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Abstract – Induction cooking application with multiple loads need high power inverters and 
appropriate control techniques. This paper proposes an inverter configuration with buck-boost 
converter for multiple load induction cooking application with independent control of each load. It 
uses one half-bridge for each load. For a given dc supply of VDC, one more VDC is derived using buck-
boost converter giving 2VDC as the input to each half-bridge inverter. Series resonant loads are 
connected between the centre point of 2 VDC and each half-bridge. The output voltage across each load 
is like that of a full-bridge inverter. In the proposed configuration, half of the output power is supplied 
to each load directly from the source and remaining half of the output power is supplied to each load 
through buck-boost converter. With buck-boost converter, each half-bridge inverter output power is 
increased to a full-bridge inverter output power level. Each half-bridge is operated with constant and 
same switching frequency with asymmetrical duty cycle (ADC) control technique. By ADC, output 
power of each load is independently controlled. This configuration also offers reduced component 
count. The proposed inverter configuration is simulated and experimentally verified with two loads. 
Simulation and experimental results are in good agreement. This configuration can be extended to 
multiple loads.  
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1. Introduction 
 
Induction cooking is one of the several applications of 

induction heating. Induction heating method is a far better 
approach than other conventional methods. In conventional 
methods, the heat is transferred from heat source to load 
by conduction or radiation. In induction heating, the heat 
is developed inside the load due to generation of eddy 
currents at skin depth level from the surface [1]. In recent 
times, considerable progress is made in control schemes 
and inverter configurations. A typical arrangement of 
high frequency (HF) induction heating circuit is shown 
in Fig. 1.  

 

 
Fig. 1. Typical arrangement of high frequency induction 

heating resonant inverter 
 

Resonant inverter is commonly used as a source of high 
frequency AC supply. The DC input to it is derived by 
rectifying the utility AC source. High frequency AC 
flowing in the load coil results in eddy currents induced in 
the vessel at skin depth level resulting in heating effect. 
The eddy currents produced in the load are concentrated in 
a peripheral layer at skin depth (δ ), which is expressed as 
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where, ρ is electrical resistivity, μ is magnetic permeability, 
μr is relative magnetic permeability of the load material, 
and fs is switching frequency of the inverter. Commonly 
used topologies for induction cooking application are 
quasi resonant, half-bridge, and full bridge inverters [2-4]. 
Out of these, full bridge inverter is preferred for high 
power applications. Half-bridge inverter is preferred for 
less components count. Multiple-load half-bridge series 
resonant inverter is shown in Fig. 2. 

In this, Lr1 is the coil inductance, Cr1 is the resonant 
capacitance, and Req1 is equivalent resistance of the load-1. 
Similarly, Lr2, Cr2, and Req2 are the coil inductance, 
resonant capacitance, and equivalent resistance of the load-
2 respectively. C1 and C2 are DC link split capacitors. Q1 
and Q2 are the switching devices with anti-parallel diodes 
D1 and D2 of load-1 inverter circuit. Q3 and Q4 are the 
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switching devices with anti-parallel diodes D3 and D4 of 
load-2 inverter circuit. VDC is the supply voltage, i1 is the 
load-1 resonant tank current and i2 is the load-2 resonant 
tank current. 

Pulse amplitude modulation (PAM) and pulse frequency 
modulation (PFM) were used to control output power in 
induction heating application. Under PAM control, 
amplitude of the source voltage is varied to control the 
output power [5]. It requires power processing at two 
stages i.e., one at AC to DC power conversion and other at 
high frequency inverter, resulting in more complexity and 
reduced efficiency. Under PFM control, the switching 
frequency has to be varied over a wide range [6]. Also, the 
soft switching operating region for zero voltage switching 
(ZVS) operation is relatively narrow. If the circuit operates 
below the resonance, the filter components are large at low 
frequency range. In [7], for induction heating application, 
phase shift control (PSC) technique is used for output 
power control. ZVS problem is minimized by varying the 
switching frequency. In [8], phase-shifted PWM and 
load-adaptive PFM control strategies are used. In [9], 
hybrid power control technique with pulse density 
modulation (PDM) and phase-shift modulation (PSM) 
are proposed for induction heating applications. These 
methods improve the performance of the inverter in several 
aspects. ZVS problem is also minimized by techniques 
such as asymmetrical voltage cancellation (AVC) and 
asymmetrical duty cycle (ADC) control [10]. In [11], two 
operating modes for power control of half-bridge resonant 
inverter induction heating system are described. One 
operating mode uses variable frequency control for larger 
output power. Other operating mode uses pulse density 
modulation control in low to medium power range. It has 
the advantage of high efficiency over wide output power 
range. The limitation is the use of variable frequency 
control in certain power range.  

