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Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

Features and Benefits

* AEC-Q100 Qualified

* Wide input voltage range of 4.5 to 40 V for start/stop,
cold crank and load dump requirements

* Boost converter switching frequency up to 2 MHz,
allowing operation above the AM band

* Excellent input voltage transient response

* Internal secondary OVP for redundant protection

* Fully integrated LED current sink and boost converter with
60 VDMOS FET

* Maximum LED current of 150 mA

* Drives up to 14 series LEDs

« Single EN/PWM pin interface for PWM Dimming and
Enable function

* 5000:1 PWM dimming at 200 Hz

Continued on the next page...

Packages:

16-pin TSSOP
with exposed thermal pad
(LP package)

Not to scale

10-pin MSOP
with exposed thermal pad
(LY package)

Description

The A8513 is a single-output white LED (WLED) driver for
LCD backlighting. Itintegrates a current-mode boost converter
with an internal power switch and one current sink. The A8513
can operate from a single power supply from 4.5 to 40 V,
to accommodate start/stop, cold crank, and load dump
requirements. A 2 MHz boost converter switching frequency
allows the A8513 to operate above the AM radio band.

Ifrequired, the fault flag can be used as part of a circuit to drive
anexternal P-FET to disconnect the input supply from the system
in the event of a fault. The A8513 provides protection against
output short and overvoltage, open or shorted diode, open or
shorted LED pin, shorted boost switch or inductor, shorted
Iggt resistor, and IC overtemperature. A dual level cycle-by-
cycle current limit function provides soft start and protects the
internal current switch against high current overloads.

The A8513 is provided in a 10-pin MSOP package (suffix LY)
and a 16-pin TSSOP package (suffix LP). Both packages have
an exposed thermal pad for enhanced thermal dissipation, and
are lead (Pb) free, with 100% matte tin leadframe plating.

Applications:

* LCD backlighting for:
= Automotive infotainment
= Automotive cluster
= Automotive center stack
o Industrial LCD displays
= Portable DVD players

= Flatbed Scanners

= LED Lighting

Typical Application Circuit
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Wide Input Voltage Range, High Efficiency

A8513 Fault Tolerant LED Driver

Features and Benefits (continued)

* Fault flag pin to alert the controller to a myriad of possible
fault conditions
* Protection Features:
= Shorted output
= Open or shorted LED pin
= Qutput undervoltage and overvoltage
= Input undervoltage
= Shorted boost switch or inductor
= Shorted Igg resistor
= Open boost Schottky
= Overtemperature

Selection Guide

Part Number Oscillator Frequency, fsy Packing* Package
(MHz)
A8513KLYTR-T 2 4000 pieces per 13-in. reel
A8513KLYTR-1-T 1
o 10-pin MSOP with exposed thermal pad
A8513KLYTR-2-T 0.5 Contact factory for availability
A8513KLYTR-3-T 0.25
A8513KLPTR-T 2 4000 pieces per 13-in. reel
A8513KLPTR-1-T 1
o 16-pin TSSOP with exposed thermal pad
A8513KLPTR-2-T 0.5 Contact factory for availability
A8513KLPTR-3-T 0.25

*Contact Allegro™™ for additional packing options

Absolute Maximum Ratings*

Characteristic Symbol Notes Rating Unit

LED Pin Viep -0.3t0 55 \Y
OVP Pin Vovp —0.3t0 60 \
VIN and FAULT Pins Vins VeauLr -0.3t0 40 Y

Continuous —0.6 to 60 \Y
SW Pin Vsw

t<50ns -1.0 \Y
ISET Pin ViseT —0.3t05.5 Vv
All Other Pins -0.3to7 \
Operating Ambient Temperature Ta Range K —-40to 125 °C
Maximum Junction Temperature T,(max) 150 °C
Storage Temperature Tstg -55 to 150 °C

*Stresses beyond those listed in this table may cause permanent damage to the device. The Absolute Maximum ratings are
stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in the Electrical
Characteristics table is not implied. Exposure to Absolute Maximum-rated conditions for extended periods may affect device reliability.
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A8513 Wide Input Voltage Range, High Efficiency
Fault Tolerant LED Driver

Pin-out Diagram

ne[1] O NC

NC [2] CoMP

swE| ____, [HlonD swlil O [10] comp
ovP [4] : oAD : GND oVP[2] Ir--__,l [9]eND
VIN[E] | | ISET VIN[B] 1 pap ISET

FAULT [6] - EN/PWM FAULT [ :____ I [7]enpwMm

VDD [7] LED VDD [€]LED

NC [8] [9]NC

LP Package LY Package

Terminal List Table

Number
Name Function
LP LY
Output of the error amplifier and compensation node. Connect compensation network from
COMP 15 10 S .
this pin to GND for control loop compensation.
FAULT 6 4 This pin is used to indicate fault conditions. Logic low indicates that the A8513 has
a fault present.
GND 13,14 9 Ground.
ISET 12 8 Connect the Rt resistor between this pin and GND to set the 100% LED current level.
LED 10 6 Connect the cathode of the LED string to this pin.
NC 1,2,8,9,16 - No connection.
OVP 4 > This pin is used to sense an overvoltage condition. Connect a resistive divider from the
VOUT node to this pin to adjust the Overvoltage Protection (OVP).
PAD _ _ Exposed pad of the package providing enhanced thermal dissipation. This pad must be
connected to the ground plane(s) of the PCB with at least 8 thermal vias, directly in the pad.
EN/PWM 11 7 PWM dimming pin. Used to control LED intensity by using pulse width modulation.
SW 1 The drain of the internal NMOS switch of the boost converter.
VDD 5 Output of internal LDO. Connect a 0.1 yF decoupling capacitor between this pin and GND.
VIN 3 Input power to the A8513.

