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Abstract: Magnetic less multilevel dc–dc converters pull in 

much consideration in automotive industry because of their 

little size, high productivity, and high temperature operation 

highlights. A multilevel modular capacitor-clamped dc–dc 

converter (MMCCC) is a standout amongst the most 

encouraging topologies among them with straightforward 

control and decreased switch current anxiety. This paper 

introduces the ideal plan contemplations for a MMCCC to 

accomplish the most astounding productivity and the littlest 

size. Keeping in mind the end goal to outline the converter 

with the most noteworthy proficiency, the investigative 

power misfortune condition of a MMCCC should be 

inferred. By considering the stray inductance in the circuit, 

the ideal plan approach ought to be separated into two cases, 

over damped case and under damped case. The converter 

can be intended to accomplish high effectiveness in both 

cases by fluctuating circuit parameters. On the off chance 

that the circuit is planned in over damped case, gigantic 

electrolytic capacitor bank must be utilized to accomplish 

high productivity, which will build the aggregate converter 

measure. In the event that the circuit is composed in under 

damped case, little size multilayer fired capacitor can be 

used because of the low capacitance necessity. Albeit 

moderately high exchanging recurrence is required in under 

damped case because of down to earth contemplations, zero-

current exchanging (ZCS) can be accomplished for all the 

exchanging gadgets which limit the converter exchanging 

misfortune. Along these lines, the ideal plan purpose of a 

MMCCC with the littlest size and the most noteworthy 

proficiency ought to be chosen at the under damped case 

with ZCS for all the switches. 

Keywords: capacitor-clamp switched capacitor dc–dc, 

multilevel, modular 

I. INTRODUCTION 

As for the most part recognized, the high-pick up 

DC-DC converter is generally utilized as a part of the 

maintainable vitality framework as the front-phase of the 

DC-AC converter. Subsequently, it is essential for low 

voltage to be supported to high voltage. When all is said 

in done, the lift converter or the buck-help converter is 

generally utilized as a part of such applications. Be that as 

it may, it is difficult for such converters to accomplish 

high voltage proportion. In principle, the voltage 

proportions of these two converters can achieve 

limitlessness, however in reality around three or four, 

constrained by parasitic part impact and controller ability. 

Thusly, if the voltage proportion of the converter is 

sought to be more than five, then two-organize converter 

in light of the lift converter or the buck-help converter is 

used, or distinctive converter topologies are made. 

Traditional circuits that are normally utilized as a part of 

low power applications have a portion of the 

accompanying disadvantages when a high voltage pick up 

is sought: 1) very assorted voltage/current worries for 

exchanging gadgets in a few circuits, which are not 

reasonable for particular setup or for high effectiveness 

necessity; 2) countless gadgets in some different circuits; 

3) throbbing info current and the resultant 

electromagnetic impedance (EMI); 4) unidirectional 

power stream. All the more essentially, their aggregate 

gadget control evaluations (TDPR) are horrible for a 

handy plan to keep up high effectiveness. To alleviate the 

throbbing current, voltage spike, and exchanging 

misfortune, thunderous exchanged capacitor converters 

have been proposed with extra inductor to reverberate 

with the capacitor. However, their down to earth potential 

to achieve high voltage pick up has not been widely 

examined. A few blends of exchanged capacitor and 

inductors have been accounted for in for huge voltage 

transformation proportion, the simple mix and light 

weight highlight of exchanged capacitor dc–dc converters 

vanishes in the wake of presenting moderately huge 

inductors. As of late, attractive less flying-capacitor (FC) 

dc–dc converters and thunderous FC dc–dc converters 

have been inquired about to basically dispense with or to 

limit the inductance prerequisite in conventional two-

level dc–dc converters. Contrasted with low-control 

exchanged capacitor converters, the magnetic less FC dc–
dc converters have the upsides of little segment number, 

low voltage worry over the exchanging gadgets, and 

bidirectional power stream. The block diagram of optimal 

design of multi-level dc-dc converter is shown in figure 1. 
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Fig 1 Block diagram of converter 

 

II. MMCC CONVERTER 
 

 

Fig 2 Five-level MMCCC with four modular blocks 

The proposed five-level multilevel modular 

capacitor clamped dc–dc converter (MMCCC) shown in 

Fig. 2 has an inherent modular structure and can be 

designed to achieve any conversion ratio. Each modular 

block has one capacitor and three transistors leading to 

three terminal points.  

 

Fig 3 Modular block of the MMCCC 

A secluded square is appeared in Fig. 3. The 

terminal Vin is associated with either the HV battery or to 

the yield of the past stage. One of the yield terminals 

Vnext is associated with the contribution of the following 

stage. The other yield terminal VLB is associated with the 

low voltage side positive (+) battery terminal. In a 

FCMDC with transformation proportion of 5, the 

aggregate consistent state operation takes five 

subintervals, which is appeared in Fig. 2 and Table II. It is 

seen that just a single charge-release operation is 

performed in one subinterval. Subsequently, the segment 

usage is restricted in this circuit. For an N-level converter, 

any capacitor aside from C1 is used amid just two 

subintervals for an entire cycle (one subinterval for 

charging, one for releasing) and for the rest of the (N − 2) 
subintervals in one period, the part is not utilized. The 

new converter presented here can expand the part use by 

playing out various operations in the meantime, which is 

additionally appeared in Table II. In Fig. 5, the improved 

operational circuit of the MMCCC is appeared. To get the 
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new exchanging plan, it is at first accepted that the new 

converter will play out the whole operation in five 

subintervals, and later it will be indicated how these five 

operations should be possible in two subintervals. Fig. 

