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Abstract - This paper presents a non-insulated DC/DC boost converter with a PI controller to increase 
accuracy and speed in increasing the output voltage. With its new structure, this converter is able to increase the 
voltage more than other non-insulated boost converters. The process of the paper is that first the equations of 
voltage and current of the elements are extracted through the laws of volt-second-balance (VSB) and ampere-
second-balance (ASB) in continuous conduction mode (CCM), then the dynamic equations of the converter are 
obtained. Finally, the voltage gain is calculated and the PI controller is designed to confirm the accuracy of the 
simulation results on software MATLAB/SIMULATION. 
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Nomenclature 

Vl1 , VL2 , VC1 , VCO  

IL1 , IL2 ,  IC1 , ICO  

Capacitor and inductor average 
voltage (volt) and current (amper) 

Vi , Vo , Ii , Io Input and output volatge and current 

∆iL1 , ΔiL2 The inductors current ripple. 

D Duty Cycle 

Sw1 , Sw2 Switches 

Ton , Toff Show specific time in CCM mode 

I. INTRODUCTION 

DC/DC converters are widely used such as 
personal computers, office equipment, wind turbines 
[1], solar panels [2], telecommunication systems, 
power systems, hybrid vehicles, power factor 
correction (PFC) [3, 4], LED devices [5] and so on [6, 
7]. Buck, boost, buck-boost, CUK and SEPIC are 
among the converters that are able to change the size 
and polarity of the input voltage [8, 9]. 

Ideal converters are 100% efficient, but in fact 
their efficiency is between 70 and 95%. To achieve 
this efficiency, chopper and switched-mode circuits 
with low loss elements must be used. You can also 
use bandwidth modulation (PWM), which is able to 

regulate and control the output voltage in a certain 
range [6, 7]. In non-insulated converters, the output 
voltage must be constant relative to the input voltage 
so that the converter is closer to the ideal state and its 
structure is acceptable. 

Among the topics that are very popular among 
researchers about converters and are of interest to 
them are: the introduction of new structures [10, 11], 
performance analysis [12], modeling, controller 
design [13] and converter modeling. To increase the 
efficiency of electronic power converters, several 
methods are used, which will be referred to here: 
capacitor switching (SC) [14-16] method and its 
combination with other dc-dc converters [17] and 
voltage increase with technique (VL) [18, 19]. In the 
SC [14-16] technique ,the input voltage is simply 
increased by combining the lowest inductor with 
several capacitors and switches, but due to the use of 
a large number of switches, the switching losses 
increase and the circuit also becomes complicated. In 
[17], series and parallelism of converters to increase 
the output voltage is mentioned, which is widely used 
in renewable energy, but this structure has a high 
complexity, increase in size and cost, and control 
complexity has not been very interesting to 
researchers. Finally, the VL method, which is based 
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on the properties of circuit elements such as inductors 
and capacitors to save energy and reduce switching 
losses [18, 19], was proposed, which proposed a new 
structure of non-isolated incremental converters. 

In [20-22], new structures based on the VL 
method are used to increase the output voltage of the 
lowest elements in the circuit and are compared with 
other structures. Meanwhile, a new one-switch and 
two-switch-based structure has been introduced in 
[23] and [24] out, respectively. 

In this paper, a new format based on the VL 
method is proposed that increases the size of the 
output voltage and also changes its polarity. The 
process of the paper is that first the equations of 
voltage and current of the elements are extracted 
through the laws of volt-second-balance (VSB) and 
ampere-second-balance (ASB) in continuous 
conduction mode (CCM), then the dynamic equations 
of the converter are obtained. Finally, the voltage gain 
is calculated and the PI controller is designed. To 
choose the right and ideal controller, we examine the 
advantages and disadvantages of different controller 
systems. In the fuzzy controller [25] we have the 
problem of defining the rules, which is a difficult 
task, the neural controller [26] has complex 
calculations and difficult implementation, in the 
sliding controller [27] does not get the desired 
answer, but the PI controller [28] proper 
implementation, simplicity, perfect result It is 
desirable and has few calculations, and for this 
reason, in this article, we use this controller to control 
the output voltage. 

