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A8510

Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

FEATURES AND BENEFITS

* Integrated 2 MHz capable boost converter with 60 V DMOS
switch with OVP protection

* Sync function to synchronize boost converter switching
frequencies up to 2.3 MHz

* LED current up to 40 mA per LED channel into 8 channels

* Drives up to 12 series LEDs in 8 parallel strings
(V¢=3.5V, ;=40 mA), Vy = 8 V, switching frequency
of 1 MHz

* Single EN/PWM pin interface for PWM dimming and
enable functions

* APWM pin for fine-tuning color adjustment and/or
maximizing contrast ratio

* Integrated driver for optional external PMOS input
disconnect switch

* Typical LED accuracy of 0.7% and 0.8% for
LED-to-LED matching

* Internal bias supply for single-supply operation
from 5 to 40 V

* Extensive protection features

PACKAGE: 26-PIN QFN (SUFFIX EC)

@

Not to scale

DESCRIPTION

The A8510 is a multi-output white LED driver for LCD
backlighting. It integrates a current-mode boost converter with
internal power switch and 8 current sinks. The boost converter
can drive up to 96 LEDs with 12 LEDs at 40 mA per string.
The LED sinks can also be paralleled together to achieve even
higher LED currents, up to 320 mA. The A8510 can operate
from a single power supply, from 5 to 40 V.

If required, the A8510 can drive an external P-FET to
disconnect the input supply from the system in the event of a
fault. The A8510 provides protection against output short and
overvoltage, open or shorted diode, open or shorted LED pin,
and overtemperature. A dual level cycle-by-cycle current limit
function provides soft start and protects the internal current
switch against high current overloads.

The A8510 has a synchronization pin that allows PWM
switching frequencies to be synchronized in the range of
580 kHz to 2.3 MHz.

The device package is a 26-contact, 4 mm x 4 mm, 0.75 mm
nominal overall height QFN, with exposed pad for enhanced
thermal dissipation. It is lead (Pb) free, with 100% matte tin
leadframe plating.

APPLICATIONS

¢ Industrial LCD displays
* Backlighting LCD displays

* Infotainment displays

Typical Application Diagram
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A8510 Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

ABSOLUTE MAXIMUM RATINGS [1]

Characteristic Symbol Notes Rating Unit
LEDx Pin -0.3t0 55 \Y
OVP Pin —0.3 to 60 \
VIN, VSENSE, VGATE Pins Vsense and Veare should not exceed Vyy by ~0.3 10 40 v
’ ’ more than 0.4 V. ’
SWPi Continuous —0.6 to 62 \
in

t<50ns -1.0 \
FAULT Pin -0.310 40 \Y
ISET, FSET/SYNC, APWM, and
COMP Pins 031055 v
All other pinsAll oother pins
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Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

Functional Block Diagram
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A8510 Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

Pinout Diagram

Terminal List Table

Number Name Function
1 VIN Input power to the A8510 as well as the positive input used for the current sense resistor.
This pin is used to indicate a fault condition, it is an open drain type configuration that will be pulled
2 FAULT low when a fault occurs; connect a 100 kQ resistor between this pin and the required logic level
voltage.
3,9 NC No connect.
Output of the error amplifier and compensation node; connect a series R;Cz network from this pin to
4 COMP .
GND for control loop compensation.
5 APWM
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A8510 Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

VSENSE PIN

VSENSE Pin Sink Current laDy ° 18.8 20.3 21.8 pA

VSENSE Trip Point Vsenstr I;{/Ieasgrg%between VIN and VSENSE, _ 180 _ mv
ADJ =

FAULTPIN

FAUL
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A8510

Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

The A8510 incorporates a current-mode boost controller with
internal DMOS switch, and eight LED current sinks. It can be
used to drive eight LED strings of up to 12 white LEDs in series,
with current up to 40 mA per string. For optimal efficiency,

the output of the boost stage is adaptively adjusted to the mini-
mum voltage required to power all of the LED strings. This is
expressed by the following equation:

Vour =max ( Vigpis-» Vieps ) + Vrec (1)
where

ViEDx 1S the voltage drop across LED strings 1 through 8, and

VrEg 1s the regulation voltage of the LED current sinks (typi-
cally 0.68 V at the maximum LED current).

ENABLING THE IC

The IC turns on when a logic high signal is applied on the
EN/PWM pin with a minimum duration of tpyy for the first
clock cycle, and the input voltage present on the VIN pin is
greater than the 4.35 V necessary to clear the UVLO (Vv orise)
threshold. The power-up sequence is shown in figure 2. Before
the LEDs are enabled, the A8510 driver goes through a system
check to determine if there are any possible fault conditions that
might prevent the system from functioning correctly. Also, if the
FSET/SYNC pin is pulled low, the IC will not power-up. More
information on the FSET/SYNC pin can be found below, in the
Synchronization section of this document.

