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1 Introduction

GaN-based metal-insulator-semiconductor heterojunc-
tion field-effect transistors (MIS-HFETSs) have been ex-
tensively developed owing to the merits of gate leakage
reduction and passivation effects. As a gate insulator,
high-dielectric-constant (high-k) oxides, such as AlyOs
[1] or HfO5 [2], and also high-k nitrides having merits
of high thermal conductivities, such as AIN [3, 4] or BN
[5, 6], were employed. In the GaN-based MIS-HFETS,
low-frequency noise (LFN) will be strongly influenced by
the insulator itself and/or the insulator-semiconductor
interface, and also by the gate leakage reduction. Al-
though LFN in the GaN-based devices has been studied
for a long time, the previous studies mainly focused on
Schottky-HFETs [7-9] and MIS-HFETs with the oxide
gate insulators [10]. Moreover, in many previous studies,
it is difficult to identify the contribution from the intrin-
sic gated region and extrinsic ungated region. Therefore,
it is important to obtain insights of LFN in GaN-based
MIS-HFETSs with nitride insulators, clarifying the contri-
bution from the intrinsic and extrinsic regions. In this
work, we systematically investigated LFN characteristics
in AIN/AlGaN/GaN MIS-HFETSs with the AIN insulator
deposited by RF sputtering on the AlGaN. In combination
with investigation of LFN in AIN/AlGaN/GaN ungated
two-terminal devices, we extracted LFN behaviors of the
intrinsic gated region in the MIS-HFETs.

2 Device fabrication and characterization

Using Alp 3Gap 7N(30 nm)/GaN(3000 nm) heterostruc-
ture obtained by metal-organic vapor phase epitaxy on
sapphire(0001), we fabricated AIN/AlGaN/GaN MIS-
HFETs as well as AIN/AlGaN/GaN ungated two-
terminal devices. The fabrication process is as follows.
On the heterostructure, Ti/Al/Ti/Au Ohmic electrodes
were formed and device isolation was achieved by BT
implantation. A 20 nm AIN film as the insulator layer
was deposited on the AlGaN surface by RF magnetron
sputtering at room temperature with an AIN target in
Ar-N5 ambient, completing the ungated two-terminal de-
vices. For the MIS-HFETS, finally Ni/Au gate electrodes
were formed. From transfer length method (TLM) mea-
surements of the ungated devices with electrode spac-
ing L = 2-16 pm and width W = 50, 100 pgm, we ob-
tain a sheet resistance of 800 €2/sq. and a contact resis-
tance of 2.4 Qmm. The MIS-HFETs with gate length
Lg = 260 nm, width W = 50 pm, source-gate spacing
2 pm, and gate-drain spacing 3 pm exhibit output and
transfer characteristics shown in Fig. 1.

We firstly investigated LFN in the ungated devices. As
shown in Figs. 2 (a) and (b), we observed current noise
power spectrum density S; ~ KI?/f, with the current
I, the frequency f, and a constant factor K. We obtain

the relation between the KW and RW, where R is the
total resistance, shown in Fig. 2(c). A Hooge parame-
ter of the ungated region ayz ~ 2 x 107* is estimated
from the size dependence of K. LFN in the MIS-HFETSs
for the linear regime of drain-source voltage Vp was ob-
tained with changing gate-source voltage Vg as shown in
Figs. 3 (a) and (b), exhibiting S7, ~ Kurgrlp?/f, with
the drain current Ip and a constant factor Kgpgr. Since
the total on-resistance R, is the sum of the intrinsic re-
sistance Ry = rLg /W, where r is the sheet resistance of
the gated region, and the extrinsic resistance Rqy of the
ungated part, we obtain
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with the factor K, from the intrinsic gated region and
Koyt from the extrinsic ungated part; the latter is esti-
mated to be Kexy ~ 4 x 10~ from the relation shown
in Fig. 2(c¢). Thus, from (1), we obtain Kj, as a func-
tion of r as shown in Fig. 4(a); with increase in r, we
observe behavior changing from Ky o 772 to o« r2.
Using the under-gate sheet electron concentration ns ob-
tained by C-V measurements, we can calculate the ef-
fective Hooge parameter of the intrinsic gated region
a = KN, where N = ngLgW is the number of elec-
trons under the gate. Figure 4(b) shows « as a func-
tion of ng, with the point of a, for the ungated re-
gion. For the small ng < 5 x 10*' em™2, with increase
in ng, we obtain decrease in a &< ng~!'. This behavior
is also observed for the Schottky-HFETs [8, 9], and can
be attributed to the electron number fluctuation due to
traps near the AlGaN/GaN interface. On the other hand,
for 5 x 101 em™2 < ng < 1 x 10'2 em™2, o decreases
rapidly like ng~¢ with & ~2-3, which is not observed for
the Schottky-HFETs. We tentatively assume that this
behavior is attributed to the mobility fluctuation specific
for the MIS-HFETSs. Moreover, we obtain strong increase
in a o< ng® for ng > 2 x 102 em™2. Strong increase in
a for large Vi and ng is also observed in the Schottky-
HFETSs, sometimes being attributed to large gate leakage
currents [9]. However, in the MIS-HFETSs, this behavior
cannot be attributed to the gate leakage, which is signif-
icantly suppressed, but can be related to the fluctuation
in the intrinsic gate voltage, which is enhanced for large
Ve and ng by the fluctuation of the voltage across the
extrinsic source resistance. According to this, « of the
gated region is larger than oy of the ungated region for
the same sheet electron concentration, as confirmed in the
Fig. 4(b). Even for the intrinsic gated region, the LFN
can be influenced by the extrinsic part through the fluc-
tuation of the intrinsic gate voltage.
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3 Summary

We systematically investigated LFN in the
AIN/AlGaN/GaN MIS-HFETs. In combination with
investigation of LEN in the ungated devices, we obtained
the LFN behavior of the intrinsic gated region in the
MIS-HFETs.
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Fig. 1: (a) Output and (b) transfer characteristics of the
AIN/AlGaN/GaN MIS-HFET. Drain current Ip, gate current
Ic, and transconductance gm, all normalized by the gate width
W, are shown.
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Fig. 2: (a) S;/I? as a function of f and (b) Srf as a function
of I for the ungated devices. (c) The relation between KW

and RW for the ungated devices.
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Fig. 3: (a) Sip/In? as a function of f and (b) Si,f as a
function of Ip for the MIS-HFETs.
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Fig. 4: (a) Kint as a function of r and (b) « as a function of
ns for the gated region, with the point of a,g for the ungated
region.
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