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LLC Basics

3

• Voltage regulation by frequency change

• High efficiency at resonance frequency

• ZVS of primary switches

• ZCS at turn-off of diode bridge

• High power density could be achieved integrated 

the resonant inductance in the transformer



State of the art design methodologies
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Area 
product Rth Kg 

Method
Gapped

Transformer

Many different design methodologies have been proposed in the literature. The ones listed below are the root of most 
of them  

𝐴𝐴𝑝𝑝 =
𝑃𝑃

𝐵𝐵𝑎𝑎𝑎𝑎𝑓𝑓𝑓𝑓𝐾𝐾𝑓𝑓𝐾𝐾𝑢𝑢 𝑅𝑅𝑡𝑡𝑡 =
∆𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝐾𝐾𝑔𝑔 ≥
𝜌𝜌𝐿𝐿2𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚

2

𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚
2 𝑅𝑅𝐾𝐾𝑎𝑎

𝐴𝐴𝑝𝑝 =
𝑘𝑘𝑢𝑢 1 + 𝛾𝛾 𝐿𝐿𝑚𝑚𝐼𝐼𝐿𝐿𝑚𝑚𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟

𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚𝐾𝐾𝑡𝑡𝑘𝑘𝑢𝑢𝑢𝑢 ∆𝑇𝑇
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Practical LLC transformer design methodology
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Specifications: Vin, Vout, fswrange, Lm,𝑁𝑁1
𝑁𝑁2

, 𝐿𝐿𝑙𝑙𝑙𝑙,∆𝑇𝑇,𝑇𝑇𝑎𝑎

Define losses target based on converter operation

Define list of available cores based on temperature rise

Select Core, Material, Turns and Gap length based on target losses, power density and available space

Select winding strategy and wires based on isolation, leakage and target losses

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇 ≤ 𝑇𝑇𝑎𝑎 + ∆𝑇𝑇

Change winding strategy

Change 𝑁𝑁1 Turns and/or material

Adapt 𝑇𝑇𝑐𝑐 and 𝑇𝑇𝑤𝑤 targets

Sample and testing

𝐿𝐿𝑙𝑙𝑙𝑙 ≤ ±10%𝐿𝐿𝑟𝑟



Converter Losses Budget
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Basedon the input-output voltagesand power and converter target efficiencythe target lossesshouldbe defined
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Transformer Losses Target
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Vout

Iout

200 𝑉𝑉

450 𝑉𝑉

0 𝐴𝐴 12 𝐴𝐴8 𝐴𝐴

60 𝑘𝑘𝑘𝑘𝑘𝑘
𝑃𝑃𝑤𝑤 = 15,7 𝑊𝑊
𝑃𝑃𝑐𝑐 = 11,8 𝑊𝑊

120 𝑘𝑘𝑘𝑘𝑘𝑘
𝑃𝑃𝑤𝑤 = 8,6 𝑊𝑊
𝑃𝑃𝑐𝑐 = 3,1 𝑊𝑊

238 𝑘𝑘𝑘𝑘𝑘𝑘
𝑃𝑃𝑤𝑤 = 17 𝑊𝑊
𝑃𝑃𝑐𝑐 = 0,27 𝑊𝑊

3 kW LLC PowerProfile

The target lossshouldnot only considerthe converterefficiencybut alsothe frequencyrange

𝑓𝑓𝑠𝑠𝑠𝑠
𝑓𝑓𝑟𝑟

⇒
𝑃𝑃𝑐𝑐

𝑃𝑃𝑐𝑐 + 𝑃𝑃𝑤𝑤
≠ 0,5

The tighter the frequencyrangethe closerto 50% Pc/Pw balance

Example:

𝑓𝑓𝑠𝑠𝑠𝑠
𝑓𝑓𝑟𝑟

= [0,54 − 1,09 − 2,16]
𝑃𝑃𝑐𝑐

𝑃𝑃𝑐𝑐 + 𝑃𝑃𝑤𝑤
= [0,42 − 0,26 − 0,02]



