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Anomalous behavior in Han data of molecular beam epitaxial Ino.sz Alo.48 As!InP for 1'>400 K 
suggests the presence of alloy clustering. The relaxation time for aHoy clustering has been 
determined and analysis of measured data gives an estimate of composition fluctuation and 
cluster size. Evidence of clustering in the same samples is also obtained from the measured 
velocity-field characteristics, low-temperature photoluminescence data, and carrier impact 
ionization coefficients. 

Due to recent interest in the lilo.s2 Alo.4R As! 
IUO.53 Ga0.47 As heterostructure system for high~speed optoe­
lectronic and electronic devices, the quality of InAIAs 
grown by molecular beam epitaxy (MBE) is of importance. 
Experiments based on photoluminescence and carrier trans­
port indicate that the system is not of a high quality and may 
have aHoy clustering present. 1.2 Although a periodic short­
range order as that present in supedattices can be advanta~ 
geous, clustering generally has a detrimental effect on the 
optical and transport properties of materials. 3-5 Due to the 
large difference between In- and AI-related bond energies 
the Ino.52 AloA8 As system is expected to show clustering due 
to the low temperatures employed in MBE growth. In this 
study we have made temperature-dependent Hall measure­
ments on Si-doped In0.52 AIO.48 As grown at 500 °C and we 
find that the mobilities increase with increase of measure­
ment temperature in the range of 400-600 K. To explain this 
behavior, we have developed a theoretical formalism for the 
scattering rate due to alloy clustering. In particular, this 
scattering can be dominant when the cluster size is much 
larger than the radius of the Wigner-Seitz cell ( ~ 2.5 A). 

Undoped and Si-doped Ino.52 Alo.4-H As single layers were 
grown lattice matched to (00]) InP:Fe in a three-chamber 
Riber 2300 epitaxy system. The mismatch in the layers was 
of -10 -3_10- 4

0 A O.4-j.lm uudoped buffer layer was usually 
grown before growing the Si-doped layers. Typical growth 
rates and layer thicknesses were 1.3 pm/h and 1.S f.lm, re­
spectively. Hall measurements were made on photolithogra­
phically defined van der Pauw samples over the temperature 
range of 60--600 K. The room-temperature electron density 
in the samples studied varied in the range (0.5-5.0) X 1017 

cm- 3
• It was observed that for samples in which the mobili­

ties were low, the mobility increased with the increase of 
temperature in the range of 400-600 K. This trend for two 
samples is depicted in Fig. 1. 

The Hall data have been analyzed by taking into ac­
count ionized impurity, polar optical phonon, random alloy, 
deformation potential, and piezoelectric scattering mecha­
nisms. The material parameters ofInO.52 AloA8 As used in this 
calculation and taken from Ref. 6 are listed in Table I. Sever­
al anomalous features may be mentioned. The experimental­
ly determined room-temperature mobilities of samples with 
carrier concentrations in the range of ( 1-5) X 10 17 cm-.l are 
much less than calculated values even for a high compensa-

tion ratio. The second and more interesting feature observed 
in the data, as mentioned earlier, is that the mobilities in­
crease with the increase of temperature for T> 400 K. This 
unusual behavior cannot simply be explained. Thus it is nec­
essary 1:0 identify and study the scattering mechanism relat­
ed to the alloy quality and dominant for T> 200 K. 

Compositional inhomogeneities can lead to this behav­
ior which has been observed by one of us earlier in the 
InGaAsP alloys, where also a miscibility gap is known to 
exist. 7 Marsh3 has developed Ii fonnaHsm involving alloy 
clustering to explain velocity-field characteristics of 
Ino.s3Alo47As. The scattering rate due to aHoy fluctuations 
(aHoy clustering) is given by matrix elements of the form 

M(k,k ') = _1_ f ei(k - k')rV(r)dr, 
Vc 

where 
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FIG. 1. Temperature-dependent Hall mobility in Si-doped Iilo."AIo'8As. 
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TABLE I. Materials constants for Ino.52 Ala.48 As used in the transport cal­
culations. 

