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Abstract 
Using polymer tantalum capacitors in Hi-Rel systems requires an assessment of the reliability characteristics of the parts. For 
this assessment, tantalum capacitors are typically subjected to reliability testing at temperatures and voltages exceeding their 
specified values, and the failure rate (FR) — or the probability of failure during use conditions — is calculated based on 
voltage and temperature acceleration factors. In this work, various types and lots of polymer tantalum capacitors have been 
tested at highly accelerated life test (HALT) conditions and the acceleration factors have been determined using different 
techniques. It has been shown that the behavior of capacitors under HALT conditions can be described based on the time-
dependent dielectric breakdown (TDDB) model, which explains the presence of infant mortality (IM) and wear-out failures 
using the same failure mechanisms and allows for an assessment of the acceleration factors. The difference in acceleration 
factors obtained using exponential and power models is discussed. Analysis shows that with proper derating, screening, and 
qualification testing, the reliability of frameless Hi-Rel COTS polymer tantalum capacitors is adequate for space missions. 

Introduction 
The reliability of high quality MnO2 tantalum capacitors is determined for each parts lot during screening using the so-

called Weibull grading test (WGT). This test is typically carried out for 40 hours at 85 °C and voltages exceeding the rated 
voltage by 20 % to 50 %, thus providing a significant acceleration to the degradation process. The reliability acceleration 
factor used for the calculation of WGT results in MIL-PRF-55365 is an exponential function of voltage and can be presented 
in the equation: 

𝐴𝐴𝐴𝐴𝑉𝑉 = 𝑒𝑒𝑒𝑒𝑒𝑒[𝐵𝐵 × (𝑢𝑢 − 1)]     ,        (1) 

where B is the voltage acceleration constant that is assumed to be 18.77 for all capacitor types, and u is the test voltage 
normalized to the rated voltage, u = V/VR. 

The applicability of WGT is based on the fact that most MnO2 capacitor failures are related to the presence of defects in 
the dielectric that result in infant mortality (IM) failures. This failure mode is revealed by the slope of the time to failure 
(TTF) distributions in Weibull coordinates β < 1, which indicates a reduction of the failure rate (FR) with time of operation.  
Due to the prevalence of IM failures, it is often assumed that these parts do not have wear-out (WO) failures and the major 
reliability assurance technique is to reduce FR to the required level, as it is done during screening by WGT. However, field-
induced crystal growth that can eventually rupture the dielectric [1, 2] and migration of positively charged oxygen vacancies 
that increases leakage currents with time of operation [3] are typical WO mechanisms that have rather high activation 
energies, from 1 eV to 1.2 eV. 

The probability of IM failures in chip polymer tantalum capacitors (CPTCs) is much lower than in MnO2 parts, and for 
this reason WGT is not applicable [4]. Assuming that the distribution of TTF is exponential (β = 1), the failure rate can be 
calculated based on the life test results as: 

𝐹𝐹𝐹𝐹 = 𝜒𝜒2(𝛼𝛼,(2𝑚𝑚+2))
2

× 1
𝐴𝐴𝐴𝐴

× 1
𝑁𝑁𝑁𝑁

    ,       (2) 

where χ2 is the chi-square function, α is the confidence level, m is the number of failures, N is the number of tested samples, 
t is the duration of the test, and AF is the acceleration factor that depends on test voltage and temperature. Considering that a 
life test is typically carried out at the specified temperature and rated voltages for 1000 hours using 100 samples, the failure 
rate is 2.3E-5 = 2.3 % / 1000 hours, even if the group passed the testing without failures (m = 0). At this failure rate, the 
probability of failure during a 10-year mission will be ~87 %, which is unacceptable for Hi-Rel systems. 

