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Abstract — Gallium Nitride high electron mobility transiss Ry, =7 K/W at the substrate thermal contact is assumed.
tors (HEMTS) are considered for high-power high-frequency  This value lumps the thermal resistance of the buffer
applications at elevated temperatures. Consequently, a proper  layer and the substrate, and possible three-dimensional
modeling of the temperature behavior isimportant. We present  thermal effects.

two-dimensional hydrodynamic simulations of AlGaN/GaN

HEMTs at high temperatures. The temperature dependence of  |\/  SMULATION RESULTS

the small-signal characteristics of a quarter-micron device are

analyzed and compared to measured data. The devices were measured and simulated at ambient
temperatures of 300 K, 365 K, and 425 K. Using an in-
terface charge density of 9802 cm~2 at the chan-
nel/barrier interface and a complementary charge of -

Several groups have studied the high-temperature DC og-5<10'* cm™? at the barrier/cap interface (both induced
eration of AlGaN/GaN HEMTs [1, 2]. AC measurementsby polarization effects) a very good agreement between
at elevated temperatures however are sparse: e.g. thgasurement data and simulation results for the transfer
temperature dependence of the cut-off frequency is congharacteristics and output characteristics of the deviee a
pared to that of the transconductance [3]. Beside tha@chieved. Our setup allows for a proper modeling of the
the theoretical studies of GaN-based transistors at highéfain current at all three temperatures [5].

temperature are also rare. There are few analytical mod- The RF device performance is studied by small-signal
els developed, however those are tailored for use in CilAC analysis. The parasitic inductances and pad ca-
cuit simulation, not for device optimization. Therefore,pacitances are d=1 pH, Lg=44 pH, Lp=46 pH, and

we have introduced a set of material and model paran€ps=18 fF, Gap=6 fF, Cops=9 fF respectively. A
eters for the hydrodynamic simulation of AlGaN/GaN contact resistance of 02mm is assumed at all contacts
HEMTs. The set was validated against experimental dat&ccording to experimental data. Figure 1 compares sim-
[4, 5]. In this work we use the calibrated simulation toolulated and measured extrinsic S-parameters in the range
to study the small-signal characteristics ofad.25m 100 MHz — 26 GHz at \hs=7 V and =260 mA/mm.

I. INTRODUCTION

structure at elevated temperatures. An excellent agreement is achieved in a wide temperature
range (300 K- 425 K).
Il. DEVICE STRUCTURE Based on the established eight element small-signal

The epitaxial structure used in this work was grown byfduivalent circuit (Figure 2), the small-signal parame-
metal-organic chemical vapor deposition (MOCVD) onters are extrac’i%dc_f;ﬁm _:_hils'TmEXed agd mea”sured S-
semi-insulating SiC substrates. The layers consist of Barameters at z (Table 1). A good overall agree-

highly-resistive GaN buffer, followed by a AbyGa, 7sN ment is achieved for all temperatures. The underesti-

Darrier and a thin GaN cap laver. The T-gate with a gatfh E2, U2 28, ot SR8 SRRCRiel 2o e el
I hof ,.=0.2 fi - lith hy. .
ength of ; =0.25.m was defined by e-beam lithography. structure. The gate-source R and gate-drain (Rp)

. SIMULATION SETUP resistances rise, which is more pronounced in the experi-
ment, can be attributed to a possible temperature depen-

We perform two-dimensional hydrodynamic electro-dence of the contact resistances, which is not considered

thermal simulations with our device simulator Minimos-in this work.

NT, which proved to be a suitable tool for the op-

timization of different GaN structures and the designy. CONCLUSION

of new device generations [6]. Our choice of trans-

port model aims to achieve maximum accuracy combsing a calibrated set of material and model parameters

bined with computational efficiency. Since the drift- small-signal simulations of an AIGaN/GaN HEMT struc-

diffusion transport model is not able to deliver accuratdure are performed. All relevant physical effects are ac-

results for sub-micron GaN FETs we employ the hydrocounted for. Our simulations yield an excellent agree-

dynamic transport model. Relevant physical effects, suciment with the measured data and allow further studies of

as self-heating, are accounted for. A thermal resistandbe equivalent circuit parameters at high temperatures.
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Figure 2: Small-signal equivalent circuit.

T Om Cas Cep Cps 9ps Ras Rep 7
K] [mS] [fF] [fF] [fF] [mS] [©Q] [Q] [ps]
300 33.7 116 34 31 1.38 7.3 26.11.7
300 34.7 150 39 29 1.02 6.5 21.3 2|17
365 28.5 115 34 30 1.21 9.1 30.61.91
365 29.6 143 40 28 1.00 9.3 28.5 232
425 25.2 113 34 29 1.1 10.9 35.2 2.08
425 254 141 41 27 0.94 12.2 36.5 2/53

-j1.0
() 300 K.

Table 1: Comparison of intrinsic equivalent circuit
parameters extracted from simulated (dark) and
measured (light) S-parameters.
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