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Nonequilibrium carriers in GaAs grown by low-temperature molecular beam epitaxy
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Electronic properties of GaAs grown by low-temperature molecular beam epitaxy are analyzed using a
model that assumes a semiconducting matrix with embedded semimetallic As clusters. The static and high-
frequency conductivity, Hall effect, lifetime of photoexcited carriers, current-voltage characteristic, and the
screening phenomena are all considered. Model results are compared with existing experimental data and a
proposal is given for new experiments that could determine currently unknown properties of the material.
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[. INTRODUCTION shape with radiua and concentratiol. Bulk As is a semi-
metal with the band overlap =0.37 eV and concentration

Gallium arsenide grown by low-temperature molecularof electrons and holes,,=pas=2% 10?°°cm 3 (see Ref. V.
beam epitaxy(LT GaAs) has become an object of intensive In small clusters due to the size quantization of electrons and
experimental investigations over the last decade. The mosioles,A and n,s may have considerably lower valugg.or
remarkable property of this material is the combination ofvery smalla, band overlap may be completely removed so
very high resistivity and very short lifetime of nonequilib- that clusters have the properties of a narrow-gap indirect
rium carriers which makes LT GaAs a very promising mate-semiconductoy.The resulting band diagram is shown in Fig.
rial for a number of micro- and optoelectronic devidsis 1. The band offset2\E. and AE, are determined by the
widely accepted that these peculiarities are related to thelectron affinities of GaAs and As. For a sufficiently large
presence of excess arsenic in the material and are usualtjuster sizea, the size quantization in clusters is negligible
described by two different models, the “buried Schottky and the values ofAE. and AE, approach those for bulk
barrier” 2 and “arsenic antisite of defect® GaAs-As. As is often the case in the physics of heterojunc-

The first model is based on the experimentally confirmedions, exact electron affinities have considerable uncertainty
fact that excess arsenic after annealing forms separate clusnd band offset values are difficult to predict theoretically
ters in the GaAs matrix with characteristic dimensions of theand must be determined experimentally. The position of the
order of tens of nanometers. These clusters pin the Fernfiermi level{ for the undoped matrix is determined from the
level near the middle of the band gap, creating depletiortondition of cluster electrical neutralityi,s=pas and may
regions(Schottky barriersadjacent to the clusters. At suffi- depend on the energy levels in a cluster and, hences. on
ciently high cluster densities these regions overlap and th&he presence of charged impurities in GaAs matrix distorts
material becomes semi-insulating. slightly the band diagrartdashed lines in Fig.)lbut if their

This system has much in common with neutron-irradiatecconcentratiorN, is less than 4,N?3kT/e? (&, is the dielec-
semiconductors containing disordered regions with high contric constant of GaAs the amplitude of this distortion
centrations of deep centers encircled by depleted re§ion®?N, /[£o(2NY3)?] is less than the thermal energy and can
and for this reason having high resistivity. However, photo-be ignored. For a typical valug~ 10®cm™3, this condition
electric properties of irradiated semiconductors and of LTat room temperature correspondsNe<3x10cm™3. In
GaAs differ dramatically. Irradiated semiconductors, similarthis case the electron and hole concentrations in the GaAs
to many other inhomogeneous materials, are characterizadlatrix are spatially uniform, independent of the doping level
by very long carrier lifetimes- due to a separation of non- of material and equal, respectively, ta,=N;exgd({
equilibrium carriers by the internal electric fields of the
inhomogeneities.LT GaAs, by contrast, is characterized by GaAs As
very shortr. This means that the simple model of chemically 2a
uniform semiconductors with parallel modulation of energy = — E —
bands by an electrostatic inhomogeneous poténtiahnot
be directly applied to LT GaAs.

In the present paper we develop the concept of the “bur-
ied Schottky barriers?® to formulate a simple two-phase - iy
model of LT GaAs which gives a quantitative theoretical G
description of all of the major electronic properties of this
material and predicts some new, still unobserved effects.

