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Abstract — This study presents the design, implementation, 

and performance evaluation of a watt-level 10 GHz class-F 

finger-type gallium nitride (GaN) Schottky barrier diode (SBD) 

rectifier for microwave power transfer (MPT) applications. The 

SBD, with an ultra-low zero-bias junction capacitance of 0.19 pF, 

an ultra-high breakdown voltage exceeding 150 V, a turn-on 

voltage of 1.24 V, and an on-resistance of 11 Ω, demonstrates 

exceptional performance at X-band rectification. The rectifier 

circuit is optimized with a class-F harmonic control network. A 

maximum microwave-to-DC power conversion efficiency of 

61.2% is achieved at an input power of 36 dBm. These results 

underscore the potential of high-power GaN SBDs in enabling 

next-generation high-frequency and high-power MPT systems, 

offering significant improvements in efficiency and power 

handling capabilities. 
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I. INTRODUCTION 

Microwave power transfer (MPT) technology has been 
widely adopted in various applications, including satellite 
power systems, wireless charging infrastructure for 
transportation, remote surveillance solutions, energy-
autonomous sensing devices, and advanced radio-frequency 
identification (RFID) tracking systems [1], [2]. A key 
component of MPT systems is the rectifier, as its microwave-
to-DC conversion efficiency significantly impacts overall 
system performance. Most research efforts have focused on 
frequencies such as 0.9, 2.4 and 5.8 GHz [3]–[8], which fall 
within the industrial, scientific, and medical (ISM) bands, due 
to their broad availability and regulatory compliance. 

To achieve a compact rectenna design, the selection of a 
higher operating frequency is crucial for reducing the size of 
the receiving antenna [9]. Although previous research has 
explored millimetre-wave frequencies, practical applications 
face limitations due to challenges such as lower microwave-to-
DC conversion efficiency and higher system costs [10], [11]. 
As a result, frequency selection for MPT involves careful 
trade-offs, with the X-band emerging as a preferred choice. 
This frequency band offers an optimal balance between 
compact design, high efficiency, and lightweight 
implementation, making it well-suited for advanced rectenna 
systems. 

In our prior research, we have concentrated on improving 
both the efficiency and power handling capacity of microwave 

rectifiers by transitioning from traditional silicon (Si) and 
gallium arsenide (GaAs) diodes to GaN-based diodes and 
HEMT [4], [12]. The exceptional material properties of GaN, 
including its wide bandgap characteristics (3.4 eV), high 
carrier concentration enabled by polarization effects, and 
excellent two-dimensional electron gas (2DEG) mobility at the 
heterointerface, make it an ideal candidate for advanced 
microwave diode development [13]. These attributes facilitate 
the realization of next-generation rectifiers capable of 
operating at high frequencies while delivering enhanced 
efficiency and robust power handling performance. 

This study advances the state of the art by introducing a 
novel 10 GHz watt-level class-F rectifier incorporating a 
finger-type GaN SBD. The innovative GaN SBD architecture 
demonstrates superior performance characteristics at X-band 
frequencies, achieved through a unique combination of high 
breakdown voltage (Vbr) and reduced junction capacitance (Cj). 
Fabrication on a GaN-on-SiC substrate yields a device with 
remarkable electrical properties: a turn-on voltage (Von) of 
1.24 V (defined at 1 mA/mm), specific on-resistance of 2.85 
Ω·mm, series resistance of 11 Ω, ideality factor (n) of 1.26, 
and a low zero-bias junction capacitance of 0.19 pF. The diode 
structural design incorporates several key innovations: a y-
shaped anode configuration, optimized anode-cathode spacing 
(Lac = 1.875 μm), and advanced passivation techniques, 
collectively enabling a breakdown voltage surpassing 150 V. 
The rectifying circuit is designed using a single shunted SBD 
with class-F network microstrip lines, which effectively 
suppresses second harmonic components, thereby enhancing 
microwave-to-DC conversion efficiency. Validation results 
demonstrate a peak efficiency of 61.2% under conditions of 36 
dBm input power and 470 Ω DC load. Among designs with 
efficiency exceeding 60%, this rectifier achieves the highest 
input power and demonstrates the promising capabilities of 
next-generation GaN-based diodes in enabling highly efficient 
and high-power rectification systems. 

