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REDUCED MASK PROCESS FOR MANUFACTURE
OF MO EVICES

A QUND OF THE INV N

This invention relates to MOS gated devices,
and more specifically relates to a novel process which
exploits the different implantation ranges of certain N
and P impurities to produce a junction pattern with fewer
mask steps and only two critical mask alignments.

MOS gated devices, such as power MOSFETs,
Insulated Gate Bipolar Transistors (IGBTs) and MOS gated
thyristors are well known. The process used for the
manufacture of these devices employs a sequence of
masking steps in which many of the masks must be
carefully and critically aligned with respect to one
another. Each mask layer in a process increases
manufacturing expense, and each mask step introduces a
new possible source of defects. Moreover, the
requirement of aligning several masks with critical
accuracy relative to one another also adds manufacturing
costs and introduces the possibility of additional
manufacturing defects.

A process for manufacturing such devices which
employs a reduced number of masks, and a reduced number
of critical alignments between masks is desirable since
it reduces wafer handling, potential defects and the cost
of the individual chips in a wafer.

SUMMARY OF THE INVENTION
In accordance with the present invention, an
oxide layer, having adjacent thin and thick regions is
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BACKGROUND ©F THE | NVENTI ON This invention relates to MOS gated
devi ces, and nore specifically relates to a novel process which exploits
the diffetrent inplantation ranges of certain N and P inpurities to produce
a junction pattern with fewer mask steps and only two critical mask

al i gnnent s. MOS gat ed deV|ces,zsuch as power MOSFETs, Insul ated
Gate Bipolar Transistors (1 GBTs) and MOS“gated thyristors are mell known.
The process used for the manufacture of these devices enploys a sequence of
maski ng steps in which many of the nmasks nmust be carefully and critically
aligned with respect to one another. Each mask |ayer in a process increases

manuf act uri ng expesiafed afl L6 Naskitg stepduiesritically aligned
patterned polysilicon layer is formed in a second masking
step to accurately deposit polysilicon layers in
predefined regions of the thin oxide, which becomes the
5 gate oxide of a MOS gated device. A first species is
then implanted through both the thin and the thick oxide
exposed by the patterned polysilicon so as to form spaced
base regions. A second species is next implanted at an
energy sufficient to penetrate only the thinner oxide
10 regions exposed between the edges of the polysilicon and
the edges of the thicker oxide, but not the exposed
thicker oxide, to form source regions within the bases
with critical alignment. After the base regions and
source regions are formed as described above, a mask step
15 which defines contact windows in a low temperature oxide
which covers the wafer surface is carried out. This mask
is critically aligned with the polysilicon mask.
Note that this process has only two critical
alignment masking steps as described above. The first is
20 the alignment of the polysilicon mask to the prior mask
which defined the thin and thick oxide regions. The
second is the alignment of the contact window mask to the
prior polysilicon mask.
A plurality of series-connected PMOS devices
25 can be formed during the process steps described above to
form a termination surrounding the device active area.
More specifically, for fabricating
semiconductor devices, masks are used to form each of the
different layers necessary for the functioning of the
30 semiconductor devices. 1In the present invention, in
effect, a single mask defines two layers. Using a
vertical N channel power MOSFET as an example, the
vertical N channel power MOSFET consists of basically two
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new possi bl & source of defects. Mreover, the requirenent of aligning
sever al nasks with critical accuracy relatlve to one another al so adds
manuf act uri ng costs and introduces the possibility of additional
manuf act uri ng def ects. A process for manufacturing such devices
whi ch enploys a reduced nunber of masks, ,and a reduced number of critical
al i gnnents between nmasks is desirable since it reduces wafer handling,
potential defects and the cost of the individual chips in a wafer.
SUMVARY COF THE | NVENTI ON I n accordance with the present

i nvention, an oxide |ayer, having adjacent thin and thick regions is

diffused regions: a shallow N* region and a deeper P
body region. The range of boron (a P type dopant) in
silicon dioxide is about five times that of arsenic (an
N type dopant). An oxide thickness of 3000 & can be

5 penetrated by boron implantation of greater than about
80 KeV while it would mask against arsenic implantation
of less than about 120 KeV. In accordance with the
invention, this property is used to define both the
P body and N' regions using a single oxide layer and

10 polysilicon mask (eliminating the source mask). The
device process then employs a further critical mask for
defining all contact regions. This mask and the mask for
defining the polysilicon pattern are the only two masks
which require a critical, or high-accuracy alignment.

15 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

20 Figure 1 is a cross-sectional view of a small
portion of a wafer after a first masking step and the
definition of a pattern of thin and thick oxides.

Figure 2 shows the wafer portion of Figure 1,
following a second mask used to pattern a polysilicon

25 layer with a critical alignment to the first mask.

Figure 3 shows the wafer portion of Figure 2
after an implant of a base region through exposed thick
and thin oxide regions and the drive of the device base
regions.

30 Figure 4 shows the wafer portion of Figure 3
following the implant of the source region through the
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formed in a first masking step. Acritically aligned
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exposed thin oxide only, to form source regions and the
anneal of those regions.

Figure 5 shows the wafer portion of Figure S
following the deposition of an oxide interlayer and the
formation of contact windows by a mask which is aligned
with critical accuracy to the polysilicon mask.

Figure 6 shows the wafer portion of Figure 5,
following the deposition of the source metal, and the
patterﬁing of the source metal by a non-critical mask
step.

