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1. Introduction 
The First Harmonic Approximation (FHA) is a modelling technique used to analyse the 
performance of resonant power converters [1]..[4]. When operated close to resonance, 
the assumption is that only the first harmonic signals contribute to power transfer. 
Especially for the commonly applied LLC resonant converter shown in Fig. 1 the FHA  
modelling technique becomes inaccurate [5]. This is mainly caused by the non-linearity 
of the output rectifiers. 

This technical note will demonstrate that the power transfer estimation based upon the 
FHA is too conservative. A more accurate modelling technique as applied in the 
MATLAB tool ZiNuZZ™ available from www.zeonpowertec.com shows the deviation 
between FHA and exact calculation. 

Fig. 1  Simplified LLC resonant converter diagram

�

�  
�  - �2 8

http://www.zeonpowertec.com


First Harmonic Approximation 
Power transfer deviation for resonant LLC converter

�

2. FHA power calculation 
The well known FHA equations [6] express the input voltage to output voltage transfer 
function as shown in (1) 

or in terms of magnitude 

with 

All quantities are normalised to the radial series resonance frequency ωs. The effective 
quality factor Qe relates the characteristic impedance Zs with the effective load resistor 
Re. This effective load resistor is a first harmonic representation of the actual load 
resistor RLoad taking the transformer transfer ratio into account.  
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Equation (2) can now be rearranged to get an explicit expression for the effective 
quality factor 

The output power Pout can be expressed as 

and the combination with (5) and (6) yields 

Equation (8) is a FHA for the power delivered by a resonant LLC converter for a given 
input and output voltage (so desired gain) at a certain normalised switching frequency. 
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3. Actual power comparison 
When compared with accurate actual calculations the FHA power estimate turns out to 
be too pessimistic. ZiNuZZ™ accurately calculates steady state output power delivery 
and shows the substantial divergence with the FHA power estimate.  

In Fig. 2 a power converter delivering 850W at 420V input and 12V output is 
compared in terms of actual power (red solid line) to the FHA estimated power (red 
dashed line). The FHA estimate is far too pessimistic.  

In a second example, shown in Fig. 3, a power converter with 390V input delivering 
125W to a 24V output is shown. Again the FHA estimated power (red dashed line) is 
substantially more conservative than the actual delivered power (red solid line). 

Fig. 2  12V/800W LLC resonant  converter design
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Fig. 3  24V/125W LLC resonant  converter design
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4. Summary and conclusions 
The First Harmonic Approximation (FHA) power estimation is too pessimistic 
compared to the actual calculated power delivered by an LLC resonant converter.  An 
alternative way of interpreting this observation results in the conclusion that the FHA 
estimated transfer gain of an LLC converter is too conservative. Numerical MATLAB 
tools like ZiNuZZ™ available from www.zeonpowertec.com yield more optimised 
designs. 
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