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SYNCHRONI ZI NG CLOCK SI GNAL GENERATOR TECHNI CAL FI ELD The present i nehli§\oii6
rel ates generally to integrated circuits, and nore specifically to

synchronizigﬁogﬂgﬁé j.§5nal clock signal applled to an 'ntﬁQﬁﬁﬁﬁﬂ)BbﬁQPit 5

with intern signals generated in the integrated citcuit In response
to the external clock signal. BACKGROUNDIOF THE | NVENTION I n synchronous
integrated circuits, the integrated circuit is clocked by an external clock
signal and perfornms operations at predetermned tinmes relative the rising
10 and falling edges of the applied cl ock signal. Exanples of synchronous

i ntegrated ci rcuM[ﬁﬂlI B%Yd aﬁl Whronous

dynam ¢ random access me r|es ( sync ronous Om access
menori es ( SSRAMs), and packeti zed nennrles | i ke SLDRAMs and RDRAMs, and

i ncl ude ot her téﬁ}ﬁ integrated circuits as well, such as

m croprocesso?@. @AHF@HB of signals external to a 15 synchronous nenory

device is determ ned bé"ﬂf I’@es‘%ﬁ{ v on%ﬁﬁe§§§]+ gjtto il a?etaeélfchlté)%d ;L hi n

the nenory device typi must be sync ernal operations. For
exanpl e, comardiicaltyetoptyackadniaing aancexteraal ctldaktssigial amwﬁmmnﬂgmteﬂe:mcmt
synchronismw th the external clock signal, and the nmenory device nust |atch
t hese coméanwghatemﬁleclm%%@alageﬁ%rste@an @1&éré%%%tF‘hPllf%)“tdaﬁ?sﬂP’ésett%éhec%F?ﬁﬁhds. To
| atch the 20 ga@hgglconnands an internal clock signal is developed in
response to the external clock signal, and is typically applied to | atches
contained in the nenory device to thereby clock the conmands into the

| at ches. The [.nt 0 i xternal clock nust be synchronized
to ensure thebgﬁﬁéﬁﬁépﬁt1@%Eitgﬁﬁéﬁﬁﬁﬂggks the latches at the proper tinmes
to successfully captur e[ntspﬁchﬁﬁﬁmaﬂl%%rat&f‘cntcﬂﬁs PHERRPlatd QI @dl@&ed By an

"external" is used to refer to signals and operati ons outside of the nenory
device, and &itemalrabedk'signel aulf ferforms spegatmhs atgetictrommed itiores relitive the tisieg menor y

gi\r/llcﬁre-ong/ﬁr egé}eéﬁl,l al L Ogg? tlﬁehhgplﬂleg Sc?ou s?g%saf ' IEg)(t | OI%S o% sgrllcrhggr}o%g u&tggrated
circuits include synchronous memory devices such as synchronous dynamic random
access memories (SDRAMSs), synchronous static random access memoties (SSRAMs),

and packetized memories like SLDRAMs and RDRAMs, and include other types of
integrated circuits as well, such as microprocessors. The timing of signals external to a

15 synchronous memory device is determined by the external clock signal, and operations
within the memory device typically must be synchronized to external operations. For
example, commands are placed on a command bus of the memory device in
synchronism with the external clock signal, and the memory device must latch these
commands at the proper times to successfully capture the commands. To latch the

20 applied commands, an internal clock signal is developed in response to the external
clock signal, and is typically applied to latches contained in the memory device to
thereby clock the commands into the latches. The internal clock signal and external
clock must be synchronized to ensure the internal clock signal clocks the latches at the
proper times to successfully capture the commands. In the present description,

25 “external” is used to refer to signals and operations outside of the memory device, and

“internal” to refer to signals and operations within the memory device. Moreover,

although the present description is directed to synchronous memory devices, the



2 7 NOV 2006 WO 2004/082143 PCT/ US2004/ 007499 2 principles described
herein are equally applicable to other types of synchronous integrat)edNOV 2006
circuits. Internal circuitry in the nenory device that generates the

internal clo i necessarily introduces sone tinme de C ing the

i nternal cId@bzgﬁéﬁ%ﬁ£to be 5 phase shifted relative toqfhgﬁg%P@?%%? cl ock
signal. As long as the phase-shift is mnimal, timng within the nenory
device can be easily synchronized to the gxternal timng. To increase the
rate at which conmands can be applied and at which data can be transferred
to and fromthe nmenory device, the frequency of the external clock signal is
i ncreased, and.,in nodem synchrqnous nenpries,-the fregquency is in excess of
100 10 MHz. ARriRqiRles @@&a@ﬁ%we&mt% cayall RicghledR %tﬁgngxpe% 8 rmeirgnons
however, the tjmRadeliadhits] Ntroduced by the internal circuitry becomes nore

significant. Thi's I1s true because as the frequency of the external clock
signal increases, the petdrml cofuitthé Hic gehory devieathetsgenaratks ttheisitana wloskal |

del ays introducedq by the i.nternal circuitry correspond to significan phase
Shi {15 bet weeRERHAH B A come il i ERbig e rtera Sd andids bt
commands 15 appist SEifb@ rdldiR e ISR e)teHRVEIS&K ﬁ%ﬁl.rl&?s loff 8€the BRas¥ahinds RiniblAg ti ne
the internal clock signal clocks the |atches. To synchronize external and

i nternal cl ockméngjwithis thevnawderevicy aahbeorasilissynehronigediiovhe edernal timinpeo of

di fferent approaches, have been consi dered nd ut.ilized, includin

del ay- | ocked Iage i b5 oGl AORBleREe S B corplid ofT 4 Bk B &40 Bious

m nor del ays (@hdRSned t8andviibln the meRBfedevitt ale B¥qichOSEY th& bitbaal didtkisigapist .  As
used herein, the termsynchronized includes signals that are coincident and
signal s that ingeareeds agé 9n meeflere Fyphroaoust epones badreqnenchide .in pxepss of 100s a
functi onal, Dl di i L1 ustr.at | V. I | .d - locked | poop 100
el udi ng 4 v&FEaof S MRy ot Wl SRR ERY 1808 BoP¥ierr RESRE SREP 25
CLKBUF and geiiodu&s o e limy@dl dicaitly tet@héal méie Kidnifidant. r E5ip e be2aliseaisCcl ock
buffer signal. The variable delay line 102 controls a variable delay VD of
the CLKDEL si §isdrequenay-afithe extermaldodky signainsregsead the periedsplothe signal decrsasesy

adj ustment  si %up%' srfall delays introduced by the internal circuitry correspond to significant

phase shifts between the internal and external clock signals. As a result, the commands
15 applied to the memory device may no longer be valid by the time the internal clock
signal clocks the latches.

To synchronize external and intemal clock signals in modem
synchronous memory devices, a number of different approaches have been considered
and utilized, including delay-locked loops (DLLs), phased-locked loops (PLLs), and

20 synchronous mirror delays (SMDs), as will be appreciated by those skilled in the art.
As used herein, the term synchronized includes signals that are coincident and signals
that have a desired delay relative to one another.

Figure 1 is a functional block diagram illustrating a conventional delay-
locked loop 100 including a variable delay line 102 that receives a clock buffer signal

25 CLKBUF and generates a delayed clock signal CLKDEL in response to the clock buffer
signal. The variable delay line 102 controls a variable delay VD of the CLKDEL signal
relative to the CLKBUF signal in response to a delay adjustment signal DADJ. A
feedback delay line 104 generates a feedback clock signal CLKFB in response to the
CLKDEL signal, the feedback clock signal having a model delay D1 +D2 relative to the

30 CLKDEL signal. The D1 component of the model delay D1+D2 corresponds to a delay



f eedback delay |ine 104 generates a feedback clock signal CLKFB in response
to the CLKDEL signal, the feedback clock signal having a nodel del ay) PNGV 2006
+D2 relative to the 30 CLKDEL signal. The D conponent of the nodel del ay
D1+D2 corres 4 delay 2 7 NOV 2006 WO 2004/082143 [ 007499
3 introduceﬂ%ﬁa{?\ﬁ%ﬁput buffer 106 that generates the Ctgﬁélé:zl@&g’g‘fa&f’ in
response to an external clock signal CLK, while the D2 conponent of the
nodel delay corresponds to a delay introduced by an output buffer 108 that
generates a synchroni zed clock signal CLKSYNC in response to the CLKDEL
signal. Al though the input buffer 106 and 5 output buffer 108 are

illustrated as  si,ngl.e conponen h represent co nents nd t he

associ at ed deF&VdB‘%F e%qpﬁ‘gq%u%%m&gﬁat gfﬁé)rﬁﬁf e@‘r@%éi@@ﬁ“&&%ﬁ“ﬁ%ﬁ 100.
The input buf egemildodisinal EDKEHAIN the D2eoth@bint Bilthemodkl detHRRBRBAGE that ween
an input that receives the CLK S|gnal and the input to the variable del ay

line 102, anddelne insipdpead bypar Paipul betier 08 dbalrgeaerates agenelyromzedyelogl pignal

conmponent s be $R§¢] f K\ﬁgi i t put
at which the Q’ﬁg g?gngpﬁkltestgc}}el%/g?’ope& 4 aZ' d’éﬁ’é’gg‘}‘g‘% ]élhﬁfglgfgeqllgg a?lgrt her
i ncl udes a haspudnifeetlof adelflustiumdd asrsipd aoaspohdias, GaltFpassechtChIKBbhpiegeal s
and generates a delay contral signal a val ue indicati n&odt he

