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TRANSISTOR STRUCTURE AND THE STRUCTURE FABRICATED BY THE PROCESS (71)   We,
FAIRCHILD CAMERA AND IN- semiconductor structures with interconnec-
STRUMENT CORPORATION, of 464 Ellis Street, tions between particular sources
or drains of Mountain View, California 94042, United  the n-channel and
p-channel devices; The States of America, a company organised  conductors
may be metal or conductive poly- 50 5 and existing under the laws of the
State of  crystalline silicon. Silicon dioxide is the Delaware, United
States of America, do  most widely used insulator and single crystal hereby
declare the invention, for which we  silicon is the most widely used
semiconductor pray that a patent may be granted to us, substrate. Typical
complementary  metal and the method by which it is to be per-  oxide
semiconductor (CMOS) structures are 55 10 formed to be particularly
described in and  fabricated on an n-type substrate rather than by the
following statement:-             on a p-type substrate because it is
easier to This invention relates to a process 'of obtain desirable
threshold voltages for both fabricating a complementary insulated gate  the
n-channel and? p-channel complementary field effect transistor structure
and to a  devices. The p-well required for the n- 60 15 structure
fabricated by the process.     channel complement is obtained by diffusing
The process is applicable to the fabrication  a lightly doped p-region into
the n-type of a structure which incorporates oxide  substrate. In some
devices all n-channel isolation of active device regions such as devices
are fabricated in a common p-well, the isoplanar oxide isolation as
described  and p-channel devices are fabricated in the 65 20 in U.S. Patent
3,648,125, with counterdoping  n-substrate so that much of the overall area
of the p-well  with impurities of opposite  is taken  up with
interconnections  between type to obtain a composite doping profile, the
n-channel and p-channel devices. Where reduction of [err] in the isoplanar
oxide, dop- individual p-wells are used for the n-channel ing of the gate
and field oxides with a  devices, isolation of the p.-channel field effect
70 25 chlorine species, and phosphorus doping of transistors is sometimes
achieved by  heavily the polycrystalline silicon gates.      doped channel
stops. These channel stops Complementary field effect. circuit arrange-
occupy a large amount of water surface area, ments employ an n-channel and
a p-channel degrade operating speed and limit the volt- field effect
transistor which are coupled so  age range. Recently, polycrystalline
silicon  75 30 that the source or drain of one- device is  has been used in
place of metal for the gate connected to the source or drain of the
electrodes of the devices, but although tran- other device. In any mode of
circuit opera-  sient performance is slightly. improved- a tion, one- of
the devices will: be functioning  negligible reduction in area has been
effected and the other will be off. When operating  Also, the standard
dopant, boron, which is 80 35 conditions within the circuit dictate that
the  placed in the polycrystalline silicon to render functioning device
turns off, the device which  it conductive and to obtain a low threshold,
was previously. off will begin to function due  possesses the property that
it may diffuse to interconnection of the sources and/or  through the gate
oxide in the presence of drains of the two devices. This. concept hydrogen.
and' degrade the. device. And, 85 40 was first disclosed in U.S. Patent
3,356,858. prior-art CMOS devices are known to ex- It is especially useful
because no additional perience. impurity migration through both power is
requited to switch either of the  the gate and field oxides with resultant
im- devices: Switching is an inherent attribute  pairment in the operating
chararcteristics of of circuit operation.                   the devices.
Finally, the presence of un- 90 45   Conventional complementary field'
effect controlled  amounts  of' fixed surface states devices are fabricated
as conductor-insulator-  charges, due typically to non-stoichiometric    
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2 composition of the [err], also impairs the  net p-type concentration near
the surface of operating characteristics of the devices.  the well and a
relatively high net n-type The invention  provides a process of
concentration deep within the well; fabricating a complementary insulated
gate   (h) thermally growing a thin. layer of 5 field effect transistor
structure having n-  silicon dioxide in the active device regions; 70
channel and p-channel devices in the same    (i) depositing a conductive
layer of poly- semiconductor substrate, the process com-  crystalline
silicon; prising the steps of:                       (j) defining the
layers of silicon dioxide (a) forming in selected portions of a  and
polycrystalline silicon to produce in- 10 semiconductor substrate of a
first conduc-  sulated gate electrodes for the p-channel and  75 tivity
type isolation regions adjacent a major  n-channel device; surface of the
substrate, the isolation regions    (k}  predepositing boron adjacent both
substantially surrounding first and second  sides of a defined gate
electrode in an active active device regions each occupying a por-  device
region formed in the layer of n-type 15 tion of the major surface,
silicon to form the source/drain regions of 80 (b) forming a composite
conductivity  a p-channel field effect device; well in the first active
device region in said   (I) predepositing phosphorous adjacent
semiconductor substrate by introducing im-  both sides of a defined gate
electrode in an purities of the first conductivity type and  active device
region formed in the com- 20 of a second conductivity type opposite to
posite well to produce the source/drain  85 the first conductivity type to
produce a net  regions of an n-channel field effect device; conductivity
concentration of the second    (in) thermally driving in the impurities
conductivity type which is relatively low  predeposited in said
source/drain regions near the major surface to provide a low  of the
p-channel and n-channel devices; 25  threshold for a device within the well
and    (n) forming a further layer of electrical 90 which is relatively
high deep within the  insulation over the isolation islands; and wall to
produce high breakdown voltages    (o) applying a conductive layer and de-
across the well/substrate junction;       fining the conductive layer to
connect one (c) forming a conductor-insulator-semi-  of the source/drain
regions of said p- 30 conductor field effect device having a first  channel
field effect device and one of the  95 channel conductivity type within the
com-  source/drain regions of the n-channel field posite conductivity well
in the first active  effect device and to effect external electrical device
region: and                        coupling with the remaining source/drain
(d) forming a conductor-insulator semi-  regions of the n-channel and
