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Why Planar Magnetics? — They Bring Advantages

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

‘ 1 12 mm height

51 mm width

Fig. 65 W USB PD Power Supply




Planar Magnetics — Options

= Different types of planar transformer arrangement

A. Primary and Secondary PCB
winding separated by insulator

Assembly with multiple
boards and insulators

B. Primary PCB winding and
secondary TIW

Fewer components than A

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

Fewer components than
AorB




Planar Magnetics — Design Rules

= 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

_ 0.0085KA

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

. e Types >> Thickness >> Physical >>
= Multi-layer PCB transformer e PP e
= Balanced layer stack-up recommended
TOP Conductor 0.07 1 Copper
. Dielectric 0.12 Fr-4
> Design stack-up such that the top and LAYER 1 SEC Conductor_[07 2 [Conper
bottom layers are mirrored from the S Dot 012 .
LAYER_3 SEC C.onducFor 0.07 < Copper
center 1 |LAYER 4 SEC [c)f.:'ff':;ﬁ? g::)_; _____ s g)%p_er___ _=
| Dielectric 0.4 Fr-4
© Avoids deformation during manufacturing ! [LAver 2 Coguctor_0A7__ e ICopgor I
and PCB assembly process . gldtt oo v
. . . . LAYER_ 4 Conductor 0.07 8 Co r
> Uniform dielectric thickness throughout boiece _Josz || fres
the stack Ve S Conductor (o7 T [copper
Dielectric 0.12 Fr4
© Difficult to meet primary and secondary HATERT conductor A1 L fopper
reinforced isolation requirement with thin PN o o e

dielectric thickness Not centered




Planar Magnetics — Design Rules

Structure Cu weight | Spec (mils) Min / Max Line-to-Line Space
e
Line width 2 &4 o0z. 5 Min
2 0Zz. 6 Min
Line-to-line space
4 oz. 14 Min
2 0Zz. 6 Min
Line-to-pad space
4 oz. 14 Min
2 0Zz. 8 Min
Pad-to-pad space «—
4 oz. 12 Min
. : . : Pad-to-Pad Space
Via/pad size Min. 3 mil.
(D = via diameter) 2840z D/(D+6) pad overlay




Planar Magnetics Reduce Manufacturing Cost
& Delays

B Only use core or prepeg thickness options available from the PCB
manufacturer

B Thicker Cu increases trace width variation and tolerance

= Avoid more than 3 oz. copper thickness in the inner layers

m [f 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 — Options to Reduce
Manufacturing Cost & Delays

= Number of pressing and lamination steps depends on layer stack-up
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| 1318 || 219 || L1-L10 |

3 step processing

L10 2 0z

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




Planar Magnetics — Options to Reduce
Manufacturing Cost & Delays

B 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

® SURFACE - 0 MN

] LL TOP CONDUCTOR - 0 07 NN
¢ OIELECTRIC - 0.12 MM

L2 LAVER 1 SEC CONOUCTOR « 0.07 MM

| ODIECECTRIC - 0.12 W™

jLJ LAYER 2 SEC CONOUCIOR - 0.07 MM

¢ OIECECTRIC - 0.12 NN

de LAVER 3 SCC CONOUCTOR « 0.07 MM
ECECTRIC - 0.12 MM

=108 LAch 4 SEC CONOUCTOR - 0.07 MM

o OIELECTRIC - 0.4 NN

1 L6 BIAS | CONDUCTOR - 0.07 NN
7 o OIELECTRIC - 0.12 MM
;L7 BIAS 2 CONDUCTOR - o o7 NN
DIELECTRIC - 0.12 N
L8 LAvca 2 CONDUCTOR . o o1 NM
| ® OIECECTRIC - 0.12 ™