DCONT havi
phase di f f er efiebhsetsipeiated Adaxchetpem ﬁﬁdnll‘ﬂm%\‘/ll@ir‘]l Ahfhe, delgyelopled) leore APt i on
of a phase detIﬁﬁ bt b a6 ghlgﬁgg{)ﬂegkng- e dér?%fa B?)]Eof Fﬁ go%n?o%n?s"@et@é&éea%ﬁnﬁ@” ning

(Manning), which r's assigne he "assig esent pa
appl i cati on aiict whaeiess the CLECOg»d aad the idpat ©ithe bariabkf detayrime. 102, ahdlti®/output

controller 112 generates the DA ignal in response to the si.gnal
from the phas Uff%el{agﬁ?%?seﬁtfg},‘e Wﬁga}rf]e@n{pﬂ%ﬁﬁA%wgeﬁ“gt ¢ putpyt ct%ﬂ’lgbl e
del ay | i nejglOgetprimdidash otuﬁﬁltat"\@ﬁzib@ﬁla@Lﬁ@YNC éfghaﬁmv%?&ft?hdet ector 110 and

del ay controller” 112 operate in 20 conbination to adjus e vari abl e del ay
VD of the variabl e del ajhd deley-koRedabop 100 rfotthayninclodest hphatetdetrod 16 dlsat

dotects the pFEEYEHR LRI TR sentls il an dtly (PRl AgnitOfha  he
phase det ect oha i aUphdy ifeblihg e bhskd ifFORRE Ashréd GeILIBUT Aot OLRHUS!

the variable delay VD of the signal until e

signals. One implementation of a phase detector is described in U.S. Patent No.

15 5,946,244 to Manning (Manning), which is assigned to the assignee of the present

patent application and which is incorporated herein by reference. A delay controller

112 generates the DADIJ signal in response to the DCONT signal from the phase

detector 110, and applies the DADI signal to the variable delay line 102 to adjust the

variable delay VD. The phase detector 110 and delay controller 112 operate in

20 combination to adjust the variable delay VD of the variable delay line 102 as a function
of the detected phase between the CLKBUF and CLKFB signals.

In operation, the phase detector 110 detects the phase difference between

the CLKBUF and CLKFB signals, and the phase detector and delay confroller 112

operate in combination to adjust the variable delay VD of the CLKDEL signal until the

25 phase difference between the CLKBUF and CLKFB signals is approximately zero.

More specifically, as the variable delay VD of the CLKDEL signal is adjusted the phase

of the CLKFB signal from the feedback delay line 104 is adjusted accordingly until the

CLKFB signal has approximately the same phase as the CLKBUF signal. When the

delay-locked loop 100 has adjusted the variable delay VD to a value causing the phase

30 shift between the CLKBUF and CLKFB signals to equal approximately zero, the delay-



25 phase difference between the CLKBUF and CLKFB signals is approxi mtely
zero. Mre specifically, as the variable delay VD of the CLKDEL si gngj ND¥% 2005
adj usted the phase of the CLKFB signal fromthe feedback del ay I| ne 104 is

adj usted acc gntil the CLKFB signal has approximatel

phase as thew(f@g‘?ﬁi%m gnal . Wen the delay-Iocked | oop 189"H 04&‘8171?§ted t he
vari able delay VD to a val ue causing the phase 30 shift between the CLKBUF
and CLKFB signals to equal approxinmately zero, the delay 27NOv2006 WO

2004/ 082143 PCT/ US2004/ 007499 4 |ocked loop is said to be "locked." Wen
the del ay-1ocked Ioop 100 is |ocked, the CLK and CLKSYNC signals are

_ h d. . Thi t ft KBUF
Sy O 2e0, A e MR AR M F B BRe ol o PR RSRY S,
| ocked), the yag '@@i@[ﬂ@'s@ﬁal‘s@:@@ﬁcﬁmﬂ%&e Tofs INTEK e EOWheR $hd 'sggmﬁd 5in
Figure 1, where Nis an integer and TCK i s the period of the CL i gnal .

Wien VD equ albst“wmw(@KBW and ChEFBaigralsde amayommattelryeze&({ es |t@€néﬂ1ayr1h¢1@dg h the

i nput buffer e del a 108
DLANTCR ( D +DRR 0 A ERD it ki Vs BV SRR Lt 4 Beiisg) ay e
by NTCK relst |IIYF1ghfb I, Rehefd Wis & @RBEr MATCHR tﬁm@u@mﬂ{escm@%mnm@nmed
since the delay is an |nte8er mul tiple of the 10 period of the CLK signal.

Ref erri ng bacleqeals NEEKd( i thitog! dgl}heﬁthe%mwhﬁﬁyughdéwrm@éb\sf&@\l ), t he
CLK signal cor to t e gnal
corresponds toaﬁ%zg:&%f%rﬁr)\ngl ct océ Ju%tﬁ%ﬁgﬁc%? @e@ﬁ?&@ﬁ dﬁkiég’gk’ t he

vari abl e del aeqhdidNTCR2 Thus| i @H{$YNCfs®gnIaEI§ deta9ed by NIOR Eel@tive to the CIK

serially-connected individuyal delay stages, with individual 15 del a%/ st ages
bei ng added orignaaddbe te dgalsare syshipRizecEinGs therelyy WEn nseewimyltiple of the

under st 00 py LBGE e oKl K £t RETAT TSy Y AGLE St Bhchifuabizuiiyst De

able to prOVI e maxIl mu var|a correspon

si gnal havi ng defiees hiooves thef IOEHU eigayl cdnetsﬂstmdé rteqherw;ermamg@cmwgﬁaIMdchlet he
del ay-1 ocked | gop is designed to operate. This is true because the variable
del ay |ine 10% 1&5% ﬁ%ﬂluﬁ%@saowiéﬁ?ﬁls|1@e@él|%ﬁkﬂﬁn@o of NTCK- (D1+D2), which

wi Il have its largest vgl ?ﬁfdgib?-loéﬂﬁ Igﬁ; ![lﬁg tg{KEg%é%Fﬁay%g% 1'ssry195a‘?l§/t est,

whi ch occurs at the | owes requency o
formed from a number of serially-connected individual delay stages, with individual

15 delay stages being added or removed to adjust the variable delay VD, as will be
understood by those skilled in the art. The variable delay line 102 must be able to
provide the maximum variable delay VD corresponding to the CLK signal having the
lowest frequency in the frequency range over which the delay-locked loop is designed to
operate. This is true because the variable delay line 102 must provide a variable delay

20 VD of NTCK-(D1+D2), which will have its largest value when the period of the CLK
signal is greatest, which occurs at the lowest frequency of the CLK signal.

As previously explained, the delay-locked loop 100 can only operate
over a limited frequency range due to the maximum delay available from the variable
delay line 102. In many memory device applications, the minimum frequency that a

25 delay-locked loop can accommodate is one-half the maximum operating frequency of
the memory device in which the delay-locked loop is located. For example, a
synchronous memory device rated at a maximum clock frequency of 100 MHz typically
includes a delay-locked loop having a variable delay line that can accommodate a clock
frequency as low as 50 MHz. However, in some instances, it may desirable to be able

30 to operate the device at a frequency less than one-half of the maximum operating



As previously expl ained, the del ay-locked | oop 100 can only operate over a
limted frequency range due to the maxi mum del ay avail able fromthe vayN&bDess
delay line 102. In many nenory device applications, the m ninum frequency
that a 25 delayzbhpsksed | oop can accommpdate is one-half t SUH?%@%Hgb
operating frequency of the nenory device in which the delay-tocke Poop IS

| ocated. For exanple, a synchronous nenory device rated at a maxi num cl ock
frequency of 100 MHz typically includes & delay-locked | oop having a

vari able delay line that can accompbdate a clock frequency as |ow as 50

MHz. However, in some instances, it may desirable to be able 30 to operate
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the previ ousl yoffeRéduensdesthalsovEs menory device, at a clock frequency

| ess than 50 MHz. One such instance is for the purpose of power efficiency.
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menory devi celfsUepeirvidry  memogy, deireyneed 1o QREPuh dita deseet aecestilprrRg o
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consequently, nenory devices 'shoul d be operating at the
that are changing rapidly. This is the case for many computer video games where there

15 is motion through a world space defined by three-dimensional geometric information
that needs to be translated into a two-dimensional image for display. The ability to
access data from memory at a high frequency is critical in creating the impression of
smooth motion, and consequently, memory devices should be operating at the
maximum clock frequency to facilitate the graphics processing. However, operating the

20 graphics system at a low operating frequency may also be desirable under some
circumstances, such as when the images are changing relatively slowly, or only a small
portion of the pixels displayed need to be modified each time the image is refreshed.
An example of this situation is the case of a screen saver where images remain
relatively static until refreshed, or where movement is relatively slow. Under these

25 circumstances, the rate at which data can be accessed from a memory device can be
considerably slower, and consequently, operating the memory of the graphics system at
a lower frequency than in the situation where high frequency is desirable will yield
power savings.

