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INFORMATION ABOUT THE WEBINAR

You are muted during the webinar.
However, you can ask us questions using the chat function.

Duration of the presentation 30 Min
Q&A: 10 — 15 Min

Any questions?
No problem! Email us digital-we-days@we-online.com

Please help us to optimize our webinars!
We are looking forward to your feedback.

On our channel Wurth Elektronik Group
And on Digital WE Days 2023 YouTube Playlist
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https://www.youtube.com/playlist?list=PLZJdRX1BvL0zb7pTrVCQrXDdeNECNvwv7

AGENDA
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Short overview -What is flyback topology

Short overview - Mode of operation

Flyback transformer — Design Requirements

Methods to improve some of Flyback transformer characteristics
Tips to improve EMI
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SHORT OVERVIEW

What is Flyback Topology

5]

It is one of modern SMPS topology uses PWM techniques
It can provide isolation using transformer

Controller is not complicated Vi .
A few components needed to build the circuit

Typically uses for power range < 100 watts
C, —
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SHORT OVERVIEW
What is Flyback Topology

= How does it work?

= Two states of operation:

= (On state
= Off state
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SHORT OVERVIEW
What is Flyback Topology

= How does it work?

= Two states of operation:

= (On state
= Off state
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SHORT OVERVIEW
What is Flyback Topology

= How does it work?

= Two states of operation:

= (On state
= Off state
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SHORT OVERVIEW
What is Flyback Topology

= How does it work?

On-State

= Two states of operation:
= Onstate

= Off state (

—

3t

P

Off-State

D

1‘ Switch On

Flyback transformer is NOT a real transformer

No transfer energy instantaneously

» Acts as inductor store energy then release it

3¢

|

N

So sometimes called it a Coupled Inductor
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SHORT OVERVIEW
What is Flyback Topology

= Advantages:
= (ontroller is not complicated
= Afew components needed to build the circuit

= Disavantages:
= Generate high ripples -> EMI issues
= Montior leakage inductance -> to protect Mosfet
= Not suitable for applications require high efficiency
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SHORT OVERVIEW

Mode of operation

= There are many text books and application notes talk and explain about Flyback operation mode
= Hereis a summary about mode of operations:




SHORT OVERVIEW

Mode of operation

= There are many text books and application notes talk and explain about Flyback operation mode
= Hereis a summary about mode of operations:
= CCM: Continuous Conduction Mode - Fixed frequency
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SHORT OVERVIEW

Mode of operation

= There are many text books and application notes talk and explain about Flyback operation mode
= Hereis a summary about mode of operations:

= CCM: Continuous Conduction Mode — Fixed frequency
= DCM: Discontinuous Conduction Mode - Fixed frequency
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SHORT OVERVIEW

Mode of operation
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There are many text books and application notes talk and explain about Flyback operation mode
Here is a summary about mode of operations:
= CCM: Continuous Conduction Mode
= DCM: Discontinuous Conduction Mode
= Special cases from DCM with variable switching frequency:

= (Quasi-Resonant Mode or transition mode or Critical condition mode
= Valley Switching
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SHORT OVERVIEW

Mode of operation

15|

There are many text books and application notes talk and explain about Flyback operation mode
Here is a summary about mode of operations:
= CCM: Continuous Conduction Mode
= DCM: Discontinuous Conduction Mode
= Special cases from DCM with variable switching frequency:

= (Quasi-Resonant Mode or transition mode or Critical condition mode
= Valley Switching

Common mode of operation for ICs have a Primary Side Regulation feature
— No feedback loop needed (Optocoupler)
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SHORT OVERVIEW

Mode of operation

16 |

There are many text books and application notes talk and explain about Flyback operation mode
Here is a summary about mode of operations:
= CCM: Continuous Conduction Mode
= DCM: Discontinuous Conduction Mode
= Special cases from DCM with variable switching frequency:
= Quasi-Resonant Mode or transition mode or Critical condition mode
= Valley Switching
_ QR mode L] DCM mode
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SHORT OVERVIEW

Mode of operation
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There are many text books and application notes talk and explain about Flyback operation mode
Here is a summary about mode of operations:
= CCM: Continuous Conduction Mode
= DCM: Discontinuous Conduction Mode
= Special cases from DCM with variable switching frequency:
» Quasi-Resonant Mode or transition mode or Critical condition mode
= Valley Switching
_ QR mode L] DCM mode
""" TSI Seree— ‘”IPRI_PEAK
lorg /] e /I “““““““““ 1 lpri_pEAK lpri /]
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FLYBACK TRANSFORMER

