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(57) ABSTRACT 

Provided is a circuit for controlling a data bus connecting a 
bitline sense amplifier to a data sense amplifier in accor 
dance with a variation of an operating frequency of a 
memory device, being comprised of a pulse width adjusting 
circuit for varying a pulse width of an input signal in accor 
dance with the operating frequency of the memory device 
after receiving the input signal, a signal transmission circuit 
for buffing a signal outputted from the pulse width adjusting 
circuit, and an output circuit for outputting a first signal to 
control the data bus in response to a signal outputted from 
the signal transmission circuit. 
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CIRCUIT FOR CONTROLLING AN 
ENABLING TIME OF AN INTERNAL 

CONTROL SIGNAL ACCORDING TO AN 
OPERATING FREQUENCY OF A MEMORY 
DEVICE AND THE METHOD THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for controlling a 

sense amplifier of a memory device, and more particularly, 
to a method and circuit for automatically controlling an 
operation of a sense amplifier in correspondence with varia 
tions of operating Voltage and frequency of a memory 
device. 

2. Description of the Related Art 
FIG. 1 is a diagram illustrating a read and write operations 

in a general memory device. 
As shown in FIG. 1, during a write operation, data applied 

through an input/output data pad is transferred to a bitline 
sense amplifier through a data input buffer and a data input 
register. While, during a read operation, cell data amplified 
by the bitline sense amplifier is transferred to the input/ 
output data pad through a data sense amplifier, a pipe 
register, and a data output buffer. 

In FIG. 1, signal Yi is a pulse signal to connect the bitline 
sense amplifier with the data sense amplifier so as to control 
an operation of a data bus. While the signal Yi controlling the 
data bus is being enabled, the write data is transferred to the 
bitline sense amplifier from a write driver and the read data 
is transferred to the data sense amplifier from the bitline 
sense amplifier. It is advantageous to make a pulse width of 
the signal Yi wider in transferring valid data in an active 
operation mode (the read or write operation). It is also effi 
cient to improve the performance oftDPL (a time from when 
a CAS pulse signal is generated internally by a write com 
mand to when a precharge pulse signal is generated inter 
nally by a precharge command) because the time parameter 
tDPL contributes to making restoring facilities of data better. 
Therefore, it is usual to establish the pulse width of the sig 
nal Yi as wider as possible within the permissible range and 
to use it with shrinking down in accordance with operational 
conditions. In reference, as an operating frequency of a 
memory device increases (i.e., a clock cycle period is 
shorter), a permissible pulse width of the signal Yi becomes 
aOW. 

Meanwhile, as the signal Yi is made from responding to a 
read/write strobe pulse signal rdwtatbzp13 output from a 
read/write strobe pulse generator, hereinafter will be 
explained about the read/write strobe pulse generator. 

FIG. 2A illustrates an example of a conventional read/ 
write strobe pulse generator and FIG. 2B is a waveform 
diagram of signals used in the circuit shown in FIG. 2A. 

In FIG. 2A, signals extyp8 and icasp6 are signals to make 
a data transmission line short or open, so as to read data to a 
peripheral circuit from a cell array of the memory device or 
to write data in the cell array of the memory device from a 
peripheral circuit. For information, it's named a core section 
for the range including a memory cell and a bitline sense 
amplifier and the rest a peripheral circuit. 

In detail, the signal eXtyp8 is a pulse signal that is gener 
ated in Sync with a clock signal when a read or write com 
mand (burst command) is applied to the memory device. 
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2 
And, the signal icasp6 is a signal to be used in operating the 
memory device by generating a self-burst operation com 
mand that is established with a burst length set by an MRS 
(mode register set) mode from a clock time later by one 
clock cycle period than a clock time when a read or write 
command is applied from the external. 
The signal rdwtstbzp13 is a signal to be active for the 

burst length set by the MRS mode, being activated in sync 
with the signals of the burst operation command (external= 
exryp8 & internal=icasp61). In other words, the signal rdwt 
stbzp13 is to be used to inform an activation time of the 
input/output sense amplifier in amplifying and transferring 
data, which is to be sent to a peripheral circuit from a core 
circuit region, to the data output buffer, resetting the data 
transmission line of the peripheral circuit after completing 
the data amplification and transmission by the sense ampli 
fier. 

A signal pwrup is a signal to set an initial data value, 
retaining low level after falling down to low level from high 
level. Signal term Z is a signal used in a test mode being 
held on low level during a normal operation. A signal 
tim clk.pulseZ is used in a test mode. Such signals will be 
described in detail in conjunction with embodiments of the 
present invention hereinafter. 
A circuit operation of FIG. 2A is illustrated, as follows, 

with reference to the waveform diagram of FIG. 2B. 
As illustrated in FIG. 2B, when the read/write command 

is applied to the memory device in Sync with the clock signal 
clock, the pulse signal extyp8 is generated. If the pulse sig 
nal extyp8 is enabled, a plurality of pulse signals icasp6 is 
generated in sync with the next clocks in sequence. As 
shown in FIG. 2B, the read/write strobe pulse signal rdwtst 
bZp13 is generated in sync with rising edges of the pulse 
signals extyp8 and icasp6. 

Here, in the conventional circuit shown in FIG. 2A, it can 
be seen that the pulse width of the read/write strobe pulse 
signal rdwtstbZp13 generated from a pulse width adjusting 
circuit 200 is fixed nevertheless of the operating frequency 
of the memory device. Here, a delay time from a node A 
from a node D is determined by a delay circuit 20. As the 
delay time of the delay circuit 20 in the pulse width adjusting 
circuit 200 is fixed, the pulse width of the signal outputted 
from the pulse width adjusting circuit 200 is always constant 
without regarding to the operating frequency of the memory 
device. 

But, it needs to adjust a pulse width of the read/write 
strobe pulse signal rdwtstbZp13 when an operating fre 
quency of the memory device varies. In a conventional art, 
while the delay time of the delay circuit 20 is variable by 
modifying a metal option during a FIB process when an 
operating frequency of the memory device varies, it needs 
much costs and times. 

In addition, with the conventional art, there is no way to 
correct a variation of the pulse width of the read/write strobe 
pulse signal rdwtstbzp13 when an operation Voltage of the 
memory device varies. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been made in an 
effort to solve the problems occurring in the related art, and 
an object of the present invention is to provide a method of 
automatically controlling a pulse width of a signal output 
from a pulse width adjusting circuit in accordance with 
variation of an operating frequency of a memory device. 

