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LED's sind uberall

Treiberschaltungen von AC und DC
Roland Prager, AFA Austria
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AC/DC solutions
DC/DC solutions

Adding intelligence to LED systems
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Main Block Diagram
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Light Characteristics

e Luminous Flux (lumens) 1 lumen =683 *W * VA

40W = 500 Im

60W = 850 Im -

75W = 1,200 Im \/ _
100W = 1,700 Im _. 1,200,000 Im !
150W = 2,850 Im %
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Human Eye Sensitivity to Color
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e The human eye does not perceive every wavelength of light equally
e The average eye perceives green light to be the brightest
e V-A function, also called the Photopic curve, or standard luminosity function.
e The Photopic curve becomes the Scotopic curve in low light levels, ~50nm shift to the left.

i3 TEXAS
INSTRUMENTS

Tl - Lighting Power Products




Current Effects on LEDs
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All Diagrams on this page from from OSRAM Golden Dragon Data Sheet
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Luminous Flux and T,

100%

90%

o

:
E s0% | = White
2 40% = B|ue
.g 300/0_ —Green
E 20% -
Junction Temperature (°C)

Increasing T, results in:

e Decrease in light output (luminous flux)

« Wavelength will increase (shift towards red)

« Forward Voltage, V;, will decrease

All Diagrams on this page from from CREE® XLamp® XR-E Data Sheet
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DC/DC solutions

Adding intelligence to LED systems




LED General lllumination

Applications
LED Lighting
Residential Commercial
< 25W or 15W - 75W or
3,000 Im 1000 Im - 10000 Im

Outdoor and Infrastructure
35W - 250W
2500 Im - 30,000 Im

MR16 El4 E27/A19 PAR38

Driver Topologies

Buck, Boost, Buck Boost, SEPIC

and Flyback

LED String configuration
single string

Display Case  Retail Display  Architectural

Driver Topologies

Buck, Boost, Buck Boost, SEPIC

and Flyback

LED String configuration
single string, some parallel

Street Light

Area Light Flood Light

Driver Topologies

PFC Boost, Flyback Half-Bridge,

Buck, Multi-string

LED String configuration
single string, some parallel,
Individual control of many strings

TI - Lighting Power Products
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Residential Lighting LED Driver Solutionsﬁ&'

¢ <25W

e Low Cost
 TRIAC Dimming s
* Power Factor Correction; ===+
» High Efficiency
» Color Quality
« Safety

e Long Life

Sal-cortumd b
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Reference Design & Roadmap - Residential

Descriotion Parts Vout (DC) Dim Dim Status
P Range In Out ()
T1PS92010 EVM - High Petformance | TPS92010 EVM
dimming and High Efficiency Offline 11431 18 Linear Aoril'10
LED lighting driver LM358 i
TPS92210 EVM - High Efficiency, i
PFC and TRIAC dimmable LED TPS92210 32 40 350mA Linear | =050
lighting driver y
PMP4891 Low cost TRIAC TPso2001 | 108 | 132 22 32 5t09 | 350mA 11W 77% | 08 | N | TRIAC | PWM Board
dimmable LED lighting driver TL331 0 ' 120Hz
PMP5163 - PMP4891 with no TPS92001 . PWM
Aluminum Capacitors TL331 108 | 132 22 32 5t09 | 350mA 11W 77% | 08 | N | TRIAC | [0\ | Board
PMP5100 Modification to PMP4gg1 | 11592001 | 458 | 430 | 15 20 6 soomA | 10w | 85% | 08 | v | TrRiac | PYM | Board
TL331 120Hz

PMP5014 isolated dimmable, TPs92001 | 108 | 132 | 26 36 | 7t010 | 700mA | 20w | 85% | 09 | v | TRiac | PMM | Board
20Watt 120Hz
PMP5013 isolated dimmable, TPs92001 | 108 | 132 | 26 36 | 7t010 | 350mA | 10w | 82% | 08 | v | TrRiac | PMM | Board
10Watt 120Hz
PMP3522 Wide Input Range PFC TPS92010 | 90 | 300 12 21 4t06 | 350mA 8W 82% | Y | N No N/A Board
LED driver - SEPIC converter
PMP3562 Wide Input Range PFC
Dimmable LED driver - SEPIC UCC28810 90 300 12 21 4106 350mA 8W 82% Y N Yes Linear Board

converter

And many more...

(1) EVM: Web orderable evaluation module

Board: Test results available from the factory
Paper: Conceptual design with schematic and simulation
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The Trouble with TRIACS

. I
I Wall dimmer I
I I I
L T TRIAC I
(%I * I O
I I
AC : DIAC |
In ' 1/ Light
put, ! | _
! R1 c1l I Dimmer
N-=========- " Output
O O

« 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

i3 TEXAS
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TP892010EVI\/I Schematlc
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TPS92010EVM 7Watt LED Lighting Driver

120V and 230V input designs

Tightly Regulated LED current

Compatible with standard TRIAC
Dimmers

Active holding-current feature

High Efficiency

— Maintained during dimming

TI - Lighting Power Products 15




TPS92010EVM-631 Specification

Specification
LED configuration
Input Voltage
Efficiency

Power

Power Factor

Output Voltage

Output Current
LF Output Ripple

Isolation

Value Unit Specification
5 Ser. Dimming Input
185 - 265 | VAC Dimming Level
Current Sensing
85 %
Current Ref Accuracy
6 W
0.55 Temp. Range
Turn on time
325 mA
EMC Regulation
0 mVpp :
Safety Regulation
ves Driver Dimensions

Note: *Lifetime assumes 35°C internal temp. rise from ambient.

TI - Lighting Power Products

Value Unit
Triac
0-100 %
Res.
3 %
-20to 50 | °C
35000 Hrs
150 mS
FCCB
No
60 X20 | mm

16
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TPS92010EVM Efficiency (230V Version)

» Efficiency Measured with a 5 LED
Series String at 300mA

» Voltage across the string is -
. 230V TPS92010 Efficiency
approximately 16.25V

1

0.9 1

0.8

Efficien

\

0.7

0.6 \ \ \
180 190 200 210 220 230 240 250 260

Input Voltage (Vrms)
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TPS92010EVM Regulation (230V Version)

» Measured with a 5 LED Series
String at 300mA

» Voltage across the string is 16.25V

230V TPS92010 Current Regulation

0.4

» Direct output current sensing
eliminates line variation effects

o
w

——

Output Current (A)

/

0.2

180 190

200

210 220 230 240
Input Voltage (Vrms)

250

260
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TPS92010EVM Dimming Performance (230V)

» Traditional problems TRIAC triggering TPS92010 Dimming at 230V Line

and holding currents with LED lighting are
solved.