The only practical way to get FR assessments for Hi-Rel CPTCs is by evaluating acceleration factors that can generally 
be presented as a product of voltage and temperature acceleration factors, AF = AFV ×AFT. In most cases, the temperature 
acceleration factor follows the Arrhenius law and can be characterized by the activation energy, Ea: 
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𝐴𝐴𝐴𝐴𝑇𝑇 = 𝑒𝑒𝑒𝑒𝑒𝑒 �𝐸𝐸𝑎𝑎
𝑘𝑘

× � 1
𝑇𝑇1
− 1

𝑇𝑇2
��,                                         (3) 

where k is the Boltzmann constant, and T1 and T2 are operation and test temperatures. 

The voltage acceleration factor can be characterized by the constant B and Equation 1, which was also used to describe 
highly accelerated life (HALT) test results for MnO2 capacitors [3]. Note that the exponential function for AFV, which had 
been determined empirically by multiple tests while developing the WGT procedure, can also be derived based on the physics 
of failure approach (PoF). This approach considers failures in tantalum capacitors as a time-dependent dielectric breakdown 
(TDDB) model [5]. Another possibility to express voltage dependence of acceleration is by using a power function: 

𝐴𝐴𝐴𝐴𝑉𝑉 = �𝑉𝑉1
𝑉𝑉2
�
𝑛𝑛

 ,          (4) 

where n is the constant, and V1 and V2 are test voltages. 

This presentation of AFV was originally derived empirically by Prokopowicz and Vaskas [6] for accelerated testing of 
ceramic capacitors. E. Reed and co-workers used this function to determine AFV for CPTCs based on HALT results, and to 
predict the reliability of capacitors under use conditions [7, 8]. The same dependence is suggested in the draft of the military 
standard for CPTCs [9]. According to [7], the voltage acceleration constant n for low voltage capacitors rated to 6 V is in the 
range from 10 to 19, and activation energies decreased from 1.75 eV at rated voltages to 1.25 eV at u = 2. Later studies for 
higher voltage ratings, from 25 V to 50 V, showed similar TTF distributions and the calculated values of n were in the range 
from 18 to 24 and Ea decreased from 1.37 eV at u = 1.8 to 0.87 eV at u = 2.1. 

Unfortunately, there is only limited information regarding acceleration factors in CPTCs. It is not clear how AF values 
differ for different capacitor lots, what the best way to approximate voltage dependence of AF is, or how to use HALT for 
selection of adequate burn-in (BI) conditions. In this work, multiple lots of four types of frameless tantalum capacitors were 
tested at different HALT conditions to assess voltage and temperature acceleration factors and the reliability of parts under 
use conditions. The testing results have been evaluated using different methods that allow for assessment of the lot to lot 
variations. The thermochemical model of TDDB was used to explain the presence of IM and WO failures during HALT. 

Experiment  
Four types of frameless polymer tantalum capacitors were used for this study. 22 uF/ 25 V capacitors are general-purpose 

commercial parts, and the rest were Hi-Rel COTS+ capacitors. Each part type was presented in two to four lots to assess the 
reproducibility of acceleration factors. HALT was carried out at 85 °C and 105 °C and test voltages varying from 1.6 to 2.4 
times the rated voltage, as shown in the test matrix in Table 1. Each group of capacitors tested at a specific temperature and 
voltage had from 120 to 150 samples, except for lots L2a, L3, and L4, which had 40 samples.  

Table 1. Test matrix showing normalized stress voltages used for HALT 
  22 uF / 25 V 330 uF / 16 V 150 uF / 30 V 47 uF / 35 V 

Test 
temp. group L1 L2 L1 L2 L3 L4 L1 L2 L2a L1 L2 L3 

85 
°C 

1 
2 
3 

 2.08 
2 

2.1 
2.2 

2 
2.1 
2.2 

2 
2.1 
2.2 

2.2 
2.3 
2.4 

1.6 
1.7 
1.8 

1.6 
1.7 
1.8 

1.8 
2 

2.2 

1.8 
1.9 
2 

1.8 
1.9 
2 

2 
2.1 
2.2 

105 
°C 

1 
2 
3 
4 

1.92 
2  

2.08 
2.16 

1.92 
2  

2.08 
2.16 

    
1.6 
1.7 
1.8  

1.6 
1.7 

  

 
1.7 
1.8 
1.9  

  

Typical test results of HALT at different stress levels indicate the presence of IM and WO failures, as shown in Figure 
1a. These distributions are similar to those obtained by KEMET in [4, 8, 10] and also feature a certain proportion of the initial 
and so-called anti WO failures that deviate from the distributions at high TTF values. 

