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The reverse gate leakage mechanism of W-gate and TiN-gate AIGaN/GaN high-electron-mobility transistors (HEMTs)
with N, plasma surface treatment is investigated using current—voltage (/-V') and capacitance—voltage (C—V') characteristics
and theoretical calculation analysis. It is found that the main reverse gate leakage mechanism of both devices is the trap-
assisted tunneling (TAT) mechanism in the entire reverse bias region (—30 V to 0 V). It is also found that the reverse gate
leakage current of the W-gate AlIGaN/GaN HEMTs is smaller than that of the TiN gate at high reverse gate bias voltage.
Moreover, the activation energies of the extracted W-gate and TiN-gate AlIGaN/GaN HEMTs are 0.0551 eV-0.127 eV and

0.112 eV-0.201 eV, respectively.
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1. Introduction

AlGaN/GaN high-electron-mobility transistors (HEMTs)
have great advantages in high-power switching, microwave
amplifiers, and high-temperature integrated circuits (ICs)!-?!
because of their high electron mobility, high saturation speed,
high breakdown electric field strength, and good thermal sta-
bility. In recent years, in order to realize the integration of
GaN devices and silicon-based complementary metal-oxide-
semiconductor (CMOS) chips and to reduce the cost of IC
production and manufacturing, CMOS-compatible fabrica-
tion process for AIGaN/GaN HEMTs has been extensively
studied.>* For Si-CMOS processing line, an Au-free envi-
ronment is required to meet the strict contamination rules.
Therefore, the Au-free gate technology is required in the in-
tegration of GaN devices and CMOS chip. So far, researchers
have tried many materials to replace Au-gate, such as W, WN,
Pd, Pt, TaN, Ti, TiN, Ir, Cr, WSi, and WSiN.!>8] Compared
with other Au-free gate materials, TiN-gate and W-gate exhibit
attractive advantages in work function (4.6 eV for W, 5 eV for
TiN), compatibility to CMOS processes (such as dry etch, wet
etch, and sputter), low cost, high thermally stability (both are
~ 700 °C), and so on.>*!

However, large reverse gate leakage current is still a se-
rious problem for Au-free gate AlGaN/GaN HEMTSs, which
will increase low-frequency noise, reduce power supply ef-

ficiency, cause current collapses effect, and reduce break-
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down voltage.'%!!] Therefore, it is important to analyze and
research reverse gate leakage current in Au-free gate Al-
GaN/GaN HEMTs. Soltani et al. reported that the TiN gate
contact on AlGaN/GaN transistor shows low reverse leakage
current with low trapping phenomena.l®! Li er al. reported
that AIGaN/GaN HEMTs with TiN gate exhibit a compara-
ble DC output and transfer performance compared to devices
with traditional Ni/Au gate,’! and also show enhanced OFF-
state breakdown voltage. Li et al. analyzed the reverse gate
leakage current mechanism of TiN gate AIGaN/GaN HEMTs,
and found that the leakage mechanism in the low bias re-
gion is Pool-Frenkel emission (PF), and the leakage mech-
anism in the high reverse bias region is trap-assisted tunnel-
ing (TAT) emission. 12 However, Li et al. did not mention the
method of surface treatment before the formation of Schot-
tky contacts, which is very important for the reverse leak-
age mechanism because different surface treatment methods
before forming Schottky contacts may cause different leak-
age mechanisms.!!>14] According to Refs. [13,15], N, plasma
surface treatment can optimize the interface of AlGaN/GaN
HEMTs Schottky contacts and reduce reverse leakage current.
Therefore, it is necessary to study the reverse leakage mech-
anism for TiN gate AIGaN/GaN HEMTs with N, plasma. In
literature, researchers!'®!7! reported that W-gate GaN HEMTs
show lower reverse leakage current compared to devices with
Ni/Au/Ni and Ni gate. Kawanago et al. studied the effect on
current collapse of W gate AlIGaN/GaN HEMTs. '8! However,
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the reverse gate leakage mechanism of W-gate AlIGaN/GaN
HEMTs was ignored and has not been studied yet. There-
fore, it is significant to study the reverse leakage mechanism
of W gate A1GaN/GaN HEMTs. Research of the reverse leak-
age mechanism of TiN gate and W gate AlGaN/GaN HEN-
MTs will also promote the development of Au-free gate Al-
GaN/GaN HENMTs.

