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Analog or PWM 90 to 265 VAC 22 to 60 500 UCC28810 12

100-Watt, Constant-Current, Non-Isolated Driver with PFC 15 to 30 series PWM 90 to 265 VAC 55 to 100 900 UCC28810 14

240-W LED Lighting System 6 series PWM 108 to 305 VAC 70 to 85 3000 TPS92020
UCC28810
UCC28811

16
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LED Streetlight Driver Based on SEPIC Topology 80 series TRIAC dimmer 150 to 264 VAC 300 max 350 UCC28810 20
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— 9 to 18 VDC 40 max 700 or 350 TPS40211 26

Wide-Input DC Voltage Range SEPIC Driver 4 series — 8 to 40 VDC 13 typical 350 TPS40211 28
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Eval Kit
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30
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46

Multichannel PWM Power Driver for Power  
LED Applications  

4 strings  
(15 series each)
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LED Reference Design Cookbook
Helping You Solve Your Lighting Design Challenges

The LED Reference Design Cookbook is designed to provide you 
with a valuable tool to help you solve your lighting design needs.  
Customers seeking the latest in innovative and affordable LED 
lighting solutions can bene�t from TI’s broad product portfolio 
of AC/DC, DC/DC, LED drivers, power management devices, 
wireless and wired interface control and embedded processors. 

Designers have the option of not only controlling the power 
stage, but regulating LED currents as well, eliminating the need 
for multiple components and reducing system cost. Systems 
can be designed to accurately control voltage and current 
regulation for precise light intensity and color mixing, temperature 
monitoring to prevent thermal runaway, intelligent/adaptive 
dimming, and fault detection (over voltage/current, blown string). 
Communication with external systems is also possible via power-
line communication (PLC), wireless technology or interfaces. 

LED lighting designers are challenged with meeting their ef�ciency 
and reliability goals faster in advanced lighting designs. TI’s 
lighting portfolio is helping designers achieve their goals at a 
faster rate.  

To see the TI solutions for general lighting, signage, backlighting 
and automotive, all complimented by a comprehensive customer 
support network, visit: 

TI has Solutions for Your  
Lighting Challenges:
•  Precision channel-to-channel and 

chip-to-chip accuracy to create 
the best hue and luminance in 
your RGB message boards and 
video displays 

•  Small footprint, highest efficiency, 
programmable LED or OLED 
backlight controllers 

•  Blinking low-power LEDs to act as 
indicators in an automotive display 
or in a casino game 

•  Controllers to power and dim high 
brightness white or RGB LEDs 
for architectural luminaries and 
portable lighting 

•  Powering arrays of HB LEDs off an 
AC source for use in street lighting 
and replacing high-intensity 
discharge (HID) lamps 

•  Highly integrated ZigBee® 
transceivers and SoC solutions for 
wireless lighting control and home 
automation 

Article
LED 

Configuration
Dimming 
Options VIN VOUT (VDC) IOUT (mA) Device Page

LED Drivers

Medium-Size LCD Backlight 3 series Digital or PWM 3 to 12 VDC 5 typical 820 max TPS61165 54

Large-LCD Backlight Driver Up to 96
(12 series, 8 

strings) 

Analog or PWM 4 to 24 VDC 16 to 48 320 TPS61195 56

24-Channel, 12-Bit PWM LED Driver 24 parallel Digital or PWM 3.0 to 5.5 VDC 2.0 to 17.0 V 40 per channel TLC5951 58

24-Channel, Constant-Current LED Driver with  
Global Brightness Control 

24 parallel Digital  3.0 to 5.5 VDC 2.0 to 17.0 V 35 per channel TLC5952 60

16-Channel LED Driver with Load-Switch Dimming Control  16 parallel PWM or Analog 3.0 to 5.5 VDC 17 max 100 per 
channel

TLC59116 62

www.ti.com/led

NEW!
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LED参考设计指南

帮助您从容应对各种照明设计挑战

LED参考设计指南是您重要的参考工具书，能够充分满足您的各种

照明设计需求。希望获得全新低成本创新型LED照明解决方案的

客户可受益于德州仪器 (TI) 门类宽泛的产品库，包括AC/DC、DC/

DC、LED驱动器、电源管理器件、无线和有线接口控制以及嵌入式

处理器等。

设计人员可以拥有更多的选择，不仅能够控制功率级，而且还可以

调节LED电流，从而避免了增设多种组件的麻烦，进而降低了系统

成本。可通过精心设计而使系统准确地控制电压和电流调节，以实

现精准的光强度和色彩混合、温度监视（用于防止发生过热）、智

能化/自适应调光以及故障检测（过压/过流、LED串烧毁）。与外部

系统的通信也可以通过电力线通信 (PLC)、无线技术或接口来实现。

LED照明设计人员面临着严峻的挑战，他们需要通过先进的照明设

计快速实现高效率和高可靠性目标。TI卓越的照明产品库将有助于

设计人员更快速地实现目标。

如需了解TI面向普通照明、标牌、背光照明和汽车等应用领域推出

的解决方案，以及配套提供的、综合而庞大的客户支持网络，敬请

访问：
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TI出色的解决方案帮助您

从容应对各种照明难题：

精准的通道间及芯片间准确度，• 

以在您的RGB消息板和视频显示

器上产生最佳的色调和亮度

小占板面积、极高的效率、可编• 

程LED或OLED背光源控制器

闪烁式低功率LED可作为汽车显• 

示器或赌场游戏机的指示灯

控制器可向高亮度白光或RGB • 

LED供电并实现调光功能，以充

分满足建筑照明和便携式照明的

需要

用AC电源来给HB LED阵列供• 

电，可满足街道照明的需要，

同时还能替代高强度气体放电 

(HID) 灯
高集成度ZigBee• ®收发器和SoC

解决方案适用于无线照明控制和

家庭自动化
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4

Description 
This design uses the TPS92010 8-pin, 
high-efficiency off-line LED lighting 
controller. This controller  incorporates 
many features, such as frequency 
fold-back and a low-power mode, to 
implement a low-cost, high-efficiency 
flyback converter.

An application of this converter is 
retrofitting lightbulbs with LEDs. 
The converter can drive 3 to 5 high-
brightness LEDs in series with a 
constant  current of 0.35 A.

The flyback topology is chosen 
because it allows a lower component 
count and lower cost than other 

Efficiency without Dimmer

Dimming Performance

Output Current Regulation

Key Features
•  AC/DC TRIAC dimmable LED  

reference design
• Ideal for residential lighting
• 3- to 12-W applications
• High efficiency
•  TI lossless dimming circuit for a 

cooler, lower-power system during 
deep dimming

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS92010

Efficiency with Dimmer

topologies. LED current is sensed 
directly to ensure its tight regulation. 
A special circuit for compatibility 
with TRIAC dimmers adjusts the 
output current linearly, avoiding any 
stroboscopic effects or audible noise 
that might otherwise occur. The 
TPS92010 is designed for low-power 
lighting applications that do not require 
power-factor correction.

Design Specifications

Parameter Minimum Typical Maximum

Input voltage (VAC) 100 120 130

Output voltage (VDC) 9 — 18

Output current (A) — 0.35 —

Efficiency (%) — 80 —

Adjusting the Output Current

Output Current
(A)

R15
( )

R17
( )

R1
( )

R42
( )

0.20 1000 150 330 1000

0.225 1200 86 390 1000

0.25 1200 220 470 1000

0.275 1000 560 680 680

0.30 1500 220 680 680

0.325 1500 330 470 1500

0.35 1000 1000 820 1000

0.40 1800 470 1000 1000

0.45 2200 390 1500 1000

0.50 2700 220 1500 1000

0.60 3300 150 1500 1500

0.70 3900 270 2200 1500

NEW!

TRIAC可调光LED照明参考设计

TPS92010
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NEW!新！

描述

这款设计采用了TPS92010 8引脚、高

效率、离线式LED照明控制器。该控制

器具有诸如频率折返和低功率模式等众

多的特点，旨在实现低成本、高效率的

反激式转换器。

该转换器的应用之一是用LED来翻新灯

泡的花样。这款转换器能够以0.35A的

恒定电流来驱动3～5个串联的高亮度

LED。

该器件选择了反激式拓扑结构，这是因

为相比于其他的拓扑结构，它可以减

少元件数目并降低成本。LED电流采取

直接检测的方式，旨在确保其严格的

调节。一个用于实现与TRIAC调光器之

兼容性的特殊电路对输出电流进行线性

调节，从而消除了采用其他方法时有可

能出现的任何频闪效应或音频噪声。

TPS92010专为那些不需要进行功率因

数校正的低功率照明应用而设计。

主要特点

AC/DC TRIAC可调光LED参考设计• 

非常适合于住宅照明• 

适合3W至12W应用• 

高效率• 

在深度调光期间，TI的无损型调光电• 路

适合于低发热量、低功耗系统

Web链接

如需索取数据表、用户指南、样片，敬请

访问：www.ti.com/sc/device/TPS92010

设计规范

未采用调光器时的效率 采用调光器时的效率

调光性能

输出电流调节性能

调节输出电流
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10-Watt, AC/DC LED Driver

TPS92010 PMP3522

6

Description 
The PMP3522 is a reference design 
that utilizes the TPS92010 high 
efficiency LED lighting driver controller.

Residential downlighting has seen 
a great deal of transition to more 
efficient sources of light. Compact 
CFLs have become a mainstay in 
residential lighting, but as the lifetime 
cost of LED lamps falls, all the more 
low-power, small-form-factor designs 
will be needed. This reference design 
is an under-10-W, non-isolated SEPIC 
LED driver specifically laid out for 
residential downlighting.

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS92010

PMP3522 Schematic

Design Specifications

Parameter Minimum Typical Maximum Unit

Input voltage 120  — 290 VAC

Output voltage  —  — 24 Volts

Output current — 0.350 — Amp

TPS92010

C10
1nF

C2
0.1µF

C5
10µF

C6
0.1µF

D2
BZX84C20T

C1
0.047µF
275VAC

R8

10

R7
100K

Q1
FCD4N60

L3
180µH

J2

R9
0.1

R12
6.11K

R13
3.3

R14
3.3

3 - 6 LEDs 
@ 350mA
LET RTN

R11
100

C7

0.1µF

R10
100 Q2

MMBT3904LT1

R4
100

R3
220K

R2
220K

R1
220K

TP2

D6
BAT54S

D3
MMBD4148

C9
470µF

C11
10µF

D4
MURA160T3

D5
BZX84C27T

R15
33.2K

C3
1nF

C4
47nF

LPM
VSD
VDD

GD

1

2

3

4

1

2 AC

AC

8

7

6

5

1 2

2

1

3 4

SS
FB
PCS
GND

L1
1mH

F1
0.5A

D1
RH05-T

AC IN
120 - 290VAC

J1

L2
1mH +

+

+

+ +

Key Features
•  Single-stage SEPIC, PFC + LED  

current regulation
•  Low-cost, low-component count
•  Drives 3 to 6 LEDs at 350 mA

For more reference designs, see: www.ti.com/powerreferencedesigns 

10W、AC/DC LED驱动器

TPS92010 PMP3522

描述

PMP3522是一款运用了TPS92010高效

率LED照明驱动器控制器的参考设计。

住宅筒灯照明已经大量地转而采用效率

更高的光源。紧凑型CFL已成为住宅照

明的主流方式，不过，随着LED灯生命

周期成本的下降，将需要功率更低、外

形尺寸更小的设计。本参考设计是一种

功率低于10W的非隔离型SEPIC LED驱

动器，专为住宅筒灯照明而设计。

主要特点

单级SEPIC、PFC + LED电流调节• 

低成本、低元件数目• 

能够以350mA的电流驱动3～6个LED• 

Web链接

如需索取数据表、用户指南、样片，敬请

访问：www.ti.com/sc/device/TPS92010

设计规范

PMP3522原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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10-Watt, AC/DC LED Driver

TPS92010 PMP3522

710-Watt, AC/DC LED Driver

TPS92010 PMP3522
Laid Out for Bulb Replacement

Regulation

Efficiency

Control Loop Frequency

10W、AC/DC LED驱动器

TPS92010 PMP3522

用于更换灯泡的板面布局 控制环路频率

调节性能

效率
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Dimmable LED Lighting Driver for Lightbulb Retrofit Apps

TPS92210EVM

Dimmable LED Lighting Driver for Lightbulb Retrofit Apps

TPS92210EVM

8

Description 
The TPS92210EVM is a natural power-
factor-correction (PFC) LED lighting 
driver controller with advanced energy 
features to provide high-efficiency 
control for LED lighting applications. 
The TPS92210EVM is capable of 
providing a high power factor, TRIAC 
dimming, load protection and extended 
life in a small space at low cost.

The TPS92210EVM employs 
quasiconstant “on” time that enables 
single-stage PFC in an isolated 
flyback configuration. Intended for 

Key Features
•  AC/DC TRIAC dimmable LED driver 

with PFC
•  Ideal for residential lighting
•  Single stage (PFC and LED  

current regulation)
•  12- to 25-W applications
•  Deep TRIAC dimming capability

Web Links
www.ti.com/tps92210evm

TPS92210EVM Block Diagram

low-power lighting applications, it 
can be packaged in a variety of ways, 
including individual lamp designs and 
generic PCB form factors for many 
types of lighting. The driver preserves 
dimmer holding current and features 
dual-slope output control to improve 
dimming linearity when used with 
common TRIAC-based phase-control 
dimmers. The TPS92210 controller 
is programmed to operate at a fixed 
frequency with a constant “on” time 
for the internal switch that drives the 
primary power FET.

VDD

OOP

CGD

CSD

FB

OTM

PCM

GND

FEEDBACK

C

RCS

Primary Secondary

1

4

3

7

8

2

8

5

Phase Angle
Detection

Supplemental
Load

Current Reference
and 

Difference Amplifier

TPS92210

Description Parts VIN Range
VOUT (DC) 

Range
Number 
of LEDs

IOUT
(max)

POUT
(max) Eff. PFC ISO

Dimming 
In

Dimming 
Out

TPS92210EVM
High efficiency, PFC 
and TRIAC dimmable 
LED lighting driver

TPS92210 180 V 265 V 17 V 21 V 6 350 mA 11 W 83% Yes Yes TRIAC Linear

For more reference designs, see: www.ti.com/powerreferencedesigns 

NEW!

面向灯泡式样翻新应用的可调光LED照明驱动器

TPS92210EVM

描述

TPS92210EVM是一款具有先进节能特性

的自然交错功率因数校正 (PFC) LED照明

驱动器控制器，用于为LED照明应用提供

高效控制。TPS92210EVM能够以低廉的

成本在狭小的空间里提供高功率因数、

TRIAC调光、负载保护和更长的工作寿

命。

TPS92210EVM采用准恒定“接通”时

间，从而在隔离型反激式配置中实现了单

级PFC。该器件面向低功率照明应用，可

以采用多种封装型式，包括单独的灯设计

以及适合多种照明类型的通用PCB外形。

该驱动器保持了调光器维持电流，并具

有双斜率输出控制功能，以在与常见的

TRIAC型相位控制调光器一起使用时改善

调光线性度。通过设置，使TPS92210控

制器在固定频率下运作，且内部开关具有

恒定的“接通”时间，用于驱动初级侧功

率FET。

主要特点

具备PFC的AC/DC TRIAC可调光LED驱• 

动器

非常适合于住宅照明• 

单级（PFC和LED电流调节）• 

适合12W～25W应用• 

深度TRIAC调光能力• 

Web链接

www.ti.com/tps92210evm

TPS92210EVM方框图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns

新！
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Dimmable LED Lighting Driver for Lightbulb Retrofit Apps

TPS92210EVM

9Dimmable LED Lighting Driver for Lightbulb Retrofit Apps

TPS92210EVM
LED Lighting Driver’s Efficiency LED Lighting Driver’s Total Harmonic Distortion

LED Lighting Driver’s PFC 

LED Lighting Driver’s Current RippleLED Lighting Driver’s Current Regulation

面向灯泡式样翻新应用的可调光LED照明驱动器

TPS92210EVM

LED照明驱动器的效率 LED照明驱动器的总谐波失真

LED照明驱动器的电流纹波

LED照明驱动器的PFC

LED照明驱动器的电流调节性能



10

2010年第二季度LED 参考设计指南
LED Reference Design Cookbook Texas Instruments  2Q 2010

Low-Cost AC/DC TRIAC Dimmable Driver for Lightbulb

TPS92001 PMP4981

10

Description 
The PMP4981 is a reference design 
for an LED driver in a lightbulb-
replacement circuit. The design is 
optimized to function with AC input 
sources that may be fed through 
an industry-standard TRIAC-based 
phase-cut dimmer. 

PMP4981 Schematic

Design Specifications

Description Parts

VIN 
(AC)  

Range

VOUT 
(DC) 

Range
Number  
of LEDs

IOUT 
(max)

POUT 
(max) Eff. PFC ISO

Dimming  
In

Dimming  
Out EVM

PMP4885 low-  
cost offline

TPS92001 90 24
7 to 9 450 mA 12 W 79% No No TRIAC PWM Paper

LED lighting driver TLC372 130 32

The PMP4981’s dimming function 
allows the string of LEDs to be dimmed 
to very low levels without flickering or 
stroboscopic effects. Current is drawn 
from the TRIAC only when needed, 
providing high efficiency with a non-
isolated driver for a very-low-cost 
solution. This single stage provides 
high reliability, long life and high 
performance.

