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Enabling Energy Efficient Solutions

Introduction

As the technology and light output of LEDs continues to
improve, applications for color and white high-brightness
LEDs are expanding into entirely new markets. Once
primarily used as indicators, LED cost and performance
levels have improved dramatically, allowing them to displace
incandescent and fluorescent light sources in automotive
applications, consumer electronics ranging from cellphones
to LCD-TVs, architectural lighting, and general lighting. Over
the next few years, LEDs will continue to transform the
lighting marketplace with new and innovative solid state
lighting (SSL) solutions that can take advantage of both
their programmability and flexibility.

Driver Solutions

LEDs are inherently low voltage devices and depending
on the color and current, the forward voltage of the LED
can vary from less than 2 to 4.5 V. In addition LEDs
need to be driven with a constant current to ensure
the intensity and color desired. This requires power
conversion and control solutions to interface to the
various power sources, be it the AC line, a solar panel, a
12V car battery, a DC power supply or low voltage AC system
or even primary Alkaline and Ni-based cells or rechargeable
Li-lon battery cells.

ON Semiconductor has focused on applying our low voltage
and high voltage technologies and applying our expertise
in power management solutions to the challenges of solid
state lighting; whether in portable display products, interior
automotive lighting, or ballast for LED signage. In the
following pages, examples will be provided for a number of
different applications of solid state lighting for architectural,
industrial, automotive and portable applications.
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Low-Voltage Portable LED Drivers
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White LED and RGB tricolor LEDs are widely used for backlighting
small color LCD panels and keyboards, as well as indicators. High
brightness LEDs are used as flash light sources in cell phones and
digital cameras. These applications require optimized solutions
which can maximize battery lifetime, as well as minimize the PCB
area and height. ON Semiconductor has a variety of solutions

using linear, inductive, and charge pump topologies. The inductive
solution offers the best overall efficiency, while the charge pump
solution takes up a minimal amount of space and height due to
the use of low profile ceramic capacitors as the energy transfer
mechanism. Linear drivers are ideal for color indicator as well as
simple backlighting applications.
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Charge Pump Architecture with 10% Higher Efficiency 10% Greater Efficiency
Quad-Mode over Tri-Mode

Patented Quad-Mode™ adaptive fractional charge pumps take
LED driver performance to a new level by offering a 10% efficiency
improvement and up to 65% smaller packaging, without the need for
an additional capacitor.

Efficiency [%]

Quad-Mode LED drivers deliver the high efficiency levels normally

associated with inductor-based LED drivers, while eliminating the ' %wwm.
associated high-profile inductors and unwanted EMI. Most charge
pump LED drivers offer three modes of operation corresponding to
the ratio of the output voltage to the input voltage: 1x, 1.5x and 2x.
The Quad-Mode architecture adds a fourth mode of operation, 1.33x,
without the need for the additional capacitor required by all other
four-mode charge pumps.

Features
* 4 charge pump modes: 1x, 1.33x, 1.5x, 2x
* 10% higher efficiency versus 3-mode charge pumps
* No additional capacitors
* No inductor

Charge Pump / White and RGB LED Drivers — for LCD Backlight, LED Flash/Torch
Input LED-LED Operating

Voltage Charge Pump | Current Number of Quiescent | Shutdown
Range Reglation | Operating | Matching, | Dimming | Current Level/ | Current,Typ | Current, Typ
Device V) Mode Mode Typ Method Profile (mA) (uA) Package
CAT3606 27-55 6 180  Cument  1x/1.5x +1.5% PWM Desp;’s';gfn U 1 LpAmax  TOFN-16 -
CAT3616 27-55 6 186 Curent  1x/15x 3%  Single Wire 32 05 lyAmax  TOFN-16 -
CAT3626 2.7-55 6 192 Curent  1x/15x 3% 12¢ Degyes';g;"" 0.5 TyAmax  TQFN-16 =
CAT3636 22-55 6 192 Current “1/5){-/32’; I 1% Single Wire 32 05 lpAmax  TOFN-16 -
CAT3637 22-55 6 192 Current 1"1/5){'/33’; I s1%  SingleWire 16 05 TyAmac  TOFN-16 -
CAT3604 27-55 4 120 Current  1x/15x 3% PWM Des";';gfn"“ 03 005pAtyp TQFN-16 -
CAT3614 2.7-55 4 124 Current 1x / 1.5x +3% Single Wire 32 0.5 1 pA max TDFN-12 -
1x/ 1.33x/ Depends on
CAT3604V  2.7-55 4 120 oument VR ety PWM e 1 TpAmax  TQFN-16 -
1x/ 1.33x/ ' )
CAT3644 2.2-55 4 100 Current 15K/ 2 +1.5% Single Wire 6 1 1 pA max TQFN-16 -
CAT3648 2255 4 100 Current 1"1/5){'/3%’)‘(/ £15%  Single Wire 32 1 TyAmac  TQN-16 -
NCP5604A/B  27-55  3ord 100 Current 1;‘5}(3;)(( £0.2% PWM Despyes';grsn"" 1 03pAtyp  WQFN-16  Short circuit protection; OVP
NCP5623 27-55 3 90  Cument  1X,2X £0.5% ¢ 32/quasilog 035  08uAyp  LlGA1p  Builtin“Gradual Dimming”;
* "% (Independent) ’ e : ’ OVP

CAT3603 27-55 3 9  Curent  1x/ 15 3% PWM Desf’yes'{g;"“ 04  O0lpAtp  TOFN-12 -

YQRN-12,
CAT3643 22-55 3 90 curent X/I/Lisw Single wire 6 1 1yAmax  TDFN-L2, -

1.5x / 2x

TOFN-16
CAT3647 22-55 3 100 Current 1"1/51-/33’;/ £15%  Single Wire 3 1 lyAmax  TOFN-16 -
CAT3612 2.7-55 2 300 Current 1x / 1.5x +3% Single Wire 32 0.5 1 pA max TDFN-12 -

S-Wire Link o
h - . Built-in “lcon” mode; OVP;

NCP5612 2.7-55 2 60 Current 1X, 1.5X +0.2% (SSérr]iilleL\il:l:l:;a 16/ linear 0.6 1 pAtyp LLGA-12 short circuit protection
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Charge Pump / White and RGB LED Drivers — for LCD Backlight, LED Flash/Torch (cont.)
Total LED-LED

Input Operating

Voltage Number Output Charge Pump | Current Number of Quiescent | Shutdown
Range of Current | Reglation | Operating | Matching, | Dimming | Current Level/ | Current,Typ | Current, Typ
V) Outputs (mA) Mode Mode Typ Method Profile (mA) (uA) Package
. Built-in “Icon” mode; OVP;
NCP5602 2.7-55 2 60 Current 1X, 1.5X +0.2% 12C 16/ linear 0.75 6 pA typ LLGA-12 short circuit protection
) 1x/1.33x/ _ _ _ ~ Optimized for coin cell
CAT3661* 2.0-55 1 10 Current 15x/ 2 0.13 1pAmax  TQFN-16 applications
i 350 mA _ Depends on 1 4.5 / 5V output; short
NCP5603 2.85-5.5 1 pulse Voltage  1X, 1.5X, 2X PWM system 1 2.5 pA typ DFN-10 circuit protection
Depends on 2 MHz switching; soft-start;
CAT3200 2.7-45 1 100 Voltage 2X - PWM system 1.7 1pAtyp  TSOT-23-6 thermal shitt down
0 ) _ Depends on Y 2 MHz switching; soft-start;
CAT3200-5 2.7-45 1 100 Voltage 2X PWM system 1.7 1 pAtyp MSOP-8 el it
* Pending 1H10

Backlighting and Torch

Inductive-Boost White-LED Drivers — for Backlighting and Torch/Flash Applications
Max