Figure 7 shows the use of series-connected PMOS
devices as a termination for the device disclosed.

Figure 8 shows the use of floating-field rings
with field plates as a termination for the device
disclosed.

D LED DES PTION OF TH NVENTION

Referring first to Figure 1, there is shown a
small portion of a monocrystalline wafer 10 having a
relatively thick substrate portion 11 and a relatively
thin epitaxially deposited portion 12. Regions 11 and 12
are shown as N type for the manufacture of an N channel
device, but the conductivity types can be reversed to
form a P channel device.

The present invention can also be used in
connection with any desired device topology, such as a
cellular topology, as disclosed in Patent 5,008,725 or
interdigitated topology, as shown in Patent 4,376,286.
Further, the invention can be used for the manufacture of
any desired type of MOS gated device, such as power
MOSFETs, IGBTs, MOS gated thyristors, and the like.

In the embodiment disclosed, an N channel power
MOSFET of interdigitated topology is disclosed. 1In
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patterned polysilicon layer is formed in a second nmasking step to
accurately deposit polysilicon layers in predefined regions of the thin

oxi de, which becones the gate oxide of a MOS gated device. A first species
is then inplanted through both the thin and the thick oxide exposed by the
patterned polysilicon so as to forn1spac?d base regions. A second species
i's next inplanted at an energy sufficient to penetrate only the thinner

oxi de regi ons exposed between the edges of the polysilicon and the edges of
t he thicker oxide, but not the exposed thicker oxide, to form source
regions wwthin the bases with critical alignnent. After the base regions

and source regi ortqgaix% florﬁe%h%%kdgﬁaébgﬂyé?OVSf £h 18RKeSE epr VA&l def i nes
contact wi ndows in l.ow't enper ature oxi de wh covers the wafer surface

is carried out.'ﬂﬂQ9 as 1S lEFﬁtBE&WPya§PPgFBG ﬁP%Fa¥h%1p3?¥%¥l1%onfﬂﬁgk

oxide is then coated with a photoresist, the resist is
patterned with a first mask pattern (not shown) and the

5 thick oxide is etched forming thick, spaced, parallel
strips 14, 15 and 16. Any number of strips 14, 15 and 16
can be used and they may extend around'predetermined
parallel paths. These regions may also have the shapes
of spaced closed polygons.

10 Thin oxide strips 18 and 19 are then regrown on
the exposed silicon surface to a thickness, for example,
of 500 A. These regions 18 and 19 are between thick
regions 14-15 and 15-16, respectively. Portions of
regions 18 and 19 will ultimately define the gate oxide

15 for the device. The thick and thin regions can have
other thicknesses than 3000 & and 500 & respectively, and
their thicknesses are selected based on the desired gate
characteristics, the ion species to be implanted to form
P and N regions and the implant energy to be used.

20 Thereafter, a layer of polysilicon is grown
atop the surface of the device as shown in Figure 2 and a
photoresist is deposited thereon and is patterned by a
second mask which is critically, (very accurately)
aligned to the first mask which defined the location of

25 the thick and thin regions 14, 15, 16, 18 and 19. The
polysilicon is then etched, leaving strips 20, 21, 22,
23, 24 and 25 in place. Strips 22 and 23 are gates for
the MOS gated devices being made and are accurately
located centrally atop thin gate oxide regions 18 and 19,

LACED

30 defining gaps approximately 2 microns from the sides of
each of the adjacent thick oxide regions and 5 microns
wide. '
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Note that this process has only two critical alignment masking steps as
descri bed above. The first is the alignnment of” the polysilicon mask to the
prior mask which defined the thin and thick oxide regions. The second is
the alignnment of the contact w ndow mask to the prior polysilicon mask.

A plurality of series-connected PMOS devices can be formed during the
process steps described above to forma % &7 i nati on surroundi ng the device
active area. More specifically, for fabricating sem conductor
devi ces, masks are used to formeach of the different |ayers necessary for
the functioning of the sem conductor devices. In the present invention, in

CrEEL 2 SO ek CeL! BSRIBESEIS 192 id il el e

basically two  apart by a gap of about 3 microns. Strips 20, 21, 24 and
25 and other adjacent strips, not described will define
guard rings and diffusions, as will be shown later.

5 Thereafter, as shown in Figure 3, a boron
implant is carried out, using the polysilicon strips 20
to 25 as a mask, at an energy sufficient to penetrate
both the thin and thick exposed oxide layers 14, 15, 16,
18 and 19. For example, boron implantation at an energy

10 of about 80 KeV or higher can be used at a dose of
7E13cm2. Species other than boron could alternately be
selected. The energy used for the implant is determined,
in part, by the thickness of the thick oxide. This
implant is followed by a drive at 1175°C shown in Figure

15 3 for 30 minutes to form the P type regions 30 to 36.
Note that regions 30, 31, 35 and 36 are sections through
guard rings which terminate active base regions 32 and
34.

Thereafter, and as shown in Figure 4, arsenic

20 is implanted into the silicon surface, using the same
polysiliéon strips 20 to 25 as masks. The energy
selected for the arsenic implant (or any other species
selected) is sufficient to penetrate the thin exposed
gate oxide layers 18 and 19, but it is blocked by the

25 thicker exposed oxide regions. Arsenic, at an energy of
80 KeV and a dose of 1E16, reaches the underlying silicon
and forms Nt source strips 40, 41, 42 and 43 in the
bases 32, 33 and 34.

