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Cleaning of carbon contamination on multilayer optics of EUVL
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Abstract; This paper focuses on the reflectivity decrease of reflective elements caused by the carbon
contamination deposited on multilayers during EUV ( Extreme Ultraviolet) lithography working and
emphasizes the clear method of carbon contamination deposited on multilayers. The process of carbon
contamination deposited on multilayers was elucidated and the damage of carbon contamination on the
multilayers was introduced briefly. Several kinds of cleaning methods for carbon contamination
deposited on multilayers were described in detail from cleaning mechanism, removing rate and cleaning
effect, and their advantages and disadvantages were analyzed. The result indicates that the cleaning
rates of plasma oxygen and activated oxygen reach 2 nm/min, but the multilayer surface is easy to be
oxidized in cleaning process; and the plasma hydrogen and atomic hydrogen have relatively slow
cleaning rates, they are only about 0. 37 nm/min, but the multilayer surface is hardly to be oxidized.
Moreover, the difficulties of different cleaning methods for X-ray multilayer mirrors in-situ are

discussed.

Y #s B #3:2017-03-27 ;48T H#8:2017-04-10.
HEEHE  FRRHE &AL B H (No. 20122X02702001) 5 8 58 [ 98 FF 232 56 4 % B35 H (No. 61404139) ; i F G E %
AR E [ R EA TR H (No. Y5743FQL58) 5 7 #R48 B A BHE R 744635 H (No. 20150307039GX)



2836 e KRR %5 25 %

Key words: extreme ultraviolet lithography; carbon contamination; cleaning technologies; multilayers

1 3 7

W48 b (Extreme Ultra-Violet, EUV) G ZI $
AR 13,5 nm 3 B A6l o B W B R G0k
R R RO W B RE A b A AL S 2 4
A ELA T A R SR L B 5 Ak B
U 5 W W o WL, Sy B B A R 38 R Mo/ Si
Z R RS . 2R S EUV Ot
VT B G — Be i I J5 3% 10 0 AR BT %, 38 A S S
R FBOCZINORREIE R TAEY . B4 0 e
TG Y L2 2 ST BT A0 RS 1 R T R R M
R L 4 S 2 TR s T O B s e
2 B LA, S5 B 15 Y 2 T A A R I R R
I FH T e 4 R A 30 22 22 6 9 Tl 75 e 2 WA 0 /b
W75 Y & W 9T B

H R A 3 T JRCEE DL R T AR SR B AN TR
FH (R4 58 A1 22 J2 15 36 TRT 75 3 TR R 1T L4y Ay
S (RE)-O, F1-H, . £ M 75 % % (SWD)-H. .
EUV/VUV & ¥ O,. EUV-H, #Jf 7 & % vt
SO R S A AT e LB L SRR IR
TR X b AR Ik AT LR A BT E AT A
h G BTG Y TE RIS

2 S EBER@mBITE

Bici5 Y (8 B — R R BT R B R
Boller 45 5 K & 4t #i 0F 5¢ 1 Bk 15 44 19 JE 1l AL
= B 5 Rosenberg 2611 ¥E — b 58 36 1% PR L,
Boller 58 A\ Ry Bk 15 G4 0 2 102 28 55 ' B a] |
Rk & LRESFEREA L, kil
G YE W MG T R T L AR R B EUV G
R I A 0 RO 0 L B R 2R DI Uk T
gy AR, BEA BAS OF ST AR I T B A B gk
3, Kurt, Shiraishi 252220 & 9 ik 75 4L i) 1% K 3
R WA SR EME FIERA X, Y
EUV J6 ZI WL 6 s v CLH, SR 1 3 8
1.33X10°° Pa B iR UIEUEE S L. G. Kyrialou
SN R IR Sy T Bk S A A T B B TR

RAREUPR, EE N Sy Ko 1A A W aE R R
T P9 P T B IR RS A B R, B ) W B D16 27 ot
PR T, BRI 0 o3 g LA R T AR R
Hollenshead 4 A IA S 43 fiff O 2 T0 414 3 17 15 B
B S AL W T 2 DD R R U TR AR S LR
. TR EUV, 5 88 E IR Be S AR, FEl
GER G IR BARANAT . Bk S G A AR KB RL A AT 1
7R B SRR S AL & W i R Y 3R T A A TR
B TE S 2F e 3R TH . 24 EUV b R 48 B, e &l 4k
B R A B R A TR 2R O R P AR SR A
W, 3 SE R P 5 01 2 T 1R 3R T ) B A AR SO
J5 B A HE UME LA 23 BR B T e 00

EUVi g N
GH st
BT % ‘/

.

