
USO0RE36315E 

Ulllted States Patent [19] [11] E Patent Number: Re. 36,315 
Chen et al. [45] Reissued Date of Patent: Sep. 28, 1999 

[54] COMPOUNDS AND INFRARED DEVICES 4,723,448 2/1988 Veligdan. 
INCLUDING STOICHIOMETRIC 4.955.699 9/1990 Singh et al- - 
SEMICONDUCTOR COMPOUNDS 0F 5,410,178 4/1995 RaZeghi ................................ .. 257/615 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. LEAST ONE OF ARSENIC AND FOREIGN PATENT DOCUMENTS 

PHOSPHORUS 
2127219 4/1984 United Kingdom . 

[75] Inventors: An-Ban Chen, Auburn, Ala.; Arden 
Sher, San Carlos; Mark van 
Schilfgaarde, Palo Alto, both of Calif. 

[73] Assignee: S.R.I. International, Menlo Park, Calif. 

[21] Appl. No.: 08/839,835 

[22] Filed: Apr. 17, 1997 

Related US. Patent Documents 
Reissue of: 
[64] Patent N0.: 

Issued: 
5,483,088 
Jan. 9, 1996 

Appl. N0.: 08/289,391 
Filed: Aug. 12, 1994 

[51] Int. Cl.6 ................................................. .. H01L 29/205 

[52] US. Cl. ............... .. 257/189; 250/3384; 250/370.12; 
250/493.1; 257/615; 423/299 

[58] Field of Search .......................... .. 250/3384, 370.12, 

250/370.14, 493.1, 370.08; 257/184, 188, 
189, 613, 615; 219/553; 252/5181; 423/299 

[56] References Cited 

U.S. PATENT DOCUMENTS 

Re. 29,009 10/1976 Jeffers . 
3,632,431 1/1972 Andre et al. ............................ .. 117/33 

3,805,601 4/1974 Jeffers. 
3,849,874 11/1974 Jeffers. 
3,875,451 4/1975 Bachmann et a1. . 
3,929,970 12/1975 Isaacs et a1. . 
4,291,323 9/1981 Bachmann . 
4,622,845 11/1986 Ryan et a1. . 

I 

OTHER PUBLICATIONS 

Schilfgaarde et al., “InTISb: An Infrared Detector Mate 
rial?”, Appl. Phys. Lett., vol. 62, No. 16, 1993, pp. 
1857—1859. 
RaZeghi et al., “In1_xTIxSb for Long—Wavelength Infrared 
Photodetectors”, The Electrochemical Society, 184th Meet 
ing, NeW Orleans, Louisiana, Oct. 10—15, 1993. 
Choi et al., “Characterization of InTISb/InSb GroWn by 
LoW—Pressure Metal—Organic Chemical Vapor Deposition 
on a GaAs Substrate”, J.Appl.Phys., vol. 75, No. 6, 1994, pp. 
3196—3198 
Liao et al., “Electronic Structure of the III—V Tetramer 
Clusters and Their Positive Ions”, Journal of Chemical 
Physics, 1992, vol. 96, No. 12, pp. 8938—8947. 
Fung, “Convergent Beam Electron Diffraction Study of 
Semiconductor Superlattices and High Tc Superconducting 
Oxides”, Application of Electron Microscopy to Materials 
Science, Held: GauonZhou, China, Aug. 7—9, 1988, Diffu 
sion and Defect Data—Solid State Data, Part B, (Solid State 
Phenomena), 1989, vol. B5, pp. 85—101. 

(List continued on next page.) 

Primary Examiner—Constantine Hannaher 
Attorney, Agent, or Firm—IJoWe Hauptman Gopstein 
Gilman & Berner 

[57] ABSTRACT 

A semiconductor layer of In1_xTlxQ carried on a substrate 
forms an infrared device, Where Q is selected from the group 
consisting essentially of As1_yPy and 0<X<1, 0<y<1. 

