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Functional safety information

FIT Rate, FMD and Pin FMA for ALED7709

Introduction

This document contains information related to ALED7709 (QFN24L exposed pad package) to support customers in the design
of a functional safety system.

The following information is reported:

. Functional safety Failure In Time (FIT) rates

. Failure Modes with related Distribution (FMD)
. Pin Failure Mode Analysis (Pin FMA)

ALED7709 was not developed in accordance with the IEC 61508 or ISO 26262 standards. However, it was designed using a
quality-managed development process.

Figure 1. Block diagram

LDO3V3 LDO1V8 SLOPE LDOS
’—- —_— J 5VLDO |
VIN 3v3LDo | | 1v8LDO ge'f,':',"a':o,
b
Cungnt + Boost converter
L control logic GATE
Input J. P G N D
Over-Voltage TG T
Ics N Ove:(';ﬂrrent C 0 M P
Detection
Output
lov loc voltage VF B
7o optimization
FSW
—> PWM
dimming
& phase- Temp sensor
™ shifting osc management 9 TS NS
i
LED Current
Setting ™ IS ET
¥
EN o————» en v
CH4
Prescaler >
Configuration L
registers Icha c H4
L CH3
PWMI HE: :
vt !
S DA control BRTH2-BRTL2 C Hz
| logie Ve
SCL +
f [ T C H 1
v
Fault detection & . [ Vem
FAULT thermal protection LEgrz:;n ::xz"z
L detection [ Vc:i 3 9 SG N D
‘ oV Ioc ovp
PSW

FS0005 - Rev 1 - August 2026 www.st.com

For further information, contact your local STMicroelectronics sales office.


https://www.st.com/en/power-management/aled7709.html
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Assumptions for the analysis

Assumptions for the analysis

As the usage conditions affect the metrics, it must be considered that the estimations reported in this document
are based on the typical application schematic. The selected value of RiggT is 6.8 kQ, meaning a maximum

channel current of 150 mA. The Boost stage works at 400 kHz supplied with V| at 12 V and the 12C pull-ups are
connected to 3V3.

Figure 2. Typical application schematic
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Functional safety Failure In Time (FIT) rates

2 Functional safety Failure In Time (FIT) rates

This section provides the functional safety Failure In Time (FIT) rates for ALED7709 based on two different
industry-wide reliability standards:

. Component FIT rates based on Siemens norm SN29500-2 (Table 1)
. Component FIT rates based on IEC TR 62380/ ISO 26262 Part 11 (Table 2)

Table 1. Component FIT rates based on Siemens norm SN29500-2

Category Ref. FIT (Aref) Ref. Virtual T; (6y;,1)

CMOS, BiCMOS

(Digital, analog, or mixed)

70°C

The reference failure rate and the virtual junction temperature are taken from SN29500-2 Tables 1 to 5.

The failure rate for operating conditions is computed using the failure rate and virtual junction temperature,
following the calculation information in SN29500-2 Section 4.

Table 2. Component FIT rates based on IEC TR 62380/ ISO 26262 Part 11

FIT IEC TR 62380/ ISO 26262 FIT (failures per 10° hours)

Die FIT rate 1.9
Package FIT rate 12.4
Total FIT rate 14.3

The failure rate and mission profile information come from reliability modeling for integrated circuits in the
reliability data handbook IEC TR 62380/ ISO 26262 Part 1.

. Mission profile: passenger compartment (Table 11)
. Climate type: world-wide (Table 8)

. Power dissipation: 800 mW

© Ripgay 254 °C/W (1) @)

. Package factor: A3 (Table 17b)

. Substrate material: FR4

. EOS FIT rate assumed: O FIT

-

2s2p board as per STD JEDEC spec JESD51-7
Exposed pad directly soldered to PCB

N

FS0005 - Rev 1 page 3/11


https://www.st.com/en/power-management/aled7709.html

‘ FS0005
,l Failure Mode Distribution (FMD)

3 Failure Mode Distribution (FMD)

In this section of the document, the Failure Mode Distribution (FMD) estimation of ALED7709 is reported.
The analysis has been performed based on the assumptions reported in Section 1.

