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 A new efficient step-up direct current- direct current (DC-DC) power 

converter that is suitable for DC microgrid systems is proposed in this paper. 

The proposed step-up DC-DC converter is derived from the conventional Cuk 

DC-DC power converter. Output voltage analysis that is useful to predict the 

conduction losses is presented. It is shown that the proposed step-up DC-DC 

converter is more efficient than the conventional DC-DC boost power 

converter. Current ripple analysis that is useful to determine the required 

inductors and capacitors is also presented. Experimental results are included 

to show the validity of the proposed step-up DC-DC power converter. 
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1. INTRODUCTION 

Indonesia is an archipelago country with more than 17,000 islands. At present, the electrification ratio 

of the country is just about 97 % with many islands are still no access to electricity. Various programs have 

been established by the government to increase the electricity access especially in the remote areas or islands. 

As the locations are usually isolated, a microgrid system is suitable for these applications. If possible,  

the energy sources must be the locally available energy sources such as solar, wind, microhydro, or biomass.  

Though the microgrid system can be implemented either as an alternating current (AC) or direct 

current (DC) microgrid, the DC system is desirable as there is no synchronization problem and easy load 

sharing. An example of DC microgrid system that has been developed is shown in Figure 1. The power sources 

can be photovoltaic (PV) modules, wind power, microhydro, or small internal combustion engines. A battery 

energy storage is used to store the energy from the sources. The DC grid voltage is 380-400 Vdc. Most of the 

load are lightings and electronic appliances. All DC-DC converters and inverters are constructed in one box 

and it is named as power unit as shown in Figure 2. The power unit, battery, and PV modules are located on 

the power pole. Instead of using power limiter, an energy limiter is installed for each customer.  

Figure 2 shows that a DC-DC converter is used as an interface between the DC grid and DC energy 

sources and between the DC grid and battery energy storage. Various DC-DC power converters for these 

purposes have been proposed in the literature [1-20]. Though the DC-DC converter can be isolated or 

nonisolated, the nonisolated DC-DC converter is preferred because of power loss consideration. In addition to 

power loss consideration, the DC-DC power converters for this application have to produce low input and 

output current ripples. A low input current ripple is desirable in PV and battery applications to ensure a long 

https://creativecommons.org/licenses/by-sa/4.0/
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life operation. At present, the most commonly used DC-DC converter for PV power generation is  

the conventional nonisolated boost DC-DC power converter [1, 5]. This boost converter has a minimum 

number of passive and active devices. The conventional boost DC-DC converter has continuous input current 

and discontinuous output current.  

This paper presents a simple and efficient step-up DC-DC power converter based on the modification 

of Cuk DC-DC power converter. As it is derived from Cuk DC-DC power converter, the input and output 

current ripples are small. Conduction losses and current ripple expressions are derived in this paper. It is shown 

that the conduction losses of the proposed converter are smaller than that of conventional DC-DC boost power 

converter. Several experimental results are included to show the validity of the proposed step-up DC-DC  

power converter. 
 

 

 

 

Figure 1. DC microgrid system 
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Figure 2. Power unit 

 

 

2. MODIFIED CUK DC-DC POWER CONVERTER 

The proposed DC-DC power converter is a modification result of Cuk DC-DC power converter [21]. 

The basic scheme of Cuk DC-DC power converter is shown in Figure 3. Though the active switching device 

is shown using metal oxide semiconductor field effect transistor (MOSFET), other type switching device can 

also be used. Under continuous conduction mode, it can be shown that the voltage ratio is; 
 
�̄�𝑜

𝐸𝑑
=

𝛼

1−𝛼
          (1) 
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where α=TON/Ts is the duty cycle of transistor Q, TON is ON-period of transistor Q, and Ts  is the switching 

period. The converter has a capability to produce an output voltage that is lower or higher than the DC input 

voltage. The power converter has continuous input and output currents with the associated low ripple content. 

Unfortunately, the polarity of the DC output voltage is reversed. 

As it is shown in Figure 3, there is a third terminal that a load can be connected. The voltage ratio of 

the third terminal is; 
�̄�𝐿

𝐸𝑑
=

1

1−𝛼
         (2) 

 

If the load is connected to the third terminal, the load voltage is always higher than the input voltage.  