AL

Il. TWO-PHASE MODEL - S ——

We consider LT GaAs as a matrix of pure crystalline FIG. 1. Schematic band diagram of LT GaAs containing semi-
GaAs with embedded arsenic clusters having a sphericahetallic clusters.
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—EJ)/KT] and po=N, exf (E,—)/kT] whereN,,N, are the as Eq.(1), containing no frequency dispersion. This contra-
effective densities of states in the conduction and valencéicts both more general theoretical modefs and experi-
bands of GaAs. ments on LT GaA¥ where noticeable dispersion was pre-
The sign and concentration of majority carriers in the ma-dicted and observed at frequencies~ry," with 7y
trix between clusters depend on the relationship betweerr eo/(4mwo) being the Maxwell time in the matrix. To ex-
electron €.—¢) and hole ¢ —E,) activation energies, being plain this discrepancy, let us imagine the qualitative picture
determined by the smaller of them. We assume tha(E.  of electric field in the system.
+E,)/2 so that the majority carriers are electrons. This is in We assume that at the moménrt0 the system was ex-
accordance with the experimental dtashowing the posed to an electric field created by external electrodes. Al-
Schottky barrier height at the interfaneGaAs/As to be 0.65 most immediatelyin a time equal to the Maxwell time in the
eV, which is less than theE(—E,)/2. The value ofE,.—¢  clusters which is assumed to be vanishingly sjrié field
=0.65eV in LT GaAs is also in a good agreement withinside the clusters will be screened and the clusters become
many transport measuremergee, e.g., Refs. 9—1demon-  equipotential spheres. The processes of charge redistribution
strating the activation energy of conductivity and Hall effectbetween different clusters will be characterized by the relax-
in the interval 0.6—0.75 eV and negative sign of majorityation timery, . If clusters form an ideal periodic lattice, then,
carriers. by symmetry, there would be no such redistribution and no
relaxation processes. In other wordswould have no dis-
. TRANSPORT PHENOMENA persion atlufvml, in agreement with the EMT predictions.
But fluctuations in position or size of clusters, ignored in
It has already been mentioned that the static values ofMT, change the picture. If, for instance, there exists a pair
conductivity o and Hall coefficienRy in LT GaAs have an  of clusters with anomalously small separation in the direc-
activation temperature dependence with the activational enion of external field, this pair tends to be polarized and a
ergyE.—{=0.65eV. The pre-exponent mdepends on the corresponding charge distribution is established in a time
relation petween th(_a mean free p_a_th of majority carriers in- 7, and becomes the origin of the frequency dispersion
the matrix|, determined by impurities, phonons, and othero.(w) at wwml which at the room temperature has the or-
scatterers besides clusters and the average distanioe-  ger of 10 kHz.
tween two collisions of ballistic electrons with clusters. At much higher frequencies whembecomes comparable
Slncezthe cross section Er scattering by an uncharged clustgjith the inverse Maxwell frequency of clusters, the field par-
is wa“, thenl =(wNa")~". tially penetrates the clusters, which results in a strong ab-
At I,<l, the situation is purely classical. We have a con-sprption of microwave and infrared radiation. A similar
ducting medium with the conductivityo=noe’l,/(mv) (M problem was discussed in the literaftin connection with
and v are the effective mass and the thermal velocity ofthe intraband absorption by strongly compensated semicon-
electrons in GaAs containing embedded metallic clusters ductors containing electron droplets. Considering our system
with a conductivity much higher thaog. If the relative  as a dielectric matrix with spherical conducting inclusions
volume of cluster<C=47Na/3<0.2 so that no percolation having the conductivityr;, we have the following expres-
exists, the effective conductivity of the systemis well de-  sjon for the absorption coefficient:
scribed by effective medium theo(EMT) (see, e.g., Ref.)5

which gives \/s—ow 4mic
a= Im —. (2
_ oo 1 C 380(1)+47T| aj
77 1-3C" @

Using the Drude formular;=e?nasr[m(1-iw7,)] " (7,
It is worth noting that EMT predicts the Hall coefficieRy, is the momentum relaxation time in clustershe formula is
in the system to be equal to {13C)?%/en,. This means that exact if one type of carrier is dominating in conductivity; if
the “Hall mobility” Ry, is always less than the real mobil- the contributions of electrons and holes are comparable, by
ity in the matrix wo=el,/(mv): mand 7, one should mean some effective values determined
by both types of carriers—we obtain eventually
oRy= pno(1-3C),

