KRG TM461 AL 10335
B g, ¥ T 21110183

bSO E - TR Y0 FE RS NP B R AR
AC-DC LED ZXzh Ha R 5%
FXWBE: Research on High Efficient AC-DC

LED Driver with Universal Input and Wide

Output Voltages

PN gew

IS O ST

FAL AR A TR
WL 350 LED B
P e 2 A TR

WIIRAZHEA 2014.1.15




6 Yt B B I 3 v 4% F) TR 3R R AC-DC

LED ZXZ) YR 5T

WXAEHEZE:
RIHNEE:
WA 1: £k

VB 2: fo S B
PRI 3: [IRAN
VBN 4,
B 5:

BB RS sk W]
K1 B EL
£ 2 PR fE A
5 3 5§ /N i
b 4
B 5

ot H R 2014.3.3




Research on High Efficient AC-DC LED Driver with

Universal Input and Wide Output Voltage

Author’s signature:

Supervisor’ s signature:

External Reviewers:

Examining Committee Chairperson:

Examining Committee Members:

Date of oral defence:




WL K ZEAE FU A 22 6 v SO B 7= ]

A NS W i A B A AR SR A NAE T T 3N HEAT AORIT FE A KIS F7E R «
B 1 SRR BN CARRTE RSO AT A, S0 A S A e R R BE S R I R,
AL SR KB A A WM (00267 IE 5 1 B P o oA 58— R T
AR 1A 5] 35565 AR BIE 58 B A B AT B ik 2 AR AR ST AR T B I e W SRR B =

RSN FE R4 &7 H I F A H

AR SCRRAR A FH A A

AN NEH E A TR WL R A BRI 10 [ 5 0 T a3 52 A
WO BN RIS, e VE SO R R B . A A I KB AT L2 i S
A IR 4 P B N SR B HEAT R R R A%, T DR B BN« 45 ED A A ) T B
R LIS

IR B 2 R SCAE AR 58 PR A AL )

R A2 I

&7 H: £ A H By H - # A H

L?’



WL AR B 8 XX Bt

Bt
AW XRESIFRFAZHH BT EZT TR ZE LB T 1
CEEFRERUREETENFARES, ERAFR A EEFREH
AR A ERATHARANME T R, LRANER T AHFH, Ev
BET mAHA. HEEA, EUNREFERTRRENYE, AALIFEEE
W, BRERE, TERA, EK%ER!

EERFNHGEES, EOEEARTONES. TANEY, L&RFAL
WIRR S, AL e, RANAESE. ZERENERNBILRERT E p
WE, BRI EE. ERERTHEL TR REN MR . 7 B2 ST 2 5
RERAAEABEFAEFEFOMAZNHE, WERAAEAKER, BXF4E,
R B A8 e )L A !

RUELZRZTHE, AR, REFEEFA LW EAES, ILRE
MNERERERA, F2T wMHMH, HEMNFE LY, RECLELVH
PRk, TAVAHE, MATEF AR EXRUBAE S ULRERMFITRSL 2R, AR
VR TR, REFE®, FAFRT, MEZHITEEXE¥ LA K, H1k
B RBHEZZRFENEAMARA: F45. XA4L. RET. 264, REM
EAN, REFATEERRZ 2T EHRWIERE.

RUFLIEE S5k, T8 NEE TEEA, RMERXHF. RXF.
BIAE, #ERA. AEMR, BREA, BRAMINEREE. ¥FJEE LWEE,
R ERT REATR £ B
wE, RE—B I IHFRARA! BOHMBBROESEE, EL2FMKR(]I—
BURMEH RO, ZPE5AE, &S AN, FoESE— K, ILRER
T oik, M s hEr! Rt REE, RERE I, X0k &
WS RifRE, MEREER, TOE—K!

KTE
2014 £ 1 A T#r Ak ZHE



WL AR B 8 XX BE

HE

WE ATV TR R IR EEHEE, LED UE A4k, Htk. R4 7%,
GeshElRR LA EHEAEET, CERN BN BFRE—NFRAA,
i LED AW EBAENHARABEN— Ko BHZEMERLWEN. £TUE
TE, ARMETENTFREREANESE LED R REAHAR, ZEL AR
FE: REEREHEEEREPFC)LME, RHERESEHE LLCC Tk
#, RERBWIFEIEE, TERE. SHRXITFRIT T Rt

AXEEMRRET e ERE RN, FEEREHENEZIAE buck-boost
TRAB SR, EERERA. WHEERREFETET boost # K =
buck-boost =, F & i B & BT IE R BT S EH IR T EE B T —RE WK A
WAE. ElEMZ b, BRE— MO FEEESR, RIET FHEERE®
BRI PR, BT RS RS EEHR N A AR
oM. TERE., 2HR T URER ERE RIS, REEET —6 150W FEAL
X PR - A A0 2 | SR e AT T BilE

ARRAE 7 —H R A SN ET LLCC #4)# DC-DC % B 35.3% [ LED R 3 %
B AT, BREAAREE, WH LED AR PRy mn T UL HR, £k
Aoz b, AXRET —MEAEREERE L. AMEREEUR —ADFIHR
TEBNTEE LLCC B4, AL BHR. HRes. HREEEFEAELS
BHEnEneEEs. TEAANLCHEER T ERERE, HREE, REFES
MUARSEHR T REES, ZREHBET NN E RS NBTT RIE.

