I3 TEXAS
INSTRUMENTS LM3463

www.ti.com SNVS807 —MAY 2012

LM3463 Dynamic Headroom Controller with Thermal Control Interface and Individual
Channel Dimming Control

Check for Samples: LM3463

FEATURES » Allows cascade operation to extend the output
« Dynamic Headroom Control output to channels
maximize efficiency * Fault indicator output
+ 6 channels current regulated LED driver * Thermal shutdown
« High precision analog dimming control * UVLO with hysteresis
interface e 48L LLP package

e 4individual PWM dimming control input

« Dimming control via digital data bus APPLICATIONS

« Built-in maximum MOSFET power limiting * Streetlights
mechanism e Solid State Lighting Solutions
DESCRIPTION

The LM3463 is a six channel linear LED driver with Dynamic Headroom Control (DHC) interface that is
specialized for high power LED lighting applications. The variation of the output current of every output channel
in the temperature range of -40°C to 125°C is well controlled to less than +1%. The output current of every
channel is accurately matched to each other with less than + 1% difference as well.

By interfacing the LM3463 to the output voltage feedback node of a switching power supply via the DHC
interface, the system efficiency is optimized automatically. The dynamic headroom control circuit in the LM3463
minimizes power dissipation on the external MOSFETs by adjusting the output voltage of the primary switching
power supply according to the changing forward voltage of the LEDs. Comprising the advantages of linear and
switching converters, the LM3463 delivers accurately regulated current to LEDs while maximizing the system
efficiency.

The dimming control interface of the LM3463 accepts both analog and PWM dimming control signals. The analog
dimming control input controls the current of all LEDs while the PWM control inputs control the dimming duty of
output channels individually.

The LM3463 provides a sophisticated protection mechanism that secures high reliability and stability of the
lighting system. The protection features include V,y Under-Voltage—-Lock-Out (UVLO), thermal shut-down, LED
short / open circuit protection and MOSFET drain voltage limiting. The LED short circuit protection protects both
the LED and MOSFETS by limiting the power dissipation on the MOSFETS.

Table 1. Key Specifications

VALUE UNIT
Wide supply voltage range (12V-95V)

Thermal fold-back dimming control

DHC regulates the lowest MOSFET drain
voltage to 1V

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. righ 2012, Texas Instruments Incorpor:
Products conform to specifications per the terms of the Texas Copyright © 2012, Texas Instruments Incorporated
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Typical Application
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Connection Diagram
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Pin Functions

Pin Descriptions

Pin Name Description Application information
0V reference for small signal return | This pin should connect to the end points of current sensing resistors with
1 REFRTN S .
paths individual connections to ensure channel to channel current accuracy.
The current of all output channels (defined by R,snsn) reduces according
2 IOUTADJ | Output current level adjust pin to the voltage at this pin. This pin should connect to the VREF pin when
output current reduction is not required.
- This pin is the output of a precision reference voltage regulator. This pin
3 VREF Precision reference voltage output must be bypassed through a ceramic capacitor to REFRTN.
Device enable pin with internal pull-up
4 EN Enable input Enable: Vgy = Floating
Disable: Vgn = GND
Frequency setting pin. Connect a resistor across this pin to GND to set the
5 ES Internal oscillator control or external | internal oscillator frequency.
clock input pin The internal clock frequency can be defined by forcing an external clock
signal to this pin.
- Fault indicator output. This pin is an open-drain output and is pulled low
6 Faultb Fault indicator output when an open circuit of LED string is identified.
Multi-function input oin The function of this pin differs depending on the selected operation mode
put pin. that sets by the MODE pin.
Direct PWM mode: Apply a bi-level PWM signal (TTL logic high and low)
Channel 0/1 PWM dimming control | to this pin to enable/disable ch0 and chl. Apply logic high to this pin to
7 DIMO1 enable channel 0 and 1.
Serial data input In serial interface mode, this pin is configured as the serial data input.
A In DC interface mode, the voltage on this pin is converted into PWM
DC voltage dimming control dimming duty for channel 0 and 1.
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Pin Descriptions (continued)

Pin Name Description Application information
Multi-function input oin The function of this pin differs depending on the selected operation mode
put pin. that sets by the MODE pin.
Direct PWM mode: apply bi-level PWM signal (TTL logic high and low) to
Channel 2/3 PWM dimming control | this pin to enable/disable ch2 and ch3. Apply a logic high to this pin to
8 DIM23 enable both channel 2 and 3.
Serial clock input :rr]]psuetnal interface mode, this pin is configured as the serial clock signal
DC voltage dimming control In DC interface mode, the voltage on this pin is converted into PWM
9 9 dimming duty for channel 2 and 3.
. A . The function of this pin differs depending on the selected operation mode
Multi-function input pin. that sets by the MODE pin.
A Direct PWM mode: apply bi-level PWM signal to this pin to enable/disable
Channel 4 dimming control channel 4. Apply logic high to this pin to enable channel 4.
In serial interface mode, this pin is configured as load pulse input, pulling
9 DIM4 this pin low will latch the shifted-in data into internal register of the
Load data control pin LM3463. This pin is pulled low if the requested load operation is not
completed. User should check the status of this pin before writing data into
the LM3463 through this pin.
DC voltage dimming control Ir_l DC_ interface mode, the voltage on this pin is converted into PWM
dimming duty for channel 4.
Multi-function input oin The function of this pin differs depending on the selected operation mode
put pin. that sets by the MODE pin.
Direct PWM mode: Apply a bi-level PWM signal (TTL logic high and low)
Channel 5 dimming control to this pin to enable/disable channel 5. Apply a logic high to this pin to
10 DIM5 enable channel 5.
Serial operation mode This pin should connect to GND when serial operation mode is selected.
DC voltage dimming control Ir_l DC_ interface mode, the voltage on this pin is converted into PWM
dimming duty for channel 5.
. Serial control signal output pin for cascade operation. This signal
Serial _data output for cascade synchronizes with the rising edge of the CLKOUT signal and carries
operation ; ) .
11 SYNC information to the slave devices to turn on LEDs.
Sync. pulse input in direct PWM This is a synchronization signal input pin for the slave device to perform
mode LED pretest upon system startup.
Dimming clock output for cascade Dimming clock output for cascade operation. The frequency at this pin
12 CLKOUT operation / Sync pulse output for equal to 1/2 of the internal clock or externally applied clock frequency.
Direct PWM mode
13 ISR Start up current control pin Connect a resistor from this pin to GND to set the additional bias current
to the Cppc upon system startup.
The voltage on this pin defines the threshold of the drain voltage of the
external MOSFETSs (Vpgrn) to begin output current reduction.
14 DRVLIM MOSFET power limit setting input As the Vprp exceeds Vpryv, the LED driving current reduces according
to the increasing of Vpgrp, at certain fixed rate. This function prevents the
MOSFET from over-heating. The maximum power dissipation is limited to
Vorvim * ILep(per ch.).
15 CDHC Dynamic headroom control time Connect a capacitor (Cpnc) from this pin to ground to program the DHC
constant capacitor loop response.
16 ECAP Fault de-bounce capacitor Connect a capacitor, Ce,t from this pin to ground to program the fault de-
bounce time.
17 GND System ground This pin should connect to the system ground
Operation mode selection input pin. Bias this pin externally to set the
LM3463 in different operation mode.
18 MODE Mode select input pin Direct PWM mode: Vmope = GND
Serial interface mode: Vyope = No Connection
DC interface mode: Vyopg = VCC
Output terminal of the internal voltage regulator. This pin should be
19 vee Internal regulator output bypassed to GND through a 1uf ceramic capacitor.
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Pin Descriptions (continued)

