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(57) ABSTRACT 

A method and apparatus for synchronizing output data and 
data strobe signals uses internal interleaved clock signals in 
a double data rate (DDR) DRAM that are synchronized With 
an external clock. A delay-locked loop internal to the DDR 
DRAM is locked to an external clock signal and generates 
the internal interleaved clock signals. The internal inter 
leaved clock signals are delay matched With the external 
clock signal as they propagate through timing circuitry 
coupled to latency and burst length selection signals. A data 
strobe signal is generated using clock signals from the 
delay-locked loop and is synchronized With the internal 
interleaved clock signals. The data strobe signal and the data 
are coupled via paths having comparable numbers and types 
of delay elements to provide output data and data strobe 
signals having predetermined delay relationships With the 
external clock signal. 
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OUTPUT CIRCUIT FOR A DOUBLE DATA RATE 
DYNAMIC RANDOM ACCESS MEMORY, DOUBLE 

DATA RATE DYNAMIC RANDOM ACCESS 
MEMORY, METHOD OF CLOCKING DATA OUT 
FROM A DOUBLE DATA RATE DYNAMIC 

RANDOM ACCESS MEMORY AND METHOD OF 
PROVIDING A DATA STROBE SIGNAL 

TECHNICAL FIELD 

[0001] The invention pertains to an output circuit for a 
double data rate dynamic random access memory, a double 
data rate dynamic random access memory, a method of 
clocking data out from a double data rate dynamic random 
access memory and a method of providing a data strobe 
signal. 

BACKGROUND OF THE INVENTION 

[0002] It is frequently desired to read and Write data from 
dynamic random access memories (DRAM) integrated cir 
cuits (ICs). As the amount of data stored in each memory IC 
increases, and as clock frequencies increase for devices 
exchanging data With memory ICs increases, there is 
increasing need to be able to read data out of the memory ICs 
With progressively higher bandWidth. This need is not easily 
met. 

[0003] Previous generations of DRAM devices have 
included fast page mode DRAM and extended data output 
(EDO) DRAM. These DRAMs capture input data and drive 
output data at the falling edge of a column address strobe* 
(CAS*) signal, Where the “*” indicates complement. 

[0004] In synchronous DRAM (SDRAM), the data trigger 
point for read and Write operations is the rising edge of the 
clock signal. These conventional DRAMs are referred to as 
single data-rate (SDR) DRAM devices. The peak bandWidth 
(megabytes/second) of a memory system using SDR 
DRAMs is given as: 

(memory system bus Width)><(clock frequency) (Eq. 1) 

[0005] Obtaining a higher peak bandWidth from a SDR 
DRAM system requires making the clock as fast as possible 
and expanding the system bus Width to be as Wide as 
possible. 

[0006] HoWever, the clock driver has to drive all DRAMs 
in the memory system in parallel, Which requires driving a 
capacitive load and includes synchroniZation requirements. 
Accordingly, higher clock speeds may be dif?cult to achieve 
in practice. Additionally, increasing the bus Width also 
requires greater area on the circuit board holding the DRAM 
system. As a result, it is not easy to increase the peak 
bandWidth of a SDR DRAM system. 

[0007] Double data rate (DDR) DRAM systems are a 
more attractive Way to get a higher data rate and thus greater 
system bandWidth. In DDR DRAM systems, both the rising 
and falling edges of the clock signal or data strobe are trigger 
points for read and Write operations. DDR DRAM systems 
thus provide double the peak data rate of comparable SDR 
DRAM systems using the same clock frequency, but require 
increased timing accuracy. 

[0008] A differential clock (CLK and CLK*) scheme is 
used in DDR DRAM memory systems to address the 
increased timing accuracy requirements. HoWever, there is 
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still a need to synchroniZe internal clock signals With 
clocking signals in the circuitry external to the DDR DRAM. 
Further, because transitions in these clock signals at Which 
data are transferred occur substantially more frequently than 
those of CAS* signals in SDR DRAMs, the timing toler 
ances are much tighter. As a result, there is need to develop 
neW approaches to generating internal clocking signals CLK 
and CLK* and to synchroniZe these clock signals as Well as 
output data With external clocking signals XCLK. 

SUMMARY OF THE INVENTION 

[0009] In one aspect, the invention includes an output 
circuit for a double data rate dynamic random access 
memory. The output circuit includes a delay-locked loop 
having an input con?gured to accept an external clock 
signal. The delay-locked loop provides ?rst and second 
internal clock signals that are interleaved and are synchro 
niZed With the external clock signal. The output circuit also 
includes a data strobe circuit coupled to the delay-locked 
loop. The data strobe circuit provides a data strobe signal 
including a preamble. The data strobe circuit synchroniZes 
the data strobe signal and preamble With the ?rst and second 
internal clock signals. In another aspect, the invention 
includes a double data rate dynamic random access memory 
(DDR DRAM) including such an output circuit. 

[0010] In a further aspect, the present invention includes a 
method of clocking data out from a double data rate dynamic 
random access memory. The method includes providing a 
data enable signal after a falling edge of a ?rst internal clock 
signal and prior to a rising edge of a second internal clock 
signal. The ?rst and second internal clock signals are inter 
leaved. The method also includes coupling ?rst data from a 
?rst data array through ?rst combinatorial logic in response 
to the data enable signal, clocking the ?rst data through a 
?rst multiplexer With the ?rst internal clocking signal, 
coupling second data from a second data array through 
second combinatorial logic in response to the data enable 
signal, clocking the second data through a second multi 
plexer With the second clocking signal, coupling the ?rst and 
second data from the ?rst and second multiplexers to a data 
buffer and providing a data strobe signal to a data strobe 
buffer. The data strobe signal is synchroniZed With the ?rst 
and second data and With the external clock signal. 

