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INFORMATION ABOUT THE WEBINAR

You are muted during the webinar.
However, you can ask us questions using the chat function.

Duration of the presentation 30 Min ~
Q&A: 10 — 15 Min R
~
Any questions?
No problem! Email us webinarteam@we-online.com
Please help us to optimize our webinars!
We are looking forward to your feedback. A A4

On our channel Wurth Elektronik Group
And on www.we-online.de/webinare

3 | WURTH ELEKTRONIK | 25.04.2023



AGENDA

Technical Basics & Overview

Technologies
MLCC
Film Capacitors
Aluminum Capacitors
Supercapacitors

Summary

Questions




BASICS OF CAPACITORS

Overview & Basics of Capacitors

= (Construction of a plate Capacitor

T Vaacum 1
7L A A Air 1,00059
C=€*_=€O*€T*E

i*‘- =i d Paper 1,6..2
W \\\\\\ \\\\\\v - Paraffin paper 2
;\\\\\\\\\\\\\\ g Polystyrene 2,3
Dielectrum with C — Capacitance [F] Polypropylene 2,5
Permitivity & —— v A — plate surface Polyethylene 2,5..4,5
d - plate distance. N Glase 5
€o- absolute Permittivity Aluminumoxid 53
Er- relative Permittivity HIINHmOXICe :
Tantalumpentoxide 26
- Niobiumpentoxide 42
- Ceramic Class 1 10...500
Ceramic Class 2 700...>100000
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BASICS OF CAPACITORS

Equivalent circuit

» Every passive component has parasitic side effects next to it main functions

fo—resonance frequency

ESL ESR

resistance

-~y

frequency
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BASICS OF CAPACITORS
Capacitor Types

Capacitor
Types

fixed variable
capacitance capacitance

Film Ceramic E(I:e;ct;!%/;c Super Mica Glass Feedthrough Rotary
Capacitor Capacitor (EPCaps) Capacitor Capacitor Capacitor Capacitor Capacitor

i Aluminum Electric . .
I:(’:a;eécli:;(l)rp Class 1 Electrolytic Double Layer Egmarg;tnogr
‘ Capacitor Capacitor p

e Tantalum
Pcl:?tg:c:igP Electrolytic
p Capacitor

Pseudo
Capacitor

Niobium Hybrid

Electrolytic _
Capacitor Capacitor
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BASICS OF CAPACITORS

U EV Max. Temperature Application
EEeE S m range

Alumlnurrl o o smoothing, storage,
Electrolytic > 1F ‘ ca. 650 \/ () ca.005A/pF ‘ 85°C up to 150°C O i
Capacitors
Aluminum Polymer o o . .
Capacitors > 4 mF Q ca. 250V ‘ Ca.0,1A/pF Q 85°C up to 150°C O smoothing, filtering
Al Hubrid Polvmer smoothing, filtering,
- Hybrid Poly > 1mE () casoov (O ca01A/pE (O ssecupto1soec O DC Link
Capacitors
. . o DC Link, interference
Film Capacitors >8 mF O ca. 3 kV . ca. 1 A/pF . max. 110°C . suppression, filtering
interference
MLCC > 100 pyF . ca. 10 kV ‘ ca. 10 A/pF ‘ 85°Cupto 200°C ‘ suppression,
coupling, filtering
TREOEREETIE | oo @ «33v Q© @o21AF () 65°upto85°C U
(EDLCs) T Y P storage

8 | LUH/TER | INTRODUCTION TO CAPACITOR TECHNOLOGIES




MLCC (MULTILAYER CERAMIC CAPACITOR)

Composition of general purpose MLCCs

Dielectric Material
Class 1: TiO,

Termination Finish Class 2: BaTiO,

Sn /

/

Barrier Layer
(Ni)

Inner Electrodes

(Ni)

on,

End Termination/
External Electrode
(Cu)
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Example cross section of a general purpose MLCC




MLCC (MULTILAYER CERAMIC CAPACITOR)
Class 1 and Class 2 MLCCs

 Class 1 Ceramic — (e.g. NPO / COQG)
— Relative small Permitivity . >> small capcitance values possible
— linear temperature dependency
— Next to no aging
— Very small voltage dependency
— Suitable for high frequency applications

