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pA?HII_DW Agenda

* Design Challenges and Key Elements of LED Lighting Design

« Critical Conduction Mode (CRM) Single-Stage Flyback Basics

 Discontinuous Conduction Mode (DCM) Single-Stage Power Factor Correction
(PFC) Primary Side Regulation (PSR) Flyback

* New Generation Single-Stage PSR Flyback Controller FL7733A
* Analog Dimming with FL7733A

* New Generation Single-Stage PSR Dimming Controller FL7734

e Summary
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FAIZSHILE. Design Challenges

« Standard & Agency Requirements * Thermal / Efficiency
» Design Complexity » Cost

* Power Factor Correction « THD / Standby power
» Safety and Protection

» Constant Current (CC) Tolerance
 Reliability
 Lifetime
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FAIZSHILD. Standard and Agency Requirements

Sample of Worldwide Agency Programs

Agency Lecation Voluntary vs. Mandatory
Energy Star - US United States Vaoluntary
California Energy Commission United States - California Mandatory
European Commission
ErP Ecodesign Directive Europe Mandstory

LED Driver Specific Standard and Agency Requirement

Item Reference Criteria

Energy Star Program Reguirements for Integral LED Lamps Version 1.1
(Amended - Mar. 22, 2010)

Power Factor (PF) Residential = 0.7 for =5W

Energy Star Program Requirements Product Specifications for Luminaires Commercial 2 0.9 for >5W
{Light Fixtures) Version 1.0, (Effective date: Oct 1, 2011) 0.5 for <8W
= 0.5 for

Class C (*25W) s 30%THD

2 0.7 for =5W

EM{IEC)E1000-3-2 Class C {Lighting)

Total Harmonic Class D (=25W)
Distortion (THD) o
ass G (=25W)
KS CTE51/2/3 (IECE1000-3-2) Class D ($25W)
Di . Energy Star Program Requirements Product Specifications for Luminaires Continuous dimming
imming {Light Fixtures) Version 1.0, (Effective date: Oct 1, 2011) from 35% to 100% of total light cutput
120, 127, 208, 220, 230, 240, 27T, 347, 480 V.
Operating Voltage MEMA SSL 1-2010 at 50 or 60 Hz,
12 or 24V, O Voo
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e, Key Elements of LED Lighting Designs

- PFC
- General Requirement :
» Line voltage input application : 20.9 for >5W at rated input voltage
 MR16 lamp (low-voltage input) application : No regulation
- Market Trends & Design Challenges:
 Increasing PFC demand although <5W application ; save input electrolytic
capacitor

« THD
- General Requirement :
» <25% THD >25W (<10% for Russia market)
- Market Trends & Design Challenges:
* No severe requirement for “bulb” application
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e, Key Elements of LED Lighting Designs

« LED Driver Board Power Efficiency
- General Requirement : (Low-power applications only)
* Non-dimming board : >85%
* Dimming board : >80%
- Market Trends & Design Challenges:
 Increasing higher efficiency requirement but related with BOM increment

* Dimming Compatibility
- Dimmer type :
* Phase cut dimmer (leading edge type & trailing edge type)
« 0-10V, DALI (Digital Addressable Lighting Interface)
- Market Trends & Design Challenges:
* No flicker/shimmer for phase-cut dimmer
* New interface dimmer
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amamie | Traditional Single-Stage Flyback PFC Solution

~ Using Critical Conduction Mode (CRM) Power Factor Correction
(PFC) Control IC

CRM PFC control IC is designed for a boost PFC application and not a single-stage
flyback application, but with some circuit modifications it will work well

Good high efficiency, but needs fast turn-on circuit or V. start up resistor incurs losses
High PF/ Low THD
Accurate constant current (CC) incurs sensing loss

PFC

S
{::\L-E' Fassiws
Filmr
j eE—
BO
FLEBG

= FL7OZDEC

CRM PFC PWM IC
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mmg._nw Discontinuous Conduction Mode (DCM) Single-Stage Power
~ Factor Correction (PFC) Primary Side Regulated (PSR)
Flyback for LED Applications

PFC & THD Operation (Constant On, Constant Off control)
Excellent PF = 0.9 and THD < 10% under 85-305VAC conditions
Removing Input Electrolytic Capacitors Lo T (Ve /L) Ty
I
Various Protection