The estimation is the result of the combination of:

. Common failure modes listed in standards such as IEC 61508 and ISO 26262

. The consideration of sub-circuit function size and complexity

. The best engineering judgment

The failure modes due to random failures and the corresponding distribution are listed in Table 3.

The analysis does not consider any failure events due to overstress or device misuse.

Table 3. Failure Mode and related Distribution (FMD)

Die failure mode Failure mode distribution [%]

I2C communication fail 2

OUTx out of spec (current) 13

OUTx out of spec (timing) 5

OUTXx stuck ON 30

OUTXx stuck OFF 40
Fault detection fails: no or false detection 10
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Pin Failure Mode Analysis (Pin FMA)

This part of the document reports the Failure Mode Analysis for the pins (Pin FMA) of ALED7709.
The typical pin-by-pin failure cases considered are:

. Pin shorted to ground (GND = SGND = PGND)

. Pin shorted to power supply (V|n)

. Pin shorted to an adjacent pin

. Pin open

Table 4 reports the classification of how the considered failure modes affect ALED7709.

Table 4. Classification of failure effects

Failure effect

A Potential device damage with impact on functionality and performance

B Loss of functionality, no device damage

C Performance degradation, no device damage

D Partial impact on functionality, diagnostic working correctly, no device damage
E No impact on functionality or performance, no device damage

Figure 3. Pin diagram QFN24L EP
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The Pin Failure Mode Analysis (Pin FMA) has been performed with the device running in the typical application as
reported in Section 1.

Table 5. Pin Failure Mode Analysis (Pin FMA)

mm Failure effect Classification

Shorted to GND Device always in shutdown

Shorted to VIN Device cannot enter shutdown D

EN 1
Open Device always in shutdown B
Shorted to LDO3V3 Device cannot enter shutdown D
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mm Failure effect Classification

LDO3V3

LDO1V8

SDA

SCL

FAULT

PWMI

CH1

CH2

CH3

CH4
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10

1"

Shorted to GND
Shorted to VIN
Open

Shorted to LDO1V8

Shorted to GND
Shorted to VIN
Open
Shorted to SDA
Shorted to GND
Shorted to VIN
Open
Shorted to SCL
Shorted to GND
Shorted to VIN

Open

Shorted to FAULT

Shorted to GND
Shorted to VIN
Open
Shorted to GND
Shorted to VIN
Open
Shorted to CH1

Shorted to GND

Shorted to VIN

Open
Shorted to CH2

Shorted to GND

Shorted to VIN

Open
Shorted to CH3

Shorted to GND

Shorted to VIN

Open
Shorted to CH4

Shorted to GND

Device cannot start
AMR violation
Wrong regulation, no external capacitor
AMR violation
Device cannot start
AMR violation
Wrong regulation, no external capacitor
MCU cannot control the device and AMR violation
MCU cannot control the device
AMR violation
MCU cannot control the device
MCU cannot control the device
MCU cannot control the device
AMR violation
MCU cannot control the device
MCU cannot control the device
No FAULT indication
AMR violation

o >» >» ® W >» W W W > ©W > > > O > > >

No FAULT indication

PWMI control not working B
AMR violation A

PWMI control not working B (N
AMR violation when CH1 is OFF A

Initial FAULT detected, if OUT is forced ON, device detects OPEN
Fault

Initial FAULT detected, if OUT is forced ON, device detects SHORT
Fault

If OUT is active, device detects OPEN Fault D
Mixed out functionality D@

Initial FAULT detected, if OUT is forced ON, device detects OPEN
Fault

Initial FAULT detected, if OUT is forced ON, device detects SHORT
Fault

If OUT is active, device detects OPEN Fault D
Mixed out functionality D@

Initial FAULT detected, if OUT is forced ON, device detects OPEN
Fault

Initial FAULT detected, if OUT is forced ON, device detects SHORT
Fault

If OUT is active, device detects OPEN Fault D
Mixed out functionality D@

Initial FAULT detected, if OUT is forced ON, device detects OPEN
Fault
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mm Failure effect Classification

