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What is Polymer?

“For the Discovery and Development of Conductive Polymers”

Hideki Shirakawa
University of Tsukuba

Alan MacDiarmid
University of

Alan Heeger
University of California
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Intrinsically conductive polymers have
Conductivities between those of
Semiconductors and metals.

The primary polymer we use is PEDOT. It was
invented by Bayer in the 1980’s. It is a pure
organic material that contains no metal.

The polymer itself is conductive. That

Is why it is intrinsically conducting unlike
silver-polymer pastes which are a mixture of
a metal and polymer.
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Why Use Polymer in Capacitors?
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Mid-1990’s. They are more conductive than MnO, and,
thus, have much lower ESR. They also have a
self-healing mechanism.
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Conductive Polymers are also used in Aluminum
Capacitors to replace the wet electrolyte. These
Capacitors have much lower ESR and don't

dry out over time.
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There are also hybrid Polymer-Wet capacitors that
Combine the low ESR of Polymer with the low
Leakage of Wets.
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Polymer in the Capacitor Landscape
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KEMET’s Polymer Capacitor Portfolio
0 0 aPo e Al Po B Al PO e 0 DlE
D-CAP AO-CAP O-CAP <% hrid < brid — A Excellent
OCAP il
© Good

CVicc A © © © ©
Total Cap A © A A A X Fair/Poor
VoltageRange © X A © ©
ESR © A A © A
Ripple (heat Sink) © © © © A
Height A A X X X
Footprints A X © © X
Available
Temperature A © A A A
Range
AEC-Q200 A X © A A
Cost X © A © X
Number of © © A © ©
Suppliers

High Cap Med Cap Med-High Cap Med Cap High Cap

Low ESR Very Low ESR Higher Voltage Med Voltage Med Voltage

Low Profile Low Profile Low ESR Low ESR Low ESR

©KEMET Corporation. All Rights Res rvedHigh COSt Med COSt LOW COSt LOW Leakage LOW Leakage
High Temperature




Polymer Capacitor Applications
DC-DC Conversion/Decoupling

Server/Base Station
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Polymer Capacitor Applications
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Resources

» Datasheets

* Online Tools

o Component Edge
o K-Sim

 Technical Papers, Blog Posts

- FAE/Sales/Technical Product Managers
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Polymer Series Selection Guide

General Purpose

105°C/2000hr

105°C/5000hr

125°C/1000hr

125°C/2000hr

Face Down

Face Down
Substrate

KO-CAP/NEOCAP
Surface Mount Ta

AO-CAP
H-Chip Al

T52x* PSIL

'“#-75\/' 7
1-1500uF

AZ20
2-35\/
22-470uF

*Check data sheet for
temperature rating.

25416\
10-680uF

AZ00
2-2‘511
8.2-470uF

6.8-470uF

G/PS
6.3-28V
4.7-47uF

EO-CAP
V-Chip Al Thru Hole Al
A765-A767 50
2.5-100V 2.563Vv
10-2700uF 47-2200uF
A766 A7/59A758
4-25Yy, 2.5825V
10-560UF 10-1200uF
759
6.3%250V
2.2-2200uF
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https://content.kemet.com/datasheets/KEM_T2076_T52X-530.pdf
https://content.kemet.com/datasheets/KEM_T2081_PS-L.pdf
https://content.kemet.com/datasheets/KEM_T2078_A720.pdf
https://content.kemet.com/datasheets/KEM_A4070_A765.pdf
https://content.kemet.com/datasheets/KEM_A4071_A767.pdf
https://content.kemet.com/datasheets/KEM_A4089_A766.pdf
https://content.kemet.com/datasheets/KEM_A4067_A750.pdf
https://content.kemet.com/datasheets/KEM_T2020_A700.pdf
https://content.kemet.com/datasheets/KEM_A4068_A755.pdf
https://content.kemet.com/datasheets/KEM_A4069_A758.pdf
https://content.kemet.com/datasheets/KEM_A4072_A759.pdf
https://content.kemet.com/datasheets/KEM_T2076_T52X-530.pdf
https://content.kemet.com/datasheets/KEM_T2076_T52X-530.pdf
https://content.kemet.com/datasheets/KEM_T2085_F-PS.pdf
https://content.kemet.com/datasheets/KEM_T2087_PS-H.pdf
https://content.kemet.com/datasheets/KEM_T2086_G-PS.pdf

