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ABSTRACT

This thesis presents analysis of a half-Bridge resonant Inverter with partial voltage
cancellation for high-frequency induction cooking. The principle of high-frequency induction
cooking will be first analyzed. Then,the equations of output voltage v, and output currenti, with
the variation of @ from 0=120°of the circuit are obtained. The output power P, and input
power P,of the inverter can be calculated using the equations at various @ from 0—120°.The
prototype of the proposed cooker has been developed and tested with the boiling time of 2
minutes for 0.5 litre of water and at power rating of 1040 watts. Both theoretical and experimental

results are given for comparison purpose to verify the principle presented in the analysis.
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Analysis of Half-Bridge Resonant Inverter with Output Voltage Control for

High-Frequency Induction Cooking
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Abstract

This paper presents an analysis of half-Bridge resonant
inverter with output voltage control for high-frequency induction
cooking. The circuit operation will be first analyzed. Then,the equations
of output voltage V, and output current i, with the variation of duty-
cycle of the circuit are obtained. The output power P, and input power
P of the inverter can be calculated using the equations at various duty
cycle from 0-100%. The prototype of the proposed cooker has been
developed and tested with the boiling time of 2.5 minutes for 0.5 litre of

water and at power rating of 1150 watts

Keywords: Inverter Half-Bridge,Induction Cooking,High-Frequency
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Imemalional PD-9.512B
[zer] Rectifier IRFP460

HEXFET® Power MOSFET

e Dynamic dv/dt Rating

® Repetitive Avalanche Rated D g

® |solated Central Mounting Hole Vpss = 500V
® Fast Switching

® Ease of Paralleling

® Simple Drive Requirements

E Ip = 20A

Description
Third Generation HEXFETs from Intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commerciak-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to
meet the requirements of mast safety specifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Te=25°C | Continuous Drain Current, Vas @ 10V 20
lo @ Te = 100°C | Continuous Drain Current, Vgs @ 10V 13 A
lom Pulsed Drain Current © 80
Pp @ Tc=25°C | Power Dissipation 280 W
Linear Derating Factor 22 WG
Vas Gate-to-Source Voltage +20 v
Eas Single Pulse Avalanche Energy @ 560 mdJ
lar Avalanche Current @ 20 A
Ean Repetitive Avalanche Energy © 28 mdJ
dv/dt Peak Diode Recovery dvidt @ . 3.5 Vins
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 3 10 Ibfsin (1.1 Nem)-
Thermal Resistance
Parameter Min. Typ. Max. Units
Rasc Junction-to-Case — —_ 0.45
Recs Case-to-Sink, Flat, Greased Surface — 0.24 — °CW
Raua Junction-to-Ambient — — 40
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IRFP460

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Vierjoss Drain-to-Source Breakdown Voltage 50 | — | — [ Vv [ves=0V, lo=250uA
AVerioss/AT,| Breakdown Voltage Temp. Coefficient — | 063 | — | VPC |Relerence to 25°C, lp= 1mA
Ros(on Static Drain-to-Source On-Resistance = — 1027 | Q |Vaes=10V, lp=12A ®
Vaspry Gate Threshold Voltage 20 | — | 40 | V_|Vps=Vas, lo=250uA
Ots Forward Transconductance 13 | — - S [Vos=50V, lo=12A @
— | — ] 25 Vps=500V, Vgs=0V
Ipss Drain-to-Source Leakage Current r oy o7y & pA Vos=400V, Vos=0V, Ty—125°C
e Gate-to-Source Forward Leakage — | =1 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qg Total Gate Charge — =t =/ |20 lo=20A
| Qgs Gate-to-Source Charge — | = | 28 | nC |Vps=400V
glg Gate-to-Drain ("Miller") Charge — — | 110 Vas=10V See Fig. 6 and 13 @
[ Tum-On Delay Time — 18 - Voo=250V
1 Rise Time = 188 _[ = 4™ [lo=20A
{atom Tum-Off Delay Time — | 110 | — Ra=4.3Q
1 Fall Time — \| 458 1} 2= Rp=130_ See Figure 10 ®
Lo Internal Drain Inductance — |80 | = e skneiy o
s il il O
Ls Intemal Source Inductance — 13 —_— e T
+ Cias Input Capacitance — 4200 | — Vas=0V
Cons Output Capacitance — 870 | — | pF |Vps= 25V
Cras Reverse Transler Capacitance — 350 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Congitions
Is Continuous Source Current 3 N 20 MOSFET symbol p
(Body Diode) A showing the
lsm Pulsed Source Current L | (BTG integral reverse . ¢
(Body Diodé) @ p-n junction diode. is
Vso Diode Forward Voitage — | '=— 118 V | T=25°C, Is=20A, Vgs=0V @
tr Reverse Recovery Time — | 570 | 860 | ns |T,=25°C, |=20A
Qr Reverse Recovery Charge — | 57 | 86 | pC |di/d=100Aks @
ton Forward Tum-On Time Intrinsic tun-on lime s neglegible (tum-on is dominated by Ls+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ 1sp<20A, di/dis160A/s, VDDV (BR)DSS,
max. junction temperature (See Figure 11) Tys150°C
@ Vpp=50V, starting T=25°C, L=4.3mH @ Pulse width < 300 pus; duty cycle <2%.

