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Substantial changes have been found in the electrical properties and structural parameters of single-
crystal InAs after exposure to infrared laser radiation with photon energy less than the

energy gap of InAs and power density<50 W/cn?t. The changes are due to the transformation

and redistribution of intrinsic point defects in the field of the laser electromagnetic field.
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1. INTRODUCTION ward the excess of As atoms or the metal component, and

One of the effective ways of controlling a semiconductorhad p- andn-type conductivity, respectively.

is to expose it to laser radiation which modifies its surface

properties fo>Eg) (Ref. ) or bulk properties § w<E,) 3. RESULTS AND DISCUSSION

(Ref. 2, depending on the ratio of the laser photon energy .

h to the energy gafE,. However, despite many attemps, Samples cut from a single-crystal bulk plate were found

the mechanism responsible for the interaction between lasd? have d|f_fere_nt types of conductivity at _77 K'_ The carrier
radiation and crystals has not yet been fully elucidated. w&oncentration im-type samples was practically independent

have therefore undertaken an investigation of Iaser-Of temperature down to the region of instrinsic conduction.

stimulated ¢ w<Eg) transformation of structural and elec- At low temperatures, the degree of concentration was prob-

trical properties of InAs crystals with a narrow homogeneity2P!y détermined by electroactive intrinsic defects, lying deep
interval and a narrow energy gap. in the conduction band, so that they were not seen in the

temperature dependence of the Hall consiptor the con-
ductivity o. Samples of the second type, whose conductivity
2. EXPERIMENTAL METHOD at 77 K waso;;=0.25¢10"* Oom ! cm™?, had Ry(T)

We used continuous GC@aser radiation with typical for p-typical samples, i. e., the conduction type is
#0=0.0018 eV. The transport coefficients were measurednverted as the temperature is increaséa-@40—-250 K).
by standard methods and the stoichiometry of the samplesor n-type conduction, the behavior of the Hall coefficient
was monitored by X-ray diffraction methods, using quasi-Ru(T) is the same as in the first case.
forbidden reflections.This method is sensitive to changesin ~ The samples were then exposed to the laser radiation
the sample and, if the intensity of the diffracted X-rays can(fiw=0.118 eV,E;=0.35 eV, fiw<Egy) . For low power
be measured to better than 0.3%, it can be used to monitétensities W1=10 Wcnf), the measured concentration of
changes in composition at the level of 'iacm™3. The  electrons in type-1 samples decreases slightly with exposure

change in the integrated intensityR, is related to the time. An increase in the power density ¥,=20 W/cn?
change in the concentratian by produces an appreciable rise in carrier concentration for a

shorter exposure time as compared with. Further expo-
AR; /Ri=k(Cin=Cas), () sure under the same conditions leads to a monotonic reduc-
where the constark depends on the type of reflection and tion in electron concentration to below the initial lev&ig.
the form of radiation. Calculations show that fGuKal 1). The carrier mobility afT=77 K was found to increase
radiation and th€222) reflection, the difference,,—cas can  during the exposure of the crystals to the laser radiation, and
be detected at the level of X210 . The change in the eventually exceeded the initial value by a factor of 2.
relative volume fraction of the distorted lattice;, was de- X-ray studies suggest that all this is accompanied by a
termined by measuring the increase in the integrated intershange in the distribution of InAs atoms in the lattice. The
sity due to the diffuse component of scattering by distortiongntegrated intensityr; at first decreases from its initial value
in the (333 reflection, using the formuta corresponding to a surplus of In atoms. This continues al-
R.=(1—pg)Ro+ poR @ m_ost_down t_o the stoichiomgtric val(Eig. 2), but then rises
e Po)Rp™ Pork» with increasing power density/, to a level greater than the
whereRcRp ,Rk are the integrated intensities, respectively,initial value. Continuing exposure wit/,= const leads to a
measured and calculated from the dynamic and kinematiceduction inR; below the level corresponding to the stoichio-
models of scattering. metric value(excess Ah
We investigated undoped single-crystal InAs. The In p-type crystals, the low power density;=15
samples were cut from a single ingot and were polished anw/cn? does not induce appreciable changes at room tem-
etched in order to remove the surface layer. The crystals hagerature, whereas at 77 K the hole concentration at first in-
near-stoichiometric composition with a slight tendency to-creases with time, but then tends to satuf&ig. 3). As the
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FIG. 1. Ratio of Hall coefficient®, /Ry as a function of exposure to the
infrared radiation for InAs samples with excessRy.is the Hall coefficient
prior to exposure.

power density increased\(; <W,), the hole concentration
rises rapidly in a timet=30 min, followed by a fall with
increasing exposure time. When the power density is ther.
increased tdN,=25 chmz' the samples undergo a transi- FIG. 3. Carrier concentration as a function of exposure time for InAs
tion to the state witm-type conductivity and anomalously samples with excess As at the following temperatiies): 1—300, 2—

high mobility at 77 Ku,7=6x10° cn?/(V -s) (Fig. 4). How-  77. Power densitie8N/cn?):W; =15, W,= 25, W;=40, W,=4

ever, this is an unstable state and the samples return to the

state with p-type conductivity over a period of two days. ) o ) )
Continuing illumination with the same power density pro- ration at 77 K-and at 300 K again increases, as it does in the
duces a reduction in the hole concentration and, after a cef@se Of crystals with initiain-type conductivity [Fig. 1,

tain inverval of time, the crystals assume theype state t= -5 N and Fig. 3t=9 (h)] but at higher values ofV and
throughout the temperature range that was investigated. The

concentration of carriers with the characteristic temperature

dependence is close to the electron concentratiom-type
crystals in the original statgrior to illumination. After this
transition, the crystal becomes stable and there are no
changes in the electron concentration or their mobility as
illumination continues withW= const. However, when the
power density is stepped up W5;=40 V/cn?, the concen-
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FIG. 4. Temperature dependence of electron mobility in InAs crystals:

calculated for the case of scattering by lattice vibratd@rystal experi-

FIG. 2. Integrated reflection intensiB; of quasi-forbidden(222) reflection ments: 2—initial crystal with excess of In3—-5—excess of As. Measure-
as a function of exposure time for InAs samplés-excess In2—excess  ments on n-type regions: 3—unstable, 4—stable, 5—simultaneous

