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Abstract – As the reliability of dc/dc converters 
is greatly influenced by the application, it is 
desirable to replicate application stresses 
during the qualification phase so that relevant 
failure modes are detected and eliminated from 
the design and/or manufacturing process.  This 
paper introduces basic reliability concepts and 
highlights the inadequacies of static 
temperature testing for failure detection in 
dc/dc converters.  Cyclic endurance testing 
and cyclic stress screening are presented as 
delivering improved failure detection capability 
and convergence time. When these are used in 
conjunction with environmental stress tests 
and targeted component evaluations, improved 
quality and reliability of converters can is the 
result. 
 
 

Acronyms 
 
ATE automated test equipment 
CDF cumulative distribution function 
CFR constant failure rate 
CL confidence limit 
CTR current transfer ratio (optocoupler) 
DF degrees of freedom 
DFM design for manufacture 
DFR decreasing failure rate 
ENIG electroless nickel immersion gold 
ESS environmental stress screen 
EST environmental stress test 
HASL hot air solder leveling 
HRF hazard rate function 
IFR increasing failure rate 
FIT failures in time (per billion hours) 
HRF hazard rate function 
MLCC multi-layer ceramic capacitor 
MTTF mean time to failure 
PCB printed circuit board 
PDF probability density function 
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Notation 
 

TR reference absolute temperature (°K) 
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A Arrhenius constant 
Cu copper 
Ea activation energy (eV) 
f(t) probability density function 
F(t) cumulative distribution function 
h(t) hazard rate function 
k Boltzmann’s constant (8.617 eV.°K-1) 
Pdiss power dissipation (W) 
Pout output power (W) 
r number of failures 
R(t) reliability function 
Tg glass transition temperature 
top operating duration 

TS stress absolute temperature (°K) 
β Weibull shape or slope parameter 
Γ(a) gamma function 
Χ2 chi-square function 
η efficiency (%) 
λiS failure rate for component i under stress 
λiG generic failure rate for component i 
λSG generic system failure rate 
λSS system failure rate under stress 
µ mean 
πEi electrical stress acceleration factor for component i 
πTi temperature stress acceleration factor for component 

i 
πTs temperature stress acceleration factor for system 
πQi quality acceleration factor for component i 
θ Weibull scale parameter 
θN Weibull scale parameter under normal condition 
θS Weibull scale parameter under stress condition 



 

Both manufacturer and customer have a role 
to play in minimizing intrinsic life failures by 
reducing the levels of electrical, mechanical 
and thermal stresses in the system-level 
manufacturing process and in the end-use 
application.  Accidental or transient over-
stress conditions must likewise be avoided.   

1. INTRODUCTION 

Reliability can be defined as the cumulative 
percentage probability that a product will 
operate without failure over a period of time, 
t, and is represented by the Reliability 
Function, R(t).   

 
Some form of highly-accelerated endurance 
test is usually necessary to reveal wear-out 
failure mechanisms: design, material and 
process changes that delay the onset of 
wear-out will, by definition, extend the useful 
life. 

 
The Cumulative Distribution Function (CDF), 
F(t), complements the Reliability Function 
and describes the cumulative percentage 
probability of failure before time, t.  The CDF 
is the most common function used in 
reliability engineering because cumulative 
failures are easy to measure in an 
accelerated endurance test or from a 
chronicle of field failures.   Most other useful 
functions in the field of reliability engineering 
can be derived from the CDF. 

TWO-PARAMETER WEIBULL 
DISTRIBUTION 

The two-parameter Weibull Distribution 
provides a convenient general model for 
characterizing DFR, CFR and IFR 
distributions.   

 
The Probability Density Function (PDF), 
given the symbol f(t), is the time derivative of 
the CDF.  It describes the characteristic 
shape of the failure distribution, i.e. the 
failure density with respect to time, and 
special cases include PDFs that follow the 
exponential and normal distributions.  

 
The parameters of the Weibull distribution 
are the scale parameter, θ, and the shape 
parameter, β. 
 
For DFR distributions, 0<β<1; for CFR 
distributions, β=1; and for IFR distributions, 
β>1. 

 
The life cycle of any electronic component or 
system consists of a decreasing failure rate 
(DFR) distribution representing early life 
failures, a constant failure rate (CFR) 
distribution representing intrinsic or natural 
life failures, and an increasing failure rate 
(IFR) distribution representing wear-out 
failures.  The life cycle curve, commonly 
referred to as the bathtub curve, is a 
composite of the DFR, CFR and IFR 
distributions.  The useful life of an electronic 
component or system is the period when the 
bathtub curve is near constant: early life 
failures have been eliminated and the onset 
of wear-out is some time in the distant 
future. 

