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Abstract

An overview is provided of long wavelength, photovoltaic detectors constructed
withtypeII(alsoknown as"staggered"),III-Vsuperlattices.Specifically,theelectronic
propertiesofInAsSbstrained-layersuperlatticesandprototypedetectorsutilizingthese
structuresaredescribed.

L In_tr_uction

Optical absorption in ITI-Vsemiconductors can be effectively extended to long
wavelength ( :>10 ian) for infrared detector applications by utilizing low energy,
intersubband transitions [1] or by reducing the superlattice valence-conduction bandgap
with a type II band offset.J2] ( We define a type II superlattice as a structure having the
electron and hole potentials wells located in different layers of the superlattiee.) The type II
superlartice detectors potentially could f'dl a useful niche in long wavelength detector
technologies. Type II detectors offer advantages for focal-plane.array construction because
unlike intersubband detectors [3], type II detectors can operate as photodiodes, responsive
to normal incidence light. Furthermore, the detectivity of type II detectors may soon rival
that of HgCdTe while offering advantages to HgCdTe in manufacturability, durability, and
radiation hardness.J4,5]

In this overview, the electronic and optical properties of type II, InAsSb/InSb
strained-layer superlattices (SLS) are briefly summarized and compared with alternative,
InAs/GalnSb type II SLSs. A high detectivity InAsSb SLS photodiode is described which
illustrates both the potential of type IIphotodiode technologies and device design
considerations for SLS detectors. Lastly, we speculate on the future directions of InAsSb
detector development.

II.Electroni_.Properties of InAsSb SLSs and Other T_.vpeIIInfrared Stractures

In the mid-1970's, the InAs/GaSb superlattice was investigated as a near-lattice-
matched alternative to GaAs/AIAs type structures. Immediately, the type II band offset in
InAs/GaSb was identified [6], and the potential of type II superlattices for long wavelength
infrared detectors was recognized. However, long wavelength optical absorption in
InAs/GaSb superlattices was considered to be too weak for use as an infrared detector.
With the development of lattice mismatched SLSs, Osbourn examined InAsSb SLSs as
potential III-V structures having significant optical absorption at long wavelength.[7]
Subsequently, a type II offset was discovered in these structures.J8,9]

A comparison of optical absorption in InAsSb SLSs and InAs/GaSb superlattices is
shown in Figure 1. Both structures exhibit photoresponses extending to approximately 9
I.tm. Improved long wavelength absorption in InAsSb SLSs is clearly demonstrated in Fig.
1 although the SLS layers are roughly twice as thick as those of the InAs/GaSb
superlattice. Because of the spatial separation of electrons and holes, absorption
coefficients of type II superlattices at energies near the bandgap are sensitive functions of
the superlattice layer thickness. The wavefunction overlaps which determine the strength
of the band edge transitions depend on the exponentially decaying (evanescent) tails of the
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wavefunctions in the barrier layers. The decay lengths of these tails increase with
decreasing barrier heights and decreasing effective masses. Useful absorption coefficients
occurfordecaylengthsontheorderofthebarrierthickness,andbandedgeabsorptionin
typeIIsuperlatticesisincreasedbyreducinglayerthickness.

The relativebandgapsandbarrierheightsforInAs/GaSbandInAsSbSLSsare
shown inFigure2.The bandgapsofInAsandGaSb am much largerthanthatofInSb
(SeeFig.2a),andthelargebarriersinInAs/GaSbsuperlatticesresultintheweak
absorptionseeninFig.i.MailhoitandSmithproposedtheuseofInAs/GalnSbSLSsto
increasetheabsorptioncoefficientfromthatofInAs/GaSbsuperlattices.[1l]Thebandgaps
andbarriersofaproposedInAs/GalnSbSLS arecomparedwiththatofanInSb/InAsSb
SLS inFig.2band2c.The barriersintheInSb/InAsSbSLS remainsignificantlysmaller

thanthoseof_heInAs/GaAsSbSLS. Thisdisadvantageisovercomebyusingverythin
layers(<40 A) toincreaseabsorptloninInAs/(3aAsSbSLSs.To obtainequalabsorption
coefficientsandequal"cutoff"wavelengthsinthesetwoSLSs,thelayersinthe
InAs/GalnSbSLS arethinnerthanthoseinthecorrespondingInSb/InAsSbSLS.

The energylevelsofatypicalInSb/InAsSbSLS arcshowninFigure3.(New
magneto-opticalandtransportstudiesconfirmthisbasicpicture.[12])Quantumsizestates
havenotbeenincludedinthefigure.CharacteristicofthetypeII,longwavelengthSLSs,
significantbandedgeabsorptioncanresultfromelectronminibandsintheconduction
band,andusefulelectrondiffusionlengths,perpendiculartotheSLS growthplanesarc
easilyobtained.Holediffusionperpendiculartothegrowthplanesislimitedducto
localizationintheInSblayerofthelowestenergy,out-of-planeheavy-hole(hb)state.
SpatialseparationofelectronsandholesreducesbandedgeabsorptionintypeII
superlattices,butspatialseparationalsodecreaseselectron-holere,combinationrates.Long
photocardcrlifetimeincreasestheminoritycarderdiffusionlengthinphotodiodesandcan
producehighgaininphotoconductivedetectors.