[0011] In another aspect, the present invention includes a 
method of providing a data strobe signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Preferred embodiments of the invention are 
described beloW With reference to the folloWing accompa 
nying draWings. 
[0013] FIG. 1 shoWs a simpli?ed block diagram of a DDR 
DRAM, in accordance With an embodiment of the present 
invention. 

[0014] FIG. 2 is a simpli?ed block diagram of the output 
circuit of the DDR DRAM of FIG. 1, in accordance With an 
embodiment of the present invention. 

[0015] FIG. 3 is a simpli?ed schematic diagram of an 
embodiment of the timing generator of FIG. 2, in accor 
dance With an embodiment of the present invention. 

[0016] FIG. 4 is a simpli?ed schematic diagram of an 
embodiment of the output drivers of FIG. 2, in accordance 
With an embodiment of the present invention. 
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[0017] FIG. 5 is a simpli?ed timing diagram showing a 
latency three, burst length four data output operation, in 
accordance With an embodiment of the present invention. 

[0018] FIG. 6 is a simpli?ed timing diagram shoWing a 
latency tWo and one-half, burst length eight data output 
operation, in accordance With an embodiment of the present 
invention. 

[0019] FIG. 7 is a simpli?ed timing diagram shoWing a 
latency tWo, burst length eight data output operation, in 
accordance With an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the US. Patent 
LaWs “to promote the progress of science and useful arts” 
(Article 1, Section 8). 

[0021] The invention encompasses methods and apparatus 
for generating complementary clock signals internal to a 
DDR DRAM that are synchroniZed With external clock 
signals for data input and output. In particular embodiments, 
the invention encompasses methods and apparatus for equal 
iZing delays betWeen clocking signals derived from a delay 
locked loop (DLL) internal to the DDR DRAM and the 
external clocking signal. 

[0022] As Will become apparent from the embodiments 
discussed beloW, one aspect of the invention comprises 
changing data output burst lengths, such as, for example, 
from a tWo-byte burst to a four- or eight-byte burst. Another 
aspect of the invention involves accommodating different 
data latencies. Data latency is de?ned herein to mean a 
delay, measured in clock cycles or fractions of clock cycles, 
betWeen a time When a command requests speci?c data from 
the DRAM and a time When data read from the DRAM 
appears at the output. Such data burst length and latency 
changes are made using control signals that set multiplexers 
and clock systems to provide output signals With speci?c, 
predetermined delays and in speci?c, predetermined burst 
lengths. FIG. 1 is a simpli?ed block diagram of a DDR 
DRAM 10, in accordance With an embodiment of the present 
invention. The DDR DRAM 10 includes arrays 12A and 
12B of memory cells organiZed into roWs and columns, a 
roW addressing circuit 14, a column addressing circuit 16, 
sense ampli?ers 18, output circuitry 19 and an I/O bus 20. 
The U0 bus 20 couples the memory arrays 12A and 12B to 
pins (not shoWn) of the DDR DRAM 10 and thus to a 
processor 22 such as a computer, microprocessor or other 
data processing device. In one embodiment, the I/O bus 20 
is tWo bytes Wide and operates at clock speeds up to 200 
MHZ, providing a data I/O bandWidth of 800 megabytes per 
second. 

[0023] The processor 22 exchanges data With the arrays 
12A and 12B by providing roW addresses to the roW address 
decoder 14 and the column address decoder 16, as Well as 
commands to con?gure the DDR DRAM 10 for particular 
data exchange formats that are discussed in more detail 
beloW With respect to FIGS. 2-7. When the processor 22 is 
retrieving data from the arrays 12A and 12B, commands, 
addresses and the external clock signal XCLK are coupled 
from the processor 22 through the I/O bus 20 to the DDR 
DRAM 10. In response, the sense ampli?ers 18 read data 
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from the arrays 12A and 12B and couple the data to the 
output circuit 19. The output circuit 19 generates clocking 
and timing signals and uses these signals to synchroniZe 
coupling of the data from the sense ampli?ers 18 to the 
processor 22 through the I/O bus 20. 

[0024] FIG. 2 is a simpli?ed block diagram of the output 
circuit 19 of the DDR DRAM 10 of FIG. 1, in accordance 
With an embodiment of the present invention. The output 
circuit 19 includes a clock buffer circuit 24, a command 
decoder 26, a burst counter 28, a QEDO generator circuit 30 
and a delay-locked loop 32. The external clock signal XCLK 
is coupled to an input to the clock buffer circuit 24. An 
internal clock signal CLK is derived from the external clock 
signal XCLK by the clock buffer circuit 24. The internal 
clock signal CLK is coupled to the command decoder 26, the 
burst counter 28, the QEDO generator circuit 30 and the 
delay-locked loop 32. 

[0025] The delay-locked loop 32 has outputs CLK_DQ, 
DLLRO and DLLFO. Operation of delay-locked loops is 
discussed in co-pending application Ser. No. 09/303,076, 
Which is assigned to the assignee of the present application 
and Which is hereby incorporated herein by reference. 

[0026] Delay-locked loops are also discussed in “A Por 
table Digital DLL for High-Speed CMOS Interface Cir 
cuits,” by B. W. Garlepp et al., IEEE JSSC, Vol. 34, No. 5, 
May 1999, pp. 632-644, Which is hereby incorporated herein 
by reference. A delay-locked loop speci?cally designed for 
use in DDR DRAMs 10 is described in “A Register 
Controlled Symmetrical DLL for Double-Data-Rate 
DRAM,” by F. Lin et al., IEEE JSSC, Vol. 34, No. 4, April 
1999, pp. 565-568, Which is hereby incorporated herein by 
reference. 

