PROCESS FOR MANUFACTURE OF MOS GATED DEVI CE W TH SELF ALI GNED CELLS
BACKGROUND OF THE | NVENTI ON The present invention relates to sem conduct or
devices and, nore specifically, to MOS gate controll ed reference
(Mbs-gat ed) sem conduct or devices formed using a reduced nunmber of masking
steps with no critical alignnment. MOS-gated devices are well-known in the
art and include devices such as the MOS-gated devices described in
Si ngapore national phase application Seria No. 9501261-3, filed August 31,
1995, which is incorporated herein by reference. These devices include
power MOSFETs, MOS- gat ed PROZESSt BOR, MARTEFRGTUHEqOFeMDSPGRAEDL r ansi st or s
(1 GBTs), gate-turn-off devi pEVIegdwIirtH BEKP. ATWeNEBNCEACSUri Nng processes
for such devices typlcally |nclude a nunber of |ithographi c nmasking steps
whi ch i ncl ude B4 RGH K_H S0 . Each of these critical
al i gnnent st eps add rranurlmtpnemtlmamuaxpmﬂsﬁ:m el $embopndud ter
possi bl e sour cdgvigesicnde mefeoipecifical hherks GRS dpate apprtrol hedi ni ze
or 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 appllcatlon Ser1al 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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elimnate the nunber of critical alignments necessary as wsl asREpgﬂgg t he
nunber of masking steps to inprove the manufacturing yield

manuf acturi ng cost. SUMMARY OF THE | NVENTI O The present invention provides
a novel process for the manufacture of an MOS-gated power device by 04
DEC 1998 2- formng a self-aligned device cell w thout any critical
alignnments. In accordance with a first aspect of the present invention, a
process for fabricating a sem conductor device, said process conprising the
steps of: forming a |layer of gate inSulafion nmaterial atop a silicon
substrate of one conductivity type; depositing a |ayer of polysilicon atop
said layer of gate insulation material; depositing a first overlaying

i nsul ation | ayer; patterning and etching away sel ected regions of said

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 layer 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 second
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 1is 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
lower 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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first overlaying insulation layer to forma plurality of iﬁgéed'openlngs '
t herei n which expose underlying regions of said |ayer of (si.licon; e
etching away said underlying regions of said |ayer of polysilicon to forma
further plurality of spaced openings therein; introducing inpurities of
anot her conductivity type, which is of opposite conductivity type to said
one conductivity type, into surface regions of said silicon substrate
| ocat ed beneath said further openings in said |ayer of polysilicon to form
first diffused regions; introducing i4mur ties of said one conductivity
type into said surface regions of said silicon substrate to form second
di ffused regions; introducing inpurities of said another conductivity type
into said surface regions of said silicon substrate to formthird diffused
regi ons; said second dlffused reglons having a final depth that is |ess

than that of s&TEFTP OnQaPBdfFPéFdd9FF usgdr E§PARTShei ng
deeper and wid HQﬁﬁT%ﬂgi ﬁg§a£|f§§§§ % §§§ Eﬁ Fﬁﬂzgi n.that af said
third diffused yigiqsy, &a Ty lhet 156504 ; 861 kgL LN naNGUpRE L Bn 2 e

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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etching away a portion of said second overlaying insulatiorTIH§§V(511’{5%5."t'l‘\“’|%LE‘\J
atop said first overlaying insulation |ayer, thereby leaving a r® B MicRg

portion of second overlaying insulation |ayer that fornms vertical -3-
si dewal | 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 |ayer of polysilicon and which exposes a portion of each
of said -surface regions of said silicon substrate; etching depressions in
said portion of said surface regions -of4 said silicon substrate to a depth
greater than the depth of said second diffused regions; patterning and
etching away a portion of said vertical sidewall spacers of said second
over |l ayi ng insulation | ayer and a portion of said first overlaying
i nsul ati on Iayer S|t|n a contact conduct i gﬁla r; and patternlng and
et ching away p ‘tﬁe % gﬁgﬁ & W&gﬁ%tmq t one
Sour ce contact atop the second conductive layer,
erable contact metal may include a trimetal that
1ncludes 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
1nventlon, a semiconductor device has the structure
formed in the above manner.

The critical aligmnments 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

Figure 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;

Figure 2 shows the structure of Figure 1 after
the deposition and etchlng 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 1ayer, and the subsequent deposition and etching of
an aluminum layer;

Figure 4 shows an equivalent termination
circuit formed of the structure shown in Figqure 3;
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contacts said second and third diffused regions and at | east one gate
contact. Inpurities of the another conductivity type are introduced into
the portion of the surface regions of the silicon substrate to formthird
di ffused regions. The second di ffused regions have a final depth that is

| ess than that of the third diffused regions. Alternatively, the third
diffused regions are fornmed prior to depositing the second overl aying
insulation layer. The first diffused regions are deeper and w der than and
have a | ower concentration than that of®the third diffused regions. Another
conductive |l ayer may be deposited and thermally treated such that portions
of the layer that contact the second and.third diffused regions to forma
metal silicide |ayer that provides an electrical connecti on betmeen t he

second and third dlffuse Lons. 1§Mre |on f th|s | a er are
removed. Preferablyy égg] b ré On ofayer
fornms further Qgréhpgs fygfi

ponS|I|con | ay£ha apish £84a Pr & o
pol ysilicon I a)kjﬁtal’hﬁbzich@ sepeny ar‘@blf&ixhdbr{ fllé@@i- ra@m an51ow
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.



