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Abstract: 

A new type of cascade inverter based on dual buck topology and  the phase-shift control scheme. Cascade dual buck inverter with 

phase-shift control inherits all the merits of the dual buck type inverters and overcomes some of their drawbacks. Comparing to 

traditional cascade inverters, the enhanced system problems  and lower switching loss with the help  of using power MOSFETs. 

With phase-shift control, it theoretically eliminates the inherent current zero-crossing distortion of the single-unit dual buck type 

inverter. In addition with the phase-shift control and cascade topology can greatly reduce the ripple current or cut down the size of 

passive components by increasing the equivalent switching frequency. A cascade dual buck inverter the feasibility an d advantages 

of the system by comparing single-unit dual buck inverter, one-unit and two-unit cascade dual buck inverters at the same 1 kW, 

120 V ac output conditions. 
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I. INTRODUCTION 

 

The various multilevel voltage-source inverters, the most 

commonly used and commercially available ones are the 

neutral-point-clamped inverter, flying capacitor inverter, and 

cascade H-bridge inverter. The cascade type inverters are 

capable of reaching higher output voltage level by using 

commercially standard lower voltage devices and components. 

They also feature a modular design concept which makes 

maintenance less burdensome.  

 

This paper proposes a new cascade dual buck inverter based 

on single dual buck inverter topology to better address the 

issues mentioned above. 

 

Phase-shift control is widely used for cascade inverters 

because it is easy to implement with dig ital controllers and it  

equivalently increases the switching frequency by the number 

of cascade units, which  reduces the output voltage and current 

ripple. For the cascade dual buck inverter, phase shift control 

is adopted as well. Besides the common benefits, it solves 

another problem for this unique cascade topology. One of the 

inherent drawbacks of single dual buck inverters is the current 

zero-crossing distortion, which will be explained in detail in  

Section III. Fortunately, with the help of phase-shift control, 

cascade dual buck inverter theoretically eliminates the zero 

crossing distortion from zero to fu ll load conditions. The paper 

first shows different topologies of the proposed cascade dual 

buck inverters and their operation princip les. This paper takes 

single-phase cascade dual buck half-bridge inverter as the 

analytical and design subject to demonstrate the feasibility and 

advantages of cascade dual buck inverters. The phase-shift 

control scheme is analyzed by comparing single-unit dual 

buck inverter and 2-unit cascade dual buck inverter. The 

closed-loop control for cascade dual buck inverter has been 

designed and implemented. A 1 kW, 120 V ac output cascade 

dual buck inverter system has been built to validate the 

proposed topology and control by comparing the experimental 

test results of single unit dual buck inverter, 2-unit and 3-unit  

cascade dual buck inverters.  

II MULTILEVEL INVERTER  

 

Inverter: An inverter is an electrical device that converts 

direct current (DC) to alternating current (AC); the converted 

AC can be at any required voltage and frequency with the use 

of appropriate transformers, switching, and control circuits. 

Static inverters have no moving parts and are used in  a wide 

range of applications, from s mall switching power supplies in 

computers, to large electric utility high-voltage d irect current 

applications that transport bulk power. Inverters are 

commonly  used to supply AC power from DC sources such as 

solar panels or batteries. The electrical inverter is a high-

power electronic oscillator. It is so named because early 

mechanical AC to DC converters  was made to work in  

reverse, and thus were "inverted", to convert DC to AC. The 

inverter performs the opposite function of a rectifier 

 

Cascaded H-Bridges inverter  

A single-phase structure of an m-level cascaded inverter is 

illustrated in Figure 31.1. Each separate dc source (SDCS) is 

connected to a single-phase full-bridge, or H-bridge, inverter. 

