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SEMICONDUCTOR MEMORY DEVICE AND 
MEMORY SYSTEM FOR IMPROVING BUS 

EFFICIENCY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device and a memory system, and more particu 
larly, to a semiconductor memory device and a memory 
system for improving bus ef?ciency. 

[0003] 2. Description of the Related Art 

[0004] Memory devices are typically developed to have a 
high density of integration and large capacity. Central pro 
cessing units (CPU) are developed to achieve processing at 
high speed. The operating speed of large memory devices is 
usually sloWer than the speed of the CPUs. As a result, there 
arises a gap betWeen the operating speeds of CPUs and 
memory devices. The sloWer operating speeds of memory 
devices restrict the overall performance of computer sys 
tems. In order to achieve speedy memory systems, high 
speed memory devices must be developed and the bus 
ef?ciency thereof improved. 

[0005] Synchronous DRAMs are among the fastest large 
scale memory devices. 

[0006] HoWever, in synchronous DRAMs, in order to 
reduce the number of pins, a roW command (RAS) and a 
column command (CAS) must share an address, and a host 
of commands must be applied simultaneously With a chip 
selection signal CS. Hence, synchronous DRAMs degrade 
the bus ef?ciency of memory systems and consequently 
restrict the performance of memory systems. 

[0007] FIG. 1 shoWs the pin con?guration of a conven 
tional synchronous DRAM, and FIG. 2 shoWs a memory 
system adopting the conventional synchronous DRAM of 
FIG. 1. In FIG. 1, only pins associated With data input and 
output are shoWn, and pins are arranged in an arbitrary order. 

[0008] Referring to FIG. 1, a conventional synchronous 
DRAM 100 includes an input pin 11 for receiving a clock 
signal CK, an input pin 12 for receiving a clock enable signal 
CKE, an input pin 13 for receiving a chip selection signal 
CS, an input pin 14 for receiving a roW address strobe signal 
RASB, an input pin 15 for receiving a column address strobe 
signal CASB, and an input pin 16 for receiving a Write 
enable signal WEB. Also, the conventional synchronous 
DRAM 100 includes a plurality of address input pins 17-1 
through 17-n for receiving addresses Ai (Where i is an 
integer from 1 to n), and a plurality of data input and output 
pins 18-1 through 18-n for receiving data DQi (Where i is an 
integer from 1 to n). 

[0009] The clock enable signal CKE, the chip selection 
signal CS, the roW address strobe signal RASB, the column 
address strobe signal CASB, and the Write enable signal 
WEB are referred to as command signals, and are generated 
by a memory controller 23 shoWn in FIG. 2. The memory 
controller 23 also generates the clock signal CK and the 
addresses Ai. The data DQi is output from the memory 
controller 23 during a Write operation, and output from the 
synchronous DRAM 100 during a read operation. In the 
conventional synchronous DRAM 100, roW addresses and 
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column addresses are received via the same input pins, that 
is, via the address input pins 17-1 through 17-n. 

[0010] Referring to FIG. 2, a conventional memory sys 
tem includes memory modules 21-1 through 21-4 on Which 
a plurality of synchronous DRAMs M each having a pin 
con?guration as shoWn in FIG. 1 are mounted, and the 
memory controller 23 for controlling the synchronous 
DRAMs M. In FIG. 2, RASBO, CASBO and CS0 are for the 
memory module 21-1, RASB1, CASB1 and CS1 are for the 
memory module 21-2, RASB2, CASB2 and CS2 are for the 
memory module 21-3, and RASB3, CASB3 and CS3 are for 
the memory module 21-4. 

[0011] FIG. 3 is a timing diagram illustrating a protocol 
used in the conventional memory system shoWn in FIG. 2 
during a read operation; in particular, When data are con 
secutively read from memory modules 21-1 and 21-2 among 
the memory modules shoWn in FIG. 2. 

[0012] In FIG. 3, it is assumed that tRCD, that is, the time 
of activation of RASB (that is, the transition from a logic 
“high” to a logic “loW”) to the time of activation of CASB, 
is tWo clock cycles (2T), that a column address strobe 
latency CL is tWo clock cycles (2T), and that a burst length 
BL is tWo clock cycles (2T). 