For adequate assessment of the acceleration factors, it is important to make sure that the mechanism of degradation at 
different stress levels remains the same. This can be done by assessing the slopes of TTF distributions in Weibull coordinates, 
β. The similarity of the slopes for the relevant TTF distributions indicates the same mode of failure and can be used as a proof 
that the same mechanisms caused failures at different stress levels. At this condition, only the scale factor, η, or characteristic 
time to failure, changes with the stress. Note that on Weibull plots, η corresponds to 63 % of failures. 
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In many cases, the proportion of IM failures was relatively small and did not allow for selection of sections of the 
distributions with the same slopes. For this reason, estimations of the characteristic times and acceleration factors were 
determined for WO failures. Possible assessments of the AF values for IM failures will be considered in the discussion section 
of this paper.   

In this study, three methods to get the characteristic times of WO failures, as shown in Figure 1b, were used. According 
to method M1, TTF1 values were obtained directly from the chart at the 63 % level; in method M2, TTF2 values were 
calculated by approximation of the experimental data with a two-mode distribution (Weibull 7++ software available from 
ReliaSoft).  In method M3, TTF3 was assessed for WO failures at other data suspended. As a result, characteristic times to 
failure TTF1, TTF2, and TTF3 were obtained and their voltage dependencies, TTF(u), were approximated using exponential 
and power models to get values of B and n for each group of parts and the three methods of TTF estimations. The accuracy 
of approximations was assessed by the R2 values. The activation energies were calculated by an approximation of TTF(T) 
dependencies with the Arrhenius function. 

a) b) 

Figure 1. Typical results of HALT (a) and illustration of different methods to determine characteristic times to failure (b).  
Red circles in (a) correspond to the proportion of the IM failures. Small circles in (b) indicate distributions for the separated 

WO failures at other samples suspended. 

Test results 
The results of approximation of experimental data using exponential and power functions per Equations (1) and (4) for 

TTF values determined based on WO distributions (method M3) are displayed in Figure 2. The relevant voltage acceleration 
constants and R2 values are shown on the charts and indicate that both functions allow for a good approximation (R2 > 0.9).  
Extrapolation of HALT results to the rated voltages indicate TTF values of more than 1E6 hours (more than 100 years), but 
the power law gives predictions that are several times more than an order of magnitude greater compared to the exponential 
model. 

   
a)                                                          b)                                                               c) 

Figure 2.  Approximation of TTF3 values obtained for WO failures with exponential (dotted lines) and power (dashed 
lines) functions for 330 uF / 16 V (a), 150 uF / 30 V (b), and 47 uF / 35 V (c) at 85 °C. 

Voltage acceleration constants calculated based on TTF values obtained using different methods are displayed in Table 
2. Average values of the constants and the coefficients of variations (CV) are shown for each parts lot. According to these 
data, the accuracy of estimates of B and n values is similar and ranges from 1 % to 19 %, avaraging at 7.6 %.   
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Lot to lot variations of the voltage acceleration constants are relatively small, within 16 %. It appears that different types 
of polymer capacitors can be characterized by the same voltage acceleration constants B = 10.9 ± 0.8 and n = 21 ± 1.2. Note 
that the values of n are within the range of data obtained by Reed and Haddox [8]. It is possible that the intrinsic voltage 
acceleration constant determined for WO failures depends mostly on the type of the dielectric, and to a lesser degree on the 
part type. 