Thermal Characteristics*may require derating at maximum conditions, see application information

Characteristic Symbol Test Conditions* Value | Unit

On 4-layer PCB based on JEDEC standard 34 °C/W
LP package

Package Thermal Resistance On 2-layer PCB with 3.8 in.2 of copper area each side 43 °C/W

: ; Resa

(Junction to Ambient) On 4-layer PCB based on JEDEC standard 48 | cc/w
LY package

On 2-layer PCB with 2.5 in.2 of copper area each side 48 °C/W

Package Thermal Resistance o
(Junction to Pad) Reup 2 cw

*To be verified by characterization. Additional thermal information available on the Allegro™ website.

;ammn - Allegro MicroSystems, LLC 3
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Wide Input Voltage Range, High Efficiency

A8513 Fault Tolerant LED Driver

Functional Block Diagram
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A8513

Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

ELECTRICAL CHARACTERISTICS! Valid at V\y= 16 V, T, = 25°C, ® indicates specifications guaranteed through the full
operating temperature range with Ty = T; = —40°C t0125 °C, typical specifications are at T, = 25°C; unless otherwise specified

Characteristics Symbol Test Conditions Min. Typ. Max. Unit

Input Voltage Specifications
Operating Input Voltage Range Vin . 4.5 - 40 Vv
VIN Pin UVLO Start Threshold Vyviorise | Vin rising . - - 4.35 \%
VIN Pin UVLO Stop Threshold Vuviorman | Vi falling J - - 3.90 \Y
VIN Pin UVLO Hysteresis VuvLohys - 450 - mV
Input Current
Input Quiescent Current lo EN/PWM =V, SW = 2 MHz, no load - 5 - mA
Input Sleep Supply Current losteep | VIN =16V, EN/PWM =0 V . - 10 MA
Input Logic Levels (EN/PWM and FAULT 3)
Input logic Level (Low) Vi 5V<Vy<40V o - - 400 mV
Input logic Level (High) ViH 5V<Vy<40V [ 1.5 - - \Y
EN/PWM Pull-Down Resistor Renpwm | ENIPWM =5V - 100 - kQ
FAULT Pin Pull-Down Voltage Veaurt | Jeaulr = 0.5 mA o - - 0.4 v
FAULT Pin Leakage Current lFauLTig | VrauLT =5V - - 1 A
Error Amplifier
Open Loop Voltage Gain AvoL - 45 - dB
Transconductance Im Alcoyp = =10 pA - 990 - AV
Source Current leasre) | Veomp = 1.5V - -360 - MA
Sink Current leasink) | Veomp = 1.5V IEAGSINK) 360 - MA
Source Current During Soft Start? leass) | Veomp =15V - -80 - pA
COMP Pin Pull-Down Resistance Rcowe | FAULT asserted - 2000 - 0
Output Overvoltage Protection
Overvoltage Protection Threshold VovpHith | Measured at OVP Pin . 1.168 1.218 1.268 \%
OVP Pin Leakage Current lovPH \S/'(t)avnpd:qdlzc\l\/llos input, measured at ° - - 100 nA
OVP Pin Undervoltage Threshold Vyvpthy | Measured at OVP Pin o - - 110 mV
Secondary Overvoltage Protection Vovpses) | Measured at SW Pin J 53 55.5 58 \Y
BOOST Switch
Switch On-Resistance Rpsensw | lsw = 750 mA, Vi =16 V - 450 800 mQ

Vaw =16V, EN/PWM =V, , TA=T, _ 01 1 UA
Switch Leakage Current lswig | PETween —40°C and 85°C

Vgw = 16 V, EN/PWM =V, , TA=T;=125°C - 10 - uA
Switch Current Limit IswiLim) [ 1.9 22 2.8 A
Secondary Switch Current Limit lowivz) | s oo lswom(max) i allconditions, | o | 5 35 4.64 A
Minimum Switch On-Time tswon) L - 75 100 ns

Continued on the next page...
Allegro MicroSystems, LLC 5
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Wide Input Voltage Range, High Efficiency

A8513 Fault Tolerant LED Driver

ELECTRICAL CHARACTERISTICS?! (continued) Valid at V| = 16 V, Ty = 25°C, ® indicates specifications guaranteed through the

full operating temperature range with T, = T; = —40°C t0125 °C, typical specifications are at T, = 25°C; unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Unit
Minimum Switch Off-Time tsw(oFF) ° - 55 85 ns

