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1
SRAM CELL WITH CAPACITOR

TECHNICAL FIELD

This invention relates to SRAM devices. More particu-
larly it relates to a configuration for a small SRAM cell.
Further, it relates to a process for producing SRAM semi-
conductor chips.

BACKGROUND ART

As information processing circuits progress towards
higher levels of integration, there is growth in array size for
cache and imbedded arrays, there is increased use of cache
in high data volume machines, and with increased used of
CMOS arrays in large, so called high end data processing
machines, there are pressures to decrease the size of CMOS
SRAM cells. Without such decrease in size it is necessary 10
make investments in larger chips, more aggressive lithog-
raphy, and vertical enhancements. Such investments greatly
increase the cost of the chips.

In addition to the requirement for reduced area, electrical
requirements for SRAM cells are becoming more stringent.
For example, increased reliability standards have resulted in
larger device ratios being required in current products.

Soft crror rate (SER) is also of great concern. Projections
from prior work and preliminary sizing of cells used on 4
megabyte chips indicate that enhancement of stored charge
will in all probability be required to avoid excessive SER.
Without added capacitance the indigeneous static stored
charge may be inadequate to prevent upset in the stored data
due to “funneled” charge (field enhanced collection) that is
collected too rapidly for the current from the p-devices to
compensate.

Another problem associated with smaller cells, is the need
for more complex and therefore thinner wiring of reduced
pitch at the so called back end of the line (BEOL) levels
needed to make interconnections to logic and SRAM periph-
eral circuitry. It is desirable to have a layout and process for
dense SRAM cells which allows presently available BEOL
wiring to be used, thus avoiding the cost and reliability
problems associated with reduced pitch size wiring.

SUMMARY OF THE INVENTION

It is a principal object of the invention to provide a
configuration for a small SRAM cell.

It is yet another object of the invention to provide a
configuration for an SRAM cell, which while small in size,
can be electrically connected to subsequent wiring layers
which are of relatively large pitch.

It is another object of the invention to provide a method
for producing a small SRAM cell suitable for high density
applications.

In accordance with the invention a storage latch is formed
on a semiconductor substrate. The storage latch comprises a
gate insulating layer over the substrate, shallow trenches
formed through the insulating layer and in the substrate to
provide device insulation; and doped regions in the substrate
between the shallow trenches. The doped regions define
sources and drains. Gate stacks are formed over regions of
the oxide adjacent the doped regions. A planarized insulator
is formed between the gate stacks. Openings arc provided in
the planarized insulator for contacts to the doped regions and
the gate stacks. Conductive material fills the openings to
form contacts for the doped regions and for the gate stacks.
A patterned layer of conductive material on the planarized
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insulator connects selected ones of the contacts for wiring
portions of the latch.

The invention is also directed to a six device SRAM cell
formed on a silicon substrate. The cell comprises a deep
isolation trench formed in the substrate; a first laich includ-
ing two transistors formed of p-type material on a first side
of the trench; a second latch including two transistors
formed of n-type material on a second side of the trench
opposite the first side of the trench, connection means for
electrically cross wiring the transistors of the first latch to the
transistors of the second latch, the connection means includ-
ing conductors arranged substantially perpendicular to the
trench; and two access transistors accessing the latches, the
accessing transistors being located on the second side of the
trench.

The invention is further directed to a process for sepa-
rately forming contacts to diffusion regions and gate stacks
on a semiconductor substrate. The process comprises the
steps of forming a conformal eich siop layer over the
substrate and said gate stacks; forming a passivating layer
over the etch stop layer of a thickness at least sufficient to
cover the gate stacks; planarizing the passivating layer at a
level corresponding to the etch step layer; forming first
openings in the passivating layer and the gate stacks, the
opening being positioned so as to be borderless to the
diffusion regions and of a sufficient depth to make electrical
contact to the gate stacks but not to the diffusion regions;
forming several second openings in the passivating layer and
the etch stop layer which are borderless to the gate stacks
and of a sufficient depth to make electrical contact to the
diffusion regions but, at the gate stacks, are of insufficient
depth to make electrical contact to the gate stacks; and filling
the first openings and the second openings with a conductive
material, the conductive material forming the contacts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a SRAM cell in
accordance with the invention.

FIG. 2 to FIG. 8 are enlarged cross sectional representa-
tions of process steps used to form the cell of FIG. 1.

FIG. 9 is an enlarged somewhat schematic cross-sectional
view of a substrate processed in accordance with the process
steps of FIG. 2 to FIG. 8, showing connection to additional
wiring levels.

FIG. 10 is a plan view on a somewhat smaller scale than
FIG. 2 to FIG. 8 of the cell of FIG. 1.

