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Presentation Discussion Points
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 Industry needs

 Discrete capacitors vs modules

 Emphasis on function and integration

 The relationship of energy density and life

 The effects of capacitor geometry 

 Metallized polypropylene sets the bar

 High temperature DC capacitors
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This presentation explores the state-of-the-art in metallized 
dielectric DC link capacitors.  The discussion is based on dry 
constructions.  The present industry demands are discussed, system 
level approaches for discrete versus modular capacitors, factors 
affecting capacitor design, and future development trends.  
Metallized polypropylene is discussed as the premier power film 
and how the film has reached its potential.  The need for a 
dielectric breakthrough is required to significantly move the 
industry forward.   

 

 

Industry Needs
3

 Increased energy density
 Polypropylene present premier power dielectric
 Polypropylene has reached threshold for major increases

 Higher temperature
 Automotive 
 Aerospace
 High temperature power switches

 Functionality
 Lower ESR
 Lower ESL

 Integration
 Buss work
 Multiple capacitor values for bandwidths
 Ease of connectivity
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The industry is looking for a significant increase in energy density.  
The goal established by the DOE is 4 joules/cc (65.6 joules/cubic-
inch) with temperature ranges to 200C.  The present state-of-the-
art for DC link designs to 85C are between 2-6 joules/cubic-inch.  
It will require a new dielectric with significantly higher dielectric 
constant and voltage strength.  ECI works with resin 
manufacturers, universities, and government labs researching next 
generation polymers.  Although some dielectrics under study show 
much higher dielectric constants, generally they are lower voltage 
strength than polypropylene.  Higher dielectric constant polymers 
as well as higher temperature polymers also show a tendency to 
have higher loses thus increasing hot spot temperatures during 
ripple current filtering and offsetting gains in temperature range. 
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Discrete Capacitors vs Modules

 Discrete capacitors
 Many vendors

 Competitive biding

 Increased system cost

 Increased install labor

 Modules
 Application specific

 Lower system cost

 Lower install labor
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Different philosophies exist between customers.  Some pursue cost 
competitiveness at component levels through discrete capacitors 
with many vendors to drive savings through competitive biding.  
Others pursue cost competitiveness at system levels by 
maximizing the value and functionality of modular approaches 
specific to the customer’s system.  The module approach is 
increasing in popularity as customers realize they can eliminate 
extensive bus bars and laminates while lowering installation costs 
of multiple discrete capacitors.  Modules allow the integration of 
functional components such as laminate bus bars, multiple 
capacitor bandwidths, bleed resistors, and externally mounted 
devices.   

 

 

Dielectric Comparison Cap vs Temp
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This graph shows multiple dielectrics for capacitance stability 
versus temperature at 1kHz.  Film dielectrics have excellent 
stability over temperature compared to other technologies like 
electrolytic capacitors.   

 

 

Dielectric Comparison DF vs Temp
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This graph shows multiple dielectrics for dissipation factor versus 
temperature at 1kHz.  Film dielectrics generally have decreased 
loses with increased temperature.  Polyester has an increase in 
loses as the temperature surpasses the glass transition temperature.  
The capacitance values required in DC links is generally high 
enough to mitigate higher DF since the reactive portion of the ESR 
calculation rolls off quickly versus frequency. 
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Dielectric Comparison DF vs Temp
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ESR = (DF x Xc)+ Relectrode + Rparasitic

Xc = 1/(2FC)

ESR rolls off quickly versus frequency

100uF Metallized Polypropylene
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This graph shows that ESR rolls down quickly with increasing 
frequency following the capacitive reactance.  The lowest value of 
ESR is found at resonant frequency where the capacitive and 
reactive inductances cancel.  The remaining resistance is relative to 
the electrode and small parasitic loses normal to the construction 
and connections.  Typically these losses are a fraction of a 
milliohm.  The larger the capacitance value the quicker the ESR 
drops versus frequency.   