34 Claims, 3 Drawing Sheets 



Re. 36,315 
Page 2 

OTHER PUBLICATIONS 

Finch et al., “Noise Characterization Mode—Locked Laser 
Sources Using High—Speed InGaAs Photodetectors”, IEE 
Colloquium on ‘Applications of Ultrashort Pulses for Opto 
electronics’, (Digest No. 87), Held: London, UK, May 26, 
1989, (Abstract Only). 
Karirnov et al., “Therrnoelectric Properties of TIPse”, Inor 
ganic Materials, 1988, vol. 24, No. 3, pp. 406—408. 
Choi, Growth and Characterization of InSb and InTISb for 
Long Wavelength Infrared Detector Applications, doctoral 
thesis, NorthWestern University, Nov. 1993. 
Staveteig et al., Photoconductance measurements on InTISb/ 
InSb/GaAs grown by low—pressure metalorganic chemical 
vapor deposition, Appl. Phys. Lett 64(4), Jan. 24, 1994, pp. 
460—462. 
RaZeghi et al., Growth of InTISb for Long—Wavelength 
Infrared Detector Applications, Center for Quantum 
Devices, NorthWestern University, Jun. 1994. 
Bliss et al., Phosphorus—rich InP Grown by a One Step 
In—situ MLEK Crystal Growth Process, 5th International 
Conference in InP and Related Materials (No Date). 

Zach et al., Determination of Fe2+ and F e3+ Concentrations 
in Semi—insulating InP.'Fe, 4th International Conference on 

InP and Related Materials, pp. 638—640, Apr. 21—24, 1992. 

Carlson et al., Near Infrared Microscopy for the Determi 
nation of Dopant Distributions and Segregation in N—Type/ 
InP, Fourth International Conference on InP and Related 

Materials, Apr. 21—24, 1992, pp. 515—517. 

Nosov, V.B., et al. “Calorirnetric measurements of the vol 
urne and surface absorption of IR materials in 5—6 urn 
spectral region,” Soviet Journal of Optical Technology Apr. 
1989, vol. 56, No. 4, pp. 238—240. 

Bliss et al., In—Situ Synthesis and Crystal Growth of High 
Purity InP, 4th Int. Conf. on InP and Related Materials, Apr. 
21—24, 1992, pp. 262—265. 

Bliss et al., MLEK Crystal Growth of Large Diameter (100) 
Indium Phosphate, Journal of Crystal GroWth, 128 (1993), 
pp. 451—456. 



U.S. Patent Sep.28, 1999 Sheet 1 of3 Re. 36,315 

1 FIG. 



U.S. Patent Sep.28, 1999 Sheet 2 of3 Re. 36,315 

mans :: 52.25» 

-1 .6 

_ 2 1 

1.6 - 

8:35: a “5:53. 90..“ 

-0.8 - 

0.8 0.6 0.4 

FIG. 2 



U.S. Patent Sep.28, 1999 Sheet 3 of3 Re. 36,315 

0 100 200 300 
T(K) FIG. 3 



Re. 36,315 
1 

COMPOUNDS AND INFRARED DEVICES 
INCLUDING STOICHIOMETRIC 

SEMICONDUCTOR COMPOUNDS OF 
INDIUM, THALLIUM, AND INCLUDING AT 

LEAST ONE OF ARSENIC AND 
PHOSPHORUS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF INVENTION 

The present invention relates generally to components 
including indium and thallium and including at least one of 
arsenic and phosphorus and infrared devices including 
same, and more particularly to [compounds of In1_xTlxQ, 
Where Q is selected from the group consisting essentially of 
As1_yPy, 0<x<1, and 0<y<1,] stoichiometric semiconductor 
compounds including indium, thallium and including at 
least one of arsenic and phosphorus, and to infrared detector 
and emitter devices including same. 