 
The Reliability Function, CDF and PDF for 
the Weibull Distribution are given in 
equations 1 through 3 and are graphed in 
figures 1 through 3, respectively. 
 
 
 
 
 
 
 
 
 
 

  
Manufacturers must control materials and 
production processes to minimize early life 
failures and may adopt highly-accelerated 
production screens to precipitate and detect 
otherwise latent early life failures. 
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For the special case of intrinsic life failures 
(β=1), i.e. those not associated with early life 
or wear-out, the PDF is exponentially 
distributed (figure 3); while for wear-out 
failures with large β (say >4), the shape of 
the PDF is approximately normal or 
gaussian. 
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The mean of the two-parameter Weibull 
Distribution is given by 
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 Figure 1: Reliability Function 
where the gamma function is (θ=1; Variable β) 
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For positive integer values of n, where 
a=(1+n), the gamma function reduces to the 
factorial of n: 
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It follows that 
 

!111 
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Thus, as β approaches 1, the mean of the 
Weibull Distribution (equation 4) approaches 
the scale parameter, θ, and is referred to as 
the Mean Time to Failure (MTTF). 

Figure 2: Cumulative Distribution Function 
(θ=1; Variable β) 

  
From equation 2 and figure 2, irrespective of 
whether the product has a decreasing, 
constant, or increasing failure distribution, 
there is a 63.2% probability of failure by t=θ; 
conversely, there is a 36.8% probability of 
survival. 
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Since the maximum value of the CDF is 1, 
the area under the PDF curve must also 
equal 1. Figure 4 shows the effect of 
changing θ on the PDF of the Weibull 
Distribution.  Note that the curve is “scaled” 
about θ, hence the term “scale parameter”.  

Figure 3: Probability Density Function 
(θ=1; Variable β) 
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It can be shown that the Reliability Function 
and CDF are similarly scaled. 

Figure 5: Probability Density Function 
(β=1; Variable θ) 

4. HAZARD RATE FUNCTION 
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The Hazard Rate Function (HRF), given the 
symbol h(t), describes the instantaneous 
failure rate over a small increment of time, 
dt.  The product life cycle (or bathtub curve) 
is revealed when the Hazard Rate Functions 
for DFR, CFR and IFR distributions are 
combined (summed) to produce a composite 
HRF curve. Figure 4: Probability Density Function  

(β=4; Variable θ) The Hazard Rate Functions for the Weibull 
and Exponential Distributions are given by 
 3. EXPONENTIAL DISTRIBUTION 

1

weibull
)( −⋅= β

βθ
β tth    (11) It should be evident that the PDF for the 

Weibull and Exponential Distributions are 
one and the same when β=1 (CFR).  For the 
sake of completeness, we explicitly define 
the Reliability Function, CDF and PDF for 
the Exponential Distribution as follows 

θ
1)(

lexponentia
=th     (12) 

 
The Hazard Rate Function for the 
Exponential Distribution (figure 6; β=1 curve) 
illustrates the constant failure rate (CFR) of 
the distribution.  Specifically for the 
Exponential Distribution (from equation 13), 
the Hazard Rate Function is equal to the 
reciprocal of the scale parameter, θ.  Since θ 
for the Exponential Distribution is also the 

MTTF, the latter can also be determined if 
the HRF is known. 
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Figure 5 shows the effect of changing θ on 
the PDF of the Exponential Distribution (or 
the Weibull Distribution with β=1).  Note that, 
as with the Weibull PDF, the area under the 
PDF curve for the Exponential Distribution is 
equal to 1.   
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Figure 6: Hazard Rate Function 

(θ=1; Variable β) 
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5. FAILURE RATE AND FIT 

By convention, the Hazard Rate Function is 
used to describe the instantaneous failure 
rate of mechanical parts.  Also by 
convention - and for convenience - an 
alternative measure, Failure Rate, λ, is 
employed for electronic devices and/or 
electronic systems. Failure Rate is 
determined by dividing the total number of 
failures, r, by the accumulated operating 
hours, top, for the installed population.  
Whether the Failure Rate is increasing, 
constant or decreasing can be inferred from 
a time-based plot of λ. 
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where N is the number of installed devices 
or systems. 
 
