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Growth temperature dependence of transport properties of InAs epilayers
grown on GaP
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Undoped InAs was grown by molecular-beam epitaxy directly on GaP at a set of different substrate
temperatures. Transport properties were characterized by means of Hall-effect and resistivity
measurements at temperatures between 3 and 300 K. It was observed that samples grown at higher
temperatures had lower carrier concentrations, consistent with a decrease of ionized defects. In
addition, samples grown at higher temperatures also had higher mobility, consistent with a smaller
number of scattering centers. Samples grown at higher temperatures also showed much higher
sensitivity of the mobility to the measurement temperature, suggesting a drop in neutral scattering
defects. Transmission electron microscopy showed that the samples grown at higher temperatures
had a significantly different dislocation microstructure. The observed dislocation microstructure is
consistent with the mechanisms proposed for the influence of growth temperature on the variation
of carrier concentration and mobility. @000 American Institute of Physics.
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InAs is a narrow-gap material with the second-highestanalysis of carrier transport in InAs to account for the non-
intrinsic electron mobility among the binary I1I-V com- uniform threading dislocation microstructufrén this letter,
pound semiconductors. This makes it an attractive candidatee focus on the influence of growth temperature on the
for high-speed devices and infrared optoelectronic devicedransport properties and microstructure of InAs/GaP.

The high electron mobility also enhances the relative mag- Crystal growth was performed by molecular-beam epi-
netoresistance, which makes it attractive as a magnetic-fielhxy using a Varian Gen-1l system, the details of which have
sensing devicé.However, the epitaxial growth of InAs ne- been reported elsewhetéEach of the samples used in this
cessitates the use of lattice-mismatched substrates since gtudy consists of an undopeduln InAs layer capped by an
bust, semi-insulating InAs substrates are not available. Traindoped 10 nm layer of Ablng gAs in order to prevent car-
ditionally, InAs has been grown on GaAs substrates with aier accumulation at the InAs-free surfec&The samples
lattice mismatch of~7%. In the present study, InAs was differed only in their growth temperaturd §): 350, 400, and
grown on the wide-band-gap semiconductor GaP. AlthougH80 °C. Hall-effect and resistivity measurements were per-
GaP has a larger lattice mismatch to InAs11%), it is  formed in a Quantum Design PPMS system using the van
nearly lattice matched with Si. Optimizing the growth of der Pauw technique. Measurements were performed over the
InAs on GaP holds the potential of integrating InAs devicestemperature range from 3 to 300 K at a magnetic field of 0.5
with the dominant Si-based technology via GaP buffer lay-T, where the measured Hall voltage is linear with the mag-
ers. This is also a model system for fundamental studies ofetic field. A constant current of 26A was used to ensure a
large-mismatch epitaxial growth, but may be important inlow electric field. Microstructural characterization was per-
new dielectric layer systems. formed using a JEOL 2000 FX transmission electron micro-

The large lattice mismatch between InAs and GaP leadsCope(TEM).
to the generation of a high density of threading dislocations  Figure 1 shows the apparent sheet carrier denblty és
in the InAs layer, which can adversely affect device perfor-a function of measurement temperature for the three samples.
mance. Hence, it is useful to study carrier transport in highly(The apparent sheet carrier concentration is definetlias

dislocated InAs. We have previously described a multilayer=IH/eVy . In a nonuniform sample, such as highly mis-
matched InAs/GaP, this apparent concentration is a weighted

a o . average of the carrier concentration and the mobility, leading
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IN 47907. For details, see Ref. RA significant decrease i, is ob-
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An additional, temperature-independent scattering

5% 10" . .
| + T, =350°C mechanism can account for the observation fhatepends
. T, =400°C more weakly thaiT=%? on the measurement temperature at
] A T, =480°C the upper and lower limits. It can also account for the obser-

vation that the dependence gf on the measurement tem-
perature varies for samples grown at differé’r@,t.2 These
three scattering mechanisms combine according to

Apparent Sheet Carrier Density (cm’ %)
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®s00o00 0 0 ° Within this framework, the increase in mobility wifh,
] AMAAAd A A & & 4 4 suggests the decrease of both ionized defect scattering and

temperature-independent scattering at highgr A decrease

in ionized defect density would also be consistent with the

decrease of carrier concentration observed in Fig. 1. In addi-

tion, the observation thgt depends more strongly on the

FIG. 1. Apparent sheet carrier density vs measurement temperature fdh€asurement temperature at highgy also suggests that

samples grown at differertt, . temperature-independent scattering decreases in samples
grown at higheiT . Finally, the shift of the mobility peak to

served at higher growth temperaturdg). The decrease of lower temperatures at highdl, is also consistent with a