Core list and temperature rise 
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An equivalent thermal resistor network can be developed for each core shape. With the target core and winding losses the 
core and winding temperature can be predicted reducing thus the wide range of cores to those meeting the ∆𝑇𝑇 requirement

𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎
𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑎𝑎𝑎𝑎𝑎𝑎

𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎

𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑇𝑇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑔𝑔𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

1. A generic winding can be predefined by fixing a number 
of turns, a winding utilization factor and a wire diameter  

Simplified Thermal resistor network (TRN) 

2. The source of the core and winding losses can be 
assumed to be inner layer and in the core center leg

Pcore
Pwinding

∆𝑇𝑇
𝑇𝑇𝑎𝑎

TRN Database

List of cores that
meet the 

temperature rise



TRN Concept - Example
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1 – PQ40 Simplified TRN Derivation 2 – New design PQ40 Evaluation 3 – Complete design comparison

𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎 = 20,3 Ω

𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑎𝑎𝑎𝑎𝑎𝑎 = 25,5 Ω
𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 5,79 Ω

𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 1,91 Ω

𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 2,5 𝑊𝑊
𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 3𝑊𝑊

𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 = 25 º 𝐶𝐶

𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 18,1 Ω

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑙𝑙𝑙𝑙𝑙𝑙

𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑙𝑙𝑙𝑙𝑙𝑙 𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑔𝑔𝑎𝑎𝑎𝑎𝑎𝑎

𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎

𝑻𝑻𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒈𝒈𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝑻𝑻𝒄𝒄𝒄𝒄𝒄𝒄𝒆𝒆𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 = 𝟖𝟖𝟖𝟖,𝟔𝟔𝟔𝟔𝟔

𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎
𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑎𝑎𝑎𝑎𝑎𝑎

𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎

𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑇𝑇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑔𝑔𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

• 70% coil filling factor 
• 4 Layers
• 40 Turns
• OD wire = 1,95 mm
• Pcore= 3W
• Pwinding= 2,5W

Pcore = 2,2 W
Pwinding = 3,5W

∆𝑇𝑇 = 80º𝐶𝐶
𝑇𝑇𝑎𝑎 = 25º𝐶𝐶

PQ40 TRN 
Database

Tcore = 79,6ºC
Twinding = 96,7ºC

• 25 Turns Primary
• 5 Turns Secondary
• OD wire = 1,6 mm
• Pcore = 2,2W
• Ppri_ winding = 1,63W
• Psec_ winding = 2,03W

Complete TRN of the transformer

Accurateestimation with simplified TRN 



Core List Optimization
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List of coresmeeting ∆𝑇𝑇
Pcore
Lmag

Lleak Integrated or Not
Size restrictions

Operating Condition

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑓𝑓𝑠𝑠𝑠𝑠 ∗ �
0

𝑇𝑇 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

α

∗ ∆𝐵𝐵β−α ∗ 𝐾𝐾𝑖𝑖

IGSE

Core Reluctancemodel

Core
material

• The minimun numberof turns can be calculatedusingIGSE to meet the corelos target

• The minimun gap can then be set with the inductancerequirementand the corereluctancemodel

• As a list of corescomplyingwith ∆𝑇𝑇,𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ,𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 is obtained



Core Selection
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Giventhe isolation requirements, leakagestrategy and RMS currents the conductionarearequiredcan be calculatedand the smallest core

in the list can be choosen

1. Define the availablewindow areaof the coreaccordingto the 
isolation and leakagestrategies

𝑊𝑊
𝑤𝑤

𝑊𝑊
ℎ

• Margin Tape

𝑊𝑊ℎ = 𝑊𝑊ℎ_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 2 � 𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑊𝑊ℎ_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

• Triple- Insulated- Wire

𝑂𝑂𝐷𝐷𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 𝑂𝑂𝐷𝐷𝑛𝑛𝑛𝑛𝑛𝑛 + 2 � 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

