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i Wa,tt H I S t O ry Intelligent AC-DC and LED Power™
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IWatt Operations - Global Presence

Matrix Comprel

Sﬁ/ran

iWatt 2011 Seminar

iWatt Application Center
A Technical Sales Partner
@ Sales Manager
B Manufacturing

Seoy! ’ San Jose CA
: Say
Al\[rlﬂasn n @ Tokya re‘mxr A Denver CO
g\‘ ADM CDI
ASTEL MCM Los Gatos, CA
A ghtenhzhen Taiwan Headquarters
s
India  Smart soouf Vlf/rql?tek
Agtronics Yu Hao eikeng
Skyneon ASEC

Thailand iSEC

Malaysia

100 Employees (80 Engineers)

U.S. Based Development

Asia Based Direct (20+ Engr) Technical Support
Turn-Key Fabless / Virtual Manufacturing Model
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Manufacturing Suppliers - 2011

m  Fab 8AB qualified
since 2006

m  Fab 8E quglified in
2010

m  Additional Fab in
gualification

Turnkey Turnkey Turnkey
Supply Supply Supply
SoIC-8 SOT23-5 QFP
SOIC-8-EP SOT23-6 QFP-EP
SOIC-8-EP
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Proven Digital Power Control Technology

©
B
"= The first company to release Digital Power Control IC’s
for ac/dc offline

IW1689, IW1692, iW1690, iIW1696, IW1698,
IW1691 & iW1710.

LED offline drivers iW3620, iIW3610, IW3612,
IW3614

= Provides Total System Solutions for low-power adapters and
chargers with low cost and high performance

Patented digital primary-feedback control
technology with Tight CV regulation

Patented Constant Current (CC) regulation

with = rimarx-feed back
iWatt 2011 Seminar




IWatt LED driver product__ Non-dimmable

IWatt Digital Power LED Lighting Driver Selection Guide

iWatt

Intelligent AC-DC and LED Power™

Non-Dimmable

3w Up to 5W Up to 30W Up to 30W Up to 30W
Low-power Low-cost ngh-pow?r High- ngh-pow?r High- .
Applications Small-size density power density density power density
Valley fill PFC Valley fill PFC High PF
E14. GU10 GU10 Bulb GU10 Bulb GU10 Bulb GU10 Bulb
' PAR20 PAR20-PAR38 PAR20PAR38 PAR20PAR38
Part Numbers iW1696/1678 iWw1810 iW1678 iW3620 iW3620 iW3620
. BJT Integrated BJT
External Drive STBV42/3DD3020 800V BJT STBV42/3DD3020 Mosfet 2A Mosfet 4A/5A Mosfet 4A/5A
Switching Frequency 40kHz/64KHz 64KHz 64kHz up to 130kHz up to 130kHz up to 130kHz
Package SO0T23-5 SOIC8 S0T23-5 SOIC8 SOIC8 SOIC8
Efficiency >78% @3w >78% @3w >79% @5w >85% @10w >85% @10w >85% @10w
CC tolerance 5% 5% 5% 5% 5% 7%
Isolated/ Non-isolated Both Both Both Both Both Both
Primary-feedback, Yes Yes Yes Yes Yes Yes
Power Factor >(0.8 Passive >(0.8 Passive >(0.8--0.9,SEPIC
EE10/ EE10/ EE16 EE16
Proposed transformer EPC13/EE13 EE13/EPC13 EE13/ EPC13/EE16/ RM6/RM8/PQ2016 RM6/RM8/PQ2016 RM6/RM8/PQ2016
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IWa,tt L ED d rlver S O | utl O n_ NO n -d | m m ab | e Intelligent AC-DC and LED Power™
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Input
power

25W

20W

10W

6-7W

SW

5W

’
7
’
1

\Out put
power
W
.--1W3620
'/’ RM8/PQ2016/EFD25
~\_LSEPIC PFC RM8 24V1000mA/
15w IW3620 ER2510 Tt
\._ |SEPIC PFC ER2510 40V450mA | -
10W /" iW3620 EE16/RM6 N T
W T -~ TTTWEe20 T T
"/——_""——_r | [ Bub /PAR20 PARSO ilBuIb Light / PAR20 /PAR30 )

{ Valley Fill PFC RM6 30V350mA+ £3. | i/
W " iW1678 EE16°} V A‘é {SEPIC PFC RM6 30V350mA |
o~ z,VaIIey Fill 21v350m/k ST

-~ -

| GUL0 EE10 10V350mAE - A

3W

N

~
~

CTTWIST10 T Wi696 7 TW1678 (17

EE10/ERCIS//IEE1S { candle RC Replacement |

RSN { 30-100V 100-30mA

~

PF>05 PF> 0.7 PF>0.9




iWatt

Intelligent AC-DC and LED Power™

IWatt LED Driver product _ Dimmable
-y

IWatt Digital Power LED Lighting Driver Selection Guide

Dimmable
3W-7W Up to 30W Up to 30W Up to 30W Up to 30W
Low Dower High- High- High- High-
Applications p Power density Power density Power density Power density
GU10 / Candle l;;l\lg Bulb PAR T8 Bulb PAR T8 Bulb PAR T8

Part Numbers iW3602-00 iW3602-01 iw3610-00/01 iW3612-00 iW3612-01
Optimized for 100v/120V 120V/230V 100/V120V/230V 100-120V 230V 100Vv/120V/230V
Chopping PFC No Chopping Chopping PFC Chopping PFC Chopping PFC Chopping PFC Chopping PFC
Fly back MOSFET MOSFET 1A/ 2A MOSFET 1A/ 2A MOSFET 2A-4A MOSFET 2A-4A MOSFET 2A-4A MOSFET 2A-4A
Chopping MOSFET MOSFET 2A MOSFET 2A MOSFET 2A MOSFET 2A MOSFET 2A MOSFET 2A
Switching Frequency Up to 200KHz Up to 200KHz Up to 200kHz Up to 200kHz Up to 200kHz Up to 200kHz
IC Package SOIC8 SOIC8 SOIC8 SOIC8 SOIC8 SOIC8
Efficienc >75% @3W >75% @3W >80% @3W >82% @10W >82% @10W >82% @15W
y Non-isolated Isolated Isolated Isolated Isolated Isolated
CC tolerance 5% 5% 5% 5% 5% 5%
Power Factor 0.5-0.6 >0.7 >0.7 >0.7 >0.7 >0.9
Isolated/ Non-isolated Both Both Both Both Both Both
EE10/
Proposed transformer EE10/ EPC13 EE13/EE16/RM6 RM6/ EE16/ RM6/ RM6/RM8/PQ2016 RM6/RM8/PQ2016 RM6/RM8/PQ2016




iWatt

IWatt LED Driver solution Dimmable
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iWatt

