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The GalnAsSk as one of the most impertant semiconductor alloy systems for infrared deteciors is well es-
tablished. Samples of GalnAsSh alloys have been grown by atmospheric pressure metalorganic chemical vapor de-
posttion on n-GaSh { Te-doped) substrates. The properties of GalnAsSh layers were characterized by single-erystal
X-ray diffraction, douhle-crystal X-rav rocking curve and scanning eleciron acoustic microscopy. The spectral re-
sponses of p* -GalnAsSh/ p-GalnAsSb/ n-GaSh detectors showed cut-off wavelength at 2.4 um, detectivity 27 =

1.2 % 10° cenHe"* /W at room temperature, and quantum efficiency 40% .
PACC: 0762; 6855
I. INTRODUCTION

New trends in semiconductor infrared detector research have been directed toward im-
proving the performance of single-element devices, large electronically scanned arrays, and
higher operating !emperamrem‘ HgCdTe is the most important semiconductor alloy system
for making infrared detector, but there exist the most sericus technological pmblemslz} s the
material is difficult to grow, and devices are expensive and power-consumptive for cryogenic
system{. Cooling requirements add considerably to the cost, bulk, weight, power consump-
tion, and inconvenience. Uncocled and near-room-temperature semiconductor infrared detec-
tors have the current privileged position. The guaternary GalnAsSh alloy is potentially a very
important material for the fabrication of detectors designed for middle-wavelength infrared
applications at room temperature. This system with direct band gaps adjustable in wave-
length from 1.7 to 4.3 pm was grown lattice-matched on GaSb, InP and InAs substrates,
which may provide the basis for detectors over this entire region. Tournie ez al. 1 and Bow-
ers et al . reported GalnAsSb/ GaSb photodetectors by liquid phase epitaxy (LPE) for the
atmosphere and lightwave communication systems using fluoride glass fibres. However, most
recent efforts in the technology of infrared detectors have been on large electronically focal
plane arrays. (1 1y is difficult to grow GalnAsSb alloys in miscibility gap and with large epi-
taxial surface by LPE. The metastable large epitaxial surface of GalnAsSb alloys with com-
positions in the miscibility gap can be grown by using non-equilibrium techniques, such as
molecular beamn epitaxy { MBE) and metalorganic chemical vapor deposition { MOCVD).
The studies reported here focused on the characterization and structure of the p'-GalnAsSb/
p-GalnAsSb/ n-GaSb heterostructure. It is a prefiminary study for the large electronically fo-
cal plane array infrared detector of this structure at room temperature. These layers have
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been characterized by single-crystal X-ray diffraction, double-crystal X-ray rocking curve and
scanning electron acoustic microscopy. The details of growth vonditions and characterization

are described in this paper.
II. GROWTH AND CHARACTERIZATION

The alloys of GalnAsSb were grown on GaSb substrates by MOCVD using a conven-
tional atmospheric pressure horizontal reactor. The sources of Ga, In, Sb and As were
trimethylgallium { TMGa), trimethylindium {TMIn), trimethylantimony { TMSb) and arsine
(AsH;) diluted to 10% and were carried by Pd-diffused hydrogen into the reactor, separate-
ly. The substrates were n-GaSh ( Te-doped} oriented 2 -3° off (100) towards <110>>. Be-
fore being put into the reactor, the GaSb substrates were chemically ewched. The growth

ternperatures were between 560 C and 640 T..
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(b) The double-crystal X-ray rocking curve.
{a) The single-crystat X-ray diffraction pat-

tem.

Fig.1

Compositions of GalnAsSh epilayers were determined by electron probe microanalysis.
According to the energy-composition relation of Ga,In;_ , As ., Sb, E(z, ») = 0.359 +
0.482 -0.78y — 0.398zy + 0.6x2 — 0.5963% + 0.1852" + 0.054zy* {Ref. [5]). The X-
ray diffraction pattern of Gag 79Ing 21 A% 145bg. g6 epilayer on GaSb subsirate in Fig. 1{a) in-
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dicates good crystallinity. Figure.1.(b) shows the double-crystal X-ray rocking curve of the
{400) diffraction of GalnAsSb epilayer on n-type GaSb substrate. A full width at half maxi-
mum (FWHM) of 6 arc-min shows a high crystalline quality of the GalnAsSh epilayer.

Photoluminescence measurements of GalnAsSh epilayers were carried out at 72 K excit-
ed by the 514.5 nm line {rom an argon ion laser with a power of 100 mW. The peak wave-
lengths of the photoluminescence spectra of two GalnAsSb epilayers are at 1.966 and 2. 136
pr, and the FWHM are 26 meV and 30 meV, respectively. This indicates that the epilayers
show high quality. The energy gap of the GalnAsSb alloy was obtained from infrared absorp-
tion spectrum of a GalnAsSb epilayer at 300 K. It is seen that the values of E; calculated ac-
cording to the composition are in good agreement with the measured E; using PL and in-
frared absorption.

