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(57) ABSTRACT 

A semiconductor memory device according to the present 
invention includes a burst counter for sequentially automati 
cally generating an address of a predetermined bit number in 
synchronism With a clock on the basis of a predetermined 
sequence in the subsequent operation cycle in accordance 

(21) App1_ No; 09/812,361 With the inputted initial address, and a plurality of memory 
cell sub-arrays Which is formed by dividing a memory cell 

(22) Filed: Mall 20, 2001 array. The semiconductor memory device further comprises 
_ _ _ _ _ a plurality of block decoder selection-time adjusting circuits 

(30) Forelgn Apphcatlon Pnonty Data for sequentially outputting a ?rst block selecting signal, 
Mar 28 2000 (JP) 200089561 Which is the base of a signal for selecting each of the 

' ’ """"""""""""""""""""" " memory cell sub-arrays, as a second block selecting signal 

Publication Classi?cation at a timing corresponding to a read latency and for output 
ting the ?rst block selecting signal as a third block selecting 
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SEMICONDUCTOR MEMORY DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The subject application is related to subject matter 
disclosed in Japanese Patent Application No. 2000-89561 
?led on Mar. 28, 2000 in Japan to Which the subject 
application claims priority under Paris Convention and 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of The Invention 

[0003] The present invention relates generally to a syn 
chronous type semiconductor memory device Which oper 
ates in a burst mode in synchronism With a clock signal. 
More speci?cally, the invention relates to a synchronous 
type semiconductor memory device Wherein a data reading 
operation corresponding to read latency is accelerated. 

[0004] 2. Related Background Art 

[0005] As the Working speed of CPUs for use in comput 
ers is accelerated every year, rapidly operatable SRAMs are 
often being used as cache memories required to folloW the 
operation of rapid CPUs. In such cases, SRAMs used as 
cache memories are often synchronous SRAMs Which oper 
ate in synchronism With external clocks. 

[0006] In order to alloW a more rapid operation than the 
operation in a usual random access, the folloWing tWo 
architectures are sometimes adopted. 

[0007] First, there is a burst sequence for sequentially 
automatically generating addresses of a predetermine bit 
number on the basis of a predetermined sequence in syn 
chronism With clocks in the subsequent operation cycle in 
accordance With an initial address inputted from the outside. 
In this burst operation, it is not required to incorporate 
addresses from the outside every operation cycle, and a rapid 
operation is realiZed by assigning the burst address to the 
fastest system in a memory cell selecting path. 

[0008] Secondary, there is a read latency Which is the 
setting hoW many cycles after a cycle in Which an address is 
inputted from the outside, data should be outputted. By 
increasing the number of cycles, i.e., a read latency, in a 
predetermined period of time until the initial data are 
outputted after an address is inputted from the outside, it is 
possible to increase the operating frequency. 

[0009] FIG. 1 is a block diagram shoWing the construction 
of a conventional synchronous SRAM. 

[0010] The conventional synchronous SRAM comprises: 
n><m memory cells C11, . . . , Cnm provided in the form of 

a matriX; a roW decoder RD for outputting a roW selecting 
signal for selecting one of the memory cells in each roW; 
Word lines WL1, . . . , WLn, connected to the memory cells 

in each roW and the roW decoder RD, for transmitting the 
roW selecting signal; a column decoder CD for decoding an 
input address to a column selecting signal for selecting one 
of the memory cells in each column, to output the column 
selecting signal; a burst counter BC for sequentially auto 
matically generating an address of a predetermined bit 
number in synchronism With a clock on the basis of a 
predetermined sequence in the subsequent operation cycle in 
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accordance With the inputted initial address, to output the 
generated address to the column decoder; a column register 
CRG for outputting the column selecting signal, Which is 
inputted from the column decoder CD, at a predetermined 
timing; column selecting signal lines YS1, . . . , YSm, 
connected to the column register CRG, for transmitting the 
column selecting signal; bit line pairs BL1, BL1B, . . . , 

BLm, BLMB, Which are connected to the memory cells in 
each column and Which comprise bit lines and inversion 
side bit lines for transmitting a data signal When data are 
inputted to and outputted from the memory cells; bit line 
peripheral circuits CA1, . . . , CAm Which are connected to 

the respective bit line pairs and the respective column 
selecting signal lines and to Which the column selecting 
signal is inputted, the data signal transmitted by the bit line 
pairs being inputted to and outputted from the bit line bit line 
peripheral circuits CA1, . . . , CAm; a data bus pair 

comprising a data bus DL and inversion-side data bus DLB 
Which are connected to the respective bit line pairs via the 
respective bit line peripheral circuits; a reading circuit RC 
for reading data out of the respective memory cells via the 
bit line pairs, the bit line peripheral circuits and data bus pair, 
to amplify and output the read data; a data output register 
RGOUT for outputting data, Which are ampli?ed by the 
reading circuit RC, to an input/output port I/O at a prede 
termined timing; a data input register RGIN for outputting 
data, Which are inputted from the input/output port I/O, at a 
predetermined timing; and a Writing circuit WC for ampli 
fying and outputting data, Which are inputted from the data 
input register RGIN, to Write the data in each of the memory 
cells via the data bus pair, bit line peripheral circuits and bit 
line pairs. 

[0011] As an eXample of the construction of each of the 
memory cells C11, . . . , Cnm, the construction of the 

?rst-roW, ?rst-column memory cell C11 Will be described. 
The memory cell C11 comprises: ?rst and second inverters 
INV11a and INV11b Which are connected to each other as 
a cycle; a ?rst transfer sWitch TS11 comprising an N-channel 
MOS transistor Which is provided betWeen the ?rst-column 
bit line BL1 and the input node of the ?rst inverter Inv11a, 
and the gate of Which is connected to the ?rst-roW Word line 
WL1; and a ?rst inversion-side transfer sWitch TS11B 
comprising an N-channel MOS transistor Which is provided 
betWeen the ?rst-column inversion-side bit line BL1B and 
the input node of the second inverter INV11b, and the gate 
of Which is connected to the ?rst-roW Word line WL1. The 
?rst and second inverters INV11a and INV11b constitute a 
?ip-?op. Each of the other memory cells has the same 
construction. 