As previously discussed, the rate at which data is provided by the

30 memory device is typically synchronized with the input clock signal, which is generally
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ci rcunstances, the rate at which data can be accessed froma nenory device
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nore efficiently, esir Fen ope menory devi ce
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10 operation frequency &€ agprigaeh 3) pereoping declimiteing ahaoieplhthepedBIe del ay
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| ar ge nunber stages’'iIn he vari a I ne th each”stage
havi ng an i ncrbesadat ddlaycehgey Howpwen\it i¥ealdoadetieable todmuk utlarga numbetmftstagéd inng t he

val ue of the varla,b e del ay. A copsequence of having the desired fine
resol ution andhbyasaple rdﬁﬁég‘%%#%%(ttﬁ étaaaﬁe@na an ipgrgenipl delay tp grayide befiert he

delay 15 |ine cQR%ioRtA BohtRilidy hevake OF R /arifle LG,V AIUA e HBARDrEhAES the WNI Ch

will consune a
desired fine resolution and broad range of variable delay is that it can result in the delay

15 line consisting of a large number of individual delay stages, which will consume a
relatively large amount of space on a semiconductor substrate in which the delay-locked
loop and other components of the synchronous memory device are formed. Moreover,
such a large number of individual delay stages can result in significant power
consumption by the delay-locked loop, which may be undesirable particularly in

20 applications where the synchronous memory device is contained in a portable battery-

powered device.

SUMMARY OF THE INVENTION
Embodiments of the present invention are directed to a method and
apparatus for generating a plurality of synchronizing signals for synchronizing operation
25 of the device in which the apparatus is located, such as in semiconductor memory
devices. In one aspect of the invention, the apparatus generates a plurality of
synchronizing signals based on a corresponding plurality of input clock signals, and
selecting one from the plurality of synchronizing signals to be provided as the

synchronizing clock signal. In another aspect of the invention, the apparatus generates a



relatively | arge anobunt of space on a sem conductor substrate in which the
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apparatus gen
cor respondi ngc&&éégr dui@/pﬂfalﬂty‘BPE){ﬂéhﬁﬁ&nfg' gg}ﬁkssmﬁntﬂe p*}@hﬁ@tdmteﬁm cfocem t he
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synchron|2|ngnwpbﬂwf§mgﬁ§wfﬂwﬁyméﬁﬁﬁﬁﬁﬂkﬁgﬁ@@ﬂ ghe vilae phw isrfeleetad besgé on
apparatus rec generates a 5 synchroni zed cl ock
si gnal therefgo%§§§ﬁ5¥% ﬁ%fgﬁ%gsgkg?ﬁ§%5snlzing pul se in response to nunber
of periods of the synchronized clock signal. The value of n is selected

based on a selection signal arOV|ded to the apparatus. BRI EF DESCRI PTI ON OF
THE DRAW NGS BB&%EPE;SQR@H ONAE (THERRAWIDE® di agr am of a conventi onal

del ay- | ocked 10 100D B! ®isZ hirefort B MBS oot AR edyigliat 10 2

synchronous nenory devi ock generator acc to an
enbodi ment10of Idohe present invention.

Figure 2 is a functional block diagram illustrating a synchronous memory
device including a delay clock generator according to an embodiment of the present
invention.

Figure 3 is a functional block diagram of a delay clock generator

15 according to an embodiment of the present invention.

Figure 4 is a signal timing diagram illustrating various signals generated
during operation of the delay clock generator of Figure 3.

Figure 5 is a functional block diagram of a delay clock generator
according to another embodiment of the present invention.

20 Figure 6 is a signal timing diagram illustrating various signals generated
during operation of the delay clock generator of Figure 5.

Figure 7 is a functional block diagram of a delay clock generator
according to another embodiment of the present invention.

Figure 8 is a signal timing diagram illustrating various signals generated

25  during operation of the delay clock generator of Figure 7.
Figure 9 is a functional block diagram illustrating a computer system

including a synchronous memory device of Figure 2.



Figure 3 is a functional block diagramof a delay clock generator 15
according to an enbodi ment of the present invention. Figure 4 is a sigh80V 2006
timng diagramillustrating various signals generated during operation of

t he del ay cl tor of Figure 3. Figure 5 is a func}) | ock

di agr am of aevgtzlog‘g@glhgck generator according to another Ié#r@ﬂ%"ﬂ@%?”&f t he
present invention. 20 Figure 6 is a signal timng diagramillustrating
various signals generated during operati®n of the delay clock generator of
Figure 5. Figure 7 is a functional block diagram of a delay clock generator
according to anot her enbodi nent of the present invention. Figure 8 is a
signal tim ng.di | i i i gnal s generated 25 during
operation of Pﬁgwég@&%g&aﬁ%f%?e 7. Figure 9 is a functional
bl ock diagram il ustratRRBo@meREREHRS pdyht @ientidiChrddideth %rn%ﬂrﬂﬁi& N@ie6it MeNory
device of Figure 2. 2 7 NOV 2006 WO 2004/082143 PCT/ US2004/ 007499 8
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Figure 2 is a functional block diagram of a memory device 200 having a
delay clock generator 250 according to an embodiment of the present invention. The
memory device 200 in Figure 2 is a double-data rate (DDR) synchronous dynamic

1S random access memory (“SDRAM?”), although the principles described herein are
applicable to any memory device that may include circuitry for synchronizing internal
and external signals, such as conventional synchronous 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.

20 The memory device 200 includes a control logic and command decoder
234 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 include a chip select signal CS*, a write enable signal WE*, a column
address strobe signal CAS*, and a row address strobe signal RAS*. The clocking

25 signals include a clock enable signal CKE* and first complementary clock signals
CLK1, CLK1*, and second complementary clock signals CLK2, CLK2*, with the “*”
designating a signal as being active low. The CLKI and CILK2 signals have different
frequencies, and preferably, the frequency of one of the clock signal is less than one-half
the frequency of the other clock signal. As will be explained in more detail below,

30 either the CLK1, CLK1* signals or the CLK2, CLK2* signals can be used to



menory device 200 in Figure 2 is a double-data rate (DDR) synchronous
dynam ¢ 15 random access nenory ("SDRAM'), al though the principles degghibenls
herein are applicable to any nmenory device that may include ci rcuitry for

synchroni zi ngyd s and external signals, such as conyention
synchr onous DRAMs ?%QRA as wel |l as packetized nenory §yy§@g4g00|719ge

SLDRAMs and RDRAMs, and are equal ly applicable to any integrated circuit

t hat must synchronize internal and externa&l clocking signals. 20 The nmenory
devi ce 200 includes a control |ogic and command decoder 234 that receives a
plurality of comand and clocking signals over a control bus

typically froman external CII’ uit such, as r ontrol | ot _shown).
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signals CLK2, ClLK2* Vx o desi ti a. signal as begi active | ow.
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the other clock signal. As will be explained in nore detail bel ow, 30 either
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menory devi ce gg%ﬁ % %éggsrg#% q%g(%:% %ﬁ m%%%n%é?h%t mﬁ% nrlpotnﬁletstzgfrhmnd
decoder 234. Dhe t6 eRevARdths ifghdlos JEMe aﬁﬁﬁ”&d cbiind. armle Refszk @ﬁﬁe@ignmemdso
val ues corresponding to a 1?artl cul ar command, such as a read, wite, or

aut o-ref resh cahiesrdocking qfihe parpmarbdecades a4 by thedoking RERals. s Wnynanéu t her
CLK1 and q'd(l b ’ecoqirr %‘&tﬁ%g grlllgl?md ah@%d mg—glsdgt QEfveze%gfgog)iﬁlgeﬁo

decodes an ap comman genera es a sequ I'ng an

control si gnalsgnhlbdiepdret dSroi;smgmomoai)@nKmt@u&Ongh%ﬂa CXK £X @oingdowher thenct i on
of the applied command. The cl ock enabl e signal ,CKE _enables clocking of the
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200 in response to both edges of a data strobe signal DQS. Thus, memory transactions
15 occur at double the frequency of the either the CLK1, CLK1* signals or the CLK2,
CLK2* signals because the DQS signal has the same frequency as the selected clocking
signals CLK1 or CLK2. The memory device 200 is referred to as a double-data-rate
device because the data words DQ being transferred to and from the device are
transferred at double the rate of a conventional SDRAM, which transfers data at a rate
20 corresponding to the frequency of the applied clock signals. The detailed operation of
the control logic and command decoder 234 in generating the control and timing signals

is conventional, and thus, for the sake of brevity, will not be described in more detail.
The memory device 200 further includes an address register 202 that
receives row, column, and bank addresses over an address bus ADDR, with a memory
25 controller (not shown) typically supplying the addresses. The address register 202
receives a row address and a bank address that are applied to a row address multiplexer
204 and bank control logic circuit 206, respectively. The row address multiplexer 204
applies either the row address received from the address register 202 or a refresh row
address from a refresh counter 208 to a plurality of row address latch and decoders
30 210A-D. The bank control logic 206 activates the row address latch and decoder 210A-



signals (i.e., the crossing point of CLKL going high and CLKI* going | ow, or
the crossing point of CLK2 going high and CLK2* going low), while tHhe7 NGus
registers 230 and data drivers 224 transfer data into and from

respectivel Yyt ry device 200 in response to both edges of a data
strobe signa 05%%( qﬁs memory transactions 15 occur at d%%ﬁpg”@ﬁ@%’
frequency of the either the CLKlL, CLK1l* signals or the CLK2, CLK2* signals
because the DQS signal has the sane frequency as the selected clocking
signals CLK1 or CLK2. The nenory device 200 is referred to as a

doubl e-data-rate device because the data words DQ being transferred to and
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202 or a refres dress refresh counter

acti vat ed rowoaddrlegis cirahic 206 wesithd ecfredie barkaid diesssfram thedeextiesudtbiewlicadks ved
row address. I n response to t he decoded row address, the activated row
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corums, 15 A column address is applied on the ADDR bus after the row and bank
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addresses, and the address register 202 applies the column address to a column address
counter and latch 214 which, in turn, latches the column address and applies the latched
column address to a plurality of column decoders 216A-D. The bank control logic 206
activates the column decoder 216A-D corresponding to the received bank address, and
20 the activated column decoder decodes the applied column address. Depending on the
operating mode of the memory device 200, the column address counter and latch 214
either directly applies the latched column address to the decoders 216A-D, or applies a
sequence of column addresses to the decoders starting at the column address provided
by the address register 202. In response to the column address from the counter and
25 latch 214, the activated column decoder 216A-D applies decode and control signals to
an I/O gating and data masking circuit 218 which, in turn, accesses memory cells
corresponding to the decoded column address in the activated row of memory cells in

the memory bank 212A-D being accessed.
During data read operations, data being read from the addressed memory