POWERING UP: LED PIN SHORT-TO-GND CHECK

The VIN pin has a UVLO function that prevents the A8510 from
powering-up until the UVLO threshold is reached. After the VIN

pin goes above UVLO, and a high signal is present on the EN/

PWM pin, the IC proceeds to power-up. As shown in figure 3, at

this poiC 0 1-upon 320.r35m(As shoBDD 1 IC5BDspin95BT7.T7 /P /Lang

ALLEGRO
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A8510 Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

All unused pins should be connected with a 4.75 k€ resistor to A8510 _J[ \
GND, as shown in figure 5. The unused pin, with the pull-down el A
resistor, will be taken out of regulation at this point and will not LeDs
contribute to the boost regulation loop. LEDS

LED6
If an LEDx pin is shorted to ground the A8510 will not proceed LED7
with soft start until the short is removed from the LEDx pin. This owo TR0
prevents the A8510 from powering-up and putting an uncon- 475 kQ
trolled amount of current through the LEDs. The various detect

scenarios are presented in figures 4A and 4B. = =
Figure 5. Channel select setup: (left) channel LED8 not used,
(right) using all channels.

4A. Example with LED8 pin not being used; fsyy is 2 MHz, the detect voltage
is about 150 mV; shows LED1-7 (ch1, 500 mV/div.), LED8 (ch2, 500 mV/div.),
ISET (ch3, 1 V/div.), and EN/PWM (ch4, 5 V/div.) pins, t = 500 ps/div.

4B. Example with one LED shorted to GND. The IC will not proceed with power-
up until the shorted LED pin is released, at which point the LED is checked to
see if it is being used; shows LED1 (ch1, 500 mV/div.), LED2 (ch2, 500 mV/div.),
ISET (ch3, 1 V/div.), and EN/PWM (ch4, 5 V/div.) pins, t = 1 ms/div.
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A8510

Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

SOFT START FUNCTION

During soft start the LEDx pins are set to sink (I} gpgg) and the
boost switch current is reduced to the Igygg vy level to limit
the inrush current generated by charging the output capacitors.
When the converter senses that there is enough voltage on the
LEDx pins, the converter proceeds to increase the LED current
to the preset regulation current and the boost switch current limit
is switched to the Iy vy level to allow the A8510 to deliver the
necessary output power to the LEDs. This is shown in figure 7.

FREQUENCY SELECTION

The switching frequency on the boost regulator is set by the
resistor connected to the FSET/SYNC pin, and the switching
frequency can be can be anywhere from 580 kHz to 2.3 MHz.
Figure 6 shows the typical switching frequencies for given resis-
tor values.

If during operation a fault occurs that will increase the switch-
ing frequency, the FSET/SYNC pin is clamped to a maximum
switching frequency of no more than 3.5 MHz.

SYNCHRONIZATIONSYNCHRONIZATION

2.1
19 N

17 N

13

02 m——
. —

0.5

fow (MHz)

100 125 150 175 20.0 225 250 30.0 325 350

Resistance for Rget (kQ)

microsystams
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A8510

Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

The basic requirement of the SYNC signal is 150 ns minimum
on-time and 150 ns minimum off time, as indicated by the speci-
fications for tpywsyncon and tpwsyncorr- Figure 10 shows the
timing for a synchronization clock into the A8510 at 800 kHz.
Thus any pulse with a duty cycle of 12% to 88% at 800 kHz can
be used to synchronize the IC.

The SYNC pulse duty cycle ranges for selected switching fre-
quencies are:

SYNC Pulse Frequency Duty Cycle Range

(kHz) (%)
2200 33 to 66
2000 30 to 70
1000 1510 85
800 1210 88
600 9 to 91

If during operation a SYNC clock is lost, the IC will revert to the

preset switching frequency that is set by the resistor Rpggr. Dur-
ing this period the IC will stop switching for a maximum period
of about 7 us to allow the sync detection circuitry to switch over
to the externally preset switching frequency.

If the clock is held low for more than 7 us, the A8510 will shut
down. In this shutdown mode the IC will stop switching, the
input disconnect switch is open, and the LEDs will stop sinking

current. To shutdown the IC into low power mode, the IC must be

disabled by keeping the EN/PWM pin low for a period of 32750

clock cycles. If the FSET/SYNC pin is released at any time after

7 us, the A8510 will proceed to soft start.

LED CURRENT SETTING AND LED DIMMING
The maximum LED current can be up to 40 mA per channel, and
is set through the ISET pin. To set the I pp current, connect a
resistor, RyggT, between this pin and GND, according to the fol-
lowing formula:

Rigp = (1.003 x

ALLEGRO
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A8510 Wide Input Vo

EN/PWM

t—————»

Figure 12A. Typical PWM diagram showing Voyr, I gp, and COMP pin as
well as the PWM signal. PWM dimming frequency is 200 Hz at 50% duty
cycle; shows Vgt (ch1, 10 V/div.), I gp (ch2, 50 mA/div.), COMP (ch3,

2 V/div.), EN/PWM (ch4, 5 V/div.), t = 1 ms/div.

pical PWM diagram showing Voyr, I gp, and
signal. PWM dimming frequency is 200
1 (ch1, 10 V/div.), I gp (ch2, 50 mA/div
(ch4, 5 V/div.), t = 2 ms/div.

EN/PWM
C1 W BN e I It I PN & WWM

ILep

I ep
c2p .