[0013] HoWever, in the conventional memory system 
shoWn in FIG. 2, When data is read from the tWo memory 
modules 21-1 and 21-2, there exists a time period in Which 
there is no data on a data bus, such as during a clock cycle 
T8 as shoWn in FIG. 3. During such time, no command is 
issued in the conventional memory system and a “bubble” 
clock cycle T8 has to be added. Thus, the bus ef?ciency is 
degraded and the performance of the memory system is 
restricted. If the bubble cycle T8 is removed by advancing 
one clock cycle, it can be seen from FIG. 3 that a column 
address CA1 for the memory module 21-1 and a roW address 
RA2 for the memory module 21-2 must be concurrently 
applied. According to the conventional memory design and 
protocol, the column address lines are shared With the roW 
address and application of concurrent CA1 and RA2 
addresses Will result in an erroneous read operation. A need 
therefore eXists for a semiconductor memory device having 
improved bus ef?ciency. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a semiconductor 
memory device comprising a clock input pin for receiving a 
clock signal; a ?rst chip selection signal input pin for 
receiving a ?rst chip selection signal for a roW address strobe 
from the memory controller; a second chip selection signal 
input pin for receiving a second chip selection signal for a 
column address strobe from the memory controller; a roW 
command input pin for receiving a roW command from the 
memory controller; a column command input pin for receiv 
ing a column command from the memory controller; a 
plurality of roW address input pins for receiving roW 
addresses from the memory controller; and a plurality of 
column address input pins for receiving column addresses 
from the memory controller, Wherein the roW command and 
the column command are received in response to tWo 
consecutive edges of the clock signal. 

[0015] The ?rst data of the ?rst chip selection signal 
received in response to the ?rst edge of the clock signal is 
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recognized as a chip selection signal, and the second data of 
the ?rst chip selection signal received in response to the 
second edge neXt to the ?rst edge is recogniZed as a roW 
command. The ?rst data of the second chip selection signal 
received in response to the ?rst edge of the clock signal is 
recogniZed as a chip selection signal, and the second data of 
the second chip selection signal received in response to the 
second edge of the clock signal, Which is neXt to the ?rst 
edge of the ?rst signal, is recogniZed as a column command. 

[0016] The present invention provides a memory system 
having memory modules on Which a plurality of semicon 
ductor memory devices are mounted, and a memory con 
troller for controlling the semiconductor memory devices, 
Wherein each of the semiconductor memory devices sepa 
rately includes: a ?rst chip selection signal input pin for 
receiving a ?rst chip selection signal for a roW address 
strobe; and a second chip selection signal input pin for 
receiving a second chip selection signal for a column 
address strobe, Wherein the ?rst and second chip selection 
signals are generated by the memory controller and trans 
mitted to each of the memory modules via different bus 
lines. 

[0017] Each of the semiconductor memory devices further 
comprises a roW command input pin for receiving a roW 
command; and a column command input pin for receiving a 
column command, Wherein a bus line for transmitting the 
roW command is separated from a bus line for transmitting 
the column command. 

[0018] Each of the semiconductor memory devices further 
comprises a plurality of roW address input pins for receiving 
roW addresses; and separately a plurality of column address 
input pins for receiving column addresses, Wherein bus lines 
for transmitting the roW addresses are separated from bus 
lines for transmitting the column addresses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The advantages and features of the present inven 
tion Will become more apparent in vieW of the detail 
description of the invention When read With reference to the 
draWings in Which: 

[0020] FIG. 1 shoWs a common pin con?guration of a 
conventional synchronous DRAM; 

[0021] FIG. 2 shoWs a memory system having the con 
ventional synchronous DRAM shoWn in FIG. 1; 

[0022] FIG. 3 is a timing diagram illustrating a protocol 
for a read operation of the conventional memory system 
shoWn in FIG. 2; 

