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SEMICONDUCTOR MEMORY DEVICE HAVING 
OPERATION DELAY FUNCTION OF COLUMN 
ADDRESS STROBE COMMAND, AND BUFFER 
AND SIGNAL TRANSMISSION CIRCUIT WHICH 
ARE APPLIED TO THE SEMICONDUCTOR 

MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to semiconductor 
memory devices, and more particularly, to a semiconductor 
memory device in Which a point in time When a column-type 
command such as a column address strobe (CAS) command 
is input can be varied from a point in time When a roW-type 
command such as a roW address strobe (RAS) command is 
input. 
[0003] 2. Description of the Related Art 

[0004] The input and output operations of semiconductor 
memory devices are generally controlled by combination of 
a plurality of signals. For example, the data input and output 
operations of semiconductor memory devices are controlled 
by a chip select signal (hereinafter, referred to as a CS 
signal), a column address strobe signal (hereinafter, referred 
to as a CAS signal), and a Write enable signal (hereinafter, 
referred to as a WE signal). Also, semiconductor memory 
devices receive the CS signal, the CAS signal and the WE 
signal via pins connected to the outside. The CS signal, the 
CAS signal and the WE signal received via the external pins 
are buffered by buffers. 

[0005] Synchronous DRAMs operate in synchroniZation 
With an external clock signal Which is input externally to the 
synchronous DRAMs. Also, the synchronous DRAMs, in 
Which the CS signal, the CAS signal and the WE signal are 
input to and combined in corresponding buffers, generate 
signals associated With reading and Writing in synchroniZa 
tion With the external clock signal. 

[0006] The synchronous DRAMs receive roW-type com 
mands and then column-type commands such as the CS 
signal, the CAS signal and the WE signal. HoWever, con 
ventional synchronous DRAMs require at least a command 
delay time, a so-called ‘tRCDmin (RAS to CAS)’, betWeen 
the input of a roW-type command and the input of a 
column-type command. That is, in conventional synchro 
nous DRAMs, column-type commands are received after a 
period of ‘tRCD’ after roW activation starts in response to 
received roW-type commands, since data input and output is 
not possible until memory cells connected to a roW selected 
after a roW command is input share charge and detect charge. 

[0007] That is, conventional synchronous DRAMs have a 
limit in unavoidably requiring a time interval of tRCDrnin 
betWeen a point in time When a roW-type command is 
received and a point in time When a column-type command 
is received. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide a 
semiconductor memory device in Which the time interval 
betWeen a point in time When a roW-type command is 
received and a point in time When a column-type command 
is received can be shorter than a predetermined minimum 
time interval tRCDmin. 
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[0009] Another object of the present invention is to pro 
vide a buffer and a signal transmission circuit Which are 
applied to the semiconductor memory device. 

[0010] To achieve the ?rst object, there is provided a 
semiconductor memory device including a mode set register, 
a /CAS buffer, a /CS buffer and a /WE buffer. The mode set 
register can program the delay time from When a roW 
address strobe (RAS) command is input to When a column 
address strobe (CAS) command is input, and provides a 
plurality of control signals. In the mode set register, one 
among the plurality of control signals is activated corre 
sponding to the delay time. The /CAS buffer receives and 
buffers a predetermined /CAS signal. In the /CAS buffer, the 
/CAS signal is delayed for a predetermined number of delay 
clock cycles in response to the control signal. The /CS buffer 
receives and buffers a predetermined /CS signal. In the /CS 
buffer, the /CS signal is delayed for the number of delay 
clock cycles in response to the control signal. The /WE 
buffer receives and buffers a predetermined /WE signal. In 
the /WE buffer, the /W E signal is delayed for the number of 
delay clocks in response to the control signal. 

[0011] To achieve the second object, there is provided a 
buffer for a semiconductor memory device having a mode 
register set circuit, including a signal transmission unit for 
delaying a received signal for a predetermined number of 
delay clock cycles and transmitting the received signal, 
Wherein the number of delay clock cycles is determined in 
response to predetermined control signals Which are gener 
ated from the mode register set circuit. 

