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ABSTRACT

This paper presents an analysis of a full-bridge series resonant inverter for output power
control, using the principle of asymmetrical voltage-cancellation control for the application of
induction heating. In the first step, we start with a detailed analysis of various modes of circuit
operation of the full-bridge series resonant inverter, with symmetrical and asymmetrical voltage
controls. Then, the voltage v, and current i equations of these circuit operations are obtained and
used for calculation of the voltage and current waveforms in the circuit by MATLAB program.
The calculation results of these voltage and current equations can lead to the calculation of output
power P . The calculated current i, equation can also lead to the calculation of average current
I on the dc-side of the inverter. This average current / 4 With the dc-link voltage P, can make a
product of de input power P, of the inverter, and finally the efficiency of the inverter. All these
calculated results are also verified by experimental ones, using a prototype test set in our
laboratory. The thesis can be divided into 6 chapters with the introduction in the first chapter,
following with principle of high-frequency induction heating and principle of high—ffequency
resonant circuit in Chapter 2. Chapter 3 deals with principle of resonant inverter circuit and output
power control with an analysis of the output voltage and current of the inverter equation the for
asymmetrical voltage control in Chapter 4. Chapter 5 discusses the comparison between the

simulation and experimental results with conclusion in the last chapter 6.
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a 2
1, A9 nazualulnaaFuau

¥
NNAUMST (2.5) - (2.7) annsamiamlszaninmvos Tnaasuau 1dasil

n=—>:= (2.8)
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2 '
’7 = 2 I| PR l; (2.9)
I pR P+l PRP
7- R, (2.10)
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permeability :
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¥ v 1 b
dmivesdlsznovvesmsiiannuiou Tasmsmiloni innudgeil wilszaouly
A0 AnuduiusYeaRulin1e 9 Ao ANUA (Frequency : £ ) anmanudiuni v
U 1] A L) L o
(Resistivity : o) LInZ AMANUFIIVIIMAD (Permeability :p) FaeunsaeTuionnuduwus

v ¥
AUAIANUANAIVDINS IMaIUVDINTZUH (Skin depth : &) 1A Tavarunsi 2.14 fatl

§=f g (2.14)
Mo

1o S = MANUANAI (m)

b
p = anmanudaunu Ivhvesiuanu (Q.m)
£ =anwd ihaszuaadunilou (Hz)
v
u, = MANUFUN DRI ANFURN T FUIY

1 A 1 1 ar -
1, = AIANUFNWIVVOI0INAFITAURINI4 7 x107 H/m

o v A A a . BT v
2.4 viapmsaiunszuannuaganelFlumsmilsnilvinannuien
= d o a ra = o
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HANNTI 1BUUUN

d'! @ aa Vo Vo q‘ 1 & U
iieislsuanudndleuldiuaeseynsu RLC wwnuhfisnnudsimilem X, %

iy X, iihuwa 1A Bufinan (impedance) ¥942993 RLC Hmdiigariufie z=r Tuania
' q” - ' ' = d 1 ad a J d’q ' et o
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& ' a A o ; — 2 a0 - )
Frequency) IaI9 InMduLAuTiindga nzuai lnalulsesdeliannnige uaziiunali
o ' a0 a J o o o
UIIAUANATON L 1ag C inuuvuanyazasesauominn sxifluieasRLC Tauuuyidao:

" ¥
1 ] 1 = 1] s [
ipduuy Tassaimsaedsesuisennld 2 nuulaseeiingAnssuma Ihiuandafuded

1. 299515 Tauumvionnsu (Series Resonant Circuit) 9103107 2.6 dnumzwgdnssy
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malnihvesasess Tauurioynsy sxiiduiuaudndumias s ifiga Fafuaeh
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nnmaes laezunsuannsaoulieglugy vuaveouilaya

Vrota! = \/VR2 s (VL - VC )2 (2.15)

| = g

] o é s o o
dunamanaaunsom ldnimpuszrnievinasulunuanny y fuunu x Sadunusiud
510 2.8

VL

---.------a«w-—.
-
-

A

! v A a a a o @ ] ° v o vl e
3N 2.8 yuussduiRanndufinaudvesdaimiloniwazduiuszy hiviiu

MU 2.8 AWTOMIUIEH NI SUAIAZUSIAUAITUNS

V, -V,
tan9="—£ (2.16)

R

] ¥
nszuai lnaluaees RLC oynsulivinanhiusaiunszuaaunsodnam lddamums

¥ V,
I”z?k’ IL=)—(L, I.= (2.17)
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{ A o L H
NAUMST 2.17 unu IUaunIsN 2.15 INOHIVLIAVDIUTIAUIINAITUMIN 2.18

V:'otaf = \/V; + (VL - VC )2

= J(RY +(1x, - IX, )’ 2.18)

= 1\/(11)2 +(Xx,-X.)