Another object of the present invention is to provide a 
method of controlling a pulse width of a read/write strobe 
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pulse signal rdwtstbZp13 in correspondence with variation 
of an external clock signal. 

In order to achieve the above object, according to one 
aspect of the present invention, there is provided a read/write 
strobe pulse generator generally usable even when an oper 
ating frequency of a memory device varies. 

According to another aspect of the present invention, 
there is also provided a method of delaying a signal output 
ted from a read/write Strobe pulse generator by applying an 
external address signal and controlling a width of the read/ 
write pulse. 

According to still another aspect of the present invention, 
what’s provided is a method of controlling a pulse width of a 
read/write strobe pulse signal rdwtstbzp13 in accordance 
with variation of an operation Voltage of a memory device. 
By the features of the present invention, an embodiment 

of the present invention is a circuit for controlling an 
enabling period of an internal control signal in accordance 
with variation of an operating frequency in a memory 
device, which comprises a pulse width adjusting circuit for 
changing a pulse width of an input signal in accordance with 
the operating frequency; a signal transmission circuit for 
buffing a signal outputted from the pulse width adjusting 
circuit; and an output circuit for outputting a first signal to 
control an operation of a data bus of the memory device in 
response to a signal output from the signal transmission cir 
cuit. 

In this embodiment, the pulse width adjusting circuit 
comprises a first delay circuit and a NAND gate, in which 
the NAND gate receives the input signal and an output signal 
of the first delay circuit, and the first delay circuit receives 
the input signal and a clock signal of the memory device and 
adjusts a delay time in accordance with a frequency of the 
clock signal until the input signal is applied to an input ter 
minal of the NAND gate. 

In this embodiment, as a cycle period of the clock signal is 
shorter, a pulse width of the first signal is narrower. 

Another embodiment of the present invention is a method 
for controlling an enabling period of an internal control sig 
nal in accordance with variation of an operating frequency in 
a memory device, which comprises the steps of: (a) receiv 
ing an input signal; (b) delaying the input signal for a prede 
termined time; (c) operating the input signal and a signal 
delayed from the input signal in a NAND logic; and (d) 
outputting a result of operating the NAND logic. 

In this embodiment, it further comprises the step of (b-1) 
determining the predetermined time of the step (b) in accor 
dance with a frequency of a clock signal of the memory 
device. 

In this embodiment, as the frequency of the clock signal 
increases, a pulse width of a signal outputted from the step 
(d) is narrower. 

In this embodiment, it further comprises the step of (b-2) 
more reducing a pulse width of a signal outputted from the 
step (d) by using an address signal of the memory device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects, and other features and advantages of 
the present invention will become more apparent after a 
reading of the following detailed description when taken in 
conjunction with the drawings, in which: 

FIG. 1 is a diagram illustrating a read and write operation 
in a general memory device; 

FIG. 2A illustrates an example of a conventional read/ 
write strobe pulse generator; 
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4 
FIG. 2B is a waveform diagram of signals used in the 

circuit shown in FIG. 2A; 
FIG. 3 illustrates an exemplary embodiment of a read/ 

write strobe pulse generator in accordance with the present 
invention; 

FIGS. 4 through 10 illustrate embodiments of a delay cir 
cuit 30 in a pulse width adjusting circuit 300 shown in FIG. 
3: 

FIG. 11 is an operational timing diagram of the conven 
tional circuit shown in FIG. 2A; 

FIG. 12 is a waveform diagram illustrating a pulse width 
variation of the read/write strobe pulse signal rdwtstbzp13 
output from the conventional circuit of FIG. 2A when an 
operation Voltage Vdd of a memory device varies; 

FIG. 13 is a waveform diagram of signals used in the 
circuit of the present invention, specifically an exemplary 
waveform diagram of signals used in the circuit of FIG. 5; 

FIG. 14 is a diagram illustrating a procedure of changing 
logical levels of flag signals Flag1 and Flag 2 in accordance 
with a frequency of a clock signal clk in: 

FIG. 15 is a diagram illustrating a waveform of an output 
signal rdwtstbzp13 when paths C1 and C2 shown in FIG. 10 
are used therein; and 

FIG. 16 is a waveform diagram illustrating a variation of 
the output signal rdwtstbzp13 in accordance with a variation 
of the operation voltage. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Reference will now be made in greater detail to a pre 
ferred embodiment of the invention, an example of which is 
illustrated in the accompanying drawings. Wherever 
possible, the same reference numerals will be used through 
out the drawings and the description to refer to the same or 
like parts. 

FIG. 3 illustrates an exemplary embodiment of a read/ 
write strobe pulse generator in accordance with the present 
invention. 
The circuit of FIG. 3 is different from the circuit of FIG. 

2A in that a delay circuit 30 in a pulse width adjusting circuit 
300 is controlled by a clock signal clk in and address sig 
nals add 0 and add 1. 
The circuit of FIG. 3 is comprised of an input signal 

receiver 310, a pulse width adjusting circuit 300, a signal 
transmission circuit 320, a test mode circuit 330, and an 
output circuit 340. 
The input signal receiver 310 includes inverters INV30 

and INV31, and a NAND gate NAND30. An input signal 
extyp8 is applied to the inverter INV30 and an input signal 
icasp6 is applied to the inverter INV31. Output signals of the 
inverters INV30 and INV31 are applied to the NAND gate 
NAND3O. 

The pulse width adjusting circuit 300 includes the delay 
circuit 30 and the NAND gate NAND31. 
The delay circuit 30 receives an output signal of the 

NAND gate NAND30, a test mode signal timz 1, the clock 
signal clk in, and the address signals add 0 and add 1. 
The NAND gate NAND31 receives the output signal of 

the NAND gate NAND30 and an output signal of the delay 
circuit 30. An output signal of the pulse width adjusting 
circuit 300 is an output signal of the NAND gate NAND31. 
A delay time from a node A to a node D is determined by the 
delay circuit 30. The delay time by the delay circuit 30 is 
adjustable by means of a frequency of the clock signal clk 
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in and the address signals add 0 and add 1. In reference, 
the test mode signal timz 1 is a control signal to determine 
whether or not a current operation is a test mode, retaining 
low level during the test mode while retaining high level 
during a normal operation mode. The add 0 and add 1 are 
external address signals to be used in the test operation 
mode. Functions of the signals will be explained relative to 
the detail circuit hereinafter. 
The signal transmission circuit 320 includes inverters 