[0012] To achieve the second object, there is provided a 
signal transmission circuit for transmitting a received signal, 
including a plurality of transmission units each having a 
different number of delay clock cycles, for delaying and 
transmitting the received signal. At least one of the trans 
mission units includes: a transmission sWitch for transmit 
ting the received signal in response to a corresponding 
control signal; and a clock delay unit Which is enabled in 
response to the control signal, and delays a signal received 
from the transmission sWitch for the delay clock cycles and 
transmits the delayed signal in response to a predetermined 
clock signal. 

[0013] According to a semiconductor memory device of 
the present invention, the time for Which a column-type 
command is delayed after a roW-type command is received 
can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above objects and advantage of the present 
invention Will become more apparent by describing in detail 
a preferred embodiment thereof With reference to the 
attached draWings in Which: 

[0015] FIG. 1 is a block diagram schematically illustrat 
ing a semiconductor memory device having an operation 
delay function of a column address strobe (CAS) command, 
according to an embodiment of the present invention; 

[0016] 
FIG. 1; 

[0017] FIG. 3 is a block diagram of the / CS buffer of FIG. 
2 to Which the /CAS buffer and the /W E buffer of FIG. 2 can 
be applied; 

FIG. 2 is a block diagram of the control circuit of 
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[0018] FIG. 4 is a circuit diagram illustrating the internal 
chip selection generator of FIG. 2 in more detail; 

[0019] FIG. 5 is a block diagram illustrating the internal 
CAS signal generator of FIG. 2 in more detail, to Which the 
internal Write enable signal generator of FIG. 2 can be 
applied; 
[0020] FIG. 6 is a timing diagram of the signals of FIG. 
2 When a ?rst control signal is high; 

[0021] FIG. 7 is a timing diagram of the signals of FIG. 
2 When a second control signal is high; and 

[0022] FIG. 8 is a timing diagram of the signals of FIG. 
2 When a third control signal is high. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023] Attached draWings for illustrating a preferred 
embodiment of the present invention, and the contents 
Written on the attached draWings must be referred to in order 
to gain a suf?cient understanding of the merits of the present 
invention and the operation thereof and the objectives 
accomplished by the operation of the present invention. 

[0024] Hereinafter, the present invention Will be described 
in detail by explaining a preferred embodiment of the 
present invention With reference to the attached draWings. 
Like reference numerals in the draWings denote the same 
members. 

[0025] Referring to FIG. 1, a semiconductor memory 
device according to a preferred embodiment of the present 
invention includes a memory cell array 101, a roW decoder 
103, a roW address buffer 105, a sense ampli?er 107, a 
column decoder 109, a column address buffer 111, an input 
output circuit 113, a mode set register 115 and a control 
circuit 117. 

[0026] The memory cell array 101 includes a plurality of 
memory cells arrayed in roWs and columns. The roW 
decoder 103 selects a roW from the memory cell array 101 
in response to roW addresses RAO through RAn_1. The roW 
address buffer 105 buffers external addresses A0, through 
And, and generates the roW addresses RAO, through RAn_1, 
in response to a roW address strobe (/RAS) signal. 

[0027] The column decoder 109 selects a column from the 
memory cell array 101 in response to column addresses CAO 
through CAn_1. The column address buffer 111 buffers the 
external addresses AO through And, and generates the col 
umn addresses CAO through CAn_1 in response to a column 
address strobe (/CAS) signal. The sense ampli?er 107, 
Which includes a plurality of sense ampli?cation units, 
transmits data betWeen the input output circuit 113 and a cell 
in the memory cell array 101 using a sense ampli?cation unit 
selected by the column addresses CA0, through CAn_1. 

[0028] The mode set register 115 generates ?rst, second 
and third control signals PRCDO, PRCD1 and PRCD2 
Which are programmed in a mode register set (MRS) opera 
tion. One among the ?rst, second and third control signals 
PRCDO, PRCD1 and PRCD2 is at a high level. 

