-1._

PROCESS FOR MANUFACTURE OF MOS GATED
DEVICE WITH SELF ALIGNED CELLS

BACKGROUND OF THE INVENTION

The present invention relates to semiconductor
devices and, more specifically, to MOS gate controlled
reference (MOS-gated) semiconductor devices formed using
a reduced number of masking steps with no critical
alignment.

MOS=-gated devigces are well-known in the art and
include devices such as the MOS—-gated devices described
in Singapore national phase application Serial No.
9501261~3, filed August 31, 1995, which is incorporated
herein by reference. These devices include power
MOSFETs, MOS-gated thyristors, insulated gate bipolar
transistors (IGBTs), gate turn-off devices and the like.

The manufacturing processes for such devices
typically include a number of lithographic masking steps
which include critical mask alignment steps. Each of
these critical alignment steps add manufacturing time and
expense as well as provide possible sources of device
defects.

It is therefore desirable to minimize or
eliminate the number of critical alignments necessary as
well as reduce the number of masking steps to improve the
manufacturing yield and reduce the manufacturing cost.

SUMMARY OF THE INVENTION
The present invention provides a novel proceass
for the manufacture of an MOS-gated power device by
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forming a self-aligned device cell without any critical
alignments.

In accordance with the invention, a
semiconductor device is fabricated by forming a layer of
gate insulation material atop a silicon substrate of one
conductivity type. A layer of polysilicon is deposited
atop the layer of gate insulation material. A first
overlaying insulation layer is deposited or thermally
grown, and selected regions are patterned and etched away
to form a spaced openings therein which expose underlying
regions of the layer of polysilicon.. The underlying
regions of the layser of polysilicon are etched away to
form spaced openings. Impurities of another conductivity
type are introduced into the surface regions of the
silicon substrate that are located beneath the openings
in the layer of polysilicon and form first diffused
regions. Impurities of the one conductivity type are
introduced inte the surface regions of the silicon
substrate and form second diffused regions., A sescond
overlaying insulation layer is deposited, and a portion
of the second layer that is atop the first overlaying
insulation layer is etched away to leave a remaining
portion that forms vertical sidewall spacers along the
sidewalls in each of the openings in the first overlaying
insulation layer and in the layer of polysilicon and
which exposes a portion of each of the surface regions of
the silicon substrate. Depressions are etched in the
evposed portion of the surface region of the silicon
substrate to a depth greater than the second diffused
regions, Impurities of the another conductivity type are
introduced into the portion of the surface regions of the
silicon substrate to form third diffused regions. The
second diffused regions have a final depth that is less
than that of the third diffused regions. Alternatively,
the third diffused regions are forxmed prior to depositing
the second overlaying insulation layer. The first
diffused regions are desper and wider than and have a
lowar concentration than that of the third diffused
regions.

A contact conductive layer is deposited, and
portions of this layer are patterned and etched away to
form at least one source contact, which contacts the
gecond and third diffused regions and at least one gate
contact.

Another conductive layer may be deposited and
thermally treated such that portions of the layer that
contact the second and third diffused regions to form a
metal silicide layer that provides an electrical
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connection between the second and third diffused regions.
Unreacted portions of this layer are removed.

A portion of the vertical sidewall spacers of
the second overlaying insulation layer and a portion of
the f£irst overlaying insulation layer may be etched away
prior to depositing the another conductive layer, and the
thermal treatment of this conductive layer thus forms
further portions of the metal silicide layer that contact
the polysilicon layer and which provide an electrical
connection between the polysilicon layer and the second
and third diffused regions.

Impurities may be introduced by implanting the
impurities inte the silicon substrate through a layer of
gate insulation material and then driving in the
impurities. The one conductivity type may be N-type, and
the other conductivity type may be P-type. The first
overlaying insulation layers may be a thermally grown
oxide layer, and the second overlaying layer may be a
TEDOS laver.

