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Recantly infrared detedor based on intersubband
transitionsin INASGaAs and (In,Ga)As/GaAs quantum-
dot superlattices have been proposed and demonstrated
(1). However, detedors of thistype examined to date ae
unsuitable for pradicd applicaionsin focd plane arays
because of their high dark currents and low operating
temperatures, both of which are far from theoreticd
estimates.

One potential explanation of the poar
performance observed to date in the quantum-dot infrared
photodetedors (QDIPs) isthat the structures considered
to date are not strain-balanced. Aslayer upon layer of
guantum dots are grown, the net shea stress at the buffer
layer/superlattice interfaceincreases to the point that a
criticd thickness(corresponding to the arerage strainin
the superlattice) isreaded and dislocaions form. For
example we show in Figure 1 a (004) x-ray diffradion
(XRD) spedrum of an InAs/GaAs quantum-dot
superlattice This superlatticeisjust at the aiticd
thickness if the amount of InAs deposited per layer were
to increase, the peaks would broaden tremendously.

We have fabricated QDIPs from material having
XRD spedrasimilar to Figure 1. A typicd low-
temperature photocurrent spedrum is siown in Figure 2,
where we demonstrate significant photocurrent for light
polarized both parallel and perpendicular to the layersin
the sample.

We have proposed a strain-balanced QDIP with
aternary matrix material asaway to overcome the
acamulation of stress In such a structure, the dloy
compasition of the matrix can be “tuned” in such away
that it’ s tensil e strain cancd's the ammpressve strainin the
dots. Thesetypes of structures have been considered
previously (2) for 11-VI systems but not, to our
knowledge, for any I11-V systems. We have investigated
anumber of material system combinations including both
InAsand InSb dasin matrices of (In,Ga)As, (In,Al)As,
Ga(As,Sh), and Al(As,Sh) on InP substrates. Figure 3
shows an example of alayer of InSb das grown on an
(In,Ga)As buffer layer that is lattice matched to an InP
substrates. As can be seen from the figure, these dots are
aswell formed as those typicdly seenin Il -V systems.

We will show data on structural properties of
various Il -V semiconductor strain-compensated quantum
dot superlattices and, based on the results, propose
optimized candidates for strain-balanced QDIPs.
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Figure 1. (004) x-ray diffraction spectrum of a 33-period
InAs/GaAs quantum dot superlattice.
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Figure 2: Photocurrent spectra for a 33-period
InAs/GaAs gquantum dot detector structure for light
polarized parallel and perpendicular to the quantum-
dot layers.

Figure 3: Atomic force micrograph of InSb quantum dots
grown on a ternary (In,Ga)As buffer layer lattice matched
to InP: (a) top view and (b) perspective view.



