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ABSTRACT

A Study on the High Gain Boost DC-DC Converter
Based Switched—Inductor Cell

Ho-Yeon, Kim
Advisor : Prof. Youn—-Ok Choi, Ph. D.
Department of Electrical Engineering,

Graduate School of Chosun University

The renewable energies such as solar cells, fuel cells, photovoltaic
have a low voltage and variable, the renewable energies are dependent
on the weather conditions, and not stability. To connect them to the
industrial application, many high boost DC-DC converters have been
presented and investigated to convert low DC voltage into a high DC
bus voltage. The positive and negative output voltages with respect to
input ground can be generated by both of these switching methods.
Converters in which switching control is performed by PWM are
classified in non-isolated dc - dc converters such as buck, boost, buck
- boost, Cuk, and SEPIC converters, and isolated dc - dc converters
such as fly-back, forward, half-bridge, full-bridge, and push - pull [3],
[4]. Non-isolated converters do not include a high—frequency
transformer in their structure. The voltage-lift was introduced for
boost converter with high voltage gain application. Using voltage-lift
technique, the high output voltage is produced from low input voltage

by wusing the energy storage feature elements includes passive

_11_
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components (capacitor and inductor). In this technique, capacitors as
the series of voltage sources injected current to the circuit and
inductors in addition to storing the energy, limit the current stress in
switches and diodes. High efficiency, simple structure, high power
density and cheapness in comparison with other techniques, small
output voltage ripple, especially for high-voltage levels, the minimum
number of switches are of these technique features. A suggested high
boost DC-DC converter based on the switched-inductor cell (SL-cell)
1s presented. The suggested converter can provide a high boost gain is
higher than 6, the voltage gain can be increased easily by extending a
SL cell or a modular voltage boost stage. This paper shows the main
waveforms, the operating principles at the continuous conduction mode
(CCM), a comparison between the suggested converter and the other
non-isolated converters is discussed. Moreover, the extension of the
suggested converter is presented. A converter with PID controller was
defined to confirm the stabilize respond of the suggested converter.
The simulation and experiment results reconfirm the theoretical
analysis. Finally, the accuracy performance of the suggested converter
1s reconfirmed through simulation and experimental results. A tested
prototype has been established with the voltage gains are 6 and 12.
To verify the operating principle, the input voltage of 10 to 20 V, the
output voltage of 120 V, the resistor load of 150 to 300 & and the
switching frequency of 12 kHz were used to verify. In here, the
inductors capacitor are 1 mH - 2 mH, and 220 yF/ 200 V - 330 uF/
200 V, the STTH3002C diodes and IXTR48P20P MOSFETSs were used.
The Digital Signal Processor of Texas Instrument TMS320F28027 for

controlling. The testing PID controller was constructed with the input

_12_
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voltage changed from 5 V to 20 V, the output voltages are 120 V and
200 V, and the output power was changed from 72 W to 144 W. As a
result, they have less size and low cost and are easier to control. This
topology will use for hybrid electric vehicles, renewable energy source
such as solar cells, and fuel cells. In which the high voltage gains are

required.

_13_
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2. Cascaded buck-boost 7 H ¥

-

Low Input [—*| DC-DC High Voltage

Voltage Converter | Bus

Fig. 4. The functional diagram of power-conversion system
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Fig. 19. SL-SC-SL DC-DC converter
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27 2994 AY Agtele AWEE vE ALsdw (1 99, 1 7
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Fig. 30. Operating principle for n-stages
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Boost Factor{ /1))

(41)

0 ai 42 03 04 05 O8 0F 0B D& 1
Duty Cyele (£

Fig. 31. The voltage gains with n-stages
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C. Alt3 AWE 4 n-SL A &3

B oE=ollA Aljtsks AREHE B2 As 5 dAde=N Hdteols
S =Y F Ut AEY Fxv 21 329 AAIHO Utk n¥A A=

1788l 198 Loadt 3708 ol 2= Dy, Dun, DeZb SAHRICE AIQESE
W SLAGE 1+ 1719 AHE, 3o thelorsl AlEH ~94 S,
< DT &< 253, So= (1-D)-T &<t 2z#h 1719 SL AS 7kl
7124 AW E A Dy, D, Do7F 283 DayDage =833 Dy 2
zEH o] A9 EE dYHe HER A4 JEdgel o8 Fd¥
o 291% Sio] (1-D)T & =¥, 2917 Sy7F DT &9 x4
W, Do, Dy, Do= 1709 SL A& 7k 7] 2420 AW A 2HAY 2
ZHAT Dan D AHE I D& E5HY. BE Yy e HAEE A4
H B En 1y 339 sk E e 19 33+ n Al o
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Fig. 32. Suggested converter with multicell of SL
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Fig. 34. The voltage gains with n—-SL cells
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2~9AE QIYE AL n¥l AEE dAF ] SLA
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Boost Factor (-1}

4] a1 0.2 0.3 0.4 18- 0.8 0.7 0e 0.9 1
Duty Cycle (D)

Fig. 36. The voltage gains with n—-SL cells and n—stage
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(a) PID controlled DC-DC converter

(b) Output voltage and current control algorithm

Fig. 37. Block diagram

_47_

Collection @ chosun

IR D)
foi fotr



1

2

714, Ky, To, Tiz 22 Bl )5, Ao)7]e] n2AIzh, A 2A7o| o

# 12 A=g-daadye Ao v HE b

Table 1. Control Parameters for the Ziegler—Nichols

Aol F 5 K, T; Tq
PID 0.6 K. 0.5 Te 0.125 T.