Cc2p

Figure 12C. Delay from rising edge of PWM signal to LED current; shows

Figure 12D. Delay from falling edge of PWM signal to LED current turn off;
EN/PWM (ch1, 2 V/div.), and I gp (ch2, 20 mA/div.), t = 200 ns/div.

shows EN/PWM (ch1, 2 V/div.), and I gp (ch2, 50 mA/div.), t = 200 ns/div.
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A8510 Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

APWMPIN 3
The APWM pin is used in conjunction with the ISET pin. This is {APWM ! |
a digital signal pin that internally adjusts the ISET current. The | seT ISET Apoiser] |
typical input signal frequency is between 20 kHz and 1 MHz. The i Qurrent Catront |
duty cycle of this signal is inversely proportional to the percent- Reer | I
age of current that is delivered to the LEDs (figure 14). As an ! ENVP oED |
example, a system that delivers a full LED current of 40 mA per S s

LED would deliver 20 mA of current per LED when an APWM
signal is applied with a duty cycle of 50%. When this pin is not

. . Figure 13. Simplified block diagram of the APWM ISET block.
used it should be tied to GND. 9 P 9

To use this pin for a trim function, the user should set the maxi-

mum output current to a value higher than the required current by
at least 5%. The LED ISET current is then trimmed down to the

Figure 14. LED current versus PWM duty cycle; 200 kHz APWM frequency. Figure 15. Percentage Error of the LED current versus APWM signals.

Figure 16. Diagram showing the transition of LED current from 40 mA Figure 17. Diagram showing the transition of LED current from 20 mA

to 20 mA, when a 50% duty cycle signal is applied to the APWM pin; to 40 mA, when a 50% duty cycle signal is removed from the APWM pin.
EN/PWM = 1; shows EN/PWM (ch1, 5 V/div.), APWM (ch2, 5 V/div.), and EN/PWM = 1; shows EN/PWM (ch1, 5 V/div.), APWM (ch2, 5 V/div.), and
I ep (ch3, 20 mA/div.), t = 1 ms/div. I ep (ch3, 20 mA/div.), t = 1 ms/div.
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A8510

Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

appropriate value. In cases where the user-supplied APWM has
significant duty cycle limitations, it might be preferable to set the
maximum ISET current to be 25% to 50% higher, thus allowing
the APWM signal to have duty cycles that are between 50% and
75%.

Although the APWM dimming function has a wide frequency
range, if this function is used strictly as an analog dimming
function it is recommended to use frequency ranges between

50 and 500 kHz for best accuracy. The frequency range must be
considered only if the user is not using this function as a closed
loop trim function. There is a few millisecond propagation delay
between the APWM signal and I} gp current. This effect is shown
in figures 16 through 18.

ANALOG DIMMING

The A8510 can also be dimmed by using an external DAC or
another voltage source applied either directly to the ground side
of the Rygpy resistor or through an external resistor to the ISET
pin (see figure 19).

* For a single resistor (upper panel of figure 19), the ISET current

is controlled by the following formula:

VISET B VDAC

€)

I =
SET Riser— Vpac
Where Viggt is the ISET pin voltage and Vp,c is the DAC out-
put voltage.

When the DAC voltage is equal to Vggt, the internal reference,
there is no current through Riggr. When the DAC voltage starts
to decrease, the ISET current starts to increase, thus increasing
the LED current. When the DAC voltage is 0 V, the LED current
will be at its maximum.

* For a dual-resistor configuration (lower panel of figure 19), the

ALLEGRO
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A8510 Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

LED SHORT DETECT The following equation can be used to determine the resistance
All of the LEDX pins are capable of handling the maximum Vp  for setting the OVP level:
that the converter can deliver, thus providing protection from the

Rovyp= (V. oz /1 4
LED pin to Vqy in the event of a connector short. ove = (Voutovp = Voven) / loven “4)

where:
Any LEDx pin that has a voltage exceeding V| gpgc Will be
removed from operation (see figure 20). This is to prevent the IC
from dissipating too much power by having a large voltage pres-
ent on the LEDx pin.

Vourovp i8 the target overvoltage level,
Royp is the value of the external resistor, in €2,

Vove(ih

While the IC is being PWM-dimmed, the IC rechecks the dis-
abled LEDx pin every time the PWM signal goes high, to prevent
false tripping of an LEDx short event. This also allows some self-
correction if an intermittent LEDX pin short-to-V 1 is present.

OVERVOLTAGE PROTECTION

The A8510 has overvoltage protection (OVP) and open Schottky
diode (D1) protection. The OVP protection has a default level of
8 V and can be increased up to 55 V by connecting Rqyp between
the OVP pin and V1. When the current into the OVP pin
exceeds 199 pA typical, the OVP comparator goes low and the
boost stops switching.

17
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A8510 Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

Output disconnect
event detected

Vout

SW node

EN/PWM

t———»
Figure 21. OVP protection in an output disconnect from load event; shows

Figure 22. OVP protection in an open LED string event; shows Vgt
Vout (ch1, 10 V/div.), SW node (ch2, 20 V/div.), EN/PWM (ch3, 5 V/div.), (ch1, 10 V/div.), SW node (ch2, 20 V/div.), EN/PWM (ch3, 5 V/div.), and
and | gp (ch4, 50 mA/div.), t = 2 ms/div.

I.ep (ch4, 200 mA/div.), t = 1 ms/div.

Figure 23. OVP protection in an open Schottky diode D1 event, while the

Figure 24. OVP protection when the IC is enabled during an open diode
IC is in normal operation; shows SW node (ch1, 50 V/div.), loyt (ch2, 500 condition; shows EN/PWM (ch1, 5 V/div.), SW node (ch2, 50 V/div.), Vour
mA/div.), FAULT (ch3, 5 V/div.), and EN/PWM (ch4, 5 V/div.), t = 2 ps/div.

