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We experimentally demonstrated optical wireless power transfer (OWPT) using a near-infrared laser diode (LD)
as the optical power transmitter. We considered a photovoltaic (PV) cell and a photodiode (PD) as the optical
power receivers. We investigated the characteristics of the LD, PD, and PV cell in order to determine the opti-
mum operating condition from the viewpoint of transfer efficiency. We also experimentally demonstrated a
whole system optimization process to maximize the DC-to-DC transfer efficiency of the OWPT. Our experi-
mental results showed that the optimization process can improve the OWPT efficiency by up to 48%.
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Wireless power transfer (WPT) is a technology where the
energy is transmitted from a power source to a target de-
vice without any physical connections[1]. Because smart
phones are connected to a wire only when they need to
be charged, WPT may be the final technology that allows
mobile devices to be completely free from the need to be
wired[2]. Owing to its convenience and flexibility, WPT has
gained much interest recently and its market is growing
rapidly although the transfer efficiency of WPT is lower
than that of conventional wired power transfer. The
current WPT technologies can be broadly classified into
nonradiative coupling-based transfer and radiative radio
frequency (RF)-based transfer technologies[1]. The former
includes inductive coupling[3], magnetic resonance cou-
pling[4], and capacitive coupling[5], whereas the latter
includes directive RF power beamforming[6] and nondirec-
tive RF power transfer[7], as illustrated in Fig. 1.
The transfer efficiencies of nonradiative coupling-based

transfer technologies are relatively high, and therefore
they have been widely commercialized. Wireless smart-
phone chargers are among the applications of nonradiative
coupling-based transfer technologies. However, the effec-
tive transfer distances of these technologies are less than
several meters. Although radiative RF-based transfer
technologies can transfer power over longer distances,
the transfer efficiency of these technologies decreases in
proportion to the square of the distance[8]. Although direc-
tive RF power beamforming technology has been proposed
to increase the transfer distance more, the effective trans-
fer distance is still limited. In addition, radiative RF-based
technology causes electromagnetic interference (EMI) to
other electronic devices.
For long-distance WPT, optical wireless power transfer

(OWPT) can be a suitable solution[2]. OWPT is a WPT
technology that uses light to deliver power[9]. In OWPT,
a light source such as a laser is used at the transmitter site
to convert electric power into optical power, and an opti-
cal power receiver such as a photovoltaic (PV) cell or a

photodiode (PD) is used at the receiver site to convert
the received optical power into electric power. If the power
source is a form of optical power such as sunlight, then
power conversion is not required at the transmitter site.
Likewise, if the final usage form of power is optical power,
such as illumination or a light-heated pot, then power con-
version is not required at the receiver site.

OWPT has several advantages over radiative RF-based
transfer technologies. First, OWPT can deliver large
amounts of power to a distant small aperture because
the laser beam size can be maintained even over long dis-
tances. Second, the effective transfer distance of OWPT is
longer than that of radiative RF-based transfer technolo-
gies. The laser power does not decrease in proportion to
the square of the distance, unlike radiative RF-based tech-
nologies. The laser power decreases as an exponential
function. However, its attenuation coefficient is very
low compared to the RF decrease. Third, OWPT does not
cause EMI to the neighboring electronic devices. Fourth,
an optical power receiver such as a PV cell can also be used
to receive solar power. This means that the mobile device
can receive power from both the intentional optical power
source (i.e., laser) and the nonintentional optical power
source (e.g., the sun or other illumination sources).