 

 

Metallized Polypropylene Energy Density
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Energy density is a function of dielectric constant and voltage 
stress.  Emphasis has been on increasing voltage strength since it is 
a exponential factor and dielectric constant is a linear factor as 
expressed by E=1/2 CV2.  This chart shows the energy density 
realized for a capacitor winding of 200uF at various film thickness 
in metallized polypropylene for a 2300Vdc rating.  Older high 
reliability designs begin less than 1 joule/cubic-inch.  The present 
state-of-the-art ranges between 2 and 6 joules/cubic-inch for DC 
links in the operating temperature range of 85-105C .  As the 
voltage stress increases the maximum ambient temperature 
decreases. 

 

 

The Relationship Of Energy Density And Life
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Dielectric voltage strength decreases with increasing temperature.  
As the volts/micron stress increases, energy density increases, but 
life expectancy decreases.  Maximum temperature range also 
decreases to avoid avalanche breakdown of the dielectric under 
voltage stress.  These conflicting factors complicate the goal of 
magnitude jumps in energy density at temperatures exceeding 
105C. 
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High Energy (Metallizing Patterns)

Segment Metallization

Primary use is for high transient 
voltage applications.  Fuses 
decrease DV/DT and active area.    74.0mm

FILM WIDTH

3.0mm GRADIENT
EDGE 2-4 OHMS/SQUARE

2.5mm
CLEAR MARGIN

6.0mm

SEGMENT 
MASK 0.5mm

FUSES
2.0mm

19.0mm 6.0mm

BODY METALLIZATION
25 OHMS/SQUAREDIELECTRIC THICKNESS: 16G (4um)

 

Standard Flat Metallization

Gradient Edge Metallization

Unlytic Step Metallization
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Increasing energy density by increasing voltage stress is 
accomplished through the design of the electrode vapor deposited 
on the dielectric.  Different approaches include reinforced edge 
designs with light metal body deposits or segment metallization.  
ECI uses reinforced edge designs with light metal for DC 
applications.  Segment metallization began as a technique to meet 
lightning surge tests of AC capacitors.  However caution is needed 
when specifying segment metallization as fuses connecting the 
reinforced edge to the active body metallization limit peak current 
surges.  The total cross-sectional width of all fuses summed 
together can be as little as 20% of the active length of the 
capacitor.  The peak current, or DV/DT rating of a film capacitor is 
a function of the edge connection to the end spray in amps/inch of 
winding length.  Potential “running sparks” can result when a 
sufficient number of fuses open and the remaining fuse 
connections are insufficient to support normal peak currents of the 
application. 

Increasing Energy Density Requires 
Breakthrough

11

 Polypropylene has reached threshold

 Small increases may be possible

 Industry requires magnitude jumps

 New dielectrics needed

 Higher dielectric constant

 Higher voltage stress

 Higher temperature range
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Polypropylene has excellent properties including low loses, light-
weight, high voltage strength, and low cost.  However large jumps 
in energy density will take a new dielectric.  Polypropylene has an 
upper temperature range of 105C.  The melt point of 
polypropylene is approximately 165-170C.  Research for 
dielectrics exhibiting characteristics of polypropylene at 
temperatures to 200C has been an industry objective for many 
years.   

 

 

Capacitor Geometry
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The geometry of the capacitor winding can drastically affect the 
operating characteristics.  The designs shown represent metallized 
polypropylene capacitors of 100uF at 1000Vdc.  The film 
thickness is the same for both designs and the film width is 
changed to show the difference between a 100mm width and a 
50mm width.  The short stubby capacitor has slightly higher 
volume due to fixed free-margin and offset widths.  ESL is a 
function of width and decreases for the narrow winding.  The 
capacitance is a function of total active area which is the same for 
both units.  The shorter width requires a longer winding length 
which increases peak current, decreases ESR, increases ampacity, 
and exhibits lower heat rise resulting in longer life. 
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Typical Life Curves 
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Typical life curves of high energy density metallized 
polypropylene for EV/HEV applications to 110C rating.  Geometry 
as discussed can increase the life by decreasing the ESR and 
internal heating.  De-rating of the capacitor rating also extends 
capacitor life.  At present polypropylene has reached the threshold 
for dramatic increases in energy density and operating temperature 
range.   