2 JZ N A B

BT 22 RN B R T TS S s 1

Fig. 1 Carbon contamination deposited on multilayer optics

A= B R B TS g X BT £k O HL T RE I R AT
I3 0T o IR 25 B A ' 2% 1 1 A8 A 23 K 2R
A%, Oestreich 7 HF5E & B 1. 5 nm B E M A
BT Y = T8 2% W R R K. Koster
SR AN TR B 245 19 B T e 5 BOAS [ B2 19 )
FRETE, B 1~3 om WIREM S FHE D
1900 I G 24 . BT LA F R 22 )2 6 I S e ik 15
Yl (R 78 L3 Ve B R B 06 20 L Y RALAR AR 7+
GrAbEE,

3 S EBR ST EFE RS X
3.1 EBEFEERSE

A T A R B R R A S T MR A TR
B AR A AT I R B S5 R TR S50t



1M xr

UL A B AN 2 DL 22 )2 I I 3 B 26 T B 175 24 140305 ot 2837

2R ICAF 2 T B B T Y 1 Ak SR T AR A S 5 R W
LN REEE A . BT, % He TESES
AAMARSE., B ITAESEAAE, E TR
iR 2 MK 3 iR,

RF i i %%

LAE40,

0, 0} O, -

Bl 2 A TR RS AR R R B

Fig. 2 Mechanism of plasma O, cleaning carbon

R S A A I
CO. CO,, =

/ /ﬂul‘a J

EAA VT I

contamination

RF IR

LAE“UH,, 7§3tH,0

M b S A e T
H, H_;' B HO e 12 0N 5 47 4

- i, CH,
Q§ﬁ i
P

£ IR B

B3 A4 B R U A R R 2 A
Fig. 3 Mechanism of plasma H; cleaning carbon

contamination

WOR IEAR ) 5 3045 B TR AN S L R R i Y
AN 3 kR R AR WA EIR K2 5
3.1.1 R@BRBMESTETRERS &

TR} E ST R 2E Y PR ST SE R E A B M.
Malykhin'** 2 A F F 2 1 7 3% 3% il (SWD) 2 34
BB TR H, Ml He AT 5050, L8 T L
VRS R B Ve R AR, vk E i 4 fr
TR RS VERE B AR UME Mo/Si £ 2 [ R 5t 85 L F
A gE R XA RS 10 nm B A a-C, % &
H1.9 g/em?®,

Actinometry
81 MHz of H atoms

H,» He h Plasma :_TS_,HPholons

20 mTorr /
Specimens g; ” i Gas
P Bias voltage| Quartz pipe evacuation

0~100 VMabi le langmuir probe
Bl 4 SWD 458 7R 5 vk 2 Hos B A
Fig.4 Cleaning equipment of carbon contamination

with SWD-plasma

HF antenna

TR Ve R h J3 i 8 A TR 38K 2. 66 Pa 19 H,
N He, i & VRS K N 81 MHz, i@ id Langmuir
ERRCIN H, P R EEE TR He LGB =N
22 eViHe P HEM FE B 7KK He' >
12 eV, H X 4 £k %€ )t (X-ray Fluorescence,
XREF) X 2 1 Bk J22 5 B 28 A i A7 ) &, % B4 4
B TR E A 210" fon/(em® « ) FL Hy B
VEVEH N 0. 15 nm/min, M He " A% 35 36 3 R U
RARZ . Malykhin %5 5256 45 R 5 50 J1 22 BB
TS AT AT b, 15 8 Hy WS s R e T
He " 9 32 B (R W VR AL AN [R] . i 4 S0 56 45 5
He™ i o ¥ 33 55 (1 77 =X % B 2% 180 B 35 e, Tl
Hy W2 3 5 52 2% 1 B AR 24 AR H

TR P IE R R m & TR SR 2 )2
FEE R St g 2w . WAl 5 R, R T S s 0
DR W6 IS A o 3R TET 1 A8 Ak 3 VR S 2 T B
W AR 22 /NI 7 3 T 2R TR
Pi. Malykhin 453% 82 7 76 A [A GE 5 T %A 7]
Wy JBE G ST 25 ot 4L 2 O R B RE Y T
YEFG I 72 T AR Bl N e $R 4R A3 1 e 2 10
DA /N T 9 2o 2 v 8 1 X R o B 4 40

5 RS VRHT G R E AFM A DU XT LY
Fig.5 Comparison of AFM images before and after

cleaning



2838 b=

T TR

5 25 &

3.1.2 EUV & Fhiksks %

i 2% LT B8 VR AIF 5% T (9 A Dolgov™ 45 A F)
M EUV G54 IR AR SUE ™ A 25 8 1 IR JE 47 B
TFYE Ve IE R B R B EINE 6 s . %R
AL B A DG 20 0L 89 D6 IR AR R BRI B T S B
W 58 A 2L 22 2 B 33 45 ) T8 R0 ok

