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C H A P T E R  8

Multilevel Inverters

After completing this chapter, students should be able to do the following:

8.1 INTRODUCTION

{V

Symbols and Their Meanings

Symbols Meaning

Io; Im

Va; Vb; Vc

Van; Vbn; Vcn

V ; Em

m

V ; V ; V3; V4; V5

VD
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8.2 MULTILEVEL CONCEPT

V
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(b) Schematic of single pole of multilevel inverter by a switch

(a) Three-phase multilevel power processing system
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FIGURE 8.1
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Em

 Em =
V

m-

m level
m 1m- 2  

V  V I  I
Va  Vb Vc

Ia  Ib Ic  
vo

V  V

V5

vo

Va0

V0b

V4

V3

V2

V1

�V2

�V3

�V4

�V5
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wave of VC�ab
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FIGURE 8.2
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8.3 TYPES OF MULTILEVEL INVERTERS

 vao = a
m

n=
 En SFn

SFn n
E  E  c Em  

vao1 2 = 1m- 2Em = V

vob vab = vao + vob = vao - vbo

 

8.4 DIODE-CLAMPED MULTILEVEL INVERTER

m 1m- 2  
m

Sa Sa Sa3 Sa4 Sa
= Sa

= Sa3
= Sa4

=

C C C3 C4 V
V

V m1m - 2 1m - 2 1m - 2 1m - 2
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8.4.1 Principle of Operation

dc rail

 1. vao = V Sa
Sa4

 2. vao = 3V /4 Sa  
Sa4 Sa

=

 3. vao = V / Sa3
Sa4 Sa

= Sa
=

 4. vao = V /4 Sa4
Sa
= Sa3

=

 5. vao = 0 Sa
= Sa4

=

(a) One leg of a bridge (b) Single-phase bridge
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Sa  
Sa
= Sa Sa

= Sa3 Sa3
= Sa4 Sa4

=

a
b

m
m 1 m - 2

8.4.2 Features of Diode-Clamped Inverter

 1. High-voltage rating for blocking diodes
V /1m - 2

Fundamental
wave of VC�ab

V5

vo

Va0

V0b

V4

V3

V2

V1

�V2

�V3

�V4

�V5

1 2 3 4 5
t

6 7 8� � � � � � � �
�

FIGURE 8.4

TABLE 8.1  

va0 Sa Sa Sa3 Sa4 Sa
= Sa

= Sa3
= Sa4

=

V5 = V 0 0 0 0
V4 = 3V /4 0 0 0 0

V3 = V / 0 0 0 0

V = V /4 0 0 0 0

V = 0 0 0 0 0



8.4  Diode-Clamped Multilevel Inverter   447

Sa
= Sa4

= Da
=

V Da Da
= V

Da3 V

 
m

 VD =
m - - k

m -
 V

m
k 1m - 2 ;
V

ND = 1m - 2 * 1m - 2 m m = 5
ND = 15 - 2 * 15 - 2 = m  

 

 2. Unequal switching device rating Sa  
vao = V Sa4

vao = 0

* 1m - 2
 3. Capacitor voltage unbalance  
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8.4.3 Improved Diode-Clamped Inverter

S S S3 S4 S= S= S3
=

S4
=

C4
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S�3 D�s3

S�2 D�s2
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FIGURE 8.5
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1m - = 2  4 1 1m - 2 = 2  11m - 21m - 2 = 2
Principle of operation.

m 1m - 2  
m = 5 S S3 S4

S S′ V
V S3 S4 S= S

S= V
S4 S= S= S3 S3

=

-V / S= S= S3
=

C4

C3

C2
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S4 S4
=

-V /4 -V /

1m - 2
D

S S S4 S= D D
D V

S= S= D D4
D3 D7 S3 S4

m

 1. 1m - 2
 2. 

 3. 

8.5 FLYING-CAPACITORS MULTILEVEL INVERTER

Sa Sa Sa3 Sa4 Sa4
= Sa3

= Sa
= Sa

=

Ca Ca Ca3 a b
C C4

vao m
m vab 1 m - 2  

1m - 2 m
NC = am

j = 1m - j2 m = 5 NC = 0

8.5.1 Principle of Operation

 1. vao = V Sa   
Sa4
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 2. vao = 3V /4
 a. vao = V - V /4 Sa Sa Sa3 Sa4

