APM80905-1

36V, 4 A, Low-EMI, Synchronous Buck
LED Driver Module with PWM Monitor

FEATURES AND BENEFITS

+ ASIL Compliant: ASIL B safety element out-of-context
(SE00C) developed in accordance with ISO 26262, when
used as specified in the safety manual
» Automotive ASIL B, AEC-Q100 Grade 1 qualified

solution for infrared LED driver monitoring system

(DMS)

[z

Ultra-low electromagnetic interference (EMI)
architecture with integrated EMI-mitigation capacitors
and spread-spectrum operation to comply with
automotive requirements

Safety protection against out-of-range PWM on-time and
duty cycle with PWM monitoring feature for eye-safe
operation capability

High-integration architecture including high-side and
low-side MOSFET switches and 5 V peripheral low-
voltage dropout (LDO) to reduce solution size and cost

ISO 26262
ASIL Compliant

Continued on next page

APPLICATIONS

* Driver monitoring systems
» Advanced driver-assistance systems

DESCRIPTION

The APM80905 isa 36V, 4 A, ASIL B, low-EMI, synchronous
buck switching regulator module that provides a regulated current
output to drive high-power infrared or standard LEDs. The
module integrates both the high-side and low-side N-channel
MOSFET switches, high-frequency input voltage and boot
capacitors. The APM80905 also includes several fault-protection
features including a PWM dimming signal monitor with
configurable LED on-time and duty cycle limits to simplify
the design of driver monitoring systems.

The switching frequency is programmable from 400 kHz to
2.2 MHz with an external resistor. Output current is programmable
by an external current sense resistor, and the output voltage
is automatically adjusted to drive one or multiple LEDs in
series, optimizing system efficiency regardless of the number of
LEDs in the string. The analog dimming input, ADIM, allows
for LED current calibration or thermal foldback with an
external negative temperature coefficient (NTC) thermistor.
An open-drain fault flag pin, FFn, is pulled low to alert the
system or controller that a fault was detected.

Continued on next page

PACKAGE

24-pin QFN
4 mm x4 mmx2.1mm
with wettable flank
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Figure 1: APM80905 Typical Application Circuit
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APM80905-1

36V, 4 A, Low-EMI, Synchronous Buck
LED Driver Module with PWM Monitor

FEATURES AND BENEFITS (continued)

+ Safety diagnostics for ASIL B compliance including:
» Low-power shutdown (1 pA typical)
 High-side output current sense
» High-side MOSFET current-limit protection
 Active-low fault flag output
* Undervoltage lockout (UVLO)

» Thermal shutdown protection

* Robust protection against:

* Adjacent pin-to-pin short
* Pin-to-ground short
» Component open/short faults

DESCRIPTION (continued)

The APM80905 was developed in accordance with ISO 26262 as
a hardware safety element out-of-context with ASIL B (single-die)
or ASIL D (dual-die) capability for use in automotive safety-related
systems when integrated and used in the manner prescribed in the
applicable safety manual and datasheet.

The APMS80905 is offered in a compact, thermally enhanced 4 mm %
4 mm x 2.1 mm quad-flat no-lead (QFN) package with wettable flank.
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36V, 4 A, Low-EMI, Synchronous Buck
APM&0905-1 LED Driver Module with PWM Monitor

SELECTION GUIDE

Part Number Dither Description Packing [1] Lead Finish
APM80905KNBBTR-1 Enabled 24-pin wettf':lble flank QFN package 3000 pieces Matte Tin
with thermal pad per 13-inch reel

(1] Contact Allegro for additional packing options.

ABSOLUTE MAXIMUM RATINGS []

Characteristic Symbol Notes Rating Unit
Supply Voltage Vin -0.3t0 42 \%
) . —0.3toV+0.3 \Y
Switch Pin Voltage Vsw -
Transient < 100 ns -15toVy+0.3 \
EN, PWM Pin [2] Voltages Ven -0.3to V| +0.3 \Y
Current Sense Voltages Vesn, Vest -0.3toV|y+0.3 \
Continuous Vgw—0.3to Vg +5.5 \
BOOT Pin Voltage Vaoor il W
t<1ms sz—o.s tOVSW+7 \
All Other Pins -03to7 \Y
Operating Junction Temperature T j(max) —40 to 150 °C
Storage Temperature Tsig -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 condi-
tions for extended periods may affect device reliability.

[21 PWM pin is high-voltage-rated only for failure modes and effects analysis (FMEA) purposes. The user is expected to use it as a logic-level pin only. If the PWM pin is
used for high voltage, the IC is not pin-to-pin short-protected for the PWM and DMAX pins, so a user-compromise must be made for the DMAX pin protection. The only
recommended use of the PWM pin is as a logic-level pin.

THERMAL CHARACTERISTICS [1]

Characteristic Symbol Test Conditions Value | Unit

Junction-to-Ambient Thermal Resis-

tance Regua On 4-layer PCB based on JEDEC standard 43 °C/W

[ Additional thermal information available on the Allegro website.
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36V, 4 A, Low-EMI, Synchronous Buck
APM&0905-1 LED Driver Module with PWM Monitor

