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ABSTRACT

The need for more-power-efficient systems in automotive
applications has triggered a trend-shift from the 12V battery
tothe 48 V battery. This shift enables hybridization with better
fuel economy and reduced emissions at low cost. In applica-
tions such as headlights, taillights POS/daytime running lights
(DRLs), this shift necessitates high-voltage LED controllers to
minimize the power losses that result from adapting the 48 V
source to 12 V applications.

This application note considers automotive high-power/
high-voltage applications where a smaller number of LEDs are
driven at a battery voltage of 48 V (with maximum operating
voltage at 56 V, supporting 70 V load dump) using the Allegro
multi-topology synchronous LED controller (A80803). A design
procedure is also detailed, including device behavior during
steady-state operation, transient analysis, slew-rate control in
various modes, and behavior with various protection features.

INTRODUCTION

The A80803 is a constant-current DC-DC switching controller
for high-power automotive lighting applications. The controller
is based on a programmable fixed-frequency, peak-current-
mode control architecture and can be configured in multiple
different switching topologies to suit different application
requirements. The device includes both low-side and high-side
gate drivers to control the external power MOSFETs. Moreover,
two additional gate drivers are integrated to enable/disable
part of the LED string to simplify high-/low-beam applications.

Diagnostics can be reported through SPI or via the two fault
pins. The SPl interface can also be used to control many con-
figuration options of the ABO803. Alternatively, these options
can be factory-programmed and stored in EEPROM to remove
the need for a local microcontroller.

LED brightness can be controlled by a pulse-width-modulated
(PWM) signal on the EN/PWM pin or by an internal PWM sig-
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nal configured via SPI. An internal driver controls a MOSFET in
series with the LED string to optimize dimming. The PWMOUT
driver strength is programmable via SPI to optimize LED current
during PWM transitions. LED current foldback is provided for
low-input voltage and thermal events.

The buck converter implementation with the A80803
device with slew-rate control is shown in Figure 1. The

buck converter is implemented using a low-side switch
(SW;) and a free-wheeling synchronous switch (SW5). Two
PMOS switches are used for the PWM dimming (SW,,) and
high-beam/low-beam operation (SW,,). A slew-rate control
is implemented using a differential amplifier (Op;) which
provides a scaled output of the LED voltage (i.e., voltage
between anode and cathode).

APPLICATION INFORMATION

High-beam or low-beam operation can be achieved by
either turning on all LEDs (six LEDs) in a string or turning on
only a few LEDs (four LEDs) and short-circuiting the rest. The
low-beam operation is achieved by turning on the bypass-
MOSFET (SW)) controlled with the LBG node. Due to the
limited response time of the power-stage controller, LEDs
may experience a large deviation in the current during high-/
low-beam transitions. Itis important to minimize these LED
current deviations to eliminate any undesirable flicker. LED
current deviations during high/low-beam transitions can be
minimized by slowing the turn-on and turn-off rates of the
bypass MOSFET (SW,,). The slew-rate control is achieved
using the SLEW pin, the input of which is supplied by a differ-
ential amplifier (LED string voltage is input to the differential
amplifier) and two slew components (Rg gy and Cq i) that
determine the rate of transition, as discussed in the Design
Procedure section.
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Figure 1: High-voltage buck configuration using A80803.
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OPERATION

The simplified power stage of a buck converter in continu-
ous-conduction mode (CCM) is shown in Figure 2. The wave-
form of the buck converter in CCM is shown over a complete
switching cycle in Figure 3. Buck-converter operation during
switch-on and switch-off is as follows:

Mode 1 (switch turn-on): During the switch (SW) turn-on
period (ton), energy is stored in the inductor (Lgyy) while sup-
plying the LED current, as shown in Figure 2 (b). The induc-
tor current (I,,,) increases, and the output voltage (V| gp)
changes depending on the direction of the output-capacitor
current, as shown in Figure 3.