Background Art 

The prior art reports staring, i.e., non-scanned, infrared 
focal plane detector arrays formed on mercury cadmium 
telluride ([Hg_7TCD_3Te] Hg_7Cd_3Te), indium antimonide 
(InSb) and PtzSi for midWave infrared (3—5 [microns] 
micrometers) and mercury cadmium telluride 
(Hg_78Cd_22Te) for long Wavelength (8—12 [microns] 
micrometers) purposes. An enormous effort has brought 
these technologies to a mature state Where arrays as large as 
512 by 512 pixels are manufactured With practical yields, at 
high, but marginally acceptable, cost. One major failing of 
the mercury cadmium telluride and indium antimonide 
based staring focal plane detector arrays is that individual 
elements of the array must be indium bump-bonded to a 
readout integrated circuit on silicon substrates as disclosed, 
for example, in Timlin et al. US. Pat. Nos. 5,227,656 and 
5,304,500. Such bump-bonding techniques limit array sizes 
and stability. Large numbers of native defects also limit 
performance in mercury cadmium telluride arrays. While the 
platinum silicon arrays can be potentially integrated onto the 
same silicon chip that houses the readout integrated circuit, 
such arrays have loW quantum ef?ciencies of approximately 
1%, to severely limit performance. 
As further demands are made for increased signal-to 

noise ratios at higher, or even[,] non-cryogenic, operating 
temperatures, multi-spectral responses, large arrays of small 
pixels, longer operational lifetimes and loWer production 
costs, it is dubious if currently available materials Will be 
satisfactory. In the past, several other materials have been 
suggested to meet these requirements. These other materials 
have been built of strained layer superlattice structures and 
have been formed as quantum Well infrared photoconduc 
tors. These other materials can be built on gallium arsenide 
substrates, enabling them to be fabricated using monolithic 
integration With a readout integrated circuit on the same 
chip. HoWever, these prior art devices have loW quantum 
ef?ciencies, less than 10%, and quantum Wells having 
aWkWard optical arrangements. 

It is, accordingly, an object of the present invention to 
provide a neW and improved infrared device. 

Another object of the present invention is to provide a 
neW and improved infrared detector that can be groWn on a 
substrate that also carries a read-out integrated circuit, to 
obviate the requirement for bump-bonding. 
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2 
Another object of the invention is to provide a neW and 

improved infrared detector that can be groWn on an indium 
phosphide substrate and is substantially lattice matched to 
the indium phosphide, to obviate the need for superlattice 
structures. 

Another object of the invention is to provide a neW and 
improved infrared detector compound that can be tailored, 
With the selection of appropriate mode fractions, to detecting 
differing Wavelengths is the infrared spectrum. 

Another object of the invention is to provide a neW and 
improved pseudo-binary alloy compound, particularly 
adapted for use in infrared detectors and emitters. 

SUMMARY OF THE INVENTION 

In accordance With one aspect of the present invention, an 
infrared detector or emitter device comprises a substrate and 
a semiconductor layer of In1_xTlxQ carried by the substrate, 
Where Q is selected from the group consisting essentially of 
As1_yPy and 0<x<1, 0§y§ 1. In ?rst and second embodi 
ments of the invention, y=1 and y=0, respectively, so that the 
layer consists essentially of semiconductor In1_xTlxP or 
In1_xTlxAs. Based on investigations We have conducted, 
semiconductor layers of In1_xTlxP and In1_xTlxAs are rugged 
and can be epitaxially groWn in Zinc blende structure for all 
values of x With lattice constants nearly matching those of 
InP and InAs, respectively. Such epitaxially groWn semi 
conductor layers of In1_xTlxP and In1_xTlxAs are compara 
tively free of native point defects and have the high mobility 
and infrared absorption characteristics needed for high per 
formance infrared detector and emitter devices. Based on 
our investigations, TlP is a semimetal having a negative 
band gap (-0.27 eV) analogous to that of mercury telluride 
(-0.30 eV). The band gap of semiconductor In1_xTlxP (the 
band gaps of semiconductors are alWays positive) spans the 
entire long and midWavelength infrared spectra, for different 
values of x less than 0.76. 