+

U1
TPS92001

L2
470µ

R2
30

L1
1.2mH

+

VDD

R9
10K

D2
MURA120T3

D1
MURA120

D4
12V

D5
301V Q2

FQT4N25

Q1
FZT757A

R7
10KTP8

TP1

TP4

TP7

TP2

LED+
LED–

R6
1
R8
1

R12
1K

R4
10

R3
301KR5

2K
C6

100p

C7
.01U

C10
.01µ

R10
28K

C9
1000P

C1
.1µ

R11
100K

C8
.01µ

C3
4.7µF

C2
0.1UC5

1µF
R1
2.10K

C11
.01µ

C13
1.0U

U2:A
TLC372CD

VDD

REF

REF

20 VAC
TRIAC Dimmer

TP3

TP6
TP5

C4
0.047µF

200V

C15
0.01µF

200V

3

1

1
2
3
4

8
7
6
5

5
6

7

+

–

2

4
AC

AC

D3
RH04-T

FB
SS
RT1
RT2

REF
VDD
OUT
GND

8

4

1

C12
1.0µ

D7 15V

D6
15V

R19
40.2K

R16
40.2K

R15
200KR17

560

Q3
BF720

Q4
3906

R18
8.06K

TP9

C14
1µ

U2:B
TLC372CD

For more reference designs, see: www.ti.com/powerreferencedesigns 

Key Features
•  Low-cost, AC/DC TRIAC dimmable 

LED driver lighting reference design
• Ideal for residential lighting
• LED ripple current 100% (120 Hz)
• 6- to 11-W applications
•  Deep TRIAC dimming capability
• No electrolytic capacitors option

面向灯泡替换应用的低成本AC/DC TRIAC可调光驱动器

TPS92001 PMP4981

描述

PMP4981是灯泡替代电路中LED驱

动器的参考设计。该设计经优化，能

够与通过业界标准的TRIAC型舍相调

光器馈送的AC输入源协同使用。

PMP4981的调光功能可在无闪烁或

频闪效应的情况下使LED串的亮度调

降至极低水平。仅在需要时从TRIAC

吸收电流，从而可实现高效率的超低

成本非隔离式驱动器解决方案。该单

级驱动器可实现高可靠性、长使用寿

命及高性能。

主要特点

低成本、AC/DC TRIAC可调光LED• 

驱动器照明参考设计

非常适合于住宅照明• 

LED纹波电流100% (120Hz)• 

适合6W～11W应用• 

深度TRIAC调光能力• 

无电解电容器选项• 

设计规范

PMP4981原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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Low-Cost AC/DC TRIAC Dimmable Driver for Light

TPS92001 PMP4981

11Low-Cost AC/DC TRIAC Dimmable Driver for Lightbulb

TPS92001 PMP4981
Line Current and Voltage – Dimmer at Full Power Position

LED Current and Voltage – Dimmer at Full Power Position Rectified AC (Top) and LED Current (Bottom) —  
High Conduction Angle  

Line Current and Voltage – Dimmer at ~ Half Power Position Rectified AC (Top) and LED Current (Bottom) —  
Low Conduction Angle 

LED Current and Voltage – Dimmer at Half Power Position

面向灯泡替换应用的低成本AC/DC TRIAC可调光驱动器

TPS92001 PMP4981

线路输入电流和电压——满功率条件下的调光器 LED电流和电压——半功率下的调光器

整流AC（上方）和LED电流（下方）——

高导通角

整流AC（上方）和LED电流（下方）——

低导通角

LED电流和电压——满功率条件下的调光器

线路输入电流和电压——约半功率下的调光器
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100-Watt, Constant-Current, Non-Isolated Driver with PFC

UCC28810/UCC28810EVM-002

12

Description 
The UCC28810EVM-002 evaluation 
module (EVM) is a constant-current 
non-isolated power supply for LED 
lighting applications that require high 
brightness, such as street, parking 
or area lighting. The reference design 
converts the universal mains (90 to 
265 VRMS) to a 0.9-A constant-current 
source to drive a 100-W LED load.

The UCC28810EVM-002 is a two-
stage design. The first stage, a 
transition-mode circuit with PFC, 
ensures that the design meets various 
standards such as the EN61000-3-2. 
The PFC circuit converts the AC input 
to a regulated DC voltage, which can 
be configured as a boost-follower PFC 
or a fixed output voltage. The boost-

Key Features
•  High-power AC/DC LED driver  

with PFC
• Ideal for street, parking or area  
 lighting
• Universal-input, non-isolated design
• Tightly regulated LED current
• PWM dimming, 200 Hz to 1 kHz
•  High efficiency through dimming
• Active power-factor correction

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/UCC28810

Reference designs:
www.ti.com/powerreferencedesigns

EVM:
www.ti.com/ucc28810evm-002

UCC28810EVM-002 Block Diagram

Design Specifications

Description Parts

VIN 
(AC)  

Range

VOUT 
(DC) 

Range
Number  
of LEDs

IOUT 
(max)

POUT 
(max) Eff. PFC ISO

Dimming  
In

Dimming  
Out EVM

UCC28810 
EVM002 100-W

UCC28810 90 55
15-30 900 mA 100 W 93% Yes No PWM PWM Yes

LED lighting driver UCC28811 265 100

follower PFC tracks the AC input’s 
peak voltage for increased efficiency 
at low-line operation. The PFC’s DC 
output voltage is then regulated to a 
fixed value in the region of 396 VDC. 
The second stage of the design also 
uses transition mode but is configured 
as a buck converter. It converts the 
PFC output voltage to a fixed 0.9-
A current to drive an LED load. The 
second stage accepts PWM dimming 
inputs (either externally or from an 
onboard circuit) and appropriately 
toggles itself on or off.

PFC Boost

Enable

Bias
Bias

PFC Output

LED PWM
Input

Critical Conduction Mode
Low Side Buck Current Source

Primary
Gnd

UCC28810

TZE

VDD

GDRV

ISENSE

GND

EAOUT

VINS

VSENSE

6

2

3

1

5

8

7

4

UCC28811

VDD

GDRV

GND

TZE

VSENSE

EAOUT

VINS

ISENSE

1

2

3

4

8

7

6

5

具备PFC的100W、恒定电流、非隔离式驱动器

UCC28810/UCC28810EVM-002

描述

UCC28810EVM-002评估模块 (EVM) 

是恒定电流非隔离式电源，适合于要

求高亮度的LED照明应用，例如：街

道、停车场或区域照明。该参考设

计将通用电源（90至265VRMS）转换

为0.9A恒定电流源，能够驱动一个

100W LED负载。

U C C 2 8 8 10 E V M - 0 0 2是一种两级

设计。第一级是具备 P F C 功能的

转换模式电路，能够确保设计方

案满足如EN610 0 0 -3 -2  等各种标

准设定的谐波电流或功率因数要

求。该 P F C 电路可将 A C 输入转

换成稳压 D C 电压。可将该 D C 电

压配置为升压跟随器 PFC 或固定输出

电压。在低负荷线路 (low-line) 运行状

态下，升压跟随器可跟踪AC输入的峰

值电压，实现更高效率。然后，PFC的

DC输出电压即可稳定在396VDC以内的

固定值。设计的第二级也同样采用转换

模式，但配置为降压型转换器。它可将

PFC输出电压转换为0.9A的固定电流，

以驱动LED负载。第二级不仅可接受

PWM调光输入（从外部或从板级电路

均可），而且还可相应接通或关断，从

而实现LED电流的PWM调光。

主要特点

具备PFC的高功率AC/DC LED驱动器• 

非常适合于街道、停车场或区域照明• 

通用输入、非隔离式设计• 

严格调节的LED电流• 

PWM调光，200Hz至1kHz• 

可通过调光实现高效率• 

有源功率因数校正• 

Web链接

如需索取数据表、用户指南、样片，敬请

访问：www.ti.com/sc/device/UCC28810 

参考设计：

www.ti.com/powerreferencedesigns 

EVM：

www.ti.com/ucc28810evm-002 

设计规范

UCC28810EVM-002方框图



13

2010年第二季度LED 参考设计指南
Texas Instruments   2Q 2010 LED Reference Design Cookbook

100-Watt, Constant-Current, Non-Isolated Driver with PFC

UCC28810/UCC28810EVM-002

13100-Watt, Constant-Current, Non-Isolated Driver with PFC

UCC28810/UCC28810EVM-002
Efficiency and Power Factor vs. Line Voltage

UCC28810EVM-002 transition mode buck PWM response (expanded). Ch1: LED VOUT, 
Ch2 PWM, Ch3 buck inductor current 500 mA/Div, Ch4 VDS Ch1 and Ch4 Share GND 
reference.

PWM Dimming Response

UCC28810EVM-002 efficiency and power factor vs. line voltage 30 Cree XRE LED’s  
at 900 mA. LED current regulation as a function of line voltage.

Line Regulation 30 LEDs at 900 mA, (98 W)

PWM Dimming Waveforms

UCC28810EVM-002 transition mode buck PWM response. Ch1: Buck VIN, Ch2: Buck VDS, 
Ch3: LED current (0.5 A/Div), Ch4: LED voltage. Ch1 and Ch4 share GND reference.

THD Factor vs. Line Voltage

UCC28810EVM-002 THD vs. line voltage 30 Cree XRE LED’s at 900 mA.

具备PFC的100W、恒定电流、非隔离式驱动器

UCC28810/UCC28810EVM-002

效率和功率因数与线路输入电压的关系曲线 线路稳压，900 mA、(98 W) 条件下30个LED

PWM调光波形

总谐波失真与线路输入电压的关系曲线

PWM调光响应
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14 110-Watt, Constant-Current, Isolated Driver with PFC

UCC28810/UCC28810EVM-003: SimpLEDrive™
Description 
The UCC28810EVM-003 evaluation 
module (EVM) is an off-line AC-to-
DC LED current driver with PFC for 
applications such as street, high-bay, 
and medium- or large-infrastructure 
lighting. The UCC28810EVM-003 is 
a three-stage converter design that 
delivers up to 110 W. The first stage 
is a universal input boost-PFC circuit 
providing a 305- to 400-VDC output. 
The second stage is a low-side buck 
circuit providing the controlled current 
source, and the third stage is a series 
of two half-bridge DC/DC transformers 
that provides isolation of multiple LED 
strings. 

This patent-pending solution provides 
an easily scalable and cost-effective 
method of driving multiple LED strings. 
The UCC28810EVM-003 implements 

UCC28810EVM-003 Block Diagram

Design Specifications

Description Parts

VIN 
(AC)  

Range

VOUT 
(DC) 

Range
Number  
of LEDs

IOUT 
(max)

POUT 
(max) Eff. PFC ISO

Dimming  
In

Dimming  
Out EVM

UCC28810 
EVM003 100-W
isolated multi-
string LED lighting
driver w/multiple 
transformers

UCC28810

UCC28811

TPS92020

90, 265 22 V, 60 V 4X  
(7 - 15) 500 mA 110 W 91% Yes Yes PWM PWM Jul-09

single-reference current control and 
universal dimming (via AM or PWM) 
for all LEDs. The reference design 
effectively drives a large number of 
LEDs connected in series, but the 
voltage on the LED strings is safe 
(low) and isolated from the AC line. 
The multistring architecture is more 
cost-effective than an architecture 
with a constant voltage plus a buck 
stage for each LED string. The LED-
driver architecture is readily scalable 
to very high power levels. Excellent 
LED current matching between strings 
is achieved with this architecture. 
The UCC28810EVM-003 achieves 
high efficiency (91%), high power 
density and a high power factor. The 
control stage is a simple and robust 
design, and the EVM protects against 
scenarios with open and short LED 
strings.

Key Features
•  SimpLEDrive™ high-power 

dimmable AC/DC LED driver  
with PFC

•  Ideal for street, high-bay or  
infrastructure lighting

• Isolated from the AC line
•  Readily scalable to higher power 

levels
• LED current matching between 
 strings
• High efficiency and power density
• Active power-factor correction

Web Links
Reference designs:
www.ti.com/powerreferencedesigns 

Datasheets, user’s guides, samples:
www.ti.com/sc/device/UCC28810

EVM:
www.ti.com/ucc28810evm-003

PFC Boost Follower

Enable

+50 - 60V

+50 - 60V
+50 - 60V

+50 - 60V

Bias
Bias

Bias

PFC Output

LED PWM
Input

Critical Conduction Mode
Low Side Buck Current Source

Primary
Gnd

UCC28810

TZE

VDD

GDRV

ISENSE

GND

EAOUT

VINS

VSENSE

6

2

3

1

5

8

7

4

UCC28811

VDD

GDRV
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具备PFC的110W、恒定电流、隔离式驱动器

UCC28810/UCC28810EVM-003：SimpleLEDrive™

描述

UCC28810EVM-003评估模块 (EVM) 是

具备PFC的离线式AC-DC LED驱动器，

适合诸如街道、高棚灯和大中型基础设

施照明等应用。UCC28810EVM-003是

三级转换器设计，可输送高达110W的功

率。第一级是通用输入升压PFC电路，

可提供305～400VDC输出。第二级是

低端降压电路，提供了受控电流源。第

三级则是两个串联的半桥式DC/DC变压

器，负责提供多个LED串的隔离。

这款正待专利审议的解决方案提供了一

种可轻松扩展且经济划算的多串LED驱

动方法。UCC28810EVM-003 可通过

AM或PWM对所有LED实施单基准电流

控制和通用调光。本参考设计能有效驱

动大量串联 L E D，而且 L E D串上

的电压非常安全（低端），并与

A C 线路相隔离。与每个 L E D 串

都采用恒定电压加降压级的架构

相比，U C C 2 8 8 10 E V M - 0 0 3实施

的 多 串 架 构 更 具 成 本 效 益 。 在 

UCC28810EVM-003参考设计中实施

的LED驱动器架构可轻松扩展至非常

高的功率水平，而且采用该架构还可

在串之间实现优异的LED电流匹配。

UCC28810EVM-003实现了高效率 

(91%)、高功率密度和高功率因数。控

制级的设计简明扼要、功能稳健，而

且该EVM还可在LED串开路或短路的

情况下提供保护。

主要特点

具备PFC的Simp• LED rive™高功率可调

光AC/DC LED驱动器

非常适合于街道、高棚灯或基础设施照• 

明

与AC线路相隔离• 

可轻松扩展至较高的功率水平• 

在串之间实现了LED电流匹配• 

高效率和高功率密度• 

有源功率因数校正• 

Web链接

参考设计：

www.ti.com/powerreferencedesigns 

如需索取数据表、用户指南、样片，敬请

访问：

www.ti.com/sc/device/UCC28810 

EVM：

www.ti.com/ucc28810evm-003
设计规范

UCC28810EVM-003方框图
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15110-Watt, Constant-Current, Isolated Driver with PFC

UCC28810/UCC28810EVM-003
Efficiency vs. Line Voltage

UCC28810EVM-003 IOUT matching vs. line voltage 4 x 15 Cree XRE LED’s at 500 mA.

Ch1: VBUCK+, Ch2: Buck VDS, Ch3: AC line current 1A/Div, Ch4: VBUCK - Ch1 and Ch 4 
share GND reference.

Power Factor vs. Line Voltage UCC28810EVM-003 AC Input Current During PWM Dimming

IOUT Matching vs. Line Voltage

UCC28810EVM-003 efficiency vs. line voltage and load 4 x 15 Cree XRE LED’s at  
500 mA.

UCC28810EVM-003 power factor vs. line voltage 4 x 15 Cree XRE LED’s at 500 mA.
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TPS92020

具备PFC的110W、恒定电流、隔离式驱动器

UCC28810/UCC28810EVM-003

效率与线路输入电压的关系曲线

功率因数与线路输入电压的关系曲线

IOUT匹配与线路输入电压的关系曲线

UCC28810EVM-003在PWM调光期间的AC输入电流
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240-W LED Lighting System

TPS92020, UCC28810/1

240-W LED Lighting System

TPS92020, UCC28810/1

16

Description 
This reference design uses the 
UCC28810, UCC28811 and  
TPS92020 for an isolated, off-line, 
240-W LED driver for high-bay and 
streetlight applications. The driver 
has three stages: a power-factor-
correction (PFC) stage, a buck stage 
and an isolation stage. The PFC and 
buck stages both operate in critical-
conduction mode. The isolation stage 
is a half-bridge converter with an 
option to adopt a multi-transformer 
configuration. A constant output 
current is controlled within the buck 
stage to provide 3 A to the LED strings, 
with an output voltage ranging from  
70 V to 85 V.

TPS92020, UCC28810/1 Schematic

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS92020, 
www.ti.com/sc/device/UCC28810 or
www.ti.com/sc/device/UCC28811

For more reference designs, see: www.ti.com/powerreferencedesigns 

Design Specifications

Parameter Test Conditions Minimum Typical Maximum Unit

Input voltage — 108 120/277 305 VRMS

Power factor — 0.990 — — —

Output current — — 3 — Amp

Output ripple COUT = 4.4 µF — 300 — mAPP

Output voltage — 70 — 85 Volts

Efficiency — 87 — — %

≈

≈

UCC28810

TZE

VDD

GDRV

ISNS

GND

EAOUT

VINS

VSNS

ENABLE LED PWM
Input

PFC Output CC Buck Output

PFC Boost Follower

Primary 
GND

Critical Conduction Mode 
Low Side Buck Current Source

Half Bridge
DC Transformer

Bias

1

2

3

4

5

6

7

8

UCC28811

VDD

GDRV

GND

TZE

VSNS

EAOUT

VINS

ISNS

1

2

3

4

8

7

6

5

TPS92020

VCC

GD1

GND

GD2

RT

DT

SS

Bias

Bias

+70V to 85V
3A

NEW!

240W LED照明系统

TPS92020、UCC28810/1

描述

本 参 考 设 计 采 用 U C C 2 8 8 1 0 、

UCC28811和TPS92020构成了一款适

合高棚灯和街灯应用的隔离型、离线

式240W LED驱动器。该驱动器具有三

级：功率因数校正 (PFC) 级、降压级和

隔离级。PFC和降压级均工作于临界导

通模式。隔离级是一个半桥式转换器，

具有采用多变压器配置的选项。恒定输

出电流在降压级的内部进行控制，以向

LED串输送3A的电流，并提供一个70V

至85V的输出电压。

新！

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TPS92020，

www.ti.com/sc/device/UCC28810或

www.ti.com/sc/device/UCC28811

设计规范

TPS92020、UCC28810/1原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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240-W LED Lighting System

TPS92020, UCC28810/1

17240-W LED Lighting System

TPS92020, UCC28810/1
Power Factor Power Factor

Load Regulation Load Regulation

Efficiency Efficiency

240W LED照明系统

TPS92020、UCC28810/1

功率因数

效率

负载调节性能

功率因数

效率

负载调节性能
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UCC28810 PMP4501
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Description 
The PMP4501 is an isolated, off-line, 
AC-to-DC LED-current driver with PFC 
for applications such as commercial 
fixture lighting and general isolated 
LED drivers. The PMP4501 is a single-
stage flyback PFC converter that 
delivers up to 34 W with a 180- to  
265-VAC input voltage while providing 
a 10- to 48-V output voltage at a 
constant output current of 700 mA 
±2%.

The PMP4501 implements secondary-
side current control for the LED 
string. Overvoltage protection 

Key Features
• Isolated single stage LED driver
• Naturally high PFC
• 90% efficient
• Universal input voltage range
• 700-mA output current
• Low LED ripple current

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/UCC28810

PMP4501 Reference Design Schematic
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prevents dangerous output voltages 
from occurring during open-string 
conditions. A current-sense amplifier 
reduces the sensing resistor’s power 
dissipation, thus increasing overall 
efficiency. The internal reference 
voltage of the operational amplifier 
achieves excellent LED-current 
regulation versus output power and 
input voltage. The PMP4501 achieves 
high efficiency (90% peak), high power 
density and a high power factor. The 
reference design protects against 
scenarios with open and short LED 
strings, and the control stage is a 
simple and robust design.

