WO 2011/087580 PCT/US2010/057676

1/7
1107 Deliver Substrate into a Processing Region
115 Flow Ammonia into Remote Plasma Region

l

120
S~ Flow Nitrogen Trifluoride into Remote Plasma Region
122 Maintain atomic flow ratio of about 1:10 fluorine:hydrogen
< : :

(fluorine-starved regime)

l

125 —— Flow Products from Remote Plasma into Processing Region

'

130 —— Etch Silicon Oxide Layer
135 Stop Flows of Plasma Process Effluents into Processing
" Region

140

1 Heat Substrate to remove Solid By-products left by Etch

l

Remove Substrate from Processing Region

145

FIG. 1



WO 2011/087580

2/7

PCT/US2010/057676

Surface Roughness

Etch rate

1:1 2:1 51 10:1

Flow rate ratio (hydrogen-to-fluorine at.)

FIG. 2



PCT/US2010/057676

WO 2011/087580

3/7

]
A \\\\\\
7

&
i
%7
e \
%
\\\,\““
% (4
7

-

.

FIG. 3B



WO 2011/087580 PCT/US2010/057676
4/7

Deliver Substrate into a Processing Region

4107 ] A
415 Flow Ammonia into Remote Plasma Region
\/ g
420 , o :
N Flow Nitrogen Trifluoride into Remote Plasma Region
42.2 Pulse the Plasma Power in the Remote Plasma Region five times
[ per second

'

425~ Flow Products from Remote Plasma into Processing Region

,

430 ~— Etch Silicon Oxide Layer

'

435~ Stop Flows of Plasma Process Effluents into Processing Region

'

440~ Heat Substrate to remove Solid By-products left by Etch

'

445 —1 Remove Substrate from Chamber

FIG. 4






PCT/US2010/057676

WO 2011/087580

6/7

€€9—
629

oY

019

/

9 "OId

[
[
©

€9

/

/ f/ff N
\ NN

7
\_H\\N/g

TiTITR s

J

7
rd
5
£

€9

/

099

GEO—hi4 029 :

0P9 ~t AT - . ri L%
NN s NG
N = O

¢S99

)

4

1G9
c09

i
0.9 NN&S@ L9

\
A

7Y i
AV A E

e
L3

\\\\\..\ Ge9

€99

J——

,.v.\.\»_ g
R «\N\

199

\

112%)



WO 2011/087580 PCT/US2010/057676
717

751

Ozonator

Handling

System

732
(757
722

System Controller

: “{:t:::::J’

716 718

702 704

FIG. 7



