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P71 ABSTRACT 
A tunable infrared detectpr employing a vanishing band 
gap semimetal material which is provided with an in- 
duced band gap by a magnetic field to allow intrinsic 
semiconductor type infrared detection capabilities. The 
semimetal material may thus operate as a semiconduc- 
tor type detector with a wavelength sensitivity corre- 
sponding to the induced band gap in a preferred em- 
bodiment of a diode structure. Preferred semimetal 
materials include Hgl -xCd,yTe, x <O. 15, HgCdSe, 
BiSb, a-Sn, HgMgTe, HgMnTe, HgZnTe, HgMnSe, 
HgMgSe, and HgZnSe. The magnetic field induces a 
band gap in the semimetal material proportional to the 
strength of the magnetic field allowing tunable detec- 
tion cutoff wavelengths. For an applied magnetic field 
from 5 to 10 Tesla, the wavelength detection cutoff will 
be in the range of 20-50 microns for Hgl-,Cd,Te al- 
loys with x about 0.15. A similar approach may also be 
employed to generate infrared energy in a desired 
wavelength by using the magnetic field to induce the 
desired band gap and then operating the structure in a 
light emitting diode or semiconductor laser type of 
configuration. 

149-159 (1977). 

16 Claims, 8 Drawing Sheets 
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gap of the semiconductor to create electronhole pairs 
which carriers in turn create a detectable current or 
potential. While these intrinsic semiconductor devices 
are effective at shorter wavelength regimes, for longer 

5 wavelengths, beyond 8 microns, for example, no easily 
prepared semiconductor materials are available. By 
Carefully tailoring alloys of semiconductors, it has been 
possible to obtain materials suitable for intrinsic photo- 
detection in the 8-14 micron regime. For example, the 

10 alloys Hgl-xCd,Te or PbxSnl-,Te, where the energy 
2. Field of the Invention. gap is carefully controlled by control of x, have been 
The present invention relates to apparatus and meth- employed. For achieving intrinsic semiconductor de- 

ods for detecting infrared radiation. Additionally, the tectors for the infrared region beyond wavelengths of 
present invention relates to apparatus and methods for about 14 microns, however, the control necessary in the 
generating infrared radiation. composition of such alloy semiconductors is too de- 

3. Description of the Prior Art and Related Informa- manding to make such detectors a practical solution. 
tion Accordingly, a need presently exists for an efficient 

The detection of infrared radiation in the long wave- infrared detection device for wavelengths in the infra- 
length region, for example, beyond about 15 microns, is red region beyond approximately 14 microns. Addition- 
important for a variety OfaPPlications including astron- *’ ally, a need presently exists for a long wavelength infra- 
omy, earth sensing from space, etc. The detection of red detector having good signal to noise ratios at ele- 
infrared radiation in this long wavelength region, how- vated temperatures. A need further exists for an infrared 
ever, presents considerable difficulties for presently detector having wavelength discrimination 
known detection approaches. Such presently known 
approaches generally employ one of three categories of 25 SUMMARY O F  T H E  INVENTION 
detectors: (1) extrinsic photoconducting semiconduc- The present invention provides an infrared detector 

semiconductors. All three types of detectors have sig- microns and beyond without requiring ultra low cryo- 
nificant shortcomings when applied to the long wave- 3o genic cooling. 
length infrared radiation regime. The present invention further provides an infrared Extrinsic photoconducting semiconductors employ detector having a tunable wavelength detection capa- semiconductors doped with very small amounts of im- bility in the far infrared region. purities td provide infrared detection through photo- 
conduction. The impurities act to change the conduc- The present invention further provides an infrared 
tion properties of the semiconductor when it absorbs 35 spectrometer capable of discriminating frequencies in 

infrared radiation. These extrinsic infrared detectors are 
very sensitive to the amount of dopant and to the pro- The infrared detector of the present invention em- 

FIELD INDUCED GAP INFRARED DETECTOR 

BACKGROUND O F  T H E  INVENTION 
1. Origin of the Invention. 
The invention described herein was made in the per- 

fomance of work under a NASA contract, and is sub- 
ject to the provisions of Public Law 96-517 (35 U.S.C. 
$202) in which the Contractor has elected not to retain 
title. 

tors; (2) and (3) intrinsic photoconducting for detection of infrared radiation in the region of 15 

the far infrared region. 

