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Abstract—In this study, we present a new approach for wireless
pulse-width modulation (PWM) control of a power converter,
applicable to numerous power converters within a complex
electrical distribution system. This method eliminates the need
for multiple physical connections of gating/PWM signals among
distributed converter modules. By using ultra-wideband-based
communication, the PWM control signals can be wirelessly
transmitted from a central controller to multiple converters
simultaneously and seamlessly. System stability is thoroughly
analyzed, and experimental results validate the efficacy of the
wireless control scheme for a buck converter operating at a 50-
kHz switching frequency. The minimum latency obtained from
this setup is 5.38 ps. This control concept offers easier
implementation of distributed control in high-voltage power
systems, especially in multilevel architectures, even under harsh
conditions with ambient noise.

Keywords—pulse-width modulation (PWM), wireless PWM, low-
latency wireless communication, ultra-wideband communication,
wireless gate driver

I. INTRODUCTION

Maintaining galvanic isolation between the control and
power sections is essential in any power converter. Over the
years, various techniques have been developed to achieve
this, including optocouplers, pulse transformers, and fiber
optics—all of which are well-established technologies [1]-
[3]. However, when operating power converters at high
voltages, these methods have shown certain drawbacks, such
as limited bandwidth and nonlinear response in optocouplers,
size constraints and limited frequency response in pulse
transformers, and high cost and fragility in fiber optics [4].
To address these challenges, wireless communication
emerges as a promising solution between the control and
power systems. Although widely used wireless protocols like
Wi-Fi, Bluetooth, and Near-Field Communication offer
higher data bandwidth and range, they suffer from
considerable latency as high as 50 ms, rendering them
unsuitable for power converter control loops. The average
Wi-Fi data latency is in the range of 20-25 ms [5], [6], though
Wi-Fi 7 (802.11be) is proposed to be as low as 1 ms [7], [8].
In contrast, Bluetooth Low Energy latency typically ranges
from 30 to 150 ms [9], with Qualcomm’s update reducing it
to 20 ms [10]. To address latency issues, alternatives like
ultra-reliable  low-latency ~communications (URLLC),
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WirelessHART, 60-GHz communication, and ultra-
wideband (UWB) technology are explored [11]. URLLC
achieves latency as low as 0.5 ms [12], [13], while
WirelessHART offers 2-100 ms depending on data volume
[14]. Additionally, 60-GHz communication and UWB
provide sub-millisecond latency [15], [16]. UWB technology
is also known for its impressive performance, offering sub-
millisecond latency [15]. For instance, SPARK
Microsystems’ wireless audio system, developed based on
UWRB technology, demonstrates tight synchronization within
20 ps [16]. Although various newer communication
technologies hold potential for a wireless gate driver, we
selected UWB for its cost effectiveness, low power
consumption, superior penetration capabilities, and minimal
interference. A key factor is that UWB signals are inherently
challenging to intercept and eavesdrop on due to their low
power, wide bandwidth, and short-duration pulses. To our
knowledge, this is the first time UWB communication is
being used to wirelessly control power converters, which is
the obvious next step from the Wi-Fi pulse-width modulation
(PWM) gate driver circuit developed by the National
Renewable Energy Laboratory in 2022. We have plans to
integrate this scheme with the wireless gate driver circuit.
This setup will drive the Ga,Os-based power module at
extremely high voltage levels, reaching around 20 kV [17].

A. UWB Communication

UWRB is a short-range wireless communication protocol that
operates at very high frequencies (3.1-10.6 GHz) [18]. UWB
uses very short, rapid pulses of energy to transmit data, which
allows for high data rates and low latency [19]. UWB is
primarily used for short-range, precise location sensing. By
measuring the time it takes for signals to travel between
devices, UWB determines distances with picosecond
accuracy using specialized chips. This technology allows for
pinpoint location tracking, achieving impressive 10-cm
accuracy. Though this is widely used for location tracking, it
has full capabilities of wireless data transfer for short ranges
(up to 25 m) [20].

B. Power Converter Control System

The control system plays a crucial role in every power
converter, regardless of whether it operates with open-loop
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or closed-loop control. Its main function is to generate
appropriate excitation signals for power semiconductor
switches, typically generated using a digital circuit and then
transformed into suitable gate signals using a gate driver
circuit. The gate driver acts as a vital bridge between the low-
voltage and high-voltage systems, hence acting as a current
buffer too. However, it is also the most vulnerable
component, particularly when it comes to failure due to
voltage stress. Such failures can lead to catastrophic
consequences, affecting the entire control system. To address
this issue, one promising solution is to replace all physical
connections between the control system and the high-voltage
system with wireless communication, which can eventually
enhance reliability and safety in high-voltage power
conversion systems.

C. Wireless Communication in Power Converters

Researchers  have  extensively  explored  wireless
communication in power converters. Ref. [21] focuses on
wirelessly controlled PWM voltage-source converters,
analyzing stability and the effects of delay, though it does not
show any experimental validation. Another paper [22]
investigates wireless space vector PWM for long-distance
communication, achieving successful signal generation and
radio frequency (RF) link establishment. This work uses 2.4-
GHz nRF wireless communication, which has a latency in the
range of several milliseconds. Similarly, [23] showcases
wireless PWM control for a two-module DC-DC buck
converter, ensuring load current sharing. Additionally, [24]
presents a parallel DC-DC converter design with successful
RF-controlled regulation of output voltage, though the
communication is not secured. Lastly, [25] and [26] highlight
60-GHz communication for transmitting gate control signals
in power devices. Though this approach achieves low latency,
it requires complex, field-programmable gate array-based,
and custom-designed RF integrated circuits. Addressing
these limitations, UWB might be the best choice, as it has
extremely low latency and, due to its inherent burst mode
nature, is secure and can easily coexist with other protocols.

