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Introduction

Reliability is defined as the probability that a device will perform its required function

under stated conditions for a specific period of time. Predicting with some degree of

confidence is very dependant on correctly defining a number of parameters. For instance,

choosing the distribution that matches the data is of primary importance. If a correct

distribution is not chosen, the results will not be reliable. The confidence, which depends

on the sample size, must be adequate to make correct decisions. Individual component

failure rates must be based on a large enough population and relevant to truly reflect

present day normal usages. There are empirical considerations, such as determining the

slope of the failure rate and calculating the activation energy, as well as environmental

factors, such as temperature, humidity, and vibration. Lastly, there are electrical stressors

such as voltage and current.

Reliability engineering can be somewhat abstract in that it involves much statistics;  yet it

is engineering in its most practical form. Will the design perform its intended mission?

Product reliability is seen as a testament to the robustness of the design as well as the

integrity of the quality and manufacturing commitments of an organization. This paper

explains the basic concepts of reliability as it applies to power supplies manufactured by

Vicor.
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The Bathtub Curve

The life of a population of units can be divided into three distinct periods. Figure 1 shows

the reliability “bathtub curve” which models the cradle to grave instantaneous failure

rates vs. time. If we follow the slope from the start to where it begins to flatten out this

can be considered the first period. The first period is characterized by a decreasing failure

rate. It is what occurs during the early life of a population of units. The weaker units die

off leaving a population that is more rigorous. This first period is also called infant

mortality period. The next period is the flat portion of the graph. It is called the normal

life. Failures occur more in a random sequence during this time. It is difficult to predict

which failure mode will manifest, but the rate of failures is predictable. Notice the

constant slope. The third period begins at the point where the slope begins to increase and

extends to the end of the graph. This is what happens when units become old and begin to

fail at an increasing rate.

Figure 1. Reliability Bathtub Curve

Early Life Period
Vicor uses many methods to ensure the integrity of design. Some of the design

techniques include: burn-in (to stress devices under constant operating conditions); power

cycling (to stress devices under the surges of turn-on and turn-off); temperature cycling

(to mechanically and electrically stress devices over the temperature extremes); vibration;

testing at the thermal destruct limits; highly accelerated stress and life testing; etc.

Vicor is well aware that in spite of using all these design tools, as well as manufacturing

tools such as six sigma and quality improvement techniques, there will still be some early
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failures due to the inability to control processes at the molecular level. There is always

the risk that, although the most up to date techniques are used in design and manufacture,

early failures will occur. In order to offset these risks — especially in newer product —

Vicor consumes some of the early useful life of a module via stress screening. This

technique allows the units to begin their operating life somewhere closer to the flat

portion of the bathtub curve instead of at the initial peak, which represents the highest

risk of failure. Operating life is consumed via burn in and temperature cycling. The

amount of screening needed for acceptable quality is a function of the process grade as

well as history. M-Grade modules are screened more than I-Grade modules, and I-Grade

modules are screened more than C-Grade units.

Useful Life Period

As the product matures, the weaker units die off, the failure rate becomes nearly constant,

and modules have entered what is considered the normal life period. This period is

characterized by a relatively constant failure rate. The length of this period is referred to

as the system life of a product or component. It is during this period of time that the

lowest failure rate occurs. Notice how the amplitude on the bathtub curve is at its lowest

during this time. The useful life period is the most common time frame for making

reliability predictions. The failure rates calculated from MIL-HDBK-217 and Telcordia-

332 apply to this period and to this period only.

Wearout Period

As components begin to fatigue or wearout, failures occur at increasing rates. Wearout in

power supplies is usually caused by the breakdown of electrical components that are

subject to physical wear and electrical and thermal stress. It is this area of the graph that

the MTBFs or FIT rates calculated in the useful life period no longer apply. A product

with a MTBF of 10 years can still exhibit wearout in two years. No parts count method

can predict the time to wearout of components. Electronics in general, and Vicor power

supplies in particular, are designed so that the useful life extends past the design life. This

way wearout should never occur during the useful life of a module. For instance, most

electronics are obsolete within 20 years; Vicor module MTBFs may extend 35 years or

longer.