» Class 2 Ceramic — (e.g. X7R, X5R, Y5V, ...)
— Relative high Permitivity €, = High capacitance values available
— Nonlineare temperature dependency
— Aging
— High Voltage depency in many cases
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MLCC (MULTILAYER CERAMIC CAPACITOR) Find this and more

measurements in

\Voltage dependancy of the Capacitance Value (DC-Bias, typical curve) REDEXPERT®
Z
0% Class 1 ceramic
a
oo
5 00%
-
()
S
c
__g -40.0 %
()
go]
Q.
go!
()
-60.0 %
Class 2 ceramic

-80.0 %

DC-bias Voltage
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Capacitance

MLCC (MULTILAYER CERAMIC CAPACITOR)

\Voltage dependancy of the Capacitance value (DC-Bias)

885012210031 X 885012209047 885012208093

WCAP-CSGP - XTR - 1812 WCAP-CSGP - X7R- 1210 WCAP-CSGP - X7R - 1206
1.00 pF - 50.0 ¥ 1.00 pF - 500V 1.00 wF - 500V

885012207103
WCAP-CSGP - X7R - DEDS

1.00 wF - 500V

1 pF 4

S00 nF

G000 nF

400 F -

200 AF -

OF

Find this and more
measurements in

REDEXPERT®

P

A

Size -

o 10 20V 30Y
DC-hias Voltage
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G0

Capacitance drop affects only Class Il Ceramic Capacitors
Heavily dependent on size
No specification on the datasheet!

Only reference curves or simulation models




MLCC (MULTILAYER CERAMIC CAPACITOR) — 160° domin

I 1
=L COOLING -

Aging of MLCCs

Check the
Application Note

= Aging process due to changes in crystal structure
= Decreased permittivity cause capacitance loss

= (Class 1(NPO) no aging

= (lass 2 has different aging

= Behavior depends on ceramic materials

SNO011 for more
information about
MLCC Aging

0.0% ~
885012108001 / 4.7uF / 6.3V / 1206 / DateCode 2014
-2.5% - 50 UF -
0 pF
-5.0% A
48 F A
o 75% A
< 46 yF
S -10.0% | %
g =
-125% A 34-4 uF
15.0 % A S 4.2 4F
-175% A 4.0 yF A
‘200 cyU T T 1 3.8 uF T T T T
1h 10h 100 h 1000 h 0 10 20 30 40
Operating time Sample Number
— NPQ = X7R —— X5R — Y5R ——885012108001 after Reflow ~ —s—885012108001 before Reflow
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MLCC (MULTILAYER CERAMIC CAPACITOR)

Capacitance yield of Class 2 ceramics

C-Tolerance temperature DC-bias aging
dependence
O N VN
S
@6VvDC
26.4 pF 30.36 pF 13.57 |iF @ 10000 h
I

22uF  *20% +15 %

57 % of nominal value

worst case: 6.15 pF

17.6 pF 14.96 pF 6.69 pF 25 % of nominal value
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MLCC (MULTILAYER CERAMIC CAPACITOR)

Special Cases

Soft termination Capacitor Safety Capacitors for power supply application (X1/X2/Y2)

Sn - Plating

Conductive Polymer

Cu - Base Layer

mm
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FILM CAPACITORS

Construction Film capacitors
* Structure of the electrodes:  —————— I — o
, Metalization on
Metal film dielectric
Type of | 1 | [ 1 |
dielectric:
Paner Plastic Paner Plastic
ope film ape film
" Capacitor @« — 1 T o1 -
type:
FP type FK type MP type MK type

Dielectric Code for the Code for the
FK capacitor MK capacitor
Polyester (PETP) KT MKT
Polycarbonate (PC) KC MKC
Polypropylene (PP) KP MKP
Polystyrene (PS) KS MKS
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FILM CAPACITORS

Construction and Selfhealing

Metallization

Dielectric
= (Construction

electrode ' le dielectric
mleti_lllzfajtllon on | | plastic foil :
plastic fol | | [s— schoop layer Area of high _
_ : e
| | current density
|
| ’ \
pin —
Metallization is <

