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ABSTRACT
The SMPS System Design for LED Drive Circuit

Bo Hyun Kim
Advisor : Prof. Geum-Bae Cho, Ph.D.
Department of Electrical Engineering,

Graduate School , Chosun University

The development of the semiconductor technology which is
used for the switching element has substantially been contributing
to a recent study of the power electronics.

Especially, because a range of the system defects affect
considerably to supply in a basic and necessary position on the
current electrical and electronic, information communication
industry.

The relatively recent development of light emitting diodes is
proving to have significant impact in lighting technology. In this
paper study up on the theory, characteristic of LED and the
parameter which is necessary consideration in drive circuit design
and the sting configuration method.

A switched—-mode power supply is an electronic power supply
unit that incorporates a switching regulator in order to provide
the required dc output voltage. It is simply a device that (usually)
accepts commercial AC power and provides one or more DC

outputs.



This paper has been studied about the forward converter.
which is applied by current mode controls. To operate on 54W
LED Array.

This paper proposed and compared the mode of a constant
voltage driver, constant current driver and improvement of

efficient output compensation circuit of SMPS.
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Al g ofgr 3}, RGB HEl} LED Z+zte] EAL 19 13 7).

RED LED : AllnGaP GREEN LED : InGaN BLUE LED : InGaN
£ 5 £

Vi=2.5V § Vi=3.5V § V=3.5V §

I=275mA [=350mA 1=350mA
Turn-ON Voltage:~1.7V Turn-ON Voltage:~1.9V Turn-ON Voltage:~2.3V
ON-Resistance=2.4Q) ON-Resistance=1.7Q ON-Resistance=1.70
Temperature coefficient Temperature coefficient Temperature coefficient
Of forward Voltage Of forward Voltage Of forward Voltage
=-2.2mV/C =-1.8mV/C =-1.8mV/C

Fig 1. Each Attribute of RGB Multichip LED
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Table 1. Physical Properties of RGB Multichip LED

Parameters Symbol Red Green Blue
Luminous intensity Iv 5.0~7.5cd 12.0~18.0cd 2.0~3.0cd
2.0~28V 3.0~4.0V 3.0~4.0V
Forward voltage \%:

Typical 2.5V | Typical 3.5V | Typical 3.5V

620~630nm 520~530nm 460~470nm
Color coordinates wd ) ) )
Typical 625 | Typical 525 | Typical 465
Thermal resistance | R®j-c 3.8C/W 58C/W 58C/W

RGB 2E|J LED TFEgo|BE AAS7 Y ofdelE T43= 4
Fol ol ATIEAAR SA 2H AAs ok AFe HeH vHE
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Table 2. Chromaticity Coordinates

Red Green Blue
X Tp z, Ty
y Yr Yy Yo
z 1-zp-yp 1-z,-y, 1-zy-y,
Y[cd/ ] Yp Y, Y,

2E ME e

Z} RGB d3 A% X, Y, Z& x, v, zo] #lEFEE A (1), (2)9

x=2y (1)
Yy
oz l—z—y
7=2=-"""Yy (2)
Yy Yy

Wb AelSAe]l #448 DS A2 93 LEE LED Sehol
g 795tz 259 LED7L 44540l o FIAES FE32 LED
9% Aeuee] wae] olFolA: HANLE Frled G e
B AH B 4 9 $EBopl 44 & 9ok I 2% RGB

HeE]F] LED 933 29 E4 & Jepdit
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(a) RGB Size Form (b) T=25TC Spectrum
Fig 2. Form and Spectral of RGB Multichip LED
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Fig 3. Operating Point and Load Line of Transistor
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Table 3. Operating Characteristics of a Linear Regulator and
Switching Regulator