In this paper, the mechanism of the reverse leakage cur-
rent of W gate and TiN gate AlGaN/GaN HEMTs in wide
ranges of reverse bias voltages (=30 V < Vg < 0 V) and tem-
perature (273 K—473 K) is analyzed in detail. This paper is
arranged as follows: In Section 2, the process flow of Au-
free gate AIGaN/GaN HEMTs is introduced. In Section 3, we
mainly discuss and analyze the current—voltage (Ig-V;) char-
acteristics of AlIGaN/GaN HEMTs under different reverse bi-
ases and temperatures. Finally, the conclusions are drawn in

Section 4.

2. Experiment

In this work, an epitaxial layer of AIGaN/GaN HEMTs
was grown on a 3-inch sapphire substrate by metal chem-
ical vapor deposition (MOCVD), where the epitaxial layer
includes a 1-um-thick GaN buffer layer, and a 22-nm-thick
AlGaN barrier layer with Al mole fraction of 26%. The

Alp.26GaN(22 nm)/undoped
GaN(1 pm)/on sapphire

Standard cleaning process

Mesa isolation by implanting N+ SiaN, Gate
S/D ohmic contact: RF sputtering T

Ti(20 nm)/A1(150 nm)/Ni(55 nm)/

Au(45 nm)

Annealing in Ny at 870 °C for 50 s Aly 9sGaN

Surface treatment by Ny plasma
Gate metal (TiN, W) deposition

SizNy passivation by PECVD

Undoped GaN

Sapphire

fabrication process, device structure, and device drawing are
shown in Fig. 1. The process flow of AlGaN/GaN HEMTs
includes ohmic contact metallization, and then it was an-
nealed at 870 °C for 40 s under N, environment. The de-
vices were isolated by implanting N* and the gate recess was
etched by inductively coupled plasma. Before the Schottky
gate was formed, we treated the gate recessed area in the same
way: W-gate AlIGaN/GaN HEMTs and TiN-gate AIGaN/GaN
HEMTs were surface treated with N, (20 sccm) plasma with
RF power of 15 W for 3 min at pressure of 3 Pa.ll3] We
used different metals to form Schottky contacts: for W-gate
AlGaN/GaN HEMTs, the Schottky contact was formed by
electron beam evaporation W (500 A), while for TiN-gate
AlGaN/GaN HEMTs, the Schottky contact was formed by
sputtering TiN with a thickness of 500 A. The gate length,
source-to-drain spacing, and gate width of the two devices are
0.25 pm, 3.5 um, and 60 pm, respectively. Finally, the Si3Ny
passivation layer was deposited by plasma-enhanced chemi-
cal vapor phase deposition (PECVD). The Agilent B1500 was
used to measure the /-V characteristics of the device under
the conditions of 273 K—473 K in steps of 50 K, and then
the capacitance—voltage (C-V) characteristics was measured

at room temperature. 1]

TiN(/W) gate
. . —» Test pad
Ti/Al/Ni/Au (Schottky) o pa
— Source (ohmic)
— Drain (ohmic)

Fig. 1. Fabrication process, device structure, and device drawing for AIGaN/GaN HEMT.

