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Abstract—Millimeter-Wave (mmWave) wireless power trans-
mission (WPT) can provide theoretical improvements to the
end-to-end link efficiency compared sub-6 GHz bands. However,
mmWave propagation in the WPT is yet to be explored. Herein,
we present the first evaluation of a broadband mmWave rectenna
on a lossy phantom based on radiation absorbing material
(RAM). The ground reflection is observed over distance from
a 20 dBi horn antenna with a 1 W input around 23 and 28 GHz,
where the effect of multi-paths reflections is demonstrated and
compared to a varying input from the generator. A DC power
output over 10 µis measured at 15 cm from a 51 dBm source,
showing the potential for meters-range mmWave wearable WPT
with the licensed 5G 75 dBm EIRP levels. It is concluded that the
electromagnetic (EM) environment and propagation media can
have significant influences on mmWave WPT requiring novel
signal and EM co-design.

I. INTRODUCTION

Millimeter-Wave (mmWave) bands have already been com-
mercialized in cellular communication applications, with
CMOS active components such as power amplifiers enabling
a significantly reduced mmWave frontend cost [1]. mmWaves
have been long considered for wireless power transmission
(WPT) applications, particularly in space due to the absence
of atmospheric attenuation [2], and more recently in low-
power energy harvesting applications [3]. It was shown in
non-linear [4] and earlier in linear [5] theoretical analysis that
mmWave bands outperform their sub-6 GHz counterpart due
to the higher EIRP and larger transmitting arrays.

A plethora of low-cost flexible and conformable mmWave
rectennas have been reported including textile-based antennas
[4], [6] and flexible harvesters [7]. In addition, arrays with
integrated rectifiers have recently been investigated beyond
60 GHz [8]. Nevertheless, most rectennas were characterized
in controlled environment with no consideration of their sur-
roundings, whereas it is well-known that mmWaves suffer
from additional absorption, diffraction, and shadowing, partic-
ularly near lossy media [9]. Thus, further experimental work
is needed to consider the holistic effects of the propagation
medium and the rectenna’s non-linearity, to further evaluate
the feasibility of mmWave WPT.

In this paper, we present an experimental evaluation of a
flexible wearable mmWave rectenna on a lossy surface and in
close proximity with a partially reflective surface. The ground
reflection effects are demonstrated on the DC output along
with the rectenna’s ability to generate over 0.1 mW DC output
from a 29 GHz input at 10 cm from a 50 dBm source.

Fig. 1. Simulated far-field gain of the PEC-backed AVA [6] compared to a
PEC-backed disc [10].

II. REFLECTOR-BACK RECTENNA

To deploy mmWave rectennas on lossy media such as the
human body, a decoupling mechanism is required. Microstrip
patch antennas typically suffer from a reduced radiation
efficiency on thin substrates, and from a relatively narro
bandwidth [4], [6]. Thus, the investigated design, implemented
on a textile substrate, is based on a broadband Vivaldi-inspired
design backed by a conductive textile plane to minimize
interaction with the human body and achieves a minimum
radiation efficiency of 67% [6].

However, PEC-backing does not always lead to a uniform
broadside pattern, and the original structure needs to be
directive. Fig. 1 compares the simulated radiation patterns
of the reflector-backed antipodal vivaldi antenna (AVA) with
a simple broadband disc monopole [10], where it can be
seen that the AVA-inspired design provides a more uniform
broadside beam, lower side-lobes, and a higher peak gain.

III. EXPERIMENTAL RESULTS AND DISCUSSION

A. mmWave WPT Setup

A Mini-Circuits ZVE-453HP+ 18-45 GHz power amplifier
(PA) was connected to a Wiltron signal generator to generate
an approximately 1 W mmWave input to the transmitting
antenna. A WR-34 (22-33 GHz) horn with a nominal gain
of 20 dBi was connected to the PA through an isolator with
under 1 dB insertion loss. The rectifier operates efficiently for
inputs between 0 and 10 dBm, with a 1 V DC output across a
5 kΩ load up between 20 and 26.5 GHz for a 10 dBm input,
based on [6]. Fig. 2(a) and (b) shows the experimental setup’s
block diagram and photograph, respectively.



Fig. 2. Experimental setup of the mmWave rectenna on a lossy and reflective
medium: (a) block diagram; (b) photograph.

Fig. 3. Measured DC output of the rectenna at 3 cm from the horn’s aperture
at 28 GHz for varying inputs from the generator.

B. Distance and Radiated Power Sweep

To observe the non-linear response of the rectenna, the
power input from the signal generator was varied from −15
to 0 dBm. With an approximate loss of 4.5 dB from the
isolator, the cabling, and the interconnects, the PA is driven
close to its saturated output of 32 dBm which limits the
equivalent isotropic radiated power (EIRP) to 52 dBm. Fig. 3
shows the DC output of the rectenna t 3 cm from the horn’s
aperture which matches the typical rectifier’s non-linear RF-
DC efficiency response.

To compare the ideal incident plane wave variation to real-
istic propagation environments, the setup shown in Fig. 2(b)
was used with the rectenna mounted on a radiation absorbing
material (RAM) block. The distance was varied for two inputs,
at 23.3 and 28.3 GHz, to observe the multi-path reflections,
predominantly from the wooden surface of the work emulating
the ground reflection losses. Fig. 4 shows the measured DC
output of the rectenna as a function of distance.

The observed fluctuations match the ground reflection loss,
which demonstrates the need for multi-band mmWave WPT,
as well as signal processing mechanisms for controlling the
multi-path effects. Furthermore, it can be seen that with the
31 dBm source and 20 dBi horn, over 10 µW could be received
at 15 cm by a highly miniaturized (2 cm2) and low-profile
(<1 mm-thick) rectenna. Should a 72 EIRP dBm be used,
the 20 dB increase in the transmitted power could enable a
transmission range in excess of 1 m to ultra-compact wearable
rectennas on lossy materials.

Fig. 4. Rectenna’s DC output over distance for a fixed EIRP ≈ 51 dBi.

IV. CONCLUSIONS

We presented an experimental evaluation of mmWave WPT
in a practical EM environment. It is shown that ground reflec-
tions must be considered and the EM propagation environment
needs to be engineered for efficient mmWave WPT. With over
10 µW rectified DC power from the 2 cm2 rectenna, mmWave
WPT is a strong candidate for ultra-compact WPT.
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