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High Voltage Integrated Circuit for LED Lighting Control and Driving

Student: Ching-Sung Lo Advisors: Dr. Mang Ou-Yang
Dr. Jin-Shown Shie

Degree Program of Electrical and Computer Engineering

National Chiao Tung University

ABSTRACT

Conventional LED lighting drivers ‘suffer three main. drawbacks: (1). using
low-voltage 'high-current LEDs with costly heat- sink, (2). filtering' rectified AC
voltage by using a high capacity electrolytic capacitor which cannot work at very
low temperature and has limited life time, and (3). employing a bulky transformer
as energy converter. Here, we present a design scheme which includes a
high-voltage integrated circuit controlling and driving high voltage, low current
power LEDs without using electrolytic capacitor and transformer. To evaluate the
feasibility, we design a prototype of the proposed-high voltage integrated circuit to
drive high*voltage, low current LEDs. The experiment data demonstrate that: the
power factor can reach more than 95%, the power efficiency is around 90%, overall
efficacy is about 80Im/W. in the case of using 90Im/W LEDs, and though, not visible
by human eyes, 120Hz flickering of the LED light-due to the intrinsic characteristic
of the proposed design scheme is observed. Under the condition of no electrolytic
capacitor and no transformer being used, the flickering problem is deserved further
investigation in the future study.
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IR A ED BEAtAH KT ARG o P TR - RE
T fRAp kA c B AR MBI RBEEL 0 Y TR

AR 2 AR MRBRERAML RS LRY JEIENFRTBTE
EEERTT B AR AEREE FERIBRETRANE S A
gﬂ%mgT’?ﬂﬁgg%ﬁo

iR a5 LED PR SR T B ik B R 2 B4R - A
5;/@1 B*FBREEBRLMAELTE P2 FESRBER > T N EITT
Toon N Egpds LED e 2 > H b ddeod 4 frT ot 3R RGN
R H B A Bl FE R R AR

4B L[ED RP & Ah= b
IW3620 A XAR s

IT % Gk | 0% A
LD & | o ED | S | 0%k
LYARER

THES # 26 MY ~

TS
PN
| O 2
IC'ft i‘.‘ﬁ: 'E!I‘* }‘E. ” ¥ L lq(/j

HEH T 50%~80% >95% A

21 @3 LED B P eh5RH T

@ﬁED%Wﬁ%,% %ﬁnﬂWT d g B R R
@g#ag AT RS SRl R BT R o BN /@/ﬂ By e 37}?’5\5{
B BTRTET T XYL F o RS

ﬁi#ﬁ—'%ﬂ{rﬁ FREBRE IR nﬁwﬁﬁéié‘:iﬁﬁ%d,ﬁs
¥ e 7HBRTR (A4 BARE) 2L %= (erroramp)
@%§ﬂ$£( WM) fesgd 3 8 o
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=
it
?ﬁ
‘T
‘\?
"‘ﬁ

G AEAIE (V) HAREYTRE (Vi) » o L
ﬁkgﬁkﬁif% R AHIE (PWM) fosmds T i 4%

S-S LA T i R A TR S S5 iRl eR ek T
ik Figik 1o 0 @ gy F LT R R £

P I P

v %, ?% 3

Vref Ve

<
Pl
s
Jﬁ
<

Vs
| | | Rsen
cLock j T\\

CQUTPUT

TR T B A (B 2-1)2 o0 v ARk
$?+W%m%éﬁéwo—@mw%ﬁjw%mm Rsen # £
7 % MOSFET B M cnikiil » R H 7 onent | %&ﬁ LR RE D

B R Bl AT F M MOSFET cnd priF - &t 4x
FliE e e 5L V82 % T R Vref vt gi? %d;iwww,vlﬁﬁ

BHH ISR ﬁﬂj%é?z?ﬁ Flifz pRE o L F R ERK

TRSLFEHIFRLE > REAFTIFMALEL - RBE- L
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?/,iﬁ4c°$m/n L_}E\j'rf'ﬁ,lm Rsen t &3 & Vs £ 3] Ve B »
@?mﬂiﬁiﬁ’wﬁﬁﬁﬁ@RS FEREE QBT
R