Sample

©

Grounded
electrode

Mica
diaphragm

@8 mm Ni grid

1 mm mesh

EUV light
Bl 6 EUV %5 7K vk 8 om A
Fig. 6 Cleaning equipment of carbon contamination with

EUV-plasma H,

TESL I T, R H R RE O D L 40 Y AR
Mo/Si ZZ M, JEE R 6.9 nm, T ITH 15 nm
M a-C, fERVES R AR A T Hy Ml He 1
Fp SR AE R Xt H S MR, EUV A Bk ol e = o8
85 pl , FITNE N 0.13 W/em ™, T RAIEEN
4X107°~6. 65X 10 " Pa, il A T4ES A5 & 55
TE 1~ 30 Pa, ¥ PEAE 15 275 DE 3 bl TAE <K
i DL R R R AR A SE R . TR RS B S R
THRRERERFERTAEE THEmE R, K
J& o JH SWD Uk AH [F] B 12 1 55 55 - 1A AB00 WE X
HLSes, B EUV 458 TR 15 JE 3 R & SWD
B 5 1%. Fl JH Bohdansky #1 Yamamura and
Tawara 55 & H BT R4S 647 BRI THER, 15 3 i
EUV JGHE IR Az 1 &0 558 B 7 1400 i Jit 1 19 Ik 5
B RE A1, 52 eV SWD A il AY &0 55 3 1 1K /Y %
GBI BED 2. 27 eV, KM LE EUV FHIET,
FETH 1Y Bk S AL A WA TR I 2 A R Y
H {3 i 3 R P23 0B s g gk R AR Tk
SFE{E .

3.1.3 A B FE B FIRF RS K
S AU HL S5 B T AR VR R PR S 7 A 1 A

TR BE HE AR X AR, X6 T 77 A i Rk i
/N B F T2 oo i U, an ) 25 4 496 24 oo
P B B i G T e (H AR 20 i H 2] EUV S ZI B
() 22 )2 B S S B i vk

XEI Scientific %2y # ) Christopher G.
Morga" ™ 25 N\ 2R F 7 5 A0 06 7= A 45 85 1 R &R
XPEUV G5 e #iAr g v . AT/ 9 R PRI
THVEHE R BRE LN 1 1 B RE Y SBTS Y b
TAHPRMRM, TAEER N 15 cm, F5T) %N
17 W, 55K 0.2 Torr, 4334l O, F1 O,/N,
MR A AT Ve W Pk 30 min J5 ., TAESMAK RN
4 O, FHEYET 10 nm MBkIT Y2, O. /N, IR G
SARNIEVE T 12 nm., SC56 & I o 2 76 Uk
T R v A i U R ) 92 R AL s TR
17 Wk R 38 R 5 1 Ok P B L 2 S AR IR I A A5l 4
AR/ R AR AR . I U 7 R ) 2D A
R MET 4275 44 i) KB B8 fl M7 85iE 1714
e 2t 2 hE e, AR AR TS Y W] A5 B SRR

PHHEA CELLS-ALBA 225652 19 Eric Pellegrin
28 NS TR L ICP GV10 X S5 I & A TR T
VRS B 15 Y E A7 05 Wk SE 0 B B AN 7 TR .
SE L A RO LA K Ru IR )2 22 )2 BERE i 3 1
P¥ 50~200 nm JEHY a-C B Brf 5 44 FIH A
Y RAF I 12 35 e R JF X T RE IS A (Xeray
Photoelectron Spectroscopy, XPS) 4 ¥ 1 1E 5 J5 ik
15 YL i 2 T R A2 4 RS

Gas 2 bottle

Pressure
reducer

L]

Leak Mass flow

valve meter

Pressure

reducer
Gas 1 bottle

L7 S A B R T Dk e T Y 3% R A5 R
Fig. 7 Cleaning equipment of carbon contamination with

Radio Frequency(RF)-plasma

SLH SRR W] TE TAEE O, A 42080
Ar SR TH BRI R W], fi DR Uk R AT LA



11 xr

T 25 AR AN E 21 WL 22 T2 1R S S5 8 3 T e 5 e 19 97 0 2839

K#) 11,6 A/min, @i XPS X Ru 1§22 £ )2
JEERE S AT o3 B, 25 R R Ru R Z BB & A4 4R
16 A2 8 Ru, O Fl RuO, 25 & A6 9. ikt i A
b B TAESR RS A BAEAPEN Hy/Ar RS
R.EmEWL H, M ERRD, HA
0.07 A/min, i fi & E A& S AR H Ar Lo B 35 m
LA R SR A3 T 2 A 15 L 0 TR R B 2 AR KL e K
a3k 1.7 A/min, 527 Graham i F 5 45 &
GE T IRTE VRIS A RS T — R,
LR PRTE TG 000 3 55 W s 34K 76 45 8 11K
RPN SR Y AR 8 HH Y AL
PER) R A . XPS 43 Mr & 8, Fl U He /B0 T
VAT i 3 B8 AR AT B

gE L ik 55 B R UOR TR TAE SR AN TR
HUEHE R MR EZEFBE R, YTESKER O,
b, R R, 2 H W A A HAE T Uk
R O, 75 5 i Bl 3R T A8 Ak A IR, B DL 2L
T T Y AR 1 DA R T O R R SRR
b H, B, B8R AR X /N BT U5 XA i
BUR AT IR B . R Ut 5 AR 4l S B A 00 16
PR R B TH VR T