[0029] The control circuit 117 receives a clock signal 
CLK, a Write enable signal /WE, a chip selection signal /CS, 
a column address strobe signal /CAS, and a roW address 
strobe signal /RAS. Also, the control circuit 117 generates an 
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internal CAS signal PC and an internal Write enable signal 
PWR in response to a roW address strobe signal /RAS and 
the ?rst, second and third control signals PRCDO, PRCD1 
and PRCD2. 

[0030] The internal CAS signal PC and the internal Write 
enable signal PWR are provided to the input output circuit 
113, and control the input and output of data. In FIG. 1, 
reference characters DIN and DOUT denote input data and 
output data, respectively. 

[0031] FIG. 2 is a block diagram of the control circuit 117 
of FIG. 1. Referring to FIG. 2, the control circuit 117 
includes an internal clock generation circuit 201, a /CS 
buffer 203, a /CAS buffer 205, a /W E buffer 207, an internal 
chip selection generator 209, a /RAS buffer 211, an internal 
CAS signal generator 213 and an internal Write enable signal 
generator 215. 

[0032] The internal clock generation circuit 201 generates 
an internal clock signal PCLK having a constant pulse 
Width, in synchroniZation With an external clock signal 
CLK. 

[0033] The /CS buffer 203 receives the chip selection 
signal /CS and generates an initial chip selection signal TCS 
Which can be delayed for a predetermined number of clock 
cycles With respect to the chip selection signal /CS. The 
number of delay clock cycles can be determined to be Zero 
clock cycles, one clock cycle, tWo clock cycles, etc. of the 
internal clock signal PCLK, in response to the ?rst, second 
and third control signals PRCDO, PRCD1 and PRCD2 
generated by the mode set register 115 of FIG. 1. 

[0034] The /CAS buffer 205 receives the column address 
strobe signal /CAS to generate an initial CAS signal TCAS 
Which can be delayed for a predetermined number of clock 
cycles With respect to the column address strobe signal 
/CAS. The /WE buffer 207 receives the Write enable signal 
/W E to generate an initial Write enable signal TWE Which 
can be delayed for a predetermined number of delay clocks 
With respect to the Write enable signal /WE. 

[0035] The number of delay clock cycles for each of the 
/CAS buffer 205 and the /WE buffer 207 can be determined 
to be Zero clock cycles, one clock cycle, tWo clock cycles, 
etc. With respect to the internal clock signal PCLK, similar 
to the number of delay clocks for the /CS buffer 203. 

[0036] The internal chip selection generator 209 receives 
the initial chip selection signal TCS, and generates an 
internal chip selection signal PCS in response to the internal 
clock signal PCLK. 

[0037] The /RAS buffer 211 receives a roW address strobe 
signal /RAS to generate an initial RAS signal PRAL. The 
initial RAS signal PRAL goes to a high level When the level 
of the column address strobe signal /CAS is changed from 
a loW level to a high level. The initial RAS signal PRAL is 
still at the high level When a column-type command is input. 

[0038] The internal CAS signal generator 213 receives the 
initial CAS signal TCAS to generate an internal CAS signal 
PC. The internal CAS signal PC is generated in response to 
the internal clock signal PCLK When the internal chip 
selection signal PCS and the initial RAS signal PRAL are at 
a high level. 

[0039] The internal Write enable signal generator 215 
receives the initial Write enable signal TWE and generates an 
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internal Write enable signal PWR. The internal Write enable 
signal PWR is generated in response to the internal clock 
signal PCLK When the internal chip selection signal PCS 
and the initial RAS signal PRAL are at a high level. 

[0040] FIG. 3 is a block diagram of the /CS buffer 203 of 
FIG. 2. It is also used to illustrate the /CAS buffer 205 and 
the /WE buffer 207 of FIG. 2. In this speci?cation, only the 
/CS buffer 203 Will be described for convenience of eXpla 
nation. 