PAVG T ET = V[N
- Open/ short LED protection
- Thermal shut down

- Cycle by cycle current limit

Secondary flyback Currant [ e
. ehlfelt = Vandl..,
«  TRUECURRENT® calculation -
S i G | e
didt = VoS- 'U'r--::lil'lhfln.- FAME
V_OUs detectinn | f A b I S Iput Curme nt
s Tdis | A e :-" '/ Im":_.‘-‘ - y ‘h
- - _ I . r_\ /..- I,-"- ,l'l ..'II ;_- I _,-'! :_ h )
T Vi & |._J [—l [—l L/ L-‘ |.—/ L—l Ll L/ Ll I-—l |-—’ [ Ramg
H E B B B S B S EEEEN
1.1, LT 1 T,
lo=s g Ve, Roapnas Ve =5 "0 ¥

Constant O-tima
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oo New Product — FL7733A

~ Single-Stage PSR Fixed-Frequency Discontinuous Conduction
Mode (DCM) PFC

— Suitable for PSR single-stage flyback PFC constant current regulated LED applications, provides:
* Accurate constant current (CC) tolerance : <+3%
* High PF/ Low THD (>0.9/ <10% @ universal input)
* High efficiency with linear frequency control & DCM mode operation
« Ultra-wide output voltage operation from 10% to max VOUT
* Faststart up : <0.3S (@85Vac) with internal start up JFET
* No overshoot/ undershoot — VCOMI steady state prediction
*+ Low BOM : single-stage PSR

* NoinputE_Cap. DCM PFC PWM IC
* No optocoupler & regulator .

- High reliability N T . SR S 5., S-S .

* Non phase cut dimming applications up = te / 1| 8 boe e §4R TR | ] it [ A
to ~100W —e =] 1 || FTT T (o=
. A19/ PAR30/38 bulb e I e g s LI I I O O
«  Down lighting driver [ ™ s
«  Flat lighting driver Mo ol e e [
« Indoor / outdoor lighting driver How  wit G

i
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m;gmw FL7733A Performance Test Platforms

Reference Design: 8.4 W (24 V, 0.35 A), Universal Input

Noy(1e2)
Na(5el) Y Y XN YK XNNENX XX )
RM6 (PC47) CO0000000000
R 000000000000
S 2 NS+ : :
: .:. 1 u rnh o (6 ) 00000000000000000000000008000080000000
L sz§ g Ns
m 1 1 D NS- ]
ﬂu 4rnF .unr Lm: 1 mH
u nr Np1 =
N 81 9li¢
r Na
14 10V 13
u
FLTT33A
- Y Voo e < R L
BT e o mh-—z—"::ﬁ, - < 180 ka2
7 |mc wa (5
1lGND ca A, + f_: R | .
L 1 — R SRR T spf
1300 < = | |
Rest < Read <, *
2007 2407 =

Dimensioné:
64 (L) x 26 (W) x 26 (H) [mm]
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A Accurate Constant Current (CC) Tolerance

y 4 .
FL7733A Device

Line & Load Regulation: <t1% + Lm Regulation: <t1% (+25%: 0.75, 1.0, 1.25 mH)
= = —QON-O.TEMH

5 3 [ —ESVaC|S0HZ] __ 30 |= _g%:t:gg ::

= 230vac|50Hz) . > — T

o 55 | = is0wcs0Ng Line CC:40.58% = L =38

ﬁ- 1a0vacie0Hz| EI : %g&_a?? I'rll-l;l

S ap fp T 120Vec(B0Hz] £ 50 o —— 2307200 mH

- B0Vec|B0Hz| £ —A0N-1.25 mH

s 15 - 15 = —265V0.T5mH

—205V-1.00 mH .
g . Line + load CC: 0.88% >} [€= EL . —— 285v.1.28 mi sinerieact im vy Mle-
[6.4 W EVB] e [8.4 W EVB]
Q a0 100 is0 200 250 300 380 400 o 50 00 150 200 250 300 Js0 400
Output current [mA] Output current [mA]

+ Temperature: <#2.5% (25 C ~100 ©C)

