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LED Technology Forecast and Impact
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LED Optical Characteristics

* %jlé B4 Chromaticity

BEANTEX B Z ESHHiIR & XEPaY

“1:E” Some defined “box” in the white area on or near the Black Body Locus

°LEDEI4JBIHRT_|'(X\ y@@ﬂ)@é}ﬁﬁﬁﬁﬁ- Bin sizes (X, !

y coordinates) varies by supplier

480 nm

Group Code Min. Luminous Flux Max. Luminous Flux
: @ 350 mA (Im) i@ 350 mA (Im)
M2 39.8 45.7 - -
00 1 B A% b4 0 44 B A%
M3 45.7 3l.7 - elsrguricily Ceordnaty
N2 al.7 56.8
P — 7 [N E_ . .
o = m '%E(ﬁtﬁg) Brightness (luminous flux)
Na 62.0 67.2 —FrE“It" i ZE—FEKME Al the “ight output
P2 67.2 73.9 into a sphere
P3 73.9 80.6 =12 / =%
—Z B E AR X A [B]RE 1< e By Bl Rk
P4 80.6 87.4 A
E |':T.| iEE'EI_ Factors in human sensitivity to light of different
Q2 87.4 93.9 wavelengths
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LEDEEEJJ E(Jyklljﬁ Challenges of Driving LEDs
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N=| .
ume ﬁﬁ:%'l- Forward voltage varies by color, current & temperature

B Forward Current vs,
Chromaticity Coordinate

0.34
Ta=25C
0.33
20mA
108 A,
=032 350mA
HE0mA
BO0maA
0.31
0.30
029 030 031 032 033
X
B Ambient Temperature vs.
Chromaticity Coordinate
0.34
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0.33
-40°C
0°C
=0.32 25°C
85‘22‘0(:
Nichia Rigel 100°C
NJSWO36AT 031
0.30
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X

E‘JB‘% ﬁ'ﬁi‘i@ ’ :,E\: ':I:' ﬂﬁ&ffr&bfa '@, LED E@i‘%fm% HH i “Color point” shifts with current and

temperature, more pronounced with Red and Amber
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Thermal Path is Critical to LED Lifetime

5mm LED BRBRZNLED

Lighting-class LED

TERUREE

No Thermal path

Thermal path

o S5MMATILFEBHFREZEsom « BRIALRLEDRITESSIEIE Lignting-class LEDS
lamps have almost no thermal path are designed for high temp operation

o HFVFAPH>I50°C/W rin>ssoccwiypica ©  EREYFRBH<10°C/W rih <10 ccw typical

- BhGRE(T)SHEEAIRITE * A RIFEHPOITENE, KTREWBIRIFHREF
% Chip (T,) and phosphor can essentially cook ﬁﬁ% ':P ?U Hj E‘]%ﬁ Lamp can stay within data sheet

themselves parameters with good thermal design
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LEDBYFFAF LED Lifetime

110%

100%

90% 100 W Incandescent
— — 5mm LED
42\W CFL

50 W Tungsten Halide
- - - =400 W Metal Halide

25 W T8 Fluorescent
| ighting-class LED

80% -

70% -

Lumen Output (%)

60% -

50% -

0 10 20 30 40 50 60 70 80 90 100
Operating Time (k hrs)

40%

Courtesy LRC, Rensselaer Polytechnic Institute

- FMEEgIREEA SRS EaHEATIRL, BE{ELEDHBEINLL A

conventional light sources dim over time, even LEDs

d 1:7‘]—?;&% ;}E 95 %I(*Tﬁ J:FE%%‘-) Standard light sources fail (open filament etc)
° 'Iﬁ é, iﬁi‘l_ E,‘] iﬁ ’ LED'IE LH\EiE‘S'f'KE}E ?FS_E 55'1*!1 Properly designed LEDs dim gracefully
o FHFALEOLETMIBEFRFRE(LT0), ERILIEEEBI— R E end of life is based

on Lumen Maintenance (L70) which is a function of operating temperature
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Rz AR Zh L EDE
Application Drives LED Selection

¢ EB\ HE E(] Ziﬁk/ g 7|§< ? What is the area/pattern to be lit?
- gﬂ‘i*g%ﬁiﬂ%?é Linear strip or path

— ,'f—:_'\ Spot

- IZEJZ Area

° ﬁllf_, i %ﬁg X ? (?E:' Ei E':"i:ﬁllf', ﬁi) Optics considerations (narrow or wide beam) 23k Lens
_ B ofuser

" }i d’%ﬁReflector
- }igj%ﬁ Reflector ‘ﬁ‘“ﬂ‘-\

= o
— %ﬁ'j’: Lens -
s

1 H
* N L:'_ﬁ\ }E & ﬁﬁ 3:‘%1\‘ Thermal density and heat removal

¢ R T,I-&k]-ﬁ-ﬁl\im Size and lit appearance
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LED%#%%% LED Packaging Trends

RFEE N smaller size

ZNKINEFRH Multi-high power chips
LB F vutti-small chips

S 75 3E Phosphor coatings methods

B S EL4FEIBYETZE Higher wattage packages
ARRERIBE £ EE KRG veposited silicone primary lens

systems
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Arrangement of LEDs

o SEZVZEWERFNEELED, FAXMFREREMBRETE, MEIE
Fﬂ EE,}:TZ gﬂfjﬂ] Eﬁ] IIIH EEE“;}%*%”%;& Driving single strings of LEDs is highly preferred o Current

Souree
as it provides ideal current matching independent of forward voltage variation, Vout “floats” Vin

¥

o 4
* FH F' ﬁ% ; %%Fﬁ ﬁﬁ*l$ﬂiéﬂéﬁﬁ;§EE§LED Users do configure LEDs S
in Parallel/Series combinations (u) =

—%:‘E&“ [t EE El"]"LED.I_.E rEJ EE,}_‘T: Requires “matched” LED forward voltages .
~MREALEDKH T, HALEDW R LI FREK sers
— R XEENZ BB AR SRR & 4 SRR XU F B E A

LED*mﬁ *H IE‘I EEJ_‘_]-E Cross connectmg and muiltinle narallel techniniies trv tn mitinate the

”Sk O-F A fanilld AanA fAavraa hath | ENA +A hava thA ~~me VC

—BEANLEDEH
FrE, HKRLEDH
RE—1THIEEIE
MEEE raLeD

fails open, only 1 LED will

be have 2x the drive
current

\‘\LED \‘\LED

w
\\ LED \\ LED

<
— Res FRes

#E* Parallel

BR-FFEX series-parallel A X EHE cross connect
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Example of a Low Current Driver

