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A pair of narrow channel IGFET devices (10A, 10B) having separate insulated gate electrode structures (19A, 19B) for-
med over narrow channel regions (28 A, 28B) of a substrate (11) flanking a central enhancement region (27). Methods of forming
the narrow channel regions using a single photolithography step and forming separate gate electrode structures overlying each

using alternative processes, each generally involving two photolithography steps, are set forth.
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NARROW CHANNEL FIELD EFFECT SEMICONDUCTOR DEVICES
AND METHODS FOR MAKING

Technical Field

This invention relates generally to field
effect semiconductor devices and methods for making such

devices.

Background Art

Currently there is considerable research and
development activity in the semiconductor industry
directed toward insulated gate field effect transistors
(IGFETs). One current thrust of developments in this
area is to form larger numbers of IGFET devices on each
semiconductor integrated circuit (IC) chip. Obviously,
to form more IGFET devices per unit of chip area it is
necessary to shrink the size of each device. To shrink
the size of an IGFET device, it is necessary to reduce
either the width or the length of each device or, pre-
ferably, both. All other parameters being equal, the
drain-to-source current of a field effect transistor is
proportional to the width-to-length ratio (W/L) of the
device channel. Accordingly, if the channel length of
IGFET devices alone is reduced to enable more devices
per unit area to be formed, the amount of current drawn
by each device increases. Correspondingly, tﬁe overall
power dissipation of an integrated circuit chip incor-
porating a larger number of such shorter channel devices
goes up dramatically. Thus, the semiconductor technolo-
gist faces the problem of dealing with increased power
dissipation if he reduces the size of his IGFET devices
by shrinking only the channel length.

Power dissipation per device can be kept
constant by shrinking the width of the device in the
same ratio as the length of the device. However, the
lower limit on channel width is conventionally determined
by the resolution of the lithography technique employed
in fabricating the device. While highly sophisticated
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new methods of lithography, using electron beams and x-
rays in order to achieve smaller device dimensions, are
being developed, the equipment required is very expen-
sive, especially if high volume production is desired.
Consequently, the majority of ICs today are still being
manufactured using conventional photolithography with
ultraviolet-sensitive photoresists and contact or pro-
jection photomask aligning equipment. Typically, the
limit of resolution of such conventional photolithog-
raphy is in the vicinity of about three microns, with a
maximum mask alignment error »f about one micron.

Jones and Van Velthoven U.S. patent No.
4,212,683 issued July 15, 198@ and assigned to NCR Cor-
poration discloses a method of fabricating low current
depletion load devices (or other IGFET devices types)
involving narrow (approximately 0.1 micron) device
channels. For purposes of this discuséion, the term
"narrow" will be used to denote a width Which is sub-
stantially less than the minimum photolithographic
feature size (e.g. the three microns mentioned above).
The method taught in the Jones et al. patent essen-
tially comprises the formation of a window or well in an
oxide masking structure formed on the semiconductor
substrate, performing an enhancement implant in the
substrate region in the well, enlarging the well by
etching the oxide a controlled amount to expose a narrow
region of the substfate around the periphery of the
implanted enhancement section, performing a depletion
implant in the substrate té form narrow depletion channel
regions flanking the central enhancement channel region,
and then forming a single conductor-insulator gate
structure over both the narrow channel regions and the
central channel region. The two narrow channel regions
(0.1 micron combined width) form a depletion device with
an effective channel width substantially less than the
minimum photolithographic feature size of about three

microns. Using other implant-type combinations, other
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combinations of enhancement and/or depletion channel
devices are possible using the Jones et al. approach.

Sefick and Jones U.S. Patent No. 4,145,233,
issued March 20, 1979 to NCR Corporation discloses an
alternative method for forming the same type of low
current IGFET device as taught in the Jones et al.
patent referred to above. The method disclosed in the
Sefick et al. patent is the formation of a photoresist
mask on a masking oxide layer disposed on the semicon-
ductor substrate; overetching the oxide under the
photoresist mask to produce an oxide mask aperture
larger than the photoresist mask aperture; forming the
central enhancement section by ion implantation through
the photoresist mask aperture; removing the photoresist
mask and performing a second ion implantation through
the slightly larger oxide mask aperture to form narrow
depletion channel regions flanking the central enhance-
ment channel region; and then forming a single conduc-
tor-insulator gate structure over both narrow channel
regions and the central channel region.