Oscillator Frequency

A8513KLYTR-T, A8513KLPTR-T J 1.8 2 22 MHz

A8513KLYTR-1-T, A8513KLPTR-1-T ° 0.9 1 1.1 MHz
Oscillator Frequency fsw

A8513KLYTR-2-T, A8513KLPTR-2-T J 450 500 550 kHz

A8513KLYTR-3-T, A8513KLPTR-3-T ° 225 250 275 kHz
LED Current Sinks
LED Accuracy Errigp | ISET =150 pA L - - 3 %
LED Regulation Voltage Viep ISET = 150 pA - 880 - mV
IsgT to I gp Current Gain AseT ISET = 150 pA [ 1014 1045 1076 A/A
ISET Pin Voltage Viser - 1.003 - \%
Allowable ISET Current IseT J 40 - 160 pA
Soft Start LED Current Gain Alepss Current through enabled LED pin during _ 48 _ AA

soft start

Measured while EN/PWM = low during
dimming control, and internal references

Maximum PWM Dimming Off-Time PwmL | gre powered-on (exceeding tpyyy. results in - 16 - ms
shutdown)

Minimum PWM On-Time tpwmn | First cycle when powering-up A8513 o - 1.5 3 us
Time between PWM enable and when LED

EN/PWM High to LED-On Delay tapwmeon) | current reaches 90% of maximum; ° - 250 500 ns

VPWM=O_>2V

Time between PWM enable going low
EN/PWM Low to LED-Off Delay tapwmeorr | @nd when LED current reaches 10% of J - 250 500 ns
maximum; Vpyy =2 >0V

Thermal Protection (TSD)

Thermal Shutdown Threshold? Trsp Temperature rising - 165 - °C

Thermal Shutdown Hysteresis? TrspHyYs - 20 - °C

1For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), and positive current is defined as
going into the node or pin (sinking).

2Ensured by design and characterization, not production tested.

3 FAULT pin is high voltage tolerant

- Allegro MicroSystems, LLC 6
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Wide Input Voltage Range, High Efficiency

A8513 Fault Tolerant LED Driver

Characteristic Performance

VIN Input Sleep Mode Current Switch Frequency
versus Ambient Temperature versus Ambient Temperature
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Wide Input Woltage Range, High Efficiency

A8513 Fault Tolerant LED Driver

Normalized LED Current Ratio versus PWM Duty Cycle
fpwm =200 Hz, V| = 12V, 6 series LEDs (= 21V, 150 mA)
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A8513

Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

Functional Description

The A8513 incorporates a current-mode boost controller with
internal DMOS switch, and a single LED current sink. It can be
used to drive an LED string of up to 14 white LEDs in series,
with current up to 150 mA. For optimal efficiency, the output of
the boost stage is adaptively adjusted to the minimum voltage
required to power the LED string. This is expressed by the fol-
lowing equation:

Vour = Viep * VreG (1
where
Vi gp is the voltage drop across the LED string, and

Vg 1s the regulation voltage of the LED current sink (typically
0.88 V at the maximum LED current).

Enabling the IC

The IC turns on when a logic high signal is applied to the
EN/PWM pin (figure 1), and turns off when this pin is pulled to
a logic low. For the device to be enabled, the voltage on the VIN
pin must be greater than Vv oise to clear the undervoltage lock-
out (UVLO) threshold (figure 2). Before startup, the A8513 goes
through a system check to determine if there are any fault condi-
tions that would prevent the system from functioning correctly.

Powering up: LED pin short to GND check

After the VIN pin goes above V1 orise> the IC checks if the LED
pin is shorted to GND by pre-charging the LED pin (figure 3).
When the voltage on the LED pin exceeds 260 mV, the A8513
proceeds with soft start. If a short is present on the LED pin, the

Vour i

Cim ’

ILep

COMP

EN/PWM IM-_“- ':
c4 -

t——mm»

Figure 1. Start-up by slowly ramping up EN/PWM with Vy at 16 V; shows
Vour (ch1, 10 V/div.), I gp (ch2, 50 mA/div.), COMP (ch3, 1 V/div.), and
EN/PWM (ch4, 2 V/div.), time = 2 ms/div.

IC will not power up until the short is removed. At this time the
output is also checked for a V1 short, using the OVP pin. If the
OVP pin does not rise above Voypi o(n) the IC will not power up.

Soft start function

During soft start, the COMP pin delivers a steady 80 uA current,
the LED pin current gain is set to Ay ppgs- The lower gain will
help limit the inrush current generated by charging the output

Vourt

ot .—-—r‘" | UVLO threshold

exceeded

EN/PWM

C4

t———m»

Figure 2. Start-up by slowly ramping up V,y with EN/PWM at 2 V; shows
Vourt (ch1, 10 V/div.), I gp (ch2, 50 mA/div.), COMP (ch3, 1 V/div.), and
EN/PWM (ch4, 2 V/div.), time = 2 ms/div.

