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Study of a Planar Parametric Transformer

Masaru OHTA

ABSTRACT

CHAPTER 1 INTRODUCTION

Remarkable progress has been made in recent years in the field of portable electronic
equipment like portable phones and personal computers. Magnetic devices such as inductors
and transformers used in the power supply and electronic circuits of portable electronic
equipment must be small, lightweight, and consume very little electricity. A considerable body
of research documents micro magnetic devices like micro inductors and micro transformers,
and this work has accompanied advancements in thin film processing and micro processing
techniques.

Parametric oscillation has various desirable features that include voltage regulation,
overload protection, and noise rejection. Therefore, development and research has been
conducted with regard to the practical application of this oscillation in various electric devices,
such as parametric transformers, parametric motors, and parametric linear motors. Genera-
tion of parametric oscillation in a thinner and smaller magnetic circuit may produce a new
magnetic device like a micro transformer with the previously mentioned features. Although
considerable attention has been devoted to magnetic devices that utilize parametric oscillation,
a planar magnetic path device has never been examined for power conversion applications.
Thus, this work concerns attempts to fabricate a planar transformer utilizing parametric
oscillation and successful operation of the device as a parametric transformer.

In this paper, the fundamental performance characteristics, design method, and application
of the planar parametric transformer have been discussed.

The summaries in each chapter are as follows:

CHAPTER II FUNDAMENTAL PERFORMANCE CHARACTERISTICS

This chapter describes attempts to fabricate a planar parametric transformer and explains
the performance characteristics of the transformer. The generating conditions for parametric
oscillation are also examined in the transformer. In light of these considerations, a 12X12-
mm device has been formed from a stack of 50% Ni-Fe laminations or Fe;Co7,5115B1, lamina-
tions. The device has been successfully operated as a parametric transformer. The planar
transformer displays various desirable features that include voltage regulation, overload

protection, and noise rejection.

CHAPTER Il ANALYSIS
The performance characteristics of the planar parametric transformer have been analyzed
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in this chapter. The analysis begins with the formulation of two expressions which relate the
flux in the primary and secondary magnetic circuits to the magnetomotive forces of the input
and output circuits of the transformer. A fifth-order polynomial is used to represent the
nonlinear magnetization curve of the magnetic circuit. From these equations and the par-
ametric circuit, a nonlinear second-order differential equation with time-varying coefficients
can be obtained. The equation is solved by the harmonic balance method. The relation
between input and output voltage and the relation between the phase of output voltage and the
input voltage have been calculated. The calculated values agreed to a large extent with the
experimental values.

CHAPTER ¥ MINIATURIZATION OF THE DEVICE

The miniaturization of the planar parametric transformer is studied in this chapter. The
device was built in accordance with the conditions for generating a parametric oscillation in a
planar magnetic device based on a magnetic circuit model. Thus, the device was successfully
formed with a wire-electric discharge machine and is a 5X7-mm planar parametric trans-
former. Results clearly indicate that the transformer provides excellent voltage regulation.

The performance characteristics of the device have been also analyzed. The validity of
the magnetic circuit model proposed in chapter III was confirmed.

CHAPTER V AN EXAMINATION OF THE DESIGN METHOD

In this chapter, the important design factors for the transformer were examined in order
to improve its performance characteristics and to establish a method for its design. The
summary is as follows:

(1) Examination of the relationship between the position of the windings and the character-
istics of the transformer provided the optimal winding arrangement.

(2) The effect of annealing the material in terms of the performance characteristics was
also considered. Improvement of the transformer’s performance characteristics can be expect-
ed because annealing the material reduces the hysteresis loss of the device.

(3) The operating point and stability of the transformer are determined from the device’s
input-output voltage characteristics. The relationship between input-output voltage charac-
teristics and the magnetic saturation curve of the transformer’s magnetic path have been
clarified in theory.

{4) To examine the magnetic path of the transformer quantitatively, a method of obtaining
the magnetic saturation curve of the device from the B-H curve of the material and from the
transformer’s magnetic path has also been examined.

CHAPTER VI APPLICATION

This chapter describes the possibility of using the planar parametric transformer in a
multi-output parametric transformer and a dc-to-dc converter. As a result, a one-input-two-
output parametric transformer and a dc-to-dc converter were produced, and parametric

— 324 —



TR ST A N ) v 2 EERCET 205 (KH)

oscillations were generated in these devices. The parametric transformer may be used for a
thinner and smaller integrated switched-mode power supply or for a dc-to-dc converter in the
future.

CHAPTER Vi CONCLUSIONS

The results obtained from this study are as follows:

(1) Parametric oscillations have been generated in a 5X7-mm planar magnetic path, and
the planar parametric transformer produced displays excellent voltage regulation, overload
protection, and noise rejection.

(2) The planar parametric transformer was analyzed with a harmonic balance method
using a magnetic circuit model of the device. The validity of the method of analysis was also
confirmed. The relationship between the input-output voltage characteristics and the mag-
netic saturation curve of the transformer’s magnetic path has been explained in theory.

(3) Results clearly indicate that a planar parametric transformer is useful for a de-to-dc
converter.

The results obtained in this study will be helpful in the future design of micro transformers
that use parametric oscillation.
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