Mode 2 (switch turn-off): During the switch turn-off period
(tore), the diode (Dgyy) conducts, and the inductor (Lgy,) pro-
vides the required energy to the LEDs to maintain a continu-
ous current, as shown in Figure 2 (c). The inductor current
(I.4) reduces, as shown in Figure 3. The output capacitor
(C,up) helps in the reduction of ripple current.
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Figure 2: Buck converter: (a) simplified power stage, (b) operation during the
switch-on period, and (c) operation during the switch-off period.
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Considering the input voltage (Vj), LED voltage (V|gp,
output voltage), and switch turn-on and turn-off times (toy
and topr, respectively), the volts-per-second balance across
inductors (Lgyy) in continuous-conduction mode as:

Equation 1:

( II/ - I{ED)>< lon :VLEDXZLOFF,
which can be rearranged as:
Equation 2:

Viv Xtoy =V X(tON + tOFF).

On- and off-time can be replaced as a function of duty (D) as:
Equation 3:

t
Vieo =¢XV1N =DxV,
(tON +t0FF) .
This is a typical buck-converter equation showing how output
voltage (V| gp) is linked with the input voltage (V).
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Figure 3: Waveforms of the operation of the buck converter in continuous-
conduction mode (CCM).
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DESIGN PROCEDURE

Power Components

Considering the on-time period as shown in in Figure 2 (b),
the voltage across inductor, V|, is given as:

Equation 4:

d

VLon = Ld_([LSW ) = (VIN _VLED)
Loy .

Substitution of Equation 3 in Equation 4 results in:

Equation 5:

d
VL(}n = LSW dT(ILSW ) = (V[N -Dx VIN)

ON

:LSW%;W:I/IN(l_D)

Using Equation 5, the value of the inductor is expressed as:
Equation 6:

_VuD(=D) Yy, (1-D)

- AILSWf:S'W - AILSWf:S'W

Moreover, the output capacitor is designed as:

Ssw

Equation 7:
Al

_ LSW
COUT =

8 for XAV,

Cout ,

where, Al gy is the peak-to-peak ripple current in the induc-
tor, AVt iIs the peak-to-peak voltage ripple across the
output capacitor, and f,,, is the PWM switching frequency.
Both the inductor (Lgyy) and the output capacitor (Cqyp) must
be designed at the maximum input voltage.

APPLICATION INFORMATION

Slew-Rate Control

This section presents the design procedure of the slew-rate
control circuitry for the AS0803.

Due to buck configuration, the shorting of MOSFET is to be
carried out by the LBG MOSFET because this configuration
requires a floating gate driver or a PMOS. For further details
about the slew-rate control, refer to the A80803 datasheet.

The operating input voltage of the A80803 driver is limited
to 37 V; it cannot be powered directly from the 48 V battery.
Moreover, the primary condition for the LBG MOSFET to slew
requires the input voltage (V|y) to be lower than the voltage at
the CT terminal (V). 1]

The voltage at the CT terminal (V1) is calculated as the differ-
ence between the minimum supply voltage and the voltage
across the high-beam LED string:

Equation 8:
VCT = V[N_ VLEDHB,

where VLED,g is the voltage across the LED string from anode
to CT node.

Hence, to power the input-voltage (VIN) pin of the AB0803—
which maintains the input voltage (V}y) of the A80803 such
that it is always lower than the voltage at VCT for the slew-rate
control of the LBG MOSFET, and such that it meets the maxi-
mum supply-voltage requirement for the A80803 device—a
low-dropout regulator (LDO) is connected.

The slew-rate circuitry of the buck converter, which com-
prises a differential amplifier and a differentiator, is shown

in Figure 4. Because the voltage at the CT terminal (VCT) is
almost constant during transitions between low- and-high
beam operation, a differential amplifier is able to provide an
inverted, scaled differential output of the LED string voltage
(from anode to cathode). Therefore, a differential amplifier
is used to provide feedback of the LED voltage that needs
to be slewed. Finally, as a feedback signal to the ABO803
device, the RC differentiator provides the rate-transitioned
output of the SLEW pin.

< lras
Rs4
Ic :(Cathode)
R Ve
3
VsLew Clsll‘EW Op, A e
SLEW 11T U >
Pin Rstew R Rs1 Va
s2 ‘IA (Anode)
Differentiator Differential
Amplifier
Figure 4: Slew-rate control circuitry
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The design of various components of the differential amplifier
is as follows.