The voltage polarity of this third terminal is not reversed. For the same duty cycles, the voltage of third terminal 

is higher than the conventional load terminal. Fortunately, in our applications, the desired output voltage is 

always higher than the input voltage. 

If the load is connected to the third terminal, then a new power converter as shown in Figure 4 (a) can be 

obtained. The load voltage is always higher than the input voltage as in the case of conventional boost DC-DC power 

converter. Different to the conventional one, however, the power converter in Figure 4 has a continuous output 

current with the associated low ripple content. If a bidirectional power flow is desired, then bidirectional 

switches as shown in Figure 4 (b) must be used. Depending on the power flow, the new power converter can 

be operated as a boost or buck DC-DC converter. The converter topology derivation method that is used in this 

paper has also been discussed in [22].  
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Figure 3. Modification of Cuk power converter 
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Figure 4. (a) Step-up and (b) bidirectional modified Cuk DC-DC converter 
 

 

3. OUTPUT VOLTAGE ANALYSIS 

In the previous section, the output voltage expressions have been derived by neglecting the voltage 

drops across inductors and switching power devices. In this section, output voltage analysis that takes into 

account the voltage drops across the inductors and switching devices is presented. Transistor Q and diode D in 

Figure 4 (a) work complementary. If transistor Q receives an ON (OFF) signal then diode D is turned OFF 

(ON). In order to make it more general, it is assumed that the voltage drops across the transistor and diode 

during conduction are; 
 

𝑣𝑄 = 𝑉𝑄 + 𝑅𝑄𝑖𝑄         (3) 
 

𝑣𝐷 = 𝑉𝐷 + 𝑅𝐷𝑖𝐷         (4) 
 

where VQ and VD are the constant components, and RQ are RD are the resistive components of voltage drops and 

iQ and iD are currents of transistor and diode, respectively. The resistances of the inductors Ld and Lo are Rd and 

Ro, respectively. Capacitors C and Co are assumed as ideal capacitors with no inductance nor resistance. The 

capacitor equivalent series resistances can be neglected in this analysis as the average value of capacitor current 

is zero during steady-state. 
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Figure 5 (a) shows the converter condition when transistor Q receives an ON signal. Under this 

condition, transistor Q is conducting the currents and diode D is turned OFF. Based on the circuit in  

Figure 5 (a), the following state space equation is obtained; 

 

[
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           (5) 

 

where Δ=LdLo-M2 and M is the mutual inductance between inductors Ld and Lo. Figure 5 (b) shows the converter 

state when transistor Q receives an OFF signal. Under this condition, the transistor Q is turned OFF and currents are 

flowing through the diode D. Based on the circuit in Figure 5 (b), the following is obtained; 
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(6) 

 

Transistor Q receives an ON signal during ON period and receives an OFF signal during OFF period. 

By taking the average of (5) and (6) over one switching period then the state-space average equation of  

the converter can be obtained [23]. If it is assumed that Ld = L0, Rd = R0, and M = 0, then the following  

steady-state equation is obtained; 

 

 

  
(a) (b) 

 

Figure 5. Converter condition when transistor Q receives an (a) ON-signal and (b) OFF-signal 
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Based on (7) we can obtain the following; 
 

𝑖̄𝑑 =
𝛼

1−𝛼
𝐼𝐿          (8) 

 

𝑖̄𝑜 = 𝐼𝐿           (9) 
 

�̄�𝑜 =
𝛼𝐸𝑑

1−𝛼
−

𝑉𝑄𝛼+𝑉𝐷(1−𝛼)

1−𝛼
−

𝑅𝑑(1−2𝛼+2𝛼2)+𝑅𝑄𝛼+𝑅𝐷(1−𝛼)

(1−𝛼)2
𝐼𝐿     (10) 

 

The load voltage is; 
 

�̄�𝐿 = 𝐸𝑑 + �̄�𝑜 =
𝐸𝑑−𝑉𝑄𝛼−𝑉𝐷(1−𝛼)

1−𝛼
−

𝑅𝑑(1−2𝛼+2𝛼2)+𝑅𝑄𝛼+𝑅𝐷(1−𝛼)

(1−𝛼)2
𝐼𝐿    (11) 

 

In (10) is the output voltage expression of conventional Cuk DC-DC power converter and (11) is the modified 