• Split bobbin for high leakage

𝑊𝑊ℎ = 𝑊𝑊ℎ_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝐻𝐻𝑠𝑠

𝐻𝐻𝑠𝑠
𝑊𝑊𝑎𝑎 = 𝑊𝑊ℎ � 𝑊𝑊𝑤𝑤

2. Define required conduction area based on the current density
desired and fixing the inital litz wire strand diameter

𝐴𝐴𝑊𝑊𝑊𝑊𝑊𝑊 =
𝐼𝐼𝑁𝑁𝑁𝑁
𝐽𝐽𝑁𝑁𝑁𝑁 𝑂𝑂𝐷𝐷𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 =

𝑜𝑜𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � 𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤

𝜋𝜋
4 𝑜𝑜𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁

2 𝐴𝐴𝐶𝐶 = �
𝑥𝑥=1

𝑛𝑛

𝑁𝑁𝑥𝑥 � 𝑂𝑂𝐷𝐷𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛2

3. Select the smallest core meeting where the wire fits

𝐴𝐴𝑐𝑐 < 𝑊𝑊𝑎𝑎



Winding Optimization

12

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

Split Bobbin

𝐿𝐿𝑙𝑙𝑙𝑙 ≤ ±10% 𝐿𝐿𝑟𝑟

𝑃𝑃𝑃𝑃 ≤ 𝑃𝑃𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

Increasedistance
Increasturns

FerriteToroid

Interleaving

Modify wire & nºparallelsconfiguration

Continue process

𝑁𝑁,𝐿𝐿𝑟𝑟 ,𝑃𝑃𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡, 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃



Practical LLC transformer design methodology

1
3

Specifications: Vin, Vout, fswrange, Lm,𝑁𝑁1
𝑁𝑁2

, 𝐿𝐿𝑙𝑙𝑙𝑙,∆𝑇𝑇,𝑇𝑇𝑎𝑎

Define losses target based on converter operation

Define list of available cores based on temperature rise

Select Core, Material, Turns and Gap length based on target losses, power density and available space

Select winding strategy and wires based on isolation, leakage and target losses

𝐿𝐿𝑙𝑙𝑙𝑙 ≤ ±10%𝐿𝐿𝑟𝑟
𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇 ≤ 𝑇𝑇𝑎𝑎 + ∆𝑇𝑇

Change winding strategy

Change 𝑁𝑁1 Turns and/or material

Adapt 𝑇𝑇𝑐𝑐 and 𝑇𝑇𝑤𝑤 targets

Sample and testing



Design Example - Specs

14

ConverterSPECIFICATIONS

Parameter Value

Input Voltage

Output Voltage

Power

Efficiency

18V-33V-36V

400V

150 W– 250 W– 250 W

96% - 97,1% - 97,4%

42 x 42 x 30 mmDimensions

Fsw_range 50 – 96 – 117 kHz

𝑇𝑇𝑎𝑎 / ∆𝑇𝑇 25 ºC / 80 ºC

Cooling Pure Convection

Leakage Integrated

Resonant Frequency 110 kHz

12,2 µH / 2,2 µH 

Efficiency 94,5% - 96% - 96%

𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 /  𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠

Isolation Requirements Reinforced OVCII PD2

18Vin- 400Vout – 150W – 50kHz

33Vin- 400Vout – 250W – 96kHz

36Vin- 400Vout – 250W – 117kHz

Primary Secondary

Primary Secondary

Primary Secondary



Design Example – Loss Target &∆𝑻𝑻
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0%
5%
10%
15%
20%
25%
30%
35%

88%

90%

92%

94%

96%

98%

100%

𝑇𝑇𝑟𝑟𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 0,25 ∗ 1 − 0,96 ∗ 250𝑊𝑊 = 2,5 𝑊𝑊@33𝑉𝑉𝑉𝑉𝑉𝑉&36Vin

𝑇𝑇𝑟𝑟𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 0,25 ∗ 1 − 0,945 ∗ 150𝑊𝑊 = 2,06 𝑊𝑊

𝑃𝑃𝑐𝑐
𝑃𝑃𝑐𝑐 + 𝑃𝑃𝑤𝑤

% = 0,5 → 𝑃𝑃𝑐𝑐𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1,25𝑊𝑊 𝑃𝑃𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1,25𝑊𝑊 @33𝑉𝑉𝑉𝑉𝑉𝑉&36𝑉𝑉𝑉𝑉𝑉𝑉