The voltage at the noninverting input (V+) is expressed as:

g
RSl +RS2

Equation 9:

The amplifier output (VD(V—)) in the inverting-amplifier configu-
ration, when V, =0,

R
Vow-y = —(R—“J V.

Equation 10:

S3
Considering the amplifier output (Vpy4,) in the noninverting
amplifier configuration, when V- = 0:

Equation 11:
R
Vowe = [1 + ij V.
RS3

The value of (V+) obtained in Equation 11 can then be substi-
tuted into Equation 4 to obtain:

v Be )l Ry
pem RS3 RSl +RSZ !

The superposition theorem can then be used to express the
differential amplifier output as:

Equation 12:

Equation 13:

Vp= VD(V+) + VD(V—)-
Hence, Equation 10 and Equation 11 can be substituted into
Equation 13 to produce:

Equation 14:

” (IR_J(R_jV (R_jy
D A C
RS3 RSl +R52 RS3 .

Considering six LEDs (~19.8 V typical LED voltage) in the
high-beam operation and four LEDs (~13.2 V typical LED volt-
age) in the low-beam operation, with anode voltage as 48V,
the cathode voltage is calculated as 28.2 V and 34.8 V for
high-beam and low-beam operation, respectively.

Considering, the case such that Rg; = Rz and Ry, = Ry4, Equa-
tion 14 can be rearranged as:

Equation 15:
R
Vp = — (VA_VC):AdX(VA_VC)
Ry, '

where A4 is the gain of the differential amplifier.
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The values of Rg; = Ri3 = 100 kQ, and Ry, = Ry = 15 kQ can
then be substituted into Equation 15 to produce:

Equation 16:
Vy=dA,x(V,=V.)=0.15x(V, —VC).

Using Equation 16, the gain of the differential amplifier (Ay) is
calculated as 0.15.

Also using Equation 16, the differential voltage in high-beam
(Vp_pe) and low-beam (Vp_|g) operation is calculated as:

Equation 17:
|14

D_HB

=0.15x(48-28.2)=2.97) ;and

Equation 18:
Vo s = 0.15><(48—34.8) =1.987.

As shown in Equation 17 and Equation 18, the output voltage
of the differential amplifier is higher than the SLEW pin thresh-
old of 250 mV and there is sufficient margin for LED voltage
variation. Also, the output voltage swing (i.e., Vp g —Vp_(p)
is approximately 1V, which is sufficient for effective slew-rate
detection. For different system configurations, select the
differential amplifier gain (Ap) such that V4, is less than the
supply voltage to the differential comparator and maximizes
the differential output voltage swing.

Moreover, the SLEW pin is designed such that the rate of
slew control is defined by the RC differentiator as:

Equation 19:
dv 250(mV)

E - RSLEW(k Q) x CS‘LEW(”F ) ,

where Rg gy and Cq gy are components shown in Figure 4
and 250 mV is the internal voltage threshold of the SLEW pin.

(V /'ms)

Because LED voltage is fed through a differential amplifier,
the differential amplifier gain is used to calculate the actual
slew as:

Equation 20:
av,,, (V I ms) - 250(mV’)
dt AD X RSLEW(kQ )X CSLEW(nF ) .

Using Equation 20, the slew rate is calculated for Rg gy of
5kQand Cg gy of 47 nFand 100 nF as:

Equati;; 21: 250
—E (@4TnF )= —————=7.09V / ms
dt 015X5X47 ;and
Equatio;V22: )50
—L(@100nF ) =——————=3.33V/ms
dt 0.15x5%x100 .

Hence, by adjusting the component values of the differentia-
tor, the slew rate can be adjusted.

Design and selection of other components and configuration
of various features is available in the datasheet. [!]

ALLEGROMICRO.COM 5
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STEADY-STATE OPERATION

This section presents the steady-state operation of the buck
controller implemented using the A80803 device.