Disclosure of the Invention

The present invention generally constitutes an
improvement over the structures and methods taught in
the above-mentioned Jones et al. patent and the Sefick
et al. patent by providing for the formation of a pair
of narrow channel CIS (conductor-insulator-semiconduc-
tor) devices within an area of an IC chip of substan-
tially lesser width than that required to form two CIS
devices in accordance with either of the two prior art
approaches.

In accordance with one aspect of this inven-
tion a pair of CIS devices is formed on a semiconductor
substrate with the pair of devices comprising a doped
region formed in the substrate, channel regions formed
contiguous with opposite sides of the doped regioﬁ, and

separate conductor-insulator gate structures formed on
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the substrate overlying the channel regions. Prefer-
ably, each channel region is of relatively narrow width
compared with the distance between the opposite sides
of the doped region. For CIS devices of the transistor
type, the invention further comprises source and drain
regions formed in the substrate at the ends of the
narrow channel regions. The CIS devices may either be
depletion devices or enhancement devices depending on
whether the narrow channel regions are provided with a
depletion threshold or enhancement threshold utilizing
appropriate conductivity-modifying dopants as necessary.

In accordance with another aspect of this
invention, a method of forming a pair of CIS devices on
a semiconductor substrate is provided. This method
involves generally forming in a substrate of selected
conductivity—-type a pair of regions contiguous with
opposite sides of a central region doped with impurities
of the selected conductivity-type and forming on the
substrate a pair of separate conductor-insulator gate
structures each overlying one of the channel regions.

The first step in this method can be performed utilizing
any of the techniques disclosed in the prior art dis-
cussed above. Preferably, each channel region is of
relatively narrow width compared with the distance be-
tween the opposite sides of the doped region.

The method of this invention requires two
photolithography steps in forming the separate gate
structures over ,the two narrow channel regions. rThis is
one more such step than is required in a corresponding
process utilizing the prior art methods detailed above.
However, the method of this invention also enables the
formation of a pair of CIS devices within a substantially
smaller overall width of the IC substrate than is attain-
able with the prior art methods. This can be seen from
the comparisons shown in Figs. 1A, 1B, and 1C of the
attached drawings.

Figs. 1A and 1B show a comparison between the
overall chip real estate consumed by two devices formed
SUREAU
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in accordance with either of the above-referenced Jones
et al. or Sefick et al. approaches (Fig. 1A) and a pair
of devices formed in accordance with one aspect of this
invention (Fig. 1B). 1In Figs. 1A and 1B the assumétion
is that conventional photolithography and processing is
employed to form the gate electrodes. Fig. 1C, discussed
later, illustrates the device geometry which may be
achieved by using a special process which circumvents
conventional photolithography constraints to produce an
even smaller overall geometry. 1In making this comparison
the assumption will be that the minimum photolithographic
feature size is three microns and the maximum mask
alignment error is one micron.

Consider first the arrangement shown in Fig.
1A, Two low current devices 100 and 110 are shown formed
side-by-side. The channel region only of each device is
shown. Device 100 has a pair of low current channel
regions 101 and 102 shown in dashed’ lines and a conduc-
tive gate electrode 103 covering both channels. Device
110 has two low current channels 111 and 112 and a
conductive gate electrode 113 covering both channels.

In accordance with the assumptions concerning photolith-
ography, the spacing between the two narrow channel
regions of both devices 100 and 110 is shown to be three
microns apart. Also the conductive gate electrodes 103
and 113 are shown to be the minimum of three microns
apart. Because of the one micron possible alignment
error, the width of the gate electrodes 103 and 113 must
be about five microns to assure that complete coverage
of the two narrow channel regions is provided in each
device. Accordingly the overall dimensional width of
the two devices 100 and 110 comprises thirteen microns.

Referring to Fig. 1B, two devices 120 and 130
are shown as formed in accordance with the present
invention. Device 120 has a single narrow channel
region 121 covered by a conductive gate electrode 122.
Device 130 has a single narrow channel region 131 covered
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by conductive gate electrode 132. Applying the same
assumptions concerning photolithography as were applied
to the devices depicted in Fig. 1A, again the two conduc-
tive gate electrodes are spaced by three microns and

each conductive gate electrode is itself three microns
wide. These dimensions dictate the overall width of the
two transistor pair, giving it an overall width of nine
microns. It turns out then that the two narrow channel ;
regions 121 and 131 must be formed about six microns
apart in order to insure coverage thereof by their
respective gate electrodes 122 and 132. The nine micron
width of the two devices depicted in Fig. 1B compares
favorably with the thirteen micron width of the two
devices depicted in Fig. 1A.