For Energy Saving and Environment friendly msmeocmsoro.
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iWatt

LED Driver, A Weakest Link ineligentAC0CandLEDPower™

LED Driver

PN LED

&> Module

LED Driver, Blamed as the Weakest Link
Unreliable Flickering Short Lifetime Expensive

Here, the definition of “LED Driver”, a power module to generate the
voltage or current to driver LED module from AC mains; AC LED doesn't
need to have LED driver according to this definition

iWatt 2011 Seminar
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iWatt

Wh at I S th e S O | u tl O n yo u are I O O kl n g fo r Intelligent AC-DC and LED Power™
Wy

1) Where is the end-customer (Country), Who is the end customer ?
Input voltage and other additional requirement for input

2) Used for what kind of lampé& Lighting? GU10 PAR16 PAR20 PAR30 PAR38 Bulb
light down light...

How big is the PCB size, what is the environment for operation
3) Safety standard and EMC standard and other standard
IEC/UL, Surge, EMI, Harmonic, PF
4) What is the LED load , How many , what kind of the LEDs....
Output voltage and current ,
Expected driver efficiency
Ripple current
5) Dimmable or non-dimmable

Dimmer List , dimmer type ; Expected dimming range

iWatt 2011 Seminar
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IWatt PSR solution  CC& CV

Adiscrete RCC design
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iWatt

Wh y P r i m a-ry F e e d b a.C k ? Intelligent AC-DC and LED Power™

: il SMPS
Benefits: T

. \ : 1 Ea N8t 3,3LﬁH
= Line Isolation " l
Easy for small size design T el le
Easy for heat spread 1 S L A
Easy to meet safety regulation Fm:g o o é: Elirrent
u R lN%gDS 1 N%OS 1‘5;-9 o m p
" More reliable and longer life - = Sense
time e T
No opto
LE AP |
NO Y-Cap L =~ l e e~ +5V
= High Efficiency design [ 17 ) e
Isolated current transformer is easy T f”?
to optimized the efficiency 1 < ' A=

u1

iW1688 I




iWatt

Best accurate constant current mode

| pri_ pk N ps Trst

0 2 T Directly use primary current information.

l |
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iWatt

Why need constant current for LED e L
..

« Should limit LEDs junction temperature for reliability

Typical and Maximum / Minimum V-I Characteristic of 7 X1W LED
Forward Veolatge vs. Forward Current
30

T4 " ] .
e 1 [ — “'I
v o4 ==t il .- |==—7x1W LED =
::22 ;’-}_‘,.___‘-—-'- . L4 o ‘! L = = :«¢
E 20 . =" T : '€'¢
18 o o
-E 16 :¢
: -y
s 12 ‘¢
= 10 =Y
0 00 400 600
Forward Curren t (md)

« Compact lighting(Lamp) design need small size heatsink
Temperature power and lumens

« Same lumens level for high volume mass production




Need isolated or Non-isolated ?
i

= Safety requirement for lamp
Isolated lighting product

= |solated driver
Easy for thermal design,
Easy for safety design

= Non-isolated driver
Possible to for high efficiency
Possible for small size driver

Additional cost for isolated at
lamp level

Isolated here?

,,,,,,

iWatt 2011 Seminar

iWatt

Intelligent AC-DC and LED Power™

Isolated drivers

Non-isolated drivers

Suitable for high-power high-
current low-voltage

Suitable for low-power high-
voltage low-current

More components, less
power efficiency

Simple, low cost

Easy for mechanical design
and thermal management

Easy for electric driver board
design

Easy for EMI design, Easy
for Safety

Challenges for EMI and
safety

19
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SI n g | e'S t ag e VS 2 'S t ag e Intelligent AC-DC and LED Power™
L SSS————

= Basic Flyback: Single-stage Solution Adva,n;?r%ile
* No High-voltage bulk e-cap
o Disadvantage
nn¢ * L+ «Concerns of invisible flicker < 150Hz
’T\ " *Line frequency ripple current
h  Lightning Surge
iWatt introduced * Hot-swap
the single-stage w2202 - Large Output Capacitor
controller iW2202, « Hard to start-up
back to 2004
= Boost + Flyback: Two-stage solutions
— ™M Advantage
) * _|'J > L T - Easy for impedance balance
' - E T || . between dimmer and LED
1 N current regulation
] Disadvantage
1 « More components

iWatt 2011 Seminar 20



iWatt

Ripple current and Flicker & E-flicker
.y

- Wi t h ri p p I e C u rr e n t ’ b u t n O fI i C ker Copyright © IEEE 2010 All rights reserved IEEE Standard P1789

Biological Effects and Health Hazards
From Flicker, Including Flicker That Is Too

= High ripple current and low Rapid To See
frequency ripple will get flicker 2/15/10

[EEE Standard P1789
http://grouper.ieee.org/groups/1789/

= Visible flicker and E-flicker

Digital flicker from 5 ‘R - . f o
: urpose of Report: The goal of this report is to perform and objective
12.3 omﬂlf?PJE'a%e@QRlﬁm%{{Eﬁéﬂ scienptific summarl::/ of the effects on human health for both visible and
AL L L 3 1 11 _ invisible flicker with attention drawn to implications for the design of LED
il lighting. Specifically, contributions of this report include making the reader
aware of
| 1. Risks of seizures due to flicker in frequencies within the range ~3-
. ‘T q ~70Hz;
Iy | 2.| Health concerns due invisible (not perceivable) flicker at frequencies
Y below ~165Hz including, but not limited to, headaches, migraines,
impaired ocular motor control, and impaired visual performance;
3. The differences between “visible” flicker and “invisible” flicker and any
relation to health risks;
4, A few, typical driving approaches in LED lighting that may produce
flicker.

d

Ll i

iWatt 2011 Seminar 21



What is the key for reliability

= Components stress and quality

iWatt

Intelligent AC-DC and LED Power™

De-rating for : voltage stress, peak current, maximum reverse voltage, maximum

dissipation power .......
Quality:
" Temperature

E-cap, Opto-coupler, semiconductor (SOA), magnetic (Saturate )

ot 5 T

I

\\" LC:LOXZ

To—Tc
10

Vo
x (—)x 2.5

§
High Temperature_ﬁ ﬁ
V4

" Protection

Lifetime calculation :