Sy 5o Rl
B | F i pe (& RS & 532'9% % 6o §Y %"3 °
RIS St 1 PER S ’?‘»’fﬁ?ié%ﬁiﬁ' glart I T A s LS

4 A GRRRES LA EASGITE Tinfer T3 BT
o REEBR B E T TR PF LR ﬁ%iﬁ%‘
P’%f*’clﬂ]&r’ﬁﬂ)\q’@"[; UG ECHPINE:. SLERIS < S-S B ot 3 B

o B & Ve Lbﬁfrﬂ? PEe IERE R O PR TR Y (dutycycle)’
¥ x—‘v’—’iﬂmfﬁmﬁfk’ A %T] PR RIS AR BRI T A R o Ty
?F%s—\m@lﬂ:?jfﬁ 4 AT R e B AR
= Rl A 2R (| ) /*i@fﬁ»ﬂﬁ’%@g— = 'F'Jmﬁﬁ
- Bd TREFELR

R R h
1

AR &

F
BT TR HBART A S AR TE s WEFE > TERX
CRE R FRKE T RARE R B T AR AR

221 AR T &
FARFHP R s Ae(R 5) 0 RlEEE st 3 25°C, 220Vac 2
IR TR

405, %

kB RS 6 & 18 &% #;3% (SEL
(2 f5 y 53 M2 0 | 220 | 260 | Vrms
Z ) A T3 28 e o (SEL

s )2 0 | 220 | 260 | Vrms
LR lec | Vac=40Voc, VrRer=15Vnc - 1 01|02]| mA
Sps T ik ID1 | Vrer = 15Vic 16 | 18 | 20 | mA
e ID2~6 | Vrer = 15Vic 32 | 36 | 40 [ mA
S5 T o B Virer = 15V
}g}%éi =l oqc | - 03] - | %°C
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E@ﬁv i | Vrer= 0 Voc,
sk | V(D1~D6) =40Voc Sl |0 A
VREF # ~ e
) WAL S 00| - | - | Mo
BT A | Vow | D6 g RE 150 | 180 | 200 | Volt
TR Gk

t - - o1 us
—%—K}ff}% OVP
55 o8 > e
2_ lsw - 10 - mA
bt ) 13
U

[1]. &= & F #FiEFT B VACMax & T 7] 2> 12511382 9 ms 4 7 2):
VACmax = ( 2 < 7 & LED ¥ 4% i #ic x LED g » 7 /& Vi+150V )/ 1.414
[2]. ””F%F’”’%‘I?,@iﬁiﬁﬁﬂ FARFTREE  FH TR §aE ) 30D
TR GEE iy oo p B (RS LED enT 307 k> @ {7 LED T 3o
e R R (P HR)E M B LTRSS ST ES BT
(over-loaded) @ gk o
[3]. i T R i e P Bk & D6 2o
4] BB+ 546 (B 2-32 F) o HHoa8 £k 35 SEL #4mends 2 %
e A 0 & SEL 4T 5 641 B Bt fish s 2 SELE= P S 3
F2F 2" i3t e