5 Features e H@ﬁﬁﬂlﬁﬂuﬁ'@iﬁ*’%}i%ﬁ(cc R)  New

03_‘5 ;‘f;{ EEJ:T:iE'Eﬁ j]l] HTJ'ﬂ-_’, 1%?%']‘35)"‘ Constant current as AC family of simple 2 terminal Constant Current Regulators (CCR)
voltage increases « 20. 25535 MAEET 20, 25, and 35 mA current

“IAE|LEDHERERLEDJBEIIEIR nodelayin o SOT123 K S0OT223% 2% sor123 and soT223

turn on after LED threshold voltage is reached

—_ packages
01& EE,}:TE H"TLEE{%-TI‘# EIH '{E'L, I;?;ight LEDs at low voltages ° Eai jCIﬁE EEE45 V 45V maximum operation
‘1%¢#LED% '_1" EE,}:TZ 7&7% 55 I]['ﬂ] LEDs protected from voltage
surge 'ﬁhammuum;msmmmmum
NS145025 110 V RMS, TPi -156 VV P-P

115 Vac




LEDBR B85 E Al E0i8 LeD Driver Basics

it IRz 2% % %
Q&E% Driver
AC Mains
1B

- s E R DIAE, FETE LAESRASEE FIRBIEN, it

Ef |'Z|:'| 1F ﬁ EE.J— t‘ﬂ 17 '{f, The primary function of a driver is to limit the current regardless of input
condition and forward voltage variation across a range of operating conditions

« RA-Ei IR IR S IK A 2212 IR AR SR A N BB AN IR A 2R B A B Ac-De

power conversion and driver regulatlon can be merged together into a smgle driver or separated into two
stages

i LED?ﬂFﬁ'JH_t&ﬁ'ﬁ/}_%ﬂ /j&;EﬁZIKH’]%[Bj]ﬁgzc;k The arrangement of LEDs and the

luminaire specifications dictate the fundamental driver requirements

¢ B%%H%%ﬁ??&iﬁéﬂ% EEJ:T: 5 LEDZ I\E’j 5ﬁﬁ%fit E,‘] EE,/E\,jEE% Isolated solutions

means there is no physical electrical connection between the AC line voltage and the LEDs

i LLLILE ﬁN |




IxZhas TAE

Driver Operation

18 JE A 1B 7T X35 constant Voltage and Constant Current
Regions

FEL AT AN/ Bl F IR A2 I SE B B 4 E BB #h 2R/ 1 T

7$|- Range of current and/or voltage regulation is driver/design specific

R EE IR A EF TR XR

EHEI 25%, Driver “constant” current behavior may not have a textbook
relationship

RLEmBAIGTATIEER, #LEDIE
r'ﬂ EEEH&EE@ IIZI:II EEj}ﬁ. Some drivers are designed for

constant power so LED forward voltage determines current

Constant Voltage
10-;
) ®
< 80
o @)
o
= 2
5 6.0 %1
o &
> >
5 o
& 40 o
- -~
o )
>
£ 20 =
0
0 0.2 04 0.6 0.8 1.0

lo, OUTPUT LOAD CURRENT (A)

MR EEEREET

*,%E EY.%JEHL_L Output is voltage
Regulated or clamped across a
range of current

it BEIRIT AFE XEIR
7;7;{ Output can be designed to have

tight current limited

i B EBUR FLEDIE [5)

EE,E The output voltage depends on
the LED forward voltage
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Basic Configurations

i’a‘]ﬁ_L:F*TE\-W In a integral configuration, the power %%ﬁj\ﬁ%ﬂ:ﬂ% In a distributed configuration, the ac-dc
conversion and constant current driver are all within the power conversion is separate from driver (s)
light fixture
_SEAD L = BZ e .
) s Lo Jﬁ (=) i}l]ﬁﬁiiﬁ*}i,“ﬂﬂ Modular applications like track and
— LEDARE5IEF25 X %S Tight coupling of LED cove lighting
light source to the driver
fb; \ —T‘E.lr 1t§£é$1ﬁ Simplifies safety considerations
- Hbﬁi*&'ﬁt Optimum efficiency o =S o
AP —EHIN R FETE Increases flexibility
- REEER Simplifies installation Dimming

Control

Power Supply Module ™

T

WILLLLY




ARNERZERME LN LEDN A- £ F 4 SLED&E
Offline LED Applications by Power Level
Based on Today’s LED Performance

{KINZE Low Power

FEILE Medium Power

1-12 W

8-40 W

jCIjJ $ High Power

>40 W

% P BBBA under-cabinet lighting
f:Td(T Desk Lamps

5—_{ EE, Appliances
E{kﬂ-fﬁ A lamp Bulb Replacement

H% KT Down Lighting

SHKT(PAR38) A B ZE AT E spot Light (PAR38) Equivalent
%défb'ﬂi ﬂ-ﬁ Decorative Light Fixtures

fzﬁﬁﬁ*f Bollards

%ET?J Ceiling Fans

7%5@1‘5& EE,UJ(?E' ﬂ_ Freezer and Refrigerator Lights
%ﬁﬁ%{ LED %iﬁ(gﬁfﬁ%) High Efficiency LED Supplies (ballasts) (24V/ 48V)

Eiﬁkﬁg AR Area Lighting
— AT Street Lights
— AT Fluorescent Lights

B ESEE SR EKT HID Replacement
= BEILED IR (3B 8%) High Efficiency LED Supplies (ballasts) (24V/ 48V)

WILLLLY




Factors to Consider
° Eﬁ]tljlj] K Output Power

— LED.I—.E Fﬂ EE,E :}HE'._ Range of LED forward voltage

N -
~ —_— - Eﬁ
— }ﬁf' E *IT{E ’ HEijc{E Current — target, maximum _ %l;% gﬁ;n:wer Eactor
— LEDHF@J LED arrangement

° :,E\:EEI&* Additional Requirements

- RT_I_ Size
N - ﬁkZIK Cost
* R Power Source - WIEAMB(ERE. B 8. TIR)
— 115 Vac, ﬁ}iﬁ ﬁﬁ])\(;z‘l'é /Eﬁ_ﬁmﬁl)umversal ha_r1dIng (short cwcmt;opfen circuit, overload, over temperature
(US/EV), Iﬂ.li;m:}'ﬁ Industrial — 208/277 Vacﬁji — *IT)E'?%'IE*/T;E Standards — Safety
H'E orother (UL,CSA,VDE)
— 1EEJ:T1 ﬁﬁ AR (%Xm\ ijlié_-%r) Low Voltage Lighting - "‘H‘Eﬂ?\.‘zi” Energy Star

(landscape, track etc)

L6 J o > — AT SEMS Reliability
— KPEgE/HHE soiar/ Battery

o TNEEZESK Functional Requirements o« HEZ[EREZR other Considerations

- 'Ua ;"II:',-PWM, 0-10 \.{iﬁj:u\ '_IR|AC\ 3{', - HLWE:J% Mechanical connections

%% . DALI. gﬁﬁ;‘%&:ﬁ\: £ Dimming — PWM, — 224 Installation

0- 10V, Triac, Wireless, DALI, Proprietary, Other Q’Eﬁ“/%?ﬁ@ _
— *E*u\ é;‘&?—ﬁk%?&i}ﬁﬁ'ﬁ Analog, Digital, or multi- s z Repair / Replacement

level dimming — %T: AP }%J,Hﬁ Lifecycle

o Slpy i = — g o .