(ch3, 10 V/div.), and I, gp (ch4, 200 mA/div.), t = 500 ps/div.
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BOOST SWITCH OVERCURRENT PROTECTION

The boost switch is protected with cycle-by-cycle current
limiting set at a minimum of 3.0 A. There is also a secondary cur-
rent limit that is sensed on the boost switch. When detected this
current limit immediately shuts down the A8510. The level of this
current limit is set above the cycle-by-cycle current limit to pro-
tect the switch from destructive currents when the boost inductor
is shorted. Various boost switch overcurrent conditions are shown
in figures 25 through 27.

R i

Figure 25. Normal operation of the switch node (SW); inductor current

(I) and output voltage (Voyt) for 12 series LEDs in each of 8 strings
configuration; shows I (ch1, 500 mA/div.), SW node (ch2, 20 V/div.), Vourt
(ch3, 20 V/div.), and EN/PWM (ch4, 5 V/div.), t = 1 ps/div.

INPUT OVERCURRENT PROTECTION AND
DISCONNECT SWITCH

The primary function of the input disconnect switch is to protect
the system and the device from catastrophic input currents during
a fault condition. The external circuit implementing the discon-
nect is shown in figure 28. If the input disconnect switch is not
used, the VSENSE pin must be tied to VIN and the VGATE pin
must be left open.

Figure 26. Cycle-by-cycle current limiting; inductor current (IL), note
reduction in output voltage as compared to normal operation with the
same configuration (figure 25); shows IL (ch1, 1 A/div.), SW node (ch2, 20
V/div.), VOUT (ch3, 10 V/div.), and EN/PWM (ch4, 5 V/div.), t = 2 ps/div.

Figure 27. Secondary boost switch current limit; when this limit is hit, the
A8510 immediately shuts down; shows EN/PWM (ch1, 5 V/div.), FAULT
(ch2, 5 V/div.), SW node (ch3, 50 V/div.), and I, (ch4, 2 A/div.), t = 200 ns/div.

ALLEGRO
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When selecting the external PMOS, check for the following If the input current level goes above the preset current limit

parameters:

* Drain-source breakdown voltage V(ggypss > —40 V

* Gate threshold voltage (make sure it is fully conducting at

Vgs =-4V, and cut-off at -1 V)

threshold, the A8510 will shut down in less than 3 ps regardless
of user input (figure 29). This is a latched condition. The Fault
flag is also set to indicate a fault. This feature is meant to prevent
catastrophic failure in the system due to a short of the inductor or
output voltage to GND.

* Rpg(on): Make sure the on-resistance is rated at Vg = -4.5 V or
similar, not at -10 V; derate it for higher temperature

Rapy

1
I

Rsc af

To L1

Figure 28. Typical circuit showing the implementation of the input

disconnect feature.

VGATE

VSENSE
VIN

A8510

20

" Allegro MicroSystems
A L L E G Ro 955 Perimeter Road
Manchester, NH 03103-3353 U.S.A.

microsystams www.allegromicro.com



A8510 Wide Input Voltage Range, High Efficiency
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SETTING THE CURRENT SENSE RESISTOR

The typical threshold for the current sense circuit is 180 mV,
when R, p;is 0 Q. This voltage can be trimmed by the R p;
resistor. The typical trip point should be set at about 3 A, which
coincides with the cycle-by-cycle current limit minimum thresh-
old. A sample calculation is done below:

Given: 2.85 A of input current, and the calculated maximum

value of the sense resistor, Rgc = 0.063 Q.

The Rgc chosen is 0.056 Q, a standard value.

Also:

Rapy = (VsenseTrip — Vapy) / Lapy Q)

The typical trip point voltage is calculated as:
Vapy=2.85A % 0.056 Q=0.160 V
Rapy=1(0.180-0.160 V) / (20.3 pA) = 1.0 kQ

INPUT UVLO

When Vi and VggngE rise above the UVLO enable hysteresis
(VuvLorise T VUVLOhys)» the A8510 is enabled. A8510 is disabled
when Vi falls below the Vv opy threshold for more than 50 ps.
This lag is to avoid shutting down because of momentary glitches

in the input power supply.
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A8510 Wide Input Voltage Range, High Efficiency
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Fault Mode Table
Fault . .
Fault Name Type Active Flag Description Boost Dlscqnnect S!nk
Set switch driver
Primary switch Off for
overcurrent protection This fault condition is triggered by the cycle-by- .
Auto-restart | Always No L asingle On On
(cycle-by-cycle cycle current limit, ISW(LIM). cvele
current limit) y

When the current through the boost switch exceeds
secondary current SW limit (IsyLivz)) the device
Secondary switch Latched Always Yes immediately shuts down the disconnect switch,

current limit LED drivers, and boost. The Fault flag is set. To re-
enable the device, the EN/PWM pin must be pulled
low for 32750 ¢l must be pulled
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Fault occurs when the FSET/SYNC current goes
above 150% of maximum current. The boost will
FSET/SYNC short stop switching, the disconnect switch will turn off
protection Auto-restart | Always | Yes | . {ine G will disable the LEDX sinks until the fault | O off off
is removed. When the fault is removed the IC will try
to restart with soft-start.
Fault occurs when OVP pin exceeds Voypin) Sto
Ovenvoltage threshold. The A8510 will immediately stop durir?
ag Auto-restart | Always No switching to try to reduce the output voltage. If the 9 On On
protection . OVP
output voltage decreases then the A8510 will restart event
switching to regulate the output voltage. ’
Off for
Fault occurs when the LEDx pin voltage exceeds shorted
. ) 5.1 V. When the LED short protection is detected pins.
LED short protection | Auto-restart |~ Always No the LED string above the threshold will be removed on On On
from operation. for all
others.
Overtemperature Auto-restart | Alwavs No Fault occurs when the die temperature exceeds the
protection y overtemperature threshold, typically 165 -US 657ID| 78 0592 #08.03P << 870, tSP <ec
23
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APPLICATIONS INFORMATION

Design Example for Boost Configuration

This section provides a method for selecting component values
when designing an application using the A8510. An example
schematic is provided in figure 30.

