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Design and Implementation of an lllumination Optical System for a
Xenon Arc Light Source with High Uniformity

Ezt & 5o, HolE', &EE, o[, o|FE"

Tran Duc Hieu', Yeojun Park', Jong-Hun Park', Woojeong Lee', and Joohyung Lee'*

1 M2atsty |ethstn 7 [AAARIC| XIS st (Department of Mechanical System and Design Engineering, Seoul National University of Science and Technology)
# Corresponding Author / E-mail: JLee@seoultech.ac.kr TEL: +82-2-970-6343
ORCID: 0000-0003-3219-878X

KEYWORDS: Xenon arc source (K= 2+d), lllumination optical system (ZRH2+SHA|), Uniformity (2 &=), Homogenizer (SH&EX|)

We present a xenon arc source-based illumination system designed to achieve high spatial uniformity and efficient light
collection across a wide spectral range. The proposed optical system comprised an ellipsoid reflector, diffuser, motorized
iris, and collimation lens to optimize beam homogenization. Non-sequential ray-tracing simulations were performed to
evaluate angular irradiation distributions of various diffusers and the overall beam profile uniformity. The system was
experimentally implemented using a fused silica holographic diffuser optimized for high-power operation, with a motorized
iris enabling precise control of light intensity. The resulting beam profile exhibited a well-defined flat-top shape, with a beam
uniformity of approximately 95% evaluated according to the ISO 13694 standard. The developed illumination system
demonstrated its ability to produce highly uniform illumination, suitable for various optical applications including
spectroscopy, precision measurement, and optical imaging.
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Fig. 1 Xenon light source and reflector configurations for high
throughput illumination (a) Paraboloid reflector for
generating a collimated beam, (b) Ellipsoid reflector for
generating a focused beam, and (c) Donut-shaped beam
profile resulting from the central aperture and structural
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Fig. 2 Schematic diagram of a homogenized illumination optical
system using an ellipsoid reflector. Light emitted from the
xenon arc source is collected and directed by the ellipsoid
reflector toward a diffuser, which randomizes the ray
directions. The iris diaphragm controls the aperture size, and
the collimating lens transforms the diverging rays into a
uniform beam at the observe plane
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Fig. 3 Simulation results of the Xe source illumination system (a)
Angular irradiation distribution of various diffusers, with
surface roughness optimized to achieve results equivalent to
the specifications of commercial products, (b) Ray-tracing of
the illumination system performed using the non-sequential
mode of the ray-tracing tool, and (c) Beam profile obtained
by the simulation detector, demonstrating a clear flat-top
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Fig. 4 Experimental setup of the Xe source illumination system.
The Xe source is assembled with an ellipsoid reflector, and
the emitted light passes through a diffuser before entering the
iris. The iris, which is used for controlling the light intensity,
is motor-driven to allow external adjustment. After passing
through the second focal point, the light is directed through a
lens barrel for collimation, resulting in a homogenized beam
profile
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Fig. 5 Experimental results of beam profile (a) Beam profile, and
(b) Flat-top cross-section of the collimated beam
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