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

Check for Samples: LM3463

FEATURES

e Dynamic Headroom Control Output to
Maximize Efficiency

e 6 Channels Current Regulated LED Driver

e High Precision Analog Dimming Control
Interface

e 4 Individual PWM Dimming Control Input
« Dimming Control via Digital Data Bus

e Built-In Maximum MOSFET Power Limiting

Mechanism

e Allows Cascade Operation to Extend the
Output Channels

e Fault Indicator Output
e Thermal Shutdown

e UVLO With Hysteresis
e 48L WQFN Package

KEY SPECIFICATIONS
* Wide supply voltage range (12V-95V)
» Thermal fold-back dimming control

» DHC regulates the lowest MOSFET drain
voltage to 1V

Typical Application

APPLICATIONS

e Streetlights
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 MOSFETSs 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.
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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.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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DESCRIPTION CONTINUED

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.

Connection Diagram

SE1

SE3
GD4

48 | GDO
\,

47 | SEO

46 | GD1

45

41

40

REFRTN

44 | GD2

43 | SE2
42 | GD3
39 | SE4
38 | GD5
37 | SE5

IOUTADJ
VREF
EN
FS
Faultb
EP
DIMO1
DIM23
DIM4
DIM5
SYNC
CLKOUT
al (34 1] 15 1g 12 (][RI K] (S
52 ¢% 28888 ¢z ¢
= 4 5 0 &6 o > 3§ & >
x o L = ]
[a] >
Figure 1. TOP VIEW
48-Lead Plastic WQFN
Package Number RHS
PIN DESCRIPTIONS
Pin Name Description Application information
1 REFRTN 0V reference for small signal return | This pin should connect to the end points of current sensing resistors with
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: Vgy = 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.
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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 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 DimMO1 enable channel 0 and 1.
Serial data input In serial interface mode, this pin is configured as the serial data input.
DC voltage dimming control Ir_l DC_ interface mode, the voltage on this pin is converted into PWM
dimming duty for channel 0 and 1.
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 DIMS 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 Cpyc upon system startup.
The voltage on this pin defines the threshold of the drain voltage of the
external MOSFETSs (Vpgn) 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 g:onnect a capacitor, Cg,t from this pin to ground to program the fault de-
ounce time.
17 GND System ground This pin should connect to the system ground
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PIN DESCRIPTIONS (continued)

pin

Pin Name Description Application information
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: Vope = GND
Serial interface mode: Vyope = No Connection
DC interface mode: Vyope = 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.
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

and the sense resistor to facilitate current regulation for channel 1.
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PIN DESCRIPTIONS (continued)

Pin Name Description Application information

46 GD1 channel 1 gate drive output pin Gate driver output. Connect to the gate terminal of the external MOSFET.

47 SEO C_hannel 0 LED driver sense input Connect to the jun_ction of th(_e_source terminal of t_he external MOSFET
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

must connect to the GND pin externally. Place 9 vias from EP to copper
ground plane.

EP Thermal Pad
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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 ensured specifications and test conditions, see the Electrical Characteristics.
(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/Distributors for availability and

specifications.
(3) 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 (6;c)® 2.5°C/W

(1) 8;c measurements are performed in general accordance with Mil-Std 883B, Method 1012.1 and utilize the copper heat sink technique.

Copper Heat Sink @ 60°C.

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 specified 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,\ = 48V.

Symbol | Parameter Conditions Min | Typ | Max ‘ Units

Supply

Iin VN Quiescent Current Ven pin floating 9.75 15 mA

Isp V\n Shut-Down Current Ven = OV 550 800 MA

VIN UVLO

V|N-UVLO V\n Turn-on Threshold 7.4 10 \%
V\n Turn-off Threshold 4.5 7.1 \%
V|n UVLO Hysteresis 300 mV

VCC Regulator

Ve Vcc Regulated Voltage Cvcc = 1 UF, lycc=1mA 6.240 6.475 | 6.760 \%

lcc =10 mA 6.230 6.462 | 6.741 \Y,

lvee-Lm Ve Current Limit Vce =0V 28 45 mA

Vee-.uvio Ve Turn-on Threshold 4.5 4.7 \%
Ve Turn-off Threshold 3.75 4.20 \%
Vce UVLO hysteresis Vcc Decreasing 300 mV