Referring to Fig. 1C, two devices 140 and 150
are shown as formed in accordance with an alternative
aspect of the present invention. Utilizing a special
prior art technique for forming two closely spaced
narrow gate electrodes 142 and 152, a pair of narrow
channel devices can be built within a six micron overall
width. 1In this instance the two narrow channel regioné
141 and 151 are spaced by only four microns, which
spacing is well within the conventional photolithographic
feature size. The special process which will be dis-
cussed in detail below enables the formation of separate
gates two microns wide separated by two microns but
overlying the narrow channel regions. This special
approach involves some additional process complexity;
but, as demonstrated by comparison with both Fig. 1A
and Fig. 1B, a pair of devices within a very narrow
region of a semiconductor substrate is produced.

From this illustration is is apparent that
while this invention involves some additional process
complexity over that of the prior art, it enables IGFET
devices of smaller overall dimensions to be formed. It
thus permits a substantial increase in device density on
an IC chip while maintaining low power dissipation due

to the narrow channel, low current characteristics.
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Other features and advantages of this invention
will be apparent from a consideration of the following
detailed specification in conjunction with the attached

drawings.

Brief Description of the Drawings

Fig. 1A is a schematic diagram of the geometry
of a pair of low current IGFET devices formed in accord-
ance with prior art techniques. B

Figs. 1B and 1C are schematic diagrams of the
geometries of pairs of low current IGFET devices formed
in accordance with this invention utilizing alternative
methods.

Figs. 2A and 2B are mutually orthogonal cross-
sectional representations of insulated gate field effect
transistors incorporating the structure of this invention.

Fig. 3A-11A and Figs. 3B-11B are mutually
orthogonal cross-sectional representations of the pair
of field effect transistors of Figs. 2A and 2B during
different sequential stages of fabrication using the
method of the present invention.

Figs. 9C and 10C are top views of the struc-
tures shown in Figs. 9A and 10A, respectively.

Figs. 12A-16A and Figs. 12B-16B are mutually
orthogonal cross-sectional representationé of a field
effect transistor during sequential stages of fabrication
utilizing some alternative process steps in accordance
with the present invention.

Figs. 17A-19A and Figs. 17B-19B are mutually
orthogonal cross-sectional representations of a field
effect transistor during sequential stages of fabrication
using some alternative process steps in accordance with

the present invention.

Modes for Carrying OQut the Invention

Fig. 2A and 2B show mutually orthogonal cross-

sectional views of a pair of low current, field effect,
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silicon gate devices embodying the principles of the
present invention. As shown in Fig. 2A, the cross-
sectional view depictea in Fig. 2B is taken along the
lines B-B. Correspondingly, the cross-sectional view of
Fig. 2A is taken along the lines A-A in Fig. 2B. These
mutually orthogonal cross-sectional representations

show an overall monolithic structure 10 comprising two
silicon gate field effect transistors referred to in
Fig. 2B generally as 10A and 10B. The overall mono-
lithic structure 10 includes a substrate 11 of a selected
conductivity—-type (for purposes of this example a sub-
strate of p-type conductivity will be assumed so that
n-channel IGFET devices are formed.) Within spaced,
surface adjacent regions of substrate 11, source and
drain regions 12A and 13A for device 10A and 10B are
formed. These source and drain regions are £formed by
doping the p-type substrate 11 with an n-type dopant
such as phosphorus. A thick insulating layer 16, typi-
cally silicon dioxide, is formed on the surface of
substrate 11 except in the active device region. This
thick field oxide electrically isolates the devices 10A
and 10B from adjacent pairs of devices on the substrate.
The substrate region under the thick field oxide 16 may
also be doped with a p-type impurity such as boron to
assist in preventing the formation of parasitic transis-
tor channels in the field region.

A gate insulator layer 18, typically silicon
dioxide, overlies the channel region between source and
drain regions 12A and 13A. As shown in Fig. 2B a central
portion 27 of the channel region is quite heavily doped
with p-type material such as boron to form a p+ region.
Flanking the p+ region 27 are two narrow channel regions
28A and 28B which are lightly doped with n-type material
such as phosphorus. Thus in this exemplary embodiment,
narrow depletion-type channels are formed on opposite
sides of a central enhancement section 27. Formed on

