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(57) ABSTRACT 
A dynamic random access memory With tWo divided 
memory banks is disclosed Wherein memory cells are 
divided into ?rst and second groups each of Which includes 
an array of memory cells connected to a corresponding Word 
line. Those memory cells are subdivided into subgroups 
each of Which has four memory cells. A ?rst set of input/ 
output lines is provided for the ?rst group of memory cells, 
and a second set of input/output lines is provided for the 
second group of memory cells. An output circuit section is 
connected to the those sets of input/output lines to output 
data transferred thereto. An access controller section speci 
?es subgroups alternately from the ?rst and second groups 
of memory cells With four memory cells as a substantial 
access minimum unit, accesses memory cells of a speci?ed 
subgroup to read stored data therefrom and transfers the read 
data to corresponding input/output lines associated there 
With. The read data is supplied to the output circuit section 
for conversion to serial data and then output therefrom. 
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RANDOM ACCESS MEMORY WITH DIVIDED 
MEMORY BANKS AND DATA READ/WRITE 

ARCHITECTURE THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to semiconductor 
memory devices and, more particularly, to a serial read/Write 
architecture for dynamic random access memories. 

[0003] 2. Description of the Related Art 

[0004] With increasing needs for high-speed logic perfor 
mance of digital systems, high-speed access techniques, 
Which permit high-speed access to data stored in semicon 
ductor memories such as random access memories, are 
becoming increasingly important. The performance of cen 
tral processing units, or CPUs is progressing rapidly. Natu 
rally memory accessing requires speeding up accordingly. 

[0005] To speed up the transfer of necessary data to a 
CPU, a cache memory is often used as an auxiliary memory 
of a system main memory formed of a DRAM. In this case, 
a gate is connected betWeen the CPU and the main memory, 
and the cache memory is directly connected to the CPU via 
a data bus and an address bus. A controller is connected to 
the gate and cache memory so as to control data transfer 
among the main memory, cache memory and CPU. In this 
case also, nay, even more particularly in this case, speeding 
up of data access in the DRAM serving as main memory is 
very important. This is because, When data that the CPU 
needs is not accidentally stored in the cache memory (that is, 
When the data is “mishit”), the gate opens under the control 
of the controller to fetch necessary data from the main 
memory. To this end, high-speed accessing of the main 
memory is essential. 

[0006] As the presently available data accessing tech 
niques for DRAMs, there are knoWn architectures of the 
nibble mode, the page mode, the static column mode and so 
on. HoWever, those architectures cannot successfully meet 
the above technical requirements. DRAMs themselves are 
on the path to high-density integration, and the above current 
data accessing techniques are gradually losing their utility in 
the midst of rapid increase in integration density of the 
DRAMs. 

[0007] More speci?cally, according to the nibble mode 
architecture by Way of eXample, data stored in a DRAM are 
serially accessed With 4 bits or 8 bits as a unit. Column data 
in a selected roW address are accessed in an established order 
in unit of a predetermined number of bits, thus permitting 
high-speed read/Write. HoWever, idleness Will inevitably 
occurs With data transfer betWeen the cache memory and the 
DRAM because the unit bit number and the accessing order 
of data units is ?xed in a selected roW address. In contrast 
to the nibble mode architecture, according to the page mode 
or static column mode architecture, although a desired bit 
can be accessed randomly in a selected roW address, an idle 
time for restoring Will inevitably occur in accessing con 
secutive random bits, Which impairs speeding up of data 
accessing. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present invention to 
provide a neW and improved data accessing architecture 
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Which is successfully implemented in semiconductor memo 
ries and improves their data accessing ef?ciency. 

[0009] In accordance With the above object, the present 
invention is addressed to a speci?c semiconductor memory 
device With divided memory banks, Wherein memory cells 
are divided into ?rst and second groups. The ?rst group of 
memory cells constitutes a ?rst memory bank, and the 
second group of memory cells constitutes a second memory 
bank. Each of the ?rst and second memory groups includes 
an array of memory cells Which are subdivided into sub 
groups each of Which has a selected number of memory 
cells. A?rst set of input/output lines is provided for the ?rst 
group of memory cells, Whereas a second set of input/output 
lines is provided for the second group of memory cells. An 
output circuit section is connected to the ?rst and second 
input/output output lines to output data transferred thereto. 
An access controller section speci?es the subgroups alter 
nately from the ?rst and second groups With the selected 
number of memory cells as a substantial minimum accessing 
unit, accesses the memory cells in a speci?ed subgroup to 
read stored data therefrom and transfers the read data to a 
corresponding one of the ?rst and second sets of input/ 
output lines. The read data is supplied to the output circuit 
section. 

[0010] The invention and its object and advantages Will 
become more apparent from the detailed description of a 
preferred embodiment presented beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] In the detailed description of a preferred embodi 
ment of the present invention presented beloW, reference is 
made to the accompanying draWings of Which: 

[0012] FIG. 1 is a simpli?ed block diagram of the overall 
arrangement of a computer system including a high-speed 
cache memory and a main memory using a dynamic random 
access memory according to a preferred embodiment of the 
present invention; 

[0013] FIGS. 2A and 2B illustrate in block form main 
portions of an internal circuit arrangement of the dynamic 
random access memory of the invention; 

[0014] FIG. 3 is a diagram partially shoWing an internal 
circuit arrangement, Which corresponds to 1 bit address, of 
the address controller of FIG. 2; 

[0015] FIG. 4 is a diagram illustrating an internal circuit 
arrangement of one of the column address decoder units of 
FIG. 2; 