The another conductive layer may be titanium or
may be tungsten. This conductive layer may be rapidly
thermal annealed at about 800°C or may be rapid thermal
annealed first at about 600°C and then at about 800°C.
Selected regions of the polysilicon layer may be
patterned and etched away to form polysilicon diodes, and
impurities of the one conductivity type may be introduced
into the polysilicon layer.

A layer of field insulation material may be
formed atop a silicon substrate in which at least one
selected region is patterned and is etched away to form
at least one opening and at least one remaining portion.
The layer of gate insulation material may thus be formeqd
atop of silicon substrate in the opening, and the layer
of polysilicon may likewise be formed atop the field
insulation and gate insulation materials. Selected
regions of the first overlaying insulation layer may be
patterned and etched away to form first space openings
which expose underlying regions of the layer of
polysilicon that are atop the layer of gate insulation
material and second spaced openings which expose
underlying regions of the polysilicon layer which are
atop the field insulation material. The Ffirst underlying
regions of the polysillcon layer may be etched away to
form further spaced openings, and the impurltles may then
be introduced into the surface regions of the silicon

substrate that are located beneath the further openings
to form the first diffused regions.

The another conductive layer may be titanium or
tungsten and may be rapid thermal annealed. The contact
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conductive layer may include a solderable contact metal
deposited atop the second conductive layer, and the
solderable contact metal may include a trimetal that
includes respective layers of titanium, nickel and
- silver. A gate bus may be formed that contacts a
portion of the layer polysilicon as atop the layer of
gate insulation material. The field insulation material
may include a second opening that borders the
semiconductor device and forms a street region, and the
‘polysilicon layer may include one or more polysilicon
rings that are located atop the field insulation material
between the gate bus and the street region.

In accordance with another aspect of the
invention, a semiconductor device has the structure
formed in the akove manner. '

The critical alignments steps are eliminated by
using a low tenmperature oxide side wall spacer to mask
the etching of a depression in the silicon and using a
selectively formed metal to connect the polysilicon layer
to the N+ and P+ diffusion regions. The low temperature
oxide side wall spacer, in counbination with the
selectively formed metal layer, provides a structure that
prevents impurities from diffusing to the parasitic DMOS
device channels and inverting them to cause leakage.

Othexr features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figqure 1 is a cross-sectional view of a portion
of a chip within a silicon wafer after a gate oxide
layer, a polysilicon layer and a low temperature oxide
layer have been formed thereon, after openings have been
formed in these layvers, and after lightly deoped P regions
and N+ regions have been formed in the openings;

Figqure 2 shows the structure of Figure 1 after
the deposition and etching of a further low temperature
oxide layer to form sidewall spacers, an anisotropic
silicon etch to form a depression through the N+ region,
and the formation of a P+ region in the openings followed
by the deposition and patterning of a photoresist layer;

Figure 3 shows the structure of Figure 2 after
removing portions of the low temperature oxide layer and
side wall spacers, formation of an optional selective
metal layer, and the subsequent deposition and etching of
an aluminum layer;

Figure 4 shows an equivalent termination
circuit formed of the structure shown in Figure 3;
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Figure 5 is a cross sectional view of another
embodiment of the present invention showing a portion of
a chip after a field oxide layer has been formed thereon
and patterned, and after the subsequent deposition of a
gate oxide layer, a polysilicon layer and a low
temperature oxide layer;

Figure 6 shows the structure of Figure 5§ after
the patterning and etching of the low temperature oxide
and polysilicon layers;

Figure 7 shows the structure of Figure 6 after
the formation of lightly doped P regions. and N+ and P+
regions, and after the subsegquent formation of sidewall
spacers;

Figure 8 shows the structure of Figure 7 after
the formation of a selective metal plug and the
subsequent deposition and etching of an aluminum layer;

Figure 9 shows a top view of the structure of
Figure 8; and

Figure 10 shows an enlarged cross sectional
view along section line 9-% of Figure 9.

