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Abstract—Magnetic core loss measurement methods suitable
for high-frequency sinusoidal excitations are currently time
intensive or inherently suffer from flux drive limitations due to
the costly and ill-suited radio frequency (RF) equipment utilized
in the measurement. The recent development of automated
testers has enabled the collection of large core loss data sets
across a broad range of operating frequencies and flux densities.
Improper loading of the RF power amplifiers utilized in these
measurements makes the collection of accurate core loss data
impractical above certain drive levels. In this paper, we develop
and demonstrate an automatable core loss testing method which
replaces the commonly employed RF power amplifier with a
high frequency switching inverter. An analytical framework
for assessing flux harmonics in the core is also presented. An
experimental demonstration is perforned in the range of 1-7MHz
for the following materials: (1) Fair-Rite 67, (2) Fair-Rite 80, and
(3) Proterial ML91S.

Index Terms—Automation, ferrite, high frequency (HF), core
loss measurement, magnetic loss, power magnetics.

I. INTRODUCTION

MINIATURIZING AND IMPROVING the efficiency of power
electronic converters is fundamental to advancing a

myriad of today’s electrical systems and devices. The magnetic
components in these converters currently present a critical
bottleneck to improving their power density. Increasing the
operating frequency of these magnetics is a ubiquitous ap-
proach to drive miniaturization, however, the benefits of doing
this are strongly dependent on the loss characteristics of
the core materials that comprise the magnetic component
[1]–[3]. The optimal selection of material, geometry, and
operating conditions are all critical for achieving the highest
degree of miniaturization. Power electronic converters that
have successfully achieved miniaturization utilizing medium
frequency (MF) and high frequency (HF) switching operation
(300kHz-30MHz)1 include resonant inverters [4], [5], resonant
dc-dc converters [6]–[8], and coupled electronic and magnetic
systems (CEMS) [3], [9], [10].

One of the key challenges in the optimization of magnetic
components is that their loss characteristics are highly non-
linear and inherently vary piece-to-piece owing to manufac-
turing imperfections. Manufacturers typically provide a set
of volumetric power loss curves that are empirically fitted

1We conform to the frequency band definitions specified by the International
Telecommunications Union (ITU), where MF and HF represent the bands of
the radio spectrum 300kHz-3MHz and 3MHz-30MHz, respectively.

from a relatively small data set using the Steinmetz equation
[11], [12]. The loss data provided is limited and designers
generally use these materials outside of their tested specifi-
cations, often attempting to extrapolate expected performance
via analytical methods [13]–[15]. The most prominent methods
for extrapolating magnetic loss characteristics under general
operating conditions rely upon the availability of accurate
sinsuoidal core loss data in the operating frequency range
of interest (e.g., via the conventional Steinmetz parameters
k, α, and β). The availability of large core loss data sets, or
‘loss maps’ [12], under varying operating conditions has high
utility, enabling better informed magnetic component selection
and subsequently optimized converter design. These large core
loss data sets are also crucial for machine learning frameworks
which aim to develop core loss models based upon training
on large amounts of experimental measurements, such as in
[16].

Present-day electrical methods for measuring high fre-
quency core loss under sinusoidal flux excitations [17]–[20]
prove to be accurate and readily implemented, with automation
of the test procedure described by the former two methods be-
ing demonstrated in [21]. The underlying issue with previous
implementations of these electrical measurement methods is
that they employ relatively expensive RF equipment which is
designed to supply fixed resistive loads (e.g., 50Ω). Unless
the equivalent resistance of the core loss testbed is actively
matched to the loading requirement of the power amplifier,
this equipment will present a key limitation in the ability
to collect data at moderate-to-high flux density drive levels.
As miniaturization efforts tend to push magnetic materials to
operate at high drive levels, the inability to obtain core loss
data in the regime most useful for high frequency, high per-
formance power converter design is counter to the objectives
of these testers. Since core loss is a nonlinear phenomena,
the effective resistance of the magnetic component changes
with drive level, therefore any power source designed to drive
fixed loads without load matching capability is unsuited for
these testbeds. This demonstrates a clear need for a core loss
measurement method non-reliant on the traditionally employed
RF power source.