There is a good correlation between the constants, and as Figure 3a shows, constant n is on average two times greater than 
B. R2 values that characterize the accuracy of approximations are above 0.9 and are practically identical for the two methods 
of approximation (see Figure 3b). Activation energies estimated for several capacitor lots were in the range from 0.7 eV to 
1.35 eV, and although different methods of the TTF estimations resulted in a rather significant variations of Ea values, there 
is a trend of increasing Ea with decreasing of the test voltage, as shown in Figure 3c. At rated voltages, Ea is expected in the 
range from 1 eV to 1.2 eV, which is in the range of values for MnO2 tantalum capacitors [1, 3]. 

Table 2.  Voltage acceleration constants B and n. 

Part / 
Temp. Lot 

Exponential Model, Constant B Power Model, Constant n 

M1 M2 M3 Bavr 
CV, 
% avr STD M1 M2 M3 Bavr 

CV, 
% avr STD 

22-25 
105 °C 

L1 9.62 9.99 9.41 9.67 3.04 9.45 0.31 19.6 20.4 19.2 19.7 3.0 19.3 0.66 L2 9.41 8.42 9.86 9.23 7.98 19.1 17.2 20.2 18.8 8.0 

330-16 
85 °C 

L1 9.00 8.71 12.27 9.99 19.78 
10.5 1.65 

18.9 18.3 25.8 21.0 19.7 
22.1 3.48 L2 9.86 8.97 8.77 9.20 6.31 20.7 18.8 18.4 19.3 6.5 

L3 11.94 13.65 11.50 12.36 9.19 25.2 28.8 24.0 26.0 9.5 
150-30 
85 °C 

L1 10.34 11.99 12.03 11.45 8.42 11.4 0.12 17.6 20.4 20.5 19.5 8.4 20.4 1.28 L2 11.96 11.68 10.23 11.29 8.22 22.5 22.0 19.4 21.3 8.0 

47-35  
85 °C 

L1 9.28 9.17 9.16 9.20 0.72 
10.7 1.34 

16.7 16.5 16.5 16.5 0.7 
20.4 3.54 L2 11.52 11.87 11.88 11.76 1.74 20.7 21.3 21.4 21.1 1.8 

L3 10.97 10.89 11.71 11.19 4.04 23.0 22.9 24.6 23.5 4.0 
 avr. 10.61 10.87 10.94  7.62   21.2 21.5 21.3  7.6   
 CV, % 10.65 16.07 12.17     12.3 16.4 14.0     

 

   
b)                                                          b)                                                               c) 

Figure 3. Correlations between voltage acceleration constants determined using power (n) and exponential (B) 
approximations (a) and a correlation between the relevant R2 values (b). Figure (c) shows variations of the activation energy 

with the normalized voltage. 

Extrapolations of TTF(u) dependencies similar to those shown in Figure 2 allow for calculation of the TTF values at the 
rated voltages, TTF(u=1). A correlation between TTF(u=1) values calculated using exponential and power functions is shown 
in Figure 4a. Both approximations predict that at 85 °C and rated voltages, the characteristic times exceed 50 years. However, 
the exponential function gives much more conservative estimates. For example, for a lot with the 50-year predicted value 
based on Equation (1), TTF(u=1), the power approximation per Equation (4) is ~780 years. For larger TTF values, the 
discrepancy is even greater, and at TTFexp(u=1) = 5000 years, TTFpow(u=1) = 50 ,000 years. 

For TTF distributions that allowed for assessment of the proportion of IM failures, PIM, these values are plotted against 
the stress voltage in Figure 4b. There is a clear tendency of increasing PIM with the level of stress; however, the proportion 
of IM failures at rated conditions are difficult to assess accurately. 
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a) b) 

Figure 4. A correlation between the characteristic time to failure calculated at rated voltages using exponential and power 
models (a) and variation of the proportion of IM failures with normalized voltage (b). 