Input

Voltage | Output Operating | Shutdown
Range | Volt, Typ | Output Number of LEDs/ Swiching Mode/ | Dimming | Efficiency | Quiescent |Current, Typ
Device V) (V) Current | Condition Configuration Frequency Method (%) Current, Typ (uA) Package
Vout 3.3V, PFM, Internal synchronous
NCP1422 1.0-5.0 &) 800 Vin 2.5V 1 for flash up to 1.2 MHz PWM 94 1.3 pA 0.05 DFN-10 rectification
Vout ) LT1937 pinout,
CAT37 25-7 20 20 -10.8V 1to 4/ Series 1.2 MHz PWM 84 0.5 1 TSOT23-5 lsw = 550 mA
_ . TS0T23-6 / LT1932 pinout,
CAT32 20-7 20 20 Vout =14V 1to 4 / Series 1.2 MHz PWM 84 0.5 0.05 TDFN-8 lsw = 550 mA
Over 5 LED, . PWM, ' ) Isw =420 mA,
NCP5010 2.7-5.5 22 30 Vin3.3V 2 to 5/ series 1 MHz PWM 85 400 pA 2 Flip-Chip-8 Internal rectifier
Vout 10V Flash: 2 to 5 in series; PWM Internal switch between
NCP5050 2.7-5.5 22 600 ; ' Backlight: up to 120 LED in ' PWM 88 2 mA 2 TDFN-10 torch & flash current;
Vin4.2V : 1.7 MHz ;
multiple branches 1.2 s time-out
CATA137 22-55 24 40 V‘\’I'IJ; 275"' 1105/ Series 1 MHz PWM 87 04 0.1 T50T23-5 Isw = 350 mA
Vout 14V, .
CAT4139 2.0-5.5 24 50 Vin 3.0 1to 5/ Series 1 MHz PWM 87 0.6 0.1 TS0T23-5 Isw = 850 mA
Over 5 LED, . PFM, _
NCP5005 2.7 -5.5 24 40 Vin 3.6V 2 to 5/ series up 10 2.25 MHz PWM 90 0.3 TSOP-5 Isw = 350 mA
Vout 30V, )
CAT4237 2.0-5.5 34 30 Vin 3.6 1to 8 / Series 1 MHz PWM 87 0.6 0.1 TS0T23-5 Isw = 450 mA
Vout 33V, .
CAT4238 2.0-5.5 38 20 Vin 3.5 1to 10 / Series 1 MHz PWM 87 0.6 0.1 TS0T23-5 Isw = 450 mA
Vout 30V,
CAT4240 2.0-5.5 38 250 VL 13V,Vin 1to 10 / Series 1 MHz PWM 87 0.6 0.1 TS0T123-5 Isw = 850 mA
5V

*Typical value based on input and output voltage conditions.

ON Semiconductor
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Micro Portable Linear Backlight Drivers

Features

* 32 level of dimming control

¢ 25 mA fixed or adjustable versions

e Zero current shutdown (< 1 uA)

* No switching supply noise

* Tightly matched current LED sinks

* Ultra-low headroom current sink

* Dropout voltage of 75 mV at 20 mA

* Low profile micro packaging
Applications

* Mobile Handsets

» Still and Video Cameras

* Portable Gaming
¢ Portable Medical Devices

u :
EN/DIM AR AN AN AN RARARRANANAS T
e L R L LE T R

LED T

current
10mASdnv B
1msfdiv
32-Step EZDIM Control

Linear Backlight Drivers

Current Available Packages

, No of
Device
Channels SCL70-6L | TSOT23-6
CATA002A* 2 v v v
CATA002B* 2 v v v
CATA003B* 3 v v v
CATA004A% 4 v v
CATA004B* 4 v v
* Pending 1H10
36V ~ .
€ T L
z VIN § \\: L
= CAT4002B
— EN/SET LED2
LED1
GND

=
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Camera Flash and Torch

(7]
LEDs for camera phones, smart phones, and XENON bulb 1uF =
replacement, are scaling up in light output to meet the needs of |_“_| =
. . CP CN o
higher performance camera imagers. VIN (2510 5.5 V) o
VIN CAP —o—e Dual-Cell a.
1uF _I _L1 uF Supercapacitor
I cATazes P T [ L2
10.0 - -
BAL .
NCP5680 FLAG 055F
SuperCap CHRG T
LEDA
—  »|FLASH
5, suporchl —  »|TORCH LEDB
£ s
e RCrr RT @D N T
3 N 826 AN
L NAUCTES kQ 261 562 2A 2A
@3 3o Al
CAT4134 _ _
1.0 Dual Channel L
uaBoo::me — GND
0.5 Features
* Provides charging for dual-cell supercapacitors

Brightness  Matched output channels

Camera Flash and Torch
Input Voltage

Topology Range (V) Output Current Output Package
NCP5680 Charge Pump 2.7-55 10 Aflash, 200 mA torch 2 channels MQFN-24
CAT3224 Charge Pump 25-55 4 A flash; 400 mA torch 2 channels TQFN-16 - 3
NCP5050 Inductive Boost 2.7-55 600 mA Flash: 2 to 5 in series TDFN-10 \l,t"" g
Supertapacitor-Based
CAT4134 Step-up Boost 20-55 500 mA 2x 3 LEDs TDFN-12

LED'DFiver

Integrated LCD Backlighting and Indicator Controller -

NCP5890

Features
* |2C interface
¢ Gradual dimming control
¢ Ambient light sensor
¢ >90% efficiency
¢ +1% current LED accuracy
* 30 V maximum string voltage
* 3 segment PWM control
¢ 1.3 MHz operation

Applications

¢ Smartphones

* Portable medical devices

* Video and still cameras

* Personal navigation systems
* Portable gaming

* Educational toys
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Coin Cell Optimized LED Driver — CAT3661*

Innovative portable devices are now powered from coin cells. Due to the
unique characteristics of these batteries and the need for long lifetime
operation, it is important to have an LED backlight driver tailor-made for
these compact applications that not only manages the backlighting but
also the battery monitoring.

Features

e 2 — 5.5V Single LED Driver

* Quad Mode Charge Pump Architecture
* Driver Efficiency up to 92%

* Low quiescent current

* Robust LED Fault Monitoring

* Soft start and short circuit limiting

* Adjustable Low Battery Detect

* Low profile 3 x 3 mm TQFN-16 package

Applications

* Glucose Meters

* Digital Thermometers
¢ Pulse Oximeters
 Breath Analyzers

¢ Biometric Monitors

$318v.1y40d

* Pending 1H10

0.47uF  0.47 uF
CrO, Battery |_| I—l
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— 1M 1M | ADJL 366 I u !\
Low Battery Fault e - nFLTB = N
LED Fault <= nFLTL
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ON/OFF —» ENRSET GND
60 k
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Intelligent LED Control for Signage and Architectural Lighting

Two widely used applications for LEDs are addressable signage
and architectural lighting, which utilize the wide range of available
LED colors and their long operating lifetime. In architectural
lighting, the use of LEDs allows vivid colors in lighting facades
and enhancement of structural details. In moving signage

LED Controllers

applications, information can be updated in real time traffic
displays, video images, and advertising. ON Semiconductor
offers a series of linear solutions that can accurately regulate
LED current and have programmable interfaces to allow soft-
ware control.

Vin lout per Channel | Dropout Voltage | Shutdown Current Max | Dimming
Device (V) (113 (mA) (mV) (uA) Interface Features Packages Architectural | Signage

CAT310 5.5 10 50 - - 4-Wire - S0IC-20

CAT4008  3.0-5.5 8 100 300 @ 30 mA 1 4-Wire Thermal Shutdown; UVLO S0IC-16, TSSOP-16 v
) . QS0P-24, S0IC-24,

CAT4016  3.0-5.5 16 100 400 @ 30 mA 1 4-Wire Thermal Shutdown; UVLO TOFN-24, TSSOP-24 4

CAT4101 3.0-55/25 8 1000 500@1A 1 PWM Thermal Shutdown; UVLO T0-263-5 v
) 3 Independent Current Sinks;

CAT4103 3.0-5.5/25 8x3 175 400 @ 175 mA 1 4-Wire Brswaihli S0IC-16 v

CAT4104 3.0-5.5/25 8x4 175 400 @ 175 mA 1 PWM Thermal Shutdown; UVLO S0IC-8, TQFN-8 v

CAT4109 3.0-5.5/25 8x3 175 400 @ 175 mA 5 PWM 3 Independent Current Sinks S0IC-16 (4

8 and 16 Channel Constant Current LED Sink Drivers
Features Applications

* +1.5% typical channel matching
¢ Up to 100 mA drive per channel
¢ 300 mV dropout at 30 mA

* Robust protection (UVLO, thermal shutdown)
¢ Cascadable 25 MHz capable 4-wire data interface

* Intelligent vehicle signs
* Scrolling banners

* Billboard signs

* Marque signs

* Gaming and pachinko
* Sports scoreboards

Resources
¢ Evaluation Board

LED1 LED2 LED3 LED8
I
VIN CURRENT -
SINKS Current
~—----—( Setting
cooo | 1.2 V Ref
T Ra
LATCHES -
—-=-=— L8
SHIFT I
REGISTER
— ----— s8 |———{1souT

| CAT4008

ON Semiconductor
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3-Channel Cascade-Capable Driver with Independent Current Control — CAT4103

Features

e Up to 25 V per string
¢ Robust protection (UVLO, thermal shutdown)

* RGB Drivers can be individually controlled or cascaded
¢ Drivers to support currents of up to 175 mA per channel

Applications P
« Accent lighting el
* Color mixing 0 B
* Effects lighting © & @5
« Mood lighting QLA ‘t_
f
Resources ¢ .,j
* Evaluation Board G~
51025 © S
(o]
=Y Yo ¥u ¥
] AN !
3to55V
1uF
I NENRNERRY
= RED GREEN |BLUE
VDD LED1 LED2 LED3
— BIN BOUT — NEXT
CONTROLLER [|tN cAT4103  OYT1 caT4103
— SIN SOUT — DEVICE
L CIN couT —|
GND RSET1 RSET2 RSET3

