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{(54) One transistor - one capacitor
memory cell

(57) An integrated circuit memory cell
pair has its data lines insulated with

respect to the semiconductor substrate
at all points other than the point of
electrical contact to the transistors of
each memory cell. The semiconductor
substrate has drain and source regions
about the transmission channel of the
field effect transistor and has a first
capacitor electrode integral with one
terminal of the transistor. A first poly-
silicon layer insulatively disposed rela-
tive to the substrate provides a conduc-
tive layer 82 for a second capacitor
electrode for each memory cell. A
second insulatively disposed polysili-
con layer provides the gate regions
16,26 of the transistors and the data
lines 30,32. The data lines make electric-
al contact through a self-aligned
embedded contact 62. Using this con-
struction, a highly dense memory cell
array is achieved without sacrificing
capacitor area.
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The drawing originally filed was informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
One transistor-one capacitor memory cell

Background of the invention
Field of the invention

The present invention relates to the field of
dynamic memory cells utilized in integrated circuit-
ry. More particularly, the present invention relates to
a very high-density integrated circuit memory utiliz-
ing a single transistor and a single capacitor for each
storage cell.

Description of the prior art

Memories based on the use of metal oxide silicon
field effect transistors (MOSFETs) commonly use a
single device per bit. The memory package is
typically organized as a two dimensional matrix of
rows and columns. The gates of a multiplicity of the
MOSFETSs of the cells are connected to form a row.
Similarly, a column is formed by coupling the source
or drain regions of the MOSFET in the memory cells.
Any number of rows and columns may be con-
structed in this manner. Depending upon whether
the source or drain is connected to the column line,
the source or drain remaining is capacitively coupled
to ground. As the column or, as it is often called, the
data line and the source or drain region, are
constructed of the same material, in the prior art
they are constructed as one and the same. In a like
sense, one of the capacitor plates also serves as the
drain or source of the MOSFET in each memory cell.
It is to be particularly noted that the performance of
this storage device depends to a large part on the
ratio of the capacitance of the storage device to the
stray capacitance of the data line. Various prior art
methods exist to increase this ratio and are discus-
sed in United States Patent No. 4,012,757.

In the art of memory construction, there is a
continuing effort to reduce the substrate area re-
quired for the memory cells. The memory cell area
occupies a substantial portion of a memory circuit
and consitutes a limitation on the reduction of size to
be achieved. It is desirable to reduce the size of the
memory cells in view of economical considerations,
among other reasons. However, as the overall cell
size is decreased, the ratio of cell capacitance to data
line capacitance also significantly decreases, thereby
affecting the performance of the device. Thus, the
minimum size of a memory cell is limited by the
minimum acceptable memory cell capacitance ratio.
This size limitation, however, is not acceptable
because the memory cells now in use in 16K bit
RAMs cannot be used in a 64K bit RAM and still
maintain the same package size. See, U.S. Patent
4,012,757 for a memory cell commonly used in 16K
bit Random Access Memories.

In a memory cell, the cell area is occupied by four
elements. These four elements include the channel
area of the transistor, the electrode of the capacitor,
the field area isolating the cell from the other cells,
and the data line. This is the structure as disclosed in
U.S. Patent 4,012,757. A general object of the
invention is to remove one of these elements from
the substrate level and thereby provide decreased
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cell area requirements, without impairing the opera-
tion of the device, such as by decreasing the
capacitance ratio.

Summary of the invention

Accordingly the present invention provides an
integrated circuit memory formed in a semiconduc-
tor substrate having a multiplicity of memory celi
pairs, each memory cell pair being coupled to one of
a plurality of word select lines of said memory cell
pairs which comprises:

a first region including a first transmission channel
disposed in said semiconductor substrate of said
memory cell pair;

a first data line electrically coupled to the first
region and insulatively disposed from said semicon-
ductor substrate except at the point of electrical
coupling;

a second region including a second transmission
channel disposed in said semiconductor substrate of
said memory cell pair;

a second data line electrically coupled to said
second region and insulatively disposed from said
semiconductor substrate except at the point of
electrical coupling;

