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(57) ABSTRACT 

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 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 a 
capture clock domain despite temperature and voltage varia 
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METHOD AND APPARATUS FOR CROSSING 
CLOCK DOMAIN BOUNDARIES 

FIELD OF THE INVENTION 

[0001] The present invention relates to digital circuits and, 
more particularly to digital circuits employed in memory 
devices in Which data is transferred betWeen tWo indepen 
dent clock domains With a predetermined timing relation 
ship. 

DISCUSSION OF THE RELATED ART 

[0002] 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. 

[0003] 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. 

[0004] An overvieW of SLDRAM devices can be found in 
the speci?cation entitled “SLDRAM Architectural and 
Functional OvervieW,” by Gillingham, 1997 SLDRAM 
Consortium (Aug. 29, 1997), the disclosure of Which is 
incorporated by reference herein. 

[0005] Because of the required high speed operation of 
SLDRAM, and other contemporary memory devices, sys 
tem 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 cir 
cuits 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 variations. 

[0006] 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 contains delay and latching cir 
cuitry to center the external capture clock CCLK in the 
center of a data eye of incoming data. The delay and latching 
circuitry, hoWever, also varies With temperature and voltage 
variations, but in a direction opposite 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 
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the clock domains, from capture clock to master clock, very 
dif?cult since the variation is almost a full clock cycle at 800 

Mb/sec (i.e., 400 MHZ). 

[0007] 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 nsecs. 

[0008] 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 placement of the master 
clock signal MCLK edge Within the captured data envelope 
is optimiZed by 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. 

[0009] 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 relation 
ship betWeen the master clock MCLK and capture clock 
CCLK signals is typically unknoWn and variable. Causes for 
the unknoWn/variable relationship betWeen the master clock 
MCLK and capture clock CCLK signals include temperature 
and voltage variations of the device. In addition, the fre 
quency of the device, Which de?nes 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 MCLK and the capture clock CCLK. This 
range of phase relationship is ?xed for the chosen frequency 
of operation for the device. 

[0010] These variations are compensated for by other 
circuitry (i.e., output model and DLL) With the intentions 
that each captured command bit has a data eye or 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 “2st radians”). Due to a potential 12st radians 
variation betWeen the master clock MCLK and capture clock 
CCLK signals and another 1275 radians uncertainty betWeen 
the signals, hoWever, the captured data may be clocked into 
the master clock domain on the Wrong MCLK edge. 

[0011] Accordingly, there is a need and desire to keep the 
master clock edge Within the capture data envelope over the 
entire operating range despite temperature and voltage varia 
tions 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 relation 
ship 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. 
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SUMMARY OF THE INVENTION 

[0012] The present invention provides a memory device 
that keeps a master clock 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 memory device. 

[0013] 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 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 DESCRIPTION OF THE DRAWINGS 

[0014] The above and other advantages and features of the 
invention Will be more clearly understood from the folloW 
ing detailed description of the invention Which is provided 
in connection With the accompanying draWings in Which: 

[0015] FIG. 1 is circuit diagram illustrating an SLDRAM 
bus topology With Which the invention may be used; 

[0016] FIG. 2 is a circuit diagram illustrating an exem 
plary memory device circuit for generating a master clock 
signal from a capture clock signal; 

[0017] 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; 

[0018] FIG. 4 is a timing diagram illustrating the signals 
used to latch captured data in accordance With an exemplary 
embodiment of the invention; 

[0019] FIG. 5 is a circuit diagram illustrating an exem 
plary portion of synchroniZation and re-timing circuitry 
constructed in accordance With an exemplary embodiment 
of the invention; 

[0020] FIG. 6 is a circuit diagram illustrating an exem 
plary data generator circuit constructed in accordance With 
an exemplary embodiment of the invention; 

[0021] FIG. 7 is a timing diagram illustrating the timing 
of captured data command bits as processed by an exem 
plary embodiment of the invention; 

