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A Reduced Component count Single-stage Electrolytic Capacitor-less
Interleaved Totem-pole On—board Battery Charger

Byeong-Woo Kim, Woo-Sik Cho, and Se-Wan Choi'

Abstract

This paper proposes a single-stage interleaved totem-pole on-board battery charger with a simple structure and a
reduced component count. Apart from achieving ZVS turm-on of all switches and ZCS turn-off of all diodes, this
charger does not require an input filter due to its CCM operation and bulky electrolytic capacitors, which in turmn
result in a high power density. A single-stage power conversion technique is applied to the interleaved structure in
order to achieve a high power density and high efficiency. A 2.5 kW prototype of the proposed charger is also built

and tested to validate the proposed operation.

Key words: On-board battery charger, Single-stage, Soft switching, Totem-pole, Electrolytic capacitor-less
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Fig. 1. Proposed on-board battery charger.
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Fig. 3. Operation states of the proposed on-board
battery charger.
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Fig. 4. Operational waveform of the proposed on-board
battery charger.

Tz AdEYY IZE A8t Ao F
slo] 4709 AYANto R HE Ao H HHEPJ
433t CCM (Continuous Conduction Mode) S 2
zhgtt), 71E9] DCM &2hs b ddd Sd7]d »
3 Q1YY A7 wl&Fo] Aol 29x]¢] EEEAo
aE= ool ddom Y& Ht 9 Fatd ol 29
219 ZVS (Zero Voltage Switching)®l 2 % tjo]o =
9] ZCS (Zero Current Switching)® QX & A3}
24 & olrh w3 ASAMAEE AR

A8 AL8ele el £ A s

A3
7

Ll

om Y

ﬂ_dwmbﬁ

1E8S
I FEA

2



512 The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 6, December 2017

2 87 9
WEs 94 @

Agrets Gd e

g FElo Hurt dAame] =& A4
9tk 25kWH AlFES A 2hate]
4719 BdAe Assksh

2.1 22|13 SEAE

a9 38 Ak 4719 299 @ F9 $4
Qe tehle 1d 4 o] B2 EAaEe U
9Tk A 4 g Adel Fol ¢t u A

=
hl

Ceob Crz dstdolet 7Hgste] & F7]
=
gl

Mode 1 (ty~t;) : S;o] o ZEHA B o] Az
Ak e AT 712712 Ak A (D3 2ol o

Vi
nly,

(t—ty) +ig(ty) (o <t<t) (1)

St I8 A7F Sl 221 ZVS 'S st )
It YA Dy Dl 7CS HQEda BE ]9
TEHh

Mode 3 (t:~t3) : Sy} ©exy o] Lol

=
of Ao A7t Aasiy A (29 2ol d& 4 i

V,/n— Ve,
iLk:(b{lt/zka)(ttg)+iLk(t2) (ty<t<t,) (@

i g wel DA 9L s, Lole viE

" AT RN ,
LT

Vig,i

|
g :"'ab,ny‘* Us] _\I
& !
kS ; ‘
: =h
o i
100 1000 10000 100000
Frequency [Hz]
£ i - -
g ‘ ab,mf‘ [fx] s
= i | i
[
: I
= LT T 1.
0 - i \
100 1000 10000 100000

Frequency [Hz]

Fig. 5. Key waveform and FFT of the proposed
on-board battery charger.
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Fig. 6. Operating modes of the control algorithm with
start-up block. (a) Start-up Mode. (b) CC Mode. (c) CV
Mode.
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Fig. 7. Start-up waveform of the proposed on-board
battery charger.

Ho] A%
s} 2.

2 sy ad wE REE a9 6(c)

25 gret A9y =7
=)

a9 83} ?'é.

=
PN
rO

it
v

%,

au.

L

B
4
ful

= ~
N

o

o
B BOr > du o =y

r_>4_
o
flo
ne,
ol
o
o,
=)
s
)
W e
]
o,
e
B

o

o2 [ o &L

[)'igo}-mm
Ho X
o p
£

g} sklth =9A Sl =
]

P 2

l o
Do P

o X [ md fo W

& ok do S

do
T
o N2 o8 2

o2
oL BN

S
2

O

a3

(o}

Ir

e

2

T

Xl

i,

K

ol

ﬁ‘ rO
s En b

T i)

BN D

o 1o

r'O

> i N

o

o

N
2
ols
ol
e

il
e

By
o
o

Agkehs wdw E9E FA7E A
obelel Ao AAES AFac

lr
1F
Y,
olN
[o
f
ol

The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 6, December 2017

10 2o :
Hard switching region

T YT e———
= -10 L n=100uH
5 5 w== [, =200uH
& e L i =300uH
- =30
[=]
g 40 :
E s ZV'S region

-60

500 1000 1500 2000 2500 3000
Power [W]

Fig. 8 Turn-on currents of switch S1 depending on output
power at positive half-cycle.
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Fig. 9. Turn-on currents of switch S2 depending on output
power at positive half-cycle.

TABLE I
COMPARISON OF DIFFERENT TOPOLOGIES

Parameter Symbol Value Unit
Output power P, 2500 W
Input voltage Ve 220 VAC
Output voltage Viat 400 \Y
Clamp capacitance Ce 20 uF
Switching frequency Id 50 kHz
Input inductance L; Ly 420 nH
Turn ratio NiN> 1:1.2 turn
Leakage inductance Ly 15 nH
Auxiliary inductance Lo 150 uH

7IRke] YA A o}7] & TIAS] TMS320F283355 A&



48 245E 2

515

Susldv

ZCS turn-off |

e [10A/div] [ [200V/div]

Z C S turni-off’ [5llS/le]

(d)

10. Experimental waveforms of the proposed
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Fig. 11. 25kW prototype of the proposed on-board
battery charger.
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