=
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» Dimmer triggering provides loading of the

/

TRIAC at AC line crossover for proper

/

dimmer operation.
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TPS92010 Lighting Solution Summary

For low power lighting applications that
Do Not require Power Factor Correction

Triac Dimmable for light bulb replacement applications
 Small form Factor - 3W to 12W applications

« High efficiency

e Deep Dimming Capability

Key Differentiator

* Licensed IP for Lossless Dimming Circuit

Competitors dimming techniques dissipate more power at
deep dimming levels than the power consumed driving the
LEDs!

The Losses in the dimming circuit also adds to the heat
which reduces system life and reliability

i3 TExas
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TPS92210EVM Schematic
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TPS92210EVM 14Watt LED Lighting Driverﬁ%ﬁ

* High PFC with on time modulation
« Tightly Regulated LED current
o Compatible with standard TRIAC
Dimmers

— 0% to 100%

— Maintains TRIAC holding current
* High Efficiency

— Maintained when dimmed

— Flat over line input range
« Cascode drive for main switch

— Very fast — helps efficiency

— Isolates high voltage from control

chip
» Active Inrush limiting provides EMI
filter compatibility with TRIAC ARRRREARN P 20271 AL

3 TEXAS ”
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TPS92210EVM Specification

Specification Value Unit | Specification Value Unit
LED configuration 0-11 Dimming Input TRIAC
S ] 5
Input Voltage 90-130 |VAC DTG e 0-100 | %
180-264 Current Sensing Res
Efficiency 85 % Current Ref 3 %
Accuracy
Power 12.5 W Temp. Range -20to 50 | °C
Power Factor 0.99 Lifetime* 35000 |Hrs
Output Voltage 38 \v/slell| Turn on time 150 mS
Output Current 350 mA =\ (@ Regulation FCCB
LF Output Ripple 300 mVpp SElEly REgUEdor
BINETEPIEEiEM 34 dia | mm
|solation 2500 VAC
cume mes 3o e mernal temp. rise from ambient.
3 Texas
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TPS92210EVM Efficiency

« Efficiency Measured with 12
LED Series String at ~
350mA.

* V, gp variation caused by
different LED forward
voltages

e AC line input voltage varied
to test effect on driver
efficiency

« Efficiency independent of
line voltage
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TPS92210EVM Output Current

e Output current at 0.1A/Div

M2 00ms A Line JF 02 my

Ehaw
30 30D L00Y
15:24:2

L

LED cur 120VAC 350mAout
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TPS92210EVM Dimming Performance

* Operation with existing

TRIAC dimmers requires a
minimum current to maintain

Yushan LED Current vs. Percent Conduction Angle

of 120VAC 60Hz Triac Dimmer

350

conduction
« Dual slope feature impro%s\
low angle dimming ~p]

=
a1
o

™~

LED Current (mA)

* Flicker is eliminated by
driving LED’s with DC

=
o
o

a
o

o

current.
e Audible noise can occur with

0%

10%  20%

30% 40% 50% 60% 70% 80% 90% 100%
Line Conduction Angle (%)

PWM dimming. However,
this reference design
controls DC current to
eliminate audible noise

Tl - Lighting Power Products
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TPS92210EVM Lighting Solution Summary

For low to medium power lighting applications
that require Power Factor Correction

Triac Dimmable for light bulb replacement applications
« Single Stage Solution (PFC + LED Current Regulation)
« Small form Factor - 12W to 25W applications

« High efficiency

« Deep TRIAC Dimming Capability

Key Differentiator

« Single power conversion stage meets regulatory power
factor requirements and provides tight LED current
regulation with deep TRIAC dimming, lower total system
cost!

i3 TEXAS
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Commercial Lighting LED Driver Solutions

15W to 75W
PFC

High Efficiency
DImming

Early Payback
Color Quality
Safety
Maintenance
Eco-friendly
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Reference Design & Roadmap - Commercial

e

Description Vin Range  Vout (DC) # of lout Pout DIm In Dim Status
P VAC Range LEDs Max  (max) out (1)
UCC28810 EVM001 25W PFC uCC28810 0 .
dimmable LED Driver TPS3808 85 305 33 38 10 700mA 25W 89% | Y| Y| TRIAC Linear EVM
UCC28810 EVMO02 100W L ED UCC28810
lighting Driver uceagsll
TPS92210 EVM 2- High 90 130 Board
Efficiency, PFC and TRIAC TPS92210 180 265 5 7 1to3 1.75A 17W 85% | Y| Y| TRIAC Linear 3Jan-09
dimmable LED lighting driver
PMP4501 Isolated Flyback LED
Driver w/ sec. side current U?ﬁ%g\%o 180 265 10 | 485 31;0 700mA 34w 89% | Y| Y No N/A Paper
control
. C2000 8X o EVM

150W SEPIC LCD backlight UCC27323 90 180 0 180 (8-70) 20A 100W 91% N| N PLC PWM Jan 09
UCC28060 Interleaved PFC UCC28060 | 85 | 265 3 | 10 1.7 | sow | 87% | Y| Y| No na | Paper
flyback TBD

Beseraiien Vin Range Vout (DC) Status
P VDC Range Q)
TPS40211 EVM352 Boost 6 to o
Current Regulator for LED Drive TPS40211 8 18 20 35 10 700mA 25W 94% | | N| PWM PWM EVM
PWM PWM
TPS54160 EVM535 TPS54160 18 30 14.8 4 700mA 10w 90% | - | N or or 1Q10
Analog Linear

(1) EVM: Web orderable evaluation module
Paper: Conceptual design with schematic and simulation