cessing of the doped semiconductor material. As a re- ploys a %mimetal material, normally having a vanishing 
suit, it is difficult to repeatedly control the detection band gap, which is provided with an induced band gap 
characteristics of such extrinsic infrared detectors. 40 by Due to the induced band 
Also, extrinsic infrared detectors suffer from very low gap of the semimetal material, the detector operates to 

of detection and susceptibility to noise. AI- detect incident radiation in the same manner as an “in- 
though the noise may be reduced by of cryogenic trinsic” semiconductor detector. For example, in one 
cooling to very low temperatures, for example 10 K., embodiment, a photodiode structure may be employed. 
the weight, size, cost and logistic penalties of such cryo- 45 The amount of the induced band gap is varied by the 
genics introduce significant practical problems. strength of the magnetic field, providing a variable 

Bolometer infrared detectors employ the conversion wavelength sensitivity for the detector. Suitable semi- 
of the incident infrared energy to heat. The heat is in metal materials include Hgl-xCdxTe, X<o.15, 
turn measured by means of a temperature rise in the HgCdSe, BiSb, -sn, HgMgTe, HgMnTe, HgZnTe, 
bolometer. Undoped silicon is frequently employed as a 50 HgMnSe, HgMgSe, HgZnSe and the graphite form of 
bolometer material. Bolometers have high noise at ele- carbon. Other semimetal materials may also be em- 
vated temperatures Bolometers, therefore, require cool- ployed. The strength of magnetic field required varies 
ing to extremely low temperatures to provide suitable with the wavelength desired and the specific semimetal 
sensitivity and signal to noise ratios; for example, cool- material. For example, for Hgo.ssCdo.~sTe, fields in the 
ing to as low as 0.1” K. is required for applications 55 range of 1-10 Tesla will provide infrared detection with 
requiring good sensitivity. It will be appreciated that a cutoff wavelength in the 15-75 micron region. In- 
cooling to this very low temperature requires extremely creasing or decreasing the magnetic field strength 
sophisticated and expensive cryogenics. Also, bolome- within available ranges will decrease or increase the 
ters employed as infrared detectors are unable to dis- cutoff wavelength, respectively. 
criminate between wavelengths since any incident radi- 60 The present invention further provides an infrared 
ation will result in some absorption and some heating of spectrometer which employs a filter layer of semimetal 
the material. Accordingly, bolometers are not suitable material over a detector layer of semimetal material of 
for applications requiring the detector to provide a differing composition such that an applied magnetic 
wavelength discrimination or photospectrometry func- field causes an induced band gap of differing energy in 
tion. 65 the two semimetal materials. This provides a pass band 

The most desirable infrared detectors for most appli- detection region of wavelength corresponding to the 
cations are intrinsic semiconductor devices which em- difference in the energy gap induced in the two semi- 
ploy absorption of photons across the forbidden energy metal materials Alternatively, the same materials may 

Of a magnetic 
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be employed for both the filter layer and the detector connection 22. As illustrated in FIG. 1, the infrared 
layer with different strength magnetic fields applied to radiation to be detected is incident on the bottom of the 
the filter layer and detector layer, respectively, to in- detector 10 through the substate 17. It will be appreci- 
duce a disparate shift in the band gap. ated, however, that various other configurations are 

The present invention further provides a tunable 5 possible depending on the specific application. The 
source of infrared radiation employing a light emitting infrared detector 10 employs two high strength magnets 
diode structure employing a semimetal material. An 24, 26 for providing a substantially uniform magnetic 
induced band gap is created in the semimetal material field B running directly through the n type semimetal 
by a magnetic field applied to the diode structure. A layer 16 and p type semimetal region 14. Although the 
potential applied across the diode junction causes elec- 10 magnets 24, 26 are illustrated as separate in FIG. 1, it 
t ronhole  pair recombination and light emission as in a will be appreciated that they may also represent oppo- 
conventional light emitting diode. Since the energy of site poles of a large magnet of size suitable to allow 
the photons emitted by the light emitting diode depends positioning of the semimetal layer 16 in between the 
on the band gap of the material, a variable wavelength poles. As will be described in more detail below in 
light emitting structure may be provided with the mag- 15 relation to FIGS. 2(a) and 2(b), the magnetic field B 
netic field strength determining the wavelength of the induces a band gap into the semimetal material. Due to 
emitted light. the induced band gap in semimetal regions 14 and 16, 

the detector 10 will operate in the same manner as an 
intrinsic semiconductor photodetector with a detection 

