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LEffictency Improvement of Boost Converter
Jor Power Factor Correction using

Paralle/-Switch

Jeon, Nae Seok

Department of Electrical Engineering
The Graduate School of Korea Maritime University
Busan, Republic of Korea

Abstract

Switch mode converters have been widely emploved to reduce the
harmonics of the input current and are increasingly focused on the
prevention of accidents and failure in the power system apparatuses.
It is desirable that the switching frequency of the switch mode
converter be set at a high frequency for effective harmonics

reduction. High-frequency operation, how ever, causes large sw itching

- Vil -



power losses and degradation of the efficiency of the power
conversion.

This paper proposes a new technique to reduce the switching
power loss for single-phase switch-mode boost converter. The
rectifier includes an additional converter that parallels the main
high—frequency switching device. The additional converter, which is
operated at lower frequencies, bypasses almost all the current in the
main switch and the high frequency switching loss is greatly
reduced. The converter achieves high performances at steady-state
and transient conditions as it were the conventional converter driven
by one high speed switching.

Both switching devices are controlled by a simple method; each
controller consists of a one-shot multivibrator, a comparator and an
AND gate, and the maxXimum sw itching frequency can be Iimited
without any clock generator. The validity of the proposed scheme is
verified by computer simulation using software PSIM and experiment,
that is the efficiency of the new converter is higher than that of the
conventional one by about 8[%].

This paper describes the converter configuration and design, and
discusses the steady-state performance concerning the switching loss

reduction and efficiency improvement.
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Fig. 2.2 Diode bridge rectifier
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M
Fig. 2.4 Rectifier with series—resonant band-pass filter
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(b) Reactor current waveform

Fig. 2.9 DCM operation of fixed frequency
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(b) Reactor current waveform

Fig. 2.11 CCM operation
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Fig. 2.12 Rectified voltage and current waveforms for 4, & cos ©
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720, = | —L5 —1 x100 (2.12)
Ap

A p= 1 (2.13)
14 ¢

74D,
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g Aom ggp 7t FeTs dEE2 1o JHAA Ha 99 dae

Table 1 THD and the distortion factor relation

THD (%) Kp
0 1
10 0.9950
20 0.9806
30 0.9578
40 0.9285
50 0.8944
60 0.8575
70 0.8192
80 0.7809
90 0.7433

100 0.7071
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Is the equipment?

Balanced 3 phase yes
equipment
no
Then apply
these limits:
Y
Portable tool, or non—professional | ¥®S »| Class B
arc-welding equipment?
no
Y
yes
Lighting equipment? > Class C
no
Y
A TV, computer or yes cl
e > ass D
consuming < 600W?
no
]
p» Class A

Fig. 2.14 Deciding on the limits to apply in 61000-3-2

Table 2 IEC/EN 61000-3-2 Classes

Class Equipment
for everything else, particularly balanced three-phase
4 equipment
for portable tools
c for lighting equipment, including dimmers
for personal computers(and their display monitors) and
D TV receivers, with a 'specified power’ less than or equal

to 600W
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Table 3 IEC/EN 61000-3-2 Class & specifications

Harmonic orderl ;]

Max current

Max current

Class A Class B
2 1.08 A 162 A
3 230 A 345 A
4 0.45 A 0.645 A
5 1.14 A 171 A
6 0.30 A 0.45 A
7 077 A 1.155 A
8 < n <40 (even) 0.23 (8/n) A 0.345 (8/n) A
9 0.40 A 0.6 A

15< ,<39(0odd)

0.15(15/n) A

0.225(15/n) A

Max current

Max current

Harmonic order[ 7] e~ Class D
(% of fundamental (but no more
current) than Class A)
2 2 % not specified
3 30N % 3.4 mA/W
4 not specified not specified
5 10 % 1.9 mA/W
6 not specified not specified
7 7 % 1.0 mA/W

8 < n <40 (even)

not specified

not specified

9

5%

0.5 mA/W

15< ,<39(odd)

3 %

(3.85/n) mA/W

(N is the circuit pow er factor)
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Fig. 3.4 Block diagram of the controller

_35_



Ul

ke

Kl
Ho

HA =™ w)

9

)
=

of me gme 7k Wk

Al H]

-

R

o

AFE 2 2970 At
z7e] getAx, 1o me} R

AvEE 2949
A vpehdd wE A, 2o

=

e}

e
0

Ho

il

o
oo
®r
oy
G
)
o
=
Mo

s

o

"o

o mH

DC-DC 7AW H ¢} 3o

AW E

S 59

b7 0]