[0016] FIG. 5 illustrates Waveforms of electrical signals 
developed at various locations of the DRAM in a data read 
mode; 

[0017] FIG. 6 is a diagram shoWing an internal circuit 
arrangement of the Write controller of FIG. 2; 

[0018] FIG. 7 illustrates Waveforms of electrical signals 
developed at various locations of the DRAM in a data Write 
mode; 

[0019] FIG. 8 illustrates Waveforms of electrical signals 
developed at various locations of the DRAM in an operation 
mode Which alternates betWeen data read and data Write; and 
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[0020] FIG. 9 illustrates a modi?cation of the internal 
circuit arrangement of the Write controller of FIG. 6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0021] Referring noW to FIG. 1, a computer system 
equipped With a dynamic random access memory (abbrevi 
ated to DRAM hereinafter) in accordance With a preferred 
embodiment of the present invention is generally indicated 
at 10. A central processing unit (CPU) 12 is associated With 
a DRAM 14 acting as a main memory and a cache memory 
16 via a 32-bit data bus 18 and a 32-bit address bus 20. A 
gate circuit 22 is connected betWeen CPU 12 and main 
memory 14. A controller 24 is connected to cache memory 
16 and gate circuit 22 So as to control the sWitching 
operation of gate circuit 22 and data transfer betWeen main 
memory 14 and cache memory 16. 

[0022] When needing data, CPU 12 accesses a certain 
memory location in cache memory 16. If desired data eXists 
in the accessed memory location (if data is “hit”), the data 
is transferred to CPU 12 via data bus 18. In case Where 
desired data is not in the accessed location (if data is 
“mishit”), a mishit signal is applied to controller 24. In 
response to the mishit signal, controller 24 opens gate 22 so 
that CPU 12 can access main memory 14 to read data 
therefrom. The read data is transferred to cache memory 16 
as Well as CPU 12 via data bus 18 to be stored therein. 

[0023] FIG. 2 illustrates main portions of an internal 
circuit arrangement of DRAM 14 serving as the main 
memory of FIG. 1. Note that, since the overall circuit 
con?guration is too large to be illustrated upon a sheet, the 
draWing thereof is divided into tWo ?gures, i.e., FIG. 2A and 
FIG. 2B. As shoWn in FIG. 2A, memory cells 30 coupled 
to a Word line WL are divided into tWo systemic groups 30a 
and 30b. The ?rst group is A systemic memory bank 30a, 
Which comprises memory cells M1, M2, M3, M4, . . . , Mm. 
The second group is B systemic memory bank 30b, Which 
comprises memory cells M5, M6, M7, M8, . . . , Mm+4, 

Mm+5, Mm+6, Mm+7, . . . In each memory bank, four 
memory cells forms one unit. In other Words, each memory 
bank is subdivided into a selected number of subunits each 
of Which has four memory cells (i.e. four bits) in this 
eXample. All the memory cells can be driven by one Word 
line WL. To state it differently, Word line WL is common to 
all the memory cells 30 of the A and B memory banks. Note 
that although, in FIG. 2A, only one Word line is illustrated 
for simpli?cation of the draWing, other Word lines also have 
the same memory cell arrangements associated thereWith. 

[0024] Memory banks 30a and 30b have sense ampli?er 
arrays 32a and 32b, respectively. Sense ampli?er arrays 32 
have sense ampli?ers SA1, SA2, . . . Which are respectively 

connected to memory cells 30. Sense ampli?ers SA are 
connected to FET transfer gate arrays 34a and 34b acting as 
transfer gates. Transfer gate array 34a is connected to an A 
systemic data input/output line set 36a. Line set 36a com 
prises four pairs of input/output lines DQA1, DQA2, DQA3 
and DQA4. (In the draWing each pair of input/output lines 
is depicted as if it Were one line for convenience of eXpla 
nation.) On the other hand, transfer gate array 34b is 
connected to a B systemic data input/output line set 36b. 
Line set 36b comprises four pairs of input/output lines 
DQB1, DQB2, DQB3 and DQB4. Column address decoder 
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units 38a and 38b are associated With memory banks 30a 
and 30b, respectively. Each of column address decoder units 
38 has an array of column address decoders. In FIG. 2A, 
each of portions 40a and 40b to Which hatching is made for 
convenience sake represents a collection of numerous signal 
lines to be connected to inputs of decoders 38. 

[0025] For eXample, referring to memory cells M1, M2, 
M3 and M4 of the ?rst subgroup of memory bank 30a, sense 
ampli?ers SA1, SA2, SA3 and SA4 are connected to input/ 
output lines DQA1, DQA2, DQA3 and DQA4, respectively, 
through corresponding transfer gate FETs 34a. Those four 
transfer gate FETs 34a have their gate electrodes connected 
together. Those transfer gate FETs 34a are responsive to a 
column select signal to be rendered conductive or noncon 
ductive. The column select signal is supplied from one 
decoder of corresponding address decoder unit 38a to FETs 
34a through one line CSLA1 of A systemic select lines 
CSLA. 

[0026] Referring to memory cells M5, M6, M7 and M8 of 
the ?rst subgroup of memory bank 30b, on the other hand, 
sense ampli?ers SA5, SA6, SA7 and SA8 are connected to 
input/output lines DQB1, DQB2, DQB3 and DQB4, respec 
tively, through corresponding transfer gate FETs 34b. Those 
four transfer gate FETs 34b have their gate electrodes 
connected together. Those transfer gate FETs 34b are 
responsive to a column select signal to be rendered conduc 
tive or nonconductive. The column select signal is supplied 
from one decoder of corresponding address decoder unit 38b 
to FETs 34b through one line CSLB1 of B systemic select 
lines CSLB. 