>
IS
P
off
N
k=)
I

A71M K, Ty, Tz BS9S] AAA, A A
T F7lelth AefrlE o] #Ae <

21 AN W ARF) b )RR
002 dgHh Azdel AES AY u veelSe] FrHah ol
W, wdel 5o YAX Kok AEF/] T& 2L + vk AFY-Uz2
bAlGkR el uhel, we Agelolda Ay ARz E 19 gol
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F. 30o|5 & dWE e v

Alrst AW E e ZJEe] Nl Jo]5 FoF DC-DC AW E 9| vl
A3ts % 20 YeEbdATh HEd DC-DC AW E[13-15]91 w8, Al<tat
AvE e 17 | e Jd98H9 dele=s Agstalon, wdd A
HE 4IRS 14 | Ae 29139 ANAEHE ARgstln Alctets A

L40E daw AR SLA W] JAYE A7
4 9i g w2 dYgelss dud foldrh 19 382 AKARE

Ao HefolS5& HlashH A FEReA Altsh= AW EH| A

i

N

Table 2. Comparison between the suggested converter

and other high boost DC-DC converters

=917 | Ae e [AAAE] ol o= | AdolS

%Ei] 2 2 2 2 | 55

%Eé] 3 1 3 2 %

%Eg 2 2 2 3| 5up

Eg; S 5| 5in
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Suggested
converter

Ny

Boost Factor (- /1)

al [13] & [15] (14]
0 IZI:1 I:I:E 03 lil-..d {).5 III:EI I:I:? El:ﬂ I:I.-'E! 1
Duty Cyele (D)

Fig. 38. Comparison of the voltage gains
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V. AJE&H oA

A. 1-SL A 1-94 & A Y A EH A

-

=]
%
m
rlo
i)

g e S 243 1-SL A 1-94A4 25 AuEe A%
S #4317] 918l PLECS 2ZE9JolE o] §sto] AlEdolds 43313
Yol 5] 6ola, FEH D = 05 PHAY Vi = 20V
Bdlold A3 #3FE vetda v 2' 39(a)ddl Aot #Zeol, 7
Z47F 60 V& 120 VE éohﬂ aL, =EAeke
120 VI vz : 21
9y AR/ L, Lye 6.7 AO]E] ya-ya YEAdFe 07 Ao]—ﬂ 4t
AYH HiF L2 33 AolH FA-9=A EAF= e
of Vet A o] 29 S S0 HYrEE

o N
V 45 & 5 ok

Table 3. List of parameters employing 1-SL cells and 2-stage

v} 2} v] E Z*
dg/&9 A 20 V/120 V
=9 dg 200 W
AMAE G, G 330 uF, 220 uF
. L., Ly 1000 yH
Li 2000 uH
A & 72 Q
2 9A Fy4 10 kHz
— 51 —
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Input Voltage, Vi

Current Inductor, ILa

Capacitor Voltage, VC1

Ouput Voltage, Vo

0 N e L o
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(a) Input voltage, inductor La current, C; capacitor voltage,

output voltage

Inductors Current, ILb and IL1

Diode Da Voltage, VDa
204 - : g : i s .
Diode Dc Voltage, VDc

Diode Db Voltage, VDb

'30 | T T
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(b) Inductors current, and voltage across on diodes D., Dy and D.
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Switch S1 Voltage, VDS1

Switch S2 Voltage, VDS2

-200 . ; .
5.0000 5.0010 5.0020 5.0030 x le-1

Time(s)

(c) Voltage across on switches S; and S, voltage across
on diodes D; and Dy
Fig. 39. Simulation waveforms of the suggested converter employing

1-SL cells and 1-stage when V; = 20 V

2% 402 Aol So] 120141, FFE[H] D = 0814, 4¥AY Vi = 10V
i Algeold w38 ZA3E yEha ok I' 40(a)ol ek Zel, A
AE Cit Cool Az 97 Vel 120 VE s8s L, 94942 120
VS e 3l

2ol 2=91A S S0 A
oh 3 49 5+ ArE 1-SL A 1-9A4 25 ZAWH #3F Htol=o]
v
2)
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Input Voltage, Vi

