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Power Electronics as Enabler for 

an Energy Efficient World
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Simulation for Reliability

• Electrical Reliability

• Power Integrity

• Signal Integrity

• Thermal Reliability

• Excess of Junction Temperatures

• Effect on Electrical Behavior

• Mechanical Reliability

• Operating Loads (Temperature, Vibration, 

Misuse&Shock)

• Manufacturing Process (Assembly and Joining

technology, Packaging)
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Electronics Design Simulation Workflows

Flow Fields and 
Temperatures

Shock and 
Vibration Analysis

Mechanical 
Simulation

Power and 
Signal Integrity

Thermal 
Simulation

Electrical 
Simulation

Joule Heating Losses & 
Temperature Field

Temperature Field

Reliability 
Analysis

Lifetime Prediction

Sherlock Parts Libraries
Over 1M Unique Parts

/ HFSS 3D LAYOUT

/ SIWAVE

/ ICEPAK

/ MECHANICAL

/ SHERLOCK

Sherlock Pre-processing
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Ansys PCB Reliability Workflow
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Ansys Sherlock

ODB++ / IPC-2581 
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Ansys PCB Reliability Workflow
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• Sherlock, HFSS 3D Layout, Icepak, and Mechanical used together to mitigate risk of failure.

• PCB inside an aluminum chassis within a larger housing on top or inside autonomous vehicle.

• Vehicle is assumed to be operational everyday for 15 hours.

• Reliability goal is less than 5% failure rate over a period of two years.

Example Reliability Study – Autonomous Vehicle

10

Analysis not affiliated with Waymo or Mercedes in any way.
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Open-source Intel Galileo PCB.

Two cooling solutions: 

Forced and Natural convection.

Three 3.0 CFM fans.

No heatpipes or heatsink 

standoffs inside chassis.

Ambient temperature of 20°C.

Total power dissipation without 

DCIR = 6W.

Three potholes per hour of 

mechanical shock.

Leads and solder balls modeled 

explicitly for critical heat 

dissipating components.

Example Reliability Study – Autonomous Vehicle
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Icepak

HFSS 3D Layout Mechanical

3W

1W

½W 

¼W

½W 
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• Natural convection cooling can be desirable for low power devices to avoid the cost of fans.

• Fans can also be noisy and could reduce overall reliability due to potential failures.  

Proposed Cooling Solutions – Natural or Forced Convection
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Natural ConvectionForced Convection

G
R

A
V

ITY

Three Fans

Main Exhaust



© CADFEM 2021

• Fully automated two-way workflow embedded in a single GUI for both DCIR and Thermal.

• Compare reliability results with and without DCIR. 

Electro-Thermal Analysis: HFSS 3D Layout –

Icepak in AEDT

HFSS 3D Layout AEDT Icepak

Automatic Coupling

Power Maps

Temperatures



© CADFEM 2021

Scope of Reliability Analysis
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1. Without DCIR
2. With DCIR for 

added accuracy

Natural 
Convection

3. Without DCIR
4. With DCIR for 

added accuracy

Forced 
Convection

Natural Convection

Forced Convection
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• Temperature dependent losses inside the PCB are computed using Ansys HFSS 3D Layout.

• These losses are mapped as heat loads in Ansys Icepak and coupled to the thermal solution.

HFSS 3D Layout – DCIR Losses in PCB
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PWR Layer @ 100°C ≈ 0.67WPWR Layer @ 20°C ≈ 0.5W
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• DCIR losses due to current crowding can increase hotspot temperatures on the PCB.

DCIR Losses in PCB: Effect on Temperatures –

Forced Convection
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With DCIR PCB LossesWithout DCIR PCB Losses

𝑻𝒎𝒂𝒙 = 𝟒𝟗. 𝟎°𝑪 𝑻𝒎𝒂𝒙 = 𝟓𝟑. 𝟎°𝑪

∆𝑻𝒏𝒐𝒓𝒎=
∆𝑻𝒎𝒂𝒙

∆𝑻𝒂𝒎𝒃
≈ 𝟏𝟒%
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• DCIR losses due to current crowding can increase hotspot temperatures on the PCB.

DCIR Losses in PCB: Effect on Temperatures –

Natural Convection
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With DCIR PCB LossesWithout DCIR PCB Losses

𝑻𝒎𝒂𝒙 = 𝟗𝟏. 𝟖°𝑪 𝑻𝒎𝒂𝒙 = 𝟏𝟎𝟒. 𝟓°𝑪

∆𝑻𝒏𝒐𝒓𝒎=
∆𝑻𝒎𝒂𝒙

∆𝑻𝒂𝒎𝒃
≈ 𝟏𝟖%
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Ansys PCB Reliability Workflow
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Ansys Sherlock Ansys Icepak
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• Quickly check which components exceed their maximum allowable temperature.

• The DCIR analysis identifies additional failures that would otherwise have been missed.