[0027] As shoWn in FIG. 2A, an address controller 42 is 
connected to the tWo groups of column address decoder 
units 38a and 38b. When receiving a column address Amc 
(0<m <n; n=an integer) via an address buffer 44, address 
controller 42 controls address decoders 38 so as to designate 
a proper memory cell subunit from memory banks 30a and 
30b in accordance With the received column address. 

[0028] As shoWn in FIG. 2B, A systemic input/output 
lines DQA1, DQA2, DQA3 and DQA4 are connected to 
data ampli?ers S1, S2, S3 and S4, respectively, of an 
ampli?er section 46a. Data ampli?ers S1, S2, S3 and S4 are 
connected to data readout lines RD1, RD2, RD3 and RD4, 
respectively, through corresponding FETs 48a serving as 
data readout transfer gates. Data ampli?ers S1, S2, S3 and 
S4 are simultaneously activated by an externally applied 
control signal QSEA, and gate FETs 48a are simultaneously 
rendered conductive by control signal QSEA. Data readout 
lines RD1, RD2, RD3 and RD4 are connected to data latch 
circuits L1, L2, L3 and L4, respectively. Data latch circuits 
L1, L2, L3 and L4 are connected to a data output shift 
register 50 to Which a column address strobe signal CAS is 
applied. Shift register 50 is connected to an output terminal 
Dout via an output buffer 52. 

[0029] B systemic input/output lines DQB1, DQB2, 
DQB3 and DQB4 are connected to data ampli?ers S1‘, S2‘, 
S3‘ and S4‘, respectively, of an ampli?er section 46b. Data 
ampli?ers S1‘, S2‘, S3‘ and S4‘ are connected to data readout 
lines RD1, RD2, RD3 and RD4, respectively, through cor 
responding FETs 48b serving as data readout transfer gates. 
Data ampli?ers S1‘, S2‘, S3‘ and S4‘ are simultaneously 
activated by an externally applied control signal QSEB, and 
gate FETs 48b are simultaneously rendered conductive by 
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control signal QSEB. Four-bit parallel data read out of data 
readout gate section 46a or 46b are held by latch circuits L1 
to L4 and then converted to serial data by shift register 50. 
The converted readout data is taken from output terminal 
Dout via output buffer 52. 

[0030] For example, four-bit input data is entered from an 
input terminal Din and then applied to an input data buffer 
54. Data buffer 54 is connected via Write circuit section 58a 
to input/output line group 36a of A memory bank 30a, i.e., 
input data latch circuit section 60a associated With lines 
DQAl, DQA2, DQA3 and DQA4. Gate section 58a has four 
FETs Which are connected via corresponding latch circuits 
L1‘A, L2‘A, L3‘A and L4‘A of latch circuit section 60a to 
input/output lines DQAl, DQA2, DQA3 and DQA4, respec 
tively. The FETs of gate circuit section 58a are controlled by 
an input data shift register 62a responsive to a column 
address strobe signal CAS. On the other hand, data buffer 54 
is connected via Write circuit section 58b to input/output line 
group 36b of B memory bank 30b, i.e., input data latch 
circuit section 60b associated With lines DQBl, DQB2, 
DQB3 and DQB4. Gate section 58b has four FETS Which 
are connected via corresponding latch circuits Ll‘B, L2‘B, 
L3‘B and L4‘B of B-series latch circuit section 60b to 
input/output lines DQBl, DQB2, DQB3 and DQB4, respec 
tively. The FETs of gate circuit section 58b are controlled by 
an input data shift register 62B operated by column address 
strobe signal CAS. 

[0031] Column address strobe signal CAS (referred to as 
CAS signal hereinafter) is entered to a CAS cycle counter 64 
?rst. Cycle counter 64 supplies the CAS signal to an address 
counter 42 (see FIG. 2A) via a line 66. The CAS signal 
alternates (toggles) betWeen a high (“HH”) level and a loW 
(“L”) level. Column addresses Amc, i.e., AOc to Anc are 
latched by address buffer 44 in synchroniZation to a transi 
tion of the CAS signal from “H” level to “L” level. Address 
buffer 44 converts entered column addresses AOc to Amc 
from TTL logic signal levels to MOS logic signal levels. 
Address controller 42 generates A systemic column 
addresses AOcA to AmcA and B systemic column addresses 
AOCB to AncB. The column addresses AO CA to AncA are 
applied to column address decoder units 38a, Whereas the 
column addresses AOcB to AncB are applied to column 
address decoder units 38b shoWn in FIG. 2A. CAS cycle 
counter 64 (see FIG. 2B) counts the number of level 
changes of the CAS signal to produce a count signal Stc. The 
count signal Stc is applied to a data Write controller 68, 
Which is connected to input data buffer 54 and input data 
shift registers 62a and 62b. Data Write controller 68 is 
responsive to an externally applied Write enable signal 
(referred to as WE signal hereinafter) to control the opera 
tion of those circuits 54, 62a and 62b. 

[0032] A circuit arrangement of address controller 42 for 
addressing memory banks 30a and 30b Will noW detailed 
With reference to FIG. 3. Address controller 42 has address 
control circuits corresponding in number to the memory 
subunits of each of memory banks 30a and 30b. In FIG. 3, 
only one address control circuit, for example, address con 
trol circuit 42-1 is shoWn. 

