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(54) DOUBLE DATA RATE (DDR) DATA STROBE (57) ABSTRACT 
RECEIVER 

(76) Inventors; Chung-Hsia0 R_ Wu, Sunnyvale, CA A data strobe receiver that includes a ?rst comparator. The 
(Us); Jyh-Ming Jung, saratoga, CA ?rst comparator has a ?rst input that is coupled to a ?rst 
(US) reference voltage. The ?rst comparator has a second input 

that is coupled to a data strobe. The ?rst comparator also has 
COIIfISPOHdGHCfI AddreSSI an output. The data strobe receiver also includes a delay 
HOYT A- FLEMING HI element. The delay element has an input that is coupled to 
R0‘ BOX 140678 the output of the ?rst comparator. The delay element also has 
BOISE’ ID 83714 (Us) an enable input and an output. The data strobe receiver also 

_ includes a second comparator. The second comparator has a 
(21) Appl' NO" 10/625’298 ?rst input that is coupled to a second voltage reference. The 
(22) Filed: JuL 22 2003 second comparator has a second input that is coupled to the 

’ data strobe. The second comparator also has an output. The 
pub?cation (jassi?cation data strobe receiver also includes a divide-by-X-counter, 

Where X is an integer greater than 1 and less than 129. The 
(51) Int. Cl.7 ..................................................... .. GllC 7/00 divide-by-X-counter has an input that is coupled to the 
(52) US. Cl. ............................................................ .. 365/193 output of the second comparator. 
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DOUBLE DATA RATE (DDR) DATA STROBE 
RECEIVER 

1. FIELD OF THE INVENTION 

[0001] The present invention generally relates to semicon 
ductor devices. More speci?cally, the present invention 
relates to data strobe receivers. 

2. BACKGROUND 

[0002] There has increasingly been a demand for faster, 
higher capacity random access memory (RAM) devices. At 
one time, dynamic random access memory (DRAM) Was 
typically used as the main memory in computer systems. 
Although the operating speed of DRAM improved over the 
years, this speed did not reach the operating speed of the 
processors used to access the DRAM. In a computer system, 
for eXample, the sloW access and cycle times of the DRAM 
led to system bottlenecks. These bottlenecks sloWed doWn 
the throughput of the system despite the very fast operating 
speed of the computer system’s processor. 

[0003] As a result, a neW type of memory knoWn as 
synchronous dynamic random access memory (SDRAM) 
Was developed to provide faster operation in a synchronous 
manner. SDRAMs are designed to operate synchronously 
With the computer system’s clock. That is, the input and 
output data of the SDRAM are synchroniZed to an active 
edge of the computer system’s clock. 

[0004] Although SDRAMs have overcome some of the 
timing disadvantages of other memory devices, such as 
DRAMs, there is still a need for faster memory devices. 
Double data rate (DDR) SDRAMs provide tWice the oper 
ating speed of conventional SDRAMs. These devices alloW 
data transfers on both the rising and falling edges of the 
computer system’s clock and thus provide tWice as much 
data as the conventional SDRAM. DDR SDRAMs are also 
capable of providing burst data at a high-speed data rate. 

[0005] Due to the high-speed data transfers, DDR 
SDRAMs use a bi-directional data strobe (DQS) to register 
the data being input or output on both edges of the computer 
system’s clock. Industry standards de?ne several states of 
DOS before, during, and after a burst transfer of data. Before 
a burst transfer of data, DQS is in a high-impedance state 
that is knoWn as Hi-Z. When DQS is in Hi-Z, DQS is at a 
voltage level betWeen logic high and logic loW. 

[0006] One clock cycle before a burst data transfer, DQS 
transitions from Hi-Z to logic loW. This logic loW state is 
knoWn as “data strobe preamble.” After the data strobe 
preamble, DQS transitions (both loW-to-high transitions and 
high-to-loW transitions) are utiliZed to synchroniZe the trans 
ferred data. One half clock before the data transfer is 
completed, DQS remains in a logic loW state. This state is 
knoWn as “postamble.” After the completion of the post 
amble, DQS enters the Hi-Z state. 

[0007] Thus, a need exists for a simple DQS receiver that 
can accurately determine DQS transitions and can avoid 
false determinations due to electrical noise. 