3. Results and discussion

As shown in Fig. 2, the reverse gate leakage current of Al-
GaN/GaN HEMTs with different gate metals at 273 K-473 K
was measured. It can be clearly seen from the figure that the
reverse gate leakage current becomes larger as the reverse gate
voltage increases, and the reverse gate leakage current also be-
comes larger as the temperature increases. Table 1 exhibits the
current density of W-gate and TiN-gate AlGaN/GaN HEMTs

at different reverse gate bias at 323 K. It is obvious that at the
same temperature and gate voltage, the reverse leakage cur-
rent of W-gate AlIGaN/GaN HEMTSs was smaller than that of
TiN-gate AlGaN/GaN HEMTs at high reverse gate bias volt-
age. In order to study the reverse gate leakage mechanism
of W-gate and TiN-gate AIGaN/GaN HEMTs, various reverse
leakage current transport models will be compared to the mea-

sured data at low and high reverse gate biases.
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Fig. 2. Reverse gate current density-gate voltage characteristics of two
samples at different temperatures: (a) W gate AlGaN HEMT, (b) TiN
gate AlGaN HEMT.

Table 1. The current density (Jr) of W-gate and TiN-gate AIGaN/GaN
HEMTs.

Voltage (V) W gate Jg (A/cm?) TiN gate Jp (A/cm?)

-1.0 0.2175 0.0004
-2.5 3.0070 0.6447
-3.0 2.8432 2.6258
-5 5.6873 25.7133
-15 53.5500 238.9667
-20 89.5267 414.6333
-25 125.2333 695.4000

3.1. Leakage current mechanisms at low reverse bias volt-
age

As shown in Fig. 2, at low reverse bias voltage (W-gate
AlGaN/GaN HEMTs: in region II, —1.5 V < Vg < 0 V; TiN-
gate AlGaN/GaN HEMTs: in region I, —2.3 V. < Vg <0 V).
It can be clearly observed that the reverse leakage current be-
comes larger as the temperature rises, which is the same as

20211 Temperature-

the result reported by other researchers.|
dependent gate leakage mechanism,*?! such as thermionic
emission (TE), Poole-Frenkel emission (PF), and TAT, will
be used to analyze the reverse leakage current mechanism of

W-gate and TiN-gate AlIGaN/GaN HEMTs.

3.1.1. Thermionic emission current

Considering the leakage current in Au-free gate Al-
GaN/GaN HEMTs, for the thermionic emission mechanism,
the carriers absorb the thermal energy and then emit over
the potential barrier at the M-S interface. The Jr—Vr char-
acteristics of thermionic emission are characterized by the
expression (2]

E
R=ATexp |~ | o= | T . W

sl 4TE(n) €0
where A* refers to the effective Richardson’s constant, T refers
to the temperature, g refers to the electron charge, kg refers to
the Boltzmann’s constant, &j refers to the vacuum permittivity,
&(n) refers to the high-frequency (optical) dielectric constant
(Es(h) = 5.2) of Alg6Gag.74N.[2] q@s refers to the Schottky
barrier height and E refers to the electric field at the M-S in-
terface, Eq. (1) can be rearranged as

JrR
In <T2) = Kre (T) VE + Crg(T), 2
q / q
Kte(T) = _— 3
TE( ) 2T 71785(11)80’ 3)
q9s .
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Fig. 3. (a) Capacitance—Voltage (C-V) characteristics; (b) the calcu-
lated electric field E vs. the voltage of the AlIGaN/GaN HEMTs.

To calculate the near-surface electric field E under-
neath the Schottky contacts metal, a high-frequency (1 MHz)
capacitance—voltage (C-V') scan is used to determine the ng
density at the AlGaN/GaN interface as a function of reverse
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bias.**l The C-V curves at room temperature (300 K) are de-
scribed in Fig. 3. From the C-V characteristic curve, the ex-
tracted threshold voltages Vi, of W gate HEMTs and TiN gate
HEMTs are —1.5 V and —2.3 V, respectively. It can be clearly
seen that the threshold voltage of the W gate is much smaller
than that of the TiN gate. The difference in threshold voltage
is mainly due to the different work functions of TiN (~ 5 eV)
and W (~ 4.5 eV). The nypgg can be calculated by integration
of the C—V characteristic curve from pinch-off voltage to 0 V.
The electric field E across the barrier can be expressed as(?!

q(op —n5)
& &r

E= 5)

where o, refers to the fixed polarization charge at hetero-
interface, which is approximately equal to 1 x 10'3 cm?;[26]
& refers to the vacuum permittivity, & refers to the rela-
tive dielectric constant, which is equal to 10.32; ng refers to
the 2DEG (two-dimensional electron gas) concentration at the

hetero-interface. Figure 3(a) shows the characteristics of ng

versus Vg. The relationship between the electric field and the
gate bias voltage is shown in Fig. 3(b). The electric field will
be used in the calculation and analysis of the leakage mecha-
nism.