FIG. 1 is a cross-sectional view of a preferred em- 20 wavelength determined by the strength of the magnetic 
bodiment of the infrared detector of the present inven- field B and the composition of the semimetal material 
tion. That is, incident infrared radiation will create hole/e- 

FIGS. 2(a) and 2(b) are drawings illustrating the field lectron pairs which are swept across the electric field 
induced band gap structure of semimetal materials of gradient at the pn junction 12 to cause a detectable 
the type employed by the infrared detector of the pres- 25 signal at electrode 18 through electrode contact metalli- 
ent invention. zation 20. 

FIG. 3 is a drawing illustrating the calculated rela- The formation of the p type region 14 and junction 12 
tionship of field induced band gap energy vs. magnetic may be done in a conventional manner such as em- 
field for HgTe and Hgl -,Cd,Te. ployed in formation of conventional intrinsic semicon- 

FIG. 4 is a drawing illustrating the calculated cutoff 30 ductor photodiodes. For example, as will be discussed 
wavelength vs. applied magnetic field for below, one suitable semimetal material for use in the 
Hgl -,Cd,Te. present invention is Hg1-,CdxTe, with x<0.15. For  

FIG. 5 is a drawing illustrating the calculated change values of x>0.15, Hgl-,Cd,Te is a semiconductor and 
in mole fraction of CdTe for 5% change in cutoff wave- has been commonly employed as an intrinsic semicon- 
length for the field induced gap detector of the present 35 ductor photodiode. Photodiode junctions of 
invention as compared to a composition tuned infrared Hgl-,Cd,Te have been formed using a variety of tech- 
detector. niques and a variety of underlying substrates have been 

FIG. 6 is a schematic drawing illustrating an infrared employed. See, for example, E. R. Gertner et al., 
detector employing a filter to provide a spectroscopic “HgCdTe on Sapphire-A New Approach to Infrared 

‘detection pass band. 40 Detector Arrays”, J.  Crystal Growth, 72, 462-467 
FIG. 7 is a drawing illustrating the pass bands of the (1985), R. A. Reidel et al., “High Performance Photo- 

filter of FIG. 6 for different applied magnetic field voltaic Infrared Devices in Hgi -,KCd,Te on Sapphire”, 
strengths. Appl. Phyx Lett., 46 (l), 64-66 (1985), E. R. Gertner et 

FIG. 8 is a schematic drawing of an alterate embodi- ai., “High Performance Photovoltaic Infrared Devices 
ment of the infrared detector of FIG. 6.  45 in Hgl-,KCd,Te on GaAs”, Appl. Phys. Lett., 46 (9), 

FIG. 9 is a drawing illustrating the pass band struc- 851-853 (1985), L. 0. Bubulac et al., “Boron and In- 
ture of the detector of FIG. 8 for various applied mag- dium Ion-Implanted Junctions in HgCdTe Grown on 
netic fields. CdTe and CdTe/A1203”, J.  Vac. Sci. Techno!., A 4 (4), 

FIG. 10 is a cross-sectional drawing schematically 2169-2173 (1986), and R. Kay et al., “HgCdTe Photo- 
illustrating a tunable infrared emitting diode structure in 50 voltaic Detectors on Si Substrates”, Appl. Phys. Lett., 21 
accordance with the present invention. (26), 2211 (1987). Thus, for example, a HgCdTe photo- 

diode structure, as generally indicated in FIG. 1, may be 
formed on a transparent substrate 17 of CdTe or on a DETAILED DESCRIPTION O F  T H E  
base substrate of different material. As examples of such INVENTION 

Referring to FIG. 1, a preferred embodiment of the 55 substrates 17, Si, GaAs, InSb, T e  and A1203 may be 
infrared detector 10 of the present invention is illus- employed. A variety of techniques may be employed to 
trated in a cross-sectional view. deposit epitaxial layers of HgCdTe or CdTe on such 