OVP, Surge protection, OTP, OCP , OPP, Short circuit protection

iWatt 2011 Seminar
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iWatt

Hi-power factor Vs E-CAP Vs Ripple current wasmcscmiarm.:

Final — December 3, 2009

. ll’! NERGY ST
I I C 6 1 O O O - 3 - 2 f O r I F an d I I I D Table loer 1) SCOPE: These criteria apply to integral LED lamps®, defined as a lamp with LEDs, an integrated LED
NP [T driver, and an ANST standardized base designed to connect to the branch circuit via an ANSI
-~ -
IEC61000-3-2 Class C -

= Energy star for PF: 0.5,0.7, 0.9 E?

standardized lampholder/socket, Th w&n&wmmﬂm

those intended to replace standard general service incandescent lamps. andelabra style
lamps, and reflector lamps. Other lypesofrep\acementlamps may be added nlhefuture as
improvements to LED technology make LED use in other replacement lamp types viable.

Outdoor 2 . Parameter Specifications
7.3 Limits for Class C Eq Ui pm'ﬂ'"t ; Lumen Mainrtenance ( Ly )
‘_ 16,000 to 26,000 hours depending on type of lamp

T_ 3._ 1 L i u h ti nﬂ G u u i n. m .E.n t D For <5W and Ic:f ::\I:zolmpp: ;lg;{nilimum specification

Minimum operating temperature

= Korea need PF>0.9 THD<30%
EMURFI FCC 47 CFR part 1§
Moise Class A sound rating

E-CAP E=Y> CV"2

In order to avoid flicker,
a)difference of the peak output current for each half cycle(AC) should be less than 4%

b)Ripple ratio of the lamp current should be less than “1.3”

u ngh ”pple Current get ﬂickgrlafmquamysh@uldba>100Hz

Ir_p-p/ ILED(ave) »1.3

= High ripple loss reliability for LEDs7 /\ /\ED Current

Ir_p-p (Ripple current) ILED(ave)

Japan: prassDn) o
JEL 801-2010 §

iWatt 2011 Seminar 23




iWatt

Dem O d es I g n fo r L E D ap p I I C atl O n S Intelligent AC-DC and LED Power™

1W-30W

Dimmable and Non-dimmable
Isolated and Non-isolated
General PF and High PF
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240W Road Lamp Design with DC/DC modulﬂgmww

A 240W Road Lamp Design with DC/DC Converters modules

DC/DC Modules (6x40W) 2688\»;3”63:; LLC Converter

\ ."‘- b y
S B P

<
u’ o o

[ |

v .

kishay.colll &
o

u
.0“
. |
'G - -
J . - ' an "' ‘
. - 73 T ST
Al | TT L es S

e~
LLC controller

LLC converter FETs
(reversed mounted on Heatsink)

PFC | FAron—'End‘ ,




iWatt

iWatt multi-drive vs. standard main + DC/DC moédules ™
S

Conventional DC/DC modules (40W)

DC/DC modules (40W)

. DC/DC modules (40W)
EMI and Main 240W LLC (total 240W)

PFC Converter DC/DC modules (40W) 88%

AC Input —»

96% 97% DC/DC modules (40W)

DC/DC modules (40W)

96% each

iWatt with individual multi-drive 3620 modules

iIW3620 modules (Up to 40W)

iIW3620 modules (Up to 40W)

iW3620 modules (up to 40W)
AC Input —» EMI and (total 240W)
PFC iW3620 modules (Up to 40W) 88%
96% iW3620 modules (Up to 40W)

iW3620 modules (Up to 40W)
91% each




iWatt

IW3620 power module for street light application  meisenscocadcorover
B

F= == == = = = =

| iWatt's constant current |
I power module I
ACIN mllp I Iy .
Surge & EMI Boost PFC Fly-back S
Lightning Constant current 1 :
E Protection P
= |
K I \i
Fly-back — ¥
I A tive it o Constant current Y=
1. Faststart-up with for PFC s [ [ |
2. Constantcurrent source for protect mode : : |
3.  Multi-Protection mode, OVP UVP OTP Ll 1 w3620
4. Multi- point for OTP detection _at Module | |
ANRE D l : Power module
»  UVP OVPOTP 1Y 2
R Fly-back — ¥y o Pan
Constant current "
| =
|
- I¥= ,
> Timing control Fly-back .
: 2
Dimming control T T ly -
|




iWatt

IW1810 integrated 800V BJT for 1-4W LED Driver  eisecocaacorom

N Y Y
ImH - n3 ary
R 2 O+
——W— R Rz o 4
- > Mo €2 =300k SR2150
rd 4.7K Llac + LU = =
o “5 5 1—3 S T Top side
= | | = 5 £13
5 R pe - 5
S 47k MBBS 2 gﬁ 1A
1M g
Fi W : 2
10R 1W i 24 Rl
LO MM W\Lz N i E—— cé 33K
— | o iW1810(under
ImH - FRIO7 : 2 the cap )
D i
— : 8 Bottom side
u RE !
WiB10 478 |02 RS20| |
2 |
c vee (i |
|
B¢ VSENSE (B W—r |
R | O-
T ISENSE GND 12 53K | {7
> 2/
|
LC3 §R? g R10 !
T22F 8K Txe  Sseok '
RE ~
2R <
iWatt — CONFIDED
= p— .

