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Figure 1. Equivalent of an Induction Cooking System
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Figure 2. Block Diagram of an Inductor Cooker
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Figure 3. Scheme of an Induction Cooking
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Figure 4. Scheme of the Equivalent Transformer for an Induction Heating System
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Figure 5. Inducted Current in the Pot Bottom Layer
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Figure 6. Graphical Illustration of Ampere’s Law and Lenz’s Law
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Figure 7. Current Density as a Function of Depth and Skin Effect and Eddy Current
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Figure 9. Power Losses in a Conventional SMPS Converter
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Figure 10. Switching Area
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Figure 11. Samples of the Topologies Presented in Literature in the Last Decades

(a)

VBus

S1

S3

Ceq Leq Req

(b)

VBus

S1

S2

Ceq Leq Req

Cr

S1

(d)

VBus
S1

Ceq

Leq Req

(c)

VBus
S1

Ceq Leq Req

Cr

Laux

S1

S2

S4 Cr



AND9166/D

http://onsemi.com
8

����

7O±e4dC(11b)	¾3ª�1��¼»��L

/½¿�²³C`��/��4dCC`Àj!

'( !���q���5¹8+'	��²³C`

o>��½��	* A?¦(?F	7O§-�

���46!7O�OC��:* �+q'	��

46��:ÁJ&.//¦�d\C�Â����

�+¸»�²Ha�¯/Lr�Rload	��ae5S�

Ã��rs�rs;!!�::A!Ä%���C��

:ÁJ*¬��d~	7O±eP�7O��C	B

Å·±e<D�g4O�(7O�OC)���8w;
!¬�W7O�46(D\�7O;!)�.H	�-
X�²H¾¹�=»¿�[�rs!²H�OC�G

H46q'	��/�¾���-&À~/m`12D
R�²H�OC=»/?�`��GH� OC	

Figure 12. Equivalent Circuit for a Resonant
Half-Bridge for Cooking Application
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Figure 14. Impedance Module and Phase of the Equivalent Half-Bridge Resonant Circuit
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Figure 16. Resonant Half-Bridge Waveforms. 
Upper Graph: Load Current (Red) and Voltage at the Central Point A (Blue). 

Lower Graph: Gate Voltage for the Higher Side IGBT (Blue) and the Lower Side IGBT (Red).
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Figure 17. Resonant Half-Bridge Waveforms for a Switching Frequency > Resonant Frequency.
Upper Graph: Load Current (Red) and Voltage at the Central Point A (Blue). 

Lower Graph: Gate Voltage for the Higher Side IGBT (Blue) and the Lower Side IGBT (Red).
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Figure 19. Impedance Module and Phase of the
Equivalent Half-Bridge Resonant Circuit
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Figure 20. Quasi-Resonant Inverter Waveforms.
Upper Graph: Red-waveform is the Current into the Coil Lr, while the Purple-waveform is the

Voltage across the Power Devices (T1+D1).
Lower Graph: IGBT Fate voltage
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Figure 21. Flow Chart of a Generic Resonant Half-Bridge for Induction Cooking Control Algorithm
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Figure 22. Flow Chart of a Generic Quasi-Resonant for Induction Cooking Control Algorithm