Effective mass 
Optical phonon temperature 
Static dielectric constant 
Dynamic dielectric cOJ]stant 
Velocity of sound 
Mass density 
Acoustic deformation potential 
Lattice constant 

O.08m" 
432 K ( = 37.4 meV) 
12.7 
10.3 
4.4 X 105 cm/s 
4.7x 103 kg/m ' 
5.8eV 
5.8687 A 

and fc is the radius of the cluster. 2 Vo is the energy difference 
resulting from alloy fluctuations and Vc is the crystal vol­
ume. Thus scattering rate can be calculated by using Fermi's 
second golden rule: 

-. _l_=~N 2rr f IM(k,k')1 2(j(E -E .. )dk'. (2) 
T(k) (217)3 A ft k k 

Substituting Eq. (1) into Eq. (2) and integrating gives the 
alloy scattering rate as 

_1_= 41im* (V~r~) _1_ 
r(k) 113 2kf" 

( 
1 sine 4krc) 

X ! - (2kf,,)2 + (2kr
c

)3 
_ sin

2
( 2krc) ') . 

(2krc)4 J 
(3) 

The electron mobility corresponding to the scattering rate 
given by Eq. (3) is 

p = e{r) =~ (k 2
r(k)! (4) 

m* m* (k 2 )f 

and can be calculated numerically assuming a Maxwell­
Boltzmann distribution function with the change of cluster 
size rc. The potential height Va is kept constant. 

The results for various cluster sizes are shown in Fig. 2. 
It can be seen that a cluster of up to 20 A radius results in an 
approximate T - 1/2 dependence ofpAI.8 However, when the 
duster size is larger than 25 A (kr, ~ 1), the high-tempera­
ture mobilities increase with the increase of temperature. 
With radii larger than 100 A, mobilities start increasing 
from very low temperatures ( ~ 20-50 K). Taking into ac­
count the scattering due to aHoy clustering, we have calcu­
lated the variation of mobility with temperature. The calcu­
lated mobilities are shown in Fig. 3 along with measured 
data. Since ionized impurity scattering and alloy scattering 
are dominant for T < 100 K and T> 200 K, respectively, the 
compensation ratio and the aHoy fluctuation (2Vo) can be 
estimated from the fitting. Fairly good agreement with mea­
sured data in the temperature range 60--400 K is obtained by 
considering 35-A clusters of Inl _ x AI. As with x = 0.46 to 
0.50. TherequiredaIioyftuctuation (2Vo) is about 120meV. 
The disagreement at higher temperatures is possibly due to 
ionizing carriers from a deep donor (~O.5 eV) in the alloys, 
producing a screening effect. Other than this we do not be­
lieve that the temperature-dependent mobility data are af­
fected by deep levels. We have made systematic measure­
ments on deep level defects in the ternary alloy, t) and it was 
found that the deep level densities are at least two orders 
lower than the carrier concentrations in our samples. The 
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FIG. 2. Calculated temperature dependence of alloy scattering mobilities 
due to alloy clustering with the variation of cluster size (rc ) in 
1110 slAlo.48 As (Vo is kept constant). 

excitonic line width for a perfect Ino52 Alo,48 As system (no 
clustering) is calculated to be -4 meV and the linewidth 
increases with clustering, dependent on the growth condi­
tions. The linewidth of the main peak in the lO-K photolumi­
nescence spectra of one of our samples grown at 0.5 ,um/h is 
-19 meV. This suggests that the crystals either have a con­
siderable amount of clustering or there might be a high den­
sity of native defects present in them. AHoy scattering de­
scribed by Eq. (3) has been included in a Monte Carlo 
program to simulate the carrier velocity-field characteris-
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PIG _ 3. Measured (.) and calculated (solid curve) temperature dependent 
Hall data 0n sample A. 1'" and flop are the mobilities limited by ionized 
impurity scattering and optical phonon ~cattering, respectively. The inset 
shows the composition modulation resulting from alloy clustering and ob­
tained from fitting of data. 

tics. lO The simulation shows that the peak velocities decrease 
with increase of clustering (krc ~ 1). We have also measured 
the velocity-field curves in the alloys by a pulsed current­
voltage technique. The measured peak velocity lip in a sam-
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pIe in which the 300-K mobility is 750 em2/V s is 6 X 106 

em/so The calculated vp in the absence of clustering is 
1.4 X 107 cm/s. The cluster parameters used to explain low­
field mobility data also explain this discrepancy. Measure­
ment of the impact ionization coefficients in Ino52 AloA8 As 
by ensuring pure electron and hole injection gives a/fJ -4. 
This result, which agrees with the data of Capasso et al.,11 
can be explained by considering a modulation of the thresh­
old ionization energies caused by a peliodic potential vari­
ation (2.vo) due to compositi.onal clustering. 12 

Useful discussions with Professor R. Clarke are grate­
funy acknowledged. The work is being supported by the De­
partment of Energy under grant DE-FG02-86ER45250 . 
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