| MPROVED GAP FI LLI NG METHOD USI NG HI GH PRESSURE BACKGROUND OF THE | NVENTI ON
(1) FIELD OF THE I NVENTION The invention relates to the ggneral field of
sem conductor integrated circuits with particular referéﬁgﬁ}*goJf-

pl anari zation techni ques. (2) DESCRI PTION OF THE PRI OR ART' shows a
“schematic view of a portion of a partially conpleted |ntegratej~ﬁJrCU|t
Lyi ng on substrate 10, which could be a silicon substrate or a° HV% fectric
| ayer 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-netal dielectric) layer 13 has been deposited over |ines
12 in preparation for formng 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 w dth of such a gap wou d;be between

about 0.08 and 0.5 mara03, BB S8\ MdD BhGie andd BRBEAGLNY ' aver 15,

typically SOG

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 1lines 12
which run in a direction normal té the plane of the figure. An
IMD (inter-metal dieie¢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



(spin-on glass) has been deposited over |ayer 13. As shown, gap 14 (of
FIG 1) has been partially filled in but a |large pocket of gas 16 has
becone trapped between layers 13 and 15. This is a situation to be avoi ded
because a subsequent etchback process could renmove the top SOG | ayer 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 netal
filanments. It is therefore |nportan@ to be able to fully fill gap 14 and
not | eave any trapped gas behind. A nunber of ways of inproving the

filling of narrow gaps have been proposed in the prior
exanple, Kalnitsky et al. (U S.P. 5,435,888 Jul 1995) app

art.
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a very thin

| ayer of (XFt able. l.ow.Ent o (h&and p funlol ) gaps.
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finally, dickmaseepnebdldype dcwW80n wbbeth 0.93aksd d.Bi mlcﬁm;n

et

al . (U.S.P.

5,567,660 Oct 1996) apply SOG to a stationary wafer. The wafer is
then caused to spinrelatively slowy, just enough to nake it begin to

spread out ov%r t he. surfac Once the surface is _evenly ¢ he
spi nni ng spee eferring now go FIG. 5 {Enarlz*ngeaayer ¥§, é@pl y Soé
(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 Ggap 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 £i11 gap 14 and not leave

A number of wavs of imprcving the filling of na

rTow

gaps

have been propcsed 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 £ill) narrow gaps.

This is followed by a layer of CVD deposited oxide (such as TEOS)

and, finally, by a second laver 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 1is 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 tine the SOG viscosity has increased
sonewhat (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 fil
in the gaps. Wang (U.S. P. 5,554,567 Sep 1996) i nproves the adhesion of a
SOG | ayer by providing a short heat treatnent, in vacuo, after the SOG has
been cured. A second |ayer of SOG issthen deposited w thout breaking
vacuum The present invention teaches a nmethod (for fully filling gaps such
as 14 in FIG 1) which is quite different fromthose described above but
which is highly effective and easy to inple- nent. SUMVARY OF THE | NVENTI ON
I't has been.an object of the present inveptio (§o.§rovjde a_met hod whi ch
enabl es a narrow gap rn-a surface that i s dvettoarad Wi th 3°F affsFeafeq
fl owabl e natehbdhat 0 (Baef | Yadyiihgedso ARatheveQbjieCtnikrcBe &F €38Rt 5oq
i nvention has been that said

coating is not affected by the increased spinning rate. However,

the centrifugal force associated with the higher speed spin

causes the SOG to better £ill in the gaps.

Wang (U.S.P. 5,554,567 Sep 1996) improves the adhesion of a
S0G layer by providing a short heat treatment, in vacuo, after
the SOG has been cured. A second laver of SOG is then deposited

without breaking vacuum.

The present invention teaches a methed (for fully filling
gaps such as 14 in FIG. 1) which is quite different from those
described above but which is highiy effective and easvy 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- nmethod be easy to use. A still further object of the present invention
has been that the application of said nethod allow current materials and
processes to be extended to finer geonetries. These objects have been

achi eved by heating the overcoating layer to a sufficient extent to render
it relatively linpid. This, in conbination with externally applied
pressure, causes the overcoating layer to effectively fill any narrow gaps
in the surface being coated. Tenperature and pressure are applied for a
time that is sufficient to allow snadl ¥ quantities of gas that may have
beconme trapped in the gaps to bubble to the surface. 1In an alternative
enbodi nent, the surface to be coated is subjected to negative pressure
prior to apptaddiei easpfto tuke.coating. This elimnates the possibility of
trapping gas in the gaps so a waiting tinme is no |onger necessary. BRIEF
DESCRI PTI N OF THE DRAWNGS FIGs. 1 and 2 illustrate how, in the prior art,

a_narrow gap presentyl ned UL 865 A0CoNele Igeblht Yinhkhb £Sh WAR" Bo3gCONd
| ayer is |aid down over iIt.
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 relétively limpid.
Thié, 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 gquantities of gas that may
have become trapped in the gaps :to bubble to the surface. 1In an
alternative embodiment, the surface to be coated is subjected to
negative pressure prior to appiication of the ccating. This
eliminates thes 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 f£filled when a second

layer is laid down over it.