Current Inductor, ILa

Capacitor Voltage, VC1

Ouput Voltage, Vo

o S
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(a) Input voltage, inductor L. current, C; capacitor voltage,

output voltage

Inductors Current, ILb and IL1

Diode Da Voltage, VDa

Diode Dc Voltage, VDc

204 - | "__j____g____g__ "g____;____;___“

Diode Db Voltage, VDb

5

5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(b) Inductors current, and voltage across on diodes D., Dy and D.
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Switch S1 Voltage, VDS1
504 - |l o e e e e el

Switch S2 Voltage, VDS2
1004 « A efm e e[ e i e e |

o Diode D1 Voltage, VD1

-100+

o Diode DO Voltage, VDO

_100_m_.”} m_.?.._i._..;._N.Lm._i.._.é_.._
=200 - L oo

5.0000 5.0010

5.0020 5.0030 x le-1
Time(s)

(c) Voltage across on switches S; and Ss, voltage across
on diodes D; and Dy
Fig. 40. Simulation waveforms of the suggested converter employing

1-SL cells and 1-stage when V; = 10 V
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Table 4. Voltage and current stresses of suggested

converter employing 1-SL cell and 1-stage with G = 6

ALk gk Al &8 o] A gk
=9 AH(Vo) 120 V 120 V
C 60 V 60 V
Co 120 V 120 V
D. 20 V 20 V
Dy, 20 V 20 V
D. 20 V 20 V
Do 180 V 180 V
D 60 V 60 V
D 0V 0V
Al Sy 60 V 60 V
Sy 120 V 120 V
L. 48 A 48 A
AYH HAF L, 48 A 48 A
L, 24 A 24 A

Table 5. Voltage and current stresses of suggested

converter employing 1-SL cell and 1-stage with G=12

A AT EE

AlEE oA

J 7}

BA
=g A9V 120 V 120 V
Ci| 975V 97.4 V
C,| 120V 120 V
D.| 4375V 4375 V
D, 10V 10 V
D.| 4375V 4374V
Do| 2175V 2175 V
D/| 975V 975 V
D, 0V 0V
dat S| 975V 975 V
S| 120V 120 V
L.| 794 A 794 A
o HF L, | 749 A 749 A
L, | 147 A 147 A
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B. 1-SL A 2-9A 2% AvE A EHA

E 63 2o senEHE 449 1-SL A, 297 wE AME A%
2 ®A87] 918 PLECS 2ZEgIo|E ol §ate] A Bdol NS FA5HY
. 29 41 AgtelSe] 12 9 W, Agkas 1-SL A, 2-9 ®E A
ME el AEdeld A3E veEim ok g 410 thehd wpsh el

=3
AHEAYG Vi = 10 VY ol AFGAYH CF Co g2 30 VE sdH
ZYd942 120 VE YEha k. 29 41(a)2 5, Fit AYEHAF
I[.¥ 133 A, 93-93 gZAFE 05 AYS g 5 ddrt. 19

Al(b)ell A eF #o], 2912 Si3 S0 Ad=Ed=e 242 30 V, 120 Vol
A g Al(e)dll vEbd A3 o] Fat AYH AT I = 133 A, 92—
=3 2Z2 05 A ¢ v, a9 41(d) 9k 41(e)ol et 2ol Hir AHE
AR s I 33 A, 9=a-92 &7+ 0.7 Aolth. 19 41(e)oll A
of Zo], tho] = Dy, Dy, Da®l A 2E#H A+ 10 V, ¥ thol =
Do, Dy, Do, D39 A(2=Ed == 242 150 V, 30 V, 60 V, 90 Vo|r}, 1
H 42+ AQbEH 1-SL, 2-9A 25 AWHO 02x7149 ~EHEY
E yetda o, £ 7 Agd AFe] 2EHEE el

Table 6. List of parameters for the suggested converter

employing 1-SL cells and 2-stage

Sheul P
d/E=9 A 10 V/120 V

=9 A4 200 W
A5 A ] G, & 330 uF
G 100 uF
o1ul g L., Ly 1000 uH
Ly, Lo 2000 uH

7] &) 72 Q
297 Fae 10 kHz
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Input Voltage, Vi
20 put Yorage,

10

14.0
13.51
13.0

40

204 - P R I~ ; ...... ; .......... L R
O H H H
40

)

Inductor La Current, ILa

Capacitor Voltage, VC1

0 ; ; : :
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(a) Input voltage, inductor L. current, C; capacitor voltage,
and C, capacitor voltage
Ouput Voltage, Vo

150 - —————]
100_ ...... S . . T :. ...... A o

150 : -
100 - [ e ] e [ o R
50 b | | e o - e |- R (e o

Time(s)
(b) Output voltage, output current, and voltage across

on switches S; and So
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14.0 Inc::luctor Lb1 :Currer:wt , ILbl

135 e el e

13.0

2 ; . ;
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(¢) Inductor Ly current, inductor L; current and inductor L. current

Diode Dal Voltage, VDal

LTI LT

Nl it

5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(d) Voltage across on diodes D.i, Dy and Dy
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0_ ........... EIURUUUE OO — ER———— [OOSR S PO
-100 F ] F e
-200 : :