The accumulated operating hours, top, is 
often dimensioned in 109 operating hours 
instead of just hours and the resulting λ is 
given the acronym FIT (Failures in Time) or 
FIT Rate.  It follows that FIT describes the 
number of device or system failures per 
billion [operating] hours. 
 

6. ACCELERATION FACTOR 

The scale parameter, θ, moves closer to the 
origin as stress amplitude is increased, 
whereas the shape parameter, β, remains 
constant irrespective of stress amplitude.  In 
other words, under elevated stress 
conditions, the “shape” of the failure 
distribution (DFR, CFR or IFR) is preserved, 
while the PDF is compressed in time.  The 
MTTF also reduces with increased stress 
amplitude. 
 
This phenomenon is used in elevated-stress 
production screens (e.g. burn-in and ESS) to 
accelerate the time to failure of early life 
failure distributions.  It is also used in highly 
accelerated life testing (e.g. HALT) to 
precipitate and detect intrinsic life and wear-

out failures in a fraction of the time 
necessary under normal stress conditions.  
 
The ratio of the time to failure under 
elevated and normal stress conditions is 
aptly known as the Acceleration Factor (AF).  
 

N

SAF
θ
θ

=     (14) 

 
where θS and θN are the scale parameters 
under elevated and normal stress 
conditions, respectively. 
 
The stresses appropriate to dc/dc converters 
include temperature, rate-of-change of 
temperature, cyclic frequency, input voltage, 
static load current, cyclic load current, 
vibration, or any combination of these. ESS 
and HALT use some or all of these stresses 
in combination. 
 
Elevated temperature precipitates failure 
mechanisms caused by chemical reaction 
rate according to the † Arrhenius model, 
while cyclic temperature and/or cyclic load 
precipitate failures caused by low-cycle 
fatigue stress according to the ‡ Coffin-
Manson model.   
 
Elevated temperature and cyclic stresses 
can be combined in a temperature and/or 
load cycling screen with ample temperature 
dwell to detect failures induced by both 
chemical reaction and low-cycle fatigue. 
Note that conventional burn-in only 
precipitates failures caused by elevated 
temperature, so low-cycle fatigue failures 
are left undetected! 
 
The Acceleration Factor can be determined 
empirically by recording the time to failure 
and computing θ in, otherwise, comparative 
tests conducted under elevated and normal 
stress conditions. 

7. WEIBULL PLOT 

A straight-line transformation of the Weibull 
CDF can be obtained by taking the double 
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 natural log of 1/[1-F(t)] and plotting against 
the natural log of t.  

  
 For example, consider a Weibull distribution 

characterized by parameters θ = 1,000 
hours and β = 4.  Using equation 2, the 
Weibull CDF is plotted in figure 7. 

 
 
 
 
An example of rank-ordered failure data is 
shown in table 1. 
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i ti ln(ti) F(ti) xi Yi 
1 1 0.0000 0.1296 1.0000 -1.9745 
2 2 0.6931 0.3148 0.6931 -0.9727 
3 3 1.0986 0.5000 1.0986 -0.3665 
4 13 2.5649 0.6852 2.5649 0.1448 
5 25 3.2189 0.8704 3.2189 0.7145 

 
Table 1: Rank-Ordered Test Data 

 Figure 7: Cumulative Distribution Function  
i = failure number (1, 2, 3 …) (θ=1,000 hours; β=4) 
ti = time to the ith failure  
n = number of failures (5 for this example)  The corresponding straight-line Weibull plot 

is shown in figure 8. F(ti) = (i-0.3)/(n+0.4) 
yi = ln(ln(1/[1-F(ti)]))  
xi = ln(ti). 
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A linear regression plot for the rank-ordered 
test data is shown in figure 9.  This is simply 
a scatter plot of yi against xi with a linear 
regression fit through the data.    The 
equation of the line describes the 50% 
confidence bound of time to failure (the 
scattered failure data is equally distributed 
on either side of the line). 

Figure 8: Straight-Line Weibull Plot 

y = 0.74x - 1.62
R2 = 0.92

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-1.0 0.0 1.0 2.0 3.0 4.0

ln(ti)

ln
(ln

(1
/[1

-F
(ti

)])
)

 Figure 9: Linear Regression Plot 

(θ=1,000 hours; β=4) 
 
The line in figure 8 is described by the linear 
equation y=mx+c, where m is the slope 
(∆y/∆x), in this case 4, and c is the y-axis 
intercept.  
 
The Weibull shape parameter, β, is equal to 
the slope, i.e. 4; while the scale parameter, 
θ, is equal to exp(-c/m), i.e., exp(27.631/4) 
or 1,000 hours. 
  