top of the gate insulator layer 18 and over the narrow
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depletion channel 28A is a gate electrode 19A. Formed
over the narrow depletion channel 28B is a gate electrode
19B. Electrodes 19A and 19B are convéntionally formed
of polycrystalline silicon (polysilicon) which is
generally doped to be highly conductive. An insulating
layer 20, conventionally deposited silicon dioxide,
isolates the silicon gate electrodes 192 and 19B from
each other. Metal contacts 21A and 21B are shown con-
tacting the silicon gate electrodes 19A and 19B, respec-
tively, through apertures in insulating layer 20. At
some location on an integrated circuit chip, electrical
connections (not shown) would be made to gate contacts
21A and 21B and to source and drain regions of each of
the devices 10A and 10B. A further layer of insulating
material 22 (typically deposited silicon dioxide) is
formed over the entire structure for passivation and to
isolate the various metal conductors on the chip from
each other.

The device structures shown in Figs. 2A and 2B
assume a process involving a single polysilicon layer
and a single metal layer. It will be apparent to those
skilled in the art that other processes involving two
layers of polysilicon and one or more layers of metal
could also be employed utilizing the general principles
of this invention. While an exemplary embodiment in-
volving n-channel device technology and narrow channel
depletion IGFET devices is illustrated, it should be
apparent that the invention could also be applied to
p-channel devices. Moreover, the formation of narrow
channel, enhancement IGFET devices of either the p- or
n-channel type is also within the general concept of
this invention. Finally, insulated gate structures not
of a transistor-type, such as CCD structures could also
be formed in accordance with this invention.

Figs. 2A and 2B thus show two silicon gate
depletion transistor devices 10A and 10B formed in a

single active device well which is defined by the edges
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of field oxide 16. This pair of narrow channel, deple-
tion mode devices can be utilized as very low current
load devices in numerous applications in integrated
circuit technology. The pair of low current, depletion
mode devices would find particularly useful application
as depletion load devices in static random access memory
circuits.

The monolithic structure of a pair of IGFET «
devices depicted in Fig. 2A and 2B can be produced in
accordance with the exemplary process depicted in Figs.
3A-11A and 3B-11B with reference also to Figs. 9C and
10C. The series of Figs. 3A-~1lA represents cross-sec-
tional views taken along the line A-A in Fig. 2B (and
also A-A in Figs. 3B, 9C, and 10C) as the device topology
is built up. The series of Figs. 3B-11lB are cross-
sectional views of progressive device topology taken
along the line B-B in Fig. 2A (and also B-B in Figs. 3A,
9C and 10C). These mutually orthogonal views illustrate
how two low current IGFET devices are formed in accord-
ance with this invention in a single oxide well on a
semiconductor substrate 1l1. The exemplary process shown
is a modification of the conventional silicon gate
process with which those skilled in this art are thor-
oughly familiar.

‘ Figs. 3A and 3B depict the stage of the process
whereat the active device region 50 has been defined and
a thick oxide layer 16 has been grown on field regions
of the substrate. 1In accordance with a conventional
silicon gate process this structure is typically formed
in this manner. First, a silicon dioxide layer 31 is
formed over all of substrate 11. Then a silicon nitride
layer 32 is formed on oxide layer 31. The nitride and
oxide layers are patterned using conventional photolith-
ography to leave the nitride and oxide layers in active
device regions of the semiconductor substrate 11l. There-
after a thick field oxide 16 is grown on the substrate,

typically using a conventional wet oxidation process.
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The substrate outside the active device region 50 may be
implanted with p-type impurities (e.g. boron) prior to
growing thick field oxide 16 to assist in preventing the
formation of parasitic transistor channels in the sub-
strate under the thick field oxide 16.

Figs. 4A and 4B depict the topology after
nitride layer 32 has been etched away in the active
device region 50. As shown in Fig. 4B the edges 33 of
field oxide 16 form a mask of width Wi Utilizing the
mask thus defined, an enhancement type implant is per-
formed as shown in Figs. 5A and 5B to form an enhancement
section 27 in substrate 11. This can be done by an ion
implantation process utilizing a p-type impurity such as
boron. The exemplary boron ion beam is schematically
represented by the arrows designated 40 in Figs. 5A and
5B. This boron implantation can be done into the sub-
strate after removing oxide 31 or, preferably, can be
done through a barrier layer such as the oxide 31.

