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SEMICONDUCTOR MEMORY DEVICE HAVING 
DATA MASKING PIN AND MEMORY SYSTEM 

INCLUDING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device and a memory system including the same, 
and more particularly, to a synchronous DRAM Which can 
miX memory modules having different structures in a 
memory system and a memory system including the same. 

[0003] 2. Description of the Related Art 

[0004] In order to increase system performance, the inte 
gration density and speed of semiconductor memory devices 
such as DRAM, must be increased. That is, DRAM Which 
can process more data at faster speed is required. Accord 
ingly, a synchronous DRAM Which operates in synchroni 
Zation With a system clock signal for high speed operation 
Was developed, and the appearance of the synchronous 
DRAM remarkably enhanced data transmission speed. 

[0005] HoWever, in the synchronous DRAM, input and 
output of data must be performed Within one cycle of the 
system clock signal, so that there is a limit to an increase in 
bandWidth betWeen the synchronous DRAM and a DRAM 
controller, that is, there is a limit to an increase in the amount 
of data that can be input to and output from a memory device 
per unit time. Therefore, in order to further increase data 
transmission speed, a dual data rate (DDR) synchronous 
DRAM in Which a rising edge and a falling edge of a data 
strobe signal are all synchroniZed to input and output data 
Was developed. 

[0006] FIG. 1 is a schematic block diagram illustrating a 
memory system including a DDR synchronous DRAM. 
Referring to FIG. 1, in a memory system including a DDR 
synchronous DRAM, a system clock signal (CK) generated 
by a clock driver 17 is transmitted to DDR synchronous 
DRAMs 15 on memory modules 13. An address (ADD) and 
a command (COM) are transmitted from a memory control 
ler 11 to the DDR synchronous DRAMs 15 on the memory 
modules 13 during Writing and reading operations. 

[0007] Data (DO) and a data strobe signal (DQS) are 
transmitted from the memory controller 11 to the DDR 
synchronous DRAMs 15 on the memory modules 13 during 
Writing. The DO and DOS signals are transmitted from the 
DDR synchronous DRAMs 15 on the memory modules 13 
to the memory controller 11 during reading. That is, the data 
(DO) and the data strobe signal (DQS) are transmitted in 
both directions. A data masking signal (DM) is generated in 
and output from the memory controller 11 during Writing 
and transmitted to the DDR synchronous DRAMS 15 on the 
memory modules 13. 

[0008] The data strobe signal (DQS) is a signal for strob 
ing input and output of the data (DO), and the data masking 
signal (DM) is a signal for masking predetermined data 
input into the DDR synchronous DRAMs 15 during Writing. 
In general, one data strobe signal (DOS) and one data 
masking signal (DM) are assigned per 4 bits of data in the 
synchronous DRAM having X4 organiZation and assigned 
per 8 bits of data in the synchronous DRAM having X8 
organiZation. 
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[0009] Therefore, as shoWn in FIG. 2, if a module (X4 
module) including synchronous DRAMs having X4 organi 
Zation is not miXed With a module (X8 module) including the 
synchronous DRAMs having X8 organiZation in the memory 
system shoWn in FIG. 1, a relationship betWeen the data 
(DO) and the data strobe signal (DQS) is alWays regular. 
That is, When memory modules (13-1 through 13-4) are all 
X4 modules, the data (DQ) is N bits, and the number of the 
data strobe signals (DQS) is N/4. If the memory modules 
(13-1 through 13-4) are all X8 modules, the data (DQ) is N, 
and the number of the data strobe signals (DQS) is N/8. 

[0010] When data is read from each of the memory 
modules (13-1 through 13-4), the number of data strobe 
signals (DQS) transmitted from each of the memory mod 
ules (13-1 through 13-4) to the memory controller 11 is the 
same. The number of data strobe signals (DQS) that the 
memory controller 11 uses for receiving data read from each 
of the memory modules (13-1 through 13-4) is the same. 
Therefore, the memory controller 11 can easily receive data 
read from each of the memory modules (13-1 through 13-4) 
using the same number of data strobe signals (DQS). 

