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Leakage Inductance Calculation of Inductor Integrated Planar Transformer
Jung—Cheol Kang' and Se-Kyo Chung™

Abstract

The design and fabrication of magnetic components is one of the most important issues in realizing
high—density switching power converters. An integrated magnetics (IM) technique has been used to reduce the
size and cost of the magnetic components. In this technique, a leakage inductance can be used as a series
inductor connected to the transformer for applications using resonant techniques, such as LLC resonant
converter and other zero-voltage switching converters. The calculation of the leakage inductance is required to
accurately control the value of the inductance in designing an IM device. This paper describes the calculation
of the leakage inductance for the inductor integrated planar transformer used for the high—density LLC resonant
converter. The leakage fluxes through the leakage layer is first considered to calculate the biggest part of the
leakage inductance. The windings and insulators are also considered to improve calculation accuracy under the
uneven number of windings for the PCB layer. Leakage inductance is calculated using magnetic energy
equation and equivalent magnetic circuit. Experimental results are provided to verify the effectiveness of the
proposed calculation method.
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Fig. 3. Reluctance distribution of the IM transformer
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Fig. 4. Reluctance model of the proposed transformer
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Fig. 5. Simplified MMF distribution of planar transformer
with leakage layer
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TABLE I
MAGNETIC CORE PARAMETERS
Item Value Item Value
. Ferrite
Material (30%) 1,(mm) 195
Permeability 2060 b, (mm) 133
L (mm) 89 l,,(mm) 279
I, (mm) 53 Ac(me) 226
TABLE I
DESIGN PARAMETERS OF IM TRANSFORMER
Parameters Value
Total number of turns in primary (V) 12
Number of layers in primary (k) 6
Turns of layer in primary (n,) 2
Total number of turns in secondary (N,) 3
Number of layers in secondary (k) 4
Turns of odd layer in secondary (n,;) 2
Turns of even layer in secondary (n,) 1
Thickness of conductor (f,, h,(mm)) 0.07
Thickness of insulation (k. (mm)) 0.45
Air gap (core-core) g (mm) 0.29
Permeability (sheet) 230

Primary PCB Windings

Secondary PCB Windings

Core Bottom

Fig. 7. Implemented core and PCB windings
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TABLE III
CALCULATION RESULTS OF &

No. of iteration 1 3 5] 7 9
kp t,=0.05mm 1 0945 | 0945 | 0945 | 0.945
kp t,=0.lmm 1 0.906 | 0903 | 0.903 | 0.903
kp t,=0.2mm 1 0856 | 0.843 | 0.842 | 0.842
kp t,=0.3mm 1 0.828 | 0.803 | 0.799 | 0.798

TABLE IV
CALCULATION RESULTS OF L,

No. of iteration 1 3 5 7 9
Lksh(uH) t,=0.0omm 8.7 782 | 7181 | 781 | 7.81
Ly (nH) t,=0.lmm 174 | 144 | 143 | 143 | 143
Ly (uH) t,=0.2mm 345 | 257 | 250 | 249 | 249
Ly (nH) t,=0.3mm 515 | 39 | 339 | 336 | 336
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