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The Challenges of Efficient Lighting

, Engineering
Challenges
AT « Cost
Uil |
K « Early Failures
: * Color &
g q" w Consistency
60 W 10W 6W * Thermal
200 | Management
~ m
850 Im 850Im ey
1.000 h ~ 50.000h h 50.000h , Dimming
I t 6 mt :
—Wﬁite_—Eiﬁl'FEED—EﬂicacyTargftf celevery B M * Timers
™1 e s » Photo Sensors
S /77 ®%=le White-light LED Efficacy just
f "*“{" now approaching CFL'’s
Jop e S - Driver CAGR 15% -
m )’ llumination CAGR >150%
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LED Lighting Market Drivers

The movement of the Green economy:

High cost of energy ﬁ g‘—\?%

Total cost of ownership

Performance Advancements of LED lighting systems /

i3 TEXAs
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Lighting Technologies Comparison

Incandescent

Very inexpensive
Great color

Very short lifetime
Extremely inefficient

Halogen
i

» Great color
» Focused light

» Very short lifetime
* Inefficient

=
| ¥

_""'""7}""-

Fluorescent

Inexpensive

Efficient

Contains mercury
Difficult to dim/control
Problems in cold temps

High Intensity

Discharge

Inexpensive
Efficient

Long start time
Poor color

Compact Fluorescent

» Energy efficient
» Contains mercury

| + High price vs. incand.
é@/ * Problems in cold

temps
Light Emitting Diodes

Energy Efficient
Long Life
Rugged

No Heavy Metals
Fast Start Time
No UV/IR effects (in most cases)
Directional Light

Low Total Cost of Ownership
Technology/Cost improvements

Thermal Considerations
Initial Fixture/Bulb Cost

i3 TEXAS
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Power Conversion — White Light Sources

Power Converslon for “White” Light Sources

Incandescent’ Fluorescent’

Visible Light
R 73%
oL 0%
Total Radiant Energy 819%
{L‘-onduntiuﬂ Ea,a;onue ction) 19%
Total 100%

T [ESNA Handbook ¥ Osram Sylvania

21% 15-25% *#
37% 17% ~ 0%
0% 19% 0%
58% 63% 15-25%
42% 37% 75-85%
100% 100% 100%

Source: US DOE - EERE
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LED General lllumination

Applications
LED Lighting
Residential Commercial
< 25W or 15W — 75W or
3,000 Im 1000 Im - 10000 Im
. !
;ﬁ
:t‘, ; : ‘ .
AR
MR16 E14 E27/A19 PAR38 Display Case  Retail Display  Architectural Street Light

=,

¢ Low Cost, TRIAC Dimming,
PFC, High Efficiency, Color
Quality, Safety, Long Life

TPS92210
TPS92001/2

TPS92010EVM-592 (110V)
TPS92010EVM-631 (230V)
TPS92210EVM-613

PFC, High Efficiency,
Dimming, Early Payback, Color
Quality, Safety, Maintenance,
Eco-friendly

ucC28811
TPS92020

UCC28810EVM-002
UCC28810EVM-003

Qutdoor and Infrastructure
35W — 250W
2500 Im - 30,000 Im

Area Light

Flood Light

PFC, High Efficiency,
Early Payback, High Brightness,
Safety, Maintenance, Eco-
friendly

ucC28811

TPS92020
UCC28061

UCC28810EVM-003

i3 TEXAs
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LED Lighting Topology in China

AC/DC Power Stage

Ao% AC/DC Power

Outdoor & Infrastructure (>60W):
(GB17625.1-1998 for hamonicis)
(GB7001-1986 for electric protect)
. Input: 220Vac(+-10%)

. Freq.: 50+-0.5HZ

. PF>=0.95

e  THD<=20%

. Eff.>=85%, Target to >90%
(ACDC+CC Driver)

. Thermal:-5~50degC

. Current balance<=+-5%
. Life Time>=50K hr

. Waterproof Stand. IP67
. Antisepsis Stand. I

Constant Current Driver Stage

48V~54Vdc O/P

BUCK
Control

14pcs LEDs in <
Series bl

D W}
E
= O
o X
N i - i
| D U W

4 to 12 strings in parallel

l

TEXAS
INSTRUMENTS|
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General Street LED Lighting Solution 1

AC/DC Power
1. 150W UCC28061
2. 200W UCC28061+UCC25600

54V DC

AC

1] 1]
VINBOOT SW VIN BOOT SW YYY \—
TPS54160 b TPS54160
A T ... i\
GND CS b GND csg
. - 1 w
l 14pcs LEDs < o l

in Series

Y

4 to 12 strings in parallel

N

13 TEXAS
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TPS54160
3.5 to 60V Input 1.5A DC/DC Converter - SWIFT™

features Benefits

Output Voltage Adjustable Down to 0.8V * Supports Low Output at 1% Initial Accuracy
« Integrated 200 mQ High Side MOSFET + High Efficiency at Full 1.5-A Load Current
« Pulse Skipping Eco-Mode™ with 116uA  High Efficiency under Light Load Conditions

Operating and 1.3uA Shutdown Current Extendg Battgry Life and Saves Energy
« 300 kHz to 2.5 MHz Switching Frequency Small Filter Size or Low Duty Cycle Support

« Synchronizes to External Clock Eliminates Beat Noise
« Adjustable Slow Start Time Reduces Inrush Currents During Startup

« PG, Enable, and Track Pin Easily Implement Sequencing Schemes
« Adjustable UVLO Program Turn On Voltage Threshold