Board: Test results available from the factory

Tl - Lighting Power Products
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UCC28810EVM-002 Block Diagram

|

|
|
1st stage: TM Boost for PFC , 24 stage: TM Buck for LED current 7Y
I !;!!
° N . . .
]! Il L /7
° | ~
i | Bias T g
° < £Y
Bias I% 1= Lo ¥
I . ¥
— | ucc28811 é Jvl VA
I_ [ H vseNse vbD H ¥
ucc | EAOUT GDRV
e l -IEI VINS GND R
— I Pl ISENSE TZE ﬂ.
K VINS GDRV > |
Kl VSENSE  |SENSE E |
| | T
i | l
S —
’ | LED PWM j7
I s Input
ENABLE .
[V Applications
l » LED Street & Roadway Lighting
l * LED High Bay Industrial Lighting

* DTV LED backlighting
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UCC28810EVM-002 Schematic,-- %% ~
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UCC28810EVM-002 Schematic
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UCC28810EVM-002 Specification

Specification
LED configuration
Input Voltage
Efficiency

Power

Power Factor

Output Voltage

Output Current
LF Output Ripple

Isolation

Value

15 to 30

Unit

90 to 264

VAC

%

VDC

mA

mVpp

Specification

Dimming Input

Dimming Level

Current Sensing

Temp. Range
Lifetime*

EMC Regulation
Safety Regulation

Note: *Lifetime assumes 35°C internal temp. rise from ambient.

DINVEIEBIInE S eIl 265 x 51

Value Unit
PWM
10to |%
100
Res
-20t0 40 | °C
40,000 | Hrs
No
No

mm

TI - Lighting Power Products
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UCC28810EVM-002 Efficiency

e Using 30 LED’s at 0.9A

Efficiency

96%

94%

92%

90%

88%

86%

84%

\

f’?/
/

\

|
-
—

I

——Eff:90V
=& Eff:100V

——Eff:115V |
Eff:230V
—¥—Eff:264V

25

50 75 100
PWM Dimming - % Load
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UCC28810EVM-002 Regulation

e Using 30 LED’s at 0.9A

0.91

0.908

0.906

0.904

0.902

0.9

0.898

Output Current - A

0.896

0.894

0.892

0.89

80 100 120 140 160 180 200 220 240 260
Input Voltage - VRMS

i3 TEXAS
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UCC28810EVM-002 100Watt LED Lighting Drivef&'

 Universal input non isolated design
 Regulated LED current
« PWM Dimming, 200hz to 1kHz
« High Efficiency
— Maintained during dimming
« Active power factor correction

i3 TExas
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Outdoor Lighting LED Driver Solutions

e 35W to 250W
« PFC

« High Efficiency
o Early Payback
* High Brightness
o Safety
 Maintenance

e Eco-friendly

i3 TeExas
INSTRUMENTS

Tl - Lighting Power Products




Reference Design & Roadmap - Outdoor

Description

Parts

Vin Range
VAC

Dim
Out

# of
LEDs

lout
Max

Vout (DC)

Pout Eff. Dim
Range

(max) In

e

Status

1)

UCC28810 EVMO002 100W LED | UCC28810 ] .

UcCc28810 EVMO03 100W Uecea2ss81o
SIMPLEDrive Multi-string LED uceaesit 100W | 91% | Y | Y| PWM EVM
driver UCC25600
PMP3976 Single Stage PFC i o
SEPIC converter LED Driver UCC28810 | 150 265 250 300 | 70-80 | 350mA 100W | 91% Board
150W Piccolo street light 8 C2000 8X 0 Demo
Strings with communications UCC27323 90 265 0 180 (8-70) 20A 100w % | Y | Y| PLC PWM 1Q10

L 4X Demo
150W Multi-string transformer C2000 90 265 22 60 500mA 100W 91% [ Y | Y| PLC PWM

(7-15) 1Q10

UCC28060 Interleaved PFC UCC28060 | 85 | 265 35 10 1.7A | sow | 87% | v | Y| No | wa | FaPE
flyback TBD
PMP3560 Isolated SEPIC for TPS92010 | 1200 | 270 | 60 | 90 | 15-24 | 400mA | 2aw | 9206 | Y [ Y| N N/A | Board
Street Lighting

Description Vin Range Vout (DC) # of lout E Dim Status
P VDC Range LEDs Max c (1)
PMP3543 Solar Street Light TPS40211 10 28 30 59 10-15 700mA 38W 92% | N | N N N/A Board
(1) EVM: Web orderable evaluation module Board: Test results available from the factory
Paper: Conceptual design with schematic and simulation
. 3 TEXAS
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High Light Output Drivers N
Traditional Solution — Power Supply with PFC and Low Voltage DC output
LED Strings Driven with Multiple Buck Regulators

Traditional Implementation:

PFC Stage - Required in any implementation
DC-DC Stage - Provides constant voltage and isolation stage
Multiple Bucks - Provides constant current to each LED string
Benefit:
* Allows for individual string dimming
Drawbacks:

 Controller and MOSFET and Inductor required for each LED string
» Decreased reliability due to many extra converters (N-1 compared to SIMPLEDrive)

3 TEXAS o
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High Light Output Drivers — PFC + Buck + T
Multiple Strings

SIMPLEDrive: PFC + DC-DC + Multiple Buck stages /"(/‘//"4/"{1 s

o 1
| Rectter Vol M NN ;
I and Inpu _N_Ni
i BdriLgF:-:t ‘ te
T - /ﬁ A
L
T n A
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)

] TEXAS 0
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UCC283810 EVMOO03 - SIMPLEDrive

Series Input, Multiple Parallel Equivalent LED Drive (SIMPLEDrive )

|
|
1

T
1= o
|

|

J

1
i

| |
1st stage: , 2"d stage: | 3'd stage: 15060V

TM Boost for PFC I TM Buck for LED current |Resonant Current Half Bridge

| Pt
B

| .
| 1 I _l{
: <
|
]

-50-60V

é .

I_ ucc28811 a
ucc28810 I : VESAE:USTE :;:v — E a T +50-60V

[ GND 12e B I I

A EAoUT vop B
I ‘ | “ 5 | T >

K1 VSENSE  |SENSE B, I 1 i I { -|:—|J||§ ‘L_I
I -[ = I -|- 1: = =
I < s Applications “*
| LED Pl L » LED Street & Roadway Lighting
I I » LED High Bay Industrial

4 * DTV LED backlighting

-~ TIAHGER. ETH N8 TAST
=

- .
Py -
b -
. - = -
'
! i = = - 3
v =
5 . el 1 ho g A . - cE
» f . i - v i s o e
gt il A et P gt — ¥ - et Bt | 4
3 - - v ELTEE e iz - St —Si T Tl by
2 - L FPRTEETE B g -= - - R & -5 i

http://focus.ti.com/docs/toolsw/folders/print/ucc28810evm-003.html
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SIMPLEDrive features

e Single, primary referenced current control & dimming (AM or PWM) for
all LEDs.