X4 %L E LED Wzh &, %54 B %8 A buck-boost PFC, LLCC, £
LN



AL A A ik XX Abstract

Abstract

With the increasing of people's awareness of energy saving, LED is used in our
life more and more for its advantage such as long lifetime, energy saving, safe,
reliable and green. LED has become a hot research topic in the field of power
electronics. As part of the research, high power LED lighting gets more and more
attention. Based on the background, this project focus on wide input and output
multi-channel LED driver, including two parts: high efficiency wide input and wide
output cascaded buck-boost PFC converter and wide output multi-channel LLCC
converter. Topology choosing, operating principle and design considerations are
discussed in this paper.

A boost/buck-boost Power Factor Correction (PFC) converter with wide output
voltage is proposed in this paper. The converter operates in boost mode when input is
lower than output and in buck-boost mode when input voltage is higher than output
voltage. In order to reduce the reverse recovery loss in both operating modes, the
converter can achieve boundary conduction mode with a pseudo constant-on-time
(COT) control. Furthermore, with the improved Pseudo-COT control the input line
current keeps smooth during the operating mode transitions. Theoretical analysis and
design considerations for the proposed converter and control strategy are presented
and verified by a prototype with universal input voltage and wide output voltage.

In order to balance four LED strings, a new LLCC resonant converter with two
secondary side windings in main transformer, two secondary resonant capacitors in
and an additional current sharing transformer (CST) is proposed. Each secondary
resonant capacitor can balance the currents in one pair of outputs. And it bears the DC
output voltage difference between two outputs of each pair. Meanwhile, the CST is
used to balance currents of two pairs. The circuit operation principle, steady state
characteristic and design considerations are discussed. A prototype is built to verify
the proposed current sharing circuit.

Keyword: wide output voltage LED driver, universal buck-boost PFC,

LLCC, multi-channel current-sharing
i
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% 1.2 IEC61000-3-2 class C % % #7 /&

Harmonic Maximum permissible

order harmonic current

n (% of fund)

2 2

3 30*PF

) 10

7 7

9 5

11<n<39 3

* 13 HHIEZ E LED B B REHEK
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(>5 Watts) (Vv 1.0)

KA >0.70

& A >0.90
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iR, ®RESHT PFC #&lmEAER,

vy

Vac + \-/'(:1 b1 R
O Vel g

&l 2-1 %35 A buck-boost 7 it &
2.1 X% buck-boost & LB E & FR
EhM e T —F T W E % 55 buck-boost E %y B K B U i S i 4
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(CCM) A, Lfdism/EwmA\m/Eme, JFXE QL ¥i#, JFFx¥ Q2 #
TIFRoNME, ®BHEAEFATHE N T/ET boost X, fr N R%FTHREE
s S AR AR R, Q2 KBT, JFRE QLAATH KFNE, mET
BT buck #X, HAARRETS, FREEADRERHANLRKEPERL
Rz, w22 fin. BEKF CCM =477 X, AR EITLUKE /N, B
HRE A RERD, Bl R ELABERARD. EEZRBFANZRE L
EZRRAL, —REMARK, THEFABERERE, HLLAAFELK
AR W IR E A, FEEERERRK.

Vout

Vin

Rl UL

VG1

lavg

Boost Buck Boost

B 2.2 %% A buck-boost CCM # =, % 7 [

FEXEP e, B R A R IE RS ES (BCM) A, BETL
£ F buck-boost # =X, w5 & 2.3 fior. AT E¥ + CCM =4 7 &,
BEHUTHA: #BRT EHBF _RENRAKE; B FHNMFXE R
AW, HHIEE, ERETAFNTHAMAKR BTN S, BRAEREE
BA, BREITRTEAR, HEEK.
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#_% TR E PFC TR &