[0012] Each of the bit line peripheral circuits CA1, . . . , 
CAm comprises: a column sWitch for connecting and dis 
connecting betWeen the respective bit lines and inversion 
side bit lines, and the data bus DL and inversion-side data 
bus DLB; a pre-charging circuit for pre-charging the respec 
tive bit lines and inversion-side bit lines; and an equaliZing 
circuit for equaliZing the respective bit lines and inversion 
side bit lines. The column selecting signal is inputted to the 
column sWitch, so that the connection and disconnection 
betWeen the respective bit lines and inversion-side bit lines, 
and the data bus DL and inversion-side data bus DLB is 
controlled. 

[0013] FIG. 2 is a timing chart shoWing the Waveforms of 
principal signals in the conventional synchronous SRAM 
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shown in FIG. 1. The signal Waveforms shown in FIG. 2 
include the Waveforms of a clock signal CLK, an address 
signal Add, a roW selecting signal for the ?rst-roW Word line 
WL1, a potential of each of the bit lines BL and inversion 
side bit lines BLB, column selecting signals for the column 
selecting signal lines YS1, YS2, YS3 and YS4, and a data 
signal DATA in the input/output port I/O. 

[0014] Referring to FIG. 2, a data reading operation in the 
conventional synchronous SRAM Will be described beloW. 

[0015] When an address signal Add is inputted in syn 
chronism With the leading edge of a clock signal CLK at a 
start time t0 in the initial cycle T1 during a reading operation 
in a memory cell, decode signals are generated by the roW 
decoder RD and column decoder CD as a roW selecting 
signal and a column selecting signal, respectively. 

[0016] Assuming herein that a Word line selected by the 
roW selecting signal is the ?rst-roW Word line WL1, the 
transfer sWitches of the memory cells C11, C12, . . . , C1m 

connected to the ?rst-roW Word line WL1 are turned on by 
the roW selecting signal transmitted by the ?rst-roW Word 
line WL1. Then, a current ?oWs into the loW potential side 
of the ?ip-?ops constituting the selected memory cells via 
the transfer sWitches. As a result, the potential of one of the 
bit line pairs BL and BLB, Which have been pre-charged at 
a high potential and equalized, is loWered to cause a poten 
tial difference betWeen the pair of bit lines BL and BLB. At 
this time, the reading circuit RC holds a preparatory state in 
Which data read in the preceding reading operation are 
canceled. 

[0017] In the second cycle T2, the column selecting signal 
generated by the column decoder CD in the ?rst cycle T1 is 
outputted to the selected column selecting signal line via the 
column register CRG. Assuming that the selected column 
selecting signal line is the ?rst column selecting line YS1, 
the column selecting signal is inputted to the column sWitch 
of the ?rst-column bit line peripheral circuit CA1 via the ?rst 
column selecting signal line YS1, so that the column sWitch 
of the ?rst-column bit line peripheral circuit CA1 is turned 
on. Substantially simultaneously thereWith, a minute poten 
tial difference caused betWeen the pair of bit lines BL1 and 
BL1B is propagated to the data bus pair DL and DLB to 
activate the reading circuit RC to amplify the minute poten 
tial difference. 

[0018] In the third cycle T3, the data DATA ampli?ed by 
the reading circuit RC are outputted to the input/output port 
I/O via the data output register RGOUT. 

[0019] Furthermore, the eXample of the reading operation 
shoWn in FIG. 2 is a reading operation in the case of a read 
latency of 4. 

[0020] An operation based on a burst sequence Will be 
described beloW. 

[0021] When the initial address is inputted to the column 
decoder CD, an address of a predetermined bit number is 
inputted to the burst counter in accordance thereWith, so that 
an address of a predetermined bit number is sequentially 
automatically generated in synchronism With the clock sig 
nal CLK in the subsequent operation cycle. In the eXample 
of the reading operation shoWn in FIG. 2, after the second 
cycle T2, a column selecting signals is selected in accor 
dance With the initial address on the basis of a predetermined 
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burst sequence. Then, the column selecting signal is output 
ted via the column register CRG as a column address based 
on a predetermined burst sequence in or after the neXt 
operation cycle, so that the reading operation continues to be 
carried out in accordance With the column address. 

[0022] In the above described circuit operation, in order to 
accelerate the reading operation in the case of the read 
latency of 4, the folloWing device is added. 

[0023] After the initial address is incorporated to select the 
Word line, a potential difference betWeen the pair of bit lines 
is generated, and the potential difference increases With the 
elapse of time. The reading circuit RC is designed to amplify 
the potential difference betWeen the pair of bit lines. As the 
potential difference increases, the operation margin of the 
reading circuit RC is improved. Since the potential differ 
ence AV1 betWeen the pair of bit lines at the initial burst 
address after selecting the Word line is minimum, the opera 
tion margin of the reading circuit RC is minimum. 

[0024] Therefore, tWo cycles are applied to a reading 
operation in a memory cell corresponding to the ?rst burst 
address at Which the operation margin is minimum, and one 
cycle is applied to a reading operation in a memory cell 
corresponding to the subsequent burst address. The number 
of cycles based on the operation speci?cation of the read 
latency, i.e., the number of cycles until data corresponding 
to the initial address are outputted after the initial address is 
incorporated, is spent on the data reading cycle correspond 
ing to the initial burst address at Which the operation margin 
is minimum, so that the acceleration of the reading operation 
is realiZed. 

[0025] HoWever, since a special sequence is adopted for 
only the reading operation corresponding to the initial 
address Without reading all of output data are in the same 
operation sequence, the number of elements, Which must be 
taken into consideration in the operation analysis, increases 
to complicate the analysis, so that there is a problem in that 
the system circuit and the setting of the internal timing are 
complicated. 

[0026] In the above described reading operation, during 
the operation based on the burst sequence, the Word line 
continues to be selected until the burst sequence of prede 
termined bits is completed. Since current continues to How 
through the memory cells While the Word line is selected, 
there is also a problem in that current consumption 
increases. 