NAUMST 2.18 ansavInszuan malulses ladsaumsh 2.19

V
I — fotal (2' 1 9)

J(R) +(X, - X.)

€

@1130M1A1 Impedance ¥842495 RLC oynsu 1daail

2 2
Zsen'es = J( R) + (XL o XC) (2‘20)
1 o a o
ﬁ'lll']iﬂ'ﬂnillﬁgﬁ'ﬂau'i dﬁuua:‘,ﬂ‘izuﬁé’f’wﬂnﬁuﬂum‘um’nw

IX,-IX, X,-X,
IR R

tanéd =

(2.21)

¢ i o a
2. 299313 1BUUUNYIIY ( Parallel Resonant ) 91031/71 2.9 AnBUZWgANTINYDA
s aa a o o r dh Ao ] o Y
299315 lsuuunvinueziisuinaud gagandumias Tonuuidgandwmuas Tauunieg

wamsdsida Idih lds TnangegaTasiinszua lnadhisesiooiqaiioanniidufiuaus

qaga

I R

— ARAA

wyy

I |7 L

— =5 mmp

I

O}

1 ¢
g‘].lﬁ 2.9 'mnﬂcuuuummu‘umu

82660
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o é ] o
21029915 [BUUUFUUVVUIUFUANATI9INII9T RLC BYN5H 1A82993 RLC LUDYUIMLTIAY
dl T 1 7 L | LI ] = Ll r
ANTOU R L C minuuvasne uaavesnszua Idhlulreesiaumdunszua lihsouan
o i ph & & w & .
nIzUAAIY R L C vaaudazi Fnsanuduiuiees RLC aynsy daiusiamnsnins
Aunuludnyazifuanuiws RLC aynsy Auuadusldanudndnd v dudddunmu

aalugan 2.10 uaaslugiares

I

—L»Vic

I,
) S

V

~ -

1

L
UM 2.10 oo laozunsuveaussduanasoudies Aunszuai lnaluees RLC oynsy

musafmsmIvavenseua IWihsudsaunis

1=J12+(I - L) (2.22)
ANMNTOMUIUYUUIIAUTEU NI ZIE

tang=L{€__I_‘L)

(2.23)
R
1599 Ialun9es RLC vuufivnamisusaiunszuas unl laaeguns
V Vv V
I,=—1.=—_,I, =— (2.24)
R R, C XC ' 4L XL
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NAUNMIN 2.24 unu luaunsn 2.22 MNermUUIAYINITZUATINAITUNIITN 2.25

vY (v v Y
Itom.l= = | Bl —a—
R) | x. X,

2 2
v (1) o1 1 (2.25)
R) X, X,

2 2
1 1 1
Z o = (—] +[——_-J (2:26)
e R X X

I
tané = CI = = L (2.27)

a ) d
2.5 MIINNHMNNTIAIMA 4 Tinses3lamnmoaynsu

A = ° = <q ¥ a a s v A ¥ a o
inFeanaavInIInitenimnuage Adluinndnusildidenldreesansag

"
=

= o o 4 A 3/ (L e o - o
Bunosness lauuuioynsy e ldiduuvassomas Inihanuigs Taolidnuaizaasds

£ =

21]'73 2.11 TavRvamamiloniiy Tansuay annsounudaoidumi uazdudnuaud
auya Taoiinsanogluziluesaees RLC oynsy  Sscmunsodinsizimmsiiinesens 4
Tu Inductionheatingli'luﬂ:mumsv‘iﬂﬁmﬁﬂmm%’auﬁu'Emmsaﬁ%uqmﬁﬁlu‘?ﬁauﬁmﬁﬂ
(ferromagnetic material) Tavefionsmiionildidanszualvain (eddy current) NUSHMAY
vossuny Talassahalsznoudasiuau (work-piece) 1AZYARIAMTIBNI (heating coil)
faqlii 212 umsfezmilenildidanudouiisuan WWnnweriy 1ADITINIZUATY

q‘ Y - o
fA7UD ’(Iﬂ,ﬁ NUYAAIALUUYIU
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Heating

coil '

Work-piece

Step down

high frequency

transformer

UM 2.1 2995817051905 N910 TnaA induction heating

Heating
coil

Gy

2
P

+
Vo' N,

M

Work-piece

+ 0

Vo

0

Step down
high frequency
transformer

R
&
C

0
—

0
+

Vo

T

0

31N 2.12 2993@UYA RLC 91N531901 induction heating load



21

d ar i L]
2993 RLC 15 Tauuuninuveynsuamnsonans1dasgili 2.3 Tavesiuauems
a ' = A v a i‘_l A lll o "]:j &
W'i]15ﬂnﬂaﬂﬂﬂﬂuﬂﬂﬂﬂﬂ'ﬂﬂﬂ‘ﬂﬂﬂﬁﬂﬂi1uﬂﬁmﬂlﬁ\1ﬂuﬂu°ﬁﬂl UAAU LY UBIVSIUVUNUT U
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L C
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=
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Vi =Vncosot () RV,
(a) 7993 RLC YNIY
1
joL  joC
K111} i}
_
I I L*
A7) RZ