& 2.3 8k A buck-boost BCM 44 75 % ¥ B

Vout

BCM

Vin

VG2 |—||—||—||—|

ot

VG1 |
UL L
Boost Buck Boost
(@) BCM JUA# 5K 45 il 5% mk
BCM
Vout 7~ \
Vin

VG1

L

Boost

[l
WL

Buck-boost

Buck

(LI
py—

Boost

Buck-boost

(b) BCM = # A = % SR 65

& 2.4 % Er % buck-boost 2 it & 15 4| 5 uk
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BIE AN T B A E F AR A buck-boost % i & B9 A A 7 K, & LR
Fo WRGEHRENBMETEME, FHBE, THBERLARAKER. 1
G, AATREEF _RE LBEERA ARG EEEEEERE FRA—
#, BENABKR, TEEAEFE-_RE, BUAER - REFHRAKE
WAk, BBRAT BCM =6 7R AR/DERERGTRE, FEES AN
AN TR, buck X A boost X, K 2.4()FT~. B2 EFE—
SRR M N MR JE 3E VTR, boost #E R T LB TR AT E 4EH K,
M i# 2] buck A T B THEMARER T, BB LEEF TFE, FitEaR
4 N\ — /N buck-boost K, H#1FE B G AR ANEE, e EEARE
Wk, W 240)FR. ERME BT EFA T AN FHT S REST
# (boost 2| buck-boost %| buck % buck-boost %] boost) , % 54=FI % &
Z&, THEEREEER S FEI. KH DSP F4K T % # U 7 Bk A3

bt M BA B &7 T AT P %8, £ s R A BCM & | 77 X, .8 T 1F T boost
A1 buck-boost A4 R, Hf B &£ A BT Hr b i R A RIS AT 37 4%, 20 2.5
B THEE N EAEE T EREREIT ER, Faksxd s b4 4l 58 us 1 2t
— Pt

22 THEE
Vout PP et Vx=aVout
Vt/ A \
VGl: A oM MM
Ve A 0 n oM
IR [ [
Ton

112 13 ta tats te tb
Boost Buck-boost Boost

& 2.5 BCM boost+buck-boost A A 45 %] 77 3%
%% T /€T boost #2 buck-boost # X, # N\ #H B JEHF ., FFxEHFLUL
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#_% TR E PFC TR &

T e, B R YR Tt T BT 2.5 71, 7 18] BR R T4 JR 32, 4 ¥ boost £ buck-boost
HAEXTE&ES2 NAMER,

Vin Vout
i % o || g
R <
3 Q2 “ ‘; Vtran
T [ved 3 ]
I _ RZ::
=
(@) A1
Vin Vout
5 QA
? L D2 I + RIS
Vac + C1 R > T
~ - Va2 Q2 :: Vtran
Z S <
I _ R2S
-
(b) A& 2
] 2.6 boost £ X T EH£ A&
— Vin Vout
?% Lﬁ D2 I RIS
vac I+ Ve1 b1 C1l R > T
=t .l Q2 4: Vtran
_ L =5
(@) EA 3
¥ Vin M Vout
iin '—f D2 I Rig
Vac + Va1 C1 > T
V5 Q2 :: Vtran
Z < P g
_I I - RZ‘:
(b) A 4

& 2.7 Buck-boost ## =, T {4 &
Viran A7 &, Bl BT A E )k, & TH% T/ET BCM #
®, W EESHHEEHER, boost R THEE TEMELEM, FHE
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RBH e EF /T d e E, NERTHY R EA TR %R, YA
BE/NF s B, BB TIET boost X, L\ JEE T ke o,
F, % T {E T buck-boost # % .
1) boost # =,
£ boost # X, MANEENTHEE, FXE QLETHE, FXE Q2 #
T X1, W 2.6 Fim.
A 1(1—2):tl B ZITF X Q2 s, mRBERANTHBEA, B
Wi R A B E R B R, R E D1, D2 xi, ke S
2 CL R 1,
A 2(t2—13):t2 BT ZU JF X & Q2 X i, —# & D2 = i, B &K B IT 48 /N,
ERFmEEN MR ESERENHABEZZ, BE CLAH,
2) buck-boost 1 =,
B 3(t4—15): T X F QL. Q2 AT, mRELA 0 FFHEA, B
S LR A UL E RN JE Vin, BB A Cl Ak tte, wE 2.7() A
o
S A(5—16): JFX%E QL. Q2 [l Bt X, e R URIT 4B/, BB B R
s HLE A M B E-Vout, B LR E M AR, W 2.7(0)FT.

2.3 Bl B B B (POT) & #l 77 3%
2.3.1 ER @A A% (COT)

&St (A 4= 4] (COT) 745 7 boost PFC HHy i A E &% Kk E, TF
EERSEZREURRESR, BAEANHEEHARESE, Tl TET
boost #1 buck-boost 7 MR, E AR kA E S E A A R 7 KX, EEE DL
RAZHIHEE 4 2.8 BT,

HTE-—NIHAHAREEEERTE, REBAERNHEELATE,
F b Vetrl £ AT, BE CT $IERIE Icharel 7t ., FHILFTEE A A%, #
# % Ton, % boost A T, HEXWHEEMAEE, WHBERE, &
buck-boost 3 T, % & Wbt 8] N i o L R € . Ipeakl 5 boost £ R T
HrO\ B VUL 8, Ipeak2 A buck-boost A = T N\ B R HIE(E ., lavgl A
boost 4% 3, T #r A\ F# E, lavg2 4 buck-boost # =X T A\ F¥ 8%, 6b 4
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boost 4 =, 7] buck-boost 4% =, &% # Bt #y /A 2 .