Assumptions: For the purposes of this example, the following are
given as the application requirements:

*Vpar: 10to 14V

* Quantity of LED channels, #cganners: 8

* Quantity of series LEDs per channel, #ggripsieps: 12
* LED current per channel, I} gp: 40 mA

*Veat40 mA: 32V

* fgw: 800 kHz

* Ty (max): 65°C

* PWM dimming frequency: 200 Hz, 1% Duty cycle

Procedure: The procedure consists of selecting the appropriate

configuration and then the individual component values, in an

ordered sequence. It should be noted that in many calculations

the minimum and/or maximum specification values are used to
guarantee proper system operation.

Step 1: Connect LEDs to pins LED1 through LEDS.
Step 2: Determining the LED current setting resistor Rgpr:
Riger=1.003 x 327/ I} g (6)
=327.981/40 mA = 8.20 kQ
Choose a 8.25 kQ resistor.

Step 3: Determining the OVP resistor. The OVP resistor is
connected between the OVP pin and the output voltage of the
converter.

Step 3a: The first step is determining the maximum voltage
based on the LED requirements. Then this value and the regula-
tion voltage (Vi gp)red sequenc/La 324 23148d.003 LED
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Step 4a: Determining the duty cycle, calculated as follows:

Vi
Dimax) = 1 - — ) (an
Vourove) + Vy
S p— L A 1)
417V +04V

The voltage drop of the diode can be approximated to be about
0.4 V.

Step 4b: Determining the maximum and minimum input current
to the system. The minimum input current will dictate the induc-
tor value. The maximum current rating will dictate the current
rating of the inductor. First, the maximum input current, given:

Tout = #cnanners X ILep (12)
=8 X0.040 A =0320A

then:

Voutovey X lout
Vin(min) X M

_ 41.7VX0320 A

T 10V X 09

(13)

Iiy(max) =

=1.483 A

where 1) is efficiency.
Next, calculate minimum input current, as follows:
Vourove) X lout

Vin(max) x M

_ 417VX0320A _
T 14V X 0.9 1.059°A

(14)

I(min) =

A good approximation of efficiency, 1, can be taken from the
efficiency curves located in the diode datasheet. A value of 90%
is a good starting approximation.

Step 4c: Determining the inductor value. To ensure that the
inductor operates in continuous conduction mode, the value of
the inductor must be set such that the % inductor ripple current is
not greater than the average minimum input current. A first past

Then:
_ Vin(min)
Al X fsw

_ 10V
0.444 AX 800 kHz

(16)

X D(max)

X 0.76 = 21.4 pH

Step 4d: Double-check to make sure the %4 current ripple is less
than Ijy(min):
Iny(min) > 15 Al
1.059A>0.222 A
A good inductor value to use would be 22 uH, L

(17)

used

Step 4e: This step is used to verify that there is sufficient slope
compensation for the inductor chosen. The slope compensation
value is determined by the following formula:

A5X fsw = 1.8A/us

Slope C tion =
ope Compensation 2106

(18)
Next insert the inductor value used in the design:

Vin(min) X D(max)
Lused X fSW
10 VX0.763

= = 0434 A
22 pH X 800 kHz

(19)

AILused =

Calculate the minimum required slope:

Required By

Slope (min) = AILused X 1x10
7 — X (1 — D(max))
Jsw

-6
_ 0.434 A X 1x10 = 1.46 Alus

1
X(1-0.
800 kHz (1-0.763)

(20)

If the minimum required slope is larger than the calculated slope
compensation, the inductor value must be increased.

Note: that the slope compensation value is in A/us, and 1x10-6 is
a constant multiplier.

Step 4f: Determining the inductor current rating. The inductor
current rating must be greater than the /j(max) value plus the

assumes L1 to be 30% of the maximum inductor current: ripple current Al , or about 1.7 A, calculated as follows:
Al = Iiy(max) x 0.3 15) Iy (min) = Ipy(max) + 15 Al ygeq 21
=148Ax03=0444 A =1483A+0217A=1.70A
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Step 5: Determining the resistor value for a particular switching
frequency. Use the Rggpt values shown in figure 6. For example,
a 25.5 kQ resistor will result in an 800 kHz switching frequency.

Step 6: Choosing the proper switching diode. The switching
diode must be chosen for three characteristics when it is used in
LED lighting circuitry. The most obvious two are: current rating
of the diode and reverse voltage rating.

The reverse voltage rating should be such that during operation
condition, the voltage rating of the device is larger than the maxi-
mum output voltage. In this case it is Voyroyp).