I'mpurities may be introduced by inplanting the -4- inpurities into the
silicon substrate through a layer of gate insulation material and then
driving in the inpurities. The one conductivity type may be N-type, and the
ot her conductivity type may be P-type. The first overlaying insulation

| ayers may be a thermally grown oxide |l ayer, and the second overl ayi ng

| ayer nmay be a TECS | ayer. The another conductive | ayer may be titanium or
may be tungsten. This conductive |ayer may be rapidly thermal anneal ed at
about 8000C or may be rapid thernmal annéated first at about 600[err]C and
then at about 800[err]C. Selected regions of the polysilicon |ayer may be
patterned and etched away to form polysilicon diodes, and inpurities of the
one conductivity type may be introduced into the polysilicon layer. A |ayer

of field insulation materigl.,gay,bg,foLned, afap 1, $i,ldC u te,in
which at |east eRen3@l @&t %%Qﬁegyéeaﬁiiﬂgiﬂ%9@;&3@?&&?‘%@&?@9 form

at least one  hody 30 is an spitaxially 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



opening and at | east one remaining portion. The |ayer of gate insulation
material may thus be forned atop of silicon substrate i.n the opening, and
the layer of polysilicon may |ikew se be formed atop the field insulation
and gate insulation materials. Selected regions of the first overlaying

I nsul ation | ayer may be patterned and etched away to formfirst space
openi ngs whi ch expose underlying regions of the |ayer of polysilicon that
are atop the layer of gate insulation nmaterial and second spaced openi ngs
whi ch expose underlying regions of the poelysilicon |ayer which are atop the
field insulation material. The first underlying regions of the polysilicon
| ayer nmay be etched away to formfurther spaced openings, and the
impurities may then be introduced into the surface regions of the silicon

substrate that are | ocated beneath the further pen%g%%]to formthe first
di f fused regi o@y THRPTARAHRET S COrt R/ S ydn %Eys tednfem GPeEBngst en

and nmay be rapi e mal ) qglf§£r1' & t %g cog%y tive Laye& may i.ncl ude
s}
ool Gerabe. Congapta 7k LA bl (I SECARG CAROLer DYDEEp zgnd
the 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 regionas 42 and termination
regions 40 and 41. ;

A relatively high 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,
€4, 66 which have a thickness of about 3000 angstroms, as
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 implanted
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



- 4a- solderable contact netal may include a trinetal that includes
respective layers of titanium nickel and silver. A gate bus may be forned
that contacts a portion of the layer polysilicon as atop the |ayer of gate
insulation material. The field insulation nmaterial nmay include a second
openi ng that borders the sem conductor device and forns a street region,
and the polysilicon |ayer may include one or nore polysilicon rings that
are located atop the field insulation naterial between the gate bus and the
street region. In accordance with anet Ber aspect of the present invention,
a sem conductor device conprising: a layer of gate insulation materi al
formed atop a silicon substrate of one conductivity type; a |ayer of

pol ysilicon formed atop said | ayer of gate insulation material; a first

over | ayi ng ins&& tlo V|ng a p% %ghlt ac do enln S g?ﬁégln;
said | ayer of
therein that C%hﬁ—%%o” %%Ei’"éiz% Ex_gg foshs g%nepéﬂig ‘Eﬁe R

prev1ously deflned 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+ reglons 80, 81 and 82 by an
amount selected by the designer and determined by the
speclies 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 poly51llcon
layer will react with the silicon to form titanium
silicide. The RTA step may be carried out at about 800°C
or may be carrled 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 on~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, solutien, vhich leaves the tltanlum
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.



first overlaying insulation layer; first diffused regions of inpurities of
anot her conductivity type, which is of opposite conductivity type to said
one conductivity type, formed in surface regions of said silicon substrate
that are | ocated beneath said further openings in said | ayer of
pol ysilicon; second diffused regions of inpurities of said one conductivity
type forned in said surface regions of said silicon substrate; third
di ffused regions of said another condu§t|V|ty type forned 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 wi der than and having a | ower
concentration than that of said third diffused regions; a plurality of
vertical sidewall spacergnef tategsandlayer4bs AYGH| AkpBEitBaUbabLOBNkAYer
fornmed al ong sddedekl reghicAack. 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
contact 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
Figure 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



of said openings in said first overlaying insulation | ayer and al ong
sidewal s in each of said further openings in said |layer of polysilicon
whi ch surround a portion of each of said surface regions of said silicon
substrate; a plurality of depressions forned in said portion of said
surface regions of said silicon substrate and having a depth greater than
the depth of said second diffused regions; a netal silicide |ayer that
contacts said second and third diffused regions so that said polysilicon
| ayer and said second and third diffirsd8 regions are electrically
connected; and a contact conductive |ayer conprising at | east one source
contact and at | east one gate contact. The critical alignnments steps are
elimnated by using a | ow tenperature oxide side wall spacer to mask the

etching of a depiesd,kd Si I 4 n selijecty f.ar tal
ottt TR A A B 8 gl 8 et
| ow t enper at ur HIHAG IHdR-aF 1 c SRa0erstdy) &0 Hiridbipeniwgkh ihhenselsaetigvel v
formed netal | aydide Mrapdzfles Thétetsdsa® dortiiopeevEntthel FRONLE! b&3 der afe
di ffusing to tHhheamretzidad HMP deegqozehdmeelastdved 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



