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METHOD CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 001] The present application
clainms the benefit of the filing date of U. S. Patent Application No.

10/ 819, 3 DELAY LI NE SYNCHRONI ZER APPARATUS filed
Aprij | Q%B%%%“wh?gh is incorporated herein by reference ME@HﬁP L FIELD

[ 002] Thrs invention relates generally to generating clock signals, and nore
specifically, to a synchronizing circuit that can be used for nmintaining a
pseudo- synchronous phase relationship for clock signals of different tine
domai ns. BACKGROUND OF THE | NVENTI ON Internal cl ock srgnals for a
menory devi ce } A LS AND MBIHAD The core
system cl ock signal generally has a | ower frequency than is desirable for

i nternal qtmeésmemﬁc@ntjmmeﬁmcmmﬁsr frequency clock signals are
generated fromthe core systemsig for use as internal clock signals. The
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t hree, AND METHODESed Apric$)r2004;| voltikh wiigevaporhted feareimclyy refeFechni ques f or
generating clock signals having higher frequencies fromthe core clock
signal are well known. Generally, it can be described that the core system
cl ock is ITEGHNIGAISFIRIIIbck domain and the internal clock signals having a
common hi gher clock frequency are in a second clock domain, and simlarly,
i nt erfoaz] cl ock BmSgliraJIeﬁtldnavélaft@ igRferaliyirte, gdnutatiay etlodk Gipmnlscland kméreequency,
are yet |nﬁ{a? @)r,n rd cl o k domain. In sone |nsta ces,. different evi ces are
oper at i fRfCH Pt ERIC nbzé‘kg gi5et Hhat ogmbeop JRARBEHRE aRse
SynChr0Qh%ﬁﬂmoﬁﬂﬂmﬁ%éﬁﬁ&%hmﬁbﬂﬁﬂPEﬁg&ﬁ¥bﬁﬁﬂﬁﬁﬁt@ﬁeﬁ&ﬁﬁﬁ%'ng in a higher
frequency cl.ock domain, but a menory controller communicating with the
menory device nay be operating in a | ower frequency cl ock donmai n. However,

successf ulgAereRBUND OF TR ENVERDIYNAevi ce and nenory control | er depend on
the signals transmitted between the two neeting established timng
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hi gher frequency clock signals that are genera fromt
system clock. The core system clock signal generally has a lower frequency than is

desirable for internal clock signals, and consequently, higher frequency clock signals are
generated from the core system signal for use as internal clock signals. The higher
frequency clock signals generally have a frequency that is a multiple of the frequency of
the core clock signal. For example, it is not unusual for internal clock signals to have a
clock frequency that is two, three, or four times the core clock signal frequency.
Techniques for generating clock signals having higher frequencies from the core clock
signal are well known. Generally, it can be described that the core system clock is in a
first clock domain and the internal clock signals having a common higher clock
frequency are in a second clock domain, and similarly, internal clock signals having the
same, but even higher clock frequency, are yet in a third clock domain. In some
instances, different devices are operating in different clock domains, but operation needs
to be synchronized. For example, a memory device may be operating in a higher
frequency clock domain, but a memory controller communicating with the memory
device may be operating in a lower frequency clock domain. However, successful
operation of the memory device and memory controller depend on the signals

transmitted between the two meeting established timing relationships.



core clock signal have a fixed phase relationship with the core cl ock
signal. For exanple, as shown in Figure 1, an internal clock signal 108
having twice the clock frequency of a core clock signal 104 has rising

edges thaﬁoi&ﬁnﬁﬂkPCide”t1 or synchronized, wth each&l@®GHsoeae of the
core clock signal. Thus, at tinme TO and T1, <clock transitions of the core

clock signal and the internal clock signal 108 are coincident. Simlarly,

an internal clock signal 112 having four times the clock frequency of the

core clock signal 104 has a different, but also fixed, phase relationship
re specifically, the risin f every
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every Clg€lkldck aisial have af ﬁﬁé&?}_p]fa@é Relatfoh Qi WiIINRE bBA clobR M Hop Figure 1,
the core clock signal 104 and the internal clock signal 112 have cl ock

transi té¢xemple asitshewr ix Figves dem indernal dooki sl TO0& havidg twice0bg clocki s of t en
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accommpdate inherent tinme delays, that alter the expecte ase
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situatiqn_is updesirahle. [006 ditionally, delay circuits. c al so be
used tocq%qkt%gnﬂf ﬂ%éﬁ%ﬂ@%@%@ coreg] gﬁ%&%ﬁﬁv PR 6%k i ming
mar gi nSgigfal $10RAk lock Rahsifichs tBdt 8RIbMcIIBR ]t AECmMBS BhBAd TIO a menory devi ce,
as well as signals that are provided externally of the nmenory device, can

have [008 ti nmi nl ineftensdesigablg torndiusithephase telatiea shiprafiag ietermet ¢leek signghal s in
order tg. ' e | .60 N ' ‘st main within
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coupl edAdjestimgmbrtphysed eslat@ship ginabides whe tabiliop &b sdccanmodate dnheenteiifuest ed, t he
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menory device_2¥ the menory controller and when t lata”is actually
pr ovi degkamplet isedifigvenolyagthe of it coBONE! Gegabpaths will cause different

time delays. Thus, two synchronized clock signals on two different length signal paths
will have two different time delays, and consequently, arrive at their respective
destinations at different times. Where an operation relies on the synchronization of the
two clock signals, clearly this situation is undesirable.

[006] Additionally, delay circuits can also be used to alter the relative timing of
signals to modify various timing margins of signals. That is, signals that are internal to
a memory device, as well as signals that are provided externally of the memory device,
can have the timing adjusted with respect to the timing of other signals in order to
provide greater or lesser timing margins, but still remain within published timing
specifications. For example, where a memory controller i s coupled to a memory device,
and a write operation is to be requested, the relative timing of a write data strobe with
respect to the transmission of data can be modified throu gh the use of delay circuits in
order to shift the time relationship at which the write clata strobe is provided to the
memory device by the memory controller and when the d ata is actually provided by the
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3 menory controller to the nenory device. Having the flexibility to change
the relative timng of internal and external signals, including external
signal s that are provided between different devices, is often desirable in
or der to,y pte process and device variations t i n
perfornance varlaglons [007] The relative phase of a‘?ﬁ@?ﬁﬁ§ﬁg%%t can be
adj usted by adding a delay into the signal path of the clock signal. The
added tine delay to a clock signal causes the <clock signal to shift in
time, thus, resulting in the phase of the delayed clock signal shifting. A

time delay can be selected such that a clock signal that would otherw se
becone mmwrymn@nhlqé@l theaperaery dgvice.nHaving éheeliec ibilive tal elneaggg thesrefative her del ayed

SO that the in Sy i e del ay
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adj usted by changi a va] ue applied tg the delay circuit that is
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Circypdg are weht réﬁ’cﬁ)é"}:hhé’é dffhec18ek! sigra Q§J be“ad?ﬁ@tl%hw AR £dethpigonvent i onal
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del ay o delay |ine rcuit,used in delaying the second clock signal. In

the prd slmﬁfcuﬁ ?Wﬁgkt“ﬁ@]ﬁt aHel ay of the delay circuit, the phase
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glitch pulses when the tune delay is changed. Factors such as the timing of an input

clock signal relative to when a delay circuit is disabled in or-der to change the time delay
or switching noise also contribute to the generation of glitch pulses. The problem
results from the possibility that the glitch pulses may inadvertently trigger a response by
a circuit coupled to the output of the delay circuit. Thus, w’hen changing the time delay
of a delay circuit, an errant pulse may cause unexpected restalts.

[009] Another problem with using conventional delay~ lines arises with respect to
maintaining a phase relationship between a first clock signal and a second, higher
frequency clock signal, when adjusting the time delay of a delay line circuit used in
delaying the second clock signal. In the process of adjusting the time delay of the delay
circuit, the phase relationship of the second clock signal relative to the first clock signal

" may be lost. More specifically, a circuit that performs a function in response to the
second clock signal, that results in performing the function generally coincident with a
clock transition of the first clock signal, can end up performing the function at the

wrong time with respect to the first clock signal because the phase relationship of the



wong time wwth respect to the first clock signal because tie phase
relationship of the WD 2005/101164 PCT/ US2005/ 009404 4 second cl ock signa
changes relative to the first clock signal is |lost when the tine delay is
adj ust ed exanple, Figure 2 shows a first cl j 02 and a
second cl%égalgé ‘{ 204 that is generated based on the |Sr§{§0§}a€%4%4(2:k si gnal
202. The second clock signal 204 has a frequency that is twice that of the
first clock signal 202, and is in phgse with the first clock signal 202. A
third clock signal 206 also shown in"Figure 2 is a delayed version of the
second cl ock signal 204 having a tinme delay Tdl relative to the second

cl ock Sﬂegmil clabsignthehangesaeldivety thef fitshelockhsignhl ¢ logtkwhendhgltindéelas provi ded
by an @ %H?ble delay line circuit (not shown). The third clock signal 206
IS used mng a circuit, for exanple, timng a conventional |atch

ci rcyaxo] (not ShesKanipled Figidé RUshswel at first aockag@armaaﬂaegemndoaba{ rising
edge of the third clock signal 206. The I’ISI&% e of the _third clock
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in. response to rrsing e clock signal 206 at a time T1,
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Figure 2 further illustrates a clock signal 206 having a new time delay Td2
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[011] Figure 2 further illustrates a clock signal 206’ having a new tim e delay Td2

relative to the second clock signal 204. The clock signal 206’ represents the second
clock signal after the time delay of the adjustable delay circuit is changed. to the new
time delay Td2. As previously described, the latch circuit receiving the clock signal
206’ outputs data in response to every other rising edge. Thus, data 224 is output in
response to the rising edge of the clock signal 206’ at a time.T'S, and data 226 is output
in response to the rising edge of the clock signal 206’ at a time T7. However, as shown
in Figure 2, in changing the time delay of the delay line circuit, the phase relationship
between the third clock signal 206 and the first clock signal 202 is lost. The first rising
edge of the clock signal 206’ at a time T5 is in response to the rising edge of the second
clock signal 204 at a time T4. Consequently, the time at which data is output by the
latch is no longer generally coincident with the rising edge of the first clock: signal 202.
As shown in Figure 2, the data 224 and 226 are output generally coincident with the
falling edges of the first clock signal 202 at times T4 and T6, respectively. The clock
signals 206 and 206 illustrate how changing the time delay of a conventional delay
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As shown in Figure 2, the data 224 and 226 are output generally coincident
with the falling edges of the first clock signal 202 at tinmes T4 and T6,
respectively. The clock signals 206 and 206" illustrate how changi ng the
time del a«,o%os?mfl(gpyenti onal delay WO 2005/101164 PCT/ &%5%9994?‘94 S
circuit may Tesul't in an output clock signal |osing its phase relationship
relative to another clock signal. Wth respect to Figure 2, the |ost phase
relationship results in data being gut put by the latch circuit 180 degrees
out of phase fromwhen it should be odutput. Additionally, where other
circuitry in the nenory device or a nenory controller coupled to the nenory
devi ce drcgit gpaic hesukhiiz e dyputedoukctignad losingcis phapaaiekativhship seladivaltso based on

t he second cl.ock .signal..204 he..| at cjrcuit of the.present .exanple is now
ho” T oot e s Ehtls Stitiitiret Aain & nglobGifits Hato Rl KRN ARERe” remory
devi ce Kingiitput bipehe 10RARIMIIE B deBlebLdut ofptths€ BOBEMEBAL $hvulddbe odtpur Wi | |
undoubt edly occur Clearly, the situation described with respect to Figure 2

woul d bAddifienadly, et otbel\ieuitrionn 1thic memeERAerce (W12 memory fonkelfEct of t he

i nventi ﬂﬂ&h : ' fjg St cl ock

si gnal ?@p%?ggﬁﬁgﬁgm#&ggﬁgfﬂgg |né€%%gg9§§ﬁ%%ggkﬁgﬁg ?ﬁ?@%%gﬁkélock si gha
based drs¢den thiesstondctrek signglrPdi, thaldteiocimuit iofjthepresenicdkafplegsisog pot han t he
first clock signal. The.internal.clock si,gnal has an i.nitial. phase
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i ni ti almghi@seconbhérn @AG kbikeqlientipear Birer Wil ukdowbtedsi gsvak Cleaflfiethef i rst cl ock
signal i.s changed to an adjusted phase rel ationship. A phase synchronizer

si gnal Siyatipndeserihed withvesngetdo Fraee? wayld br gpdasirgPle-el ative to the first clock
signal and a logic level to track the clock edge to which the initial phase
relationship is relative Based on the phase synchronizer signal, the

i nt e PMMMARI PEIHE INVENTUM o 5t ed havi ng the adj usted phase rel ationship
and further having a first clock pulse relative to the same  clock edge from

whi cli0%2Zhe i ni t apnepisaed of dhedinveitioni pmakied pEperafiag 4 dadk signel hptseher aspect
of 1he dy 8 IR ferll RAROABLE CThd ol indiieD YARE ad lefogie @ shift

register t a l'ogic T'evel froman Ingut termnal to an out put
t er m nadignahbased po tedirstolak signhBranalg adlighek clsclgfteduendshihas thedinstalocker circui t

further . includes an j t [ tipl r, contr.ol .circuit havi n i nput
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circuit_generates an input nultiplexer control signal that )
first clock signal is changed to an adjusted phase relationship. "A phase synchronizer

signal is generated having a phase relationship relative to the first clock signal and a
logic level to track the clock edge to which the initial phase relationship is relative.
Based on the phase synchronizer signal, the internal clock signal is generated having the
adjusted phase relationship and further having a first clock pulse relative to the same
clock edge from which the initial phase relationship was relative.

[013] In another aspect of the invention, a synchronizer circuit is provided
including a shift register that shifts a logic level from an input terminal to an output
terminal in response to an internal clock signal. The synchronizer circuit further
includes an input multiplexer control circuit having an input coupled to a downstream
tap of the shift register. In response to a first logic level coupled to the downstream tap,
the input multiplexer control circuit generates an input multiplexer control signal that
causes an input multiplexer to decouple a delay circuit from receiving the internal clock
signal. The multiplexer control circuit further generates a phase synchronizer signal to
track the phase relationship of a pseudo-synchronized clock signal provided by the delay

circuit relative to a rising or falling edge of a core clock signal. In response to a second



causes an input nultiplexer to decouple a delay circuit fromreceiving the
internal clock signal. The nultiplexer control circuit further generates a
phase synchroni zer signal to track the phase relationship of a

pseudo- synchroni zed cl ock signal provided by the delay circuit relative to
arising or falling edge of a core clock signal. In response to a second WO
2005/ 101164 PCT/ US2005/009404 6 logic level coupled to the downstreamtap
of the shi MO208Y4104164r the input nultiplexer control cPEEEPOYWMY ates an

i nput nultiplexer control signal based on the synchronizer signal to
recouple the input of the delay circuit to receive the internal clock signa
at a tine to provide the pseudo-syncH?onized cl ock signal having a new
phase relationship, but still relative to the rising or falling edge of the
core cl ogicslegeiadoupledcisettle @y whitesamniap tof thausHift pegister, tho tpudmultipledt t . Anot her
aspect of the invention provides a nethod forgﬁghustlng a del ay of an

adj ust abFEEPE CHGUIL FeneTaies HblPPhRPHglsgerroal oRphe SPIchfgRizendj ust abl e
del ay an v, is
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domai n apRiitERARE st cRcit. 0Ck  signal in a second clock domain having a
phase relationship relative to a clock edge of the clock signal in the
first clock domain. The nethod further includes ceasing generation of the
clock signal in the second clock donmain and adjusting the phase
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generati Eﬁ second cl ock signal having a frequency greater than the first
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first clock si gr)’ﬁiotheﬂﬂgpeéﬁgpﬂﬁ@ ileRfidn PrlodiiRé a infetiIdOf6} deikkrithg Adlo@ddigtai abl e
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signal in the first clock domain. The method further includes ceasing generation of the clock

signal in the second clock domain and adjusting the phase relationship between the clock signals
in the first and second clock domains to a new phase relationship. The clock signal in the second
clock domain is generated having the new phase relationship relative to the clock edge of the
clock signal in the first clock domain.