II. PROPOSED CONVERTER STRUCTURE 

The proposed converter structure is shown in 
Figure 1 As can be seen, several inductors, capacitors 
and diodes have been used to increase the converter 
gain. Switching performance is controlled by the 
PWM technique and they are opposite to each other. 
Also, to simplify the analysis, the following 
assumptions are made: a) the converter is in steady-
state, so the output voltage Vo is constant,                             
b) capacitors C1 and Co are large enough and therefore 
their voltage in each period Substitution remains 
unchange, c) Switches and diodes are ideal. 

 

 

Fig. 1. Proposed Converter. 

III. PROPOSED CONVERTER ANALYSIS IN CCM 

MODE 

A)  Proposed converter analysis in CCM mode 

a.   Ton mode 

In Ton, when switch Sw1 is on and switch Sw2 is off, 
inductor L1 connects directly to Vi. In this case, the 
inductor current L1 increases linearly from its 
minimum value (ILV1) to its maximum value (ILP1). 

Therefore, its stored energy gradually increases. 
Also, diode Do  is direct bias and diodes D1 and D2 are 
in reverse bias. Therefore, inductor L2 and capacitor 
C1  are connected in series and also provide the load 
and load currents of the capacitor company. Also, the 
stored energy of inductor L2  and capacitor C1 is 
gradually reduced. Figure 2 shows the circuit and 
mode of the converter switches in Ton. 

Using KVL and KCL rules in Figure 2, inductor 
voltages and capacitor currents are extracted: 
𝑆ଵ: 𝑜𝑛   
𝑆ଶ: 𝑜𝑓𝑓 
𝐷ଵ,ଶ: 𝑜𝑓𝑓 

𝐷௢: 𝑜𝑛 

Using KVL we have: 

𝑉௅ଵ = 𝑉௜                                                                    (1) 
𝑉௅ଶ = 𝑉஼ଵ- 𝑉஼௢                                                          (2) 

Using KCL we have: 

𝐼஼ଵ = −𝐼஼௢ +
௏಴೚

ோ೚
                                                      (3) 

𝐼஼௢ = 𝐼஼ଵ −
௏಴೚

ோ೚
                                                         (4) 
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Fig. 2. Proposed Converter Structure 𝑇𝑜𝑛 mode. 

b.   Toff mode 

In Toff mode, when the switch Sw1 is off and 
switch Sw2 is on, diodes D1 and D2 are biased directly 
and diode Do is biased inversely, hence, the inductor 
L1 is connected to the inductor L2 and capacitor C1. 
As a result, the stored energy of the L1 the inductor is 
gradually reduced and its current is gradually reduced 
from its maximum to its minimum value. Also, the 
stored energy of the inductor L2 and capacitor C1 
gradually increases, so the current passing through the 
inductor L2 gradually increases from its maximum 
value to its minimum value. In addition, capacitor 
voltage C1 increases from its minimum value to its 
maximum value. Here, the discharge current of the Co 
supplies the capacitor, as a result, its stored energy is 
gradually reduced and its voltage is reduced from its 
maximum value to its minimum value. Figure 3 
shows the circuit and mode of the converter switches 
in Ton. 

Fig. 3. Proposed Converter Structure T
off

  mode. 

Using KVL and KCL rules in Figure 3, inductor 
voltages and capacitor currents are extracted: 

𝑆ଵ: 𝑜𝑓𝑓 
𝑆ଶ: 𝑜𝑛 
𝐷ଵ,ଶ: 𝑜𝑛 

𝐷௢: 𝑜𝑓𝑓 

Using KVL we have: 

𝑉௅ଵ = 𝑉௜ − 𝑉஼ଵ                                                                  (5) 

𝑉௅ଶ = 𝑉௜- 𝑉௅ଵ                                                                     (6) 

Using KCL we have: 

𝐼஼ଵ = 𝐼௅ଵ- 𝐼௅ଶ                                                                     (7) 

𝐼஼௢ = −
௏಴೚

ோ೚
                                                                       (8) 

C.   Calculate the Voltage Gain 

To calculate the voltage gain, we use the voltage-
second-balance (V.S.B) and ampere-second-balance 
(A.S.B) rules: 

𝑉௜ = 𝑉௅ଵ + 𝑉஼ଵ = 𝐿ଵ
∆௜ಽభ

்೚೑೑
+ 𝑉஼ଵ                                                  (9) 