In induction cooking application, one inverter feeds 
power to a single load. For multiple load application, there 
is a need to develop inverter circuits and control techniques 
which can minimize components count and provide 
independent control of each load. Certain techniques are 
available in the literature. In [12], single inverter with two 
load system is proposed and analyzed. It uses variable 

switching frequency control. This scheme has one master 
load and one slave load. It has several resonant capacitors 
connected in parallel by electro-mechanical switches. 
These are activated for power control. In [13], an inverter 
configuration for two loads is suggested. It has three legs 
wherein one leg is common for both the loads. This 
configuration provides independent and simultaneous 
control of both loads. Asymmetric voltage cancellation 
technique is used for control of the inverters. This method 
has the advantage of reduced components count and better 
utilization of devices. This technique can be extended to 
more than two loads also. In [14], two-output charge boost 
type induction cooking application is proposed using 
asymmetrical voltage cancellation technique. A power 
factor correction stage is also added to improve the power 
factor. In [15], a load-adaptive control algorithm for 
variable load and large output power range is proposed and 
described. In the design process, aspects like efficiency, 
acoustic noise, and flicker emissions are considered. It is 
shown that single control strategy is not suitable when 
several aspects are to be considered. An appropriate 
combination of different control techniques is suggested 
for each power range. The limitation of this method is 
increased complexity in the control implementation. In 
[16], a cost-effective multiple-load system is proposed. It 
uses discontinuous mode control to improve light-load 
performance. Converter efficiency is increased by reducing 
switching frequency while maintaining proper power factor. 
Switching frequency range is between 20 to 150 kHz. 
Variable switching frequency is the limitation of this 
method. In [17], system-on-programmable chip and FPGA 
based test bench for multiple inductor power converter is 
proposed. The power converter is modelled in VHDL. This 
speeds-up the simulation process of the system. In [18], 
multiple output induction heating system which uses direct 
ac-ac power conversion is proposed. This method gives 
higher efficiency, reduced components count and reduced 
complexity. This is achieved with the use of matrix 
converter for multiple loads. Variable frequency control 
may be the limitation of this method. Also, larger input 
harmonic currents are present under unbalanced operation.  

This paper proposes buck-boost interleaved inverter 
configuration for induction cooking application with 
multiple-loads. It uses one half-bridge for each load. For a 
given dc supply of VDC one more VDC is derived using 
buck-boost converter giving 2VDC as the input to each half-
bridge. Series resonant loads are connected between the 
centre point of 2VDC and each half-bridge. Output voltage 
is switched between +VDC and –VDC with half-bridge 
configuration. In the proposed configuration, half of the 
output power is supplied to each load directly from the 
source and remaining half of the output power is supplied 
to each load through buck-boost converter. With buck-
boost converter, each half-bridge inverter output power is 
increased to a full-bridge inverter output power level. Each 
half-bridge is operated with constant and same switching 
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Fig. 2. Multiple-load half-bridge series resonant inverter 
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frequency with ADC control technique. By ADC [9], 
output power of each load is independently controlled. 
The proposed configuration can be extended to multiple-
loads.  