The efficiency and LED current plots with respect to the input
voltage are shown in Figure 5 and Figure 6, respectively. The
system depicts high efficiency and good LED current regula-
tion at varying input voltage.
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Figure 5: Efficiency vs. input voltage for high-beam and low-beam operation
of a buck controller using the A80803 device.
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Figure 6: LED current vs. input voltage for high-beam and low-beam opera-
tion of a buck controller using the A80803 device.
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The steady-state operation of the buck controller using the
A80803 device in high-beam operation at the input voltage
of 48 Vis shown in Figure 7. As shown, the LED voltage—
which is the difference between the anode voltage and the
cathode voltage—is measured to be approximately 17.43 V
for six LEDs. The AB0803 device operates at a switching
frequency ~350 kHz. Similarly, the operation of the buck
controller in high-beam operation at the input voltage of 40 V
and 56 Vis shown in Figure 8 and Figure 9, respectively.
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Figure 7: Steady-state operating waveform for six LEDs (high-beam operation)
atan input voltage of 48 V.
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Figure 8: Steady-state operating waveform for six LEDs (high-beam operation)
at an input voltage of 40 V.
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Figure 9: Steady-state operating waveform for six LEDs (low-beam operation)
at an input voltage of 56 V.
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The steady-state operation of the buck controller using the Dimming
A icein low- jon is sh inFi 1 . . :
.80803 dewce.m ow-beam operatlon 's shown in Figure 10, This section presents the steady-state operation of the buck
Figure 11, and Figure 12, at the input voltage of 48 V, 40 V . S . ;
. ; - controller during LED dimming using the internal PWM gen-
and 56V, respectively. As shown in these figures, the LED .
. . - erator of the ABO803 device.
voltage drop of ~12 V (typical) is observed in low-beam
operation for four LEDs in series, and the cathode voltage The variation of the output power versus the duty ratio of
is adjusted by the buck controller to meet the LED voltage the PWMOUT pin for high-beam and low-beam operation is
demand. shown in Figure 13. As shown, output power varies linearly
m . with duty. The variation of the efficiency of the overall system
Vieo= 1196V with the variation of the duty of the PWMOUT pin is shown in
= — — == —r Figure 14. Efficiency increases at the higher duty ratio.
VcatHope Vanope= 4715V Operation of the AB0O803 buck controller is shown in
o P et el i A s === Figure 15 and Figure 16 ata PWM duty of 70% and 30%,
o s \ & b respectively, with at a dimming frequency if 250 Hz.
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Figure 10: Steady-state operating waveform for four LEDs (low-beam opera- g 8 ‘," "_,0’
tion) at an input voltage of 48 V. ch 5 " - .,—a
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U U L U U tion of a buck controller using the A80803 device.
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Figure 12: Steady-state operating waveform for four LEDs (low-beam opera-
tion) at an input voltage of 56 V.
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Thermals

Thermal images of the buck-controller board at a rated
input voltage of 48 V driving six LEDs is shown in Figure 17
and driving four LEDs is shown in Figure 18. As shown,

i ¢ Y TELEDYNE LeCROY

250Hz PWM -+

PlmeanCl) P2mean(C2) P3mean(Ca)
28V 1941V

4max(C3) P5 realC3) PG mean(Ca) PTfealCt] PBmean(Ca)
SImA 2495573922z
v

Figure 15: Dimming operation at 70% PWM duty for six LEDs (high-beam

operation) at an input voltage of 48 V.
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Figure 16: Dimming operation at 30% PWM duty for six LEDs (high-beam

operation) at an input voltage of 48 V.
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the maximum temperature on the board is approximately
67.9°C/63.8°C at room temperature with high-beam/low-
beam operation.

LDO
Switching
MOSFETs
A80803

PWMOUT
MOSFET

Figure 17: Thermal performance of high-beam operation (six LEDs) with a 48 V/
input at room temperature.
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MOSFETSs

A80803

PWMOUT
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Figure 18: Thermal performance for high-beam operation (four LEDs) with a
48 Vinput at room temperature.
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TRANSIENT OPERATION

Slew Control

This section presents operation of the A80803 buck control-
ler with slew-rate control during the high-beam to low-beam
transition and the low-beam to high-beam transition.