Pin Name Description Application information
This pin detects the output voltage of the primary power supply (Vrai)-
20 VLedFB Rail voltage detection input pin LEDs will be turned on when the voltage at this pin reaches 2.5V.
Connect this pin to VCC to set a device as a slave.
This pin is an open drain output (current sink) which should connect to the
21 OutP DHC output Driver output voltage feedback node of the primary power supply through a
resistor and a diode to realize rail voltage adjustment.
22 NC No connection
23 VIN System supply Supply voltage_ input pin. This pin should be bypassed to GND using a 1uF
ceramic capacitor.
24 NC No connection
Channel 5 drain voltage feedback Connect to the junction of the drain terminal of the external MOSFET and
25 DR5 . o 9 the cathode of the LED string. This pin is connected to the internal
input to facilitate DHC "
comparator to facilitate DHC.
26 NC No connection
Channel 4 drain voltage feedback Connect to the junction of the drain terminal of the external MOSFET and
27 DR4 ) o 9 the cathode of the LED string. This pin is connected to the internal
input to facilitate DHC "
comparator to facilitate DHC.
28 NC No connection
Channel 3 drain voltage feedback Connect to the junction of the drain terminal of the external MOSFET and
29 DR3 . o 9 the cathode of the LED string. This pin is connected to the internal
input to facilitate DHC "
comparator to facilitate DHC.
30 NC No connection
Channel 2 drain voltage feedback Connect to the junction of the drain terminal of the external MOSFET and
31 DR2 . o 9 the cathode of the LED string. This pin is connected to the internal
input to facilitate DHC "
comparator to facilitate DHC.
32 NC No connection
Channel 1 drain voltage feedback Connect to the junction of the drain terminal of the external MOSFET and
33 DR1 . o 9 the cathode of the LED string. This pin is connected to the internal
input to facilitate DHC "
comparator to facilitate DHC.
34 NC No connection
Channel 0 drain voltage feedback Connect to the junction of the drain terminal of the external MOSFET and
35 DRO . o 9 the cathode of the LED string. Voltage on this pin is being fed to the
input to facilitate DHC h p”
internal comparator to facilitate DHC.
36 NC No connection
37 SES Channel 5 LED driver sense input Connect to the junction of the source terminal of the external MOSFET
pin and the sense resistor to facilitate current regulation for channel 5.
38 GD5 channel 5 gate drive output pin Gate driver output. Connect to the gate terminal of the external MOSFET.
Channel 4 LED driver sense input Connect to the junction of the source terminal of the external MOSFET
39 SE4 : ) - :
pin and the sense resistor to facilitate current regulation for channel 4.
40 GD4 channel 4 gate drive output pin Gate driver output. Connect to the gate terminal of the external MOSFET.
a1 SE3 Channel 3 LED driver sense input Connect to the junction of the source terminal of the external MOSFET
pin and the sense resistor to facilitate current regulation for channel 3.
42 GD3 channel 3 gate drive output pin Gate driver output. Connect to the gate terminal of the external MOSFET.
Channel 2 LED driver sense input Connect to the junction of the source terminal of the external MOSFET
43 SE2 : ) - :
pin and the sense resistor to facilitate current regulation for channel 2.
44 GD2 channel 2 gate drive output pin Gate driver output. Connect to the gate terminal of the external MOSFET.
45 SE1 Channel 1 LED driver sense input Connect to the junction of the source terminal of the external MOSFET
pin and the sense resistor to facilitate current regulation for channel 1.
46 GD1 channel 1 gate drive output pin Gate driver output. Connect to the gate terminal of the external MOSFET.
Channel 0 LED driver sense input Connect to the junction of the source terminal of the external MOSFET
47 SEO : ) - :
pin and the sense resistor to facilitate current regulation for channel 0.
48 GDO channel 0 gate drive output pin Gate driver output. Connect to the gate terminal of the external MOSFET.
Connect to the GND pin. The EP has no internal connection to ground and
EP Thermal Pad must connect to the GND pin externally. Place 9 vias from EP to copper
ground plane.
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings @

VIN to GND -0.3V to 100V
DRO, DR1, DR2, DR3, DR4, DR5 to GND -0.3V to 100V
EN -0.3Vto 5.5V
DRVLIM -0.3V to 6V
Faultb -0.3V to 20V
All other pins -0.3Vto 7V
ESD Rating

Human Body Model® *2 kv
Storage Temperature -65°C to +150°C
Junction Temperature (T;) -40°C to +125°C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which
operation of the device is intended to be functional. For guaranteed specifications and test conditions, see the Electrical Characteristics.
(2) Human Body Model, applicable std. JESD22-A114-C.

Operating Ratings

Supply Voltage Range (VIN) 12V to 95V
Junction Temperature Range (T;) -40°C to + 125°C
Thermal Resistance (0;4) 24°C/W
Thermal Resistance (0;¢c) 2.5°C/W
6 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated
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Electrical Characteristics
Specification with standard type are for T, = T; = +25°C only; limits in boldface type apply over the full Operating Junction

Temperature (T;) range. Minimum and Maximum are guaranteed through test, design or statistical correlation. Typical values

represent the most likely parametric norm at T; = +25°C, and are provided for reference purposes only. Unless otherwise

stated, the following

conditions apply: V,y = 48V.

