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The DC/DC converter modeling using average model of switch and critical characterist

Jin-Yong Bae' . Yong Kim’
‘Dongguk University

Abstract - This paper discusses DC/DC converter
modeling using average model of switch and critical
characterist. Average model of switch approach is
expended to the modeling of boundary conduction
mode DC/DC converters that operate at the boundary
between Continuous Conduction Mode(CCM) and
Discontinuous  Conduction Mode(DCM). Frequency
responses predicted by the average model of switch
are verified by simulation and experiment.

A B

HEE WA Axe] wEy viEe] Al vy A
Bo| g} T4 B g RBopeld FE wHE 7]gol
T3 FaEn gk HEH axe) ZRAME o)
gAY U v)es FY AW Sl Blstd nA
&
™

dgAzEde]  disisE  Ridey''9
Middlebrook™s] ool AHHATE o2 AHAZE
Ao Fa Eol dstel AMElY WFEE Aole)
223 544 aFsted sty BCChi®s B
@ilgo]  93le] Hialel AY SHE siMET,
Erickson'Y¢ thals mdadd oss AwEe XL
Ao

olA7ZtX o] AWEHe =RdUE FZ
(CCM)YN A el F2r g F3) g ©]-83 Loop Gai
$4g mgo R Auey 54
e e Haad!Y o
£ZS(CCM)E B o g 3
gAY, B AF e A
de AW 2do] ARPsx gdv EAFEL Adh

gty B =RoMes 71829 £435 BdE o] 83ty
T3 HAFAER=(CCM)Y AL3o)A  Ericksonel
A<rst Power-Source B@¥3 A39|x #HHE 2d & o
23l AFEASTZ=(DCM)Y AWEYH 2ZdS #okst
Feow, 24[WIF Boost AWE st AFdeold E
Agstad Ao Any Ay YASAHS EAMEL
=z} goh

22 B

=
A &, X Aefe} mekA 94
B AFe AdAe AdE JedsE 238, A

ity intl) i in v;_mk

Wit e Syl WA

(@) Buck £%9|%| 2H

it it Sige ] (s

I S G

iy

(c) Buck-Boost Qx| R
a8l 1. AFASERECCM) 2% =Y

w25 A e E Agstel T
Buck W Ele) Fejae g vehiel 2(2)3)

BEe 27 e

><.
i

2943 & dH

. . 1
X = cg—t[ = ’ _% " + L Vi
g e -l LT e
v, = X (3)
29x o= A
dig 0 _ L i 0
k=1 - L + 1w
gl e -l LT e




v, = x (5)

A7A, i QY AHF, v ASAE A
A2)~BE A3E N6~ (=2 Yebd £ ok
LA L e

X = Ax + byv, 6)
Ve = CITX {7)
2912 o A
X = Ayx + byv, 8)
Vo = CZTX (9)
o714,
g -
A = A, = L
1 1.
C CR
1
i 0
b, = b, =
0 0

cT= ¢ =1
vi o 493G, v, : 220
S AN 9¥ A FE ta AERE nojs

of FElEWHE IS o]83td YYvsE AN FE
vsEE 9 BAAE olgt go] e & Uk

vo(s) -
vi(sy = ClsI=A)!D (10)
‘(’;((:)) = CT(sI—A)'b

X [(A;~A)X + (b,—by)V,]

+ (CT— C,NHX a1y

A10,(ADAA ARFIEEZ=(CCM)NA YevsE
WElvsZ24 9 AYrE ddsisid Aan0ds 2o
e 4 glch

G, (s) = G, 1 5
1+ 52—+ |2
Qu, w, (12)
1_“_ e}
Guls) = Gy 25—
1+ Qu, + (7) (13)

® 12 A9 FHd =& 2 deiveg ved

1. AHYH TR/ @& 2 A3 E(CCM)

BF  Go G| o [ Q] o
Buck D “\ﬁ/‘ 7-1{_5 R\[g N
Boost | & | ¥ | 2= |ow/E 2R

(b} Boost 21X AM

i) C peb ek

Ve s
d
;"; * ;’; —EE }_}%J() [’.‘ W §:

2

fou
H
g

(c) Buck-Boost A2|X] aalz T
a2l 2. AFAEZE(CCM) 293 245 Bd

& a9 2¢hzke] vekd 4 o

22 MRE2da82=(DCM) A9k 245 29

olAZtA AWE mdd] BF HHL FT A&ARE
=CCMY 3 FRHAJETT FREA £ 23
oM olald mdel sAe =A FAZ YA, AR
At AxBAdE 9y AR BALoz FIEE
2 Avy vde o2 AUA o

weld B =22 Ericksono] AQtd Power Source
290le o] g5t AFLAERZ(DCM)AA 294 &
ANE wdo) wsld AR 1 gBRAe AZsux
ghet,

O 38 AJFEFAEES(DCM) AvE Y FFEAS

Yepdo
Hett g
AT b fe
X {rare) ¥, yd
EREITY Vel X
()‘,(!;) -, L4
©
st g
Gt R AT 2N
(:‘_u!“;) . X /
Valllg V.o ¥
{19y, v
s
=T s e, ¢
W@F, NN T

¥
a8 3. AFEAEE=(DCM) AvE Y 354



i

V{tiéit = pefi

e tsctsaie
+
&~ N Vi1
PO S | vil)
“ent

g 4. o] 432 Power-Source 29

{iin}, {iany,

L \

% 5. Power-Source .28 o] &3 A9 FgFrd
a¥ 3228E (1) FF7] HE AFE FEE 4

(14)s} o] vebd & gl

t+ Tg
iy (), = %f i ©dt = %SL

(14)

A2 F77] BF sk e FHY A5
debd & ok

tHTs 1
q = ft Odt = 5 4,0 Tsiy (g5

Aaszrg i) e <L) g 8w
. d,t)? T
<11(t)> T, = -‘%<V1(t)> Ts (16)
Goy . = LTy Cvip?
2t 1 = 9L TEOI (17)
2)(16) 2 2 5E]
. < Vv (t)> T
L)y = — =T
b Ts R (d) (18)
2L
R — &l
37, Reld) d,*Ts
AN z22H
_ v 2
Cip () ¢ (v (), = TR@y = e
e 1

(19)

1% 4% Erickson©] #¢+& Power-Source 29S o
B9, 71 5% Power-Source 291t 2](18),(19)F o)
23 29x Haz 2d-g vehio

Y 62 A9 PFRLL o8t ARFEALRE
(DCM) =d-& vepd RAojth

28 69l QHEE DEAN T ANAEHE A7)
A Zade AFEELERS(DCM) 2de 718 $
UL, o] REZRE HAFEALZ=(DCM)S J&en

g 78 & Ut

it

Fot
P RGN
& $ VR

FT T CCM DCM
Buck D 1+ VIT4R. (@R
Boost 1_1D 1+\/1+§Re(d)/R
Bosk D _J R
~Boost 1-D R,
- 2L
o7, Reld) DT,
ARAEE=(CCM)S AREAFEZEDOCMS A
Q JAAFEE AQoeE Yed & Ut
[ — 1=D V.
crit D R.(d) 20

A7V, - ARG

21(16),(17)o01 A 7El, st # IR vAEFES 2
et 17 o] MAETES ACDE JYebd £ U
2 D .
h = T} + /13"' £10;
1
2 o . 5 A
b= —r T hd e @)

- 131 -



g ‘;k ,.51"-7 ’l’[] []ﬁ i I

38 7. AFEIAEE=(DCM) AWE =29

38 72 293 424135 2dE o848 AjEAL
E(DCM) B 2d& e

AFEAEZEDCMANAN PEvs2 Y FEvsEY
‘-‘;—l} AEgFE Fahd @223)7 2] Yehy 4 3

ko

G

G, (s) = —Je—

s
1+, (22)