To date, several studies have been carried out on
OWPT[10–19]. However, most of the studies have not

Fig. 1. Classification of current wireless power transfer
technologies.
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investigated DC-to-DC transfer efficiency in detail.
They just focused on the applications of OWPT or just
calculated transfer efficiency without the whole measure-
ment. Only a few other researchers have experimentally
investigated the DC-to-DC transfer efficiencies of OWPT
in detail[10,11].
In this Letter, we present an experimental investigation

of the DC-to-DC transfer efficiency of OWPT using a
near-infrared laser diode (LD) as the optical power trans-
mitter. As for the optical power receiver, we consider two
kinds of devices: (1) a PV cell and (2) a PD, whereas other
researchers usually considered only the PV cell as the op-
tical power receiver. We will compare the performances of
the PV cell and the PD from the viewpoint of transfer
efficiencies. Finally, we will demonstrate the optimization
process of the OWPT system in order to maximize the
DC-to-DC transfer efficiency using the given devices.
Figure 2 shows the general block diagram of the OWPT.

At the transmitter site, an optical source is used to convert
the electric power into optical power because the most
common form of energy source is electric power. The op-
tical source can be a laser or a light-emitting diode (LED).
Assuming the electric-to-optic (E/O) power conversion
ratio of the optical source is CE∕O and the optic-to-electric
(O/E) power conversion ratio of the optical power receiver
is CO∕E, the DC-to-DC transfer efficiency of the back-to-
back OWPT, EBtoB, can be expressed as[10]

EBtoB ¼ CE∕O·CO∕E: (1)

Figure 3 shows the block diagram of our experimental
setup. In the experiment, we used a 200 mW 850 nm LD
and a 500 mW 850 nm LD as the optical source. The
manufacturer of these LDs is LS Korea. The peak wave-
lengths of the 200 mW and 500 mWLDs were measured to
be 850.8 and 850.3 nm, respectively. We chose the 850 nm
LDs as the optical power transmitters because the near-
infrared region (850–900 nm) is the most efficient wave-
band for silicon PV cells and LDs[9].
To maximize the E/O conversion efficiency of the LDs,

an optimization process is required. To optimize the oper-
ation condition of LDs, we need to investigate the charac-
teristics of the LDs. Figure 4 shows the E/O conversion
efficiency and optical output power as functions of the op-
erating voltage of the LDs. The E/O conversion efficiency
of the 200 mW LD was the highest (27.8%) when the op-
erating voltage was 2.6 V, as shown in Fig. 4(a). In con-
trast, the E/O conversion efficiency of the 500 mW LD

was the highest (18.4%) when the operating voltage
was 6.1 V, as shown in Fig. 4(b).

It can be observed that the point at which the E/O con-
version efficiency was maximum was close to the starting
point of the LD power saturation region. This tendency
was also observed in a previous work[10]. In the linear
LD power region, the E/O conversion efficiency increases
with the increasing operating voltage. This is because
when the operating voltage is lower than the voltage in
the LD power saturation region, the stimulatively emitted
photon can be absorbed again inside the gain mediumFig. 2. General block diagram of the OWPT.

Fig. 3. Block diagram and picture of the experimental setup.

Fig. 4. E/O conversion efficiency and optical output power of
(a) a 200 mW LD and (b) a 500 mW LD.
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because the gain medium is not fully excited. After the sat-
uration region, the gain medium is fully excited so more
electric energy (higher operating voltage) cannot make
more photons. Therefore, the E/O conversion efficiency
is maximum near the starting point of the LD power sat-
uration region. The parameter values of the LDs at the
maximum E/O conversion efficiency are summarized in
Table 1.
Similar to the transmitter site, the optical power

receiver also needs to be optimized in order to maximize
the O/E conversion efficiency at the receiver site. In this
Letter, we investigated and compared two kinds of optical
power receiver devices: (1) a PV cell and (2) a PD. First,
we measured the characteristics of the PV cell and PD as
the optical power receivers when the 200 mWLDwas used
as the optical power transmitter. A silicon PV cell with a
size of 2.3 cm × 2.5 cm and a Vishay BPV10 PD were
used in the experiment. The PD is a silicon PIN PD with
a diameter of 5 mm, a sensitive area of 0.78 mm2, and a
sensible spectral range of 380–1100 nm. According to the
technical datasheet, the spectral sensitivity of the PD is
the highest at 920 nm and the quantum efficiency is
∼70% at 850 nm.
Figures 5(a) and 5(b) show the measured voltage-