p-channel field 35 conductor field effect device having a second  effect
device.                       100 channel conductivity type in the second
A structure fabricated by the process of active device region within the
substrate.   the invention can overcome the known The invention also
provides a process of deficiencies of conventional CMOS struc- fabricating
a complementary insulated gate  tures and can exhibit significant
advantages 40  field effect transistor structure having p-  over
conventional metal gate non-oxide- 105 channel and n-channel devices in the
same  isolated CMOS circuits. The structure can semiconductor substrate,
the process corn-  have a broad operating range of approxi- prising the
steps of:                     mately 3 to 15 volts, increased packing den-
(a) applying a thermal oxidation masking  sity greater device stability and
better con- 45 material to a substrate of n-type silicon;    trol of
threshold values for the respective 110 (b) defining the thermal oxidation
ma-  devices. terial to establish protected active device    The present
invention, is further explained regions and to open up isoplanar isolation
below, by way of illustration, with reference regions;
to the accompanying drawings in which: 50   (c) introducing a light doped
n-type im-    FIGURE 1 is a sectional side view of an 115 purity in the
substrate in said isoplanar  n-substrate 10 illustrating an intermediate
isolation regions;                        process step after selective
formation of (d) heating the semiconductor substrate  layers of silicon
dioxide 12b and 12d on in the presence of an oxidizing agent to  the
n-substrate, selective formation of layers 55 form  isolation islands of
silicon dioxide;  of oxidation masking material 14b and 14d, 120 (e)
removing the thermal oxidation mask-  and introduction of a field implant
to regions ing material;                             17a. 17c and 17e; (f)
predepositing n-type and p-type im-    FIGURE 2 is a further view of the
struc- purities in at least one active device region;  ture of FIGURE 1
after growth of isoplanar 60 vihon
isolation oxide 20a, 20c and 20e, removal 125 (g) heating said substrate to
drive the n-  of oxidation masking material 14b, and type and p-type
impurities into the sub-  14d and layers of silicon dioxide 12b and strate
to form a composite con ductivity well,  12d, application of photo-resist
laver 21, 



the relative concentration of the n-type and  and introduction of p-well
double ion im- 65 p-type impurities producing a relatively low  plant 23d;
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3 FIGURE 3 is a further view of the struc-  oxidation masking material 14
and the ture of FIGURE 2 after thermal drive-in  silicon substrate 10 in
order to prevent the of the p-well implant to form p-well 23d  creation of
defects in the substrate upon and of the field implant to form expanded
cooling and to provide a more desirable 5  field implant regions 17a, 17c
and 17e, geometry to the isoplanar oxide islands. 70 growth of the gate
oxide layers 30b and 30d,  The inclusion of a silicon dioxide layer 12 and
deposition of polycrystalline silicon  appears to reduce structural
stresses experi- layer 31;                                 enced by the
substrate upon cooling. For FIGURE 4 is a further view of the struc-
example, if the oxidation masking material 10 ture of FIGURE 3 after
definition of poly-  14 is silicon nitride, Si3N4, the silicon di- 75
crystalline silicon gates 34 and 35, definition  oxide layer 12 will be in
a state of com- of gate oxide 33, and implantation of p+  pression while
the silicon nitride 14 will impurities in source/drain regions 36;    be in
a state of tension with respect to the FIGURE 5 is a further view of the
struc-  silicon substrate due to the differences in 15 ture of FIGURE  4
after application of  coefficient  of  thermal  expansion. The  80 a thin
photoresist layer 40, definition of  countervailing forces may protect the
sub- gate oxide 39 and implantation of n+ im-  strate. As shown, both the
silicon dioxide purities in source/drain regions 37;      and the silicon
nitride are defined by carry- FIGURE 6 is a further view of the struc-  ing
out a photoresist masking sequence to 20 ture of FIGURE 5 after thermal
drive-in of protect active device regions 15b and 15d  85 the
p+-source/drain regions 36 and the  and to expose isolation regions 15a,
15c n+-source/drain regions 37, application of  and l5e. thick oxide/layer
46 and definition of poly-    As used above and throughout this speci-
crystalline silicon gate insulation 43 and 44;  fication, the phrase
"photoresist masking 25    FIGURE 7 is a further view of the struc-
sequence" refers to the well-known sequence 90 ture of FIGURE 6 after
conductive con-  of applying a uniform  layer of a photo- nectors have been
applied and defined to  resist polymer, selectively  exposing  the
interconnect one p+-source/drain region of  photoresist by radiation of
appropriate wave- the p-channel device and one n+-source/  length,
developing the photoresist to leave 30  drain region of the n-channel
device and  a desired pattern, performing an active step  95 to provide
external electrical communication  such as diffusion or forming metal
contacts, with the remaining source/drain regions;  and removing the
photoresist polymer. A and                                       complete
photoresist masking sequence is FIGURE 8 is a graph illustrating the  also
called a masking step. The details of 35 composite impurity concentration
in the p-  each individual masking step are not shown 100 well as a result
of the counterdoping pro-  in the drawings and should be inferred from
cedure.                                   the use of the term "masking
step." Referring now to FIGURE 1, the sub-    An n-type field implant,
typically arsenic, strate 10 is shown, in this preferred em-  is then
introduced into isolation regions 15a, 40 bodiment, to be
n-conductivity-type silicon.  15c and 15e. Preferably the field implant is
105 With an n-conductivity-type substrate and  introduced by ion
implantation because the associated p-well, the threshold voltages of
dosage and energy of implantation can be the two complementary devices are
matched  carefully controlled. In one embodiment a more closely than is
possible for devices in  field implantation energy of 4OKeV is em- 45  a
p-conductivity-type substrate and associ-  ployed. The field implant may
also be in- 110 ated n-well, if the compensating effect of  troduced by
diffusion. In either case, the p-well implantation is considered. Com-
impurity atoms enter the surface of the plementary devices formed in a
p-type sub-  substrate and repose at a shallow depth. strate with an
associated n-well could have  This step is called predeposition. The
silicon 50 matched threshold voltages provided an addi-  nitride overlying
the silicon dioxide in the 115 tional impurity was introduced underneath
active device regions 15b and 15d masks the gate of the p-channel device.