AEC-Q200

Hybrid
AEC-Q200

Polymer Series Selection Guide

Harsh Environment and Hybrid

105°C/1000hr

125°C/1000hr

125°C/2000hr

150°C/1000hr

125°C/3000hr

KO-CAP/NEOCAP

Surface Mount Ta

1591
2550V
1.5-4700F

1597
2.5-10v
22-100UF

1598

2969
2.2-680uF

1599
450v
10-150UF

AO-CAP
H-Chip Al

470uF

\V-Chip Al

A768*
16-80V
18-1000uF

*Some ratings available in
Anti-vibration configuration

EO-CAP

Axial Thru Hole Al

A780
463V,
56-100UF

PHA225

40-63V |
370-1100uF

KEMET
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Radial Thru Hole Al

PHH225

370-1300uF

40-63V



https://content.kemet.com/datasheets/KEM_T2073_T59X.pdf
https://content.kemet.com/datasheets/KEM_T2089_A798.pdf
https://content.kemet.com/datasheets/KEM_A4088_A768.pdf
https://content.kemet.com/datasheets/KEM_T2073_T59X.pdf
https://content.kemet.com/datasheets/KEM_T2073_T59X.pdf
https://content.kemet.com/datasheets/KEM_A4098_A780.pdf
https://content.kemet.com/datasheets/KEM_A4099_PHA225.pdf
https://content.kemet.com/datasheets/KEM_T2073_T59X.pdf
https://content.kemet.com/datasheets/KEM_A4100_PHH225.pdf

Commercial

High Reliability

Polymer Series Selection Guide

Special Purpose Tantalum Polymer
KO-CAP/NEOCAP

Low ESL

Ultra Low ESR

Low Leakage

High Energy

HRA

Hermetic Seal

Surface Mount

[528
2.-6.3V

150-470uF

PS/G 1530

9516V
150-1500UF

1522
6.3\
150-470uF

1545/8

6.3-2
47-1500UF

Stacks

ISP

3-63V
20-8000uF

1540 1541

2.5-63V
4.7-1500uF

1543

6.3V
150-470uF

1555 1556

6.3-100V
20-680uF

Thru Hole

KEMET
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Modules

1550 1551

6.3"100¢
20-680uF

M55
6-180V
60-6800UF



https://content.kemet.com/datasheets/KEM_T2018_T528.pdf
https://content.kemet.com/datasheets/KEM_T2030_T522.pdf
https://content.kemet.com/datasheets/KEM_T2082_PS-G.pdf
https://content.kemet.com/datasheets/KEM_T2076_T52X-530.pdf
https://content.kemet.com/datasheets/KEM_T2079_SSD.pdf
https://content.kemet.com/datasheets/KEM_T2059_T550.pdf
https://content.kemet.com/datasheets/KEM_T2072_T551.pdf
https://content.kemet.com/datasheets/KEM_T2059_T550.pdf
https://content.kemet.com/datasheets/KEM_T2072_T551.pdf
https://content.kemet.com/datasheets/KEM_T2077_T540-541.pdf
https://content.kemet.com/datasheets/KEM_T2077_T540-541.pdf
https://content.kemet.com/datasheets/KEM_T2074_M55_Module.pdf
https://content.kemet.com/datasheets/KEM_T2061_T543.pdf
https://content.kemet.com/datasheets/KEM_T2029_TSP.pdf
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Tools For Further Exploration
Component Edge

CLEARALL

Stock Availability v

Series

Type

Dielectric

Style

Capacitance

4
Feedback

Capacitance Tolerance
Voltage DC
Temperature Range
RoHS

Termination v

SHOW RESULTS
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Tools for Further Exploration
Component Edge
Compare Products Compare Products X
' ~ ~ x
7 “ S <

+/ 612INSTOCK
Specsheet Datasheet

VIEW DETAILS

v/ 8K+INSTOCK
Specsheet Datasheet

VIEW DETAILS

v/ 495INSTOCK
Specsheet Datasheet

VIEW DETAILS

v 612INSTOCK
Specsheet Datasheet

VIEW DETAILS

v/ 8K+INSTOCK
Specsheet Datasheet

VIEW DETAILS

+ 495INSTOCK
Specsheet Datasheet

VIEW DETAILS

Series 521 T523 AT768 Leakage Current 164.5 uA 164.5 uA 329 uA
Type Tantalum Tantalum Aluminum s e 2 2 ves
Dielectric Polymer Tantalum Polymer Tantalum Polymer Aluminum Weight 55396 mg ey -

