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Capacitor Basics
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Capacitor Basics



Ochispart

Electronic Parts Manufacturers Distributors

Electronic Parts > Passive Components > Capacitors (2,344,592)

Ca pacitors Top manufacturers

Capacitors are two-terminal components used for filtering, energy storage and voltage spike KEMET Knowles
suppression. ¥AGEO company Syfer

83,945 63,344

muRata

We showcase several types of capacitors, such as ceramic capacitors, film capacitors and aluminum
electrolytic capacitors. We present capacitor suppliers that provide high-quality, reliable capacitor types
from the most reputable manufacturers in the industry. Whether you're designing a simple circuit or a . KYOCERA

. . . g v
complex system, these capacitors deliver performance, durability and precision. AVX
44,626

Aluminum Electrolytic

: 141,478 Capacitor Arrays 8,359 Capacitor Kits Ceramic Capacitors 1,247,678
Capacitors

Film Capacitors 228,147 Mica Capacitors 11,826 Polymer Capacitors 22,802 Tantalum Capacitors 219,606

Trimmer / Variable

. 3,923
Capacitors

Octopart has 2,344,592 capacitor part numbers :.E BALDENGINEER



Octapait

Electronic Parts Manufacturers Distributors

Electronic Parts > Passive Components > Capacitors (2,344,592)

Capacitors Top manufacturers

Aluminum Electrolytic

: 141,478 Capacitor Arrays 8,359 Capacitor Kits Ceramic Capacitors 1,247,678
Capacitors

Film Capacitors 228,147 Mica Capacitors 11,826 Polymer Capacitors 22,802 Tantalum Capacitors 219,606

Trimmer / Variable

: 3,923
Capacitors

Octopart has 2,344,592 capacitor part numbers :.E BALDENGINEER




Capacitor Types
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Five Major Capacitor Types

Ceramic Aluminum Tantalum Film EDLC
Electrolytic




Five Major Capacitor Types

Ceramic Aluminum
Electrolytic

Film

EDLC
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MLCCs
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MLCC Structure




Ceramic - 4 Major Losses
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Ceramic - 4 Major Losses
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Ceramic DC Bias 12.79684F 25V e 6.727114F

12. 76 71uF 6. 72053uF
Kl -87.241 ° Kl -88.207 °
-74.5013mH Yo 3P : e
LCR _INFORMATION INFORMATION
20. 5502uF TS e A e B e A e A
LIMIT OFF AVG OFF LOAD LIMIT OFF AVG OFF LOAD  OFF

20’ 4858uF RANGE AUTO 300Q DELAY 1.0000s CABLE RANGE AUTO 300Q DELAY 1.0000s CABLE Om

n —86 792 e jggGé gii DCBIAS 0. 00V SCALE hggeé gii DCBIAS 0.00V SCALE OFF
-46.3927mH '3 3 [———
,'63_00 Hz  SPEED SLOW OPEN 4 19586”F 7.5V 2 89614H F 1ov
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MLCC 22 uF, 10V, 0805, X7R: DC Bias (Graph)

Cap (UF) VS. DCV Test Signal: CV, 1 Vpp
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MLCC 22 uF, 10V, 0805, X7R: DC Bias (Graph)

Cap (UF) VS. DCV Test Signal: CV, 1 Vpp
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MLCC 22 uF, 10V, 0805, X7R: DC Bias (Graph)

Cap (UF) VS. DCV Test Signal: CV, 1 Vpp
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MLCC 22 uF, 10V, 0805, X7R: DC Bias (Graph)

Cap (uF) vs. DCV Test Signal: CV, 1 Vpp
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What affects MLCC VCC

Dielectric Thinness (Thickness)

e Rated Voltage
o LowerV = Thinner Dielectric 1 |
|

e Temperature Coefficient
o Less Temp Range = Thinner Dielectric
o X7R>X5R > Y5V > Z5U Top View

e Dielectric Surface Area
o  Smaller Xand Y = More Layers
o  Limitis longest side
m (0805 can’t be “taller” than .08) Side View
o  Thinner Layers to get More Layers
m  See Above
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MLCC 22 uF, 10V, 0805, X7R AC Signal: Graphs