Weibull Analysis
Weibull Analysis can be used as a method of determining where a population of modules

is on the bathtub curve. The Weibull distribution is a 3-parameter distribution. The three

parameters that make up the Weibull distribution are , , and time. The Weibull

distribution is given by:
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The Weibull parameter  (beta) is the slope. It signifies the rate of failure. When  < 1,

the Weibull distribution models early failures of parts. When  = 1, the Weibull

distribution models the exponential distribution. The exponential distribution is the model

for the useful life period, signifying that random failures are occurring. When  = 3, the

Weibull distribution models the normal distribution. This is the early wearout time. When

 = 10, rapid wearout is occurring. Vicor uses Weibull analysis extensively because this

distribution allows modeling to be done with a minimal amount of failures. As Dr.

Abernathy said in his book The New Weibull Handbook, “Use of the Weibull distribution

provides accurate failure analysis and risk predictions with extremely small samples

using a simple and useful graphical plot. Solutions are possible at the earliest stage of a

problem without the requirement to crash a few more.”
1
 The results of various s on the

Weibull analysis can be seen in the graph below:
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Notice how, if all curves are combined, the resultant graph is similar to a bathtub curve.

Accelerated Life Testing
“Accelerated life testing employs a variety of high stress test methods that shorten the life

of a product or quicken the degradation of the product’s performance. The goal of such

testing is to efficiently obtain performance data that, when properly analyzed, yields

reasonable estimates of the product’s life or performance under normal conditions.”
2

Vicor uses a variety of high stress test methods that shorten the life of a product and/or

quicken the degradation of product performance. This induces early failures that would

sometimes manifest themselves in the early years of a product’s life, and also allows

issued related to design tolerances to be discovered before volume manufacturing. Both

1
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the type of stressor and the time under test are used to determine the normal lifetime.

There are various stressors including, but not limited to, heat, humidity, temperature,

vibration, and load. The effect of these stressors can be mathematically determined. Vicor

uses accelerated testing on all new products.

The equation below is used to model acceleration due to temperature and is referred to as

the Arrhenius equation. The Arrhenius equation relates how increased temperature

accelerates the age of a product as compared to its normal operating temperature.

Af = acceleration factor

Ea = activation energy in electron-volts (eV)

k = Boltzmann’s constant (k = 8.617 x 10
-5

 eV/Tk)
Tk = Kelvin

Tu = reference junction temperature, in degrees Kelvin (K = C + 273)

Tt = junction temperature during test, in degrees Kelvin

e = 2.71828 (base of the natural logarithms)

Humidity is also a stressor. The equation below (Hallberg – Peck) models the effect of

temperature and humidity combined on product life.

RHu = use environment relative humidity

RHt = test environment relative humidity

The stressor that has the most profound effect on product life is thermal cycling. The

acceleration factor due to thermal cycling is given by the Coffin-Manson equation below.

Where:

Tl = lab temperature difference between highest and lowest operating temperature.

Tf = field temperature difference between on and off state

Ff = cycle frequency in the field (cycles/24hours). Minimum number of six.

Fl = cycle frequency in the lab. Minimum number of six because most failures occur in

the first four hours.
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Activation energy is derived from empirical data gathered during accelerated testing and

is the slope of the failure rate at two different stressors. Activation energy represents the

effect that the applied stress will have on the product under test — the stress factor being

heat, voltage, current, or vibration. Large activation energy indicates that the applied

stress will have a large effect on the life of the product. The activation energies that Vicor

uses performing parts count calculations are based on MIL-HDBK-217F.

 Mean Time Between Failures (MTBF)

Reliability is quantified as MTBF (Mean Time Between Failures) for repairable product

and MTTF (Mean Time To Failure) for non-repairable product. A correct understanding

of MTBF is important. A power supply with an MTBF of 40,000 hours does not mean

that the power supply should last for an average of 40,000 hours. According to the theory

behind the statistics of confidence intervals, the statistical average becomes the true

average as the number of samples increase. An MTBF of 40,000 hours, or 1 year for 1

module, becomes 40,000/2 for two modules and 40,000/4 for four modules. Sometimes

failure rates are measured in percent failed per million hours of operation instead of

MTBF. The FIT is equivalent to one failure per billion device hours, which is equivalent

to a MTBF of 1,000,000,000 hours. The formula for calculating the MTBF is

 = T/R.