To produce a core loss testing setup that is easily and
inexpensively implementable in most power electronics lab-
oratories, and to help mitigate the amplifier loading issues
that limit the achievable operating range for collecting core
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loss data, this work describes and verifies the suitability
for a low-voltage (e.g., 100-600V) half-bridge inverter to be
utilized as the driving source for ‘resonant core loss testing’2.
Specifically, we provide an analytical framework for using
the resonant quality factor Q0 as a metric for assessing the
harmonic content of the flux within the core, such that a purely
sinusoidal input voltage is no longer required and a square
wave excitation can be used to collect core loss data using
the resonant core loss testing method described in [17], [18],
[21]. This allows for the use of a simple and cost-effective
switching inverter driven by a low power dc supply in lieu
of the expensive arbitrary waveform generator and RF power
amplifier previously utilized. Such a development is critical as
it greatly simplifies the ability for researchers to obtain their
own high frequency core loss data, which benefits both current
large-scale core loss collection initiatives [16] and research and
development of miniaturized high frequency power converters.

In Section II of this paper we describe the resonant core
loss testing method which this work extends. In Section
III, we provide a detailed description of the proposed core
loss testing method along with an analytical framework for
assessing the flux harmonics within the core solely in terms
of the resonant quality factor Q0. In Section IV we present
the hardware prototype along with experimentally collected,
temperature controlled core loss data in the range 1MHz-
7MHz and provide a comparison to manufacturer provided loss
data. Potential error sources in the measurement procedure are
also discussed. Finally, Section V concludes this paper.

II. RESONANT CORE LOSS TESTING

A. Theory of Operation

The resonant core loss testing method upon which this work
is based can be understood by considering the operation of a
series RLC circuit, as is shown in Fig. 1, where the RF power
source is assumed to produce a purely sinusoidal voltage at
the tank’s resonant frequency

fr =
ωr

2π
=

1

2π
√
LrCr

(1)

Here, Lr represents the inductance of the core under test and
any other equivalent series inductance (ESL) in the tank, and
Cr represents a tuning capacitor utilized to achieve resonance
at the desired operating frequency. It was shown in [21] that
a variable vacuum capacitor is a suitable choice for providing
tuning capability across a broad range of frequencies and is
employed in this work. The resonant quality factor of the tank
can be found as

Q0 =
Vout,pk

Vin,pk
=

ωrLr

Rcore +Rsys
(2)

where Vin,pk and Vout,pk are the amplitudes of the sinusoidal
input voltage and capacitor voltage, respectively, and Rcore,
Rsys are the effective core resistance and any other equivalent

2We use the term ‘resonant core loss testing’ to describe the general core
loss testing method described in [17], [18], [21].

Fig. 1: Series RLC circuit fed by RF power amplifier tradition-
ally used in ‘resonant core loss testing’ measurement testbeds.

series resistance (ESR) in the network (e.g., inductor winding
resistance, capacitor ESR, etc.), respectively. Having pre-
measured Rsys and Lr and measuring Vin,pk and Vout,pk with
the circuit tuned to the driving source’s resonant frequency, the
effective core resistance can be extrapolated by rearranging (2)
as

Rcore =
ωrLrVin,pk

Vout,pk
−Rsys (3)

One of the primary difficulties in obtaining core loss data
from this testing method is the requirement of accurate,
pre-measured winding resistance values Rcu. In the seminal
works that introduced this method [17], [18], measurement
of Rcu was performed by constructing a coreless inductor
with the same dimensions of the core to be tested and using
an impedance analyzer to evaluate the resistance. In these
works, it was shown via finite element analysis that the
measured resistance is accurate with a magnetic core inductor
for µr < 4, but that for µr > 4 the winding resistance could
be underestimated by as much as 30% (owing to the core
strongly influencing the distribution of magnetic fields around
the windings, and thus their ac losses). To limit the error
introduced by Rcu, the authors controlled the core loss to be
five times larger than the copper loss.