I nverting themto cause | eakage. Ot her features and advantages of the
present invention will becone apparent fromthe foll ow ng description of
the invention which refers to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1 is a cross-sectional view of a portion of a chip
within a silicon wafer after a gate oxide layer, a polysilicon |ayer and a
| ow t enperature oxide | ayer have been forned thereon, after openings have
been formed in these layers, and after_|lightly doped P regions and N+

regi ons have been forned in the openTnb%;‘Figure 2 shows the structure of
Figure 1 after the deposition and etching of a further |ow tenperature

oxi de - 4c - layer to formsidewall spacers, an anisotropic silicon etch
to forma depression through the N+ region, and the formation of a P+

region in the gl ngs dalJaved by ddig ARSI b@”s%dcp%tot %'b'i”n{‘%h%.fll%w
phot oresist | ayfiurdd BHE® bhad Ry fidies .St Yplivae 19, khalkeuzcdl k@igidnay Ng
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



portions of the |ow tenperature oxide |ayer and side wall spacers,
formation of an optional selective netal |ayer, and the subsequent
deposition and etching of an alum num |l ayer; Figure 4 shows an equi val ent
termnation circuit formed of the structure shown in Figure 3; - 5-
Figure 5 is a cross sectional view of another enbodi mrent of the present

I nvention showing a portion of a chip after a f ield oxide |ayer has been
formed thereon and patterned, and after the subsequent deposition of a gate
oxi de layer, a polysilicon layer and” @4 6w tenperature oxide |ayer; Figure
6 shows the structure of Figure 5 after the patterning and etching of the
| ow t enperature oxide and polysilicon |ayers; Figure 7 shows the structure
of Figure 6 after the formation of lightly doped P regions. and N+ and P+

regions, and ati{gy the,SURSRAYRNL LQUERLLONERin SLEEHRE | to £orm 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.



spacers; Figure 8 shows the structure of Figure 7 after theT@GﬁﬁﬁgEgggggmgN
sel ective netal plug and the subsequent deposition and etching -

al um num | ayer; Figure 9 shows a top view of the structure of Figure 8; and
Figure 10 shows an enl arged cross sectional view along section line 9-9 of
Figure 9. DETAILED DESCRI PTI ON OF THE | NVENTI ON The fol |l ow ng description
of the preferred enbodi nents of the invention describes the manufacture of
an N channel power MOSFET devi ce. Howewer . the present invention is also
applicable to the manufacture of a P channel power MOSFET devi ce.
Furthernore, any suitable nodification to the junctions can be enployed to
use the sane process for the manufacture of other MOS-gated devices, such
as an | GBT or a MOS-gated thyristor, regardl ess of whether the device is N
channel or P chHBAZI ISTEBAIMER|I 8§y of the devices is preferably that of
hexagonal cells. However, lit whl Pr%‘ée%p%ﬁl'érﬁah@qms%ﬁ¢w¢mlﬂ%’éoért

eyic process comprising the steps of:
that the procesg v3 @quﬁFgg rming 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
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applicable to cells having any pol ygonal structure such as éﬁﬂﬁﬁ%&gﬁﬁgijgh““
rectangul ar cells, whether offset or in aline, as well asito REPLACED

interdigitated structures. Referring first to Figure 1, thefé i s shown a
portion of a wafer or chip showing a first enbodi nent of a device region 12
of the invention which has a repetitive structure. Also shown is a first
exanple of a termnation region 14. However, alternative exanples of

term nation regions may be incorporated4 B pl ace of region 14 as descri bed
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 terns "chip" and "wafer" are sonetines interchanged.
-6- Figure 1 shows a wafer having an N- body 30 formed of nonocrystalline
silicon. Preferapnjacthehirh heeltacts ssaid sypaend @nd thinddisfesedr own
atop an N+ subsF¥Ratenoand kaleafhronmoiye comtatt may be

2. The process of claim 1 further comprising
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 comprising
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 polysilicon layer to form polysilicon diodes and
then introducing impurities 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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connected to the N+ substrate and nay be available for con éVl d%ﬁt,@ Fﬁ%ﬁ
surface of the chip. The first step in the process of the i iﬁLiSiLhﬁm‘
formation of an insulation |layer 31 atop the N- body 30. The insul ation
| ayer 31 may be thernmally grown silicon dioxide and may have a thickness of
approxi mately 250 angstrons. A layer of polysilicon 32 is then deposited
atop the oxide layer 31 and has a thickness, for exanple, of 3500
angstroms. The polysilicon | ayer may bﬁ formed in any desired manner but,
preferably, is deposited and then heav Py doped with inplanted arsenic or
by a subsequent CVD doping step such as by introducing POC1l3 into the
polysilicon. Thereafter, a first overlying oxide |ayer 33 is forned atop
the polysilicon |ayer 32 at a thickness of, preferably, 7000 angstrons.
Preferably, theobbfBayDngr iﬂmﬁl]}a%ﬁield}@éieraﬁé FUHYA SRR ddrar npl |y
grown oxi de | ayprutabity Sofroimsttapaddit qpnidids aderdisnetgich dlifise
mat eri al s such mddmlzwimg:(megiims ofi sleld TEQer @fasmdyeilldreed wihish caa:}e

vapor deposi tecﬁ?%(ﬁﬁ% FEQUD-a Basulat ifoar materdedosinded TECS may be
used lity 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
said silicon substratas 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
plurallty 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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I nstead. Further, the | ayer may be phosphorus doped. After the @éﬂdgiafon
of the first overlying oxide |ayer 33, a suitable photoresist Layer (Hot
shown) is then fornmed atop the first overlying oxide |ayer and patterned by

an appropriate photolithographic mask step to formopenings in the
photoresist to the surface of the first overlying layer. An anisotropic