Each inverter level can generate three different voltage 

outputs, +Vdc, 0, and –Vdc by connecting the dc source to the 

ac output by different combinations of the four switches, S1, 

S2, S3, and S4. To obtain +Vdc, switches S1 and S4 are turned 

on, whereas –Vdc can be obtained by turning on switches S2 

and S3. By  turning on S1 and S2 or S3 and S4, the output voltage 

is 0. The ac outputs of each of the different full-bridge inverter 

levels are connected in series such that the synthesized voltage 

waveform is the sum of the inverter outputs. The number of 

output phase voltage levels m in a cascade inverter is defined 

by m = 2s+1, where s is the number of separate dc sources. An 

example phase voltage waveform for an 11-level cascaded H-

bridge inverter with 5 SDCSs and 5 full bridges is shown in 

Figure . The phase voltage van = va1 + va2 + va3 + va4 + va5.  

For a stepped waveform such as the one depicted in Figure  

with s steps, the Fourier Transform for this waveform fo llows  
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The magnitudes of the Fourier coefficients when normalized 

with respect to Vdc are as follows 

 

 
The conducting angles, θ1, θ2, ..., θs, can be chosen such that 

the voltage total harmonic d istortion is a min imum. Generally, 

these angles are chosen so that predominant lower frequency 

harmonics, 5th, 7th, 11th, and 13
th

, harmonics are eliminated. 

More detail on harmonic eliminat ion techniques will be 

presented in the next section.  

 
Figure.1. Single-phase structure of a multilevel cascaded 

H-bridges inverter  

 

When you open these guidelines, select "Print Layout" from 

the "View" menu, which will allow you to see the two-column 

format. You may then type over sections by using the Cut and 

Paste commands listed under the Edit menu and/or by using 

the markup styles. To use the template styles, use the Style 

menu to  the left of the text, or on your toolbar or formatting 

palette. Click on the down arrow to access the various styles 

(for example, the style at this point in the document is "First 

Paragraph"). Scro ll through the style list and you will find 

“First Paragraph” highlighted.  To use these built-in style 

guides, highlight a section that you want to designate with a 

certain style, and then select the appropriate name on the style 

pull-down menu. 

 
Figure.2.Output phase voltage waveform of an 11-level  

cascade inverter with 5 separate dc sources.  

 

 II. DC-DC CONVERTER BASICS 

 

A DC-to-DC converter is a device that accepts a DC input 

voltage and produces a DC output voltage. Typically the 

output produced is at a  different voltage level than the input. 

In addition, DC-to-DC converters are used to provide noise 

isolation, power bus regulation, etc. This is a summary of 

some of the popular DC-to-DC converter topologies. 

 

BUCK CONVERTER S TEP-DOWN CONVERTER  

In this circuit  the transistor turning ON will put voltage Vin on 

one end of the inductor. This voltage will  tend to cause the 

inductor current to rise. When the transistor is OFF, the 

current will continue flowing through the inductor but now 

flowing through the diode. We initially assume that the current 

through the inductor does not reach zero, thus the voltage at 

Vx will now be only the voltage across the conducting diode 

during the full OFF time. The average voltage at Vx will 

depend on the average ON t ime of the transistor provided the 

inductor current is continuous.  

 

 
Figure.3. Buck Converter  

 

 
Figure.4.Voltage and current changes 

 

To analyze the voltages of this circuit let us consider the 

changes in the inductor current over one cycle. From the 

relation  

………………. (1) 

The change of current satisfies  

   ………. (2) 

For steady state operation the current at the start and end of a 

period T will not change. To get a simple relat ion between 

voltages we assume no voltage drop across transistor or diode 

while ON and a perfect switch change. Thus during the ON 

time Vx=Vin and in the OFF Vx=0. Thus  

………. (3) 

Which simplifies to  

…………… (4) 

or 

…………… (5) 

And defining "duty ratio" as  

………. (6) 

The voltage relationship becomes Vo=D Vin Since the circuit  

is lossless and the input and output powers must match on the 

average Vo* Io = Vin* Iin. Thus the average input and output 
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current must satisfy Iin =D Io These relations are based on the 

assumption that the inductor current does not reach zero.  

