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Abstract

This work presents design, fabrication, and analysis
of GaN Schottky barrier diodes with low turn-on voltage
Von and high breakdown voltage Vsx on the silicon sub-
strate with various layout parameters, aiming for RF
energy harvesting applications. The measured results
demonstrate a low Von and a high Vek of 0.56 V and 47 V,
respectively. A high cut-off frequency of 360.9 GHz un-
der reverse bias of -10 V is also obtained for a two-finger
device with each finger of W =12.5 pm and L = 0.2 pm.

1. Introduction

The trend of Internet of Things (IoT) predicts to have
over 50 billion devices to be connected in 2020, including
many sensors for various applications. One major issue for
these sensors is the power supply. Using batteries may not
be a good solution since these sensors could be deployed in
various locations and replacement of the batteries becomes
very inefficient. RF energy harvesting provides an attractive
solution, which can recycle the abundant EM energy from
the wireless signals for the power supply of sensors [1]. The
Schottky barrier diode (SBD) is an essential component for
converting the RF energy to DC power [2]. The diodes with
low turn-on voltage and low on resistance (Ron) are im-
portant which can enhance the conversion efficiency. Also, a
high breakdown voltage of the diode is preferred to improve
the system robustness since a very high EM energy could be
encountered in some occasions.

As a wide bandgap material, GaN has a very high
breakdown field and an extremely high saturation electron
velocity. As a result, the GaN-based SBD is an excellent
candidate for RF energy harvesting applications. Recent
progress also reported high-quality GaN epi layers grown on
large-scale silicon substrates, making low cost and high
performance GaN SBDs possible [3, 4]. In this paper, we
demonstrate high frequency multi-finger AlGaN/GaN SBDs
on the silicon substrate. Devices with different layout geom-
etries are designed, fabricated, and investigated for both DC
and RF characteristics. In addition, small-signal model pa-
rameters are extracted from the measured S-parameters for
details analysis.

2. Device Structure and Fabrication

The epitaxial layers consist of 100-nm AIN initial buffer
layer, 4.3-um carbon-doped GaN buffer, 500-nm GaN
channel layer, 25-nm Alg.25Gao.7sN barrier, and a 2-nm UID
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Fig. 1 (a) Schematic cross-section and (b) Layout structure

GaN cap layer, as shown in Fig. 1(a). For the formation of
cathode, Ti/Al/Ni/Au Ohmic metal was deposited using
thermal evaporation system followed by rapid thermal an-
nealing at 850 °C for 30 seconds in N2 ambient, which re-
sults in low contact resistance [5].
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Fig. 2 I-V characteristic Lanode=0.2 um, LAC=2, 3 ym.
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Fig. 3 I-V characteristic Lac=2 um, LAnode=0.2, 0.5, 0.8 um
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Fig. 4. Small-signal model for AIGaN/GaN SBDs on silicon.
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The anode with Ti/Au stack layers was then developed by
e-beam lithography to improve the RF performance. It
should be mentioned that Ti is used as the Schottky metal
instead of the typically used Ni [6]. The lower work function
allows a reduced Von, While Vg may be degraded. Therefore,
different layout geometries are designed to investigate the
tradeoff and find out the optimal solution. Finally, device
passivation with multilayer structure of SiNx/SiO2/SiNx was
deposited by PECVD system at 300 °C. Note that the finger
type layout is adopted, which can be defined by W (finger
width), Lanode (finger length of anode), Lcatoge (finger length
of cathode), Lac (distance between anode and cathode), and
N (anode finger number). Fig. 1(b) shows the layout of the
device with N = 2. A contact resistance Rc of 0.5 Q-mm and
a sheet resistance Rsh of 413 Q/[1 were obtained respectively
by the Transmission Line Method (TLM) after passivation.