Another aspect of the invention provides a method for suppressing the generation
of a spurious clock pulse. The method includes receiving a first clock signal and generating a
second clock signal having a frequency greater than the first clock signal and having a phase
relationship relative to an edge of the first clock signal. The second clock signal is provided to
an adjustable delay to generate a delayed clock signal having a time delay relative to the second
clock signal. The method further includes draining partial clock pulses from the adjustable delay
and adjusting the time delay. The delayed clock signal is generated having the adjusted time

delay relative to the second clock signal.



delay relative to the second clock signal. 6a BRI EF DESCRI PTI ON OF THE
DRAW NGS [014] Figure 1 is a timng diagramof various related clock signals
generated according to the prior art. [015] Figure 2 is a timng diagram of
various signals according to the operation of prior art delay lines. [016]
Figure 3 is a functional block diagrgﬁlof a synchroni zer circuit according
to an enbodi nent of the present inv ion. [017] Figure 4 is a partial
function bl ock diagram of conventional delay circuit having a nultiplexed
i nput and a nultlplexed output controlled by the synchronizer circuit of
BRIEH DA TIHE BR ip di agram of various signals of the
operation of the synchronlzer circuit of Figures 3 and 4. [019] Figure 6 is
a fundoi4jnal bl CRigurell hdy antimingadisgram hefovemioss melated yclebkvsigmald enendted h
enbodi nents of th resent invention can be utilized. [020] Figure 7 is a
partial BFGEROIOAYE BHPOFT a conputer system having a menmory hub based system
menor y[Em whi ch ahed igg F%ﬁta FVRRGURLsi @ﬁ%&é@ﬁéqeme%emhmbment ed.
DETAI LED DESCRI PTT ON OF PREFERRED EMBODI MENTS [021] Figure 3 illustrates a
synchr onpderartdelasiiines300 according to an enbodi ment of the present

nvent As roni zer
I(:i \r/cuifto?goo cawﬂléu‘gseggﬂ(%ﬁggc%%\lfg%%ﬁ%ﬁ ﬁgégl% P%gl{ é;%gg}agéor&%ggd"m tg

pr eser veam@empedithdnt cfithe pressmoitsemivase rel at i onshl p between cI ock signals of
di fferent clock _.domjns he .ti of .the adju bl e.delay circuit
o il one” TR &' PR Re6E) Ho1 Giseiar LoD b A0y HOGl gual b | o
out put i Eaﬁﬁ@'&%ﬁlt tpﬁ%& %ﬁht dal a ﬂnﬁltlﬂfeﬁeds 6ﬁtpﬁt066n|ﬁoﬁ€d W the sﬁ{cﬁiﬂn%r

sufficient understanding of the invention. However, 1t w be clear to one
skil | ed icmcuitef FigureBhat the inventi on rray be pr actl ced without these

O anal S180na"t | iBgeps of SaBrisen ShaRAGT B aishR ¥ Ehipaich B er o
avoi d unsachfomider biyoxﬁb@ﬁﬂigure@ fufded. i nvent i on.
[019] Figure 6 is a %unctional block diagram of a synchronous memory device in
which embodiments of the present invention can be utilized.
[020] Figure 7 is a partial block diagram of a computer system having a memory

hub based system memory in which embodiments of the present invention can be

implemented.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[021] Figure 3 illustrates a synchronizer circuit 300 according to an embodiment of
the present invention. As will be described in greater detail below, the synchronizer
circuit 300 can be used with a conventional adjustable delay circuit to preserve a
pseudo-synchronous phase relationship between clock signals of different clock

domains when the time delay of the adjustable delay circuit from which one of the clock
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[022] The synchronizer circuit 300 includes a plurality of series connected
positive edge triggered D flip-flops 304a j. The first flip-flop 304a is
coupled to receive a control signal DELOFF and a first clock signal CLK
havi ng a {4 f uency. It will be appreciated that ignal can
repr esent%y%%sr“gh??ock signal of a first clock domai nl.)é’ﬂgsz\;%ﬁ%g expl ai ned
in greater detail below, an active (H GH DELOFF signal indicates that
changing the tinme delay of an adj ustapl e delay circuit (shown in Figure 2)
to which the synchronizer circuit 300 is coupled has been requested. The
remai ning series connected flip-flops 304b -j are coupled to receive a

second &igBEk issouipie|is chagexd. Ceriain defilx arsi sghiorthhglowator previde aeyifidient is twice

t hat of Sj [ a r ck sij [ i ond cl ock
oo 1 ubdisd O in ol AMowerdh f3be 41t REIUNA! iyl B BREPN © 0P
CLK2X sthgriavention nrayblegsacticed tithtie tieksépatigial details. I dther ihsampymetlt at ed t hat
the CLK2X signal. can b ener at.ed usi ng conventi al ircuit,s [ 1 known in
tho art KOORR SR{5COnAR SEPAS.GTdLHTRIE PRI @k Do FhatA ™ SPEl Bupl ed to a
t wo- i nptifer R ofiRIRecdsBRilP Ubdeutin®the Wiiehtibnpr OVi des a del ay out put sel ect
signal DEL_OUT SEL. [023] The synchronizer circuit 300 further includes a D

f1ip-02p 312 iBresyugrenizergircyis3¢) ipgludes 4 plaralipynfiseriosconpackdtrositive t wo i nput

AND gat . havi fd 1 Stapinput . t .af th
(1 p 71 SRRl o oS oklh i MB) 850003048 el b Bikeia ' 10
flip-fl omtRl2ignAREEOFP ahd o fird tPck sigoa (ilKebaving 4 fitsyfequency. riesqlbbse to t he
it d t X signal. ADflip-flop 316 i | ed t i
DS s Ao Ao B ST ol b ot exeoBarieS s RRbgl AGTRL PP i nput
coupl eddbBainh@stwillbeQithRited @i Fltehter ddtdiPbdldve Rin 230 (FEGH) DRIEIFgrhanput coupl ed
|

to the true output of the Dflip-flop 312. The D fI,@- flop 316 is coupled
to trigiwicates that shaeing the timeedelpypdian wdiugable delpy cikrautdshonve BiFigwWE 2) The true

out put § the is%(ﬁ).llrcﬁ?ze%jcﬁcﬁrf 996 %éo@leﬁ%ﬁ%e%xﬂ%ﬁggsﬁlﬁe?ﬁe Bdntidhe DEL TN -

SEL. [024 I gure ustrates a portion of roni zer m%cuit 300
coupl edsdries @onmpoted dhp-flopaB04te] &y couplaitotrectd@.a sEbandi dlgukt sigfal ChE2¥onvent i onal

del ay cLt cui 0.is, .coupled to the.output, of i plexer 401. A first
"put off B HEIFAT (iSSPLRET AaBeiebSois 08y h 8 o e IS EFDBRieH & coupl e
t 0 receirgppestite dbdilXgral @becodMelock EREMAN AThd UK 2X $ighalldah®d gbfergédund. I n an
alternative enbodinent, a delay circuit includes_ internally mnultiplexed

i nput s, basd RARGCLE ignak aad the CRiXiepng) isdp phase tvithobe pEEERes Bilbut put cl ock
signal Gl KIELi R8s Bkt 3 GI¥2X signal can be generated using conventional circuits well
known in the art. The “true” outputs of the flip-flop 304c and 304;j are coupled to a two-

input AND gate, the output of which provides a delay output select signal
DEL_OUT _SEL.

[023] The synchronizer circuit 300 further includes a D flip-flop 312 is coupled to
receive at its input the output of a two input AND gate 320 having a first input coupled
to the true output of the flip-flop 304f and a second input coupled to the “not” output of
the flip-flop 312. The flip-flop 312 is coupled to trigger in response to the positive edge
of the CLK2X signal. A D flip-flop 316 is coupled to receive at its input the output of a
two input OR gate 322 having a first input coupled to the true output of the flip-flop
304f and a second input coupled to the true output of the D flip-flop 312. The D flip-
flop 316 is coupled to trigger in response to the negativé edge of the CLK2X signal.
The true output of the flip-flop 316 provides a delay input select signal DEL,_IN SEL.

[024] Figure 4 illustrates a portion of the synchronizer circuit 300 coupled to a
conventional delay circuit 400. The input of the conventional delay circuit 400 is

coupled to the output of a multiplexer 401. A first input of the multiplexer 401 is



CLK2X signal that has a tinme delay based on a control value DELTAP. The
DELTAP value is typically represented by a plurality of signals that sets
the tine delay of the delay circuit 400. Generation of such signals is

convent i o%l 00521@?161 not be discussed herein for thﬁqﬂ@é}?%@fp%% evity. The

out put of O yCII’CUIt 400 is coupled to a first

mul tipl exer 402. A second input of the nultiplexer 402 is coupled to ground.
Thus, under the control of the DEL _OUJ SEL signal, the multiplexer 402

provi des either the CLKDEL signal or ground as an out put signal DELOUT. The
DEL_IN_SEL  and DEL_QUT_SEL signals are provided by the synchronizer circuit
300 showhpled toppepivesthe CLAS Xuisignalp andes pecandinput is avupled degeound bdt aw,

decoupl j; C re glitch

pul so. 1UBEATE chPBtchl Al ol (R A RER HERG s Bt DL 2l e 16
aﬁpl i edntthe the r’fﬂeldalxaylcir:mﬁt 400 provides am@n%mmhﬂck @igﬁEHCISKDEElbaseﬂ onrtbéiogp: ed It_o
the inp t.he y line cjrcuit, and the an e delay line
circui téh{&{x g’l‘aé ol B@etqqﬁ‘ayﬁ)@wdtqnnaecqglgp]ag,a Aﬁﬂiﬁ@@ cﬁ@ [%lr?é‘ﬂfl oned, the
del ay \Glg& fypf&Qﬁy rSpreRANa Tty Qsﬁﬁahtfl%@ STERALY (e S69 75 Bbel Rl SrfRE use with
enbodi nents o iI'nvention are we known by those ordinarily skilled in

t he ar tdelgy0oisonitddr LFengration of Bechsjgnelsipednrentionpls end wilkinet behliscastdy circuit
400 wi | i 0, gure 5.
Fi gure rg]ﬁlfoppﬁa?és ERMKﬁéﬁgﬁﬂfgfa%gd%lﬁi '&%@s@gﬁ%ﬁ@&% \f}lle:lél from and
i n phasapw dffa mhbip(éxKr 4029 nallsecond lifipua bf e multipdexDELTHs couygledto gréumgure 3) i s
eque , the I FL _and _ DEL nals are also LON As
a resu LS, I’1‘€ )@OPQOIEEJ{]EFBH%PQOWeS%F %_er@muf’ %BVO AQFPQHi9es 4) and the
DELOUT gih@pale C%Eﬁvﬁgﬁgop%‘ro{ﬂfa t§ig9£l@iEL@UTPqthe lDELt g stglay circuit
400. As shown in Fi he DELQUT signal is a delayed "version of the

CLK2X sﬁngn@lELh@MM signeds @ pipvifigd byethe isynohtamizen cirewit 30fIsiiovm ¥l ue. [ 0261
As pre S ate an

oper at :/% ﬁ% %%QP%@B%E%AK#%Q&_% K detgﬁ%lhﬂé%hy& ?tr(!gétjclléty% (Figure 4)
to be minmmd the%ccamtncmfprgﬂmﬂh plutse drofri anglddtpuit IﬁenDIEIaGEEy #ingciaduitbecones HI GH
(not sh |ndict|ngt initiation of, the era nhas een

request %Q‘) Hie pH% ‘f 1s|-a>pq}ep[ tor@p@ﬁf’é’ H‘?"omf%t ﬁg“gl’lﬂi % he CLK

si gnal esudifietdhGihd¥eloPrie 84189 ahe chdift, hd e o Ps%ﬁé‘laonHé Blhp liRe HI GH
signal. The H GH s.gnau generated by the flip 304a WO 2005/ 101164

PCT/ US2esitogidlbe deRyed gy ribe m@wmr@@églay e AShpr@wgwly meenpipgdalthe gelaf seri es
coupl ed urclu'itplfofollg Qénv%gégnall an‘ﬁ‘ntlegxy cﬁg}lgns suitable for use with embodiments of the

invention are well known by those ordinarily skilled in the art.

[025] Operation of the synchronizer circuit and the delay circuit 400 will be
explained with reference to the timing diagram of Figure 5. Figure 5 illustrates the CLK
signal and the CLK2X signal derived from and in phase with the CLK signal. Initially,
the DELOFF signal (Figure 3) is LOW. Consequently, the DEL IN_SEL and
DEL_OUT_SEL signals are also LOW. As a result, the CLK2X is coupled to the delay
circuit 400 (Figure 4) and the DELOUT signal is provided by the CLKDEL signal
output by the delay circuit 400. As shown in Figure 5, the DELOUT signal is a delayed
version of the CLK2X signal having a time delay Td1 set by the current DELTAP value.

[026] As previously discussed, an active DELOFF signal is used to initiate an
operation to allow for the DELTAP value for the delay circuit 400 (Figure 4) to be
changed. At a time prior to a time T0, the DELOFF signal becomes HIGH (not shown),
indicating that initiation of the operation has been requested. At the time TO, in
response to the positive edge of the CLK signal and the HIGH DELOFF signal, the flip-
flop 304a outputs a HIGH signal. The HIGH signal generated by the flip-flop 304a



true output of each of the flip-flops 304b -j switching H GH in sequence in
response to a positive edge of the CLK2X signal. The flip-flops 304b and
304c are coupled such that a stable signal will be output by the flip-flop

304c at sitive edge of the CLK2X signal e ip-flop
304b is S@H&IEPat a first positive edge of the CL Qﬁé;?o&gs@a Bl The
swtching of the flip-flops 304b -j in sequence for every positive edge of

the CLK2X signal is represented by thg DELOFF2X_Q signal in Figure 5. The
DELOFF2X_Q signal represents a hexadeci mal val ue corresponding to a nine-bit
nunber, where each flip-flop 304b -] corresponds_to one bit of the nine-bit

nunber . beBH to FLRRAgBtedthrqugh the pblrathtwf 307185 qoeplﬁééhvrﬂgp% PRt adth tBe gni fi cant
DI 1 2N b Wheslr ORI 30b R B0 HRBASR SO G iBSd 971 (T cant

bit. ure ecInar - val ue epresen by the
DEL OFF2posifivsiedgeadbf thhﬂig@( agnslh&hedbpéops bealnd BO#d @p cB@pléd sych ¢hat t ches f rom

LONto H For . ex t,a.ti | ock erlos

Sronal S renle sate! SPe iR g Bt 30460 Feced S e, it fes 1 on
The DECORER%igaaticg8iRif @b flipSlobi 30Ab T mbbstadleval 41 8rs0 ol edde Fahé espondi ng
to the fli s 304b and 304c having H GH outputs and the renaining

flip-fl XGI@aP i Thesraighing ofthe flipuflepsal04ptidn ﬁpwnqqforrﬁgymlﬁm of the AND

gggfegPaﬁeggﬁhgﬁ“@v @@E%%S@B ﬁb%fﬂilé Pthn)gtﬁk&S%c%n?g?ﬁ%%r the oper ation

of the BEhORF2Xi Qesigedlr rpidseBO Gy hbnatiedmsl velan qotﬂesp:mdmged arnmd:blgur e 5 for

th f, d i t t f t h it 300.