Symbol ‘Parameter Conditions Min | Typ ‘ Max | Units
Supply
N V)N Quiescent Current VEgy pin floating 9.75 15 mA
Isp VN Shut-Down Current Ven = 0V 550 800 HA
VIN UVLO
VIN-uvLO V\n Turn-on Threshold 7.4 10 \%
VN Turn-off Threshold 4.5 7.1 \%
V|n UVLO Hysteresis 300 mV
VCC Regulator
Vee Ve Regulated Voltage Cycc = 1 UF, lycc=1mA 6.240 6.475 | 6.760 \%
lcc =10 mA 6.230 6.462 | 6.741 \Y,
lvee-Lim Ve Current Limit Vee =0V 28 45 mA
Vec-uvio Ve Turn-on Threshold 4.5 4.7 \%
Vcc Turn-off Threshold 3.75 4.20 \%
Vcce UVLO hysteresis Vcc Decreasing 300 mV
Internal Reference Voltage Regulator
VVREF Reference Voltage Regulator Output Cvrer = 0.47 pF, No Load 2.453 2499 | 2.564 \%
Voltage lvRer = 2MA 2.443 | 2.496 | 2.545 v
lVREE-SC VREF Pin Short-Circuit Current Vvrer = VREFRTN 7.0 8.2 10.5 mA
Dimming Control Interfaces
Analog Mode
VDiMn-MAX DIMn Voltage at 100% Output Duty MODE = VCC 5.65 \%
Cycle
VDIMn-MIN DIMn Voltage at 0% Output Duty Cycle | MODE = VCC 807 mV
VpIMn-001H DIMn Voltage at data code = 001h MODE = VCC 826 mV
PWM Mode
VDIM-LED-ON DIMn Voltage Threshold at LED ON MODE = GND 1.50 1.75 \%
VDIM-LED-OFF DIMn Voltage Threshold at LED OFF 1.1 14 \%
VDIM-LED-HYS DIMn Voltage Hysteresis at LED ON to 100 mV
OFF
System Clock Generator
VEs FS Pin Voltage FS Pin = Open 1.173 1.235 | 1.297 \%
IFs-sc FS Pin Short-Circuit Current VEg = 0V 110 140 HA
fosc System Clock Frequency Rgs = 14 kQ 0.90 1.00 1.15 MHz
Bus Interface Mode
VSCLK-HIGH (DIM23) SCLK (Serial CLK) Logic High MODE = Hi-Z 1.50 1.75 \Y,
Threshold
VscLk-Low (DIM23) SCLK (Serial CLK) Logic Low MODE = Hi-Z 1.1 14 \%
Threshold
VSCLK-HYS (DIM23) SCLK (Serial CLK) Hysteresis MODE = Hi-Z 100 mV
VSDA-HIGH (DIMO1) SDA (Serial Data) Logic High MODE = Hi-Z 1.50 1.75 \%
Threshold
Vspa-Low (DIMO1) SDA (Serial Data) Logic Low Threshold | MODE = Hi-Z 1.1 14 \%
VspA-HYS (DIMO1) SDA (Serial Data) Hysteresis MODE = Hi-Z 100 mV
Dynamic headroom Control
VDRn-DHC-STDEAY The lowest VDRn when DHC is under | Measure at DRn pin 0.95 \%
steady state
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics (continued)

Specification with standard type are for T, = T; = +25°C only; limits in boldface type apply over the full Operating Junction
Temperature (T;) range. Minimum and Maximum are guaranteed through test, design or statistical correlation. Typical values
represent the most likely parametric norm at T; = +25°C, and are provided for reference purposes only. Unless otherwise
stated, the following conditions apply: V,y = 48V.

Symbol Parameter Conditions Min Typ Max Units
VvLedEB-TH VLedFB Voltage Threshold for Turning | Vy_edrs INcreasing 2.325 2.500 | 2.625 \%
LEDs ON
VvLedFB-HYS VLedFB Voltage Hysteresis Vy_edrs decreasing 1.21 \%
Vv edFBEN-SLAVE VLedFB Pin Voltage Threshold for Measure at VLedFB pin 5.15 5.39 5.60 \%
Slave Mode
VoutP-MAX OutP Max. Output Voltage loutp = IMA 2.90 3.10 3.25 \%
Current Sink
VCDHC =0.5v
VoutP-MIN OutP Min. Output Voltage loutp =1MA 0.050 0.120 | 0.235 \%
Current Sink
VCDHC = 3.5V
Visr ISR Pin Voltage lisr = 1pA 1.226 | 1.307 | 1.382 Y
Current Sink to GND
lisr = 10pA 1.195 | 1.240 | 1.285 \%
Current Sink to GND
lisr = 100pA 1.075 | 1125 | 1.175 Y
Current Sink to GND
|CDHC-SOURCE CDHC Pin Max. Sourcing Current Any Vpgp, < 0.9V 15 26 35 HA
ICDHC-SINK CDHC Pin Max. Sinking Current Any Vpgp, > 0.9V 20 33 45 HA
RcDHC-SOURCE CDHC Pin Output Impedance Sourcing current from CDHC pin 1.20 1.70 2.25 MQ
RcpHe-sINK CDHC Pin Output Impedance Sinking current from CDHC pin 0.7 11 1.4 MQ
IMCDHC-OTA CDHC Pin OTA Transconductance Vpgrn 2 0.9V 75 pmho
Vprn < 0.9V 17 pmho
LED Current Regulator
VGDn-MAX GDn Gate Driver Maximum Output Vsgn = 0V 5.30 5.75 6.20 \%
Voltage
lGDn-MAX GDn Gate Driver Short Circuit Current | Vgpp = OV 10 16 mA
IDRn-MAX DRn pin Maximum Input Current Vprn = 80V 35 50 65 HA
Vsen Output Current Sensing Reference ViouTtaps = VVRer 190 200 210 mV
Voltage w.r.t VrgrrTy Vioutaps = Vrer / 2 85 100 | 115 | mv
Vioutaps = VREFRTN 2.0 4.6 6.5 mv
Fault Detection and Handling
VSEn-LED-OPEN-FLT LED Open Fault Detection Voltage Measure at SEn pin 43 mV
Threshold at SEn Pin
|SENn-LED-OPEN-FLT LED Open Fault Detection Current Measure at SEn pin 15 22 30 HA
Threshold at SEn Pin
VDRn-LED-NORMAL LED Open Fault Detection Voltage Measure at DRn pin 330 mV
Threshold at DRn Pin
IFcAP-CHG Fault Cap. Charging Current Fault = True 20 28 40 HA
VECAP-FLT-TH FCAP Pin Fault Confirm Voltage Measure at FCAP pin 3.3 3.6 3.9 \%
Threshold
VECAP-RST-TH FCAP Pin Fault Reset Voltage Measure at FCAP pin 85 157 230 mV
Threshold
Device Enable
VEN-ENABLE EN Pin Voltage Threshold for Device 2.6 3.3 \%
Enable
VEN-DISABLE EN Pin Voltage Threshold for Device 1.9 25 \%
Disable
VEN-HYS Device Enable Hysteresis 100 mV
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Electrical Characteristics (continued)

Specification with standard type are for T, = T; = +25°C only; limits in boldface type apply over the full Operating Junction
Temperature (T;) range. Minimum and Maximum are guaranteed through test, design or statistical correlation. Typical values

represent the most likely parametric norm at T; = +25°C, and are provided for reference purposes only. Unless otherwise

stated, the following conditions apply: V,y = 48V.