DETAILED SCRIPTION O HE_TNVENTION

The following description of the preferred
embodiments of the invention describes the manufacture of
an N channel power MOSFET device. However, the present
invention is also applicable to the manufacture of a P
channel powsr MOSFET device, Furthermore, any suitable
modification to the junctions can be employed to use the
same process for the manufacture of other MOS~gated
devices, such as an IGBT or a MOS—gated thyristor,
regardless of whether the device is N channel or P
channel.

The topology of the devices is preferably that
of hexagonal cells. However, it will be apparent to
those skilled in the art that the process is egually
applicable to cells having any polygonal structure such
as square or rectangular cells, whether offset or in a
line, as well as to interdigitated structures.

Referring first to Pigure 1, there is shown a
portion of a wafer or chip showing a first embodiment of
a device region 12 of the invention which has a
repetitive structure. Also shown is a first example of a
termination region 14. However, alternative examples of
termination regions may be incorporated in place of
region 14 as described herein. Only a few of the
elements are shown in cross—section. The wafer may be of
any desired size and will be diced into a plurality of
chips. In this description, the terms "chip" and "wafer"
are sometimes interchanged.



Figure 1 shows a wafer having an N- body 30
formed of monacrystalline silicon. Preferably, the N-
body 30 is an epitaxially formed layer grown atop an N+
substrate 29. A drain (or anode) contact may be
connected to the N+ substrate and may be available for
connection at either surface of the chip.

The first step in the process of the invention
is the forxmation of an insulation layer 31 atop the N-
body 30. The insulation layer 31 may be thermally grown
silicon dioxide and may have a thickness of approximately
250 angstronms, :

A layer of polysilicon 32 is then deposited
atop the oxide layer 231 and has a thickness, for example,
of 3500 angstroms. The polysilicon layer may be formed
in any desired manner but, preferably, is deposited and
then heavily doped with implanted arsenic or by a
subsequent CVD doping step such as by introducing POC1,
into the peolysilicon.

Thereafter, a first overlying oxide layer 33 is
formed atop the polysilicon layer 32 at a thickness of,
praeferably, 7000 angstroms. Preferably, the first
averlying oxide layer is comprised of a thermally grown
oxide layer that is grown atop the polysilicon. However,
other materials such as low temperature oxide (LTO),
plasma-enhanced chemical vapor deposited (PECVD) oxide,
PECVD TEQS, or furnace deposited TEOS may be used
instead. Further, the layer may be phosphorus doped.

After the deposition of the first overlying
oxide layer 33, a suitable photoresist layer (not shown)
ig then formed atop the first overlying oxide layer and
patterned by an appropriate photolithographic mask step
to form openings in the photoresist ta the surface of the
first overlying layer. An anisotropic oxide etch then
forms an opening that reaches the polysilicon laver 32.
The polysilicon layer is then etched by a subsequent
anisotropic etch which forms correspending openings down
to the gate oxide layer. Preferably, the first oxide and
pelysilicon side walls should be as nearly vertical as
possible to accurately define the subsequent implant
steps.
Thereafter, the underlying exposad gate oxide
layer 31 may be removed using an isotropic wet etch or
with an anisotropic plasma etch. However, it is also
possible to leave the gate oxide layer intact at this
step and then subsequently implant ions at a sufficiently
high energy that penetrates the thin gate oxide.

The above anisotropic and isotropic etches used
are well-known to those of ordinary skill in the art and



any appropriate etch process can be selected for these
steps.

Thereafter, the photoresist layer is stripped,
and a 7.5E13 boron 1mplant is carried out at an energy of
80ReV through the openings in the first overlying layer
and polysilicon layers and into the exposed silicon.
Following the implant, the P type boron implants are
driven in at appreoximately 1175°C for about 30 minutes,
preferably, to form channel reglons 42 and termination
regions 40 and 41.

A relatively hlgh N+ dose of 3El5 arsenic or
phosphorous, for example, is then jimplanted through the
openings in the overlying oxide/polysilicon layers at an
energy of about 120 keV to subsegquently form the source
regions 50 and 51. A diffusion step may then follow.