(b) 21 3lmwD3 Y03 RLC OYNTN

31 2.13 2395 RLC aynsuvazessiaiyes

o { @ o o ' LY
IN2997 RLC f_]‘l«gﬂiﬂﬁﬂz'ﬂﬁ 2.13 ’CTI?J'l‘iOI,L'cTﬂQﬂ'J']ilﬂilwuﬁ'ixﬂ’ﬂﬂlli\iﬂuﬂuﬂﬂ

& 9 o
llﬁgli‘)'lﬂ'v!‘n‘lﬂﬂqaﬂﬂ"ﬁ

_ R _
Va = l Vi
R+ jolL+——
d joC
(2.28)
R _
- : V;
R+ j|lol——
’( wcj
uazmmﬁ'u‘ﬁufs:winuanﬂﬁgmmusaﬁu5uvgmm:m1ﬁv§mmm"lﬁ’\'ﬁaﬁums
v, = R v, (2.29)




22

@ :: o dw -~
aaiuee ldnsuamesHeanduvesisesie

Vo _ R (2.30)

Vi " 1 2

R*+|oL——

(“’ wc‘)

130

Yo . - (2.31)

S TR

R oRC
slsuifasuilen oL = 1/oC FwzildamsmmrodiliFuvesesuiiy 1

o y '

-:;d' o Y a v W
uaxmmnwm‘lﬂmmiTwuuﬂunmﬂmnms

1
o, = (2.32)
vLC
EL)
fr = _l (2.33)
2zNLC

¥ . o Voar
71 characteristic impedance (Zo) 99919 Tmmumwnﬂunsmmnu

L
o - E

= a)rL=

(2.34)
1

w,C
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A1 Quality factor Q ¥892395317 2.15 dwnsam Idnnaums
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ABSTRACT
This paper presents the asymmetrical of output power control of a full-bridge high frequency
series. Resonant inverter, using the principle of asymmetry voltage control with zero voltage switching
(ZVS) .The circuit operation is first analyzed in detail. Then, output voltage and current waveforms with
their spectra with various voltage-cancellation control angles are analyzed and used to calculate the
output power. The zero voltage switching frequency with various voltage-cancellation control angles can
be also calculate. Both theoretical and experimental result are given for comparison propose to verify the

principle presented in the analyzed.
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Analysis of Resonant Inverter Using Asymmetrical Voltage

Control for High Frequency Induction Heating

4 -
wosAdnA miquya  FToz Mgiudy

nndximnssu i augimnssumand donfumaTuladwszeemndudnammsmanszis

0.900N73 AIANTHTN NJINNA 10520 Tn3. 02-7373000 #e 3516 Email : kpviriya@kmitlac.th

ar \
unnaee
av 4. g o o -
auddeiinaue luumanuil vxifierfusivazideants
- - . - o ¢ s d & sfda
AT MINNUYe29955 TauuuidunefinesuuuiAvuiadig
. w 5 o " A
msauquids i Iasmisaaunuiiens sdunuy himnnas e
i ; ;

1 luananioslianufoumilonihnnuigaTasszdAnuuas
nadeuIAMIAY V, ipudeudnng nszua £ uazddslvih
d i "

P, imudgadiueninn aneavuiiiamausidu V),

= - o .
nizumnde ;uazdmdd i P, Taoldimamisdiuon

P & A v o
|1|'§uumuununnmimaamnﬂuﬂnumoiuuunnnminuun‘ua

3 [ o » A a
iy : ussdunun himanas, @eunda, $Tauuuy, sunedined

ABSTRACT

This paper presents an analysis of a full-bridge resonant inverter
for output power control, using the principle of asymmetrical voltage
control for the application of induction heating. The high frequency
output voltage V  with various voltage-cancellation control angles,
current [, and power P, and also the direct current input voltage V, ,
average current id and power F:j, will be calculated and tested. Both
theoretical and experimental results are given for comparison to verify
the proposed principle.