As next shown in Figure 5, a layer of low

30 temperature oxide (LTO) 50 is deposited atop the wafer of
Figure 4 to a thickness of about 7000 &. The LTO is then
patterned in a second critical masking step (relative to
the polysilicon mask) to form contact windows 60 to 64.
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Windows 60 and 64 expose the surfaces of rings 21 and 24,

- windows 61 and 63 expose the surfaces of P regions 32 and

34, respectively, and sources 40 and 43, respectively,
and window 62 exposes the surfaces of base 33 and sources
41 and 42.

Note that if the topology of the device of
Figure 5 is chosen to be ring-shaped, base 33 may have a
polygonal shape, with sources 41 and 42 being sections
through a single annular source, and with bases 32 and 34
being sections through a single base which is concentric
with base 33, and with rings 31 and 35 being sections
through a single ring also concentric with base 33.

Thereafter, and as shown in Figure 6, a source
metal 50 is deposited atop the surface of Figure 5 to
make contact to rings 21 and 24 which terminate the
active area of the device and to base regions 32, 33 and
34 and their sources 40, 41-42 and 43, respectively.
Thereafter, a metal pattern is defined, using a fourth,
but non-critical mask step.

Figure 7 shows the use of a plurality of series
connected PMOS devices which can be used to terminate the
active area of the device of Figure 6. These rings are
formed during the same steps which are used to form the
active area of the devices.

Thus, in Figure 7, a polysilicon field plate 70
which may encircle the active area is formed during the
polysilicon etch step. A gate bus 71 is attached to
plate 70 which plate is continuous with the full
polysilicon gate area in the active device. Polysilicon
rings 80, 81 and 82 can be also formed during the
polysilicon etch step for the active device. P type
rings 90 to 93 are diffused during the step of Figure 3
and are defined by polysilicon patterns 70, 80, 81 and

-
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body region: The range of boron (a P type dopant) in silicon dioxide is
about five tinmes that of arsenic (an N type dopant). An oxide thickness of
3000 A can be penetrated by boron inplantation of greater than about 80 KeV
while it would mask against arsenic inplantation of |ess than about 120

KeV. In accordance with the invention,_tgig property is used to define both
the P body and N+ regions using a single oxide |ayer and pol ysilicon mask
(elimnating the source mask). The device process then enploys a further
critical mask for defining all contact regions. This mask and the mask for
defining the polysilicon pattern are the only two masks which require a

critical, or highlpACCERON JontARE! - schematicaltyN8holiRaby §5t€8d 1ines
advant ages of the present invention wll be¢one apparent fromithe foll ow ng

description of tR2 RN WFoBRerEs Br £egdopRed0, 91 and 92 to gates
80, 81 and 82 of the 3 PMOS devices shown, shorting the

source and gate electrodes of each PMOS device. Thus,

5 the threshold voltages of the 3 PMOS devices are
connected in series to terminate the device. Any desired
number of PMOS devices can be used, as required by the
voltage to be terminated.

The arrangement of Figure 7 shows a termination
10 structure in which the rings or strips 90, 91 and 92 are
shorted to limit voltage to the device threshold
voltages. Figure 8 shows another termination structure
in which each of polysilicon rings 80, 81 and 82 is
shorted to the next P ring 91, 92 and 93 respectively to
15 its right, limiting the voltage to the punch-through
voltage between P rings and biasing the PMOS devices off.
Small contacts, schematically shown in Figure 8 by dotted
lines 195, 196 and 197, connect P regions 91, 92 and 93
to polysilicon field rings 80, 81 and 82. A combination
20 of the above two termination structures can also be used.
The shorting contacts used are preferably only
sparsely spaced around the rings and the contact
positions are defined during the contact opening mask
step. Thus, small area contacts 95, 96 and 97 may be

25 located in a corner of a rectangular chip. The small
area contacts 95, 96 and 97 may be separated from the
source metal during the metal mask step.

Although the present invention has been
described in relation to particular embodiments thereof,
30 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
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acconpanyi ng dr aw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1 is a cross-sectional view of a small portion of a wafer after a first
maski ng 'step and the definition of a pattern of thin and thick oxides.
Figure 2 shows the wafer portion of Figure 1, follow ng a second nmask used
to pattern a polysilicon layer with a critical alignnent to the first mask.
Figure 3 shows the wafer portion of Figure 2 after an inplant of a base
regi on through exposed thick and thin oxide regions and the drive of the
devi ce base regions. Figure 4 shows the wafer portion of Figure 3
following the inplant of the source region through the

limited not by the specific disclosure herein, but only

by the appended claims.
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-4 - ' -4- exposed thin oxide only, ta

s e mtre AR

WHAT IS CLAIMED IS:

1. A process for the manufacture of a MOS
gated semiconductor device, characterized in comprising
the steps of:

{a} forming an insulation layer atop a

5 major surface of a silicon wafer;

(b} patterning said insulation layer in a
first mask step to define at least a first area which is
thicker than at least a thickened second area adjacent to
said first area;

10 {c} depositing a layer of polysilicon
atop said insulation layer and patterning said
polysilicon layer in a second masking step to cover and
mask a third area and to expose a fourth area of said
second area;

15 (d) implanting first species atoms at an
energy sufficient to penetrate both said first and second
insulation areas and diffusing said implanted first
species atom to form at least one base region in said
silicon wafer in an area exposed by said patterned

20 polysilicon;

(e} implanting second species atoms at an
energy sufficient to penetrate said second insulation
area but insufficient to penetrate said first insulation
area, thereby to form at least one source region in said

25  at least one base region;

(f) and thereafter forming a source
contact which contacts said at least one source region
and at least one base region.