PINOUT DIAGRAM AND TERMINAL LIST

QFN-24 PINOUT DIAGRAM

SW_SW_SW BOOT
{231 1221 |21} 119
NN S N Lo
VIN| 1T ‘ 18 |CSH
,,,,, ! o
|
7 |
VIN| 2 | PAD (VIN) i
UN| 3 e es
| 15 {SGND
PGND| 5 14 {FFn
————— PAD (PGND) —
PGND| 6 U?f vce
Tl elin e
"EN_PWM DMAXTMAX TON ADIM
TERMINAL LIST
Number Name Function
1,2,3 VIN Power input for control circuits and power stage. Connect a ceramic capacitor between VIN and PGND close to this pin.
56 PGND Power ground pins.
7 EN Enable pin. Pull this pin high to enable the APM80905.
8 PWM Logic input for PWM dimming. The LEDs are on while this pin is high, EN is high, and no faults are detected.
Programming pin for maximum safe output current duty cycle. Connect a resistor between DMAX and GND to set the
9 DMAX g
maximum LED current duty cycle.
Programming pin for maximum safe output current on-time. Connect a resistor between TMAX and GND to set the
10 TMAX g .
maximum LED current on-time.
Programming pin for DC-DC converter high-side power switch on-time. Connect a resistor between TON and GND to
1 TON . . ) ;
set the high-side power switch on-time of the buck converter.
12 ADIM Analog dimming control voltage input.
13 VCC Internal bias regulator output. Connect a 1 yF to 4.7 uF ceramic capacitor from VCC to PGND close to this pin.
14 FFn Open-drain, active-low fault signal. Pulled low when a fault is detected. Connect a pull-up resistor to desired logic level.
15 SGND Signal ground pin.
16 csL LED current sense low pin. A resistor placed between CSH and CSL sets the current in the LED string. Place a 0.1 pF
ceramic capacitor very close to the CSL pin.
18 CSH LED current sense high pin. A resistor placed between CSH and CSL sets the current in the LED string.
High-side gate driver bootstrap pin. The boot circuit capacitor is inside the package. This pin is provided for testing
19 BOOT .
purposes and should be left floating.
21,22,23 SW Buck converter power switch output pins. Connect these pins to the power inductor.
PAD1 Exgg(sjed PAD1 is an exposed pad and should be soldered to VIN.
PAD2 Exposed Pad | PAD2 is an exposed pad and should be soldered to the PGND plane for enhanced thermal performance.
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36V, 4 A, Low-EMI, Synchronous Buck
APM&0905-1 LED Driver Module with PWM Monitor

FUNCTIONAL BLOCK DIAGRAM
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Figure 2: Functional Block Diagram
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36V, 4 A, Low-EMI, Synchronous Buck

APM80905-1 LED Driver Module with PWM Monitor

ELECTRICAL CHARACTERISTICS: Valid at V|y £12 V, Voyt =6 V, —40°C = T, < 125°C, typical values at T, = 25°C, unless
otherwise noted

Characteristics | Symbol | Test Conditions Min. Typ. Max. Unit
INPUT SUPPLY
Input Voltage Range VN Viy must first rise above Vi oon,max) 4.5 - 36 \'%
Insﬂgtﬂi;pﬁs]{el;ﬂgﬁjrvoltage Lockout Vovioon) | Vi rising _ _ 4.31 v
Inﬁyétirepspflsy Undervoltage Lockout VovLogys) _ 165 _ mv
Input Supply Current ['] In Ven = Venriy Vewn = Viceww) - 5 - mA
Input Shutdown Current[1] Iinsp) Ven=0V - 1 10 uA
POWER SWITCHES
Buck Switch Current Limit Threshold Iswim) 6 6.4 7 A
Buck High-Side Switch On-Resistance | Rpsons) | VBoor = Vin + 4.3V, T, =25°C, Iy = 0.5A - 90 - mQ
Buck Low-Side Switch On-Resistance | Rpsones) | Veoor = 4.3V, Ty =25°C, Igyy = 0.5A - 60 - mQ
Selected On-Time ton Vin=12V, Vgg =6V, Ryoy = 100 kQ 1.37 1.50 1.62 us
Switching Minimum On-Time tonmIny - 108 130 ns
Switching Minimum Off-Time torruing | Vesn—Vest =0V - 70 90 ns
On-Time Spread Spectrum Range ton(swEEP) - 15 - %
On-Time Spread Spectrum Modulation fewuon) _ 10 _ KkHz

Frequency
REGULATION COMPARATOR AND ERROR AMPLIFIER
V|N =36 V, fSW =500 kHZ, ILED =05 A,

Output Current Sense Common Mode

Voltage [2 Vour measured at CSL pin 265 B 32 v
D\i}‘z)?traegg??!]Output Current Sense Vesrea %%Sgr;?gfféi:mg?’ ADIM tied to VCC 189 195 201 mv
CSH Input Sense Current (1] Icsh Vesh — Vs, =0.195V - 230 - pA
CSL Input Sense Current [] Icst Vesh — VgL =0.195V - 165 - PA
ANALOG DIMMING INPUT
ADIM Voltage for 100% LED Current VADIM(H) | Vesn — VestL = Vesres 1.75 - - \Y
RS?;:??; Threshold at 50% Analog Vesreo(so) | Vaom = 0.925 V 97 100 103 mv
RDe?n:J:{a:?lnogn Threshold at 20% Analog Vesreao) | Vap = 0620 V _ 40 _ mv
INTERNAL LINEAR REGULATOR
VCC Pin Output Voltage Vee OmA<Iycc<14mA Vy>6V 4.85 5.0 5.15 \
VCC Dropout Voltage Vecpropy | Measure Viy —Vec: Viy =48V, Iycc = 14 mA - 0.35 0.75 \%
VCC External Load Ivceexty |Vin>6V - - 14 mA
VCC Undervoltage Lockout Rising VecuviLo) 3.60 3.9 4.15 \Y
VCC Undervoltage Lockout Hysteresis |VcouvioHys) 120 230 280 mV

Continued on the next page...
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36V, 4 A, Low-EMI, Synchronous Buck

APM80905-1 LED Driver Module with PWM Monitor

ELECTRICAL CHARACTERISTICS (continued): Valid at V|y < 12 V, Vo1 = 6 V, -40°C < T, < 125°C, typical values at T, =

25°C, unless otherwise noted

PWM INPUT

PWM High Voltage Vinewm) | Veww increasing - - 1.2 \Y

PWM Low Voltage Vicewwmy | Vewwm decreasing 0.6 - - \

PWM Pin Pull-Down Resistance Rpwmepy | Vec =5V, Vpym =3V - 100 - kQ

ENABLE INPUT

EN High Voltage VENHI) Vg rising 1.14 1.2 1.26 \'%

EN Input Hysteresis Vennys) | ENJUVHI EN/UVLO 38 104 170 mV

EN Pin Sink Current "] Ien Ven=1.2V - 1 5 pA

EN Pin Pull-Down Resistance [2] Renepy | Vin>3V - 2 - MQ

FAULT

M,;’;'l'jl‘t“é“e:gg;"o"nfm LED Open/Short Vapim fising 475 500 525 mv

Vour Low Thieshold for LED Short Vour falling 15 17 19 v

Sgr;s; \lglfﬁ?e Threshold for LED Vesiopeny x%iF;E\G/AZ,fAOS \r?(:i:start falling (PWM duty = 35 65 95 mv

Sense Voltage Hysteresis for LED v Vesreg = 200 mV start falling (PWM duty = _ 20 _ mv