222 QAeiE &
T R 2 B R 1E 2R 5.260 Vims 0 e df E 4 R R Bz (0.8um
BCD 500V 2P2M Psub) % # & H  j2 e » wif @iz il - 30 WA

2 AR B P '*“f"f? IS A ’&“?%V LA
oo WAL G GEY T SR N R T
5%

223 TERER -HBHE TR E RE

TR IIARZ EART er% * 71 EDA (Electronic Design Atuomation)
B 22)er—¢ o Cohesion % T =g ®IsE TR * 218 » T =%
* 8o A 4 2 Neflist 47 5 15 5 Hsp|ce FEATH Hsp|ce - R
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Fepoorie * 2. 1 5 > 42?7 &7 Cohesion #5fe i@ * » i
BEHHREALT F SRR TR Laker 3 TR W A FFE AT *
A B FRDERATRZTRESFMG A 1 2k DRC
(Design Rule Check) ez 75 #5841 ; Calibre 5 T 8. b2 %% 1 £ » 3 DRC
% LVS (Layout V.S.Schamatic) & ik f & d K352 & s Tl o
H ¢ LPE (Layout Parasitic Extraction) # #-i% & {8 en& 4 T ILE T 5 3 B~
AR LAY B S R S s AV LB ¥R s > H /O (Input/ Output)
L7 i T 2x 7 (Electrostatic Discharge » ESD) 1 3£ & B& 0 #x -3 iF
A f8% 7 H07¢ (Human Body Mode » HBM) ~ % 2.7 #-;¢ (Machine
Mode > MM) o & F it & FEEF st = = > TE T AT & FIRGE 7 & [
] 1T o

o

Full Custom Design Flow

h

Cohesion | Schematic Entry

1

HSpice | Spice Simulation 1
- OK
Laker IC Layout

Fy

Laker | - DRC Check.= -2l = |
GDS Il | OK .
Calibre | DRCLVS Check-4-—
0K

Calibre LPE

HSpice Post-Simuation Fal
GDS Il | OK
Tape Out

Bl 2-2. = BRI AR
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2.3.1 % 5 BBl B
W g E (B 232 A)

#-2ow ik (AC Power) o2 B (full wave rectification) » T”«r\ﬁ-—)—
AT RELS D2 TR - & 220 REFL L au«/fﬂmf@’* LA~
B 2 R R S 3N uk#:% od A mitk (filter) &2 42R
(regulation) » F]pt TR PT R FHFR (X  FRiE2Z TARELAT
JERT

LED & 4 (B 2-3 2_ B):

d #cip LED i dfp B B % > EI“&T,):,\ vt E w R LED B 7 o
B B BarBRr g (s - 15 LED 38 fp2 12 4% (Cathode)sdt 22 4p 41 & 2
UL PRl H A o 55 (R 2-3)2 & si= Bl (functional block
diagram) e

 ERnEeH (B 23 2 C)
FENT ek, R URTIEZ Ak A F TL R o mIRRRG S

< (@) 2-4)2. Current Clamping % #& 5 = — BT /i 58 H ~d — i NMOS
T oM (Qn) & - BT IRAER - (source)ih v A T I (Rn) AT o 3%

NMOS % & #82_ i t& (Drain) =4 5| LED 3o dp 2 5| ¢ hipsteiags -
%2 NOMOS T ¢u 8 2 W 185 — A FRZ 2 dls (Gn) s 2 18R T e H
T2 TR M%ﬁiﬁ#;@ "1"% 77 ) » 3% NOMOS & s %8 e i
A s o @ o ies% NMOS &8s 18 2. T v d At (Gate) &2k 1& (Source) 2

ey R (VGS)*»E’W”S%‘ 2 (Rn). 2. 2. (nominalvalue) #7341 > @ 3%
WA oy GHEYAT ( e % 2 BE vAT DR ¢
= E_ ‘Jﬁ ;’/Z NMOS W ElB’W’ ﬁx

% » VGS #hg fﬁ)j*é?rﬁiﬁﬁzﬁ"ﬂ‘”
oo M Bk RN Ed vAATIEEE VG TRE AT o
VG&iitk-x"rO R FRE = (BIERE"0"ET) AT R
PEEEB 6B) TSt E A ERHRGE A UTIRE
s B Opep i B 3 F)3 (power factor) i@ H FEiT3t 1(100%) -

17



Rn

T T RMRE A (B2:32 D)
WA TR AT 3 il i 0 T RGPS % ﬁ"¢+ﬂ?%°
'43
— W {

Ry - B2 TR MEPTE TG T BTN léz J?,
o 3%+ (B 2-4)2. Current Sensing Circuits - Mft 7 LED 3ndp g ey -