A3 o 4 ol ¥ =913 dAgdlH

- Edx2Ee] ST | EWALHE 292 AL
gk S = AdL£Ao] FHon, o|lAHOF
Z73le] AY&EAo| 2 o

’ = =0 FHo qA A H
c e paay Agay oo 2N WA ARSE
. B3 3 whE &
24 ;:ILM AEHE YL waw avagel A9
= " AEu s x 23 A a3
e & AdaA agRg ga | 0 THERE AHE SRA
ol A 7V
o H
g 3EA, AV Aan |« AYFHeE e FYE A
ol A3 w23 FE SHAZ
T e o] ol whgste] AW | = xol= P Axlwbge) wA
deA 3 AL - 2/ BRam 2R g ¥

dAAPAGer SHAYGES =AU NA A Zd ol E A
%}9\19—“1, AAFE A3y §F Aloj7|& OP-AMPE Ah-&3te] A|#
7ot ASARAE o EF HEAIE FAT) AFdEdole 3
Al A dEZdole e &AL d4HAGT SHA RS Aolg 2¥A
woll ddats SAo] BAEA Hch wbA o] WAL HFdolE AA
A B HY &AMo] st AX ZEAFE I AFEFH
o]¥] ¢] Block Diagrame 1% 49} 7},

_9_



i Voltage

SMPS — —> LED Module
Regulator
i ‘ Lin

. Current
I Control Gain

l

Voltage
Follower

Fig 4. The Block Diagram of a Linear Regulator LED Drive
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AdE = AF I A3t A9 AF 0,9 Folz A (12)F 2}

V.
LJ[

b) AF s} 7+ DI'<t

IA

tﬂf

2:$12 S7} Turn-off = F7F 3o ZAWEE 19 10(h)9 =&
FAEe o] w JddE AF i, & tloler D,E F3lo] =4 5o
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Vpool AL 00] "}, =

o

thele= DL o= HEuE Y HF
iye ToleE DE F3el A4de] 949 o2 Agdd. Edxzeo
12} &3 33} 9] AAN] ny(N/Nels] V, AgL — Vst 52R QY
B Ly A V& —V/ny b Aok w9 E AR i, A (10)

o] Hdgt L., 1A O(zero)ol 2 wj7k=] 4 (13)3 o] Fradhe}.

a2, tholeE Dy o] AF ipyE %ﬂ‘:}- Zk3} g AF iyl 00]
3

g9 tlo]ex D, off ).
c) AF F by, <t<T

tiel 2= D, 7} off W AW E = 18 10(c)9) Fo] FAH o EdX
Ewe] 13}, 23 2 332 A V, 1,9 V,E BF (o] H}. =3I E

Wxxwle] 13}, 23k © 33k F A{FE BF 0o] ©rh

2. A3t AYE A7) Y=

AL (9FE A (13)A d9e AR i), 2 293 S7F Turn-on =W
F7Fstal Turn-off HW g&ded AFe] HIAHE A& H =
12 S7} Turn-off H& (1-D)T F7F F AF gkl W=A 0O(zero)
o & o ek A (9), (13)MA Ly, 8] AF{7E 0] =He AT &
T-shH A (14)3 2}
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T3 LJ[];n ax
V.

2

ty=DT+ (14)
nsLy, V.DT

=DT
VI,

= DT+n,DT= (14n,)DT

Al (1A AR iy, 2993 F7] T7F =7 AHell 023 = oo} 3}
B2 t),& TR FHojo} g}, wje}A XY= AwE e Felnle Hdzt
D, .. A (1444 A (15)3 7).

DIII}LX = 1 + n3 (15)

2= AWEsL 52 A5E A Fewl D,k A (153 2ew
nk 19 A% Ao FeME 0500tk EP=AME s # AN E n)
V7 1At Edaxe] Aaue] g on - V2

£ A% EazEee Fbd) Be Aspde AF i, Fh

5
c2ch dgA] 9 IAE et AYE AF i AGNAE AG V,

Fig 12. Voltage and Current

Waveforms of the Inductor L
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3. Add Lo AF 4,

Buck Z®Ee} Z-& YR 293 F7] T st 29x SE
Turn-ON , Turn-OFF & v 9¢g A V, 3 AF i, > 1Y 129
2},

a) AF A5+ 0<t<DT

2912 S7t on HE DT 77 £ AdEA¢G V, & nV,—V, o]nZ

AdE AF i, 9 71e7E= A (16)7 2}

di, nV,=V,

dt L (16)

