfait spbe Rignphaisen Quipst thaying 45 freqpgncy that is a

conputer systgm, ﬂ)fle 6t @ rﬂ(fé? ﬂ@g FRhdIcIbBE s%ﬁﬁlqeééa{'/&f’ﬁom the

signal conprises Fead e SI

wherein the pbme&t ef ther vdtageajontrellechdscnlauton;eth@foutﬁme of the
di fference between the of the input cl ocg .Si gnal
and the phase Squep%n}"é leél megopplsd 1Qiths spcongd gnp H’gthe
conmput er syst Sgﬁetgétgfm 44 wherein the data strobe
signal conpri a wite data strobe signal, and
wherein the phase error signal is indicative of the

di fference beﬁ\/eenThfh@OM?age systemhefl |Ch1®mt 4¢ | whdeeisi Gaadata
and the sumof th

ite
si gHEIOC SHePah FRmaPTs s rﬁ%fdagf)s%%gerse atl 32@ glhcorrgh%se error
Sysil?ﬁﬁl af ifdivatieddf theUdiFfeRhcE BBWebﬁltH@ phadeooPtiei inpet clock
coupled between the output of the phase det ect or and

t hesigngd @nd ge phiaee Qighe ergd de@rstrebe sigeplosci | | ator. 48.

The conputer systemof claim44, further conprising a

| cop anplifiey Couﬁhé%gﬁhf%%%& € oP it 4@fwlﬁé?gmp@1§3@ata

det ect or and t e i nput e"vol tage control
os cstkdbatsignal déinprises acwitp dh@rstreys signal pdndcwhérmndhie phase error

wherei n the data strob enerated b e .
freaa%ﬂd;s iR Fleferngige iy ba@v Jhe ese) of B input clock
i nt ggell 47l the RL& &f thbhfhald @ﬂﬂﬁn\ﬁﬁteotﬁati REold SigKalSardngihis or
received fromthe output of the voltage controlled

osciminumstddrdegkes. The conput er system of cl ai m 44 wherein
the data

47.  The computer system of claim 44, further comprising a
loop filter coupled between the output of the phase detector and the input of

the voltage controlled oscillator.

48.  The computer system of claim 44, further comprising a
loop amplifier coupled between the output of the phase detector and the input

of the voltage controlled oscillator.

49. The computer system of claim 44 wherein the data
strobe signal generated by the frequency multiplier has a frequency that is an
integer multiple of the frequency of the clock signal received from the output

of the voltage controlled oscillator.



strobe signal is coupled to the second input of the
phase detector froma circuit node that is closer to

wo bwedeose | at ch than it is to the frequency nmubeT/ph1085/017692
51. The conputer system of 2¢l ai m 44 wherein the

vol tage contrglled_oscillator conprisges a,fri .

osci | I at or haﬁ#'ngdgl’“:‘plc?.lrr“&1 Ft fy%?r.nd%ﬁlﬁ g %%evﬂ?%elflhtg? data
ar estiBe Rigafl it CoAEd0hE Sécohd irput bNlie ipRasdriettdedr dIn€a circuit
rel ati onshi p, each of the delay el enents having a

r espsietthat és elesaayo theslatadptch drapithiglto thedtequentyrmsulipliere

si gnal propagation delay through the delay el enent,

t he del ay conty ol ' . 1

el ements bei n%l'cougﬁiégrﬁ@lt?rﬁgewgegf glthg fagpl@hgﬁ%%%ﬁlsgle voliage
det @gitrolled @sdiabr tbpsseynakingraspidigmt ilaninged plurelityeafcdelay
of the del ay el enents coryesponds to the ﬁha ? er.ror hi
si grlgmente dadh a7 cquplediol g5h AMisn A e et Piieple Felationship,
I esPRftdfVife %@eel%eﬁtg %a@ingcé( rés:gg&ﬁ)le GERLEaLES BdnihiCthat
vol tage control'l ed oscillator. 52. The conputer system
of @intoln the 1sighad medpagetien fleley ukough e delal i edement, the delay

o Sansof raBink! F Syt o 0RRk EPITHg LU RE Bilput of
del @¥ pheBAbSor §1ehab HRCK oBR Prépdeadon B@liaﬂ ®f @REH ablife ddlay

transition the data strobe signal on each transjition
of elapents cotresnonds & thsf phase egiopsiensl, (paeh of thendelay clements

