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(57) ABSTRACT 

A semiconductor device includes a timing-stabilization cir 
( * ) Notice: This is a publication of a continued pros- Quit Which adjusts an Output timing of data based on an 

ecution application (CPA) ?led under 37 external clock signal such that the data is output at the output 
CFR 1_53(d)_ timing to an exterior of the semiconductor device. The 

semiconductor device further includes a control circuit 
(21) Appl, No; 09/109,897 Which stops an output-timing adjustment operation of the 

timing-stabilization circuit during a time period When the 
(22) Filed: Jul. 2, 1998 data is output. 
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SEMICONDUCTOR DEVICE WITH STABLE AND 
APPROPRIATE DATA OUTPUT TIMING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to semicon 
ductor devices, and particularly relates to a semiconductor 
device equipped With a timing-stabiliZation circuit such as a 
DLL (delay-locked loop) circuit. 

[0003] 2. Description of the Related Art 

[0004] Some semiconductor devices control a timing of a 
clock signal by use of a DLL circuit or the like. 

[0005] FIG. 1 is a block diagram of a con?guration in 
Which a DLL circuit is used as a timing-stabilization circuit 
for data-output operations. 

[0006] The con?guration of FIG. 1 includes an output 
circuit 501, a variable-delay circuit 502, an ESD-protection 
circuit 503, an input circuit 504, a frequency divider 505, a 
phase-comparison circuit 506, a delay-control circuit 507, a 
variable-delay circuit 508, a dummy-input circuit 509, a 
dummy-output circuit 510, a dummy-output load 511, and a 
dummy-ESD-protection circuit 512. 

[0007] An external clock signal CLK input to an input 
node is supplied to the input circuit 504 via the ESD 
protection circuit 503. The input circuit 504 is comprised of 
a current-mirror circuit or the like. The input circuit 504 
generates an internal-clock signal i-clk based on the external 
clock signal CLK supplied thereto. The internal-clock signal 
i-clk is delayed by the variable-delay circuit 502 by an 
appropriate delay amount, and is supplied to the output 
circuit 501. The output circuit 501 uses the internal-clock 
signal i-clk having the appropriate delay amount as a syn 
chroniZation signal so as to latch data. The latched data is 
then supplied from the output circuit 501 to an exterior of the 
semiconductor device via an output node. 

[0008] The signal path from the input node to the output 
node inevitably introduces a delay Which is inherent to the 
circuit, so that the data output to the exterior of the device 
has a timing determined by the delay inherent to the circuit. 
In order to ensure that the data output to the exterior of the 
device is adjusted to have a predetermined timing relation 
With the external clock signal CLK, a DLL circuit mainly 
comprised of the phase-comparison circuit 506, the delay 
control circuit 507, the variable-delay circuit 508, and the 
variable-delay circuit 502 is employed. 

[0009] The internal-clock signal i-clk is subjected to fre 
quency division in the frequency divider 505 to generate a 
dummy-clock signal d-clk and a reference-clock signal c-clk 
having the same phase as the dummy-clock signal d-clk. The 
dummy-clock signal d-clk is supplied to the variable-delay 
circuit 508. The variable-delay circuit 508 is controlled to 
delay the dummy-clock signal d-clk by the same delay 
amount as that applied by the variable-delay circuit 502. The 
dummy-clock signal d-clk delayed by the variable-delay 
circuit 508 is then supplied to the phase-comparison circuit 
506 via the dummy-output circuit 510, the dummy-output 
load 511, the dummy-ESD-protection circuit 512, and the 
dummy-input circuit 509. Here, the dummy-output circuit 
510 has the same delay characteristics as the output circuit 
501, and the dummy-output load 511 emulates the output 
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load of the device. Further, the dummy-ESD-protection 
circuit 512 has the same delay characteristics as the ESD 
protection circuit 503, and the dummy-input circuit 509 has 
the same delay characteristics as the input circuit 504. 

[0010] The phase-comparison circuit 506 makes a com 
parison of the reference-clock signal c-clk With the clock 
signal supplied from the dummy-input circuit 509. To ensure 
that both clock signals have the same phase, the phase 
comparison circuit 506 controls the delay amount of the 
variable-delay circuit 508 via the delay-control circuit 507. 
In this manner, the clock signal output from the dummy 
output circuit 510 is adjusted so as to have a predetermined 
timing relation With the external clock signal CLK. 

[0011] Atotal delay of the ESD-protection circuit 503, the 
input circuit 504, the variable-delay circuit 502, and the 
output circuit 501 is equal to a total delay of the dummy 
ESD-protection circuit 512, the dummy-input circuit 509, 
the variable-delay circuit 508 and the dummy-output circuit 
510. Because of this, the data output from the output circuit 
501 to the exterior of the device ends up having the 
predetermined timing relation With the external clock signal 
CLK. 

