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SEMICONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
memory device, and more particularly, to a semiconductor 
memory that inputs and outputs multiple bit data in a serial 
manner. 

[0002] A semiconductor memory device has a serial inter 
face to transfer memory data and address data in a serial 
manner betWeen the semiconductor memory device and an 
external device. A semiconductor memory device that per 
forms such serial transfer has a relatively small number of 
data input/output (I/O) terminals and is thus compact. HoW 
ever, it takes time for such semiconductor memory device to 
input and output data. 

[0003] FIG. 1 is a schematic block diagram of a prior art 
semiconductor memory device 10. A memory cell array 1 
includes a plurality of memory cells, Which are arranged in 
a matrix-like manner, and selection circuits, each of Which 
is provided for each roW and each column to selectively 
activate each memory cell. The address decoder 2 responds 
to parallel address data AD-P having a predetermined num 
ber of bits and selectively activates certain roWs and col 
umns in the memory cell array 1. A sense ampli?er 3 is 
connected to each roW of the memory cell array 1 to generate 
parallel read data RD-P from the data stored in the activated 
memory cell. A Write ampli?er 4 is connected to each 
column of the memory cell array 1 to Write data to the 
activated memory cell. 

[0004] A command decoder 5 controls the memory cell 
array 1 in response to command data CC-P. For eXample, 
When the command data CC-P instructs data reading, the 
command decoder 5 operates the memory cell array 1 in a 
read mode and connects the activated memory cell to the 
sense ampli?er 3. Further, When the command data CC-P 
instructs data Writing, the command decoder 5 operates the 
memory cell array 1 in a Write mode and connects the 
activated memory cell to the Write ampli?er 4. The com 
mand decoder 5 may also set the deletion unit of the memory 
cells and the sWitch the number of bits of the stored data. 

[0005] A data converter 6 converts serial address data 
AD-S, Which is provided from an input/output (I/O) circuit 
7, to the parallel address data AD-P and provides the parallel 
address data AD-P to the address decoder 2. In the read 
mode, the data converter 6 converts the parallel read data 
RD-P, Which is provided from the sense ampli?er 3, to serial 
read data RD-S and provides the read data RD-S to the I/O 
circuit 7. In the Write mode, the data converter 6 converts 
serial Write data WD-S to parallel Write data WD-P and 
provides the parallel Write data WD-P to the Write ampli?er 
4. Further, the data converter 6 converts serial command 
data CC-S, Which is provided from the I/O circuit 7, to 
parallel command data CC-P and provides the parallel 
command data CC-P to the command decoder 5. The 1/0 
circuit 7 is connected to the data converter 6 and transfers 
the read data RD-S, the Write data WD-S, the address data 
AD-S, and the command data CC-S betWeen the data 
converter 6 and an external device (not shoWn). 

[0006] The memory cell array 1, the address decoder 2, the 
sense ampli?er 3, the Write ampli?er 4, the command 
decoder 5, the data converter 6, and the I/O circuit 7 are 
fabricated on a semiconductor substrate. Further, the I/O 
circuit 7 has 1/0 terminals connecting the semiconductor 
memory device 10 to an eXternal device. The input terminals 
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receive each piece of data one bit at a time in a serial manner. 
Accordingly, the number of terminals need not be increased 
even if the number of bits in each piece of address data or 
stored data increases. 

[0007] The data converter 6 is connected to the I/O circuit 
7 by Wires, the number of Which is required to transfer one 
bit of data. The data converter 6 is further connected to the 
address decoder 2, the sense ampli?er 3, the Write ampli?er 
4, and the command decoder 5 by Wires, the number of 
Which corresponds to the number of bits in each piece of 
data. An increase in the capacity of the memory cell array 1 
increases the distance from the data converter 6 to the 
address decoder 2, the sense ampli?er 3, the Write ampli?er 
4, or the command decoder 5. This lengthens the Wires 
connecting the data converter 6 to the address decoder 2, the 
sense ampli?er 3, the Write ampli?er 4, and the command 
decoder 5. Further, these Wires, the number of Which cor 
responds to the number of bits in each piece of data, are 
arranged in parallel. This increases the area occupied by the 
Wires. An increase in the Wiring area enlarges the integrated 
circuit chip and restricts the layout of circuits on the chip. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide a 
semiconductor memory device having reduced Wiring area. 