« Available in 10MSOP PowerPAD™ Package Small Packaging Saves Space

A S

- - |
Applications s hocs .
- T o
M WM M
+ Aftermarket Automotive Accessories: Video, o Y i < .
GPS, Entertainment 18uF rT/cxpwrool F 154-9% 1. ouF |
+ 12V, 24V and 48V Industrial and Commercial = T ca | Toenr
Distributed Power Systems D e - 700 v
L_
EVM/Tool i WEENSE|
- TPS54160EVM-535 .20
Switcher-Pro Tool =
i3 TexAs
INSTRUMENTS
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General Street LED Lighting Solution 2

AC/DC Power

AC

1. 150W UCC28061
2.200W UCC28061+UCC25600

TPS40211

Sense

Il

'

ISN

S 1.4A

AA

VR 2 Y S A 4
VR 2 Y S A 4

VR 2 Y S A 4
VR 2 Y Y A

.ED Module

—
=

VN 2 Y S S 4
VN 2 Y S S 4

VN 2 Y S S 4
I 2 Y S S 4

lI,ED Module

TPS40211 F
Sense
>
Il g
>
<
-

ISP

AAA
v

ISN

VN A Y S A 4
VN A Y S A 4
VN A Y S A 4
VN A Y S A 4

VR 2 Y Y A 3
VR 2 Y Y A 3
VR 2 Y Y A 3
VR 2 Y Y A 3

l LED Module

i3 TExas
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TPS40211

Fixed-Frequency Current-Mode Controller for Boost, Flyback and SEPIC

features

Wio\l/e Input Operating Voltage: 4.5V to
52

Programmable Switching Frequency
— 35k to TMHz

Frequency Synchronization
— (requires external components)

Closed Loop Soft Start
260mV Voltage Reference

Internal Under-Voltage Lockout
— 300mV Hysteresis

Integrated Low Side Driver
Programmable Over-current Protection

ﬂl;ﬂlil.'ﬂllﬂlls

* High-Current LED Drivers
 LED Lighting Solutions
» LED Backlighting

EVM/To

ol

Benefits

Allows designs up to 14 LEDs in series
Flexible Filter Design

F TPS40211EVM-352

Allow to syn. off a system clock

Prevents inrush current

Enables use of small Iggyse resistors
with lower power dissipation

Design and implementation flexibility
Fewer external components
Protects the device upan string short

TPS40211

2

=
[1] Rre VN [0 p— i =
[—z] ss vBP El%j_— : 2
[2] oisEn GDRV E_—“* Y
comP ISNS Z,—T—/\V"f‘/j‘) T ~

5| B GND E 1 1 fl: WV

I3 1EXAS
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TLC5960 Intelligent 8 channels linear LED Driver with

Headroom Voltage Monitor
. @g{llla,ﬁr'?el External FET Control

38V Abs. Max Voltage Sensing

24V Operating Voltage, 30V Abs. Max VIN
Integrated LDO

Integrated Under Voltage Lock Out (UVLO)

» Four Headroom Voltage Monitor Feedbacks
(HVM)

« LED/FET Open Protection, FET Short
Protection

» Thermal Shutdown Protection
* Min. 5uS resolution PWM gate control

« TLC5960/61 (PWM Control/ Serial Interface
ON/OFF)

- 38 pin TSSOP Package %%
Avnlications

Benelits

* 4 head room voltage monitor feedbacks, FET
controller for lower power dissipation on board

» Robustness; Full system diagnosis capability:
LED/FET Open and FET Short Detection

VIN
3

TT
I

DCDC1
TPS40210

VLED1

HVM<3:0>

VIN

|J CHO

VLED4

ok

|J CH7

_

° LED Backlight Controller CONTROL<3:0> TLC5960 vce

« LED Signage EN 1

« Architectural Lighting s
i3 TexAs

INSTRUMENTS
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White LED Intelligent Linear Constant Current Driver

24V Input from Ultra-slim AC/DC PS

24V Input | Boost DC/DC #1

8 Channel Light Bar

Detail Specification: | > TPS40210 I L

« Input: 24Vdc :

« Power Output: LED strings: 16 channel 7|
x~60V with 18pcs 120mA LED per 5 %
string j—l

« PCB board specs 2 Layer PCB X-Y
dimensions (max) - 10"x10" Height (max) -ﬁ E
- 10mm (not including PCB thickness) HVMI TLC5980 CC LED diiver I

« Dimming range- 1-100%

« LED current matching spec - <3% for soostoomcwe | evee

TPS40210
FB

full dimming range
» LED Protection (short, open, over

“
<t
“
i<t

“
S}
“
i<t

current, under current, under voltage ~ Zrl e
etc.)

« Operating temperature: 0degC ~ - i i
50DegC and storage temperature: - ¢
20degC ~80DegC

HVM?2 TLC5960 C#C; LED driver I
i3 Texas
INSTRUMENTS
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LED Lighting Block Diagrams

Outdoor & Infrastructure

Outdoor and Industrial >60W

—————————————————————————————————————————————

| | Typical Controllers
DC Voltage Block | canctant Currant R UCC25600

UCC28061
UCC28810
UCC28811
Constant Current:
TPS54160
TPS40211
TLC5960
DRV9812+MSP430

________________

______

A4
-
L

i3 TExas
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AC input 150W Single stage AC/DC for street LED lighting

