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Abstract - The RF-behavior of AlGaN/GaN-HFETs was investigated by numerical
simulations to improve yield and device performance. Two-dimensional (2D) coupled
electrical-thermal simulations have been carried out to study the influence of different device
dimensions as well as layer doping and thickness. A new algorithm for the calculation of RF
characteristics was developed to include external layout capacities and resistors. A model
parameter calibration was done by experimental results of a Alg,sGaN/GaN-HFET with
0.3 um gate length. The variation of gate lengths in the range of 0.1- 0.4 um results in
maximum frequencies of oscillation (fi.x) between 80 GHz and 59 GHz
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1. INTRODUCTION

Significant progress has been made in the last few
years in the development of GaN-based heterojunction
field-effect transistors (HFETS) for high-speed, high-
power and high-temperature applications. A quite
number of investigations are necessary to improve
yield and device performance. Numerical simulations
have been carried out to study the influence of
different device dimensions as well as layer doping
and thickness.

An accurate prediction of the device characteristics
requires an adjusted model and a calibration of the
model parameters. Because of the notable self-heating
effects in GaN-devices a coupled electrical-thermal
simulation is accomplished. The influence of
spontaneous and piezoelectric charges are taken into
consideration. A new algorithm for the calculation of
RF characteristics was developed to include external
layout capacities and resistors, which is necessary for
agood agreement with measured values.

2. SSIMULATION MODEL

The numerical simulation is carried out by the
2D/3D-simulator SIMBA [1-3], based on a two- or

three-dimensional coupled solution of Poisson
equation
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(¢ electrostatic potential, p, n hole and electron
densities, N5 ,N 5 ionized donor and acceptor

densities, papp additionally fixed charge,
£ permittivity)

the continuity equations for holes and electrons
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(J current density, R recombination rate,
G generation rate)

the corresponding transport equations
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and the heat flow equation

v.(/l.VT)+H:p-c% (6)
with
H=J.E , E =-V(p—9) 7

(T lattice temperature, A thermal conductivity,
p density, c effective heat capacity)

High-order models like Schrodinger and energy
balance equations are neglected in this case because of
the high computation times.

From the results of static and dynamic simulation
the calculation of small-signa parameters is possible.
At the interesting operation point a dynamic
simulation of a small voltage jump at the input and
output terminal of the device will be done. The y-
parameters as a function of frequency can be
calculated by the recursive relations
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Consequently an equivalent circuit can be created.
External layout capacities (Cgse, Cgde) and a resistor
(Rge) are added (see Figure 1).
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Figure 1: Equivalent circuit with external elements

From this the y-parameters of the completed
device and consequently the RF-parameters current
gan (hy), maximum stable gan (MSG) and
maximum available gain (MAG) as well as the transit
frequency (fy) and the maximum frequency of

oscillation (fmax) can be calculated.

3. DEVICE STRUCTURE

The calculated Alg.5Gag7sN/GaN-HFET-structure
is represented in Figure 2. The GaN buffer as well as
the AlGaN barrier- and the cap-layers are
unintentionally doped (10"°cm™ assumed). The supply
layer is Si-doped (510%cm?®). The effects of
spontaneous and piezoelectric polarization are
included by a positive interlayer charge
o = 1.4-10% cm™ [4] at the heterojunction interface.

The SiC substrate and the AIN nucleation layer are
neglected at the electrical simulation whereas a
corresponding thermal resistor is included during the
solution of the heat flow equation.
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Figure 2: Device structure, used for ssmulations

Figure 2 shows the coplanar layout of a 2-finger
HFET (2x50um). The externa layout capacities are
estimated to Cyge = 15 fF, Cyde = 11 fF by numerical
field simulations and the gate connection resistor is
assumed to Rge = 30 Q.
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Figure 3: Layout of a 2x50 um HFET

4. RESULTSAND VERIFICATION.

The calculated output characteristics of the
Alg2sGay7sN/GaN-HFET are represented in Figure 4.
In Figure 5 the transfer characteristic and the
corresponding transconductance are plotted. To obtain
a sufficient pinch-off behavior acceptor-like traps
(10%cm™) are assumed within the GaN buffer layer.
The comparisons with experimental results show a
good agreement.
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Figure4: Output characteristics- Simulation and
experimental results
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Figure5: Transfer characteristics and transconductance -
Simulation and experimental results

The computed RF-gains of the HFET are
represented in Figure 6. The cut-off frequencies
ff=38GHz and fma =64 GHz agree with the
experimental results. If the external parasitic elements
are neglected the calculation of MSG/MAG and thus
fmax Yyields too large values. On the other hand
potentialities for improvement of RF-behavior are
demonstrated.
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Figure 6: RF-gains ver sus frequency - Simulation and
experimental results

5. STRUCTURE VARIATIONS

In the following different device parameters are
varied to study the influence on DC and RF
performance. In Figure 7 the transfer characteristics at
different gate lengths in the range from 0.1 um to
0.4 um are represented. The drain current at a fixed
gate-source voltage increases and the threshold
voltages are decreased from -5.3V to -8V. At very
small gate lengths the pinch-off behavior is declined.
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Figure 7: Transfer characteristics at different gate lengths

The RF-gains at the different gate lengths are
plotted in Figure 8. The cut-off frequencies are ranged
between fmax =59 GHz - 80 GHz and f; =32 GHz -
70 GHz for Lg = 0.4 um - 0.1 pum, respectively. At
frequencies above 12 GHz higher gains can be
obtained at smaller gate lengths.
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Figure 8 RF-gains at different gate lengths

The influence of the gate-drain distance Lgp oOn
MSG/MAG is depicted in Figure 9. Large distances
are important for high breakdown voltages. An
appreciable decrease can not be determined for gate-
drain distances up to 2 um. At larger values the gains

and consequently fmax are reduced.
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Figure9: MSG/MAG at different gate-drain distance

Figures 10 and 11 show the transfer characteristics,
the transconductance and MSG/MAG at different

thickness (daigan) Of the doped AlGaN layer. A
higher thickness results in a larger gate-channel
distance and an increasing electron density and
consequently in an increasing drain current. The
maximum of transconductance is displaced to more
negative gate-source voltages and is reduced by the
decreasing gate to channel aspect ratio.
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Figure 10: Transfer characteristics and transconductance at
different thickness of the doped AlGaN layer
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Figure 11: MSG/MAG at different thickness of the doped
AlGaN layer

The RF-gains which are calculated at the
maximum of transconductance (gm-max) a@re in the
same magnitude. The maximum frequency of
oscillation varied between 61 GHz and 70 GHz for

daican = 12nm and 8nm, respectively.

6. CONCLUSIONS

Numerical simulations of AlGaN/GaN-HFETs have
been carried out. Polarization effects and self-heating
processes are taken into account. The calculation of
RF-gains is done in consideration of external layout
elements to get redistic results. The comparison with
experimental results shows good agreement both for
DC and RF data. The variation of structure parameters
results in hints for devices optimization. Cut-off

frequencies fax =80 GHz and fi=70GHz can be
reached for agate length Lg = 0.1 pum.
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