INV32, INV33, and INV34 that receive and buff the signal 
outputted from the pulse width adjusting circuit 300. 
The test mode circuit 330 includes transistors P31, P32, 

and N31 and a latch circuit 301. As illustrated in FIG. 3, the 
PMOS transistor P31 and the NMOS transistor N31 are con 
nected between a power Source Voltage and a ground in 
Series. The PMOS transistor P32 is connected between the 
power source voltage and a node NODE31. The latch 301 
temporarily stores a signal of the node NODE31. Here, 
termz, is a signal used in the test mode and the signal pwrup 
is that as stated in FIG. 2A. 
The output circuit 340 includes a NAND gate 302 and 

inverters INV35 and INV36. The NAND gate 302 receives 
an output signal of the inverter INV34, the signal termz, and 
an output signal of the latch circuit 301. The signal termz 
functions to inhibit the read/write strobe pulse signal rdwtst 
bzp13. An output signal of the NAND gate 302 is applied to 
the inverters INV35 and INV36 serially connected from 
each other. An output signal of the inverter INV36 as an 
output signal of the output circuit 340 becomes the read/ 
write strobe pulse signal rdwtstbzp13. 

In a normal operation, the input signals extyp8 and icasp6 
are generated into the read/write strobe pulse signal rdwtst 
bzp13 after a predetermined time. During this, it is possible 
for the pulse width adjusting circuit 300 to control a pulse 
width of the read/write strobe pulse signal rdwtstbzp13 by 
modifying a pulse width of the input signals extyp8 and 
icasp6 with using the clock signal clk in that varies depen 
dent on variation of an operating frequency. 

FIGS. 4 through 10 illustrate embodiments of the delay 
circuit 30 in the pulse width adjusting circuit 300 shown in 
FIG. 3. As described later, the clock signal clk in is applied 
to the delay circuit 30 So as to detect an operating frequency 
of the memory device. And, at the beginning of the test 
mode, the test mode signal timZ 1 of low level is applied 
thereto. Also, at the beginning of the test mode, the address 
signals add 0 and add 1 are applied to further tune a delay 
time. In reference, the node A and D shown in FIG. 3 corre 
spond to those node A and D shown in FIG. 4. 

Hereinafter, it will be described in more detail about the 
circuits shown in FIGS. 4 through 10. 

FIG. 4 is a block diagram illustrating an internal structure 
of the delay circuit shown in FIG. 3 in detail. 
As illustrated in FIG. 4, the delay circuit 30 in FIG. 3 is 

comprised of delay units 401, 402, and 403, a frequency 
detector 404, a voltage detector 405, a test mode address 
signal receiver 406, and a reference voltage generator 407. 
Exemplary circuits of the frequency detector 404, the volt 
age detector 405, and the test mode address signal receiver 
406 are shown in FIGS. 4, 5, and 6, respectively. 

In FIG. 4, the frequency detector 404 receives the clock 
signal clk in and then outputs operating frequency detec 
tion signals dec 0Z, dec 1Z. and dec 2Z which control a 
delay path of the delay unit 401. Logical levels of the oper 
ating frequency detection signals dec 0Z, dec 1 Z, and 
dec 2Z vary in accordance with a frequency of the clock 
signal clk in. The delay path from the node A to the node D 
is alterable in accordance with a frequency of the clock sig 
nal clk in. 
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The reference voltage generator 407 is enabled by the 

power-up signal pwrup, outputting a plurality of reference 
voltages Vref 0 and Vref 1. The reference voltage genera 
tor 407 is a circuit capable of outputting stable reference 
Voltages without affecting from an operation Voltage, which 
is constructed with circuit structures well known by those 
skilled in this art. 

The voltage detector 405 detects a variation of the opera 
tion Voltage Vdd by comparing the operation Voltage Vdd to 
the reference voltages Vref 0 and Vref 1. The voltage 
detector 405 outputs a plurality of voltage selection signals 
Vsel 0Z, Vsel 1z, and Vsel 2Z to control the delay path of 
the delay unit 402. Thus, delay times of delay paths B-C1 
are determined by logical level of the Voltage selection sig 
nals Vsel 0Z, Vsel 1 Z, and Vsel 2Z. 

In accordance with a logical level of the test mode signal 
tmz. 1, a signal of the node C1 can be transferred to the 
node D directly or through the delay unit 403. When the test 
mode signal timZ 1 is high level, the signal of the node C1 is 
transferred directly to the node D. 
The test mode address signal receiver 406 receives an 

address signal and outputs a plurality of selection signals 
sel 0Z, Sel 1Z. Sel 2Z, and sell 3Z. Responding to the 
selection signals sell 0Z, Sel 1 Z. sell 2Z, and sell 3Z, a 
delay time of the delay unit 403 is adjusted. As 
aforementioned, the delay unit 403 is used as a delay path in 
the test mode, which means that it is possible to conduct an 
additional delay tuning operation by using the address signal 
when the test mode signal timZ 1 is being low level. 

Exemplary features of the components shown in FIG. 4 
are illustrated in FIGS. 5 through 10. 

FIG. 5 illustrates, as an example of the frequency detector 
404 shown in FIG. 4, a circuit for outputting the operating 
frequency detection signals dec 0Z, dec 1Z. and dec 2Z 
that determine a range of the operating frequency of the 
memory device in response to the clock signal clk in. 

In FIG. 5, after detecting an operating frequency of the 
memory device by generating a plurality of internal signals 
dlic4 ref, dlic4, dlic4d1,dlic4d2, cmp, flag 1, and flag 2 
in response to the clock signal clk in, the operating fre 
quency detection signals dec 0Z, dec 1Z. and dec 2Z are 
finally outputted therefrom to be determined the range of the 
operating frequency of the memory device. 
As illustrated in FIG. 5, the clock signal clk in is applied 

to a frequency divider 500. The divider 500 outputs the 
frequency dividing signal dlic4 ref having a period longer 
than that of the clock signal clk in. As shown in the wave 
form diagram of FIG. 13, a cycle period of the frequency 
dividing signal dlic4 ref is four times of that of the clock 
signal clk in. At this case, a low level term of the frequency 
dividing signal dlic4 ref is identical to the cycle period 
tCLK of the clock signal clk in. However, the cycle period 
of the frequency dividing signal dlic4 ref may be alterable 
by those skilled in this art. 
The frequency dividing signal dlic4 ref is outputted with 

phase inversion after being delayed by a buffer circuit 501 
composed of odd-numbered inverters. The phase-inversed 
frequency dividing signal is denoted as dlic4. Waveforms of 
those signals dlic4 ref and dlic4 are shown in FIG. 13. 