« Effectively a large number of LEDs connected in series
« Voltage on LEDs is safe (low) and isolated from the AC line

 More cost effective than constant voltage + 1 Buck per string
architecture

 Readily scalable to higher power levels

« Excellent LED current matching between strings — 1%

« High Efficiency (~90%), Power Density and Power Factor
« Simple and Robust - Open and Short LED string protected

 Design Tool to calculate key critical parameters for change in # of
LEDs, # of String, LED current or Vin

e Patent Pending architecture

Il TExXAS
INSTRUMENTS
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UCC28810EVM-003 Specification

Specification
LED configuration
Input Voltage
Efficiency

Power

Power Factor

Output Voltage

Output Current
LF Output Ripple

Isolation

Value  Unit
4x 15
90 to 264 | VAC

90 %
100 w
0.97

24.5 VDC
500 mA

0 mVpp

Yes

Specification Value Unit

Dimming Input PWM

Dimming Level 10to %
100

Current Sensing Res

Temp. Range -20t0 40 | °C

Lifetime* 40,000 |Hrs

EMC Regulation No

Safety Regulation Yes**

BINT@EBI T [l 370 X 51 | mm

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

TI - Lighting Power Products

] TEXAS
INSTRUMENTS
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UCC28810EVM-003 using SIMPLEDrive

Efficiency

- %

Efficiency

91
90
89
88
87
86
85
84
83
82
81
80

—VIN =90V
—VIN =115V |
—VIN =230V |
—VIN =264V

25

50 75
Load - % PWM Dimming

100

Tl - Lighting Power Products
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UCC28810EVM-003 using SIMPLEDrive Power e«
Factor

Power factor
(@]
O
N

0.9
0.88 ——VIN=90V —
—=VIN = 115V
' VIN = 230V
=¥=VIN = 264V
0.84
25 50 75 100
PWM Dimming - % Load
Tl - Lighting Power Products . .}EEEUMENTS 45




UCC28810EVM-003 using SIMPLEDrive String o
Current Matching

102.0%
101.5%
o 101.0%
c
%
& 100.5%
=
< = o * * o
0 100.0% [ &== : ’ ¢ =3
g . . o :
5 99.5%
=
3
99.0% = |outl |
=+=|out2
98.5% *=lout3 —
==|lout4
98.0% |

80 100 120 140 160 180 200 220 240 260
Input Voltage - VRMS

] TEXAS 46
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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
e Transformer continues to deliver current to SCR and LED String #2

hr'
T4 D1 R1
S D2
= SCR1
C1
e R2
c3
N R3
D4
— SCR2
c2

-+

—O
LED String #1
_O _

-+

—O
LED String #2
_O _

2

Chi Z0.0%
Ch3+  1.04

Ch A0

Ml 4. 0ps 1250355
A Chz o 4.0mY

G.0ns At

Waveforms During Normal Operation

Tl - Lighting Power Products
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UCC28810EVM-003 Open String Protection

Chi 2004 Chz 404 M 4.0ps 1250655 G.0ns At Chi 200 Chz 404 Ml 4.0ps 12505/ & .Onzat
Cha+ 1.08 & Chz o« 4.0mY Chad 1.08 & Chz ~ 4.0mY
LED String #1 Waveforms when Open LED String #2 waveforms when LED
Circuit String #1 is Open Circuit
* VOUT and winding voltage clamped « VOUT OK, winding voltage clamped
. }“I\OUT’ transformer current continues to « AOUT, transformer current continues to flow
oW
Tl - Lighting Power Products . .}ES}L;EUMENTS 48




UCC28810EVM-002 / 003 Design Tool
Sneak peek

SIMPLED rive Isolated LED driver
Input user values in green cells. Sichematics and Bot's can be found on subsequent wark shests
DESIGN REQUIREMENTS USER SELECTED COMPONENT PARAMETERS
INPUT SPECIFICATIONS PEC Inductor, L2
Minimum input voltage 90]rms Target Actual
Maximum input voltage 265|vrms L2 Inductance at Peak Bias Current 815 750 JuH
Minimum line frequency 47 Hz Tumns ratio, np=1,nize = = 0.095 0.098
Core selection and winding configuration to be determined by magnetics mamufacturer
LED maximum voltage drap 3.99]vdc
LED nominal voltage drop 3.5])vde Boost PFC Inductor
LED minimum voltage drop 3.1]vde
LED operating current 0.81A Topology: Boost
Mumber of LED's 30] Switching frequency 23.9 kHz
Maximum volt x microseconds 2501 Wus
Energy Storage 417E-03 J Mitze = 0.095 x Np
DESIGN ASSUMPTIONS Prirnary Peak current 333 A
PFC Stage Primary RMS current 1.48 A
Minirum PFC switching freguency 27|kHz Secondary RMS current 0.5 A
Over ride Buck min input Yes Primary Inductance 780 uH
FPFC Min Qutput 2401 Primary to secondary turns ratio 0.098
Enter & voltage between 158W and 400V PFC Stage Schematic and BoM
Buck Stage Input fuse ond filter g
Buck Min switching frequency 80]kHz Buck Incluctor ! Boast ndactor with
TZE and bios winding|
Topology: Buck =
Switching frequency 89.7 kHz A nut [
Maxirmurm volt ¥ microseconds 640 Yus -
Energy Storage 737E-04
Primary Peak current 182 A TR
Prirmary DC current 0.80 A
Secondary RMS current 001 A
Primary Inductance 400 uH ViN Dtact ¥20 W o g o e 3..‘:
Primary to secondary tums ratio 0.083 | and compensation «; =
2 T .
fohover e

LR

15301

control

TI - Lighting Power Products
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AC/DC solutions

