DELAY LI NE SYNCHRONI ZER APPARATUS AND METHOD
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Techmques 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.
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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 remnain 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 throw 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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[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 tthe phase relationship of the
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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 TS5 is in response to the rising edge o 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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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
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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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[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



to which the synchronizer circuit 300 is coupled has
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cl ock signal CLK2X. The CLK2X signal has a frequency
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a clock signal in a second @l ock domain. The CLK2X
signal can be generated based on the CLK signal, and
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circuit 400 (Figure 4) and the DELOUT signal is provided by the CLKDEL s1gna1
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 TO, 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
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of ﬂlpeﬁ 6f4f g Oha a4, aaL?eng‘{~ Ox(ﬂﬁlflt . ]Elm%pffz,30%%%3;?0@1%15@%60&6
I—IIGH outputs of ﬂ1p 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 CLLK2X 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



a stable signal will be output by the flip-flop 304c
at a second positive edge of the CLK2X signal even if
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flip-flops 304b-j in sequence for every positive edge
of the CLK2X signal is repri@sented by the DELOFF2X_Q
signal in Figure 5. The DELOFF2X Q signal represents a
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of the delay circuit 400, and couple the ground as t

of the DIMRUT Isignekbafiertsequplingtthe dtlay plr@LKQ()O pill savephe pagagestal
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



through the delay circuit 400, as shown in Figure 5,
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the output of the flip-flop 304f switches to LOW
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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 TS.
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



bet ween the DELQUT signal and the CLK signal, the
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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
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L _psr_SEL signal is not allowed to recouple
integiatadXrenitdhatimuso syrimhmnmuntenfal tinkbexdeirmy clockingisigndBo

t th
10571 L b Ry e PO B oy ios pgppT T Hie AN R IFCS Casnyir 634
that reédVdsna PASRIRYSET doPnrhhifl SAKaScIGhE BRdnald 834] a bbntydll Bush€ONT,

g@rem ated that m nor nodifications can be made to
typicallye fiopn @nr ofiemal cerit gheh 390 wemeadt candipder i(ag shoyyn). The

comn&at}ﬁ s?&%?sety%cah? ?ncﬁ’&&saea{ip iséié’c‘% %g'nQPCSE*‘?EL 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



exanpl e, the nunber of series coupled flip-flops

304a-j can be nodified to change the relative timng
wo@Rooshertgar i ous signals used for decoupling aneiCT/US2005/009404

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 b e

nodi fied to change t he relative timng of the various
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[038] asynciirgee uschidiGh tBE enanRlr) dsiievmob Os bh QaRIr&k degigfel l6y2 that
skilled in the ait, and can b e inplenented using

receiygh Ykt GobHAN, @éisbagk@ddm@se& oreruan addresa bus ABRR, ovidh a memory

con O?faégkﬁéthe é&& St 1%5 ?F’Sﬁd’%‘ﬁg ptﬁgr]e gsae a’i(;ﬁ‘? hagi%alfaerggltst%r 602

receiveg Badw laddesderd zt barﬂieadldfe% that he afp@hé@ﬁi a b S@dress multqf(lexer
rel ati onshi E when the first pulse of the del ayed cloc
604 andyhank ¢antigd, {qgig ciguit o9, a@pwvelyf clthe rogoaddress wultipleyer 604
t
ppIERRAES 6 T Rl LBl R e R o ROTR8 S el row
addrtstsefr«pmeas eerﬂesh rooenter 608 t¢ @aﬁpraﬂ-‘ltyg of e addressflateht arrdn@dcoders

61 Olg—!]i Cﬁﬁ% o a r8{ ]ﬁgicﬁ)ggrgﬁ}fadt?sﬁi)g Eqw? ggdrlggﬂ\{a\,h@ and decoder 610A-
D cdrgHS%&léﬁ%ﬁ ®kithEh ﬁler%m? YAEVIe&vaP ﬁohﬁthg'aa%@ss G dé1§tef5‘602 ora

ta rate (DDR) synchronous dynam c ran

refregle bewls adﬁhfmsrfyor(l TWI) cothIrﬁﬂ&g nd the gstivatsidpiomsaddress latch
and geco%er lb{%ﬂeshgr{ 8&odlsths %,pcelveg t%ov% atdgresnyln responye 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



device that may include a synchronizing circuit for
synchroni zing i nternal and external signals, such as
w@oemwsaotisonal synchronous DRAME ( SDRAMS), as wedT/Usz05/009404

packeti zed nenory devices |ike SLDRAMs and RDRAMs, and

are equally applicable to any integrated circuit that

must synchroni ze internal arsd external clocking

signals. [037] The nenory device 600 includes a

control 1oqic.and.command decoder 634 that recejves.a
resporie it 5F oty B SelBARERTY S RiEERh gPThsi B phEREy ¥ESicR 0o,
as wilCdppadcidietbh e skillell ¢@tHeyarf, r om an external circuit

such as a nenory controller égot shown). The command
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operatiigROfs 4 E1e HETIRY SEHLE 99Po ,colypp Rdgises epwitefppd latch 614

cither QHERYS a;ﬂfliey BleSatdHRd SRR AGIES bhRe BbQSHrsSh HMDS ofelplies a
CLK*,” tthe command decoder 634 | atches and decodes an

sequerepifi i midmessesdn dhe dpendatsegarting ey tisncduoh addssk iprgvided

and control sjpgnals that control. the ent
by thegrg8 o UL G L LRoRO bR HET AR g ghe counter and
latch GIQTMRNEbtivARE CORIMANHc8SL? ¥ 6AG34phRéLHRD16 ARIRBErA M gnals to
address signals at positive edges of the CLK, CLK* :

an UGy iggﬁ@g gndjdata masking p'r\ih@;sit 948 puiich, bf tgnKaersseg hergRTy cells
corme TS YRR ikl bR oL 5 B0 20t i

the méngsp®ahk 6e2A-D b Bigneoasssd.devi ce 600 in response to
both edges o f the data strobe signal DQS and thus at
[040]  goudPwingndaty reasl OResptions, (daga SpipgKead dipam sheopgdressed mnemory

cells if bl Sl RE SRS ey Ha0IBS lipt bIE (P8RRI latch 620.
The /60@atirg arefl éits adhdkingasiranidoLdb keppdiet N bt ef deta toethe read latch
ecayse the dat ds bei ng,transferred to and,.

20, wdniien @P@&?gt@@%&tw S 1%t RISHCF §05p 18 thembogtigrent of
Figureo(g, the CROVIERTd ARNidE Mts Whine Redd RRS! @Wﬁﬁhﬁin%@l o) provides

rate corresponding to the frequency of the app .
two 32 bs kvogilgteathe nThlipdeenibR2d Aogetralriven 624 seduentialhit reokives the

2 o e 0t G BRI et P KAOEREISints el wisdronize

the dafadriver 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 known in the
art, the DLL can be used to generate a clock signal that is in synchronicity with 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 maimntain the



the sake of brevity, will not be described in nore
detail. 8] Further included in the nenory device 600

