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Analysis and Design of Continuous Current Mode

Tapped-Inductor

Boost Converter

Jeong-11 KangT, Sang-Kyoo Hanl, and Jonghee Han’

Abstract - As the turns ratio of the tapped-inductor contributes to the step—up ratio, the tapped-inductor
boost (TIB) converter has significantly increased level of difficulties in its analysis and design compared to the
conventional boost converter where the duty ratio is the sole factor affecting the step—up ratio. In this paper,

the operation of the continuous current mode TIB converter is briefly reviewed, the characteristics are analyzed

in detail, and a design guideline optimizing the loss in the tapped-inductor is presented with a practical design
example. Finally, experimental results from a 12V/120V prototype for 0.25A LED driver application are also

presented to confirm the design.
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Fig. 4 Step-up ratio curves for different values of N
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3. Design consideration

ZAWE Ao #iAE dA] Aol TR A B
o @A g A7 bed AGUF BoerE 2
=R e Vi=12V, V=120V, [,=0.25A¢ Ak o2
Aet w3 sl 3ol Yoz AAEE Ao
ofye} AE 7H5dt FolE E43S 7Hgsitt

£ Avelel 245} 4

0.8 8
0.7 7
< 06 - 6 <
%0.; 5 %
T o4 '3
203 3 2
~ 0.2 2 =
0.1 1
0 | -0
0 0.2 0.4 0.6 0.8 1
duty ratio, D
Fig. 7 Trends of various RMS currents (Vi=12V,
V=120V, 1,=0.25A, =100kt L,=80uH)
3.1 SEx=A HA
297 FA5e Bow Be4E foHm 249
2715 &9 F Jdol #Hg Wi, EMI, &8, 293%
wolz 5 YA cZo] olelg ole] ZWolA By
s foh wmebd, 2913 Faee AHne Hgnc
Bg AARY AzAke]l Al os) 24€h
TIB #WElE & oA A vhoh o] nE A
FH 54de] Y Ee] | Hlo] #d gad Edol=
Qo= Al 7] wiitel Fo AA vl oy
FAEAF foidtol WAk 9ok, 299 2ol 4
Aol 7P 2 FFe vAe aAbe 2900y o]
el A 2Edst 4255 st uea,
=Rl E olE %1%112 aEe AE Ak

ARSI B A} e

A4

=z
s

Ny = (14)

B, li/Mo
Aq71A, iz Zolo] 9] ZololH pp= FFe Fxab
&% 4nx10 'H/mel 7S 7HAch w3 A7) we A
o ZHH AYH L, ofg9 2ol FalziTh

L, =NuAJl, (15)
AA71A, A= T waA
(15)E o]&3tY st Lo

2 etk 4 ©), (4)
275 obelsh 2ol N,&



The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 4, August 2014 353

2
N = Vi {Bpkly + Bpkl.q B lg( V,— V?) } (16)
PNV TV, 20, 2104, 210 A1,

o Ho| FUA MAFE FF

= lgo]u:], o] )\]_O_
ol gl FaAE A

o]

LS FY3 1A
TR 7HAY v, Fole] Ao AEYUE Byt Ui u
A AREAY, F59 deo] I7F UF #AY, Zo9
%Udﬁ AJY T3] AR Zow 24 (16)9 x99
ol &47F Hol fad Ny 7+ 4 ¢k o 4
Hu} 2o I3 AEULE A s LR 012 tﬂ%'
AU, &9 do] I,.E EolAY, Fojo v A
ol A& addfof s,

o 2
T3k

(159 L

g smolo] AAF WA A9} fill factor Ky7b 5ol
e HH 12ho} 22k Ao S-S Z4zh A At

s ojdlel BAZ AL+ otk

KA

uw* Tw

j\]‘;)A[] + ]\ISAS (17)
223, Fole] Felel o8] Aol HE wALEe

129 22 @AXe] | g Hat Zo] (Mean Length per
Tum) £ 7b7F MLT, MLT.23 o, 7 o)A e

N,MLT,

Pp = panQ.,RJ[S” A (18)
»
, INMLT,
P, =pI pys 1 (19)

s

o714, pe FEAY] AFEE HE 1.72x10°Qm9

& A, o5 7 A4 EEEAd ¥ A
4 (0% olgete] AE A3k, ofels) 2o] Bele

B AdoM e =EEA PyE 7 5 9

P _ Pk S ras(NN)"MLT,  pI s N,MLT,

(20)
[(uAuw ]\GzAp A

P

S AAAM Lrus, Lirns, No© 4 (11), (12), (16)22
TaA =, olF BT w59 Zo] Lol o3 AREH=
7L°]‘:} o5 T Lrvs® Lpvst [0 S7F whet A
= (Boundary Conduction Mode) ol|4¢] Z gk din]
ok 87/ F9 HAZo R FHdle] I 749 Ao
n- ehutabeh, vbA) Npol A9 Lol el Ao AgnlE
AR AHFAORE FrletRn®E o]59] ¥} FoFE o
Fojx= 4 (2009 EE5EAL L7 ALdSFE dxHo
B S7lete Ags Holed, o AL vs AelA o
Al Bl