— BZ AR *ﬁi%u'ﬁﬁ\ Zj]'ﬁf\ IEEH-?:% Lighting — %}fﬁj Logistics

Control — occupancy, motion, timer

wansen A4
ON Semiowsducter”




AR DhESE B R FE Eh T a1

Isolated Topology by Power Range

LLCHFHEIRIAHNE

LLC HB resonant topology

il

flyback
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B |LEDE HtRE
Offline LED Specific Standards

.“ﬁlé I}_\z E" IEI Ij& ,E\E\ HH (SSL) %m (1 1#& 2009-/&'5-2 H ) ENERGYSTAR™ SSL Specification (Version 1.1 -2/2009)
_g:": ﬁllf;}?r': E’] ﬁ/ﬁ ’ %"’5@#%%}-:—":”: E']:;c;k =4 Ij] z . ;‘Q(P F);c;k Luminaire based limits, product specific requirements

including power factor

— s AR AR R KB B 8% B R RS Th R KN, 5 & et il 28 B (XL F Pk A
FFHLREFEIR T 0.5 W)FIl5h, =3 JAFCC 47 CFR Part 15/18%5'.,7EEI’J 8% T3 (EMI) & 51 800 (RFI)

Eik No “off state” power requirement rules out standard wall plug adapters, exception are devices with smart controls, standby < 0.5 W in those cases
Electromagnetic & RFI per FCC 47 CFR Part 15/18

|EC 61347-2-13 (5/2006) — LEDfEHR E RS R it BB FiTHEEEK, 1

Requirements for DC or AC supplied electronic control gear for LED Modules include:

—H‘j( #élﬂzif H:'l EE,):T: Maximum SELV operating output voltage <= 25V rms (353 VdC)

—Z: IEJ ﬁﬁ BE %#I:—F“'lﬁ é' "/§ é E|"] I{’E ¢ “Proper” /Safe operation under various fault conditions:
b LED;FE%}H“] '\ﬁt ’ ﬂﬁ%%ﬁELEDﬁﬁﬁﬂlﬂﬁ;ﬂﬂ '\l:_tt No LEDs testing and 2x the rated LEDs or modules
° Ef II:|:|I ;__LE& Output short circuited

—Eﬁ BE = 'ﬁ:—r T =] klﬂ_k % J:Qk No smoke emission or flammability under malfunction

'ANSI C82 XXX LEDE_'[E Zﬂﬁg%m _I—_E_Tﬁ:-iu = I:I:I ANSI C82.xxx LED Driver specification in development

R MR swey— UL, CSA etc - UL1310 (Class 2) / UL 60950 / UL1012
_Eg 1|=| ”_,\;%Jl_l I-‘ﬁ% See appendix for more information

i LLLILE ﬂN |
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Basic Offline Topology

nput Primary

Rectification

Secondary

> ' — W
e[ L] 1 g 5
& 1N4007 3 T T

. Nz F 43 SL S AR S 28 1
- (NCP4300A)
Rectifier Wm'g?ng“ Discrete or Analog

| (NCP4300A) implementation

RF

110—220Vac I FILTER

—i—

CCCV
IC

|:| MOSFET Cl) PWM :I SS
Analog Corgm
..
e ARERIH I SRR
B SR B AR ES,

777 Flyback Controller or

converter depending
on power
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KF20 WHIIBFANCP13515 #1288

20 W+ Universal NCP1351 Controllers

B R AR

| | Simple Secondary Control
L ?;nn E]upr
R 0
— 1

1::1 . ?lnu _ E‘l}-‘ ,‘." :
ﬁ—‘L*}%\E% o T=1 : V_|
A A Discrete Regulator L& L :-:-quT;c.-.v
=] 02 ,

H007 | TH4007 1r1 /_\ DRAIN | l_l |-
MIASD414] BCadT | t Bﬂ
i N e o VORI
LIRRPWMER %U%E—H 1
roller =
4700F | 47

* I
Varlable Frequency PWM Con 50419 i
A2
2 J_ -
1 T

\
IC1

NCP1351
FB 5= InEs mer

x
ra
c h
]
|
1

2

[=
Yo /|
\__/

=R

—=c xternal |[HV
[}

B2l
E
g
|
at'

'Tﬁuﬁ:.': NCP1351 20 W FH iﬁ)\(DNOGOLI-O) Example based on N¢P1351 20 W Universal input

(DN06040)

'FJISEZ*#BSO mAZ 1 AEE./JIL: ‘R'H_%I—RT7OO mA, 33 VdC,—j<1I-'I: Can support 350 mA to 1 A,

design set for 700 mA, 33 Vdc

wianzse Gy



NCP1351L ED;E ﬁ?*}i'l‘ftﬁ'é NCP1351LED Demo Board Performance
AN[E) 1E =) BB % 2k B \ EB I R Y B8 380 (B0 7€ i L FBL3fE=700 mA)

Efficiency across V; and Line (lout = 700 mA nom)

90%

80% | ’,k_—o—_/_.'_/*ﬁ/:l

I

60% -

AN

50% -

40%

Efficiency (%)

30% -

—e— 115 Vac
—— 230 Vac

20%

10% -

0% ‘
0 5 10 15 20 25 30
LED Voltage (Vdc)
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{RThFELEDIK )88 /& RN ZFEE
Range of Low Power LED Driver Demo Boards
ﬁﬁ]th'lj] $§$90-265 Vac’iﬁ])\i;'ﬁlil Pout based on 90-265 Vac input range
251 R SEFET |

Integrated HV FET
_

doll

NCP1013LED NCP1014LEDGT NCP1028LED NCP1351LED

=

WILLLLY



EfR AR B &IEEEE
Non-isolated Offline Buck Configuration
s IFERREHHRING TIEEREESES
EE,*E:_Et(CC M) Peak current controlled topology operating in deep

continuous conduction

o },% X Why:
- ﬂii*%%%k Eaﬁgiﬁtlj EE,E Option to eliminate need for large

electrolytic output capacitor

— B ERAEHIH, TERIFAIZIEER smoe oo

scheme with “good” current regulation
- BRI A A RHREFFENSHHEE(DSS)
REARIMLES, ERMNRREEARENI[TMEHE can

take advantage of the ON Semiconductor DSS capability to power driver directly from the line