3. SUMMARY OF THE INVENTION 

[0008] One embodiment of the invention is a data strobe 
receiver that includes a ?rst comparator. The ?rst compara 
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tor has a ?rst input that is coupled to a ?rst reference voltage. 
The ?rst comparator has a second input that is coupled to a 
data strobe. The ?rst comparator also has an output. The data 
strobe receiver also includes a delay element. The delay 
element has an input that is coupled to the output of the ?rst 
comparator. The delay element also has an enable input and 
an output. The data strobe receiver also includes a second 
comparator. The second comparator has a ?rst input that is 
coupled to a second voltage reference. The second compara 
tor has a second input that is coupled to the data strobe. The 
second comparator also has an output. The data strobe 
receiver also includes a divide-by-X-counter, Where X is an 
integer greater than 1 and less than 129 (such as 2, 4, 8, 16, 
32, 64, or 128). The divide-by-X-counter has an input that is 
coupled to the output of the second comparator. 

4. BRIEF DESCRIPTION OF THE FIGURES 

[0009] FIG. 1 presents a data strobe (DQS) receiver. 

[0010] FIG. 2 presents a set-reset-?ip-?op. 

[0011] FIG. 3 presents a timing diagram of a divide-by 
4-counter. 

[0012] FIG. 4 presents another timing diagram of a 
divide-by-4 counter. 

[0013] FIG. 5 presents a timing diagram of RoW Address 
Strobe (“RA ”), Column Address Strobe (“CA ”) and Con 
tinuous_Read signals. 
[0014] FIG. 6 presents a timing diagram of signals Within 
a data strobe receiver. 

5. DETAILED DESCRIPTION 

[0015] The folloWing description is presented to enable 
any person skilled in the art to make and use the invention, 
and is provided in the context of a particular application and 
its requirements. Various modi?cations to the disclosed 
embodiments Will be readily apparent to those skilled in the 
art, and the general principles de?ned herein may be applied 
to other embodiments and applications Without departing 
from the spirit and scope of the present invention. Thus, the 
present invention is not intended to be limited to the embodi 
ments shoWn, but is to be accorded the Widest scope 
consistent With the principles and features disclosed herein. 

[0016] 5.1 Data Strobe Receiver 

[0017] FIG. 1 presents a data strobe (DQS) receiver 100 
that accurately determines DQS transitions. 

[0018] As shoWn in FIG. 1, the DOS receiver 100 
includes a ?rst comparator 110. The ?rst comparator 110 
contains tWo inputs and an output. The ?rst input of the ?rst 
comparator 110 is coupled to a ?rst voltage reference. For 
eXample, the ?rst input of the ?rst comparator 110 could be 
coupled to a 1.25 volt or a 0.9 volt reference. The second 
input of the ?rst comparator 110 is coupled to DOS. The 
output of the ?rst comparator 110 Will be referred to as 

DQS_Nom. 
[0019] As shoWn in FIG. 1, the DOS receiver 100 also 
includes a delay element 120. The delay element 120 
includes a signal input, an enable input, and a signal output. 
The signal input of the delay element 120 is coupled to the 
output of the ?rst comparator 110. In some embodiments of 
the invention, the delay element 120 is operable to delay the 
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output of the ?rst comparator 110 by approximately 90 
degrees. In other embodiments of the invention, the delay 
element 120 is operable to delay the output of the ?rst 
comparator 110 by more than 45 degrees, less than 135 
degrees, or betWeen 45 degrees and 135 degrees. In still 
other embodiments of the invention, the delay of the delay 
element 120 is programmable during or after assembly of 
the DOS receiver 100. The signal output of the delay 
element 120 Will be referred to as DQS_90. When the enable 
input of the delay element 120 is active, the delay element 
120 outputs a delayed signal. HoWever, When the enable 
input of the delay element 120 is inactive, no signal is output 
by the delay element 120. 

[0020] Referring again to FIG. 1, the DOS receiver 100 
also includes a second comparator 130. The second com 
parator 130 includes tWo inputs and an output. The ?rst input 
of the second comparator 130 is coupled to a second voltage 
reference (V-X) ref. The voltage potential of the second 
voltage reference is typically not equal to the voltage 
potential of the ?rst voltage reference. In some embodiments 
of the invention, the voltage potential of the second voltage 
reference is programmable during or after assembly of the 
DOS receiver 100. The voltage potential of the second 
voltage reference can be selected based upon the amount of 
electrical noise rejection required for a particular applica 
tion. The second input of the second comparator 130 is 
coupled to DOS. The output of the second comparator 130 
Will be referred to as DQS_Detect. 

