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layer of oxide and nitride on the surface of a silicon substrate defined into predetermined areas for the subsequent formation of
transistors, marking the substrate to expose preselected areas for P-wells, ion implanting P-type material (44 and 46 in Fig. 4) in
the exposed areas to form P-wells so that a relatively high doping level is established under the composite layer areas with the P-
wells. The regions (42 and 40) of Fig. 2; (42 and 46) of Fig. 4 and (38 and 36) of Fig. 9 illustrate the inventive concept. Fig. 2 repre-
sentsa CMOS device made in accordance with the present invention. The ion implantation of P-type material may be accomplis-
hed in either a single stage or a two stage procedure.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party
cations under the PCT.

AT Austria

AU Australia

BR Brazil

CF Central African Republic
CG Congo

CH Switzerland

M Cameroon

DE Germany, Federal Republic of
DK Denmark

FI Finland

FR France

GA Gabon

GB United Kingdom

HU Hungary

JP Japan

to the PCT on the front pages of pamphlets publishing international appli-

KP
LI
LU
MC
MG
Mw
NL
NO
RO
SE
SN
SU
D
TG
Us

Democratic People’s Republic of Korea
Liechtenstein
Luxembourg

Monaco

Madagascar

Malawi

Netherlands

Norway

Romania

Sweden

Senegal

Soviet Union

Chad

Togo

United States of America




WO 81/00931

PCT/US80/01154

-1-

CMOS P—WELL SELECTIVE IMPLANT METHOD, AND A DEVICE THERE-
FROM

Background of the Invention

This invention relates generally to semiconductor
devices of the metal-oxide-silicon (MOS) type and to the

-production or fabrication of integrated circuits containing

:arrays of such devices. More particularly, the present

invention relates to an improved method for fabricating com-
plementary or CMOS type integrated circuits.

In conventional CMOS devices which use opposite polar-
ity transistors to perform circuit functions, an important
step in the fabrication process is the formation’ of lightly-

doped areas of P-type diffusion, or "P-wells”, within which

the N-channel transistors are formed. These relatively deep

‘P-well diffusions are normally formed at a low doping level

- and require extreme precision since the dopant concentration

regulates both the threshold voltage VT and the breakdown

‘voltage of the N-channel MOSFET's. The formation of the

P-wells is further complicated by the fact that in any inte-

grated circuit array, parasitic transistors are created by

conductive interconnect lines that extend over the field

oxide areas. If the field oxide is thin enough to allow in-

-version, parasitic leakage can occur that could cause the

.circuit to malfunction or use excessive power. ToO overccome

this problem, it was heretofore necessary to increase the

field oxide thickness in the field area to several times the

oxide thickness in the device area. For example, in prior

art CMOS circuits, the field oxide to device oxide ratio was

- often required to be 15 to 1 or greater. A serious disadvant-

age with this requirement for a relatively thick field oxide

was that it created large oxide step heights and limited the

.use of fine line geometrics in CMOS integrated circuits.

In addition to the aforesaid requirement for a rela-
tively thick field oxide and the inherent "step" problems,

a further disadvanﬁage with prior CMOS integrated circuits
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was that they also required "channel stop” diffusions to
provide isolation and prevent leakage between transistor
cells. Although such channel stops did not require extra
processing steps, they did require extra area and thus sub-
stantially increased the size of the integrated circuit chip.
' The present invention, as described herein, solves
both of these problems with a fabrication process using
field implants which removes the requirement for channel
stops and also allows a thinner field oxide layer to be used.
This improvement provides better thin film step coverage and
easier, more efficient photolithography which in turn allows
fine line widths and small spaces in the overall circuit
topography, thereby making possible a smaller chip size for
the circuit.

Yet another problem encountered with prior methods
for fabricating CMOS devices with isolated P-wells was that

. a reduction of doping concentration inherently occurred at
- the edges of the P-wells under the field oxide at the exact

location where the dopant was most needed. This doping re-
duction occurred because of the typical diffusion distribu-
tion which normally causes less dopant at the edges of a
diffusion area and also the fact that field oxide has a
tendency to deplete dopant at the silicon/oxide interface.
Also, in prior CMOS processes, P-wells were formed by ion

.- implantation uging field oxide regions already formed as

the implant barriers. This often resulted in an array hav-
ing adjacent P-wells which were isolated from. each other un-
less located closely together, an arrangement that required

- more topside contacts and therefore more chip area. One

method previously suggested for alleviating this problem

was to increase the P-well sidewall doping by increasing the
original P-doping level and thereafter counterdoping with an
N-type dopant. However, this approach proved to be unsatis-
factory because it degraded majority carrier mobility and
increased N+ area capacitance and hence reduced N-channel
device performance. These problems are also solved by the
present invention.
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Accbrdingly, a general object of the invention is to
provide an improved method for making CMOS integrated circuit
devices that solves the aforesaid problems.