[0022] FIG. 8 is a timing diagram illustrating the signals 
used to synchroniZe the capture data; 

[0023] FIG. 9 is a circuit diagram illustrating an exem 
plary command latching circuit constructed in accordance 
With an exemplary embodiment of the invention; 

[0024] FIG. 10 is a circuit diagram illustrating an exem 
plary ?ag latching circuit constructed in accordance With an 
exemplary embodiment of the invention; and 

[0025] FIG. 11 is a block diagram illustrating a processor 
system utiliZing the invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] 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 valid data 
operating range, now 675 radians as opposed to 2st 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 capture clock domain despite temperature and 
voltage variations that may effect the timing of the memory 
device. 

[0027] An SLDRAM system With Which the present 
invention may be used is illustrated in FIG. 1. The system 
includes a plurality of SLDRAM modules 11a, . . . , 1111, 

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, . . . , 1111, 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 CAO-CA9. In addition, 
SLDRAM input/output enabling signals SO, SI are provided 
from the memory controller 13 in a daisy chain fashion to 
the SLDRAM modules 11a, . . . , 1111. In addition, a 

bi-directional data bus DQO-DQ17 is provided betWeen the 
memory controller 13 and each of the SLDRAM modules 
11a, . . . , 1111, as are bi-directional data clocks DCLKO and 

DCLK1. The ?rst data clock DCLKO is used to strobe 
input/output data into and out of the SLDRAM modules, a 
process for Which the second data clock DCLK1 signal path 
is also intermittently used. 

[0028] 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 the operation of a memory device. External 
clock signals CCLK and CCLK*, Which are typically used 
to latch data into a memory device, are received at terminals 
31 and 33 and provided through a buffer 35 to an adjustable 
delay circuit 37, the output of Which feeds the delayed 
CCLK and CCLK* signals into a tapped delay line 41. 

[0029] The tapped delay line 41 has a plurality of taps 
Which provide delayed clock signals 0, . . . , 15 to multi 
plexers 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 output latches 51 of 
data paths D0, . . . , 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. 

[0030] 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 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 
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master clock signal MCLK Which is used to time various 
operations Within a memory device. 

[0031] Another clock output signal, for example, at the 
beginning of the tapped delay line 41 (tap 0), is also 
provided as a clock signal Which passes straight through the 
multiplexer 43 and the buffer 45 as an input to an input/ 
output model circuit 47. The input/output model circuit 47 is 
a circuit Which is designed to provide a speci?c 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 oper 
ating 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 
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 varia 
tions experienced by the memory device. 

[0032] 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. 

[0033] As is evident from FIG. 2, the adjustable delay 
circuit 37 causes timing adjustments in the input signal to the 
tapped delay line 41, Which in turn cause like timing 
adjustments in the master clock signal MCLK. 

[0034] 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. The circuit receives the cap 
ture clock signal CCLK, the command bits CA<0:9>, a ?ag 
signal FLAG and a reset signal RESET as inputs. As knoWn 
in the art, the ?ag signal FLAG is received to signify the start 
of a command packet. As also knoWn in the art, a command 
packet consists of four command packet Words each of 
Which consists of command bits CA<0:9>, that is, each of 
the CA0, . . . , CA9 data paths receives a four-bit data burst 

for command transfer to the memory device. 

[0035] 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 CA<0:9> 
are input into respective command delay circuits 104a, . . . , 

104J (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 ?ag signal FLAG is input in to 
a ?ag delay circuit 106. The ?ag delay circuit 106 outputs a 
delayed ?ag signal FDEL. 

[0036] It is desirable for the delay circuits 102, 104, 106 
to be ring delay circuits. Exemplary ring delay circuits and 
their operation are described in US. patent application Ser. 
No. 09/201,519, ?led on Nov. 30, 1998, entitled “Method 
and Apparatus for High Speed Data Capture UtiliZing Bit 
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to-Bit Timing Correction, and Memory Device Using the 
Same,” Which is hereby incorporated by reference in its 
entirety. 