Key Words : Asymmetrical Voltage, Phase-Shift , resonant , inverter
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20A, 500V, 0.270 Ohm, N-Channel
Power MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETSs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.
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Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified
IRFP460 UNITS
Drain to Source Voltage (Note 1)...... B koo o O B AR SR B Vps 500 v
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MBSTRND PG DISSIPRION - o . o ovv v nieunin waimsm s s mm s Vs v 40 s 580508 48 sas erm e e m e Pp 250 w
Linear Derating Factor .. ... .. ... ...t e e 20 w/ec
Single Pulse Avalanche Energy Rating (Note 4). . ... ............iiiuiiiiineiaaaannnnnn, Eas 960 mJ
Operating and Storage TEMPErature . .. ... ............ouuiur o eennns. T. TsTG -55 to 150 °c
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Case for 10S. .. . .. ... ...ttt e, T 300 °c
Package Body for 10s, See Techbrief 334 . . ............ ... ... ... ..., Tokg 260 °c

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. Ty=25°C to T = 125°C.

Electrical Specifications T = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS

Drain to Source Breakdown Voltage BVpgs |Ip=250pA, Vgg = 0V (Figure 10) 500 - v
Gate Threshold Voltage Vas(tH) | Vas = Vps. Ip = 250pA 2 - 4 A
Zero Gate Voltage Drain Current Ipss Vps = Rated BVpgg, Vgg = 0V - - 25 pA

Vps = 0.8 x Rated BVpgg, Vgs = 0V, Ty = 125°C - - 250 pA
On-State Drain Current (Note 2) IpoN) | VDs > Ip(on) X 'Ds(onmAx. Vas = 10V 20 - - A
Gate to Source Leakage Current lgss Vgs =+20V - - +100 nA
Drain to Source On Resistance (Note 2) 'ps(oN) |lp=11A, Vgg = 10V (Figures 8, 9) - 024 | 027 Q
Forward Transconductance (Note 2) 9fs Vps 2 50V, Ipg > 11A (Figure 12) 13 19 - S
Turn-On Delay Time td(ON) Vpp =250V, Ip = 21A, RGS =4.3Q, Rp = 120, - 23 35 ns
e Tie o3 o O W B N
Turn-Off Delay Time t4(OFF) - 85 130 ns
Fall Time 1 - 65 98 ns
Total Gate Charge Qgﬂ'OT) Vgg =10V, Ip=21A, Vpg = 0.8 x Rated BVDSS. - 120 190 nC
(Gate to Source + Gate-Drain) lg(REF) = 1.5mA (Figure 14). Gate Charge is
Gate to Source Charge e Essentially Independent of OperatingTemperature - 18 N nC
Gate to Drain “Miller” Charge Qgd - 62 - nC
Input Capacitance Ciss Vps =25V, Vgg = 0V, f = 1MHz (Figure 10) - 4100 - pF
Output Capacitance Coss - 480 - pF
Reverse Transfer Capacitance Cprss - 84 - pF
Internal Drain Inductance Lp Measured from the Drain | Modified MOSFET - 5.0 - nH

Lead, 6mm (0.25in) from | Symbol Showing the

Package to Center of Die | Internal Device
Internal Source Inductance Lg Measured from the Source | 'nductances b - 13 - nH

Lead, 6mm (0.25in) from

Header to Source Bonding

Pad
Thermal Resistance Junction to Case ReJc E - 050 | °cw
Thermal Resistance Junction to Ambient Rgya | Free Air Operation - - 30 | cw

©2002 Fairchild Semiconductor Corporation IRFP460 Rev. B
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Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET D - - 20 A
: Symbol Showing the

t - - A

f’h‘l.l;?: ;ource to Drain Curren lspm Integral Reverse P-N 80
Junction Rectifier
G
S

Source to Drain Diode Voltage (Note 2) Vsp T, =25°C, Igp = 21A, Vgg = OV (Figure 13) - - 1.8 v
Reverse Recovery Time ter Ty =25°C, Igp = 21A, digp/dt = 100A/us 280 580 1200 ns
Reverse Recovery Charge QRR T, =25°C, Igp = 21A, digp/dt = 100A/us 3.8 8.1 18 pC

NOTES:

2. Pulse test: pulse width < 300us, duty cycle < 2%.
3. Repetitive rating: pulse width limited by Max junction temperature. See Transient Thermal Impedance curve (Figure 3).
4. Vpp = 50V, starting T = 25°C, L = 4.3mH, Rgg = 25Q, Peak Ipg = 20A.

Typical Performance Curves unless Otherwise Specified
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Typical Performance Curves uniess Otherwise Specified (Continued)
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Typical Performance Curves uniess Otherwise Specified (Continued)
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Test Circuits and Waveforms
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST @ OPTOLOGIC™ SMART START™ VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LitleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENT SWITCHER®  UltraFET®

STAR*POWER is used under license
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITYARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended. for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

Definition of Terms

Datasheet Identification Product Status Definition

Advance Information Formative or

In Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at

any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.

Rev. H4
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