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Abstract: We demonstrate the use of laser diodes and multijunction photovoltaic power converters to
efficiently deliver watts of electrical power for long-distance or cryogenic applications. Transmission
through single-mode and multi-mode fibers at the wavelengths of 808 nm and 1470/1550 nm are
studied. An electrical output power of ~0.1 W is obtained after a 5 km transmission through a
standard single-mode SMF28 fiber fed with 0.25 W of optical power. An electrical output power of
~1 W is demonstrated after a 5 km transmission with a standard OM1 multi-mode fiber fed with
~2.5 W. Photovoltaic conversion efficiencies reaching Eff ~49% are obtained with an output voltage of
~5 V using commercial multijunction laser power converters. For low-temperature applications, an
ultra-sensitive silicon photomultiplier (SiPM) is used to detect the residual light leaked from fibers
as the temperature is decreased. Our study demonstrates that specific fiber types enable low-loss
transmission compatible with cryogenic requirements and without light leakage triggering of the
SiPM. A cryogenic power-over-fiber system at ~1470 nm is demonstrated with ~2 W of electrical
power converted over a 10 m distance having a conversion efficiency of Eff > 65% at 77 K.

Keywords: power-over-fiber; optical power converters; laser power converters; photovoltaic
multijunctions; galvanic isolation; InGaAs; InP; single-mode fiber; multi-mode fiber; cryogenic

1. Introduction

The prospects and the applications of optical power delivery based on power-over-
fiber (PoF, referring to fully optical energy transfer) or on optical wireless power trans-
mission (OWPT) systems have greatly evolved over the years [1–23]. PoF technologies
continue to offer many attractive features and to stimulate new developments at various
wavelengths. For example, increasing the transmission distance and the optical power
transmitted are two developments of prime interest. For other applications, cryogenic
temperature capabilities with minimal parasitic light leakage can be the main objectives,
while still maintaining full galvanic isolation. This is the case for liquid argon or liquid
xenon high-voltage time-projection chambers for fundamental neutrino detection and dark
matter studies, or for cosmic muon research [24–30]. For applications requiring kilometers
of optical power transmission, it is advantageous to develop PoF systems based on econom-
ically viable solutions, for example, using standard single-mode fiber (SMF) or multi-mode
(MM) fiber cables.

The optical power delivery limits of standard SMF have been previously studied to
understand the impact of transmission losses, the nonlinear effect of stimulated Raman
scattering (SRS), and the nonlinear effect caused by Brillouin scattering [1,3]. These earlier
studies indicated that relatively broadband light sources at wavelengths around 1550 nm
can be advantageous to successfully suppress Brillouin scattering losses and to minimize
the transmission losses.

Concurrently, recent progress with vertical multijunction laser power converters
(LPCs), also called optical power converters (OPCs), has empowered a new class of com-
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mercial high-efficiency ~5 V photovoltaic devices. They have been productized for the 1450–
1550 nm spectral range and also for cryogenic applications at ~1470 nm or ~808 nm [31–34].
Furthermore, the unrelenting developments in the field of photovoltaic devices further
promise additional LPC device opportunities [35–43].

The goal of this study is therefore to exemplify the use of laser diodes to deliver
watts of electrical power for long-distance or cryogenic applications based on such new
multijunction LPCs. We verified the transmission through commercial single-mode and
multi-mode fibers at wavelengths of 808 nm and 1470/1550 nm. At 1550 nm, our study
demonstrated an electrical output power of up to ~0.1 W (limited by the laser diode
output power) after a 5 km transmission distance with a standard single-mode SMF28
fiber [44]. At a wavelength of ~1470 nm, an electrical output power of ~1 W after a 5 km
transmission distance was demonstrated with a standard OM1 multi-mode fiber [44].
Remote photovoltaic conversion efficiencies reaching Eff ~49% were demonstrated with an
output voltage of ~5 V using these multijunction laser power converters.

For low-temperature applications, an ultra-sensitive silicon photomultiplier (SiPM)
was used to detect the residual light leaked from fibers as the temperature decreased.
We demonstrated that specific fiber types enable low-loss transmission compatible with
cryogenic requirements and without any residual light leakage that could otherwise trigger
the SiPM. A cryogenic power-over-fiber system at ~1470 nm was demonstrated with ~2 W
of electrical power converted over a 10 m distance, having a conversion efficiency of Eff
~65.7% at 77 K.