[0009] To achieve the above object, the present invention 
provides a semiconductor memory device including a 
memory cell array having a plurality of memory cells 
arranged in a matrix-like manner. An address decoder is 
connected to the memory cell array to selectively activate a 
certain memory cell in the memory cell array based on 
parallel address data. A sense ampli?er generates parallel 
read data from data stored in the activated memory cell. An 
input/output circuit receives serial address data and outputs 
serial read data. A ?rst serial/parallel converter is connected 
betWeen the address decoder and the input/output circuit to 
convert the serial address data, Which is received from the 
input/output circuit, to parallel address data and provide the 
parallel address data to the address decoder. The ?rst serial/ 
parallel converter is adjacent to the address decoder. A 
parallel/serial converter is connected betWeen the sense 
ampli?er and the input/output circuit to convert the parallel 
read data, Which is received from the sense ampli?er, to the 
serial read data and provide the serial read data to the 
input/output circuit. The parallel/serial converter is adjacent 
to the sense ampli?er. 

[0010] The present invention further provides a semicon 
ductor memory device including a memory cell array having 
a plurality of memory cells arranged in a matrix-like manner. 
An input/output circuit receives serial address data, serial 
command data, and serial Write data and outputs serial read 
data. An address decoder is connected to the memory cell 
array for selectively activating a memory cell in the memory 
cell array based on parallel address data. A ?rst serial/ 
parallel converter is connected betWeen the input/output 
circuit and the address decoder to convert the serial address 
data, Which is received from the input/output circuit, to the 
parallel address data and provide the parallel address data to 
the address decoder. The ?rst serial/parallel converter is 
adjacent to the address decoder. A sense ampli?er generates 
parallel read data from data stored in the activated memory 
cell. A parallel/serial converter is connected betWeen the 
input/output circuit and the sense ampli?er to convert the 
parallel read data, Which is received from the sense ampli 
?er, to the serial read data and provide the serial read data 
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to the input/output circuit. The parallel/serial converter is 
adjacent to the sense ampli?er. A command decoder is 
connected to the memory cell array to control the memory 
cell array based on parallel command data. A second serial/ 
parallel converter is connected betWeen the input/output 
circuit and the command decoder to convert the serial 
command data, Which is received from the input/output 
circuit, to the parallel command data and provide the parallel 
command data to the command decoder. The second serial/ 
parallel converter is adjacent to the command decoder. A 
Write ampli?er receives parallel Write data and Writes data to 
the memory cell activated by the address decoder. A third 
serial/parallel converter is connected betWeen the Write 
ampli?er and the input/output circuit to convert the serial 
Write data, Which is received from the input/output circuit, to 
the parallel Write data and provide the parallel Write data to 
the Write ampli?er. The third serial/parallel converter is 
adjacent to the Write ampli?er. 

[0011] Other aspects and advantages of the present inven 
tion Will become apparent from the following description, 
taken in conjunction With the accompanying draWings, 
illustrating by Way of eXample the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention, together With objects and advan 
tages thereof, may best be understood by reference to the 
folloWing description of the presently preferred embodi 
ments together With the accompanying draWings in Which: 

[0013] FIG. 1 is a schematic block diagram of a prior art 
memory device; and 

[0014] FIG. 2 is a schematic block diagram of a semi 
conductor memory device according to a preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0015] A semiconductor memory device 100 according to 
a preferred embodiment of the present invention Will noW be 
described With reference to FIG. 2. The semiconductor 
memory device is connected to an eXternal device (not 
shoWn) and operated based on control information (AD-S, 
CC-S). The semiconductor memory device 100 includes a 
memory cell 11, an address decoder 12, a sense ampli?er 13, 
a Write ampli?er 14, a command decoder 15, a ?rst serial/ 
parallel converter 16a, a parallel/serial converter 16b, a 
second serial/parallel converter 16c, a third serial/parallel 
converter 16d, and an input/output (I/O) circuit 17. 