2. The process of claim 1 which is further

characterized in that said insulation layer is silicon
dioxide.

SPEC\[34762
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anneal of" those regions. Figure 5 shows the mafer’ﬁﬁ?fTGﬁfaf—_—

Figure 5 follow ng the deposition of an oxtde interla 81,5
of contact w ndows by a mask which is aligned with cr{ﬂ““ﬁm‘ AL

pol ysi li con mask. Figure 6 shp t he wafer porti én bf'tlgure 5,
foll owi ng the deposition of the source netal, and the patterning of the
source netal by a non-critical nmask step. Figure 7 shows the use
of series-connected PMOS devices as a term nation for the device disclosed.
Figure 8 shows the use of floating-field rings with field plates as a

term nation for the device3di sctheegrocess of claims 1 and 2 which is

=

further characterized in that a plurality of adjacent

rst and second areas are formed in said insulation

]
-

layer, thereby to ultimately define a plurality of
5 adjacent respective base regions and source regions.

4. The proéess of claims 2 and 3 which is
further characterized in that said first area has a
thickness of approximately 2500 A and said second area
has a thickness of less than about 1000 A.

5. The process of claims 1 to 4 which is
further characterized in that said first species is boron
and said second species is arsenic.

6. The process of claim 5 which is further
characterized in that the energy of implantation of said
boron is greater than about 80 KeV and the energy of
implantation of said arsenic is less than about 80 KeV.

7. The process of claims 1 to 6 which further
includes the step of depositing and patterning a layer of
low temperature oxide after step (e) in an alignmeﬁt mask
step to expose at least portions of said base and souxce

5 regions prior to forming said source contact.

8. The process of claims 1 to 7 which is
further characterized in that a portion of said
polysilicon patterned layer overlies a portion of said
first area to expose a further area of said first area to

5 define at least one guard ring diffusion in said silicon
surface during the formation of said base region.
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DETAI LED DESCRI PTI ON CF E | NVENTI ON Referring first to Figure 1,
there i Smal | portion of a nonocrystalline wafer 10 having a

figleatde portion 11 and a relatively thin epitaxially
gions 11 and 12 are shown as N type for the
neI device, but the conductivity types can be

relatively thi
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reversedath%m nnel devi ce. The present invention can
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MOSFET of i-nterdigitated topology is disclosed. In
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Fingg 1, a thick oxide layer, of thickness of about 3000 A, is first grown
atop the epitaxial layer 12. This oxide is then coated with a photoresist,
the resist is patterned w a first mask pattern (not shown) and the thick

oxide is etched form ng thiTk, spaced, parallel strips 14pldp.215k 8L RepAMA
nunber of strips 14, 15 and\16 can be used and they may exiﬂﬂﬂ% T

predeterm ned parallel pathd. These regi ons may al so have
spaced cl osed polggons. Thin oxide strips 18 and adiiclon
sed silicpn surface to a thickness, for exanple, of 500

regrown on the e .
A. These redﬂﬂns and 19 ake between thi ckwegions 14- and 15-16,
respectivel y. “Por tNoy |

e Y o TS'ﬁfGI 4N 3 %Q*ﬁﬁd 9\ hl uItiﬂat ﬂefinﬁ.tEe gate
;))élane?)ogro Ziﬂde%g }%ﬁ%w1 _.'an:jn reglms can have Qther thicknesses
NS
1o | | Y 3
.*\j %,(——Q
Q ER \“\E%].
Ay —r~
Q\ s " L4 L \0\'\
SN~ (X
Q/§ S\Oo;r_}%
ML vy E RS
7 g Q1R
|| 585
! N \T 0? N
¥ N
N L
Q‘\\~ ;3$ g% §§ | +
NS I3
N ‘\/
Y N ™\
§- /3 - Q ‘ '
Q Vs A} %&D
0
TN %\w
] ji) R \\\4 /// - )
’ " N2
R Q]_\ N @
N SN N\
QW x
U\:E se 5% . \ ————e
3 ® a
o ) N\

20 —

IS SHEET HAS BEEN
REPLACED
wn-mM et e A




their thlcknesses are selected based on the desired gate characterlstlcs

the ion species to be inplanted to form P and N regi ons and the i npl ant
energy to be used. Thereafter, a layer of polysilicon is grown

atop the surface of the device as shomn in Figure 2 and a photoresist is
deposited thereon and is patterned by a second mask whi b S ﬁ'h&! aII '
(very accurately) aligned to the first mask which define e

the thick and thin regions 14, 15, 16, 18 and 19. -The po|[§¥ Erugmhen
etched, leaving strips 20, 21, 22, 23, 24 and 25 in pl aceuk | nd 23
are gates for the MOS gated d I ces being nade and are accurately | ocated
centrally atop thin gate OXId egions 18 and 19, defining gaps .
approximately 2 mcrons fromthg sides of each of the adjacent thick oxide
regions and 5 mcrons w de.
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. ’,,,,,PekySTTTEBHdgfrips 20-21 and 24-25 are spaced
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EDUC SK_PROCESS FOR MANUFACTUR
OF MOS G CES
0 SCLOS

A process for forming a MOS gated device in
which an oxide layer is patterned to have adjacent thick
and thin oxide layers atop a silicon surface.

