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Abstract

The generation, characterization, and application of non-classical states of light is funda-
mental to state-of-the-art quantum communication and sensing technologies. This thesis
focuses on the development and performance optimization of fiber-integrated, periodically
poled lithium niobate (ppLN) ridge-waveguide-based quantum light sources tailored for
both discrete-variable (DV) and continuous-variable (CV) applications. These sources
are intended for real-time implementation in secure quantum communication and sens-
ing systems. All sources developed in this work are realized using single pass sponta-
neous parametric down-conversion (SPDC) in magnesium-oxide-doped periodically poled
lithium niobate (MgO:ppLN) ridge waveguides. We first systematically explore type-1I
quasi-phase-matched MgO:ppLN waveguide for DV characterization, enabling the gener-
ation of narrowband, spectral and polarization-correlated biphotons at 1560 nm with high
spectral brightness (~ 5 x 10% pairs/s/mW /nm), coincidence-to-accidental ratio (~ 427)
and comparatively narrow emission bandwidth (~ 2.4 nm) along with strong spectral cor-
relations revealed by joint spectral intensity measurements. Since type-11 SPDC generates
orthogonally polarized photons, temporal distinguishability may arise due to anisotropy
and fiber-integration of the source. Hence, subsequent investigations address how de-
tection system parameters, including single-photon detector quantum efficiency, dead
time, and time-correlator bin width impact the measured photon statistics and temporal
quantum correlations. while introducing birefringence compensation. Analytical mod-
eling and experimental validation demonstrate that optimized detection conditions can

(2)

yield exceptionally high temporal cross-correlations (g,; (0) ~ 10%) and near-unity raw
Hong-Ou-Mandel interference visibilities (~ 99 + 1%), demonstrating the intrinsic indis-
tinguishability and quality of the generated photon pairs. Building on this foundation, we
further present the realization of a robust, fiber-integrated polarization-entangled photon-
pair source. One highlight of this thesis is that using the same system and setup, this
source is capable of generating both bosonic ([¢)*)) and fermionic (]1)~)) Bell states. This
is achieved by controlling the phase symmetry between the two arms after splitting the
photon pairs, rendering the source switchable between the two states. The generated en-
tangled states exhibit high raw concurrence (> 92%), raw fidelity (> 95%), and low QBER
(< 3%), with strong violation of the CHSH inequality (S > 2.65), confirming their poten-
tial for secure quantum key distribution and quantum networking. We further extend the

scope of this thesis to the generation and characterization of quantum squeezed states in



the telecom C-band using a fully guided MgO:ppLN waveguide-based source presenting
the first indigenous waveguide squeezer at telecom wavelengths. Theoretical analyses of
balanced homodyne detection (BHD) circuits are performed for two configurations- a cur-
rent subtraction design with a differential fine tuning circuit and adjustable bias voltage,
and a variable gain design with an additional differential amplifier. This enables a study
of the best configuration for enhanced transimpedance gain, high bandwidth and low
electronic noise, which can thereby be employed for improving squeezed-state detection
sensitivity. Utilizing this BHD circuit, an operational study of fully-guided single-mode
squeezing in the telecom C-band is done using a Zn-indiffused MgO:ppLN ridge waveguide
(using type-0 SPDC), achieving —1.81 4+ 0.05 dB of measured squeezing (corresponding
to —4.11 + 0.05 dB of generated squeezing), notably using off-the-shelf components. The
quantum utility of the source under real-time noise constraints is investigated and quan-
tified through a computation of the purity, Von-Neumann entropy and quantum Fisher
information, showing enhancement in phase sensing. Additionally, entanglement poten-
tial, Duan’s inseparability criterion and quantum teleportation fidelity are also computed.
All these parameters, establish quantitative benchmarks for evaluating the performance
of such guided-wave sources. Overall, this work demonstrates fiber-integrated waveguide-
based sources as compact, stable, and scalable building blocks capable for quantum com-

munication, metrology, and sensing applications in practical telecom environments for

both DV and CV classifications.
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