𝑉௢ = 𝑉஼௢ = 𝑉஼ଵ − 𝑉௅ଶ = 𝑉஼ଵ − 𝐿ଶ
∆௜ಽమ

೚்೙
                                  (10) 

Considering the above equations and defining the 
duty cycle (D = T୓୒ / T), the voltage gain is calculated 
as follows: 

௏೚

௏೔
= −

ଵ

஽(ଵି஽)
                                                                                   (11) 

d.   Calculate state-space equations in CCM mode 

The purpose of this work is to design a controller 
to achieve the desired output voltage with an accurate 
and constant value. The application of this control 
system in power electronics is different, for DC-DC 
converters, the output voltage is controlled by the 
duty cycle control (D) so that the output voltage of 
the converter accurately follows the reference voltage. 
Therefore, to control the output voltage of the 
converter, we need to control the duty cycle well and 
minimize the difference between the output voltage 
and the reference voltage. 

Tools are needed to model, analyze, and design 
the converter controller: First, we need to extract the 
dynamic model of the converter to understand how 
the changes in the active (resistor), passive (inductor 
and capacitor), and output voltage elements are. 

First, we extract the voltage of the inductors and 
the current of the capacitors in T୭୬ mode: 

𝑉௅ଵ = 𝐿ଵ
ௗ௜ಽభ(௧)

ௗ௧
= 𝑉௜                                               (12)                                                             

𝑉௅ଶ = 𝐿ଶ
ௗ௜ಽమ(௧)

ௗ௧
= 𝑉஼ଵ − 𝑉஼௢                                  (13)                   
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𝐼஼ଵ = 𝐶ଵ
ௗ௩಴భ(௧)

ௗ௧
= −𝐼஼௢ +

௏಴೚

ோ೚
                                (14)                        

𝐼஼௢ = 𝐶௢
ௗ௩಴೚(௧)

ௗ௧
= 𝐼஼ଵ −

௏಴೚

ோ೚
                                   (15) 

Then we extract the mentioned relations in 
T୭୤୤ mode:                                         

𝑉௅ଵ = 𝐿ଵ
ௗ௜ಽభ(௧)

ௗ௧
= 𝑉௜ − 𝑉஼ଵ                                    (16)                       

𝑉௅ଶ = 𝑉௜ − 𝐿ଵ
ௗ௜ಽభ(௧)

ௗ௧
= 𝑉௜ − 𝑉௅ଵ                            (17)                     

𝐼஼ଵ = 𝐶ଵ
ௗ௩಴భ(௧)

ௗ௧
= 𝐼௅ଵ − 𝐼௅ଶ                                   (18)                      

𝐼஼௢ = 𝐶௢
ௗ௩಴೚(௧)

ௗ௧
= −

௏಴೚

ோ೚
                                         (19) 

e.   Conventional matrix calculation 

To obtain the conventional system matrix, we 
first specify the state vector, the input vector, and the 
output vector of the system. The order of our circuit is 
4 according to the number of energy storage elements 
(inductor and capacitor). The state vector x(t) 
contains inductor currents, capacitor voltage, etc., the 
input vector u(t) contains independent sources, the 
output vector y(t) contains other dependent values to 
be calculated, the matrix K contains capacitive values, 
Self-induction and cross-induction, and dx/dt is a 
vector containing capacitor currents and inductor 
winding voltage. The matrices A, B, C and E contain 
constants of fit. Now, according to the mentioned 
cases, we define all three vectors as a matrix. 

𝐾
ௗ௫(௧)

ௗ௧
= 𝐴 𝑥(𝑡) + 𝐵 𝑢(𝑡)                               (20)                                  

𝑦(𝑡) = 𝐶 𝑥(𝑡) + 𝐸 𝑢(𝑡)                                         (21) 

Input-vector 𝑢(𝑡) = [𝑉௜]  

Output-vector 𝑦(𝑡) = [𝑉஼௢] 

ௗ௫(௧)

ௗ௧
=

⎣
⎢
⎢
⎢
⎢
⎢
⎡

ௗ௩಴భ

ௗ௧
ௗ௩಴೚

ௗ௧
ௗ௜ಽభ

ௗ௧
ௗ௜ಽమ

ௗ௧ ⎦
⎥
⎥
⎥
⎥
⎥
⎤

                                                          (22) 