A similar straight-line approximation to the 
Weibull CDF can be derived from rank-
ordered, time-to-failure data in a production 
screen, endurance test, or from a log of field 
failures. 

The relationship between the linear 
regression plot and the parameters of the 
Weibull distribution are the same as for the 
straight-line Weibull plot of figure 8.  Thus, 
figure 9 describes the CDF of a Weibull 
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distribution with β = 0.74 and θ = 8.92 hours. 
R2 is a measure of the goodness of fit and 
should be greater than 0.7.  In general, the 
more data points, the better the fit. 
 
 
 
 
 
Since β is less than 1, we conclude that the 
failure data has a decreasing failure rate and 
represents an early-life failure distribution.   
 
Having derived β and θ for the rank-ordered 
data, the corresponding Reliability Function, 
PDF and HRF can be derived using earlier 
equations. 
 
Figure 9 was plotted using the CHART 
feature of MICROSOFT® EXCEL®, but 
identical results can be obtained using any 
of the popular reliability prediction packages 
such as RELEX®, RELIASOFT® or 
WINSMITH®.  While outside the scope of 
this paper, these packages incorporate 
provision for the inclusion of non-chargeable 
or suspended failures and they also facilitate 
alternative regression models such as 
maximum likelihood. 
 
It should be emphasized that failure data 
must be segregated by failure mode and 
separate Weibull plots derived for each 
mode.  Failures associated with flex-induced 
cracks in, say, multilayer ceramic capacitors, 
cannot be lumped together with low-cyle 
fatigue cracks in solder joints.  The former is 
an early-life mode whereas the latter is 
wearout.  Mixing modes on the same 
Weibull plot will lead to erroneous 
conclusions about the failure distribution 
and, ultimately, to the formulation of 
inappropriate or ineffective corrective 
actions.  Remember: each failure mode has 
its own characteristic life. 

8. RELIABILITY PREDICTION 
HANDBOOKS 

Reliability prediction handbooks, such as 
Telcordia SR-332 and MIL-HDBK-217, 
commonly assume that failure rate is 

constant, so it is important to acknowledge 
that the resulting prediction is only valid for 
intrinsic life faiilures.  It should also be noted 
that while the handbooks encourage the 
practice of component derating to improve 
the intrinsic FIT, they do nothing to deter the 
other dominant failure causes already 
outlined. 
 
Telcordia SR-332 is the most popular 
reliability prediction standard used by 
manufacturers of dc/dc converters and is 
assumed in the following discussions. 
 
The standard lists normalized or generic FIT 
rates, λiG, for each component type, i, and 
these are derived from a mix of historic field 
failure rates, laboratory tests, MIL-HDBK-
217 rates, component manufacturers’ data, 
system-level data, and qualification tests.   
 
The generic operating conditions assumed 
for λiG are fixed at 40°C ambient and 50% 
electrical stress. 
 
The first step in is to obtain a “parts count” 
prediction for the system, the term “system” 
referring here to the assembled dc/dc 
converter.  The “parts count” prediction is 
simply the sum of the generic failure rates 
for each component in the dc/dc converter. 
 

∑
=

=
a

n
iGSG

1
λλ     (15) 

 
where λSG is the “parts count” failure rate for 
the system. 
 
λiG and λSG can be used by designers for 
rudimentary assessment of the intrinsic 
failure rate as early as the prototype stage.  
 
Part Description λiG (FIT)
Resistor 0.5
Capacitor Ceramic 1.0
Capacitor Tantalum 5.0
Diode 6.0
Transistor 6.0
Coil 19.0
MOSFET 20.0
IC (20 Transistors) 19.0
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IC (70 Transistors) 33.0
IC (150 Transistors) 46.0
Optocoupler 110.0

∑
=

=
a

n
iSSS

1
λλ     (17) 

  
πQi is the quality acceleration factor and 
depends on supplier process controls, part 
screening levels, incoming inspection 
sampling plans, etc.  For commercial 
components from a trusted supplier, it is 
normally set to 1.0. 

Table 2: Generic Component Failure Rates 
 
It is advisable, at this early stag, to consider 
an alternative mix of parts to improve the 
predicted failure rate.   
 

 Table 2 gives values of λiG for the most 
common parts used in dc/dc converters.  
Here, λiG is dimensioned in failures per 
billion hours (FIT) 

πTi is the temperature acceleration factor 
and is associated with failures caused by 
chemical reaction. The rate of chemical 
reaction increases with temperature and is 
described by the Arrhenius rate model: . 