¢ E é'l 1&?}% LED%‘& E;E'ﬁlj 'ﬂ_’, EE,E% Circuit should be

optimized for the number of LEDs

WILLLLY



4 B i= il (PCO)FEIE R 35T BUCK

Inverted Peak Current Control Buck

Switch Rsense ﬁ L

woLt
. A AR 7 R Ca T % £7
Win —— Fdl )
R v
-
A
v
=5 Clock !
, | wref
. o |_I_|_ lsw,pk =
-.—
R<—|<-I— =250n= LEE g Braf
— 4
SR Latch Iref Ffeadback
Comparator %

- o

wanxen Ry
ON Semiowsducter”




IE{E B i - =H & K

Regulate Peak — Control Valley

sy = Peak Inductor Current Irer

/ / lous = Average Inductor Current
4

livin ={Minimum Inductor Current |

- -
ton Log

A
Y

° i%?ifar EE.*E—t(CCM) Continuous Conduction Mode

- l@.imﬁéu‘?% L —J' EE,E,Y\' Current is always flowing through the inductor

e L= (VIN,MAX — VOUT) * (VOUT / VIN,MAX) * (1/fs) *(1/ (%Ripple * lout))

° Ll‘_/,‘gﬁiif%ﬂai%gﬂe'-ﬁﬁq |‘Eﬂ(LEB + Tpd + MOSFET;&I‘#—J EH' |\E|j) Must respect minimum on-time

(LEB + Tpd + MOSFET turn-off time)

WILLLLY



A f5: NCP1216Ug{E Azl (PCC)FE & B g
Example: NCP1216 PCC Buck Circuit

84%
- R1 4R7 82% Jr—
Line e I e nnm‘ DZ 1N400& L2 ImH LED Anode _,.-:’_'— - - ":"“‘
n - Y et » " Rt 0 80% /./" - /,.'r—'\\"
115 Vac e P T D3N D4 TNat0e " - B
D5 b Ol
Neutral r
D' ‘ MUR240G T 78% ._/.:/ // -
R4 —_ fE -~
3 z // _-
w e = 76% A .-
2 ] =g
c2 c &2 ]
0uF, 250V w259 | ul NCPIZIE SEJ 74% -~
" prey a1 - .
—Haos ow} |SPae— w . -
= e 2% // L —+— 00 VAC
11 RS 1K . - = # = 100 VAC
T0% e < —— 115 VAC
o @ ” lout =500 mA (nom)  —*- 135VAC
T tne we ] am 88%
66%

9 10 1 12 13 14 15 16
LED Forward Voltage (V dc)

b NCPlZlGE?%;éFH 3—5 UL I EE.;}E 1:/HE EE. ’ %i)ﬁ Ej]&lﬁz NCP1216 is directly powered from the ac mains

simplifying startup and operation

« BERNHMIHIIE (R, LEDHE). NPT HHRF(FET. B, B R RIMEH
TE Efficiency is a function of output power (current, # LEDs), external component selection (FET, inductor, rectifier) and switching frequency

e AIEELIBEERIAY, AT L EFRES pimmale through opto-coupler for safety isolation

o IMHDNO60501% 1324, XIZITIXHRILT B HEEMIER £ R AYTHEBE onososo pesign Note

available demonstrates performance including EMI filtering

WILLLLY
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230 Vac FH#2[EE %=

Considerations for 230 Vac Applications
4 %EEIX ij] /J\ $ LED"—Ej"ﬁ |J_'_| "_‘_'_:E_ tt#&"é Driving small strings of LEDs at high voltages results in extremely narrow duty cycles

° ﬁ%?ﬁ"é%‘] %%?':E’Eﬁ;)”\'] EU %5};{%%% 2002400 nSEI‘]ﬁﬁin i\ﬁ IZ,%\(LEB) %Eﬁ Switching controllers have leading edge

blank circuit of 200-400 ns before current is sensed

o DHPERFRINRLUG S TAE, FUUFRBRIMAN BB BERFAERIK swiching frequency must

be reduced for proper operation and input voltage is kept to a minimum with a half wave rectified input circuit

D1

Q1L
ACL MRA4003T3G STDINK6O R5 L1
o . AN
K1
c2l 1F D2 — 2R 1mH
c1 _| 100nF ~T~400vdc MMSD4148T 1AW
~T~230Vac
Rl R4
AANA 10k
AC2 12W
1R 1 ¢
1w 1 S 8 ~
2.2uF
0.4 2 400Vdc
>
3 6
/ 4] 5 ) 4
L — LED

035 — T
— R NCPL20O - 40kHz ) ST29d
L — - 40kHz / ~T~25Vde
L] L 1uF
| 18

™16Vde
14w

V&

0.3

LED Current (A)

0.25 | R3 2k D3
14w MURAlGOTSf

195 205 215 225 235 245 255 265
Input Voltage (Vac)
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*EH% _.EZHE% Tapped Inductor Approach
*}L: 57;3 tty igj]ﬂﬁ]tﬂ Eiijzl‘f, Extends Duty Ratio, Increase lout

D1,2, 3, 4 NCP1014
MRA4D0T x4 (50T-223)
O
A Input L1 L2, TmH
85 - 285Vac
i3 2R TOTT ] ]
05w g c1| LYYYY oo -
Z > R2
10uF
O _——— & 1% 00vae L E§ cs :I__
- 2 onF 2.2nF T = T & U-"Wh
054 " " 500
}EErng 500 100V
& » & *+— & & *—{ -
1N53858
85
80 - ANDS8328/D
I
.___,..-"'
= 751 /.--""
> 70 / 700 mA LED Power Supply
. Using Monolithic Controller
. and Off-Line Current
Boosted (Tapped Inductor)
55
Buck Converter
a0
0 1 2 3 4 ) 6 Fi
NUMEBER OF LEDS

Figure 4. Efficiency versus Number of Series
LEDs (120 Vac Input)
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Power Factor Requirements for Offline LED Drivers

EEE’J E R TELEE (|EC)%JWE T (@hEXT25 WHY)BEFRIE R KE(THD) &
;k ’ , ~ iﬂ_’, E’@,E PN E’] Z: I_.l . BT*T/E IEC (EU) requirements dictate THD performance for

Lighting (over 25 W), other international standards apply depending on the region

