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Abstract Extreme ultraviolet (XUV) comb is a newly developed coherent laser source in the extreme ultraviolet
region. It has numerous applications not only in the field of precision spectroscopic measurement but also in strong
field physics. The out-coupling methods for XUV comb are extremely crucial in building an XUV comb as they
determine the out-coupling efficiency, light intensity, and spectral range of the comb. Based on a home-build XUV
comb system, we use the Brewster plate and the self-designed micro-nano grating to out-couple the generated XUV
light. With both methods, we can obtain harmonics with a power of microwatt level. Comparing the two methods,
we can obtain higher harmonic power and better spatial structure with the micro-nano grating method, while it is
easier to obtain, install, clean, and replace the Brewster plates. However, as a transmitting optical element, it
introduces nonlinear effects and thus hinders the performance of the XUV comb setup. Our study provides
important information for building an XUV comb setup with outstanding performance.

Key words extreme ultraviolet; extreme ultraviolet comb; out-coupling method; Brewster plate; micro-nano grating

Wi B H: 2022-02-21; B BHY. 2022-03-30; A BHA: 2022-04-15
HEWB: ERHRFH#I4 (U21A20435)

BEIE1EE : "hualg@wipm. ac. cn; *xjliu@ wipm. ac. cn

1134015-1



E a2 % %11 H1/2022 £ 6 B/FEER

1 5 H

21 gt Wy Bh2E ZATT 3 B XK A OGRS B
O 0 23 R A U0 0 46 O R R A TR B L T IR S
BT RS R AR AR O L TE Ok 3% A
ZE 2R T8RRI 5 A TR] LUK S AR Sy — b o B 10K 2%
W T )3z B T 45 A G0k, A v kS R O DR
A BEAR W UE RO L 5] I AR A R T
PR OfE Ol O B B R A R (> 20 5 X
107 Hz) (3 B AR 24 (XUV) 232 4 % A AR
P HEAE T — 20 2 JF T B 55 AU B Y R 8 0 S i
FHLUnJFJ He' A Li 45 /0 Bl 1 B 1 (O RS %5 1 1) 2t
DASE B T L B 7 2R B B RS AR I
A% HiL A 2 A2 A0 A S5 A gy T B OR
T3 Th ShERaE gL R e e R T
B,

H AT A 58 A AL Y S AR 2 £ FH 3 4k 1 4R
i W IR DEE R AW il QUL Y R SRR N
AHE A FH 7 A= 08 o U8 R S A I R DA I 21 A1 I8 B
AL BIM S AN B . S SEERAR A AR R U D A
JT T B WAL DY 5 3 T R K RD IO S PR B 5
i ok i — 2 52 DY B R A R B SO R L R IR Bl
BRI DR IOR . 78 L 4R 385 9 B 5 ™ 2B 19 R U D
5t R SR s e i LR AL R L DA LR 1 i
PN A 55 A0 B v SR 5 R S I e R A 55 AN
BB E AT,

R RE SR EEERR A O s B T AR
BNVRIE T ARG5S 0 el Rk A Oy
R {6 A A 00 A S R A L Bk Y,
SRR AR T e REOIR h0'  A 7 R A T )
BT DA IR 0K 3l 0 23 o0 A i . {H TR R
T XA S EE I AN X N A A R A D, A
S U A R U U 2 AT AT B R v B U . Gohle
LR FH U S A R R R A B R A e
MATRA 1 mm B0 5 A8 R DAY AN 60, 4°
R, WAy 800 nm 1Y p I 4 4K 2 06 7E 3% 3K T A
KA TR R T 30~80 nm % B FY = UK
BEAT 25 100 0 S 98 2. Bl LAt 45 FoRS 5 i b
Jr QB L A S R A
SEMARA kY INFL I B A s AR
CEHR A B R SR X 7 R AR R i A
Hansch /N A /LS SR A S b i S8 8 T B
BRI (29 12 nm) R SR AMEHR RS G i il s Ye
ANALR AR SR G b ik, SE L T B AT R R S

K 58 A ERR (~600 pW@97 nm) FFE A4 . X
BE T AR R A e A s O & O s L B T
WSS RESR AL T RIFATT R .

A SC o3 53 A A A R AT ARG BT R R R
D e 52 B AR 56 A1 Ot Mt Y AR A L oE o
1 25 SR HE AT HE A, o0 A A AR 7 9 R R 5 A Ol R Y
FES A N AR . B Sl B L
LT 5 A A R 0 e R A A R BT B 2
G B RE A Hh AR . DL O SR RL L 7R SE R By
01 FH P o 75 3 R AT AR5 A OGRS A L R L
SR BT T Rl D5 35 A B PO i 45 R OF B
P 7 1 4% FR D 3 3 O 5 A RE G S o B 5
SR R GRS

2 A RCR R ENE TR

2.1 #WfEEER
ol R A A A i e b i e B S i T 25
L e TN U E RN A g N i RS TR
R, p IR A GG 5T
tan(z, —1i,)
df:zggHZquj;;S’
A, I A G SIS M. i M EKEDE
TEIZAE B L B A7 5 307 5 £ L i 2
tan iy =n,/n, (2)
Kreon, on, 200 R 3R OGTE B2 T 56 R R 4
SERGCHITE MWL i i = /2, EHIERE KA
S56°4 p i Ik B IR A A S Re F S X R A
B8 S A A8 0 T A i 4 A O I B A — i 1Y
S, R B B R0 M e SR SO IR B
WACR . TERCESNEH R G A il WA R R &
BETE RAPSLAR IS YIS, DR S SR JRE B2 98 (~ 0. 2 mm)
L7 THTHELRS 4 (3 TRHLRE S R s <<5 A HURT
A A RE 5 A A A A D OB R | iR
IR, 25 JE A28 AP B (10 ~ 120 nm) A
R 5 i 1 28 L S W A A A TR A A A R
WE 1 R, S ASEHAK S 1038 nm, A S8 i
T A A A TR 60, 2°F . 30~80 nm P BEAY
W2 EA 10 %0 25 Y S48
2.2 st
TG o5 — B AT DL RO A A € A1
BAER R . A AN O IR 1 98 B — E 4 B
BERT BTG 42 R 5 T B B — o 1R G
o P, X e A B e E T REMEOL IR
$8 i R ) 1 o A BORIAR SR AL IR A RO . X

@)

1134015-2



FHIE IR 3L

20

156

10|

Out-coupling efficiency /%

00 40 80 120
Wavelength /nm
Bl 1 BRSNS AL O, AR IR L R A i sk
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Fig. 2 Diagram of extreme ultraviolet grating structure and its out-coupling efficiency. (a) Diagram of extreme ultraviolet

grating structure; (b) out-coupling efficiency
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Fig. 3 Experimental scheme and results with Brewster plate for XUV light out-coupling. (a) Experimental device with

Brewster plate for for XUV light out-coupling; (b) image of high-order harmonics fluorescing on a plate coated with

sodium salicylate; (c¢) power of harmonics
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Fig. 4 Experimental scheme and results with nano-grating for XUV light out-coupling. (a) Experimental scheme with

nano-grating for out-coupling; (b) image of high-order harmonics fluorescing on a plate coated with sodium

salicylate; (c¢) power of harmonics
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