Style SMD Chip SMD Chip SMD Can s LERE e ”
Capacitance 47 oF 47 UF 47 uF Height Max 20 L.l -
Capacitance Tolerance  20% 20% 20% Packaging T&R, 178mm T&R, 778mm T&R, 380mm
Voltage DC 35VDC 35\VDC 35VDC Packaging Quantity 500 1000 1000
Temperature Range 55/+125°C -55/+105°C -55/+125°C Sl i R -
Temperature Maximum  125°C 105°C 125°C .20 ¢ 3 -
Temperature Minimum  -55°C 55°C 55°C el ey 73mm S7mm
Rated Temperature 105°C 105°C e Lead -- == V-Chip B
RoHS Yes Yes Yes Diameter - -- 6.3mm
Termination Tin Nickel Palladium Gold == Life _ . 2,000 Hrs
Dissipation Factor 10 % 10 % -

ESR/Impedance at 30 mOhms 100 mOhms 42 mOhms

100kHz
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Tools For Further Exploration
K-Sim

K-SIM 3.0.7 Click Here to Submit Feedback and Bugs 17 Share

KWH' Capacitor Simulation

a YAGEO company
Home . .
Chart Type Combined Trace Res. (Q) Trace Ind. (H) Temp. Rise (°C)
Capacitor Simulation
Capacitance from Power Impedance & ESR v Yes O No 0 0 20
Ceramic Capacitor Aging
Film Lifetime
Inductor Simulation Impedance & ESR

/ T521X476K035ATEO30 - Impedance / T521X476K035ATE030 - ESR ATE7TMU478M1KLAED40 - Impedance ATETMU47EM1KLAEO4O - ESR
Part Number Input 1@0

e.g. CO201CI00K8GAC Add &

Part Selection
Type

Q
ﬂ Ceramic A
' Polymer

? Tantalum

g @
=
® Fim 8
1
o
oy Aluminum Electrolytic E
<
&
o
Polymer ~ &
Series
T521: High Voltage Polymer Electrc v
Size \Q‘&‘
(D) 7343-31 v
Termination
100% Matte Sn-T A <&, g a
D o o @v\,\m @\&» \@t .&‘!«w @@w Koas \Qa(‘,
Voltage Rating (V) : -
Frequency
6 v

. (tip: click and drag to zoom)
Available Parts ~ Tolerance Part Number 5 it Bias (V) Amb. (°C) Remove
47uF - T521D476KCI6ATEO4S

47 uF T521D476KO16ATEO40
100 uF - T52IDIO7KOI6ATEOSO
150 uF TS2IDIS7KO16ATEOSO

WA GE - TEIMETKOIRATENGS

> A767MU476MIKLAEO40 47 uF 35 Al2O3 1 0 25 + x

> I 10% v T521X476K035ATEO30 47 uF 35 TaPoly 1 0 25 + b 4
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Digging Deeper  ENGINEERING

Reliability of Tantalum Polymer Capacitors

Advances in Reliability of Conducting Polymer Based Capacitors in High Humidity Environment

New Reliability Assessment Practices for Tantalum Polymer Capacitors

Solid Electrolytic Capacitors Designed for High Temperature Applications

Aluminum Hybrid Polymer Capacitors: Application Overview

Is It Hot and Humid in Your Application? A798 Aluminum Polymer Capacitor Can Solve Your Challenges

KEMET's Aluminum Hybrid Polymer SMD Capacitors

High Vibration Applications with KEMET's Solid Polymer Aluminum Capacitors

T599 Tantalum Polymer Capacitors in Automotive Designs

Polymer Capacitors Protect Data at the Last Gasp

A Solution for ADAS Miniaturization and Reliability Requirements



https://ec.kemet.com/blog/wp-reliability-of-tantalum-polymer-capacitors/
https://ec.kemet.com/blog/wp-advances-in-reliability-of-conducting-polymer-based-capacitors-in-high-humidity-environment/
https://ec.kemet.com/blog/wp-new-reliability-assessment-practices-for-tantalum-polymer-capacitors/
https://ec.kemet.com/blog/wp-solid-electrolytic-capacitors-designed-for-high-temperature-applications/
https://ec.kemet.com/blog/aluminum-hybrid-polymer-capacitors-application-overview/
https://ec.kemet.com/blog/is-it-hot-and-humid-in-your-application-a798-aluminum-polymer-capacitor-can-solve-your-challenges/
https://ec.kemet.com/blog/kemets-aluminum-hybrid-polymer-smd-capacitors/
https://ec.kemet.com/blog/high-vibration-applications-with-kemets-solid-polymer-aluminum-capacitors/
https://ec.kemet.com/blog/application-note-t599-tantalum-polymer-capacitors-in-automotive-designs/
https://ec.kemet.com/blog/blog-post-polymer-capacitors-protect-data-at-the-last-gasp/
https://ec.kemet.com/blog/a-solution-for-adas-miniaturization-and-reliability-requirements/
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Product Roadmap

