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Field-induced electron transport in an@g,_ N (x=0.6) sample grown on GaN has been studied

by subpicosecond Raman spectroscopy. Nonequilibrium electron distribution and electron drift
velocity due to the presence of piezoelectric and spontaneous fields in,ta IQN layer have

been directly measured. The experimental results are compared with ensemble Monte Carlo
calculations and reasonable agreements are obtained2008 American Institute of Physics.
[DOI: 10.1063/1.1556576

Gallium nitride (GaN), aluminum nitride(AIN), indium  FWHM=0.6 ps, photon energy dfw=2.17 eV, a repeti-
nitride (InN), and their alloys, have long been considered agion rate of 76 MHz, was used to both excite and probe the
very promising materials for device applicatiofsSemicon-  In,Ga_,N sample. In our transient experiments, since the
ductor alloys such as Ga_ N have been successfully same laser pulse is used to excite and probe nonequilibrium
used in the fabrication of blue-green light emitting diodeselectron transport, the experimental results represent an av-
and laser diode%.’ Recently, growth of high-quality InN as erage over the duration of the laser pulse. The single-particle
well as InGa,_N have been demonstratd® The next scattering(SPS spectra were taken in th&(X,Y)Z scatter-
natural step is to manufacture high-performance InN andng configuration whereX=(100), Y=(010), and Z
In,Ga, _N electronic devices. In order to improve the design=(001) so that only the SPS spectra associated with spin-
of these devices, knowledge of their electron transport propdensity fluctuations were detect€dThe backward-scattered
erties is indispensable. In this letter, we report experimentaRaman signal is collected and analyzed by a standard Raman
results on subpicosecond Raman studies of electric fieldsystem consisting of a double spectrometer, a photomulti-
induced electron transport in an,Ba, N (x=0.6) sample plier tube. All the data reported here were taken Tat
grown on GaN. =300 K.

The Si-doped IgGa_,N epilayer of about 0.15um Figure 1 shows a typical photoluminescence spectrum
thickness used in this work was grown on top of a i for an InGa,_,N sample. Thi€, band-gap luminescence of
GaN epilayer by metal organic chemical vapor depositionIn,Ga _,N sample peaks at about 1.90 eV and has a FWHM
Prior to the GaN growth, a 25-nm-thick GaN buffer layer of about 0.2 eV. Comparison of the spectrum with Refs. 8, 9,
was grown onc-plane sapphire at 550 °C. Subsequent epil-and 10 shows that our sample is of good quality and has an
ayer growth was carried out at 1050 °C for GaN and 710 °Gn concentration of about=0.6.
for In,Ga _N. Trimethylgallium (TMGa) and trimethylin- Figure 2a) shows a typical SPS spectrum for an
dium (TMIn) were used as the precursors. Nitrogen and hyin,Ga _,N (x=0.6) sample taken afl=300 K and for an
drogen were used as carrier gases foGlm N and GaN,
respectively. High-purity ammonia was used as the active

nitrogen source. To vary In content in,Ba _,N, the TMIn 6000. In Ga, N/GaN

flow rate was varied while other growth parameters were % 5000+ T =300K ./l"!_

fixed. The InGa, _,N epilayer was doped by Si at a flow rate g 4000_- - -..\

of 0.25 sccm of 10 ppm silane to improve the materials qual- = ] {-/ %

ity as well as to enhance the emission efficiency. GaN and o 3000+ ¥ "

In,Ga, _,N growth rate were 3.6 and 0/8m/h, respectively. § 1 ,-f' "-\

The typical room-temperature electron concentration and 2 2000'_ s 3

mobility of In,Ga,_,N alloy are 210 cm 3 and 160 < 40004 _..r" ",

cn?/V s, respectively, as determined by Hall effect measure- 3 =~ " rnena,

ments. 0 T ' . ' —
16 1.7 18 19 20 21 22 23

The output of the second harmonic of a cw mode-locked
YAIG laser is used to synchronously pump a dual-jet R6G
dye laser. The dye laser, which has a pulse width oFIG. 1. Typical electron—hole pair luminescence spectrum for an
In,Ga_,N/GaN sample. The photon energy of excitation laseriis
=2.17 eV. We deduce that In concentration in the sample is abe0t6 by
¥Electronic mail: tsen@asu.edu comparing the data with those of Refs. 8, 9, and 10.
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S 4 - . tribution has a cutoff velocity of around 2&L0° cm/s, in-
5 ] g dicative of the band structure effects and the onset of
B & . electron intervalley scattering processes igda,_,N. The
D 0 eosesteces® 09900000000000000008 R .
] . r . r T Y . ot electron drift velocity deduced from the measured electron
4 3 -2 1 0 1 2 3 4 5 distribution [Fig. 2(c)] is found to be V4=(3.8+0.4)
Velocity (x10°cm/sec) x 10" cm/s.

FIG. 2. (a) Typical SPS spectrum taken &t=300 K and a photoexcited We .have Ialsg carried out an ensemble Monte Carlo
electron—hole pair density of=1x 10'® cm~3. The SPS spectrum is found (EMC) simulatiort® for the transport of the photoexcited car-
to lie on top of a luminescence backgrousalid curve that can be fitvery  riers in InGa _,N. Here, we treat polar optical phonon,
weII_ by an exponential curveb) SPS spectrum gfte_r the sub‘traction Qf the acoustic phonons, intervalley phonons, and dislocation scat-
Iftrjtr’nn:n(ebs)-cence background; arid) electron distribution function obtained tering. For dislocation scatteriﬁ@',” we assumed that a de-
fect density of 1&/cn? existed in the InGa, 4N layer; how-
ever, it is found that because of the presence of much more
electron—hole pair density afi=1x10® cm 3. The SPS efficient inelastic scattering processes, this elastic defect
spectrum sits on a smooth background coming from the luscattering process can affect the low field mobility but is not
minescence oE, band gap of IpGa; _,N. Similar to previ- important for the high-field transient experiments carried out
ous studies on other IlI-V semiconductors such as GaAdjere. Disorder-induced scattering due to In concentration
this background luminescence has been found to be fit verffuctuations in InGa,; 4N is not included in the EMC simu-
well by an exponential functiot? # The SPS spectrum is lation because it is an elastic scattering process that does not
obtained by subtracting Fig.(@ from this luminescence affect the high field transpot®.Within theT valley, which is
background. Following the procedure described in detail irthe valley measured in the experiment, the high-field behav-
Ref. 13, this subtracted spectriffig. 2(b)] can then be very ior is dominated by polar optical phonon scattering. In Fig.
easily transformed to electron distribution function. The elec-3(a), we plot the velocity-field relationship for these carriers.
tron distribution thus obtained is shown in FigicR The The peak in the velocity occurs at around 150 kV/cm, be-
intriguing feature worthwhile pointing out is that the electron yond which carriers begin to rapidly transfer to the satellite
distribution function has been found to shift toward thevalley. Nevertheless, even the carriers that remain inlthe
wavevector transfeq direction—an indication of the pres- valley appear to show the onset of saturation and a weak
ence of an electric fiel& parallel to—q. The electron dis- negative differential resistance, both of which are due to this
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