[0021] The DQS receiver 100 also includes a divide-by 
4-counter 140. The divide-by-4-counter 140 contains a clock 
input, an inverted reset input and an inverted output. The 
clock input to the divide-by-4-counter 140 is coupled to 
DQS-Detect. As shoWn in FIG. 3, in some embodiments of 
the invention, the inverted output of the divide-by-4-counter 
140 is loW When the counter has detected four logic state 
transitions. As shoWn in FIG. 4, in some embodiments of the 
invention, the divide-by-4-counter 140 alWays starts to 
count With the rising edge of the clock input. Thus, such 
divide-by-4 counters Will ignore the ?rst falling edge of the 
clock after the inverted reset transitions to a high logic state. 
In other embodiments of the invention, the DOS receiver 
100 includes a divide-by-8-counter or even a divide-by-16 
counter. Still other embodiments of the invention utiliZe a 
divide-by-X-counter, Where X is an integer greater than 1 
and less than 129. In still other embodiments, the value of X 
is programmable during or after assembly of the DOS 
receiver 100. 

[0022] The DQS receiver 100 also includes a set-reset 
?ip-?op 150. The set-reset-?ip-?op 150 contains an inverted 
set input, an inverted reset input, and an output. Set-reset 
?ip-?ops are knoWn to those of skill in the art and can be 
constructed by many different combinations of logic gates. 
One embodiment of the invention utiliZes the combination 
of logic gates such as shoWn in FIG. 2 to create the 
set-reset-?ip-?op 150. As shoWn in FIG. 1, the inverted set 
input of set-reset-?ip-?op 150 is coupled to DQS_Detect. 
The output of set-reset-?ip-?op 150 is coupled to the 
inverted reset input of the divide-by-4-counter 140. 

[0023] The DQS receiver 100 also includes a ?rst AND 
gate 160. The ?rst AND gate 160 contains tWo inputs and 
one output. The ?rst input of the ?rst AND gate 160 is 
coupled to the output of the set-reset-?ip-?op 150 (and the 
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inverted input of the divide-by-4-counter 140). The second 
input of the AND gate 160 is coupled to an inverted 
Output_Enable signal. The inverted Output_Enable signal is 
high When the memory controller is reading memory and is 
loW When the memory controller is Writing to memory. The 
output of the ?rst AND gate 160 is coupled to the enable 
input of the delay element 120. 

[0024] The DQS receiver 100 also includes a ?rst OR gate 
170. The ?rst OR gate 170 contains tWo inputs and one 
output. The ?rst input of the ?rst OR gate 170 is coupled to 
the inverted output of the divide-by-4-counter 140. The 
second input of the ?rst OR gate 170 is coupled to DQS_90. 

[0025] The DQS receiver 100 also includes a second OR 
gate 180. The second OR gate 180 contains tWo inputs and 
an output. The ?rst input of the second OR gate 180 is 
coupled to a Continuous_Read signal. As shoWn in FIG. 5, 
the Continuous_Read signal is typically set to logic high 
When a memory controller is continuously reading memory. 
In some embodiments of the invention, the Continuous 
_Read signal is active for (N-1)*2 clock cycles, Where N is 
the number of consecutive reads. The second input of the 
second OR gate 180 is coupled to the output of the ?rst OR 
gate 170. 

[0026] The DQS receiver 100 also contains a second AND 
gate 190. The second AND gate 190 contains three inputs 
and an output. The ?rst input of the second AND gate 190 
is coupled to a Reset_IJoW signal. The Reset_LoW signal, 
Which is active When loW, resets the DOS receiver 100. The 
second input of the second AND gate 190 is coupled to the 
output of the second OR gate 180. The third input of the 
second AND gate 190 is coupled to the inverted Output_En 
able signal. The output of the second AND gate 190 is 
coupled to the inverted reset input of the set-reset-?ip-?op 
150. 