Adding intelligence to LED systems




Examples of LED driver types

Vin 5V L1 D1
Battery |
DL1
C1 ; 3W LED c2
R I ™ I
TPS61500 R1 ]
14 DL2
PWM = VI . w =
EN SW R2 §
A COMP OovP ! bL3
DIMC FB §
\‘ __C4 __CS FREQ PGND 12 DL4
T T R4 ss PGND L 3
cs AGND PGND 10
= % R3
> —
O vin lout,
Voo VILED) ViLED)
J %
- g 2 l TPS40211 =
ouT ouTIS 1] Re N [1I0}————4 5
SIN SIN - ,”_. H |: 1{ =
<
XERR XERR 2] s ver [ 9] 0 -
SCLK SCLK L ‘ +—ML -
HLAT HLAT [z]osEn GDRY E—'rf -
Controiier Iuone MODE TLC5941 =
BLANK BLANK s [ 7] WAL N
- ano [} 1 T 1 VWA
7
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BUCK - TPS54060/TPS54160/TPS54260

3.5to 60V Input 0,5A/1.5A/2,5A DC/DC Converter - SWIFT™

features Drawback?

« Integrated 200 mQ High Side MOSFET * Vsense to be reduced:
— Simplifies design — Not necessarily a problem
 Pulse Skipping Eco-Mode™ — Easily and cheaply fixed (Cf 2 solutions below)

— Improved efficiency at low load
Up to 2.5 MHz Switching Frequency
— Small external inductors

* Adjustable Slow Start Time 3.5t0 60V
— Reduced inrush current
« 100% duty cycle as long as the BOOT to N PwReD [—
PH pin voltage is greater than 2.1V I TPS54160
— More LEDs per driver EN soor | |
 Power good

PH

— Versatile diagnostic pin Ss/TR

Auplications [ e —

GND

« RGBW application
« 12V, 24V and 48V DC driven Lighting application

EVM/Tool
*TPS54160EVM-230

*Switcher-Pro Tool TI - Lighting Power Products 52
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TPS40200 — Wide Input, Low Pin Count Buck Controller
features Benelits

« 4.5V to 52V operation « Wide input range for use in many applications

« Voltage Mode Control with Feed Forward < Voltage feed forward — great line regulation, fast

Compensation transient response
« 700mV Voltage Reference - 1% accuracy _ _
« Internal Under-Voltage Lockout * Programmable features allows flexible design;
- Programmable Frequency (35kHz-500 kHz) frequency, overcurrent protection, under voltage
- Programmable Overcurrent Protection lockout
» Frequency Synchronization » Softstart provides smooth, well controlled power up
* Closed Loop Soft Start _ _ _ o
« Integrated Driver « Simple configuration- minimal external components
» Package - 8 pin SOIC
Apulications [T
H:: }—E SS/SD g ISNS zli
« Industrial control e g omfI—
t——4]*s oD | 5] i
* Distributed Power Systems | = L
e DSL/Cable modem Only 11 R’s/C’s required!
L
e Scanners
TI - Lighting Power Products 53
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How Win with TPS402007?

Input Voltage Feed-Forward Function

L
QL o rvn Vo
i g
Vin D 15 Vq, R
Q2| . I Zl
@
= Zf
1M
PWM Ram
D g P
+
+
PWM Comparator ~ Vcomp Vrer
+ PWM Ramp amplitude is proportional to V

+ Fast Line Step Transient Response

Does Not rely on the regulation loop

TI - Lighting Power Products
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TPS40211

4.5 1o 52V Input Current Mode Boost Controllers for LEDs

features

= Soft Start
= Enable function

» Externally compensated
= Overcurrent detection
» Supports Boost, Flyback, and SEPIC

topologies
» 260mV ISENSE

Soft Start
prevents
inrush
current; has
time-out
timer when
in OCP

Avnlications

 RGBW application

» 12V, 24V and 48V DC driven

Lighting application

» 13 boost / SEPIC ref examples
in Design DataBase

Benelits

= Prevents inrush current

= On/off control

» Design flexibility

= Enables use of small Isense resistors with lower
power dissipation

» Design and impIementa@jipn flexibility ..

V\y =4.5V- N-channel
52V; UVL FET gate T
Freq adj., = driver;
35KHz- 1 TPS40211 \ 500mA drive -
1MHz QN current T
|| E RC WIN 3 =
b,
L . 55 : VBP 5 T
’//V S | o -
af N ~nRY | 8
DISIE 2 GDRY | 8 t S
= B3
COMP ISNS | 7 WA ~—
ENABLE I \ <
OI‘%H FB GMD 1 1 \1 VA
control =
Senses switch current and sets
OC threshold; low lggnse
External _ \ threshold enables use of small
compensatio resistor, and lower power
n for deSign Provides current dissipation
flexibility feedback in the control
loop; detects an OC
based on 150mV
TI - Lighting Pq threshold 55
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TPS61500

High Power White LED Driver with 3A Switch

features

« 2.9V to 18V input voltage range
 3.0A current switch - integrated FET
» Four 3-W LEDs from 5Vin
 Eight 3-W LEDs from 12Vin
» 200kHz to 2.2MHz switching frequency
» Analog and PWM brightness dimming

Vin 5V

Benefits

« Wide input supply range for 12-V or 15-V
industrial power rails

Up to 1-A output current
HTSSOP package for best thermal behavior

L1 10uH

« User defined Softstart > l NN -
 Up to 93% efficiency c1 o 4 D Lo
* 14-pin HTSSOP package UM l Lun  swl R b -
2 EN sw 13 ! D8
3 DIMC PGND 12 N
Avilications e oo T >
5 SS PGND 10 !\
1 1 1 1 6 COMP ovpP o R2 K
* High brightness LED lighting R 1 I Y IS <
) ngh power LED Supply 1 :: TPS61176 14-pin TSSOP §
-pin
Cc
Rset
T I j
- EVM: TPS61500EVM- > =
TI - Lighting Power Products 56
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Bq24610

10A Synch Switching Step-down LED Driver

features
12V and 24V input rail

— (5-28V adapter voltage) Adz'w %g;;‘ — _%m
. . apter ¢l YT e
e Synchronous switching Step down T ace_ Toe
- GOOkHZ =R Ré= R?;.ff‘;i‘ \,;:EF RATERY C5:ApF
. . 10k 100k= 100k< M bt REGN —‘1;—"—'>
« PWM or Analog dimming e el I
=i HIDRV = RSR
e Support up to 7 Series LEDs imaria e b o |T "Q,m"ml .
. Support up to 10A LED e~ s R O IO
: SRP _m_l_v 100k ol W3 ¥R
« 3% high accuracy for LED current mem | g [ owr T ° Y2 YR
x VFB 1ke2 )
e 4x4 QFN-24 T
e 21
EVM/Tool
- EVM Available — please contact local sales
TI - Lighting Power Products 57
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Voltage reference technique

