WO 2013/062831 1/18 PCT/US2012/060668

100

LOAD WORKPIECE /
INTO CHAMBER
105

A

BOMBARD WORKPIECE WITH LOW ENERGY ION
FLUX TO REDUCE CARBON CONTENT IN A TOP
THICKNESS OF A LOW-K FILM ON THE WORKPIECE
110

\ 4

ETCH SiO-ENRICHED TOP PORTION OF LOW-K FILM
SELECTIVELY OVER UNDERLYING BULK LOW-K FILM
120

ETCH PROCESS
TERMINATION
CRITERIA MET?

INCREMENT
ETCH CYCLE
COUNT

\ 4

UNLOAD WORKPIECE VES
FROM CHAMBER
150

ETCH CYCLE
COUNT THRESHOLD
MET?

i
| DEPOSIT LOW TEMP
1 CONFORMAL Si-BASED
| DIELECTRIC LAYER ON
l
I
|
|

RESET ETCH
CYCLE
COUNT

\ 4

ETCHED LOW-K FILM
SIDEWALL
130

FIG. 1



WO 2013/062831 PCT/US2012/060668

2/18
200
RECEIVE WORKPIECE
IN CHAMBER
205

!

ENERGIZE ION MILLING PLASMA IN FIRST
REGION OF CHAMBER WITH AN RF SOURCE
PROVIDING A WORKPIECE BIAS POTENTIAL TO
GENERATE AN ION FLUX TO WORKPIECE
210

:

ENERGIZE SiO ETCHING PLASMA IN SECOND
REGION OF CHAMBER WITH AN RF SOURCE
PROVIDING REDUCED ION ENERGY
220

1

| ENERGIZE OXIDIZING PLASMA

| IN SECOND REGION OF CHAMBER
| 230

|

]

| INTRODUCE SILICON-CONTAINING CARBONIZED
| PRECURSOR INTO CHAMBER TO DEPOSIT

! PROJECTION LAYER

| 235

FIG. 2



WO 2013/062831 3/18 PCT/US2012/060668

1. 306
D 304
1302
FIG. 3A
EE AR A AR I 2R 2R A
| 306
| 304B
1302
FIG. 3B
310
'/ 1. 306
)~ 3048
FIG. 3C
305 312
|.' 1306
' 7~ 304B

FIG. 3D



WO 2013/062831 PCT/US2012/060668
4/18

AR EREREER

3128
1. 306
i JU4C
FIG. 3E
/ 3108
1306
A~ 304C

FIG. 3F



WO 2013/062831 PCT/US2012/060668
5/18

400 CONTROLLER

\’\ 472 _| — CPU

473 1~ MEMORY




PCT/US2012/060668
6/18

WO 2013/062831

VS "Old

g6 '91433S




00000000000000000

FIG. 5B



WO 2013/062831

608

628

8/18 PCT/US2012/060668
624
/ 690
601 rmmmm A
Q ' '
! I
! I
676 1 |
-~ 618 :
] 615
607 678 61}6 / i
\ 605 1 623
AN KX, L
| | | |?Ar )( |, / I
1
3 3 3 T - 1 :
P SNNNINANMINNNINVINNAN i
R 1) 681 Ar o 6807 | 60| 6251
] N
L NG RIRG R NG R
_\ - r\ —\
627 F] 630 670 683 7 630
+
] gsa AT IAT VAT 302 g5 y
) e[ BT T s a7
AH,1 64\19 655
617
M
660 —4 4 \_/660
> e
— 1 1
Sl
665 a4V 666
648
652
653
CONTROLLER
470

FIG. 6A




WO 2013/062831 9/18 PCT/US2012/060668
691
N3
fmmmmmmmmmmmmm ] 692
601 ! - NH3 |/
|
|
! 693
7 1
R 0~
] og 615 618 2
608 607 678 / / :
NF3\ ’ 605 |
e '
g
1 |
l 2 2 T d 680 |
- - NINMANMIN \)\\3\\)&/\»/ !
610" | gpo |681 < 691 = m/ezs:
N :
G YR NG ) R R+
15 NH4F i 173
627 V] 630 4 683 7] 630
] 684 302 g51
/" I L | 650
J 1 655
AH 4 N
1| 649 o7
%
560 — é 660
e % S
| e — |
665 N, ‘@1 666
648
652
653

CONTROLLER
470

FIG. 6B



WO 2013/062831 10/18 PCT/US2012/060668
694
|m— e 09 |/
601 !
2 '
|
676 i /695
e Lo 615 68 OMCTS
608 607 678 / / :
O | | 605 !
VXA V%/ i
] |
i V3 T3 d 630 |
- N NNANNVANNNY INWVANNANNNNSS gy
610" 1620 |681 <692 > gl 0] o5
N TNNANNN-
L N A IR N AT RSN
™ _: LN T~
627 [7] 630 0 683 1 630
| 684 302 651 650
640 o AHZI “R— T (;?0 —'_Ijt_/ 4/
J T 655
AH 4 N
1] 649 617 % /
P
660
660 »—74\/_/ g Se "
— Jj 1
648
652
653
CONTROLLER
470