1L EXPERIMENTAL SETUP AND TEST RESULTS

A. Latency Measurement

This experiment setup uses two UWB transceiver evaluation
boards. One is configured as a transmitter (master) and the
other as a receiver (slave). This experiment was conducted in
two steps. In the first step, upon each transmission by the
master, it will alter the state of a general-purpose input-output
(GPIO) pin on the host microcontroller unit (MCU) of the
evaluation board. Similarly, upon receiving a signal, the slave
will toggle the state of a GPIO pin on its host MCU. To
measure latency, the master will transmit five consecutive
transmissions. The oscilloscope will then capture the GPIO
output of both the transmitter and the receiver. Fig. 1
illustrates the test setup. Fig. 2 illustrates the captured
waveform during the experiment. The blue waveform is
captured from the transmitter board, while the purple
waveform is captured from the receiver board. As previously
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stated, the edges of the captured pulses represent
transmission and reception events for the respective boards.
Fig. 3 illustrates the latency measurement between
TX Event 1 and RX Event 1. Similar latency
measurements for all other TX/RX events were conducted,
and the average latency across these five events was found to
be 5.38 ps.
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Fig. 3. Latency measurement.

During the second step, the transmitter’s MCU produces a
PWM signal, cyclically varying its duty cycle between 20%
and 80%, which we named “wired PWM.” While generating
this PWM, the transmitter also sends the duty ratio
information to the receiver. After receiving the data, the
MCU at the receiver end generates a corresponding PWM
signal, which we refer to as “wireless PWM.” Fig. 4
illustrates the block diagram of the test setup. Fig. 5 displays
both PWM signals, with the yellow representing the wired
PWM and the green representing the wireless PWM. The
oscilloscope is configured to trigger capturing when the duty
cycle changes from 80% to 20% in the transmitter. This setup
ensures synchronism between the transmitter and receiver
end pulses, enabling accurate latency measurement. In this
experiment, the measured latency is 5.6 ys.
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B. Performance Analysis in a Closed-Loop DC-DC
Converter

To evaluate the performance of the entire control scheme, we
constructed a synchronous buck converter, and the test setup
is shown in Fig. 6. The MCU at the receiver end takes the
voltage feedback from the buck converter and sends it back
to the transmitter. Based on this, the MCU at the transmitter
end calculates the duty ratio using a discrete Proportional-
Integral (PI) controller and sends the information to the
receiver end. Then the MCU at the receiver end generates
PWM based on this information. The PWM frequency is
chosen at 50 kHz, and the bandwidth of the PI controller is
set at 5 kHz. These values are selected because most high-
power converters operate with a switching frequency of 10—
50 kHz. Additionally, a one-tenth bandwidth for the control
loop works satisfactorily for most practical applications. The
buck converter’s input voltage was 24 V, and it was
configured to generate 12 V at the output. Fig. 7 shows both
the open-loop and closed-loop step responses when the load
changes from 1 A to 10 A. The analysis of the closed-loop
response demonstrates the proper operation of the control
loop while using wireless PWM control.

Fig. 6. Experimental setup with buck converter
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Fig. 7. (Top) Open-loop response and (bottom) closed-loop response.

C. Transmitted PWM Signal for Sine Wave Modulation

For this experiment, a 1-kHz sinusoidal PWM (SPWM)
signal was transmitted, and the received signal was
compared with the transmitted one to evaluate the latency.
The latency was measured to be 5.34 ps. Fig 8 shows the
transmitted and received SPWM signals and latency
between them.
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Fig. 8. (Top) Transmitted and received SPWM signal; (bottom) latency
between transmitted and received SPWM.

D. Final Gate Driver Hardware Design

The satisfactory experimental results convinced us to start
designing the final version of the UWB-enabled wireless
gate driver for SiC power modules. The electronic
computer-aided design (ECAD) is completed in a very
compact footprint (61 mm X 41 mm), and this stand-alone
half-bridge driver can be daisy chained with two others to
build a complete six-pack driver. Additionally, some other
peripherals (e.g., state-of-health monitor) and various
protection and feedback modules can also be integrated
through the onboard expansion connector. Fig. 9 (top)
illustrates the 3D ECAD model of the stand-alone gate
driver, and Fig. 9 (bottom) shows the gate driver prototype
integrated with a half-bridge module from Cree. This gate
driver is still under development, as we are working on the
antenna optimization.

Fig. 9. (Top) Different sections of the final gate driver; (bottom) gate driver
prototype.

IIT. CONCLUSIONS AND FUTURE WORK

For the first time, a UWB communication-based wireless
gate driver has been demonstrated, with initial test results
showing highly promising outcomes. Without accessing the
physical layer, we achieved a latency of 5.4 us. We strongly
believe this latency can be significantly reduced to sub-
microsecond levels by accessing the UWB hardware’s
physical layer. This technique is unique compared to
existing solutions, as it utilizes all conventional off-the-shelf
components and a well-defined communication protocol.
Additionally, UWB is inherently immune to external
interference, making it suitable for operation in harsh
environments. Furthermore, we are conducting a frequency
domain analysis of the DC-DC converter to understand the
effect of latency on the overall control system stability and
system dynamics. In the near future, we plan to test this
topology in medium- and high-voltage distributed systems
and pulsed power applications.
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