[ 0271 AR s ssoty M o b Goreaneh P 9ot PE st S5 Acty CEReS. IFGH i »

r esponsutii of tHREFPA 304@@@1@@ afthé Reast Glhdcast h@ld thd bepBRs@rFZx Q si gnal

reflects l%hg chanlge pz)f p-flnop 304?c by havi n% a valbﬁtg of OxO1lFH at the
L

time T2florc34i é@ﬁ@ﬁ@t%@etmoatﬁgmwwﬁmbgwwn gue F) Bgdenplepimabat . | n

pto th
g?fgo? S‘gdlﬁe%f%‘]ggevn\nft%dc es ﬁz&:@’h@%&l} Aﬂ,&t tshtgy%egﬁ‘%cmﬁéehg)t @P% edge ofe t he
CLK2X gsii :gna:hes‘ bInoOMY td HéGﬂostrl exemphiget @timel, twoelofR ,petlde d@he | N SEL
i gnal jded at .t f the flipsfl LOWto H GH
S48 LR ol PRI ] bl OO A5 B SIS LI hoves
mul ti pl BREOFFAQ b(s@wuaﬁhémﬂﬂ%Wm Stex00RIM206r ek shdingft @i fiipe i nput of

the delay circuit 400, .and_couple the %lround as the input. |n response, as

the | astons3Rdxangd 39ac b?ﬁb&é‘gp&outi’ﬁ?@ﬂ‘b ot gEaE galfivciapg éﬂﬂd-nb@vmgas shown in
Fi gure fow HfpdELOHE whaa! TRY SRipURb! the ARES MO368 PehAR1AEW REbi452005/ 009404

10 one of its inputs is HIGH. It will be appreciated that the DELOFF2X_Q signal is not
necessary for the oper'ation of the synchronizer circuit 300, but has been illustrated in
Figure 5 for the purpose of describing the operation of the synchronizer circuit 300.

[027] At a time T2, the output of the flip-flop 304f switches HIGH in response to
the positive edge of the CLK2X signal. The DELOFF2X_Q signal reflects the change
of flip-flop 304f by having a value of 0x01FH at the time T2, corresponding to the
HIGH outputs of flip-flops 304b-304f. In response to the flip-flop 304f having a HIGH
output, the input to the flip-flop 316 switches from HIGH to LOW. At the next negative
edge of the CLK2X signal following the positive edge at the time T2, the DEL, IN_SEL
signal provided at the output of the flip-flop 316 switches from LOW to HIGH at a time
T3. The DEL,_IN_SEL signal switching from LOW to HIGH causes the multiplexer
401 (Figure 4) to decouple the CLK2X signal from the input of the delay circuit 400,
and couple the ground as the input. In response, as the last CLK2X pulse propagates
through the delay circuit 400, as shown in Figure 5, the DELOUT signal eventually goes



LOWas well at a time T4. The DEL_IN SEL signal will remain H GH until after
the output of the flip-flop 304f switches to LON [0281 At a tinme T5, the
output of the flip-flop 304) switches HHGH in response to the positive edge

of the CI.&%)&O‘%{_‘?&%I‘ and the DEL_QUT_SEL signal at theallg&téﬁmstihos%%‘ﬂiehe AND

gate 308 goes as well. The H GH DEL_OUT_SEL sign auses

mul tiplexer 402 to couple its output to ground, thus, decoupling the output
of delay <circuit 400 fron1providing16he DELQUT signal. The sequence of
decoupling the input of the delay cifcuit 400 fromreceiving the CLK2X
signal at the time T3 and then decouEIing the output of the delay circuit

400 fr diWhas verk 38t tineg Tidh eTheuPEL pNe REL sigyal will rempain HIGH wpsl aftqrdies t he del ay

circuit ﬁg A} I . That is, any part of a clock pul se of
the CLK: gf’%ﬁ%f‘fpgﬂ&o?@‘l/fa{‘“?ﬁ%&? i:[%gﬁt he DEL I N SEL signal goes HHGH to

prop$@gs] e t hr oAphtitdeel 5gehayutput efithe fHH Ao 804) rsevitdresOHIEH Mg rdspansotd put. Wth
the input and output o del i rcuit coupl ed,. the DELTAP val ue
can be tﬁ%a?ﬁay& e Bt e kg %%lagé(ﬁg@ﬁﬁhﬁ? flggal&%fher?@tpaép y circuit

400. [Qﬁ@l\l\ﬁ ghib aps %Ialé“sJ mGHS&Hﬁ&EdTh@m@H@EL_[@MTaSEE%i infil éahfes plase _Of a
cl ock ;ﬁ&nal In the second time donain relative To a clock in the first

ti me donwiiplexs 403t torrenpleaith eutputvire eroupd s, dgceupliagithe ogtprieelodgityed t o
i dean. j : ' . S
Phe ol B A B £ R EERG i PR M oP oo

t he cl ock sign econ omaln a represents
t he cl afkhsidelaglcircmt 400 fromstecdiving the GLKRX Figealsytnibhrtomé Z8randitheui t 400

et out APt i i of GidadeisRiagh ot HE SarE ot lermane BB a0s & decoupl ed
so thatd Bﬁefﬁsraﬂbw@hﬁcaaewbﬁana)‘o th RaiPEhht phiga! Tidk 1S bny SO i Ng the

i
delay circuit 400 w have the sane general phase relationship wth the

CLK si girsk palselpéther(d K% sizmpbgpteff pcthp imedise REL_Becddptignt! goeptletr ef er ence to
Fi gure I I : S ' : the tine
T2 rhadpadsaby Bifudd E 8B AP0l BRIk el SHERME uBh 70 e
CLK2X anil gutplut bfthe dglag qiesit t400 deemhpiedathe tDEL TAPwalig camhe clengal atai des with a
negative e f e. CLK si | . ,Consequently, in order to maintain the
Correcttm;leef@ﬁ@wﬁﬁg&m@lyﬁﬂﬁgﬂﬂymﬁcgﬂ\ﬁ@@n t he DELOUT signal and the CLK
si gnd29] t he fiASpreplofflly didbusedQiroblbds Biak @le irsheptmke af 4 Slbck fignaPEL TAP val ue

i s changed should follow a positive edge of the CLK signal. [030] In
oper at i thh secprd tigigtdomain relatiee ) 3 plogk dpthgafrs§ 4me dpyna is|not maiygiredhes H GH  at

?Of : gsm\%rgenittﬁee BESPOPSS i5Teldtp1dTS rraWRE i YGpRdiSKOdighal® nFisark 5 gnal
DELOQUT signal represents the clock signal in the second time domain and the CLK
signal represents the clock signal in the first time domain. The synchronizer circuit 400
uses flip-flop 312 to keep track of the phase relationship between the DELOUT signal
and the CLK signal while the delay circuit 400 is decoupled so that the first clock pulse
of the DELOUT signal after recoupling the delay circuit 400 will have the same general
phase relationship with the CLK signal as before the delay circuit 400 was decoupled.
With reference to Figure 5, the last clock pulse of the DELOUT signal is output at the
time T3. The last clock pulse is the delayed version of the clock pulse of the CLK2X
signal having a positive edge at the time T2, which coincides with a negative edge of the
CLK signal. Consequently, in order to maintain the correct relative phase relationship
between the DELOUT signal and the CLK signal, the first clock pulse of the DELOUT
signal after the DELTAP value is changed should follow a positive edge of the CLK
signal.

[030] In operation, the output of the flip-flop 312 is LOW until it switches HIGH
at a time T4 in response to the next positive edge of the CLK2X signal following the

I
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WO 2005/ 101164 PCT/ US2005/ 009404 11 time T3 when the output of the

2
flip-flop 304f swtches HHGH |In the arrangenent shown, the output of the
flip-flop 312, shown in Figure 5 as a PH2ZXCOFF_Q signal will sw tch between
HI

GH and LOWin response to every positive edge of th i gnal after
the ti me WE2HEP1% he out put of the flip-flop 304f swﬁjtcghte%%g@\@é&to LOW As

W Il be described in nore detail below, the toggling of the flip-flop 312 is

used to keep track of the phase rel a” onshi p between the DELOUT signal and
the CLK signal during the tinme the delay circuit 400 is decoupled. [031]

Following the tinme T6 but hefore a tinme T7, the DELOFF signal input to the
flip-fl &mesdavhgsdhe oot 9bdhes Kinuilpp i394 sutihey HIGH. (I dbe SreRgsmsht t he. i nput

and out i i : t of the
i por1 ooy dhe bGuE Ay afAGHA 12 WA 9PTiRRRD SSRRRSKET, QUL Sage of
t he CLK2Xitsh @pabrteen THEH @ dXWuin resporstio febeny-fdsijye 38iga ofithe CAEGXn t o

propagat e through the remaining flip:flLo 304h | .in .seq i N response
to each B3 a(ff%{/ eé%eeT%PHt?lﬁge @%@P@hﬁﬁoPA?og s{"i‘tﬁ]%es'%& FWOU@%N of the
f1ip-fl e@ldRHeseived gh@sret&tdmmoapdleg’%gﬁﬁ RO aReflipiiivp Mlis GbeH 1Skkep Si gnal  of
the AND gate.308 switches LON The L DEL OUT_SEL si Enal causes the

nul ti pl éseek ofiths pheserraleBenshiy hetiween the MREIAHUT isigngleangyihe signal dwringy provi de

the CL : éi&ﬁi&ﬁ?ﬁc‘ﬁg@@ghwgﬁé gnal. At the tinme T8, although the output

of the elay circ I's recoupled, the input has yet to be recoupled to
recei 031} he CLKEWowsgythe timeGdriswtchedort byime Tg theaDELOFYfsigrakinged tayheci rcui t at

t hi ti i i1l L 032] At ti 9, th tput .of the flip-fl 304f
toi ¢ chodinep Bhia tnes DO Gl Showty Botsefife btrsAhuRE R e B s ol 1oe Do
out put - of tHehildy dirduit 40PhaAtEn véduested aUEoltpe dDithe fliN-fRFpl3 08tk go&@l LOWt put by t he

flip-flop 316 to switch to LONVat the follow ng@negativme of the CLK2X
si gnal & thenol{ Butespamse trethe pppitive gdgepfahe ELERKsighabIh 8HPU s shown in
Figure i3-fid ; j f 1 NEip- by eipedge of the
QLo 0% S AP fop s Wl e o RAGAERN thiSubil s mai io, Mg B0k e et 1.

t he DEL séduen®Hin wippnsd tadeash positivevadge lof HOWEK2X sigmad TiCa tite TS, there TI 1

i h R f. the CLK2X. si | t put of
The 111 putpf geb, ARG Kac DBkt fo ST e it ant L GUEAELT ) D11 o
304f at sighel ¢fi the AND gatbB08 stvitchees TIEWE OTEEEOWNDIBIg O SHE. signal cavegat i ve edge

of the CLK2X signal, the DEL I N SEL sitgnal qut put _by_5htg Jrl“izigé ftk|1e0p 316

finally ﬂ&b@gﬂt}_ T 'ﬁﬁ% teytecquplesghe output of the delay circuit 40
CLKDEL signal as the DELOUT signal. At the time T8, although the output of the

delay circuit 400 is recoupled, the input has yet to be recoupled to receive the CLK2X
signal. Consequently, the output of the delay circuit at this time is still LOW.

[032] At a time T9, the output of the flip-flop 304f switches LOW in response to
the positive edge of the CLK2X signal. The LOW output of the flip-flop 304f will
cause the DEL_IN_SEL signal output by the flip-flop 316 to switch to LOW at the
following negative edge of the CLK2X signal if the output of the flip-flop 312 is also
LOW. However, as shown in Figure 5, at a time T10 corresponding to the following
negative edge of the CLK2X signal, the output of the flip-flop 312 is still HIGH.
Consequently, the DEL,_IN_SEL signal does not switch LOW at a time T10. At a time
T11 corresponding to the next positive edge of the CLK2X signal, the output of the flip-
flop 312 switches LOW because of the LOW output of the flip-flop 304f at the time T8.
At a time T12 corresponding to the next negative edge of the CLK2X signal, the
DEL _IN_SEL signal output by the flip-flop 316 finally goes LOW. The DEL_IN_SEL
signal switches low because the output of the OR gate switched low when the output of
the flip-flop 312 switched low at the time T11. In response to the DEL, IN_SEL signal



signal switches | ow because the output of the OR gate switched | ow when the
output of the flip-flop 312 swtched low at the tinme Tll. In response to
the DEL_I N _SEL signal WD 2005/101164 PCT/ US2005/ 009404 12 switching LOW
the nul ti [ recoupl es the CLK2X signal to the J§ del ay
circuit 4 b%(@ﬁﬂgg}t he positive edge of the CLK2X si gnﬂ%()@oﬁ“ﬂg T13
represents the positive edge of the first clock pulse of the CLK2X signal
to be input to the delay circuit 400;follow ng the change of the DELTAP

val ue. The positive edge of the first =~ clock pulse of the DELOUT signal at a
time T14 represents the {a_gsitive edge correslggndi, ng.to the positive edge of

t he CLKZWitshigglOW; theaultiplegerrd® reqopplessthel LXK gignal fo; theanpfed thy a new

delay ti - Wi s applied
o the dury e 40 PyBPhE SRR RS O IRCPEAS Hiepdffla A ¥E3 [PRRet®s “Phe
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rel ati on€fih 4@@&@3’5& ﬁ‘@ c%ﬁtgfl?qué? g@sfe&nﬁahﬁe&gfkoﬁﬁb?ﬁ getocf%ébee Whi nt ai ned,
the firsdodd palke Pfl the DELOUT Bigh&E % 6AR! TSHoupsaR RS PpRkdvé @dge posi tive

edge of the CLK signal, which is the case shown in Fi %tfre 5. The relative
phase r loxesnoRdIRE fo the pesitehedes of A2 Xistgmal atdhritimp d 163 Khe DFAAUT s

mai nt ai C the hQg i I goypl e the
CLK2X s:‘g@g%'gf)%t 0 thce1 i n%agzggdfia?ﬁgﬁ_ag{zh%ﬁhr%&%?ﬁoﬂg t(g\r?tﬁelgflévfpﬁjeﬁcor rect phase
of the Glakieshagmak apEledkefie delagckebity4@ha the fipefllbop 312 toggl i ng bet ween HI GH

and L in response ta the I . [034) .1t will be . appreciated that
i nor TG 11 cat RbAL 6 RierTadae PELENET sigplarpimiisdhnsa PRPEReg0  « hout
depart i ngspettofd the €LKC SiRRalOf THAN &, RE PBSAbuNURBISsE) -in FoRder BX B¥RERLV he nunber
of series coupled fllp-flogé 304a -j can be nodified to change the relative

timng ofhasevelalignshinbetypehtie PRILIET msignali aed thel Gl signgl febompiiaingd he del ay

line 4 i j isvel ] t of which
FI i p-f|gge§%ﬁgf°?%/bgt§%£éf§ﬁe%%'ﬁ§fgg 2h§‘ﬁ’§]%°§‘r§5@?|‘eﬂ§3¥$?@3§§§ b i Fed 1o
change t@EK rsggnat, iwlgch iisrithegcasé shevwre iy digwess. siThealektisie phedel rel4tiofdip | n an

al t ernat,i ye emhodi f .the inventi the synchroni.zer .circuit 300 is
modi 11 Pt ge MU crigh wf i ' Chk, SEC A T RRBA P s ohe

f requencyEDfINt BEL sfgnlll &i@allowddio reXaufk the @XKLREsifiia ol eeCiip@foftthe CLK

signal. An asynchronous FIFO (not shown) can substituted for the flip-flop
312 in dlepyciewt #Qwnt thegoriset phgge afdhe CLK signal, as kept track by the flip-flop

312 toggling between HIGH and LOW in response to the CLK2X signal.