Thereafter, a second overlying oxide layer is
formed atop the surface of the wafer of Figure 1 at a
thickness of about 7000 angstroms. Preferably, the
second overlying oxide layer is comprised of furnace
deposited TEOS. However, other materials such as LTO,
PECVD oxide or PECVD TEOS may be used. TFurther, the
layer may be phosphorus doped.

The second overlying layer is then plasna
etched so that substantially all of the second overlying
layer that was deposited atop the horizontal surfaces are
removed, leaving only vertical side wall spacers 60, 62,
64, 66 Whlch have a thickness of about 3000 angstrcns ag
shown in Figure 2. Then, another anisotropic etch stches
ihto the exposed silicon surface so that holes 70, 71 and
72 are formed that penetrate the N+ regions 50, 51 and 52
and that reach the P regions 40, 41 and 42. Becauss of
the vertical sidewall spacers, the holes or depressions
formed in the silicon surface have a smaller diameter
than that of the openings in the polysilicon and first
overlying oxide layers. The holes are preferably etched
to a depth of about 500 to 1000 angstroms.

Thereafter, a 3E15 dose of boron is 1mplanted
into the silicon substrate exposed by the etching of the
holes to form heavily doped regions 80, 81 and 82 in the
P type regions 40, 41 and 42, The implant is carried out
at an energy of about 80 keV. Alternatively, and
preferably, the boron implant is performed prior to the
deposition of the second overlying oxide layer at which
time the regions B0, 81 and 82 are formed.

A second photoresist layer 88 is then applied
atop the surface of the wafer and is patterned by a
second photolithographic step to expose portions of first
overlying layer 33 and a portion of sidewall spacers 60,
62, 64, 66, surround the holes 70, 71 and 72 formed in



the silicon surface, as shown in Figure 2., In accordance
with an inmportant aspect of the present invention, the
source, base and channel regions of the device are
previously defined before this step, and therefore the
alignment of the second photolithographic step to the
wafer is not critical. As Figure 2 shows, the alignment
tolerance of the second photolithographic step may, in
any specific direction, be as large as the separation
distance between the walls of a respective sidewall
spacer.

After the formation of the openings in the
photoresist, the exposed portions of the first overlying
layer and the exposed portions of the sidewall spacers
are removed by an anisotropic oxide etch to expose
contact regions in the N+ regions 50 and 51 and N+
sources 52, as shown in Figure 3.

The N+ and P+ implants are then driven in,
preferably at a temperature of 975°C for 30 minutes in a
nitrogen atmosphere. The N+ regions 50, 51 and 52 will
be shallower than the P+ regions 80, 81 and 82 by an
amount selected by the designer and determined by the
specias and doses used.

When the termination region 14 is included, and
in accordance with another aspect of the present
invention, a layer of titanium is deposited atop the
surface of the wafer. The wafer is then subject to rapid
thermal annealing {(RTA) so that the portions of the
titanium metal layer that contact the N+ and P+ regions
of the silicon substrate or that contact the polysilicon
layer will react with the silicon to form titanium
silicide. The RTA step may be carried out at about 800°C
or may be carried out in a two-step process in which a
600°C anneal is followed by an B00°C anneal. _

The titanium silicide layer serves to improve
the contact resistance to the N+ and P+ regions 50, 51
and 80, 81 and thereby reduces the device an-~resistance,
improves the breakdown voltage, and increases the current
bandling capacity of the device. The titanium silicide
layer also serves as a barrier to aluminum migration in
the device.

Thereafter, the unreacted portions of the
titanium layer are removed using a selective wet etch,
such as in a H,S0,/H,0, solution, which leaves the titanium
silicide contact regions 90, 921 and 92 shown in Figure 3.
The titanium silicide layer connects the P+ regions 70,
71 to the N+ regions 50, 51 which forms an intentional
short between the P+ and N+ regions in the termination
region 14. The titanium silicide layer also connects the
polysilicon layer 32 to the P+ and N+ regions.



