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electrical energy is used for lighting of which 40% is for incandescent lighting, this represents 2000 TWhiyear
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No Thermal path

lamps have almost no thermal path

themselves

5 mmiT LB BHARKR som

BRY R BH>350C/W Ren>350 °cw typical
LRERET)SHRESKTE

:% Chip (T,) and phesphor can essentially cook
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Thermal Path is Critical to LED Lifetime
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Lighting-class LED

Thermal path

ER Hﬂ ﬂ LEDiﬁ'H' %E}‘EI{‘F Lighting-class LEDs

are designed for high temp operation

BRI #0H <10°C/W rin <10 °cW typical

K F RIFRUAEITRIE, ATREBRIFIIRET
ﬁﬁ% I:P ?ll llf[ H‘J%ﬁ Lamp can stay within data sheet

parameters with good thermal design



LEDBYZEEAD LED Lifetime

100 W Incandescent
— — bmm LED
— 4 CFL

A0 W Tungsten Halide
. = 400 W Metal Halide

25 W T8 Fluorescent
s |_ighting-class LED

£
-
=]
=8
e
3
o
c
W
E
=
-l

40 50 60 20 50 100
Operating Time (k hrs) . :
Courtesy LRC, Rensselaer Polytechnic Institute

FTAEEG R E R A A HEE MR, BIfELEDH AL a

conventional light sources dim over time, even LEDs

o FRAESLIE SR (KT 22 FF &= ) standard light sources fail (open flament etc)
o [BE1ITAIE, LEDMSEE R LIREBIRTA propery designed LEDs dim gracefully
FaEEEOLE T RBYEIFELT0), ERLIERER—EE enaorife s based

on Lumen Maintenance (L70) which is a function of operating temperature
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ZPKINFE R F muiti-nigh power chips
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Arrangement of LEDs

. ERRNEHEHLED, EHXILHBANARTE, F5E
o] B [+ 45 4. A0 ﬁfl th FEE“/Z2F"JL K Driving single strings of LEDs is highly preferred @ b ook

SORIrTe
as it provides ideal current matching independent of forward voltage variation, Vout "floats”

LED Driver

i % F[ ﬁjﬁ iiﬂ %E&Iﬂ ?FEU%EHH‘%HE’H%EEELED sers do configure LEDs
in Parallel’3eries combinations
-T %ﬂ [ F—IIE E’] ”LED.EE f"ﬂ @ E Requires “matched” LED forward voltages
R EAMLEDEHTH, HALEDW &2 1 FREK sos
-X N EREMZ BF R AR E K )G e Em
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Factors to Consider

« i INEE output Power

- LED E rﬂ EE. E :HE._ m Range of LED forward voltage
- @;}"E- E *.H_T{E 1 ,ﬁEEJ'C"IE Current - targat, maximum
= LE Dﬁt?” LED arrangement

* @:ﬁ Power Source

- 115 Vac, E%&?A(%[?If&m)Unlvemal
(USIEU), IJLLLE Industrizl — 208/277 Vacal

,B; b orother

- KER Hﬁ{,m. M. HiE —ff) Low Voltage Lighting

landscape track efc)

— RPABE/H AL solar/Batiery

* Ij] EEE:}-{ Functional Requirements
— JA%-PWM, 0-10 Vi&#l, TRIAC. %

4. DAL, EBAZENETE pimming-pwm,

0-10Y, Triac, Wireless, DAL, Proprietary, Other

== *Ew. \ Hif—ﬂ% g&ﬂ;‘]:ﬂ: Analog, Digital, or multi-

level dimming

= EEHHTQ%U"%%a fd]ﬂiw EEF]“E% Lighting

Control — occupancy, mation, timer

» H'EZEK Additional Requirements
— BERY Efficiency

- TNZERE ] power Factor

— RTj' Size

- B cost

_ PRI, T . R)

handling (short circuit, open circuit, overioad, over temperature
— i AE-E MR sandards - Sarety

(UL.CSA VDE)
- “GEiR Z 2" Energy Star
— T T2 1% Reliability

* H E%Eﬁ % Other Considerations
- HL *ﬂ&ﬁ Mechanical connections

- Eiﬁ Installation

- '_E.E%f Eﬁ;@ Repair | Replacement

- ﬁ#ﬁjﬁ ﬁﬁ Lifecycle

- YR Logistics
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Offline LED Specific Standards

"‘ﬁﬁiﬁii” ?LE Hﬁ EH (SSL)%E:;E('I . 1 ﬁfﬁ-Q 009E2 ﬁ ) ENERGYSTAR™ 351 Specification (Version 1.1 -2/2009)
—E :Fjjlj FE_ E?‘ﬁ E ’ %‘l’ﬂt‘l’ LI%E F:llzﬁ Eﬁ %3}2 : é}"lj]'z ’ﬂl: P F}%J}E Luminaire based limits, product specific requiremants

including power factor
- S U S E R A K DR A D RN, 8 s g AR & (X M R K A
S EEFENTTF0.5 WIS, T8 MFCC 47 CFR Part 15/1841138 #9 B 4 4t (EMI) & 5145 F 3 (RF1)

B}E Mo “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 1518

J|EC 61347-2-13 (5/2006) - LEDRR B sk X i BB FITH R EE K, B1F:

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

—1?1 JICE %Iﬂfﬁﬂ Hj @.E Maximum SELY operating output voltage <= 25V rms (353 VdC)

—Z‘: E Ef. Eé ‘fﬁ!—: 1#?“'[’% H:'i " :'E‘ % E’] I ﬂf ! “Proper [Safe operafion under various fault conditions:
. |_ ED %Ein"' .aH“J lft , ﬁ ﬁ%%'ﬁ E LE Dﬂ*ﬁ ﬂ&lj] K f.U“J ﬁt Mo LEDs testing and 2x the rated LEDS or modules
* -Arﬁﬁ H #5 5% output short circuited