As previously discussed, the components Rg gy and Cg gy
on the SLEW pin determine the rate of slew control of the
LBG MOSFET, which controls the high-beam/low-beam
operation. Operation of the A8B0803 buck controller with
Csipw of 47 nF and 100 nF (Rg gy fixed at 5 kQ) during the
transition from high-beam to low-beam operation is shown in
Figure 19 and Figure 20, respectively. As shown, the cathode
voltage increases gradually with a slew time of ~900 ps and
1800 ps for a cathode voltage rise of ~6.6 V. This corre-
sponds to measured slew rates of 7.33 V/ms and 3.66 V/ms
for the 47 nF and 100 nF capacitors (Cg ), per designed
values, as shown in Equation 21 and Equation 22.

Similarly, operation of the ABO803 buck controller with
Csipw of 47 nF and 100 nF (Rg gy fixed at 5 kQ) during the
transition from low-beam operation to high-beam operation
is shown in Figure 21 and Figure 22, respectively. As shown,
the slew rate achieved closely matches the designed values
with good slew-rate control of the cathode voltage.
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APPLICATION INFORMATION

Operation of the slew-rate control in Figure 23 shows the
variation of the cathode voltage (pink), voltage at the SLEW
pin (blue), and gate voltage of the slew (SW,,,) MOSFET con-
nected to the LBG node (green) with high-beam to low-beam
transition signal (Lggapn, Yellow). As shown, once the SLEW
pin threshold of 250 mV is achieved, the controller starts

to operate in the slew-control mode. In this mode, the gate
of the slew control (SW,,) operates in the Miller region, and
the cathode voltage slews during this period. This timing is
effectively controlled by the values of Rg gy and Cg gy
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Figure 21: Transient behavior during low-beam to high-beam transition with
Csipwas 47 nF.
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Figure 19: Transient behavior during the transition from high-beam operation
to low-beam operation, with Cg gy, of 47 nF.
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Figure 20: Transient behavior during the transition from high-beam operation
to low-beam operation, with Cg; g, of 100 nF.
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Figure 22: Transient behavior during the transition from low-beam operation
to high-beam operation, with Cg g, of 100 nF.
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Figure 23: Transient behavior showing intermediate signals during the transi-
tion from high-beam operation to low-beam operation (Cg; gy, = 100 nf).
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Simple Slew Control

This section presents operation of the A80803 buck control-
ler with simple slew-rate control during the transitions from
high-beam to low-beam operation and from low-beam to
high-beam operation.

The circuit configuration of the AB0803 buck controller with
simple slew-rate control is shown in Figure 24. As shown, to
disable slew-rate control, components on the SLEW pin are
removed, and the SLEW pin is connected directly to ground.
Moreover, for an additional cost benefit when there is no
requirement for configuration of slew-rate control, the LDO
regulator and the differential amplifier can also be eliminated
in the circuitry.

Vbat
+
- Cisc
LP LN PWMOUT
VIN LBS
8V LDO L LBG— W]
G GND Rs LBe
" eEnPwm BOOT c
DIMn sw -
LBEAMn e
Control and BINSEL LSG—wWW I'
Configuration COMP Rise SW1
FSET SPF—ww
NTC Rsp R
HBG s
HSG——<"> HSG
SCLK CT———>cT =
SPI MOSI LED-—<">C
Communication MISO
SSn
VCC
Regulators VDRV
Diagnostics { EF1 )

F2
A80803

Figure 24: High-voltage buck configuration using A80803 with simple slew-
rate control.
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Transient operation of the ABO803 buck controller with
simple slew-rate control for the high-beam to low-beam
transition and the low-beam to high-beam transition is shown
in Figure 25 and Figure 26, respectively. The period of over-
shoot/undershoot of LED current increases from <100 ps
typically (Figure 19 through Figure 22) to >400 s (Figure 25
and Figure 26). Moreover, this undershoot/overshoot period
is highly dependent on various external factors, such as the
ambient temperature, which can lead to a longer duration

of overshoot/undershoot. The extended duration of over-
shoot/undershoot of LED current can cause a flicker in the
LED operation; this flicker is not present in the configuration
with slew-rate control.

