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• two approaches used to predict the reliability of a system or component.
– Statistics-Based

• A data-driven approach that uses statistical methods based on past performance data. 
• involves collecting data on the failure rates and patterns of similar systems or components 
• Useful for predicting the reliability of systems or components, where failure modes are well-

understood and there is a large amount

POF is an engineering approach to reliability assessment that uses simulation of the 
physical models of failures developed based on the science of failure mechanisms such 
as fatigue, fracture, wear, and corrosion 

– Physics of Failure
• Detailed understanding of the physical processes and mechanisms causing a failure. 
• Identifying the potential failure modes, determining the root causes of failure, and developing 

mathematical models to simulate the failure mechanisms. 
• Models used to predict the probability of failure and estimate the remaining useful life. 
• Useful for predicting the reliability of complex systems or components, where failure can have 

catastrophic consequence
• Cost Effective to cut on the test expenses
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Why PoF-Based Modeling?

• To avoid repeating long and costly tests
– Reduce the development time for fast release of the design
– Cost reduction toward cheaper products

• Sometimes it is impossible to build several identical units for 
testing
– Large Systems like buildings, space vehicles 

• This is the case for One-of-a-kind or highly expensive systems
– The products that must work properly at the first time

• In design stage when there is no prototype to test
• Highly reliable products are hard to break

– The lifetime is long
– Internal control or safety related devices limit the stress
– Higher stresses introduce other failure mechanisms

• Optimization purposes and need for a dynamic prediction
• Predicting the occurrence of rare or extreme events
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Probabilistic POF Approach

Specify one
Mechanism of 
Failure

Sample Variable 
Distributions Using
Random Generators

Repeat Process
for Dominant 

Failure Mechanisms

Estimate Life
from 

PoF Model

Select 
Appropriate
PoF Model 
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Distribution 

of Variables

Estimate TTF
Distribution

Repeat to 
Get Enough 
Samples

Evaluate failure
Mechanism
Reliability RF( t )

Calculate Component
Reliability

Rcomp=P RFi( t )

Empirical data from process engineering
Test programs like quality control tests
Field returns
Material tests (for material properties)

Utilize competing failure mode analysis
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• Failure of solder joints due to thermo-mechanical fatigue is one of 
the primary wearout mechanisms in electronic products, primarily 
because inappropriate design, material selection, and use 
environments can result in relatively short times to failure.

• During changes in temperature, the component and printed board 
will expand or contract by dissimilar amounts due to differences in 
the coefficient of thermal expansion (CTE). 

• This difference in expansion or contraction will place the second-
level solder joint under a shear load. 

• This load, or stress, is typically far below the strength of the solder 
joint. However, repeated exposure to temperature changes, such 
as power on/off or diurnal cycles, can introduce damage into the 
bulk solder. 

• With each additional temperature cycle this damage accumulates, 
leading to crack propagation and eventual failure of the solder 
joint.

PoF Development for Solder fatigue-An Example
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• Thermo-mechanical solder joint fatigue influenced by:
– Maximum temperature, 
– Minimum temperature, 
– Dwell time at maximum temperature, 
– Component design (size, number of I/O, etc.), 
– Component material properties (cte, elastic modulus, etc.), 
– Solder joint geometry (size and shape), 
– Solder joint material (SnPb, SAC305, etc.), 
– Printed board thickness, and 
– Printed board in-plane material properties (cte, elastic 

modulus).

Drivers of Thermo-Mechanical Solder Joint Fatigue?
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• Estimation is done by a time to failure using strain energy
• Force exerted on a solder joint during a thermal cycle:

α: CTE, T: temperature, L: one half component length, F: force, E: elastic modulus, A: effective solder joint 
area, G: shear modulus, h: thickness, v: Poisson ratio

• Strain range induced in the solder joint during the thermal cycle:

C: Equation accounts for the effect of operating temperatures and dwell times 
• Stress on the solder joint determined using the computed forces combined with the strain to 

determine the energy dissipated by the solder during a thermal cycle :

• Resulting strain energy is used to compute the number of cycles to failure for the 
component under temperature cycling using equations developed by Syed:

PoF Model for Thermo-Mechanical Solder Fatigue
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• The IC started having solder joint failures after a couple years in the field. 
• To analyze long term reliability due to thermal cycling for a QFN requires 

an Engelmaier model.