[0027] The signals DLLRO, DLLFO and CLK_DQ are all 
synchroniZed to have de?ned phase offsets from different 
portions of the external clock signal XCLK. As a result, the 
signals DLLRO, DLLFO and CLK_DQ all have the same 
frequency as the external clock signal XCLK, and each of 
these signals also has a phase or delay relationship With the 
external clock signal XLCK that falls Within a predeter 
mined range that is speci?c to that particular signal. 

[0028] The signals DLLRO and DLLFO are interleaved, 
that is, DLLRO is at logic “1” only When DLLFO is at logic 
“O” and DLLFO is at logic “1” only When DLLRO is at logic 
“O”. Transitions from logic “1” to logic “0” may be, but 
need not be, temporally coincident for these tWo signals, 
With a result that it is possible for both signals to be at logic 
“0” simultaneously during a portion of a clock cycle. Rising 
edges of the signal DLLRO precede or lead rising edges of 
the external clock signal XCLK by a predetermined amount. 
Rising edges of the signal DLLFO precede or lead falling 
edges of the external clock signal XCLK by a predetermined 
amount. 

[0029] The command decoder 26 has an input XCMD for 
accepting commands from circuitry external to the DDR 
DRAM 10, such as the processor 22 of FIG. 1, and has an 
output READ for providing read commands to the burst 
counter 28 and the QEDO generator circuit 30. The com 
mand decoder 26 also provides latency commands via a 
latency bus 34. A timing circuit 36 provides a set of timing 
signals on a timing bus 38. An input to the timing circuit 36 
is coupled to the output CLK_DQ from the delay-locked 
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loop 32. The timing circuit 36 includes a delay element 40 
and an inverter 42. The delay element 40 has an input that 
is coupled to the output CLK_DQ from the delay-locked 
loop 32 and has an output that is coupled to an inverter 42. 

[0030] The timing circuit 36 also includes ?ve transparent 
latches 50, 52, 54, 56 and 58, each having a data input D, a 
data output Q and latching inputs LAT and LAT*. Inputs 
LAT are coupled to the output from the delay element 40 and 
inputs LAT* are coupled to the output of the inverter 42. The 
data input D of the latch 50 is coupled to the output QEDO 
from the QEDO generator 30 and the data output Q of the 
latch 50 is coupled to the data input D of the latch 52. The 
latches 52, 54, 56 and 58 are coupled in cascade, With the 
data input D of each being coupled to the data output Q of 
the preceding latch. 

[0031] As a result, a series of timing signals Q0, Q1, 1h, 
Q2, 2h and Q3 are provided on the timing bus 38. The timing 
signals Q0-Q3 are respectively delayed by one-half clock 
cycle from the preceding timing signal in response to the 
QEDO generator 30 providing the timing signal QEDO. Each 
of the series of timing signals Q0-Q3 goes to logic “1” 
one-half clock cycle after the preceding timing signal goes 
to logic “1”, and returns to logic “0” one-half clock cycle 
after the preceding timing signal returns to logic “0”. 

[0032] As a result, When the signal QEDO presents a pulse 
of logic “1” having a predetermined length, respective 
timing signals Q0-Q3 also presents a pulse of logic “1” 
having the predetermined length but delayed one-half clock 
cycle With respect to the preceding timing signal. The series 
of timing signals Q0-Q3 is used together With latency 
commands to generate output timing signals, as is discussed 
beloW in more detail With respect to FIGS. 3-7. 

[0033] Atiming generator 60 is coupled to the latency bus 
34 and to the timing bus 38 and has outputs QED, QES and 
QSO. A data output driver DQ DRIVER 62 has an input 
coupled to the output QED and an output data strobe driver 
DQS DRIVER 64 has inputs coupled to the outputs QES and 
QSO. The output QED enables data DQ to be output from the 
DDR DRAM 10 of FIG. 1, and the data strobe output QES 
enables output data strobe signals DQS to be output from the 
DDR DRAM 10. 

[0034] FIG. 3 is a simpli?ed schematic diagram of an 
embodiment of the timing generator 60 of FIG. 2, in 
accordance With an embodiment of the present invention. 
The timing generator 60 includes a latency selection circuit 
69. The latency selection circuit 69 includes multiplexers 
MUX 70, 72, 74 and 76, respectively having data inputs A 
and B, a select input S and data outputs A0 and BO. 

[0035] The data outputs A0 of the multiplexers MUX 70, 
72, 74 and 76 are all coupled together and provide a data 
enable signal LQED. The data outputs BO of the multiplex 
ers MUX 70, 72, 74 and 76 are all coupled together and 
provide a data strobe enable signal LQES. Each of the select 
inputs S of the multiplexers MUX 70, 72, 74 and 76 is 
coupled to a respective latency select signal LATE1h, 
LATE2, LATE2h and LATE3 from the latency bus 34 and 
only one of the latency select signals is asserted at any one 
time. As a result, only one of the multiplexers MUX 70, 72, 
74 or 76 is active at any one time, and this determines the 
number of clock cycles after a data read command before 
data are output from the DDR DRAM 10 of FIG. 1. 
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[0036] In one embodiment, the data inputs A and B of the 
multiplexers MUX 70, 72, 74 and 76 are coupled to timing 
signals from the timing circuit 36 of FIG. 2 as shoWn in 
FIG. 3. Other arrangements are possible for implementation 
of other latencies. 