 
 

2. Proposed Inverter Configuration 
 
This section describes the proposed inverter con-

figuration for multiple-load induction cooking application. 
Circuit diagram of the proposed inverter is shown in Fig. 3 
for two loads. Both loads use series resonant circuit. It uses 
one half-bridge for each load. For a given dc supply of VDC 
one more VDC is derived using buck-boost converter giving 
2VDC as the input to each half-bridge. Due to polarity 
reversing nature of output voltage in buck-boost converter, 
it becomes possible to use input and output voltages of 
buck-boost converter as two dc sources like split capacitor 
configuration of half-bridge inverter. With suitable duty 
ratio of buck-boost converter, it is possible to maintain 
output voltage equal to input voltage (VDC) for all 
induction heating loads. Hence, input and output voltages 
of buck-boost converter are maintained at equal magnitude. 
This gives total input voltage of 2VDC to each half-bridge 
inverter, which is also a series connection of two dc 
sources each of VDC. The buck-boost converter is switched 
at 30 kHz.  

Series resonant loads are connected between the centre 
point of 2VDC and each half-bridge as shown in Fig. 3. 
The output voltage across each load switches between 
+VDC and –VDC with half-bridge configuration. It is 
similar to that of a full bridge inverter with VDC as the DC 
input. Hence in this proposed configuration, each load 
handles same power as that supplied from a full-bridge 
configuration. Each half-bridge is operated with constant 
and same switching frequency with ADC control technique. 
By ADC, output power of each load is independently 
controlled. Load-1 is connected to inverter output voltage 
vAB. Load-2 is connected to inverter output voltage vAC. 
Load-1 consists of Cr1, Lr1, and Req1 which are resonant 
capacitance, inductance and equivalent load resistance 

respectively making series resonant tank. Similarly, 
load-2 consists of Cr2, Lr2, and Req2, which are resonant 
capacitance, inductance and equivalent load resistance  
respectively making series resonant tank. Resonant  

frequencies of two load circuits are r1
1 1

1f
2 r rL Cp

=  and  

r2
2 2

1f
2 r rL Cp

=  respectively. If required they can be of  

different power ratings, but operated at same switching 
frequency. Hence, the resonant frequencies of both load 
circuits have to be same. 

In this paper, both loads have same component values 
and their resonant frequencies are same. Lr1 = Lr2 = Lr, Cr1  
= Cr2 = Cr, and Req1 = Req2 = Req. Hence, their power rating  
is same and operated at a switching frequency of 30 kHz.  

Resonant frequency of each load circuit is, r
1f

2 r rL Cp
= .  

Switching frequency of each leg is slightly higher than 
their resonant frequency. Hence, inverter switching 
frequency (fs) can be chosen 5 to 10% higher than the 
resonant frequency (fr) for ZVS operation.  

Fig. 4 shows gating signals vg1 and vg2 for the switching 
devices Q1 and Q2 of half-bridge inverter for load-1. Also, 
output voltage (vAB) along with its fundamental component 
(vAB1) is shown. The load-1 current (i1) is shown assuming 
it to be sine wave due to filtering of harmonics by resonant 
load. These waveforms are based on ADC control 
technique. Here, the angles θ1 or β1 can be used as control 
variables and β1 = (180° – θ1). 1Æ  is the angle between 
vAB1 and i1. β1 can be controlled to control the duty-ratio of 
output voltage (vAB). The duty-ratio (D1) of load-1 half-
bridge inverter is defined as  

 

 Duty ratio (D1) = onT
T / 2

  (2) 

Fig. 3. Proposed inverter configuration for multiple-load
induction cooking 

 
Fig. 4. Output voltage and current with control variables 

with ADC control technique 
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In Fig. 4, Ton and T/2 are shown with gating pulses for 
load-1 half-bridge inverter. Analysis of asymmetrical duty 
cycle control for series resonant inverter is presented in 
[10]. Harmonics in load current waveform are negligibly 
small and ignored. 

The amplitude of the fundamental voltage AB1v̂  can be 
expressed in ADC control technique as, 

 

 dc 1
AB1

4V θˆ cos
π 2

v =   (3) 

 
1̂I  is the amplitude of the load-1 current and assumed to 

be sinusoidal. The phase lag 1Æ  between the voltage vAB1 
and the load current i1 can be expressed as, 
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The quality factor (Q) and normalized switching 

frequency ( nω ) are defined as 
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r
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where sω  is angular switching frequency and rω  is 
angular resonant frequency. 