Open Fault [ CS(OPENHYS) max), Vapim = Vee

Fault Deglitch Timer trog 45 60 75 us

Fault Mask Timer tmask 90 120 150 us

FFn Pull-Down Voltage VeauLt(epy | Fault condition asserted, pull-up current = 1 mA - - 0.4 \%

FFn Pin Leakage Current [] IrauLTke) | Fault condition cleared, pull-up to 5V - - 1 pA

FFn Rising Delay Timer [2] trise Low-to-high transition time for FFn pin 10 us

FFn Falling Delay Timer [2] teALL High-to-low transition time for FFn pin 10 us

Cool-Down Timer for Fault Retry tRETRY - 1 - ms

THERMAL SHUTDOWN

Thermal Shutdown Threshold [2] Tsp 150 165 180 °C

Thermal Shutdown Hysteresis [2] Tsprys - 25 - °C

PWM MONITORING

Minmum PWM On-Time Safety LImIt | 4 nonnny | Rrvax = 665 kQ 0218 | 0250 | 0282 ms
g

Msa:ti{irr]]um PWM On-Time Safety Limit townonax) | Rrax = 191 kQ 437 5.00 5.63 ms
g

Mslrgtr'tr:rL]lgw PWM Off-Time Safety Limit taankvny | Rowax = 536 kQ 0.71 0.82 0.93 ms

M;:titriw;:ém PWM Off-Time Safety Limit toLankuax) | Rowax = 178 kQ 16.6 19 214 ms

I Negative current is defined as coming out of (sourcing from) the specified device pin or node.

[21 Determined by design and characterization. Not production tested

[B1n test mode, a ramp signal is applied between the CSH and CSL pins to determine the Vg — Vg, regulation threshold voltage. In actual
application, the average Vg — Vg voltage is regulated at Vgreg regardless of ripple voltage.
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36V, 4 A, Low-EMI, Synchronous Buck
APM&0905-1 LED Driver Module with PWM Monitor

EMI/EMC PERFORMANCE CHARACTERISTICS
Vin= 12V, Vour=35V, fSW: 2.15 MHz

Conducted Emissions (150 kHz to 30 MHz) Radiated Emissions (150 kHz to 30 MHz) (Monopole)

Radiated Emissions (30 MHz to 330 MHz) Radiated Emissions (30 MHz to 330 MHz)
(Horizontal Biconical) (Vertical Biconical)

NOTE: Allegro is not an accredited electromagnetic compatibility (EMC) laboratory. The information presented

here is for reference only: APM80905 is operating at a switching frequency of 2.2 MHz for all tests with combined
nominal input capacitance of 47 uF using ceramic surface mount capacitors.
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APM80905-1

36V, 4 A, Low-EMI, Synchronous Buck
LED Driver Module with PWM Monitor

FUNCTIONAL DESCRIPTION

Overview

The APM80905 is a synchronous buck regulator module
designed for driving a high-current LED or IR LED string. It
employs average current-mode control to maintain constant LED
current and consistent brightness.

LED Current

The LED current level is easily programmable by selection of an
external current sense resistor with a value determined by:

Equation 1: VSREG

Rgense = :
LED

where Vegreg = Vesn — Vest = 195 mV typical.

Switching Frequency

The APMS80905 operates in fixed adaptive on-time mode. The on-
time is programmed using an external resistor connected between
the TON pin and ground. The switching frequency is dependent on
several application-specific factors including input voltage, output
voltage, and output current. Figure 3 shows the relationship between
Rron and switching frequency for a typical application with two dif-
ferent output currents. Since most applications are designed to target
a switching frequency, such as above or below the AM radio band
in automotive applications, Equation 2 can be used to approximate
the value of the Ry resistor value for a given switching frequency.

Use Figure 4 and Figure 5 to find the constant & for applications

with a similar input to output voltage ratio. For other applications or
for more help selecting Ry, consult the APM80905 Design Tool
on the product web page. If switching frequency is critical to the
application, the APM80905 application should be validated across all
system parameters because the switching frequency varies with the
system state due to the constant on-time control architecture.

fow (MHz)

20 30 40 50 60 70 80 90 100
Rron (kQ)

Figure 3: Switching Frequency vs. Rygn
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APM80905-1

36V, 4 A, Low-EMI, Synchronous Buck

LED Driver Module with PWM Monitor

Equation 2: 1

Equation 3:

22

foy (MH2)

0.9

0.8

0.7

fsw (MHz)

0.6

0.5

04

0.3

Ryon= ———
TON kfoW

Vour
Vin

ton =k * Rron %

k =0.027

Typical Switching Frequency

/IOUT =4A

I k=0.029
Typical Switching Frequency

lout=1A

25
Rron (kQ)

Figure 4: Switching Frequency vs. Ryon
for fsw >1 MHz, le =12 V, VOUT =6V

k =0.027

Typical Switching Frequency

/lou7=4A

Typical Switching Frequency
lour=1A

40 70

Rron (kQ)

Figure 5: Switching Frequency vs. Rygy
for fgyy <1 MHz, V|y =12V, Vgyr =6V

The preceding Ry selection described is the typical case for
Vin =12V and Vg1 = 6 V. To set the frequency close to the
expected value, use the following:

_ Vour + lour(Rsgnse + Rpcr + Rpsonro)

Duty
Vin — lour (Rpsonur — Rpsonto)

_ Vin = Vour — Iour(Rpsonnr + Rpcr + Rsense)] X Duty

dl
L X fSW

L xdl

Vour + lour(Rpsonito + Rsense + Rpcr)

torr =

ton = f_ — torF

sw
For this tqy, the user can calculate the Rrgy that results in a fre-
quency close to the desired value:

» For fgy < 500 kHz: Ryon = (Vin X ton)/(VouT % 0.03)

» For fqy > 500 kHz: Rron = (Vv * ton)/(Vour X 0.027)
Here:

* Rgpnsg = Sense resistor used

* Rpcr = DC resistance of the inductor under use (typically a
few mQ; 100 m€Q2 is common)

. RDSONLO =0.12Q
* RDSONHI =0.18Q

Frequency Dithering

The APM80905 uses spread-spectrum clocking to minimize

EMI at the fundamental switching frequency and its harmonics,
generated by the switch node. The frequency-dithering range

is fixed at £5% with a modulation frequency of 10 kHz. The
switching-frequency dither is a triangle wave, sweeping linearly
between 0.95 X tgy and 1.05 X tgy, where tgy is the programmed
on-time.

