Frequently Ask Questions

Q.
What is the wavelength coverage of QWIPs?

A.
QWIP’s wavelength coverage is tailorable from 3-20 micron spectral region. The longer wavelength limit can easily be extended using shallow quantum wells. Longest wavelength QWIP reported in the literature is 30 microns.

Q.
Can QWIPs do the multi-band sensing?

A.
QWIPs can do typical narrow band (/~10%), two-band, three-bands, four-bands, and broadband ( ~6 micron) detector arrays.

Q.
How broad is the QWIP spectrum?

A.
The broadest we have demonstrated so far is  ~ 6 microns.

Q.
What are the current array sizes?

A.
320x256, 640x512 for all single-band, broadband, and dual-band QWIP focal planes.

Q.
What is the quantum efficiency?

A.
Highest absorption quantum efficiency achieved is 32%. To get net quantum efficiency, multiply the absorption QE by the photoconductive gain. Photoconductive gain of QWIP depends on the device design. Typically it varies from 0.1 to 1. Photoconductive gain higher than 1 is possible with QWIPs having fewer quantum wells. Signal-to-noise ration, detectivity, etc. are independent of photoconductive gain when QWIPs operate under background limited condition.

Q.
What is background limited performance (BLIP)?

A.
BLIP is the limit where detector performance gets limited by the photon-generated noise.

Q.
What is the best detectivity of QWIPs?

A.
Detectivity is a function of operating wavelength and the detector operating temperature. See following figure for more details.

Q.
How QWIP detectivity D* compares with an ideal detector?

A.

The blackbody detectivity 
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 is basically the signal-to-noise ratio of a radiation detector normalized to unit area and operating bandwidth of the detector is given by,
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where, the responsivity R can be written in terms of quantum efficiency 

 and photoconductive gain g as 


R = (e/h()(ag.
 (3)

The photoconductive gain of QWIPs can be written as

g = L/l,
(4)

and the temporal noise current in of a single element radiation detector is given by,
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where e is the charge of an electron, (=2 for a photovoltaic detector (generation only) and (=4 for a photoconductor (generation and recombination), the phoconductive gain g =1 for a photovoltaic detector and g(QWIP) is typically 0.2 to 0.5 (depends on the device structure). ID is the detector dark current and IP is the detector photocurrent, is given by,
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where ( is the photon flux. 


Let’s consider a background limited operating condition. At this condition,


ID < IP
(7)



By combining equations (1), (3), (4), (5), and (6) the detectivity D* can be written as,
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Thus,
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The lowest absorption quantum efficiency ((a) of QWIP is typically 15% (including 30% reflection loss). The (a of an ideal detector is 70% (assume 30% reflection loss). Thus above equation reduces to,
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Thus, this analysis clearly shows the photoconductive gain is irrelevant at background limited operating condition, and therefore, the detectivities scales solely as a function of absorption quantum efficiencies of the detectors.

Q.
At what temperature QWIPs operate?

A.
Operating temperature will be decided by the required performance and the operating wavelength. See following figure for more details.

Q.
How array uniformity affects the final focal plane array signal-to-noise ratio?

A.
The general figure of merit that describes the performance of a large imaging array is the noise equivalent temperature difference (NET). NET is the minimum temperature difference across the target that would produce a signal-to-noise ratio of unity and it is given by 
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Before discussing the array results, it is also important to understand the limitations on the FPA imaging performance due to pixel nonuniformities. The total noise In of a focal plane array is given by,
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Where u is the nonuniformity of the focal plane array, is given by,
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Where  is the mean total signal and  is the standard deviation of the histogram of total signal versus number of pixels. Now the focal plane array detectivity or NET can be obtained by following equations,
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Where In is the total noise of the focal plane array and it is given by equation (2). The figures of merit such as D*, NET, NEP, NEI, etc. are different representations of the basic signal-to-noise ratio of radiation detectors normalized in different ways. The signal-to-noise ratio of a focal plane array can be written as,
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Under background limited condition this reduces to,
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This analysis clearly shows the importance of the array uniformity in the focal plane array total signal-to-noise ratio. This point has been discussed in detail by F. Shepherd for the case of PtSi infrared FPAs which have low response, but very high uniformity. 