= Frequency 64KHz, 800V BJT

= High efficiency ,Small size, Low cost

= High accurate for CC mode, 3% —

= Competitor: Pl LNK 60x

22mm| &

High cost, CC tolerance 8-15 %, mosfet (EMI radiation), OTP




iWatt

How to get non-isolated with iWatt chip

Non-isolated Isolated
IWatt apps for high voltage & low current lwatt PSR isolated fly back
1+ ” .
¢ f T } ;—L |7 ¢ 3 %" 3 é S +
_|_
l > l /]-\ \H
_ = UBuck-Boost R d Flyback
Non-isolated Non-isolated
IWatt apps for boost - buck IWatt apps for low voltage & big current

I

SF e T 3.
. 3

USEPIC ]

T [~ _h




iWatt

IW1678/1810 Non-isolated for 1-6W LED Driver recmerm

ol 470uH
L O——h— s ! ! -
BR1 M J~ %l J 5
glac + 0 =z e = =z ce ET ©2 L:T EIEDK POF
= | g1 = D2 b
Lguaﬂs B EEC. ETCL - ;-:an{ H I ) + a
o = i N Adabe Acrabat 7.0
NO—— | s = =% 47 Document
% ; Input : 180-264Vac;
3\
2, U1 - i
sDe30z0M ‘_;"T'—’L QUTPUT vee P H : Output:
i FRIDZ !
% LISENSE Lo E 110V30mA/50V80mA
=30K !
| E{onD VSENSE e ]L j |
L i 2 | - .
= 1 Leo do Loy 2 " Efficiency: >88%
S
. 4.FuF f25v

= Operation frequency 64KHz, drive BJT

= Easy for wide input application

= High efficiency small size, low cost

= Possible for RC replacement

= Competitor: PI LNK304, loose CC tolerance TR N H G 2% iWatt demo it




iWatt

Demo design for RC replacement 1-4W___small size  reisenscocanacorover

iw1678-00

iW1678
] vee ouTPUT [5]
[2] eno
[2] Vsense Isense [4]

SOT-23 Package

31



iWatt

Demo design for RC replacement 1-4W_Low BOM coStscocairon

tem | Qty. Ref. Description
1 1 c2 0.1uF,400V,CBB
2 1 C1 2.2uF,400V E-CAP,105C
3 1 C3 47pF,50V,SMD-0603
4 1 C4 4.7uF,25V,SMD-1206
5 1 C5 0.1uF,250V,CBB
6 1 D1 FR102,1A,100V,SMD,
7 1 D2 UGC20GH;2A/600V;SMD
8 1 R1 4.7K Q +/-5%,SMD-0805
9 1 R2 1.2MQ +/-5%,SMD-1206
10 1 R3 1M Q +/-5%,SMD-1206
11 1 FR1 10 FUSE Resistor-1W
12 1 R4 6.2 Q +/-5%,SMD-0805
13 1 R5 680K Q +/-5%,SMD-0805
14 1 R6 30K Q +/-1%,SMD-0805
15 1 R7 6.2K Q +/-1%,SMD-0805
16 1 R8 300K Q +/-5%,SMD-0805
17 1 L1 470uH ,1/2W
18 1 ul iwl678-00 SOT23-5
19 1 T1 EPC13 Transformer
20 1 Q1 3DD3020A1 TO-251
21 1 BR1 ABS8

32
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Demo design for RC replacement 4W _performances s
- —

Hof LEDS Vin Pin Vout Iout efficiency
) (W) ) (A) %
180 4.03 110 0. 032 87. 34
190 4.03 109. 7 0. 032 87. 11
_ 200 4.04 109. 7 0. 032 86. 89
(AC input 180~264Vac, 210 4.05 109. 7 0. 032 86. 68
Output 33 LEDS) L6LEDS 220 4.03 109. 7 0. 032 87. 11
230 4.09 109. 7 0.033 88. 51
240 4.11 109. 7 0.033 88. 08
250 4.13 109.7 0.033 87. 65
260 4.16 109. 8 0. 033 87. 10
264 4.17 109. 8 0.033 86. 89
Efficiency Y-output (V) V-l Curve
115
89.00 110
95
85.00 9
© 83.00 85
©* 81.00 ?g
L Uiah offician. ~ 70
79.00 L2 1 S P N P O I P
77.00 60
55
75.00 50

175 185 195 205 215 225 235 245 255 265

AC INPUT

— PV

l-output (mA)

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
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IW3620 for small size non-isolated application memsmicocamicosm:

O——————— Y . . . ~
N 2.2mH J‘ i
W | r;? 70
R4 —BR1 = =g =r3 L‘_-.LJ ? ai}umt}ﬂ
oxt | @ A7R BRPE D oy | Sseox SoPEN 3
iy . . |
P e - o uF /200V . .
T ; _ Input ; 90-264V
= | )
— w 1 L
= !
I— =R2 =qe
-O_qu i =ZBE0K  =DPEN :
= | n3flE Output: 60V100mA
| m
|
|
2 oo . .
0N | Efficiency: >88%
. —)—\ PR J R1D D2 :
\\-_-Jj — :n;hé\ —Z{ouTeUT vCC & ! - :.,ﬂfz — HJ |
3-3‘?\15 VIN E— . . IN&145 ’?;ﬂl{ |
|
— W B |ISENSESENSE (2 T |
R7 .
1.5K ne - :
= |
21 oD 50 | = !
| C4 _ Do~cs CE L =R1IZ 4|,
<Rs ) iw3g20 [a70pf 5 22 sk =L P
>2.2R ::;'[fm, <RS < | l 36.8mm |
] Tm( |
|
. . - =

" (W3620 T{EMIFREA130KHz, SNEMOSFET
AR T IR A R, 4-20WH HI R R F*‘E’

" OERE/IMETR, A, A~

" EHEREER3% AN 15 2 %iwatt demo it




iWatt

IW3620 for compact isolated LED driver

L1

1mH
N Y
W —e
BRI L 47K . )
e+ iEH 43 _— C|3 HER204
I - T P I . EFDI5 | . O
5 3 Zezok | C LED  18Y350mA
|
LO WA | L
FR1 4 =
MR 0.5W — j‘::‘:sﬁé?n.k : _}SEUF:_‘ e
: 25V Input : 90-264V;
I B 08
|
|
: © Output: 18V350mA
|
o 0
RID |
2 [42NE N‘ﬁ > : - e
4 \ U w7 1N414B | IcClency: > 0
’ ; Iy
K ! Ap—T fouTpuT vec |2 . N
3 47R E :
=5 RT = ! 35mm |
=22 B ||SENSESENSE [ k=
11
S WL
R12
1.5K GND D i
=FR4 1 | ~I06 §_}§B
=2.7R G2 13 L4 S 5 K
180pF 20K | 68PF | 470pF ©
'1 CY1
. . . |
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Hi-power factor and E-CAP and ripple current rsmscsmiarm.