8,
5 oA
o G G, 4 0% A 455
A9 Aol e DA 0 ¥ 29, okdlsh 2ol 4
08 A3 A

212009 Al wE AFE, FE7E 00 H
T watetn] o] £ A Apolel] HAA

L
BN
o
-
s
—r
%0 -
)

gl AEH A
olglel 2o ABE & 4 AUt

S7bete, ek A (2209 Hle

2l (16)0] 9 17t FUHEEE NE gxziow
s} 1
F7le4E dxow 7+ =

28t H
A QU A (225 Hashd =
u;]_e EHO]E4E19/1 1:5/\/\154. ;7_01
ik zele] B8

G, of 2ot 4

4. Design example

2 AolA= o ol oAl Ao w AAE V=12V,
V=120V, 1,=0.25A AtFe] w8 LED &3z A
A g Bl élﬁéé EoH 1 ARE ASE

WA, 293 FoeE EML ZojE4, dAx] 1
= x%akx%o oo 0134_?_ H] oA A AAy FW ﬁi
) 2] = ek 715 Aol whel 100kdz= A
: *H%‘ vl l% of da] ARgH o] 7h4e] Ad
Aefe] Fo] He 100V Whe] MOSFETS AH&
Ab sk, 2714 kel BAAQ £AIJA T
22 013 H-9% Aglo]aE zhetste] 50% o]t
2E# 2 mpls gHEy] 98] Ve 50V ozt
% giot. 19l 63 A ()& FEste] D=07= 24

2 (O)ZFF N=2.860] dojAl=tl, HAHH 2]

=2

ro

ol
-

= o)

r_“lﬂlﬂ—ﬁ

l

lo, 1o ob

ol i,
rﬂ, ki



354 AfAL we ey ¥
30
25
-~
/ -
L -~

20 —~
z LTI
5 T - D
= 15 N, -

o L - -7

Z -

10 -

-
L -
5
0
0.15 0.2 0.25 0.3 0.35 0.4
air gap length, 1, [mm]
Fig. 8 Trends of N, and L, according to 1,
0.9
0.8

A and A, [mm?]
(=}

0.25 3
air gap length. 1, [mm]

Fig. 9 Trends of As and A, according to I

0.12 0.9
\

— \ 5
= 0.1 N 0.75
el N E
e AB P,
" 0.08 - ~ 0.6 B
o Wiy =¥
=y ~d g
= 006 S< 045 S
Q

gy =}
= / == 2
Z 0.04 - ~ === 03 B
E Z
2 g
é 0.02 0.15 3

0 0

0.15 0.2 0.25 0.3

air gap length. 1, [mm]

Fig. 10 Trends of AB and Py according to g

0.35 0.4

Aokl EAo| golat B2 e N=3o2 HZE ZA
s}, olw], A9x|9] MY 2EHAE V7 HY, =
g tho]ome] A 2EHAE 154V} Hol 20% o4
of mpo g 200V WSHe] thole =8 AREE + th
%3} AEDEI}F 041T AFe FojE Agditin
7Hdstd, A ASEE By o #el % FE9
031T= Algkst= 2L shte] F& 47t dArh &3k
Ay=176mi, Ac=75mr, K,=0.6, MLT,-MLT=37m¢} #-&
ol AbES Zbgatd, A (157179 Ln, N, AL}
2 (2007(22)9] Py, A, ABE B L9 d4E nEd

E 7" 43 A7

(b) PCB top side

(c) PCB bottom side

Fig. 11 Photos of prototype converter

2
a8 88 Lo el mE N9t Lpo 2% wel 3
o 17F SR A AEEEE ByR FA5H]