FAULT

_LED detectior_l

c2

Cc3

C4

EN/PWM

t———»

Figure 3. LED detection period; shows FAULT (ch1, 5 V/div.), V| gp (ch2,
1 V/div.), I gp (ch3, 100 mA/div.), and EN/PWM (ch4, 5 V/div.),
time = 500 ps/div.
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A8513

Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

capacitors. After the A8513 senses there is enough voltage on the
LED pin, it increases the LED current to the preset regulation
current. The COMP pin will continue to source 80 uA until the
LEDs are able to run at the full preset current level.

Soft start time at low PWM duty cycle

The startup time of the A8513 is inversely proportional to the
PWM duty cycle. That is, the lower the PWM duty cycle, the
longer it takes to finish soft start. This is because the COMP pin
is charged during PWM on-time only. The average charging cur-
rent for the external COMP capacitor is therefore i x D, where D
is the PWM duty cycle.

For any capacitor:
dV/dt = Current / Capacitance=ix D/ C
Therefore
dt=dvVxC/(ixD)

As an example, when Vi =8 V and Vot =28 V, the COMP pin
has to reach approximately 1.5 V in order for the boost stage to
have the correct duty cycle. Substituting: dV=1.5V, C=0.1 uF,
i=280 pA, and D=0.02, we get dt = 94 ms.

Figure 4 demonstrates the relation between PWM duty cycle
and soft start time measured, with a given COMP capacitance
of C; = 0.1 uF. If a larger C; is used, then the startup time will
increase proportionally.

Boost converter frequency

The switching frequency of the boost regulator is preset internally
to one of four frequencies. The frequency options are:

Switching Frequency (fsy)

Part Number (MHz)
A8513KLYTR-T 2
A8513KLYTR-1-T 1
A8513KLYTR-2-T 0.5
A8513KLYTR-3-T 0.25

LED current setting and LED dimming

The LED current, I} p, is set using the ISET pin, and can range
from 40 to 150 mA. Connect a resistor, Rjggr, between this pin
and GND to set the I} pp current, according to the following
formula :

VISET

I ep = * ArseT (2)
RiseT

_ 1003V
RISET

x 1045

where I; pp is in A and Rygg is in Q.

This formula sets the maximum current through the LEDs, which
is referred to as the 100% current.

100

N == VIN=5V

== VIN=8V

iy
o

Startup Time (ms)

10 100

PWM Duty Cycle (%)

Figure 4. Soft start time is inversely proportional to PWM duty cycle, as
shown here: A8513 startup time versus PWM duty cycle, with Vo1 =28V,
COMP R =330 Q, and C, =0.1 pF.
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A8513

Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

PWM dimming

The LED current can be reduced from the 100% current level by
PWM dimming using the EN/PWM pin. When the EN/PWM pin
is pulled high, the A8513 turns on and the LED pin sinks 100%
current (figure 5). When EN/PWM is pulled low, the boost con-
verter and LED sink are turned off. The compensation (COMP)
pin is floated, and critical internal circuits are kept active.

The A8513 has very fast turn-on and turn-off times during PWM
dimming to minimize low PWM duty cycle errors. The typical
PWM signal delay tgpwicon) 18 250 ns (figure 6). The typical
tapwm(otr) time, between the PWM signal and the LED current
going low, is shown in figure 7.

— COMP

EN/PWM

t————»
Figure 5. Typical PWM dimming sequence, with PWM dimming frequency
of 1000 Hz and 10% duty cycle; shows COMP (ch1, 1 V/div.), V gp (ch2,
10 V/div.), I gp (ch3, 100 mA/div.), and EN/PWM (ch4, 5 V/div.),
time = 500 ps/div.

EN/PWM

c3m f i i M

ILED

EN/PWM

t———»

Figure 6. Typical EN/PWM signal (5 V/div.) to LED current (100 mA/div.)
turn-on delay. The delay measured about 250 ns. Vyis 12V, Vgt for 10
series LEDs is approximately 36 V, | gp is 150 mA. (time = 500 ns/div.)

t———»

Figure 7. Typical EN/PWM signal (5 V/div.) to LED current (100 mA/div.)
turn-off delay. The typical delay is about 250 ns. (time = 500 ns/div.)
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A8513

Wide Input Voltage Range, High Efficiency

Fault Tolerant LED Driver

Analog dimming

The A8513 can also be dimmed by using an external DAC or
other voltage source applied either directly to the ground side of
the Rygpt resistor or through an external resistive divider to the
ISET pin. The limitation of this form of dimming is that the inter-
nal Igpt error amplifier is designed to work from 40 to 160 pA,
thus limiting the dimming ratios that can be achieved.

Figure 8, top panel is a typical application using a DAC to control
the LED current using a single resistor connected to the ISET pin.
The Iggt current is controlled by the following formula:

VISET - VDAC

= T Rem A3)

|
SET Riser

Where Viggt is the ISET pin voltage and Vp,c is the DAC out-
put voltage.