30 cells is coupled through the /O gating and data masking circuit 218 to a read latch 220.



and the data stored in the nenory cells in the activated rowis stored in
sense anplifiers in the corresponding nenory bank. The row address 77 N0V 7006
mul ti pl exer 204 applies the 10 refresh row address fromthe refresh counter
208 to the dgegpd OA-D and the bank control |ogic cj it 206 uses the
refresh bank add?@%éﬁ romthe refresh counter when the ﬁgﬁﬁﬁ%%%@wrﬁ% 200
operates in an auto-refresh or self-refresh node of operation in response
to an auto- or self-refresh conmand bei nglapplied to the nmenory device 200,
as will be appreciated by those skilled in the art. 15 A colum address is
applied on the ADDR bus after the row and bank addresses, and the address
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activated row of nmenory cells in the nmenory bank 212A-D bei ng accessed.
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frequency or at a clock frequency less than one-half of its maximum operating
15 frequency.
The DQS signal is used by an external circuit such as a memory
controller (not shown) in latching data from the memory device 200 during read
operations. In response to the delayed clock signal CLKDEL, the data driver 224
sequentially outputs the received N/2 bits words as a corresponding data word DQ, each
20 data word being output in synchronism with a rising or falling edge of a CLK signal that
is applied to clock the memory device 200. The data driver 224 also outputs the data
strobe signal DQS having rising and falling edges in synchronism with rising and falling
edges of the selected clocking signal, respectively. Each data word DQ and the data
strobe signal DQS collectively define a data bus DATA. As will be appreciated by
25 those skilled in the art, the CLKDEL signal from the delay clock generator 250 is a
delayed version of either the CLK1 signal or the CLK2 signal, and the delay clock
generator 250 adjusts the delay of the CLKDEL signal relative to the selected clocking
signal to ensure that the DQS signal and the DQ words are placed on the DATA bus in

synchronism with that clocking signal. The DATA bus also includes masking signals



5 N2 bit wrds fromthe nultiplexer 222 and al so receives a data strobe
signal DQ from a strobe signal generator 226 and a del ayed clock sign&0V 2006
CLKDEL from del ay clock generator 250. As will be explained in nore detai

bel ow, the dglpay generator 250 can provide CLKDEL signal s of

di fferent freque%@#gggsuch that the nenory device 200 cdﬁTﬁﬁﬁw%%ﬂﬁﬁa

mul tiple frequencies. As previously discussed, operating the nmenory 10
device 200 at different frequencies may peovi de benefits in power

efficiency. In the present enbodi nent, the delay clock generator 250
generates the CLKDEL signal from the CLKI, CLKI * signals or the CL2, CLK2*

signals. Thus | i ke.conventional . menor eyices, the nor vice 200
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more detail bghawibtdd'@h e BNeHohQ HahEDHs! didhal. OBR BH! W8 is clocked out of
the write FIFO and driver 232 in response to either the CLK1 or CLK2 signal, and is

15 applied to the /O gating and masking circuit 218. The I/O gating and masking circuit
218 transfers the DQ word to the addressed memory cells in the accessed bank 212A-D
subject to the DMO0-X signals, which may be used to selectively mask bits or groups of
bits in the DQ words (i.e., in the write data) being written to the addressed memory
cells.

20 It will be appreciated that the memory device 200 illustrated in Figure 2
is provided by way of example, and various minor modifications can be made without
departing from the scope of the present invention.

Figure 3 illustrates a delay clock generator 300 according to an
embodiment of the present invention that can be substituted for the delay clock

25 generator 250 in Figure 2. The delay clock generator 300 includes a plurality of DLLs,
including a first DLL 310 that receives a first clock signal CLK1 and a second DLL 320
that receives a second clock signal CLK2. A DLL 350 represents the nth DLL and
receives a CLKn signal. The DLLs 310, 320, 350 are conventional. The delay clock
generator 300 will be described with respect to the first and second DLLs 310, 320 since

30 it will be appreciated by those ordinarily skilled in the art that some or all of the



During data wite operations, an external circuit such as a nenory
controller (not shown) applies N2 bit data words DQ the strobe signgINIDQEE
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can provide a CLKDEL signal that is based on either the CLK1 signal or the CLK2
15 signal. As previously discussed, the CLK1 and CLK2 signals have different

frequencies, and in one embodiment, the frequency of one of the clock signals is less
than one-half of the frequency of the other clock signal. In this manner, the memory
device 200 (Figure 2) can be operated according to two different clock frequencies that
could not otherwise be accommodated in a conventional memory device. For example,

20 in conventional devices, a typical frequency range for an input clock signal is between
75 MHz and 167 MHz. However, with embodiments of the present invention, the range
of acceptable clock frequencies can include the conventional range of 75 MHz-167
MHz, and additionally cover clock signals less than 75 MHz. Even as input clock
frequencies increase.to greater than those now typical, that is, greater than 167 MHz,

25 embodiments of the present invention can still accommodate clock frequencies less than
75 MHz at the same time.

It will be appreciated by those of ordinary skill in the art that the
frequency of the input clock signal provided to the memory device is not necessarily the
same as the frequency of the clock signals applied to the delay clock generator, For

30 example, in the case of DDR memory devices, the frequency of the synchronizing signal



13 principles described herein can be applied to a delay cl ock generator
havi ng any nunber of DLLs and remain within the scope of the present? 7 N0V 2006
invention. The first DLL 310 generates a first output clock signal CLKSYNCl
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generates and 5 provides a second output clock signal CL he cl ock
select circuit 330. One of the CLKSYNCL and CLKSYNC2 signals is selected to

be provided as the CLKDEL signal to theldélata driver 224 (Figure 2) based on
t he selection signal SELECT, which is provided to the clock select circuit

330 by the control logic 234. It wll be appreciated by those ordinarily
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clock signals less than 7 Even as i nput cl ock reguenci es increase to
great er t han ttansesomsowith yipd oeinorst devicei 200 aye el tsgnchidrared18ith MdzCLRS signal

erod:rent s gl MIE B BRS"Su Y SRALON3 Sh hoeComRaLE L ock, by squencies
ordinary ski ldprsyioe shhl dshBE CLR®ELfGgau e&ﬁYr_e@I%uﬂﬂ Qisk iR, oﬁ&@% Aingppal
provided to the nenory device is not necessarily the sane as the frequency
of the cl ock fedqyerslysis ajspiratdel whent dete trehsagtions oxith dlemnereatovy .derige 200 occur
15 frequently, such as when the memory device 200 is involved in the computation of a
high volume of computer graphics data.
In contrast, at a time T1, the clock signal used by the memory device 200
to synchronize data transactions is switched to the CLK2 signal, which has a relatively
low frequency in comparison with the CLK1 signal. The DLL 320 is activated, and the
20 command decoder 234 (Figure 2) generates a SELECT signal to instruct the clock select
circuit 320 to provide the CLKSYNC2 signal as the CLKDEL signal to synchronize
data transactions with the memory device 200. Generation of the SELECT signal is
well understood in the art, and will not be described in detail herein in the interest of
brevity. In one embodiment of the present invention, the SELECT signal is generated
25 by the command decoder 234 in response to receiving command signals to switch to a
second clock signal. In another embodiment, the SELECT signal is generated by the
command decoder automatically in response to detecting an active clock signal applied
to the respective clock terminal. In another embodiment, the SELECT signal is
generated in response to the type of operation the memory device 200 is performing,

30 The various conditions under which the SELECT signal is generated can be applied to



30 exanple, in the case of DDR nenory devices, the frequency of the
synchroni zing signal 2 7 NOV 2006 WD 2004/ 082143 PCT/ US2004/ 007499 14 NOV 2006
generated by the delay clock generator will be roughly twice as fast as the

frequency ofy,btii§eiippt clock signal. As shown in Fi gurKEéT/UtS%f/%i% si gnal

has a frequency that Is about ten tines that of the CL

previ ously di scussed, conventional nenory devices 5 cannot typrcaIIy
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Ceneration of thHe SELECT signal is well understood in the art, "and vm |1 not

be descri bed ChK8¥MN4Il (ihear €LK1) rand HeLEBYNEC2 s.e.of CLK ) ead tﬂ;e CLKDe ehblodi ment
of the present mvglt?tr on, the SELECT. sr nereaé 25 by the command

decoder 234 i Irdpes HsRyerall poWer nsTHRHR ﬁﬂef’é?fgﬁatlg ‘switch to a second
clock signal. In anothet wemipedbpReikted e t1REEECInG 5@BAd DILsIR0e82S o4l By t he

tailored to the input and output delays associated with the circuitry through which the

15 CLK1 and CLK2 signals propagate, as well as the desired frequency of the CLK1 and

CLK2 signals. That is, the additional propagation delay inherent with clock select

circuit 330 will be accommodated by the DLLs 310 and 320 in order to synchronize

memory transactions of the memory device 800 to the respective clock signal,

Additionally, as previously discussed with respect to conventional DLLs, the DLLs 310

20 and 320 will each be limited to a frequency range due to the amount of delay provided

by the respective variable delay lines. Consequently, the variable delay lines of each
DLL 310 and 320 should be tailored for the frequency of the CLK1 and CLK2 signals.