A Npot Lol @2Aom S7Hhe & & gk 19
9= Lo el whe A9k Ae] AES Be

Vs agEE A4 | 7 Skste] AR b
g Ao iAol FojHe Hola gt

4 ghol w2 AB9} POl AFE X

5 ABv ©xAow fhAdhe

ol[‘ olN

N
N
-l>

HA B e Al Z2ALe] Fo
ol gt #VIEES AAsto] =02m= A,
A=055mr, A=0.085mre} 7]
A7 s ES 24T F gt oln, Hay
TEEALS 0ISWE AXEH, ABE 0.084T7} 7
Abdh ool Aol 13em’2 FolF A¢E 7H4st
ApoF o @ FolA = AB-W/em® E4 0 2R E
Fojalo]l Attt €AY EEEdY
Foj&A e RS AT et = AS 19 10S
Azl F=9 Zol I, Az
2 (100025 FaAE lepus=27AS  112]8to]
100V 34mQ ArFe] AOD2916S #9134 Axz HAA s}
2,4 (1DEFH FAAE Las=046AS 18] 5}e]
200V 1A AMke] ESIDE 29 tholo =i AAgch
ol AAE AlGES wrdste V=12V, V=120V,
[=0.25A9] Aol z2WE LEDO +5& 93 100Kk
TIB AMY AzEs Azetdoh o 24puH=Z S4%
A E 9] FA QYE 2o 93 A9A] H-9 X Ay}



The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 4, August 2014 355

time (Sps/div)

EM ;
A Vg (50V/div)

time (5ps/div)

. Via (100V/div)

Fig. 12 Experimental waveforms
(Vi=12V, V=120V, 1,=0.25A)

ojztell W&} 10% ol/del =94 uish nhxle &R
Al =algl-2a 2ol 2W 47Q A&} 22nF AU A]
B2 749 RC 21 E Agalrh. &g, &9 tiol
L= ko A AufolAd] e = IW 47kQ AF
% 470pF AHAEHZ P48 RC 24 E A8
AR AAES] AR Fo 4 BEE a9 119
126 747} molom 3|2 g8 R%E FHo| H3
oh oF 40V e ©H-9Z ~vlo]lAE A9H| 9 Ey
-2 ZF A va TN E 5 dEdE, RC 24
Hel setuEE Aol olF tlS v & & 9l
oup, 2uUH Ao el AR 329 go1 El
Al Asgte= 227 dvkh ol g}, ng&o F&
2 2B E ALshH 2R H-2Z Aylo|aE uj
T 92 FEoR AT 5 glon, old udl Wy
S Uskel =9AE AT S B ofyel 7t
Aol 37o Ay AL spseisid
a9 132 #dY Aol E AMgete]l B 7HA Mz e
oM AAAE HAYEE AHgste]  ViElavy,
V=120V, L=0.25A9] A4S Wl FEE A3 e
2} mlaLste] =AIEE Aolth
&% 7 =S WY
o] © v7} =55 54 FEIF oA E A o]
Al HlsiA = %@i} EolA WA 1 zpo|7} F7hEh=
S Holed, ol FHIF B E HHdFY I
=2

R=ET =
E4ol

[A7E A3 Srvete] 71 o7 &

2 a4 19 59 olex

)&
2t A% 0 24 £g
q

Experimental Data

80 —— [ D Jo32]037045]054]0.63[0.71]0.83
\ mN [35 [ 20 [125] 8 [ 5 [ 3 [1

70 Lm 7 15 27 43 61 80 | 115
\ AEff. [0.69] 0.80 | 0.86 [ 0.89 |0.91]0.920.92

efficiency

aau

o

tapped-inductor turns ratio, N
=
(=]
[
=]
efficiency

0.6
N
20 (simulation) 0.4
10 i 0.2
0 | 0
0 0.2 0.4 0.6 0.8 1

duty ratio, D

Fig. 13 Simulated and experimental relationships
between D and N with measured efficiencies
(Vi=12V, V=120V, 1,=0.25A)

1200 . 120
‘ Experimental Data ‘

\ D [032] 037 [ 045054 [0.63 | 0.71] 083 ;

; 1000 N 135 |20 12518 {3 ]3 — 100 =
-, WV | 435 | 332 | 265 | 211 | 183 | 160 | 137 -
o \ AVa [15.1] 175 [20.1[24.4]306 [401 67.7] | >"U

s | [ /
> 800 / 80
AR e
E 600 ‘ 60 =@
5 4-/ \ l / :
o 2 oh
o L S~ <
= 0Ty e Vs 0 3
© (simulation) (simulation) >
- =
3 200 L I 20 5_:)
e ) z
s 0 o 7
0 0.2 0.4 0.6 0.8 1

duty ratio, D

Fig. 14 Simulated and experimental relationships
between D and Vi, and between D vs. Vs
(Vi=12V, V=120V, 1,=0.25A)