* CV Extensions

- Parasitics Reduction
o ESR
o ESL
* Reliability
o Harsh Environment Capability
o High Reliability Applications
- Packaging
o New Sizes

o Efficiency
o New Geometries

©KEMET Corporation. All Rights Reserved.
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Tantalum Polymer Packaging

Smaller Footprints, Lower Heights, Need for Higher Capacitances

Volumetric Efficiency

W Standard
100%

80%

60%

37%

40%

25%

20%

0%
7360-20 3528-12
Case Size

©KEMET Corporation. All Rights Reserv ed.
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Tantalum Polymer Packaging

Volumetric Efficiency

100% W Standard
80%
60% 54%
o A4% B Face Down
40% 2
I 25%

20% .

0%

7360-20 3528-12

Case Size

©KEMET Corporation. All Rights Reserved.
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Tantalum Polymer Packaging

Volumetric Efficiency

100% W Standard
80% 75%
63%
60% 54%
A4% M Face Down

40% 37%

25%
20%

B

0%

7360-20 3528-12
Case Size

©KEMET Corporation. All Rights Reserved.
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KEMET Advanced Packaging (KAP)

Replaces With

FR-4 Prepreg

Polymer / Ta;05 / Ta Silver Adhesive Capacitor

Silver Paint Encapsulation

Lead Protection

Carbon NIRRRR

Leadframe
(- Cathode)

Leadframe
(+ Anode)

Tantalum Wire
Weld

©KEMET Corporation. All Rights Reserved.
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KAP Product Waterfall Chart

Nominal Capacitance (uF) Nominal Capacitance (uF)
Height . . Height .
(mm) 7343 Footprint, 35V, 7360 Footprint, 35V, (mm) 3528 Footprint, 25 V,
Std FD KAP Std FD KAP Std FD KAP
15 33 G? 68> 47 68 100 1.2 22)
SIS I —
2.0 47 68 100 68 QOO 15D 15 22 3
. 2.0 / 22 A7
Current Volume Drivers ~——

KAP Target Growth Drivers

Engineering Samples 1st Half CY22
Production 2nd Half CY22

©KEMET Corporation. All Rights Reserved.
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Aluminum Polymer Packaging

Traditionally, Aluminum Capacitors Are Round Multiple Placements, Wasted Space, Poor Heat Transfer

A Rectangular Form Factor Can Be The Solution

©KEMET Corporation. All Rights Reserved.




Series Height Cap Range \Voltage Rating Availability
Range

ULT

PPC

Aluminum Polymer Rectangular Roadmap

120-8200puF
2mm 500-24000uF
3mm
1mm 700-20000pF

©KEMET Corporation. All Rights Reserved.

25-200V

4-63V

6.3-63V

105°C, 2khrs

125°C, 2khrs

125°C, 2khrs

Samples: Now
Production: CY21

Samples: CY22
Production: CY23

Samples: Now
Production: CY22

KEMET
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Summary

- KEMET has a complete portfolio of Polymer capacitors

KO-CAP/NEOCAP AO-CAP EO-CAP EO-CAP
Tantalum Polymer Al PolymerH-Chip Al Polymer V-Chip/Thru Hole Al Polymer Hybrid
= 5 = <
: e <
@IV @ < Q

» Choosing the right Polymer capacitor depends on many
technical factors and total solution cost

o KEMET's technical collateral and tools like K-Sim and Component Edge
can help with the selection

- KEMET has a robust roadmap for new products across all the
Polymer product lines

© ET Corporation. All Rights Reserved.
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Connect With Me

@plessner

' Philip Lessner «

(]
Phones are becoming powerful enough that machine learning models can run
directly on them instead of in the cloud. .
Philip Lessner @plessner - May 11 l
What's Trending in the #Automotive Display Market?
. - < » [ ili — April 30 at 9:39 AM
Rapid adoption of #OLED panels, along with the advent of autonomous cars 1 Philip Lessner — April 30 at 3:33 AM

and augmented reality, will characterize the business landscape. Want to know about the latest advances in KEMET technologies fq
electronicdesign.com/automotive/wha... Bultitude, Technical Fellow Ceramics recently gave a presentation 3
our KEMET KONNEKT™ technology for ceramic capacitors, the latd
and integration of capacitors and magnetics with KONNEKT™ tech
attached presentation.

cc: John Buititude

Philip Lessner
Chief Technology Officer
philiplessner@kemet.com

Mobile: +1-864-350-3563

©KEMET Corporation. All Rights Reserv ed.



mailto:philiplessner@kemet.com