VIN

TPS54060

—EN
BOOT

PWRGD PH

_|sg  VSENSE

RT
COMP GND

T
_|

N
L ANN

800mV@ 10mA =

200mV@350mA

1.2v
Reference

See App Note SLEAO004 on how to offset the internal reference

i3 TEXAS
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High Side Current Sense

el

TPS54060 | |
—]EN N

BOOT

PH

PWRGD

VSENSE

—1SS
RT

g COMP GND

 $0,10 Circuitry level Shift and Amplify the Vcs signal
*Vcs = VR1

* IR1=IR3

o If R3=4xR1 then VR3=4xVcs

Example:

200mV for Vcs, will be 800mV across R3 (the internal reference for TPS54060).

R2 should be selected to match the currents in Q1 and Q2 to minimize Vbe error.

i3 TEXAS
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TL4242

1 Channel, 500mA with Open LED Detection

features

Adjustable Current up to 500mA (+/-5%)
Wide Input Voltage Range — Up to 42V
LED Open Detection

Channel Over-Temperature Protection
Short Circuit Proof

Reverse Polarity Proof

Wide Operating Range: -40°C to +150°C
Current Programmable by Sense Resistor
QFN — 8 pin Power Package

Avwlications

* When EMI is a problem EVM

 When the drop from Vin to Vout is small -

TI - Lighting Power Products

benelits

* Supply Voltage Independent constant
current / brightness

 Programmable constant load current

« Fault Reporting

60
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ANTARES

‘l
on*
ing 0%

==

4 Channel 42V, 400mA Linear LED Driver 2011
foatures Boneiits

* 4 Channels

» Adjustable current up to 400mA per channel

» Combine outputs for single 1.6A channel

» Wide input voltage range — up to 42V

« LED Open Detection

» Die Over-temperature fold-back

 Short circuit proof, Reverse voltage protection

» Supply voltage independent current and
brightness

 Fault reporting

* Programmable constant current load

WLED (up

e Zero REXT current i

 Wide operating temperature (-40°C to +150°C)
* PWP — 16-pin with power pad

[GEFEN]

A
J"; I
S Sae |

A o

]
5
=
L
STATHE |
B

&
]

Avplications

o LED illumination and intensity control

» General Lighting

« Exterior: DRL, Fog light, turn lamp, headlamp
* Interior: vanity, map, courtesy

TI - Lighting Power Products

| [e

B

i

e
|

B

AT A
T R
18811 T

J—] REXTD
|_:ﬁﬁﬁ A0mA par Channel
A—] REXT1 4 LED Strings up to 42-V
GHO §J

18001

1880

o
a2
=
o
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TLC5945

fﬂﬂlllfﬂs Benelits

16 Channels, 12 bit PWM « 68 million color capability

» 6-bit (128 steps) Dot Correction » Display brightness among OUT0~15

 80mA Constant Current/Channel « Wide variety of LED types

e Chip to Chip Accuracy: 4% typ * Color / Brightness uniformity

« CHto CH Accuracy: 1%typ « Color /Brightness uniformity

* Two built-in Error flags * Provides safety and signaling for replacements
(LED Open & Thermal error)

* No Delay Circuit version of TLC5941 « Fast transition rates

e TLC5940/41 pin compatible « Utilize same layout / designs

Applications

= Video Billboard LED Display ?

= Traffic LED Signs

- Commercial LED Signage = -

SCLE SCLK

HLAT XLAT
Contredier | MODE MODE
SLAMK SLAMNK REF

% *@ souT %
HTSSOP QFN ' 7 T

TI - Lighting Power Products
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Basic TLC59xx LED Driver

NT
|

0

c

= . 12-Blt Grayscale
= Register -

SE e |' FWM Contro

Conslant-Cument
Driwer

= I Max CUTR | YREF J-l_ , — | oute
Current =1.24V ’ _ I
DG Reglster l—bl E—Bit Dod l::rra-:l::|—|_
cfcLK 2 5 I
BL ud G2 = CNT LED I:FIEI'I Dretecton |!— I
nput I
Shift
I = »| Regieter — CHT I
Ziatus . 1
3 - [ —— — Constant-Cument
| 1ro-:|;.or '?,.5 é;‘:- ,.-}E‘ "—! 05 Regater_ ,.I 128 Grayscae |_L Crtver | oumi
TED, 3 d I
| D DATA ::"‘ e - I |
| e = l = 1 75 |  DC Register |—>| E-BE Dot Comection [
10 . 1
| f — Fe moDe = |
| LED Cpen Deteclion |
| = |1 '
: : H | 3
* - - L -
| [Erpeatis| [Leo Open l I - |
| Error Flag Detecsian nput |
| (TEF} ooy =nif PEE— Ronstant-Cument |
I HE";|E|,9" GS Rags‘.a‘rs_ :".'.I"A:i cmnaral Driver I ouT1E
| Y
XER OC Reglstar e E-B7 Dot Comaction P
LED 85
124
|
“—
LN —— £ _ _ .o
Status sour

Dot
Correction

Information

TI - Lighting Power Products

16 Constant
Current Outputs

63
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PWM Dimming — Gray Scale

[
»

PWM
Clock >

Makes an Orange Pixel

-»> @

TLC5940 PWM Dimming =» 2"12 * 2™12* 212 = 68.7 billion color

Red
LED

v

v

LED .

TI - Lighting Power Products 64
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Dot Correction Concept

120
100 \ [ Sh
80 \ N\ N
60
40 N 3 N 8
20 -
AL EELE

6

Uncorrected

W Forward Current (ma)
Intensity (mcd)

LED #
100
o NN N N N §
60
40 b b %
20
AL LLELER

LED #

Corrected

B Forward Current (ma)

Intensity (mcd)

TI - Lighting Power Products

Top Graph: 8 LED’s
driven by the same
forward current. Each
LED has a different
intensity due to
manufacturing
differences.

