56 7 2007 7
1000-3290/2007/56 07 /3789-07

ACTA PHYSICA SINICA

Vol.56 No.7 July 2007

(©2007 Chin. Phys. Soc.

DC-DC buck

20060 9 25

buck

buck
PACC 0545

DC-DC

4—6

34

EMI

EMI

EMI DC-DC

DC-DC

5—10

DC-DC

DC-DC

* 60474066

2006

1
510640
510400
11 23
DC-DC buck
buck
Chen Lai
buck
buck
2. buck
DC-DC buck
Vin
ve i buck
odveo o 1 1
Od: O O RC C
BB 1
FrE R
00 o
+ E Vin E
0d -0

05103540

11—14

DC-DC

DC-DC

62053



56

3790
d S d=1 d= ut | <e
wt =wvy, t—-TtT
s L i,
——o T eV * _ksin oy, t -7 4
Vin - L
D R Cl+
Lt \V4 == 7. ko lu ¢ \se k<el
N 2
. . di, Ve {Vin ksin ov, t — T }
J__ dt ~ 7 L +d Lt L -3
4 J‘;:':me dyzc I3 idvﬁ t 1
&2 TRC A Trcr !
1 DC-DC buck 1
. :TC Vio + Lu t
) =By Vi + Lu t 6
buck
_ 1
2 BO_LC.
2t = z; 2, z, "
= v, v, y,! 7
zy =y, t
dv, t )
n="g, =&
&y, ¢ .
23 = di’ = 2
6 2
2 buck
z t =Azt + Byb, Vo + Lut 8
buck
['21] A[z1 bV, + L
= . - t
Eﬂ.l/L.D D_i il:l _ZZ ¢ 2 +BO 3 m+ u
Ode 0 O RC CI:I’VC] A b
HidH 1 Ha o
g, U 07 L [l 4 [ 0 1 ]
0 0 0 0 c - Qy — @
O O
+Dd'(Vi’)D+ d'ut] 2 g0 IO
O L /0 =%_i _L%
d .d=1 d=0 LC RC
[}
b, =
2 1 1
1 1
uwt - = -
“=rc T Re
ut =wvy, t-7T 3
A, Hurwitz
w
Vot >0 Vin+kut



7 DC-DC buck 3791

zt =z mr+t =z mt zt =z mt
- ﬁ R . T
—ezm-171 + ele 1ot b, 9 = OTZ(Vi"t-’-Lw u(,m—lt)O
Jo
x Vo+Lwv, m-11¢ dt 7
t=mr+i 1€ 07 . z, m i z% Vit +Lw z, m-11
buck 0
zm it =0
m=01%k=01n-1
3. buck
buck
9
14
9 : z; m+ 1 z& Vit + Lw z;, m
1 S t—1t, 1,=0 %o
dé t ¢, =e'c o7 di 0z . =& V..t + ksin oz, m .11
Qo
dé t ty =B 1t 1ty & t—1, T>
2
0t>t, Bt >-A; Bt ity ~-A; 8
* 0 ~ . *
xelc 17 z, = 070 Vit + ksinoz, . 12
2 9 zm i =z mc+1 11 Li-York
T T tg<t<rt 15
~ ~ A 9z, m+1 .
zp mt z&{ Vil + Lwlz m-117 ]} ‘l = &kacosazl’ > 1 13
Qg oz m a,
zz m i =0. Bo ao lcosoz, | <1 k<elL
10 c u t 6
zt V. i/‘ . 3 o 20
P> ez m-17—0 9 11 c 25 11
0 a
. T
z m i ~.[Oe Bob. 0.15
x Vao+Lw v, m-11¢ di.
0.10
1
~ 0.05 |
zm?zJBt’fSt’—f,QObn .
0 0.00 [

x Vo+lLlw v, m-11¢ dt
-0.05 |

A~

~B 17 Bob, Vit +Lw v, m—11

~- ByAb, Vil + Lw v, m -1 1 -0.10

0= ;D 3 buck
Ay :E Qg Qo E
U1 o U 4. buck
_ L _1ct
=g R B 4.1.
0 o U

L=20mH C=47pF R=22Q V,



3792

56

=11.3V V,=22V

in

V,=3.8V V,=8.2V.

