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Design of coupled inductor for interleaved boost converter  
 
 

Abstract. This paper presents an analysis of coupled inductor for interleaved boost converter and the effect of coupled inductor on current ripple 
reduction and on load transient response time. From the analysis a ETD core based coupled inductor structure is proposed to maximize the 
performance of the DC-DC converter. The inductor can be designed in convenient way by using commercially manufactured coil formers and ferrite 
cores. 
 

Streszczenie. W artykule zaprezentowano analizę sprzężonego dławika stosowanego w przekształtniku typu boost w celu tłumienia tętnień i 
poprawy stanów przejściowych. Zaproponowano strukturę typu ETD. Projekt sprzężonego dławika w zastosowaniu do przekształtnika typu 
boost. 
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Introduction 

In many applications such as photovoltaic arrays, fuel 
cells, wind generators high efficiency, small size boost DC-
DC converter are required as an interface between the low 
voltage source and the output loads, which operates at 
higher voltages. Particular converter is proposed to match 
output voltage of wind generator with input voltage of the 
industrial AC inverter. 
 Figure 1 [1] shows the normalized output current ripple 
according to number of phases (NPH) and duty cycle.  It 
shows that by using interleaved structure current ripple can 
be significantly reduced. In given case duty cycle is 
changing from 40% to 60% therefore 4 phase boost 
converter structure is selected. 

 
Fig. 1. Normalized output current ripple of boost converter 
 
 Figure 3 shows the structure of the boost DC-DC 
converter. The transistors VT1 to VT4 is controlled by pulse 
width modulation. The switching frequency of the converter 
is selected to 50 kHz. The four phase boost converter 
consists of four single boost converters that are connected 
in parallel as shown in Fig 2. Each parallel switch turns ON 
with shifting of 90 degrees. One of the major advantages of 
the multiphase converter is the ripple cancellation effect, 
which enables the use of a small inductance to improve the 
transient response and to minimize the input and output 
capacitances.  
 To control DC/DC converter digital control is used. 
Digital controllers of the previous era had bandwidth 
problems. In the recent years the situation has changed 
significantly. The speed and functionality performance of 
the microcontrollers has improved. They are also available 
at a much lower cost. The advantage of the digital controller 
is that it is programmable and offers more functionality to 
the system compared to the analog controllers. Novel 

control algorithms and methods with digital control can be 
realized. 

M
O

S
F

E
T

 d
riv

er
 

ci
rc

ui
t

 
Fig. 2. The schematics of the interleaved DC-DC converter 

 Interleaving control schemes are widely used in 
converter applications [2, 3, 4]. Merits of such control 
methods are reduction of input/output current or voltage 
ripples and volume, and increase in the processed power 
capacity of converters. 

In order to reduce inductor current ripple as well as 
output current ripple the two inductors should be coupled in 
some way. The research on the interleaved DC-DC 
converters using coupled inductor is reflected in [5]-[9]. 
Coupled inductor is a special form of multiple winding 
coupled magnetic structure. The advantages of integrated 
magnetic techniques are that amount of core material is 
reduced. The significant advantage of interleaved converter 
with coupled inductor is that the ripple in one winding can 
be dumped to another winding.  

Design of coupled inductor 
 The interleaving structure has more inductors than the 
single phase converter. The two individual inductors of the 
two interleaving channels can be integrated on a single 
magnetic core to reduce component size. The structure of 
the integrated inductor is shown in Fig. 3. The both 
windings of the inductors is built on the central leg of the E 
core. Although in literature [5] is proposed to place windings 
of the inductor on the wing legs thereby obtaining higher 
leakage inductance, it is not available commercially 
manufactured coil formers for such a case. In this paper 
proposed inductor can be wound on ETD39 coil former in a 
convenient way. Figure 4 shows practical implementation of 
the coupled inductor of two phases. Winding of the one 
phase (2) and winding of the phase (3) electrically shifted in 
phase by 180 degree are separated by isolating material (1) 
and are placed on ferrite E core (4). 
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Fig. 3. Core structure of the coupled inductor 
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Fig. 4. Practical implementation of  the coupled inductor 

 
Fig. 5. Circuit of inversely coupled inductors 

 The basic schematic of a two-phase coupled inductor is 
shown in Fig. 5. The mutual inductance M represents the 
coupling between the two inductors. The voltages across 
the two inductors (V1, V2) are related to the currents through 
them (i1, i2) as follows: 