conductive gate means for controlling electrical
current flowing in said first and second transmission
channels, said gate means being insulatively dis-
posed with respect to the first and second transmis-
sion channels in said first and second regions,
respectively, said gate means having an electrical
contact region for connection to a word select line,
said first transmission channel constituting a portion
of and being electrically coupled to said first region,
and said second transmission channel constituting a
portion of and being electrically coupled to said
second region; and,

conductive capactive means insulatively disposed
with respect to said first and second regions,
respectively, said conductive capacitive means de-
fining first and second capacitor regions operable for
storing electrical charge, said first capacitor region
constituting a portion of said first region and electric-
ally coupled to said first transmission channel, and
said second capacitor region constituting a portion
of said second region and electrically coupled to said
second transmission channel.

Brief description of the drawings

Figure 1is a schematic diagram of two one
transistor-one capicitor memory cells.

Figure 2 is a top view of the conductive regions
forming a first region in the substrate, including a
drain, source, capacitor area, and a transmission
channel.

Figure 3 is a top view showing the conductive
capacitive means formed by a first polysilicon area.

Figure 4 is atop view showing data lines and
conductive gates extending between two transmis-
sion channels of the transistors in a memory cell
pair, the data lines and conductive capacitive means
being formed by a second polysilicon layer.

Figure 5 is a cross-section of two memory cells of
‘adjacent memory cell pairs.



GB 2067352 A

10

15

20

25

30

35

40

45

50

55

60

65

Description of the preferred embodiments

The present invention is a one transistor-one
capacitor memory cell structure used in integrated
memory circuits to store a single information bit.
The memory cell is a field effect transistor coupled to
a capacitor which is similarly coupled to ground or
other reference potential. One terminal of the field
effect transistor and a first electrode of the capacitor
are an integral unit. This capacitor electrode is
physically formed in the substrate and not depen-
dent upon inducement of an inversion field in a first
polysilicon layer which may be a continuous layer
throughout the memory array with exposure at the
transmission channels of the field effect transistors
and the point of contact between the data line and a
terminal of the field effect transistor. The gate of
each field effect transistor is formed in a second
polysilicon layer, in which layer the data line is also
formed. The data line is electrically isolated from the
substrate layer except at the points in which it drops
to make contact to the field effect transistor in a
memory cell. By placing the data line in an upper
layer of polysilicon, more substrate area is provided,
thereby providing higher density while maintaining
a desired ratio of memory cell capacitance of the
data line stray capacitance. Further, the stray capaci-
tance of the data line is decoupled from the substrate
potential by the first polysilicon layer, and the
problems of a changing substrate potential are
avoided in this construction.

It should be clearly understood that the operation
of the device is not dependent upon whether the
device begins with a P-type or N-type substrate. This
in turn effects whether a transistor terminal con-
nected at a particular point is a source or a drain, as it
also effects the polarity of the applied potential.
Also, the term “semiconductor substrate” generally
means a thick monocrystalline layer of silicon, an
epitaxial layer of silicon grown in a supporting base,
or a monocrystalline layer grown on an oxide layer
which in turn is supported by a thick spinel or
sapphire base.

Referring now to the drawings, Figure 1 illustrates
a portion of the memory array using a memory cell
to store a single bit. This equivalent circuit includes
two memory cells 10 and 20. Data lines 30, 32 and 34
have stray capacitances 36, 38 and 40. A source
terminal 12 of a transistor 14 is connected to the data
line 32 and a source terminal 22 of a transistor 24 of
the memory cell 20 is connected to the data line 32.
The gate 16 of the transistor 14 is connected to a
word line 50, while the gate 26 of the transistor 24 is
connected to a word line 52.

The drain terminal 18 of the transistor 12 is also
connected to a first electrode of a capacitor 42 whose
second electrode is connected to ground. Similarly,
the drain terminal 28 of the transistor 24 is con-
nected to the first electrode of a capacitor 44, whose
second electrode is connected to ground. In practice,
if the capacitor 42 stores a bit of information as a
charge on the capacitor 42, a signal applied to the
word line 50 causes the transistor 14 to become
conductive. When the transistor 14 becomes con-
ductive, the capacitor 42 then discharges to the data
line 32 on which the bit of information may be read.
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Appropriate circuitry then carries the information to
an output and may recharge the capacitor.