[034] It will be appreciated that minor modifications can be made to the
synchronizer circuit 300 without departing from the scope of the present invention. For
example, the number of series coupled flip-flops 304a-j can be modified to change the
relative timing of the various signals used for decoupling and recoupling the delay line
400 to provide the DELOUT signal. Alternatively, the output of which flip-flop 304a-j
the flip-flops 312 and 316 are coupled can be modified to change the relative timing of
the various signals as well. '

[035] In an alternative embodiment of the invention, the synchronizer circuit 300 is
modified for use with a clock signal that has a higher multiple of the frequency of the
CLK signal, for example, 4X the frequency of the CLK signal. An asynchronous FIFO
(not shown) can substituted for the flip-flop 312 in order to keep track of the four
possible positive edges that occur for one period of the CLK signal. Minor
modifications well within the understanding of those ordinarily skilled in the art may be
made to the logic circuits coupled to the asynchronous FIFO in the case clock signals

having higher multiples of the frequency of the CLK signal are used. Using the



possi bl e positive edges that occur for one period of the CLK signal. M nor
nodi fications well within the understanding of those ordinarily skilled in
the art nay be made to the logic circuits coupled to the asynchronous FlI FO

inthe c ignal s having higher nmultiples of y of the
CLK si gngﬁgéﬁ‘}?%ﬁg‘ég. Usi ng the WD 2005/ 101164 PCT/ uszo‘;égﬁtﬁ%@‘%ﬁm{s
asynchronous FI FO provides that the first clock pul se of the DELOUT signal
following the recoupling of the outpyt of the delay circuit 400 will occur

havi ng the sane relative phase relationship with CLK signal as when the

i nput of the deI%¥ circuit 400 was decoupl ed fron1rece|V|ng&the cl ock
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substitutions can be nmade for the flip-flop 312 wi thout departing fromthe
scope dte implemgnied aningjcepvartipes) desigmeind mirguibey . 6A] sonyertipnak | :a gapntey ock

nvent 1o il Rk (RHL R B0 Bt £l GERRETRR O LIRS TR
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lth h bl
Gevi co o Ao el o B R oy P af PRl o Sy in PO ARV R Tt e na
and ethﬁIU@ﬁfutloﬁé wﬂ&eSma&deoh tiRsflpFHpeN L ivateht a OROMSthORAME of HIRAMS) ,  as
wel | as packetized nmenory devices |ike SLDRAVMs and RDRAMs, and are equally

appl i callireéefl’féﬁ"&ﬁ‘}onl ntegrated circuit that nmust synchroni ze internal and

ext el ©LOCKiFgs O fungh G kioER e IRARLY oRUREy BPAL B0Y 45k cont ro

| ogi conman eco elves a conmmand and
cl ocki rgmbodjmehts of vier pmseubmﬂvemionmas bEahfllgmerttepi d&nb In}eniorg) nieeine 60Q &r nal

circuit_such_as a nt not shown command si nals

Ly i calTErn et decdoipie caF dDER) oo SFMs Fiamstresare a
col um @@qu”pteﬂmb@glﬁ ttﬁqainc%*des@Md hefelV @éidf)}ﬂﬁs%bl%ttbocb@ BeEO] RAS*
while the clocking signals |nclude a clock enable signal CKE and

conpl erﬁb«?ﬂl@ﬁ thatpay P@Cé‘f rfafy&chropiging ojrpeit %swhrﬁ@zm"mteg@i gihextergala signal as

bei ng agEhMe duliVas LOv AR RPhchronous DRAMs (SDRAMS), as well as packetized
memory devices like SLDRAMs and RDRAMs, and are equally applicable to any

integrated circuit that must synchronize internal and external clocking signals.

[037] The memory device 600 includes a control logic and command decoder 634
that receives a plurality of command and clocking signals over a control bus CONT,
typically from an external circuit such as a memory controller (not shown). The
command signals typically include a chip select signal CS¥*, a write enable signal WE*,
a column address strobe signal CAS*, and a row address strobe signal RAS*, while the
clocking signals include a clock enable signal CKE and complementary clock signals
CLK, CLK*, with the “*” designating a signal as being active low. The command
signals CS*, WE*, CAS*, and RAS* are driven to values corresponding to a particular
command, such as a read, write, or auto-refresh command. The CKE signal is used to
activate and deactivate the internal clock, input buffers and output drivers. In response
to the clock signals CLK, CLK*, the command decoder 634 latches and decodes an
applied command, and generates a sequence of clocking and control signals that control

the components 602-632 to execute the function of the applied command. The



signals CS*, WE*, CAS*, and RAS* are driven to values corresponding to a
particular comrand, such as a read, wite, or auto-refresh command. The CKE
signal is used to activate and deactivate the internal clock, input buffers

and outp i In response to the clock signals * he command
decoder g&ﬂqhgﬁgﬁég and decodes an applied command, an égﬁ%g%?gé a

sequence of clocking and control signals that control the conponents
602-632 to execute the function of tm% appl i ed command. The WD 2005/ 101164
PCT/ US2005/ 009404 14 command decoder” 634 | atches command and address
signals at positive edges of the CLK,  CLK* signals (i.e., the crossing

poid n:j ?fcwﬂgo@qfi@d%i@ laigbescrormmagd ang addiegs, sighips Rb POFEVE APEPS qfégi ﬁt ers 630
and da i S n : e nenory
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because the i gnal has the sane frequen s t K, K* .signals. The
menory o‘@?ﬂeﬁ'ép‘%bég‘qg@e?l@we e 69@ %gsg%@&oggﬁeapggﬁ%ﬁg‘%%b@ use the
data worgdes 4@ th@l AdohbRNAS BEGRACY 6f MBE1dck REnhRTINEY CEK*ar Ehik iped erred at
double the rate of a conventional SDRAM which transfers data at a rate

cor r esporgfieg the DO signalgbenty seme foquengypts g CHBeICIK YrignalsThEbeiet ai | ed
operat | %elg&if Q6icE b @ Lﬁder?&f fo o8 ’lddo%plm&%ated&gi%@%ecﬁésé thé dglﬁ Q@Jxﬁi' ng the
control an imng signal's 1s conventional, and thus, tor e sake of

brevi t y, D@ bdingh ohnstferredewcandbfecin ithe deviee aletteankferrpd 28 |dolblet therratensefl aided i n t he

menory devi ce, 600, | ddress_ regi ster 602 that .. recejves row, c¢olum, and
pank. addrouagoreh AR et EEShaitsR i cores oL § e SrRBrY ef (not
shown) ti¥piapplliddycl5ekd BigHAINOTAN BetAtr SHemBitn of MBe BMIFSISRglcCMAEGIMARP T ecei ves
a row address and a bank address that are applied to a row address

mul ti pl edespder 684 im gencrriing thopantiel andolifningsignelsiis copentipadpend thus|f9r  The row
addr ess ﬂk"sélée%'f@f%gg%%ﬂ nofhP, eis&‘ﬁﬁﬂiil{llﬁglredg _row address received fromthe
ter re

address regis or arefresh row a ss froma refresh counter 608 to
a pluf@d8]ty of Fatheaduhiwied ihdhchemny dwoedddss ab BdArdss rdgigehéikthaont r ol

| ogi c 606 activates the rqw address | atch d deco 610A- D correspondi ng
o e t NS T O LITGRTF TRh AT PRI ALOPRedid: SPeB8Y’ or o
refresh darkladgoe sisowd) Oppichls; E@plyaihtheoiddidsesS OBhe addresd gegdtér 6% ed row
address |l atch and decoder |atches and decodes the received row address. In

r espons ereeRvasiaoradgeretiand phankaddisssthatiarpanpdied (ot e eddreavapkiplexpat ch and
decoder &LOMIRAPRRS 106 LAt 606, respectively. The row address multiplexer 604

applies either the row address received from the address register 602 or a refresh row
address from a refresh counter 608 to a plurality of row address latch and decoders
610A-D. The bank control logic 606 activates the row address latch and decoder 610A-
D corresponding to either the bank address received from the address register 602 or a
refresh bank address from the refresh counter 608, and the activated row address latch
and decoder latches and decodes the received row address. In response to the decoded
row address, the activated row address latch and decoder 61 0A-D applies various
signals to a corresponding memory bank 612A-D to thereby activate a row of memory
cells corresponding to the decoded row address. Each memory bank 612A-D includes a
memory-cell array having a plurality of memory cells arranged in rows and columns,
and the data stored in the memory cells in the activated row is stored in sense amplifiers
in the corresponding memory bank. The row address multiplexer 604 applies the
refresh row address from the refresh counter 608 to the decoders 610A-D and the bank
control logic circuit 606 uses the refresh bank address from the refresh counter when the

memory device 600 operates in an auto-refresh or self-refresh mode of operation in



signals to a correspondi ng nmenory bank 612A-D to thereby activate a row of
menory cells corresponding to the decoded row address. Each nenory bank
612A-D includes a nenory-cell array having a plurality of menory cells
arranged in.r nd colums, and the data stored in r ells in

t he activg@g%&¥@%ﬁ?s stored in sense anplifiers in tH%H§%$$%@%%ﬁﬁing menory
bank. The row address nultipl exer 604 applies the refresh row address from
the refresh counter 608 to the decoders 610A-D and the bank control |ogic
circuit 606 uses the refresh bank address fromthe refresh counter when the
menory device 600 operates in an auto-refresh or self-refresh node of

oper at i16#P0ns¢ t@En206%5 /o1 selftgafretronsrod Hemgeppled tpghe mepons devige 880.aut o- or

sel f-refr connmi i & i t he nenory device 600, as wll be
appr eci%tvgglggﬁpﬁ ﬁ%%gdgﬁwgéﬁlﬂha?ﬁggg?'t. [0391 A columm address is applied
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602 appljes the colu addr.ess a_col.um_address .counter a | atch 614
o ch adepashpr s BB REISEG PV PR BSOS iE .6 PG AR ol um
addr esscoliftePardl 19icR 61 4 Whith, @AM a@RGEIHSESubia Gddress ahag Eﬁéalfhé%_ﬁé}{eﬁ' | ogi c 606
activates the col um decoder 616A-D corresépondl ng to P e received bank

addr es scoluamiaddrese tare pluvality o columardededssti 610 A+E: obesbanksonlpy ILogig G981 um
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col umm thddetatedtoohinredaed erl d¢codésl thd-appliedr codyaph iaddress. Begpudimeeornthecol um

addresses t.o the decoders start.in t the col address pr.ovjd g by the
addr s CPPBHRE frte G 3he merpary GwRE 800 he Relump) aghtess, eoHES 2of LBIFh & count er
and | adinbr didedily bpflicd @le adhRd coRbiATHIARS RiRE dBd&HRrs b IBARDI &Sasiafeede and

control signals to an |I/O gating and data masking circuit 618 which, in
turn, aecawesseel enlwpnypddiesses to dlar desopern diaribnetad thheoluma sdd@sscprayifedaddr ess in

t he act r i R aq:ﬂi,” %2@ i ng accessed.
[ 0401 &ﬁ’@%gﬂ%g&g@g@%ﬁgﬁ%@@ g’a?lylglel ng &rc%%sg rom-t éﬁééj?rngssed menory
cel | s ilstch 614l thel a¢tivated ghlurhe deéddegato A applied d¢cwdemad icogrot Bignalstto618 to a

read | atch-620. The.l/O gating and data. masking circuit 618 supplies N bits
of " dat 2% DO Fbing & fe AARIMEOSISORh Y G e SSGoR5® RIS, S0y ds to

mul ti pld@z&egpoﬁéa% td thel d¥BodED OslinAM HddREs inFthe WEByvaed foREoLmbmbist cfik8npr ovi des 64
bits to the read |latch _620 which, in turn, provides two 32 bits words to

t he multhe preeeprbagk $124Dibeingaeseitsd- 624 sequential ly receives the
[040] During data read operations, data being read from the addressed memory

cells is coupled through the T/O gating and data masking circuit 618 to a read latch 620.
The I/O gating and data masking circuit 618 supplies N bits of data to the read latch
620, which then applies two N/2 bit words to a multiplexer 622. In the embodiment of

!

Figure 6, the circuit 618 provides 64 bits to the read latch 620 which, in turn, provides
two 32 bits words to the multiplexer 622. A data driver 624 sequentially receives the
N/2 bit words from the mul tiplexer 622 and also receives a clock signal to synnchronize
the data driver 624 from a clock generator 627 having a synchronizing circuit according
to an embodiment of the present invention. The clock generator 627 is coupled to
receive a delayed clock signal from a delay locked loop (DLL) 623. As knowwn in the
art, the DLL can be used to generate a clock signal that is in synchronicity withh another
clock signal. The clock generator 627 provides a delayed version of the clock signal
from the DLL to the data driver 624 having a pseudo-synchronous phase relationship
between clock signals of different clock domains. Adjustment of the phase relationship
by the clock generator 627 is made by adjusting the time delay of an adjustable delay

circuit. The synchronizing circuit included in the clock generator is used to maintain the



N12 bit words fromthe nultiplexer 622 and al so receives a clock signal to
synchroni ze the data driver 624 froma clock generator 627 having a
synchroni zing circuit according to an enbodi nent of the present invention.
The cl ock 627 is coupled to receive a del ay hgnal froma
del ay Ioc@?%@%ﬂi DLL) 623. As known in the art, theﬁ%ﬁéz@%@o%ggused to
generate a clock signal that is in synchronicity with another clock signal.
The cl ock generator 627 provi des a dglayed version of the clock signal from
the DLL to the data driver 624 having a pseudo-synchronous phase

rel ati onshi between clock signals of different clock donains. Adjustnent
of the Mgphaép slatinmstip petiygen the cdacksigngk petpul byr the Plockgepeidiorifiz7adj ust i ng

the ti e ; j ay circuit. The synchronizing circuit
i ncl udﬁdﬁaﬂél%g@%@@%ﬁi{:@ orgmﬂgh'used to maintain the WO 2005/101164
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read operations. In response to the delayed clock signal CLKDEL, the data

dri ver @dachipg denfion thy mstmerytdsvich 600 durdngisad ppepationst & igepagse tasthg

corresp i . . ] r el (e ronismwth
2T o POl PP TR, SRy e O D, Sl bk BHIGR P

menory bieviwoels680.a Frespatdingrdaterw@d 4D, saaclo utapu tvord Heingabetpst rinbe si gnal
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cdges Jpntfetishonty f Asme e, blhectile 3t o U SRR Rl PP R dat a
strobe sb@bA ddvide 600l | TRE IR Mriveled14ngls@ oliuls theSdata \StroMel éi%ﬁe PQpreci ated by
those skilled in the art, the CLKDEL signal £ fromthe DLL 623 is a del ayed
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define a data bus. As will be appreciated by those skilled in the art, the CLKDEL signal

from the DLL 623 is a delayed version of the CLK signal, and the DLL 623 adjusts the

delay of the CLKDEL signal relative to the CLK signal to ensure that the DQS signal

and the DQ words are placed on the data bus to meet published timing specifications for
the memory device 600. The data bus also includes masking signals DM0-M, which
will be described in more detail below with reference to data write operations. It will be
appreciated that the number of clock generators including in the memory device can be
changed without departing from the scope of the present invention. For example,
additional clock generators can be included for other internal clock signals to provide
greater flexibility in changing the relative timing of those internal clock signals with
respect to a core clock signal.