When the DAC voltage is equal to Viggr, the internal reference,
there is no current through Rygpp. 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 8), the
ISET current is controlled by the following formula:

Viser  Vbac— ViseT

= - 4
RiseT R @

ISET

The advantage of this circuit is that the DAC voltage can be
higher or lower, thus adjusting the LED current to a higher or

DAC Riser A8513
VDAC ISET

GND GND

£ -4

DAC R1 A8513
VDAC ISET

GND RisET GND

-

Figure 8. Simplified diagram of voltage LED current control (upper) single
resistor, and (lower) dual resistors.

lower value of the preset LED current set by the Rygg resistor:

@ Vpac = 1.003 V; the output is strictly controlled by Rigpt
@ Vpac > 1.003 V; the LED current is reduced
@ Vpac < 1.003 V; the LED current is increased

Output Overvoltage Protection (OVP) and Output
Undervoltage Protection (UVP)

The A8513 has output overvoltage protection (OVP), output
undervoltage protection and secondary overvoltage protection
(open diode).

Overvoltage Protection The OVP pin has a threshold, Voypp ).
of 1.218 V. A resistive divider can be used to set the V1 over-
voltage protection threshold up to 45 V (see figure 9). There is
no restriction on the value of the resistor chosen, but it is recom-
mended that the divider current be kept between 10 and 60 pA.
This will minimize the effect of sense current on the accuracy of
OVP, and minimize output voltage bleed-off during PWM dim-
ming.

Formulas for calculating the OVP resistor voltage divider are
shown below.

Rove1 = (Voyp— 1.218 V) / Iggr Q)

The OVP function is not inherently a latched fault. If the OVP
condition occurs during a load dump, the IC will stop switching
but not shut down.

VOUT
A8513 :
| Rovp1
OVP
L +
|
_ | Rovp2
1.218V I
| =
|
+ I
_ |
100mv |
|
|

Figure 9. Simplified diagram of the OVP pin functions.
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Wide Input Voltage Range, High Efficiency

A8513 Fault Tolerant LED Driver

The OVP condition can become a latched fault if, during an OVP
event, the LED current is not in regulation. This typically occurs
during an open LED string situation. If both faults occur simul-
taneously the IC will shut down and the fault flag will be set (see
figures 10, 11, and 13).

Undervoltage Protection The OVP pin is also used to detect
output undervoltage protection (UVP) against Vyyt short to
GND. When the UVP fault is tripped, the fault flag is set (fig-

ILED

ure 14). Using an external PMOSFET interfaced to the FAULT  ¢3 :
pin (figure 14), the user can disconnect the IC from VIN during a m $
C4 Py : ; - EN/PWM

fault event.

t——mm»

Figure 12. Power-up into an open LED situation. (A) A8513 enabled,

(B) fault flag (ch2, 5 V/div.) is set when OVP threshold is reached. Shows
Vour (ch1, 20 V/div.), I gp (ch3, 100 mA/div.), and EN/PWM (ch4,

5 V/div.), time = 1 ms/div..

EN/PWM

t———»

Figure 10. Open LED condition during PWM dimming. (A) The LED string
(ch3, 100 mA/div.) is opened (no current flow through the LED pin) during
an off-period for the PWM dimming signal (ch4, 5 V/div.). (B) At the next
PWM cycle, the LED open condition is detected and the A8513 starts
boosting the output voltage (ch1, 10 V/div.). (C) Upon reaching the OVP
threshold and sensing no LED current flow, the A8513 shuts down and

sets the fault flag (ch2, 5 V/div.). (time = 10 ms/div.) ¢
, s isns  Figure 13. Input disconnect switch function during an output short. (A) Voyr
o wosmaki i VOUT (ch1, 10 V/div.) falls during VOUT short to ground, (B) high peak current
present due to short, before the PMOSFET (ch3, 5 V/div.) is disconnected.
Shows input current (ch2, 10 A/div.) and fault flag (ch4, 5 V/div.),
r© time = 50 ps/div.

FAULT

1 kQ

com
(é\)\
G S ILep
c3m -
T ey [
cam . - : s St bt .
| Vien |
Ly |
t——» 2N7002 I
. . . { Q FAULT
Figure 11. Open LED condition when PWM duty cycle is 100%. (A) The |
|

LED string (ch3, 200 mA/div.) is opened (no current flow through the LED i
pin). (B) The A8513 starts boosting the output voltage (ch1, 20 V/div.).
(C) Upon reaching the OVP threshold there is still no current flow through
the LED pin, and the A8513 shuts down and sets the fault flag (ch2, Figure 14. typical circuit for input disconnect switch.
5 V/div.). The LED pin voltage is ch4, 2 V/div. (time = 50 ps/div.)
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Secondary Overvoltage Protection The A8513 has secondary
overvoltage protection for the internal boost switch in the event
of an open diode condition. If the voltage on the SW pin exceeds
the device safe operating voltage rating, the A8513 is disabled
and remains latched off (figure 15). The EN/PWM pin must be
brought low longer than tpyy to clear this fault.

Boost switch overcurrent protection

The boost switch is protected with cycle-by-cycle current limit-
ing set to Igy ) (figure 16). There is also a secondary current
limit that is sensed on the boost switch. When this current limit
is exceeded, the A8513 immediately shuts down (figure 17). The
secondary current limit is above the cycle-by-cycle current limit
and protects the switch from destructive currents if the boost
inductor is shorted.

cimr | | FAULT

c2pr

Cycle-by-cycle inductor current limit
c3 }

t——mm»

Figure 16. Cycle-by-cycle current limit, inductor current is C3 (1 A/div.).
(A) Fault flag (ch1, 5 V/div.) is not set during cycle-by-cycle current limit,
(B) COMP pin signal (C2, 2 V/div.) is close to 3.6 V. (time = 1 ms/div.)