LED1 LED2 LED3

—1+—11+—11
1.2V Ref
SR Current Setting [ ]RSET1
SINKS
wogmis ||| —
D[O[O nsers
BIN [} EABLN [1BOUT
BLANK
—t—
LATCH =
LIN olul e CAT4103
=S JEY Y [1LouT
SHIFT
SINLIPEC »| 50 | s1 | s2 D @ 1souT
>CK
CIN [JEOCK i i i Io [1CcouT
- | )
GND
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16-Channel 12C LED Indicator Driver and Port Expander — CAT9532 and CAT9552

5V 5V
o
Features %ééa x 10 kQ RSOS RS1S RSt
. . . . < <
* 16 LEQ drivers with dimming control SDA spa  Vee « Y. N
* 256 brightness steps scL scL Lo X | N | ™
* 16 open drain outputs drive 25 mA each RESET RESET A
* Programmable blink rates ecismMBus 1o | CAT9552
Master LED11
* 1/0s can l;e used as gengral purpose |/0s NOA1302 A1 =T
* 400 kHz I2C bus (?ompatlblt.e 3.3V o—vDD A0 : GPIOS
* 8 address expansion selections Ambient vsS LED15
Light Sensor —

Applications

* Single board computers
* Telecom equipment

* Office machines

* Appliance control panels
* Gaming

* Alarm systems

* Point of sale displays

ON Semiconductor Page 11
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Mid-Voltage LED Drivers

Many LED applications are powered from an offline AC-DC supply,
a battery, or an electronic transformer with a low voltage AC
output. In addition, some of these power sources, such as lead
acid batteries, are loosely regulated. As a result, there is a need
for driver solutions that can operate over a broad range of input

Power

Offline AC
Regulated Adapter

(Sealed)
Lead Acid
Battery

12 Vdce
&

12 Vac

Applications
¢ Landscape lighting
* Low voltage track lighting
* Solar powered lighting
* Automotive
* Emergency vehicles
¢ Marine applications
12 Vac/Vdc MR16
* Airplane interiors
* Sign backlighting
* Channel letters and signs

Application Voltage & Regulation

Low to medium volume

applications, reduces safety Common voltages of 12, 24, 36, 48 Vdc,

requirements regulation to +5%
Automotive, ’ .
solar powered, I:oose regulatlon! 8-14 Vdc;
e e Wider for automotive, 7-27 Vdc

Common in interior, track
lighting, outdoor, landscaping

Loose if magnetic ballast, tight to 5% if
electronic ballast, minimum load may be

applications required; plus cable losses

voltage and can be configured in various topologies to support

the LED load requirements. Depending

on the LED current and

operating conditions, this could involve either a linear or switching

regulator driver solution.

A +LED
Rs NCP3065 D
0150 <'ne swe - N\,
LED
Vin ok SWE _L Cluster
Vee Cr If Cout T D
FB GND [ 22 uF
Vi = 0.235 V LED &X\\
T 220 uF :1: 2.2nF %
s '

Buck Application Circuit

100 uH

NCP3065 MBRS140L
NC SwC ’ +LED
Ik SWE
V C +
+VIN cc T — 100 uF
50V

220 uF FB GND — 292nF
50 V I l_

-LED
Rsense

MM3Z36V

Boost Applicati

on Circuit
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Linear Driver Solutions

Linear solutions are the preferred approach for many lighting  Because the drivers are linear, they must be matched to the power
applications, as they are simple, straightforward to design, and  dissipation requirements of the application. ON Semiconductor
allow the LEDs to be driven with a tightly regulated current,  offers a wide range of linear driver solutions that span the current
regardless of LED forward voltage or input supply variation. range from 10 mA to 1 A.

Constant Current Regulators - Dimming with External BRT

z 23
Input £
'_
AnodeTNSI45 z 22
o
o 21
@ 3 Ta=25°C
Ll —
o 20— g
Ambient Light Sensor ~ Cathode e 19 S
Control > =
VDD Input [a] =)
: : o 18 Tp=85°C =
hv [Noat211 E A=85°C _| =
\I\ Photo A //’ =
Diode Outout @ L
I 1 P I 16 DC Test Steady State, Still Air
VSS GB2 GB1 T3 4 5 6 7 8 9 10

Vak, ANODE-CATHODE VOLTAGE (V)

Channel Operating
Operating Output Temperature
Voltage Range | Current | Typical Current | Number of Dimming Range
(V) (mA) Tolerance Channels | Adjustable Control Typical Dropout (°C) Package(s) Features
CAT4004 24-55 25 +1% 4 Y Single-Wire 130 mV @ 30 mA -40to +85 TDFN-8 Thermal Shutdown, UVLO
CAT4101 3.0-25 1000 +2% 1 Y PWM 500 mV@1000mA  -40to +85 D2PAK Thermal Shutdown, UVLO
CAT4104 3.0-25 175 2% 4 Y PWM 400 mV @ 175 mA -40to +85 S0IC-8, TDFN-8 Thermal Shutdown, UVLO
NCV7680 6-16 35 +10% @ 35 mA 8 Y Ext 1.0V -40t0 +125 SO0IC-16 EP AEC-101 Qualified
NSI45010 1.8-45 10 +20% 1 N Ext 1.8V -40to +125 S0D-123 AEC-101 Qualified
NSI45020 1.8-45 20 +10%, £15% 1 N Ext 1.8V -40to +125 S0D-123 AEC-101 Qualified
NSI45025 1.8-45 25 +10%, +15% 1 N Ext 1.8V -40to+125  SOD-123, S0T-223 AEC-101 Qualified
NSI45030 1.8-45 30 +10%, +15% 1 N Ext 1.8V -40to+125  SOD-123, S0T-223 AEC-101 Qualified
NSI45020D* 1.8-45 20-40 +10% 1 Y Ext 1.8V -40to +125 S0T-223 AEC-101 Qualified
NSI45035D* 1.8-45 35-70 +10% 1 Y Ext 1.8V -40to +125 S0T-223 AEC-101 Qualified
NSI145060D* 1.8-45 60-120 +10% 1 Y Ext 1.8V -40to +125 DPAK AEC-101 Qualified
NSI45090D* 1.8-45 90 - 160 +10% 1 Y Ext 1.8V -40to +125 DPAK AEC-101 Qualified
NUD4001 (602V-83u0rge) 500 +3% 1 Y Ext 14V -40to0 +125 S0IC-8 Linear controller
NUD4011 5-200 70 +3% 1 Y Ext 5V -40to +125 S0IC-8 Linear controller
+ Pending 1H10

ON Semiconductor Page 13
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Switching Driver Solutions

Wide Input Voltage
LED Driver Selector
Vin<40V

v v

v

SEPIC/Buck-Boost Step-Down Step-Up
Vout < =>Vin (Boost) (Buck)
NCP3065/6 Vout > Vin Vout < Vin
Determine
lout
CAT4201 NCP3065/6 NCP3065/6
CRM* Buck Buck Buck Controller
What Converter Converter with MOSFET
Is the Switch or Low VCEsat
Current CS51411/3 Switch
Buck
NCP3065/6 Converter
v Boost Y Y
NCP3065/6 Converter NCP3163 NCP3065/6 * CRM = Critical Conduction Mode
Boost Controller Up to Boost Controller
with NMOS CS5171/3 3 A Switch with MOSFET
MOSFET 260/520 kHz or Low VCEsat
Boost Converter Switch
fsw Typ Vin Range | Switch Current Automotive
Device (kHz) Topology (V) () Controller Option Packages
NCP3065 Up to 200 Buck, Boost, Buck/Boost 3.0-40 15 * v S0IC-8, DFN-8, PDIP-8
NCP3066 250 Buck, Boost, Buck/Boost 3.0-40 1.5 * v S0IC-8, DFN-8, PDIP-8
NCP3163 Up to 200 Buck, Boost, Buck/Boost 2.5-40 3.4 S0IC-16, DFN-16
MC33163 Up to 50 Buck, Boost, Buck/Boost 2.5-40 3.4 S0IC-16
(S51411/3 260/ 520 Buck 45-40 1.5 v S0IC-8, DFN-8
CAT4201 50 - 1000 Buck 7.0-36 0.7 TS0T-23-5
NCP1034 Up to 500 Buck 8.0-100 - v S0IC-16
€S5171/3 280/ 560 Step-up or SEPIC 2.7-30 1.5 S0IC-8
NCP1294 1000 Buck, Boost, Buck/Boost 3.3-72 - v TSSOP-16, SOIC-16

1 For switching regulators, this current is used to calculate LED current based on Vin and Vout conditions. * Can be configured as a controller.
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Constant Current Regulators for Automotive Center High Mount Stop Lamp — NSI45xx Series

* Regulated current provides constant brightness over wide voltage range
* Negative temperature coefficient protects LEDs in high ambient conditions
* 45V maximum operating voltage withstands battery load dump