[042] During data write operations, an external circuit such as a memory controller
(not shown) applies N/2 bit data words DQ, the strobe signal DQS, and correspornding
data masking signals DM0O-X on the data bus. A data receiver 628 receives each DQ
word and the associated DMO-X signals, and applies these signals to input registers 630



e e ———— e e

and the DQ words are placed on the data bus to neet published timng
specifications for the nenory device 600. The data bus al so incl udes

maski ng signals DMO-M which w |l be described in nore detail below with
referenc ite operations. It will be apprec] he nunber
of cl ocke‘gte)(r?g%g%glfyi ncluding in the nenory device Caﬁﬂ%{éﬁﬁg&;@ﬁ%% wi t hout
departing fromthe scope of the present invention. For exanple, additional
clock generators can be included forqy#ther internal clock signals to provide
greater flexibility in changing the relative timng of those internal clock
signals with respect to a.core clock signal. [042] During data wite
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to the addressed nenory. cells in the accessed bank 612A-D subject to the
DVD- X sysgthin seleciipely pagh pie or grawps Af prieingdbe DL MprdegdR- i the vaite §a8lips of bits

in the %/\gﬁ 6 heEaddrel trr;lé?n Ly data) being witten to the addressed
menory t;cggf 39?64?} E%éﬁgrég |0}P$'usl$'r ates a computer system 700 having a
menod(43hub ar chighect ilingratdsra ontmpuler sysihenli76@ hawng & nieherp hals axbitéichwent | on can
be util.ized.. Th onput system 700 includes. a,processor, 704 for

per f or Wr@’%?wg@m%ﬁﬁﬁher%esﬁtn’@ﬁn HE cagLPcehlﬁg’szed'e &?P{n%teg f&yésfzelnfi c software
to per fmonnsRaes & ipzodeadoe oAt fof PerfernihgSksious REmPLMEEL FigRtions)4uct a¢l udes a
processor bus 706_that normal |y includes an, address bus, a control bus, and

a dat &SXseing ppeeifis sodiaers e petfernyenscific ¢alanlations r @k | e ePesseE K& nenory 708,
whi ch

+ ihStudes a processor bus 706 that normally iracludes an address bus, a control bus, and a
data bus. The processor bus 706 is typically coupled to cache memory 708, which, is
fypically static random access memory (“SRAM?”). The processor bus 706 is further
coupled to a system controller 710, which is also referred to as a bus bridge.

[044] The system controller 710 also serves as a communications path to the

processor 704 for a variety of other comxponents. More specifically, the system

controller 710 includes a graphics port that is typically coupled to a graphics controller

712, which is, in turn, coupled to a video terminal 714. The system controller 710 is

also coupled to one or more input devices 71 8, such as a keyboard or a mouse, to allow

an operator to interface with the computer system 700. Typically, the computer system

700 also includes one or more output devices 720, such as a printer, coupled to the

processor 704 through the system controller 710. One or more data storage devices 724

are also typically coupled to the processor 704 through the system controller 710 to

allow the processor 704 to store data or retrieve data from internal or external storage
media (not shown). Examples of typical storage devices 724 include hard and floppy

disks, tape cassettes, and compact disk read-only memories (CD-ROMs).
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typically static random access nenory ("SRAM'). The processor bus 706 is
further coupled to a systemcontroller 710, which is also referred to as a
bus bridge. [044] The systemcontroller 710 al so serves as a communi cati ons
path to the rocessor 704 for a variety of other co e
specifichPﬁ?SPﬁH6%ysten1 controller 710 includes a gﬁggﬁﬁééﬁggg@‘that IS
typically coupled to a graphics controller 712, which is, in turn, coupled
to a video termnal 714. The systen1ﬁpntroller 710 is also coupled to one
or nore input devices 71 8, such as a keyboard or a nouse, to allow an

operator to interface with the conputer system 700. Typically, the conputer
syst d#M51700 al The Fyséany dentrodlerc? [Grconting agneTmory b senimllep@28 eqpledde a printer,

coupl ed r2H0: r h, th t c I One or nore
Gata oy deh Mol BEOBER 008 G Al Sy B8, PR Bl sl 0 %70

t hr oughmbdess y3laaninehides @lnhediory hib 740 cadplewtd Revepalanansyr dekibés 1798 st or e dat a
or retrjieve data from.internal or external storage i not shown).

Exanpl ¢4reygh commaa, @9’6‘?%@9 B\husssscopootivsly F%R%n gﬁd‘?‘ﬁ%ﬂd%é‘ﬁﬂpry di sks, tape
casset tiag, 74NeeRMA Fdutél xﬁ&n&ﬁ%’q&&& ¥nd BBYoh&S YehdBWE keont¥¥Pe£ G805/ 101164
PCT/ US2005/ 009404 18 [045] The system controller 710 contains a nmenory hub
cont r ol angrthg amosy) gederst 8. Slbe aremtoryrdeitees Abtcancke H30hronoehbPBAds, a bus

system i t he. . 7 i hub 740
coupl ociE s B efirydificTRP bbyigly U per SRkl 41908 R 104112
buses, themeaedry habsy/740hidvindeswiite bufterd and beadrédam byffelsuCotdhitaf fystement | y rout es
menory requests .and, responses beé?ween t he gontrol ler 728 and the nenory
devi cesSMRIGYING jHus ARHEFGUASYPY Y thagrocesion d 4 o aefesheRfsmemaRsmodWeich as t he
Menory RuirCehifOshdM R Wttty nolhRs G808 5k A &hd;?&e&gﬂéﬂngmwﬁq&sn Each of

the menory hubs 740 includes wite buffers and read data buffers. Conputer
syst ensForexxpinple, thy pricessaricer ontpniewtitel Gajaftoronend the owewspmodolst o access
one me 30a- N ile t ry. 30a- 1 j espondi ng
o a pr gk iR Ged ittt e BRS d RB B et BB B 00 " e
dat a t oprovide @éadt duta teefiBIprocensdt 7e@s Addiflenddly, inkmosy Riite archhednare @aot her menory
nodul e 730a-n, .in tffe, systemis preparing to rovide read data to the

pr oces s Prpvide geratly insHRapqdymempry sapgeily IR SR TIRYF i SYSIERSr e can  al so provi de

gr eatppap)i ncr ?aﬁﬁﬂo&ﬁféﬁfdof@l?d%%eﬁﬁﬁn@réﬂti&?w%@ htifYel 8 1Be mkRBB] ddeiRedi ment s of
the present invention can be utilized in the menory devices 748, the nenory

hub cont48ptheapentarg hulp conttedlerifporythdymbmazdautng4 (s hyswwhowm ipitagnre 7,72he t he

memory hubs 740 include a synchronizer circuit 742 according to an embodiment of the

present invention. As previously described, the symchronizer circuit 742 can be used
with adjustable delay circuits to preserve a pseucdlo-synchronous phase relationship
between clock signals of different clock domains whien the time delay of the adjustable
delay circuit from which one of the clock signals is output is changed. With respect to
the memory hubs 740, the pseudo-synchronous relationship may be between clock
signals utilized to synchronize internal operations of the memory hubs 740 as well as for
clock signals utilized for synchronizing external opexation, for example, operation with
the memory devices 748.

[047] 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.



menory hubs 740 include a synchronizer circuit 742 according to an

enbodi nent of the present invention. As previously described, the
synchroni zer circuit 742 can be used wth adjustable delay circuits to
preserve a pseudo-synchronous phase rel ationship between clock signals of
different clock domains when the tine;delay of the adjustable delay circuit
fromwhich gne of the clock signals is output is changed. Wth respect to

t he nenoryQHd&§@340, t he pseudo-synchronous rel ationship nmay be between

cl ock Sig“ﬁhﬁi#&%hﬁ g,to synchroni ze internal operations of the nenory
hubs 740 as welT "as tor clock signals utilized for synchroni zing external
operation, for exanple, operation wiwth the nenory devices 748. [047] From
the foregoing it will be appreciated that, although specific enbodinents of
the invention hadve bebmedhasldpr srgratiagaichodksienglcOBPESINGt i | | ustrati on,
various nodi fical Mt hout deviating fromthe spirit and
scope of the i%@%ﬁgﬁ%%?¥%§§§$§ﬂﬁﬁpg, the invention is not limted except as
by the appended gehattiig a 3&onTchEighbicddaséSorcthaifirsidtlock sighal, Aheechat] f or
generating a clock signal, conmprising: receiving a first clock signal;
gener at i ng eckeigabihaingx highgrelpckiedgnenthen gherfirsisglogk signal andyfuther t he second
cl ock sign i j - ¢l 1 I k signal and
further hg%Yng%é%%ﬁ§§2h§gﬁgP?%ﬁ% g%ﬁﬁ?#ﬁ?§§g%g@?mgﬁﬁgﬁgkﬁﬁ?g#ﬁ%lOck si gha
rel ated t o tAnd delst and riehive & ayisiapdr fatligg ¢dge of theafitst doclgsignalf al | i ng edge of

the first clock signal; justing the first tinme delay to which the phase
rel ationship betadsHng Hw firsgtime d%mtos*é@ah&lecm@&regqt@ﬁépg%ngeﬁalﬂ&‘t ed to a
second ti : it Qr t: e i i.p. between the first and
second C|g?*gﬁé?éﬁgﬁﬁQ“J%ﬁhgﬁngﬁgﬁﬁgﬁia%ﬁbﬁigﬁﬁﬁgkﬁ=tine delay to the
second tinme del ayonitniclg tigepiesatdlatipnahip betwten tigcfirssagihstodibdeck on the first

clock signal, the third clock _signal having the clock freguency of the
second cl ockenalsghang adigstant afths Tirsirmacdelay torthe sreppe tigerdslayeabet to the
first clock sig [ I . [ o the rising
or falling edgeg%%maﬁégﬁﬂ?ﬁgg??$§%af?%%gééﬁgiﬁﬁggoggF§§#€%?Y§#IThe met hod of
claim1l whelakigd] kstindithetchekffregaéndyiofehedeband dloclasigsst anddatihng®e del ay

conpri ses: . o . :
phase relationship with respect to the first clock signal related to the second time

delay relative to the rising or falling edge to which the first time delay was relative.

2. The method of claim 1 wherein adjusting the first time delay to a
second time delay comprises:

decoupling an input of a delay circuit from receiving an input clock signal,

providing control signals indicative of the second time delay to the delay
circuit to change the first time delay to the second time delay; and

recoupling the input of the delay circuit to receive the input clock signal.

3. The method of claim 2 wherein adjusting the first time delay to a
second time delay further comprises:

decoupling an output of the delay circuit from which the second clock
signal is provided; and

recoupling the output of the delay circuit from which the third clock signal
is provided following provision of the control signals indicative of the second time

delay.



decoupling an input of a delay circuit fromreceiving an input clock signal;
providing control signals indicative of the second tinme delay to the del ay
circuit to change the first tine delay to the second tinme delay; and
recoupling the input of the delay circuit to receive the input clock signal.
3. The nethod of claim2 wherein adjusfing the first tinme delay to a second

tinme delay further coppris ecou Ilnga out ut of. the circuit from
whi ch the second"cl ockl® @P%H%PP%‘“‘?) (Y(heEFé‘élge @Sdﬂ?qtﬂﬁqteﬁgilﬁut put of the

del ay circyi futcu{1 o@éﬂrg"ﬂét‘éfb cﬁé&%uf)lpigtﬂe gh@ﬁ&ﬁh%@h}{ ﬁﬁauprov' ded fol | ow ng

provi sion o e control signa ative e second tine delay. 20 4.
The nmethod of claim3 mherein decoupllng the input of the delay circuit

occurs before decoupl e del rcuit. e met hod of
cl ai m 3 wherein fecgu %Qyﬂa%étw@fel? F%Oﬂlg{%}he EPWPBU?ItSthB-éFQG}‘s bef or e
recoupl i ng &fagitloBalt b% éﬁ@oﬂﬁkx@h&ig&%ﬁtbe Gelaf Bifcipt hod of claim 2 wherein

noni toring the phase re ati tween t Irst and second cl ock
signal s conprises: in response to decoupling the input of the delay circuit,
generating a sy K tran ition of the

chro n o nmonitor.a.cloc
first clock sig ﬂTﬁ ﬁﬂ%f’iﬁ? qﬁ’én a@wreemwlt%m%@lewaieﬁs cl ock
Si gnal is b&%@&nth@ﬁFs@%ﬁﬁE&%n&@ EEQ@HQE%MFﬁ&% i nput of the deI ay circuit,

ceasi ng generation e sync rontzing stgnal at a time relative to the
cl ock transiti onnmopbhsrtedecaupling spanpet dfdlajcmtwfaunggermrqmmg\m de the third

cl ock signal having a.first clock pulse fthat tain the hase
rel ati onshi BRHUPHE Signel 19 apitor sk Ewatien o8 e sfn TP signal 9Rb. et hod of

ol ai m 1, WikiBelRRIdcRIe SPAR REGRGI BN ARRIAAL&ed | nternal cl ock si gnal

based on the first cl oc signal and wherein  generating the second cl ock
si gnal conpri sesndedpaysertg rtdwphlyglﬂhnnput pEtheidetayronahit, a:ehsmg gaiegatmin by t he

first tine a t.ho eneratln a clock signal based on a first
cl ock signdit ile %/Wégrr?ﬁizi‘ﬂfds‘%‘baiﬁ? 2t delaﬁ ]é“? flagk Tansitig H’é‘ltorﬁ‘fﬂ’ck si gnal
based on t h@sﬂdnﬁeslto FOGHin! 8 PRIvidAKE BflrdPelock signal having a first clock pulse

that maintains the phase relationship between the first and second clock signals.

7. The method of claim 1, further comprising generating a
synchronized internal clock signal based on the first clock signal and wherein
generating the second clock signal comprises delaying the synchronized internal

clock signal by the first time delay.

8. A method of generating a clock signal based on a first clock signal,
the method comprising:

generating an internal clock signal based on the first clock signal having a
higher clock frequency than the first clock signal, the internal clock signal having
an initial phase relationship relative to a clock edge of the first clock signal,

changing the initial phase relationship of the internal clock signal to the
first clock signal to an adjusted phase relationship;

generating a phase synchronizer signal having a phase relationship relative
to the first clock signal and a logic level to track the clock edge to which the initial
phase relationship is relative; and based on the phase synchronizer signal,
generating the internal clock signal having the adjusted phase relationship and
further having a first clock pulse relative to the same clock edge from which the

initial phasc relationship was relative.
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hi gher cl ock frequency than the first clock signal, the internal clock
signal having an initial phase relationship relative to a clock edge of the
first clock signal; changing the initial phase relationship of the interna
clock signal to the first clock signal to an adjusted phase rel ati onshi p;
generating a phase synchronizer signah;having a phase relationship relative
to the first clock signal and a logic level to track the clock edge to which
the initial ph&e rdhgtmeahehpiclaim § shareinehanging thaindipl phasehe phase
synchroni zer,_si gnal enerating the i rpal. el oc [ . having the

2ot eq praedPler BRERFRAANR S8R e RaThsE PES PefORSR bl se el ati ve
to the sameofilpéieds: edge fromwhich the initial phase relationship was
relative. 21 9. The method of claim@8 wherein changing the initial phase
rel ationship of d@ﬁ@nhﬁg@nm@ut@f@éﬁlaxpgmthatvepamﬁrsaamé%@d fpWase rel ationship

conprises: _dec¢ ' ' of Cl r.eui | first tinme del ay
from r eceirgﬁeﬁ‘g}{g%ﬁ ﬂ%ﬁﬁ@o(&:lf]glgéalsgie aﬁgﬂﬁég%grogttg%héségggk (g)%n?lhe first clock
signal ;  provi dipigvigiagtcoatrolsigianl isdicailetta seeoraftirle €lapusthtidelaydel ay to the
delay circuit to change the first tine delay to the second tine delay; and
recoupl i ng cireeit fnghangothetfiet tirag é«;lajctqtéaisqconétm@d@ilayea@dwe i nput cl ock signal .

