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A tantalum polymer capacitor is one constructed with a tantalum 
(Ta) anode, a tantalum pentoxide (Ta2O5) dielectric, and a solid 
polymer electrolyte. This construction method offers a variety 
of advantages, including high temperature ratings and stability 
over temperature, voltage, and time. These characteristics allow 
tantalum polymer capacitors to meet, and exceed, AEC-Q200 
automotive standard requirements. KEMET’s tantalum polymer 
capacitors (KO-CAP (TM) series) offer low ESR to minimize 
power losses and unwanted noise, and can withstand the high 
temperatures of automotive applications. Specifically, the T599 
tantalum polymer capacitor has excellent characteristics all the 
way up to 150°C, offering an ultra extended life expectancy.

(Ratings from KEMET series T599 at 100 kHz)

• Low max series resistance, from 25 mΩ to 150 mΩ
• Stable across temperatures, from -55°C to 150°C
• Ultra long life expectancy for high and ultra extended

mission profiles

Automotive electronics are usually powered by a battery. DC/DC 
converters are critical for automotive applications because they 
step down the battery voltage, which is usually +12V DC, to a 
more usable voltage rail for electronics — +5V, +3.3V, +1.8V, or 
even lower. The conversions are often also done in stages, such 
as 12V to 5V, and 5V to 3.3V. DC/DC converters create the volt-
age for these rails, and capacitors help those converters function 
and provide stable, clean power.

For automotive applications utilizing the T599 series capacitors 
for max temperatures up to 150°C, KEMET recommends derat-
ing the voltage according to the temperature, as follows:

The simplified schematic above shows what a DC/DC convert-
er used in an automotive application to step down a +5V rail 
to a +3.3V rail would look like. In a DC/DC converter circuit, 
capacitance is required at both the input and the output of the 
converter. The input capacitor(s) (C1) ensures that instanta-
neous current is available to the converter while it is switching. 
The output capacitor(s) (C2) ensures that instantaneous current 
is available to the load (DSP, microprocessor, I/O, USB, etc) 
while the converter is switching. Each of these capacitors, in 
an automotive application, must not only be designed to meet 
the capacitance needs of the circuit, but also selected to meet 
the high temperatures and harsh conditions of the AEC-Q200 
standard, and beyond.
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Figure 1 – Simplified DC/DC converter schematic

Figure 2 – T599 (150ºC) Series - Temperature and Voltage Derating
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Max Operational Temperature 150°C

Rated Voltage Derating Voltage

-55°C -- 105°C 105°C -- 150°C -55°C -- 105°C 105°C -- 125°C 125°C -- 150°C

2.5V 1.7V 2.3V 1.8V 1.5V

4V 2.7V 3.6V 2.9V 2.4V

6.3V 4.2V 5.7V 4.6V 3.8V

10V 6.7V 9V 7.2V 6V

16V 10.7V 12.8V 10.2V 8.6V

20V 13.4V 16V 12.8V 10.7V

25V 16.8V 20V 16V 13.4V

35V 23.5V 28V 22.4V 18.8V

50V 33.5V 40V 32V 26.8V

In the case of selecting the input capacitor (C1) for a DC/DC 
converter in an automotive application, the DC/DC converter 
needs to supply 3.3V. Let’s assume this regulator is designed for 
the following conditions:

 VOUT = 3.3V
 VIN = 5V

Efficiency (╖) = 85% (from efficiency curves in DC/DC 
or module datasheet)
Output transient current (ΔIOUT) = 1.0A 

Using this information, the input transient expected can be 
calculated as follows:

For our example, 

Next, we must determine the series inductance. If the circuit 
does not include a series filter inductor, the stray inductance 
introduced by the PCB layout will be the only inductance. If a 
series filter inductor is used, that inductance value can be added 
to the inductance introduced by the layout.

Stray microstrip layout inductance can be calculated using the 
following equation:

For our example, we will assume that the layout is such that 
the stray inductance is 50 nH, and a required filter inductor of 
220 nH is used. Effective PCB layout guidelines are important 
because the stray inductance has a direct effect on the value of 
bulk capacitance required, as we will see shortly.

Next, a design decision must be made regarding how much volt-
age variation is permissible on the input voltage bulk capacitor. 
For this example, we will assume that 
With that, the minimum required bulk capacitance is given by the 
following equation:

where Itr is the input transient current.

For our example, 

This is the absolute minimum bulk capacitance required. Look-
ing at the KEMET T599 datasheet, the closest value above 20 
µF with a rating above 10V (15V / 50% derating) is part number 
T599B336M010ATE070. This part has a capacitance of 33µF 
and is rated at 10V.

SIZING THE CAPACITOR

Figure 3 – T599 (150ºC) Series – Temperature and Voltage Derating
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When designing a new electrical circuit, understanding the expected lifetime of capacitors is important. The expected life of a tantalum 
polymer capacitor can be given by the following formulas:

CALCULATING EXPECTED OPERATIONAL LIFE

To calculate the acceleration factor due to voltage (VAF), the 
category voltage (UC) is the voltage rating of the capacitor, 
adjusted according to empirical scientific measurements 
performed by KEMET’s reliability team. The T599 Series with 
<16V rated voltage is qualified at 150ºC, 0.67xUr up to 2000h. 
So in our example scenario, the equation is as follows:

To calculate the acceleration factor due to temperature (TAF), 
we will assume an application temperature (TA) of 130°C, and 
the category temperature (TC) is the rated temperature of the 
T599, 150°C.

