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The processes of the electron scattering on the short-range potential caused by interaction with
polar and nonpolar optical phonons, piezoelectric and acoustic phonons, static strain, neutral

and ionized impurities in wurtzite InN sample with electron concentration ~ 6 x 107 cm

=3 are

considered. The temperature dependence of the electron mobility in the temperature range

4.2 — 560 K is calculated.
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Introduction

The III-V nitrides are important materials for optoelec-
tronic and for high-temperature and high-power elec-
tronic device applications. Recently, there has been an
extensive investigation of the electrical [1,2] and optical
[3-7] properties of InN thin films. Further progress in the
design and optimization of InN-based devices requires a
thorough adequate approximation of the material pa-
rameters. One of the important material parameter is
the charge carrier mobility.

The investigation of the temperature dependence of
electron mobility was presented in [1,8-10]. Theoreti-
cal analysis of experimental data of electron scattering
on various types of crystal defects in InN was carried
out by relaxation time approximation [1,8,10] and place
Monte-Carlo method [9]. The common feature of these
methods is the using of the long-range charge carrier
scattering models for the description of the transport
phenomena in this semiconductor. In these models it
is supposed that either the charge carrier interacts with
all the crystal (electron -phonon interaction) or it in-
teracts with the defect potential of the impurity the
action radius of which is equal to ~ 10 — 1000ag (ag
— lattice constant). However, such an assumption has
next contradictions: a) it contradicts the special rela-
tivity according to which the charge carrier would in-
teract only with the neighbouring crystal region; b) it
L

contradicts the atomistic hypothesis according to which
the charge carrier interacts (and transfers the energy re-
spectively) only with one atom but not simultaneously
with many atoms which are situated in different points
of space. Besides for defects with the interaction energy
U~ L (n=1,2) on distances ~ 10aq the potential
becomes the magnitude of the second order while all
mentioned above scattering models are considered in the
first (Born) approximation. From the other side in [11 -
15] the short-range models of charge carrier scattering in
ATTBVI and AT BV semiconductors were proposed in
which the above mentioned shortcomings were absent.
It has been supposed there that the carrier interacts
with the defect potential only within the limits of one
elementary cell. The aim of the present paper is to use
this approach for description of the charge carrier scat-
tering processes on the various types of crystal defects
in indium nitride.

Theory

According to the short-range scattering models in
wurtzite structure semiconductor the carrier transition
probability from state k to state k caused by the inter-
action with polar optical (PO), nonpolar optical (NPO),
piezooptic (POP) and piezoacoustic (PAC), acoustic
(AC) phonons, static strain (SS) potential, ionized (IT)
and neutral (NI) impurity looks like [14,15]:
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where My,, My — the atom masses; G — the number
of unit cells in a crystal volume; €y — the vacuum per-
mittivity; e — the elementary charge; kp — the Boltz-
mann constant; i — the Planck constant; Npo; Nro —
the number of longitudinal (LO) and transverse (TO)
phonons with a frequency wro and wro respectively
(we put wro = wro); e14 — the component of the piezo-
electric tensor; cro, cro — the respective sound veloci-
ties (we put cro = cro = ¢); V — the crystal volume;
Ny, Nni, Nss — the ionized impurities, neutral impu-
rities and strain centers concentration respectively; Z;
— the impurity charge in electron-charge units; FEac,
Enpo — the acoustic and optical deformation potentials
respectively; vpo, Ypz, vrr — the fitting parameters
determining the action radius of short-range potential
(R = 7ap, 0 < Yro,Yrz < \/14‘&%/03/2 = 1187,
L

0 <~ <(1+4co/ag)/2=1.31); m* — the carrier effec-
tive mass; ¢ = |k’ — k[; C =~ 0.1.

In Eq. (0.1) - (0.8) the first multiplier in the right-
hand member represents the geometrical factor which
takes into account the distinction between the wurtzite
and zinc blende structure. It must be noticed that the
strong power dependence of parametersypo, Ypz, Vi1
sharply limits the choice opportunities of their numeri-
cal values.

The calculation of the conductivity tensor compo-
nents was made on the base of the formalism of a pre-
cise solution of the stationary Boltzmann equation [16].
Using this formalism one can obtain additional fitting
parameter vssNgs (we put yss = 1) for SS-scattering
mode. The parameters of indium nitride used for calcu-
lation are listed in Table 1.

Table 1. Parameters of wurtzite InN used in calculations

Material parameter Value References
Lattice constant, ag (m) 3.545 x 10710 [17]

¢ (m) 5.703 x 10710
Energy gap, E; (eV) 0.69 — 0.41 x 10472 /(T + 454) | [18]
Electron effective mass, m,, /mq 0.115 [17]
Density, po (g -cm™3) 6.81 x 103 [9, 19]
Optical deformation potential, Expo (eV) 41 Estimation
Optical phonon frequency, wro (rad - s~1) 13.527 x 1013 [17]
Static dielectric constant, €4 15.3 [21]
High frequency dielectric constant, € 8.4 [21]
Acoustic deformation potential, Eac (eV) 7.1 [21, 22
Sound velocity, ¢ (m - s71) 6.24 x 10° [9, 19]
Piezoelectric tensor component, e14 (C - m~2) 0.5 [21]
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The next parameter which is unknown for InN is the
optical deformation potential Expo (dg — for conduction
band electrons). To estimate its value let’s use the fact
that for conduction band of the zinc blende InP, InAs,
InSb it is equal 35.6, 33.3 and 26.8 eV respectively [20].
Therefore for gallium nitride the value dy = 41 eV was
choose.