[0041] Referring to FIG. 3, the /CS buffer 203 includes a 
buffer unit 301, a signal transmission unit 303 and a latch 
unit 305. The buffer 301 receives and buffers a chip selection 
signal /CS, and generates a buffered signal SIGBUF and 
outputs it to the signal transmission unit 303. The signal 
transmission unit 303 delays the buffered signal SIGBUF by 
a predetermined number of clock cycles. The number of 
delay clock cycles is determined by the ?rst, second and 
third control signals PRCDO, PRCD1 and PRCD2 supplied 
from the mode set register 115 of FIG. 1. The ?rst, second 
and third control signals PRCDO, PRCD1 and PRCD2 are 
values programmed in the mode set register 115 upon mode 
register setting. The ?rst control signal PRCDO goes to high 
levels When a column-type command is not delayed, the 
second control signal PRCD1 goes to high levels When the 
column-type command is delayed for one clock cycle, and 
the third control signal PCRD2 goes to high levels When the 
column-type command is delayed for tWo clock cycles. 

[0042] That is, When the ?rst control signal PRCDO is at 
the high level, a semiconductor memory device according to 
the present invention operates immediately When a column 
type command is input. Thus, When the ?rst control signal 
PRCDO is at the high level, the semiconductor memory 
device according to the present invention operates Without 
delay, similar to eXisting semiconductor memory devices. 
Also, When the second control signal PRCD1 is at the high 
level, the semiconductor memory device according to the 
present invention is delayed for one clock cycle from When 
a column-type command is input, and then starts operating. 
Thus, the semiconductor memory device according to the 
present invention can operate normally even though a col 
umn-type command is received one clock cycle earlier than 
When it must be received in eXisting semiconductor memory 
devices. Furthermore, When the third control signal PRCD2 
is at the high level, the semiconductor memory device 
according to the present invention can operate normally 
even though a column-type command is received tWo clock 
cycles earlier than When it must be received in existing 
semiconductor memory devices. 

[0043] To be more speci?c, the signal transmission unit 
303 includes ?rst, second and third transmission units 307, 
327 and 347. The ?rst transmission unit 307 provides the 
buffered signal SIGBUF to the latch unit 305 Without delay 
When the ?rst control signal PRCDO is at the high level. The 
second transmission unit 327 delays the buffered signal 
SIGBUF for one clock cycle of the internal clock signal 
PCLK and provides the delayed buffered signal SIGBUF to 
the latch unit 305 When the second control signal PRCD1 is 
at the high level. 

[0044] To be more speci?c, the second transmission unit 
327 includes a transmission sWitch 331, a latch unit 333, a 
delay unit 335 and a clock delay unit 337. The transmission 
sWitch 331 transmits the buffered signal SIGBUF in 
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response to a high level second control signal PRCD1. The 
buffered signal SIGBUF sequentially passes through the 
latch unit 333 and the delay unit 335, and is transmitted to 
the clock delay unit 337. The clock delay unit 337 transmits 
the output signal of the delay unit 335 to the latch unit 305 
in response to the internal clock signal PCLK. That is, the 
output signal of the delay unit 335, Which is input to the 
clock delay unit 337, is transmitted to the latch unit 305 
When the level of the internal clock signal PCLK changes 
from a high level to a loW level and again to a high level. 
Thus, the clock delay unit 337 delays the received signal for 
one clock cycle of the internal clock signal PCLK. 

[0045] The latch unit 333 and the delay unit 335 in the 
second transmission unit 327 control a set-up time and a 
hold time betWeen a column-type command signal and an 
internal clock signal PCLK. 

[0046] The third transmission unit 347 delays the buffered 
signal for tWo clock cycles of the internal clock signal PCLK 
When the third control signal PRCD2 is at the high level, and 
then provides the buffered signal to the latch unit 305. 

[0047] The con?guration of the third transmission unit 
347 is similar to that of the second transmission unit 337 
eXcept that a delay clock unit 357 included in the third 
transmission unit 347 delays a received signal for tWo clock 
cycles of the internal clock signal PCLK. Thus, the second 
transmission unit 347 Will not be described in detail. 