=

 b. vao = 3V /4 Sa Sa3 Sa4 Sa
=

 c. vao = V - 3V /4 + V / Sa Sa3 Sa4 Sa
=

 d. vao = V - V / + V /4 Sa Sa Sa4 Sa3
=

 3. vao = V /
 a. vao = V - V / Sa Sa Sa3

= Sa4
=

 b. vao = V / Sa3 Sa4 Sa
= Sa

=

 c. vao = V - 3V /4 + V / - V /4 Sa Sa3 Sa
= Sa4

=

 d. vao = V - 3V /4 + V /4 Sa Sa4 Sa
= Sa3

=

 e. vao = 3V /4 - V / + V /4 Sa Sa4 Sa
= Sa3

=

 f. vao = 3V /4 - V /4 Sa Sa3 Sa
= Sa4

=

 4. vao = V /4
 a. vao = V - 3V /4 Sa Sa

= Sa3
= Sa4

=

 b. vao = V /4 Sa4 Sa
= Sa

= Sa3
=

 c. vao = V / - V /4 Sa3 Sa
= Sa

= Sa4
=

 d. vao = 3V /4 - V / Sa Sa
= Sa3

= Sa4
=

 5. vao = 0 Sa
=  

Sa4
=

Sa4

Sa3

Ls is a

vC�ab

S�ab
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Sa2

Sa1
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a
b

m m 1 m - 2  

8.5.2 Features of Flying-Capacitors Inverter

 1. Large number of capacitors:

m 1m - 2 * 1m - 2 /  1m - 2
m 1m - 2  

m = 5  NC = 4 * 3/ + 4 = 0 
NC = 4

 2. Balancing capacitor voltages:

V V V

TABLE 8.2  

va0 Sa Sa Sa3 Sa4 Sa4
= Sa3

= Sa
= Sa

=

V5 = V 0 0 0 0
V4 = 3V /4 0 0 0 0
V3 = V / 0 0 0 0
V = V /4 0 0 0 0
V = 0 0 0 0 0
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8.6 CASCADED MULTILEVEL INVERTER

 

 

8.6.1 Principle of Operation

van = va + va + va3 + va4
+V -V

S S S3 S4
S S4 va4 = +V

S S3 va4 = -V v4 = 0
NS

m = NS +

ia,
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8.6.2 Features of Cascaded Inverter

Example 8.1 Finding Switching Angles to Eliminate Specific Harmonics

m =

B

Solution

 a. m

 van = va + va + va3 + c + vam-

x A0
An Bn

Bn =
4V

π
c L

π/

α
1nωt2d1ωt2 + L

π /

α
1nωt2d1ωt2 + c

         + L
π/

αm-
 1nωt2d1ωt2 d
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 Bn =
4V

nπ
 c a

m-

j=
  1nαj2 d

van

 van1ωt2 =
4V

nπ
 c a

m-

j=
  1nαj2 d  1nωt2

 b. Van
Vcr1 2 = 1m - 2V

 M =
Vcr1 2
Van1 2

=
Vcr1 2
1m - 2V

α  α  c  αm-

M = 0

15α 2 + 15α 2 + 15α32 + 15α42 + 15α52 = 0

 17α 2 + 17α 2 + 17α32 + 17α42 + 17α52 = 0

 1 α 2 + 1 α 2 + 1 α32 + 1 α42 + 1 α52 = 0
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  1 3α 2 + 1 3α 2 + 1 3α32 + 1 3α42 + 1 3α52 = 0

 1α 2 + 1α 2 + 1α32 + 1α42 + 1α52
= 1m - 2M
= 5 * 0 = 4

α = 57°  α = 4°  α3 = 7 °  α4 = 45 5°   α5 = 4°

+V + V +3V +4V
+5V -V

- V -3V -4V -5V

 c. B = 5 0 3,  T = 5 75, = 0 0 ,

Note

P P P5 P
P3 P4 P5 P

8.7 APPLICATIONS

8.7.1 Reactive Power Compensation
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(a) Leading current (b) Lagging current
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8.7.2 Back-to-Back lntertie

δ
δ = 0

8.7.3 Adjustable Speed Drives

�

�

�

�

�

�

Rectifier operation Inverter operationDC link

VS�an
LS

LS

LS

LL

LL

LL

VC�an

VC�bn

VC�cn

VI�an

VI�bn

VI�cn

VS�bn

VS�cn

ISa

ISb

ISc

VL�an

VL�bn

VL�cn

ILa

ILb

ILc

	 	 	 	 	 	

	 	 	 	 	 	

	 	 	 	 	 	

	 	 	 	 	 	

	 	 	 	 	 	

FIGURE 8.13

(a) Leading power factor (b) Unity power factor (c) Lagging power factor
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8.8 SWITCHING DEVICE CURRENTS

Vo I0 

 io = Im 1ωt - ϕ2
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 Io1 2 = a
m

n
In1 2

In1 2 n

 In1 2 = C πL
 π

0
SFnio

 d1ωt2  n =   c  m

 i 1 2 = i51 2     i 1 2 = i41 2

S= c  S4
= S4 c  S

8.9 DC-LINK CAPACITOR VOLTAGE BALANCING

io = Im 1ωt - ϕ2
i

 I 1 2 = π
 L

π-α

α
iod1ωt2 =

π
 L

π-α

α
Im 1ωt - ϕ2d1ωt2  

 =
Im

π    ϕ  α  
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i

 I 1 2 = πL
α

α
iod1ωt2 =

πL
α

α
Im 1ωt - ϕ2d1ωt2  

=
Im

π    ϕ1  α -  α 2
I31 2 = 0 I41 2 = -I 1 2 I51 2 = -I 1 2

 IC 1 2 = I 1 2 =
Im

π    ϕ  α

 IC 1 2 = I 1 2 + I 1 2 =
Im

π    ϕ  α

IC 1 2 6 IC 1 2 α 6 α
C C3

C C4
VC2 VC3

n

 ICn1 2 =
Im

π    ϕ  αn

 
  α
  α

=
IC 1 2
IC 1 2

n 1n - 2
 

  αn

  αn-
=

ICn1 2
IC1n- 21 2

α  α c  αn

8.10 FEATURES OF MULTILEVEL INVERTERS
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V

8.11 COMPARISONS OF MULTILEVEL CONVERTERS

m p
p = * 1m - 2

dv/dt
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SUMMARY
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