SUMMARY OF THE INVENTION 

[0027] It is therefore an object of the present invention to 
realiZe the simpli?cation of a system circuit and the facili 
tation of an operation analysis according thereto, by using 
the same sequence as a reading operation in each of opera 
tion cycles based on a burst sequence corresponding to a 
read latency. 

[0028] It is another object of the present invention to 
provide a synchronous memory capable of corresponding to 
a plurality of read latencies and rapidly operating in a burst 
mode. 

[0029] It is a further object of the present invention to 
reduce the current consumption of memory cells during a 
reading operation based on a burst sequence. 
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[0030] According to the present invention, there is pro 
vided With a semiconductor memory device comprising: 

[0031] a plurality of memory cell sub-array groups, each 
of Which comprises a memory cell sub-array including a 
plurality of memory cells Which are arranged at cross 
portions of a plurality of bit line pairs and a plurality of local 
Word lines, a local roW decoder for transmitting a roW 
selecting signal for selecting each roW of said memory cell 
sub-array, and a bit line peripheral circuit group including a 
plurality of bit line peripheral circuits Which are connected 
to said bit line pairs of said memory cell sub-array, respec 
tively, and to and from Which said data signal transmitted by 
said bit line pairs are inputted and outputted; 

[0032] a global roW decoder for decoding an inputted 
address to a roW selecting signal for selecting the 
memory cells in each roW of each of the memory cell 
sub-arrays, to output said roW selecting signal to 
each of said local roW decoders via a global Word 
line; 

[0033] a column decoder for decoding said input 
address to a column selecting signal for selecting the 
memory cells in each column of each of said 
memory cell sub-arrays, to output said column 
selecting signal to each of said bit line peripheral 
circuits via a plurality of column selecting signal 
lines; 

[0034] a block decoder for decoding said inputted 
address to a ?rst block selecting signal, Which is the 
base of a signal for selecting each of said memory 
cell sub-arrays, to output said ?rst block selecting 
signal; 

[0035] a burst counter for sequentially automatically 
generating an address of a predetermined bit number 
in synchronism With a clock on the basis of a 
predetermined sequence in the subsequent operation 
cycle in accordance With the inputted initial address, 
to output the generated address to said block 
decoder; 

[0036] a plurality of block decoder selection-time 
adjusting circuits for sequentially outputting said 
?rst block selecting signal, Which is inputted from 
said block decoder, as a second block selecting 
signal at a timing corresponding to a read latency and 
for outputting said ?rst block selecting signal as a 
third block selecting signal Which is a signal having 
a length corresponding to said read latency and 
Which is inputted to each of said local roW decoders 
to controls the transmission of said roW selecting 
signal based on each of said local roW decoders; 

[0037] a plurality of block sWitches, each of Which is 
connected to said bit line peripheral circuits of a 
corresponding one of said bit line peripheral circuit 
groups via a local data line pair and Which controls 
the propriety of the input/output of data via said local 
data line pair in response to the input of said second 
block selecting signal; 

[0038] a data bus pair Which is connected to each of 
said bit line pairs via a corresponding one of said 
block sWitches; and 
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[0039] a reading circuit for reading data out of each 
of said memory cells via said bit line pairs, bit line 
peripheral circuits, local data line pairs, block 
sWitches and data bus pair, to amplify and output the 
read data. 

[0040] In summary, according to a semiconductor memory 
device of the present invention, the reading operation in each 
of operation cycles based on a burst sequence corresponding 
to a read latency is the same sequence, so that it is possible 
to realiZe the simpli?cation of a system circuit and the 
facilitation of an operation analysis according thereto. It is 
also possible to provide a synchronous memory capable of 
corresponding to a plurality of read latencies and rapidly 
operating in a burst mode. Moreover, it is possible to reduce 
the current consumption of memory cells during a reading 
operation based on a burst sequence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] The present invention Will be understood more 
fully from the detailed description given herebeloW and 
from the accompanying draWings of the preferred embodi 
ments of the invention. HoWever, the draWings are not 
intended to imply limitation of the invention to a speci?c 
embodiment, but are for explanation and understanding 
only. 

[0042] 
[0043] FIG. 1 is a block diagram shoWing the construction 
of a conventional synchronous SRAM; 

[0044] FIG. 2 is a timing chart shoWing the Waveforms of 
principal signals in the conventional synchronous SRAM 
shoWn in FIG. 1; 

[0045] FIG. 3 is a block diagram shoWing the construction 
of a preferred embodiment of a synchronous SRAM accord 
ing to the present invention; 

[0046] FIG. 4 is a block diagram shoWing the construction 
of a block decoder selection-time adjusting circuit 
BDSTAC; 
[0047] FIG. 5 is a timing chart shoWing the Waveforms of 
input/output signals and a clock signal in the block decoder 
selection-time adjusting circuit BDSTAC; and 

[0048] FIG. 6 is a timing chart shoWing the Waveforms of 
principal signals in the synchronous SRAM according to the 
present invention shoWn in FIG. 3. 

In the draWings: 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0049] The schematic construction of a semiconductor 
memory device according to the present invention Will be 
described beloW. 

[0050] In the semiconductor memory device according to 
the present invention, a memory cell array is divided into a 
plurality of memory cell sub-arrays, and the selection time 
(cycle) of local Word lines is set so as to correspond to a read 
latency. The memory cell sub-arrays are connected to a 
global bus line via a sWitch, and the collision of data is 
prevented by the on-off control of the sWitch based on a 
burst sequence, so that a plurality of local Word lines can be 
selected. By thus alloWing the plurality of local Word lines 
to be selected, it is possible to realiZe the acceleration of a 
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reading operation corresponding to a read latency. In addi 
tion, by carrying out the on-off control of the sWitch by the 
burst sequence, it is possible to accelerate a reading opera 
tion in a burst mode. 

[0051] Referring noW to the accompanying draWings, a 
preferred embodiment of a synchronous SRAM serving as a 
semiconductor memory device according to the present 
invention Will be described beloW. 

[0052] FIG. 3 is a block diagram shoWing the construction 
of a preferred embodiment of a synchronous SRAM accord 
ing to the present invention. 

