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Analysis of wireless charging systems
with R&S®RTM 2000 multidomain
oscilloscopes
Wireless charging for smartphones and other mobile devices is booming. A large Swedish furniture
company has even introduced a new line of furniture with integrated wireless chargers to the market. The
most widely used wireless charging standards are Qi and Rezence. When developing and validating such
chargers, it is important to analyze their behavior in both the time and frequency domains. The fastest and
most convenient way is when both domains are time-correlated in one oscilloscope.
Due to their flat design, wireless chargers can be integrated
into everyday surroundings, and manufacturers from different
industries are increasingly taking advantage of this fact. Wireless chargers are hidden, for example, in new cars and even
in furniture. Many smartphones are also prepared for wireless charging. Users benefit from convenient charging without cables. Network operators also have advantages because
charged phones potentially generate more revenue. This
encourages network operators to provide chargers to fast
food chains, for example.
Following the recent merger of Power Matters Alliance and
Rezence developer Alliance for Wireless Power, there are currently two dominant standards: Qi and Rezence. The design
challenges for developers are similar. What these are, and
how they can best be met, is described below using the Qi
standard as an example.

integrating more functions into oscilloscopes and optionally
upgrading instruments. For example, the R&S®RTM2000 multidomain oscilloscope offers a spectrum analysis and spectrogram option (R&S®RTM-K18). Thanks to hardware-implemented digital downconversion (DDC), which reduces the signals to the components relevant to the analysis, the spectrum
of analog input signals can be analyzed at high speed – from
DC to the instrument bandwidth. Measurement parameters
can be independently optimized in the time domain (duration
and resolution) and the frequency domain (center frequency,
span and resolution bandwidth).
The following shows how these challenges can be quickly and
elegantly mastered with the R&S®RTM2000 oscilloscope.

Qi and its challenges for developers
Wireless energy transfer systems under the Qi standard use
frequencies from 110 kHz to 205 kHz and can transfer up to
5 W. Fig. 1 shows the setup of a Qi charging system. These
systems have four phases: selection, ping, identification /
configuration, and power transfer. There are two areas of special interest in the development phase. One is the system
behavior when a device is brought close to the charging station, i.e. the transition from the selection phase to the power
transfer phase. The other is the analysis of the electromagnetic disturbances since the relatively weak signals for control
compete with the strong signals of the 5 W power transfer.
In both development tasks, it is essential to ensure the timecorrelated monitoring of the digital signals of the control elements as well as the signals from the transmitter and receiver
coils. An oscilloscope and an entry-level spectrum analyzer
are required. Developers benefit from the trend towards
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Fig. 1: Qi charging systems communicate with the smartphone and negotiate a power transfer contract.

Fig. 2: Analog ping signal in selection mode
in three representations: time (top), frequency
spectrum (below) and spectrum over time
(spectrogram, center).

Characterization of the power transfer setup
In the selection mode, which is basically an energy-saving idle
mode, the power transmitter in the charging station regularly
transmits analog pings to monitor its environment (Fig. 2). If
for example, the power transmitter detects a nearby object
due to changes in the inductive field, the system proceeds to
the ping phase. In this phase, the power transmitter executes
a digital ping that requires a response in order to determine if
the nearby object is a smartphone or another (metal) object. If
the smartphone answers the ping signals, the system continues to the identification and configuration phase, otherwise
it reverts to idle mode. In the identification and configuration
phase, the charging station and smartphone first negotiate a
power transfer contract based on configuration information,
such as the required power. A time-correlated power transfer
then takes place.

There are two central aspects when characterizing frequency
controlled designs. First, adherence to the various time intervals when negotiating the power transfer contract. This
includes specific minimum times between two communications processes and the timely shutdown of power transfer
in case of failure. Although times are comparatively long – in
the millisecond range – nonadherence often leads to malfunctions. Secondly, a high dynamic range is required to measure
the communications’ weaker amplitude shift keying (ASK)
signals. Once the connection is established, variations in the
voltage levels often cause compatibility problems. Adherence
to specified levels is also beneficial for energy efficiency and
is required by various energy efficiency standards such as
ENERGY STAR.