[0023] FIG. 4 illustrates a pin con?guration of a semi 
conductor memory device according to the present inven 
tion; 
[0024] FIG. 5 illustrates a memory system according to 
the present invention having the semiconductor memory 
device of FIG. 4; and 

[0025] FIGS. 6 and 7 are timing diagrams illustrating 
protocols used in the memory system according to the 
present invention shoWn in FIG. 5 during a read operation. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0026] Referring to FIG. 4, a semiconductor memory 
device 400 according to the present invention is a dynamic 
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random access memory (DRAM) having an illustrative pin 
con?guration Which includes a ?rst chip selection signal 
input pin 43 for receiving a ?rst chip selection signal RCS 
for a roW address strobe from a memory controller, and a 
separate second chip selection signal input pin 44 for 
receiving a second chip selection signal CCS for a column 
address strobe from a memory controller. The ?gure shoWs 
only pins associated With data input and the actual arrange 
ment shoWn is not critical to the invention. 

[0027] According to a preferred embodiment of the 
present invention, the semiconductor memory device 400 
also separately includes a roW command input pin 45 for 
receiving a roW command RC from a memory controller, 
and a column command input pin 46 for receiving a column 
address strobe CC from a memory controller. 

[0028] The semiconductor memory device 400 also sepa 
rately includes a plurality of roW address input pins 47-1 
through 47-n for receiving roW addresses RAi (Where i is an 
integer from 1 to n) from a memory controller, and a 
plurality of column address input pins 48-1 through 48-n for 
receiving column addresses CAi (Where i is an integer from 
1 to n) from a memory controller. 

[0029] The semiconductor memory device 400 further 
includes a clock input pin 41 for receiving a clock signal CK 
to synchroniZe signals received via the above-described 
pins, a clock enable pin 42 for receiving a clock enable 
signal CKE, and a plurality of data input output pins 49-1 
through 49-n for receiving data DQi (Where i is an integer 
from 1 to n) from a memory controller or outputting data 
DQi (Where i is an integer from 1 to n) to a memory 
controller. Preferably, the clock signal CK and the clock 
enable signal CKE are generated by the memory controller. 
HoWever, they can be generated by other logic circuits as 
necessary. 

[0030] In particular, the semiconductor memory device 
400 according to a preferred embodiment of the present 
invention receives the roW command RC and the column 
command CC in tWo ticks of a clock signal. In other Words, 
the roW command RC and the column command CC are 
input to the semiconductor memory device in response to 
tWo consecutive edges of a clock signal CK. Also, the roW 
addresses RAi (Where i is an integer from 1 to n) and the 
column addresses CAi (Where i is an integer from 1 to n) are 
each input to the semiconductor memory device in tWo ticks 
of a clock signal, that is, in response to the tWo consecutive 
edges of a clock signal CK. The ?rst chip selection signal 
RCS for a roW address strobe, and the second chip selection 
signal CCS for a column address strobe are each input to the 
semiconductor memory device in tWo ticks of a clock signal, 
that is, in response to the tWo consecutive edges of a clock 
signal CK. 

[0031] In the semiconductor memory device 400 accord 
ing to a preferred embodiment of the present invention, an 
active operation is performed by the ?rst logic level of the 
roW command RC, and a precharging operation is performed 
by the second logic level of the roW command RC. Also, 
reading is performed by the ?rst logic level of the column 
command CC, and Writing is performed by the second logic 
level of the column command CC. Here, the ?rst logic level 
is a logic “loW”, and the second logic level is a logic “high”. 
HoWever, the semiconductor memory device according to 
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the present invention can be structured so that the ?rst logic 
level is a logic “high”, and the second logic level is a logic 
“loW”, as desired. 

