WO 02/ 17325 PCT/ US01/ 25955 -1 METHOD AND APPARATUS FOR CROSSI NG CLOCK
DOVAI N BOUNDARI ES FI ELD OF THE | NVENTI ON The present invention relates to
digital oveerui3es and, nore particularly to digital circubPCEUSESessed |in
menory devices in which data is transferred between two independent clock
domains with a predetermined timng relationship. D SCUSSI ON OF THE RELATED
ART Menory devices are constantly evolving in the directions of faster
speed and higher nmenory density. To this @&nd, dynam c random access nenory
(DRAM devi ces have evol ved from sinpl e DRAM devices to EDOto SRAMto DDR
SDRAM to SLDRAM the latter of which is the subject of nuch current

i ndustry interest. SLDRAM has a hi gh sustai nabl e bandw dth, | ow | at ency,

| ow power, user upgradability and support for large hierarchical nenory

applications S royide ltiple independent banks, fast_read/wite
bus turn-ar OMEJTF%@E) %[lﬁ]é @%M@ %S}RQ%OISSINIG CIOLICDRMAINSt s. One
characteristic of SLDRAM is that BOUNDRARIES e data rate devi ce which

uses both the positive- and negative-goi ng edges of a clock cycle to READ

and FIELID OF THET I
The present invention relates to digital circuits and, more particualarly to
digital circuits employed in memory devices in which data is transferred between

two independent clock domains with a predetermined timing relationship.

DI SSIO THE RETATED ART

Memory devices are constantly evolving in the directions of faster speed
and higher memory density. To this end, dynamic random access memory
(DRAM) devices have evolved from simple DRAM devices to EDO to SRAM to
DDR SDRAM to SLDRAM, the latter of which is the subject of much current
industry interest. SLDRAM has a high sustainable bandwidth, low latency, low
power, user upgradability and support for large hierarchical memory applications.
It also provides multiple independent banks, fast read /write bus turn-around, and

the capability for small fully pipelined bursts.

One characteristic of SLDRAM is that it is a double data rate device which
uses both the positive- and negative-going edges of a clock cycle to READ and
WRITE data to the memory cells and to receive command and FLAG data from a

memory controller.



VWRI TE data to the nenory cells and to receive command and FLAG data from a
menory controller. WO 02/17325 PCT/ USO1/ 25955 -2 An overvi ew of SLDRAM
devi ces owdober3tdund in the specification entitled "SLDRAVI/BSeRspEsCt ur al
and Functional Overview," by Gllingham 1997 SLDRAM Consortium (August
29, 1997), the disclosure of which is incorporated by reference herein. 5
Because of the required high speed operation of SLDRAM and ot her
contenporary nenory devices, systemtimng2is a very inportant aspect of
the operation of such devices. The SLDRAM often uses an external system
clock signal CCLK to capture commands and an internally generated naster
cl ock signal MCLK to perform other operations, such as data transfers.

Exi sting SLDRAM 10 circuits utilize delay circuits and tapped digital delay

| ocked | oop (DLL) circuit nerate requlred .ouf put data cl ocks . as well
as the master %e&e@}%ﬁsw d%y*&%%?&h%gmﬁbgﬁ%ﬂ@%ﬂ%@“ gck is
generated by the DLL fromthe external CCLK using a nodel of the nenory

devi ce out{HIiDRAM Aschitdeairal siel Fumdtivgral @verveeeR HyyGblingham,pdds of t he
device, is stable despite tenperature and voltage 15 vari ations.

SLDRAM Consortium (August 29, 1997), the disclosure of which is incorporated

by reference herein.

5 Because of the required high speed operation of SLDRAM, and other
contemporary memory devices, system timing is a very important aspect of the
operation of such devices. The SLDRAM often uses an external system clock
signal CCLK to capture commands and an internally generated master clock signal
MCLK to perform other operations, such as data transfers. Existing SLDRAM

10  circuits utilize delay circuits and tapped digital delay locked loop (DLL) circuits to
generate required output data clocks as well as the master clock signal MCLK.
Typically, the internal master clock is generated by the DLL from the external
CCLK using a model of the memory device output path so that the timing, as
seen by output pads of the device, is stable despite temperature and voltage

15  variations.

While the output timing remains stable, the internal timing varies as a
function of the output model. The timing of the master clock changes (i.e.,
experiences increased delays) by as much as 1.3 nsecs from the slow to the fast

operating/process corner. The capture circuitry of the memory device typically



Wil e the output timng remains stable, the internal timng varies as a
function of the output nodel. The timng of the master clock changes (i.e.,
experi enve@ or/mseeased del ays) by as nmuch as 1.3 nsecs froPCTH801835035 t 0 t he
fast operating/process corner. The capture circuitry of the nenory device
typically WO 02/17325 PCT/ US01/ 25955 -3 contains delay and | atching
circuitry to center the external capture clock CCLK in the center of a
data eye of inconing data. The delay and |-atching circuitry, however, also
varies with tenperature and voltage variations, but in a direction

opposite to that of the master clock signal fromthe DLL. The overall cl ock
delay wvariationis 1 nsec (i.e., decreased delay) fromthe slow to the
fast operating/process corner. The net effect, however, is that the

capture clock  timng d master clock tim varies by 2.3 n from
corner to ©HBY dgﬁﬂh %n‘? Eaé?l?lﬁg BRI I58§CEF66§E$ Rt C%E%E‘T(dﬁﬁ]ﬁm,< Rrom
capture clock to master clock, very difficult since the variation is

al nost a fthklcenteooka dytd eyeaif iB@inidg/ dex The elelay addGatvking cifthgrgapt ur e
| atching circuitry of the nenory device is designed to maintain the

validity Aoy abiel SvifhOenbeldtte SlPENEEGhRalidnS but ADE dirk&idiy edge and
one fall iq%a;,e Efe of atfﬁe%vél oé:rkr)fb.e Fore a doubafl‘g)eé da?a r?éttlal devi cfe, there is a

latch for (glgpsolspceg to that of the master clock signal from the DLL. The overall clock delay

variation is 1 nsec (i.e., decreased delay) from the slow to the fast

operating /process corner. The net effect, however, is that the capture clock
timing and master clock timing varies by 2.3 nsecs from corner to corner. The
variation makes crossing the clock domains, from capture clock to master clock,
very difficult since the variation is almost a full clock cycle at 800 Mb/sec (i.e.,

400 MHz).

The capture latching circuitry of the memory device is designed to maintain
the validity of the data bits for a full clock cycle (i.e., one rising edge and one
falling edge of the clock). For a double data rate device, there is a latch for rising
edge data and another latch for falling edge data. Each latch is designed to hold
its respective latched data valid for one clock cycle. The period in which the data
is valid is often referred to as the data eye or data envelope. For a 400 MHz
system, for example, a full clock cycle (i.e., two ticks) would be approximately 2.5

nsccs.



edge data and another latch for falling edge data. Each |l atch is designed
to hold its respective |latched data valid for one clock cycle. The period
in whichwoe2dses is valid is often referred to as the dRCHUSYIR5035 dat a
envel ope. For a 400 MHz system for exanple, a full clock cycle (i.e., two
ticks) would be approximately 2.5 nsecs. WO 02/ 17325 PCT/ US01/ 25955 -4
The captured data is transferred within the master clock domain in
accordance with an edge of the master clock signal MCLK (rising edge for
rising edge data and falling edge for falling edge data). The pl acenent of
the master clock signal MCLK edge within the captured data envel ope is
optimzed by 5 selecting the DLL tap that fed the master clock signal MCLK.
Unfortunately, as the operating corner is swept froma slow corner to a

fast corner, t mast er c] ock signal K edge that registered a given
data bit noves %?H@féﬁhph@tﬁﬁ?§nfgﬁ%§$8ﬁgegﬁﬁuﬁﬁhﬁkfﬁF%?nH%ster cl ock
signal MCLK edge noves inside the envelope. 10 Changing the master clock
si gnal Milakcadges: withtinedgk @f khelormten closh sigmal MchRyengedge fait ey of t he
device, since the command essentially enters the device two ticks earlier
(in rel atiQge e 4R ARSIEEdge! BF Klling B @Y. | PRSPlaBement of the master

clock signal MCLK edge within the captured data envelope is optimized by

5 selecting the DLL tap that fed the master clock signal MCLK. Unfortunately, as
the operating corner is swept from a slow corner to a fast corner, the master clock
signal MCLK edge that registered a given data bit moves outside of the data

envelope and an earlier master clock signal MCLK edge moves inside the

envelope.

10 Changing the master clock signal MCLK edges at the clock domain
boundary changes the latency of the device, since the command essentially enters
the device two ticks earlier (in relation to the master clock). The relationship
between the master clock MCLK and capture clock CCLK signals is typically
unknown and variable. Causes for the unknown/variable relationship between the

15 master clock MCLK and capture clock CCLK signals include temperature and
voltage variations of the device. In addition, the frequency of the device, which
defines the period of the clock cycles for the master clock MCLK and capture

clock CCLK signals, affects the range of phase variation between the master clock



bet ween the master clock MCLK and capture clock CCLK signals is typically
unknown and vari able. Causes for the unknown/variable relationship between
the 15 mawoer/1kdHck MCLK and capture clock CCLK signal s i pCT/ud@/2sessper at ure
and voltage variations of the device. In addition, the frequency of the
device, which defines the period of the clock cycles for the master clock
MCLK and capture clock CCLK signals, affects the range of phase variation
bet ween the master clock WD 02/17325 PCT/ UsS01/ 25955 -5 MCLK and the
capture clock CCLK. This range of phase relationship is fixed for the
chosen frequency of operation for the device. These variations are
conpensated for by other circuitry (i.e., output nodel and DLL) with the
intentions that each captured command bit has a data eye or 5 data envel ope

t hat shoul ceptered about a clock sjgnal MCLK edge n
transferr é\gcgg<ﬂ§£%%§ﬁr6&&l%kcgmi 1S ERECtRRFSe fﬁ%aéqulég@fﬁ ﬁﬁg@?%ui try
of the conventional nenory device keeps the information valid only during
one cl ock theylkbsen (feequenckotypdratiors farnvhe cledick ti cks and has a range often
referred to as "2 g radians”). Due to a potential 2 r radians variation
bet ween the master clock 10 MCLK and capture clock CCLK signals and

SRR L R SRR

and DLL) with the intentions that each captured command bit has a data eye or

5  data envelope that should be centered about a master clock signal MCLK edge
when transferred to the master clock domain. Currently, the latching circuitry of
the conventional memory device keeps the information valid only during one clock
cycle (a clock cycle is two clock ticks and has a range often referred to as “2 7
radians”). Due to a potential £ 27 radians variation between the master clock

10 MCLK and capture clock CCLK signals and another +2 7 radians uncertainty

between the signals, however, the captured data may be clocked into the master

clock domain on the wrong MCLK edge.

Accordingly, there is a need and desire to keep the master clock edge
within the capture data envelope over the entire operating range despite
15  temperature and voltage variations that may effect the timing of the memory
device. It is also desirable to establish a relationship between the master clock and
capture clock signal and to maintain the relationship to keep the master clock edge
within the capture data envelope over the entire operating range despite variations

that may effect the timing of the memory device.



cl ock domain on the wong MCLK edge. Accordingly, there is a need and
desire to keep the nmaster clock edge wthin the capture data envel ope over
the enti meoopenati ng range despite 15 tenperature and vol pa@n@SvAsPEHt | ons
that may effect the timng of the menory device. It is also desirable to
establish a relationship between the master clock and capture clock signal
and to maintain the relationship to keep the master clock edge wthin the
capture data envel ope over the entire operéting range despite variations
that may effect the timng of the nenory device. WO 02/ 17325 PCT/ US01/ 25955
-6 SUMVARY OF THE | NVENTI ON The present invention provides a nenory device
that keeps a master clock edge within the capture data envel ope over the
entire operating range of the device despi te tenperature and voltage
variations that may effect ory device. The above
and ot her features and ad oy = et hod and appar at us

t hat expands the data envel ope of captured data to a predeterm ned nunber
of clocks cycl éEhe fiiveergrievuttmnrproznicnampenonfdeyicodhaichacpes mastdralerk  enough
to ensure that an internally generated master clock edge remains wthin

edge within the capture data envelope over the entire operating range of the

device despite temperature and voltage variations that may effect the timing of the

5  memory device.

The above and other features and advantages are provided by a method and
apparatus that expands the data envelope of captured data to a predetermined
number of clocks cycles. The predetermined number of clock cycles is large
enough to ensure that an internally generated master clock edge remains within

10  the data envelope over the entire operating range of the memory device. This
way, captured data remains valid and can be properly transferred to the master
clock domain from a capture clock domain despite temperature and voltage

variations that may effect the timing of the memory device.