The next step in the exemplary process is to
enlarge the active device region 50 by removing a small
amount of oxide at the edges 33 thereof, producing edges
34 and forming a mask aperture of width W, shown in Fig.
6B. This can be done in accordance with the process
disclosed in the above-referenced Jones et al. patent
by a time-controlled etching which removes only a
slight portion of the edges of the field oxide 16,
exposing a narrow section of the substrate flanking all
sides of the enhancement section 27. Since the field
oxide 16 etches at a known rate in a known etchant, the
difference between mask aperture widths W2 and Wl can be
very accurately controlled by controlling the etching
time. For a detailed description of an exemplary process
for accomplishing this step, reference is made to the
disclosure of the above-referenced Jones et al. patent.
It will be appreciated that the width of the removed
oxide material at the edges 33 is relatively narrow com-
pared with the original aperture width Wl'
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With fhe edges of the field oxide removed to
expose a small additional area of the substrate, the
substrate may now be doped with n-~type material to form a
pair of narrow depletion channels 28A and 28B contigu-
ous with opposite sides of enhancement section 27 as
depicted in Fig. 7B. This step may be performed uti-
lizing an ion implantation process with a beam 41 of
phosphorus ions. At this point in the process, two very
narrow deéletion channels have been formed in accordance
with the teachings of the above~referenced Jones et al.
patent. It will be appreciated that the width of the
depletion channels 28A and 28B is narrow compared with
the distance between the opposite sides of the enhance-
ment section 27. In accordance with this invention, the
process now diverges from the process set forth in the
Jones et al. patent by forming two separate insulated
gate structures over the two narrow depletion channels
28A and 28B, rather than forming a single insulated gate
structure over both narrow depletion channels and the
central enhancement section. While the Jones et al.
process has been used here as an exemplary approach to
forming the two narrow channel regioné, it should be
apparent that the method of the above-~referenced Sefick
et al. patent could be substituted to achieve essen-
tially the same structure.

In FPigs. 8A and 8B the structure is depicted
after a gate oxide layer 18 has been grown and a poly-
silicon layer 19 has been deposited and doped to make it
sufficiently conductive. The next step, as depicted in
Figs. 9A and 9B, is to form a photoresist mask 36 over
polysilicon layer 19 and to use mask 36 to form, in a
partial manner, two separate gate electrode structures
19A and 19B, each overlying one of the narrow depletion
channels 28A and 28B.- Referring to the top view shown
in Fig. 9C it will be seen that the structure at this
point comprises a pair of strips of polysilicon 19A and

19B covering the narrow channel depletion regions 28A
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and 28B. The boundaries of the narrow depletion channel
28A are identified in Fig. 9C by lead lines from refer-
ence numeral 28A at the top of the figure pointing to
two dashed lines. Correspondingly, the edges of deple-
tion channel 28B are identified at the bottom of the
figure. The edges of the enhancement section 27 are
identified by the lead lines from reference numeral 27.
The edges of gate electrode 19A are identified with that
numeral, and the edges of gate electrode 19B are identi-
fied with that numeral. For purposes of clarity the
directions of cross-sectional views A-A and B-B are also
illustrated on Fig. 9C. §
To form a completed fie}d effect transistor
device it is subsequently necessary to form source and
drain regions in substrate 11l. The next step thus is to
remove the photoresist mask 36 and to form a photoresist
mask 37 as shown in Figs. 10A, 10B and 10C. Utilizing
this second photoresist mask, the polysilicon and,
optionally, the gate oxide are etched to complete the
formation of the two separate gate electrodes 19A and
19B and to define source and drain mask apertures 44 and
45. Referring to Fig. 10C, the top view of the resulting
structure is shown in order to provide an orientation as
to the overall topology of the structure at this point
in the process. It should be noted that the second
photoresist mask 37 covers the entire surface except the
source and drain apertures, including the space between
gate electrode 19A and 19B. At this point source and
drain regions 12 and 13 can be formed for each device.
Preferably this is done in an ion implantation process
utilizing a beam 43 of n-type material such as phosphorus
as shown in Fig. 11A and 11B. By retaining the second
photoresist mask 37 on the wafer during the implantation
of the source and drain regions 12 and 13, the region of
the substrate between the edges of gate electrodes 19A
and 19B is not doped. This eliminates any possibility
of a short between the source and drain region of each
of the field effect transistor devices 10A and 10B.