[0027] The DQS receiver 100 is coupled to a ?rst-in 
?rst-out buffer (FIFO) 192. The FIFO 192 contains a data 
input, Which Will be referred to as DO, an insert input, and 
a Reset_LoW input. The data input is coupled to the output 
of a third comparator 195, Which has tWo inputs. One input 
of the third comparator 195 is coupled to a third voltage 
reference and the second input of the third comparator 195 
is coupled to a DO input. As is shoWn in FIG. 1, the insert 
input of the FIFO is coupled to the output of the DOS 
receiver 100. 

[0028] 5.2 A Method of Operating a Data Strobe Receiver 

[0029] One method of operating the DOS receiver 100 is 
shoWn in FIG. 6. 

[0030] Referring to FIG. 6, the inverted Output_Enable is 
high. Thus, the memory controller is operating in a read 
mode. Initially, the Reset_LoW signal is loW indicating that 
the DOS receiver 100 is in its reset mode of operation. At 
time 605, Reset_LoW transitions to a high logic state. This 
causes the output of the second AND gate 190 to transition 
to a high logic state, Which causes the set-reset-?ip-?op 150 
to eXit its reset mode. 

[0031] At time 610, the DOS signal falls beloW (V-X) ref. 
Thus, the output of the second comparator 130, DQS_De 
tect, begins to enter a loW logic state. Thus, the output of the 
set-reset-?ip-?op 150 enters a logic high state at time 615, 
the divide-by-4-counter 140 is released from its reset mode, 
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and the delay element 120 is enabled. As a result, the 
divide-by-4-counter 140 begins counted transitions of DOS 
_Detect, and the Delay Element 120 begins outputting DQS 
90. 

[0032] At time 620, the divide-by-4-counter 140 has 
counted four state transitions of DQS_Detect. Thus, the 
inverted output of the divide-by-4-counter 140 begins to 
enter a logic loW state. As a result, at time 625, the output 
of the ?rst OR gate 170 begins to transition to a loW logic 
state. Even though the output of the ?rst OR gate 170 is loW 
at this time, the Continuous_Read signal is high. Thus, the 
output of the second OR gate 180, remains high. 

[0033] At time 630, the divide-by-4-counter 140 has 
detected anther transition of DQS_Detect. Thus, its inverted 
output begins to transition to a high logic state. This tran 
sition causes the output of the ?rst OR gate to begin to 
transition to a high logic state at time 635. 

[0034] At time 640, the divide-by-4-counter 140 has 
counted another four state transitions of DQS_Detect. Thus, 
the inverted output of the divide-by-4-counter 140 begins to 
enter a logic loW state. HoWever, the output of the ?rst OR 
gate 170 remains high until DQS_90 transitions to a loW 
logic state at time 645. At that time, the output of the ?rst OR 
gate 170 begins to transition to a loW logic state. Because at 
time 650, the Continuous_Read signal is loW, the output of 
the second OR gate 180 begins to transition to a loW logic 
state. When the output of the second OR gate 180 reaches its 
loW logic state at time 655, the output of the second AND 
gate begins to transition to a loW logic state. When the output 
of the second AND gate reaches its loW logic state at time 
660, the set-reset-?ip-?op 150 is reset, thereby causing the 
output of the set-reset-?ip-?op 150 to begin to transition to 
a loW logic state. 

[0035] When the set-reset-?ip-?op 150 enters its loW logic 
state at time 665, the delay element 120 is disabled and the 
divide-by-4-counter is reset. Thus, DQS_90 is held at a loW 
logic state regardless of the logic state of DOS. 

[0036] 5 .3 Conclusion 

[0037] The foregoing descriptions of embodiments of the 
present invention have been presented for purposes of 
illustration and description only. They are not intended to be 
exhaustive or to limit the present invention to the forms 
disclosed. Accordingly, many modi?cations and variations 
Will be apparent to practitioners skilled in the art. Addition 
ally, the above disclosure is not intended to limit the present 
invention. The scope of the present invention is de?ned by 
the appended claims. 