Cuk DC-DC power converter. For the same output voltage, two times of the input voltage for example,  

the conventional Cuk DC-DC power converter needs duty cycle of 2/3 and the modified Cuk power converter 

needs duty cycle of half. By using the same method, the output voltage expression of conventional boost  

DC-DC power converter with the scheme as shown in Figure 6 can be obtained as; 
 

�̄�𝐿 =
𝐸𝑑−𝑉𝑄𝛼−𝑉𝐷(1−𝛼)

1−𝛼
−

𝑅𝑑+𝑅𝑄𝛼+𝑅𝐷(1−𝛼)

(1−𝛼)2
𝐼𝐿      (12) 

 

Figure 7 shows the plots of voltage drop across the inductor resistance of conventional boost and 

proposed DC-DC power converters, as a function of duty cycle. This figure represents the conduction losses 

when the voltage drops across the switching devices are neglected. Though the number of inductor is  

double, the inductor losses are lower compared to the conventional boost DC-DC converter. It can be seen  

that the voltage drop in the proposed step-up DC-DC converter is lower than the conventional boost  

DC-DC converter. If the switching losses can be neglected, the conduction losses can be calculated as; 
 

𝑃𝑙𝑜𝑠𝑠 = 𝐸𝑑𝐼𝑑 − �̄�𝐿𝐼𝐿        (13) 
 

The input current is 
 

𝐼𝑑 = 𝑖̄𝑑 + 𝐼𝐿          (14) 
 

Substituting (8) into (14) the following is obtained 
 

𝐼𝑑 =
𝐼𝐿

1−𝛼
          (15) 

 

Based on (10-13) and (15), the losses of converter is 
 

𝑃𝑙𝑜𝑠𝑠 =
𝑉𝑄𝛼+𝑉𝐷(1−𝛼)

1−𝛼
𝐼𝐿 +

𝑅𝑑(1−2𝛼+2𝛼2)+𝑅𝑄𝛼+𝑅𝐷(1−𝛼)

(1−𝛼)2
𝐼𝐿
2    (16) 

 

for conventional and modified Cuk DC-DC power converter, and 
 

𝑃𝑙𝑜𝑠𝑠 =
𝑉𝑄𝛼+𝑉𝐷(1−𝛼)

1−𝛼
𝐼𝐿 +

𝑅𝑑+𝑅𝑄𝛼+𝑅𝐷(1−𝛼)

(1−𝛼)2
𝐼𝐿
2      (17) 

 

for conventional boost DC-DC power converter.  

As it has been mentioned before, for the same output voltages, the duty cycle of modified Cuk  

DC-DC power converter is lower than the conventional one. Thus, the losses in modified Cuk DC-DC power 

converter is lower than the conventional ones. In (16, 17) show that for the same output voltages, the power 

loss in modified Cuk DC-DC power converter is lower than the conventional boost DC-DC power converter. 
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The reason why the inductor losses in modified Cuk DC-DC power converter are lower than the inductor losses 

in conventional boost DC-DC power converter can be explained as follows: 

− All source current is flowing through the inductor of boost DC-DC converter. 

− Currents through inductors Ld and Lo of modified Cuk DC-DC power converter are lower than the inductor 

current in conventional boost DC-DC power converter. 
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Figure 6. Conventional boost DC-DC power converter 
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Figure 7. Voltage drop comparison 

 

 

4. CURRENT RIPPLE ANALYSIS 

In the following analysis, it is assumed that the inductor currents are continuous. Moreover, it is 

assumed that the voltage across the capacitor C is not changing so much in one switching period. Based on 

Figure 4 (a), the following can be obtained; 
 

[
𝐿𝑑 𝑀
𝑀 𝐿𝑜

] [

𝑑𝑖𝑑

𝑑𝑡
𝑑𝑖𝑜

𝑑𝑡

] = [
𝐸𝑑 − 𝑣𝑄

𝑣𝐷 − 𝑣𝑜
]       (18) 

 

where vQ and vD are voltages across transistor Q dan diode D, respectively, and M is the mutual inductance 

between Ld and Lo. The currents and voltages can be divided into the average and ripple components as  

the followings: 
 

ddd iIi
~

+=          (19) 

 

ooo iIi
~

+=          (20) 

 