Slew Time~ 500 ps

V caTHODE

W Cljrrent Overshoot~ 22%

Measure Plmeanci)

PG mean(Ca)
10230 A
v

PrmaxiCa) PminiCe)
o

P2mean(C2) PImaxcy)
%9V

4min(C3) P5 frea(C3)
a8y 6V
v

Figure 25: Transient behavior during the transition from high-beam operation
to low-beam operation, with simple slew control.

V ANODE

i Slew Time~ 500 ps | V CATHODE

MA 777777777777 AAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAARAAAR
W LAAAAAAAALAAAAAALAAAAAAAARAAAAAAAAARAAARA]

| I ep

Current Dip ~ 23%

Pimean(C1)

P2mean(c2)

PImax(ca) PaminC3) P5 frealC) PBmean(Cl) PTmaxct)
6V 273V 10049 A

Figure 26: Transient behavior during transition from low-beam operation to
high-beam operation, with simple slew control.
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PROTECTION

The A80803 is a highly configurable device with numerous
protection schemes. However, this section focusses on how
the ABO803 handles a single LED short, complete LED string
short, and LED open fault during high-beam and low-beam
operation.

Single-LED Short

A fault for a single-LED short is detected by two undervolt-
age comparators—one for each mode of operation (high-
beam and low-beam). Comparator levels are programmable
according to the number of LEDs. For this application, the
undervoltage comparator settings are:

* High-Beam undervoltage (HB_OUT_UV) comparator
between LP and LED- node (setat 16.8 V)

* Low-Beam undervoltage (LB_OUT_UV) comparator
between LP and CT (setat 10.4 V)

Viep~18V - iViep~ 15V

iv V cATHODE
4
1

i i i 1-LED Short lLep
“ H

1
e 50 ms Fault to FF2 Delay

I
I

:
P3minic2) Paminic3) P5 frealC3) PG mean(Ca) P max(Ca) PBminC)
25V >1027 A >31A BomA

P2max(c2)
39V

Figure 27: Device protection during a single-LED short during high-beam
operation.
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Protection against the effects of a single-LED short during
high-beam and low-beam operation is shown in Figure 27
and Figure 28, respectively. When a single LED is shorted:

* Inhigh-beam operation, the typical LED voltage
reduces from ~18 V to ~15 V. This trips the high-beam
undervoltage (HB_OUT_UV) comparator, which has a
threshold of 16.8 V.

* Inlow-beam operation, the typical LED voltage reduces
from ~12 Vto ~9 V. This trips the low-beam undervoltage
(LB_OUT_UV) comparator, which has a threshold of
10.4 V.

As shown in these figures, reporting of high-beam and
low-beam undervoltage faults is configured on the FF2 line,
which shows a high-to-low transition after a minimum config-
ured fault delay of 50 ms.

?VLED~12V {Viep~ 9V
V cATHODE
1-LED Short | lLeo
FF2-
5 - 50ms Fault to FF2 Delay -

Plmean(Cl) P2max(c2) PIminic2) PaminiC3) P5 frealC3) PG mean(Ca)
P Erty 2V >1024A
o

Figure 28: Device protection during a single-LED short during low-beam
operation.
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LED-String Short

A short of an LED string is detected if the voltage between
the LP and CT terminals drops below 1V while the PIWM
MOSFET is in the on state. As soon as this fault is detected,
the low-side gate (LSG), high-side gate (HSG), and PWM
MOSFET switch to the off state. The device restarts after a hic-
cup shutdown period (ty ) of 10 ms. If the fault is removed,
the device operates in a nominal way; else, the device enters
a low-side current limit operation and waits for 64 switching
cycles to elapse before turning off the MOSFET for the hic-
cup shutdown period.

Protection against the effects of an LED-string short in
high-beam and low-beam operation is shown in Figure 29
and Figure 30, respectively. As shown, as soon as the fault
occurs, the device waits for the hiccup shutdown period to
elapse before entering the low-side current-limit operation
spanning 64 switching cycles. The fault pin transitions from
high to low after a minimum configurable delay of 50 ms.