Internal Reference Voltage Regulator

VVREE Reference Voltage Regulator Output Cvrer = 0.47 pF, No Load 2.453 2.499 | 2.564 \%
Voitage lyRer = 2MA 2443 | 2496 | 2545 | v

IVREE-SC VREF Pin Short-Circuit Current Vvrer = VREERTN 7.0 8.2 10.5 mA
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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 specified 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

Dimming Control Interfaces

Analog Mode

VDiMn-MAX DIMn Voltage at 100% Output Duty Cycle | MODE = VCC 5.65 \%

VDiMn-MIN DIMn Voltage at 0% Output Duty Cycle MODE = VCC 807 mV

VDIMNn-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 11 14 \%

VDIM-LED-HYS DIMn Voltage Hysteresis at LED ON to 100 mV
OFF

System Clock Generator

Vgs FS Pin Voltage FS Pin = Open 1.173 1.235 | 1.297 \%

IFs-sc FS Pin Short-Circuit Current Vgs = 0V 110 140 HA

fosc System Clock Frequency Res = 14 kQ 0.90 1.00 1.15 MHz

Bus Interface Mode

VSCLK-HIGH (DIM23) SCLK (Serial CLK) Logic High Threshold | MODE = Hi-Z 1.50 1.75 \%

VscLK-Low (DIM23) SCLK (Serial CLK) Logic Low Threshold | MODE = Hi-Z 1.1 1.4 \%

VSCLK-HYS (DIM23) SCLK (Serial CLK) Hysteresis MODE = Hi-Z 100 mV

VSDA-HIGH (DIMO1) SDA (Serial Data) Logic High Threshold MODE = Hi-Z 1.50 1.75 \%

Vspa-Low (DIMO1) SDA (Serial Data) Logic Low Threshold MODE = Hi-Z 1.1 1.4 \%

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

VVLedFB-TH

VLedFB Voltage Threshold for Turning
LEDs ON

VyLegrs INCreasing

2.325 2.500 | 2.625 \%

VVLedFB-HYS

VLedFB Voltage Hysteresis

Vy_egra decreasing

121 \Y

VVLedFBEN-SLAVE

VLedFB Pin Voltage Threshold for Slave
Mode

Measure at VLedFB pin

5.15 5.39 5.60 \Y

Product Folder Links: LM3463

VoutP-MAX OutP Max. Output Voltage loutp = IMA 2.90 3.10 3.25 \%
Current Sink
Vepre = 0.5V
VoutP-MIN OutP Min. Output Voltage loutp =1IMA 0.050 0.120 | 0.235 \%
Current Sink
Vepre = 3.5V
Visr ISR Pin Voltage lsr = 1PA 1.226 | 1.307 | 1.382 Y
Current Sink to GND
Iisr = 10pA 1.195 | 1.240 | 1.285 v
Current Sink to GND
lisr = 100pA 1.075 | 1.125 | 1.175 v
Current Sink to GND
|CDHC-SOURCE CDHC Pin Max. Sourcing Current Any Vpgrp < 0.9V 15 26 35 HA
ICDHC-SINK CDHC Pin Max. Sinking Current Any Vpgrp > 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 14 MQ
IMCDHC-OTA CDHC Pin OTA Transconductance Vpgrn 2 0.9V 75 umho
Vprn < 0.9V 17 umho
Copyright © 2012-2013, 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 specified 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
LED Current Regulator
VGDn-MAX GDn Gate Driver Maximum Output Vsgn = 0V 5.30 5.75 6.20 \%
Voltage
IGDn-MAX GDn Gate Driver Short Circuit Current Vepn = 0V 10 16 mA
IDRN-MAX DRn pin Maximum Input Current Vprn = 80V 35 50 65 HA
Vsgn Output Current Sensing Reference Vioutaps = VVRer 190 200 210 mV
Voltage w.r.t VRerrTN Vioutans = Vvrer / 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
ISEN-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 Threshold | Measure at FCAP pin 85 157 230 mV
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 2.5 \%
Disable
VEN-HYS Device Enable Hysteresis 100 mV
Thermal Protection
Tsp Thermal shutdown temperature T; Rising 165 °C
Tsp-HYs Thermal shutdown temperature hysteresis | T Falling 20 °C
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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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Figure 6. Figure 7.
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Typical Performance Characteristics (continued)
All curves taken at V,y = 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.