Al (16)o14 E8Age] 2/ Aol LC ZE IR oA AASE=

A AR EHAY V, & AT AFHAGe] . o] HE A
98 AF i, A (16)22FH A (17)3 Ze] 3zl
V,—V,
Z.L: % * t+[min (17)

dGebd] 2912 S7} on HE DT 77 5 Ade AF i, A AN
s (=004 ZANAF L, S2HE (=DTIN Hd [, 2 713
o},

b) AF 3T DT<t<T

ARAAHANA 2EAYg V= dA} 29%] ST} off HE (1-D)T
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TF7HEer AvEE I¥ 10(b), 10(c)g} Reomz oYy HYG V, &

~V, 7 Ak webA A9 AF i, 4 (18)F 2}

7
ip=—7(t=DT)+1,, (18)

(18) 23l t=DTANA ZANAF 1, ZHE =T FH2 [, o2
KELiss §

A ADANA t=DTE WAt HANAF L,.E& TR, A (18)
t=T% ddstd H&AF [, & 7

_:'3_
o’l—t‘::l]]:;] 21:]-%9’] %&%}: IL:‘Z} Imin, ];nax% ¥-}t5. ZLI'-Z1

= .
I, =1I= % (19)
= 1y DI (20)
Ly =1, — V"(IQ_LD)T (21)

71AH, 2EAG 0,9 AFF v, E A (22)9 2o
V,=n,DV, (22)
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4. ASAEY A

ANAE A v, 5 SHAGolER FAAYG V.= D V.7 He
9449 UE AEL Buck AWES FUF P or A (23)7 2

o}.
11 J;n ax Imin T
A=y )y (23)
1 T
- Z(J;nax - min) * ?

4714 A @D A 2% A 239 s 2z A (24), A (25)%
2},

Vo(1—D)T
Imax - Imin - T (24)
Vi
=nl i 1—D) « DT
1 mDV,(1—D)T?
AUO - TC 3 (25)
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C. SMPS? 979

1. SMPS®] &%

AL T5 A A= AARAL A A (Linear) 3213 2913
(Switching)#A 2.2 7% ¢ Job. A3PAL o] FAEgo|
(Linear Power Supply)et 3pw 7|83l AL F37], AAFH ZH7)5
Ak, aga A A7 ¢ A" 7FE AgGer 7A€

29933 e 294 2x 39 A EFHe|(Switching Mode Power
Supply : SMPS)&tx 3tv] 7|23 ALFTH7Iet 2903 LA, A3
29 A" JFE AYLE FAEL A3 R DCEHAYS A=
stal A E EAYH vz 2 Y Heol Walsd HAH
29 A& o] &3l Wi Y AYgS FAANL & 45 SMPS#
o] s}l A Zetole] FEAS vlmeglch

Agdaae 293946 Hls] Cut OFF(0Volt &3)dA He =314
e (Saturation, W £ APl o277 ¢ @2 WA HAA
z4 Jhsdits ARHYL T8l 30740%AER Yok BHo] girh 1
A3 ER2Iw|o] 23t FoA BLE 3= AGH odb & AYE
F2 2 3l Head Roome] &£7-€t}, = o} g4 & Kyl 23, Yy
82 F9| 3lel Pass Transistoro] W3 Heat Sinking &} #

Efdxzxv|o Agor & Hue TS AA| g

49§ MOSFETS 9 #WEA 225 242 AE3to 2
7 98 A4S 4D 73 Fde AgeE WA F, dHE F3}

Aold A7 9 AYgs dv AARA HEA Ao 29 $FE o
Hls) &gl 3 W7ol Adie, &¥, AFs)e #d A AL
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A olth SMPSE 297 FA4E ¥el oA 4% &
gozd 29, 4B3%E olF 4 A%, olF AAAE T& BEA 27
o Aol Weshh e}t 294 F3H5E nFdsE 2
A EAF AY Aol Fob s AT 29Ad o BAsHE A