\/EVinSin(e)Ton
k1=
pes L 2-1)
V2V;, sin(8) Ty,
k2 =
pea I (2_2)
HF Vin vl B ER K E,
iRy o
|
i‘ Vout — -
_______ |
Ve |+ f!l :=| FB
> > | 1H
-~ | -I
e |
' |
]
FHC; : P 2 s
. l
L i e sl o2
Vins : : 1 r———ﬁgaiﬂ—z:
|
ST | Q i ey
FE R e |

ZCD | |
s | | Raed | rm>- == Vi1
et " | ’

] 2.8 COT #= % & %

Boost A% X, T FL & B, Fo iy N BLURAR B, BT B O\ R 4,

Uk B P 2 A e, e e R LR X RO
lovgr = %Ipeakl
(2-3)

Buck-boost £ X, T & F # AN IF % & 7 it FF 38 % W7, ZRAT 5 e A\ R B
S, WINERAT AT SR fo B R AR E, MR T O R R
TIEERXR N

1

Iang = Elpeakz D (2-4)
2-4
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JA boost # 5, [ buck-boost # K41 A E H6,, Viran X 7] # 8 %

. Vtran
0, = arcsin = (2-5)

] 2.9 COT 7= | it i ¥
BT, ;T KA COT =47 11# 4 boost & Jg — /M = B #1 A 8T 34 &
JnAR buck-boost # X F —NIF x B HA A A E AR E, (EEF R A,
WE 29 i, RHEFNTHAHANFTEMNFHEREL, EEFHIE
HE &% ommik, B4, BT IREARANEREET 2 KET, Hik
AT HBR AW IR, FERHE COT =4 77 A,
2.32 tplw @ et e & (POT)
=T R 2 COT = 7 X & & F #1, H T Mk AR,
AXRET —FF RE e E =4 (POT) #X, BIYE @ T/T boost
A B, 53 B A 4 Ton, T 24 £ 8% T 18 T buck-boost # 5 &+, 5 # B 5] % kTon,
i 1 ] P e ] K, ER AR R FEE, BAIERE. R
Ja £ BRIV oR B E A E 2.10 AR o A buck-boost 8 3, T B9 fir A\ B Ui 6B K
Ml KR

V2V ip Sin(0)kTon
Ipeaks = 2o stOlon (2-6)

lavgz = 5 lpeakz * D (2-7)
HARAE N B PRI, A4 H A boost B JE — AT % A An
buck-boost % —NIF % EEEH FH B R E A S, B
lavg1 = lavg2 (2-8)
B 37 Db 4K 7T BLAR 3
k=2-20 (2-9)
oy R R R A 2 ), e 2.10 B
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AT P ] A B R, R DAARE F N B AR 45 TR VT
Vout . Vx=dVout

Viran g

Vin

LT OO

Ton kTon
Ipeak2 = \\/\ lavg2
lavgl
Ipeakl _ — /\
_ s AN
: N
{ ;
[1]

&l 2.10 POT #& 177 i B #.iR#
2.4 B¥BAT
T, ERIENKEZNHMETHE, CHITITITFRATEANAEEE
TrEMRE, RRERIT— AN EENEREER SRt REEN—F. A4, &
TRBARTH B Er BT %, A 278 E Viran B8 RUE X P
Prlbel. ERBIERITSHS L 2.1 Fron:
k21 BERITEHK

Vinmin 90Vac
Vinmax 265Vac
Voutmin 200V
Voutmax 400V

AERX—WdeELAET, THERARER, 8% TR AL
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TZ#ERT, wE 211 iR, e x LA BERRE, y LR A
HEATHBEBAN, 8B TIEAEX M0, z AR5 N R\ &5 B (R
A REE TN B EEE/NT % EE Viran B, BERT(ET boost # X,
BURE s A K3 L A\ EIEE A T# & Viran B, #5% T 6T boost #
A (B X 38) 4 buck-boost 1 = (C X ).