BRIEF DESCRIPTI F THE DRAWINGS
15 The above and other advantages and features of the invention will be more
clearly understood from the following detailed description of the invention which

is provided in connection with the accompanying drawings in which:



10 the data envel ope over the entire operating range of the nenory devi ce.
This way, captured data remains valid and can be properly transferred to
t he mast avo owkBek dormain from a capture clock donmai n despPCEUS@MseIsat ur e
and voltage variations that may effect the timng of the nmenory device.
BRI EF DESCRI PTI ON OF THE DRAW NGS 15 The above and ot her advantages and
features of the invention will be nore «clearly understood fromthe
followi ng detailed description of the inveftion which is provided in
connection with the acconpanying drawi ngs in which: WO 02/ 17325

PCT/ US01/ 25955 -7 FIG 1 is circuit diagramillustrati ng an SLDRAM bus
topology with which the invention nmay be used; FIG 2 is a circuit diagram
illustrating an exenplary nmenory device circuit for generating a naster

clock signal froma capture,clock signal; 5 illustrates_ an, exenplary
portion of a nﬁ’ﬁﬁfh Beéropk digerany; iy g@é‘p%ﬁbW&’é‘??ﬁ?ﬂﬁ%%ﬁh‘Hbﬁé t he
capture data envel ope in accordance with an exenplary enbodi nent of the
i nvent i on;thElifkendionsnay bé msery di agramillustrating the signals used to
| at ch captured data in accordance with an exenplary enbodi ment of the
i nventi on;

FIG. 2 is a circuit diagram illustrating an exemplary memory device circuit

for generating a master clock signal from a capture clock signal;

5 FIG. 3 illustrates an exemplary portion of a memory device circuit for
capturing data and expanding the capture data envelope in accordance with an

exemplary embodiment of the invention;

FIG. 4 is a timing diagram illustrating the signals used to latch captured

data in accordance with an exemplary embodiment of the invention;

10 FIG. 5 is a circuit diagram illustrating an exemplary portion of
synchronization and re-timing circuitry constructed in accordance with an

exemplary embodiment of the invention;

FIG. 6 is a circuit diagram illustrating an exemplary data generator circuit

constructed in accordance with an exemplary embodiment of the invention;

15 FIG. 7 is a timing diagram illustrating the timing of captured data

command bits as processed by an exemplary embodiment of the invention;



10 FIG 5 is acircuit diagramillustrating an exenplary portion of
synchroni zation and re-timng circuitry constructed in accordance with an
exenpl ar wenbosesrent of the invention; FIG 6 is a circui PCOUSY203S
illustrating an exenplary data generator circuit constructed in accordance
wi th an exenpl ary enbodi nent of the invention; 15 FIG 7 is a timng
diagramillustrating the timng of captured data commuand bits as processed
by an exenpl ary enbodi nent of the inventiof; WD 02/17325 PCT/ US01/ 25955 -8
FIG 8 is atimng diagramillustrating the signals used to synchronize the
capture data; FIG 9 is a circuit diagramillustrating an exenplary command
|l atching circuit constructed in accordance with an exenplary enbodi nent of
the invention; 5 FIG 10 is a circuit diagramillustrating an exenplary
flag latching circuit constrycted | accor&gﬁnce ith an ex | ary

enbodi ment of tHE hisenimsg H‘&Eﬁ‘m Ug{ratRg e Hg %‘&‘f?do‘ioaf’é'Pglgh}‘))P’rzFJQFrati ng a
processor systemutilizing the invention. DETAILED DESCRI PTI ON OF THE
PREFERRED &pBGRIVENTS 10 The invention described bel ow establishes and

mai nt ai ns a known

FIG. 9 is a circuit diagram illustrating an exemplary command latching

circuit constructed in accordance with an exemplary embodiment of the invention;

5 FIG. 10 is a circuit diagram illustrating an exemplary flag latching circuit

constructed in accordance with an exemplary embodiment of the invention; and

FIG. 11 is a block diagram illustrating a processor system utilizing the

invention.

DETAILED DESCRIPTION OF THE PREFE D EMBODIMEN

10 . The invention described below establishes and maintains a known
relationship between the master and capture clock signals. The capture data
envelope of captured rising edge and falling edge data is increased by two full
clock cycles such that the captured data remains valid for three full clock cycles
(i.e., has a data envelope of three clock cycles or six clock ticks). The expanded

15 valid data operating range, now 67 radians as opposed to 27 radians, is large
enough to ensure that the edges of the master clock signal MCLK remain within
the data envelope over the entire operating range. This way, captured data

remains valid and can be properly transferred to the master clock domain from the



rel ati onship between the nmaster and capture clock signals. The capture data
envel ope of captured rising edge and falling edge data is increased by two
full cl oe@ovyskes such that the captured data remai ns vabPCOubar2spisr ee ful |
clock cycles (i.e., has a data envel ope of three clock cycles or six clock
ticks). The expanded 15 valid data operating range, now 6 Tc radi ans as
opposed to 2; T radians, is large enough to ensure that the edges of the
mast er clock signal MCLK remain within th& data envel ope over the entire
operating range. This way, captured data remains valid and can be properly
transferred to the master clock domain fromthe WO 02/17325 PCT/ USO1/ 25955
-9 capture clock domain despite tenperature and vol tage variations that my
effect the timng of the nmenory device. An SLDRAM systemw th which the

t i ti b d i i |l ust i Fl. 1..Th
!O :1 gls 53 es | Qf\%\gﬁ% gﬂ%@%ﬁ%@%ﬁm %Bﬂ’lﬁlf %ﬁrs e‘aar“%tlgf’,qml.gg .V?n%“?ﬁs Rt %‘WS’ éﬁ%gg?c cessed

and controlled by a nenory controller 13. The nenory controller 13

provi des ahesimmgdflthe knenporyalehicof t he SLDRAM nodules | la, ..., 11n,
whi ch includes a clock signal CCLK on inverted and non-inverted clock
signal paths, a one bit FLAG signal on a FLAG data path, and a ten bit

command bus dat g, RRDRANQySRHh widh vAtheh thOPrestRAM Pk BULBLH is
illustrated in FIG. 1. The system includes a plurality of SLDRAM modules
5 1la,..., 11n, which are accessed and controlled by a memory controller 13. The
memory controller 13 provides a command link to each of the SLDRAM modules
11a, ..., 11n, which includes a clock signal CCLK on inverted and non-inverted
clock signal paths, a one bit FLAG signal on a FLAG data path, and a ten bit
command bus data path CA0-CA9. In addition, SLDRAM input/output
10 enabling signals SO, SI are provided from the memory controller 13 in a daisy
chain fashion to the SLDRAM modules 11a, . . ., 11n. In addition, a bi-
directional data bus DQO0-DQ17 is providéd between the memory controller 13
and each of the SLDRAM modules 11a, . . ., 11n, as are bi-directional data clocks
DCLKO0 and DCLKI1. The first data clock DCLKO is used to strobe input/output
15 data into and out of the SLDRAM modules, a process for which the second data

clock DCLK1 signal path is also intermittently used.

In order to understand the invention, the manner in which the master
clock signal MCLK is conventionally derived in a memory device is illustrated with

respect to FIG. 2. FIG. 2 shows a circuit for deriving various clock signals used in



10 enabling signals SO SI are provided fromthe nmenory controller 13 in a

daisy chain fashion to the SLDRAM nodules 1la, ..., 1lln. In addition, a
bi - di resvdonaiz2zlat a bus DQO- DQL7 is provi ded between therarpwsen2sessntrol | er
13 and each of the SLDRAM nodules 1lla, ..., Iln, as are bi-directional

data cl ocks DCLKO and DCLKlI. The first data clock DCLKO is used to strobe
i nput/output 15 data into and out of the SLDRAM nodul es, a process for

whi ch the second data clock DCLK1 signal -ath is also intermttently used.
In order to understand the invention, the manner in which the master cl ock
signal MCLK is conventionally derived in a nenory device is illustrated
wth respect to FIG 2. FIG 2 shows a circuit for deriving various clock
signals used in WO 02/ 17325 PCT/US01/ 25955 -10 the operation of a nenory

device. External clock signals CCLK and CCLK*, which are ically used to
| at ch dat dhe PPErasioRerfer eaeyY devicer Bxtegpadiclach sanﬂ%%@ﬁaﬁﬁ}iéﬁ%%nd 33 and

provi ded through a buffer 35 to an adjustable delay circuit 37, the output

of whi ch fwieids atdgpitallpyed atchaduda GELIK memgmatisvitd)tage fecefved apped del ay
line 41. The tapped delay line 41 has a plurality of taps which provide

del ayed cl tgﬁﬁinafsi %nﬁ{cﬁ?ag and provideci‘ﬁdﬁaﬁgﬂlil B Rk %)Segosan4§inglglp Rla§ capabl e of
provi di ng selected ones
circuit 37, the output of which feeds the delayed CCLK and CCLK* signals into a

5  tapped delay line 41.

The tapped delay line 41 has a plurality of taps which provide delayed clock
signals 0, . . ., 15 to multiplexers 43 which are capable of providing selected ones
of the clock signals 0, . . ., 15 to selected ones of the buffers 45. The buffers 45 in
turn supply respective delayed clock signals CCLK and CCLK* to respective

10  output latches 51 of data paths DO, . . ., D17 for READ/WRITE data of the
memory device. The output latches 51 in turn supply read data from a memory

array to respective output buffers 53 and output terminals 55 and 57.

One of the delayed signals from tapped delay line 41, for example, one
provided at the last stage of the tapped delay line 41, is provided to the
15 multiplexer 43 in a manner in which the signal passes through the multiplexer
without being switchable to a selected buffer 45. This signal that passes through
multiplexer 43 and through buffer 45 is the master clock signal MCLK which is

used to time various operations within a memory device.



of the clock signals 0, . . ., 15 to selected ones of the buffers 45. The
buffers 45 in turn supply respective del ayed clock signals CCLK and CCLK*
to respesv®vm17B05 out put | atches 51 of data paths DO,. . .PCDUS0H25955
READ' WRI TE data of the nmenory device. The output latches 51 in turn supply
read data froma nenory array to respective output buffers 53 and out put
termnals 55 and 57. One of the del ayed signals fromtapped delay |line 41,
for exanple, one provided at the |ast stade of the tapped delay |ine 41,
is provided to the 15 nultiplexer 43 in a manner in which the signal passes
through the multiplexer wthout being swtchable to a selected buffer 45.
This signal that passes through nultiplexer 43 and through buffer 45 is
the master cl ock signal MCLK which is wused to tinme various operations

within a nennry WO 02/ 17325 PCT/ USQ1/ 25955 .-11 Anot her cl.ock
out put signal , Hﬁ#@uq&FS{ > BRIGF SR &fﬁﬁg?ﬁﬁg ‘£8§ BRFY i ne 41
(tap 0) , is also prOV|ded as a clock signal which passes stralght t hr ough

the nul ti pletaydine4Bl angd 0)hes dsd peavidksl @ dack sigual wiocla passempsrtaighut put nmodel
circuit 47. The input/output nodel circuit 47 is a CIFCUIt which is 5

desi gned t.g, %V%%emﬁlt@?&%k kBGpdehavulRr 1hes %Q{W@%tsto Dbueskd” through

t he adjusta el ay rcuit 37 I n accordance h deS|gned operating

araneters of
P model circuit 47. The input/output model circuit 47 is a circuit which is

5  designed to provide a specific delay to the signals CCLK and CCLK* through the
adjustable delay circuit 37 in accordance with designed operating parameters of
the memory device and in response to changes in operating voltage and/or
temperature of the device. To this end, the clock signal at tap 0 supplied to
input/output model circuit 47, and after being adjusted based on the parameters

10  of voltage and temperature, is provided as an input into the phase detector 49,
which receives at another input the clock signal CCLK, also relabeled BCLK
(buffered clock). The output of the phase detector 49 is used to adjust the delay
circuit 37 to adjust the timing of the applied clock signal CCLK in accordance

with voltage and temperature variations experienced by the memory device.

15 FIG. 2 also illustrates a phase detector 39 which is used to adjust the length
of the tapped delay line 41 such that it remains at a constant length, such as one
clock cycle. The phase detector 39 operates by comparing the output to the input
of the tapped delay line 41 and making the necessary adjustments thereto to

ensure that the delay length remains stable.



the nenory device and in response to changes in operating voltage and/or
tenperature of the device. To this end, the clock signal at tap O supplied
to i nputwouor/pues nodel circuit 47, and after being adj ustrdr/basiexossn t he
paranmeters 10 of voltage and tenperature, is provided as an input into the
phase detector 49, which receives at another input the clock signal CCLK,
al so rel abel ed BCLK (buffered clock). The output of the phase detector 49
is used to adjust the delay circuit 37 to'%adjust the timng of the applied
clock signal CCLK in accordance wth voltage and tenperature variations
experienced by the nenory device. 15 FIG 2 also illustrates a phase
detector 39 which is used to adjust the length of the tapped delay line 41
such that it remains at a constant |ength, such as one clock cycle. The

phase detector 39.operates b (o] ri t put t. he |nput. of the
Papped delay | i Beishrisnl FoanFRG Phte sidbstalls Sl halifan Bulhalios o
ensure that the delay |length remains stable. WO 02/17325 PCT/ US01/ 25955
-12 As i s ¥jusgtmentsinghe Byt signa ke thedfappecdBtlay ¢ 4, whichupttugycagases
timng adjustnments in the input signal to the tapped delay line 41, which

in turn callgeimiddaijhiétonds Adihe sharestdodisighe M@sKer cl ock signal MCLK.
FIG 3 illustrates an exenplary portion of a nenory device circuit for

FIG. 3 illustrates an exemplary portion of a memory device circuit for
5  capturing data and expanding the capture data envelope in accordance with an
exemplary embodiment of the invention. The circuit receives the capture clock
signal CCLK, the command bits CA<0:9>, a flag signal FLAG and a reset signal
RESET as inputs. As known in the art, the flag signal FLAG is received to signify
the start of a command packet. As also known in the art, a command packet
10  consists of four command packet words each of which consists of command bits
CA<0:9>, that is, each of the CAO, . . ., CA9 data paths receives a four-bit data

burst for command transfer to the memory device.