ANALYZER ANALYZER

Cs UPPER: 27.2001% LOMWER: A:0.005V B=4.071V ts UPPER: 20.500n Lower: [A=0.030V B:4.900V
2 *UPPER: 47.200 LOMER: 17.83320nF 25.06231nFjfl 2 xUPPER: 97.000m LOKER:| {§ A6348MF 18.57499nF

44.63403 31.81414 Oy | 88.071mf 87. 639mk)

] B fA
0.005Y 1DIV:=1.000v¥  200.00 Hz 0.005v 1DIV:1.000V 100.00kHz
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MultiLayer Ceramic Capacitors (MLCCs)
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Aluminum Electrolytic
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Aluminium Electrolytic

Aluminum Can
Detailed Cross Section

0
)
i
A

Terminal Tabs Terminal Tab —_|

Rubber Seal Margin —_

Aluminum Can —

Paper Spacer with Solid
Polymer Electrolyte
(First Layer)

Paper Spacer with Solid
olymer Electrolyte

. : (Third Layer)
Anode Aluminum Foil, :
Etched, Covered with Caﬂ;:%?le EAtIc:IhrE:jnum
Aluminum Oxide (Four'th Layer)

(Second Layer)

Cross Section from KEMET A750 Series

peid——— 1=~} Rubber Seal
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Traditional Al Electrolytic

Panasonic

i 3

Aluminum Electrolytic Capacitors
Radial Lead Type ’
NHG-A series

® Endurance : 105 °C 1000 h to 2000 h
® AEC-Q200 compliant (6.3 V to 100 V)
® RoHS compliant

®Not available in Japan

Specifications

Category temp. range —-55 °C to +105 C —25 C to +105 °C
Rated voltage range 6.3Vto 100V 160 V to 450 V
Capacitance range 2.2 pF to 22000 pF 2.2 pF to 330 pF

Capacitance tolerance

+20 % (120 Hz / +20°C)

Leakage current

| = 0.01 CV or 3 (uA) After 2 minutes

23 .
(Which is greater) | = 0.06 CV + 10 (pA) After 2 minutes

Dissipation factor (tan d)

Please see the attached characteristics list

After following life test with DC voltage and +105 ‘C+2 °C ripple current value applied

(The sum of DC and ripple peak voltage shall not exceed the rated working voltage) for 2000 h,
when the capacitors are restored to 20 °C, the capacitors shall meet the limits specified bellow.
Duration

Endurance 6.3 Vto 100 V (25 to #8) : 1000 h, (210 to #18) : 2000 h
160 V to 450 V : 2000 h
Capacitance change Within £20 % of the initial value
Dissipation factor (tan 8) | = 200 % of the initial limit
DC leakage current Within the initial limit
After storage for 1000 h at +105 “C+2 °C with no voltage applied and then being
Shelf life stabilized at +20 °C, capacitors shall meet the limits specified in endurance.

(With voltage treatment)
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Traditional Al Electrolytic

Panasonic

i 3

Aluminum Electrolytic Capacitors
Radial Lead Type ’
NHG-A series

® Endurance : 105 °C 1000 hto 2000 h |

®Not available in Japan

1t0 2000 h
® AEC-Q200 compliant (6.3 V to 100 V)
® RoHS compliant

Specifications

Category temp. range —-55 °C to +105 C —25 C to +105 °C
Rated voltage range 6.3Vto 100V 160 V to 450 V
Capacitance range 2.2 pF to 22000 pF 2.2 pF to 330 pF

Capacitance tolerance

+20 % (120

Hz / +20°C)

Leakage current

| = 0.01 CV or 3 (uA) After 2 minutes
(Which is greater)

| = 0.06 CV + 10 (pA) After 2 minutes

Dissipation factor (tan d)

Please see the attached characteristics list

After following life test with DC voltage and +105 ‘C+2 °C ripple current value applied
(The sum of DC and ripple peak voltage shall not exceed the rated working voltage) for 2000 h,
when the capacitors are restored to 20 °C, the capacitors shall meet the limits specified bellow.

Duration
Endurance 6.3 Vto 100 V (25 to #8) : 1000 h, (210 to #18) : 2000 h
160 V to 450 V : 2000 h
Capacitance change Within £20 % of the initial value
Dissipation factor (tan 8) | = 200 % of the initial limit
DC leakage current Within the initial limit
After storage for 1000 h at +105 “C+2 °C with no voltage applied and then being
Shelf life stabilized at +20 °C, capacitors shall meet the limits specified in endurance.