FIG. 11 is a plan view similar to FIG. 10 of the cell of FIG.
1 but without capacitors formed therein.

FIG. 12 is a plan view similar to FIG. 10 of the cell of
FIG. 1 illustrating capacitors formed therein.

FIG. 13 is a plan view similar to FIG. 16 of the cell of
FIG. 1 with a subsequent wiring level added.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 illustrates a six device SRAM cell in accordance
with the invention. Two n-device field effect transistors 1
and 2 have their sources connected to a common ground
plane. This is advantageous in that any mismatch in the
contact resistance will not add to instability.

A latch formed of transistors 1 and 2 is cross-wired with
a latch formed of p-device field effect transistors 3 and 4
which have their sources connected to a supply voltage
VDD. An access transistor 5 connects transistors 1 and 3 to
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a bit line BL. A second access transistor 6 connects transis-
tors 2 and 4 to bit line BL. The gates of transistors 5 and 6
are connected to word line WL.

Built in capacitors Cbl and Cb2 are cross-coupled
between the latch drains. These capacitors oppose discharge
current in parallel. Further, any increase in the low side
voltage couples through these capacitors 10 add to the high
side voltage. Thus, the effective stored charge on the cell
may be increased as a result of the presence of these
capacitors by as much as a factor of four. However, the
capacitance is not large enough to substantially degrade the
write time of the cell. In cells sized for a density used to form
4 megabyte storage chips, an increase in the stored charge of
the cell from, for example, 10 fentocoulombs to 30 fento-
coulombs may result in an order of magnitude decrease in
soft error rate. This is because a cell with very small stored
charge can be upset by “funneled” charge collection. This is
field-enhanced conduction from along an alpha track that
intersects the depletion region associated with a drain node.
A current pulse of this nature may be faster than the time
constant for delivering current through the p-device. If the
stored charge of the cell is high enough to offset this initial
rapid charge collection, the p-device current is high enough
to compensate for any additional charge collected by a cell.
This is especially true in the cell of the present invention,
since the self-aligned contacts combined with shallow trench
isolation allow a relatively small diffused area of the drain
nodes to collect charge, as is more fully explained below.

The cell of FIG. 1 should be designed with adequate
device sizes for reliable read and write stability and for
reasonable performance. For example, the cell is designed to
have a betaratio of 1.7 of latch device WLR (width to length
ratio) to access device WLR. Capacitors Cbl and Cb2 also
enhance stability for write margin. The ratio of the WLR of
the access device to the WLR of the p-type transistors should
be approximately 1.47. Further, for proper operation under
burn in conditions the access device has a channel length 0.1
micrometer wider than minimum to assure that it is cut off
when the word line is low. The access device has a WLR of
1.9. This ratio, combined with small bit-line contact area,
results in a good read signal development rate. Alternatively,
cell area may be increased by approximately 20% to achieve
higher read speed by increasing wordline device size widths
by a factor of two and other device widths so as to maintain
the same read and write stability. The layout of the cell
according to the present invention, as more fully described
below, results in denser and faster peripheral circuitry,
especially for that portion which is pitch-matched to the cell.

Referring to FIG. 2, the cell in accordance with FIG. 1 is
fabricated on a P type substrate 10 which has, formed
therein, an n-well 12 immediately adjacent to a deep isola-
tion trench 14. Trench 14 and other isolation regions are
formed by any one of a number of well known processes
including lithography, eiching, filling with an insulating
material and planarization. For example, shallow trenches
are also formed at positions as more fully explained below
with respect to FIGS. 10 to 13.

A gate oxide layer 16 is then formed on the surface of
substrate 10. A series of layers which eventually form gate
stacks 18 are then deposited in succession over gate oxide
layer 16. These include a polysilicon layer 20 approximately
150 nm thick formed of n* or p* material. A diffusion barrier

layer 22 formed of, for example, titanium nitride and having -

a thickness of 100 nm is deposited over layer 20. This may
be followed by a titanium silicide or tungsten layer 24
having a thickness of approximately 100 nm. The presence
of this layer reduces the sheet resistance of the gate. Finally,
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a reactive sputtered nitride cap layer 26 also having a
thickness of approximately 100 nm is deposited. This con-
figuration is referred to below as a “polycide” gate, and the
materials used to form it as “polycide”.

After the layers described are deposited, photo lithogra-
phy and etching processes are used to selectively remove
portions of the layers to form the gate stacks 18. Nitride
spacers 28 are formed along the gate edges.