QFN Solder Cracks
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A PoF reliability model based on an Engelmaier model for a leadless device was 
manually calculated. The formula for solder joint reliability due to thermal cycling is:

QFN Solder Cracks-cont
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Thermal Cycle profile:

QFN Solder Cracks-cont.

High temperature:  70oC
Low temperature:     0oC
Dwell time at set point: 20 minutes
Temperature ramp rate: 60oC/minute
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Modeling long-term solder joint reliability showed that the CTE mismatch was 
significant enough to impact product life. 

QFN Solder Cracks-cont.
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1.Failure analysis: Sherlock uses various failure analysis techniques such as 
thermal, vibration, and shock analysis to predict potential failure modes 
in electronic products.

2.Physics of failure analysis: physics of failure (PoF) approach to analyze 
the root cause of failure in electronic components and systems. 
-combines physics-based models with empirical data to simulate the life

3. Design analysis: Sherlock provides various design analysis features such 
as component derating, margin analysis, and accelerated life testing to 
optimize the design of electronic products for reliability and durability.
4. Material analysis: can analyze the impact of materials on the reliability 
and durability of electronic products. 

-It includes analyzing the thermal and mechanical properties of 
materials to determine their suitability for specific applications.
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The modeling process consists of two parts:
1) Pre-processing pulls in the PCB artwork (e.g., ODB+) and components to create a model.
2) Post-processing calculates strains from stress due to CTE differences and mechanical flexure 

displacements. The strains are then fed into Sherlock’s physics of failure (PoF) reliability 
models to evaluate long term reliability.

There is an appendix at the end with the PoF reliability model for a QFN package and the 
validation work behind the model. Each package type has its own PoF model and validation.

Modeling Steps
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√ Component details and placement
√ PCB outline & stack-up
√ Drill hole file with mount points
√ Metal layers, silkscreen and solder mask layers

The pre-processed model
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All the relevant PCB material properties for each layer of the PCB are 
pulled in from the ODB files.

PCB Material Properties
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• The part Library contains all the relevant information needed to create a 3D mesh model. 
• If the part doesn't exist in Sherlock Global Parts library, they will create a new model for 

that part and add it to the Ansys library. 
• Limitation for Current Version: Ansys doesn’t model connectors, custom ASICs and some 

unique parts where the manufacturer doesn’t share package material information. 

Ansys Part Model Library
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• For PTH and Solder Fatigue, CAF Analysis, Derating, Part Stress Analysis, the 
simulations are based on the Non-FEA models.

• After uploading the PCB CAD files and the 3D components from the Ansys parts 
library, the PCBA is meshed for finite element modeling.

• The size of the components to mesh, mesh type and number of elements are 
defined.

• Small components like chip resistors and capacitors, can be omitted to reduce 
simulation time.

FEA Analysis

Upload ECAD Design Add the 3D 
Component Models

Mesh the 
network



Below is an example of a defined vibration profile to simulate shipping in 
accordance with MIL-STD810 for 60 minutes (simulate 1000 miles travel distance).

Example of Vibration Cycles Profile

Vibration Spec per MIL-STD-810

Vibration profile Orientation

Vibration transverse profile



• The sample board was modeled using Ansys Sherlock for Solder Joint reliability.
• The PCBA was analyzed for long term temperature cycling between 27 oC and 53 oC once/day.
• A thermal image was taken for worst case power consumption, and the thermal image was 

overlayed to the PCB.

