DICDES ®
w Lead-free geen A L 5836Q
THREE-CHANNEL PWM CONTROLLER

Description Pin Assignments

The AL5836Q is an automotive-complaint three-channel independent
PWM controller offering excellent temperature stability and output
ON/OFF control with current-sensing capability. It works with a wide- (Top View — Not to Scale)
input voltage range from 3.5V to 50V. With an external LED driving

plowler (.1eV|f:e o-r-ot-her application, the AL.5836QS internal power vin 1 @) 14 | os1
dissipation is minimized compared to traditional linear LED drivers.
This makes it ideal for medium-to-high current automotive LED PWM1 2 13 | Swi
lighting applications.

PWM2 3 12 | OS2
The AL5836Q has three independent drivers: PWM1, PWM2, and

4 SW2

PWMS3 control pins with individual PWM dimming and fault reporting PWM3 |: E
capabilities. For improved system robustness, its PWM inputs NC 5 10 0S3
withstand a -40 to 50V common-mode voltage range, which covers
cold cranking and load dump conditions. The average current in each NC 6 9 Sw3
LED string can be regulated, with suitable options for duty cycle and NC 7 8 GND
battery voltage. Each individual channel has its own diagnostic to
detect open load, and short circuit to ground or to battery. TSSOP-14
For LED current-sensing applications, load currents can be easily
programmed using an appropriate PWM duty-cycle control, as well as
external resistors in series with the switching transistors. Multiple
strings of LEDs can be operated with a single AL5836Q device.
The AL5836Q is available in the TSSOP-14 package and is
automotive-compliant, qualified to AEC-Q100 Grade 1, and supports
PPAP documentation.
Features Applications
. Qualified to AEC-Q100 Grade 1 . Rear lamps
. Gate Drive Current 50mA per channel . Daytime running lights (DRLS)
e  Three-Channel Pulse Width Modulation (PWM) Dimming . Fog lamps
. Independent Diagnostic and Protection per Channel . Center high-mounted stop lights (CHMSLs)
. Drive External Power MOSFET or BJT . Turn signals
. External Resistors Define Peak Current . LED lighting modules

. Open/Short LED String Diagnostic and Protection

e  Thermal Shutdown Protection

. Support Multiple Strings

e  Undervoltage Lockout

. 6KV HBM ESD for Vin and PWM pins

e Good EMI Immunity

e  Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)

e Halogen and Antimony Free. “Green” Device (Note 3)

e The AL5836Q is suitable for automotive applications
requiring specific change control; this part is AEC-Q100
qualified, PPAP capable, and manufactured in IATF 16949
certified facilities.
https://www.diodes.com/quality/product-definitions/

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.
2. See https://www.diodes.com/quality/lead-free/ for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and
Lead-free.
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.
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Typical Application Circuit

12V Battery ~ (Optional)
with 50V — P . .
Load Dump D1 i ; i ;
P P
1 A & A
ClI AL5836Q R1 é R2 é R3
— Vin 0OSs1
Q1 Q2 Q3
— PWM1 SW1 4"""_':. W\'—| \N\'—|
Rp1 Rz Rbs
JUUL PWM2 0Ss2
UL PWM3 sw2
— NC 0S3
—1 NC SW3
—1 NC GND

Reverse Voltage Protection

SW1, SW2, SW3 can drive either MOSFET or BJT

Figure 1. Application Diagram
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Pin Descriptions

Pin Number Pin Name Function

1 Vin Supply input
2 PWM1 1/O pin - PWM signal input 1 and diagnosis. SW1 on.
3 PWM2 1/O pin - PWM signal input 2 and diagnosis. SW2 on.
4 PWM3 I/0 pin - PWM signal input 3 and diagnosis. SW3 on.
5 NC No Connection
6 NC No Connection
7 NC No Connection
8 GND Ground
9 SW3 Channel 3 gate drive output
10 0S3 Open/Short detection for channel 3
11 SW2 Channel 2 gate drive output
12 0S2 Open/Short detection for channel 2
13 SW1 Channel 1 gate drive output
14 0s1 Open/Short detection for channel 1
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Functional Block Diagram
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Absolute Maximum Ratings (Note 4)