A 211 B T4 IX 5

2.4.1 mAR RN R HAF
(1) boost £ 5,

Vin

Boost

K 2.12 =% T{ET boost ¥
L O\ B R EE /N T R BT, B A # T ET boost # R, xRN E X
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AL A A ik XX #_% TR E PFC TR &

B A JTETETFE Far T 2.12 Frow . B B Fr BCM boost PFC 5 44 2%
Bort X —dr A\ R T R R R R IR A A (2-10) T

L2kt — 2V sing (2-10)

TO n

i 3B R 5 T O\ U R R T DUR BNE (E R R R A

Ipeaia = 22020 (2-11)
TF K& RWTET 8] 4 Toff, [ A s R s — A B Wk, = LIS 2|
V2VinSinG - Top = (Vour — V2Vinsing) - Tos (2-12)
TFREME
fs = 1/(Ton + Togy) (2-13)
BRor ER, FERE KA
2 .
Is = zlzi;in - ﬁ;l:j;ng (2-14)
MEXFTUEY, 40 =n/28, BEEITHETHRNMIEL, WA
2
fsminboost = Z‘Zl;in 1- \I/ZZL?) (2.15)
(2) boost F2 buck-boost M =,
fsminbuc‘lfboost

Boost & Buck-boost

K 2.13 e % T {ET boost+buck-boost M #£ =X
L N EWIEEE ThHEER, N THEAHEANESE TIET boost
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1 buck-boost F A~ &, x5 & 2.11 K B fu X 3% C. #7573 F & E & 2.13
Frome fATHEAHNBAER, TUFRISROREAX:

T
S Luygn  N2Vin sin(6) dO + JZ lavgz * V2Vin sin(6) 8
T

2

Pin =

(2-16)
¥ lavgl T lavg2 By xRN ERF, L &8 T 1ET boost 7 buck-boost
R AEL T Ton Rk A
Ton
)2 Py - L

- Oby, 2 : T2y 2 Vout
Vin” sin?(0) d6 + Vin” sin?(0) - k - 7 de
Jo" Vin” sin2(6)d0 + Jo, " Vin” sin®(6) ke o He

(2-17)

Lo THETFRMA, T boost #X, BEBETMERKR(, Wit

72 0=6b A HE R/MAE, R Ob KR, 7TOLE BN M boost X TR /MA
%

1
s(6,)boost = ——5—
f ( b) Ton"'%%n

(2-18)
L B4 e ¥\ buck-boost A X T, S EF[EE A kTon, ARIE = &R
FHRE, AH:
V2Viusing - kTpy = (Vyur — V2VinSind) - Ty (2-19)
Buck-boost £ 3 T By #1 & 3% 38 K 7] DL AR
1

n ﬁll//insine kT,
Out (2-20)

49 =m/20, B TIET buck-boost # 5K T &/ MRE A, A

1
\/VEVin kTon

Out (2-21)
G EFR, RATEBE T ¥ A% B TR R SRR b
23
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%, HF R AN fsminboost, X B % fstran, X3k C % fsbuck-boost.
242 a L E

BT EEBETET BCM EX T, Bl Fa/ DT e /Ee, ik
A\ buck-boost X T, ik Ey BN 2B ENTIE, AHFELE
REVEEE, MHREESHHEEZHNZELT o FEEGERIT,

BT boost A K, HMARESHEEEZERAN, HELT
e, B9 4 Vin NEY, N BIRR A, LAt BB P EBEFERA, HEFXE.
“HRENFEBRERA, BB EERE SE I0Vac &

L=, AZARXBFHRNAREECLFE], £FTLRE R/
Rk FaRBEE. FAIOVac A ERE, TRRXITHEE, HhwRaBE
90Vac X TEME % TREARMBMAE L, IHEERKMABEL, HEEMH
ERTT R MARAR A BN, B AT DR A L A R

LB TETRESH, BERm \NBEARENE KR, EHELTHENL
T, BN, BT EE [ Ton /AN, FTUE B K, RECEKEFD
BONARFZA, UM EET ARG RNAR, MERKE A RPMREE
90Vac AL H YT H AL BT, T WHAMER B KEm/AMAE, HRBERYT A,
B X &/ MR 227 Ay fp

fa = fsminboost(Vin = 90Vac) (2-22)
_@:ﬁwam=W$% (2-23)

flboosttran, fLming0

K214A. BXREF/NFAEME
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B RAT LR B, frlI R A ABFE X T a. Vout thx %, i 2.14 fr
R, ANE LR B SRR MER, SRERN, BB RDIE R
A 7 Vout=200V 4t .

AT HRERBNEANAEHETERE, 2HT — Mo BERE, £ELTEF
#1Rk 90Vac AL AL, % TR BN R KM E; &1 T .3 T 15T buck-boost # X it
IS ERA, WERK, FHHFEERT A ITIET boost X £ —%, & H
AR E A 2.15 AR

fB>fA*80%

l 90VacAb 4% T st i A%

a: 0.2-0.45

l Buck-boost it /R & 4%

a=0.2

U

B3I IXTHC IR ADTFAE B
A TfA

al =

sovac bzt Thesi | | RHCIAIEE R LA
Pre

A 2.15 o & % B AE A
MECEFE N all, RITTUFHNEANCENR/NAE @, wE 2.16
Frow, iR X C RE4% B mo/ N 19 F E fbuck-boost, T LLE H X C
WA E e m T R/AMAE, Eb o E LER, XHERART AR A BE
B, FAMELLRE, FREFEREERRK; FHRIET 2EIET boost
B R, BIMEERIK, buck-boost i B E, EEMERAM.