AC Input UCC28061

single stage AC/DC
LED lighting power

supply

UCC28061

90-264
Vac

150 |48V
W or

54V

Single Stage Interleaved
QR-Flyback with power
factor correction

>90%

>0.95

Features
« Single stage with high PF>0.95, THD<20%

 Low cost for LED lighting AC/DC stage

» No 450V bulk capacitor with high reliability and
long life time

» Interleaved QR-Flyback with ripple cancellation
« Single chip solution and easy design
« High efficiency >90%
* Low inrush current
* Turn key Solutions

Applications

 Street & Roadway LED Lighting

i3 TEXAS

INSTRUMENTS
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AC Input 150W Street LED Lighting Block Diagram

l * _ 48V DC outpuct) _-L£ [ —L£ [

| N
90V~264Vac input | EMI Filter ‘ é 4 J_ ﬂ ﬂ
| l ) T E—— P x
| L :

I
N
——i—
M

NI
 — - T
UCC28061
- -

[ TPS54160 CC LED Driver

TI UCC28061 Singe Stage AC/DC Stage

LET
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AC Input 150W Street LED Lighting
Test Report

UCC28061 - Efficiency UCC28061 - Power Factor
AC Input Freq 1= 60 AC Input Freq 1 =60
91 1.000
90
89 0.960 |
——90 ——90
>‘88 —=—100 5 0,920 ) —=—100
o © N
s 110 8 v 110
2 86 —m120 5 A —m-120
w = 0.880
85 —&-130 o ~m-130
—— 140 —e—140
84 0.840
. /
82 0.800
0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
Cl Load Cl Load
UCC28061 - Efficiency UCC28061 - Power Factor
AC Input Freq 1 =50 AC Input Freq 1 =50
1.2
1.0 t
——190 ——190
- —=—200 5087 —=—200
Z o | ]
s 86 —a—210 E ——210
2 0.6 |
£ 84 220 P =220
w _m-230 s 04 _§-230
e —e—240 —e—240
80 | 0.2
78 0.0
05 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 25 3.0
Cl Load Cl Load
pene




150W LED Lighting schematics -~ e

Single Stage

H
[, e
DAV
o
[ T
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AC Input 200W Two Stage AC/DC for Street LED Lighting

AC Input 200W UCC28061 | 90-305 200W | 54V Interleaved TM PFC+ LLC >93% | >0.95
AC/DC Power UCC25600 | Vac 3.7A | control with high eff.
supply for Street
F 1
LED lighting UCC3sis
Features

* Interleaved TM PFC + LLC
control with high
efficiency>93%

« Safety UL8750

« PCB size: 168mm * 65mm
*37mm

Applications
« High Way LED Lighting
 High Bay Industrial LED Lighting

i3 TExas
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200W AC/DC for Street LED Lighting Topology

o A Bridg:
Z < I
7 Cin

| I—

N

PFC

N
LLC

L. [oc_ou>

Td Gate1

Rt Vce .
N —loc GND ¥
R Ss Gate2 j’ Kﬂ

L
, oo
¥
e
- i3 TEXAS
L INSTRUMENTS

LED Lighting General Presentation

23



200W AC/DC for Street LED Lighting Test Report

Efficiency
OO0 O00O00O0O0 _0O00O0
© 0 00 0o o 0o o 0o o 0o © W O W ©
AN RAOIDOO=-NWA

|—=—90Vin
~ 264Vin
0.5 1 1.5 2 25 3 3.5 4
Output Current(A)
Efficiency
54 | ‘

()

8 536

(@]

>

5 534

e

>

© 532

53 | ; ; | ; ; | |
0 0.5 1 1.5 2 25 3 3.5 4
Output Current(A) I TexAs
INSTRUMENTS)
Load regulation
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UCC28810 EVMO003 - SIMPLEDrive

UCC28810 EVM003 100W UCC28810

Isolated Multi-string LED lighting  {UCC28811 | 90  265| 22 60V 4X (7-15)[ 500mA | 100W | 91% | Y | Y| PWM | PWM A|J|t|>2 i
driver w/ multiple tranformers UCC25600

Nov-09

--

' i
|
PFC Output CC Buck Output i }Ei
l I
A
Bias
l .

uccassi11
i vsense  voD B

It

(3]
UT  GDRV F&;
o]

LED PWM Critical Conductio# HSI(EBMriudl?ie -50-60V &
ENABLE % " Input Mode Low Side Buck T f
\ Current Source ADDI ications ranstormer
« LED Street & Roadway Lighting

- LED High Bay Industrial Lighting mml\\m
« DTV LED backlighting

rimar)

Primary 47
PFC Boost Follower end

i3 TExas
INSTRUMENTS
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UCC28810EVM-003 - SIMPLEDrive™

Series Input, Multiple Parallel Equivalent LED Drive (SIMPLEDrive )

o _ ! ond _ ! 3rd stage: B
1° stage: I stage: IResonant Current Half Bridge F[
TM Boost for PFC | TM Buck for LED current | 4 25 &
. PG Outpur I 0 Buck Output ! g { l o
v ] l I i A 107 ﬁ 1
’[ﬁ . T Bias
SE T
= | [ i [
]

}mhﬁ H.m_m }mm

vy
| i Critical Conduction Hggah‘;'flﬁﬂ i
EMABLE o Ingut Mode Low Side Buck Ay er
J_ L Current Source | gk i

i3 TEXAs
INSTRUMENTS
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High Light Output Drivers — PFC + Buck + Multiple
SIMPLEDrive: PFC + DC-DC + Multiple Buck stages v 1enr //ﬂ/