EEHgRE Rz E2" TN BESBA(SSL)MSE 8 St B Th R F LR E
(PFC)zc;k MAIEBIAMNEZEY., Xe—MWMEEMIRE, MBTYSERF

|:||:| ’ tlﬂ 'HAkT\ *EM:E kT& ékT US DOE ENERGY STAR™ includes mandatory PFC for Solid State Lighting
regardless of the power level. This is a voluntary standard and applies to a specific set of products such as down lights,
under cabinet lights and desk lamps for example

1£ E‘E E FH Ij] $ éz_‘g %j— :,FO . { >0.7 for residential applications
- _l‘ﬁ'ﬂliF_"Z FH Ij] $ ;‘ﬂ% :_FOQ >0.9 for commercial applications

AR 2B ERELEDRAA ARG EHIZK, BRENHTEEENX

Whlle not absolutely mandated in the for lighting in all countries, it may be required based on the application:

- AHBWHAXDHENIRE STRE DRI mELFRIEP IR AR viites ave

major commercial uses to have high PF at the facility level

— IS, ARSNGB E/M4EPETER, EEHRESRREM(ER S T0.95+)H

/k:J: 'ﬂi‘,ﬂ ] E El, El’] }% Moreover when utilities owns/service the streetlight it is in their interest to have good power factor,
typically > 0.95+




IEC CZR I

Class C Limits

XS PR $E A T I R8I 25 WRYBR PRI &

This class applies to lighting equipment exceeding 25 W

Maximum Value expressed
Harmonic Order n as a percentage of the fundamental input current
2 2
3 30%A
5 10
7 7
9 5
11 <n<=39 3

A is the circuit power factor

XFRER Y T RIS R K E(THD)<35%(Th R E £129.40.94).
KPR b, B REBRIFEEEEETHD<20%

The standard equates to a THD<35% (PF around 0.94).
In practice, lighting equipment suppliers may target THD<20%.

i LLLILE ﬁN
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Improving Power Factor for Flyback Circuits

e 'ﬁ% éﬁ}ii%ﬁli?ﬁ%% El’\] Ij] z %Iz-ﬂ 24] j“] 055_055 Traditional Flyback converters have a PF of ~0.5-0.55

c BIRDIBENAMNTERBREZEZKXRT0.7, FAEKRXANBINGH, (XNFEM

ﬂ: EE.E% Improving this to > 0.7 for low power applications does not require new topologies, just circuit optimization

v == C2

— TR AR (B EIETT) passive technique (valley-Fill oo /N os /N V o )

- RFELSH LR RN ek T Bw
ONSEMI “haversine” flyback optimization 107 ZX 'DS ZX ' % “Rz

- ”ﬁﬁﬂeﬁ EE,*%E%(CfM)}i;‘%Q Critical Conduction Mode Flyback

« WTFRENXHFMIARNENAMS, BEEHTHIIERREZEEH BRI oo power

applications like street lights, a dedicated PFC boost stage is normally used

WILLLLY



NCP1014GTG&E 7 R

NCP1014GTG Demo Board

J1-1
B L Rl 4R7
Line —

D1 D2 L1 2.7mH

» »l

Ll Ll

c1 L MRA4007  MRA4007 l + TESTPOINT
100nF D3 D4 c3 R2 E1l

. . B 7

4 ) 1.5nF 47K
T2 MRA4007| MRA4007 c2_L

220nF 4
[L]% D7 MURS320T3 J2-1
R6 1R8
» : 1
Neutral
/v LED Anode
DS 1 R7 1R8 J2-2
MURA160 ,Hl
1 9
T1A = 1
° 1000uF R8 10R

R10 C10

;ﬁil]\k EE,E, Eﬁ[% / D6 Iy Leads ; R9 10R | 10K 10nF | 125

&

57 Hy ] 3 = J N
Ij] z ﬁ& MMBDO14LTL ° 10805 0
Reduce bulk cap to e g ooCHu
Improve power factor 2 7
/ E2 i] - TESTPOINT
PN - TESTPOINT

e

ek . s - PN imﬁ . R11
BN, SN Oﬁﬁiﬁu{l igcﬁ;]r?ce =21 100
SEHENE, ¥ Increased oe 4 R12

%mﬁ ) R d 24V 1K
% T Re uce_|

cap to increase

R3 u1
dynamic self supply T vee oan |
. 33K Fe
frequency for improved oo [4 D
NCP1014 R4 R13
EMI 4 L
BCads A o =
RS 2
22K :
T C;;o F C252 F a7C ?: T ” i R i by
" 2 : N 820 1K &
5.1V
/ ||| €7 2.20F
1
/ Optional di nming conponents

ASIRERNALL, EINREN -

Slow loop response to improve power factor 8mm Pri mar y- Secondary

Boundary
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“FIEXR" RATEEE
Performance of “Haversine” Flyback

1.0

Tek S @ 4cq Comnplete M Pos: 0.000s CURSOR
+
Type
0.9 .\\\:\\
o Source
508 \\
S 07 “-\\ al 34.0mY
o
\ Cursor 1
08 178my
0.5 2+
90 115 140 165 190 215 240 265
Line Voltage (V ac) CH2 S0.0rmVEy M 2.50ms AC Line ~ 0,00Y
Figure 5: Power Factor vs. Line Voltage _ i B sl
Ta=20°C, Pout=8.0 W Figure 4: LED Current (3.33 A/volt)

Ripple = 113 mA (p-p)

*DNO060511& it 18 iR 7 anfr{E A IFE KRG AL F AR SRIETANCP1014, {FH
REKXTOSHESIEREE, itmimEEEBRZE"HIM{EEBAAZEK onosos: design

note illustrates how to modifying the NCP1014 for higher PF > 0.8 using the “haversine” flyback optimization which easily meets US Residential
Energystar Requirements
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SEH: NCP1014GTG{EE ST

Demo: NCP1014GTG Portable Desk Lamp

£
é *T Desk Lamp 35 W %*T 35 W Halogen
KR Pin (W) BARE | WEEXK
Light Source @ 120 Vac llluminance Power
(Lux)* Factor
= RAT

Halogen 41.7 W 744 0.961

(35 W bulb)

4 LED&YT
Quad LED 109w 795 0.857

— oo . K L\b: M :l:
%PFCE"JNCP1014 LEDQ'ZBj]ﬁ'ﬁ 4 LED Cree MC-E 'Iiﬁblﬂ”ﬁtd\én Summary of Results
NCP1014 LED Driver with PF Correction g A H— &5 Multichip Array * llluminance measures at 0.5 m
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Achieving High Power Factor and Low Distortion