Diode D1 Voltage, VD1
0- S e el
_20__ .................. ol I I o L
-40
Diode D2 Voltage, VD2
0_ ........................
204 et e el e | e e e e
-40 :
_60_ s e TR — SUUUVE B
-80 = =
Diode D3 Voltage, VD3
(I R e ——— —— F—— o F— P P =
_50_ L ...... sl VRN I o o ....... .........
-100+— ; ; : —
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(e) voltage across on diodes Do, Dy, D> and D3
Fig. 41. Simulation waveforms of the suggested converter

employing 1-SL cells and 2-stage when V; = 10 V

Inductor La Current, ILa

20/
10 Inductor L1 Current, IL1

5 'I,\I\MN\/‘MW"

ol
60 Capacitor Voltage, VC1
40 e e e i _
€5 J,f\v/ —_—

0

Ouput Current, Io

3

2 f./f h\\ S e i s ettt

1/ e

o/

0.00 0.05 0.10 0.15 0.20

Time(s)
Fig. 42. Simulation waveforms at startup of the suggested

converter employing 1-SL cells and 2-stage
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Table 7. Voltage and current stresses of suggested

converter employing 1-SL cells and 2-stage with G=12

A &k gk A& o] A gk

=9 AVo) 120 V 120 V
G| 30V 30V

AIWAH AL Co 30 V 30V
C. | 120V 120 V

Du| 10V 10 vV

Dy | 10V 10V

Da| 10V 10V

_ oo D 10V 150 V

Fhel o= A D | 30V 30V
Dy | 60V 60 V

Dy | 90V 90 vV

D, 0V 0V

o Aq S\ | 30V 30V
o S, | 120V 120 V
L.| 133 A 133 A
cee s Lo | 133 A 133 A
L. | 333 A 333 A
L, | 333 A 333 A
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C.2-SL 4, 1-94 25 HHE A g4

T 83 e IHEEHE A3 2-SL A 1-9A4 ZE AuEHY A%
S 4317] 98l PLECS 2ZES|olE o] &3] AlEdolds 4333
o} 1% 432 HAgol5e] 12¢ wie] Are 2-SL A, 1-9A BEE Uy

A7E vehda ok 17 43(a)e] e upel o],
AWAE Cp A AMAE Co Ak 242 865 VoF 120 VE F7Hst
3 EE M9 120 VIS & Atk ¥ 43(a)2 5, Ha A9 A
F Lo © 825 A o3 H3-92 YEFL 07 AYS 9T + Ak 19
43(b)ell et vpe} 2ol Ht AGHAF [y 9 Ine 825 A o]al 3=~
v 2EF2 05 A} ®vHd, FHit JAHEAF 2 233 Aolal dA-v=a
FE 1.1 Aojth. 18 43(0)% #Zo] =9A Si9F Sy MGrEdH T
7}7} 865 Vo 120 Veolal 17 43(d)9F #o] tho] = Dy, Dy, Da2l #
FrEdaE 27 255 V, 10 V, 2565 Voln 19 43(c)9t 27 43(e)9t
o] tho] 9= Dy, D19} Do) AGAEH AE 717 2065 V, 865 V, 0 V
44 AbshE 2-SLA, 1-9A EE 7AWEe ~EHEY Al Al
Eoold Ay S vehila glon AWE 9 ~EEY AR 02%0|th
3 9% Alere AW El e AgH dFe] 2EdH2E YER L vk

Table 8. List of parameters for the suggested

converter employing 2-SL cells and 1-stage

d} 2} E 7k
d/E=9 A 10 V/120 V
=9 A9 200 W
) G 330 uF
il Al E
7T G 100 F
o) Ul g La, Lo, Lez 1000 uH
L 2000 uH
A 72 Q
290 T 10 kHz
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Input Voltage, Vi

20

10

0

9 Inductor La Current, ILa

! : C E't VE It VC1= :

100 apacitor Voltage,

50_ ..............................................................
0 (0] . tV:It .V

150 UEJU oéage,é o]

100_ ..............................................................
50_ ..............................................................
0 ‘ . .

5.0000 5.0010 5.0020 5.0030 x le-1

Time(s)

(a) Input voltage, inductor L. current, C; capacitor voltage,

and output voltage

Inductor Lb1 Current, ILb1

5.0000

(b) Inductor Lyl current, inductor Ly, current and inductor L; current,

5.0020  5.0030

Time(s)

5.0010 x le-1

and output current
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100 _ S;WItCEI V?Itage_, VDs1 __
50_.. ...................................
0
150 Switch S2 Voltage:, VDS:2
100_ ............................................
50_.. e | e | e e s | : .
O_ P — il L L |
iode DO Voltage, VDO
0 : :
-1004 R e e e R | e
-2004 Lo L L
-300 : :
0 Diode D1 Voltage, VD1
-50
-100 : : :
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(c) Voltage across on switches S; and S» and voltage across
Dy
Diode Dal Voltage, VDal

on diodes Dy,

0 .............
-104 T RS - oo O g . [ I
-201 _ | _ _
-30 : : : : : : :