A5 e of g}

o
o
P
"2

Table 4. SMPS and Linear Power Supply Comparison

T 5 AR 9] A Seel SMPS
ol 2eH(30760%) =cH70~85%)
7] s 23(1/471/10)
% R 78 tH(1/471/10)
3= v AR, 43 HRAFE2AAHEAT)
JAE =v}H0.00170.1%) HE(0.1%~3%)
2 Z(P.R3}) Z}H0.1mV~10mV) AH10mV~200mV)
HAESTHEE w2} (50Ms~1Ms) HE(500Ms~10Ms)
APAY Fo] Yo
A8 A e AR 499 u-s &5 gl
&-&o] A3}
-5 100V/220V & %75
APAY Fo] Yol £
FLE i RE
A4 BEFF7F AL A9, LEASE U FYFA
. L5 gren Weu s
e, A== wx]7}
22 FA4 At
7+s)
71712384 AYA, DC
A&E=ZR I AL,
45 =M
10W o]3sle] AL
23 3EES 843 Y
A A= 9 7371 wl el 4 100W 7}A]
i e PCB 47 E71% PCB A go] 75




SMPSe] 7|1E&7AL uF 99 AYe2Hy 48 AF 43 32 &
o 42 AR 948 A4S AF &9 Age= wWslsi= DC-DC #AH

i

r

B, 29 A4e AR E ADAHZ, FAF, FAF w5
oz FHAG. ABAANZE oA 29 A LS FI: o

J

%7, T 238 AeE vimslq ¥ 425 A e v,
Eeol F 29X& FFI}e 7EIR T2 FAH g,
HE F 2939 &7 delexE, 2319 AYq F3 FE
LC ¥8 $o& FAse] 9t 7|4 DC-DCAWE = HHe] HEL
58 BEezA 429 Wahue 3y ¢ 3= FA e g
< E7 AMER ZRdd. 29 132 SMPSE 7| &7 S v

FI
‘.

r'—:

[o

ol 21 = 4
Pl L0l = = OH = Qliat Al DC-DC Zelds
E] YAzl =2 g2 HuH k=

Fig 13. The Default Configuration for SMPS

SMPSe] 3|2 AL AFs ERxFee] {54 we 34 AdFFH
HAdgd ez s £ 9. Adg 22 = Flyback ¥4}, Forward %4,
Full -bridge W2}, Half-bridge ®}4} 5°| 93, v|2d3gd 22 = Buck
B2 Boost W2, Buck-boost W2}, Cu'k %2l 5o| 9}, 18 14+

AA g% w2 SMPSe Ao¥eE Yellx gl
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= o
o [
= T
5 -1 £
a o Flyback 2 I
z 2 &
< / o =
g %o =3
/ o ) =1

/ N
/ & 3l IR
>, 3 2o

w0 Y. g

/ Gy = o
/o f £
& orwar =
[oa]
[}

1.0 10 100 1K 10K

Output power (Po)

Fig 14. Effect on the Capacity by
SMPS Classification

2. SMPS?] 459 ¢ =

= AvgE 19 159 22 Single-ended TYE AWEHE e}
). Single-ended EHE= AWE = 1974 =g 200Ww
SMPSel A 7HE e AgEE AW EERAF Frieldh
Single-ended X = ZAWE = AY WHILAZA FAWEL ALZEY
2 olFS KA =ik Y= AnEld W3 AW e A{VL 135 2R
E W, 23} S A{Y EFo] EMIE Aol oL Fi®
the Aolth. FAE ZAWE, F HeA AvE I L s=HYA| AHE
2E JEAHos ¥ A g o]} Single-ended THYE An|E 9]
A 2EH2E FAZ AWEHS 2V, 0/t olF =9 Mg 2 A
55 AAFN Yol A= D& v [dd BES AHEE
ek el

ot
ol
f

o

bt

et

r[o

»
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cri 11 CR2 L1

o ——Pf /TBEE V-
I o . Is l+ T
N1 H% N2 4 crg O f|'~ Vo % Ro
Vin ci ;7+ t1d } l
Q1
l I Nmag