[0012] In this con?guration, even When the characteristics 
of the ESD-protection circuit 503, the input circuit 504, the 
variable-delay circuit 502, and the output circuit 501 are 
changed due to variations in a poWer voltage and/or tem 
perature, the characteristics of the dummy-ESD-protection 
circuit 512, the dummy-input circuit 509, the variable-delay 
circuit 508, and the dummy-output circuit 510 also change 
in the same manner. Because of this, the data output from the 
output circuit 501 to the exterior of the device alWays keeps 
the same timing relation With the external clock signal CLK 
regardless of a poWer-voltage variation and/or a temperature 
variation. 

[0013] The frequency divider 505 divides a frequency of 
the internal-clock signal i-clk by N so as to generate the 
dummy-clock signal d-clk and the reference-clock signal 
c-clk. The phase-comparison circuit 506 thus makes a phase 
comparison once in every N cycles, thereby attending to 
timing adjustment. In the semiconductor device having the 
con?guration of FIG. 1, the DLL circuit is alWays in 
operation, so that the timing adjustment is performed in 
every N cycles even during a data-output operation. 

[0014] When data is output from an output circuit, in 
general, it is necessary to drive the output load attached to 
the output node. Because of this, the output circuit consumes 
a large amount of an electric current at an instance When the 
data is output, thereby generating a huge noise in an internal 
poWer voltage of the semiconductor device. When the 
internal poWer voltage suffers a huge noise, a series of 
dummy circuits including the variable-delay circuit 508 
create a ?uctuation in a signal timing as a signal passes 
therethrough. As a consequence, a clock signal t-clk, Which 
is supplied from the dummy-input circuit 509 for a phase 
comparison by the phase-comparison circuit 506, ends up 
having an undesirable timing displacement. 

[0015] FIGS. 2A through 2G are timing charts for 
explaining a problem caused by a poWer-voltage noise at a 
time of a data-output operation. 

[0016] FIGS. 2A through 2G shoW the internal-clock 
signal i-clk, a read-enable signal, a data signal appearing at 
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the output node, a ground voltage GND, the clock signal 
t-clk output from the dummy-input circuit 509, the refer 
ence-clock signal c-clk, and a clock signal observed at nodes 
N1 and N2 of FIG. 1, respectively. 

[0017] As shoWn in the ?gures, When data D1 is output 
from the output node as the read-enable signal is supplied to 
the semiconductor device, the load is imposed on the output 
circuit 501, thereby creating a spike noise S1 in the poWer 
voltage (ground voltage GND). The noise S1 in the poWer 
voltage results in a timing of a rising edge being displaced 
With respect to a clock pulse P1 of the clock signal t-clk. If 
a pulse of the reference-clock signal c-clk that is supplied 
once in every N cycles happens to appear With the displaced 
clock pulse P1, a phase adjustment of the DLL circuit is 
performed in accordance With the displaced clock pulse P1, 
thereby changing the delay amount of the variable-delay 
circuit 502 and the variable-delay circuit 508. As a result, the 
clock signal appearing at the nodes N1 and N2 ends up 
having an erroneous timing Which is caused by the displaced 
clock pulse P1. Data D2 output at the output node, therefore, 
appears at a Wrong timing indicated by solid lines in FIG. 
2C rather than at a correct timing shoWn by dashed lines. 

[0018] In general, a ?uctuation in the poWer voltage is 
compensated for by a timing adjustment Which the DLL 
circuit performs. In order for such a timing adjustment to be 
effective, hoWever, the poWer voltage should remain at a 
given voltage after changing from a previous voltage to this 
given voltage. In this case, the timing adjustment by the 
DLL circuit can insure that an appropriate timing is intro 
duced With respect to the given voltage. In the case shoWn 
in FIGS. 2A through 2G, hoWever, a ?uctuation in the 
poWer voltage is a noise Which appears only for a matter of 
a short moment, such that the poWer voltage changes from 
an original voltage to a next voltage, and immediately 
returns to the original voltage. In such a case, as shoWn in 
the ?gures, the data D2 is output at a Wrong timing rather 
than at a correct timing Which is adjusted under the condi 
tions of the original voltage. 

[0019] The output circuit 501 is provided With respect to 
each bit of the output data, so that the semiconductor device 
in its entirety is equipped With a plurality of output circuits. 
ApoWer-voltage noise Which is generated by a simultaneous 
operation of these output circuits tends to be relatively large, 
resulting in a signi?cant timing displacement in the output 
data. 

[0020] Accordingly, there is a need for a semiconductor 
device Which is equipped With a timing-stabilization circuit, 
and is capable of maintaining an appropriate data-output 
timing even When a signi?cant poWer-voltage noise is gen 
erated by a data-output operation. 

SUMMARY OF THE INVENTION 

[0021] Accordingly, it is a general object of the present 
invention to provide a semiconductor device Which can 
satisfy the need described above. 

