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The electron effective mass intype InNJAs; _, (with x up to 3.0% grown by gas-source
molecular-beam epitaxy was obtained from infrared reflectivity and Hall-effect measurements. The
large increase of the effective mass due to the incorporation of nitrogen is attributed mainly to the
nitrogen-induced modification on the electronic states near the conduction-band edge. The
well-known band anticrossin@AC) model for the electronic structure of the 11I-N-V alloys cannot
well describe the experimental data, especially in the region of higher electron concentration. This
result provides an opportunity to examine the “universality” of the BAC model. 2@D2 American
Institute of Physics.[DOI: 10.1063/1.1436524

I1I-N-V alloys such as GAn)NAs, GaNP, and INNP have the simple BAC model may be not suitable to describe the
been found to exhibit particular physical properties and poeffective mass in the InNAs alloy systems.
tential applications in long-wavelength optoelectronic ~ The INNAs films were grown on semi-insulatif§01)
devicest~® The incorporation of nitrogen into the host IlI-V InP substrates using a VG V-80 gas-source molecular-beam
crystal causes a significant reducti@giant bowing in the  epitaxy system. An element In source and thermally cracked
fundamental band gd}?, reduced temperature and pressureAsH; were used for producing molecular beams. The active
dependence of the band-gap enetfignd a large increase in N species were generated from an EPI UNI-bulb rf plasma
the electron effective mass™* These unusual behaviors are source. The growth temperature for InNAs was 460 °C. De-
usually explained in terms of the band anticrossiB&C) tails of the growth conditions are reported elsewH&rehe
model in which the localized N resonant states interact witHilms are about 2.5um thick and intentionally undoped. The
the extended conduction-bar(@B) states, leading to the samples were examined with a high-resolution x-ray diffrac-
splitting of the CB into two nonparabolic subbarfdslter-  tometer using the Ci«; line (with wavelength 1.54 A
natively, the theoretical calculations based on the pseudopd-he N compositions were determined by assuming that the
tential local density approximation indicates that thelnNAs films are fully relaxed and Vegard's law holds. The
N-induced mixing between thE andL states is responsible former assumption is justified by the fact that the film thick-
for these phenomenria. ness is much larger than the critical thickness calculated
InN,As; _, should be a promising material for infrared from the Matthews and Blakeslee modé&IThe lattice con-
technology since InAs has a narrow band gap of 0.36 eV astants of InP, InAs, and cubic InN are taken to be 5.8688,
room temperature. Up to now, there were only very limited6.0584, and 4.98 A, respectively. The electrical properties
efforts directed to this alloy?~*°*Naoi, Naoi, and Sakai grew were investigated by Hall-effect measurements in the Van
InNAs films on GaAs substrates by metalorganic chemicalder Pauw configuration. The results are summarized in Table
vapor deposition and found the band gap reduced to 0.12 eV The samples containing nitrogen are intrinsicatlytype
with nitrogen composition up to 698.However, except fora and the electron concentration increases with the incorpo-
photoluminescence study on IpAs; _,/InGaAs, _, single  rated N concentration. The possible origin of the high carrier
quantum wells® no further experimental studies on the elec-concentration in these samples is not yet clear.
tronic properties of INNAs were reported. Knowledge of the  The infrared reflectivity measurements were performed
carrier effective mass provides valuable information on the
fundamental nature of the band states in the alloy and is alSTABLE |. Parameters of the studied samples. All measurements were per-
important for a full exploration and optimization of this ma- formed at room temperature.
terial system in device applications. I'n this work, we reportg, e Thickness Mobility -
measurements of the electron effective mass inA®\_,  umber N%)  (m) nem?® eV lsY (experiment
with various N contents and electron concentrations. The ef