[0033] Address control circuit 42 receives column 
addresses Amc (AOc to Amc) at its input terminal 70 Which 
is connected to inputs of clocked inverters 72 and 74 of 
address control circuit 42-1. Inverter 72 has an input con 
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nected to a latch circuit 76 having cross-coupled inverters 78 
and 80. Inverter 80 provides address AmcA for A memory 
bank 30a onto a line 82. Inverter 78 is connected back to 
back With another inverter 84 Which provides another 
address AmcA for A memory bank 30a to line 86. The 
arrangement for address control circuit 42 is the same as that 
for the A system described above. Though the explanation 
may be redundant, inverter 74 has an input connected to a 
latch circuit 88 having cross-coupled inverters 90 and 92. 
Inverter 90 provides address AmcB for B memory bank 30b 
to a line 94. Inverter 96 is connected to another inverter 96 
Which provides another address m for B memory bank 
30b to line 98. Addresses AmcA, WA, AmcB and m 
are transferred to column address decoder units 38a and 38b 
shoWn in FIG. 2A. 

[0034] In FIG. 4, there is illustrated a given one of column 
address decoder units 38a and 38b, Which is a multi-input 
AND gate 100 having an input Which receives an inverted 

version ([1 (or of an internal clock signal ([1 (or from an inverter 102 and other inputs supplied With 

addresses AmcA (or AmcB). Where AND gate 100 is a 
decoder for A memory bank 30a, the internal clock signal 
applied to AND gate 100 is clock signal (1% and the address 
signals are signals AlcA, A2cA, . . . , AncA. In this case, 

AND gate 100 sequentially outputs column address strobe 
signals CASl, CAS2, . . . , CASm. 

[0035] Next, operation modes of the DRAM constructed 
as above Will be described With reference to the accompa 
nying Waveform diagrams. In the folloWing description, a 
data read mode, a data Write mode and an operation mode 
alternating betWeen data read and data Write Will be 
described in order of mention. 

[0036] Data Read Mode 

[0037] As shoWn in FIG. 5 (in Which signal portions to 
Which hatching is made represent “Don’t Care”), When roW 
address strobe signal RAS goes to a “L” level and subse 
quently column address strobe signal CAS goes to a “L” 
level, internal clock signal (1)1 is sWitched from a “H” level 
to a “L” level in synchroniZation With the transitions of the 
strobe signals in level. At this point, internal clock signal (BB 
is held at a “H” level. In address controller 42 (see FIG. 3), 
When clock signal (IE goes to “L” level during the on-state 
of inverters 72 and 74, inverter 72 for A memory bank 30a 
is rendered off. Column addresses Amc from column address 
buffer 44 (see FIG. 2A) are held in latch circuit 76. 
Therefore, A column addresses AmcA and m continue 
to be produced on lines 82 and 84. In this situation, the other 
latch circuit 88 is off and hence its output is inde?nite. 

[0038] Column address decoder units 38a and 38b asso 
ciated With memory banks 30a and 30b receive output 
signals from address controller 42, and column address 
decoder unit 38a selectively speci?es one (e.g. line CSLAl) 
of column address select lines CSLA during the time that 
clock signal (IE is at “L” level. Where RAS signal is at “L” 
level so that the DRAM chip is activated, and Word line WL 
is at “H” level so that all the bit line sense ampli?ers SAl 
to SAm+7 are activated, When one column address line 
CSLAl is selected, a set of transfer gates 34a connected to 
one subgroup of memory cells M1, M2, M3 and M4 of A 
memory bank 30a are simultaneously turned on. Hence, 
four-bit data stored in memory cells M1, M2, M3 and M4 of 
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A memory bank 30a are transferred in parallel to input/ 
output lines DQAl, DQA2, DQA3 and DQA4 via those 
transfer gates. 

[0039] After the data transfer, control signal QSEA (see 
FIG. 2B) goes to “H” level. In response to this control signal 
data ampli?ers S1, S2, S3 and S4 are activated and at the 
same time readout gates 48a are turned on. Therefore, the 
read four-bit data are transferred to output lines RDl, RD2, 
RD3 and RD4 and subsequently held by output data latch 
circuits L1, L2, L3 and L4. The parallel data held in the latch 
circuits is neXt converted to serial data by output shift 
register 50. The serial data is output from output data buffer 
52 as data R1 to R4 in synchroniZation With ?rst four 
toggling steps of CAS signal (in FIG. 5, the toggling step 
Nos. of CAS signal are shoWn enclosed by circles for 
convenience of explanation). After the transferred data to 
input/output lines DQAl, DQA2, DQA3 and DQA4, 
namely, the read data are held by data latch circuits L1, L2, 
L3 and L4, such reset operations as precharge input/output 
lines DQAl, DQA2, DQA3 and DQA4 are initiated. 

[0040] After the termination of the above series of opera 
tions, internal clock signals ([2, (BB are sWitched: clock 
signal (1)1 goes to “H” level, and clock signal 6B goes to “L” 
level. As a result, not A memory bank 30a but B memory 
bank 30b are enabled this time. More speci?cally, a certain 
group of memory cells M5, M6, M7 and MS of B memory 
bank 30b have been sensed by corresponding bit-line sense 
ampli?ers SA5, SA6, SA7 and SAS and thus placed in the 
readable state during the time that data are read from the 
group of memory cells M1, M2, M3 and M4 of A memory 
bank 30a. The four-bit data of memory cells M1, M2, M3 
and M4 appear on input/output lines DQBl, DQB2, DQB3 
and DQB4 in response to level transitions of clock signals 
([1 and This is because column select signal CSLBl 
produced by column address decoder unit 38b associated 
With B-series memory bank 30b goes to “H” level, and of 
gates 34b, the gates Which are associated With memory cells 
M5, M6, M7 and M8 are turned on. 