(1)  1 2
1 1

di di
V L M

dt dt
   

(2) 1 2
2 2

di di
V M L

dt dt
   

Assuming that both inductors have the same inductance 
L1=L2=L and by rearranging the equations (1) and (2): 

(3) 2 2 1di V diM

dt L L dt
  

(4) 1 1 2di V diM

dt L L dt
   

Substituting (3) in (1) and (4) in (2) is given as: 

(5)
2

1
1 2 ( )

diM M
V V L

L L dt
    

(6)
2

2
2 1 ( )

diM M
V V L

L L dt
     

 Fig 6. shows gating signals of transistors VT1 and VT3. 
One switching cycle can be divided in four different modes. 
The transistor VT1 is on in the period a. During this period 

switch VT3 is in off position and voltages can be expressed 
as follows: 

(7) 1 INV V  2 0INV V V   

 

 
Fig. 6. Signals in one switching cycle 

In this stage two phase converter act as single phase boost 
converter and the output voltage is given as: 

(8) 0 (1 )
INV

V
D




 

Substituting (8) in (7): 

(9) 2 1(1 )

D
V V

D
 




Substituting (9) in (5) and solving for V1 it gives 

(10)

2

1
1

1
1

M
L diLV
M D dt
L D

 
 

 
   

 

The equivalent inductance during the period a is 

(11)

2

2

1,
1

1 1 ( )
1 (1 )

eq a

M
L kLL L
M D D

k
L D D

 
 

   
 

 

where k is coefficient of coupling k=M/L.  
During time interval b VT1 and VT3 are switched off and V1 
and V2 is given as 

(12) 1 2 IN outV V V V    

Substituting (12) in (5) , the equivalent inductance is: 

(13)

2

2

1,
1

( ) (1 )
11

eq b

M
L kLL L k L

M k
L

 
   




Similarly as in period a during interval c voltages is given as 

(14) 1 in outV V V   2 inV V 

Substituting (9) in (15), voltage V2 is 

(15) 2 1
1 D

V V
D







Substituting (16) in (6) , the equivalent inductance is: 

 

M

V 1

V 2

I1

I2

I in 
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(16)

2

2

1,
1

1 1
(1 ) 1 ( )

eq c

M
L kLL L
M D D

k
L D D

 
 

 
  



The interval d is the same as interval b and the equivalent 
inductance of this period is 

(17) 1 1,eq d eq bL L 

 Second branch is equal to the first one only shifted in 
phase by 180 degrees, so the corresponding inductances 
must be equal: 

(18) 2 1,eq a eq cL L 

(19) 2 2, 1,eq b eq d eq bL L L  

(20) 2, 1,eq c eq aL L 

 The phase current ripples of phase 1 and phase 2 can 
be expressed with equations from the boost converter 
basics as  

(21) 1, 2
1,

1
1

1
in in

a
sw eq a sw

D
kV D V D DI

f L f L k

 
   




(22)
2, 2

2, 2,

1
(1 ) ( )( ) 1 1

(1 )

in in
in out

a
sw eq a sw eq a sw

D
V D V D kV V D D DI

f L f L f L k

         
 



The overall output current ripple is the sum of two phase 
current ripples and for inversely coupled inductors it is given 
as  

(23) 1, 2,
1 2

(1 ) 1
in

a a a
sw

V D D
I I I

f L k D


      

 


The current ripple for uncoupled inductor case is given as 

(24)
( ) 1 2

1
in in out in

unc
sw sw sw

V D V V D V D D
I

f L f L f L D

 
    




The ratio between current ripple of uncoupled inductor and 
current ripple in case of inversely coupled inductor is  

(25) 1unc

coupled

I
k

I


 




 Equation 25 shows that output current ripple will be 
larger in case if inversely coupled inductor is used. But from 
the other side anyway from Fig. 1 output current ripples will 
be less than in case of single phase converter if value of 
duty cycle (D) is near to 0.5.  
 Pulsations of current in each phase is determined by 
equivalent inductance Leq1,a if duty cycle is less than 0.5 and 
Leq1,c if duty cycle is more than 0.5. As can seen from 
equations (11) and (16), using derivative functions to obtain 
values of equivalent inductance that minimize current ripple: 

(26)
21

1
eqL k

L C k




 
 

(27)

2

2

2
( 1)( )

1

eqL
C k kd

CL
dk Ck

  



 

where 
1 D

C
D


  if D>0.5 and 

1

D
C

D
 


if D<0.5. 