[0037] The timing generator 60 also includes a control 
signal generator 78. The control signal generator 78 includes 
a one shot circuit 80 and inverters 82 and 84. The one shot 
circuit 80 has inputs that are coupled to the signals LQES 
and LQED from the multiplexers MUX 70, 72, 74 and 76 
and has an output that is coupled to an input to the inverter 
82. The inverter 82 has an output that is coupled to an input 
to the inverter 84. An output from the inverter 84 provides 
the output signal QSO. The output signal QSO is used to 
generate a preamble portion of the data output strobe signal 
DQS, as is discussed beloW in more detail With reference to 
FIGS. 5 through 7. 

[0038] The timing generator 60 also includes a NOR gate 
90 and an inverter 92. The NOR gate 90 has one input that 
is coupled to the signal LQED and another input that is 
coupled to a signal TEST MODE. The signal TEST MODE 
is normally logic “0” so that the NOR gate 90 normally acts 
as an inverter. An output of the NOR gate 90 is coupled to 
an input to the inverter 92. An output of the inverter 92 
provides the signal QED that enables the data signal output. 

[0039] The timing generator 60 also includes a NOR gate 
96 and an inverter 98. The NOR gate 96 has one input 
coupled to the signal LQED and another input that is 
coupled to the signal LQES. An output of the NOR gate 96 
is coupled to an input to the inverter 98. An output of the 
inverter 98 provides the signal QES that enables the data 
strobe signal output. 

[0040] The number of elements (e.g., gates, inverters and 
the like) that are coupled betWeen the multiplexers MUX 
70-76 and the output signals QSO, QED and QES must be 
matched in order to maintain substantially identical delays 
along the paths for the various output signals. By forming 
the paths using similar elements having similar delay behav 
ior over temperature, the delays remain matched as an 
operating temperature of the DDR DRAM 10 of FIG. 1 
varies. 

[0041] FIG. 4 is a simpli?ed schematic diagram of an 
embodiment of the data and data strobe output drivers 62 
and 64 of FIG. 2, in accordance With an embodiment of the 
present invention. The data output driver 62 includes a 
NAND gate 110 and an inverter 112. The NAND gate 110 
has one input that is coupled to the signal QES from the 
timing generator 60 of FIG. 3 and has another input that is 
coupled to a signal TEST*. An input to the inverter 112 is 
coupled to an output of the NAND gate 110. The output of 
the NAN D gate 110 provides a timing signal IQED* and an 
output of the inverter 112 provides a complementary timing 
signal IQED. 

[0042] The data output driver 62 also includes a NAND 
gate 114 and a NOR gate 116. The NAND gate 114 has one 
input coupled to the signal IQED and another input coupled 
to data from the array 12A of FIG. 1. The NOR gate 116 has 
one input coupled to the data from the array 12A and another 
input coupled to the signal IQED*. 

[0043] The data output driver 62 also includes a NAND 
gate 118 and a NOR gate 120. The NAND gate 118 has one 
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input coupled to the signal IQED and another input coupled 
to data from the array 12B of FIG. 1. The NOR gate 120 has 
one input coupled to the data from the array 12B and another 
input coupled to the signal IQED*. 

[0044] The data output driver 62 also includes a ?rst set of 
multiplexers 122 and 124 and a second set of multiplexers 
126 and 128. The ?rst set of multiplexers 122 and 124 are 
clocked by signals DLLRO and DLLRO* from the delay 
locked loop 32 of FIG. 2, and the second set of multiplexers 
126 and 128 are clocked by signals DLLFO and DLLFO* 
from the delay-locked loop 32. For latencies that are an 
integral number of clock periods, rising edges of the signals 
DLLRO and DLLRO* are timed to precede rising edges of 
the external clocking signal XCLK and rising edges of the 
signals DLLFO and DLLFO* are timed to precede falling 
edges of the signal XCLK. For latencies that are not an 
integral number of clock periods, rising edges of the signals 
DLLRO and DLLRO* are timed to precede falling edges of 
the external clocking signal XCLK and rising edges of the 
signals DLLFO and DLLFO* are timed to precede rising 
edges of the signal XCLK. 

[0045] An output of the NAND gate 114 is coupled to a 
data input of the multiplexer 122 and an output of the NOR 
gate 116 is coupled to a data input of the multiplexer 124. 
Similarly, an output of the NAND gate 118 is coupled to a 
data input of the multiplexer 126 and an output of the NOR 
gate 120 is coupled to a data input of the multiplexer 128. 

[0046] The data output driver 62 also includes inverters 
130 and 132, a DO buffer 134 having inputs 133 and 135 and 
inverters 136 and 138. Outputs of the multiplexers 122 and 
126 are coupled together and to an input to the inverter 130. 
An output of the inverter 130 is coupled to an input of the 
inverter 132. An output of the inverter 132 is coupled to the 
?rst input 133 to the DO buffer 134. Similarly, outputs of the 
multiplexers 124 and 128 are coupled to an input to the 
inverter 136. An output of the inverter 136 is coupled to an 
input to the inverter 138. An output of the inverter 138 is 
coupled to the input 135 to the DO buffer 134. 

[0047] The data strobe output driver 64 is similar to the 
data output driver 62. The data strobe output driver 64 
includes a NAND gate 150, an inverter 152, a NAND gate 
154, a NOR gate 156, a NAND gate 158, ANOR gate 160, 
multiplexers 162, 164, 166 and 168, inverters 170 and 172, 
a DOS buffer 174 having inputs 173 and 175 and inverters 
176 and 178. 