[0041] In response to control signal QSEB going to “H” 
level, data ampli?ers S1‘, S2‘, S3‘ and S4‘ are activated and 
readout gates 48b are turned on. The read four-bit data, 
therefore, are read out onto output lines RDl, RD2, RD3 and 
RD4 and afterWard transferred via output lines RDl, RD2, 
RD3 and RD4 to output latch circuits L1, L2, L3-and L4 to 
be held therein in essentially the same manner as in the case 
of the data stored in memory cells M1, M2, M3 and M4 of 
A memory bank 30a. The parallel data held in the latch 
circuits is neXt converted to serial data, Which is output from 
output data buffer 52 as data R5 to R8 in synchroniZation 
With four successive toggling steps of CAS clock signal. 

[0042] Since clocked inverter 74 is turned off in address 
controller 42 While B memory bank 30b is selected, the 
addresses Which have continued to be produced by column 
address buffer 64 are held by latch circuit 88, thereby 
providing addresses AmcB and m for B memory bank 
30b. Those addresses AmcB and m are essentially the 
same as the above mentioned addresses AmcA and Am 
for Amemory bank 30a. As shoWn in Fig, 4, column address 
decoder 38b ANDs signals AlCB, A2cB, A3cB, . . . , AncB 

and clock signal 5B to provide only one column address 
select signal CSLBl. 

[0043] During the alternate read cycles of cell units each 
of four memory cells of A memory bank 30a and B memory 
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bank 30b, for example, during the read cycles of memory 
cells M1 to MS, a ?rst column address for a memory cell to 
be read neXt is entered, and column addresses AOc to Anc 
are entered to address buffer 44 in synchroniZation With the 
siXth toggling step from the ?rst toggling step of CAS signal. 
Since clock signal (1)1 is at “H” level at this point, latch 
circuit 76 of address controller 42 Will be supplied With a 
neW column address Amc. The signal AOc is rendered 
“Don’t Care” from this second entry of the address. Alter 
natively the signal AOc may be rendered “Don’t Care” from 
the ?rst entry of the address. 

[0044] By repeating the above reading operation, data can 
be read alternately fromAmemory bank 30a and B memory 
bank 30b in unit of four memory cells of a desired cell unit. 
Every data of eight consecutive bits contains desired four-bit 
data from A memory bank 30a and four-bit data from B 
memory bank 30b. Reading eight bits consecutively from 
one of the memory banks is not alloWed. In each memory 
bank, hoWever, units of four-bit memories need not be 
necessarily speci?ed simply in their order. At the time of 
readout of succeeding data of eight bits, the ?rst four bits can 
arbitrarily be read from one of memory banks 30a and 30b, 
and the remaining four bits can be read at random from the 
other of memory banks 30a and 30b. This is very simple 
because a starting address of each cell unit has only to be 
speci?ed by use of signal AmcA or AmcB. Such a data 
reading concept could be named the “random serial read/ 
Write architecture” or “nibbled-page architecture.” 

[0045] For eXample, after the completion of sequential 
data readout from a speci?c subgroup of memory cells M1 
to M4 in the A memory bank and a speci?c subgroup of 
memory cells M5 to M8 in the B memory bank, When data 
requires reading from a certain subgroup of memory cells 
Mm, Mm+1, Mm+2 and Mm+3 in A memory bank 30a, the 
data stored therein are transferred to input/output lines 
DQAl, DQA2, DQA3 and DQA4 and read from output 
buffer 52 in the same manner as above in synchroniZation 
With ninth to tWelfth toggling steps of CAS signal. Subse 
quently, column select signal CSLBm goes to “H” level, 
and, as in the case of memory cells M5 to M8 described 
above, data are read from memory cells Mm+4, Mm+5, 
Mm+6 and Mm+7 in B memory bank 30b. Reading the 
four-bit data is performed in synchroniZation With the thir 
teenth to siXteenth toggling steps of CAS signal. 

[0046] As described above, memory accessing for data 
readout is performed in unit of eight bit cells selected from 
tWo memory subgroups, each of four memory cells, included 
in A memory bank 30a and B memory banks 30b. In the 
midst of accessing the latter four bit cells, that is, at the time 
of the siXth toggling step of CAS signal, column addresses 
are ready for access to the neXt series of eight bit cells. 
Input/output lines DQAl, DQA2, DQA3 and DQA4 of A 
memory bank 30a are in non-selected state While B memory 
bank 30b is accessed so that precharging of input/output 
lines DQAl, DQA2, DQA3 and DQA4 has no in?uence on 
accessing of neXt selected memory cells of A memory bank 
30a. Accordingly, reading from memory cells Mm to Mm+7 
selected folloWing memory cells M1 to M8 continues 
smoothly Without intermission. 

