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ABSTRACT 
 
The two-inductor boost converter presents significant 
advantages over other boost topologies but requires 
three separate magnetic devices. This paper introduces a 
systematic approach in developing the magnetic 
integration schemes for the hard-switched two-inductor 
boost converter. Both the magnetic core integration and 
the winding integration methods are used. Design 
equations are explicitly established for the equivalent 
input and transformer magnetizing inductance values. 
The theoretical waveforms are provided for all three 
magnetic integration solutions. Experimental waveforms 
are also provided for the two solutions that are suited to 
the hard-switched implementations. 

1. INTRODUCTION 

The two-inductor boost converter is a favourable 
topology for transforming the low-voltage high-current 
dc input to a high-voltage dc output [1] and possesses 
several advantages such as high dc voltage gain, low 
switch voltage stress, easy transformer volt-second 
balance and a relaxed diode reverse recovery 
requirement [2], [3]. The hard-switched converter with a 
voltage doubler rectifier is shown in Figure 1. In the 
effort to reduce the converter size, soft-switching 
technique has been employed in the converter [4]. 
However, the two-inductor boost converter does require 
at least three separate magnetic components including 
two inductors and one transformer, which contribute to 
the size and the cost [5]. Magnetic core integration 
theory was formally presented more than twenty years 
ago as a way to assist in reducing the size of the switch 
mode power converters [6]-[8]. One application can be 
traced back to early 1930’s [9]. Recently, winding 
integration has been proposed to reduce winding cost 
and to improve efficiency [10]. These integrated 
magnetic approaches have been widely applied to the 
current-doubler rectifier circuits [11]-[16]. 
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Figure 1: Two-inductor boost converter 

This paper systematically develops three magnetic 
integration solutions for the two-inductor boost 
converter. Among these, Structure A was independently 

proposed by the authors in [17] and by Gao and 
Ayyannar in [18], Structure B was proposed by the 
authors in [19] and Structure C was proposed in [20]. 
This paper presents a detailed analysis of the equivalent 
inductances, the peak flux densities and the current 
ripples for the new magnetic structures. Both of the 
theoretical and the experimental waveforms are provided 
in the paper. 

2. STATE ANALYSIS 

The state analysis is conducted in the two-inductor boost 
converter with discrete magnetics, as shown in Table 1. 
D is the duty ratio of the MOSFETs and must be greater 
than 50% to prevent an open circuit of the currents in the 
two inductors. Ts is the switching period. LLL == 21  is 
the input inductance. Lms is the transformer magnetizing 
inductance reflected to the secondary side. Np and Ns are 
respectively the primary and the secondary number of 
turns of the transformer T. The equations in Table 1 will 
be used to obtain the equivalent inductance values of the 
converter with the integrated magnetics. The current 
waveforms are shown in Figure 2. 
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Figure 2: Current waveforms 

3. MAGNETIC CORE INTEGRATION  

3.1. CIRCUIT DIAGRAM 

A first magnetic integration solution is to combine the 
three cores to a single core while maintaining the four 
windings required by the two inductors and the 
transformer. 
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Table 1: State analysis of the two-inductor boost converter with discrete magnetics 

This approach is named as Structure A and the converter 
circuit diagram with Structure A magnetic integration is 
shown in Figure 3. The voltages across the three 
windings in the converter primary side must satisfy: 
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Figure 3: Structure A magnetic integration 

Application of Faraday’s Law yields: 
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where NL is the number of the turns of the inductors L1 
and L2 and φ1, φ2 and φc are respectively the 
instantaneous fluxes in the outer and the centre core legs. 
The flux in the centre core leg is: 

12 φφφ −=c                                 (9) 

Manipulations of Equations (8) and (9) yield: 

Lp NN =                                 (10) 

Equation (10) is the inherent constraint for Structure A. 

3.2. EQUIVALENT INDUCTANCES 

In order to obtain the equivalent input and magnetizing 
inductances of the converter with Structure A magnetic 
integration, the converter must be analysed under three 
different operating conditions. 

