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Study on Capacitive Current Ripple-controlled Buck LED Constant Current Driver
ZHANG Liuyang, XU Limei, HUANG Ying, WANG Yao

(College of Electrical Engineering, Southwest Minzu University, Chengdu 610041, Sichuan, China)

Abstract: In order to improve the load transient response speed of Buck LED constant current driver, a
capacitive current ripple-controlled (CCRC) Buck LED constant current driver was proposed. Based on the
operating principle of Buck LED constant current driver, the state space averaging model of Buck LED constant
current driver was established by using the state space averaging method. On this basis, combined with the operating
principle of the CCRC Buck LED constant current driver, a small signal model of the driver was established. The
control-output loop gain transfer function of the system was deduced, and the PI compensation parameters of the
control circuit were designed. Comparing analysis with the load transient response speed of traditional voltage mode
controlled (VMC) Buck LED constant current driver was presented by Bode diagram. The analysis results show that
the CCRC Buck LED constant current driver has a faster load transient response speed compared with the VMC
Buck LED constant current driver. Finally, the correctness of the theoretical analysis was verified by simulation and
experimental results.
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Fig.1 The schematic and steady-state timing diagram of

Buck LED constant current driver
12 RE=EE R
B e BCRAS Wi () =i (e) 0, (0) T,
AR u(t)=[v,(t) v () I R EY ()=
[i.(t) i,(0) ]
MO ERAL T TR T iy, HRZS T A
i 1 5 R0

{dx(t) =Ax(t)+ Bu(t)

dt
y()=Cx(t)+ E u(t)
MUK EAL T TARRS 1, HARS Ty
i 13 5 RE 0

(1)

dx (1)
{ WA B
y(1)=Cox(1) + Esu(1)
/\qZI
1
0 7 0 O
Amh=l a:m:o_%
C RC
1 0 0 O
B, = L 1 B, :[0 1}
0 — RC
RC
1 0 0 O
C, = 1| C,= 1
0 — 0o —
R R
J—:ﬁ:EP:Al’BlaclaEp AzaBZ’CZsEzﬁj\%Uy‘jI{/’z){j‘tljﬁg

TR TR T G Ay i b 7 2 0 2%
G

A8 — A~ T 56 A 09 P9 o T A P2 1L
1% %) Buck LED {5 3 3K 2 2% i 4k 25 25 1] F 14
B Ny



WA 2022F H52K F19H

gﬁ%f?,k‘ W, 7 Bk 32 4] Buck LED [ 7L 3R 3 2 AF 50
dx(t
%(1)+ Bu(t
t) ) (3)
t)—Cx(t + Eu(t)
Hrp
1 d
0 I I 0
A= B=
L N R P
C RC RC

A :A,B, C,E R RBURRE ; d HF A4S T a1
sk
2  CCRC Buck LED & 73K 5 2%
2.1 T1EJRIE

[ 2 & CCRC Buck LED 18 7 3K 2 £ (1 H2 B%
J R P A R BOE
N

Y NEVANEYANS
72 BNVARRVAR

2 CCRC Buck LED fi i 3K gl B BRI B A7 il 0/
Fig.2 The schematic and control timing diagram of

CCRC Buck LED constant current driver
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Fig. 5 Bode diagram of CCRC Buck LED constant current driver

33 SEBRSA RS AT
M4 SCHER[17], 741 VMC Buck LED 18 i 9K 5
T R BRI 4 25 1% 32 PR SR
T,(s)=Gy(s)G,(s)G.(s)H (s) (17)
K6, (s) R IR Bl 2 10 18 il 25 4% 328 R A H (s)
FRFE M2 55

AR, A G (s)=1,H(s)=1,
¥ 15 CCRC Buck LED fH i 4K 5 #§ #H 7] (1
HLS SO S8 T, () i BE F ik
23.5s + 240550
T.(s)= 5 - (18)
259 % 1078 + 3.7x 107s* + 0.7s
e (16) . (18), 24l i VMC I CCRC
Buck LED {8 79K 31 2% A 4 il - H8 2R 4 5 15 33
PREIA S, an &l 6 R o