Gdo

S
e (23)

Gvd (S)

7)A,

RXr,
Go = 2 R+r,

. RXr
Ga = J2 R+rz

4. =)o) Azte] AHER 2749 52 sepvlg

T 5 g1 i1 I
Buck ﬁl— ——LZ(IB}IZDV R,
1 2MV M=1)?
Boost | "M—1%R, | DM-DR, M R
Bosk 0 2V, R
~Boost DR, ¢
= F g iz 2
Buck —LNII%VI *——LZ(;—MI\Q v MR,
M- 2v ,
Boost (M__I)ZRe D(M_I)Re (1~ M) R,
Bosk 2M AR 2
~Boost R, DMR, MR,

23 Al2dold ¥ AHAD

AgE o0& HIAL FUsr] 93 Y7 DC
15V, 9 DC 24V/1A, 2dWF 9] A1ZAEL AFste] A)
Edold ¥ HFIHUTY. E 4= =0 A=) AL
d 249 J=2 SPuHE Yeadg,

Z293F L7t 9AAF Lt 3W AFdsmc
(CCM)Z 33, Zod ARBALE=(DCME =
ZHgith 19 8olA 112 AtE Boost AW E oA 3}
T, 9982, A8AY 2 FEO 2 YAAF L9

WEE Yo

AZFAY (Vi) DC 15 V
9319 (Vo) DC 24 V
H &4 (P.) 24 W
= AEE (L) 3857 pH. TDK
F 294 (S) IRF 744. IR
F go]9E (D) S$B340. Fairchild
39 ANAE (Cy) 1000 uF
Lr,sv (A}
45 ‘
4.0 \
35 \
30 \
28 \\
z0 CCM 99
, N
i N
05 = DOM B \NA
\\0——4_‘

102 W A0 5 60 O W 0 MM A0 0 400 500 B0 700 B0 90 1900
Freavency (kHzl

32 8 F35o) e dANF Aol A)
(Vin = 15[V], Lin = 37.57[uH], R, = 24[Q])

ferit (A}
20

18 \

14 \

1.2 \

10 \

o8 \ coM 99y

ne \

o4 \

02— OCM AN \
M

W 220 3p 40 50 60 0 B0 80 00 200 300 400 500 SO0 700 800 GO0 1000
Lin [1H]

a8 9 s U892 IE YARF Wikl EX)
(Vin = 15[V], Freq = 100(kHz], R, = 24[2])

jcrit [A]
0.50
-/.\-
0.45
0.40 / ‘\\
0.35 cem e
0.30 / \
0.25 / \
pd 3
0.20
0.15 -/ DCM g9t
o0 p
vos |2
g
2 4 6 8 10 12 14 16 18

20 22
Vo (vl

3 10. JFEAYG B GAAF W3] 2A)
(Lin = 37.57[uH], Freq = 100[kHz], R, = 24[Q])

terit [A)
0.50

0.40 / \
0.35 \ CCM 2
0.30 / \
4 AN
020 DCM ¥ \
015 \
AW

0.05 \.

LA} 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9
Daty

a8 1. 7ee W& JAAF W (o]2X)
(Lin = 37.57[uH], Freq = 100[kHz], R, = 24[R])

- 132 -




Mag (aB]

100

107 102 104 RS 108
Frequency frad/sec)
38 12. CCM Boost ZAWE| 9] BREME
(Vin = 15[V], Freq = 500[kHz], R, = 24[2])

Tek bravu | [T SO T P

Vg .o
(20V/div) e

ey

18 25
(@a/div)™

COMUER)

5 SRR ;&Adons TGS
3% 13. CCM Boost W e FA49% AYAHF 73
(Vie = 15[V], Freq = 500[kHz], R, = 242

Mag LaB
50! g Ldp]

Frequency [rad/seacl
218 14, DCM Boost ZAWE|e) HE X
(Vin = 151V], Freq = 30[kHz], R, = 24[QD