10
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APM80905-1

36V, 4 A, Low-EMI, Synchronous Buck
LED Driver Module with PWM Monitor

Enable

A voltage on EN that exceeds the nominal 1.2 V threshold
enables the APM80905. The EN comparator has a typical hyster-
esis of 100 mV. Once enabled, if EN decreases to less than the
1.1V (typ) disable threshold, the APM80905 enters the shutdown
state, stops switching, and draws only 1 A (typ) from V.

The EN pin is high-voltage tolerant and can be directly connected
to VIN for always-on applications. However, if EN exceeds the
VIN voltage at any time, a series 10 kQQ resistor is required to limit
the current flowing into the EN pin. The series EN pin resistor is
not necessary if EN is driven from a logic input.

There is an internal 2 MQ (typ) pull-down on the EN pin that is
active once the voltage on the VIN pin is greater than approxi-
mately 3 V, preventing a leakage current path to GND through the
APMS80905 if the VIN supply is disabled but the EN pin is still
driven high from a different supply.

Internal VCC Regulator

The VCC regulator is used as the power supply for the internal
control circuitry and can supply up to 14 mA to an external load.
A1 pF to4.7 uF ceramic capacitor placed close to the VCC pin,
with a low-impedance connection to VCC and GND, is recom-
mended.

PWM Dimming

The LED brightness is controlled by the pulse-width-modulated
signal applied to the PWM pin. The APM80905 drives the LED
current to the target level set by Rgpygg when the PWM pin is
high and drives the LED current off when the PWM pin is low.

The dimming ratio is the ratio of the on-time to the period of
the PWM signal. For example, by selecting a PWM period of

5 ms (200 Hz) and a PWM on-time of 5 ps, a dimming ratio of
0.1% can be achieved. This is sometimes referred to as 1000:1
dimming. In an actual application, the minimum dimming ratio
is determined by various system parameters including: Vi,
Vour inductance of the power inductor, LED current, switching
frequency, and PWM frequency. The device is capable of PWM
on-time as short as 5 us; however, if fault flag operation for open
or short LED detection is required, the PWM on-time must be
greater than the maximum fault mask timer, ty;agk.

The PWM pin is a logic input pin and is internally pulled to GND
through a 100 kQ (typ) resistor. The EN and PWM pins function
as illustrated in Table 1.

Table 1: EN and PWM Pin States

EN Pin PWM Pin FFn vcce LEDs
Low X X OFF OFF
High Low/Open X ON OFF
High High High ON ON
High High Low ON OFF

PWM Monitoring

The APM80905 continuously monitors the on-time and duty
cycle of the incoming PWM signal and drives the FFn pin low
and disables the LED current if a fault is detected.
On-Time Limit

The first PWM monitor is a maximum on-time limit. A TMAX
fault is detected when the incoming PWM signal on-time exceeds
the maximum on-time set by Rpyax- A TMAX fault drives the
FFn pin low and disables the LED current for the remainder of the
PWM cycle. The TMAX fault is cleared on the next PWM rising
edge. Use Equation 4 to calculate Ryy5x and refer to Figure 6.

Equation 4:

where ty;ox is in milliseconds and Ryyax is in k€.

Figure 6: ty;ax VS. Rtmax
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APM80905-1

36V, 4 A, Low-EMI, Synchronous Buck
LED Driver Module with PWM Monitor

Duty Cycle Limit

The second PWM monitor circuit is a maximum duty cycle

limit set by a resistor from the DMAX pin to GND, Ry ax- The
DMAX fault monitors the incoming PWM signal off-time, and
determines duty cycle with respect to the on-time limit TMAX set
with Rryax. A DMAX fault is triggered at a PWM rising edge
when the PWM off-time is less than the minimum blanking time,
teranks St by Rpyax- A DMAX fault disables the LED current
for at least tg; ok and can be cleared on the next PWM rising
edge after waiting tg; ANk Calculate Rpyax by first calculating
the off-time, tp; ongs at tyax Using Equation 5.

Equation 5:

tBLANK = tMaX <—D - 1)
MAX

where Dy 4x 1s the maximum duty cycle percentage normalized
from O to 1.

Then, solve for the resistor value of Ry sx using the blanking
time in Equation 6 and refer to Figure 7.

Equation 6:
Rppax = 0.1529 % tg ang? +6.5112 % tg; xng — 0.1486

where tg; ang 1S in milliseconds and Rppyax 1s in kQ.

Figure 7: Dyax VS- Rpmax

The TMAX and DMAX fault scenarios are presented in Figure 8
to Figure 11. A dark blue line represents a signal external to the
APMS80905, a gray line represents an internal signal not respon-
sible for triggering a fault, and a red line represents an internal
signal responsible for triggering a fault.

Typical Operation

When the PWM signal on-time is less than the configured TMAX
value and duty cycle is less than the configured DMAX value,
there is not a reported fault and the LED current follows the
PWM signal and the FFn pin remains high, as shown in Figure 8.
The PWM on-time is less than the ty;5x timer and the PWM off-
time is greater than the tg; ong timer.

Figure 8: No TMAX or DMAX Fault

TMAX Fault

When the PWM signal on-time exceeds the configured TMAX
value set by Ryyiax, the LED current is shut off and the FFn pin
is pulled low. The fault is cleared on the next PWM rising edge.
If the fault occurs again, the same process repeats, as shown in
Figure 9.

Figure 9: TMAX Fault

DMAX Fault

A DMAX fault occurs when the duty cycle exceeds the con-
figured duty cycle limit set by Rpyax. In Figure 10, the PWM
on-time is less than the maximum set by the internal ty;,x timer
so there is no TMAX fault, but the PWM off-time is less than the
minimum required off-time of tg; ong, Which triggers a DMAX
fault. The DMAX fault drives the FFn pin low and prevents the
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LED current from turning on for that PWM cycle. After waiting
for at least the tg; ANk timer, the fault is reset upon the next PWM
rising edge.

