1/34

100 'w

102
GAS SOURCES

114,.__/4 Q—,—’/no¥ /\ > }/‘\_,114

PUMP

FiG. 1
Prior Art



2/34

200 "\

124 122
204B 202 106B

—
(s5]

ST0S 50

101A 401

£
\ ‘\
1247 _/
202

- 4

Samem204A

102
GAS SOURCES

201 201C DETAIL

178 3D/3E
I e

.1_8 r’(“

104 108A )
112 r
A 4

N

119
CONTROLLER

FIG. 2A




3/34

200 '\

102
GAS SOURCES

DN

101A 901

19
CONTROLLER

FIG. 2B



4/34

300 w

102
GAS SOURCES
DETAl.
3D/3E

117B

110
£ S
20 \ 122
101
108
119
CONTROLLER

FIG. 3A



5/34

300 ‘w

102
GAS SOURCES
1178
0
¢ 304A
104 — 302
+ 12 | 308 B | ..,
SN~—— / ~T116
110 >
e —¢ ¢ S} REL
\ 124 304D €= |304C
120 122
101
106
'3
\ 118
PUMP
119
CONTROLLER

FIG. 3B



6/34

300 W

102
GAS SOURCES

1178
0
! oy
f1o4 |
¢ 112 | 3048 7144
\ / —~116'
110 > (302
e [~ 3t
\ \ 124 304D €—> [304C
120 122
101
106
'3
\ 118
f/ PUMP
119
CONTROLLER

FIG. 3C



300 w

7134

102
GAS SOURCES
301
117B
304A 1
i 104
112
1Ma~t ) 3048 £ v
1 s o
S02677) £ £ (¢
8550 Yy ) ) D
3 304C| €—>> 304D
124 122 120 122
101
106
119
CONTROLLER

FIG. 3D



11

8/34

) K
( 7 114
\ __/1143
302
116

)

116
202 114A

L -.\__/_“-—
el
AN
AL
| SN

FIG. 3E

[8]
o

,%\

— 114B

114A°
202 114A

FIG.3F ™



9/34

400“~1¥

102
GAS SOURCES

401
117B

110
£ —
120 12
101
19
CONTROLLER

FIG. 4A



10/34

400"\\

102
GAS SOURCES

1178

L

‘\
-
[=]
B

108
-
122

119
CONTROLLER

FIG. 4B



11/34

500 w 102

201 GAS SOURCES

202"

516
DETAIL
116 T, ~ 5C
114A Q= L s by
O - y
O SR

FIG. 5A



12/34

500 —\ ‘ 102

201 GAS SOURCES

207"

FIG. 5B



13/34

504B

504A

504B




14/34

102
GAS SOURCES

207

202"

FIG. 5E




15/34

>0 W 102

201 GAS SOURCES

202"

02 D spprt 502,
sz f S O

207

FIG. 5F




550 w

201

16/34

102
GAS SOURCES

207

116 202"

FIG. 5G




17/34

FIG. 6



18/34

700 \
( START )

705 y
\ UNRESTRICT OUTLET FLOW THROUGH AT

LEAST ONE OUTLET PORT IN PLASMA
CONTAINMENT STRUCTURE

710—'\

+

INJECT PLASMA PROCESSING GAS(ES) INTO
PLASMA PROCESSING VOLUME

v

PLASMA PROCESSING GAS(ES) FLOW
THROUGH PLASMA PROCESSING VOLUME
AND THOUGH AT LEAST ONE UNRESTRICTED
OUTLET PORT

v

720 —\

CREATE PLASMA IN PLASMA PROCESSING
VOLUME

y

725 \\

INCREASE PRESSURE IN THE PLASMA
PROCESSING VOLUME

y

730 \

DECREASE PRESSURE IN THE PLASMA
PROCESSING VOLUME

735

ADDITIONAL
PRESSURE CYCLES IN PLASMA
PROCESSING VOLUME?

FIG. 7

YES




19/34

V8 Ol

0L

09 09 ov o€l 0¢ 01

—
|'
————— 1 ——
=

(Qw)d —a— dyD —8— .
uono umop/dn YDd 1se4 Yyum as|nd ainssald ise4

0S

00T

0st

00Z

0s¢c

00€

— 008




20/34

48 Ol

(Qu)d—m— dyD —8—
uono umop/dn ¥Dd 1584 Yum asjng ainssaid 1se

09

001

0st

00z

0sc

oo¢

"— 08




38 'OlId

21/34

(sw)awr )
005 00t 00¢ 00c 00l 0
0 ﬁy ~ 0
N = i 0oL
| = — o 0c
//.! ] | T oe
O S gl o
3 N et or &
W — Tt ...............V L] all m
3 gl .\\..\VA................., 06 @
. g 3
YBE|+XCIPO0 E A | AT N 09
ON - \“\ ...r..........
.\.\\. J.. I ................. ON_
sl | 56 1 ¥969L°0- F|A TN
14 .\\\ = ~ 08
TrT 1 - 06
o€ _ 00l
LW/Woos —@— (Lw)ainssald —m—

“— 058




22/34

122

Gj:\:7= )24 22 20 22 1"D ﬁ? A
C

Gﬁsl%l 24 22 120 22 12) f/\ |
FIG. 9E 20

202



23/34

1000 ~

lon flux in the center of reactor

Jsat (MA/cm?)