Source and drain regions such as for example 29 and 30
are then formed by implantation and annealing in a manner
well known in the art. Preferably a titanium silicide layer 31
is formed by a self-aligned technique on the source and drain
regions, although this is not essential.

Referring to FIG. 3 a conformal coating of silicon dioxide
approximately 50 nm thick is followed by an additional
conformal coating of aluminum oxide also approximately 50
nm thick as represented by layer 32 (a bilayer). The use of
these two layers allows the aluminum oxide to be stripped
off with the silicon dioxide acting as a buffer so that the
underlying diffusion regions are not damaged.

An additional conformal layer 34 formed by chemical
vapor deposition of a nitride is then deposited over layer 32.
Finally, a thick passivating layer 36 formed of an insulator
such as an oxide (preferable silicon dioxide) is deposited to
athickness which covers gate stacks 18. Passivating layer 36
is then planarized to a level corresponding substantially to
the top of gate stacks 18 by chemical-mechanical polishing
and/or reactive ion etching (RIE).

Referring to FIG. 4, an opening 40 also called a (CG)
opening for electrical contact to a gate is formed with a mask
process by a technique such as RIE. The etch is made
through the nitride aluminum oxide and silicon dioxide
layers and deep enough into the gate stack so that the
tungsten silicide layer 24 is exposed and penetrated. Passi-
vating layer 36 is etched to a similar depth. Thus, the
opening for a contact which is borderless to both the gate
and the passivating oxide is produced.

Referring to FIG. 5, a second set of openings 42 are
provided for contacts to the diffusion region. These contacts
are also designated (CD). This opening is placed so that it is
borderless to the gate stack but makes contact with a
diffusion region. Etching down to a diffusion region 43
through passivating layer 36 occurs. However, nitride cap 26
etches at a much slower rate so that tungsten silicide or
tungsten layer 24 is not reached and thus, when opening 42
is filled with an electrically conductive material, there is no
contact to the electrically conducive portions of gate stack
18.

More specifically, when the mask used to form openings
40 is used the nitride over the gate is first etched to expose
the aluminum oxide film over the gate. The aluminum oxide
film over the diffusion area is not exposed due to the thick
oxide film over it. However, the aluminum oxide and
sputtered nitride films are etched to contact the polycide gate
(FIG. 4).

In FIG. 5 the passivating layer 36 and the nitride layer 34
are etched first, stopping on the aluminum oxide film both
over the diffusion region and over the gate. The aluminum
oxide film is then etched, followed by an oxide etch to
contact the titanium silicide layer 31 (if it is used) over the
diffusion region 43 or if layer 31 is not present, present, the
diffusion region 43 directly. At this time the polycide gate is
still insulated by the sputtered nitride cap 26 so shorting does
not occur.

Once the contact holes are opened, as described above, a
damacine process can be used to provide tungsten studs 44A



5,541,427

5

and 44B in openings 42 and 40, respectively. After filling,
these regions are planarized as shown in FIG. 6. No mask is
needed.

Referring to FIG. 7 a thin dielectric layer 50 is then
formed on the planarized surface. Layer 50 is removed
except for selected regions where it is used as the insulator
of capacitors Cbl and Cb2 (FIG. 1). A mask may be used to
provide for this removal. Finally, as illustrated in FIG. 7 and
FIG. 8 a thin film 52 of tungsten or aluminum is deposited
and patterned to form electrical conductors. Where this film
directly contacts a stud 44A or 44B an electrical connection
is made. Where the film overlies dielectric layer 50 (FIG. 7)
a capacitor is formed.

Referring to FIG. 9 the substrate 10 upon which the
process steps of FIG. 2 to FIG. 8 have been carried on is
schematically illustrated. The patterned metalization layer
52 lends itself well to recciving contacts 54 in selected
contact arcas 56. The contacts 54 are essentially vias through
a layer of insulating material 58. A further layer of metal-
ization 60 is patterned on the surface of layer 58 and over
eontacts 54 so as to provide additional wiring. Further, as is
well known in the art, additional contacts 62 may extend up
through an additional insulating layer 64 to another pat-
terned metal layer 66. However, the process according to the
invention in combination with the cell layout, as described
below, simplifies the amount of wiring that must be done in
the layers above contacts 54.

Referring to FIG. 10, the cell layout, at a level corre-
sponding essentially to that which exists at the completion of
the process steps described with respect to FIG. 6 is illus-
trated. The basic cell is small with dimensions of 3.6 umx5.0
um for a ccll area of 18.0 um?