HALT Simulation 
Failures in all types of capacitors, and polymer tantalum capacitors in particular, can be considered as time dependent 

dielectric breakdown (TTDB). The thermochemical theory gives an exponential dependence of TTF, with the electric field 
in the dielectric [11]. Assuming that the normalized breakdown voltage of a capacitor is uBR, TTF at the stress u can be written 
as: 

𝑇𝑇𝑇𝑇𝑇𝑇(𝑢𝑢) = 𝑡𝑡0 × 𝑒𝑒𝑒𝑒𝑒𝑒 � ∆𝐻𝐻
𝑘𝑘𝑘𝑘𝑢𝑢𝐵𝐵𝐵𝐵

(𝑢𝑢𝐵𝐵𝐵𝐵 − 𝑢𝑢)� ,         (5) 

where T is the temperature, ∆H is the activation energy required for displacement of ions from their normal bonding 
environment, and t0 is the time at breakdown (u = uBR). 

Note that this equation can be converted to Equation (1) at  

𝐵𝐵 =  ∆𝐻𝐻
𝑘𝑘𝑘𝑘𝑢𝑢 𝐵𝐵𝐵𝐵

            (6) 

Because B depends on uBR, it is not, strictly speaking, a constant, but varies for different samples in the lot. However, 
variations of uBR for polymer capacitors are typically small, below ± 10 %, and for this reason, possible variations of B within 
the lot are also ~10 %, which is close to the accuracy of the experimental assessments for the constant. 

During measurements of breakdown voltages, the voltage across the capacitor is gradually increasing, so for a few seconds 
the part stays at voltages close to uBR. For this reason, we can assume t0 = 0.001 hour. Estimations show that the effective 
activation energy for tantalum capacitors is in the range from 1 eV to 2 eV [3, 11]. According to the field-induced crystal 
growth theory, the time to failure can also be expressed using a similar exponential function with activation energy of ~ 1.2 
eV [1]. This model also explains the increasing reliability activation energy with the decreasing test voltage that was observed 
in [8] and in this study. 

Normalized breakdown voltages in tantalum capacitors are typically well below the formation voltage that in high quality 
parts is 3 to 3.5 times greater than the rated voltage and can be considered as the ultimate breakdown of the part. The 
characteristic breakdown voltages are typically 2.7 times greater than the rated voltages [12], and the distributions of uBR 
often have a low voltage subgroup indicating parts with defects. For TTF simulations, a Weibull distribution of uBR was 
generated using a two-mode Monte Carlo simulation with characteristic breakdowns at 2.2 and 2.7 and slopes 8.8 and 36, 
respectively, for mode 1 (parts with simulated defects) and mode 2 (normal quality parts). The proportion of the low voltage 
group simulating the presence of defective parts was 17 % (see Figure 5a). 

Results of HALT simulation at 85 °C and test voltages in the range from 1.9 to 2.2 are shown in Figs. 5b and 5c for ∆H 
= 2 eV and 1.5 eV, respectively. The shape of the TTF distributions is similar to the experimental data and indicates the 
presence of IM and WO failures. This means that the same degradation mechanism can result in both types of failures, 
depending on the severity of the defects in the dielectric represented by breakdown voltages. 

Variations of TTF determined based on Figures 5b and 5c with the normalized test voltage are shown in Figure 6a, and 
were used to assess voltage acceleration constants per exponential, Equation (1), and power, Equation (4), models. The values 
of constant B were 17.8 ± 0.7 and 23.7 ± 0.6 for simulations with activation energies of 1.5 eV and 2 eV, respectively.  
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a)                                                          b)                                                               c) 

Figure 5.  Distribution of the simulated breakdown voltages normalized to the rated voltage (a) and distributions of times to 
failure calculated per Equation (5) at ∆H = 2 eV (b) and 1.5 eV (c). 

Similar to the experimental results, TDDB simulations resulted in the constant n approximately two times greater than B, 
and the TTF values predicted for u = 1 were substantially greater for the power model. The proportion of the initial and IM 
failures does not depend significantly on the activation energy ∆H and decreases at reduced stress levels, as shown in Figure 
6b, which is also in agreement with the experimental data. 

 a)  b) 

Figure 6.  Variations of the characteristic time to failure (a) and proportion of initial and IM failures (b) with the normalized 
stress voltage. 