-5- FIG 3 illustrates a first embodi nent 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 enbodi nent of the present
invention wherein filling of a surface gap is enhanced by using a

conbi nation of positive and negative pressures. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Referring nowto FIG 3, as in FIG 1, a schematic
view of a portion of a partially coqpleted integrated circuit is seen.

Lyi ng on substrate 10, which could be a silicon substrate or a dielectric

| ayer such as field oxide or BPSG (boro-phospho- silicate glass), are two
nmetal lines 12 which run in a direction normal to the plane of the figure.
An I MD (inter-net@l diiélestratescp Faysr @8bddisnenéent depooirtednbvigveni-nes 12
in preparation for form the next level of wring Because lines 12
are rel at u\}'éloii @P%’éeemt 6@?5?1‘1%9 %Hafr DWIGES 9P hiss eBBéW‘F%f PYi fhe Hise op
surface of na ver age EEtsrg%revmdth of such a gap would be between
about 0.03 an& B %9Y gap top surface of 13 has been coated with

| ayer 25 of a flowable naterlal such as SOG or polyimde comonly, but
not

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 ¢f 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) 1layer 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 1layer 25 of a

flowable material, such as SO0G or polyimide commonly, but not



- 6- necessarily, for the purpose of planarizing the surface. Coating may
be acconplished by any of several nethods, including spin- coating and

sprayi ng. Before, during, or after coating (de- pending on the
application), the assenblage, including |ayer 25, is heated to a
tenperature that is sufficient to cause layer 25 to becone a liquid with

a viscosity between about 1 and 1,000 poise. Wile layer 25 (now |iquid)
is at this tenperature, a positive pressure (synbolized by arrows 33) is
applied and naintained for a period=of tine that is sufficient to cause
liquid 25 to fully fill narrow gap 14. This period of tine is needed
because there is still the possibility that sone gas (marked as 36 in FIG

3) will gefeckeapped bebveeRe Zurddde 16t plaByri £l RhBgsidTacappl d¢&ct Piessur e
on.relatively low viscosity liquid 25 bubbles of the trapped gas (such as
31) will pRrYebei necqapdiisked du RaYsuet fcvestl 2B:thedsbe inferebyo ramioved. | f
| ayer 25 i s at erature between ahout 150 and_400 [err]C i
conbi nat i ocﬁ)a%fL aarbfgg§a%n%'et W%gnmé%’out U5iag4 Bo &f k- e8hELAg ' (be-
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 1liquid) dis 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 1is still the possibility that some gas
(marked as 36 in FIG. 3) will get trapped between 25 and 13. By
retaining the applied pressurz on relatively.low viscosity ligquid
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 S0G, a temperature between about 150 and 400
°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 pf and



spheres and a tinme period between about 0.1 and 10 m nutes has been found
to work well. Once | ayer 25 has been maintained at the required tenpera-
ture and pressure for the required tine, the tenperature of and -7- the
pressure on liquid 25 are returned to roomtenperature and at nospheric
pressure, respectively. W refer nowto FIG 4. In an alternative

enbodi nent of the present invention, the atnosphere normally surrounding
layer 13 is renoved. That is, layer 713 is subjected to a negative (less
than atnospheric) pressure. W 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 enbodinent, layer 45 is a flowable material, such as

SOG, conmony, (gfgsmfe BRCEARAN 2y, ARPlkelon{Predt NeoptRASE: Ayl anari 21 N
t he surface. ating may be  acconplished by any of several nethods,

i ncl udi ng spmospbatingransuspr aeispgetbudlyt he negati ve pressure nust be
appl i ed before coating begins. Before, during, or after coating (depending
on the applica-

We refer now to FIG. 4. 1In 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 B80G, 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.