Another object of the invention is to provide a method
for fabricating CMOS semiconductor devices that greatly re-
duces the ratio of field oxide to device oxide thickness and
this eliminates relatively large steps for the conductive

, éaths of the device.
' Yet another object of the invention is to provide a
method for fabricating CMOS semiconductor devices that pro-
vides a deeper and more concentrated doping level along the
edges of each P-well extending under the edges of adjacent
field oxide areas.

Another object of the invention is to provide an im-
proved CMOS structure that provides a relatively small ratio
6f field oxide to device oxide thickness and thereby enables
the use of relatively narrow conductive interconnect lines.

Another object of the invention is to provide an im-
proved CMOS integrated circuit device structure wherein a
single P-well diffusion area is utilized for adjacent N-type
transistors of two or more CMOS elements.

Another object of the invention is to enable the re-

.~ duction of field oxide thickness which reduces the height of

oxide steps which subsequent thin film layers must traverse.

Summary of the Invention

The aforesaid objects of the present invention are
accomplished by a method for forming a CMOS integrated circuit
wherein P-wells for the N-channel transistors of the circuit
are formed prior to the growth of field oxide. Preliminary
steps in the present method are similar to conventional pro-
cedures for preparing the appropriate silicon material for

- processing. Thereafter, a first relatively thin oxide is
formed on the silicon surface and is then covered with a simi-
lar layer of silicon nitride. This composite oxide/nitride

barrier layer is then masked and portions are etched away to
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Jeave only those areas where field oxide will subsequently be
applied. ’

A second mask of photoresist material is now applied
to define the P-well areas by covering some of the oxide/
nitride areas and leaving others exposed. With the second
mask in place, the P-wells are formed by boron ion implanta-
tion in the areas not covered by photoresist. When this im-

. .plantation takes place, which can be done in one or two

‘ implantation steps, some of the boron atoms are trapped in
‘the nitride cap of the exposed oxide/nitride areas. Thus, in
.areas surrounding the exposed oxide/nitride areas, the boron
atoms are driven into the silicon substrate to a predetermined
depth and at the prescribed doping level but directly under
the exposed oxide/nitride areas, the doping reaches a lesser
depth and intensity or level. Following implantation,; the
‘P-well implant is driven in by thermal diffusion which may be
done prior to or during field oxide growth. Thereafter, in
the areas not covered by the oxide/nitride layers, the field
px1de is grown and subsequent processing is provided in the
_conventional manner to define the various P-channel and
N-channel transistors and to form the necessary interconnect
‘paths. -

With CMOS devices completed in accordance with the
‘principles of the present invention, closely adjacent P-wells
may be connectéd together as one diffusion area, thereby re-
éucing the number of surface contacts required. In these
p-wells, the P-doping concentration is heavier under the
field oxide areas where it is most needed to improve field
threshold. The advantages of reduced field oxide thickness
‘requirements which allows’finer geometric lines and hence,
CMOS circuits with greater device density, are provided with
the improved process which has no additional steps.

Other objects, advantages and features of the inven-
tion may become apparent from the following detailed descrip-

tion, taken in conjunction with the accompanying drawing.
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Brief Description of the Drawing

Fig. 1 is a view in section showing a portion of a
CMOS device of the prior art with conventional P-wells;

Fig. 2 is a view in section showing a portion of a
CMOS device made in accordance with the present invention;

Fig. 3 is a diagrammatic view in section showing
the formation of a P-well by ion implantation according to
one embodiment of the invention;

Pig. 4 is a diagrammatic view in section showing the
formation of a P-well by ion implantation according to a
éecond embodiment of the invention;

Figs. 5 - 9 are a series of fragmentary views in
éection, illustrating the method steps for fabricating a
CMOS device according to the principles of the present inven-
tion.