R VRECR R 2R B v L Rk
RT3 R AR A R R R 22 2 R R G
FTE B T5 Y HFATAE AT Ve . X T Ak R R0 2 T
T IR T A R A DR LR T AT R R 55 AR O 2
BIL ) &5 A6y 12 [ B 46 ] 381, BF 55 AH N 19 45 25 1 1
P AR i 2 5 (R ISEA 1 a AVR O 0k B AR o 1Y
AL TR R A ik TS G A 0 Uk A
EH AR S AR, EUV 55 7R vh
NICINE 2 LS R NP RS 3 & = e NS
AR LG U AR XT TG B 2R 58 AR o S B8 1t T2
W ST s EUV 3800855 » & A B 45 85 1
PR B ARG, ™ S AT DR . R , fn T 4 vy
AR g A B R B O B, X EUV AR B TR
VEHAR B AEZe i ]+ 4y B,
3.2 EMEEBFRAE

T I SR T R R A I B R R R O, L 3
KA MEAREE R B B AR A ER T, I
53R TS Y & AEAE AR S ¥R W I, 3k B Bk
TG YRIE VR B Y I M BB T G Y 2o AR dn 18]
8 Fi7N.

VUV/EUV

\;1 {0,
0, O-‘,

P8 i AR U S e R R A

Fig. 8 Mechanism of active O cleaning carbon contamination

M e S A R
Co, COo,, -

% 2 I A

HA e iR 7 58K 9255 % 19 K. Hamamoto
2 NPT 1) NewSUBARU (4 7] 26 48 54 BL-3
FLR BT AR 1 VUV (172 nm) I B2 40 O 58 1R 4R
LTI P TIE V. BESL A 10,16 em(4 BE))
KN Mo/ St 2 2 Bt i 75 Y J& 24 170 nm, H
GaAsP G “HREHRIN Z R R S5, BT
GEH s PR BE RS A AT T R SR
R A I VR SE B, — AR AE T 5 12 500 Pa Y
REZS Nl A2X10° Pa i O, ; 575 — Fh 2 76 %30 K
S TFEAMFERER O, 1814804 2K K2
fO9% ¥E 3 R K 2 nm/min, 3l KK T MR
0.53 nm/min, R A% B S iF vk R, HE
T 7 S TR I O ) 2 TR R L 7 R
SRR R R TEHRE FE XS N T 0. 51 nm, MR (R E
25 FIGIN T 0. 35 nm. FJE L FEARELZS 54T 4G
YURE i FE AT VG DR VE DE TS SO R 100K 5 &
50 %, A WA B 5 K 58%4 , H I 3 B 78 1 vk
AR AZ B T — 2R E LR,

PO R KA S W] B T 4E
T VR R i U R 2 3 N 2 )2 TR R S A R T
{14 KRS J32 88 o DA B S Ak S BT LA AR 3 ok ok A ) A
L AR A I Y A AR DA BRI W AR AN . i
Dy s T R A A AR 2 (A TiO, , RuO
S50 1 22 2 R S5 BT Uk
3.3 EFEERAE

Ji - SUE PR A IS F ] e T A 22 S5 R R R
W SRR IR AL 5 3R bk R A A
FH A BT #2500 /N 43 1B A G 8 DN 3k 3103
VEHB . HERSEWME 9 PR,



2840 b=

T TR

5 25 &

I'l\lli i:||1||| Trff ,ﬂ?

LAFUfAH,
H, H'