Transition between continuous and discontinuous  when the 

current in the inductor L remains always positive then either 

the transistor T1 or the diode D1 must be conducting. For 

continuous conduction the voltage Vx is either Vin or 0. If the 

inductor current ever goes to zero then the output voltage will 

not be forced to either o f these conditions.  At this transition 

point the current just reaches zero as seen in Figure (buck 

booster boundary). During the ON time Vin-Vout is across the 

inductor thus 

                            (7) 
 

The average current which must match the output current 

satisfies                       

              (8) 

 
 Buck Converter at Boundary 

If the input voltage is constant the output current at the 

transition point satisfies 

 

(9)  

Voltage Rat io of Buck Converter (Discontinuous Mode) 

As for the continuous conduction analysis we use the fact that 

the integral of voltage across the inductor is zero over a cycle 

of switching T. The transistor OFF time is now divided into 

segments of diode conduction ddT and zero conduction 

doT.  The inductor average voltage thus gives  
 

(Vin - Vo ) DT + (-Vo) dT = 0 (10)  

 
 

Buck Converter - Discontinuous Conduction 

 

(11)  

for the case . To resolve the value o f consider 

the output current which is half the peak when averaged over 

the conduction times  

 

(12)  

Considering the change of current during the diode conduction 

time  

 

(13)  

Thus from (6) and (7) we can get  

 

(14)  

Using the relationship in (5)  

 

(15)  

And solving for the diode conduction  

 

(16)  

The output voltage is thus given as  

 

(17)  

Defining k*  = 2L/(Vin T), we can see the effect of 

discontinuous current on the voltage ratio of the converter. 

 
 

 The above figure shows Output Voltage vs Current  As seen 

in the figure, once the output current is high enough, the 

voltage ratio depends only on the duty ratio "d". At low 

currents the discontinuous operation tends to increase the 

output voltage of the converter towards Vin.  

 

III MODELLING OF CAS E STUDY TOPOLOGY AND 

OPERATION PRINCIPLE 

 

The single-unit dual buck inverter has two basic forms, dual 

buck half-bridge inverter, and dual buck full-bridge inverter. 

The proposed cascade dual buck inverter has two types 

accordingly: cascade dual buck half-bridge inverter, shown in 

Fig, and cascade dual buck fu ll-bridge inverter, shown in Fig. . 

This paper will focus on the analysis, design, and testing of the 

cascade dual buck half-bridge inverter to demonstrate the 

feasibility and advantages of cascade dual buck inverters.  
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In the control strategy for two dual buck half-bridge inverters 

in series output to obtain higher voltage was proposed. 

However, the two  dual buck inverters shared the same dc 

power supply, had two sets of filter inductor and capacitor, 

and the connection was only effective for two units. The 

proposed inverter in this paper features a different series 

connection concept, the cascading, which  has separate dc 

power supplies for each cell, and is extended to N unit 

connection, and shares the same filter components. 

 

 
 Figure.5. Topology of cascade dual buck half-bridge 

inverter  

 

Fig shows the topology of the proposed cascade dual buck 

half-bridge inverter. It consists of N units of single dual buck 

half-bridge inverter. Each unit is composed of two power 

MOSFETs and two fast recovery diodes. Each unit has two 

output ports, iP and iN (i = 1, 2, . . . , N). To realize the 

cascade topology, the iN port of the ith unit is connected with 

the (i +1)P port of the (i + 1)th unit, and port 1P and NN are 

used as the output ports. 

 

 
Figure.7. Operation modes of single-unit dual  buck half-
bridge inverter.(a) Positive current, S1p turned ON. (b) 

Positive current, D1p free-wheeling.(c) Negative current, 

S1n turned ON. (d) Negative current, D1n free-wheeling. 

 Sip and Dip are a working pair, and operate at the positive 

half-cycle of output current i. Sin and Din are another working 

pair, and operate at the negative half-cycle of output current i. 

