lon Concentration

1/23

lon/Radical Mixtures
Enabled by Decoupled
lon Source

Radical Concentration

Fig. 1



{ Power Gas Power Gas ‘
‘ Supply 1 | Supply 1 | Supply 2 | Supply 2
103A | 104A | 03B | jo48 | |
! T T 101 T T 102 [ I
(TTTTTTT ~ (TTETTTT 3 |
' Plasma 1 P Plasma |
l I l
1 Type1 : I Type2 |
A [+ 7-S l102a l
/J

l
I
I
!
}
I
l

-
-t
—

j 200A

H Power Gas Power Gas
‘ Supply 1 { Supply 1 Supply 2 | Supply 2
103A 104A 1038 1048
: g 101 | <0
H 1
_______ 114 -
| [ N R { N
= | Plasma | Plasma
| ( Typel ! I) i Type2 |
! 101 e i
109 —‘\f“ L . ) t |
—F 109
‘ 113 108A 108B ¢
l e - ~ -
}__—- —"
115

112-5—7_
l

Oor©®  [trin Oye O |

107

Fig. 2B



3/23

111
H [ Power Gas

Supply 1 | Supply 1

111 200C
Power Gas 'F' j
Supply 2

=
(7]
[l
e
°
~«
N

l
l
l

116

l._.
109 —w\:\
l

= :1\
1°3A0 R T 1088
105
112 -5

107

l O 1160 }1110 O\Lﬂe‘/’O

Fig. 2C




4/23

r—— -
Power Gas
Supply 2 Supply 2
03B 104
102
LV [ .
Plasma Type 2

——— - — —
- ———— .

102A

|
| O-LMB 116-’{)
L




523

151 =7 151 151 5
| Power Gas Power Gas |
| Supply 1 | Supply 1 Supply 2 | Supply 2
— 103 1044 1038 1048 |

150 7150' < 101 ]1507 \-150T—g—1oz |1507 < 15D
J l 1 I 3 m |} 1 \ i
T \‘ Ve \l l
: Plasma 1 : Plasma i
1 Type1 : 1 Type2 ! '
| I
\ ) i !

L

115 I_"”O G\-ns-fq

Fig. 2F-1




[ Power Gas Power Gas | ))‘

| Supply 1 | Supply'1 | Supply 2 | Supply 2 |

Power Gas Power Gas | 200A
Supply 1 | Supply 1 | Supply2 | Supply 2 ' ‘).
l

R
105
= -
112

r© T Ov S

Fig. 26




7/23

ve ‘614

duing 3sneyxyg

Oloy

J10v

\.D».J

qov SEP
J

A
4 Ogol

NON:

@)

{

-EEY

il 3

oovt\ rov.A

garov aior
(a¥01) z Aiddng seq - (vy0L) | Aiddng sen
Aacot) Z Aiddng semoyg Hveol) L Alddng semog




8/23

3-407

L |

ST1 ‘?ZK

ST1 ST1
/ﬁ/ 102 | 101 | 102 \m\
ST ST2 ST1 ST2 ST1 ST2 T
1d | 102 | 101 | 102 | 101 | 102
ST2 ST1 ST2 ST1 ST2 ST1 ST2
22 | 101 | 102 | 101 | 102 | 101 | 102
ST1 ST2 ST1 ST2 ST1 ST2 ST1
201 | 102 | 101 | 102 | 101 | 102 | 101
8T2 ST1 ST2 ST1 ST2 ST1 ST2
12 | 101 | 102 | 101 | 102 | 101 | 102
S\ ST2 ST1 ST2 ST ST2 1
10N | 102 | 101 | 102 | 101 | 102 | Aot
1 ST2 ST1 ST2
101 101