With this  the substrate regions and prevents any of proviso, the
disclosure herein of comple-  the field implant impurity from  reaching
mentary field-effect devices formed in an  substrate 10. When driven into
the sub- 55 n-substrate and associated p-well also per-  strate, such a
field implant slightly raises 120 tains to complementary field-effect
devices  the surface concentration of n-type impuri- formed in a
p-substrate and associated n-  ties in the n-substrate 10 and prevents
inver- well with the appropriate substitution of  sion of the substrate
underneath the isolation 



analogous process steps.                  regions. Such inversion would
occur be- 60    A laver of oxidation masking material 14  tween p-type
sourceldrain regions of the 125 is applied to the surface of substrate 10.
p-channel device and the p-well, i.e. be- This material serves to mask the
active device tween source/drain region 36d and p-well regions while
isolation regions are grown.  23d of FIGURE 4. In effect, the imnilant It
has been found advantageous to inter- forms a channel stop but requires
much less 65 pose a layer of silicon dioxide 12 between  surface area. The
concentration of the field 130    4
1,499,548                                      4 implant is typically about
one order of  of the n-channel device will not occur until  r magnitude
lower than either the substrate  very high voltages, on the order' of 25 or
p-well concentrations so that even though  volts, are reached, even after
the n-type field the n-type implant reduces the p-conduc-  implant is
considered. And, the concen- 5 tivity-type concentration and enhances the
tration of the p-type impurities in the pro- 70 likelihood of inversion of
the p-well be-  file is low enough between the two n-type tween the n-type
source/drain regions of the  source/drain regions so that the n-channel
n-channel device and the n-substrate 10, the  device will operate at a
suitably low threshold p-well is relatively so heavily doped beneath
voltage on the order of 1.5 volts. These 10 shallow well depths that the
net p-type con-  two features of the doping profile are shown  75
centration under the isolation islands re- by the composite profile (dotted
line) of mains high enough to prevent inversion of  FIGURE 8. They are
achieved by counter- the p-well for voltages up to about 25 volts.  doping
a p-type impurity with an n-type Referring now to FIGURE 2, isolation
impurity in active device region 15d. In 15 islands 20 are formed in
isolation 15a, 15c  effect, the n-type impurity is doped with  80 and 15e.
Several versions of oxide isolation  the p-type impurity to lower the
p-type con- have been developed commercially. Gener-  centration near the
surface. As shown in ally, they include surrounding active device  FIGURE
8, the p-type impurity, boron, is regions with thick layers of silicon
dioxide. introduced and thermally driven in. Then, 20 also called field
oxide. The isoplanar pro-  a lesser  amount of an n-type impurity, 85 cess
as set forth in U.S. Patent No. 3,648,125  arsenic, is introduced and
thermally driven is one such process. In the isoplanar pro-  in. Ion
implantation is the preferred method cess, silicon dioxide is grown from
the  of introduction because the dosage rate and silicon substrate by
application of an oxidiz-  energy of implantation can be carefully con- 25
ing agent such as oxygen or water vapor at trolled. The thermal drive-in
step theoretic- 90 a temperature in the range of 900-1250 degree C. ally
could be omitted if a suitably high In one embodiment, a 1.8u layer of iso-
energy of implantation is achieved, but as lation oxide is grown by
subjecting the sub-  a matter of practicality will usually be used. strate
to a 'temperature of 1000 degree C. in a wet In this embodiment the boron
is implanted 30 oxygen ambient for 16 hours. The general at an energy of 80
KeV and reaches a 95 thermal oxidation kinetics of this silicon
predeposition depth of about .3-.4p while dioxide growth have been reported
pre-  the arsenic is implanted at an energy Viously. See B. E. Deal and A.
