Reliability 105 – Accelerated Life Testing
Accelerated Life Testing (ALT) is a physics of failure approach based on an understanding of the failure modes / mechanisms and applying the physics of failure model to the data. Commonly used models are discussed in the sections below.
An important note on the use of equations to determine the acceleration factors for various stresses. It is important to understand that physics has its boundaries at which the rules change and to achieve the desired results they must be understood and respected. 

For instance: A woman can have a baby in nine months but nine women can not have a baby in one month.  An egg incubated at 40°C for 21 days produces a chick; an egg exposed to 175°C for 3 minutes produces an omelet.

Arrhenius
The most useful acceleration models, the Arrhenius equation provides a model for how chemical reactions can be accelerated by increasing the system temperature. Since many failure mechanisms are a chemical process, the aging is accelerated by increasing the operating temperature. 
Increased temperature will degrade the DUT and follows the Arrhenius model. Arrhenius acceleration factor is given by:
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T = Temperature in Kelvin
Ea = Activation energy (0.1 to 1.4 dependant on dominate failure mode)
K = Boltzmann Constant 8.6173E-05

Eyring
The Eyring equation, is used for determining the dependency of reactions based on stress factors that are not temperature, such as humidity or Voltage. According to different physics of failure mechanisms, one more term (i.e. stress) can be either removed or added to the Eyring model. 

The Eyring model acceleration factor is given by:
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T = Temperature in Kelvin
Ea = Activation energy (0.1 to 1.4 dependant on dominate failure mode)
K = Boltzmann Constant 8.6173E-05

S = Stress factor other than temperature. 

A, α, B and C are constants dependant on dominate failure mode.
Black’s Model
J. R. Black developed an empirical model to estimate the reliability of wire, taking electromigration into consideration, which is now generally known as Black's Model. Electromigration is a failure mechanism that results from the transfer of momentum from electrons, moving in an applied electromagnetic field, to the atoms of the conducting material. 
The failure mode as a result of electromigration is an open conductor and is dependant on the cross-sectional area of the conductor. Black’s model accounts for external heating and current density and is given by:
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A is a constant
j is the current density
n is a model parameter
Q is the activation energy in eV (electron volts)
T = absolute temperature in  Kelvin
k = Boltzmann constant 8.6173E-05

The current density (J) and temperature (T) are factors that affect electromigration. Experiments with different stress conditions have been reported in the literature, the values reported are in the range between 2 and 3.3 for N, and 0.5 to 1.1eV for Ea. 
Coffin-Manson Model
Fatigue failures occur in materials due to mechanical cycling, temperature cycling and thermal shock. The Coffin-Manson model is used to model crack growth in solder due to repeated temperature cycling. Damage accumulates each time the device experiences a thermal cycle due to normal power-up and power-down cycles. These cycles can induce cyclical stress that weakens materials and may cause a few different types of failures, such as cracking, lifted bonds, solder fatigue.

This model is given by: 
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where:
Nf is the number of cycles to failure. 

Α is a coefficient.

f is the cycling frequency.

ΔT is the temperature range during a cycle.

α is the cycling frequency exponent.

β is the temperature exponent.

(Tmax) is equal to: [image: image5.png]exp)
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which is an Arrhenius term at the maximum temperature in each cycle.
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