10. Th hod j - [ ' I it - I ati hi
of the i nternal TESREEEEE ERETRLIR 0 Rt Bk Bpufidasyel, O REr

conprises: decoupling an output of the delay circuit fromwhich the interna
clock signal is provided; and recoupling the putgut,of the delay circuit
from whi ch t he ilft er nidie mgthedkof dpighd wherelpehsppipedhg Biadwhas§ provi si on of the

control si .S} ndi | f e. | . t hod of

ol ai m 10 v SEE e BEGHL I BRSO B PRl Bl S0 eFor e
decoupl i ng cohgrieest put of the delay circuit. 12. The nethod of claim 10
wherein recoupling the output of the delay circuit occurs before recoupling

the input of thalesupdipg@noatiut of thg delmsirgiit fom whick theiintetnahmlorki n moni t or i ng
the phase rs?én%f fs%p&mi@d, and

recoupling the output of the delay circuit from which the internal clock
signal is provided following provision of the control signals indicative of the

second time delay.

11.  The method of claim 10 wherein decoupling the input of the delay

circuit occurs before decoupling the output of the delay circuit.

12. The method of claim 10 wherein recoupling the output of the delay

circuit occurs before recoupling the input of the delay circuit.

13.  The method of claim 9 wherein monitoring the phase relationship
between the first and second clock signals comprises:

in response to decoupling the input of the delay circuit, generating a
synchronizing signal to monitor a clock transition of the first clock signal from
which the last clock pulse of the second clock signal is based,;

in response to recoupling the input of the delay circuit, ceasing generation
of the synchronizing signal at a time relative to the clock transition monitored in
response to decoupling to provide the third clock signal having a first clock pulse

that maintains the phase relationship between the first and second clock signals.
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between the first and second clock signals conprises: in response to
decoupling the input of the delay circuit, generating a synchroni zing
signal to nonitor a clock transition of the first clock signal from which
the |l ast clock pul se of the second clock signal is based; in response to
recoupling the input of the delay cireyit, ceasing generation of the
synchroni zing signal at a tinme relative to the clock transition nonitored in
response to decd%pl i nidretracthed of daim ffurtherc@mprisiig genefaling davi ng a first

cl ock puls . I Nt ai td 1P first and
second cl o%%nés}}q%é{@npeﬁé] Qi%?(@%?gp%é?%élgh%fﬁrgﬁn%&r%p Ségfa? %ﬁfﬁ’gégglorrpri si ng
gener ati ng @né&fighthein@adl clotiesigadl compeikessdettiyalg thas@etheshizddenfertast cl ock
signal and wherein generating the internal clock signal conprises del ayi ng
t he synchr shckeignahben figie deddYock signal by a tinme delay. 15. A clock
synchroni zer circuit for coupling to a delay circuit, the delay circuit
havi ng an i nput and output and further having a control termnal to which

control signals 1ate applockdyidbr@tier dirtuinfordehpslingab atdetaydadcaly, thé rcui t, the
cl ock synchronizer circuit conprising: a clock synchronjzer input circuit
havi ng an idsfytcincsit Wayiag ap inupand owpulamd dwithes hayig acontral tgwmipalits applied to
initiate a gl nfed ) I I .:nal: pch a first
cl ock si gnaVF}l 1?12506{%%'1 glgégggﬁedi P g?‘?kﬁekﬁg\r}}eﬁdﬁla n o}llsﬁ %eg{lﬂlg‘?]l 1 hI%C gn initiate
signal is pynshroiderdircugepopasingo the first clock signal; a first shift

regi ster having an input coupled to the output of the,clo?k synchroni zer
input circuit, & QPERNEWPRMZELINPYIFIHIAAVIAL B MR te Bk aslegkal “is  appli ed,

and further i i:di 0, i i opse to the
Second ol ocuaibmlk: Ay Bl B MHNE RARBOPUBN o HcARBzcl DodRAORRC L0 (00
than the fddcktiterehinglko sihighad firsaclvek sigaaldhiapplied egidsfugtherttavinggnamitpusput
coupled to the oqutput. of the first shift register, a clock termnal to

whi ch the SbeGifd ) iBtiiesigithis Rravidphin rsenonghip the frsistack sigprkig an out put
YL 19,20 S0P B 080 SRR LB PO 6 ARG o | oo
provi ded, ayatlnckizérdanputeidcuit,tn slbikclerringl 1o edacita s¢coad cRickpiRhaliis appl i ed, and
Pt e nd HirRies nevVing mh ottpal providiiig an-outpur stenal in Fesponse to (o8 2

second clock signal, the second clock signal having a higher clock frequency than

the first clock signal;

a second shift register having an input coupled to the output of the first

shift register, a clock terminal to which the second clock signal is applied, and

further having an output providing an output signal in response to the second

clock signal; an input multiplexer control circuit having an input at which a trigger

signal is provided, a clock terminal to which the second clock signal is applied,

and further having an output at which an input multiplexer select signal is

provided in response to the second clock signal, the input multiplexer select signal

based on the trigger signal;

an input multiplexer having a first input to which the second clock signal

is applied, a second input coupled to a reference voltage supply, an output

terminal coupled to the input of the delay circuit, and further having a control

terminal coupled to the output of the second multiplexer control circuit to couple

the output terminal to the first or second inputs in response to the input

multiplexer select signal; and

a clock phase tracking circuit having an input coupled to the output of the

second shift register, a clock terminal to which the second clock signal is applied,



provided in response to the second clock signal, the input nultiplexer

sel ect signal based on the trigger signal; an input nultiplexer having a
first input to which the second clock signal is applied, a second input
coupled to a reference voltage supply, an output termnal coupled to the
i nput of the delay circuit, and furthen having a control terninal coupl ed

to the output of the second mul ti pl exer, contr circuit toc t he
out put t er APALYTthes hayag Ap cytpuppt %%‘E%ﬁ&lggﬁ’b&ﬁga lﬁplfoé@%f}n@@ Slaske @se. nput

mul ti pl exertragﬂng%ﬁrcéﬂtg Eble‘i‘@g ﬁi"ep I%gré?ﬁfiﬁ@lh%ro@%lféﬁglogk ?)ﬁléé brfgvi ng an

i nput coupl e he o ut o second s registef, a clock term nal

t o whi ch t hetesat olodk mlgn:n:ll«ekahgmw the §irsploick egpal2did, mnds;fomsd: togthe blavk ng an
output at which a trigge S p |ded t he.cl ock phase tracking

orr Bui ¢ “opevatanes oRdakirapdubtaebEplua it iriseer s6p Al Stie it ce of t he
i nter nal c'deré;{ el M ofiBLEM FiXEclbk RS bf he intlh@CUod! BRI aPfimel N TespOnse 1o
t he cl ock chroni zer control further operable to output a trigger
signal to aalaSee tortbe ﬁdﬂIclwkslgnalnotmatlmamuhpuacladfphasetrekaltlonslhl}p)uI se of the
internal clock signal at a tinme relative to the first clock signal to

mai ntain the tracked phase rel ationship. 16. The cl ock synchronizer circuit
of claim 15 whergin the dl%nc%hf‘zéﬂlﬁﬁﬁ"of 6N N18lwiHekdiff d inf@Pr | ses a
negative edge D flip-flo The cl ock synchronizer circuit of claim15
wher ei n t hendtipkeker cs)yltromlmmntzoemprnsmnagauwedgedbﬂm flsps a positive edge D
flip-flop. 18. The clock synchronizer circuit of claim15 wherein the clock
phase tracking circuit conprises: an AND logic gate having first and second
inputs, and furtier hlgﬁé'd?&l@é}nc%ﬁﬂéﬂoxrchﬁ%fﬁlaﬁﬁtlS'M&%ln%t%&d to the output
of the second shift register; an OR logic gate having first and second

i nput's, andyhchromeer lhauxlcmgulanompuiqsatposmheedga@tﬂlpﬁﬂopt coupl ed to the out put
of the second shift register; and a positive edge D flip-flop having an
input coupled to the output of the AND logic gate, a true output coupled to
the second inputjgof R GRK QakEoRREircuRdY chakth 1 &Fheh@N kG 16ck WHasOut put
coupled to the second input of the AND [ogic gate. 19. The clock

synchr oni zérackingeuicuit ofmptiseism 15, further conprising: a third shift

register stage ha%VAIQB lgglcIggPeLhawngLﬁ)rlstea%dtsgcc}n 1npu%,%lrjla fl?rtthetr tPlgving an

output, the first input coupled to the output of the second shift register;

an OR logic gate having first and second inputs, and further having an
output, the first input coupled to the output of the second shift register; and

a positive edge D flip-flop having an input coupled to the output of the
AND logic gate, a true output coupled to the second input of the OR logic gate,
and further having a not output coupled to the second input of the AND logic gate.

19.  The clock synchronizer circuit of claim 15, further comprising:

a third shift register stage having an input coupled to the output of the
second shift register, a clock terminal to which the second clock signal is applied,
and further having an output providing an output signal in response to the second
clock signal;

an output multiplexer control circuit having first and second input nodes
coupled to the outputs of the first and second shift registers, respectively, and
further having an output at which an output multiplexer select signal is provided
based on the logic levels of the output signals of the first and second shift registers;

and
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second shift register, a clock termnal to which the second clock signal is
applied, and further having an output providing an output signal in
response to the second clock signal; an output rnultiplexer control circuit
having first and second i nput nodes coupled to the outputs of the first and
second shift registers, respectively, ,and further having an output at which
an output multiplexer select signal is provided based on the logic |evels
of the output siageatpit srultiplexer hawing adidstdeissouped forthe egipst eftbe  and 24  an
out put mul tj pl r.. havi fir i.hpu | ed t t he del ay
circuit, adgié %%rir ul(t:itr}t ﬁﬁ&%c%ﬁ%lfté%{l?lgd ?%tt(}ele ?%?%P gen\é&el%\gépﬁ%gg’ a@‘u%é‘&? § an out put

term nal framindifieoh Whithithé Bitdtasl CdckGkgnal Bprdvided, RhdY cBfeo] téidna control
termnal coupled to the output of the first multiplexer control circuit to
coupl e t he couplpdio the eptpunel the dirgtmaultiplexer coptreledishi to epastheuitponse to the
out put mul tipl. C i 0, ..T | i Lrcuit of
claim 19 mﬁt%éergléﬁgrj]% the%&)rgttc%rus{: gdn(ranrjlﬁ#lft% eI;?S rorﬁg%ﬁ)ttggFutz)l}ﬂ{rjﬁlﬁlhﬁ)léc%r?r%)erl%es an AND

| ogi ¢ gat esighdl. The clock synchronizer of claim 15 wherein the first and
second shift registers conprise a plurality of series coupled positive edge
D flip-flops. 22. The cl ock synchroni zer of claim 15 wherein the clock

frequency of | the. seaandRhackcinbanalclod e Tl 19\ el Bl he ol ock

frequency than the firs clock sy roni zer of claim

15 wher ei n nidlgplek&@@onirolagiean cymptisestanerlsPAogid galeock signal is four tines the
cl ock frequency of the first clock signal. 24. A clock generator,
conprising: a delay circuit having input and output term nals, and further

having a_ cont ol terynglyaln bl oAl 8l sSURah Ity ARPLEST to set a

time delay of the delay cir synchroni zer Circul aving a
synchr oni zeghiff Rpidter£édmiptise afnaliyy d@Retieyusuplet @ovitive Bdge D lip-flaps.on signal is
applied, a clock termnal to which a first clock signal is applied, and an
output at which the initiation signal is coupled in response to the first

clock signal; o ppe clock synchronizer of claim 15 wherein the clock frequency of

the second clock signal is a multiple of two of the clock frequency than the first

clock signal.

23.  The clock synchronizer of claim 15 wherein the clock frequency of

the second clock signal is four times the clock frequency of the first clock signal.

24. A clock generator, comprising:

a delay circuit having input and output terminals, and further having a
control terminal at which control signals are applied to set a time delay of the
delay circuit; and

a synchronizer circuit having a synchronizer input circuit having an input
to which a initiation signal is applied, a clock terminal to which a first clock signal
is applied, and an output at which the initiation signal is coupled in response to the
first clock signal;

a shift register having an input terminal coupled to the output of the
synchronizer input circuit, an output terminal, and a clock terminal to which a
second clock signal is applied, the shift register shifting a logic level applied to the
input terminal to the output terminal in response to the second clock signal, the

shift register further having an upstream tap and a downstream tap at which the
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a shift register having an input termnal coupled to the output of the
synchroni zer input circuit, an output termnal, and a clock termnal to
which a second clock signal is applied, the shift register shifting a logic
| evel applied to the input termnal to the output termnal in response to
the second clock signal, the shift register further having an upstreamtap
and a domnstreanltap at which the 25 1logic. |level prgpagating through the
shift regi 4@ lavl proppading dirovgh e Sh‘ﬁdeglé@bmfo“?]ieﬁ@’sﬁrsﬁ aahwstidel y; an i nput
nultlplexeranW%ggza .l rst i nput to which the second clock signal is
appl i ed, a second I nput’ coupled to a reference voltage supply, an out put
coupl ed to theahmgut nofitiplbecrdaliay adirstaipit to ahithfthie sdvend bk signal sel ecti on

termnal, the in pl exe selectively coupling the first or second
i nput to tﬁ%amwsgm seaelefL&naPh@up cd taA r¢faisnee ¥rlfage sHRpLBAnRY 6PuRleGnal : and

an input myl {Heﬁhgﬁ%[rft}féod’étl élrcﬁltrwﬁmﬂ%\éﬁogﬁaa%ele@ﬂb‘ﬁ te i‘}B&%SI g a‘l[ i's

downstream t ap, ock t rm nal e second c

appl i ed, ameiltiplaxdriselectively ogupding ohit first orcsetideidpiiicto tieowphtenctardingt er m nal  of
the input nultiplexer, in res?onse to a first logic |level coupled to the
downst r eam'® & Inpuhmu{tiphexer conffl signaladd control circuit operable to generate

an input il 1Pl BANIBter ADAcirck PEAHPLE P SREANG doput of the i nput

mul tipl exer to its output urther oper 0 g nerate a phase

synchr oni zeowastggaal tappa tibelc termnirel rdmﬁeh t}m| setomahdbeksigial is dpplisdandd cl ock
signal rel tlvetoarlsm or faI gedeof the first clock signal, in
response ¢ qurdhes baving an&atp@ 6]!15“pf?eé‘iﬂ:tl %t@c”f‘i’énaéBM@th%rﬁ“ﬁﬁblexﬁrhe i nput

mul ti pl exety GORLLBko & G Widic RRET ARDRANG URSRSREEarft B, ARURRAI L1 pI exer

Y
control S|gn ased on the synchroni zer S|gna éoupb the first input
of the i nputultipletérpbanelrcircun optableud getieratt an iﬁpwtrmlﬂmplmawonteola;rgnaljt put cl ock

signal having a phase relationship relative to the ri or falling edge
of the fird? cunicibespennd|inpyt g kfeednw Ry EPlexg P ltSHHTP&‘Fﬁ‘F‘Jeg‘é‘\h%ontrol circuit.

25. The cl g n%@:agl%%rg@ﬁé?éte%f hadAd m}ﬁt mgﬂaﬁ'té Hgﬁkstglé‘pﬂésg'?élﬁ%nsﬁi guit

further conprises: "an out |p exer-contr curt having a first
I nput coupltiedserond ¢leck slgsalrrelamdtamr1@n§@cfahnhgledgubf thodpstetbckaignake out put of

the shift register, and f rthe havi out put at which an out put
mul £ pl exern Kapese a7 gerandiiaets leyst equialed s he dovinstream tap, the tnput

multiplexer control circuit operable to generate an input multiplexer control signal
based on the synchronizer signal to couple the first input of the input multiplexer
to its output at a time to provide an output clock signal having a phase relationship
relative to the rising or falling edge of the first clock signal tracked by the input

multiplexer control circuit.

