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1
SEMICONDUCTOR MEMORY DEVICE

Matter enclosed in heavy brackets [ J 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

1. Field of the Invention

This invention relates to a semiconductor memory
device, and more particularly to an improved semicon-
ductor memory device which ensures improvement in
access time and power consumption.

2. Description of the Prior Art

FIG. 1 is a schematic block diagram showing a con-
ventional semiconductor memory device. Interposed
between each of pairs of bit lines 2a and 2b in comple-
mentary relationship are a plurality of memory cells 1
arranged in a matrix (rows by columns). The memory
cells on the same row are connected to one and the
same word line 3 which enables the same. Each of the
word lines 3 is connected to a row decoder 4 which in
turn is connected to a row address signal line 5§ for
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decoding row address information. Respective ones of 23

the bit lines 22 and 2b are connected to power supply
terminals 7 by way of bit line loads 6a and 6b.

FIG. 2 1s a circuit diagram detailing the memory cell
1 as shown in FIG. 1. One electrode of each of access
transistors 10a and 10b is connected to the bit lines 2a or
2b, respectively, while its other electrode is connected
to a store node 11a or 11b of the memory cell 1, respec-
tively, the control electrode thereof being connected to
a common word line 3. There are connected between
the store nodes 11a and 11b inverter transistors 9a and
9b. Furthermore, the store nodes 11a and 11b are con-
nected to the power supply terminals 7 through load
elements 8a and 8b which typically comprise resistors.

The following will set forth operation of the semicon-
ductor memory device described above when “high”
level is written into the store node 11a and “low” level
into the store node 11b, for example. If it is desired to
read out the subject memory cell so written, then ad-
dress information for that subject cell is fed to the ad-
dress signal line 5 to activate the word line 3 on the row
where there 1s disposed the subject cell. Upon activat-
ing the word line 3 the access transistors 10a and 10b
become conductive. One of the inverter transistors 9b
becomes conductive or ON because of the “high” level
at the store node 1la, so that current flows through the
bit line load 10b, the bit line 2b, the access transistor 10b
and the inverter transistor 9b from the power supply
terminal 7, thereby reading out the memory cell.

Since all of the memory cells on the same row are
activated within the above arrangement of the semicon-
ductor memory device, current (column current) flows
from the power supply terminal to the memory cells via
the bit lines over all of the columns, consumption cur-
rent is remarkable especially in case of a static RAM of
a large capacity with a good number of columns. A
semiconductor memory device as illustrated in FIG. 3
has been suggested as one approach to minimize con-
sumption current. In the semiconductor memory device
illustrated therein, row decoders 4 are disposed at the
center of the memory cell plane with each of word lines
divided into a left-sided word line 3a and a right-sided
word line 3b. AND gates 12a are for selection of the
left-sided word lines 3a while another AND gates 12b
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2
are for selection of the right-sided word lines 3b. One
input of each of the AND gates 12a and 12b is con-
nected to the output of each of the row decoders 4 and
the other input thereof is connected to a gate signal line
13a or 13b to which a gate enable signal is fed to open
the associated gates.

By selectively applying the gate enable signal via the
gate signal line 13a or 13b, only the word lines associ-
ated with a selected one of the left and right groups of
the memory cells are activated. Accordingly, a path for
column current is set up for only half of the columns of
the matrix, whereby cutdown of power consumption is
assured.

FIG. 4 shows a layout of another conventional semi-
conductor memory device designed based upon the
concept as shown in FIG. 3. Generally, row decoders
4a and 4b are disposed for a plurality of columns and
word lines 3a-3d are divided correspondingly, thereby
reducing the number of DC current paths.

However, this conventional semiconductor memory
device requires provision of a number of the row decod-
ers, and hence, has the problem of increased chip area
and deterioration of high speed performance and yield.