[0011] HoWever, as shoWn in FIG. 3, if the X4 module is 
miXed With the X8 module in the memory system shoWn in 
FIG. 1, a relationship betWeen the data (DO) and the data 
strobe signal (DQS) is irregular. Here, it is assumed that 
memory modules (13-5 and 13-8) are the X4 modules and 
memory modules (13-6 and 13-7) are the X8 modules. 

[0012] In this case, When data is read from each of the 
memory modules (13-5 through 13-8), the number of data 
strobe signals (DQS) transmitted from the X4 modules, that 
is, the memory modules (13-5 and 13-8), to the memory 
controller 11 is different from the number of data strobe 
signals (DQS) transmitted from the X8 modules, that is, the 
memory modules (13-6 and 13-7), to the memory controller 
11. The number of data strobe signals (DQS) Which the 
memory controller 11 uses for receiving data read from the 
X4 modules (13-5 and 13-8) is different from the number of 
the data strobe signals (DQS) that the memory controller 11 
uses for receiving data read from the X8 modules (13-6 and 
13-7). 
[0013] For eXample, When N bits of the data (DQ) are read 
from the X4 modules (13-5 and 13-8), N/4 (set0 and set1) of 
data strobe signals (DQS) are transmitted from the X4 
modules (13-5 and 13-8) to the memory controller 11, but 
When N bits of the data (DQ) are read from the X8 modules 
(13-6 and 13-7), N/8 (set0) of the data strobe signals (DQS) 
are transmitted from the X8 modules (13-6 and 13-7) to the 
memory controller 11. 

[0014] Therefore, When the X4 modules are miXed With the 
X8 modules in a memory system, it is difficult for the 
memory controller to determine Which data strobe signals to 
use for receiving data When reading data from the modules. 
Therefore, memory modules having the same organiZation 
must be included in the memory system. 

SUMMARY OF THE INVENTION 

[0015] To solve the above problems, it is a ?rst objective 
of the present invention to provide a synchronous DRAM 
Which can miX memory modules having different organiZa 
tions in a memory system. 

[0016] It is a second objective of the present invention to 
provide a memory system in Which memory modules having 
different organiZations can be miXed. 
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[0017] In accordance With the invention, there is provided 
a semiconductor memory device, for example, a synchro 
nous DRAM, Which operates in synchronization With a 
system clock signal and inputs and outputs data in response 
to a data strobe signal. The device includes a data masking 
pin Which receives a data masking signal for masking input 
data during a memory Writing operation. In accordance With 
the invention, the same signal as the data strobe signal is 
output through the data masking pin during a memory 
reading operation. 

[0018] The device of the invention can operate in syn 
chroniZation With the rising edge and falling edge of the 
system clock signal. 

[0019] In one embodiment, the synchronous DRAM fur 
ther includes a data masking signal input buffer for buffering 
the data masking signal received through the data masking 
pin and outputting it to an internal circuit, and an auxiliary 
data strobe signal output buffer for buffering an internal data 
strobe signal generated internally and outputting it to the 
data masking pin. 

[0020] The synchronous DRAM can further include a 
mode register Which can be controlled externally, Wherein 
the auxiliary data strobe signal output buffer is controlled by 
the mode register. 

[0021] In accordance With another aspect, there is pro 
vided in accordance With the invention a memory system 
comprising at least one ?rst memory module Which operates 
in synchronization With a system clock signal, and inputs 
and outputs data in response to each of one or more data 
strobe signals. The system also includes at least one second 
memory module Which operates in synchroniZation With the 
system clock signal, and inputs and outputs data in response 
to each of the data strobe signals. A memory controller 
controls the ?rst and second memory modules, and transmits 
and receives data With the ?rst and second memory modules. 
In accordance With the invention, the organiZation of the ?rst 
memory module is different from that of the second memory 
module. 

[0022] In one embodiment, the ?rst and second memory 
modules operate in synchroniZation With a rising edge and a 
falling edge of the system clock signal. 

[0023] In one embodiment, the organiZation of the ?rst 
memory module is X4 organiZation, and the organiZation of 
the second memory module is one of X8 organiZation, X16 
organiZation, and x32 organiZation. 