R

oly

o
_

1

X

iyl
o

]

o

_‘HZ

2

3} o] 47

(o]

=

rejol wel

A
o

91

.
o

_36_



oft

Zw= 1 (5 1 ON, s : OFF, ;, ' Increase, ;,, : Decrease)

J_'T‘]__
UAE sadt mes, v Z4sA du 2= 1o 3 713 =

of FEAAS 4G4 2o

- SARE 2 (9 ¢ OFF, s, : OFF, ;, : Decrease, ;,, : Decrease)

AYE 3 £, FHH0 QW AUt 2ES ANNHE FA

- EARE 3 (9 OFF, g, @ ON, ;, : Decrease, ;,, : Increase)
e £ ol 2AHe] gldl ozt L= AfNEE FAeT,

FapSol ol A

Gl
ol
zj
ot
Kuf
S
rlr
dd
o
QL
X,
)
v
M
ACH
K
>
2
rlr
2

vUA7E H45m 4 7 S7reth RE 3ot s 2o A A

< 23603 Zo.

- FA4R= 4 (g 1 ON, g ¢ ON, ;,  Increase, ;,, ' Increase)

rO
)
AN
N
i
t\.
é
N
AN
N
AN
=
°
R
N
-~
Hy
2
)
fu
~N
IS
5
~N
]
rlr
l
N
=
ol
X,

_37_



D>

8
|
|
O
]
_ =
———

(a) mode 1

Dy

Iz

Lo

112

(b) mode 2

_38_



(d) mode 4

Fig. 35 CCM operation circuit mode

g A ekd 464 ~A @I Z

_39_



dipn _ 1, A,

art L7 LA

iy 1 _ 1,
df LZ ‘ LZ 22 LZ ¢
di_iz, _ ”

dar ~ C? RC
Ln _ 1, A1
ar L, LA Ly e
i 1 _ 2« W
dr L, AR, .
dv. 1 . . 1
Lre i

Z# = clntioint po
Ain 1 N lNemt®
dt L, TN A2
iy 1 7

ar L, Y L, e
e _ 1,1

dr — CH RC e

i 1 EaRy

art Z, L, A

Hip 1, 7

ar L, 7" L, 7
. _ 1

ar RC ¢

_40_

(3.4)

(3.5)

(3.6)

(3.7)



Ztzkel 4 AuEZE HEe A" d8E dre A 4EHA
oo A4 JA8He 2Es AT % 0 §AoRE YEhdd B E

AMEE 294 AFEER SAA7IHE dRAoE A &ar, d9A

- EARE 1 (5  ON, s, « OFF, 4, ‘ Increase, ;,, : Decrease)

294 g0l ondHolBE JAYH gz dUATE FAHHUA 0
SASAES. e s ofgHelRR e S48l Ad Y
27 8= AYAHS FAFdn BEi=oz oux=E I, ual

A, e HAsHA du. RE 14 WE eI R AEiAg e A

- SARE 2 (9 OFF, s, : OFF, 7, : Increase, ;,, : Zero)

[>
i</

A 59 ondElrt AxHER e o duAs} A% =4
AW 5,0 FASARG. 28R g ofdEHelnr £dE %45
=

of A& oyA7F BF 2B ;= 324 A A4 S =

_41_



AN} RaZon qiAE #FaA Ak 2E 20 g@ 57}
2o BuggAe 4399 2l

Ay

)

- SARE 3 (9 OFF, s, @ OFF, ;, : Decrease, ;,, : Zero)
292 g0l off FEiol B2 AYE oo AUATE FHF0R FEY
AA 0 ZAaE7] AR 28 g offFHE FAStRE ),

T 524 et BE 3o uiek SrkE =] A A2 431003 2o

- FARE= 4 (5 ¢ OFF, s, : ON, ;,, : Decrease, ;,, : Increase)
294 g0l off FHE fFAStEE AYY 7 o A EHo] U" oy
A7 =85 AdAEHE FHeL RS0 dUuA S wETt. wet
A, 0l Zaskrl ARet a1 g = ondHE AFERR 7,0
© A\AE FHHEA 4,7 FUFEA AT BE 40 gid 5=

o e A e AE10% 2o

- EARE= 5 (5 0 OFF, s, ON, ;, : Zero, 7,, * Increase)