The resonant tank circuit current ( 1̂I ) is expressed as,  
 

Where 1̂I =
AB1

eq
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where 1Æ =Æ  

The load-1 output power can be expressed as, 
 

Po1 = 
2
1

eq1
Î R
2

 

Po1 =
2 2DC

2 eq1

8V cos
π R

Æ 12 θcos
2

  (8) 

Similarly,   Po2 =
2 2DC

2 eq2

8V cos
π R

Æ 22 θcos
2

  (9) 

 
where Po2 is output power of load-2 and θ2 is control 
variable for load-2. The total output power (PT) is 
expressed as PT = Po1 + Po2. From the above equations, the 
amplitude of individual currents and output powers can be 

controlled by varying corresponding control angles θ1 and 
θ2. As θ1 and θ2 can be independently controlled, both loads 
are independently controllable. 

The output voltage across each load is like that of a full-
bridge inverter. Hence the output power increases with 
proposed configuration. In the proposed configuration, half 
of the output power is supplied to each load directly from 
the source and remaining half of the output power is 
supplied to each load through buck-boost converter.  

The buck-boost converter shown in Fig. 3 needs to be 
controlled in closed loop to maintain its output voltage 
equal to input voltage under different load conditions. 
Since, half of the load power is processed through buck-
boost converter, losses in buck-boost converter have to be 
minimized as much as possible. This helps in improving 
overall efficiency of the proposed configuration. For this, 
in place of free-wheeling diode power MOSFET (S2) is 
used. This reduces losses during free-wheeling. Also, both 
MOSFETs used in buck-boost converter are of low on-state 
resistance.  

 
For, Pin = inverter input, and PT = total inverter output 

ηI = inverter efficiency = T

in

P
P  

ηB = efficiency of buck-boost converter  
η = overall efficiency (with buck-boost converter)  

 
T I

in in

B B

P η
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 (10) 

 
Overall efficiency is dependent on ηB. For ideal buck-

boost converter, ηB =1 and η = ηI. Under practical condition, 
ηB is less than unity. This results in η < ηI.  

 
 
3. Results of Proposed Inverter Configuration 
 
Experimental setup of proposed inverter configuration is 

shown in Fig. 5. 
 

 
Fig. 5. Experimental setup of proposed inverter configuration  
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Proposed inverter configuration with ADC control 
technique is simulated and experimentally verified using 
the parameters shown in Table 1. 

Proposed circuit of half-bridge series resonant inverter 
configuration for two load induction cooking application is 
designed and operated at a switching frequency of 30 kHz. 
It is for a total output power (PT) of 135 watts with a source 
voltage of 15V. The simulation and experimental studies 
are done for different duty-ratio combinations of D1 and D2. 
D1 and D2 are duty-ratios of inverter output voltages vAB 
and vAC respectively. Gate pulses, inverter output voltage 

Table 1. Parameters of proposed inverter configuration for 
induction cooking 

Item Symbol Value 
Source voltage VDC 15V 

Equivalent resistance of each load Req1, Req2 1.95Ω 
Equivalent inductance of each load Lr1, Lr2 68μH 
Resonant capacitance of each load Cr1, Cr2 0.45μF 
Resonant frequency of load circuit fr 28.77 kHz 
Switching frequency of each leg fs 30 kHz 

Dead time td 450 nsec 
MOSFETs used IRFP4110PbF 100V, 180A 

 

 
(a) Inverter gate pulses and output voltages (vAB and vAC) 
 

 
(b) Simulation waveforms of vAB and vAC and i1 and i2 
 

 
(c) Experimental waveforms of vAB and vAC and i1 and i2  

(Scale: voltage: 20V/div., current: 20A/div.) 