 = MTBF

T = total time

R = number of failures

MTTF is stands for Mean Time To Failure. To distinguish between the two, the concept

of suspensions must first be understood. In reliability calculations, a suspension occurs

when a destructive test or observation has been completed without observing a failure.

MTBF calculations do not consider suspensions whereas MTTF does. MTTF is the

number of total hours of service of all devices divided by the number of devices. It is

only when all the parts fail with the same failure mode that MTBF converges to MTTF.

 = T/N

 = MTTF

T = total time

N = Number of units under test.

Example: Suppose 10 devices are tested for 500 hours. During the test 2 failures occur.

The estimate of the MTBF is:

 = 10*500 = 2,500 hours / failure.

2
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Whereas for MTTF

 = 10*500 = 500 hours / failure.

10

If the MTBF is known, one can calculate the failure rate as the inverse of the MTBF. The

formula for ( ) is:

 =   1  =   r

 T

where r is the number of failures.

Once a MTBF is calculated, what is the probability that any one particular Vicor module

will be operational at time equal to the MTBF? We have the following equation:

R(t) = e
-t/MTBF

.

 But when t = MTBF

R(t) = e
-1

 = 0.3677

This tells us that the probability that any one particular module will survive to its

calculated MTBF is only 36.8%.

Reliability Predictions Methods

A lot of time has been spent on developing procedures for estimating reliability of

electronic equipment. There are generally two categories: (1) predictions based on

individual failure rates, and (2) demonstrated reliability based on operation of equipment

over time. Prediction methods are based on component data from a variety of sources:

failure analysis, life test data, and device physics. For some calculations (e.g. military

application) MIL-HDBK-217 is used, which is considered to be the standard reliability

prediction method. Vicor also performs calculations using Telcordia Technical Reference

TR-332 “Reliability Prediction Procedure for Electronic Equipment.” Both of these

prediction methods have several assumptions in common, e.g. constant failure rate, the

use of thermal and stress acceleration factors, quality factors, use conditions. The table

below highlights the difference in the two methods of calculation.

Telcordia MIL-HDBK-217

Recognition Popularity growing internationally, Known and accepted around the
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and acceptance but has not yet been completely

embraced by international

community

world.

Concentration Designed to focus on

telecommunications

Designed for both military and

commercial.

Calculation Generally failure rates will be seen

as more positive. Require fewer

parameters for components

More parameters that vary

widely for specific components.

Test Data Includes capability to consider burn-

in data, laboratory test data, and

field data.

Includes voltage and power

stresses.

Multiplier Calculates failure rate in FITs (or

failures in time).

Calculates MTBF.

Parts Provides models for gyroscopes,

batteries, heaters, coolers, and

computer systems.

Provides models for printed

circuit boards, lasers, SAWS,

magnetic bubble memories and

tubes

Environment Supports limited number of

environments

Supports most types of

environments.

Quality Levels 4 standard quality levels for all

component types.

Quality levels are more

component specific.

Knowing that there is a difference is important. The customer can determine what method

to use as per the application. Numbers obtained, as will be seen in the next section, vary

widely in most instances.

Reliability Demonstration Methods

When predicting and demonstrating the reliability of a product, the exact failure time can

never be know. Not withstanding this fact, we are required to hypothesize regarding our

confidence in the integrity of our numbers. The Chi
2
 distribution is often used in this case

because it is a probability distribution that relates the observed to the expected values.

The relationship between failure rate and the Chi
2 
distribution is as follows:

Where

 = ((100 – CL)/100 CL (Confidence Level) = 60%, 90%.

 = Degrees of freedom = 2 * number of failures + 2

AF = Acceleration factor, as determined by one of the methods discussed earlier

When estimating failure rates, Vicor uses acceleration factors to determine use failure

rates based on lab failure rates.

(2 x time * AF)

2
 ( , )

=
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Conclusion

This paper has summarized Vicor’s view on power supply reliability. We hope it has

provided some insight into the details behind calculated MTBF numbers. Reliability

numbers can vary greatly between suppliers and only by understanding the assumptions

and methodology used, can meaningful comparisons be made. In summary, when

properly applied and operated in accordance with Vicor’s Applications Manual, Vicor

Power Components are some of the most reliable products available.
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