. ]
3

2 0 Q‘/ CCRC
2 x

= 4

-5 veM
3500 4500 5500 6500
45 ccke
S 0
g 45
= -90
-135 veM
-180 1 1 N T
3500 4500 5500 6500
f/Hz
K6 VMC I CCRC Buck LED 1H Vi SR &0 75 P i1 25
14356 PR 1A

Fig.6  Bode diagram of loop gain transfer functions for VMC and
CCRC Buck LED constant current driver

F /& 6 AT %1, VMC il CCRC Buck LED 1 i 3K
By A8 T — o P I 4 1 3 R RS ) 2 AT R
I3 4.71 kHz A5 kHzo %t AT R BH A T
VMC Buck LED {8 i 9K 5 #% , CCRC Buck LED fH
VAR B 251 8 T K | B A g P RE TR 4

4 A5 AIE

K H PSIM {5 B R #5 & T VMC Il CCRC
Buck LED fH 9K 21 5% (1) {5 FL AL, HL %S 2R 3.1
o 7 oM E R i A B I, VMC T CCRC
Buck LED 18 Ji 4K 2y ¢ (1) it HL I 5 8 05 LI o
FH &l 7a &1 7h AT R0, FEMERR I i M 1 5848 22 0.5 A,
VMC 1 CCRC Buck LED 18 7 5% 2h #% /) i H H 3
i, Fi YN 1 A BRBEZEfE 2 0.5 A; VMC Buck LED
E IR B 0% L 1, 283 4 mes O VR B ] F
AT B ByRaZS ;i CCRC Buck LED fH i 3K 51 25 )
i Y LA £, 283 0.7 ms AR R HE A T HT A0 RR
Ao HE Te, W 7d AR, FEHERL T i M 0.5 5278 2
11}, VMC 1 CCRC Buck LED 1H i BX Sl % ()% H1 Hg,
Wi, i, I 0.5 ABRKEAE L2 1 A; VMC Buck
LED fEJi 9k sl i 1 FL L i, 284 4 ms B IR BE I
[a] 3 A FT B2 ; i CCRC Buck LED H 7 3K 2 5
(% Y LI i, 2035 0.45 ms [ TERE I 18] 3 ACHT I F4

43



WEAES 2022%F F5245 H194 KB E . WA RS IS4 Buck LED 187 38 3 A %

255 iR AH T VMC Buck LED 1H i 3K 8h#5 7N, BES LIS POT an &l 9 Frw o

CCRC Buck LED fR 98l i 55 1 6148 9% 245 1 1 .. m
it L AC B 1 #LED

MR 5 BA5 RS S i s SR AT a

1
0.9
508
~ 0.7
0.6
0.5
0.098  0.[00 0.102 0.04 0.106
| -
o L LN Ak L It
< 4 ms ~ -
3 gj v . 1 8 CCRC Buck LED 17 3 4K 5 5% 925 iy 5
0.2 Fig.8 Experimental prototype of CCRC Buck LED
0.098  0.100 0.102 0.104 0.106 )
tls constant current driver
(a)VMC(i,=1 A—0.5A) N
1
08 £ |t
i 82, E \ i=0.5A 4
0.50 =
0.098 0.(0 0.102 0.104 0.106 Sy
= o)
1 £
0.8 = N 11 ms P
300 . b ST
~ 0.4 ol | i, =0.
0.2 0.7 ms
0.098  0.100 o.t}soz 0.104  0.106 (2.5 me/i)
(b)CCRC(i,=1 A—0.5A) (a)VMC(i,, =1 A—0.5A)
1 -
o i ~1A
5 0.8 = Leer™
0.6 e i =0.5A
0.5 =
0.098  0.§00 0.102  0.§04  0.106 4|
14 -1 i=1A
12 poo4ms E s
s_ 1 U vAvAv ~f 4
- 0.8 : W — - i
0.6 29| 1.5 ms iy=0.5A
0.098  0.100 0.102  0.104  0.106
s t/ms(2.5 ms/k)
(VMC(i,=0.5 A—1A) (b)CCRC(i,,=1 A—0.5A)
1 ¥
0.9
5 0.8 = .
- 0.7 % i =1 A
gg é i =0.5A 4
T0.098  0.0D 0.102  0.104 0.106 g s i=1A
1
1.4 3 i, =0.5A i
1.2 g 10ms
< <
<038 1No.as s B
0.6 : ~
0.098  0.100 0.102 0.104 0.106
t/s
(d)CCRC(i,=0.5 A—1A) t/ms(2.5 ms/f%)
o o (€)VMC(i,=0.5 A—1A)
[#17  VMC and CCRC Buck LED 15§ 4K 5l #% 4 b2 25015 ZL) I +
Fig.7 Transient simulation waveforms of VMC and
CCRC Buck LED constant current driver E3 -
< i.~0.5A io=1A
A TA S 3
5 SKIRIIE 21
K i
. \ T N SE ia=0.5A © i=1A @ 4
oI T S e B N 7ot TSR s = R VN 0 e ST
W2 ms
¥ v - S S
Ve, R 31 b iyl B S8, 5 T VMC “
CCRC Buck LED [H IR sh 25 MU SC B ML % . N T 1/ms(2.5 ms/k&)

