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Difference between supercapacitors and batteries

How does a supercapacitor work?

Structure of supercapacitors, different types of supercapacitors
KEMET line-up

Application examples

How to calculate the correct capacitance for your application?
Parasitic Effects

Competitive advantage

Automative grade supercap

Summary
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Supercapacitor vs. Coin Cell Battery
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Supercapacitor

Lithium Coin Cell
(Secondary battery)

@)

Coin Cell
(Primary battery)
Lithium , Manganese Lithium

=

The principle of electric
storage

Safety
(Failure mode)

Charge/Discharge cycle

Charging time
(Internal resistance)

Physical desorption of ion

Safe
(Open)

No limitation

Several seconds -
(Low resistance)

Chemical reaction

Outgassing, ignition, rupture
(Short)

Approx. 500 cycles

10 minutes~several hours
(High resistance)

Chemical reaction

Outgassing, ignition, rupture
(Short)

(High resistance)

Energy density 0.5t0 5 30to 270 150 to 320

(Wh/kg)
Operating temperature rage -40to +85 -20to +60 -15to +70
(deg-C) -40 to +125

Maintenance Free

Yes

No

No




How does a supercapacitor work?
Electrical double layer — Helmholtz layer KEMET —-
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N1 » Solid carbon electrode towards a liquid electrolyte
c % » Charge separation distance ~1nm leads to very high
| U) capacitance
© o | ® o
o [ .
B | Surface area of carbon.
O Surface area of carbon
n c coKA
d Inner Helmholtz Layer

1. Source
2. Collector
3. Polarized electrode — solid carbon Result

4. Helmholtz- double layer
5. Electrolyte (diluted sulfuric acid)

6. Mechanical separator » Two double layers in series creating physical charge separation
» Electric Charges have been stored at the double layers



Supercapacitor Construction
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KEMET: Aqueous electrolyte

g6 o

Base cell

' Conductive current

collecting electrode

Sealing synthetic
rubber

Separator

Activated carbon +
electrolyte
(Dilute sulfuric acid)

Can type

Base cell
Outer case

(]
®
@
<
@

Resin mold type

Resin mold
—
— < |
\ Pins
/@ Base cell

SMD type
Base cell

Outer case
— Pins
1
=% . (-) Isolated case

b&“ board
(+ /
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Competitors: Organic electrolyte

-
i- Bl

Can case

Q Can type

Coin cell

Heat shrink tube

Coin type
_ . J




High Reliability Design
Cell Construction Difference, Aqueous Technology KEMET -—-
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KEMET Base Cell Competitive Base Cell
Conductive Electrode Activated carbon
? IR W g s . electrode i Separator
/ '.":‘:-.:-'_:_'."-'-.j-';-".'.:'.'.: / Sea“ng SynthetIC _,-J_-;r;ljf_.—r:v‘.r—._.r_r:'—-, -~ = - >
RN A v
é» HOCAE % N = ' L'”'l“‘ Gasket
=1 #=Separato S | | (Packing)

—Separator (porous organic film)
— Activated Carbon + Electrolyte

(Diluted Sulfuric Acid) Case
Cross-linking: Chemical Bond Gasket: Mechanical Compression
Near Hermetic Leaks Electrolyte

* Longer operational life  Internal short on failure

(Cross-Link Sealing) (Gasket Packing)

* High reliability for moisture « Weak for moisture
(Aqueous Electrolyte) (Organic Electrolyte)

» Strong shock resistance * Weak shock resistance
(Cross-Link Sealing) (Gasket Packing)

©KEMET Corporation. All Rights Reserved. 7



High Reliability Design
Voltage Margin Difference, Aqueous Technology IKEMET-—-
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KEMET 5.5V Cell Stack Competitive 5.5V Cell Stack
0.917v i‘75|.0"d /el
Applied / cell ppliedce
Can type
Coin type
Max voltage of base cell is 1.2V/cell Max voltage of base cell is 3.0V/cell
For 5.5v: 0.917v applied per cell For 5.5v: 2.750v applied per cell.
Gives 30% Margin Leaves 8% Margin

Voltage stress causes the electrolyte to break down,
reducing the life of the supercapacitor.

