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have to be formed via surface inversion in order to obtain an electrical
short between adjacent mesas. Technical Field
This trench deepening and sidewall lengthening is severely inhibited by the
above described stress The present invention relates to a method for   5
cracks that form in the oxide isolation region. forming fully recessed
isolation regions in a semi-     The above-referenced surface inversion,
i.e., conductor for the manufacture of CMOS integrated   inversion of the
layer conductivity, is a problem circuits, and the resulting fully isolated
semicon-  especially prevalent in devices using fully recessed ductor
structure.                                  oxide isolation. It tends to
occur at the edges of In CMOS integrated circuits, a fully recessed   10
channel devices which have the same doping con- oxide (ROX) type of
isolation around active de-    ductivity as the underlying substrate and
which are vices, in which the field oxide surface is approxi-  in adjacency
with the isolation regions, and can be mately flush with the active Si
device area surface,  expected when the doping level for the devices is is
desirable for several reasons. First, the wafer  not sufficiently high. For
example, for an N-channel surface resulting from the use of such a full ROX
is  device in a P- doped mesa is disposed on a P + isolation  is flat.
Accordingly, there  are  no    doped substrate, surface inversion to an N
con- topography-related problems with the design or     ductivity type can
occur in the P- mesa edges with later process steps. Secondly, the fully
re-  adjacent to the fully recessed oxide. This surface cessed field oxide,
if deep enough, prevents       inversion provides a current path from one
Ndoped latched-up in the CMOS circuits.              20  source or drain
region of the N-channel device, A significant problem with the use of fully
re-  along the inverted edge of the P- mesa, under the cessed oxide type
isolation is that the oxide isola-  poly Si or metal gate, to the other N +
diffusion to tion has a tendency to develop stress cracks. Typi-  cause an
electrical short circuit. In addition, if the cally, as the oxide isolation
layer is heated, it will  substrate doping is not high enough, it can leak
try to expand. However, the expansion coefficient  25  charges to another
device's diffusion. for the oxide is generally different from that of the
Surface inversion is caused by a number of silicon mesas containing the
active devices. For   factors. First, there are typically increased surface
example, a TEOS isolation region has a higher      states at the interface
between an Si02 isolation coefficient of expansion than silicon and will
at-  region and Si mesa sidewalls. These extra surface tempt to expand more
than a silicon mesa upon   30  states can capture charges and thus lower
the heating. Thus, after a heating cycle, stress will be  threshold for
surface inversion. A second factor built into the TEOS film for large areas
of the    leading to surface inversion is the prevalence of TEOS. This
built-in stress in the TEOS isolation   contaminants in the Si02 isolation
region. Another layer can be quite substantial and can lead to     cause of
surface inversion is the difference be- stress cracks. These stress cracks
permit con-  35  tween the work functions of the Si02 isolation re-
taminants to flow down into the device during sub-  gion and the Si mesas
and substrate (due to differ- sequent chip processing steps thus causing
chip    ences in the Fermi levels of these materials). This failure.
work function difference causes a rearrangement of A solution to this
problem is given in EP-A-    charge at the Si02-mesa interface which will
make 138517. According to this document a CMOS in-  40  the mesa sidewall
interface susceptible to depletion tegrated circuit device which avoids
latchup be-     and inversion. Additionally, because the Si02 isola- tween
closely spaced apart n-channel and p-chan-   tion regions are insulating,
designers utilize the nel FETs of the device includes a latchup-prevent-
surface above those regions to run wiring lines for ing trench formed in
the semiconductor substrate   adjacent CMOS circuits. It is possible for
the elec- between the FETs. The trench is essentially com-  45  tric fields
caused by the current running in these pletely filled with a solid
dielectric material essen-  wiring lines to cause surface inversions on the
tially free of crack-inducing voids, and achieves a  bottoms of the
trenches and on the sidewalls of the narrow width because the angle between
the trench  mesas which are adjacent to the Si02 isolation sidewall and a
perpendicular drawn to the substrate  regions. surface is greater than, or
equal to, about 5 de-  50  In order to solve this surface inversion problem
grees but less than about 10 degrees.              in an N channel device,
a P+ type doping layer is The propensity of the chip for developing
typically added to the mesa sidewall. However, stress cracks in the oxide
isolation region is signifi-  doping this mesa sidewall is very difficult
because cantly increased as the depth of the mesa trench   the surface is
approximately vertical. The doping adjacent to the mesa is increased.
However, it is  55  technique utilized is normally by means of ion
desirable to increase the depth of this trench and  implantation with a
beam of electrons impinging on thus the length of the mesa sidewalls in
order to  the device at almost vertical incidence. increase the length of
the electrical path that would 2 
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facilitate this ion implantation of the  dopant diffusion can take place
through the thin mesa sidewall, the sidewall must be angled to      first
insulator layer; and forming a second insulator some significant degree,
i.e., on the order of [err].  layer including the dopant of the first
conductivity A typical example of such mesa sidewall angling in  type only
on the first insulator layer formed on the order to facilitate the
formation of the sidewall   5   selected trench sidewalls and on the
portion of the doped regions is shown in U.S. Patent No.            trench
bottoms adjacent to the selected trench 4,054,895 by W.B. Ham. In the Ham
patent, the      sidewalls. edge regions of a mesa containing an N channel
In the preferred embodiment, the substrate is IGFET are selectively doped
in order to form P +   Psilicon and the dopant utilized for the second
doping areas along the sidewalls to prevent inver-  10  insulator layer is
boron. It is preferred that this sion.
second insulator layer be of borosilicate glass with This type of angled
mesa sidewall provides a    a boron doping concentration of 2 - 15 wt %.
significant disadvantage because it forces the var-   Typically, the trench
filling step will comprise ious mesas to be spread out further than would
the steps of growing a thin layer of SiO2 in the normally be the case with
vertical mesa sidewalls.  15  trenches; filling the trenches with TEOS; and
then Accordingly, such angled mesa sidewalls have an    planarizing the top
surface of the mesas to remove adverse impact on the device density
possible for  any TEOS from above the mesa top surface. a given CMOS chip.
Additionally, ion implantation      The present invention also encompasses
the onto an angled surface has a low efficiency. Fi-   device resulting
from the above method. nally, forming the angled surface is not simple;  20
The advantages offered by the present inven- typically requiring carefully
controlled anisotropic  tion are that the relief of mechanical stress
permits wet etches.                                        significantly
deeper oxide isolation regions without The invention as claimed is intended
to rem-    the typically attendant stress cracking. The deeper edy the
above described drawbacks. It solves the   trenches are advantageous for
preventing leakage. problem of stress cracks forming in the fully re-  25
Additionally, the present invention permits the for- cessed oxide isolation
regions while simultaneously  mation of vertical mesa sidewalls, thereby
facilitat- permitting the formation of channel stops by means  ing greater
device density on the CMOS chips. of diffusion into the mesa sidewalls.