Figure 5 illustrates a delay clock generator 500 according to another

embodiment of the present invention that can be substituted for the delay clock

25 generator 250 of the memory device 200 (Figure 2). The delay clock generator 500

includes a clock generator 504 that is capable of generating a plurality of clock signals,

including a first clock signal CLK1, a second clock signal CLK2, and an nth clock

signal CLKn from an input clock signal CLK. Selection of which of the plurality of

output clock signals to generate is made by a selection signal SELECT. It will be

30 appreciated by those ordinarily skilled in the art that with the delay clock generator 500,



command decoder automatically in response to detecting an active cl ock
signal applied to the respective clock termnal. In another enmbodi mertNQt jags
SELECT signal is generated in response to the type of operation the menory
devi ce 200 | Q&r}‘(@rm ng. 30 The various conditions under which the SELECT
signal is generated Can be applied to 2 7 NOV 2006 WO 26621 5891995499

PCT/ US2004/ 007499 15 all enbodi nents of the present invention described
herein, and it will be appreciated, thati6the circunstances under which the
SELECT signal is generated can vary, and yet still remain within the broad
scope of the present invention. As previously discussed, the |ower frequency
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illustrates a delay clock generator 500 according to another
respective DLL. As shown in Figure 5, the CLK1 signal is provided to a first DLL 510,
15 the CLK2 signal is provided to a second DLL 520, and the CLKn signal is provided to
an nth DLL 550. As with the embodiment of the delay clock generator 300 shown in
Figure 3, the DLLs are conventional. The delay clock generator 500 will be described
with respect to the first and second DLLs 510, 520 since it will be appreciated by those
ordinarily skilled in the art that some or all of the principles described herein can be
20 applied to a delay clock generator having any number of DLLs and remain within the
scope of the present invention.

Each of the DLLs 510 and 520 generate a respective CLKSYNC signal,
which are provided to a clock select circuit 530. The clock select circuit 530, in turn,
provides either the CLKSYNCI signal or the CLKSYNC?2 signal as the CLKDEL

25 signal for synchronizing memory transactions with the memory device 200 based on the
SELECT signal. As previously discussed, generation of the SELECT signal by the
command decoder 234 (Figure 2) is conventional and well known in the art. The delay
clock generator 500 can be used to provide a CLKDEL that enables the memory device

200 to be operated at two different clock frequencies, which as previously discussed,



enbodi nent of the present invention that can be substituted for the del ay
clock 25 generator 250 of the nmenory device 200 (Figure 2). The del &g N6V ok
generator 500 includes a clock generator 504 that is capable of generating a

plurality ofw(ao%g&zﬂsgnal s, including a first clock sigp @Jr/U%olﬁ]r?o ﬁsecond
u ock signal

cl ock si gnal and an nth clock si gnal CLKn froman rnp

CLK. Selection of which of the plurality of output clock signals to
generate is nade by a selection signal SEBZECT. It will be 30 appreciated by
those ordinarily skilled in the art that with the delay cl ock generator 500,
2 7 NOV 2006 WD 2004/082143 PCT/ US2004/007499 16 the nenory device 200 can
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all of the prlnC|pIes descri bed herein can be 20 applied to a delay clock
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15  synchronize memory transactions.

Figure 7 illustrates a delay clock generator 700 according to another
embodiment of the present invention that can be substituted for the delay clock
generator 250 (Figure 2). The delay clock generator 700 includes a DLL 704 coupled to
receive the clock signal CLK. As with the delay clock generator 500 of Figure 5, only

20 one clock signal CLK is required, thereby avoiding the need for the memory device 200
to receive two separate clock signals. The DLL 704 generates an output signal
CLKSYNC that is provided to a counter circuit 710. The counter circuit 710, in turn,
generates a CLKDEL signal used by the memory device to synchronize memory
transactions. Based on the selection signal SELECT, the counter circuit 710 can output

25 CLKDEL signals at different time intervals to effectively operate the memory device
200 at different frequencies. The counter circuit 710 accomplishes this by counting the
number of CLKSYNC pulses it receives, and outputting a CLKDEL signal after a
specific number of CLKSYNC pulses has been received. For example, the SELECT
signal can instruct the counter circuit 710 to output a CLKDEL signal for every 16

30 cycles of the CLKSYNC signal. As a result, the frequency at which the memory



scope of the present invention. Each of the DLLs 510 and 520 generate a
respective CLKSYNC signal, which are provided to a clock select cirggiNOV 2006
530. The clock select circuit 530, in turn, provides either the CLKSYNC

signal or t signal as the CLKDEL 25 signal for nchroni zi ng
%ﬁnkg@\ﬁll\'&? ﬁi%séﬁ_@(@lg ?si gnal .

menory transac ns with the nenory device 200 based on £

As previously discussed, generation of the SELECT signal by the comand
decoder 234 (Figure 2) is conventional and well known in the art. The del ay
cl ock generator 500 can be used to provide a CLKDEL that enables the nenory
device 200 to be operated at two different clock frequencies, which as

reviously discussed, 2 7. 2006 WD 2004/ 052143 PCT/ US2 A99 17 ma
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sel ect circui ¢an®3@ndde, 4ndaHi]l deémdih evithinltk&EdbLofthgprebend tiventionby the DLL 520 as
the CLKDEL signal. As shown in Figure 6, the CLK signal, provided to the
menory device 200 remailigurss ine tyediagran ugirtioay! vagnys sighels pitkmesped igynal

con e SRS el L Sl DR, 1o ARy BRI ERT! )
anot her  enbodkvicer200ofs dpeeting es entlativele highofiequbady, evhichoR genkally,tthé egné or t he
plel ay clock gner at or 25&1%Fiigg{.eD%%ih I}gsetiglel, %3‘/ gl ocI; cgenier at ?r 700
i ncl udes a DL qp@g:ycﬁﬁjg}ee slen g e, the counter circuit 710 1s set by a
selection signal SELECT to generate the CLKDEL signal having essentially the same
frequency as the CLK signal by outputting a CLKDEL signal having a one-to-one

15 correspondence with the CLKSYNC signal. Consequently, the memory transactions of
the memory device 200 will be synchronized according to the frequency of the CLK
signal. At a time T1, the memory device 200 receives command signals to switch the
frequency of operation from the frequency of the CLK signal to a second reduced
frequency. The command signals are received by the command decoder 234 (Figure 1)

20 and in response, a SELECT signal is generated that is provided to the counter circuit
710 to set the number of CLKSYNC pulses that are counted before one CLKDEL pulse
is generated in response. Consequently, following the time T1, the memory device 200
will operate at a reduced frequency, and memory transactions will be synchronized
accordingly.

25 It will be appreciated that the description of some details have been
omitted in an effort to avoid obscuring the invention. However, the description
provided herein is sufficient to enable those ordinarily skilled in the art to practice the
invention. For example, with respect to the delay clock generator 300, the first and

second DLLs 310, 320 should be tailored for the input and output delays associated with
30 the circuitry through which the CLK1 and CLK2 signals propagate, and for the desired



receive the clock signal CLK. As with the delay clock generator 500 of
Figure 5, only 20 one clock signal CLK is required, thereby avoi di ng2t7HV 2006
need for the nenory device 200 to receive two separate clock signals. The
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circuit 710. e counter circuit 710, in turn, generates a i gnal
used by the nenory device to synchroni ze nenory transactions. Based on the
sel ection signal SELECT, the counter circddit 710 can output 25 CLKDEL
signals at different tine intervals to effectively operate the nenory device
200 at different frequencies. The counter circuit 710 acconplishes this by
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nodi fications an be de,, an till. remain within . the scope of the present
i nvention. Fi ﬁifcémgeqiugn g PFFF‘#FS“ ‘f‘fﬁ%@}lgﬂﬁﬁHOEB?CPQ{?Vd%dQFr%ri ous signals with
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At a time TO the nmenory device 200 is operating at a relatively high
frequency, whvaioub snqgiélicationy ¢an benmadsivethe oravépvslycdeserthed rrsbodiknestsgwidhout Dur i ng

A X L (LTI e
si gnal by out pestibedOenibddiiédtd of thg padsettdiydnflo pfvitet CERDBL kpnéRHaeimpeaeence
with the CLKSYNC signal. Consequently, the menory transactions of
of two different frequencies, it will be appreciated” that other embodiments of the
15 present invention can provide synchronizing signals having several different
frequencies. With respect to the delay clock generator 300 (Figure 3), additional clock
signals should be provided to the memory device 200, and a corresponding number of
DLLs should be included in the memory device 200 as well. The clock select circuit
330 should also be modified to allow selection from more than merely two signals.
20 With respect to the delay clock generator 500 (Figure 5), the clock generator 504 would
need to be modified to generate additional clock signals, and a corresponding number of
DLLs would need to be included for each additional clock signal. As with the clock
delay generator 300, the clock select circuit 530 will also need to be modified to allow
for the selection from a greater number of CLKSYNC signals. The previously
25 described modifications are well within the understanding of those ordinarily skilled in
the art, and can be implemented using conventional circuitry.