 

 

HT1 Cap vs Temp vs Freq to 150C
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ECI owns and operates a solvent cast dielectric plant for polymers 
like polycarbonate, polysulfone, PEI, and other proprietary 
dielectrics.  HT1 is a proprietary dielectric exhibiting the highest 
peak current of any film dielectric prompting the introduction of 
the HT1 series of snubber capacitors.  HT1 is also a high 
temperature alternative for ripple current filtering.  HT1 has 
completed life testing at 150C for 2000 hours.   

 

 

HT1 DF vs Temp vs Freq to 150C
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This graph shows the decreasing dissipation factor of HT1 solvent 
cast polymer for various frequencies to 150C.  This characteristic 
makes HT1 a good choice for ripple filtering applications in DC 
links.   
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Power Testing of HT1 150C Dielectric
16

5HT‐30036J, 60uF +/‐5%, 400VDC, 150C Max, Ripple Current Testing 

Rth = (126C ‐ 32C)/(100^2 x 0.00247) = 94/24.7 = 3.8 C/Watt‐Dissipated

55C center in a 28C 
ambient running 50 
Amps RMS at 20.7 kHz 

126C center in a 32C ambient running 
100 Amps RMS at 20.7 kHz 
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This is the thermal graph of an HT1 60uF capacitor running 
initially at 50Arms at 20kHz and then increased to 100Arms.  The 
thermal resistance coefficient is calculated as 3.8C/Watt-
dissipated.  The unit had a 2.47 milliohm ESR at 20kHz.  
Thermocouples strategically placed as indicated record the 
temperatures of the unit over time with a data logger. 

 

 

Heating in Metallized Ripple Filter Caps
17

 Reactive heating at the fundamental voltage 
frequency

 Resistive heating from superimposed currents
 Hot Spot °C = Amb °C + [Σ(I2 x ESR) x Rth]
 Thermal resistance coefficient Rth is specific to 

capacitor design
 Approximately 2/3 generated heat rise moves 

out axial, 1/3 radial (approximately 0.50-
0.60W/m-K, 0.15-0.20W/m-K radial)
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In a DC ripple filtering application, heat rise is determined as a 
function of I2ESR and the thermal coefficient Rth.  Thermal 
coefficients are different for different capacitor geometries.  
Consider the geometries of a hockey puck and a soda can.  The 
hockey puck has higher RMS current capability, lower ESR and 
ESL, and lower thermal resistance as a function of distance from 
the center to the end of the capacitor.  The soda can has better 
volume efficiency as a function of fixed margins and offsets, but 
also higher ESR and ESL resulting in lower current potential and 
higher thermal resistance.   

 

 

High Temperature Dry Film DC Ripple 
Filtering Options

18

 Metallized polypropylene to 85C 

 High reliability options to metallized 
polypropylene up to 110C (EV/HEV)

 Metallized polycarbonate to 125C (5MC, MC12)

 Metallized PPS to 125C (MU1, MU2)

 Proprietary lower cost dielectric to 125C (UH3)

 Proprietary  dielectric to 150C (HT1)
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Metallized polypropylene designs offer the highest energy density 
of present technologies.  However other technologies are presently 
offered for operation to 150C.   
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Future Developments
19

 ECI introducing new lines of DC ripple filters to 
150C

 Presently completing 2000 hours of life testing 
at 175C on a new proprietary dielectric

 New 175C products in 2nd half 2013

 New high temperature dielectrics do not have 
the energy density of polypropylene 

 Continued work with resin manufacturers, 
research labs, and universities 
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Work continues to find higher temperature and higher energy 
density film dielectrics.  Present developments include 175C 
capacitors in the second half of 2013.  Research and testing new 
polymers to 200C continues with the potential for 2015 
introduction.   

ECI research continues to pursue the panacea of low loss, high 
temperature, and cost effective dielectrics for use in power 
electronics. 

 

 

End of Presentation
20

Contact Electronic Concepts Incorporated for 
more information or application assistance.

Visit our website at ecicaps.com

Phone: 732-542-7880 

Email: sales@ecicaps.com
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