= IC to IC Variance: (KEAI / Vref): <t2%
Z5C-90V ‘
; an i ﬁg“, Ej_ . . Vcsdetecnorjrdis
- 250120V z0. |l|
g o5 |- G0C-120v |
= B et “I = e
S 20 [ ZHC-Z30V I L
> BOC-Z30V | s ime
= ol 100C-230¥ _W_FJ T
ZHC-ZEEY :
g 80 268V -E3.28% - > € TRUECURRENT® calculation o
= L00C-265Y Trimming: <t2%
i [50 W EVB] 1T N 1
5 _ DIS P
o 00 1000 1500 2000 2500 Io _E' T 'Vcs : N : R VEAI = KEAI VCS
Output current [mA] S SENSE ] T
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—aamo. | Power Factor (PF) and Total Harmonic Distortion

(THD) — FL7733A Device —

di/dt = VrolLm \ I .

PFC and THD Operation: Fixed On-Time, Fixed Frequency

Vin[90 Vac]
_."ﬂ'l, F-"‘. r'ﬂ“
=1 :TON'(VlN/Lm)'TON oV W
IN P_AVG oT IN y ) - e
. "-_,-". -
- a W
| i = p— 806K
Vin[265 Vac] . "'::—F_bu o o

8.4 W Flyback PF and THD

o T \/W\ Efficiency

B 1%
or B 1% _—- ¥ g
| | cnav onat |
o TEY T OLE - §17 4,500 b - E . B0 120V 180 W 180V 230V 2E5Y
0.5. 04 lw) o i Input voltage
80V 120W 140W 180 230V 265V Optlm'zed Zero Crosslng
Input veltage distortion: THD: <10% 8.4 W — Mainly DCM Operation
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FAIZSHILD. FL7733A Circuit and Layout Unmodified

Reference Design: FEBFL7733_L52U050A 50 W (50 V, 1 A), Universal Input

R19 c10
] 1 \'—

BD1 1
> - 50V
p: 2 Dol
> % 1 1 1
) ¢ 7 —~ T~ ~ > Rol
ci =~ col| co2| co3 S
2 3
3 T < ;
¢ J GND
2 VDD1
cr2 b Dj
m ¢
it ¢
2 1
2
2[C Lr1

4
2
2 c8
5 9
2
2
2

o EL ) R
=
- 3

h 45
1

it
""""

8
bl
3J|Ca e
ﬁ com
< < 5
c6 £l . s T RIIS R1 ZRr8
@ D2
MOVL ~
3Re
s = E:

/77
e
- - d .ho-‘ - . o .
- - . " TN —~—— .
» ‘ v
* Q Q s ', 5
~ i e
- | |
D3 » » 4
|
e

A
A

¢

Dimensions: 168 (L) x 35 (W) x 25 (H) [mm]
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FAIZSHILD. Performance Test Platforms Unmodified

Reference Design: FEBFL7733_L52U050A 50 W (50 V, 1 A), Universal Input

95%

“
e ATV SOM2)
90% —230Vac[50Hz]
o " o
-___..--'— 20,400, 90.13% 90,119 90.26% 180Vac[50Hz]
] BE.96% — 180Vac[ 60MHz)
- 87.56% _ w0 | —120vacisoma]
tl < ——9QVac{ 60Hz]
= Plot Area H
& -]
"B0% T w
= =
= 2
75% c»
70% »
o 3
65% 0 W0 400 o o0 1000 1200

90Vac 120Vac 140Vac 180Vac 230Vac 277Vac

Output Carrent [mA)
Input Voltage
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FAIZSHILD. Performance Test Platforms Unmodified

Reference Design: FEBFL7733_L52U050A 50 W (50 V, 1 A), Universal Input

1.000 YT 30.0%
. 0.992
0.987 ¥ BIEC6100-2-2, Class<
0.9 :
5 ® 277VAC, [S0H1]
PF L
c
0.800 18.0% g
o 15
5
THD :o
0.700 12.0% ® 10
6.88% ? I l l l
0.600 6.0%
— 0 LLLLLLLLLLLLLLL
3.60% A5 3 6 7 9 1113 16 17 19 21 23 26 27 29 31 33 35 37 39
3.36% 3.55% Harmonic Numbaer
0.500 0.0%

90Vac 120Vac 140Vac 180Vac 230Vac 277Vac

Input Voltage
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FAIRCHILD.




camamie | 0-10V Dimming Modification From Secondary Side

Reference Design: 30 W (52 V, 0.58 A), Universal Input
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mazerio. - Analog Diming Test Results 0-10V

700
500 /
400 /
300 /
200

/ =120 Vac [60Hz]
100 =

==230 Vac [50Hz]

lout [MA]

0

00 10 20 30 40 50 60 70 80 90 100
A-DIM [V]
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FAIRCHILD. The Power to Amaze.

