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Comparative Analysis of Efficiency and Power Density of
Single-Phase and 3-Level Boost Converters for PV System

Chul-Min Kim' and Jong-Soo KimT

Abstract

In this study, single-phase and three-level boost converters applied to the photovoltaic system were compared
and analyzed in terms of efficiency and power density according to the input voltage and load conditions. For
accurate analysis of efficiency, the losses in each device of the single-phase and three-level boost converters
were derived using mathematical equations and simulations by using the PSIM thermal module. Then, the
losses were compared with the efficiency confirmed through the actual experiments. Results confirmed that the
efficiency and power density can be improved by applying the three-level boost converter to the system

according to the selection of the switching frequency.
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Fig. 1. (a) Schematic of single phase boost converter, (b) Schematic of 3-level boost converter.
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Fig. 2. Possible switching states in three-level boost converter: (a) Mode 1, (b) Mode 2, (c) Mode 3, (d) Mode 4.

VGS1

VGSZ

t t . t ts

Fig. 3. Gate - Source signal and inductor current waveform
of 3-level boost converter at duty cycle more than 50%.
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Fig. 4. Gate - Source signal and inductor current waveform
of 3-level boost converter at duty cycle less than 50%.

TABLE 1
NUMBER OF COMPONENTS BY TOPOLOGY
Switch | Diode | Capacitor | Inductor
Single Phase 1 1 1 )
3-Level 2 2 2
Mode 1 1% 30X ¢, <t<t, t,<t<ty ol 3T
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TABLE I
CALCULATED POWER LOSS ACCORDING TO INPUT VOLTAGE AND LOAD CONDITION
3.4kW 6.4kW 8.2kW
=250V | Single N =410V | Single N =580V |  Single N
e Vam =685V | phase bzl @ V(m, =685V | phase el @ V(m, =685V | phase bz
Inductor 51W 6.TW Inductor 72W 9.0W Inductor 5.9W 74W
Diode 14.890W 18.04W Diode 26.26W 35.41W Diode 31.83W 48.58W
Switch 12.31W 42.00W Switch 9.17TW 46.88W Switch 2.171W 39.60W
Capacitor 3B.63W 7.716W Capacitor 52.93W 10.51W Capacitor 40.97TW 8.62W
Power loss 70.93W 74.5W Power loss 95.56W 101.8W Power loss | 80.871W 104.2W
Total Total Total
B 97.91% 97.80% B 98.50% 98.41% B 99.01% 98.72%
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TABLE I
SINGLE PHASE AND 3-LEVEL BOOST CONVERTER
SYSTEM PARAMETER

Single Phase 3-Level
Boost Converter | Boost Converter
Power 20[kW] 20[kW]
Switch IGBT MOSFET

250 - 580[V] *MAX 1100[V]
685 [V] *MAX 1100[V]

Input Voltage

Output Voltage

Voltage Ripple 1% 1%
Current Ripple 10% 5%
Switching
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Fig. 5. Efficiency curve according to input voltage and load.

(a) Single-Phase Boost Conver ter (b) 3-Level Boost Converter

Fig. 6. Prototype of single phase and 3-level boost converter.
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Fig. 8. Key waveform of Single phase and 3-level boost
converter.
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