The infrared detector 10 employs a photodiode junc- substrates, including molecular beam epitaxy, organo- 
tion 12 formed by a p type semimetal region 14 im- metallic deposition, vapor phase epitaxy, laser ablation, 
planted into a thin n type semimetal layer 16 formed on 60 etc. 
a transparent substrate 17. The layer 16 should have a In FIG. 1, the layer 16 is illustrated in a broken away 
thickness to allow the incident infrared radiation to be view, corresponding to the possibility of providing an 
absorbed adjacent junction 12 The thickness will be in extended substrate with an array of individual photo- 
general dependent on the radiation wavelength and junction regions 12 formed therein. An array of photo- 
intensity and the material For example, for HgCdTe 65 diodes is particularly suitable for sensing applications 
and incident infrared radiation a thickness of 5-10 mi- where focal plane arrays of photojunction diodes are 
crons may be suitable The n type semimetal layer 16 is commonly employed. See, for example, J. P. Rode, 
maintained at a bias potential, for example, ground, by Infrared Physics, 124, 443 (1984) for an illustration of a 

DESCRIPT1oN OF THE 

’ 
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typical focal plane array of the type commonly em- shown for HgTe and HgI-,CdxTe alloys with x=O, 
ployed for infrared sensing applications. In such appli- 0.05, 0.10 and 0.15. 
cations the array of photojunction diodes is typically In FIG. 4, the corresponding values of the cutoff 
bump bonded through In bump bonds, Corresponding wavelengths Ac for the detector of the present invention 
to electrode 20 in FIG. 1, to a matching silicon VLSI 5 employing these semimetal alloys is shown. It may be 

wider gap could be used when reading out the detector i.e., X=O, is suitable for detection of radiation in the far 
to that used when detecting the radiation. This would infrared and the submillimeter wavelength regions F~~ 
make it very much easier to achieve efficient transfer of example, for a field of 10 Tesla, hc, the long wavelength 

varied with other allays. The largest band gap and may also be employed, however. 

that the infrared detector of the present invention may tion for which the 1-6 - r8 gap, Eo, is almost zero. For be employed in various other configurations than that this composition the cutoff is about 20 pm in a 10 Tesla illustrated in FIG. 1, such other configurations corre- 15 
spending to those commonly used for intrinsic semicon- magnetic field. A further consideration affecting the 

choice of magnetic field is that in order to avoid signifi- ductor detectors. 
Referring to FIGS. 2(a) and 2(b), the effect of an cant collision broadening of the Landau levels, the 

applied magnetic field on the band gap structure of the Product PB needs to loo, where p is in meter 
employed in the present invention 2o units and B is in Tesla. Thus for semimetals where the 

is illustrated. electron mobility approaches 102m2v-lS- 1 at low tem- 
FIGS. 2(a) and 2(b) illustrate the band structure for peratures, a B of order 1 Tesla or greater is preferred. 

semimetals of the grey-tin type with the band extrema at Accordingly, it will be appreciated that a suitable 
the Brillouin zone center; examples are a-Sn, HgTe, magnetic field to provide a desired wavelength cutoff in 
HgSe and Hgl-,Cd,Te (x<0-0.15). Semimetals in accordance with a specific application may be selected 
general, and of this type in particular, have very small 25 from the Ac curves in FIG. 4. Also, it will be appreci- 
carrier masses and as a consequence they can exhibit ated that curves analogous to those illustrated in FIGS. 
large changes in their optical properties and electrical 3 and 4 may be readily generated by those skilled in the 
transport properties in the presence of magnetic fields. art for other semimetal materials. From these curves, 
Other suitable semimetal materials Of this type include 3o the suitable magnetic field may be chosen for providing 
HgCdSe, BiSb, a-sn,  HgMgTe, HgMnTe, HgZnTe, detection over a broad range of wavelength regions. 
HgMnSe, HgMgSe, HgZnSe and the graphite form of In addition to providing a tunable detector in the long 
carbon. The band structure of these semimetal materials wavelength infrared and submillimeter wave regions, 
is substantially modified in the presence of a magnetic not accessible by conventional intrinsic semiconductor 

magnetic 35 photodetectors, the present invention further provides a 
sub-bands. See, e& p. Byszewski et al., “Magnetic- reduction in composition control requirements for pro- 

signal Processing circuit. In the Present invention a Seen that with relatively small magnetic fields HgTe, 

charge into a CCD for A sing1e photojunction 10 cutoff, is about 80 pm. The range of the cutoff may be 