These two calculations lead us to the total acceleration factor 
(AF):

Finally, using the final equation to calculate the guaranteed life at 
the application voltage and temperature (LifeUA, TA), in years, 
we get the following:

While expected life and ability to support mission profiles is 
important, in automotive applications it is also critically important 
to estimate capacitor failure rates. The common measurement 
in the industry is FIT, or Failures in Time, which equates to one 
failure per billion hours. Another way of saying this is that 1 FIT 
is equal to a mean time between failures (MTBF) of 1 billion 
hours. The reference failure rate for tantalum polymer capacitors 
is stipulated to be 0.5% per 1000 hours.

The total FIT for an application is the sum of the FIT at each 
environmental condition the design will experience, proportional 
to the time the design will spend at each condition. This can be 
represented as follows:

Where,
ti = time in condition i (hours)
Ti = average temperature in condition i 

ESTIMATING CAPACITOR
FAILURE RATE (FIT)
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In each condition i, the FIT calculation is described by the 
equation,

Where,
λP:  predicted reliability, failed parts per million part-hours
λb:  established base reliability, failed parts per million part-hours
πT:  temperature factor
πC:  capacitance factor
πV:  voltage factor1

πSR:  series resistance factor
πQ: quality factor
πE:  environment factor

Base Reliability, λb
For base reliability, KEMET provides the baseline reference for 
tantalum polymer capacitors at λb = 0.00005.

Temperature Factor, πT
The temperature factor, as provided by the Military Handbook 
(Mil-HDBK-217F- Notice 2), is provided by the following 
equation:

Series Resistance Factor, πSR
For tantalum polymer technology, we assume <0.1 Ω/V, 
providing series resistance factor per the following table:

Quality Factor, πQ
For KEMET's tantalum polymer technology (KO-CAP) the 
established failure rate is 0.5%/1000h. This translates to a 
quality factor of SQRT(0.5) = 0.707.

Environment Factor, πE
For tantalum polymer technology we assume ground, benign 
factor 

FIT Calculations
Putting it all together into example FIT calculations, using a 3.3V 
voltage in a DC/DC circuit example, we get the results shown in 
the following tables. From them, we can see that we estimate 
a FIT of 0.9 in old legacy 8000h high temperature profile, and a 
FIT of 0.6 in the new 130000h ultra-extended mission profile.

Where,
Ea = Activation Energy; 0.15eV for CWR Style Polymer 
technology;
T = Temperature, ˚C

Capacitance Factor, πC
The capacitance factor, as provided by the Military Handbook, is 
provided by the following equation:

Where,
C = capacitance, uF

Voltage Factor, πV
The voltage factor, corrected from the Military Handbook, is 
provided by the following equation. Note that the operating 
voltage is the sum of applied DC voltage and peak AC voltage:

Where,
S:  ratio of operating voltage to rated voltage, unitless

1 This is only applicable for polymer technologies.

Circuit Resistance (CR) Ω/V  πSR

> 0.8 0.66

> 0.6 to 0.8 1.0

> 0.4 to 0.6 1.3

>0.2 to 0.4 2.0

>0.1 to 0.2 2.7

0 to 0.1 3.3

Environment  πE

GB (ground, benign) 1.0
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To learn more, visit KEMET’s website at https://www.kemet.com/T599

DISCLAIMER

All product specifications, statements, information and data (collectively, the “Information”) in this datasheet are subject to change. The customer is 
responsible for checking and verifying the extent to which the Information contained in this publication is applicable to an order at the time the order is 
placed. All Information given herein is believed to be accurate and reliable, but it is presented without guarantee, warranty, or responsibility of any kind, 
expressed or implied.

Statements of suitability for certain applications are based on KEMET Electronics Corporation’s (“KEMET”) knowledge of typical operating conditions 
for such applications, but are not intended to constitute – and KEMET specifically disclaims – any warranty concerning suitability for a specific custom-
er application or use. The Information is intended for use only by customers who have the requisite experience and capability to determine the correct 
products for their application. Any technical advice inferred from this Information or otherwise provided by KEMET with reference to the use of KEMET’s 
products is given gratis, and KEMET assumes no obligation or liability for the advice given or results obtained.

Although KEMET designs and manufactures its products to the most stringent quality and safety standards, given the current state of the art, isolated 
component failures may still occur. Accordingly, customer applications which require a high degree of reliability or safety should employ suitable designs 
or other safeguards (such as installation of protective circuitry or redundancies) in order to ensure that the failure of an electrical component does not 
result in a risk of personal injury or property damage.

Although all product–related warnings, cautions and notes must be observed, the customer should not assume that all safety measures are indicted or 
that other measures may not be required.

When providing KEMET products and technologies contained herein to other countries,  the customer must abide by the procedures and provisions 
stipulated in all applicable export laws and regulations, including without limitation the US Export Administration Regulations and the Japan Foreign 
Exchange and Foreign Trade Act.