Fig 15. Single-ended Forward Converter Circuit

Single-ended XY= 7AW el 7|2 =29 FFAL &3 2
APl E EgtelB 37 Qo HE&HHW 225 AR L7 CR3% Lis 74
Trate] F3t® S8} ol § IE FAL EWRxIv T9 FH 74
get. SO ASAF{IE ER 2T 1315 FAEHIL ué Alo|lE =
o] Byt A AL of, AstAFE= © &= H5 1315 AspA [ AL
. ZASA{FIE 594 N, 9 CRiE A A4S F3] 5. @A
AHA N, 175 A4 49T AF5E e, g4 AR &
HE u, Q0] Turn-off¥a t}o] &= CRio] ¢, A 7HEQ} A-4¥ Ao
2 FU3 AgLeR #5545 olE onl= EWX2HY Turn-onAl7t
, 0l AA A Tel oa] YA 0.5% 0.58 ZH3hA] gkofof g},
agx] S A Y= AWEY Volts-second= A Volts-second
£F& 235t Ed2yvis I3l o A [ FEeE Ad

A3 1253 A AL BHEA AmIA 7S selof Pt FAZE

e

1o Rhe

Single-ended Forward Converterg A}£3= 714 2.3 ol f 9
St FAZAWE A Fol Ly} 2AsI] w Fo|r}. Fo] T 1
A3 221448 EF¥ el Aol € 4 9Jrk. 13 162 Single-ended

Forward Converter$} FA1E ZAWE 53 BH F=Z& HoFEt}.

ol
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v B
+Bsat 7 <—BS +Bsat T 4_85
B —y [ g
78 ||
d: g
-H— L e L I e
—He Hs % Hs
Bac = 7B/2 Bac=78B/2
—Bsat —Bsat
L g - _B
(a)Single-ended Forward (b) Push-Pull Converter
Converter

Fig 16. The Dynamic BH loop Comparison

293 7o single-ended EH E=ZHE S FFYHAFE FAESAH
Ele} FdsAIg AR 4 FAAFY Foalrd o FE ¢ &
et 22 dHAYANA Single-ended THE AWE S FAL £ 9
AAF7 2A 2] FA7F € F 9} Single-ended TP =ABE 9 ¢
e 9} e = 7| E FaFodA FFe7] i 4 FAE AHE
X} @,

19 17 AYHQ Single-ended THYE=ABE S & HolFEr),
FI9EAR Ie, AAF Im, 98 Lo AF L AF7I 2R AA
53 CR:% AFE AF7] CRsE RFEr}. 123 Ad9e A Vg
BoEr).
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;Q‘Ion ' Q1o

CR1 | |
IITI / i E
il e WO /\ t
! T i//‘:k__\\k—______‘
I CR2 | CR3 i

2Vin

| T T

Fig 17. Typical Single-ended Forward

Converter Waveforms

E o2 o Y= ZAWEQ Double-ended THE= AWEE 18
187} 2t} Double-ended ETHE= AWEE T /Mo EAA2EHE 2=
Ho] Single-ended XY= ZAHE S} v} HoE I9 1994 & & 9
t}. Double-ended EHE ZIWE & Single-ended EHE ZAWE ] H]
3 ©] 2733% FZoltl. Double-ended THE AV EE 3lte] EdX
2€7} 49 A el High-side Aol glow o7 8 72 F23 AA
= 7. A" 29H ERA2HE F oo 948 2V, Bde 4
AV, & 928 oA =3 A WAAE AA 5 9 #A
Af{7E 12315, CRiF CR:E §3A4 E23 APez EF3c). o3t
A AEre =23 FA JYR2dA qUAE AR E HERE IDE

“
o} FAJYR 2 o3 A A9 AgL dHAY, F, F A9 ©



—
T ——p 1118 T
+ o ., Is L‘F
| T
Vin - T d ; l
CR2 Q2

Fig 18. Double-ended Forward Converter Circuit

Q1,Q2 Q1, Q2
on off

C

CRI,CR? |
m /

Ve vin I

Fig 19. Typical Double-ended Forward

Converter Waveforms
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3 23 Ay ASE LAATEL o] AAELE 23} o8 FEAY
& §AANG, WA T ) w=: 3 o3l Axo] TEASA A4
of glt}
. — i2(t)
Vi) Ty N2 — va(t)