which is typical for inhomogeneous semiconductors. _ \/8_092"’2% 3)
At 1,>1, the carrier motion between clusters is ballistic “« [0’ +(Q*—w?)?7]’

and the role of mean free path is played IRyso thato

~nge?/(mvNa?). where O = \4me?n,./(3me,) is the plasma frequency in

Frequency dispersion of the LT GaAs conductivityw) clusters. Thea vs w dependence given by E@3) has a
in the case of ac voltage is the subject of a separate discusiaximum atw={. For pure bulk As,Q) would have the
sion. The simplest way to find(w) is to use the EMT value~5x10*s"1. But, as mentioned in Sec. Il in clusters
generalized to the ac case by replacingaalvith complex  nag and hencef), may acquire much smaller values. It is
conductivities o—ie/(4m) where ¢ is the dielectric clear from Eq.3) that by studying infrared absorption spec-
constant® However, for high conductivity of clusters, EMT tra in LT GaAs, one can obtain information on the carrier
gives the real part of the ac conductivity as the same formulaoncentration in clusters.
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Another important high-frequency kinetic coefficient is features of CVC introducing no additional adjustable param-
the off-diagonal conductivity component in a magnetic fieldeters.
oyy. This ac Hall conductivity determines the amplitude of Let us calculate the flux of electrons of enerdy
Faraday rotation and for this reason can be easily measurdtheasured from the conduction band edge in GaAs
experimentally. In inhomogeneous structures, for each  emitted by unit area of a clusteg(E). In the equilib-
type of carrier at sufficiently high frequency>4wa;/<cy, rium g(E) is isotropic and equal top(E)v(E)f(E)/4
is proportional to the average carrier concentration in the=p(E) VE/(8m)exd —(AE.+E)/KT], wherep is the density
sample®® Thus, in a medium with separate metallic inclu- of states in the GaAs conduction bard, is the electron
sions, the effective carrier concentration determined from theffective mass, antlis the Boltzmann distribution function.
Faraday effect may be orders of magnitude larger than the If an external electric field= is applied to the system,
concentration found from the dc conductivity. This wasmetallic clusters become polarized and disturb the field to
shown to be the case in experimental studies of stronglestablish the surface equipotential. The resulting field distri-
compensated semiconductors containing microscopic drogsution near a spherical clustésee, e.g., Ref. 22has a nor-
lets of degenerate electrofisin our case of semimetallic mal componenE, = 3F cos6, whered is measured from the
inclusions, electron and hole contributionsdg, have dif-  direction ofF. In the regions of large positive,,, electrons
ferent signs but do not cancel each other due to the differwith E<0 can also leave the cluster via tunneling. As a
ence of electron and hole mobilitigs, , in clusters. As a result, the electron flux from a cluster is different in different
result, the sign of the Faraday effect is determined by carrierdirections. Applying the standard quasi-classical formula for
with higher mobility in clusters and its amplitude is propor- the tunneling probability through a triangular barrier, we ob-
tional to the carrier density in clusters. This conclusion istain for E<0 and 0< < /2,
valid for low magnetic fieldsH when u, ;H/c<1. In the

high field limit, o, for each type of carrier is independent of mE AE+E

mobility and for w— <, o,,—0 so that the totab,, vs q(E,0)= 27727136)([{ e )

dependence has a maximum. We do not consider the effect

in more detail since the mobility of carriers in clusters is 4\2m

presumably very low and the high field situation is unrealis- Xexr{ ~ ShieFooss' E)32. 4
tic.