tion), the assenbl age, including layer 45, is heated to a tenper- ature
that is sufficient to cause layer 45 to becone a liquid with a viscosity
bet ween about 1 and 1,000 poise. Wile layer 45 (now liquid) is at this
tenperature, a positive pressure (synbol- ized by arrows 33) is applied.
Because of the negative pressure surrounding 13, little or no gas gets
trapped inside gap 14 so the systemmy be restored to roomtenperature and
at nospheric pressure as soon as the degired thickness of |ayer 45
(typically between about 0.03 and 0.5 m crons) has been laid down. - 8-
If layer 45 is SOG a tenperature between about 150 and 400 [err]C in
conbination with a pressure between about 2 and 50 atnpb- spheres has been
found to work well. While the invention has been particularly shown and de-
scribed with reference to the preferred enbodi nents thereof, it-wll be
under st ood4by t Bbskayeki KFells i FOChea akdmpeatuvrbedtiser FIRYES 1P 0 st 0&Nd
details maybe,gade, ilhoul J8RArL! gL LL.0m LDE, SR Lhbu@nS $69PE0 Ofalhe

spheres has been found to work well.

While the invention has been particularly shown and de-
scribed with reference to the preferred embodiments therecf, 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

narrow gaps, having a wdth, get fully filled, conprisi ng Hlm lmmmell""l“l
surface with a layer of 'a fl owable material, said materi al be*ngcaL am s
tenperature that causes it to be a liquid that has a viscosity between 1

and 1,000 poise; while the liquid is at said tenperature, subjecting said

liquid to a positive pressure; maintaining said tenperature and pressure

for a period of time, thereby causing the liquid to fully fill said narrow
gaps; and then reducing the tenperature® of and pressure on the liquid to
room t enper at ure GWAIMSt nospheric pressure, respectively. 2. The et hod

of claim J_I V\/nerel n TI'P& steg of coat] n Ehe surface i.s achi eved using
spin coating or &pri§F of. g n‘é’?l‘n’or(f GPLRT ai T f 2GR et/ L ai RprTow

i rregul ar S%fip%cehh§1rtxc;'ed syrhagce g%ft 2, PRy téﬁhh , ABe ﬁ?ﬁ%ﬁ“t egrated
circuit. 4.4 The nethod of claim1 wherein the flo terial is spin-
on gl ass or polyicoetieng 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 ligquid

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 °C



5. The nethod of claim4 wherein said-tenperature is

and 400 [err]C - 10 - 6. + The nethod of claim4 V\hereﬂ“lmmﬂ ﬂmmuﬁm
i s between about 2 and 50 atnospheres. 7. The net hod of clkaifn 1- wher ei n*
said period of tinme is between about 0.1 and 10 minutes. 8.. The nethod
of claiml wherein said gap width is between about 0.03 and 0.5 m crons.
9. A nmethod of coating an irregular surface whereby narrow gaps,
having a width, get fully filled, conffti"sing: subjecting said surface to a
negative pressure; coating the surface with a |ayer of a flowable material,
said material being at a tenperature that causes it to be a liquid that has
a viscosity between 1 and 1,000 poise; while the liquid is at said .

t enperat ur & subpedeithgdsef Fieigut dWhargia sPHiskiPERFeLuTR dSshpéreen doalyy

causi ng tt}eakjiq% debQoflldy fill said narrow gaps; and then reducing the
t enperaturie of and pr es8ufe on the l'iquid

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 c¢f 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 £ill 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 spraving.

11. The method of claim 9 wherein said irregular surface is the



to roomtenperature and atnospheric pressure, respectivel ymmmuglimmmlﬂjm
of claim9 wherein the step of coating the surface is ach

coating or spraying. 11. The method of claim 9 wherein said |rregul ar
surface is the - 11 - surface of a partially processed integrated
circuit. 12. The nmethod of claim9 wherein the flowable material is spin-
on glass. 13. The nethod of claim 12 wherein said tenperature is between
about 150 and 400 [err]C 14. The nethod- of claim 12 wherein said positive
pressure i s between about 2 and 50 atnospheres. 15. The nethod of claim?9
wherein said negative pressure i s between about 0.1 and 500 torr. 16. The
nmet hod of claim9 wherein said gap wwdth is between about 0.03 and 0.5

m crons.

surface of a partially processed integrated circuit. i
H

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 °cC.

14. The method of claim 12 wherein said positive pressure is

between about 2 and 50 atmospheres.

15. The method of claim § wherein said negative pressure is

between about 0.7 ard 500 torr.

16. The method of claim 9 wherein said gap width is between

about 0.03 and 0.5 microns.