S. Grove,  170 KeV and reaches a predeposition depth "General Relationship
for the Thermal of about .1u. When thermally driven in, 35 Oxidation of
Silicon." Journal of Applied  the boron reaches a depth of about 10u 100
Physics, V.36, No. 12, pp. 377Q-3778 (1965). and the arsenic reaches a
depth of about The silicon dioxide grows into and rises  4u and
counterdopes the boron to produce above the surface of the substrate to
form  the desired composite concentration profile. isolation islands '20a,
20c and 20e which  In an alternative embodiment, the arsenic '40  surround
(in a three-dimensional structure)  and boron are introduced simultaneously
105 active device regions l5b and l5d. The pre-  and thermally driven in
together. In the deposited filed implant moves into the sub-  subsequent
drive-in diffusion, advantage is strate ahead of the expanding mass of
silicon  taken of the approximate 2:1 ratio in dioxide and, due to the
elevated tempera-  diffusivity of boron to arsenic to obtain 45. ture, is
dispersed even further into the sub-  essentially a p-type profile deep
within the 110 strate as shown by region 17c 'of FIGURE  well and a low
p-type concentration near the 3. Oxidation masking. material 14 serves
surface. Other n-type and p-type impuri- to prevent oxidation in the active
device  ties may be used in the same manner so regions 15b and 15d. After
formation of long as the composite doping profile des- 50 isolation.
islands 20, the masking material 14  cribed  herein is obtained.  Prior
attempts 115 along with the  underlying silicon dioxide 12  to. obtain such
a composition profile' have is stripped by well-knownL etching tech-
involved' contrived and complicated tech- niquess.
niques which generally have been unsatis- 



Next, a masking step as evidenced by a  factory. The process of the present
inven- 55 layer of photoresist 21 is performed to per-  tion achieves the
desired composite profile 120 mit the. predeposition of impurities in the
in a reliable. and reproducible manner. p-well region. Both p-type and
n-type im-   The drive-in of the two impurities in the purities are
introduced to the substrate and  p-well is shown to be completed) in FIGURE
then thernially driven in. This counter-  3. This drive-in diffusion is
accomplished 60 doping proceduce produces a high desirable  after stripping
the photoresist 21. The 125 doping profile.  The  concentration of the
drive-in  is typically accomplished'at high p-type impurities in the
profile achieved is temperatures on the order of 1200 degree C, in great
enough deep within the well so that inert atmosphere such as nitrogen. In
one inversion of  the p-well between the n-type  aspect of the process of
the present inven- 65 substrate and then-type source/drain regions  tion, a
small amount of oxygen is intro- 130    5
1,499,548                                        5 duced in the inert
atmosphere to prevent the  in active device regions 15b and 15d. This
accumulation of positive charge Q. in the  gate material is preferably
silicon dioxide isolation oxide 20. The positive charge Q.  which is
thermally grown to produce desir- in the silicon dioxide near the silicon/
able interface characteristics with the under- 5  silicon dioxide interface
has been found to  lying silicon substrate. This gate material 70 be caused
by the generation of deficiency  may also be silicon nitride, [err], or
alu- sites or ionized silicon species in the silicon  mina, [err]. A layer
of gate-forming con- dioxide during the high-temperature anneal  ductive
material 31 such as appropriately of the drive-in diffusion of the double
ion  doped polycrystalline silicon is then chemi- 10 implant. The
high-temperature anneal pro-  cally deposited over all regions of the
device. 75 duces deficiency sites in the silicon dioxide, As is well known
in the semiconductor e.g., sites at which SiO+ radicals are formed
fabrication art, polycrystalline silicon can by driving out oxygen atmos.
The presence  be used as a conductor of holes if impreg- of these positive
charges in high enough  nated with a p-type impurity, or as a con- 15
concentration can lead to inversion of the  ductor of electrons if
impregnated with an  80 p-well, causing linkage between the two n+-  n-type
impurity. The preferred dopant is source/drain regions or between the n+-
phosphorus because the phosphorus forms source/drain regions and the
n-substrate.  a layer of glass at the silicon gate/silicon It has been
found that an atmosphere of  dioxide interface which acts as an alkali 20
about 98%  [err] and 2%  [err] during p-well barrier and getterer
(neutralizer of alkaline  85 drive-in will reduce Q, to a level at which
radicals). The nolycrystalline silicon serves the n-channel device will
operate at voltages  as gate electrodes and as a primary layer greater than
15 volts without inversion be-  of electrical interconnection of a double
tween the n+ -source/drain regions and the n-  conductive layer device with
aluminum serv- 25 substrate. Preferably the [err] concentration  ing as the
upper or second layer.        90 is reduced to 1 x 1011/[err] or less in
order    Since gate insulating material 30 forms to be able to operate the
n-channel device  the electrical insulation between the con- at voltages up
to 25 volts without this inver-  ducting gate eletcrodes of the respective
sion. It has also been found that Q., con-  field-effect devices and the
semiconductor 30  centrations of 2 x  [err] will reduce  substrate, its
physical characteristics must .95 the operating limit of the n-channel,
device  be  closely  controlled. For example, if from about 25 volts to
about 15 volts. It  region 30 is silicon dioxide and conductive has been
found that after p-well drive-in, a  material 31 is polycrystalline
silicon, any treatment with water vapor will further reduce  sodium in the
silicon dioxide insulation con- 35  [err] by filling in additional
deficiency sites. stitutes a charge known as [err]  which may 100 While
water vapor would work to fill in  impair the performance of the device
because deficiency sites during p-well drive-in, there  it may drift
through the silicon dioxide, is an undesirable side effect of catalyzing
especially during his bias operation. If and additional oxide growth. In an
ancillary  when the [err] charge drifts through the silicon 40  embodiment,
water vapor is subsequently  dioxide, the threshold voltages could be 105
applied at a temperature in the range of altered. For example, in the CMOS
struc- 700-1000C. to further fill in deficiency  ture of the present
invention, acceptable sites.                                    threshold
voltage shifts are generally less The preferred Q., recited above
approaches  than one volt while [err] drift can shift 45 the residual
concentration at the silicon/  threshold voltages by several volts or more.