current graphs of the PV cell and PD, respectively, where
the load resistance was varied. These results were ob-
tained when the 200 mW LD was operating at the maxi-
mum E/O conversion efficiency (i.e., the optical output

power was 298 mW). When the PV cell was used as the
optical power receiver, the obtained maximum electric
power was 35.6 mW at a load resistance of 130 Ω. The op-
tical power was 298 mW and, therefore, the corresponding
O/E conversion efficiency of the PV cell was 11.93%. It
shall be noted that the beam pattern of the LD was cir-
cular whereas the PV cell was rectangular. Therefore,
the edge of the PV cell could not receive the optical power,
which may have reduced the O/E conversion efficiency of
the PV cell.

When the PD was used as the optical power receiver,
the obtained maximum electric power was 24.0 mW at
a load resistance of 5.6 Ω. The corresponding O/E conver-
sion efficiency of the PD was 8.04%. Because the sensitiv-
ity area of the PDwas small, it is likely that there was light
leakage in the PD although we did our best to focus the
light onto the PD using a lens. This may have reduced the
O/E conversion efficiency of the PD.

Then we analyzed the characteristics of the PV
cell and PD as the optical power receivers when the
500 mW LD was used as the optical power transmitter.
Figures 6(a) and 6(b) show the measured voltage-current
graphs of the PV cell and PD, respectively, where the load
resistance was varied and the 500 mW LD was operating
at the maximum E/O conversion efficiency (i.e., the opti-
cal output power was 694 mW). When the PV cell was
used as the optical power receiver, the obtained maximum
electric power was 83.0 mW at a load resistance of 50 Ω.
The optical power was 694 mW and, hence, the corre-
sponding O/E conversion efficiency of the PV cell was
11.96%. When the PD was used as the optical power
receiver, the obtained maximum electric power was
47.5 mW at a load resistance of 1.8 Ω. The corresponding
O/E conversion efficiency of the PD was 6.84%.

Based on the results presented in Table 1, Fig. 5, and
Fig. 6, we can calculate the DC-to-DC transfer efficiencies
of the back-to-back OWPT, EBtoB, by using Eq. (1). The
results are summarized in Table 2. It should be noted that
these transfer efficiencies were obtained when the optical
power transmitters were operating at the maximum E/O
conversion efficiencies and the optical power receivers
were optimized by varying the load resistance. Through
the optimization process, the maximum transfer efficiency

Table 1. Operating Condition of the LDs at the
Maximum E/O Conversion Efficiency

Parameter

Type of LD

200 mW 500 mW

Wavelength (nm) 850.8 850.3

Electric current (mA) 414 629

Electric voltage (V) 2.60 6.01

Optical output power (mW) 298 694

E/O conversion efficiency (%) 27.8 18.4

Fig. 5. Voltage-current graphs of the (a) PV cell and (b) PD by
changing the load resistance when the 200 mW LD is operating
at the maximum E/O conversion condition.

Fig. 6. Voltage-current graphs of the (a) PV cell and (b) PD by
changing the load resistance when the 500 mW LD is operating
at the maximum E/O conversion condition.
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(3.32%) was obtained when the 200 mW LD and PV cell
were used as the optical power transmitter and optical
power receiver, respectively.
The optimization process may look finalized. However,