VsEn VS Vioutaps, Ta=125°C Vsen VS Vioutaps (Vioutaps < 60 mV), To=125°C
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Figure 8. Figure 9.

Vsgn VS Vioutaps, Ta=25°C Vsen VS Vioutaps (Vioutaps < 60 mV), To=25°C
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Figure 10. Figure 11.
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Figure 12. Figure 13.
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Typical Performance Characteristics (continued)

All curves taken at V,y = 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.

Voutp-max VS Temperature
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Figure 14.
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Block Diagram
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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.

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 18 shows the simplified block diagram of a current regulator.

"ic LM3463

1

1 To LED
: Cathode
! —_
1

1

VREF DRn

VREF DHC Circuit —D—
. Regulator
i
RIADJ1 !
1

IOUTADJ

13T

1

1

1

1

1

1

i §
RIADJ2 1

! § RISNSN

1

1

1

REFRTN

Figure 18. 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:

VSEn = [(VIOUTADJ X 00782) +4.3x1 0'3]

(1)
AND since:
I = VSEI’] A
OUTn R
ISNSh )
Thus,
-3
o [Viourapx0.0782)+4.3x10°]
ouTn™— R
ISNSh ©)
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The above equations apply when V,gytap; IS equal to or below Vger (2.5V). Generally the V|gytapj 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 specification. Figure 19 shows the relationship of V,qytap; and Vsgp,.

0.25

0.20

VSEn(V)
o o
= =
o [6)]

\\

0.05 /

0.00

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

Figure 19. VSEn Versus VIOUTADJ

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|guTtaps- The voltage at the IOUTADJ pin can be provided by an external voltage source as
shown in Figure 20.

LM3463

J
+

External
voltage source CV)
ov-25v >

REFRTN

A4
GND

Figure 20. 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 21.
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LM3463

._"E VREF

] 10UTADJ

RIADJ1

CVREF

RIADJ2

REFRTN

GND

Figure 21. 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.
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Figure 22. Individual connections to REFRTN

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, Risysy 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 22.

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
waits 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, Cg 1, and governed by the following equation:

3.62VxCr g
28 1pA @

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

second

te T RECOG=
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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°

folkout= W""]O.DS kHz

®)
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

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 (Vgra) 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 Hz
21TxCDHC %R pc.source

fC(LM3483) =
(6)

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 Vgay In Analog Dimming Control

Due to the V-I 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 (Vga) to maintain minimum voltage headroom (i.e. minimum Vpgp).

In order to ensure good response of analog dimming control, the Vg, 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 iS increased to above 0.63V. Figure 23 shows the relationship of the Vray, Vsen and V,outaps-
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T :
I Due to the changing of LED |
current, DHC adjusts the I
VRAIL to maintain constant |
Vra | voltage headroom :

A e o= - a» e - a» e
VRAIL(steady) -~ /_ \
DHC resumes as
VRAIL Maintains as the : 5/ V|ouTADJ increases
ViouabpJ equals 0.63V : : to above 0.63V
ov » Time
VsEn
A
Vsgn changes LED current changes
following ViouTADJ i | with constant VraiL
«— ,
ov » Time
VIouTADJ
A
2.5V --
VRAIL remains
constant when the
0.63V -- ViouTADJ is equal
to or below 0.63V
» Time

Figure 23. Holding Vga When V,gytaps is below 0.63V

System Startup

When the LM3463 is powered, the internal Operational Transconductance Amplifier (OTA) charges the capacitor
Conc through the CDHC pin. As the voltage at the CDHC pin increases, the voltage at the OutP pin starts to
reduce from Vcc. 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
Vpuc reapys 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
RFBZ) Sy -

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 Vgy, 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 24 presents the changes of Vgu, from system power up to DHC loop enters
steady state.

VDHC_READY -
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Figure 24. 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 gy 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 (VgaiL ramps up from Veainom) t0 Vprc reapy). Figure 25 shows how the system startup time is

shortened by using different value of Rgg.