oxi de etch then forns an opening that reaches the polysilicon |ayer 32. The
polysilicon layer is then etched by a subsequent ani sotropic etch which
forms correspondi ng openi ngs down to~thk& pate oxide |ayer. Preferably, the
first oxide and polysilicon side walls should be as nearly vertical as
possible to accurately define the subsequent inplant steps. Thereafter, the
underlying exposed gate oxide Iayer 31 may be renoved using an isotropic

wet etch or with an anisqfr I%Fa HQWeY Bkwa @:I S|ble

to | eave the galeudid d ]fﬁl% 4 te%pfeilﬁ é%sa f%ih

i npl ant i ons atijrp W& g ST rRREHGY shhal rpeset L3k E'ia In ga e

oxi de. The abO\dﬁlderﬁﬂldya’in sty eidkthessusadeats Wl balmown to

t hose of ordi ngdlurtddd lopenimyes diri said layer of polysilicon which
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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-7- any appropriate etch process can be selected for thessg gﬂé Er,,f;;
Thereafter, the photoresist layer is stripped, and a 7.5E1§“QQL*~ 0
is carried out at an energy of 8CKeV through the openings in the flrst
overlying |l ayer and polysilicon |ayers and into the exposed silicon.
Following the inplant, the P type boron inplants are driven in at
approxi mately 1175 C for about 30 m nutes, preferably, to form channel
regions 42 and termi nation regions 40 d 41. Arelatively high N+ dose of
3E15 arsenic or phosphorous, for exampTe, is then inplanted through the
openings in the overlying oxide/polysilicon |ayers at an energy of about
120 keV to subsequently formthe source regions 50 and 51. A diffusion step
may then follow Thereafter, a second overlying oxide layer is forned atop
the surface ofwhhehwakposel ubtgy1eihaatkegibhs Chassi @1 aPostoF 000
angstrons. Prepelgbiyicbhewhich 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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Second overlying oxide layer is conprised of furnace deposited TECS.
However, other materials such as LTO PECVD oxi de or PECVD TECS may be
used. Further, the layer nmay be phosphorus doped. The second overlying

| ayer is then plasma etched so that substantially all of the second
overlying layer that was deposited atop the horizontal surfaces are
renoved, |eaving only vertical side wall gpacers 60, 62, 64, 66 which have
a thickness of about 3000 an strons, as shown in Figure 2. Then, another

ani sotropi c etch etches i 3. £ SUFRCTUREN OF  MOSc SATED hat hol es 70,
71 and 72 are formed that p e ‘ Sg-GHe 3 and 52 and that

reach the P regtggﬁ éﬂ 41 d .. .Because of the vertlcal si dewal |
spacers, the h } in the silicon surface have a
smal | er di amet g S" 9 ??P% gﬂ%%i#igﬁhcﬁnasflrst
overlying oxid F%géﬁgy e ks AVHEBRt Fedt about
ny © W&id jnto

§ o
500 to 1000 an Y@-isp*ﬁﬁ% b
the silicon se% ﬁ &90 g§ %%r?% 32 Eeﬁ ?Iy
doped regi ons 2 16 &13@1? Ihed %Qéé%{!é ndde L 22"
inplant is carpped SPP con layer to the P+ and N+ diffusion regions.
The sidewall spacer, in combination with the selectively
formed metal, pravents impurities from diffusing to the
parasitic DMOS channels and inverting them to cause

leakage. A termination structure may also be formed by
_this process.,

Fig._ 3
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at an energy of about 80 keV. Alternatively, and preferably,
Jverly$ﬁﬂﬁgﬁpde

inmplant is perfornmed prior to the deposition of the second ¢
| ayer at which tinme the regions so, 81 and 82 are forned. 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 sidewglsl spacers 60, 62, 64, 66,
surround the holes 70, 71 and 72 forned in the silicon surface, as shown
in Figure 2. In accordance with an inportant aspect of the present

I nvention, the source, base and channel regions of the device are

previ ously defined be%aL%rLQLQ\ELgp,'and t her ef or ETrQﬂhEnf*ﬁ+7 he

second photolithograph]d.jstep t0 thie—wdfem i s not fital . As Figlrje 2
I gr aphi c step fmay, in

shows, the alignnent [tpligrance of fhe second phot
any specific directigni- e g | arge as the separdt) yance betpgen the
wal | s of a respective, 'ﬁe%ﬂf| spdcer. |\ N
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After the formation of the openings in the photoresist, the| &850 dj“i’ EEN
portions of the first overlying |layer and the exposed porti pns oﬁit h&CED
sidewal | spacers are renoved by an ani sotropi c 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+ inplants are then driven in, prefe
of 975[err]C for 30 m nutes in a nitrogegysat nosphere. The N+ regions 50, 51
and 52 will be shallower than the P+ regions 80, 81 and 82 by an anount
sel ected [err]by the designer and determ ned by the species and doses used.
When the termnation region 14 is included, and in accordance wth another

aspect of the present inven
surface of the water. Thejye

layer will react with.the syﬁlc.~

may be carried out aﬁqa
process in which a

11HEn su
i Aedluny

N

ay be car

tal |3
it con

|tan| um

rably at a tenperature

_;‘wj titaniumis deposited atop the
bjett toAapid thermal annealing

yer that contact the N+
tact the polysilicon

silicide. The RTA step
ried out in a two-step
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[
Y