Bottom Graph: 8
LED’s after Dot
Correction is applied.
Now all have different
forward currents but
the same intensity.

65
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TLC5925 (16 Channel, 45mA | cp)

Low Power/Cost Const. Current Sink LED Driver

fﬁﬂlllfﬁ.’i

16 constant current outputs (3mA —45mA)

Current output programmable by external resistor
(REXT)

Current accuracy between channels £3% (typ)
Current accuracy between IC 6% (typ)

Protection and Diagnostic
Thermal Shutdown

Serial interface (4 wire, Cascadable, 30MHz)
Schmitt Trigger inputs

Thermally enhanced packaging
Optimized for low consumption
Supply 3.3V to 5V

Low Quiescent Current < 5mA

Vout min =0.1V-0.3
(only one DMOS TR
/ output)

Benefits

Programmable const.
load current

Fault reporting

TI - Lighting Power Products

ﬂﬂﬂllﬂﬂllﬂlls

LED illumination and intensity control
Video walls and signs

Traffic signalization

White Goods

3.3v-5V Vsupply
Vf
VDD <«
Out 0 ii |\ I
LE [ >\J
— ] ! @ 9
CLK : ¥
— 1 O o .
N ;
SDI o ;
—1 0 O :
4—32[1 3 m| |
i
®
‘e
L
L Out 15 5
}/J
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AC/DC solutions

DC/DC solutions




Benefits of MCUs In lightl

- - T
o o ey

|__'

L |

HH

________________

B

=

—

_j: i
i

[B
T

Up 1216 LEDn Par String

LEGEND  mmiogic

[ Procussar [0 Powsr

[ Interface [ ADCDAC
RFAF Clocis

P Amplifiar [ Ctiar °

TI - Lighting Power Products

ng

Performs all power management
functions needed

— Advanced power algorithms possible

— PFC, AC/DC, DC/DC, current
control, etc.

— Up to eight independently controlled
LED strings,

— Interleaving, light load, ...

Communications/control

— Wired—power line communications
(PLC), DALI, DMX512, 0-10V, etc.

— Wireless—ZigBee, 802.15.4,
proprietary, etc.

Accuracy, precision and flexibility

— On-the-fly changes to brightness or
color temperature

LED temperature sensing for increased
reliability

Adaptive dimming based on usage,
aging, or ambient lighting conditions

No separate housekeeping MCU
required

68
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LED Lighting Developer’s Kit Block
Diagram

DC

Sepic

12Vv-48V O—w +[| I[
| -I% %

Piccolo-A
CPU - Pwne1 ’;‘
32 Bit
v -2 -
, s s -
*B—1 ADC -
= | FWM-3
12 bit
: = P-4 -
13 [l [veer B
12C
UART
1

i

—

=l ; i; ii

1
2
-
L

=
| o 2-—} 3-| L X a-—}
__-2 3 k]
L =
__.-.l.

. 1

[a- Why SEPIC DC/DC?

*Buck/Boost topology
*SEPIC topology is non inverting
«Can take an input voltage and

Based on Piccolo
F28035 controlCARD

*Requires only 1 PWM and 1 MOSFET

raise or lower it
] sLimited efficiency

e[ ow component count

TI - Lighting Power Products

~
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LED Lighting Developer’s Kit

Hardware

*Piccolo F28035

«12-48V DC input to SEPIC DC/DC
stage 50V DC output

8 strings of 30 watts

*Open source hardware, including
gerber files, schematics, and BOMs

Price: $349
Part number: tmdsledbklkit
Available March2010

\. J

T1-Lghing powe 1O Other system related tasks

o8 00 0 66 68 @ E
o8 66 98 46 i 66 08 o0& &6
8 00 06 66 46 08 o8 d8
66 86 06 06 .c 44 08 &8 &8
o6 68 66 a6 dd o8 o0 40

- L @ L1

Digital DC/DC SEPIC closed loop
regulated control

*Digital, closed loop LED driver stage
control

*Digital independent brightness control
of each string based on current

sLow CPU utilization gives headroom

70
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Pulsed current LED lighting aof 2

A Irep

Imax
Imax —> 4 ® 4

Don

CNTR ////////“\\\\\\\////////\\\\\\\\////////\\\\\\\\////////\\\\\\\\

>t
PN S
PWM L_
- * l\1ax Sets the color temp
:ﬁ)ﬁ;f IfMAC::( Don )/ T « Can dim by adjusting Dy,
VE = V_Dé /)N * IMAX can be adjusted by Sepic VDC ¢,
y o * Limitation: common VDC, ¢ for all strings

where N = number LEDs in string » Advantage, no inductors / caps needed per string

Drawbacks ? 1 Vdc led for all the strings

TI - Lighting Power Products 71
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Pulsed current LED lighting aof2

Forward Current2) page 22 Max. Permissible Forward Current Permissible Pulse Handling Capability
L =f(Vs): Ta=25°C I = f(Ty) Duty cycle D = parameter, 15 =25 °C
10° OHLD2520 1100 OHL02348 10 OHL03993
e mA A —| I
mA 7 I I _fp '
IF F F D_T ] F
5 T 200 T 25 - |
T \ i I
/ 800 N D=
0.005
/ 700 \ 20 N 0.01
\ T [N 0.02
600 \ \ 0.033
2 1.5 =g 0.2 1 0.05
10 500 \ TN 0.1
{ \ 05 ™ '-'—-::.
; ', 400 0 |’| =
’ 300 \
! 200 \ 05 ‘
100
Do not rrent below 100 mA
| o Lo e AN TR oo LU0 o L
10 20 25 2.0 35 10 V 45 0O 20 40 60 80 100 °C 140 10° 10 102 102 107 10" 10's102
Pi: —_— TS —_— fp
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Multi-Buck current mode control

Inverted Buck

%ﬁ %
A& &

Piccolo-B
—@ I-Ledl
CPU @ 1-Leda2 T
—@ I-Led3
ADC o
32 bit < "_.. .
DSP core 12 bit °
YL 4.6 MSPS ° §§ §§
A l—@ V-Ledl
\ 4 @ V-Led2 V-Ledl1 V-Led2
3V3 A @ V-Led3 | |
_L» Y A
MCLA > PwMier |a 14
| 2 | PWM2i) [
= 60 MHz | PWM3ER | @8 34 |
A
Comms —>| PWM4 (HR) l——. 4A 2
oc | s
@ SA
SPI I-Led1 I-Led2 I-Led3 LLedl Led2
UART | [ PwmMe @ o
can | Ly[Trwwn e n
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Multi-Boost current mode control

