
The Q-Meter

The Q-Meter measures 
the quality factor of radio
frequency circuits and coils.

Background & Problem Statement

Accurate and abundant magnetic core loss data enables the 
optimization of power magnetic components in high-
performance power converters. However, manufacturer-
provided high-frequency (e.g., >1MHz) core loss data are 
sparse, and researchers and designers regularly use 
magnetic materials outside of these tested specifications. 
The ability to determine the loss characteristics of a 
particular magnetic component quickly and efficiently, at a 
test specification of the designer’s choosing, has high utility. 

To serve this objective, resonant core loss testing is 
described in [1]-[3] and automated in [4]. A more affordable 
resonant Class-D Switching Q-Meter for high-frequency 
core loss measurements is described and partially-
automated in [5].

Investigation

Oil is considered as a passive thermal regulation medium due to its effective use in [6]. However, oil it is found to be unsuitable at 
higher frequencies due to the apparent impedance change observed on FR67 (NiZn) and ML91S (MnZn) cores upon immersion [7].

Air cooling using a thermal forcing unit is found to be a suitable method for temperature control in resonant core loss testing. The 
thermal forcing unit blows temperature-controlled air over the core and core temperature is used as feedback; the forcing unit 
adjusts the air temperature accordingly. Air temperature range for the Thermostream TP041000A is −20°C to +225°C.

Conclusion & Future Work

The Class D Switching Q-Meter with forced air is a viable 
method for fully automated, temperature regulated large-
signal core loss testing on full-size power magnetic 
components in the 1-20 MHz range. Future work will 
present detailed error analysis and large-scale data sets 
suitable for power magnetic component optimization. 
Additionally, the core loss tester will be used to catalog 
and verify core losses as a function of varying flux 
homogeneity conditions.
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Fig. 10: Partially-Automated MAPEL Class-D 
Switching Q-Meter

Class-D Q-Meter Experimental Results

Fig. 1: Core loss measurement method described in [5].

Fig. 12: Comparison of experimentally collected and 
manufacturer reported core loss data at 25°C for (a) Fair-Rite 67 

2-7MHz, (b) Fair-Rite 80 1-2MHz, and (3) Proterial ML91S 1-2MHz
using the partially-automated Class-D Q-Meter.

Fig. 3: Boonton Q-Meter 
Type 160-A (1946)
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Fig. 4: HP 4342A 
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Fig. 5: HP 42851A 
(1990) 

Fig. 11: Fully-Automated MAPEL Class-D Switching 
Q-Meter (under development)

Introduction

This work focuses on the development of a fully 
automated and temperature regulated (0-150°C) Class-D 
Switching Q-Meter for high-frequency (1-20MHz) resonant 
core loss testing. 
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Fig. 2: Example Q-Meter 
Schematic

Fig. 6: Impedance vs. frequency for three ferrite cores alternately immersed in air and oil. 
The manufacturer-recommended operating frequency range of the cores is shaded in 
green. Frequencies where the impedance of the oil-immersed core differs from the air 

measurement by more than 5% are shaded in red.

Fig. 7: Overview of experimental setup.

Fig. 8: Detail of core mounting and 
thermocouple routing.

Fig. 9: Fully-Automated Class-D Switching Q-Meter Schematic

Measurement Relay 1 State Relay 2 State Relay 3 State

Small Signal 
Inductance Open Closed Closed

Small Signal 
Resistance Open Closed Open

Large Signal 
Loss Closed Open Open

Table I: Fully-Automated Class-D Switching 
Q-Meter Relay States
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