Effect of gate leakage current on noise in AlGaN/GaN HFETs
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Low frequency noise is one of the most important characteristics of Heterostructure Field Effect Transistors
(HFETS). Since HFET s are supposed to work in the wide range of gate biases, from small positive gate voltages to deep
subthreshold regimes, the low frequency noise is to be small enough for the entire range of the gate voltages. In severa
papers, a dramatic increase of the relative spectral noise density of drain current fluctuations in AlGaN/GaN HFETs
with the gate voltage has been reported [1-3]. One of the possible causes of this increase is the contribution to noise of
the gate leakage current fluctuations[4,5].

We investigated the effect of the gate leakage current fluctuations on output drain current noise of GaAIN/GaN
HFETs by three different techniques. First, we compare the noise properties of conventional AlGaN/GaN HFETs and
novel AlGaN/GaN M etal-Oxide-Semiconductor Heterostructure Field Effect Transistors (MOS-HFETS) fabricated on
the same wafer under identical conditions. In the entire range of gate voltages, the gate current in MOS-HFETs is many
orders of magnitude smaller than that in identicad conventiona HFETs. The comparison of the noise properties of
HFETs and MOSHFETSs alowed us to evaluate the contribution of the gate current noise to output noise of HFETS.
Second, we investigated the spectral characteristics of the gate current fluctuations in AlGaN/GaN HFETs. These
results also alowed us to estimate the effect of the gate leakage noise fluctuations on noise. Third, we measured the
correlation functions between gate and drain current fluctuations.

Our results show that the effect of the gate current fluctuations on output noise properties of HFETSs depends on
the level of noise in the AlGaN/GaN HFETSs. For the transistors with a relatively high magnitude of the Hooge
parameter a ~10°, even a relatively high leskage current 1, (I,/I; ~ 10°, 10 where I, is the drain current) does not
contribute much to the output noise. On the other hand, in HFETs with arelatively small values of a (a ~10°, 10), the
contribution of the leakage current noise can be significant even at 1,/I; ~ 10”, 10, For such transistors, a very rapid
increase of the 1/f noise with gate bias has been observed. The reason for such a difference in the noise behavior can be
explained by the differencein the structural quality of the AlGaN and GaN layers in different types of HFETS.

Figure 1 shows transfer current voltage characteristics of the HFETs and MOS-HFETS transistors fabricated
on the same wafer under identical conditions. The dependencies of the absolute value of the gate leskage current 7, on
gate voltage are also shown. Note that for the AlGaN/GaN HFETS, the I/, ratio is equal t0 0.2- 0.1 at 7, = 10™ A. For
MOS-HFETS, at the same value of 7, = 10*A thisratio is less than 10°.

Figure 2 shows the dependencies of the relative spectral noise density S;,/Z; on drain current for several
HFETs and MOS-HFETSs at constant drain voltage 7,=0.5V. It is seen that at high drain currents (V, = 0), the values of
S/l are practically equal for both types of transistors. The noise level corresponds to the Hooge parameter a =
(Sia/li7)Nf »10° (N is the total number of carriers between drain and source). At I, ~ 10% A ( Ve »-45V for HFETs
and V; » -9V for MOS-HFETS), the 7,/1, ratio differs by more than 5 orders of magnitude for HFETs and MOS-HFETSs.
However difference in noise level Sy/l4> does not exceed a few decibels. Hence we conclude that gate leakage current
does not contribute to noise.
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This conclusion was supported by direct measurements of the gate current fluctuations and by the estimates of
their contribution to the output noise.

On the other hand, the measurements of the gate current fluctuationsin HFETswith a value of 10 showed that
for such transistors, the gate current fluctuations makes the main contribution to the output noise even at I,/I; ~ 10, 10
3 Theinsetin Fig.1 shows the dependence of the relative spectral noise density S;/L7 on drain current at constant drain
voltage V;=0.5V for the transistor of that type.

These two different types of HFETs demondtrate qualitatively different dependencies of the correlation function
on the value of external resistor Ry connected in series with the gate. For the HFETs with the characteristics shown in
Figs. 1 and 2, correlation function is equal to zero at small values of R,. The correlation function for the second type of
HFETSs (seeinset in Fig.2) isrelatively high even at very small values of R,.
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