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Abstract: Parasitic capacitances associated with overhangs of the T-shape-gate enhancement-mode (E-mode) GaN-based
power device, were investigated by frequency/voltage-dependent capacitance-voltage and inductive-load switching measure-
ments. The overhang capacitances induce a pinch-off voltage distinguished from that of the E-mode channel capacitance in
the gate capacitance and the gate—drain capacitance characteristic curves. Frequency- and voltage-dependent tests confirm
the instability caused by the trapping of interface/bulk states in the LPCVD-SiN, passivation dielectric. Circuit-level double
pulse measurement also reveals its impact on switching transition for power switching applications.
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1. Introduction

AlGaN/GaN high-electron mobility transistors (HEMTs) or
metal-insulator-semiconductor HEMTs (MIS-HEMTs), by vir-
tue of the superior polarization-induced high mobility 2-D elec-
tron gas (2DEG), are well-proposed for their high switching
speed, low parasitic parameters and low on-resistance, and
have achieved recognized success in both high frequency RF
and power switching applications!'-4. Gate- and/or source-
field plates above thick passivation dielectrics like SiN,, are
commonly implemented to alleviate the high electric field
in the gate-drain region and obtain higher breakdown
voltagel>7., They are also contributed to the suppression of
surface-state-introduced current collapsel> 8. However, the
field plates structure will introduce extra parasitic capacit-
ances, leading to higher Vs X Ips power loss and longer switch-
ing duration. In addition, the passivation layer will also bring
in the passivation dielectric/(Al)GaN interface states and even
bulk states in the dielectric itself. Their trapping/de-trapping
processes cause the dynamic shifts of parasitic capacitances,
leading to disordered ON-OFF transition and failure of dV/dt
control in practical applications®-11,

In this work, gate-related parasitic capacitances of the T-
shape-gate E-mode AlGaN/GaN HEMT were investigated by
high-frequency C-V measurements as well as the inductive
switching measurement, where (Cgp was individually ob-
served during the Miller plateau. The instability of Cgp,
caused by the trapping/de-trapping of deep interface/bulk
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states in LPCVD-SiN, dielectric in the gate overhang
region!'2, was characterized by voltage-dependent C-V meas-
urements.

2. Device fabrication and characteristics of E-
mode MIS-HEMT

The E-mode MIS-HEMT was fabricated on an ultra-thin-bar-
rier (UTB) AlGaN/GaN heterostructure grown on the Si sub-
stratel'3. 14, The UTB AlGaN consists of a 1-nm AIN interlayer,
a 3-nm Aly,5Gag 75N barrier layer and a 1.5-nm GaN cap layer.
Fig. 1(@) shows the schematic structure of the E-mode MIS-
HEMT. A 10-nm LPCVD-grown SiN, passivation layer was able
to recover the 2DEG at the UTB-AIGaN/GaN interface in the ac-
cess regionl'?], featuring a sheet resistance of 545 Q/o. The LP-
CVD-SiN, in the gate region was etched by fluorine-based
plasma. Then in-situ NHs/N, remote plasma pretreatment
was utilized to improve the etched (Al)GaN surfacel'd, fol-
lowed by the gate dielectric deposition. The gate dielectric
stack consists of a 3-nm atomic layer deposited (ALD) SiN, lay-
er and a 15-nm ALD-AI,O3 layer with an ozone precursor, fol-
lowed by the evaporation of a Ni/Au bilayer gate metal. The
fabricated E-mode MIS-HEMT features a total gate width of
1 mm, a gate length of 1 um, a source-to-gate spacing of
1.75 um, and a gate-to-drain spacing of 10 um. The T-shape
gate has a 0.5 um overhang on the source side and a 0.75 um
overhang on the drain side, as shown in Fig. 1(b).

Fig. 2(a) shows the transfer characteristics at drain bias
Vos =1V and Vps = 10 V. The E-mode MIS-HEMT exhibits a
threshold voltage Vi of 1.26 V defined at I = 1 yA with a hys-
teresis of 0.3 V at Vs = 1V, indicating a decent ALD-SiN,/Al-
GaN (F-etched) interface quantity. Fig. 2(b) shows the output
characteristics. A saturation current of 339 mA is obtained at
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Fig. 2. (Color online) (a) Transfer, (b) output, and (c) three-terminal off-state leakage of the 1-mm E-mode MIS-HEMT.
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Fig. 3. (Color online) (a) Schematic of the gate-related capacitances in T-shape gate E-mode AlGaN/GaN MIS-HEMT. (b) Bias set of the G-V meas-

urement, and (c) the multi-frequency curves of the 1-mm MIS-HEMT.

