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Application note

Guidelines for estimating STM32H7 MCUs lifetime

Introduction

This application note presents lifetime usage estimates for STM32H7 devices.

These estimates must not be considered as the actual lifetime limit or as a product guarantee for any individual device from the
supplier. Applicable sales and warranty terms and conditions remain in effect.

The data in this document is provided for convenience. However, it does not represent all potential failure mechanisms and may
not accurately reflect behavior across all mission profiles or applications. High temperature operating life (HTOL) stress is used
for product lifetime assessment trials. The Arrhenius equation is used to determine the device aging acceleration factor.

Table 1. Applicable products

STM32H742, STM32H743/753, STM32H745/755, STM32H747/757, STM32H750 value line
Microcontrollers STM32H723/733, STM32H725/735, STM32H730 value line
STM32H7R3/7S3, STM32H7R7/7S7
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1 General information

This document presents the STM32H7 series lifetime usage estimation. These estimates are qualified depending
on frequencies, voltage, and junction temperature.

The frequencies and applied voltages are provided in the device datasheets.
The STM32H7 series microcontrollers are Arm®-based devices.

arm

Note: Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
The Arm word and logo are trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere. All rights
reserved.
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2 Reliability analysis using the bathtub curve model

The bathtub curve model is a widely used reliability concept that describes the failure rate of a device over its
lifetime, divided into three distinct phases: Early life, Useful life, and Wear-out. This model is visually represented
by a curve resembling the shape of a bathtub, where the vertical axis represents the failure rate and the horizontal
axis represents time.

Figure 1. Bathtub curve concept
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. Early Life (infant mortality)
Characterized by a higher initial failure rate, which decreases rapidly (expressed in ppm). Usually attributed
to manufacturing defects.

. Useful life
Characterized by a relatively constant and low failure rate, which remains stable over the useful lifetime of
the device.

. Wear-out

Characterized by an increasing failure rate, but normally it should occur much later than the target useful
life. The intrinsic wear-out mechanisms begin to dominate, and the failure rate increases exponentially.

. Device useful lifetime
The useful lifetime of a device is the period covered by the product family mission profile, which is

demonstrated on silicon.

Table 2. Lifetime phases and failure characteristics

“ Failure rate behavior Causes

Early life High, then decreasing Early defects, usually manufacturing
Useful life Low, constant Random failures, intrinsic
End of useful life Increasing Aging, wear
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3 Product mission profile

The product mission profile (MP) defines the various lifetimes available to the device under a given set of
conditions. These conditions include the target core voltage (Vcorg) and main supply voltage (Vpp), the target
junction temperature (T ) of the device, and the operation ratio under which the device operates. For improved
reliability and extended lifetime, it is recommended to select a target T; margin below T jnax-

. The device operating T jmay is specified in its product datasheet.
. The operating device at its T jmax for an extended time reduces device lifetime.
. Effective device thermal regulation must always be ensured that T; does not exceed what is specified in

the product datasheet.

It is important to note that the device useful lifetime data provided in relation to the product mission profiles in this
document are intended solely for intrinsic product lifetime estimation.
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4 Lifetime curves

The lifetime curve example shown below represents the minimum product lifetime at T jmax, Which is assessed by
the HTOL reliability trial. Any T, operating point that is lower than the T jmnax Operating point is intrinsically covered
by this assessment trial. At each Ty, there is a corresponding estimated lifetime.

For example, if Tymax > Ty2 > Tyq, then lifetime (Tymax) < lifetime (T2) < lifetime (Ty1)

Figure 2. Lifetime curve example
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5 Multiple operation ratios with multiple T

When the T, of the product does not stay constant during its operation, the target useful lifetime can be calculated
using a weighting method based on the operation ratio percentage of the lifetime corresponding to its T; which
can be obtained directly from the estimated lifetime curve. As products age faster at higher T, the combined
estimated lifetime is not just a simple average of multiple estimated lifetimes but a value from weighting on
operation ratio percentage.

Lifetime(combined) = Y (Weighting(Lifetime,))

Figure 3. Multiple duty cycles and multiple T
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The target useful estimated lifetime for a multitemperature use case is calculated with a computation formula with
multiple temperatures profile:

Weighting method: Lifetime = (x% at Tj1°C) + (y% at Tj2°C)

x is the operation ratio at T j4

y is the operation ratio at T o

x +y =100%

The target useful estimated lifetime = (x% Tyq + y% TJ2)

An example of combined (multiple duty cycles and multiple T,) lifetime estimation is calculated in the next section.
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6 STM32H7R/7S lifetime usage estimation

This section presents data and tables representing the lifetime usage estimation for STM32H7R/7S devices for
typical use conditions.