K216 A. B. CXEH/IHMEHH
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2.4.3 BREH
EL—FRHETSREESRHEENRR, FEFET BN AEEET
Flim N\ E ., FE e E TR R, b &P LA Y Vout=200V &,
e E I, BUEEA BB RNIE &, e 90Vac AL o /N E A
MEEE, TRAERD. MkeE

Vtran=Vout(1-a)=160V (2-24)
HIEME R RLBA A
in = i 160 -
fsmin = fsminboost (\E) (2-25)

TR FEREME T EET 20kHz, A AL E B & TIER KM E
% T 25kHz, H it 7
fsmin = 25kHz (2-26)
KEFHERAE
L =331uH (2-27)
El#, RATFT UL A RKEXE A, R B, C THRARDE, RERE
WA ARAD e #  e R 4
X B A 7% T 6T boost #3,, & AR ¥ LLAFE:
A = 2Pin-L-2/Vin
(2-28)
X3 B, C & AR £ X B Bl{F, [H W buck-boost # 3 T e i I & 32
A, T Ton 4tk boost X Z A, [ bt # A X 8 A4 B AR £ VKTon 4 :
Agc = (2 — a) -V2Vin-Ton
(2-29)
Bl 2.17 From A AN B B £ T o A E AR AP (8, AT o 7] LLAS o 7 ) o, o/
B, WONREEESTREER, BERARY, BIAERIRI# A buck-boost
BB R R A ICRARY Ahnax

2Pin-L2

Mnax = (1-8) Voutmin/v2 (2-30)
# B RM12, & 2|[E4 N
— VImax (2-31)
Bmax-Ae
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Vout=200V

Vout=300V

Vout=350V

Vout=400V

\ \ \ \
100 150 200 250

in

Kl 2.17 h5dh &

2.5 PFC &l BB % it

AERBEFTNAT FRERERAN. REEEESG Y PFC BB W Tk
B, URER TR, K5 BIEG BB B EHATT BRI,

M ERAERWE 218 i, ZEFEBELHN RS ERE S EEE
buck-boost & i # £ BB Q1 f1 Q2 VNI ATk Ewl BB G MAEE
KR, WHEERFEET, RERAEE. PWM X E8H, S 6 EE
il B, e o e R B U AT A U LB

XHETETARLEHN. R EAN, FEHBIRXREHEEE, &
REERAREITET - EZHH HEET; B E R F e 6 5N E &
WA R, EAEYERERE TSR ES, EFEELI BCM
R BERARENERLE R EEENXHESSF B EHTHER, £
MBERAREEE, FEE-NTHASN, HHHEATE, £REEFHE
BF B2 ; PWM K A B B R 7= & 5 5 sk 5l s R A 5 & S IR H JE o)
75, FRAIFMANMEXEETESHTHREERTXE.

bR T @A E (POT) #5477 X, Bl boost 48 =, T 5 i At 5] A
Ton, buck-boost # 5, T~ &3 &f 8] % kTon, X LI | @ et A5 6], &5
B ] B, BRI AARREAS EE CT ne ks RdeE, &
boost X T, Fi# &8 5 Ton, e & i 45 & 5 1 A 8] B 3% o FF K k1. k2 &
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#, PIA-eILIR Icharel, Ichage2 [ At *f 820 CT xee, Wk 2.19(a)fr~, 7
FeL B 8] Y

(Ichargel + Ichargez) “Ton = Cr " Verpe
(2-32)

L B9\ buck-boot A R, By 53 A JE] EE B 3R T ok kL B, ER
JE Icharel 48 %, R H ® R JFE Ichare2 xf#, 2° Ct 7 &, MBS F@EE|E 4 kTon,
TR EwE 2.190) Fro~, 7B N

Ichargel kTon = Cr - Verre

(2-33)
AAERL, RAKE, BIFRHAERBEZ B WL R:
Iehargez = (1 — 0)lcharge
narger nargel (2-34)

] b 95 2 T DA 3T 42 4] P 1 W TR R /D SE B PN S T F A = 2 B ]
WER, BT RERMESFPEET A ERERE, dEACT T ExEH
FHEE, RFER—AFU R IR R L A B A S LA R

o
(! = |
! l||-| L1 ZJ.C"' A
iac ig : | iL o
r- — .

