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Fig. 1. The experiment setup of 6.7 nm light source based on laser-produced Gd plasma.
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Fig. 2. EUV spectra from laser-produced Gd plasma
at laser intensity of 5.1 x 101t W/cm?.
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Fig. 3. EUV emission from laser-produced Gd plasma
as a function of the laser intensity. (Each spectral line

corresponding 10 laser shots).

SIS v 5% B (1) B A T RO D) R AR
BN I ARER 1 St R B s () IR R G . 2T Gd
HBOLEB TGS EAE R GdMT K& Gd?3T
)& T R AR S S F 75 6.5 nm 2 7.5 nm Y5
W Pl B ORI DR 4R s, 28 TR i
e, STt E T Gall T EE R AL
W2, N, FEIZ 0 BB AR A 5. R, £EO6
Tl e B AR B TUTRE A E T AR Gd BT A S
FRRICEEIEN), b A BRSO R IE ). 5
— 7T, M EEEOG I E D) 2% KT 6.4 x 101
W/em? i, 5250 H O Z2 201 7.0 nm PV K% 85
B85 HT #EOG D 2885 FE R0 R T PR o 1 a8 1) B
W2 T 55 5 AR H I 2 8 S B B R
T — M OLT &, A5 B AR R s R T
2 S EOCUE R R B R, SR, 7E Gd B
(47 L T, FRATT R 22 3] 1) 72 Bl A5 B0 T 2% FE 3
1£6.4 x 101 W/cm? UG 4k n, Gd'8+ & 11F
7.14 nm &b FL R 2 1 I e A 2B B OK T GAlTr
B HARZ 6.76 nm TG AL WAL U, SRk gE R
T UIEAE WO T R % (55 TR IR ) 142
1, Gd 55 B R OGS o KU R 40 3 R R ABOK.
Churilov 5 [ BE & TH 5 45 5 0] FH R g R 3 A1T WL

ZLF| IR IS, Churilov £ FE i i1 5 # B (121
Gd &5 7R i b o A XA R VE, & T/
WA GAMT T, FE R I O UK 18] R IR T 1R
gl (258 TR B I 28 GA' T 2 5, B
R LT EOCG I, S R SR R AT A 1 T 1)
Ba). i, HBOIEE R E 6.4 x 101
W/em? DL BB, GA'8F (3LHREE 7.14 nm FI34 584
G By LR 28 6.76 nm (1934 5l 52 k. R Uk,
JIT WL 5% 21| (1) B8 25 0T D) 2% FE R R 2R 38 T, Gd 5%
B A6 b K R B SR 2 N K S Chwrilov
SRR R R BN, Rk, Suzuki HAE K
WER 2 TR 284 (Large helical device) 722 1) Gd
SEB AR AR SR AN B L RS T S 3RAT
KA LI 45 K. A 18 = Gd B TR B
TS, I Gd 55 51 RS 61 o 7.0 nm ik
M I R 23 5 B A 3 T AR R kg n O PRk, 3R
AIIHE GA OGS B 7R S5 T 3RA3 19 6.7 nm A1 7.0
nm P T (9 56 1 5 i 55 B A FL IR AR A )
5 Suzuki 55K F T80 55 B 1A i 3145 1) S e &5
e L/

1 20 IS FRATT 52 56 e SR A5 B AEAS R BOG T 2
AT TOGIE S BRI, ESG T BOL D) R L
R, BANBOL D) 3% R AT LI 7E 6.8—6.9
nm A XIRA S H I T BOS I R, et
WAL T Gd 55 B84 v 5 569 iy 1) R X3, 1]
Bea HE 30 DR TR 2 G 4 BE N D WO S5 B 1A 2
6 R, AR B B B R GE . e i,
H R e B0 MR AL T Gd &5 B8 1 R 28 D6 1
(6.7—7.8 nm P AC) MR X IR Rk, SL50 e ]
S L5 B B O Th He % FEAR S (55 B T AR BE 1
B S v AR 43 AT [ LI 7 A1 RS BRI R

X IEANSHEOGITRE R4 T, AT T 5300
NS5 % 45° LA S 90° (RE A5 ST, RBP4 -F153%
FIESOERE R FE = % 1 H L) I J5 17 LA & 4k
R AT ) BT e, LS R AN 4 s, AT A AT A,
W VR A B T 7 1) A5 PR AR R A R 5 i BN SRR
DGR 45° FIl & 7 ) B AR B A 4 A LU AL, TR
FEA —ERIRSS, JOHRZALE 7—9 nm BI85 5
B, HJRF W 10 ns BO6 Bk BT 0% 5 7
P 2 JE Yy (8 =200 36 B T 7 b ) BT AR )
MR A IR B TV 2 i 45° #1177 1) E 1 L 55 1)
JR R S AR Gd B 70 ik B WS/ E FHAA 8. i
TG AR AL ' ik = TR 23 A g v X3 s i