In FIG. 5, the frequency dividing signal dlic4 ref and the 
phase-inversed frequency dividing signal dlic4 are applied to 
a NAND gate NAND51. An output signal from the NAND 
gate NAND51 is applied to a delay unit 506 and a NOR gate 
NOR51. The NOR gate NOR51 receives the output signal of 
the NAND gate NAND51 and an output signal of the delay 
unit 506, and outputs the pulse signal cmp. The output signal 
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cmp of the NOR gate NOR51 is illustrated in FIG. 13. The 
phase-inversed frequency dividing signal dlic4 is applied to 
delay units delay A and delay B. Here, there is a differ 
ence between delay times of the delay units delay A and 
delay B. Output signals of the delay units delay A and 5 
delay B are represented to as dlic4d1 and dlic4d2, respec 
tively. 

The output signal dlic4d1 of the delay unit delay A and 
the frequency dividing signal dlic4 ref are applied to a flip 
flop circuit 502. The flipflop circuit 502 is constructed of two 
NAND gates input/output terminals of which are cross 
coupled each other. Output signals from two output termi 
nals of the flipflop circuit 502 are e and f, respectively. 
The output signal dlic4d2 of the delay unit delay B and 

the frequency dividing signal dlic4 ref are applied to a flip 
flop circuit 503. The flipflop circuit 503 is constructed of two 
NAND gates input/output terminals of which are cross 
coupled each other. Output signals from two output termi 
nals of the flipflop circuit 503 are g and h, respectively. 
A NAND gate NAND52 receives the output signal cmp of 

the NOR gate NOR51 and the output signale of the flipflop 
circuit 502. A NAND gate NAND53 receives the output sig 
nal cmp of the NOR gate NOR51 and the output signal f of 
the flipflop circuit 502. A NAND gate NAND54 receives the 
output signal cmp and the output signal g of the flipflop 
circuit 503. A NAND gate NAND55 receives the output sig 
nal cmp of the NOR gate NOR51 and the output signal h of 
the flipflop circuit 503. 

Output signals of the NAND gates NAND52 and 
NAND53 are applied to the flipflop circuit 504. The flipflop 
circuit 504 is constructed of two NAND gates input/output 
terminals of which are cross-coupled each other. An output 
signal of the flipflop circuit 504 is represented to as a flag 
signal flag 1. 
Output signals of the NAND gates NAND54 and 

NAND55 are applied to the flipflop circuit 505. The flipflop 
circuit 505 is constructed of two NAND gates input/output 
terminals of which are cross-coupled each other. An output 
signal of the flipflop circuit 505 is represented to as a flag 
signal flag 2. 

In reference, when a delay time by delay unit 508 is longer 
than that by delay unit 507 (i.e. delay A<delay B), logical 
levels of the flag signals are as follows. 

If tCLK-delay A, the flag signals flag 1 and flag 2 are 
all low levels. Here, tCLK is a cycle period of the clock 
signal clk in. 

If delay A<tCLK-delay B, the flag signal flag 1 is 
high level while the flag signal flag 2 is low level. 

If tCLK>delay B, the flag signal flag 1 and flag 2 are 
all high levels. 

In FIG. 5, the flag signals flag 1 and flag 2 are applied 
each to inverters INV51 and INV52. Output signals of the 
inverters INV51 and INV52 are applied to NAND gate 
NAND56. The NAND gate NAND56 outputs the operating 
frequency detection signal dec 0Z. 

Next, the flag signal flag 2 is applied to an inverter 
INV53. An output signal of the inverter INV53 and the flag 
signal flag 1 are applied to a NAND gate NAND57. The 
NAND gate NAND57 outputs the operating frequency 
detection signal dec 1Z. 

Finally, the flag signals flag 1 and flag 2 are applied to a 
NAND gate NAND58. The NAND gate NAND58 outputs 
the operating frequency detection signal dec 1Z. 

FIG. 6 is a circuit for outputting Voltage selection signals 
Vsel 2Z, Vsel 1 Z, and Vsel 0Z so as to control a delay time 
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8 
of an input signal in accordance with variation of an opera 
tion Voltage. The Voltage selection signals generated in FIG. 
6 are used for selecting a delay path of a circuit shown in 
FIG. 9. 

FIG. 6 illustrates two differential amplifying comparators. 
As shown in FIG. 6, there are a differential amplifying com 
parator for comparing the operation Voltage Vdd to the refer 
ence voltage Vref 0 and another differential amplifying 
comparator for comparing the operation Voltage Vdd to the 
reference voltage Vref 1. The reference voltage Vref 0 is 
lower than the reference voltage Vref 1 (Vref 0<Vref 1). 
As noticed from FIG. 6, if vald-Vref 0, output signals 

DET 0 and DET 1 of the differential amplifying compara 
tor are all high levels. 

If Vref 0<vdd-Vref 1, the output signal DET 0 is high 
level while the output signal DET 1 is low level. 

If Vddd Vref 1, the output signals DET 0 and DET 1 of 
the differential amplifying comparator are all low levels. 
The output signal DET 0 of the differential amplifying 

comparator is applied to an inverter INV61 and an output 
signal of the inverter INV61 is DET 0b. The output signal 
DET 1 of the differential amplifying comparator is applied 
to an inverter INV62 and an output signal of the inverter 
INV62 is DET 1b. 

In FIG. 6, NAND gate NAND61 receives the signals 
DET Ob and DKT 1b and an output signal of the NAND 
gate NAND61 is the voltage selection signal vsel 2Z. 
A NAND gate NAND62 receives the signals DET 0b 

and DET 1b and an output signal of the NAND gate 
NAND62 is the voltage selection signal Vsel 1Z. 
A NAND gate NAND63 receives the signals DET 0 and 

DET 1 and an output signal of the NAND gate NAND63 is 
the Voltage selection signal Vsel 0Z. 
As can be seen by FIG. 6, the circuits of FIG. 6 are pro 

vided to detect a fluctuation of the operation voltage Vad 
relative to the reference voltages Vref 0 and Vref 1. 