Detailed Description of the Embodiment

With reference to the drawing, Fig. 1 shows diagram-
matically, a portion of a typical complemenféry MOS integra-
ted circuit device 20 having conventional selective field
oxide areas 22 that are spaced apart to form open areas with-
in which is an MOS transistor gate 24 on its thin layer of
gate oxide 26.: In such prior art, CMOS devices, lightly-
doped "P-well" regions 28 for the N-channel transistors of
each complementary device are diffused into the device sub-
strate 30 after the field oxide areas have been defined. The
N~channel transistors comprise N-type source and drain dif-
fusions 32 provided later within each P-well, and comp lemen-
tary P-channel transistors are formed in the open areas
outside the P-wells by P-type source and drain diffusions 34.
The P—well.regions 28 are fairly uniform gaussian diffused
redistribution regions. However, along the outer edge por-
tions 36 of these diffused P-well regions (defined by the
dotted lines) the doping levels are lighter than the rest of
the P-well, for two reasons. First, because of conventional
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diffusion characteristics, there is less dopant source
available at this edge location for dopant redistribution.
Secondly, field oxide material has a natural tendency to
deplete boron dopant at the silicon/oxide interface. Yet,

in order to prevent field threshold inversion at lower volt-
%ges, the edge areas 36 are where the P-dopant concentration
should be relatively high. It is also typical in the prior
art, as illustrated in Fig. 1, that where field oxide regions
are used as barriers when P-wells are-formed by ion implanta-
tion, often closely adjacent P-wells are isolated from one
another instead of being connected, thereby requiring addi-

‘tional chip area for added surface contacts. Also, in planar

CMOS devices of the prior art, channel stop diffusions were
required which further increased chip size.

In Fig. 2, a portion of a CMOS integrated circuit
device 38, according to the present invention, is shown which
overcomes the disadvantages of the device shown in Fig. 1.
Here, P-channel and N-channel transistors of the CMOS device
are shown located adjacent each other in an N-type substrate
material 30. To illustrate a typical CMOS structure similar
to the prior art of Fig. 1, but having advantages according
to the present invention, another N-channel transistor of
another CMOS device is located relatively close to the first
N-channel device. Now, in accordance with the invention,
the two adjacemt N-channel transistors formed by N+ diffu-
sions 32 are both located in the same coextensive P-well 40.
Also, this enlarged P-well has edge areas 42 of higher dopant
concentration of P-type material located substantially under
the above field oxide areas 22 as required, to prevent field
threshold inversion at low voltages.

The method steps for accomplishing the improved struc-
ture of Fig. 2, according to the present invention, may be
best described with reference to Figs. 5 to 9.

The process commences, as shown in Fig. 5, with a
wafer substrate 30 of (typically) N-type silicon.<100>
crystal plane material which has a (typical) resistivity of
3-5 ohm centimeter. On the surface of the silicon, is grown
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a-relatively thin layer 44 of silicon dioxide (e.g. 300-500 i)
which is called the base oxide. Immediately after this oxide
application, a somewhat thicker layer 46 (e.g. 900-2000 i) of
silicon nitride is applied over it. Thereafter, a first mask
48 of ‘photoresist material is used to &tch away the composite
5xide/nitride layers in all areas except those in which field
oxide is to be formed later on.

S In the next step of the method, as shown in Fig. 6,
P-well areas are defined in the form of a second or reverse
P-well mask 50 of photoresist material after the first mask
has been removed. With this second mask in place, the un-
masked areas are field implanted with an N-type material
(e.g. arsenic), preferably by conventional ion implantation
?rocedures, as indicated by the vertical arrows. After this
field implant, the photo resist material 50 is removed from
the P-well areas. This step of the process is optional de-
pendlng on desired P-channel field threshold.

. For the next step, as shown in Fig. 7, a third mask
52 of photoresist material is applied to cover all areas of’

- the wafer that are not P-well areas. Now, the lightly-doped
" p-well regions are formed in the substrate 30 by ion implan-
tation. This implantation may be made in a one step single

charge procedure or it may be made in a two step or dual
charge procedure. In the single energy implantation proced-
ure, a uniform.charge energy level (e.g. 50 KEV) may be used
with conventional implantation equipment. As illustrated
diagrammatically in Fig. 3, a substantial portion of this
implantation charge of boron atoms (represented by the letter
B) is absorbed by the nitride cap 46 of the composite layer
covering the device area, while a percentage of the boron
atoms penetrate completely through the composite oxide/nitride
layers 44, 46 and into the substrate below as indicated by

- the spaced apart "B's". However, a full implantation charge
of boron atoms (indicated by "B's" closer together) occurs in

- the open areas surrounding the device areas. Thus, the re-
 sulting P-well has a moderate depth of light P-doping in the
device area and a higher P dopant concentration around the
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- device area. The photoresist 52, must be thick, enough
(e.g. 0.5 micron) to absorb this implant for surrounding
areas outside the P-well areas.