Fig 20. Normal Form Transformer

a9 203 e AIHR AN gelA A% od AP w3
A7 8 2t 4269 R,

Nyi, — Nyi, = PR (26)

A7NA oE A%, RS AR APH2o|th Lenz's WA
23} AMANA §718 mmf, Nyi, = A&e] 2L uhlel 123 WA

mmfol] oj3] P, dHA2E A 27)3F o}

R=-! (27)
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A7 1L A7 AR Ao], pi= FAEO|IL AT AR Fof B
o]},
A 2] (26)2 A (28)7 2t}

l

Nyiy — Nyiy = QSTAC (28)
714 whek pocoBhd A (29)8 2,

i Ny

TN, *)

o] 4l EMAIwE 7 PchH Faraday's W o8 ztz+ A

(30), A (317} #Z}.

dd

V= NLE (30)
dd
Vy,= N2E (31)

Agtel Bopge A (32)3 2.

Vi M

VTN 2
ASIASE A (33)3 2ok
B Ly,
8 s 39
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9714 L,= 234

)
(T
J)~
£
flo
[a—
)
Y
)
N
r:o

)
rL
J)~
£

fr

DN

R
Y

A7) Agrzolc}, weby o] A EAxEre] BEE I 215 2},

(o]

Fig 21. The Ideal Transformer
Model

L1 R1 i |2 R2 L2

o«
Vi’ Rc Lm%w N1 %H% N2i w2 Ve

Vl, = LSLW_ LLQW (34)
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di,’ diy’
V= Lo~ Legy

AZNA L, L, T L, T 135 A4 2] d4€d &, 2315 AA
o] AZIIYH A, 2 1353 2345 Aol AZIYEXE 77} 2
u[gch, Ao FRAYH2I} EANER L, < /Ly L, 2 AZIAF
K £ 1%t} #Fr}

JFs ENxgwo] AA G FEof = AR 4L A v}
Aotk A WA FA TE2E A F(Eddy Current) FHAZ 1253}
22} E Alol o] MY A A WA= X9 279} Approximate Effecto]
t}. o] Aol A FAA FAste] LA g},

—

AFs Aae] g ERxzvie S EE F o S3EAd
a9 232 20HzolA 20kHz ¥l 4wt Faed zts Fdq B

Fig 23. Broadband Equivalent Circuit of Transformer

r

Bole Edxzel BlAXE A e JAAH Rl £33 125
3 ANANEY G, 2245 AES 34 AN ¢ 2L 13
24E5o] 35 A3E ANANY ol

m
2
Mo

i
o
DN
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. ERAxxve] AAARE] A

AR e AAAYANATEH FHE FE 4AF F A FAel
Zolgrla v HAR A foh AAAR g 2 SR 83

A AR Zd< 3T A2 ol §53F £ZE A

n [m [ .
2o o @ e K
v & opet »

* o
32 %
£

e
bt
i
N
%
I
b
i
flo
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.
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>
=2
R
e
flo
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>
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3
o
v}
o
)
N,
R
2
=
o

Table 5. Characteristics of Soft Magnetic Materials

Bmax Resistivity
A B 27| Perm. ERZF %
(k Gausses)| (Q2-cm) e

Iron 250 22 10x10° ¢ 50-1000Hz

Silicon Steel 1500 20 50%x10° ¢ 50-1000Hz

78 Permalloy | 12000-100000 8-10 55%x10° ¢ 1kHz-75kHz

Ferrite-MnZn| 750-15000 3-5 10-100 10kHz-2MHz

Ferrite-NiZn 10-1500 3-5 10°° 200kHz-100MHz
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R

siefol B Aehe ARolw A& Mo} AN o kel
AAA & ARolch AL SAol= ARTEAA Ba o2 F
@ 1AE AA e g o gAole] AL od FADT. A
& =Nz A BolA Aubdel sizte| Ee] S RAA FAL

2 249 L s|z”HEEA gl

Flux density (B) B
H

Br -

| [ Hs Magretic field (H)