The single unit operation modes are shown in  Fig. 2. For the 

cascade dual buck inverter, if phase-shift control is not 

adopted, we can switch all the units exactly the same way as 

single-unit inverter. This means the PWMs for S ip and Sin  are 

the same. However, this will bring  the zero-crossing distortion 

problem of single-unit dual buck inverters into the cascade 

topology. In addition, without phase-shift control, the cascade 

topology loses the benefits of increased equivalent switching 

frequency and reduced output current ripple. Therefore, the 

proposed cascade dual buck inverter utilizes the phase-shift 

control technique to eliminate the zero-crossing distortion 

problem of single unit dual buck inverter and at the same t ime 

achieve higher equivalent switching frequency thus cutting 

down output current ripple. The detailed analysis of phase-

shift control of cascade dual buck inverter will be presented in 

Section III. Figure shows the topology of single-unit full-

bridge dual buck inverter. For the cascade dual buck full-

bridge inverter shown in Figure, we can put N units of this 

single full-bridge dual buck inverter in series just like cascade 

dual buck half bridge inverter in Figure. The operation 

principle of cascade dual buck fu ll-bridge inverter with phase-

shift control will be similar to cascade dual buck half-bridge 

inverter, and will not be discussed in this paper. 

 
Figure.8. Single-unit dual buck full-bridge inverter serving  

as one cell for cascade dual buck full-bridge inverter. (a) 

Single-unit dual  buck full-bridge inverter.(b) Cascade dual  

buck full-bridge inverter. 

 

 IV. PHAS E-S HIFT CONTROL ANALYS IS 

 

 One of the significant characteristics of a single -unit dual 

buck type inverter is that the switch is  selectively working 

based on the direction of output current. From the operation 

modes of single-unit half-bridge dual buck inverter in Fig., we 

can clearly see that when i1 is positive, S1p andD1p are the 

working pair, and when i1 is negative, S1n and D1n are the 

working pair. However, this distinctive operation leads to its 

inherent drawback, current zero-crossing distortion, which 

will be exp lained in detail below. This issue can be passively 

mitigated by turning  on both S1p and S1n  near zero-crossing 
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period. However, this remedy is against the operating 

principle and the best feature of the dual buck type inverter, 

which is high reliability by avoiding  turning on both active 

switches at the same time. In addition, this passive measure 

results in higher switching losses because at zero-crossing 

period two switches are switching while the original goal of 

dual buck inverter is to have only one switch operating at any 

given time. On both S1p and S1n near zero-crossing period. 

However, this remedy is against the operating principle and 

the best feature of the dual buck type inverter, which  is high 

reliability by avoiding turning on both active switches at the 

same time. In addit ion, this passive measure results in higher 

switching losses because at zero-crossing period two switches 

are switching while the orig inal goal of dual buck inverter is to 

have only one switch operating at any given time.          

Thankfully, cascade topology solves the issue of zero  crossing 

distortion by using phase-shift control scheme. With phase 

shifted PWM fed to different cascade units, current zero 

crossing distortion is theoretically eliminated. In addit ion, the 

phase-shift control greatly increases the equivalent switching 

frequency by N times that of single-unit inverter, which leads 

to significantly lower current ripp le or smaller passive filter 

components.  

 
Figure.8. Equivalent circuit of single-unit half-bridge dual  

buck inverter when S1p is ON. 

 

In order to illustrate the phase-shift control, single-unit half 

bridge dual buck inverter and 2-unit cascade half-bridge dual 

buck inverter are analyzed. Fig.  shows the equivalent circuit  

of single-unit half-bridge dual buck inverter when S1p is ON. 

Fig.  shows the gate signal of S1p and the current through 

output inductor i1 . The shaded area of Figure corresponds to 

the operation mode shown by Figure 

 
Figure.9.Gate signal of S1p and current i1 through output 

inductor of single-unit half-bridge dual buck inverter. 

 

The current ripple of i1 can be derived from Figures as 

follows: 

                                               

  
 (1) 

where Ds is the duty cycle of the switch S1p  , 0.5 ≤ Ds 

≤1(Bipolar SPWM), and Ts = 1/ fs, 

 and fs is the switching frequency of S1p. 