Symbol ‘Parameter Conditions Min | Typ ‘ Max | Units

Thermal Protection

Tsp Thermal shutdown temperature T; Rising 165 °C

Tsp-HYs Thermal shutdown temperature T, Falling 20 °C
hysteresis

Copyright © 2012, Texas Instruments Incorporated

Product Folder Links: LM3463

Submit Documentation Feedback

9


http://www.ti.com/product/lm3463?qgpn=lm3463
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS807&partnum=LM3463
http://www.ti.com/product/lm3463?qgpn=lm3463

13 Ti
L M3463 INSTRUMENTS

SNVS807 —MAY 2012 www.ti.com

Typical Performance Characteristics

All curves taken at V) = 48V with configuration in typical application for driving twelve power LEDs with six output channels
active and 350 mA output current per channel. T, = 25°C, unless otherwise specified.
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Typical Performance Characteristics

All curves taken at V) = 48V with configuration in typical application for driving twelve power LEDs with six output channels
active and 350 mA output current per channel. T, = 25°C, unless otherwise specified.
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Typical Performance Characteristics

All curves taken at V) = 48V with configuration in typical application for driving twelve power LEDs with six output channels
active and 350 mA output current per channel. T, = 25°C, unless otherwise specified.
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Block Diagram

LM3463
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Overview

The LM3463 is a six channel linear current regulator which designed for LED lighting applications. The use of the
Dynamic Headroom Control (DHC) method secures high system power efficiency and prolongs system operation
lifetime by minimizing the power stress on critical components. The output currents of the LM3463 driver stage
are regulated by six individual low-side current regulators.
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The current regulators are accompanied by a high precision current sensing circuit. In order to ensure excellent
current matching among output channels, the current sensing inputs are corresponding to a dedicated reference
point, the REFRTN pin to insulate the ground potential differences due to trace resistances. With this current
sensing circuit, the channel to channel output current difference is well controlled below +10% when the output
current is reduced (DC LED current reduction) to 5%.

LED Current Regulators and Analog Dimming Control

The LM3463 provides six individual linear current regulators to perform LED current regulation. Each current
regulator includes an internal MOSFET driver and error amplifier and an external MOSFET and current sensing
resistor. The output current of every output channel is defined by the value of an external current sensing resistor
individually. The reference voltage of the regulators can be adjusted by changing the bias voltage at the
IOUTADJ pin.

When analog dimming control applies, the output current of all channels reduces proportional to the voltage
being applied to the IOUTADJ pin. Figure 1 shows the simplified block diagram of a current regulator.

vCcC

l LM3463 To LED

1

1

1

: Cathode
! —

1

1

VREF DRn

VREF DHC circuit | ——9
. Regulator
i
RIADJ1 !
1

IOUTADJ

I3T

RISNSn

AN

1
1
1
1
1
1
i §
RIADJ2 1
9 |
1
1
1
1

REFRTN

Figure 1. Block diagram of a linear current regulator

Since the driving current of a LED string is determined by the resistance of the current sensing resistor Risnsn
individually, every channel can have different output current by using different value of Rigys,. The LED current,
loutn is calculated using the following expression:

Veen=[(Viourany x0.0782)+4.3x107]

AND since:

_ VSEn

I — A
OUTn R
ISNSh

(2
Thus,
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[(Vioutapyx0.0782)+4.3x107]

IOUTn -

RISNSn

©)

The above equations apply when V,qutap; IS equal to or below Vgee (2.5V). Generally the Voutaps Should not be
set higher than Vgge. Applying a voltage high than Vgege to the IOUTADJ pin could result in inaccurate LED
driving currents which fall out of the guaranteed specification. Figure 2 shows the relationship of V,qytaps and
Vsen.

0.25

0 1 2 3 4 5 6 7
ViouTADJ(Y)

Figure 2. Vgg, versus Vioytap)

Since the analog dimming control interface is designed for slow brightness control only, the rate of change of the
voltage at the IOUTADJ pin must not be higher than 1.25V/sec to allow good tracking of the output current and

changing of the V|gutaps- The voltage at the IOUTADJ pin can be provided by an external voltage source as
shown in Figure 3.

LM3463

External *
voltage source
0vV-25vV >

A\
GND

Figure 3. Adjust Vgg, by external voltage

To secure high accuracy and linearity of dimming control, the voltage of the IOUTADJ pin can be provided by a
voltage divider connecting across the VREF and REFRTN pins as shown in Figure 4.
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LM3463

CVREF S RIADJL

IOUTADJ

3
=< RIADR2

GND

Figure 4. Biasing IOUTADJ from VREF

Vcc Regulator

The V¢ regulator accepts an input voltage in the range of 12V to 95V from the VIN pin and delivers a 6.5V
typical constant voltage at the VCC pin to provide power and bias voltages to the internal circuits. The VCC pin
should be bypassed to ground by a low ESR capacitor across the VCC and GND pins. A 1uF 10V X7R capacitor
is suggested.

The output current of the VCC regulator is limited to 20 mA which includes the biasing currents to the internal
circuit. When using the VCC regulator to bias external circuits, it is suggested to sink no more than 10 mA from
the VCC regulator to prevent over-heating of the device.

VREF Regulator

The VREF regulator is used to provide precision reference voltage to internal circuits and the IOUTADJ pin.
Other than providing bias voltage to the IOUTADJ pin, the VREF pin should not be used to provide power to
external circuit. The VREF pin must be bypassed to ground by a low ESR capacitor across the VREF and
RETRTN pins. A 0.47uF 10V X7R capacitor is suggested.

GDO
GI.Dl |
LM3463 o.x

SE5

T

Q1

| 6

vy

i RISNS6 2

saa[ bt — @ . )

RISNS2S
-

4

VREF

> RIADJ1

= SEO
CVREF = <
RISNS1 g

EE RIADJ2 GND REFRTN

[ [

LI-I = + -4
J GND GND GND

Figure 5. Individual connections to REFRTN

il A A 4

16 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated

Product Folder Links: LM3463


http://www.ti.com/product/lm3463?qgpn=lm3463
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS807&partnum=LM3463
http://www.ti.com/product/lm3463?qgpn=lm3463

13 Ti
IIE)S(?fS{UMENTS LM3463

www.ti.com SNVS807 —MAY 2012

REFRTN and GND

The REFRTN pin is the reference point for the high precision and low noise internal circuits. The pins which
referenced to the REFRTN are VREF, IOUTADJ, SEO, SE1, SE2, SE3, SE4 and SE5. To secure accurate
current regulations, the current sensing resistors, Risnsy should connect to the REFRTN pin directly using
dedicated connections. And the REFRTN and GND pins should be connected together using dedicated
connection as shown in figure 5.