Brief Description of the Drawings Summary of the Invention
30 One way of carrying out the invention is de- Briefly, the invention
comprises a method for   scribed in detail below with reference to the
draw- forming fully isolated semiconductor regions for the  ings which
illustrate only one specific embodiment, manufacture of CMOS integrated
circuits, compris-  in which: ing the steps of forming trenches in
designated   35  Fig. 1 is a cross-sectional view of an embodi- areas of a
semiconductor substrate having a first     ment of the CMOS semiconductor
regions of the conductivity type, the trenches having a bottom,
present invention. corners, and  substantially  vertical sidewalls,
Fig. 2A-2E are cross-sectional views illustrating wherein the sidewalls
form the walls of mesas with    various steps in the method of forming the
semi- the mesas having top surfaces; forming sidewall  40   conductor
region shown in Fig. 1. spacers, comprised of an insulating material doped
to have a low viscosity with a dopant of the first  Detailed Description of
the Preferred Embodiment conductivity type, only on selected sidewalls
which form mesas which have been designated to have          Referring now
to Fig. 1, the fully isolated semi- channel devices formed therein of the
opposite  45  conductor regions utilized for the manufacture of
conductivity to the first conductivity type, and on a  CMOS integrated
circuits are shown in Fig. 1. It portion of the trenched bottom adjacent to
the     should be noted at the outset that Fig. 1 and the selected
sidewalls; filling the trenches with an in-  following figures are not
drawn to scale in order to sulator material having a viscosity greater than
the  facilitate the description and explanation of the viscosity of the
sidewall spacer material; and heat-  50  present invention. It should also
be noted that ing the structure until the sidewall spacer dopant  although
Fig. 1 and following figures include spe- diffuses from the sidewall spacer
into the mesa    cific conductivity type designations therein, these walls
to form channel stops in the designated mesa  conductivity type
designations are provided for ex- walls.
planation only, and there is no intent to limit the In a preferred
embodiment, the sidewall spacer  55  present invention to the conductivity
types set forth forming step comprises the steps of forming a first  in the
Figures. Referring now to Fig. 1, the device 



insulator layer on the sidewalls and bottoms of the  comprises a substrate
10 of doped semiconductor trenches with a thickness sufficiently thin so
that  of a first conductivity type with an epitaxially grown 3    5
EP 0 242 506 B1                    6 semiconductor layer of the same
conductivity but   sidewall spacers 30 into the selected sidewalls 20 lower
concentration on top of it, and a plurality of  and 21 for the mesa 24.
This diffusion of the trenches 11, 12 and 13 formed in designated areas
dopant from the sidewall spacers is facilitated by a of the substrate 10.
These trenches have bottom    heating step to be described later. surfaces
14, corners 16, and sidewalls. The trench   5  In the particular example
shown in Fig. 1, a P [err] has a sidewall 17 showing in Fig. 1. The trench
dopant is utilized in the sidewall spacers 30. Ac- 12 has sidewalls 18 and
20 showing in Fig. 1. The  cordingly, the channel stop layer formed in the
trench 13 has a sidewall 21 showing in Fig. 1. It  mesa sidewalls 20 and 21
comprises P doped can be seen that the sidewalls 17, 18, 20 and 21   layers
40 and 42. In a preferred embodiment, the are substantially vertical and
form the walls of  10  sidewall spacers comprise a first thin insulator
lay- mesas 22 and 24. Both mesas 22 and 24 have top     er 44 disposed on
the selected sidewalls 20 and 21 surfaces 26.
and on portions of the trench bottoms adjacent to Sidewall spacers 30 are
disposed only on se-    the selected sidewalls and having a thickness
suffi- lected sidewalls which form mesas which have       ciently thin so
that dopant diffusion takes place been designated as mesas wherein channel
de-  15  therethrough upon heating. A second insulator lay- vices of the
opposite conductivity type to the first  er 46 including the dopant of the
first conductivity conductivity type are to be formed and also on a   type
is disposed only on the first insulator layer 44. portion of the trench
bottom adjacent to the se-      In the most preferred embodiment of the
lected sidewalls. In the particular example shown in  present invention,
with the substrate comprising a Fig. 1, the mesa 24 has been designated to
have a   20   P + doped silicon, the second insulator layer 46 channel
device with a conductivity type opposite to  comprises borosilicate glass
doped to 2 - 15 the first conductivity type for the substrate 10. By
weight percent (wt %) with a preferred doping of way of example, the
substrate 10 may be doped      10 wt %. with a P+ conductivity type.
Accordingly, the des-     The sidewall spacers 30 shown in Fig. 1 re-
ignated mesa 24 will have an N channel device   25  duce the occurrence of
cracks in the insulator formed therein. These sidewall spacers 30 are
material filling the trenches by relieving internal comprised of an
insulating material doped to have  mechanical stress therein, thereby
permitting deep- a low viscosity with a dopant having the first con-  er
trenches. The sidewall trenches 30 also permit ductivity type. This
insulator material may be a   the formation of channel stops 40 and 42 via
diffu- form of doped glass. The term glass within the   30  sion, thereby
permitting the mesa sidewalls 20 and context of this description, includes
those materials  21 to be substantially vertical. Typically these which
typically exhibit only short-term ordering. It  trench sidewalls form an
angle from the trench is intended to exclude the true crystalline sub-
bottom in the range of [err] to [err]. A preferred stances which are the
semiconductor materials      method for making the device shown in Fig. 1
will commonly used in active electronic devices. Doped  35  now be
described with reference to Figs. 2A-2E. It glasses typically have a
viscosity in excess of    is noted at the outset that a semiconductor sub-
about 108 poise (10 poises - 1 Pa*s) at [err]      strate having a distinct
conductivity type is pre- temperature. They are generally characterized by:
ferred. Such semiconductor substrates having a (1) the existence of a
single phase; (2) gradual   specific conductivity type can be biased to
thereby softening and subsequent melting with increasing   40  adjust the
threshold for the FETs formed therein. temperature, rather than sharp
melting characteris-  Preferably, the semiconductor substrates are highly
tics; (3) and the absence of crystalline X-ray dif-  doped in order to
evenly distribute the biased fraction peaks. In this example, borosilicate
glass  voltage across the substrate. Such higher doping with a viscosity of
approximately 108 poise at     decreases the potential for latch-up by
reducing [err] may be utilized.                       45  the gain of any
parasitic bipolar transistors. More- An insulator material 32 with a
viscosity greater  over, semiconductor substrates having a high con- than
the viscosity of the doped sidewall spacer    ductivity type decrease the
soft error rate in de- material is disposed to fill the trenches up to the
vices fabricated on them. Soft errors are caused by top surface 26 of the
mesas 22 and 24. By way of   alpha radiation which generate electron-hole
pairs. example, Si02 formed from TEOS may be used as   50   These electrons
and holes are collected at a diffu- the insulator material 32. Si02
requires [err] to  sion region thereby reducing the charge at the achieve a
viscosity of [err] poise. Gittus, J.H. Creep,  diffusion region. By
increasing the doping in the Visco-elasticity and Creep Fracture in Solids,
Hal-  substrate, this increases the recombination rate in 



sted Press, 1975, P. 438.                          the material so that it
is unlikely that such gen- Channel stops 40 and 42 of the first conductiv-
55  erated electron-hole pairs will reach the node for ity type are formed
in the selected sidewalls of the  the device. designated mesas by means of
the diffusion of the     Accordingly, the substrates may have either a
dopant of the first conductivity type from  the    P or N conductivity with
P + or N + conductivity 4    7                 EP 0 242 506 B1
8 being preferred.                                    epi-layer is
directionally etched down to the original Referring now to Fig. 2A, there
is shown a       Psubstrate, i.e., to a depth of 1-3[err] or less, since
standard semiconductor wafer 10. It is preferred    subsequent hot steps
move the P+/P- interface that this semiconductor wafer 10 be silicon, how-
toward the surface of the substrate by diffusion. ever, other semiconductor
materials such a germa-   5   The width of the trenches 11, 12, and 13 may
be nium, may be utilized. In order to form the device  approximately 1[err]
, with the width of the mesas shown in Fig. 1, a silicon wafer substrate 10
with a  22 and 24 being approximately 2.5[err] . However, P+ type
conductivity type is chosen. This silicon   the actual trench and mesa
widths vary depending wafer substrate 10 is of single crystal P+ silicon
on the application and the desired device density and has an orientation
most likely of (100). Typi-  io  on the chip. cally, this silicon wafer
substrate 10 will have a      In a preferred embodiment, a thin first
insulator thickness of approximately 0,4 mm (15 mil) and a     layer 44 is
grown on the sidewalls and bottom of carrier concentration of about [err] .