FL/7/734

PHASE-CUT DIMMABLE SINGLE-STAGE Sl

PSR CONTROLLER WITH PFC
\



pAig._nw New product— FL7754

Phase—-Cut Dimmable Single—-Stage PSR Controller with

| PFC | .
» High Performance = High Reliability

o Excellent Dimming Performance with Active dimmer o LED Short Protection (SCP)
control technique o LED Open Protection (OVP-VS, OVP-VDD)
o Output Diode Short Protection (OCP)
o RCS Short and Open Protections (SRSP, SROP)
o Over Temperature Protection (TSD)

- High dimmer compatibility
o High PF, Low THD: >0.9 / <20%
o Fast<0.2 s Start-up

o m weal I .
o Good CC tolerance: <+1% (Line Regulation) Lm—ij * l l LL4 v
. . 4
= Low BOM Count: Single Stage PSR FL773 §we i T y
— vs VDD H-o— 1
o No Input E-Cap. &S Hree rolt—p | =
o No Boost PFC circuit block M'ﬂ oo cs T Ii
F DIM BIAS 1 . -
o No Photo-Coupler and Regulator DS | AE:"”;":E? o
] o Hss  wwl ase-Cut Dimmable Lighting
= Design Flexibility o Solutions
o Controllable Minimum input current :% o Al9, PAR30/38 Bulbs
o Down Light Driver

o Controllable Dimming curve <
7he Power foAmaze | 20



FAIRCHILD.

Understanding Phase Cut Dimming — 1

Problem in LED ? \
VIN

[ssue in LED Lamp

/ TRIAC Dimmer \

>

BrighII l|TRIAC
DIM v |§R2
+ +
VL_INE@ R1 - dirrjmer
Vre
TC
— LOAD —
I
- VN o+
TRIAC

Turn On: Vg > Vi
(DIAC Breaks Over
Voltage)

Qm Off: lrrac < lhoLp )/
(TRIAC Holding Current

g

Different lo.p
by dimmers
= Compatibility

\

VLINE

)

Fluctuation by
Line voltage distortion or
Ringing of EMI filter

Incandescent

Bulb

LED Bulb

= Lighting Flicker Wy

unstable TRIAC turn-off
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m;gmw Understanding Phase Cut Dimming

Existing Active Dimming Control Solutions

/Active Bleeding Control

VIN

= Maintaining |,y over Iy, p by active bleeding VLINE/[\
Problem in LED ? = Power dissipation in the active bleeding circuit

/ Vin \

. . . \} i

is higher as LED lamp power is reduced. Active
Iin bleeding

K IHOLD current

Viine

/Constant Input Current Control

\
! = Maintaining I over I, p by controlling VLNE/|\/IN
constant input current
Incandescent = Min. output current is high and dimming range Al
Bulb !
| | |

I is narrow, especially with high-line dimmers.

| IIN

\ HOLD /
lhoLp LED Bulb

\ N / /2 Stage Solution

~ Unstable DC link capacitor to filter the \
input voltage input voltage fluctuation

Constant input

current control

= DC link cap. and digital control

TRIAC

[ [ . *
manages stable LED current. Dimmer fret l
= Cost and size are the bottle neck Stage sgfa%ld LED
at low power LED lamp. = T :l:
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A FL7734 Active Dimming Control

Fairchild solution

Active Dimming Control Vinex
+V, _ Passive /

N\

Constant Isy control — —
< R ConstantTONcontrol- - .
i Bleeder control . — _
- Main switching current (Ig,) is constantly controlled to maintain input current (l,y) higher than TRIAC holding current (l4o.p)-
- Bleeder current (I p) helps to keep I higher than I, 5 and stabilizes dimmer when constant Ty control is enabled.