N
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In the process just described, polysilicon
layer 19 is doped right after it is deposited, because
portions of gate electrode 19A and 19B formed from that
layer are covered by photoresist layer 37 during implan-
tation of source and drain regions 12 and 13. This
initial doping of polysilicon layer 19 would not be
required if the gate electrodes 19A and 19B could be
doped simultaneously with the source and drain regions
12 and 13. Referring to Figs. 10A and 10B, if the gate
oxide layer 18 between gate electrodes 19A and 19B would
serve as a sufficient diffusion mask, then as an alter-
native, photoresist layer 37 could be removed and simul-
taneous doping of source, drain and gate elements could
be accomplished in a furnace diffusion operation. It
may be, however, that the gate oxide layer 18 itself
would not be a sufficient diffusion mask and leakage
paths between source and drain regions of each device
and between devices might occur. 1In any event, the gate
oxide layer 18 would not mask the substrate sufficiently
during an ion implantation of source and drain regions.

Figs. 12A-16B and 12B-16B depict an alternative
process for forming the pair of silicon gate structures
overlying the narrow device channels 28A and 28B. This
alternative process enables a simultaneous diffusion of
source and drain regions and the gate electrodes by
providing a thicker oxide layer 52 (shown in Fig. 14B)
between the silicon gate electrodes 19A and 19B. This
thicker oxide precludes any diffusion of dopant material
into the substrate in the central enhancement channel
section 27 during the source and drain diffusion step
depicted in Figs. 16A and 16B.

This alternative process begins at the stage
of forming the pair of transistor structures correspond-
ing to Figs. 8A and 8B in the exemplary process previous-
ly set forth. At this point, as shown in Fig. 12B, the
central enhancement section 27 has been formed as have
the two narrow channel depletion regions 28A and 28B.

w4
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As the next step, an oxide layer 18 is grown over the
channel portion of the substrate, a layer of polysilicon
19 is deposited over the wafer, and a silicon nitride
layer 51 is deposited on top of the polysilicon.

As shown in Figs. 13A and 13B the next sequence
of steps is to form a first photoresist mask 36 and to
etch the silicon nitride layer 51 and the polysilicon
layer 19 to form partially two separate gate electrode .
structures 19A and 19B. Fig. 13B shows the cross-section
through the channel region showing the edges of the gate
electrodes having been formed at this point.

Referring to Figs. 14A and 14B, the next steps
are to remove the photoresist mask layer 36 and grow a
thicker oxide layer 52 (Fig. 14B) between the gate elec-
trode members 19A and 19B, the silicon nitride layer 51
on top of gate electrodes 19A and 19B preventing oxide
growth thereon. Referring to Figs. 15A and 15B, the
next step is to ;emove the silicon nitride layer 51 by
etching with a selective etchant after which a second
photoresist mask 37 is formed on the wafer to define
the source and drain region apertures 44 and 45. Next,
the polysilicon layer 19A and the gate oxide layer 18
are etched where exposed by the second photoresist mask
pattern to form the source and drain apertures 44 and
45. Finally, as depicted in Figs. 16A and 16B, the
second photoresist mask 37 is removed, and the source
and drain regions 12 and 13 in substrate 11 are doped
simultaneously with polysilicon layer 19 and, particu-
larly, gate electrode structures 19A and 19B in a fur-
nace diffusion step. The thick oxide region 52 between
gaté electrodes 19A and 19B precludes diffusion of the
n-type doping material (for example, phosphorus) into
the channel region where the enhancement section 27 has
previously been formed. This precludes forming any
heavily doped region in the substrate which might short
between source and drain regions at the ends of the
narrow channel regions 28A and 28B. Instead of a furnace




WO 81/01485 PCT/US80/01523

10

15

20

25

30

35

~16-

diffusion operation, an ion implantation step could be
employed since thick oxide region 52 would preclude
phosphorus ions from reaching the substrate thereunder
in any substantial quantity.

Figs. 17A-19A and 17B-19B depict an alternative
process of forming a pair of silicon gate structures
overlyving the narrow device channels 28A and 28B. This
alternative process enables the production of a pair of
devices having gate electrodes of a width more narrow
than conventional photolithographic feature size such as
is illustrated in Fig. 1C. This alternative process
utilizes special method steps, alternative ones of which
are set forth in Owen U.S. Patent No. 4,026,740 and
Nicholas U.S. Patent 4,124,933.

As shown in Figs. 17A and 17B this alternative
process proceeds from the process steps shown in Figs.
12A and 12B discussed above, wherein a layer of silicon
nitride 51 hds been deposited on a deposited layer of
polysilicon. In this case a photoresist mask 55 is used
to define an intermediate gate electrode structure which
covers both narrow channel regions 28A and 28B. Photo-
resist mask 55 is used to etch nitride layer 51 and
polysilicon layer 19 to form this intermediate gate
electrode structure as shown in Fig. 17B.