(d)CCRC(i,,=0.5 A—1A)
23V y R C, S0
IR LU0 57 MM~ S5 A E9 VMC Fl CCRC Buck LED {H Ji 9K 51 %% 1% 0 25 52 56 I 7

ﬂ ﬁ g ﬁ ‘E’% B/‘J ‘j&% EE ’%" e ELIII.JI s ’ﬂf X‘—J- ke DI]IJ iit o Fig.9 Transient experimental waveforms of VMC and

CCRC Buck LED ‘rﬁijﬁggfjj# E/‘Jggg\f‘l\ EEE%!ZD [E] 8 Fﬁ? CCRC Buck LED constant current driver
44



KRG WA WAL KIS Buck LED 18738 3h 2 51 %

WA 2022F H52K F19H

H 1T 9a 141 9b AT, > B0 HL 3t 7, M 1 5E78
% 0.5, VMC Fi1 CCRC Buck LED 15 i 9K 51 % )
By LI A, A, A3 AT 11 ms, 1.5 ms A9 1 2
B[Rl E AT RS .

H I 9c. &1 9d A 1, >4 BEdfE fL it i DA 0.5 58
A Z 1}, VMC F CCRC Buck LED 18 Ji 38 3 % )
i LA 4, AT, 230 2835 10 ms, 2 ms [ R SR
) A BT RS

A LU B A HE T A5 48 VMC Buck LED fH Ji
K%, A SCHE H AY CCRC Buck LED fH i SR 5 %
PE iR T O A W A R R S A AR S )
B2 FAHAT

6 %

ARICAHT T Buck LED 18 3 38 sh &% 59 T4F )&
SR HPIRAS 25 |3k gdiar 7 HAR S 23 6] F
PRl 2T CCRC Buck LED [ i 3K 5h 2% , )
T CCRC Buck LED 18 IR s #% 19 TAE R B, 2
ST HOME SRR M T FR G085 - A
B 25 A 30 pRE, JT BT T B Y PLAME 2
o 38 L PR B 25 A% 3 sR B FE IR, 5 VMG
Buck LED 5 it 3K 2y 2 1) 171 25 1k 285 v [, 38 3 464 7
XA BT o WEFE 45 R R M AL 51 VMC
Buck LED fH# YR ah %% , CCRC Buck LED fH i 3K 5l
i B TR AT 8 U A A R R S R e . B
Jei D ER LG4 B UE T BRIS 43 HT B E AR

S5 30k

(1] FEARWE, Sz, JFIRE, % . JCPFC LED BREAT IR d %)
FL U DA MR ATF ()], AL A% 3, 2021, 51(5): 38-44.
Yan Donghui, Xie Rongbin, Zhou Qun, et al. Research on the
influence of PFC-free LED bulb filter circuit on current har-
monic[J]. Electric Drive, 2021, 51(5): 38-44.