13I.A High Dete,ctivity, lnAsSb SLS photgdiode

A high detectivity, SLS photodiode (Figure 4) was fabricated from a p-p--n junction
embedded in an InSb/InAs0.17Sb0.83 SLS with equal, 150 ]_ thick layers. The p-n junction
was formed during MBE growth; the p- doping resulted from background doping in the
growth chamber. The photodiode was mesa-isolated, with an area of 1.2 x 10.3 cm 2.
Operation of the diode as a photodetector requires diffusion of minority carriers
perpendicular to the SLS layers. Other details about the device have been describe_
previously.[4]

The SLS material in the detector was very high quality, essentially dislocation free.
This was confirmed by TEM and x-ray diffraction analysis. Consistent with high smnple
quality, an infrared photoluminescence line was observed at 9.7 }.tru(15 K sample
temperature), with a 12 meV linewidth. The zero-bias resistance of the device was very
sensitive to surface treatment, thus demonstrating that the detector noise was limited by
surface leakage, not SLS material quality. After passivating the surface of the mesa with a
native oxide, the resistance.area product (RoA) increased from 0.6 to 9 t'l.cm 2 (77 K).

The zero-bias, external current responsivity (77 K) is shown in Figure 5. The
detector was illuminated at normal incidence. Both the weak increase in responsivity
observed in reverse bias and the magnitudes of the rcsponsivity and absorption indicate that
the minority carrier diffusion length, perpendicular to the SLS layers, is 1-2 pm. The
detectivity values shown in Fig. 5 are based on a measured noise current of 1.6 x 10"12
A/Hz 1/2at 100 kHz. These detectivity values surpass the 300 K BLIP limit, and the noise
measurements were made with, the detector covered by a 77 K cold-shroud, lt is
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noteworthy that detectivities > 1 x 1010 cm Hzl/2/W at wavelengths < I0 Ian were
achieved with this passivatcd, photovoltaic InAsSb SLS detector.

IV. Futurt DirectiOnSrOfInAsSbDcte_or Development

The long wavelength, high detectivity photodiode in the previous section
demonstrates the feasibility of an infrared detector technology based on InAsSb SLSs.
Building on these results, it is conceptually straight-forward to improve the performance of
these detectors. Dctectivity can be increased by developing improved surface passivation
techniques and by increasing the optically active volume while decreasing p-n junction area.
A variety of novel device designs incorporating heterojunctions, lattice matched to the
infrared active SLS, and lateral photodiode geometries troy be used to increase detcctivity.
Many InSb microelectronic processing techniques can be transferred to InAsSb SLSs, and
the spectral response of type II SLS detectors can be nxxlified by changing SLS
compositions and layer thicknesses.

The major obstacles to type II, SLS infrared detector development are associated
with the immaturity of these III-V materials. We must demonstrate growth of high quality,
infrared SLS wafers with exceUent areal uniformity for focal-plane-arrays,and radiation-
hard surface passivations must be developed. Like HgCdTe technology, the utilization of
type II SLS detectors will be limited by material growth and microelectronic processing
procedures and the manufacturability of these new technologies.
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Figure Captions:

Figure 1 - Low temperature, optical absorption spectra for an lnAs0.13Sb0.87/InSb SLS
(solid line, data from Ref. 8) with equal, 106 A thick layers andan InAs/GaSb superlattice
(dotted fine, data from Ref. 10) with equal, 56 A thick layers.

Figure 2 - (a) Relative energy levels of the conduction bands (C) and unstrained valence
bands (L,H) of InSb, hAs, and GaSb. (b) Strained conduction band energies (C) and out-
-of-plane light-hole (L) and heavy-hole (H) energies for an InAs/Ga0.61n0ASb SLS. (c)
Strained conduction band (C) and valence band (LM) energies for an InAs0.2Sb0.8/InSb
SLS. ( Fig. 2a and 2b were obtai;led from Ref. 11.)

Figure 3 - QuantumweUenergiesof an InAs0.13Sb0.87/InSb SLS.

Figure 4 - Structure and composition of the InAsSb SLS photodiode.

Figure 5 - External current responsivity of the photodiode at zero-bias, 77 K. Detectivity
was determined from noise measurements made at 100 kHz, cold-shielded at 77 K.
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and opinions of authors expressed herein do not necessarily state or reflect those of the
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SLS: 150 A InAso.1sSbo.85/150A InSb

Layer thickness:

-= 01rl.0 gm _ ....v SLS _ p (5xl 6)
I II Irl I I III II I I -

2.5 _m _ SLS "i" (3x10 "_5)
k III

1.0 I_m, , _ SLS n(5x1016)
I III _ IIII I _1'1 III

In Ga Sb Buffer
5.0 gm _ x 1-x

- (x = 1.0 - 0.9),
n 5x1016

InSb n-type
Substrate

/
Reflecting back contact O
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