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TECHNICAL ABSTRACT   
The future of optoelectronic devices lies in nanotechnology. One promising application area is in the field of 

infrared (IR) detection. Quantum well and superlattice based infrared detectors have already shown great success, and 
one way forward from these technologies is in moving towards even lower dimensionality nanostructures – quantum 
dots (QDs). The physics of the zero-dimensional quantum dots predicts that QD-based IR detectors should have three 
main beneficial properties for IR detection: low dark currents, long excited state lifetimes, and strong and polarization 
independent absorption. For IR applications, this translates into lower noise, stronger signals, and higher operating 
temperatures compared to current technologies.  

In this work we demonstrated quantum dot-quantum well hybrid detectors with high quantum efficiency and 
operating temperature as well as IR imaging focal plane arrays (FPAs) based on these devices. The detector active region 
consisted of InAs quantum dots in embedded in an InGaAs/InAlAs quantum well infrared photodetector structure on InP 
substrate. This is a robust III-V material system for optoelectronic devices. The devices, structure shown in Figure 1, 
were grown by LP-MOCVD and the quantum dots were formed via Stranski-Krastanow self-assembly. 
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Figure 1. Device structure at left, and D* versus bias at different operating temperatures at right. 

The peak detection wavelength for this device design was in the mid-wavelength infrared (MWIR) at around 4.0 
µm. The highest responsivity and quantum efficiency achieved were 1.8 A/W and 67%, respectively, at 150 K operating 
temperature. The high quantum efficiency addresses one of the main issues with QW & QD based detectors.  
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Low dark current and noise was also shown, which enables high operating temperature. The combination of high 
signal and low dark current gave detectivity of 1011 Jones at 150 K as seen in Figure 1. The highest operating 
temperature demonstrated for this design was up to room temperature with a detectivity of 107 Jones. These values are 
significantly improved over a comparable QWIP structure without embedded QDs and among the best reported for 
MWIR QD-based detectors.  

FPA imaging was also demonstrated using this detector design. Example images are shown in Figure 2. The FPA 
had a noise equivalent temperature difference of 400 mK at 120 K operating temperature and could operate at up to 200 
K. The performance of this device, particularly at high temperature, shows the promise of quantum dot technology for 
improving infrared detectors. 
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T=130K T=200K Figure 2. Example images taken with a QDWIP 
focal plane array operating at 130 K and 200 K. 