[2] Zhang Yimeng, Rong Guangjian, Qu Shasha, et al. A high-
power driver based on single inductor-multiple output DC-DC
converter with high dimming frequency and wide dimming
range[J]. IEEE Transactions on Power Electronics, 2020, 35
(8): 8501-8511.

(3] FRULR, EIERAE, BABER, 4F. ST Cuk PFC ASHARI9 LED
RS IEBETIT]. B AA% B, 2020, 50(7): 108-112.

Tao Quanbao, Yan Tiesheng, Hu Xiaotian, et al. Design of a
LED driving power based on Cuk PFC converter[J]. Electric
Drive, 2020, 50(7): 108-112.

(4] EgA, VPEST, BRI, S5 T TRE Buck PRCEHLER

A TCA TN TEAE TR 48 LED SR IR FL TR 241, 2015,

(5]

[6]

[7]

(8]

9]

[10

[1

[2

—

|

—

30(12): 512-519.
Yan Tiesheng, Xu Jianping, Cao Taiqiang, et al. A flicker-
free transformerless LED driving circuit based on quadratic
Buck PFC converter[]]. Transactions of China Electrotechnical
Society, 2015, 30(12): 512-519.
Leng Mingrui, Zhou Guohua, Zhou Shuhan, et al. Stability
analysis for peak current-mode controlled Buck LED drive
based on discrete-time modeling[J]. [EEE Journal of Emerging
and Selected Topics in Power Electronics, 2018, 6(3): 1567-
1568.
B . LED 8 9K 3y L B AFSE (D] A AU TR
%, 2013.
Zhang Anda. Research on LED constant current driver[D].Nan-
jing : Nanjing University of Science and Technology,2013.
wofh, S EAE, XK, 45 . HAT DR 67 25 e 1y (9 T ¢
AL AR I E A TR T R TR AR, 2018, 33
(4): 856-857.
Zhang Wei, Zhou Guohua, Liu Xiaotian, et al. Digital average
voltage control technique for switching converter with fast load
transient response[J]. Transactions of China Electrotechnical
Society, 2018, 33(4): 856-857.
(S0 Che O 7 RS N R I A P S U 2 IV D s S R N
B Buck ZZHAR (. TR T2%, 2019, 49(6) : 745-749.
Zeng Penghao, Yang Mingyu, Zhen Shaowei, et al. A variable
on time mode Buck converter with fast transient response[J].
Microelectronics, 2019, 49(6): 745-749.
Ay, W, R AE, A TESE S I ] AL A A ] Buck
ARBE IS ] HL TR, 2015, 30(23): 18-23,
Zhang Xi, Sha Jin, Xu Yangjun, et al. Research on the con-
stant on-time capacitor current control of Buck converters[J].
Transactions of China Electrotechnical Society, 2015, 30
(23): 18-23.
FAF, VPEE, 2R, BT A LR RS TT
IR A A8 1 S 308 IR () 5 1 R [)]. e TR 24, 2012,
27(2): 18-22.
Wang Jinping, Xu Jianping, Lan Yanni, et al. Constant on-
time control of switching DC-DC converters based on input
voltage feed-forward compensation [J]. Transactions of China
Electrotechnical Society, 2012, 27(2): 18-22.
JA e, VEEEF, RIS TP AR s A S M S 42 Rl M.
Jemt: Bl RAE, 2016: 174-177.
Zhou Guohua, Xu Jianping, Wu Songrong. Switching converter
modeling, analysis and control[M]. Beijing : Science Press,
2016: 174-177.
JHE A, VRSP T AR s I ) S i BOR ZRIR ). P
AL T AR, 2014, 34(6): 815-831.
Zhou Guohua, Xu Jianping. A review of modulation and control
(F#%597)
45



AW PR T A RARA 69 IGBT 45 kit 7 i

WA 2022F H52K F19H

integration NTC [J]. Industrial Instrumentation and Automa-
tion, 2019,269 (5):87-90.