©KEMET Corporation. All Rights Reserved 1. 8



KEMET line-up, focus series KEMET —-
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Can type

~
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—> Surface Mount type

FM Series FC Series FG, FR, FY, FT, FS, HVZ Series
FA, FE Series

N
—p Resin Molded type v _

Capacitance range | Capacitance range | Capacitance range | Capacitance range

0.01-0.22 F 0.047-1F 0.01-56F 1-200F
35-65V 3.5-55V 35-12V 2.7V
70°C/85°C 70°C 70°C/85°C 70°C

Series with temperature range (- 40 to +85): FT, FR, FM, FMR, FGR



Performance for selection

>

» Low ESR

mA

LA

Backup current depends on SuperCapacitor
equivalent series resistance (ESR)

High ESR <

©KEMET Corporation. All Rights Reserved

\
High pﬂm

SuperCapacitor
BOX type S

Backup current

Low impedance application use—__]

FA, FE, FS, FT, FM Series

T

]

T

High impedance appllcatlcn:é?i“*-
FG, FY, FC, FM, FR Series

T

107 10°
+ Backup time
1 month (sec)

0.01 0.1 1 10 10° 10° 10° 10° 10°

t t 1 t
1 minute 1 hour 1 day 1 week

Backup time depends on capacitance
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Application Examples of Superca

nacitors
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Intended uss Power supply _— . o
(guideline) (puideline) Application Examples of equipments Series
» Measuring device, Control equipment, . FR series
- CMOS RAM, IC for clocks Communication device,
Automotive power source (85 C guaranteed)
Long time
back-up 3001 Aand below ~ : - FC series
o —~ - CMOS micro computer )
- CMOS micro computer, 1C for . Static RAM/DTS - FG serias
clocks - ) - FY series
(digital tuning system) . EM series
- VCR, Microwave oven,
« Micro computer, RAM « Micro computer
- Memory equipped device
Back-up for . . « FT series
50 mA and below e - VCH, Printer, Projector e e
1 hour or less Diriving motor . Video disk F3 series
- Subsidiary power supply for driving . Camera
motor during voltage drop =
Back-up for - Power source of toys, LED, buzzer - Toys, Display device, Alarm device R
10 seconds 1 A and below . )
« High current supply for a short . i} . R + FE s&ries
ar less amount of ime Actuator, Relay sclenoid, Gas igniter
Power assist | Up to several A ' :E[Tpelgrr supply, Subsidiary power - Street sign, Display light , UPS - HV zeries




Application Examples- 1 KEMET —-
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Utility Meter Automotive Flight Entertainment Base Station
Infotainment For communication

SEfJaN FCSOH224ZF FMOH104ZF FCOH105ZF-SS FCSOH473ZF
MPN FMOH224ZF FMROH104ZF FCSOH104ZF
FGROH105ZF FCSOH104ZF

Note Keep time information Keep time information Keep time information Keep time information

High temp/High humidity Car radio, Car navigation,
performance is important Fish finder

©KEMET Corporation. All Rights Reserved. 12



Application Examples- 2 KEMET —-
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Security / Fire HVAC, Thermostat Industrial Robot Digital Network
alarm system Camera

FCSOH104ZF

SENIEE FMOH224ZF

FCSOH473ZF FMOH224ZF

MPN FGOH105ZF FCSOH104ZF FGOH473ZF FMROH224ZF
FCS0V224ZF
Keep time information Keep time information Keep time information, Keep time information

Keep location information

©KEMET Corporation. All Rights Reserved. 13



Application Examples-3

Appliances with
network function

POS terminal

Insulin pump,

Other medical
devices

KEMET —-
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Ultrasonic
diagnostic
equipment

Example
MPN

FGOH105ZF
FCOH105ZF-SS

FGOH104ZF
FMOH104ZF
FCOH104ZF

FGOH104ZF
FGOH224ZF

FCSOH473ZF
FCSOH104ZF

Note

Keep time information

Keep transaction data

Sustaining corrected data
and setting.

Keep setting information.

Keep time information

©KEMET Corporation. All Rights Reserved.
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How to calculate the correct capacitance for

the application? KEMET —:-
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Application information parameters:

>t [s] — required back up time

»Ipaciup — required back up current

PV oin Vimax — Minimum and maximum operating voltage
»operating ambient temperature

»required dimensions

»mounting type (surface mount or through-hole)

_ (Ibackup )[A] Xt [S]

¢ (Vmax o Vmin) [V]

©KEMET Corporation. All Rights Reserved
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Parasitic effects

R, ics - DC Resistance and ESR

KEMET —-
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Resistance of the capacitor’s terminals and electrodes

Ohmic losses within a capacitor during the movement of charge carriers

RC value impacts the charge and discharge time
ESR is considered as AC resistance which has a frequency dependent characteristic

FCOV474ZF

Temperature characteristics
25C->-25C>-40C—+25C->70C->85C->25C

25°C -25°C  -40°C 25°C 70°C 85°C 25°C
Temperature (C)

©KEMET Corporation. All Rights Reserved

REFERENCE
CMG-17-32429

n=5

= Max

—— A,

= Min.

20

S~O._
L

B e s =

FSOH473ZF

FAOH473ZF

I I I I I I I I I I I
5 10 20 50 100 200 500 1,000 2,000 5,000 10,000

Frequency (Hz) ;.