Symbol Parameter Rating Unit

Vvin Supply Voltage Relative to GND -0.3 to 55 \

Vpwmi, Vewmz, Vewma | High Voltage Input-Output Pins (PWM1, PWM2, PWM3) -40 to 55 vV
Vos1, Vos2, Vos3 High Voltage Input Pins (OS1, OS2, OS3) -0.3t0 55 V
Vswi, Vswz, Vsws Low Voltage Pins (SW1, SW2, SW3) -0.3t06.5 Vv

T Operating Junction Temperature -40 to +150 °C

TsT Storage Temperature -55 to +150 °C

Note: 4. Stresses greater than those listed under Absolute Maximum Ratings can cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating Conditions is not implied.

Exposure to Absolute Maximum Ratings for extended periods may affect device reliability.
Voltage Rating in this table indicates Maximum Stress Voltages during latch-up immunity test

ESD Ratings
Symbol Parameter Rating Unit
All PWMx versus GND and Vin versus
Human-Body Model (HBM), GND +6000
Per AEC Q100-002 (Note 5 - —
VEsp Q ( ) All pin combinations +2000 v
Charged-Device Model (CDM), per AEC Q100-011 +1000
Note: 5. AEC-Q100-002 indicates that HBM stressing shall be accordance with the ANSI/ESDA/JEDEC JS-001 specification
Recommended Operating Conditions
Symbol Parameter Min Max Unit
Ta Operating Ambient Temperature -40 +125 °C
Package Thermal Data (Note 6)
Symbol | Thermal Resistance TSSOP-14 Unit
Resa Junction-to-ambient thermal resistance 138.1 °CIW
Resciop) | Junction-to-case (top) thermal resistance 33.6 °C/W
Ress Junction-to-board thermal resistance 64.6 °C/W
Wir Junction-to-top characterization parameter 1.9 °C/W
Wi Junction-to-board characterization parameter 62.6 °C/W
Reicwoy | Junction-to-case (bottom) thermal resistance 24.4 °C/wW
Note: 6. Device mounted on FR-4 PCB (51mm x 51mm 20z copper); minimum recommended pad layout on top layer and thermal vias to bottom layer ground
plane. For better thermal performance, larger copper pad for heat-sink is required.
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Electrical CharacteristicS (6.17V < Vin< 16V, Transistor NPN = BCP56TA or NMOS = DMG3402LQ, T; = -40°C to +150°C)

Characteristic | Conditions Min | Typ | Max | Unit
General Parameters

Vin = 14 V, all PWMx > 2.2V, SWx current subtracted 2.2 5.2 10 mA
Supply Current -

Vin =14V, all PWMx = OV 30 185 380 HA
Undervoltage Lockout Vin rising 2.24 3.35 4.43 \%
Undervoltage Lockout Hysteresis - - 1.6 - \%
Thermal Shutdown (TSD) (Note 7) 155 170 190 °C
Thermal Hysteresis (Note 7) - 44 - °C
Switch Driver
Output Source Current SWx =0.7V -40°C<T,;<+25°C 25 50 - mA
Output Source Current SWx =0.7 V +25°C < T; < +125°C 15 30 - mA
Output Source Current SWx = 0.7 V +125°C < T; < +150°C 7.0 15 - mA

ISWx =-100 pA, 7V <VIN< 19V 45 5.5 6.5 \
SWx (PWMx = HIGH)

ISWx =-100 pA, 6.17V<VIN <16 V 45 - - Y

ISWx = -100pA - 45 150 mvV
VSWx_Dropout (VIN — VSWXx) 5.5V > VIN > 3.5V, PWMx = High ISWx = -10pA - 45 150 mVv
ISWx = OpA - 45 150 mvV