[0048] The NAND gate 150 and the inverter 152 generate 
timing signals IQES and IQES* from signals QES and 
TEST*. The NAND gate 154 and the NOR gate 156 each 
have one input that is coupled to the signals IQES and 
IQES*, respectively, and each have another input that is 
coupled to the signal QSO. The NAND gate 158 and the 
NOR gate 160 each have one input that is coupled to the 
signals IQES and IQES*, respectively, and each have 
another input that is coupled to logic “1”. Outputs of the 
gates 154 and 156 are coupled to data inputs to multiplexers 
162 and 164, respectively, and outputs of the gates 158 and 
160 are coupled to data inputs to multiplexers 166 and 168, 
respectively. 

[0049] In response to clocking signals DLLRO and DLLFO 
from the delay-locked loop 32 of FIG. 2, output signals are 
coupled from the multiplexers 164 and 168 through inverters 
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170 and 172 to the ?rst input 173 to the DOS buffer 174. 
Similarly, output signals are coupled to the complementary 
input 175 to the DOS buffer 174 from the multiplexers 162 
and 166 through the inverters 176 and 178. 

[0050] FIG. 5 is a simpli?ed timing diagram shoWing a 
latency three, burst length four data output operation, in 
accordance With an embodiment of the present invention. 
Eight signals are shoWn in FIGS. 5 and 6, labeled (top to 
bottom) XCLK, DLLRO, DLLFO, QED (FIG. 5) or LQED 
(FIG. 6), QES, QSO, DOS and DO. The external clock 
signal XCLK of FIG. 2 is shoWn in the top trace. 

[0051] Rising edges of the delay-locked loop output signal 
DLLRO, shoWn beloW the external clock signal XCLK, lead 
rising edges of the external clock signal XCLK by about 8 
nanoseconds. Similarly, rising edges of the delay-locked 
loop output signal DLLFO lead falling edges of the external 
clock signal XCLK. This alloWs the multiplexers 122-128 of 
FIG. 4 to pass data to the DO buffer 134 and thus to the I/O 
bus 20 of FIG. 1, Without desynchroniZation of the data 
output With respect to the external clock signal XCLK. 

[0052] For the latency three, burst length four data output 
operation of FIG. 5, the LATE3 signal is asserted (i.e., set 
to logic “1”) by the command decoder 26 of FIG. 2, 
alloWing only the multiplexer 76 of FIG. 3 to pass the timing 
signals Q3 and O2 to form the signals LQED and LQES, 
respectively. The signal LQED needs to change to logic “1” 
folloWing a falling edge of DLLFO and also needs to have 
completed changing to logic “1” prior to a next rising edge 
of DLLRO, in order for data from the arrays 12A and 12B to 
be synchroniZed With clocking signals DLLRO and DLLFO 
in the multiplexers 122, 124, 126 and 128. 

[0053] The one-shot 80 of FIG. 3 generates the signal QSO 
from the signals LQES and LQED. The signal QSO then is 
used by the gates 154 and 156 (FIG. 4) in the DOS driver 
64 (FIGS. 3 and 4) to generate a logic “0” preamble portion 
of the signal DOS from the output of the DOS driver 64, 
Which has a high impedance quiescent state. As a result, the 
signal DOS at the output of the DOS driver 64 of FIG. 4 
changes from a signal level of about 1.4 volts in the 
quiescent state to a logic “0” shortly after the signal QSO 
?res to logic “1”. 

[0054] One clock cycle later, and in synchronism With the 
rising edge of the fourth cycle of the external clock signal 
XCLK, data signals DQ from the output of the DO buffer 
134 of FIG. 4 and data strobe signals DOS from the output 
of the data strobe buffer 174 begin to be output from the 
DDR DRAM 10 (FIG. 1). When the burst of tWo bytes from 
each of the arrays 12A and 12B (FIG. 1) has been clocked 
out of the DO buffers 134 (FIG. 4), the DO and DOS signals 
both return to the quiescent, high impedance state in syn 
chronism With the rising edge of the seventh cycle of the 
external clock signal XCLK. 

[0055] FIG. 6 is a simpli?ed timing diagram shoWing a 
latency tWo and one-half, burst length eight data output 
operation, in accordance With an embodiment of the present 
invention. The LATE2h signal is asserted by the command 
decoder 26 of FIG. 2, alloWing only the multiplexer 74 of 
FIG. 3 to pass the timing signals 2h and 1h to form the 
signals LQED and LQES, respectively. The one-shot 80 of 
FIG. 3 generates the signal QSO from the signals LQES and 
LQED, and the signal QSO is used to generate the DOS 
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preamble, as described With reference to FIG. 5, but With the 
preamble of the DOS signal starting on the falling edge of 
the second cycle of the external clock signal XCLK. 

[0056] One clock cycle later, and in synchronism With the 
falling edge of the third cycle of the external clock signal 
XCLK (i.e., after tWo and one-half clock cycles), data DQ is 
clocked from the output of the DO buffer 134 of FIG. 4 out 
of the DDR DRAM 10 (FIG. 1). When the burst of eight 
bytes, four from each of the arrays 12A and 12B (FIG. 1), 
has been clocked out of the DO buffers 134 (FIG. 4) at the 
rising edge of the seventh cycle of the external clock signal 
XCLK, the DO and DOS signals both return to the quies 
cent, high impedance state in synchronism With the falling 
edge of the seventh cycle of the external clock signal XCLK. 