=
Vsw
cop FAULT | L
ILep i
C3m i

t———m»

Figure 15. Secondary Overvoltage protection tripped when the switching
diode is opened during operation. (A) High voltage is detected on SW
node (ch1, 20 V/div.) and the A8513 is shut down. (B) Fault flag is set
(ch2, 5 V/div.). Shows LED current (ch3, 100 mA/div.), time = 500 ns/div.

Figure 17. Secondary current limit during an inductor short condition.

(A\) limit is reached, (B) the IC shuts down and the fault flag is set. Shows
fault flag (c1, 5 V/div.), switch node voltage (C2, 20 V/div.), and current
through the inductor (C3, 2 A/div.); time = 1 ps/div.
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Input UVLO

When Vi rises above the UVLO threshold Vv opise the A8513
can be enabled by asserting EN/PWM. The A8513 is disabled
when Vi falls below Vyyi ofai = VuvLonys for more than 1 us
(figure 18). This | ps lag prevents false shut downs during
momentary glitches on the input power supply.

VDD

The VDD pin provides regulated bias supply for internal circuits.
Connect a capacitor, Cypp, with a value of 0.01 to 0.1 uF to

this pin.

Shutdown

If the EN/PWM pin is pulled low for more than tpy , the
device enters shutdown mode and clears all internal fault regis-
ters. In shutdown, the A8513 will disable all current sources and
wait until EN/PWM goes high to re-enable the IC.

Figure 18. Input UVLO. (A) UVLO tripped (V|y, ch1, 2 V/div.), (B) fault flag
set (ch2, 2 V/ div.). Shows LED current (ch3, 100 mA/div.) and EN/PWM
(ch4, 1 V/div.), time = 5 ms/div.
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Fault protection during operation

The A8513 constantly monitors the state of the system to deter-
mine if any fault conditions occur. The response to a triggered

fault condition is summarized in the table below.

Note: Some of the protection features might not be active during

startup, to prevent false triggering of fault conditions.

Fault Mode Table

The latching faults can be cleared in two ways:

* Keep the EN/PWM pin low for more than 16 ms.

* Cycle the power to create a UVLO condition.

Fault behavior diagrams are shown in figures 18, 19 and 20.

. Fault I Sink
Fault Name Type Active Flag Set Description Boost driver
Primary Switch . e
) This fault condition is triggered by the cycle-by-cycle .
Current Protection o S Off for a single
Auto-restart Always No current limit Igyy vy - Prevents current in inductor from On
(cycle-by-cycle exceeding | cycle
current limit) 9 TswiLim)-
Secondary Switch When the current through the boost switch exceeds
y SWI Latched Always Yes the secondary current SW limit, lgyyimz), the A8513 Off Off
Current Limit . ;
immediately shuts down.
Secondary overvoltage protection is used for open
Secondary OVP Latched Always Yes diode detection. When diode D1 opens, the switch pin Off Off
voltage will increase until Voyp(sec) is reached.
LED Pin Short This fault prevents the A8513 from starting-up if
: Auto-restart Startup Yes the LED pin is shorted to ground. After the short is Off Off
Protection ) .
removed, soft-start is allowed to begin.
This fault occurs when the Iggt current goes above
150% of the maximum Allowable ISET Current,
ISET Short Iset(max). The boost will stop switching and the IC will
Protection Auto-restart Always Yes disable the LED sinks until the fault is removed. When off off
the fault is removed, the IC tries to regulate to the
preset LED current.
This fault occurs when the OVP pin exceeds the
LED String Open VovpHi(th) threshold. The A8513 immediately stops
Protection Latched Always Yes switching. If at the same time, the LED voltage is below Off Off
regulation, the IC will shut down.
This fault occurs when the OVP pin exceeds Voypyith
Output Overvoltage . threshold (for example, during a load dump). The
Protection Auto-restart Always No A8513 immediately stops switching, but continues to off On
sink current through the LED pin.
Output This fault occurs when the OVP pin senses less than
Undervoltage Auto-restart Always Yes . P Off Off
) 110 mV on the pin.
Protection
Overtempgrature Auto-restart Always Yes This fault occurs when the die temperature exceeds off off
Protection Trsp-
Yes until
VIN UVLO NA Always internal This fault occurs when V| drops below Vy ofay- This off off
regulator | fault resets all latched faults.
shuts down
Allegro MicroSystems, LLC 1 6
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ISET Short to Ground Recovery from ISET Short to Ground
c1pb FAULT l
FAULT
Vsw ci |
. ] E _ A0 SR (e S -
ILeD ILep i
e ‘
H
e SET ! S pa -
ISET
C4m C3
t———» t——»
Figure 19. FAULT (ch1, 5 V/div.), Vg (ch2, 20 V/div.), |, gp (ch3, Figure 20. FAULT (ch1, 5 V/div.), I, gp (ch2, 100 mA/div.), and ISET (ch3,
100 mA/div.), and ISET (ch4, 1 V/div.), time = 1 us/div. 1 V/div.), time = 2 ms/div.
OVP Tripped During Load Dump
Vin
C1p
Vout et e
Vsw i . _
CZ',_._._._._-__. _____ ; _.__.___._._.__. _______ ._.__: == Cnre) = ]
FAULT
Cam

t———mm»