» 12V NSI45
A\ A\ A\ 50V | @
A N\ N\ 1 ms Pulse

A\ N\ A\

50V pr!se

NSI45—— NSI45—— NSl145'—

L
=
i
(=4
=
=
=

Constant Current Regulator Signage Drivers for Displays and Channel Letters — NSI45xx Series

Features
* Low startup voltage 30 : —
. . - Reaches Begulatlon
* Tight gurrent regulation rega.rc.jless of Vf variation NSM5025ATHG Quickly
* Negative temperature coefficient protects LEDs 25

7 1

D1 20
” NSI45 NSI:S_ —| NSI45
Anode 15

<
B
Dlat |(V)|a2 ax Ei / /V / /
i Cathode ] o 10 / //
~Tvin N\ . / / p
NN A oy
0
\\ 0 2.0 4.0 6.0 8.0 Vi:(()v) 12 14 16 18 20

NSI45025 vs Competing Devices @ 25 mA

ON Semiconductor Page 15



JOVII0A-AIN

Enabling Energy Efficient Solutions

Linear Current Regulator and Controller for Automotive LED Rear Combination Lamps

Features

* Constant current outputs for LED string drive

* Open LED string diagnostic with open—drain output

* Slew rate control eliminates EMI concerns

* Low drop-out operation for pre—regulator applications

¢ External modulation capable

¢ On—chip 1 kHz tail PWM dimming

* Single resistor for stop current set point

* Single resistor for tail dimming set point

» Qver-voltage and over-temperature set back power limitation
* S0O-16 EP Package

TAIL Input MRA4003T3G
VSTRING
STOP Input MRA4003T3G > o . *—0—8—o °
C3
o L lselll ][5 AR A
0.1uF I c2 I
L 0.22uF|_ ‘v’v'v'v'v'v'v”
 R1 h h
3 vy
I— NCV7680*
OuT1 ouT2
M VP OuT3
Ballast Drive OUT4
FB GND
qL STOP/PWM OUT5
R4, 3.00k = DIAG OouT6
i ! RSTOP ouT?
T 10nF RTAIL ouTs
M gs, 221k era_d
— — R6
- = 8.87k §
Vref
. . R7
R6 and R7 values shown yield 10.5 V regulation on VsTRiNG- 1K
C1 is for line noise considerations.

C3is for EMS considerations.
* Pending 1H10

Application Diagram with External FET Ballast Transistor

Page 16 LED Driver Solutions



www.onsemi.com

12 V AC-DC Design for 3 and 4 LED Modules

The circuit described in the DN06048/D
Design Note is intended for driving multi-
die LED modules like the Sharp ZENIGATA™,
Cree XLamp™ MC-E, and other LEDs in low
voltage 12 Vac/Vdc applications. The forward
voltage of the modules overlaps the input

Features

* Small size

» Wide input and output operation voltage
* Regulated output current

e Open LED protection

¢ Qutput short circuit protection

Applications

* MR16 bulbs
* Landscape lighting
* Transportation lighting

Resources

voltage range, so a single switch buck-boost
configuration is used.

r' -

¢ Design Note DN0O6048/D

12Vaco— o + —f\J——l—n ]
or Ll
< _ I A S
. _,) 12 Vdco— __:L = |— E
Sharp ZENIGATA NCP3065 S
LED Module 3 = a
4 =
Compensation
Network é
Reference Design Demo Board Reference Design Block Diagram
Cree XLamp MC-E 0.457” x 1.148” (11 mm x 29 mm)
LED
0.400
=2g
Lugd f .
0.375 }_": i ,,bﬁm
— 5
g 0.350 = Miana, e s
;g 8 “....-'- -'-‘I-‘ i - =
. -
0:300 9.8 10.8 11.8 12.8 13.8 ' ‘&
VAC (Volts) -

lout versus Vac Input

MR16 LED Module

ON Semiconductor
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Enabling Energy Efficient Solutions

Compact 350 mA Buck LED Driver — CAT4201

Features Applications
* Reduces system complexity * MR16 bulbs TW Buck LED Driver
* Patented average current regulation architecture * Light bars
* Drives up to 7 LEDs in series from 24 V * Architectural lighting i
* Handles transients up to 40 V * Transportation lighting
* Power efficiency >94% * Signage :
e Current limit and thermal protection * Solar powered lighting
¢ Open LED protection Resources

e Thin SOT-23-5 * Evaluation Board

E 12/24V o
e LVBAT 1
= LV T CAT4201 J
— e CTRLI!] AN AN
=] 7V r
> L I 4
m 20 pA = EN OFF - Tlme Control SwW
9  PwMm
= —l q Controller
L ’ ON - Time Control
12V > N
Reference 10
1.2V
%RSET ND
100
95
—_ 2 LEDs
8 9
> I
0
E 85
(S)
frmm— T —
&80 1LED T
75
70
100 150 200 250 300 350

CURRENT (mA)

Efficiency vs LED Current
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Design for General lllumination — NCP3066

Features
e LED drive currentup to 3 A +24 or +36
¢ External switch to increase Vde
current PWM Dimming ? t r |

* Dedicated dimming pin
* Cap-less output option
* 300:1 dimming range

NCP3066 | | NCP3066 | | NCP3066 | | NCP3066

N NS n N
Resources ~ ~N N ~N
« Evaluation Board NN 3 3 NN
NCP3066S3BCKGEVB = = = =
S
Design for Automotive LED Driver — NCV3065 =
2
(=]
Features _% ’ MBRS%O ’ +VouT =
e LED drive current up to 700 mA —L 120 uF —Lﬁzo uF
* External switch to improve N [ IreY oV
+
efficiency
. . NTD24N06L L
* PWM and ana!og dimming rour L NCV3065 BATSA _J — =
* Handles transients up to 40 V 25V I —INC SWC
» AEC-Q100 Qualified = lok  SWE MMBT =
Vee Cr 3906
Resources FB_GNDI | = L MMSZ24
¢ Evaluation Board =T VMW
NCP3065D3SLDGEVB T
SEPIC Application Circuit
Design Resources for NCP3066 and NCP/NCV3065 Series
Application ‘ Device ‘ Evaluation Board ‘ Design Note
Buck <3 A NCP3065 NCP30653ABCKGEV
SEPIC MR16 <1 A NCP3065 NCP3065D1SLDGEVB  DNO6033/D
SEPIC MR16 <1 A NCP3066 NCP3066DFSEPGEVB
Boost <1 A NCP3066 NCP3066SCBSTGEVB -
SEPIC <700 mA (Auto) NCV3065 NCP3065D3SLDGEVB  DN06031/D
Buck/Boost MR16 <650 mA NCP3065 - DN06048/D
General NCP3065, NCP3066 Application Note AND8298/D
NCP3066DFSEPGEVB General NCP3065 Design Worksheet ‘NCP3065 DWS.XLS’
SEPIC Evaluation Board General NCP3066 Design Worksheet ‘NCP3066 DWS.XLS'
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Enabling Energy Efficient Solutions

AC Line Powered LED Drivers

There are numerous topologies for driving LEDs off the AC mains,  ON Semiconductor provides a wide range of power solutions,
depending on the requirements of the application (size, efficiency, whether the application is a 5 W LED under-cabinet light or a
power factor, power delivered, drive current). Fortunately, 150 W LED streetlight.

NSl 100 Q PFC
AC F .
115 Vac = (Optional) _L
S W E T 3
PR \\ = “
\\ X
RS
30 LEDs : N\
PWM
l Controller J
\\
A\
N\ 3
Non-Isolated Linear Driver Non-Isolated Buck Driver

Ccccv
Control

!

IH
1wl L

L
It

PWM or PFC
Controller
L

Single-Stage Flyback LED Driver

l o
1
CCCV

Control
Resonant
Controller I | |

Dual-Stage Power Factor Corrected Isolated LED Driver

{4

—]
|
77y
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Switching Regulators & Controllers for AC-DC

15,2 W 1N4007 x 4

_ For applications of less than 25 W

Universal 1 mH - \ . . g
AC Input 4 7 nFI - 1T 1 MBR350 T N (230 Vac), an integrated power switching
460 Yhe R 470 uF ‘ L \\\‘ regulator is most often used as it minimizes

T x2 T 28V TT 1 TionF | . .

| total parts count in a design. Above that
for ﬁ;‘,'}{,;'j;dsgwe, } @ N power range, controllers can be used that
Applications ~ “ | offer the designer flexibility in selecting the

2N2907

} } high voltage FET that is most suitable for the
NCP1014 1 vk J application. The controllers can be used in
5 | J - Simple isolated or non-isolated applications and ON
i ‘1* x‘\ ] IR 200;:‘“ Feedback  Semiconductor offers a variety of different
g ) R = ;1 \ 4 \ ’ value added features to allow the designer to

10 pF I 100 pF N 4 . . . . o
2V | [opto optimize their design to their specific system

requirements.