I : del I 3, .
BGOSR B R ST Al 60 B

up/ itvalle®@oidiliorci rcuit that is operable to generate a
down signal responsive to the data strobe signal

| eadi ng the input ¢l ock signal an n cl ock si gnal
responsi ve t 0573at 2l 3¢ GAPRU| SyFM &égﬁ@%ﬁ ‘Y}P?éelflﬁé% equency
cl ol‘fllﬁltﬁ)'ligf‘@dni f?é%g?%‘lo‘éﬁ‘%&@a@izgﬂ%&@w'r@c‘éiv?e‘éaélh@ft%@lpﬁé’éé@ of

control circult, e charge pu generating the error
si gthalclovktshgral fragntht uebpettivatdebydeserds,dbe clogk eerializer being

NG oS O S, SRS 5018

Si opsedbiithe @o@l@ﬁgha{llﬁiﬁn {tRabspestisaaelAelémedtgase in
frequency of the data strobe signal responsive to the

up signal. 54. The conputer system of claim44 wherein
the menory cebd arFhg cemnpier skstera ofyelam @4y whersin the phase

acc . cell array.55. The computer system of
cl a&%g%?%@rﬁeslgﬁ the input clock signal conprises a
cl ock signal #hap/downgenesladiedithlyattiheperabieriy generate a down

signal responsive to the data strobe signal leading the input clock signal and an
up clock signal responsive to data strobe signal lagging the input clock signal;
and

a charge pump coupled to the up/down control circuit, the
charge pump generating the error signal with a magnitude that causes a
decrease in frequency of the data strobe signal responsive to the down signal,
the charge pump generating the error signal with a magnitude that causes an

increase in frequency of the data strobe signal responsive to the up signal.

54.  The computer system of claim 44 wherein the memory

cell array comprises a dynamic random access memory cell array.



controll er and coupled to an externally accessible

term nal of the nenory device. 56. A nethod of
w@eoenatosng an out put clock signal from an i npecT/CbmOK017692

signal, the nethod conprisi2zfg: conparing the phase of

the input clogk signal to the phas f.t out put .
cl ock signal ;ggeneﬁé Fﬂrﬁ‘?‘étﬁr i {%@Prfgfd?lg%mgl 8’3‘&1.‘%&1 §ifaimput
havilpek aignaP @u@paYest Radlodls sASE thadNist Hhe RSO K1 HeNmemory
bet ween t ;@fhase of the input clock signal and the

6

phaesatrofler oepled telap cdkternajhyapecessilele Jemainal phgher memory
out put ecI ock signal by multiplying the frequency of

the intéernmedi ate clock signal. 57. The nethod of claim
56 wherein the act of conparing the phase of the input
cl ock signal $§& tha méthsdohfertehatinguinpaitput|cbak s$grghdidom an

conprises subtracting the phase of the input clock
si giTRp ‘ﬁ?‘éﬁﬁl@'ﬁ‘é the,method COMRESIHL: put cl ock si gnal . 58.

The nethod of c&ﬁﬁnﬁgﬁtﬁe gﬂ%’é%fr}hé mﬁ)u@%’[ocﬁfsiéﬁmfﬂeﬂ%ase of

the phase of the I ock signal to the phase o
t hethewutput clotlosignaj gnal conpri ses subtracting the

phase of the input. cl ock signal fromt sum of the
Phase of t he BEBHnE e gueTaftile plopk endl bR reditncy tha
degis@ased ortthe EHRpARIOR BRtviden ShApHRs S 6F 1B @Rt Block 8igAsTt andfthe
gener at i nt%st he out put clock signal by multiplying the

f r epiipen efjthefoutpibclopk siepaldingt e cl ock signal conprises

mul tiplying t Lr. f | i

i anal by an P BE R it 6L BN ARt fqugpey
whes@he ifthencdite dbclgdmenat i ng an i nternedi ate cl ock
signal having a frequency that is based on the