[5] M. BT A IGBT BRSSO 98 (D] &
JE BTl K2, 2019.

Sun Zhiyu. Research on junction temperature estimation met-
hod of IGBT module based on multiple models[D]. Hefei: Hefei
Polytechnic University,2019.

(6] WA . HET s AR I IGBT M AER L HFF 2 i 1y w] Sk
PEAG[D]. K FPRKR A, 2019,

Zeng Dong. Reliability evaluation of IGBT performance degra-
dation characteristic parameters based on accelerated aging test
[D]. Chongqing : Chongging University, 2019.

[7] LiuBY, Wang G S, Tseng M L, et al. Exploring the electro-
thermal parameters of reliable power modules:insulated gate bi-
polartransistor junction and case temperature[J]. Energies,2018,
11(9):1-15.

[8] Karimi F'S, Saviz S, Ghoranneviss M, et al. The circuit para-
meters measurement of the SABALAN-I plasma focus facility

and comparison with Lee Model[J]. Results in Physics, 2017,

7: 1859-1869.

[9] Lim Heesun, Hwang Jaeyeob, Kwon Soonho, et al. A study on
real time IGBT Junction temperature estimation using the NTC
and calculation of power losses in the automotive inverter sys-
tem([J]. Sensors (Basel, Switzerland), 2021,21(7): 2454.

[10] Yukawa Fumio, Takaku Taku, Yano Koji. Effect of negative
gate voltage on the turn-off performance of Si—-IGBT device[J].
IEEJ Journal of Industry Applications, 2020,9(5):557-562.

[11] Jiao Chaoqun, Zhang Zuoming, Zhao Zhibin, et al. Integrated
rogowski coil sensor for press-pack insulated gate bipolar tran-
sistor chips [J]. Sensors, 2020,20(15) :4080.

[12] 247 L T JCLR A% R i 190 26 52 8 PR 8 I 3R e i F e 45 k¢
VHDI. R AEb AL R, 2015
Li Zhe. Research and design of home environment monitoring
system based on wireless sensor network|[D]. Baoding: North

China Electric Power University,2015.

Wik H 497.2021-04-22
kR H 1. 2021-06-21

33333 3PIFIFIFIFIFIIIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIBIB D

(EEH457)

techniques for switching converters[J]. Proceedings of the
CSEE, 2014, 34(6): 815-831.

[13] VA, D4, 72, 55 . HF 58 DC-DC St L 25 FL Uik b
JEFIERILL BT ARSI, 2016, 31(18): 100-107.

Xun Lijun, Sha Jin, Xu Duo, et al. Capacitor current pulse
train control for switching DC-DC converter[J]. Transactions of
China Electrotechnical Society, 2016, 31(18): 100-107.

[14] BT . HL 728 v IR — HRL 2 H e 8B 42 1l £ H JR XUt CCM
Buck ZZ# 2% ([1]. [ LWL T #2242, 2020, 40(10) : 3280-
3287.

Wang Yao. Capacitor current and capacitor voltage ripple con-
trolled single-inductor dual-output CCM Buck converter|]]. Pro-

ceedings of the CSEE, 2020, 40(10): 3280-3287.

[15] Wang Yao, Xu Jianping, Yin Gang. Cross regulation suppres-
sion and stability analysis of capacitor current ripple controlled
SIDO CCM Buck converter[J]. IEEE Transactions on Industrial
Electronics, 2019, 66(3): 1770-1780.

[16] Huerta S C, Soto A, Aloup, et al. Advanced control for very
fast DC-DC converters based on hysteresis of the C-out cur-
rent[J]. IEEE Transactions on circuits & systems I regular pa-
pers, 2013, 60(4): 1052-1061.

[17] Guo Yue, Li Sinan, Lee Albert T L, et al. Single stage AC—
DC single inductor multiple output LED drivers[J]. IEEE Tran-
sactions on Power Electronics, 2019, 66(3): 1770-1780.

WA H 1. 2021-05-04
TEHCH H W :2021-07-06

59