[0057] FIG. 7 is a simpli?ed timing diagram shoWing a 
latency tWo, burst length eight data output operation, in 
accordance With an embodiment of the present invention. 
Eight signals are shoWn in FIG. 7, labeled (top to bottom) 
XCLK, DLLRO, DLLFO, QES, QED, QSO, DOS and DO. 
[0058] The LATE2 signal is asserted by the command 
decoder 26 of FIG. 2, alloWing only the multiplexer 72 of 
FIG. 3 to pass the timing signals Q2 and O1 to form the 
signals LQED and LQES, respectively. The signal QSO is 
formed and used to generate the DOS preamble as described 
above With reference to FIG. 5, but With the preamble 
starting on the rising edge of the second cycle of the external 
clock signal XCLK. 

[0059] One clock cycle later, and in synchronism With the 
rising edge of the third cycle of the external clock signal 
XCLK, data DQ is clocked from the output of the DO buffer 
134 of FIG. 4 out of the DDR DRAM 10 (FIG. 1). When 
the burst of four bytes from each of the arrays 12A and 12B 
(FIG. 1) has been clocked out of the DO buffers 134 (FIG. 
4) at the falling edge of the sixth cycle of the external clock 
signal XCLK, the DO and DOS signals both return to the 
quiescent, high impedance state in synchronism With the 
rising edge of the seventh cycle of the external clock signal 
XCLK. 

[0060] The examples of FIGS. 5 through 7 use a pre 
amble having a length of one clock cycle. When a preamble 
having a length of one-half clock cycle is needed, the input 
Q2 to the multiplexer 76 of FIG. 3 may be replaced by the 
signal 2h, the input 1h to the multiplexer 74 may be replaced 
by the signal Q2, the input O1 to the multiplexer 72 may be 
replaced by the signal 1h and the input QEDO to the 
multiplexer 70 may be replaced by Q1. Other preamble 
lengths may be selected by suitable choices of timing signals 
for the multiplexers 70, 72, 74 and 76. 

[0061] Key to all of the data output operations of FIGS. 5 
through 7 is that signals DLLRO and DLLFO for clocking 
data through the multiplexers 122-128 and 162-168 (FIG. 4) 
are derived from the delay-locked loop 32 of FIG. 2, rather 
than from traditional clock signal sources. This is advanta 
geous because the signals DLLRO and DLLFO from the 
delay-locked loop 32 have a predetermined phase relation 
ship With the external clocking signal XCLK. As a result, 
signals clocked by the signals DLLRO and DLLFO are valid 
during the much more stringent timing WindoWs needed for 
double data rate operation and thus for implementation of 
higher clock frequencies. 
[0062] Deriving the timing signals Q1, 1h, Q2, 2h and Q3 
from outputs from the delay-locked loop 32 permits these 
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timing signals to be valid during the much narroWer timing 
WindoWs required for DDR DRAM operation. Balancing 
propagation delays for the timing signals, for generation and 
propagation of the control signals QES, QED, OS0 and for 
generation of the signals DO and DOS, facilitates synchro 
niZation of the DO and DOS signals and provides robust 
temperature tracking of the synchroniZation. 

[0063] The timing generator 69 and control signal genera 
tor 78 of FIG. 3 provide a simple but robust Way of 
obtaining these bene?ts and of providing input signals to the 
data output driver 62 and the data strobe output driver 64 of 
FIGS. 2 and 4. In one embodiment, by ensuring that the 
number of gates in each signal path is the same and that the 
?xed delays are chosen properly, and by using the timing 
signals DLLRO and DLLFO from the delay-locked loop 32 
of FIG. 2, increased data output rates are achieved together 
With more stringent timing constraints relative to the exter 
nal clocking signal XCLK. 

[0064] In compliance With the statute, the invention has 
been described in language more or less speci?c as to 
structural and methodical features. It is to be understood, 
hoWever, that the invention is not limited to the speci?c 
features shoWn and described, since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modi?cations Within the proper scope of the 
appended claims appropriately interpreted in accordance 
With the doctrine of equivalents. 

1. An output circuit for a double data rate dynamic 
random access memory comprising: 

a delay-locked loop having an input con?gured to accept 
an external clock signal, the delay-locked loop provid 
ing a ?rst internal clock signal and a second internal 
clock signal, the ?rst and second internal clock signals 
being interleaved and having predetermined timing 
relationships With the external clock signal; and 

a data strobe circuit coupled to the delay-locked loop, the 
data strobe circuit being con?gured to provide a data 
strobe signal including a preamble, and to synchroniZe 
the data strobe signal and preamble With the ?rst and 
second internal clock signals. 

2. The output circuit of claim 1, Wherein the data strobe 
circuit comprises: 

a ?rst pair of multiplexers con?gured to be clocked by the 
?rst of the internal clock signals; 

a second pair of multiplexers con?gured to be clocked by 
the second of the internal clock signals; and 

combinatorial logic having inputs coupled to timing sig 
nals and having outputs coupled to inputs to the ?rst 
and second pairs of multiplexers. 

3. The output circuit of claim 2, Wherein the data strobe 
circuit further comprises: 

delay equaliZation circuits having inputs coupled to out 
puts from the ?rst and second multiplexers and having 
outputs; and 

an output buffer circuit having complementary inputs 
coupled to the outputs from the delay equaliZation 
circuits and having an output con?gured to provide a 
data output strobe signal. 
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4. The output circuit of claim 1, wherein the delay 
equalization circuits include combinatorial logic. 

5. An output circuit for a double data rate dynamic 
random access memory comprising: 

a delay-locked loop having an input con?gured to accept 
an external clock signal, the delay-locked loop provid 
ing a ?rst internal clock signal and a second internal 
clock signal, the ?rst and second internal clock signals 
being interleaved and having predetermined timing 
relationships With the external clock signal; 

a data output circuit con?gured to accept input data from 
?rst and second arrays of memory cells, the data output 
circuit being coupled to the delay-locked loop and 
con?gured to synchronize data from the ?rst and sec 
ond arrays of memory cells With the ?rst and second 
internal clock signals; and 

a data strobe circuit coupled to the delay-locked loop, the 
data strobe circuit being con?gured to provide a data 
strobe signal including a preamble, and to synchronize 
the data strobe signal and preamble With the ?rst and 
second internal clock signals. 