“1L9 LAYER 3 CONDUCTOR - O 07 NM
¢ OIECECTRIC - 0.12 NN

| L1O LAYER 4 CONOUCTOR - 0 .07 MM
¢ OIELECTRIC - 0.12 MM

TLLL LAYER S CONOUCTOR - O 07 Mm
¢ OIELECTRIC - 0. 12 ™

1L12 LAYER 6 CONOUCTOR - O 07 Mun
¢ OIELECTRIC - 0.12 Mu

Ll lAYER 7_CONOUCTOR - 0 07 MmN
¢ OIELECTRIC - 0.12 ™

| L14 BOTTON CONDUCTOR - 0O 07 KM

DESIGN CROSS SECTION CHART. A .
TOTAL THICKNESS 2.82 N

Fig. 14-layer PCB non-uniform stack-up




Planar Transformer — Parasitics

B Comparison of wound and planar transformer

Wound Transformer Planar Transformer

10 W design
Leakage inductance 12.15 yH 9.45 yH
Self-capacitance of primary 50.4 pF 22.66 pF

Primary-to-secondary

capacitance 21.2 pF 10.8 pF




Planar Magnetics — Simulation Tools

What parameters can be extracted using simulation tool?

v VvV Vv VvV VvV VvV V

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)

Fig. B-field distribution




Planar Magnetics — Winding Stack-Up Tool

= Use tools to calculate winding parameters

>

>
>
>

Check winding stack-up
Turn-to-turn spacing
Winding termination

Current density computation

PCB

Input Data Core |RM10-8

v

Temperature Deg.C

oz
Stacking configuartion | P-S-P v | PCB Extention mm
Primary 1
Secondary
Tot. Turns -22 Ext. clearance -0425
Primary 2 mm
Cur. Density A/mm*"2 Int. clearance mm
RMS Current A Interturns dist. mm
Primary 1
Ext.Clear Int.Clear InterTracksClear | Turns In Layer | Track Thickness | Tracks Tot. Res. | Act. Curr.Density
L1 0.2500 0.2500 0.2500 - 1.1500 0.0429 4.0258
L2 0.2500 0.2500 0.2500 4 1.1500 0.0429 4.0258
L3 0.2500 0.2500 0.2500 4 1.1500 0.0429 4.0258
L4 0.2500 0.2500 0.2500 4 1.1500 0.0429 4.0258
LS 0.2500 0.2500 0.2500 4 1.1500 0.0429 4.0258
L6 0.2500 0.2500 0.2500 2 1.1500 0.0175 4.0258
| Calculate | Ver0.1.3a

|




Planar Transformer Design - Design steps

m 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

m  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




Design Example 1: 65 W Flyback Design (USB PD)
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Fig. shows transformer design used for product =+=90 VAC
55 «l=115 VAC
'I =230 VAC
B Features: 9%y N I N SRR N N B ok
: 0 10 20 30 40 50 60 70 8 90 100
> Core: E32+PLT Load (%)
Primary PCB winding Measured Efficiency vs. Load @ 20 V Output

B>
»  Secondary using TIW
> Auxiliary using TIW '




Design Example 2: 20 W Flyback Design
(Wide-Range Input: 30 V - 550 VDC)
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et=Tnput : 130 VDC
72 «S=Input : 200 VDC
. =w=]nput : 300 VDC
m Features: e=Input : 400 VDC
68 =x=]nput : 500 VDC
> Core: Custom «=Input : 550 VDC
> Primary: Two-layer PCB stack 64 y y — —
3 3 T | - PCB stack 0 10 20 30 40 50 60 70 80 90 100
D> -
econ. ary:. Iwo-laye Load (%)
> Mylar insulator:

o Between primary and secondary PCBs Measured Efficiency vs. Load @ 12 V output
© Between PCB and core ’




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

EEN CFESIEN = VAC, 60 Hz
: =@-115 VAC, 60 Hz
==230 VAC, 50 Hz
=#=265 VAC, 50 Hz
94
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m  Features:
» Core: EQ27/6/18 76
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Primary: Two-layer PCB stack Load Current (Amp)

>
> Secondary: TIW Measured Efficiency vs. Load @ 15 V Output
>

Auxiliary winding: TIW




Summary

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

|
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