It be appreciated by those in the art shortest cutoff is obtained with ~ ~ 0 . 1 5 ,  the composi- 

by the formation Of One 

Energy Gap in HgTe”, phys stat. so’., 
@) 71, 117-124 (1975), y* Geldner et al., ‘‘Magnetoopti- 

duction of the materials as employed in the photodetec- 
tor. For HgTe there is no problem of composition con- 

cal Investigation -,Cd,Te Mixed Crystals”, phvs 

“Anisotropic Effects Induced by Magnetic Field in 40 off wavelength is shown in FIG. s. This is 
Zero-Gap Semiconductors”, Solid State Cornmum., 15, 
303-306 (1974)’ The induced gap between the 

band and the lowest ‘On- 

trol. For alloys of H g ~ e  and CdTe the compositiona~ 

with the compositional control which would be needed 
with a conventional alloy semiconductor. It can be seen 
that the necessary compositional control is much easier 

be noted that for the detector of the present invention 
only relative changes are important, since small changes 
in the absoute value of x can be accommodated by a 
change in the magnetic field. 

While the foregoing description of the infrared detec- 
tor of the present invention has been in terms of a photo- 
voltaic diode structure, it will be appreciated that the 
induced band gap detector of the present invention may 
be fabricated in a wide variety of different configura- 

55 tions. In general, the types of detector employing the 

where p is the K~~~ matrix element. see, e.g., E. 0. the same as for conventional intrinsic semiconductor 
Kane, in Semiconductors and Semimetals, R. K. Wil- materials of the type employed for shorter wavelength 
lardson and A. c. Beer, (Academic Press, N.Y. detection. For example, such alternate detector designs 
1966), vol. 1, 75 and C. T. Elliott et al., Phys. Rev., 5, 60 include photoconductors, MIS detectors, PEM detec- 
2985-2997 (1972). tors, etc. Accordingly, the above-described embodi- 

Since the optical transition from the r 8  heavy hole ment should be viewed as illustrative only. 
band to the lowest spin-split down Landau level is al- The present invention further provides a capability 
lowed for radiation with the electric field vector in the not achievable in conventional intrinsic semiconductor 
z direction, the absorption coefficient will be high and 65 photodetectors at any wavelength. More particularly, 
the detector will have good efficiency. since the cutoff wavelength is a function of the mag- 

Referring to FIG. 3, plots of the calculated energy netic field, by varying the magnetic field over time, the 
gap vs. magnetic field employing this equation are cutoff wavelength may be swept through a desired 

Stat so’., (b) 82, 149-158 (1977) and w. Zawadzki et control required for an arbitrary 5% uniformity in cut- 

in the heavy 
band 

i‘e’y the zero Order spin-split 45 for the detector of the present invention. Also, i t  should down Landau level is given by 

1 
E - - -Eo + ( +e - Wip’ lB) g -  2 

50 

g* = - m/mo* is the g 
and the effective 

m$-’=4P2/3n2E, 
I induced gap approach of the present invention may be 

where p~ is a Bohr magneton, 
value at the bottom of the band, 
at the band edge is given by 
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8 
wavelength band. This swept cutoff wavelength may be 
employed for spectroscopic applications or for sensing 
a range of wavelengths in a time mutiplexed manner. 

Referring to FIG. 6, an embodiment of the present 
invention providing a narrow pass band infrared detec- 
tor 28 is illustrated schematically. The pass band detec- 
tor 28 includes a filter layer 30 configured to be between 
the source of radiation to be detected and a detector 
layer 32. In a preferred embodiment, the filter layer 30 
and detector layer 32 may both be composed of 
Hgo.g5Cdo. 15Te. The detector layer 32 will preferably 
include a photodiode junction (not shown) and elec- 
trodes such as described in relation to FIG. 1. The 
thickness of the filter layer 30 should be chosen to be 
suitable to provide absorption of substantially all of the 
incident radiation below the cutoff wavelength. For 
example, a thickness of 100 microns would be suitable 
for intensities of infrared radiation typically encoun- 
tered in sensing applications The filter layer 30 and the 
detector layer 32 may be spaced apart as illustrated in 
FIG. 6 or  may be physically configured on top of one 
another, for example, as two layers formed on top of a 
substrate with a transparent layer formed in between 
the filter layer 30 and a detector layer 32 of thickness 
suitable to provide electrical and magnetic separation 
between the layers. A first magnetic field B is applied to 
the filter layer 30 and a second reduced magnetic field 
B' is applied to detector layer 32. This may be achieved 
by having two separate magnets or by employing a 
material which will divert some of the field strengths 
away from the semimetal material in the detector layer 
32. Due to the reduced field strength in the detector 
layer the induced band gap will be less than that in the 
filter layer. Accordingly, the cutoff wavelength in the 
filter 30 Ac will be shorter than that in the cutoff fre- 
quency Ac' in the detector layer 32. Thus, the pass band 
detector 28 will serve to detect only those wavelength 
in the pass band Ac-Ac'. 