Diode Dbl Voltage, VDb1

ol — A — T o e
ol T T I T
-20

Diode Dc1 Voltage, VDcl1

0_ ..... e e e e | —
-10 ; : : ; ;

_20_ ....... N A R oo o A i
30 : . : : :
Diode Da2 Voltage, VDa2

0 B H H B H
“10A | s e e | e e[ b e e |
=204 - I S ] B S ]
'30 T T T
5.0000 5.0010 5.0020 5.0030 x le-1

Time(s)

(d) Voltage across on diodes D.i, D1, Der, and Do
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Diode Db2 Voltage, VDb2

O_ o ’_‘ ....... o . ’_‘
-10 : ¥ : : : :
-20

Diode Dc2 Voltage, VDc2

0_ ..... ....... ______ : ........ .....
-107 : : : : :
_20 e . S s e ; . de
_30 H H H H H H

1 Diode D2 Voltage, VD2

0_ ................................................................

1 ; . .
5.0000 5.0010 5.0020 5.0030 *x le-1
Time(s)

(e) Voltage across on diodes Dy, Do, and Do
Fig. 43. Simulation waveforms of the suggested converter employing

2-SL cells and 1-stage when V=10V

Inductor La Current, ILa

Capacitor Voltage, VC1
100 / S P

..... i

Ouput Current, Io

0.00 0.05 0.10 0.15 020 0.25
Time(s)

Fig. 44. Simulation waveforms at startup of the suggested converter

employing 2-SL cells and 1-stage
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Table 9. Voltage and current stresses of sSuggested

converter employing 2-SL cells and 1-stage with G=12

Collection @ chosun

Al %k %k A B o] A

=9 AgVo) 120 V 120 V
C 865 V 865 V

Co 120 V 120 V

D.i 255 V 255 V

Dy1 10 V 10 V

Do 255V 255 V

Do | 255V 255V

= A% Dp2 10 V 10 V
Deo 255V 255V
Do | 2065V 2065 V

D, 865 V 865 V

D 0V 0V

sox Aoy S 865 V 865 V
S, 120 V 120 V

L, 825 A 825 A

e AR L 825 A 825 A
L 825 A 825 A

L 233 A 233 A
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D. 2-SL A 2-94 2& ZAWH A EHoIA

X 109 Z2e FeuEE 483 2-SLA, 2-974 s 7WE Y 4%
= wA37] 9ske] PLECS &~xEdolE o] &3to] Algdelds Fast

9 45 AgolSol 209 W, A<etshE 2-SLA, 2-9A BE 7AW
2 e gtk 19 45(a) 9 45(h)ol Al E91d
Aol AAAE C Ada AHAY C, Mk 645 VE %
A 200 Velrh, 17 45(a)ell A ek o], vt JAYH AR I.& 175 A
oz ¥A-¥A YZHFE 1.25 Aotk 18 45(h)llA ek o], 29X
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Table 10. List of parameters for the suggested converter

employing 2-SL cells and 2-stage

seh %
de/=8 Ak 10 V/200 V
=3 d9 400 W
. G, & 330 uF
1Al E
[ G 100 uF
o) Ul g La, Lo1, Lo 1000 uH
Ly, L, 2000 uH
A% 100 @
294 Fas 10 kHz
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Input Voltage, Vi

Inductor La Current, ILa

Capacitor Voltage, VC1

0 ; . :
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(a) Input voltage, inductor L. current, C; capacitor voltage,

and C, capacitor voltage

2004 ............. ______ :
1004~ - [ B S R B [ -
0
3 Ouput Current, Io
2 e
1 .. SO
0 _ : :
80 Switch S1 Voltage, VDS1
60_ .................. T c e r o I e BV
40 f
20_. ......................................................
0_ .............. SN R ] MU SUSS PP SN S—
300 SWltché S2 V?Itageé, VDS2
200+ :
100+ : :
07 T T T .
5.0000 5.0010 5.0020 5.0030 x le-1

Time(s)
(b) Output voltage, output current, and voltage across

on switches S; and So
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Inductor Lb1 Current, ILb1

Inductor Lb2 Current, ILb2

Inductor L1 Current, IL1

3 _ e - / ..... !