Q. What is the typical uniformity of QWIP arrays?

A.
Typical non-uniformity of large arrays (320x256 & 640x512) before correction is 2-6%. Array non-uniformity reduces to 0.01-0.05% after simple two point correction

Q.
What is the 1/f noise of QWIPs?

A. 
No 1/f noise was observed down to 10 milli Hz.

Q.
What is the repeatability of QWIPs?

A.
Excellent. We haven’t seen any changes in NEDT or detectivity D* after few thousand temperature cycles with in four years.

Q.
What is the typical operability of QWIPs?

A.
>99.9%

Q.
Is QWIP gone to space?

A.
Yes, on Space Technology Research vehicle 1d. Array size 128x128, cutoff wavelength 12 microns.

Q.
What is the best NEDT achieved in QWIPs?

A.
Best NEDT we have achieved is 15 mK for 320x256 array with 9 micron cutoff.

Q.
Do QWIPs operate properly at low-background flux conditions?

A.
QWIPs do not operate well under low-background conditions (operating at cryogenic temperatures). Responsivity drops at high frequency due to dielectric relaxation. JPL’s QWIP group is developing a novel detector to overcome this difficulty.

Q.
What is the largest wavelength separation achieved in dualband QWIPs?

A
The largest wavelength separation reported to date is 6 microns. JPL has demonstrated the 8-9 and 13.5-15 micron 640x486 dualband QWIP imaging camera. See following reference for more details. S. D. Gunapala, S. V. Bandara, A. Singh, J. K. Liu, S. B. Rafol, E. M. Luong, J. M. Mumolo, N. Q. Tran, J. D. Vincent, C. A. Shott, J. Long, and P. D. LeVan, “640x486 Long-wavelength Two-color GaAs/AlGaAs Quantum Well Infrared Photodetector (QWIP) Focal Plane Array Camera” IEEE Trans. Electron Devices, 47, pp. 963-971, 2000.
Q.
Why QWIP focal planes are relatively cheap compared to other long-wavelength infrared focal planes?

A.
Because QWIPs are mostly based on commercially available GaAs/AlGaAs epitaxial material technology. This material is currently available in 3-, 4-, & 6-inch wafers.

Q.
Is QWIP radiation hard?

A.
QWIPs are very radiation hard due to higher energy band gap and no charge trapping oxide layers. 

Q.
Is QWIP good for Ultra Long Life systems?

A.
Yes, due to high radiation hardness, wide operating temperature range, and excellent repeatability.

Q.
Is there any array delamination?

A.
Due the substrate removal process we use in all focal plane arrays we haven’t observed any delaminating effects between the detector and the silicon CMOS readout after few thousand temperature cycles in 320x256 & 640x512 array sizes.

Q.
Why NASA is interested in QWIPs?

A.
There are many ground based and space borne applications that require long-wavelength, large, uniform, reproducible, low cost, low 1/f noise, low power dissipation, and radiation hard infrared focal plane arrays. For example, the absorption lines of many gas molecules, such as ozone, water, carbon monoxide, carbon dioxide, and nitrous oxide occur in the wavelength region from 3 to 18 µm. Thus, infrared imaging systems that operate in the LWIR and VLWIR region are required in many space applications such as monitoring the global weather profiles, earth resource mapping, de-forestation, and the distribution of minor constituents in the atmosphere which are being planned for NASA's Earth Observing System. In addition, there is a great astronomical interest in these very long-wavelengths due to the fact that this spectral region is rich in information vital to the understanding of composition, structure and the energy balance of molecular clouds and stars forming regions of our galaxy.

Q.
How QWIPs operate?

A.
Infrared radiation photoionize the trapped carries in the quantum wells. The photo excited carrier will get swept away by the externally applied electric field producing a photocurrent. QWIP is a photoconductor and a uni-polar device. 

Q. Applications of QWIPs

A.
Astronomy, planetary science, earth observation, defense, medicine, commercial
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