[0037] Brie?y, a description of the operation of the ring 
delay circuits and thus, 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 the ring delay circuit is sampled to determine if the 
calibration pattern has been properly captured and to deter 
mine 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 
memory device control circuit determines the best delay 
value for the ring delay circuit and sets the ring delay circuit 
to this value. The best delay typically corresponds to a data 
envelope centered about the delayed clock signal CLKD. 

[0038] A select signal generator 114 receives the delayed 
clock signal CLKD and the reset signal RESET. The select 
signal generator 114 outputs three rising 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 ?rst rising select signal 
RSEL<0> off the falling edge of CLKD such that RSEL<0> 
corresponds to and centers on the ?rst rising edge of the 
delayed clock signal CLKD at time t0. Similarly, the select 
signal generator 114 generates the second and third rising 
select signals RSEL<112> 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 t1, t3 and t5, Which respectively 
correspond to the ?rst, second and third falling edges of the 
delayed clock signal CLKD. As Will become apparent from 
the folloWing description, the rising and falling select sig 
nals RSEL<0:2>, FSEL<0:2> enable one of the registers of 
command latch circuitry so that the delayed clock signal 
CLKD can latch the data on the input to the corresponding 
register. 

[0039] Referring again to FIG. 3, the circuit contains ten 
command latch circuits 110a, . . . , 110J (collectively 

referred to herein as the “command latch circuits 110”). It 
should be noted that there are ten command latch circuits 
110, but only tWo are illustrated for clarity purposes. The 
command latch circuits 110 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>. 

[0040] The command latch circuits 110 contain three 
latched rising edge command outputs CAOR<0:2>, . . . , 

CA9R<0:2> and three latched falling edge command out 
puts CAOF<0:2>, . . . , CA9F<0:2>. Typically only tWo 

latched 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 
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Will be described below in more detail With respect to FIG. 
9, each command latch circuit 110 contains six latches 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 cir 
cumstances. 

[0041] The circuit also contains one ?ag latch circuit 112. 
The ?ag latch circuit 112 receives the delayed ?ag signal 
FDEL, delayed clock signal CLKD, and the rising and 
falling select signals RSEL<0:2>, FSEL<0:2>. The ?ag 
latch circuit 112 contains three latched rising edge ?ag 
outputs FLAGR<0:2>, three latched falling edge ?ag out 
puts FLAGF<012> and three latched dummy ?ag outputs 
DUMBFLAG<0:2>. Referring to FIG. 8, the three latched 
dummy ?ag outputs DUMBFLAG<0z2> are latched by the 
?ag 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 ?ag outputs DUMBFLAG<0z2> simu 
late the desired data envelope for the captured data (although 
the proper timing has yet to be determined). The three 
latched dummy ?ag outputs DUMBFLAG<0z2> are skeWed 
from each other by one full clock cycle. 

[0042] As Will be discussed beloW, the latched dummy ?ag 
outputs DUMBFLAG<0z2> Will 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 CAOF<0:2>, . . . , CA9F<0z2> 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. 

[0043] FIG. 5 is a circuit diagram illustrating an exem 
plary portion of synchroniZation and re-timing circuitry 
constructed in accordance With an exemplary embodiment 
of the invention. The circuitry includes a reset circuit 120 
and a selection circuit 130 that synchroniZe the capture 
circuitry clocked by the 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. 

[0044] The reset circuit 120 receives the master clock 
signal MCLK and the latched dummy ?ag outputs DUMB 
FLAG<0z2> 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 
?ag latch circuit 112 (FIG. 3) generates the three latched 
dummy ?ag outputs DUMBFLAG<0z2> that simulate the 
desired capture data envelope (i.e., three full clock cycles). 
As Will be described beloW, the ?ag latch circuit 112 (FIG. 
3) Will contain circuitry that generates the three latched 
dummy ?ag outputs DUMBFLAG<0z2> Without the need to 
input a ?ag signal FLAG and thus, the desired envelope can 
be generated and the proper timing can be established prior 
to the receipt of any commands or data. 