The next step is to remove photoresist mask 55
and thereafter to diffuse boron dopant laterally into
polysilicon layer 19 to form doped regions 18C and 19D
therein and an undoped region 19E. Diffusion of the
boron dopant is accomplished in a furnace operation and
the dopant is diffused laterally to an extent sufficient
to insure that the doped polysilicon region covers both
of the narrow channel regions 28A and 28B in the sub-
strate. This results in the structure depicted in Fig.
18B.

Following the lateral diffusion of the dopant,
nitride layer 51 is removed and the undoped polysilicon
region 19E is etched away to form (partially) two gate
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electrode stfuctures 19C and 19D which have already been
doped with boron. The etchants utilized to preferen-
tially etch the undoped polysilicon and to leave the
doped polysilicon can be either of those set forth in

the above-referenced prior art patents No. 4,026,740 and
4,124,933. The structure shown in Fig. 19B is the result
of these method steps.

From this point on the process would proceed
in accordance with the steps shown in Figs. 10A and 10B
and 11A and 11B discussed above.

The above descriptions of structures and
processes in accordance with this invention are given by
way of example only and it should be apparent that
numerous modifications could be made therein within the
general principles of this invention. The examples.
given above relate to the formation of a pair of narrow
depletion channels flanking a central enhancement section
in the channel region in order to form a pair of low
current depletion transistors. The particular transis-
tors are n-channel silicon gate transistors. It should
be apparent that the invention is equally applicable to
the formation of a pair of narrow channel, low current
enhancement transistors by using a light implant of a
dopant such as boron in place of the phosphorus dopant
in the narrow channel regions 28A and 28B. Typically
each of the narrow channels may have a width of 0.05 to
0.1 micron as would be desired for low cﬁrrent depletion
load devices, but could be used to form IGFET devices
having any desired channel width less than conventional
photolithographic feature size (about 3 microns).

It should further be understood that the
exemplary processes described above could be employed in
overall IC manufacturing processes wherein both depletion
and enhancement type devices are formed on the same
substrate. Some modification of the exemplary process
steps disclosed above would be required in order to
provide an overall process with that capability. For
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example, in the process depibted in Figs. 3A-11A and
3B~11B, it would be necessary to mask those active
device regions in the substrate which are intended to
have enhancement devices formed therein while pursuing
the steps of forming the narrow depletion channels of
the depletion devices. This could be accomplished by
forming a photoresist mask on the substrate after the
steps depicted in Fig. 4A and 4B, so that the operation
as depicted in Figs. 5A and 5B through Figs. 7A and 7B
could be carried out only on the devices intended to be
low current dépletion devices. The remainder of the
process steps could be essentially common to the forma-
tion of the gate electrode structures and source and
drain regions for both depletion and enhancement devices.

It should also be apparent to those with skill
in this art that the principles of this invention are
applicable to any field effect transistor technology
utilizing any gate insulators structure. For example,
instead of using a single gate insulator layer of silicon
dioxide, a composite layer of silicén dioxide and silicon
nitride could be employed. Furthermore, other known
gate insulator materials such as aluminum oxide could be
employed in devices according to this invention.

Numerous other variations of the invention are
also possible. For example, by appropriate additional
masking techniques, a pair of field effect transistors,
one having a narrow depletion channel and one having a '
narrow enhancement channel could be formed instead of
two separate transistors of the same type. This could
be accomplished by separately masking the two narrow
channel regions and implanting only one at a time with
appropriate dopants. |

What has been described then is a monolithic
semiconductor structure in which two narrow channel, low
current IGFET devices have been simultaneously formed on
a semiconductor substrate. Exemplary alternative

methods for forming such devices have also been set
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forth. The structure and method of this invention has
the advantage of producing a pair of side-by-side de-

vices in a.much smaller area of the semiconductor sub-
strate than is possible by the employment of techniques

shown in the prior art.
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CLAIMS:

1. A pair of CIS devices formed on a semi-
conductor substrate (ll), characterized by said pair of
devices (10A, 10B) comprising a doped region (27) formed
in said substrate, channel regions (28A, 28B) formed
contiguous with opposite sides of said doped region, and
separate conductor-insulator gate structures (19a-18,
19B-18) formed on said subs%rate overlying said channel

regions.

2l The structure as claimed in claim 1,
characterized in that each of said channel regions (28A4,
28B) has a width which is narrow relative to the dis-
tance between said opposite sides of said doped region
(27).

3. The structure as claimed in claim 1,
characterized in that the width of each of said channel

regions (28A, 28B) is less than about 3 microns.