110 silicon dioxide interface produced by the  It has been found that
doping the gate silicon-rich character of the silicon dioxide  oxides with
a chlorine species during for- at the interface. Since the crystal orienta-
mation retards such migration. It is not 



tion of the substrate determines the number  known which particular species
is operative 50 of silicon atoms exposed per unit area on  but the chlorine
species are likely to in- 115 the surface of the planar substate, the
clude, among others C, [err] silicon-rich character of the silicon dioxide
[err]--. They may be introduced by incor- will depend upon underlying
crystal struc-  poration of a source of chlorine species ture. Thus, (100)
silicon will have the  such as HO  or trichloroethylene in the 55  lowest
residual [err] on the order of 5 x   oxidizing ambient. In one embodiment
the 120 [err] and is therefore a preferred sub-  field oxide is similarly
doped during thermal strate material. While  (110) and  (111)  oxide growth
to further enhance electrical orientation silicon have, respectively, ap-
stability by retarding impurity migration. proximately twice and three
times the resi-  Control and minimization of Q,,, the fixed 60 - dual 0,
and can be used in the process of  surface state charge, in the gate oxide
is also 125 the present invention, the higher residual Q.. required to
provide optimum threshold volt- will affect the final [err] that can be
achieved  age control for the active devices since it by curing the
deficiency sites.           is known that Q.. will shift the threshold
After the p-well drive-in, a layer 'of gate  voltage in the negative
direction. This con- 65  insulating material 30b and 30d is formed  trol is
achieved by purging the oxidation 130    6
1,499,548                                    6 ambient with an inert gas
such as nitrogen  complished by heating the substrate to a or argon after
the gate oxide is substantially  temperature of about 1070 degree C for
about one formed and then cooling the gate oxide. half hour. The p-well and
field implant See Fig. 5 of B. E. Deal et al., "Charac-  are only slightly
affected because they pre- 5 teristics of the Surface-State Charge (Q.,)
viously had been driven in by a drive-in at 70 of Thermally Oxidized
Silicon," Journal of  about l200 degree C for about 16 hours.
Electrochemical Society, Vol. 114, No. 3    The complementary field-effect
transistor (1967).                                  structure is then
completed as shown in Referring now to FIGURE 4, conductive  FIGURE 7 by
applying conductive con- 10 material 31 and insulating material 30 is
nectors and defining them to produce metal 75 defined by a masking step to
produce gate  layer 50 which interconnects p-regions 36d electrodes 34 and
35. The edges of the  and n-region 37s and metal layers 51 and individual
gates are configured to allow  52 which provide electrical contact with
successive layers to encounter a sloped  p-region 36s and n-region 37d,
respectively. 15 contour. This sloped contour is achieved  Interconnection
of one source/drain region  80 by proprietary buffered etch process and  of
the p-channel device and one source/drain serves to prevent cracking of
overlying  region of the n-channel devices produces a layers. Then, p-type
impurities are pre-  complementary field-effect circuit with the deposited
into the source/drain regions 36s  switching properties described above. In
an 20 and 36d (note that these regions are desig-  alternate  embodiment,
the  source/drain  85 nated source/drain in the alternative be- regions of
complementary devices are not cause their character as source or drain
internally connected, in order to allow cir- will depend on the way in
which they are  cuit designers to arrange source/drain inter-
interconnected in a particular circuit) of connections externally. An
anneal of the 25 the p-channel device by a masking step  structure in a
hydrogen-containing ambient 90 which selectively opens up these regions  in
the temperature range 350-500. is Predeposition may be accomplished by dif-
carried out to minimize the fast interface fusion, ion implantation,
sputtering or any  state density, which also adversely affects related
technique. If predeposition is ac-  threshold voltages and other device
charac- 30 complished by diffusion, the as-yet-undefined  teristics.
Finally, scratch-protection layers 95 gate oxide layer 30d prevents any p+-
and packaging is provided in accordance source/drain impurities from
entering the  with established practices. p-well. The gate electrode 34
serves as a    The above-described fabrication process definition mask so
that the inner edges of produces an improved oxide-isolated silicon 35
regions 36s and 36d are self-aligned with  gate complementary field-effect
structure. 100 the edges of the gates. Alignment of the  As shown in
FIGURES 1-7, an MOS de- gates with the source/drain regions pro-  vice with
a p-channel conductivity type vides better performance by lowering junc-
(channel is p-type when device conducts) tion capacitance and also produces
decreased  is formed in active device region 15b and 40 device area. Any
p-type impurities which  an MOS device with an n-channel con- 105 reach
polycrystalline gates 34 and 35 only  ductivity type (channel is n-type
when de- slightly affect the heavy n-type phosphorus  vice conducts) is
formed in active device doping. The  n+-source/ drain  diffusion  region
15d. In one embodiment the source/ 



regions 37s and 37d forthe n-channel device  drain regions are 1.2u deep,
the p-well is 45 are then formed by diffusion of an n-type  10u deep, the
gate oxide is .1u thick and 110 conductivity impurity such as phosphorus
the gate electrodes .4u thick. Each device in a predeposition step. Silicon
dioxide is  is surrounded by isoplanar oxide isolation used as a masking
material rather than  which is about 1.5u deep. (From  these polymer
photoresist because it is able to  values it is evident that the FIGURES 50
withstand diffusion furnace temperatures. are pictorial and not drawn to
scale.) While 115 Masking material 40 is then removed by  oxide-isolated
CMOS structures with indi- well-known etching techniques.          vidual
p-wells have been proposed (See R. N. Referring now to FIGURE 6, a layer 46
-Finella et al., "CMOS III: A High Density of addition eletcrical
insulating material is  Ion Implanted CMOS Technology," Pro- 55 formed
across the surface of substrate 10  ceedings of the Technical Program, 1971
120 over isolation islands 20. In one embodi-  Semiconductor/IC Processing
& Production ment this additional layer of material is  Conference, pp.