RS 5 BRLAES BT LB T A R R 2

~

B o9
%ﬁ%”’A—@mmmﬁ%ﬁmbp—@mm@ﬂﬁ%% w@o
T

;F,

-

B PR AR T PR m&%@,]* ¢ kxds (turn-on) - i NPN & & %8 > 3%
NPN % & #8 2 fk4& (collector) & 4% 3] - & *+ £ F= (pull-up resistor) 1
A LRGE TR Sl - B A B (hysteresis) # ~ 2
BIEF » % (nverter) § (FEM I KRB S v B BRI - B RS
Fro B UAFH Gz B §F 3 R il By AT repF o
Rk R E A g B B4R = (High logiclevel » "1") 5§ i w 4 R
Feen@ i fLps o TR R E A f gy PRI = (Low logic level, "0%) -

R TR (F23 2 E)
%@?%ﬁ%ﬁﬁ%®mﬁtﬁh@ﬁ%ﬁﬂ?%°&ﬂ?%?%

B 4e(] 2-5) ~ (B 2:6)557 o g 441§ B g2 & T in iR H & cnilgR

%wwsa’i@?i”&ﬁ@ﬁé’ﬁﬂﬁiﬁﬁﬁ%ﬁ+ﬁ;%
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(G1~G5) » %Gy 4| 2 iy B R I H R IT insms E =~ (Q1~
QG) s HP > Q1 eng i A %-Q p, m Q6 e e (Gate) 2 kd LL—"E &iﬁ_
B (GB="1") o A crilBiRE | T E (B 25)° 4l o A B (W
2-6)

sy

From Current Sening Circuit

')
W

_,_,_1

To Current Clamping Transisters
B 25 Spde TIRE M BIET R

JoA BB (B 2:8) 2~ G R AR OT R T
Iz TRGA, AT R PR AR T R € k(R 2-6)4 T 2 PE B B R /E
FoAp b enBRds g 2, @ 2IEER B SRE R 2 B BB R B i -
BERERAE T, FE- BRMAES) P RALEF BIETLT
i (B 4o 10mA), T )I*grséf}@w— Bopd s, AT T
o TRE 2R L RS ] (B 2-4) -
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vac

o
2z
3 o | S2/85 | | |
25| S3/S6 | |
o=
“
= G1/G4 | |
(]
g G2/G5 | |
=
o G3/G6 = High Logic Level
B 2-6. g 7 IE B M A B
BRLE TP o E R in BRI R TR R & U TR AL E T
W HR-ERIE R T AR R Ea R R R R RE ~
BlATEZ Bl BB RABACAMP LIV TE A BT ET
i (L) xR b i he() 27)41 (T 320 T i 60mA) -

nnnnnn

[ZHC]

12+I5

M1+14 \

13+16

IL (Current

Loading)

ivas)

{ AC Power e

220VAC@60Hz

12+15

11+14

n
)

Bl 2-7. i~ TREI A AT A B
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31 H&ERFU

o Wl e B 7 A% Driver Shdosh ~ FER T~ 7 B - TR0
Bl B R Ry ESDpp A E o ? F R Z ESD
A ErmElC .t ak (B2-3) 5o B n ¥ Bt 3 % BB T

FLEEN

BT e 3> A IR i & R o

]

VREF GND

VAC

B 32 FEEE (BALE AL 6)

32 BAHILE
IC # SOP (Small Out-Line Package) it #3]5% » # 1 & # it &2 p ¢
BT IC f PATRET R IC K P A R hA hEUR R WA

21



I~

BATIIC ]38 PR R A NS K W LE R AR A S
2@ 2 % SOP8 (% 6) ehitEAIN T o

BARICHf B R Gkt P UETAID A Cangit T, &g A
(ki “,/TT TV A g E R IC R R, BV g ek 2 IC en
Tnsp oS, wR A KR T 6 IC KR G X G
¥# 48 % (Exposed Thermal Pad) Bk 3 E R T B R (PCB)PF, 732 &
6 F| IC e B® 4. Tt 2z 4 BGERECEAER S 4 T B 49 GND
Tiiipid, o GND 7 7 & ﬁgr‘%%%gal A S ET, B
TEASL PN