Polysilicon is then patterned atop the oxide layer with a
critical alignment step to the thin oxide layers in the
process. Boron is implanted through both the thick and
thin regions of the oxide which are exposed by the
polysilicon mask to form P type base regions and P type
guard rings in the silicon. Arsenic is thereafter
implanted at an energy at which arsenic atoms penetrate
only the.thin oxide exposed by the polysilicon to form
self-aligned source regions in the base regions
previously formed. A contact opening mask which is
critically aligned to the polysilicon mask forms openings
for making contact to the silicon. The device is
completed using non-critical alignment masking steps.
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apart by a.gap of about 3 mcrons. Strips 20, 21, 24 and 25 and ot her

ad} acent _strips, not described will define guard rings and diffusions, as
will be shown |ater. Thereafter, as shown in Figure 3, a boron

i nplant is carried out, using the ponS|I|con strips 20 to 25 as a nask, at
an energy sufficient to penetrate both the thin and gkhi-ek Tmaide

| ayers 14, 15, 16, 18 and 19. For exanple, boron i ' s
of about 80 KeV or higher can be used at a dose of

i nplant is determned, in part, by the thlckness of the thlék oxi de
i mplant is foll owed by a drive at 1175[err] C shown iin
mnutes to formthe P type regions 30 to 36. Note th

and 36 are sections through guard rings which term ner Tve base regions

32 and REDUCED MASK PROCESS FOR MANUFACTURE
OF MOS G c
ACKGROUND_ O NVENTIO

This invention relates to MOS gated devices,
and more specifically relates to a novel process which
exploits the different implantation ranges of certain N
and P impurities to produce a junction pattern with fewer
mask steps and only two critical mask alignments.

| MOS gated devices, such as power MOSFETs,
Insulated Gate Bipolar Transistors (IGBTs) and MOS gated
thyristors are well known. The process used for the
manufacture of these devices employs a sequence of
masking steps in which many of the masks must be
carefully and critically aligned with respect to one
another. Each mask layer in a process increases
manufacturing expense, and each mask step introduces a
new possible source of defects. Moreover, the
requirement of aligning several masks with critical
accuracy relative to one another also adds manufacturing
costs and introduces the possibility of additional B
manufacturing defects. -

A process for manufacturing such devices which
employs a reduced number of masks, and a reduced number
of critical alignments between masks is desirable since
it reduces wafer handling, potential defects and the cost
of the individual chips in a wafer.

SUMMARY OF THE INVENTION
In accordance with the present invention, an
oxide layer, having adjacent thin and thick regions is



34. . Thereafter, and as shown in Figure 4, arsenic is inplanted
into the silicon surface, using the sane ponS|I|con strips 20 to 25 as

masks. The energy selected for the arsenic inplant (or any otfher—spee+es
selected) is sufficient to penetrate the thin exposed gate o |HQﬂM£§ME§TE&EET

and 19, but it is blocked by the thickerexposed oxide regi ofis.[~Arsenie;

UL

an energy of 80 KeV and a dose of 1E16, reaches the underlyifpgis I
32:h 4%, 0%

forms N[err] source strips 40, 41, 42 and 43 in the bases 32 ﬁ
As next shown in Figure 5 a layer of |ow tenperature oxide {L
deposited atop the wafer of Figure 4 to a thickness of about} 7000 A. The

LTO is then patterned in a second critical masking step (relative 1o the
pol ysilicon mask) to form contact w ndows 60 to 64.
formed in a first masking step. A critically aligned

patterned polysilicon layer is formed in a second masking
step to accurately deposit polysilicon layers in
predefined regions of the thin oxide, which becomes the
gate oxide of a MOS gated device. A first species is
then implanted through both the thin and the thick oxide
exposed by the patterned polysilicon so as to form spaced
base regions. A second species is next implanted at an
energy sufficient to penetrate only the thinner oxide
regiofs exposed between the edges of the polysilicon and
the e&ges of the thicker oxide, but not the exposed
thicker oxide, to form source regions within the bases
with critical alignment. After the base regions and
source regions are formed as described above, a mask step
which defines contact windows in a low temperature oxide
which covers the wafer surface is carried out. This mask
is critically aligned with the polysilicon mask.

Note that this process has only two critical
alignment masking steps as described above. The first is
the alignment of the polysilicon mask to the prior mask
which defined the thin and thick oxide regions. The
second is the alignment of the contact window mask to the
prior polysilicon mask.

A plurality of series-connected PMOS devices
can be formed during the process steps described above to
form a termination surrounding the device active area.

More specifically, for fabricating
semiconductor devices, masks are used to form each of the
different layers necessary for the functioning of the
semiconductor devices. In the present invention, in
effect, a single mask defines two layers. Using a
vertical N channel power MOSFET as an example, the
vertical N channel power MOSFET consists of basically two
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W ndows 60 and 64 expose the surfaces of rings 21 and 24,
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diffused regions: a shallow N* region and a deeper P
body region. The range of boron (a P type dopant) in
silicon dioxide is about five times that of arsenic (an
N type dopant). An oxide thickness of 3000 A can be
penetrated by boron implantation of greater than about
80 KeV while it would mask against arsenic implantation
of less than about 120 KeV. 1In accordance with the
invention, this property is used to define both the
P body and N* regions using a single oxide layer and
polysilicon mask (eliminating the source mask). The
device process then employs a further critical mask for
defining all contact regions. This mask and the mask for
defining the polysilicon pattern are the only two masks
which require a critical, or high-accuracy alignment.
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 small
portion of a wafer after a first masking step and the
definition of a pattern of thin and thick oxides.