The peak current through the diode is calculated as:
Idp = IIN(maX) + l/2 AILused

=1483A+0217A=170A
The third major component in deciding the switching diode is the
reverse current, I, characteristic of the diode. This characteristic
is especially important when PWM dimming is implemented.
During PWM oft-time the boost converter is not switching. This
results in a slow bleeding off of the output voltage, due to leakage
currents. Iy can be a large contributor, especially at high tempera-
tures. On the diode that was selected in this design, the current
varies between 1 and 100 pA.

(22)

Step 7: Choosing the output capacitors. The output capacitors
must be chosen such that they can provide filtering for both the
boost converter and for the PWM dimming function. The big-
gest factors that contribute to the size of the output capacitor are
PWM dimming frequency and PWM duty cycle. Another major
contributor is leakage current (I i ). This current is the combina-
tion of the OVP leakage current as well as the reverse current of
the switching diode. In this design the PWM dimming frequency
is 200 Hz and the minimum duty cycle is 1%. Typically the volt-
age variation on the output (Vgyt) during PWM dimming must
be less than 250 mV, so that no audible hum can be heard. The
capacitance can be calculated as follows:

1 — D(min)
TewMdimming) X Veour

1-0.01
200 Hz X 0.250 V

(23)

Cour = ik X

= 200 pA X

= 3.96 uF

A capacitor larger than 3.96 pF should be selected due to degra-
dation of capacitance at high voltages on the capacitor. A ceramic
4.7 uF 50 V capacitor is a good choice to fulfill this requirement.

Corresponding capacitors include:

Vendor Value Part number
Murata 4.7 uF 50 V GRMB32ER71H475KA88L
Murata 22puF50V GRM31CR71H225KA88L

The rms current through the capacitor is given by:

Al Lused (24)
D(max) +7 - ax) x 12

1 — D(max)

Icourtms = Igyt

0.434 A
1.48 AXx12

\ 1-0.763

0.763+

= 0320A =0.583 A

The output capacitor must have a current rating of at least
583 mA. The capacitors selected in this design have a combined
rms current rating of 3 A.

Step 8: Selecting input capacitor. The input capacitor must be
selected such that it provides a good filtering of the input voltage
waveform. A good rule of thumb is to set the input voltage ripple
AV to be 1% of the minimum input voltage. The minimum
input capacitor requirements are as follows:

A[Lused
8 X fsw X AVpy
0.434 A

= = 0.68 pF
8 X 800 kHz X 0.1 V

Cp = (25)

The rms current through the capacitor is given by:

Al Lused (26)

In(max)

(1 — D(max)) V12

lour >
Irms =

0.434 A
1.48 A

T (1-0763) V12

0.320 A x
= 0.11A

A good ceramic input capacitor with ratings of 2.2 uF 50V or
4.7 uF 50 V will suffice for this application.
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Corresponding capacitors include: The Rg chosen is 0.056 Q, a standard value.

Vendor Value Part number The trip point voltage must be:
Murata  47uF50V  GRM32ER71H475KASSL Vaps =3.0A % 0.056 Q=0.168 V
Murata 22pF50V GRM31CR71H225KA88L

Rapy = (VsexsEtrip — Vapy) / Iaps (28)
~(0.180 V- 0.168 V) / 20.3 nA =591 Q

Step 9: Choosing the input disconnect switch components. Set A value of 590 Q was chosen for this design.

the input disconnect current limit to 3 A by choosing a corre-
sponding sense resistor. The calculated maximum value of the
sense resistor is:

Rgc(max) = Vspnsgrip/ 3-0 A (27)
=0.180 V/3.0 A=0.060 Q

Rsc L1 D1
YN 0560 Q1 22 pH 2A760V VplgT
Rovp ) 4
Cin Rapy 16508 l Cout Ny
a7uFisov | | s900Q |: VGATE SWSW  oyp % PRATE 2N N
L N
= VSENSE LED1 L sov v \ b 4 N
Yo VIN A8510  LED2 N\ ¥
Cwop = |VPD  [==—- |ED3 v\
100 kQ 0.1 WF I I PAD ' LED4 N
-~—t = lmom | L1 LEDS v
— > |ewPwML — I LEDS : 12 LEDs N
—>— APWM LED7 each string
o
RiseT FSET/SYNC %
RrseT 1 ToE 1200
825ka % 25.5 kQ AGlND PGlND PGlND T P
® —o—o ° —T 047 F
£ H

Figure 30. The schematic diagram showing calculated values from the design example above
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Design Example for SEPIC Configuration

This section provides a method for selecting component values
when designing an application using the A8510 in SEPIC (Sin-
gle-Ended Primary-Inductor Converter) circuit. SEPIC topology
has the advantage that it can generate a positive output voltage
either higher or lower than the input voltage. The resulting design
is diagrammed in figure 31.

Assumptions: For the purposes of this example, the following are
given as the application requirements:

* Vpar: 6 t0 14 V ( Viy(min): 5 V and Viy(max): 16 V)
* Quantity of LED channels, #cpanneLs: 8

* Quantity of series LEDs per channel, #ggrigsieps © 4
* LED current per channel, I; gp: 40 mA

*LED V;at 60 mA: = 3.3V

o fow: 800 kHz

* Tp(max): 65°C

* PWM dimming frequency: 200 Hz, 1% duty cycle

Procedure: The procedure consists of selecting the appropriate
configuration and then the individual component values, in an
ordered sequence.

Step 1: Connecting LEDs to LEDx pins. If only some of the
LED channels are needed, the unused LEDx pins should be
pulled to ground using a 1.5 kQ resistor.