The sub-  the trenches with a thickness sufficiently thin so strate should
have a doped epitaxial layer disposed  that dopant diffusion can take place
through this thereover. In the example shown in Fig. 1, an   15  first
insulator layer 44. In the example shown in epitaxial layer of
single-crystal P- silicon is epitax-  Fig. 1, a layer 44 of Si02 is grown
up to approxi- ially grown on a polished top surface preferably    mately
100 nm over the wafer substrate 10. The substantially parallel to the (100)
crystallographic  grown SiO2 layer 44 is desirable because it pro- plane of
the substrate. The single-crystal P- silicon  vides a good interface
covering layer for sealing is grown on the substrate surface, by way of
exam-   20  the surface of the silicon substrate 10. Again, this pie, with
a (100) orientation by either liquid crystal  Si02 layer can be grown in
dry oxygen or in steam, v  epitaxy or by pyrolysis of silane at about [err]
in  e.g., at [err]. The grown Si02 layer 44 has a H2. Typically, this P-
epi-layer is grown to a thick-  minimal amount of contamination and thus
will not ness of approximately 1 - 3[err] with a carrier con-   provide any
appreciable contamination to the sur- centration of about [err] atoms
[err]. It should  25  face of the silicon substrate 10. It should be noted
be noted that the substrate 10 may be purchased     that the Si02 grown
layer is almost free of pin with a P- epi-layer already grown thereon.
holes and contaminants. Additionally, this grown The first step in the
present method for forming  Si02 layer provides a more solid oxide. This is
in the fully isolated semiconductor regions comprises  contrast to
deposited Si02 layers which are typi- forming trenches 11, 12 and 13 in
designated areas   30  cally less clean and are susceptible to pin hole of
the doped epi-layer of the semiconductor sub-    defects. strate 10, with
the trenches having substantially       The next step in the present method
is the vertical sidewalls 20 and 21. These trenches 12 are  forming of
sidewall spacers 30 as shown in Fig. 2B. formed by directionally etching
the top surface of  These sidewall spacers are comprised of an in- the
doped silicon epi-layer of the substrate 10 in  35  sulating material doped
to have a low viscosity with the designated areas by means of photolithog-
a dopant of the first conductivity type, disposed raphic techniques. Such
photolithographic tech-     only on selected sidewalls which form mesas
which niques are well known in the art and include, by    have been
designated to have channel devices way of example, disposing an insulator
of SiO2 or   formed therein of the opposite conductivity to the some other
etch-resistant material on the top sur-  40  first conductivity type, and
also to be deposited on face of the silicon substrate 10. This layer may be
a portion of the trench bottoms 14 adjacent to the deposited or grown by
any means known in the art,   selected sidewalls. As noted previously,
there are such as by oxidizing the semiconductor layer at     two primary
purposes for the sidewall spacers 30. [err] in steam or at [err] in wet
oxygen. A       One purpose is to provide stress relief for the layer
portion of this insulating layer of Si02 is removed   45  of insulating
material to be used to fill the trenches by using a photo resist layer
selectively exposed to  11, 12, and 13. This stress relief function
requires UV radiation and then developed chemically to act   that the doped
sidewall spacer material have a as a mask for the Si02, which is etched
with a      lower viscosity than the material that is to be used buffered
hydrofluoridic acid solution, for example,  to fill the trenches 11, 12,
and 13. This lower leaving a remaining portion of the Si02 layer above   50
viscosity requirement permits the tilling material in 



the silicon surface where the mesas are to be       the trench 12 to
expand, i.e., the sidewall spacers formed. Then the directional etch is
utilized in    30 act as cushions which will accommodate the order to form
the trenches with the vertical       pressure. sidewalls 20 and 21. Typical
chemical directional       The second function of the sidewall spacers 30
etches are SF6 or CCIF2 in a plasma form. These   55  is to provide a
dopant with a conductivity of the etches etch mostly in one direction in a
reactive   first conductivity type, i.e., the conductivity type ion etch
mode and do not undercut the remaining     used in the substrate 10, in
order to provide a mesas left in the substrate 10. Typically, the P-
doping diffusion source for forming the channel 5    9                 EP 0
242 506 B1                    10 stops 40 and 42 in the vertical sidewalls
20 and 21  etch is utilized, the sidewall spacer material will be of the
mesa 24. As noted previously, these doped   left on the sidewalls 20 and 21
and 17 and 18 as channel stops prevent the surface inversion of the  shown
in Fig. 2B. vertical sidewalls 20 and 21, thereby preventing       It
should be noted that for a P + substrate, leakage between adjacent mesas.
5   although P doped sidewall spacers 30 are desir- The final function of
the sidewall spacers 30 is  able for forming channel stops in N channel
mesas that they should be insulators in order to prevent  24, such P doped
sidewall spacers 30 are un- shorting of the mesas.
desirable for P-channel mesas such as mesa 22. There are a number of
materials which may be    Such P doped sidewall spacers 30 would act to
utilized to implement the sidewall spacers 30. In a   10  form  P+ channel
stops along the sidewalls of preferred embodiment, some form of silicate
glass  these P-channel mesas and would thus act to short may be utilized
which is doped either N+ or P+,    the P+ source and drain regions of the
P-channel i.e., to a doping of [err] atoms/[err], depend-  devices to the P
+ substrate 10. Accordingly, the ing on the conductivity type of the
substrate 10.  next step in forming the sidewall spacers 30 is to The
doping of the silicate glass should be to a   15  remove those spacers from
around the P-channel doping concentration of 2 - 15 wt % (10 wt % is
device mesas, where P+ channel stops are not preferred) in order to realize
a sidewall spacer   desired. In order to remove these undesirable viscosity
in the range of [err]   poises (10    sidewall spacers from around the
P-channel mesas poises = 1 Pa s) at [err] ([err] poise      22, standard
photolithography steps may be uti- at 800 C is preferred). The silicate
glass has a low   20  lized. By way of example, a block mask 50 of resist
viscosity relative to such typical trench filler materi-  may be formed
around the desired sidewall spac- als as TEOS, and also has the ability to
withstand  ers 30 adjacent to the mesa 24. This removal step semiconductor
process temperatures of on the or-   is shown in Fig. 2C. In order to form
such a block der of [err] . An alternative to silicate glass is  mask of
resist 50, a resist layer may be applied to polysilicon.