QQQ vVv ~+=          (21) 

 

DDD vVv ~+=          (22) 

 

ooo vVv ~+=          (23) 

 

where bar and tilde indicate average and ripple components, respectively. If (19-23) are substituted into (18) 

then the current ripple components can be obtained 
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[
𝐿𝑑 𝑀
𝑀 𝐿𝑜

] [

𝑑�̃�𝑑

𝑑𝑡
𝑑�̃�𝑜

𝑑𝑡

] = [
−�̃�𝑄

�̃�𝐷 − �̃�𝑜
]       (24) 

 

Based on (24) the followings are obtained: 
 

𝑖̃𝑑 =
𝐿𝑜

𝛥
∫(−�̃�𝑄)𝑑𝑡 −

𝑀

𝛥
∫(�̃�𝐷 − �̃�𝑜)𝑑𝑡 + 𝐶1      (25) 

 

𝑖̃𝑜 =
𝐿𝑑

𝛥
∫(�̃�𝐷 − �̃�𝑜)𝑑𝑡 −

𝑀

𝛥
∫(−�̃�𝑄)𝑑𝑡 + 𝐶2      (26) 

 

where C1 and C2 constants of integration. If it is assumed that the ripple component of switch voltage is much 

higher than the capacitor voltage ripple,  
 

oD vv ~~           (27) 

 

Then (25) and (26) can be approximated as; 
 

𝑖̃𝑑 =
𝐿𝑜

𝛥
∫(−�̃�𝑄)𝑑𝑡 −

𝑀

𝛥
∫ �̃�𝐷𝑑𝑡 + 𝐶1       (28) 

 

𝑖̃𝑜 =
𝐿𝑑

𝛥
∫ �̃�𝑄2𝑑𝑡 −

𝑀

𝛥
∫(−�̃�𝑄1)𝑑𝑡 + 𝐶2      (29) 

 

Based on (21-22), the ripple voltages of transistor are; 
 

�̃�𝑄1 = 𝑣𝑄1 − 𝑉𝑄1         (30) 
 

�̃�𝐷 = 𝑣𝐷 − 𝑉𝐷         (31) 
 

where, 
 

𝑉𝑄 = 𝐸𝑑          (32 
 

𝑉𝐷 = 𝑉𝑜 =
𝛼

1−𝛼
𝐸𝑑         (33) 

 

when transistor Q receives an ON signal; 
 

𝑣𝑄 = 0          (34) 
 

𝑣𝐷 = �̄�𝐶 =
𝐸𝑑

1−𝛼
         (35) 

 

Thus, the current ripple expressions when transistor Q receives an ON signal are, 
 

𝑖̃𝑑 =
𝐿𝑜−𝑀

𝛥
∫𝐸𝑑𝑑𝑡 + 𝐶1        (36) 

 

𝑖̃𝑜 =
𝐿𝑑−𝑀

𝛥
∫𝐸𝑑𝑑𝑡 + 𝐶2        (37) 

 

When transistor Q receives an OFF signal, the transistor voltages are,  

 

𝑣𝑄 = �̄�𝐶 =
𝐸𝑑

1−𝛼
         (38) 

 

𝑣𝐷 = 0          (39) 
 

thus, the current ripple expressions when transistor Q receives an OFF signal are, 
 

𝑖̃𝑑 = −
𝐿𝑜−𝑀

𝛥
∫

𝛼𝐸𝑑

1−𝛼
𝑑𝑡 + 𝐶3        (40) 

 

𝑖̃𝑜 = −
𝐿𝑑−𝑀

𝛥
∫

𝛼𝐸𝑑

1−𝛼
𝑑𝑡 + 𝐶4        (41) 

 

where C3 and C4 are constants of integration. These constants can be determined based on the facts that:  
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− Average value of current ripple over one switching period is zero.  

− Initial value of current ripple during ON period is the final value of the current ripple during OFF period. 

Similarly, the initial value of current ripple during OFF period is the final value of current ripple during  

ON period.  