WO g00a8hoEedr ess regi ster 602 that receives row, PCDUS2UNS/009404
and bank addresses over an address bus ADDR, with a
menory controller (not shown) typically supplying the
addresses. The address regisgder 602 receives a row
address and a bank address that are applied to a row

ddr ess | ti.pl,exer 604 and bank contr.ol .l ogic circuit
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The n%gr;/eﬁ Qg ﬁ%ﬁ%@%teh@al ChEuid SEHAED fn%iﬁo@f' P&rﬁf&ﬂer ERE Bhown)

ban I'ncludes a nmenory-c array
in latdhing datp froml the aleirtyryafeviveri®Oyduciak lrsacbopeaatpad. Imraspeuse to the

dctay gl Flodicretin Ly RuaLy o 8 GivGr 8o penvelills GRS fredbestyen N2
bits Wdéils GRI ae&ﬂ%ﬂwngewa YwBaN lD(%-”é@c}f Qi\ékaa%@s&in% output in

mul tipl exer agflies the refresh row address 1rom
synchranesny sfithes Hsiog wat @ilirgogigecoft heléesigudrtbatss Boplid wndock the

t he, _ban ontyol,logi.c circuit 606 uses e refresh
memel) e W28 G080 0TES e et 528 o BTRME RS dat” shel SRy, Des
having ei¥ih§ @n® PAliRPEdadsein siyActabniomt Witlh eifing 9hd @4llise kdgds &fF HRS TLK

node of operation inresponse to an auto- or conmand

signalp gqspeytiaplyl | Basht dataheorddaQrandddeideta gobe sagnahilQS gellectively
i at i i Nt . .
e A8 0 58 Mol s o P e e
from the WIdne2barkddgdsdeasivn oditice ChE dgdiless thePLdt 623 &hdsts the
detay Ghih GLRRHE 158tk Bivel R oo FRPRHESTENE (BRI CS Signal
and th%qft? G2 Pﬁ@&i I@Sthe B8tahak @@ﬁﬁe%ﬂbﬁ@ﬂbd%ﬁﬁﬁ%%ﬁeéiﬁca@ions for
pl u A-D. The ban

ality of column decoders 6 1 contr ol
the memgiycdSi® 6 | Vakektd hes elgb uncludiscmadingsigds DMO-M, which

will bg gésrc%gg({) Qldr}lgr% dtei(:)aiii E&oxrvev% I \r/e%greggen 0 (ggadxgv%?esdpe?aqgns. 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 corresponiding
data masking signals DMO-X on the data bus. A data receiver 628 receives eachh DQ
word and the associated DMO-X signals, and applies these signals to input registers 630



the activated col unm decoder decodes the applied

col umm address. Dependi ng on the operating node of the
woreomsngiieevi ce 600, the col utm address count er PERTS2005/009404

| atch 614 either directly applies the | atched col um

address to the decoders 6 16A-D, or applies a sequence

of columm addresses to theldecoders starting at the

col um address provided by the address register 602 .
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[044] 1S UBRAs{sGeniBioRtrlldt 11i®egl%le§a4vesoa§3aecmh@&ﬁdaaaﬁu Bath to the
bet ween the cl ock signal output by the clock generator
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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 sy'stem 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 confroller 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).



signal generator 626. The data strobe driver. 626 is
coupled to a clock generator 629, which provides the
wal2a08/16t16pbe driver 626 with a clock signal usedI/ii82005/009404
synchronizing its operation. AS with the clock
generator 627, the clock generator 629 includes a
synchroni zing circuit accorl@i ng to an enbodi nent of
the present invention to maintain the
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For exgmplaothe prrédspad’ Gdrean rartput twrite Heat@litiKDEER ofitheaenioryrmodules

; i - | d [ he,,CLK si | .
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signal and the DQ words are placed on the data bus to
also pryade FlY WSEgsdi IRFIARTY SBRACIY e SR THNECTISYPtemBe neror y
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mem%? aﬁ@ﬁf@&nﬁwﬁ? ﬁéyﬁ?FélFﬁﬂ%%f BEHI &7 afcqsdingia g e brdimgt of the
preserf 9RA iR A& BRVIdEIySERR R RS thter%‘:yrﬁihﬁﬁﬁ%r difgz\iﬁwéifﬁbélelg@ﬁsed
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it eyttt
delay sirauikron WHkh o loff B diddkasigfals 8 SRBHELsI BRSgedd n%V(i)tth respect to

external circuit such as a menory controller (
the memen hubp HPe shenpseuie-synghronown ratatiogship Heay theobetween clock

signal§ iuﬁﬁ%d tQ@nch?grﬂzecﬁ{e%%% 88&%6}% 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 deviatimg from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.



data masking signals DMO> X on the data bus. A data
recei ver 628 receives each DQ word and the associ at ed
wor@sXodbgnal s, and applies these signals to iPEIUS2005/009404
regi sters 630that are clocked by the DQS signal. In
response to a rising edge of the DQS signal, the input
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signdfs &{rﬁ%%ﬁﬁﬂfm%lgéfih@% 3&5& c?el t‘B‘f?h%%@Eo £QBrab el

or na Inclu an address a control bus; and a
dat a bus.gehbetipg acthid OﬂodeSgﬂéﬂ)(’baBSdtqmthmﬁfsy od‘xmkpd;lgﬁbl the
cache nenory 708, which, is typically static random

thizd g stRbhay e Sralack. ﬂeﬂﬁ@cmoé {5 s65on @ocdoBEng and having
o SPSL PRGN, o YT EALY iy WA OAcbi e

detrreladht & thé h&ng los Chligy 8t t@ShithaMETuUst KAk ideny viartrblative.
the processor 704 for a variety of other conponents.
Mor e specifically the systemcontroller 710 includes

a graphi por t ally coupl ed t

ar apht 0 ot rHie Bithod B iRk Giknet <P e ieirst tme dgtay
to @ sYARAINhCAdThNImpiids: The system controller 710 is

al so coupled to one or nore input devices 71 8, such

as a keyblsseublivg 2a inpuisd a2 dedayadirawit fronp penciting an dnput clock
.inhgrface with the conputer system 700. Typically, the
! uter system

providing contro! 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.



700 al so includes one or nore output devices 720, such

as a printer, coupled to the processor 704 through the
waywsamicontrol | er 710. One or nore data st or ap@r/us2005/009404

devices 724 are also typically coupled to the

processor 704 through the systemcontroller 710 to

all ow the processor 704 to2otore data or retrieve data

frominternal or external storage nedia (not shown).

Exanpl es of typical storage devices 724 include hard

and f1 oppy. di sKisg methpd ofatdmt2 edereanddjosiimgatite fiiss kime delay

read- onl, nories (CD- ROVs).[045] The system
1DéUﬁFW5ﬂWé?g%@ﬁﬁ€3ﬁ¥8@Hgm%5hennry hub controller 728

coupl ed t r e - h

ystem 7aecOE Rl SRR o AN e ol RO e Bt Qoo
signadlmoyidddand40 coupl ed to several nenory devices 748

t hrough command, address and data buses, collectively

shown as tsaeuptBg therpeipweaiohy delal cegit diofl wiel e third clock
L out es Ly, reguests.and. responses between .t he
st BP PO g PR BRSO ep JBTCTHYC e i speond
tifleMblegs 748 can be synchronous DRAMs, such as the

menory device 600 previously described with respect to
Figure 6. Each of the menory hubs 740 includes wite

buffers anpd read data _buffers uter syste .
enpl oyi ng‘p't hi sﬁ% @ﬁﬁﬁogﬁ%ﬁl@%?lvﬁ%& eP‘PP@){lE}%)@n‘%sg’@Pt of the
1.0 - i.l.e..anot her
e RS B ORI, IR dApaR L or e

request. For exanple, the processor 704 can out put
wite data to one of the menory nodules 730a-n in the

syst em whi-l e aht Wethodwistymps dbeetosecqupling fee eypubaf the

[ ri ' ' h Epcessor
g ey e B I e BB €550 5 s

provi de greatly increased nenory capacity in conputer

systens. 4046] Enbodi nents of the present invention

can be ut®lizebhd methed radnpleymdav vbersiy 48on-ithengethsr phase

b | | 128, th b 740. As sh '
BB T B 2. Srove
circuit 7fZeqpasy @i d&oﬁ;ﬁin%‘"th@ R bRl defy d#26uib! &36Rking a

invention. AS previously described, the Synchronizer
sye¢hrovizing7signad 4o thenites ed clack Hraasitios tefthe fulgfl ajooki sigualt om
t.o. preserye. a pbseudgo-synchronous phase rel ationship
whigh HisdfetclegicpuBe G s ek i@l Rk “dorm ns w xen
the tine;gelgyonQl tbNecmiils 1! ifpdebA¥nCHEGH irkdi i
whi ch one1 ofe Or?e cl oc(l?< |lg atfls 1lﬁg out puet li(lg ?ychgnglg’g%easmg
geWémation ef pthe tsyhchrotigingesignay ahubtméd@]ativedo the clock transition
gseuq?:synchronous rel ati onshi p may. be between cl ock
monitored m response to decoupling to provide the third clock si gnal 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 syn.chronized internal

clock signal by the first time delay.