235202-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 23 (2015) 235202

F XA T, BRIk, 7R 4TI b P ] A i 1 1A
(¥ Sl DX 370 A 3 B 2 AR Gd B 1. A AT
25 R AR W] GA MR 7 HL B RGP PRSI, HLAE
7—9 nm KB A A B BRI AL IR, LR
T s JL A Mb P12 R, 7 TR U7 1) B
AR 15 7 0 2% BO RSO R AE %77 1) LU 8%
BRI (/N Sl 5 B Z R AL

1.0
— 45°

0.8 90
3
‘g
06
e
o
3
=
= 04
pal

0.2

0 1
5 6 7 8 9 10 11
K /nm

B4 S5HE0CNH 7185 05 45°, 90° J7 RIS A 1
Fig. 4. EUV emission comparison at the collection an-
gles of 45° and 90° with respect to the direction of laser

incidence.
FEXF Gd HEHOGEE B TR AR S S G Ha S A 5
LA b, BE— BT 106 A Gd & B TR

1.0
— 0T
0.8F — 09T
wn
h=1
£ os6f
el
—
L L
w04
=
0.2F
0 . ! i I v ! N
0 4 8 12 16 20 24 28 32
B /s
1.0
— 0T
0.8F — 09T
o
=
=]
% 06}
e
=
<
~
W 04r
=
- ;ELFj{ijjtjjjfnh-‘-.n---—_;
0 1 1 1 1 i T

0 4 8 12
i8] /ps

ui
16 20 24 28 32

B TR AR 5 AR AT DL ROR AN IR 3 R S TR
JE B2 ) SR 7T, P 5 45 T A Bk b ok oh
WA 5.1 x 101 W /em?, B354 58 0 T Al
0.9 T AT, SHLHELZ K 10°, 25°, 40° F155° J5
)b 43 ) TBCEL PR 36 AR B R 21 1) Gd B 1 /AT
(A RE. A5 (RN AT LA H, &N A
PR AR BT S S 2 P A Rk,
HH (10 2 e (RPTAE X RT B TR)hE f TUAN R B Aor
B 2 Gd FEHOL S B 74 B & b g
TS, HAZ FREMREE BB ER N Gd
BT Z . XTI, KL ]
Fr 5 BRI ) AT I TR 5 5 R R L T A X 55 1
PR U X R T SR P S AR BT R ) R
G 55 1 P VR 55 P IR 77 A 0 5' H 80 T 5
ZrE 5GdEFES LR HES I, £
B HIMINHEIA W AT, 755 SRR LR A 10° (1977 1]
AT A ) R R U (R R D B R AR R, R 41N
2.48 ps, ZUE(EALE P N B T B BEN 2.6 keV.
BI5 g RRY, Gd OGS B 1A IR s
128 T~ H i B A 5 TR VR 28 T 1) 1) I o 388 K A

1.0
—— 0T
0.8 F — 09T
wn
h=1
Z 06
3
-
< 0af
= O
bl
0.2F
0 L L n T T T T
0 4 8 12 16 20 24 28 32
Bif1E) /s
1.0
— 0T
0.8 — 09T
wn
=t
2 06f
Q
2
[
~
W 04f
ol
N __&
0 1 1 I T

16 20 24 28 32
8] /s

0 4 8 12

5 TERHBSHMWEAEZN 0.9 T WU, SR 2 A K 10°25°40°55° 77 16 Gd B 1 CAT I 1] i
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Abstract

Extreme ultraviolet (EUV) lithography at A = 6.7 nm is a challenging subject for next generation semiconductor
lithography beyond 13.5 nm. The availability of strong radiation at the operating wavelength and low-debris of the
plasma source are the two most important aspects for the development of laser-produced Gd plasma source at 6.7 nm. In
this paper, experimental research on the extreme ultraviolet source based on the laser-produced Gd plasma is performed.
Strong radiation near 6.7 nm from the source has been obtained, which is attributed to the n = 4-n = 4 transitions in
Gd ions that overlap to yield an intense unresolved transition array (UTA). Dependence of spectral variation near the
strong emission region of Gd plasma on the incident laser power density and detection angles is given. It is found that
the intensity of EUV radiation around 6.7 nm is increased with increasing laser power density, and the emission peak
around 7.1 nm increases faster than that of emission peak around 6.7 nm after the laser intensity reaching 6.4 x 10!
W/ cm?, which is ascribed to the unique spectroscopic behavior of Gd ions. In addition, the energy of the ion debris from
laser-produced Gd plasma source as well as the angular distribution of the ion yield off the target normal are measured
with Faraday cup. Results show that the ion energy corresponding to the peak position of Gd ion energy distribution is
about 2.6 keV at 10° off the target normal, and the yield of Gd ions decreases with the increase of the angle from the
target normal. Furthermore, the stopping ability of an ambient magnetic field for ion debris from laser Gd plasma source
is evaluated, and the result shows that the energetic Gd ion can be effectively mitigated by applying a 0.9 T magnetic
field.

Keywords: extreme ultraviolet lithography, extreme ultraviolet light source, laser-produced Gd plasma,

ion debris
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