25.  The clock generator of claim 24 wherein the synchronizer circuit
further comprises:

an output multiplexer control circuit having a first input coupled to the
upstream tap, a second input coupled to the output of the shift register, and further
having an output at which an output multiplexer select signal is provided; and

an output multiplexer having a first input coupled to the output of the
delay circuit, a second input coupled to the reference voltage supply, an output at
which a internal clock signal is provided, and further having a selection terminal
coupled to the output of the output multiplexer control circuit, the output
multiplexer selectively coupling the first or second input to the output according

to the output multiplexer select signal.
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an output nultiplexer having a first input coupled to the output of the
delay circuit, a second input coupled to the reference voltage supply, an
output at which a internal clock signal is provided, and further having a
selection termnal coupled to the output of the output nultiplexer control
circuit, the output nultiplexer selectipvely coupling the first or second
input to the output according to the output nultiplexer select signal. 26
26. The cl ock géfer atlde click gengratop st ¢lpiat %gwh@ml Batoptrut multinlgiesxer control

circuit Cog&&kﬁ%rcgﬁcé%%h§§%h%n%ﬁﬁgic%%e The cl ock generator of claim?24
y I nput [ [

wherein the synchronrze Cireu of the synchronizer circuit
conprises a positive edge D flip-flop. 28. The clock generator of claim24
wherein the clock phase tracking circuit of the synchronizer circuit
conprises: an ARD | odibe clpskgenergiongf ¢lpins 24 yhareyrbesynehigniee npRd f urt her
havi ng an

shift regqi scﬁgéi?%é%le%ﬁ?ﬁh((‘)ggli?:&gﬁgﬁglygoa@&%L ?%Psiﬁvég%egg\gg%ggﬁﬁ?ut 2p ngt Pﬁrt her

having an output, the first input coupled to the downstreamtap of the
shift register; a positive edge D flip-flop having an input coupled to the
output of the ARD | ddr¢€laghiganerator pfidainyp uhercbue stpckphasedraskgnd i nput of
the OR | ogi . j not out put coupled to the second

i nput of tﬁ?‘%ﬁﬁ)@%éﬁ%%%ﬁ%@ﬁé‘ﬁg%h eé%ti ve edge D flip-flop having an

i nput coupl ed t antAND doiip ghte bhvinp €irst @Rd k@ohd iigats and firthet havdng@a put at whi ch
the input nmultiplexer control signal is provided. 29. The clock generator
of cl ai m 22ulpbths frst H@ugwmedﬂegﬁd@mgﬁmﬁ@ ofdheeHHpgIStEr: circuit
conprises a plurald i i tive tn-. flops. 30. The
cl ock generat or agfd%roﬁén%a;%%\‘hﬁ% gﬁﬁ%‘ﬁ%@?@@&h%?%ﬁ%ﬁgé} %afl"i e second cl ock
signal is autput,tthefist iput veuphdd tb e ddvaskedm egueithy siiftaegistbe first cl ock
signal. 31. The clock generator, of claim 24 wherein the clock frequency of
the second cl o@Wositiypsdes R thpnfloptayieg ap irput corgied todheemeyt fthe he i r st

clock signalyp logic gate, a true output coupled to the second input of the OR logic gate,
and further having a not output coupled to the second input of the AND logic gate;
and
a negative edge D flip-flop having an input coupled to the output of the
OR logic gate and a true output at which the input multiplexer control signal is

provided.

29.  The clock generator of claim 24 wherein the shift register of the
synchronizer circuit comprises a plurality of series coupled positive edge D flip-

flops.

30. The clock generator of claim 24 wherein the clock frequency of the
second clock signal is a multiple of two of the clock frequency than the first clock

signal.

31.  The clock generator of claim 24 wherein the clock frequency of the

second clock signal is four times the clock frequency of the first clock signal.

32. A memory device, comprising:
an address bus;

a control bus;
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32. A nenory device, conprising: an address bus; a control bus; 27 a data
bus; an address decoder coupled to the address bus; a read/wite circuit
coupled to the data bus; a data driver circuit coupled to the data bus; a
control circuit coupled to the control bus; a nenory-cell array coupled to
the address decoder, control circuit,and read/wite circuit; and a clock
generator coupled to the data driver to provide an internal clock signal

t he cl ock gener&@@@ nprising: a delay circuit having input and out put

termnals, and %H%Hm%&“kgg&%qgu@cggp%%ghﬁggﬁﬂknal at which control signals

are applied to set a tine el a ay circuit; and a synchronizer
circuit havi ng arsadiwtitecaitcagrcouplpdito the dataibus;havi ng an i nput to which a
initiation signal_ is applied, a f|00@ﬁt rmnal to which a first clock
signal is appli @dlatagiyesArenit gavpledito B¥e initiation signal is coupled

in response to EQ?g&@ﬁékuﬁkggﬁfékgmgg@nﬁﬂ%nlft regi ster having an input

term nal couple out put of the synchronizer input circuit, an output
term nal, and aamémaily-deHraniapabuiiled whthe hddresatzoodtr cdomak! siraquitabnd s appl i ed,
the shift register shifting a logic |level applied to the input termnal to
the out put€adByHesicuitiaitdesponse to the second clock signal, the shift

regi ster furt her, diax! e ABSHESRIHE B ARYeAJRINSL EFRRMARIAA Vi oh the

| ogic | evel propagati r register 1s couple t first and
second ti megnal; dxpdadki geakmatoranmipriping: mul ti pl exer having a first input to
whi ch the second clock, signal is applied, a second input. coupled to a

ref erence vol tage suggiciay Gicut bayng mpyt ardeptpy tepunals,and fugtherp e

having a control terminal at which control signals are applied to set a time
delay of the delay circuit; and

a synchronizer circuit having

a synchronizer input circuit having an input to which a
initiation signal is applied, a clock terminal to which a first clock
signal is applied, and an output at which the initiation signal is
coupled in response to the first clock signal;

a shift register having an input terminal coupled to the
output of the synchronizer input circuit, an output terminal, and a
clock terminal to which a second clock signal is applied, the shift
register shifting a logic level applied to the input terminal to the
output terminal in response to the second clock signal, the shift
register further having an upstream tap and a downstream tap at
which the logic level propagating through the shift register is
coupled at first and second times, respectively;

an input multiplexer having a first input to which the
second clock signal is applied, a second input coupled to a
reference voltage supply, an output coupled to the input of the
delay circuit, and further having a selection terminal, the input
multiplexer selectively coupling the first or second input to the
output according to an input multiplexer control signal; and

an input multiplexer control circuit having an input coupled
to the downstream tap, a clock terminal to which the second clock

signal is applied, and further having an output coupled to the



delay circuit, and further having a selection termnal, the input

mul tipl exer selectively coupling the first or second input to the output
according to an input multiplexer control signal; and an input nultiplexer
control circuit having an input coupled to the downstreamtap, a clock
termnal to which the second clock sixgnal is applied, and further having an

out put coupled to the 28 . selectiop,termnal..qf the input multiplexer, in
response to a first ﬁe_ﬁeﬁfl‘é}’_l?eéwall 8@ I t{rglltg}ﬂgxeao%{gi;ﬁgﬁerﬁotaat&stlot he i nput
nul tiplexer control phfcaeid cORRERR! Be HOWRRREMALS, tROIpUPHultPKKe! Pl exer
control signal to couple the second input of the input nultiplexer toits

out put and further opemnibl eirquit aperadletiogenerplsandnpyimariiplekereronggplgnal  to
track the phase relati.onship o he second. clock signal. relative to a
Haing or faiting edguont b frublq bEEeRiamuL LS s FPERIYC 1% second
I ogi ¢ | evel coupled t&tﬁmndmbgaﬁbka@fgeﬁemeb@awe syfithrbhiRéeX@fal cont r ol
circuit operable to generate an input nultiplexer control signal based on

t he synchroni zer si gn@ltracl thecghage eelatioastiip o theisagamd cddckesignal rebaitverteil ti pl exer
toits output at a tine. to provide an .o ut. ¢l ock.signal having a phase
relationship relati var'i'ge Pﬁga“ﬂ’?gs‘?‘%& Othe#IgFﬁ (il?fg( Sé%fbaé’ IB?eﬁpﬂgseﬁPlast cl ock
signal tracked by thgchiPgicTedl icBhfi¥eio tBORbWAStreahT ap) the inpdt The nenory
device of claim 32 wherein the synchronizer circuit urther conprises: an

out put nul tipl exer contitiplexer eantiol cinewii ongrable forgenetatepa inpetupl ed to the
upstreamtap, a second jnput co ed t e o f .the. shift register,
and further having arﬁlu% ?e Gt gozi# O\Il/\ﬂ%?'}%zg%]e oolﬁtg%?%r?uhﬁl}lzpﬁrgm@?l t§)el ect signal
i's provided; and an ogHuplé theikst ifue¥Ethe Mt Rehl@plExer 36 ith Bﬁlﬁhteﬁ(altﬁ’ﬂl@d to the
output of the delay circuit, a second input coupled to the reference

vol tage supply, an outopuevige an grfpetcleck ngnal haying p phesegelghenshins provi ded, and
further having a sel ec

mul ti pl exer control crieﬁalct,il(\}?tt(% %WQ{}%{}%%@H%% (%)tﬁ}el%(ke}%t gtéfclggltgflol&fa&ﬂ%doagf PEE} t he
first or second inputby Getififut eriflidplexsreoMisliciiguitt 0 the out put mul tipl exer
sel ect signal.
33.  The memory device of claim 32 wherein the synchronizer circuit
further comprises:
an output multiplexer control circuit having a first input coupled to the
upstream tap, a second input coupled to the output of the shift register, and further
having an output at which an output multiplexer select signal is provided; and
an output multiplexer having a first input coupled to the output of the
delay circuit, a second input coupled to the reference voltage supply, an output at
which a internal clock signal is provided, and further having a selection terminal
coupled to the output of the output multiplexer control circuit, the output
multiplexer selectively coupling the first or second input to the output according

to the output multiplexer select signal.

34. The memory device of claim 33 wherein the output multiplexer

control circuit of the synchronizer circuit comprises an AND logic gate.

35. The memory device of claim 32 wherein the synchronizer input

circuit of the synchronizer circuit comprises a positive edge D flip-flop.



34. The nenory device of claim 33 wherein the output multiplexer control
circuit of the synchronizer circuit conprises an AND | ogic gate. 35. The
menory devi ce of claim 32 wherein the synchronizer input circuit of the
synchroni zer circuit conprises a positive edge D flip-flop. 29 36. The

menory devi ce of claim 32 wherein the 29 ock phase tracking circuit of the

synchroni zer cirguit ri ses; an .1l ogi c, gat e having first .and second

i nputs, and furt%éejr hg%inﬁﬁmgw deyi ep(ﬁt%?‘l?lﬁ% W]i"%g'f’%%gﬁfk BHIIBIPS t he
downst r eam ¢iaRitQff thd$nshvohizer etustc@fiprigds: OR |1 ogi ¢ gate having first and
second inputs, and further having an output, the first input coupled to the

downstream tap ofn AN® kogicrgate bayiing Bist angd sseend inputscangdurthen haginglabp havi ng an
i nput coupl ed to,t out put of .th AND | ogi ¢ e, true output coupled to
the"second Piipt e Ekopllsd 10 e bW o PG AL eEre ot out pu
coupl ed to the sgCfORJopi6Rute HingestAND sbQ@idGn8las, @nd Fthed haeigath ve edge D
flip-flop having an input coupled to the output of the ORlogic gate and a

true out putowputwiiedisttipeuticappled tauthe dpwastesamcienof die shifgyregistérs  provi ded. 37.
The menory device of..claj m32. wherein the shift i ster  of e
e et B 5t o 1Pl baleR36 WSty o1

synchroni zer ci re co _ _ “cou positive edge D
flip- flODSANiﬁloFM%tmmemuqﬁwb@@lmtocth@sdzba@iﬁfduebﬁhe ORpgld @ek frequency
oc

of the second c signal is a nultiple of two of the clock frequency than

the first canslcliartheihgiviiig a 39 outpivie conpiash to tresecerd wputoidhenAND et gdtei t he cl ock
frequency of the econd cl oc I | . 0s f i t f rrequency of
YOS O ook AL RDR ook Bl SERMIB LR e

the first clock sSign

processor hgyioRoidP§R€ BB rud bstputat SWHEEE et hlldifexes et didnal she
processor bus, the systemcontroller having a peripheral device port, the

syst em contPeVided. further conprising a controller coupled to a system
menory port; at |east one input device coupled to the peripheral device port
of the systemcontroller;

37.  The memory device of claim 32 wherein the shift register of the

synchronizer circuit comprises a plurality of series coupled positive edge D flip-

flops.

38. The memory device of claim 32 wherein the clock frequency of the
second clock signal is a multiple of two of the clock frequency than the first clock

signal.

39.  The memory device of claim 32 wherein the clock frequency of the

second clock signal is four times the clock frequency of the first clock signal.

40. A processor-based system, comprising:

a processor having a processor bus;

a system controller coupled to the processor bus, the system controller
having a peripheral device port, the system controller further comprising a
controller coupled to a system memory port;

at least one input device coupled to the peripheral device port of the
system controller;

at least one output device coupled to the peripheral device port of the

system controller;



at | east one output device coupled to the peripheral device port of the
systemcontroller; 30 at |east one data storage device coupled to the
peri pheral device port of the systemcontroller; a nmenory bus coupled to
the systemcontroller for transmtting nenory requests and responses
thereon; and a plurality of nenory nodgl es coupled to the nmenory bus, each

of the nodules havin lurality.of ry.devi.ces and.a nempry hub

coupl ed to the aﬁ% r@’egl@@isg(ggget b‘i?gcﬁ‘qglgﬁé%g‘refeﬂgg‘?r lecpeb’t?§ ppg%gé%eess t he
menory devisG&8m cbR@olldremory hub conprising: a clock generator coupled to the
data driver to provide an internal clock si ginal, the cl ock generator
conprising: a delmgmeliyrtagicoupled tonge syspem centpllsnfguiransmitiingimiesiorand  furt her
having a control term nal at which control signals are applied to set a
time del ay r%‘fueftﬁgmgéﬁsggfnsc?? ﬁh}?{ﬁoln: all}:ldnd a synchronizer circuit having a

synchroni zer i nplulifyCofiherh@yiri@udds dolpled té the M¥théH bas,idath betheon signal is
applied, a clock termnal to which a first clock signal is applied, and an
out put at whedites havimgiam!luiakity @rmemepialevices asigpineaorhhiteeqypleddoths t he first
clock signal; a shift.reqgister havjn n input termnal coupled to the
output of onned et AR Bim 8 de0he s LRk ff MR AR e s o ock
term nal tondhdrgMub co@pasidgcl ock signal is applied, the shift register
shifting a logic level applied to the input termnal to the output term nal

in response to the sedenkdzenriati conpladlo, the Hatagniver torpsgyide ap ifternglher  havi ng
an upstreamtap at_ which the logic |evel propagating

nd a dpwistreamta ,
t hrough the shi fcfocgéb%ngg © ?lgc %ﬁﬁlﬁfag%f COBPIPEst and second ti nes,
respectively; an input mulatdepyesiRuithavinpenput hihd Stitphteithinkie, Al ch
further having a control terminal at which control signals are
applied to set a time delay of the delay circuit; and
a synchronizer circuit having

a synchronizer input circuit having an input to
which a initiation signal is applied, a clock terminal to
which a first clock signal is applied, and an output at which
the initiation signal is coupled in response to the first clock
signal;

a shift register having an input terminal coupled to
the output of the synchronizer input circuit, an output
terminal, and a clock terminal to which a second clock
signal is applied, the shift register shifting a logic level
applied to the input terminal to the output terminal in
response to the second clock signal, the shift register further
having an upstream tap and a downstream tap at which the
logic level propagating through the shift register is coupled
at first and second times, respectively;