The strength of the signal on the data line 32 is in
great part dependent on the ratio of the capacitance
of capacitor 42 to the stray capacitance 38. However
as cell density increases, the area allowable for a
large capacitor 42 decreases. In order to achieve a
much greater available area for the capacitors of the
memory cell, the data line is constructed in a first
polysilicon layer separate from the substrate and a
second separate polysilicon layer is used for a
second electrode of the capacitor of the memory cell.
This achieves a substantial increase in available
area. In this manner capacitance is not decreased,
while much greater memory storage in the same
area becomes available. Further, because of the
process steps involved in constructing two layers of
polysilicon, the first polysilicon layer constituting a
second electrode of the capacitor 42 may be
grounded. This avoids the fluctuations inherent in
any power supply, and further increases the opera-
tional effectiveness of the device. The uniqueness of *
these features can be seen with reference to the
following figures.

Figure 2 shows a region 60 comprised of N-type
areas and P-type transmissions channels. This re-
gion 60 is disposed in a P-type substrate 70. In this
region 60, the drains, sources, and channels of two
field effect transistors for two memory cells are
formed along with the two first electrodes of the two
capacitors in the memory cells. The terminals 22 and
12 will also form a point of contact 62 for the data
line 32 (see Figure 4). As can be seen, the terminals
12, 22, and the point of contact 62 are a common
doped region. It should also be noted that only a
portion of the full pattern of regions such as region
60 in a memory array is shown in Figure 2. The
region 72 between the region 60 and a similar region
such as 64 is a P-type doped region beneath a thick
field oxide layer 80 to electrically isolate one region
from the other. The left half of a region 60 is
designated as a first region disposed in the semicon-
ductor substrate. An arbitrarily designated “memory
cell pair” includes the right half of a different region
60 (belonging to the memory cell immediately below
the cell which contains the first region) and is
designated as a second region disposed in the
semiconductor substrate.

In Figure 3, a first continuous layer of polysilicon
82 is grown. A window 83 is exposed to allow R
contact to be made to the transistor terminals 12 and
22. The transmission channels of the transistors are
also exposed to allow a later process step to grow a
gate region. The continuous layer 82 forms the top
electrode of the capacitors 42 and 44 and every other
capacitor in the memory array. This capacitive layer
may then be grounded to provide a common
reference potential for all cells in the memory array.
An oxide layer 84 covers this layer of polysilicon.

A second layer 86 of polysilicon is grown as shown
in Figure 4. This layer includes the data lines 30, 32
and 34 and the gates 16 and 26 of the transistors 14
and 24 respectively. As illustrated, the gates are
common with another gate region of another mem-
ory cell extending from a different data line. Thus,
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for example, the gate 16 of the transistor 14 which is
connected to data line 32 is in common with the gate
of another transistor in the memory cell which is
connected to data line 30. The “X’s" within rectang-
les or contacts 63 in Figure 4 represent contact
points, Although not shown in Figure 4, a word line
50 is routed horizontally and is electrically coupled to
these gates via contact 63 and will act to turn on the
transistors. However, the outputs will be sensed on
different data lines. In this manner, a memory matrix
is provided. Further memory cell pairs will also be
coupled to the same word line.

The data line 32 is embedded in the second
polysilicon layer 86 and is insulated at all points
other than where it makes contact with transistor
pairs such as 14 and 24. At this contact point the
oxide has been removed to allow an embedded
contact such as contact 62 to be made. Because the
embedded contact 62 involves transistor terminals
already incorporated in the substrate and a thick
oxide has been grown around the contact region
through succeeding steps, a self-aligning contact
results. This overcomes requirements of greater
contact area to insure proper contact and achieves
greater density due to the lesser area requirements.
Further, with the data lines at a different level in the
memory circuit above the substrate, the capacitors
and transistors of the memory cells can be more
closely packed, achieving greater cell density with-
out compromising the desired capacitance ratio.