Figure 21. V| (ch1, 20 V/div.), Vout (ch2, 20 V/div.), and Vg (ch3,
20 V/div.), FAULT (ch4, 5 V/div.), time = 2 ms/div.
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Fault Tolerant LED Driver

Design Example

This section provides a method for selecting component values
when designing an application using the A8513. A typical circuit
using this design is shown in figure 22.

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

*V:Stol6V

* Quantity of series LEDS, #sgrigsLEDs: ©
* LED current, I} gp: 120 mA

*Veat 120mA: 3.2V

e fqw: 2 MHz

* Tp(max): 85°C

* PWM dimming frequency: 200 Hz with a minimum duty cycle
of 1%.

Procedure: Select the appropriate configuration and the individual
component values in an ordered sequence.

Step 1: Connect the series LED string from VOUT to the LED
pin.

Step 2: Determine the value for the I} gpy setting resistor, Ryggy:

Riser= Viser * Aser/ lep (7
— (1.003 x 1045) / 120 mA = 8.74 kQ

Choose an 8.66 kQ resistor.

Step 3: Determine the values of the OVP resistors. The OVP
resistors are connected between the OVP pin and the output volt-
age (VOUT) and the OVP pin and ground.

Step 3a: The first step is to determine the maximum voltage
based on the LED V¢ requirements. To this value the regulation
voltage should be added, as well as another 2 V to account for
noise, output ripple, and resistor tolerances. The regulation volt-
age, Vi gp, of the A8513 is 880 mV. Then:

Voutovr) = #seriesLeps X Vit Vigp 12V (8

=6%x32V+0880V+2V
=22.08V

To find the OVP resistor values, the user should choose a resis-
tor divider that has very low current (Igyp) and Rqyp should be
approximately 1 MQ. A good starting point is 50 pA as Iyp.
(The Igyp current is used later in calculating the total leakage
current.) Then:

Rovei = Voutove) — Yoverimy) / love ©)
—(22.08 V- 1218 V)/50 pA = 417.2 kQ

and:

Rove2 = Vovenin / love (10)

=1.218V/50 pA=24.36 kQ
Choose a value of resistor that is higher value than the calculated

Royp- In this case 422 kQ was selected. Below is the actual value
of the minimum OVP trip level with the selected resistor:

(11)

Vourove)= Rove * love * Vovphicn)
=422 kQ x50 pA+1.218V=2232V

STEP 3b: At this point a quick check should be done to determine
if the conversion ratio is acceptable for the selected frequency:

Dnaxofboost = 1 = tsw(orr) X fsw (12)
=1- 85nsx2MHz=283%

where the Minimum Switch Off-Time, tgw o), is found in the

Electrical Characteristics table.

The Theoretical Maximum Vg is then calculated as:

Vin(min
Vour(max) = - Va (13)
1- Dmaxoﬂ)oost
= SV —-04V=2901V
1-0.83

where V4 is the diode forward voltage.

The Theoretical Maximum Vg1 value must be greater than the
value Vourovypy - If this is not the case, a lower frequency ver-
sion of the A8513 should be chosen to meet the maximum duty
cycle requirements.

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

Allegro MicroSystems, LLC 1 8
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Step 4a: Determine the Duty Cycle:

.
Dlmax) = 1 - — (14)
Vourove) + Vg4
- — 2V g
2232V +04V

where V4 is the voltage drop of the boost diode.

Step 4b: Determine the maximum and minimum input current to
the system. The minimum input current will dictate the inductor

value. The maximum current rating will dictate the current rating
of the inductor. Given Iyt = I gp = 120 mA:

VOUT(OVP) x lout
Vin(min) x M
22.32 VX120 mA

= SV X 0.9 = 0.595A

(15)

In(max) =

where 1 is efficiency. Next, calculate minimum input current, as
follows:

Vourove) X lout
Vin(max) x M

22.32V X 120 mA _

(16)

I (min)

then:

L = M x D(max) (18)

Al X fqw
5V
= X 0.78 =10. H
0.18A X 2 MHz 083 n
Double-check to make sure the 2 current ripple is less than
I;n(min):
IIN(min) > 1/2 AIL (19)

0.19A>0.09 A
A good inductor value to use would be 10 uH.

