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TECHNICAL ABSTRACT   
An inexpensive, near-room-temperature, multi-spectral infrared (IR) photodetector is desirable for IR imaging and 

gas sensors. Semiconductor nanoparticles, or colloidal quantum dots (CQDs), are positioned to enable such technology 
due to the three-dimensional quantum confinement of the active region. In addition, CQDs benefit from: i) the ability to 
conduct size-filtering, leading to highly-uniform ensembles, ii) a spherical shape that simplifies calculations for device 
modeling and design, and iii) greater selection of active region materials because strain considerations that dominate the 
growth of epitaxial quantum dots are eliminated.  CQDs are typically coated with short, organic molecules to prevent 
aggregation in solution. Hybrid nanocomposite thin films comprising CQDs embedded in an organic conducting 
polymer have demonstrated room-temperature infrared photodetection. In analogy to the InAs/GaAs quantum dot 
infrared photodetector (QDIP), this work presents a unique approach to achieve unipolar, intraband transitions 
appropriate for room-temperature, mid- and long-wave-IR photodetection using hybrid nanocomposites. A conducting 
polymer with a large energy gap serves as the CQD matrix material in order to enhance quantum confinement and 
electron localization in CQD confined energy levels.   

The CdSe CQD/MEH-CN-PPV polymer hybrid nanocomposite material system has been investigated for 
application to intraband, IR photodetection, and this work will be reviewed1, 2.  Mid-infrared absorbance spectra 
corresponding to calculated intraband transition energies were observed in these hybrid nanocomposites when thin films 
were drop-cast on GaAs substrates.  Varying the GaAs substrate doping properties yielded a wide range of measured 
intraband, IR absorbance spectra. The observed intraband absorbance was compared to calculated infrared, intraband 
absorption coefficients and demonstrated good agreement.  The impact of surface ligand material and CQD size were 
also ascertained using the calculated intraband absorption coefficient spectra.  Infrared photodetector characterization of 
hybrid nanocomposite devices demonstrated a mid-IR spectral response that corresponded well with the measured IR 
absorbance and the calculated intraband absorption coefficient peak.  These initial results indicate there is some promise 
for hybrid nanocomposite IR photodetectors; yet significant challenges remain, especially with respect to collecting the 
electron photocurrent. 
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