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Material characterization for highly-efficient beam splitter to separate XUV high-order harmonics

Vg Fedt (M2)

Yosuke Kojima

Abstract

In this report, we conducted material survey for
fundamental (FU) laser — high-order harmonics
(HH) beam splitter (BS) for high-average-power
operation. We chose three transparent materials
— crystalline SiC, diamond, and rutile — using
data base and evaluated these materials as the
BS. We concluded that crystalline SiC is the
most promising candidate because of a high
reflectivity for XUV light as well as an ignorable
thermal distortion, while the surface flatness of

a crystalline SiC plate should be improved.
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Estimation of thermal deformation. (a) Overview of the displacement distribution. The

amount of the expansion at the center of the plate when varying (b) average power, (c) beam radius,

and (d) repetition rate of the laser irradiation.
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surface figure of sample BS plates.

Experimental setup for inspecting
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Fig. 3
sample BS plates. (a) Si. (b) Amorphous SiC. The

evaluation of surface distortion is made in a ¢ 15

Thermal surface distortion of opaque

mm aperture.
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Fig. 4
HH BS. (a) Crystalline SiC. (b) Diamond. (c)

Rutile. A conventional BS material of amorphous

Transparent materials as candidates for

SiC is also shown in panel (d) for comparison.
The units are all in centimeters throughout the

figure.

Table 1

HH BS candidate materials compared with

Summary of physical properties of the

conventional opaque materials. n indicates the
index of refraction at 800 nm[7] and k indicates

the thermal conductivity.[8]

Material n k [W/mK] Dimensions Manufacturer
Crystalline 2.6 490 #50.8x0.3 mm CREE
SiC (cut to 1/4)
Diamond 2.4 2600 10x5x0.4 Diamond
mm Materials
Rutile 2.8 8.8 15%8x7.5 mm Furuuchi
Chemical
Si 41 149 35%20x5 mm NEXSYS
Amorphous 2.6 360 25%25x5 mm NEXSYS
SiC

L7zBAMEHI W TS 2 & TR E T
REBRERE 5> TUWND,

4. BERDOF \OMER L EREOHIE
Fig. 2 OFEEt® > N7 v 7% HW ClRBRIZEVE
TEORE Z1T > Tc, T ORGSR, Fig. 5 1T~ T X 91T,
10 W FRIRIEC & B & MICEETE 72 LT & 5 &
5 RIS I27» o T, D ST 3R F P LT



(a) Silicon carbide (crystal)

N
c
c

[uv] voeineg

0
o

12 10\’3 8 4 s el
(mm) o ? «mml

(b) Diamond

[wy] vojeinsg

4 3 4

Ya[z 1 1 2
mmy ' T fmm]

(c) Rutile

200

[uw] vojeineg

o
=]

s}

7
8 s 5 6 7

5 4
Yimm?® ' o " % fmm]

Fig. 5 Thermal surface distortion of
transparent sample plate. (a) crystalline SiC. (b)

diamond. (c) rutile.
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Fig. 6  Surface flatness of transparent sample
BS plates. (a) Crystalline SiC. (b) Diamond. (c)
Rutile. The evaluations of surface flatness of
each sample in peak-to-valley (PV) and root
mean square (rms) are shown in an apertured
area with a false color image. The diameter of
the aperture is determined by the dimensions of
the surface of the sample BS plates in each

panel.
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Fig. 7 Schematic of the experimental setup. The high-harmonic (HH) beam with the intense FU
beam coming from the upper left-hand side is reflected with an amorphous SiC beam splitter (BS)
mirror, and sent into a sample BS chamber. The spectra of the HH beam reflected from the sample BS

pair or directly going to the XUV spectrograph is recorded with an X-ray CCD camera.
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Fig. 10 Measured reflectance of the sample BS
plates for the FU beam. (a) Dependence to the
angle. (b)

polarization angle. (c) Dependence to the c-axis

incident Dependence to the
orientation for the rutile sample plate. The offset
angles of these figures are all set to the angle of
minimum reflectance (Brewster angle) for each

sample plate.
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