Design Requirements

You notice that Flyback transformer store energy on core then release it, So

- 1 B? .
Energy (store inside core) = > u— V., unit]
Cc
Where:
B: Flux density
.t Core permeability I
V.: Core volume
vV w o <
Energy X -
e ]
; A\
V
T Energy X —- T Energy K —— s/ c
He e
Reference: Switching Power Supply Design&Optimization — Sanjaya Maniktala For un-gappec' COre, pc about 1500 to 6000
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FLYBACK TRANSFORMER

Design Requirements
= You notice that Flyback transformer store energy on core then release it, So

Ve
Vi'gap m
Reference: Switching Power Supply Design&Optimization — Sanjaya Maniktala
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T Energy &K
Iue

Add an air gap to core to reduce the equivalent
permeability




FLYBACK TRANSFORMER

Design Requirements
= You notice that Flyback transformer store energy on core then release it, So

. . 1 2
Energy (store in an inductor) = Py Linal
Vi'gap m
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. | 1 2
Max. Energy (store in an inductor) = 2 Lindlsat

Isat—prim > IPri or required for design




FLYBACK TRANSFORMER

Design Requirements

= You notice that Flyback transformer store energy on core then release it, So
Isat—prim >> IPri or required for design

WE=-

WURTH ELEKTRONIK

® ELECTRICAL SPECIFICATIONS @ 25°C unless otherwise noted:

PARAMETER TEST CONDITIONS VALUE

D.C. RESISTANCE 1-3 . @20°C ‘ 3.15 ohms £10%
D.C. RESISTANCE 5-4 @20°C 0.81 ohms 110%
D.C. RESISTANCE 7-9 . tie(6+7, 8+9), @20°C ‘ 0.021 ohms £20%

INDUCTANCE 1-3 10kHz, 100mVAC, Ls 1.59mH +107%

Important requirement
SATURATION CURRENT 20% rolloff from initial 480mA

for Flyback transformer J o5 60 ‘
LEAKAGE INDUCTANCE 3 100kHz, 100mVAC, Ls 23uH typ., 34ulH max.
DIELECTRIC 3-7 iso(3td, T48), 3600VAC, 1 minute
TURNS RATIO (3-1):(7-9), tie(6+7, 8+9) 15:1, +1%
TURNS RATIO (3-1):(5-4) 857111, £1%

2 1 DIGITAL WE DAYS
OCTOBER 19, 2023



FLYBACK TRANSFORMER

Design Requirements

= You notice that Flyback transformer store energy on core then release it, So

= Very improtant note:
= During the start up of the power supply, Inrush current can exceed saturation current:

Current
Inrush current
Isae—timit
%'Im-h
/ Nominal current
Time

Duration of inrush




FLYBACK TRANSFORMER

Design Requirements

= You notice that Flyback transformer store energy on core then release it, So

= Very improtant note:
= During the start up of the power supply, Inrush current can exceed saturation current:

fow Igai_1imit

Without soft-start
AC ye
(\) Iy Tour |
DC il

Veefl . BB S+ ¢« v v v v v auu'®

With soft-start ISat—limit
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FLYBACK TRANSFORMER

Design Requirements

= You notice that Flyback transformer store energy on core then release it, So

= Very improtant note:
= During the start up of the power supply, Inrush current can exceed saturation current:

Sat. current
A D
out ISat—limit

AC ~
6\) I Tour —
DC

Vieef .

DIGITAL WE DAYS
24 | OCTOBER 19, 2023



FLYBACK TRANSFORMER

Design Requirements

= You notice that Flyback transformer store energy on core then release it, So

= Very improtant note:
= During the start up of the power supply, Inrush current can exceed saturation current:

Sat. current
A D
out ISat—limit

u Leakage ind.

AC ~
6\) I Tour —
DC

Vieef .
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FLYBACK TRANSFORMER

Design Requirements

= Leakage inductance:
= For most of IC's application notes, they set a rule of thumb for leakage inductance of Flyback to be between 3-5% of main

inductance. Does that make sense?

= Because of that, let's understand the effect of leakage inductance in Flyback topology




FLYBACK TRANSFORMER

Design Requirements

= Leakage inductance:
= For most of IC's application notes, they set a rule of thumb for leakage inductance of Flyback to be between 3-5% of main

inductance. Does that make sense?