Vgs = 8 V. Fig. 2(c) shows the three-terminal off-state cur-
rents at Vs = 0 V. A small drain leakage lower than 106 mA
is obtained and the gate leakage is always around 10 times
lower.

3. Gate-related capacitances and dynamic
characteristics of E-mode MIS-HEMT

Fig. 3(a) shows the schematic of the gate-related capacit-
ances in the T-shape gate E-mode AlGaN/GaN MIS-HEMT. G,
is the channel capacitance performing in the E mode and
G/G is the gate-source/drain overlay capacitance perform-
ing in the depletion mode (D mode). Multi-frequency C-V
measurements were conducted on the T-shape gate E-mode

MIS-HEMT with source and drain both grounded (shown in
Fig. 3(b)), and the Cg-V; curves are shown in Fig. 3(c). Two
pinch-off points are observed in the whole V; range, corres-
ponding to different capacitance components. The first one
at Vg ~ -10 Vis related to the overhang capacitances (i.e.,
and G), and the second one is related to the E-mode chan-
nel (i.e., G). Very small frequency dispersion is observed on
both E-mode gate and D-mode gate overhang, informing a
high quality ALD-SiN,/(Al)GaN and LPCVD-SiN,/(Al)GaN inter-
face. Unlike the E-mode portion, the D-mode portion exhib-
its a noticeable hysteresis between up- and down-sweeping
curve, probably caused by deep interface/bulk states in the
LPCVD-SiN, passivation dielectric.

Since the Miller capacitance Cgp plays an important role
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Fig. 4. (Color online) (a) Bias set of the Cgp measurement. (b) Cgp—Vpg curves with varied hold and forward stressing voltage.
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Fig. 5. (Color online) (a) Schematic and photo of the inductive switching circuit. (b) Waveform of the inductive switching under 50-V Vg5 and (c)

the turn-on transients of the DUT.

on the device switching performance, in this paper, Cgp was in-
dividually investigated by C-V measurement with a shorted
source/gate terminal and a sweeping drain terminal, as
shown in Fig. 4(a). In this measurement, drain terminal
voltage (Vpg) is swept from an initial voltage Vi,;; (holding for
30 seconds before C-V sweep) to 25 V and double-mode
sweep was used to estimate the instability of the Cgp. It is
noted that a negative Vg, corresponding to a positive bias ap-
plied on the overhang capacitor, is able to assist the spill-
over of the electrons to the SiN,/(Al)GaN interface as well as
the trapping of the interface or dielectric bulk states. Fig. 4(b)
plots the measurement results and an obvious hysteresis
(> 1.5 V) on the up- and down-sweep D-mode pinch-off
voltage is obtained, which is directly dependent on the mag-
nitude of the negative stress voltage V... The hysteresis in-
creases owing to the enhanced trapping in the passivation
dielectric. In the down-sweep curves under different initial
stress, the D-mode pinch-off voltage merges together, indicat-
ing that an efficient electrons’ de-trapping is achieved with a
25V Vpg.

In this work, to further identify the effect of the over-
hang capacitance on the device switching performance, a
double-pulse measurement was executed with measure-
ment setup plotted in Fig. 5(a). A device bare die was moun-
ted on a testing PCB by conductive silver epoxy, and its pads
were bonded out by golden wires. A simple gate driver cir-
cuit is used with a separate turn-on and turn-off path. In or-
der to enlarge the Miller plateau, a 10 kQ charging resistor

was used to slow down the turning-on process. The wave-
form of inductive switching under 50 V Vg5 and the turn-on
transients are shown in Figs. 5(b) and 5(c). During the turn-on
period of the second pulse, the presence of the D-mode por-
tion of Cgp reduces the slew rate of output voltage, leading
to a longer Miller plateau and extra switching power loss. The
turning point of two sections of dVps/dtis around 10 V in the
beginning of Miller plateau, which coincides with the pinch-
off voltage of Cgp.

4, Conclusion

In this work, gate-related capacitances of the T-shape-
gate E-mode AlGaN/GaN HEMT have been investigated by
C-V measurements and the inductive switching measure-
ment. The overhang-related Cgp exhibits a noticeable hyster-
esis in double sweeps, informing its sensitivity to forward
stressing voltage due to the trapping of deep interface/bulk
states of LPCVD-SiN, passivation dielectrics. During the turn-
on period of inductive switching measurement, two sections
of dVps/dt with a turning point around 10 V are observed for
the presence of D-mode portion in Cgp, leading to a longer
switching transfer and higher switching power loss.
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