SUMMARY OF THE INVENTION

This invention is directed to a semiconductor mem-
ory device including a matrix of memory cells arranged
in rows and columns. The semiconductor memory de-
vice according to this invention comprises: a plurality
of groups of memory cells divided by segmenting said
matrix in the direction of the columns; memory cell
group selection lines each provided for each of said
groups for selection of any one of said plurality of the
groups of said memory cells; row decoders each pro-
vided for each of said rows for decoding of row address
information for a particular memory cell to be accessed;
preceding word lines each connected to the output of
each of said row decoders; [AND gates each provided
for providing a logical product of a group enable signal
carried on said memory cell group selection line and a
row enable signal from sard row decoders on said pre-
ceding word lines;] group word lines each provided
per group and per row [for receiving the logical prod-
uct output from each of said AND gates]; and means

for activating said group word lines selectively in response

to a memory cell group selecting signal carried on said
memory group selection line and a row enable signal from
said row decoders on the preceding word line; wherein said
particular memory cell is accessed [with the logical
product output from the corresponding one of said
group word lines]}.

Accordingly, it is the primary object of the present
invention to provide a semiconductor memory device
which ensures high speed performance and high yield
with a mininum of chip area and power consumption.

These objects and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram showing a con-
ventional semiconductor memory device;

FIG. 2 is a circuit diagram detailing a memory cell 1
in FIG. 1;
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FIG. 3 i1s a schematic block diagram showing an
improved conventional semiconductor memory device;

FI1G. 4 shows extension of the memory device of
FIG. 3;

FIG. 5 is a schematic block diagram of a semiconduc-
tor memory device according to a preferred embodi-
ment of the present invention;

FI1G. 6 1s a schematic block diagram of another pre-
ferred embodiment of a semiconductor memory device
according to the present invention; and

FI1GS. 7 to 9 show preferred embodiments of an
AND gate for use in the semiconductor memory device
according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 5 18 a block diagram schematically showing a
semiconductor memory device according to a preferred
embodiment of the present invention, wherein memory
cells in a matrix arrangement are divided in the direc-
tion of columns into three groups 1a, 1b and 1c, for
example. Likewise with the conventional memory de-
vice, outputs of row decoders 4 are led to preceding
(e.g. input) word lines 15 each of which is common to all
of the memory cells on the same row {without regard to
the groups of the memory cells). In addition to such
preceding word lines 15 there are group word lines 3a,
3b and 3¢ which are provided for respective ones of the
groups and led commonly to all of the memory cells on
the same row in the same group in juxtaposition with
the preceding word lines 15. One input to each of AND
gates 16a, 16b and 16c for selection of the group word
lines 3a, 3b and 3c is connected to corresponding one of
the preceding word lines 15 common to each row and
the other input thereof is connected to corresponding
one of group selection lines 14a, 14b and 14c¢ for selec-
tion of one of the groups 1a, 1b and 1c, while the output
thereof is connected to each of the group word lines 3a,
3b and 3c common to each row in the same group. The
group selection lines 14a, 14b and 14c¢ are connected
respectively to the cutputs of memory cell group selec-
tors 17a, 17b and 17c to which memory cell group selec-
tion signals are supplied.

To reduce the area of each memory cell in the manu-
facture of the semiconductor memory device as dis-
cussed above, the group word lines 3a, 3b and 3c may
be made up by the same layer of polysilicon as the gates
of the MOS transistors 10a and 10b (see FIG. 2) and the
preceding word lines 15 may be made up by a layer of
polysilicon different from the above-mentioned polysili-
con layer or a layer of metallic wiring typically of alu-
minum, molybdenum or molybdenum silicide.

Operation of the semiconductor memory device ac-
cording to the preferred embodiment of the present
invention as described previously will now be explained
with reference to FIG. §. The row decoders 4 decode
row address information applied thereto and activate
one of the preceding word lines 15 which corresponds
to the row of a particular memory cell to be accessed.
Assume now that the subject memory cell belongs to
the first groups 1a in the first row of the memory cell
matrix, for example. In this case, the highest of the
preceding word lines 18§ as shown in FIG. 5§ (i.e. the first
row) 1s selected and activated. The group selectors 17a,
17b and 17c¢ decode the group selection signals applied
thereto and activate one of the group selection lines 14a,
14b and 14c¢ which corresponds to a particular group
including the column of the subject memory cell to be
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accessed. In the given example, the subject cell is within
the group 1a so that the group selection line 14a is acti-
vated. For selection of the group selection lines a suit-
able means other than the group selectors is also avail-
able.