Device Enable

The LM3463 can be disabled by pulling the EN pin to ground. The EN pin is pulled up by an internal weak-pull-
up circuit, thus the LM3463 is enabled by default. Pulling the EN pin to ground will reset all fault status. A system
restart will be undertaken when the EN pin is released from pulling low.

Open Circuit of LED String(s)

When a LED string is disconnected, the LM3463 pulls the Faultb low to indicate a fault condition. The Faultb is
an open-drain output pin. An open circuit of a LED string is detected when a Vgg, is below 43 mV and the Vpg,
of the corresponding channel is below 300mV simultaneously. When the fault conditions are fulfilled, the LM3463
walits for a delay time to recognize whether there is a disconnected LED or not. If the conditions of open circuit of
LED is sustained longer than the delay time, a real fault is recognized. The delay time for fault recognition is
defined by the value of an external capacitor, Cr 1, and governed by the following equation:

3.62VxC
tFLT-RECOG = 2811 AFLT second

(4)
The fault indication can be reset by either applying a falling edge to the EN pin or performing a system re-
powering.

System Clock Generator

The LM3463 includes an internal clock generator which is used to provide clock signal to the internal digital
circuits. The clock frequency at the CLKOUT pin is equal to 1/2 of the frequency of the internal system clock
generator. The system clock generator governs the rate of operation of the following functions:

«  PWM dimming frequency in Serial Interface Mode
«  PWM dimming frequency in DC Interface Mode
* Clock frequency in cascade operation (CLKOUT pin)

The system clock frequency is defined by the value of an external resistor, Rgg following the equation:

[15.44x10°
fo kouT= R.+5 48 5+ 10.08 |kHZ

= (5)
Operation Mode CLKOUT Freq. Dimming Freq. Res
Serial Interface Mode 125 kHz 488. 3Hz 125 kQ
DC Interface Mode 625 kHz 488.3Hz 62.2 kQ
Direct PWM Mode 625 kHz Virtually no limit 62.2 kQ
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Dynamic Headroom Control (DHC)

The Dynamic Headroom Control (DHC) is a control method which aimed at minimizing the voltage drops on the
linear regulators to optimize system efficiency. The DHC circuit inside the LM3463 controls the output voltage of
the primary power supply (Vga) until the voltage at any drain voltage sensing pin (Vpg,) equals 1V. The LM3463
interacts with the primary power supply through the OutP pin in a slow manner which determined by the
capacitor, Cpyc. Generally, the value of the Cpyc defines the frequency response of the LM3463. The higher the
capacitance of the Cpyc, the lower the frequency response of the DHC loop, and vice versa. Since the Vgy is
controlled by the LM3463 via the DHC loop, the response of the LM3463 driver stage must be set one decade
lower than the generic response of the primary power supply to secure stable operation.

The cut-off frequency of the DHC loop is governed by the following equation:

1
2ITxCDHC XR 5c_source

Hz

fC(LM3463) =

©)

Practically, the frequency response of the primary power supply might not be easily identified (e.g. off-the-shelf
AC/DC power supply). For the situations that the primary power supply has an unknown frequency response, it is
suggested to use a 2.2uF 10V X7R capacitor for CDHC as an initial value and decrease the value of the Cpc to
increase the response of the whole system as needed.

Holding Vg In Analog Dimming Control

Due to the V-l characteristic of the LED, the forward voltage of the LED strings decreases when the forward
current is decreased. In order to compensate the rising of the voltage drop on the linear regulators when
performing analog dimming control (due to the reduction of LED forward voltages), the DHC circuit in the LM3463
reduces the rail voltage (Vg ) to maintain minimum voltage headroom (i.e. minimum Vpgp).

In order to ensure good response of analog dimming control, the Vs, is maintained at a constant level to
provide sufficient voltage headroom when the output currents are adjusted to a very low level. When the voltage
at the IOUTADJ pin is decreased from certain level to below 0.63V, the DHC circuit stops to react to the
changing of Vpg, and maintains the Vga, at the level while V\gytap; €quals 0.63V. DHC resumes when the
ViouTapy i increased to above 0.63V. Figure 6 shows the relationship of the Vgai, Vsen and Voutany-
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0.63V <“— ViouTapy is equal
to or below 0.63V

» Time

Figure 6. Holding Vga when V outapy is below 0.63V

System Startup

When the LM3463 is powered, the internal Operational Transconductance Amplifier (OTA) charges the capacitor
Cponc through the CDHC pin. As the voltage at the CDHC pin increases, the voltage at the OutP pin starts to
reduce from Vqc. When the voltage of the OutP pin falls below Vgg + 0.7V, the OutP pin sinks current from the
Vg node and eventually pulls up the output voltage of the primary power supply (Vgai)- As the Vga reaches
Vpue reapy: the LM3463 performs a test to identify the status of the LED strings (short / open circuit of LED
strings). The Vpuc repay IS defined by an external voltage divider which consists of Rgg; and Rgg,. The
Vpuc reapy IS calculated following the equation:

RFB1+RFB2
VbHe READY ™ REB? x2.9V

After the test is completed, the LM3463 turns on the LED strings with regulated output currents. At the moment
that the LM3463 turns the LEDs on, the OutP pin stops sinking current from the Vg node and in turn Vga, Slews
down. Along with the decreasing of Vgp, the voltage at the Vpg, pins falls to approach 1V. When a Vpg, is
decreased to 1V, the DHC loop enters a steady state to maintain the lowest Vpg, to 1V average at a slow
manner defined by Cpyc. Figure 7 presents the changes of Vg from system power up to DHC loop enters
steady state.
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Figure 7. Changes of Vg, during system startup

Shortening System Startup Time

The system startup time can be shortened by sinking current from the ISR pin to ground through a resistor, Rgg.
The lower resistance the R,gg carries, the shorter time the system startup takes. Sinking current from the ISR pin
increases the charging current to the capacitor, Cpycand eventually increases the rate of the increasing of Vga

during startup (Vga ramps up from Vg mom) 10 Vpuc reapy)- Figure 8 shows how the system startup time is
shortened by using different value of R,gg.