[0053] In the preferred embodiment of a synchronous 
SRAM according to the present invention shoWn in FIG. 3, 
a memory cell is divided into four memory cell sub-array 
groups. That is, the memory cell array including n><m 
memory cells is divided into the four memory cell sub-array 
groups including n><1 (41=m) memory cells. 

[0054] The ?rst memory cell sub-array group comprises: a 
?rst memory cell sub-array SAl including n><1 memory cells 
C11, . . . , Cnl Which are arranged in the form of a matriX; 

a ?rst local roW decoder LRDl for transmitting a roW 
selecting signal for selecting a memory cell in each roW of 
the ?rst memory cell sub-array SAl; local Word lines 
LWLl-l, . . . , LWLl-n, connected to the memory cells in 

each roW of the ?rst memory cell sub-array SAl and to the 
?rst local roW decoder LRDl, respectively, for transmitting 
a roW selecting signal; bit line pairs BLll, 
BLllB, . . . ,BLll, BLllB Which are connected to the 

memory cells in each column of the ?rst memory cell 
sub-array SAl, respectively and Which comprise bit lines 
and inversion-side bit lines for transmitting a data signal 
When data of the memory cells are inputted or outputted; and 
a ?rst bit line peripheral circuit group CSAl Which is 
connected to the respective bit line pairs of the ?rst memory 
cell sub-array SAl, respectively and Which comprises bit 
line peripheral circuits CSAll, . . . , CSAll, to and from 

Which the data signals transmitted by the bit line pairs are 
inputted and outputted. 

[0055] The second memory cell sub-array group com 
prises: a second memory cell sub-array SA2 including n><1 
memory cells C1(l+1), . . ., Cn(21) Which are arranged in the 
form of a matriX; a second local roW decoder LRD2 for 
transmitting a roW selecting signal for selecting a memory 
cell in each roW of the second memory cell sub-array SAZ; 
local Word lines LWL2-1, . . . , LWLZ-n, connected to the 

memory cells in each roW of the second memory cell 
sub-array SA2 and to the second local roW decoder LRD2, 
respectively, for transmitting a roW selecting signal; bit line 
pairs BL21, BL21B, . . . , BL21, BL21B Which are con 

nected to the memory cells in each column of the second 
memory cell sub-array SA2, respectively and Which com 
prise bit lines and inversion-side bit lines for transmitting a 
data signal When data of the memory cells are inputted or 
outputted; and a second bit line peripheral circuit group 
CSAZ Which is connected to the respective bit line pairs of 
the second memory cell sub-array SAZ, respectively and 
Which comprises bit line peripheral circuits CSA21, . . . , 

CSA21, to and from Which the data signals transmitted by 
the bit line pairs are inputted and outputted. 

[0056] The third memory cell sub-array group comprises: 
a third memory cell sub-array SA3 including n><1 memory 
cells C1(21+1), . . . , Cn(31) Which are arranged in the form 
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of a matriX; a third local roW decoder LRD3 for transmitting 
a roW selecting signal for selecting a memory cell in each 
roW of the third memory cell sub-array SA3; local Word lines 
LWL3-1, . . . , LWL3-n, connected to the memory cells in 

each roW of the third memory cell sub-array SA3 and to the 
third local roW decoder LRD3, respectively, for transmitting 
a roW selecting signal; bit line pairs BL31, BL31B, . . . , 

BL31, BL31B Which are connected to the memory cells in 
each column of the third memory cell sub-array SA3, 
respectively and Which comprise bit lines and inversion-side 
bit lines for transmitting a data signal When data of the 
memory cells are inputted or outputted; and a third bit line 
peripheral circuit group CSA3 Which is connected to the 
respective bit line pairs of the third memory cell sub-array 
SA3, respectively and Which comprises bit line peripheral 
circuits CSA31, . . . , CSA31, to and from Which the data 

signals transmitted by the bit line pairs are inputted and 
outputted. 
[0057] The fourth memory cell sub-array group com 
prises: a fourth memory cell sub-array SA4 including n><1 
memory cells C1(31+1), . . . , Cn(41) Which are arranged in 
the form of a matriX; a fourth local roW decoder LRD4 for 
transmitting a roW selecting signal for selecting a memory 
cell in each roW of the fourth memory cell sub-array SA4; 
local Word lines LWL4-1, . . . , LWL4-n, connected to the 

memory cells in each roW of the fourth memory cell sub 
array SA4 and to the fourth local roW decoder LRD4, 
respectively, for transmitting a roW selecting signal; bit line 
pairs BL41, BL41B, . . . , BL41, BL41B Which are con 

nected to the memory cells in each column of the fourth 
memory cell sub-array SA4, respectively and Which com 
prise bit lines and inversion-side bit lines for transmitting a 
data signal When data of the memory cells are inputted or 
outputted; and a fourth bit line peripheral circuit group 
CSA4 Which is connected to the respective bit line pairs of 
the fourth memory cell sub-array SA4, respectively and 
Which comprises bit line peripheral circuits CSA41, . . . , 

CSA41, to and from Which the data signals transmitted by 
the bit line pairs are inputted and outputted. 

[0058] The synchronous SRAM according to the present 
invention comprises: a global roW decoder GRD for decod 
ing an inputted address to a roW selecting signal for selecting 
a memory cell in each roW of each of the memory cell 
sub-arrays, to output the roW selecting signal to each of the 
local roW decoders via a global Word line GWL; a column 
decoder CD for decoding the input address to a column 
selecting signal for selecting a memory cell in each column 
of each of the memory cell sub-arrays, to output the column 
selecting signal to the respective bit line peripheral circuits 
via column selecting signal lines YSl, . . . , YSl; a block 
decoder ED for decoding the inputted address to a block 
selecting signal BSL_A, Which is the base of a signal for 
selecting the respective memory cell sub-arrays, to output 
the block selecting signal BSL_A; a burst counter BC for 
sequentially automatically generating an address of a pre 
determined bit number in synchronism With a clock on the 
basis of a predetermined sequence in the subsequent opera 
tion cycle in accordance With the inputted initial address, to 
output the generated address to the block decoder BD; and 
a block decoder selection-time adjusting circuit BDSTAC 
for sequentially outputting the block selecting signal 
BSL_A, Which is inputted from the block decoder BD, as 
block selecting signals BSL_B_1, BSL_B_2, BSL_B_3 and 
BSL_B_4 at a timing corresponding to a read latency and for 
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outputting the block selecting signal BSL_A as a block 
selecting signal BSL_C Which is a signal having a length 
corresponding to the read latency and Which is inputted to 
the respective local roW decoders to controls the transmis 
sion of the roW selecting signal based on the respective local 
roW decoders. 