• State (1) ( ): In this state, Q0>sv 1 is off while Q2 is 
on and i1 flows in the transformer primary winding. The 
magnetic circuit is drawn in Figure 4(a), where ℜc and 
ℜo are respectively the reluctances of the centre and the 
outer core legs. The fluxes in the two outer core legs are:  
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Substitution of Equations (11) and (12) into Equations 
(13) and (14) yields: 
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By defining La and Lb to be 

opa NL ℜ= 2                            (17) 

)2(2 2
cosb NL ℜ+ℜ=                    (18) 

Equations (15) and (16) can be rewritten as: 
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• State (3) ( ): In this state, Q0<sv 1 is on while Q2 is 
off and i2 flows in the transformer primary winding. The 
magnetic circuit is drawn in Figure 4(b) and the 
following equations can be obtained. 
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• States (2) and (4) ( ): In these two states, Q0=sv 1 
and Q2 are both on and the transformer primary current 
is zero. The magnetic circuit is drawn in Figure 4(c) and 
the following equation can be obtained. Equation (4) is 
also valid in these states. 
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Comparisons of Equations (19) to (23) with their 
discrete magnetic counterparts in Table 1 yield: 
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Figure 4: Structure A 

(a) State (1) (b) State (3) (c) States (2) and (4) 

3.3. DC GAIN 

Due to the flux continuity, the output voltage is: 
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3.4. PEAK FLUX DENSITIES 

The dc and ac fluxes are analysed separately. According 
to Figure 4(a), the instantaneous fluxes in Structure A in 
State (1) are restricted by: 
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If Φ1, Φ2, Φc, IIN and Is are the dc components of φ1, φ2, 
φc, iin and is in State (1), 2INpss ININ =  can be 
obtained through the power balance of the converter. 
Equations (9), (27) and (28) can be rewritten to the 
following equations, which are now valid over the entire 
switching period as Φ1, Φ2, Φc and IIN are also the dc 
variables in one complete switching period. 
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density in each core leg can be calculated as: 
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where Ac is the cross section area of the centre core leg. 
The cross section area of the outer core leg is normally 
made to be half that of the centre core leg. 

The flux waveforms are shown in Figure 5. It can be 
seen that the dc fluxes in the two outer core legs cancel 
and the ac fluxes add together in the centre core leg. 
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Figure 5: Flux waveforms in Structure A core 

3.5. CURRENT RIPPLES 

Equations (27) and (28) can be rewritten as: 
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4. WINDING INTEGRATIONS 

The transformer primary winding can be merged with 
the inductor windings. The combined windings must be 
located on the outer core legs to achieve symmetrical 
operation. Topographically, there are four ways to place 
the two combined windings onto the outer core legs 
resulting in different combinations of the directions of 
the two fluxes in the outer core legs. The number of the 
winding structures can be finally reduced to two, as 
shown in Figure 6. In Figure 6(a), the flux changes 
generated by the two individual windings are of the same 
direction in the two outer core legs and of different 
directions in the centre core leg. In Figure 6(b), it is vice 
versa. As the transformer secondary flux must be 
alternating, the secondary winding in Fig. 6(a) must be 
placed on the centre core leg and in Figure 6(b) on the 
two outer core legs. The approach which uses a single 
secondary winding on the centre core leg is named as 
Structure B, as shown in Figure 7. The approach which 
uses two secondary windings on the outer core legs is 
named as Structure C, as shown in Figure 8 [20]. 

The equivalent input and magnetizing inductances, the 
peak flux densities in the individual core legs and the 
current ripples of all three integrated magnetic structures 
are listed in Table 2. In Structure B the dc fluxes in the 
two outer core legs cancel in the centre core leg while 
the ac fluxes add together. In Structure C, the dc fluxes 
in the two outer core legs add together in the centre core 
leg while the ac fluxes cancel. This leads to a much 
lower core loss in the centre core leg [21]. The flux and 
current waveforms of Structures B and C are 
respectively shown in Figures 9(a) and (b). In Structure 
C, a variation can be developed by adding another 
winding in the centre core leg. Figure 10 shows the 
electrical circuit and the corresponding magnetic circuit 
for the magnetic core. The winding on the centre core 
leg acts as an additional input inductance but does not 
affect the converter dc gain. One centre-leg turn is 
effective as two outer-leg turns in the contribution to the 
input inductance. The equivalent input and magnetizing 
inductances can be respectively obtained as: 
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Figure 6: Two ways to wind the two combined windings 
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Figure 7: Structure B magnetic integration 

