
STOP!
(Using the wrong Capacitors)

James Lewis
@baldengineer

bald.ee/teardown2024



Agenda

● Capacitor Introduction

● Capacitor Types
○ MLCCs

■ Loss
○ Electrolytics (Al)

■ Operatinal Lifetime
○ Supercapacitor (EDLC)

■ Battery Replacement
○ Film (EMI)

■ The Big No-No.

● Resources

● Q&A 
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Capacitor Introduction
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Capacitor Basics
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Capacitor Basics
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6Octopart has 2,344,592 capacitor part numbers



7Octopart has 2,344,592 capacitor part numbers

It depends…



Capacitor Types
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Five Major Capacitor Types

Ceramic FilmAluminum 
Electrolytic

Tantalum
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EDLC
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EDLC



MLCCs
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MLCC Structure
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Ceramic - 4 Major Losses
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Ceramic - 4 Major Losses
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Adding DC Bias
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Adding DC Bias
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👈🤣



Ceramic DC Bias
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MLCC 22 uF, 10V, 0805, X7R: DC Bias (Graph)
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Test Signal: CV, 1 Vpp



MLCC 22 uF, 10V, 0805, X7R: DC Bias (Graph)
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Test Signal: CV, 1 Vpp



MLCC 22 uF, 10V, 0805, X7R: DC Bias (Graph)
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Test Signal: CV, 1 Vpp



MLCC 22 uF, 10V, 0805, X7R: DC Bias (Graph)
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85.9% 
Drop!

Test Signal: CV, 1 Vpp



What affects MLCC VCC
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● Rated Voltage
○ Lower V = Thinner Dielectric

● Temperature Coefficient
○ Less Temp Range = Thinner Dielectric
○ X7R > X5R > Y5V > Z5U

● Dielectric Surface Area
○ Smaller X and Y = More Layers
○ Limit is longest side

■ (0805 can’t be “taller” than .08)
○ Thinner Layers to get More Layers

■ See Above

Dielectric Thinness (Thickness)



MLCC 22 uF, 10V, 0805, X7R AC Signal: Graphs
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200 Hz
0.005V to 5V

100 kHz
0.030V to 5V



MultiLayer Ceramic Capacitors (MLCCs)
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Temp Co

Case SizeRated V



Aluminum Electrolytic
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Aluminium Electrolytic
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Cross Section from KEMET A750 Series



Traditional Al Electrolytic
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Traditional Al Electrolytic
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Traditional Al Electrolytic
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10 °C decrease = 2X Life 
(at rated voltage)

Life Derating: 100 uF, 20 V, 105 C, 1000 Hours
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10 °C decrease = 2X Life 
(at rated voltage)

Life Derating: 100 uF, 20 V, 105 C, 1000 Hours
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95 °C 2,000 Hours

85 °C 4,000 Hours

75 °C 8,000 Hours

65 °C 16,000 Hours

55 °C 32,000 Hours



Aluminum Polymer vs. Traditional



Aluminum Electrolytic: 470 uF

33Part Number: nichicon 647-PCG0J471MCL1GSPart Number: Generic 25V, 470uF Radial

Traditional (Wet) Polymer (Solid)



Aluminum Electrolytic
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Polymer Means Less ESR

Rated Temp

Case Size

Rated V



EDLC / Supercapacitors
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Electrical Double Layer Capacitor (EDLC)
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EDLC Structure
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Charge Discharge Curve
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Voltage

Current



Energy Stored in EDLC (or any capacitor)
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Energy Stored in EDLC (or any capacitor)
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But can you use it all?



Electrical Double Layer Capacitor (EDLC)
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Electrical Double Layer Capacitor (EDLC)
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EDLC (Supercapacitor)
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Consider (Dis)charge curves

Calculate usable energy

500,000 Charge Cycles



Film
(for EMI)
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EMI Filter for AC Mains Connection

CX Film or Ceramic X1 / X2 
“Safety Rated” / EMI

CY Film or Ceramic Y1 / Y2
“Safety Rated” / EMI

C_Smooth Electrolytic High Ripple Current
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Capacitive Dropper

Texas Instruments, SBVA079, How to Make a Simple Nonmagnetic AC/DC Power Supply
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Capacitive Dropper

Texas Instruments, SBVA079, How to Make a Simple Nonmagnetic AC/DC Power Supply
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Not an X2!



EMI Suppression / X & Y Capacitors

50

● X2 Capacitors

● Many approvals… but:
○ UL94

■ Flammability of Plastic

○ IEC/UL 60384-14
■ Fixed Capacitors for 

Electromagnetic Interference 
Suppression and Connection to 
the Supply Mains

● Series-coupling = limited life



Film (EMI)
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Cx = Across the Line
Cy = Line to Earth Ground

Not rated for Series Coupling



Resources
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Capacitor Video Playlist
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Murata SimSurfing - Impedance Example

54



KEMET KSIM: 100n, 1u, 10u - Ceramic Z/ ESR
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Circuit Break MacroFab Podcast
#434: The Other VCC

56

macrofab.com/podcasts/capacitor-comp
arison-voltage-coefficient/

http://macrofab.com/podcasts/capacitor-comparison-voltage-coefficient/
http://macrofab.com/podcasts/capacitor-comparison-voltage-coefficient/


Type Capacitance Voltage ESR / Z Lifetime

Non-Polar Low (C0G)

Mid, High 
(X5R/X7R)

Low to Med
(< 200 V)

Low Long

Non-Polar Low to Med Med to High
(>50 V)

Low Very long

Polarized High High
(< 400 V)

Med Low to Med

Polarized High Low 
(< 50 V)

MnO2: High
Polymer: Low

Very long

Polarized High Low
(<5 V)

Low to Med Long

Polarized Med to High Med to high
(12, 50, 100 V)

Med to  High Long

High-Level Comparison (Yes, there are exceptions in every case.)



Thank You

mastodon://

baldengineer@qoto.org

Links…
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