—ﬂ[ [;E % ﬁ: —F $ IEI] ﬂ ‘Er fﬁ'}* MNo smoke emission or lammability under malfunction

'ANS' 082.)00( LEDBE@%E‘H;EJ—_E E%UE EFI AMNSI CB2 o LED Driver specification in development

T P EFRAE saey— UL, CSA etc - UL1310 (Class 2) / UL 60950 / UL1012
_E g 1%- n%» ":':"::‘-: LTJ, Bﬁi See appendix for more information
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Power Factor Requirements for Offline LED Drivers

BX 22 A EI PR R TECER(IEC)HIE T (TE KX F25 WHY)HAA 215K K E(THD)E
Ek ’ E.: E fi’. Emﬁ:ﬁ; E E{] Z‘: |E,| H.f:ﬁ *FTT;E |[EC (EU) requirements dictate THD performance for

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

ZEREIRAR BEIR 2 2T B EIZSER B (SSL)HISE & 2 52 Hl 89T R A AR IE
(PFC)Zk, MAERAMINEER. Ie—MEREMRE NBTHERS

- =

Aag:» ﬁﬂlﬁﬁﬂ_x Hﬂ_ﬂE'«H& zﬁﬂ_ 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

- 'TE%EFHIHK ﬁﬁ?ﬂ? =(.7 for residential applications
- ﬁﬂkﬁi};ﬁlﬂz ﬁﬁ?ﬂg =0.9 for commercial applications

RANENAERELEDRA T EAE RBHEK, BREMHATEEEX

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

- AHBUAMKNEDRESTHEERKB=RE LR PR R viites e
major commercial uses to have high PF at the facility level
tesh, AR LMABELERETN, 2ERAERERL(RTST0.95+)H
;R' :F ﬂ']_j, 1” E E, E"] ,%i E Moreover when utilities owns/service the streetlight it is in their interest to have good power factor,
typically = 0 95+




IEC CZ Rl

Class C Limits

X2 PR EH T8I 25 WY B &

This class applies to lighting equipment exceeding 25 W

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

s the circwit power factor

X AERE S T 218K A B (THD)<35% (X% [ ££940.94).
ShRL, B & RIRER R BireTHD<20%

The standard equates to a THD<35% (PF around 0.94).
In practice, lighting equipment suppliers may target THD<20%.
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TK5401 BOM

EMT H ik 1ImH DR6*8

Pactodaen el 471

MB6S

TN I FL 2% 104/250V

SMDHABH. 470K/1206

SMDF{LFH 10R/1206

SMD HBH. 1. 5R/1206

SMDF{LFH 270R/0805

SMD HL, 7% 105/50V

SMD HL, 7% 102/1KV

SMD HL, 7% 105/50V

SMDF{LFH 9.1R/1206

SMD HEL 2% 105/0805

SMDHBH. 51R/0805

D4 SF15/DO-41
FR107/DO-41
HER102/DO-41

PC817

T1 EE16/10PIN

RS URET M3 X8
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U S iR L BY D 3 &

Improving Power Factor for Flyback Circuits

o 15538 [ AR IR R RO I ZR E 2829 70.52.0.55 Traditional Fiyback converters have a PF of ~0.5-0.55

R EN AN ERERAEEZEKXRT0.7, HFAZRKXAMABINGH, (XFH

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

S v,

: 05 J'I’i l':\'%--; “HE

= o

« WTFREATZHEMANENAMS, BEEREBRINEREZEEE) B E for non sover

applications like strest lights, 2 dedicated PFC boost stage is normally used

B EHE T AR A A 23
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T e 4 SEREIRIENNT LED RITNHE

K3 Bl W 1 i 208 R IE  LEDIIAE I Ty . S5 LED s ) H AN b, 140
PR, I, U I (DA S R VA TIAE) AN 5 R 2, "o P DIRE I € 1) o
LED s s Ftn— S U, Ak, FRBOEX DIRE A s . Ak, kA — A&,

- HLIZOAE th FE B e LAY U7 M (RMS)FLIR - J7 € o

B4t W 1 RISEAE S0 PR AR I ik, X DRt e KR M. i, 50961 S0 FL it X
BEINAS AL S%H) DR 454 . = KB KN, 7 2296k L PR I DCHLA AR 7 85I ANER ,
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Without E-CAP Ripple current (output current 300mA

#IA120 SrtH S R (74.2mA) FIA120 SrtH S R (74.2mA)

e #ik

IR E R

b LA _,I :F:J i ! ;'-.. a ‘ -"'}E E{J ."ILJ- ::::1- . =4,
T2 1] : - H A4 MR, R ¢ EE 0 P ELR,
AT EE3E LR '

A AT R A




S 34, 07

H 45 DR A 7

==,
=
I

(ol

|

)
4|
|

0,

S
X
=

ERANT Sl e

02
VT

e
P

SRS 4. 5

pE

B HE,

/

RIA 3 ooy
PETTEE
L
e
i

IR




EMI| & S84

Data: 9 File: D:HXLIPCEEEYM-5301AAR_100309001.EMI {10)
g0 Level (dBu\) Date: 2010-03-09

-

e FCC CLASS-B OP

| |
~l FCC CLASS-B AVG
%WW

0.15 0.5 2
Frequency (MHz)

Trace: (Discrete)
Condition :FCC CLASS-B QP ENV-Z16H2002 LINE
Model Name: :TES401
Series No: :
Scan: H
Tewmp : H
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Inspector:

2
HZL
Loading: :FULL LOAD

Input: :230Vac/50Hz; 115Vac/ 60Hz
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