___________________ S [N
= Rirﬁ.%‘; :. 1 ? i —f | | .. A A |
(el e qv ___________ o | 1] e
- | | g
. [
| KB
o e D e—
o B
PFC Stage - Required in any implementation
Low Side Buck - Provides constant LED Current and main control
Series Transformers - Provides constant current to each LED string
Benefit:
* One control section for all string currents,
* lower part count, higher reliability and lower cost
Drawback:
« All strings will be dimmed simultaneously (if individual dimming is required
- ¥E§#§UMEHTE
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UCC28810EVM-003 Specification

Specification Value Unit | Specification Value  Unit
LED configuration G Dimming Input PWM
Input Voltage 90 to 264 | VAC Dimming Level 1010 100 | %

= Current Sensing Res
Efficiency 90 Y%

Temp. Range -20t0 80 | °C

FouEl R A | Lictime® 40,000 | Hrs
Power Factor 0.97 EMC Regulation No

Output Voltage 545 VDC |EEEEYARE IENT6] Yes**

Output Current 500 mA Driver Dimensions 370 x 51 | mm

LF Output Ripple 0 mVpp

Isolation Yes

Note: *Lifetime assumes 35°C internal temp. rise from ambient.
** Designed with reinforced isolation to UL60950 but not certified s

TEXAS
INSTRUMENTS
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UCC28810EVM-003 Design Tool

INPUT SPECIFICATIONS

SIMPLED rive Isolated LED driver

{nput user values in green cells.
DESIGN REQUIREMENTS

PFC Inductor, L2

Schematics and Bol's can be found on subsequent wark sheets
USER SELECTED COMPONENT PARAMETERS

PFC Shutdown

Minimurm input voltage 90[Vrms Target Actual
Maxirnurn input voltage 265]%rms L2 Inductance at Peak Bias Current 815 750 JuH
Minimurn line frequency A7|Hz Tums ratio, np=1,ntze = = 0.098 0.098
LED LOAD SPECIFICATIONS PFC Current Sense, R20, R21
LED maximum voltage drop 3.99]vde Target value for R20
LED nominal woltage drop 3.5Wde | [Minimum nower rating for R20 0ed W |
LED rminimum valtage drap 3 1|vde Core selection and winding configuration to be determined by magnetics manufacturer
LED operating current 0.8]A Boost PFC Inductor
Nurmber of LED's 30|
Topology: Boost
Switching frequency 23.9 kHz
DESIGN ASSUMPTIONS Maxirnurm volt ¥ microseconds 2501 Vs
PFC Stage Energy Storage 117E-03 ) Nize = 0.098 % Np
Minimum PFC switching fregquency 22|kHz Primary Peak cument 393 A
Over ride Buck min input Yes Frimary RMS current 148 A
PFC Min Qutput 240V Secondary RMS currant 05 A
Enter a voltage between 158Y and 400V Prirnary Inductance 750 uH
Primary to secondary tums ratio 0.0%8 @
Buck Stage PFC Stage Schematic and BoM IC bias = ez {20
Buck Min switching frequency 80|kHz e me R
Input fuse and filter o I | D)
Buck Incluctor ey {a * la 1% dn
Boost inductor with A i fobor it
TZE and bias winding 7
Topology: Buck | . 7T % Boostdiode
Switching frequency 89.7 kHz e et T "
Maxirmum volt x microseconds 640 Vus 1 o [ Boost switch
Energy Storage 7.37E-04 ) Lew < :377 Lo =
Primary Peak current 1.92 A T —} DL
Primary DC current 080 A | Lm lﬂ' |
Secondary RMS current 001 A i |PFC Stage BoM
Primary Inductanca 400 uH | VN Detect ¥ Sl ¥ S| [Output voltage fesdback s, 250155, 20
Primary to secondary turns ratio 0.083 | and compensation s s ZEiTZ i RIS PR 0%
_ copoctor, ceramic, 17, 50-v,P0, %
[ 6o fcapctor.Coranc 6604, 16, X7, 1%
Boost.
follower
control
o [EEI)

NEEE

25 i i, Figh
I

Figh speed
B> 408,

NEXE

[Fuse Clip, 520 mm, PC Mot
IHeatsink, T0-220, Vertioal-mourt, 15°CIN
-0

fickmann
|aavid

Shutdown

Transformer.lprin, 1sec, L T}

oriIRHS = 458,

Noils = 10,088

Current | Zero B
sense | ‘sense|
filter

[Transistor, NPH, 75, 500mé.

WhMETZ2228 St
MMET22208 St

[Transistor NPH. 75V 500mA.
IMOSFET, H-CHIL, Vi > a0V,

FdsON = 0.75 Of,

Coss <1760

ET22228,

S 05, 1%

finalize

TEXAS
INSTRUMENTS
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Efficiency of SIMPLEDrive - Multi-string Driver
UCC28810 EVMO0O3 Preliminary Test Results:

Eff

0.93
0.92
0.91

0.9
0.89
0.88
0.87
0.86
0.85
0.84
0.83
0.82
0.81

0.8

25

4 strings 15 LEDs at 500mA, (100W)

50

Efficiency

75

—o—Eff: 90V

= Eff:115V
—a—Eff:187V
—— Eff:230V

Load (%): PWM Dimming

LED Lighting General Presen

tation



Power Factor of SIMPLEDrive - Multi-string Driver
UCC28810 EVMO0O03 Preliminary Test Results:

Power Factor
4 Strings 15 LEDs at 500mA, (100W)

1.02

0.98

0.96

0.94

PF

0.92

0.9

0.88

0.86

0.84

Load (%): PWM Dimming

LED Lighting General Presentation 31



Total Harmonic Distortion of SIMPLEDrive
UCC28810 EVMO0O03 Preliminary Test Results:

THD
4 strings 15 LEDs at 500mA, (100W)

Load (%): PWM Dimming

LED Lighting General Presentation 32



LED String Current Matching of SIMPLEDrive
UCC28810 EVMO003 Preliminary Test Results:

lout Matching
4 strings 15 LEDs at 500mA, (100W)

102.00%

101.50%

101.00%

100.50%

100.00%

lout Matching

99.50%

99.00%

98.50%

98.00%
80 100 120 140 160 180 200 220 240 260

Vin (VRMS)
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LED String Dimming Accuracy of SIMPLEDrive
UCC28810 EVMO0O03 Preliminary Test Results:

Dimming Accuracy %
4 strings 15 LEDs at 500mA, (100W)

103.00%
102.50%
102.00%
101.50%
101.00%

100.50%
——75%

—-50%
—— 25%

100.00%

99.50%

lout Accuracy

99.00%
98.50%
98.00%
97.50%
97.00%

80 100 120 140 160 180 200 220 240 260
VRMS

INSTRUMENTS

LED Lighting General Presentation 34



UCC28810EVM-003 Open String Protection

If one string fails the other remain on.
Each output incorporates a zener and SCR crowbar circuit
— D2, SCR1, R1 and R2
When string fails, zener voltage is exceeded and SCR latches on
Transformer continues to deliver current to SCR and LED Strlng #2

IIII|IIII|IIIIIIIII| IIIIIIII |IIII| IIIIIIII |IIII
.- : R T MR
3 N A A S &
® 0 D2 L o +
1 sort CEDsting#1 bR E
c1 —O _
J— R2
C3
~ R3
D4 L o+
—_ SCR2 LED String #2
c2 —O _
D3 R4
—i
Chi 2004 Chz 404 M4 0ps 125M355s G.0ns At
Chad 1.08 & Chz - 4Dm‘v‘
Waveforms During "“E ¥“§““alion
INSTRUMENTS
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UCC28810EVM-003 Open String Protection

Chi 20.0% Cha 404 Ml 4.0ps 125M35E &.0nE gt chi 2008 Chz 404 M4 .0ps 125M3515s & .0nzpt
LED String #1 Waveforms when LED String #2 waveforms when LED
Open Circuit String #1 is Open Circuit
« VOUT and winding voltage clamped « VOUT OK, winding voltage clamped
- AOUT. transformer current continues to flow « AOUT, transformer current continues to flow
i3 TExAs
INSTRUMENTS
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Residential Lighting LED Driver Solutions

¢ < 30W

» Low Cost

« TRIAC Dimming e
» Power Factor Correction: ===
» High Efficiency
« Color Quality

* Safety

* Long Life "“ PO
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T10/T8 AC/DC LED Lighting Driver for Fluorescent Lamp

AC Input T10
AC/DC LED
Lighting Driver for
fluorescent lamp

UCC28811

90-
305
Vac

20W | 30V~42V
450mA

Singe Stage high PF >85% | >0.95
QR-Flyback

Features

Efficiency >85% at 230Vac input

Topology: isolated Flyback with power
factor correction

PF>90% at 230Vac input
Size: 245mmX18mmx12mm
Output over voltage protection: 45Vdc

Output ripple current: <30% of output
current

INSTRUMENTS
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UCQ2881 1 T8/T1 0 CSchemDatics

E F
Input Voltages: B5Wac to 265V ac
13
a P ) == High Voltage Start-Up E
— wml n H
= el o] | & & H
L - (=] (-] ol i 1
T =T T o] . |
kK e i
— PONEIN i
rom r i o ‘Output: 45Vide, 450mA
g JPp— ﬂ:.t.-
n.u:rl.:'lsr...]E 1 — —J- = Ler
| “ e | o Ao der La % m ol
. =] A, P Taf L (==
Lo ‘:lz_qs- Tl " - E o 10 - ai | |-
- o . & = i
b o l:-.;, - i e i LT
2 L - R i
e n h i
[Tee U1 e !
N l =k :
2 o el i 2
i ] :'d_ c = a g E
™= - -] L= ] H
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The Trouble with TRIACs

I Wall dimmer I
| I |
L | ' rRIAC |
O I ! ¢ I O
| |
IACt : DIAC : Can
oty ()
I R1 C1 I Dimmer
N g — - |
. . Output

Start of AC cycle TRIAC initially off
— C1 charges through R1 and light bulb
When voltage on C1 exceeds DIAC threshold voltage the TRIAC conducts
— R1 controls when TRIAC turns ON, dimming function
Light bulb load must maintain TRIAC holding current
— TRIAC turns off close to zero crossing and cycle repeats
LED lights do not always consume enough power to keep TRIAC ON
— Need to solve this with extra circuitry

Special care is required when making LED lighting compatible to standard TRIAC dimmers

13 TEXAS
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TPS92210
Natural PFC LED lighting driver controller

Features Applications

» Flexible Operation Modes: Peak * Residential LED Lighting Drivers

Primary Current, Constant On-Time or « A19 (E27/26, E14), PAR30/38, GU10
both * Drivers for Wall Sconces, Pathway and
Cascoded MOSFET Configuration Overhead Lighting

Works with TRIAC dimmers * Drivers for Wall Washing, Architectural and
DCM or TM operation Display Lighting