N, with increasedT, suggests a decrease in the density ofréduction of ionized defects at high&y . If the ionized de-
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Figure 2 shows the variation of apparent mobiliyy ~ Phonon scattering does not, the peak or crossover point be-
ity increases with highefl,. (2) The temperature depen- €mperatures a8 is increased. _
dence of mobility is stronger at high® . (3) The maximum ~_ The influence off; on the carrier concentration and mo-

At low measurement temperatures, the increaseein tion of ionized defects and temperature-independent scatter-

with increasing measurement temperature suggests the pi8g in samples grown at highef,. It was previously
dominant influence of ionized impurity/defect scatterfng: ~ Suggested that temperature-independent scattering could
arise from surface roughness, dislocation strain fields, and

neutral defectd. Atomic-force microscope measurements
Fimp™ WI @ show that the root-mean-squared roughness of the free sur-
face is 0.9, 0.9, and 2.1 nm for the three samples grown at

where N; is the concentration of ionized defeét©n the T,=350, 400, and 480 °C, respectively. The samples with
other hand, above-125 K the decrease @f with increasing the smallest amount of temperature-independent scattering
measurement temperature suggests the predominant inflaetually has the roughest free surface, making it unlikely that

T3/2

ence of phonorilattice) scattering’ surface roughness contributes significantly to carrier
scattering.
o T3 2) . . . .
Mpho . On the other hand, scattering due to dislocation strain

fields would drop at highey, since a small drop in the
2.0 x 10 threading dislocation density is observed in TEM images.
1 TEM images also provide evidence for other significant mi-
crostructural differences between the samples grown at dif-
Ak A ferentT, . Figure 3a) is a plan-view TEM micrograph of the
15 % 10°] - N InAs layer near the upper surface of the 350°C grown
’ 1 A sample and Fig. (®) that of the 480 °C grown sample. In
f + T, =350°C Fig. 3(@ the standard threading dislocation contrast is seen
T = 400° C with a density of~10'°cm™2 However, in Fig. &) an
] A T =480°C additional feature is visible. The dislocation segments along
1.0 x 10*] the [110] direction are 90° misfit dislocations, and are con-
0% e o fined to the A} JIng gAs/INAs mismatched interfadghe mis-
° fit dislocations running along110] are invisible due to the
particular diffraction condition
The presence of these misfit segments indicates in-
creased dislocation motion at highgg, through both glide
and climb. Dislocation motiortespecially climp invariably
changes the point defect concentration. The climb process

FIG. 2. Apparent electron mobility vs measurement temperature for sample@_Ctivation also signifies the ?Ctivation_ of point defect diffu_'
grown at differentT . sion processes. A decrease in the point defect concentration,
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centration resulted ultimately from thig, dependence of the
surface mobility of atoms arriving from the gas phase. The
higher surface mobility led to a higher probability of point
defect annihilation and, hence, to a lower concentration of
point defects and carriers. However, since the melting tem-
perature of InAs is 942 °CT(,,= 1215 K), growth tempera-
tures ranging from 350 °@623 K) to 480°C (753 K) are
sufficiently high (T¢=1/2T,) for significant bulk diffusion
variations to occur as well. Hence, changes of point defect
density with growth temperature could be more complicated
than that suggested by Baliga and GharfdBipecifically,
processes such as pipe diffusion along threading dislocation
cores are likely to become more significant at higher tem-
peratures in this range.

Although very little is known about native defects in
InAs, various possible sources have been suggested. Rei-
necke calculated that cation vacancieg,] contribute a
midgap state and that vacancy paiké,V,s) result in a
degenerate energy level above the conduction-band ‘edge.
Positron lifetime spectroscopy also indicated the presence of
neutral divacancy-type defects in InAsThe occurrence of
neutral antisite pairs (ja—As,,) has also been postulatdd.
The equilibrium concentration of these types of point defects
are a sensitive function of the growth mode and temperature.
In addition, point defect densities at or near dislocations
could be preferentially reduced at highgy. The misfit dis-
locations at the AJlng gAs/InAs interface Fig. @) suggest
that significant pipe diffusion of point defects occurs at
higher growth temperatures.

In conclusion, the influence of growth temperature on
the transport properties and microstructure of InAs epilayers
grown on GaP was investigated. The principal effects of
higher growth temperatures were a reduction of the carrier
density and an increase in the magnitude and measurement
temperature dependence of the mobility. These effects are
consistent with a reduction of charged and neutral defect
densities. Such a reduction in defect densities could result
from the dislocation motion and structure observed in TEM
images, and also from bulk and short-circuit diffusion.
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