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Abstract. This article investigates the photoluminescence characteristics of quantum dots 

embedded in photonic crystal cavities under varying temperature conditions. Utilizing advanced 

spectroscopy techniques, we examined the emission properties of cadmium selenide quantum dots 

in silicone substrates, revealing significant variations in photoluminescence intensity and energy. 

Our empirical methods included controlled temperature modulation and time-resolved 

measurements, resulting in the identification of optimal conditions for enhanced light emission. Key 

findings demonstrate a 25% increase in photoluminescence efficiency at specific temperatures, 

alongside a notable shift in spectral profile. These insights advance our understanding of quantum 

dot behavior in nanostructured environments and offer valuable implications for the design of next-

generation optoelectronic devices. 
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Introduction 

The study of quantum dots has gained momentum in the past two decades, with their 

applications spanning quantum computing, medical imaging, and optoelectronics. Quantum 

dots, semiconductor nanoparticles that exhibit quantum mechanical properties, have 

become pivotal in enhancing the performance of photonic devices. However, understanding 

their interaction with surrounding environments remains a challenge, particularly the 

influence of temperature on their photoluminescence properties. As global energy demands 

rise and the need for efficient light-emitting devices escalates, it is critical to optimize the 

performance of quantum dot-based technologies. In the context of photonic crystal cavities, 



 

 

previous studies have often overlooked the nuanced effects of temperature variations on 

quantum dot emissions. For example, while Smith et al. (2021) explored the temperature 

dependencies of quantum dots, their analysis lacked empirical data on the interaction 

dynamics within photonic structures, leading to a significant literature gap. Furthermore, 

existing research frequently resorts to broad generalizations without addressing specific 

temperature thresholds that could maximize photoluminescence efficiency. This paper aims 

to fill this gap by formulating the following research questions: What is the effect of 

temperature on the photoluminescence of quantum dots in photonic crystal cavities? How 

do varying conditions influence emission characteristics? Our objectives include a detailed 

investigation of temperature-induced variations in photoluminescence and the development 

of optimized conditions for enhanced light emission. The paper is structured as follows: 

After this introduction, we provide a detailed methodological framework, followed by a 

presentation of our results, critical discussions on findings, and concluding remarks. 

This is a preliminary version. To read the full version of the article, please purchase a 

subscription. 

Methodology 

The experimental framework consisted of synthesizing high-quality cadmium selenide 

quantum dots using the hot-injection method. The quantum dots were embedded into 

PMMA to form a composite material, which was then integrated into photonic crystal 

cavities fabricated via electron-beam lithography. The temperature-dependent 

photoluminescence measurements were conducted using a Horiba Scientific LabRAM HR 

Evolution Raman spectrometer (version 2.4) equipped with a continuous-wave laser 

operating at 532 nm. The sample was placed on a temperature-controlled stage (Linkam 

THMS600) allowing precise temperature modulation from 77 K to 300 K. We implemented 

time-resolved photoluminescence measurements using a PicoQuant TimeHarp 260 (version 

2.1), enabling us to extract decay times and assess emission profiles. For data analysis, we 

utilized MATLAB (version R2021b) and Python libraries such as NumPy (version 1.21) 

and Matplotlib (version 3.4) to analyze intensity patterns and spectral shifts. Error analysis 

was conducted using statistical tools within MATLAB to ensure data reliability. The 

analysis included fitting of the photoluminescence decay curves using a multi-exponential 

model to determine lifetimes and quantum efficiencies. The procedural steps included: 1) 

synthesis of quantum dots, 2) photonic cavity fabrication, 3) embedding of quantum dots 

into the cavities, 4) temperature calibration and setup, and 5) systematic data collection at 

defined temperature intervals. The mathematical model applied incorporates the 

Schrödinger equation to describe electron-hole pair dynamics under varying thermal states. 

Results and Discussion 

The findings from our experiments revealed a significant relationship between temperature 

variations and the photoluminescence intensity of quantum dots. Specifically, at 150 K, 

photoluminescence efficiency surged by 25% compared to room temperature. The spectral 



 

 

shifts indicated a redshift, with blue emission becoming more pronounced at lower 

temperatures, suggesting the occurrence of quantum confinement effects. Quantitative 

metrics were derived, including an observed reduction in decay times from 7.5 ns at 300 K 

to 5.2 ns at 150 K, indicating enhanced radiative recombination rates under optimal 

conditions. Statistical analysis yielded a p-value of 0.003, confirming the significance of 

our results. When compared to conventional baseline methods utilized in prior studies, our 

approach demonstrates a substantial improvement in efficiency without compromising 

emission quality. The implications of this research extend beyond theoretical 

understanding, offering practical insights for the design of photonic devices, particularly in 

optimizing temperature settings for quantum dot applications in solid-state lighting and 

laser technologies. Our results advocate for a reevaluation of operational parameters in 

device fabrication, highlighting the importance of thermal management in enhancing 

quantum dot functionalities. 

Conclusions 

In conclusion, this study presents critical insights into the photoluminescence behavior of 

quantum dots within photonic crystal cavities under varying temperature conditions. The 

research demonstrates that by carefully optimizing these parameters, significant gains in 

efficiency and emission quality can be achieved, contributing to advancements in 

optoelectronic device design. Future research should focus on exploring the long-term 

stability of quantum dots under different environmental factors, as well as the implications 

of these findings on commercial applications within the semiconductor industry. 
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