For other regions oE and 6 the last exponent in Eq4),
IV. CURRENT-VOLTAGE CHARACTERISTIC describing tunneling, must be replaced by 1.
) ) If 1,>1., then each electron emitted along an arbitrary

The current-voltage characterisi€VC) of macroscopi-  girection ¢, will end its flight of average length. by being
cally uniform LT GaAs has been reported in a number Of4q4,red by another cluster. In equilibrium, the correspond-
experimental works(see, e.g., Refs. 11-L3The results j 4 |ocal current will be exactly compensated by an equal
show that at moderate temperaturds>=200K) CVC con-  cyqrent in the opposite direction. The applied voitage, how-
tains three.characterlstlc pgrtea) an initial linear region ever, causes the establishment of a potential difference
corresponding to the electric fields<5 kv/em, (b) fol-  op| cos6 between these two clusters. As a result, for elec-
lowed by a sublinear region with a tendency to saturation,;ng moving to the positive electrode (ads0), the oppo-
and, eventually(c) at F>100kV/cm the CVC acquires an gjia current is diminished by the factor éxieFl,cosél
exponentially growing character. (KT)].

A qualitative explanation of the phenomenon in terms of The |ocal current between some given cluster and another

the space-charge-limited currehts™ appears inadequate. ter at an average distarigeaway, in the directiord with
First, this explanation ignores the cluster structure of LTo< o< /2. is

GaAs and could be equally applied to any high-resistive ma-
terial, whereas the described CVC's are typical only for LT

GaAs. Second, the space charge theory itself does not predict | (g ema exd — ﬁ) 1— exp< _ eFlccosd

a sublinear region of CVC and to explain it, saturation of the wh3 kT kT

drift velocity in strong fields was additionally assuniéd.

However, LT GaAs is characterized by a very effective en- y fo ex;{ B 4\2m (—E)¥2— E}EdE
ergy relaxation inside the semimetallic clustérslaxation —w 9heF cosf kT

times of momentum and energy must be almost equrar
these reasons, strong carrier heating necessary for the satu- + f “ ex ;{ B E) E dE] )
ration can be reached only in sufficiently high electric fields, 0 kT '
larger than those responsible for other mechanisms of non-
linearity described in the following. Third, the space-charge
theory does not offer a direct explanation for the suppressiogu
of sublinearity as the temperature decreases.

At the same time, the model used in the previous sections o
for description of linear transport phenomena in LT GaAs ij'cf 1(6)sin 6 coso de. (6)
also gives an adequate description of all of the characteristic 0

The total current density in the systgnis given by the
m of these local currents:
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We restrict ourselves to the region of aps0 since from the
charge conservation the number of electrons entering som -
plane from the region of negative céss the same as that of
electrons leaving to the direction of positive @bs
Calculating the integral in Eq5) by Laplace’s method

w 10
(see, e.g., Ref. 23and using the formulg= (7Na%) !, we 7§
obtain from Eqs(5) and(6) the final expression for the CVC £
> 1
_ emkT)? AE.\ (1 F i
j(F)= 273 OB T T Jo 1-—ex —F—lx 3
2 041
3\/ mx3F3 F? 3
———exp —X°|+1|xdx
F2 F2 0.01

()

KT /8m(kT)§ ———
Fl:e_|C' Fo= T3e242 01 1 10 100

Electric field (kV/cm)

The formula contains two characteristic electric fielés:

andF,. The fieldF, depends only off and in LT GaAs at FIG. 2. CVC given by Eq.8) for F,/F;=5 (curve 1, 10
the room temperature is of the order of 70 kV/chy. de-  (curve 2, 20(curve 3. Closed squares show experimental points of
pends also oh, which, in turn, is determined by the cluster Ref. 12 measured at=335 K. Theoretical curves were calculated
parametersN and a, and typically is much less thaR,.  also for this temperature.

For instance, an=50 A and N=5x10% cm™3, 1,=25
X 10" %cm andF ;=1 kVv/cm. that the sublinear region is noticeable at temperatures com-

For F,<F, the formula for CVC can be simplified. At pared to or exceeding room temperature, decreasing dramati-
small F when exp( (F/F)X) is comparable with unity, the cally at 250 K. This results directly from our theory where
exponential term in the second bracket is negligibly smalthe sublinearity is suppressed at snfajl/F; (i.e., compare
whereas at largeF the opposite situation applies. This al- curves 1-3 in Fig. Rif we note thatF,/F,~ \T.