2 ; ; : :
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(¢) Inductor Ly current, inductor L; current and inductor L, current

20 | . — . — . -
Diode Dbl Voltage, VDb1
0_. H T —— e ——

Diode Dc1 Voltage, VDcl1

-104 - 0 |- - . L . .
20 (I D N e L g
00— T o e
-104

20 | | |
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(d) Voltage across on diodes Dai, Dpi, De1 and Dao
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0 T 17— o F e ——
_5_ ..................................................
_10_.. .........................................................
0 Diode Dc2 Voltage, VDc2
_1D,
20— - —— -
Diode D2 Voltage, VD2
0 — g
504 |- Eol - L R - - .
-100 : - : L I
5.0000 5.0010 5.0020 5.0030 x le-1

Time(s)

(e) Voltage across on diodes Dy, Deo, and Do and D.o

0 Diode D3 Voltage, VD3
wl [

-200 . . .
5.0000 5.0010 5.0020 5.0030 x le-1
Time(s)

(f) Voltage across on diodes Dy, D1, D2 and Ds
Fig. 45. Simulation waveforms of the suggested converter employing

2-SL cells and 2-stage when V=10V
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Inductor La Current, ILa

Fig. 46. Simulation waveforms at startup of the suggested converter

employing 2-SL cells and 2-stage
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Input Voltage, Vi

Inductor La Current, ILa

40
20

100 Capacitor Voltage, VC1

50_ .......................................... - R RS SR ST

i |
100 Capacitor Yo tage, VC2

50~

0 :
070 0.75 0.80 0.85 0.90 0.95
Time(s)

(a) Input voltage, inductor L. current, C; capacitor voltage,
and C. capacitor voltage;

Ouput Voltage, Vo

00T
100

Ouput Current, Io

O NW O

i | \Y
100 Switch S1 V? tag(_a,. DS1

50 — |
o 8 A ) S J o = W = W
300 Switch S2 Vt?ltage, VDS2

200 ;
100 S 'i

0 : ; -
7.000 7.001 7.002 7.003 x le-1
Time(s)

(b) Output voltage, output current, and voltage across

on switches S; and So
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Inductor Lb1 Current, ILb1l

20
10

Inductor Lb2 Current, ILb2

=N W
©o0o

o

Inductor L1 Current, IL1
R s g g - o I TS

Inductor L2 Current, IL2
e W e e

Nornvw orNvw

=]
o
o

7.001 7.002 7.003  x le-1
Time(s)

(¢) Inductor Ly current, inductor L; current and inductor L, current

Diode Dal Voltage, VDal
0 . > | : 3

N
o

Diode Db1 Voltage, VDb1

D_._ : —
2] o |

5 Diode Dc1 Voltage, VDcl
-20 |
-30

Diode Da2 Voltage, VDa2

0 | ——
-10- ’ l
-20 | |

-30
7.000 7.001 7.002 7.003 x le-1
Time(s)

(d) Voltage across on diodes D.i, Dyi, Do and Dao
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Diode Db2 Voltage, VDb2

Diode Dc2 Voltage, VDc2

Diode D2 Voltage, VD2

-50

-100

7.000 7.001 7.002 7.003 x le-1
Time(s)

(e) Voltage across on diodes Dpg, D¢z, and D2 and Dao

Diode DO Voltage, VDO

0
-100
-200
-300

-50

-100
5 Diode D2 Voltage, VD2
_50 i
-100
-150

Diode D1 Voltage, VD1

Diode D3 Voltage, VD3

o |
-200-+ T '
7.000 7.001 7.002 7.003 x le-1

Time(s)

(f) Voltage across on diodes Dy, D1, D2 and Ds
Fig. 47. Simulation waveforms of the suggested converter

employing 2-SL cells and 2-stage when Vi=bV
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Inductor La C t, IL
100 nductor La Current, ILa

Inductor L1 Current, ILa

i - 5
S_ﬂll‘u

Capacitor V_oltage, VC1

100 T et
50 ﬂMU/
0 >

Quput Current, Io

4

2 oS

0L

0.0 0.1 0.2 0.3 0.4
Time(s)

Fig. 48. Simulation waveforms at startup of the suggested converter

employing 2-SL cells and 2-stage at V; = 5V
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Table 11. Voltage and current stresses of suggested

converter employing 2-SL cells and 2-stage with G=20

Al gk Al & # o] A gk
Z2 Ao 200 V 200 V
C 645 V 645 V
AN E A Cs 645 V 645 V
C, 200 V 200 V
Day 1815 V 1815 V
Dus 10V 10V
Dey 1815 V 1815 V
Do | 1815V 1815 V
Dis 10V 10V
thol o= A Do | 1815 V 1815 V
Do 2645 V 2645 V
D, 645 V 645 V
D, 100 V 100 V
Ds 1645 V 1645 V
D, 0V 0V
] S, 645 V 645 V
29 A
S, 200 V 200 V
L 175 A 175 A
Lot 175 A 175 A
olHE AR Loy 175 A 175 A
L 3A 3A
L, 3A 3A
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Table 12. Voltage and current stresses of suggested

converter employing 2-SL cells and 2-stage with G=40

Al gk AlE e o] A gk
=4 A9 200 V 200 V
C 84V 84 V
A AT E A Cs 84V 645 V
Cs 200 V 200 V
D., 264 V 264 V
Do, 5V 5V
Der 264 V 264 V
Do | 264V 264 V
Dis 5V 5V
thol o= A Do | 264V 264 V
Do | 2878 V 2878 V
D, 85 V 85 V
D, 100 V 100 V
Ds 186 V 186 V
Ds 0V 0V
] S, 84V 84 V
29 A
S, 200 V 200 V
L, 29.7 A 29.7 A
Lo 29.7 A 29.7 A
oHE AR Lo 29.7 A 29.7 A
L 24 A 24 A
L, 24 A 24 A
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= gExigke] 10 VellAl 20 VR W w yahet
2 IAFA AT, 79 =3 AYES I 5 YA