Open Load
Open Load Detection Threshold PWMx High 0.7 0.85 1.0 \%
Open Load Blanking Time - 10 22 35 ys
Short Circuit to VIN
Short Circuit Detection Threshold PWMx High VIN-1.0 | VIN-1.2 | VIN-1.4 \%
Input pull-up current on OSx pins Tested at V(OSx) =Vin-1.0V -35 -20 -2.0 pA
Short Circuit Blanking Time Tested at 15 V 5.0 10 15 ps
Short Circuit to Ground
Short Circuit Detection Threshold PWMx Low 0.7 0.85 1.0 \Y
Short Circuit Blanking Time Tested at 15V 10 22 35 ps
PWMx
Input High Threshold - - - 2.2 \%
Input Low Threshold - 11 - - \%
Hysteresis - - 0.52 - \%
Input Pulldown Resistor Tested at V(PWMx) = 15V 75 150 300 kQ
PWMx Clamp Voltage in error mode | PWMx > 5V, 2 mA < I(PWMXx) < 9.5 mA 2.80 3.15 3.46 \%
AC Characteristics
E@&?ﬁg%@ ?oell?lljtm 50% criterion (Note 8) - 5 15 us
wa\)ﬂ?g:ﬁggljtﬁl?gutw 50% criterion (Note 8) - 5 15 us
Propaggt_ion Delay From PWMx irlput high threshold to 90% rising of SWx_ON ) ) 5 us
PWMx rising to Voutyvos Voltage, Cipad = 470 pF
Propagati(_)n Delay From PWMx irlput low threshold to 10% falling of SWx_ON } ) 5 us
PWMx falling to Voutymos Voltage, Cioad = 470 pF

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product performance may not be
indicated by the Electrical Characteristics if operated under different conditions.

Notes: 7. Guaranteed by design.
8. Evaluated at Vin = 14V.
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Typical Performance Characteristics

Equivalent schematics
The following figure gives the equivalent schematics of the user relevant inputs and outputs. The diagrams are simplified representations of the

circuits used.

Vin

Vin

Type 1: Vin supply pin

Low Power Mode

losx = 20pA

1

oL I Vrers

SC_GND i* [ Vrer2

SC_Vin i" [ Vrers

2y

Osx

Type 2: OSx input pins

5.5V y
Slope Control / Current derating
———— A
SWx_ON / OFF / Low Power mode

Iswx = 7 — 50mA

Pull-Down
1kQ

?b
1

—»7—p

SWx

Type 4: SWx output pins

Figure 3. Input and Output Equivalent Diagrams

3.15V
Ifault = 7mA
Fault
i PWMx_ON/OFF
PWMXx * {>‘D
Pull-down
150kQ
Type 3: PWMx output pins
AL5836Q
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Application Information

Detailed Operating Description

The AL5836Q device provides low-side current drive via an external switching transistor in series with the LEDs and a resistor. The drop across
the resistor, plus either the VCE or the VDS of the transistor, is supposed to be above 1V in normal operation. Dimming is performed using the

dedicated PWM at the IC’'s PWMXx pins.
Output Drive
Figure 4 shows an example of the typical output drive configuration. The average current through the external LED is equal to:

Vin - VF - VDROP
lep = x PWMDC

R

Where;

Vin is the Automotive Battery input voltage,

VF is the sum of the forward voltage of the LEDs,

VDRORP is either VCEsat (saturation voltage of the chosen BJT) or VDS (in case NMOSFET is chosen),
PWMDC is the Duty Cycle present at the input of the PWMx pins and

R the series resistance with the LEDs (typical value range is in between 50 and 100 Q).

) (optional)
Vin _ >
Up to 50V D1 i/)’
10kQ .
iy
q A
10kQ (optional) J—_ AL5836Q
100nT
1.5kQ L Vin OSx
+ 5%
RX
from uC —» I: .PWM/Diagnosi§ PVWMx
SWx
30kQ Rox
to uC 2x 2.2nF 4.7kQ
. + 5%
GND
10kQ
PWMx = PWM1, 2, 3, OSx = OS], 2, 3 and SWx =SW1, 2,3
Figure 4. Output Drive Configuration
AL5836Q 70f14
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Application Information (continued)

Open Load Detection

Faulted output strings due to open load conditions sometimes require detection in an automotive rear lighting system.

When LED driver is ON (PWM is active high) and the voltage on the OSx pin is detected below 0.85V for more than 22us typical, an open load
error is activated. The PWMXx pin is pulled down to 3.15V typical, allowing the microcontroller to detect the error when the PWM input signal is
activated High. During open load condition, the driver stays active. If the open load disappears, the device will work properly and the diagnostic

flag disappears.