[0045] After poWer-up, the reset circuit 120 monitors the 
three latched dummy ?ag outputs DUMBFLAG<0z2> and 
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issues a reset request signal REQUEST to 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 ?ag 
outputs DUMBFLAG<0:2>. 

[0046] The reset request signal REQUEST is output to the 
selection circuit 130. 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<0z2> 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 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 SELECTR<0:2> 
and three falling edge select signals SELECTF<0z2> are 
output to the data generator 140 so that captured command 
data (i.e., the latched rising edge command outputs 
CAOR<0:2>, . . . , CA9R<0:2> and the latched falling edge 

command outputs CAOF<0:2>, . . . , CA9F<0:2>) can be 

transferred to the master clock domain. 

[0047] Thus, the master clock signal MCLK Will be syn 
chroniZed With the capture data envelope that Was clocked 
by the delayed capture clock signal CLKD. Once synchro 
niZed and after the reset circuit 120 is disabled, When 
command and other information is captured by the capture 
clock signal CLKD the information Will remain valid for 
three full clock cycles, Which ensures that it can be trans 
ferred to the master clock domain. 

[0048] FIG. 6 is a circuit diagram illustrating an exem 
plary data generator circuit 140. The data generator 140 
receives the latched rising edge command outputs 
CAOR<0:2>, . . . , CA9R<0:2>, latched falling edge com 

mand outputs CAOF<0:2>, . . . , CA9F<0:2>, rising edge 

select signals SELECTR<0:2>, falling edge select signals 
SELECTF<0:2>, latched rising edge ?ag outputs 
FLAGR<012> and the latched falling edge FLAG outputs 
FLAGF<0:2>. It should be noted that only the ?rst latched 
rising and falling edge command outputs CAOR<0:2>, 
CAOF<0:2> are illustrated for clarity purposes. Moreover, it 
should be noted that the circuitry (e.g., multiplexers 142, 
144 and registers 150, 152, 154, 156) connected to the ?rst 
latched rising and falling edge command outputs 
CAOR<0:2>, CAOF<0:2> is repeated for every command 
output, but they are not illustrated for clarity purposes. 

[0049] The latched rising edge command outputs 
CAOR<0:2> and the rising edge select signals 
SELECTR<0:2> are input into a ?rst command bit multi 
plexer 142. The latched falling edge command outputs 
CAOF<0:2> and the falling edge select signals 
SELECTF<0z2> are input into a second command bit mul 
tiplexer 144. Each command bit multiplexer 142, 144 is a 
three-to-one multiplexer and is controlled by its respective 
select signals SELECTR<0:2>, SELECTF<0z2> to output 
the tWo latched command bits (from the same command 
packet) contained Within its respective latched command 
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outputs CAOR<0:2>, CAOF<0:2>. The outputs of the ?rst 
command bit multiplexer 142 are sent to the ?rst and third 
registers 150, 154. The outputs of the second command bit 
multiplexer 144 are sent to the second and fourth registers 
152, 156. 

[0050] The ?rst register 150 is clocked by a ?rst master 
clock ?ag signal F<0> and outputs a ?rst command bit 
output YCAO<0>. The ?rst command bit output YCAO<0> 
represents the ?rst captured command bit CA<0> from the 
?rst packet Word of a command packet that has noW been 
transferred into the master clock domain. Similarly, the 
second register 152 is clocked by a second master clock ?ag 
signal F<1> and outputs a second command bit output 
YCA1<0>. The second command bit output YCA1<0> 
represents the ?rst captured command bit CA<0> from the 
second packet Word of a command packet that has noW been 
transferred into the master clock domain. The third register 
154 is clocked by a third master clock ?ag signal F<2> and 
outputs a third command bit output YCA2<0>. The third 
command bit output YCA2<0> represents the ?rst 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 clocked by 
a fourth master clock ?ag signal F<3> and outputs a fourth 
command bit output YCA3<0>. The fourth command bit 
output YCA3<0> represents the ?rst captured command bit 
CA<0> from the fourth packet Word of a command packet 
that has noW been transferred into the master clock domain. 

