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Power Loss Analysis and High Efficiency Design Method
for Multilevel Converter based on Flying Capacitor Topologies

Yugo Kashihara, Student Member, Jun-ichi Itoh, Member (Nagaoka University of Technology)

This present paper discusses the high efficiency design method for n-level converter based on flying capacitor topologies, and

analyzes the power losses of converter. The error rates between the theoretical and simulation values are under 0.05 % at the rated
load. In addition, two kinds of power loss characteristics of multilevel converters are compared. The comparison results indicate
that the power loss of the ANPC topology is lower than the FC topology. In addition, the criteria design for achieving high

efficiency in the multilevel converters is discussed.
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Fig.1. Generalized FC inverter circuit topology.
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Fig.2. Generalized ANPC inverter circuit topology.
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Table 1 Specification,

(a) Converter specification
Input voltage 350V | Rated power 10kW
Output voltage 200V | Output frequency 50Hz
Output current 29A | Switching frequency 10kHz
Phase angle -18deg. | Modulation index 0.93
(b) Device parameters
Topology | FC topology é(’e\llrf topology Cell 2
MOSFET _[IXTH88N15(IXYS) 2SK4201(RENESAS) IXTK75N30(IXYS)
Vbss 150V 100V 300V
Ip 88A 80A 75A
Rps 22mQ(Max.) 9.1mO(Typ.) 42mQ(Typ.)
tr 33ns 12ns 25ns
tf 18ns 11ns 20ns
Ve 1.5V(Max.) 0.95V(Typ.) 1.5V (Max.)
ty 150ns 73ns 360ns
Error rate  0.003% 0.005% Ezrr05r rate  0.049% 0.012%
400 @ Calculation result g‘ ' @ Calculation result
7350 O Simulation result  =,2 O Simulation result
[72] (%]
2 300 § 15
5 250 o
5 200 g 1
3 150 2
c 100 205
S8 50 n T
. 0 .
Five-level  Seven-level Five-level Seven-level

FC inverter ANPC inverter FC inverter ANPC inverter
(a) Conduction loss (b) Switching loss
Fig.3. Power loss comparisons of two multilevel converters.
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Fig.5. Power loss characteristics of multilevel converters.
1 [p.u.] of the figure 6 (a) is normalized value by total conduction loss of
the three-level ANPC topology 1. On the other hand, 1 [p.u.] of the figure
6 (b) are normalized by total switching loss of the three-level ANPC
topology 1. Finally, 1 [p.u.] of the semiconductor losses of figure 6 (c) are
normalized value by total loss of the three-level ANPC topology 1. Cell 2
devices of the ANPC topology 1 use high-voltage rating devices. Cell 2
devices of the ANPC topology 2 use same rating devices of the Cell 1
devices.
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