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A 2-W supply optical powering system that maintains electrical isolation is described. The output power of this
system is stable and higher than that of conventional systems, and is not affected by environmental stresses, such as
bends in the optical fiber or increased PV cell temperature, owing to its feedback control function. The system mainly
consists of laser diodes, optical fibers, photovoltaic (PV) cells, and a feedback control circuit, and can deliver 2 W of
electrical power. In the feedback control circuit, the PV cell output current is compared to the target current, and the
laser output is controlled to equalize them. The system also has a safety function that shuts down the laser if an optical
fiber is cut. The system was tested under a high-voltage condition, and the results indicate that it will be useful for drlvmg
sensors and measurement equipment used in high-voltage environments.
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1. Introduction

Optical powering is a way of supplying power to equipment
while maintaining electrical isolation. Optical powering sys-
tems consisting of laser diodes (LDs), optical fibers, and pho-
tovoltaic (PV) cells have been studied [1,2]. In such"systems,
optical power is generated by the LD, transmitted through the
optical fiber, and converted into electrical power by the PV cell.

- The advantages of optical fiber compared with copper wire

are high voltage isolation, lightness, resistance against corro-
sion, and waterproofness. Therefore, these systems can power
sensors in water, measurement equipment in severe electro-
magnetic noise environments, and medical equipment [3-5].

PV cells have been designed to increase optical/electrical
conversion efficiency and optical fiber coupling efficiendy [6.7],
and a system output of 300 mW through 200-m Iong optical
fiber has been achieved [7]. However, this is still not high
enough for various kinds of sensors and measurement equip-
ment. The system output, which fluctuates because of bends
in the optical fibers and because PV cell temperature increases
due to the high-power irradiation, has to be stabilized. A safety
function that shuts down the laser if the fiber is cut is also im-
portant. '

We have designed an optical powering system that can de-
liver 2 W of electrical power. The system features a feedback
control function for the laser output that stabilizes the system
output and a safety function that shuts down the laser if the
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optical fiber in the system is cut. Analyses of the efficiency of
components in this system have been carried out. We have
used this system to drive a lightning sensor in a high-voltage
environment and found that it worked without malfunction.

2. System concept and design

The system consists of five optical powering units, each pro-
viding more than 400 mW of electrical output. Figure 1is a
block diagram of the optical powering unit, which consists of
an LD, optical fibers, a PV cell, a light-emitting diode (LED), a
converter, an encoding circuit, a pin-PD, and the feedback
control circuit. Optical power is generated by the LD, transmit-
ted via the optical fiber, irradiated onto the PV cell, and then
converted into electrical power. The output voltage of the PV
cell is converted into 5 V. Table 1 lists the specifications of the
unit components. For high optical power transmission and high
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Fig. 1 Block diagram of an optical powering unit.



Table 1 Specifications of unit components.

laser diode A=808nm, Pmax =3 W

core / clad 200/230 ym
optical fiber ‘
« A=200m

GaAs, diameter =3 mm

photovoltaic cell
6 segments, Voc > 5V

coupling efficiency, we used step-index-type silica fibers with
200/230 1 m core/clad diameters and 0.37 numerical aperture,
which are larger than those of fibers used in telecommunica-
tions. For high transmission efficiency, we used an AlGaAs
semiconductor laser diode with 808-nm wavelength, which is
located in low transmission loss range of the optical fiber. Its
maximum output is 3 W. The GaAs-based photovoltaic cell
has high external quantum efficiency at around 800 nm. The
PV cell has a round shape and is divided into six segments by
trenches. The segments are connected in series to increase
the output voltage of the PV cell. It provides more than 5 V
output. Each segment is irradiated equally by light from the
optical fiber, so that there is little difference in photocurrent
among them. Thus, we obtained not only high optical fiber
coupling efficiency but also high optical/electrical conversion
efficiency by using this PV cell.

The feedback control function operates as follows. Electri-
cal signals whose pulse width is determined by the PV cell
output current are generated in the encoding circuit and con-
verted into optical pulse signals by the LED. Optical signals
are then transmitted to the laser unit via the optical fiber and
converted into electrical pulse signals by the pin-PD. In the
feedback control circuit, the output current is compared to the
target current, which is set according to the power consump-
tion of the equipment. The laser driver in the feedback control
circuit adjusts the laser output to equalize the PV cell output
current to the target current. Because the optical fiber trans-
mission doesn't affect the pulse width, signals are decoded
completely by the pin-PD. The wavelength of the LED is 870
nm, which is in the range for low transmission loss of this fiber.

The safety function is implemented in the feedback control
circuit. In the circuit, the PV cell output current is compared to
a safety current that can be changed manually. If the optical
fiber is cut, the PV cell output current decreases largely or
becomes zero. When it falls 1 mA or more below the safety
current, the LD shuts down.

By connecting the five units in parallel (Fig. 2), the system
can produce 2 W. Figure 3 is a photograph of the 2-W optical
powering system. Each laser unit has a monitor that shows
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Fig. 2 Composition of PV cell units.

the real PV output current, the target current, and the safety
current.

3. Experimental results and Discussion

3.1 Consumption power and efficiency of each
component

(a) Laser diode The dependence of the LD efficiency

(including an LD driver efficiency) on the LD output is shown
in Fig.4. The efficiency is estimated by dividing an LD output
into an input power of an LD driver. The LD efficiency increases
with increasing LD output and it reaches 17 % when the LD
outputis 3 W.

(b) Optical fiber
fiber depends on the wavelength of the LD. In this system, we
used AlGaAs LDs with 808-nm wavelength, and the transmis-
sion loss of this system was measured to be 2.1 dB/km. We

also measured the coupling efficiency of the LD and the opti-
cal fiber, which depends on the numerical aperture of the opti-
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Fig. 3 The 2-W optical powering system.
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Fig. 4 LD output dependence of efficiency.

cal fiber and the LD. It is approximately 80%.