) (optional)
Vin _ >
Up to 50V /
D1 -/
10kQ ;
P/
Tl
10kQ g (optional) AL5836Q
100ni .
1.5kQ = Vin OSx
+ 5%
Rx
from uC —» PWM/Dlagn05|§ VUM
SWHX | or @
30kQ Rey
1 4.7kQ
to pC 2X 2.2nF—— + 5% oD 10kO *
10kQ
jf_ ¢ .

AL5836Q
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0OSx =081, 2,3 and SWx=SW1, 2,3

Figure 5. Open Load Detection
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Application Information (continued)

Short Circuit to Ground Detection
The OSx pins of the device are used as inputs to detect a fault when the resistor on top of either the collector or the drain of the external transistor
is shorted to Ground. When the LED driver is OFF (PWM is low) and the voltage on the OSx pin is detected below 0.85V for more than 22us
typical, then a short to Ground is latched. The PWMXx pin is then pulled down to 3.15V typical, allowing the microcontroller to detect the error when
the PWM input signal is activated High. During short to Ground condition, the driver stays active. If the short circuit disappears, the device works

properly on the next falling edge of the PWM input pin.

If at least one PWMXx pin remains High, then short to Ground detection is guaranteed. Note that in case all PWMx pins are Low, the device will be
in low-power mode and a short to Ground will not be detected.

. (optional)
Vin . >
Up to 50V D1
10kQ
L]
10kQ (optional) AL5836Q
lOOnT
1.5kQ L Vin OSx
+5%
from UG —» l: PWM/Diagnosis PVWMx
SWx
30kQ § Rox
4.7kQ
touC <€«—o 2x 2.2nF— +50% § GND 10kQ *

RS URRNY

AL5836Q

10kQ %
i

*recommended if MOSFET is used

PWMx = PWM1, 2, 3, OSx = 0S1, 2, 3 and SWx = SW1, 2, 3

Document number: DS45175 Rev. 2 - 2

Figure 6. Short Circuit to Ground Detection
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Application Information (continued)

Short Circuit to Vin Detection

The OSx pins of the device are used as inputs to detect a fault when the resistor on top of either the collector or the drain of the external transistor
is shorted to the battery voltage. This error is detected when the driver is ON (PWM active High). The threshold voltage detection is referenced as
1.2V typical down from the VIN pin. If a voltage is less than 1.2V between VIN and OSx for more than 10us, this channel’s short to Vin fault is
detected. The PWMx pin is then pulled down to 3.15V typical, allowing the microcontroller to detect the error when the PWM input signal is
activated High. Because of the potentially large power dissipation during this error, the driver is switched OFF. If the short disappears, the device
will resume normal working conditions. In case multiple strings are connected to the same driver (see Figure 9), this error is only detected at the
condition that each string is shorted to VIN (a single string detection is not detected because of the blocking diodes).

Vi (optional)

Up tc;nSOV ' * ;:1 /_4 ______ i
|
10kQ //, :

P

o

p
10kQ - ?
(optional) AL5836Q i
lOOn{ |
1.5kQ 1 Vin osx— 4
+5%
Rx
from pC —» _K PWM/Dlagn05|§ s
SWx or
30kQ Ruy
topc 2x 2.2nF—— 4.7kQ
T +5% 10kQ *
GND
10kQ

i

* recommended if MOSFET is used

PWMx = PWM1, 2, 3, OSx = 0S1, 2, 3 and SWx = SW1, 2, 3

Figure 7. Short Circuit to Vin Detection

Thermal Shutdown

The thermal shut down circuit checks the internal junction temperature of the device. When the internal temperature rises above the Thermal
Shutdown Threshold all the output SWx channels are switched off. A filter is implemented to avoid parasitic thermal shutdown. A thermal

shutdown causes a fault detection and pulls the PWMx pins down to 3.15V typical. When the temperature drops below the thermal shutdown
threshold, plus the hysteresis, the fault condition is cleared and normal operation is restored.