(a) Electrical circuit (b) Magnetic circuit 
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Figure 8: Structure C magnetic integration 

(a) Electrical circuit (b) Magnetic circuit 

5. EXPERIMENTAL RESULTS 

The experimental results of Structure A using an ETD39 
core with a 0.5 mm air gap in each of the two outer legs 
are shown in Figure 11. The top two waveforms are the 
ac components of fluxes φ1 and φc obtained through 
integrating of the voltage of a single search turn wound 
on the core leg. The bottom two waveforms are the 
currents i1 and iIN. They match well with the theoretical 
waveforms in Figures 2 and 5. The same set of 
waveforms of Structure C using an ETD39 core with a 
0.5 mm air gap in the centre leg only is shown in Figure 
12. It can be seen that for the same amount of flux ripple 
in the outer leg, the flux ripple in the centre leg of this 
structure is much smaller than that of Structure A. 
Structure B presents high leakage inductance and 
therefore is only suited to the resonant converter 
implementations [19]. 

6. CONCLUSIONS 

This paper provides a generic approach of the magnetic 
integration of the two inductors and the transformer in 
the hard-switched two-inductor boost converter. Three 
magnetic integration solutions are possible and they are 
thoroughly investigated. The equivalent input and 
transformer magnetizing inductances of the two-inductor 
boost converter with the integrated magnetics are 
established and the comparison of the main features of 
the three integrated magnetic structures is provided. The 
experimental results shown at the end of the paper 
validate the theoretical analysis. 



Item Structure A Structure B Structure C 
Number of Windings 4 3 4 

Input Inductance         
L 

o

pN
ℜ

2

 
o

pN
ℜ

2

 
co

pN
ℜ+ℜ 2

2

 

Magnetizing Inductance 
Lms c

sN
ℜ

2
 

c

sN
ℜ

2
 

c

sN
ℜ

−
2

 

DC Gain EVO  
DN

N

p

s

−
⋅
1

2  
DN

N

p

s

−
⋅
1

2  
DN

N

p

s

−
⋅
1

2  

Peak Flux Density 
B1,max, B2,max cp

s

co

INp

AN
EDT

A
IN

+
ℜ

 
cp

s

co

INp

AN
EDT

A
IN

+
ℜ

 
cp

s

cco

INp

AN
EDT

A
IN

+
ℜ+ℜ )2(

 

Peak Flux Density 
Bc,max cp

s

AN
ET

2
 

cp

s

AN
ET

2
 

cp

s

cco

INp

AN
TDE

A
IN

2
)12(

)2(
−

+
ℜ+ℜ

 

Current Ripple         
∆iIN

s
p

o ET
N

D
2
)12( ℜ−

 s
p

o ET
N

D
2
)12( ℜ−

 s
p

co ET
N

D
2

)2)(12( ℜ+ℜ−
 

Current Ripple          
∆is

s
p

co

s

p ET
N

D
N
N

2
ℜ+ℜ

⋅  s
p

co

s

p ET
N

D
N
N

2
ℜ+ℜ

⋅  s
p

co

s

p ET
N

DD
N
N

2
)12( ℜ−+ℜ

⋅  

Leakage Inductance Low High Medium 
Core Loss High High Low 

Minimum Gapped Legs Two outer core legs Two outer core legs The centre core leg 
Table 2: Comparisons of three magnetic integration structures 

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

Q1G

Q2G

φ1

φ2

φc

iIN

i1

i2

IIN

IIN/2

IIN/2

IIN

IIN

(a)

Q1G

Q2G

φ1

φ2

φc

t

iIN

i1

i2

IIN

IIN/2

IIN/2

IIN

IIN

(b)

Φ1

Φc

Φ2

Φ1

Φc

Φ2

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

0          (1-D)Ts Ts/2  (3/2-D)Ts Ts      (2-D)Ts 3Ts/2  (5/2-D)Ts 2Ts t

 
Figure 9: Flux and current waveforms (a) Structure B (b) Structure C 
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Figure 10: A variation of Structure C magnetic integration 

(a) Electrical circuit (b) Magnetic circuit 
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