34(415

Em

%6 BT

| 5 5 S
Briz & » :

. (Pin number)

# SOP8-2 | SOP8-1
VAC ﬁﬁ%iiﬁ?% 1 1
GND T e a4l gL #i AR TR AR R

(220) | (P3T)

SEL EH 355028 & 36?»’13/@’* X X
SEL 43+ (GND)p, & T L3E 0 28 BN PN
#
SEL ;4% (floating)p, X =5 6/ > 1 ¥

VREF  [d43%hin2 54 L/, o' 2 B 8 8
LR

[D1 Y- bR am (5B % 2 2
SEL = GND)

D2 Yo BRTnme (F- B B 3 3
SEL = GND )

[D3 Y2 ERmEE (%8 %K, 4 4
SEL = GND )

D4 Ye R R nme (-8 8- B 5 5
SEL = GND )

[D5 YIEBERASmEE (%28 %K, 6 6
SEL = GND )

[D6 FrERRIAmE (FZ 8 ¥ =K, 7 7
SEL = GND )
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33 AEALT R
H TR S 15 6 SOP8 W= (] 3-3) T v i iF LR
P EREND it E R R A (R 5) (- Bt 'ﬁﬁ
AT EAR 0 FRRESREF LR BT
B384 Pt B3 (Dummy Pattern) %23 A3 14> ¢ 2 £3p)

g £ o

VAC— 1 8—VREF
D1— 2 7H—D6
D2—3 6 —D5
D3—4 5(—D4

i8] 3-3. SOP8 #%r i [

PR PR AT (R 34) 0 H TR ETR(E 6) 0 BT REFE
g LR 2 & %riE (7 Open/ Sort :E'Jéi“’ WORIZRE 2 plE — (B R
(GND) 7 - ® & w1 Diode &2 » F|@ Fardt A ML AR a4 3
pFRAC =5 o

VAC
D4 (1] ] VAC
D2 D2 Ri VRO
'
D3 B W 10K
D4 4
D5 D5
DG D6 GiD .1

Bl 3-4. R|3E T BB
Wi EPIEIE 2 (T ‘E‘—f”"%r}i RI(Z T)eF LAzl D
I?\ ’ %[\ﬁhlb"‘ l@‘m %E." LlC ;}% SN \\—’T" . EI"%F J‘I}f‘%’;} %&%Fw /:‘(‘

£
o ©

‘\
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Z T PIREAR S PIERIE R R LR

RIE i 2

REXT =OPEN FIMV:

1 10/S 0.4V ~0.8V
Force 1=200uA, (GND to ALL) Measure V
VAC=0OPEN, VREF=10V -0.1uA < | (VREF) < 0.1uA

2 |Ibc VAC=400V, VREF=18V 195uA < |(VAC) < 267uA
VREF=0V I(VAC) < 1uA

3 | Leakage | Force 400V, |(D1~D5) < 1 uA
Measure | (D1~D6), I(VAC) 30uA < I(D6) < 80uA
VAC= OPEN VREF=3.0V

41 | Surge V/(D6) = 200V 10uA < I(VREF) < 255uA

\V(D5,D4,03,D02,D1)=0OPEN
VAC= OPEN VREF=3.0V

42 |surge | Vv(D6) =150V 0.1uA < I(VREF) < 0.1uA
V(D5,D4.03,02,01)=OPEN
|(D6) VAC= 300V, VREF=18V 44,0mA < 1(DB) <60.0mA
5.1 V(D6) = V(D5) = 60 VDC
1 V(D4, D3, D2, D1) = OPEN PAL
1(05) VAC= 300 V, VREF=18V 44.0mA < 1(D5) < 60.0mA
52000 V(D5) = V(D4) = 60 VDC o
V(D6, D3, D2, D1) = OPEN
(D3) VAC= 300 V, VREF=18V. 44.0mA < (D3) < 60.0mA
53 V(D3) = V(D2) = 60 VDC
& V(D6, D5, D4, D1) = OPEN '
1(02) VAC= 300 V, VREF=18V 44 0mA <1(D2) < 60.0mA
54 [ o V(D2)= V(D) = 60 VDC Pot) < 1 08
V(D6, D5, D4, D3) = OPEN
01) VAC= 300V, VREF=18V 27.0mA < 1(D1) < 34.0mA
55 V(D1) = 60 VDC
V(D6, D5, D4, D3,02) = OPEN NA
I(D4) VAC= 300 V, VREF=18V 44.0mA < I(D4) < 60.0mA
56 V(D4) = V(D3) = 60 VDC
I(D3) 44.0mA < (D3) < 60.0mA