II. X-BAND HIGH POWER RECTIFIER DESIGN 

A. GaN Diode Design 

Conventional diodes face significant challenges in meeting 
the high voltage and current requirements essential for high-
power RF rectification. The inherent limitations of narrow-
bandgap materials, such as silicon (Si) and gallium arsenide 
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(GaAs), not only constrain their efficiency but also restrict 
their ability to operate effectively at elevated power levels [14]. 
To address these constraints and improve rectification 
performance, SBDs with a high breakdown voltage and low 
junction capacitance present an effective solution. This work 
introduces a GaN SBD with a fingerprint configuration, 
designed for high-efficiency, high-power rectification. 

Through optimized MOCVD (metal-organic chemical vapor 
deposition) processes, the GaN heterojunction structure was 
epitaxially deposited on a semi-insulating 4-inch silicon 
carbide substrate, ensuring high-quality crystal growth. The 
epitaxial structure consists of an aluminum nitride (AlN) 
nucleation layer, an iron (Fe)-doped buffer layer, a 300 nm 
gallium nitride (GaN) channel layer, a 16 nm aluminum 
gallium nitride (AlGaN) barrier layer, and a 2 nm in-situ GaN 
cap layer. The cross-sectional schematic and the top-view 
layout of the fingerprint GaN Schottky barrier diode (SBD) 
with RF pads are depicted in Fig. 1(a) and (b), respectively. 

The device fabrication process commenced with the recess 
of the Ohmic region, defined through lithography and 
chlorine-based inductively coupled plasma (ICP) etching. 
Subsequently, an optimized titanium/aluminium (Ti/Al) metal 
stack was deposited using an electron-beam (E-gun) 
evaporation system, followed by rapid thermal annealing 
(RTA) at 825 °C for 30 seconds in a nitrogen (N2) ambient, 
resulting in a cathode length (Lc) of 25 μm, ohmic contacts 
were then formed on the semiconductor surface. Device 
isolation was accomplished via multiple-energy boron ion 
implantation, which precisely defined the active region. 
Subsequently, a SiNx passivation layer was grown via PECVD 
(plasma-enhanced chemical vapour deposition) at 300°C, 
effectively suppressing surface states through optimized 
deposition conditions. The Y-shaped anode feet were 
patterned using ICP etching, with an anode length of 0.25 μm 
(La) and a head width of 0.35 μm. Finally, RF pads were 
fabricated to facilitate on-wafer RF measurements, compatible 
with 100 μm pitch ground-signal-ground (GSG) probes. 

 

Fig. 1. (a) Cross-sectional schematic of the GaN SBD. (b) Top view of the 
finger-type GaN-on-SiC diode with GSG pads. 

 

Fig. 2. I-V characteristics of fingerprint GaN SBD. (a) Forward current and 
specific turn-on resistance. (b) Reverse condition with Vbr exceeding 150 V. 

Fig. 2(a) illustrates the DC characteristics of a two-finger 
SBD with a finger width W=35 μm and an anode-cathode 
separation Lac=1.875 μm. The device exhibits a forward 
current density of 385 mA/mm at a forward voltage of 2.5 V, 
with a specific on-resistance of 2.85 Ω·mm. The turn-on 
voltage (Von), defined at a forward current of 1 mA/mm, is 
measured to be 1.24 V, accompanied by an ideality factor (n) 
of 1.26 and a Schottky barrier height of 1.02 eV, as extracted 
from the analysis. 

Fig. 2(b) depicts the reverse current-voltage (I-V) 
characteristics, demonstrating a high breakdown voltage (Vbr) 
exceeding 150 V. Notably, the reverse voltage remains stable 
(over 90 V) even at a reverse current of 10 μA, indicating 
excellent device reverse characteristics. Furthermore, the 
junction capacitance is measured to be 0.19 pF under zero-bias 
conditions.  

B. Class-F Rectifying Circuit Design 

The schematic of the X-band Class-F GaN SBD power 
rectifier is depicted in Fig. 3(a), and the detailed electrical 
parameters of the transmission lines are listed in Table 1. The 
basic parameters of the GaN SBD are Von of 1.24 V, Rs of 11 
Ω, Cj of 0.19 pF, and Vbr exceeding 150 V. The fabricated 
rectifier, as shown in Fig. 3(b), comprises an impedance 
matching circuit (TL1-TL3), the GaN SBD, a class-F network 
(TL4-TL6), a DC filter and a load. The dimensions of certain 
transmission lines are slightly adjusted based on the 
electromagnetic (EM) simulation results obtained from the 
Advanced Design System (ADS). The impedance-matching 
circuit is designed to transform the input impedance of the 
circuit to 50 Ω, ensuring optimal power transfer. Additionally, 
the DC filter recycles the RF energy to improve power 
conversion efficiency. To minimize matching losses, a Rogers  
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Fig. 3. (a) Circuit configuration of the developed class-F rectifier with detailed 
SPICE parameter. (b) Photographic of the fabricated X-band class-F rectifier 
circuit. 