[0047] Data Write Mode 

[0048] Prior to description of the Writing operation, an 
internal circuit arrangement of Write controller 54 shoWn in 
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FIG. 2B Will be described With reference to FIG. 6. (The 
reason Why the description of the circuit arrangement Was 
not presented before is that the arrangement of the Write 
controller is closely related to the Writing operation 
described beloW and the description here seems to raise the 
ef?ciency of description.) As shoWn in FIG. 6, Write con 
troller 69 receives a WE signal at its input terminal 110. WE 
signal is applied to a parallel array of a selected number of 
clocked inverters including clocked inverters 112 and 114. 
(In FIG. 6, there is illustrated only tWo typical clocked 
inverters for simpli?cation of illustration.) Inverter 112 is 
connected to a latch circuit 116 comprised of cross-coupled 
inverters 118 and 120. The output of latch circuit 116 is 
connected to an input of a tWo-input NOR gate 122. NOR 
gate 122 has the other input supplied With an internal clock 
signal <|>Wot2 used for Writing into the Amemory bank. NOR 
gate 122 provides an output signal WPLSot. On the other 
hand, the other clocked inverter 114 is connected to a latch 
circuit 124 comprised of cross-coupled inverters 126 and 
128. The output of latch circuit 124 is connected to an input 
of a tWo-input NOR gate 130. NOR gate 130 has the other 
input supplied With an internal clock signal (|)W[32 used for 
Writing into the B memory bank. NOR gate 130 provides an 
output signal WPLSB. 
[0049] Let us noW consider the case Where memory cells 
M1 to M8 and memory cells Mm to Mm+7 are subjected to 
data Writing in the same order as that in the above described 
data reading. As shoWn in FIG. 7, RAS signal goes to “L” 
level and subsequently OAS signal goes to “L” level. In 
response to the ?rst loW-going level transition of OAS 
signal, internal clock signal (bA goes from “H” level to “L” 
level, and clock signal (BB is held at “H” level. Under this 
situation, one of column address decoders 38a forAmemory 
bank 30a is selected in accordance With address data from 
address controller 42 to specify, for eXample, column select 
line OSLA1. If internal clock signals (1% and 6B are 
sWitched in level, then one of column address decoders 38b 
for B memory bank 30b is selected to specify, for eXample, 
column select signal OSLB1. As a result, eight bit memory 
cells of memory cells M1 to M4 and memory cells M5 to M8 
are accessed, Which is fundamentally the same as that in the 
read mode. 

[0050] If WE signal is at “L” level at the time of the ?rst 
loW-going level transition of OAS signal, then Write con 
troller 68 becomes operative. In Write controller 68, internal 
clock signal ¢Wot1 goes to “L” level in response to the ?rst 
loW-going level transition of OAS signal, thereby producing 
pulse ¢Wot2 as shoWn in FIG. 7. Clock signal ¢Wot1 goes 
to “H” level in response to the fourteenth toggling step (for 
reference, the toggling step Nos. of OAS signal are shoWn 
enclosed by circles in FIG. 7 as Well) of OAS signal and 
returns to “L” level in response to the seventeenth toggling 
step of OAS signal. Olock signal <|>Wot1 goes to “H” level in 
response to the siXth toggling step of OAS signal and returns 
to “L” level in response to the ninth toggling step of OAS 
signal. Olock signal (|)W[32 is produced in synchroniZation 
With the loW-going level transition of clock signal (|)W[32 as 
shoWn in FIG. 7. 

[0051] When WE signal is at “L” level, Write controller 68 
causes this signal to be held by latch circuit 116 in synchro 
niZation With the level transition of clock signal <|>Wo<2, 
producing output signal WPLSot. This signal WPLSO. is 
applied to input data buffer 54 and input shift registers 62a 
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and 62b for activation thereof. Data D1 to D4 entered to 
terminal Din in serial manner are converted to parallel data 
by data buffer 54 in synchroniZation With the ?rst four 
toggling steps of OAS signal. The converted data is trans 
ferred, through Write gate circuit 58a Which is noW on, to 
latch circuit array 60a to be held in latches L1‘A, L2‘A, L3‘A 
and L4‘A. The data is transferred to lines DQA1, DQA2, 
DQA3 and DQA4 of input/output line set 36a for Amemory 
bank 30a. Since column select line OSLA1 is speci?ed at 
this point, data D1 to D4 on input/output lines DQA1, 
DQA2, DQA3 and DQA4 are Written into the selected group 
of memory cells M1, M2, M3 and M4 ofA memory bank 
30a. 

[0052] NeXt, When OSLA1 signal goes to “L” level and 
OSLB1 signal goes to “H” level, another set of input data D5 
to D8 are similarly entered through input buffer 54 and 
transferred from data buffer 54, through Write gate 58b 
Which is noW enabled, to the other latch circuit array 60b to 
be held in latches L1‘A, L2‘A, L3‘A and L4‘A in synchro 
niZation With the neXt four toggling steps (i.e., the ?fth to 
eighth toggling steps) of OAS signal. The data is transferred 
to lines DQB1, DQB2, DQB3 and DQB4 of input/output 
line set 36b for B memory bank 30b. Since column select 
line OSLB1 is speci?ed at this point, data D5 to D8 on those 
input/output lines are Written into the selected group of 
memory cells M5, M6, M7 and M8 of B memory bank 30b. 
During this Writing operation input/output lines DQA1, 
DQA2, DQA3 and DQA4 of A memory bank 30a are 
precharged. 
[0053] If WE signal is at “L” level When clock signal 
(|)W[31 goes to “H” level in response to the siXth toggling step 
of OAS signal as shoWn in FIG. 7, the succeeding eight-bit 
memory access is also considered to be in a data Write cycle. 
Signal (|)W[31 goes to “L” level at the time of the loW-going 
level shift at the ninth toggling step of OAS signal, produc 
ing signal (|)W[32. Signal WPLSB goes to “H” level, activat 
ing input shift registers 62a and 62b again. Therefore, the 
folloWing input data Dm, Dm+1, Dm+2 and Dm+3 are 
Written into memory cells Mm, Mm+1, Mm+2 and Mm+3 of 
a memory cell unit associated With a column address select 
line speci?ed according to column addresses AOc to Anc, in 
synchroniZation With the ninth to tWelfth toggling steps of 
OAS signal in fundamentally the same manner as described 
above. During this process input/output lines DQB1, DQB2, 
DQB3 and DQB4 connected to memory cells M5 to M8 are 
precharged. AfterWard, a memory subgroup having memory 
cells Mm+4, Mm+5, Mm+6 and Mm+7 of the opposite 
system memory bank 30a is Written into similarly. 

