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[57] ABSTRACT

A semiconductor memory device is improved as re-
gards current consumption and access time by dividing
the memory cells into a plurality of columner groups
and providing group selecting lines. Front-end word
lines flow resistance are connected to outputs of row
decoders, and AND gates receive selecting signals on
the group selecting lines and the outputs of the front-
end word lines. Word lines of a comparatively short
length are connected to the AND outputs.
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1
SEMICONDUCTOR MEMORY DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to a semiconductor memory
device in which the access time is improved and the
power consumption is decreased.

FIG. 1 is a block diagram showing a conventional
semiconductor memory device. In FIG. 1, reference
numeral 1 designates memory cells which are arranged
in matrix form and are shown in detail in FIG. 2; 2a and
2b, pairs of complementary bit lines; 3, word lines
which, when selected, render active the memory cells
thereon; 4, row decorders for decoding row address
data: 6a and 6b, bit line loads connected to the bit lines
2a and 2b, respectively; and 7, power source terminals.

In FIG. 2 showing the memory cell 1, reference char-
acters 8a and 8b designate load elements comprising
MOS transistors, resistors, etc; 9a and 9b, inverter tran-
sistors; 10a and 10b, access transistors; and 11a and 11b,
the storage nodes of the memory cell 1.

The operation of the semiconductor memory device
thus organized will now be described with respect to
the case where, for instance, the nodes 11a and 11b are
at “H” and “L” levels, respectively. First, in the case of
reading, the address data of a memory cell to be read 1s
applied to an address signal line 5, so that a desired
word line 3 is activated through the row decoder 4,
whereupon the access transistor 10b which stores the
“L” level is rendered conductive. As a result, current
from the power source terminal 7 flows in the bit line
load 7b, the line 2b, the access transistor 10b and the
inverter transistor 9b, thus, accomplishing the reading
operation.

In this semiconductor device, all of the memory cells
on one and the same line are made active, and therefore
currents flow to the memory cells from the power
source terminals of all the columns. Accordingly, if a
large capacity static RAM having a number of columns
is formed, a large amount of current is inevitably con-
sumed.

In order to decrease the current consumption, a semi-
conductor memory device as shown in FIG. 3 has been

proposed in the art. In this device, row decoders 4 are
arranged in the middle of a memory cell plane, the word
lines are divided into a group of left word lines 3a and
a group of right word lines 3b, and only the word lines
of a selected one of the right and left memory cell
groups are made active, so that current flows in only
half of the columns. In FIG. 3, reference characters 12a
and 12b designate AND gates for selecting the left
word lines 3a and the right word lines 3b, respectively;
and 13a and 13b, gate signal lines for opening the AND
gates 12a and 12b, respectively.

Devices similar to that shown in FIG. 3 are disclosed
in articles by Minato et.al.; Ebel et.al.; and Anami et. al.
in the ISSCC Digest of Technical Papers; Feb. 1982;
pages 250-251; 254-255; and 256-257; respectively. In
each case, the current consumption is cut in half by
employing decoders arranged between right and lett
memory arrays.

FIG. 4 is an explanatory diagram showing the ar-
rangement of a conventional semiconductor memory
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device formed according to the technical concept of
FIG. 3. In this device, the row decoders 4a and 4b are
arranged in a plurality of columns, and the word lines 3a
through 3d are provided in as many as double the num-
ber of columns, so that the number of DC current paths
is decreased.

However, the conventional semiconductor device
suffers from drawbacks in that, as it requires a number
of row decoders, the chip area is necessarily large, and
the response characteristic and the yield are insufficient.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to provide
a semiconductor memory device which may be oper-
ated at high speed and which is low 1n power consump-
tion and large in capacity.

The foregoing object and other objects of the inven-
tion have been achieved by the provision of a semicon-
ductor memory device which, according to the inven-
tion, comprises N memory cell groups which are ob-
tained by dividing a memory cell array into N parts
formed by arranging memory cells in matrix torm;
memory cell group selecting lines for selecting one of
said memory cell groups; row decoders for decoding
the row address data of a memory cell group to be
accessed; front-end word lines connected to the output
terminals of the row decoders; AND gates for ANDing
selecting signals on the memory cell group selecting
lines and the output signals of the front-end word lines;
and word lines connected to the output terminals of the
AND gates, respectively, the front-end word lines and
the word lines being arranged in parailel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing one example of a
conventional semiconductor memory devic,;

FIG. 2 is a circuit diagram showing the details of a
memory cell of FIG. 1;

FIG. 3 is a block diagram showing another example
of a conventional semiconductor memory devicCe;

FIG. 4 is a functional diagram showing the construc-
tion of a memory device using the concept shown in
FIG. 3; and,

FIG. 5 is a block diagram showing one example of a
semiconductor memory device according to this inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 5 is a block diagram showing one example of a
semiconductor memory device according to this inven-
tion. By way of example, memory cell groups 1a, 1b and
1c are arranged in three columns. In FIG. §, reference
characters 14a, 14b and 14c designate memory cell
group selecting lines for selecting these memory cell
groups 1a, 1b and 1c, respectively; 15, front-end word
lines arranged in parallel with the word lines 3a, 3b and
3c; and 16a, 16b and 16c, AND gates having input ter-
minals connected respectively to the front-end word
lines 15 and the memory cell selecting lines 14a, 14b and
14c and output terminals connected respectively con-
nected to the word lines 3a, 3b and 3c.