(With voltage treatment)
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Traditional Al Electrolytic

i 3
INDUSTRY A\ Some part numbers are discontinued

Aluminum Electrolytic Capacitors
Radial Lead Type ’
NHG-A series

® Endurance : 105 °C 1000 hto 2000 h |

oSSR g S - EESS T S 110 2000 h
® AEC-Q200 compliant (6.3 V to 100 V)
® RoHS compliant

®Not available in Japan

Specifications

Category temp. range —-55 °C to +105 C —25 C to +105 °C
Rated voltage range 6.3Vto 100V 160 V to 450 V
Capacitance range

Capacitance tolerance

After following life test with DC voltage and +105 “C+2 C ripple current value applied
(The sum of DC and ripple peak voltage shall not exceed the rated working voltage) for 2000 h,
when the capacitors are restored to 20 °C, the capacitors shall meet the limits specified bellow.

Leakage current

Dissipation factor (tan 8

Duration
6.3 Vto 100 V (25 to 8) : 1000 h, (210 to 18) : 2000 h
Endurance 160 V to 450 V : 2000 h
Capacitance change Within £20 % of the initial value
Dissipation factor (tan 0) = 200 % of the initial limit
DC leakage current Within the initial limit

Shelf life

S

| (With voltage treatment)
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Life Derating: 100 uF, 20 V, 105 C, 1000 Hours

10 °C decrease = 2X Life

(at rated voltage)




Life Derating: 100 uF, 20 V, 105 C, 1000 Hours

10 °C decrease = 2X Life

(at rated voltage)

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

<J BALD o



POLYMER

Manufacturer Part No:

Newark Part No.:

See all Technical Docs
Product Information

Capacitance:
Voltage Rating:
AE Capacitor Case:

Product Range:

D) Add to compare

A755KS107M1EAAE025

97Y1055

100pF
25v
Radial Leaded

A755 Series

0.0250hm |

Lifetime @ Temperature:

Operating Temperature Min:
Operating Temperature Max:
ROHS Phthalates Compliant:

5000 hours @ 105°C
-55°C
105°C

Yes

Aluminum Polymer vs. Traditional

CONDUCTIVITY

0.0250hm

2.321ohm

TRADITIONAL

Manufacturer Part No:

Newark Part No.:

See all Technical Docs
Product Information

Capacitance:

Voltage Rating:

Product Range:

Capacitance Tolerance:
Capacitor Terminals:
Operating Temperature Min:
Operating Temperature Max:

Lifetime @ Temperature:

107KXM025M

69K8200

100pF

25V

KXM Series

+ 20%

Radial Leaded

-55°C

105°C

2000 hours @ 105°C

I ESR:

2.3210hm I

RoHS P-hthala(es Compliant:

Yes

D Add to compare



Aluminum Electrolytic: 470 uF

ANALYZER
A:109.04 Hz
431.8147nF

B:18.404kHz

Cs *UPPER: 700.00n LOHER: 200.00n 359.7539nF

ANALYZER

Cs *UPPER: 600.00m LOWER: 400.00n

A:111.43 Hz
472.1723nF

B:49.798kHz
29.18027mF

UPPER: 1.0000 LOWER: 50.000m 3.387801 Q

125. 744
[ :

/
4

5.0000MHz
Traditional (Wet)

Part Number: Generic 25V, 470uF Radial

4

UPPER: 4.7107 LOWER: 10.647m = 3.021590 O

17.755mf

Polymer (Solid)

Part Number: nichicon 647-PCG0J471MCL1GS

5.0000MHz




Aluminum Electrolytic

Rated V Rated Temp
Polymer Means Less ESR
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EDLC / Supercapacitors
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10 Amp Pulse

3.3 Amp Continious :
34 milli0hm ESR

10 mWh

10 by 31.5 mm

2.7V







596 mV -56s 42s -28s -14s Os 14s 28s 42s 56s 70

-75mA
153 mA -56s 42 s -28s -14s (V) 14s 28 s 42s 56s 70s




Energy Stored in EDLC (or any capacitor)

Loy
E_z c Vrail
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Energy Stored in EDLC (or any capacitor)

Loy
E_z c Vrail

But can you use it all?