[0051] The generation of the master clock ?ag signals 
F<0>, F<1>, F<2>, F<3> is noW described. The latched 
rising edge ?ag outputs FLAGR<012> and the rising edge 
select signals SELECTR<0:2> are input into a ?rst ?ag 
multiplexer 146. The latched falling edge FLAG outputs 
FLAGF<012> and the falling edge select signals 
SELECTF<0:2> are input into a second ?ag multiplexer 
148. Each ?ag multiplexer 146, 148 is a three-to-one mul 
tiplexer and is controlled by its respective select signals 
SELECTR<0:2>, SELECTF<0:2> to output the tWo latched 
?ag signals contained Within its respective latched ?ag 
outputs FLAGR<0:2>, FLAGF<0:2>. The outputs of the 
tWo ?ag multiplexers 146, 148 are input into a sorting circuit 
158. The sorting circuit 158, Which is clocked by the rising 
and falling edges of the master clock signal MCLK, outputs 
a ?rst master clock ?ag signal F<0>. The ?rst master clock 
signal F<0> is fed into a ?rst dual edge register 159a, Which 
outputs the second master clock signal F<1>. The second 
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 F<2> is fed into a third 
dual edge register 159C, Which outputs the fourth master 
clock signal F<3>. 

[0052] The master clock ?ag 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 ?rst 
master clock ?ag signal F<0> is used to signify the arrival 
of the latched command output CAOR<0:2> that is associ 
ated With the command bit 0 (i.e., CA<0>) of the initial 
captured packet Word. The second master clock ?ag signal 
F<1> is used to signify the arrival of the latch command 
output CAOF<012> that is associated With the command bit 
0 (i.e., CA<0>) of the second captured packet Word. The 
third master clock ?ag signal F<2> is used to signify the 
arrival of the latch command output CAOR<0:2> that is 

Feb. 21, 2002 

associated With the command bit 0 (i.e., CA<0>) of the third 
captured packet Word. The fourth master clock ?ag signal 
F<3> is used to signify the arrival of the latch command 
output CAOF<0:2> that is associated With the command bit 
0 (i.e., CA<0>) of the fourth captured packet Word. 
[0053] As noted above, the command bit outputs 
YCAO<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<0139> is used to represent the 
command bit outputs YCAO<0:3>, YCA1<0:3>, 
YCA2<0:3>, . . . , YCA9<0:3>. In addition, if desired, the 

data generator 140 can also output the four master clock ?ag 
signals F<0:3>. This is represented on FIG. 5 as the output 
labeled FY<0:3>. 

[0054] 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 cycles or six clock ticks). The expanded valid data 
operating range, now 675 radians as opposed to 2st 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 properly transferred to the master clock 
domain from the capture clock domain despite temperature 
and voltage variations that may effect the timing of the 
memory device. 

[0055] Referring to FIGS. 7 and 8, the manner in Which 
the master clock signal MCLK is centered Within the middle 
2n radians of the 6st radians data eye is 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 6st 
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 ?rst falling edge select signal SELECTF<0>. FIG. 
8 illustrates the relationship betWeen the CLKD, MCLK, 
latched dummy ?ag 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>. 

[0056] When a reset request signal REQUEST is received 
(at the MCLK edge 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 ?rst 
command bit multiplexer 142 (FIG. 6) is noW open to 
receive a latched rising edge command output CAOR<0>. 