Input Voltage, Vi

20

15

10 .................. . s
> Output Current, Io

o :
Output Voltage, Vo
100
50
0 ‘ . .
0.5 0.6 0.7 0.8 0.9
Time(s)

(a) Input voltage is suddenly increased from 10 V to 20 V

Input Voltage, Vi
20
15
10_ ................... T
> Output Current, Io

o :
Output Voltage, Vo
100
50
0 ‘ . .
0.5 0.6 0.7 0.8 0.9
Time(s)

(b) Output power is suddenly reduced from 20 V to 10 V
Fig. 49. Simulation waveforms of the suggested converter

when input voltage is suddenly changed
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9 502 H3k 3w Al Aletske AWE S B4 548 dERd A
oA 144 W= ®WstAY, J¢] Ag-olet= 5ol 12

1.2 —— . by e
1.04~ S I T S
0.84 - I P [
0.6 - e

100_ ....... J ....... ........... pee ..... .
50

0 T T T T T
0.60 0.65 0.70 0.75 0.80 0.85
Time(s)

(a) Output power is suddenly increased from 72 W to 144 W

Input Voltage, Vi
20 np tage, v

10

Output Current, Io

100_ ....... J ....... ........... pee ..... .
50

0 T T T T T
0.60 0.65 0.70 0.75 0.80 0.85

(b) Output power is suddenly reduced from 144 W to 72 W
Fig. 50. Simulation waveforms of the suggested converter

when load is suddenly changed
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S~

-G BE AWE Y 83A4S A5s7] 95k AlA
1 oA At 18" 512 AAE]
AR dERl AL glom F 132 AlAIESY SErEHE YERAT 29
A= 1Y H (switched-inductor) A W F 7§ <19 El+= 1 mHe]a 374
o] Hole =+ STTH3002CE AR&sIA L 29X SS9 S22 2719
MOSFET = IXTR48P20P= AH&3atsitt. 219 H Li= 2 mH, AMAIY C
= 220 uFolw tho] 2= Dy, D19} Dy= STTH3002CE AF&-3F 32l PWM
Az 271e]  MOSFET S92 Spoll tial  Texas Instrument©]
TMS320F28027 tx€Als A8 7= B3kt
PHHdE 10 V~ 20 Volaz, FshA3d 150 @ ¢F 300 Q o s 120
Vel E 7ol ARE AT =913 MOSFET®| 54537+ 10 kHzo]
.

i

Fig. 51. Prototypal photograph
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Table 13. List of parameters for experiment

a} 2] B i
A=g DC AV 10V -20V
=8 A4 V,) 120 V
A o 150 - 300 <
?4‘3,121 L.=Ls 1 mH
L, 2 mH
A A E Ci 220 uF/200 V
Co 330 uF/200 V
A F () 10 kHz
MOSFETSs(S;, Sp) IX'TR48P20P
t}o] & =(D,~Dy-De~Do-Di-D») STTH3002C
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A. 1-SL, 1-94 Ay H43(G =6 4 o)

Tek Prevu | E —- |
) 1 ] 1 1 T

v

: i S T B ! ; : : :
_____ b Rl I

(a) Inductors L,, L, and L; current and load current

Tek Prevu | [ if ]

V(25 Vidiv) ©

|_\_ ____________________
' VBovidv)

of  VogloOVdW)

s e

ﬁ\._ ................... it * T i T sl

- £,=10kHz

(b) Input voltage, capacitor C; voltage, load voltage,

and voltage across on diode Dg
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Tek Prevu | E ' |

: VD (25Vfdw)'f TH R

| VSwEn——- ﬁ },,.._.
. o5 e L s 4 5 |8 M
I . .

T} | e———— o Vob(25 de) ..........
2= -------------
_____________ ...é.__.f_...‘..._voc(zs_v.qu.)._.._._
£ 8 SO e — B E.
E VD1{10{Jde)-----ﬂ ................
g)_,___,_j_ .................. -
f1DkHz

.....................................