Figure 2 shows the wafer portion of Figure 1,
following a second mask used to pattern a polysilicon
layer with a critical alignment to the first mask.

Figure 3 shows the wafer portion of Figure 2
after an implant of a base region through exposed thick
and thin oxide regions and the drive of the device base
regions.

Figure 4 shows the wafer portion of Figure 3
following the implant of the source region through the



w ndows 61 and 63 expose the surfaces of P regions 32 and 34, respectively,
and sources 40 and 43, respectively, and w ndow 62 exposes thg- s..of
base 33 and sources 41 and 42. Note that if the topolloBEPIHCEMERT SHEE?ﬁ
device of Figure 5 is chosen to be ring-shaped, base 33 nay hgve-
pol ygonal shape, with sources 41 and 42_Rei ng sections throug I ng
annul ar source, and with bases 32 and 34 being sections throughija s?r%‘%% 1359
base which 'is concentric with base 33, and with rings 31 and B5“bethg
sections through a single ring also concentric with base 33.
Thereafter, and as shown in Figure 6, a source netal 50 is depusitet—oatop
the surface of Figure 5 to make contact to rings 21 and 24 which term nate
the active ar Vi n bage [ : : their
sour ces. 40, 4 Lhesd GER AN, 83ebE! 803rce re1 SRS aifa e

anneal of those regions.

Figqure 5 shows the wafer portion of Figure 5

following the deposition of an oxide interlayer and the
formation of contact windows by a mask which is aligned
with critical accuracy to the polysilicon mask.

Figure 6 shows the wafer portion of Figure 5,
following the deposition of the source metal, and the
patterning of the source metal by a non-critical mask
step.

Figure 7 shows the use of series-connected PMOS
devices as a termination for the device disclosed.

Figure 8 shows the use of floating-field rings
with field plates as a termination for the device
disclosed.

D DESC ON OF NVENTION

Referring first to Figure 1, there is shown a
small portion of a monocrystalline wafer 10 having a
relatively thick substrate portion 11 and a relatively
thin epitaxially deposited portion 12. Regions 11 and 12
are shown as N type for the manufacture of an N channel
device, but the conductivity types can be reversed to
form a P channel device.

The present invention can also be used in
connection with any desired device topology, such as a
cellular topology, as disclosed in Patent 5,008,725 or
interdigitated topology, as shown in Patent 4,376,286.
Further, the invention can be used for the manufacture of
any desired type of MOS gated device, such as power
MOSFETs, IGBTs, MOS gated thyristors, and the like.

In the embodiment disclosed, an N channel power
MOSFET of interdigitated topology is disclosed. 1In



Thereéfter,

mask step.

connected PMOS devi ces which can be used to term nate the actli REPIDEMFGT SHEET
the device of Figure 6. These rings are forned during the sa TRVAT o N

a metal pattern is defined, using a fourth, but non-critical

Figure 7 shows the use of a pIurallty of

are used to formthe active area of the_gevices. Thu

7, a polysilicon field plate 70 which may encircle the activ

70 which plate is continuous with the full polysilicon gate
Polysilicon rings 80, 81 and 82 can be al so formed—durtng
the polysilicon etch step for the active device.

active device.

di ffused during the step of Figure 3 and are defined by polysilicon
patterns 70, &39uge dmda thick oxide layer, of thickness of "about

3000 &, is first grown atop the epitaxial layer 12. This
oxide is then coated with a photoresist, the resist is
patterned with a first mask pattern (not shown) and the
thick oxide is etched forming thick, spaced, parallel
strips 14, 15 and 16. Any number of strips 14, 15 and 16
can be used and they may extend around predetermined
parallel paths. These regions may also have the shapes
of spaced closed polygons.

Thin oxide strips 18 and 19 are then regrown on
the exposed silicon surface to a thickness, for example,
of 500 A. These regions 18 and 19 are between thick
regions 14-15 and 15-16, respectively. Portions of
regions 18 and 19 will ultimately define the gate oxide
for the device. The thick and thin regions can have
other thicknesses than 3000 & and 500 & respectively, and
their thicknesses are selected based on the desired gate
characteristics, the ion species to be implanted to form
P and N regions and the implant energy to be used.

Thereafter, a layer of polysilicon is grown
atop the surface of the device as shown in Figure 2 and a
photoresist is deposited thereon and is patterned by a
second mask which is critically, (very accurately)
aligned to the first mask which defined the location of
the thick and thin regions 14, 15, 16, 18 and 19. The
polysilicon is then etched, leaving strips 20, 21, 22,
23, 24 and 25 in place. Strips 22 and 23 are gates for
the MOS gated devices being made and are accurately
located centrally atop thin gate oxide regions 18 and 19,
defining gaps approximately 2 microns from the sides of
each of the adjacent thick oxide regions and 5 microns
wide.

P type rings 90 to 93 are
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Polysilicon strips 20-21 and 24-25 are spaced
apart by a gap of about 3 microns. Strips 20, 21, 24 and
25 and other adjacent strips, not described will define
guard rings and diffusions, as will be shown later.

