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Abstract

Near-infrared (NIR) detectors using upconversion materials are a promising technology for various
applications, including imaging, sensing, and communication. Upconversion materials are typically
used to convert longer-wavelength NIR photons into shorter-wavelength visible or ultraviolet photons,
which can be easily detected using conventional photodetectors like silicon-based photodiodes. This
upconversion process allows for the efficient detection of NIR light, which is otherwise challenging
to detect directly with traditional detectors. This process involves the lanthanide-doped crystals or
nanoparticles that can absorb multiple low-energy NIR photons and combine their energy to emit a
single higher-energy photon in the visible or ultraviolet range. This process is often called anti-Stokes
or upconversion luminescence. When NIR light (typically in the range of 700 nm to 1700 nm) is
incident on the upconversion material, it is absorbed by the lanthanide dopants. The energy from
multiple absorbed NIR photons is combined to promote an electron to a higher energy level.The excited
electron eventually relaxes to its ground state by emitting a higher-energy photon in the visible or
ultraviolet range. The emitted photon is then detected using a conventional photodetector.

Upconversion Material Synthesis and Analysis: This dissertation focuses on the synthesis of up-
conversion material, NaYF4:Yb, Er, Gd through thermal decomposition method for retrofitting its thin
layer on Si-based detectors. The study establishes the optimal annealing conditions for this important
photonic material for potential detectors. The material is synthesized at 320°C to obtain the nearly
pure hexagonal phase of the host material as it is known to have 10 times more photoluminescence
efficiency than its cubic counterpart. However the study corelates the synthesized thin film with three
annealed films (400°C, 500°C, 600°C) for proper analysis of X-ray diffraction, TEM, absorption, PL
and its calorimetric shifts etc. Interestingly, with a change in annealing temperature, a calorimetric shift
is observed in upconverted emission from green (539 nm) to yellow (655 nm), to red (675 nm). The
complete phase transformation from hexagonal to cubic is also seen with morphological changes and
commensurate rise in photoluminescence efficiency.

Deposition Methods for Thin Films: The research then shifts to the development of deposition
techniques for upconversion materials, leading to the formation of blended thin films that can be
integrated with photodetectors.

Measurement and Analysis of Retrofits: In this study, we have presented our findings on the
advancement of a process and signal optimized polymer-inorganic hybrid upconversion thin film on
glass (UTFG) technology. The objective of this technology is to enhance near-infrared (NIR) detection
by utilizing a conventional silicon-based detector. The upconversion nanoparticles (UCNPs) films are
tested by stacking the film on commercial Newport (918D-UV-OD3) detector. When compared to a
control device made with dielectrically equivalent but upconversion-inert silica nanoparticles, the UCNP
device shows a 9.12 % increase in photocurrent. Qur measurements of photocurrent showed a 21.16
% increase using a low-cost commercial silicon detector that cost less than five dollars. The materials
were tested with a single excitation source, 980 nm in near-infrared, but given the usage of a low-cost
detector and a simple glass filter, this platform can be further expanded with adjustments in UCNP
chemistry for different wavelengths in the NIR range.

Alongside, silicon-based pin didoes are fabricated using a simplified process with UCNP thin films.
We have developed an upconversion detector in which the thin film of a blend of an upconversion
material/ polymer on glass is combined with the fabricated silicon-based pin diodes to enhance NIR
detection. The marginal cost of upconversion-based silicon detectors in this study is around ~ USD 7
compared to existing infrared detectors costing USD 25. The responsivity of the fabricated pin diodes



is found to be maximum at ~ 980 nm wavelength using multiple light sources starting from ultraviolet

emitting LED to near infrared source.

In summary, this dissertation covers the synthesis of upconversion nanoparticles (UCNPs), their
characterization, film formation on glass, retrofitting the UCNP layer onto two commercial devices, and
the fabrication of pin diodes, along with the optical and electrical results.
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