Beyond the prototype stage, the failure-rate 
prediction is refined using the Telcordia 
“parts stress” method. This involves 
measurement of the actual component 
temperatures and electrical stresses under 
specific system operating conditions. For 
dc/dc converters the important system 
operating conditions are ambient or case 
temperature, input voltage, load current, and 
airflow with (as appropriate) heatsinking.  Of 
course, the closer these are to customer 
application conditions, the more realistic the 
prediction. 

 

e kT
Ea

ARate 





−⋅=    (18) 

 
where A is a constant dependent on the 
failure mechanism.  Intuitively, time to failure 
is inversely proportional to the reaction rate, 
so the temperature acceleration factor, πTi, is 
the ratio of the reaction rate at stress 
temperature (TS) to the reaction rate at a 
reference temperature (TR), usually 40οC. 
 

 
e SR TTk
Ea

T








−=
11

π    (19) For catalog dc/dc converters the tendency 
has been to evaluate the “parts stress” 
prediction at 40 deg C, nominal input voltage 
and 50% rated load current.     

  
Ea is the failure activation energy and is 
dependent on the failure mechanism, and k 
is Boltzmann’s constant (8.617x10-5 eV/°K).  

Actual component temperatures and 
electrical stresses are used to derive, 
respectively, temperature and electrical 
stress acceleration factors using formulae 
defined in the prediction handbook:  λiS is 
the component FIT under stress and is 
obtained by applying quality, temperature 
and electrical acceleration factors  to the 
normalized FIT, λiG. 

 
When Ea=0.6eV (frequently used for 
system-level evaluation), πT roughly doubles 
for every 10°C rise in temperature and can 
be approximated thus: 
 

2 10
)12( TT

T

−
≈π    (20) 

  

πππλλ EiTiQiiGiS
⋅⋅⋅=   (16) 

 
The system failure rate under stress is 
simply the sum of the component failure 
rates under stress. 
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Figure 9: πT against temperature 

 
πEi is the component electrical stress 
acceleration factor and depends on 
percentage electrical stress with respect to 
rating.  For an electrical stress of 50%, πEi 
equals 1.0.  Values for other spot stress 
levels are given in table 3. 
 
Having obtained the system intrinsic FIT rate 
(λss) using equation 17, the MTTF is its 
reciprocal. 
 
  Stress Level 
Part Description 25% 70% 80%
Resistor 0.72 1.30 1.48
Capacitor Ceramic 0.36 2.27 3.42
Capacitor Tantalum 0.23 3.25 5.87
Diode 0.48 2.01 2.85
Transistor 0.30 2.61 4.22
Coil 1.00 1.00 1.00
MOSFET 0.55 1.62 2.05
IC (25 Transistors) 1.00 1.00 1.00
IC (70 Transistors) 1.00 1.00 1.00
IC (150 Transistors) 1.00 1.00 1.00
Optocoupler 1.00 1.00 1.00

 
Table 3: πE versus stress level 

 
Note that the resulting λss prediction 
assumes a constant failure rate distribution 
for each component accelerated by 
temperature and electrical stress.  It does 
not include solder joint or interconnect 
fatigue (e.g. PCB plated through hole), nor 
does it take account of low-cycle fatigue 
stress, a dominant accelerator in dc/dc 
converters.  The Telcordia prediction is, 
therefore, of somewhat limited value and 

should not be used exclusively for reliability 
estimation.  
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9. DC/DC CONVERTER FAILURES 

In general, latent component defects, 
assembly imperfections, non-conformity to 
specification or improper handling are the 
dominant causes of early-life failure; 
whereas accidental overstress, inadequate 
design margin, and low-cycle fatigue stress 
lead to premature intrinsic life failure.  Wear-
out is a consequence of aging effects such 
as component wear-out, e.g. current transfer 
ratio (CTR) degradation in optocouplers, 
interconnect or solder-joint fatigue, electro-
migration, etc. 
 