As. application of constant electric field and laser radiation.
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FIG. 6. Relative volume fraction of distorted lattice as a function of expo-
35 sure time for InAs samples with excess In.
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0 " 7,2‘(” 0 (Fig. 4). This state is not observed in crystals with excess In.

It is clear from Fig. 4 that the electron mobility in the origi-
FIG. 5. Temperature dependence of carrier concentration for InAs sample$ial samples is not very high because the best InAs crystals,
l.—hInAs samp:e with excess of |'tnhaftterbf:l&x 1t3-h0ur ggpotsﬁielnﬁ:_s rsatlm%e grown by the Czochralski method, had mobilities reaching
e e o e Sy #r7=5x10' cmV-9) at liquidntiogen temperatures.
min), 3—InAs sample with excess As in a region with stabkeype con-  Naturally, the greater the concentration of clusters of intrin-
ductivity under the simultaneous application of the electric field and lase/SIC components or impurities, the lower the electron
radiation(the solid curve is theoretical mobility.2° Figure 6 shows the relative volume fraction of
lattice distortions as a function of the exposure time. It is
clear that the quantitp, monotonically decreases with ex-
longer exposure. The power density is then substantially reposure time, indicating a reduction in the volume fraction of
duced tow,=4 W/cn?, and a constant electric fiel<0.1  large-scale inhomogenities in the crystal. This result is in
V/cm is applied to the sample parallel to the electric vectoragreement with the measured stoichiomesgreading of co-
in the laser wave. It was shown in Ref. 6 that the laseragulated intrinsic components during exposure leads to a
stimulated changes in the lattice in this case occur muckhange in state of the atoms in the latiiead also with the
more rapidly and, moreover, a directed migration of intrinsicincrease in carrier mobility with increasing dose of radiation.
and impurity components occurs with increasing exposure tdVe note, however that this mechanism is hardly the domi-
the simultaneous action of the fields. In InAs, the electrornant one in the unstable phaserstype conductivity, where
concentration begins to fall in the presence of these fieldfor relatively high volume fraction of distortions the mobility
(Fig. 5. at T=77 K reaches values that are actually restricted by the
The results of these experiments can be explained biheoretical limit for scattering by lattice vibrations under the
assuming that the changes in the crystal are not thermal, biltumination (Fig. 4, curve 1). Interestingly, when
are related to the laser-stimulated tranformations in the set df,~n;;=2x10'® cm 3, the mobility should not exceed
intrinsic point defects. pu77=7.5x10* cm?/(V-s) (when scattering by ionizing im-
As in other semiconducting compounds such as GaAspurities and lattice vibrations is taken into accqumthere
PbSnTe, and PbSnSRefs. 6 and ¥, the laser-stimulated N, is the concentration of ionized impurities. The measured
transformations of InAs occur in both sub-lattices, but atmobility is higher than this value by an order of magnitude.
different rates. The metal component usually reacts more ac- A possible reason for this behavior @{T) is the order-
tively to a change in the laser power density than to changei$ig of the set of charged scattering centers in the field of the
in the dose, which is in fact confirmed experimentally. laser radiation, due to Coulomb repulsion and the formation
The same mechanism for laser transformation of defectsf corrrelated mixed-valence point defetisThis ordering
is typical for samples with excess As. The particular form ofof scattering centers requires concentrations of not less than
the functionRy(T) that is observed only when the electric 5x 10 cm™3, which is feasible in compensated semicon-
field and the laser radiation are applied to In&sg. 5 is  ductors with low point-defect formation energies, e.g., lll-V
unusual and may be connected with a resonance level in th®mpounds. We note again that this situation occurs only in
conduction band that transfers electrons to this band whethe case of laser-stimulated inversion frgmto n-type con-
the temperature is reduced. By analyzing the fornRg{T) ductivity, followed by a transition to the stabfetype.
we were able to calculate the position of this hypothetical  The carrier mobility in crystals with stable-type con-
level on the assumption that the donor level was formed byluctivity is somewhat lower than the mobility observed in
the s-type wave functions: samples with excess In after exposure to laser radiation. This
_ suggests a higher concentration of scattering centers in
Ea(T)=Ea(0) =T, samples with excess As. ;
where E4(0)=0.057+0.005 eV anda=(2.0+0.2)x10 * Moreover, it is clear from Fig. 4 that, as the power den-
eV/K. As already noted, when the crystals with excess As isity increases, the initial rise in the electron concentration is
illuminated by laser radiation, there is a characteristic regioraccompanied by a reduction in mobility. However, the char-
with n-type conductivity and an anomalously high mobility acter of the temperature dependence remains nearly the
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same. It is important to emphasize the change in the mobilityalue necessary for thermal damage to the crystal, can be
w(T) throughout the temperature range when the laser radiatsed to vary the electrical and structural properties of InAs as
tion with power density reduced by an order magnitude andh result of the redistribution of electrically neutral intrinsic
weak electric field are applied togeth@ig. 4, curveb). In - components in the field of the laser wave.
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