= Because of that, let's understand the effect of leakage inductance in Flyback topology

lack of coupling results in
< series mnductances appearing in
each winding
line of magnetic flux that
doesn t link the primary
S to the secondary

DIGITAL WE DAYS
27 | OCTOBER 19, 2023



FLYBACK TRANSFORMER

Design Requirements

= |eakage inductance:
= Acts as discrete indutance in Flyback where during Switch ON, it can store energy (charge) similar to Prim inductance but
when the Switch is OFF, leakage inductance discharge all energy on switch node casuses high spike votlage on switch node:

i

= 18VIN

= 50nH

IN)

Switch Note Waveform with Leakage Inductance

Reference: Application note SLVAFO1, Texas Instruments

DIGITAL WE DAYS
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FLYBACK TRANSFORMER

Design Requirements

= |eakage inductance:
= Acts as discrete indutance in Flyback where during Switch ON, it can store energy (charge) similar to Prim inductance but
when the Switch is OFF, leakage inductance discharge all energy on switch node casuses high spike votlage on switch node:

i

= 18VIN

= 50nH

I5T

-

Switch Note Waveform with Leakage Inductance

Reference: Application note SLVAFO1, Texas Instruments
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FLYBACK TRANSFORMER

Design Requirements

= |eakage inductance:

|

ii;f 18VIN
Leakage =
= 50nH

v — ] Lleakage
leak or Spike — ‘Pri—peak
(Cp + Cds)

Where:

Licakage: Primary leakage inductance
Cp: Transformer primary capacitance
C4s: Mosfet drain-source capacitance

Switch Note Waveform with Leakage Inductance

Reference: Application note SLVAFO1, Texas Instruments

DIGITAL WE DAYS
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FLYBACK TRANSFORMER

Design Requirements

= |eakage inductance:

|

Lleakage

ii;f 18VIN
Leakage =
= 50nH

Vieak or spike = Ipri
pike Pri—peak
(Cp + Cds)

Where:

Licakage: Primary leakage inductance
Cp: Transformer primary capacitance
C4s: Mosfet drain-source capacitance

Switch Note Waveform with Leakage Inductance

T Lleakage
(Cp + Cds)

Vleak or Spike X IPri—peak

Reference: Application note SLVAFO1, Texas Instruments
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FLYBACK TRANSFORMER

Design Requirements

= |eakage inductance:
= (On system level solutions:

= Snubber circuit
= QOrZener/TVS clampi
= Mosfet with higher breakdown voltag

Like

Reference: Application note AN1262, ST Micro
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Snubber

i

Current, Q, on
Current, Q, off

VOUT

Clamp Diode

-€B50V -------- - - mmmmmmm oo
Leak. Inductance
demagnetization ik
504V - goteaten Vspieo
317V =d
_—] - Transformer
Leak. Inductance resonates demagnetised

with drain capacitance

Current flows at the
secondary side

Prim. Inductance resonates
with drain capacitance

OFF




FLYBACK TRANSFORMER

Design Requirements

= |eakage inductance:

= On component level:
* For Solenoid Structure with symmetrical turns ratio:

.l

insulation

Average winding 750
length

MLT: Mean length turn or average winding length

Reference: Wurth Elektronik eiSos, Trilogy of Magnetics, handbook

DIGITAL WE DAYS
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FLYBACK TRANSFORMER

Design Requirements

Leakage inductance:

On component level:

Examples

For Solenoid Structure with symmetrical turns ratio

++4+4+d-vvr—r-
20000 00006

+44eheeee
20008 Satas
444404444
+4+4+++ 44+
+4+ 44+
+444+ - +4¢4-
++++ o444

GI0800/0/0/01

DR RIS
DRI WIB R

best design: flat cail,

even less desirable
shelves reduce area
at interface between

less desirable: greater
coils

average distance

short average distance

Reference: Wurth Elektronik eiSos, Trilogy of Magnetics, handbook
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FLYBACK TRANSFORMER

Design Requirements

Leakage inductance:

To meet safety

On component level:

+4+44+d-vvvvr-
4+ 444+

YR 2V K222
+4+44 444

even less desirable:
shelves reduce area

+eeebiies

+4++eese
DR RIS

Examples

For Solenoid Structure with symmetrical turns ratio

best design: flat coll,

short average distance

less desirable: greater
average distance

at interface between

coils

Reference: Wurth Elektronik eiSos, Trilogy of Magnetics, handbook

DIGITAL WE DAYS
OCTOBER 19, 2023

35|



FLYBACK TRANSFORMER

Design Requirements

Leakage inductance:

On component level:

Examples

For Solenoid Structure with symmetrical turns ratio

++++ e
+++4+e-
+P+++b+
Ol Beed Be

++++0+-
+ih++e 0+
ol laaaa a

The first
winding is
split around
the second

2000 6o
+ 44+ +e e
++eheee
2000 6o
+e¢reee-
++4Peee
2000 eaas
+4+4+++-
++44h++4-
+4+4ee e
+++iheee-
16605000