ENERGY STAR” Program Requirements for Integral LED Lamps
ENERGY STAR Eligibility Criteria

Final - December 3, 2009

" Energy star for PF: 0.5, 0.7, 0.9 E

= |[EC61000-3-2 for PF and THD
IEC61000-3-2 Class C

1) SCOPE: These criteria apply to integral LED lamps®, defined as a lamp with LEDs, an integrated LED
driver, and an ANSI standardized base designed to connect to the branch circuit via an ANSI
standardized lampholder/socket, Twmimmmmﬂm
those intended to replace standard general service incandescent lamps. tive (candelabra style
lamps, and reflector lamps. Other types of replacement Iamps may be added n lhefuture as
improvements to LED technology make LED use in other replacement lamp types viable.

Parameter Specifications

Lumen Mainrtenance ( Ly )

7.3 Limits for Class C equipment

16,000 to 26,000 hours depending on type of lamp

7.3.1 Liaohtina eauipment Pore Facio

For <5W and low voltage lamps|Me minimum specification
For> 5W lamps [» 0.7

Minimum operating temperature

" Korea need PF>0.9 THD<30%

Output aperating fraguency
EMURFI FCC 47 CFR part 1§
Moise Class A sound ratina

E-CAP E=% CV/2

In order to avoid flicker,
a)difference of the peak output current for each half cycle(AC) should be less than 4%

b)Ripple ratio of the lamp current should be less than “1.3”
le frequency should be > 100Hz

= High ripple current get flick&?

Ir_p-p/ ILED(ave) »1.3

= High ripple loss reliability for LEDs7 /\ /\ED Current

Ir_p-p (Ripple current) ILED(ave)

Japan: prassDn) o
JEL 801-2010 §

iWatt 2011 Seminar 36




Comparing with true PFC solution

A. Impact cost and PCB size

2A FUSE

L ()

B5t0 270

Vag

B. Probably,

need additional

components
surge test

—

DFOEM

T

470 nF |:| ImMQ

470 kL2

20 k2
-

1nF

&
Lz
O

v
o

n

g

=

]
LSNP

STPAMAGD

osa []

Opto-coupler meet reliabilityissue in LED driver

Opto-coupler is not recommended for high temperature

Most LED light customers have phased into None opto-coupler solution (PSR

solution)

=X

Internal temperature is
around 90-110'C

Recommended Operating Conditions

Syméol

Yee

iWatt

Intelligent AC-DC and LED Power™

C. Huge e-cap as output filter,
otherwise, ripple current is very high

STPSEH100D

15 Ve J 2A
+O

| TRRRK

1N47145

N

| * D. Secondary control

for CC/CV mode,

Opto is necessary

E. Weak Protection at single fault mode,
for example, opto-coupler open
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IW3620 SEPIC Schematic inelgentACOC and L0 Powe™

Boost inductor
2\

o— ~ » >
| ] ]
X T 7 - ‘E L ] 3| .

e £ L
o™ T i«

w3620 i | p “
. . Lc=1Lgx2 10 x(—2)x 2.5

Ve

Lifetime calculation
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i W3 6 2 O S E P I C C I rC u I t Intelligent AC-DC and LED Power™

E 7 Y Y Y m
1 ne [\I %
@ — e 4R ® L1

I ~

— | ) ®

= ) j .

_
Clamp diodezg




IW3620 SEPIC--Theory of operation

Fi
4TR/IW

Fi
4TR/IW

F1

47R/W

z

L D1
O m O+
330uM .o mi L g p
LW\/J |L 2 Hicamse cn
BRI R1 1K A 3 i z
5 ! L =Rs
2 | s 0K
—c2 — | 2
«— 8
1 0d | B
0.22uF /400V Im i
1
on {Ins o
|
L i
— i
1
1
1
w !
1
|
L3
D1 08
T
O+
HERI07 mi > 19W LED
2 e o
I3 K3 | 3
s ! 22 2Ris
B =] | IS 5 S0k
__c2 — [ o
10e | B
1
0.22uF /400V > !
1
at I |
M i {GND
off |
L i
— i
1
1
1
5_.3 \
1
11 D1 08
T P o
+
330uH HER107 EWDi oW LD
Lo 2 HEG A o
BR1 Ri K £E13 hd [ 3
pe o+ s ! =R
=] ! s 0K
pe - ] T2 = i g
OBI07 1 o 1uF pagov 0é | B
0.224f /400V ! IS
1
1 (OGND
| %7
1 |
|
1
1
1
1
1
|
|

Is=0

Ip=0

iWatt

Intelligent AC-DC and LED Power™

[.=0

Ip=I+Im ‘Is:(IL+Im)N‘

IL

Im

E
t0

t1

Is

0

t2




IW3620 SEPIC design for Hi-PF T8 driver

b b
WD * 1 *
N40OT YF 4007 = gl
D2 I’ Sil o FE 4 100K
‘ W L B C
> — P 2 o] O] Toges 3R
- | : 3
e 1 4007 S e 2 2| o L
Ty il L1 2 ém o ®)
=1 - =910k
= 1 -~ 2 <
[ La -
=5 . e o3 - 1 §Q5 NE” 10R j
Lyl = r~ - NC 18 4
Bl (=)
o 15uH H4007 ”-"‘IE !3:: 4 j
EAJ’IE_QQ\'H_ I”i E] 5 ok
LO—, ' » 08
_ 4007 J §*3,‘ FRIOT
Options for N4148
. . 19
radiation test, L-h- +—
Ui R14 <
arf 5 | D12 WiE20 R = D
' 1 ?' ¢ j auteuT veo HE . 4 g”'*‘
ANBO L 22K
3 g{q BCAOT &y,  IN414B VIN L2 =
(=}
22K R0 ‘
° ° E |SENSESENSE 2
1K u
NG -
END sp |4 u
R c6 —‘ - 71 = RIE
?5? -le w0osf T 1 15V _E:m 3K u
13 [T
§t‘. -7 - =
1 20K Tepar T 470pF B l
| L

iWatt

Intelligent AC-DC and LED Power™

E

=
220uF 50V

He

L Options for
radiation test
High PF, >0.9

Low ripple current , <30%
Wide range input
Output power up to 30W

L x W x H= 250x17x10mm
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IW3620 SEPIC design for HI-PF Bulb & PAR  resmscocomiicormner

L1
4,7mH D1 @] c:1

o % g o ‘ | r\AC cuf\rent /
> é@lﬁm{

EE10

1 of o \ :
inF /§00V RMB HER2D4 ” \ / iR ;

- _ ) ,4 ‘ i
1
= J 4.TK | BDF” - - | .. F‘ r" . L . B &
: 2 1 co o :