VRaL
4 . tsT-1 |
: 1
| t |
' ST-2 ! |
- 3 1 |
BECTURRE B
E ! ! ' VDHC_READY
1
1
i VLED
1
1
1
1
1
1
1
i
|
! 7 VRAIL(nom)
/
: I’
1 ’
i /
! / Startup time | Risr
! ’
VIN-UVLO | / tsT-1 open
6.67V ! // tsT-2 high
i ’/’ tST-3 low
Vil
I/I .
0 - » Time

Figure 25. Setting different startup time using different Rigg
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Generally, the system startup time tgt is the longest when the ISR pin is left open (tst.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, Risg. The rate of decreasing of the startup time is governed by the
following equation.

1
| X

170503) ter-

1+

Risr

tsr=

®

The practical startup time varies according to the settings of the Vpyc reapy: Ves, Conc @nd Risg with respect to
the following equations.

3.6V-V
tST= ,(I:)LEPSV XCCDHC in Sec.
(7.33|JA+ R )
ISR 9
where
V Ve V
Vo, =[V _0.6V-R X( DHC-READY ™ VFB FB)‘|
OutP FB DHC R, R, 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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PROCEDURES

C Begin design )

Identify V_gp-mAX-cOLD

:

Identify VL ED-MIN-HOT

I

Adjust the nominal output voltage of the
primary power supply,

REMARKS

VLED-MAX-cOLD: the highest forward
voltage of LED strings under low
temperature

VLED-MIN-HOT, the lowest forward voltage
of LED strings under high temperature

VRAIL(nom), the nominal output voltage
of the primary power supply.

e.g. Assume Vgg = 2.5V,

R1 +R2

2

VRAIL(nom) = VLED-MIN-HOT - 5V

:

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

VRAIL(nom) = 2-5V X

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

VEB VEg-0.15-0.6
VRAIL(peak) = R1 X (R_z + T}*‘ VFB

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

:

Set the LED turn on voltage,

VDHC_READY, the LED turn on voltage is

defined by Reg1 and Rgg2 connected to

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

C End of design )

Figure 26. Procedure of defining startup parameters

RFB1+ RFB2
RFB2

VDHC_READY = 2.5V X

e T T T

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 (Vra) during system startup must be determined. Figure 26 illustrates the procedures of
determining the value of the Rpyc and voltage levels of the Vgai nom), VRraiL(peak) @Nd Vprc reapy-

In Figure 26, the V| ep.max-colp and V| ep-min-not 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 LEDSs, the Vpyc reapy Must be set higher
than the VLED—MAX—COLD- For most applications, the VDHC_READY can beset5V hlgher than the VLED—MAX—COLD-

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| gp.min-Hot. FOr most applications, the Vgaj nom)
can be set 5 V lower than the V| gp.min-noT- Figure 27 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

............................... “
[}
WV
. VRAIL
1%
: LM3463 |I|
: LJ
To control circuit of Ry VIN RFB1
primary power supply :
1 VrB RpHC
® ] outp VLedFB [
[}
[}
:
:
L]
: GND REFRTN REg2
:
:
:
ey
b
[}

PROCEDURES REMARKS
Begin power
supply selection
X VRAIL(peak) is the highest output voltage
Determine: tha_t the power converter needs to
| v and v deliver.
LEDx: VRAIL(peak) RAIL(nom) ILEDx is the forward current of an LED
string.

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

No. of
PRAIL(peak) = o tput ch, < ILEDx X VRAIL(peak)

A

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

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

Adjust the value of R1 and R2 so as to

Adjust R1 and R to reduce the nominal meet the equation:

output voltage of the power converter to

VRAIL(nom) VRAIL(nom) = VFB X

R1 +R2

A
End of power
supply selection

Figure 28. Procedures of selecting the primary power supply

22 Submit Documentation Feedback Copyright © 2012-2013, 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=SNVS807A&partnum=LM3463
http://www.ti.com/product/lm3463?qgpn=lm3463

13 Ti
IIE)S(?fS{UMENTS LM3463

www.ti.com SNVS807A —MAY 2012—-REVISED MAY 2013

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 Vgaj 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 28.

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 Vra increases to Vpyc reapys 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:

3.62V xCp 1

ten. =() second
LED-TEST 281 IJA (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 (Vpgrn) 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, Vpgry v and
is roughly four times the voltage of the Vprym- 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 29 shows the relation
between Vsgn, Vprn @and Vpryiiu-

VsEn
A VDRx = VDRVLIM X 4

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
I .