VRaIL
4 tsT-1 :
P
1
tsT-2 ' 1
! '
tST-3 1 1
H 1 1
! ! ! VDHC_READY
VLED
7 VRAIL(nom)
Startup time | Risr
VIN-UVLO _| __ J tsT-1 open
6.67V b tsT-2 high
|
! tsT-3 low
I~
v .
0 : » Time

Figure 8. Setting different startup time using different Rigr

Generally, the system startup time tst is the longest when the ISR pin is left open (ts.1). The amount of the
decreasing of the startup time is inversely proportional to the current being drawn from the ISR pin, thus
determined by the value of the resistor, Risgr. The rate of decreasing of the startup time is governed by the
following equation.
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1
., 170503 *ts71
R|SR

- = ®

tST

The practical startup time varies according to the settings of the Vpyc reapy, Ves, Conc and Risg with respect to

the following equations.
3.6V-Voe ,
tor= ; X Ccpuc in sec.

733 A+ 125V
RISR

©

where

Vire.reaoy-Ves V
VOutP= VFB_O'GV_RDHCX DHC RIE;;DY FB RFQB

(10)

Sinking higher than 100 pA from the ISR pin could damage the device. The value of the R,sg should be no lower
than 13 kQ to prevent potential damages.
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1
PROCEDURES i REMARKS
1

( Begin design )

A 4

VLED-MAX-coLD, the highest forward
voltage of LED strings under low
temperature

Identify VEp-MAX-COLD

A 4

VLED-MIN-HOT, the lowest forward voltage

Identify V| ED-MIN-| i i
fy VLED-MIN-HOT of LED strings under high temperature

y

VRAIL(nom), the nominal output voltage
of the primary power supply.
e.g. Assume Vg = 2.5V,

]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
Adjust the nominal output voltage of the :
1

1

1

VRAIL(nom) = VLED-MIN-HOT - 5V 1 R1+R2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

primary power supply,

VRAIL(nom) = 2:5V X R

A 4

Set the peak output voltage of the primary
power supply (at Voytp = 0.15V),

VRAIL(peak), the output voltage of the
primary power supply when the OutP
pin is pulling to its minimum.

VRAIL(peak) = VLED-MAX-COLD *+ 10V

VEB VEg-0.15-0.6
VRAIL(peak) = R1 X {FTZ + Wj+ VEB

A 4
Set the LED turn on voltage,

VDHC_READY, the LED turn on voltage is

defined by Rpg1 and Rpg connected to

the VLedFB pin.
VDHC_READY = VLED-MAX-COLD *+ 5V P

RrB1+ RFB2
RrB2

VDHC_READY = 2.5V X

A 4

C End of design )

Figure 9. Procedure of defining startup parameters

Setting the Rpyc and Vga

Prior to defining the parameters for the operations in steady state, the value of the Rp,c and different levels of
the supply rail voltage (Vga) during system startup must be determined. Figure 9 illustrates the procedures of
determining the value of the Rpyc and voltage levels of the Vrai(om): VraiL(peak) @Nd Vprc reapy-

In Figure 9, the Vi gp.max-corp and Vi ep.min-Hot are the maximum and minimum forward voltages of the LED
strings under the required lowest and highest operation temperatures respectively. In order to ensure all the LED
string are supplied with adequate forward current when turning on the LEDs, the Vpuyc reapy Must be set higher
than the V| gp.max.coLp. FOr most applications, the Vpuc reapy Can be set 5 V higher than the V| gp.max-coLp-

In order to reserve voltage headroom to perform DHC under high operation temperature, the nominal output
voltage of the primary power supply must be set lower than the V gpvin-Hot- FOr most applications, the Vgaom)
can be set 5 V lower than the V| gp.min-noT- Figure 10 shows an example connection diagram of interfacing the
LM3463 to a power supply of 2.5V feedback reference voltage.
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Primary power supply

VRAIL

To control circuit of <
primary power supply

N

a

<
A

LM3463

> RrB1

> Rre2

Figure 10. Connecting the LM3463 to a power supply

PROCEDURES

Begin power
supply selection

A

A

Calculate the required maximum output
Power, PRralL(peak) Of the power supply

A

Prepare a power converter which has a
maximum output power > PouT(nom) and a
maximum output voltage > VRAIL(peak)

A

Adjust R1 and R to reduce the nominal
output voltage of the power converter to

VRAIL(nom)

A

End of power
supply selection

C )

VRAIL(peak) iS the highest output voltage
that the power converter needs to

Determine: y
| Vi and V. deliver.
LEDx: VRAIL(peak) RAIL(nom) ILEDx is the forward current of an LED
string.

No. of
PRAIL(peak) = otput ch. < 'LEDx X VRAIL(peak)

The power converter must be able to
deliver a power no less than PrAIL(peak)
even if the VRajL is pushed to the
maximum by the LM3463, VRAIL(peak)

Adjust the value of R1 and R so as to
meet the equation:
R2

VRAIL(nom) = VB X r “Ro

Figure 11. Procedures of selecting the primary power supply

Choosing the proper Primary Power Supply

If the primary power supply is an off-the-shelf power converter, it is essential to make certain that the power
converter is able to withstand the Vg peak)- In order to allow DHC, the nominal output voltage of the primary
power supply needs to be adjusted to below V gp.min-nor @S Well. The suggested procedures for selecting the
proper power supply are as shown in Figure 11.
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Selection of External MOSFET

The selection of external MOSFET is dependent on the highest current and the highest voltage that could be
applied to the drain terminal of the MOSFET. Generally, the Drain-to-Source breakdown voltage (Vpss) and the
continuous drain current (Ip) of the external MOSFET must be higher than the defined peak supply rail voltage
(VRaiL(peak)) @nd the maximum output LED current (loyr,) respectively.

Testing LEDs at System Startup

As Vgra increases to Vpyc reapy: the voltage at the VLedFB pin equals 2.5V. When the voltage at the VLedFB
pin rises to 2.5V, the LM3463 sinks 100 pA through every LED strings from the supply rail into the DRn pins for
certain period of time to determine the status of the LED strings. The time for checking LED strings is defined by
the value of the external capacitor, Cr 1 and is governed by the following equation:

3.62VxC
L ep-TEST= 28.11 AFLT second

11)

If the voltage at any DRn pin is detected lower than 350 mV in the LED test period, that particular output channel
will be disabled and excluded from the DHC loop. All disabled output channels will remain in OFF state until a
system restarting is undertaken. The LED test performs only once after the voltage at VLedFB pin hits 2.5V. The
disabled channel can be re-enabled by pulling the EN pin to GND for 10 ms (issuing a system restart) or re-
powering the entire system.