For more reference designs, see: www.ti.com/powerreferencedesigns 

Design Specifications

Description Parts

VIN 
(AC)  

Range

VOUT 
(DC) 

Range
Number  
of LEDs

IOUT 
(max)

POUT 
(max) Eff. PFC ISO

Dimming  
In

Dimming  
Out EVM

UCC28810 
PMP4501 34-W

UCC28810 180 10 V

3-13 700 mA 34 W  89% Yes Yes No No
Reference 

DesignSecondary side 
current loop TL103W 265 48.5 V   

具备PFC的恒定电流驱动器

UCC28810、PMP4501

描述

PMP4501是一款具备PFC的隔离型、

离线式AC-DC LED电流驱动器，适合

于商业设施照明以及一般性隔离式LED

驱动器等应用。PMP4501是单级反激

式PFC转换器，输入电压范围介于180V

至265VAC之间时可提供高达34W的功

率，同时输出电压范围介于10V至48V

之间时，恒定输出电流为700mA，误差

±2%。

PMP4501可以实施LED串的次级侧电

流控制。过压保护功能可防止在LED串

开路的情况下出现危险的输出电压。

电流检测放大器降低了检测电阻器的

功耗，从而提升了总体效率。运算放

大器的内部基准电压可根据输出功率

和输入电压实现卓越的LED电流调节性

能。PMP4501实现了高效率（峰值达

90%）、高功率密度和高功率因数。该

参考设计能够在LED串开路或者短路的

情况下提供保护，而且控制级的设计简

明扼要，功能稳健。

主要特点

隔离式单级LED驱动器• 

自然交错高PFC• 

效率达90%• 

通用输入电压范围• 

700mA输出电流• 

低LED纹波电流• 

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/UCC28810

设计规范

PMP4501参考设计原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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UCC28810 PMP4501

19Constant Current Driver with PFC

UCC28810 PMP4501
PMP4501 Board

Efficiency vs. Rectified-Equivalent Line Voltage and  
Output Power

Output Current Ripple. Input Voltage = 230 VAC, Output 
Voltage = 48 V @ 700 mA

Power Factor vs. Line Voltage and Output Power AC Input Current and Voltage at Full Load and Nominal 
Input Voltage

IOUT Regulation vs. Rectified-Equivalent Line Voltage and 
Output Power

具备PFC的恒定电流驱动器

UCC28810、PMP4501

PMP4501电路板

效率与整流等效线路输入电压和输出功率的

关系曲线

功率因数与线路输入电压和输出功率的关系曲线

IOUT调节与整流等效线路输入电压和输出功

率的关系曲线

输出电流纹波。输入电压  =  2 3 0 V AC，

700mA时的输出电压为48V

满载条件下的AC输入电流和电压以及标称输

入电压
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UCC28810 PMP3976
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Description 
The PMP3976 circuit shown below was 
designed for a commercial LED lighting 
fixture. The SEPIC topology has the 
advantage over a flyback converter in 
that it clamps the switching waveforms 
on the power semiconductor, allowing 
the use of lower voltage and hence 
more efficient parts. This provides 
an estimated 2% improvement 
in efficiency in this application. 
Additionally, there is less ringing in  
the SEPIC, making EMI filtering easier.

The LED-lighting circuit uses the 
UCC28810 transition-mode boost 
controller to shape the input-current 
waveform. The circuit starts by 
charging C6 off the line. Once the 
controller is running, its power is 
provided by an auxiliary winding on 
the SEPIC inductor. A relatively large 
output capacitor limits LED ripple 
current to 20% of the DC current. As 
a side note, the AC flux and currents 
in the transition-mode SEPIC are 
quite high, so Litz wire and low-loss 

PMP3976 Schematic

Design Specifications

Parameter Minimum Typical Maximum Unit

Input voltage 150 — 264 VAC

Output voltage — — 300 Volts

Output current — 0.350 — Amp

core material are required to reduce 
inductor losses.

The following material presents lab 
results from a prototype that was built 
to match the schematic. Efficiency 
is quite high over the European line 
range, peaking at 92%. This good 
efficiency was achieved by limiting the 
ringing on the power semiconductors. 
Also, as can be seen from the current 
waveform, the power factor is quite 
good at over 96%. Interestingly, the 
waveform is not purely sinusoidal but 
shows some steepness on the rising 
and falling edges. This is because the 
circuit measures switch current but not 
input current. However, the waveform 
is good enough to pass the European 
requirements for harmonic currents.

Key Features
• Non-isolated single LED string driver
• 92% efficient solution
• SEPIC control boosts for high  
 voltage
• Natural single stage with >0.9 PFC
•  Low-cost solution with few external 

parts
• Meets European harmonic  
 requirements

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/UCC28810

Reference designs:
www.ti.com/powerreferencedesigns

++

+
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基于SEPIC技术的LED街灯驱动器

UCC28810 PMP3976

描述

下面示出的PMP3976电路专为商业LED

照明设施而设计。与反激式转换器相

比，SEPIC型拓扑结构的优点在于它能够

对功率半导体器件上的开关波形进行箝

位，因而可采用更低的电压及效率更高

的组件。在本应用中，这可实现估计2%

的效率提升。此外，SEPIC中的振铃较

小，从而使EMI滤波更加简便易行。

LED照明电路采用UCC28810转换模式

升压控制器来控制输入电流波形。该电

路以离线为C6充电作为开始。一旦控制

器开始运行，其电源即由SEPIC电感器

上的辅助绕组来提供。相对较大的输出

电容器将LED纹波电流限定在DC电流的

20%。补充说明一下，转换模式SEPIC中

的AC电通量和电流相当高，需要采用漆

包绞线和低损耗磁芯材料来降低电感器

损耗。

下列材料显示了与原理图中相匹配的原

型电路的实验结果。与欧洲线路范围相

比，其效率相当高，最高可达92%。这

种上佳的效率是通过限制功率半导体器

件上的振铃实现的。此外，正如我们从

电流波形上看到的那样，在96%效率以

上时功率因数非常高。有趣的是，该波

形并非纯粹的正弦波曲线，而是在上升

沿和下降沿上呈现出一些斜度。这是因

为电路没有测量输入电流而只对开关电

流进行测量的缘故。不过，该波形还是

足以通过欧洲谐波电流要求的。

主要特点

非隔离式单LED串驱动器• 

效率达92%的解决方案• 

SEPIC控制升压（以提供高电压）• 

具有＞0.9PFC的自然交错单级• 

采用极少外部组件的低成本解决方案• 

满足欧洲谐波要求• 

Web链接
如需索取数据表、用户指南、样片，敬请
访问：

www.ti.com/sc/device/UCC28810

参考设计：

www.ti.com/powerreferencedesigns

设计规范

PMP3976原理图
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21LED Streetlight Driver Based on SEPIC Technology

UCC28810 PMP3976
PMP3976 Rev B Demo Board Power Factor

Design Specifications

Parameter Minimum Typical Maximum Unit

Input voltage 150 — 264 VAC

Output voltage — — 300 Volts

Output current — 0.350 — Amp

The circuit is built on a PMP3976 Rev A PWB.

++

+

U2
UCC28810D

HS1

Q3
SPP06N80C3

150VAC to 240VAC Input

LINE

NTRL

F1
1.6A/250V

RT1
2.5Ω

C102
0.22µ

C101
0.22µF

L1
4mH

R4
1.1 MEG
0.25W

R11
1.1 MEG
0.25W

R15
15K

C100
100pF

C12
1000pF

C4
100pF C5

0.1µF

C6
100µF
25V

C10
10pF

C8
1000pF

R13
100K

R6
100K

TP5
R21  511

TP6

TP2

TP4

J1
+LED

–LED

U1
TLV431AIDBZ

R8
100K

R20
100K

R18
15K

R17  301 R19
0.5
1W

R1
200K
0.25W

C2
0.22µF

T1
750µH

C1  0.47µF

R3
200K
0.25W R23

20

R100  10

R12  1K

D100  MMSD914

R10
15K

R101
100K
0.5W

C3
330µF

R102
100K
0.5W

C7
1000pF

Q2
MMBT3904

Q1
MMBT2907

D4
180V

R2
3.6
1W

D5
180V

R9
100K

R7  200K

R5  49.9K

D3  MMSD914

D1  MUR8100E

R16
1K

C9
22µF

C11
2.2µF

D2
KBP06G

+

–
4

2

1

3
AC

AC

34

21

1

1 1

1

1 1

1

1 1

1

1

1

1
2

3

1

1

1

1

1
1

2

4

5

0

8

7

1

1

1

VCC
DRV
GND
ZCD

VSNS
COMP
MULTIN
CS

8
7
6
5

1
2
3
4

TP1

TP3

基于SEPIC技术的LED街灯驱动器

UCC28810 PMP3976

PMP3976 Rev B演示电路板 功率因数
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UCC28810 PMP3976
Harmonic Content

The image above shows a thermal image of the board. The ambient temperature was 
26ºC with no forced air flow. The input was 230 VAC.

For more reference designs, see: www.ti.com/powerreferencedesigns 

Efficiency and Power Factor

Efficiency

Harmonic Content

The harmonic content and the EN61000-3-2 Class C (lighting equipments) Limits are 
shown above; input voltage was set to 230 VAC.

IOUT VOUT VIN LIN PF POUT Losses
Efficiency

%

0.349 245.5 150.4 0.646 0.983 85.65 9.827 89.7

0.349 245.4 176.4 0.544 0.980 85.64 8.398 91.1

0.349 245.3 202.6 0.473 0.979 85.61 8.208 91.3

0.350 245.3 226.3 0.430 0.975 85.86 9.201 90.5

0.350 245.3 248.4 0.399 0.969 85.86 10.184 89.4

0.350 245.3 265.7 0.378 0.962 85.86 10.763 88.9

IOUT VOUT VIN LIN PF POUT Losses
Efficiency

%

0.348 303.9 149.9 0.803 0.988 105.75 13.168 88.9

0.349 303.3 175.2 0.677 0.983 105.85 10.742 90.8

0.349 303.8 199.9 0.588 0.984 106.03 9.634 91.7

0.349 303.3 224.8 0.527 0.983 105.85 10.604 90.9

0.349 303.2 249.8 0.482 0.978 105.82 11.938 89.9

0.349 303.0 264.2 0.461 0.975 105.75 13.004 89.0

基于SEPIC技术的LED街灯驱动器

UCC28810 PMP3976

效率

效率和功率因数

谐波成分

谐波成分

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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Frequency Response

MOSFET Voltage Waveform

The frequency response of the feedback loop is shown in the plot above. The input was set 
to 220 VAC. The lower gain plot was taken with a 300 V output. The upper gain plot was 
taken with a 250 V output.

The image above shows the drain-to-source voltage on Q3. The input was set to 250.

 Line Voltage and Current Waveform

The image above shows the input voltage and current. The input voltage was 230 VAC.

Diode Voltage Waveform

Inductor Winding Currents

The image above shows the voltage on the anode of D1. The input was set to 250 VDC.

The two images above show the currents in the individual windings of the inductor.

基于SEPIC技术的LED街灯驱动器

UCC28810 PMP3976

频率响应

线路输入电压与电流波形的关系曲线

MOSFET电压波形

二极管电压波形

电感器绕组电流
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Description 
The UCC28810EVM-001 evaluation 
module (EVM) is a 25-W TRIAC 
dimmable and single-stage 
flyback converter with PFC. The 
UCC28810EVM-001 provides 
approximately 36 V at a constant  
700-mA (undimmed nominal) load 
current to power a string of high-
brightness LEDs. This EVM allows 
the evaluation of the UCC28810 LED 
lighting controller in an application 
where LEDs can be used for general 
illumination applications that require 
dimming.

resistance is used across the line or 
in series that would reduce efficiency. 
Valley switching is implemented in 
the UCC28810EVM-001 to improve 
efficiency. A fast start-up circuit is also 
implemented, so there is no perceived 
delay from switching to illumination.

Web Links
Reference designs:
www.ti.com/powerreferencedesigns 

Datasheets, user’s guides, samples:
www.ti.com/sc/device/UCC28810 

EVM:
www.ti.com/ucc28810evm-001

UCC28810EVM-001 Block Diagram

Design Specifications

Description Parts

VIN 
(AC)  

Range

VOUT 
(DC) 

Range
Number  
of LEDs

IOUT 
(max)

POUT 
(max) Eff. PFC ISO

Dimming  
In

Dimming  
Out EVM

UCC28810 
EVM001 25-W

UCC28810 85

33 10 700 mA 25 W 89% Yes Yes TRIAC Linear YesPFC dimmable 
LED driver TPS3808 305

Using the UCC28810 transition-
mode boost IC with PFC in a flyback 
converter yields a valley-switching 
design that can achieve 90% efficiency 
and a high power factor over a 
universal wide input-voltage range. 
The UCC28810EVM-001 also operates 
over a universal wide input-voltage 
range. High-performance TRIAC 
dimming detection and regulation 
adjustment are achieved with minimal 
impact on efficiency.

An input-filter damping network 
ensures operations with most TRIAC-
based wall dimmers. No extra 

VSENSE

UCC28810

EAOUT

VINS

ISENSE

1

2

3

4

8

7

6

5

VDD

Dimmer

GDRV

GND

TZE

Input Filter 
and Bridge

High 
Voltage 
Startup

Zero
Energy
Detect

Primary
Bias

Secondary
Bias

Current
EA

Voltage Limit
EA

Triac 
Dimming 
Detection

具备PFC的25W可调光驱动器

UCC28810/UCC28810EVM-001

描述

UCC28810EVM-001评估板 (EVM) 

是一款带P F C功能的2 5 W  T R I AC

可 调 光 单 级 反 激 式 转 换 器 。

UCC28810EVM-001能够以700mA

（非调光状态下的标称值）的恒定

负载电流提供约36V的电压，为高亮

度LED串供电。该EVM可在需要调

光功能的一般性LED照明应用中评估

UCC28810 LED照明控制器。

在反激式驱动器中采用具备 P F C 的

UCC28810转换模式升压 IC可以实现

谷值开关设计，不仅能实现高达90%

的效率而且还可在宽广的通用输入电

压范围内实现高功率因数。此外，

UCC28810EVM-001还能在宽广的通用输

入电压范围内运作。可在基本不影响效率

的情况下实现高性能TRIAC 调光检测及

稳压调整。

输入滤波器阻尼网络可确保大多数基于

TRIAC的墙壁嵌入式调光器的运行。线路

间无需跨接或串联额外的电阻器，因而不

会影响效率。在UCC28810EVM-001中执

行了谷值开关操作，旨在提升效率。此

外，还可实施快速启动电路，这样在从

打开开关到开始照明期间就不会存在明

显的延迟。

Web链接
参考设计：

www.ti.com/powerreferencedesigns 

如需索取数据表、用户指南、样片，敬
请访问：

www.ti.com/sc/device/UCC28810

EVM：

www.ti.com/ucc28810evm-001

设计规范

UCC28810EVM-001方框图
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UCC28810/UCC28810EVM-001
Efficiency vs. Line Voltage

Load current as a function of line voltage. 10 Cree XLamp® 7090 XR-E, white, 700 mA 
LEDs connected in series was used for the load.

Triac Dimming Detection Circuit Waveforms –  
Deep Dimming

Power Factor vs. Line Voltage

Total Harmonic Distortion vs. Line Voltage Triac Dimming Detection Circuit Waveforms –  
Light Dimming 

Output Current vs. Line Voltage

Efficiency as a function of line voltage. 10 Cree XLamp® 7090 XR-E, white, 700 mA LEDs 
connected in series was used for the load.

Power factor as a function of line voltage.10 Cree XLamp® 7090 XR-E, white, 700 mA 
LEDs connected in series was used for the load. 

Total harmonic distortion as a function of line voltage. 10 Cree XLamp® 7090 XR-E, white, 
700 mA LEDs connected in series was used for the load.

具备PFC的25W可调光驱动器

UCC28810/UCC28810EVM-001
效率与线路输入电压的关系曲线

功率因数与线路输入电压的关系曲线

总谐波失真与线路输入电压的关系曲线

输出电流与线路输入电压的关系曲线

Triac调光检测电路波形——深度调光

Triac调光检测电路波形——调光



26

2010年第二季度LED 参考设计指南
LED Reference Design Cookbook Texas Instruments  2Q 2010

Nonsynchronous Boost LED Driver

TPS40211 PMP4026

26

Description 
The TPS40211 is a wide-input-voltage 
(4.5- to 52-V), nonsynchronous 
boost controller. It is suitable for 
topologies that require a grounded 
source n-channel FET such as boost, 
flyback, SEPIC and various LED-
driver applications. The TPS40211 
features a programmable soft start, 
overcurrent protection with automatic 
retry, and a programmable oscillator 
frequency. Current-mode control 
provides improved transient response 
and simplified loop compensation. The 
feedback pin has a reference voltage 
of 260 mV to help reduce the power 
usage and cost of the sense resistor.

The PMP4026 circuit shown below was 
designed with an automotive input-
voltage range. The driver was built to 
operate under low-power to nominal 
battery conditions and to survive 
load-dump incidents. The TPS40211 
was chosen for this application due 
to its low feedback voltage and wide 

Key Features
• Wide 4.5- to 52-V input range
• Low-cost non-synchronous boost
•  High efficiency from low 260-mV 

VREF
• Simple loop compensation
• Supports versatile SEPIC topology

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS40211

PMP4026 Schematic

TPS40211DGS

48V @ 0.7A
GND

VDD
VBP

GDRV
ISNS
GND

RC
SS
SD
COMP
FB

10
9
8
7
6

Freq = 150 KHZ

1
2
3
4
5

C7
1µ

D100(R6)
3.3V

VBP

R5
49.9K

R11
0.01C9

100pF

R10
1.21K

Q1
Si4858

R2
15K

C1
470pF

R3
249K

R1
249K

R100
10K

C4
4700pF

C8
3.3µF

3 2 1

4G

S

D8 7 6 5

1 2

R4A
2

D2
47V

R9
49.9

C12B
3.3µF
50V

C12A
3.3µF
50V

D1
MBRS260

1

2

3

Q100
2N7002DICT

9 - 18 VIN
GND

C5
0.1µ

33 µH

ENAB

Design Specifications

Parameter Minimum Typical Maximum Unit

Input voltage 9 — 16 VDC

Output voltage — — 40 Volts

Output current — 0.700 — Amp

Switching frequency — 150 — kHz

input-voltage range. The application, 
powered directly from VBAT, can have 
a string of up to ten 700-mA LEDs in 
series or two parallel strings with up to 
ten 350-mA LEDs in each string.