Advanced Overcurrent Protection « Commercial Troffers and Downlights

Benelits

T
» Constant On-Time implements single stage ' 3
PFC = | e
» Fast and easy start up o | v
- Line Surge Ruggedness better than EW .
Internal HV FET
+ Continuous linear dimming N
» Proven applications with TRIAC dimmers S bt | n
 High Efficiency, low EMI
» No reverse recovery loss in output rectifier
« Smaller Size and Lower System Cost

i3 TExas
INSTRUMENTS

LED Lighting General Presentation 41



12.5W AC/DC LED Lighting Driver w/ TRIAC dimming

Reference Design Tl Parts : Topology

AC Input AC/DC TPS92210 | % 12.5 | 38VV Singe Stage high PF >85% | >0.95

130Vac

LE_D Lighting or W 350mA Flyback
Driver for 210~240

VAC

fluorescent lamp

Features

» TRIAC dimming solution
Compatible with standard TRIAC
Dimmers - 0% to 100%

« High PFC with on time modulation
» (Cascode drive for main switch

Applications
Residential LED Lighting Drivers
5oL 3 A19 (E27/26, E14),
PSR a5 PAR30/38, GU10
i3 TExAs
INSTRUMENTS
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TPS92210EVM Specification

Specification Value Unit | Specification Value Unit
LED configuration 9-11 Dimming Input TRIAC

Input Voltage 90-130 | VAC Dimming Level 0-100 | %

— Current Sensing Res
Efficiency 85 Y%

Current Ref 3 Y%
Power 12.5 W Accuracy

Power Factor 0.99 Temp. Range -20t0 50 | °C

Output Voltage 38 YoTell | Lifetime 35000 |Hrs

Turn on time 150 mS

Output Current 350 mA :
EMC Regulation FCCB

LF Output Ripple 300 mVpp

Safety Regulation

Isolation 2500 | VAC |- onel 34 dia | mm

Note: *Lifetime assumes 35°C internal temp. rise from ambient. i3 TExAs
INSTRUMENTS|
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FpC N R T TS
L P b e |
AC LINE L

CONSECTIONS

V=L xdl/dt

Inrush Currer

TPS92210EVM Schematlc

) SmaII | Input Capacr[or
e

i /,

LA
Tk ? o
. e H. -4
w5 =TTHIA
é : Ha
130

Primary
Current

Limit

-

RN Flyback Current

Sense

\
Au>4 Load™
Cdntrol

[t

Cascode Drive

Controller with
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TPS92010 8-Pin High Efficiency
Offline LED Lighting Controller

Fealures

 High Efficiency LED Lighting Current
» Quasi resonant and low power modes

Benelits

» 87% Achievable Efficiency — Higher than
Standard Flyback Topologies

» High Performance TRIAC Dimming with » Less than 400mW Standby Current Allows
Application Circuit Efficient Deep Dimming

» Programmable Overvoltage Protection » 20% More Efficient Dimming compared

* Internal Over-temperature Protection with Other Methods

Current Limit Protection
= Cycle-by-Cycle Power Limit
= Primary Side Overcurrent Hiccup
Restart Mode

Source

Applications

» Residential LED Lighting Drivers
- A19 (E27/26, E14), PAR30/38, GU10

 Drivers for Wall Sconces, Pathway and Overhead

Lighting

 Drivers for Wall Washing, Architectural and

Display Lighting

» Safely Shuts Down Driver if Open or Over

Temperature Condition is present

* Protects Driver from Abnormal Conditions
» Lower Switching Losses Reducing System

TrueDrive Gate Drive 1A sink, 0.75A Cost

PRIMARY |
|

J |
il

SECONDARY
YT
T

S

s
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TPS92010EVM Specification

Specification Value Unit | Specification Value Unit
LED configuration KRS Dimming Input Triac
Input Voltage T RRE Lol | Dimming Level 0-100 |%
= Current Sensing Res.
Efficiency 80 Y%
Current Ref 3 Y%
Power / W Accuracy

Power Factor 0.55 Temp. Range -20to 50 | °C

Output Voltage 9-18 |VDC |[REiEiiulch 35000 |Hrs

Output Current YN | U ontime 150 |mS

EMC Regulation FCCB

LF Output Ripple 0 mVpp Safety Regulation No

Isolation Yes

BINVEI@BInCEHEEREN 60 X 20 | mm

Note: *Lifetime assumes 35°C internal temp. rise from ambient. i3 TExAs
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TPS9201 OEVM Schematlc

-———

-
7

- oy

-~

Flyback

JFRIVARY | SECONDARY N Power Stage

/ —LCBULK \\ % " .% : ‘
'\ Cguik q :L " K . ’\/\A\ ; : I
& 1:\ Input F|It A J >l
-~ ™ o o - = — |
P - l s LED Current
P g ~ |
_— T~ s TPS92010 i Control
= . / 1| SS LPM | 8 é\ I —— -
7. ~ / . _ 4 - -
4 Dimmer % \ / \\ - _Wiw ~
Trigger ; \\ :FEEDBACK - 2] F8 ves [7] \ ‘: . +:
. . vl\ CS
CerU|t § ‘I ﬁ —|3 PCS VDD s]—. i ;— ~ ‘?‘ < R
ANA \ | \ ~
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High Efficiency LED Street Light
UCC28810-EVM002 Reference Design

UCG28810 EVMO002 100W UCG28810 oWl Jim
LED lighting Driver UCC28811 | | Alibertii

Critical Conduction
PEC Boost Mode Low Side Buck

Key Benefits: PEC Outout Current Source P

l

Yes

. Active Power Factor 0.99 gw i’ l + 1 =
. High efficiency > 94% ® l o= .ﬁ.EFL' )
- Extremely robust, __ : |
—  the LEDs are well protected | o P
. Extremely simple to use: '}\\
—  TM Buck inherently stable
— ho compensation required .| i 1 ELr:gme
. Fast LED Current Response o Al