r PPN il

Vou/V

1.7
F (@)
11.5 L L L
0. 095 0. 100 0. 105 0.110 0.115
t/s
4 t=0.1ms

ii/A

5 k=1 06=80 t=0.006s f=
10 kHz
6 7 8 ko
buck
6 k
6 6 Vin
16
17
1P 2P 3P 4P

4 5
0. 65
0.60 |
mAFEH
|
< o5 ) |
2 |
il
0.50 |
(b)
0. 45 . . \ . L \ \
0. 048 0. 050 0. 052 0. 054 0. 056
t/s
a 2 b
0.8
0.6 -
N
=2
0.2
0.0 s A s s s
0 1 2 3 4 5 6
k
6 k £=0.000ds 6 =10 f=
2500 Hz
0.59 T T T T T T T T -
IR’,{
« 4
3 i
L
i
¥
K
(22
7 o k=1 t=0.0001s f=10

kHz



7 DC-DC buck 3793

0.8
0.7F
7 o
0.6
<« o
3 _
~ osl 1 1 .0=25.5
c=29
0.4 o
0.3 L
0 1 2 3 o
c
8 T k=1 0¢=10 f=2500 Hz
o
8 k 7
k .
k=4.2 8 T =
3.7x107%s  5.7x107*s 2 T
=7.3x107%s T =
40 . 40
20 H 20 |
ol L
/M m or
I 2
20 #
=) ® -20}
-40
—40
-60
: : : : : -60
0 4000 8000 12000
i /Hz
9 f=2500 Hz a b
7.5x107"s TRRIR, | e
_ -4 SRS I S
t=7.85x10""s ST ST
: ‘.\ﬁ’ﬁﬁﬁﬂ_r : Co
9 ;
m.
PWM .............................................
- | 1)Ch1 L 40()“5 ..... .........................

4.2. 10
12V 5V C =1000 pF L


Absent Image
File: 0


3794 56

T

.................................................... Tek {5 1F | 4 1
e t——— B S e e
3 1 S S SRS ]
I | 5
i i 1 , S D Y X A I B, ]
| | [
4 ¥
) L i
ﬁ\_ ................. i )
................................................... i T i T T i T i
1) Ch1 500mV 400us - (@)

Tek F%E_ | ] : : L e i
" T " T T 1>, P U R NN 1N D b MR AR

: : . : X : 1) 20dB 1.25MHz . . . o o
2)20dB LoOMHz ;e

12 PWM

PWM

...... 10 dB.
A EMI

Telcfil#_| e I 5

EMI
EMI

DC-DC

11 T a t=7.25x%

107%s 3 b r=7.6x10"%s 5 ¢
buck

r=8x10"%s

= 0.2 mH IRF530
MUR460. PWM UC3842 buck

LPC2132

10
11 T DC-DC


Absent Image
File: 0


DC-DC buck

3795

Zhang B Qu Y 2002 Transactions of China Electrotechnical Society 3 2003 52 2978
6 43 in Chinese 2002 36 10 Kuisma M 2003 Aerospace and Electronic Systems Magazine IEEE
43 18 12 Dec. 2003 Page s 18
Zhou Y L Luo X S Fang J Q Wang B H 2003 Acta Phys. Sin. 11 Chen G Lai D 1998 Int. J. of Bifurcation and Chaos 8 1585
52 2978 in Chinese 2003 12 Wang X F Chen G Lai D 1999 Int. J. of Bifurcation and Chaos
52 2978 9 1435
Zhang B 2005 Transactions of China Electrotechnical Society 5 12 13 Wang X F Chen G Lai D 2000 Int. J. of Bifurcation and Chaos
17 in Chinese 2005 512 17 10 549
4 Lu HHC Tse C K2000 IEEE Trans on Circuits and Systems 5 28 14 Chen G Lai D 1997 Anticontrol of chaos via feedback. Proc of
5 TLuo X S Chen G R 2003 Acta Phys. Sin. 5212 in Chinese IEEE Conference on Decision and Control San Diego  Californial
2003 5212 USA 1997 12 367.
6 LiM MaXK Dai D Zhang H 2005 Acta Phys. Sin. 54 1084 15 LiTY York J A 1975 Period three implying chaos. Amer Math 82
in Chinese 2005 481
54 1084 16 Zhang B Qu Y 2003 Proceeding of the Chinese Society for Electrical
7 Dai D Ma X K Li X F 2003 Acta Phys. Sin. 52 2369 in Engineering 12 10 99 in Chinese 2003
Chinese 2003 52 2369 12 10 99
8 Zhou Y F' Chen J N 2004 Acta Phys. Sin. 53 3676 in Chinese 17 Liu BZ Peng ] H 2004 Nonlinear dynamics Higher education
2004 53 3676 press 86 in Chinese 2004
9 Zhou Y L Luo X S 2003 Acta Phys. Sin. 52 2978 in Chinese 86

Chaotification control of buck converter
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Abstract
Chaotification is an inverse process of chaos control. This paper addresses the mechanism of chaotification of buck
converter. A new chaotification model of buck converter is established. Then the chaotification rule of buck converter is
discussed. The fact that using time-delay feedback at the input can realize chaotification in buck converter is proved. The ranges
of control parameters are determined using nonlinear dynamics stability theory. Computer simulation is made to verify the
proposed method and analyze the influence of different control parameters. The theoretical results are verified by experimental

measurements .
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