Solution of the expression 2 2
1 0k k

C
   is given as 

(28)
2

1,2 2

2 4
4

1 1
1

2

C Ck
C C

  
     

Table 1. Coupling coefficient to minimize per-phase current ripple 
D C k 

0,1 -0,11 0,06 
0,2 -0,25 0,13 
0,3 -0,43 0,23 
0,4 -0,67 0,38 
0,5 -1,00 1,00 
0,6 -0,67 0,38 
0,7 -0,43 0,23 
0,8 -0,25 0,13 
0,9 -0,11 0,06 

Table 1 shows optimal coupling coefficient (k) according 
to duty cycle D calculated by equation 28. In this case duty 
cycle of the DC/DC converter will be from 0.4 to 0,6 so the 
optimal coupling coefficient from to eliminate current ripple 
in each phase is near to 0,7. 

When a load current change occurs, the period of 
operation of mode a changes. Let this period change be 
∆D. In the coupled inductor case, the relation of current 
change ∆i to load current change can be written as: 

(29)
,

in

sw eq b

V
i D

f L
   

 

coupledi

uncoupledi

mode a mode b mode c mode d

mode a mode b mode c mode d

D

D

 

Fig. 7. Current change in transient process [10] 

 Figure 7 shows comparison of load current transient 
response of inductor current with and without coupling 
between inductors. Here we can see that the current 
change ∆i in coupled inductor case is larger than with no 
inductor coupling. It means that coupled inductor enable 
faster current change response. From  (13) and (29) can be 
concluded that transient response time is determined only 
by value L(1-k). So larger coupling coefficient improves 
speed of transient response. 
 The DC/DC converter is proposed to power of 2 kW and 
maximum output voltage is 270 volt and rated output 
current 5 A. The voltage of wind generator Vin is variable 
and it changes from 30 to 150 V. Inductor is wound on 
ETD39 coil former, it structure is shown in Fig. 4. The 
central air gaps is selected equal to δC=1,4 mm, but air gap 
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of outer legs is equal to δ=0,25 count of windings is 80, the 
measured inductance is L=830 µH, coupling coefficient 
k=0,7.   

 
Fig. 8. Measuring of inductance 

 It is difficult to calculate precise value of inductance and 
coupling coefficient therefore easier is measure this values 
and change parameters of the inductor (air gaps, winding 
count) to achieve desired values. To measure coupling 
coefficient both windings must be connect in series and 
measured total inductance of this connection (Fig. 8). This 
inductance can be expressed as follows. 
(30) 1 2 2totalL L L M    

If both of inductances is equal (L1=L2=L) then mutual 
inductance can be expressed as: 

(31) 
2

2
totalL L

M


  

Coupling coefficient is equal to: 

(32) 
M

k
L

  

 
Table 2. Per-phase inductance depending on duty cycle 

D Leq/L 
0,4 0,96 

0,425 1,06 
0,45 1,19 

0,475 1,39 
0,5 1,70 

0,525 1,39 
0,55 1,19 

0,575 1,06 
0,6 0,96 

 
 Table 2 shows results of the equivalent inductance in 
case of coupled inductor relationship to inductance without 
coupling calculated by equation 26. This relationship is 
proportional to the current ripple reducing in  each phase in 
respect to uncoupled inductor case. If duty cycle is equal to 
0.6 the current ripple is the larger than in case of uncoupled 
inductor but by duty cycle 0,5 current ripple will be 1,7 
smaller. The benefits from coupled inductor in this case is 
small size of inductor, fast transient response and reduced 
current ripple in inductor for some duty cycles.  

 

Fig. 9. Hardware implementation of DC/DC converter 

 Figure 9 shows hardware implementation of digitally 
controlled boost DC-DC converter with coupled inductor. 
The power transistors and diodes (5) are placed on the 
radiator plate (3). The pulse width modulated signals from 

the microcontroller board goes to the MOSFET drivers (4). 
The inductors (1 and 2) is designed by using the  ETD core. 
 
Conclusions 
 Digitally controlled boost converter with coupled inductor 
for wind turbine generator matching with industrial converter 
is proposed. Inversely coupled structure of inductor allows 
increasing transient responding time, reducing size of 
inductor and reducing current ripple of inductor in some 
modes. Interleaved structure of DC-DC boost converter 
reduce output current ripple. 
 The coupled inductor is designed in convenient way by 
using ETD39 coil former. In paper is proposed method how 
to measure coupling coefficient and in simple way by 
changing air gap and winding count get necessary 
inductance and coupling coefficient. 
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