[0059] The most characteristic point of the structure of the 
synchronous SRAM according to the present invention is 
that the SRAM has the block decoder selection-time adjust 
ing circuit BDSTAC. 

[0060] The synchronous SRAM according to the present 
invention further comprises: a ?rst block sWitch BS1 Which 
is connected to the respective bit line peripheral circuits of 
the ?rst bit line peripheral circuit group CSA1 via a local 
data line pair LDL1 and LDLB1 and Which controls the 
propriety of the input/output of data via the local data line 
pair LDL1 and LDLB1 in response to the input of the block 
selecting signal BSL_B_1; a second block sWitch BS2 
Which is connected to the respective bit line peripheral 
circuits of the second bit line peripheral circuit group CSA2 
via a local data line pair LDL2 and LDLB2 and Which 
controls the propriety of the input/output of data via the local 
data line pair LDL2 and LDLB2 in response to the input of 
the block selecting signal BSL_B_2; a third block sWitch 
BS3 Which is connected to the respective bit line peripheral 
circuits of the third bit line peripheral circuit group CSA3 
via a local data line pair LDL3 and LDLB3 and Which 
controls the propriety of the input/output of data via the local 
data line pair LDL3 and LDLB3 in response to the input of 
the block selecting signal BSL_B_3; and a fourth block 
sWitch BS4 Which is connected to the respective bit line 
peripheral circuits of the fourth bit line peripheral circuit 
group CSA4 via a local data line pair LDL4 and LDLB4 and 
Which controls the propriety of the input/output of data via 
the local data line pair LDL4 and LDLB4 in response to the 
input of the block selecting signal BSL_B_4. 

[0061] Moreover, the synchronous SRAM according to 
the present invention comprises: a data bus pair comprising 
a data bus DL and inversion-side data bus DLB Which are 
connected to the respective bit line pairs via the respective 
block sWitches; a reading circuit RC for reading data out of 
the respective memory cells via the bit line pair, bit line 
peripheral circuit, local data line pair, block sWitches and 
data bus pair, to amplify and output the read data; a data 
output register RGOUT for outputting data, Which are 
ampli?ed by the reading circuit RC, to an input/output port 
I/O at a predetermined timing; a data input register RGIN for 
outputting data, Which are inputted from the input/output 
port I/O, at a predetermined timing; and a Writing circuit WC 
for amplifying and outputting data, Which are inputted from 
the data input register RGIN, to Write the data in each of the 
memory cells via the data bus pair, block sWitch, local data 
line pair, bit line peripheral circuits and bit line pairs. 

[0062] As an eXample of the construction of each of the 
memory cells, the construction of the ?rst-roW, ?rst-column 
memory cell C11 of the ?rst memory cell sub-array SA1 Will 
be described. The memory cell C11 comprises: ?rst and 
second inverters INVL11a and INV11b Which are connected 
to each other as a cycle; a ?rst transfer sWitch TS11 
comprising an N-channel MOS transistor Which is provided 
betWeen the ?rst-column bit line BL11 and the input node of 
the ?rst inverter INV11a, and the gate of Which is connected 
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to the ?rst-roW Word line WL1-1; and a ?rst inversion-side 
transfer sWitch TS11B comprising an N-channel MOS tran 
sistor Which is provided betWeen the ?rst-column inversion 
side bit line BL11B and the input node of the second inverter 
INV11b, and the gate of Which is connected to the ?rst-roW 
Word line WL1-1. The ?rst and second inverters INV11a and 
INV11b constitute a ?ip-?op. Each of the other memory 
cells has the same construction. 

[0063] As an eXample of the construction of each of the bit 
line peripheral circuits, the construction of the bit line 
peripheral circuit CSA11 of the ?rst memory cell sub-array 
SA1 Will be described. The bit line peripheral circuit CSA11 
comprises: a column sWitch for connecting and disconnect 
ing betWeen the bit line BL11 and the inversion-side bit line 
BL11B, and the local data line LDL1 and the inversion-side 
local data line LDLB1; a pre-charging circuit for pre 
charging the bit line BL11 and the inversion-side bit line 
BL11B; and an equalizing circuit for equalizing the bit line 
BL11 and the inversion-side bit line BL11B. The column 
selecting signal is inputted to the column sWitch, so that the 
connection and disconnection betWeen the bit line BL11 and 
the inversion-side bit line BL11B, and the local data line 
LDL1 and the inversion-side local data line LDLB1 is 
controlled. 

[0064] The construction of the block decoder selection 
time adjusting circuit BDSTAC of the synchronous SRAM 
according to the present invention Will be described beloW. 

[0065] FIG. 4 is a block diagram shoWing the construction 
of the block decoder selection-time adjusting circuit 
BDSTAC, and FIG. 5 is a timing chart shoWing the Wave 
forms of input/output signals and a clock signal in the block 
decoder selection-time adjusting circuit BDSTAC. 

[0066] The block decoder selection-time adjusting circuit 
BDSTAC comprises a plurality of stages of cascaded circuit 
blocks having the same construction. HoWever, the relation 
ship betWeen the input and output of signals in the ?rst stage 
is different from that in the second and subsequent stages. 

[0067] The circuit block in the ?rst stage comprises: a ?rst 
register RG1 to Which a block selecting signal BSL_A is 
inputted; a ?rst tWo-input NOR logic gate NORI to Which 
the block selecting signal BSL_A and the output of the ?rst 
register RG1 are inputted; and a ?rst inverter INV1 to Which 
the output signal of the ?rst tWo-input NOR logic gate 
NOR1 is inputted. If the block decoder selection-time 
adjusting circuit BDSTAC comprises only the circuit block 
in the ?rst stage, the output signal of the ?rst register RG1 
is a block selecting signal BSL_B, and the output signal of 
the ?rst inverter INV1 is a block selecting signal BSL_C. 