9 JRT S B bk T Gy BB R 2R

Fig. 9 Mechanism of atomic hydrogen cleaning carbon

Pl B 1 )
CH;, CH,» -+

/ ‘/{iﬁf.f;f-

£ IR 9t

contamination

[ 20l V52 56 % () Samuel Graham™™ 4§
N e U 2 B4 i 045 B R & O X e s g
FE A EAT T Ve, SUUR B RE Y BB 7E 200 ~
500 mm P ATIE, AEETE 0°~90° N AR fk, Bk 4%
T Pk B 2 AR K R 3 AT O A, R S R E i
EUV U B 3T R .l SE SR 45 2R AT
T Wk R R B T R IR A G R T U/ L R S Y
VT UL 5 RO T DR RN . S T
VTR I A 5 2 A X D A AT IR A
MTAERE R 200 mm, fFE A 0°BE, X A7 85 A i
15 Y RE i T Rl 0. 033 nm/min; X KA Y
AR TS YR S IS BEEE R 0. 067 nm/min, B
1T HA VL o X An UE 22 )2 AR S AT R S
YE, 4 ad 20 h ISR, Si 1B BIRE T S BT R AR
1. 2% . Ru W82 BYFE &b S5 RBEAR 0. 500, 401 % i
TR T H A VE Ve T vk . AR AR & 85 1 AR % X %
AT 508, KB SRR 2 R R E A D5 H
JiF & AR T Ru 82 2 )2 ARG WA .
Graham R bR 15 U8 5 1 % — 2 0 20 4
A . gzt 5 424 EUV 48 B koo il 2 )2 1
SYREIEATIE Uk W) IR BT R 66. 106, il R
SPARTRE R 4800 B W Ve I RIKE 2 610,
i AES X SO G A7 Rl Rk s e 0 &4
TR BR AR A AL B BUERR . Rt J5 S Uk
A DA %2 B B S 5 A T Bk 5 % O 4 v R A
X T O &P A AR Y SR B AN BE 58 2 R 2
R

fof 2% S B R4 BT 58 BT 19 Chen™™ %8 AR
FHAM O 125 52 30 1 5t 1 008 Ve i 75 s W TE A

Seg bR 3 ARl T REWAE A SRS
SRIAZ 3 MBS BTS G bE i, TR SRR
WiE 10 s B Woollam M-2000 BU #4615
{14 2 S5 i 132 52 it A5 ) Hb, 22 28 A 5 ok s 0,
TR 2R S I A R TR B R

Substrate
manipulator

Ellipsometer
source

Ellipsometer
detector

Power i
Inspection
supply . window
B10 5T S0 e Rk TG e 2 B R B O 22 B B T R

HA S
Fig. 10 Cleaning equipment of carbon contamination with
atomic hydrogen ( FOM-Institute for Plasma
Physics)

THVER B 22 R 2 000 °C L, AR Y
AFE#A 20 kPa, SO0 45 R, 3 Fh 2 AU A4 fi
T Y Vi T T AR 4 X Ui B A AR 5 1 A M L O B
HRENTmENR e HE K, Hi, i EUV
TR A Y Bk T G U TR R AE 60 °C ] GA F
0.2 nm/min, HOT fliament ;= A {4 B% V5 4 35 Uk
R H AT 0. 02 nm/min, PVD 8575 44 7 Uk 3
4 0.06 nm/min, REWEMRIT YL 0 bR HE 2
oA s8R 5~10 £, FEFE PR R G WSS
YUAE T YAk A8 A T B0 A R T R R R,

H A KR 2 SR S 0 R 8 R Y Nishiyama
NI ORI 1 700 C By 2 7= AR
T 0 R MRS YR BN 11, 2 nm By 2 )2 B S
BRI VR LR E R 11 P, AR EN
50 mL/min, JAy k5 2 J2 M5 S G 45 K A2 i 2
FHEEZ RS IR T S R T  Z B A
— AR ok B IR R TR E . R T
b R TN e R T i ¥ e ) R R AR Ak A5 B ik T Gy
(¥ 7% U % 0. 37 nm/min.



11 xr

T 45 SRS 2L 2 )2 I 5 B R T 75 % ) 15 U 2841

T:
!MI:C Shower head

/
/
bessssnsnad | Hot
W wire
Shield
Sample

Cooling water

P11 HASRR 2 SR e g AR R R 7 2008 th ks
PR EHR

Fig. 11 Cleaning equipment of carbon contamination with

atomic hydrogen( MIRAI-Semiconductor Leading

Edge Technologies)

HA EUV T2 8RB K F M Oizamit") 3
T 11 AP e B R T EUE R R T T R4
Whot, B EE N1 800 C,AXWEN
100 mL/min, {HPERE 5% 7 X 10 Pa, &I F]
PEGH R AP B 50 mm, 4 YEM Mo/Si £
J2 REAE BP0 E S R 60 %0, SR L AR DT AR
J7 VR B B T RE S Y SR T AR TS G L Y VR AT
W15 Y ke 1Y SO RN 56, 5% IE VR 2 JE I I R
SEAWKS . il XPS 4 #1 2 HE VERT 5 T B 4l
Sr AR AR, R HRR G R BEA T R, O JC R 3 20 4t
R, B O JCFE M 2 E 2T R A B P
IKZRVRAE = TS 22 W R T A i EL AT i 7

SE Lk

[1] WOOD O, KOAY C S, PETRILLO K, et al..
EUV lithography at the 22 nm technology node
[J]. SPIE, 2010, 7636: 76361 M.