[0022] It is another and more speci?c object of the present 
invention to provide a semiconductor device Which is 
equipped With a timing-stabilization circuit, and is capable 
of maintaining an appropriate data-output timing even When 
a signi?cant poWer-voltage noise is generated by a data 
output operation. 
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[0023] In order to achieve the above objects, a semicon 
ductor device according to the present invention includes a 
timing-stabilization circuit Which adjusts an output timing of 
data based on an external clock signal such that the data is 
output at the output timing to an exterior of the semicon 
ductor device, and a control circuit Which stops an output 
timing adjustment operation of the timing-stabiliZation cir 
cuit during a time period When the data is output. 

[0024] According to one aspect of the present invention, 
the semiconductor device described above further includes 
an output circuit Which outputs the data to the exterior in 
synchronism With a synchroniZation clock signal generated 
from the external clock signal, the timing-stabilization cir 
cuit adjusting a phase of the synchroniZation clock signal in 
order to adjust the output timing. 

[0025] According to another aspect of the present inven 
tion, the semiconductor device described above is such that 
the timing-stabilization circuit includes a DLL circuit. 

[0026] According to another aspect of the present inven 
tion, the semiconductor device described above is such that 
the timing-stabilization circuit includes a ?rst variable-delay 
circuit Which adjusts a phase of the synchroniZation clock 
signal, an emulation circuit Which includes a second vari 
able-delay circuit having a delay amount thereof set to the 
same amount as that of the ?rst variable-delay circuit, and 
emulates a phase relation betWeen the external clock signal 
and the output timing, a phase-comparison circuit Which 
checks the phase relation emulated by the emulation circuit, 
and a delay-control circuit Which adjusts the delay amount 
of the ?rst variable-delay circuit and the second variable 
delay circuit based on a check made by the phase-compari 
son circuit. 

[0027] According to another aspect of the present inven 
tion, the semiconductor device described above is such that 
the control circuit supplies a clock signal derived from the 
external clock signal to the emulation circuit and the phase 
comparison circuit to prompt performing of the output 
timing adjustment operation during a time period When the 
data is not output, and stops supply of the clock signal 
derived from the external clock signal to the emulation 
circuit and the phase-comparison circuit to stop the output 
timing adjustment operation during the time period When the 
data is output. 

[0028] According to another aspect of the present inven 
tion, the semiconductor device described above is such that 
the control circuit learns Whether the data is being output 
based on a signal Which instructs outputting of the data to the 
exterior of the semiconductor device. 

[0029] According to another aspect of the present inven 
tion, the semiconductor device described above is such that 
the signal Which instructs outputting of the data to the 
exterior of the semiconductor device is set based on an input 
from the exterior of the semiconductor device. 

[0030] According to another aspect of the present inven 
tion, a semiconductor device includes an output circuit 
Which outputs data, a timing-stabilization circuit Which 
adjusts an output timing of the data, and a control circuit 
Which stops an adjustment of the output timing of the data 
during a time period When the output circuit outputs the data. 

[0031] In the semiconductor devices described above, the 
control circuit is provided, and stops the output-timing 
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adjustment operation performed by the timing-stabiliZation 
circuit during a time period of data output. Because of this, 
even When a noise is generated in a poWer voltage by the 
data-output operation, the timing-stabiliZation circuit does 
not set a Wrong timing. This makes it possible to output data 
at an appropriate timing regardless of a presence of the 
poWer-voltage noise. 

[0032] Accordingly, an access time to read data can be free 
from an undesirable ?uctuation in semiconductor devices 
such as DRAMs. 

[0033] Other objects and further features of the present 
invention Will be apparent from the folloWing detailed 
description When read in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a block diagram of a related-art con?gu 
ration in Which a DLL circuit is used as a timing-stabiliZa 
tion circuit for data-output operations; 

[0035] FIGS. 2A through 2G are timing charts for 
explaining a problem caused by a poWer-voltage noise at a 
time of a data-output operation When the con?guration of 
FIG. 1 is used; 

[0036] FIG. 3 is a block diagram shoWing an embodiment 
of a semiconductor device in Which a DLL circuit is used as 
a timing-stabiliZation circuit according to the present inven 
tion; 

[0037] FIGS. 4A through 4C are timing charts for 
explaining a stoppage of a phase-comparison operation 
during When data is output; 

[0038] FIG. 5 is a circuit diagram shoWing a circuit 
structure of a variable-delay circuit; 

[0039] FIG. 6 is a circuit diagram shoWing a circuit 
con?guration of a delay-control circuit; 

[0040] FIG. 7 is a circuit diagram shoWing a circuit 
con?guration of a phase-comparison circuit; and 

[0041] FIG. 8 is a block diagram of a semiconductor 
memory device in Which a DLL circuit is used as a timing 
stabiliZation circuit according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] In the folloWing, embodiments of the present 
invention Will be described With reference to the accompa 
nying draWings. 