[0024] Each semiconductor device included in the second 
memory module can include a data masking pin Which 
receives a data masking signal from the memory controller 
for masking input data during Writing, and outputs the same 
signal as the data strobe signal through the data masking pin 
during reading. Also, the data masking pins of the semicon 
ductor memory devices can be connected to data strobe lines 
for transmitting the data strobe signal. 

[0025] In one embodiment, each of the semiconductor 
memory devices included in the second memory module 
includes a data masking signal input buffer and an auxiliary 
data strobe signal output buffer. The data masking signal 
input buffer buffers the data masking signal received through 
the data masking pins and outputs in to an internal circuit. 
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The auxiliary data strobe signal output buffer buffers an 
internal data strobe signal generated internally and outputs it 
to the data masking pin. 

[0026] Each semiconductor device included in the second 
memory module can also include a mode register Which can 
be controlled externally. The auxiliary data strobe signal 
output buffer can be controlled by an output signal of the 
mode register. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the 
folloWing more particular description of preferred embodi 
ments of the invention, as illustrated in the accompanying 
draWings in Which like reference characters refer to the same 
parts throughout the different vieWs. The draWings are not 
necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

[0028] FIG. 1 is a schematic block diagram illustrating a 
memory system including a DDR synchronous DRAM. 

[0029] FIG. 2 illustrates a relationship betWeen data and 
a data strobe signal When modules having the same organi 
Zation are used in a conventional memory system. 

[0030] FIG. 3 illustrates a relationship betWeen data and 
a data strobe signal When modules having different organi 
Zations are mixed in a conventional memory system. 

[0031] FIG. 4 illustrates a memory system according to 
one embodiment of the present invention. 

[0032] FIG. 5 is a circuit diagram illustrating a portion 
related to input and output of a data masking signal and a 
data strobe signal in a synchronous DRAM according to the 
present invention. 

[0033] FIG. 6 is a timing chart illustrating the difference 
betWeen signals in a conventional synchronous DRAM and 
signals in a synchronous DRAM according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] FIG. 4 illustrates a memory system according to an 
embodiment of the present invention. Here, it is assumed 
that memory modules (43-5 and 43-8) are x4 modules and 
memory modules (43-6 and 43-7) are x8 modules. The 
memory modules (43-5 through 43-8) operate in synchro 
niZation With a system clock signal, and input and output 
data in response to data strobe signals (DOS). 

[0035] Referring to FIG. 4, data masking pins 45 of the x8 
modules (43-6 and 43-7) are connected to data strobe lines 
(set 1) for transmitting the data strobe signals (DOS) in the 
memory system according to the present invention. More 
particularly, the data masking pins 45 of the x8 modules are 
connected to the data strobe lines (set 1) Which are not 
connected to the x8 modules (43-6 and 43-7) in the prior art. 

[0036] MeanWhile, x8 synchronous DRAMs installed on 
the x8 modules (43-6 and 43-7) include data masking pins 
Which receive data masking signals for masking predeter 
mined input data during Writing, and are formed to output 
the same signals as the data strobe signals through the data 
masking pins during reading. The data masking pins of the 
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X8 synchronous DRAMs installed on the X8 modules (43-6 
and 43-7) are connected to the data masking pins 45 of the 
X8 modules (43-6 and 43-7). 

[0037] Therefore, in the memory system according to the 
present invention, When N bits of data (DQ) are read from 
the X8 modules (43-6 and 43-7), N/8 (stet0) data strobe 
signals (DQS) output from the data strobe pins of the X8 
modules (43-6 and 43-7) and N/S (set1) data strobe signals 
(DQS) output from the data masking pins 45 of the X8 
modules (43-6 and 43-7) are transmitted to a memory 
controller 41. 

[0038] Also, When the N bit data (DQ) is read from the X4 
modules (43-5 and 43-8), N/4 (set0 and set1) data strobe 
signals (DQS) output from the data strobe pins of the X4 
modules (43-5 and 43-8) are transmitted to the memory 
controller 41. 

[0039] Accordingly, in the memory system according to 
the present invention, When the X4 modules (43-5 and 43-8) 
are miXed With the X8 modules (43-6 and 43-7), the number 
of the data strobe signals (DQS) transmitted from each of the 
memory modules (43-5 through 43-8) to the memory con 
troller 41 during reading is equal. That is, the number of the 
data strobe signals (DQS) Which the memory controller 41 
uses to receive data read from each of the memory modules 
(43-6 through 43-8) during reading is equal. 

