
IMPROVED GAP FILLING METHOD USING HIGH PRESSURE BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION The invention relates to  the general field of
semiconductor integrated  circuits with  particular reference  to
planarization techniques. (2) DESCRIPTION OF THE PRIOR ART FIG. 1  shows a
schematic view  of a portion of  a partially completed integrated circuit.
Lying on substrate 10, which could be a silicon  substrate or a dielectric
layer such as field oxide or BPSG (boro-phospho-silicate glass), are two
metal lines 12 which run in a direction normal  to the plane of the figure.
An IMD  (inter-metal dielectric)  layer 13  has been  deposited over lines
12 in preparation for forming the next level of wiring. Because lines 12
are relatively close together, narrow gap 14 has    -2- been left in  the
top surface  of 13.   On average, the  width of such a gap would be between
about 0.03 and 0.5 microns. Referring now to FIG. 2, planarizing layer 15,
typically SOG 



(spin-on glass) has been deposited over layer 13.   As shown, gap 14 (of
FIG. 1) has been partially filled in but a large pocket of gas 16 has
become trapped between layers 13 and 15. This is a situation to be avoided
because a subsequent etchback process could remove the top SOG layer to
open up a new gap which, in later oxide deposition steps, results in a
rough surface topolo- gy.   This, in turn,  can give  rise to metal
filaments.  It  is therefore important to be able to fully fill gap 14 and
not leave any trapped gas behind. A number of  ways of  improving the
filling  of narrow  gaps have  been proposed in the prior  art.  For
example, Kalnitsky et al. (U.S.P.  5,435,888 Jul 1995) apply  a very thin
layer of SOG that is able to flow into (and presumably fill) narrow gaps.
This is followed by a layer of CVD deposited oxide (such as TEOS) and,
finally, by a second layer of SOG which is also thin. Chen  et  al. (U.S.P.
5,567,660 Oct  1996)  apply SOG  to a stationary  wafer.  The wafer  is
then caused  to spin relatively slowly, just enough to make it begin to
spread out over the surface.   Once the surface is evenly covered, the
spinning speed    



-3- is  increased.   By  this time  the  SOG viscosity  has increased
somewhat  (due to  drying) so  the overall  thickness of  the SOG coating
is not affected by the increased spinning rate. However, the centrifugal
force associated with the higher speed spin causes the SOG to better fill
in the gaps. Wang (U.S.P. 5,554,567 Sep 1996) improves the adhesion of a
SOG layer by providing a short heat treatment, in vacuo, after the SOG has
been cured.  A second layer of SOG is then deposited without breaking
vacuum. The present invention teaches a method (for fully filling gaps such
as 14 in FIG.  1) which is quite  different from those described  above but
which is highly effective and easy to imple- ment. SUMMARY OF THE INVENTION
It has been an object of the present invention to provide a method which
enables a narrow gap in a surface that is overcoated with a layer of a
flowable material to be fully filled. Another object of the present
invention has been that said    



-4- method be easy to use. A still further object of the present invention
has been that the application of said method allow current materials and
processes to be extended to finer geometries. These objects have been
achieved by heating the overcoating layer to a sufficient extent to render
it relatively limpid. This, in combination with externally applied
pressure, causes the overcoating layer to effectively fill any narrow gaps
in the surface being coated. Temperature and pressure are applied for a
time that is sufficient to allow small quantities of gas that may have
become trapped in  the gaps to bubble to the surface.  In an alternative
embodiment, the surface to be coated is subjected to negative  pressure
prior to  application of  the coating.   This eliminates the possibility of
trapping gas in the gaps so a waiting time is no longer necessary. BRIEF
DESCRIPTION OF THE DRAWINGS FIGs. 1 and 2 illustrate how, in the prior art,
a narrow gap present in a surface does not get fully filled when a second
layer is laid down over it.   



-5- FIG. 3 illustrates a first embodiment of the present inven- tion
wherein filling of a surface gap is enhanced by the use of externally
applied pressure. FIG. 4 illustrates a second embodiment of the present
invention wherein filling of a surface gap is enhanced by using a
combination of positive and negative pressures. DESCRIPTION OF THE
PREFERRED EMBODIMENTS Referring now to FIG. 3, as in FIG. 1, a schematic
view of a portion of a partially completed integrated circuit is seen.
Lying on substrate 10, which could be a silicon substrate or a dielectric
layer such as field oxide or BPSG (boro-phospho- silicate glass), are two
metal lines 12 which run  in a direction normal to the plane of the figure.
An IMD (inter-metal dielec- tric) layer 13 has been deposited over lines 12
in preparation for forming  the next  level  of wiring.   Because  lines 12
are relatively close together, narrow gap 14 has been left in the top
surface of  13.   On average, the  width of such  a gap  would be between
about 0.03 and 0.5 microns. The top surface of 13 has been coated with
layer 25 of a flowable material,  such as  SOG or polyimide  commonly, but
not 