 State-vector 𝑥(𝑡) = ൦

𝑉஼ଵ

𝑉஼௢

𝐼௅ଵ

𝐼௅ଶ

൪                                     (23)         

K-Matrix 𝐾 = ൦

𝐶ଵ 0 0 0
0 𝐶௢ 0 0
0 0 𝐿ଵ 0
0 0 0 𝐿ଶ

൪                        (24) 

The equations obtained in the two states T୭୬ and 
T୭୤୤  are written in matrix form: 

൦

𝐶ଵ 0 0 0
0 𝐶௢ 0 0
0 0 𝐿ଵ 0
0 0 0 𝐿ଶ

൪

⎣
⎢
⎢
⎢
⎢
⎢
⎡

ௗ௩಴భ

ௗ௧
ௗ௩಴೚

ௗ௧
ௗ௜ಽభ

ௗ௧
ௗ௜ಽమ

ௗ௧ ⎦
⎥
⎥
⎥
⎥
⎥
⎤

                                  

= ተተ

0 0 0 1

0 1
𝑅௢

ൗ 0 −1

0 0 0 0
1 −1 0 0

ተተ ൦

𝑉஼ଵ

𝑉஼௢

𝐼௅ଵ

𝐼௅ଶ

൪ + ൦

0
0
1
0

൪ [𝑉௜]                (25) 

൦

𝐶ଵ 0 0 0
0 𝐶௢ 0 0
0 0 𝐿ଵ 0
0 0 0 𝐿ଶ

൪

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
𝑑𝑣஼ଵ

𝑑𝑡
𝑑𝑣஼௢

𝑑𝑡
𝑑𝑖௅ଵ

𝑑𝑡
𝑑𝑖௅ଶ

𝑑𝑡 ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

 

= ተተ

0 0 1 −1

0 −1
𝑅௢

ൗ 0 0

−1 0 0 0
1 0 0 0

ተተ ൦

𝑉஼ଵ

𝑉஼௢

𝐼௅ଵ

𝐼௅ଶ

൪ + ൦

0
0
1
0

൪ [𝑉௜]          (26)  

[𝑉஼௢] = [0 1 0 0] ൦

𝑉஼ଵ

𝑉஼௢

𝐼௅ଵ

𝐼௅ଶ

൪ + 0                          (27) 

In the first mode (T୭୬) the converter is reduced to 
a linear circuit, which can be explained by the   
following equations: 

𝐾
ௗ௫(௧)

ௗ௧
= 𝐴ଵ 𝑥(𝑡) + 𝐵ଵ 𝑢(𝑡)                              (28)                                   

𝑦(𝑡) = 𝐶ଵ 𝑥(𝑡) + 𝐸ଵ 𝑢(𝑡)                                      (29) 

In the second mode (T୭୤୤) the converter is reduced 
to another linear circuit, which can be explained by 
the following equations: 

𝐾
ௗ௫(௧)

ௗ௧
= 𝐴ଶ 𝑥(𝑡) + 𝐵ଶ 𝑢(𝑡)                            (30)                            

𝑦(𝑡) = 𝐶ଶ 𝑥(𝑡) + 𝐸ଶ 𝑢(𝑡)                                      (31) 



OPTIMIZED TOPOLOGY BOOST DC/DC CONVERTER

  

Finally, the average value of the matrices is 
obtained by the following equations: 

𝐴 = 𝐷𝐴ଵ + 𝐷ᇱ𝐴ଶ 

= 𝐷 ተተ

0 0 0 1

0 1
𝑅௢

ൗ 0 −1

0 0 0 0
1 −1 0 0

ተተ 

+𝐷ᇱ ተተ

0 0 1 −1

0 −1
𝑅௢

ൗ 0 0

−1 0 0 0
1 0 0 0

ተተ                         

𝐵 = 𝐷𝐵ଵ + 𝐷ᇱ𝐵ଶ = 𝐷 ൦

0
0
1
0

൪ + 𝐷ᇱ ൦

0
0
1
0

൪               

 𝐶 = 𝐷𝐶ଵ + 𝐷ᇱ𝐶ଶ = 𝐷[0 1 0 0]