The capture clock signal CCLK is input in to a clock delay circuit 102. The
clock delay circuit 102 outputs a delayed clock signal CLKD. The command bits
15 CA<0:9> are input into respective command delay circuits 104a, . . ., 104]
(collectively referred to herein as “command delay circuits 104”). It should be
noted that there are ten command delay circuits 104 for the command data paths |
CAO, . . ., CA9, but only two are illustrated for clarity purposes. The outputs of

the command delay circuits are delayed command signals CADEL<0:9>. The flag



5 capturing data and expandi ng the capture data envel ope in accordance wth
an exenplary enbodi nent of the invention. The circuit receives the capture
clock siwoat/1BZ K, the command bits CA<0: 9>, a flag si gnBCT/BRARSeFSd a
reset signal RESET as inputs. As known in the art, the flag signal FLAG s
received to signify the start of a command packet. As also known in the
art, a command packet 10 consists of four command packet words each of

whi ch consists of command bits CA<0:9> tHat is, each of the CAO, ..., CA9
data paths receives a four-bit data burst for command transfer to the
menory devi ce. The capture clock signal CCLK is input in to a clock del ay
circuit 102. The «clock delay circuit 102 outputs a del ayed cl ock signal
CLKD. The command bits 15 CA<0:9> are input into respective comand del ay

circuits 104a .. 1043 (coflectively.r rred to rein as ..conmrand
del ay ci r FeL FLAS §s inpyt Lﬁéf‘ﬂ)éd%ﬂf%fﬂt ﬁét &‘Flﬁé]la% CGfaé’ %Hltil“&%nd del ay
circuits 104 for the command data paths CAO ..., CA9, but only two are

i |1 ustr at esitpots acdadayietilagisigros EDEIThe out puts of the conmand del ay

circuits are delayed conmand signals CADEL<0:9>. The flag WD 02/ 17325
PCT/ USO01/ 25955 -13 signal FLAGis input into a flag delay circuit 106.

The flag del ay ¢ig §uihblkd8r e Srdidalody 8041169 bondly defcircuits.
Exemplary ring delay circuits and their operation are described in U.S. Patent
5  Application No. 09,/201,519, filed on November 30, 1998, entitled “Method and
Apparatus for High Speed Data Capture Utilizing Bit-to-Bit Timing Correction,
and Memory Device Using the Same,” which is hereby incorporated by reference

in its entirety.

Briefly, a description of the operation of the ring delay circuits and thus,

10  delay circuits 102, 104, 106, now follows. The ring delay circuits consist of a
plurality of delay circuits connected as a ring having an output with an adjustable
delay (depending upon where the data is input into the ring, i.e., the “insertion
point”). At initialization and reset, an initial insertion point of the ring delay
circuit is chosen and a calibration pattern is sent down a data path. An output of

15 the ring delay circuit is sampled to determine if the calibration pattern has been
propetly captured and to determine its timing. All of the possible insertion points
(i.e., delay values) are sampled and tested to derive a window of acceptable delays
for the ring delay circuit, that is, delays which produce a proper capturing of the

calibration pattern. Once all of the acceptable delays have been determined, a



It is desirable for the delay circuits 102, 104, 106 to be ring del ay
circuits. Exenplary ring delay circuits and their operation are descri bed
in U S Maoent732s Application No. 09/201,519, filed on NovRPah®s01339551998,
entitled "Method and Apparatus for H gh Speed Data Capture Uilizing
Bit-to-Bit Timng Correction, and Menory Device Using the Same," which is
hereby incorporated by reference in its entirety. Briefly, a description
of the operation of the ring delay circuitd4and thus, 10 delay circuits
102, 104, 106, now follows. The ring delay circuits consist of a plurality
of delay circuits connected as a ring having an output wth an adjustable
del ay (dependi ng upon where the data is input into the ring, i.e., the
"insertion point"). At initialization and reset, an initial insertion
point of the ring,delay circui.t is chosen and a caljbration . pattern is
Sent down ST GsHIR CORFFObGETRIE dBRrREeS R PrgelvaledPr i 1h% 4B mpl ed 1o
determne if the calibration pattern has been properly captured and to

det er mi ne Kirsuit amd sers it Fingfdetayeingok 30 Ibhie valns erlthiedrespdelay sypicdllye. , del ay
val ues) are sanpled and tested to derive a wi ndow of acceptable delays for
the ring d%bﬁ_%s&ﬂn'a@ ) ta,dau‘éﬁve'lépe QBkR¥S abBhCeheR]e §RIGKRISRECIGAp! uri ng of
the <calibration pattern. Once all of the acceptabl e del ays have been
determ ned, a WD 02/17325 PCT/ US01/ 25955 -14

A select signal generator 114 receives the delayed clock signal CLKD and
5  the reset signal RESET. The select signal generator 114 outputs three rismg select
signals RSEL<0:2> and three falling select signals FSEL<0:2>. Referring to FIG.
4, it can be seen that the select signal generator 114 generates the first rising select
signal RSEL<0> off the falling edge of CLKD such that RSEL<0> corresponds to
and centers on the first rising edge of the delayed clock signal CLKD at time t0.

10 Similarly, the select signal generator 114 generates the second and third rising
select signals RSEL<1:2> centered at times t2 and t4, which correspond to the
second and third rising edges of the delayed clock signal CLKD. Moreover, the
select signal generator 114 generates the three falling select signals FSEL<0>
centered at times tl, t3 and t5, which respectively correspond to the first, second

15  and third falling edges of the delayed clock signal CLKD. As will become
apparent from the following description, the rising and falling select signals
RSEL<0:2>, FSEL<0:2> enable one of the registers of command latch circuitry so
that the delayed clock signal CLLKD can latch the data on the input to the

corresponding register.



menory device control circuit determ nes the best delay value for the ring
delay <circuit and sets the ring delay circuit to this value. The best

del ay typva@a/lp2s corresponds to a data envel ope cent ered RODWSOISRSSdel ayed
cl ock signal CLKD. A select signal generator 114 receives the del ayed cl ock
signal CLKD and 5 the reset signal RESET. The sel ect signal generator 114
outputs three rising select signals RSEL<0:2> and three falling sel ect
signals FSEL<0:2>. Referring to FIG 4, i-15>-can be seen that the sel ect
signal generator 114 generates the first rising .select signal RSEL<O> of f
the falling edge of CLKD such that RSEL<O> corresponds to and centers on
the first rising edge of the delayed clock signal CLKD at tinme t0. 10
Simlarly, the select signal generator 114 generates the second and third
rising select ﬁi nal s RSEL<§'{23; cglnt ered at tinmes t2 and . t4, which
correspond to tReCrERg agHn 40 416N By therdltifonnins tegrcamppang gk gredite k

signal CLKD. Moreover, the select signal generator 114 generates the three
falling selH, .si,gnldl]q cBlifdtively refeertiao ddrah at thneScdnhmahd laold cir&yitswhi ch
respectively correspond to the first, second 15 and third falling edges of

t he del ayeq)gho j 1%55) :ﬁsth bel f owi ng
descri ption, t%???@g%&an 551 I nges%f gﬁgﬁgr%pggcﬁggfé%ggé’%ﬁq@) 2>
enabl e one of the registers of command | atch circuitry so _that the del ayed
cl ock si gn@y° @EK%J%E?%C‘?? r&ialftﬁé’uﬂéﬂsés-oﬁl"ﬁ ﬁ@qn%?é{ﬁlaﬁ%l ¢irsaits ddPr espondi ng
regi ster.

5  respectively receive the delayed command signals CADEL<0:9>, delayed clock

signal CLKD, and the rising and falling select signals RSEL<0:2>, FSEL<0:2>.

The command latch circuits 110 contain three latched rising edge
command outputs CAOR<0:2>, . . ., CA9R<0:2> and three latched falling edge
command outputs CAQF<0:2>, . . ., CA9F<0:2>. Typically only two latched

10  rising edge command signals and two latched falling edge command signals will be
output from each command latch circuit 110 (i.e., since there are four command
packet words there are two rising edge command bits and two falling edge
command bits input into latch circuit 110). As will be described below in more
detail with respect to FIG. 9, each command latch circuit 110 contains six latches

15 and six possible outputs. Thus, each command latch circuit 110 may have three
latched rising edge command signals and three latched falling edge command

signals in certain circumstances.

The circuit also contains one flag latch circuit 112. The flag latch circuit

112 receives the delayed flag signal FDEL, delayed clock signal CLKD, and the



WO 02/ 17325 PCT/ USO01/ 25955 -15 Referring again to FIG 3, the circuit

contains ten command latch circuits 110a, ..., 110J (collectively referred
to herei was211es "comand | atch circuits 110"). It shoul BChe®seiaxsess t hat
there are ten command latch circuits 110, but only two are illustrated for

clarity purposes. The command latch circuits 110 5 respectively receive the
del ayed command si gnal s CADEL<O: 9>, del ayed cl ock signal CLKD, and the
rising and falling select signals RSEL<O: 2%; FSEL<0:2>. The command | atch
circuits 110 contain three | atched rising edge conmand out puts CAOR<O: 2>,

., CA9R<0: 2> and three latched falling edge comuand outputs CAOF<0: 2>,

., CA9F<0:2>. Typically only two latched 10 rising edge command signal s

and two | at ched falling edge command signals will be output from each
command latch cirguit 110 (j.e,, since t fayr co d. packet words
there are WSS i“i@? ?ebe(];f%(té’(&‘i*ﬁ% 'i%zﬁngéi %ﬁ%‘gﬂ Cﬂf&ﬁ’r‘i&ﬁé bits
input into latch circuit 110). As wll be described belowin nore detai

Wi th respewrintdins Firee ldcheehidding odgafiag; datpols BLAGR40:2:4,0hcomihtrhad fdling | at ches
15 and si x possible outputs. Thus, each command latch circuit 110 nmay have

three | atéd&%ﬁi}ag StPEsaHIecEopmRNG dShaah & had dubiihf Baf Jughad falling edge
command siI gha In-certaln clrcunstances.
DUMBFLAG<0:2>. Referring to FIG. 8, the three latched dummy flag outputs
5  DUMBFLAG<0:2> are latched by the flag latch circuit 112 such that they have a
data envelope that spans three full clock cycles (i.e., six clock ticks). Thus, the
three latched dummy flag outputs DUMBFLAG<0:2> simulate the desired data
envelope for the captured data (although the proper timing has yet to be

determined). The three latched dummy flag outputs DUMBFLAG<0:2> are

10  skewed from each other by one full clock cycle.

As will be discussed below, the latched dummy flag outputs
DUMBFLAG<0:2> Wlll be used to synchronize the capture clock latching
circuitry to the master clock latching circuitry. The latched rising edge command
outputs CAOR<0:2>, . . ., CA9R<0:2> and latched falling edge command outputs

15  CAOF<0:2>, ..., CA9F<0:2> will be used by a data generator circuitry to transfer
the captured information to the master clock domain by increasing the capture
data envelope to three clock cycles (i.e., six clock ticks) to ensure that an internally
generated master clock edge remains within the data envelope over the entire

operating range.



The circuit also contains one flag latch circuit 112. The flag latch
circuit 112 receives the delayed flag signal FDEL, del ayed cl ock signal
CLKD, anovohz1™es 02/ 17325 PCT/ US01/ 25955 -16 rising and Pariuseiesss ect
signal s RSEL<O0: 2>, FSEL<0:2>. The flag latch circuit 112 contains three

| at ched rising edge flag outputs FLAGR<O0: 2>, three |latched falling edge
flag outputs FLAGF<0: 2> and three | atched dunmy flag outputs

DUMBFLAG<0: 2>. Referring to FIG 8, the thiee | atched dummy flag outputs 5
DUMBFLAG<0: 2> are |l atched by the flag latch circuit 112 such that they have
a data envel ope that spans three full clock cycles (i.e., six clock
ticks). Thus, the three | atched dummy flag out puts DUVBFLAG<O: 2> sinul ate
the desired data envelope for the captured data (although the pr oper

ti m ng has yet det ernmi.ned) .. The three | atched dummy flag outputs
DUMBFLAG<0: 2> aﬁ&l%lssakcé%él& M&W%@W%ﬁ@f&ﬂ@o& %Bek cycle. As

w Il be discussed bel ow, the Iatched dummy flag outputs DUMBFLAG<O:2> will
be used t oysyimonizntionentlre-toainguieuithooknskBiced ngecaidancs with ano t he nmast er
clock latching circuitry. The latched rising edge command outputs

CAQR<0: 2>, exemplar&%%egf o ihalfeled fiad &1&&911‘? deeusQMREG DYhRuby 15

CACF<0: 2> 9F<0: 2> w || be used by a data generator circuitry to

transfer and a selection circuit 130 that synchronize the capture circuitry clocked by the

5  delayed capture clock signal CLKD (illustrated in FIG. 3) to the circuitry clocked
by the master clock signal MCLK. A data generator 140 transfers the captured
commands with the expanded data envelope, i.e., latched rising edge command
outputs CAOR<0:2>, . . ., CA9R<0:2> and latched falling edge command outputs

CAOF<0:2>, . . ., CA9F<0:2>, to the master clock domain.