7-10), the particular struc- is formed by chemical deposition. The  ture of
the present invention has not pre- additional electrical insulation
provided by  viously been described or realized. The 60 layer 46 inhibits
conduction betwene n-  present invention for the first time, dis- 125
region 37s and n-substrate 10 by increas- closes counterdoping of p-type
with n-type ing the voltage at which inversion of the  impurities in the
p-well to produce a high substrate under oxide -island 20 will occur.
concentration deep within the well to pre- The drive-in of both p-type and
n-type  vent inversion between the n+-source/drain 65 source-drain
diffusion regions is then ac-  regions and the n-substrate, and to produce
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7 a low concentration near the surface of the    (d) forming a
conductor-insulator semi- substrate to provide a low threshold voltage
conductor field effect device having a second for the n-channel device. The
mixture of  channel conductivity type in the second the two impurity types
produces a doping  active device region within the substrate. 5 profile
that has not previously been achieved.   2. A process as claimed in claim
1 in  70 Also, the fixed charge Q., in the silicon  which the substrate
comprises a p-type con- dioxide near the silicon/silicon dioxide inter-
ductivity silicon substrate, a p-channel con- face is at a reduced level,
preferably below  ductor-insulator-semiconductor field effect I X  [err],
so that inversion between  device being formed with the composite 10 the
n+-source/drain region and the n-sub-  conductivity well, in the first
active device 75 strate is further inhibited. In one embodi- region, and an
n-channel conductor-insulator- ment, an operating voltage range of from
semiconductor field  effect device being 3 to more than 15 volts is
achieved. The  formed in the second active device region. combination of
isoplanar oxide isolation    3. A process as claimed in claim 1 in 15 and
polycrystalline silicon gates results in  which the substrate comprises an
n-type 80 high density, lower capacitance and a more  conductivity silicon
substrate, an n-chan- planar topography. In particular, the dop- nel
conductor-insulator-semiconductor field mg of the polycrystalline silicon
with phos-  effect device being formed within the com- phorus produces a
thin layer of glass at the  posite conductivity well in the first active 20
silicon gate/ silicon dioxide interface which  device region and an
n-channel conductor- 85 acts as an alkali getterer and barrier. The
insulator-semiconductor field effect device polycrystalline silicon gate
electrodes are  being formed in the second active device self-aligned with
the source/drain regions  region. to produce devices with reduced junction
4. A process as claimed in claim 1, 2 25 capacitance. The presence of an
n-type  or 3 in which the step of forming isolation  90 field implant in
the p-well adjacent the oxide  region is accomplished by masking the major
isolation islands inhibits inversion of the  surface of the semiconductor
substrate to p-well underneath  the isolation  islands. expose the
isolation regions, and applying Finally, the presence of a chlorine species
an oxidizing agent to the exposed substrate. 30  in the gate and field
oxides reduces the like-   5. A process as claimed in claim 4 as 95 lihood
that mobile impurity ions can pro-  dependent on claim  3 in which a
lightly duce inversion of the substrate or the p-well. doped n-type field
impurity is introduced to the isolation regions prior to the appli- WHAT WE
CLAIM  IS: -                   cation of an oxidizing agent and in which 35
1. A  process of fabricating a comple- the application of an oxidizing
agent is 100 mentary insulated gate field effect tran- accomplished at an
elevated temperature so sistor structure having n-channel and p- that the
n-type field impurity is thermally channel devices in the same
semiconductor  driven in. 



substrate, the process comprising the steps    6. A process as claimed in
claim 4 or 5 40 of                                        in which the step
of applying the oxidizing 105 (a) forming in selected portions of a  agent
comprises heating the substrate in the semiconductor substrate of a first
conduc-  presence of steam. tivity type isolation regions adjacent a major
7. A process as claimed in claim 4 or 5 surface of the substrate, the
isolation regions in which the step of applying the oxidizing 45
substantially surrounding first and second  agent is effected in the
presence of a gas 110 active device regions each occupying a por-
containing a chlorine species. tion of the major surface;
8. A process as claimed in claim 3 or (b) forming a composite conductivity
any claim dependent thereon in which the well in the first active device
region in said  step of introducing the impurities into the 50
semiconductor substrate by introducing im- composite conductivity well is
accomplished 115 purities of the first conductivity type and  by implanting
impurity ions of the n-type of a second conductivity type opposite to
conductivity and the p-type conductivity, the first conductivity type to
produce a net and heating the semiconductor substrate to conductivity
concentration of the second  accomplish thermal drive-in of the n-type 55
conductivity type which is relatively low  and p-type conductivity
impurities.    120 near the major surface to provide a low    9. A process
as claimed in claim 8 in threshold for a device within the well and  which
the steps of implanting impurity ions which is relatively high deep within
the  and heating the semiconductor substrate are wall to produce high
breakdown voltages accomplished by implanting n-type conduc- 60 across the
well/substrate junction;       tivity ions and heating the semiconductor
125 (c) forming a conductor-insulator-semi-  substrate to accomplish
thermal drive-in of conductor field effect device having a first the n-type
conductivity ions and then im- channel conductivity type within the com-
planting-type conductivity impurity ions and posite conductivity well in
the first active  heating the substrate to accomplish thermal 65 device
region; and                        drive-in of said p-type impurity ions.