Vac |+ .

oy Filter i .
") +: s #——)

N L SRR L

*******

VR 22 TR L
~L TN T
FB| I_ | -
| | =
[ e ——— /
| + I
. \";- I |L
‘_ I
|

I (]
Tl L

<
=
w
-
|
|
'\
|
-
:
=
=
~
%
—@ii

____________

et ||
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Verre
W Verl= | |
1 ‘ 1 : /
Ton |— I— |— kTon ‘ | | ' |_
Iy A~/ | N | |
9 u G | C T t0'" ! ! T
(a) boost # 5 CT B & 70 &, (b) buck-boost # =, CT . % 72 &,

B 2.19CT 7 BT &

2.6 RE/NE

RENGT — B B A buck-boost 2 7 28 49 37 A 5 4 77 i — Ho ) 5 3 e
EEHF R, B REAEERREEE, FHEES A THET boost HX
buck-boost # 3, 3 i 3 42 | 1 AP AL K, T 5 38 B 18] 8 Lo SE L T e N\ RGP
HE, RENBT ol THER, REFNELWIG., BB HREEHER. &
RLWREITEE, BEANT LI Rt R BAER,
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WL AR B 8 XX F =% #T LLCC# 181 % % LED Wz R ATk it

3ET LLCC | £ B LED B3 s RS ATk

AEEERITT — 65 %HE LED Bah%, EARGEAEEESRN. &
Jext LLCC I TIEREM A ENA, RERHREE, THREEIHN. KA
AHRIF I, ANBT ZREHESBEEBMEELROEE. RERITT —68XK
EHEN, BIEIZBRIIET £ % LLCC Wk B 14 ima i
3.1 THERE LT
3.1.1 LLC 1% 9k A & it 25 fa] /-

LLC #RATRBEABTHE, EMHLERECT ZLATHAHE
DC/DC m R =%, E 31 4 LLC WiRA R R BHEHEMN, M ITEER: ¥
X, EEERURIERER, Psim FEBEHwE 32 fior, £ERATE
W4 3.3 AT .

“ 1_| D1 fo
Vin | g ©
O H ‘e | Ohvo

el e |

D2

Bl 3.1 LLC i# 9k 2 & i 25 46 41

Bl 3.2 LLC & 15 A K&
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WL AR B 8 XX F =% #T LLCC# 181 % % LED Wz R ATk it

vi V2 V1 V2 V1 V2 V1 |>

AVAVAVAVAVAYAY)

(a) Ifs FAE X

V1 % V1 l V2 Vel
[ ' :

NA AL\

n1m

(b) #7 &R X

WNAANAANNN,
(c) ELEMER
K33 BBTREXTHERLHE

YIFRME fs & FWRME fr i, LLC THETIERER, wE 3.3 (a) fr
o, B RIAE fs N TR RINE fr 8, LLC TIET WS R, wE 3.3(b)Frr,
LI AR fs A TWRME fr f, LLC THETHSEER, WwE 3.3()frr. &
Pl RERE LLC BiRA TR B R EE THERE, BB B RA REND,
Wik EREEL N L, THARRAT A, HETUEIRELFIT X E N ZVS
foE| R E # ZCS, 82 7% LED RE M A #, & T LED 7 #& & #F —
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WL AR B 8 XX F =% #T LLCC# 181 % % LED Wz R ATk it

EEEE, FIE¥ ATl

LA BT ETHEEAMN, S HEEAT LIS, URBEHFANTFXE
41 ZVS R Bl A ERE ZCS, ER MM BRI BRE R EE A, BIERER
fm. #F LED ©R, ABEIGETREEME, M EEERE, TEEFEIEAL
EEITHET ZVS K. B4h, BTRBIHETRANS SMlREAZHE, #R
i T FRIGME, THBERA, THATHERERERM).

WELLC THTESHR, BREEEANT 1, WHEAFANIFXETL
I ZVS, BRI B FEE Kk LI ZCS U A £ ER2HTHEERTERA,
BN T b2 S 8 AR BRI B T DA SEILK S S 3 4 i
W, B T TR AW, 5 F#H&RRE A, Bt T LED %% B LED
R 5 v, R i B T T g R P03,

3.1.2 BE B AT
M 5% 4937 LLCC 4 ¥k . LED B2 & R a1 % 54 w0 [ 3.4 F .

S1

S2 Lm

Al 3.4 M HR LLCC iR A LED oy 3m 4
ERBRAXRFHES, FFXRESL. SL2WRHAETEA. BREZER
R R A Lr, BIREZA Cr. K JE S BIa e & Lm, BRIk b, Bl e3R
M Chl, Ch2 4 5idk. X E&H W/ MEFE EHE 1, £58| 44 &N &4
M, BEGRAT O TSt A, B — B8 T DL IR 5 LED AT & fL 3. E o D1,
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AXF LLCC R B T TESEX, TRBRAH -5 A ELER
BoRNRE, G Er ek EmE 35 fir.