[0043] FIG. 3 is a block diagram shoWing an embodiment 
of a semiconductor device in Which a DLL circuit is used as 
a timing-stabiliZation circuit according to the present inven 
tion. 

[0044] A semiconductor device 10 of FIG. 3 includes an 
output circuit 11, a variable-delay circuit 12, an ESD 
protection circuit 13, an input circuit 14, a frequency divider 
15, a phase-comparison circuit 16, a delay-control circuit 17, 
a variable-delay circuit 18, a dummy-input circuit 19, a 
dummy-output circuit 20, a dummy-output load 21, a 
dummy-ESD-protection circuit 22, and a control circuit 23. 
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[0045] An external clock signal CLK input to an input 
node is supplied to the input circuit 14 via the ESD 
protection circuit 13. The input circuit 14 is comprised of a 
current-mirror circuit or the like. The input circuit 14 
generates an internal-clock signal i-clk based on the external 
clock signal CLK supplied thereto. The internal-clock signal 
i-clk is delayed by the variable-delay circuit 12 by an 
appropriate delay amount, and is supplied to the output 
circuit 11. The output circuit 11 uses the internal-clock 
signal i-clk having the appropriate delay amount as a syn 
chroniZation signal so as to latch data. The latched data is 
then supplied from the output circuit 11 to an exterior of the 
semiconductor device via an output node. 

[0046] The signal path from the input node to the output 
node inevitably introduces a delay Which is inherent to the 
circuit, so that the data output to the exterior of the device 
has a timing determined by the delay inherent to the circuit. 
In order to ensure that the data output to the exterior of the 
device is adjusted to have a predetermined timing relation 
With the external clock signal CLK, a DLL circuit mainly 
comprised of the phase-comparison circuit 16, the delay 
control circuit 17, the variable-delay circuit 18, and the 
variable-delay circuit 12 is employed. 

[0047] The internal-clock signal i-clk is subjected to fre 
quency division in the frequency divider 15 to generate a 
dummy-clock signal d-clk and a reference-clock signal c-clk 
having the same phase as the dummy-clock signal d-clk. The 
dummy-clock signal d-clk is supplied to the variable-delay 
circuit 18. The variable-delay circuit 18 is controlled to 
delay the dummy-clock signal d-clk by the same delay 
amount as that applied by the variable-delay circuit 12. The 
dummy-clock signal d-clk delayed by the variable-delay 
circuit 18 is then supplied to the phase-comparison circuit 16 
via the dummy-output circuit 20, the dummy-output load 21, 
the dummy-ESD-protection circuit 22, and the dummy-input 
circuit 19. Here, the dummy-output circuit 20 has the same 
delay characteristics as the output circuit 11, and the 
dummy-output load 21 emulates the output load of the 
device. Further, the dummy-ESD-protection circuit 22 has 
the same delay characteristics as the ESD-protection circuit 
13, and the dummy-input circuit 19 has the same delay 
characteristics as the input circuit 14. 

[0048] The phase-comparison circuit 16 makes a compari 
son of the reference-clock signal c-clk With the clock signal 
supplied from the dummy-input circuit 19. To ensure that 
both clock signals have the same phase, the phase-compari 
son circuit 16 controls the delay amount of the variable 
delay circuit 18 via the delay-control circuit 17. In this 
manner, the clock signal output from the dummy-output 
circuit 20 is adjusted so as to have a predetermined timing 
relation With the external clock signal CLK. 

[0049] A total delay of the ESD-protection circuit 13, the 
input circuit 14, the variable-delay circuit 12, and the output 
circuit 11 is equal to a total delay of the dummy-ESD 
protection circuit 22, the dummy-input circuit 19, the vari 
able-delay circuit 18, and the dummy-output circuit 20. 
Because of this, the data output from the output circuit 11 to 
the exterior of the device ends up having the predetermined 
timing relation With the external clock signal CLK. 

[0050] In this con?guration, even When the characteristics 
of the ESD-protection circuit 13, the input circuit 14, the 
variable-delay circuit 12, and the output circuit 11 are 
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changed due to variations in a power voltage and/or tem 
perature, the characteristics of the dummy-ESD-protection 
circuit 22, the dummy-input circuit 19, the variable-delay 
circuit 18, and the dummy-output circuit 20 also change in 
the same manner. Because of this, the data output from the 
output circuit 11 to the exterior of the device always keeps 
the same timing relation With the external clock signal CLK 
regardless of a poWer-voltage variation and/or a temperature 
variation. 

[0051] The semiconductor device 10 of FIG. 1 is provided 
With the control circuit 23 according to the present inven 
tion. The control circuit 23 includes an inverter 31 and a 
NOR circuit 32. The control circuit 23 receives a read 
enable signal, Which is supplied to read data from the 
semiconductor device 10. When the read-enable signal is 
LOW (inactive), the NOR circuit 32 serves as an inverter 
With respect to an output of the inverter 31. In this case, 
therefore, the internal-clock signal i-clk is supplied to the 
frequency divider 15 Without any change. 