Thereafter/ as shown in Figure 3, a boron
implant is carried out, using the polysilicon strips 20
to 25 as a mask, at an energy sufficient to penetrate
both the thin and thick exposed oxide layers 14, 15, 1s,
is énd 19. For example, boron implantation at an energy
of abgut 80 KeV or higher can be used at a dose of
7E13cm?. Species other than boron could alternately be
selected. The energy used for the implant is determined,
in part, by the thickness of the thick oxide. This
implant is followed by a drive at 1175°C shown in Figure
3 for 30 minutes to form the P type regions 30 to 36.
Note that regions 30, 31, 35 and 36 are sections through
guard rings which terminate active base regions 32 and
34.

Thereafter, and as shown in Figure 4, arsenic
is implanted into the silicon surface, using the same
polysilicon strips 20 to 25 as masks. The energy
selected for the arsenic implant (or any other species
selected) is sufficient to penetrate the thin exposed
gate oxide layers 18 and 19, but it is blocked by the
thicker exposed oxide regions. Arsenic, at an energy of
80 KeV and a dose of 1E16, reaches the underlying silicon
and forms Nt source strips 40, 41, 42 and 43 in the
bases 32, 33 and 34.

As next shown in Figure 5, a layer of low
temperature oxide (LTO) 50 .is deposited atop the wafer of
Figure 4 to a thickness of about 7000 A. The LTO is then
patterned in a second critical masking step (relative to
the polysilicon mask) to form contact windows 60 to 64.



82. Small contacts, schematically shown by dotted |ines 95 96 and 97
cohnect P regions 90 91 and 92 to gates 80, 81 and 82 of th
devi ces shown, shorting the source and gate el ectrodes of ea
Thus, the threshold vol tages of the 3 PMOS devices are conne
to term nate the device. Any desired nupber of PMOS devices

required by the voltage to be term nated. The arran
Figure 7 shows a termi nation structure in which the rings or
and 92 are shorted to limt voltage to the device threshold

Figure 8 shows another term nation structure in which each of
rings 80, 81 and 82 is shorted to the next Pring 91, 92 and 93

t I t . - h
Vol Fage bet wibihds® eddna ssekple; pfie Rytfifed ol NELUE A i A,

windows 61 and 63 expose the surfaces of P regions 32 and

Camstas st lv&'
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34, respectively, and sources 40 and 43, respectively,
and window 62 exposes the surfaces of base 33 and sources
41 and 42.

Note that if the topology of the device of
Figure 5 is chosen to be ring-shaped, base 33 may have a
polygonal shape, with sources 41 and 42 being sections
through a single annular source, and with bases 32 and 34
being sections through a single base which is concentric
with base 33, and with rings 31 and 35 being sections
through a single ring also concentric with base 33.

Thereafter, and as shown in Figure 6, a source
metal 50 is deposited atop the surface of Figure 5 to
make contact to rings 21 and 24 which terminate the
active area of the device and to base regions 32, 33 and
34 and their sources 40, 41-42 and 43, respectively.
Thereafter, a metal pattern is defined, using a fourth,
but non-critical mask step.

Figure 7 shows the use of a plurality of series
connected PMOS devices which can be used to terminate the
active area of the device of Figure 6. These rings are
formed during the same steps which are used to form the
active area of the devices.

Thus, in Figure 7, a polysilicon field plate 70
which may encircle the active area is formed during the
polysilicon etch step. A gate bus 71 is attached to
plate 70 which plate is continuous with the full
polysilicon gate area in the active device. Polysilicon
rings 80, 81 and 82 can be also formed during the
polysilicon etch step for the active device. P type
rings 90 to 93 are diffused during the step of Figure 3
and are defined by polysilicon patterns 70, 80, 81 and



Snall.contacts schematically shown in Figure 8 by dotted i nes 195, 196

and 197, connect P regions 91, 92 and 93 to polysilicon fiel ' 80—8%
and 82. A conbination of the above two termnination structures BEREMEMRHeSHEET
used. The shorting contacts used are preferably only sparsety
spaced around the rings and the contact .gasitions are defineg ug%ggﬂpgewgg
contact opening mask step. Thus, small area contacts 95, 96 gn may be

| ocated in a corner of a rectangular chip. The snall area corntacts 95, 96
and 97 may be separated fromthe source netal during the nmetdl mask step.

Al t hough the present invention has been described in relation to particular
enbodi nents thereof, many other variations and nodifications and ot her uses
wi |l becone apparent to those skilled in the art. It is preferred,
therefore, th&g.thémpldscontachentsahenatically shown by dotted lines

95, 96 and 97 connect P regions 90, 91 and 92 to gates
80, 81 and 82 of the 3 PMOS devices shown, shorting the
source and gate electrodes of each PMOS device. Thus,
the threshold voltages of the 3 PMOS devices are
connected in series to terminate the device. Any desired
number of PMOS devices can be used, as required by the
voltage to be terminated.

The arrangement of Figure 7 shows a termination
structyre in which the rings or strips 90, 91 and 92 are
shorted to limit voltage to the device threshold
voltages. Figure 8 shows another termination structure
in which each of polysilicon rings 80, 81 and 82 is
shorted to the next P ring 91, 92 and 93 respectively to
its right, limiting the voltage to the punch-through
volfage between P rings and biasing the PMOS devices off.
Small contacts, schematically shown in Figure 8 by dotted
lines 195, 196 and 197, connect P regions 91, 92 and 93
to polysilicon field rings 80, 81 and 82. A combination
of the above two termination structures can also be used.

The shorting contacts used are preferably only
sparsely spaced around the rings and the contact
positions are defined during the contact opening mask
step. Thus, small area contacts 95, 96 and 97 may be
located in a corner of a rectangular chip. The small
area contacts 95, 96 and 97 may be separated from the
source metal during the metal mask step.

