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Dr. Sudhakar Chakkirala has been working with Power 
Integrations as a Sr. Staff Application Engineer since 
May 2019. Previously, he served as principal engineer 
at Artesyn Embedded Technologies and Asst. Manager 
at Delta Electronics, focused on the design and 
development of high efficiency and high-density AC-DC 
power supplies for server and telecom applications. He 
received a Ph.D. degree in Electrical Engineering from 
the Indian Institute of Technology, Delhi, India in 2008. 
He has three patents and published several papers in 
IEEJ journals and IEEE conferences.
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Low profile and small footprint
Better utilization of winding window

Easier manufacturability
Repeatability
Low leakage inductance
Consistent EMI
Higher surface-to-volume ratio 

Better thermals
Economical

Significant cost reduction in high volume

Why Planar Magnetics? – They Bring Advantages
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Fig. 65 W USB PD Power Supply 



Different types of planar transformer arrangement 

Planar Magnetics – Options
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B. Primary PCB winding and 
secondary TIW 

A. Primary and Secondary PCB 
winding separated by insulator

C. Primary and Secondary 
PCB winding separated by 
thick dielectric material

Assembly with multiple 
boards and insulators

Fewer components than A Fewer components than 
A or B



Optimum layer thickness to reduce AC losses
Current density and skin-depth controls copper-loss and temperature rise

Cores with round center leg allow most efficient use of copper
Minimize winding layer to layer capacitance

Winding trace capacitance calculated by

Cp= !.!!#$ %&
'

(pF)

where  Cp = Capacitance (pF)
K = Dielectric constant, 4.7 for FR4 material 
A = Area of trace (mm^2)  
d = Thickness of PC board (mm)

Area = Trace width (mm) X Mean length per turn (mm)

More fringing-flux losses in a planar transformer than wound transformer

Planar Magnetics – Design Rules
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Multi-layer PCB transformer
Balanced layer stack-up recommended

Design stack-up such that the top and 
bottom layers are mirrored from the 
center 

Avoids deformation during manufacturing 
and PCB assembly process

Uniform dielectric thickness throughout 
the stack

Difficult to meet primary and secondary 
reinforced isolation requirement with thin 
dielectric thickness

Planar Magnetics – Design Rules
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Not centered



Planar Magnetics – Design Rules
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Line-to-Line Space

Pad-to-Pad Space

Structure Cu weight Spec (mils) Min / Max

Line width 2 & 4 oz. 5 Min

Line-to-line space
2 oz. 6 Min

4 oz. 14 Min

Line-to-pad space
2 oz. 6 Min

4 oz. 14 Min

Pad-to-pad space
2 oz. 8 Min

4 oz. 12 Min

Via/pad size 
(D = via diameter) 2 & 4 oz. D/(D+6) Min. 3 mil.

pad overlay



Only use core or prepeg thickness options available from the PCB 
manufacturer
Thicker Cu increases trace width variation and tolerance
Avoid more than 3 oz. copper thickness in the inner layers
If dielectric thickness >0.2 mm, the laser cannot pass through inner 
layers to make blind vias - needs manual drilling 

Increases cost and time to manufacture
Minimize blind and buried vias
Board thickness: Assume ±10% tolerance in multi-layer PCB during 
design

Planar Magnetics Reduce Manufacturing Cost
& Delays
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Number of pressing and lamination steps depends on layer stack-up