[0068] The circuit block in the second and subsequent 
stages, e.g., the circuit block in a k-th stage (k is an integer 
of 2 or more), comprises: a k-th register RGk to Which the 
output signal of a register RG (k-l) in a (k—1)-th stage is 
inputted; a k-th tWo-input NOR logic gate NORk to Which 
the output signal of an inverter INV(k-1) in the (k—1)-th 
stage and the output signal of the k-th register RGk are 
inputted; and a k-th inverter INVk to Which the output signal 
of the k-th tWo-input NOR logic gate NORk is inputted. If 
the ?nal stage of the block decoder selection-time adjusting 
circuit BDSTAC is the circuit block in the k-th stage, the 
output signal of the k-th register RGk is the block selecting 
signal BSL_B, and the output signal of the k-th inverter 
INVk is the block selecting signal BSL_C. 
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[0069] The number M (M=1 or k) of stages of the circuit 
blocks is the number of stages corresponding to the read 
latency. Assuming herein that the read latency is N With 
respect to the number M of stages of the circuit blocks, the 
number of stages is set so as to meet the proportional 
relationship of N=M+3. Therefore, When the read latency is 
4, the number of stages of the circuit blocks is 1, and When 
the read latency is 5, the number of stages of the circuit 
blocks is 2, so that the number of stages of the circuit blocks 
may be changed in accordance With the value of the set read 
latency. 

[0070] That is, the number of cycles until the block 
selecting signal BSL_B has a H (High) level after a cycle in 
Which the initial address is incorporated can be set by the 
above described number of stages of the circuit blocks. For 
eXample, in the case of a read latency of 4, the level of the 
block selecting signal BSL_B becomes the H level one cycle 
after the cycle in Which the initial address is incorporated. 
On the other hand, the block selecting signal BSL_C is a 
signal continuously having the H level until the cycle, in 
Which the block selecting signal BSL_B has the H level, 
after a cycle in Which the level of the block selecting signal 
BSL A from the block decoder BD becomes the H level. 

[0071] The block decoder selection-time adjusting circuit 
BDSTAC of the synchronous SRAM according to the 
present invention shoWn in FIG. 3 is designed to sequen 
tially output four block selecting signals BSL_B_1, 
BSL_B_2, BSL_B_3 and BSL_B_4 in accordance With the 
input of the block selecting signal BSL_A. In order to 
achieve this, for eXample, four sets of the above described 
block decoder selection-time adjusting circuits BDSTAC are 
provided for sequentially inputting the block selecting sig 
nals BSL_A to the respective block decoder selection-time 
adjusting circuits BDSTAC every operation cycle. 

[0072] The reading operation of the above described syn 
chronous SRAM according to the present invention Will be 
described beloW. 

[0073] FIG. 6 is a timing chart shoWing the Waveforms of 
principal signals in the synchronous SRAM according to the 
present invention shoWn in FIG. 3. The signal Waveforms 
shoWn in FIG. 6 include the Waveforms of a clock signal 
CLK, an address signal Add, roW selecting signals for the 
?rst-roW, second-roW, third-roW and fourth-roW local Word 
line LWL1, LWL2, LWI3 and LWL4 of the respective 
memory cell sub-arrays, potentials of the respective bit lines 
BL1, BL2, BL3 and BL4 and inversion-side bit lines BL1B, 
BL2B, BL3B and BL4B of the respective memory cell 
sub-arrays, the block selecting signals BSL_B_1, BSL_B_2, 
BSL_B_3 and BSL_B_4, potentials of data bus pair DL and 
DLB, and a data signal DATA in the input/output port 1/0. 

[0074] The read latency of 4 is herein set. Therefore, the 
number of stages of the circuit blocks constituting the above 
described block decoder selection-time adjusting circuit 
BDSTAC is 1. 

[0075] When an address signal Add is inputted in syn 
chronism With the leading edge of a clock signal CLK at a 
start time t0 in the initial cycle T1 during a reading operation 
in a memory cell, decode signals are generated by the global 
roW decoder GRD, the column decoder CD and the block 
decoder BD, respectively. These decode signals serve as a 
roW selecting signal, a column selecting signal, and a block 
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selecting signal BSL_A. When the roW selecting signal 
outputted from the global roW decoder GRD, and the block 
selecting signal BSL_C outputted from the block decoder 
selection-time adjusting circuit BDSTAC in accordance With 
the input of the block selecting signal BSL_A are inputted to 
the respective local roW decoders LRD, the local Word line 
LWL1 is ?rst selected. In addition, the column sWitch of the 
bit line peripheral circuit CSA selected by the column 
selecting signal is turned on. 

[0076] Since the transfer sWitch of the memory cell C 
connected to the selected local Word line LWL1 is turned on, 
a current ?oWs into the loW potential side of the memory cell 
C from one of the pair of bit lines via the transfer sWitch. As 
a result, the potential of one of the pair of bit lines, Which 
have been pre-charged at a high potential and equalized, is 
loWered to cause a potential difference betWeen the pair of 
bit lines BL1 and BL1B Which are included in the ?rst 
memory cell sub-array. At this time, the block selecting 
signal BSL_B_1 does not yet become the H level. 

[0077] In the second cycle T2, the block selecting signal 
BSL_B_1 becomes the H level, so that the minute potential 
difference betWeen the pair of bit lines BL1 and BL1B 
included in the ?rst memory cell sub-array is propagated to 
the data bus pair DL and DLB to be inputted to the reading 
circuit Rc to activate the reading circuit RC to amplify the 
minute potential difference. 

[0078] Then, in the third cycle T3, the ampli?ed potential 
difference is outputted as a data signal DATA to the input/ 
output port 1/0 via the data output register RGOUT. Fur 
thermore, the reading circuit RC pre-charges and equaliZes 
the data bus pair DL and DLB after amplifying the minute 
potential difference betWeen the data bus pair DL and DLB. 

[0079] Subsequently, the data signals DATA from the 
second, third and fourth memory cell arrays are sequentially 
outputted by the burst sequence. The operation based on the 
burst sequence Will be described beloW. 