[0048] FIG. 4 is a circuit diagram illustrating the internal 
chip selection generator 209 of FIG. 2 in more detail. 
Referring to FIG. 4, the internal chip selection generator 
209 includes an inverter 401, a delay unit 403, a transmis 
sion transistor 405 and a latch unit 407, and latches an initial 
chip selection signal TCS and generates an internal chip 
selection signal PCS in response to a high level internal 
clock signal PCLK. 

[0049] FIG. 5 is a block diagram illustrating the internal 
CAS signal generator 213 of FIG. 2 in more detail. It is also 
used to illustrate the internal Write enable signal generator 
215 of FIG. 2. In this speci?cation, only the internal CAS 
signal generator 213 Will be described for convenience of 
explanation. 

[0050] Referring to FIG. 5, the internal CAS signal gen 
erator 213 includes a delay unit 501, an inverter 503, a ?rst 
transmission transistor 505, a ?rst latch unit 507, a second 
transmission transistor 509 and a second latch unit 511. The 
internal CAS signal generator 213 is enabled When the initial 
RAS signal PRAL and the internal chip selection signal PCS 
are at high levels. The ?rst transmission transistor 505 
transmits an initial CAS signal TCAS Which has passed 
through the delay unit 501 and the inverter 503, in response 
to the falling edge of the internal clock signal PCLK. The 
?rst latch unit 507 latches a signal received from the ?rst 
transmission transistor 505. 

[0051] The second transmission transistor 509 transmits a 
signal Which has been latched by the ?rst latch unit 507, in 
response to the rising edge of the internal clock signal 
PCLK. The second latch unit 511 latches a signal received 
from the second transmission transistor 509. 

[0052] FIG. 6 is a timing diagram of the signals of FIG. 
2 When the ?rst control signal PRCDO is at the high level. 
Referring to FIG. 6, the internal CAS signal PC and the 
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internal Write enable signal PWR are activated to a high 
level With a Zero clock cycle delay from a point in time t1 
When a column-type command is input. Thus, it can be seen 
from FIG. 6 that the column-type command is input Without 
delay. 
[0053] FIG. 7 is a timing diagram of the signals of FIG. 
2 When the second control signal PRCD1 is at the high level. 
Referring to FIG. 7, the internal CAS signal PC and the 
internal Write enable signal PWR are activated to a high 
level after being delayed for one clock cycle from a point in 
time t2 When a column-type command is input. Thus, it can 
be seen from FIG. 7 that the column-type command accord 
ing to the present invention is eXecuted the same as a 
column-type command in the prior art Which is received 
after being delayed for one clock cycle relative to the 
column-type command according to the present invention. 

[0054] FIG. 8 is a timing diagram of the signals of FIG. 
2 When the third control signal PRCD2 is at the high level. 
Referring to FIG. 8, the internal CAS signal PC and the 
internal Write enable signal PWR are activated to a high 
level after being delayed for tWo clock cycles from a point 
in time t3 When a column-type command is input. Thus, it 
can be seen from FIG. 8 that the column-type command 
according to the present invention is eXecuted the same as a 
column-type command in the prior art Which is received 
after being delayed for tWo clock cycles relative to the 
column-type command according to the present invention. 

[0055] The semiconductor memory device according to an 
embodiment of the present invention can vary the delay 
from a point in time When a roW-type command is received 
to a point in time When a column-type command is received. 
That is, a buffer Which receives a chip selection signal /CS, 
a column address strobe signal /CAS, and a Write enable 
signal /W E is controlled by the ?rst, second and third control 
signals PRCDO, PRCD1 and PRCD2 provided from the 
mode set register 115. Therefore, the point in time When an 
internal CAS signal PC and an internal Write enable signal 
PWR are activated can vary. 

[0056] A technique for varying the point in time When a 
column-type command is to be received, according to the 
technical spirit of the present invention, is more simple than 
eXisting control techniques. Also, in the semiconductor 
memory device according to the present invention, even if a 
column-type command is applied Without the control of 
tRCD, the column-type command is internally delayed, so 
that tRCD is maintained. 