[0052] When the read-enable signal is HIGH (active), the 
output of the NOR circuit 32 is ?xed to LOW. In this case, 
therefore, the frequency divider 15 is not provided With any 
clock signal. In other Words, the DLL circuit does not attend 
to phase adjustment When data is output from the output 
circuit 11 of the semiconductor device 10. 

[0053] FIGS. 4A through 4C are timing charts for 
explaining a stoppage of a phase-comparison operation 
during When data is output. FIGS. 4A through 4C shoW the 
internal-clock signal i-clk, the read-enable signal, and a 
signal observed at a node N3 of FIG. 3 as an output of the 
NOR circuit 32, respectively. 

[0054] As shoWn in the ?gures, When the read-enable 
signal is HIGH to indicate a data-output operation, the signal 
at the node N3 is ?xed to LOW, so that no clock pulse is 
supplied to the frequency divider 15. That is, the phase 
comparison circuit 16 does not perform a phase-comparison 
operation during a time When data is output from the device. 

[0055] As described above, the semiconductor device 
according to the present invention is provided With the 
control circuit Which stops a phase-comparison operation 
and a phase-adjustment operation by the DLL circuit during 
a time period of data output. Because of this, even When a 
noise is generated in a poWer voltage by the data-output 
operation, the DLL circuit does not set a Wrong timing. This 
makes it possible to output data at an appropriate timing 
regardless of a presence of the poWer-voltage noise. 

[0056] The dummy-output circuit 20 operates When the 
read-enable signal is LOW (i.e., When data is not output), so 
that the poWer voltage cannot be free from noise. Since only 
one dummy-output circuit 20 is provided in one semicon 
ductor device, hoWever, the poWer-voltage noise is relatively 
small, thereby producing only a negligible in?uence on the 
phase-adjustment operations. 

[0057] FIG. 5 is a circuit diagram shoWing a circuit 
structure of a variable-delay circuit. The variable-delay 
circuit of FIG. 5 is used as the variable-delay circuits 12 and 
18 in FIG. 3. 

[0058] The variable-delay circuit of FIG. 5 includes a 
plurality of inverters 101, a plurality of inverters 102, a 
plurality of inverters 103, a plurality of NAND circuits 104, 
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and a plurality of NAND circuits 105. A given one of the 
inverters 103 and a corresponding one of the NAND circuits 
105 together form one stage of a delay element, such that the 
plurality of inverters 103 and the plurality of NAN D circuits 
105 together form a series of delay elements having a 
plurality of delay stages. Control signals TC1 through TC8 
are supplied to the NAND circuits 104, and are provided 
from the delay-control circuit 17. A detailed description of 
the control signals TC1 through TCS Will be provided later. 
For the understanding of the circuit operations of FIG. 5, it 
should be pointed out that only tWo adjacent signals are 
HIGH among the control signals TC1 through TCS, and the 
remaining control signals are LOW. 

[0059] An input signal S1 is supplied to the plurality of 
NAND circuits 104 via the plurality of inverters 101. The 
input signal S1 passes through a given one of the NAND 
circuits 104 When this NAND circuit 104 receives a HIGH 
signal as one of the control signals TC1 through TCS, and 
enters the series of delay elements comprised of the plurality 
of inverters 103 and the plurality of NAN D circuits 105. The 
input signal S1 propagates through the series of delay 
elements, and is output as an output signal SO after passing 
through the plurality of inverters 102. Depending on a 
position of the tWo adjacent signals Which are HIGH among 
the control signals TC1 through TC8, the input signal S1 
passes through a different number of delay stages. Control of 
this position makes it possible to adjust hoW much the input 
signal S1 is delayed. 

[0060] FIG. 6 is a circuit diagram shoWing a circuit 
con?guration of the delay-control circuit 17. The delay 
control circuit 17 generates the control signals TC1 through 
TCS described above. 

[0061] The delay-control circuit 17 includes NOR circuits 
121-1 through 121-8, inverters 122-1 through 122-8, NAND 
circuits 123-1 through 123-8, NMOS transistors 124-1 
through 124-8, NMOS transistors 125-1 through 125-8, 
NMOS transistors 126-1 through 126-8, and NMOS tran 
sistors 127-1 through 127-8. When a reset signal R is turned 
to LOW, the delay-control circuit 17 is reset. Namely, When 
the reset signal R becomes LOW, outputs of the NAND 
circuits 123-1 through 123-8 become HIGH, and outputs of 
the inverters 122-1 through 122-8 become LOW. A pair of 
a given one of the NAND circuits 123-1 through 123-8 and 
a corresponding one of the inverters 122-1 through 122-8 
forms a latch in Which one element of the pair receives an 
output of the other element as an input. An initial state 
created by the reset signal R is thus kept even after the reset 
signal R returns to HIGH. 