The titanium layer is also deposited atop the
device region 12. The wafer is then processed as
described above to form further titanium silicide contact
regions 93 and 94, shown in Figure 3. The silicide
contact regions 93 and 94, however, are not required for
the operation of the device region 12 and may be omitted,
as described above,

A gource contact metal, such as aluminum, is
then deposited over the surface of the wafer, A further
photoresist layer (not shown) is then applied atop the
centact metal layer and is patterned by a
photolithographic step to define the gate bus 100 and the
source contact 101. The alignment of this
photolithographic step to the wafer is also not critical.
After the photoresist layer is patterned, the contact
metal layer then etched by an anisotropic etch to form
gate bus 100 and source contact 101, shown in Figqure 3.

A drain (or anode) contact (not shown) may be
connected to the bottom surface of the N+ substrate 29
and may be available for connection at either surface of
the chip. If the device is an IGBT, a thin N+ buffer
layer and P+ bottom layer are also present at the bottom
surface of the wafer.

Figure 4 shows the equivalent circuit of the
termination region 14 in Figure 3. A drain contact is
made to the N+ substrate 29 and to titanium silicide
segment 90, which are shown in Figure 3, to connect the
substrates of termination devices 110, 111 and 112 and
the drain of dewvice 110.

The source terminal shown in Figure 4
represents the source aluminum contact 101 shown in
Fiqure 3, and the gate terminal shown in Figure 4
represents the gate bus 100 shown in Figure 3, It should
be noted that the titanium silicide segment 92 shown in
Figure 3 connects the drain of device 112 to the source
and gate of device 111 shown in Figure 4. Titanium
silicide segment 91 shown in Figure 3 connects the drain
of device 111 to the source and gate of device 110 shown
in Figure 4. :

A further aspect of the invention, showing a
wafey having an alternative device region 16 and an
alternative termination region 18 is shown in Figure 5.
It should ke noted that the termination region 16 may be
incorporated with the device 12 of Figure 3 in place of
termination region 14. Similarly, the termination region
14 of Figure 3 may be incorporated with the device region
16 of Figure 5.

A field oxide layer 120, shown in Figure 5, is
formed atop the N- body 30 prior to the formation of a



gate oxide layer. A photoresist layer is deposited atop
the field oxide and then patterned as a first
photolithographic mask step to form openings in the field
oxide layer. The exposed portions of the field oxide are
then etched away to expose the active device areas, The
gate oxide insulation layer 131 is then grown atop the
active device areas, and the polysilicon layer 132 and
-the first overlying oxide layer 133 are then farmed over
the gate oxide and field oxide layers in the manner
described above. The device may then be processed in a
manner similar to that described above.

As Figqure 6 shows, a second photoresist layer
(not shown) may then be formed atop the first overlying
oxide layer 133 and patterned by an appropriate
photolithographic mask step to form openings to the
surface of the first overlying layer. The exposed
portion of the first overlying oxide layer is then etiched
to form corresponding openings 135, 136 and 137 in the
first overlying oxide layer that expose portions of the
polysilicon layer. _

In accordance with this aspect of the present
invention, a third photoresist layer 134 is deposited
atop the surface of the wafer and patterned to expose the
active device areas. The alignment of the third
photoresist layer to the wafer is not critical. The
exposed portions of the polysilicon layer that are atop
the active device areas 16 are then etched down to the
gate oxide layer. However, the polysilicon layer is
masked by the first overlying oxide layer, rather than by
the second photoresist layer. The photoresist layer
merely serves to prevent the etching of the regions of
the polysilicon layer atop the field oxide, as shown in
Figure 6. The photoresist layer is then stripped.

Thereafter, as shown in Figure 7, the P type
channel implant regions 140 and 141 are implanted and
driven in the manner described above. Then, as i=zs also
described above, the N+ source implant is introduced
through the openings in the polysilicon and first
overlying oxide layers and may then be driven in.