Figure 10: DMAX Fault

TMAX and DMAX Fault

Even if the LED cycle is terminated early due to a TMAX fault,
the incoming PWM signal off-time must be greater than tg; snk-
If a DMAX fault is triggered following a TMAX fault, the LED
current remains off and the PWM cycle is skipped, similar to the
DMAX fault in Figure 11. When a DMAX fault follows a TMAX
fault, the faults are reset by the falling edge of the next PWM
pulse after the tg; Nk timer expires and the PWM pulse does not
exceed tyax-

Figure 11: TMAX and DMAX Fault
Analog Dimming

The APM80905 includes an analog dimming feature that can be
used for multiple applications including LED binning, extending
the dimming ratio, or LED current foldback with increased LED
temperature. Analog dimming adjusts the regulation voltage, Vg
REG» Maintained across Rgpngg- The voltage on the ADIM pin,
Vapmv» determines the level of dimming applied. If analog dim-
ming is not used, ADIM should be tied to VCC. The APM80905
does not detect an ADIM shorted to VCC fault because it is a

valid operating state, where the LED current is not derated.

Dimming is not applied when Vpp exceeds 1.75 V. When
Vapiu is between 0.62 and 1.3 V, the LED current varies linearly
with Vppv from 20% to 90%. The LED current regulation volt-
age, Vegrig- can be calculated by Equation 7 or the dimming
ratio by Equation 8, and is shown in Figure 12.

Equation 7:
Vesreg = (Vapmv — 0.42) x 0.195
Equation 8:
DimPct = (Vesreg / Vesnom) > 100%

where DimPct is the analog dimming percentage and Vgnoms
the Vgreg value with no dimming, is 0.195 V.

A
195

170

Vesireg) (MY)
S

40

N,
>

0 S ; .
0 0.620 0.925 1.300 1.750 2

ADIM Pin Voltage (V)

Figure 12: ADIM Pin Voltage vs.
LED Current Reference Voltage

The voltage across the sense resistor must always be greater than
0V, including at the valley of the inductor current ripple.

Temperature-based LED current foldback can be implemented
as a voltage divider with an NTC thermistor on the ADIM pin,
as shown in Figure 13. The resistors Rg and Rp can be added or
removed as needed to tune the NTC voltage divider response.

13

Allegro MicroSystems

955 Perimeter Road

Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com



APM80905-1

36V, 4 A, Low-EMI, Synchronous Buck

LED Driver Module with PWM Monitor

vcC

R1

ADIM

+ OPTIONAL
)

Rs.

RT1

Figure 13: NTC Thermistor Circuit for Temperature-
Based Output Current Foldback

Minimum and Maximum Output Voltages

The maximum output voltage is limited by the input voltage

and the duty cycle of the power stage at the minimum off-time,
torrvn)- At higher switching frequencies, the minimum off-time
becomes a larger percentage of the switching period, limiting the
maximum duty cycle in the switching period. The same principal
applies to the minimum output voltage at the minimum on-time,
toneviny- See Figure 14 for the minimum and maximum duty
cycle for a given switching frequency. The output voltage range
is a function of the input voltage and duty cycle range.

Figure 14: Duty CYCIe Limits at tON(MlN) and tOFF(MlN)

For example, with a minimum off-time of 90 ns at fgy, =2 MHz,
the maximum duty cycle is 82% and, for an input voltage of 18 V,
the maximum output voltage is approximately 14.76 V (based on
the simplified equation of Vo1 = Vi * D, where D is the switch-
ing converter duty cycle). The maximum output voltage is also
slightly reduced by the power loss and thermal condition of the IC.

Similarly, at a minimum on-time of 130 ns and fqy = 2 MHz, the
minimum duty cycle is 26%; therefore, with an input voltage of
9V, the minimum Vgt is 2.34 V. However, the internal current
sense amplifier is designed to operate accurately down to V1
= 2.65 V. Therefore, the output voltage should not be less than
2.65 V; else, the output current accuracy becomes reduced.

Figure 15: Minimum and Maximum Output Voltage

If the required output voltage is less than that permitted by the
minimum on-time, the controller automatically extends the
off-time to maintain the correct duty cycle. The result is that the
switching frequency reduces more when necessary to keep the
LED current in regulation.

If the LED string is completely shorted and Vo =0V, the con-
troller enters hiccup mode and switches at the minimum on-time.

Boot Circuit

The APM80905 includes a bootstrap charging circuit with inter-
nal capacitor, Cggot- The internal boot capacitor is charged every
switch cycle to ensure typical operation of the LED driver. Leave
the BOOT pin open.

Figure 16: Boot Circuit
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Thermal Budgeting

The APM80905 can supply up to 4 A of output current, but
system designers must ensure the total internal power dissipation
does not induce thermal shutdown. The maximum power dissipa-
tion of the device is:

Equation 9:

P _AT _ Tyomax) ~ Tams
DISSMAX) ~ O

For example, on a standard four-layer JEDEC board with 29°C/W
thermal resistance, if the maximum ambient temperature is 100°C
at the device case surface, the maximum internal power dissipa-
tionis 1.7 W.

Protection Functions

The APM80905 is designed to handle the following faults:
* Any pin-to-ground short

* Any pin-to-neighboring-pin short

* Any pin open

» External component open or short (inductor, resistors,
capacitors, LEDs)

* Output-to-ground short
* LED PWM dimming signal on-time and duty cycle limits

Built-In Self-Test

The APM80905 includes a built-in self-test (BIST) that checks the
internal monitoring circuits for correct operation. If the BIST fails,
the APM80905 does not start and the FFn flag asserts low.

Fault Protection for Extreme Applications

In some applications, such as those with long cables harnesses

or inductive loads, additional protection diodes as shown in
Figure 13 may be necessary to prevent the voltage at the CSH and
CSL pins from exceeding the absolute maximum ratings of the
pins. Diode D1 adds protection during an output short-to-ground,
and diode D2 adds protection during an output open fault. It is
the responsibility of the application designer to determine if the
output faults could present voltage beyond the absolute maximum
ratings and to add D1 and D2 if necessary.

Figure 17: Optional Clamp Diodes

LED Faults

The APM80905 can detect open and short-to-ground LED
strings. The diagram in Figure 18 shows the logic tree to report
an open or short LED fault, as well as Ryyax, Rpmax, and Rroy
open or short-to-ground.

Figure 18: LED Open/Short Fault Block Diagram
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Open LED Fault

The APM80905 can detect when the LED string connection is
opened. The fault must be present longer than the fault deglitch
timer, tppg, and must exist after the PWM dimming mask timer
at the start of each PWM cycle, ty;ask, €xpires to be detected. If
the PWM on-time is less than ty;, gk, the open LED fault is not
detected. If the ADIM pin is less than 500 mV, the open LED
fault is masked. To detect an open LED fault, ADIM must be
greater than 500 mV, the regulation voltage Vgrpg must be less
than 25% of the inductor current, and the converter duty cycle
must be switching at its maximum duty cycle.

