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The very high frequency of 5G excels at transporting large quantities of data fast, but
the signal doesn’t go through walls. A gallium-nitride-based power system tackles this
problem with both signal and power transferred through a wall.

ireless technology has become more

sophisticated and pervasive with the

beginning of the 5G network rollout.

As the infrastructure becomes widely
deployed and the technology matures over the ensuing years,
5G will make sense for many more applications.

5G coverage, besides being impacted by the physical dis-
tance between cell towers/repeaters, depends on the envi-
ronment. 5G networks aren’t particularly good at providing
coverage when the signal is interrupted by walls, water tow-
ers, and other barriers to RF propagation. Also, current 5G
systems draw more power than other competing technologies.
Well-architected power-management schemas to ensure use-
ful operating life, the maturing of IoT, and wireless charging
will all undoubtedly work together to create more technology
innovation for 5G infrastructure.

Magnetic-resonance-based wireless-power-transfer tech-
nologies such as AirFuel! have emerged in recent years, le-
veraging their loosely coupled nature, higher operating fre-
quency (6.78 MHz), and ability
to offer differentiation in position
flexibility, large separation dis-
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the indoor power line and adapters. This could be accom-
plished by drilling holes through residential walls for connec-
tivity. However, cost, regulations, and religious customs are
issues preventing the connectivity of these systems in many
regions.

The Wireless Power Transfer (WPT) system described in
this article is a suitable power-transfer solution for a wireless
mmWave ODU (Fig. 1). This WPT application can also be
used for 5G micro base stations as well as IoT devices such
as IP cameras and optics network terminals (fiber-to-home)
with wireless data transfer (WDT). With the advantages of
spatial freedom and high separation distance capability, the
applicability of this WPT system for WDT is endless.

Figure 2 depicts the conventional WPT system, consisting of
a constant-current RF source in the form of a power amplifier
(PA) and transmitter and receiver resonator coils. On the re-
ceiver side, a full-bridge rectifier transforms the coupled RF
power into a dc signal. Tx and Rx resonators (coils) shouldn’t
be overlooked. Based on AirFuel specifications, the resonators

DU

tance, and multi-device charging
capabilities.

The trend for 5G networks will
likely result in operating at very
high frequency such as millime-
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1. This diagram depicts a WPT system for 5G FWA outdoor-unit charging applications.
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2. A conventional WPT system consists of a constant-current RF source in the form of a power amplifier (PA) plus

optimization for best
system efficiency.

transmitter and receiver resonator coils. The receiver side includes a full-bridge rectifier, which is used to rectify the

coupled RF power into a dc signal.

are required to exhibit certain performance characteristics;
among them, minimum magnetic-field variation is one of the
most important. The PA implementation in this design is a
high-efficiency Class FE2 constant-current-mode amplifier

234 which can offer more than

with GaN technology devices,
90% efficiency over a very wide impedance range.

The coil design for the FWA application differs from that of
conventional coils and is optimized for uniform field distribu-

tion across a large gap. This design focuses on the maximum
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3. This graphic illustrates the figure-of-merit (U) definition of Tx/Rx
coils of a WPT system.
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4. In this plot of efficiency vs. figure of merit, at a 200-mm gap dis-
tance, the coil-to-coil efficiency is more than 87% when U is 14 and

both optimized Tx and Rx impedances are around 30 Q.

Coil Design for a
200-mm Gap

With respect to coil typology, this FWA WPT system design
aims to provide a larger charging gap through the wall of a
house compared to a conventional resonance WPT system. It
provides more surface for multiple devices and flexibility in
the placement of charging devices for more eflicient power
transfer. Hence, the Q of the transmitter coil should be large
enough to gain a high mutual coupling factor to transfer more
power to the other side of the wall.

However, as the size of the Tx coil increases, efficiency
drops due to the lower coupling coefficient and longer Tx
coil wire resistance. A typical size of 200 x 200 mm is wide
enough to transfer the power at a 50-mm gap with optimized
efficiency.’ However, the efficiency drops when the gap widens
to more than 100 mm.

The 200 x 200-mm Tx coil for this application has five turns
and a 4-mm trace width with uniform 3-mm spacing to trade
off the thermal performance at high power operation and the
drywall area of a residential property. The coil’s synthesis ob-
jective is based on a unique figure of merit (FOM; expressed
as U) that’s defined in Figure 3. Q is the quality value of the
coil at 6.78 MHz, and r; and r, are the respective radiuses of
the coils. For this 5G FWA application, Tx and Rx coils are of
the same design.”
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5. The photo shows
the low energy-field
Tx coil with in-line

capacitors.
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As determined by the equation, the coils achieve an FOM
U value of 14 and the coil-to-coil optimized efficiency is the
maximum magnetic field in the X direction at a 200-mm, 50-
X 50-mm area.
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6. The impedance chart of the Tx and Rx coils at a 200-mm gap dis-
tance shows that these impedances are in the maximum efficiency
range, which guarantee the system could be operated at the best

performance.
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7. The system’s end-to-end efficiency and received power is com-
pared to load sweep at a 200-mm gap.
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8. Here’s an ODU module for 5G FWA applications with antenna.
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We used the Biot-Savart Law to calculate the magnetic field
produced by an arbitrary current filament structure. Optimi-
zation is focused on the FOM in Equation 1 and with Q values
as the goal function. The relevant variables are the number of
turns, spacing of turns, and width of each turn.

As shown in Figure 4, with the 200-mm gap distance, the
coil-to-coil efficiency is more than 87% when U is 14 and both
optimized Tx and Rx impedances are around 30 Q. The Tx
coil itself can be seen in Figure 5.

Those impedances are in the maximum efficiency range

9. Shown is the WPT system for 5G FWA applications mounted on a

dummy wall with antenna.

Frequency

10. The five data channels at 500 MHz, with each having 100-MHz
bandwidth and center frequencies from 1175 to 1575 MHz, deliver a
total Tx carrier power of 4.9 dBm.
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(Fig. 6), which guarantee the system could be operated with
maximum performance.

Figure 7 depicts the end-to-end efficiency performance of
the through-wall WPT system. The system can deliver more
than 65 W with 81% efliciency into a dc load of from 70 to
110 Q. To avoid high operating temperatures, the efficiency
at higher-power operation is significant for 5G through-wall
FWA applications.

In Figure 8, we see the ODU module biased at 12 V and
indoor unit (IDU) biased at 48 V. The Rx coil output is fed to
the rectifier and then to the dc-dc converter, which converts
the rectifier’s output voltage to 12 V. Figure 9 shows the WPT
system mounted on a dummy wall for test purposes.

The five data channels at 500 MHz, with each having 100-
MHz bandwidth and center frequencies from 1175 to 1575
MHz, deliver a total Tx carrier power of 4.9 dBm. The test
spectrum is shown in Figure 10. To test the throughput, two
laptops are used in the bench setup for Tx and Rx, respectively.
The measured throughput data can be seen in Figure 11.

The remarkable 81% efficiency performance and the large
gap through-wall system demonstrates very impressive per-
formance for FWA radio. It will provide more power capabil-
ity to power up 5G infrastructure units. The AirFuel through-
wall WPT system’s efficiency and power performance are
more advanced than lower-frequency-operation systems.®®
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