Other alternative embodiments replace the DLL of the previously
described embodiments with other synchronizing circuits that provide the same
functionality of the DLL. For example, phased-locked loops (PLLs) and synchronous

30 mirror delays (SMDs), which are well known in the art, can be substituted for the DLLs.



the menory device 200 will be synchroni zed according to the frequency of the
CLK signal. At a tinme TI, the nmenory device 200 receives conmmand sipn&l¥ 2006
switch the frequency of operation fromthe frequency of the CLK signal to a
second redu ency. The conmand signals are recei onmmand
decoder 234 ﬁ%&¢§ﬂ§) 20 and in response, a SELECT signg /Fé%ggﬁngted t hat
is provided to the counter circuit 710 to set the nunber of CLKSYNC pul ses
that are counted before one CLKDEL pul se20is generated in response.
Consequently, following the tine Tl, the nmenory device 200 w |l operate at
a reduced frequency, and nenory transactions will be synchronized
accordingly. . i . rLegi . L Pt i . S tails
have been omﬂﬁlgﬁewggﬂgéfi ?I(E;a? £ Ecglolﬂgcgg?ag&g%%a%%?i nglét%hg%}ﬁé\;@ ﬁ%nﬁ%&gver ,

t he descri pti ofthe presant éiednth@r ein i s sufficient to enable those ordinarily
skilled in the art to practice the inven%ion. For exanple, with respect to
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cl ock signal. Additionally, previ ously di scussed wth respec
conventi onal Dinsactiofs,tals pre®idusly3ierribed] 320 will each be linmted to a

frequency range due to t.he apuunt . of el a ovi ded by the respecti.ve

vari abl e del ay |ines. édﬁ%rgqgle)‘ﬁtq y?ockh‘gagﬁﬁi gf{ol"‘ec‘)a‘@?“é‘? stgﬁbﬁ@fm%l& EDLL
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signals. Such details can be resolved by those having ofdinary skill in the

art, and conswopiert ¢iycuity 962 as Iceupletk duought addreshadatm candbeatrop busds dedthber ei n.
10 It will be_furth rdinaril LN the art

that | vari ous RO TeAR AICO T Ge Rkt Rl € Batdn i 4Bt b gihor
enbodi ment s Wi\ tThe dephiter EigbultryoIm2tifudes BiRRiiteS fot PerfarhBsevtriobavdiutian. For
exanple, alt hgllflgtri]orfs,h s?lcﬁ rag\é;(é)clljltsirllg specific software to perform specific calculations or tasks.
15 In addition, the computer system 900 includes one or more input devices 904, such as a
keyboard or a mouse, coupled to the computer circuitry 902 to allow an operator to
interface with the computer system. Typically, the computer system 900 also includes
one or more output devices 906 coupled to the computer circuitry 902, such as output
devices typically including a printer and a video terminal. One or more data storage
20 devices 908 are also typically coupled to the computer circuitry 902 to store data or
retrieve data from external storage media (not shown). Examples of typical storage
devices 908 include hard and floppy disks, tape cassettes, compact disk read-only (CD-
ROMs) and compact disk read-write (CD-RW) memories, and digital video disks
(DVDs).
25 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. For example, many of the components described above may be implemented

using either digital or analog circuitry, or a combination of both, and also, where



descri bed enbodi nrents of the present invention provide CLKDEL signals having
one of two different frequencies, it will be appreciated that other?7 NGOV 2006
enbodi ments of the 15 present invention can provide synchron|2|ng S|gnals
havi ng several di ent frequencies. Wth respect to t

gener at or §nggﬁﬂ%%§% 3), additional clock signals sholﬂﬁwgg prOV|ded to
the nmenory device 200, and a correspondi ng nunber of DLLs shoul d be

i ncluded in the nenory device 200 as wel 121 The cl ock select circuit 330
shoul d al so be nodified to allow selection fromnore than nerely two
signals. 20 Wth respect to the delay clock generator 500 (Figure 5), the

cl ock generator 504, woul d to.be nodified to enerate. ditional cl ock
signals, and FPLEFAEs ?‘?’dlbﬁg %ﬂ?ﬁﬁieﬂ mayeh fE’% arg e&{ie Hge 8D  SHARIC | BrSSR% f or

each additi ONgkcufthy) AccEideHpd, theiavetitibh istidelidlteT &k cestak By t1EappEmle@tladid), the
clock select circuit 530 wll also need to be nodified to allow for the

sel ection froma greater nunber of CLKSYNC S|gnals. The previously 25
described nodifications are well within the understandi ng of those
ordinarily skilled in the art, and can be inplenented usi ng conventi onal
circuitry. G her alternative enbodi ments replace the DLL of the previously
descri bed enbodi nents with other synchronizing circuits that provide the
same functionality of the DLL. For exanple, phased-|ocked |oops (PLLs) and
synchronous 30 mrror delays (SNVs), which are well known in the art, can be
substituted for the DLLs. 2 7 NOV 2006 WD 2004/082143 PCT/ US2004/ 007499 20
It will be appreciated that such nodifications can be nade and remain within
the scope of the present invention. It will be further appreciated that

al t hough enbodi nents of the present invention have been described with
respect to nenory device applications, 5 embodinents of the present

i nvention can be enployed in any device where nultiple operating frequencies
are desired, Additionally, enbodi ments of the present invention can be used
in a nenory device for applications other than for synchroni zi ng nmenory
transactions, as previously described. Figure 9 is a bl ock diagramof a
conput er system 900 i ncl udi ng



10 conputer circuitry 902 including the nenory device 200 of Figure 2.
Typically, the conputer circuitry 902 is coupled through address, dafaiVa00d
control buses to the nenory device 200 to provide for witing data to and
reading data fromthe nmenory device. The conputer circuitry 902 includes
circuitry for performng various conmputing functions, such as executing
specific software to perform specific cd cul ations or tasks. 15 In addition,
t he conputer system 900 includes one or nore input devices 904, such as a
keyboard or a nouse, coupled to the conputer circuitry 902 to allow an
operator to interface with the conputer system Typically, the conputer
system 900 al so i ncludes one or nDreQbﬁEﬁét devi ces 906 coupled to the
conputer circuitry 902, such as output devices typically including a
printer and a video term nal. One or nnre data storage 20 devices 908 are

al so typically cou Ied oth ut C|rcu 902 to store. data or
retrieve data fromext né ne, ‘EOBFZL"%e a'§A tgeg?fBWi) OrEgERRtting Gp PYBPkal

st orage gmlﬁg§l WSkl nggm asif.and floppy di sks, tape cassettes, conpact
di sk reacfﬁl1 ° 3 ndpcéﬁ%act di sk read-mmite (CD- RW nennries, and

di gi taI VI deo d| sksﬁrs( @M@g—)ock&&ld@pdmwgeﬁmmgmi fingt $ynchvohizingecleohyignal, ateed

t hat , hou ecific i ments of the i vent ave been descr| bed
herei n f FSt I].pgg\@ggap ‘PP‘I‘trT@P‘g‘anBﬂ termiggl; 9,8 Fr}bd‘l ‘Tsééf[] Pa‘ﬂég ﬁa%‘ét

wi t hout ﬂ@%ﬂeﬂ%;l %R% éﬂ”ﬁntd"ﬁrtﬁ&'Habﬁxg%ﬂ@u&%@féﬁnﬂﬁl ét%mn M tls hrﬁl%n%eﬁgérw' e,

many of th nts descri bed above nay be i1 nplenente sing el

di gi tal mgmﬁh&hogﬂmdhadhmpmuwoxmavdakblnatlon of both, and al so, mhere 2 7
Nov 2006 WO 2004/082143 PCT/ US2004/ 007499 2 pri at e, |zed
through software ek&QRY MY ﬁﬁe@tﬁt'f‘%‘l %C?ﬂdo%éwwgﬁ C?ctls‘uﬁ‘%r}a}/nﬁéé

Lhe | nvepkiifad piotiolid kit hrRXGER whRhscldid ARRYWEIENA Mecod h‘&’r(x%%ﬁ 22

CLAIMS 1. syn hron|2|ng clock signal generator for generating an out’put
synchr oniszappedamictartbergireering anoonpput $erngnal at which the second synchronizing clock signal

having the second frequency is provided; and

a selection circuit having first and second input terminals coupled to the output
terminals of the first and second DLLs and having an output clock signal terminal to which the
first or second input terminal is coupled to provide the first or second synchronizing clock signal,
respectively, as the output synchronizing clock signal, the selection circuit further having a
selection terminal for receiving a selection signal on which selection of the first or second

synchronizing clock signal is based.

2. The synchronizing clock signal generator of claim 1 wherein the first clock

signal has a first frequency that is less than one-half of the second frequency.