[0016] The memory cell array 11 includes a plurality of 
memory cells, Which are arranged in a matrix-like manner, 
and selection circuits, each of Which is provided for each 
roW and each column to selectively activate each memory 
cell. The address decoder 12 responds to parallel address 
data AD-P and selectively activates certain roWs and col 
umns in the memory cell array 11. The sense ampli?er 13 is 
connected to each roW of the memory cell array 11 to 
generate parallel read data RD-P from the data stored in the 
activated memory cell. The Write ampli?er 14 is connected 
to each column of the memory cell array 11 to Write data to 
the memory cells. The memory cell array 11, the address 
decoder 12, the sense ampli?er 13, and the Write ampli?er 14 
are similar to the corresponding memory cell array 1, 
address decoder 2, sense ampli?er 3, and Write ampli?er 14 
of FIG. 1. 
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[0017] The command decoder 15 controls the memory cell 
array 11 in response to parallel command data CC-P. For 
eXample, When the command data CC-P instructs data 
reading, the command decoder 15 operates the memory cell 
array 11 in a read mode and connects the activated memory 
cell to the sense ampli?er 13. Further, When the command 
data CC-P instructs data Writing, the command decoder 15 
operates the memory cell array 11 in a Write mode and 
connects the activated memory cell to the Write ampli?er 14. 

[0018] The ?rst serial/parallel converter 16a, Which is 
preferably arranged adjacent to the address decoder 12, 
converts serial address data AD-S to parallel address data 
AD-P and provides the parallel address data AD-P to the 
address decoder 12. In the read mode, the parallel/serial 
converter 16b, Which is preferably arranged adjacent to the 
sense ampli?er 13, converts parallel read data RD-P, Which 
is provided from the sense ampli?er 13, to serial read data 
RD-S and provides the serial read data RD-S to the I/O 
circuit 17. 

[0019] The second serial/parallel converter 16c, Which is 
preferably arranged adjacent to the Write ampli?er 14, 
converts serial Write data WD-S to parallel Write data WD-P 
and provides the parallel Write data WD-P to the Write 
ampli?er 14. 

[0020] The third serial/parallel converter 16d, Which is 
preferably arranged adjacent to the command decoder 15, 
converts serial command data CC-S to parallel command 
data CC-P and provides the parallel command data CC-P to 
the command decoder 15. 

[0021] The U0 circuit 17 is connected to the ?rst, second, 
and third serial/parallel converters 16a, 16c, 16d and the 
parallel/serial converter 16b. The U0 circuit 17 receives the 
serial address data AD-S, the serial Write data WD-S, and the 
serial command data CC-S from an external device and 
respectively provides the serial address data AD-S, the serial 
Write data WD-S, and the serial command data CC-S to the 
serial/parallel converters 16a, 16c, 16d. The U0 circuit 17 
receives the serial read data RD-S from the parallel/serial 
converter 16b and directly provides the serial read data 
RD-S to the external device. The serial/parallel converters 
16a, 16c, 16d and the parallel/serial converter 16b are each 
connected to the I/O circuit 17 by a single pair of Wires 
regardless of the number of bits in each piece of data. 

[0022] When fabricating the semiconductor memory 
device 100 on a semiconductor substrate, the serial/parallel 
converters 16a, 16c, 16d are respectively arranged adjacent 
to the address decoder 12, the Write ampli?er 14, and the 
command decoder 15. Further, the parallel/serial converter 
circuit 16b is arranged adjacent to the sense ampli?er 13. 
Thus, even if the address decoder 12, the sense ampli?er 13, 
the Write ampli?er 14, and the command decoder 15 are 
separated from the I/O circuit 17, the converters 16a-16d are 
each connected to the I/O circuit 17 by a pair of relatively 
?ne Wires. Thus, the Wiring area is not increased. 

[0023] The semiconductor memory device 100 of the 
preferred and illustrated embodiment reduces the Wiring 
area. Thus, the semiconductor memory device 100 has a 
relatively small circuit area. This enables circuits to be laid 
out With feWer restrictions When fabricating the semicon 
ductor memory device 100. This feature is especially advan 
tageous When the semiconductor memory device 100 has a 
large capacity and the memory cell array is large. 
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[0024] In addition to the semiconductor memory device 
100 of the preferred and illustrated embodiment, the present 
invention may be applied to a semiconductor device having 
read only memory cells or non-volatile memory cells. When 
applying the present invention to a semiconductor device 
having read only memory cells, the Write ampli?er 14 and 
the second serial/parallel converter 16c are not required. 

