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Abstract— For the development of next-generation AlGaN/GaN
based high electron mobility transistors (HEMTs) in industry,
reliable software tools for DC and AC simulation are required.
Our device simulator Minimos-NT was calibrated against ex-
perimental data for this purpose. Subsequently, AC and DC
simulations for both scaled devices from the same generation
and new generation HEMTs were performed. A good accuracy
for all relevant characteristics in comparison to measurement
results is achieved.

I. I NTRODUCTION

Wide bandgap GaN-based high electron mobility transistors
(HEMTs) exhibit power properties which make them eligible
for the use in radio frequency applications. The focused
extensive investigations in the last years have solved various
technology issues and vastly improved the device performance
[1], [2]. Nowadays large-scale production of AlGaN/GaN
HEMTs is ongoing, however, to further optimize and down-
scale the structures a reliable simulation tool is needed. Due
to the short development cycles a minimal computational
effort is advantageous. The two-dimensional device simulator
M INIMOS-NT [3] has proven to be a suitable tool for the
analysis of heterostructure devices [4], [5]. It was extended
for the GaN-material system [6] and a first approach to the
DC simulation of HEMTs was made [7]. In this paper we
present predictive analyses using a calibrated setup.

II. D EVICE DESCRIPTION

The AlGaN/GaN HEMT technology is based on multi-wafer
MOCVD growth on 2-inch semi-insulating SiC substrates
based on an Aixtron 2000 multi-wafer reactor. The gate is
e-beam defined with a gate length oflg=150 nm, 300 nm,
and 600 nm. Device isolation is achieved by mesa isolation.
Fig. 1 gives an example of a typical fully planar HEMT
field-plated structure. An Al0.3Ga0.7N/GaN heterointerface is
grown on top of a thick insulating GaN buffer. All layers
are unintentionally doped except the supply layer. The latter
is introduced in order to provide additional carriers and to
improve the access resistance. We assume a metal diffusion of
the metal source and drain contacts reaching the supply layer.
The interface charge density is found to be≈1.1×1013cm−2

from the DC transfer characteristics. The positive charge at the
channel/spacer interface is compensated by a commensurate
negative surface charge at the barrier/cap interface.
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Fig. 1. A schematic layer structure of single heterojunctionAlGaN/GaN
HEMTs with field-plate investigated in this work.

III. D EVICE MODELING

Since the longitudinal electric field in the channel reaches
peak values of above 500 kV/cm, a hydrodynamic approach
is required to properly model electron transport and energy
relaxation. This approach provides the best accuracy of the
results at reasonable computational cost. For example, simu-
lation of a transfer curve, including AC analysis, takes about
an hour CPU time on a standard PC with a 2.4 GHz Intel Core
2 Duo processor.

The low-field electron mobility model used in MINIMOS-
NT is fitted to own Monte Carlo (MC) simulation results
[8]. The high-field mobility model includes energy-dependent
electron relaxation times. The hydrodynamic mobility model
proposed by Ḧansch [9] has been modified to account for GaN
specific effects. A more detailed model description is givenin
[10]. Our model was calibrated to give the best agreement with
the velocity-field characteristics and also between simulation
and measurement of DC and AC electrical characteristics.

For good control of the sheet carrier concentration in the
two-dimensional electron gas (2DEG), the alloy composition
and the abruptness of the AlGaN/GaN interface has to be
determined. Various methods such as high resolution X-
ray diffraction, transmission electron microscopy, and elastic
recoil detection have been used [11]–[13]. A good estimate
of the effective channel thickness of the conducting regionis
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Fig. 2. Measurement data compared to simulation data for different channel
thickness.