1I1. SEAM EXPERIMENT OF p” -GaInAsSh/p-GalnAsSh/n-GaSb

Scanning electron acoustic microscopy (SEAM) was developed in 1980'% 7! 4nd has been
mainly used in the last few years in the characterization of thermal, elastic and pyroelectric
properties on a microscale resolution. SEAM observation was performed in a system modified
from a KyKy-1000B microscope made by a China-USA joint-venture Company. It has been
reported as a new experimental tool for the study of polarization distribution, phase transtion,
subgrain boundaries and domain structure in polar materials and nondestructive observation of
internal phenomena in many other materials and devices. SEAM was constructed using con-
ventional scanning electron microscope, to which several newly designed parts, a flexible
plug-in beam blanking system, an opto-electric coupler and a spring-loaded and metal-shielded
PZT electron-acoustic signal detector were attached. Figure 2 shows the SEAM image of p” -
GalnAsSh/ p-GalnAsSb epilayer. The acoustic waves produced by the electron-beam-induced
heat distribution carry subsurface information of epilayer to be imaged by SEAM. Tt is the
elect ron- beam-induced thermal waves that have many of the characteristics of conventional
waves and interact with thermal features of a solid by scattering and reflection from regions
with sufficiently different thermal characteristics from their surroundings, and the electron-
acoustic signal will therefore produce an “image” of these regions. In Fig.2 the information
of the image is well-distributed, the bright speck is the surface defect, and the contrast of
light and shade is due to Zn-doped concentration change. The SEAM image illustrates that
the epilaver has a high crystalline quality.

1V. THE STRUCTURE AND CHARACTERISTIC OF INFRARED DETECTOR

The structure of the detector is shown in Fig.3{a) ;Fig. 3(b) shows the complete band
diagram of the epitaxial structure, which includes the p" -GalnAsSh/ p-GalnAsSb/n-GaSh
heterojunction. The device is operated in the backside illuminated mode, in which the pho-
tons enter the GaSb transparent substrate and reach the p-n junction and the p-GalnAsSh
layer, where they are absorbed. This GaSh substrate determines the short-wavelength cut-on
value, which is 1.7 um at room temperature, and the long-wavelength cut-off value is related
with the p-GalnAsSb layer. A thin p* -GalnAsSb layer was formed with Zn dilfusion to form
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Fig.2. SEAM image, f =225 kHz, Mag. X 970.

a high conductive layer. Undoped GalnAsSb with the acceptor concentration around a value
of 10" cmn™? requires relatively thick layers for maximum light absorption. The contacts
formed by evaporating and alloying Au-Zn on p'-GalnAsSb and Au-Ge-Ni on the n-GaSh
substrate respectively. The mesa and illumination hole were defined using photolithographic
techniques. The area of mesa is about 3.14% 10 * cm®. Figure 4 shows the current-voltage
characteristic of p* -GalnAsSb/ p-GalnAsSh/n-GaSh detector at room temperature, with dark
current about 50 - 100 pA at 1V reverse bias. Its spectral response at room temperature is
shown in Fig. 5, the peak wavelength is at about 2.25 pm, and the wavelengths cut off at
1.7 pm and 2.4 um are caused by GaSb substrate and Gay 7gIng 23 Asg 20Sbg g layer respec-
tively. At room temperature the detectivity D” is up to 1.2 % 10° emHz">/W, and the guan-
tum efficiency at 2.25 pm is about 40% . This detectivity and quantum efficiency of the in-
frared detector may have military and civilian applications, its significant advantage is the
room temperature operation with no need of expensive cryogenically cooled cost.
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(a) The basic structure. (b) The energy-band diagram of structure.
Fig.3. Backside-illuminated p’ -GalnAsSh/ p-GalnAsSh/n-GaSb infrared detector.
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¥. CONCLUSIONS

Heterojunctions of p* -GalnAsSh/p-GalnAsSb/n-GaSb have been grown by MOCVD
technique. The results of X-ray single-crystal diffraction pattern, double-crystal rocking
curve, PL spectra, infrared absorption spectrum and SEAM image indicated that
p-GalnAsSh/ p-GalnAsSb alloys are high-quality solid solutions. The infrared detector is
obtained with wavelength cut off at 2.4 um and detectivity D* = 1.2 X 10° cmHz* >/ W at
room temperature, which omits the expensive cryogenically cocled cost.
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