Planar Magnetics – Options to Reduce 
Manufacturing Cost & Delays

Fig. Uniform layer stack-up Fig. Non-uniform layer stack-up

L1  2  OZ
Core 0.4mm

L2 2  OZ
PP  0.1mm
L3  2  OZ

Core 0.1mm
L4  2  OZ
PP  0.1mm
L5  2  OZ

Core 0.1mm
L6  2  OZ
PP  0.1mm
L7  2  OZ

Core 0.1mm
L8  2  OZ
PP  0.1mm
L9  2  OZ
PP  0.1mm
L10  2  OZ

Layers Thickness

L3-L8 L2-L9 L1-L10

3 step processing

L1  2  OZ
Core 0.1mm

L2 2  OZ
PP  0.1mm
L3  2  OZ

Core 0.1mm
L4  2  OZ
PP  0.1mm
L5  2  OZ

Core 0.1mm
L6  2  OZ
PP  0.1mm
L7  2  OZ

Core 0.1mm
L8  2  OZ
PP  0.1mm
L9  2  OZ
PP  0.1mm
L10  2  OZ

Layers Thickness

One step 
processing 
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Reduce the number of 
process steps

Buried drills should be from 
L2-L3, L4-5, L6-7, L10-11
Avoid buried drills from L3-L4, 
L5-L6, L7-L8, L9-L10 (from one 
core to another)
Align vias where possible

Planar Magnetics – Options to Reduce 
Manufacturing Cost & Delays

Fig. 14-layer PCB non-uniform stack-up
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Wound Transformer Planar Transformer

10 W design

Leakage inductance 12.15 μH 9.45 μH

Self-capacitance of primary 50.4 pF 22.66 pF

Primary-to-secondary 
capacitance 21.2 pF 10.8 pF

Planar Transformer – Parasitics
Comparison of wound and planar transformer
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What parameters can be extracted using simulation tool?
RAC & RDC
Flux distribution/ flux density
Gap-related losses
Current density
Winding loss
Core loss
Temperature rise

The magnetic simulation tools
Ansys Maxwell – Electronics desktop 
Circuit simulation with magnetic model
Emworks – Works as an add-on module with solid works
Comsol – AC-DC magnetic module (2D/ 3D simulation)

Planar Magnetics – Simulation Tools 
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Fig. B-field distribution



Use tools to calculate winding parameters
Check winding stack-up 
Turn-to-turn spacing
Winding termination
Current density computation    

Planar Magnetics – Winding Stack-Up Tool
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Select appropriate core based on AP (area-product)
Calculate number of turns for all windings – based on core cross-sectional 
area
Compute copper weight, trace width and number of turns per layer
Calculate the number of layers 
Maintain 0.4 mm dielectric thickness between primary and secondary winding 
layers to meet reinforced isolation
Choose primary and secondary layer-to-layer dielectric thickness based on 
overall stack height
Plan PCB design including placement of inter-layer vias
Plan position of pads for winding termination

Planar Transformer Design - Design steps
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Fig. shows transformer design used for product

Features:
Core: E32+PLT
Primary PCB winding 
Secondary using TIW
Auxiliary using TIW

Design Example 1: 65 W Flyback Design (USB PD)

15

Measured Efficiency vs. Load @ 20 V Output



Features:
Core: Custom 
Primary: Two-layer PCB stack
Secondary: Two-layer PCB stack
Mylar insulator: 

Between primary and secondary PCBs
Between PCB and core

Design Example 2: 20 W Flyback Design 
(Wide-Range Input: 30 V – 550 VDC)
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Measured Efficiency vs. Load @ 12 V output



Features:
Core: EQ27/6/18 
Primary: Two-layer PCB stack
Secondary: TIW
Auxiliary winding: TIW

Design Example 3: 45 W Flyback Design (USB PD)

17

Measured Efficiency vs. Load @ 15 V Output



Planar Magnetics provide consistent results and are becoming economical even for 
low-volume designs
Different construction techniques can be employed

Single PCB
Multi PCB
Hybrid PCB and wound-wire construction

Design rules for economical planar designs
Choice of copper
Symmetrical construction
Selection of standard available prepreg and copper thicknesses
Carefully consider selection and positioning of buried and blind vias

Simulation software enables parameter extraction
Design examples for low-power adapters show high efficiency comparable to wound 
transformer designs

Summary
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Thank you for your interest.

Email: Sudhakar.Chakkirala@power.com
Phone: +1.408.574.3785
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