Transistors 3 and 4 are located on one side of deep trench
14 with their gate stack arcas being represented by the
reference numerals 3' and 4'. Transistors 1 and 2, with their
gate stack areas represented by the references numerals 1'
and 2' are located on the side of deep trench 14 opposite to
the location of transistors 3 and 4. Separation of transistors
1 and 2 from transistors 3 and 4 by the relatively narrow
deep trench, allows these transistors to be located quite close
o onc another and therefore decreases the area of the cell.
Access transistors 5 and 6 are located on the same side of
trench 14 as transistors 1 and 2 with the gate arcas being
represenied by 5' and 6' respectively.

The various devices are isolated by shallow trench isola-
tion areas. Active doped regions where the isolation trenches
do not exist include the region generally shown as 70 in the
shape of an upside down letter T formed by extensions 72
and 74, as well as a generally C shaped area 76 having a
portion 78 which is horizontal in FIG. 10 as well as two
portions 80 and 82 which are vertical in FIG. 10. Region 76
has two cut out regions 84 and 86 which are not doped.

The multilayer structure of the gates, including polysili-
con and various other layers described above actually extend
{rom the gates to form conductors 88 and 90. Wherever these
conductors cross active doped silicon region a device chan-
nel is formed underneath the oxide coating as described
above. The diffusion regions are then formed by a self
aligned MOS process where regions on either side of the
channel arc the sources and drains. The sources of transistors
1, 2, 3 and 4 are each connected to one side of the power
supply as more fully described below.
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To complete the wiring shown in FIG. 10, contacts are
provided as discussed above with respect to FIG. 6. Further
when contacts 44A (FIG. 6) are provided, an associated
metalization layer provides wires 44C and 44D to wire the
drains of transistors 1 and 3 and transistors 2 and 4 to each
other respectively. It will be understood that these two
seperate metalization processes (CG) and (CD) may be
carried out in any desired order.

Wordline WL is also formed of the same material as the
gate stack and portions thereof define the gates of transistors
§ and 6. During the same mask step that is used to provide
wires 44C and 44D, metalization regions 92, 94, 96 and 98
are also formed. These provide contact areas CA to the bit
lines, ground, and VDD respectively. At this point all wiring
is complete which is required for completion of the struc-
tures of FIG. 7 or FIG. 8, except for layer 52.

Referring to FIG. 11, a structure without capacitors Cbl
and Cb2 is produced. Layer 52 provides metalization
regions 100, 102, 104 106 and 108. The latches are cross-
connected by regions 104 and 106 and instead of capacitors
being formed there are simply continuous electrical conduc-
tors.

If it is desirable to do so, at this point connections can also
be made to VDD and ground. This may be done at this level
without the use of an additional contact mask.

Referring to FIG. 12, prior to additional metalization
regions such as those added in FIG. 11 being placed thercon,
oxide dielectric regions 50A and 50B are formed (corre-
sponding to insulator 50 of FIG. 7). Metalization layer 52 of
FIG. 7 is then formed with regions 100A, 1024, 104A, and
106A. Regions 100A and 102A are very similar to regions
100 and 102 respectively of FIG. 11. However, regions 104A
and 106A have extensions formed over appropriate portions
of insulating layer regions 50A and 50B so as to define
capacitors Cbl and Cb2. Thus the device of FIG. 1 is
produced.

Referring to FIG. 13, in subsequent processing steps the
contact areas are filled with conductive material to form vias
110, 112, 114 and 116, each of a conductive material
corresponding to contact 54 of FIG. 9. Finally, an additional
metalization layer 60 is deposited and patterned to form bit
line contacts 118 and 120, wordline strap 122, ground
conductor 124, and VDD conductor 126. These conductive
regions are in turn connected to subsequent levels of wiring
as iltustrated in FIG. 9.

While the invention has been particularly shown and
described with respect to preferred_ embodiments thereof, it
will be understood by those skilled in the art that changes in
form and details may be made therein without departing
from the scope and spirit of the invention.

We claim: .

1. A storage latch formed on a semiconductor substrate,
comprising:

a gate insulating layer over said substrate;

shallow trenches formed through said insulating layer and

in said substrate to provide device insulation;

doped regions in said substrate between said shallow

trenches, said doped regions defining sources and
drains;

gate stacks over regions of said oxide adjacent said doped

regions;
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a planarized insulator formed between said gate stacks; a patterned layer of conductive material on said pla-
narized insulator for connecting selected ones of said
doped regions and said gate stacks; contacts for wiring of said latf:h, said patte}ned}ayer (_)f
. . . . . conductive material extending over said dielectric
conductive material filling said openings to form contacts material so as to form a capacitor of said latch over said
for said doped regions and for said gate stacks; selected contacts.
diclectric material disposed over sclected ones of said
contacts, and ® ok ok k%

openings in said planarized insulator for contacts to said