Discussion 
Results of HALT allow for estimations of reliability characteristics of the parts at the use conditions. For WO failures, 

the characteristic time or median time to failure are not the major indicators of reliability, because they correspond to times 
when 63 % or 50 % of the parts fail. For Hi-Rel, and in particular space systems, times to first failures are more important.  
Assuming the time to failure inception or useful life of the parts corresponds to the probability of failure of 0.1 %, this time 
can be calculated using a Weibull function: 

𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖 = 𝜂𝜂(𝑢𝑢,𝑇𝑇,𝑀𝑀) × [− ln(0.999)]
1
𝛽𝛽�   ,        (7) 

where η(u,T,M) is the characteristic time to failure calculated using model M (exponential or power models) at temperature 
T and normalized voltage u. The probability of failure during a 20-year mission (175 200 hours), for example, can be 
calculated as: 

𝑃𝑃(20) = 1 − 𝑒𝑒𝑒𝑒𝑒𝑒 �− � 175200
𝜂𝜂(𝑢𝑢,𝑇𝑇,𝑀𝑀)

�
𝛽𝛽
� .         (8) 

Using these equations and experimental data, reliability characteristics for the tested lots are displayed in Table 3.  
Columns 4 and 5 of the table show characteristic times calculated by extrapolation of TTF(u) dependencies for WO failures 
to the rated voltage (u = 1).   

The times to failure inceptions are up to 14 times lower than the characteristic TTF values, and the difference increases 
at lower β.  For the power model, TTFi predictions are 10 to 280 times greater than for the exponential. The discrepancy is 
even greater, more than five orders of magnitude, between the values of P(20). Nevertheless, even a conservative, exponential 
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model for most of the tested lots gives P(20) below 0.1 % at the rated conditions. To reduce this probability further, the parts 
should be used at reduced stress levels. 

Table 3.  Reliability predictions at the rated (85 °C and VR) and derated (65 °C and 0.8 VR) conditions. 

Part / 
Temp. Lot β η_exp, u 

= 1, year 
η_pow, u 
= 1, year 

TTFi_exp, 
year 

TTFi_pow, 
year P(20)_exp P(20)_pow 

P(20)_exp 
65 °C, u = 

0.8 

330-16 
85 °C 

L1 2.6 4.7E+04 1.3E+07 3.3E+03 9.1E+05 1.7E-09 > 1E-15 2.7E-14 
L2 3.2 1.6E+03 8.3E+04 1.7E+02 9.0E+03 1.3E-06 6.0E-12 2.5E-12 
L3 2.9 2.5E+04 4.3E+06 2.3E+03 3.9E+05 1.1E-09 > 1E-15 4.9E-15 

150-30 
85 °C 

L1 5.7 1.2E+02 1.3E+03 3.7E+01 4.0E+02 3.2E-05 4.0E-11 > 1E-15 
L2 5.1 4.5E+01 7.9E+02 1.2E+01 2.1E+02 1.6E-02 7.0E-09 6.2E-12 

47-35  
85 °C 

L1 7.6 8.9E+01 9.2E+02 3.6E+01 3.7E+02 1.2E-05 2.3E-13 > 1E-15 
L2 7.8 5.8E+02 1.2E+04 2.4E+02 5.0E+03 4.1E-12 > 1E-15 > 1E-15 
L3 7.1 2.0E+03 3.4E+05 7.7E+02 1.3E+05 5.4E-15 > 1E-15 > 1E-15 

For the assessment of reliability at derated conditions, Equations (7) and (8) should be used at the characteristic times 
calculated using temperature and voltage acceleration factors: 

𝜂𝜂(𝑢𝑢,𝑇𝑇,𝑀𝑀) = 𝜂𝜂(1, 85𝐶𝐶,𝑀𝑀) × 𝐴𝐴𝐴𝐴𝑉𝑉(𝑀𝑀) × 𝐴𝐴𝐴𝐴𝑇𝑇,       (9) 

where AFV(M) is the voltage acceleration factor calculated per Equation (1) for the exponential or Equation (4) for the power 
model, and the temperature acceleration factor AFT is calculated per Equation (3). Results of these calculations for typical 
acceleration conditions are show in Figure 7. A reduction of voltage by 20 % of VR will increase TTFi by 5 to 11 times 
according to the exponential model, and much more aggressively, by 36 to 210 times, according to the power model. An 
example of HALT data and expected distributions of WO failures at voltages derated to 80 % VR are shown in Figure 8a.  
Even at 85 °C, conservative estimates yield useful life at derated conditions that substantially exceed typical mission 
requirements. 