Based on the above analysis, the current ripple expression in one switching period can be written as; 
 

𝑖̃𝑑 =
𝐸𝑑(𝐿𝑜−𝑀)

𝛥
{

−
𝑇𝑂𝑁

2
+ (𝑡 − 𝑡𝑜) for 𝑡𝑜 ≤ 𝑡 ≤ 𝑡2

𝛼

1−𝛼

𝑇𝑂𝐹𝐹

2
−

𝛼

1−𝛼
(𝑡 − 𝑡2) for 𝑡2 ≤ 𝑡 ≤ 𝑡4

     (42) 

 

𝑖̃𝑜 =
𝐸𝑑(𝐿𝑑−𝑀)

𝛥
{

−
𝑇𝑂𝑁

2
+ (𝑡 − 𝑡𝑜) for 𝑡𝑜 ≤ 𝑡 ≤ 𝑡2

𝛼

1−𝛼

𝑇𝑂𝐹𝐹

2
−

𝛼

1−𝛼
(𝑡 − 𝑡2) for 𝑡2 ≤ 𝑡 ≤ 𝑡4

    (43) 

 

Figure 8 shows the current ripples over one switching period. The rms values of current ripple can be 

determined as; 
 

𝐼𝑑 = [
1

𝑇𝑠
∫ 𝑖̃𝑑

2𝑑𝑡
𝑡𝑜+𝑇𝑠

𝑡𝑜
]
1/2

        (44) 

 

𝐼𝑜 = [
1

𝑇𝑠
∫ 𝑖̃𝑜

2𝑑𝑡
𝑡𝑜+𝑇𝑠

𝑡𝑜
]
1/2

        (45) 

 

Based on (44, 45) the followings are obtained; 
 

𝐼𝑑 =
𝐿𝑜−𝑀

2√3𝛥

𝛼𝐸𝑑

𝑓𝑠
         (46) 

 

𝐼𝑜 =
𝐿𝑑−𝑀

2√3𝛥

𝛼𝐸𝑑

𝑓𝑠
         (47 

 

In (46, 47) show that the mutual inductance between the two inductors can be used to reduce the inductor 

current ripples. Based on the circuit in Figure 4, we can obtain the capacitor current as; 
 

𝑖𝑐 = {
−𝑖𝑜 for 𝑡𝑜 ≤ 𝑡 ≤ 𝑡𝑜 + 𝑇𝑂𝑁

𝑖𝑑 for 𝑡𝑜 + 𝑇𝑂𝑁 ≤ 𝑡 ≤ 𝑡𝑜 + 𝑇𝑠
      (48) 
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Figure 8. Converter current ripples over one carrier period 
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Figure 8 shows the capacitor current waveform. By neglecting the ripple components of io and id, the rms value 

of capacitor current is; 
 

𝐼𝐶 = 𝐼𝐿 (
𝛼

1−𝛼
)
1/2

         (49) 

 

In the proposed converter, therefore, a capacitor with a large current ripple rating is required. It can be seen 

that the capacitor current ripple cannot be reduced by increasing the switching frequency. 

 

 

5. COMPARATIVE EVALUATION 

In order to know the advantages and disadvantages of the proposed DC-DC converter,  

the performance of the proposed converter is compared to the conventional boost DC-DC power converter. 

The comparison is summarized in Table 1. In this comparison, the two inductors of modified Cuk DC-DC 

power converter are assumed equal with no mutual coupling.  

Compared to the conventional boost DC-DC power converter, the proposed converter has the lowest 

conduction losses and lowest output capacitor current ripple. The reason why the inductor losses of mofidied Cuk 

DC-DC power converter are lower than the conventional boost DC-DC power converter can be seen from  

the inductor current expressions in Table 1. The inductor currents of modified Cuk DC-DC power converter are 

lower than the inductor current in conventional boost DC-DC converter. Thus, the efficiency of the proposed 

converter is the highest as the switching losses are almost the same. The disadvantage of the proposed converter 

is the need of a capacitor with a high current ripple rating. The use of film capacitor is preferred in this application. 

The two inductors can be integrated in one core so that the volume can be minimized. It should be noted that  

the proposed DC-DC power converter is a fourth-order converter and, therefore, the control is more difficult than 

the conventional boost DC-DC power converter. Various control methods for high-order DC-DC power 

converters were reported in [24-28]. 