Figure 4 shows the In(Jr/T?) vs. E®3 characteristics at
273 K to 473 K. According to Eq. (2), the In(Jg /T?) vs. E%
should satisfy a linear relationship with the slope Ktg. Fig-
ures 4(a) and 4(b) show the measured data of W-gate and TiN-
gate AlGaN/GaN HEMTs, which fits the straight line well
at different temperatures. However, as shown in Fig. 4(c),
the extracted Ktg values of TiN- and W-gate devices from
the In(Jr /T?) versus E%> measurement are much larger than
the theoretical result. For W-gate AlGaN/GaN HEMTs, the
value of & extracted from the slope of the fitting curve of
Kt with T /1000 is 0.76, which is much smaller than the re-
ported values for GaN (5.35) and AIN (4.77).1'?] Therefore,
the thermionic emission (TE) is not the main leakage mecha-
nism for W gate AlIGaN/GaN HEMTs at low reverse bias volt-
age.

—10.5f L (b) TiN 0-0%0 (c) = W .
—11.0} ) | e TiN
115} F /"l/""ﬂt é‘ 0.025 4 Theory ]
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Fig. 4. (a) Behavior of In(Jrg/T?) vs. E® and the linear fit to extract Ktg of W gate; (b) In(Jrg/T?) vs. E% and the linear fit to extract Ktg
of TiN gate; (c) Ktg measured from the reverse JR—Vr characteristics of W gate, TiN gate and calculated from the theoretical equation.

3.1.2. Poole—Frenkel emission current

In order to understand the gate leakage mechanism of Al-
GaN/GaN HEMTs in the low reverse bias region, the current
density is plotted using the Poole—Frenkel emission (PF) emis-
sion model. PF emission refers to the carrier transport, which
occurs through a trap state to the continuum states with the as-
sistance of electric field. The PF current density Jpf is given

by[12]
_a(,_ | _4E >
ke T <(Pt TE(n) €0

where u refers to the electron mobility of AlGaN/GaN

Jpr = qnoLE exp (0)

HEMTsS; gy refers to the effective barrier height for electron

emission from a trapped state. Equation (6) can be rewritten

as
In (JEF) = Kpr (T) VE + Cpr(T), (7N
_ a4 [ 1
Ker (T) - ksT 77:85(h)£07 ®)

Cor: (T) = % FIn(gnop). )

From Eq. (7), if the gate reverse leakage current is caused
by PF, and then the curves of In(Jpg/E) versus E* will ex-
hibit a linear relationship. Figures 5(a) and 5(b) are the exper-
imental measurement curves of In(Jpr/E) versus E% in the
temperature range from 273 K to 473 K for two devices with
different gate materials. It can be clearly seen that the mea-
sured data for both devices still fit well with straight line. To
further analyze the relationship between reverse leakage cur-
rent and PF emission current, the Kpg data were extracted from
the experimental measured curves at different temperatures
and used to compare with the calculated theoretical values. As
shown in Fig. 5(c), for W gate and TiN gate, the extracted Kpg
data is much larger than the theoretical value, which indicate
that the dominant leakage mechanism of W-gate and TiN-gate
AlGaN/GaN HEMTs at low reverse bias voltages is not Poole—
Frenkel emission. In addition, the & values extracted from the
slopes of the fitting curves of the Kpg vs. 1000/T are 2.96 (W)
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and 2.02 (TiN), respectively, which are also inconsistent with
the theory value (5.2) and the reported values of GaN (5.35)
and AIN (4.77).0121