: » VDRn

Figure 29. Vg, reduces as Vpgr, exceeds Vprym X4
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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.

The DIMO01, 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 30 shows a suggested
circuit for connecting the LM3463 to an open collector/drain dimming signal sources.

LM3463

VCC
Regulator

External PWM
signal source
(e.g. MCU)

Open-drain output

PWM
signal

To dimming
control
circuit

GND

Figure 30. 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 pus. If a 256 level (8-bit resolution) brightness control is needed, the PWM dimming frequency should be
no higher than 488Hz.
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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 DIMO1, 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
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 31 shows the serial input waveforms to the LM3463 to
facilitate in serial interface mode. Figure 32 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 by;e5(\3/alue+1 ) x100%
(12)

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 33 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:

15.44x10° 1
Reo+548.6 256

DSERIAL-DIM -

f = fCLKOUT =
SERIAL-DIM 256

+1 0.08]
(13)

In order to achieve a 256 level (8-bit resolution) brightness control, the minimum on time of every channel
(1/(fseriaL-im*256)) should be no shorter than 8us, thus a dimming frequency of 488Hz is suggested to use.
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DIM23
(Clock signal)
DIMO1 BITO BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7
(Data)

+ LSB MSB +
| - One data byte -
Lo -4

|

|

DIM23 !

(Clock signal) ! ]

BYTE1 BYTE2 BYTE3 BYTE4 !
(Group D) (Group C) (Group B) (Group A)

DIMO1
(Data)

DIM4

]
]
]
|
]
1
|
]
|
:
|
(End of Frame) ]

i: One data frame :i

Figure 31. Input waveform to the LM3463 in serial interface mode

G EAWAWASTA
XX

—>: tps :4— —V: :4—

tps > 10 ns tBIT
tgiIT > 20 ns
DIM4
—>  tatcH  e—
tLATCH > 50 ns
Figure 32. Timing parameters of the serial data interface
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PWM dimming duty
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Figure 33. PWM dimming duty vs code value of a data byte

DC Interface Mode

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

In DC interface mode, the DIMO1, 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 34 shows the correlation of V), and
Dpc.omv- The conversion characteristic is shown in Figure 35.

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

where
+ 0.8V < Vpyn <5.7V (14)
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:
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_foikour_[ 15.44 x10° 1

focom="256 ~|R..+548.6 " 1098 |* 256 s

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

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:

dVDIMn(DC—DIM)=<V % fCLKOUT
dt Ls8™ 1280 16)
100 /
80 /
z /
'5 60 /
(a]
O]
z /
s 40 /
=
(]
20 //
0 Y.
0 1 2 3 4 5 6 7
VDIMn(Y)
Figure 34. Dimming Duty vs Vpu, in DC interface mode
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Figure 35. 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 Vphc reapy-

A total of five output channels of the LM3463 can be disabled. The channel O 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 36.

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 DIMO1, 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.
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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 DIMO1, 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

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.
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Serial Data Interface

VRaiL (Vout from AC/DC converter)

Vcc Vcc
E LM3463 Master LM3463 Slave 1 LM3463 Slave 2
PL1VLiedFB VLedFB VLedFB
NC MODE NC MODE NC MODE
SDAT DIMO1 DIM0O1 DIMO1
—L SCLK DIM23 DIM23 DIM23
GND LOAD DIM4 DIM4 DIM4
DIM5 < DIM5 q DIM5
Interface to MCU/ SYNC SYNC SYNC
external logic control CLKOUT CLKOUT CLKOUT
circuit
GND - -
DC Voltage Dimming Control Interface
VRaiL (Vout from AC/DC converter)
Vee Vee
LM3463 Master LM3463 Slave 1 LM3463 Slave 2
PL1ViedFB q VLedFB [ VLedFB
Vce MODE MODE MODE
VDIMO1 DIMO1 DIMO1 DIMO1
—_ VDIM23 DIM23 DIM23 DIM23
GND VDIM4 DIM4 DIM4 DIM4
VDIM5 DIM5 q DIM5 q DIM5
DC voltages SYNC SYNC SYNC
controlling average CLKOUT CLKOUT CLKOUT
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Direct PWM Diming Control Interface
VRaiL (Vout from AC/DC converter)
Vcc Vcc
LM3463 Master LM3463 Slave 1 LM3463 Slave 2
PL1VLedFB VLedFB VLedFB
GND MODE GND MODE GND MODE
DIMO1 > DIMO1 > DIMO1
L DIM23 »}DIMZIS DIM23
GND DIM4 > DIM4 DIM4
DIM5 »J;DIMS — DIM5 SvNe
_ Int_erfac_e to PWM SYNCH CLKOUT, \ CLKOUT
dimming signal sources CLKOUT
Figure 36. Connect diagram for cascade operations in different modes of dimming control
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APPLICATION EXAMPLES