lows us to neglect the product of these exponents, which Thus far we have considered the scattering by the clusters
gives to be the only scattering mechanism. The presence of other

elastic scattererg.e., single impuritiescharacterized by the
emkT)? F{ AEC) { 1 (Fl)z partial mean free path, will not change our results dramati-

I(F)=—z3—ex KT = cally. The only differences will result from the fact that the
carrier motion from cluster to cluster would then have a dif-
F F F fusive, rather than ballistic, character. As a result, the final
1 ex;{ - F_l) - F_lexf{ ,:1” formulas Eqgs(7) and(8) will acquire an additional factor of
orderD/(l.v)~1,/1,<1 without any substantive changes in

3\/§F3 the CVC shape.
fex sz x*dxi.

8

. . . V. NONEQUILIBRIUM CARRIERS AND
Equation(8) for the CVC consists of two parts. The first part PHOTOCONDUCTIVITY IN LT GaAs

depends only ofr; and bears similarities to the characteris-

tic of a reversely biased Schottky diode. The second part Properties of light-induced carriers in LT GaAs are the
depends only ofr, and grows exponentially fdfF=F, due  object of particular interest due to the anomalously short
to thermally assisted tunneling through the local barriers surlifetime 7 of photocarriers. Qualitatively the effect is ex-
rounding the clusters. Figure 2 demonstrates the character pfained by a very effective recombination in semimetallic
CVC for three different ratio$=,/F,. For a considerable clusters. To describe the main characteristics of the phenom-
difference betweei; andF,, there exists a sublinear re- ena, we should, as in Sec. lll, distinguish between two dif-
gion where the thermal emission from clusters tends to satuerent cases: ballistic and classical.

ration whereas the tunneling is not yet noticeable. This gives In the ballistic caser coincides with the scattering time
a qualitative explanation of the above-mentioned experimenk. /v (v is the carrier velocity determining the mobility of
tal results. carriers and discussed in Sec. lIl.

Figure 2 also shows the results of quantitative comparison In the classical case the carrier motion between clusters is
of theory and experiment. We took experimental points fromdescribed by the diffusion equation. To formulate proper
Ref. 12 and plotted them together with our theoretical curve®oundary conditions for it, we use the following simple pro-
assuming AE,=0.65eV, m=0.07m, corresponding to cedure. Assume that clusters form a periodic lattice with unit
n-GaAs, and no additional fitting parameters. cells centered by a cluster. By symmetry, the concentration

The theory explains adequately not only the shape ofiradient must vanish at the cell boundaries. By analogy with
CVC but also its temperature dependence. It was sfown the Wigner-Seitz method for describing band struciises,
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e.g., Ref. 24, we replace the unit cell by a sphere having the 227
same volume, that is, the radil&=[3/(47N)]¥3. In this I

case the diffusion equations for electrons and holes acquir¢ *° [ it
spherical symmetry with the boundary conditions s b ,/'
dn dp ) gl
—(r=R)=—(r=R)= 181 e
5 (1=R= 5 (=R)=0, 0 p
(9) 14 " 1
n(a)=p(a)=0. 12; 7
The last equation reflects the very fast recombination at the | '
cluster interface. or /
If diffusion coefficients of electrons and holes do not dif- I SR S’

fer noticeablyD,~=D,=D, then charge separation and elec- °°[
trostatic effects in diffusion are weak and for a stationary ) ) )
optical generation with a rat€, both types of carriers have u
the same spatial distribution

FIG. 3. The contact capacitance of LT GaAs fgr1 (1) and
RE R a r? y=3 (2.
nN=pN=3515"7T2 3/ (10)
If we neglect the first term, Eq.12) is satisfied by the
One can see that fd®>a, the lifetime determined from the constant concentration

stationary concentration of nonequilibrium carriers is

R® p="1/ ° (14
T o (11) dmrepuy

3Da’

It is remarkable that the answer—Ed.4)—is independent

Thus, for both cases considered, the lifetime of nonequiof any cluster parameters. This solution does not satisfy the
librium carriers is very short and depends Cubica”y on th%oundary Conditiorp(a)zo since atr — a the first term can
cluster spacingr~R*~N~". A superlinear character of the never be neglecteftiue to the vanishing factar in the sec-
7 Vs R dependence was confirmed experimentally in Ref. 1ond tern. In this region the solution is always given by Eq.
Note that Eq(11) differs from ther~R? dependence which (13). By comparing Eqs(13) and(14), we find the distance
is typical for one-dimensional diffusion. ro where these two solutions are equalr}f<R then Eq.