. ) e Wos | 100uF 2= §§éi | ! I
_4.TmH_ urFs007 | 02 A [ 25v -/ A
o UF4007 = FR107 I J Foo o

LO 5 1 f [ :
mH 60k ) ! LF )
— J W5 00ms Chd 7 —1.2V 14|
: B 200mve:  Chd  10.0 VA 09
1
1

1
| Cur
2 =) ! Setup: DEFAULT H |
@D o ) é—k : g .H:a,rmc)ms
1 E 1
|
|
|
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|1
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e
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3 VIN
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§R . —=C6 =<7 e 3k
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| | ’k20mma‘ ‘T
= Simpie solution for Hi-PF and constant current 5 |
output
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= Universal input and low output ripple current

= Best surge test performance

51mm

FELH N FH i 2 %iWatt demo it
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Everybody is looking for dimmable solution  mwescoccz s

High quality light control, >150Hz Dimming Frequency

High Dimmer Compatibility: Smooth, seamless,

Tolerate more line distortion and surge with tight LED Current
Parallel with more lamps per dimmer
Hot-swap driver module and Emitter

ow tt PF>0.7, High n, All-dim Non=isolated andiisolated
!a,,,,.,,gs,eengay,,ﬂ,.gn PF>0.9, Low THD, All-dim Lownipple andNene flicker

CANDO'! fow ' PE Simple; Low-cost Small'size'and ' High'efficiency




Leading edge dimmer _ TRIAC dimmer

iWatt

Intelligent AC-DC and LED Power™

[

S1
vac O ) 2004

Q1
TRIAC

SWSPST 26.5uH

R2

D1

DIAC K;z

2

C3

TBR”
R3

e

w1

VXM
POT

c2
1]

100nF

LOAD

c1
11

100nF

47nF

Vac O

Adjustable resistor of W1 and C3 are the single

Voltage axis

200
160
120
30
40

~40
=80
-120
-160
=200

Input and OUtput Voltages

il
SN
yd : A
R R . reqeeseaney
: rd
L
g ®
0 30 60 90 120 150 180 210 240 270 300 330 36

elements phase shift network. When the voltage across
the C3 reaches the break over voltage of DIAC, c3is

partially discharged into Triac gate through DIAC. The

Triac is then trigged into conduction mode for the
reminder of cycle. However, the Triac has the minimum
gate trigger current ( IGT ) to turn the triac on. It also

requires the minimum holding current to hold the triac

on once conducting. When the current drops below the

holding current, the triac turns off.

Angle in Degrees

Leading edge dimmer works with
incandescence

2k Stopped 209 fcys 27 Aug 08 15:14:10
............... L e

!. A~

CONEEURSCILE SR, T

)

b b b B B T b by by L
thz

100
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Intelligent AC-DC and LED Power™

Knowing Triac

Latching current IL

If the triac is triggered by a gate current at the beginning T
of a mains half cycle, the load current will build up

gradually from zero. The gate current must not be -
removed before the triac is latched ON otherwise it will
return to the blocking state. Latching occurs when the Il »

load current reaches IL. The gate pulse must therefore [/ .J

be present until the load current has reached IL. The [ ]
. wpn IO .

gate pulse duration must be specified at the lowest o .

expected operating temperature for guaranteed <

triggering. If IO > IH. The TRIAC remains turned on. But '

if 10 falls below IH, the TRIAC will be blocked.

Holding current IH

As the load current reduces towards the end of a mains
half cycle, a current, IH, will be reached when the triac is
no longer latched. It will cease to conduct in the absence
of a gate current.
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What W||| happen When Work|ng for C&pacrtance Ioad Intelligent AC-DC and LED Power™

e R=R1+ Equal impedance of bridge rectifier
DIAC 7. TRIAC The impedance is very high before the bridge is on,
Cx 9 __CQ Gat;e AT After the bridge rectifier turn on, the impedance will be very low
Tek__flm - QEUTDQS T : UQ&IWUEH.U?W - mz-] Tek  Run Sample‘ 2 SZA‘cqs ‘ 1IJA‘prIJB1857‘33‘ ﬁi‘ugr:sj

Jregs22k M:336N
o. B.8z4M no ZBZO

I LR B

1 Curs2 Pos C 1
1 0 ramems r T Jrreaica)  114.kH:
1 g Gl C I u: 35678276k
| 814G T —|m: 1601 M:2.996N
T 1 o: B80.5k  n: 31.0
JFreqicap z00EMHz r I

i e 11.805068M g \ i %’ ; 2

Cut-phase 7

| | | T | | | | T
Chi 100v chz 1004 M 4.0ms S00MSs  Z0.0nsjpt 1 1l Ly | IR P | | | | -
A Chl ~ 108Y ch1 100y Bw Ch2 100v B M 4 0rns 25.0MSis 40.Onsit

R-load 2K & Maximum output LED driver & Maximum output
Dimming range from 90% to 20%, The minimum cut-phase will be higher than R load condition,
depending on variable dimmer design and the maximum cut-phase will be higher than R-load

N : condition too.
The dimming range is 20 Degree to

150 Degree (or 180Degree) The range for dimming is almost 90Degree to 150 Degree
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Trailing edge dimmer

X >

~ AC input
-osd T
= X'Cap m\\ inmmer phase-cut
_/ H CQontrol signal

Trailing edge dimmer works
® Trailing edge dimmer is designed for e-transformer, normally with resistance load

power for 100W-500W: AP B
® With timing circuit to control the on-time after zero across : |/ | - AR\ El
Hard to detect the OFF point at falling edge as lot of dimmer ---q \ ] _
has internal X-cap (For EMI and protection) y ; |

Cohv bl iy Lo b o Ty [ BRI R B
th1 100y Chz 100y M 4 O 50.0MS5S 20.0nsht
A Ch1l 160V
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Variable dimmers working with R-Load

Panasonic Merlin Gerin Merlin Gerin CLIPSAL Merten Trailing edge
WMS549 S460 S460A

Y
[
A JO

e —
Penascen
R — e

CX=0.068uF CX=0.047uF CX=0 CX=0.1uF CX=0.1+0.47uF
C=0.047uR C=0.033uF C=0.047uF C=0.027uF /026.’627UF C:O.947qu
y ¢