It is claimed: 
1. A data strobe receiver comprising: 

a) a ?rst comparator, the ?rst comparator having a ?rst 
input that is coupled to a ?rst reference voltage, the ?rst 
comparator having a second input that is coupled to a 
data strobe, the ?rst comparator having an output; 

b) a delay element, the delay element having an input that 
is coupled to the output of the ?rst comparator; 

c) a second comparator, the second comparator having a 
?rst input that is coupled to a second voltage reference, 
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the second comparator having a second input that is 
coupled to the data strobe, the second comparator 
having an output; and 

d) a divide-by-X-counter, Where X is an integer greater 
than 1 and less than 129, the divide-by-X-counter 
having an input that is coupled to the output of the 
second comparator. 

2. The data strobe receiver of claim 1, Wherein the delay 
element includes an enable input. 

3. The data strobe receiver of claim 1, Wherein the delay 
element delays the output of the ?rst comparator by more 
than 45 degrees. 

4. The data strobe receiver of claim 1, Wherein the delay 
element delays the output of the ?rst comparator by less than 
135 degrees. 

5. The data strobe receiver of claim 1, Wherein the delay 
element delays the output of the ?rst comparator by more 
than 45 degrees and less than 135 degrees. 

6. The data strobe receiver of claim 1, Wherein the delay 
of the delay element is programmable. 

7. The data strobe receiver of claim 1, Wherein the value 
of X is programmable. 

8. The data strobe receiver of claim 1, Wherein a divide 
by-X-counter has an inverted reset input. 

9. The data strobe receiver of claim 1, Wherein the 
divide-by-X-counter includes an inverted output. 

10. The data strobe receiver of claim 1, Wherein the 
divide-by-X-counter is a divide-by-4-counter. 

11. The data strobe receiver of claim 1, further compris 
ing: 

e) a set-reset-?ip-?op, the set-reset-?ip-?op having an 
input that is coupled to the output of the second 
comparator. 

12. The data strobe receiver of claim 11, Wherein the input 
that is coupled to the output of the second comparator is an 
inverted set input. 

13. The data strobe receiver of claim 11, Wherein the 
set-reset-?ip-?op contains an output that is coupled to the 
input of a ?rst AND gate. 

14. The data strobe receiver of claim 11, Wherein the data 
strobe receiver contains a ?rst AND gate, the set-reset-?ip 
?op contains an output that is coupled to the ?rst input of the 
?rst AND gate, and the divide-by-X-counter contains an 
inverted reset input that is coupled to the ?rst input of the 
?rst AND gate. 

15. The data strobe receiver of claim 11, Wherein the data 
strobe receiver contains a ?rst OR gate, the ?rst OR gate 
having a ?rst input and a second input, the ?rst input of the 
?rst OR gate is coupled to the inverted output of the 
divide-by-X-counter, and the second input of the ?rst OR 
gate is coupled to the output of the delay element. 

16. The data strobe receiver of claim 15, Wherein the data 
strobe receiver contains a second OR gate having a ?rst 
input and a second input, the ?rst input of the second OR 
gate is coupled to a continuous read signal, and the second 
input of the second OR gate is coupled to the output of the 
?rst OR gate. 

17. The data strobe receiver of claim 16, Wherein the 
set-reset-?ip-?op includes an inverted reset input. 
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18. The data strobe receiver of claim 16, Wherein the 
set-reset-?ip-?op includes an inverted reset input, and the 
second OR gate includes an output that is coupled to the 
inverted reset input of the set-reset-?ip-?op via a second 
AND gate. 

19. The data strobe receiver of claim 18, Wherein the 
second AND gate contains a ?rst input and a second input, 
the ?rst input of the second AND gate is coupled to a reset 
signal and the second input of the second AND gate is 
coupled to the output of the second OR gate. 

20. The data strobe receiver of claim 18, Wherein the 
second AND gate contains a ?rst input and a second input, 
the ?rst input of the second AND gate is coupled to an 
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inverted output enable signal and the second input of the 
second AND gate is coupled to the output of the second OR 
gate. 

21. The data strobe receiver of claim 18, Wherein the 
second AND gate contains a ?rst input, a second input, and 
a third input, the ?rst input of the second AND gate is 
coupled to a reset signal, the second input of the second 
AND gate is coupled to the output of the second OR gate, 
and the third input of the second AND gate is coupled to an 
inverted output enable signal. 

22. The data strobe receiver of claim 1, Wherein the output 
of the delay element is coupled to an insert input of a 
?rst-in-?rst-out buffer. 

* * * * * 