TSR

44+
50 0 8¢
S0 Base

44+ ee
44+ ree
B oo et
4+
+4+++4
B B

+4++++e
+4+++++
+4+++4
44 +r e+
S0 I BOe
000 B0

To improve the coupling between the windings we can gandwich|the first

winding around the second. This reduces the average distance between
the windings and results in [1/4t" the original value of leakage inductance) —

Reference: Wurth Elektronik eiSos, Trilogy of Magnetics, handbook
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FLYBACK TRANSFORMER

Design Requirements

= Leakage inductance:

= Oncomponent level:
= For Solenoid Structure with symmetrical turns ratio: More winding labor - $$ cost
= Examples

. +++ +-
44 +4544 The first OO 3
2006000880064 winding is 33 $
E‘;EE EIEEE split around 14+ +
& + T T T
Serttiesessd the second __ 222 ;

fat $

2000
2000

+ 44
+ 44

o
++
++
++

o D8

4
4
4+

To improve the coupling between the windings we can gandwich|the first
winding around the second. This reduces the average distance between
the windings and results in [1/4t" the original value of leakage inductance) —

Reference: Wurth Elektronik eiSos, Trilogy of Magnetics, handbook

DIGITAL WE DAYS
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FLYBACK TRANSFORMER

Design Requirements

= Leakage inductance:

= On component level:
= For Solenoid Structure with symmetrical turns ratio: More winding labor - $$ cost
= Examples

: R +-
200008008000¢ The first s —
3065686868684 windingis __ BOSSS 3
.EIEEEEEEIEEE. split around 0O +
= + * P 2
2222222228 the second __ | 3

Sat. current
D

fat $

Leakage ind.
E—

+ 44

+ 44
2000
D006

o
++
++
++

Sa0

4
4
4+

u AC Resistance

To improve the coupling between the windings we can gandwich|the first
ﬂ winding around the second. This reduces the average distance between
the windings and results in [1/4t" the original value of leakage inductance) —

DIGITAL WE DAYS
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FLYBACK TRANSFORMER

Design Requirements

= AC Resistance:
= |mportant of this resistance for DCM mode of operation.

| (A)AL

— Ip
— s

vt
— Vbs
— VD1

Ul ANET I AT

Discontinuous Conduction Mode

 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

DIGITAL WE DAYS
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FLYBACK TRANSFORMER

Design Requirements

= AC Resistance:
= |mportant of this resistance appears in DCM mode of operation or high ripple current mode.

= At higher frequencies, AC resistance is the dominant for copper losses

Inductor impedance

10k

1k

100

10

Trace 1: Impedance Magnitude (£2)

100m

1 10 100 1k 10k 100k 1M 10mM
Frequency (Hz)

Reference: Bode 100 — Application note
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FLYBACK TRANSFORMER

Design Requirements

= AC Resistance:
= |mportant of this resistance appears in DCM mode of operation or high ripple current mode.
= At higher frequencies, AC resistance is the dominant for copper losses

Rs (AC component)

Frequency | Trace 1 | ‘
soor | T — s o |

700m

=
=
=]
E

W s

Trace 1: Impedance Rs (Q)
(=] (=] [=] =]
3 3 3 3
o~
y

200m

100m —— (p

1 10 100 1k 10k 100k 1M 10 L
Frequency (Hz)

Reference: Bode 100 — Application note
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FLYBACK TRANSFORMER

Design Requirements Current Densit

Conductor

= AC Resistance:
= |mportant 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) Direction of current remains same.
* Need to study the effect of:
= Proximity effect f
= Skin depth :
= 2D or 3D model using FEM:
= Ansys -> Maxwell

3D FEM
. Magnetic flux density
. distribution in the core

a)

Skin Depth is:

% Field sares.glf ;?slrrlibution in 5 1
',; A the window area f—
b) .7 - ‘TﬂIOﬂF'UOUT

Figure 8 Simulation results and first prototype of the HF Power Transformer, (1/4 of the transformer model)

ANSYS Conference &
30" CADFEM Users’ Meeting 2012

DIGITAL WE DAYS
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FLYBACK TRANSFORMER

Design Requirements

= AC Resistance:
= Litz wire to optimize AC resistance

o}
£
b
@
=
U]
I
(%]
<
o
S
=]
(o}
fa)
)
[+ 4
G




FLYBACK TRANSFORMER

Design Requirements

= AC Resistance:
= Litz wire to optimize AC resistance

Multi-strands wire

DIGITAL WE DAYS
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FLYBACK TRANSFORMER

Design Requirements

= AC Resistance:
= Litz wire to optimize AC resistance
= Example:

= Transformer for Offline flyback DCM topology at 100kHz operating freq.