Tele 3 5 i o o

VS
2OvW/divy' =Y

18,
(2A/divy &%

12 15, DCM Boost AWE F29)% dgdF 93
(Vi, = 15[V], Freq = 30(kHz], R, = 24[Q])

2% 892y Fas ¥ $¢ Ugu2s YAAF
o] #AE Mg whld BAS dE ¢ 4 ded, o
g 1011288 gEEY 2 Felo BE dANE B4
e Nz g FE adZE Bolx ok ol YHAHYH
SE7E M2 g Eg fAd gjomg JdANE =24
ol Z7HA vy AES AL ¢ & Ao

8 129 14% MATLABE o} #8te] ~91% Fo4
500[kHz], 30[kHzlol A H¥alr] BAE Huee] »
Axs Jehiden, o 13% 158 o AFAS
BZ(CCM)S HFEEALER2S(DCMIZE FHES &9
g Stk

ARALES(COMB $35E 128 12604 tidE
£ 2560.07[Hzlelv, AHFEAHZEDOCME TFIE
29 142 HE 9ELS 1040969(Hz]2A HFBAER
=z ZA3}E AvEH7 459 FLFIs Aojdgo]
2L 9 & 5 Utk

3.8 B
B =FdMe 293 #7 2dE olg% DC/DC A
HE e zdys JdAEAd #sto] 4HRY} FHFI
ERT(CCMAM Yutzlog ALgstE A3 AAE
2d-g ol gdte] HMEPSFE wig OB, A9 Hy R
43 Power-Source Ed& o]&3le HAFEALETEC=
(DCM) 9} AwE] 2dg Agksiger =3 a4 A9

A

W, ede, Fyd mE ARdERsCcems A
FEAHEZEDCMY dAEAE ¥4 n@sRer,
24IWIF Boost DWEle] disto] Fu B4 47 A

e

> o
o oo ) yir ¥2

i

R

S‘rl
b

;NL‘_,O
r2

AFEEDOCMAAM 7]&e] 24 4
o) vlm @ ¥Ao] Basy
29 AuE olgste] 4YAY Fur K

o gergel dstel A&l

o g
L e 4
td
e,
oL {n
(e
&
to

s
_EL

e g &

fo

215

3

&

i

e

£

L
814

[1TRB. Ridley, "A New Continuous Time Model for Current
Mode Control,” IEEE Transactions on Power Electronics,
Vol. 6, No. 2, pp. 271~280, Apr. 1991.

[2IF.D. Tan, and R.D. Middlebrook, "A unified model for
current-programmed  converters,” IEEE Trans. Power
Electron., Vol. 10, No. 4, pp. 397~407, July 1995.

[3] Byungcho Choi, "Step Load Response of a Current Mode
Controlled DC to DC Converter,” IEEE Transactions on
Aerospace and Electronics Systems, Vol. 33, No. 4, Oct.
1997

[4] Robert W. Erickson, Slobodan Cuk and R.D. Middiebrook,
"Large signal modeling and analysis of switching
converters.” Power Electronics Specialists Conf,, pp. 240~
250, 1982.

[51R. Ridley, BII. Cho, and F.C. Lee, "Analysis and
Interpretation of Loop Gains of Multiloop-controlled
Switching Regulators,” IEEE Transactions on Power
Electronics, Vol. 3, No, 4, pp. 489498, 1998,

[6]1S. Singer, and R.W. Erickson, "Power-source element
and its properties,” Proceeding of IEE'94, pp. 220~ 226,
June 1994.

[77R.W. Erickson, "Advances in Averaged Switch
Modeling,” Fourth  Brazilian Congress of Power
Electronics(CORBEP'97), Dec. 1997,

[B1K.K. Sum, “Switch Mode Power Conversion Basic
Theory and Design,” New York and Basel publication,
pp. 209~-227. 1984.

[91A.S. Kislovski, “Dynamic Analysis of Switching-Mode
DC/DC Converter,” Van Nostrand Reinhold publication.
pp. 20~59. 1991,

- 133 -