2. Materials and Methods

The LPC structure was based on the vertical epitaxial heterostructure architecture
(VEHSA) design [22,31]. The 1470/1550 nm LPCs used InGaAs absorbing layers lattice-
matched to InP: PT10-InGaAs/InP. Fabricated chips with an area of ~0.032 cm2 were
packaged in Broadcom’s Regular Power format, with an FC optical connector [32]. The
808 nm LPCs used GaAs absorbing layers on GaAs: PT5-GaAs [33]. In all cases, the Beer–
Lambert law was used to determine the thicknesses of the individual subcells, with the
target of having each subcell absorbing an equivalent fraction of the incident light for the
wavelengths and temperatures of interest. To realize the required photocurrent-matching
condition, the subcells had increasing thicknesses from the top subcell (thinnest) toward the
bottom subcell (thickest) [34]. The methodology for applying the Beer–Lambert approach
has been described previously [31], and no corrections were implemented in the present
study for photon coupling and recycling, or other second-order effects or optimizations.

The subcells were interconnected with optically transparent tunnel junctions; each
individual subcell comprised an n-type emitter and a p-type base (i.e., n on p configuration).
The tunnel junctions were made to be transparent to the input beam, utilizing AlGaInAs
alloys that were lattice-matched to InP or AlGaAs for the GaAs-based LPCs. The epitaxial
layers were grown using commercial production Aixtron Metal–Organic Chemical Vapor
Deposition (MOCVD) reactors.

The epitaxial wafers were fabricated with a standard blanket back-metallization, front
ohmic contacts, and antireflection coatings (ARCs) constructed from layers of Al2O3 and
TiO2. An ARC typically reduces the reflectivity (R) of the incident beam to R < 4% for
the spectral range of interest. All devices were tested using dark I–V measurements. The
wafers had a high level of chip uniformity, as assessed from such dark I–V tests. The device
performance results have been reported in detail previously [31–34]. Similarly, here, for the
performance measurements, the I–V characteristics were acquired using a Keithley 2601B
source-meter in a four-wire probing mode. Quick I–V scans were used, with a duration of
about 1 s, to avoid significant chip heating. After the transmission through the fiber, FC
connectors were used to connect the fiber output end to the LPC device.

Three main different laser types were used in this study. BWT laser diodes [45] were
used as multi-mode sources: 7 W~1470 nm sources with a 105 µm core were used for the
MM experiments at 20 ◦C; similar lasers were used as 3 W~1550 nm sources; 8 W~808 nm
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sources with a 400 µm core were used for the MM experiments at 77 K; and finally, a 0.25 W
SemiNex laser diode was used as a high-power single-mode 1550 nm source with a 10 nm
spectral width [46].

3. Results

Figure 1 shows the measured dependence of the transmission losses on the length
of the optical fiber for standard single-mode and multi-mode fibers. The single-mode
fiber was a Corning SMF28-Ultra with a core diameter of 8.2 µm, cladding of 125 µm, and
NA ~0.14. It was fed from a pigtailed single-mode 1550 nm laser diode. The multi-mode
fiber was a standard graded-index Corning InfiniCor OM1 fiber with a core diameter of
62.5 µm, cladding of 125 µm, and NA ~0.275. It was fed from a pigtailed multi-mode
1470 nm laser diode having a 105 µm core and an NA ~0.22. A lens-coupler was used to
minimize the coupling losses between the multi-mode laser and the OM1 fiber (OzOptics’
part #AA-300-33-1550-M-SP1) [47].
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Figure 1. Transmission losses’ dependence on the optical fiber length measured for standard single-
mode (green curve) and multi-mode fibers (blue curve). The slopes give the dB/km loss parameters,
while the intercepts represent the coupling losses from the lasers/patchcords/connectors used. The
single-mode fiber is a Corning SMF28-Ultra with a core diameter of 8.2 µm, cladding of 125 µm, and
NA ~0.14, which is fed from a pigtailed single-mode 1550 nm laser diode. The multi-mode fiber is
a standard graded-index Corning InfiniCor OM1 fiber with a core diameter of 62.5 µm, cladding
of 125 µm, and NA ~0.275 coupled from a pigtailed multi-mode 1470 nm laser diode having a
105 µm core and an NA ~0.22. A lens-coupler was used to minimize the coupling losses between the
multi-mode laser and the OM1 fiber (OzOptics’ part #AA-300-33-1550-M-SP1) [44–48].