V(D6, D5, D2, D1) = OPEN

ICHE Mg ERIRBE(B3D) L& KREF 74 B35 Agilent
DSO-X 3054A ~ %47 7 i & fis B 4|55 5 GWAPS-9501 -
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@35 IC g% & RBRE

3.3.1 #k3ngms » VREF B (S =itk 2)

VREF # - BR TS5 T REFHF R > LT PAFRFT AL - BE
TE e BRALMIRENTE B Tme R he ks 1
P 2RFLR S MOSFET R (G1~G6) 1 o F] b » 33 52 VREF@?] T
= €31 % D1~D6 =4 chspds ik o VREF &2 D1~D6 =4 2 Zpd* & o b %
(1) 3-6) »

EEEER (D1~ D6) v.s. 2EZER (VREF)

N
(&)

\

_—

/

2~D6 —

//%
//

w
()]

N W
o O

a\

ERE)EIR [mA]
S

S
\

()]

o

10 11 12 13 14 15 16 17 18
%% ZER VREF[V]

Bl 3-6. Spde T i 5% TR R F



(Bl 3-6)" crd A A MTBRATHCTE R P DI y5d
T f s D2~D6 - L > ¥ oiry nR Bk (D1~D6) =i R
40VDC -

TR % (sunge) R g BF 2 SLVREF) § 45 Fi 3] ISR i o5
SLQBET W RS RRIRAG I H o ok - LER Y TRIFEA
NG EL ) R AP - B 10K e eng e o

332 BRBE TN T (Driving Current)
D1 ¢haspds T it 45 42() 3-7) » D2~D6 =4 er2k b+ T iii4e((] 3-8) = 3 5 »
%4 % & (VREF) 4<J~ » R IR AR ] o @ 2 SR %SRS MOSFET #¢

5 bR (TR R) o

BEER v.s. BHIKER (D1)

30 [
i VREF=18V
25 | ]
i T ————
< 20
':' e —
i@ 15
IE
=
& 10 VREE=10V
5|
0
0 5 10 15 20 25 30 35 40
EREIRER [V ]
B 3-7. Sgpde T on BRde B R R (D1) Bk B
ERENE R v.s. BE Lm%E(DZ D6)
50 r
45 F VREF=18V
40 f
35 |
E30[
1= -
5>
w20 |
= 15 VREF=10V
10 |
5 F
0
0 5 10 15 20 25 30 35 40
BREIRER V]

Bl 38, Spds T i st TR (D2~D6) B 4 ]
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YRIE ST LR KA 6 TR LR GER o SR
B GEATRFT LA S TSR, (Thermal Run Away) IR 4 3
4 o BREHDRRARM > A7 BRE B A L AT cr F AR 0 A A R
DA R AL RS s S TR TR TR R T e
Wt POl (PR IORE) F 2 kBB RN BER >~
Eoardienp KA o A 4 B ARK SRR F L LI S s 2T i% S
B oy SR TR R f R R GECR P B R SR TR AR
#] o

3.3.3 4~ 7 s (Power Consumption)
Sphe B AL i@ in (VACHehE mie 7 ﬁ) 2 %+ 7 & (VREF)
&SRB ho(F] 3-9) ¢ BEAR (] 3-9) ¢ £ n ¢ 4 E % VAC % 4c 24VDC
ST R R R SR B 3 R ﬁiﬁﬁ%@&ﬁ’w
ugwm% B2 3 T 340VDC (240VAC e &3 /R) B H 43
VAC 3 7 B . 24VDC snafi-in ™ &8 fe e o