600[ err] anneal is followed by an 8006C anneal .
serves to inprove the contact resi.stance to the N+ and P+ riegi ong.5
and 80, 81 and thereby reduces the device on-resistance, inLoMegiLhﬁiimww“J
breakdown vol tage, and-increases the current handling capacity of the
device. The titaniumsilicide |ayer also serves as a barrier to al um num
mgration in the device. Thereafter, the unreacted portions of the titanium
| ayer are renoved using a sel ective wet eg?g, such as in a
Herr]Qerr]/Herr]O[err] solution, which [eaves the titaniumsilicide
contact regions 90, 91 and 92 shown in Figure 3. The titaniumsilicide
| ayer connects the P+ regions 70, 71 to the N+ regions 50, 51 which forns
short between the P+ and N+ regions in the term nation

er also connects the polysilicon |ayer

an intentional
I's al so deposited

region 14. The titaniun1si|icide'lqﬁ
32 to the P+ and N+ regions. -91%The titanium | ayer
N “:]1
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device region 12. The wafer is then processed as described agdvb'_ﬁilﬁﬁﬁﬁ EN
further titaniumsilicide contact regions 93 and 94, shown _n_EL&ﬂfé“gfiIhgwﬂ

silicide contact regions 93 and 94, however, are not required for the
operation of the device region 12 and may be omitted, as descri bed above. A
source contact netal, such as alumnum is then deposited over the surface
of the wafer. A further photoresist |ayays(not shown) is then applied atop
the contact netal layer and is patterned by a p ol i t hographic step to
define the gafe bus 100 and the source contact 104 The alignment of this
phot ol i t hogfaphic step to the wafer is also not ggijtical. After the

phot oresi st | pyer is patterned, the contact netaﬁ layer then etched by an
ani sot r opi ‘égch to formgate bus 100 and sourcg contact 101, shown in
Figure 3. [drain (af anode) contact (not shown){igmy be connected to the
bott om surflae of the N+ substrate 29 and may be?SSaLlable for connection
at either gqurface of the_chip, If the device is] | BT, a thin N+ buffer

| ayer and R+ otto&&l@xei?arh al so present at tazjbotton1sudfqge of the
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Figure 4 shows the equivalent circuit of the termnation regionpkd ACED
Figure 3. A drain contact is nmade to the N+ substrate 29
silicide segnent 90, which are shown in Figure 3, to connect the substrates
of term nation devices 110, 111 and 112 and the drain of device 110. The
source termnal shown in Figure -4 represents the source al um num cont act
101 shown in Figure 3, and the gate ter&/hal 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 3Q§9nnects ﬁht drain of device 112 to

E

t he source and gate of device 111 sho insFigu(&t4. Titaniumsilicide
segnent 91 shown in Figure 3 connects t‘he [d n deV|ce 111 to the source
and gate of dgdvice 110 shown in Fi gurexi:
i nvention, sl wi ng a wafer having an §Eter ative deV|ce %?
(o] ed

alternative ﬁﬁrnination region 18 is in Figure 5.
m r por at &g w eV|ce
: SlnlmaH
/i

Figure 3 injpkace of term 4on, rtegi on 14
region

that the termlnation region %nay be\jnc
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14 of Figure 3 may be incorporated with the device regi on LURKM ACEMENT SHEST
field oxide |layer 120, shown in Figure 5, is fornmed atop the p—body—36
prior to the formation of a 10 gate oxide layer. A phot rdsisL.SﬁMepﬁis
deposited atop the field oxide and then patterned as a firsjt 1o ik
phot ol i t hographi c mask step to formopenings in the field dxiidelayer. The
exposed portions of the field oxide are _then etched away td expose the
active device areas. The gate oxide i nsdi/at i on | ayer 131 i OWR—at-op—
the active device areas, and the polysilicon |ayer 132 and the first
overlying oxide layer 133 are then fornmed over the gate oxide and field

oxi de layers in the manner described above. The device nmay then be

processed in a manner simlar to that described a = i e § shows, a
second phot or esi st may then be f atop the f&rst

overlying oxide Iaj‘ 133 and pattefned by an app Wi fat e
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phot ol i t hogr aphi ¢ mask step to form openings to the surfaceRBPLAGEMBNTSBHEET
overlying layer. The exposed portion of the first overlying ¢xXrde Tayer s
then etched to form correspondi ng openi ngs 135, 136 and 137 i{n g%eyhhﬁ§t;

. . . ) Loy X, LIS TV
overlying oxide |ayer that expose portions of the polysiligon |ayer. I'n
accordance wth this aspect of the present invention, a thijrd—pheteresist
| ayer 134 is deposited atop the surfacz/®f the wafer and patterned to

expose the active device areas. The alignnent of the thirdphotoresist

| ayer to the wafer is not critical. The exposed portions of the polysilicon
| ayer that are atop the active device areas 16 are then etched down to the
gate oxide | ayer. However, the polysilicon |ayer is nasked by the first
overlying oxide |ayer, rather than by the second photoresist |ayer. The
phot oresi st |ayer nerely serves to prevent the etching of the regions of
the polysilicon |layer atop the field oxide, as shown in Figure 6. The

phot oresi st layer is then stripped. Thereafter, as shown in Figure 7, the P
type channel i eys 140 anq I4F are inplanted and driven in the
manner describ Ve As i sjal sp
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descri bed above, the N+ source inplant is introduced throy 4»;nﬁ;QQQa4@9§ﬁq'
in the polysilicon and first overlying oxide |ayers and nEgT #é Efd sy plen!
in. In this enbodi nent, however, the P+ boron base inplant] ifs then

i ntroduced at a | ower 1E15 dose to formregions 180, 181 ghqwniiBnIANgitrie
Thereafter, the second overlying oxide |layer is then forngdijatop the
surface of the wafer and i s then etcheg/ as descri bed aboge, To Torm
sidewal | spacer 160 in the term nation region 18 and spacers_ 161 and 162 in
the device region 16 sidewall spacer 160. This deposition may be of
sufficient tenperature and tine to drive in the P+ inplant. Alternatively,
the P+ (and N+) inplants may then be driven at a tenperature of 9000C to
fonm shal | ow source and base regions. Typically, the source region is
approximately 0.2 mcrons deep. Thereafter, as Figure 8 shows, depressions