10 The reset circuit 120 receives the master clock signal MCLK and the
latched dummy flag outputs DUMBELAG<0:2> as inputs. At power-up, when
the capture clock signal CLKD and the master clock signal MCLK are being
generated and before any command bits are received, the flag latch circuit 112
(FIG. 3) generates the three latched dummy flag outputs DUMBFLAG<0:2> that

15  simulate the desired capture data envelope (i.e., three full clock cycles). As will be
described below, the flag latch circuit 112 (FIG. 3) will contain circuitry that
generates the three latched dummy flag outputs DUMBFLAG<0:2> without the

need to input a flag signal FLAG and thus, the desired envelope can be generated



the captured information to the master clock domain by increasing the
capture data envelope to three clock cycles (i.e., six clock ticks) to
ensure tiveooxm3hternal ly generated master clock edge reP@El/NSOMISHIS n t he
data envel ope over the entire operating range. WO 02/17325 PCT/ US01/ 25955
-17 FIG 5 is acircuit diagramillustrating an exenplary portion of
synchroni zation and re-timng circuitry constructed in accordance with an
exenpl ary enbodi ment of the invention. Thel&ircuitry includes a reset
circuit 120 and a selection circuit 130 that synchroni ze the capture
circuitry clocked by the 5 del ayed capture clock signal CLKD (illustrated
in FIG 3) to the circuitry clocked by the master clock signal MCLK A
data generator 140 transfers the captured conmands with the expanded data

envel ope, i.e,, latched.rising edge.co d outputs CAOR<O: 2>, ...,
ChOR<O! 2> HifTHeRIOREUTAFS Py D BabBRTARET SRt fescipeabRay cabmands or
CA9F<0: 2>, to the master clock domain. 10 The reset circuit 120 receives
t he mast erdghock signal MCLK and the |atched dunmy flag outputs
DUMBFLAG<0: 2> as inputs. At power-up, when the capture clock signal CLKD
and the master clock signal MCLK are being generated and before any
command bits arﬁftEPﬁSév&e-Qp, G edeh RBchiR1 80 FibAENs the ifree latched dummy

flag outputs DUMBFLAG<0:2> and issues a reset request signal REQUEST to

5  the selection circuit 130. Referring again to FIG. 8, the reset request signal
REQUEST is generated by the reset circuit 120 when an edge of the master clock
signal MCLK is simultaneously within the data envelopes of all three latched

dummy flag outputs DUMBFLAG<0:2>.

The reset request signal REQUEST is output to the selection circuit 130.

10 The selection circuit 130 includes two counters 132, 134 that respectively
generate three rising edge select signals SELECTR <0:2> and three falling edge
select signals SELECTF <0:2> that are clocked by the master clock signal MCLK.
The selection circuit 130 also includes a disable circuit 136 that sends an
acknowledgment signal ACKNOWLEDGE to the reset circuit 120. The reset

15 circuit 120 uses the acknowledgment signal ACKNOWLEDGE to prevent the
generation of subsequent reset request signals REQUEST (i.e., the reset circuit
120 is disabled). The reset circuit 120 is disabled at this point because the timing
between the master clock signal MCLK and the capture data envelope has been

established (described below in more detail). The three rising edge select signals



(FIG 3) generates the three |atched dumy flag out puts DUVBFLAG<O: 2> t hat
15 sinmul ate the desired capture data envelope (i.e., three fill clock

cycl es). waomi3ks be described below, the flag |atch circpCT/USM2505 G 3)
will contain circuitry that generates the three |latched dummy flag outputs
DUMBFLAG<0: 2> wi thout the need to input a flag signal FLAG and thus, the
desired envel ope can be generated WO 02/ 17325 PCT/ US01/ 25955 -18 and the
proper timng can be established prior to tlhe recei pt of any conmands or
data. After power-up, the reset circuit 120 nonitors the three | atched
dummy fl ag out puts DUMBFLAG<O: 2> and issues a reset request signal REQUEST
to 5 the selection circuit 130. Referring again to FIG 8, the reset
request signal REQUEST is generated by the reset circuit 120 when an edge

of the master clock i gnal s sinultaneousl i thin the data
envel opes ﬁ@@ﬁrﬁ%@ P&gélﬁrggfﬁh%%ﬁag? F%&téwtil%gE@' ALOURPE 1 eset
request signal REQUEST is output to the selection circuit 130. 10 The

sel ection ebtheditakfetaned Ldkso than cepuntdecamiBddd dbBd(itehathe leshattisingl y
generate three rising edge select signals SELECTR <0: 2> and three falling

g?ggal Sﬁ/'cﬁ%hgé Lol S dHEEEFCARZD. hat _ af gorLkookethdelienE@ iRy Cl ock
edge command outputs CAOF<0:2>, . . ., CA9F<0:2>) can be transferred to the

5  master clock domain.

Thus, the master clock signal MCLK will be synchronized with the capture
data envelope that was clocked by the delayed capture clock signal CLKD. Once
synchronized and after the reset circuit 120 is disabled, when command and other
information is captured by the capture clock signal CLKD the information will

10  remain valid for three full clock cycles, which ensures that it can be transferred to

the master clock domain.

FIG. 6 is a circuit diagram illustrating an exemplary data generator circuit
140. The data generator 140 receives the latched rising edge command outputs
CAOR<0:2>, . . ., CA9R<0:2>, latched falling edge command outputs
15 CAOF<0:2>, ..., CA9F<0:2>, rising edge select signals SELECTR <0:2>, falling
edge select signals SELECTF ‘<0:2>, latched rising edge flag outputs
FLAGR<0:2> and the latched falling edge FLAG outputs FLAGF<0:2>. It should
be noted that only the first latched rising and falling edge command outputs

CAOR<0:2>, CAOF<0:2> are illustrated for clarity purposes. Moreover, it should



The selection circuit 130 also includes a disable circuit 136 that sends an
acknow edgnent signal ACKNOALEDGE to the reset circuit 120. The reset 15
circuit MMOouswsssthe acknow edgnment signal ACKNOAEDGE t oP@T/@s@rsoishe
generation of subsequent reset request signals REQUEST (i.e., the reset
circuit 120 is disabled). The reset circuit 120 is disabled at this point
because the timng between the master clock signal MCLK and the capture
dat a envel ope has been established (descri®bed below in nore detail). The
three rising edge select signals WO 02/17325 PCT/ US01/ 25955 -19 SELECTR
<0:2> and three falling edge sel ect signals SELECTF <0:2> are output to
the data generator 140 so that captured command data (i.e., the | atched
rising edge conmmand out puts CAOR<O: 2>, ..., CA9R<O0: 2> and the | atched

falli d L 2>, . L 23
o the s Hore ERaake SHRBIT (P atE Rl e T DG NELRow | 1 b

synchroni zed with the capture data envel ope that was cl ocked by the
del ayed calitdyné6y kontecsédtmathedikibatabed eisingyarchiaBinigreigcandmindoutpigs r eset
circuit 120 is disabled, when command and other information is captured by

the capt ur@é?iéggbﬁ (@2 (N SR &Q@a&d{l%&r&e | Qinhhdl ohebuteBBE theyakd Hof or

three full cycles, which ensures that it can be transferred to

illustrated for clarity purposes.

5 The latched rising edge command outputs CAOR<0:2> and the rising edge
select signals SELECTR <0:2> are input into a first command bit multiplexer 142.
The latched falling edge command outputs CAOF<0:2> and the falling edge select
signals SELECTF <0:2> are input into a second command bit multiplexer 144.
Each command bit multiplexer 142, 144 is a three-to-one multiplexer and is

10  controlled by its respective select signals SELECTR<0:2>, SELECTF<0:2> to
output the two latched command bits (from the same command packet) contained
within its respective latched command outputs CAOR<0:2>, CAOF<0:2>. The
outputs of the first command bit multiplexer 142 are sent to the first and third
registers 150, 154. The outputs of the second command bit multiplexer 144 are

15  sent to the second and fourth registers 152, 156.

The first register 150 is clocked by a first master clock flag signal F<0> and
outputs a first command bit output YCAQ<0>. The first command bit output
YCAOQ<0> represents the first captured command bit CA<0> from the first packet

word of a command packet that has now been transferred into the master clock



the master clock domain. FIG 6 is a circuit diagramillustrating an
exenpl ary data generator circuit 140. The data generator 140 receives the
| at ched Wwa@bngrsetige conmand out puts CAOR<O: 2>, ..., CA9RerOT/P$01/45835ched
falling edge conmmand out puts 15 CAOF<0: 2>, ..., CA9F<0: 2>, rising edge
sel ect signals SELECTR <0:2>, falling edge select signals SELECTF <O0: 2>,
| at ched rising edge flag outputs FLAGR<0:2> and the latched falling edge
FLAG out puts FLAGF<0:2>. It should be not%d that only the first |atched
rising and falling edge command outputs CAOR<O: 2>, CAOF<0:2> are
illustrated for clarity purposes. Mreover, it should WO 02/17325

PCT/ US01/ 25955 -20 be noted that the circuitry (e.g., multiplexers 142,
144 and registers 150, 152, 154) 156) connected to the first |atched

rising and falling edge command out pu .CAOR<0Q;:.2>, CACE<0: 2> is repeated
for every 405N g“ﬁ’gﬁrg’utﬁ}e Eﬁ?f’ng I‘Y‘é%lStg’r ig%dﬁ dg&? %L}%X 1 seceqdrpaste dogk y
purposes. 5 The latched rising edge command outputs CAOR<O0:2> and the
rising eddeg sipphbEtlsagdauspBEbEGTR&G@mand dit oyppt YD 4> i'Flst  command
bit multiplexer 142. The |atched falling edge command out puts CAOF<0: 2>
and the falld o £A88na YiC&hpus YOl D>SEbFsdits T Brst diRuldiPeminaha bie second

command bit nul tiplexer 144

CA<0> from the second packet word of a command packet that has now been
5  transferred into the master clock domain. The third register 154 is clocked by a

third master clock flag signai F<2> and outputs a third command bit output
YCA2<0>. The third command bit output YCA2<0> represents the first captured
command bit CA<0> from the third packet word of a command packet that has
now been transferred into the master clock domain. The fourth register 156 is

10  clocked by a fourth master clock flag signal F<3> and outputs a fourth command
bit output YCA3<0>. The fourth command bit output YCA3<0> represents the
first captured command bit CA<0> from the fourth packet word of a command

packet that has now been transferred into the master clock domain.

The generation of the master clock flag signals F<0>, F<1>, F<2>, F<3> is
15 now described. The latched rising edge flag outputs FLAGR<0:2> and the rising
edge select signals SELECTR <0:2> are input into a first flag multiplexer 146.
The latched falling edge FLAG outputs FLAGF<0:2> and the falling edge select
signals SELECTE <0:2> are input into a second flag multiplexer 148. Each flag

multiplexer 146, 148 is a three-to-one multiplexer and is controlled by its



Each command bit nultiplexer 142, 144 is a three-to-one nultiplexer and is
10 controlled by its respective select signals SELECTR<O0: 2>, SELECTF<O0: 2>
to out pwwootierstao | at ched command bits (fromthe sane copompdoiEeiset )
contained wthin its respective |atched command out puts CACR<O: 2>,

CAOF<0: 2>. The outputs of the first command bit nultiplexer 142 are sent
to the first and third registers 150, 154. The outputs of the second
command bit nultiplexer 144 are 15 sent te22the second and fourth registers
152, 156. The first register 150 is clocked by a first master clock flag
signal F<O> and outputs a first command bit out put YCAO<O>. The first
command bit output YCAO<O> represents the first captured command bit CA<O>
fromthe first packet word of a command packet that has now been

transferred into the naster ¢l 02/ [ US01/ 2595 -21 donmi n.
Si mi | ar |y, FeYpseteetedseg S@&EQF;P?@’EB\!\S?% ﬁégiﬁr€$a>§8@blﬁﬂu &P cl ock

flag signal F<l1> and outputs a second command bit output YCA1<C>. The
second corfaehed Bag signhlpubndiGfct within iepressenitys lactieed flagsoutpapt ur ed command
bit CA<O> fromthe second packet word of a command packet that has now

o _ acke : ; _ _
een 5 tr ;iﬁé{ég?is%,rﬁ&éﬁ%. SUAc Shipaks %‘%H@‘Egg gzgﬁgﬁﬂgfgg&efsem&ws 154 is

cl ocked b mast er clock ag-sig puts a'third

command bit out put
are inpupc Lilnto a sorting circuit 158. The sorting circuit 158, which is clocked by

5 the rising and falling edges of the master clock signal MCLK, outputs a first
master clock flag signal F<0>. The first master clock signal F<0> is fed into a first
dual edge register 159a, which outputs the second master clock signal F<1>. The
seconci master clock signal F<1> is fed into a second dual edge register 159b,
which outputs the third master clock signal F<2>. The third master clock signal

10 F<2> is fed into a third dual edge register 159¢, which outputs the fourth master

clock signal F<3>.

The master clock flag signals F<0>, F<1>, F<2>, F<3> respectively signify
the arrival of the four latched command outputs for a single command bit. That
is, the first master clock flag signal F<0> is used to signify the arrival of the latched

15 command output CAOR<0:2> that is associated with the command bit 0 (i.e.,
CA<0>) of the initial captured packet word. The second master clock flag signal
F<1> is used to signify the arrival of the latch command output CA0F<0:2> that is
associated with the command bit 0 (i.e., CA<0>) of the second captured packet

word. The third master clock flag signal F<2> is used to signify the arrival of the



YCA2<0>. The third command bit out put YCA2<0> represents the first captured
command bit CA<O> fromthe third packet word of a conmand packet that has
now beenwoansfesred into the master clock domain. The foR€TWSoEFH3t er 156
is 10 clocked by a fourth master clock flag signal F<3> and outputs a
fourth command bit output YCA3<0>. The fourth command bit output YCA3<0>
represents the first captured command bit CA<G> fromthe fourth packet
word of a command packet that has now beed-transferred into the naster

cl ock domain. The generation of the master clock flag signals F<O>, F<1>,
F<2>, F<3> is 15 now described. The latched rising edge flag outputs
FLACR<0: 2> and the rising edge select signhals SELECTR <0: 2> are input into
a first flag multipl exer 146 The |l atched falling edge FLAG out puts

FLAGF<0: 2> and the fallin | ect . nal s CTF <0: 2> .arg input
into a sed¥sd P Pyt (ig t&%‘c‘ﬁaﬁs ‘é‘@tedﬁﬁ‘l%%b‘f eyamapddit Y48 s 4
three-to-one nultiplexer and is controlled by its WD 02/ 17325

PCT/ US01/ 28958 A<®R) ofehpelitd veptasddaeickst goal. STRELECTHRaGs @ clogEECTF<0: 2> to
output the two latched flag signals contained within its respective

| atched 1l ?%mgggﬁ)yiﬁése X g% Zcﬁc Jﬁ\épgf&eaitch-@&%rﬁﬁdpﬁh%lﬁfCAmﬂ 3o flag

mul ti pl exe into a sorting circuit 158. The sorting

cireurt 15tﬁat mlss%galtesd x%tgcthg (gortljlmand bit 0 (i.e., CA<0>) of the fourth captured

5  packet word.