Thermal Derating Analysis – Natural Convection
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Natural Convection with DCIRNatural Convection without DCIR

𝑻𝒎𝒂𝒙 = 𝟗𝟏. 𝟖°𝑪 𝑻𝒎𝒂𝒙 = 𝟏𝟎𝟒. 𝟓°𝑪

With increased CFD fidelity, 
more components fail!
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• Many problematic components are X5R dielectric capacitors rated to 85˚C.  If replaced 

with X7R capacitors that are rated to 105˚C, none will exceed their maximum ratings.

• Given the Icepak maximum temperature of 104.5˚C, and the maximum allowable 

temperature of 105˚C , the margin of error might be too close for comfort.  

Thermal Derating Mitigation – Natural Convection 

with DCIR
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X5R Capacitors, rated to 𝟖𝟓°𝑪

𝑻𝒎𝒂𝒙 = 𝟏𝟎𝟒. 𝟓°𝑪

X7R Capacitors, rated to 𝟏𝟎𝟓°𝑪

𝑻𝒎𝒂𝒙 = 𝟏𝟎𝟒. 𝟓°𝑪

Very small margin of error, 
highly likely that forced cooling 

will be necessary. 
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• The Icepak temperature fields are used in 
Sherlock to quantify solder fatigue failure risk 
associated with power cycling.

• A daily power cycle is applied to the PCBA to 
account for the system powering up and staying 
on during its 15 hours of drive time.

• Need to know the ramp time:
• A transient analysis in Icepak could be done to 

compute the exact time to steady state.

• For simplicity, a lumped capacitance hand 
calculation yields 22 minutes to achieve steady 
state.

• Ramp times tend to be more critical to solder 
fatigue when they are under 5 minutes.

• Ramp time is not expected to influence solder 
fatigue reliability for this PCBA.

Sherlock Solder Fatigue Analysis
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Natural Convection Forced Convection

Uniform 20°C

Icepak Temperature Map

OR
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• Without DCIR losses, the PCBA passes the reliability goal, but with a very slim margin.

• With DCIR losses the PCBA does NOT meet its reliability requirement.  The additional 

heating is enough to push the U2A5 component prediction to failure. Two additional BGAs 

are also identified as borderline.

Sherlock Solder Fatigue – Natural Convection 

with and without DCIR

With DCIR

Without DCIR

Without DCIR All Components Pass

With DCIR Some Components Fail / Borderline
Reliability Goal
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• With forced convection, the PCBA meets its reliability goal with significant margin.

• However, with and without DCIR, there are big differences in cycles to failure.

Sherlock Solder Fatigue – Forced Convection with 

and without DCIR

No thermal issues, but is 
it over-designed?

Without DCIR All Components Pass

With DCIR All Components Pass

Reliability Goal
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• What would happen if the fans were only working for 50% of the time?  For example, over a 

2 year lifetime the fans failed at 1 year, or over a 4 year lifetime the fans failed at 2 years.

• Half the time cooling would be forced, the other half cooling would be by natural 

convection.  

• Both analyses with and without DCIR predict the board to meet its solder fatigue reliability 

goal, although the margin is slim when the DCIR losses are included.

Sherlock Solder Fatigue – Fan Failure
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Without DCIR All Components Pass

With DCIR Large BGA is Borderline

With DCIR

Without DCIR

Reliability Goal
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Ansys PCB Reliability Workflow
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Ansys Icepak Ansys Mechanical
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• Temperature rise during power cycling creates 

thermal expansion.  As the board expands and 

contracts, it can bend and buckle resulting in board 

strain during operation.

• This system-level effect can accelerate solder fatigue, 

shock, and vibration failures over a PCBA’s lifetime or 

even create single event failures on its own.

Thermal Expansion

27Thermal Deformation without DCIR Losses Thermal Deformation with DCIR Losses

Temperatures
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Ansys PCB Reliability Workflow
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Ansys Sherlock Ansys Mechanical

Thermal Stresses

Ansys Mechanical

Shock & Vibe
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Strains and Displacements
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• The thermal expansion is treated as a preload in a Mechanical shock simulation.

• A 25G, 10ms half-sine pulse is applied 3 times per hour over the desired two-year lifetime 

to estimate the effect of the vehicle running over potholes.

• Strain and displacement results are imported to Sherlock to generate a reliability 

prediction.

Mechanical Shock & Sherlock Reliability
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No Risk of Failure Due to Mechanical Shock
Peak Shock Strains: Forced Convection 

Temperature Preload with DCIR

PCB is Small, Thick and Very Stiff
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• Multiphysics simulation of printed circuit boards:

‒DCIR simulation verifies power integrity and provides DCIR losses for thermal 
analysis.  

‒ Thermal simulation identifies hot spots and provides temperatures for DCIR, 
mechanical, and reliability solutions. 

‒Mechanical simulation determines thermal deformation, and strains and 
displacements due to shock and vibration.

‒Sherlock combines all load cycles and computes overall PCB lifetime 
reliability.

• Multiphysics simulation of PCBs offers high fidelity results, and 
improves electrical, thermal and mechanical reliability.

Summary

30
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Simulation is more than Software

www.cadfem.net