An additional reference design is 
available. This design is a 700-mA, 
nonsynchronous boost current 
regulator for an LED driver. It has an 
8- to 18-V input and a 20- to 35-V 
output. It can be found along with a 
demonstration board at:

http://focus.ti.com/docs/toolsw/
folders/print/tps40211evm-352.html

For more reference designs, see: www.ti.com/powerreferencedesigns 

异步升压型LED驱动器

TPS40211 PMP4026

描述

TPS40211是一款具宽输入电压范围

（4.5V至52V）的异步升压型控制器。

它适合于需要采用接地源n沟道F ET

的多种拓扑结构，例如：升压、反激

式、SEPIC和各种LED驱动器应用。

TPS40211支持可编程软起动、具备自动

重试功能的过流保护、以及可编程的振

荡器频率。电流模式控制可改善瞬态响

应，并简化环路补偿。反馈引脚的基准

电压为260mV，有助于降低功率用量、

节约检测电阻器成本。

下面示出的PMP4026电路适用于汽

车输入电压范围。驱动器可在电池欠

压～电池正常的状况下工作，并能承受

负载突降的状况。本应用之所以选择

TPS40211，原因就在于其低反馈电压

和宽输入电压范围。该应用直接从VBAT

获取电源，既可整合一组多达10个串联

700mA LED的电路，也可整合两组分别

串有多达10个350mA LED的并联电

路。

另外还提供了一款参考设计。该设计是

用于LED驱动器的700mA异步升压电流

调节器。其输入电压范围为8V至18V，

输出电压范围介于20V至35V之间。如

果同时还希望了解其演示电路板信息，

敬请访问：

http://focus.ti.com/docs/toolsw/

folders/print/tps40211evm-352.html

主要特点

4.5V至52V宽输入电压范围• 

低成本异步升压• 

从260mV的低V• REF实现了高效率

简单的环路补偿• 

支持通用的SEPIC拓扑结构• 

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TPS40211

设计规范

PMP4026原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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TPS40211 PMP4026
Startup

Efficiency Control Loop Frequency Response: 12 V input; 1.15 A Load

Load Regulation of Outputs Load Transients

Output Ripple Current

The input voltage was set at 12 V, with 0.15 (LED) + 1 (resistor) A load on the outputs. The image was taken with a 1.15 A/20 V load. Top waveform is FET drain, bottom is  
LED current. 

Total output current was 1.15 A, output voltage was 20 volts.

Output response to driving TP%. The input voltage was set to 12 V. 

异步升压型LED驱动器

TPS40211 PMP4026

启动

效率

输出的负载调节性能

输出纹波电流

控制环路频率响应：12V输入；1.15A负载

负载瞬变
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Description 
The TPS40211 is a wide-input-
voltage (4.5- to 52-V) nonsynchronous 
boost controller. It is suitable for 
topologies that require a grounded 
source n-channel FET such as boost, 
flyback, SEPIC and various LED-
driver applications. The TPS40211 
features a programmable soft start; 
overcurrent protection with automatic 
retry; and a programmable oscillator 
frequency. Current-mode control 
provides improved transient response 
and simplified loop compensation. The 
feedback pin has a reference voltage 
of 260 mV to help reduce the power 
usage and cost of the sense resistor.

The PMP3943 circuit shown below  
was designed with an automotive 
input-voltage range. The driver was 
built to operate under low-power 
battery conditions and to survive  

PMP3943 Schematic

Design Specifications

Parameter Minimum Typical Maximum Unit

Input voltage 8 — 40 Volts

Output voltage — 13 — Volts

Output current — 0.350 — Amp

Switching frequency — 300 — kHz

U1
TPS40211DGS

J1
VIN

GND
8-40

Short L4
L4
0

13V @ 350mA
Tested with LEDs

Giving 12.3 V

LEDA

LEDC

LEDC

D1
8180-13C15

3.3µF

VDD
VBP

GDRV
ISNS
GND

RC
SS
SD
COMP
FB

10
9
8
7
6

Freq = 380 KHZ

3 2 1

4

8 7 6 5

3         4

1         2

1
2
3
4
5

03

L2
100µH

R10
1k

R9
49.9

R5
49.9

R7
10

C7
1µF

R6
0

R14
0.75

C13
10µF

R11
0.10

D2
18V

R100
10K

R2
0

R1
249K

C4
4700pF

C8
3.3µF

C5
0.1µF

C1
220pF

C3
47pF

C2
0.22µF C9

0.1µF

1

2

load-dump incidents. The TPS40211 
was chosen for this application due 
to its low feedback voltage and wide 
input-voltage range.

An additional reference design is 
available. This design is a 700-mA, 
nonsynchronous boost current 
regulator for an LED driver. It has an 
8- to 18-V input and a 20- to 35-V 
output. It can be found along with a 
demonstration board at:

www.ti.com/sc/device/TPS40211evm

For more reference designs, see: www.ti.com/powerreferencedesigns 

Key Features
• Wide 4.5- to 52-V input range
• Low-cost non-synchronous boost
•  High efficiency from low 260-mV 

VREF
• Simple loop compensation
• Supports versatile SEPIC topology

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS40211

宽输入DC电压范围SEPIC驱动器

TPS40211 PMP3943

描述

TPS40211是一款具宽输入电压范围

（4.5V至52V）的异步升压型控制器。

它适合于需要采用接地源n沟道FET

的多种拓扑结构，例如：升压、反激

式、SEPIC和各种LED驱动器应用。

TPS40211支持可编程软起动、具备自动

重试功能的过流保护、以及可编程的振

荡器频率。电流模式控制可改善瞬态响

应，并简化环路补偿。反馈引脚的基准

电压为260mV，有助于降低功率用量、

节约检测电阻器成本。

下面示出的PMP3943电路适用于汽

车输入电压范围。驱动器可在电池欠

压～电池正常的状况下工作，并能承受

负载突降的状况。本应用之所以选择

TPS40211，原因就在于其低反馈电压和

宽输入电压范围。

另外还提供了一款参考设计。该设计是

用于LED驱动器的700mA异步升压电流

调节器。其输入电压范围为8V至18V，

输出电压范围介于20V至35V之间。如

果同时还希望了解其演示电路板信息，

敬请访问：

www.ti.com/sc/device/TPS40211evm

主要特点

4.5V至52V宽输入电压范围• 

低成本异步升压• 

从260mV的低V• REF实现了高效率

简单的环路补偿• 

支持通用的SEPIC拓扑结构• 

Web链接
如需索取数据表、用户指南、样片，
敬请访问：

www.ti.com/sc/device/TPS40211

设计规范

PMP3943原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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TPS40211 PMP3943

3 Green and 1 Red OSRAM LEDs Used as Load for Vf About 12 V

VIN Volts IIN mA VOUT1 Volts IOUT1 mA Efficiency %

40.22 123.6 12.27 341.8 84.4

20.11 238.5 12.27 341.3 87.3

7.93 619.4 12.27 341.3 85.3

Regulation and efficiency:  25 degrres Celsius ambient. Target IOUT was 350mA, hence actual current is 2.5% low.

When Diode Load is Opened, VOUT Goes to About 18 V

VIN Volts IIN mA VOUT1 Volts IOUT1 mA

40.42 8.79 18.44 0

20.08 10.75 18.41 0

8.00 19.12 18.40 0

Short Circuit: Output Current Holds Steady

VIN Volts IIN mA VOUT1 Volts IOUT1 mA

40.14 21.24 0.694 341.6

20.06 34.20 0.694 341.5

8.00 77.70 0.694 341.4

Current Loop Frequency Response

宽输入DC电压范围SEPIC驱动器

TPS40211 PMP3943

控制环路频率响应

3个绿光和1个红光OSRAM LED用作负载，Vf约为12V

当二极管负载开路时，VOUT升高至约18V

短路：输出电流保持稳定
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TMS320C2000™ PLC Modem Evaluation Kit

TMDSPLCKIT-V1
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Description 
Power-line communication (PLC) is 
an inexpensive way to add lighting 
control to existing or new buildings 
and infrastructures without laying 
down new control cabling. The 
TMDSPLCKIT-V1 is a PLC evaluation 
kit based on the C2000™ series of 
real-time microcontrollers. It operates 
in both OFDM and S-FSK modulation 
schemes and has data rates of up to 
76.8 kbps.

The kit comes with an easy-to-use GUI 
that makes testing the communications 
link intuitive and simple.

Web Links
www.ti.com/plcevm

Datasheets, user’s guides, samples:
www.ti.com/sc/device/OPA564 or
www.ti.com/sc/device/PGA112

TMDSPLCKIT-V1 Block Diagram

Specifications
•  OFDM and S-FSK modulation 

schemes
•  Data rates of up to 76.8 kbps for one 

phase (phase selection is provided)
•  PLC system on module (SoM)  

with interface to host controller  
(I2C, SPI, SCI)

•  Compatible with CENELEC EN50065 
and IEC 6100-3 standards

•  Operating frequency range:  
24 to 94.5 kHz (CENELEC A band.  
B band to release in 1Q10.)

•  Universal AC-voltage input  
(85 to 270 VAC)

 

For more reference designs, see: www.ti.com/powerreferencedesigns 

PWM 
Out

Line Driver

OPA564

PGA112

Receive Filter

Surge Protector

Power Line

Coupling
TransformerHV Cap

PLC Modem Implementation on TMS320F28x 32-Bit MCU - Simplified Block Diagram

12-Bit
ADC

Flexible
PLC
SW

Engine

TMS320F28x

NEW!

TMS320C2000™ PLC调制解调器评估套件

TMDSPLCKIT-V1 新！

描述

电力线通信 (PLC) 是给现有或新建的建

筑物和基础设施增添照明控制的廉价

方式，因为它不需要敷设新的电缆。

TMDSPLCKIT-V1是一款PLC评估套件，

基于C2000™系列实时微控制器。它采用

OFDM和S-FSK调制方案来运作，并具有

高达76.8kbps的数据速率。

该套件具有易用的GUI，从而使得通信链

路的测试直观而简单。

规范

OFDM和S-FSK调制方案• 

一相的数据速率高达76.8kbps（提供• 

了相位选择）

PLC系统级模块 (SoM) 具有与主控制• 

器相连的接口 (I2C、SPI、SCI)

兼容CENELEC EN50065和IEC 6100-3• 

标准

工作频率范围：• 

24kHz至94.5kHz（CENELEC A频段。• 

B频段将于2010年第一季度发布。）

通 用 的 A C 电 压 输 入 （ 8 5 V• A C 至

270VAC）

Web链接

www.ti.com/plcevm 

如需索取数据表、用户指南、样片，
敬请访问：

www.ti.com/sc/device/OPA564或 
www.ti.com/sc/device/PGA112 

TMDSPLCKIT-V1方框图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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31TMS320C2000™ PLC Modem Evaluation Kit

TMDSPLCKIT-V1
PLC Data Signal

50- or 60-Hz Power Line

PLC Signal Modulated Onto the Power Line 50/60Hz

TMS320C2000™ PLC调制解调器评估套件

TMDSPLCKIT-V1

PLC数据信号

50Hz或60Hz电力线

调制在50/60Hz电力线上的PLC信号
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Description 
Intelligent lighting control can provide 
large efficiency gains and energy 
savings. The digital addressable 
lighting interface (DALI) standard is 
becoming increasingly popular for this 
application.

The DALI evaluation kit enables the 
designer to run DALI on the popular 
MSP430 series of microcontrollers. 
Software libraries and hardware 
reference files are provided to allow 
quick evaluation and development with 
the DALI standard.

Web Links
Application Note:
www.ti.com/lit/SLAA422

MSP430-Based DALI Reference Design

Specifications
•  Full hardware reference files, 

including schematics, Gerber files 
and BOM

•  Full software libraries
•  Support for the entire DALI 

command set, including 
bidirectional commands

For more reference designs, see: www.ti.com/powerreferencedesigns 

DALI+

DALI—

GND

1

2

4

3

MSP430™
MCU

GND

1

2

4

3

NEW!

数字可寻址照明接口 (DALI)

采用MSP430™ MCU的DALI实现方案

描述

智能照明控制能够实现巨大的效率提

升和能量节省。数字可寻址照明接口 

(DALI) 标准正日益被此类应用所广泛接

受。

DALI评估套件使得设计人员能够在通用

的MSP430系列微控制器上运行DALI。

我们提供了软件库和硬件参考文件，以

便利用DALI标准实现快速评估和开发。

新！

规范

齐全的硬件参考文件，包括原理图、• 

Gerber文件和BOM（材料清单）

完整的软件库• 

支持全部DALI指令集，包括双向指令• 

Web链接

应用笔记：

www.ti.com/lit/SLAA422

基于MSP430的DALI参考设计

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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TMDSDCDCLEDKIT

Digital Addressable Lighting Interface (DALI)

DALI Implementation with the MSP430™ MCU
Description 
The DC/DC LED Developer’s Kit 
includes all of the hardware and 
software to start experimenting with 
and developing a digitally controlled 
LED backlighting system. The kit is 
based on the Piccolo™ microcontroller 
and the controlCARD™ development 
platform. One Piccolo MCU is able 
to directly control the DC/DC power 
stage as well as eight LED strings. 
The development board takes 12 to 
48 VDC of input and uses a SEPIC 
DC/DC topology to buck or boost 
the input voltage to a desired level. 
This voltage is then fed to four LED-
driving stages, each capable of driving 
two LED strings at up to 30 W each. 
The kit includes closed-loop, open-
source software for both the DC/DC 
stage and the LED-lighting stage. 
The kit hardware is also completely 
open-source, with the Gerber files, 

Web Links
Datasheets, user’s guides, samples:
www.ti.com/c2000tools

Typical Application Schematic

schematics and BOMs all available 
for free. For more information, please 
see the quick-start guide for the kit. 
To download the LED software, please 
visit: www.ti.com/c2000tools

Key Features
•  12- to 24-VDC input to SEPIC DC/DC 

stage, 12- to 40-VDC output
•  Four LED-driver stages, each capable 

of driving two strings at 30 W
•  LED-driver stages can be externally 

powered
•  Piccolo-based controlCARD 

development platform
•  Open-source hardware, including 

Gerber files, schematics and BOMs
•  Closed-loop DC/DC and LED-driving 

software, complete with source code 
and documentation

DC
12 V to 48 V

Sepic

Piccolo™

CPU
32 bit

PWM-1
A

B 2

1

2

PWM-1
A

B

3

4

PWM-1
A

B

5

6

PWM-1

I2C
SPI

UART

A

B

7

8

3

1

3

2

3

4

8

9

1

+

+

2

3

13

ADC
12 bit

VREF
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NEW!

DC/DC LED开发套件

TMDSDCDCLEDKIT

描述

DC/DC  LED开发套件囊括了用于

开始实验及开发数字控制式LED背

面照明系统所需的全部硬件和软

件。该套件基于Piccolo™微控制器

和controlCARD™开发平台。一个

Piccolo MCU便能够直接控制DC/DC

功率级以及8串L E D。开发板获取

12VDC至48VDC的输入，并采用SEPIC 

DC/DC拓扑结构将输入电压降低或

升举至期望的电平。然后，将该电

压馈送至4个LED驱动级，每个驱动

器能够各以高达30W的功率来驱动

两串LED。这款套件包括用于DC/DC

级和LED照明级的闭循环、开源软

件。该套件的硬件是也完全开源的，

Gerber文件、原理图和BOM均可免

费提供。如需了解更多信息，请查阅

此套件的快速入门指南。如欲下载

LED软件，敬请访问：www.ti.com/

c2000tools

主要特点

2V• DC～24VDC输入至SEPIC DC/DC

级，12VDC至40VDC输出

4个LED驱动器级，每级均能以30W• 

的功率驱动两串LED

LED驱动级可从外部供电• 

基于Piccolo的controlCARD开发平台• 

开源硬件，包括Gerber文件、原理图• 

和BOM

闭循环DC/DC和LED驱动软件，配有• 

源代码和文档

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/c2000tools

典型应用原理图
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Description 
The TPS61165 operates over a 3- to 
18-V input supply and delivers an output 
voltage up to 38 V. With its 40-V rated 
integrated switch FET, the device drives 
up to 10 LEDs in series. It operates at 
a 1.2-MHz �xed switching frequency to 
reduce output ripple, improve conversion 
ef�ciency, and allow for the use of 
small external components. The default 
white-LED (WLED) current is set with the 
external sensor resistor RSET, and the 
feedback voltage is regulated to 200 mV. 
In either digital or PWM dimming, the 
output ripple of TPS61165 at the output 
capacitor is small and does not generate 
audible noises associated with common 
on/off control dimming. For protection 
during open-LED conditions, the 
TPS61165 disables switching to prevent 
the output from exceeding the absolute 
maximum ratings. 

The PMP3598 uses the TPS61165 in a 
nonsynchronous boost con�guration.  
An additional circuit built around the 
op amp provides the battery under- 
voltage/charging indications and also 
provides ORing between the solar panel 
and battery inputs. The circuit also 

PMP3598 Schematic

Design Specifications

Parameter Minimum Typical Maximum Unit

Input Voltage 4.5 6 7.4 Volts

Output Voltage 10.45 10.5 10.65 Volts

Output Ripple  — — 50 mV pp

Output Current 0 — 350 mA

Switching Frequency — 1200 — kHz
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incorporates the necessary thermal and 
overcurrent protections and has load- 
disconnect feature.  

Key considerations for this design are 
high ef�ciency and good LED-current 
regulation. The TPS61165 operates in 
a constant-current mode to regulate 
the LED current. The CTRL pin is used 
for the control input for both digital and 
PWM dimming. The dimming mode for 
the TPS61165 is selected each time 
the device is enabled. Analog dimming 
has been implemented by varying the 
feedback reference. A 20-k  variable 
resistor can be used to vary the LED 
current to achieve dimming. The 
converter boosts 6 to 10.5 V at  
350 mA and has minimum conversion 
ef�ciency of 85%. This circuit is  

used for driving three 1-W LEDs or 
multiple 50-mA LEDs whos total power 
input does not exceed 3 W.