signals utilized to synchroni ze internal operations of

the nmenory hubs 740 as well as for clock signals
waieiositalaes f or synchroni zi ng external opexati onPCT/U82005/009404

exanpl e, operation with the nmenory devices 748. [047]

Fromthe foregoing it will be appreciated that,

al t hough specific enbodi nepts of the invention have

been described lierein for purposes of illustration,

various nodifications may be nmade w t hout deviating

from t he &pi riA nastitbdscOgemeciting laeclockvegial based on a farst clock

Accordi%%g , the invention is not Iimted except as by

go

signgb thesp BPHFIAE. CLAIMS What is clainmed is: 1. A
nmet hod faqr i cl .S ie8lng: .
receivi n%eggr?i ﬁl?é?ﬁ clﬁ%c 13“.108% afl,gﬁag 2’% éefdais 1? ﬁgé é‘ﬁ‘ %te%%ﬁg signal

ha¢in@GkhiSh&AdckDRefuefcyOMak e filst Slbcle kN, SiegMatnal tldck signal

second cl ock signal having a higher clock frequency
havingrantihigiak phase refativokhip irgjatave tarrctldoliradseof thavirsiglaskpbigael;

el at ed chubein 1 gt i of e Bl ShH Py o
tht?ﬁrsﬁ &lobk Bgnfds %Ié glﬁj g%/t@? 8ﬁﬂ\1la;e§élaﬁ$r%ﬁif); signal ; adjusting

e first tinme ich the phase rel ationship
bet ween tgemehitingta @nse spwhrehizdr cignak hgning 9 plese e¢latiedship

re]}aﬁy%{qstg% %nrﬁqt ﬁﬁol&gfsy%g o og}nci,ltgw?erl Ié‘lq]n %aé{:tgg EQP%E Eg%ekto which the
in@%. Sgéﬁgﬁﬂ%ﬁﬁgﬁgk’ ﬁ@gﬁﬁ_of the first tine delay to

econ delay;” and generating a third cl ock

si gnal bases antHelihatd symchehizeksighgngenerdting thdintdnal clock
cl ock signal having the clock freguency of the second

signabbving Hieaddivgiesl plase mejationshipsand, farthen havéng $ figit cckock pulse
t.to the fi L.ock si. ol .
BROTG o Sghicnbef ShsEeREh B SRR B sy ves

relglge to which the first tinme delay was relative. 2.
The method of claim 1l wherein adjusting the first tine
delay to a second tinme delay conprises: decoupling an

LTEUC OF @ SelRK SRR 4 CAATY. TS, PRl BB i
reBBGRAD &6 AR iHGhANCISR 1 to the adjusted phase relationship comprises:
decoupling an input of a delay circuit having a first time delay from

receiving an input clock signal generéted based on the first clock signal;
providing control signals indicative of a 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.

10.  The method of claim 9 wherein changing the initaal phase
relationship of the internal clock signal to the adjusted phase relationship further
comprises:

decoupling an output of the delay circuit from which the internal

clock signal is provided; and



delay circuit to change the first tine delay to the
second tinme delay; and recoupling the input of the
wa@ledoasoass cuit to receive the input clock signetT/BS20051@09404
met hod of claim2 wherein adjusting the first tine
delay to a second tinme delay further conprises:
decoupling an out put of theadelay circuit from which
the second cl ock signal is provided; and recoupling
the output of the delay circuit fromwiciich the third
cl ock si greabuplisigptheudad dfohé @Malygcmuctvfr&nowhmh 11151 &ntemal
control signals indicative of the second tine
clgck yigaalrig pryddedt follpwing movipien&if theenbiop Isigﬁglstlh@cﬁltﬁ/ﬁmf the
ay circuit occurs before decoupling the
“%ﬁ?%gﬁﬁ%gayhe delay circiiit. 5. The nethod of claim3
wherein recoupling the output of the delay circuit

occurs before recoupling the input of the del ay
circuit. 6l. ThEhemehod foclaumal(hwhemwedwnpmmeonputg)f the

he se relationship.between fi,rst and second
aE R GRS bolun rePuBurt b ordul b 683 688l i ng t he

i nput of the delay circuit, generating a synchroni zing
signal to nonitor a clock transition of the first

cl ock sighal fTleemmethiod ofchém| l@swhabiaakequpling tiof outpe off the
econd. cl ock _signal is, based; in response to

el TRyt A76uTs Refor sapurimehenge %ﬁ}h%aﬁﬂemnfcm%eaa ng
generation of the synchronizing signal at a tine
relative to trie clock transition nonitored in

response 13 deTiguphethgd t6f Rradmi de wihidgeid hinbgiteigckhe plhase

gnal having a first clock pulse that maintains the

re}ﬂﬁl@@@l}? betatcp heHirpt apdtsaraangd claek sfanalsicompaisesec o nd cl ock

| 7. Th t f
Generat | n EURCR OnralirehE ket ML BRI bikedpe «
syaBhiohid, % §1§ﬁa10tb%|5m$drg£‘ 3locRNehn¥iigh &l ithe eMeY alobk Gidnhe From
second cl ock signal conprises delaying the

whigh ¢l losticient putscer el secorsloioddi sygral 1sdypsedae fir st ti rre

gﬁl gyf |8r s@ gqtg%%}%g t(c))f reggl?p%rn%t tlhn ngutC loP %Ilfe %1'6&9 11’cu%S 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.

14,  The method of claim 8, further comprising generating a
synchronized internal clock signal based on the first clock signal and wherein
generating the internal clock signal comprises delaying the synchronized internal

clock signal by a time delay.



signal, the nmethod conprising: generating an interna

cl ock signal based on the first clock signal having a
whe@hao1164 ock frequency than the first clock sPQEE2005/009404

the internal ¢ lo ¢ k signal having an initial phase

relationship relative to a clock edge of the first

cl ock signal; changing the2gnitial phase relationship

of the internal clock signal to the first clock signa

to an adjusted phase relationship; generating a phase

synchroni egr shAgiladk byachivgizar phasie foredabling shiapdelay circuit,

relative to the first clock signal and a |ogic |evel

the dlelay séeuit haviap g knpd ged peipwhachiurther having & Forsrm deminal to

' hip.is.relatjve; and based th hase
wRGhTRPART Dl st s Attng BB of L Il CRTE e ook
syncBdalzeh@vdundohtpism@t ust ed phase rel ationship and

further having a first clock pulse relative to the

sanme cl ock cldlyeyhehoonindriioputt dieuitriiavingl anpinpstto which a clock

rel atjonship . was relative. 9...The nethod of claim8,
SYRFBPBIR EFAIRY gl Femplipd i ifNEQeTIoeh AISOFRS BrTating @
clb&it REARlal & QRS SRALILL s'gﬁﬁ i@‘#aﬂ%d? dnPARERr having an output

rel at1 onship conpri ses: J’coupl g an 1 nput o? a 3%Ia?
atovhichuar infitéate signa if prosided irmesplaisayo fhiedirstrobeoki sigmagy an

i nput clock signal generated pased on the first clock

signal ; p? 8ist dufgegistst haiing mypprscqupirddathe eutgpt of the clock

Is o) | i Pttt a t .