1 L ] r%_]_}_-_t Eiﬁ-‘ﬁlﬁ\
High voltage dc node

EMI mm .
Filter — 7 .
AC T % j o
L =
B PFC _lf‘_' PWM J
Controller Controller
“Traditional”
Architecture
4
| 1 I
EMI <i/\:(&
Filter O
AC ‘ 3 j E
NCP1652
- S [
Controller
Improved i BLRBE, RERREEE
Single-Stage 2 :condary side control is not draw for simplicity
Architecture "—'Wv-l b
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(X189 AR AR & [ ] 3=

Area Lighting Considerations

Dimming
Control —.,-
NCP1652 |
Power Supply :
DC
e Output - .
= =N 5l

° ﬁ'ﬁﬁﬁ H E%’E 1k Light output varies significantly
—+F 5 X8 2E Poll Height and Spacing

~-RBBREBRBI(E=ERX, mH L) Type of Traffic Flow (residential, city center)

o X1 BB BA P =K Y Th ZSE Bl B & FCZE R significant range of power and

light levels required for area lighting

« —IERILITREBFHEMMLED S RAL M A E = L@ T
& One basic design can be scaled up or down in light output by adding LED light
bars

. ;EFH *Eﬂ&'f'k@'f:zc H‘]ﬁlﬁ%ﬂfmiﬁﬂ?& With a modular approach light bars

are field upgradeable
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NCP1652 48 V

]

7E a0 th FRLE

-RIES

=]

EHRJE

X 1z, B3 RH

NCP1652 48 V Fixed Output Schematic - Ideal for Fixed Voltage Area Lighting

25A
D1-D4
L1 L2 1IN5406 x 4
AC o sUUM c1| eUUN |2 ' | MRA4007T
In L] W0_47 o(YYY) 547 D5 R2 R T1
b 2| & 3 c7 L3
M e X g >5(:‘>0K 36K (6:1) 680uF. 3-3uH
0.5W cs ] 05w WP TioonF 2|4 8 8vVx3 AN
o 0.1uF 5| 4+ D10 Ra DIl b 400V ' O +
400V o ca ?< ° R24 C19 C20| c21] c22
J220F YT 5 o+l 4+l (4l e 48v
wov| E 00 MmSD MURS120T| 100, 1/2W "1 2A
S | o 4148T [C6 6 | I I ICZ?’—F)-l
WA R 3 |2000F 470uF o7, = O—
| 35v 35v 2 11 100,
365K 365K = RS MURS |® MUR860 63V
RO RI0 RIl ng — AA— 160T
2K
301K 332K 365K 172w 100
NCP1652 —ce
1 161— R31
0.1
2 15 T Q1 |spp11Nsoc3 533K
3 ig NC R23 ]E 1/aw
4
vt 3.3 0hm ~ Z4 (24V)
5 12 SFH615A-4 MMSZ52528
u2 . |
6 11 0 ohm R22 4 1 R27
R12 7 10 10K = V_I 1K
—18 9 |
§27K RI5 3 2 R29
¥ pg MMS Reg  C26
ria | & 72 41487 vy 102K
€9l | cpofR o VA—]
O ﬁg - S¥ R16 | MMSZ Ri8 rio| 1o 24K uF
5 A 8% ci1 © « _| 52458 & ciscie| Cl7) c18] 2 R20 U3
3 T anF C12 C13 8 1= R17 2 o1 o1] 4 1 g 0.10 TL431A CZi R30
V| aopd  [BHT |54 sk z | 3" S ohm 56K
10nF 3 0.5W 0.1 '
MMSZ C27), —I_
52488 I
220F"Y"
AND8394/D

A 48 V, 2 A High Efficiency,
Single Stage, Isolated
Power Factor Corrected
Power Supply for LED
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NCP1652|‘§E7‘- 5'}!']'}5‘2%% NCP1652 Efficiency Results
iﬁjtjﬂag Configuration: 48V [ 2 A

94

92

% S d

. I s m s
/./

g
>
[8)
c
k5 \_/
2 *—
i g6
l\\/ ——115Vac
—=—230Vac
84
82
80
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% of Full Load
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AlER/NEE TR BUR R im

Modifying Secondary Side for CC/CV Operation

Ximr
1000UF, 63V x 3 Efﬁciency
O LED Anode ) .
8 lout (CC) 120 Vac input 230 Vac input
c24
R24 clo +|c20 + [C21 +|C22 + 1 1.50 A 87% 87.5%
ca3 S J2
0.1 1.25 A 87% 87.5%
56, 1/2W 1nF 0.1 100V
1 05 100v R26 1.00 A 86% 86.5%
O LeD cathod
A Spy— K:" W - athode 070 A 85.5% 86.0%
MJD243G | 0.5W
Q4 R27 Vf =45 Vdc
4.7K, 0.5W
R28 _ ’
Vee = 14V Tek J M Pos: 00005 Tek Ju M Pos: 146.0ms
22K R29 ©25 34 F :
: AR A | I ] = o]
21 [ I Correet Rl ot 154 at; SO0/ diinn i
} - ! 20K 1uF 0.1 700 mA ot Ripe: 500 m/Division m
R31 Vs
r » 8/ ] 27K R36 /-\/RJ\J-\J\/‘-W fCouse] [Coaise)
feedback 2 N 7/ - J_CB1 W__ 10t A N ne
U3B 27K ok S A oA e - .
optocoupler \ Is I o
MMSD4148 Y inF t w1
Y S s s
MMSZ52458 -1 M 5.00ms 1 M 10.0ms 3
1uF NCS1002 ; 26-Aug-09 1150 26-Aug-03 1155
c2s ||
| i R32 ; R34
0.1 R30 43k R33
43K 82K
D12 / 2 6.2K 1.1
pi o J_—
U3A
\ Vref 25V Ry S— . *
+ B v
MMSD448 NG \\
< 09
internal R35 E
c3z2 5
to U3 _ 3.9K a3 08 >
To Primary c27 | | 10nF GND .E';, l
Ground Plane 11 2onF g 07
ANDB427/D
0.6 1
A Constant Current
Adjustable 0.7 A to 1.5 A, 0s
Up to 55 Vdc Single Stage ' e
Power Factor Corrected 30 33 36 39 42 45 48 51 54 57 60