:La 14 19 1304 AFE 7+ 27 hjste] 2
A% tolesd A% s=dxE a3 29 69

239 Bl Avjolh, 17 1304 elsl vhef v

Az "elgee] | 7t ot w}a} ERRR
]/\}zqo] 174_,] o]ix]iq_ =L
4 REE BRE HuE 293 A 2EYsE ofE
Aurt ol ol = A 2EYsE o] BXnh

HUO}H

6.4 B
o= AAY G dyAE o]fsE AL
%41 LED +% 82 93 AFdE e TIB 3=
walo] EAS AgAH o7 A EAldle] M2 Ed



356 AFAE 2o Hdy
ol=ox A = oy SAES Ielsdon, o
& v R ®lYye 45 ndd AAVIEE Al
Alstatt. 53], ® I9E e | vt =555 4§
Elof 29 Ao I7bE = Ay 2E#HAE golx|= §h
A YHAFY HAEX T =olA] EAo] AA Sk,
olg <l AWMY7L ¥ & Q= Hol U7 HolHA|
v 540 Ades sk webd, aTEHE &
AMFY §54E wEeke 3 4 FHE HER E
stal §AYE e ¥ vl HEE GHA g Ao| i
25},
References

[1] S. Misak and L. Prokop, “Off-grid Power Systems,” in
Proc. EEEIC, pp. 14-17, 2010.

[2] D. Frame et al, “A Community Based Approach for
Sustainable Off-Grid PV Systems in Developing
Countries,” in Proc. IEEE Power and Energy Society
General Meeting, pp. 1-7, 2011.

[3] A. A. Freitas et al, “Off-Grid PV System to Supply a
Rural School on DC Network,” in Proc. ICREP®, No.
535, 2010.

[4] (2013). Global LEAP awards [Online]. Available:
http://www.globalleapawards.org.
[5] N. Vazquez, L. Estrada, C. Hernandez, and E.

Rodriguez, “The Tapped-Inductor Boost Converter,” in
Proc. ISIE, pp. 538-543, 2007.

[6] J-M. Kang, S.-H. Lee, S.-S. Hong, and S.-K. Han,
“Voltage Clamped Tapped-Inductor Boost Converter
with High Voltage Conversion Ratio,” 7rans. of KIPE,
Vol. 17, No. 1, pp. 34-40, Feb. 2012.

[71 J-i Kang, S-K Han, and J. Han, “Design of
Tapped-Inductor Boost Converter Operating in
Continuous Conduction Mode,” in Proc. KIPE Annual
Fall Conference, pp. 1-2, 2013.

[8] D-H Jang, J-IL Kang, and S.-K. Han, “High
Efficiency Lossless Snubber for Photovoltaic Maximum
Power Point Tracker,” Zrans. of KIPE, Vol. 18. No. 5,
pp. 485491, Oct. 2013.

[9] C.-J. Tseng and C.-L. Chen, “A Passive Lossless
Snubber  Cell for Nonisolated PWM DC/DC
Converters,” IEEE Trans. Ind Electron., Vol. 45, No.
4, pp. 593-601, Aug. 1998.

[10] R. T. H. Li and H. S.-H. Chung, “A Passive Lossless
Snubber Cell With Minimum Stress and Wide
Soft-Switching Range,” IEEE Trans. Power Electron.,
Vol. 25, No. 7, pp. 1725-1783, Jul. 2010.

[11] K. M. Smith, Jr. and K. M. Smedley, “Engineering
Design of Lossless Passive Soft Switching Methods
for PWM Converters. I. With Minimum Voltage Stress
Circuit Cells,” IEEE Trans. Power Electron, Vol. 16,
No. 3, pp. 336-344, May 2001.

[12] J-i. Kang, S.-K. Han, and J. Han, “Non-dissipative

1z

zE A 243

Snubber for Tapped-Inductor Boost Converter in

Continuous  Conduction Mode for High Step—up

Application,” in Proc. KIPE Annual Fall Conference,
pp. 34, 2013.

ZHAUEE-)
1973 9% 1

o
i3S
A
B
A
Bt

19734 12 1324, 1999 2@ Biicf ©
7lsstnt . 20014 28 e=mofely|=d
MRt Lbstnt Z(M AL, 20052 28 & CH
Sl MAMLEtnL Ed(34). 20054 3
2

A ariaBaol YR AT 20114
128 ~20134 118 = AYE JHLUEZE
9). 20133 RE~#H 5 AT N
A AM) HeFE AL,

8o