InP is desirable for the substrate of In1_xTlxP because it is 
a high mobility, loW dislocation electronic material similar 
to gallium arsenide, capable of forming ohmic contacts as 
Well as p and n hetero- and homojunctions. In addition, InP 
has a functional passivant/insulator (SiOZ), enabling it to 
support high performance read-out integrated circuit 
devices. Thus, based on our investigations, semiconductor 
In1_xTlxP epitaxially groWn on indium phosphide (InP) can 
satisfy all system requirements. Semiconductor In1_xTlxAs is 
also a suitable infrared detector With many of the same 
properties on In1_xTlxP. InAs is the substrate best suited for 
In1_xTlxAs. HoWever, In1_xTlxP is preferred over In1_xTlxAs 
because InP is a better substrate than InAs. This is because 
InP can be doped, has better device performance and can be 
lattice-matched better to semiconductor In1_xTlxP than semi 
conductor In1_xTlxAs can be matched to InAs. In addition, 
semiconductor In1_xTlxP and InP substrates offer the advan 
tage of monolithic integration into a readout integrated 
circuit chip. 
We are aWare that attempts have been made to produce 

long Wavelength infrared detectors in Which layers of 
indium thallium antimony compounds (In1_xTlxSb) are 
deposited on indium antimonide (InSb). Applied Physics 
Letters, Vol. 62, page 1857 (1993) von Schilfgaarde et 
al.] M. van Schilfgaarde et al.). Asigni?cant drawback in the 
use of In1_xTlxSb is that is favors a more closely packed 
structure to the Zinc blende. HoWever, the greatest disad 
vantage in the attempted use of In1_xTlxSb, Which does not 
appear to arise in In1_xTlxP or In1_xTlAs, is that In1_xTlxSb 
cannot be successfully groWn on a Zinc blende lattice. This 
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failure appears to occur because In1_xTlxSb does not have a 
strong enough thermodynamic force to drive Tl onto the Zinc 
blende lattice. 

The above and still further objects, features and advan 
tages of the present invention Will become apparent upon 
consideration of the following detailed description of spe 
ci?c embodiments thereof, especially When taken in con 
junction With the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWING 

FIG. 1 is a side vieW of a preferred embodiment of the 
invention; 

FIG. 2 are plots of energy band gap vs. values of X for 
each of In1_xTlxP, In1_xTlxAs and HgxCd1_xTe; and 

FIG. 3 are plots of electron mobility vs. temperature for 
each of InO.33T1O.67P> In0.85T1O.15AS and Hg0.75Cd0.22Te 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Reference is noW made to FIG. 1 of the draWing Wherein 
there is illustrated an infrared device capable of detecting 
long Wavelength infrared radiation having a cutoff Wave 
length of 12 [microns] micrometers and for separately 
detecting medium Wavelength infrared energy having a 
cutoff Wavelength of 5 [microns] micrometers. The structure 
illustrated in FIG. 1 can be operated as a photovoltaic or as 
a photoconductive detector, depending on the bias voltages 
to Which electrodes thereof are connected. 

In the embodiment of FIG. 1, indium phosphide (InP), 
semi-metallic bulk substrate 10 has deposited thereon, pref 
erably by any of liquid phase epitaxy, metalorganic chemical 
vapor epitaxy, metalorganic molecular beam epitaxy or 
molecular beam epitaxy methods, a rugged semiconductor 
alloy layer of n type indium thallium phosphide 12 ([In1_ 
xlTlxlP] In1_x1Tlx1P) having a Zinc blende structure. InP 
substrate 10 is a good electronic material, i.e. has high 
carrier mobility, loW dislocation density (similar to GaAs), 
has virtually no native point defects, easily has ohmic 
contacts and p-n junctions formed thereon, is easily doped, 
can easily be coated With a function passivant/insulator 
(SiOZ), and electronic devices formed thereon have good, 
consistent performance characteristics. The value of X for 
the compound of layer 12 is selected such that layer 12 
absorbs long Wavelength infrared energy preferably having 
a cutoff Wavelength of 12 [microns] micrometers and is 
approximately lattice matched to InP substrate 10. Based on 
studies We have performed, lattice matching is about 1% and 
the 12 [micron] micrometers Wavelength cutoff are attained 
With a value of x1=0.67, Whereby layer 12 has a bandgap of 
about 0.1 eV. Layer 12 is doped With silicon to achieve n 
type conductivity. 