[0062] In this initial state, the output TC1 of the NOR 
circuit 121-1 is HIGH as shoWn in FIG. 6, and the remaining 
NOR circuits 121-2 through 121-8 have the outputs TC2 
through TC8, respectively, Which are LOW. That is, only the 
output TC1 is HIGH among the outputs TC1 through TC8. 

[0063] When there is a need to increase the amount of 
delay With respect to a signal subjected to phase adjustment, 
HIGH pulses are supplied to signal lines A and B in turn. 
With a HIGH pulse of a signal CIDSE supplied to the signal 
line A, the NMOS transistor 124-1 is turned on. Since the 
NMOS transistor 126-1 is in a turned-on state, an output of 
the NAND circuit 123-1 is connected to the ground, and is 
forced to change from HIGH to LOW, so that an output of 
the inverter 122-1 becomes HIGH. This condition is latched 
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by the latch comprising the NAND circuit 123-1 and the 
inverter 122-1. As a result, the output TC2 is changed from 
LOW to HIGH. In this condition, therefore, only the outputs 
TC1 and TC2 are HIGH. 

[0064] With a HIGH pulse of a signal CIDSO supplied to the 
signal line B, the NMOS transistor 124-2 is turned on. Since 
the NMOS transistor 126-2 is already in a turned-on state, an 
output of the NAND circuit 123-2 is connected to the 
ground, and is forced to change from HIGH to LOW, so that 
an output of the inverter 122-2 becomes HIGH. This con 
dition is latched by the latch comprising the NAND circuit 
123-2 and the inverter 122-2. As a result, the output TC1 is 
changed from HIGH to LOW, While the output TC3 is turned 
from LOW to HIGH. In this condition, therefore, only the 
outputs TC2 and TC3 are HIGH. 

[0065] As described above, HIGH pulses are supplied in 
turn to the signal lines A and B to shift a position to the right 
one by one When this position marks the only tWo HIGH 
outputs among the outputs TC1 through TC8. 

[0066] When there is a need to decrease the delay amount, 
HIGH pulses are supplied to signal lines C and D in turn. 
Operations in this case are simply a reverse of the above 
described operations, and a description thereof Will be 
omitted. 

[0067] The output signals TC1 through TC8 generated in 
this manner are supplied to the variable-delay circuit so as 
to adjust a delay of a signal When this signal is subjected to 
a phase adjustment. 

[0068] Signals CIDSE, CIDSO, (DRE, and CIJRO are supplied to 
the signal lines A through D. These signals CIDSE, CIDSO, 
(DRE, and CIJRO are generated by the phase-comparison 
circuit 16 of FIG. 3. 

[0069] FIG. 7 is a circuit diagram shoWing a circuit 
con?guration of the phase-comparison circuit 16. 

[0070] The phase-comparison circuit 16 of FIG. 7 
includes an edge-timing-comparison circuit 130, a binary 
counter 160, and a pulse-generation circuit 180. 

[0071] The edge-timing-comparison circuit 130 includes 
NAND circuits 131 through 144, inverters 145 through 148, 
and a NOR circuit 149. The binary counter 160 includes 
NAND circuits 161 through 168 and inverters 169 through 
171. The pulse-generation circuit 180 includes NAND cir 
cuits 181 through 186 and inverters 187 through 192. 

[0072] The edge-timing-comparison circuit 130 receives 
input signals S1 and S2, and determines Which one of the 
input signals S1 and S2 has a rising edge ahead of the other. 
One of the input signals S1 and S2 corresponds to the 
reference-clock signal c-clk, and the other corresponds to the 
clock signal t-clk supplied from the dummy-input circuit 19. 

[0073] If a rising edge of the input signal S1 is ahead of a 
rising edge of the input signal S2, a latch comprised of the 
NAND circuits 131 and 132 produces outputs L1 and L2 
Which are LOW and HIGH, respectively. Also, a latch 
formed by the NAND circuits 133 and 134 generates output 
L3 and L4 Which are LOW and HIGH, respectively. 

[0074] After this, both of the input signals S1 and S2 
become HIGH, Which changes an output of the NAND 
circuit 136 to LOW. This prompts the NOR circuit 149 to 
produce a HIGH output for a predetermined period of time. 
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The HIGH output of the NOR circuit 149 opens gates of the 
NAND circuits 137 through 140, so that the latch outputs LI 
through L4 are inverted and input to tWo latches comprised 
of NAND circuits 141 through 144. The latch comprised of 
NAND circuits 141 and 142 thus has outputs (Db and (Dc 
Which are HIGH and LOW, respectively. Also, the latch 
comprised of NAND circuits 143 and 144 has outputs (Dd 
and (De Which are HIGH and LOW, respectively. 