Comparison of theory and experiment

A comparison of the theoretical temperature depen-
dences of the electron mobility wu,(T) was made with
the experimental data presented in [10] (electron con-
centration ~ 6 x 10'7em™3). During the calculations
it was assumed that in all the investigated temperature
range 4.2 - 560 K the impurity conductivity occurs.The
Fermi level was calculated from the charge neutrality
equation given by:
Np

2 exp (Fk;ETD) +1
where the values of donors, acceptors concentration and
donor ionization energy were defined in [10]: Np =
9 x 1017cm’3; N4g=53x 1017cm73; Ep =0.09 eV.

The theoretical u,(T) curves are presented in Fig.
1. Tt is seen that the theoretical curves well agree with
experimental data in all investigated temperature range.
To estimate the role of the different scattering mecha-
nisms in Fig. 2 the dotted lines represent the appropri-
ate dependences. The solid line represents the depen-
dence calculated on the base of short-range scattering
models in the framework of the exact solution of the
Boltzmann equation. The obtained electron scattering

parameters for different scattering modes are listed in
Table 2.

~ Ny, (0.9)

n =

Fig.1. The temperature dependence of electron
mobility in InN crystal

Table 2. Parameters « for different scattering modes

Sample| vpo | vz | 71 | vssNss x 10~ Hem ™3

1 0.75 | 0.30 | 0.22 | 11.5

Fig.2. The contribution of different scattering modes into
electron mobility in InN. Solid line — mixed scattering
mechanism; 1,2,3,4,5,6,7,8 — AC-, II-, NPO-, PAC-, PO-,
POP-, SS-, NI- scattering mechanism respectively

It is seen that the main scattering mechanism in all
temperature range is the static strain scattering (curve
7). At Tj300 K rather small but not negligible is neutral
impurity scattering (curve 8) the influence of which de-
creases with temperature. At high temperatures (T¢300
K) the contribution of the polar optical (curve 5), non-
polar optical (curve 3) and acoustic phonon (curve 1)
scattering becomes dominant. Other scattering mecha-
nisms such as ionized impurity scattering, piezoacoustic
and piezooptic phonon scattering, give negligibly small
contributions.

Conclusion

On the base of the short-range principle the electron
scattering processes on the various types of crystal de-
fects in wurtzite InN are considered. A good agreement
between theory and experiment in all investigated tem-
perature range is established.
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IIPUHIINII BJIN3KOAENCTBUA B TEOPUU
PACCEAHN A S9JIEKTPOHOB B HUTPUJIE NMHINA

O.I1. Masuk?, I.B. Kenno®

¢ Hayuonaavuoili yrnusepcumem “/Iveuscora nosumernuka”, xadedpa nosynposoonurosoti IAeKmpoHuKy
ya. C. Bandepw, 12, JIveos, 79013, Ykpauna
¥ Havyuonarvnoil yrnusepcumem “Tboeuscoka noiumernurae”, Kahedpa 30uumo. uH@GoPpMayuL
ya. C. Bandepwi, 12, JIveos, 79013, Yrxpauna

PoccmoTpeHst mporeccsl poCccesiHus 37IeKTPOHOB HA OJIM3KOIEHCTBYIONIEM IIOTeHInase, 00y-
CJIOBJIEHHOM B3aUMOJIEICTBUEM C IOJIAPHBIMU M HENOJSPHBIMU ONTUYECKUMU (HOHOHAMH, IIbe-
303/IEKTPUUYECKUMHU U aKYCTHUYECKUMU (POHOHAMHU, CTATUUECKOM medopMarwv, HeATpaIbHON U
3apszKeHHoN npumecu B 0o06pasmax GaN co cTpyKTypo#l BIOpTIIMTA ¥ KOHIIEHTPAITHEN JIEKTPO-
HOB ~ 6 x 107 cm™3. Paccuurana reMmeparypHasi 3aBUCHMOCTD IIOJBUXKHOCTH 3€KTPOHOB B

nnrepsase 4.2 — 560 K.

KurroueBble cJjioBa: siBleHUs nepeHocCa, paccesaHune HocuTeneli 3apsaga, HUTpug nHonA.

PACS: 72.20.Dp
YIAK: 621.315.592
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IIPUHIINII BJIN3BKO/IIi B TEOPIf PO3CIAHHS EJIEKTPOHIB
B HITPUII IHIIIO

O.I1. Masuk?, I.B. Kenno®

® Hautonanavrut ynisepcumem “/Iveiecvra nosimernixa”, xadedpa nanienposionukosoi eaexmponixy
eya. C. Bandepu 12, 79013, JIveis, Ykpaina
® Hayionanvrut ynisepcumem “/veiscora noaimernira”, kadedpa sazucmy indopmayii
eys. C. Bandepu 12, 79013, JIveis, Ykpaina

PosrasiryTo mporecu po3CisiHHS €JIEKTPOHIB Ha GJIM3BKO/IIIOMOMY IIOTEHINa, 00yMOBIEHOMY
B32€MOII€I0 3 MOJISIPHUME Ta HEOJIPHUMY ONITHIHUMY (POHOHAMU, T’ €30€IEKTPUIHUMHE Ta aAKyC-
TUIHUMY (HOHOHAMM, TIOJIEM CTATUIHOI HedopMariii, i0HI30BaAHIMH Ta HENTPAJTHHIMH JOMITITKAMA
B 3pa3ky InN 3i cTpyKTypoio BIOPTIIMTY Ta 3 KOHIIEHTPAIEIO €JeKTPOHIB ~ 6 X 1017 em 3.
PospaxoBamo TemmepaTypHy 3a€KHICTh PYXJIMBOCTI esIeKTPOHIB B inTepBasi 4.2 — 560 K.
Kurro4oBi cjioBa: siBuLia nepeHoCy, PO3CisiHHS HOCITB 3apsy, HITpUA iHAi0
PACS: 72.20.Dp

UDK: 621.315.592
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