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polymer) in between the gaps; planarize the insulating film to expose the surface of
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wafer back pressure of 8 (inner region) and 10 (outer region) torr. Following the first
deposition step, a cool-down period is allowed without any deposition or etching with just
the inert gas at the backside of the wafer. The second deposition step then follows with a
deposition-to-sputtering ratio of 4 - 6 and helium back pressure of 6 (inner) and 10

(outer) torr.




deposition-to-sputtering ratio of 4 - 6 and helium

back pressure of 6 (inner) and 10 (outer) torr. 2
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invention is to describe a nultiple-step HDP

method for filling gaps of a nulti-Ilevel netal

i nterconnect structure. It is yet another object to
descri be a two-step HDP-CVD process for filling

SUMMARY OF THE INVENTION

Accordingly, the main object of this invention is to describe a multiple-step
HDP-CVD method for filling gaps of a multi-level metal interconnect structure.

It is yet another object to describe a two-step HDP-CVD process for filling
inter-metal line gaps with reduced metal defects.

Another object of this invention is to describe a two-step HDP-CVD process to

minimize the argon content in the top part of said gap filling inter level dielectric film




inter-nmetal line gaps wth reduced netal defects.
Anot her object of this invention is to describe a
two-step HDP-CVD process to mnimze the argon
content in the top part of said gap filling inter
in ortflenelredivas reetal defetisim 3 in order to reduce netal

SRy MGTGRTRANG, LRSS AERBR L e desrived
wherdllQ@t @8RineBbntent thahé ifiim iis coarblel Igdubyg usindiffsvent argon
different argon concentrations in the
concaRtgRNS| ip dhe /eSS sngas YEPR AP d1ixtHe The dirstsite deposition uses
S
high %?g% Eéﬁc%ﬁtrﬁﬁ?r‘? aa@ég\gl :.[lggl ((téﬁg§ %@g§s§ﬁ6rpf|3 grg 1(22%1 thg second
step,Sd Bfveraarb@weonahgatios anddoweabildmatndre avel Hy Bbatatlling argon
are used. By controlli argon con entration in the
concerffrtipar 1t B PRePF] Pﬁw“ﬂ%%éinl B Ve ueluea 4 Edieshn bt metal
def F@%éﬁ efects are achi eved. BRI EF DESCRI PTI ON OF
ee%&& N The obj ects, advantages, and details of
dep03|t|ng gap-filling inter level dielectric film
according to this invention will be nore clearly
understood fromthe followi ng detailed description
taken in conjgpetik @EWRIPHIOK GFCOTRAWA RINTIAW Ngs.
Flgure 1 is a schematic cross section of silicon
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Figure 3 1s schematic cross section of a one level metal interconnect structure
after deposition of the gap filling dielectric film using the second deposition step of the
invention.
Figure 4 is a schematic cross section of one level metal interconnect after
deposition of the gap filling dielectric film using said two steps of the invention and

planarization.

DETAILED DESCRIPTION OF THE INVENTION

On a silicon wafer 10 having device components, a metal film is deposited

using methods known in prior art such as sputtering, evaporation etc. Said metal film is
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concentration in this step is in the range of about 15% - 25%. Due to higher deposition
component, the second step fills the gaps without any voids, the bottom part having been

filled void-free from the first lower E/D ratio step. The resulting structure is shown in

Figure 3.




2900 watts, and chanber pressure of approximtely
about 2 - 6 nmorr. Argon concentration in this step
is in the range of about 15% - 25% Due to higher
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pl asma density chem cal vapor deposition (HDP-CVD) of.
a dielectric film the steps conprising: providing a
sem conduct or substrate having device el enents and
metal wiring pattern wth gaps overlying said
sem conduct or substrate; formng a dielectric filmto
fill said gaps using nultiple HDP-CVD steps, one of
the steps at a first concentration of inert gas and a
first pressure, a later of the steps at a second
concentration of inert gas less than the first
concentration of inert gas and a second pressure
hi gher than the first pressure; and planarizing said
dielectric film




2. The method of high plasma density chem cal vapor
deposition (HDP-CVD) of a dielectric filmaccording
to claiml1, wherein said netal wiring pattern
conprises alum num al um num copper alloy, and or
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25 ¢ o PIOWD) of

hem oo plBba Bl ol R N LRI OV D) o

dielectfit lffimarcomddigng damcd, avinréy suidefiret amdsaac@ds@electﬁcsiepqmmon steps
dielectric ﬂe position is done with a process such

are dORGIHNEGHEPLSHaigh AR FOF5Ri2RY BH®Snponent ratio range is
appr oXRBLEMYd of high plasma density chemical vapor deposition (HDP-CVD) of

a dielectric film according to claim 5, wherein said gas mixture ratio in said first dielectric
deposition step is approximately about 1:1:1.4 of argon:silaneioxygen respectively and
having argon concentration in the range of approximately about 25% - 35 % by volume.

7. The method of high plasma density chemical vapor deposition (HDP-CVD) of
a dielectric film according to claim 5, wherein said first step dielectric deposition is done with
a process such that sputter-etch:deposition component ratio range is approximately about 0.1

-0.3.
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14. The method of high plasma density chemical vapor deposition (HDP-CVD) of
a dielectric film according to claim 12, wherein said gap-filling dielectric film comprises
silicon dioxide, fluorinated silicon dioxide, low dielectric constant inorganic materials, low
dielectric constant organic materials, and/or porous inorganic and organic materials.

15.  The method of high plasma density chemical vapor deposition (HDP-CVD) of
dielectric film according to claim 12, wherein said gas mixture ratio in said first dielectric
deposition step is approximately about 1:1:1.4 of argon:silane:oxygen respectively and
having argon concentration in the range of approximately about 25% - 35 % by volume.

16. The method of high plasma density chemical vapor deposition (HDP-CVD) of

a dielectric film according to claim 12, wherein said first dielectric deposition is done with a
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planarizing said dielectric film.