[0057] On the next rising edge of the master clock signal 
MCLK (arroW B), the reset request signal REQUEST is 
de-asserted by the acknowledgement signal ACKNOWL 
EDGE. At this point, the rising edge counter 132 (FIG. 5) 
has not been started. On the subsequent falling edge of the 
master clock signal MCLK (arroW C), the falling edge 
counter 134 (FIG. 5) begins to count, the third falling edge 
select signal SELECTF<2> goes loW and the ?rst falling 
edge select signal SELCECTF<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. 
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[0058] 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 ?rst command bit mul 
tiplexer 142 is open, the same MCLK 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<1> on the falling 

edges of the MCLK signal (FIG. 7). This is made possible 
by the use of the latched dummy ?ag outputs DUMB 
FLAG<0z2> by the reset circuit 120 (FIG. 5). By looking at 
the latched dummy ?ag 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 proper rising edge 
register Within the latch circuit 110 at Which point, the ?rst 
command bit multiplexer 142 should be opened to accept the 
latched rising edge command output CAOR<0> from the 
latch circuit 110 in accordance With the master clock signal 
MCLK. In essence, at reset, the present invention Wants to 
ensure that the inputs to the ?rst 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. 

[0059] When the rising edge R0 of the master clock signal 
MCLK occurs, the SELECTR<1> goes high at the same 
time the rising edge command output 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 R0 is the edge that places the edge of the 
master clock signal MCLK Within the middle 2n radians of 
the 6st radians data eye. The relationship betWeen the master 
clock signal MCLK and 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 6st radian envelope described herein alloWs for 
up to 12st radians of clock phase variation due to tempera 
ture and voltage. The relationship is illustrated in FIG. 7 by 
the mapping of the edge labeled R0 of the capture clock 
signal CLKD to the R0 edge of the master clock signal 
MCLK. 

[0060] FIG. 9 is a circuit diagram illustrating an exem 
plary command latch circuit 110 constructed in accordance 
With an exemplary embodiment of the invention. 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, ?ip-?op, 
etc., can be used as long as the latching circuitry provides the 
latching capabilities described beloW. The ?rst three regis 
ters 200, 202, 204 are clocked by the delayed clock signal 
CLKD. The ?rst register 200 receives the ?rst rising select 
signal RSEL<0>, the second register 202 receives the sec 
ond 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 ?rst falling select signal FSEL<0>, the ?fth 
register 208 receives the second falling select signal 
FSEL<1> and the sixth register 210 receives the third falling 
select signal FSEL<2>. 

[0061] 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, each latch 
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circuit 110 Will input a different delayed command signal, 
but for purposes of this discussion, it is presumed that the 
circuit 110 inputs the ?rst delayed command signal 
CADEL<0>. Depending upon the generation of the rising 
and falling select signals RSEL<0:2>, FSEL<0:2>, the reg 
isters 200, 202, 204, 206, 208, 210 output the three latched 
rising edge command outputs CAOR<0:2> and the three 
latched falling edge command outputs CAOF<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). 

[0062] FIG. 10 is a circuit diagram illustrating an exem 
plary ?ag 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, ?ip-?op, etc., can be used as long as the latching 
circuitry provides the latching capabilities described beloW. 

[0063] The ?rst three and last three registers 220, 222, 
224, 232, 234, 236 are clocked by the delayed clock signal 
CLKD. The ?rst register 220 receives the ?rst rising select 
signal RSEL<0>, the second register 222 receives the sec 
ond rising select signal RSEL<1> and the third register 224 
receives the third rising select 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 ?rst falling select signal FSEL<0>, the ?fth 
register 228 receives the second falling select signal 
FSEL<1> and the sixth register 230 receives the third falling 
select signal FSEL<2>. 

[0064] The seventh register 232 receives the ?rst 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 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 ?ag outputs 
DUMBFLAG<0z2> 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 ?ag outputs DUMBFLAG<0z2> are used to 
synchroniZe the circuitry operating under the delayed cap 
ture data clock signal CLKD to the circuitry operating under 
the master clock signal MCLK. 