6. The output circuit of claim 5, Wherein the data strobe 
circuit comprises: 

a ?rst pair of multiplexers con?gured to be clocked by the 
?rst of the internal clock signals; 

a second pair of multiplexers con?gured to be clocked by 
the second of the internal clock signals; 

combinatorial logic having inputs coupled to timing sig 
nals and having outputs coupled to inputs to the ?rst 
and second pairs of multiplexers; 

delay equalization circuits respectively having inputs 
coupled to outputs from the ?rst and second multiplex 
ers and having outputs; and 

an output buffer circuit having complementary inputs 
coupled to the outputs from the delay equalization 
circuits and having an output con?gured to provide a 
data output strobe signal. 

7. The output circuit of claim 6 Wherein the delay equal 
ization circuits respectively comprise serially coupled 
inverters. 

8. The output circuit of claim 6 Wherein the delay equal 
ization circuits respectively comprise a ?rst inverter and a 
second inverter coupled in series. 

9. The output circuit of claim 5, further including a timing 
generator comprising: 

a group of multiplexers having data inputs, select inputs 
and data outputs; 

a latency select bus coupling a latency select signal to a 
respective select input to one of the group of multi 
plexers to activate a selected one of the group of 
multiplexers; 

a timing bus con?gured to provide a series of timing 
pulses, the series of timing pulses each being delayed 
by one-half of a clock cycle compared to a next timing 
pulse in the series, one each of a pair of timing pulses 
separated by a one clock cycle delay being coupled to 
respective data inputs of the multiplexers; 
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combinatorial logic having inputs respectively coupled to 
the data outputs from the multiplexers to provide a one 
clock cycle long pulse for forming a data strobe pre 
amble signal; and 

combinatorial logic having an input coupled to receive a 
later of the pair of timing pulses coupled through the 
selected one of the multiplexers to provide a data strobe 
enable signal. 

10. The output circuit of claim 5, Wherein the data output 
circuit comprises: 

a ?rst pair of multiplexers con?gured to be clocked by the 
?rst of the internal clock signals; 

a second pair of multiplexers con?gured to be clocked by 
the second of the internal clock signals; 

combinatorial logic having inputs coupled to timing sig 
nals and to a pair of memory cell arrays and having 
outputs con?gured to provide data from a ?rst of the 
pair of memory cell arrays to inputs to the ?rst pair of 
multiplexers and con?gured to provide data from a 
second of the pair of memory cell arrays to the second 
pair of multiplexers; 

delay equalization circuits having inputs coupled to out 
puts from the ?rst and second pairs of multiplexers and 
having outputs; and 

an output buffer circuit having complementary inputs 
coupled to the outputs from the delay equalization 
circuits and having an output alternately providing data 
from the ?rst and second memory cell arrays. 

11. The output circuit of claim 5, Wherein the data output 
circuit is con?gured to alternately provide data from the ?rst 
and second memory cell arrays during respective cycles of 
the data strobe signal. 

12. A double data rate dynamic random access memory 
(DDR DRAM) comprising: 

a ?rst array of memory cells arranged in roWs and 
columns; 

a second array of memory cells arranged in roWs and 
columns; 

a roW decoder coupled to roWs of the ?rst and second 
arrays of memory cells; 

a column decoder coupled to columns of the ?rst and 
second arrays of memory cells; 

an I/O bus coupled to pins of the memory and to the roW 
and column decoders, the I/O bus coupling data, 
addresses and commands betWeen the memory and 
external digital circuitry; 

sense ampli?ers coupled to the ?rst and second arrays of 
memory cells; and 

an output circuit including a data output circuit and a data 
strobe circuit, the output circuit having inputs coupled 
to the sense ampli?ers and having outputs coupled to 
the I/O bus, the data output circuit being con?gured to 
accept input data from the ?rst and second arrays of 
memory cells and supply a data burst, the data burst 
alternately including data from the ?rst and second 
arrays of memory cells during each cycle of a data 
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strobe signal from the data strobe circuit, the data burst 
being preceded by a preamble from the data strobe 
circuit. 

13. The DDR DRAM of claim 12, Wherein the output 
circuit further comprises a delay locked loop con?gured to 
supply ?rst and second interleaved internal clock signals, 
and Wherein the data output circuit is con?gured to supply 
data from the ?rst array of memory cells in response to the 
?rst internal clock signal and supplies data from the second 
array of memory cells in response to the second internal 
clock signal. 

14. The DDR DRAM of claim 13, Wherein the data output 
circuit and the data strobe circuit respectively include: 

a ?rst pair of multiplexers clocked by the ?rst of the 
internal clock signals; 

a second pair of multiplexers clocked by the second of the 
internal clock signals; 

combinatorial logic having inputs coupled to timing sig 
nals and having outputs coupled to inputs to the ?rst 
and second pairs of multiplexers; 

a pair of delay equalization circuits having inputs coupled 
to outputs from the ?rst and second multiplexers and 
having outputs; and 

an output buffer circuit having complementary inputs 
coupled to the outputs from the delay equalization 
circuits and having an output con?gured to provide an 
output signal. 