& 85 =5 i:e 5 Drive
Switching | Frequency =~ E SE| T8 =% Capability
Control | Frequency | littering % S22 22 52 Source/Sink | Temperature
Device Mode (kHz) (%) ES Sa | as | Sa (mA) (°c) Package(s) Comments
NCP1200  Current 40, 60, 100 0.7 v v v 250/ 250 -25t0+125  SOIC-8, PDIP-8 -
NCP1203  Current 40, 60, 100 v 250 -40to+125  SOIC-8, PDIP-8 -
&  NCP1216/A  Current 65,100,133 +4 v v V! 1.0 500 0to+125  SOIC-8, PDIP-7 Limited duty cycle to 50%>
%)
qg) NCP1217/A  Current 65, 100, 133 v v 1.0 500 0to+125 S0IC-8, PDIP-7 Limited duty cycle to 50%2
8 NCP1219  Current 65,100 g5 v v v 48 500/800 -40t0+125  SOICT Adjustable Max duty cyce,
fire +5% current sense accuracy
NCP1230  Current 100 +6.4 v (4 v 2.5 500/ 800 -40to +125  SOIC-8, PDIP-7 -
NCP1271 Current 65, 100 +1.5 v v v 4 500/ 800 -40to0 +125 S0IC-7 -
Frequency Frequency §- % E s § S f_,:’ H Drive
Clamp Clamp 5 E=| S8 B =% Capability
Max ON Time | Min OFF Time | & | & S€ 22 58 Source/Sink | Temperature
() () E S5a | aa | Sa (mA) (°c) Package(s) Comments
NCP1207A  Current NO 8 4 v v v 1 500/ 500 -40to+125  SOIC-8, PDIP-8 -
€ NCP1308  Current NO 10 v v v v 1 500/ 500 0to+125 S0IC-8 -
2 NCP1337  Current 67 35 4 v (4 v 4 4 500/ 500 0to+125 S0IC-8, PDIP-7 Brown out protection
oc
€  NCPI3SL  Cument  FiedTon  Variable v 300/150  Oto+125  Soic8 ppip-g  Dedicated LED driver
< reference design
NCP1377  Current NO 3,8 v v 1 500/ 500 0to+125 SOIC-7, PDIP-7 -
= = -]
_— S | E ¢8|  E8 =8 & £ES
PWM Control Switching Frequency e ] S2| 22| 58| = 55 Temperature
Method | Device Mode (kHz) R Sa | as | Sa| &3 =5 (°c) Package(s) Comments
@ NCP1392/3  Voltage Adjustable to 250 v v v v v v v 400 +125 soIc-8 Fixed dead time options, PFC
b okay, 100 ms startup timer
[==]
“;; NCP1395  Voltage Adjustable to 250 (4 v v v 4 v -40to +125 SOIC-16, PDIP-16 Adjustable dead time
E NCP1396  Voltage Adjustable to 250 v v v 4 v v -40to +125 SOIC-16, PDIP-16 -
o
&€ NCP1397  Voltage Adjustable to 250 v v v v v v 40to+125  SOIC16 GG
level current protection

1. When DSSis used. 2. ‘A’ Version.
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Enabling Energy Efficient Solutions

Power Factor Correction for AC-DC

= o | = 8
z|esfs| 5| E| = 2
Device Topology Conduction Mode Control ES g E E E 5 § E ; Package(s)
NCP1601 Boost Critical/Discontinuous ~ Fixed Frequency Voltage v v v v S0IC-8, PDIP-8
NCP1605 Boost Critical/Discontinuous Current (4 (4 (4 (4 (4 (4 (4 S0IC-16
NCP1606 Boost Critical Voltage v v v S0IC-8
NCP1607 Boost Critical Voltage (4 (4 (4 S0IC-8 Enhanced fault protection
NCP1608 Boost Critical Voltage v v v SOIC-8, PDIP-8 ~ Wide dynamic power range
NCP1631 Boost Interleaf FC-CrM! Voltage v v v v v S0IC-8, PDIP-8 Interleaf operation
NCP1653 Boost Continuous Current Average Current v v v v v S0IC-8, PDIP-8 67/100 kHz versions
NCP1654 Boost Continuous Current Average Current v v v v (4 v SOIC-8, PDIP-8  65/133/200 kHz versions
NCP1652A 1-Stage Flyback ~ Continuous Current Average Current v v v v v S0IC-16 Active clamp option
NCL30000 1'Stag§ui'zba°k/ Critical Average Current v | v | v S0IC-8
NCL30001*  1-Stage Flyback  Continuous Current Average Current v v v v v S0IC-16
1. Frequency clamped Critical Conduction mode. ~ Note: All devices have a temperature range of -40to +125 °C.* Pending 1H10
Vsr) Typ Tolerance
Device (V) ) Package Resources
NCP4300A 26 t - 80 %S08 « Application Note AND8395/D

NCS1002 2.5 0.4 0.4 75 36 S0IC-8

Page 22 LED Driver Solutions



www.onsemi.com

Low Current LED String Driver — NSI45025

Features
* Constant current as AC voltage NSI45 e
increases 100 Q
* No delay in turn on after LED 115 Veo _@_ N\
threshold voltage is reached 25 mA \\
* Bright LEDs at low voltages N\
* LEDs protected from voltage surge 30 LEDs I
Applications I
* LED light bulbs cp :\\:
* Rope lights \
* Cove lighting

Accent lighting
Under-cabinet lighting

© TP1 = 110 VRms, 156 Vp-p
L TP2=LEDs 108 V, 52% On

ON Semiconductor Page 23
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Power Factor Corrected Triac-Dimmable Driver — NCL30000

« Scalable controller based architecture ~ I __33
* Efficiency > 83% A
* PFC>09 NCL30000 | 3
* Triac and trailing edge dimmable

Applications

* Down lights

¢ LED par bulbs

¢ Low bay lighting

e LED power supplies

Resources

« Application Notes AND8448/D and AND8451/D
« Evaluation Boards NCL30000LED1GEVB, NCL3000OLED2GEVB, and NCL30000LED3GEVB

, :

vCC
IN2+

| ouT2 ~* N2
' \l—‘ A

]
| - A 4 NCS1002

— IN1—
[IN1+

GNDljr é

d—\d—\d
L LJ L

WYY

Features tine | EM1 O
* CRM flyback topology et 1 |3
-

OuT1,

20 1.00 380 86%
e
18 BB | 0.99 *
= : - 570 | A | 84
16 B0 098 s I )
o > Lhae
= 14 - 0.97 _ mt ]
S ‘m . E 360 4z - 82%
2 12 > 096 & = - -
£ - . § 5 3 g
5 10 > 00— 095 § £ 350 80% -5
= >/0- w S . (X}
5 oy o ‘ E
S 89 e 094 £ a - .
g : “5 8 s s g e
g L 340 A —t 78%
£ 6 ‘. 0.93 . -
N ‘ ~—¢—115V LED Current
4 > 0.92 R / ~——m — 230V LED Current "
—o—THD M - 330 N 115V Efficiency 76%
2 0.91 "1 —m - 230V Efficiency
- ]
0 | 0.90 320 74%
90 15 140 165 190 215 240 265 290 315 12 17 22 27 32 37 42 47 52 57
Input Voltage (Vac) LED Forward Voltage (Vdc)
THD and Power Factor with 36.9 V Load LED Current and Efficiency at 115 and 230 Vac

NCL30000 Evaluation Board
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Up to 8 W LED Driver Reference Design for ENERGY STAR® Residential Lighting

/

Features This circuit has been specifically optimized to meet the DOE ENERGY STAR SSL
* |solated flyback, power limited to 8 W Luminaire requirements for residential lighting applications, which require a
¢ Power factor > 0.8 @ 115 Vac minimum power factor of 0.7.
¢ Wide input and output operation
voltage: 350 - 1000 mA 1.0
* Regulated output current
* Open LED protection 09 e
* Qutput short circuit protection \\
* Linear dimming control iy N
~ 0.8
Applications g N
* Desk lamps E \’/‘\
€

* Under-cabinet lighting
 Step lighting

* Pendant lights 06
Resources
. 0.5
* Design Note DN06051/D 90 115 140 165 190 215 240 265
¢ Evaluation Board Line Voltage (V ac)
Non-Isolated Offline Buck Controller - NCP1216
Features Applications Resources
* Peak current control buck » Wall sconces ¢ Design Note DN0O6050/D
* Scalable controller based architecture * Task lighting
* Dynamic self supply from AC mains * Step lighting
* Fixed frequency with EMI jittering * LED bulb replacements
* Efficiency > 80%
* Exceeds EMI norms 8a%
82% A—"\,
/- e .QQ
78% /_:/' . — ’
= /‘ : -
,\: 76% — . -
NPES -~
K] L7 -
E 74% g . _/ e .
2% v i - —e—90 VAC
. /' = %= 100 VAC
70% { —¥— 115 VAC
68%
66%
9 10 11 12 13 14 15 16 17

LED Forward Voltage (V dc)
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Enabling Energy Efficient Solutions

LED Power Supply for Street and Area Lighting

Generating the light needed to replace an HID or HPS lamp
requires a large array of LEDs. LEDs can be configured in various
arrangements depending on the end product. One approach
converts the AC input into a regulated DC output voltage
that powers multiple parallel LED strips. This is illustrated in
application note AND8394, where the NCP1652A is used to

Features

* Single stage power factor correction

* Adjustable fixed frequency with EMI
jittering

* Brownout detector

* Optional latched input for OTP and OVP

* Efficiency >87%

convert 90-265 Vac into 48 Vdc in a single power factor corrected
flyback power supply. The other approach, illustrated with the
NCL30001, provides a regulated constant current to drive the
LEDs directly, thus eliminating the linear or DC-DC conversion
stage built in to the light strips.