𝐷ᇱ[0 1 0 0]                                              

 𝐸 = 𝐷𝐸ଵ + 𝐷ᇱ𝐸ଶ = 𝐷[0] + 𝐷ᇱ[0]                  

Finally, matrices A, B, C, E are obtained as 
follows: 

𝐴 = ൦

0
0

−𝐷ᇱ

0
஽

ோ೚

0

−
஽ᇲ

ோ೚

𝐷ᇱ

0
0

𝐷 − 𝐷ᇱ

−𝐷
0

1 −𝐷 0 0

൪  

𝐵 = ൦

0
0
1
0

൪    ,   𝐶 = [0 1 0 0]  

IV. PI CONTROLLER DESIGN 

The controllers produce the maximum control 
signal for positive errors and the minimum control 
signal for negative errors. In this paper, we use the 
Ziegler-Nichols PI controller [29], which operates 
based on transient response specifications, in which 
we must first obtain the unit step response of the 
device, as shown in Figure 4 of such a system. Then, 
using Table 1, we obtain the PI coefficients.

Table I. Ziegler-Nichols’s coefficients 

𝑻𝒊 𝑲𝑷 
Type of 
controller 

∞ 𝑇
𝐿ൗ  P 

𝐿
0.3ൗ  0.9 𝑇

𝐿ൗ  PI 

 

ONVERTER BY USING PI CONTROLLER 

Finally, the average value of the matrices is 
 

                                  (32) 

൪                      (33) 

] +

                                                   (34) 

]                        (35) 

Finally, matrices A, B, C, E are obtained as 

]   ,   𝐸 = [0] 

The controllers produce the maximum control 
signal for positive errors and the minimum control 
signal for negative errors. In this paper, we use the 

, which operates 
based on transient response specifications, in which 
we must first obtain the unit step response of the 
device, as shown in Figure 4 of such a system. Then, 
using Table 1, we obtain the PI coefficients. 

𝑻𝒅 

    0 

    0 ൗ

Fig. 4. Step response of the device 
V. SIMULATION RESULTS ON 

MATLAB/SIMULINK 

A)  Dynamic Simulation

First, in Figure 5, dynamic simulation is 
performed by matrices A, B, C, and E. Insert the 
obtained matrices in the state space block and get 
feedback from the output voltage to get the amount of 
the error signal and then give the obtained error signal 
to the PI controller to compare the output control 
signal with the sawtooth Achieve the desired task 
cycle. The waveforms associated with the sawtooth, 
controller and output voltage (48 V) are shown in 
Figure 6.  

Fig. 5. Key waveforms in Dynamic Simulation for; (a)
Voltage; (b) Sawtooth; (c) Duty Cycle

Fig. 6.  Converter Dynamic Simulation

 

 5

 
ESULTS ON SOFTWARE 

MATLAB/SIMULINK 

Dynamic Simulation 

First, in Figure 5, dynamic simulation is 
A, B, C, and E. Insert the 

obtained matrices in the state space block and get 
feedback from the output voltage to get the amount of 
the error signal and then give the obtained error signal 
to the PI controller to compare the output control 

sawtooth Achieve the desired task 
cycle. The waveforms associated with the sawtooth, 
controller and output voltage (48 V) are shown in 

Key waveforms in Dynamic Simulation for; (a) Output 
Duty Cycle 

onverter Dynamic Simulation. 
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B)  Converter Simulation 

In this section, the converter is simulated using 
Table 2 where the simulation parameters are given. 
The goal is to increase the input voltage (12 volts) to 
48 volts. Figure 7 shows the simulation in the 
Simulink MATLAB environment. The voltage and 
current waveforms of all the proposed converter 
elements in CCM mode are shown in Figure 

Table II. Parameters for Simulation. 

Fig. 7. Converter Simulation. 