Tk Fun  Sampe 56 dons 03 Apr 08 13:28:02
ok et +—HL “‘E* 00 08 EOOCLS Tek R Samk 20198 hors 09 A 08 11:08:40 T T T T T T T
T T hd T T T T
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L I A s [ I [ PRt “a7363ms
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E L | e : X
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L I s 2o T .- : . I
i o £ 1 d 8 oaEn LRS-

A 7S30M
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3

=] | . : Freces) oS
i i i i i i i i w11 050 Freaica) 4313k . . . : . " R —
T y } } } t t t t vssz i ss.16n = f i i i ! i i i - 10 07arosK } } t t t m:oBa 3 M 33 160
lo: sz n: 2620 i f f f f T T T f v 7267 4651k o 2001 n: 5560
56 n: zade

N

I I I I I I I I
ms SOOMSE  20.0nst
1
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Bont . Toay
Ttar oz 1o M 40ms G255k G Qusht i 100
Bont T8
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E . u F I 74888
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v -grems
Freaica) 9904 H74mms 2l Fiems
11 541919 2 2408 L S zsaeme
~ oo 8522k M 33.18h - . - R Jroems T 38EEHE
ls: 555E0 n: 2610 e
Freatc:

3 250N
1 10 208E32M

i 10990 14l: 33181
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lo: 7.762M 0 1330
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Sl N g I e Stag e d | Mm ab I e SsOo | u tl on Intelligent AC-DC and LED Power™

= Basic Fly back: Single-stage Solution

e JEE.

Concerning:
High ripple current and big E-cap at

output side E=1, CVA2
Visible flicker and e-flicker

High repeatable AC current when
TRAIC fire on at 90°C

AVAYAVAVAY

ASKIFR LI S
Visible flicker

Digital Flicker

i
e B L |
v
e W

~ High repeatable
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IW3610/iIW3612/3602/3614 digital chopping Circuit eismcocmaeorome:

é—* . = Unique Method to Configure the Dimmer Type
AL _‘H ‘l'
I | I T '\\4 = Provide the Pure resistive impedance to Wall
Dimmer
_
= Line current shape to improve power factor
' Rnost + Flv hack: Two-staae solutions Reduce AC'CyCIe Inrush current
D1
> Industry Recognition:
BR . m D2 Dimmable LED controller iW3610 most innovative product
Wal Le H 5 VCb EDN !

Dimimai
m.é J: * Chopping Resistor to
§R1 gacw__.d;;widethepure INNO ATION

1 resistance load for

- dimmer when Lg is
'_Qc Py
Vin_a g R2 - saturated by the long
OUTRYT TR

on-time of Qc

Adaptive control the impedance of Dimmer

RADMERILER 7, RAGTHIRR IR TR
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Dimmer phase-cut detection and dimming control eisemcocadcorom

= Average voltage measurement —Other competitor

Phase-cut -- Rectifier -- RC Filter -- Average

= Phase detection and duty measurement-----iWatt
i
Lhimmener  phase = cress
Toariad
0.14v -
v
1y v = Dimmer Phasex K, — K,
Voross
et Where, K is set to 1.74 and K_ is set to 0.23
IW3E12(02) vs. IWIEL0 Dimming Cunde -
."II =
W 3612(02) Adijust the refer!me voltage of
. : Feak Current Sense comparator
i
E Y 36 100 q l._
E - =
7 e
- ) _ o ? R..
.--"'_F'—H_F-i. ] ™
2 30 I X0 25 2O 52 3O S22 m0 EE 7O TR RO OEER WO OS2 100 L
Dimmer Input Phase (%) T irpn- Pkﬂfps f-;‘.sf
WaEl0s —nasl2|a2) LED Current Il:' - '._.' T
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Start up and dimmer configuration

The phase-cut voltage comes from dimmer,

after bridge, it appears as 100Hz(or120Hz)
ACInput at Rvin resistor, an integral diode between
From dimmer Vin pin and Vcc pin, the current charge Vcc
fe+ Bulk —cap capacitor till Vcc reach 12V.
0o
Qutput TR
— IC start to workand
— | turnon the MOSFET of
\Vin signal ,,,,,, . m i Vi_n pin, Vin pin vqltage
- - @- will be a scale of input
| Digital Logic . [omwr_wf VOItage
= 2 Dinmer .m—l i IC measure Vin voltage
K %mm” s to understand what is
Vi I”'f"' N/ LN\ N H } = real input voltage and
In Slgna . T Digital control phase-cut duty
= Hf—1
Output_ TR @H—W—V | =




iWatt

Power on and phase detection
-__________________________________________
IE#EENYLE Start waveform After power on, Vcc is
S— charged to 12V,
B |IC start working, Q2
e 0 will be full turn on 3
I cycles to configurative
SRRRS © § L L do ki dimmer , will check the
- a2 drver S inn i) dimmer type
Liin SITE: | SOEY RREH £ 5 If Q2 keeps turning on,
LED output resistance impedance
| i ' is present. It help for
j 7 ' dimmer detection
| VinPin After FLAYBACK
i working 20 cycles, will
B e Tt be configuration again
o2 @ @ oo JEEE[ ® 7™ 10 double confirm the
% o-.;‘pcling:}7 dasnoc; or||nve Bangm:dth @ Label =~ dimmer type
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Supported dimmer list—Parts
.