[0032] In the semiconductor memory device 400, the ?rst 
data of the ?rst chip selection signal RCS received in 
response to a ?rst tick, that is, a ?rst edge of the clock signal 
CK, is recogniZed as a chip selection signal, and the second 
data of the ?rst chip selection signal RCS received in 
response to a second tick, that is, a second edge of the clock 
signal CK, is recogniZed as a roW command. Also, the ?rst 
data of the second chip selection signal CCS is received in 
response to another ?rst tick, that is, another ?rst edge of the 
clock signal CK is recogniZed as a chip selection signal and 
the second data of the second chip selection signal CCS 
received in response to another second tick (another second 
edge of the clock signal CK is recogniZed as a column 

command). 
[0033] FIG. 5 is a vieW illustrating a memory system 
according to the present invention adopting the semicon 
ductor memory device shoWn in FIG. 4. Referring to FIG. 
5, the memory system according to an embodiment of the 
present invention includes memory modules 51-1 through 
51-4 on each of Which a plurality of semiconductor memory 
devices M are mounted, and a memory controller 53 for 
controlling the semiconductor memory devices M. Here, 
four memory modules are shoWn, and four semiconductor 
memory devices are mounted on each of the memory 
modules. Each of the semiconductor memory devices M is 
the semiconductor memory device of FIG. 4, and preferably 
has a pin con?guration as shoWn in FIG. 4. 

[0034] The memory controller 53 generates the ?rst chip 
selection signal RCS for a roW address strobe and the second 
chip selection signal CCS for a column address strobe. The 
?rst and second chip selection signals RCS and CCS are 
applied to each of the memory modules 51-1 through 51-4 
via different bus lines. In FIG. 5, RCSO and CCSO are for 
application to the memory module 51-1, RCSI and CCS1 are 
for application to the memory module 51-2, RCS2 and 
CCS2 are for the memory module 51-3, and RCS3 and 
CCS3 are for the memory module 51-4. 

[0035] The memory controller 53 generates a roW com 
mand RC and a column command CC and transmits the tWo 
commands to each of the semiconductor memory devices M 
via separate bus lines. The memory controller 53 also 
generates a roW address RAi (Where i is an integer from 1 to 
n) and a column address CAi (Where i is an integer from 1 
to n) and transmits the tWo addresses to each of the semi 
conductor memory devices M via respective separate bus 
lines. The memory controller 53 also generates a clock 
signal CK and a clock enable signal CKE and transmits the 
tWo signals to each of the semiconductor memory devices M 
via divided bus lines. It is apparent to one skilled in the art 
that the CK and CKE signals can be generated by other logic 
circuits instead of generated for the memory controller. 

[0036] During a Write operation, data Dqi (Where i is an 
integer from 1 to n) output by the memory controller 53, that 
is, Write data, is Written to one of the memory device 
selected from the semiconductor memory devices M via data 
bus lines. During a read operation, data DQi is read from one 
of the memory devices selected among the semiconductor 
memory devices M, that is, read data, is transmitted to the 
memory controller 53 via data bus lines. 
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[0037] FIGS. 6 and 7 shoW timing diagrams illustrating 
protocols for a read operation in the memory system accord 
ing to the embodiment as shoWn in FIG. 5. Here, an example 
of data being read from the tWo memory modules 51-1 and 
51-2 among the memory modules shoWn in FIG. 5 is 
depicted. In FIG. 6, a read timing diagram With respect to 
the memory module 51-1, and a read timing diagram With 
respect to the memory module 51-2 are separately shoWn. In 
FIG. 7, a read timing diagram With respect to the memory 
module 51-1, and a read timing diagram With respect to the 
memory module 51-2 are shoWn together. 

[0038] In FIGS. 6 and 7, it is assumed that tRCD —the 
time from activation (that is, a point in time of transition 
from a logic “high” to a logic “loW”) of the ?rst chip 
selection signal RCS for a roW address strobe to the point of 
time of activation of the second chip selection signal CCS 
for a column address strobe —is tWo clock cycles (2T), that 
a column address strobe latency CL is tWo clock cycles (2T), 
and that a burst length BL is tWo clock cycles (2T). 