[0080] When the initial address is inputted to the block 
decoder BD, an address of a predetermined bit number is 
inputted to the burst counter BC, the burst counter BC 
sequentially automatically generates an address in synchro 
nism With a clock signal CLK on the basis of a predeter 
mined burst sequence in the subsequent cycle. That is, in and 
after the second cycle T2 of FIG. 6, the burst counter BC 
sequentially generating a block selecting signal BSL_A in 
synchronism With a clock signal CLK on the basis of a 
predetermined burst sequence. 

[0081] The block selecting signal BSL_B outputted by 
inputting the block selecting signal BSL_A to the block 
decoder selection-time adjusting circuit BDSTAC has the H 
level in a cycle, in Which data are outputted in accordance 
With the read latency, and the L level in one cycle. In the 
construction of FIG. 3, While the block selecting signal 
BSL_A is sequentially automatically generated on the basis 
of a predetermined burst sequence, the block selecting 
signals BSL_B_1, BSL_B_2, BSL_B_3 and BSL_B_4 
sequentially have the H level every cycle after a delay of the 
cycle of the read latency based on the block decoder 
selection-time adjusting circuit BDSTAC. 

[0082] On the other hand, the level of the block selecting 
signal BSL_C is maintained to be the H level until the cycle 
for outputting data in accordance With the read latency is 
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completed after the level of the block selecting signal 
BSL_A becomes the H level. That is, the level of the block 
selecting signal BSL_C is maintained to be the H level until 
the end of the cycle, in Which the level of the block selecting 
signal BSL_B corresponding to the block selecting signal 
BSL_A becomes the H level, after the level of the block 
selecting signal BSL_A becomes the H level. Therefore, the 
block selecting signal BSL_C Which is maintained to have 
the H level until the end of the cycle, in Which the level of 
the block selecting signal BSL_B_l becomes the H level, 
after the level of the block selecting signal BSL_A becomes 
the H level, the block selecting signal BSL_C Which is 
maintained to have the H level until the end of the cycle, in 
Which the level of the block selecting signal BSL_B_2 
becomes the H level, after the level of the block selecting 
signal BSL_A becomes the H level, the block selecting 
signal BSL C Which is maintained to have the H level until 
the end of the cycle, in Which the level of the block selecting 
signal BSL_B_3 becomes the H level, after the level of the 
block selecting signal BSLAbecomes the H level, the block 
selecting signal BSL C Which is maintained to have the H 
level until the end of the cycle, in Which the level of the 
block selecting signal BSL_B_4 becomes the H level, after 
the level of the block selecting signal BSL_A becomes the 
H level, are generated, a plurality of block selecting signals 
BSL_C may simultaneously have the H level. 

[0083] By the block selecting signal BSL_C and the roW 
selecting signal, a local Word line LWL is selected, and a 
minute potential difference is caused betWeen the pair of bit 
lines by a cell current. In the neXt cycle, the reading circuit 
is activated to amplify the minute potential difference, and 
the ampli?ed potential difference is outputted as a data 
signal DATA. 

[0084] The minute potential difference serving as the data 
signal is propagated to the respective local data line pairs 
LDL and LDLB every cycle in accordance With the burst 
sequence. HoWever, the block sWitches BS1, BS2, BS3 and 
BS4 are provided betWeen the respective local data line pairs 
LDL, LDLB and the data bus pairs DL, DLB, respectively, 
and the plurality of block sWitches are not simultaneously 
selected, so that data do not collide With each other on the 
data bus pair DL, DLB. 

[0085] The feature of the circuit operation of the synchro 
nous SRAM according to the present invention is that it is 
possible to select memory cells over a period of more cycles 
in accordance With the read latency. Since the memory cell 
selecting state can be maintained for a longer time, the 
potential difference betWeen the pair of bit lines, i.e., the data 
amplitude, can be increased. As a result, the operation 
margin of the reading circuit, Which is a sense ampli?er, can 
be improved, so that it is possible to rapidly read data. 

[0086] In order to select memory cells over a period of 
more cycles, a plurality of local Word lines must be simul 
taneously selected, so that it is required to avoid the problem 
in that data collide With each other on the data bus pair. 
Therefore, in the synchronous SRAM according to the 
present invention, as described above, the block sWitches are 
provided betWeen the respective local data line pairs and the 
data bus pairs, respectively, and these block sWitches are 
sequentially selected, so that the collision of data is avoided. 

[0087] In the memory cell reading operation of the syn 
chronous SRAM according to the present invention, all of 
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operation sequences based on the burst address are the same 
until the output of data via the data output register, from the 
decoding of addresses and the activation of the reading 
circuit. Therefore, it is possible to rapidly carry out a 
memory data reading operation in the burst mode, and it is 
possible to prevent the design of circuits and the internal 
timing control from being complicated. As a result, it is 
possible to decrease the number of items, Which should be 
taken into consideration in the operation analysis, and it is 
possible to facilitate the operation analysis. 

[0088] In addition, only by changing the number of stages 
of the circuit blocks in the block decoder selection-time 
adjusting circuit BDSTAC, it is possible to change the 
setting of the read latency, and it is possible to carry out a 
rapid reading operation corresponding to the read latency. 
Moreover, since the number of selections of memory cells in 
the burst sequence operation is smaller than that in the prior 
art, the current consumption due to the cell current reduces 
at a ratio of (N—2)/(L+N+1) as compared With the prior art, 
Wherein N is a value of read latency, Which is an integer of 
3 or more, and L is a burst bit length Which is a multiplier 
of 2. 

[0089] While the present invention has been disclosed in 
terms of the preferred embodiment in order to facilitate 
better understanding thereof, it should be appreciated that 
the invention can be embodied in various Ways Without 
departing from the principle of the invention. Therefore, the 
invention should be understood to include all possible 
embodiments and modi?cation to the shoWn embodiments 
Which can be embodied Without departing from the principle 
of the invention as set forth in the appended claims. 

