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The W A l G a A s  based Quantum Well Infrared Photodetectors (QWIPs) afford greater 
flexibility than the usual extrinsically doped semiconductor IR detectors because the 
wavelength of the peak response and cutoff can be continuously tailored over any 
wavelength between 6-20 pm. The spectral band width of these detectors can be tuned 
from narrow (Ahlh - 10 %) to wide (AWh - 50 %) allowing various applications. Thus, 
QWIP offers multi-color infrared focal plane arrays (FPAs) by stacking different multi 
quantum well layers which are capable of acquiring images in different infrared bands. In 
this presentation, we will discuss the recent results of large format specially separated 
four band QWIP FPA based on a GaAdAlGaAs materials system and its performance. In 
this application, instead of quarter wevelength groove depth grating reflectors, three- 
quarter wavelength groove depth reflectors were used to couple radiation to each QWIP 
layer. This technique allow us to optimize the light coupling to each QWIP stacks at 
corresponding pixels while keeping the pixel (or mesa) height at the same level which 
will be essential for indium bump-bonding with the multiplexer. In addition to light 
coupling, these gratings serve as a contact to the active stack while shorting the unwanted 
stacks. 

The research described here was performed by the Center for Space Microelectronics 
Technology, Jet Propulsion Laboratory, California Institute of Technology, and was 
sponsored by the National Aeronautics and Space Administration, breakthrough sensor & 
instrument component technology thrust area of the cross enterprise technology 
development program and Advanced Technology Initiative Program. 
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JPL QUANTUM WELL INFRARED 
PHOTODETECTORS (QWIPs) 

IN TEM 

GaAdAIGaAs BASED QWlP SPECTRUMS 

QWIPs COVER 4-20 pm 
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JPL WHY QWIPs DO NOT WORK WITH 
NORMAL INCIDENT LIGHT? 



JPL VARIOUS LIGHT COUPLING METHODS 
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JPL 
640x512 FOUR BAND QWIP FPA 

LIGHT COUPLING GRATINGS/ 
METAL CONTACTS 
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JpL Deep Groove Etch Gratings for QWIPs 

Destructive interference 
2hCos 8 = n h72, n = I ,3,5.. 

To minimize normal reflection 
i.e., 8 = 0 
h = h’14, 3x74, 5h’14, . . . 

h = I 5  pm (A’= hln,) 
h = 1.25 pm, 3.75 pm,.. 

In spatially integrated 4-color QWIPs, at least 3h’14 deep 
groves are required to isolate the each color response band 
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JPL 
DEEP GROOVE GRATING TEST 
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QWIP Deep Groove Grating Test 
Grating Effect @2V 
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QWIP- Deep Groove Grating Test 
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819 pm AND I 4 4 5  pm TWO COLOR QWIP 
JPL 

FOCAL PLANE ARRAY 



JPL 71 Step Etch for Four Color FPA 
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Four Color QWlP Photocurrent 
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Four Color QWlP Detectivity 

l.E+12 

D* Vs T for FourColor QWlP at V =-1.5V 
(f15 optics at 300 K Background) 
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D* Vs T for FourColor QWlP at V =-1.5V 
(f15 optics at 500 K Background) 
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