conpari son between_t he phase of the i nput clock _signal.
and the phase’bf tF]_ée Hl?ﬁﬂat"ftﬂ?%igksgiw m&‘%ﬁ“’rﬁﬁti%é’gglpa”ng
gen&%ama&g oft ttR) M@t Lio¥k Qfen f‘%oﬁ[ﬁ@?%la@& %fqh%htpﬁlt QfﬂfEk%ignal

havi nd respective phases © e internedi ate cl oc

si goahpréses sititecting the gphade ofithd mpB6clodiesigial fiohethephagsf of the
generating.the output clock signal by nultiplying the
freﬂ'ﬁ@’]‘fc‘@;&&fmwg i nteredi ate cl ock signal conprises
transitioning the output clock signal between two

| evel s responsgve The grefdtsfanshd s@wHefeie aft dfftémparing
i nternmedi ate cl ock signals. _
the phase of the input clock signal to the phase of the output clock signal
comprises subtracting the phase of the input clock signal from the sum of the

phase of the output clock signal plus or minus 90 degrees.

59.  The method of claim 56 wherein the act of generating
the output clock signal by multiplying the frequency of the intermediate clock
signal comprises multiplying the frequency of the intermediate clock signal by

an integer value.

60.  The method of claim 56 wherein the act of generating
an intermediate clock signal having a frequency that is based on the
comparison between the phase of the input clock signal and the phase of the
output clock signal comprises generating a plurality of intermediate clock

signals having respective phases of the intermediate clock signal.



62. A nethod of strobing data into or out of a nenory
devi ce responsive to a data strobe signal, the nethod

W@ oupn0®sng: conpari ng the phase of the data sPeDDS2005/017692
signal to the phase of a sy$tem clock signal;

generating angint emgj&@%ﬁd t‘ahgﬁhn%' 9D Rdred até'e d: 8f genjerating

frequency that 1s bas e corrr?arl son between

phadle @itputtpdodkraigrtal by oultiglyimgahe fraghenbye oﬁﬂﬁa'ﬁteﬁﬁedbihle clock
out put _cl ock .signal ;. and generati t he data strobe

i o5 TR Sriig Pt S Ao filmaE between two levels
i Nt eespBakies © cabioGknsHidiNGH any 68 the ThermEdine iRk sgégﬁfém 62

wherein the data strobe signal conprises a re at a
strobe signal, and wherein the act of conparing the
phase of the §9ster Blcthad ef ginelting latahinteieasmt off 4 meemory

| ' ti t he. phase of
£ he agyiEs Rorsl 18a dOHROLE Sin 8 Bt BRGS Grlet i o

strobe signal cofiparinphiae phadeast tbé deth airob S gid186 hdphidds of a
data strope si nlal conprises a wite data strobe
si giaiem & Gk\i\ﬂggi‘éi n the act of conparing the phase of

the system cl gglersingnal infeg'g&ngte RIRR %i%&lllféll %ﬁg‘&%gg‘%‘l‘t‘%’éy that

strobe signal “conpri'ses subtracting t
systseiesel acthesogpartisonrtetwidnghs pimse bf tHednpitatekaignahgnd the

dat ga_strobe sign lus or mnus 90 degrees. 65. The
rretﬂl&?eé)? Ioélffgﬁt??c g9 he act of generating theﬁgﬁ
data strobe spaialtingythedhtistbbé BEnkingy ILAHHEAE ¥ frellific
i nternedi ate %I ock ?i‘gnal con‘pri%gsﬁgyengrgtfﬁng t‘ﬂe & y
dat af he injpranediaimelockosignall ti pl yi ng the frequency of the

i nternmedi ate cl ock signal by an integer val ue.

63.  The method of claim 62 wherein the data strobe signal
comprises a read data strobe signal, and wherein the act of comparing the
phase of the system clock signal to the phase of the data strobe signal
comprises subtracting the phase of the system cloc;k signal from the phase of

the data strobe signal.

64.  The method of claim 62 wherein the data strobe signal
comprises a write data strobe signal, and wherein the act of comparing the
phase of the system clock signal to the phase of the data strobe signal
comprises subtracting the phase of the system clock signal from the sum of the

phase of the data strobe signal plus or minus 90 degrees.

65.  The method of claim 62 wherein the act of generating
the data strobe signal by multiplying the frequency of the intermediate clock
signal comprises generating the data strobe signal by multiplying the

frequency of the intermediate clock signal by an integer value.