FIG. 7 illustrates circuit elements for generating the selec 
tion signals sell 3Z, Sel 2Z, Sel 1 Z, and sell 0Z to desig 
nate delay paths in response to the address signals add 0 
and add 1. 
As illustrated in FIG. 7, an inverter INV71 receiving the 

address signal add 0 outputs a phase-inversed address sig 
nal add 0b. An inverter INV72 receiving the address signal 
add 1 outputs phase-inversed address signal add 1b. Next, 
the delay path selection signals sell 3Z, Sel 2Z, Sel 1z, and 
sel 0Z are generated resulting from logical combinations 
with the address signals. That is, the NAND gate NAND71 
receives the address signals add Ob and add 1b and then 
outputs the selection signal sel 3Z. The NAND gate 
NAND72 receives the address signals add Ob and add 1 
and then outputs the selection signal sell 2Z. The NAND 
gate NAND73 receives the address signals add 0 and add 
1b and then outputs the selection signal sell 1Z. The NAND 
gate NAND74 receives the address signals add 0 and 
add 1 and then outputs the selection signal sell 0Z. 

FIG. 8, as an exemplary feature of the delay circuit 30, 
shows an example of a circuit for selecting a delay path of an 
input signal with using the operating frequency detection 
signals dec 0Z, dec 1Z. and dec 2Z, that are generated in 
FIG.S. 

The circuit of FIG. 8 comprises a plurality of delay units 
801, 802, 803, and 804, and switching units 811, 812, 814, 
815, and 816 which are controlled by the operating fre 
quency detection signals dec 0Z, dec 1Z. and dec 2Z. 
Each of modulation circuits 817 and 818 is composed of a 
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NAND gate and an inverter which are connected in series. 
Input terminals of the modulation circuits 817 and 818 
receive a signal of the node A. 

In FIG. 8, the whole delay time is taken from the node A 
to the node D. Here, the nodes A and D of FIG. 8 are the 
same with the nodes A and D of FIG. 3. 
A signal input through the node A of FIG. 8 is an output 

signal from the input signal receiver 310 of FIG. 3, which is 
the signal extyp8 or icasp6. 

In FIG. 8, the operating frequency detection signals dec 
1Z and dec 2Z control turn-on/off operations of the switch 
ing units 811 and 814. The operating frequency detection 
signal dec 0Z controls a turn-on/off operation of the Switch 
ing unit 812. The operating frequency detection signal dec 
2Z controls a turn-on/off operation of the switching unit 815. 
The test mode signal timZ 1 controls a turn-on/off operation 
of the switching unit 816. 

In operation, when a NAND gate NAND81 receiving the 
operating frequency detection signals dec 1Z and dec-2Z 
outputs a high-level output signal, the Switching units 811 
and 814 are turned on. Thus, the input signal received 
through the node A passes by way of the delay unit 801, the 
modulation circuit 817, the delay unit 802, the modulation 
circuit 818, and the switching unit 814, in sequence. Here, 
the switching unit 815 is controlled by the operating fre 
quency detection signal dec 2Z. Therefore, while a signal 
passing through the Switching unit 814 is transferred to the 
node B through the delay unit 804 when the operating fre 
quency detection signal dec 2Z is low level, it is transferred 
directly to the node C when the operating frequency detec 
tion signal dec 2Z is high level. 

In operation, when the switching unit 812 is turned on in 
response to the operating frequency detection signal dec 
0Z, the input signal received through the node A passes by 
way of the delay unit 801, the modulation circuit 817, and 
the Switching unit 812, in sequence. Here, the Switching unit 
815 is controlled by the operating frequency detection signal 
dec 2Z. While a signal passing through the Switching unit 
812 is transferred to the node B through the delay unit 804 
when the operating frequency detection signal dec 2Z is 
low level, it is transferred directly to the node B when the 
operating frequency detection signal dec 2Z is high level. 

Next, a signal on the node B is transferred to the node C1 
through the Switching unit 816. A signal at the node C may 
be transferred to the node D through the switching unit 816 
directly or transferred to the node D through the delay path 
of C1-C2-D. 

Hereinafter, it will be described in detail about the alterna 
tive delaying operations. 

Referring to FIG. 8, the switching unit 816 is turned 
on/off by the test mode signal timZ 1. In a test mode, the test 
mode signal timZ 1 retains low level. In a normal operation 
mode, the test mode signal timZ 1 retains high level. 

In the normal operation mode, a signal on the node C1 is 
forwarded to a delay path of C1-D. In other words, the signal 
on the node C1 is transferred to the node D by way of the 
switching unit 816, an inverter INV81, and a NAND gate 
NAND83. Here, the NAND gate NAND83 receives signals 
output from the inverter INV81 and the node A. 

In the test mode, the signal on the node C1 is transferred 
to the node C2 through the circuit shown in FIG. 10. The 
signal transferred to the node C2 is transferred to the node D 
by way of the switching unit 816, the inverter INV81, and 
the NAND gate NAND83. 

FIG. 9 illustrates a circuit disposed on a delay path of 
B-C1. The delay path circuit of FIG. 9 is selected by the 
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10 
Voltage selection signals Vsel 2Z, Vsel 1 Z, and Vsel 0Z 
which are generated in FIG. 6. 
As illustrated, the circuit of FIG. 9 is comprised of delay 

units 901, 902, and 903, switching units 911, 912,913, and 
914, and NAND gates NAND91 and NAND92. 
The NAND gates NAND91 and NAND92 receive the 

Voltage selection signals Vsel 1 Z and Vsel 0Z. The Switch 
ing unit 911 is turned on/off by an output signal of the 
NAND gate NAND91. The switching unit 913 is turned 
on/off by an output signal of the NAND gate NAND92. The 
switching unit 912 is turned on/off by the voltage selection 
signal vsel 2Z. The switching unit 914 is turned on/off by 
the Voltage selection signal Vsel 0Z. 

In operation, if the switching units 911 and 913 are turned 
on, a signal on the node B passes through the delay unit 901, 
the switching unit 911, the delay unit 911, and the switching 
unit 913, in sequence. A delay path of the signal passing 
through the switching unit 913 is alterable in accordance 
with the voltage selection signal Vsel 0Z. That is, when the 
Voltage selection signal Vsel 0Z is high level, the signal 
passing through the switching unit 913 is transferred to the 
node C1 by way of the switching unit 914. Otherwise, when 
the Voltage selection signal Vsel 0Z is low level, the signal 
passing through the switching unit 913 is transferred to the 
node C1 by way of the delay unit 903 and the switching unit 
914. 