ssplfigftte! i SRe, B uhele (ARRY 6] Bicp A BREK lal 1
applie®uldi faghédigavingoat owtput frevidalosn Qﬁtbﬁtuéi%naﬂ Gn F€&HEhI¢ao the

the input clock signal. 10. The nethod of claim?9

seppiect elopk slganlgithryscepred plark signalphryéns ¢ digher sloskifieqpéncyriban

internal clogk signal to the adjusted phase
th?gllrs tcpog}gg}ﬁnﬁff urther conprises: decoupling an out put

of the ded gycofll lshifi Feglst@MavhisCh 1Pt ballpREdR thel Rt of the
signal is provided; andrecoupling the output of the

fingestaf} registeniat clckoerminalcte wikieh it secorad clotlosignaliigapplicids and
fu?thgr?/ki{agf?r?g/%{) lgl}lt%{l“ﬁ,%gvi%{nogva{nséu%]ut%figr}a 1en fegggr{sglto %l{egs%gérfd 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



second tinme delay. 11. The nethod of claim 10 wherein

decoupling the input of the delay circuit occurs
whedosnetrieecoupl i ng the output of the del ay cirPCi/US2002009404

The net hod of claim 10 wherein recoupling the output

of the delay circuit occurs before recoupling the

i nput of the delay circuit2413. The nethod of claim?9

wherein nonitoring the pliase relationship between the

first and second clock signals conprises: in response
apptiedlendupithdrhating anttiut af whith adeibget stgratisigrovided, the clock

generating a synchroni zing signal to nonitor a clock
phapatrecling Airgit envsaltile tastrackl vokassirglatonshiroed akistelogkpulse of

ast _clagc ul se.of the second cl.ock signal is based;
top ] S S Pl o PR o AT g0 P emig 8 T etock
syRElreHIzky c&fRdS sidal) e bh&AbRI to lduGyus WNFIBEGNi&lal %o cause the
signal at atinme relative to the clock transition
detaynéitamiteid oirtput @ 0 noek polse ef the phtemgl ¢loclpsigndl dea titne relative
third c] ock signal .having a..fiyst clock pulse that
torda s Flock §1ﬁ1éa13% peintpiy g ke PRass SElak e first and
second cl ock signals. 14. The nethod of claim 8,
further conprising generatiixg a synchronized interna
cl ock sighmal bBHsedochsidehronides circhipoRclaingnédlwlanen the input
wherein generating the internal clock. signal conprises
myléiplarenepninebcisspciopmisoetnegatize pdge R fli-KoBi gnal by a
time delay.15. A clock synchronizer circuit for
coupling to a delay circuit, the delay circuit having
an input gnd opidielbelashchroniARe Eirflay bnN@aidn ¢OREHeBdin the clock
term nal to which control signals are applied to set a
syn¢lreniger iaputefircuit gomprissp agiostive edge Rdlipifiopk
synchroni zer circuit conprising: a clock synchronizer
input circuit having an input to which a clock
synchroni ger cpi &8¢k S§RRRhides cRRR dBafnP 15 Ritelddt BreBclock
cl ock synchroni zer operation, a clock termnal to
phake Thcking ¢ircsit colnpeikessi gnal is applied, and further

EE RN REHE T G -
an]:)dut it &g'fﬁfr%t ﬁﬁéﬁ% F%%’Eéd {33ME BRI bR Yo P YR SChikier; t he
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;



synchroni zer input circuit, a clock term nal to which
a second cl ock signal is applied, and further having
waeoosopet providing an output signal in respoPSEUSIH05/009404

t he second cl ock signal, the second cl ock signa

havi ng a hi gher cl ock frequency than the first clock
signal; a second shift regigter having an i nput

coupled to the output of the first shift register, a
clock term nal to which the second clock signal is

appl i ed, ~an@ufput iefiplbRst| doataN cRediPHVIRE Fitstdind0seBnd input
out put S|gnal in response to the second cl ock signal;

nagles coppied tmthmoytmwe@ the first end spqopd ishiftrggistess, awspﬁt:tpmly, and

ich atr nal rovi.de
oo inine o' uel e ool B o R iRy ikt Sfehal i mguided
ba%@ét’ oh lﬂ'ié fo%fc 1'39?4& g9 t}ﬁrbu%’lft @iﬁlaﬁtof\f@ KRt 3 SRBHY shift reglsters
mul t1 pl exer select signal I's provided I n response t
artdhe second cl ock S|gnal the input nult!plexer select

signal based on the ger signal; an
mul ti pl ex@ OHAY HY ﬂ@ @P‘Prr Vi 3tst t@%@%@q tqethe guipHtof the

SOLPEFL It OB 1 0T AR AU 8y

tetrainbh ot pliichothe tiherithe ek coi grealli I1§ proaddtdf ufid ReconkaV kerhinal
a control termnal coupled to the output of the second
caypled; §l @)?e?‘lt@ﬁrﬁfﬁhﬁ fstrmultiplexsr conffal circhié towopple the output

ter he firgt. or. second in S in respon
te{rﬂ nl ﬂ ﬁ{# oF 6?0011 m%‘gf &l tresg)lotéshc 0. tth noaltput Cr{ltglgprcé eéect
ﬂg&gcklng circuit having an input coupled to the output

of the second shift register, a clock termnal to
whi ch the second clock signal isapplied, and further

o ovi ded. 2 tho ket Bt eFFG e 12 bhereimihe ot
mﬁftff)@é&eﬁccﬁﬁﬁﬁ’ @1r51ﬁt @Hn'lﬁﬁ%@hrpA@fD ﬁ)gk@gcatte cl ock pul se of

the internal clock signal relativeto the first clock
si gnal and in response to the clock synchronizer

contr ol nal , further operable_to output a trj r
signal to? gausgh? ﬁg)cge?,ygghremzeﬁ iof Cf%moi? er%tnf 1ihgsft?m and

se‘c‘:o thlﬁLﬁlegﬁte?% c&?ﬁr 3 lﬂ‘ tycdtos%h tz&lb%d ﬁosﬁvé E(FEE: D flip-

lve S|gna to mal htal n
ﬂomﬁcked phase relatlonshlp. 16. The cl ock synchroni zer
circuit of claim15 wherein the input
22.  The 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.