−4.0 −3.0 −2.0 −1.0 0.0
VGS [V]

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

I D
 [A

/1
00

µm
], 

g m
 [S

/1
00

µm
]

measurement ID

measurement gm

simulation ID
simulation gm

Fig. 3. Calibration of transfer characteristics and transconductance against
measured data for Device 1.

required for the simulator. A nominal value for the thickness
of the 2DEG region has been given in the literature in the order
of 2−3 nm, see for example [14], depending on the Al mole
fraction in the AlGaN layer. However, the effective thickness
of the conducting region may be wider than the 2DEG,
albeit with a lower density. For the purpose of calibrating
the simulator to produce the same current density as in the
measured devices, a number of 2DEG effective thicknesses
were analyzed (see Fig. 2). Thus, a channel thickness of 7 nm
was used in all simulations presented in this work.

We further assess the impact of thermionic emission and

0 2 4 6 8 10 12
VDS [V]

0.00

0.02

0.04

0.06

0.08

0.10

I D
 [A

/1
00

µm
]

measurement
simulation

VGS=−4V

VGS=−3V

VGS=−2V

VGS=−1V

VGS=0V

Fig. 4. Calibration of the output characteristics against measured data for
Device 1.

field emission (tunneling) effects which critically determine
the current transport across the heterojunctions. An optimal
tunnel length of 7.5 nm is found. Self-heating effects are ac-
counted for by using a properly adapted ambient temperature.

IV. SIMULATION RESULTS: CALIBRATION DEVICE

DC and AC measurement data from devices with gate
length lg=0.6µm, field-plate extension length lFP=0.6µm, and
gate width 100µm (Device 1) were used for the calibration.
The simulation results for the transfer characteristics and
transconductance using the calibrated model are compared to
the measurement data in Fig. 3 for Vds=12 V. Fig. 4 compares
the measured and simulated output characteristics. Quite good
an agreement is achieved. The main fitting parameters are the
interface charge density and the hydrodynamic mobility model
parameter values.

V. SIMULATION RESULTS: BENCHMARK DEVICE

Using the calibrated set of models and parameters, several
devices with varying geometries were analyzed. Some of
these devices were later on produced and characterized. As a
particular example, we present predictive results for a down-
scaled device with lg=lFP=0.3 µm (Device 2).

Fig. 5 shows the measured and simulated transfer char-
acteristics and transconductance for Vds=12 V. An excellent
agreement is achieved for the whole range. Fig. 6 compares
the simulated and measured output curves for different gate-
source voltages. The simulation tool provided good predictive
results.

Fig. 7 compares the measured and simulated cut-off fre-
quency. fT is overestimated due to an underestimated Cgs.
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Fig. 5. Predicted transfer characteristics and transconductance compared to
measured data for Device 2.

VI. SIMULATION RESULTS: NEW GENERATION DEVICE

Using again the calibrated parameter set we studied a
lg=0.5 µm device featuring a source shield-plate (Device 3).

Fig. 8 shows the measured and simulated transfer charac-
teristics for Vds=12 V and Vds=50 V. An excellent agreement
is achieved for the whole range in both cases.

Fig. 9 shows the Gm,RF measured data compared to the
simulated RF transconductance. Again a good agreement is
achieved. Additional simulations with slightly reduced AlGaN
layer thickness provide better agreement with the experimental
data and are a possible explanation for the differences ob-
served.

The input C11 and gate-drain capacitance Cgd data at
Vds=12 V are shown in Fig. 10. While the Cgd values exhibit
a negligible deviation, Cgs is underestimated. Therefrom, the
cut-off frequency is overestimated as shown in Fig. 11. Again
data for two AlGaN layer setups are provided.

VII. C ONCLUSION

We present a TCAD methodology which allows the design
of next-generation GaN HEMTs through predictive simula-
tions with a good accuracy at reasonable computational cost.
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Fig. 8. Predicted transfer characteristics and compared to measured data for
Device 3.
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Fig. 9. Predicted RF transconductance compared to measured data for
Device 3.
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Fig. 10. Predicted capacitances C11 and Cgd compared to measured data
for Device 3.
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