Additional parameters needed for the KEMET —
calculation -

Additional parameters:
»Varop — Voltage drop by DC resistance

when back up current is 1mA or below — we disregard the
drop

»R.ries — DC resistance

» The voltage drop of the supercapacitor is
determined by the DC resistance and the back-
up current.

» The DC resistance values of each part number
are given in our datasheets.

Vdrop = Rgeries[Q] * Ibackup[A]

(Ibackup) [A] Xt [S]

C =
(Vmax T Vmin _ Vdrop) [V]

©KEMET Corporation. All Rights Reserved 17



Parasitic effects
Self-discharge characteristic KEMET —-
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SD characteristic - measured when the main charging source is disconnected from the

supercapacitor
Self-discharge characteristic (SD) — important characteristics to determine the backup
time —
at 25°ClCharging 5V, 00), 24Hr) Charge condition : 3.0V-0R -24h (25°C)
5 - . | | ‘ 30 g o T l L
an «dL ]
uy L
NN 25 =
4 L \\%\ =, "‘\,\..
§, —FC(S)IHATIZF 20 -, \‘
- : N —Fqs:nmmzu: 3 Mo \
= \ e FC(S)0H224ZF i; s LN
2, FCOHATAZF-SS . 1 z:fcl
E FCOH1052F S8 g T A I\\|
% b S soc T [-25C ]
=1
0
0.01 0.1 1 10 100 1000 10000 00
Discharge time (h) ™ 1 Tlml.O(Hr) Im o
Self-discharge characteristics of the FC series supercapacitor Self-discharge characteristics of the FCOV474ZF at different temperatures

©KEMET Corporation. All Rights Reserved 18



Additional parameters needed for the KEMET —-

calculation

Self-Discharge characteristic
FCOH105ZFTBR44-SS 4t 25°C[charging:5V, 09, 24Hr]

(2]

—_ Ty
54 L | \\ vt
=
3,  ———— N
© T=192 hours
E1 L
s
0 | .
0.1 1 10 100 1000 10000

Discharge time (h)

C[F]*(VO_Vl_

BUILT INTO TOMORROW

Additional parameters:
»Varop — Voltage drop by DC resistance

when back up current is 1mA or below — we disregard the
drop, negligible for RTC backup application

»Iseif aischarge — SEIf discharge characteristic
»R.0ries — DC resistance

Vdrop) [V]

Iself.discharge= T[S]

Cl

F]x (Vmax —Vmin— Vdrop) [V]

t (back up time estimation)=

©KEMET Corporation. All Rights Reserved

(Iself.discharge +Ibackup) [A]
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Parasitic Effects KEMET —-

L eak ag e C u r re n t BUILT INTO TOMORROW

Leakage current “LC” is a charge current measured from the pin-to-pin voltage across a
charge resistor when the supercapacitor is charged for many hours and while the
supercapacitor is on charge.

Supercapacitor has a high internal resistance — small current is needed to keep the
charge on the supercapacitor

Current (30 minute value) at 25°C Tooo T
Absorption Current £ [ivﬂ EJ-w.'a _
h-: oy ) B - G- L
! E T 100 g R — P
— = v Leakage current - 85°C
{ " Charge cument | =——(A)
100 $—2 R g
!mmmmn v =o'
= ' = H - 10
F R - = 5 T au'c
@ 4 0 - ] g
5 10§ é\-—-s - : 3 25°C
& = x FCOH105ZF-58 3
i fx : :
° \{r\.,\_- —E__._, . 01
A\ - . F_ccirl-HNZF-ss .
'\:E\\ E FOOH224ZF/FGOO0H224ZF & —
1 ] ! | = oor | R -
! ] FCSHI104.?FJFC$0H104ZFE — anT
o E E E Fcould?azF:Fc:soHnsz:F .
- 0'. Im ‘-IM--l.a{m-.-l'l:cn-l-l-;:?ll'l-g{;] IIIII ;['I{JI’ 0m1 |
Charge Time (h) 0 50 100 150
Time {h)
LC characteristics at room temperature and measurement circuit LC characteristics of the FCOH224ZF at different temperatures

©KEMET Corporation. All Rights Reserved. 20



Parasitic effects
Ambient tempeture KEMET —-
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The operating temperature as one of the main factors for choosing the right
supercapacitors

Parameters that depend on the temperature:
Lifetime of the supercapacitor
Self discharge characteristic / discharge time
Leakage current
Capacitance
DC resistance

- Max

10 —a—flive.