(2] &FF, 0 2EH. EUVOLZIFEARIERL]] A4
B, 2011(21): 44, 418.

ZHAN P P, LIU W G. Progress of EUVL technol-
ogy[J]. Science & Technology Information, 2011
(21): 44, 418. (in Chinese)

[3] WU B Q. Next-generation lithography for 22 and 16
nm technology nodes and beyond[J]. Science China
Information Sciences, 2011, 54(5): 959-979.

[4] WANG L H, WANG X K., CHEN B. Study for

M OH ,OH SRmAAEMEEM. mitxy.
Ji - ST VR R AR B R 208 3 T R R
AT A BN B LA w7 A A A

A3 BT E 3R TUAS S5 AT AT AR X T A k4
AR Z T3 T B U T VR EOR S T IR A
WF 5T $ e Vi 6 380 32 0 J7 %, AR T R R A RS
JF A4 1 A% B 5OR  LA RO A Ak AR AR
I TG AR 5 32 200 A 2 TR E U A R v X 3 T 3 A
TR E I JLEAR /N, i LUK I A% Y 4 )
IR E AR AR ZE R A S . HA EUV
Process Technology Research Department F
Motai " 2 A IR % B 5 F &) DL B Ru 2 i
ALY | PR DT S0 TR O 2 A R e B AT
ARSRCRY Rz

Wi EUV J6 2 AR H o, 2 Sk T
2% 22 nm WA KU EEM, i EUV
SEUR T N W B2 15 . 22 )2 RS S S B 3 1D A T
R ™, 3 A 22 2 R S B ) R R T R
SR O AR T o G ZIHLE L IR TAE. A
Rt AR e T Yo f 22 23 B IS S5 5 1) s 3 T ke i
BEAR B A AR 5E S, AR SCERA AN T A SOE bR
EUV £ 2 5 5 5% 2 T i 15 4 19 7535 40 B 3 e
TS W VR B R A T Pk R R AL A O T A AR R
RONARRTIT R EUV £ 2 3 ik 5 Y 78 200
VEHOAR TARR AL IR = .

dual-function EUV multilayer mirror [J]. Optics
& Laser Technology, 2008, 40(3): 571-574.

[5] AF#, FHE, LW, F. 32 nm T LR EING

ZIME AR £ R WE I LT]. & % F 4R, 2013, 33
(10): 1034002.
DU Y CH. LI H L. SHI L N, et al.. Integrated
development of extreme ultraviolet lithography mask
at 32 nm node [J]. Acta Optica Sinica, 2013, 33
(10): 1034002. (in Chinese)

(6] =3, &&K, FA&, F. WIS LY LR
PR H &S RMELI] & F F |, 2015, 35
(3): 0331001.

WANG X. JIN CH SH, LI CH, et al.. Prepara-

tion and characteristic of oxide capping-layer on ex-



2842

ples

T TR

c

525 &

[7]

(8]

[9]

[10]

[11]

[12]

[13]

treme ultraviolet reflective mirrors [J]. Acta Optica
Sinica, 2015, 35(3): 0331001, (in Chinese)
ML E, &K, E&T. F. REREIGIELA
Em 2Rt Ld )] e F |, 2012, 32
(10): 1031002.
ZHUW X, JIN CH SH, KUANG SH Q. et al..
Design and fabrication of the multilayer film of en-
hancing spectral-purity in extreme ultraviolet [ J].
Acta Optica Sinica, 2012, 32(10): 1031002. (in
Chinese)
GONG X P, LU Q P, LU G Q. Establishment of
theoretical model and experimental equipment for
researching on carbon contamination of EUV multi-
layer mirror [J]. SPIE, 2015, 9446 94460W.
STREIN E. ALLRED D. Eliminating carbon con-
tamination on oxidized Si surfaces using a VUV ex-
cimer lamp [J]. Thin Solid Films, 2008, 517(3):
1011-1015.
LIN B J. Making lithography work for the 7-nm
node and beyond in overlay accuracy, resolution,
defect, and cost [J]. Microelectronic Engineer-
ing, 2015, 143: 91-101.
ARE, RKE, AR, F. ARAIRKESET
SiC/Mg #5640 Z B R i il & LT, 5 4
% 1A%, 2009, 17(12): 2946-2951.
ZHU J T, HUANG Q SH, BAI L, etal.. Manu-
facture and measurement of Sic/Mg EUV multi-
layer mirrors in different base pressures [J]. Opt.
Precision Eng. . 2009, 17 (12). 2946-2951.
Chinese)
AL Rk, iz &, FL R RSDLEOER A
Ouh TG P R ALE RO T]. AERF S HAR
F ik, 2013, 33(6): 552-555.
WEI W, ZHANG B, HONG Y ZH, et al.. In-Situ

(in

cleaning of carbon-contaminated optical components in
beam-line of synchrotron radiation light source [J].
Chinese Jouwrnal of Vacuum Science and Technology »
2013, 33(6): 552-555. (in Chinese)

SR, Ak, ERM, F. [FB AT
Vemis Je W BEFE ()] 6 & F4R. 2010, 30(3):
907-910.