Upon open LED fault detection, the APM80905 asserts the fault
flag by driving the FFn pin low and enters hiccup mode. When
the fault condition is removed, the device recovers one hiccup
period after the next PWM cycle by releasing the FFn pin to clear
the fault flag and resumes typical regulation.

If the device is in a fault state and then ADIM reduces to less than
500 mV, the fault remains asserted. When PWM goes low, the fault
flag is latched and maintains its state until the next PWM rising
edge. See Figure 19.

Table 2: LED Open Fault Truth Table

Next PWM
ADIM FEnn LED Open Rising FEnn+1
Fault?
Edge
High X No k3 High
High X Yes k3 Low
Low Low No k3 High
Low Low Yes X Low
Low 1 X X 1

ADIM high means Vpp > 500 mV; ADIM low means Vppy < 500 mV.

Output Short Fault

An output short condition, such as LED shorted to GND or output
capacitor shorted to GND, is detected when Vqr < 1.5 V. The
fault must be present longer than the fault deglitch timer, tppg,

and must exist after PWM dimming mask timer at the start of each
PWM cycle, tyask, to be detected. If the PWM on-time is less than
tmask, the output short fault is not detected. During an output short
fault condition, the regulator does not enter hiccup mode, but only
switches the power stage at the minimum on-time, and the fault
flag is asserted by driving FFn low. When the fault condition is
removed, the device resumes typical regulation and clears the fault
flag by releasing the FFn pin. If Vypp < 500 mV, the output short
fault is masked. When PWM goes low, the fault flag is latched and
maintains its state until the next PWM rising edge. See Figure 19.
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Fault Detection Timers

The APM80905 has a fault deglitch timer, tppg, and a fault mask
timer, ty;agk, Which work together to prevent fault reporting for
short, transient system events. The mask timer is typically twice
as long as the deglitch timer.

Both timers are disabled when the PWM pin is low. The mask
timer starts upon the PWM rising edge and prevents fault report-

ing for the beginning of each PWM pulse. The deglitch timer
starts when PWM is high and a fault is detected. The two timers
are independent and can overlap if a fault is detected while the
mask timer is active. The FFn pin asserts low if a fault is present
after both timers have expired.

The basic timing configurations are detailed in Figure 19. For
each case, the TMAX and DMAX conditions are satisfied with
no faults, and ADIM is greater than 500 mV.

Figure 19: LED Short and Open Fault Timing Diagrams

*Current to regulation timer is 256 (Typical) switching cycles.
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Table 3: System Failure Mode Table

Failure Mode Symptom Observed FAULT Flag Asserted? APM80905 Response
Inductor open No light from LEDs Yes [1] Enter hiccup mode with 1 ms retry period.
Current through high-side MOSFET exceeds
_ power switch current limit causing overcurrent
Inductor shorted Dim light from LEDs Yes fault. Switching stops and hiccup mode starts with
1 ms retry period.
Sense resistor open Dim light from LEDs Yes Device switches with small switching duty cycle.
Sense resistor shorted Dim light from LEDs Yes Triggers SW O.CP fault, entering hiccup mode with
1 ms retry period.
LED string open No light from LEDs Yes [1] Enters hiccup mode with 1 ms retry period.
LED strings shorted Continues switching at minimum tgy; regulator will
(Either LED shorted to GND or output No light from LEDs Yes (2 e e o9 2 ON: reg
capacitor shorted to GND) < 1.5V p :
Output/CSL capacitor open Typical light from LEDs No Possible decreased performance.
TON resistor open or short Dim light from LEDs Yes Part will retry and recover on fault removal.
. . LEDs remain off while pin is open or shorted to
TMAX pin open or shorted to GND No light from LEDs Yes GND, will recover when fault is removed.
DMAX pin open or shorted to VCC or GND No light from LEDs Yes LEDs remain off while pin is open or shorted to
GND, will recover when fault is removed.
Device cannot operate without V. Vi is internal
[2] CC- VcC
VCC shorted to GND IC does not operate protected against short to GND.
Undervoltage lockout No light from LEDs 3] Device is in shutdown.

[ For LED open or output short faults, a fault flag is not asserted when the Vjp < 500 mV or PWM dimming pulse width is less than fault mask timer.
[21 For VCC short-to-GND fault, the internal logic circuit does not operate. The FFn pin is floating.

Bl For UVLO, APM80905 enters shutdown mode. The FFn pin is floating.
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APPLICATION INFORMATION

Power Inductor Selection

To ensure stable operation while the LED current is on, the
APMS80905 should have a ripple voltage across the current sense
resistor of at least 5 mV peak-to-peak. The voltage across the
sense resistor must always be greater than 0 V, including at the
valley of the inductor current ripple.

The recommended maximum inductor value can be calculated
with Equation 10 at the minimum input voltage and maximum
output voltage.

Equation 10:
Vour , Vin— Vour)

Lyax =
Vin - fsw X Al

where Al .0 is set to 10% of Iy

The minimum recommended inductance by application is shown
in Table 4. If the calculated Ly;ax < Ly, use the Ly from
Table 4.

The inductor current ripple, Al (), can be calculated with Equa-
tion 11.

Equation 11:
_ (Vin—Vour) ton

Al
L(pp) L

The inductor values in Table 4 represent suggested inductor val-
ues when Vgpngg > 100 mV, where Vapnsg = Vesa — Vst

Table 4: Minimum Inductor Value by Application

V!N'.VOUT
fow(kH2) | Ly (BH) | lour (A) | gamimim | v (v)
v)
4 2.65t05
4 3 5t012
2250 3.3 3 121032
3.5
2 2.65to 32
2
1500 3.6 1-4 3 2.65to 32
1000 3.9 1-4 3 2.65 to 32
750 6.8 1-4 3 2.65 to 32
400 10 1-4 3 2.65to 32

Output Filter Capacitor

The APM80905 is designed to operate in current regulation
mode. Therefore, it does not require a large output capacitor to
stabilize the output voltage. This results in lower solution cost
and reduced PCB area requirements. The use of a large output
capacitor is not recommended. In most applications, however,

it is beneficial to add a small filter capacitor, approximately

0.47 uF, across the LED string to serve as a filter and eliminate
any switching spikes that may be observed by the LED string,
helping to reduce EMI. Avoid placing a capacitor at the CSH
node of the current sense resistor to maintain higher ripple across
the current sense resistor. A 0.1 uF ceramic capacitor placed very
close to the CSL pin is also recommended.