2 |

101 | 102
/

View A-A

Fig. 3B




9723

n L ara 07
Wil
102|101 102 \l
1]sT2|st1]|sT2|sT1|sm2]s
/] 1011102 | 101§ 102 | 101 | 102 | 101 N\
/sﬁ ST2|sT1|sT2|sT1|sT2|sT1]|sT? s?\
1011102 1101102 | 101 | 102 | 101 | 102 | 101
ST2[sT1|sT2|sT1]sT2|sT1|sT2]sT1]|sT2
102 | 101 | 102 | 101 | 102 | 101 | 102 | 101 | 102
io? ST1|sT2|sT1|st2|sT1]|st2|sT1|sT2]sT1]s
102 | 101 § 102 | 101 { 102 | 101 | 102 | 101 | 102 | 101 | 10
5T1 | sT2 | ST1|sT2|sT1|sT2|sT1|sT2|sT1|sT2]sTH
(101 { 102 { 101 | 102 | 101 | 102 | 101 | 102 | 101 | 102 | 101
$72 | ST1|sT2|sT1|sT2|sT1|st2|sT1|st2]sT1(sTh
21101102 | 101 102|101 | 102 | 101 | 102 | 101 | 1
ST2 | ST1{ST2|sT1|sT2|sT1{sT2]|sT1]|sT2
102 | 101 | 102 | 101 | 102 | 101 | 102 | 101 | 102
sT1{sT2|sT1|st2]|sT1|sT2]8sT1|5T2| sT1
ot | 102 | 101 | 102 | 101 | 102 | 201 | 102 | 5
NIsT1]{sT2]st1|sm2|sT1|sm2|sT1 |/
N0t | 102 | 101 | 102 | 101 | 102
\ ST2 | ST1 | ST2 /
162104 146271
View A-A

Fig. 3C




10/23

Fig. 3D

’//;;;ﬁ STH ;;;\\\
/ 102 101 102 \
ST2 ST1 ST2 ST1 ST2
102 101 102 101 102
ST1 ST2 ST1 ST2 ST1
101 102 101 102 101
ST2 ST1 ST2 ST1 ST2
102 101 102 101 102
\\\\\\ ST2 ST1 ST2 //////

N

\______/
View A-A




11/23

Sy

ST1|sT2 | sT2 | sT1
101 | 102 | 102 | 101
/sfz ST1|ST2|ST1]|sT1]|sT2]sT1 si*z\
102 | 101 1 102 { 101 | 101 | 102 | 101 | 102
sT1 | sT2 | ST1 ST1|ST2 | ST1
101)102]101| 72 |101] 102101
ST1|sT2|sT1|sT2 102 sT2 | sT1]|sT2|sT1)
101 1102 { 101 | 102 102 | 101 | 102 | 101
ST2 | ST1 ST1|ST2
102 | 101 ST2 ST1 ST2 101 | 102
ST2 | ST1 102 101 102 ST1 | ST2
102 | 101 J01 | 102
sT1|sT2|sT1|sT2 ST2 | ST1| sT2 | ST1
101102 (101|102 | sr2 | 102 101102 101
ST1 | ST2 | ST1 102 ST1| ST2 | ST1
1011 102 | 101 101§ 102 | 101
SsT2 | sT1|sST2 | sT1|sT1{sT2|sT1]| T2
101 1 102 { 101 | 101 | 102 | 101 | 1
ST1 | sT2 | ST2 | sT4 /
View A-A

Fig. 3E




12/23

v ‘Bi4

TEY dwing jsneyxgy
510% S5i0% o] X4} 2
Name. QNL. /
sey ET"H 0% se / VIOF
L \.EJ, 1L "‘dAy9L1 Ll J
e 070 0-0"g S™e 7o e
nEVa L — A - — 1 100 nv
2z
M 901 oo | &% M
VioY Bv\ 10t
viov

giov

ooml\ woqh

(vvoL) L Aiddng sen)

f(weol) L Aiddng semoy

(gyo1) ¢ Aiddng sen
HagoL) z Aiddng semoy




13/23

@‘501A

502A
07
@‘301 A @502/\

502A @50 1A @502A @‘501/\ é&')OZA

50%"6‘501A
®502A
@’)O‘M @502A @501A @502!\ @501A @5

®SO1A

éSOZA

02A @501 A

502A

502A @501A @!’)OZA @‘501A @‘SOZA @E‘]O‘IA

02A

802A @501A @502A @501A @5

View B-B

Fig. 4B



14/23

501A
02A

< FILOLOLOLOO
w&é OO OO OO
LO LOLO (00100 éc@
éc@ éq@ é:@ @é é
Lolotorooloto @é
@s@ OO oo oo @
LO <®<® 0O ®<® @é
cﬁ,\@ @é SO0 ®<®