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

a plurality of memory cell sub-array groups, each of 
Which comprises a memory cell sub-array including a 
plurality of memory cells Which are arranged at cross 
portions of a plurality of bit line pairs and a plurality of 
local Word lines, a local roW decoder for transmitting a 
roW selecting signal for selecting each roW of said 
memory cell sub-array, and a bit line peripheral circuit 
group including a plurality of bit line peripheral circuits 
Which are connected to said bit line pairs of said 
memory cell sub-array, respectively, and to and from 
Which said data signal transmitted by said bit line pairs 
are inputted and outputted; 

a global roW decoder for decoding an inputted address to 
a roW selecting signal for selecting the memory cells in 
each roW of each of the memory cell sub-arrays, to 
output said roW selecting signal to each of said local 
roW decoders via a global Word line; 

a column decoder for decoding said input address to a 
column selecting signal for selecting the memory cells 
in each column of each of said memory cell sub-arrays, 
to output said column selecting signal to each of said bit 
line peripheral circuits via a plurality of column select 
ing signal lines; 

a block decoder for decoding said inputted address to a 
?rst block selecting signal, Which is the base of a signal 
for selecting each of said memory cell sub-arrays, to 
output said ?rst block selecting signal; 
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a burst counter for sequentially automatically generating 
an address of a predetermined bit number in synchro 
nism With a clock on the basis of a predetermined 
sequence in the subsequent operation cycle in accor 
dance With the inputted initial address, to output the 
generated address to said block decoder; 

a plurality of block decoder selection-time adjusting cir 
cuits for sequentially outputting said ?rst block select 
ing signal, Which is inputted from said block decoder, 
as a second block selecting signal at a timing corre 
sponding to a read latency and for outputting said ?rst 
block selecting signal as a third block selecting signal 
Which is a signal having a length corresponding to said 
read latency and Which is inputted to each of said local 
roW decoders to controls the transmission of said roW 
selecting signal based on each of said local roW decod 
ers; 

a plurality of block sWitches, each of Which is connected 
to said bit line peripheral circuits of a corresponding 
one of said bit line peripheral circuit groups via a local 
data line pair and Which controls the propriety of the 
input/output of data via said local data line pair in 
response to the input of said second block selecting 
signal; 

a data bus pair Which is connected to each of said bit line 
pairs via a corresponding one of said block sWitches; 
and 

a reading circuit for reading data out of each of said 
memory cells via said bit line pairs, bit line peripheral 
circuits, local data line pairs, block sWitches and data 
bus pair, to amplify and output the read data. 

2. A semiconductor memory device as set forth in claim 
1, Wherein said semiconductor memory device further com 
prising a Writing circuit for amplifying and outputting input 
ted data to Write the data in each of the memory cells via said 
data bus pair, block sWitches, local data line pairs, bit line 
peripheral circuits and bit line pairs. 

3. A semiconductor memory device as set forth in claim 
1, Wherein each of said block decoder selection-time adjust 
ing circuit comprises: 

a ?rst-stage circuit block including a ?rst register to Which 
said ?rst block selecting signal is inputted, a ?rst 
tWo-input NOR logic gate to Which said ?rst selecting 
signal and an output signal of said ?rst register are 
inputted, and a ?rst inverter to Which an output signal 
of said ?rst tWo-input NOR logic gate is inputted, 
Wherein if the ?nal stage of said block decoder selec 
tion-time adjusting circuit is said ?rst circuit block, said 
output signal of said ?rst register is said second block 
selecting signal, and said output signal of said ?rst 
inverter is said third block selecting signal; and 

a k-th stage circuit block (k is an integer of 2 or more) 
including a k-th register to Which an output signal of a 
(k—1)-th stage register is inputted, a k-th tWo-input 
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NOR logic gate to Which an output signal of said (k-1) 
stage register and an output signal of said k-th register 
are inputted, and a k-th inverter to Which an output 
signal of said k-th tWo-input NOR logic gate is input 
ted, Wherein if the ?nal stage of said block decoder 
selection-time adjusting circuits is said k-th stage cir 
cuit block, said output signal of said k-th register is said 
second block selecting signal, and said output signal of 
said k-th register is said third block selecting signal. 

4. A semiconductor memory device as set forth in claim 
3, Wherein the number M (M=1 or k) of stages of said circuit 
blocks of each of said block decoder selection-time adjust 
ing circuits is set in accordance With a read latency. 

5. A semiconductor memory device as set forth in claim 
3, Wherein the number M (M=1 or k) of stages of said circuit 
blocks of each of said block decoder selection-time adjust 
ing circuits is set so as to be in proportion to a read latency. 

6. A semiconductor memory device as set forth in claim 
3, Wherein the number M (M=1 or k) of stages of said circuit 
blocks of each of said block decoder selection-time adjust 
ing circuits is set so as to meet a proportional relationship of 
N=M+3 assuming that a read latency is N. 

7. A semiconductor memory device as set forth in claim 
3, Wherein the number M (M=1 or k) of stages of said circuit 
blocks of each of said block decoder selection-time adjust 
ing circuits is set to be equal to each other. 

8. A semiconductor memory device as set forth in claim 
1, Wherein said second block selecting signal is a signal 
Which is outputted the number of cycles corresponding to a 
read latency after a cycle in Which said ?rst block selecting 
signal is inputted to each of said block decoder selection 
time adjusting circuits, and 

said third block selecting signal is a signal for maintaining 
a selected state until the end of a cycle the number of 
cycles corresponding to the read latency after the cycle 
in Which said ?rst block selecting signal is inputted to 
each of said block decoder selection-time adjusting 
circuits. 

9. A semiconductor memory device as set forth in claim 
1, Wherein the number of said plurality of block decoder 
selection-time adjusting circuits corresponds to said plural 
ity of memory cell sub-array groups and said plurality of 
block sWitches, and Wherein said ?rst block selecting signal 
is sequentially inputted to each of said block decoder 
selection-time adjusting circuit every cycle. 

10. A semiconductor memory device as set forth in claim 
1, Wherein each of said bit line peripheral circuits comprises: 

a column sWitch for connecting and disconnecting 
betWeen said bit line pair and said local data line pair 
on the basis of the input of said column selecting signal; 

a pre-charging circuit for pre-charging said bit line pair; 
and 

an equaliZing circuit for equaliZing said bit line pair. 

* * * * * 