Figure 37. LM3463 typical application circuit for stand alone operation
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Figure 38. LM3463 typical application circuit for true analog dimming control
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Figure 39. White LEDs Only
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Figure 40. White + Amber LEDs for Color Temperature Adjustment
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Figure 41. White + Red + Green LEDs for CRI Adjustment
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Figure 42. Red + Green + Blue LEDs for Color Mixing
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

LM3463SQ/NOPB Active Production WQFN (RHS) | 48 1000 | SMALL T&R Yes SN Level-3-260C-168 HR -40 to 125 LM3463
LM3463SQ/NOPB.A Active Production WQFN (RHS) | 48 1000 | SMALL T&R Yes SN Level-3-260C-168 HR -40 to 125 LM3463
LM3463SQX/NOPB Active Production WQFN (RHS) | 48 2500 | LARGE T&R Yes SN Level-3-260C-168 HR -40 to 125 LM3463

LM3463SQX/NOPB.A Active Production WQFN (RHS) | 48 2500 | LARGE T&R Yes SN Level-3-260C-168 HR -40 to 125 LM3463

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl 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 TI 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
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 13 12.0 | 16.0 Q1
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM3463SQ/NOPB WQFN RHS 48 1000 356.0 356.0 36.0
LM3463SQX/NOPB WQFN RHS 48 2500 356.0 356.0 36.0
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RHS0048A

PACKAGE OUTLINE
WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—|

0.5
7.15 03
6.85 N
030 |
0.18
DETAIL
OPTIONAL TERMINAL
TYPICAL
08
0.7
L = DIM A
0.05 j OPT 1 OPT 2
0.00 0.1) 0.2)
2x[5.5 02)
131 051401 —— 124 (4) TYP r%
44x[05] |
1 MUUUUU]UUUUUM b
- —t7 | []25
T Sy ! - EXPOSED
- ‘ /LZ/THERMAL PAD
- ! -
» B o | =
SYMM
e A N S S S
: :]> ‘ ]
£ ]
SEE TERMINAL - | -
DETAIL w
| | [
- — / ! ]
1 I
nnnnoonoonnoj %1 030 :
48 37 0.18
PIN 1 ID SYMM o5 010 [ClAlE
OPTIONAL e 4LrLU
( ) 48X 03 ¢ 0.05(4)

4214990/B 04/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHSO0048A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

@s.1)
SYMM
48X (0.6) 48 | 37
ga00a8R3088———
1
¢J \ \ ¢J 36
48><(o.25)j N O d} f®****ﬂ?*
44X (0.5) — C;j ‘ (1 05) TYP
+—&3 |0 o ? 0 —ot— E jt
o ! (1.25) TYP
symm (1) | [i) |
_—-—t-—1t-—5—-—0O—--—"—Hb6——01+— - (6.8)
(R0.05) —~ % !
TYP \ %
O O ® O ®1+—
@0.2) TYP ‘ |
via (1) O —o——o— | D
| . ] ] |
{ { |
12 [i] | | | [i] 25
| |
_ o _1
83008300 B8
'3 L24 !
| (1.25) J——J (1.05) |
! TYP TYP !
L (6.8) 4
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:12X
0.07 MAX T T 0.07 MIN TT
ALL AROUND ALL AROUND
METAL EDGE ‘= L gg'éﬁFﬁGMASK
N ETAL T T——SOLDER MASK EXPOSEDJ\/. T~ METAL UNDER
OPENING METAL R SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
4214990/B 04/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
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RHS0048A

EXAMPLE STENCIL DESIGN
WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(0.625) TYP

ﬁ

e (1.25) —=

TYP

EXPOSED PAD 49
68% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:15X

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
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4214990/B 04/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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