In FIG. 7, calculated pass bands are illustrated for 
various field strengths B, a field strength B' of 95% B, 
and assuming a thickness of 100 the detector layer the 
induced band gap will be less than that in the filter 
layer. Accordingly, the cutoff wavelength in the filter 
30 Ac will be shorter than that in the cutoff frequency 
Ac' in the detector layer 32. microns for both the filter 
layer 30 and the detector layer 32. The vertical axis in 
FIG. 7 is the calculated quantum efficiency TJ of the 
detector layer 32. It will be appreciated from FIG. 7 
that narrow pass bands suitable for spectroscopic appli- 
cations can be provided. Additionally, by sweeping the 
magnetic field B applied to the detector 28 of FIG. 6, a 
swept narrow pass band may be provided. 

Referring to FIG. 8, an alternate embodiment of a 
narrow pass band detector is illustrated employing a 

FIG. 6, suitable narrow pass bands are provided. Also, 
the individual pass bands may be swept through the 
frequency spectrum by sweeping the magnetic field B. 

Referring to FIG. 10, an alternate embodiment of the 
5 present invention is illustrated wherein a tunable light 

emitting diode structure 38 is provided. The operation 
of the light emitting diode structure 38 is essentially the 
reverse of the detector described above in that a field 
induced band gap may be employed to generate light by 

10 electronfiole pair recombination across the induced 
gap. This is essentially the reverse operation to photo- 
detection by a electronfiole pair creation across an 
induced band gap. As shown in FIG. 10, the basic light 
emitting diode structure includes an n type doped semi- 

l 5  metal 40 and p type doped semimetal 42 forming ajunc- 
tion region therebetween. In the same manner as de- 
scribed above in relation to FIGS. 2(a) and 2(b), a mag- 
netic field B provided by magnets 44 and 46 induces a 
band gap in the semimetal layers 40, 42. The n type 

2o doped semimetal region 40 and p type doped region 42 
are connected to a suitable potential 48 so as to forward 
bias the junction Due to the potential, the electons in 
the n type doped region 40 will be pulled into the p type 
doped region 42 and combine with holes. Similarly 

25 holes from region 42 will be drawn into n type region 
40, and combine with electrons. In both cases the elec- 
t ronhole  pair recombine to release photons of energy 
hu equal to the induced band gap energy. This will thus 

3o result in emission of radiation at a tailorable frequency 
related to the magnetic field strength B. The relation- 
ship between induced band gap energy and magnetic 
field strength, discussed above may be directly applied 
in selecting a magnetic field and semimetal combination 

35 to provide a desired emission wavelength from the light 
emitting diode structure 38. 

It will be appreciated that the foregoing description 
of the light emitting structure 38 is highly illustrative 
and the induced band gap structure may be employed to 

4o generate light in a variety of structures. Generally such 
structures will be the same as employed for conven- , 
tional semiconductor materials employed in light emit- 
ting diode and laser applications. 

It will be appreciated to those skilled in the art that a 
45 wide variety of modifications to the above-described 

preferred embodiments are possible while remaining 
within the scope of the present invention. Accordingly, 
the aforedescribed embodiment should be considered as 
purely illustrative and not as limiting the scope of the 

50 present invention. 
What is claimed is: 
1. A method for detecting long wavelength infrared 