In operation, if the switching unit 912 is turned on, a 
signal on the node B passes through the delay unit 901 and 
the Switching unit 912. A delay path of the signal passing 
through the switching unit 912 is alterable in accordance 
with the voltage selection signal vsel 0Z. That is, when the 
Voltage selection signal Vsel 0Z is high level, the signal 
passing through the switching unit 912 is transferred to the 
node C1 by way of the switching unit 914. Otherwise, when 
the Voltage selection signal Vsel 0Z is low level, the signal 
passing through the switching unit 912 is transferred to the 
node C1 by way of the delay unit 903 and the switching unit 
914. 

FIG. 10, as an exemplary feature of a circuit interposed 
between the nodes C1 and C2, illustrates a circuit for con 
trolling a delay rate with using address signals in a test mode 
(when timZ 1 of FIG. 8 is low level). 
The circuit of FIG. 10 is comprised of delay units 1000, 

1001, 1002, 1003, and 1004, switching units 1011, 1012, 
1013, 1014, and 1015 which are controlled by the selection 
signals sell 3Z, Sel 2Z, Sel 1 Z, and sell 0Z, and conversion 
circuits 1017 and 1018. Each of the conversion circuits 1017 
and 1018 is a NAND gate and an inverter which are con 
nected in series. A signal of the node C1 is inputted through 
input terminals of the conversion circuits 1017 and 1018. In 
FIG. 10, the whole delay time is taken from the node C1 to 
the node C2. Here, the nodes C1 and C2 are identical to the 
nodes C1 and C2 shown in FIG. 8. And, a signal of the node 
C1 is inputted through an input terminal of NAND gate 
NAND103. 

As stated above in connection with FIG. 7, the selection 
signals sell 3Z, Sel 2Z, Sel 1 Z, and sell 0Z, which control 
turn-on/off operations of the Switching units, are made from 
logical combinations with address signals. 
As can be seen from FIGS. 7 and 10, when the address 

signals add 0 and add 1 are all low levels, the selection 
signal sell 3Z is enabled in low level. When the address 
signals add 0 and add 1 are respectively low and high 
levels, the selection signal sell 2Z is enabled in low level. 
When the address signals add 0 and add 1 are respectively 
high and low levels, the selection signal sell 1z is enabled in 
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low level. When the address signals add 0 and add 1 are 
all high levels, the selection signal sell 0Z is enabled in low 
level. 

In FIG. 10, NAND gates NAND101 and NAND102 
receive the selection signals sell 2Z and sel 3Z. The Switch 
ing unit 1011 is turned on/off by an output signal of the 
NAND gate NAND101. The switching unit 1014 is turned 
on/off by an output signal of the NAND gate NAND102. 
The switching unit 1012 is turned on/off by the selection 
signal sell 1z. The switching unit 1013 is turned on/off by 
the selection signal sell 0Z. The switching unit 1015 is 
turned on/off by the selection signal sell 3Z. 

In operation, when the selection signals sell 2Z and sell 
3Z are all low levels, an output signal of the NAND gate 
NAND101 receiving the selection signals sell 2Z and sell 
3Z is high level. Thus, the switching units 1011 and 1014 are 
turned on. As a result, a signal receiver through the node C1 
passes through the delay units 1000 and 1001, the conver 
sion circuit 1017, the delay unit 1001, the switching unit 
1011, the delay unit 1001, the conversion circuit 1018, and 
the switching unit 1014, in sequence. Here, if the selection 
signal sell 3Z is low level, the signal passing through the 
switching unit 1014 is transferred to the node C2 by way of 
the NAND gate NAND103 and inverter INV101 after pass 
ing through the delay unit 1004 and the switching unit 1015. 
Otherwise, if the selection signal sel 3Z is high level, the 
signal passing through the Switching unit 1014 is transferred 
to the node C2 by way of the switching unit 1015, the NAND 
gate NAND103, and inverter INV101. Therefore, when the 
selection signals sell 2Z and sell 3Z are all low levels, the 
signal passing through the Switching unit 1014 is transferred 
to the node C2 by way of the NAND gate NAND103 and the 
inverter INV101 after passing through the delay unit 1004. 

In operation, when the selection signal sell 17, is low 
level, the switching unit 1012 is turned on. Thus, a signal 
input through the node C1 passes through the delay units 
1000 and 1001, the conversion circuit 1017, the delay unit 
1002, and the switching unit 1012, in sequence. If the selec 
tion signal sell 3Z is low level, the signal passing through 
the switching unit 1012 is transferred to the node C2 by way 
of the NAND gate NAND103 and the inverter INV101 after 
passing through the delay unit 1004 and the Switching unit 
1015. Otherwise, if the selection signal sel 3Z is high level, 
the signal passing through the Switching unit 1012 is trans 
ferred to the node C2 by way of the switching unit 1015, the 
NAND gate NAND103, and the inverter INV101. 

In operation, when the selection signal sell 0Z is low 
level, the switching unit 1013 is turned on. Thus, a signal 
input through the node C1 passes through the delay unit 
1000 and the switching unit 1013, in sequence. If the selec 
tion signal sell 3Z is low level, the signal passing through 
the switching unit 1013 is transferred to the node C2 by way 
of the NAND gate NAND103 and inverter INV101 after 
passing through the delay unit 1004 and the Switching unit 
1015. Otherwise, if the selection signal sel 3Z is high level, 
the signal passing through the Switching unit 1013 is trans 
ferred to the node C2 by way of the switching unit 1015, the 
NAND gate NAND103, and inverter INV101. 
As illustrated in FIG. 10, in the test mode, it is possible to 

adjust a delay time taken from the node C1 to the node C2 by 
using the selection signals generated from logical combina 
tions with the external address signals add 0 and add 1. 
For example, when the test mode signal timz 1 is high level. 
the delay path between the nodes C1 and C2 is inhibited. 

But, if the test mode signal timz 1 is low level, the delay 
path between the nodes C1 and C2 is open and adjustable by 
means of the selection signals. 
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12 
FIG. 11 is an operational timing diagram of the conven 

tional circuit shown in FIG. 2A. 

As can be seen from FIG. 11, the conventional circuit is 
just capable of adjusting only a pulse width of the output 
signal rdwtstbzp13 in accordance with a logical level of a 
signal timZ clk.pulseZ. 

FIG. 12 is a waveform diagram illustrating a pulse width 
variation of the read/write strobe pulse signal rdwtstbzp13 
output from the conventional circuit of FIG. 2A when an 
operation Voltage Vdd of a memory device varies. 
As illustrated in FIG. 12, the conventional circuit has a 

problem that a pulse width of the read/write strobe pulse 
signal rdwtstbZp13 decreases when the operation Voltage 
rises. 