Example-Thermal Cycling Profiles

IR imageDefined Thermal cycle



• The 2D and 3D models created in Sherlock are shown below:

Board Solder Joint Reliability

3D Meshed Model2D Model with Artwork



Reliability modeling showed that all components in the assembly exceed the minimum 
10-year life requirement. The software calculates the number of cycles to a predefined 
percent failure. In this case we defined it as a 5% failure rate in 10 years.

Board Solder Joint Reliability-cont



Modeling Board Strain during Mechanical 
Attachments attachment Stresses
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Ansys Sherlock works with Ansys Mechanical to simulate board strain during lid attachment of 
the RFM module and the results from Ansys Mechanical are sent back to Sherlock for post-
processing reliability analysis. 

Ansys Mechanical to Model Board Strain due to Mechanical Assembly of 
a Cover onto a RF Module

1) The process starts by Sherlock pulling in the ODB files for the PCB (including all layers, traces, vias, 
solder mask and laminate material information) for the RFM module.



Using Ansys to Model RFM Module

2) Sherlock then pulls in the BOM, and the component 3D models from the part library.

Top Side RFM Module Bottom Side RFM Module



Using Ansys to Model RFM module

3) Sherlock then creates a mesh network for the PCB assembly.
Proper Meshing is Determined for the PCBA, Housing, Gasket and TIM materials 
(Quadratic, primarily hexahedral elements were used to mesh the PCB, gaskets, and TIM 
material. 

- Elements through the thickness of the PCB ( minimum 3) were included to ensure 
bending stiffness was captured approximately.

The housing was approximated as a rigid body because it was expected to be far stiffer 
than the PCB, gaskets, and housing.

Mesh through PCB



Using Ansys to Model RFM module
4) Using Ansys SpaceClaim and Ansys Workbench the Teradyne 3D mechanical files from 
Solidworks were pulled in for the housing, RF gasket, TIM and align to the PCBA. 
A mesh network was created for the mechanical parts that have been pulled in from 
Solidworks. 
Once the assembly is meshed, Ansys can simulate the process of torquing the screws in 
a predefined torque sequential sequence and measure strain during the mechanical 
attachment process.



The bottom face of the housing was fixed to the outside 
world to prevent rigid body motion during simulation.
• A 37-step, sequential bolt pretension process was 

used to approximate the board assembly. The bolting 
sequence for the screws is shown below and number 
from 1 to 37.

• A 1695N bolt pretension load was applied to all bolts 
in order. Bolts were free prior to application of the 
pretension and locked after application.

Define the Boundary Conditions & the Torque Sequence



Module Board Strain Results

•  Final out-of-plane board 
deflection and maximum principal 
strain after application of all bolts 
are shown on the right.
•  Maximum, minimum, and average 
board strains tracked during the 
application process are shown in 
the below plot.



Using Ansys to Model RFM module

• The results were then imported to Sherlock to 
identify the peak board deflection condition and 
associated strain in the board regions.

- Sherlock identified the final assembled state as 
the peak deflection condition.

• Peak strains observed on any of the regions were 
approximately 250µε.



• How Accurate Are the Results?
– DfR gathered over seventy (70) examples of temperature cycling data for a variety of 

overmolded plastic ball grid array (BGA) and chip scale (CSP) packages. 
– Packages were soldered to a printed board with either SnPb or SAC305.

Validation and Application

31



Application Accuracy and Acceptance
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• If the parts meet the design life
• If a part is area of concern



• Modeling and results are only as reliable as the accuracy of 
the models and the quality of the provided inputs.

• The obtained results exhibit a range of variability, typically 
within +/- 20% to 25%, particularly noticeable in solder 
fatigue simulations.

• Experimental results, on other hand especially for fatigue 
Testing, display significant scatter.

• Continuous refinement of models and input data is 
essential for enhancing accuracy and reducing 
uncertainties in reliability predictions.

• Ongoing research and development efforts are crucial for 
advancing our understanding of the physics of failure, 
enabling more precise and reliable life modeling in complex 
electronic systems.

Concluding Remarks
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