25  the device and then the desired portions exposed As noted above, the
dopant utilized in the     to UV light, and removed in a developer
solution. A material of the sidewall spacers 30 depends on the  typical
spacer removal etch such as BHF acid can conductivity type of the substrate
10. For a sub-  be utilized to etch the undesirable spacers 30 from strate
10 with a first conductivity type of N+,    around the mesa 22. This BHF
acid will not etch typical dopants would be phosphorous, As or Sb.  30  the
resist block mask 50. For further information on Accordingly, the material
for the sidewall spacers  the formation of spacers, see the reference by
P.J. 30 would be phosphor silicate glass, for example,  Tsang et al,
Journal of the Electrochemical Society, which would provide the required
dopant to imple-  Vol. 128, Page 238C, 1981. ment N+ channel stop regions
in the sidewalls of      It should be noted that with the resist block the
mesa 24.                                  35   mask 50 disposed around the
N-channel mesa 24 In order to implement the example shown in      as shown
in Fig. 2C, it may be advantageous to Fig. 1 wherein a substrate of P+
silicon is utilized  perform the implanting of the N-wells in the ex- as
the substrate 10, a P conductivity dopant should  posed P channel mesa 22.
If this N well implant be utilized such as boron, indium, gallium, or alu-
step is performed now, no later masking step is minum. In a preferred
embodiment, the material for  40  required and an effective savings of one
mask step the sidewall spacers 30 is borosilicate glass.     is obtained.
Typically, this N well implant step is The borosilicate sidewall spacers 30
of the     accomplished by means of ion implantation into the type shown in
Fig. 1 may be formed by depositing   mesa 22 of a standard N doping
material such as on the substrate 10 a layer of borosilicate glass
phosphorous, As, or Sb to a doping level of on the (BSG) to a thickness of
on the order of 200 - 350   45  the order [err] atoms/[err]. It should be
noted nm, with a 300 nm thickness being preferred. Typi-  that the N type
dopant from the ion implantation cal deposition parameters for BSG are a
deposition  that lands in the trench bottoms 14 has a minimal 



pressure of 133 Pa, a temperature of 700 - [err] ,  effect on the
conductivity of this surface bottom 14 in triethylborate and TEOS. The
doping for the     because the background doping of the substrate is BSG
should be in the range of 2 - 15 wt % of  50  highly doped P+. However, the
ion implantation of boron with 10 wt % being preferred.                the
N dopant will effectively convert the P- epi The next step in forming the
sidewall spacers   mesa 22 to an N-conductivity. is to utilize a
directional etch of the type described  The resist block mask 50 must then
be re- previously (e.g., CF4 plus H2 in vacuum) in order  moved. This
removal step may be accomplished to remove the borosilicate sidewall spacer
material  55  via a standard etching step such as, by way of from the
horizontal regions comprising the mesa    example, with a wet chemical etch
of hot H2S04 top surfaces 26 and the majority of the bottom     and HN03 at
[err], or by dry etching in 02 surfaces 14 of the trenches. Because a
directional  plasma. 6    11                EP 0 242 506 B1
12 The next step in the method is the filling of the  effect transistor for
the mesa 24 is shown in Fig. 1 trenches 12 with an insulator material. This
trench  with the channel region 70, extending between the filling step is
shown in Fig. 2D and may be accom-  source region 72 and the drain region
74. As can plished simply by filling the trenches 12 with a   be seen from
the Figure, the source and drain standard insulator material such as Si02
derived   5   regions 72 and 74 are formed adjacent respective from TEOS.
However, in a preferred embodiment a    channel stops 40 and 42. Fig. 1
also discloses an thermal layer of Si02 is first grown in the trenches
insulator layer 76 disposed above the channel re- and on the top of the
mesas. This Si02 film is     gion 70 and a gate electrode 78 disposed on
the generally grown to a thickness of on the order of  insulating layer 76.
The formation of such a field 50 nm. Again, the purpose of the Si02 film 52
is to  10  effect transistor device is well known in a the art provide a
clean solid interface of Si02 with the   and will not be discussed in
detail. Briefly, an substrate 10 which is free of pin holes. This film, of
insulating layer 76 is formed above the channel course, does not grow on
the borosilicate glass, but  region 70. only on the exposed silicon.
This insulating layer 76 may typically be an At this point, the bulk
insulating material layer  15  Si02 layer and is grown on the mesa surface
26. 32 is deposited over the entire wafer. There are a  Then, a gate
electrode layer 78 may be deposited number of insulating materials which
may be uti-   and patterned by means of standard photolithog- lized for the
trench filler layer 32, with Si02 derived,  raphic techniques on top of the
Si02 layer 76. This for example, by deposition from TEOS being a       gate
layer 78 may be aluminum or doped poly- preferred trench filler. The TEOS
layer 32 may be   20  crystalline silicon deposited by vapor deposition. If
deposited to a thickness of 2.2[err]; it may be       a polysilicon gate is
utilized, it is highly doped to desired to heat to [err] in an oxygen
ambient     on the order of [err] atoms/cm3. Then, the source atmosphere to
fully convert the TEOS to Si02 and   and drain regions 72 and 74 are
formed. For the densify it. The thickness depends on trench depth,  example
shown in Fig. 1, the source and drain with the deposition thickness being
slightly larger  25  regions 72 and 74 could be implanted with an N + than
the trench depth.                             dopant such as phosphorous,
As, or Sb to approxi- The next step required in the trench filling step
mately 1019 - 1021 atoms/[err]. Typically, these is to planarize the device
to yield a flat surface.  source and drain regions 72 and 75 are implanted
Typically, this planarization of the device can be  via ion implantation
using the gate electrode 78 as accomplished by chemical-mechanical
polishing   30  a mask. It should be noted that the complementary and/or
reactive ion etching. The result of this    device to be formed in the mesa
22 should also be planarization step is shown in Fig. 2E.            masked
during this N + implantation step. The P The method step of heating the
structure until  channel devices (mesa 22) may then be formed in the dopant
in the sidewall spacers 30 diffuses from  a similar manner, but using a P
type dopant for the the sidewall spacers 30 into the mesa walls 20 and   35
source and drain regions. Finally, conductive con- 21 to form the
respective channel stops 40 and 42  tacts may be formed on the source
region 72, the must then be performed. This heating step may      drain
region 74, and the gate 78, in a manner well occur either before or after
the planarization step.  known in the art. For further information on stan-
In the present embodiment, the heating step drives  dard semiconductor
processing steps, see the ref- in the boron from the doped sidewall spacers
into  40  erence VLSI Technology McGraw-Hill, 1981, by S. the sidewalls 20
and 21 to thereby form channel    Sze. stops to raise the threshold of
these sidewalls and   Accordingly, the present invention discloses a to
prevent surface inversion, and therefore, leak-  method and the resulting
device for providing age. After this heating step, the channel stops 40
stress relief to the trench filling layers 32 adjacent 



and 42 typically have a doping level of on the order  45  to the mesas in
CMOS integrated circuits, using of 5 x [err] - 8 x 1017 atoms/cm3. This
heating step  ROX isolation thereby preventing stress cracks. In may be
performed at a temperature of [err] . It  essence, the sidewall spacers of
the present inven- should be noted that the trench filling step wherein
tion permit the insulating material in these trenches TEOS layer 32 is
utilized may require a heating    to expand, thereby effecting stress
relief in that densification step to approximately [err]  at at-  50
insulating layer. These stress cracks become com- mospheric pressure and in
an oxygen ambient        mon for insulating layer thicknesses of on the
order atmosphere in order to convert the the TEOS to     of 2.2[err] or
greater. The use of these sidewall Si02. Accordingly, this heating step for
the TEOS  spacers permits more reliable CMOS production conversion and the
heating step for the boron diffu-  and also permits deeper CMOS trenches.