Diagrams 1 through 4 identify the dominant 
causes of field failure for dc/dc converters, 
determined over many years of collecting 
field and production-line data.  Elimination of 
such failures is the combined purpose of 
design for manufacture (DFM), component- 
and assembly-level derating, first-article 
inspection (FAI), qualification testing, 
accelerated factory screening, endurance 
testing and ongoing reliability monitoring.  
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Diagram 1: Field Operation 
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Diagram 2: Manufacturing Process  

 Diagram 3: Design 
Assuming that design and qualification 
processes, as well as customer awareness, 
are sufficient to guarantee the robustness of 
the product, the effectiveness of the factory 
screen ultimately influences reliability by 
reducing, or otherwise, early-life failure 
occurrences. 
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The Astec experience has been that static 
burn-in (traditionally used in the industry) is 
an inadequate production screen.  The 
same is true of static endurance testing.  In 
both cases, the effect of low-cycle fatigue 
stress (e.g. solder joint fatigue caused by 
repetitive power on/off cycling) is not 
captured.  
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Diagram 4: Vendor 

 
This realization has led to a fundamental 
shift in the screening and endurance-test 
philosophies adopted by Astec.  The simple 
chemical reaction model espoused by 
Arrhenius has been displaced by a modified 
Coffin-Manson model, the latter 
incorporating elements of both chemical 
reaction and low-cycle fatigue stress.  The 
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modified Coffin-Manson model is also less 
expensive to administer because, though 
instantaneous energy costs may be higher, 
failure convergence time is significantly 
reduced. 

Converter derating curves are derived 
during the qualification phase using a wind 
tunnel apparatus (photo 1).  The curves 
define the limits of converter operating 
conditions to ensure that all components are 
maintained within the 70% derated stress 
limits. 

 
Understanding more about the customer 
application is key to optimizing the 
effectiveness of screening and endurance 
testing so that more relevant failure modes 
are captured.  To this end, customers are 
urged to provide information on worst-case 
mission profiles. 
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10. COMPONENT AND CONVERTER 

DERATING 
 

Figure 10: Example Derating Curves Clearly, the FIT rate can be lowered by 
reducing the temperature and/or electrical 
stress acceleration factors and this is the 
purpose of derating. 

 
The breakpoints of the derating curves are 
typically set when the highest semiconductor 
junction temperature reaches 70% of rating.  
An example is shown in figure 10.  If the 
converter is operated outside of the derated 
region, a sharp increase in failure rate can 
be expected.  

  

 

11. STATIC ENDURANCE TEST 

The purpose of endurance testing is to 
evaluate the hypothesis that the MTTF of a 
large population of converters from which 
the test samples have been drawn meets 
the minimum MTTF requirement.   
 

 
Photo 1:  Wind Tunnel Apparatus 

 
Astec Design Derating Guideline does not 
permit electrical or temperature stress levels 
above 70% under worst-case converter 
operating conditions.   
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Photo 2: Endurance Test Rack 
 

To reduce the convergence time and 
accelerate failure, the test temperature is 
elevated above the reference temperature 
(typically 40 deg C) for which the hypothesis 
is to be tested.   
 
The temperature acceleration factor is 
assumed to follow the Arrhenius model         
(equation 19) with an activation energy of 
0.6 eV.   
 
The product is released to manufacture 
when the hypothesis has been 
demonstrated over the 60% upper 
confidence interval; the test is terminated 
when the 90% upper confidence interval has 
been reached.   
 
The life test is periodically suspended so 
that all electrical parameters can be 
measured and recorded for signs of failure 
or drift, and a closed-loop corrective action 
system is invoked for each failure 
occurrence. 
 
The chi-squared function is used to calculate 
confidence limits for the MTTF.  The lower 
bound of the chi-squared function produces 
the upper bound for the MTTF, so the 60% 

confidence interval for MTTF is determined 
from the 40% confidence interval for chi-
squared.  Likewise the 90% confidence 
interval for MTTF is determined from the 
10% confidence interval for chi-squared. 
 
The chi-squared function is evaluated for 
(2r+2) degrees of freedom where r is the 
number of failures encountered during the 
life test. 
 
For zero failures, 
 

( ) 833.12,4.0
2

=χ    (21) 

 
and 
 

( ) 605.42,1.0
2

=χ    (22) 

 
The duration of the test is given by  
 

( )
N

MTTFDFCL
tTEST ⋅

⋅
=

2

,
2χ

  (23) 

 
where CL and DF are the confidence limits 
and number of degrees of freedom to be 
tested and N is the number of test samples.  
The acceleration factor, 2, in the 
denominator is associated with input voltage 
cycling, but this may be discarded, where 
appropriate. 