there are more chances for further optimization. The re-
sults in Table 2 were based on the case where the optical
power transmitter was fixed at the maximum E/O conver-
sion efficiency. However, even if the optical power trans-
mitter is not operated at the maximum E/O conversion
efficiency, it is still possible to achieve a higher OWPT ef-
ficiency if the optical power receiver shows a higher O/E
conversion efficiency. Therefore, we investigated the total
OWPT efficiencies by varying the condition of the optical
power transmitter. For each optical output power of the
LD, we optimized the optical power receiver by varying
the load resistance. Figure 7 shows the E/O conversion
efficiencies of the LDs, the O/E conversion efficiencies
of the optical power receivers, and the total OWPT effi-
ciencies as functions of the optical output power of the
LDs. In Fig. 7, the point marked by the arrow in each fig-
ure is the point where the E/O conversion efficiency of the
LD is the maximum.
From Fig. 7, it is shown that the maximum E/O con-

version efficiency of the LD does not guarantee the maxi-
mum total OWPT efficiency (i.e., the point marked by the
arrow does not guarantee the maximum total OWPT ef-
ficiency). This is because the O/E efficiency of the optical
power receiver can be high even if the E/O efficiency of the
LD is not maximum. Therefore, the point at which the to-
tal OWPT efficiency is maximum can be another condi-
tion at which the E/O efficiency of the LD is not
maximum. Therefore, the OWPT efficiencies presented
in Table 2 (where the LD was fixed at the maximum
E/O conversion efficiency) were not the real maximum
OWPT efficiencies and they could be further optimized.
The total OWPT efficiencies after the whole system opti-
mization are summarized in Table 3.
As shown in Table 3, the maximum OWPT efficiencies

after the whole system optimization were improved com-
pared with those in Table 2. For example, the OWPT ef-
ficiency obtained with the 500 mW LD and the PV cell
improved from 2.20% to 2.57% with the help of the whole
system optimization. After the whole system was opti-
mized, a maximum OWPT efficiency of 3.39% was

obtained when the 200 mW LD and PV cell were used
as the optical power transmitter and optical power
receiver, respectively.

Fig. 7. E/O conversion efficiency of the LD, the O/E conversion
efficiency of the optical power receiver, and the total OWPT ef-
ficiency as functions of the optical output power of the LD for the
following OWPT systems: (a) 200 mW LD and PV cell,
(b) 200 mW LD and PD, (c) 500 mW LD and PV cell, and
(d) 500 mW LD and PD. The point marked by the arrow in each
figure is the point where the E/O conversion efficiency of the LD
is the maximum.

Table 2. OWPT Efficiency When the Optical Power
Transmitter Was Operating at the Maximum E/O
Conversion Efficiency

Optical power
transmitter

CE∕O
(%)

Optical power
receiver

CO∕E
(%) EBtoB

200 mW LD 27.8
PV cell 11.93 3.32

PD 8.04 2.23

500 mW LD 18.4
PV cell 11.96 2.20

PD 6.84 1.26
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Here we remark that the OWPT efficiency can be fur-
ther improved by using a more efficient LD, PD, and PV
cell. In addition, alignment between the optical power
transmitter and the optical power receiver and matching
the receiver aperture to the LD beam shape are also im-
portant to improve the OWPT efficiency.
In summary, we have presented an OWPT system using

near-infrared LDs as the optical power transmitters and
have also presented an optimization process to maximize
the transfer efficiency. We used a PV cell or a PD as the
optical power receiver in the experiment. The maximum
transfer efficiency was achieved by optimizing the load re-
sistance of the optical power receiver while varying the op-
erating condition of the LD. After the whole system
optimization presented here, we found that the OWPT
efficiencies improved from 3.32% to 3.39%, from 2.20%
to 2.57%, and from 1.26% to 1.86% (increase by 48% from
the original value), depending on the OWPT system cases.
This optimization process is important to achieve a high
transfer efficiency in OWPT.
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Table 3. Maximum OWPT Efficiency After the Whole
System Optimization

Optical power
transmitter

CE∕O
(%)

Optical power
receiver

CO∕E
(%) EBtoB

200 mW LD
26.1 PV cell 12.96 3.39

27.8 PD 8.04 2.23

500 mW LD
13.7 PV cell 18.8 2.57

13.2 PD 14.1 1.86
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