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Abstract. The influence of sportaneous and gezoeledric polarization charges on
static and dynamic device daraderistics of AlGaN/GaN-HFETSs has been studied by
numericd simulations. For the simulation a 2D-microscopic/maaoscopic dgorithm
was used which consists of the solution o the dfedive mass Schrodinger equation
together with the Poisson equation and a self-consistent couging of the maaoscopic
transport and continuity equations. The palarization effeds are included by a positive
interlayer charge & the heterojunction interface a negative surface darge and a
negative interlayer charge a the AIN/GaN buffer heterojunction.

1. Introduction

Significant progress has been made in the last few yeas in the development of GaN-based
heterojunction field-effed transistors (HFETs) for high-speed, high-power and hgh-
temperature goplicaions. The large interest comes from the unique material properties of the
group-lll-nitrides. The presence of interna strain in the owmmonly used wurtzite phase of
GaN may lea to the generation d large piezoeledric pdarization fields. In addition the
sportaneous polarization (at zero strain) is very large in wurtzite group-lll -nitrides [1],[2].
The spontaneous and pezoeledric poarization causes additional shed charges at the
heterojunction interfaces of the structures. Numericd simulations have been caried ou to
study the influence of these dfeds on carier distributions and onstatic and dynamic device
charaderistics of AlGaN/GaN-HFETs. Comparisons with experimental results demonstrate
the importance of the consideration d podarization charges in the design and analysis of
nitride-based HFET structures.

2. Simulation model

For the smulation we used a 2D-microscopic/maaoscopic dgorithm as described in [3]
which consists of the solution d the dfedive massSchrodinger equation
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(m* effedive dedronmass E discrete energy levels, ) wavefunctions, V potentia energy)

together with the Poisson equation
D[(8D¢):—e(p—n+N+D—N;+NP) 2
(NS, N, ionized dona and acceptor density, Np pdarization charge)

to cdculate the exad eledron density within the two-dimensional eledron gas (2DEG)
channel. The maaoscopic continuity and transport equations for eledrons and hdes are
couped self-consistently to get the device daraderistics at different bias condtions. For
further information abou the 2D/3D device simulator SIMBA see http://www.ieeet.tu-
dresden.de/CKlix/simba.

3. Results

The cdculated Alg1sGaN-GaN-HFET-structure [4] is represented in Fig. 1. The GaN buffer as
well as the AlGaN barrier- and cap-layer are unintentionally doped (10*°cm™ assumed). The
supdy layer is Si-doped (2010°cm™). The dfeds of sportaneous and pezoeledric
podarization are included by a positive interlayer charge o; a the heterojunction interface a
negative surface darge s and a negative interlayer charge oy, a the AIN/GaN heterojunction.
The AIN layer isinserted between sapphire substrate and GaN buffer and was negleded at the
simulation.
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Fig.1. AlGaN/GaN-HFET structure Fig. 2. Comparison d simulated and
(0, = 2010*2cm?, o,= -0.310"%cm?, experimental output charaderistics

0p=-1.710%cm’?)



The total shee charge density for Al;sGaN/GaN is in the range of 2-410*2 cm™?[1],[2]. We
asaimed o; + 0, + 0s = 0 and found o; = 2[10*? cm™?, 0s=-0.310>cm™, o, = -1.7010"2 cm™
by comparison with experimenta results. The cdculated ouput and transfer charaderistics
and the transcondctance & well as the experimental results are represented in Fig. 2- 4. The
differences in Fig. 2 result from additional contad resistances. In Fig. 3 and Fig. 4 the
simulation results withou podarization charges show the necessty of considering these
charges for getting corred values.
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The cdculated RF gains of the HFET are represented in Fig. 5. The aut-off frequencies
ft=50GHz and fn = 100GHz agree with the experimental results if the influence of
extrinsic pad cgpadties and terminal resistances which are not included in the simulation are
taken into acourt.
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Fig. 5. Simulated RF-gains of the HFET Fig. 6. Eledron censity in the 2DEG-channel for

(fmax = L00GHz, f; = 50 GHz) different interface targes o;



To study the device behaviour at different polarization charges extensive variations of the
charge distribution have been made. In Fig. 6 the dedron density within the dannel are
plotted for different heterojunction interface targes ;. The rrespondng transfer
charaderistics and transcondictances are represented in Fig. 7 and Fig. 8. The AlGaN/GaN
heterojunction interface ¢targe has a strong influence on dan current and on
transcondictance Larger interface darges improve the transcondiwctance but worsen the
pinch-off behaviour of the HFET.
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4. Conclusions

Numericd 2D-simulations of AlGaN/GaN-HFETs have been caried ou. The dfeds of
piezoeledric and sportaneous polarization are included by additional shed charges at the
AlGaN/GaN and at the GaN/AIN heterojunction as well as at the device surface HFETs with
0.2um gate length are simulated and the static and dynamic device daraderistics are
evauated. The variation d the pdarization charges $iows the strong dependence of the
device performance on these darges. The comparison with experimental results demonstrates
the necessty of considering polarization charges for getting corred values.
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