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Abstract
This paper demonstrates an enhancement-mode (Emode) GaN based high electron mobility transistors
(HEMT) with a P-type layer on the Si substrate. The Emode device is realized by growing a P-type layer on top
of the AlGaN/GaN epistructure. We first characterized
device performance based on a small gate-width device
and then the high current mutli-finger gate power
devices were demonstrated. The threshold voltage (Vth)
of the device is 1.5 V. And the saturation drain of power
devices can be operated up to 6.42 A.

used as the passivation layer. After via etching, the
interconnecting metal Ni/Au (25nm/1200nm) was deposited
to make the metal layer thicker.

Figure 1 Fabrication procedures

INTRODUCTION
The GaN HEMT is a promising device in the category of
power electrical devices. The two-dimentional electron gas
(2-DEG) exists in the interface of GaN because of the builtin polarization electric field caused by the contact between
AlGaN and GaN [1]. There-fore, 2-DEG produces high
electron mobility in AlGaN/GaN HEMTs [2]. In addition,
GaN is a kind of wide-band-gap material [3]. Therefore it
can sustain high voltage efficiently. AlGaN/GaN HEMTs
with high breakdown voltage and large current become a
novel candidate for power electrical devices.
In this work, E-mode HEMTs are fabricated as small
devices and power devices [4]. The small device is a single
field-effect transistor (FET) structure, shown in Fig. 1. The
p-GaN etching control of E-mode HEMT has been discussed
in our previous research [5]. Figure 2 is the actual picture of
the power device. The power device is parallel thirty-finger
FET structure and total width is 45 mm. Threshold voltage
of them is 1.5 V. We conclude with an E-mode GaN HEMT
power device with a large drain current of 6.42 A and a large
gate voltage of 8 V.

Figure 2 Picture of the power device

Figure 3 (a) Transfer characteristics of small devices (b) Output
characteristics of small devices

DEVICE FABRICATION

RESULTS AND DISCUSSION

E-mode HEMTs were grown on a Si substrate by metal
organic chemical vapor deposition (MOCVD) and were
composed of a 2.4 μm buffer, a 1.2 μm GaN, a 10 nm
ln0.25Ga0.75N barrier, and a 60nm p-type GaN layer with Mg+
doping concentration of 5×1019cm−3. First, we defined mesa
as isolation by ICP, and etched the p-GaN layer to define
the position of the electrodes. Second, the Ti/Al/Ni/Au
(25nm/150nm/50nm/125nm) was deposited as source/drain
metal by E-gun, followed by annealing to reach ohmic
contact with AlGaN. Then, Ni/Au (25nm/1000nm) was
deposited as gate metal, and Benzocyclobutene (BCB) was

At first, small devices are fabricated. Its gate-source
length (LGS), gate length (LG), gate-drain length (LGD), and
gate width is 2, 4, 6, and 50 μm, respectively. The transfer
curve of small devices is shown in Fig. 3 (a) and the
threshold voltage (Vth) of it is a value of 1.5 V. For analysis
easily, the threshold voltage, Vth, is defined that the bias of
gate is at a drain current of 1 mA/mm when VDS is 5 V.
Besides, it can work in a large gate voltage of 10 V, shown
in Fig. 3 (b).

Analysis of breakdown voltage has also been test. The
breakdown voltage, VBD, is defined that the VDS is at a drain
current of 1 mA/mm when the HEMT is at off-state. The
small device has a high breakdown voltage of 1630 V with
LGD = 16 μ m, shown in fig. 4 (a). In Fig. 4 (b), it is
observed that the breakdown voltage is higher with longer
LGD.
The power device is a parallel thirty-finger structure.
Each finger’s gate-source length, gate length, and gate-drain
length is 3, 4, and 10 μm, respectively. The total width is 45
mm. The transfer characteristic which is shown in Fig. 5, is
similar with small device. In Fig. 6, the power device has a
higher saturation current of 6.42 A when VGS is 8 V.
CONCLUSIONS

In this research, we present an E-mode AlGaN/GaN
HEMT with a heavily-doped p-GaN cap layer as power
devices which can provide nice characteristics. The power
device can still work even when VGS is over 8 V. The Emode HEMT with a saturation current of 6.42 A is achieved.
According to above advantages, the application of power
devices with E-mode HEMT can be expected.

Figure 5 Transfer characteristics of power devices. The drain current is
expressed in logarithmic (left) and linear (right) scale.

Figure 6 Output characteristics of power devices

ACKNOWLEDGEMENTS
This work was supported by the Ministry of Science
and Technology under the grants MOST 103-2218-E-002002
REFERENCES

Figure 4 (a) Breakdown characteristic of small devices with LGD = 16 µm at
VGS = 0 V. (b) Breakdown voltages of small devices with various LGD.

[1] O. Ambacher, J. Smart, J. Shealy, N. Weimann, K. Chu, M.
Mur-phy,et al., Two-dimensional electron gases induced by
spontaneous and piezoelectric polarization charges in N- and
Ga-face AlGaN/GaN heterostructures, J. Appl. Phys. Lett.,
vol. 85, no. 6, pp. 3222–3233, Mar. 1999.
[2] J. Ibbetson, P. Fini, K. Ness, S. DenBaars, J. Speck, and U.
Mishra, Polarization effects, surface states, and the source of
electrons in AlGaN/GaN heterostructure field effect
transistors, Appl. Phys. Lett., vol. 77, no. 2, pp. 250–252, Jul.
2000.
[3] W. Chen, K.-Y. Wong, and K. J. Chen, “Monolithic
integration of lateral field-effect rectifier with normally-off
HEMT for GaN-on-Si switchmode power supply converters,”
in Proc. IEEE IEDM, Dec. 2008,
[4] Y. Cai, Y. Zhou, K. J. Chen, and K. M. Lau, “Highperformance enhancement-mode AlGaN/GaN HEMTs using
fluoride-based plasma treatment,” IEEE Electron Device Lett.,
vol. 26, no. 7, pp. 435–437, Jul. 2005.
[5] Liang-Yu Su, Finella Lee, and Jian Jang Huang,
“Enhancement-Mode GaN-Based High-Electron Mobility
Transistors on the Si Substrate With a P-Type GaN Cap
Layer” IEEE Transaction on Electron Devices, vol. 61, pp.
460-465, Jan. 2014.