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
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limited not by the specific disclosure herein, but only
by the appended claims.
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WHAT IS CLAIMED IS:

1. A process for the manulfacture of a MOS

gatsd semiconductor device, characterized in comprising
the steps of:

{a) forming an insulacion layer accp a
major surface of a silicon wafear;

(b} patterning said insulation layer in a
first mask step to define at least a first area which is
thicker than at least a thickened second area adjacent to
said first area;

(c} depositing a layer of polysilicon
atop said insulation layer and patterning said

- polysilicon layer in a second masking step to cover and
mask a third area and to expose a fourth area of said
second area;

(d) implanting first species atoms at an
energy sufficient to penetrate both said first and second
insulation areas and diffusing said implanted first
species atom to form at least one base region in said
silicon wafer in an area exposed by said patterned'
polysilicon;

(e} implanting second species atoms &t an
energy sufficient to penetrate said second insulation
area but insufficient to penetrate -said first insulation
area, thereby to form at least one source region in said
at least one base region;

(£} and thereafter forming a source
contact which contacts said at least one source region
and at least one base region.

2. The process of claim 1 which is further

characterized in that said insulation layer is silicon
dioxide.



gated sem conductor device, characterized in conprising the steps of:

(a) formng an insulation |ayer atop a maj or surface of afpsritTTom wafer
(b) patterningSard insuration Tayer in a first mask step] tREFYACEMENTSHEET
| east a first

W “"I“m"mul hi cker than at |east a thickén '
NI I -11 - (c) depositing a 1
polysilicon atop®sdid"ndul &tion |layer and patterning said p;%y§i i%%%

adj acent to
| ayer in a second masking step to cover and mask a third area and 10

expose a fourth area of said second area; (d) inplanting
first species atons at an energy sufficient to penetrate both sard T1rst
and second I nsul ation areas and diffusing said inglanted first

3. The process of claims 1 and 2 which 1is

further characterized in that a plurality of adjacent
first and second areas are formed in said insulation
layer, thersby to ultimacely define a plurality of
adjacent respective base rsgions and source regions.

4. The process of claims 2 and 3 which is
further characterized in that said first area has a
thickness of approximately 2500 A and said second area
has a thickness of less than about 1000 A.

5. The process of claims 1 to 4 which is
further characterized in that said first species is boron
and said second species is arsenic.

6. The process of claim 5 which is further
characterized in that the energy of implantation of said
boron is greater than about 80 KeV and the energy of
implantation of said arsenic is less than about 80 KeV.

7. The process of claims 1 to 6 which further
includes the step of depositing and patterning a lgyer of
low temperature oxide after step (e} in an alignment mask
step to expose at least portions of said base and souxce
regions prior to forming said source contact.

8. The process of claims 1 to 7 which is
further characterized in that a portion of said
polysilicon patterned layer overlies a portion of said
first area to expose a further area of said first area to
define at least one guard ring diffusion in said silicon
surface during the formation of said base region.



species atomto format |east one base region in said silicon wafer in an

area exposed by said patterned pol ysilicon;
i npl anting second species atons at an energy sufficient to
second insul ation area but insufficient to penetrate said f

t
insulation area, thereby to format |east one source region i 34i APR 889
zg) and thereafter farning a source

| east one base region;
contact which contacts said at | east one source region and

o B BLACEMENT, SHEET
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at | east one

base region. 2. The process of claim1l which is-fucther
characterized in that said insulation layer is silicon di oxi de.
REDUCED MASK PROCESS FOR MANUFACTURE
OF MOS GATED DEVICES

ABSTRACT OF THE DISCLOSURE

A process for forming a MOS gated device in
which an oxide layer is patterned to have adjacent thick
and thin oxide layers atop a silicon surface.
Polysilicon is then patterned atop the oxide layer with a
critical alignment step to the thin oxide layers in the
process. Boron is implanted through both the thick and
thin regions of the oxide which are exposed by the
polysilicon mask to form P type base regions and P type
guard rings in the silicon. Arsenic is thereafter
implanted at an energy at which arsenic atoms penetrate
only the thin oxide exposed by the polysilicon to form
self-aligned source regions in the base regions
previously formed. A contact opening mask which is
critically aligned to the polysilicon mask forms openings
for making contact to the silicon. The device is
completed using non-critical alignment masking steps.

Figure 1
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further characterized in that a plurality of adjacent first and second

areas are fornmed in said insulation |ayer, thereby to ultingtery def]
plurality of adjacent respective base regi ons and source regiBﬁéLﬁEﬂdéﬂﬁ'gﬁEET
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said first area has a thickness of approximately 2500 A and sai%agegp@dggg
area has a thickness of |ess than about 2000 A. 5. e process
of clainmse 1 to 4 which is further characterized in that said frrst species
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6. The process of claim5 which is further characterized in that the
energy of inplantation of said boron is greater than about SO'Q&V ame—+he
energy of inplantation of said arsenic is | ess than about 80 -PLACEMENT SHEEﬂ
7. The process of clains 1 to 6 which further includes the step of
depositing and patterning a |layer of |ow_tenperature oxide afie e
i n an alignnment mask step to expose at dast portions of saidf b sg%a%;@)ig%
source regions prior to form ng said source contact.
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pol ysilicon patterned |ayer overlies a portion of said first area to expose
a further area of said first area to define at |east one guard ring
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