LED Power Supply

LED Forward Voltage (Vdc)

wianzse Gy




NCL30000 CRM FRE & i
NCL30000 CRM Isolated Flyback
° 1&1)] $(5-20 W)E FH ‘@, %%%Iﬂ z %lz-‘ﬂ Low Power (5-20 W) also need high power factor
— LEDIR 2%/ &S LeD Drivers/aliasts
— HRKT/ISTKT/ P 9MNBBHB pownlights / Spot Lights / Outdoor Lighting

i 9‘&%@ E 1:/]—'{ Key Objectives
— BEIEIXEBILED, %ﬁ%ﬁ% ] 5}%!35@ H 3zl Directly drive LEDs with tight constant current output regulation
— BEEIERREZ: >0.9, IEC CEIEH S =ZEK High ower Factor 509, IEC Class C Harmonic Content
— 5ZE15 WisiH IR R R FERET, BEX=T80%; BLEYFEZIB83% creater than s0%

efficiency at low power levels 5-15 W Pout, 83% typical

- Ef #EE‘Z?# 'E:E:;HE_. E(J Ij] z LED%D z—iﬁl] IIIH EEj)?l:E Scale-able to handle a range of power LEDs and current levels
- ﬁgi?# f}l_ll'}ﬁ' iﬁ ﬁll'_, 7‘7_;§<(TR |AC&)—=I=|:,2%) Can support existing dimming solutions (TRIAC and Trailing Edge)

o £ H Bl E-Fi@ AT 8] In 5 L T BRI (CrM) AR A TNG MR B R 538

I}I_LI, =] Ij] z %Iz-‘f[ Design approach to achieve high power factor in a single stage uses a critical conduction mode
(CrM) fixed on-time flyback topology

i LLLILE ﬂN




NCL30000EE 7 i

HHEE

NCL30000 Basic Application Diagram

If_\c EMI
ine FILTER
Input
p— Cin
AN
R1
NCL30000
1 | MFP Vee Z’—
o
SR, 2 |comp DRV| 7
_Ccomp
_» ':
—v
— cs zcp| 5
—_ Ctim

e

CIV § Ro § R \\
8 \
vce I o
ouT2 B \
< \
_Lin2- AMA
R

NCS1002
~|iNg-

OuT1

+[INL+

x

GND

4

COUT
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TERE

Theory of Operation e vt v et
e ElESEN )R =4

IE?iZ\ Eﬁj)\ EEJJZI:I;,*E 1ﬁ Fixed on-

time control results in sinusoidal input
current in phase

* 9‘&%@%5}2 Key Requirements

— N E VTR nput
. Is (t] capacitance must be very low

3 — 1T5T e K (<20

-Ih(t) HZ), Mﬁ'ﬁ?’féﬂ%ﬂ%}ﬁ HA

' N4 +518 E S8 T[]
Control bandwidth must be low (<20 Hz)
‘\ to maintain constant on-time over a line
\ cycle

N - RERERTEHER
)46\ Bl [ % £ 2 A

| | | | T E)SI1B BT (8] secondary
feedback controls on-time based on line
and load
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NCL30000;& 7RERZE K

NCL30000 Demo Requirements
o E7EIRMH350 mARLEFHIRFNZ ANLED(4Z|154)RILEDIRZhEE N . Al e T i 32

?#700 mAE}ZE%Eﬁ] Hj EE,fﬁf, Intended to supply 350 mA and drive a wide range of LEDs (4-15) LED driver
applications. Component selections to support 700 mA or higher output current

« SRR /NT20 W, HERESIFEARTERZURTEXIRA N

Reference design is targeting <20 W with this transformer, board can also support larger transformer for higher power

b 7? ;:’F: -E_l- :_l:}_%}zﬁ %: Z: |EJ Ij] $ %g& Scalable solution for different power levels
-115 VaCHﬁZIK 115 vac version - 90-130 Vac
—-230 VaCH}iZI: 230 vac Version -180-265 Vac

—90-305 VacH}iZIK 90 — 305 Vac — #—EEJ\E.FH iﬁ])\:}HE'._ ’ 3'2'1}#277 VacC Extended universal included 277 Vac —
%TR|AC?§%U no Triac control

* FTTRIACIEXM 5, ST EMERILEDIETI FIERTE), MMLIHERE
ﬁllf‘,'EIE ﬁlé o ,%.XIALED;‘QE%].Z/P For Triac Dimming, on time has to be adjusted for a specific number of LEDs
to achieve best dimming performance. Defaultis 12 LEDs

* 5‘%% E(] 1%:,':):' Ij] LF]E Robust Protection
—LED;FE%{%?F S %EE%{%*F S ﬂﬁ{%f‘:}:‘ Open LED, Shorted Output, Overload

i LLLILE ﬁN |



NCL30000;& 7~ R

NCL30000 Demo Board

N"50311215 ]
WE-MIDCOM &

Wk

! ; ol o Dt

W25 [ 28 Ze s 5B 15 W/30 Wigit

Dual transformer footprints for 15 W/ 30 W Designs

wansen A4
ON Semiowsducter”




Z: IEJ ﬁ ﬁ%ﬁ? E(J ﬁg?&& Eiiﬁ‘f Efficiency and Current Regulation versus Load
37|0\|CL30000 115 VaC iﬁ H—T*}i NCL30000 115 Vac Demo Bsg(%rd

- A= _
A-

360 - N - - ; ”
FJ[:,QSI Efficiency == . ° A’ A
A7 A

1 84%

350 ¢ 82%

E 340 +80%
Z >
§ e
5 k)
3 S
D S
Q 330 78% LU
|

320 + 76%

310 + 74%

300 : : : : 72%

0 10 20 30 40 50 60

LED Forward Voltage (Vdc)
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mﬁﬁ&iﬂfi&?&ﬁ Power Factor and Harmonic Distortion

NCLBOOOO 115 VaC iﬁ H—T*}i NCL30000 115 Vac Demo Boalrd

13 0.99
I m-.
12 STt em //0.98
11 Tte 0.97
/ |
€ 10 — 0.96
[a) a
L g
& 9 0.95 &
= L
> —
(]
g :
2 8 0.94 @
£
7 0.93
—o—THD
6 - # - Power Factor 0.92
5 0.91
4 T T T T T 0.9
90 95 100 105 110 115 120 125 130 135

Input Voltage (Vac)
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8R4 AT JELEDIR Bh 2%

Line Dimmable LED Drivers

« TRIACIEYt 2R (RIA, iR aERTHEMEA
B, EEERTTESNTIERNIRE e {\ I\

dimmers (leading edge, phase cut) are intended for resistive loads and tend to behave
badly when connected to an electronic transformer

 REFIEFF TR BLHE-HTEWREN U
J‘\EEE\ Hﬁ %Eﬁﬁ I:I:l H,‘] EE.%QE’:% Some manufacturers

have “specialized” dimmers —for electronic transformers such as low voltage track
lighting