[0040] Therefore, in the memory system according to the 
present invention, When the X4 modules are miXed With the 
X8 modules, the memory controller 41 can receive data read 
from each of the memory modules (43-5 through 43-8) using 
the same number of data strobe signals (DQS). 

[0041] When predetermined input data Written in the X8 
modules (43-6 and 43-7) during Writing is masked, the data 
masking signals generated by the memory controller 41 are 
input through the data masking pins 45 of the X8 modules 
(43-6 and 43-7), and a data masking function can be 
normally performed. 

[0042] FIG. 5 is a circuit diagram illustrating a portion 
related to input and output of a data masking signal and a 
data strobe signal in an X8 synchronous DRAM, Which are 
included in the memory system shoWn in FIG. 4 according 
to the present invention. Referring to FIG. 5, the X8 syn 
chronous DRAM according to the present invention includes 
a data strobe pin 51, a data strobe signal output buffer 52, a 
data strobe signal input buffer 53, a data masking pin 54, and 
a data masking signal input buffer 55. Also, the synchronous 
DRAM according to the present invention further includes 
an auXiliary data strobe signal output buffer 56 and a mode 
register 57 so as to miX the X4 modules With the X8 modules 
in the memory system shoWn in FIG. 4. 

[0043] The data strobe signal output buffer 52 buffers an 
internal data strobe signal (IDQS) generated in the inside of 
the synchronous DRAM during reading and outputs it to the 
data strobe pin 51. The data strobe signal input buffer 53 
receives the data strobe signal (DQS) generated by the 
memory controller 41 shoWn in FIG. 4 during Writing 
through the data strobe pin 51, and buffers the received 
signal and outputs it to an internal circuit. 

[0044] The data masking signal input buffer 55 receives 
the data masking signal (DM) generated by the memory 
controller 41 through the data masking pin 54 during Writ 
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ing, and buffers the received signal and outputs it to the 
internal circuit. In particular, the auXiliary data strobe signal 
output buffer 56 buffers the internal data strobe signal 
(IDQS) during reading and outputs it to the data masking pin 
54. That is, during reading, the same signal as a signal output 
through the data strobe pin 51 is output through the data 
masking pin 54. 

[0045] Here, it is preferable that the data strobe signal 
output buffer 52 and the auXiliary data strobe signal output 
buffer 56 be composed of the same circuit so as to reduce a 
phase difference betWeen the signals output through the data 
strobe pin 51 and the signals output through the data 
masking pin 54. 

[0046] The auXiliary data strobe signal output buffer 56 is 
preferably controlled by an output signal of the mode 
register 57, so that the data strobe signal output buffer 52 can 
be selectively controlled. 

[0047] FIG. 6 is a timing chart illustrating the difference 
betWeen signals of a conventional X8 synchronous DRAM 
and signals of an X8 synchronous DRAM according to the 
present invention shoWn in FIG. 5. Referring to FIG. 6, 
during Writing, a signal input through the data masking pin 
(DM) of the conventional synchronous DRAM is equal to a 
signal input through the data masking pin (DM) of the 
synchronous DRAM according to the present invention. 

[0048] HoWever, during reading, in the conventional syn 
chronous DRAM, the state of the data masking pin (DM) is 
“don’t care”, but, in the synchronous DRAM according to 
the present invention, the same signal as a signal output 
through the data strobe pin (DQS) is output through the data 
masking pin (DM). 
[0049] As described above, the X8 synchronous DRAM 
according to the present invention has an advantage in that 
the X4 synchronous DRAM can be miXed With the X8 
synchronous DRAM by outputting the same signal as the 
signal output through the data strobe pin, through the data 
masking pin during reading. 

[0050] Also, in the memory system according to the 
present invention, When X4 modules are miXed With X8 
modules, the number of data strobe signals transmitted from 
each of the memory modules to the memory controller 
becomes the same during reading by including the X8 
synchronous DRAM according to the present invention and 
connecting the data masking pins of the X8 synchronous 
DRAMs, that is the data masking pins of the X8 modules, to 
the data strobe lines. Therefore, in the memory system 
according to the present invention, even though the X4 
modules are miXed With the X8 modules, the memory 
controller can receive data read from each of the memory 
modules using the same number of data strobe signals. 