In this embodiment, however, the P+ boron bkase
implant is then introduced at a lower 1E15 dose to form
regions 180, 181 shown in Figqure 7. Thereafter, the
secand overlying oxide layer is then formed atop the
surface of the wafer and is then etched, as describked
above, to form sidewall spacer 160 in the termination
region 18 and spacers 161 and 162 in the Qdevice region 16
sidewall spacer 160. This deposition may be of
sufficient tenmperature and time to drive in the P+
implant. Alternatively, the P+ (and N+) implants may



then be driven at a tenmperature of 300°C to form shallow
source and base regions. Typically, the source region is
approximately 0.2 microns deep.

Thereafter, as Figure 8 shows, depressions 170,
171 and 172 are anisotropically etched through the N+
layers to reach the P+ base layer, as described above.

Then, an cptional titanium layer may be
deposited in the manner described above and then annealed
to form titanium silicide plugs 190, 1921 and 192 inside
depressions 170, 171. In this embodiment, the entiresty
of each of the sidewall spacers 160, 161, 162 are left
intact so that the silicide is formed only in the
depressions. The unreagted portions of the titanium are
then removed, as iz also described above. Alternatively,
tungsten is selectively deposited atop the exposed
silicon and polysilicon areas and then annealed to form
tungsten silicide plugs.

As an alternative to the above process steps,
the second photoresist layer is patterned to form
openings in the device region 16 but not in the
termination region 18, so that the subsegquent oxide etch
forms openings 136 and 137 but not openings 135. The
deposition of the third photoresist is not carried out at
this time. Instead, the exposed portions of the
polysilicon layer in device region 16 are etched. Then,
the P-type channel implant, the N+ source implant and the
P+ base implant are carried out, and the second overlying
oxide layer is then formed and etched to form sidewall
spacers 161 and 162 in the device region 18. The
depressions 170 and 171 are thereafter etched in the
device regien. Then, the third photoresist layer is
deposited and patterned to form openings in the
termination region 18, and the exposed portion of the
first overlying oxide layer that is in this region is
etched. Then, the titanium or tungsten i1s deposited and
annealed to form the titanium or tungsten silicide plugs.

Thereafter, a contact metal, such as alunminum,
is deposited over the surface of a device to £ill in the
openings in the overlying oxide and polysilicon layers
and the openings in the silicon substrate atop the plugs,
as shown in Figqure 8. Alternatively, when the titanium
is omitted, the contact metal is deposited directly atop
the depressions 170, 171. The silicide plugs 150, 191,
when included, connect the N+ source regions to their
respective underlying P+ base regions which are otherwise
connected by the contact metal. A fourth photoresist
layer is then deposited atop the aluminum and is
patterned using a fourth, non-critical, photolithographic
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step. The aluminum layer is then etched to form gate bus
200 and source contact 201.

As a further alternative, solderable contact
metal, such as a trimetal comprising layers of titanium,
nickel and silver, is deposited over the surface of the
device atop the aluminum layer. This solderable top
metal is then patterned in the manner described above and
forms gate bus 200 and source contact 201.

It should also be noted that, as yet a further
alternative, the polysilicon layer 32 or 132 also
includes polysilicon diocdes. Here, the polysilicon layer
is deposited and then doped with implanted arsenic or
phosphorous, and then an addltlonal photolithographic
mask step defines diode regions in the polysilicon. The
polysilicon diodes are then etched, and then the
photoresist is removed. Then, an N+ arsenic implant is
introduced into the entire remaining polysilicon layer.
Then, the first overlying oxide layer is deposited atop
the surface of the wafer, and the process continues in
the manner described above.

Figure 9 shows a top view of the device shown
in eross-sectien in Figure 8. The gate bus 201 is shown
contacting portions of the polysilicon layer 132 that is
located atop the field oxide. The source contact 200 is
shown atop termination cells 220, 222 and 224 which,
typically, have a 1.5 micron spacing. Also shown are
device calls 230 which, typically, have a 2.5 micron cell
size and a 3.5 micron spacing. A c¢ross—sectional view of
two of the cells is shown in Figure 10.

Figure 9 also shows portions of polysilicon
rings 240 which are located atop the field oxide between
the gate bus 201 and street 203. The polysiliceon rings
are held at a floating potential.