[0054] As in the data reading operation, memory access 
ing for data Write is also performed in unit of eight bit cells 
selected from tWo memory subgroups, each of four memory 
cells, included in A memory bank 30a and B memory banks 
30b. In the midst of accessing the latter four bit cells, that is, 
at the time of the siXth toggling step of OAS signal, 
preparation for accessing of the neXt series of eight bit cells 
is initiated. At this point, When WE signal is at “L” level, the 
neXt eight bit cells are put in the Write mode so that memory 
accessing for data Write is successively performed com 
mencing With one of A memory bank 30a and B memory 
bank 30b that has already been precharged. 

[0055] Read/Write Alternate Execution Mode 

[0056] In the midst of accessing of the ?rst eight bit cells, 
that is, at the time of the siXth toggling step of OAS signal, 
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if WE signal is at “H” level, then the next eight bit cells are 
put in the read mode. Hence, memory accessing for data read 
is performed commencing With a desired memory unit (e.g., 
subgroup of memory cells Mm, Mm+1, Mm+2 and Mm+3) 
of one of Amemory bank 30a and B memory bank 30b that 
has already been precharged. This operation mode is the 
“read/Write alternate execution mode.” 

[0057] In FIG. 8, there are illustrated Waveforms of vari 
ous signals developed to continue Writing input data D1‘ to 
D8‘ into the next eight bit memory cells Mm to Mm+7 in 
response to OSA signal going to “L” level after readout of 
data from a series of eight bit memory cells M1 to M8. The 
utility of the DRAM can be increased because of the fact that 
accessing of memory cells in unit of eight bit cells selected 
from A memory bank 30a and B memory bank 30b is freely 
decided betWeen data reading and data Writing. Even though 
such different modes of operation are repeated, any idle time 
interval Will never be produced in sWitching these modes 
because necessary preparation or preprocessing (e.g., pre 
charging of a memory bank access to Which has been 
terminated, etc) for executing the next speci?ed mode of 
operation is made in parallel in the midst of the previous 
accessing. 
[0058] According to the DRAM and the speci?c accessing 
architecture, each unit of eight bit memory cells halves of 
Which are respectively selected from tWo memory banks 30a 
and 30b can be accessed serially and continuously. Since 
there is no need for any idle time betWeen processes of 
accessing eight bit cells, the overall operation can be 
speeded up. The sequence designating constraints on 
memory accessing in the DRAM can be eliminated to 
implement random designation. This means that access 
speed can be improved While leaving merits of the random 
access. Accordingly, the ef?ciency of data transfer betWeen 
the cache memory and the DRAM can be raised. Such 
features Will lend themselves to future DRAMS of higher 
packing density. 
[0059] Although the invention has been described With 
reference to a speci?c embodiment, it Will be understood by 
those skilled in the art that numerous modi?cations may be 
made Within the spirit and scope of the invention. 

[0060] For example, Write controller 68 of FIG. 6 may be 
modi?ed, as shoWn in FIG. 9, such that clocked inverters 
112 and 114 are replaced With OR gates 140 and 142. WE 
signal is applied to inputs of OR gates 140 and 142 via an 
inverter 142. Internal clock signals ¢Wot1 and (|)W[31 are 
applied to the remaining inputs of OR gates 140 and 142. 
Output signals of OR gates 140 and 142 are applied to latch 
circuits 116 and 124, respectively. With such an arrange 
ment, effective Write control can be implemented. 

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

memory cells connected to Word lines and divided into a 
plurality of memory groups including ?rst and second 
groups, each of said ?rst and second groups including 
an array of memory cells connected to a corresponding 
Word line, and said memory cells being subdivided in 
subgroups each of Which has a selected number of 
memory cells; 

a ?rst set of input/output lines provided for said ?rst group 
of memory cells; 
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a second set of input/output lines provided for said second 
group of memory cells; 

output circuit means connected to said ?rst and second 
sets of input/output lines for outputting data transferred 
thereto; and 

controller means connected to said memory cells and said 
?rst and second set of input/output lines, for specifying 
said subgroups alternately from said ?rst and second 
groups in unit of said selected number of memory cells, 
for accessing memory cells in a speci?ed subgroup to 
read stored data therefrom, and for transferring the read 
data to corresponding input/output lines associated 
With the accessed memory cells, the read data being 
supplied to said output circuit means, said controller 
means including address control means for receiving 
and temporarily holding address data While accessing a 
certain subgroup of memory cells selected from one of 
said ?rst and second groups of memory cells, said 
address data being used for accessing another subgroup 
of memory cells Which are to be selected next and 
contained in the other of said ?rst and second groups of 
memory cells, Whereby accessing said another sub 
group of memory cells is initiated at substantially the 
same time accessing said certain subgroup of memory 
cells selected from said one of said ?rst and second 
groups of memory cells is terminated. 