FIG. 13 is a waveform diagram of signals used in the 
circuit of the present invention, specifically an exemplary 
waveform diagram of signals used in the circuit of FIG. 5. 
FIG. 13 illustrates waveforms of the clock signal clk in, the 
frequency dividing signal dlic4 ref, the phase-inversed fre 
quency dividing signal dlic4, the delay signals dlic4d1 and 
dlic4d2, the pulse signal cmp, the flag signals flag 1 and 
flag 2, and the operating frequency detection signals dec 
0Z, dec 1Z, and dec 2Z. 

In FIG. 13, the cycle period of the frequency dividing 
signal dlic4 ref is four times of tCLK. And, the low level 
term of the frequency dividing signal dlic4 ref is identical 
to that of tCLK. The phase-inversed frequency dividing sig 
nal dlic4 is opposite to the frequency dividing signal dlic4 
refin phase and generated with a predetermined delay time. 
The phase-inversed frequency signal dlic4 is outputted as 

the delay signal dlic4d1 after passing through the delay unit 
having the delay time of delay A. The phase-inversed fre 
quency dividing signal dlic4 is also outputted as the delay 
signal dlic4d2 after passing through the delay unit having the 
delay time delay B. At this case, the phase-inversed fre 
quency dividing signal dlic4 and the delay signals dlic4d1 
and dlic4d2 have high level terms as same as that of tCLK. 
In FIG. 13, it is established of delay A-delay B. 

Hereinafter, it will be described in detail about the signal 
waveform diagram of FIG.8 with reference to the circuit of 
FIG. 4. 

In the condition of that the frequency dividing signal 
dlic4-ref, the delay signal dlic4d1 and the pulse signal cmp 
are all high levels, initial values of the nodes e, f, g, and h in 
FIG. 4 are all high levels. In this condition, if the delay signal 
dlic4d1 changes to high level earlier than the frequency 
dividing signal dlic4 ref, the node e transits to low level. 
Next, when the pulse signal amp transits to high level, the 
node h transits to low level. Thus, the flag signal flag 1 
becomes high level. 
On the other hand, if the frequency dividing signal dlic4 

ref changes to high level earlier than the delay signal 
dlic4d1, the nodef transits to low level. Next, when the pulse 
signal amp transits to high level, the node g transits to low 
level. Thus, the flag signal flag 1 becomes low level. 
As described above, it is important in FIG. 5 that it deter 

mines a logical level of the flag signal flag 1 in accordance 
with which one of the two signals dlic4 ref and dlic4d1 to 
be compared transits to high level earlier before the pulse 
signal amp goes to high level. 
A procedure of generating the flag signal flag 2 is Sub 

stantially identical to that of the flag signal flag 1, so will be 
omitted about it. 
On the other side, the delay rates represented by delay A 

and delay B are provided to detect a frequency range of the 
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clock signal clk in. For instance, in FIG. 13, the fact that a 
rising edge of the delay signal dlic4d1 is earlier than that of 
the frequency dividing signal dlic4 ref means that the delay 
rate of delay A is smaller than the cycle period of the clock 
signal clk in. As such, the fact that a rising edge of the delay 
signal dlic4d2 is later than that of the frequency dividing 
signal dlic4 ref means that the delay rate of delay B is 
larger than the cycle period of the clock signal clk in. 
Therefore, such cases form the relation of delay 
AztCK-delay B. FIG. 13 illustrates waveform features sat 
isfying the conditional relation. 

FIG. 14 is a diagram illustrating a procedure of changing 
logical levels of the flag signals flag 1 and flag 2 in accor 
dance with a frequency of the clock signal clk in. For sec 
tions A, B, and C of FIG. 14, it can be seen of delay 
Azdelay B. 
When tCK-delay A as like the section A of FIG. 14, the 

flag signals flag 1 and flag 2 are all low levels. 
When delay AztCK-delay B as like the section B of 

FIG. 14, the flag signal flag 1 is high level while flag 2 is 
low level. 

When tCK>delay B as like the section C of FIG. 14, the 
flag signals flag 1 and flag 2 are all high levels. 
AS Such, it can be understood that the flag signals include 

the information for the operating frequency of the memory 
device. With those flag signals, logical levels of the operat 
ing frequency detection signals dec 0Z. dec 1Z. and dec 
2Z are determined to select the delay path in the circuit 
shown in FIG. 8. 

FIG. 15 is a diagram illustrating a waveform of the output 
signal rdwtstbzp13 when paths C1 and C2 shown in FIG. 10 
are used therein. As aforementioned, the circuit of FIG. 10 is 
to be used in the test mode that begins in response to the test 
mode signal timz 1 shown in FIG. 8. In other words, the 
delay time is further adjustable by applying the address sig 
nals during the test mode. 
The selection signals sel 3Z, sell 2Z, Sel 1z, and sell 0Z 

are generated from logical combinations with the address 
signals as aforementioned with reference to FIG. 7. 

Section A of FIG. 15 illustrates waveforms of the input 
signal extyp8 and the output signal rdwtstbzp13 when the 
operating frequency detection signals dec 2Z and dec 1Z. 
are all high levels while the operating frequency detection 
signal dec 0Z is low level. 

Section B of FIG. 15 illustrates waveforms of the input 
signal extyp8 and the output signal rdwtstbzp13 when the 
operating frequency detection signals dec 0Z and dec 2Z 
are all high levels while the operating frequency detection 
signal dec 1Z is low level. 