[0075] In this manner, When the input signal S1 has a 
rising edge ahead in time, the NAND circuit 181 of the 
pulse-generation circuit 180 changes an output thereof to 
LOW. 

[0076] When a rising edge of the input signal S2 is a head 
of a rising edge of the input signal S1 by a sufficient margin, 
the latch outputs (Db and (Dc become LOW and HIGH, 
respectively, and, also, the latch outputs (Dd and (De become 
LOW and HIGH, respectively. In this case, therefore, the 
NAND circuit 182 of the pulse-generation circuit 180 
changes an output thereof to LOW. 

[0077] When a rising edge of the input signal S2 is ahead 
of a rising edge of the input signal S1 only by a small 
margin, the latch comprised of the NAND circuits 133 and 
134 produces the outputs L3 and L4 Which are LOW and 
HIGH, respectively, because of a signal delay introduced by 
the NAND circuit 135 and the inverter 148. In this case, the 
latch outputs (Db and (Dc are LOW and HIGH, respectively, 
Whereas the latch outputs (Dd and (De are HIGH and LOW, 
respectively. The NAND circuits 181 and 182 of the pulse 
generation circuit 180 thus do not change outputs thereof, 
and these outputs remain at the HIGH level. 

[0078] In this manner, When a difference in rising-edge 
timings is small betWeen the input signal S1 and the input 
signal S2, i.e., When the rising edges can be regarded as 
having the same timing, the phase-comparison circuit 16 of 
FIG. 7 does not generate an output. 

[0079] The binary counter 160 divides a frequency of a 
signal by half When receiving the signal from the NAND 
circuit 136 of the edge-timing-comparison circuit 130. The 
binary counter 160 outputs a frequency-divided signal D1 
from the inverter 171, and outputs a frequency-divided 
signal D2 from the inverter 170. The signal from the NAND 
circuit 136 has the same cycle as the input signals S1 and S2. 
Because of this, the frequency-divided signal D1 output 
from the binary counter 160 becomes HIGH during even 
number cycles of the input signals, for eXample. In this case, 
the frequency-divided signal D2 becomes HIGH during 
odd-number cycles. 

[0080] In the pulse-generation circuit 180, the output of 
the NAND circuit 181 becomes LOW When the input signal 
S1 is ahead of the input signal S2, as previously described. 
On the other hand, When the input signal S2 is ahead in time 
by a sufficient margin, the output of the NAND circuit 182 
becomes LOW. 

[0081] When the input signal S1 is ahead in time, the 
output of the NAND circuit 181 is inverted by the inverter 
187, and is supplied to the NAND circuit 183 and 184 as a 
HIGH signal. The NAND circuit 183 further receives the 
frequency-divided signal D1, and the NAND circuit 184 
further receives the frequency-divided signal D2. In this 
case, therefore, the pulse-generation circuit 180 generates 
HIGH pulses as the signal CIDSE or the signal CIDSO in turn 
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[0082] When the input signal S2 is ahead in time by a 
sufficient margin, the output of the NAND circuit 182 is 
inverted by the inverter 188, and is supplied to the NAND 
circuit 185 and 186 as a HIGH signal. The NAND circuit 
185 further receives the frequency-divided signal D1, and 
the NAND circuit 186 further receives the frequency-di 
vided signal D2. In this case, therefore, the pulse-generation 
circuit 180 generates HIGH pulses as the signal CIJRO and 
the signal (DRE in turn. 

[0083] These signals CIDSE, CIDSO, (DRE, and CIJRO are 
supplied to the delay-control circuit 17 shoWn in FIG. 6. In 
this manner, the delay of the variable-delay circuit of FIG. 
5 can be controlled via the delay-control circuit 17 of FIG. 
6, depending on Which one of the signals S1 and S2 has a 
rising edge ahead of the other. 

[0084] FIG. 8 is a block diagram of a semiconductor 
memory device in Which a DLL circuit is used as a timing 
stabiliZation circuit according to the present invention. In 
FIG. 8, the same elements as those of FIG. 3 are referred to 
by the same numerals, and a description thereof Will be 
omitted. 

[0085] The semiconductor memory device of FIG. 8 
includes an address buffer 41, a roW decoder 42, a column 
decoder 43, a core circuit 44, a read-ampli?er/Write-buffer 
unit 45, an input circuit 46, and a command decoder 47. 
These elements are generally provided in a conventional 
DRAM, and a description of circuit con?gurations Will be 
omitted. 

[0086] The core circuit 44 includes memory cells arranged 
in a matrix for storing data, Word lines for accessing memory 
cells at an indicated roW address, bit lines for reading data 
from the memory cells, sense ampli?ers for amplifying the 
data on the bit lines, column gates for reading/Writing data 
from/in sense ampli?ers at an indicated column address, etc. 