AL5836Q
Document number: DS45175 Rev. 2 - 2
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Application Information (continued)
AL8890Q
Vin N AL88902Q
Up to 50V Synchronous P
Buck ol
10kQ //’
P
17
10kQ (optional) AL5836Q
100ni
1.5kQ L Vin OSx
+ 5%
Rx
from uC —» I:, PWM/Dlagn03|§ M
SWx or @
30kQ § Rex
touC <«—+ 2x 2.2nF ;1.;!;)0 GND 10kQ *
10kQ %
JT— .

OSx =081, 2,3 and SWx=SW1, 2,3

Figure 8. Application diagram with a DC-DC

* recommended if MOSFET is used

vi (optional)
in
Up to 50V ; ; °tc ;
P4
10kQ ﬁ “
) 2 7
10kQ g (optional) J—_ AL5836Q
100ni e
1.5kQ L Vin OSx
+5%
Rx2
. . or or
fom uC —> l: PWM/Diagnosis WK
SWx
30kQ bel{\‘— Roxz
to uC 2x 2.2nF=— 4.7k § o
AT + 5%
GND
10kQ %mkﬂ *
L
= * recommended if MOSFET is used

OSx =081, 2, 3and SWx = SW1, 2, 3

Figure 9. Application diagram for multiple strings
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Ordering Information

Device

Compliance

Package

Packing

Q: Automotive

T14: TSSOP-14

13: 13" fape & Reel

Compliant
Packing
Orderable Part Number Package Code Package ] ] Part Number
Quantity Carrier Suffix
AL5836QT14-13 T14 TSSOP-14 2500 13” Tape and Reel -13
Marking Information
(Top View)
LTI L]
L I YY : Year: 24, 25, 26~
090 «——— )1y WW : Week : 01~52; 52
Part Number «——— AL5836Q represents 52 and 53 week
YY WW X X X X : Internal Code

AL5836Q
Document number: DS45175 Rev. 2 - 2

ARG

Orderable Part Numb

er

Package

AL5836QT14-13

TSSOP-14
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Package Outline Dimensions

Please see http://www.diodes.com/package-outlines.html for the latest version.

TSSOP-14
o TSSOP-14
S Dim | Min | Max
Pin#1Indent - B L Gauge Plane al 7° (4X)
=R Seating Plane a2 0° 8°
& A 49 | 510
‘ E B 4.30 4.50
JE . C - 1.2
Detail ‘A
F 1.00 Typ
¢ K FL | 045 | 0.75
A G 0.65 Typ
T D K | 019 [ 0.30
| 10 L 6.40 Typ
Eﬁm— All Dimensions in mm
Detail ‘A
Suggested Pad Layout
Please see http://www.diodes.com/package-outlines.html for the latest version.
TSSOP-14
X
>
[ ks
Dimensions | Value (in mm)
X 0.45
Y 1.45
‘I‘ Ccl Cl 5.9
C2 0.65
2
il {4 H=
Tape and Reel Information
Please see https://www.diodes.com/assets/Packaging-Support-Docs/AP02007.pdf for tape and reel details.
Mechanical Data
. Moisture Sensitivity: MSL Level 1 per J-STD-020
e  Terminals: Finish - Matte Tin Plated Leads, Solderable per JESD22-B102
e  Weight: 0.052 grams (Approximate)
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IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH
REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY
RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any
product described herein. This document is intended for skilled and technically trained engineering customers and users who design with Diodes’
products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are responsible for
(a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their intended applications,
(c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory requirements as well as safety and
functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including testing, validation, quality control
techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to minimize the risks associated with their
applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes
from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such use,
and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages and
liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign trademarks
and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any third parties
(including third parties whose products and services may be described in this document or on Diodes’ website) under this document.

5. Diodes’ products are provided subject to Diodes’ Standard Terms and Conditions of Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document does not
alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in respect of any
products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or sale is
prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any applicable laws or
regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any damages, losses or
penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its representatives and agents harmless
against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating to any noncompliance with
the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may contain
technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is error-free and
Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves the right to make
modifications, enhancements, improvements, corrections or other changes without further notice to this document and any product described
herein. This document is written in English but may be translated into multiple languages for reference. Only the English version of this document
is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https:/www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
© 2025 Diodes Incorporated. All Rights Reserved.
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