In én alternate or dual energy implantation proced-

. ure, illustrated diagrammatically in Fig. 4, a low-energy/
high density charge is first implanted which provides a
relatively high dopant level around the device area defined

' by the unmasked oxide/nitride composite layer. This low

. energy charge (e.g. 25 KEV) provides a relatively dense con-

'centration (represented by "B's" that are close together)

- and these low energy boron atoms. are completely absorbed by

f and do not pass through the nitride cap 46 of the composite

layer. After completion of the low energy implant, a second
implant is made with a relatively high energy (e.g. >100 KEV)
and low density charge of boron atoms. This seconﬁ charge
irepresented by the "B's" spaced farther apart) forces ther

. P-dopant atoms deeper into the substrate around the device

" areas and it also pehetrates througg the composite layer 44,

' 46 of the device areas to form the P-well thereunder. The

- photoresist 52 must be thick enough (e.g. 1.0 micron) to

 absorb both of these implants. The result is essentially the

' same configuration of P-well as provided by the one charge

' procedure, that is, P-wells 40 (as shown in Fig. 2) with
higher dopant concentration 42 around their peripheries and

o under field oxide areas than directly under the composite

'lhyer or device areas. This method allows a greater degree

of process control than the single energy method.

It should be noted that the examples shown herein
are silicon gate devices. However, the same technique,
according to the inventioﬁ, could be used for metal gate CMOS
processes if desired.

Now, with the P-wells formed as described, the re-
maining fabrication steps for the CMOS device can. proceed.
As shown in Fig. S,Ja relatively thick oxide layer 54 (e.g.
12,000 ﬁ) is formed in the field areas while a thin oxide
layer 56 (e.g. 1,000 i) is grown in the device areas using
conventional procedures. A layer of N+ doped polysilicon 58

Ao
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is applied to the oxide layer. Thereafter, another mask 60

" . 1s used to form the polysilicon gate regions for all of the
circuit. When the photoresist layer 60 is removed from the
.gates 58, thé thin oxide around the gates is also etched
away. |
_ - Fig. 9 shows a portion of the completed CMOS device
made according to the method steps of the present invention.
The processing steps occurring between Figs. 8 and 9 are
conventional ones, well known to those skilled in the art and
therefore, are not shown in detail. Essentially, they in-
volve the formation of the N+ source-drain regions 32 and
élso, the P+ source-drain regions 34, by standard diffusion
techniques; the formation of an intermediate oxide layer 62
which serves as a dielectric layer between polysilicon and
metal layers; the formation of contact areas 64 for contact
6f metal to the various source-drain regions; the metalliza-
‘tion 66 in the contact areas; and an upper scratch protection
and passivation layer 68 that may be applied in the conven-
tional manner and which may be silicon dioxide, silicon nit-
ride or other passivation material.

With the process of the present inveﬁtion, the field
oxide layer can be kept to a minimum thickness which is sub-

l stantially thinner than previously required for CMOS devices.
‘This is.primarily because the dopant level, being relatively

_high in the P-well field areas 42, allows a higher field
threshold voltage for the device being produced. In other

‘words, a preselected threshold voltage can be obtained by
this selective doping process without requiring a relatively
thick field oxide layer.

Thus, the CMOS device resulting from the aforesaid
method, according to the present invention, with its P-wells
36, formed as previously described, makes possible a relati-
vely- low ratio of field oXide to device oxide which elimi-
nates the step problems with conductive paths while providing
favorable operating characteristics. Yet the fabrication of
such an improved device is accomplished without the necessity

for additional masks or complicated processing procedures.
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To those skilled in the art to which this invention
relates, many changes in construction and widely differing
embodiments and applications of the invention, as well as
variations in the method steps, will suggest themselves
without departing from the spirit and scope of the invention.
The disclosures and the description herein are purely illus-
.trative and are not intended to be in any sense limiting.