293 g0l off FEE FAFER AYH g FHF d oy
A7F BE AujEe] ;& 522 A "n aEa g5 ondEE A
Exnw o AdqUAZE FHHWA 7 SV ddl RS ow
© A 2485 AMAEHY Ay ATE FadEd. 2= 5o Wd 5713
2o e A2 4(3.12)9F 2

- SARE 6 (9 @ OFF, s, : OFF, ;, : Zero, ;,, ' Decrease)

_42_



off FEIE FASEE BE 59 o] , & FEA g
off FR7E HEz o SHHJE A|At =HF5o
i &S] AlAET BE 6o W T

IR A R

(b) mode 2

_43_



(c) mode 3

rz

Lo

112

B
o @
-~ o~
- ——————— > ¢
3
2
8
~ .
o
W
0 VS

(d) mode 4

_44_



(e) mode 5

Do

rz

Lo

S
[ |
|
Q
S A
| I SN
......... I | R
W 3
i — 5
I o~ =~
... TN
”
- 2z
N -
! N
U I
. H

(f) mode 6

Fig. 3.6 DCM operation circuit mode

_45_



r (]
in)
)
N
%
>
Lo
2
odt
oX
Sh
A
>
Ll
=
A%J
ol
o
2
AN
off
2
td
[
3
0%

a7 7 .

v, 1 .

a - Cc'rT pobe

@7 7. .

0;1 _ %1 v zlL ) (3.9)

v, 1.

a -~ rRCY

2 _ 1 NERy, 1945

VARG . ba
(3.10)

v, 1

ar L% nTogy v
ﬁl _ 1 _ N 7 (3 11)
ar L, " L, P '
v, 1

_46_



_47_

(3.12)

(3.13)



H0

—t

~
Mo

-l

<0

KM
LHo

Ul
i
K

4
pex

Mo

B

o)

B

o
o)

P A4(3.14) ~ A @B17)3 2.

]

< ) ©
4NN ANANe ANANe

I | P I

S ) <
e BT A o 48

L 3\ o |
o mfz]7 o nZLC = N o

| | |
Av/ﬂ = = Av/ﬂ = ic A.Ll ) ic
| |

I [ | I

< < <

_48_



— 1
Ll 0 0 Ll
_ 7 _ | 1
A4_ 0 Lz O é4 L2 (317)
1 0
0 0 %

Weld o HERVH 9% AFRs WY Avee 4u3e P s

AN et el T8 F glv

m
W

A=A,d+ A,(0.5— &) + Asds+ A 0.5~ ) (3.18)
b= b4+ 6,0.5— &)+ bsdo+ b(0.5— ) (3.19)
_ S 0 05=d+ )
L, Z,
_ o Lo _ 0.5
A= 0 Z, ~,
05— +dh) (05 N A
Cc C rC
(3.20)
4 = 0.5, & =0.5= 7t8ad ok o] st & 4 9
s 0 o (1—071) 1
L, L, L,
_ 5 (1= ) |
A= 0 7, 7, b= 7, (3.21)
(1-) (A—4d) 1 0
C C rC

_49_



(3.23)

(3.24)

_50_

(A=4) |

din] | A 0 - 1
ar Z, L, . L,
i | _ 7 A—=-4&) &z 1
Jf - 0 - LZ - Lg Z;g + LZ v,
v, 1-) (A-4) 1 c 0
dar L c c rC |
7
Vo = T[001] | Zn + [000] 2
e
(3.22)
&) _
Pl Ax(D) + BulD
H) = (D) + D)
SX(s) — X0) = AX(s) + BUs)
He) = CX(9) + Ds)
SX(s)— AX(s) = BUs)
(S/— ADX(s) = BUs) (3.25)
X9 = (S A B
e = [ASFA)'B+ DO UK (3.26)



g 22 AAAH A ae
e _ N
09 AaS—A) B
sl A—4) |
S+L1 0 Z,
ACHE 7y (1—d)
Z/,(S) _[0 0 ].] 0 S+ LZ LZ
=4 A-4&) |
c C ST pc |
B . 17
5 1 A=)’ Lo+ U= AL,
S ™ Lk W

_51_

(3.27)