RG=25Q, las=20A (See Figure 12)
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Drain Current (Amps)

Ip,

Ip, Drain Current (Amps)

IRFP460

oe  Ta¢ =
oy —4
R >
HRH P
80T ¥ Bu : 8
10! ‘,/
4
y 4.5¢
20us PULSE WIDTH
Tc = 259C
10°
100 10!

Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics,

Tc=25°C
71
10! -
II .l'
qgaﬂc
Vog = SOV
g 20USPLLSE WIDTH!
4 8 9 10

Vas, Gate-to-Source Voltage (volts)
Fig 3. Typical Transfer Characteristics

Ip, Drain Current (Amps)

(Normalized)

Rpson), Drain-to-Source On Resistance

Toe §E§v /
g = A
,ﬁ
! - o 454 4=
Y § T
é 20us PULSE WIDTH
Te = 150°C
m‘:ﬂo 10!
Vps, Drain-to-Source Voltage (volts)
Fig 2. Typical Output Characteristics,
Tc=150°C
3.5 To = 200
3.0
2.5
2.0 /
A -
1.5 =
d +
1.0 /,
/
4
0.5
¥6s = 10V
ol

"60 40 -20 0 20 40 60 B0 100 120 140 160

T, Junction Temperature (°C)

Fig 4. Normalized On-Resistance

Vs. Temperature
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IRFP460

i Vgs = OV, f = iMiz 20
- Ip = 20A =
Ciss = Cgs *+ Cgg Cgs SHOATED P o Vpg = 400V I\
Crss = Cga 4 Vpg = 250V _Q
oo0g Coss = Cds * Cgd E Vog = 100¥
N & /’)
Y \&l l 2 7
6000 ss > /12
8 \ ! T o] /
N \x ~ 3 -
NG 3
O b L]
\‘\ l P'\\ (% 8
2000 :rss 4 \ % 4 l
\x\.-_ :»8 FETES
L SEE_FIGURE 13
o P L r B0 20 180 200
Vps, Drain-to-Source Voltage (volts) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Sourca Voltage Gate-to-Source Voltage

10? 20 ?
‘ E pozaum1gv In whis 23z _twitiz —=
a /j"' T | LA e =
g 7 W) 2 s
= % é, o }
[y I
E g >
3 | N == o= Si=
a g ] < \\
a 1509C / I (g ? i’l A" g \\ N
8 / }ZS‘IZ g 10 ~ ANE -~ i, —4
2 [T1) : e~
[ o) X
g / 2 ’C'Z’PE : — L
- T,
Vs = 0¥ foinece asell] [ ]], e
0.8 0.8 1.0_ 1.2 1.4 16 1.8 2.0 ‘, 2 3 49 2 s 4R 2 s .
Vsp, Source-to-Drain Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
Forward Voltage
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Ip, Drain Current (Amps)

20
16 S
12 \\

25 50 75 100 125 150
Te, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.

IRFP460
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505

Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517 'ntemtioml
Rectifier
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