The operation of the semi-conductor memory device
thus organized will now be described. For instance, in
order for a memory cell in the memory cell group 1s to
be selected, the row address data of the memory cell
group la to be accessed is decoded by the row decoders
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4, so that one of the front-end word lines 18 1s activated.
In this condition, a selecting signal 1s applied to the
memory cell group selecting line 14a. As a result, the
corresponding AND gate 16 ts opened, and the corre-
sponding word line 3a is activated. Accordingly, col-
umn current flows into the memory cell group 1la
through a bit line (not shown) from a power source (not
shown).

Although the selection of a memory cell in the mem-
ory cell group 1a is described above, it goes without
saying that in the other memory cell groups, a memory
cell can be selected in the same manner. In the above-
described example, three memory ceil groups are em-
ployed; however, the technical concept of the invention
1s equally applicable to the case where N memory cell
groups are provided (where N=2). If only the front-
end word lines 15 are made of a low resistance material,
then the capacitance is small because the word lines are
short even through they are somewhat high in resis-
tance. Therefore, the memory cells can be accessed at
high speed. Since each of the AND gates 16a, 16b and
16c has only two input terminals and one output termi-
nal, the circuit 1s simple, and therefore any increase in
the chip area can be neglected. In addition, it is apparent
that the row decoders 4 may be arranged either in the
middle of the chip or at the end thereof.

As was described above in detail, in the semiconduc-
tor memory device adcording to the invention, line
selection 1s hierarchically carried out so that a memory
cell is selected in two steps by using front-end word
lines and word lines. Accordingly, the number of
colums including active DC current paths can be de-
creased. Thus, the semiconductor memory device ac-
cording to the invention is operable at high speed and is
low in power consumption although large in capacity.

What 1s claimed is:

1. A semiconductor memory device, comprising:

N memory cell groups, which groups are obtained by
dividing a memory cell array into N parts formed
by arranging memory cells in matnx form;

memory cell group selecting lines for selecting one of
said memory cell groups;

row decoders for decoding the row address data of a
memory cell group to be accessed;

front-end word lines connected to the output termi-
nals of said row decoders, respectively.

AND gates for ANDing selecting signals on said
memory cell group selecting lines and output sig-
nals of said front-end word lines; and

word lines connected to the output terminals of said
AND gates, respectively.

2. A device as claimed in claim 1, wherein said fron-

tend word lines are lower in resistance than said word
lines.
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3. A device as claimed 1n claim 1, wherein said word
lines and said front-end word lines are arranged in par-
allel to one another.

4. A device as claimed in claim 1, said row decoders
being arranged at one side of said N memory cell
Zroups.

3. A device as claimed in claim 1, said memory cell
groups being arranged in the form of columns.

6. A device as claimed in claim 1, said word lines and
said front-end word lines each being arranged perpen-
dicular to the direction of said columns.

7. A semiconductor memory device, comprising:

memory cell array arranged in a matrix of rows and
columns of memory cells, said memory cell array
being divided into a plurality of groups of memory
cells, each group comprising a submatrix of said
memory cells, each submatrix comprising a plurality
of divided row lines for activating respective rows of
said memory cells within said submatrix, one divided
row line being provided for each row of memory cells
within said submatrix;

memory cell group selecting lines for selecting one of said
memory cell groups for access, one of said memory
cell group selecting lines being provided for each of
said memory cell groups;

row decoders for decoding row address duata to select a
row of said matrix to be accessed;

a plurality of front-end word lines extending over said
memory cell groups, each of said front-end word lines
being connected to an output of a respective one of said
row decoders; and

means for activating said divided row lines in response to
activation of corresponding ones of said memory cell
group selecting lines and said front-end word lines.

8. The semiconductor memory device as claimed in
claim 7, wherein said activating means further comprises a
plurality of AND gates, one of said AND gates being pro-
vided for each of said divided word lines, each of said AND
gates having a first input connected to respective one of said
memory cell group selecting lines and a second input con-
nected 1o a respective one of said front-end word lines.

Q. The semiconductor memory device as claimed in 7,
wherein said front-end word lines are lower in resistance
than said word lines.

10. The semiconductor memory device as claimed (n
claim 7, wherein said word lines and said front-end word
lines are arranged in parallel to one another.

11. The semiconductor memory device as claimed in
claim 7, wherein said row decoders are arranged at one side
of said N memory cell groups.

12. The semiconductor memory device as claimed in
claim 7, wherein said memory cell groups are arranged in
the form of columns.

13. The semiconductor memory device as claimed in
claim 7, wherein said word lines and said front-end word
lines are each arranged perpendicular to the direction of

said columns.
i = t X
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