12. CYCLIC ENDURANCE TEST 

The static endurance test has its drawbacks, 
particularly in relation to dc/dc converters.  
Most converters will be used in applications 
where the input power is cycled on and off, 
typically once per day, but in some 
applications - notably burn-in testers for 
semiconductors - the on/off frequency is 
much higher.  This gives rise to contiguous 
expansion and contraction cycles that 
reduce the life of solder joints, adhesives 
and plated through holes in PCBs because 
of cumulative fatigue caused by cyclic 
stress/strain. 
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Because the resulting failures are not 
captured in a static endurance test, Astec 
has adopted cyclic endurance testing 
according to the modified Coffin-Manson 
model.  Aside from the obvious advantage of 
finding chargeable defects, the failure 
convergence time is reduced leading to 
improved time to market. 
 
The cyclic acceleration factor for the 
modified Coffin-Manson model is given by  
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(24) 
 
where 
 
∆Ttest is the peak-to-peak temperature 
excursion in test; 
 
∆Tfield is the peak-to-peak temperature 
excursion in field application; 
 
ftest is the temperature cyclic frequency in 
test (number of cycles per day) 
ffield is the temperature cyclic frequency in 
field application; 
 
Tmax test is the peak temperature in test; and 
 
Tmax field is the peak temperature in field 
application. 
 
While auxiliary heating and cooling can be 
used to maximize ∆Ttest, this is not 
necessary and excellent results can be 
achieved from a cold start at room 
temperature, letting the converter “self heat” 
to the specified Tmax test then switching off so 
that converter returns to room temperature.  
Static burn-in apparatus can easily be 
modified for this purpose with fan-assisted 
cooling during the off period. 
 
Since the MTTF is dependent on the 
cumulative operating hours in the field, the 
cyclic acceleration factor needs some 
manipulation to convert back to the time 
domain.  A simple example will illustrate this 
point.  Consider the case where ffield is 1 
cycle per day, ftest is 24 cycles per day and 

the cyclic acceleration factor is computed as 
10 from equation 24. 
 
This means that 1 cycle in test is equivalent 
to 10 cycles in the field.  Let us further 
assume that for each field cycle the 
apparatus is operating for 12 hours and is 
switched off for the remaining 12 hours.  If 
the required field MTTF is 1,000,000 hours, 
the equivalent number of field cycles is 
determined from the on/off duty cycle and is, 
therefore, 2,000,000 cycles.  Dividing the 
required number of field cycles by 10 yields 
the required number of test cycles (200,000) 
and, since one test cycle has a duration of 1 
hour, the required test duration is 200,000 
hours. 
 
Of course, this test duration is shared 
(divided) by the number of samples under 
test and can be confidence bound in much 
the same way as the static endurance test.    

13. ENVIRONMENTAL STRESS TEST 

During the converter qualification phase, 
accelerated test methods are combined in a 
test regimen known as Environmental Stress 
Testing (EST). 
 
The process employs 32 test samples and 
these are distributed between the 
accelerated tests. 
 

 

Mechanical 
Dimensioning

Failure Analysis and
Corrective Actions

Reporting

Preconditioning
(Soldering Heat)

Room Temperature
Characterization

Thermal Shock
(10 Cycles)

Room Temperature
Characterization

Short-Circuit 
Testing

Accelerated Stress 
Testing

Powered 
Temperature Cycling

Design Marginality 
Testing

Thermal Shock 
(90 Cycles)

 
Figure 10:  EST Process Flow 

13.1 PRECONDITIONING 

All samples are wave or reflow soldered 
onto test motherboards.  This preconditions 
the samples to soldering heat to replicate 
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 the assembly conditions applied in 
application. Photo 4: Characterization 

 

13.2 ROOM TEMPERATURE 
CHARACTERIZATION 

All samples are electrically characterized in 
a controlled chamber ambient to provide a 
performance baseline for comparison with 
subsequent performance during EST.  The 
results are scrutinized for samples lying 
outside the normal distribution. 

13.3 TEMPERATURE SHOCK 

All samples are subjected to 10 cycles of 
temperature shock in an air-to-air shock 
chamber (photo 2).  The rate of change of 
temperature is 90 deg C per minute, 
between specified storage temperature 
limits and the dwell time is between 15 and 
30 minutes. 

 
13.4 DESIGN MARGINALITY TEST  

Photo 5: Temperature Shock 
5 samples are used to derive a detailed and 
incremental performance profile and to 
demonstrate functional stability at all 
specified operating conditions and to 110% 
rated load. 

13.5 POWER / TEMPERATURE 
CYCLING 

4 samples are subjected to 100 cycles of 
combined power and temperature cycling in 
an LN2 assisted chamber.  The rate of 
change of temperature is 20 degrees per 
minute, between operating temperature 
limits, and the dwell time is 25 minutes.  
Power / temperature cycling is intended to 
precipitate creep-induced and inrush-related 
failures. 
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Accelerated stress testing is intended to 
precipitate similar failures to power/ 
temperature cycling, but also finds 
weaknesses in component anchors and 
poor solder coverage. 
 