 

 

Table 1. Performance comparison 
 Modified Cuk Conventional Boost 

Circuit 

oL

dE

dL

Load
C

Q

D oC

ci oi

di

LI

Lv

 

LoaddE dL
Q

D

oC

di

Lv

LI

 

Passive components Two inductors and two capacitors One inductor and one capacitor 

Active components One transistor, one diode One transistor, one diode 

Output voltage 
�̄�𝐿 =

𝐸𝑑 − 𝑉𝑄𝛼 − 𝑉𝐷(1 − 𝛼)

1 − 𝛼
 

      −
𝑅𝑑(1 − 2𝛼 + 2𝛼2) + 𝑅𝑄𝛼 + 𝑅𝐷(1 − 𝛼)

(1 − 𝛼)2
𝐼𝐿 

�̄�𝐿 =
𝐸𝑑 − 𝑉𝑄𝛼 − 𝑉𝐷(1 − 𝛼)

1 − 𝛼
 

      −
𝑅𝑑 + 𝑅𝑄𝛼 + 𝑅𝐷(1 − 𝛼)

(1 − 𝛼)2
𝐼𝐿 

Source current ripple 
𝐼𝑑 =

1

2√3𝐿𝑑

𝛼𝐸𝑑

𝑓𝑠
 𝐼𝑑 =

1

2√3𝐿𝑑

𝛼𝐸𝑑

𝑓𝑠
 

Output capacitor current ripple 
𝐼𝑜 =

1

2√3𝐿𝑜

𝛼𝐸𝑑

𝑓𝑠
 𝐼𝑜 = 𝐼𝐿 (

𝛼

1 − 𝛼
)
1/2

 

Transfer capacitor current 
𝐼𝐶 = 𝐼𝐿 (

𝛼

1 − 𝛼
)
1/2

 
NA 

Average input inductor current 
𝐼𝑑 =

𝛼𝐼𝐿
1 − 𝛼

 𝐼𝑑 =
𝐼𝐿

1 − 𝛼
 

Average output inductor current 𝐼𝑜 = 𝐼𝐿 NA 

 

 

6. EXPERIMENTAL RESULTS 

A small experimental system as the one shown in Figure 4 (b) was constructed. In this experiment, 

two power MOSFETs were used as switching devices. Uncoupled two equal inductors of 2.2 mH were used as 

Ld and Lo. The switching frequency can be varied from 1 kHz up to 20 kHz. The capacitance C is 220 uF and 
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the capacitance Co is 330 uF. The DC source is obtained from a DC power supply that is maintained constant 

at 36 Vdc. The load is a constant resistance of 100 Ohm.  

Figure 9 shows the output voltage as the function of duty cycle. Ideal curve is the calculated results 

when the voltage drops across the switching devices and inductors are neglected. The nonideal curve is 

calculated results when the voltage drops are taken into account as given by (9). Measurements were conducted 

under two switching frequencies. Measurement results are indicated by small square and circle. It can be seen 

that the derived expression is accurate in predicting the output voltage.  

Figure 10 shows the experimental and calculated results of current ripple through inductor Lo of 

modified Cuk DC-DC power converter. Very good agreement between calculated and experimental results can 

be appreciated. Similar results are obtained for current ripple through inductor Ld. Similar to other DC-DC 

power converters, the current ripple can be reduced further by multiphasing technique. 

Figure 11 shows the efficiency of modified Cuk DC-DC power converter when the duty cycle is 

changed. The load resistance during this experiment was constant. As it is predicted, the efficiency is higher 

when the duty cycle is small. The efficiency can be increased by reducing the resistances of the inductors.  

It should be noted that this efficiency is higher than the conventional boost DC-DC power converter. 

 

 

  
 

Figure 9. Output voltage as a function of duty 

cycle of modified Cuk DC-DC power converter 

 

Figure 10. Inductor current ripple of modified Cuk 

DC-DC power converter 

 

 

 

 

Figure 11. Efficiency of modified Cuk DC-DC power converter 

 

 

7. CONCLUSION 

An efficient step-up DC-DC power converter based on the modification of Cuk DC-DC power 

converter that is suitable for DC microgrid systems has been proposed. The conduction losses of the proposed 

converter are lower than the conventional boost DC-DC power converter. Analysis of output voltage and 

inductor current ripple that useful in converter design is presented. Experimental results have verified  

the analysis given in this paper. Practical industrial prototype of the proposed converter is in progress and will 

be reported in the future occasion. 
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