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3 TRANSFORMER CHARACTERIZATION IN A FLYBACK CONVERTER

WBG AND ITS IMPACT ON MAGNETICS

The lateral structure of the HEMT (high electrons mobility Transistor) make possible high-speed operation, low capacitance device and low
on-resistance which permit high operation frequencies compared to the traditional Si devices

Figure 1: Material properties of GaN and Si Figure 2: Basic Lateral Structure of GaN FET

- Smaller magnetics
- Tougher EMI to mitigate
- Higher parasitic capacitance resulting in ringing and 

voltage spikes
- Higher parasitic inductance that can lead to higher 

core losses

Higher SW Frequency
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Figure3: Standard Flyback converter (Transformer Model) 

The Flyback topology is by far the most common topology
for converters <100W this is due primarily to its low
component count and its fairly easy design and
manufacturing.

The total losses during Turn ON can be resumed in two
main parameters:
The first is Coos dependent on Drain to Source voltage:

The second contribution which is topology related, is due to
the transformer parasitic capacitance Cp. This capacitance
is discharged in the GaN switch at Turn ON and is constant:

TRANSFORMER´S PARASITIC IMPACT ON A FLYBACK CONVERTER
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Figure3: Standard Flyback converter (Transformer Model) 

Another important source of inefficiency for a traditional
Flyback would be the leakage inductance

During turn OFF, the energy stored in the leakage
inductance is being released onto the Switching device. To
avoid any possible damage and the high voltage spikes, this
energy can be dissipated via a snubber circuit, in this case
an RCD.

The adoption of GaN MOSFET reduces the component that is related to the output capacitance of the device, but there is still 
power dissipation due to the transformer parasitic that we need to control.

TRANSFORMER´S PARASITIC IMPACT ON A FLYBACK CONVERTER
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• A Flyback Transformer isn´t really a transformer but rather a coupled inductor since the energy 
transfer between the Prim and the Sec isn’t instant. The transformer needs to store energy in the core

↑ Energy ∝
↑𝑽𝒄

µ𝒄

Energy (store inside core) =
1

2

𝐵2

µ𝒄
𝑽𝒄 unit J

Energy ∝
𝑽𝒄

µ𝒄

↑ Energy ∝
𝑽𝒄

↓µ𝒄 For un-gapped core, µc about 1500 to 6000

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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↑ Energy ∝
𝑽𝒄

↓µ𝒄

Add an air gap to core to reduce the equivalent 
permeability

• How can we store more Energy in the core ?

Energy (store in an inductor) =
𝟏

𝟐
𝐿𝑖𝑛𝑑𝐼𝑝𝑒𝑎𝑘

2

Max. Energy (store in an inductor) ≈
𝟏

𝟐
𝐿𝑖𝑛𝑑𝐼𝑠𝑎𝑡

2

𝑰𝒔𝒂𝒕−𝒑𝒓𝒊𝒎 ≫ 𝑰𝑷𝒓𝒊 𝒐𝒓 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅 𝒇𝒐𝒓 𝒅𝒆𝒔𝒊𝒈𝒏

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER

TRANSFORMER CHARACTERIZATION IN A FLYBACK CONVERTER
INTERNAL | ISAAC ABOELSAAD | 16.01.2024



8

𝑰𝑺𝒂𝒕−𝒍𝒊𝒎𝒊𝒕

• The inrush current while starting the flyback converter can saturate the transformer even for a short 
duration

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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𝑰𝒔𝒂𝒕−𝒑𝒓𝒊𝒎 ≫ 𝑰𝑷𝒓𝒊 𝒐𝒓 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅 𝒇𝒐𝒓 𝒅𝒆𝒔𝒊𝒈𝒏

Important requirement 
for Flyback transformer

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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We currently use MnZn core materials that allow good 
behavior of the transformer up to 1 MHz

• Unlocking higher operating frequency thanks to the use of GaN Ics led us to take into account the 
choice of a proper core material 

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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• The leakage inductance is an important parameter we should make sure of supressing in a Flyback 
transformer. The rule of thumb mostly specify a max value of 5% of the nominal inductance value

𝑉𝑙𝑒𝑎𝑘 𝑜𝑟 𝑆𝑝𝑖𝑘𝑒 = 𝐼𝑃𝑟𝑖−𝑝𝑒𝑎𝑘
𝐿𝑙𝑒𝑎𝑘𝑎𝑔𝑒

(𝐶𝑝 + 𝐶𝑑𝑠)

Where:
𝐿𝑙𝑒𝑎𝑘𝑎𝑔𝑒: Primary leakage inductance
𝐶𝑝: Transformer primary capacitance
𝐶𝑑𝑠: Mosfet drain-source capacitance

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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𝐿𝑙𝑒𝑎𝑘𝑎𝑔𝑒 =
µ0 𝑁

2 𝐴𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛
𝑙𝑤

𝐴𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑀𝐿𝑇 𝒉𝒊𝒏𝒔 +
1

3
𝒉𝟏 +

1

3
𝒉𝟐

𝒉𝟏 𝒉𝒊𝒏𝒔

𝒉𝟐

MLT: Mean length turn or average winding length

• For a solenoid structure with symmetrical turn ratio,

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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Reference: Würth Elektronik eiSos, Trilogy of Magnetics, handbook

To meet safety

• How does the transfromer structure impact the leakage inductance ?