P T T T ® . .
Now = 2 m AJeo +J==
ap o oy 2
B oW w7 | I
®moor © ©
I+ T 2
o Wow N
S o L
1.|L _
N NI =
EO i EO < — ™~
ol ] 43 e
~ N B
<O :.L N 3
T oy B :
TR # \
G- BT
ot om A amm Pyl
WO gy = 4 3 IA >
o N o | _ ]|ﬂ . 5
Py BF SR AN_AR
R & T Ow & < =
o \a o ey o ﬁ .L C | _ |
_._._o ﬂ&: 1 <° ~° ]*
Ul Ho T _ o o o o o o
o WooN o} . o -
I3 ]| S 4 N oo o A No o A N o ]A Q
e
4 s e © I __ __
Bl ¢ T BT < = <
I 5 T F
N 0 1r0 ) —~
o I A 3
o TR I N o

_52_

(3.30)



_ 0 _ -1 1
Ly Z, L
_ _ 7 _ |
A= 0 Z, 0 by 7, (3.31)
L 0 1 0
C rC
0 0 0
_2 N
S A 5712
(3.32)
0 0 0
_ _ 2 . | 1
Ag=10 Z, % b Z, (3.33)
0 I, 0
C rC

uekA o] AE2iEH BdE5 AFRE RE AW Aued Ht

3 BAAE da 2ol e g AT 7A, AlvlEe] SHEE 73

A - Aldf)o + Az(dll_d/(')o) + A3(O.5_d,1) + A4d60 +
As(dy— dyy) + Ag0.5— ) (3.34)
6 = bidy + b(di—aly) + 6(0.5-4) + by +

bs(dy— dyy) + 65(0.5— ) (3.35)

_53_



p
A= ! _?'(O'5+%0) —‘LL'(O.S—a’pLg{)O)
2 2
%'<0-5—dl+doo> %'(0-5—4/#400) _7?%
0.5+ dly
L
| (3.36)
0
%‘L _2'(0'5_%0) 0 _2%'(0.5—4—&-%0)
%‘Z B 0 _272;'(0-5+doo) —i < (0.5— d+ dy)
a2
Tz’”; %"(0-5*ﬂ’1+ﬂ6o> %'(0.5—9’2+g’00) ,}%
0.5+ iy
. L
5
7| + dem v, (3.37)
V. O

a9 372 dubARl FAE ZAWE 3o CCM¥ DCME] F AP Y

S Ugin gk FAE AnEY S48 A%, A9ds 293 Fi
Zo wel d& W BAE L7ho] EAY & Yok
ae, B R 4% g F BT SBE BdE e

A skA =tk o7l E ARkl =4S 4 (3.38)(3.39)° e
Aot

2L ,
w7 > dd ~  for CCM (3.38)
K> Kc;’rz’/(dﬁ for CCM (339)

_54_



K< Kcz'r/z‘(dﬁ for Da\/‘[

a9 383 2% 39¢ 293 g3 gl AVHE ANE 4, &40
e dotol 5o WEE vetd Aow AlR|go] F7Hghel welk dgt o
a9 3102 AME g, gl W@

ReA el Fobgd i g% Frh%

a1

£ 008
S

Fig. 3.7 Boost converter K, (d) VS. &

_55_



Woltage Gain (Ggo)

Valtage Gain (Gga)

beq=04

16 :
/ —d2=05

" TEHEUE

ed=07

12 //

10 //

a

5 /

UD DIW 02 03 04 D‘S 06 a7 08 09
Duty Ratio (d1)
Fig. 3.8 Voltage gain for duty ratio g,
45 | T T | |
4
35
j\f \
R\ﬂ}““*ﬂ}_x\_ﬁ—m:na
25 }\‘*ﬁa\_{
g
1 N N R S N D R N

0 01 02 03 04 0s
Duty Ratio (d2)

Fig. 3.9 Voltage gain for duty ratio 4,

_56_




700

BO0

500

.
=1
=

Q - factor (Ao}

w

=1

=
T

200

100

1} 01 02 03 04 05 06 07 08 ik}
Duty Ratio (d1)

Fig. 3.10 Q-factor for duty ratio 4,
M4 F ANSHOM 2 A

> = O

41 Yt A29xlo Ad &4

_57_



o
m
4

el

s

X

'
B/

B

o2

o

ZHAI A 3

N
=

zel

il

A

28 4.1@d =4

=

=

3=

k9
“

Fobn sl 93

H] &

291X 7} on

59t

)

ol

y,ob Ak 19 4lb)e

o

7

o] 7] A

=z
=}

H o]

[e)