Applications
i i Dimming
* Parking lights Control
* Wall packs N
* Street lighting NCP1652A L | bc|Pwm |pc
* Architectural lighting LED Q
Module AN
Resources PEC Isolated |48V with Constant Current
« Application Note AND8394/D ? DC-DC é
AC oy
| 1| bc|PwM |pc
= LED AN
Lamp AN
with Constant Current
oc | PwM |oc
LED X
Lamp AN
- with Constant Current
1 emi J_ i :-3 g’- i
Filter
o+
= - - o / | § \
' N
NCL30001 L= Vel o AN
cT HV Fg} %m_
ANV
PUMP
COMP AL _‘,’// NCS1002
ACIN — IN1—
- OUT1 N1+
FB OUTA — r|—e
VFF VCC GND §
cM ISPOS |}
»—_l- AC COMP IAVG :1: % %
- % % % LATCH TEST
11 QT 3

NCL30001 Application Diagram
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LED String Protection — NUD4700

www.onsemi.com

The preferred method of driving LEDs is to have them in strings
so that the currents are all matched for equal brightness. While
LEDs are highly reliable, if any single LED were to fail open, the
whole string would be turned off. This is not an acceptable
option in important lighting applications such as street lighting.
To address this need, ON Semiconductor provides the NUD4700

Features
* SCR crowbar operation
* Automatically resets if the LED heals or is replaced
* Low leakage when LED operating: ~100 pA
¢ Shunt path activates when LED open: ~1.0 V drop

Applications
o Street lights
* Tunnel lighting
¢ Architectural lighting
* High bay lighting

LED current bypass protector. The NUD4700 is an electronic
shunt that provides a current bypass, in the case where a single
LED within an LED string goes into open circuit. This ensures
that an entire string of LEDs will not be extinguished should one
LED fail.

* NUD4001
AC/DC —
Converter
Current

Source

ON Semiconductor
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Enabling Energy Efficient Solutions

Medium to Large LCD Panel Backlighting

As LED performance and cost have improved, they are now  Besides eliminating mercury, the use of LEDs allows the design
displacing CCFL lamps in medium and large LCD backlighting  of thinner displays, and improves overall power consumption and
applications such as notebooks, monitors, LCD-TVs, personal lifetime. Integrating an ambient light sensor can further contribute
navigation systems, photo frames, and medical equipment.  to energy savings while enhancing the user’s viewing experience.

eyl
Exat 1R 4h 58
47 uH
VLo M
8 to L 47 uF/
16V Ty
Optical Films -
LED VIN VIN S
I u
2 — = CAT4240
()
]
=
[p)
= _
= SHDN FB
) GND
4

VIN Total lour Max | Isw-Lm | Vour Max Dimming
Device Topology (V) LEDs (mA) (mA) V) Interface Package(s)
CAT4237 Inductive Boost 20-55 8 40 450 32 PWM TS0T-23-5
NCP5021 Inductive Boost 2.7-55 8 50 800 28 12c PQFN-16
CATA238 Inductive Boost 20-55 10 30 450 38 PWM TS0T-23-5
CAT4240 Inductive Boost 20-55 10 300 850 38 PWM TS0T-23-5
CATA106 Inductive Boost / Linear  3.0-5.5/25 10x4 700 1000 36 PWM TSSOP-16, TQFN-16
CAT4026 6-Channel Linear -0.3t0 7 Varies External Transistors PWM, Analog S0-28
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6-Channel LED Controller for Large Panel LED Backlighting — CAT4026

The CAT4026 is a large panel LED controller designed to control
6 constant current high voltage LED strings. Control circuitry
monitors the lowest cathode voltage and generates a feedback
control signal. Two approaches can be implemented: either a
voltage feedback signal is fed into an external DC-DC converter;
or a current feedback control is fed directly the main power
supply,* which is usually a half-bridge resonant power supply

Features

converter. Each LED channel current is accurately controlled by
sensing an external resistor and controlling a low cost bipolar
transistor. LED current in all 6 channels can be controlled by
PWM dimming or analog dimming. Fault detection and robust
protection is provided for every possible fault scenario on the
LED strings.

Applications

* Voltage Feedback Control to External DC-DC converter

* Current Feedback Control to main power supply Half-Bridge
Resonant Converter*

* PWM and Analog Dimming

e Zero Current Shutdown Mode

* Auto-Recovery Fault Detection (All Modes)

* Shorted Cathode-Ground (SCG) Fault Protection

¢ Shorted Cathode-Anode (SCA) Fault Protection

¢ Open Cathode-Anode (OCA) Fault Protection

 QOver-Voltage Protection (OVP)

* Thermal Shutdown Protection

* Large LCD Panels Backlighting (e.g. LED-TV)
* LED General Lighting
* High bay lighting

Dedicated Tightly Regulated

PFC

LLC |
Half-Bridge Resonant Converter
Power Supply Reference Design* | Feedback ¥\\
| e
TL431 IFB =
+ «— CAT4026 -
Opto S
o
Output of Half-Bridge E
R t C t <t
Soonent Bomerer L 20K 20K 2N 28 2N 2N =
| | | | | |
10k | | | | | |
LLC-OPTO *———
— i\\*\\*\\*\\*\\i\\
(N —1nF
A 1.8 V Output
2v5 (User Option) BAS21LT1 ¥ 6-Channel Cathode Bus
HisEnse | <@ Diodes : y
= = |= 5V - ¢
Voltage ZvSCA
Feedback «——
Option LO SENSE H
|__l_ MSD42w X6-Diodes :
P EA VC IFB OCA C1 CS_ VA SCA VCS \
ower
VDD  Down —I__ VDD BAS21LT1 6-Channel Cathode Bus
SHORT <—O| FLT-SCA 6 MjEf;‘é v r Mjﬁ’f?é
. v
E‘ OPEN <«—O| FLT-OCA CAT4026 BASE[1:6] — N ——== I\
hv NOA1211 6 6-Channels
PWM —| PWM Dimming Input RSET[1:6] —4 ’y ———— e
Photo 10UT Analog Dimming Inout
Diode ’\N\'g' nalog Dimming Inpu
GND
J_—Ambient Light Sensor L J_—_ = =

* Complete power supply reference design for half-bridge resonant converter also available from www. onsemi.com
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Highly Integrated LED Backlight Controller, Boost Converter and 4 Channel Driver — CATA106

Features Applications A 6 W LE
* Drives up to 40 (4 x 10) - 36 V per string * Notebooks s o 5 U
* 1 MHz DC-DC boost converter with OVP * Monitors
* Low dropout LED channels, 500 mV at 175 mA * Tablets
* Tight channel-to channel current matching * Small LCD-TVs
* Up to 2 kHz PWM dimming interface * Test equipment
* Programmable short and open LED detection * Medical instruments - O e
* Thermal shutdown « Touch panels 3 Drives.

upto 40

* Exposed pad packaging, TQFN-16 and TSSOP-16  pasources

¢ Evaluation Board

I T
I LED .
Cluster
N_Series ¥\\\‘
M_Parallel : LEDn
CAT4106 5 FAULT  uC Diagnostics
vP CtrifFault >
300mV Controller Detector :I: .
L L 1A CTRL :
1MHz PWM i
—| 1Q
Controller ¥\\‘\
| = FB : LED1
VN Supply :I: LED1 I
LED2
Sys,tsem § LED3
EN/SD
(-] Shutdown )
g EN/DIM i Delay :I: ===
IE 11 12 13 14
—_— 0 0 v 0 -
g PWM_DIM _ | Drive Control [+() [+() [+ ) r+( 0-175mA
= L "1 IRSETx100 [
= 200 kQ
= z | g
= p =
L
GND PGND

|||—<
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High Voltage LED Driver — NCP1294

www.onsemi.com

LEDs are replacing CCFL lamps as the light source of choice
for large LCD panel backlighting. The circuit described in this
design note provides constant current to a long string of LEDs (Vf
ranging from 190 to 230 V) from a single 24 V input. A constant
current regulated flyback topology was chosen over a multi-stage
boost or a boost plus multiple linear driver channels to improve
overall system efficiency and ensure accurate current matching

Features

* 1 MHz frequency capability
* 1 A sink/source gate drive

* Programmable pulse-by-pulse overcurrent protection

* Programmable soft start

Resources
* Design Note DN06062/D

90%

LED Current (A)

of the LEDs. Beyond being mercury free, when properly driven
and controlled, LEDs can offer a >10x improvement in dimming
range over traditional CCFL dimming. This superior dimming
range is demonstrated in the design note. This design, based on
the robust, flexible NCP1294 controller includes open LED and
shorted output protection for safe handling of fault conditions.

