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[Abstract]

The multi-phase Series Capacitor(SC) buck converter offers several advantages such as reducing
voltage stress on switching devices, a high step-down conversion ratio, and inductor current balancing
due to the series capacitor. However, as the number of phases increases, the operating range of
conventional converters to perform inductor current balancing is proportionally reduced. In this paper, a
multi-phase SC buck converter with an auxiliary switch is proposed to enable phase shedding. The
proposed converter achieves a wider operating range than conventional converters while achieving
inductor current balancing and linear voltage gain through phase shedding. The effectiveness of the

proposed converter is verified by PLECS simulations.

» Key words: Series Capacitor(SC) buck converter, high step-down conversion ratio, multi-phase converter,
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I. Introduction
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Fig. 1. Circuit diagram of 3P SC buck converter

(a) Conventional circuit, (b) Proposed circuit
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II. Operation of the Proposed SC buck
Converter Circuit
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Fig. 2. Circuit diagram of three—phase operation
(a) Mode 1, (b) Mode 2, (c) Mode 3, (d) Mode 4

1. 3-Phase operation
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Fig. 3. Key waveforms of three—phase operation
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2. 2-Phase operation
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III. Characteristic Analysis of the
Proposed Circuit
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Table 1. Characteristics of the Conventional 3P SC
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Table 2. Characteristics of the proposed SC buck
converter and conventional SC buck converter

v
Voltage Gain | | _ %% _ 1 1/9<—-<1/4
range Vi, 9 z -
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t
Curre.n 0 0 X
balancing
Table 3. Simulation Parameters
Parameter Symbol Value
Input voltage Vin 750-400V
Output voltage v, 40V
Power P, TkW
Switching frequency fs 50kHz
Inductor L,(n=1234) 0.6mH
Series capacitor Cy(k=1,2,3) 10uF

IV. Simulation Results
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Fig. 9. Simulation waveforms of the inductor currents
(a) At V, =750V, N=4, (b) At V, =500V, N=4, and (c) At

in in

V, =500V, N=3

i

|
o
S
rlo
)
)
ga)
)
i)
ofl
N
2
ol
ol
r
10
>~
)

goll & 5,9 A
O(a)= YFAYo] 750VolA
! P AEA0H, O

g
— 42 |m
o &
L
é‘mlm
: 5
‘;rg
> L2
o |4
[\)UE

4o ol ofn

2
T2
i
2
d

ik
L2
~J
[Gn]
(e}
<
=2
o)
w
o
off

D!

2
L
[ >
19
Hi
=2
ro
N
—-~

ro

xS
2 O rr

=

T
N CEE
rg
[1AS)
1%

500VolA Af4Rof QI7tE= G2 of
of 2t AR PtelE A AP
g SA AL A 3 AR oV R 4% AR
126Vol A oF 84Vz o] A7t SofEtt. whetA
Aol Zoleas S 4 ol 2947 Ay 2848
o] Zfo7} FolEtt.
I3 112 RIS SAske 80 TE 5,0 ==

.
ARS et 23 1) g2iEgo] 750VolA]
(o]

2

>
o
N

J

ﬂd
N
2
rln
S Jv_l T
[> 18 19 o U A

17



Multi-Phase Series Capacitor Buck Converter with Phase Shedding for Wide Operating Range 265

500 ——
400 _ O o e v | 4376V,
[T v s 1
300 I !Ix” H 250V 1|
200 [*= i e R e I '---k- """"" I MR Swaranar I 1
100 | i I} Vav=n [ [ 188V [}
o Lili It L ik
0.50000 0.50002 0.50004 0.50006
Time/s
(a)
500
400
300 g M=) 251V
W M W N Y WO .| |- i
=3 ::"w 7 e |
= | :' """""" | TR VeIV |
100 I E I E *Usl(Nﬂl- I E 143V |_L
0 H : L
0.50000 0.50002 0.50004 0.50006
Time/s
(b)

Fig. 10. Simulation waveforms of the voltage across
switch S, (a) At V, =750V (b) At V, =500V

in in

20

ls1(N=2)
15 13.2A I tsin
1 . 1
10 {I |r 8.9A f} Jlsl(N:zi-) I/i
b - 4 -113 -113
5 T S ! : i[:
l E 4 1 E I :
O L
0.50000 0.50002 0.50004 0.50006
Time/s
(a)
20 -
Lien=
15 o ls1(N=4)
. 131A 1550 ¥
e = oIl
10 Ir =:E { i 8.7A= I:i“' \
- 1'g
i : e
i il ¢ Ll
0.50002 0.50004 0.50006
Time/s

(b)

Fig. 11. Simulation waveforms of the current flowing
through switch S, (a) At V, =750V (b) At V, =500V

Table 4. Efficiency of the proposed 4P SC buck converter

Efficiency [%]

N=14 N =3 N =2

750V 91.28 89.64 86.58

700V 91.53 90 87.17

650V 89.15 90.36 87.68

Input 600V 89.56 90.71 88.23
Voltage 550V 89.98 91.04 88.78
500V 90.39 91.37 89.31

450V 90.77 91.69 89.84

400V 91.12 91.98 90.36

Table 5. Comparison of SC buck converter

Proposed [14] [15]
Maximum switch 8.7A 16.7A 7.2A
current stress
Voltage gain D/(N-1) D/N D/(4-D)
Control
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hardware
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