By reducing the use temperature from 85 °C to 65 °C, the useful life can be increased by 4 to 18 times, and further reduction 
of the use temperature to 45 °C will increase it by 17 to 450 times. Using the example in Figure 8a, the useful life for the 
parts operating at 80 % VR and 65 °C will be more than 250 years. Even the conservative, exponential model predicts 
extremely low, below 2.5E-12, probability of WO failures during 20-year missions (see last column in Table 3).  

 a) b) 
Figure 7. Acceleration factors for voltage (a) and temperature (b) derated conditions. 

In all HALT cases, TTF distributions indicated the presence of the instant (before ~0.01 hour) and IM failures. These 
failures can be simulated using TDDB model and bi-modal distributions of VBR, where the parts with the lowest VBR 
comprise the group that creates instant failures during the initial few minutes of testing. The low voltage subgroups are 
responsible for IM failures that can last for hundreds of hours, and their proportion depends on the level of stress.  
Experimental data and modeling suggest that the proportion of IM failures increases with the level of stress substantially and 
is below a few percent at u < 1.5. Because the proportion of IM failures is relatively small and the characteristic times are 
large, their accurate modeling using HALT is difficult. However, these early failures might pose a serious risk for space 
missions, and defective capacitors should be screened out using adequate BI conditions. 
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a) b) 
Figure 8. TTF distributions based on HALT results and predictions for derated conditions for 150 uF / 30 V L2 (a) and 47 
uF / 35 V L2 (b) capacitors. Solid lines in (a) correspond to exponential and dashed lines to power models. Predictions in 

(b) are based on the exponential model. 

Possible BI conditions can be selected using modeling of HALT results. For tantalum capacitors, BI is typically carried 
out at 85 °C for 40 hours. In the presence of WO failures, the voltage during screening should be selected so that the test 
would not reduce the useful life of the parts. Figure 8b shows the results of HALT for 47 uF / 35 V capacitors and predictions 
for BI conditions that are carried out at 1.3 times the rated voltage. The inception time of WO failures for BI conditions is 
2E5 hours, so the 40-hour testing will not consume the resources of the part. 

At the average voltage constants for the tested lots B = 10.9 and n = 21, the 40-hour BI testing at u = 1.3 would be 
equivalent to 1100 hours and 10 000 hours of testing at the rated voltage for the exponential and power models, respectively.  
Burn-in at these conditions removes practically all IM failures from the lot, as evident from the 10 000-hour testing of 40 
samples at 85 °C and rated voltages, as shown in Figure 9. Note that leakage currents did not degrade during these tests and 
remained 2 to 3 orders of magnitude below the specified limits. Conservative estimates show that at voltages derated to 80 
% VR, the equivalent duration of this test would be 6 to 12 years, and 63 to 457 years at 50 % derating. 

   
Figure 9. Extended (10 000 hour) life testing for three part types at rated voltages and 85 °C. 

To assure the necessary quality and high reliability of these capacitors, life tests at 105 °C and rated voltages are carried 
out for 2000 hours using 120 samples soldered onto test PWB. Note that using the acceleration factors shown in Figure 7b, 
2000-hour testing at 105 °C, is equivalent to testing at 65 °C for more than 10 years. 