It was shown in [21], and was employed in this work, that
a less limiting approach is to use the large-signal test setup
to resonate the system and take an impedance measurement
at the resonant frequency. Since the impedance of a resonant
tank at its resonant frequency is equal to the resistance in
the system, this approach effectively measures all winding
resistance and ESR without having to take discrete resistance
measurements or limit the large signal operating conditions.
It is noted that small signal core resistance is included in
the resonant impedance measurements but is not expected to
have a significant impact on the large-signal data. To reduce
any error introduced by the small signal core resistance, this
resistive component can be removed from the measurement
via methods described in [22].
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With the core resistance known, the peak sinusoidal current
in the circuit at the tank’s resonant frequency can be found as

Ires,pk =
Vin,pk

Rcore +Rsys
(4)

Noting that, at resonance, the peak capacitor voltage Vout,pk

is equal to the peak inductor voltage VL,pk, the peak flux
density is found as

Bpk =
LrIres,pk
NAe

=
Vout,pk

ωrNAe
(5)

where N is the number of winding turns on the inductor and
Ae is the effective cross sectional area of the magnetic core3. It
is noted that (5) is only valid when functioning in the magnetic
component’s linear region of operation. As the magnetic cores
suitable for high frequency power converters generally become
considerably lossy before they reach saturation, this restraint
was not limiting in this work. The volumetric power loss
density can then be found as

Pv =
I2res,pkRcore

2Ve
(6)

where Ve is the effective volume of the core.

B. Amplifier Loading

When operating at the resonant frequency, the impedance
of the RLC network is equal to the resistance in the system.
It is this impedance - which generally ranges from Ω’s to tens
of Ω’s for the high frequency magnetics of interest - that is
seen by the output of the RF power amplifier. Commercial
power amplifiers are typically linear (e.g., class A/B [23]) and
are designed to be loaded by a fixed resistive load (nominally,
the characteristic impedance of the system, e.g., 50Ω). Thus,
[17], [18], [21] employ an impedance transformer at the input
of the resonant tank to match the load to the power amplifier.

The issue with this method is that core loss is a nonlinear
phenomenon, meaning that the effective resistance of the core
changes with flux drive level. Therefore, as the drive level
increases, the effective resistance increases, and the amplifier
becomes improperly loaded. This results in a distortion of
the input voltage driving the resonant tank (e.g., production
of non-fundamental harmonics) and any further attempt to
increase the voltage level tends to increase these harmonics
rather than the fundamental of interest. The key detriment
is that the amplitude of the fundamental component can no
longer be appreciably increased, and subsequently neither can
the flux density of interest within the core. This severely limits
the utility of these methods for testing magnetic materials
under high flux conditions, which prevents data collection
in a regime where optimized designs may tend to push the
material. It is noted that the seminal work that introduced and
leveraged this testing method [17] utilized Fourier Analysis
post-processing to extract the fundamental component of the

3It is recommended to directly measure the dimensions of the core to define
Ae and Ve, as the manufacturer-provided datasheet may be different from the
tested sample owing to part-to-part machining tolerances.

Fig. 2: Class-D amplifier circuit schematic used in the pro-
posed core loss measurement method.

distorted input waveform due to the RF amplifier saturation.
While this aids in reducing the error introduced by the genera-
tion of non-fundamental harmonics, it does not work to resolve
the underlying issue of a saturated fundamental component of
flux within the core.

III. CLASS-D AMPLIFIER BASED IMPLEMENTATION

A. Proposed Testing Circuit

The proposed core loss measurement circuit is a Class-
D power amplifier4, shown in Fig. 2, where Lr is the core
under test, Cr is a tuning capacitor similar to that described in
Section II, and Vdc is a dc voltage source. The resistance Rcore

represents the effective core resistance and Rsys represents
any other copper resistance or ESR present in the network.
The half-bridge is controlled such that the switches operate
in a complimentary fashion with a 50% duty cycle. The
driving voltage of the series resonant tank Vin is therefore a
square wave which varies between 0 and Vdc at the switching
frequency fs.