For the SMF at 1550 nm, a loss of 0.16 dB/km was obtained with a coupling loss of
0.18 dB. The observed low losses are consistent with the expected values for the minimal
fiber loss window near 1550 nm. The single-mode laser had a nominal spectral width of
10 nm to minimize the nonlinear transmission losses, and it had a maximum output power
of 250 mW. The maximum available single-mode 1550 nm optical power was therefore
~225 mW and ~200 mW after 1 km and 5 km of transmission, respectively, as shown in
Figure 2.
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Figure 2. Measured electrical output from Broadcom’s AFBR-POC205A9 multijunction PT10-
InGaAs/InP laser power converter for single-mode transmission distances of 1 km (blue crosses) and
5 km (green X) with different optical input powers at 1550 nm. The transmitted optical power on the
horizontal axis refers to the output power exiting the output end of the fiber.

Figure 2 shows the measured electrical output obtained with Broadcom’s AFBR-
POC205A9 multijunction PT10-InGaAs/InP laser power converter. It was obtained for
single-mode transmission distances of 1 km (blue crosses) and 5 km (green X) with different
optical input powers at 1550 nm. As can be seen from the linear regression of Figure 2,
the conversion efficiency of the AFBR-POC205A9 device was about Eff = 47% for both
cases, after 1 km or 5 km of optical power transmission. Consequently, it demonstrated a
single-mode PoF system at 1550 nm with an electrical output power of ~0.1 W after 1 km
and ~90 mW after 5 km, limited here by the relatively low-power single-mode laser used.

For PoF applications requiring more power, Figure 3 shows the case of a multi-mode
fiber power link. Figure 3 also reproduces the single-mode data of Figure 2 for comparison
purposes. The measured electrical output from Broadcom’s [49] AFBR-POC205A8 multi-
junction PT10-InGaAs/InP laser power converter is obtained for transmission distances
of 1 km (purple circles at 1550 nm) and 5 km (green circles at 1470 nm). The results are
measured at 20 ◦C for different multi-mode optical input powers. The multi-mode trans-
mission losses at ~1470 nm were obtained, as shown in Figure 1, at 0.43 dB/km with an
initial coupling loss of 3.1 dB. The coupling loss originated from the transmission from the
1470 nm laser diode with a 105 µm core fiber and an NA ~0.22 going into the OM1 fiber
with a 62.5 µm core fiber and an NA ~0.275 through the lens-coupler, which was used to
minimize the coupling losses [48].

The transmission loss in the multi-mode fiber was somewhat larger than that obtained
with the single-mode fiber. This could be in part because the wavelength of ~1470 nm
was slightly away from the minimum fiber loss window, and also because the multi-mode
transmission could have had slightly higher losses. Nevertheless, because the maximum
output power available from the multi-mode ~1470 nm was much higher at ~7 W, it yielded
a maximum transmitted power of 2 W for the case of a multi-mode link with the 1470 nm
laser. As shown in Figure 3, the resulting PoF system transmitted up to almost 1 W of
available electrical power over 5 km with an LPC conversion efficiency of Eff ~49%. The
slightly higher conversion efficiency observed in this case is attributable to the higher
performance of the AFBR-POC205A8 at that wavelength. For comparison, Figure 3 also
shows the case of 1 km multi-mode transmission at 1550 nm, which yielded a conversion
efficiency of Eff ~45.5% with a maximum electrical power of almost 600 mW. The maximum
electrical power for the case of multi-mode 1550 nm was lower than that at 1470 nm
because the maximum output power of the 1550 nm laser diode was limited to 3 W from
that laser diode.
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Figure 3. Measured electrical output from Broadcom’s AFBR-POC205A8 multijunction PT10-
InGaAs/InP laser power converter for multi-mode transmission distances of 1 km (purple circles at
1550 nm) and 5 km (green circles at 1470 nm) for different optical input powers. The single-mode
data of Figure 2 are also included for comparison.

