PCT/US2018/047710

WO 2019/046093

1/18

(abe}joN seig)

L

Vi "Old

(s)o4Y

~~L¢1

= — =
«

47

NI

~— ¥l

001 \

w2 |

foly A_ L}
1 AISLAV |
BN fesiw
Wwa)sAS F
m,,vl HANA dsa ¢ "
sd
L AZSUMd N
A._ | fisumd [ Joyndwo?
}SOH
vEl
//
8¢}~ AN
=
981 ~ 1 014 HH
3
x93y A_ \ze)
| XS1Y g
Y T s IS
wasks IS 1S
Sali Xdsa | pasing
Xsd
L XZSuMd \
J — x194Md [€ A

)]

/
Vi

\
(1omod ‘aobieyjon 69) Jajowe.ed Jamod




WO 2019/046093

PCT/US2018/047710

2/18
A
102
Logic 1 ST st/ s
Level /140
S2 S2
?stZ . tst1 itst2 st tst2 >t
S ;s Post P s for1eA
y2, Pt Koo 2 i & f T iig’;
o I 1 VAL & & & VA 1468 12
ower AR
Parameter '. g
Level  of————— e : » t
b Pl —Alternative - duty
Vi P ' cycle of S1#duty
AR AAN! A cycle of S2
S1 2 i S © 82 i 146A
fx1 fy2  : fx1 fy2 T T T RFGx
Px1 4. . PR . RFGy
me Jt 1 i : Vrasc
Power | MMM” : e
Parameter P
----- >t
Level P R
U U U U U . L —Alternative - duty
U cycle of S1#duty
] cycle of S2
v



WO 2019/046093 PCT/US2018/047710

3/18

102
Logic 1 St S1 [ — e
Level /140

0 S2 S2 > t
tst2 st .tst2 : tst1 : tst2

st i S2t g i sy 1 156A
fx2>fx1 v A v < ~
< fx1,fyl + fx2fy2 « =< — — RFGx

oy TR HTY T

Power
» t
SRR IRIRIAE I —Alternative - duty
VN WEL AR U cycle of S1#duty
! H H-’ i cycleof 82

Level 0

: 2 : :
S1 ;____§\____{ S1 : S2 . ~156A
A ~  fx2>fx1 v A v A S
. fx1,fy1 - fx2,fy2 « < — — RFGx

P RFGy
Ag Voo (156C

Px1=Px2 .

g 1T

y Nq gmw 1

> t

= TTITITOTEONT -szze




PCT/US2018/047710

WO 2019/046093

4/18

V¢ Ol

(aBe)j0A SElg) |¢
S [~ N
1 Lh)
Il fes1ay 994y
47 h | NSV |¢
>
NI U RALLE
WoISAS |« i
mzu| unda =% - #dsa |e o
sd
q - AzSdmd o N
o5l | fesumd A_ 5t sonduwiog
1 }SOH
.vm—l//
13 e .
¢ 707 87k~ A, wa
/ NIAI \ _
921 9l ~ L 0 d HH
! va
e
XeS1dY A_ To o |
v i , [le)
_ v LANEL _
174} Xsd Wolshs [&— m I /
@| HANA e 7| XdSa (e Y
a (- XZS4Md pesind
ca\ XESUMd A_ | xisumd [€ 4
Al_ \_ \ .mwxmﬂém.
\
(1amod ‘abejjon B-a) Jajowe.ed 1amod (414



WO 2019/046093

Logic
Level

210

Logic
Level

212

Power
Parameter
Level

/

214

FIG. 2B

PCT/US2018/047710
5/18
A
f204 — Clk
tst3
ktst3 JL tst1 - /'L tst2 - i S >t
t1 : t2 : 13 :
A . 4 Y
2 Ve 202 . : __ Pulsed
Signal
tst3 tst1 tst2 tst3 > t
) : 216A
: — — RFGa
s1 : S2 s3 o RFob
7 y o fxeflx ¢ 3 > Y 216B
fix : y<fzy
f1y=0 : f2y : f3x=0
. : Alternative Px # Py
AN R AR A pe Alternative f3y > f2y
ooy ,.‘.” n:’M ” W "ﬂ ﬂ ” ﬁ ﬂ Alternative f3y = f2y
Proby R Alternative P2x # P1x
D TR Alternative P2y # P3y
R ERE IO TR : >t
Vo ! 1 ; Alternative f2x > f1x
Vil bR Ak p Alternative f2x < f1x
vy VT RN U U U U Alternative f1x = 0
ooy b r i b Alternative f2x = 0
Alternative f3y = 0
4 Alternative f2y = 0

Alternative duty

cycle of S1+# S2 duty cycle
Alternative S1 duty

cycle of S1+ S3 duty cycle



WO 2019/046093

Logic
Level

210

Logic
Level

212

Power
Parameter

Level
7

218

tst3

 tst1

6/18

PCT/US2018/047710

— Clk

204
L.

tst3

'

N

tst3

ooo\(ooooooooooo

tst1

tst2

Y
. 202
1 [ — Pulsed

tst3

S1

S2

f1x=0 .

f1y=0

—_—
3

S3

> t

220A
— — RFGa

f2x
f2y

-
abdnahi s ¥ FOICIUN]

f3x>f2x
f3y<f2y

i

ﬁ RFGb
220B

Alternative S1 duty #
S2 duty cycle
Alternative S2 duty cycle #
S3 duty cycle
Alternative f3x = f2x
Alternative f3x < f2x

>t

S e e s ceessssesssdasecssssesnss

P

Alternative f3y > f2y
Alternative f3y = f2y
Alternative Px #Py
Alternative P2x # P3x
Alternative P2y # P3y
Alternative f2x = 0
Alternative f3x = 0
Alternative f2y = 0
Alternative f2y = 0