Step 4d: This step verifies that there is sufficient slope compensa-
tion for the inductor chosen. The required slope compensation
value for different frequencies is listed below:

fsw Slope Compensation
(MHz) (Alps)
2 3.73
1 1.85
0.500 3.70
0.250 1.83

= 0.19A Next insert the inductor value used in the design:
16 V X 0.9 £

L . Al _ Vin(min) X D(max) (20)

A good approximation of efficiency 1 can be taken from the effi- Lused = L f
. . . used X Tgw
ciency curves located in the data sheet. A value of 90% is a good
. o 5V X 0.78 _
starting approximation. = 020A
10 uH X 2.0 MHz
STEP 4c: Determine the inductor value.
To assure that the inductor operates in continuous conduction Calculate the minimum required slope:
mode the value of inductor should be set such that the % inductor . . Al} eeq X 1 %1076
. . . . . Required Slope (min) = use 21
ripple current is not greater than the average minimum input cur- 1 (1 - D(max)) (21)
rent. A good inductor choice for inductor ripple current is 30% of fsw
the maximum input current: 020 A X 1x10-6
= ] = 1.8A/us
AIL: IIN(maX) x 0.3 (17) mx(l —0.78)
=0.595A%x03=0.18A
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For a stable system, the required minimum slope must be smaller
than the IC slope compensation.

Note: The slope compensation value is in A/us; the 1x10-¢ is a
constant multiplier.

STEP 4e: Determine the inductor current rating :

I; minimum rating = lj(max) + /5 Al oeq (22)

=0.595A+020A/2=0.695 A

Step 5: Choose the proper switching diode. The switching diode
should be chosen for three characteristics when it is used in LED
lighting circuitry. The first and most obvious are the current
rating of the diode and the reverse voltage rating. The reverse
voltage rating should be such that during operation condition the
voltage rating of the device is larger than the maximum output
voltage; in this case it is Voyr (oyp)- The peak current through
the diode is:

Idp = IIN(maX) + 1/ZAILused (23)

=0.595A+020A/2=0.695A
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. 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.

Step 6: Choose the output capacitors. The output capacitors
should be chosen such that they 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 is PWM
dimming frequency and the PWM duty cycle. Another major
contributor is leakage current, Iy, . This current is a combination
of the OVP resistor divider, Ioyp, and the reverse leakage of the
switching diode. In this design the PWM dimming frequency is

200 Hz and the minimum duty cycle is 1%. Typically the voltage
variation on the output during PWM dimming must be less than
250 mV (Vcour) so that no audible noise can be heard. The

capacitance can be calculated as follows:

% 1- Ddimming(min) (24)

fPWM(dimming) X VCOUT
1-0.01

200 Hz X 0.250 V

Cour = likg

120 pA X = 238 puF

A capacitor larger than 2.38 pF capacitor should be selected due
to degradation of capacitance at high voltages on the capacitor.
One ceramic 4.7 pF, 50 V capacitor is a good choice to fulfill this

requirement. Corresponding capacitors include:

Vendor Value Part number
Murata 4.7 yF 50 vV GRMB32ER71H475KA88L
Murata 2.2 uF 50 vV GRM31CR71H225KA88L

The rms current through the capacitor is given by:

Al
D(max) + (max)Lx 12 =
ICOUTrms = IOUT IN
1 — D(max)
0.20 A
0.78 + ~—=as v o
= 0.120A 0.595A%X 12 = 023 A
1-0.78

The output capacitor should have a current rating of at least

230 mA. The current rating of the 4.7 uF, 50V capacitor is 1.5 A.
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STEP 7: Select the input capacitor. The input capacitor should be
selected such that it provides 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:

8 X fsw X AV
020 A

= = 0.25 uF
8 x 2 MHz X 0.05 V

Ci (206)

L1
10 uH

The rms current through the capacitor is given by:

Inrms =

« AIL

(1 — D(max)) V12

IOUT

0.20 A
0120755054 0.05 A
1-078)v12

27

A good ceramic input capacitor with ratings of 2.2 uF, 50V or

4.7 uF, 50 V will suffice for this application. Corresponding
capacitors include:

Sw

50V VIN
Ve A8513
Cvob _—{VDD r————
100k0% 0.1 uF = : PAD |
= |
FAULT: L
———_d

—>— EN/PWM

ISET

Vendor Value Part number
Murata 4.7 uyF 50 V GRM32ER71H475KA88L
Murata 2.2 uF 50V GRM31CR71H225KA88L
D1 VOUT
Rovp1 \:‘
\Y
OVP = Cour Wt
470F TN
50V
LED *\:‘
COMP

Cp Rz 120 Q
120 pF T

— Cz 047 yF

©
H
30
®
— =
o

Figure 22. A typical circuit designed using the example above in this section.
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Typical Application Drawings

- ISET
RiseT
% G
T T —— Cz(Optional)
=L

@ R1 is used to provide a leakage path such that the OVP pin is above 100 mV during startup.
Otherwise the IC would assume the output is shorted to GND and would not proceed with soft start.

Figure 23. Typical application showing boost configuration and PMOS disconnect switch implementation

ViN=91to 16 V

—

CiN :TE

—_

RiseT g
L

®R1 is used to provide a leakage path such that the OVP pin is above 100 mV during startup.

Otherwise the IC would assume the output is shorted to GND and would not proceed with soft start.
(B)D2 is a blocking diode.

Figure 24. Typical application showing SEPIC configuration
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exposed thermal pad land can improve thermal dissipation (reference
EIA/JEDEC Standard JESD51-5)
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