B-H Loop

Fig 24. B-H Characteristic Curve of

the Ferrite Materials

e
ofr

sigtolEel SAol B Aei} AEAe A5 FAE w24
g3 9% AR P $He] WES FoH5 2ol we AFHAch
FAEE st E Am 443 A7 AR A7 AGDES] A3} 4
oo W& Helsn o Aul FALel AL A (36)3} Be WAE

AR

|

B
E = Habsolute — Holly (36)

Y FAES AFERNA A F5S FNFEAE 40 Fo2 EW
Aok A7 FEE ARFR FAEID polE 4rx 10 (W/m) otk

A Ql st £ 7] AL WA Fae] FAEE A 10°0me]
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9 L S ztie), =3 23 Asts AAE £ g AAAA
= 100CAA & W T7xA| HE

shel 3 we FAA AT B FARAA 10-12 A5 FAAS

dEolE Fojeo] /M Edr nFu7ddte] T 1991d oA 7}
Zl 100kHz-200kHz®| F/FE ol F3 2 FZo& 500kHzol 2 533}
I gt Fe 293 A S84 d& FRAFIAFE 2000990 =
200kHz A Egict. wW7t5sts dde] Frhe wl§ of

AA FEE 2FT AMe] el F8 Fo Raol e

& 342 94
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3. RFs EA2EH 27

= Avjgo] A7 s 2
29 e A7 A F2Y FFo|vh. E 62 Ieo] JEFY KT ol &
313 100kHzd E&35t:= 250W Y= AwWE AA AA Apeko|c).

Table 6. Variables of Transformer for the Design

No. AAEF 7= #*
1 H& d¥gAg Vinin 280 volts
2 AF g€ AY Vormal 310 volts
3 HAd 4844 Vinax 400 volts
4 =974 V., 24 volts
5 =94 RF1 I, 8 amps
6 Y A2 |2 15 volts
7 =Y AF[F2 I, 4 amps
8 =949 P, 250 Watts
9 F 35 f 100kHz
10 oy n 92 %
11 g ol A a 0.5 %
12 | del2E AHis) Vi 1.0 volt
13 22 &Y 5 AB(B,.= AB/2) 0.15 Tesla
14 remanence B, 150mT
15 FolA = EI ferrite Core
16 PES o] && K, 0.29

17 EEAS BEA T, 30T

18 2o A £ Dyyax 0.4

19 | Demag turns ratio N,uag/ N, 1

20 Demag power P g P %10%
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ZRAGD AFAGAole] WAL lo|x PAe] EdHFELo|: A
(371 At}

_ 6.62 _ 662 _

€= 7\/7 [cm] /700,000 0.0209[cm]| (37)
AA ) gL 4 (38)3 2,

Wire Diameter= 2(e) = 2(0.0209) = 0.0418 [cm] (38)
bare wire area, Awx 2} (39)3 2},

4 - 707 (3.1416)(0.0418)" oo, lem?] (39)

w 4 4

Al AWG No. 269] bare wire areas (0.129cr o] 2% ¥ AA
A #H & AAY B- FAe|t). gtk AAA Y2 WA xgE 8%
W o#26 B #2759 AAE AL E . 28 A 40)3) 2.

P,=L(V,+V,)=8x(244+1)+4x(15+1) = 264 Watts] (40)

297 285 ¥ 949492 4 @D 2

P,(1.1)  264x1.1
P, = T 0.09 =306 [ Watts] (42)

AZIA S KE A 4 (43)7 2

K, =0.145f?AB*(10" *)= 0.145(100,000)*(0.15)* (10" *) = 3262.5  (43)
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Fole] Flast A% K& AN A (44)8h e},

Pianax _ 238><04

Ky, = = 0.5x3262.5

9 ak,

= 0.0749 [em”] (44)
AFT ERxzve] AS AES o&E KF HHsNoF g
Bobbin FerriteE o] &3t 725 3ol A5% Aol A H[EL 0.6
Aot} 100kHzoAA 23} #26

Zate] & FEdAe F WHE 07822 AAH
K,& 7238, Fol9 788 K, 1.359 o3& FaAII o] && K &=

0.29 olc}h. wehx Fole] 7133} AlF K= A (45)F o] A4t}

=
=
¢]
i
o
ofo
o
8-
w
7.
=
o
oh
@
Q
il
K

K, =0.0749 < 1.35 = 0.101[cm’] (45)