ZHOU H J, ZHONG P F, HUO T L, e al..

Cleaning of carbon contamination on Si wafer with ac-

tivated oxygen by synchrotron radiation [J]. Acta

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Optica Sinica, 2010, 30(3): 907-910. (in Chinese)
Bib, IAF, 25, F. FE TGRSR
e ELT]. A=A F B E A F IR, 2009, 29
(6): 704-706.

WEI W, WANG Q P, WANG Y, et al.. Plasma
cleaning of contaminated optical components of
synchrotron radiation beam-line [J]. Chinese Jour-
nal of Vacuum Science and Technology, 2009, 29
(6): 704-706. (in Chinese)

we A, ARE, BUBE, F. RLESHOEE T
BRTS R HE AL A HFEHKE
&, 2000, 20(2): 114-119.

XU XD, ZHOU HJ, HONG Y L, etal.. Clean-
ing of contaminated optics devices by synchrotron
radiation [[J]. Vacuwm Science and Technology
(China), 2000, 20(2): 114-119. (in Chinese)
AR, BBt E, BRI, F.OL¥TERTE
hEE AR E AR R LT L HE TR,
2007, 15(12): 1921-1925.

ZHONG P F, ZHOU HJ, HUO T L, etal.. Re-
search of oxygen activation by synchrotron radia-
tion in optical component cleaning process [ ] ].
Opt. Precision Eng. . 2007, 15(12) . 1921-1925.
(in Chinese)

J B k. RS 2 R O A T M R TS Y B O
(D] kA& PEHFRALER(KELEH
ARG AT . 2014,

LU G Q. Study on Surface Contamination of

EUV Multilayer Optics [D]. Changchun: Gradu-

=
9“&

ate University of Chinese Academy of Sciences,
Changchun Institute of Optics, Fine Mechanics
and Physics, 2014, (in Chinese)

CHEN J Q, LOUIS E, WORMEESTER H, et
al.. Carbon-induced extreme ultraviolet reflec-
tance loss characterized using visible-light ellip-
sometry [ J]. Measurement Science and Technolo-
gy, 2011, 22(10): 105705.

CHENJ Q, LEECJ, LOUIS E, et al.. Charac-
terization of EUV induced carbon films using laser-
generated surface acoustic waves [ J]. Diamond
and Related Materials, 2009, 18(5-8) . 768-771.
BOLLER K, HAELBICHR P, HOGREFE H, et
Investigation of carbon contamination of mir-

al..

ror surfaces exposed to synchrotron radiation [ J].



5113

RO AR AN ZIPL 2 )Z R B R T Bk T e 043 Ut

2843

[21]

(22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Nuclear Instruments and Methods in Physics Re-
search, 1983, 208(1-3) . 273-279.
ROSENBERGR A, MANCINI D C. Deposition of
carbon on gold using synchrotron radiation [ J].
Nuclear Instruments and Methods in Physics Re-
search Section A: Accelerators, Spectromelers,
Detectors and Associated Equipment, 1990, 291
(1-2): 101-106.

KURTR, VAN BEEK M, CROMBEEN C, et
al.. Radiation-induced carbon contamination of
optics [J]. SPIE, 2002, 4688: 702-709.
SHIRAISHIM, YAMAGUCHI T, YAMAZAKI
A, etal.. A simple modeling of carbon contami-
nation on EUV exposure tools based on contami-
nation experiments with synchrotron source [ ] ].
SPIE, 2011, 7969: 79690N.

KYRIAKOU G, DAVIS D J, GRANT R B, et
al.. Electron impact-assisted carbon film growth
on Ru (0001): implications for next-generation
EUV lithography [J]. The Journal of Physical
Chemistry C, 2007, 111(12): 4491-4494.
HOLLENSHEAD], KLEBANOFF L. Modeling
radiation-induced carbon contamination of extreme
ultraviolet optics [J]. Journal of Vacuum Science
& Technology B, 2006, 24(1): 64-82.

I, 24K, Edd, F.OREIOUERT RE
BRUCES Qe AR (] ], 65 4R, 2014, 34
(5): 531001.

WANG X, JIN CH SH, KUANG SH Q. et al..
Simulation model of surface carbon deposition contam-
ination under extreme ultraviolet radiation [J]. Acta
Optica Sinica, 2014, 34(5): 531001. (in Chinese)
BRER, PR, Zks, & WEIDFEITTER
Bk is Je S B @ 7 [T, e % #F R, 2013, 33
(12> 1234001.