1
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3.1.4 B R E oA

E KA —AMES N B L B A Cbl, Cb2 LI B HiR. RIE
AN AR FEHERE, AT XAHAEZNETEAYE, NEEREST
mEfE, WX (31 . 32T

t2, t3.
Ql = [} ico1dt=J, icp1dt=Q2 (3-

t2, t3,
Q3 = ftl ICbZdt:ftZ 1CbZdt:Q4 (3-2)

E—NEAHARE 1. 2 B AHWEFTwAN(GE-3). (34T

t3. t2.
lioaan *T5 = | i (D)t = [ iy, (Dt

(3-3)
hmfnzﬁlmmh{ﬁmwm )
5#%(3-1). (3-2)% 7 Ll E|
l6ad1 = lioad2 (3-5)
TE—ANEABRARE 3. 4 B AR ET0AR TR
loaga * T = [ s )it = [ iy, ()l e
loaga *T5= [ a0t = [ icy, (Ol .
% 37 7 b4 5
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AN, HREEERE|AEHARRE, A
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Brar X (3-3) 5 A (3-6). (3-9) , A&

load1l — 'load3 (3-10)

B L& (3-4). (3-7) 5xX(3-9), &
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A e fx 27] LAAE R
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B 7H B4 b A R BLRAR S, B L, BRAANAHREEUR —NHREE
B, LI IWE LED fiEeh 851450 .
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B2, #A 2(12—t3)M B s A E & 3.10 AT
REZEZBARANRD THEE, YaB TEERERARETEER A
Bl A — AR ESETE, TLAFE:

Vor +Vpe) (2 —tD)+( =V, +Vpe)(13-12)=0 (3-13)

(Vos *+ Vo) (12 —t1)+( =V, +Vpe, )(t3-12)=0 (3-14)

B TR B AT KB T AN AR TAE, & AR B IE 58 B AR T A S TR
ALl BA2MEMEE, UK.

Voca = Moy —Vos) 12 (3-15)
VDCl = (Voz _V01) 12 (3-16)

WA THREES AREEMMESH, —MERFREREEFHRRS

BEHR AT N T E L E, HEF
Vg = £ (Vo1 + Vo2)/2 (3-17)
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Vgy = £ (Vo3 + Voa) /2 (3-18)

K 3.10 7 & & b E A 2 % 5L L B I
T—AE B A e B B i e, B DL 4R Rk ] 3,11 BTk

Is +Vpp - n Cbl'
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HIRA JE & R AR TR AR B B IR, TUH R, HRE RS EAELFE %
FAESRE e EE, BT AWEAREMEE, URFE:

7.751 = USZ (3'19)

RELFERCERE, AR EILER+H:

Vst = Vi1 + Vpp (3-20)
Vsy = Upmp + Upp (321

BRar LA B & KA LAR 2
vy = + LoxtloCortlon) 4 2 ft 1 _ Ly gt (3-22)

HREEERB DR EFHTE L E0 A SE 11 B3RP FREEED, R
GEF LA EARLT, T, BBAAAE 312 (a) o WA R E 2 HAT
e HE, BEEREE312(0). HLF

, = —b1lhe (3-23)
Cp1+Cp2
T XV 77 M B-fa e R T 1
V, = V01+V021'V03+V04 (3-24)
TE BB S AR B HY i LA Y Rygag
Rioad = Il\:(:d (3-25)
BREFERMNE, FTUFRRREREH R s
Rac = %Rload (3'26)

HAR| M B EER T EEwE 3.12 (¢) Fir. ¥oAfmEHERDELE
1o 2w B 3.13 Frows
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ZCbZ Cbl
gv 2Cbl m V01+Voz+Voa+Vo4 |Cb icoi+i Cb
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K 3.13 AR MEF K E B
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jenfsCp w2
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nv 7 2n®Ripad
Vo 1 2
G = V- = 1 ¢ 2 I 2 ( 3'28 )
—n (]"Zﬂfs'l'r*'i- ) n L 2"Rioad
2 j2nfsCr+Zq j'ZT':fS'Cb T 2

Z1 AL JE SAE T R F AT, fs B BT XRAME,
FEETEREWE 314 i, TEXEF & —A &4 5 —4 Rload, T
Bl A/N#Y Rload A A Bl Al & BB R R AEFHNSH Ak 3.1 i, o LUF
SR S 3 T 3 3y 2w B 3.5 Fron i 38 7 R i 45 2 lload=350mA fE T T
1E d %,
% 3.1 LLCC ®i T 5%

Input Voltage 400V DC
Output Power 70-140W
Output 50-100V
Output Current 350mA/cha
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VO '\
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\
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XHELRRN T ERAEL LG REFHELEE .
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At FREE R Lm, wR Lm Bk, R E e 7 R E A, i
Lm #A, WRE|L e FRBFAEL N, (B2 Lm A, Lm Fildk s /& Lr HEH
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Fr R :

_ VOmax_VOmin _
N = TaMBAGE, (3-30)
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ATERIME, Vomax A B GAH HEE, Vomin A &/ B

B TR A AR A A SR A SEAT R, B R RN e X AR 1
B R RN, B ERRA, WHREERE. FUbw e R A
REBA, ERF#HERR/D, BREHRE.
35 RFE/NE
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