mul ti pl exer control circuit conprises a negative edge
Dflip-flop. 17. The clock synchronizer circuit of
W@ b@smo1ibs wherei n the cl ock synchroni zer i nputPCT/D8290$/009404

conprises a positive edge D flip-flop. 18. The clock
synchroni zer circuit of claim 15 wherein the clock

phase tracking circuit conpgéses: an AND | ogic gate
having first and second inputs, and further having an
output, the first input coupled to the output of the
second shi2ét r egchktkgenanoRomprsiag:gat e having first

and second jnputs,  and further_ having an output, the

first i npdtdelaysycal hagingpepud an%@utfwteffmiealéﬁ%@rmﬁhm Haying a
. | S L. e
B 0P B el BB AP P

ciréwi€ a@dt put coupled to the second input of the OR

l ogic gate, and further having a not output coupled to

t he second sypgupnigér aitegitANDnEogi ¢ gate. 19. The cl ock
synchroni zer circuit of claim 15 E; rther canprising:

a third shift PefVSPEMEE 4y uthlﬁ\ﬂblﬁ Lf’ﬁﬁmignﬁ%tnqg u& é’%‘mh a
ilifatid}esi Skl RY %\%ﬂfedg BR1R8HnA M WhitieR sl *MockSsi %ﬂal‘? ﬂ(%pplied,
termnal to ich the second clock signal i1s applieadq,
amthdn foutph et whirhi the iratiatount Pgral v aouiptidnig raspoasy uthe first clock
signal in response to the second cl ock signal;an

S8t put nul ti pl exer control circuit having first and

second i nput n . fi
and second shi%S$§Z8%%¥é§%yﬁgé%§§€%ﬁ§%ﬁ§%‘%&Hk%ﬁ?g%%§&pm
ohthei sygctanniaertippiit dicuitharcoutput tertipall antid Elopk et@ina$ e Wich a
signal is provided based on the logic |levels of the

sesonp gtockisignal & ywliehdhe shidiregisier sidlingda Lgig fevel applied to the

. ' : t.mul tiplexer havin f.irst .

LR BET 0 00 RN TR0 R P bl e sin

répeRanehiret aking QuPlRtedd thihand af RvaRESa Ghd AP ESEPMeYlogic
an output termnal fromwhich the internal clock

leyply pesipapafingr Gyouphdtheazhdft acgisian sotoupdadniinfitst cod pleeand times,
t he oultyput of the first nmultiplexer control circuit to
rec%?%]lvg the output termnal to the first or second

i nputs in respaAsyniIlflcRH RVing btk RiRX 86 whle@E 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 synchronizer signal to track the phase relationship of
the 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



signal. 20. The clock synchronizer circuit of claim19
wherein the output nultiplexer control circuit

weowpniodes an AND | ogi c gate. 21. The clock  PCT/US2005/009404
synchroni zer of claim 15 wherein the first and second
shift registers conprise a plurality of series coupled
positive edge D flipflops. 22. The cl ock synchroni zer
of claim 15 wherein the clock frequency of the second
clock signal is a nultiple of two of the cl ock

mbFtRISRR €¥ntrdladircuh &pletabid to&%&@&t@ b Rdut nAdtiplEhe oh@6Ksignal
synchroni zer of claim15 erein the clock frequenc

based phdhe emhnmueo signgli tgreaiple $he ﬁtﬁt mnurre‘étheh@ptmr@ékp exer to

f he f |
i RGREAEY e ipreyidegin SUGE aHERRe Povith fuefaslaionship
reBfie QY14 Hatshv%:“ Ea"{’ﬁr% ec?g%doff {46 LA c1paw | bl'gﬁalatr&‘k@& b9 the input

term na control signals are applied to'set a
miultipbexde captraifcirttinie del ay circuit; and a synchroni zer

circuit having a synchroni zer input circuit having an

input to which a initiation signal is applied, a clock

term nal 58 Wl docd EterdibiOGK REAMA wiRrdPRAd Sthonfifier

an out put "at whi eH |on signal 1s couple

cifgipfarher domprhdes:f i rst cl ock signal; a shift register
having an input term nal coupled to the output of th
synchr oni 2@ ouipyp mul@wlewwntrglnmwtdwmgea rﬁrﬁanputmpléd to

whi ch
oIS Tt ot el «RaRTR RengFl foBRShit Jugiseen and
fudihet h&Fnk Ant ARpUtHRUIHItIE ﬁﬂ‘oﬂ@ut i fIex @ WeRiet sf(gﬁ:ﬂms pabvided;

in response to the second clock signal, the shift
andegi ster further having an upstrean1tap and a

downstreamtap at lch the lo el aga
hr ougn ¢ A oknfnRieer biviee & Bt il S g FORR R of e
de?%?: eReuit | MBS ond ?%51!113'1@(1 Yo tlﬁnrefe@éﬂé% %‘Rhéé BlyXEran output at
having a first input to which the second
which a internal clock 51gnal 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;

26.  The clock generator of claim 25 wherein the output

multiplexer control circuit comprises an AND logic gate.

27.  The clock generator of claim 24 wherein the synchronizer

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

28.  The clock generator of claim 24 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;



clock signal is applied, a second input coupled to a
reference voltage supply, an output coupled to the
WO patioab4 t he del ay circuit, and further havi NnBCEHUS2005/009404
selection termnal, the input nultiplexer selectively
coupling the first or second input to the output
according to an input nultip$exer control signal; and
an input multiplexer control circuit having an input
coupled to the downstreamtap, a clock termnal to
whi ch t he asdeRdokic Igetekhayimpnfilst asd sqephd exhutgdd ffurthdréraving
havi ng an_out put coupled to the selectjon termnal of
af AUPRR 5B SREATPR LRI, ¢ fhe depire B tdhs s Grenislen o
| evel" coupl.ed: 5 '
oo o DI PRI SRR SRy g, oot o
tHenfAND loigid g40¢, exitue anpitrcdupki gndle deborkbinphicoft the Gre tipidlgate,
i nput of the input nultiplexer to its output and )
and, further hapag apiob oppuberimlest © the perend irpph oh AN} logic gate;
a&#gnal to track the phase relationship of the second
clock signal relative to arising or falling edge of
the first aGlepskvesddypad flip-Aop %ﬂﬁg%ﬁ ihfut@osFRAnE thed8itbut of
| evel coupled to the downstream tap, the
ther@Btlagictgats @xler truontipot atcwhichithe wmpat mbltiplexer genten] aignal is
an.input nmultiplexer control signal based on the
pQVﬁ%ﬁronizer signal to couple the first input of the
input nmultiplexer to its output at a tine to provide
an out put clock signal having a phase relationship
rel ative £8. t h&heickickgenerafoalolf iclajmedigehatint the shift sdgister of

cl ock signal, tracked by the jnput pnultiplexer contral .
the; syp 91?1%9%‘?11‘01"%08%16‘?@ @éﬂ&l&x af segies ewaﬁ?ﬁ positiyresdeged flip-
ﬂhﬁ? synchroni zer circuit further conprises: an out put

ti plexer control circuit having a first input
coupled to the upstreamtap, a second input coupled to

the output of the shift register, and further having
an out put 38t whhelogk seuerpior ofplatm grexlsreis dhe elock ifigugncy