Key Features
• Boost output up to 38 Vout
• Wide supply voltage 3 V to 18 V
• High efficiency from 200-mV  
 threshold
• PWM dimming
• LED open protection
• 350-mA LED current

Web Links
Reference designs:
www.ti.com/powerreferencedesigns 

Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS61165

3-Watt Solar Lantern

TPS61165 PMP3598

3W太阳能灯

TPS61165 PMP3598

描述

TPS61165的工作输入电源电压介于

3V～18V之间，可提供高达38V的输出电

压。该器件具有额定电压为40V的集成

型开关FET，可驱动多达10个串联LED。

它可在1.2MHz固定开关频率下工作，以

降低输出纹波、提升转换效率，并允许

使用小型外部组件。在默认情况下，白

光LED (WLED) 的电流由外部检测电阻

器RSET设定，反馈电压稳定在200mV。

无论采用数字还是P W M调光方法，

TPS61165在输出电容器上的输出纹波

均很小，而且不会产生普通接通/关断控

制调光所引起的音频噪声。为了在开路

LED条件下提供保护，TPS61165 可禁止

使用开关操作，以防止输出超过绝对最

大额定值。

PMP3598将TPS61165用于异步升压设

计。在运算放大器周围构建的额外电路

不仅实现了电池欠压/充电指示功能，而

且还能在太阳能板和电池输入之间提供

Oring功能。此外，该电路还集成了必要

的过热和过流保护功能，并具备负载断

接特性。

该设计的重要优势在于拥有极高的效率

和良好的LED电流调节性能。TPS61165

工作于恒定电流模式，以调节LED电

流。CTRL引脚可同时用于数字和PWM

调光的控制输入。每次启用器件时即可

选择TPS61165的调光模式。通过改变反

馈基准电压也可实施模拟调光。可使用

20kΩ的可变电阻来改变LED电流，以达

到调光的目的。转换器可在350mA条件

下将电压从6V提升至10.5V，转换效率不

低于85%。该电路可用于驱动三个1W

的LED或输入总功率不超过3W 的多个

50mA的LED。

主要特点

升压输出高达38V• OUT

宽电源电压范围：3V至18V• 

利用200mV门限实现高效率• 

PWM调光• 

LED开路保护• 

350mA LED电流• 

Web链接

参考设计：

www.ti.com/powerreferencedesigns 

如需索取数据表、用户指南、样片，敬

请访问：

www.ti.com/sc/device/TPS61165

设计规范

PMP3598原理图
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TPS61165 PMP3598
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Switching Waveform

Open LED Protection

Efficiency

Output Ripple

3W太阳能灯

TPS61165 PMP3598
开关波形

开路LED保护

效率

输出纹波
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High-Brightness LED Driver with Switch Control

TL4242
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Description 
High-brightness LEDs are becoming 
more and more prevalent in all facets 
of life. Linear drivers are great for 
simple applications that do not 
require very high efficiency and for 
applications that must have little 
or no electromagnetic interference 
(EMI). Pulse-width modulation 
(PWM) is used for dimming in some 
of these applications but can also 
introduce EMI. This reference design 
uses a simple linear LED driver for 
high-brightness applications and 
demonstrates one of several methods 
of controlling dimming without the 
introduction of EMI.

The TL4242 is a linear constant-current 
single-channel LED driver capable of 
sourcing up to 500 mA. The TL4242 
is capable of running from a supply of 
up to 42 V so that a large LED string 
can be driven through a single device. 
Figure 1 shows a simple example of 
the TL4242 used to drive four LEDs 
(typical VF = 3.5 V). In this design, the 
PWM pin is used only to enable and 
disable the TL4242. The current is 
set through a very simple relationship 
between the sense resistor (RREF) and 
the voltage at the REF pin (VREF):

IOUT = VREF/RREF

The TL4242’s typical VREF is 0.177 V.
If RREF is set to 2 , then the 
corresponding IOUT will be 88.5 mA.

In the application in Figure 1, the 18-V 
supply current is fed directly into the 
TL4242 for LED current. The TL4242 
also monitors the LED string for an 
open condition and sets the status 
(ST) pin if an open is detected.

To enable dimming without PWM, 
RREF must be changed and is easily 
manipulated with a simple analog 
switch. The TS3A4742 is chosen (see 
Figure 2) because of its low (typically 
0.7- ) RON, high-current (100-mA) 
capability, dual-switch configuration 

350 mA. Changing RREFP, RREFS1 
and RREFS2 provides a wide variety of 
dimming levels. RREFS1 and RREFS2 
must be chosen with the RON of the 
switch in mind. Note that each leg 
has the same current when it is on, 
regardless of the other legs’ current.

Figure 1. Simple TL4242 LED Drive Circuit

Figure 2. TS3A4742 Dual, Normally Closed Analog Switch Provides 
Four Brightness Levels

and normally closed operation. Care 
must be taken to keep the channel 
current under 100 mA.

Figure 2 demonstrates the TL4242 
used with the TS3A4742 to produce 
an LED dimming circuit capable of 
switching between 200, 250, 300 and 

For more reference designs, see: www.ti.com/powerreferencedesigns 
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Switched Reference Resistors

Primary Reference
Resitor (RREFP) (RREFS1)              (RREFS2)

Equivalent 
Resistance (RREF)

Nominal Output 
Current (IOUT)

0.885 1.77 3.54 0.506 350 mA

0.885 1.77 Open 0.590 300 mA

0.885 Open 3.54 0.708 250 mA

0.885 Open Open 0.885 200 mA

Note: RREFS1 and RREFS2 include RON of the TS3A4742.

NEW!

具开关控制功能的高亮度LED驱动器

TL4242

描述

高亮度LED正越来越多地走进人们生活

的方方面面。对于那些不需要非常高效

率的简单应用以及只允许存在极少或根

本不允许存在电磁干扰 (EMI) 的应用而

言，线性驱动器是绝佳的选择。在上

述部分应用的调光中采用了脉宽调制 

(PWM)，但也会引起EMI。本参考设计

采用了一种面向高亮度应用的简单线性

LED驱动器，并演示了可在不引起EMI

的情况下控制调光的方式之一。

TL4242是一款线性恒定电流单通道LED

驱动器，可提供高达500mA的电流。

TL4242能采用高达42V的工作电源，因

此利用单个器件便能驱动一大串LED。

图1示出了采用TL4242来驱动4个LED

的简单实例（典型VF = 3.5V）。在该

设计中，PWM引脚仅用于启用和禁用

TL4242。利用检测电阻器 (RREF) 与REF

引脚两端电压 (VREF) 之间非常简单的关

系，即可设定输出电流：

IOUT = VREF / RREF

TL4242的典型VREF为0.177V。如果

R R E F设定为2Ω，则对应的 I OUT将为

88.5mA。

在图1所示的应用中，18V电源的电流

被直接馈入TL4242以提供LED电流。

TL4242还负责监视LED串的开路情况，

并在检测到开路状况时设定状态 (ST) 引

脚。

如欲在未采用PWM的情况下启用调光功

能，则必须改变RREF，并利用一个简单

的模拟开关轻松地控制调光。我们之所

以选择TS3A4742（见图2），原因就在

于其低RON（典型值为0.7Ω）、高电流 

(100mA) 供应能力、双开关配置以及常

新！

闭式操作。必须谨慎地将通道电流保

持在100mA以下。

如 图 2 所 示 ， 协 同 使 用 T L 4 2 4 2

和 T S 3 A 4 74 2 可构建一款能够在

200mA、250mA、300mA和350mA

之间切换的LED调光电路。通过改

变RREFP、RREFS1和RREFS2的阻值，可以

提供多种调光水平。在选择RREFS1和

RREFS2时，必须考虑开关的RON。需注

意的是：当开关接通时，每条支路具

有相同的电流，这与其他支路中的电

流无关。

图1：简单的TL4242 LED驱动电路

图2：TS3A4742双通道、常闭式模拟开关可

提供4种亮度等级

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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Figure 4. Switches in Series

Figure 3. Analog-Switch Brightness Control

Simple Pushbutton 1

RREFP RREFS1

NC1

+3.3V

IN1

NC2
IN2

COM2

COM1

+3.3V

+18V

10KΩ

Simple Pushbutton 2

V+

GND

TS3A4742

TL4242 Q

REF

I

TPS7A4533

IN SHDN

GND SENSEOUT
ST
PWM

GND D

RREFP

C1
47nF

RREFS

NC1

+3.3V

IN1

NC2
IN2

COM2

COM1

+18V

10KΩ
V+

GND

TS3A4742

TL4242 Q

REF

I

TPS7A4533

IN SHDN

GND SENSEOUT
ST
PWM

GND D

Controller

Choosing a dual switch with a low 
RON allows the user to connect 
both channels in parallel, thereby 
reducing the effective RON. This 
parallel approach can reduce the 
TS3A4742’s typical RON to 0.35 . 
Figure 3 shows an example using this 
parallel approach to generate a dual-
brightness design. This application 
uses a 0.65-  resistor (RREFS1) in 
series with both switches, creating 
an effective RREF of 1- . This leg 
will sink 177 mA (88.5 mA through 
each switch) when on. Care must be 
taken to keep the current through the 
analog switch below the maximum 
allowed. Additionally, the power 
dissipation in the switch package 
must be considered. In the case of the 
TS3A4742, the maximum continuous 
current is 100 mA per channel.  
Figure 3 also removes the controller 
and replaces it with simple push-
button switches. This design allows 
a single button (or other manual 
control) to enable the LEDs (simple 
push-button 1) and another to set the 
brightness level (simple push-button 

2). This is a simple automotive tail-
light solution for on/off and braking. 
The tail light is on when PWM is high 
(push-button 1 is not depressed). The 
brightness of the tail light is normal 
when push-button 2 is not depressed 
and brighter when it is depressed.

Another option is to hook up the 
switches in a serial manner (see  
Figure 4), thereby doubling the 

resistance to 1.4 . This also permits 
dual brightness; but the current 
through the TS3A4742 is limited to 
100 mA per channel, so the brightness 
will be lower than when the channels 
are in parallel.

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TL4242

Primary 
Reference Resistor

(RREFP)

Switched
Reference Resistors
(RREFS1 + RREFSwitch)

Equivalent Resistance 
(RREF)

Nominal 
Output Current 

(IOUT)

1 1  + 1.4  = 2.4 1.09 162 mA

1 Switch Open 2 88.5 mA

.

TL4242
通过选择具有低RON的双通道开关，

使得用户能够将两个通道并联起来，

从而减小有效R O N。这种并联方法

可以把TS3A4742的典型RON减小至

0.35Ω。图3示出了采用这种并联方

法来实现双亮度设计的实例。该应用

采用了与两个开关串联的0.65Ω电阻

器  (RREFS1)，从而产生了阻值为1Ω

的有效RREF。在开关接通时，该支路

将吸收177mA（通过每个通道吸收

88.5mA）的电流。必须谨慎地使流过

模拟开关的电流低于最大容许值。此

外，还必须考虑开关封装中的功耗。

就TS3A4742而言，最大连续电流为每

通道100mA。图3还去掉了控制器，

而代之以简单的按钮开关。该设计允

许由一个按钮（或其他手动控制）来

启用LED（简单按钮1），而另一个

按钮则用于设定亮度等级（简单按钮

2）。这是一款简单的汽车尾灯解决

方案，用于接通/关断和制动指示。当

PWM为高电平时（未按下按钮1），

尾灯接通。在未按下按钮2时，尾灯的

亮度正常，而当按下按钮2时，尾灯的

亮度增加。

另一种选项是以串联的方式将开关连

接起来（见图4），由此使电阻倍增至

1.4Ω。这也可以提供两种亮度；但是

流过TS3A4742的电流被限定在每通道

100mA，因此与通道并联时相比亮度

将有所下降。

图4：开关串联

图3：模拟开关亮度控制
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Description 
The TLC5917 is an 8-channel, 
constant-current LED driver capable 
of up to 120 mA per channel. This 
is a great fit when an application 
requires a constant LED current 
that is independent of input voltage, 
temperature and differences in LED 
forward-voltage drops resulting from 
uncontrolled manufacturing processes. 
The outputs can also be tied in parallel 
when needed to drive high-brightness 
LEDs. Communication is accomplished 
through a basic serial port. Many 
applications do not have the capability 
for generating even simple serial 
commands. This reference design 
allows a user to overcome this issue 
with a simple 555 timer.

The TLC5917 drives eight independent 
constant-current sinks. Normally, a 
microprocessor drives the /OE (output 
enable), SDI (serial data input), CLK 
(clock) and LE (latch) pins with four 
separate GPIO pins, which allows the 
current sink to be independently turned 
on and off. If independent LED control 
is not needed, the TLC5917 can be 
turned on with a single clock signal or 
a 555 timer.
•  /OE (output enable)—This pin 

enables and disables all outputs.
•  SDI (serial data input)—The data 

clocked into this pin programs each 
output to be on or off.

Figure 1. TLC5917 Driven by 555 Timer

LEDs on. Pulling SDI low turns all LEDs 
off after eight clock cycles. Figure 2 
shows how the TLC5917 responds 
to turn-on and turn-off when it is 
configured as shown in Figure 1.
Note that Figure 1 shows all the 
TLC5917 outputs connected in parallel 
to drive a single high-brightness LED. 
The TLC5917 outputs can either 
drive eight independent LEDs or be 
connected in parallel to drive higher-
power LEDs. In Figure 1, R3 = 178 , 
which sets each output current at 
105.3 mA. Connecting all outputs in 
parallel yields 105.3 mA x 8 = 842.4 
mA of LED current.

This same approach can be used 
for any of the 8- and 16-channel 
TLC59xx families, including the 
TLC5916/25/26/27 and TLC59025.

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TLC5917

•  CLK (clock)—The rising edge of the 
clock shifts SDI data into internal 
shift registers.

•  LE (latch)—The falling edge of LE 
latches data from the internal shift 
registers into the internal on/off 
latches.

Close examination of the TLC5917 
timing diagram reveals that a single 
PWM signal can replace the CLK and 
LE inputs because the rising edge of 
CLK shifts data into the IC and the 
falling edge of LE latches the data. 
Figure 1 shows how to configure the 
TLC5917 to operate from a single 
clock signal.

/OE must be connected to ground 
to enable the IC. The SDI pin can be 
connected to VCC to shift 1’s into the 
IC to turn all outputs on, and can be 
connected to ground to shift all 0’s 
into the IC to turn all outputs off. The 
CLK and LE pins can be connected to 
any type of PWM signal. Turn-on and 
turn-off times with this circuit depend 
on the clock frequency. At power up, 
the TLC5917’s internal on/off latches 
that turn each output on or off default 
to “0”, so these latches must be set 
to “1” before the outputs turn on. 
Each rising and falling edge of the 
clock signal sequentially turns on each 
output, starting with OUT0. Therefore, 
it takes eight clock cycles to turn all 

U2
TLC5917PW

ON/OFF Control

ON/OFF

R3
178

C3
0.1µ

C4
0.1µ10kHz Clock

C2
0.1µ

C1
1500p

R2
20.0k

R1
37.4k

Outputs connected 
in parallel for 842mA
LED current
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采用单时钟操作的高亮度LED驱动器

TLC5917

描述

TLC5917是一款8通道、恒定电流LED驱

动器，每通道能够提供高达120mA的电

流。对于需要恒定LED电流（不受输入电

压、温度以及因非受控制造工艺所致的

LED正向压降差异的影响）的应用来说，

该器件是绝佳的选择。而且，在需要时也

可以将输出并联起来以驱动高亮度LED。

通信通过一个基本的串行端口来实现。许

多应用并不具备生成哪怕是简单串行指令

的能力。本参考设计使得用户能够利用简

单的555定时器来克服这一问题。

TLC5917可驱动8个独立的恒定电流吸收

器。通常，微处理器利用4个单独的GPIO

引脚来驱动/OE（输出启用）、SDI（串

行数据输入）、CLK（时钟）和LE（锁存

器）引脚，从而允许独立地接通和关断电

流吸收器。如果不需要独立的LED控制，

则可利用单个时钟信号或555定时器来接

通TLC5917。

/ OE（输出启用）——该引脚负责启用• 

和禁用所有的输出。

SDI（串行数据输入）——定时输入该• 

引脚的数据用于将每个输出设置为接通

或关断。

CLK（时钟）——时钟的上升沿将SDI• 

数据移入内部移位寄存器。

LE（锁存器）——LE的下降沿将数据• 

从内部移位寄存器锁存至内部接通/关

断锁存器中。

仔细检查TLC5917的时序图我们发现：单

个PWM信号可以取代CLK和LE输入，因

为CLK的上升沿将数据移入IC，而LE的下

降沿则锁存数据。图1示出了如何通过配

置而使TLC5917利用单个时钟来运作。

如欲启用IC，则/OE必须接地。SDI引脚

可连接至VCC，以把“1”移入IC，从而

接通所有的输出；SDI引脚也可以接地，

以把所有的“0”移入IC，从而关断所有

的输出。CLK和LE引脚可连接至任意类

型的PWM信号。采用该电路时的接通

和关断时间取决于时钟频率。上电时，

负责接通或关断每个输出的TLC5917的

内部接通/关断锁存器被默认至“0”，

因此在输出接通之前这些锁存器必须设

定至“1”。时钟信号的每个上升和下

降沿从OUT0开始顺序接通每个输出。

因此，为了接通所有的LED，它将需要

8个时钟周期。把SDI拉至低电平将在8

个时钟周期之后关断所有的LED。图2示

出了当TLC5917按图1所示进行配置时，

它对接通和关断操作所做出的响应。请

注意：在图1中，将所有的TLC5917输出

并联起来，用于驱动单个高亮度 

LED。TLC5917的输出既能够驱动8

个独立的LED，也可通过并联以驱

动较高功率的LED。在图1中，R3 = 

178Ω，这将每个通道的输出电流设定

在105.3mA。把所有输出并联之后将

产生105.3mA x 8 = 842.4mA的LED

电流。

同 样 的 方 法 可 用 于 任 何 8 通 道

和 1 6 通道 T L C 5 9 x x 系列，包括

TLC5916/25/26/27 和TLC59025。

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TLC5917

图1：利用555定时器来驱动TLC5917
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Figure 2. LED’s Turn-On and Turn-Off Responses with 10-kHz Clock

For more reference designs, see: www.ti.com/powerreferencedesigns 

采用单时钟操作的高亮度LED驱动器

TLC5917

图2： LED的接通和关断响应（采用10kHz时钟）

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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Description 
Residential and commercial lighting 
can take advantage of the additive 
color mixing of red, green and 
blue LEDs. This reference design 
demonstrates how to remotely manage 
the color output of an LED lamp with 
a low-power wireless controller. The 
color is generated by three LEDs 
(red, green and blue). An MSP430™ 
ultralow-power microcontroller controls 
the brightness of each LED with 
constant current generated by three 
TPS62260 buck converters, one for 
each LED.

The color look-up table takes the form 
of an array stored in the MSP430. 
Whenever the rotary encoder is 
turned, new red, green and blue 
values are read from the array and 
used to generate the three PWM 
output signals. Currently 252 values 
are stored, which can be changed 
if desired. A decimal value of 100 
switches the LED off, and a value of 
65535 produces a mark-space ratio of 
100%. When the 5-V supply is applied, 

MSP-FET430UIF tools can be found 
respectively at:

http://focus.ti.com/docs/toolsw/
folders/print/ez430-rf2500.html 
and
http://focus.ti.com/docs/toolsw/
folders/print/msp-fet430uif.html

Key Features
• Wireless RGB color mixing
• Ultra-low-power MSP430 controller
• Wireless development tool available

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS62260

EVM:
www.ti.com/tps62260led-338

TPS62260LED-338 Schematic

Design Specifications

Parameter Minimum Typical Maximum Unit

Input voltage 4.5 5 5.5 VDC

Output current — 0.300 — Amp

U1
MSP430F2131RGE

NC
VSS
XOUT/P2.7/CA7
XIN/P2.6/CA6
NM   /RST
P2.0/ACLK/CA2
P2.1/INCLK/CA3
P2.2/CAOUT/TA0/C44P1.4/SMCLK/TCK
NC
P2.3/TA1/CA0
P2.4/TA2.CA1
NC PwPd

P2.5/CA5
VCC

TEST
P1.7/TA2/TDO/TDI

P1.6/TA1/TDI/TCLK
NC

P1.5/TA0/TMS

P1.3/TA2
P1.3/TA1
P1.1/TA0

P1.0/TACLK

1
2
3
4
5
6
7
8
9

10
11
12

2
4
6
8

10
12
14

6
5
4
3
2
1

1
3
5
7
9
11
13

JP1

NET-DIMM_LED1
NET-DIMM_LED2
NET-DIMM_LED3
NET-EN

24
23
22
21
20
19
18
17
16
15
14
13

3.3V

3.3V

3.3V

R6
100K

R3
100K

R4
100K

C3
10n

S1

R5
47K

C2
100n

3.3V

JP2

eZ430=RF Connector

the design goes into a demonstration 
mode where the values stored in the 
array are read and output in sequence 
in an infinite loop. As soon as the 
rotary encoder is turned, the sequence 
stops and a particular fixed color value 
can be selected.