) rs 3

170, 171 and 172 areié?;ZE arfy etched through the N+ |ayers to reach
t he P+ base | ayer, asﬁ ‘e?e ' pve. \\:(‘] _QI-
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VDAV CLnTT
Then, an optional titaniumlayer may be deposited in the *‘LA Agéﬁfé%ﬁﬂﬂ
above and then annealed to formtitaniumsilicide plugs 190, 191 and 192
i nsi de depressions 170, 171. In this enbodinent, the entirjety 4f3 Jashiyes
the sidewal | spacers 160, 161, 162 are left intact so thatf the silicide is
formed only in the depressions. The unreacted portions of gthé titani um ar
then renoved, as is also described ahggse. A ternatively, tlungsten is

sel ectively deposited atop the exposed silicon and polysilicon areas and
then annealed to formtungsten 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 termnation region 18, so
that the subsequent oxide etch forns 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 |ayeryin device
region 16 are etched. Then, the P-type channel inplant;—2EE§ source

i npl ant and the P+ base inplant are carried out, and the lsecond qQverlying

oxide layer is then formed and etched to f
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spacers 161 and 162 in the device region 18. The depressi oREPDIAOE BRI TLIERET
are thereafter etched in the device region. Then, the thigd[photorestrstr—

| ayer is deposited and patterned to form openings in the terniparjm@Tﬁﬁp{Ln
18, and the exposed portion of the first overlying oxide lfayer Yhat i.n
this region is etched. Then, the titaniumor tungsten is ge
annealed to formthe titaniumor tundgst®n suicide plugs. Thereafter, a
contact netal, such as alumnum is deposited over the surfacteof—adevice
to fill in the openings in the overlying oxide and polysilicon |ayers and
the openings in the silicon substrate atop the plugs, as shown in Figure 8.
Alternatively, when the titaniumis omtted, the contact netal is deposited
directly atop the depressions 170, 171. The silicide plugs 190, 191, when

i ncl uded, connect the N+ source regions to their respective underlying P+
base regi ons which are otherw se connected by the contact netal. A fourth
phot oresi st | ayer is en deposited atop the alum numand is patterned
using a fourth, Qan-&nltical, phot ol i t hogr aphi ¢

[

U

STREET
EE

NG

L/FFUSED
FLOATING RINGS
/EE\

\

WING
KINGS

10

240
Z E
240

FIG.

254 CELL
3B SPACE




ACEMENT SHEEL

T o oOUTrT UL

step. The alumnumlayer is then etched to formgate bus 2 §EPL
contact 201. As a further alternative, sol derable contact tal, such 35{f
trimetal conprising layers of titanium nickel and silver, ijs de<&ﬁ4@e ’
over the surface of the device atop the a um num | ayer. Thi solderable (90)
metal is then patterned in the manner described above and fdrnms gate bus
200 and source contact 201 It should also be noted that, as ft-her

al ter nat i vegcbiig ok s reahs LAk (320 132 120A0nch | udes Rl con

di odes Here l"ayer i's dep03|te mnth
I mpl ant ed aﬁéégmme@ﬁsphosphorous and then an addltlonal photollthographic

mask step definen diedeqnngkons chnat e Bel uskionr The Bekushi con di odes

are then etched, hotoresi st i s 'renoved. Theén, an N+ arsenic
inplant is LAVEDEIead ﬁnPéOFﬁéseﬁPKTéakéﬁﬂaﬂl@@ ﬁoﬁ?@ﬂppééﬁcﬁéyér Then,

the first owakdivenNdsaxadgrbares congenasinednat aRelaeogurface of the mafer
and the process continues_in the manner ,descri hed above. Figure 9 shows a

top view of the fging and@yer of gate insulation material atop a
silicon substrate of one conductivity type;

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

depositing a first overlaying insulation 1ayér;

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 polysilicon;

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

('\ ESTIE S
Atz |



" in cross-section in Figure 8. The gate bus 201 is sho
of the polysilicon layer 132 that is |ocated atop the
source contact 200 is shown atop term nation cells 220
typically, have a 1.5 m cron spacing._ A:g so shown are device.cl
typically, have a 2.5 mcron cell size"and a 3.5 mcrof spacing. A
cross-sectional view of two of the cells is shown in Fiigure-30-—Frgure™9

al so shows, [sGn f id4 ' ' : qﬁﬁ%' t he
field oxidé g%am%eﬁspt%?eeq%a%%%}&g@%é%ﬁg%é&egy%ﬁ %#eﬂ%coo ysﬁlarl{éc)sgn rings
are hel d din sdidbdtiinsf poeaiEving limsadédridandevsin raché@lgmssent i nventi on,
t he densi ty; el | | i i : j : a
density ofélla(ﬁ%wu%ﬂ}gsoqﬂ Iel%llﬁ(e_)\(?gIélasrl d;ﬂtgll% g?ﬁﬁ@iﬁt’t%ﬁ?h%%eﬁ%nt

i nvent i on By Hddif e S8 mbd o epFofg R RPN @fl Sadnisfdi s thereof,

nmany ot hergyad @t i:ers oid SO il il o randidieitises wil | become apparent
to those skilled inthe art. It is preferred, therefore,_ that_ the present

i nvention be I§5AREY FSPUSFSLRESs Jetisdid AEGIRUSE Heid BUTf RSNl v

regions of said silicon substrate to a depth greater than

the depth of said second diffused regions;

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;

depositing a contact conductive layer; and

patterning and etching away portions of said contact
conductive layer to form at least one source contact which
contacts said second and third diffused regions and at
least one gate contact.