[0039] A read operation of the memory system shoWn in 
FIG. 5 Will noW be described referring to the timing diagram 
of FIG. 6. First, in order to access a particular semiconduc 
tor memory device of the memory module 51-1, RCSO is 
activated to a logic “loW” level in cycle T2, While RC is 
activated to a logic “high” level. In cycles T2 and T3, tWo 
consecutive roW addresses RAi are input to the memory 
module 51-1. Next, CCSO is activated to the logic “loW” 
level in cycle T4, and tWo consecutive column addresses 
CAi are input to the memory module 51-1 in cycles T4 and 
T5. MeanWhile, CC remains at the logic “loW” state. 
Accordingly, at cycles T7 and T8, tWo consecutive data DQi 
are read from a semiconductor memory device on the 
memory module 51-1. 

[0040] To access a particular semiconductor memory 
device of the memory module 51-2, RCS1 is activated to the 
logic “loW” level in cycle T4, While RC is activated to the 
logic “high” level. In cycles T4 and T5, tWo consecutive roW 
addresses RAi are input to the memory module 51-2. Next, 
CCS1 is activated to the logic “loW” level in cycle T6, and 
tWo consecutive column addresses CAi are input to the 
memory module 51-2 in cycles T6 and T7. MeanWhile, CC 
remains at the logic “loW” state. Accordingly, in cycles T9 
and T10, tWo consecutive data DQi are read from a semi 
conductor memory device of the memory module 51-2. 

[0041] Hence, in the memory system according to the 
present invention, When data is read from the tWo memory 
modules 51-1 and 51-2, four data DQi on a data bus are 
consecutively read as shoWn in the timing diagrams of 
FIGS. 6 and 7, and thus there are no data-empty spaces on 
the data bus, thereby resulting in improved bus ef?ciency. 

[0042] It is to be understood that all physical quantities 
disclosed herein, unless explicitly indicated otherWise, are 
not to be construed as exactly equal to the quantity dis 
closed, but rather about equal to the quantity disclosed. 
Further, the mere absence of a quali?er such as “about” or 
the like, is not to be construed as an explicit indication that 
any such disclosed physical quantity is an exact quantity, 
irrespective of Whether such quali?ers are used With respect 
to any other physical quantities disclosed herein. 

[0043] While preferred embodiments have been shoWn 
and described, various modi?cations and substitutions may 
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be made thereto Without departing from the spirit and scope 
of the invention. Accordingly, it is to be understood that the 
present invention has been described by Way of illustration 
only, and such illustrations and embodiments as have been 
disclosed herein are not to be construed as limiting to the 
claims. 

What is claimed is: 
1. A memory device Which is controlled by a memory 

controller, comprising: 

a clock input pin for receiving a clock signal; 

a ?rst chip selection signal input pin for receiving a ?rst 
chip selection signal for a roW address strobe from the 
memory controller; 

a second chip selection signal input pin for receiving a 
second chip selection signal for a column address 
strobe from the memory controller; 

at least one roW command input pin for receiving a roW 
command from the memory controller; 

at least one column command input pin for receiving a 
column command from the memory controller; 

a plurality of roW address input pins for receiving roW 
addresses from the memory controller; and 

a plurality of column address input pins for receiving 
column addresses from the memory controller; 

Wherein the roW command and the column command are 
received in response to tWo consecutive edges of the 
clock signal, in synchroniZation With the ?rst and 
second chip selection signals, respectively. 

2. The memory device of claim 1, Wherein the roW 
address and the column address are received in response to 
tWo consecutive edges of the clock signal, in synchroniZa 
tion With the ?rst and second chip selection signals, respec 
tively. 

3. The memory device of claim 1, Wherein the ?rst data 
of the ?rst chip selection signal received in response to the 
?rst edge of the clock signal is recogniZed as a chip selection 
signal, and the second data of the ?rst chip selection signal 
received in response to the second edge neXt to the ?rst edge 
is recogniZed as a roW address strobe command. 

4. A memory device of claim 1, Wherein the ?rst data of 
the second chip selection signal received in response to the 
?rst edge of the clock signal is recogniZed as a chip selection 
signal, and the second data of the second chip selection 
signal received in response to the second edge of the clock 
signal, Which is neXt to the ?rst edge of the ?rst signal, is 
recogniZed as a column address strobe command. 