FFn FFn

Figure 20: Recommended Output Capacitor Placement

Use of EN Pin for Input Undervoltage Protection

The EN pin is an input to a hysteretic comparator with 1.2 V (typ)
threshold to enable the device. Once enabled, the EN compara-
tor has a typical hysteresis of 100 mV and, if EN reduces to less
than the 1.1 V (typ) turn-off threshold, the APM80905 enters
shutdown.

The EN pin can be used with a voltage divider from VIN to cre-
ate a configurable undervoltage lockout threshold, as shown in
Figure 21.
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VIN

VIN

RENl

APM80905

RENZ

Figure 21: Input Undervoltage Lockout with EN pin

Select a convenient value for Rgy, and use Equation 12 to calcu-
late Rgyy to estimate the rising enable threshold level. Use Equa-

tion 13 to estimate the falling input voltage threshold level once
both resistors are known. Refer to the Electrical Characteristics
section for Vi, Venerys) and Ipy.

Equation 12:
_ VintHrIsE) — VENHI)

A%
EN(HD)
Ipn t+
EN2

REN 1

where Vinryrisg) 1S the desired threshold of rising input voltage
to enable the device and Igy is the EN pin input current.

Equation 13:

Rent + Reno

+ Iy R
Reno ) EN SNENI

VintaEaL) = (Venan — Venmys) * (
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APPLICATION CIRCUIT DIAGRAM

Rsense
50mQ

<:()UT

0.47 uF - IRLEDs
A

[ $=
il: LEDs /

10kQ
» Fault Flag
Figure 22: Application Circuit Diagram
Table 5: Design Requirements

Requirement Symbol Value Unit

Min ViNMIN) 8 \

Input Voltage Nominal Vin(Nom) 12 \Y

Max Vin(MAX) 24 \

UVLO Power On VyvLooN) 8.5 \
Switching Frequency faw 2.15 MHz

Output Current lep 4 A

Infrared LED Forward Voltage Drop V. EpF 23 \Y

Number of IR LEDs - 2 -

Analog Dimming - 100 %

PWM LED Dimming Frequency fewm 60 Hz

PWM LED Dimming Duty Cycle Dpwm 10 %

PWM Max On-Time Protection trwMmMAX) 3 ms

PWM Max Duty Cycle Protection Dpwmmax) 15 %
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DESIGN PROCEDURE

This design procedure works through the component selection
process for the two infrared LEDs with 60 Hz PWM application
shown in the Application Circuit Diagram (Figure 22).

Output Current Sense Resistor

Use Equation 1 to calculate the sense resistor.

195mV 195 mV

SENSE — ILED - 4 A

=0.0488 Q

Select a standard value of 50 mQ.

Power Stage Switching Frequency

Use Equation 4 to calculate Rpgy.
1

0.028 X fgwmrz)

=16.6 kQ

Ryon =

Select a 1% standard value that is lower than calculated to keep
the switching frequency slightly higher and away from the AM
radio band, 16.2 kQ .

Power Inductor

Use Equation 10 to calculate the inductor value at nominal Vy
with 10% output current ripple.

Vour , (Vin—=Voun) _ 4.6
Vin  fowx Al 12
Referring to Table 4, the minimum inductance for applications

switching at 2 MHz is 3.3 uH. Because Ly = Lyax, continue
with the value of 3.3 pH.

(12 - 4.6)
2.15 MHz x 0.4

Lyvax = =33 uH

Using the same equation again at the minimum, Vy yields Lyjax
= 2.2 pH; however, the Lyy requirement from Table 4 must be
met first, so the selected inductor value remains 3.3 uH.

Use Equation 12 to calculate the output current ripple at each Vy
level for the selected inductor value.

Table 6: Output Ripple for Selected Inductor Value

Output
Vin Inductor Value | Output Current Ripple | Rggnse Voltage
Ripple
8V 3.3pH 278 mA (6.96 %) 50 mQ 14 mV
12V 3.3 uH 404 mA (10.1 %) 50 mQ 20mv
24V 3.3pH 529 mA (13.2 %) 50 mQ 26 mV

This design meets the output voltage ripple requirement of
greater than 5 mV peak-to-peak at all input voltages.

PWM Protections
Use Equation 4 to calculate Ryyax-

Rppax = 2.5413(tyax)? +25.527 tyax = 99.5 kQ
Select a 1% standard value of 100 kQ.

Use Equation 5 and Equation 6 to calculate Rpyax-
1
teLaNk = tMAX <— - 1) =0.017 seconds
Dyiax

RDMAX =0.1529 x tBLANKz +6.5112 x tBLANK —0.1486 = 155 kQ
Select a standard 1% value of 154 kQ.

Analog Dimming

To disable analog dimming and regulate to 100% of the nominal
output current, tie the ADIM pin to VCC.

Undervoltage Lockout

Use a voltage divider on the EN pin from VIN to customize the
undervoltage lockout thresholds. Use Equation 12 to calculate the
top resistor of the voltage divider. Set the bottom resistor, Rgy»,
to 100 kQ.

~ Vinthwispy— 1.2V 85V-12V

R =
EN 12V | 12V

LA +
Reng 100 kQ

Select a standard 1% tolerance value of 562 kQ.

=561.5kQ

Ign +

Use Rgnp» Reng, and Equation 13 to calculate the UVLO turn-off
threshold.

Rent + Reno
VintrEarr) = (1.2 V=100 mV) x ( * Ien Reng

Reno
662 kQ

=11V~ ( 100 kQ

) + (1 pA X 562kQ)=785V
With Rgy of 60.4 kQ and Rgy, of 10 k€, the device becomes
enabled at an input voltage of 8.5 V and disabled at an input volt-
age of approximately 7.85 V (typical). At the nominal input volt-
age, 12V, the resistor divider consumes approximately 18 pA.
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Output Capacitor

Add the recommended output filter capacitor of 0.47 uF after the
sense resistor, across the LED string.

Additionally, a 0.1 pF ceramic capacitor close to the CSL pin is

recommended for control-loop stability. A diode from CSL to

ground can optionally be added.