0
-10 = Min.
-20 \ e
-30 = e

—

ACIC (%)

25°C -25°C -40°C  25°C 70°C 85°C 25°C
Temperature (C)
©KEMET Corporation. All Rights Reservec L 21



Lifetime of the supercapacitors KEMET —-
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FC-Series(FCS-type)
_ 5.5Vdc rated
Defined as the point at which capacitance is ouwril
reduced to 70% of the initial value I
High temperature load life tests -> the life is 1o Py - resounnar
reduced by half with an increase of 10°C § -
temperature z I S years
B
5
Lifetime of the supercapacitors — 10 years and § e
more at ambient temperature 25°C 8 - .
2 i
E -
: 0 T OB e
% 1.|mu - ke ;milunmmﬂ:: life a!lll'rl.lull]!bl-ri i% carried aul
:
2:3 2:5 SI.'D 311 3:2 3.:3 =102 (K)
als :r'ln slu sln 4In ;-.Iu zls ("€

Temperatura



Supercapacitor ESR KEMET —-

KEMET vs. Competitor BorTToromomo
Low temperature High
spec temperature spec
70

60 \ :
50 \ :
40 :

>
o
7z \\ Competitor’s EDLC L
L /

20 : “\

o E \‘a_{/ KEMET Supercapacitor >

-— : / —m—
D ':._ - ; _h—-
—40 ' 20 0 20 40 60 80

Temperature (degree C)

KEMET Supercapacitor: Better ESR stability over temperature.

©KEMET Corporation. All Rights Reserved 1. 23



High Temperature, High Humidity Test

Test Condition: 85 <C, 85% RH. no load, 240 hours IKEMET —-
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Capacitance changing rate ESR changing rate (@1kHz)

Rate of Capacitance Rate of Capacitance Rate of equivalent series resistance Rate of equivalent series resistance
n=5p P n=3=5p 400 n=5p 400 n=5p
30
e KEMET ‘g KEMET ‘g Competitor ™
L T 300 f-------eee
. < <
@ 10 [ g 4 4
e 5] 2] w
o = T T
o Q © 74
a < . 7 7]
b 17] 17]
T O B I Q100 oo e
o
30 ; ;
=30 ‘ ) 0 120 240 360 0 4@ 0 ' ‘
0 120 240 360 ) o 120 240 360 0 120 240 360
Time(Hr) Time(Hr) Time(Hr) Time(Hr)
LC characteristic (30min value) Self discharge characteristic (24Hr value)
Current at 30min. _ Current at 30min. Self-Discharge characteristic Self.Discharge characteristic
500 n=5p n=5p 5.00 n=5p 500 n=5p
- 500 : !
400 Fo-remmemmmeeeeees KEMET >‘ 400 Competitor n‘ | 480 f--mmeeemeeeeeeees KEMET " 480 |- Compentor n.
4.60 460 P
a1 o T T
g El 300 § .40 g .40
3 200 goeseseeeeeeyeeneoone-eonooos Ly 3 200 F--- @ 1o . @ 4.20
T LT Y 400 - 4.00
0 0 3.80 ; : 3.80
0 120 210 380 o 120 240 360 0 120 240 360 0 120 240 360
Time(Hr) Time(Hr) Time(Hr) Time(Hr)

Competitor part: Poor ESR performance, Poor Self Discharge performance




New Supercapacitor AEC-Q200 Compliant Products —
High Reliability for Automotive market KEMET

AEC-Q200 Grade3* Compliant Product, FM se“

*Grade3: Using Aluminum Capacitor’s Standards. 7
For most passenger compartment — > ﬂ
(-40°C~+85°C) piY

Mold type

Resin mold(PBT)

Mold type Development Completed.
* High reliability. Mass production Q4 CY2020
* Automatic mounting compatible.




Recap KEMET —-
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Supercapacitors have no limit for charge/discharge cycles

Quick charge and discharge possible since no chemical charge is
iInvolved

Open failure mode

Simple installation — SMD and automatic mounting series available
Wide operating temperature range — up to 85°C

High reliability in humid environments

Maintenance free

Every application that needs a "small power” backup solution is a
potential for supercapacitors

O©KEMET Corpor ration. All Rights Reserved 26



Q&A KEMIET —-
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Submit question via the Q&A window
Note that the speaker will try to answer as many as time allots

Ask attendees to submit unanswered or late questions via this link:
https://go.kemet.com/contact-us

OKEMET Corporation. All Rights Reserved 27
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Upcoming Webinars KEIWEF—W_'
Automotive Series: Advanced Driver-Assistance Systems
Automotive Series: Powertrain
Automotive Series: 48V Systems

To register and learn more, visit: http://ec.kemet.com/events/webinars
Help us get better, complete the survey!

Follow us on social!
@KEMETCapacitors ¥
@KEMETelectronics @
@KEMETelectronics
KEMET Electronics ©3
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