Line: 230V / Load: 30W

101,6°C 634C

+101,5°C ;

434°C  |45.1°C

el ————— el

D Le[1D1 403°C  [39.9°C
) |l

D2

0O [[us

762C . 823C

O

EIUmgebung

Transformer with solid wire

DIGITAL WE DAYS
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FLYBACK TRANSFORMER

Design Requirements

= AC Resistance:
= Litz wire to optimize AC resistance

= Example:

= Transformer for Offline flyback DCM topology at 100kHz operating freq.

Line: 230V / Load: 30W

10150 634C

t101,5°C

62C 823C

EIUmgebung

Transformer with solid wire
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434C 451C
- |

40,3' C 39,9”C
——

eel—)

2460 6170
[ ]

Line: 230V / Load: 30W

@ 24,2°C

l:IUmgebung

Optimized transformer using litz wire

|é£,2°c [64.6“6
[ —— ]




TIPS TO IMPROVE EMI

= EMI:

D

D, 1
+ +

Vi + ? 3 Ty u * + Vour Vi + Ty u 4 Vour
®
¢ - L . [— A
® [
.
A ¢ 4

I—
2
-

L2
T2T

v Do we see any difference between two schematics? WV




TIPS TO IMPROVE EMI

= EMI:

D1 + D, +
Vi + . 2 Tj_ m 4 + Vour Vi * \ Tl H *
e
— — C, = e 0
®
4 ¢ 4 ’
Q =
Q j H
1|4 L
v Do we see any difference between two schematics?
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TIPS TO IMPROVE EMI

= EMI:
= No difference on functionality of topology or circuit operation
» But it has impact on EMI performance

D,
+ +
Vi . 2 Tl m +

D,

\/

o= N

Do we see any difference between two schematics?
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TIPS TO IMPROVE EMI

= EMI:
= No difference on functionality of topology or circuit operation

= Butit has impact on EMI performance

S
S o
F4*d
S g g
S b g
=
=
4+ 4
4+ 4

-4+
4
DO

A
44+
44+
T
A
-4+
-4+
4+
4+
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-4+

g %

|

* 4

[ = ]

SEC coil

PRI coil



TIPS TO IMPROVE EMI

= EMI:
= No difference on functionality of topology or circuit operation

= Butit has impact on EMI performance

. 0, . - 2 OO
v T N v T s = SEC coil
% 20222222224
c, —— Hg —1 ¢ e e ke ol ol Gl e b e A G Gk
S T W W W W W e e e r we e o
! LY AP,
S i
v 90000000000 PRI coil
|_ i ] ] ] ] ] ] h & 'Y & &
% | . .
Good coupling between noise node
and SEC -> Bad for EMI
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TIPS TO IMPROVE EMI

= EMI:
= No difference on functionality of topology or circuit operation

= Butit has impact on EMI performance

Bad coupling between noise node

D:
+ + —

v T Nt ., andSEC->Good for EMI 999999999999
e SEC coil

| . an FEEEE L

O fpum— — o’ N R R A U R S A R e e

D « YT W Y Y Y Y Y Y Y YY

N S S N R R R R R R S =
\V4 Large distance e R R R FIHI Eﬂil

=X X E X X E X X = K B

Qj LYl

2 3
Time [ns]

5 2 DIGITAL WE DAYS
OCTOBER 19, 2023



TIPS TO IMPROVE EMI

= EMI:
= Waurth Elektronik article for Buck inductor:
= EM Radiation due to the Influence of the Start of the Winding in an Inductor

https://www.we-online.com/web/en/electronic_components/news_pbs/blog_pbcm/blog_detail -

worldofelectronics _109450.php

RF Az =0dB Ref L = -20dBm RBW = 10kHz WVBW = 30 kHz
-10 I

connected to switch node — \iCE-VErsa

Atenuation [dE]
2

0 1 2 3 4 ] B 7 L] 9 10
Frequency [MHz]

Figure 7: E-field of the inductor's start of winding connected to the switch node and vice-versa
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https://www.we-online.com/web/en/electronic_components/news_pbs/blog_pbcm/blog_detail-worldofelectronics_109450.php
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Questions . CZ)

& Answers

We are here for you now!
Ask us directly via our chat or via E-Mail.

digital-we-days@we-online.com
Khaled.Elshafey@we-online.de