40



Electrical Double Layer Capacitor (EDLC)

dayz 1oy
_zcm“ zcmm



Electrical Double Layer Capacitor (EDLC)

doye_loy:
E_z c vrail 2 c vdrop

Usable Energy from Capacitor

Capactiance 2.50 Farad
Vstart 5.3E+0 Volt
Vstop 1.8E+0 Volt

Usable Energy 31.06 Joule

42



EDLC (Supercapacitor)

Consider (Dis)charge curves

Calculate usable energy

500,000 Charge Cycles

43



Film
(for EMI)
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EMI Filter for AC Mains Connection

— C_Smooth

F1
L = . = : [
L 1 o~
x| Rt =— nh{
T e b &
N T | 3
Earth _
CX Film or Ceramic X1/ X2
“Safety Rated” / EMI
CcYy Film or Ceramic Y1/Y2
“Safety Rated” / EMI
C_Smooth Electrolytic High Ripple Current




EMI Filter for AC Mains Connection

— C_Smooth

L = . = : [
L 1 o~
4 AR ET— nh{
T e b &
N T | 3
o
Earth _
CX Film or Ceramic X1/ X2
“Safety Rated” / EMI
CcYy Film or Ceramic Y1/Y2
“Safety Rated” / EMI
C_Smooth Electrolytic High Ripple Current




EMI Filter for AC Mains Connection

— C_Smooth

F1
e - ~ T1
= L al 4
L 1 o~
o I — nh{
T e b &
. T 1 2 3
L
Earth _
CX Film or Ceramic X1/ X2
“Safety Rated” / EMI
CYy Film or Ceramic Y1/Y2
“Safety Rated” / EMI
C_Smooth Electrolytic High Ripple Current




Capacitive Dropper

R1 C1
470 Q 2.2 uF

¥ 5V
VWY P —
lout
Vac V3
110V 6.8V laND(LDO)

N~ GND

Texas Instruments, SBVAQ079, How to Make a Simple Nonmagnetic AC/DC Power Supply
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Capacitive Dropper M

R (0F
470 Q 2.2 uF

| 5V
A —+P
lout
Vac V3
110V 6.8V laND(LDO)

N~ GND

Texas Instruments, SBVAQ079, How to Make a Simple Nonmagnetic AC/DC Power Supply

49



EMI Suppression / X & Y Capacitors

X2 Capacitors

Many approvals... but:
o UL94
m  Flammability of Plastic

o |EC/UL 60384-14
m  Fixed Capacitors for
Electromagnetic Interference
Suppression and Connection to
the Supply Mains

Series-coupling = limited life

AC Line EMI Suppression and RC Networks

Electronic Components

F862 Metallized Polypropylene Film for Harsh

Environmental Conditions, Class X2,

310 VAC (Automotive Grade)

Overview

The F862 is constructed of metallized polypropylene film

lated with self-extinguishing resin in a box material
recognized by UL 94 V-0. The F862 Series is ideal for
harsh environmental conditions and meets the demanding
Automotive Electronics Council's AEC-Q200 qualification
requirements.

Applications

Typical applications include connection in series with the
mains, capacitive power supplies and energy meters, with
special hasis in ive applications for severe
ambient conditions.

Benefits

« Approvals: ENEC, UL, cUL, CQC

« Rated voltage: 310 VAC 50/60 Hz

« Capacitance range: 0.1 - 4.7 pF

« Lead spacing: 15.0 - 27.5 mm

« Capacitance tolerance: 20%, +10%

« Climatic category: 40/110/56, IEC 60068-1

« Tape and reel in accordance with IEC 60286-2
* RoHS pliant and lead-free terminati

« Operating temperature range of -40°C to +110°C
« 100% screening factory test at 1,900 VDC

« Qualification based on AEC-Q200 guidelines

Part Number System

\
e

Click image above for interactive 3D content
Open PDF in Adobe Reader for full functionality

E 862 B c 104 M 310 Z
3 . Lead Spacing . Capacitance Capacitance .
Capacitor Class Series. ) Size Code Code (oF) Telarans Voltage (VAC) Packaging
F = Film X2, Metallized | B=15 See Dimension First two digits K=$10% 310 See Ordering
Polypropylene | D=22.5 Table represent M=+$20% Options Table
F=275 significant

figures. Third digit
specifies number
of zeros.
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Film (EMI)