bleeder R
TRIAC N DAMP
— Dimmer /
R .
- | M o Criter Ve -
Vime IN Vin > f
_ — Csip T | | ",
............. il _Y& 0—I BLD PY Sw Vin = T
‘l

FL7734

Constant Isy

Bleeder "‘ll__. control __>_|
control Constant Ton
control

Low power dissipation in bleeding circuit !
Wide dimming range !
Low cost and system compactness !
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m;g'-nw FL7734 Electrical Performance

CC Tolerance (250 mA / LED 7~9 each)

Line/Load Deviation: < 2%

10 10

9 - 9
E‘ 8 - i 8
H* 1<1.79% H* , 1<0.91%
a 7 o
L_|IJ =90 Vac |__|IJ 180 Vac

6 120-Vac 6 =230 Vac

5 140 Vac 5 %64 Vac i i i i

0 50 100 150 200 250 0 50 100 150 200 250
I ep [MA] I ep [MA]
Line/Load/Lm Deviation: < 3%
10 10
——[-15%] Lm, 90 Vac . ——[-15%]Lm, 180Vac
Q | emm—-15%])Lm,120Vac Line+Load CC 9 -15% +
——[15%]Lm, 140vac <1.79% e [-15%] Lm, 265Vac : <0.91%
T 8 [6%}£m; 96 Vac Line+Load+LEtm © 8 0% }Lm, 180 Vac— e 5ad + [
°, —> o} ———[0%] Lm, 220 Vac Ine+Loa m_s
W | CC:<2.39% F e oG <1.95%
A 7 [===[0%]lm, 140Vac a [0%}tm; 265 Vac
5

"_',J [+15%] Lm, 90 Vac ﬂ . [+15%] Lm, 180 Vac

6 [ ISR TR T20Vac [¥15%] tm, 220 Vac

[+15%] Lm, 265 Vac
. [+15%] Lm, 140 Vac 5
0 50 100 150 200 250 0 50 100 150 200 250
I ep [MA] I ep [MA]
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A FL7734 Electrical Performance

y 4
PF/THD - (250 mA / LED 8 each)

Low Line High Line
[120 V,/60 Hz, 5 minutes aging] [220 V,/50 Hz, 5 minutes aging]
1.1 30% 11 30%
1 25% 1 25%
0.9 20% 0.9 20%
— _|
o 038 15% I L o8 15% T
e THD [%)] ===THD [%]
0.7 10% 0.7 10%
0.6 — 5% 0.6 5%
0.5 T T T 0% 0.5 T T 0%
100 110 120 130 140 160 210 260
VINAC VINAC
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m;g'-nw FL7734 Electrical Performance

Efficiency
Low Line High Line
95 95
90 90
X 90 — e S 80 — —
> 75 > 75
: :
a o "
O 65 O 65
E 60 —6W E 60 —6W
L L
o 8W o 8W
50 T T T 1 50 T T T T T
100 110 120 130 140 170 190 210 230 250 270
VINAC VINAC

6 W (24 V/ 250 mA, without active damper circuit)
8 W (24 V/ 350 mA, with active damper circuit)
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m;g'-nw FL7734 Electrical Performance

Fast start up time (8 W / 220V )

Max. Angle Half. Angle Min. Angle
t My‘ LeCroy| LeCro
W R
130 ms e 270 mis TR T 1 500 ms
ﬁﬁ' € mmw 1S rd

: L] imeh:
[?/rdn‘ 10.0

Below 0.2 s start up, below 0.5 s start up even at min. phase angle condition.
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pAIRgI-DW Summary
y 4

New LED lighting designs request for :
— Higher compatibility to various LED module
— Good lighting quality with constant brightness and instant turn on
— Meet global regulations and standards
« TFairchild’s new generation of LED lighting driver (FL7733A) provides
— Ultra wide Vout range of 10%~100% / Up to 100W driving capability
— <£3% constant current (CC) / turn on time < 0.2s

— THD < 10%
« TFairchild’s new generation of Dimmable LED lighting driver (FLL7734)
provides

— Excellent dimmer compatibility and adjustable dimming curv
— High efficiency, high PF with lower THD

* For more information, please visit : .
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http://goo.gl/KuqePu

FAIRCHILD.

THANK YOU