On the other hand, Cpp can be extracted from Figs. 5(a)
and 5(b). It can be seen from Fig. 5(d) that the Cpr of W gate is
linearly fitted to 1000/7, but the fitting effect of TiN gate is not

—13F (a) W v
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good. In addition, the g¢; values of W gate and TiN gate ex-
tracted from Fig. 5(d) are 0.836 eV and 1.289 eV, respectively.
The g, value extracted from W gate and TiN is much larger
than the reported 0.17 eV-0.34 eV.['227] Therefore, Poole—
Frenkel emission is not the principal leakage mechanism under

low reverse bias voltage.
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Fig. 5. (a) Characteristics of In(Jpr/E) versus E%3 and the linear fit to extract Kpr of W gate; (b) In(Jpr/E) versus E* and the linear fit to
extract Kpp of TiN gate; [(c), (d)] Kpr and Cpr measured from the reverse Jr—VR characteristics of W gate and TiN gate and calculated from

the theoretical equation.

3.1.3. Trap-assisted tunneling current

Based on the above analysis and verification of TE and PF
reverse gate leakage mechanisms, another leakage mechanism
should exist for W-gate and TiN-gate AlGaN/GaN HEMTs. In
low reverse-bias region, trap-assisted tunneling (TAT) current
becomes important because it can compensate for non-zero PF
current at zero bias. The TAT current density JyaT is given
by [20]

(10)

—8m+/2qm;, 3/2)

3E

where gy refers to the trap energy level, m}; refers to the con-

JTAT < exp (

duction band effective mass, and A refers to the Planck con-
stant.

Figure 6 shows the experimental measurement data of
In(Jar) versus 1/E in the temperature range 273 K-473 K.
It can be seen from Figs. 6(a) and 6(b) that the curves of
In(Jtar) versus 1/E exhibit linear relationship at low bias volt-
age and at different temperatures. This indicates that the leak-
age mechanism of AlIGaN/GaN HEMTs with W gate and TiN

gate under low reverse bias voltage is most likely the TAT-
current mechanism. To further verify whether the leakage
mechanism is TAT current, the trap energy level g¢;, which is
below the conduction bands edge, is extracted from the curves
of the In(Jrar) versus 1/E at different temperatures.

As shown in Fig. 7, g¢ decreases with the increasing tem-
perature. The reason for this phenomenon is that the forbidden
band will slightly shrink as the temperature increases, which
reduces the trap energy levels (g¢).l'”) The extracted value
of g¢ for W is smaller than that of TiN. For W, the value
of gy, extracted in region II, i.e., at low reverse bias voltage
(—1.5< VR <0V),is 1.51 eV-2.42 eV, which is close to the
1.7-2.3 eV reported by Liu er al.,[*8! these values conform
to the TAT mechanism. For TiN, the values of g¢; extracted
at bias voltages (—2.3 V < Vg <0 V) are 1.57 eV-2.93 eV,
which is close to 1.8-2.45 eV reported by Liu e al.!'3 There-
fore, the leakage mechanism of AlIGaN/GaN HEMTs with W
gate and TiN gate under low reverse bias voltage is mainly the

TAT mechanism.
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3.2. Leakage current mechanisms at high reverse bias volt-

age

The analytical results and discussion mentioned above in-
dicate that AIGaN/GaN HEMTs using W-gate and TiN-gate
have the same leakage mechanism at low reverse bias, which
is the TAT-current mechanism. At high reverse bias voltage
(in region I), with the reverse gate bias voltage (Vg < Vy) fur-
ther increased, the electric field across the barrier increases,
which makes the tunnel barrier thinner so that the carriers can
pass through the triangular barrier more easily. Therefore, the
leakage mechanism under high reverse bias may be a tunneling
mechanism, thus PF and TE mechanisms can be ruled out. The
leakage mechanisms of Au-free gate AIGaN/GaN HEMTs un-

