
QUANTUM WELL INFRARED PHOTODETECTOR 
OPERATING AT ROOM TEMPERATURE

MOTIVATION

CONCLUSION

• The increase in bias voltage enlarges the output response and
photocurrent.

• At 4 K temperature and the optimal operating point the gratings period
have a huge impact on the output signal. Output signals differences
decrease at 300 K temperature, but G#2 QWIP still has the best
performance.

• Due to the fact that at higher temperatures the excited energy level of
the quantum well enters the continuum band, the increase in
temperature causes broadening of the signal and additional noise.

• At the room temperature QWIPs signal drops and becomes wider:
FWHM=3,7μm. This results in tremendous responsivity decrease,
reaching only R=2mV/W.
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QWIPsMEASUREMENT BENCH (STAND)

Fig 1. QWIPs response measurement bench picture (left) and bench schematic (right).

In today’s quickly technologically emerging world infrared frequency range sensing systems are
becoming more and more attractive for versatile applications like security, healthcare,
agricultural industry etc. [1, 2]. Quantum well infrared photodetectors (QWIP) first
demonstrated in early 90-ies, quickly became one of the most popular detector types for such
sensing systems due to its economic efficiency and relatively simple manufacturing process [3].
Up to now the majority of applications, require cryogenic QWIP cooling in order to cancel out
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Fig. 2. Different QWIPs samples were grown on the same wafer (left). QWIPs grating and structural scheme.

RESULTS

Fig. 3. G#3 QWIPs Volt-Ampere 
Characteristics at different temperatures. 

Adding higher bias voltage to the QWIPs enlarges the “bending” of the quantum well
potential profile thus allowing to increase the photocurrent.

DIFFRACTION GRATINGS INFLUENCE 

Fig. 6. QWIPs signal spectra generated for
different grating at 300K temperature.

Fig. 7. G#3 QWIPs spectra dependence on temperature.
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Fig. 4. G#3 QWIPs spectra dependence on
bias voltage. Temperature: 4K.

QWIPs EVALUATION OF THE RESPONSE

Fig. 5. QWIPs signal spectra generated for
different grating at 4K temperature.

the room temperature background and obtain reasonable sensitivity and response time [4]. In
the current study less cooling-dependent QWIP of the 7-12 μm wavelength range (atmospheric
window) were developed to respond to the high demand of infrared detectors for specific gas
sensing [5].
In this work, the properties of GaAs/AlGaAs QWIP detectors designed and built using the FTMC
facilities for 8- 9 µm wavelength detection range are investigated.

The responsivity is evaluated
as signal peak area (900-1500
cm-1 ) from QWIPs divided by
the power of the beam (at
that wavenumber interval)
which is emitted from “Nicolet
8700” interferometer. This
evaluation also involves
factors that affect the possible
absorption for QWIPs. Those
factors are: metal grating,
lock-in chopper, GaAs
reflection and cryostat’s
window (KRS-5) transmission.

The device response to infrared broadens due to electron transitions not only to
exited state of energy, but also to continuum state. This occurs at room
temperature when exited energy state is no longer positioned in the quantum well.

Quantum selection rules imply that radiation impinging at the normal angle to the device surface
can not be detected, therefore golden diffraction grating was placed on the top of the structure.
Optimization performed using 3D FDTD simulation technique allowed to find optimized parameters
for most efficient radiation conversion.

Table 1. G#3 QWIPs responsivity
at various temperatures.
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