MOSFET Power Dissipation Limit

In order to protect the MOSFETs from thermal break down when a short circuit of the LED sting(s) is
encountered, the LM3463 reduces the output current according to the increment of the drain voltage of the
MOSFET (Vprn) When the drain voltage exceeds a certain preset threshold voltage to limit the power dissipation
on the MOSFETSs. This threshold voltage is defined by the voltage being applied to the DRVLIM pin, Vpgyum and
is roughly four times the voltage of the Vpgrym- FOr example, if the desired drain threshold voltage to perform
output current reduction is 16V, the DRVLIM pin voltage should be biased to 4V. Figure 12 shows the relation
between Vg, Vprn and Vpryiiv-

VsEn
A VDRx = VDRVLIM X 4

» VDRn

Figure 12. Vg, reduces as Vpgr, exceeds Vprym X4

Dimming Mode Control

The LM3463 provides three modes of PWM dimming control. The three modes are: Direct PWM dimming mode,
Serial interface mode and DC interface mode. Selection of the mode of dimming mode is made by leaving the
MODE pin open or connecting the MODE pin to GND or VCC. Regardless of the selection of the mode of PWM
dimming control, the output channels 0 and 1 are controlled commonly by the signal at the DIMO1 pin and the
output channels 2 and 3 are controlled commonly by the PWM signal at the DIM23 pin. The dimming duty of the
channel 4 and 5 are controlled by the signals on DIM4 and DIM5 pins respectively.

24 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated

Product Folder Links: LM3463


http://www.ti.com/product/lm3463?qgpn=lm3463
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS807&partnum=LM3463
http://www.ti.com/product/lm3463?qgpn=lm3463

13 Ti
IIE)S(?fS{UMENTS LM3463

www.ti.com SNVS807 —MAY 2012

The DIMO1, DIM23, DIM4 and DIM5 pins are pulled down by an internal 2 MQ weak pull-downs to prevent the
pins from floating. Thus the dimming control input pins are default to 'LED OFF' state and need external pulled
up resistors when the pins are connected to open collector/drain signal sources. Figure 13 shows a suggested
circuit for connecting the LM3463 to an open collector/drain dimming signal sources.

LM3463

External PWM
signal source
(e.g. MCU)

vcC
Regulator

Open-drain output

PWM
signal

To dimming
control
circuit

GND

Figure 13. Adding an external pull-up resistor to the DIMn pin

Direct PWM Dimming Mode

Connecting the MODE pin to ground enables direct PWM dimming mode. Every dimming control pin (DIMO1 to
DIM5) in direct PWM control mode accepts active high TTL logic level signal. In direct PWM dimming mode, the
six output channels are separated into four individual groups to accept external PWM dimming signals. The
configuration of output channels are as listed in the following table:

Group A CHO and CHZ1, controlled by DIMO1 pin
Group B CH2 and CH3, controlled by DIM23 pin
Group C CHA4, controlled by DIM4 pin
Group D CHS5, controlled by DIM5 pin

In order to secure accurate current regulation, the pull-up time of every dimming control input must not be shorter
than 8 ps. If a 256 level (8-bit resolution) brightness control is needed, the PWM dimming frequency should be
no higher than 488Hz.

Serial Interface Mode

Leaving MODE pin floating enables serial interface mode. In serial interface mode, the DIM01, DIM23 and DIM4
pins are used together as a serial data interface to accept external dimming control data frames serially. The
following table presents the functions of the DIM01, DIM23 and DIM4 pins in serial interface mode:

DIMO1 Serial data packet input (8-bit packet size)
DIM23 Clock signal input for data bit latching
DIM4 End Of Frame (EOF) signal input for data packet loading

The DIM5 pin is not used in this mode and should connect to GND. Every data frame contains four 8-bit wide
data byte for PWM dimming control. Every data byte controls the PWM dimming duty of its corresponding output
channel(s): A hexadecimal 000h gives 0% dimming duty; a hexadecimal OFFh gives 100% dimming duty.
Respectively, the first byte being loaded into the LM3463 controls the dimming duty of CHO and CH1, the second
byte controls the dimming duty of CH2 and CH3, the third byte controls the dimming duty of CH4 and the forth
byte controls the dimming duty of CH5.

In serial interface mode, the six output channels are separated into four individual groups as listed in the
following table:

‘ Group A ‘ CHO and CH1, controlled by the first byte
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Group B CH2 and CHS3, controlled by the second byte

Group C CH4, controlled by the third byte

Group D controlled by the forth byte

A data bit is latched into the LM3463 by applying a rising edge to the DIMO2 pin. After clocking 32 bits (4 data
bytes) into the LM3463, a falling edge should be applied to the DIM4 pin to indicate an EOF and load data bytes
from data buffer to output channels accordingly. Figure 14 shows the serial input waveforms to the LM3463 to
facilitate in serial interface mode. Figure 15 shows the timing parameters of the serial data interface. The PWM
dimming duty in the serial interface mode is governed by the following equation:

data byte value+1
DseriaL-Dim= L x100%

256

The PWM dimming duty at decimal data codes 01 (001h) and 02 (002h) are rounded up to 2/256. Thus the
minimum dimming duty in the serial interface mode is 2/256 or 0.781%. Figure 16 shows the relationship of the
PWM dimming duty and the code value of a data byte in the serial interface mode. The PWM dimming frequency
in serial interface mode is defined by the system clock of the LM3463. The dimming frequency in the serial
interface mode is equal to the system clock frequency divided by 256 which follows the equation below:

f 15.44 x10° 1
fseriaL-Dm= CEE%UE RFS+548.6+10'08 " 256

(13)

In order to achieve a 256 level (8-bit resolution) brightness control, the minimum on time of every channel
(M/(fseriaL-oim*256)) should be no shorter than 8us, thus a dimming frequency of 488Hz is suggested to use.

DIM23
(Clock signal)
DIMO1 BITO BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7
(Data)

A LSB MSB
1 1
| -t One data byte >
Lo 4

DIM23
(Clock signal) !
1
"
DIMO1 | BYTE1l BYTE2 BYTE3 BYTE4
(Data) : (Group D) (Group C) (Group B) (Group A)

DIM4
(End of Frame)

1
1
1
1
1
1
1
1
1 1
OF EOF

|<— One data frame 4>|

Figure 14. Input waveform to the LM3463 in serial interface mode

B
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DC Interface Mode

(Skipped) 1/256 }--

SR CAVAWATA

1 1 1
—» s — — -

1
i
1 .
tps > 10 ns teiT L !
tgIT > 20 ns | | "
DIM4 | \ 5%
1 1
1

1
—>  tatcH  re—

tLATCH > 50 ns

Figure 15. Timing parameters of the serial data interface

PWM dimming duty
A

256/256
255/256
254/256
253/256
252/256

b))
<

6/256
5/256
4/256
3/256
2/256

0 > o Input Data Code
<« " (Decimal)

A A A > ’\/I/ ":)I/ V/ ‘OI/
S/~ o v oy VAR

Figure 16. PWM dimming duty vs code value of a data byte

Connecting the MODE pin to VCC enables DC interface mode. In this mode the LM3463 converts the voltage on
the dimming signal input pins into PWM dimming duty to the corresponding output channels. The six output
channels are separated into four individual groups to accept external PWM dimming signals as listed in the

following table:

Group A CHO and CH1, controlled by the voltage at DIMO1 pin
Group B CH2 and CH3, controlled by the voltage at DIM23 pin
Group C CH4, controlled by the voltage at DIM4 pin
Group D CHS5, controlled by the voltage at DIM5 pin
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In DC interface mode, the DIM01, DIM23, DIM4 and DIM5 pins accept DC voltages in the range of 0.8V to 5.7V
to facilitate PWM dimming control. The voltage at the DIMn pins (Vpun) and the PWM dimming duty in the DC
interface mode (Dpc.piv) are governed by the following equation. Figure 17 shows the correlation of Vp, and
Dpc.oiv- The conversion characteristic is shown in Figure 18.