6
fective mass is greatly enhanced due to the N incorporatiorﬁ 0 2.64¢ 1013 7660 0.024
: ) 0.2 2465 1.9k 10" 1740 0.063
However, in contrast to the case of @aNAs, we find that 29 2670  2.8510'® 1010 0.058
D 24 2460  3.2410'® 1280 0.068
E 3.0 2580  1.6810' 38 0.326
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10 — T T 1 T frequency-independent damping constgraind plasma fre-
quencyw, . The electron effective mass at the Fermi energy
_ can be determined frotfi'
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sample E _ m = 477'”22 , @)
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sample B wheree is the electron charge, amis the electron concen-
tration. The obtained values of the film thickness and effec-
tive mass are also listed in Table I. We see that the effective
mass increases largely as nitrogen atoms are introduced into
the InAs host.
00 o w0 o e o0 1200 The experimental effective mass obtained above is plot-
ted against the electron concentration in Fig. 2. It is well
known that due to the CB nonparabolicity the electron effec-
FIG. 1. (a) Reflectivity spectra for three InMs; _, samples. tive mass in heavily doped narrow-band-gap semiconductors
strongly depends on the electron concentration. To evaluate
this effect, we use the simple two-band Kane mé&t@ito
calculate the InAs effective massy, at the electron concen-
tration of our samples. The momentum matrix elerrehin
the Kane model is taken to be 11.9 eV, as in Ref. 20, and the
results are consistent with the values found in the literefure.
The calculatedm,,, also plotted in Fig. 2, is too small to

like TO mode, and the peak at about 440 ¢nto the InN- aC(r:]ount for t:\e fi);]pe”?e?f[al data. T?]us’ld't l:l)s clea_lrlthgt thte
like TO mode. The plasma reflection edge is evidentlyen ancement of tné eflective mass shou € mainly due to

observed and shifts to higher energy with increasing eIectrque N-induced mod|f|pat|0n of the CB'structure. :
concentration. The BAC modgl is knovgg to predict a Iargg increase of
Electron effective massn* is obtained by fitting the the electron effectlve mas&2?In the model, the mte_ractlon
reflectivity spectra with a three-layer structuesr—InNAs— of N states with the extended states of the semiconductor
InP) model. The dielectric function of InP is taken from the matrix results in the formation of two conduction subbands

literature. Dielectric functione of INnNAs can be modeled E_ andE. given b)7
with an addtive forrd E. (k) = HEw (k) + En]= [ Ew (k) — EnIP+ 4C501),

2 3)
€=€,+ E

“ w%l-—wz—il“jw_ w(w+iy)’ ) V\{hereEN'is the energy of the N stat&,,(k) is the Qisper-
sion relation for the CB of the host crystal, a@g,, is the

wheree,, is the high-frequency dielectric constatken to  matrix element describing the coupling between these two

be 12.25, the same as InAsorj, I';, andS; are the reso- types of states. All the energies are relative to the top of the

nance frequency, damping constant, and strength oftthe valence band. Due to its localized nature, the end&tgyof

TO mode(InAs and InN-like, respectively. The last term in the N level can be estimated to be 1.48 eV from valence-

Eq. (1) represents the free-carrier contribution with band offset A (GaAs/InAs>0.17eV and from Ey
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at room temperature with a Bruker IFS 120 HR Fourier
transform infrared spectrometer. Figuré)lshows the re-
flectivity spectra of three InpAs; _, samples. The features at
about 307.2 and 347.5 crh correspond to InP transverse
optical (TO) and longitudinal opticalLO) phonons, respec-
tively. We attribute the peak at about 225 ¢hio the InAs-
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the calculated effective mass for InAs.
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=1.65eV in GaAs:® Cy,, is taken as 1.92 eV to fit the electronic structure near the conduction-band edge. Our re-
band-gap energy measured by Naoi, Naoi, and S&kii. sults, therefore, calls for further theoretical efforts in order to
should be noted that in the simple BAC model only the an-clarify the role of the nitrogen state in the perturbation of the
ticrossing interaction between the extended states ofl'the band structure.
CB and the localized N level is considered. The interaction
between L(or X) and the N level is neglected due to the
symmetry selection rule¥.

From Eq.(3) an analytic expression for thedependence
of the inverse effective mass can be written(esnsidering  'I. A. Buyanova, W. M. Chen, and B. Monemar, MRS Internet J. Nitride
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