HEBRvs BEER

130
120
110
100
90
80

B IAC [UA ]

70
60

50
0 11 12 13 14 15 16 17 18 19 20
S$EZEB VREF[V]

\

B 3-9. &£ 7 2F TR GE

AT R OEFEE R EEA THEAARD B BmET TR
R BCK B  Fli o~ TR F A R T R
.‘?fa.}i FFB%EO
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=~ B OKAARY Gk

ICrrf et Bipl2 215> TV FRM KA TH 2 L AR
fo R B Ar(R 8517 o FRSURP, BRSO AT R Q5 CRRT 2,
iR 5 220VAC 2 2 L BEVRE 1 -

# 8. &~ %f =_i&. (Maximum Rating)

EEEE_________________ET_7%__TF_
P ivR -40 125 °C
EIED R FE R B fﬁia?, » (50/60Hz ) - 350 Vrms
i VREF =0, s3# 3% & =40VDC - 0.1 uA
(D1~D6)

r'ﬁ..7' Eﬁﬁvﬂ#mﬂ'@ = $5 P ok = -

(01 ~ ook &.5e 3 i (VREF=0V) 500 Volt

B [ B & 38 ¢

5 @ 3
ELAAERLE | (mpramonx #rae | o0 | 4000 wat

At S

i)

(D1~D6) T 3o i 04 | Watt
>3 2 B ﬁ% o T A3 .

(VREF) 0.3 20 Volt
GO A SRR S TR Al Rl R ) )

(SEL) 0.3 Volt
&£ (ROJA) | SOP8 344 35 °C/w
) . A #8458 (human body mode) +/-1200V, Class 1C

# % ot A (ESD .

# Tl S gRIEeh) #+:475% (machine mode) +/-300V, Class M3

T ¥ a2 2 (Surge) | ipliEAp = 90 A 500 : Volt

B g @ X B g S (> 150mA) Class I, Level A
(Latch-up)

41 3F 28 BF H 29 % RE

F1IC - SEL 4£%r4%3 (GND) >k 2% 3£ 02 ¢ ¥ 7" (Bl 4-2)
2 R%TE (B41); 352 kg HVLED cnfi ek % 2 ~2 8 A RBRT
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PCB_LED (72 LwLEDs intatal ) PCB LED  (72Lv LEDsintotal)
LED7 i\ LED1 i\ ﬁ
HYLED HYLED: - H ' LEDT LEDA
> : : HVLED t HWVLED !§
RE8 R7 H H R7
ATKA206 4TEARDE : 4TEIR0E
LEDS LEDZ LEDS LED2
HWLED! !E HVLED! !;" : : HVLED !z HVLED !E
LEDS LEDS
LED3 LED3
iEn W IV, A : : HED N rver
LED10 I L
LED4
LED10
LED4 HviED N men
HVLED !E HVLED, !z ] : E ¥
P — — —
LED11 LEDS LED11 LEDA
: HWLED! !§ HVLED: !E : : HVLED !§ HVLED !§
! LED12
| ' LEDE
1 12 H
! LED v LEDG b 4 : HVLED !§
HYLED :: HVLED ~
U1
"f D4 D3 ;‘ 2 D4 D3 g
- D3 D2 = = D3 D2 T
e I [P L o
TREEW AC VREEVAC
: =] : 2]
2] : 5
: 100F/50V N : 100F/50Y =
Close fopin 8 . Close to pin 8
= E " :
VREF = V(zD1)xR6/(RS+RE} = ¥ VREF =V@ZDU)xREI(R5 + Re)