—  well suited for PWM Dimming 4i —
. Universal Range Input voltage ‘L L PWM Dimming
«  High Reliability, long life .
. Design tool to calculate key

parameters for changes in LED
Current, # of LEDs or Vin

UCC28810 EVM002

i3 TExas
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Agenda

» High Brightness LEDs for Lighting
Tl Solutions for General LED Lighting

« Tl Solutions for LED Backlight TV Power Supply

i3 TEXAs
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LED Backlight Solution for Large Panel TV

LCD TV (pirect Backlight) LCD TV (Edge Backlight)

RGB LED
»Piccolo F2802x/3x + DRV9812

White LED
»UCC28051+UCC25600+UCC28610+
TLC5960/1 + TPS40210 #1
»UCC28051 + UCC25600+UCC28610
(multi-transformer solutions) #2

White LED

»TPS40210+TLC5940/1 N

LD Paned

ony BRAVI
Edge Type
Back light
w/ WLED

Fig. Direct-Type w/ Local Dimming Fig. Direct-Type w/o Local Dimming Fig. Edge-Type Backlight

i3 TExas
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White LED Backlighting for DTV (Edge Type)

AC/DC Power Board

VIN= 24V or 48V VOUT=100V

LED Driver for Backlighting

| |
| ! ;
| |
AC Input : AC-DC Main —:—» 24V for RGB LED BL : Cin[ | (E[f)f-c-/DC Co :
— T PFC [] PWM ! . i $ iciency. g . 30LEDs 1
: —:—» 12V for Audio-AMP : 90%) v, | - . N Typ:100 V :
1 I 1 | EA o : "
1 | 1
ST-BY 5VSB I =
! e ! I T X T I
PWM for MCU I h 4 N
| | ! vd T S !
e e ! 1 Dri ||— | | |
river D i e I
: 11 Viet: :
’JI L ! Typ:5V |
DC-DC memey [ # % 2 ! !
| L | sotaton | L | peoc | % * N N TTUNNY S 1
AT PFC /{\ g:nst?g”aer;:s T Controller —g ‘ N % %:
I o \l
N
%4
N
Solution Size Major Advantages Interface Status
8 Channel External FET Control, LED/FET Open Protection, Four Headroom .
TLC5960/61 32”7~60” Voltage Monitor Feedbacks (HVM) :x\g\r’:;i:"al »:ntl:,g 2010
TLC5960/61 (PWM Control/ Serial Interface ON/OFF)
TPS40210 32”7~60” 4.5V~52Vin DC/DC Boost Controller, Programmable Fsw (35K to 1MHz Production
i3 TEXAS
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White LED Backlight TV Constant Current Driver

Reference

Designer

T1 Parts

\V2

In

Output Topology Eff. Dimming

Design

PMP4299:

White LED Backlight
TV Constant Current
Driver

TPS40210
TLC5960

24\Vdc

16 channel ~60V | DC/DC Boost+ | >91 PWM

output with Intelligent Y% or

120mA per string | switching linear Analog
regulator

O

1St
8 channels

8 channels

Features

» Intelligent Headroom Voltage
Monitor (HVM) Feedbacks to
improve efficiency;

« 8 Channel External FET Control
with easy PWM dimming or
analog dimming

 Fast PWM dimming response

« LED/FET Open Protection, FET
Short Protection

Applications

« Edge type white LED backlight
TV

» General LED lighting

i3 TEXAs
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White LED Backlight TV Constant Current Driver_
Current matching with 1%~100%PWM dimming

120
110
100
90 —— Tol
= 80 ——To02
E
= 70 To3
é 60 — To4
= 50 —— Job
O 40
—— Jo06
;8 —— o7
10 — Jo8
0
10 20 30 40 50 60 70 80 90 100
Duty Cycle (%)
Vin=24Vdc, PWM dimming frequency=240Hz
PWM dimming frequency from 10%~100%
Texas

INSTRUMENTS
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White LED Backlight TV Constant Current Driver _
Current matching with 10% PWM dimming

TLC5960 Vg
voltage

TLC5960 Vs
voltage

13 TEXAS
INSTRUMENTS
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White LED Backlight TV Constant Current Driver _
~ Current matching with 50% PWM dimming

uuuuuuu

TPS40210 output voltage

HVM optimize LED
driver input voltage

TLC5960 Enable signal

TLC5960 Vg
voltage

.
.
.
-
.
.
@
-

TLC5960 Vs
voltage

13 TEXAS
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White LED Backlight TV Constant Current Driver _
Current matching with 90% PWM dimming

TPS40210 output voltage

HVM opt|m|ze LED
driver input voltage

TL0596O Enable signal

TLC5960 Vg
voltage

TLC5960 Vs
voltage

i3 TExas
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PMP4298: Edge Type LED Backlight TV LIPS (LCD
Integrated Power Supply)

Reference Design Tl Parts . Topology Eff. Dimming
PMP4299: UCC28051 90Vac~2 | 8 channel with TM PFC+LLC >85% PWM
Edge Type LED Backlight TV | ;625600 65Vac 80V/120mA for LED converter +Boost or
LIPS UCC28610 24V@2A for audio I_DC/DC + intelligent Analog

TPS40210 5V@3A for system linear regulator

TLC5960 5V@1A for standby

Features

«  High flexible design with LED driver
and AC/DC power supply for edge
type LED backlight TV

«  Ultra-slim with height less than 10mm
* Low standby power

Applications
» Edge type white LED backlight TV

<10mm TEXAS
: INSTRUMENTS
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PMP4298:150W slim LIPS Demo reference design (Edge Type #1)

8 Channel Light Bar
N
Boost DC/DC 80Vdc 4 N
L LLC Control TPS40210
l UCC25600 i 4
4 4
TM PFC ! !
e UCC28051 T o
9 24V @2A foraudio ~  ZR2| | eececcccaaa- 20 pes LEDs
l & system
) L v v
- 4 4

HVMI # TLC5960 CC LED driver I

Headroom Voltage
Monitor to optimize

thermal and efficiency!!