V-boostl ._l
Piccolo-B ‘
+
<—@ |-Ledl
CPU @ I-Led2 =
<—@ I-Led3
AD
32 bit < C - 1
DSP core b4 L
e | | ||| 3
1& @ V-boostl V-boost2 ._l ! ‘
3V3 A - <—d@ V-boost2 I )\
I_l <—@ V-boost3 §§ §§ 33
L Comms [P P¥Mimm | @ 14118 s .
— [ 2¢ | PWM2Em |- 2A128 = As = §§ §§ §§ ce o
= | | vagr | PO e o
UART 1 J,—

I-Ledl 1-Led2 1-Led3

Note: 1B, 2B, 3B,...

can control additional
strings
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Off-line: Dual Controller / Isolated

)

Filter !
Vac - .
—N— +
T 1-—|
[ I ]
"
[ I ]
"
[ I ]
[ I ]
[ I ]
Piccolo-A

— pwnm1 |

CPU B H

. A -

32 bit > {Pw2

1 P> AH

2 > ADC —» PWM-3 g H

3 D ~

ol | 12mit > pwm4 ||

13 ..—-> | Vref
12C
SPI |-
UART

LED current control and

o B> le]t;Dg Dimming
iaa R
L Y ¥z ’

i

/
Piccolo-A
A
CPU = PWM-1
e BH—@ 2
32 bit
AH—@ 3
PWM-2
> BH @&+
ADC P e
BH—@ 6
12 bit H-am 7
—P PWM-4
I Vref B H—@ 8
12C
<) SPI
UART
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Power Stage — Loop Control

Voltage Mode Avg Current Mode

Voltage E C\é(n)ltt:ﬁleer Current E
Controller BUCK \; Vin Vout| Controller BUCK (& vin Vout
e — DRV |y o0— gg;; CNTL DRV |y
2P27 " M Veref —Ret ot Re,”’zi H
- out > Dut
Veref —>Ref oy » Duty W — DRV B FB d W
FB
A
ADC g ADC A
DRV Cc D
DRV (B
i Iout ——<— rsit0
Vout —<—rsit0 w + H
Vout ——<«— rsit1 W

l | [
Vac = :l_PFC :l_ | DC/IDC D
ilter o >0 [ —g-o Voltage
> D
o —0|

Vout|

o_
@- + - - o - Controller
» T ° iR oL
= | = 2P2Z
——— = A — Vref —>Ref oyt = =
»FB

system
monitoring
diagnostics

[£ " bpcibc ‘
F28xxx -1,_0
)

B

v

—a
L]
L ]
32 bit o _ " v
m I Vout —<— rsit1 w [«—{]
‘ DC/DC -Lo
12C
<l sPI ADC [ .
RS232 :
Y
2 ] 0 | Constant Power
1 I [ — Voltage [ CNTL VIPwr g )
= DC/DC [ Controller | 2paz B BSJRCVK o Vin Vout
control - re il IR 11
Vout —>|Fdbk . PN
l——o . Pwr  Out »— Duty W DRV
T
P 1
I < R
2P2Z v, I = =
I Pwr-ref Ref  out 'y mk“
[ ] X }———>{Fdbk
°
Current
Lo CNTL
Tl - nghtlng P Controller P27
I-ref Ref  out
»— Tout —{Fdbk ADC | A
DRV (D
© 1
Iout < rsit0
H
Vout rsit1 w::% v




Communication: Tl unique positioning

PLC (piccolo):

Security
Systems
Control

Automation
& Remote
Access

LonWorks (Echelon locks the market)
KNX over PLC (KD / ADDgrup)

Blind &
Shutter
Control

Operation &
Visualization

Lighting
Control

Dali-over-PLC (internal example code)
Wired (MSP430):

KNX/Batibus (3P)

Dali/DSI (internal example code)
Bacnet (US TBC?)

RF (LPW, MSP430):

W-KNX (3P)

SimpliciTl
Zigbee HA

6LowPan (Sensinode)

EnOcean
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Street lighting with PLC

Vac

)

L
TI - Lighting®Power Products

PFC |
. 100~400
Filter | voc ! _ : -n—l ’ -1 Digitally controlled 1
+ >| ~ ® Multi-transformer
- + + : B>t PWMI LED control and
1 -—l dimming g
s ID—¢ PWM2
4
A T [ T 4+ ID—¢ PWM3
Supply —L— s [l>—¢ PWM4 /IO ? }
Vin 12V —» PLC - AFE * Isense §§ §§ §§
5V —>» 6 [D>—¢ Vsense ? LN ]
<]: * s 2
I [ ) [ ] [ ]
= ) . °
. & & =
\ Piccolo-B I
E E CPU > pwm1 || o I
: : B H—@l 2
32bit [
: : |—D \>—§ JTAG | PWM-2 Aea: I
USB— (O) MoLa s I
32 bit [P H-a s
Ly | [>— varT FPU .| PWM-3
60 MHz B H—@ ¢ I
1 > Alra”
- PWM-4
: > ADC AT I
3 >—Pr . 12C I
D> [Vrer] UART I
I
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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 o087

News Releases

Three new power management
chips increase efficiency,
wvoltage and output current in
LED designs

Control Law Accelerator delivers
up to 35X performance ta
improve functionality and
efficiency of applications such
as LED lighting, motor contral
and digital power

TI easze=s 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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LED Reference Design Cookbook

(slyt349a)

LED Reference
Design Cookbook

Mulliple Applications for LED Lighting

ce Design Cookbook

TR T SPAGne) RSO, See: el

et Driver with PFC

LB Bt it D Dl

EEEREN]

I, Nan-isolatad Dviver with PFC
UG O8I0/ LICC2Ee] OE M 002

izl Curwnd m. Ling Varisgs

Lirs Sacmintio 8 LODW w000 ok, S50 Y

11

L O ]

IWI

LD Firbn Chg S,

http://focus.ti.com/lit/sq/slyt349/slyt349a.pdf
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Thank you — any Questions?
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