E 7S A48 Folo A S eI
Table 7. EI 5040 Magnetic

No. W b A 42
1 Bdv PL-7 EI5040S
2 2 Xk 2} SAMWHA electronics
3 AL 3%+ nH/N2 5200
4 Fol&EA Watt max 10.90
5) 2| FAHE uiac 2400+25%
6 A& C1 0.417
7 7}2 7 o] Le(mm) 95
8 =S EdA| Ae(mm) 21660
9 SRR Ve(mm?2) 213

10 | Window area, Wa | Aw(mm?2) 253

11 A Wi(g/set) 112
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dA NpE AAishd 4 (46)3% 2}

R B4

12}

I

Vin(min)D(max)(104) 280><04>< 104 .
Ny = FAAB = 100,000 < 2.13 < 0.15 0 turns] (46)

PESF ol &FFE K, =029F ol &3] AFHEE J& AL 4 @3

2},
_ 2P,/ Dy (10°) 2306 % /0.4 < 10* — 165 amp/em?)(47)
FAANBWK, 100,000 X 1.23 X 0.15 < 1.118 X 0.29 pre

12} & RMSAHF & At A (48)F #Zrl).

n

P,
306 (48)

wm

I = = =1.73lamps
Py Dimae) 280% 1/0.4 lamps]

in(min) max

12 & AAe & AAWA 4,55 2 (49)% 2.

I, 173
Aupp) = 5= Jo5 = 0.0105[em?] (49)
L7EHE 13 & A e A NS, A (50)F Rt
A
o 'urp(B) o 00105 .
NS = Aweas ~ 0.00129 (V)
23} & 29 1] Re5E ANHA 4 (513 2o
]Vp(‘/ol - ‘/d) (0% .
N‘;I B D(max) Vin (min) (1 * 100 ) B 8[turn8] (51)
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221 & &9 19] RMS AF L, = 2 (52)8 2},

I, = ﬁ=5.66[amps] (52)

SFHE 23 & &9 19 AAY mE= A NS, A (53)F ).

22 & &9 19 §& P, E A 4 (54)8 2

~

22 & &9 29 A5 E AAshd 4 (559 2

NP(VQ_V(Z) « )

NS'Q - D(max) Vin (min) (1 * 100 - 5[tur718] (55)

22} & &9 29 RMS AF L, A (56)3 2}

I
Iy = == 2.83amps] (56)
STHE 22 & &9 29 AAMe mEe A NS, A (57)3F 2l
Ays)
NS = AWGI;G =13 (57)
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[\
)
e
e

P, =I%R,, = 0.0034[watts]

13 % 9 23 & B

zr

P.,=P,+P = 0.227 [watts]

Efx

cu
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W, =0.3
& A A (63)% 2ok
Py =P, +P; =1.254 [watts /cm?]

<E BAFE T, AAEHE A (64)9 2.

T. = 450 (w)**2%) = 14.89[C ]
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Table 8. Frequency Criteria of Noise Filter

FAel FF F3% A4
2 ¥ VCCI, CISPR 0.15MHZz~300MHz
v 5 FCC 0.45MIHz~300MHz
=9 VDE 293 5945 7300MHz
CISPR(International Special Committee on Radio Interference)

R EAL] A5 209 ACHLF} 2HE=R 39 DAt Sk
AC Jgaele] A48l EMI e IUEES XEEEo] Lo|XE
AAR & = AZT22 TR . I3 302 AC IS
EMI ZE 9] 4ot}

A
|
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Fig 30. AC Power Line Filter Configuration
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Fig 33. Control Block Diagram
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Fig 34. RGB Multichip LED PCB Pattern and a Prototype Photo
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Fig 35. LED Driver Circuit Using a Switching Regulator
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Fig 41. LED Load, Combined with the Prototype
Photos
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Fig 42. Input AC Voltage and Current

Waveforms
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Fig 43. High-Frequency Transformer Voltage

Waveforms
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