Section C of FIG. 15 illustrates waveforms of the input 
signal extyp8 and the output signal rdwtstbzp13 when the 
operating frequency detection signals dec 0Z and dec 1Z. 
are all high levels while the operating frequency detection 
signal dec 2Z is low level. 
As can be seen from the sections A, B, and C in FIG. 15, a 

pulse width of the output signal rdwtstbzp13 is variable in 
accordance with logical levels of the operating frequency 
detection signals dec 0Z, dec 1Z. and dec 2Z which con 
tain the information for the operating frequency of the 
memory device. Further, the pulse width of the output signal 
rdwtstbzp13 is also variable in accordance with logical lev 
els of the selection signals sell 0Z. Sel 1z, sell 2Z, and sell 
3Z when the logical levels of the operating frequency detec 
tion signals dec 0Z, dec 1Z. and dec 2Z are equal from 
each other (e.g., in the section A). 
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FIG. 16 is a waveform diagram illustrating a variation of 

the output signal rdwtstbzp13 in accordance with a variation 
of the operation voltage. 
As illustrated in FIG. 16, it can be seen that the pulse 

width of the output signal rdwtstbzp13 is variable in accor 
dance with logical levels of the Voltage selection signals 
Vsel 2Z, Vsel 1z, and Vsel 0Z. In the conventional circuit 
as shown in FIG. 12, a pulse width of the output signal 
rdwtstbzp13 decreases along an increase of the operation 
Voltage Vdd. However, the present invention is configured, as 
shown in FIG. 16, with that the pulse width of the output 
signal rdwtstbZp13 does not decrease even along an increase 
of the operation Voltage Vdd. Such a result of simulation, as 
illustrated in FIG. 16, is just provided for notifying an 
improvement by the present invention over the conventional 
art. It is also possible to enable the pulse width of the output 
signal rdwtstbzp13 to be stable by properly selecting the 
delay path by means of the Voltage selection signals even 
when the operation Voltage varies. 
As apparent from the above description, the present inven 

tion provides a method and circuit for controlling a pulse 
width of the read/write strobe pulse signal rdwtstbzp13 to 
control an operation of an Yi pulse signal by detecting an 
operating frequency of the memory device. 
By utilizing the method and circuit according to the 

present invention, the pulse width of the read/write strobe 
pulse signal rdwtstbzp13 is optimally adjusted to control an 
enabling period of the Yi pulse signal. 

With the method and circuit of the present invention, as it 
is possible to automatically adjust a pulse width of the Yi 
signal, there is no need of an FIB process for tuning delay 
times whenever an operating frequency varies. Therefore, it 
downs costs and times relative to the conventional case. 

Moreover, the present invention offers a reliable operation 
by reducing a pulse width variation of the read/write strobe 
pulse signal when an operation Voltage varies. 

In the drawings and specification, there have been dis 
closed typical preferred embodiments of the invention and, 
although specific terms are employed, they are used in a 
generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
following claims. 
What is claimed is: 
1. A circuit for controlling an enabling period of an inter 

nal control signal in accordance with variation of an operat 
ing frequency in a memory device, the circuit comprising: 

a pulse width adjusting circuit comprised of a first delay 
circuit and a NAND gate at least one of a NAND gate 
and a NOR gate, which changes a pulse width of an 
input signal in accordance with the operating 
frequency, said NAND gate at least one of a NAND 
gate and a NOR gate receiving the input signal and an 
output signal of the first delay circuit, the first delay 
circuit receiving the input signal and a clock signal of 
the memory device and adjusting a delay time in accor 
dance with a frequency of the clock signal until the 
input signal is applied to an input terminal of the 
NAND gate at least one of a NAND gate and a NOR 
gate, 

a signal transmission circuit for buffering a signal output 
ted from the pulse width adjusting circuit; and 

an output circuit for outputting a first signal to control an 
operation of a data bus of the memory device in 
response to a signal outputted from the signal transmis 
sion circuit, wherein as the clock signal duration 
shortens, the pulse width of the first signal is narrower. 
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2. The circuit of claim 1 wherein the first delay circuit 
comprises a second delay circuit for receiving the input sig 
nal and a third delay circuit for receiving a signal transferred 
from the second delay circuit: 

wherein a delay time of the second delay circuit varies in 
accordance with variation of the frequency of the clock 
signal; wherein a delay time of the third delay circuit 
varies in accordance with variation of an operation Volt 
age of the memory device; and 

wherein an output signal of the third delay circuit is 
applied to the NAND gate at least one of a NAND 
gate and a NOR gate. 

3. The circuit of claim 2, wherein the first delay circuit 
further comprises: a frequency detector for detecting varia 
tion of the frequency of the clock signal; and a Voltage detec 
tor for detecting variation of the operation voltage of the 
memory device. 

4. The circuit claim 2, wherein the first delay circuit fur 
ther comprises a fourth delay circuit for delaying a signal 
transferred from the third delay circuit for a predetermined 
time. 

5. The circuit of claim 4, wherein a delay time of the 
fourth delay circuit is controlled by an address signal and the 
fourth delay circuit is a delay path used in a test mode of the 
memory device. 

6. The circuit of claim 2 wherein as the frequency of the 
clock signal increases, a pulse width of the first signal is 
aOW. 

7. The circuit of claim 2, wherein as the operation voltage 
of the memory device increases, a pulse width of the first 
signal is wider. 

8. The circuit of claim I wherein the at least one of a 
NAND gate and a NOR gate is a NAND gate. 

9. A method of controlling an enabling period of an inter 
nal control signal according to varying operating frequency 
in a memory device, with the circuit of claim I, the method 
comprising: 

providing the circuit of claim 1, 
changing a pulse width of an input signal in the pulse 

width adjusting circuit, 
buffering the signal outputted from the pulse width adjust 

ing circuit in the signal transmission circuit, and 
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outputting a first signal in the output circuit to control the 

operation of the data bus of the memory device in 
response to the signal outputted from the signal trans 
mission circuit, wherein as the clock signal duration 
shortens, the pulse width of the first signal is narrower. 

10. The method of claim 9 filrther comprising: 
receiving the input signal by a second delay circuit in the 

first delay circuit, and 
receiving a signal transferred from the second delay cir 

cuit by a third delay circuit, 
wherein a delay time of the second delay circuit varies in 

accordance with variation of the frequency of the clock 
Signal, 

wherein a delay time of the third delay circuit varies in 
accordance with variation of an operation voltage of 
the memory device, and 

wherein an output signal of the third delay circuit is 
applied to the at least one of a NAND gate and a NOR 
gate. 

II. The method of claim 10, filrther comprising: 
detecting variation of the frequency of the clock signal in 

a frequency detector of the first delay circuit, and 
detecting variation of the operation voltage of the memory 

device in a voltage detector: 
12. The method of claim 10, filrther comprising: 
delaying a signal transferred from the third delay circuit 

for a predetermined time by a fourth delay circuit in the 
first delay circuit. 

13. The method of claim 12, wherein a delay time of the 
fourth delay circuit is controlled by an address signal and 
the fourth delay circuit is a delay path used in a test mode of 
the memory device. 

14. The method of claim 10, wherein as the frequency of 
the clock signal increases, a pulse width of the first signal is 
FOFFOMe. 

15. The method of claim 10, wherein as the operation 
voltage of the memory device increases, a pulse width of the 
first signal is wider. 