4(a) demonstrates the principal subinterval where C5 is 

being charged from VHV through the yield circuit. In the 

second subinterval, C5 will exchange the charge to C4 

through the yield circuit, and this operation is appeared in 

Fig. 4(b). Amid the third subinterval, C4 discharges 

vitality to C3 through the yield circuit as appeared in Fig. 

4(c). Up until now, these operations are the same as the 

ordinary FCMDC. Strikingly, amid this third subinterval, 

the charging operation of the main subinterval (C5 gets 

charged from VHV through the yield circuit) can be 

performed without bothering the operation of the whole 

circuit, which additionally is appeared in Fig. 4(c). 

Subsequently in this stage, two operations are performed 

in the meantime, and C5 gets vitality for the second time 

through the yield circuit. Amid the fourth subinterval, a 

similar operation of Fig. 4(b) can be performed. 

Notwithstanding that, C3 can exchange vitality to C2 

through the yield circuit without bothering the whole 

operation. Along these lines, two operations can happen 

at the same time. These operations are appeared in Fig. 

4(d). Along these lines, every one of the means appeared 

in Fig. 4(a)–(d) are the introduction steps where every one 

of the capacitors are being charged and prepared to get 

into the unfaltering state working conditions. In the fifth 

stage appeared in Fig. 4(e), C5 is again empowered from 

VHV and C4 exchanges vitality to C3. C2 was charged in 

the past stage, and now it exchanges the vitality to the 

yield circuit. In this manner, three operations happen in 

the meantime, which are free of each other. The 

operations that occurred in Fig. 4(d) are rehashed in the 

6th step, which is appeared in Fig. 4(f). Consequently, 

these two stages appeared in Fig. 4(e) and (f) are the 

consistent state operations of the converter where the 

fourth step and the 6th step are the same. The rearranged 

graph appeared in Fig. 4(e) is characterized as state 1 

amid steady state, and the outline in Fig. 4(f) is the state 2 

amid steady state operation. When every one of the 

capacitors are charged after the introduction arrange, the 

circuit goes into the consistent state and state 1 and state 2 

will be rehashed in each clock cycle. Out of these six 

stages, the fifth and 6th step are the two states in the 

unfaltering state operation of the circuit, and the initial 

four stages are considered as the instatement ventures of 

the converter. From Fig. 4, obviously the fourth and the 

6th step operations are the same, and considering the 

fourth step as the state 1, and fifth step as state 2 of 

relentless express, the quantity of instatement steps could 

be decreased to three. It is simply an issue of tradition to 

characterize the fifth step as state 1, and not the fourth, 

and in any case, it doesn't have any effect on the operation 

of the circuit. 

 The switching sequence in the new converter works 

in a simpler way than the conventional converter. As 

there are only two subintervals, two switching states are 

present in the circuit. Switches SR1 to SR7 in Fig. 3 are 

operated at the same time to achieve state 1; the 

equivalent circuit is shown in Fig. 4(e). In the same way, 

switches SB1 to SB6 are operated simultaneously to 

make the steady-state equivalent circuit shown in Fig. 

4(f). This new switching pattern is shown in Fig. 5. 

 
(a) 

 
(b) 
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(c)

 
(d)

 
(e)

 
(f) 

Fig 4 Simplified diagram of the new converter using the switching 

scheme of the conventional converter. 

 

 
TABLE 1 SWITCHING SCHEMES OF MMCCC, ↑= CHARGING,               

↓= DISCHARGING 

 

 
Fig 5 Gating signal of the switches in the new circuit 

III. SIMULATION AND RESULTS 

 

Fig 6 simulation of five-level capacitor clamped step up dc to dc 

converter 
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Fig 7 Output waveform of five-level capacitor clamped step-up dc to dc 

converter 

A. Advantages 

1. Switching losses is less, 

2. Voltage and current stress is less, 

3. Overall efficiency of the circuit is more. 

B. Applications 

1. High voltage dc drives, 

2. High current and voltage gain applications, 

3. Industrial application. 

IV. CONCLUSION 

A bidirectional exchanged capacitor dc–dc converter 

for applications that require high voltage pick up. This 

converter highlights low segment control rating, little 

exchanging gadget number, and low output capacitance 

prerequisite. Notwithstanding its low current anxiety, the 

mix of two short symmetric ways of charge Pumps 

additionally bring down power misfortune. In this way, a 

little and light converter with high voltage pick up and 

high effectiveness is accomplished. 
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