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Abstract: In this study, we designed and constructed a cost-effective electro-optic phase modulator (EOM) capable
of generating a high modulation index and multiple sidebands without requiring an expensive, high-power RF amplifier
by employing an RLC resonance condition, and evaluated its electrical and optical properties. At the resonance frequency
of 2m x 5 MHz, the electrical quality factor (Q) of the phase modulator was measured to be 24. Through analysis
using a Fabry-Pérot cavity, we demonstrated that a maximum phase modulation index of 6.8 could be achieved with
a low input voltage amplitude of only 12 V. Furthermore, the constructed EOM was applied to modulation transfer

*Corresponding Author: Jai-Min Choi All the content in Journal of Science & Science Education(JSSE) is Oper}
Phone: +82-(0)63-270-2777 T Accegs, ‘meaning it is acceSSIb}e 01’1]11’}6 to everyone, without fee and authors
On?' o i permission. All JSSE content is published and distributed under the terms of
E-mail: jaiminchoi@jbnu.ac.kr the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/). Under this
license, the authors retain full ownership of their work, while permitting anyone to use, distrib-
ute, and reproduce the content in any medium, as long as the original authors and source are
cited. For any reuse, redistribution, or reproduction of a work, users must clarify the license
terms under which the work was produced.

-117 -



118

Sl
b
Y
2
(2

spectroscopy (MTS) to systematically investigate the line shape variations of the MTS signal across a wide range of

modulation indices. Our experimental results confirm that the slope of the frequency error signal is maximized near

the modulation index of = 4.4, independent of the pump beam intensity. The EOM construction and MTS signal

optimization procedures presented in this study are expected to serve as a valuable educational and practical model

for establishing low-cost, high-precision laser frequency stabilization systems in university-level modemn physics and

advanced optics laboratories with limited budgets.

Keywords: Resonant Phase Modulator, Modulation Transfer Spectroscopy, Modulation Index
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Fig. 1. Home-built phase modulator. (a) Simplified diagram
of EOM resonant circuit. T: transformer, L: inductor. C:
capacitor formed by the two electrodes of LiTaO3 crystal, R:
effective resistor. (b) Photograph of the home-built phase
modulator, T: Transformer, Crystal: anti-reflection coated 3
3 40 mm LiTaO3, PCB: printed-circuit board for mounting
electric components, CP: copper plate, TEC: thermo-electric
cooler. (c) Voltage across the LiTaO3 crystal as a function of
frequency.
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Fig. 2. Sidebands generation using the home-built phase
modulator. (a) Fabry-Pérot transmission spectra with the different
primary input voltages: Vﬁr,maw =32V, Vg,ima,y =64V,
V;imary =128V with the modulation frequency w, =
271 x5.033 MHz . (b) Calibration of the modulation index.
The inset results from the nonlinear fitting of the modulation
index dependence on the primary input voltage using the
fitting function: B(V) = Lra(1 —ew‘”') where [y, = 13.2
and Vy, = 16.7 V.
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