Fig. 6. Inverter waveforms for D1= 0.97 and D2= 0.97 
 

 
(a) Inverter gate pulses and output voltages (vAB and vAC) 
 

 
(b) Simulation waveforms of vAB and vAC and i1 and i2 
 

 
(c) Experimental waveforms of vAB and vAC and i1 and i2  

(Scale: voltage: 20V/div., current: 20A/div.)  

Fig. 7. Inverter waveforms for D1= 0.97 and D2= 0.6 
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waveforms and load currents for the proposed inverter 
configuration are shown in Figs. 6 to 9 for various duty-
ratio combinations.  

Figs. 6(a), 7(a), 8(a), and 9(a) show gate pulses vg1 to vg4 
of switching devices Q1 to Q4 for various duty-ratio 
combinations of D1 and D2. These figures also show 
inverter output voltages vAB and vAC for these duty-ratio 
combinations. Fig. 6(a) shows these waveforms for D1= 
0.97 and D2= 0.97. Figs. 7(a), 8(a), and 9(a) show them for 
D1= 0.97 and D2= 0.6, D1= 0.7 and D2=0.3, and D1=0.5 and 
D2=0.3 respectively. These figures help in understanding 

the operation of the proposed inverter configuration. Fig. 
6(b) shows the simulation waveforms of both inverter 
output voltages and their load currents for a duty-ratio of 
D1= 0.97 and D2= 0.97. 

Figs. 7(b), 8(b), and 9(b) show them for D1= 0.97 and 
D2= 0.6, D1= 0.7 and D2= 0.3, and D1= 0.5 and D2= 0.3 
respectively. Similarly, Fig. 6(c) shows these waveforms of 
inverter output voltages and their load currents under 
experimental condition. In Fig. 6(c), D1= 0.97 and D2= 
0.97. Figs. 7(c), 8(c), and 9(c) show them for D1 = 0.97 and 
D2 = 0.6, D1 = 0.7 and D2=0.3, and D1 = 0.5 and D2 = 0.3 

 
(a) Inverter gate pulses and output voltages (vAB and vAC) 
 

 
(b) Simulation waveforms of vAB and vAC and i1 and i2 
 

 
(c) Experimental waveforms of vAB and vAC and i1 and i2  

(Scale: voltage: 20V/div., current: 20A/div.) 

Fig. 8. Inverter waveforms for D1= 0.7 and D2= 0.3 

 
(a) Inverter gate pulses and output voltages (vAB and vAC) 
 

 
(b) Simulation waveforms of vAB and vAC and i1 and i2 

 

 
(c) Experimental waveforms of vAB and vAC and i1 and i2 

(Scale: voltage: 20V/div., current: 20A/div.) 

Fig. 9. Inverter waveforms for D1= 0.5 and D2= 0.3 
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respectively. 
From Figs. 6 to 9, it can be observed that each output 

voltage waveform and its load current is independently 
controlled with ADC control technique. Independent 
control is achieved by variation of duty-ratios of individual 
inverters. This gives power control in each load 
independently. 

From simulation and experimental results, it is observed 
that both results are in good agreement with each other. It 
is also seen that for a given DC input voltage of VDC, the 
proposed inverter configuration of half-bridge series 
resonant inverter has same output voltage level as full-
bridge configuration. This concept can be extended for 
multiple-loads also. Here, all loads can be operated at same 
switching frequency. In Figs. 6 and 7, duty-ratio of load-2 
is 0.97 and 0.6 respectively, whereas duty-ratio of load-1 is 
kept constant at 0.97. It can be observed that current in 
load-2 varies with the variation of its duty-ratio, while the 
current in load-1 remains constant. Hence, current in load-2 
is controlled independently. Similarly, in Figs. 8 and 9, 
duty-ratio of load-1 is 0.7 and 0.5 respectively, whereas 
duty-ratio of load-2 is kept constant at 0.3. It can be 
observed that current in load-1 varies with variation of its 
duty-ratio while the current in load-2 remains constant. 
Hence, current in load-1 is controlled independently. 
Proposed inverter configuration gives advantage of 
independent power control of each load. Though each load 
is powered with half-bridge configuration, it has output 
power capability of full-bridge. Also, it reduces component 
count for multiple loads. 