2/60MHZ plasma

= —o— lon flux
——— Neutral density

NEUTRAL
LIMITED
REGIME

1020

0 5 10
Pressure (mTorr)

15

FIG. 10

20

6)) Ausuep |esnsN

(- wo) (Mooe



24/34

1110 1120 1130
N\ N\ ™\

12mT [ o 70mT

T

LU L ;Ti[l :ﬂ-
[ = ZWHU(

1114 1112 1124 1122 1134 1132

FIG. 11A

1120 1150
N\ ™\

[40mT  |Pulse 12mT7OmT |

zﬁqqea'mmm

W N

( <.'T il i [
) | !
1124 { _ u i u [ " k l{ | 1154

1122 1152

FIG. 11B




25/34

4

(1[0

VZi 'OH

(%) pansesqQ s|dwiq
08 09

or

0z

1w @

lwot @

@D moq sadnpal 30 ainssaid moT

17

8

0S

Zs

¥S

99

85

(wu) gd mog



26/34

1250
1252
N Soe~— 1252
1254\/0. O"\_,1254
1256 \_—r< =
.
L 1270
1260-/%— L 1260
1262 ——
Fd1 Fd2
> Fw [€ P> Fw <
“1 .._...-IFZ
Fletf—+"T
v

FIG. 12B



1300

27/34

1332

1320
Network
/»/ Network L 1308
. P =
1330 interface I rogram
]_ /O
Inter-
1304
1312 ) 1314 — face
1510 Mass
ROM Storage CPU

1318

removable
media

Fig. 13

/1322 [Pgu | 1334
keyboard mouse



28/34

1406
RADICALS

T1+
500u sec

e 13 C

200p sec

ALILLNVNOD

1406A
1404A
1402A

TO

50p sec

TIME

Fig. 14A



29/34

T1
2
RF power 142
1420 _\ modulation L
In-synch S
Gas (Ar) flow
modulation Ar OES (800nm) trace
1430 RF power ' | 1432
RF pulse modulation /
leading - : >—v
Gas (Ar) flow | |
modulation
Ar OES (800nm) trace
1440 " RF power I | 1442
RF puise modulation
lagging
Gas (Ar) flow |
meduition ' Ar OES (800nm) trace
1450 RF power
X modulation ___| '\
In-synch 1452
Gas (02) flow -
modulation 02 OES (777nm}) trace
1460 —~ RF power
modulation \
RF pulse — -
leading 1462
Gas (02) flow
modulation 02 OES (777nm) trace
1470 " \C RF power [
RF pulse  Mmodulation '\

lagging
Gas (02) flow |

modulation

1472

02 OES (777nm) trace

Fig. 14B



vsl "bid

30/34

[[] Lo oot [ owmon] [ sbomssoioe] [ mmoroms] [51]
[oas] awi)
08 09
ovl _ o
o-ll D LTI I LY -

- . 3 00z _g 00
00+~ 6004 - - ) o0e et
o0e” /7 | [ g —OF - 00€

e~  000Z- -
o ~ [ | 008 - g~ 00%
00V o00g] 24y L4 - o0
: 0001
005~ %051 205} oz oo
oog-  000%- - 00z}
L ooyl ~ 6z ~ 004

00 - 0005 . o - o

008 0009 0081 - 006

ol || | 000z — S€ ~ 000l
000L~  000. o
00bb=  a- o0z o
g 0006 - = 009z ~ S = 0081
00€EL - oo~ o
o "] [ M 000€ - 0054
005} ~ oo ooz ~ 99 - 0091
oot N TSN A 00VE - gg ~ 00Z}
0041 ~ 00021 \ X, N Y o " ooel
oot 008e ~ 0 - 008l

000€} b oLGL

oot 000¥% ~ 0L ~ 000Z
0002~ qoovl \

Z-v9 Aluo 2o umm._.mnoﬁmv-wmmoo#\vmo._.>m_now_._o>>€ovom9mo_SmEommOn_Dm_DOEOEv_o/“n_ 10/d Bojereq | VA

o0osL =




gag1 ‘614

31/34

[oor)] ezsebed [ awosany] [ ebuew sisniov | [ sesuoxpev| [B]

[oas] swi |
1”74 00k 08 09 oy

0 -0 -0
- 00l
- 002
ooot = O} = 00€
. ~ 0P

oost ™%~ gog

- - 0z — 009

= — 000c 4oz
-G _

= = | 0052 008

8 ~ g~ 006

o, =N =Y 000g - 0001

- —S€. 0oLl

1- —+-t1 11— oose _ -
— op™ 002

- 00€}

pog ~—S

—
4
|
i

!