CH4 1"
SGND 12
ISET 13
TSNS 14
FSW 15
SLOPE 16
COMP 17
VFB 18
PGND 19
GATE 20
LDO5 21
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Shorted to VIN
Open
Shorted to SGND

Shorted to GND
Shorted to VIN
Open
Shorted to GND
Shorted to VIN
Open
Shorted to TSNS
Shorted to GND
Shorted to VIN
Open
Shorted to FSW
Shorted to GND
Shorted to VIN
Open
Shorted to SLOPE
Shorted to GND
Shorted to VIN
Open
Shorted to COMP
Shorted to GND
Shorted to VIN
Open
Shorted to VFB
Shorted to GND
Shorted to VIN

Open

Shorted to GND
Shorted to VIN
Open
Shorted to GATE
Shorted to GND
Shorted to VIN
Open
Shorted to LDO5
Shorted to GND
Shorted to VIN

Initial FAULT detected, if OUT is forced ON, device detects SHORT

Fault
If OUT is active, device detects OPEN Fault

Initial FAULT detected, if OUT is forced ON, device detects OPEN

Fault
Correct operation
Device cannot work
Device cannot work
Channels current out of control
AMR violation
Channels current out of control
Channels current out of control, NTC not operative
Maximum current reduction
AMR violation
NTC control not working
Switching frequency modified, NTC not operative
Local oscillator not working
AMR violation
Local oscillator not working
DC-DC converter loop is affected
DC-DC converter loop is affected
AMR violation
Compensation loop not properly adjusted
DC-DC converter loop is affected
DC-DC controller cannot start
AMR violation
DC-DC controller loop is unstable
DC-DC controller loop is affected
Output voltage is pushed up to overvoltage protection

AMR violation

DC-DC is uncontrolled, output voltage could be pushed up to

overvoltage protection
Correct operation
Device cannot work
Device cannot work
DC-DC converter cannot work
DC-DC converter cannot work
AMR violation
DC-DC converter cannot work
NMOS always ON
Device cannot work

AMR violation

D
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mm Failure effect Classification

Open Wrong regulation, no external capacitor
LDO5 21
Shorted to PSW LDO5 can go above AMR, PMOS always ON A
Shorted to GND PMOS always ON B
Shorted to VIN PMOS always OFF B
PSW 22
Open PMOS always OFF B
Shorted to ICSN PMOS always OFF B
Shorted to GND Device cannot work B
ICSN 23 Shorted to VIN Rsense is shorted, peak current mode controller is stuck B
Open Peak current mode controller is stuck B
Shorted to GND Device cannot work B
VIN 24 Shorted to VIN Correct operation E
Open Device cannot work B

1. Classification is related to pin enabled by register configuration, otherwise the classification is E.
2. Shorted outputs is a possible working condition. If voluntarily shorted, the classification is E.
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Table 6. Document revision history

T N

19-Jun-2026 1 Initial release.
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IMPORTANT NOTICE — READ CAREFULLY

Customer acknowledges and agrees that the Information in this document is provided solely in connection with the mentioned specific STMicroelectronics
product.

The Information in this document is not applicable to other STMicroelectronics products.

The Information in this document is provided by STMicroelectronics in good faith and is believed to be accurate and reliable as at the time of publication.
STMicroelectronics reserves the right to make changes, corrections, modifications or improvements, to this document, and the products and services
described herein at any time, without notice.

The Information in this document is provided on “AS IS” basis without any warranty of accuracy, completeness, reliability or fitness for a specific purpose.
STMicroelectronics shall have no liability whatsoever for any claim arising out of or relating to the use by Customer of the Information, nor shall ST be
obligated to provide technical analysis, improvement action, advice or service with respect to such use.

Use of this Information in any Customer’s application to meet applicable standards, and any safety, security, or other requirements will be at Customer’s sole
risk and responsibility.

In no event shall the Information disclosed by STMicroelectronics hereunder be used against STMicroelectronics for a claim brought in front of any court or
jurisdiction.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2026 STMicroelectronics — All rights reserved
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