 At zero-crossing period, Ds is approaching 0.5. Therefore, the 

current ripple of i1 at  zero-crossing region is not zero. The 

same analysis applies to the negative half-cycle current. After 

the two half-cycle current switch switching frequency 

component are filtered by output capacitor Cf , the current io1 

gets its average component. It  connects the averages of 

positive half-cycle current and negative half-cycle current at 

zero-crossing period. Because both half-cycle current averages 

at zero crossing are not zero, there is a jump from the negative 

average to the positive average, which is the current zero-

crossing distortion. Since the load is resistive, the output 

voltage vo has the same shape as io1, and thus has the 

distortion. In light load condition, the resistance is much 

larger, so the zero-crossing distortion of the output voltage is 

amplified by the multiplication of the distorted current and the 

load resistance. 

 

Fig. shows the experimental result of output current i1 and 

output voltage vo across the load at zero-crossing period of 

single-unit dual buck inverter.  

 

 
Figure.10. Experimental result of single-unit half-bridge 

dual buck inverter at zero crossing period.  

 

 Fig shows the equivalent circuit of 2-unit cascade half bridge 

dual buck inverter when S1p and S2p are both ON. Fig.  shows 

the gate signals of S1p and S2p, and the current through output 

inductor i2 . The shaded area of Fig.  corresponds to the 

operation mode shown by Fig. The 2-unit phase-shift angle is 

180◦ (phase-shift angle is 360◦/N). In order to generate the 

same output voltage vo , the 2-unit cascade inverter needs two 

dc sources with 0.5Vdc each. 

 

 
Figure.11. Equivalent circuit of 2-unit cascade half-bridge 
dual buck inverter when S1p and S2p are both ON. 
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Figure.12. Gate signals of S1p, S2p, and current i2 through 

output inductor of 2 -unit cascade half-bridge dual buck 

inverter. 

 

The current ripple of i2 can be derived from Figures as 

follows: 

 
 (2) 

If L1p = L2p , (2) can be rewritten as 

   
 (3) 

 In order to find the generalized equation of current ripple with 

phase-shift control for n-unit cascade half-bridge dual buck 

inverter, a  similar process of derivation has been conducted 

for a sufficient number of samples, from 3-unit inverter up to 

5-unit inverter. The results are shown in Table I and it is under 

the assumption that L1p = L2p = … = Lnp. 

 

TABLE.1 . CURRENT RIPPLE DERIVATION FOR 3, 4, 

AND 5-UNIT CASCADE DUAL BUCK INVERTERS  

 
From Table, the generalized form of current ripple for n unit  

cascade half-bridge dual buck inverter can be derived in the 

following: 

 
 (4) 

Where [x] is the ceiling function, and is defined as the 

smallest integer not less than x 

  
 (5) 

Where x is a real number, m is an integer, and Z is the set of 

integers. 

 As can be seen from (4), at  zero-crossing period, Ds is very 

close to 0.5, and thus the current ripple at  zero-crossing region 

is greatly reduced compared to single-unit inverter. 

Theoretically, when n is the even number, there is no current 

distortion at zero-crossing point because _(n − 1)/2_ /n is equal 

to 0.5. It is obvious with the increase of the number of cascade 

units, the current ripple becomes smaller and s maller.  

 
Figure.13. Experimental result of 2-unit cascade half-

bridge dual buck inverter at zero crossing period.  

 

 Fig. shows the experimental result of output current i2 and 

output voltage vo across the load at zero-crossing period of 2-

unit dual buck inverter with phase-shift control. There is 

practically no current distortion.   From Figures we can see 

that the equivalent switching frequency of 2-unit  cascade 

inverter with phase-shift control is doubled, which leads to 

current ripple cut-down. From (1) and (3), the current ripple 

ratio is  

 
 (6) 

  Since Lip is already serving as the filter inductor, and if Lf = 

0, (6) can be analyzed as 

  
 (7) 

Fig.shows the current ripple rat io curve under different duty 

cycles. From Fig.  we can  see that at zero-crossing, the ratio  

reaches the lowest, zero, and climbs up when Ds increases. 

Even as Ds approaches 1, the maximum ratio is only 25%.    