0001
=S¥~ 0Pl

0051
- 009}
ﬁM A J 0008 - gg - o021

el
v — e
\ —
\\_;/‘L./, ..k\,y(\\ﬁ/\, .\?f\}.\ y f\ﬁ/\m// 0055 - 09 _ 0081

14 . B T S B 00V .. ne ™
<[ [ 05
- N\ l:)..rrl.i:}\l_. an 5

)

Iy 0061
===~ cigL | PISL | 9lSt 0008 - gg~ 000Z

7

£-79 Ajuo zo umﬂmvosw-mmmoeknms.E%EE%ogm%o_smusmmou_nm_no_\,.wau_o,“c joid Bojejeq | YA||

0ss1L~



32/34

91

‘614

=1

| ooog| ezsebed | eeosany |

abuey A isnipy _ _ 18sHO X v_u<_ E

[oas] awiy
0zl i oLl S0l 00} 56 06
o~ 0 | | | | | 6 -0 o
= = == 7 , | I flw|\| L
00l 1 - 004
ooob-{ [ | = -
00z~ Z4d L4 005~ _ oz
oog—- 0002+ rost —— WSV 1 o) ~Ob- 00E
(1[¢] 000€ o -Gl = 00
005 = —1- 005l - 005
00g- 000% i e 0z~ 009
00L~ 000G — . 00L
- - -GZ._
008~ ooa-| ~ 41—}~ oosz 008
006—- | -0t~ 006
000L—  000L ﬁ m— T\~ poog - 000l
0oL L~ _ - —S9€- 0011
" 0008 . . . b ooee
00z ~ —op™ 0021
00€L~ 00067 000% _ mv: NNM_‘
007L= 10001+ - b
00§} ~ 0057 _ g~ 0051
~ 000} . -
009} . L_| - I 0091
. 000§ - gg - 0oLl
00Lb- 0021~ ; g
008} ~ ——_ ./ P\St —— 916} S 005G — g~ 008F
000€1 - N o | — -09 _
0061~ Sl s wmm_‘ 5161 i 0081
0002~ Qoo i et = | 0009 ~ gg~ 0002

€79 Auo 2o ymm._.wvo_\,.mu-mmmoohn_vmo._.>m_aom._n_>>€owomo/mo_mumgommou_om_DOS_GE_u_o/_o loid Bojejeq _ <n_=

0091~




33/34

Ll B4

[E] [ Looog] emseped [ erosomy|[ ebue awsnipy | [ sesmoxeev| [B]
[oss] awi i
Shl Ll €Ll Zil Lil 0Ll 601 801 0L 90l s0L
0- 0 i 1 1 i i 1 ./H 1 0 -0 -0
~ / B - 001
0L~ 6001+ ) e w05 -9
00z~ N - 002
- [*4 B -
OOm.l OOON I T = 1 NO _‘ e DOO_‘ - OF Ocmu
- - 00F
007 000e - Z4 / i -G} Mmm
005— . =% f ; / 0051 -
009~ 000¥- = ‘ - . - oo~ - 009
00.= 000S- 4 _ i T 00
| % - 008
008~ - 0052
0009 - 006
006 _— vst - - 0¢
000L—  000L — B — i 000€ — 000t
- _ [ = S€ - ool
00~ e oose
oozgl — R -op oozl
00gL~ 0006 i oooy _, 0%
% - gv — oops
00bL - |
00001 - 005t
00§}~ — — - - ~ 00S% ~ o o
000L |- 5= . L
0094 — ] N S -
- = S T T 0005 - gg ~ Q0.1
00Zb= 00021~ 918 VISl =
- —— L — -~ o008k
oomv - — — — T Ocmm om
000€} 1 ~ - 0061
008} - z1G1 zest - e
0002~ 000%L A 0009 ~ 99

£-¥9 AUo Z0 159 | 9POND-S5890/dpeoT Ae|dey 1aM\POFOE0\BoEIeP\OEEDAA\IAONONAPIONA 0id Bojejeq | VA

0041 -




34/34

1800\

1805\

( START }

h 4
UNRESTRICT OUTLET FLOW THROUGH AT
LEAST ONE OUTLET PORT IN PLASMA
CONTAINMENT STRUCTURE

1810\

v

INJECT PLASMA PROCESSING GAS(ES) INTO
PLASMA PROCESSING VOLUME

v

1815\

PLASMA PROCESSING GAS(ES) FLOW
THROUGH PLASMA PROCESSING VOLUME
AND THOUGH AT LEAST ONE UNRESTRICTED
OUTLET PORT

v

1820-\

CREATE PLASMA IN PLASMA PROCESSING
VOLUME

v

1825-\

INCREASE PRESSURE IN THE PLASMA
PROCESSING VOLUME

A

v

1830\

MODULATE AT LEAST ONE RF SIGNAL TO
CORRESPOND TO THE INCREASED
PRESSURE IN THE PLASMA PROCESSING
VOLUME

1835\

DECREASE PRESS%RE IN THE PLASMA
PROCESSING VOLUME

1840-\

MODULATE AT LEAST ONE RF SIGNAL TO
CORRESPOND TO THE DECREASED
PRESSURE IN THE PLASMA PROCESSING
VOLUME

184

ADDITIONAL
PRESSURE CYCLES IN PLASMA
PROCESSING VOLUME?

FIG. 18

YES