In accordance with the present invention, the
dens;ty of the cells shown in Figure ¢ is greatly
increased up to a density of about 20 million cells per
sgquare inch.

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims.
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WHAT IS CLAIMED 185:

1. A process for fabricating a semicanductor
device, said process comprising the steps of:

forming a layer of gate insulation material
atop a silicon substrate of one conductivity type;

depositing a layer of polysilicon atop said
layer of gate insulation materxial;

depositing a first overlaying insulation layer;

patterning and etching away selected regions of
said first overlaying insulation layer to form a
plurality of spaced openings therein which expose
underlying regions of said layer of poly5111con,

etching away said underlying regions of said
layer of polysilicon to form a further plurality of
spaced openings therein;

introducing impurities of another conductivity
type, which is of opposite conductivity type to said one
conductivity type, into surface regions of said silicon
substrate located beneath said further openings in said
layer of polysilicon to form first diffused regions;

introducing impurities of said one conductivity
type into said surface regions of said silicon substrate
to form second diffused regions;

introducing impurities of said another
conductivity type into said surface regions of said
silicon substrate to form third diffused regions; said
second diffused regions having a final depth that is less
than that of said third diffused regions, said first
diffused regions being deeper and wider than and having a
lower concentration than that of said third diffused
regions;

depositing a second overlaying insulation
layer;

etching away a portion of said second
overlaying insulation layer that is atop said first
overlaying insulation layer, thereby leaving a remaining
portion of second overlaying insulation layer that forms
vertical 51dewa11 spacers along sidewalls in each of said
openings in said first overlaying insulation layer and
along sidewalls in each of said further openings in said
layer of polysilicon and which exposes a portion of each
of said surface regions of said silicon substrate;

etching depressions in gaid portion of said
surface regions of said silicon substrate to a depth
greater than the depth of saild second diffused regions;

depositing a contact conductive layer; and

patterning and etching away portions of said
contact conductive layer to form at least one source

et Has Been Replaced

R g "



- 14 -~

contact which contacts said second and third diffused
regions and at least one gate contact.

2. The process of claim 1 further compris;ng
the steps of: depositing another conductive layer prior
to depositing said contact conductive layer; thermally
treating said another conductive layer such that portions
of said another conductive layer that contact said second
and third diffused regions form a metal silicide laver
that provides an electrical connection between said
second and third diffused regions; and removing unreacted
portions of said another conductive layer.

3. The process of claim 2 further comprlSlng
the step of patterning and etching away a portion of said
vertical sidewall spacers of said second overlaying
insulation layer and a portion of said first overlaying
insulation layer prior to said step of depositing another
conductive layer; and wherein said step of thermally
treating said another conductive layer forms further
portions of said metal silicide layer that contact said
polysilicon layer and which provide an electrical
connection between said polysilicon layer and said second
and third diffused regions.

4, The process of claim 1 wherein said one
conductivity type is N-type and said another conductivity
type is P-type.

5, The process of claim 1 wherein said step
of depositing a layer of polysilicon further includes the
steps of patterning and etching away selected regions of
said polys;l;con layer to form polysilicon diodes and
then 1ntrodu01ng inmpurities of said one conductivity type
into said polysilicon layer.

6. The process of claim 1 further comprising
the steps of: forming a layer of field insulation
material atop said silicon substrate; patterning and
etching away at least one selected region of said layer
of field insulation material to form at least one opening
in said layer of field insulation material and at least
one remaining portion; wherein said layer of gate
insulation material is formed atop said silicon substrate
in said at least one opening in said layer of field
insulation material, said layer of polysilicon is formed
atop said remaining portion of said layer of field
insulation material and atop said layer of gate
insulation material, said selected regions of said first
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overlaying insulation layer are etched away to form a
plurality of first spaced openings therein which axpose
underlying regions of said layer of polysilicon which are
atop said layer of gate insulation material and a
plurality of second spaced openings which expose
underlylnq regions of said layer of polysilicon which are
atop said layer of field insulation material, said first
underlying regions of said layer of polysilicon are
further etched to form a further plurality of spaced
openings therein, and said impurities of said another
conductlvlty type are introduced inte surface regions of
sald silicon substrate that are located beneath said
further openings.