The central idea of the proposed core loss testing measure-
ment circuit is that the resonant tank is already designed such
that Lr and Cr resonate at the test frequency (which is always
designed to be at the switching frequency, e.g., fs = fr) and
that the resonant quality factor of the system is high (Q0 »
1), which is generally true for the low-loss inductors suitable
for high frequency power converters. With the tank naturally
possessing a high resonant quality factor, the core loss testing
circuit can inherently filter harmonics produced by the input
voltage Vin, which for the square wave voltage generated can
be described by its Fourier Series Representation as

vin(t) =
Vdc

2
+

∞∑
n=odd

2Vdc

nπ
sin(nωrt) (7)

The above features represent key advantages over the tradi-
tional power amplifier approach:

1) The fundamental component of the driving voltage is
always controllable up to the limits of the dc input voltage

4Class-D power amplifier is the standard RF terminology for a switched
mode power electronic converter that is also commonly referred to as a half-
bridge resonant inverter [15].

Authorized licensed use limited to: Arizona State University. Downloaded on October 04,2024 at 16:34:33 UTC from IEEE Xplore.  Restrictions apply. 



(whereas a power amplifier will saturate its fundamental
voltage and increase harmonic levels).

2) The harmonics that may influence or degrade the mea-
surement are precisely known, which is not as well
described in the non-linear harmonic generation produced
by a poorly loaded power amplifier.

3) There are many options for implementing the square
wave inverter with a rating close to the expected power
throughput of the test circuit (on the order of watts). In
contrast, many suitable commercial RF power generators
are designed to have much higher power throughputs, and
this tends to make it expensive and inconvenient to source
such equipment to perform this testing.

Using the Class-D amplifier shown in Fig. 2, core loss
measurements can be taken in an exactly analogous fashion
as was described in Section II. By replacing the amplitudes of
the input and capacitor voltages Vin,pk and Vout,pk with the
amplitudes of the fundamental components of these voltages
Vin,1 and Vout,1, (2)-(6) all remain valid. This is the essence
of the procedure undertaken in [17], where Fourier Analy-
sis was performed on the input voltage in order to extract
the fundamental component of the input waveform after its
distortion from amplifier saturation. The main difference in
this work is that the input voltage now has a considerable
dc component (e.g., for the 50% duty half-bridge modulating
the voltage Vdc, the dc component of the input voltage will
be Vdc/2). This average input voltage will be blocked by the
resonant capacitor, such that the peak capacitor voltage can be
approximated to very high accuracy5 as

Vout,pk =
Vdc

2
+Q0Vin,1 (8)

Therefore, by also extracting the fundamental component
of the capacitor voltage, (2) remains valid for the resonant
core loss testing measurements. This is easily verified by
solving the governing equations of the series RLC circuit
and/or by simulating the circuit under the requisite square
wave excitations.

B. Quality Factor Measurement Metric

For the Class-D amplifier based core loss measurements to
be valid, sinusoidal current must flow through the resonant
tank at the test frequency of interest (as a result of the as-
sumption of purely sinusoidal flux within the core). However,
as long as this current is predominantly a single frequency
sinusoid, accurate data can still be obtained by the tester. It was
tacitly assumed in Section III-A that since the resonant quality
factor Q0 of the system was high, that the current harmonics
would be sufficiently filtered and thus negligible to the core
loss measurement. This assumption is not acceptable for the
purpose of data validation. Since measuring high frequency
currents to a high degree of accuracy is difficult and it is

5The classification of an approximation here results from the omission of
the small nth harmonic voltage components that are present on the capacitor.
This approximation has a negligible effect on the conclusions drawn from this
discussion.

Fig. 3: Percentage of third harmonic current compared to
fundamental for varying resonant quality factors.

undesirable to require measurement of many harmonics on the
Fourier Spectrum in real time, a readily computable metric for
determining current harmonics has high utility.