' rOV] . and.an_out.put [ tiplexer ;having a first
of e85 B Bl T i) B Pl
cleeiesigaali nput coupled to the reference vol tage supply,

an output at which a internal clock signal is

provi ded, and further having a selection term na

control chlour TR ek atestt ol b e iR (R Sock 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;

a data bus;

an address decoder coupled to the address bus;
a read/write circuit coupled to the data bus;

a data driver circuit coupled to the data bus;

a control circuit coupled to the control bus;



sel ectively coupling the first or second input to the
out put according to the output nultiplexer select
waee@aabti6£6. The cl ock generator of claim25 WEr/E52005/009404
the output nultiplexer control circuit conprises an
AND | ogic gate. 27. The cl ock generator of claim 24
wherein the synchronizer inp@t circuit of the
synchroni zer circuit conprises a positive edge D
flip-flop. 28. The cl ock generator of claim 24 wherein
t he cl ock apmemeryt-cal kiraygcaiplaiuiot thefaddtess dguadhr, @ontzarcircuit,
circuit .conprises: an AND | ogic gate having first and
agégﬁﬁﬁN?W f4it ady further having an output, the first
i nput coupl t : [ .
r egi ster; g‘n@%%z %8%‘?%‘05 get‘@ﬁ%wcggc?nmf @v‘llqarl g{n Vgﬁ? é@é’g&nedan internal

cloeRuighal, sncclbel gdhefatdivoiipgisiag: out put, the first input
coupled to the downstreamtap of the shift register; a

positive edge B ddlapcirquighaving ingutaand; eiiput tewuiphle dandofurther
f th ' t tput .
b eioRith! RibdfaCHen Ao SR Repbbisg ) Bt dme oy of

thaddifiesirdady it @ not output coupled to the second
i nput of t he AND | ogic gate; and a negative edge D

flip-flop havi agyashrompertcircoilphedgt o t he out put of the
OR logic gate and a true output at .which the input .
nul ti pl exer control aﬁyﬁﬁﬁPmFg IBPIH\FFBEQ%&‘Q%_&F Y fowhich a
iSRRG AL Shal O afiiRlM, holthehfhdl o KD Hst' Rk & applied,
1the syﬁg%ﬁonﬁgir circﬁ%@ conpr?ses a ﬁ%%f% |ty§%¥ appae
ase i estpub apivhtthphs itifiatenesdigel B ddupfedl iopsspodsk toTthe first clock
cl ock generator of claim24 wherein the clock

sighglquency of the second clock signal is a nultiple of

. £i .
two of the clock fr %%Hgg%élstt&%gvﬁlg%gllgglﬁntt?%l W%lgcrogPlﬁd to the

signal. 31. The cl ock rator o : [
otifpat of theksyheleonieaciipaf citchiz, secwpet tehmwiakl, 3h@AadlodkStefdidal to

tinmes the clock frequency of the first clock sjqnal. i
whizh spscerebelpckisgndlas sriinr e piif reeicnshifings bgis;lovel applicd

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



a control bus; a data bus; an address decoder coupl ed
to the address bus; a read/wite circuit coupled to
wo b@sdetisd bus; a data driver circuit coupl ed tRPCT/H82005/009404
data bus; a control circuit coupled to the contro
bus;a nmenory-cell array coupled to the address
decoder, control circuit, afg read/wite circuit; and
a clock generator coupled to the data driver to
provide an internal clock signal, the clock generator
o?&ﬁﬁ’l_%'t&géﬁéraﬁé Q?h@s\é sShétEsiberamial go O thePpichs® WdIRidnship of
ermnals, and tfurther having a control term nal at
therdectndcelnele signalirglativestosa msimppt fablihg wigs of the fiishrelodesigyal, in
of the delay circuit; and a nchroni zer circujt .
TRRORHG % & HEHHI0 S e RAUPIR €Qifthe HINTRGCAR. puhe (igout
Ny At , . L ' .
R Sollepl BRI o B 3joRRE it iRl er, ol Slgna
bexet put tha syndhiratizdr segnahiotdoapiedhe $irgy mglut iof tleamphtedultiplexer to
_resFonse to the first clock signal; a shift register .
ith SV 23 RGP PreHds Aaruipytiploek signal heving hase relptinship

SN AREnd 8P YhEd LM be yRTQERUL S BLITE0ALn B theinput

cktermn a secon ock St gna

nadpblbed cohfi6l @Rudtt register shifting a logic |evel
applied to the input termnal to the output term nal

in response to the second clock signal, the shift

i st fyrth havi . d .
dovnst r eanitt ap e GHAEN GRS BhicE i eva G s yPgronizer
c;rmipﬂme;%lﬁﬁgegzt register is coupled at first and

second times, respectively; an input nultiplexer
havi ng a fahresitpuit mpultiplexerwiontrbl tinavitslkeavong a dirsiciapsi gpvpled to

AL N S NI N G
R @abinkCaH butp@Nd HHEL RETouBAY AdtifeR& &fdct UEnal 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 cohtrol 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.



termnal, the input multiplexer selectively coupling
the first or second input to the output according to
w@poosnus4 mul ti pl exer control signal; and an i PEIUS2005/009404
~ multiplexer control circuit having an input coupled to
the downstreamtap, a clock termnal to which the

second cl ock signal is applsed, and further having an
out put coupled to the selection term nal of the input

mul ti pl exer, in response to a first logic |evel

coupl ed t @6t he Thewmsibaadetiad of tdigim BRUkhdreint thel €dsek phase
control circuit operable to generate an input
trapling giresibef the s ondgzel AEFULE PUAYIRGSe t he second i nput

of the input lLi.pl r todts qutput,.an .
fyrtherop%#égﬁglﬁggégﬁgpgwgfgmﬁﬁ'§§&§§ﬁ%W$%ﬁF9€Pﬂhmﬂmyug
aft btpat, thofitst kit diP1ARGHR doNmirb8R Y of thé sHifigesisepnd
clock signal relative to a rising or falling edge of

the first anl@RRogt gatelhaving fist puhseond izpuss eod duttbyi lmving

| evel coupled to th ownsfreamtap, t i.nput .
R G st Wkt ey %40“&55?% Fip qfdfig B rsgisen,
i nput mul t,i r S
synchroni ?e@sgﬁnegggﬁﬂ o%%? gé&?ﬁ%gﬁ?f?@g %IB% 15? t%fthet %%tput of
thenfND lwgict gqpe, extene dudputtcoupled patheatecand inpet dfothp QR iadic gate,
an OLHp t clock signal havj nq a phase relationship .
apc figthey 8aYige et PpPLhepupledr taithe prFord gopub et theeANL lagic gate;
ock signal tracked by the input nultiplexer contro
circuit. 33. The nenory device of claim32 wherein the
synchroni zefegstivecdgt I @ig-flep hewdiphhigsit cdtpledtidiie output of
mul ti pl exer control circuit having a first input ] )
theduBl legictggta ansl aipye pelant staphich theempniomphiplexer songtad gignel is
&Q%k%utput of the shift register, and further having
PR Gt put at which an output nultiplexer select signal
is provided; and an output nultiplexer having a first
i nput coupled to the output of the delay circuit, a
second i npidt cdbpmeginary dekige oé chimriZewhekinaihe sbifppigister of

an _out put at. ich ainternal clock signal is. .
BB P T Sh e e St Bpiveapdee D flip-
ﬂgﬁypled to the output of the output nultiplexer

control circuit, the output nultiplexer selectively

coupling the first or second input to the output

di t t put [tipl | ect si ;
according 3%.0 q‘ge %Je olf‘y dgxlljice IOP cl%%(rr? rBZSvghe?gin tﬁé g{(])zcﬂ( 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 thé processor bus, the system
controller having a peripheral device port, the system controller further comprising a

controller coupled to a system memory port;



