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1. Electro-physical model of the heterostructure

The approach is based on solving the Poisson and continuity equations. The Poisson
equation can be written as
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Where Kk is the permittivity, w is the electric potential, Qo is the sheet bound interface charge
due to spontaneous and piezoelectric polarization at the AIGaN/GaN interface, n and p are
concentrations of free charge carriers, N°* and N*~ are concentrations of shallow ionized
donors and acceptors, and N;°* and N{* are concentrations of deep ionized donors and
acceptors expressed as
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Here, E; is the trapping level in the forbidden band of the semiconductor (of either donor or
acceptor type), f; is the occupation probability of trapping centres lying at energy levels &; (see
the TAT model below), and the multiphonon distribution functions of trapping centres D
belonging to the trapping level E; is given as [1-3]
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where S is the Huang-Rhys factor representing the strength of electron-phonon coupling, zwo

: : -E - T
is the effective phonon energy, 9=|8th—t|, fg (em(hka;oj 1} is the Bose distribution
Wy

function, and z=2S4/ fg (1+ fg) . The sign inside the bracket in the nominator is negative for
&, >Ec(x)-E; and positive for &, <E.(x)-E:.
The continuity equation for electrons (the hole component is neglected) is expressed as
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where rTUN and rTU are the tunnelling exchange times (see TAT model). The electron
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In these expressions AE. is the electron band offset.
2. Model of trap assisted tunnelling

The currents of free charge carriers flowing into and out of the traps are defined in
terms of respective 12 exchange times. The reciprocal value of the exchange time represents
the repetition frequency with which a particular process contributes to the occupation of the
trap by electrons. The advantage of this concept is in simply calculating the occupation
probability of trapping centres. The exchange times are defined as
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where fethD are the Fermi-Dirac distribution functions for electrons and holes, meth are the
effective electron and hole masses for calculating the Richardson constant in the
semiconductor, AEy is an energy increment chosen by a reasonable compromise between the
time of computation and calculation accuracy. Summation of the series terminates, when the
ratio of the exponential term I, ighvierr TOF J=N to that for j=0 is smaller than a chosen
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accuracy, €.9., TJiNonvien/Tonsgnuer <10° The electron and hole tunnelling probability is
calculated from the WKB approximation as
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where men'N are the effective tunnelling masses of electrons and holes. The occupation
probability of trapping centres is then calculated as
1 1 1 1 1 1
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3. Simulations

The model was employed to simulate metal/GaN/Al,GaN; ,/GaN Schottky hetero-
structures. The vertical geometry of the structure along with the concentration profile of
ionized shallow donors N°*(x) is given in Tab. 1.

Tab. 1. Vertical geometry of the simulated structure.

Cover Doped Undoped Doped

GaN AlGaN GaN GaN
Thickness (hm) 10 10 30 10
ND* ( cm*?’) _ 108 j 107

The concentration of traps was assumed to be N=5x10"" cm™ at energy level E; placed
0.5 eV below the conduction band, and a Schottky barrier height ¢,=0.86 eV. We considered
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the Huang-Rhys factor S=4.2 and effective phonon energy %my=0.032 eV. The effective cross
section of the traps was set constant o=1.5x10"* cm?.

The molar concentrations of aluminium in the GaN cover and in the doped AlGaN
layer were simulated by error functions, see Fig. 1. The assumed Al distribution determines
all other parameters. Non-linear dependences of Qi, AE; and AEg on the concentration of Al
were simulated in accordance with [4-6]. The shape of the band gap strongly affects the
interface charge Qo as shown in Fig. 1. The dependences of AE. and AEy on the
concentration of Al are shown in Fig. 2. Other parameters, such as relative dielectric constant
k, effective electron density of states N, longitudinal effective electron mass in the central
(Gamma) valley m,' depend on Al concentration only weakly. For calculating the tunnelling
exchange times effective masses me"=m'=0.2 mo were used.
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Fig. 1. Molar concentration of aluminium
and the sheet bound interface charge Qo
in the GaN cover and in the doped AlGaN

Fig.2. Band offset AE; and band gap AE,
in the GaN cover and in the doped AlGaN
layer.

layer.

Figure 3 shows the band diagram of the structure in thermodynamic equilibrium taking
into account the distribution of Al in the structure. Corresponding distributions of free
electrons and ionized deep traps are shown in Fig. 4.

1.0 T T T T T 107

E
o5k © | 10%
102
0.0 '

10%

.0.5k 4 10*

Energy (eV)

1017
25k 4

E 10%
30f VY g 107
351 B 10"

-4.0

Concentration (m*)

0 16 2‘0 Z;O 4‘0 L—';O 60 0 10 20 3:0 A{O 56 60
Distance (nm) Distance (nm)

Fig.3. The band gap diagram of the struc- Fig. 4. Distribution of free electrons, n,

ture in thermodynamic equilibrium. ionized donors, N°*, and deep traps, N;°".

On applying a reverse voltage on the structure we have simulated the current density,
see Fig. 5. The total current consists of two components: the trap-assisted current, TAT, and
the drift-diffusion current at the metal/GaN interface. The graph shows very good agreement
between the measured and simulated currents. Finally, Fig. 6 shows the simulated tunnelling
and drift-diffusion currents in the structure at reverse voltage V,=1.2 V.
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Fig. 5. Comparison of measured and simu-  Fig. 6. Tunnelling and drift-diffusion currents
lated I-V curves. in the structure at applied reverse voltage
V=12V,

4. Discussion

Simulation of the currents flowing through the heterostructure has confirmed that they
are strongly affected by the distribution of Al in the structure. The step-wise interface
between the cover GaN layer and the doped AlGaN layer brings about a roof-shaped of the
band diagram in thermodynamic equilibrium, which in turn yields considerably smaller
values of currents than those observed experimentally. Therefore it will be useful to analyse
the distribution of Al at the heterojunctions by means of analytical techniques, such as SIMS
or AES.
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