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Abstract: This paper presents a modeling and simulation tool based on a 1D modeling of planar
transformers. The main goal is to help designers to easily describe, simulate and improve a planar
transfor mer.
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I INTRODUCTION

Transformers and inductors are very important partgower electronics, the main stream now is tuoce
volumes and costs, this choice leads to use HRatiweis but drawbacks are the increasing AC losEks.
model presented in this paper takes into accousgetifrequency behaviors. The tool offers to simsulat
frequency domain and get the currents and voltagesach layer of the planar transformer. Due to grow
electronics coupling, a time domain circuit is riegd and is automatically built with identificatiggmocedure

I MODELING TO OPTIMIZATION

1.1 1-D Analytical model of a planar transformer

Several analytical models are developed for transdos [1] [2], for the planar transformers, Maxwatjuations
in 1D for each layer are solved. This model expeshe magnetic and the electrical field in eadk sif a layer
(ferrite, copper and insulator), the approach dgwed in our study is to represent these relati@twden fields
and sources with a lumped elements circuit. Thisudi is then used for the frequency domain sinoites [3]

(Fig.1). These circuits are a result of a develapnie Taylor series of the analytical solutions &hd (2) of 1D
propagation in a layer (x, y) infinite witB as the thickness located between two other med{tiraad 3, Figl).

(Eg,Hg) and (Ed, Hd) are the electrical and the magnetic fields in ksiles of the layerES is the static
electrical field generated by a sourckis the current by unit of length.
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Figure 1: Equivalent circuit for layer of a plarieansformer
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Ais the attenuation introduced by the lay£g, is the characteristic impedance aidis the complex phase.

This analytical model gives access to the geonstpgarameters and the possibility to do an optitiora The
power electronics (switches) and the load bring-penodic wave forms so the frequency model issuited, a
time domain model is then required.
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1.1 Improvement of a 2 winding planar transfor mer

In order to give a clear idea of the modeling,wi2ding transformer with 4 copper layers is usedamgxample.
There are many possible topologies and a variegopper thicknesses available. 3 topologies, asritbes! by
Prieto [4]: SSPP, SPPS, SPSP, (S for secondaryPdfod primary) with the primary layers in seriedathe
secondary layers in parallel. They can be compgegdrding copper losses.

[P][_200pm _J|[P][ 10pm J|[P][_20pm J|[F][ 100pm |
[s][ 200pm J|[s][ 20pm J|[s][ 200pm J|[s][ 10pm |

SPSP: 135.7 W 24.4W 165 W 381.3W
SPPS: 135.7W 24.4W 30.8W 913 W
SSPP: 135.7W 24.4W 18.4W 803.5W

Figure.2: Copper loss values (t=105 Hz)

This figure shows an important fact which is tha topper losses are lower for the first topoldipe (most
interlaced). Core losses can also be included Hingdhe complex values of p for example.

I11.2 Time domain model identification
The time domain (Fig.3) model is identified usingea and short circuit impedances curves providedhby
previous frequency model. Given this, we can siteul@.g. Pspice [5]) the transformer inside a cadeve
circuit.

Figure.3: Time domain equivalent circuit for a twinding transformer
A new identification can be provided to the usersaripted to be included in an optimization loop.

I SIMULATION AND OPTIMIZATION PROCEDURE FOR A PLANAR TRANSFORMER

Identification
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Optimization

Figure.4: Procedure to solve the sizing problem
IV CONCLUSIONS

The proposed modeling gives many opportunities pifngization and simulation for planar transformersd
inductors. The complexity of such systems comemfthe large variety of topologies. Several optiri@a
procedures can be tried, mixing topology choosiigcfete optimization) with sizing of continuousgaeters
with gradient based algorithms, in order to gettiast feasible topology.
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