(c) Photovoltaic Cell unit  The current-voltage and
power-voltage characteristics of the PV cell are shown in Fig.
5. The solid lines and dashed lines indicate the characteris-
tics at 1.8 W and 700 mW of input optical power, respectively.
The short current increases with increasing input optical power
of the PV cell. The voltage at the maximum power (Vmax)
decreases from 6 to 5.5 V when the input power of the PV cell
increases from 700 mW to 1.8 W. The output current of the
PV cell decreases sharply when the voltage increases over
Vmax. Therefore, the voltage of the PV cell during unit opera-
tion has to be below Vmax. Each unitis designed so that the
PV cell operates at about 5.2 V. The relationship between the
output power and the optical/electrical conversion efficiency
of the PV cell in one unit is shown in Fig. 6. The efficiency is
around 31% regardless of PV cell output. The efficiency of the
PV cell unit, excluding the PV cell efficiency itself, was esti-
mated by dividing the unit output into the PV cell output. The
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Fig. 5 Current-voltage and power-voltage
characteristics of the PV cell.

BHFRC, 122%75, EH4E

1091

50
40
30F

20

Efficiency (%)

10

“400 200 300 400 500 600 700
Output Power (mW)

Fig. 6 Output power dependence of the PV
cell efficiency.

output of one unit is 520 mW at the PV cell output of 560 mW
under 1.8 W of PV cell input power. lts efficiency is 93%.

3.2 Total efficiency -

The efficiency for each component at 2 W of system output
(the output of one unit is 400 mW) is shown in Fig. 7. The LD
efficiency, including the laser driver circuit efficiency, is 15%.
The coupling efficiency of the LD and the optical fiber is 80%.
The fiber transmission efficiency is 90 % because the trans-
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Fig. 7 Efficiency for each component at 2 W output.
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Fig. 8 Power consumpution rate of each component.
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Fig. 9 Efficiency of a unit in the system as the function
of output.

mission loss of the fiber is 2.1 dB/km and the fiber length in
this system is 200 m. The optical power to the PV cell is 1.4 W
(20 W/cm?) and the output of the PV cell is 430 mW. There-
fore, the efficiency of the PV cell is 31 %. A unit output is 400
mW and the circuit efficiency is 93 %.

Figure 8 shows the power consumption rate of each com-
ponent. The power consumption of the LD unit, including opti-
cal fiber coupling loss, is the largest. The total power con-
sumption rate of other components is under 10%. Therefore,
the development of the high efficient LD is important for in-
creasing system efficiency.

Figure 9 shows the efficiency of a unit as a function of unit
output. The system output, i.e., total output of five units, is
also shown in Fig. 9. The efficiency increases with increasing
output. This is due to the laser efficiency, because the effi-
ciency of the LD increases with increasing output, whereas
the efficiency of the other components change little when the
unit output increases. The system efficiency is 2.9 % at2 W of
system output when the output of each unit is 400 mW. The
output voltage of this system is 5 V.

3.3 The feedback control and safety function

The feedback control function was tested. Figure 10 shows
the dependence of the PV cell output current on the target
current that we set. When the target current was changed
from 20 to 80mA gradually, the PV cell output current followed
.and became equal to it within several seconds.

The stability of the system output was also tested. Figure
11 shows the system output over time. The temperature of the
PV cell increased within several minutes of system operation
because of the high-power illumination, which caused a de-

crease of system output. However, in this system, the cell |

output current was controlled so that it was stable, and the
system output was also stable during system operation. When
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Fig. 11 System output over time.

the fibers were bent, the output was still stable as shown in

-Fig. 11.

The safety function was also tested and it operated as ex-
pected; the laser shut down when the optical fiber for the power
transmission was cut. When the fiber for the optical signals
was cut, the laser also shut down because the laser driver
could not receive signals.

3.4 System performance under high-voltage en-

vironment

We applied this system to a lightning sensor whose power
consumption was 2 W. Then, we applied high voltage to a
metal wire placed several meters from the optical fiber in our
system to create a high-voltage environment. The voltage ap-
plied to the metal wire is shown in Fig. 12. The peak of the
voltage was 65 KV, and the voltage decreased to half that in
100 ms. In such a high-voltage environment, a power supply
system that uses metal wire picks up noise and causes sen-
sor malfunction or breakdown. But the optical powering sys-
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tem continued to supply constant power to the sensor, and the
sensor did not malfunction. In addition, the feedback control Takako Yasui (Non-member) received the B.S. and M.S. de-
function of the system worked, and the monitor in the laser grees in material science engineering from Waseda
unit showed constant PV cell output current. The safety func-
tion also worked well. Therefore, we conclude that this sys-
tem maintains electrical isolation and can supply constant
power to lightning sensors on pylons. ‘

University, Tokyo, Japan, in 1994 and 1996, respec-
tively. Since joining the Laboratory system, Nippon
Telegraph and Telephone Corporation (NTT) in
1996, she has been engaged in research and de-
-~ velopment on optical powering systems. Ms. Yasui
s a member of the Institute of Electronics, Infor-

mation and Communication Engineers and the Ja-
We have developed an optical-powering system that can pan Society of Applied Physics.

supply up to 2 W of electrical power. The system features a
feedback control function and a safety function. The feedback
control function stabilizes the system output by adjusting the
current to the laser and equalizing the PV output current to the
target current set according to the power consumption of sen-
sors. The safety function shuts down the laser when the PV
cell output current falls more than 1 mA below the safety cur-
rent.

We demonstrated the effectiveness of the system by using
it to power a lightning sensor and operating it in a high-voltage
environment. The results indicate that the system supplies

4. Summary
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