As noted above, the command bit outputs YCA0<0:3>, YCA1<0:3>,
YCA2<0:3>, . . ., YCA9<0:3> are output from the data generator 140. Referring
again to FIG. 5, the designation Y<0:39> is used to represent the command bit
outputs YCA0<0:3>, YCA1<0:3>, YCA2<0:3>, . . ., YCA9<0:3>. In addition, if

10  desired, the data generator 140 can also output the four master clock flag signals

F<0:3>. This is represented on FIG. 5 as the output labeled FY<0:3>.

Thus, the circuitry described above with respect to FIGS. 1-3, and 5-6
increases the capture data envelope by two full clock cycles such that captured data
remains valid for three full clock cycles (i.e., has a data envelope of three clock

15 cycles or six clock ticks). The expanded valid data operating range, now 67z
radians as opposed to 27 radians, is large enough to ensure that a particular edge
of the master clock signal MCLK remains within the data envelope over the entire
operating range. This way, captured data remains valid and can be propetly

transferred to the master clock domain from the capture clock domain despite



5 the rising and falling edges of the master clock signal MCLK, outputs a
first master clock flag signal F<O>. The first master clock signal F<O> is
fed i ntovwod21BL5 dual edge register 159a, which outputs POFUSECSHTH nast er
cl ock signal F<1>. The second nmaster clock signal F<1> is fed into a
second dual edge register 159b, which outputs the third master cl ock
signal F<2>. The third master clock signal 10 F<2> is fed into a third dual
edge register 159c, which outputs the fourfh nmaster clock signal F<3>. The
master clock flag signals F<O>, F<1>, F<2>, F<3> respectively signify the
arrival of the four |atched command outputs for a single command bit. That
is, the first master clock flag signal F<O> is used to signify the arrival
of the | atched 15 command out put CAOR<0: 2> that is associated with the
command bit O (i.e., CA<O>) of the initial._.captured packet word. The
second mas{@PPERBER apfd ygltaggraiatiops fhatinaay (fegt %?ﬁﬁf?gEFH8m§Pﬂfval of the
| at ch command out put CACF<0: 2> that is associated with the command bit O
(i.e., CA<@eyicaf the second captured packet word. The third master clock
flag signal F<2> is used to signify the arrival of the WO 02/17325

PCT/ US01/ 25955 -23 | atch command out put CAOR<O: 2> that is associated with

o e er cFferkihg o FIERT9Thd®, hOfhahlibt th GARWURE hRAG R tls The

MCLK is centered within the middle 2 7z radians of the 6 7 radians data eye is

5 now described (i.e., the manner in which the relationship between the delayed
capture clock signal CLKD and the master clock signal MCLK is established and
maintained). In FIG. 7, the 6 7 radians data envelope for latched falling edge
command outputs CAOF<0>, . . ., CA9F<0> is illustrated along with the capture
clock signal CLKD, master clock signal MCLK and the first falling edge select

10 signal SELECTF<0>. FIG. 8 illustrates the relationship between the CLKD,
MCILK, latched dummy flag outputs DUMBFLAG<0:2>, reset request signal

REQUEST, acknowledgment signal ACKNOWLEDGE, rising edge select signals

SELECTR<0:2> and the falling edge select signals SELECTF<0:2>.

When a reset request signal REQUEST is received (at the MCLK edge
15  pointed to by arrow A), the rising edge select signal SELECTR<0> goes high. It
should be noted that the falling edge select signal SELECTF<2> would also go
high to reset the falling edge counters 134 in FIG. 5. With a high rising edge
select signal SELECTR<0>, the first command bit multiplexer 142 (FIG. 6) is

now open to receive a latched rising edge command output CAOR<0>.



signal F<3> is used to signify the arrival of the |atch command out put
CAOF<0:2> that is associated wwth the command bit 0 (i.e., CA<O0>) of the
fourth capouorews2d packet word. As noted above, the commanBChUBIIRFPFFUL S
YCAO<O: 3>, YCAL<0: 3>, YCA2<0:3>, ..., YCA9<0:3> are output fromthe data
generator 140. Referring again to FIG 5, the designation Y<0:39> is used
to represent the conmand bit outputs YCAO<O: 3>, YCAl <0: 3>, YCA2<0: 3>, ...,
YCA9<0: 3>. In addition, if 10 desired, the’data generator 140 can al so

out put the four master clock flag signals F<0:3> This is represented on
FIG 5 as the output |abeled FY<0:3>. Thus, the circuitry described above
wth respect to FIGS. 1-3, and 5-6 increases the capture data envel ope by
two full clock cycles such that captured data remains valid for three full

clock cycles (i.e., has a.data envel ope of .three cl cycles,ar six
clock ticks). THBRBEHIENS S g%"%@?ﬁ%@r%‘fﬁqﬁﬁ@%r‘\gé,ﬁéé\ﬁ%ﬁﬁ’rt&ﬁi ans as
opposed to 2 7r radians, is large enough to ensure that a particul ar edge

of the nastet requesksigngEQUIIFisrdsnassersediby biadknewdadesmeny sigople over the
entire operating range. This way, captured data remains valid and can be

properly t4@RYEWIGIDEE, { RedIPSbE, the sk | QdulnkQ@M 3NEFICA M) Wal nbt OCK
domai n despite WO 02/17325 P US01/ 2595 -24
been started. On the subsequent falling edge of the master clock signal MCLK
5  (arrow C), the falling edge counter 134 (FIG. 5) begins to count, the third falling
edge select signal SELECTF<2> goes low and the first falling edge select signal
SELCECTE<0> goes high. It should be noted that is desirable for the reset
request signal REQUEST to be de-asserted before this falling edge (i.e., arrow C)

of the master clock signal MCLK.

10 On the next rising edge of the master clock signal (arrow R0), the rising
edge counter 132 (FIG. 5) begins to count. At the same time, since the first
command bit multiplexer 142 is open, the same MCLX edge clocks in the latched
rising edge command output CAOR<0>. It should be noted that the same
operations occur for the falling edge command outputs CAOF<0>, . . ., CA9F<0>

15 on the falling edges of the MCLK signal (FIG. 7). This is made possible by the
use of the latched dummy flag outputs DUMBFLAG<0:2> by the reset circuit
120 (FIG. 5). By looking at the latched dummy flag outputs DUMBFLAG<0:2>,
the reset circuit 120 can establish when the rising select signal RSEL<0> is present

at the latch circuits 110, 112. The rising select signal RSEL<0> is selecting the



tenperature and voltage variations that may effect the timng of the menory
device. Referring to FIGS. 7 and 8, the manner in which the master cl ock
signal M™MIK/AB2xentered within the mddle 2 7r radi ans oPCTAB01IRSP5y adi ans
data eye is 5 now described (i.e., the manner in which the relationship

bet ween the del ayed capture clock signal CLKD and the master clock signal
MCLK is established and mintained). In FIG 7, the 6 't radians data
envel ope for latched falling edge commanctbout puts CAOF<O>, ..., CA9F<O> is
illustrated along with the capture clock signal CLKD, master clock signal
MCLK and the first falling edge select 10 signal SELECTF<OC>. FIG 8
illustrates the relationship between the CLKD, MCLK, |atched dummy fl ag
out put s DUVBFLAG<0: 2>, reset request signal REQUEST, acknow edgnent signal

ACKNOWLEDGE, risi.ng edge sel ect, signals SELECTR<O: 2> and faalling edge
sel ect si gHaPE r@gg&@&g er Wikkig tg‘eiaégléflr?‘é‘& ft ?%‘é%?mﬂé%%ﬁ b s
received (at the MCLK edge 15 pointed to by arrow A), the rising edge

sel ect si goalmSk BEHRdbplageei4hishouldite opnedItd abecptshe bhtehestrisingedgd | i ng
edge sel ect signal SELECTF<2> would also go high to reset the falling edge

counters %%%&&Ebg;pé-c}(ﬁkbw ong e &dhnGr@edgel 0 $ele6idasitgiah BELECTR<O>,

the first command bi't mul'tiplexer 142 (FIG 6) is now open to receive a
latched r Irﬁ'ltsr‘ggr c?gcqce siggm&ilg quP g;ser%%g?é%ét, the present invention wants to

5  ensure that the inputs to the first command bit multiplexer 142 (as well as the
other multiplexers in the data generator 140) open at the right time relative the

timing of the outputs of the latch circuits 110.

When the rising edge RO of the master clock signal MCLK occurs, the
SELECTR<1> goes high at the same time the rising edge command output
10  CAOR<0> is clocked into the command bit multiplexer 142 by the master clock
signal MCLK. The master clock signal MCLK and the delayed capture clock
signal CLKD are synchronized. The clock edge labeled RO is the edge that places
the edge of the master clock signal MCLK within the middle 27 radians of the
6 radians data eye. The relationship between the master clock signal MCLK and
15 the capture clock signal CLKD is maintained since the data eye is stretched to
compensate for variations in the temperature and voltage of the memory device.
The 67 radian envelope described herein allows for up to 27 radians of clock

phase variation due to temperature and voltage. The relationship is illustrated in



WO 02/ 17325 PCT/ US01/ 25955 -25 On the next rising edge of the master clock
signal MCLK (arrow B), the reset request signal REQUEST is de-asserted by
t he acknowb ezigse®ent signal ACKNOALEDGE. At this point, tpReT/URsI/25g55edge
counter 132 (FIG 5) has not been started. On the subsequent falling edge
of the master clock signal MCLK 5 (arrow C), the falling edge counter 134
(FIG 5) begins to count, the third falli nz(% edge sel ect signal SELECTF<2>
goes low and the first falling edge sel ect*’si gnal SELCECTF<CO> goes hi gh.
It should be noted that is desirable for the reset request signal REQUEST
to be de-asserted before this falling edge (i.e., arrow C) of the master
clock signal MCLK. 10 On the next rising edge of the master cl ock signal
(arrow RO, the rising edge counter 132 (FIG 5) begins to count. At the

VELK edge Tkbake 1R paebkaBaR eP el BETERee sheb bR T

shoul d be noted that the sane operations occur for the falling edge
conmand ouppht ROGAtgRthe master clagkgizmabMGLEn the falling edges of the MCLK
signal (FIG 7). This is nmade possible by the use of the |atched dumy
flag outputs DUVBFLAG<O: 2> by the reset circuit 120 (FIG 5). By | ooking

at the |atched mjgmyishyl @guaHinshs iYBR-AGTOe®mplary command latch circuit
110 constructed in accordance with an exemplary embodiment of the invention.
5  The latch circuit 110 includes six registers 200, 202, 204, 206, 208, 210.

Although registers are illustrated in FIG. 9, it should be noted that any type of
latching circuitry, e.g., latch, flip-flop, etc., can be used as long as the latching
circuitry provides the latching capabilities described below. The first three
registers 200, 202, 204 are clocked by the delayed clock signal CLKD. The first

10 register 200 receives the first rising select signal RSEL<0>, the second register 202
receives the second rising select signal RSEL<1> and the third register 204
receives the third rising select signal RSEL<2>. The last three registers 206, 208,
210 are clocked by the inverse of the delayed clock signal CLKD. The fourth
register 206 receives the first falling select signal FSEL<0>, the fifth register 208

15  receives the second falling select signal FSEL<1> and the sixth register 210

receives the third falling select signal FSEL<2>.

All of the registers receive the delayed command signals CADEL<0> as a

second input. It should be noted that since there will be ten latch circuits 110,



the reset circuit 120 can establish when the rising select signal RSEL<C>
is present at the latch circuits 110, 112. The rising sel ect signal
RSEL<C> iwo8ri®Bei i ng the WO 02/ 17325 PCT/ US01/ 25955 -26 peDpso01/ashssi ng edge
register within the latch circuit 110 at which point, the first conmmand
bit multiplexer 142 should be opened to accept the | atched rising edge
command out put CAOR<O> fromthe latch circyit 110 in accordance with the
master clock signal MCLK. In essence, at réset, the present invention wants
to 5 ensure that the inputs to the first command bit nultiplexer 142 (as
well as the other nmultiplexers in the data generator 140) open at the
right time relative the timng of the outputs of the latch circuits 110.
When the rising edge RO of the master clock signal MCLK occurs, the

SELECTRL cfofa ! SRl LDSIPARE: b MR EiCdddyRUNGnRHAK CORIRBL it Put 10

CAOR<0> is cloc nto the co t mul ti pl exer 1427by the master clock
signal MCLK. The ter. cl ack si gnal and the .d ed captpure cl ock

si gnal CLKPUERAsCS ‘i‘ﬁ‘?‘?@ﬁ@ #%P@F‘Hg%g&éég? éﬁ%‘flézi%ﬁ’%ts I%Eeehl@{:lge t hat

pl aces the edge of the master clock signal MCLK within the mddle 2 g

radi ans of dthgedbcommadidaipnatl QADEL€0> Thepepdiagiupesithp geetxetion aftibe mast er
clock signal MCLK and 15 the capture clock signal CLKD is maintained since

the data e¥i§inigsan§1tf51ﬁh§r§@gcﬁ fgnals RSEL<0:2>, FSEL<0:2>, the registers 200, 202,

5 204,206,208, 210 output the three latched rising edge command outputs
CAOR<0:2> and the three latched falling edge command outputs CAO0F<0:2>.
These latched command outputs CAOR<0:2>, CAOF<0:2>, which have a data
envelope spanning three full clock cycles, are then assembled and output in the

correct order by the data generator 140 (illustrated in FIGS. 5 and 6).