Step 2: Determining the LED current setting resistor Riggr:

Riger= (Visgr * 4iser) / Iiep (29)

= (1.003 (V) x 327) / 0.40 (A) = 8.20 kQ
Choose an 8.25 kQ 1% resistor.
Step 3: Determining the OVP resistor. The OVP resistor is

connected between the OVP pin and the output voltage of the
converter.

Step 3a: The first step is determining the maximum voltage
based on the LED requirements. The regulation voltage, V| gp,

of the A8510 is 720 mV. A constant term, 2 V, is added to give
margin to the design due to noise and output voltage ripple.

Vourove) = #seriesteps * Vet Viep T2 (V) (30)
—4x33(V)+0.680 (V) +2 (V) =159V
Then the OVP resistor is:
Rove= (Voutove)— Voveany ) / loven (31)

= (15.9 (V) — 8.1 (V)) /0.199 (mA) = 39.196 kQ

where both [ gypyy and Vgyp(q) are taken from the Electrical
Characteristics table.

In this case a value of 39.2 kQ was selected. Below is the actual
value of the minimum OVP trip level with the selected resistor:

Vourovey = 39.2 (k) x 0.199 (mA) +8.1 (V) =159V
Step 3b: At this point a quick check must be done to determine
if the conversion ratio is acceptable for the selected frequency.
Dinax = 1 = tsworrrive * fsw (32)
=1- 1.5 x 47 (ns) x 800 (kHz) = 94.4%

where the minimum off-time (tgwoprrmve) is found in the Electri-
cal Characteristics table.

The Theoretical Maximum Vg is then calculated as:

D

Vour(max) = Vyy(min) X ——— = V4 (33)
1 _Dmax
=5V x 22 _4v) =779V
1-0.94

where V4 is the diode forward voltage.

The Theoretical Maximum Vg1 value must be greater than
the value Vyroyp)- If this is not the case, it may be necessary
to reduce the frequency to allow the boost to convert the volt-
age ratios.

Step 4: Sclecting the inductor. The inductor must be chosen such
that it can handle the necessary input current. In most applica-
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tions, due to stringent EMI requirements, the system must operate
in continuous conduction mode throughout the whole input volt-
age range.

Step 4a: Determining the duty cycle, calculated as follows:

Vourovey + Yy

D(max) = -
(max) Vin(min) + Vourove) + V4

(34)

15.9 (V)+ 0.4 (V)

= =76.5%
5(V)+15.9 (V) +0.4 (V)

Step 4b: Determining the maximum and minimum input current
to the system. The minimum input current will dictate the induc-
tor value. The maximum current rating will dictate the current
rating of the inductor. First, the maximum input current, given:

lout = #cuanNeLs X ILED (35)
= 8 X 40 (mA) =0320A
then:
V, x 1
[y(max)= OUT(O'VP) ouT (36)
Vin(min) X M
_ 159(V)x0.32(A) _
5(V)x 0.90 LISLA
where 1) is efficiency.
Next, calculate minimum input current, as follows:
. Vourove) x lout (37)
FyComi) = Vin(max) x M
15.9 (V) X 0.32 (A)
= =0353A
16 (V)X 0.90

Step 4c: Determining the inductor value. To ensure that the
inductor operates in continuous conduction mode, the value of
the inductor must be set such that the 4 inductor ripple current
is not greater than the average minimum input current. As a first
pass assume | to be 30% of the maximum inductor current:

(3%)

ripple

AIL = [IN(maX) x Iripple

=1.131 x0.30=0.339 A

then:

Vin(min)
AlL X fow
_ 5(V)
0339 (A) X 800 (kHz)

L= X D(max) (39)

X 0.765= 14.1 pH

Step 4d: Double-check to make sure the %5 current ripple is less
than Ij(min):

Iy(min) > 1/, Al (40)

0.353A>0.170 A

A good inductor value to use would be 15 pH.

Step 4e: Next insert the inductor value used in the design to

determine the actual inductor ripple current:

Vin(min) X D(max)
Lused X f SW

__ 5(V) X 0.765
15 (uH) < 800 (kHz)

(41)

A]Lused =

= 0319A

Step 4f: Determining the inductor current rating. The inductor
current rating must be greater than the /jy(max) value plus half of

the ripple current Al;, calculated as follows:

L(min) = Iy(max) + 1, Al yeeq (42)

=1.131(A)+0.160 (A)=1.291 A
Step 5: Determining the resistor value for a particular switching
frequency. Use the Rpgpt values shown in figure 6. For example,

a 25.5 kQ resistor will result in an 800 kHz switching frequency.

Step 6: Choosing the proper switching diode. The switching
diode must be chosen for three characteristics when it is used in
LED lighting circuitry. The most obvious two are: current rating

of the diode and reverse voltage rating.
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The reverse breakdown voltage rating for the output diode in a
SEPIC circuit should be:

Vb > Vourove)y(max) + Vpy(max) (43)

>159(V)+16(V)=319V
because the maximum output voltage in this case is Voyrovp)-

The peak current through the diode is calculated as:
[dp = IIN(maX) + l/2 AILused

=1.131 (A) + 0.160 (A)=1.291 A
The third major component in deciding the switching diode is the
reverse current, I , characteristic of the diode. This characteristic
is especially important when PWM dimming is implemented.
During PWM off-time the boost converter is not switching. This
results in a slow bleeding off of the output voltage, due to leakage
currents. I can be a large contributor, especially at high tempera-
tures. On the diode that was selected in this design, the current
varies between 1 and 100 pA. It is often advantageous to pick a
diode with a much higher breakdown voltage, just to reduce the
reverse current. Therefore for this example, pick a diode rated for
a Vgpof 60V, instead of just 40 V.