é@:@ ®<®

S01A

<
o
B

View B-B

Fig. 4C



15/23

@’SOZA 501A @E»OZA

502A @‘501A @‘SOZA éﬁm A
501A @‘EOZA @501A ®SOZA
502A @‘501A @502A @501 A
501A @502A @501/\ ®SOZA
502A @501A @502)\ 6501 A 502A

View B-B

o

@502A

501A

Ca

@502A

501A

Ca

5

S
Ca

5

ol

G2

O\

Ca

Fig. 4D



16/23

407

502A 501A
@f,om é ® é-jsozA
EEE
@.’)OZA @502 602’* @.som

502A 501A 502
501A @ @ 501A
soon & O

ésozA
@502A ésom @‘SOZA é)501A @5 \
502A 501A
é 501A 501A 6)
é é)fsozA @0, A @50% 6)
6’0“‘ 502A 502A @502
@ ésom 5)50% ®501A®

502A 501A
@ 6)501A 6)502;\

[44]

View B-B

Fig. 4E



17123

oo

= d®

vs ‘614

335 L
o 0% 0ePz1-0""Q

B%v oo

Viov
90l 32 L8 128803 13 £ 32 S0w) 0% 901 (3572 [
\ 219 W7 419 219 N 119 218 N 4y / +
—® €19 gl £19 1 19 ol *—
el sig £09-/1 mmw% P g0 9%.% : Mﬁw cog €19
e ! 20 1
S| (T | n
=i ‘" soo | |1 | ‘600 Ruﬂ 609 600 1 soo| [ 200 vIoF
1193 h 19/} 19/} i
. % [ ] ' LY
| I a2
: : "
(vw@r\lﬂ'll‘l‘ll' prrococvndesccnce conenwd W %

H
arov : arov
w (v¥01) | Aiddng seo (8v01) z Aiddng seo
+ov AVEOL) 1 Addng Jomog

A€€01) Z Aiddng somog

619 dwnd jysneyxy




18/23

wn
Q
©

é)

01

605

605 E 60

ONNORNOENONNORNON

605

605 @603 805 @603 @605 @603

ONEOENORNONNOY

View C-C

Fig. 5B



19/23

605

605

. «@:@ éé éé é,
ﬁ,\@ lotoloto oot
O LOLO @é OO éc@
toto foto toto lototot
Lo ot toto toto éé
oto lototoro toto ok
(O oto toto oo ®<@
bé (OO tOLO é,\@

é:/muc@c@ Val2ot:

View B-B

Fig. 5C



20/23

ol

ol
o8

ol
ol

ol
ol

03

®

@603 @605 @603 @605

ol

605 @503 ®605 ®603

o}

ONNON

ol

View B-B

Fig. 5D



21123

@503
® s g
s O

ONNONNON

605
éf) 603
O &
(§i§°3 605
O e ol

View B-B

Fig. 5E

605 603
O & g O

605 603
5 O e
ONONIOS
05 éi§°5

ONIN e \

"
& & .
& O

SR




22123

f70 1

Place substrate on substrate support in exposure to processing region.

l o

Generate first plasma of first plasma type.

l j—705

Generate second plasma of second plasma
type different than first plasma type.

l f707

Supply both first and second plasmas to
processing region to affect processing of substrate.
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Place substrate on substrate support in exposure to processing region.

l )r-803

Operate first set of plasma microchambers in exposure to processing region,
whereby each of first set of plasma microchambers generates first plasma
and supplies reactive constituents of first plasma to processing region.

l j-805

Operate second set of plasma microchambers in exposure to processing
region, whereby each of second set of plasma microchambers generates
second plasma and supplies reactive constituents of second plasma to
processing region, wherein second plasma is different than first plasma.

Fig.7