an input multiplexer having a first input to which
the second clock signal is applied, a second input coupled
to a reference voltage supply, an output coupled to the input
of the delay circuit, and further having a selection terminal,

the input multiplexer selectively coupling the first or second



the second clock signal is applied, a second input coupled to a reference
vol tage supply, an output coupled to the input of the delay circuit, and
further having a selection termnal, the input nmultiplexer selectively
coupling the first or second 31 input to the output according to an input
mul tipl exer control signal; and an input nultiplexer control circuit having
an input coupled to the downstreamtap, a,clock termnal to whic t he
second cl ock signal is appPP¥do t}%frﬂiltl?‘lﬁlaf‘f?éﬁhnﬁé‘?/i"hﬁ‘p%muglﬂ%f C%WB ed to the
sel ection term nal of the gQput,nqmul tiplexer, in response to a first logic

| evel coupled to the downstréamtap, the input nultiplexer control circuit
operable to generate an input ralibpginedeplesaronwdl Gicgridlaving ancaupl e t he

second input of the input nmultiplexer to its output and further operable to
generate a phase synchroﬁP?B?dg?gﬁé&ﬁ@ﬁu?WhEP’?ﬁ@gﬁﬁ%g%m$51ﬁ ?anhip of the
second cl ock signal relat 'tH@séch@clel%'sigﬁal% appiel] 1Y BARS }ﬁfvir%hﬁ first clock

signal, in response to a second |logic l'evel ‘coupled to the downstreamtap,
the input nultiplexer comutpitcouplediiotthe pdeciiohdemnungedi¢heinputan i nput

mul ti pl exer control signal based on the synchroni ze ignal .to.couple the
first input of the input rIFTPEFEXEPRPPY aoﬁisgg)tgl I{evé “gflﬁ]ﬁd%clg‘ep_royi de an
out put clock signal havi nQjRmREERE tap’ ?de%pd?%ﬁiiﬂek&'cﬁhﬁr&%ifcﬁitt he rising or

falling edge of the first clock signal tracked by the input nultiplexer
control circuit. 41. The mpembistorgehersednsymitamltplexéraioniralsigiaéioei n t he

synchroni zer circuit of the ry hub further c I ses:  an output

m{I tiplexer control ci rcuiﬁouﬂg‘\?ﬂ?‘z@%ﬁn‘ﬁnp&Oﬁtﬁf)ﬂ‘tpugg’ﬁblpi%ef_8)lltﬁﬁe 5pst ream
tap, a second input coupl efitbiR ahdd@urtiel Bpkrab td Bhetdté b phdeyi ster, and further
havi ng an output at which an output nultiplexer select signal is provided;

and an out put mnul tipl exer syadhirogizer sfignato traviuhe plasp redatianshipred theut put of t he
second clock signal relative to a rising or falling edge of the
first clock signal, in response to a second logic level
coupled to the downstream tap, the input multiplexer
control circuit operable to generate an input multiplexer
control signal based on the synchronizer signal to couple
the first input of the input multiplexer to its output at a time
to provide an output clock signal having a phase
relationship relative to the rising or falling edge of the first

clock signal tracked by the input multiplexer control circuit.

41. The processor-based system of claim 40 wherein the synchronizer
circuit of the memory hub further comprises:

an output multiplexer control circuit having a first input coupled to the
upstream tap, a second input coupled to the output of the shift register, and further
having an output at which an output multiplexer select signal is provided; and

an output multiplexer having a first input coupled to the output of the
delay circuit, a second input coupled to the reference voltage supply, an output at
which a internal clock signal is provided, and further having a selection terminal
coupled to the output of the output multiplexer control circuit, the output
multiplexer selectively coupling the first or second input to the output according

to the output multiplexer select signal.



delay circuit, a second input coupled to the reference voltage supply, an
output at which a internal clock signal is provided, and further having a
selection termnal coupled to the output of the output nultiplexer control
circuit, the output multiplexer selectively coupling the first or second
input to the output according to the3putput nultiplexer select signal. 32

42. The processqr-based systemof .claim4l wherein the output nultiplexer
control cirecui taéf t HE®© {/%8Fﬁpg}rl?f‘szeélrsy%f?lé)gic{aneo‘lrlrp‘?{l?eggg%5 O logic gate.
43. The pr aaggsietcrRos®esl el @MiRisyhRbmy4Qirohe cempritdiansayNphsgei zer i nput
circuit of the synchronizer circuit conprises a positive edge D flip-flop.

44. The pr@&@@ssor-based system of claim40 wherein the clock phase tracking
circuit of the synchronizer circuit conprises: an AND | ogi c gate having
first and second inputs, and further having an output, the first input

coupl ed to the dewnstiheprddesorBhsddi@stemidficlai@diostigicinaie $Mchogizer gat e havi ng
first and second inputs, and further having an output, the first input

coupl ed t o IR claguheftthe ayAchegnizer cireibt eomprisey @ gpyitie edgg hHi-flore edge D
flip-flop having an input coupled to the output of the AND logic gate, a
true output coupled to the second input of the OR logic gate, and further

havi ng a not ouuput cmau?lr@éssto@bhm syste@drd claa Uil voieréinehANBLH pigis€ gate; and
a negative edge D flip-flop having an input coupled to the output of the OR
| ogi ¢ gat e trapking ckreuieofghe pYAcheanizgh cisenit ¢Ramprisgsit nul ti pl exer control si gnal

|5 Drovided. 48, S A O6E8RRRIIEInTLAM B CLAY H: BREELY (e Shi T

register of the sync zer ci conpri ses series

coupl ed posutpuy,ehefigeinput Edupledftb disdowiftreath €appsfabesidfiiredisegd syst em of claim
40 wherein the clock frequency of the second clock signal is a nmultiple of
two of the cl ocRnHelpgisneare havidgfirshand secend wpuiskand fyrher haying apne

pLocessor RGH AU L R ARGy DR OBl dpspyerney o <
a positive edge D flip-flop having an input coupled to the output of the
AND logic gate, a true output coupled to the second input of the OR logic gate,
and further having a not output coupled to the second input of the AND logic gate;
and
a negative edge D flip-flop having an input coupled to the output of the
OR logic gate and a true output at which the input multiplexer control signal is

provided.

45.  The processor-based system of claim 40 wherein the shift register
of the synchronizer circuit comprises a plurality of series coupled positive edge D

flip-flops.

46.  The processor-based system of claim 40 wherein the clock
frequency of the second clock signal is a multiple of two of the clock frequency

than the first clock signal.
47.  The processor-based system of claim 40 wherein the clock
frequency of the second clock signal is four times the clock frequency of the first

clock signal.

48. A memory hub, comprising:



clock signal. 48. A nmenory hub, conprising: 33 a nenory bus interface

t hrough whi ch nenory requests are received and nenory responses are provi ded
by the nenory hub; a local nenory bus interface coupled to the nenory bus
interface through which nenory device comand, address and data signals are
coupl ed, each signal having a timngsgelationship to at |east one other

signal; a delay circuit coupled to the |ocal nmenory bus interface to alter
the timing rel atrl?%%rpiﬁ)as terfgce|thrgugh Wh@%%ﬁ%fw,r%%éw&éq %618?4mt havi ng

input and eI reshEhsaL ARl ABILT Welh&holddbNg a control termi nal at which
control signals éersie) appl inglwto s}ét ea timrrg del ay of the delay circuit; and a

synchroni zer ci adodal meowpy bed interfage squpddal torthememiorypbus ioieriagd thréughi ng an
input to vvhicllb"ﬁ initiation si n%hlis agﬁlied, g cl ock. term nal Eo whi ch a
first cl ocRNSRENONGICHS OBMmantafRfires U Ha R SHT et NEEE i on si gnal
i's coupl ed hhfing GIRARS FelhtforshP to bt feddt ofé BHEr §%1§Hl,a| , a shift register having
an input termnal coupled to the output of the synchronizer input circuit,

an out put tern nalklayamduiaceupdedktottbe calahemory busiinthrfaceste@lieithel ock signal is
applied, the.shift.regi ster shifting a,laogic .level .applied o .the input
Corminal t Soineraiopdab RLAreRsons HERlahs Bl cirefl BaviBk Mahfind Serctei gnal the
shift regi sdrffindldahd@lrtHRAKANEg 8RoMRS iérBAMl bARhRAGoAtro s rF£am tap at whi ch
the logic | evel propagating t%lrough the shift register is coupled at first

and secondapplieddp setestpee tiehap by thealelayepauit;andt i pl exer having a first input to
whi ch the second cl gck . si grnalt S a%)gl,i ed, a second input coupled to a
reference vol t ag&Y{APPIEe" A 60PBUT "€oupl ed to the input of the del ay

circuit, and further a@ﬁﬂéﬁ?@niﬁer insUltREthiORavifs AR RPUs tolWisich ARMtiatiBH t 1 pl exer
selectively coupling the first or second input to the output according to

an i nput mul ti pligrelris gppliadof ckicktraminal gnwhigh aifirputlogkudignapiseappliedont r ol
5\;1: gﬁl :E hga\s/ieggngg% Iﬁlggﬁttpgf aglr%ic dg\te?ni%igt?on scllgr\llg? ?st go%%f@dtil’? ?éspgns%ltg (t:hke termnal to
first clock signal;

a shift register having an input terminal coupled to the output of the
synchronizer input circuit, an output terminal, and a clock terminal to
which a second clock signal is applied, the shift register shifting a logic
level applied to the input terminal to the output terminal in response to the
second clock signal, the shift register further having an upstream tap and a
downstream tap at which the logic level propagating through the shift
register is coupled at first and second times, respectively;

an input multiplexer having a first input to which the second clock
signal is applied, a second input coupled to a reference voltage supply, an
output coupled to the input of the delay circuit, and further having a
selection terminal, the input multiplexer selectively coupling the first or
second input to the output according to an input multiplexer control signal;
and

an input multiplexer control circuit having an input coupled to the
downstream tap, a clock terminal to which the second clock signal is
applied, and further having an output coupled to the selection terminal of
the input multiplexer, in response to a first logic level coupled to the
downstream tap, the input multiplexer control circuit operable to generate
an input multiplexer control signal to couple the second input of the input

multiplexer to its output and further operable to generate a phase



e e e e e

applied, and further having an output coupled to the selection termnal of
the input nmultiplexer, in response to a first logic |l evel coupled to the
downstreamtap, the input rnultiplexer control circuit operable to generate
an input multiplexer control signal to couple the second input of the input
mul tiplexer to its output and further3pperable to generate a phase 34

synchroni zer signal to track the ase rel ationship, of th econd cl ock
signal relati veg¥rlf|h&°r}l?e§is‘r$§a]otf’ t?ﬁfﬂﬁfg‘aﬁdﬁgt@f‘%ﬂgﬁeﬁg?onglci signal, in
response to a S@@ﬁﬁq‘e!aﬁgéfoAﬁylﬁéOPQJHB{ge&igE%fEHé%Ig@Wﬁ@?&!E‘ihapg the input
mul ti pl exer control circuit operable to generate an input nultipl exer

control signal baspeasedn atshepndyiogibteyrl eoaipleditg iz davenstreaplitap, theanputr st i nput  of
the input multipl r to its output tinme to proyide.an output clock

Si gnal havi ng. a THIURE SPaES SO grerablads pencrese B Eim BiftSiery afl'i ng edge of
the first clock ghealgnhl Bskeon B syhehrbmbetsighal td Rlupleathe Rk of i rcui t. 49,
The nmenory hub of claim 48 wherein"the synchroni zer circuit further

conprises: an othegoputmiltiplsketentseutnut af a @ine tuprovidganmytput tlockt i nput
coupled to the wupstreamtap, a,secaond i.nput upl.ed tp.the output of the
Shi Tt registor, SEHE TR ERRRGR a5 e 8 Boife oh it ol i ti pl oxer
sel ect signal | shePfi@Vil0@Hsi gl FrasiedBt R inpitihiultR)1@ee Eorktdl icitBuig first input
coupl ed to the output of t%e delay ‘circuit, a second input coupled to the

reference voltage supply, an output at which a internal clock signal is
provi ded, and fygther. havin el.ecti er m pal oupl ed.t o. t he out put of
t he out put nul tﬁ& exgbe%%%‘ﬂxﬁuﬁf)k‘?ﬂlf? ,Qgt“&‘greﬂ)rh &?n‘fcﬁi?‘@ﬁﬂcé"i&? sel ectively
coupl i ng t gtder cothpAgessecond input to the output according to the output

mul ti pl exer select signal. 50. The nmenory hub of claim49 wherein the output
mul ti pl exer connpolputinuliplexer eerprol seuibhavipg firsginpuyeeupledso thethe menory hub
of claim48 v%/n

erein the synchronizer i.npu ci-r,cuit. of .the s roni zer

Gireurt  conprieBcR tucrRy BULaRReE's M bmu gt b hia e R NAls "o Tl ai m
48 wher ei n hh¥iRg ah 8GHHuPRASIECH AR 6lpRGmukiplekbr delt sibha ispRee@Mrger circuit
conprises: an AND | ogic gate having first and second I nputs, and further
havi ng an an output multiplexer having a first input coupled to the output of the

delay circuit, a second input coupled to the reference voltage supply, an output at

which a internal clock signal is provided, and further having a selection terminal

coupled to the output of the output multiplexer control circuit, the output

multiplexer selectively coupling the first or second input to the output according

to the output multiplexer select signal.

50.  The memory hub of claim 49 wherein the output multiplexer

control circuit comprises an AND logic gate.

51.  The memory hub of claim 48 wherein the synchronizer input

circuit of the synchronizer circuit comprises a positive edge D flip-flop.

52. The memory hub of claim 48 wherein the clock phase tracking
circuit of the synchronizer circuit comprises:

an AND logic gate having first and second inputs, and further having an
output, the first input coupled to the downstream tap of the shift register;

an OR logic gate having first and second inputs, and further having an

output, the first input coupled to the downstream tap of the shift register;



output, the first input coupled to the downstreamtap of the shift register;
an OR logic gate having first and second inputs, and further having an
output, the first input coupled to the downstreamtap of the shift register;
35 a positive edge D flip-flop having an i nput coupled to the output of the
AND | ogi c gate, a true output coupl ed3zto the second input of the OR |logic

gate, and further having 10t oyt put coupled to, the secon nput of the
AND | ogi ¢ gat e; apaﬁavae%gﬁt igrélog @naaflmppl-tw EhiQun UK 9ttt coupl ed to

t he out put i t r i i nput

mul ti pl exerA qi%?#?%? Si Agtg%% &letgﬁ"t cg)}l g’\g?é(g%ﬁe Sg%ng'%@wr%%r?ﬁrl\ﬁ%c gfge’cl ai m 48
wher ei n t hendhirther hagns & eot aftputiveuplsy trcthe sevond inmit o€ thet ANDripgic gets; a
plurality of ;series coupled positive edge D flip- flops. 54. The nenory hub
of claim 48%herein the clock frequency of the second clock signal is a

mul tiple of twoaakalile bOPKIPIRAMRARG. dABEpIbd otheRhik of feONal . 55. The

menory hub of claim48 erein the clock frequency o second cl ock

si gnal is fQdulogid gatsartdwetret oatkut at eduentby inplut tiudtifléxes comtka signsl ignal .
provided.

53. The memory hub of claim 48 wherein the shift register of the
synchronizer circuit comprises a plurality of series coupled positive edge D flip-

flops.

54.  The memory hub of claim 48 wherein the clock frequency of the
second clock signal is a multiple of two of the clock frequency than the first clock

signal.

55. The memory hub of claim 48 wherein the clock frequency of the

second clock signal is four times the clock frequency of the first clock signal.