[0025] It should be apparent to those skilled in the art that 
the present invention may be embodied in many other 
speci?c forms Without departing from the spirit or scope of 
the invention. Therefore, the present examples and embodi 
ments are to be considered as illustrative and not restrictive, 
and the invention is not to be limited to the details given 
herein, but may be modi?ed Within the scope and equiva 
lence of the appended claims. 

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

a memory cell array having a plurality of memory cells 
arranged in a matrix-like manner; 

an address decoder connected to the memory cell array for 
selectively activating a certain memory cell in the 
memory cell array based on parallel address data; 

a sense ampli?er for generating parallel read data from 
data stored in the activated memory cell; 

an input/output circuit for receiving serial address data 
and outputting serial read data; 

a ?rst serial/parallel converter connected betWeen the 
address decoder and the input/output circuit for con 
verting the serial address data received from the input/ 
output circuit to parallel address data and providing the 
parallel address data to the address decoder, Wherein 
the ?rst serial/parallel converter is adjacent to the 
address decoder; and 

a parallel/serial converter connected betWeen the sense 
ampli?er and the input/output circuit for converting the 
parallel read data received from the sense ampli?er to 
the serial read data and providing the serial read data to 
the input/output circuit, Wherein the parallel/serial con 
verter is adjacent to the sense ampli?er. 

2. The semiconductor memory device according to claim 
1, further comprising: 

a command decoder connected to the memory cell array 
for controlling the memory cell array based on parallel 
command data; and 

a second serial/parallel converter connected betWeen the 
command decoder and the input/output circuit for con 
verting serial command data received from the input/ 
output circuit to the parallel command data and pro 
viding the parallel command data to the command 
decoder, Wherein the second serial/parallel converter is 
adjacent to the command decoder. 

3. The semiconductor memory device according to claim 
1, Wherein the input/output circuit receives serial Write data, 
the semiconductor memory device further comprising: 

a Write ampli?er for receiving parallel Write data and 
Writing data to the memory cell activated by the address 
decoder; and 
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a third serial/parallel converter connected betWeen the 
Write ampli?er and the input/output circuit for convert 
ing the serial Write data received from the input/output 
circuit to the parallel Write data and providing the 
parallel Write data to the Write ampli?er, Wherein the 
third serial/parallel converter is adjacent to the Write 
ampli?er. 

4. A semiconductor memory device comprising: 

a memory cell array having a plurality of memory cells 
arranged in a matrix-like manner; 

an input/output circuit for receiving serial address data, 
serial command data, and serial Write data and output 
ting serial read data; 

an address decoder connected to the memory cell array for 
selectively activating a memory cell in the memory cell 
array based on parallel address data; 

a ?rst serial/parallel converter connected betWeen the 
input/output circuit and the address decoder for con 
verting the serial address data received from the input/ 
output circuit to the parallel address data and providing 
the parallel address data to the address decoder, 
Wherein the ?rst serial/parallel converter is adjacent to 
the address decoder; 

a sense ampli?er for generating parallel read data from 
data stored in the activated memory cell; 

a parallel/serial converter connected betWeen the input/ 
output circuit and the sense ampli?er for converting the 
parallel read data received from the sense ampli?er to 
the serial read data and providing the serial read data to 
the input/output circuit, Wherein the parallel/serial con 
verter is adjacent to the sense ampli?er; 

a command decoder connected to the memory cell array 
for controlling the memory cell array based on parallel 
command data; 

a second serial/parallel converter connected betWeen the 
input/output circuit and the command decoder for con 
verting the serial command data received from the 
input/output circuit to the parallel command data and 
providing the parallel command data to the command 
decoder, Wherein the second serial/parallel converter is 
adjacent to the command decoder; 

a Write ampli?er for receiving parallel Write data and 
Writing data to the memory cell activated by the address 
decoder; and 

a third serial/parallel converter connected betWeen the 
Write ampli?er and the input/output circuit for convert 
ing the serial Write data received from the input/output 
circuit to the parallel Write data and providing the 
parallel Write data to the Write ampli?er, Wherein the 
third serial/parallel converter is adjacent to the Write 
ampli?er. 