It should sion may be combined into a single step.      55  be noted that
it does not matter that the sidewall At this point, a field effect
transistor may be  spacers are not found around the P-channel device formed
having source, drain and channel regions in  mesas, since such P-channel
mesas are typically a plurality of the designated mesas 24. This field
surrounded by N-channel mesas. Accordingly, the 7    13                 EP
0 242 506 B1                    14 sidewall spacers for N-channel mesas
provide the       on said first insulator layer formed on said required
stress relief for the P-channel mesas.        selected trench sidewalls and
on said portion Additionally, the use of these sidewall spacers     of said
trench bottoms adjacent said selected permit highly efficient doping for
channel stops in    sidewalls. the N-channel mesas by means of dopant
diffusion.   5 Because the channel stops are formed by dopant     3.  The
method as defined in claim 2, wherein diffusion from sidewall spacers, and
not by means      said sidewall spacer forming step comprises of ion
implantation, the sidewalls of the mesas can    the step of forming said
second insulator layer be vertical, thereby permitting increased device
with a material having a doping concentration density on the chips.
10       range of 2 - 15 wt % of said dopant to achieve a desired viscosity
range. Claims 4. The method as defined in claim 3, wherein 1. A method of
forming fully recessed isolation        said first conductivity type is P
type in said regions (32) in a semiconductor structure for  15  forming
steps. the manufacture of CMOS integrated circuits, comprising the steps
of:                        5. The method as defined in claim 4, wherein
said trench forming step comprises the step of forming trenches (11,...) in
designated areas of   forming trenches in a substrate comprised of the
semiconductor substrate (10) having a first  20  P- epi-layer disposed on P
+ doped silicon. conductivity type (P); said trenches having a bottom
surface (14), corners (16), and substan-  6. The method as defined in claim
5, wherein tially vertical sidewalls (17,...), wherein said   said second
insulator layer forming step com- sidewalls form the walls of mesas (22,
.... ), said  prises the step of forming said second insula- mesas having
top surfaces (26);            25      tor layer with boron as said dopant.
forming sidewall spacers (30), comprised of an  7. The method as defined in
claim 6, wherein insulating material having a low viscosity and     said
second insulator layer forming step com- doped with a dopant of said first
conductivity      prises the step of forming said second insula- type only
on selected sidewalls which form   30    tor layer of borosilicate glass.
mesas (24) which have been designated to have channel devices formed
therein of the      8.  The method as defined in claim 7, wherein opposite
conductivity to said first conductivity   said insulator material filling
step comprises type and on a portion of said trench bottoms       the steps
of first growing a thin layer (52) of adjacent to said selected sidewalls;
35      SiO2 in said trenches and then, filling said trenches with a layer
(32) of SiO2 derived from filling said trenches with an insulator material
TEOS. (32) having a viscosity greater than the viscos- ity of the said
insulating sidewall spacer for-  9. The method as defined in any above
claim, ming material (46); and,                   40      further
comprising the step of: heating the structure until the said dopant dif-
planarizing the top surface of the structure to fuses from said sidewall
spacers through said      remove the said insulator filling material until 



mesa walls to form channel stops (40, ... ) in     the mesa top surface is
exposed. said designated mesas (24).                45 10. The method as
defined in claim 9, further 2. The method as defined in claim 1, wherein
comprising the step of forming a field effect said sidewall spacer forming
step comprises        transistor having source, drain and channel re- the
steps of:                                       gions, at least in one of
said designated mesas 50      now exposed, wherein said channel region is
forming a thin first insulator layer (44) on the    disposed in said mesas
to extend between sidewalls and bottom of said trenches with a       said
source and drain regions, and said source thickness sufficiently thin so
that dopant diffu-   and drain regions are formed adjacent respec- sion can
take place through said thin first in-    tive channel stops. sulator
layer; and                         55 11. A semiconductor structure of the
type having forming a second insulator layer (46) including    fully
isolated semiconductor regions for the said dopant of said first
conductivity type only   manufacture of CMOS integrated circuits, com- 8
13                 EP 0 242 506 B1                     14 sidewall spacers
for N-channel mesas provide the        on said first insulator layer formed
on said required stress relief for the P-channel mesas.         selected
trench sidewalls and on said portion Additionally, the use of these
sidewall spacers      of said trench bottoms adjacent said selected permit
highly efficient doping for channel stops in     sidewalls. the N-channel
mesas by means of dopant diffusion.   5 Because the channel stops are
formed by dopant      3. The method as defined in claim 2, wherein
diffusion from sidewall spacers, and not by means       said sidewall
spacer forming step comprises of ion implantation, the sidewalls of the
mesas can     the step of forming said second insulator layer be vertical,
thereby permitting increased device        with a material having a doping
concentration density on the chips.                           10      range
of 2 - 15 wt % of said dopant to achieve a desired viscosity range. Claims
4. The method as defined in claim 3, wherein 1. A method of forming fully
recessed isolation         said first conductivity type is P type in said
regions (32) in a semiconductor structure for  15   forming steps. the
manufacture of CMOS integrated circuits, comprising the steps of:
5. The method as defined in claim 4, wherein said trench forming step
comprises the step of forming trenches (11 ...) in designated areas of
forming trenches in a substrate comprised of the semiconductor substrate
(10) having a first  20  P- epi-layer disposed on P + doped silicon.
conductivity type (P); said trenches having a bottom surface (14), corners
(16), and substan-  6. The method as defined in claim 5, wherein tially
vertical sidewalls (17, .... ), wherein said  said second insulator layer
forming step com- sidewalls form the walls of mesas (22, ....), said
prises the step of forming said second insula- mesas having top surfaces
(26);             25      tor layer with boron as said dopant. forming
sidewall spacers (30), comprised of an   7. The method as defined in claim
6, wherein insulating material having a low viscosity and      said second
insulator layer forming step com- doped with a dopant of said first
conductivity       prises the step of forming said second insula- type only
on selected sidewalls which form   30     tor layer of borosilicate glass.
mesas (24) which have been designated to have channel devices formed
therein of the       8. The method as defined in claim 7, wherein opposite
conductivity to said first conductivity    said insulator material filling
step comprises type and on a portion of said trench bottoms        the
steps of first growing a thin layer (52) of adjacent to said selected
sidewalls;        35      SiO2 in said trenches and then, filling said
trenches with a layer (32) of Si02 derived from filling said trenches with
an insulator material    TEOS. (32) having a viscosity greater than the
viscos- ity of the said insulating sidewall spacer for-  9. The method as
defined in any above claim, ming material (46); and,                    40
further comprising the step of: heating the structure until the said dopant
dif-    planarizing the top surface of the structure to 



fuses from said sidewall spacers through said       remove the said
insulator filling material until mesa walls to form channel stops (40 ....