In response to concurrently activating of the preced-
ing word line 15 and the group selection line 14a, the
highest of the AND gates 16a activates the highest of
the group word lines 3a which corresponds to only the
first row in the group 1a. As stated previously, con-
nected to the highest group word line 3a are only the
memory cells in the group 1a on the first row of the
matrix. It is thus noted that the memory cells where its
associated access transistors 10a and 10b (see FIG. 2)
are rendered conductive (i.e. activation of the memory
cells) upon activation of the group word line 3a are only
those on the first row belonging to the group 1la. Ac-
cordingly, column current, that is, current flowing from
the power supply terminal 7 to the memory cells
through the bit line 2b (cf. FIG. 1) is limited to only the
columns including the selected group 1a of the memory
cells. Eventually, this assures a substantial cutdown of
consumption power.

It is possible that the above memory arrangement
may be considered as similar to the conventional ar-
rangement as shown in FIG. 3. However, the memory
arrangement according to the present invention as typi-
cally shown in FIG. § is quite different from the con-
ventional one of FIG. 3 and offers many advantages
over the conventional one as will be clearly understood

below.

In the conventional arrangement, a column of the
row decoders are disposed at the center of the columns
of the memory cells and all of the columns of the mem-
ory cells are divided into the right and left groups. The
location of the row decoders column is limited within
the columns of the memory cells and a plurality of
columns of the row decoders are required when the
columns of the memory cells are desired to be divided
into more than two groups. Pursuant to the present
invention, on the other hand, there is no limitation on
the location of the row decoders column, thus assuring
simple but efficient placement of the decoders espe-
cially at edge portions of memory cell regions of the
chip. Furthermore, the present invention requires only
one column of row decoders to divide the columns of
the memory cells into an optional number of groups.
Because a number of columns of the row decoders as
required in the conventional memory device are not
necessary, the attendant advantages are reduction of
chip area, high manufacturing yield and improved high
speed performance.

The memory device according to the present inven-
tion offers not only the foregoing advantages but also
further advantageous features which are not expected in
the conventional device as long as it is constructed
typically as shown in FIG. 6. In FIG. 6, another pre-
ferred embodiment of the semiconductor memory de-
vice according to the present invention is illustrated,
which differs from the embodiment of FIG. § in that the
outputs of the memory cell group selectors 17a, 17b and
17c are connected to not only the group selection lines
14a, 14b and 14c respectively but also column decoder
groups 18a, 18b and 18c, respectively. The group selec-
tors 17a, 17b and 17¢ 1n this embodiment serve as prede-
coders for column selection as well as selectors for the
group selection lines as in the embodiment of FIG. 5.
The column decoders 18a, 18b and 18c are greatly sim-
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plified to such as extent as to remarkable reduce layout
area as compared with the column decoders in the con-
ventional device.

Though selection of the memory cells in the memory
cell group 1a has been discussed in detail, it is obvious
that any memory cells in the memory cell groups 1b and
Ic may be selected in the same manner. Moreover,
though the memory cells are divided into the three
groups in the above embodiments, they may be divided
into N groups (N=2). As long as only the preceding
word lines 15 are made up by low resistance material, it
1s possible to access the memory cells at high speed even
though the resistance of the group word lines is rela-
tively high because the latter are short in length and
smail in capacitance. Furthermore, although in the
above embodiments the column of the row decoders are
disposed at the edge portion of the memory region in
the chip, they may be disposed at the center of the
memory region or any other desired location if neces-
sary. It 1s further apparent that the present invention is
equally applicable when the row decoders are aligned
in a plurality of columns.

The AND gates 16a-16c having the two input termi-
nals and the one ocutput terminal are simplified in config-
uration and the chip area occupied by those gates is
almost negligible. A preferred embodiment of the AND
gates is illustrated in FIG. 7.

In FIG. 7, the drain electrode, gate electrode and
source electrode of a MOS transistor 21 are respectively
connected to the preceding word line 18, the memory
cell group selection line 14a, 14b or 14c and the group
word line 3a, 3b or 3c. The drain electrode of another
MOS transistor 22 is connected to the group word line
3a, 3b or 3c with the source electrode thereof grounded.
An inverter means 20 is intervened between the gate
electrode of the MOS transistor 22 and the memory cell
group selection line 14a, 14b or 14c.

When the memory cell group selection line 14a, 14b
or 14c 1s disabled, the transistor 22 is ON or conductive
through operation of the inverter means 20 so that the
group word line 3a, 3b or 3c is grounded by way of the
transistor 22. If the memory group selection line is en-
abled, then the transistor 22 is turned OFF and the
transistor 21 is turned ON instead. If the preceding
word line 15 is enabled under these circumstances, the
group word line J3a, 3b or 3c is activated through the
transistor 21 in ON state.