10 FIG. 10 is a circuit diagram illustrating an exemplary flag latch circuit 112
constructed in accordance with an exemplary embodiment of the invention. The
latch circuit 112 includes nine registers 220, 222, 224, 226, 228, 230, 232, 234,
236. Although registers are illustrated in FIG. 10, it should be noted that any
type of latching circuitry, e.g., latch, flip-flop, etc., can be used as long as the

15 latching circuitry provides the latching capabilities described below.

The first three and last three registers 220, 222, 224, 232, 234, 236 are
clocked by the delayed clock signal CLKD. The first register 220 receives the first
rising select signal RSEL<0>, the second register 222 receives the second rising

select signal RSEL<1> and the third register 224 receives the third rising select



conpensate for variations in the tenperature and voltage of the nmenory
device. The 67r radi an envel ope described herein allows for up to 2 ir
radi ans o¥oeotosks phase variation due to tenperature and POTAagER595Bhe
relationship is illustrated in WO 02/ 17325 PCT/ US01/ 25955 -27 FIG 7 by

t he mappi ng of the edge | abeled RO of the capture clock signal CLKD to the
RO edge of the master clock signal MCLK. FI 9 is a circuit diagram
illustrating an exenplary command latch circuit 110 constructed in
accordance with an exenplary enbodi nent of the invention. 5 The latch
circuit 110 includes six registers 200, 202, 204, 206, 208, 210. Although
registers are illustrated in FIG 9, it should be noted that any type of

| atching circuitry, e.g., latch, flip-flop, etc., can be used as |long as

the T at chi g, ORSELSLY THE QYIRS EREdAT60008. 8992pi( bid @5cdg35bbed bel ow

The first three registers 4 are tlocked by the del'ayed cl ock
signal CLKD. The first 10 register 200 receives the first rising select

si gnal RSEinwrse dfithe delepediclogkysignelr CEED. The &rwdls registesd2@nerches iy sel ect
signal RSEL<1> and the third register 204 receives the third rising sel ect
si gnal RSEgRrR¥allid® Selt@Ssigdal FSBI k09] Eeeifth Zdbster2DIB recdiliBs eetseehad klthdy t he
i nverse of the delayed clock si gna1 CLKD. The fourth register 206 receives

the first {alliN%.PR5REL1 S, 80%he FREH Qe 250 FIEhES fR9hEHGAIRE clect

5  signal FSEL<2>.

The seventh register 232 receives the first rising select signal RSEL<0>, the
eighth register 234 receives the second rising select signal RSEL<1> and the ninth
register 236 receives the third rising select signal RSEL<2>. The last three
registers 232, 234, 236 are connected as a toggle circuit. That is, the output of

10  the seventh register 232 is input back into the seventh register 232 after it is
inverted by an inverter 240. The output of the seventh register 232 is also input
into the eighth register 234 and the output of the eighth register 234 is input into
the ninth register 236. As described above with respect to FIG. 3, the last three
registers 232, 234, 236 generate the three latched dummy flag outputs

15 DUMBFLAG<0:2> by toggling data bits between a logic “1” and “0” through
their respective inputs (as clocked by the delayed clock CLKD and selected by the
rising select signals RSEL<0:2>). As noted above, with respect to FIG. 5, the

dummy flag outputs DUMBFLAG<0:2> are used to synchronize the circuitry



15 receives the second falling select signal FSEL<1> and the sixth register
210 receives the third falling select signal FSEL<2>. Al of the registers
recei ve weozet3ayed conmand signal s CADEL<O> as a secondPCTpse1/25p35 shoul d
be noted that since there will be ten latch circuits 110, WD 02/17325

PCT/ US01/ 25955 -28 each latch circuit 110 wll input a different del ayed
command signal, but for purposes of this discussion, it is presuned that
the circuit 110 inputs the first del ayed -#bmmand si gnal CADEL<O0>.
Dependi ng upon the generation of the rising and falling select signals
RSEL<0: 2>, FSEL<O0: 2>, the registers 200, 202, 5 2045 206, 208, 210 out put
the three latched rising edge conmand outputs CAOR<O:2> and the three

| at ched falling edge command out puts CAOF<0:2>. These | atched comand

out put s CARMirdPundA s Yels i.ch ve, a, dat vel ope spanning three
full clock cyclgg?nare fEE%ygéggﬁéFﬁggﬁﬁﬁmgﬁﬁﬁgkC EH?H%th%E#@%@Y order by
t he data generat or c!11%10 éillustrated in FIGS. 5 and 6). 10 FIG 10 is a
circuit dikgramg Mdthamaser slocksiamsl MGLKl ag | atch circuit 112

constructed in accordance with an exenpl ary enbodi nent of the invention.
The latch circuit 112 includes nine registers 220, 222, 224, 226, 228,

g ﬁghl (213§,e ﬁgfé(}“}?ﬁ?t iﬁr(] 5&133%1!% X220 84 I K5 13gus8HILES, t@lchie%ye& ?l’agi t
signal FDEL as a second input. Depending upon the generation of the rising and
5  falling select signals RSEL<0:2>, FSEL<0:2>, the registers 220, 222,224, 226,
228, 230 output the three latched rising edge flag outputs FLAGR<0:2> and the
three latched falling edge flag outputs FLAGF<0:2>. These latched flag outputs
FLAGR<0:2>, FLAGF<0:2> are used by the data generator 140 to assemble and
output captured command data using the master clock signal MCLK (illustrated in
10 FIGS. 5 and 6).

A memory device containing the synchronization scheme described above
may be used in a processor-based system 300 of the type shown in FIG. 11. The
processor-based system 300 comprises a processor 302 that communicates with a
memory device 312 and an I/0 device 308 over a bus 320. It must be noted that

15 the bus 320 may be a series of buses and bridges commonly used in a processor-
based system, but for convenience purposes only, the bus 320 has been illustrated
as a single bus. The memory device 312 cqntain‘s the synchronizing circuitry of
the present invention. The memory device 312 may be any type of DRAM device

including an SLDRAM. In addition, the processor 302 may itself be an integrated



type of latching circuitry, e.g., latch, flip-flop, etc., can be used as

|l ong as the 15 latching circuitry provides the latching capabilities
descri beavder/omes The first three and | ast three regi st er SPERPOSII2E2I5 224,
232, 234, 236 are clocked by the delayed clock signal CLKD. The first

regi ster 220 receives the first rising select signal RSEL<0>, the second
regi ster 222 receives the second rising select signhal RSEL<1> and the
third register 224 receives the third risiig sel ect WD 02/17325

PCT/ US01/ 25955 -29 signal RSEL<2>. The middle three registers 226, 228,
230 are clocked by the inverse of the delayed clock signal CLKD. The
fourth register 226 receives the first falling select signal FSEL<0>, the
fifth register 228 receives the second falling select signal FSEL<1> and
the sixth register, 230 receives.the third falling select 5 signal FSEL<2>.
The sevent rg%é&?rswwﬁ%’fzfzse%@c{%’é’ﬁ%w frdees oaf Hyngehe SYnyrgAIMERSEL <0>,
the eighth register 234 receives the second rising select signal RSEL<I|>
and t he nicHchitry efgihstpeesepsBivendenves the third rising sel ect signa
RSEL<2>. The last three registers 232, 234, 236 are connected as a toggle

U e anat e BroRe@ul Biledafurdld IPrBPUER GRS IRTent WPplcleds UL Back

into the seventh register 232 after it 1S inver verter 240. The

out put of eventh regi ster 232 is . al.so input
P c%ﬁl%of system or any other system employing a prgcessor and associated memory.

5  Asecond I/O device 310 is illustrated, but is not necessary to practice the
invention. The processor-based system 300 may also include read-only memory
(ROM) 314 and may include peripheral devices such as a floppy disk drive 304
and a compact disk (CD) ROM drive 306 that also communicate with the
processor 302 over the bus 320 as is well imown in the art.

10 In the preceding discussion, the apparatus and method of the invention has
been described with regard to a memory device which clocks data (i.e., reads or
writes data) twice per clock cycle: on both the rising and falling edges of the
clock. However, the present invention may be used in any memory device in
which clock domains must be crossed.

15 While the invention has been described and illustrated with reference to
exemplary embodiments, many variations can be made and equivalents substituted
without departing from the spirit or scope of the invention. Accordingly, the
invention is not to be understood as being limited by the foregoing description,

but is only limited by the scope of the appended claims.



into the eighth register 234 and the output of the eighth register 234 is
input into the ninth register 236. As descri bed above with respect to FIG
3, the | awoov/mex registers 232, 234, 236 generate the ther®séizasessed dumy
flag outputs 15 DUMBFLAG<O0: 2> by toggling data bits between a logic "1" and
"0" through their respective inputs (as clocked by the del ayed cl ock CLKD
and selected by the rising select signals RSEL<0:2>). As noted above, wth
respect to FIG 5, the dummy flag out put s-3®UMBFLAG<0: 2> are used to
synchroni ze the circuitry WO 02/17325 PCT/ US01/ 25955 -30 operating under

t he del ayed capture data clock signal CLKD to the circuitry operating
under the master clock signal MCLK. The first six registers 220, 222, 224,
226, 228, 230 receive the delayed flag signal FDEL as a second input.
Dependi ng upon Sgﬁ generation of the rising and 5 falling select signals
RSEL<0: 2>, FSELI¥hats clafmsed &yi sters 220, 222, 224, 226, 228, 230 output the
three |l atched rising edge flag outputs FLAGR<O0: 2> and the three |atched
falling edge flag outputs FLAG-<0: 2>. These | atched flag outputs
FLAGR<O0: 2>, FLAGF<0:2> are used by the data generator 140 to assenble and
out put captured command data using the master clock signal MCLK
(illustrated in 10 FIGS. 5 and 6).



A menory device containing the synchroni zati on scheme descri bed above may
be used in a processor-based system 300 of the type shown in FIG 11. The
processomwbazen2syst em 300 conpri ses a processor 302 that PCOWRUMSEEt es Wit h
a nenory device 312 and an I/ 0O device 308 over a bus 320. It nust be noted
that 15 the bus 320 may be a series of buses and bridges comonly used in a
processor- based system but for conveni ence purposes only, the bus 320 has
been illustrated as a single bus. The menBPy device 312 contains the
synchroni zing circuitry of the present invention. The nmenory device 312
may be any type of DRAM device including an SLDRAM In addition, the
processor 302 may itself be an integrated WO 02/ 17325 PCT/ US01/ 25955 -31
processor which utilizes on-chip nenory devices containing the
synchronizing circuitry of the present invention. The processor-based
system 300 may be a conputer system a process control systemor any other
systenlenployiné-a pﬁd@é@EEYdaﬁdiasspdﬁaged menory. 5 A second I/O device
310 is illustrated, but is not necessary to practice the invention. The

processor-based system 3 may al so jnclude read-only nemory (ROM 314 and
may i ncl ude per?Bﬁﬂ?ﬁ?’Qéﬁ%§ﬁ¥§u§&éﬁﬁégm%‘¥FB$6?V@@§k%@¥H@@I§U4€Gawdga :
conpact disk (CD) ROM drive 306 that al so communicate with the

a first clock signal and a second input for receiving a respective first mnput signal,

each first circuit being controllable to latch its respective first mput signal such that
5 the first input signal has a data envelope corresponding to N number of cycles of
the first clock signal, where N > 1, each first circuit having at least one first output

signal corresponding to the latched first input signal; and

a re-timing circuit éoupled to said plurality of first circuits, said re-timing
circuit having a third input for receiving a second clock signal, said re-timing
10 circuit receiving said at least one first output signal from said first circuits and
outputting re-timed first output signals in accordance with transitions of the

second clock signal.

2. "The memory device of claim 1, wherein each first circuit has two
15 first output signals, a first one of said first output signals corresponding to the

latched first input signal associated with a first edge of the first clock signal and a



processor 302 over the bus 320 as is well known in the art. 10 In the
precedi ng di scussion, the apparatus and nethod of the invention has been
descri beavowt/ireegard to a nenory devi ce whi ch cl ocks dat BCTUS@/25935eads or
wites data) twi ce per clock cycle: on both the rising and falling edges of
the clock. However, the present invention nmay be used in any nenory device
in which clock domains nmust be crossed. 15 Wiile the invention has been
described and illustrated with reference t&" exenplary enbodi ments, many
vari ati ons can be made and equival ents substituted w thout departing from
the spirit or scope of the invention. Accordingly, the invention is not to
be understood as being limted by the foregoing description, but is only
limted by the scope of the appended clains. WO 02/17325 PCT/ US01/ 25955

-32- Wat | l,ai i.5:- WO 02/ 17325 PCT/ US0Q1/ 2595 - A. devi
conpri s?ngg?escﬁggﬁ)lﬂ‘geé)? is%@ figpe cf"}tPngSI ?ag%ﬁ?lirgs,p O@éﬂ% l-’foll?lsetlatgg?%gfsf H&S@F% aevI o

first input for repeiviqg‘ a first clock signal and a second input for
recei vi ng #igna spseciatadwithrassecompb adge phg! first clock signal.