There is a pin header that can be 
used to plug in the RF board from 
the MSP430 Wireless Development 
Tool (the eZ430-RF2500), which 
is separately available. With this 
additional module, the lamp’s colors 
can be controlled remotely via the 
wireless RF interface.

If a designer prefers to reprogram 
the MSP430, a separate MSP430 
flash emulation tool can be ordered, 
such as the MSP-FET430UIF. More 
information on the eZ430-RF2500 and 

For more reference designs, see: www.ti.com/powerreferencedesigns 

无线控制的三色LED驱动器

TPS62260 TPS62260LED

描述

住宅与商业照明可通过添加红、绿、蓝光

LED的色彩混合搭配来增光溢彩。本参考

设计展示了如何使用低功耗无线控制器对

LED灯的色彩输出进行远程管理。色彩由

红、绿、蓝三种LED生成。MSP430™超

低功耗微处理器通过三个TPS62260 降压

转换器对LED一对一输出的恒定电流来控

制各个LED的亮度。

查色表以阵列的方式存储于MSP430中。

当旋转编码器转动时，就会从阵列中读取

新的红、绿和蓝色值，并用于生成三种

PWM输出信号。目前存储的值有252个，

并可根据需要进行更改。十进制值100将

LED关断，65535则表示100%的传号空

号比 (mark-space ratio)。当施加5V电源

时，该设计进入演示模式，其中存储在阵

列中的值被读取，并按顺序反复循环输

出。当转到旋转编码器时，序列停止，然

后选择特定的某个固定色值。

可使用排针 (pin header) 从独立提供的

MSP430无线开发工具 (eZ430-RF2500) 插

入RF电路板。添加该模块后，即可通过无

线RF接口对灯的色彩进行远程控制。

如果设计人员希望重新对MSP430进行编

程，可以订购MSP-FET430UIF等独立的

MSP430闪存仿真工具。如欲了解有关

eZ430-RF2500和MSP-FET430UIF工具的

更多信息，敬请分别访问：

http: / / focus.t i .com/docs/toolsw/

folders/print/ez430-rf2500.html

和

http: / / focus.t i .com/docs/toolsw/

folders/print/msp-fet430uif.html

主要特点

无线RGB色彩混合• 

超低功率MSP430控制器• 

可提供无线开发工具• 

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TPS62260

EVM：

www.ti.com/tps62260led-338

设计规范

TPS62260LED-338原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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41Wireless-Controlled Triple LED Driver

TPS62260 TPS62260LED
Red LED

Green LED

Blue LED 

Design Specifications

Parameter Minimum Typical Maximum Unit

Input voltage 4.5 5 5.5 VDC

Output current — 0.300 — Amp

U11
TPS62260DRV

red

<1206>

C12
22µF

R12
2

R11
10K

R13
10K

D14

D13

TS4148RY

C11
4.7µF

1

C13
4.7µF ???mV

TP11

GND
VIN
EN

SW
MODE

FB
PwPd

6
5
4

1
2
3

7

TP12

TP13

VIN

L11

NET-DIMM_LED1

+5V

NET-EN

U21
TPS62260DRV

green

<1206>

C22
22µF

R22
2

R21
10K

R23
10K

D24

D23

TS4148RY

C21
4.7µF

1

C23
4.7µF ???mV

TP21

GND
VIN
EN

SW
MODE

FB
PwPd

6
5
4

1
2
3

7

TP22

TP23

VIN

L21

NET-DIMM_LED2

+5V

NET-EN

C1
4.7µF

D1
BZX84-C3V3

C4
22µF

R2
330

VINmax < 6V

+5VJ1
1
2
3

3.3V

U31
TPS62260DRV

blue

<1206>

C32
22µF

R32
2

R31
10K

R33
10K

D34

D33

TS4148RY

C31
4.7µF

1

C33
4.7µF ???mV

TP31

GND
VIN
EN

SW
MODE

FB
PwPd

6
5
4

1
2
3

7

TP32

TP33

VIN

L31

NET-DIMM_LED3

+5V

NET-EN

无线控制的三色LED驱动器

TPS62260 TPS62260LED

红光LED

绿光LED

蓝光LED
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Description 
The TPS63000 provides a power-
supply solution for products that 
use a two- or three-cell alkaline, 
NiCd or NiMH battery, or a one-cell 
Li-Ion or Li-Polymer battery. The 
buck-boost converter is based on 
a fixed-frequency PWM controller 
that uses synchronous rectification 
to obtain maximum efficiency. The 
maximum average current in the 
switches is limited to a typical value 
of 1800 mA, and the converter can 
be disabled to minimize battery 
drain. During shutdown, the load 
is disconnected from the battery. 
The device is packaged in a 10-pin 
QFN PowerPAD™ (DRC) package 
measuring 3 x 3-mm.
The PMP3038 circuit was designed 
for a torch or rugged flashlight. Most 
torch applications still use alkaline 
batteries with a common configuration 

Key Features
• Buck-boost converter topology
• Ideal for battery applications
• 1.8-A output capability
• Auto buck- boost mode switching 
• Dual LED brightness levels
• Operates down to 1.2 V

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS63000

PMP3038 Schematic

Design Specifications

Parameter Minimum Maximum Unit

Input voltage 1.2 5 VDC

Output voltage  — 5 Volts

Output current 300 600 mAmp

Switch frequency  — 1.5 MHz

+
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8

7

6

2

1

3
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9
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L1

VIN
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SYNC/PS

EN1
PwPd
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of two or three cells in series that have 
a maximum voltage of 5 V. During 
operation, the VBAT drops below the 
Vf of the LED, and the TPS63000 
automatically switches from buck 
mode to boost mode to create the 
constant current needed for the 
LED. The TPS63000 can boost from 
voltages as low as 1.2 V. A switch that 
brings R4 into or out of the feedback 
loop provides a dimming mechanism 
for the flashlight to toggle between  
300 and 600 mA.

For more reference designs, see: www.ti.com/powerreferencedesigns 

适用于LED手电的低电压降压-升压转换器

TPS63000 PMP3038

描述

TPS63000可为使用两节或三节碱性、

镍镉或镍氢电池，以及一节锂离子或锂

聚合物电池的产品提供电源解决方案。

该降压-升压型转换器采用固定频率的

PWM控制器，能够利用同步整流实现

最高的效率。可将开关的最大平均电流

限定在典型值1800mA，而且为最大程

度地减少电池消耗还可禁用转换器。在

关断期间，负载与电池会断开连接。

该器件采用10引脚 3mm x 3mm QFN 

PowerPAD™ (DRC) 封装。

PMP3038电路专为手电筒或防水电筒

设计。大多数手电应用仍然采用碱性电

池供电，通常是串联可提供最高5V电压

的两节或三节电池。在运行过程中，若

VBAT降至LED的Vf以下，TPS63000就

会自动从降压模式切换到升压模式，以

提供LED所需的恒定电流。TPS63000可

从低至1.2V的电压进行升压。能够将R4

接入反馈环路或从反馈环路断开的开关

提供手电筒调光机制，以便在300mA至

600mA之间进行调节。

主要特点

降压-升压转换器拓扑结构• 

非常适合于电池应用• 

1.8A输出能力• 

自动降压-升压模式切换• 

双LED亮度等级• 

可在低至1.2V的电压条件下运作• 

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TPS63000
设计规范

PMP3038原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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TPS63000 PMP3038
Output Current Graphs with DC Coupling 

Efficiency Curve for IO = 0.32 A and IO = 0.62 A Turn On with 0.63 A

Control Loop Response Graphs

Output current with VIN = 3 V.

Control loop response with 0.63 A.

Output current with VIN = 4 V.

Control loop response with 0.32 A.

Efficiency.

适用于LED手电的低电压降压-升压转换器

TPS63000 PMP3038

采用DC耦合时的输出电流曲线图

IO = 0.32 A和IO = 0.62 A时的效率曲线

控制环路响应曲线图

0.63A时点亮电筒
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Description 
The TPS61500 is a monolithic 
switching regulator with an integrated 
3-A, 40-V power switch. It is an ideal 
driver for high-brightness 1- or 3-W 
LEDs. The device has a wide input-
voltage range to support applications 
with input voltage from multicell 
batteries or regulated 5-V to12-V  
power rails.

The LED current is set with an external 
sense resistor, R3, and with feedback 
voltage that is regulated to 200 mV by 
a current-mode PWM control loop, as 
shown in the schematic below. The 
device supports analog and pure PWM 
dimming methods for LED brightness 
control. Connecting a capacitor to 
the DIMC pin configures the device to 
be used for analog dimming, and the 
LED current varies in proportion to the 
duty cycle of an external PWM signal. 
Floating the DIMC pin configures the 

Key Features
• Supports boost topology
• Integrated 3-A 40-V power switch
• Supports PWM or AM dimming
• Protection features:
 • Pulse by pulse
 • Thermal shutdown

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS61500
 

Typical Application Schematic

LED Current vs. Input Supply and LED Number

Input Supply 5 V 12 V

LED number 4 1000 mA 2000 mA

LED number 6 600 mA 1200 mA

LED number 8 450 mA 1000 mA

Note: Assumption that LED forward voltage is 3.5V, and TPS61500’s conversion efficiency is 85%.

TPS61500

SW

SW

OVP

FB

PGND

PGND

PGND
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EN

COMP

DIMC

FREQ

S3

AGND

PWM

VIN 5V L1 D1

C1 C2
DL1
3W LED

DL2

DL3

DL4

C4
R4

R1

R2

R3

C3

C5

IC for pure PWM dimming, with the 
average LED current being the PWM 
signal’s duty cycle times a set LED 
current.

The device features a programmable 
soft-start function to limit inrush 
current during start-up and has other 
protection features built in, such as 
pulse-by-pulse overcurrent limiting, 
overvoltage protection and thermal 
shutdown. The TPS61500 is available 
in a 14-pin HTSSOP package with 
PowerPAD™.

For more reference designs, see: www.ti.com/powerreferencedesigns 

具备集成型电源开关的升压驱动器

TPS61500

描述

TPS61500是一款具备集成型3A、40V

电源开关的单片开关式稳压器，该驱

动器是1W或3W高亮度LED应用的理

想驱动器。该器件拥有宽广的输入电压

范围，可支持具有多节电池输入电压或

5V~12V稳压电源轨的应用。

如下图所示，LED的电流由外部检测电

阻器R3设定，反馈电压通过电流模式

PWM控制环路稳定在200mV。该器件

可支持模拟和纯PWM调光方式，可实

现 LED亮度调节。通过在DIMC引脚上

连接电容器，可将该器件配置为用于模

拟调光，而且LED电流将随外部PWM

信号的占空比相应地变化。把DIMC引

脚浮置，则可将该IC配置为纯PWM调

光模式，平均LED电流为PWM信号占

空比乘以设定的LED电流。

该器件具有可编程软起动功能，能够

在启动时限制浪涌电流，而且还内

置有其他众多保护功能，如逐个脉

冲过流限制、过压保护以及热停机

等。TPS61500采用14引脚HTSSOP 

PowerPAD™封装。

主要特点

支持升压拓扑结构• 

集成型3A 40V电源开关• 

支持PWM或AM调光• 

保护功能：• 

逐个脉冲过流限制• 

热停机• 

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TPS61500

LED电流与输入电源和LED数目之间的关系

典型应用原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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TPS61500
Efficiency vs. Output Current

PWM Dimming Application Circuit: Circuit for the TPS61500 to Perform Analog Dimming Using an Injected Analog Signal

Analog Dimming by External DAC: Pure PWM Dimming Method

LED Current vs. Input Supply and LED Number

Input Supply 5 V 12 V

LED number 4 1000 mA 2000 mA

LED number 6 600 mA 1200 mA

LED number 8 450 mA 1000 mA

Note: Assumption that LED forward voltage is 3.5V, and TPS61500’s conversion efficiency is 85%.
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具备集成型电源开关的升压驱动器

TPS61500
效率与输出电流的关系曲线

PWM调光应用电路：采用注入模拟信号在TPS61500电路上实现模拟调光

通过外部DAC进行模拟调光：纯PWM调光方法
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Description 
The TPS61180/1/2 ICs provide highly 
integrated solutions for media-size 
LCD backlighting. These devices 
have a built-in, high-efficiency boost 
regulator with an integrated 1.5-A/40-V 
power MOSFET. The six current-sink 
regulators provide high-precision 
current regulation and matching. In 
total, the device can support up to 60 
white LEDs (WLEDs). In addition, the 
boost output automatically adjusts its 
voltage to the WLED forward voltage 
to improve efficiency.

The devices support pulse-width-
modulation (PWM) brightness 
dimming. During dimming, the WLED 
current is turned on/off at the duty 
cycle, and frequency is determined 
by the PWM signal input on the 
DCTRL pin. One potential issue of 
PWM dimming is audible noise from 
the output ceramic capacitors. The 
TPS61180/1/2 family is designed 
to minimize this output AC ripple 

overvoltage protection, soft starting 
and thermal shutdown.

The TPS61180 IC requires an external 
3.3-V IC supply, while the TPS61181/2 
ICs have a built-in linear regulator for 
the IC supply. All the devices are in a  
3- x 3-mm QFN package.

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS61180,
www.ti.com/sc/device/TPS61181 or
www.ti.com/sc/device/TPS61182

Typical Application Schematic

across wide dimming-duty-cycle and 
frequency ranges, therefore reducing 
the audible noise.

The TPS61180/1/2 ICs provide a driver 
output for an external PFET connected 
between the input and inductor. During 
short-circuit or overcurrent conditions, 
the ICs turn off the external PFET 
and disconnect the battery from the 
WLEDs. The PFET is also turned off 
during IC shutdown (true shutdown) 
to prevent any leakage current from 
the battery. The device also integrates 

Design Specifications

Parameter Minimum Typical Maximum Unit

Input voltage 4.7 — 24 Volts

Output voltage 15 — 38 Volts

Output ripple — — 200 mVPP

Output current 0 — 150 mA

Switching frequency — 1000 — kHz

Also Available Soon

Device Switch Channels Current per Channel LEDs per Channel

TPS61183 2.0 A 6 30 mA Up to 10

TPS61185 2.0 A 8 25 mA Up to 10

TPS61195 2.5 A 8 30 mA Up to 12

  Preview products are listed in bold blue.
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NEW!

适用于笔记本电脑的1.5A白光LED驱动器

TPS61180/1/2

描述

TPS61180/1/2 IC提供了适合中型LCD

背面照明的高集成度解决方案。这些器

件具有集成了1.5A/40V功率MOSFET的

内置高效升压型稳压器。6个电流吸收

稳压器提供了高度精准的电流调节和匹

配。该器件总共能够支持多达60个白

光LED (WLED)。此外，升压输出还可

以针对WLED正向电压自动调整其自身

的电压，以改善效率。

这些器件支持脉宽调制 (PWM) 亮度调

光。在调光期间，WLED电流在占空比

内接通/关断，而频率则由DCTRL引脚

上的PWM信号输入来决定。PWM调

光潜在的问题之一是由输出陶瓷电容器

所引起的音频噪声。为了最大限度地

减少宽调光占空比和频率范围内的这

种输出AC纹波，进而降低音频噪声，

TPS61180/1/2系列进行了有针对性的

设计。

TPS61180/1/2 IC为连接在输入与电感

器之间的外部PFET提供了一个驱动器

输出。在短路或过流条件下，这些IC

将外部PFET关断，并使电池与WLED

断开连接。在IC停机期间PFET也被关

断（真正的停机），以防止电池产生

任何漏电流。该器件还集成了过压保

护、软起动和热停机等功能。

TPS61180 IC需要一个外部3.3V IC电

源，而TPS61181/2 IC则具有一个内置

线性稳压器作为IC电源。所有这些器件

均采用3mm x 3mm QFN封装。

Web链接

如需索取数据表、用户指南、样片，敬

请访问：

www.ti.com/sc/device/TPS61180、

www.ti.com/sc/device/TPS61181或

www.ti.com/sc/device/TPS61182

设计规范

该系列即将面市的其他器件

典型应用原理图



47

2010年第二季度LED 参考设计指南
Texas Instruments   2Q 2010 LED Reference Design Cookbook

1.5-A White LED Driver for Notebooks

TPS61180/1/2

471.5-A White LED Driver for Notebooks

TPS61180/1/2
Switching Waveforms Efficiency vs. PWM Duty

Start-up Waveforms Output Current vs. Dimming Duty Cycle

Output Ripple at PWM Dimming Output Ripple at PWM Dimming

Design Specifications

Parameter Minimum Typical Maximum Unit

Input voltage 4.7 — 24 Volts

Output voltage 15 — 38 Volts

Output ripple — — 200 mVPP

Output current 0 — 150 mA

Switching frequency — 1000 — kHz

Also Available Soon

Device Switch Channels Current per Channel LEDs per Channel

TPS61183 2.0 A 6 30 mA Up to 10

TPS61185 2.0 A 8 25 mA Up to 10

TPS61195 2.5 A 8 30 mA Up to 12

  Preview products are listed in bold blue.

适用于笔记本电脑的1.5A白光LED驱动器

TPS61180/1/2

开关波形

采用PWM调光时的输出纹波

启动波形

效率与PWM占空比的关系曲线

采用PWM调光时的输出纹波

输出电流与调光占空比的关系曲线
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Description 
The DRV9812, which has a wide 
input voltage of up to 50 V, is a 
synchronous multichannel PWM power 
driver for LED applications. It can be 
configured as buck, boost or buck/
boost, depending on the application 
requirements, and can drive 4 
independent LED strings with up to 
15 power LEDs in series per string. It 
can also provide DC, sine-wave, or 
any other kind of desired current to 
drive LEDs based on a PWM control 
algorithm from an external MCU 
controller.