4, The structure as claimed in claim 3,
characterized in that the width of each of said channel
regions (28A, 28B) lies in the range of from 0.05 microns

to 0.1 microns.

5. The structure as claimed in claim 1,
characterized by source {(12A) and drain (13A) regions
formed in said substrate at the ends of said channel
regions (28A, 28B).

6. The structure as claimed in claim 5,
characterized in that said doped region (27) is formed
with an enhancement threshold and said channel regions
(28A, 28B) are formed with depletion thresholds.

7. The structure as claimed in claim 5,

characterized in that said doped region (27) is formed
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7. (concluded)

with a relatively high enhancement threshold and said
channel regions (28A, 28B) are formed with relatively
lower enhancement thresholds.

8. The structure as claimed in claim 1,
characterized by: a field oxide layer (16) formed on
said substrate (11) and defining at least one well (50)
in which said substrate (11) is exposed; said doped
region (27) being formed in said substrate (11) in a
central portion of said well; a gate insulator layer
(18) formed on said substrate overlying said channel
regions; and a pair of separate conductive gate elec-
trodes (19A, 19B) formed on said gate insulator layer,
each overlying one of said channel regions (28a, 28B).

9. A method of forming a pair of CIS devices
on a semiconductor substrate (11) of selected conduc-
tivity-type, characterized by: forming in said substrate
a pair of channel regions (28A, 28B) contiguous with
opposite sides of a central region (27) doped with im-
purities of said selected conductivity-type; and forming
on said substrate a pair of separate conductor-insulator
gate structures (19A, 19B) each overlying one of said
channel regions.

10. The method of claim 11, characterized in
that said channel regions (28A, 28B) are each narrow in
relation to the distance between opposite sides of said

central region.

11. The method of claim 9, characterized by
the step of forming in said substrate a pair of source
(12a) and drain (13A) regions of conductivity-type
opposite to said selected conductivity-type at the ends
of said channel regions (28A, 28B) to produce a pair of

e

CIS transistors.
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12. The method of claim 11, characterized in

that the steps of forming said pair of gate structures

and forming said source and drain regions comprise:

forming a layer of insulating material (18) on said sub-

strate overlying said channel regions; forming a pattern-
ed layer of conductive material (19) on said insulating
material in the form of strips (19A, 19B) each overlying
one of said channel regions; forming a patterned layer
of masking material (37) on said layer of conductive

material to define end boundaries of said pair of gate

electrodes and apertures for said source and drain

regions; removing at least said layer of conductive

material exposed through said patterned layer of masking

material; and implanting ions of opposite conductivity-

type into said substrate to form said source (12A) and

drain (12B) regions using said patterned layers of

masking material as a mask.

13. The method of claim 11, characterized in

that the steps of forming said pair of gate structures

and forming said source and drain regions comprise:

forming a gate insulator layer (18) overlying said

channel regions; forming a layer of semiconductive mater-

ial (19) on said gate insulator layer; forming a layer

of silicon nitride (51) on said layer of semiconductive

material; selectively removing portions of said silicon

nitride and said semiconductive material to form separ-

ate strips therecf overlying said channel regions;

growing a relatively thick silicon oxide layer (52) on

said substrate in the region between said strips; se-

lectively removing said nitride layer; selectively re-

moving portions of at least said semiconductive material

to complete the formation of said pair of gate structures
(1%A, 19B) and to define a mask pattern (44A, 45A) for

source and drain regions in said substrate; and doping

simultaneously said semiconductive material (192, 19B)

and said source and drain regions

substrate.

(12a,

12B) of said
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14. The method of claim 9, characterized in
that the step of forming said pair of separate conductor-
insulator gate structures each overlying one of said
channel regions comprises the steps of: forming a layer
of insulating material (18) on said substrate overlying
said channel regions; forming a layer of semiconductive
material (19) on said layer of insulating material;
forming a diffusion mask element (51) on said semicon-
ductive material to define an intermediate gate struc-
ture overlying both of said channel regions; laterally
diffusing a selected dopant into said layer of semicon-
ductive material underneath said diffusion mask barrier
(51) to form doped regions (19C, 19D) in said semicon-
ductive material overlying said channel regions in said
substrate and separated from each other by a central
undoped region (19E) of said semiconductive material;
selectively removing said diffusion masking element (51);
and subjecting said semiconductive material to an etchant
which preferentially etches said undoped region thereof
to form a pair of doped semiconductive elements (19C,

19D) overlying said channel regions.
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