) in      the mesa top surface is exposed. said designated mesas (24).
45 10. The method as defined in claim 9, further 2. The method as defined
in claim 1, wherein            comprising the step of forming a field
effect said sidewall spacer forming step comprises         transistor
having source, drain and channel re- the steps of:
gions, at least in one of said designated mesas 50      now exposed,
wherein said channel region is forming a thin first insulator layer (44) on
the    disposed in said mesas to extend between sidewalls and bottom of
said trenches with a        said source and drain regions, and said source
thickness sufficiently thin so that dopant diffu-   and drain regions are
formed adjacent respec- sion can take place through said thin first in-
tive channel stops. sulator layer; and                          55 11. A
semiconductor structure of the type having forming a second insulator layer
(46) including     fully isolated semiconductor regions for the said dopant
of said first conductivity type only    manufacture of CMOS integrated
circuits, com- 8    15                 EP 0 242 506 B1
16 prising:                                         16. The structure as
defined in claim 15, wherein said second insulator layer (46) is
borosilicate a substrate (10) of doped semiconductor of a        glass.
first conductivity type; 5   17. The structure as defined in claim 16,
wherein a plurality of trenches (11, 12, .... ) formed in   said trench
sidewalls form an angle from the designated  areas of said  substrate, said
trench bottom in the range [err]. trenches having a bottom, corners,
sidewalls and a trench filling insulation material, char-  18. The
structure as defined in any above claim, acterized in that: the sidewalls
are substantially  10  further comprising channel devices typically
vertical, wherein said sidewalls form the walls     field effect
transistors formed in a plurality of of mesas (22, 24, ... ), said mesas
having a top    said  designated  mesas  comprise  having surface;
source, drain, and channel regions, wherein each of said channel regions is
disposed in a sidewall spacers (30) are disposed only on   15     mesa to
extend between said source and drain selected trench sidewalls and on a
portion of       regions, and said source and drain regions are selected
trench bottoms adjacent to said se-        adjacent respective channel
stops. lected trench sidewalls, said sidewall spacers (30) being comprised
of an insulating material   Patentansprache doped to have a low viscosity
with a dopant  20 having said first conductivity type;             1.
Verfahren zur Ausbildung vollstAndig eingebet- toter Isolatorbereiche (32)
bei einer Halbleiter- said trench filling insulation material (32) has a
struktur, zur Herstellung integrierter CMOS- viscosity greater than the
viscosity of said        Schaltungen, welches die folgenden Schritte
sidewall spacer doped material disposed to fill  26  aufweist: said
trenches up to said top surface of said mesas; and,
in bestimmten Gebieten des Halbleitersubstra- tes (10) eines ersten
Leitflhigkeitstyps (P) wer- channel stops (40,42, .... ) of said first
conductiv-  den GrAben (11, ...) gebildet, wobei diese GrM- ity type are
formed in said designated mesas   3o   ban eine BodenflAche (14), Ecken
(16) und im at the vicinity of said selected trench sidewalls
wesentlichen vertikale Seitenwinde (17, ...) be- by means of diffusion of
said dopant.               sitzen, die SeitenwAnde die W~nde von Mesas (22,
...) darstellen und diese Mesas obere FRI- 12. The structure as defined in
claim 11, wherein       chen (26) besitzen, said sidewall spacers comprise:
35 es werden lediglich an ausgewhilten Seiten- a thin first insulated layer
(44) disposed on       wAnden, die Mesas (24) bilden, die dazu be- said
selected sidewalls and said portions of        stimmt sind, daD in ihnen
Kanalstrukturen des said trench bottoms adjacent to said selected       dem
ersten Leitflhigkeitstyp entgegengesetz- 



sidewalls with a thickness sufficiently thin so   40  ter Leitfilhigkeit,
sowie an einem Abschnitt der that dopant diffusion takes place therethrough
den ausgewAhlten Seitenwinden benachbarten upon heating; and
GrAbenboden Seitenwand-Zwischenlagen (30) gebildet, die aus einem
Isolatormaterial beste- a second insulator layer (46) disposed only on
hen, das eine niedrige ViskositEt besitzt und said first insulator layer
and including said  45   das mit einem Dotierstoff des ersten LeitfAhig-
dopant of said first conductivity type.             keitstyps dotiert ist,
13. The structure as defined in claim 12, wherein       die GrAben werden
mit einem Isolatormaterial said first conductivity type is P type.
(32) gefUllt, dessen ViskositAt gr8fer ist als die 50      ViskositAt des
Materials (46). watches die iso- 14. The structure as defined in claim 13,
wherein       lierenden  Seitenwand-Zwischenlagen  bildet, said substrate
(10) is P- epi-layer disposed on     und P + doped silicon. die Struktur
wird erwArmt, bis das Dotiermittel 15. The structure as defined in claim
14, wherein  58   aus den Seitenwand-Zwischenlagen durch die said dopant
for said sidewall spacers is boron      Mesawinde diffundiert, um in den
bestimmten with a doping concentration of 2 - 15 wt %.         Mesas (24)
Kanalstops (40, ...) zu bilden. 9    17                 EP 0 242 506 B1
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Verfahren nach Anspruch 1, bei welchem der           daB die obere Flache
der Struktur geebnet Schritt der Bildung der Seitenwandzwischenla-
wird, urn das IsolatorfUllmaterial zu entfemen, gen die folgenden Schritte
aufweist:                bis die obere Mesaflache freigelegt ist. auf den
Seitenwanden und dem  Boden der   5   10. Verfahren nach Anspruch 9,
welches weiters K-w'  Gr~ben wird eine dlnne erste Isolatorschicht
den Schrift aufweist, daB in zumindest elner (44) gebildet, deren Starke
hinreichend dUnn        der bestimmten, nun freigelegten Mesas ein ist,
sodaB durch diese erste dUnne Isolator-        Feldeffekttransistor mit
Source-, Drain- und Ka- schicht das Diffundieren des Dotierstoffes er-
nalbereichen ausgebildet wird, wobei der Ka- folgen kann, und
10      nalbereich in der Mesa so angeordnet ist, daB er sich zwischen dem
Source- und dem Drain- es wird eine zweite Isolatorschicht (46) gebil-
bereich erstreckt, und der Source- und der det, welche den Dotierstoff des
ersten Leiffl-       Drainbereich benachbart zu entsprechenden higkeitstyps
lediglich an der an ausgewhilten       Kanalstops ausgebildet sind.