In this paper, the switching frequency used for inverters 
is 30 kHz. Hence, ZVS is not of much concern. If required, 
the inverters can be switched at higher frequencies with 
possibility of ZVS.  

 
 

4. Independent Control of Load Power 
 
Load power control is achieved using ADC control 

technique. Output powers of load-1 and load-2 are 
dependent on corresponding load currents. In Table 2, load-
1 current is controlled with its duty-ratio, and load-2 
current remains constant as D2 is kept constant at 0.97.  

Similarly, it can be shown that when load-2 current 

varies with its duty-ratio and load-1 current remains 
constant. Each load current is controlled independently 
with its duty-ratio. It can be observed from Figs. 10 and 11. 

Variation of current in load-1 with variation of D1 is 
shown in Fig. 10. For this, D2 is kept constant at 0.97. 
Under this condition, current in load-1 only varies whereas 
current in load-2 remains constant. Similarly, variation of 
current in load-2 with variation of D2 is shown in Fig. 11. 
For this, D1 is kept constant at 0.97. Under this condition, 
current in load-2 only varies whereas current in load-1 
remains constant. Simulation and experimental results are 
in good agreement with each other. 

In Fig. 12, variation of output power of load-1 vs. D1 is 
shown with proposed configuration and with conventional 
half-bridge configuration. In the proposed configuration, 
output power is 4 times compared to conventional half-
bridge configuration. 

Table 2. Load-1 current with its duty-ratio 

Duty Load-1 Load-1 Load-2 Load-2 
0.97 5.99 5.9 5.99 5.9 
0.9 5.81 5.76 5.99 5.9 
0.8 5.62 5.58 5.99 5.9 
0.7 5.16 5.09 5.99 5.9 
0.6 4.71 4.68 5.99 5.9 
0.5 4.23 4.15 5.99 5.9 
0.4 3.57 3.44 5.99 5.9 
0.3 2.76 2.6 5.99 5.9 
0.2 1.89 1.9 5.99 5.9 
0.1 0.98 0.99 5.99 5.9 
 

 
Fig. 10. Variation of current in load-1 vs. D1 

 

 
Fig. 11. Variation of current in load-2 vs. D2 

 

 
Fig. 12. Variation of output power for load-1 vs. D1 
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5. Overall Efficiency 
 
Overall efficiency for the proposed configuration is 

shown in Fig. 13. In Fig. 13, output power of load-1 is 
controlled while that of load-2 is kept constant at its 
maximum. Total output power is measured by addition of 
individual inverter outputs. Each inverter output is 
computed as I2Req. ‘I’ is the r.m.s current value of 
individual load circuit. ‘Req’ is the equivalent load 
resistance of each load. Input power is obtained by 
multiplication of dc input voltage (VDC) and average 
current of the source. Overall efficiency includes the 
efficiency of buck-boost converter also. To maintain high 
overall efficiency, buck-boost converter also should have 
high efficiency. It should be taken care in design stage. 

 
Fig. 13. Overall efficiency vs. D1 

 
Both of the loads are of same power capacity. Hence, 

overall efficiency characteristic will be same if output 
power of load-1 is kept constant and that of load-2 is varied. 
Under full-load condition, overall efficiency is > 93%.  

 
 

6. Conclusions 
 
In this paper, buck-boost interleaved inverter configuration 

with half-bridge series resonant inverters for two-load 
induction cooking application has been proposed. In this 
configuration, each half-bridge inverter output power is 
increased to a full-bridge inverter output power level. 
Both loads are independently controlled. It can be 
extended for more than two loads also. Excluding buck-
boost converter, number of switching devices/load is two 
i.e., one leg/load. Same switching frequency is used for 
powering both the loads. i.e., each load is operated at same 
switching frequency of 30 kHz. Asymmetric duty cycle 
control technique is used for power control of individual 
loads. Under full-load condition, overall efficiency is 
>93%. Design and control of the proposed configuration 
are simple. Simulation and experimental results of the 
proposed configuration are in good agreement.  
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