3. The memory device of claim 2, wherein said re-timing circuit
5  receives said two first output signals from each of said first circuits and combines

said first output signals into said re-timed first output signals.

4. The memory device of claim 1, further comprising;:

a second circuit having a fourth input for receiving the first clock signal and
10  a fifth input for receiving a second input signal, said second circuit being
controllable to latch the second input signal such that the second input signal has
a data envelope corresponding to N number of cycles of the first clock signal,
where N > 1, said second circuit having at least one second output signal

corresponding to the latched second input signal,

15 wherein said re-timing circuit receives said at least one second output signal
from said second circuit and uses said least one second output signal to re-time

said first output signals.



each first circuit being controllable to latch its respective first input
signal such that 5 the first input signal has a data envel ope correspondi ng
to N numveo ovi73eycl es of the first clock signal, where NeeT/USow#e3s fir st
circuit having at | east one first output signal corresponding to the

| atched first input signal; and a re-timng circuit coupled to said
plurality of first circuits, said re-tining circuit having a third input
for receiving a second clock signal, said Pétining 10 circuit receiving
said at |east one first output signal fromsaid first circuits and
outputting re-timed first output signals in accordance with transitions of
the second clock signal. 2. The nenory device of claiml, wherein each
first circuit has two 15 first output signals, a first one of said first
out put signals corresponding to the Jlatched first input signal associated
with a first edge of the first clock signal and a WO 02/17325

PCT/ US01/ 25955 -34 second one of said first output signals correspondi ng
to the latched first input signal associated with a second edge of the
first clock signal. 3. The nmenory device of claim2, wherein said re-timng
circuit 5 recei ves sdil¢ DARIOEY Aeficopt U 4 Whetewm ?aﬂ%?ﬁC@ééWr&thﬁF &Pi r st
circuits and conbines said first output signals into said re-tined first
out put si gRaddid output signals, a first one of said second output signals corresponding to '

the latched second input signal associated with a first edge of the first clock signal
5 and a second one of said second output signals corresponding to the latched

second input signal associated with a second edge of the first clock signal.

6. The memory device of claim 4, wherein said second circuit has three
second output signals, a first one of said second output signals corresponding to
10  the latched second input signal associated with a first edge of the first clock signal,
a second one of said second output signals corresponding to the latched second
input signal associated with a second edge of the first clock signal and a third one
of said second output signals corresponding to a synchronization signal associated

with the first clock signal.

15

7. The memory device of claim 6, wherein said re-timing circuit

comprises:



4. The nenory device of claim1l, further conprising: a second circuit
having a fourth input for receiving the first clock signal and 10 a fifth
i nput fowoeweidei ng a second i nput signal, said second ci PCDUSOIRSDFFY
controllable to latch the second i nput signal such that the second input
signal has a data envel ope corresponding to N nunber of cycles of the
first clock signal, where N> 1, said second circuit having at |east one
second out put signal corresponding to the3atched second input signal, 15
wherein said re-timng circuit receives said at | east one second out put
signal fromsaid second circuit and uses said | east one second out put
signal tore-tinme said first output signals. WO 02/17325 PCT/ US01/ 25955
-35 5. The nenory device of claim4, wherein said second circuit has two

second output signals, a first one of sagid second output signals
cor r espondi ng t%ges?%‘érq“é‘i%’ﬁéﬁn%@%%& S PW?B%FC%%%%%%E%@I?W a first
edge of the first clock signal 5 and a second one of said second out put

si gnal s cocrirespanglattd aid terd ahe béshid seoodduitpputigeilymad thsscendt ed with a
second edge of the first clock signal. 6. The nenory device of claim4,

wher ei n Sa&lgcléﬁgﬂéldsa?& LGt Eir&ﬁ@oﬁﬂr@'h%g $68 S hRsHiPMIorS EQftdbiSsigrl bhdesit one

of said second Butput signals corresponding to

on said third one of said second output signals;

5 a selection circuit for generating at least one selection signal responsive to

said synchronization request signal; and

a data generator receiving said at least one selection signal and said first and
second output signals and generating said re-timed first output signals responsive

to said at least one selection signal.

10

8. The memory device of claim 7, wherein said data generator
generates and outputs a re-timed first one of said second output signals and a re-

timed second one of said second output signals.

15 9. The memory device of claim 1, wherein N is three.



10 the |l atched second input signal associated with a first edge of the
first clock signal, a second one of said second output signals
correspomdd nz13es t he | at ched second input signal associ aP€dUsII59% second
edge of the first clock signal and a third one of said second output
signals corresponding to a synchronization signal associated wth the
first clock signal. 15 7. The nenory device of claim®6, wherein said
re-timng circuit conprises: WO 02/ 17325 "BCT/ US01/ 25955 -36 a reset
circuit for generating a synchronization request signal, said reset
circuit coupled to said third one of said second output signals and the
second clock signal, said reset circuit outputting said synchronization
request signal based on said third one of said second output signals; 5 a

selection circujt for, generating.at deast, one sel i Mela) esponsi ve
to said synchrwﬁ zaipgr?%ﬂ’iyecg%mfiogﬁgall@ Ly gﬁaﬁgtﬂésce%%g?%{%l arlcgascei Vi ng
said at | east one selection signal and said first and second out put
si gnal s andcgaed thougl asddlay elemenpentl therssconrslielogk signgiiassneatadhrsede to
said at | east one selection signal.

on said first clock signal.

5 11.  The memory device of claim 1, wherein all of said latched first input
signals remains valid for a period sufficiently long enough so that said re-timing
circuit can output said re-timed first output signals regardless of voltage variations

effecting a timing of said first circuits and said re-timing circuits.

10 12.  The memory device of claim 1, wherein all of said latched first input
signals remains valid for a period sufficiently long enough so that said re-timing
circuit can output said re-timed first output signals regardless of temperature

variations effecting a timing of said first circuits and said re-timing circuits.

15 13. A memory device comprising:



10 8. The nenory device of claim7, wherein said data generator generates
and outputs a re-tinmed first one of said second output signals and a re-

ti med secodd2/ones of said second output signals. 15 9. Therparpwsew2sgssvi ce of
claiml1, wherein Nis three. WD 02/17325 PCT/US01/ 25955 -37 10. The nenory
device of claim1, wherein the first clock signal is received through a
del ay el enent and the second clock signal is generated based on said first
clock signal. 5 11. The nmenory device of c¢}%aim 1, wherein all of said

| atched first input signals remains valid for a period sufficiently |ong
enough so that said re-timng circuit can output said re-tined first

out put signals regardless of voltage variations effecting a timng of said
first circuits and said re-timng circuits. 10 12. The nenory devi ce of

claiml1, wherein all of said |atched first input signals senmains valid for
a period suffi c‘ﬁaéf‘ltc?@/tulr%%wé%g%cag %?n%]é’ltcgl‘?%gtﬂl%a%' Ofl(r:Lln E%u‘ib?acan
output said re-tined first output signals regardless of tenperature

vari at i onssighdlersporsiee ta afirsg Cl%ﬁk sighall, $did slataciapeuictcs CEROUERIENEE t i i ng
circuits. 15 13. A nenory device conpri sing:

plurality of captured data signals;

a first circuit for generating a plurality of synchronization signals responsive
5  to the first clock signal, said synchronization signals simulating a timing of some of

the plurality of input data signals; and

a second circuit responsive to a second clock signal, said second circuit
receiving said plurality of synchronization signals and re-timing said captured data
signals to be aligned with said second clock signal based on said synchronization

10  signals.

14.  The memory device of claim 13, wherein said first circuit is
controllable by first and second clock edge selection signals such that some of said
plurality of synchronization signals are aligned with a first transition of the first

15 clock signal and the remaining of said plurality of synchronization signals are

aligned with a second transition of the first clock signal.



WO 02/ 17325 PCT/ USO01/ 25955 -38 data capture circuitry for capturing and

| atching a plurality of input data signals responsive to a first clock
signal, seddxdmesm capture circuit outputting a pluralityrof/usamsessed dat a
signals; a first circuit for generating a plurality of synchronization
signals responsive 5 to the first clock signal, said synchronization
signals simulating a timng of sonme of the plurality of input data
signals; and a second circuit responsive t¥ a second clock signal, said
second circuit receiving said plurality of synchronization signals and
re-timng said captured data signals to be aligned with said second cl ock
signal based on said synchronization 10 signals. 14. The nenory device of
claim13, wherein said first circuit is controllable by first and second

| ock ed lect i i gnal h . f_sai Luraljty.of .
Cynchront zat 1 on &1 gnbie TRPRGhed o 13- el ofg B R (ot 1

clock signal and the remaining of said plurality of synchronization signals
are al i gnednmilseh a second transition of the first clock signal. WO
02/ 17325 PCT/ USO1/ 25955 -39

a plurality of first latch circuits, each first latch circuit having a first input
for receiving the first clock signal and a second input for receiving respective input
5  data signals, each first latch circuit being controllable to latch its respective input
data signals such that the latched input data signals have a data envelope

corresponding to N number of cycles of the first clock signal, where N > 1.

16. The memory device of claim 15, wherein N is three.

10

17.  The memory device of claim 13, wherein said second circuit

comprises:

a reset circuit for generating a synchronization request signal, said reset
circuit coupled to said synchronization signals and the second clock signal, said
15  reset circuit outputting said synchronization request signal based on a timing of

said synchronization signals with respect to the second clock signal;



15. The menory device of claim 13, wherein said data capture circuit
conprises: a plurality of first latch circuits, each first latch circuit
havi ng awoext73ehiput for receiving the first clock signaPCuudozs3¥cond

i nput for receiving respective input 5 data signals, each first latch
circuit being controllable to latch its respective input data signals such
that the latched input data signals have a data envel ope corresponding to
N nunber of cycles of the first clock sigﬁﬁf, where N > 1. 16. The nenory
device of claim 15, wherein Nis three. 10 17. The menory device of claim
13, wherein said second circuit conprises: a reset circuit for generating
a synchroni zation request signal, said reset <circuit coupled to said
synchroni zation signals and the second clock signal, said 15 reset circuit

outputting said synchronization re i I sai d
synchroni zat i on® %‘?\Iﬁcﬁﬁ Cl{/ﬁutl%flofg %%rgﬁgg tét %ﬁ%%?gc%%gggflg@gls%%ﬂ%%%e%
02/ 17325 PCT/ USO01/ 25955 -40 a selection circuit for generating at | east

one sel ect $aishswichrenizationpsavesisignel; a8di d synchroni zati on request signal ;
and

a data generator receiving said at least one selection signal and said
captured data signals and re-timing said captured data signals to be aligned with

5  said second clock signal responsive to said at least one selection signal.

18. A processor system comprising:
a processor; and
memory device coupled to said processor, said memory device comprising:

10 a plurality of first circuits, each first circuit having a first input for
receiving a first clock signal and a second input for receiving a respective first input
signal, each first circuit being controllable to latch its respective first input signal
such that the first input signal has a data envelope corresponding to N number of
cycles of the first clock signal, where N > 1, each first circuit having at least one

15 first output signal corresponding to the latched first input signal; and

a re-timing circuit coupled to said plurality of first circuits, said re-

timing circuit having a third input for receiving a second clock signal, said re-



a data generator receiving said at |east one selection signal and said
captured data signals and re-timng said captured data signals to be

al i gned woh218B23ai d second cl ock signal responsive to saPOr/asol2est one
selection signal. 18. A processor system conprising: a processor; and
menory devi ce coupled to said processor, said nenory device conprising: 10
a plurality of first circuits, each first circuit having a first input for
receiving a first clock signal and a seconél-i nput for receiving a
respective first input signal, each first circuit being controllable to
latch its respective first input signal such that the first input signa
has a data envel ope corresponding to N nunber of cycles of the first clock
signal, where N > 1, each first circuit having at least one 15 first output

signal corresponding to. the | hed f| ut .si a e-timng
circuit cotipiay C’f%ll‘g’éﬁcﬁwﬁﬁﬁl&f?tt as(SP“Fl B‘r"b?ig? Oé’grsﬂa%é% FH g
circuit having a third input for receiving a second clock signal, said re
WD 02/ 1732&mdPeiipdBing PSaGted firdt owtiput signels ti a¢dordase mtlngfasatl@lnsm)f theast one
first output signal fromsaid first circuits and outputting re-tined first
out put si ghalsql Hmﬁg&ﬁmpance with transitions of the second clock signal.

5 19.  The system of claim 18, wherein each first circuit has two first
output signals, a first one of said first output signals corresponding to the latched
first input signal associated with a first edge of the first clock signal and a second
one of said first output signals corresponding to the latched first input signal

associated with a second edge of the first clock signal.