3. 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 control circuit coupled to the control bus;



a first delay-locked |oop (DLL) generating a first synchronizing cl ock
signal, the first DLL having an input clock signal term nal to which7d0V 2006
first clock signal having a first frequency is applied and further having
an output termnal at which the first synchronizing clock signal having the
first frequency is provided; a second Dh4 generating a second synchroni zi ng
cl ock signal, the second DLL having an 1nput clock signal termnal to which
a second cl ock signal having a second frequency is applied and further
having an output term nal at which the second synchroni zi ng cl ock signal
havi ng the second frequency is provided; and a selection circuit having
first and second ianmemnotyeratl anzl sogmeloghble addlr¢sh deandery nentral errenity ahdsread/wrikee
first and second DLLs and having an output clock signal term nal to which
the firSf%r second input termnal is coupled to provide the first or
second synchroni zi @%&h%&l% ORRk -signh P8 RRE bV B % él'§tlr§4::§n Qut Ptsynchromzmg
synchroni zi ng cl ock 'si gnal he selectlon CIrCUI furt |ng
selectlomoﬂemgmmuﬁmﬂpumngece|V|ng a selection S|gnal on mhlch sel ecti on of

the first or second synghroni cl ack.signal. is _based. 2. The
synchroni zi ng clock si ghdl ISt égﬁé ?zg}g gcult| esfieraiingh St SROGhFRRiFing §1P°}E:F’SE"¥4

signal hgg i"ilrstf &fnéﬂroﬁlzﬁl‘g%&ﬁ}f HaDRE dnsmbﬁsﬁoékhﬁﬁnaq’ e el fcogﬁle& I?@re%@ﬁ@'&dﬁrst

frequency. menory device, conprising dr ess a control bus;
a data bh&qmdr«:lc&;ﬂdr@sbh@mgﬁﬁrst ﬁ@qnprlneyd amcbfulrther leech@irgemsouitpLs termanal @qwvhish ithee
circuit o to. th ata us; cg é’ circuit %%upled to the contro
bus; 2 8””% QFWﬁﬂqw P HGIEBEOIE Y E % he addr ess decoder,

control CI rcui t , and r @,agéc%a Tsfhchﬁin'iz%’g Eirafit gaﬁ@%hg N &b SIrREHonTirdN@bck
generator for generating an ouitput synchronizing ¢lock signal, comprising:
a first sigmihthene¢ndgyrchroniving ge:mﬁrlavmggnan}fut cktk snygnaihcmnnallcngplcd wakcavegnal
a second internal clock signal having a second frequency and further having an output terminal at
which the second synchronizing clock signal having the second frequency is provided; and
a selection circuit having first and second input terminals coupled to the
output terminals of the first and second clock signal synchronizing circuits and having an output
clock signal terminal to which the first or second input terminal is coupled to provide the first or
second synchronizing clock signal, respectively, as the output synchronizing clock signal, the
selection circuit further having a selection terminal for receiving a selection signal on which
selection of the first or second synchronizing clock signal is based; and
an output data driver coupled to the data bus and further coupled to the
synchronizing clock signal generator to receive the output synchronizing clock signal, the output

data driver synchronizing the output of data from the memory device based on the output

synchronizing clock signal.

4. The memory device of claim 3 wherein the first clock signal has a first

frequency that is less than one-half of the second frequency.

5. The memory device of claim 3 wherein the first and second synchronizing

circuits of the synchronizing clock signal generator comprise delay-locked loops.



the first synchronizing circuit having an input clock signal term nal
coupled to receive a first internal clock signal having a first frefida¥yg006
and further having an output term nal at which the first synchronizing

cl ock signal having the first frequency is provided; a second synchronizi ng
circuit generating a second synchronizi$g clock signal, the second
synchroni zing circuit having an input ctock signal term nal coupled to
receive a second internal clock signal having a second frequency and
further having an output termnal at which the second synchronizing cl ock
signal having the second frequency is provided; and a selection circuit
having first and secondhenpethoryeleviceal daigodiphedir the i@ andwddgoud sinehivhiradgs of
the first, and second, cl ock signal synchronizing circuits and having an

out put  SIFYER okthg sYIchoRizinhElPck BEREHIRANSOMPIER SYSFTRUS HIIORRIEYSt er mi nal i s
coupled to provide the first or second synchronizing clock signal,
respectively, as the output synchroni zing clock signal, the selection
circuit further haking Anseloddbi genetagiign sakhronizingetak\sighgl, acrapliged:i on si gnal
on which selection of the first or second synchronizing clock signal is

based; and an out pffeTguR&2 ARrYRY of sinshienizing sighalshased YL cyrrgPensingirraliupl ed
to the LiZ 1 I i r Fe; recel :

synchr ony STR Poe idiE o FiBhe SERRTCALR kil GRFLFecVE O RAed ook pu
of data {Didh tahéeaste s yof dbw iiogut bdsddsigmald heviog tdpiférents fraplencied zandgach DEK
signal. 4. The nenory device of claim3 wherein the first clock signal has a
first fPOYGERAICHeEVE Ynrlwerizingsignghandhal f of the second frequency. 5. The

memory device of Cée%kﬁﬁo%zox@%foﬁi ﬁgi@&éfi%{éﬁfsyﬁ&gorﬁgﬁg%@%ﬁ%nﬁm%%ad&g a5 the

circuits of the synchrohizing c gener at onpris el'ay-T ocked
| oops. 2syAchioMza@Qfock24nbl. The nmenory device of claim3 wherein the first
and second synchronizing circuits of the synchronizing cl ock signal
generator conprise synchronous mrror delays. 7. A nmethod for generating a

synchroni zing cl ock si gRal yHEIRYIHiMY whgrgﬂleéa%h'iﬂgutaclgékugigr#dlf[kﬁs A differen
synchroni zing signals based on a corresponding plurality i nput cloc

si gnal s byquenoyiadd ngentiadng npyluralitpcéf syrghainiingd sgnkles@eairisve gdadrayhg eadhed
|l oop (DLL), at. least two of the input clock signals having different .

fr equencwéghrawam@émabmhavsnﬂtmamerf@eqaewéf)%trﬁspéctswewt&mcgiswaalsfr% afhichang

it is based.

9. The method of claim 7 wherein the synchronizing clock signal has the

same frequency and phase as the input clock signal from which it is originally based.

10.  The method of claim 7 wherein generating a plurality of synchronizing
signals comprises generating a first synchronizing signal having a first frequency and generating
a second synchronizing signal having a second frequency that is less than one-half of the first

frequency.

11. A synchronizing clock signal generator for generating an output
synchronizing clock signal, comprising:
a first synchronous mirror delay (SMD) generating a first synchronizing clock

signal, the first SMD having an input clock signal terminal to which a first clock signal having a



selecting one fromthe plurality of synchronizing signals to be provided as
the synchronizing clock signal. 8. The nethod of claim 7 wherein eagf NOM3006
clock signal has a different frequency and generating a plurality of
synchroni zi ng signals conprises generating each synchronizing signal to
have the sane frequency as the respecti%f i nput clock signal fromwhich it
is based. 9. The nethod of claim7 wher®l n the synchroni zing cl ock signal
has the sane frequency and phase as the input clock signal fromwhich it is
originally based. 10. The nethod of claim7 wherein generating a plurality
of synchroni zing signals conprises generating a first synchroni zing signa
havi ng afifst fisqueht e aplivd antfigeeraingigh odpeeaaiithl sy Mbivhahé Zirsd Gych@ndding
havi ng a second frequency that is |less than one-half of the first

f r equencylock signahhaxipg thedhstAraggensy oemosidgdial generator for generating an

out put synchroni zj ] C I SERg: .a firs n 0 S; &A kY Or
del ay (SMD) gener a% ?‘%a%gm E{:&gﬁiﬁlghar %%Aédl %E}gfn&cwg "L‘i‘ﬁén& ,a ’F‘E}ee&fg ?r}ds@dgl\@
havi ng aRavima inplodécksdigiikeringialitdahich@ sakindltlakisignal hAhQek s&bahibquieayi Ng a
2 7 NOV 2006, 25 first frequency is applied and further having an out put

t er m nal issappligd &l fuptberthaving apy it dermynah gt waich dhe sseejithsynplronizgetdeekssigngl
frequency..i Vi : . nerating a second synchroni zing cl ock
si gnal , gﬁgﬁggé%%8g§ﬁﬁwﬂﬁ§€%§883%%5%%ﬁt clock signal termnal to which a

second cl ock si gnad shiédtiongirduis @eang firstegdesayd ihsut agilihad caupted wrthdentptavi ng
an output termnal at which the second synchronizinq?qlock si gnal havi ng
t he secoffgminalsqidrreiirst andysesondidMtDsa0d haviasap evipohclesls signal terainahé whicktheand
second i t ternm.nal.s coupnl.ed to t t ermnals qf the first. and
second S erEo LIRS bRl OB eHL vl & AR SohrohitBe kB ey o

Or secongkspatfiviélyt & MenaltpiitSsyaohidhRhat logk Sighdle tHehgldetibs teirdiiit S@EPAthaving a
synchroni zi ng cl ock signal, respectively, as the output synchronizing clock
si gnal , tHectier|teErinanfog ireceining fRuselasden |sighpingn avhidiepadeation rpftthe Mirsiagr fespnd

receivi ngyn%hr%gizfn%tﬁii&crﬁ.ﬁ rﬁ[@ba _whi ch selection of the first or second
synchroni-zing ¢l ock sighal i s based.

12.  The synchronizing clock signal generator of claim 11 wherein the first

clock signal has a first frequency that is less than one-half of the second frequency.