Deposited on layer 12, also by any of the foregoing 
methods, is a further indium thallium phosphide semicon 
ductor layer 14 (In1_x2Tlx2P). Based on studies We have 
conducted, With x2=0.57 rugged layer 14 absorbs midrange 
infrared energy having a cutoff Wavelength of 5 [microns] 
micrometers (associated With a bandgap of 0.28 eV), While 
passing the long Wavelength infrared energy that is absorbed 
by layer 12. The indium thallium phosphide compound of 
layer 14 is doped With any one of Zinc, magnesium or 
beryllium to form a p type layer, Whereby a p-n homojunc 
tion is formed at the intersection of layers 12 and 14. 
Aluminum ohmic contacts 16, 18 and 20 are respectively 

formed on exposed upper surfaces of layers 12 and 14 and 
substrate 10. Electrodes 16, 18 and 20 are connected to 
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4 
suitable electronic circuits to bias the device into a photo 
conductive state or enable the device to operate in the 
photovoltaic mode. All remaining, exposed surfaces of sub 
strate 10 and of layers 12 and 14 are covered With passi 
vating silicon dioxide (SiOn) layer 20. 

The structure of FIG. 1 can be modi?ed to detect infrared 
energy having a single cut-off Wavelength of 5 [microns] 
micrometers or 12 [microns] micrometers. To provide a 
cut-off Wavelength of only 5 [microns] micrometers, layer 
14 and electrode 16 associated thereWith are eliminated and 
the device is arranged so the infrared energy is incident on 
layer 12. To provide a cut-off Wavelength of 12 [microns] 
micrometers, layer 12 is replaced With a superlattice 
arrangement of In1_x3Tlx3P (Where x3 varies from 0.67 to 
0.57) that is lattice matched to substrate 10. 

In an actual staring infrared focal plane detector, many 
devices of the type illustrated in FIG. 1 are arranged in a 
matrix of roWs and columns on InP substrate 10 on Which are 

also deposited CMOS bias and readout transistors, as Well as 
metal roW and column strips and other components. 

While the preferred con?guration includes an InP sub 
strate and one or more In1_xTlxP layers, the substrate can also 
be bulk semimetallic InAs carrying a semiconductor Zinc 
blende layer of In1_x3Tlx3As, Where 0§x3§1; for a 5 
[micron] micrometers cut-off of the In1_x3Tlx3As layer, 
x3=0.15. The invention is not limited to the pseudobinary 
compounds In1_xTlx1P and In1_x2Tlx2As for layers 12 and 14, 
but can be expanded to include the generaliZed pseudoter 
tiary compound [In1_xTlx1P] In1_x4Tlx4Q, Where Q is selected 
from the group consisting essentially of As1_yPy, Where 
0<x4<1 and 0; yé 1. For y=0 or y=1, We have the special 
iZed cases of the pseudobinary compounds In1_x3Tlx3As and 
In1_x3Tlx3P, respectively. For 0<y<1, We have the above 
noted generaliZed pseudotertiary compound Which our stud 
ies shoW can detect and emit infrared energy to tailored 
Wavelengths in the spectra of interest. It is to be understood 
that the substrates are not limited to the preferred com 
pounds of InP and InAs but that the substrate can be formed 
of other materials, particularly silicon or gallium arsenide in 
semiconductor form. The In1_xTlxQ layer carried by such a 
substrate is physically connected to the substrate by an 
appropriate superlattice structure. 
Based on the studies We have performed, the bandgap 

energies (hence the cut-off Wavelengths) of In1_xTlxP and 
In1_xTlxAs (shoWn in FIG. 2 by plotted lines 22 and 24, 
respectively) in accordance With this invention and the prior 
art compound HgxCd1_xTe (shoWn by plotted lines 26) are 
illustrated as a function of the value of x in the interval 
02x2 1. From FIG. 2, any desired band gap, hence cut-off 
Wavelength, can be attained by proper selection of the value 
of x. The higher electron mobilities of the compounds of the 
present invention relative to the mobility of the prior art 
HgCdTe at temperatures approaching room temperature are 
clearly shoWn in FIG. 3. FIG. 3 includes plots based on our 
studies of electron mobility (in [105cm2/V.sec] 105 cm2/V~s) 
vs. temperature of InO_33Tl_67P (line 28), In_85Tl_13As (line 
30) and Hg_78Cd_22Te (line 32), all p doped With Zinc at 
1014/cm3 to have a band gap energy of 0.1 eV. Hence, our 
studies shoW that layers of the present invention do not 
require the extensive refrigeration structure required by the 
prior art. 