(a) providing a vanishing band gap semimetal mate- 
radiation comprising the steps of: 

filter layer 34 and a detector layer 36 composed-of 55 rial; 
differing composition semimetals. In FIG. 9 the result- (b) applying a magnetic field to said semimetal mate- 
ing pass band profiles are illustrated. In the embodiment rial of strength sufficient to induce a band gap in 
of FIG. 8, the filtering effect is achieved by employing said material of energy corresponding to the en- 
a constant magnetic field B through both the filter layer ergy of the infrared radiation to be detected; and 
34 and detector layer 36 but employing differing com- 60 (e) detecting infrared radiation incident on said mate- 
positions in the semimetals such that the band gap in- rial by detecting electronfiole pairs created in the 
duced by the magnetic field B is greater in the filter material by the incident infrared radiation. 
layer 34 than in the detector layer 36. For example, the 2. The method for detecting long wavelength infra- 
semimetal material may be chosen to be Hgl-,Cd,Te, red radiation as set out in claim 1, wherein said semi- 
with x=0.15 in filter layer 34 and with x=0.148 in the 65 metal material is selected from the group consisting of 
detector layer. Assuming a 100 micron thick filter layer HgCdTe, HgCdSe, BiSb, a-Sn, HgMgTe, HgMnTe, 
34 and detector layer 36, calculated pass bands are illus- HgZnTe, HgMnSe, HgMgSe, HgZnSe and the graph- 
trated in FIG. 9. As in the case of the embodiment of ite form of carbon. 

' 
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3. The method for detecting long wavelength infra- 
red radiation as set out in claim 1, wherein said material 
is Hgi-,Cd,Te, x<O.15, wherein said magnetic field 
has a strength greater than 1 Tesla. 

red radiation as set in claim 1, further comprising 
the step of sweeping the strength of said magnetic field 
through a predetermined range. 

5. An infrared detector having tunable wavelength 
detection characteristics, comprising: 

a diode structure formed from a semimetal material 

10. An infrared detector as set out in claim 9, wherein 
said second magnetic field is approximately 5% stron- 
ger than said first magnetic field. 

11. An infrared detector as set out in claim 5, further 
4. ne method for detecting long wavelength infra- 5 comprising a filter, said filter comprising a thin layer of 

a semimetal material having a composition differing 
from said semimetal material comprising said diode 
structure. 

12. An infrared detector as set out in claim 11, 
10 wherein said semimetal material is Hgl-,Cd,Te, and 

wherein x=O.148 in said diode structure and x=O.15 in 
said filter. 

tion of variable wavelength, comprising the steps of: 
having a vanishing band gap between the valence 13. A method for generating electromagnetic radia- 

means for providing a magnetic field to said diode 15 providing a semimetal material in a diode type struc- 
ture having a junction between the first and second 

first and second electrodes coupled to said diode conductivity types; 
applying a magnetic field to said semimetal material 

means coupled to said electrodes for detecting so as to induce a non-zero band gap in said semi- 
metal material; and 

applying a voltage in a forward bias direction across 
said junction so as to cause hole/electron recombi- 
nation at said junction and emission of electromag- 
netic energy of a wavelength corresponding to the 
induced non-zero band gap energy. 

14. The method for generating electromagnetic en- 

material is a semimetal selected from the group consist- 
ing of HgCdTe, HgCdSe, BiSb, a-Sn, HgMgTe, 

30 HgMnTe, HgZnTe, HgMnSe, HgMgSe, HgZnSe and 
the graphite form of carbon. 

1-10 Tesla. wavelength as set out in claim 13, wherein said mag- 
9. An infrared detector as set out in claim 5, further netic field is in the range of 2-10 ~ ~ ~ l ~ .  

comprising a filter layer of said semimetal material and 35 16. A method for generating electromagnetic energy 
means for providing a second magnetic field to said wavelength as set out in claim 13, wherein semimetal 
filter layer of semimetal material, said second magnetic material is Hgl-,Cd,Te, wherein x may be varied to 
field having a higher field strength than said first mag- vary the induced band gap energy. 
netic field. * * * * *  

and conduction bands; 

structure; 

structure; and 

changes in potential therebetween in response to 20 
infrared radiation incident on said diode structure. 

6. An infrared detector as set out in claim 5, wherein 
the semimetal material is selected from group consisting 
of HgCdTe, HgCdSe, BiSb, a-Sn, HgMgTe, HgMnTe, 
HgZnTe, HgMnSe, HgMgSe, HgZnSe and the graph- 25 
ite form of carbon. 

the semimetal material is Hgl -,Cd,Te, where x is in the 
range of less than 0.15. 

8. An infrared detector as set out in claim 7, wherein 

7. An infrared detector as set out in claim 5, wherein ergy as set Out in 13, wherein said zero band gap 

the magnetic has a strength of from apProxirnate1y 15. A method for generating electromagnetic energy 
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