Dimmer Low¥ Line (120¥/100¥) Dimmer: High Line (220¥)
# Producer [|¥lot/Freq |Model Ctl. Type |MAX i Producer YWlot'Freq |Model Ctl. Type |MAK
1 Leviton 120/60 IPI 0B Leading EOO 1 Busch 23050 2247 Leading a00
2 Lutron 12060 S-600 Leading 600 2 Busch 2300 22501 Leading i
3 Lutron 120/60 Ov-600F Leading ] e MO 23050 Leading 400
4 Lutron 120/60 LG-600 Leading 600 4 TCL 230580 FHOS1 Leading B30
2] Lutron 12060 O-B03 Leading 600 5 JUMG 23080 266GDE Leading a00
4] Lutron 120/60 GL-R0O0 Leading RO0 ] Everflourish | 230/50 EF7000A | Leading 300
7 Leviton 12060 B167 Leading 600 7 FOSLO 2300 Leading i
B8 Lutron 120/60 DMG-600 Leading ] B8 SIEMENS 23050 aTC0200 Leading
H Lutron 120/60 S-603 Leading 600 g MK 23080 TE1000 Leading
10 Lutron 120460 AY-R00 Leading ROO 10 OFUS 23080 B52-350 Leading
11 Lutron 120/60 T5-600 Leading GO0 11 Clipsal 23050 J2E450L Leading 440
12 Lutron 120460 -B00 Leading RO0 12 Merten 230/0 o724 Leading
13 Leviton 120/60 HTDO1 Leading EOO 13 Busch 23050 2200-11] Leading
14 Lutron 12060 MWTLY-B00 Leading 600 14 Busch 2300 G513l Trailing 420
15 Leviton 120/60 BG33P Leading ] 15 SIEMENS 23050 aTCB2E84 Trailing EO0
16 Leviton 120/60 BE34 Leading 600 16 Wadsho 23080 TD3a0 Trailing 34l
17 Lutron 120460 SLV-600 Leading ROO 17 Merten 23080 a7 Trailing 314
18 Lutron 120/60 MTELY-600 | Trailing GO0 18 Clipsal 23050 J2E450T Trailing 440
18 Lutron 12060 SELV-300 Trailing 200 18 WYL 23080 Leading 400
20 Lutron 120/60 OWVELY-300 | Trailing 400 20 FLUSH 23050 DF Leading
21 Leviton 120460 FEPI 0B Leading RO0 21 Anchor 230/0 Leading
27 Levitan 120/60 BR15F Trailing 300 27 Schneider | 23050 Leading
23 Leviton 120/60 alal=} Leading GO0 23 Clipsal 230450 | SZE450UM | Leading! 450
24 Leviton 12060 BE3 Leading 600 24 DM 23040 DWT 0004 Leading 300
25  |Panasonic | 100/50 HO20345 Leading 400 20 Sologic 23050 400W
2B Panasenic | 100/50 WHETE259 Leading a00 2B DSPEL 230/50 00w
27 27 ENC 2a0/a0 PROFP400TT 00w
2d 2B SICHERIHNG 230/50 2035
24 24 EREKER 230450 283010 400Y
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Mapping of Dimmer_ phase Vs Dimming control duty messmscocadizoromer
-

> 120%
100%
B0%
60%
40%
20%

0%

Percentage of Du

Map of PWM_DM VS Amplitude

900Hz PWM

[~ N

N N\

AN

[ sense Amplitude >~

¥
N

T
O Y OoONMO OWNO W A0 ¢
‘(_D| WaONNMOOOIWLOLL I T

Dimmer Phase

==PWM DM === Amplitude

S N M

<

™

™

rTrrrrrrrrrrrrrrrrrrrrrrrrrIrrTrTrTTITTTITTrTTITTITITTITI T T

O
™

150%

Map of Dimmer_Phase and
Dimming_control_Duty

100%

50% -

T~ -

Dimming control
duty

0%
0
N

TTTrrrrTrrrTrrTrrrrrrrTrTrrrr T T I ITrI T T ITT I T I ITT T
PRL T PP PS

Dimmer Phase

= Series1

= High efficiency for all power level

Ultra low and stable dimming level
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Digital dimming Eliminate Flicker
TR ) .1 ™ Digital mapping of dimming
; N\ fﬁl—l; il control for wide range of dimming
. N /| output

%’ \‘\\ - 4 = Monotonic ( digital step) dimming
= ~ ’ control eliminates flicker
50 \\"‘H-

N
" |Leading-edge dimmers " Trailing-edge dimmers

" Multi-Chopping mode for

i dimmer means better
N o N o 2 SN Ao

" Prevents multi-firing of
ML L1 "m m E = TRIAC dimmer and

. __ . _ choppina control waveform

Girmer maxive eliminates flicker
e . —t == ...I..L. " .|:.I|.-L-I-F
f"-'l . -'“-._I ViR ~y -*-vln e .
'Tj rr‘_} . ’_Tj—nr H t H I Dtherf ;D|L|tiorjs cause TRI&C multi-
if ] | T‘LII_"T}_’*_—“ firing, which causes flicker
B L-_'I . IJ. e II.' i...0.. d.- I

56



Support multi-lamp parallel mode

iWatt

Intelligent AC-DC and LED Power™

TRIAC fire on

Parallel operation mode at end-user, No-flicker Dola_V
Vin
Reliability for parallel operation mode, No-damaged ~ 7~ """"
y P P g B kf\ﬁmmp
Repeatable peak current ?2?? t N \
P dimmer xK> P_lamp xN/PF (K=0.5~0.7)
Valley voltage on bulk-cap

Better dimming performance, same dimming level
for each lamp LR T e

Each lamp can get accurate phase-cut duty
Each lamp can get better CC tolerance at 100% output
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Over temperature protection iWatt

Intelligent AC-DC and LED Power™

« OTPIis an important function for LED Lighting

E17, small size for 7W power

4

Lighting fixture and can

« Cut-off OTP (Integrated by IC)---Not good enough

Shut down suddenly

Non-adjustable OTP

Normal

Output current

« Programmable OTP Curve

‘Temperature
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iWatt

IW3612/3614 programmed OTP function
s

2
g s0 : -
g / Power limit start (V) 0.56
S 60 :
£ a0 // Power limit min (V) 0.44
5 :
g % I Power limit range 100% - 10%-1%
:;_E %.0 0.2 0'.4j 306 0.8 1.0
3 &
- s Over-Temperature Shutdown (V) 0.22
Figure 9.12 : V_Pin Voltage vs. % of Nominal Output Current for
Ontions -00 and -01
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NTe LT « | V first threshold point, LED
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o " o vy
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0 Vvt (V) .
T B Voltage on Vit pin OTP point
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Full Schematic 3602 3612 3614
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iWatt

Small size dimmable design for GU10 3W-4W  rsacocarsieoronr

01
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AC Input = BRI [
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VIN [
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GND VT
R11 de7 —C3 -4
2R open  |IW3B12/3602-01 o | #7eF 220t
NTC 29 nF
47

= Power factor >0.7
= Low ripple current <30%
= Dimmable with Leading and trailing edge dimme

"=  Small size for GU10 and candle

17mm
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elligent AC-DC and LED Power™

!Watt

High efficiency & Non-isolated 3W-20W Buck b

ANALYZER 6638

B 20893.09.13 1
L1 Waveform M1
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~ Wall dimmer




iWatt

Intelligent AC-DC and LED Power™

A60 Bulb light demo design _10W

It : No dimmer
i * | | Vin Pin | Vout | lout .
N oY #of LEDs efficiency| PF
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3 2] -~
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