As seen in FIG. 8, the inverter 20 may be disposed
out of the memory cell array and the gates of all of the
MOS transistors 1n each of the columns may be com-
monly supplied with “NOT" logic output of the mem-
ory cell group selection enable signal, in which case the
AND gates are simple in configuration.

In FIG. 9, there is illustrated another preferred em-
bodiment of the AND gates 16a, 16b and 16c. The drain
electrode, gate electrode and source electrode of a
MOS transistor 31 are respectively connected to the
memory cell group selection line 14a, 14b or 14c, the
preceding word line 1§ and the group word line 3a, 3b
or 3c, while the drain electrode of another MOS transis-
tor 32 is connected to the group word line 3a, 3b or 3c
and the source electrode thereof is grounded. An in-
verter means 30 is intervened between the gate elec-
trodes of the two MOS transistors 31 and J2.

In the case of the AND gate as shown in FIG. 9,
there is developed no parasitic gate capacitor on the
preceding word line 15 because of the preceding word
line 15 being isolated from the group word line 3a (3b,
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3c). The preceding word line 15 may therefore be acti-
vated through the row decoder at a higher speed. In
addition, the group word line 3a (3b, 3¢) is activated by
the memory cell group selection line 14a (14b, 14c)
through the MOS transistor 31. For these reasons it is
possible to access the memory cells at high speed even
though the resistance of the preceding word line is
relatively high. Accessing the memory cell at a higher
speed is possible through using wiring material of a low
resistance such as metal for the memory cell group
selection lines 14a (14b, 14¢) rather than the preceding
word lines 15 because the load capacity of the former is
greater than that of the latter. Like the AND gates in
FIGS. 7 and 8 the AND gates in the last embodiment
are simple in configuration with little increase in chip
area.

Although the present invention has been described
and illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.

What is claimed 1s: -

1. A semiconductor memory device including a ma-
trix of memory cells arranged in rows and columns, said
semiconductor memory device comprising:

a plurality of groups of memory cells divided by
segmenting said matrix in the direction of the col-
umns;

memory cell group selection lines for every one of
said groups for selecting any one of said plurality of
the groups of said memory cells;

row decoders for every one of said rows for decoding
of row address information for a particular mem-
ory cell to be accessed;

preceding word lines each connected to the output of
each of said row decoders;

[ AND gates each provided for providing a logical
product of a group enable signal carried on said
memory cell group selection line and a row enable
signal from said row decoders on said preceding
word lines;}

group word lines each provided per group and per
row [ for receiving the logical product output from
each of said AND gates]; and

means for selectively activating said group word lines
including selector means providing a memory cell
group selecting signal to at least one said memory cell
group selection line and means responsive to said
memory cell group selecting signal carried on said
memory cell group selection line and a row enable
signal from said row decoders on one of the preceding
word lines for driving a selected group word line,

wherein said particular memory cell is accessed[[
with the logical product output from the corre-
sponding one of said group word lines].

2. A semiconductor memory device in accordance
with claim 1 [further comprising } wherein said selector
means inciudes memory cell group selectors receiving
and decoding memory cell group selection signals for
selecting one of said plurality of the groups of the mem-
ory cells and for supplying said group enable signal
output onto said selected one of said memory cell group
selection lines.

3. A semiconductor memory device in accordance
with claim 2 further comprising column decoders for
decoding column address information for said particu-
lar memory cell to be accessed, wherein
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said group enable signal output on said selected one
of said memory cell group selection lines is sup-
plied to the corresponding ones of said column
decoders to serve as pre-decoding means for col-
umns selection. 5

4. A semiconductor memory device in accordance
with claim 1 wherein said semiconductor memory de-
vice is set up on a semiconductor chip and a column of
said row decoders are arranged at an edge portion of a
memory region of said chip.

5. A semiconductor memory device in accordance
with claim 1 wherein said semiconductor memory de-
vice is set up on a semiconductor chip and said preced-
ing word lines are made up to relatively low resistance
material.