[0051] As described above, the synchronous DRAM 
according to the present invention has an advantage in that 
memory modules having different organiZations can be 
miXed in the memory system. Also, in the memory system 
according to the present invention, there is an advantage in 
that memory modules having different organiZations can be 
miXed. 

[0052] Memory systems including X4 and X8 modules and 
X4 and X8 synchronous DRAMs have been described, but 
the concept of the present invention can be applied to other 
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size modules, including, but not limited to X4, X8, X16 and 
X32 modules. Also, although speci?c terms are employed in 
the preferred embodiment, they are used in a generic and 
descriptive sense only and not for purposes of limitation. 

[0053] While this invention has been particularly shoWn 
and described With references to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made therein 
Without departing from the spirit and scope of the invention 
as de?ned by the folloWing claims. 

1. A semiconductor memory device Which operates in 
synchroniZation With a system clock signal, and inputs and 
outputs data in response to a data strobe signal, the semi 
conductor memory device comprising a data masking pin 
Which receives a data masking signal for masking an input 
data during Writing, Wherein the same signal as the data 
strobe signal is output through the data masking pin during 
reading. 

2. The semiconductor memory device of claim 1, Wherein 
the semiconductor memory device operates in synchroniZa 
tion With the rising edge and falling edge of the system clock 
signal. 

3. The semiconductor memory device of claim 1, further 
comprising: 

a data masking signal input buffer for buffering the data 
masking signal received through the data masking pin 
and outputting it to an internal circuit; and 

an auXiliary data strobe signal output buffer for buffering 
an internal data strobe signal generated internally and 
outputting it to the data masking pin. 

4. The semiconductor memory device of claim 3, further 
comprising a mode register Which can be controlled eXter 
nally, Wherein the auXiliary data strobe signal output buffer 
is controlled by an output signal of the mode register. 

5. A memory system comprising: 

at least one ?rst memory module Which operates in 
synchroniZation With a system clock signal, and inputs 
and outputs data in response to each of one or more data 
strobe signals; 

at least one second memory module Which operates in 
synchroniZation With the system clock signal, and 
inputs and outputs data in response to each data strobe 
signal; and 
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a memory controller for controlling the ?rst and second 
memory modules, and transmitting and receiving data 
With the ?rst and second memory modules, 

Wherein organiZation of the ?rst memory module is dif 
ferent from that of the second memory module. 

6. The memory system of claim 5, Wherein the ?rst and 
second memory modules operate in synchroniZation With a 
rising edge and a falling edge of the system clock signal. 

7. The memory system of claim 5, Wherein the organiZa 
tion of the ?rst memory module is X4 organiZation, and the 
organiZation of the second memory module is X8 organi 
Zation. 

8. The memory system of claim 5, Wherein the organiZa 
tion of the ?rst memory module is X4 organiZation, and the 
organiZation of the second memory module is X16 organi 
Zation. 

9. The memory system of claim 5, Wherein the organiZa 
tion of the ?rst memory module is X4 organiZation, and the 
organiZation of the second memory module is X32 organi 
Zation. 

10. The memory system of claim 5, Wherein each semi 
conductor memory device included in the second memory 
module includes a data masking pin Which receives a data 
masking signal from the memory controller for masking 
input data during Writing, and outputs the same signal as the 
data strobe signal through the data masking pin during 
reading. 

11. The memory system of claim 10, Wherein the data 
masking pins are connected to data strobe lines for trans 
mitting the data strobe signal. 

12. The memory system of claim 10, Wherein each of the 
semiconductor memory devices further comprises: 

a data masking signal input buffer for buffering the data 
masking signal received through the data masking pins 
and outputting it to an internal circuit; and 

an auXiliary data strobe signal output buffer for buffering 
an internal data strobe signal generated internally and 
outputting it to the data masking pin. 

13. The memory system of claim 12, Wherein each 
semiconductor device further comprises a mode register 
Which can be controlled eXternally, and the auXiliary data 
strobe signal output buffer is controlled by an output signal 
of the mode register. 