(44)

Step 7: Choosing the output capacitors. The output capacitors
must be chosen such that they can provide filtering for both the
boost converter and for the PWM dimming function. The biggest
factors that contribute to the size of the output capacitor are:
PWM dimming frequency and PWM duty cycle. Another major
contributor is leakage current, I i . This current is the combina-
tion of the OVP leakage current as well as the reverse current of
the switching diode. In this design the PWM dimming frequency
is 200 Hz and the minimum duty cycle is 1%. Typically, the volt-
age variation on the output, V gy, during PWM dimming must
be less than 250 mV, so that no audible hum can be heard. The
capacitance can be calculated as follows:

1 — D(min
Cour = lix % . ) )
JewM(dimming) X Veour
1-0.01

=200 (nA) X = 3.96 uF

200 (Hz) X 0.250 (V)

A capacitor larger than 3.96 pF should be selected due to degra-
dation of capacitance at high voltages on the capacitor. Select a
4.7 uF capacitor for this application.

The rms current through the capacitor is given by:

ICOUTI'II’IS = IOUT M
V 1 — D(max)
_ 0.765 _
= 0320 (A) | 2 =0.577A

The output capacitor must have a ripple current rating of at least
600 mA. The capacitor selected for this design is a 4.7 uF 50 V
capacitor with a 1.5 A current rating.

(46)

Step 8: Selecting input capacitor. The input capacitor must be
selected such that it provides a good filtering of the input voltage
waveform. A estimation rule is to set the input voltage ripple,
AV, to be 1% of the minimum input voltage. The minimum
input capacitor requirements are as follows:

A]Lused
8 X fsw X AV
0.319 (A)

= = 1.00 pF
8 x 800 (kHz) X 0.05 (V)

Ciy = (47)

The rms current through the capacitor is given by:

Al Lused

V12

_ 0319(A) _ oo

V12

CINITnS = (4 8)

A good ceramic input capacitor with a rating of 2.2 puF 25 V will
suffice for this application.
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Step 9: Selecting coupling capacitor Cgy. The minimum capaci-
tance of Cqyy is related to the maximum voltage ripple allowed

across it:

_ dour X Dyiax
Csw=————~
AVSW X féW
0.32 (A)x 0.765
0.1 (V) X 800 (kHz)

= 0.627 pF

The rms current requirement of the coupling capacitor is given

by:
I1n(max) /M
D(max)
[1-0.765 _
1.131 (A) 0.765 =0.627A

The voltage rating of the coupling capacitor must be greater than
Vn(max), or 16 V in this case. A ceramic capacitor rated for
2.2 uF 25 V will suffice for this application.

Togwtms (50)

(49)

ViN Rsc L1 Csw
etV oosen Q1 15 uH 33pF/25V 2A/60V Vout
Cin % l—fw“—T_T_{ :
Rapy Rovp Cout Ny
352 v " L | se00 VGATE SWSW qup | 392k 47 pF ![\ N
= VSENSE LED1 L sov [N !!\:\
7 VIN © agsig  LED2 N
R1 Cvp VPP ;=== LED3 v A\
01 pF = | PAD | LED4 N
100 kQ Ba P 8
- FAULT | —— ! LEDS v
—>— ENPWM o —— | LEDG ; N
—>— APWM tEB;
ISET f
COMP |
RiseT - FSET/SYNC ] % '1:{220 ]
8.25 kQ FSET o
25.5kQ AGlND PGRDPCND T 120pF L ¢,
" —t " ¢ 0.47 pF

Figure 31. Typical application showing SEPIC configuration, with accurate input current sense, and VSENSE

to GND protection.
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Package EC, 26-Pin QFN with Exposed Thermal Pad

For Reference Only - Not for Tooling Use
(Reference DWG-0000222, Rev. 5)
NOT TO SCALE
All dimensions nominal unless otherwise stated — Dimensions in millimeters
Exact case and lead configuration at supplier discretion within limits shown

0.20—>]
€——— 4.00BSC ——— P> ‘7 F70-40
% 26
nn N M
0.95 i
a Ul i L
2 | f L | /3 ;
P | — 110
I —/ —/ +
""""" 4.00 BSC == == 4.00
— — *
— — 1.23
—/ | N o |
-
¢ 245 —p
27x A i —— 4.00 ———p
| o | C i L 0.75 £0.05
----------- -0 oooo00— i
00 X SEATLG /o\ PCB Layout Reference View
0.204)J L, L
0.40
o0 [ UJUUUUUU
- - 123
) (a= +
= + A Terminal #1 mark area
g 110 Exposed thermal pad (reference only, terminal #1 identifier appearance at supplier discretion)
L \C * A Reference land pattern layout (reference IPC7351 QFN40P400X400X80-29M)
all pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary to
n meet application process requirements and PCB layout tolerances; when mounting

on a multilayer PCB, thermal vias at the exposed thermal pad land can improve
thermal dissipation (reference EIA/JJEDEC Standard JESD51-5)

———245——P A Coplanarity includes exposed thermal pad and terminals
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