Consider that the admittance characteristics of a series res-
onant circuit such as in Figs. 1 and 2 can be described entirely
by the resonant quality factor and the network resistance [15]
as

Y (jω) =
1

R

(1/Q0)(jω/ωr)

(jω/ωr)2 + (1/Q0)(jω/ωr) + 1
(9)

Taking the ratio of the admittance magnitudes at the nth

harmonic and at the resonant frequency then yields

|Y (jnωr)|
|Y (jωr)|

=
1√

1 + (Q0
1−n2

n )2
(10)

To ensure that the nth harmonic is attenuated by a factor m,
the relationship

|Y (jnωr)| ≤
|Y (jωr)|

m
(11)

must be satisfied. The resonant filter is most susceptible to the
3rd harmonic of the square wave input voltage (this being the
largest harmonic and the closest to the resonant frequency).
For the third harmonic current to be k times smaller than
the fundamental current, (10) and (11) can be combined with
n = 3 and m = k/3 (since the 3rd harmonic voltage has a
magnitude 1/3 that of the fundamental for the square wave
input) to produce

Q0 ≥ 3

8

√
k2

9
− 1 (12)

The resonant quality factor’s impact on 3rd harmonic atten-
uation is plotted in Fig. 3 for quality factors between 1 and 30.
The third harmonic current is less than 5% of the fundamental
for Q0 > 2.5, and less than 2% for Q0 > 6.2, which are
relatively low quality factors for high frequency resonant
core loss testing. Critically, this attenuation relationship is
independent of drive level if the inverter produces a square
wave (or a half-wave symmetric waveshape having a 3rd

harmonic 1/3 or lower than the fundamental) - in contrast, an
RF generator produces non-linear distortions which depend on
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Fig. 4: ZVS assisted Class-D amplifier circuit schematic for
higher power throughput core loss testing.

drive level, are inconvenient to characterize, and may be diffi-
cult to account for. Because Q0 is already measured as part of
the resonant core loss testing procedure, the proposed method
also makes it convenient to automatically flag or remove data
which violates any desired 3rd harmonic condition.

It is important to note that the input signal to the resonant
tank can be any periodic signal with a period Tr = 1/fr
that obeys the Dirichlet conditions [24], and hence can be
described exactly by its Fourier Series Representation. It is
highly advantageous to use a half-wave symmetric waveform
such as a square wave so that no even harmonics are present
at the input voltage, and the resonant tank will not have to
filter any 2fr components.

C. ZVS Assisted Implementation

With the series RLC circuit shown in Fig. 2 being tuned to
resonate at the switching frequency, the tank current will be
perfectly in phase with the switch node voltage. This current
does not allow for zero voltage switching (ZVS) of the half-
bridge switches and can prove to be insufficient for higher
power core loss testing. Traditionally, the switching frequency
could be altered such that it is slightly above the tanks resonant
frequency, which provides a lagging current sufficient for ZVS
operation of the inverter switches, but since the tank must
always be tuned to resonate at the switching frequency for
this implementation, ZVS is not achievable in this manner. To
provide ZVS of the half-bridge switches and allow for higher
power throughput during core loss testing, the measurement
circuit in Fig. 2 can be altered such as is shown in Fig. 4, where
Coss represents the linearized time-equivalent capacitance of
the inverter switches [25], Lzvs is a ZVS assisting inductor,
and the capacitors Cdc are dc link capacitors to stabilize the
voltage across Lzvs. Since Lzvs provides the necessary current
for ZVS of the inverter switches, the resonant tank does not
require inductive tuning and the core loss testing method
outlined in Section III-A can be carried out as described. A
more detailed discussion on the operation of this circuit is
provided in [15].

The primary difficulty with this circuit implementation is
that the parasitic output capacitance of the inverter switches
is a nonlinear function of the drain-to-source voltage and

Fig. 5: Class-D amplifier based core loss testing experimental
prototype. The half-bridge module shown is Texas Instruments
LMG3410-HB-EVM.