= —————

64 Switching H

Cycle-’ --------- 5

VCATH‘ODE

10ms Hiccub Period
feommaees 50 ms Fault to FF2 Delay----+

APPLICATION INFORMATION

LED Open

An open LED fault is detected by two overvoltage com-
parators—one for each mode of operation (high-beam and
low-beam). Comparator levels are programmable according
to the number of LEDs. For this application, the overvoltage
comparator settings are:

* High-Beam overvoltage (HB_OUT_QV) comparator
between the LP and LED- nodes (set at 23.6 V)

* Low-Beam overvoltage (LB_OUT_OV) comparator
between the LP and CT nodes (setat15.2'V)

The LED-open scenario in high-beam operation is shown in
Figure 31. As shown, cathode voltage drops suddenly, which
trips the high-beam overvoltage comparator (HB_OUT_QOV)
present between the LP and LED- nodes. After a minimum
configurable fault delay of 50 ms, LED current drops to zero
and a fault is asserted. In this operation, the device shows an
open LED, output overvoltage, and high-beam fault.

Similarly, the A80803 buck controller during low-beam
operation is shown in Figure 32. The low-beam operation
overvoltage comparator (LB_OUT_OV) trips due to voltage
overshoot between the LP and CT nodes. The LED current
reduces to zero and a fault is asserted on the fault pin after a
delay of 50 ms.

H
| Viep~ 18V
- V catHODE

FF2

~ -------- 50ms Fault to FF2 Delay

Pamincy) P5-fealC3l PBmeanCs)

Prmean(CT) Pzmaric2) P3minic2)
B82v ey 75V
- v v

PTmax(Ca)
A

B

Figure 29: Device protection from the effects of a complete LED-string short
during high-beam operation.
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Figure 30: Device protection from the effects of a complete LED-string short
during low-beam operation.
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Figure 31: Device protection during LED open (between the anode and the CT
node) during high-beam operation.

Viep~ 12V
V cATHODE

ILED

~ --------- 50 ms Fault to FF2 Delay -

PlmeanCh) P2 mean(C2)

3055V
v

©
P5 fealC3l PG mean(Ce)
B0

PImas(ca) ParminC3) Prmach) PBmin(Ca)
57V a2y 1154 A

1 1
4 10 10 s

Figure 32: Device protection during LED open (between the anode and the CT
node) during low-beam operation.
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EXPERIMENTAL SETUP DETAILS

The developed PCB for the ABO803 buck controller showing
the pads where various components are placed as shown in
Figure 33. This design can be used for automotive headlight
applications where power is sourced directly from a 48 V
power supply and can be extended to similar applications,
such as taillights, stopping lights, and daylight running

lights (DRL)/position lights. The circuit is configured in buck
topology to operate at a 48 V input voltage range with input
voltage variation from 40 Vto 56 V.
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Figure 33: Developed PCB of the ABO803 buck controller showing the com-
ponent pads.
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The developed experimental board to drive six serial LEDs in
high-beam operation and four serial LEDs in low-beam opera-
tion using an A80803 buck controller is shown in Figure 33.
Various components of the board—such as the switching
inductor, switching MOSFETs, LBG and PWMOUT PMOS,
differential ampilifiers, LDO, programming connector, and
various input/output terminals—are highlighted in Figure 34.

Programming=
Connector
-

Figure 34: Developed experimental board of the ABO803 buck controller
showing various components.
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SCHEMATIC AND BILL OF MATERIALS

The developed schematic for the high-voltage buck control-  between high-beam and low-beam operation, additional
ler driving six LEDs in high-beam and four LEDs in low-beam circuitry for the slew-rate control is provided.