S
ta

rt

C
he

ck
 th

e 
in

pu
t v

ol
ta

ge

C
lo

se
 th

e 
re

la
y

W
ai

tin
g 

fo
r 

ze
ro

 c
ro

ss
in

g 
an

d 
sy

nc
hr

on
iz

e 
th

e 
tim

er
s

P
an

 D
et

ec
tio

n

To
n 

sw
ee

p 
in

 o
rd

er
 to

 d
et

ec
t w

hi
ch

 lo
ad

 is
 p

re
se

nt
 a

nd
 if

 it
 is

pr
es

en
t a

nd
 g

en
er

at
e 

a 
co

rr
es

po
nd

en
ce

 b
et

w
ee

n 
po

w
er

 le
ve

ls
 a

nd
co

rr
es

po
nd

en
t T

O
N

T
O

N
_1

 =
 P

1
T

O
N

_2
 =

 P
2

T
O

N
_n

 =
 P

n

E
xe

cu
te

 th
e 

us
er

 r
eq

ue
st

 b
y 

us
in

g 
a 

pr
ed

is
co

ve
re

d 
fr

eq
ue

nc
y

in
 o

rd
er

 to
 a

ct
ua

te
 th

e 
po

w
er

S
am

pl
in

g 
cu

rr
en

t a
nd

 v
ol

ta
ge

 a
lo

ng
 o

ne
 o

r 
m

or
e 

se
m

i c
yc

le
s

an
d 

ca
lc

ul
at

ed
 th

e 
ac

tu
al

 p
ow

er
 P

ac
tu

al

P
ow

er
 r

eq
ue

st
fr

om
 th

e 
us

er

Y
E

S

N
O

Is
 th

is
 P

ac
tu

al
 =

 P
re

qu
es

te
d

N
O

Y
E

S

Is
 th

is
 P

ac
tu

al
 >

 P
re

qu
es

te
d

D
ec

re
as

e 
th

e 
T

O
N

In
cr

ea
se

 th
e 

T
O

N

P
I

F
lo

w
ch

ar
t o

f a
 Q

ua
si

-R
es

on
an

t s
in

gl
e 

sw
itc

h 
fo

r 
In

du
ct

io
n 

C
oo

ki
ng

. C
he

ck
Te

m
pe

ra
tu

re

Y
E

S

N
O

Is
 th

e
D

ev
ic

es
Te

m
pe

ra
tu

re
w

ith
in

 th
e

lim
its

 T
1?

Is
 th

e
D

ev
ic

es
Te

m
pe

ra
tu

re
w

ith
in

 th
e

lim
its

 T
2?

Y
E

S

N
O

S
to

p 
ev

er
yt

hi
ng

R
ed

uc
e 

th
e 

P
ow

er
de

liv
er

ed
 b

y 
in

cr
ea

si
ng

th
e 

fr
eq

ue
nc

y

Y
E

S

N
O

C
he

ck
 o

ve
r 

vo
lta

ge
an

d 
ov

er
 c

ur
re

nt

E
ve

ry
th

in
g 

is
 w

ith
in

th
e 

lim
its

?
S

to
p 

ev
er

yt
hi

ng

P
ro

te
ct

io
ns



AND9166/D

http://onsemi.com
16

"#
�$%��&'

�(X��ÏÌQ®R²���Cwo@A*h�

�G�¨|cI	`23®R^����L7O±e�
#!�<>��²³C`¾"7O§-�§-�GH

29.5 �H�7O46��GH²�680 nF�7O�OC
q'	

Figure 23. Vin 220 Vac − 1200 W Power and Phase for a Resonant Half-Bridge Inverter
for a Cooking Application
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Figure 24. Vin 220 Vac − 1200 W – 45 kHz Switching Frequency Operation for a Resonant Half-Bridge Inverter:
C1 Low Side IGBT Gate Voltage (10V/div) C2 Low side IGBT Collector Emitter Voltage (200 V/div) C3 High Side

IGBT Gate Voltage (10 V/div) C4 Coil-Load Current (20 A/div). Time 5 �s/div

Figure 25. Vin 220 Vac − 1500 W – 35 kHz operation for a Resonant Half-Bridge inverter: C1 Low Side IGBT
Gate Voltage (10 V/div) C2 Low side IGBT Collector Emitter Voltage (200 V/div) C3 High Side IGBT Gate

Voltage (10 V/div) C4 Coil-Load Current (20 A/div). Time 5 �s/div

Figure 26. Vin 220 Vac − 1800 W – 30 kHz Operation for a Resonant Half-Bridge Inverter: C1 Low Side IGBT
Gate Voltage (10 V/div) C2 Low side IGBT Collector Emitter Voltage (100 V/div) C3 High Side IGBT Gate

Voltage (10 V/div) C4 Coil-Load Current (20 A/div). Time 5 �s/div
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Figure 27. Vin 220 Vac − 2300 W – 27 kHz Operation for a Resonant Half-Bridge Inverter: C1 Low Side IGBT
Gate Voltage (10 V/div) C2 Low side IGBT Collector Emitter Voltage (100 V/div) C3 High Side IGBT Gate

Voltage (10 V/div) C4 Coil-Load Current (20 A/div). Time 5 �s/div

Figure 28. Vin 230 Vac − 2450 W – 24.7 kHz Operation for a Resonant Half-Bridge Inverter: C1 Low Side IGBT
Gate Voltage (10 V/div) C2 Low side IGBT Collector Emitter Voltage (100 V/div) C3 High Side IGBT Gate

Voltage (10 V/div) C4 Low Side IGBT Collector Emitter Current (20 A/div). Time 10 �s/div

Figure 29. Vin 230 Vac − 2450 W – 24.7 kHz Operation for a Resonant Half-Bridge Inverter: C1 Low Side IGBT
Gate Voltage (10 V/div) C2 Low side IGBT Collector Emitter Voltage (100 V/div) C3 High Side IGBT Gate

Voltage (10 V/div) C4 Low Side IGBT Collector Emitter Current (20 A/div). Time 5 �s/div
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Figure 30. Vin 220 Vac − 2100 W – 65 kHz operation for a Quasi-Resonant Inverter: C2 IGBT Collector Emitter
Voltage (200 V/div) C3 IGBT Gate Voltage (20 V/div) C4 IGBT Collector current (20 A/div). Time 1 ms/div