For low-temperature applications, we examined the attributes of the cryogenic LPCs
at 808 nm [33] and 1470 nm [34]. The top picture in Figure 4 shows a pigtailed multi-mode
808 nm laser diode in operation at 20 ◦C. It clearly reveals some faint light leakage and
also some slightly brighter spots along the fiber length. A similar level of light leakage is
observed with other lasers. For example, the bottom pictures in Figure 4 show another
similar 808 nm laser diode in operation. The bottom left picture in Figure 4 was taken with
room illumination to obtain a better view of the laser pigtail furcation. The corresponding
infrared smart-phone view is shown in the bottom right of Figure 4, which is highlighting
the laser light leakage. For the bottom pictures in Figure 4, the pigtail was purposely set up
with a 30 mm diameter loop. The laser operated with an output of ~0.8 W in this example.
We clearly observed that the loop was inducing additional light leakage, even though the
bending radius of the loop was not very pronounced. For a loop diameter of ~30 mm, we
measured that the light leakage losses from the loop were about 5% of the output power.
Furthermore, the optical power losses from the loop were fully reversible when the loop
diameter was relaxed to a diameter greater than about 70 mm. Small random spots of light
leakage still remained along the fiber length for all cases.

Such light leakage can certainly be problematic in cryogenic PoF systems that further
require the employment of highly light-sensitive SiPM photodetectors. We therefore explore
better options for avoiding such potential light-leakage issues. Furthermore, our measure-
ments reveal that light leakage often becomes worse as the temperature is decreased,
depending on the type of fiber used in the PoF system.

For example, Figure 5 shows the −40 V current of a high-sensitivity silicon photo-
multiplier (Broadcom’s AFBR-S4xx SiPM) as a function of the ambient temperature for
different fiber configurations. The SiPM and the various fibers were enclosed within a
light-tight oven in a dark room. The oven was temperature-regulated and the SiPM was
used to evaluate, with the highest possible sensitivity, the residual light emanating from
various multi-mode optical fiber configurations. The fibers have been studied for ambient
temperatures between −50 ◦C and 85 ◦C. The “common fibers” (blue and purple curves)
are step-index optical fibers with a 400 µm core. They are commonly used for commercial
high-power laser diodes. The laser fiber is protected with a furcation tubing jacket, as seen,
for example, in the picture in Figure 4. The 808 nm result indicates that the amount of light
leaked from such a common fiber configuration increases as the ambient temperature is
decreased. The SiPM current for the blue curve in Figure 5 was high for the entire range
and further increased by a factor of 1.7× between 20 ◦C and −50 ◦C. Fiber light leakage
at lower temperatures has previously been observed and associated with compression
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effects on the light-guiding glass medium of the optical fiber. The compression effects were
expected to be caused by the jacket (the furcation tubing). Differences in the expansion
coefficients of the dissimilar materials were expected to create micro-bends and additional
light escape paths in the fiber [30].
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Figure 4. Picture of pigtailed multi-mode 808 nm laser diode in operation at 20 ◦C, revealing faint
light leakage and some slightly brighter spots along the fiber length (top). The picture was taken
from a smart-phone camera, which responded to the 808 nm light. Bottom: Another similar 808 nm
laser diode in operation (powered with a DC/DC power supply) with room illumination to better
view the laser pigtail (bottom left); and corresponding infrared smart-phone view, which highlights
the laser light leakage (bottom right). The pigtail at the bottom was set up with a 30 mm diameter
loop, which induced additional light leakage.
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Even more importantly, when compared to the SiPM current in the dark (black curve:
“No light”), the presence of the 808 nm transmitting fiber increased the SiPM current by
several orders of magnitude. The light leakage detected by the sensitive SiPM from the
808 nm fiber was also consistent with the optical picture seen in Figure 4 and with some
transmission losses observed separately (discussed further below). It should be noted
that the decrease in the SiPM current with temperature for the “No light” curve is typical
for a semiconductor photodetector. Furthermore, for an SiPM, the breakdown voltage is
known to decrease with temperature; therefore, for a fixed voltage of −40 V, the effective
overvoltage slightly increases as the temperature is decreased. This means the gain of the
SiPM can be somewhat different for various temperatures, and therefore, the measured
light leakage signals cannot simply be quantified directly.
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Figure 5. The −40 V dark-current of a silicon photomultiplier (Broadcom’s AFBR-S4xx SiPM) was
used to evaluate, with the highest possible sensitivity, the residual light emanating from various multi-
mode optical fiber configurations as a function of the ambient temperature. The “common fibers”
(blue and purple curves) are step-index fiber types with a 400 µm core and protected with a furcation
tubing jacket, as shown in Figure 4. The “polyimide fiber” (green curve) is a bare polyimide fiber
(no tubing jacket) from Thorlabs’ FG400LEP multi-mode fiber with a 400 µm core and an NA ~0.22.
Compared to the SiPM current in the dark (black curve: “No light”), obtained in complete darkness,
the polyimide fiber exhibited no measurable light leakage over the temperature range studied.