15. The DDR DRAM of claim 12, further comprising: 

timing circuitry including a pulse generator providing a 
pulse and a chain of transparent latches con?gured to 
provide a series of pulses in response to the pulse, each 
latch in the chain providing a pulse that is delayed 
one-half of a clock cycle relative to a pulse from an 
immediately preceding transparent latch; and 

latency selection circuitry responsive to latency com 
mands to select a data output latency, the latency 
selection circuitry selecting one of a plurality of mul 
tiplexers to couple timing signals from pairs of the 
transparent latches, Wherein the data strobe circuit 
provides a preamble in response to the timing signals 
from one of the plurality of multiplexers. 

16. Amethod of clocking data out from a double data rate 
dynamic random access memory comprising: 

providing a data enable signal after a falling edge of a ?rst 
internal clock signal and prior to a rising edge of a 
second internal clock signal, the ?rst and second inter 
nal clock signals being interleaved; 

coupling ?rst data from a ?rst data array through ?rst 
combinatorial logic in response to the data enable 
signal; 

clocking the ?rst data through a ?rst multiplexer With the 
?rst internal clocking signal; 

coupling second data from a second data array through 
second combinatorial logic in response to the data 
enable signal; 

clocking the second data through a second multiplexer 
With the second clocking signal; 
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coupling the ?rst and second data from the ?rst and 
second multiplexers to a data buffer; and 

providing a data strobe signal to a data strobe buffer, the 
data strobe signal being synchroniZed With the ?rst and 
second data and With the external clock signal. 

17. The method of claim 16, Wherein coupling the ?rst 
and second data to a data buffer includes coupling the ?rst 
and second data through logical elements to provide a 
predetermined amount of delay. 

18. The method of claim 16, further comprising: 

deriving the ?rst internal clock signal from an external 
clock signal using a delay-locked loop, the ?rst internal 
clock signal having a rising edge leading a rising edge 
of the external clock signal When a latency of an integer 
number of clock cycles is selected; and 

deriving the second internal clock signal from the external 
clock signal using the delay-locked loop, the second 
internal clock signal having a rising edge leading a 
falling edge of the external clock signal When a latency 
of an integer number of clock cycles is selected. 

19. The method of claim 16, Wherein providing a data 
strobe signal comprises: 

providing a data strobe enable signal after the falling edge 
of the ?rst internal clock signal and before the rising 
edge of the second internal clock signal; 

clocking the data strobe enable signal through a third 
multiplexer With the ?rst internal clocking signal to 
provide a ?rst phase of the data strobe signal; 

clocking the data strobe enable signal through a fourth 
multiplexer With the second clocking signal to provide 
a second phase of the data strobe signal; and 

coupling the ?rst and second phases of the data strobe 
signal from the third and fourth multiplexers to a data 
strobe buffer to provide the data strobe signal to a data 
strobe buffer, the data strobe signal being synchroniZed 
With the ?rst and second data and having a predeter 
mined relationship With the external clock signal. 

20. The method of claim 19 further comprising: 

coupling the data enable signal to a ?rst input to a 
one-shot circuit; 

coupling the data strobe enable signal to a second input to 
the one-shot circuit; 

generating a pulse having a pulse Width of one clock cycle 
by the one-shot circuit When the data strobe enable 
signal and the data enable signals have different logical 
states; 

coupling the pulse through logical elements to provide a 
predetermined amount of delay; and 

coupling the pulse from the logical elements to the data 
strobe buffer to provide a preamble for the data strobe 
signal. 

21. A method of providing a data strobe signal compris 
mg: 

providing a data strobe enable signal after a falling edge 
of a ?rst internal clock signal and prior to a rising edge 
of a second internal clock signal, the ?rst and second 
internal clock signals being interleaved; 
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clocking the data strobe enable signal through a ?rst 
multiplexer With the ?rst internal clocking signal to 
provide a ?rst phase of the data strobe signal; 

clocking the data strobe enable signal through a second 
multiplexer With the second clocking signal to provide 
a second phase of the data strobe signal; and 

coupling the ?rst and second phases of the data strobe 
signal from the ?rst and second rnultiplexers to a data 
strobe buffer to provide the data strobe signal to a data 
strobe buffer, the data strobe signal being synchroniZed 
With the ?rst and second data and With the external 
clock signal. 

22. The method of claim 21 further comprising: 

coupling the data enable signal to a ?rst input to a 
one-shot circuit; 

coupling the data strobe enable signal to a second input to 
the one-shot circuit; 

generating a pulse having a pulse Width of one clock cycle 
by the one-shot circuit When the data strobe enable 
signal and a data enable signals have different logical 
states; 

coupling the pulse through logical elements to provide a 
predetermined amount of delay; and 

coupling the pulse from the logical elements to the data 
strobe buffer to provide a preamble for the data strobe 
signal. 
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23. The method of claim 20, further comprising: 

deriving the ?rst internal clock signal from an external 
clock signal using a delay-locked loop, the ?rst internal 
clock signal having a rising edge leading a rising edge 
of the external clock signal When a latency of an integer 
number of clock cycles is selected; and 

deriving the second internal clock signal from the external 
clock signal using the delay-locked loop, the second 
internal clock signal having a rising edge leading a 
falling edge of the external clock signal When a latency 
of an integer number of clock cycles is selected. 

24. The method of claim 20, further comprising: 

deriving the ?rst internal clock signal from an external 
clock signal using a delay-locked loop, the ?rst internal 
clock signal having a rising edge leading a falling edge 
of the external clock signal When a latency of a non 
integer number of clock cycles is selected; and 

deriving the second internal clock signal from the external 
clock signal using the delay-locked loop, the second 
internal clock signal having a rising edge leading a 
rising edge of the external clock signal When a latency 
of a non-integer number of clock cycles is selected. 