Tek PreVu | F 1 ]
___________ V31(50Vfd]\;‘)'
e T T e
Ay |2 %
VIR PN N N . 3 O £
Vs ﬁ50\ﬁdw) ! :
28 ]
i v, (SD\Hdw) i '
(3% et

f=10kHz -

(d) Voltage across on MOSFETs S;, Sz and diode D-
Fig. 52. Testing waveforms of the suggested converter with 1-SL

cell and 1-stage when Vi = 20 V, and R = 300 Q
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Tek Prevu | E ﬁ -

1L5(1 A!dlv) e

f 10I<Hz BB 2 B
@ i i i i i

(a) Inductors Ly, L. and L; current and load current

Tek PreVu | F == |

¥ V(50 V/div)

V(esvidv) -

ot G R V'(‘IO{)V!dw)

ol §____§____§____§____§....§..,vm(1eovfdlv1

|?|'\__

f=10 kHz

(b) Capacitor C; voltage, input voltage, load voltage,

and voltage across on diode Dg
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Tek Prevu | F i

j .

B - - - - - - - B - N -

L Vp(100VAd)

e e ey

BF i - i

f=10KkHz

(c) Voltage across on diodes Dy, Da, D and Dy

TskPreV_u! : IL. = - |

- 1 1 ¥ I

Bt

vaeovew

o Ve(s0vidv)
ol Bl el ] |

- f=10kHz -

(d) Voltage across on diode D2 and MOSFETs S;, So.
Fig. 53. Testing waveforms of the suggested converter with 1-SL

cell and 1-stage when V; = 20 V, and R = 150 @

_85_

{ICollection @ chosun



AvlE el A

T
2

o] 52 6o]al 1-SL A, 1-94

o}
H

d

FA 8ol 300 Q3 150 Qo T

)

il

W, 998 L dF+= DT +

il (1-D)T -1t

)

=]
=

KeR

9 523 19 530 uebdvh. 1| 523 1 539 o

o] MOSFET S;°]

=

=

23}

j=4

& 29

—_
o

7}

=
[¢)

N AgAow

ASAIE Ci 9

ki3

B

.

=
+
o
el
oH

o)

I
<

|
<]
ol
X

o)

i
o]

el

_86_

Collection @ chosun



B. 1-SL, 1-94 A¥E AA(G =12 ¢ #)

Tek Prevu | E i }
a 4 . ¥ u ¥

= 10kHz;

(a) Inductors Li, L, and L} current and load current

Tek Stop | E if |

IV
b vetoovaw
Bfocoieesin ‘_ --------- o vmmsowcuvi
@f - -

________________ 0'(1'60'\;';&1#)"""""""""""
B__ -f;-—ﬁb- kHZ | ____________________________________

(b) Input voltage, capacitor C; voltage, voltage across on diode Dy,

and load voltage
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Tek PreVu | E

A < A
Von(25 Vidiv) = = o
__PF’;(____;____;’.___;_____;_vm(ﬁ_o;wuiy.)_.; ______

_____ VD1(15OWdW)
[ At it e :
r:';‘\ ..... -"""-l""' ......... R -

V(50 V/div)

b

.............

f=10KkHz

(c) Voltage across on diodes Dy, De, D1 and D,

n
=]
bl

Tek Stop |

VIiV), ]
b | ooy

_____ V(50

o -

: 4
[Zammtmimn . - i . . —— . . p————— =
Vpa(50 V/div):

f=10 kHz -

(d) Voltage across on MOSFETs Sy, S; and diode D-
Fig. 54. Testing waveforms of the suggested converter with 1-SL

cell and 1-stage when Vi = 10 V, and R = 300 Q
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Tek Pre'a‘u | E al = |

.............

8 "u:-{ 1A.fdw)

(a) Inductors L., Ly, and L; current and load current

TnkPre\-‘u I : E : "_f, : I} : .
____v_ﬂo_\r_'f_dw)_._...3...‘? ____________________
Vm (1_ 0_0 _Vfd_w) _______________________________
[T
ﬁ‘ S vmaov}rdw) .................................
rg\ ...................................................
 ftokHz Vg ,u_s_o Vidiv) |
.- P [ - 4
El '- . ! .Z ;. : | . oy H ; . :

(b) Input voltage, capacitor C; voltage, load voltage,

and voltage across on diode Dg
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Tek Stop | E i— }

Tek Stop | E — |
LBLI LB I_I """" 'r """"" LA
______________________________ V _ (SOWdN) s
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_____ VS,‘[{ﬁUVfdiV}
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- o e -
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(d) Voltage across on diode D2 and MOSFETs S, S;
Fig. 55. Testing waveforms of the suggested converter with 1-SL

cell and 1-stage when V; = 10 V, and R = 150 @
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=
A, 2= <19 H (switched inductor; SL)S Al-g38tE A28 1L0]
= DC-DC F#2E ZAWHHE A¢tstAdth Atel= W He 54L& s
At s IJ2E Zte n-9A ZEZHA FE 5 9, HAol 53

T3 PLECS 2AZEd o] & o] &3 A& o4 &
EE3 yey Bsegdeh Vi = 20V, f = 10 kHz, 28] D = 05%4
oA ol2H BN AF Ayt sttt ol AAHAG. Alts=

Atk nlle]l 29X = A E (switched-inductor; SL) A Fi BE ¢
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