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 formed prior to depositing
the second overlaying insulation layer. The first diffused
regions are deeper and wider than and have a lower
concentration than that of the third diffused regions.

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 connection between the
second and third diffused regions. Unreacted portions of
this layer are removed.

Preferably, the thermal treatment of the another
conductive layer 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
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by the appended cl ai ns. - 13 - CLAIMS 1. A process for—fabrrcattmngia

sem conduct or device, said process conprising the steps pf, ,Qggtggga | dyer

of gate insulation material atop a silicon substrate of obn& ‘tonduéfYviity
ifon

type; depositing a layer of polysilicon atop said | ayer af_gate_insulat
material; depositing a first overlayfhg insul ation |ayer; patterning ang
etching away sel ected regions of said first overl ayi ng-i asttatt+on—tayer ‘to
forma plurality

of sai 1 AUBRERE s R GO R i et S GERR B e S of Caai d
| ayer of pmbesiirisidrattior maher falr taet law adivingf isp&ded openi ngs
oot 1= (BRAELAR, | THL P SN ARG U ot R 12
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 TEOS layer.
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 formed 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 first
underlying regions of the polysilicon layer may be etched
away to form further spaced openings, and the impurities
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
conductive layer may include a solderabe contact metal

deposited atop the second conductive layer, and the



H BTN
type, into surface regions of said silicon substrate I%C'Ledﬁhaﬂaathihﬂld
further openings in said |ayer of polysilicon to formfyrjst diffused
regions; introducing inpurities of said one conduct|V|ﬂygtype Jﬁﬁd’ﬁhi&
surface regions of said silicon substrate to form second Idi ffused reg|¢ $;
introducing inpurities of said another 8onduct|V|ty tyde into said sSurfage
regions of said silicon substrate to forntthlrd di f fused.regions; sajid
second di ffused r ons, havi n i nal h that .S Ie that of said
third di fﬁ?g*]e%eﬁaég&oncs ntaqty “??tr%Jt "&a¥fhs %4t S eetlang cpgeper and wi der
t han and tﬁmdhgiees Im@emnmerﬂtar}&tr@mf Haxtartuatm ofanzhed tanid s idividfused

regi ons; dep 0 s away a
portion o% séfﬂdé secon O\C/be(;£r1Idfaot(}%/n%(i %ﬂ |on ﬁ%ayer t hat |se&a§g!p said first
over| ayi nglayesulmaliyei 1 iayer a8 mzcrcabytlh@almr@r ok egﬁd:tmllrtgstti@ttltmh of second

overl ayi ngud i A | Ot dVefe I And QT SB1 SR hA R 81 dRMPl dnRAgeT along -

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 present
invention, 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 material;

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 opposite conductivity type
to said one conductivity type, formed in surface regions of
said silicon substrate that are located beneath said
further openings 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;

a plurality of vertical sidewall spacers of a second
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sidewal I s in each of said openings in said first overl ayi rﬁgjﬂ%ﬁu EEFI
| ayer and al ong sidewalls in each of said further openings in said |ayern ¢f
pol ysilicon and which exposes a portion of each of said |surface*tedbiths
said silicon substrate; etching depreszhons in said porﬁiqn of said surf
regions of said silicon substrate to a
second di ffused regions; patterning and etching away a portion of said
side | . space . sai overl.ayi i latd I and a
ove%‘.@iyﬁr?ggtlnguslﬁoglo ldafeerc%q:mede al)epﬁrd]gsd'e(%?séi]’?léng}la eg%n act
conduct i veof ayeid epehiveys ermigwidrfl wtc vey laydiyngpdrtswdres igfn sl ke ont act
conducti ve Y. t t : | tacts said

}f%i %fdorgé)f%ﬂféu 14 S5l NP oSPl’.ﬁfaCl% My ;Mgieggir{%@%gtﬁ?

second anda

verti cal

portion of~ sai

of

a¢
epth greater than tHe depthof—sai

overtlaying 1‘nsul-ation layer,

used regions and at least one ga 2.

process ofsaidibaver wf eelywiprdat mhidie simeung a qepdsian mf @atther
conducti ve,fayely pédeadéé’ 4100 said sontagt Lpnduddye |ayer;

thermally treating sa

anot her conduc? i RA TNy tdfatdersifsfdionsifpaadhid &7dd maxt ian fAsed

regions fogma SetddcsitdLisles |y edatdadi Pradt dRb AT AL EHrd aplvaapnect i on

bet ween saéd second and third diffused regi ons; and

epth greater than the depth of said second diffused
regions;

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; and

a contact conductive layer comprising at least one
source contact and at least one gate contact.

The critical alignments steps are eliminated by using a
low temperature 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 combination 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.