Adopting the 1450–1550 nm wavelength range is a strategic alternative for avoiding
light leakage, which can affect the SiPM current. This strategy is expected to be effective
in reducing some possible interference with the SiPM’s detection sensitivity. This long-
wavelength spectral range is well below the silicon’s bandgap and, consequently, the SiPM’s
response to those photons is very weak or absent. The purple curve of Figure 5 shows the
results obtained for a comparable common fiber configuration for a laser operating at a
wavelength of ~1550 nm. As expected, when compared to the SiPM current in the dark
(black curve: “No light”), the presence of the 1550 nm transmitting fiber did not increase the
SiPM current for temperatures higher than −20 ◦C. However, for the lower temperatures,
the light leakage from the fiber at 1550 nm still affected the SiPM current, increasing the
SiPM current by a factor of ~5x at −50 ◦C. We separately verified that the SiPM indeed
appeared to have a weak residual response at 1550 nm. The residual below bandgap
response of the SiPM was not understood and could be the topic of a complementary study.
In any case, we present below a bare polyimide fiber solution that effectively eliminates the
light leakage and the related interference with the SiPM’s photoresponse.
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The “polyimide fiber” (green curve) is a bare polyimide fiber (no tubing jacket) from
Thorlabs’ FG400LEP multi-mode fiber with a 400 µm core and an NA ~0.22 [48]. Compared
to the SiPM current in the dark (black curve: “No light”), obtained in complete darkness,
the polyimide fiber exhibited no measurable light leakage over the temperature range
studied here.

Given its promising attributes, the bare polyimide fiber has been further tested for
cryogenic applications. A 10 m fiber patchcord of the bare polyimide fiber was used, fully
immersed into liquid nitrogen. The patchcord had FC connectors on both ends, with
its input end connected to a 1466 nm laser source (kept at ~20 ◦C). Its output end was
connected to an AFBR-POC205A8 LPC device, also immersed in liquid nitrogen. Figure 6
shows the measured electrical output of the LPC at 77 K for different optical input powers.
Therefore, the 1466 nm light was transmitted through 10 m of bare polyimide multi-mode
fiber immersed at 77 K. An electrical output of Pmpp = 1.97 W was obtained for an optical
input power of 3.0 W. These results demonstrate a conversion efficiency of Eff = 65.7% after
10 m transmission within liquid nitrogen, with an output voltage of Vmpp = 6.85 V and
an optimal load of Rmpp = 23.8 ohms. It should be noted that the measured performance
therefore included both the photovoltaic efficiency and the transmission efficiency. The
device performance was found to be very similar if the 10 m fiber length was immersed at
77 K compared to the case if only the LPC was immersed, with most of the fiber length kept
at room temperature. For example, with a room-temperature optical transmitted power of
1.042 ± 0.005 W, the bare polyimide fiber retained a transmitted power of 1.036 ± 0.005 W
once immersed at 77 K in liquid nitrogen. In stark contrast, performing the equivalent test
with a common fiber with a furcation tubing jacket, we measured an optical transmitted
power of 1.006 W with the fiber at room temperature, but only 0.4 W once immersed at
77 K in liquid nitrogen. The latter observation further confirms that the bare polyimide
fiber substantially transmitted all the light even at cryogenic temperatures.
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4. Discussion

We verified that the transmission losses measured with the commercial single-mode
and multi-mode fibers are consistent with the values typically specified from the manu-
facturers. With more powerful 1550 nm sources and using single-mode fibers, Ma et al.
demonstrated ~3.5 W of transmitted optical power for a 5 km link, ~1.5 W of transmitted
optical power for a 10 km link, and ~0.5 W of transmitted optical power for a 20 km link [1].
Extrapolating our single-mode results in Figure 2 to those that demonstrated higher trans-
mitted optical powers from Ma et al., the AFBR-POC205A9 LPC capabilities are expected
to reach an electrical output of Pmpp > 1.6 W, Pmpp > 0.7 W, and Pmpp > 0.23 W for the
5 km, 10 km, and 20 km links, respectively. These high-electrical-output power capabilities
are possible with the AFBR-POC205A9 LPCs because of the higher output voltage of the
multijunction design and because of their high conversion efficiencies (Eff > 47% at 1550 nm
from Figure 2). The multi-mode results in Figure 3 further validate the high conversion
efficiency and high output power capabilities of Broadcom’s AFBR-POC205Ax LPCs. The
conversion efficiency was maintained at least up to 1 W of electrical output power with no
measurable performance saturation.