Table 7: Application Component Values

Parameter Symbol Value Unit
Output Current Sense Resistor Rsense 50 mQ
Power Stage On-Time Selection
Resistor Rron 16.2 kQ
Power Inductor L 3.3 uH
PWM On-Time Protection Selection
Resistor Rruax 100 kQ
PWM Duty Cycle Protection
Selection Resistor Romax 154 kQ
Undervoltage Lockout Top Resistor Rent 562 kQ
Undervoltage Lockout Bottom
Resistor Renz 100 kQ
Output Capacitor Cout 0.47 uF
CSL Stability Capacitor CcsL 0.1 uF
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PCB LAYOUT GUIDELINES

The APM80905 is designed to minimize electromagnetic (EM)
emissions when proper PCB layout techniques are adopted. A
good PCB layout is also critical for the APM80905 to provide
clean and stable output voltages and current. Design guidelines

node is the root cause of many noise issues. It is suggested
to minimize the SW copper area to minimize the coupling
capacitance between the SW node and other noise-sensitive
nodes; however, the SW node area must be large enough to

for EMI/EMC-aware PCB layout and minimum Rgy, are pre-
sented below. Figure 23 shows a sample PCB layout for the
APMS80905.

Place the ceramic input capacitors as close as practical to the
VIN pin and PGND pins to minimize the loop area; the traces
of the input capacitors to the VIN pin should be short and
wide to minimize the inductance. A bulk/electrolytic input
capacitor can be located farther away from the VIN pin. The
APM809805, input capacitors, and VIN traces should be on
the same side of the board.

The loop from the input supply and capacitors, through
the high-side MOSFET and output inductor, to the output
capacitors and back to ground, should be minimized and
should use relatively wide traces.

Place the output capacitor(s) across the LED load, after the
sense resistor, to maintain ripple current through the sense
resistor for the control loop. The output capacitor(s) must use a
ground plane to make a very-low-inductance connection to the
PCB GND.

The output inductor, current sense resistor, and the APM80905
should be on the same board layer. Connect the output
inductor and the current sense resistor with a wide trace.

The current sense resistor should be placed close to the
APM80905 CSH and CSL pins to minimize offset and gain
error due to PCB parasitics. A ceramic capacitor, Crgy , must
be placed close to the CSL pin.

Place the output inductor as close as practical to the SW
pin with short and wide traces. The voltage at the SW node
transitions from 0 V to Vy with a high dV/dt rate. This

conduct high current. A copper ground area can be placed
underneath the SW node to provide additional shielding.

Place Ryon, Rrvax and Rppax as close as practical to their
respective pins and avoid tying them to GND where large
currents flow.

Allegro recommends a four-layer PCB (top, L2, L3, bottom).
Heavier copper layers, reduced material between layers, and a
good amount of thermal vias are the keys to improved thermal
performance. Use the top layer for routing high-current traces,
the L2 layer for a solid GND plane, the L3 layer for most
other routing, and the bottom layer for solid GND plane or,
optionally, other components without low-impedance traces
constraints—the FFn pull-up resistor could be on the bottom
plane if desired.

If a two-layer PCB (i.e., top and bottom layers only) is
mandatory, place all components on the top layer and limit the
routing only to the top layer. Use the bottom layer as the GND
plane.

When connecting the input and output ceramic capacitors, use
multiple vias to GND planes and place the vias as close as
practical to the pads of the components. Do not use thermal
reliefs around the pads for the input and output ceramic
capacitors.

To minimize thermal resistance (Rg;4 ), extend ground planes
on the top layer as much as practical, and use plenty of thermal
vias to connect them to the GND plane in the bottom layer.

To minimize PCB losses and improve system efficiency, the
power traces should be as wide as reasonably possible.
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VIN thermal plane on
bottom layer

EE—
AGND .

ﬁﬁut Out

EN— EE
PWM—>

Pour copper GND plane to fill all

>
s
layers and tie together vias. o
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Figure 23: Sample PCB Layout
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PACKAGE OUTLINE DRAWING AND RECOMMENDED PCB FOOTPRINT

For Reference Only - Not for Tooling Use

(Reference Allegro DWG-0000820, Rev. 6)

NOT TO SCALE

Dimensions in millimeters
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions

Exact case and lead configuration at supplier discretion within limits shown
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Figure 24: 24-Lead 4 mm x 4 mm QFN (Suffix NB)
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APM80905-1

36V, 4 A, Low-EMI, Synchronous Buck
LED Driver Module with PWM Monitor

PCB Footprint — Copper
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Figure 25: Recommended PCB Footprint

Altium and Cadence schematic and layout library files for the APM80905 are provided on the APM80905 product page at AllegroMicro.com.
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36V, 4 A, Low-EMI, Synchronous Buck
APM&0905-1 LED Driver Module with PWM Monitor

REVISION HISTORY

Number Date Description
- August 9, 2023 Initial release
1 September 19, 2023 | Updated VCC to PGND pin capacitor ratings (pages 4 and 10)
2 October 10, 2023 Corrected package dimensions (page 1)

Amended part number to end in “-1” (headings, page 1, and page 3), updated product photo
(page 1) updated branding reference view (page 25) and made minor editorial corrections

3 June 18, 2024 throughout, including amending footnote numbers in characteristic tables to align with the order
presented, changing future tense (“will”) to present tense, and changing the term “normal” to
“typical”.
Changed APM80905KNBATR-1 to APM80905KNBBTR-1 (page 3, changed VCC undervoltage
4 October 11, 2024 lockout hysteresis (page 6), updated electrical characteristic conditions (pages 6 and 7), and

updated product outline drawing (page 25).

Updated ASIL branding and text (pages 1 and 2), updated Switching Frequency section (page 10),

5 October 29, 2025 and made minor editorial/formatting changes.

Copyright 2025, Allegro MicroSystems.

Allegro MicroSystems reserves the right to make, from time to time, such departures from the detail specifications as may be required to permit
improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that the
information being relied upon is current.

Allegro’s products are not to be used in any devices or systems, including but not limited to life support devices or systems, in which a failure of
Allegro’s product can reasonably be expected to cause bodily harm.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems assumes no responsibility for its use; nor
for any infringement of patents or other rights of third parties which may result from its use.

Copies of this document are considered uncontrolled documents.

For the latest version of this document, visit our website:
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