[0057] According to the semiconductor memory device of 
the present invention, the point in time When a column-type 
command is input can vary. Also, a column-type command 
is internally delayed regardless of tRCD, so that tRCD can 
be internally maintained. Therefore, the delay from When a 
roW-type command is received to When a column-type 
command is received can be shortened. 

[0058] Also, a buffer and a signal transmission circuit 
according to the present invention can be applied to a 
semiconductor memory device having an operation delay 
function of a CAS command according to the present 
invention. 

[0059] Although the invention has been described With 
reference to a particular embodiment, it Will be apparent to 
one of ordinary skill in the art that modi?cations of the 
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described embodiment may be made Without departing from 
the spirit and scope of the invention. 

What is claimed is: 
1. Asignal transmission circuit for transmitting a received 

signal, comprising: 
a plurality of transmission units each having a different 
number of delay clock cycles, for delaying and trans 
mitting the received signal, 

Wherein at least one of the transmission units comprises: 

a transmission sWitch for transmitting the received signal 
in response to a corresponding control signal; and 

a clock delay unit Which is enabled in response to the 
control signal, and delays a signal received from the 
transmission sWitch for the delay clock cycles and 
transmits the delayed signal in response to a predeter 
mined clock signal. 

2. The signal transmission circuit of claim 1, Wherein the 
transmission unit further comprises a latch unit and a delay 
unit betWeen the transmission sWitch and the clock delay 
unit, Wherein the latch unit latches the received signal output 
from the transmission sWitch and the delay unit delays the 
received signal. 

3. The signal transmission circuit of claim 1, Wherein the 
clock delay unit comprises: 

a ?rst transmission gate Which is enabled in response to 
the control signal and gated in response to the ?rst state 
of the clock signal, to transmit the received signal 
output from the transmission sWitch; 

a ?rst latch for latching a signal received from the ?rst 
transmission gate; 

a second transmission gate Which is enabled in response 
to the control signal and gated in response to the second 
state of the clock signal, to transmit a signal latched by 
the ?rst latch; 

a second latch for latching a signal received from the 
second transmission gate; and 

a third transmission gate Which is enabled in response to 
the control signal and gated in response to the ?rst state 
of the clock signal, to transmit a signal latched by the 
second latch. 

4. The signal transmission circuit of claim 1, Wherein the 
transmission unit further comprises a latch unit and a delay 
unit betWeen the transmission sWitch and the clock delay 
unit, Wherein the latch unit latches the received signal output 
from the transmission sWitch and the delay unit delays the 
received signal. 

5. Abuffer for a semiconductor memory device having a 
mode register set circuit, comprising: 

a signal transmission unit for delaying a received signal 
for a predetermined number of delay clock cycles and 
transmitting the received signal, Wherein the number of 
delay clock cycles is determined in response to prede 
termined control signals Which are generated from the 
mode register set circuit. 

6. The buffer of claim 5, further comprising a buffer unit 
for buffering a received signal and providing the resultant 
signal to the signal transmission unit. 

7. The buffer of claim 5, further comprising a latch unit for 
latching a signal received from the signal transmission unit. 
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8. The buffer of claim 5, wherein the signal transmission 
unit comprises a plurality of transmission units each having 
a different number of delay clock cycles, for delaying and 
transmitting the buffered signal, and at least one of the 
transmission units comprises: 

a transmission sWitch for transmitting the received signal 
in response to a corresponding control signal; and 

a clock delay unit Which is enabled in response to the 
control signal, and delays the received signal received 
from the transmission sWitch for the delay clock cycles 
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and transmits the delayed signal in response to a 
predetermined clock signal. 

9. The buffer of claim 8, Wherein the clock delay unit 
comprises: 

a ?rst transmission gate Which is enabled in response to 
the control signal and gated in response to the ?rst state 
of the clock signal, to transmit the received signal 
output from the transmission sWitch; 