2. The device according to claim 1, Wherein said control 
ler means includes decoder circuit sections respectively 
provided in said ?rst and second groups of memory cells, 
each of said decoder circuit sections having a decoder Which 
produces, When a corresponding subgroup of memory cells 
associated With said decoder is selected, a signal for speci 
fying electrical connection of said corresponding subgroup 
of memory cells to a corresponding one of said ?rst and 
second sets of input/output lines Which is associated With 
said corresponding subgroup of memory cells. 

3. The device according to claim 1, further comprising 
Write control means connected to said ?rst and second sets 
of input/output lines for receiving externally applied input 
data, specifying subgroups of said ?rst and second groups 
alternately, transferring said input data to a corresponding 
one of said ?rst and second sets of input/output lines that is 
associated With a selected subgroup, and Writing said input 
data into said selected subgroup of memory cells. 

4. The device according to claim 3, Wherein said Write 
control means includes data conversion means connected to 
receive data of serial bits as said input data for converting 
said data to data of parallel bits corresponding in number to 
the selected number of memory cells contained in each of 
said subgroups. 

5. The device according to claim 4, Wherein said Write 
control means includes gate means connected to said ?rst 
and second sets of input/output lines for transferring the 
parallel-bit data to one of said ?rst and second sets of 
input/output lines Which is associated With a memory group 
including a subgroup of memory cells into Which id parallel 
bit data is to be Written. 

6. A semiconductor random access memory comprising: 

parallel Word lines each of Which is divided into ?rst and 
second subWord lines; 

memory cells each of 1 bit connected to each of said Word 
lines, said memory cells constructing ?rst and second 
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memory arrays respectively connected to said ?rst and 
second subWord lines, each of said memory cell arrays 
being divided into memory cell units each of Which has 
a given number of memory cells, said memory cell 
units of said ?rst memory array forming a ?rst memory 
bank, and said memory cell units of said second 
memory array forming a second memory bank; 

?rst data input/output lines for said ?rst memory bank, 
said memory cell units of said ?rst memory arrays 
being electrically connected to said ?rst data input/ 
output lines in parallel; 

second data input/output lines for said second memory 
bank, said memory cell units of said second memory 
arrays being electrically connected to said second data 
input/output lines in parallel; 

?rst gate means connected to betWeen said memory cell 
units of said ?rst memory array and said ?rst data 
input/output lines for permitting data transfer therebe 
tWeen, said ?rst gate means having ?rst gate units 
respectively associated With said memory cell units of 
said ?rst memory array; 

second gate means connected to betWeen said memory 
cell units of said second memory array and said second 
data input/output lines for permitting data transfer 
therebetWeen, said second gate means having second 
gate units respectively associated With said memory 
cell units of said second memory array; and 

memory access control means connected to said ?rst and 
second gate means for selecting a certain memory cell 
unit of said ?rst memory bank, turning a ?rst gate unit 
associated With the selected memory cell unit on, and 
connecting the selected memory cell unit to said ?rst 
data input/output lines via said ?rst gate unit, thereby 
simultaneously accessing memory cells contained in 
the selected memory cell unit of said ?rst memory 
bank; and for selecting a certain memory cell unit of 
said second memory bank, turning a second gate unit 
associated With the selected memory cell unit on, and 
connecting the selected memory cell unit to said second 
data input/output lines via said second gate unit, 
thereby simultaneously accessing memory cells con 
tained in the selected memory cell unit of said second 
memory bank. 

7. The device according to claim 6, Wherein said memory 
access control means turns said second gate means off While 
accessing said memory cells contained in said selected 
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memory cell unit of said ?rst memory bank, Whereby said 
second memory bank is electrically disconnected from said 
second data input/output lines. 

8. The device according to claim 7, Wherein said memory 
access control means alloWs data to be read from said 
memory cells contained in said selected memory cell unit of 
said ?rst memory bank and said memory cells contained in 
said selected memory cell unit of said second memory bank. 

9. The device according to claim 7, Wherein said memory 
access control means alloWs data to be Written into said 
memory cells contained in said selected memory cell unit of 
said ?rst memory bank and said memory cells contained in 
said selected memory cell unit of said second memory bank. 

10. The device according to claim 7, Wherein said 
memory access control means alloWs data to be read from 
said memory cells contained in said selected memory cell 
unit of said ?rst memory bank and alloWs data to be Written 
into said memory cells contained in said selected memory 
cell unit of said second memory bank. 

11. The device according to claim 7, Wherein said memory 
access control means alloWs data to be Written into said 
memory cells contained in said selected memory cell unit of 
said ?rst memory bank and alloWs data to be read from said 
memory cells contained in said selected memory cell unit of 
said second memory bank. 

12. The device according to claim 9, further comprising 
data Writing means connected to said ?rst and second 
input/output lines for receiving externally applied data as 
input data, applying to said ?rst input/output lines data to be 
Written into said memory cells of said selected memory cell 
unit of said ?rst memory bank, and applying to said second 
input/output lines data to be Written into said memory cells 
of said selected memory cell unit of said second memory 
bank. 

13. The device according to claim 10, further comprising 
data Writing means connected to said ?rst and second 
input/output lines for receiving externally applied data as 
input data and applying to said second input/output lines 
data to be Written into said memory cells of said selected 
memory cell unit of said second memory bank. 

14. The device according to claim 11, further comprising 
data Writing means connected to said ?rst and second 
input/output lines for receiving externally applied data as 
input data and applying to said ?rst input/output lines data 
to be Written into said memory cells of said selected memory 
cell unit of said ?rst memory bank. 