5. The memory device Which is controlled by a memory 
controller, comprising: 

a clock input pin for receiving a clock signal; 

a ?rst chip selection signal input pin for receiving a ?rst 
chip selection signal from the memory controller; 

a second chip selection signal input pin for receiving a 
second chip selection signal from the memory control 
ler; 

at least one ?rst command input pin for receiving a ?rst 
command from the memory controller; and 
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at lease one second command input pin for receiving a 
second command from the memory controller; 

Wherein the ?rst and second commands are received in 
response to at least one edge of the clock signal, in 
synchroniZation With the ?rst and second chip selection 
signals, respectively. 

6. The memory device of claim 5, further comprising: 

a plurality of ?rst address input pins for receiving ?rst 
addresses from the memory controller; and 

a plurality of second address input pins for receiving 
second addresses from the memory controller; 

Wherein the ?rst and second addresses are received in 
response to at least one edge of the clock signal, in 
synchroniZation With the ?rst and second chip selection 
signals, respectively. 

7. A memory device Which is controlled by a memory 
controller’ comprising: 

a clock input pin for receiving a clock signal; 

a plurality of chip selection signal input pins for receiving 
respective chip selection signals from the memory 
controller; and 

a plurality of command input pins for receiving respective 
commands from the memory controller, 

Wherein the respective commands are received in 
response to at least one edge of the clock signal, in 
synchroniZation With their respective chip selection 
signals. 

8. A memory system having memory modules on Which 
a plurality of semiconductor memory devices are mounted, 
and a memory controller for controlling the semiconductor 
memory devices, Wherein each of the semiconductor 
memory devices comprises: 

a ?rst chip selection signal input pin for receiving a ?rst 
chip selection signal; and 

a second chip selection signal input pin for receiving a 
second chip selection signal; 

Wherein the ?rst and second chip selection signals are 
generated by the memory controller and transmitted to 
each of the memory modules via different bus lines. 

9. The memory system of claim 8, Wherein each of the 
semiconductor memory devices further comprises: 

at least one ?rst command input pin for receiving a ?rst 
command, and 

at least one second command input pin for receiving a 
second command; 

Wherein a bus line for transmitting the ?rst command is 
separated from a bus line for transmitting the second 
command. 

10. The memory system of claim 9, Wherein each of the 
semiconductor memory devices further comprises: 

a plurality of ?rst address input pins for receiving ?rst 
addresses; and 

a plurality of second address input pins for receiving 
second addresses; 
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wherein bus lines for transmitting the ?rst addresses are 
separated from bus lines for transmitting the second 
addresses. 

11. A memory system having memory modules on Which 
a plurality of semiconductor memory devices are mounted, 
and a memory controller for controlling the semiconductor 
memory devices, Wherein each of the semiconductor 
memory devices comprises a plurality of chip selection 
signal input pins for receiving their respective chip selection 
signals. 

Wherein the chip selection signals are generated by the 
memory controller and transmitted to their respective 
memory modules via different bus lines. 

12. The memory system of claim 11, Wherein each of the 
semiconductor memory devices further comprises a plural 
ity of command input pins for receiving respective com 
mands, 

Wherein bus lines for transmitting the respective com 
mands are separated from each other. 

13. A method of memory data access for a plurality of 
memories in a semiconductor memory array, comprising the 
steps of: 
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receiving at a ?rst pin of a ?rst memory a ?rst chip 
selection signal for a roW address strobe; 

receiving at a second pin of the ?rst memory a second 
chip selection signal for a column address strobe; 

receiving at least one roW command pin of the ?rst 
memory a roW command; 

receiving at least one column command pin of the ?rst 
memory a column command; 

receiving at roW address pins of the ?rst memory roW 
addresses; and receiving at column address pins of the 
?rst memory column addresses. 

14. The method of claim 13, Wherein the roW command 
and the column command are received from a memory 
controller via separate bus lines. 

15. The method of claim 13, Wherein the roW addresses 
and the column addresses are separately received from 
separate address lines. 

16. The method of claim 13, Wherein the ?rst chip 
selection signal and the second chip selection signal are 
received via separate bus lines. 

* * * * * 


