FRENETIC
PLANAR TRANSFORMER DESIGN:

WINDING RESISTANCE CALCULATION

Nowadays, planar transformers are commonly used in the design of highfrequency power converters due to its advantages, like low proﬁle, excellent
thermal characteristics or power density. In the design of the transformer, an
important step is the calculation of the winding losses, which depend on the
winding AC and DC resistances.
The objective of this App Note is to show how to calculate the winding
resistances and to compare the value of the AC resistance using an
interleaved and non-interleaved winding arrangement for the study its
inﬂuence in the winding resistance calculation.

WINDING DC RESISTANCE CALCULATION:

Where:

WINDING AC RESISTANCE CALCULATION:

Where:

ρ is the resistivity.
l is the trace length.
A is the trace section:

ξ is the ratio of the layer thickness: ξ = h / δ
h is the trace thickness.
δ is the skin depth.
m is the ratio of the proximity eﬀect inﬂuence:

A = Tickness · Width

* This calculation gives an approximated AC resistance, and does not consider the
porosity factor and high frequency eﬀects related to the currents distribution that
cause an extra winding loss.

AC RESISTANCE CALCULATION USING AN INTERLEAVED AND NON-INTERLEAVED WINDING
ARRANGEMENTS:
Transformer speciﬁcations
Parameters

Values

Operating frequency

100 kHz

Trace material

Copper

Trace thickness (primary)

6 oz

Trace thickness (secondary)

6 oz

DC resistance

4.1 mΩ

Number of turns (Pri : Sec)

AC resistance comparison
Interleaving

Non-interleaving

3:3

*One turn per layer

R AC = 8.9 mΩ

R AC = 4.5 mΩ (50% lower)

CONCLUSIONS
The winding AC and DC resistance calculation is a very important part of the magnetic design procedure for determining the total
power losses. In order to obtain the optimum AC and DC resistances value, a lot of iterations are needed, covering, among other
things, all the possible layers distributions or the trace thickness values in planar transformers. Frenetic, thanks to its AI technology,
is able to determine the optimum design faster than classical methods.
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