der high reverse bias may include: Fowller—Nordheim tun-
neling (FN), two-dimensional variable ranging hopping (2D-
VRH) mechanism, and thermally activated trap assisted tun-
neling (TAT).*? It can be realized from the FN mechanism
that when the temperature increases and the electric field
strength increases, the reverse leakage current density should
remain unchanged. However, as shown in Fig. 2, when the
temperature increases and the electric field strength increases,
the reverse leakage current continues to increase. Therefore,
the Fowler—Nordheim tunneling (FN) mechanism can be ex-
cluded. By using a double-gate structure with a grid pitch of
4 pm and a grid width of 60 pum, the reverse surface leakage
current can be accurately evaluated. The surface leakage cur-
rent Iy, and bulk leakage current I, of W-gate and TiN-gate
AlGaN/GaN HEMTs are shown in Fig. 8. It can be clearly
seen that the bulk leakage current Jyyx is much larger than the
surface leakage current I+, at least 5—-6 orders of magnitude
larger. Therefore, the leakage mechanism is less likely to be
surface leakage at high reverse bias gate voltage, more likely
to activate the TAT mechanism.

10—2F
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1073 L ( ) Ibulk
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10-°f
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10-7f
10-8f
10-9¢
10—10r
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Fig. 8. Plots of reverse surface leakage current Ig,s and bulk leakage

current Iy versus voltage: (a) W gate AlGaN/GaN HEMT, (b) TiN
gate AlIGaN/GaN HEMT.

(b)TiN

=

=

Gate current (A)

=

=

As shown in Fig. 2, the reverse leakage current density in-
creases with the measurement temperature, which shows that
it is related to the thermal activation process and can be ex-

pressed by!!23%]

qCiN; E,
Jrex — 11
R E exp ( kBT) ) ( )
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Ey
- 12
T’ (12)

In(Jg) o<
where E refers to the electric field at Schottky junction which
is a constant according Eq. (5) and Fig. 3(b) at high reverse
bias voltage. C; refers to the trap energy dependent rate con-
stant. NV, refers to the uniform trap concentration. 7, Jr, and E,
represent temperature, reverse saturation current density, and
activation energy, respectively.

Table 2. The extracted activation energy of W-gate and TiN-gate Al-
GaN/GaN HEMTs at different reverse bias voltage.

Voltage (V) W gate E, (eV) TiN gate E, (eV)
-5 0.12688 0.20128
-10 0.08366 0.17385
-15 0.07140 0.14415
=20 0.06564 0.12652
=25 0.06379 0.11719
=30 0.05512 0.11170

As shown in Fig. 9, the InJr vs. 1000/T curves of W-
gate and TiN-gate AlGaN/GaN HEMTS can be fitted well with
straight lines under different biases at various temperatures.
At high reverse bias voltage, the electrons can easily obtain
the activation energy E, and are more likely to be emitted
into the trap state. Figures 10(a) and 10(b) show the Arrhe-
nius plot of the extracted activation energy (E,) from curves
of InJg vs. 1000/T. Table 2 shows the E, of W-gate and
TiN-gate AlIGaN/GaN HEMTs extracted under the different
reverse bias voltages. For W gate, at Vg = =5 V, and —15 V,
the extracted Ea is 0.127 eV and 0.071 eV, respectively, which
are close to 0.115 eV reported by Li et al.l'! For TiN gate,
at VR = =5V, and —15 V, the extracted E is 0.201 eV and
0.144 eV, respectively, which are close to 0.18 eV reported by
Miller et al.®" This further indicates that under high reverse
bias conditions, thermally activated TAT is the main compo-
nent of leakage current of W-gate and TiN-gate AlGaN/GaN
HEMTs. In addition, it can be clearly seen that the extraction
energy E, of W-gate and TiN-gate AlGaN/GaN HEMTs de-
creases with increasing reverse bias voltage. This is mainly
due to the increase of bias voltage that reduces the effective
barrier height and thus reduces the energy required for elec-
tron tunneling barrier. This result is consistent with the data re-
ported in Refs. (19311 ° As shown in Fig. 10(c), the E, extracted
from the W-gate and TiN-gate AlIGaN/GaN HEMTs exhibits
an exponential relationship with the bias voltage, which can
be expressed as