[0065] The ?rst six registers 220, 222, 224, 226, 228, 230 
receive the delayed ?ag signal FDEL as a second input. 
Depending upon the generation of the rising and falling 
select signals RSEL<0:2>, FSEL<0:2>, the registers 220, 
222, 224, 226, 228, 230 output the three latched rising edge 
?ag outputs FLAGR<012> and the three latched falling edge 
?ag outputs FLAGF<0:2>. These latched ?ag outputs 
FLAGR<0:2>, FLAGF<0z2> are used by the data generator 
140 to assemble and output captured command data using 
the master clock signal MCLK (illustrated in FIGS. 5 and 
6). 
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[0066] 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 commu 
nicates With a memory device 312 and an I/O device 308 
over a bus 320. It must be noted that 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 contains 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 processor Which 
utiliZes on-chip memory devices containing the synchroniZ 
ing circuitry of the present invention. 

[0067] The processor-based system 300 may be a com 
puter system, a process control system or any other system 
employing a processor and associated memory. 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 ?oppy 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 knoWn in the art. 

[0068] 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. 

[0069] While the invention has been described and illus 
trated With reference to eXemplary embodiments, many 
variations can be made and equivalents substituted Without 
departing from the spirit or scope of the invention. Accord 
ingly, 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. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 
1. A memory device comprising: 

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

a re-timing circuit coupled to said plurality of ?rst cir 
cuits, said re-timing circuit having a third input for 
receiving a second clock signal, said re-timing circuit 
receiving said at least one ?rst output signal from said 
?rst circuits and outputting re-timed ?rst output signals 
in accordance With transitions of the second clock 
signal. 

2. The memory device of claim 1, Wherein each ?rst 
circuit has tWo ?rst output signals, a ?rst one of said ?rst 
output signals corresponding to the latched ?rst input signal 
associated With a ?rst edge of the ?rst clock signal and a 
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second one of said ?rst output signals corresponding to the 
latched ?rst input signal associated With a second edge of the 
?rst clock signal. 

3. The memory device of claim 2, Wherein said re-timing 
circuit receives said tWo ?rst output signals from each of 
said ?rst circuits and combines said ?rst output signals into 
said re-timed ?rst output signals. 

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

a second circuit having a fourth input for receiving the 
?rst clock signal and a ?fth 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 ?rst clock signal, 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 ?rst 
output signals. 

5. The memory device of claim 4, Wherein said second 
circuit has tWo second output signals, a ?rst one of said 
second output signals corresponding to the latched second 
input signal associated With a ?rst edge of the ?rst clock 
signal and a second one of said second output signals 
corresponding to the latched second input signal associated 
With a second edge of the ?rst clock signal. 

6. The memory device of claim 4, Wherein said second 
circuit has three second output signals, a ?rst one of said 
second output signals corresponding to the latched second 
input signal associated With a ?rst edge of the ?rst clock 
signal, a second one of said second output signals corre 
sponding to the latched second input signal associated With 
a second edge of the ?rst clock signal and a third one of said 
second output signals corresponding to a synchroniZation 
signal associated With the ?rst clock signal. 

7. The memory device of claim 6, Wherein said re-timing 
circuit comprises: 

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 said synchroniZation request sig 
nal; and 

a data generator receiving said at least one selection signal 
and said ?rst and second output signals and generating 
said re-timed ?rst output signals responsive to said at 
least one selection signal. 

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

9. The memory device of claim 1, Wherein N is three. 
10. The memory device of claim 1, Wherein the ?rst clock 

signal is received through a delay element and the second 
clock signal is generated based on said ?rst clock signal. 

11. The memory device of claim 1, Wherein all of said 
latched ?rst input signals remains valid for a period suf? 
ciently long enough so that said re-timing circuit can output 
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said re-timed ?rst output signals regardless of voltage varia 
tions effecting a timing of said ?rst circuits and said re 
timing circuits. 

12. The memory device of claim 1, Wherein all of said 
latched ?rst input signals remains valid for a period suf? 
ciently long enough so that said re-timing circuit can output 
said re-timed ?rst output signals regardless of temperature 
variations effecting a timing of said ?rst circuits and said 
re-timing circuits. 