13. 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 control circuit coupled to the control bus;

a memory-cell array coupled to the address decoder, control circuit, and read/write
circuit;

a synchronizing clock signal generator for generating an output synchronizing
clock signal, comprising:

a first delay-locked loop (DLL) generating a first synchronizing clock

signal, the first DLL having an input clock signal terminal coupled to receive a first internal



12. The synchroni zi ng cl ock signal generator of claim1l1l wherein the first
clock signal has a first frequency that is | ess than one-half of thel 3&8¥aeh
frequency. 13. A nenory device, conprising: an address bus; a control bus;
a data bus; an address decoder coupled to the address bus; a read/wite
circuit coupled to the data bus; a contiéﬂ circuit coupled to the control
bus; a nenory-cell array coupled to theé address decoder, control circuit,
and read/wite circuit; a synchronizing clock signal generator for
generating an output synchronizing clock signal, conprising: a first

del ay-1 ocked | oop (DLL) generating a first synchronizing clock signal, the
first DlLdlodkasipmd hamingrepfitst dtequdacg iagd dhrthee thavinglancmtipit eetntinal rae oehiatetha firbtr St
internal 2 7 NOV 2006 . 26 cl ock sjgnal having a, first frequency and further
havi ng dﬁ“@ﬂ?ﬁé?gFngFH%PHEW”WHP%ﬁr §%¥$P%§§pﬂ§yﬁehronizing cl ock signa
having the first frequengY,dsSpPl Q¥hASE: S e (o d
synchroni zi ng cl ock signha ? t%e %econggzgfﬂ&ﬁg§ﬁ%g aﬁ&§2§335 gk?“%%%%%

t er m nal DEbuphig dnoinpetcelovie sgnaleteomdali crupledab rededwka seqpndlintemal clogk aigagicond
frequenﬁg and furtﬁfr havingg&r output termnal at which the second

synchr onf@ifieg 2cPGerd STGHEICYRARA Hrthghehasiiforl PHBYuisHBYal 2t pihigh J88; Seetd a
selectio 1 rCUi s af Hak o ¢ SELR. i rapal s coupled to the
out put t Pﬁ?ﬁ%?@kgpﬁ¥ﬁ% ?iﬂs?&aﬁggﬁecoﬁgﬂﬁkﬁgygﬁgﬁﬁgvﬁﬁg an out put cl ock
signal term nal to whiacdeldctien tircidt havingsBsomed saepnd irfpat termaalsi ®upledipd €@ t o
provide the first or secqnd synchroni zi ng . clock signal, respectively, as
the out pUHiPYyREHPEH it}i‘Fg%Eﬂt(?B_ serograP L el Baiirg o1 GRIPET Flog s1engl ereinal Ravi ng
a_sel ectiain R ADBH JoBhd ipaPlovhiidl R BEbIEE L B0 RI IRALPAr WRLARcREhBLEARN Of
the first or second synchronizing clock signhal 1s based. 14. e menory
devi ce oflocd sipml,li3spegvedy, rmstthe ofitputstyncirodking icrek|signals tlee felacgon circuit further

having a selection terminal for receiving a selection signal on which selection of the first or

second synchronizing clock signal is based.

14.  The memory device of claim 13 wherein the first clock signal has a first

frequency that is less than one-half of the second frequency.

15.  The memory device of claim 13, further comprising an output data driver
coupled to the data bus and further coupled to the synchronizing clock signal generator to receive
the output synchronizing clock signal, the output data driver synchronizing the output of data

from the memory device based on the output synchronizing clock signal.

16. 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 control circuit coupled to the control bus;



frequency that is less than one-half of the second frequency. 15. The nenory
device of claim 13, further conprising an output data driver coupl ed7 §6V Qiie
data bus and further coupled to the synchroni zing cl ock signal generator to
receive the output synchronizing clock signal, the output data driver
synchroni zing the output of data from{the nenory device based on the out put
synchroni zing clock signal. 16. A neno devi ce, conprising: an address
bus; a control bus; a data bus; an address decoder coupled to the address
bus; a read/wite circuit coupled to the data bus; a control circuit
coupled to the control bus; 27NOv2006 27 a nmenory-cell array coupled to the
addr ess decoder, aamndmal-ceil aguy tqupbsddo ttearddmsd deeodet] dodittbl ¢ircaitSandebddomditei Ng

cl ock signal generator for generating an output synchronizing clock signal,
conpri sidg4ita first synchronous mirror delay (SVD) generating a first
synchroni zing clqc ' , 1. F St ' - 1_Npu (o] I gnal

term nal coupl ed ?nggkgﬁgﬁgaagﬁ}gﬁﬁﬁi%ﬁ%%%ﬁﬁxiggﬁ gﬁgﬁ%ﬁmﬁgVﬁﬁgﬁg&?ﬁgst

f r equencylockrsiknblycomprisih@vi ng an out put terminal at which the first

synchroni zing cl ock signal having the first freguency is provided; a second
SVD generating a second ByhemeRnoysnyirear slelay (SYHA gengraing aclysidsyngwpniaiagi ng
an i nput o] i i hal. p: i e i.nternal ck

o gnar SN HE S 88l ST Mg OHORGH, bk SER 4G BRI TR
whi ch t higtesat olock sigitaldavmpiazfingfrejuendy sidgoaher havinggn toagus eeabdl ineguaemey is
provi ded; and a selection circuit having first and second input termnals
coupl ed firgt ypehronging glock sigpslhayivg ghe hpkirequeney inprgvisdedond SMDs and havi ng an

tput clock signal tern i ol - . oot ot et nal i
Counl ed' o pr ovide. t he R SMID sftElhd Dieldd ShoRbud IR AL ubStabaal 1o

cona syncnroni zi ng
r espect i SMDyhavasy ahénpattiouk sipyaiclerminklz édupled|toakceivegnatcond ittesal €lotk 6ignal

circuit further
having a second frequency and further having an output terminal at which the second
synchronizing clock signal having the second frequency is provided; and
a selection circuit having first and second input terminals coupled to the
output terminals of the first and second SMDs and having an output clock signal terminal to
which the first or second input terminal is coupled to provide the first or second synchronizing
clock signal, respectively, as the output synchronizing clock signal, the selection circuit further

having a selection terminal for receiving a selection signal on which selection of the first or

second synchronizing clock signal is based.

17.  The memory device of claim 16 wherein the first clock signal has a first

frequency that is less than one-half of the second frequency.

18.  The memory device of claim 16, further comprising an output data driver
coupled to the data bus and further coupled to the synchronizing clock signal generator to receive
the output synchronizing clock signal, the output data driver synchronizing the output of data

from the memory device based on the output synchronizing clock signal.



having a selection termnal for receiving a selection signal on which

sel ection of the first or second synchronizing clock signal is basetd7 N3V 008
The nenory device of claim 16 wherein the first clock signal has a first
frequency that is |less than one-half of the second frequency. 18. The nenory
device of claim 16, further conprising out put data driver coupled to the
data bus and further coupled to the synchroni zing clock signal generator to
receive the output synchronizing clock signal, the output data driver
synchroni zing the output of data fromthe nenory device based on the out put
synchroni zing clock signal. 2 7 NOV 2005 28 19. A nmethod for generating a
synchroni zi ng cl odi. si ghalethod dorgeneritg a sygelreniaingretpch signak, adrprysing:

27 Gnal o by provi dIERBCEHE § A PEORE P B s WeR d et ertray i B s
mrror gehay dMigndd by ‘ﬁﬁﬁ/‘idiﬁ%@xeq;]pﬁth;‘?od NP&HalClo0f bespdBiR@ls$ndhPdHoBY mirror

different frequencies and each SMD prOV|§|ng a respective synchroni zi ng

si gnal ; duhay SMIR)K i legstawe of tlenmpiiel@kusignbisthpviof dejmet fequaicrg asd gadl $MDo be
provi ded as. the synchroni zing cloch.signal. 20. The nethod of claim 19

wher ei n @Q&ﬂ“@ﬁﬁﬁ%eEW%EW“QV@H%PgﬁggaamH%fferent frequency and generating a
plurality of syncheppidl Bg HbaNdkSIGaR rdf%?ﬁclﬂ@rﬂﬁhétsigﬂgls%% pr%Vi'&EJ‘%Q'EHeZ' ng
signal to have the sane frequency as the réspective input clock signal from
whi ch i gyntlgomamedlocR3igndlhe net hod of claim 19 wherein the synchronizing

cl ock signal has the sanme frequency and phase as the input clock signal
fromwhich it is originally based. 22. The nethod of claim 19 wherein
generating a pluralyty 9f [%R6H6OBazh N9 wikkandhd ﬁlgﬂipaba@% 9ANRE 3t diffgeft
first synchronizing signal having a first trequency and geﬁeratlng a second

synchr onfrequegeys g adentratingp alisdcpnd fynebweizing sigadls i ®nesss tgesdratorge edvhl f  of

the first frequency. o . :
synchroni 11#1g s@rllal to have the same frequency as the respective input clock signal from which

it is based.

21.  The method of claim 19 wherein the synchronizing clock signal has the

same frequency and phase as the input clock signal from which it is originally based.

22.  The method of claim 19 wherein generating a plurality of synchronizing
signals comprises generating a first synchronizing signal having a first frequency and generating
a second synchronizing signal having a second frequency that is less than one-half of the first

frequency.