34. The nenory device of claim 33 wherein the output

mul tipl exer control circuit of the synchronizer
wa@eosadtieLonpri ses an AND | ogi c gate. 35. The PENDS§2005/009404

devi ce of claim 32 wherein.the synchronizer i nput

circuit of the synchronizer circuit conprises a

positive edge D flip-flop.3% The nenory device of

clai m 32 wherein the clock phase tracking circuit of

the synchroni zer circuit conprises: an AND | ogi c gate

havi ng fi rasleasinshesigp@nibvicepatipled & thef poiipheral HaMtdfor@ B the
output, the first input coupled to the downstreamtap
sypftemcenigelistsy register; an OR | ogic gate having first

and second,inputs, and .further Vi an.output., th

et ot mpdt BB oy apES Sucdrto BRp ot Behiue bRt pf he

syRehebefrolle; positive edge D flip-flop having an input

coupled to the output of the AND | ogic gate, a true

out put cowapleast ans datrestgrgo devicapartplaf totthe p&Rphenai device port
te, and furtfher having a not output coupled to the

ogﬂgos;{gewaﬁolg T the AND | ogi c gate; and a negative

edge D fli,p; [ jNRL I .
of 'the OR’| BeroRy B! Qg (1M SRR Rbller B Riiihing
mengry requletts phérspomsesithebnsingnal is provided. 37. The
menory device of claim32 wherein the shift register

of the syddirghhzermemprimedelsnpeuniedtogths aeraptytBuspeach of

i ifi f1ipf . 38 . Th
e SRLE BRI b FoB YRR o R o Wl e
neindri eesreOtowdhos knesicgnadbvics bas MIbéderd ﬁleQ{leﬁlggl @éF/ri]ééﬁ,ethe

. e

cl ock frequency than the first clock signal.
megtasy Pulleginp@sipg: cl ai m 32 wherein the clock frequency

of the second cl cqgc%icr gl?r%gaﬁérc kglmflgﬁ (rgcr Fc}ilezgg’ta wn%e% ltg ci)l§ovide an

frequency of t fie

ifERARRISK siBng e SMElk Bher A Biptishg: a Pprocessor having
a processor bus; a systemcontroll'er coupled to the

processor bus, the sylstaymircontheavipenpiiand ngtmt terminals, and
ﬁgﬁ%ﬁ?@%ﬁ lg?t %%Yrbfteen%?r{a{ at \tv %hsc%lsl’}rglrgigr?arl]st :Eur%l eltp%iiecfi lflor tsgtear 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;



controller coupled to a system nenory port;at |east

one i nput device coupled to the peripheral device port
wo@tooshelisyst em control | er; at | east one out put PAEUSIE5/009404

coupl ed to the peripheral device port of the system

controller; at |east one data storage device coupl ed

to the peripheral device pojgt of the system

controller; a nenory bus coupled to the system

controller for transmtting nenory requests and

responses thereon; and agpligh@l muttiphxefBiiRing A0kt 88put to
coupled to the nenory bus, each of 'the nodul'es having

whigh theagecoyd ofockengiray it eppilieds a asacbml mpob cyuied te aursif@dnce
to the nmenory devices through a devj ce bus. t )
valgs uDp oA SHByCOBBIF iuthe TG OFiesIe RIS ARG e hstchaving
| p r- . is
+BeEbEE IR0 IS0, LR ApNE B g spond
ity ths iongput ccdaliay tocdnriapiittmitaylexd dontpol sigadt adt put
termnals, and further having a control term pal at .
whi ch control signals arahappttinadtiplexefe¢onirol chauif 8pgpe an
.of the .delay circuit: and a nchroni.zer._Ci '
it PR AT b Al BRSO A Y Regp clock

siehAICH _a@Rii&i, tahatin@Rer ading! anl sutpRRLUSIEd té titd Qdctiof MtBintiAhl of
to which a first clock signal is applied, and an

theuimput maitiphdxies, Hintragponssd toi afirsriogt densl cpepled ip theddewinstream
response to.the first clock si |, a shift register

i D P A T HAE PR 0 SBP OB '8 EHErbUEb b P felorer

R KLt R by FE RK PR A and

fiafipk | @ebratiléietos perferate egiphheer sginihfdring sighgigite ttaekethe phase

pplied to the input term nal. to the output. term nal
rq?ﬁlqné@,s&félée £650P G106k SigREl TElbER st griag or fpdng feigg ofthe first

clotR is%tngf, i i‘gsﬁ&‘rasre & ﬁ\éle&gldqggib‘ PRl @&{Blécﬂ% @R donstream 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,
Jand

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



downstreamtap at which the logic | evel propagating
through the shift register is coupled at first and
w@e@snaiibd nes, respectively;an input multipl exeeT/HS200509404
a first input to which the second clock signal is
appl i ed, a second input coupled to a reference voltage
supply, an output coupled tegthe input of the del ay
circuit, and further having a selection termnal, the

i nput multiplexer selectively coupling the first or
sslectbvedly couplingtthe i odbgund BFE0CGHE Guipdt astordifgtto the output
mul.ti pl exer control signal; and an input nultiplexer
nEHpleser selepctigtalbhavi ng an i nput coupled to the
downstreamtap, a clock termnal to which the second
clock signal is applied, and further having an out put

coupl ed taat he ﬁ@'ﬁ@éés%—ﬂa@éd@;ﬁ%@ém Qf clhf 41”%E1|"ein the output

mul ti pl exer, in response to a first logic |eve

nydiiplexet cootroldrcuio whtitersgachromiper difoeit compptisasahtANDdoge gate.
control circuit operable to generate an input
mul ti pl exer control signal to couple the second i nput

of the inpgt mghti ?i‘cﬁé%ﬁiﬁseht %xégﬁx{rlpl(‘k e, f Ypt qu‘{erein the

operabl e to generate a phase sy oni zer Signa 0
synchodnizdranpitaseuit eif ahé epshiquizet cibeit sempriskscd poditive edge D
signal relative to a rising or falling edge of the
fif3-F1ep- ¢l ock signal, in response to a second | ogic

| evel coupled to the downstreamtap, the input

mul ti pl exer control circuit operable to generate an

i nput  mul Yipl exae prodtkiR!basdddnatend dFMiMN4O Riherein the clock
synchroni zer signal to couple the first input of the
rhasg dtacking cirpyibsiethe synchrenizay cisenit eamperises:me t o provi de

ol ati ve 8RS G4 ERRG PPNk Ry ] Seand Bn TG R B having
ae bopkit, Shedfiadt in iri]ﬂ,%lﬁﬁléd l@a/tﬂehr%vdned?%gm fasl driRd @x@redr Qi r ol

circuit. 41. e processor-based system of cla m 40
wher ei n t he QR haghe gate devingi firstuartd scond enpoisrand firther having

further. c rises: out put nmul tiplexer contro
20 PRgH the- 5] RBEEoRpIRd fo b meieagt B of dha 58 thss¥isream

ta , a e . | |_ . i

oy ster, ud r nrei PR MRiTE BthPLbultd I e of
theuA NIt logiel gate laémeroueit eotplsd gnthle secondrinpiitdddhe ORAlogit gate,

0 t [.tiplexer havin? a first input coupled to the
a.r&ﬂ r ¢vipg a not output coupled to the second mput 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.