 
Photo 6: Design Marginality Test 

 

 
 

Photo 7: Power/Temperature Cycling 

13.6 ACCELERATED STRESS 
TESTING 

2 samples are subjected to temperature 
step-stress testing to determine the upper 
and lower temperature destruct limits.  
These limits are then used as the basis for 
cyclic HALT testing combining power and 
temperature cycling with increasing step 
vibration stress.  The equipment used is an 
LN2 assisted HALT chamber with 6 degrees-
of-freedom vibration. 

 
 

Photo 8: Accelerated Stress Test 

13.7 SHORT CIRCUIT TESTING 

1 sample is used for continuous and cycled 
short circuit testing to verify correct 
operation of over-current and short-circuit 
protection features.  The test profile 
comprises a 1-hour dwell at the over-current 
knee followed by 500 on/off cycles into a 
short circuit. 

13.8 FINAL PERFORMANCE 
CHARACTERIZATION 

All samples are characterized again in a 
controlled chamber ambient.  Performance 
is compared with the baseline determined in 
13.2, above, for signs of performance shift 
as a result of EST. 
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Photo 10: Daisy Chain (X-Section) 14.      SPECIAL RELIABILITY TESTS 
 

Recognizing that the aforementioned tests 
might not eliminate all field failures, Astec 
has introduced targeted qualification tests 
aimed at failure prevention. 

14.1 HEAVY-CU PCB TEST COUPON 
 

 A test coupon has been developed with the 
main design attributes of Heavy-Cu (4-oz) 
dc/dc converter PCBs.  This has enabled 
reliability comparisons between different 
PCB vendors in relation to their Heavy-Cu 
capability. 

Photo 11: Failed PTH 
 

 

 
 

Photo 9: Heavy-Cu PCB Test Coupon 
 
Daisy-chained vias are subjected to on-off 
high-current cycling which induces thermal 
shock within the barrel of the vias.  Tmax 
must be greater than Tg of the base 
material.  Cycling is sustained until one of 
the vias fails.  Using 6-10 test samples, a 
Weibull CDF of number of cycles to failure is 
plotted for vendor-to-vendor comparison. 
 

 
 

 
 

Figure 11: Weibull CDF for Failed PTH 
 
Hi-pot testing is performed layer-to-layer and 
layer-to-core to evaluate the dielectric 
withstand voltage (>1.5 kV). 
 

 
 

Photo 12: Hi-pot Evaluation 
 
Adhesion of solder mask, HASL and ENIG 
plating is checked by applying 3M tape and 
peeling back.  Poor adhesion may lead to hi-
pot failures. 
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 14.2 INTERCONNECT TEST 
Figure 12: Hi-pot Evaluation (X-Section)   

 A daisy-chain test vehicle has been 
developed for evaluation of interconnect 
wearout.    The resistance of the daisy 
chai\n is measured over 1,000 to 4,000 
repetitive temperature cycles and failure 
recorded when successive resistance 
readings vary by 20%. 

Copyri
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 Photo 13: Peeled ENIG Plating 

Figure 13: Typical Interconnect Daisy Chain  

 

14.3 MLCC FLEX TEST 

A flex tester has been developed to 
compare the relative robustness of different 
multilayer ceramic capacitors.  The test 
comprises flexing followed by, if necessary, 
pressure cooking under rated voltage while 
monitoring the capacitance.  The failure 
criterion is 12.5% reduction in capacitance 
and the failure mechanism (short versus 
open) is carefully recorded. 
 

 
Photo 14: HASL Pad Peel 

 

 
 

Photo 15: Solder Mask Peel 

  
 

Photo 16: MLCC Flex Tester 
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Figure 14: Weibull CDF for MLCC Flex 
  

 
Photo 18: Thermal Shock Screen 15.        STRESS SCREENING 

Conventional burn-in has largely been 
eliminated from Astec dc/dc converter 
screening in favor of some form of 
environmental stress screening (ESS). 
 
Options include an in-line ESS Tunnel that 
incorporates room-, high- and low-
temperature ATE testing or a combination of 
thermal shock and burn-in.  A third option is 
under evaluation based on the modified 
Coffin-Manson model discussed earlier. 
 

 
 

Photo 17: ESS Tunnel Screen 
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