The ruggedness, i.e. structural stability, of the Zinc blende 
(four-fold coordination) In1_xTlxP and In1_xTlxAs lattice 
structures of the present invention can be determined from 
the binding energy of the atoms of these compounds. Our 
studies have shoWn these compounds in Zinc blende form to 
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be light open structures having strong directional bonds 
relative to other compounds of the cations Al, Ga and In With 
the anions P, As and Sb in more closely packed NaCl 
(six-fold coordination) and CsCl (eight-fold coordination) 
structures. For TlSb, the NaCl and CsCl structures overtake 
the Zinc blende structure, a manifestation of Which is a very 
negative band gap of TlSb. This reversal in the ordering of 
the TlSb energy causes complications When attempts are 
made to groW the prior art In1_xTlxSb alloy. Our studies shoW 
that TlP and TlAs are stable relative to the more closely 
packed phases of the prior art compounds, Whereby In1_ 
xTlxP and In1_xTlxAs are stable and can be produced Without 
excessive problems. 

Our studies shoW In_33Tl_67P has excellent long Wave 
length infrared properties relative to the prior art 
Hg_78Cd_22Te because inter alia: 

1. its [5.96 596 pm (picometer) lattice constant closely 
matches the [5.83 583 pm (picometer) lattice constant of 
the InP substrate on Which it is deposited so the In_33Tl_67P 
liquidus and solidus phase diagrams have simple lens 
shapes; 

2. the cohesive energy per atom (2.56 eV/atom) of TlP is 
58% greater than that of HgTe (1.62 eV/atom); 

3. TlP is a semimetal having a band gap of —0.27 eV, about 
the same as HgTe (—0.3 eV); 

4. its band gap concentration variation (dEg/dx) of 1.42 is 
16% smaller than Hg_78Cd_22Te; 

5. its elastic constants are about 33% greater than those of 
Hg.78Cd.22Te; 

6. the temperature variation of the band gap (dEg/dT) near 
[77°K] 77K is small (about —0.05 [meV/°K.] meV/K), 
approximately 15% that of Hg_78Cd_22Te (about —0.36 
[meV/°K.] meV/K); because of the loW value of dEg/dT for 
In_33Tl_67P, design of circuits including that compound for 
variable temperature operation is greatly simpli?ed and 
spatial variations in pixel performance of detector elements 
in a large matrix array due to temperature gradients Within 
the array are virtually eliminated; 

7. its electron effective mass is 0.008, equal virtually to 
that of Hg_78Cd_22Te; and 

8. its hole effective mass is 0.37, 43% smaller than the 
0.65 hole effective mass of Hg_78Cd_22Te, resulting in con 
siderably higher hole mobility and substantially longer elec 
tron Auger recombination lifetimes for In_33Tl_67P. 

While there have been described and illustrated several 
speci?c embodiments of the invention, it Will be clear that 
variations in the details of the embodiments speci?cally 
illustrated and described may be made Without departing 
from the true spirit and scope of the invention as de?ned in 
the appended claims. For example, the invention can be used 
to form a solar cell having a cut-off Wavelength such that a 
very large portion of the infrared spectrum is converted by 
photovoltaic action into electrical energy; in such an 
instance a layer of In_24Tl_76P is formed on an InP substrate. 
The compounds of the invention can also be used to form 
layers of infrared emitters in combination With the usual 
other structures of such emitters. 
We claim: 
1. An infrared detector or emitter device comprising a 

substrate, and a semiconductor layer of In1_xTlxQ carried by 
the substrate, Where Q is selected from the group consisting 
essentially of As1_yPy and [0<x<]0<x<1, 0§y§ 1. 