Cx = Across the Line
Cy = Line to Earth Ground

Not rated for Series Coupling

51



Resources
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Capacitor Video Playlist

Pl Eaton Supercapamtor

i Electrolytlc Capacltors

L7F;H =

element\u

presents o Ceramic Capacitor Voltage Effect

SEPéQénts o MEASIIIIIIIE [AFA[ITMI[E ANDESR

L WORKBENC
(¥\\WEDNESDAY

[=] "ﬁ_E oA poyyeR

W/WEDNESDAY: CAPACITORS

POLYMER
CAPACITORS
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Murata SimSurfing - Impedance Example

@ Multilayer Ceramic Capacitors

Part Number
Crossing Search

- [pl@

English v

Search/View Circuit Characteristic Graph Dx M Explanation video Window Murata website Version
i i e [Product Detad_5 |
p— ) Series ol Basic S-parameter Detailed @ Usage note pl ph SPICE Netlist Product Detail 0
_ : o—o Stock Check (O
v Precise ) (Where to buy)
Simple Shunt 1zl ‘ - xi ‘ Q ‘ — - ‘ {b DC bias [V] 0 (0~10) Contact us o
X, deg C 25 (55~125)
v'| Search Function On/Off Unit Settin: Sa csv & Select items to display : Search from characteri
e —————— 9 —tRVE 25 slodis v’ General v EIA v Temperature Compensation type [ Advanced O) ] gl
Frequency Characteristic “ % Frequency Characteristic “ % Frequency Characteristic A X
10k 100 100u
1K
N 10
— 100 N — l
3 \ E L 10u
"c:> S ﬂ "c:) 1 \ D
‘S 10 3 by e
o \ / o ©
c c =
5 \ = g b g
7] - m a
g \\ / § Bl S 1
E  100m - & Al
10m ) i
10m
im im 100n
100 1k 10k 100k 1M 10M 100M 1G 10G 100 1k 10k 100k 1M 10M 100M 1G 10G 100 1k 10k 100k ™M 10M
Frequency[Hz] Frequency[Hz] Frequency[Hz]

(X] (EEETEN M GRM319R71A105KA01,12] DCOV. 25degC

(X] (EGETEN M GRM219R71A105KA01, R DCOV, 25degC

(X] (TN M GRM219R71A105KA01,C.DCOV, 25degC

3% | e | @

8x%x)e]&] (8% e]&]
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KEMET KSIM: 100n, 1u, 10u - Ceramic Z/ ESR

Impedance

Impedance & ESR

C0805C105K8RAC - Impedance

C0805C105K8RAC -ESR / C0805C106K8RAC - Impedance , C0805C106K8RAC - ESR [l C0805X104K8RAC - Impedance

C0805X104K8RAC - ESR

’L“QC’ -"'t.
N = ny
.,_“.
o
%“w*
R %‘**‘u
(R
® e T, -
s ol
e - - o "
e e
o
N @\x\q, ‘&1, ‘:\\)\’L \‘\\;\1 v\‘& 0“\1 e\”’
o S A K RS A KN
Frequency
Tolerance Dielectric Bias (V) Amb. (°C) Remove
10% b4 CO805C105K8RAC 1uF 10 X7R 1 (0] 25 + X
/7 10% v C0O805C106K8RAC 10 uF 10 X7R 1 [0} 25 + X
| 10% v CO805X104K8RAC 100 nF 10 X7R 1 0 25 + X
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Circuit Break MacroFab Podcast
#434: The Other VCC

SPEGIFYING A

..... |
r g - VOLTAGE
%Iﬁ_ll:ﬂ' , = B’I%ZGIE]HT

0.1% 2%

5%
70 85 100 115 130

2%  0.1%

AAAAAAAAAAAAAAAAA


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

High-Level Comparison

(Yes, there are exceptions in every case.)

Type Capacitance Voltage ESR/Z Lifetime
Non-Polar Low (COG) Low to Med Low Long
(<200V)
Mid, High
(X5R/X7R)
Non-Polar Low to Med Med to High Low Very long
(>50V)
Polarized High High Med Low to Med
(<400V)
Polarized High Low MnO2: High Very long
(<50V) Polymer: Low
Polarized High Low Low to Med Long
(<5V)
Polarized Med to High Med to high Med to High Long
(12, 50, 100 V)
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