Figure 31. Vin 220 Vac − 2100 W – 65 kHz Operation for a Resonant Half-Bridge Inverter: C2 IGBT Collector
Emitter Voltage (200 V/div) C3 IGBT Gate Voltage (20 V/div) C4 IGBT Collector current (20 A/div). Time 2 �s/div

Figure 32. Vin 220 Vac − 2100 W – 65 kHz Operation for a Resonant Half-Bridge Inverter: C2 IGBT Collector
Emitter Voltage (200 V/div) C3 IGBT Gate Voltage (20 V/div) C4 IGBT Collector current (20 A/div). Time 10 �s/div
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���� (Induction Heating) IH

Y��7 (Alternating Current) AC

��}% (Magnetic Field Intensity) H

)�$% (Flux Density) B

�<! (Permeability) �

H��I�<! (Permeability in Free Space) �0

<
H<! (Relative Permeability) �r

�Z} (Electromotive Force) (EMF) e

�)� (Magnetic Flux) �

êY (Number of Turns) N

�7$% (Current Density) J

<:&��7$%

(Current Density at the Surface of the Conductor) JS

R��% (Skin Depth) �

�% (Depth) d

<:�+! (Resistivity of the Conductor) �

0;! (Angular Frequency) �

���������#! (Power Converted from

Electrical Energy to Thermal Energy) Q
•

<:* �+

(Equivalent Resistance of a Conductor) R

`�\rs (Zero Voltage Switching) ZVS

`�7rs (Zero Current Switching) ZCS

±e (Half-Bridge) HB

¹3·7O (Quasi-Resonant) QR

�5�ð0%��-+Æ (Impedance of the Circuit
from the Generator Point of View) Zseries

07O;! (Angular Resonant Frequency) �0

��0Y (Quality Factor) Q

7O;! (Resonant Frequency) fres

�7��\�I�<>

(Phase between the Current and the Voltage) �

�ñòë�Ë:[

(Insulated Gate Bipolar Transistor) IGBT

%Pó~P±<:ì(Metal-Oxide-Semiconductor) MOS

ë�CMË:[ì(Bipolar Junction Transistor) BJT

v)ì(Punch Through) PT

�v)ì(Non Punch Through) NPT

�ô���ì(Field Stop Technology) FS

ON Semiconductor �ííì	Semiconductor Components Industries, LLC (SCILLC).�î�ßïðÅ	SCILLC¯".�Uñ!ðÅ!õö!ðòð$<söñ�÷�7
ö	&�1www.onsemi.com/site/pdf/Patent-Marking.pdf�^
SCILLC7Á�UñlO	SCILLCg§
(�ø�«��7Á�	±x�öñ�ù��	)÷	SCILLC
�7
Á
�ÑÒ8wL���L&�AÑÒg�!��Fúg�SCILLC
��ÑÒ7ÁF�-��LFSL�76�12�¤úÑÒ�Ñ�=�ûäÎ~ÑÒ(�°��
Ñ�fa��æ^�89!��F\�=Æ	SCILLCY�&��F�é�«��|óM�yYn��2��L�"D�2�=�¨|&�{nS�QI�7��d~	

D"�ô´AyY�fa|óM�yY#;��õêHö���UÕ�
¥H��L�	S¨	SCILLC��F�UñöF�ôöñ<s�t&	SCILLC7Á=�
./!�ÎFüöL�A/÷:�ýþ�0��q'���F�ô®¯FØ¯6ø��ô�L�q'���FG�SCILLC7Á56���&�n<8÷�ùÆFÐú�
ÑÒ�ô�L	m�û�QSCILLC7ÁL�ÑÒ?���ÎF�Nüö��L�lÉû���
��?���ÎF�NüöSL�i:�÷�ùÆFÐúÓ��i5�
ÑÒ����SCILLC��üý!ý@!E�î!s»�î�N�ð�þ<s'(!=Ã��L�(�J��lÿ��bS?����@SCILLC�7Á�./F9��
���*Ã	SCILLC	«µ0*ðn!��	Z��e	(�ø�D"�L�õös�[���K(ÑÒIh��	

PUBLICATION ORDERING INFORMATION
N. American Technical Support: 800−282−9855 Toll Free
USA/Canada

Europe, Middle East and Africa Technical Support:
Phone: 421 33 790 2910

Japan Customer Focus Center
Phone: 81−3−5817−1050

AND9166CN/D

LITERATURE FULFILLMENT:
Literature Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303−675−2175 or 800−344−3860 Toll Free USA/Canada
Fax: 303−675−2176 or 800−344−3867 Toll Free USA/Canada
Email: orderlit@onsemi.com

ON Semiconductor Website: www.onsemi.com

Order Literature: http://www.onsemi.com/orderlit

For additional information, please contact your local
Sales Representative

http://www.onsemi.com/site/pdf/Patent-Marking.pdf