Applications
* Monitors
e LCD-TVs
* Test equipment
* Medical instruments
* Touch panels

0.12
0.10 //
0.08 ~ //
0.06 ,/
/ —— 24Vin, 235Vout Current
/ —— 26,4Vin, 235Vout Current
0.04 —— 21.6Vin, 235Vout Current
/ —— 24Vin,180Vout Current
/ —— 26.4Vin,180Vout Current
0.02 // ——21.6Vin,180Vout Current
0
0% 20% 40% 60% 80% 100%
Duty Cycle
LED PWM Dimming Curve

80% //‘—“’ ’
ﬁ Eo—Efﬁciency

70%

60% /
>
2 50%
Q
©
£ 40% -
W

30% -

20% +

10%

0% |
0% 20% 40% 60% 80% 100%
Duty Cycle
Efficiency vs Dim Duty Cycle
24 +2 Vdc
NCP1294
A
Dimming
PWM ——
Control

Reference Design Block Diagram

ON Semiconductor
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Enabling Energy Efficient Solutions

Intelligent Control for Street Lights

Two-way communication between a
centralized control center and street
lights can be implemented to form a fully
networked intelligent street light system.
This enables municipalities, power utility
companies and commercial entities to
remotely dim the light output of their
street lights, and therefore to reduce the overall energy
consumption of their street light network.

Two-way communication can be easily implemented on
the power line by using PLC (Power Line Carrier) modems.
Ambient Light Sensors such as the NOA1302 (see next
page) can also be used to control the output levels of
street lighting.

Function Bit Synchronization Package

PLC S-FSK Modem, 1200 Automatic/Manual ARM7TDM,,
9-95 kHz Baud  (SYNCHRO Bit Mode Value) 24 MHz

PLC S-FSK Modem, 2400 Manual ARM7TDMi,  PLCC-28,
9-95 kHz Baud 24 MHz QFN-52

NCS5650 PLC Line Driver - - - QFN-20

AMIS30585 PLCC-28

AMIS49587

3V3_A 3v3_D
y y NOA1302
Ambient
T il g Light
= 8 = g Sensor
| ;] I TX_OUT @
‘—
T_REQ
NCS5650 h S o
_TL TX_ENB
i Application
3V3_A
R our | BRO uController
AMIS-49587 =
1 RX_IN
1 RESB
REF_OUT

£ L

ALC_IN

M50HzIN

Meter
Interface

IDlep<: I—Dlepi—

XTAL_IN
'I}{ :I%
XTAL_OUT
VSSA
vss
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Ambient Light Sensors

Ambient light sensors (ALS) are a natural companion to any
LED lighting application where it is desirable to enhance
the user experience and conserve energy. For example, ALS
devices automatically dim the backlight level of mobile phone
screens to produce a light output sufficient for the user to see
clearly, but without consuming more power than necessary,
maximizing battery life. ALS devices exhibit photopic light
response characteristics, meaning they closely match human eye
response. This is important to provide the appropriate response

Features

Photopic light response

Dark current compensation

Very low power consumption

~0 lux to over 100 k lux range

Power down mode

Selectable gain ranges
Programmable integration time
Linear response over full range
Variable slope integrating 16-bit ADC
Requires no external components

to different light sources such as fluorescent, LED and sunlight.
ALS devices from ON Semiconductor also exhibit excellent low
light response due to their built-in dark-current compensation,
and have analog and digital outputs. Analog ALS devices output
a current directly proportional to the ambient light level. Digital
devices integrate an ADC and output a digital count proportional
to the ambient light level over the 12C bus. Customized versions
with user defined filter response and other features are available.

Applications

Cell phones, PDAs, MP3 players, GPS

Internet Mobile Devices (IMD)

Cameras, video recorders

Mobile devices with displays or backlit keypads
Laptops, notebooks, digital signage

LCD/LED TV/monitors, digital picture frame
Headlamps, dashboard & car interior lighting
LED indoor/outdoor residential, street lights

Vin=33V
T

hv

\[\ 1k 1k

<
VDD SDA SDA
J_ NOA1302 MCU LED L .1 | EDs
1uF Drivers
I In VSS ScL scL

LED Backlighting Control

Voltage Range
NOA1211* Analog Current 20-55
NOA1302 Digital 12c 3.0-3.6
NOA1305* Digital 12c 1.62-3.63

Operating Current | Power Down
@ 100 Lux Current
(A, Typ) (uA, Typ) Package
58 0.2 CDFN-6
550 - CTSSOP-8
115 3 CDFN-6

* Pending 1H10
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Proximity Sensors

Proximity sensors provide an optical method to measure proximity
(near/far), distance, and gestures using a combination of light
sensors and LEDs. Proximity sensors find application in removing
mechanical proximity switches, turning off mobile device displays
when held close to the ear, or even detecting gestures near a
smart-phone screen. Proximity sensors work by reflecting and
detecting infrared light emitted by standard IR LEDs driven by

Features

Up to 100 mm and beyond distance range
50 dB proximity threshold range

40:1 LED driver range

IR and ambient light rejection

Dark current compensation

Photopic light response

20-bit effective proximity threshold range

or relative change to the last read out

Only one external component: IR LED

the proximity sensor. They exhibit excellent IR bandpass filter
characteristics and include an ambient light sensor to facilitate
setting backlight display levels, include power down features to
maximize battery life, and communicate over the I2C serial bus.
Customized versions with user defined filter response and various
configurations of LED drivers and sensors are available.

Applications

* Smart phones, mobile internet devices, MP3 players, GPS
* Mobile device displays and backlit keypads

Output count proportional to ambient light intensity

Senses ambient light from 0 to 64 k lux with 16-bit resolution
Programmable interrupt function including threshold detect and

Tri-mode 12C interface, including 3.4 MHz high speed mode

Proximity Sensing

Voltage Range
(V)
2.3-3.6

Device

NOA3301* PS+ALS 12

Current with LED Drive

VDD_I2C
v_||3_D
NOA3301 17 M
L INTB
hv ADC [ Dpsp |— 28":\ scL |
| SDA
ALS Photo Reference PC Interface
Diode Diode OSC |— & VDD
- T Control
hv \\
\[\ ADC (—{ DsP R
Proximity
IR Diode
= vss

Ambient Light Standby
Sensing Current Current

(uA, Typ) (A, Typ)
200 1

Package
CDFN-6

(uA, Typ)
300

* Pending 1H10
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Technical Support

Design Notes Document ID

NCP1294: High Voltage LED Driver (24 V input to 110 V output @ 100 mA)

NCP1014: Improving the Power Factor of Isolated Flyback Converters for
Residential ENERGY STAR® LED Luminaire Power Supplies

NCP1216: 7 W, 90-135 Vac, 500 mA LED Driver

NCP3065: 12 Vac or 12 Vdc MR-16 Sharp ZENIGATA LED Module
NCP1034: High Voltage Driver for HB-LED

NCP1351: Universal Input, 20 W, LED Ballast

NCP1014: Low Power, Off-Line Buck, CVCC Power Supply
NCP3065: SEPIC LED Driver for MR16

NCP3065: High Brightness LED SEPIC Driver

NCP1013: Universal Input, 5 W, LED Ballast

CS51411, NCV51411: 12V or 24 Vin DC, Constant Current LED Driver
NCP1027: 1 A, 12 W Constant Current Off-Line LED Driver
€S5171: SEPIC LED Driver

LED - Driving High Brightness LEDs in the General Lighting Marketplace
LED Lighting Definitions & Characteristics

LED Lighting Solutions

SOL - Solar Powered LED Street Lighting

Halogen Desk Lamp Conversion to LEDs

CAT32 White LED Driver Efficiency and Inductor Value Tradeoffs
Simple Secondary Side Vcc Source for Low Power CVCC Power Supplies

A 48V/ 2 A High Efficiency, Single Stage, Isolated Power Factor Corrected
Power Supply for LED Drivers and Telecom Power

Thermal Considerations for the ON Semiconductor Family of Discrete
Constant Regulators (CCR) for Driving LEDs in Automotive Applications

Automotive Applications: The Use of Discrete Constant Current Regulators
(CCR) For CHMSL Lighting

700 mA LED Power Supply Using Monolithic Controller and Off-Line
Current Boosted (Tapped Inductor) Buck Converter

Buck Boost LED Driver using NCP3063 Controller, FETs & Current Sensing
350 mA Buck Boost LED Driver using Bipolar Junction Transistors
High Intensity LED Drivers Using NCP3065/NCV3065