WO 2019/046093 PCT/US2018/047710

7/18
A
— Clk
Logic 204
Level 1 _[ cee
210
0 tst3 | tst2 L tst1 | tst3 >t
t1 : 2 3 :
Pulsed
A 51 : 52 ~- S3 \ Signal
[ ! - 202
1 A
Logic
Level
212
0 tst3 tst2 tst1 tst3 > t
4 : 224A
: : : — — RFGa
S1 : S2 : S3 : oo RFob
N < 2 ¥ - ~ 224B
fx=0 - y : f3x=0  :
fly=0 f2x . f3y=fy
,I‘ ‘,\ H h N ; E
Power i i \
Parameter ! \ \ :
Level 0 . >t
R F ,  Alternative Px # Py
/' ' \ s [ Alternative f3y # f2y
222 “,’ 1 V H f Alternative f2y = 0
! ’ :  Alternative f3y = 0
Alternative S1 duty cycle
v # S2 duty cycle
Alternative S2 duty cycle #

FIG 2D S3 duty cycle



WO 2019/046093 PCT/US2018/047710

8/18

302
y oo 300Vb g~ 0%

800 800 J
00 Epeak = 550eV 200 ALy Epeak = 760eV
600 4 e 600 4 §§§
500 + 500 -t %“%

Energy .

(eV) 400 T (eV) 400 + : §
300 + 300 +
200 -+ 200 4
100+ 100 4
0 } ; t ; } 0 f t f t f 4]
20 -10 0 10 20 20 -10 0 10 20
Theta 6
Without pulsing of frequency With pulsing of frequency
(Cw)

FIG. 3



WO 2019/046093 PCT/US2018/047710

9/18
45
a0 | 3.81 Variable Vb without pulsing
of frequency (CW)
35 F
Peak energy 30 248

angular spread ,c |
(Degrees)

7

400

1.18

200 400 1600

Bias (V)

FIG. 4

Comparable
angular spread

4.0

35 300Vb

30

Angular spread at |
300Vb '
(Degrees) 2.0

15

P

500 05 |

0.0

Without pulsing of power With pulsing of
frequency (CW) frequency

FIG. 5

2.03




000000000000000000000000000000




PCT/US2018/047710

WO 2019/046093

11/18

(abeyjop seig)
(s)o4Y

¥l
<€

V. '9ld

gy

413
NIAI

w0l
NI

114;

001 \

LIl
91l
Jaindwon
}SOH
Pel—~_] WIS
981~ 901
)
IX94y (
egl
2; IXLY |+
walsAg i
@l ¥AYQ 1 XS0 [T«
Xsd | [es] |
XZSUMd | IS
X1SuMd [€ S
pasingd

1)

/



PCT/US2018/047710

WO 2019/046093
12/18
A
102
Logic S1 S1 f 1
Level /140
S2 S2
0
tst2 :tst1 :tst2 :tst1 :tst2 >t
A
Px1 Px1 Px1
S1 S1 :S1
Px1 j 710
714 /
Power
Parameter
Level Px2=0 Px2=0
0 S2 S2
tst2 . tst1 - tst2 : tst1 . tst2 >t
OR :
A :
Px1 Px1 : Px1
S1 S1 :S1
Px1 T 712
716 /
Power
Parameter
Level Px2 Px2
2
o | S S2
0 : : : : >t
tst2 tst1 tst2 tst1 tst2

FIG. 7B



WO 2019/046093 PCT/US2018/047710

13/18

( 808
1600Vb

806
(
800Vb

and frequency (CW)

FIG. 8

802
(
400Vb

Without pulsing of power parameter

505 1015

( 800
200Vb
Peak energy
angular spread
Theta 6

-15-10

2000

1600

12001
800
400

Energy (ev)



WO 2019/046093 PCT/US2018/047710

14/18
IEDF (300Vb)
/ 902 (— 904
800 800
700 + 700 +
600 + 600 +
500 + 500 +
Energy (eV)
400 + 400 +
300 + 300 +
200 + 200+
100+ | 100 +
ol4— 4+ ) S —
20 -10 0 10 20 20 10 0 10 20
Theta 6
Without pulsing of power With pulsing of power
parameter (CW) parameter

FIG. 9



WO 2019/046093 PCT/US2018/047710

15/18
/400
45
40 k Variable Vb without pulsing
of power parameter (CW)
35 F
30 |
2.48

Peak Energy
Angular Spread 2°
(Degrees) -0 F

15

10
05

0.0
200 400 800 1600

Bias (V)

FIG. 10

Comparable
angular spread

40

35F 3.32
30 |

300Vb

Peak Energy 251

Angular Spread 20 [

(Degrees) 15k

10
05

0.0

Without pulsing of power With pulsing of
parameter (CW) power parameter

FIG. 11




000000000000

00000000000000000

\




PCT/US2018/047710

WO 2019/046093

1718

47

91
N

Jaindwon

Vel 9l ISOH
vel — | WA

3014

B \

i Ly 23]

$494y R
1
S4d WiS)SAS

NIAI

0Ll

e W
gl
-

_._HL(\\INN_,

dAdd

HAA

¢SUMd

s4dsd

| SUMd




WO 2019/046093 PCT/US2018/047710
18/18
A
/ 140
T 102
Logic St St 8_11
Level
0 S2 S2 > t
tst2 : tst1 :tst2 :tst1 : tst2
A
Pb2+
T 1310
Power /
Parameter 1314
Level
0
stz Tt o0 ey 0 >t
A
Pb24 1312
Power
Parameter \ 1316
Level
Pb1 -
0 : : : : >t
tst2 tst1 tst2 tst1 tst2

FIG. 13B