v
E,=Aexp (—5) +C, (13)

where VR refers to reverse bias voltage. A, B, and C are the
related fitting parameters. For W-gate AIGaN/GaN HEMTs,
A, B, and C are 0.168, 5.454, and 0.059, respectively. For

TiN-gate AlGaN/GaN HEMTs, A, B, and C are 0.159, 14.01,
and 0.09, respectively. The exponential relationship between
E, and reverse bias voltage is also consistent with that re-
ported by Liang ef al.,'°! which further suggests that leakage
mechanism of W-gate and TiN-gate AIGaN/GaN HEMTs is
thermally activated TAT at high reverse bias voltage. In ad-
dition, according to Fig. 2 and Table 1, it is also found that
at the same temperature and gate voltage, the reverse leakage
current of W-gate AlGaN/GaN HEMTs is smaller than that
of TiN-gate AlIGaN/GaN HEMTs at high reverse bias voltage
(VR < =5 V). According to Eq. (11), this may be caused by
the fact that the trap density of the TiN gate is greater than
that of the W gate. Suzuki ef al. reported the existence of
a high density of traps near the metal-nitrided oxide interface
region, which is attributed to nitrogen incorporated during the
nitridation. 3> Therefore, extra traps may be generated in the
area of Schottky contact due to nitridation during formation
of TiN gate in the TiN gate AIGaN/GaN HEMTs compared to
W gate AlIGaN/GaN HEMTs. The leakage mechanism of con-
ventional Ni/Au gate AlIGaN/GaN HEMT with N, plasma sur-
face treatment belongs to the Poole-Frenkel emission mecha-
nism (PF) at low reverse bias and to the surface leakage mech-
anism at high reverse bias.[!3] It can be seen that the leak-
age mechanism at both low and high reverse biases is different
from W-gate and TiN-gate AIGaN/GaN HEMTs.
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Fig. 9. (a) Characteristics of InJg of W gate AlIGaN/GaN HEMTs ver-
sus 1/E, (b) InJr of TiN gate AIGaN/GaN HEMTs versus 1/E.
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Fig. 10. (a) Characteristics of InJg of W gate and TiN gate AlIGaN/GaN HEMTs vs. 1000/7 at Vg = —5 V, (b) InJg of W gate and TiN gate
AlGaN/GaN HEMTs vs. 1000/T at Vg = —20V, (c) E, of the two devices versus Vi.

4. Conclusion and perspectives

In summary, we have studied the reverse leakage current
transmission mechanism of W-gate and TiN-gate AlGaN/GaN
HEMTSs. Through calculation and analysis, it is found that at
temperatures of 273 K—473 K and in the entire reverse bias
voltage range (—30 V < Vg < 0), the W gate and TiN gate
AlGaN/GaN HEMTs with N, plasma surface treatment have
the same leakage current mechanism, the main reverse leakage
current mechanism is of TAT. In addition, it is also found that
the reverse leakage current of W-gate AlIGaN/GaN HEMTs is
smaller than that of TiN-gate AlIGaN/GaN HEMTs. The trap
level g¢; is extracted. For W-gate AlIGaN/GaN HEMTs, the
values extracted at low bias voltage are in the range 1.33 eV-
2.26 eV. For TiN gate AlGaN/GaN HEMTs, the values ex-
tracted at low bias voltage are 1.59 eV-3.08 eV. The activation
energy E, is extracted at high reverse bias voltage, and the val-
ues extracted by AlGaN/GaN HEMTs of W gate and TiN gate
are 0.0551 eV=0.127 eV and 0.112 eV-0.201 eV, respectively.
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