Other 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

Figure 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 layers, and after lightly doped P regions and N+
regions have been formed in the openings;

Figure 2 shows the structure of Figure 1 after the

deposition and etching of a further low temperature oxide

The

e
d

another conductive Tayer such that portions of said



removi ng unreacted portions of said another conductive Fﬁ 4 A\ ET
process of claim2 wherein said step of thermally treaftnf égggg%ﬂggﬁg"

conductive layer fornms further portions of said netal gil{icide |ayer,tha
contact said polysilicon |ayer and which provide an el dctir i 41" donfréct | oh
bet ween said polysilicon |ayer and said second and thirldidi ffused regions
4, The process of claim 1 wherein said one conductivifty type is N-type
and said anot her conductivity type is P-type. 15-15 The preeess—of
claiml1 wherein said step of depositingca-layer of polysilicon further

i ncludes the steps of patterning and etching away sel ected regions of said
polysilicon layer to form polysilicon diodes and then introducing

i mpuriti eslayfersaiod fore codenetlilvispadepss iant arsiaot nogiyesidiilcicron aterh 6.
The process, glol & Mb,LWRST QRIS G LE AIARS Ofind Qpl ng a | ayer of
field insulation material atop sai I I7°con substrat’e; patterning and

et chi ng aviayrmat joeasif en®+ 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;



sel ected region of said layer of field insulation mat em
one opening in said |ayer of field insulation material}la spr:
remai ni ng portion; wherein said |ayer of gate insulatipn orimred

atop said sili con“mﬂ” ' I d at | east one openi hgli :
field insulation ﬂ I [’Hugtﬁmayer of polysilicon ig f
remai ni ng portion df Sait ay field insulation matlerial and atop d

| ayer of gate insulation material, said selected regions—of—sard irst
overlaying insulation |ayer are etched-awgy-to forma plurality of first
spaced openings therein which expose urdarMgi ng regi ons of said |ayer of
pol ysi i con whi ch are ahoR,8abds! BYEr sl GalE dnaULahi eBaRRLEDE Mot 2
plurality of second spaced openings ich expose underlying regions of said
| ayer of poldmuqesss Worekisiedatp S%ERE IAffer of field insulation
material, said firsoriger byiagetedi as: Ofirsaildthiayemnaebrpal ystbpcon are
furthgr etched to form a further 8Iu ality of spaced openings therein, and
sai d |npu?%%*?ﬂ?(ﬁUQﬁﬁqﬁtgnBFhBPec AT WY tYEE are introduced into
?urfﬁce regi ons of dapcditiihipcanlaybstohitm iyl izoa baoat edifiehapth shi d
urther openings. 7. . The process of claim1l wherein said step of
depositingaEF(éhﬁ%ﬁﬁtaagngﬁégf§8?rayer i ncl udes depositing a sol derable
contact netal atop depicditdmpaet fivatueteniatingerinsulation 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
polysilicon;

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 sidewall spacers along



-16- 8. The process of claim7 wherein said sol derable RBBhAGElVIEeNtTaﬁHEEl

conprises a trinetal that includes respective layers off ffitanium nick

and silver. 9. A semcq ﬁ nprising: a | ayler| of agste 578

i nsul ation materi al foraﬁ N“ﬁm\‘ n substrate of lone conductivit
type; a layer of pol y5|l or meds at'op said | ayer of lgate—msutation
material; a first overlaying insulation |layer having a plurality of spacgd
openings therein; said | ayer of polysiligen-having a further plurality of
spaced openings therein that correspond to said plurality of spaced

openi ngs $hdewdld & iirsreagedfapiaid Ppsuliags oin | st £ ifnatstoveirflbwded regi ons
of i MPuri £hes &1 HANRS: GoRAUIbRY "stEMQ?lsV‘ﬂhcé}?dﬁ K QRARO%YEher

conduct i vi ty type to Said_one conductivit ormed in surface regl ons
of said sPPFRYIES B 1SECe LlasE Qﬁeppéxaf-éacwmﬁ Wil h ePROSKSr 2opeRFRYR i n

said | ayesf odadiplysiddi@@Burface regions of said silicon substrate;

etching depressions in said portion of said surface

regions of said silicon substrate to a depth greater than the
depth of said second diffused regions;

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;

depositing a contact conductive layer; and

patterning and etching away portions of said contact
conductive layer to form at least one source contact which
contacts said second and third diffused regions and at least one
gate contact.

2. The process of claim 1 further comprising 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 layer 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 wherein said step of
thermally treating said another conductive layer forms further
portions of said metal silicide layexr 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.
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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 overlaying insulation layer are etched away to form a
plurality of first spaced openings therein which expose
underlying regions of said layexr of polysilicon which are atop
said layer of gate insulation material and a plurality of second
spaced openings which expose underlying 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
conductivity type are introduced into surface regions of said
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.
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silicon substrate of one conductivity type;

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

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 opposite conductivity type to said
one conductivity type, formed in surface regions of said silicon
substrate that are located beneath said further openings 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;

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
sidewalls in each of said further openings in said layer of
polysilicon which surround a portion of each of said surface

regions of said silicon substrate;
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second and third diffused regions are electrically connected; and
a contact conductive layer comprising at least one

source contact and at least one gate contact.

10. The device of claim 9 wherein a portion of said
vertical sidewall spacers of said second overlaying insulation
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.

11. The device of claim 9 wherein said one
conductivity type is N-type and said other conductivity type is
P-type.

12. The device of claim 9 wherein said layer of
polysilicon includes polysilicon diodes and wherein said

polysilicon layer includes impurities of said one conductivity
type.

13. The device of claim 9 further comprising: a layer
of field insulation material formed atop said silicon substrate
and having 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 which expose
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said contact conductive layer. 15. The device of claim 1§
sol derabl e contact netal conprises a trinmetal that inclu
| ayers of titanium nickel and silver.
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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 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 overlaying insulation layer,
and said first diffused regions are formed in surface regions of
‘said silicon substrate located beneath said further openings in
said layer of polysilicon.

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

15. The device of claim 14 wherein said solderable
contact metal comprises a trimetal that includes respective
layers of titanium, nickel and silver.
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