𝑃𝑃𝑐𝑐
𝑃𝑃𝑐𝑐 + 𝑃𝑃𝑤𝑤

% = 0,65 → 𝑃𝑃𝑐𝑐𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1,33𝑊𝑊 𝑃𝑃𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 0,72𝑊𝑊 @33𝑉𝑉𝑉𝑉𝑉𝑉

TRN Database

*** PQ, ETD, E only shown in this examplefor simplicity
purposes, more corescouldbe includedin the list

𝑃𝑃𝑐𝑐𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1,33 𝑊𝑊
𝑃𝑃𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1,25𝑊𝑊
𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 75º𝐶𝐶
𝑇𝑇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 90º𝐶𝐶
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1 – Target LossDefinition 2 – Trise calculation



Design Example – Core List Optimization
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Core Optimizer

𝑃𝑃𝑐𝑐𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1,33 𝑊𝑊
𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 = 12,2 𝑢𝑢𝑢𝑢

𝐿𝐿𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 → 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
𝑃𝑃𝑃𝑃,𝐸𝐸𝐸𝐸𝐸𝐸,𝐸𝐸 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

3𝐶𝐶𝐶𝐶

3 – Core turns and gap 4 – Window fitting

𝐽𝐽 = 6 𝐴𝐴/𝑚𝑚𝑚𝑚2

𝐼𝐼𝐼𝐼𝐼𝐼𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝 = 9,55𝐴𝐴

𝐼𝐼𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 0,73 𝐴𝐴

𝑂𝑂𝐷𝐷𝑛𝑛𝑛𝑛𝑛𝑛 = 0,07 𝑚𝑚𝑚𝑚

𝑂𝑂𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝 = 2,19 𝑚𝑚𝑚𝑚

𝑂𝑂𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠 = 0,6𝑚𝑚𝑚𝑚

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 1 𝑚𝑚𝑚𝑚

0
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100
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200

250

300

350

400

Ac WaCore with minimun volumen that
satisfies all the requirements



Design Example – Winding Optimization
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Primary– 7 x 3 x Litz 160x0,07

Secondary– 84 x 1 x Litz 30x0,07 33 Vin

36 Vin

18 Vin

Lmag = 12,3 uH

Lleak = 2,17 uH

E35/18/10 -3C95

< 𝟐𝟐,𝟓𝟓𝟓𝟓

< 𝟐𝟐,𝟓𝟓𝟓𝟓

> 𝟐𝟐𝟐𝟐



Practical design methodology

1
8

Specifications: Vin, Vout, fswrange, Lm,𝑁𝑁1
𝑁𝑁2

, 𝐿𝐿𝑙𝑙𝑙𝑙,∆𝑇𝑇,𝑇𝑇𝑎𝑎

Define losses target based on converter operation

Define list of available cores based on temperature rise

Select Core, Material, Turns and Gap length based on target losses, power density and available space

Select winding strategy and wires based on isolation, leakage and target losses

𝐿𝐿𝑙𝑙𝑙𝑙 ≤ ±10%𝐿𝐿𝑟𝑟
𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇 ≤ 𝑇𝑇𝑎𝑎 + ∆𝑇𝑇

Change winding strategy

Change 𝑁𝑁1 Turns and/or material

Adapt 𝑇𝑇𝑐𝑐 and 𝑇𝑇𝑤𝑤 targets

Sample and testing



Design Example – SecondIteration
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Primary– 7 x 3 x Litz 160x0,07

Secondary– 84 x 1 x Litz 30x0,07 33 Vin

36 Vin

18 Vin

Lmag = 12,3 uH

Lleak = 2,17 uH

E35/18/10 -3C98

< 𝟐𝟐,𝟓𝟓𝟓𝟓

< 𝟐𝟐,𝟓𝟓𝟓𝟓

< 𝟐𝟐,𝟎𝟎𝟎𝟎𝑾𝑾
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Lucas.n@ frenetic.ai
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