10
20. The system of claim 19, wherein said re-timing circuit receives said
two first output signals from each of said first circuits and combines said first
output signals into said re-timed first output signals.
15 21.  The system of claim 18, wherein said memory device further

comprises:



5 19. The systemof claim 18, wherein each first circuit has two first
output signals, a first one of said first output signals corresponding to
t he | at chve@02/113e5t i nput signal associated with a first eBgEUSH1/2SHES first
cl ock signal and a second one of said first output signals correspondi ng
to the latched first input signal associated with a second edge of the
first clock signal. 10 20. The systemof claim 19, wherein said re-timng
circuit receives said two first output si¢nals fromeach of said first
circuits and conbines said first output signals into said re-timed first
out put signals. 15 21. The system of claim 18, wherein said nmenory device
further conprises: WO 02/17325 PCT/ US01/ 25955 -42 a second circuit having
a fourth input for receiving the first clock signal and a fifth input for

receiving a second input signal, .second circuit bein controllable to
| at ch the secorfiSSCAPS F”E?ﬁk% ng Huf FEPHHET SEEHHE t@?&ﬁ 2 ﬂ' d'a data

envel ope corresponding to N nunber of cycles of the first clock signal, 5
where N > dfifth anphtsfoc enudivinig ¢ sicdonddupumgsigiial | seimlstccone cgedobdingut put — si gnal
corresponding to the | atched second input signal,

controllable to latch the second input signal such that the second input signal has

a data envelope corresponding to N number of cycles of the first clock signal,

5  where N > 1, said second circuit having at least one second output signal

corresponding to the latched second input signal,

wherein said re-timing circuit receives said at least one second output signal
from said second circuit and uses said least one second output signal to re-time

said first output signals.

10

22.  The system of claim 21, wherein said second circuit has two second
output signals, a first one of said second output signals corresponding to the
latched second input signal associated with a first edge of the first clock signal and
a second one of said second output signals corresponding to the latched second

15 input signal associated with a second edge of the first clock signal.



wherein said re-timng circuit receives said at | east one second out put
signal fromsaid second circuit and uses said | east one second out put
signal tovee21iee said first output signals. 10 22. The BgBUSM/AIHSSCI ai m
21, wherein said second circuit has two second output signals, a first one
of said second output signals corresponding to the |atched second input
signal associated with a first edge of the first clock signal and a second
one of said second output signals correspdﬁding to the |l atched second 15

i nput signal associated with a second edge of the first clock signal. WO
02/ 17325 PCT/ USO01/ 25955 -43 23. The systemof claim 21, wherein said
second circuit has three second output signals, a first one of said second
out put signals corresponding to the |latched second input signal associated

ith a fi foghe fi | ianal . . | d
uih o irst cdge ofphiG ugss Bleof, SHIN st e or

associated with a second edge of the first clock signal and a third one of
sai d secomeiitput pgnals;iagfirst one of said pesead Ay tpet BSRAMEPFSRPREIIEIR BEgnal
associated wth the first clock signal. 24. The system of cl aim 23,

wher ei n sah@the@sédomdnbpet §ishdl tasiReed b a first edge of the first clock signal, a
second one of said second output signals corresponding to the latched second
5  input signal associated with a second edge of fhe first clock signal and a third one
of said second output signals corresponding to a synchronization signal associated

with the first clock signal.

24.  The system of claim 23, wherein said re-timing circuit comprises:

10 a reset circuit for generating a synchronization request signal, said reset
circuit coupled to said third one of said second output signals and the second
clock signal, said reset circuit outputting said synchronization request signal based

on said third one of said second output signals;

a selection circuit for generating at least one selection signal responsive to

15 said synchronization request signal; and

a data generator receiving said at least one selection signal and said first and
second output signals and generating said re-timed first output signals responsive

to said at least one selection signal.



10 a reset circuit for generating a synchronization request signal, said
reset circuit coupled to said third one of said second output signals and
t he secomdo oxiBek signal, said reset circuit outputting sSBCTUS01/25955
synchroni zati on request signal based on said third one of said second

out put signals; a selection circuit for generating at | east one sel ection
signal responsive to 15 said synchronization request signal; and a data
generator receiving said at |east one sel e¥ion signal and said first and
second out put signals and generating said re-tinmed first output signals
responsive to said at |east one selection signal. WO 02/17325

PCT/ US01/ 25955 -44 25. The system of claim 24, wherein said data generator
generates and outputs a re-tined first one of said second output signals
and a re-timed second one of said second output signals. 5 26. The system
of claim 18, wherein Nis three. 27. The systemof claim 18, wherein the
first clock signal is received through a delay elenent and the second
clock signal is generated based on said 10 first clock signal

25.  The system of claim 24, wherein said data generator generates and
outputs a re-timed first one of said second output signals and a re-timed second

one of said second output signals.

26.  The system of claim 18, wherein N is three.

27.  The system of claim 18, wherein the first clock signal is received
through a delay element and the second clock signal is generated based on said

10 first clock signal.

28.  The system of claim 18, wherein all of said latched first input signals
remains valid for a period sufficiently long enough so that said re-timing circuit
can output said re-timed first output signals regardless of voltage variations

15  effecting a timing of said first circuits and said re-timing circuits.



28. The systemof claim 18, wherein all of said latched first input signals
remains valid for a period sufficiently |ong enough so that said re-timng
circuit wanzoueput said re-tinmed first output signals reparaless9ssf
voltage variations 15 effecting a timng of said first circuits and said
re-timng circuits. WD 02/17325 PCT/US01/ 25955 -45 29. The system of claim
18, wherein all of said |atched first input signals remains valid for a
period sufficiently |Iong enough so that satd re-timng circuit can out put
said re-tined first output signals regardl ess of tenperature variations 5
effecting a timng of said first circuits and said re-timng circuits. 30.
A processor system conprising: a processor; and a nenory devi ce connected
to said processor, said nenory device 10 conprising: data capture
circuitry for capturing and latching a plurality of input data signals
responsive to a first clock signal, said data capture circuit outputting a
plurality of captured data signals; a first circuit for generating a
plurality of synchronization signals 15 responsive to the first clock
signal, said synchronization signals sinmulating a timn

29.  The system of claim 18, wherein all of said latchec(ig first input signals

remains valid for a period sufficiently long enough so that said re-timing circuit
can output said re-timed first output signals regardless of temperature variations

5 effecting a timing of said first circuits and said re-timing circuits.

30. A processor system comprising:

a processor; and

a memory device connected to said processor, said memory device
10  comprising:

data capture circuitry for capturing and latching a plurality of input
data signals responsive to a first clock signal, said data capture circuit outputting a

plurality of captured data signals;

a first circuit for generating a plurality of synchronization signals
15 responsive to the first clock signal, said synchronization signals simulating a timing

of some of the plurality of input data signals;



of sonme of the plurality of input data signals; W 02/17325 PCT/ US01/ 25955
-46 a second circuit responsive to a second clock signal, said second
circuit meaet/vidmy said plurality of synchronization signaPeT/@sa/25es5t i m ng
said captured data signals to be aligned with said second cl ock signa
based on said synchronization signals. 5 31. The system device of claim
30, wherein said first circuit is controllable by first and second cl ock
edge sel ection signals such that sone of 5% d plurality of synchronization
signals are aligned with a first transition of the first clock signal and
the remaining of said plurality of synchronization signals are 10 aligned
with a second transition of the first clock signal. 32. The systemof claim
30, wherein said data capture circuit conprises a pIuraIity of first

|atch circuits, each flrs& Iat h CIFCUI% g 8 3 al mﬁg
gll‘&lhlaresgo%ﬁ Oa C K S%%{ S CCO

receiving the first o162 a secon I npu rece|V|ng
respective input 15 data signals, each first [atch circuit being

cont rol | asiissuttoeseitiog shidplvalpeel sypehroppation gignalseing st EMMEsid hat t he

| at ched i nput data signals have a data envel ope corresponding to N nunber

of cycl es @pnirb dhtar Sind erke sligied!withvbed ed¥nd clock signal based on said

synchronization signals.

31.  The system device of claim 30, wherein said first circuit is
controllable by first and second clock edge selection signals such that some of said
plurality of synchronization signals are aligned with a first transition of the first
clock signal and the remaining of said plurality of synchronization signals are

10  aligned with a second transition of the first clock signal.

32.  The system of claim 30, wherein said data capture circuit comprises:

a plurality of first latch circuits, each first latch circuit having a first input
for receiving the first clock signal and a second input for receiving respective input
15 data signals, each first latch circuit being controllable to latch its respective input
data signals such that the latched input data signals have a data envelope

corresponding to N number of cycles of the first clock signal, where N > 1.



WO 02/ 17325 PCT/ USO01/ 25955 -47 33. The systemof claim 32, wherein Nis
three. 34. The system of claim30, wherein said second circuit conprises: 5
a reset ovoouim2f or generating a synchroni zation request BCTNU&01/259% d reset
circuit coupled to said synchronization signals and the second cl ock
signal, said reset circuit outputting said synchronization request signal
based on a timng of said synchronization signals with respect to the
second clock signal; a selection circuit Hr generating at | east one

sel ection signal responsive to 10 said synchronization request signal; and
a data generator receiving said at |east one selection signal and said
captured input signals and re-timng said captured i nput data signals to be
aligned wth said second clock signal responsive to said at |east one
selection signal. 15 35. A nethod of operating a nenory device, said nethod
conprising the steps of: WD 02/17325 PCT/ US01/ 25955 -48 receiving a
plurality of first input signals responsive to a first clock signal;

| at ching the received first input signals such that each | atched input

i gnal
>S9 33.  The system of claim 32, wherein N is three.

34.  The system of claim 30, wherein said second circuit comprises:

5 a reset circuit for generating a synchronization request signal, said reset
circuit coupled to said synchronization signals and the second clock signal, said
reset circuit outputting said synchronization request signal based on a timing of

said synchronization signals with respect to the second clock signal;

a selection circuit for generating at least one selection signal responsive to

10 said synchronization request signal; and

a data generator receiving said at least one selection signal and said
captured input signals and re-timing said captured input data signals to be aligned

with said second clock signal responsive to said at least one selection signal.

15 35. A method of operating a memory device, said method comprising

the steps of:



has a data envel ope corresponding to N nunber of cycles of the first clock
signal, where N> 1; and 5 outputting re-tined first input signals in
accordanaeow/i1323 ransitions of a second cl ock signal, whpeBRURIISeSSdat a
envel ope of each latched first input signal ensures that the latched first
input signals are valid when re-tined. 36. The nethod of claim 35, wherein
said |l atching step conprises: 10 | atching a first portion of the first
input signals to a first edge of the first 48-¢l ock si gnal ; and latching a
second portion of the first input signals to a second edge of the first
clock signal. 15 37. The nethod of claim 36, wherein said re-timng step
conprises: receiving said latched first and second portions; and WO

02/ 17325 PCT/ US01/ 25955 -49 conbining said first and second portions in

accordance wi th_ tr.ansitions. of . met hod
of claim 35, urref?%’\ngco%h stYﬁgﬁJ% E%lpug%ggéﬂls&%%%rséfégg\%lﬁﬁslc Clgésfcesé% i nput
signal ; and Iatchl ng the second i nput signal such that the second i nput
signal has a dahahing the received first input signals such that each latched input signal

has a data envelope corresponding to N number of cycles of the first clock signal,

where N > 1; and

5 outputting re-timed first input signals in accordance with transitions of a
second clock signal, wherein the data envelope of each latched first input signal

ensures that the latched first input signals are valid when re-timed.

36. The method of claim 35, wherein said latching step comprises:

10 latching a first portion of the first input signals to a first edge of the first

clock signal; and

latching a second portion of the first input signals to a second edge of the

first clock signal.

15 37.  The method of claim 36, wherein said re-timing step comprises:

receiving said latched first and second portions; and



envel ope corresponding to N nunber of cycles of the first clock signal,
where N> 1, wherein said re-timng step receives the |atched second i nput
and useswoorerneinme the first input signals. 10 39. The perwed/mbsscl ai m 35
further conprising the steps of generating synchronization signals
simulating a timng of the first input signals; and synchronizing
circuitry responsible for capturing the first input signals to 15
circuitry responsible for outputting the r€=timed first input signals. WO
02/ 17325 PCT/ USO1/ 25955 -50 40. The nethod of claim 39, wherein said
synchroni zing step conprises: generating a synchronization request signal
based on said synchroni zation signals; generating at | east one selection
signal responsive to said synchronization 5 request signal; and generating

e L bR RS SRR hk Bl bRt o0t 01

the second clock signal.

38.  The method of claim 35, further comprising the steps of:
5 receiving a second input signal; and

latching the second input signal such that the second input signal has a data
envelope corresponding to N number of cycles of the first clock signal, where N >
1, wherein said re-timing step receives the latched second input and uses it re-time

the first input signals.

10

39. The method of claim 35 further comprising the steps of:

generating synchronization signals simulating a timing of the first input

signals; and

synchronizing circuitry responsible for capturing the first input signals to

15 circuitry responsible for outputting the re-timed first input signals.



10 42. The nethod of claim 35, wherein all of the latched first input
signals remains valid for a period sufficiently I ong enough so that said
re-timn@ywe@oEp32Eircuit can output the re-tined first i npRCT/HSQUADIS

regardl ess of voltage variations effecting a timng of the nenory devi ce.
15 WO 02/ 17325 PCT/ USO01/ 25955 -51 43. The nethod of claim 35, wherein all.
of the latched first input signals remains valid for a period sufficiently
| ong enough so that said re-timng step A%cuit can out put the re-tinmed
first input signals regardl ess of tenperature variations effecting a
timng of the nenory device.

40. The method of claim 39, wherein said synchronizing step comprises:

generating a synchronization request signal based on said synchronization
signals;

generating at least one selection signal responsive to said synchronization

5  request signal; and

generating the re-timed first input signals responsive to the at least one

selection signal.

41. The method of claim 35, wherein N is three.

10

42.  The method of claim 35, wherein all of the latched first input signals
remains valid for a period sufficiently long enough so that said re-timing step
circuit can output the re-timed first input signals regardless of voltage variations

effecting a timing of the memory device.

i5



WO 02/17325 PCT/US01/25955

-51-

43.  The method of claim 35, wherein all of the latched first input signals
remains valid for a period sufficiently long enough so that said re-timing step
circuit can output the re-timed first input signals regardless of temperature

variations effecting a timing of the memory device.