B 4235 28 7 HA T

411 FRaiEE %R (B 412 A

ERLINES S MRS U o i Ml e s R N L

Son(B 432 D) A * 5 2l BUR S RATR L (R 432 B) A
”Jéijivlﬂi‘ﬂ?ﬂ A 1« etk T BB 2ok T3 < T iy 7R (Surge)
b2 s R = % (B 432 C) H % 5 EMI (Electro-Magnetic
Interference) i+ FE T RBT IR EE o K F Al ¥ ETEARY H ATk
BALPOTEFE? A ARQE- UE > A TEFEX T AL BER
+ # (Conductance Emission) % F<ig &+ + # (Radiation Emission) ; 4 i
U S (R 4-3 2 A) Hea iR %E S VREF (R 432 E) 2+
fooR R TSRS TN # ki £ (Luminous flux)
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(72 LV LEDs in total )

200
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HVLED > HVLED >
k& R7
47K/ 1206 47K/
LEDS LEDZ
HVLED !g HVLED !:
LEDS
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HYLED | N~ HYLED .
" "
LED10O
LED4
HVLED !\l HVLED !\l
“u “u
LED11 LEDS
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HVLED *;" HVLED ¥2
| s |
B g D4 D3 ;‘ A1
= D> D2 (—
| o D1 =
VREF@VAC
J_Ci 3
10:4F/F0V
* Closs to pin 8

VREF = V(ZD1) x RE / (R5 + RE)

F 4-4.LE

LED 4l %= 3¢ (] 412 C)

SYMBOL of a High Voltage (HV) LED STACK
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L LvLlED ___ " LWLED __ .l LYLED _____ L LwLED ____ .- LvLED _______L¥LED!;
HYLED
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—  Anode | ’l | Cathodo
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Hoga TR (V) 20 3 on (If) (B 4-6) : (72 1f=30mA » Vi=3.7V »

cutin=3.4V > ¢ 63 LED 3 &) -
Typical Characteristic 1.V Curve of a High Voltage LED
Stack

(GLED Dies
1 in one stack)
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Power Factor
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B FAAERE - KR AL 10% -

(B 4-10 z2_ d) @ * 0.1uF 2. X1 é’: 7 O(FART F: AR >25kV
<40kV) # FFF 5 5%+ 0 #F 022uF 22 X1 7 7% 0 # FFF R
om0 g“&?i@?fﬁiﬁ BT oo 8% B F (nominal value) 2.
X132 % > ?mmwﬁgﬁﬁ’_ B X FSF TR

(B 4-10 2 e) sswik 2 B /1.30.20%~30%2 fF > i+ & BB P 2L & |
> 33% o

1% ffE o4l (Hspice) #7i% 3| enie » #-H F ~ 2 X (1)7 #F 7] THD.
(Bl 4-11) %5 23.8% ; £ #-HF » 258 (25w # &5 PF -

o

NIRRT I
THD =R == 4% X100%00k. ....... o vl D
//f|1
harmonic frequency f;zéier mogmalized phase normalized
no (h=) ponent/ cojpponent ({deg) phase (deg)
1 60.0000 [300.943m| 1fooooe [20.2508 ] o
2 120.000 4878 7Tm .6518m | 73.0228 52.772
3 180.000 I9.771cm 5. 868m -40.8214 -61.0722
4 240.000 3.51766m 4_82479m L58.8608 38.81
5 300.000 B.65030m .6948m -85.0546 -105.305
& 360.000 3.5394Tm . 0640m 48.5534 28.3027
7 420.000 7.032%96m | 69.6726m =1E3T 485 =TT RT38
L 480.000 2.90711m | 28.799%5m 26.8423 &6.589156
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[cotal harmonic distortion = 23.8417 percent |
|
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B2 % ke L 115(Im/W) o

1o HEPICE - 200222 (20021106) 154053 02022010 peat ==
‘main contral card T Anom= 25,000 temp= 25000
fourier companents of mansient responss (1L}

do component = -4 370006

harmonic frequency  fauner normakzed  phese  nonmolized
e {hzl component  component  (deg) phase {deg)
1 &0 198463m 10000 18169 0.
& 120 14166 T2 9037u B30 074dm BT TTEAm
3 180 1.6608m ‘BA.E33Bm -I57.3PY -150.0480
4 240 E7.0aTTu 2.8058m G157  O0.7567
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