Ao 79

L

U

g3 ~9alel A

7 o

4

S
Tl

=

0SS

o

=)
o
%

~X
el

mﬂ

‘_.‘mo
£

ﬂo

I

_58_



Ve C> o |

A
0 —
on X X
(( \(\——>
0| off off t
ton 1 > toff #ﬁ
v . TS = f_ »!
T, 1T s
(b) A v
d s ) M
C
VOn
v .
0 DB T (¢ p ‘Vt
td(on) > tri TGl > e try
>ty ) . tﬁ
Pro | fc(on) i Le(off),
A
WEofty = 2 Vi | te(ofr
Vilo
We(on) = —%Vd o te(on)
B
o
0

—
A2
o /

(a) inductive switching circuit
(b) switch waveform
(¢) instantaneous switch pow er loss
Fig. 41 Switching characteristics of a general switch
AT off Me W Fe AAANEE 29 Arbshe] 291A S

on AT 2AA7 on Hol AT A 2@as] AL #

.

_59_



fC(Oﬂ) = frz'—l_ fﬁ/ (41)

29 A7 on He ¢ AavdHe dUuAe ¥ 4l0=FE ded

=
WC(D%) =

2 Vdjofc(wi) (42)

28 414 oUA A AALD L, ok WATA e L

T At 49 29A7F 488 on MW, on FEl A p,, > NHEA
= oon T 4, FG EEStal o= AW o R tun-on AMZEI turn-
off AZETE Zlokgt}, o] e d =F ol A 29 A 9] oy A M= A
(4.3)3 2t

w,,= V,,7,t,, (4.3)

ZAAE of 371 AMAE 9 Al
How 29A7 of el 29A gl G Aol Aeelw

_60_



wgety toler gow welojayn dirt 527 AHET
A= [07]_ A X EZ2HEE tgo]loEE AHIEHEE A9H =2 HAF
= AFAFAIE 400 022 Hojdn, wAgt 4w 2 Ay
I AF7E 2 A A7bE T

fc(oﬂ) — f}/”—l— ffz (44)

ol & turn—off AE] TEe LHEHE AqUAE S 43 2

1
Weior) = 2 Vils 2 eop (4.5)

a9 4194 tumn—off BEI]l AAFIE £, BRHE YA =
Wiy S HlaLEEO] e Zonz FASE 5= 9lu 299 & 4]
= turn-on & tumn-off T3 FoF I A TAFTS & = Ak 29 A

N ongEe e 294 7

o TE & 39

Psz _%_ Va’]o/;( fc((w) + fc(oﬂ)) (46)

mgAelA A Ede] W TR Fad Qe on A A Hit

g oz on AFH kel v @

_61_



Poﬂ: Voﬂ]()

HADAA 29 A of
F gl 2914

LS

JH

CEE R LS

&

)
s

Pr=F,+ 7,,

42 AMEgolH

Low

7

EERs)

(4.7)

= oon gE AL A5 @ A sl

off 4F FF FHAFE AT Arw 4
ede Az PAR £ v agEe
Az AA48)7 2o

(4.8)

_62_



—
o

]

2 oE=wolA Al

Lab-Volt*} 2] PSIM%

+d

9

1

R

%

[e)

) ol

7]

=0

ol
ey

[¢]

woll A Al
] & @l o] A 8o

71E 9]

~

oy
G

=0

o3
o
o

)
Gy

N

2
4
ﬂo
F
<]

—_—

0

it

B
o

Nlo

el

jze]

X
;OL

°]

A& gl o] Ad ol

A48

AFE A o] Aol
Alots AvE e 299 Hu)

W e AR A s e ol

4+

e

BR

—~
o

i

=

5]

4]
st

Diode®] A}eo]m

=1
=

MOSFET

oF
|
)

Y

AE = ot
gl

2
=

L2

Ate B E e PSIM

a9 42%

A=A turn-on Ao turn-on A

2

R

-

PSIM el A

4

turn-off A3+

=i
=

1[nsl=
turn—-on

2le}. w A

e

o
<A

Al

el
<M

]

Z 2~
3=

9]

ol

73

3
o
™

!

oy
,_._mo

s
OO

b
W
4]

\AO

turn-on

1
R

CER

4

S

}

s AN

sty 223 AW H e

)

£ 719

1=}

o]

BR

o

wr
M

~
o8

o

ol
i

-,
NA

Table 4 Specification of the switching devices
— 63 —



MOS-FETs( s}, .S,)