Doc.om=|(Vomn-0.8V)x20.4082|%

where 0.8V < Vpun < 5.7V

The PWM dimming frequency in the DC interface mode is defined by the system clock of the LM3463. The
dimming frequency in the DC interface mode is equal to the system clock frequency divided by 1280 which
follows the equation below:

_feikour _[ 15.44x10° 1
'ocom="256 ~|R..+5486" 10-08 %256

(15)

In order to achieve a 256 level (8-bit resolution) brightness control, the minimum on time of every channel
(M/(fseriaL-oim*256)) should be no shorter than 8 us, thus a dimming frequency of 488Hz is suggested to use.

(14)

The LM3463 samples the analog voltage at the DIMn pins and updates the dimming duty of each output channel
at a rate of 1280 system clock cycle (1280/fc kout)- In order to ensure correct conversion of analog voltage to
PWM dimming duty, the slew rate of the analog voltage for dimming control is limited the following equation:

fCLKOUT

1280

dVDIMn(DC—DIM

dt

)=<VLSB><

(16)
100
80 /
E 60 //
=)
0}
=z
s 40 //
=
a
20 //
0
0 1 2 3 4 5 6 7
Vbimn(V)
Figure 17. Dimming Duty vs Vpu, in DC interface mode
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n
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6/256
5/256
4/256
3/256
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0 5> o Analog voltage
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Figure 18. Conversion characteristic of the analog voltage to PWM dimming control circuit

Using Less than Six Output Channels

If less than 6 output channels are needed, the unused output channel(s) of the LM3463 can be disabled by not
installing the external MOSFET and current sensing resistor. The drain voltage sensing pin (DRn), gate driver
output pin (GDn) and current sensing input pin (SEn) of a disabled channel must be left floating to secure proper
operation. The output channel(s) which has no external MOSFET and current sensing resistor installed is
disabled and excluded from DHC loop at system startup while the Vga, reaches Vpyc reapy-

A total of five output channels of the LM3463 can be disabled. The channel 0 must be in use regardless of the
number of disabled channel. This feature also applies in cascade operation.

Cascading of LM3463

For the applications that require more than six output channels, two or more pieces of LM3463 can be cascaded
to expand the number of output channel. Dimming control is allowed in cascade operation. The connection
diagrams for cascade operation in different modes of dimming control are as shown in Figure 19.

Serial interface mode in cascade operation

In the serial interface mode, the master LM3463 accepts external data frames through the serial data interface
which consists of the DIM01, DIM23 and DIM4 pins and passes the frames to the following slave LM3463
through its serial data output interface (SYNC and CLKOUT pins). Every slave unit shifts data in and out bit by
bit to its following slave unit.

DC interface mode in cascade operation

In the DC interface mode, the master unit accepts four individual analog dimming control signals from external
signal sources (via the DIM01, DIM23, DIM4 and DIM5 pins) and encodes the analog signals into 8-bit serial
dimming control signals. The master LM3463 passes the encoded dimming control signals serially to the
following slave unit through its serial data output interface (SYNC and CLKOUT pins). Every slave unit shifts data
in and out bit by bit to its following slave unit.

Direct PWM dimming mode in cascade operation
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In the Direct PWM Dimming mode, the master and slave units share the PWM dimming control signals at the
DIM01, DIM23, DIM4 and DIM5 pin to facilitate dimming control. In this mode, the SYNC and CLKOUT of all
slave units should be connected to the SYNC and CLKOUT pin of the master unit accordingly to perform startup
synchronization. Since the dimming control signal inputs of all the LM3464 are connected in parallel to share the
control signals, it is essential to ensure the signal source is strong enough to drive all the LM3463 in parallel.

Figure 19. Serial Data Interface

VRaIL (Vout from AC/DC converter)

Vcc Vcc
Slave 1

LM3463 Master LM3463 LM3463

Interface to MCU/
external logic control
circuit

Figure 20. DC Voltage Dimming Control Interface

VRaIL (Vout from AC/DC converter)

LM3463 Master LM3463 Slave 1 LM3463 Slave 2

Vce

VDIMO1
VDIM23
VDIM4
VDIM5

==

9]
4 )
w)

DC voltages
controlling average
LED currents (PWM)

Figure 21. Direct PWM Diming Control Interface

VRaIL (Vout from AC/DC converter)

30175714 e
E LM3463 Master LM3463 Slave 2
VLedFB
GND GND MODE
DIMO1 > p DIMOL
L DIM23 =IDIM23 > DIM23
GND DIM4 P DIMS Py DIM4
DIM5 L Divs 3.1 DIM5
> >
SYNC, SYNC,
Interface to PWM L i
CLKOUT, CLKOUT
dimming signal sources :I >

Figure 22. Connect diagram for cascade operations in different modes of dimming control
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Application Examples

Figure 23. LM3463 typical application circuit for stand alone operation
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Figure 24. LM3463 typical application circuit for true analog dimming control
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Figure 25. White LEDs Only
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Figure 26. White + Amber LEDs for Color Temperature Adjustment
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Figure 27. White + Red + Green LEDs for CRI Adjustment
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Samples
o)) Drawing %) (3) (Requires Login)
LM3463SQ/NOPB ACTIVE WQFN RHS 48 1000 Green (RoHS CU SN Level-3-260C-168 HR
& no Sh/Br)
LM3463SQX/NOPB ACTIVE WQFN RHS 48 2500 Green (RoHS CU SN Level-3-260C-168 HR
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM3463SQ/NOPB WQFN RHS 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LM3463SQX/NOPB WQFN RHS 48 2500 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM3463SQ/NOPB WQFN RHS 48 1000 358.0 343.0 63.0
LM3463SQX/NOPB WQFN RHS 48 2500 358.0 343.0 63.0
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MECHANICAL DATA

RHS (S—PQFP—-N48) PLASTIC QUAD FLATPACK
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NOTES: A All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal performance may be enhanced by bonding the thermal die pad to an external thermal plane.
E

Falls within JEDEC MO-220.
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MECHANICAL DATA
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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