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7 a low concentration near the surface of the   (d) forming a
conductor-insulator semi- substrate to provide a low threshold voltage
conductor field effect device having a second for the n-channel device. The
mixture of  channel conductivity type in the second the two impurity types
produces a doping  active device region within the substrate. 5 profile
that has not previously been achieved.   2. A process as claimed in claim 1
in  70 Also, the fixed charge [err] in the silicon  which the substrate
comprises a p-type con- dioxide near the silicon/silicon dioxide inter-
ductivity silicon substrate, a p-channel con- face is at a reduced level,
preferably below  ductor-insulator-semiconductor field effect 1 x  [err],
so that inversion between  device being formed with the composite 10 the
n+-source/drain region and the n-sub-  conductivity well, in the first
active device 75 strate is further inhibited. In one embodi- region, and an
n-channel conductor-insulator- ment, an operating voltage range of from
semiconductor field  effect device being 3 to more than 15 volts is
achieved. The  formed in the second active device region. combination of
isoplanar oxide isolation    3. A process as claimed in claim I in 15 and
polycrystalline silicon gates results in  which the substrate comprises an
n-type 80 high density, lower capacitance and a more  conductivity silicon
substrate, an n-chan- planar topography. In particular, the dop- nel
conductor-insulator-semiconductor field ing of the polycrystalline silicon
with phos-  effect device being formed within the com- phorus produces a
thin layer of glass at the  posite conductivity well in the first active 20
silicon gate/ silicon dioxide interface which  device region and an
n-channel conductor- 85 acts as an alkali getterer and barrier. The
insulator-semiconductor field effect device polycrystalline silicon gate
electrodes are  being formed in the second active device self-aligned with
the source/drain regions region. to produce devices with reduced junction
4. A process as claimed in claim 1, 2 25 capacitance. The  presence of an
n-type  or 3 in which the step of forming isolation  90 field implant in
the p-well adjacent the oxide  region is accomplished by masking the major
isolation islands inhibits inversion of the  surface of the semiconductor
substrate to p-well underneath the isolation  islands. expose the isolation
regions, and applying Finally, the presence of a chlorine species an
oxidizing agent to the exposed substrate. 30 in the gate and field oxides
reduces the like-   5. A process as claimed in claim 4 as 95 lihood that
mobile impurity ions can pro-  dependent on claim 3 in which a lightly duce
inversion of the substrate or the p-well. doped n-type field impurity is
introduced to the isolation regions prior to the appli- 



WHAT WE CLAIM  IS: -                   cation of an oxidizing agent and in
which 35   1. A process of fabricating a comple- the application of an
oxidizing agent is 100 mentary insulated gate field effect tran-
accomplished at an elevated temperature so sistor structure having
n-channel and p- that the n-type field impurity is thermally channel
devices in the same semiconductor  driven in. substrate, the process
comprising the steps   6. A process as claimed in claim 4 or 5 40  of
in which the step of applying the oxidizing 105 (a) forming in selected
portions of a  agent comprises heating the substrate in the semiconductor
substrate of a first conduc- presence of steam. tivity type isolation
regions adjacent a major   7. A process as claimed in claim 4 or 5 surface
of the substrate, the isolation regions in which the step of applying the
oxidizing 45 substantially surrounding first and second  agent is effected
in the presence of a gas 110 active device regions each occupying a por-
containing a chlorine species. tion of the major surface;
8. A process as claimed in claim 3 or (b) forming a composite conductivity
any claim dependent thereon in which the well in the first active device
region in said  step of introducing the impurities into the 50
semiconductor substrate by introducing im- composite conductivity well is
accomplished 115 purities of the first conductivity type and by implanting
impurity ions of the n-type of a second conductivity type opposite to
conductivity and the p-type conductivity, the first conductivity type to
produce a net and heating the semiconductor substrate to conductivity
concentration of the second  accomplish thermal drive-in of the n-type 55
conductivity type which is relatively low  and p-type conductivity
impurities.    120 near the major surface to provide a low    9. A process
as claimed in claim 8 in threshold for a device within the well and  which
the steps of implanting impurity ions which is relatively high deep within
the  and heating the semiconductor substrate are wall to produce high
breakdown voltages accomplished by implanting n-type conduc- 60 across the
well/substrate junction;       tivity ions and heating the semiconductor
125 (c) forming a conductor-insulator-semi- substrate to accomplish thermal
drive-in of conductor field effect device having a first the n-type
conductivity ions and then im- channel conductivity type within the com-
planting-type conductivity impurity ions and posite conductivity well in
the first active heating the substrate to accomplish thermal 65 device
region; and                       drive-in of said p-type impurity ions.