Optimization of coil design and energy efficiency
The method for controlling the required amount of power
is not specified in the standard, but three processes have
become established:
❙❙ Frequency control: The resonance frequency is tuned, which
affects the amount of power in the charging coil and therefore the transferred power.
❙❙ Duty cycle control: At the inverter, the duty cycle is adjusted
to the required power.
❙❙ Voltage control: The voltage applied to the charging coil is
adjusted.
The specification also allows parallel implementation of different methods.

For efficient charging, it is important to precisely understand
the frequency and amplitude adjustments of the carrier frequency fc. The energy efficiency is strongly influenced by the
coils’ properties and material. The R&S®RTM2000, together
with the spectrum analysis and spectrogram option, allows
exact analysis of fc adjustments during the handshake. Thanks
to the oscilloscope’s high dynamic range, the weaker ASK
modulated signal on the comparatively large 20 V (Vpp) carrier can be measured as shown in Fig. 3. The correct time
window for the analysis is selected based on this information. The actual modulation can be analyzed best in the spectrogram. There, the signal level is color-coded and plotted over time, making it easy to interpret changes such as
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switching operations. The high FFT rate of the R&S®RTM2000
makes even rapid frequency changes visible. Together with
the R&S®RTM-K15 history and segmented memory option,
the spectrogram marker shows the time of the acquisition
and makes it possible to load the corresponding time and frequency waveforms from the deep 460 Msample memory. All
oscilloscope tools can be used to analyze the loaded waveforms. For instance, the mask test offers an elegant way to
identify signal anomalies in the analog signals that indicate
errors.
Fig. 4 shows such a modulation of the carrier frequency fc
for adjusting a Qi circuit’s power. In the upper quarter of
the spectrogram, the charging station’s idling frequency of
175 kHz is visible. As the load approaches, fc first changes
to 120 kHz and gradually adjusts to 205 kHz as the distance decreases. The blue max. hold trace – i. e. the envelope
around the maximum values of all fc spectra (yellow trace) –
makes the analysis of the amplitude change particularly easy.
The coil can be adjusted based on this analysis.

Analysis of electromagnetic susceptibility
Characterizing the electromagnetic susceptibility of the charging station is another important task. Not only does the large
charging coil, together with the tracks on the board, act as a

perfect antenna; preliminary investigations during development help eliminate surprises later during electromagnetic
compatibility assessment.
Specifically, two of the charging station states typically present the greatest challenges. First, the periodic pings when
establishing a connection cause ripple and noise on the board
tracks. Later, in the power transfer phase, the system has
a fixed resonance frequency, making it more susceptible to
external electromagnetic disturbance than in previous phases.
With suitable near-field probes, like those included in the
R&S®HZ-15 set, the board tracks can be examined directly to
quickly locate problem areas in the design (Fig. 5). Just like
with a spectrum analyzer, the oscilloscope with the spectrum analysis and spectrogram option can be used to adjust
parameters such as the center frequency, span and resolution bandwidth while measuring. This enables users to specifically analyze the frequency range of interest. Usually, fast
and sporadic emissions can only be found with spectrum
analyzers. But the DDC implementation in the R&S®RTM-K18
option makes it possible to detect these emissions with the
R&S®RTM2000 oscilloscope. Thanks to the additional ability
to simultaneously monitor events in the time domain, causes
can be more easily located. Countermeasures such as shielding can be chosen based on this analysis.
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Fig. 3: Establishing
the connection with
analog and digital
pings as well as the
subsequent configuration phase with ASK
modulation.
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Summary
When developing wireless charging systems, different measurement functions are needed since these systems contain RF, digital, power and control components. With a

multidomain oscilloscope like the R&S®RTM2000, these
measuring tasks are easily solved without the need for additional equipment.
Dr. Philipp Weigell
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Fig. 5: Scanning of a Qi controller with an H near-field probe (left). Low (center) and high (right) electromagnetic disturbance when components are
switched off or on.
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