 

 

 

 

 

TABLEII.   PARAMETERS FOR SIMULATION
 Parameters                                                           CCM  

       R                                                                    100𝛀               

       𝑳𝟏                                                       𝑳𝟏 = 𝟐𝒎𝑯;   𝒓𝑳𝟏 = 𝟎. 𝟏𝟓𝛀 
𝑳𝟏 = 𝟒. 𝟓𝒎𝑯;   𝒓𝑳𝟏 = 𝟎. 𝟑  𝑳𝟐                                                                                                   

     𝑪𝟏                                               𝟔𝟖𝝁𝑭;  𝒓𝑪𝟏 = 𝟎. 𝟎𝟏𝟓𝛀  

      𝑪𝑶                                                            𝟒𝟕𝝁𝑭;  𝒓𝑪𝟏 = 𝟎. 𝟎𝟏𝛀  

   Diodes                                       Type: MUR1560;  𝑽𝑭,𝑫 = 𝟎. 𝟖𝑽;  𝒓𝑫

   Switches                          Type: STW45NM50F;  𝒓𝑫𝑺−𝒐𝒏 = 𝟎. 𝟎𝟕𝛀;  

𝟐𝟓𝒏𝑺 
N-channels MOSFET                𝑪𝒐𝒔𝒔 = 𝟏𝟐𝟔𝟎𝒑𝑭;   𝑸𝒓𝒓 = 𝟏𝟔𝟎𝟎𝒏𝑪;  𝒅𝒊

    𝑽𝒊 , 𝒇                                                                               𝟏𝟐𝑽 , 𝟏𝟎𝒌𝑯𝒛

 

           MOHAMAD AKBARI,

In this section, the converter is simulated using 
Table 2 where the simulation parameters are given. 
The goal is to increase the input voltage (12 volts) to 

shows the simulation in the 
The voltage and 

current waveforms of all the proposed converter 
elements in CCM mode are shown in Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Voltage and current waveforms of all the proposed 
converter elements in CCM mode. 

VI. COMPARISON OF PROPOSED 

WITH CONVENTIONAL 

Comparing the proposed converter with other 
converters of other articles in Table 3, we 
this converter has a higher voltage gain than the 
mentioned converters. Also, to better understand this 
issue. Figure 9 [30] compares the voltage gain curve 
in CCM mode for different values 
input voltage as other converters. Higher and 
acceptable voltage gain is achieved by the proposed 
converter.  

 

 

PARAMETERS FOR SIMULATION 

  
 

   𝟑𝛀

= 𝟎. 𝟎𝟏𝛀    

 𝒕𝒓 = 𝟐𝟖𝒏𝑺;  𝒕𝒇 =

𝒅𝒊 𝒅𝒕⁄ = 𝟏𝟎𝟎𝑨 𝝁𝑺⁄  
𝟏𝟎𝒌𝑯𝒛 

AKBARI, POURYA KHORAMPOUR 

oltage and current waveforms of all the proposed 
 

ROPOSED CONVERTERS 

ONVENTIONAL CONVERTERS 

Comparing the proposed converter with other 
converters of other articles in Table 3, we find that 
this converter has a higher voltage gain than the 
mentioned converters. Also, to better understand this 

compares the voltage gain curve 
in CCM mode for different values of D with the same 
input voltage as other converters. Higher and 
acceptable voltage gain is achieved by the proposed 
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Although the proposed converter has a higher 
inductor in [14] its structure compared to the structure 
presented in (two capacitors switched with diode 
capacitor phases), the number of capacitors and 
diodes of the studied structure in [14] is more than the 
proposed converter. In terms of the number of 
elements, the proposed converter has one more diode 
compared to the amplified cascade converter [22] 
while both have the same voltage increase. The 
voltage and current losses of the proposed converter 
are compared with the structure presented in [20] and 
the cascade amplifier converter [22] to show more 
features of the proposed converter. In [22], the 
switching pattern is used as a complement to the 
conventional cascade booster converter, so one of the 
converters cannot operate with a duty cycle higher 
than 0.5. As a result, the voltage rise in [22] is 
limited. 

Table III. Comparison Between Different Boost Converters [30]. 

 

 

 

 

 

 

 

 

Fig. 9. Voltage gain variation for the proposed converter and 
other conventional converters [30]. 

 

 

 

VII. CONCLUSION 

Due to the design of the PI controller, the proposed 
converter has a higher efficiency than SC-type 
converters and does not have a controller in series and 
parallel connection, and due to the lower number of 
switches, switching losses; manufacturing costs and 
complexity are less. 
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