P e —
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FILM CAPACITORS

AC- Safety Film Capacitors !
NO
- X-Capacitors Line = Cx Application
= Application protection against voltage peaks of the power grid LT
= Network protection against voltage peaks of the application o
= Filtering of differential mode interferences — ¢y

I°

= Y-Capacitors

» (apacitance value normally < 6,8 nF =2 why? = Safety Classes according IEC 60384-14 / UL 60384-14:
= |n medical equipment we usually forgo the
AP . yToTe Safety Class Max. Impulse according
Y- Capacitor, due to defined
e IEC- 60384-14
limitation of leakage current
= Filtering of common mode interferences X1 4KV (cs 1pF)
X2 2,5 kV (cs 1R
Y1 8 kV
Y2 5 kV
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FILM CAPACITORS
THB X2 Capacitors

= Standard X2 Capacitor: Degradation after 1000 h @ 85 °C/ 85 % RH / 310 V(AC) Test
= (ost effective 10
= Sensitive to humidity & temperature
» (Comparable small sizes
= THB X2 Capacitor:
= Very low moisture absorption s
= Slightly bigger sizes than regular X2 Film
Capacitors
= \Very good for long lifetimes
%"’, v.\a 0

Typical X2 THB Capacitor Regular X2 Capacitor
M before Test
M after Test
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FILM CAPACITORS
DC Link Capacitors

WCAP-FTDB DC-Link Series
Rectifier\ DC-Link Inverter

= Boxed THT - MKP Film Capacitors NN N \
= (apacitance: 1 pF up to 75 pF
= \oltage: 500 V up to 1200 Vp, 3-Phase ¢y —— 3-Phase
=  MKP: Polypropylene metallized film AC Mains Motor
= Temperature: -40°Cup to 105°C
= Pitch / Pin distance: 27.5, 37.5 and 52.5 mm
= High ripple current capability
= Self-healing properties
= Very long expected load life
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ALUMINUM CAPACITORS

Aluminum Electrolytic Capacitor

= Construction of an Aluminum Electrolytic Capacitor:

Aluminum Can

Pin

‘ Rubber Seal

Terminal Tabs Terminal Tab

Aluminum Can

Rubber Seal

Separator Paper with Liquid Electrolyte Anode (+)
Cathode Aluminum Foil

Anode Aluminum Foil
Cathode (-)
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ALUMINUM CAPACITORS

Comparison of the technologies

= Comparison

Aluminum Electrolytic Aluminum Polymer Aluminum Hybrid Polymer
+ - + - + -

Anode — Cathode Anode L., Cathode Anode 1. Cathode

(Aluminum Foil) (Aluminum Foil) (Aluminum Foil) (Aluminum Foil) (Aluminum Foil) (Aluminum Foil)
Separator Paper Separator Paper Separator Paper
(Soaked with Liquid Electrolyte) (With Conductive Polymer) (With Conductive Polymer and Liquid Electrolyte)

Dielectric Liquid Electrolyte Dielectric Conductive Polymer Dielectric Conductive Polymer and Liquid Electrolyte
(Oxide Layer) (Oxide Layer) (Oxide Layer)
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ALUMINUM CAPACITORS

Aluminum Electrolyte Capacitor

= Proven technology

= Most cost effective

= Highest Voltage range (up to ca. 650V)

= Highest Capacitance range >> because of biggest max. size vent
= Has certain self-healing properties

= (Calculation of life expectancy:

for every 10°C below max. temperatur,

Tg—Taq
C L=l 20 E— the expected lifetime doubles

Lx = expected lifetime; To = max. temperature; Ta = Operating temperature
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ALUMINUM CAPACITORS

Aluminum Polymer Capacitors

_ _ _ no vent
= Lower ESR than Electrolyte >> higher possible Ripple current

= Cannot dry out (Solid Polymer)
= Higher expected lifetime than electrolyte in most cases
* Limited in max size
= Polymer is stable over temperature till -55°C
= Solid matter shows no phase transition
= Suited for low temperature usage
* Increased leakage current
= Consider this for battery-powered applications
= Susceptible to vibrations

= (Calculated Life expectancy:

- L =L  x10%° — for every 20°C below max temperatur,
S the lifetime increases by the factor 10

Lx = expected lifetime; To = max. temperature; Ta = Operating temperature
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ALUMINUM CAPACITORS

Aluminium Hybrid Kondensatoren

= Newest Technology

= Most difficult too produce

= Limited in max. size

= Limited rated Voltage

= Polymer still works without liquid electrolyte part

= Available in smaller cases than Polymer or Electrolyte in some cases
= Has certain self healing properties

Tog—-Ta
© Li=Lyp+2 0 S for every 10°C below max. temperature,
the expected lifetime doubles

Lx = expected lifetime; To = max. temperature; Ta = Operating temperature
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ALUMINUM CAPACITORS

Comparison of the technologies

Technology Capacitance Voltage ESR Temperature Endurance Expected Lifetime
[pF] [vDC] [mOhm, typ] range [@105°C] [h, @65°C]
® Electrolytic 100 16 6.3x6.6 420 255 16 ¥  -55t0 105 2000 3.65 years max
@ Hybrid 100 16 6.3x6.6 20.1 o 1300 o= 16 4 -55t0105 10000 o 13vyearsmax o
@ Polymer 100 16 6.3x6.6 14 i 2690 dp ¢ 400 -55t0 105 2000 13yearsmax o
Impedance / Frequency =0 ESR / Frequency = 0O
1k m 1 k2 m

Find this and more
measurements in

REDEXPERT"

100 mQ2 100 mQ k

10 mLl 10 mng)

10002 4 100 O

100 4 100

Impedance
o
ESR
s

1mi T 1ma T T
100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 100 Hz 1kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz
Frequency Frequency
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SUPERCAPACITORS

Composition of Supercapacitors

Characteristics EDLCs:
(Electronic Double Layer Capacitors)

-Very huge capacitance

-Limited Voltage Range
-Temperature range 65°C up to 85°C
-Very low ESR values

-Comparatively high leakage Currents

W

g
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: .. electrolyte
CIE
o0

X
@

Cations solvated
in the electroyte

Polarized molecular

+++++++++H

layer of solvent
molecules

Negative Electrode

+
+
+
+
P Separator
+
+
+
+
+

| c|mholtz double layer




SUPERCAPACITORS

Lifetime expectancy of Supercapacitors

Relative C in % after 10 years

-40}
=35}

Temperature, [°C]

80

60

40

0. 02040608 1. 1214 16 18 2. 22 24 26
Voltage [V]
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Remaining Capacitance after 10 years

For example:

At 2,3V and 40°C expected remaining
capacitance around 60%

At 2,7 V and 40°C expected remaining
capacitance around 20%




SUPERCAPACITORS

Balancing

= Worst Case Scenario:
= 2 Supercapacitors with a Capacitance of 10 F (tol.: -10%, +30%) are being put in series and are
charged at 5,4 V.)
= Worstcase: C, =9 F(—10%), C; = 13 F (+30%)
= This results in the following Voltage levels:

13F

U, = 5.4V = 3.19V (Caution Overvoltage!)
9F+13F
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INTRODUCTION TO CAPACITOR TECHNOLOGIES

Summary
MLCC Film Capacitor Aluminum Capacitor
= Smallest sizes = Suitable for high Voltage = Aluminum Electrolyte P &5
= High Voltage available = Self-healing properties = Cost efficient
= (lass 1 Ceramic very stable over = Safety Capacitors available " Bigvariety insize ‘ = R
Temperature, Voltage and Time = Sensitive to humidity & temperature " Aluminum Polymer

= Suited for longevity applications

= Low ESR values

= Not suited for:
= Battery powered applications
= High vibration applications

= Aluminum Hybrid Polymer

= (Combines the advantages of both
technologies

= Suited for longevity applications

= Suited for high temp applications

= (lass 2 Ceramic big capacitance but
mind the Capacitance losses

= Safety Capacitors available

= Limit possible cracking with soft
termination

Supercapacitor

= \/ery high Capacitance
= Strongly adviced Balancing if
connected in series
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Questions

& Answers

We are here for you now!
Ask us directly via our chat or via E-Mail.
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