System Flyback
uCC28610

3t

5V @1A for stand by

5V @3A for system

13 TEXAS
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PMP4298: Project specs. for LED BLU TV LIPS

1. Input: 150W Universal AC input power supply (85-265VAC, 47-63 Hz)
2. >85% efficiency from AC to LED backlight at 220VAC input
3. Power Output:
O LED strings: 8 channel x80V with 20pcs 120mA LED per string
O Audio and system: 24V@2A
O System: 5V@3A
O Standby power: 5V@1A
4. Minimum 20ms hold up time when input line shunt off
5. Input standby power < 300mW with 5V/30mA output (On board switch to
trigger standby mode)
6. PCB board specs Single Layer PCB X-Y dimensions (max) - 10"x10" Height
(max) - 10mm
7. Dimming range- 1-100% (250KHz dimming frequency)
8. LED current matching spec - <3% for full dimming range
9. Flyback stage output regulation tolerance- <+/-5% over load
10. LED Protection (short, open, over current, under current, under voltage etc.)
11.TLC5960 Headroom Voltage Monitor (HVM) to optimize the efficiency and
thermal

13 TEXAS
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Multi-Transformer LED Backlight LIPS for DTV (Edge Type #2)

AC/DC LIPS Solution

ey +12V @3A for Audio-AMP

sP'|"’;,|:nY —> +5V @4A for AD board & System

1
1
Tlﬂq BEL312

v

|

! LED Backlighting ™1

I ( 8 channels @120mA) .
: TX2 >
1 EEmEEEE
| AC Input TX3 >
, 90~265V | sc.pc DC-DC Ny

: > PFC PWM

|

|

1

1

1

1

|

1

+5VSB @1A for MCU o o] -
TR B

(o reoges Sk e %
AC Line Fre /‘\ §
UCC28051 UCC25600
Na
N L J - _J T§

Y
r94% —> AUXILIARY OUTPUTS 96%j§

\c 90% (Multi-Transformer Solution)

'TaN'T4

i3 TEXAs
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150W Slim LED-TV Power Reference Design

AC/DC LIPS Solution

| |
i LED Backlighting ™ s
I ( 8 channels @120mA) :
: > TX2 : :
|
| AC Input > X3 |5 E
: 90~265V | ac.pc DC-DC T I
! — PFC PWM g — !
| 1

|
: » +12V @3A for Audio-AMP i
|
! SP-I\-I-VBMY —> +5V @4A for AD board & System |
! » +5VSB @1A for MCU :
________________________________________ |

Utility
(90~265VAC)
TM PFC ___, LLCPWM 8 channels @120mA; 70~88VDC)
UCC28051 UCC25600
Audio-AMP (+12VDC)
. imension: GM PWM —» AD Board (+5VDC SR Driver
Board Dlmensu:n. * L Ucezssio (+ ) UCC24610
300mm(L) * 210mm(W) * 8mm(H) —» System- MCU (+5VSB)
i3 TeExas
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Multi-Transformer Architecture
(71 Patented) ..
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Tl Supports
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TI LED Lighting Solutions

Applications Expertise
Light Bulb Replacement Analog Control
Automotive Lighting Digital Control
Street Lighting Wireless
Back Lighting DC/DC
Area Lighting AC/DC
Off-Grid Linear
Sighage LED Lab
Full System Resources
Solutions EVMs
Multi-String Cook Book
Single-String Ref. Designs
Multi-Stage Sample Software
Single-Stage Application Reports
TRIAC dimming Local Design Services
Digital Power System Block Diagrams
Communication

13 TEXAS
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www.ti.com/led

LED Driver, Lighting & Display Solutions

Complete solutions for LCD backlighting, signage, information displays, LCD HDTV,
general LED lighting, automotive and more.

Texas Instruments provides a broad portfolio of high-performance products for yvour
LED design needs. From RF and power management {including AC/DC, Power Factor

3 SHARE of 50 &7

News Releases

Three new power management
chips increase efficiency,
wvoltage and output current in
LED de=igns

Control Law Accelerator delivers
up to 5X performance to
improve functionality and
efficiency of applications such
as LED lighting, motor control
and digital power

TI easzes design for energy-
efficient and energy harvesting
applications with expanded 16-
and 32-bit MCU tools portfolio

Mew $39 Piccolo USE tools
jumpstart 32-bit real-time
control development

Texas Instruments Piccolo™ 32-
bit microcontrollers bring real-
time control for greater energy
efficiency to cost-sensitive
applications

Contributed Articles

Reference Designs, Products, White Papers, Articles, Tools, Videos, etc.
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Newly Available LED Reference

LED Reference Design Cookbook
Design ¥ Rt
Cookbook

Multiple Applications for LED Lighting

Keyword search on www.ti.com:

slyt349

http://focus.ti.com/lit/sg/slyt349/slyt349.pdf i3 TexAs
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Thank you
&
Q&A

jimmy-liu@ti.com
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