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PERE A% I ) UE B L ZS ESR REE. LAk, A (7) =X
AT LAFE i 0 e L 201502 M i 1 PR ) 2 Ak
i ASSE Wiy PR e %) T 3 5 105 5 s O ke
L TR 22300 o P JE% L A 19 728 A o 5 M R R T AR
Al R REAS S MR i o R R B TR S5 5. e mT
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vV, 507 B AT 2 A9 o R R AR fk i (5.9729 -
5.9956) = —0.0227 VAEFHAE. B 6(b) A7 M4
H FEL 5 e JR L A 19 R A (D At R R AR R 6 i o
FL AT 22 2] 40 0 AR 00 0 Bl ( ik o B AL A
11P, 9P, 7P, -10P-11P, 9P, ) , e Zh JE A B K | g
BT AEAE ) 57 RS, (ELC R4 Hs R R 30k 3 iR (B S
AN FFEARFHE Rygy =0 BF—HE SRR 3.

M1 =5.16 ms I, & 6(c) FI(d) Fs i f7 &
POV b 0% R38N 2% fUR PT #3846 45 2
 HPREE I kb, I 6 (c) WS Aiy, (T) =5.7230
A-6 A= -0.2270 A, (10) "4 A4 =0.0119 V,
Ai; Ry, =0.0085 V, i AJ £ Av, , (nT) = 0.0091
VX 5 05 JAT B A i B R AR L& Av, (nT) =
6.0037 V —5.9948 V =0.0089 V H T4, (12) =,
H Av, y (nT) >0 A7 AR, HIEL 6 (d) AT 4R Aiy,
(T) =5.7195 A -6 A= -0.2805 A, (10) X A =
0.0119 V,Ai Ry =0.0144 V AT 15 Av, , (nT)
=0.0148 V,ixX 5 {5 BLAT 2] 50t f R A2 fL & A,
(nT) =6.0032 V -5.9890 V =0.0142 V $i/1, (12)
LA Av, y (nT) >0 BL. BN, BB 6 (c) Al (d) BT
RIS BB AL AT LLE H, 2 Ry, =44 mQ
Ryg =74 mQ I, PT £ 4] CCM Buck 758 i i i1 HL
JE 1 THRIT 8 bl s il ok e %) S AR o« R ) R A T
Jikoh T AE B, B R T R 2 R T R
(12) Ko7, L, PT 45 25 0T LS B o %5 i 1
FE 30 AR Sh G i P A S5 A AL 6 (¢ ) il
(d) o iy 4 PR 5 P R L P9 A 2 () 00378 514,
ATLAE L ERITE 6 (a) , (b) BRI 3 B4 01
I3 L RSO0, PT #5761 Buck 2840088 TAE T
TR IR .

R 6(a)—(d) AT %0, PT #HI R B ERTE Ryey =
O P45 LB AT 2 3042, i 1 P s 18 20 Wt 1 e K 5
BEA R o (B BYIG K B SN (R 80 )N ARAA 0 2 B 5 5%
WA BTN ; BEE Ry (E R ARSEIG K, i H HL RS0

BE Ry (EL ARG TG K.
4.2. B FRBEHERI ST

FEFF G ] 01 F 3 Bsf 200 R O DG AR 48 g R AR AR
B (u, i) SRR (u, i) VERRIG 254, FIRTARZS
TR A T — ISR S AR &, SL & ST PT
Y CCM Buck 728 46 £ [] 25 FF SC B SR AEHY | LL 53t
Rugu M PT #2276 CCM Buck 7548 #5425 ) 1 75 1422 11
R AR, W T N Ry, AR AR PT 2 8
CCM Buck ZE4 285 th A R A9 A8 AL R, AR 7 W]
PIEH, 2 Ryug =0 SAR/INGF iyt AL ) 728 Ah e
TR s BEE Ry HOFE R, i ) P S 199 B 8 2 8 ¥ ik
N RSO s Y Ry, =44 mQ B, PT 45 il
CCM Buck 284 2% H A S AF M P B HOR B Ry
P E— 2038 ) H R S0 S K