  

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER

TRANSFORMER CHARACTERIZATION IN a Flyback converter
INTERNAL | ISAAC ABOELSAAD | 16.01.2024



14

Reference: Würth Elektronik eiSos, Trilogy of Magnetics, handbook

More winding labor - $$ cost

• How does the transfromer structure impact the leakage inductance ?

  

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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▪ AC Resistance:
▪ Importance for DCM mode of operation.

  • Sawtooth current waveform on 
PRI & SEC

• FFT of current waveform shows 
a fundamental @ switching 
frequency + harmonics

• So importance of AC resistance 
comes to the equation

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER

▪ AC Resistance:
▪ Important of this resistance appears in DCM mode of operation.
▪ At higher frequencies (e.g. GaN converters),  AC resistance is the dominant for copper losses

  

Design Requirements

Reference: Trilogy of Magnetics 

Dowell’scurves showingrapid increase inac resistance factor (Fr)as the wirethicknessrelativetoskindepth (j)and

number ofwinding layers(m) increase

TRANSFORMER CHARACTERIZATION IN a Flyback converter
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▪ AC Resistance:
▪ Important of this resistance appears in DCM mode of operation.
▪ At higher frequencies,  AC resistance is the dominant for copper losses
▪ Modeling of AC resistance:

▪ Analytical or theoretical model -> not easy (check text books)
▪ Need to study the effect of:

▪ Proximity effect
▪ Skin depth

▪ 2D or 3D model using FEM:
▪ Ansys -> Maxwell

  

Design Requirements
DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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▪ AC Resistance:
▪ Litz wire to optimize AC resistance
▪ Example:

▪ Transformer for Offline Flyback DCM topology at 100kHz operating freq.

  

Design Requirements

Transformer with solid wire Optimized transformer using litz wire

DESIGN REQUIREMENTS FOR A FLYBACK CONVERTER
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EMC CONSIDERATIONS

19

▪ Switching voltage across parasitic capacitance causes CM current flow to EARTH

▪ CM noise also radiated to other circuit nodes

VAC

~ ~

+
–

CM EMI 

VoltageZ

 

 

 

EARTH
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• MITIGATION OPTIONS FOR CM NOISE

20

1. Shielding: 
▪ Reduce flow of HF current to EARTH (Internal)
▪ GNDed flux-band (external)

2. Cancellation: 
▪ Arrange transformer and power stage for balanced CM

3. Filtering: 
▪ Increase impedance of the EARTH return path
▪ Provide alternative routes for the HF current

L1

L2

E

50 µH

50 µH

1 µF 1 µF
0.1 µF 0.1 µF

50 Ω 50 Ω 

LISN

~ ~

+
–
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LCM

EMC CONSIDERATIONS
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EMC CONSIDERATIONS
• COMMON MODE MITIGATION BY TRANSFORMER INTERNAL SHIELDING

Shield added to keep most of CM current local to primary 
Shield is 1-turn winding  lower induced voltage, less voltage across parasitic capacitance between shield & sec  less 
CM current flows
Shield must be thin (< 50 µm) minimize induced eddy current loss

Eddy currents get very significant as FSW increases

TRANSFORMER CHARACTERIZATION IN a Flyback converter
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EMC CONSIDERATIONS

▪ Single-ended topologies – can add explicit additional cancellation 
elements
▪ Add auxiliary (AUX) transformer winding
▪ AUX voltage proportional to CM waveform
▪ Arrange AUX polarity for opposite phase

▪ Capacitor to inject cancelling current, ICM2, to balance CM current 
from primary, ICM1

▪ Injection capacitor explicit physical component added to design
▪ Or can use parasitic capacitance, e.g., CS-AUX, part of transformer 

structure

• CM MITIGATION BY CANCELLATION/BALANCE

TRANSFORMER CHARACTERIZATION IN a Flyback converter
INTERNAL | ISAAC ABOELSAAD | 16.01.2024



23

Ref design, EVLVIPGAN65PD
65 W USB Type-C PD

DESIGN AND CONCLUSION

Ref design, EVLVIPGAN50PD
45W QR USB PD

Ref design, EVLVIPGAN50FL
15 V / 50 W QR flyback

TRANSFORMER CHARACTERIZATION IN a Flyback converter
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2%
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CONCLUSION 

▪ Flyback Transformers are about storing Energy

▪ Trasformer structre impacts the leakage inductance

▪ Saturation current limitations

▪ Considering AC Resistance in the design of the transformer

▪ Decreasing EMI issues with increasing switching frequency

TRANSFORMER CHARACTERIZATION IN a Flyback converter
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