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Abstract

This work is part of a study regarding an issue found in the characterization of a microtransformer when different voltage values
were applied to measure the inductance and resistance values of the windings. Under such conditions it was found a variation

on those parameters, for both primary and secondary sides.
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1. Abstract

This work is part of a study regarding an issue found
in the characterization of a microtransformer when
different voltage values were applied to measure the
inductance and resistance values of the windings. Under
such conditions it was found a variation on those
parameters, for both primary and secondary sides.

In order to know if the mentioned issue was due to
the reduced dimensions of the microtransformer, a
transformer built using the same structure and geometry,
but with dimensions much larger than those of the
microtransformer, was also characterized for different
voltage values. As a result, it was verified that the
variation of inductance and resistance values are not
related with the transformer dimensions.

2. Introduction

Over the past few decades, the size reduction of
several electronic devices has been continuous and so
that their performance is not compromised. Exceptions
to this are inductors and transformers, which in order to
have their size reduced, it was necessary to give up one
of its main characteristics: the inductance values, which
decrease in the same proportion as the dimensions are
reduced.

Once a microtransformer is built, proper
characterization is required in order to know its main
physical parameters (inductances and resistances) as
well as those related to performance (quality factors and
coupling coefficients, for instance). In most works, the
voltages applied on the devices to perform their
characterization have values much lower than those in
which they will operate in practice.

In tests carried out with a 4 mm toroidal
microtransformer, that was built using wire bonding and
Multi-Chip Module (MCM) technologies [1], variations
in the measured inductance and resistance values, in
more than one operating frequency, were identified
when the measurements were performed applying
different voltage values on the device’s coils. This

Table I: Main features and dimensions of the magnetic devices.

behavior was found previously in the work of Macrelli
et al, for a microtransformer that is similar, in
dimensions, structure and material, to that we are using
[2].

Thus, in order to identify whether this was a
problem related to the small dimensions of the
microtransformer, the same procedure was executed
with a toroidal transformer (which will only be called a
transformer, from here), whose dimensions are much
larger than those of the microtransformer, in order to
check possible variations in inductance and/or resistance
values by applying different voltage values on its
windings.

3. Experimental setup and procedure

The dimensions and basic characteristics for each
device are shown in Table 1. Both microtransformer and
transformer have ferrite cores whose properties are
described in [3] for the first and in [4] for the second
one, and were assembled in solenoid structure and
toroidal geometry.

All the inductance and resistance measurements
were made using a LCR meter model E4980A from
Keysight Technologies. Calibration and compensation
procedures of the LCR meter were carried out prior to
the data acquisition and each time the voltage level was
adjusted. Both inductance and resistance measurements
were made in the frequency range from 10 kHz and 2
MHz. The uncertainties on inductance and resistance
measurements (6L and 8R) were assumed to be the
average errors found on measurements of inductance
and resistance values of a standard inductor and resistor,
being equal to 10 nH and 1 mQ, for L and R,
respectively. The LCR meter was configured to apply
sinusoidal voltage signals.

4. Results and discussion

As can be seen in Figs. 1 and 2, the inductance
curves as a function of frequency for primary and
secondary windings of both devices, show variations in
values and behaviour when subjected to different

Device Core material Bsy (T) Ha (A/m) 1

Structure/Geometry  dex (mm)

dine (Mmm) h(mm) N; N,

Microtransformer Ferrite (N30) ! 0.38 1200

Transformer Ferrite ! 0.5 2000

4300 Solenoid/Toroidal 4.00 +0.12 2.40 +0.12 0.49 1 19
4500 Solenoid/Toroidal 72.2+0.5 39.7+0.5 52.0+0.5 4 16

By = saturation magnetic flux, Hy. = saturation magnetic field strength, u; = initial permeability, d = diameter, h = height, N = number of turns.
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voltages during the measurement procedures. From
Figs. 3 and 4, it can be seen that the resistance values of
the windings also present some variation under different
voltage levels for both devices, but the effects on
resistance values are not as pronounced as on the
inductance ones.

From the presented data we can safely say that the
variation in the values of the parameters is a problem
that does not depend on the dimensions of the devices.
Although, the microtransformer is much more affected
than the transformer, because the amplitude of the
voltage variation is much smaller in it but the
differences in the inductance readings are proportionally
greater than in the case of the transformer. The causes
of the variation in the inductance values for different
voltages applied to the windings are still being analysed.
However, for the transformer, it is difficult to believe
that it is related to the saturation of the core, because
given the dimensions of such a device, a voltage of 5V
is not enough to generate an electric current and,
consequently, a magnetic field flow intense enough to
reach saturation in the measured frequency range, which
occurs with a field of ~0.5 T at ~2 kA/m [4].

In the case of the microtransformer, another possible
cause, but which may be unlikely, for the occurrence of
different inductance values with the voltage variation is
the uncertainty in the measurements, as these are in the
order of 10 nH. However, the variations observed in the
L values are of the order of uncertainty in the
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Fig.1. Inductances as a function of frequency for the
microtransformer.
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Fig.2. Inductances as a function of frequency for the
transformer.

measurements only in the results obtained for the
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Fig.3. Resistances as a function of frequency for the
microtransformer.
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Fig.4. Resistances as a function of frequency for the
transformer.

primary winding of the microtransformer, but are much
greater in the results of some of the measurements made
in the secondary winding. It is possible that the non-
linearity of the B-H curve may be one of the reasons for
this to happen.

4. Conclusions

Based on the fact that both devices present variation
in inductance and resistance values when subjected to
different voltage levels, we can conclude that this issue
is not a problem directly linked to the small dimensions
of the microtransformer. Works in order to avoid or
minimize this kind of problem are in progress.
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