3. Results and Discussion

Fig. 2(a) shows the measured results of a two-finger
SBD (W = 12.5 um and Lcathode = 6 um) with two different
Lac of 2 and 3 um. A forward current density of 90 mA/mm
for Lac = 2 um can be achieved. Also, Vo, of 0.56 and 0.63
V, Vek of 37 and 47 V are obtained for the devices with Lac
of 2 and 3 mm respectively, as shown in Fig. 2(b). It was
found that tradeoffs exist among forward current, Vo, and
Vgk regarding the anode-cathode distance. As Lac reduces,
the parasitic access resistance becomes smaller, resulting in
improvement of Vo, and Ip. However, Ve is also degraded
due to the smaller distance between the two electrodes. Fig.
3 presents the dependence of device Von and Vek on the fin-
ger length Lanode. AS Can be seen, Vo is Not very sensitive to
Lanode, While the current density increases with the finger
length (Fig. 3(a)). The increased current density can be at-
tributed to the reduced parasitic anode resistance with an
increased Lanode. A highest current density of 130 mA/mm
can be obtained for Lanede= 0.8 pm. On the other hand, the
impact of Lanoge is also not obvious on Ve, as shown in Fig.
3(b).
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Fig. 4 shows the small-signal equivalent circuit model
including the parasitics for probing pads, where C;, R; rep-
resent the junction capacitance and resistance, and Rs and Ls
are the parasitic series resistance and inductance. A good
agreement between measured and simulated S-parameters of
the intrinsic SBD can be obtained as shown in Fig. 5 (Lac =
2 pm, Lanode = 0.2 um). Note that S-parameter measurements
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Fig. 6 Extracted values of (a) Rs, (b) Cjand (c) fc.

at different bias voltages are applied, from where the value
of the model parameters can be extracted.

Fig. 6 shows the bias dependence of the key model pa-
rameters. As expected, Rs increases when the bias voltage
becomes more negative due to the expansion of the deple-
tion region. As bias voltage exceeds -4 V, C; increases rap-
idly which can also be attributed to the change of depletion
region in 2DEG channel. As is shown in Fig. 6(c), when the
bias voltage is lower than -4 V, due to the extremely low
value of Cj, the device has increased fc. The highest value of
fc appears at the bias voltage of -10 V for the device with
Lac = 2 pm, Lanode = 0.8 pum, which is about 360.9 GHz.

4. Conclusions

Aiming for RF energy harvesting applications, GaN
Schottky barrier diodes with low turn-on voltage and high
breakdown voltage were designed and fabricated in this
work. A low Vo, and a high Vek of 0.56 V and 47 V respec-
tively were demonstrated. A high cut-off frequency of 360.9
GHz was also obtained for a two-finger device with each
finger of W = 12.5 um and L = 0.2 um. The analysis based
on the extracted small-signal model also provides more in-
sight for the obtained results.

References

[1] Song, Y. Huang, J. Zhou, J. Zhang, S. Yuan and P. Carter, IEEE
Transactions on Antennas and Propagation 63 [8] (2015) 3486.

[2] Y. Lian, Y. Lin, J. Yang, C. Cheng and S. S. H. Hsu, IEEE
Electron Device Letters 34 [8] (2013) 981.

[3] A. Ubukata, K. lkenaga, N. Akutsu, A. Yamaguchi, K.
Matsumoto, T. Yamazaki and T. Egawa, Journal of Crystal
Growth 298 (2007) 198.

[4] S. Sugahara, J.S. Lee, K. Ohtsuka, Jpn. J. Appl. Phys. 43 (2004),
p. L1595

[5] A. Motayed, R. Bathe, M. C. Wood, O. S. Diouf, R. D. Vispute
and S. N. Mohammad, J. Appl. Phys. 93 [2] (2003) 1087.

[6] C.-W. Tsou, K.-P. Wei, Y.-W. Lian and S. S. H. Hsu, IEEE
Electron Device Letters 37 [1] (2016) 70.

- 464 -