For a large difference betwedn, andD,, the electric  (14) is adequate always everywhere. In this case the effective
field caused by charge separation influences noticeably thearrier concentration determining photoconductivity is given

diffusion processes. In samples with macroscopic inhomogeypy the same formula. The corresponding criterion is
neities(say, p-n junctions these effects result in ambipolar

diffusion with a single coefficienD, having the value be- a4D§
tweenD, andD,. In our case the distance between clusters
is less than the screening length, ambipolar diffusion has no
place to form, and the situation is more complicated but al-
lows an approximate analytical treatment. VI. CONTACT PHENOMENA

We assum®,>D,,.. In this case almost all electrons are g mimetaliic clusters in LT GaAs must provide an effec-
removed into clusters very fast and nonequilibrium carriers; e gcreening of external electric field resulting, particularly,
in the matrix are represented by holes moving toward clusj, 5 series of unusual contact phenomena. The description of
ters by bOtzh g|f£u3|on and drift in their own fiel&(r)  hese phenomena should depend on the relation between the
=(4meleor?)f[rip(ry)dry. The corresponding continuity effective screening length (penetration length of the elec-
equation Is tric field) and the intercluster distand¢™ 2.
dp(r) 4mep R GRIR? r If N\3>1, then we can average the e_Iectric field in the
Dp——+ b ”p(r)f f%p(fl)dfﬁ—(—z— _)_ plane xy parallel to the surface and consider the screening
dr r r 31r° R problem as one dimensional. In this case it is described by
(12)  the Poisson equation:
The character of its solution depends on which term on the )
left-hand side is dominating. For a very low light intensity d_‘P: _ 4—7TN [0(2)] (16)
(the criterion will be given latgrthe electric field is weak, dz £ ae '

the first term dominates, and we have the same answer as . ) ) )
before[Egs. (10) and (11)]. Forr close toa, the concentra- whereq(¢) is the charge of a single cluster with the chemi-

G= 47Te,upR8' 19

tion varies linearly: cal potential{ shifted from its equilibrium valué, by ee. It
is determined by the electrgn,(¢) and holep,(e) densities
p(r)=(GR¥/Dya%)(r—a). (13 of states:q=—J§[pn(Lo+W)+pp(Lo+W)]dw. We can
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obtain an analytical solution by neglecting energy quantiza- d?u 1 32 1
tion in clusters and using f three-dimensional expres- =y ——+u| O|——+u|—y
g 1q, p p EZ Y 1+y 1+y Y

sions:  pn(e)=2mie/(w?h3); pp(s):\/ngp(A—s)/

(w%4%). In this caselo=m,A/(m,+m,). We introduce di- y 2 [y
mensionless variablas=e¢@/A, £=2z/\ where X 1+ 7_ ® 1+ y—u ' (18)
9¢ ﬁ3 1/2
A= 2 1
32e?Na3(m,m,)¥%24)"? (17 where y=m,/m, and®(x) is the unit step function.

plays the role of characteristic screening length in our sys- =duation(18) can be integrated, whlch_g|ves us a connec-
tem. This is virtually the Thomas-Fermi length in a systemtion betweeru anddu/d¢ at the surface2=0). The dimen-
with the Fermi energy~A and the carrier concentration Sionless electric field qu/d¢)(0) is proportional to the
equal to the average concentration in LT GaigNas. In  Vvoltage-induced surface charge density and its derivative by
these variables Eq16) acquires a simple form: u(0) gives us the capacitance of the space charge fayer