Medium Size Backlight NCP5050: Drive Up to 120 LEDS (6 to 10 in Series
Configuration)

LED Driving with NCP/V3063

Implement Extra Functions with the NCP5608 LED Driver

Controlling the NCP5602 with the I2C Software

Implement the Single Wire Protocol

Utilizing a White LED Driver to Drive Xenon Flashes in Cameras and Phones
Configuring the NCL30000 for TRIAC Dimming

Using the NUD4001 to Drive High Current LEDs

NUD4001 Dimming Ability Demonstration Board

DN06062/D
DN06051/D

DN06050/D
DN06048/D
DN06047/D
DN06040/D
DN06037/D
DN06033/D
DN06031/D
DN06027/D
DN06018/D
DN06006/D
DN06004/D

Tutorials/White Papers Document ID

TND345/D
TND328/D
TND370/D
TND346/D
TND358/D

Application Notes Document ID

AND8423/D
AND8395/D

AND8394/D

AND8391/D

AND8349/D

AND8328/D

AND8306/D
AND8305/D
AND8298/D

AND8294/D

AND8289/D
AND8268/D
AND8267/D
AND8264/D
AND8236/D
AND8448/D
AND8198/D
AND8234/D

Application Notes (cont.)
NCP101x LED Flasher with Luxeon V Star LED

Power Stage Design Guidelines for the NCL30000 Single Stage CrM
Flyback LED Driver

NUD4001 LED Driver Demonstration Boards

Charge Pump Based Multiple LED Driver

NCP1421/2 Ref Designs for High-Power White LED Flash Applications
NUD4001 and NUD4011 Current Sources for LEDs Lighting Applications
High Current LED - Capacitive Drop Drive Application Note

High Current LED - Isolated Low Voltage AC Drive Application Note
Efficient High Power Flash Light

LED Constant Current Source Scheme

Demo Boards

5W Universal Input LED Driver

90-305 Vac, 0.8 Power Factor, 8 W LED Driver
360 mA 24 V LED Driver

720 mA 18 V LED Driver

90-135 Vac Non-Isolated Buck LED Driver Demo Board
20 W Universal Input LED Driver

High Current LED Driver Evaluation Board
NCP3065 Buck 3 A Evaluation Board

SEPIC LED Driver MR16BULB

SEPIC LED Driver 350 mA

SEPIC LED Driver 700 mA

NCP3065 Buck Demo Board

NCP3065 Boost Demo Board

NCP3066 DFN SEPIC Demo Board

NCP3066 3 A SOIC Buck Demo Board

NCP3066 SOIC8 Buck Demo Board

NCP3066 SOIC8 Boost Demo Board

High Power Lighting Evaluation Board

4.5 W Inductive Boost LED driver

NCP5602 Evalutation Board

High Efficiency Charge Pump Converter / White LED Driver Eval Board
NCP5604A 4-output LED Driver Evaluation Board
NCP5604B 3-output LED Driver Evaluation Board
NCP5608 Evalutation Board

NCP5612 Evalutation Board

15 W 350 mA 100/115 Vac Triac Dimmer

15 W 350 mA 220/240 Vac Triac Dimmer

17 W 350 mA 90-305 Vac Flyback PFC

NUD4001 LED Driver Revision A Evaluation Board

Document ID
AND8224/D

AND8451/D

AND8197/D
AND8192/D
AND8171/D
AND8156/D
AND8146/D
AND8137/D
AND8135/D
AND8109/D
NCP1013LEDGEVB
NCP1014LEDGTGEVB
NCP1014LEDR2GEVB
NCP1028LEDGEVB
NCP1216LEDGEVB
NCP1351LEDGEVB
NCP1422LEDGEVB
NCP30653ABCKGEVB
NCP3065D1SLDGEVB
NCP3065D2SLDGEVB
NCP3065D3SLDGEVB
NCP3065S0BCKGEVB
NCP3065S0BSTGEVB
NCP3066DFSEPGEVB
NCP3066S3BCKGEVB
NCP3066SCBCKGEVB
NCP3066SCBSTGEVB
NCP5030MTTXGEVB
NCP5050GEVB
NCP5602EVB
NCP5603GEVB
NCP5604AAGEVB
NCP5604BAGEVB
NCP5608EVB
NCP5612GEVB
NCL30000LED1GEVB
NCL30000LED2GEVB
NCL30000LED3GEVB
NUD4001DEVB
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Sales and Design Assistance from ON Semiconductor

ON Semiconductor Distribution Partners

AMSC Co. WWW.amsc.co.jp (81) 422 54 6622

Arrow Electronics Www.arrow.com (800) 777-2776

Avnet www.em.avnet.com (800) 332-8638

Digi-Key www.digikey.com (800) 344-4539

EBV Elektronik www.ebv.com/en/locations.html (49) 8121 774-0

Fuji Electric Co. www.fujiele.co.jp (81) 33814 1411

Future & FAI Electronics www.futureelectronics.com/contact 1-800-FUTURE1 (388-8731)
KH Electronics Inc. www.khelec.com/kor (82) 42 471 8521

Marubun www.marubun.co.jp (81) 336395630

Mitsui Electronics Inc. www.btel.co.jp (81) 36403 5900

Mouser Electronics WWWw.mouser.com (800) 346-6873

Newark/Farnell www.farnell.com/onsemi (800) 4-NEWARK
Promate Electronic Co. www.promate.com.tw (886) 22659 0303
Segyung Britestone Co. www.britestone.com (82) 2 3218 1511
Serial Microelectronics, HK www.serialsys.com.hk (852) 2790 8220
Taewon Inc. www.taewon.net (82) 26679 9000
Tokyo Electron Device Co. hwww.teldevice.co.jp (81) 45 443 4000
World Peace Industries Co. Www.wpi-group.com (852) 2365 4860
WT Microelectronics Co. www.wtmec.com (852) 2950 0820
Yosun Electronics www.yosun.com.tw (886) 2 2659 8168
INTERNATIONAL
GREATER CHINA Beijing 86-10-8518-2323
Chengdu 86-28-8678-4078
Hong Kong 852-2689-0088
Shenzhen 86-755-8209-1128
Shanghai 86-21-5131-7168
Taipei, Taiwan 886-2-2377-9911
FRANCE Paris 33 (0)1 39-26-41-00
GERMANY Munich 49 (0) 89-93-0808-0
ISRAEL Raanana 972 (0) 9-9609-111
ITALY Milan 39029239311
JAPAN Tokyo 81-3-5773-3850
KOREA Seoul 82-2-2190-3500
MALAYSIA Penang 60-4-226-9368
SINGAPORE Singapore 65-6391-1260
SLOVAKIA Piestany 421 33 790 2450
UNITED KINGDOM Slough 44 (0) 1753 70 1676

For a comprehensive listing of
ON Semiconductor Sales Offices, please visit:

www.onsemi.com/salessupport

The following are trademarks of their respective holders: Quad-Mode, ZENIGATA, Sharp, Cree, and ENERGY STAR.

i K |

Alabama Huntsville e-Components (256) 533-2444
Brazil Countrywide Ammon & Rizos (+55) 11-4688-1960
California Bay Area L2 (408) 433-9388
Canada Eastern Canada Astec (905) 607-1444
Western Canada Sifore (503) 977-6267
Connecticut Statewide Genesis Associates (781) 270-9540
Florida Statewide e-Components (888) 468-2444
Georgia Atlanta e-Components (888) 468-2444
Ilinois St. Charles (South) |Stan Clothier Company (847) 781-4010
Palatine (North) HLC Ltd. (847) 358-6500
Indiana Fishers Bear VAI (317) 570-0707
lowa Cedar Rapids Essig & Associates (319) 363-8703
Kansas Overland Park Stan Clothier Company (913) 894-1675
Maryland Columbia Third Wave Solutions (410) 290-5990
Massachusetts Burlington Genesis Associates (781) 270-9540
Mexico Countrywide Ammon & Rizos (+55) 11-4688-1960
Michigan St. Joseph Bear VAI (440) 526-1991
Minnesota Eden Prairie Stan Clothier Company (952) 944-3456
Missouri St. Charles Stan Clothier Company (636) 916-3777
New Jersey Statewide S.J. Metro (516) 942-3232
New York Binghamton TriTech - Full Line Rep (607) 722-3580
Jericho S.J. Metro (516) 942-3232
Rochester TriTech - Full Line Rep (585) 385-6500
North Carolina Raleigh e-Components (888) 468-2444
Ohio Brecksville Bear VAI Technology (440) 526-1991
Oregon Portland SiFore Technical (503) 977-6267
Puerto Rico Countrywide e-Components (888) 468-2444
Washington Bellevue SiFore Technical (425) 990-4701
Wisconsin Eden Prairie (NW) | Stan Clothier Company (608) 882-0686
Milwaukee (SE) HLC Ltd. (847) 358-6500
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