TABLE I: Prototype components and instrumentation

Equipment Manufacturer Model
DC Power Supply Keithley 2230-60-3

Half-Bridge Module 1 Texas Instruments LMG3410-HB-EVM
Half-Bridge Module 2 On Semiconductor NCP51810GAN1GEVB

Microcontroller Texas Instruments TMS320C2000
Digital Oscilloscope Tektronix MSO44
High Voltage Probe Tektronix TPP0850
Low Voltage Probe Tektronix TPP1000

Thermal Cooling Unit ThermoStream TP04100A
Impedance Analyzer Omicron Lab Bode100
Variable Capacitor Jennings CMV1-1000-0303

Stepper Motor StepperOnline 17HS19-200451
Stepper Driver StepperOnline DM542T

therefore the deadtime required to charge and discharge these
capacitors for ZVS operation varies with the dc voltage driving
the system. To avoid long intervals of reverse conduction, the
deadtime should be actively changed to satisfy the following6

dt = 16fsLzvsCoss(Vdc) (13)

where the dependence of the output capacitance on the dc
input voltage is by virtue of the dependence on the drain-to-
source blocking voltage of the inverter switches. While the
bulk core loss data in this paper was not generated using this
implementation, a prototype was implemented to validate the
above discussion, as is discussed in further detail in Section
IV.

IV. RESULTS AND MANUFACTURER DATA COMPARISON

A. Class-D Amplifier Experimental Prototype

The experimental prototype for the Class-D amplifier-based
core loss tester without auxiliary ZVS circuitry is shown

6The linearized time-equivalent capacitance should be used in (13). For
situations where it is impractical to determine this value, the charge-equivalent
capacitance remains a good approximation since the inductor current is
roughly constant during the switching transition [25].
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Fig. 6: Comparison of experimentally collected and manufac-
turer reported core loss data from 2-7MHz at 25◦C using the
Class-D amplifier based core loss measurements for Fair-Rite
67 NiZn material.

in Fig. 5, where the voltage probes and temperature con-
trol solution are not included in the figure for clarity. The
equipment and instrumentation utilized in this prototype are
provided in Table I. The stepper motor and variable capacitor
are controlled using the DSP to tune the circuit to the test-
ing resonant frequency. Two separate off-the-shelf half-bridge
modules were tested in this prototype, with the LMG3410-HB-
EVM and NCP51810GAN1GEVB proving suitable for up to
2MHz and 10MHz operation, respectively.

While not the focus of this paper, it is of note that an
automation system was developed for this experimental proto-
type using Python to control all of the test and measurement
equipment. The automation procedure is similar in scope to
that described in [21]. A temperature control solution was
also used in this work, with the ThermoStream TP04100A
providing chilled air to regulate the core temperature during
testing. Further details on the implementation of the thermal
control can be found in [26].

B. Experimental Data

Experimentally collected core loss data for Fair-Rite 67
material in the range 2-7MHz, Fair-Rite 80 material in the
range 1-2MHz, and Proterial ML91S material in the range 1-
2MHz is shown in Figs. 6-8 along with manufacturer reported
data. The lowest resonant quality factor Q0 observed for Fair-
Rite 67, Fair-Rite 80, and Proterial ML91S data provided is
26.2, 14.4, and 17.1, respectively, corresponding to a third
harmonic current flow that is 0.48%, 0.87%, and 0.73% of
the fundamental current. These third harmonic current flows
are negligible and the tank current is approximately a pure
tone, providing high confidence in the data collected. The
loss data for Fair-Rite 67 and Fair-Rite 80 was collected on
toroidal cores with dimensions 22.1mm, 13.7mm, 6.35mm

Fig. 7: Comparison of experimentally collected and manufac-
turer reported core loss data from 1-2MHz at 25◦C using the
Class-D amplifier based core loss measurements for Fair-Rite
80 MnZn material.