TR NAME, TEETRERERFEN /l | |/_

%% ’ ;Téﬁq —F B% 5)& ggﬂ':lu (Ezii%?i:%) Moreover for

commercial applications there are also transistor based dimmers that have falling \
edge control (three wire connection)

o 1IEE&§7§EEH§ I:l:l T%LIJI_[I_,TRIAC-I'EI IC Triac dimming is

common in residential and retail application

Tymical wolages waveform of a transistor dinmmer

i LLLILE m |




PLECLEDIRF2% 5if 5t =5

Matching LED Driver to Dimmer

-HEFFRBIRRIRAGH N TERMABEEE FMEFEEmSL, HE
:,I: = |Jq_ ';‘_':E ttﬁk?’fx;ﬁcﬁu El:l %E%EEHT} |\ET_| A typical switch mode power supply feedback system

will attempt to maintain constant output over a wide range of input voltage by increasing duty cycle or in this case on time

X F I AN TS, LEDE AN HHEXTFHARRMS)iN B [E B FE{R

tt1§“ i'H_’,T B=I= For line dimming, LED current should reduce proportionately to reduction of the RMS input voltage

'iﬁ/ﬁg%kﬂe"ﬁﬂq I\ETJ %BE%U ﬁﬁiELED $ E"] Ij] z The maximum on time is set to limit the power at

the nominal LED string power

“ESCEAE], $EHIFRS A REIE N TERTE, MU HIE R

le', During dimming, the controller will not be able to increase on time, so natural dimming of the LED occurs in a
predictable manner
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Z; IE,I ﬁ ﬁﬂ’f E,‘] ‘H‘E?&E Eiijzl‘f, Efficiency and Current Regulation versus Load
NCLBOOOO 115 VaC i'?i? H—T*}i NCL30000 115 Vac Demo Board

LED Voltage (Vdc)

60
‘ ‘ k -, e
EINFE XI5
tant Power Region
50
40
LEDIN & i =
LED Power Dimming Point
18 37 X 48
30 Constant Current
Region
20
10
1& HRIP X 35
Short Protection Region
0 ‘ ‘ : €
0 100 200 300 400 500 600 700 800

LED Current (mA)
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NCL30000 350 mA =& i i# B FNIA S M 1solated Flyback
115Vac /12 LED/ TR'ACW%H&Z& Triac Dimming Version

400 90%

350 ~ o

_—

300 - / + 70%
e

60%

T 80%

L 4
L 4

250
<
£ /
= )
& / / &
£ 200 50% 5
O E=
o) / / L
i} /1
|

150 40%

100 / T 30%
50 / + 20%
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LED Current (mA)

NCL30000 350 mARR & 5 i#id JE M3 1solated Flyback
115 Van£E§iH%*§%u-$H*12¥ﬁ)\LED 115 Vac Line Dimming Control - 12 LEDs in Series
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TRIACE BmIAE AX1EIL

Comments on Triac and Transistor Dimming

¢ yu % ﬁﬁﬁ? ’ -I‘E %:;I-IE_ 5 I% E ﬂWka:i%ﬁiﬁ %;:% HQ¢§II‘EE As illustrated,
dimming range is highly dependent on the characteristics of the wall dimmer
« TRIACIEERIR AT THIRAT, BHglttLEDAISRZ (S

4?” 5{'|':|") Triac dimmers were originally designed for incandescent lamps and presented a much higher load (4-5x
higher) than a LED replacement down-light

« AHIRTE, B HIER YA FFIEERAE] unornately cach manutacurer

has different dimmer characteristics

« fFEELEDRRBAFE ERMA, HAFitiAxEHERB BN
1{ 'ﬂl_j, 1” FH %:' LEDF_‘_L Fﬁ E,‘]I_‘i |:Iﬁl:| As LED lighting enters the mainstream we would expect dimmer

manufacturers to start optimizing their products to LEDs
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mﬁﬁ&iﬂfi&?&ﬁ Power Factor and Harmonic Distortion
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(J )&&iu J)IL Efficiency and Current Regulation versus Load

NCL 30000 90-305 Vac & RHR vemo soars (VOUL = 12 LEDs, 37 Vdc)
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_,fﬁzFﬁl:}t(EM |)'I‘5Eﬁl|?, EMI Performance

NCL3000O§$ %*&(90-305 Vac Hﬁ) NCL30000 Demo Board (90-305 Vac Version)
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Isolated High PF Efficiency/Solutions

90%T CRM + i%_}kﬁlﬁ*ﬁ Resonant Half Bridge
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100-200 W CRM/LLC KThEREFITHRBEHXR

100-200 W CRM/LLC High Power Streetlight Supply

Resonant Technology

1 for Increased
Efficiency and Lower EMI
EMI frm ,
Fiter | [~ —
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and/or Critical Conduction Mode

Discontinuous Conduction Mode ‘ &
for Optimal Topology 'ﬁ
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SEIJ\HrJ.L ED%ﬁi ] %Z:%g:, 1E . « 50k hours of LED life is great but ....

1% ;]_'\ /i\'—la 9& éj Occasionally there can be failures II‘

}_“_"'_:I:_J,_% Caused by. . . %@F_"ZFH J& T some Application Are. . .
\/LEDE,H,H 9&3& LED infant mortality v %%EF_‘ZFH Mission Critical

‘/ﬂz:lz: EE‘E‘B%HB’H’ Assembly Partial Defects v §é}fg 9& Safety Dependent

\/ﬂ? 75%1 Transients v XE:_FéE:.I:F Difficult Access
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NUD4700 LED%9 i {%FFP NUD4700 LED Shunt Protection
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'ﬁi LE D%E%H Bﬁ E(] $1£|: HT‘H%?F %Eﬁ:I{,E Protects operation in the event [::I:::ll\/\
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- NUD4700 in PowerMite Package
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LED Lighting Must be approached as a system

t tLight$ ¢
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Optical Extraction

Mixing and Diffusion

Control and
Sensing

Power Management
and Conversion
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Electricity
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,'E‘,'\éﬁ Summary

JEEFTLEDRYEY, BLZ&LEDHEFERAAZLERIRIEL ofine

LED power solutions continue to evolve in a rapid manner as new LEDs are introduced

BEMBRATEZMEHE, EEARIIREFR. FFIERIERE vaeyo

offline solutions depending on power level, features, and performance

B HREXEBIKIREETERTIPFCIIPWMIEH 28 KL it1RsE, &

.—‘—- i
éf Dd, ,E’, + E,J LED EE.IJ_ F_ FH ON has a complete portfolio of PFC and PWM controllers and converters

to address range of LED power applications

l

JF B R FHREFEZAKMIEwww.onsemi.cn, TR IEFER
/}ILQ£E£1 EE,LEDF_FH*EHjH,]%ﬁ%%iﬁi Visit the ONSEMI website to see what new

reference designs are being introduced optimized for specific AC line powered LED applications
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For More Information

* View the extensive portfolio of power management products from ON
Semiconductor at www.onsemi.com

* View reference designs, design notes, and other material supporting
the design of highly efficient power supplies at
WWWw.onsemi.com/powersupplies
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