2. The device of claim 1 Where y=1. 
3. The device of claim 2 Where x=0.67. 
4. The device of claim 2 Where x=0.57. 
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6 
5. The device of claim 1 Where x=0.24. 
6. The device of claim 2 Wherein the layer is formed on 

the substrate and the substrate portion on Which the layer is 
formed consists essentially of InP. 

7. The device of claim 6 Wherein the layer is doped to 
have a ?rst conductivity polariZation. 

8. The device of claim 7 Wherein another layer of In1_ 
xTlxP having the second conductivity polariZation is formed 
on the layer having the ?rst polariZation to form a p-n 
homojunction. 

9. The device of claim 1 Wherein y=0. 
10. The device of claim 9 Wherein x=0.15. 
11. The device of claim 10 Wherein the layer is formed on 

the substrate and the substrate portion on Which the layer is 
formed consists essentially of InAs. 

12. The device of claim 1 Wherein the layer is doped to 
have a ?rst conductivity polariZation, and a second layer 
having substantially the same compound as the layer having 
the ?rst conductivity polariZation contacting the ?rst con 
ductivity polariZation layer to form a p-n homojunction, the 
second layer being doped to have a second conductivity 
polariZation. 

13. The device of claim 1 Wherein the layer is formed on 
the substrate and the substrate portion on Which the layer is 
formed consists essentially of InQ, the layer and substrate 
having substantially the same lattice constants. 

14. The device of claim 13 Where y=1. 
15. The device of claim 13 Where y=0. 
16. The device of claim 13 Where 0<y<1. 
17. The device of claim 1 Where 0<y<1. 
18. The device of claim 1 Wherein the device is a detector 

and the substrate includes a second layer of In1_ZTlZQ, Where 
Z is less than x, the second layer being positioned above the 
In1_xTlxQ layer so certain optical radiation Wavelengths 
incident on the second layer pass through the second layer 
and are absorbed by the In1_xTlxQ layer and other optical 
radiation Wavelengths incident on the second layer are 
absorbed thereby. 

19. The device of claim 18 Where y=1, x=0.67, Z=0.57. 
20. The device of claim 1 Where y=1, x=0.24. 
21. The device of claim 1 further including an ohmic 

contact on the layer. 
22. In In1_xTlxQ, Where Q is selected from the group 

consisting essentially of As1_yPy and 0<x<1, 0§y§ 1. 
23. The composition of claim 22 Where y=0. 
24. The composition of claim 22 Where y=1. 
25. The composition of claim 22 Where 0<y<1. 
26. A stoichiometric semiconductor compound compris 

ing the elements In, Tl, and including at least one of the 
elements ofAs and R wherein the compound is stoichiomet 
ric with respect to at least three of said elements. 

27. The stoichiometric semiconductor compound of claim 
26 wherein the compound is stoichiometric with respect to 
four elements including at least three of said four elements. 

28. The stoichiometric semiconductor compound of claim 
27 wherein the compound includes dopants. 

29. The stoichiometric semiconductor compound of claim 
26 wherein the compound is an alloy including at least three 
of said elements in a zinc blende structure. 

30. The stoichiometric semiconductor compound of claim 
26 wherein the compound is stoichiometric with respect to 
four elements, including said four elements. 

31. An infrared detector or emitter device comprising a 
substrate, and a semiconductor layer carried by the 
substrate, the layer including a stoichiometric semiconduc 
tor compound comprising the elements In, Tl, and including 
at least one of the elements of As and R wherein the 



Re. 36,315 
7 8 

compound is stoichiometric with respect to at least three of 34. The infrared detector or emitter device of claim 31 
Said elements Carried by [he subslmle- wherein the compound is stoichiometric with respect to four 

32. The infrared detector or emitter device of claim 31 elements) including Said four elements_ 
wherein the compound is stoichiometric with respect to four 
elements, including at least three of said four elements. 5 

33. The infrared detector or emitter device of claim 32 
wherein the compound includes dopants. 