6. A semiconductor memory device in accordance
with claim 1 wherein said semiconductor memory de-
vice is set up on a semiconductor chip;

said respective memory cells include an access tran-
sistor having a control electrode connected to the
corresponding one of said group word lines and
made up by a layer of polysilicon;

said group word lines are formed by the same layer of
polysilicon as that forming said control electrode;

said preceding word lines are made up by a layer of
polystlicon different from said layer of polysilicon
or a layer of metallic wiring material; and

said group word lines and said preceding word lines
are aligned in parallel in the direction of the rows.

7. A semiconductor memory device in accordance
with claim [1] /3 wherein said AND gates each com-
prises:

a first input portion receiving said group enable signal
from the corresponding one of said memory cell
group selection lines;

a second input portion receiving said row enable
signal from the corresponding one of said preced-
ing word lines;

an output portion supplying said logical product out- 4,
put to the corresponding one of said group word
lines;

a first transistor having a control electrode connected
to said first input portion and a pair of electrodes
one of which is connected to said second input
portion and the other of which is connected to said
output portion;

an inverter means receiving said group enable signal
from said first input portion and providing its logi-
cal “*NOT” output; and

a second transistor having a control electrode sup-
plied with said “NOT” output from said inverter
means and a pair of electrodes one of which is
connected to said output portion and the other of
which is grounded.

8. A semuconductor memory device in accordance
with claim [1] /3 further comprising a plurality of
inverter means each provided for each of the groups for
receiving said group enable signal from the correspond-
ing memory cell group selection line and providing its
logical “NOT” output; and wherein said AND gates
each comprises:

a first input portion recetving said group enable signal
from the corresponding one of said memory cell
group selection lines;

a second input portion receiving said row enable
signal from the corresponding one of said preced-
ing word lines;
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8

an output portion supplying said logical product out-
put to the corresponding one of said group word
lines;

a first transistor having a control electrode connected
to said first input portion and a pair of electrodes
one of which is connected to said second input
portion and the other of which is connected to said
output portion; and

a second transistor having a control electrode sup-
plied with said “NOT” output from the corre-
sponding one of said inverter means and a pair of
electrodes one of which is connected to said output
portion and the other of which is grounded.

9. A semiconductor memory device in accordance
with claim [1] I3 wherein said preceding word lines
are isolated from said group word lines so that said
preceding word lines are free of influence of a parasitic
capacitor in said memory cells.

10. A semiconductor memory device in accordance
with claim 9 wherein said AND gates each comprises:

a first input portion receiving said group enable signal
from the corresponding one of said memory cell
group selection lines;

a second input portion receiving said row enable
signal from the corresponding one of said preced-
ing word lines;

an output portion providing said logical product out-
put to the corresponding one of said group word
lines;

a first transistor having a control electrode connected
to said second input portion and a pair of electrodes
one of which is connected to said first input portion
and the other of which is connected to said output
portion;

an inverter means receiving said row enable signal
from said second input portion and providing its
logical “NOT” output; and

a second transistor having a control electrode receiv-
ing said “NOT” output from said inverter means
and a pair of electrodes one of which is connected
to said output portion and the other of which is
grounded.

11. A semiconductor memory device in accordance
with claim 10 wherein said preceding word lines are
made up by relatively low resistance material,
12. A semiconductor memory device in accordance
with claim 11 wherein said material is metal.
13. A semiconductor memory device in accordance with
claim I, wherein said activating means comprises AND
gates for providing a logical product of said memory cell
group selecting signal and said row enable signal.
14. A semiconductor memory device including a matrix
of memory cells arranged in rows and columns, said semi-
conductor memory device comprising:
a plurality of groups of memory cells divided by seg-
menting said matrix in the direction of the columns;

memory cell group selection lines for every one of said
groups for selecting any one of said plurality of the
groups of said memory cells;

row decoders for every one of said rows for decoding of
row address information for a particular memory cell
to be accessed;

preceding word lines each connected to the output of
each of said row decoders;

group word lines each provided per group and per row
and

logic circuitry for selectively activating said group word
lines including first logic circuits providing a memory
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cell group selecting signal to ones of said memory cell preceding word lines for selectively driving a group
selection lines and second logic circuits responsive to word line;
said memory cell group selecting signals carried on whereby said particular memory cell is selectively ac-
said memory cell group selection lines and to a row cessed.
enable signal from said row decoders on ones of said S ¢ x x x 2
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