FIG. 6C




WO 2013/062831 11/18 PCT/US2012/060668

690
701 fmmmmmmmmmmmmm oo A
i 676 i i

608 .
7 615 618 .
678 616 / / l
607 ] 605 1
XY %/ |
| | | | ?Ar ) L / !
A NNNWANNANNAN \Vk\)\V\ i
610 | 620 681 Ar 68& 680 -/ 620 | 625!
.
Iy 5 ARG IS GRSy
m 683
] e AT A Ar,+ 302 651
640 N _io? T AHj1
*& S
%2% |
665
ey
652
653

CONTROLLER
FIG. 7 470




WO 2013/062831 12/18 PCT/US2012/060668

i 821 ﬂgo
Pm————————————————— Ar
| |

/ 676 | l

608 |_ v " i
615

— 675 616 !

RS L { 605 |

NN X '

| FAr ) ] A L i

0607A v v ¥ ¥ 3 7 !

YA NNINLNNNNYINNININ !

610 |62 | 681 A 6807 1 6o gogt
i
X C AR NREARSY
ICEIES i S S E W
Art + Art_ 302
) e Ar 302 g51
640 T T TS gee | |
| -|:|| 649 N ° 1
617 59
! “
648
660
A
665

Y
652

CONTROLLER
FIG. 8A 470

653




WO 2013/062831 13/18 PCT/US2012/060668

801 691
821 ! 692
! |/
1-—{ NH3
823 693
- 824 676 693
|_ \ 615 618 Hzoj

\T&\ 67\8 6116 / / 605

!
|
VXA :
NH4F ] %/ I
O607A ¥ ¥ ¥ v ¥ /] :
N5 S NN AN NN INVANNSIN !
610 | g20 | 681 e H4aF 680~ | 620 | 6251
NI NN
o VRS N NGRS !
607B [ 1 T I\
—~ v T~
71 630 NH4F 683 ] 630
302

Y e 302 g51

640 - T N “oo0o | |AH

| -|:|| pag X°° L

617 650
] a
648
CONTROLLER
470 660
y .4
665

653

FIG. 8B



WO 2013/062831 14/18 PCT/US2012/060668

801 694
i i L et 09 -/
821 l
|
823 693 1
824 ! 695
676 !
\ 678 616 / / :
s L 605 !
XV S A P2
4 |
$607A 32 /680{
N A \)Wk\)\ \V\\W\\\)‘\ o l
610 |20 | 881" 6% > 55620 6251
~ _~ !
X — R AR B m—%\\&\ N
i ™ y L~
630 683 630
302
b e 302 651
640 — ——=— [l
| -[ -E|| 649 i 1
660
N
648
CONTROLLER
470 660
y a4
665

653

FIG. 8C



WO 2013/062831 15/18 PCT/US2012/060668
690
901 Ar L/
943 i 618
il /
v 605
L
908 Qﬁ 909 |
|~ ~
—— NNANNANNNNIINANNIN
610 | 620 681 Ao 8807 620 | 6os
Al 1 ¥/
L N R AR l.l;{\\
~— 630 84 ¥ < 630
7o @ 683 447
7 [ 1 _— A
-~ TT T, TS gee | |aH
640 | -[ -|4_|| 619 & ° 1
617 660
! N\
648
AV4 660
e
665
CONTROLLER
470 eV,
652

FIG. 9A

653



WO 2013/062831 16/18 PCT/US2012/060668

690

901 Ar

NF
943 i 618 3

JL50)
908 a 909
- N
= SNNNVLNMANNSTINSNN INVANMAN
610 | 620 g1 €V € 680 1 60| g2
N 1 \\—’/
630 5 G G \L'Lr—{\\ 630
1 - NH 1
47 884 €\ N, 683 [ 947

§/937 NH4F 302 g5 §/937
[ U

~F T T TS ee ||
640 | -[ -Ellhg‘g R0 1
617

964 y

<

660

CONTROLLER
470 aV
652

FIG. 9B

653



WO 2013/062831 17/ 18 PCT/US2012/060668
690
901 a
695
043 omcTs H
618 694
M| / iy
v // 605
7 1
908 Y 909
-1 N
= SOV NNANNIINNNNYINNINSAN
610 | 520 gg1 eV €L 680 - | 620 625
N L N NRE R \L.er\ »
A o47 684 e 683 7 o7
;/ 937 302 651 1937
[ ] _— 7
< TT T TS eee ||
640 | -|:|| 649 N 1
617 660
\\I \
648
;/f 963
\V4 660
-
665
CONTROLLER
470 aV
652
653

FIG. 9C



WO 2013/062831 18/18 PCT/US2012/060668

690
1001 A -
691 L
NF3 192 : 695
676 I
608 1052 R N, - {oweTs
R \o OO0| |[OOO
eV O 00O ONON®)
629 OO0 |[OO0O
g =
1006 | 620 | 681 692 620 | 625
7
NN I NG
o630 4, ! 1 630
L 7 00% NH4F 683
. 302 651
i’ - T N “ooo | |AH
640 | -[ -|4_||h§19 e L
617 660
] N
648
660
y a4
665
eV
652
653

FIG. 10