A cross-section taken through the lines 5-6in
Figure 4 is shown in Figure 5. The substrate 70 is
P-doped and transistors 14 and 24 are implemented
in the surface. The terminals 12, 18, 22 and 28 are
N-type, along with the first electrode of the capaci-
tors 42 and 44. A buffer area 72 is P-type. The thick
field oxide layer 80 is grown over the substrate with
a contact 62 to be formed in successive steps. The
first polysilicon layer 82 forms the top electrode of
the capacitors 42 and 44. This electrode is preferably
grounded. The second polysilicon layer 86 forms the
data lines 30, 32 and 34, and the gates 16 and 26 over
the channels of the transistors. As seen, the data line
32 forms a contact 62 at the transistors while data
lines 30 and 34 are stacked over the first polysilicon
capacitive layer 82. The entire circuit is then coated
with an insulating oxide 88. Finally, the circuit is
supplied with appropriate contacts, metal intercon-
nects for the word lines and a protective oxide layer,
as is well known in the art.

Therefore, using the inventive concepts herein
disclosed, a memory cell array with much greater
density than heretofore available may be achieved
without sacrificing capacitor area. Further, using this
construction, better memory cell performance is
obtained through a more effective capacitor. It is to
be understood that further modifications and altera-
tions may be made without departing from the spirit
and scope of the present invention.

CLAIMS

1. Inanintegrated circuit memory formedin a
semiconductor substrate having a multiplicity of
memory cell pairs, each memory cell pair being
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coupled to one of a plurality of word select lines of
said memory and each memory cell pair being
coupled to two of a plurality of data lines of said
memory, the improvement in each of said memory
cell pairs which comprises:

afirst region including a first transmission channel
disposed in said semiconductor substrate of said
memory cell pair;

afirst data line electrically coupled to the first
region and insulatively disposed from said semicon-
ductor substrate except at the point of electrical
coupling;

a second region including a second transmission
channel disposed in said semiconductor substrate of
said memory cell pair;

a second data line electrically coupled to said
second region and insulatively disposed from said
semiconductor substrate except at the point of
electrical coupling;

conductive gate means for controlling electrical
current flowing in said first and second transmission
channels, said gate means being insulatively dis-
posed with respect to the first and second transmis-
sion channels in said first and second regions,
respectively, said gate means having an electrical
contact region for connection to a word select line,
said first transmission channel constituting a portion
of and being electrically coupled to said first region,
and said second transmission channel constituting a
portion of and being electrically coupled to said
second region; and, .

conductive capacitive means insulatively disposed
with respect to said first and second regions,
respectively, said conductive capacitive means de-
fining first and second capacitor regions operabie for
storing electrical charge, said first capacitor region
constituting a portion of said first region and electric-
ally coupled to said first transmission channel, and
said second capacitor region constituting a portion
of said second region and electrically coupled to said
second transmission channel.

2. The integrated circuit memory as set forth in
Claim 1 wherein said first and second capacitor
regions are diffusion regions disposed in said semi-
conductor substrate.

3. Theintegrated circuit memory as set forth in
any preceding Claim wherein said conductive capa-
citive means is a continuous layer over at least a
section of the integrated circuit memory and ex-
posed at said first and second tranmission channels
and at points of electrical coupling of said firstand
second data lines and said first and second regions,
respectively.

4. The integrated circuit memory as set forth in
any preceding Claim wherein said first and second
data lines are electrically isolated from said semicon-
ductor substrate at all points other than at the points
of electrical coupling of said first and second data
lines and said first and second regions, respectively.

5. The integrated circuit memory as set forth in
any preceding Claim wherein said conductive capa-
citive means is electrically isolated from and dis-
posed between said semiconductor substrate and
said first and second data lines, whereby electrical
signals in the first and second data lines are
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decoupled from said semiconductor substrate.

6. Theintegrated circuit memory as set forth in
any preceding Claim wherein each point of electrical
coupling of said first and second data lines and said

5 firstand second regions, respectively, is an embed-
ded contact, self-aligned to said first and second
regions.

7. Theintegrated circuit memory as set forth in
any preceding Claim wherein said semiconductor

10 substrate is of P-type doped monocrystalline semi-
conductor.
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