Grabenseitenwanden gebildeten ersten Isola-  15 torschicht und an dem
Abschnift der Graben-      11. Halbleiterstruktur jener Art, die
vollstandig iso- boden enthalt, welcher den ausgewihiten Sel-        lierte
Halbleiterbereiche zur Herstellung inte- tenwanden benachbar ist.
grierter CMOS-Schaltungen besitzt, und die aufweist: 3. Verfahren nach
Anspruch 2, bei welchem der   20 Schrift der Bildung der
Seitenwandzwischenla-       ein Substrat (10) aus einem dotierten
Halbleiter gen den Schritt aufweist, daB die zweite Isola-     eines ersten
Leitffhigkeitstyps, torschicht aus einem Material gebildet wird, be! dem
der Konzentrationsbereich des Dotierstof-       eine Mehrzahl von Graben
(11, 12, ...), die in fes zwischen 2-15 Gew.%  des Dotierstoffes   25
bestimmten Gebieten des Substrates ausgebil- liegt, urn den gewUnschten
Viskositatsbereich       det sind, wobei diese Graben einen Boden, zu
erhalten.                                        Ecken, Seitenwande sowie
ein die Graben flI- lendes Isolatormaterial besitzen, dadurch ge- 4.
Verfahren nach Anspruch 3, bei welchem be!           kennzeichnet, daB den
Bildungsschritten der erste Leiffihigkeits-  3o typ p-leitend ist.
die Seitenwande im wesentlichen vertikal sind, wobei diese Seitenwande die
Wande von Me- 5. Verfahren nach Anspruch 4, bei welchem der           sas
(22,24, ...) bilden und die Mesas eine obe- Schritt des Grabenbildens den
Schritt aufweist,     re Flache aufweisen, daB Graben in einem Substrat
gebildet wer-  35 den, das eine auf P4 dotiertem Silizium ange-
Seitenwand-Zwischenlagen (30) lediglich an ordnete P-Epitaxieschicht
besitzt.                  ausgewahiten Seitenwanden und an elnem Ab-
schnitt der den ausgewahiten Seitenw~nden 



6. Verfahren nach Anspruch 5, be! welchem der           benachbarten
Grabenb6den angeordnet wer- Schritt des Bildens der zweiten Isolatorschicht
40  den, wobei diese Seitenwand-Zwischenlagen den Schritt aufweist, daB die
zweite Isolator-      (30) aus einem Isolatormaterial bestehen, das schicht
mit Bor als Dotierstoff gebildet wird.      mit einem Dotierstoff des
ersten Leitfahigkeits- typs dotiert ist, um eine niedrige Viskositft zu 7.
Verfahren nach Anspruch 6, bei welchem der           erhalten, Schritt des
Bildens der zweiten Isolatorschicht  45 den Schrift aufweist, daB die
zweite Isolator-      das die Graben fUllende Isolatormaterial (32) schicht
aus Borsilicatglas gebildet wird.           eine Viskositat aufweist, die
gr6oier ist, als die Viskositat  des  dotierten   Materials  der 8.
Verfahren nach Anspruch 7, bei welchem der
Seitenwand-Zwischenlagen,  umd  es  dazu Schritt des FUllens mit
Isolatormaterial die  6o    dient, die Graben bis zur oberen Flache der
Schritte aufweist, daB zuerst in den Gr~ben         Mesas anzufUllen, und
eine dlnne Schicht (52) aus SiO2 aufgewach- sen wird und sodann diese
Graben mit einer          in den bestimmten Mesas in Nahe der ausge-
Schicht (32) aus 8102 gefillt werden, das aus       wAhIten
Grabenseitenwande durch Diffusion TEOS abgeleitet ist.
55      des Dotierstoffes Kanalstops (40, 42, ..) des ersten
Leitffhigkeitstyps gebildet werden. 9. Verfahren nach einem  der
vorgehenden An- sprUche, weiches weiters den Schritt aufweist, 10    19
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Struktur nach Anspruch 11, bei welcher die        lesdites tranchees
comportant une face de Seitenwand-Zwischenlagen aufweisen:
fond (14), des coins (16) et des flancs sensi- blement verticaux (17, ...),
dans loquel lesdits eine auf don Seitenwanden und den zu den
flancs forment les parois de mesas (22, ...) ausgewahiten Seitenwanden
benachbarten Ab-   5     lesdites mesas ayant une face sup6rieure (28)
schnitten der Grabenboden angeordnete erste Isolatorschicht (44), deren
StArks hinreichend        formation de separateurs de flanc (30), dlnn ist,
sodas durch sie bei Erwarmen ein         constitues par un materiau isolant
ayant une Diffundieren des Dotiermittels erfolgt und         viscosite
basse et dop4 avec un dopant dudit 10      premier type de conductivite
seulement sur eine zweite Isolatorschicht (46), die lediglich    des flancs
selectionnes qui forment des mesas auf der ersten Isolatorschicht
angeordnet ist,     (24) qui ont ete conQues pour comporter des und das
Dotiormittel des ersten Leitffhigkeits-    dispositifs de canal de
conductivite oppos~e typs enthilt.
audit premier type de conductivite et sur une 15      partie desdits fonds
de tranchde adjacents 13. Struktur nach Anspruch 12, bel welcher der
auxdits flance sslectionndes; ersto Loiffihigkeitstyp p-leitend ist.
remplissage desdites tranchees avec un materiau isolant (32) ayant une
viscosite supe- 14. Struktur nach Anspruch 13, bei welchem das
rieure a la viscosite dudit materiau constituant Substrat (10) eine auf P
dotiertem Silizium   20  les separateurs de flanc (46); et, angeordnete
P-Epitaxieschicht besitzt.                 chauffage de la structure
jusqu'a ce quo ledit dopant diffuse a partir desdits sdparateurs 15.
Struktur nach Anspruch 14, bei welchem der         de flanc I travers
lesdites parois de mesa pour Dotierstoff flr die Seitenwand-Zwischenlagen
former des arr~ts de canal (40, ...) dans lesdi- Bor mit elner
Dotierkonzentration von 2-15   25    tes mesas dessinees (24). Gew.% ist.