Fig. 8: Comparison of experimentally collected and manufac-
turer reported core loss data from 1-2MHz at 25◦C using the
Class-D amplifier based core loss measurements for Proterial
ML91S MnZn material.

and Proterial ML91S data was collected on an EIR core
with dimensions 25mm, 8mm, 14.8mm. All reported data was
collected at a temperature of 25◦C. Fig. 9 shows an example
operating waveform for a loss point collected with Q0 ≈ 29.

C. Potential Error Sources

1) Resistance Measurement: The measurement accuracy of
resonant core loss testing is highly dependent on possessing
high quality system resistance measurements (e.g., winding
resistance, capacitor ESR, etc.). These resistance measure-
ments are directly utilized in the calculation of effective
core resistance and peak ac current and subsequently have a
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Fig. 9: Example operating waveform capture at resonance for
2MHz FR80 core loss sample point.

profound impact on the estimated flux density and power loss
in the core. In this work, the system resistance was measured
by taking impedance measurements with the circuit tuned to
resonance. This method inherently compensates for any system
resistance which would not otherwise be easily measured
(e.g., trace resistance on the printed circuit board, terminal
contact resistance, etc.) but fails to extract small signal core
ESR. The additional small signal core resistance measured
manifests itself as an underestimate in peak ac current and
an overestimate in the core resistance. Since the small signal
core resistance is expected to be much smaller than the system
resistances measured, it is likely that small errors are present in
the data collected, with an amplification of these errors at low
drive levels. While not executed in this work, methods exist
for extracting small signal core resistance from impedance
measurements [22] and the impact of this measurement will
be explored in future work.

2) Resonant Point and Winding Capacitance: For core
materials suitable for high frequency power conversion, the
quality factor of the core under test is generally very high (up
to Q0 = 350 observed in this work). While this is beneficial
for filtering harmonics produced by the square wave input,
the resonant peaks become increasingly sharp and finding
the exact resonant point requires very high granularity in the
installed capacitance. The stepper motor and variable capac-
itor employed in this work provide an achievable resolution
under 0.1 pF which allows for high precision in the resonant
tuning. It was observed during testing that this high precision
remained insufficient at particular operating conditions and the
exact resonant point was unachievable, resulting in errors in
the estimated quality factor and subsequently the extrapolated
core resistance. To combat this issue, additional winding
turns were added for the purpose of decreasing the quality
factor of the core under test. This aided in damping the
system to find the desired resonant point but affects its self-
resonant frequency and degrades the small signal impedance

measurements7. It was found in simulation that controlling the
self resonant frequency of the core under test to be an order of
magnitude larger than the operating point of interest yielded
negligible (i.e., <1%) effects on the impedance measurement.
All of the data presented in this paper was gathered on cores
that met this criterion.

D. ZVS Assisted Implementation

The power throughput observed during collection of the data
presented in Section IV-B (approximately 5W of core loss)
was not large enough to require ZVS of the inverter switches.
While the data presented in this paper was not collected under
the implementation described in Section III-C, the circuit of
Fig. 4 was designed and implemented to validate the modeling
discussed. The ZVS assist inductor Lzvs was implemented as
a 30nH air-core inductor using 16AWG solid copper wound
on a 3D-printed bobbin. Sample loss data points taken with
this implementation are consistent with those collected using
the prototype in Fig. 5.

V. CONCLUSION

This work proposes a Class-D power amplifier-based mag-
netic core loss tester developed for 100kHz-10MHz measure-
ments. A comprehensive overview of the proposed measure-
ment circuit is provided and an analytical framework for
assessing flux harmonics within the core via peak voltage
measurements is developed. The experimental prototype is
presented and power loss data sets are provided for Fair-Rite
67, Fair-Rite 80, and Proterial ML91S materials in the range 1-
7MHz. Potential error sources are discussed and opportunities
for optimizing the accuracy of the tester are proposed. Future
work will seek to develop a large-scale open source core loss
data base for high frequency magnetic materials across a broad
range of frequencies and flux densities.
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