XFFAL G PWM #5461l , Ryq, =0 B H H R S0
B/ TXEF PT #5461, Rog, =0 s H H JE 9% 3 %
B K, IR R S LA B R (E Y3
K K R B BN ARG R (B — 23
K i R 38 R 3 33X 55 s el 0 L 4 SR A
5. X IR G S R TR Ry (ELATHE R,
PT #%1i] CCM Buck 2546 (R AT i1 2l L 45 24 1],
i 0 PR DR SR AEAS /N (HBEE R (H B AR SEIE K
g o FL R S0 BE 22 3G . B DL PT #8] CCM
Buck ZAEHe 25 BT T 1B Ry (EL, 7 30 AR50 o B 42
114 ) Bk B A I ey o o F R S0

5.90

0.08 0.12

Resp/Q

0.04

Bl 7 PT#&H] CCM Buck ZE#eai i H LS Ryg KR

4.3. SEIGHR

S LA 1T e R AR A AR A
S4r5000 TRF540 F1 MBR1540 , FLA 2% % H LM319,
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D filh & #% A 741874, 5 14 741808, 3 1N
741832, i MK Ry dl bk ok Py PR RRECE R
.

B8 /RN Ry =5 mQ Fl R, =74 mQ i,
PT #1il CCM Buck 7248 25 i i 11 1 s B L JB%FL
SLERPEIE. K 8 FTLAE Y Ry, =5 mQ B, PT

Pl Buck A8 H BRI B B BL R 1024 Ry =
74 mQ W AR S LR B A 8 R
6 PR/ N 22 1) 2 v T S0 36 R O ) B R AR R R B
Wi ¥ e AR Sl s il ko 9 45 8 S 3 Y. T
6 & 8 Bz {7 H A SE 5 45 R 5k 1 08 0 Hr Y
IEATE.

b

® o

E T

3 N T PR BN FU PR PR PR R, 7 AP PP IR PPN U, P DU IR P I,
r\uﬂl 200mV AACh2[ 2.00 A QNM[100ps| A Ch2 & 6.24 A Pﬂm‘ 200mV VKCh2[ 2.00 A QNM[100ps| A Ch2 & 6.16 A

TS

P8 PT 4% Buck ZB#e dvdi th v He S B TR SE IR IE (@) Ryg =5 mQ;5(b) Rygy =74 mQ

PT 42 il 1 5 728 e 2 AN 5 B4R 22 WOR 2w S HEAb
F R HAT Bl e oy 3k PR B R R ST 5K
(IR N E TR WS ITE G I N S W )
ST, PT FEHIF G AL e e A 8 AR, HL i TAR Y
JESUPARAS 15 Jk b P 910 47 28 S 303 A 5%, Hod /MRS A
BN 2 RS AR SC T T PT #24f] Buck AR 4R

A R, R E B T PT 45 CCM Buck AR 7%
HAETE R sh R 5, IR 5T 1 H = AR ALEE AN
il 5. R IE 25 3R B, 2 S U8 e v 2 A s I
HL BELAE A R AR /N, PT 425 CCM Buck 28 e 25K
BRI ShBLG, kG % ESR (A9 38 A, i i
JEREMS S s 8 AR AT 3h B4 0 0%, 1 B B S 5
WFFT 45 R BE T BEIE 40HT B9 IE B k. A SCXF PT
HilF R E] CCM ¥ A8 g8 (1) I FH EL A BEE 28 A
TRENMA.
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Analysis of low-frequency oscillation phenomenon in the pulse
train controlled buck converter”
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Abstract

In this paper, the low-frequency oscillation phenomenon in a pulse train ( PT) controlled buck converter operating in
continuous conduction mode (CCM) is found and studied. The mechanism of this low-frequency oscillation phenomenon
and the way to suppress it are studied. The time-domain simulation results and their corresponding phase portraits indicate
that the equivalent series resistance ( ESR) of the output filter capacitor has a critical effect on this low-frequency
oscillation phenomenon. When the ESR is zero or small enough, such a low-frequency oscillation phenomenon appears in
the PT controlled CCM buck converter because the output voltage can not be regulated timely. With the increase of ESR,
the PT controlled CCM buck converter operates chaotically. The output voltage can be regulated timely and such a low-
frequency oscillation phenomenon can be suppressed effectively. Experimental results are provided to verify the theoretical

analyses and the simulations.

Keywords: low-frequency oscillation, pulse train control, buck converter, continuous conduction mode
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