Table 1.  Microstrip lines electrical parameters. 

 TL1 TL2 TL3 TL4 TL5 TL6 

Z0 (Ω) 50 120 15.9 50 50 50 

Elec. Length 50° 36.7° 46.3° 45° 30° 90° 

 

 

Fig. 4. Input impedance characteristics of the class-F harmonic network. 

3003 substrate is employed, characterized by a dissipation 
factor of 3.00, tan D of 0.0010 at 10 GHz, and thickness of 1.6 
mm is selected to reduce the matching loss. 

The proposed harmonic termination network is composed of 
multiple transmission lines meticulously engineered to 
regulate impedance characteristics across various harmonic 
frequencies. The key components of the network are TL4, TL5 
and TL6, with electrical lengths of λ/8, λ/12 and λ/4 at the 
fundamental frequency, respectively (Fig. 4). The impedance 
at Zina is primarily dictated by the impedance transformation 
properties of TL4 and TL5. Specifically, at the second 
harmonic, TL4, being an open-ended λ/8 transmission line, 
transforms into a short circuit, resulting in Zina = 0. 
Concurrently, at the third harmonic, TL5, functioning as an 
open-ended λ/12 transmission line, similarly transforms into a 
short circuit, thereby ensuring Zina remains at 0. The 
impedance at Zinb is predominantly influenced by TL6, which 
possesses an electrical length of λ/4 at the fundamental 
frequency. The transformation process of TL6 can be 

The rectification efficiency (η) is calculated using the 
following formula: η = (Vout

2/Rload)/Pin, where Vout and Pin are 
the output voltage and input power, respectively. 

The simulated and measured rectification efficiency at 10 
GHz is shown in Fig. 5. The rectifier achieves a maximum 
efficiency of 61.2% at 36 dBm. The efficiency is greater than 
50% over an input power range of 20 to 38 dBm, with a wide 
power dynamic range of up to 18 dB. 

In comparison to state-of-the-art X-band rectifiers utilizing 
Si, GaAs, and GaN SBDs as well as GaN field-effect 
transistors (FETs) [15]–[19], as summarized in Table 2. 
Among X-band rectifiers with efficiencies exceeding 60%, the 
proposed GaN-based rectifier achieves the highest input power 
level.  demonstrates superior performance, particularly in 
terms of efficiency across the peak input power. 

 

Fig. 5. Electromagnetic simulation results: RF-to-DC power conversion 
efficiency and S11 parameters of the rectifier versus varying RF input power 
levels. 

Table 2.  Comparisons with other X-band designs. 

Refs. 
Freq 

(GHz) 
Circuit ηpeak 

Pin 

(dBm) 

[15] 9.6 Si diode 63% 26 

[16] X-band Si diode 72.2% 19.4 

[17] 12.75 GaAs diode 45% 20 

[18] 10 GaN diode 80.1% 25.2 

[19] 9.9 GaN FET 52% 39 

This work 10 GaN diode 61.2% 36 

elucidated as follows: at the second harmonic, given that Zina = 

0, TL6 effectively functions as a λ/2 transmission line. This 

maintains the impedance characteristics of its termination, 

thereby directly transferring the short circuit at Zina to Zinb, 

yielding Zinb = 0. At the third harmonic, with Zina still at 0, TL6, 

now exhibiting an electrical length of 3λ/4, is equivalent to a 

λ/4 transmission line due to its periodic impedance 

transformation property. This equivalence implies that a λ/4 

transmission line inverts the input impedance. Consequently, 

the short circuit at Zina is transformed into an open circuit at 

Zinb, leading to Zinb = ∞. This impedance control mechanism 

ensures selective harmonic terminations, which play a critical 

role in improving the performance of rectifier circuits and 

high-efficiency power conversion systems. 
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III. CONCLUSION 

This study presents the design and implementation of a 
high-power, high-efficiency 10 GHz Class-F rectifier utilizing 
a newly developed GaN Schottky barrier diode (SBD). The 
diode exhibits exceptional performance characteristics, 
including a high breakdown voltage exceeding 150 V and a 
low zero-bias junction capacitance of 0.19 pF, enabling 
superior power handling capabilities in the X-band frequency 
range. By integrating harmonic compression microstrip lines, 
the rectifier achieves a peak RF-to-DC conversion efficiency 
of 61.2% at an input power of 36 dBm. These results 
underscore the significant potential of the proposed GaN diode 
for advancing high-efficiency, high-power rectifiers and MPT 
applications in future wireless systems. 
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