Because of the integrated low-RDS(on) 
MOSFETs and intelligent gate-drive 
design, the efficiency of the DRV9812 
can be as high as 96%. The device 
offers integrated, on-chip safeguards 

The DRV9812 has a unique, 
independent supply pin for each 
channel, enabling it to support multiple 
outputs with different power-supply-
voltage requirements or with mixed 
converter topologies.
 
Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/DRV9812

DRV9812 Typical Application Schematic in Buck Configuration

against a wide range of fault conditions 
such as short circuits and overcurrent 
and undervoltage conditions. It 
also offers integrated two-stage 
thermal protection. A programmable 
overcurrent detector provides an 
adjustable cycle-by-cycle current limit 
to meet different power requirements.

Design Specifications

Parameter Minimum Typical Maximum

Input Voltage (V) 2 — 50

Output Voltage (V) 0 — 49.5

Gate Voltage (V) 11.4 12.3 13.2

Peak Output Current (A) — — 5

RMS Output Current (A) — — 2.5

Switching Frequency (kHz) — 10 to 500 1000

Real-Time MCU
(TMS320F2802x/3x,

C2000™, etc.)
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For more reference designs, see: www.ti.com/powerreferencedesigns 

NEW!

面向功率LED应用的多通道PWM功率驱动器

DRV9812

描述

DRV9812具有高达50V的宽输入电压范

围，是适合LED应用的同步多通道PWM

功率驱动器。它可根据应用的要求配置

成降压、升压或降压/升压拓扑结构，并

能够驱动4串独立的LED（每串含有多达

15个串联的功率LED）。另外，它还能

提供DC、正弦波或任何其他性质的期望

电流，以根据PWM控制算法由一个外部

MCU控制器来驱动LED。

由于采用了集成型低RDS(on) MOSFET和

智能栅极驱动设计，DRV9812的效率

因而可高达96%。该器件提供了针对

多种故障状况（例如：短路和过流及欠

压）的集成型片上保护功能。此外，它

新！

还拥有集成型两级热保护功能。可编程

过流检测器提供了可调的逐个周期电流

限值，旨在满足不同的电源要求。

DRV9812特有一个用于每个通道的独立

电源引脚，从而使其能够支持具有不同

电源电压要求或采用混合转换器拓扑结

构的多个输出。

Web链接

如需索取数据表、用户指南、样片，敬

请访问：

www.ti.com/sc/device/DRV9812

设计规范

DRV9812典型应用原理图（降压配置）

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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DRV9812

PWM Linearity Curve Efficiency Curve

DRV9812 Typical Application Schematic in Boost Configuration

Design Specifications

Parameter Minimum Typical Maximum

Input Voltage (V) 2 — 50

Output Voltage (V) 0 — 49.5

Gate Voltage (V) 11.4 12.3 13.2

Peak Output Current (A) — — 5

RMS Output Current (A) — — 2.5

Switching Frequency (kHz) — 10 to 500 1000
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L1: TDK VLCF5020T-220MR75-1
C1: Murata GRM188R61E105K
C2: Murata GRM21BR71H105K
D1: ONsemi MBR0540T1

VIN

CTRL

COMP

SW

FB

Rset
R10Ω

20mA

C2
1µF

C1
1µF

L1
22µH

GND

D1

On/Off
Dimming
Control

VI 3V to 18V

C3
220nF

Small LCD Backlight with Digital and PWM Dimming

TPS61160/1

Small LCD Backlight with Digital and PWM Dimming

TPS61160/1
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Description 
With a 40-V integrated switch FET, the 
TPS61160/1 is a boost converter that 
drives up to 10 LEDs in series. The 
boost converter, which allows for the 
use of high-brightness LEDs in general 
lighting, runs at a fixed frequency of 
1.2 MHz with a 0.7-A switch-current 
limit.

As shown in the schematic below 
of a typical application, the default 
white-LED (WLED) current is set with 
the external sense resistor, RSET, and 
the feedback voltage is regulated 
to 200 mV. The LED current can be 
controlled via the one-wire digital 
interface (EasyScale™ protocol) 
through the CTRL pin. Alternatively, 
a PWM signal can be applied to the 

Ordering Information1

TA Open LED Protection (typical) Package2 Package Marking

26 V TPS61160DRV BZQ
–40°C to 85°C

38 V TPS61161DRV BZR

1For most current package and ordering information: www.ti.com/sc/device/TPS61160.
2The DRV package is available in tape and reel. Add R suffix (TPR61160DRVR) to order quantities of 3,000 parts per reel or add T suffix 

(TPS61160DRVT) to order 250 parts per reel.

Key Features
• Efficient boost topology
• Integrated 40-V power switch
• Drives up to 10 LEDs
• PWM dimmable
• 200-mV VREF
• No audible noise

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS61160

Typical Application Schematic

CTRL pin such that the duty cycle 
determines the feedback reference 
voltage. In either digital or PWM mode, 
the TPS61160/1 does not provide LED 
current in burst; therefore, it does not 
generate audible noise on the output 
capacitor. For protection during open-
LED conditions, the TPS61160/1 has 
integrated circuitry to prevent the 
output from exceeding the absolute 
maximum ratings.

For more reference designs, see: www.ti.com/powerreferencedesigns 

具备数字和PWM调光功能的小型LCD背光源

TPS61160/1

描述

TPS61160 /1具备40V的集成型开关

FET，是一种可驱动多达10个串联LED的

升压型转换器。该升压转换器允许采用

普通照明领域的高亮度LED，固定运行

频率为1.2MHz，开关电流限值为0.7A。

如下列典型应用的原理图所示，采用外

部检测电阻器RSET可设置默认的白光 

LED (WLED) 电流。可将反馈电压稳定

在200mV。LED的电流能够通过单线式

数字接口（EasyScale™协议）由CTRL

引脚控制。此外，还可以在CTRL引脚上

施加PWM信号，以便由占空比来确定反

馈基准电压。无论是数字还是PWM模

式，TPS61160/1都不会在猝发状态下提

供LED电流，因而也就不会在输出电

容器上产生音频噪声。在开路LED保

护情况下，TPS61160/1具备的集成型

电路系统可以防止输出超过绝对最大

额定值。

主要特点

高效的升压拓扑结构• 

集成型40V电源开关• 

可驱动多达10个LED• 

可进行PWM调光• 

200mV  V• REF

无音频噪声• 

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TPS61160

订购信息1

典型应用示意图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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TPS61160/1

Ordering Information1

TA Open LED Protection (typical) Package2 Package Marking

26 V TPS61160DRV BZQ
–40°C to 85°C

38 V TPS61161DRV BZR

1For most current package and ordering information: www.ti.com/sc/device/TPS61160.
2The DRV package is available in tape and reel. Add R suffix (TPR61160DRVR) to order quantities of 3,000 parts per reel or add T suffix 

(TPS61160DRVT) to order 250 parts per reel.

Efficiency vs. Output Current

PWM Dimming Output Ripple 

PWM Dimming Linearity: FB Voltage vs. PWM Duty Cycle

具备数字和PWM调光功能的小型LCD背光源

TPS61160/1
效率与输出电流的关系曲线

PWM调光线性图：反馈电压与PWM占空比的关系曲线

PWM调光输出纹波
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Description 
The TPS7510x linear low-dropout 
(LDO) LED current source is optimized 
for low-power LED backlighting 
applications such as keypads and 
navigation pads. The device provides 
a constant current for up to four 
unmatched LEDs organized in two 
banks of two LEDs each in a common-
cathode topology. Without an external 
resistor, the current source defaults 
to the factory-programmable, preset 
current level with ±0.5% accuracy 
(typical). An optional external resistor 
can be used to set initial brightness to 
user-programmable values with higher 
accuracy. Brightness can be varied 
from off to full brightness by inputting  
a PWM signal on each enable pin. 
Each bank has independent enable 
and brightness control, but the 
currents of all four channels are 
matched concurrently. The input-
supply range is ideally suited for 
single-cell Li-Ion battery supplies, and 
the TPS7510x can provide up to 25 mA 
per LED. No internal switching signals 
are used, eliminating troublesome 
electromagnetic interference (EMI). The 

Device Specifications

Device VIN LEDs IDX MAX VDO IDX Packages

TPS7510x 2.5 V to 5.5 V 2 mm x 2 mm 25 mA 28 mV ±2% WCSP, DSK

TPS7510x Package Options

TPS7510x is offered in an ultra-small, 
9-ball, 0.4-mm ball-pitch wafer chip-
scale package (WCSP) and a 2.5 x 
2.5-mm, 10-pin SON package, yielding 
a very compact total solution size 
ideal for mobile handsets and portable 
backlighting applications.

At first glance, using a linear LDO 
circuit to drive LEDs may seem 
impractical, given the linear regulator’s 
reputation for low efficiency. However, 
the efficiency of LDOs is often 
misunderstood. LDO efficiency is 
entirely based on the input/output-
voltage ratio; therefore, the efficiency 
of driving white LEDs (WLEDs) can 
be quite high. For example, driving a 
3-V WLED from a 3.6-V Li-Ion-battery 
input translates into an LED efficiency 
of 83%.

Figure 1 shows a typical application for 
the TPS75105. Note that this device 
requires no external components to 
drive the WLEDs. The total solution is 
extremely small and very cost effective. 

Figure 2 shows the TPS75105 
efficiency data for several different 
WLED forward voltages over the Li-Ion 
battery’s range. The LED efficiency  
for the TPS75105 is comparable to  
or better than that of other WLED-
driver solutions.

Figure 3 demonstrates the LED 
efficiency of the TPS7510x over the 
Li-Ion battery’s discharge curve. 
The average efficiency for the entire 
discharge range is over 80% for all 
three curves, and up to 90% when 
VLED = 3.3 V. 

Key Features
•  Drives four constant current outputs
•  PWM dimmable
•  0.5% current accuracy
•  25 mA per LED
•    Ultra-small size ball pitch packaging
 83% efficient solution

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS75105

For more reference designs, see: www.ti.com/powerreferencedesigns 

通过LDO实现小型LCD背光源

TPS7510x

描述

TPS7510x线性低压降 (LDO) LED电流

源专门针对小键区及导航盘等低功耗

LED背光照明应用而精心优化。该器件

可为多达4个非匹配的LED（两个LED

为一组，共两组，均为共阴极结构）提

供恒定电流。在未采用外部电阻器的情

况下，电流源默认为出厂时设定，预

设电流水平的准确度为±0.5%（典型

值）。可选的外部电阻器可用于设置具

有更高准确度的用户可编程值的初始亮

度。亮度控制可通过向每个启用引脚输

入 (PWM) 信号来实现从关断到全亮的

调整。每组均有独立的启用与亮度控制

功能，但所有4个通道的电流匹配是同

时完成的。输入电源范围理想适用于单

节锂离子电池供电型设备，TPS7510x可

为每个LED提供高达25mA的电流。由

于无需采用内部开关信号，因而避免了

电磁干扰 (EMI)的影响。TPS7510x采用

超小型9焊球0.4mm焊球间距芯片级封

装 (WCSP) 和 2.5mm x 2.5mm的10引

脚SON两种封装版本，因而实现了非常

紧凑的整体解决方案外形尺寸，非常适

合于移动手持终端和便携式背光照明等

应用领域。

初看起来，采用线性LDO电路驱动LED

可能有些不实用，因为线性稳压器向来

以低效率著称。但是，通常我们对LDO

的效率存在误解。LDO的效率完全取决

于输入／输出电压比。因此，驱动白光

LED (WLED) 的效率会非常高。例如，

通过3.6V锂离子电池输入驱动3V WLED

意味着可实现83%的LED效率。

图1显示了TPS75105的典型应用。请

注意，该器件无需外部组件即能驱动

WLED。总体解决方案不但极为小巧，

而且性价比也非常高。

图2显示了在锂离子电池电压范围内实

现的几种不同WLED正向电压条件下 

TPS75105的效率数据。TPS75105的

LED效率等同甚或优于其他的WLED驱

动器解决方案。

图3演示了在锂离子电池的放电曲线范

围内TPS7510x的LED效率。对于全部

三条曲线而言，整个放电范围内的平均

效率超过80%。当VLED = 3.3V时，效率

可高达90%。

主要特点

可驱动4个恒定电流输出• 

可进行PWM调光• 

0.5%的电流准确度• 

可为每个LED提供25mA电流• 

采用超小尺寸焊球间距封装、效率达• 

83%的解决方案

Web链接

如需索取数据表、用户指南、样片，敬

请访问：

www.ti.com/sc/device/TPS75105

器件规范

TPS7510x封装选项

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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TPS7510x

Figure 2 - Efficiency Data

Figure 3 - LED Efficiency

Figure 1 - Typical Application
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通过LDO实现小型LCD背光源

TPS7510x

图1：典型应用

图2：效率数据

图3：LED效率
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L1: TOKO #A915_Y-100M
C1: Murata GRM188R61A475K
C2: Murata GRM188R61E105K
D1: OSRAM LW-W 5SM
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Medium-Size LCD Backlight

TPS61165
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Description 
With a 40-V integrated switch FET, the 
TPS61165 is a boost converter that 
drives up to ten LEDs in series. The 
boost converter, which allows for the 
use of high-brightness LEDs in general 
lighting, runs at a fixed frequency of 
1.2 MHz with a 1.2-A switch-current 
limit.

As shown in the schematic below 
of a typical application, the default 
white-LED (WLED) current is set with 
the external sense resistor, RSET, and 
the feedback voltage is regulated 
to 200 mV. The LED current can be 
controlled via the one-wire digital 
interface (EasyScale™ protocol) 
through the CTRL pin. Alternatively, 
a PWM signal can be applied to the 
CTRL pin such that the duty cycle 

Key Features
• Boost converter for high efficiency
• 40-V integrated power switch
• Drives up to 10 LEDs 
• Low Vref for high efficiency 
• One wire digital interface
• PWM dimming
• No audible noise

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS61165

 

Typical Application Schematic

LED Current vs. Input Supply and LED Number

Input Supply 3 V 5 V 12 V

LED number 3 200 mA 350 mA 820 mA

LED number 6 100 mA 175 mA 410 mA

LED number 8 70 mA 120 mA 300 mA

Note: Assumption that LED forward voltage is 3.5 V, and TPS61165’s conversion efficiency is 80%. 

determines the feedback reference 
voltage. In either digital or PWM mode, 
the TPS61160/1 does not provide LED 
current in burst; therefore, it does not 
generate audible noise on the output 
capacitor. For protection during open-
LED conditions, the TPS61165 has 
integrated circuitry to prevent the 
output from exceeding the absolute 
maximum ratings.

The TPS61165 is available in a space-
saving, 2 x 2-mm QFN package with  
a thermal pad.

For more reference designs, see: www.ti.com/powerreferencedesigns 

中型尺寸的LCD背光源

TPS61165

描述

T P S 6 116 5具备4 0 V的集成型开关

FET，是一款可驱动多达10个串联LED

的升压型转换器。该升压转换器允许

采用普通照明领域的高亮度LED，固

定运行频率为1.2MHz，开关电流限值

为1.2A。

如下列典型的应用原理图所示，采用

外部检测电阻器RSET可设置默认的白

光LED (WLED) 电流，而且可将反馈

电压稳定在200mV。LED的电流能够

通过单线式数字接口（EasyScale™协

议）由CTRL引脚控制。此外，还可以

在CTRL引脚上施加PWM信号，以便

由占空比来确定反馈基准电压。无论

是数字还是PWM模式，TPS61160/1

都不会在猝发状态下提供LED电流，

因而也就不会在输出电容器上产生

音频噪声。在开路LED保护情况下，

TPS61165具备的集成型电路系统可以

防止输出超过绝对最大额定值。

TPS61165采用带散热焊盘的2mm x 

2mm QFN封装，这种封装的占用空间

非常小。

主要特点

升压转换器用于实现高效率• 

40V集成型电源开关• 

可驱动多达10个LED• 

低Vref用于实现高效率• 

单线式数字接口• 

PWM调光• 

无音频噪声• 

Web链接
如需索取数据表、用户指南、样片，敬
请访问：

www.ti.com/sc/device/TPS61165

LED电流与输入电源和LED数目之间的关系

典型应用原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns



55

2010年第二季度LED 参考设计指南
Texas Instruments   2Q 2010 LED Reference Design Cookbook

Medium-Size LCD Backlight

TPS61165

55Medium-Size LCD Backlight

TPS61165
Efficiency vs. Output Current

PWM Dimming Linearity: FB Voltage vs. PWM Duty Cycle

PWM Dimming Output Ripple 

Startup

中型尺寸的 LCD 背光源

TPS61165

效率与输出电流的关系曲线

PWM调光线性图：反馈电压与PWM占空比的关系曲线

PWM调光输出纹波

启动
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Description 
The TPS61195 provides highly 
integrated solutions for large-LCD 
backlights. This device has a built-
in, high-efficiency boost regulator 
with an integrated 2.5-A, 50-V power 
MOSFET. The eight current-sink 
regulators provide high-precision 
current regulation and matching. In 
total, the device can support up to 96 
white LEDs (WLEDs). In addition, the 
boost output automatically adjusts its 
voltage to the WLED forward voltage 
to improve efficiency.

The TPS61195 supports multiple 
brightness-dimming methods. During 
direct PWM dimming, the WLED 
current is turned on/off at the duty 
cycle, and the frequency is determined 
by an integrated PWM signal. In PWM-
dimming mode, the frequency of this 
signal is resistor-programmable, while 
the duty cycle is controlled from an 
external PWM signal input from a PWM 
pin. In analog mixed dimming modes, 
the input PWM duty-cycle information 
is translated into an analog signal 
to control the WLED current signal 
linearly over a brightness area of 12.5 
to 100%. The device also allows PWM 

TPS61195 Schematic

LED Current vs. Input Supply and LED 
Number

Parameter Minimum Maximum Unit

Input voltage 4.0 24 Volts

Output voltage 16 48 Volts

Number of channel — 8 —

Output current 0 0.32 Amp

Switching frequency 600 KHz 1 MHz —

TPS61195

VIN

4v ~ 24V

C1
4.7µF

C2
0.1µF

R2
40KΩ

R1
65KΩ

R4
953KΩ

R6
46.4KΩ

R5
1M

C3
1µF

Up to 48V
D1

R3
523KΩ

200 Hz

L1
10µH

* 510Kohms resistance to ground.

SEL

VDDIO

Open

GND

R*

Interface

SMBus

PWM

PWM

PWM

Dimming
Mode

PWM

D-PWM

PWM

Mix Mode

AGND

VIN VIN

VDDIO PGND1
PGND2

OVP

FDIM

IFB1
IFB2
IFB3
IFB4
IFB5
IFB6
IFB7
IFB8

EN

DPWM

FDPWM

FSW

SEL

ISET

SDA

SCL

dimming to be added when the analog 
signal keeps the WLED current down 
to 12.5%. Below 12.5%, the analog 
signal will be translated into PWM 
duty-cycle information to control the 
on/off of the WLED current and  
to average the WLED current down  
to 1%.