   

 
Figure.14 . Current ripple ratio between single-unit dual  

buck inverter and 2-unit cascade dual buck inverter. 
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Figure.15. The average model of N-unit cascade half-

bridge dual buck inverter 

 

CLOS ED-LOOP S YS TEM CONTROL DES IGN          

In order to demonstrate the feasibility and advantages of 

cascade dual buck inverter, the closed-loop control is derived 

and designed below for a 1 kW, 120 V ac standalone system  

 

 
figure.16. Control block diagram of N-unit cascade half-

bridge dual buck inverter operating at standalone mode  

 

 The control block diagram of N-unit cascade half-bridge dual 

buck inverter operating at standalone mode. The closed-loop 

design adopts dual-loop design, the inner current loop with a 

simple proportional controller GP (s) to achieve fast dynamic 

response with enough stability marg in and the outer voltage 

loop with a PR controller GPR(s) to ensure a higher loop gain 

at fundamental frequency reducing the steady-state voltage 

error 

 

 
The above figure of Bode plot of compensated inner current 

loop gain and outer voltage loop gain. (a) Bode plot of 

compensated current loop gain. (b) Bode plot of compensated 

voltage loop gain 

 

V. COMPARATIVE S IMULATION RES ULT 

 

To prove the viability and merits of the p roposed cascade dual 

buck inverter with phase-shift control, a 1 kW, 120 V ac 

output cascade dual buck half-bridge inverter system in  

standalone operation was designed and tested 

 

 
Experimental results of PWM generation for N-un it cascade 

half-bridge dual buck inverter with phase-shift control. (a) 

PWM generation for S1p  and S1n based on iref direction. (b) 

PWM phase-shift of S1p  and S2p for 2-unit cascade dual buck 

inverter. (c) PWM phase-shift of S1p , S2p , and S3p for 3-unit  

cascade dual buck inverter. 

 

 
The output current io , ac and dc voltage waveforms for 

single-unit, 2-unit cascade, and 3-unit cascade inverter system 

at 1 kW. (a) Single-unit inverter. (b) 2-unit cascade inverter. 

(c) 3-unit cascade inverter 
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The output current io through load and voltage waveforms of 

single-unit dual buck inverter, 2-unit cascade dual buck 

inverter, and 3-unit cascade dual buck inverter at 1kWoutput. 

It is clear that with phase-shift control for 2-unit system and 3-

unit system, the current zero-crossing distortion was almost 

eliminated. However, the single-unit zero-crossing is severe. 

The distortion problem is more obvious in light load 

conditions for single-unit  inverter Fig. shows the comparison 

between single-unit inverter and 2-unit  cascade inverter at 300 

W output. The aggravated current and voltage distortion with 

very high THD will be intolerable and impose a risk for the 

load operation. In contrast, the cascade dual buck inverter with 

phase-shift control does not have this distortion at light load 

either. The THD is measured for both single-unit inverter and 

cascade dual buck inverter under fu ll load and light load 

conditions. The result is shown in Table II. As can be seen, the 

THD at 300 W for single-unit  inverter is 10% while for 

cascade dual buck inverter it is only around 1% 

 

Table.2.THD MEAS UREMENT FOR BOTH S INGLE-

UNIT AND CASCADE DUAL BUCK INVERTERS  

 

VI. CONCLUS ION 

 

 A new series of cascade dual buck inverters has been 

proposed based on single-unit dual buck inverters. The 

cascade dual buck inverter has all the merits of traditional  

cascade inverters, and improves on its reliability by 

eliminating shoot-through worries and dead-time concerns. 

With the adoption of phase-shift control, the cascade dual 

buck inverter solves the inherent current zero-crossing 

distortion problem of single-unit dual buck inverter.   To prove 

the effectiveness of the proposed topology and control 

scheme, a cascade dual buck half-bridge inverter system 

operating at standalone mode with 1 kW, 120 V ac output 

capability has been designed and tested. By comparison of 

experimental results of single-unit  dual buck inverter with 2-

unit and3-unit cascade dual buck inverters, the viab ility and 

advantagesof the cascade dual buck inverter are validated. 
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