Table 3. STM32H7R/7S lifetime usage estimation for typical use conditions

Mission Lifetime Voltage Frequency | Duty cycle | Vpp nominal Vcore te‘rjr:l::rt:t):re

profile (Years) scaling (MHz) (%) (V) nominal (V) (Ty) (°C)

High 600
GP2 2.4 High 600 100 3.3 1.35 105
GP3 106 Low 400 35 3.3 1.20 135
GP4 3.7 Low 400 100 3.3 1.20 135

Figure 4. Lifetime estimation GP1
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According to Figure 4, when Vpp = 3.3V, Vgore = 1.35V and duty cycle 35%. Some examples are illustrated

such as:
. Tj = 105°C the lifetime estimation is 6.8 years
. Tj = 95°C the lifetime estimation is 11.2 years

AN5337 - Rev 4 page 7/18



,’ STM32H7R/7S lifetime usage estimation

Figure 5. Lifetime estimation GP2
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According to , when Vpp = 3.3V, Vcore = 1.35 V and duty cycle 100%. Some examples are illustrated such as:

. Tj = 105°C the lifetime estimation is 2.4 years
. Tj = 95°C the lifetime estimation is 3.9 years

Figure 6. Lifetime estimation GP3
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According to , when Vpp = 3.3V, Vcore = 1.20 V and duty cycle 35%. Some examples are illustrated such as:
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. Tj = 135°C the lifetime estimation is 10.6 years
. Tj = 105°C the lifetime estimation is 41.1 years

Figure 7. Lifetime estimation GP4
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According to , when Vpp = 3.3V, Vcore = 1.20 V and duty cycle 100%. Some examples are illustrated such as:

. Tj = 135°C the lifetime estimation is 3.7 years
. Tj = 105°C the lifetime estimation is 14.4 years
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7 STM32H?7 lifetime usage estimation

Note: This section does not apply to STM32H7R/7S devices. Refer to previous section for the corresponding data.

This section presents data and tables representing the lifetime usage estimation for STM32H7 devices for typical
use conditions.

Table 4. STM32H?7 lifetime usage estimation for typical use conditions

Lifetime Duty cycle Vpp nominal Vcore nominal tem;::‘acttl.ll‘:: (T))

(years) (%) v) v) . ’
(°C)
vOoso™ 10 20 3.3 1.35 105
VOS1©@) 10 20 3.3 1.2 140©)
VOS2 - VOS3 10 100 3.3 <1.10 1400

1. Not applicable for STM32H757xxxxA.

2. Max CPU1 frequency of 480 MHz and max CPU?2 frequency of 240 MHz is achievable with VOS1 only for
STM32H757xxxxA.

3. The temperature of 140°C cannot be reached by all part numbers; it is exclusive to SMPS part numbers. Refer to the
product datasheet for more details.

Figure 8. Lifetime estimation VOS0
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According to Figure 8, when VOSO, Vpp = 3.3V, Vcore = 1.35 V and duty cycle 100%. Some examples are
illustrated such as:

. Tj = 105°C the lifetime estimation is 2 years
. Tj = 95°C the lifetime estimation is 3.5 years
In the same conditions and for a duty cycle of 20%, the lifetime estimation is as following:
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. Tj = 105°C the lifetime estimation is 10 years
. Tj = 95°C the lifetime estimation is 17.5 years

Figure 9. Lifetime estimation VOS1
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According to Figure 9, when VOS1, Vpp = 3.3V, Vcore = 1.2 V and duty cycle of 100%. Some examples are
illustrated such as:

. Tj = 105°C the lifetime estimation is > 10 years
. Tj = 125°C the lifetime estimation is 4 years
. Tj = 140°C the lifetime estimation is 2 years

In the same conditions and for a duty cycle of 20%, the lifetime estimation is as following:
. Tj = 125°C the lifetime estimation is 20 years
. Tj = 140°C the lifetime estimation is 10 years
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Figure 10. Lifetime estimation VOS2 and VOS3
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According to Figure 10, when VOS2 or VOS3, VDD = 3.3 V, Vcore < 1.10 V and duty cycle 100%. Some
examples are illustrated such as:

. Tj = 125°C the lifetime estimation is > 20 years
. Tj = 130°C the lifetime estimation is 16 years
. Tj = 140°C the lifetime estimation is 10 years

Note: For more information about the suffix 3 or 6, refer to the product datasheet available on www.st.com.
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8 Conclusion

The lifetime analysis shows that, for the specified voltage-scaling modes and mission profiles, the required
intrinsic useful lifetime can be achieved. Lifetime is mainly driven by junction temperature, voltage-scaling mode,
and operation ratio: lower T, reduced duty cycle, and lower VOS levels significantly extend lifetime. The curves
and formulas provided allow designers to verify that their specific mission profile remains within the demonstrated
intrinsic reliability capability of STM32 MCU devices.
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Table 5. Document revision history

T R T S

19-Jun-2019 1 Initial release.

Added STM32H723, STM32H733, STM32H725, STM32H735, and
STM32H730 part numbers.

Removed all the tables providing frequencies versus voltage scaling
and temperature ranges for all product series.
Updated:

18-Apr-2024 3 . Document title
. Section 7: STM32H7 lifetime usage estimation

03-Jul-2020 2

Added:
. Section 2: Reliability analysis using the bathtub curve model
. Section 3: Product mission profile
06-Jul-2026 4 . Section 4: Lifetime curves
Updated:

. Section Introduction
. Section 7: STM32H7 lifetime usage estimation
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.

In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and
ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

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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