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8 10. A process as claimed in claim 8 or  structure having p-channel 'and,
n-channel 9 in which the step of themally driving in  devices in the same
semiconductor sub- the impurities is effected in an atmosphere  strate, the
process comprising the steps of: containing less than .5%  of an oxidizing
(a) applying a thermal oxidation mask- 5  agent.
ing material to a substrate of n-type sili- 70 11. A process as claimed in
claim 3 or  con; any claim dependent thereon in which the    (b)' defining
the  thermal  oxidation n-channel field effect device is formed within
material to establish protected active device the composite conductivity
well by the steps  regions and to open up isoplanar isolation 10  of:
regions;                                   75. (a) masking the second
active region,   (c) introducing a lightly doped n-type the isolation
regions and a first gate section  impurity in the substrate in said
isoplanar of the surface of the first active region to  isolation regions;
define a first pair of spaced apart source/   (d) heating the semiconductor
substrate 15  drain regions;                            in the presence of
an oxidizing agent to  80 (b) introducing an impurity of n-type  form
isolation islands of silicon dioxide; conductivity into the first pair of
source/    (e) removing  the  thermal  oxidation drain regions;
masking material; (c) heating said semiconductor substrate   (f)
predepositing n-type and p-type im- 20 to acomplish thermal drive-in
diffusion of purities in at least one active device region; 85 the n-type
impurities;                       (g) heating said substrate to drive the
(d) applying a first gate insulation ma-  n-type and p-type impurities into
the sub- terial to said first gate section between said  strate to form a
composite conductivity well, first pair of source/drain diffusion regions;
the relative concentration of the n-type and 25  and
p-type. impurities producing a relatively low  90 (e) . applying a first
conductive gate ma- net p-type concentration near the surface of terial
over the first gate insulation material the well and a relatively high net
p-type to produce a first gate electrode.        concentration deep within
the well; 



12. A process as claimed in claim 3 or   (h) thermally growing a. thin
layer of 30 any claim dependent thereon in which the  silicon dioxide in.
the active device regions;  95 p-channel field effect device is formed in
(i) depositing a conductive'layer of poly- the substrate by the steps of:
crystalline silicon; (a) masking the first active region, the    (j)
defining the layers of silicon dioxide isolation regions and a second gate
section  and polycrystalline silicon to produce in- on the surface of the
second active device  sulated gate electrodes for the p-channel and. 100
region to define a second pair of spaced  n-channel devices; apart
source/drain regions;         .       (k) predepositing boron adjacent both
(b) introducing an impurity of p-type  sides of a defined gate electrode in
an active conductivity into the second pair of source/  device region
formed in the layer of n-type 40  drain regions;
silicon to form the source/drain regions of 105 (c) heating the
semiconductor substrate  a p-channel field effect device; to accomplish a
thermal drive-in diffusion   (I) predepositing  phosphorus  adjacent of the
p-type impurities;                 both sides of a defined gate electrode
in (d) - applying a second gate insulation  an active device region formed
in the com- 45  material to the, second gate section be-  posite well to
produce the source/drain re- 110 tween -the second pair of source/drain re-
gions of an n-channel field effect device; gions; and      -          '
(in) thermally driving in the impurities (e) applying a second conductive
gate  predeposited in said source/drain regions material over- the second
gate insulation  of the p-channel and n-channel devices; 50  material to
produce a second gate .elec-   (n) forming a further layer of electrical
115 trode.                                   insulation over the isolation
islands; and 13. A process as claimed in claim 11 or   (o) applying a
conductive layer and de- 12 in which the gate insulation material is
fining the conductive layer to connect one applied by thermally growing
silicon dioxide  of the source/drain regions of said p-chan- 55 in the gate
sections in the presence of gas  nel field effet device and one of the
source/ 120 containing a chlorine species.            drain regions of the
n-channel field effect 14. A, process as claimed in claim  11, device and
to effect external electrical coup- 12 or 13 in which the conductive gate
ling with the' remaining source/drain re- material is applied by depositing
conduc-  gions of the n-channel and p-channel field 60 tive polycrystalline
silicon.              effect device.                            125 .15. A
process- as claimed in claim 14 in    17. A  process as claimed in claim
16 which the conductive polycrystalline sill  in which step (a) comprises
depositing a con. is doped with phosphorus.            layer of silicon
dioxide on a layer of a-type 16. A' process of fabricating a comple-
silicon and' depositing a layer of silicon 65 mentary insulated gate field
effect transistor  nitride on the layer of silicon dioxide.    130    9
1,499,548                                        9 18. A  process as
claimed in claim  16    22. A complementary insulated gate field or 17 in
Which step (g) comprises heating  effect transistor structure fabricated by
the the substrate in an atmosphere containing  process of any preceding
claim. less than 5% of an oxidizing agent. 5    19. A process as claimed in
claim  16,       POLLAK, MERCER & TENCH, 17 or 18 in which steps (d) and
(h) com-           Chartered Patent Agents, prise heating in the presence
of a gas con-            Chancery House, taining a chlorine species.
53  64 Chancery Lane. 20. A process as claimed in claim  16,
London WC1A 1HJ, 10  17, 18 or 19 in which step (i) comprises doping the
layer of polycrystalline silicon                  and with phosphorus.
Eastcheap House, 21. A process of fabricating a comple-
Central Approach, mentary insulated gate field effect structure
Letchworth, Hertfordshire SG6 3DS. 15 substantially as herein described
with refer-       Agents for the Applicants. ence to the accompanying
drawings. Printed for Her Majesty's Stationery Office by Burgess & Son
(Abingdon), Ltd... 1978. Published at the Patent Office, 25 Southampton
Buildings, London, WC2A IAY, from which copies may be obtained.    