13. A memory device comprising: 

data capture circuitry for capturing and latching a plural 
ity of input data signals responsive to a ?rst clock 
signal, said data capture circuit outputting a plurality of 
captured data signals; 

a ?rst circuit for generating a plurality of synchroniZation 
signals responsive to the ?rst clock signal, said syn 
chroniZation 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 synchroniZa 
tion signals and re-timing said captured data signals to 
be aligned With said second clock signal based on said 
synchroniZation signals. 

14. The memory device of claim 13, Wherein said ?rst 
circuit is controllable by ?rst and second clock edge selec 
tion signals such that some of said plurality of synchroni 
Zation signals are aligned With a ?rst transition of the ?rst 
clock signal and the remaining of said plurality of synchro 
niZation signals are aligned With a second transition of the 
?rst clock signal. 

15. The memory device of claim 13, Wherein said data 
capture circuit comprises: 

a plurality of ?rst latch circuits, each ?rst latch circuit 
having a ?rst input for receiving the ?rst clock signal 
and a second input for receiving respective input data 
signals, each ?rst latch circuit being controllable to 
latch its respective input data signals such that the 
latched input data signals have a data envelope corre 
sponding to N number of cycles of the ?rst clock signal, 
Where N>1. 

16. The memory device of claim 15, Wherein N is three. 
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 synchroniZa 
tion 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 said synchroniZation request sig 
nal; and 

a data generator receiving said at least one selection signal 
and said captured data signals and re-timing said cap 
tured data signals to be aligned With 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: 
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a plurality of ?rst circuits, each ?rst circuit having a 
?rst input for receiving a ?rst clock signal and a 
second input for receiving a respective ?rst input 
signal, each ?rst circuit being controllable to latch its 
respective ?rst input signal such that the ?rst input 
signal has a data envelope corresponding to N num 
ber of cycles of the ?rst clock signal, Where N>1, 
each ?rst circuit having at least one ?rst output signal 
corresponding to the latched ?rst input signal; and 

a re-timing circuit coupled to said plurality of ?rst 
circuits, said re-timing circuit having a third input for 
receiving a second clock signal, said re-timing cir 
cuit receiving said at least one ?rst output signal 
from said ?rst circuits and outputting re-timed ?rst 
output signals in accordance With transitions of the 
second clock signal. 

19. The system of claim 18, Wherein each ?rst circuit has 
tWo ?rst output signals, a ?rst one of said ?rst output signals 
corresponding to the latched ?rst input signal associated 
With a ?rst edge of the ?rst clock signal and a second one of 
said ?rst output signals corresponding to the latched ?rst 
input signal associated With a second edge of the ?rst clock 
signal. 

20. The system of claim 19, Wherein said re-timing circuit 
receives said tWo ?rst output signals from each of said ?rst 
circuits and combines said ?rst output signals into said 
re-timed ?rst output signals. 

21. The system of claim 18, Wherein said memory device 
further comprises: 

a second circuit having a fourth input for receiving the 
?rst clock signal and a ?fth 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 ?rst clock signal, 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 ?rst 
output signals. 

22. The system of claim 21, Wherein said second circuit 
has tWo second output signals, a ?rst one of said second 
output signals corresponding to the latched second input 
signal associated With a ?rst edge of the ?rst clock signal and 
a second one of said second output signals corresponding to 
the latched second input signal associated With a second 
edge of the ?rst clock signal. 

23. The system of claim 21, Wherein said second circuit 
has three second output signals, a ?rst one of said second 
output signals corresponding to the latched second input 
signal associated With a ?rst edge of the ?rst clock signal, a 
second one of said second output signals corresponding to 
the latched second input signal associated With a second 
edge of the ?rst clock signal and a third one of said second 
output signals corresponding to a synchroniZation signal 
associated With the ?rst clock signal. 

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

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, 