Drain-source voltage 1, 500 7
Drain current 7, .. 50 4

On-state resistance R ,4,, 0112
Turn-on delay time ¢ ,.,,, 530 s
Turn-off delay time ¢, 700 zs

Diodes( p,, »,)

Reverse-bias voltage V ,_ .. 400 p
Forward-bias current 7,._ .. 254
Forward-bias voltage . 1.25
Reverse-recovery time f 60 s

Table 5 Simulation parameters for the proposed converter

ltems Parameters
AC-side voltage( ) 120 77 60 4z
D C-side(output) voltage( y,) 240
o swiching freaiency [ 1,
R I
Current ripple tolerance of ;.( ;) 0.25 4
Inductance of the reactor( Ll) 1 m#~z
Inductance of the reactor( £,) TmH
Off-state time( 7, ) 35 1us
Off-state time( 7, ) 23 1g
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Fig. 4.3(a) Simulation waveforms of the conventional boost converter

(600[W1, resistive load)

(a) source voltage, (b) source current, (¢) efficiency
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Fig. 4.3(b) Simulation waveforms of the conventional boost converter
(600[W1, resistive load)

(d) reactor current, (e) switch current
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Fig. 44(a) Simulation waveforms of the proposed boost converter
(600[W1, resistive load)

(a) source voltage, (b) source current, (c) efficiency
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Fig. 4.4(b) Simulation waveforms of the proposed boost converter
(600[W1, resistive load)

(d) reactor current, (e) reactor current
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Fig. 44(c) Simulation waveforms of the proposed boost converter
(600[W1, resistive load)

(f) switch current, (g) added switch current
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Fig. 45(a) Simulation waveforms of the conventional boost converter

(1200[W1], resistive load)

(a) source voltage, (b) source current, (c) efficiency
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Fig. 45(b) Simulation waveforms of the conventional boost converter
(1200[W], resistive load)

(d) reactor current, (e) switch current
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Fig. 46(a) Simulation waveforms of the proposed boost converter
(1200[W], resistive load)

(a) source voltage, (b) source current, (¢) efficiency
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Fig. 4.6(b) Simulation waveforms of the proposed boost converter
(1200[W], resistive load)

(d) reactor current, (e) reactor current
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Fig. 46(c) Simulation waveforms of the proposed boost converter
(1200[W], resistive load)

(f) switch current, (g) added switch current
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Fig. 4/7(a) Simulation waveforms of the conventional boost converter

(1200[W], resistive & inductive load)

(a) source voltage, (b) source current, (c) efficiency
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Fig. 47(b) Simulation waveforms of the conventional boost converter
(1200[W], resistive & inductive load)

(d) reactor current, (e) switch current
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Fig. 4.8(a) Simulation waveforms of the proposed boost converter
(1200[W], resistive & inductive load)

(a) source voltage, (b) source current, (¢) efficiency
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Fig. 4.8(b) Simulation waveforms of the proposed boost converter
(1200[W], resistive & inductive load)

(d) reactor current, (e) reactor current
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Table 6 Odd harmonics of the line current

harmonics
1 3 5 7 9 THD | PF

switching fre:

(200 [kHzD) | 100[2] | 0.290%] | 1.88[%] | 1.24[%] | 0.51[%]

3.61 | 99.93

Aux Circuit | 5-3[A] [0.021[A]} 0.083[A] 0.074[A]|0.033[A]

404 | 99.91
(30 [kHzD) | 100[9] | 0.41[%] | 1.58[%] | 1.41[%] | 0.63[%]

5.37[A] [0.018[A]] 0.092[A] [0.060[A]|0.035[A]
Main + Aux 343 | 99.94
100[%] | 0.35[%]1 | 1.73[%] | 1.12[%] | 0.66[%]
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Fig. 413 Voltage, current waveform for switching frequency 30[kHz]
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Fig. 414 FFT waveform for switching frequency 30[kHz]
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Fig. 4.15 Voltage, current waveform for switching frequency 200[kHz]
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Fig. 416 FFT waveform for switching frequency 200[kHz]
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Fig. 417 Voltage, current waveform for switching frequency 30lkHz], 200[kHz]
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Fig. 418 FFT waveform for switching frequency 30[kHz], 200[kHz]
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Fig. 4.20 Current in reactor [, for switching frequency 200[kHz]
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Fig. 421 Current in reactor 7 ,, L, for switching frequency 30[kHz], 200[kHz]
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Fig. 422 Current in device S}, .S, for switching frequency 30[kHz], 200[kHz]
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