[0087] Address signals are input to the address buffer 41. 
A roW address is then supplied to the roW decoder 42, While 
a column address is supplied to the column decoder 43. The 
roW decoder 42 prompts a Word line to be activated at an 
indicated roW address in order to perform roW-address 
access to memory cells at this roW address. 

[0088] When data is to be read, data read from the memory 
cells is stored in the sense ampli?ers via the bit lines. The 
column decoder 43 opens a column gate With respect to a 
sense ampli?er corresponding to an indicated column 
address, thereby reading data from the sense ampli?er to the 
read-ampli?er/Write-buffer unit 45. The data read from the 
sense ampli?er is then output to an exterior of the semicon 
ductor memory device via the output circuit 11. 

[0089] When data is to be Written, data input to an 
input/output node is supplied to the read-ampli?er/Write 
buffer unit 45 via the input circuit 46. The data is then stored 
in a memory cell corresponding to a selected roW address 
after passing through a column gate corresponding to a 
selected column address, a corresponding sense ampli?er, 
and a corresponding bit line. 

[0090] The command decoder 47 receives control 
signals /RAS (roW-address strobe), /CAS (column-address 
strobe), /WE (Write enable), and /CS (chip select). The 
command decoder 47 decodes these control signals, and 
outputs a plurality of signals indicative of decoding results. 
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The plurality of signals are supplied to relevant internal 
circuits of the semiconductor memory device, thereby con 
trolling an operation of the semiconductor memory device. 
One of the plurality of signals indicative of the decoding 
results is the read-enable signal. This read-enable signal is 
used for controlling a data-read operation of the semicon 
ductor memory device and for controlling the control circuit 
23. 

[0091] In the same manner as in FIG. 3, the semiconduc 
tor memory device of FIG. 8 is provided With the control 
circuit Which stops a phase-comparison operation and a 
phase-adjustment operation by the DLL circuit during a time 
period of data output. Because of this, even When a noise is 
generated in a poWer voltage by the data-output operation, 
the DLL circuit does not set a Wrong timing. This makes it 
possible to output data at an appropriate timing regardless of 
a presence of the poWer-voltage noise. 

[0092] Further, the present invention is not limited to these 
embodiments, but various variations and modi?cations may 
be made Without departing from the scope of the present 
invention. 

What is claimed is: 
1. A semiconductor device comprising: 

a timing-stabilization circuit Which adjusts an output 
timing of data With reference to a timing of an external 
clock signal to output the data to an exterior of said 
semiconductor device; and 

a control circuit Which suspends an output-timing adjust 
ment operation of said timing-stabiliZation circuit dur 
ing a time period When said data is output. 

2. The semiconductor device as claimed in claim 1, 
further comprising an output circuit Which outputs said data 
to said exterior in synchronism With a synchroniZation clock 
signal generated from said external clock signal, said tim 
ing-stabiliZation circuit adjusting a phase of said synchro 
niZation clock signal in order to adjust said output timing. 

3. The semiconductor device as claimed in claim 2, 
Wherein said timing-stabilization circuit includes a DLL 
circuit. 

4. The semiconductor device as claimed in claim 2, 
Wherein said timing-stabiliZation circuit includes: 

a ?rst variable-delay circuit Which adjusts a phase of said 
synchroniZation clock signal; 

an emulation circuit Which includes a second variable 
delay circuit having a delay amount thereof set to the 
same amount as that of said ?rst variable-delay circuit, 
and emulates a phase relation betWeen said external 
clock signal and said output timing; 

a phase-comparison circuit Which checks said phase rela 
tion emulated by said emulation circuit; and 

a delay-control circuit Which adjusts said delay amount of 
said ?rst variable-delay circuit and said second vari 
able-delay circuit based on a check made by said 
phase-comparison circuit. 

5. The semiconductor device as claimed in claim 4, 
Wherein said control circuit supplies a clock signal derived 
from said external clock signal to said emulation circuit and 
said phase-comparison circuit to prompt performing of said 
output-timing adjustment operation during a time period 
When said data is not output, and stops supply of said clock 
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signal derived from said external clock signal to said emu 
lation circuit and said phase-comparison circuit to stop said 
output-timing adjustment operation during said time period 
When said data is output. 

6. The semiconductor device as claimed in claim 5, 
Wherein said control circuit learns Whether said data is being 
output based on a signal Which instructs outputting of said 
data to said exterior of said semiconductor device. 

7. The semiconductor device as claimed in claim 6, 
Wherein said signal Which instructs outputting of said data to 
said exterior of said semiconductor device is set based on an 
input from said exterior of said semiconductor device. 
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8. A semiconductor device comprising: 

an output circuit Which outputs data; 

a timing-stabiliZation circuit Which adjusts an output 
timing of said data; and 

a control circuit Which stops an adjustment of said output 
timing of said data during a time period When said 
output circuit outputs said data. 