-6- necessarily, for the purpose of planarizing the surface.  Coating may
be accomplished by any of several methods, including spin- coating  and
spraying.   Before,  during, or  after  coating (de- pending on the
application), the assemblage, including layer 25, is heated to a
temperature that is sufficient to cause layer 25 to  become a  liquid with
a  viscosity between about  1 and 1,000 poise. While layer 25 (now liquid)
is at this temperature, a positive pressure (symbolized by arrows 33) is
applied and maintained for a period of time that is sufficient to cause
liquid 25 to fully fill narrow gap 14. This period of time is needed
because there is still the possibility that some gas (marked as 36 in FIG.
3) will get trapped between 25 and 13.   By retaining the applied pressure
on relatively low viscosity liquid 25 bubbles of the trapped gas (such as
31) will have time to rise to the surface of 25 and be thereby removed. If
layer 25 is SOG, a temperature between about 150 and 400 [err]C in
combination with a pressure between about 2 and 50 atmo- 



spheres and a time period between about 0.1 and 10 minutes has been found
to work well. Once layer 25 has been maintained at the required tempera-
ture and pressure for the required time, the temperature of and    -7- the
pressure on liquid 25 are returned to room temperature and atmospheric
pressure, respectively. We refer now to FIG. 4. In an alternative
embodiment of the present invention, the atmosphere normally surrounding
layer 13 is  removed.  That is, layer 13  is subjected to a negative (less
than  atmospheric) pressure.   We  have  preferred a  pressure of about  1
torr  but any pressure  between about  0.1 and  500 torr would  still work.
As in  the first  embodiment, layer  45 is a flowable material, such as
SOG, commonly, but not necessarily, applied  for the purpose of planarizing
the surface.  Coating may be accomplished by any of several methods,
including spin-coating and spraying, but the negative pressure must be
applied before coating begins. Before, during, or after coating (depending
on the applica- 



tion), the assemblage, including layer 45, is heated to a temper- ature
that is sufficient to cause layer 45 to become a liquid with a viscosity
between about 1 and 1,000 poise. While layer 45 (now liquid) is at this
temperature, a positive pressure (symbol- ized by arrows 33) is applied.
Because of the negative pressure surrounding 13, little or no gas gets
trapped inside gap 14 so the system may be restored to room temperature and
atmospheric pressure as soon as the desired thickness of layer 45
(typically between about 0.03 and 0.5 microns) has been laid down.    -8-
If layer 45 is  SOG, a temperature between about 150 and 400 [err]C in
combination with a pressure between about 2 and 50 atmo- spheres has been
found to work well. While the invention has been particularly shown and de-
scribed with reference to the preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in form and
details may be made without departing from the spirit and scope of the
invention.  



-9- CLAIMS 1.   A  method of  coating  an irregular  surface whereby
narrow gaps, having a  width, get fully filled, comprising: coating the
surface with a layer of a flowable material, said material being at a
temperature that causes it to be a liquid that has a viscosity between 1
and 1,000 poise; while the liquid is at said temperature, subjecting said
liquid to a positive pressure; maintaining said temperature and pressure
for a period of time, thereby causing the liquid to fully fill said narrow
gaps; and then reducing the temperature of and pressure on the liquid to
room temperature and atmospheric pressure, respectively. 2.   The  method
of  claim  1 wherein  the  step of  coating  the surface is achieved using
spin coating or spraying. 3.   The  method of claim 1 wherein said
irregular surface is the surface of a partially processed integrated
circuit. 4.   The method of claim 1 wherein the flowable material is spin-
on glass or polyimide. 



5.   The method  of claim 4  wherein said temperature  is between about 150
and 400 [err]C.    - 10 - 6.   The method of claim 4 wherein said pressure
is between about 2 and 50 atmospheres. 7.   The method of claim 1 wherein
said period of time is between about 0.1 and 10 minutes. 8.   The  method
of  claim 1 wherein said  gap width  is between about 0.03 and 0.5 microns.
9.   A  method of  coating  an irregular  surface whereby  narrow gaps,
having a  width, get fully filled, comprising: subjecting said surface to a
negative pressure; coating the surface with a layer of a flowable material,
said material being at a temperature that causes it to be a liquid that has
a viscosity between 1 and 1,000 poise; while the liquid is at said
temperature, subjecting said liquid  to a  positive pressure,  thereby
causing  the liquid  to fully fill said narrow gaps; and then reducing the
temperature of and pressure on the liquid 



to room temperature and atmospheric pressure, respectively. 10. The method
of claim 9 wherein the step of coating the surface is achieved using spin
coating or spraying. 11. The method of claim 9 wherein said irregular
surface is the    - 11 - surface of a partially processed integrated
circuit. 12. The method of claim 9 wherein the flowable material is spin-
on glass. 13. The method of claim 12 wherein said temperature is between
about 150 and 400 [err]C. 14. The method of claim 12 wherein said positive
pressure is between about 2 and 50 atmospheres. 15. The method of claim 9
wherein said negative pressure is between about 0.1 and 500 torr. 16. The
method of claim 9 wherein said gap width is between about 0.03 and 0.5
microns.    