The TPS61195 integrates overcurrent 
protection, short-circuit protection, 
soft start and overtemperature 
shutdown. The device also provides 
programmable output overvoltage 
protection, and the threshold is 
adjusted by an external resistor/divider 
combination.

The TPS61195 has a built-in linear 
regulator for the IC supply and is 
available in a 4 x 4-mm QFN package.

Key Features
•  Boost regulator with integrated 3-A 

50-V power switch
•  Eight current-sink regulators for 

precision intensity control
•  High efficiency through automatic 

VOUT to LED Vforward
• PWM dimming
• Multiple protection features:
 • Overcurrent
 • Short circuit
 • Over temperature

Web Links
Reference designs:
www.ti.com/powerreferencedesigns 

Datasheets, user’s guides, samples:
www.ti.com/sc/device/TPS61195
  

大型LCD背光源驱动器

TPS61195

描述

TPS61195可面向大型LCD背光源应用

提供高度集成的解决方案。该器件内置

集成了2.5A、50V功率MOSFET的高效

率升压型稳压器。8个电流吸收稳压器

可提供高度精确的电流调节和匹配。

该器件总共可支持多达96个白光LED 

(WLED)。此外，升压输出还可以针对

WLED正向电压自动调整其自身的电

压，以提升效率。

TPS61195支持多种亮度的调光方式。在

采用直接PWM调光模式下，WLED的电

流在占空比内接通/关断，而且由集成的

PWM信号决定频率。在PWM调光模式

下，该信号的频率可采用电阻器编程控

制，而占空比则可通过从PWM引脚提供

的外部PWM信号输入进行控制。在模拟

混合调光模式下，可将输入PWM占空比

信息转换为模拟信号，以便在12.5%至

100%的亮度范围内线性控制WLED电流

信号。此外，当模拟信号将WLED电流

降至12.5%时，该器件还允许添加PWM

调光功能。在12.5%以下时，模拟信号

将被转换为PWM占空比信息，以便不仅

控制WLED电流的接通/关断，同时还可

让WLED电流下降至 1%。

TPS61195集成了过流保护、短路保护、

软起动以及过热停机等功能。此外，该

器件还提供了可编程的输出过压保护，

而且门限可通过外部电阻器／分压器进

行调整。

TPS61195拥有适合于IC供电的内置线性

稳压器，采用4mm x 4mm QFN封装。

主要特点

具集成型3A 50V电源开关的升压型稳压器• 

8个电流吸收稳压器用于实现精准的光强度• 

控制

通过根据LED正向电压 (Vf) 自动调节V• OUT

实现了高效率

PWM调光• 

具多种保护功能：• 

过流• 

短路• 

过热• 

Web链接

参考设计：

www.ti.com/powerreferencedesigns

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TPS61195LED电流与输入电源和LED
数目之间的关系

TPS61195原理图



57

2010年第二季度LED 参考设计指南
Texas Instruments   2Q 2010 LED Reference Design Cookbook

57Large-LCD Backlight Driver

TPS61195
Dimming Efficiency VIN = 10.8 V; 9s8p

PWM Dimming Current Linearity VIN = 10.8 V Mixed Mode Dimming Waveform: 8% Brightness Mode

Mix Mode Dimming Current Linearity VIN = 10.8 V

Mixed Mode Dimming Waveform: 20% Brightness— 
Pure Analog

Large-LCD Backlight Driver

TPS61195

大型 LCD 背光源驱动器

TPS61195

调光效率 VIN = 10.8V；9s8p

PWM调光电流线性度VIN = 10.8V

混合模式调光电流线性度 VIN = 10.8V

混合模式调光波形：20%亮度——纯模拟

混合模式调光波形：8%亮度模式
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Description 
The TLC5951 is a 24-channel, 
constant-current sink driver. Each 
channel has an individually adjustable, 
4096-step, pulse-width-modulation 
(PWM) grayscale (GS) brightness 
control (BC) and 128-step constant-
current dot correction (DC). The DC 
adjusts brightness deviation between 
channels and other LED drivers. The 
output channels are grouped into 
three groups of eight channels. Each 
channel group has a 256-step global 
BC function and an individual GS clock 
input.

GS, DC and BC data are accessible  
via a serial-interface port. DC and BC 
can be programmed via a dedicated 

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TLC5951

Typical Application Schematic (used when DCSIN/DCSCK Ports are used)

serial-interface port. The TLC5951 has 
three error-detection circuits: LED open 
detection (LOD), LED short detection 
(LSD) and a thermal-error flag (TEF). 
LOD detects a broken or disconnected 
LED, LSD detects a shorted LED, and 
TEF indicates an overtemperature 
condition.

For more reference designs, see: www.ti.com/powerreferencedesigns 

Design Specifications

Parameter Test Conditions Minimum Typical Maximum Unit

Input voltage — 3.0 — 5.5 Volts

Output Voltage OUTR/G/B 0 to 7  3.0 — 17 Volts

Dot correction/global 
brightness control

— — 7/8 — Bits

Output current — 35 40 45 mA

Grayscale clock frequency — — — 33 MHz
≈

≈
≈

≈
≈

≈
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NEW!

24通道、12位PWM LED驱动器

TLC5951
短路检测 (LSD) 和温度错误标记 (TEF)。

LOD可检测LED的破损或断接，LSD负

责检测LED的短路，而TEF则用于指示过

热状况。

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TLC5951

描述

TLC5951是一款24通道、恒定电流吸

收驱动器。每个通道具有可单独调节的

4096级、脉宽调制 (PWM) 灰度 (GS) 亮

度控制 (BC) 和128级恒定电流点校正 

(DC) 功能。DC负责调整通道与其他LED

驱动器之间的亮度偏差。输出通道被编

为3组，每组8个通道。每个通道组具有

256级全局BC功能和单独的GS时钟输

入。

GS、DC和BC数据可以通过串行接口端

口进行存取。DC和BC可通过一个专用串

行接口端口来设置。TLC5951具有3个误

差检测电路：LED开路检测 (LOD)、LED

设计规范

典型应用原理图（在采用DCSIN/DCSCK端口时使用）

新！

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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Output Current vs. Output Voltage Dot-Correction (DC) Linearity (IOLCMax with Lower Range)

Dot-Correction (DC) Linearity (IOLCMax with Upper Range) Constant-Current Output-Voltage Waveforms (Red Group)
 

Constant-Current Error vs. Ambient Temperature  
(Channel-to-Channel, Red Group)

Global-Brightness-Control (BC) Linearity  
(IOLCMax with Upper Range)

24通道、12位PWM LED驱动器

TLC5951

输出电流与输出电压的关系曲线

恒定电流误差与环境温度的关系曲线

（通道间，红光LED组）

点校正 (DC) 线性度（IOLCMax采用上限）

点校正 (DC) 线性度（IOLCMax采用下限）

全局亮度控制  (BC)  线性度

（IOLCMax采用上限）

恒定电流输出电压波形（红光LED组）
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TLC5952 with Global Brightness Control

24-Channel, Constant-Current LED Driver  

TLC5952 with Global Brightness Control

60

Description 
The TLC5952 is a 24-channel, 
constant-current sink driver. Each 
channel can be turned on/off with 
internal register data. The output 
channels are grouped into three 
groups of eight channels each. Each 
channel group has a 128-step global-
brightness-control (BC) function.

Both on/off data and BC are writable 
via a serial interface. The maximum 
current value of all 24 channels is 
set by a single external resistor. The 
TLC5952 has three error-detection 
circuits: LED open detection (LOD), 
LED short detection (LSD) and a 

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TLC5952

Typical Application Schematic

thermal-error flag (TEF). The error 
detection is read via a serial interface. 
LOD detects a broken or disconnected 
LED, LSD detects a shorted LED, and 
TEF indicates an overtemperature 
condition.

For more reference designs, see: www.ti.com/powerreferencedesigns 

Design Specifications

Parameter Test Conditions Minimum Typical Maximum Unit

Input voltage — 3.0 — 5.5 Volts

Output Volatage OUTR/G/B 0 to 7 3.0 — 17 Volts

Global brightness control — — 7 — Bits

Output current — 29 32 35 mA

Data shift clock frequency — — — 35 MHz
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≈

≈
≈
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LAT
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NEW!

24通道、恒定电流LED驱动器

具全局亮度控制功能的TLC5952

描述

LC5912是一款24通道、恒定电流吸

收驱动器。每个通道可利用内部寄存

器数据来接通/关断。输出通道被编为

3组，每组8个通道。每个通道组具有

128级全局亮度控制 (BC) 功能。

接通/关断数据和BC均可通过串行接

口写入。所有24个通道的最大电流值

由单个外部电阻器来设定。TLC5952

具有3个误差校正电路：LED开路检测 

(LOD)、LED短路检测 (LSD) 和温度错

新！

误标记 (TEF)。误差检测信息通过串行

接口读取。LOD可检测LED的破损或

断接，LSD负责检测LED的短路，而

TEF则用于指示过热状况。

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TLC5952

设计规范

典型应用原理图

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns
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TLC5952 with Global Brightness Control

6124-Channel, Constant-Current LED Driver  

TLC5952 with Global Brightness Control
Output Current vs. Output Voltage (Red and Green Groups) Constant-Current Error vs. Output Current 

(Channel-to-Channel, Red Group)

Constant-Current Error vs. Ambient Temperature 
(Channel-to-Channel, Red Group)

Constant-Current Output-Voltage Waveforms (red group)

Output Current vs. Output Voltage (Blue Group) Global Brightness-Control (BC) Linearity  
(Red and Green Groups)

24通道、恒定电流LED驱动器

具全局亮度控制功能的TLC5952
输出电流与输出电压的关系曲线

（红光和绿光LED组）

输出电流与输出电压的关系曲线（蓝光LED组）

恒定电流误差与环境温度的关系曲线

（通道间，红光LED组）

恒定电流误差与输出电流的关系曲线

（通道间，红光LED组）

全局亮度控制 (BC) 线性度（红光和绿光LED组）

恒定电流输出电压波形（红光LED组）
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Description 
The TLC59116 is a 16-channel, 
constant-current LED driver capable 
of sinking up to 100 mA per channel. 
External current (IOUT) is programmed 
by an external resistor (REXT). The 
device has a serial I2C interface and 
multiple functions, some of which 
allow individual pin blinking and global 
brightness control. Internal brightness 
and blinking are accomplished by 
using the TLC59116’s internal oscillator 
to create digital dimming, commonly 
referred to as pulse-width-modulation 
(PWM) dimming. The TLC59116 also 
has an internal register that can be 
set to change the brightness “gain” 
from 99.2% (the default) to 8.3%. This 
reference design allows any of these 
options to be used but also has an 
added load switch for manipulating 
the REXT to change brightness. This 
method can also be used to produce 
blinking between different brightness 
levels, which cannot be achieved with 
the TLC59116 alone.

LED brightness can be programmed 
to change depending on the time of 
day or the level of ambient light. LED 
dimming can be accomplished through 
analog or digital methods. In analog 
dimming, the current through the LED 
is reduced. In digital (PWM) dimming, 
the LED is turned on and off at a high 
frequency. The human eye integrates 
the on and off brightness in such a way 
that the LED appears to dim. Changing 
the frequency and duty cycle of the 
PWM signal will impact the brightness. 
For example, an LED application that 
requires 40 mA to be at full brightness 
will be at 50% brightness if the analog 
dimming is set for a drive current of 
20 mA or if the PWM operates at a 
50% duty cycle. Figure 1 shows the 
difference between analog and PWM 
dimming.
 For the TLC59116 LED driver, IOUT 
is set by the relationship between the 

which is higher than the 0.9 V required 
for operation.

The TPS22901’s default is “on” 
and its resistor is used to compute 
IOUT, resulting in 80 mA. When the 
TPS22901 is off (the switch is open), 
the resulting current changes to 40 
mA. The host MSP430 controller can 
easily control the frequency of the dim/
full-brightness timing. The TPS22900 
(dual load switch) can provide up to 
four brightness levels.

Web Links
Datasheets, user’s guides, samples:
www.ti.com/sc/device/TLC59116

external resistor and the REXT pin’s 
reference voltage (VREXT), as shown in 
equation 1.

(1) IOUT = VREXT/REXT x 15

Equation 2 solves for REXT.

(2) REXT = VREXT/IOUT x 15

The default VEXT value is 1.25 V. The 
actual value is dependent on the 
brightness “gain” set by the user via 
the TLC59116’s internal register. As a 
result, any manipulation of the current 
based on REXT is still dependent on 
the gain.

Changing REXT changes the resulting 
current. For example, if IOUT was set to 
80 mA, REXT would be

(3) REXT = 1.25 V/80 mA x 15 = 234.

Similarly, a 40-mA current would result 
in an REXT of 468 .

Figure 2 shows a basic configuration 
for an LED application that requires 
40 mA per channel. The 5-V supply 
is stepped down to 3.3 V by a simple 
LDO to drive the MSP430™ controller 
and the TLC59116 LED driver. The 5-V 
supply powers the LEDs directly.

Brightness control is enabled by 
adding a resistor in parallel with REXT. 
Adding another 468-  resistor allows 
IOUT to be doubled from 40 mA to 
80 mA. Using an available GPIO line 
from the MSP430 to the load switch 
allows the designer to add or remove 
the extra resistor as desired. Figure 3 
shows a simple implementation using 
a TPS22901 load switch.

The TPS22901 load switch fits this 
dimming-control application because 
the RON is below 100 m  (negligible in 
series with 468 ) and VREXT is 1.25 V, 

For more reference designs, see: www.ti.com/powerreferencedesigns 

NEW!

具负载开关调光控制功能的16通道LED驱动器

TLC59116

描述

TLC59116是一款16通道、恒定电流

LED驱动器，每个通道能够吸收高达

100mA的电流。外部电流 (IOUT) 利用

外部电阻器 (REXT) 来设置。该器件具

有串行I2C接口和多种功能，其中包括

可利用单独的引脚来实现LED闪烁和

全局亮度控制。通过采用TLC59116

的内部振荡器来提供数字调光（通

常被称为脉宽调制 [PWM] 调光），

实现了内部亮度和闪烁控制。另外，

TLC59116还具有一个内部寄存器，

该寄存器可通过设定来改变亮度“增

益”，调节范围从99.2%（默认值）

至8.3%。本参考设计允许使用任何上

述选项，不过还具有一个额外的负载

开关，用于控制REXT以改变亮度。这

种方法还可用来营造不同的亮度等级

之间的闪烁效果，而这单靠TLC59116

是无法实现的。

可以通过设置使LED的亮度根据一天

当中的不同时间或环境光照度水平而

改变。LED调光可利用模拟或数字方

法来完成。在模拟调光中，流过LED

的电流被减小。在数字 (PWM) 调光

中，LED以很高的频率接通和关断。

人眼通过对接通和关断亮度的综合

处理产生了“LED似乎在调光”的感

觉。改变PWM信号的频率和占空比将

会影响到亮度。例如，对于需要40mA

电流达到满亮度的LED应用而言，若

模拟调光将驱动电流设定为20mA，或

者PWM工作于50%占空比，则其亮度

将只能达到50%的水平。图1示出了模

拟调光和PWM调光之间的差异。

对于TLC59116 LED驱动器，IOUT

由外部电阻器与REXT引脚基准电压 

(VREXT) 之间的关系设定，见 (1) 式。

(1)  IOUT = VREXT / REXT x 15

利用 (2) 式求解出REXT。

(2) REXT = VREXT / IOUT x 15

VEXT的默认值为1.25V。实际值则取决于

由用户通过TLC59116的内部寄存器所

设定的亮度“增益”。因此，任何依据

REXT所进行的电流控制仍然取决于此“增

益”。

改变REXT将改变最终的电流。例如：若

IOUT被设定为80mA，则REXT将为：

(3)  REXT = 1.25V / 80mA x 15 = 234。

类似地，若 I OUT =  40mA，则R EXT为

468Ω。

图2示出了每个通道需要40mA电流的

LED应用的基本配置。利用一个简单

的LDO将5V电源降压至3.3V，以驱动

MSP430TM控制器和TLC59116 LED驱动

器。5V电源直接向LED供电。

亮度控制通过增设一个与REXT并联的电

阻器来实现。增设另一个468Ω电阻器可

使IOUT从40mA倍增至80mA。通过使用

一根从MSP430至负载开关的可用GPIO

线路，设计人员便可以根据需要增添

或去掉额外的电阻器。图3示出了采用

TPS22901开关的简单实现方案。

TPS22901负载开关之所以适合该调光控

制应用，原因就在于其RON低于100mΩ

（当与468Ω电阻器串联时可忽略不计）

且VREXT为1.25V（高于操作所要求的

0.9V）。

TPS22901的默认状态为“接通”，其

电阻器用于计算IOUT，结果为80mA。

当TPS22901关断时（开关处于开路

状态），最终的电流变为40mA。

MSP430主控制器能够很容易地控制

调光/满亮度定时的频率。TPS22900

（双通道负载开关）可提供多达4种亮

度等级。

Web链接

如需索取数据表、用户指南、样片，

敬请访问：

www.ti.com/sc/device/TLC59116

如需了解更多参考设计，敬请访问：www.ti.com/powerreferencedesigns



63

2010年第二季度LED 参考设计指南
Texas Instruments   2Q 2010 LED Reference Design Cookbook

16-Channel LED Driver with Load-Switch Dimming Control

TLC59116
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TLC59116

Figure 1. Analog vs. PWM Dimming

Figure 2. Programmable LED Driver
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Figure 3. Analog Dimming/Blinking with a Load Switch

具负载开关调光控制功能的16通道LED驱动器

TLC59116
图1：模拟调光与PWM调光的对比

图2：可编程LED驱动器

图3：利用负载开关来实现模拟调光/闪烁功能
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欺诈性商业行为。 TI 对此类虚假陈述不承担任何责任。

可访问以下 URL 地址以获取有关其它 TI 产品和应用解决方案的信息：

产产品品

放大器 http://www.ti.com.cn/amplifiers

数据转换器 http://www.ti.com.cn/dataconverters

DSP http://www.ti.com.cn/dsp

接口 http://www.ti.com.cn/interface

逻辑 http://www.ti.com.cn/logic

电源管理 http://www.ti.com.cn/power

微控制器 http://www.ti.com.cn/microcontrollers

应应用用

音频 http://www.ti.com.cn/audio

汽车 http://www.ti.com.cn/automotive

宽带 http://www.ti.com.cn/broadband

数字控制 http://www.ti.com.cn/control

光纤网络 http://www.ti.com.cn/opticalnetwork

安全 http://www.ti.com.cn/security

电话 http://www.ti.com.cn/telecom

视频与成像 http://www.ti.com.cn/video

无线 http://www.ti.com.cn/wireless
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