7. The process of claim 1 wherein said step
of depositing a contact conductive layer includes
depositing a solderable contact metal atop said contact
conductive layer.

8. The process of claim 7 wherein said
sovlderable contact metal comprises a trimetal that
includes respective layers of titanium, nickel and
silver.

9. A semiconductor device comprising:

a layer of gate insulation material formed atop
a silicon substrate of one conductivity type;

a layer of polysilicon formed atop said layer
of gate insulation nmaterial;

_ a first overlaying insulation layer having a
plurality of spaced openings therein; said layer of
polysilicon having a further plurality of spaced openings
therein that correspond to said plurality of spaced
openings in said first overlaying insulation layer;

first diffused regions of impurities of another
conductivity type, which is of opp051te conductivity type
to said one conductivity type, formed in surface regiens
of sald silicon substrate that are located beneath said
further apenings in said layer of polysilicon;

second diffused regions of impurities of said
one conductivity type formed in said surface regions of
said silicon substrate;

third diffused regions of said another
conductivity type formed in said surface regions of said
silicon substrate; said second diffused regions having a
final depth that is less than that of said third diffused
regions, said first diffused regions being deeper and
wider than and having a lower concentration than that of
said third diffused regions;
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a plurality of vertical sidewall spacers of a
second overlaying insulation layer formed along sidewalls
in each of said openings in said first overlaying
insulation layer and along sgidewalls in each of said
further openings in said layer of polysilicon whlch
surround a portion of each of said surface regions of
said silicon substrate;

a plurality of depressions formed in said
portion of said surface regions of said silicon substrate
and having a depth greater than the depth of said second
diffused regions; and

a contact conductive layer comprising at least
ona source contact which contacts said second and third
diffused regions and at least one gate contact.

10. The device of claim % further comprlslng
anothexr conductive layer comprising a metal silicide
layer that contacts said second and third diffused
regions so that said polysilicon layer and said second
and third diffused regions are electrically connected.

11. The device of claim 10 wherein a portion
of said vertical sidewall spacers of said second
overlaying insulatioen layer and a portion of said first
overlaying insulation layer are removed so that said
metal silicide layer contacts said polysilicon and said
polysilicon layer and said second and third diffused
regions are thereby electrically connected.

12. The device of claim 9 wherein said ane
conductivity type is N-type and said other conductivity
type is pP-type.

13. The device of claim 9 wherein said layer
of polysilicon includes polysilicon dicdes and wherein
said polysilicon layer includes impurities of said one
conductivity type.

14. The device of claim 8 further comprising:
a layer of field insulation material formed atop saiad
silicon substrate and hav1ng at least one opening therein
and at least one remaining portion; and a layer of gate
insulation material formed atop said silicon substrate in
said at least one opening in said layer of field
insulation material; wherein said layer of polysilicon is
formed atop said remaining portion of said layer of field
insulation material and atop said layer of gate
insulation material, said first overlaying insulation
layer has a plurality of first spaced openings therein
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which expose underlying regions of sald layer of
polysilicon which are atop said layer of gate insulation
material and a plurality of second spaced openings which
exposa underlying regions of said layer of polysilicon
which are atop said layer of field insulation material,
said layer of polysilicon has a further plurality of
spaced openings therein that correspond to said plurality
of first spaced openings in said first overlaylng
insulation layer, and said first diffused regione are
formed in surface reglons of said silicon substrate
located beneath said further openings in said layer of
polysilicon.

15. The device of claim 9 wherein said contact
conductive layer includes a solderable contact metal
formed atop said contact conductive laver.

16. The device of claim 15 wherein said
solderable contact metal comprises a trimetal that
includes respective layers of titanium, nickel and
silver.
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