delay circuit, a second input coupled to the reference

vol tage supply, an output at which a internal clock
wae@sabiibs provi ded, and further having a sel eRCT/082005/009404

term nal coupled to the output of the output

mul ti pl exer control circuit, the output

mul ti pl exersel ectively coupjsing the first or second

i nput to the output according to the output

mul ti pl exer select signal; 42. The processor-based

system of 46| ai mhé fp}od@B@%Q)ia&dt §8te bPBlaiMUL( vdleBifthe clock
control circuit of the synchr oni zer clircult conpri ses

fraqueAdiDof thgisecaguit cdockadgnal fse pultiplesfdwotvd $eaclsgis freqnenty than
cl ai mgﬁ% wherein the synchroni zer input circuit of the
theyfrstplesk @l ci r cui t conprises a positive edge D
flip-flop. 44. The processor-based system of claim40
wherein the clock phase tracking circuit of the
synchroni 28r ciThe Yrécessumdaseses/stean oANRIMoY) ewigadie the clock
having first and second inputs, and further havin% an
fregrenay of theesgcond clack signat sulere Hmes theaelogl Wisgreney htithe first
f tsihe 1shift register; an OR logic gate having first
Cgﬁ% §8%ond i nputs, and further having an output, the
first input coupled to the dowmstreamtap of the shift
regi ster; a positive ed%e D flip-flop having an input
coupl ed t 48t he Aomepaty lofd, comepINIE:| ogi ¢ gate, a true
out put coupled to th ecaond i.nput .of the OR | ogic .
gat e, andaﬁlﬂﬁl?wg’uﬁ é‘gf’ﬁ% egﬂrr%gh E{C&Hlergfﬁ}'plieg'ﬂies?sgar? fgeeived
[ NR ' nd a negative
a@‘ﬁglg&%rﬂ i%-r}slgi%&ﬁg?/ilng Ba}ﬁcg% ﬁlﬁgﬁ%}éﬁ% ed to the output
of the ORallogilongméry msdn®rcaleoupledotet thet memmioghbuheterface

i nput nul tiplexer control signal is, provided. 45. The
tppeReyhich naaeny dsyise éﬂ%lﬁn@aﬂaﬁw ? @gﬂéﬁf ke SQpplet each
I egi [ conpri ses a
st Bl Hp B BHORRLAR of Rharoht Bl SBRAD"
flip-flopa.dby cliveit gbosied sothe hasb cheaysy s dfterddcai tmalklr the
Wherein the clock fr eque,g‘(;% of the second clock signal
timing, refatiomshipeof ot leaghows sighid b seleyraireyiidyvipeinay andeoutput

tJrrlnriﬁc’a S, %lng %lll(rtﬁc’elr %Q\z?iln'g a control terminal at which control signals are applied

to set a time delay of the delay circuit; and
a synchronizer circuit comprising:

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;



47. The processor-based system of claim40 wherein the
cl ock frequency of the second cl ock signal is four

wo povsgotike cl ock frequency of the first clock BECTOS2005/009404
48. A nenory hub, conprising: a nenory bus interface
t hrough whi ch nmenory requests are received and nenory
responses are provided by tgge nenory hub; a | oca
menory bus interface coupled to the nenory bus
interface through which nenory device command, address
and data si gnapdiphenmefi:ee ha@ash MsOiplt hﬁwmn te second
timng relationship to at | east one other signal; a

cloek signali rscapptled;w ptceud tm,pUtt freupled 4b avmafereyceusitage ‘supply, an

o) 1o tieiipit 2 Tt (gl eited; apt HpLE Britoa BOetion
te}vﬁﬁng’h Qﬁ‘é Ty u@FrglltﬁﬁiE)EeF %Ele&?\)é'l}n %grﬁ;lé Gt LR EE mﬁ.tlt to the

con St ghals are ap to set a tine ay

outputtaceordigay an iimpuit intultiAentr aonmﬂ chgnahiaaér circuit
conprising: a synchronjzer input circuit. haV|ng an
i nput t o V\,hl c hathInPR§ Ppiplexar Qaniioh rirgudt haying ayinpy oppled to

o SRRl ) AL 0Bt 3, PR st

arfdeﬁﬁﬂ[b'iehiﬁng he buthet colslek t5i grakele@ionh térmlﬂa@gjfstw input
havi ng an input term nal coupled to the output of the ,

mg#m@x@nmzr@qunﬁ@m acﬁrﬁfclsngtc lezpl mnp&mit tor hendaveistreagnday the
cl.ock .si

inf RN dour Pl GReRioR B g 2 g Bupbapr conteo

sigii?ltb @Bup1e thd)Second iiput 8F A Rbut PultihPex@itd itk oh@hﬂhﬁ@ Further
in response to the second clock signal, the shift

opeedfils t@ gedaratt hephabavynehroaizey p@nale‘@nﬁmczkptha rpdhage relationship of

downst r an1t which the logic |evel
B RFORR T a8 arimece e edds ot BrIReRekGbual, in
reSHERE dtol :MERond el%%c {dv¥el¥nRBa i 3P %ﬁe Bl o8 Ghp, BN Rhut
Irst input to ich the 'second cl ock signal s
m&h@;llexed cortra edfroni opajpble tocispéatt aroinput efudtieme cvntlrmlasg]glal

su an output coupled to the input of the
b«%ﬂpg en .tlae syayghropizet pignalia geyRie hes S%E‘PPBWQ he input multlplexer 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.

49.  The memory hub of claim 48 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



termnal, the input multiplexer selectively coupling

the first or second input to the output according to
wa@poosnmubt4 mul ti pl exer control signal; and an i PEIUS2005/009404
mul ti pl exer control circuit having an input coupled to
the downstreamtap, a clock termnal to which the

second clock signal is applged, and further having an
out put coupled to the selection term nal of the input

mul ti pl exer, in response to a first logic |evel

s€le¢tbleBH ch1iplinp &hél vdd i Iseimdtiaput tbBe blPUt adBekdih@tE XY output
control circuit operable to generate an input
nmlliplepdregleet ssgnalr ol signal to couple the second input

of the input nmultiplexer to its output and further
operable to generate a phase synchroni zer signal to
track the sghaserpg %é}ﬁér?rh%@ & & t{?wﬁ@&ﬁ‘ﬁﬁﬁe@u multiplexer
signal relative to a rising or ?la | ing edge of the

chatrad tcirchio chmprigeah ANID l6gis pstase to a second | ogic

| evel coupled to the downstreamtap, the input

mul tiplexer control circuit operable to generate an
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an output clock signal having a phase relationship
relative to the rising or falling edge of the first

cl ock signagl tracked b he i pput. tiplexer, contro
cirout. 48, THESHEWBRY OB bF Yl aMBRREr o, il phase
trANAEH ERALIZSN thE breHidnieH B IR con@FREd: SES: an out put

mul tT pl exer control circuit having a first input

coupl ed t entAND lqei¢ getaimaviag first and cervadiimpus, and dpitled hhving
t he output of the shift register, and further having
a, gl g st gk ORPL o e TG B SIE SR B SIS gral
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ad® Apthen Yatihg afniot 8litpOr cRBEANY thdébnd thpirhef it AND logic gate;

aé:cor ding to the output nmultiplexer select signal;
an
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.

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.



50. The nmenory hub of claim 49 wherein the output
mul ti pl exer control circuit conprises an AND | ogic
W@a108/10884 The nmenory hub of claim 48 wherei n PEEUS2005/009404
synchroni zer input circuit of the synchronizer circuit
conprises a positive edge D flip-flop. 52. The nenory
hub of claim 48 wherein the8cl ock phase tracking
circuit of the synchronizer circuit conprises: an AND
| ogic gate having first and second inputs, and further
havi ng ans5fiut pThe nich®r§ huls bf tlajm 48 cohgpéiadhe oloch drequency of
downstreamtap of the shift register; an OR |qgic gate
thegegomg dlacksignahis fewdsnes the pleek Iregyrpcy of thedirsthaosk ignah
output, the first input coupled to the downstreamtap
of the shift register; a positive edge D flip-flop
havi ng an input coupled to the output of the AND | ogic
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 | ogic gate; and a
negati ve edge D flip-flop having an input coupled to
the output of the OR logic gate and a true output at
whi ch the input nultiplexer control signal is
provi ded. 53. The nenory hub of claim48 wherein the
shift register of the synchronizer circuit conprises a
plurality of series coupled positive edge D flipflops.
54. The nmenory hub of claim48 wherein the clock
frequency of the second clock signal is a nmultiple of
two of the clock frequency than the first clock
signal .55. The nmenory hub of claim48 wherein the
cl ock frequency of the second clock signal is four
times the clock frequency of the first clock signal.