I claim:
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IN THE CLAIMS:

1. In the fabrication of a complementary MOS inte-
grated circuit device, a method of forming P-wells for N-type
transistors, comprising the steps of:

(a) forming a composite layer of oxide and nitride
on the surface of a silicon substrate of N-type material;

(b) forming said composite layer into defined device

areas for subsequent formation of transistors;

(c) masking the substrate to expose the P-well areas,

including composite layer areas for N-type transistors;

(d) providing for ion implantation in the exposed
P-well areas, so that a relatively high doping level to a
relatively greater depth is established around the composite
layer areas and a lower doping level with less depth is

established under the composite layer areas.

2. The method as described in Claim 1 wherein said
-_ step of providing for ion implantation comprises creating a
single ion implanting charge at an energy level and density
_ that is sufficient to force a substantial portion of the
charge through each composite layer in a P-well area, thereby
providing a doped region under each composite layer, said
single charge causing a deeper and more highly doped portion

of each P-well area around each said composite layer.

3. The method as described in Claim 2 wherein said
single ion implanting charge has an energy level of around
50 KEV.
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4. The method as described in Claim 1 wherein said
step of providing for ion implantation comprises creating
dual implanting charges, including a first charge of rela-
tively low énergy and high density so that the implantation
atoms are trapped in the nitride cap of each exposed com-
posite layer while being driven into the silicon material
surrounding said composite layers, and a second charge of
relatively high energy and low density atoms that are driven
completely through the composite layer to provide the "P"
region under it, said second charge causing a deeper dopant

penetration in the areas surrounding the composite layers.

5. The method as described in Claim 4 wherein said
first charge has a relatively low energy of around 25 KEV
gnd said second charge has a higher energy of around 80-100

KEV.
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6. A method for fabricating complementary -MOS in-
tegrated circuit devices comprising the steps of:

providing a substrate of N-type silicon material;

forming a layer of oxide on the surface of said
silicon substrate;

forming a layer of nitride on said oxide to provide
a composite layer;

forming said composite layer into defined device
areas for subsequent formation of transistors;

masking the substrate to provide exposed areas for

Vforming P-wells that include smaller areas of said composite

layer for N-type transistors;

providing ion implantation of P-type material in the
exposed P-well areas so that a relatively high doping con-
centration and greater depth of P-type material is provided
around the composite layer within the P-well area than direct-
ly under said composite layer;

forming a field oxide layer on said substrate sur-

~rounding the transistor device areas within and outside of

said P-well;

forming a gate oxide layer gate means, source and

drain diffusions for transistors in said device areas; and

forming conductive paths between transistors within
and outside of said P-wells.
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7. The method as described in Claim 6 wherein said
jon implanation is accomplished by a first charge of rela-

tively low energy and high density, followed by a second
charge of relatively high energy and low density.

) 8. The method as described in Claim 7 wherein said
first charge is at an energy level of around 25 KEV and said
second charge is at an energy level of around 80-100 KEV.

9. The method as described in Claim 6 wherein said
-]
field oxide layer is grown to a thickness of around 12,000 A
o )
.and said gate oxide layer is around 1,000 A.

10. A complementary type metal-oxide-silicon device

comprising:

a silicon substrate;

»

’ " a series of P-wells in said substrate, each contain-
_ing at least one pair of spaced apart N+ diffusions with gate
means extending between said ‘diffusions and 'surrounded by an
open area of substrate covered by a layer of field oxide,
each said P-well having a greater depth and concentration of
" P-type material in said areas that are at least partially
under said field oxide and around said diffusions than in the

substrate areas under said diffusions.

11. The device as described in Claim 10 wherein at
least one of said P-wells has two pairs of N+ diffusions
which are spaced apart and separated by a layer of field oxide
between them said P-well having a greater depth and concentra-
tion of P-type material under said field oxide and around its

outer edges.
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12, The device as described in Claim 10 wherein
said field oxide has a thickness of around 12,000 i, and
each said pair of N+ diffusions extend below a gate oxide
having a thickness of around 1,000";“
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This International Searching Authority found multiple inventions in this Iniernational application as follows:

1.D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable claims
of the international application.

ZD As only some of the required additional search fees were timely paid by the applicant, this international search report covers only
those claims of the International application for which fees were palid, specifically claims:

3.D No required additional search fees were timely paid by the applicant. Consequently, this inlernational search report Is restricted to
the Invention first mentioned in the claimss it is covered by claim numbers:

Remark on Protest
D The additional search fees were accompanle‘d by applicant's protest.
D No protest accompanied the payment of additional search fees.
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