2. Procdd4 tel quo defini a la revendication 1, 16. Struktur nach Anspruch
15, be! wolcher die         dans loquel ladite etape de formation de sepa-
zweite Isolatorschicht (46) Borsilicatglas ist.    rateurs de flanc
comprend les dtapes de: 30         formation d'une premibre couche isolante
17. Struktur nach Anspruch 16, bei weicher die         mince (44) sur les
flancs et l fond desdites Grabenseitenwande mit dem Grabenboden oi-
tranchees avec une 6paisseur suffisamment nen Winkel im Bereich von 80  -
93' ein-           mince pour quo la diffusion du dopant puisse schlielen.
so produire & travers ladite premiere couche 95      isolante mince ; at 



1& Struktur nach einem der vorgehonden AnsprU-            formation d'une
deuximoe couche isolante che, bei welcher weiters in einer Mehrzahl der
(46) comportant dudit dopant dudit premier bestimmten Mesas
Kanalanordnungen, typi-           type de conductivite soulement sur ladite
pre- scherweise Feldeffekttransistoren, ausgobildet     mibre couche
isolante formee sur lesdits flancs sind, die Source-, Drain- und
Kanalberoiche   40   de tranchee s~lectionnds et sur ladite partie
aufweisen, wobei jeder der Kanalbereiche in        desdits fonds de
tranch6e adjacents auxdits einer Mesa so angeordnet ist, dal er sich
flancs selectionnes. zwischen den Source- und don Drainbereichen erstreckt,
und die Source- und Drainbereiche   9. Procdd6 tel quo ddfini & la
revendication 2, zu  entsprechenden  Kanalstops benachbart  45      dans
lequel ladite etape de formation de sdpa- sind.
rateurs de flanc comprend l'etape de formation de ladite couche isolante
par un matdriau Revendloatlons
ayant une gamme de concentration de dopant de 2 - 15 % en poids dudit
dopant pour 1. Proc~dd  de formation de zones d'iesolation   5o    obtenir
une gamme de viscosite souhait6e. complbtement on creux (32) dans une
structu- re semi-conductrice pour la fabrication de cir-  4. Proced6 tel
quo ddfini a la revendication 3, cuits integrdes CMOS (metal oxyde somicon-
dans loquel ledit premier type de conductivit6 ductour complementaire)
comprenant les dta-        est le type P dans lesdites etapes de forma- pos
de:                                    55      tion. formation de tranchees
(11, ...) dans des zones dessinees du substrat semi-conducteur    5.
Procede tel quo ddfini & la revendication 4, (10) d'un premier type de
conductivite (P);        dans loquel ladite etape de formation de tran-
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UIJI l  1! ch6es comprend l'etape de formation de tran-       ce que
lesdits; flancs forment les parois de ch6es dans un substrat constitue par
une cou-      mesas (22, 24, ...), lesdites mesas comportant che dpitaxiale
de type P- disposee sur du          une face superieure; silicium dope P+.
des separateurs de flanc (30) sont dispo- 5      ses seulement sur des
flancs de tranchee et '-4.  Procede tel que dMfini a la revendication 5,
sur une partie des fonds de tranch6e adjacents dans lequel ladite etape de
formation de la        auxdits flancs de tranchee selectionnes, lesdits
deuxibme couche isolante comprend l'etape          sdparateurs de flanc
(30) etant constitues par de formation de ladite deuxieme couche iso-
un mat6riau isolant dope pour avoir une visco- lante avec comme dopant du
bore.           10      sitf basso par un dopant dudit premier type de
conductivit4; 7. Proced6 tel quo defini & la revendication 6,
ledit mat~riau (32) isolant de remplissage dans loquel ladite etape de
formation de la        de tranch6e a une viscosite superieure a la deuxibme
couche isolante comprend I'etape          viscosit6 dudit mat~riau de
separateurs de de formation de ladite deuxieme couche iso-  15    flanc
dope utilise pour remplir lesdites tran- lante avec du verre de
borosilicate.               ch6es jusqu'a ladite face sup6rieure desdites
mesas ; et, 8  Procede tel que defini a la revendication 7,           des
arrets de canal (40, 42, ...) dudit pre- dans lequel ladite etape de
remplissage avec       mier type de conductivite sont formes dans un
mat6riau isolant comprend les 6tapes   20       lesdites mesas dessinees,
aux abords desdits consistant a d'abord faire croltre une couche
flancs de tranchee selectionn6s, au moyen de mince (52) de SiO2 dans
lesdites tranchees et      la diffusion dudit dopant. onsuite & remplir
lesdites tranch6es avec une couche (32) de SiO2 obtenu a partie de TEOS.
12. Structure tolle quo definie & la revendication 25      11, dans
laquelle lesdits separateurs de flanc 9. Procede tel que defini dans l'une
quelconque        comprennent: des revendications precedentes, comprenant
une premibre couche mince isolee (44) de plus l'etape de:
disposee sur lesdits flancs selectionnes et sur aplanissement de la face
sup~rieure de la      lesdites parties desdits fonds de tranch6e adja-
structure pour enlever ledit materiau isolant do   30  centes auxdits
flancs selectionnes avec une remplissage jusqu'& ce quo la face superieure
epaisseur suffisamment mince pour quo la dif- de la mesa soit mise a nu.
fusion du dopant la traverse lors du chauffage; et 



10. Procede tel que defini & la revendication 9,          une deuxiome
couche isolante (46) dispo- comprenant de plus l'Mtape de formation d'un
35  sde seulement sur ladite premibre couche iso- transistor a effet de
champ ayant une source,      lante et contenant ledit dopant dudit premier
des zones de drain ou de canal, au moins           type de conductivite.
dans l'une desdites mesas dessindes mainte- nant mise & nu, dans loquel
ladite zone de     13. Structure tolile quo definie a la revendication
canal est dispos6e dans lesdites mesas pour  4o    12, dans laquelle ledit
premier type de s'6tendre entre ladite source et les zones de
conductivite est le type P. drain, et dans loquel ladite source ot lesdites
zones de drain sont disposees respectivement   14. Structure telle que
d6finie a la revendication de fagon & etre adjacentes aux arrets de canal.
13, dans laquelle ledit substrat (10) est une 45     couche 6pitaxiale de
type P- disposee sur du 11. Structure semi-conductrice du type comportant
silicium dope P+. des zones semi-conductrices complbtement isolees pour la
fabrication de circuits integres  15. Structure telle que definie a la
revendication CMOS comprenant:                                   14, dans
laquelle ledit dopant pour lesdits se- un substrat (10) de semi-conductour
dope   50   parateurs de flanc est du bore avec une d'un premier type de
conductivite;                 concentration de dopage de 2 - 15 %  en une
pluralite de tranchees (11, 12, ...) for-   poids. mees dans des zones
dessin6es dudit subs- trat, lesdites tranchees comportant un fond,    16.
Structure tolile que definie a la revendication des coins, des flancs, et
un materiau isolant de   55  15, dans laquelle ladite deuxibme couche iso-
remplissage de tranchee, caracteriseo en ce        lante (46) est du verre
de borosilicate. quo: les flancs sont sensiblement verticaux, en 12    23
EP 0 242 S06 B1                    24 ! 17. Structure telle quo d~finie   l
la revendication 16, dans laquelle lesdits flancs de tranch6e forment un
angle par rapport au fond de tran- choe dans une plage de 80 A 930. 5 Ka
.1& Structure telle quo ddfinie dans l'une quelcon- que des revendications
precedentes. compre- nant de plus des dispositifs de canal du type
transistors & effet de champ constitu6s par une pluralitd desdites mesas
dessin~es qui corn-  1O prennent une source, un drain, et des zones de
canal, dans laquelle chacune des zones de canal est dispos~e dans une mesa
pour s'6tendre entre ladite source at lesdites zones de drain, et dans
laquelle lesdites zones de   i6 source et de drain sont adjacentes aux
arrets de canal correspondants. 20 25 30 35 40 45 50 66 13    