1 32

——+u
1+

3/4

3/2
_ y
_ 34 7
4 4 (1+7 u)

du
_ %e dd_g(O) _\/gse
~4m\ du(0)] 8w { 3,{( 1 )5’2
y -

+
1+y u

This formula is derived for—1<u(l1+7y)<vy when the glasses”(see, e.g., Ref. 26containing a high density of
Fermi level everywhere lies inside the overlap of conductioniocalized states at the Fermi level. The important conse-
and valence bands of As clusters. Outside this interval wguence of this fact should be a strong frequency dispersion
should omit the brackets with negative arguments. of C at relatively low frequencies- r,,". In this frequency
The capacity given by Eq19) at u—0 tends to a con- region (which depends exponentially on temperajutiee

stant value determined by the density of states at the Ferngiontact capacitance of LT GaAs will decrease from large
level. At large voltagesC increases-|u|*4, which is due to ~ Static values given by Eq19) to much lower values deter-
growth of the density of states with energy. For intermediateMined by the contact geometry. The observation of such
voltages theC(u) behavior depends on the electron—holeStrong, temperature-dependent dispersion was reported in

asymmetry described by the paramejeand may be non- Ref. 27.
monotonic, as it is shown in Fig. 3.
Equation(19) has a limited applicability and is adequate VIl. CONCLUSIONS
only if the characteristic thickness of the space-charge layer o _
\ exceeds the average distance between cludter$ and We have analyzed the model of LT GaAs considering this

our continuum approximation can be applied. This corre/naterial as a GaAs matrix with semimetallic As inclusions,
which fix the Fermi level position near the middle of the

sponds to a low enough cluster denshty At higher N our GaAs band gap and causing complete depletion of the ma
. h o | . : _ ! -
continuum approach based on averaging inxiplane is trix. As a result, the system is characterized by a very low

inadequate and we should consider screening by each CIUStcép(rrier concentration in the matrix combined with a high

separately so that the effective screening length become ; . : g
equal to the intercluster separation. A similar situation Waﬁheen?cl)tl}llo(\xir?;atr?;jg]r tgr(ac)ggrp:i.eZhsftE_?Oé);z)éplalns and predicts

predicted for a system of metallic wir@swhere at some (1) The static conductivityr has a very low value inde-
critical density of wires the crossover from collective screen- endent of the dopin Ievyerl with they activation ener
ing to that by individual wires is realized. In our case theP ping ' gy

o e _ slightly less than one half of the GaAs band gap.
critical cluster densityN corresponding to such a crossover (2) “Hall mobility” &Ry is less than the real mobility in
and found from the conditioN\® and Eq.(17), is extremely  the matrix and decreases with the density of clusters simul-

sensitive to the cluster size As an example, foa=10 nm,  taneously with the increase in

N=5x10" cm® whereas for a=4 nm, N=3 (3) The conductivity has a strong frequency dispersion
x10cm™3. This means that both screening mechanismseginning from rather low frequencias~ 7-,\]1 exponentially
may occur in real LT GaAs structures. depending on temperature.

The characteristic feature of LT GaAs is a high density of (4) The ac conductivity versus frequency dependence has
electron states providing an effective screening in combinaa maximum at the plasma frequency in clusters.
tion with a very low conductivity. Similar properties are ob-  (5) The conductivity and Faraday effect at high frequen-
served in some disordered systems, so-called “Fermcies are proportional to the carrier concentration in clusters
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and can be used for its determination. intercluster distancél ™3,

(6) The current-voltage characteristic has an initial sublin- (10) Low-frequency capacitance-voltage characteristic of
ear part followed by an exponential increase at high voltagess contact to LT GaAs may be nonmonotonic and gives in-
the sublinear portion becomes more revealed with the temformation of the electron-hole asymmetry in clusters.
perature growth. (1) At w~7',\_,|1 the contact capacitance and other

(7) The lifetime of photocarriers is very short and for low screening-related characteristics have a strong frequency dis-
light intensities inversely proportional to the cluster density.persion.

(8) For high light intensities, the concentration of photo-  Properties(1), (3), (6), (7), and (11) have already been
carriers is~ /G and does not depend on the cluster paramobserved experimentally. Other properties are still waiting
eters. for detailed experimental analysis which also may bring new

(9) The static screening length is rather small, insensitivénformation on the properties of LT GaAs and, particularly,
to the doping and at high cluster densiMyhas the order of on the characteristics of clusters.
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