W'th N‘]OOO mALED current‘|s shown n Flgurg 35. The sghe— Alist of the complete bill of materials (BOM) for the devel-
matic includes a complete circuit of the transition from high- oped board is provided in Table 1, which details two con-

beam operation to I.ow—beam operation with power ,squly figurations of the buck controller—one with slew-rate control
from a 48 V battery input voltage. For smooth transitions and the other with the simple slew option
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10k 11 LSG 1 - Q
10R
'll 7 BINSEL 5 R30
RB2 24.9K " sp — 1
3 LBEAMn R3l 787
Rib 10k f B
ENPWM
rwhiour 2T
Rel 10k DIMn
A80803 I
D71 D22 FFnl ,
sv sv N ]
FFn2 o | .
47nF
SCLK B i
- Re2 - SLEW 1
10k ] MOSI
3 bi] Rsl
s MISO ”
o LBS BS
5 SSn o — Cam _| —
- | 100nF, 25V :I: GND

(yND

GNDI1

Figure 35: Schematic of the ABO803 buck controller
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Table 1: Bill of Materials for ABO803 Buck Controller

APPLICATION INFORMATION

Designator Footprint Comment SI(%“;_?;:‘:'S)OI Simple Slew Option
Cb1, Cb2, Co1, Co2 1210 4.7 uF, 100 V 4 4
Cb3 0805 100 nF, 100 V 1 1
'“p”g Output Power Cb4 0603 100 pF, 100 V 1 1
onnection
D1, D2 sma 100V, 3A 2 2
X1, X2 BLOCK 3x CON_200P 2 2
VR1 SOT89 LDO ZXTR2008Z2 1 1
Cbt 0603 100 nF, 100 V 1 1
Cr1 0603 100 nF, 100 V 1 1
(Boazeg:Lag:vice) cr2 0603 47 F, 25V 1 1
Cr3 0603 100 nF, 25V 1 1
Cr4, Cr6 0603 2.2 uF, 25V 2 2
Cr5 0603 4.7 uF, 25V 1 1
Rsn1, Rsn2 1206/0805 390 mQ 2 2
Csn 0603 47 nF, 25V 1 1
RIn 0603 150 Q 1 1
Q1, Q2 SOT89_PMOS PCP1302, P-Ch 2 2
R21 0603 2.4 kQ 1 1
C20 0603 4.7 nF, 25V 1 1
Power-Switching
L1 SM_13.8x12.5 33 uH, 2.0A 1 1
Q3, Q4 LFPAKS56_2 BUK9Y65-N-ch 2 2
R30, R40 0603 100Q 1 1
D30, D40 SOD123W 100V, 1A 2 2
R31 0603 787 Q 1 1
Rsn3, Rsn4 1206/0805 120 mQ 2 2
Rs1 0603 5KkQ/0 Q 1 (5 kQ) 1(00Q)
Cs1 0603 47 nF, 25V 1 DNP
Rs2 0603 00 1 DNP
Slew Components Cam 0603 100 nF, 25V 1 DNP
Rs3, Rs6 0603 15 kQ 2 DNP
Rs4, Rs5 0603 100 kQ 2 DNP
u2 PKG_SOIC8 TLO81PW 1 DNP
U1 MLPQ32_5x5 A80803 1 1
I R : :
Rb2 0603 24.9 kQ 1 1
D3 SOD123W 100V, 3A 1 1
Dz1, Dz2 SOD123/X.85 5V Zener 2 2
A80803 SW_En SW DIP 1POS SW-SPST 1 1
Components
Cp1 0603 33 pF, 25V 1 1
Cz1 0603 820 nF, 25V 1 1
Rz1 0603 453 Q 1 1
Rfs1 0603 100 kQ 1 1
Rn1, Rn2 0603 2.21 kQ 2 2
P1 HDR1X5 Header 5 1 1
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CONCLUSION

This application note has presented an implementation of

a high-input-voltage (48 V) buck controller for automotive
applications such as headlights, tail-stop lights, and posi-
tion lights/DRLs. The slew-rate control feature of the device
has been explored in detail. The highly integrated A80803
device has numerous protection features, and this report has
detailed:

* Implementation of a buck controller with slew-rate
control.

* Device operation and design configuration of the slew-
rate components.

» Differences in transient behaviors during high-beam to
low-beam and low-beam to high-beam transitions, with
and without slew-rate control.

* Device protection during various fault scenarios.

e Evaluation board schematics and bill of material (BOM).
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