Figures 4 and 5 reveal that certain fiber configurations can be susceptible to light
leakage along the fiber length. The most probable origin of the observed light leakage is
expected to be related to the microscopic variations in the glass guiding. Jacketed fibers
seemed particularly prone to light leakage at low temperatures, for which case, the light
leakage was observed to become increasingly more pronounced.

The results are consistent with compression effects from the jacket, which are believed
to be responsible for the additional light leakage at low temperatures. We observed that
compression effects in the optical connector/ferrule areas can also induce light leakage and
transmission losses at lower temperatures.

For example, this was observed in experiments using the LPC as a control device,
using different fiber types. We measured the light delivered to a given LPC device down
to a temperature of −50 ◦C from a bare polyimide fiber and compared directly with the
results obtained with a “common fiber”. An example of such results is shown in Figure 7
for AFBR-POC205A9 LPCs measured at about 1470 nm. Similar to Figure 4 or Figure 5,
significant transmission losses could be observed when fiber types other than the bare
polyimide fiber were used.

The low-temperature transmission losses were also observed to vary significantly
within a group of fibers from nominally the same type. The fiber light leakage losses for
the example in Figure 7 was evaluated to about 7% at −40 ◦C. Overall, the light leakage
losses at −50 ◦C, for a pigtail length of the order of 1 m, were observed to vary from ~0 dB
to greater than 3 dB for the various pigtails we examined.

It should be noted that our study should not be extrapolated to infer that light leakage
from jacketed fibers at room temperature occurs for all wavelengths or generally across
many SM or MM fiber types. Surely, fibers exhibiting low transmission losses (e.g., as in
Figure 1) must have very little light leakage. However, for the 808 nm cases examined or
for the 1500 nm low-temperature case, it was possible to use the SiPM to help to locally
resolve the origin of the light leakage. Some of the fiber pigtails displayed light leakage
near the fiber connector area, with little or no light leakage along the fiber pigtail. Other
pigtails displayed the opposite effect, with no or little light leakage near the connector area
but some light leakage along the fiber length.

The light-sensitive SiPM can be shielded in low-temperature applications by covering
the fiber with a loose tube jacket opaque to the transmitted light to block any residual
light leakage. However, precautions must be taken to avoid additional jacket compressions
on the fiber, which could actually further promote light leakage. In any case, our study
revealed that large-core bare polyimide multi-mode fibers can be successfully used to
transmit nearly 100% of the incident light through tens of meters of fiber immersed in
liquid nitrogen.
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Figure 7. Measured output power as a function of temperature for an AFBR-POC205A9 LPC with
1.5 W of optical input at about 1470 nm. Fiber light leakage can parasitically reduce the measured
LPC output power at lower temperatures when fiber types other than bare polyimide fibers are used.

5. Conclusions

In this study, long-distance, high-efficiency power-over-fiber has been demonstrated
using ~5 V multijunction photovoltaic power converters. Fiber light leakage effects have
been studied for different fiber configurations, and detailed measurements have been made
using highly light-sensitive silicon photomultiplier (SiPM) photodetectors. We examined
the transmission through single-mode and multi-mode fibers at the wavelengths of 808 nm
and 1470/1550 nm. Watts of electrical power for long-distance or cryogenic applications
have been delivered with the full galvanic isolation of power-over-fiber.

An electrical output power of ~0.1 W was converted with an LPC conversion efficiency
of Eff > 47% after 5 km of transmission through a standard single-mode SMF28 fiber fed with
0.25 W of optical power. It is expected that higher output powers and/or longer distances
can readily be achieved by using more powerful optical input sources at 1550 nm [1]. Multi-
mode fiber transmission also gave access to high PoF output powers at long distances. An
electrical output power of ~1 W was demonstrated with an LPC conversion efficiency of Eff
~49% after 5 km of transmission with a standard OM1 multi-mode fiber fed with ~2.5 W of
optical input power at ~1470 nm.

A cryogenic power-over-fiber system at ~1470 nm was also demonstrated with ~2 W
of electrical power converted over a 10 m distance, with a conversion efficiency of Eff > 65%
at 77 K. Our study demonstrates that specific fiber types can enable low-loss transmission,
compatible with cryogenic requirements, and with minimal light leakage triggering of
the SiPM.
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