Based on the life test results, the failure rates at the application conditions can be calculated for each lot using Equation 
(2). The results of these calculations for typical application conditions at 85 °C or 65 °C, and voltages of 80 % or 50 % of the 
rated voltage, are shown in Table 4. Conservative estimates show that at 85 °C, the failure rates are less than 0.02 % to 0.04% 
for 1000 hours at 80 % derating, and 0.002 % to 0.0005 % for 1000 hours at 50% derating. A more aggressive power model 
that is suggested in the draft for the military-grade polymer tantalum capacitors [9] predicts much lower failure rates, below 
0.003 % for 1000 hours at 85 °C and u = 0.8 to below 1E-6 % for 1000 hours at 65 °C and u = 0.5. Apparently, even 
conservative estimates predict FR values that are acceptable for most space projects. 
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Table 4.  Failure rates calculated based on life test results. 

Part Lot 
exp, 85 
°C u = 

0.8 

pow, 85 
°C u = 

0.8 

exp, 85 
°C u = 

0.5 

pow, 85 
°C u = 

0.5 

exp, 65 
°C u = 

0.8 

pow, 65 
°C u = 

0.8 

exp, 65 
°C u = 

0.5 

pow, 65 
°C u = 

0.5 

330-16  
L1 3.2E-07 2.2E-08 1.6E-08 1.1E-12 9.3E-08 6.3E-09 4.6E-09 3.3E-13 
L2 3.8E-07 3.2E-08 2.4E-08 3.7E-12 1.1E-07 9.2E-09 6.9E-09 1.1E-12 
L3 2.0E-07 7.3E-09 5.0E-09 3.6E-14 5.8E-08 2.1E-09 1.4E-09 1.0E-14 

150-30  L1 2.4E-07 3.1E-08 7.8E-09 3.3E-12 6.9E-08 8.9E-09 2.2E-09 9.3E-13 
L2 2.5E-07 2.1E-08 8.5E-09 9.3E-13 7.2E-08 5.9E-09 2.4E-09 2.7E-13 

47-35  
L1 3.8E-07 6.0E-08 2.4E-08 2.5E-11 1.1E-07 1.7E-08 6.9E-09 7.2E-12 
L2 2.3E-07 2.1E-08 6.7E-09 1.0E-12 6.5E-08 6.1E-09 1.9E-09 3.0E-13 
L3 2.6E-07 1.3E-08 8.9E-09 2.0E-13 7.3E-08 3.6E-09 2.5E-09 5.7E-14 

 

Conclusion 
HALT was carried out using 10 lots of four types of polymer tantalum capacitors at temperatures of 85 °C and 105 °C, 

and voltages from 1.6 to 2.4 times the rated voltage, to assess reliability acceleration factors and their variability between 
different lots and part types. Modeling of TTF distributions allowed for predictions of the reliability at use conditions and 
selection of burn-in conditions for screening. 

Variations of the characteristic times to failure with voltage were approximated using exponential and power models that 
were characterized by the voltage acceleration constants B and n, respectively. Three methods that were used to evaluate the 
characteristic times to failure yielded similar results and the accuracy of the constant’s estimations was ~8 %. Lot to lot 
variations of the constants were below 16 % and different part types used in this study had similar voltage acceleration 
constants, B = 10.9 ± 0.8 and n = 21 ± 1.2.   

Both models allow for equally accurate approximations of the experimental data. However, the exponential model gives 
a more conservative prediction of reliability at the use conditions compared to the power model. The times to failure inception 
at the rated conditions is 10 to 280 times greater, and the probability of failure for 20-year missions is orders of magnitude 
lower for the power model. 

Analysis shows that major features of TTF distributions during HALT might be explained using the thermochemical 
model that presents failures of capacitors as TDDB. This model validates exponential dependence of voltage acceleration 
factors, explains the presence of IM and WO failures using the same degradation mechanism, and predicts the increasing of 
the proportion of IM failures with the level of stress. 

Conservative assessments of the reliability of Hi-Rel COTS frameless polymer tantalum capacitors show that at the rated 
voltages and 85 °C, the time to failure inception exceeds 10 years. The probability of failure during a 20-year mission at 
derated conditions (65 °C and 0.8 VR) is below 1E-11. This level of reliability is acceptable for most space missions. 
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