LU G Q, LU QP, PENG ZH Q, et al.. Carbon
contamination modeling on extreme ultraviolet op-
tic surfaces [J]. Acta Optica Sinica, 2013, 33
(12): 1234001. (in Chinese)

OESTREICHS., KLEIN R, SCHOLZE F. et al..
Multilayer reflectance during exposure to EUV ra-
diation [J]. SPIE, 2000, 4146 64-71.
KOSTERN, MERTENS B, JANSEN R, et al..

Molecular contamination mitigation in EUVL by

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

environmental control [J]. Microelectronic Engi-
neering, 2002, 61-62: 65-76.

MALYKHIN E M, LOPAEV D V, RAKHIMOV
A T, etal.. Plasma cleaning of multilayer mirrors
in EUV lithography from amorphous carbon con-
taminations [J]. Moscow University Physics Bul-
letin, 2011, 66(2): 184-189.

DOLGOV A, LOPAEV D, RACHIMOVA T, et
al.. Comparison of H; and He carbon cleaning
mechanisms in extreme ultraviolet induced and sur-
face wave discharge plasmas [ J]. Jowrnal of Physics
D: Applied Physicss 2014, 47(6): 065205.
MORGAN C G, NAULLEAU P P, REKAWA S B,
et al.. Removal of surface contamination from EUV
mirrors using low-power downstream plasma cleaning
[J]. SPIE, 2010, 7636: 76361Q.

PELLEGRIN E, SICS I, REYES-HERRERA ],
et al. . Characterization, optimization and surface
physics aspects of in situ plasma mirror cleaning
[J]. Jouwrnal of Synchrotron Radiation, 2014, 21
(2): 300-314.

GONZALEZCUXART M, REYES-HERRERA ],
SICS1, et al.. RF plasma cleaning of optical sur-
faces: a study of cleaning rates on different carbon
allotropes as a function of RF powers and distances
[J]. Applied Surface Science, 2015, 81 (7).
533-536.

HAMAMOTO K, TANAKA Y, WATANABE
T, et al.. Cleaning of extreme ultraviolet lithog-
raphy optics and masks using 13. 5 nm and 172 nm
radiation [JJ. Jowrnal of Vacuum Science &
Technology B, Nanotechnology and Microelec-

tronics: Materials, Processing, Measurement.
and Phenomena, 2005, 23(1) . 247-251.

TAKAGI N, ANAZAWA T, NISHIYAMA I, etal..
Evaluation of the contamination removal capability and
multilayer degradation in various cleaning methods []].
SPIE, 2010, 7823. 782327.

GRAHAM S JR, STEINHAUS C A, CLIFT W M,
et al. . Atomic hydrogen cleaning of EUV multilayer
optics [J]. SPIE, 2003, 5037: 460-469.

CHEN ] Q, LOUIS E, HARMSEN R, etal.. In
situ ellipsometry study of atomic hydrogen etching

of extreme ultraviolet induced carbon layers []].



2844

ples

k% TR

5 25 &

[39]

[40]

Applied Surface Science, 2011, 258(1); 7-12.
NISHIYAMA Y, ANAZAWA T, OIZUMI H, e
al.. Carbon contamination of EUV mask: film char-
acterization, impact on lithographic performance, and
cleaning [J]. SPIE, 2008, 6921: 692116.
OIZUMI H, YAMANASHI H, NISHIYAMA 1,
Contamination removal from EUV multi-

et al. .

layer using atomic hydrogen generated by heated

EER N

o

ROBRA988—) . H L EH AR AL T
1, 2011 5 T 52N R 2= 3-8 % 124
2014 4F 2016 4F T B e K 2 o Sl 4R
L e, FENFAR LS £
JE B 2% T Bk 5 g Ui VR R 1y B 5
E-mail : songyuan_ SHOW@126. com

&

[41]

[42]

catalyzer [J]. SPIE, 2005, 5751; 1147-1154.
MOTAI K, OIZUMI H, MIYAGAKI S, et al..
Atomic hydrogen cleaning of Ru-capped EUV mul-
tilayer mirror [J]. SPIE, 2007, 6517: 65170F.
MOTAI K, OIZUMI H, MIYAGAKI S, et al..
Cleaning technology for EUV multilayer mirror u-
sing atomic hydrogen generated with hot wire [J].

Thin Solid Films, 2008, 516(5): 839-843.

EifEE .

ARBEE964—), 5, BRI R
N STRSE B T A R 00, 1987 4F T ¥ 7L
KEEFAGF A 2E AL, 1990 4E T BB
IRy e AN o SN A L
FAHERASCHFOR T LA AR
M 5T . E-mail: lugipeng@126. com



