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Overview

FC Series Supercapacitors, also known as Electric
Double-Layer Capacitors (EDLCs), are surface mount type
components intended for high energy storage applications.
The FC Series is designed specifically for reflow soldering,
allowing them to be attached to a printed circuit board
(PCB) directly.

Applications

Supercapacitors have characteristics ranging from

traditional capacitors and batteries. As a result,
supercapacitors can be used like a secondary battery
when applied in a DC circuit. These devices are best suited
for use in low voltage DC hold-up applications such as

embedded microprocessor systems with flash memory.

Benefits

« Surface mount without holder

+ Wide range of temperature from -25°C to +70°C

« Maintenance free

+ Maximum operating voltages of 3.5 and 5.5 VDC

+ Highly reliable against liquid leakage
+ Lead-free and RoHS Compliant

Part Number System

FC OH 104 Z F B R 24 -SS
Series Maximum . Capacitance . . . .
St s Ovring Veliags Capacitance Code Tolerance Environmental Tape Type | Orientation @ Tape Width C-Spec
FCS 0V=3.5VDC First two digits Z= F= TB = R= 24 =24 mm| -SS = 3 digit
FC 0H=5.5VDC represent significant | -20/+80% Lead-free | Embossed | Positive | 32=32mm| serial number
figures. Third digit electrode | 44 =44 mm| marked on top
specifies number of forward Blank = No serial
zeros to follow pF number marking
code.
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Dimensions - Millimeters
I B +0.2
D #0.5 N\
A 0.2
H < ] L~
Maximum | Negative—"| W £0.1
L Terminal / o
KT Positive
Terminal
| P
Part Number D H A B | W P K L }‘;ﬂg‘;’ra"ﬁfr';
FCOH473ZFTBR24 10.5 5.5 10.8 10.8 3.6+0.5 1.2 5.0 0.740.3 0 (+0.3/-0.1) 235°C
FCOH104ZFTBR24 10.5 55 10.8 10.8 3.610.5 1.2 5.0 0.7£0.3 0 (+0.3/-0.1) 235°C
FCOH224ZFTBR24 10.5 8.5 10.8 10.8 3.6+0.5 1.2 5.0 0.740.3 0 (+0.3/-0.1) 235°C
FCOH474ZFTBR32-SS 16.0 9.5 16.3 16.3 6.811.0 1.2 5.0 1.240.5 0 (+0.5/-0.1) 235°C
FCOH105ZFTBR44-SS 21.0 10.5 21.6 21.6 7.0£1.0 1.4 10.0 1.2£0.5 0 (+0.5/-0.1) 235°C
FCOV104ZFTBR24 10.5 55 10.8 10.8 3.610.5 1.2 5.0 0.7£0.3 0 (+0.3/-0.1) 235°C
FCOV224ZFTBR24 10.5 5.5 10.8 10.8 3.6+0.5 1.2 5.0 0.740.3 0 (+0.3/-0.1) 235°C
FCOV474ZFTBR24 10.5 8.5 10.8 10.8 3.6+0.5 1.2 5.0 0.740.3 0 (+0.3/-0.1) 235°C
FCSOH473ZFTBR24 10.7 55 10.8 10.8 3.910.5 1.2 5.0 0.910.3 0(+0.3/-0.1) 260°C
FCSOH104ZFTBR24 10.7 5.5 10.8 10.8 3.9+0.5 1.2 5.0 0.940.3 0 (+0.3/-0.1) 260°C
FCSOH224ZFTBR24 10.7 8.5 10.8 10.8 3.9+0.5 1.2 5.0 0.940.3 0 (+0.3/-0.1) 260°C
FCSOV104ZFTBR24 10.7 55 10.8 10.8 3.9+0.5 1.2 5.0 0.940.3 0 (+0.3/-0.1) 260°C
FCSOV224ZFTBR24 10.7 55 10.8 10.8 3.910.5 1.2 5.0 0.910.3 0(+0.3/-0.1) 260°C
FCSOV474ZFTBR24 10.7 8.5 10.8 10.8 3.9+0.5 1.2 5.0 0.940.3 0 (+0.3/-0.1) 260°C
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20 to +60°C 20to +50°C 55t0 +105°C (FR, FT, FMR type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakagez corpbgspon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) Power Supply (Guideline) Application Examples of Equipment Series

CMOS microcomputer,
static RAM/DTS FC series
(digital tuning system)

CMOS microcomputer,

Long time back-up 500 pA and below IC for clocks

Environmental Compliance

All KEMET supercapacitors are RoHS Compliant.

RoHS
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Table 1 - Ratings & Part Number Reference
Maximum Nom.lnal . Maximum | Voltage Holding
. Capacitance | Maximum ESR . . .
Part Number Operating : Current at 30 | Characteristic | Weight (g)
Discharge at 1 kHz (Q) . . .
Voltage (VDC) Minutes (mA) [ Minimum (V)
System (F)

FCOV104ZFTBR24 3.5 0.10 50 0.09 = 1.0
FCSOV104ZFTBR24 3.5 0.10 100 0.09 = 1.0
FCOV224ZFTBR24 3.5 0.22 25 0.20 = 1.0
FCSO0V224ZFTBR24 3.5 0.22 50 0.20 = 1.0
FCOV474ZFTBR24 3.5 0.47 25 0.42 = 1.4
FCSOV474ZFTBR24 3.5 0.47 50 0.42 - 1.4
FCOH473ZFTBR24 5.5 0.047 50 0.071 4.2 1.0
FCSOH473ZFTBR24 5.5 0.047 100 0.071 4.2 1.0
FCOH104ZFTBR24 5.5 0.10 25 0.15 4.2 1.0
FCSOH104ZFTBR24 5.5 0.10 50 0.15 4.2 1.0
FCOH224ZFTBR24 5.5 0.22 25 0.33 4.2 1.4
FCSOH224ZFTBR24 5.5 0.22 50 0.33 4.2 1.4
FCOH474ZFTBR32-SS 5.5 0.47 13 0.71 4.2 4.0
FCOH105ZFTBR44-SS 5.5 1.0 7 1.50 4.2 6.7

Part numbers in bold type represent popularly purchased components.

Land Pattern

L
RN B
N
B A B
Land Pattern Lead Terminal
Diameter (mm) A B c A B (o
10.5 5.0 49 2.5 5.0 3.6 1.2
10.7 5.0 49 2.5 5.0 3.9 1.2
16 5.0 10.0 2.5 5.0 6.8 1.2
21 10.0 10.5 3.5 10.0 7.0 1.4
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Precautions for Use

« This series is exclusively for reflow soldering. It is designed for thermal conduction system such as combination use of
infrared ray and heat blow. Consult with KEMET before applying other methods.

« The reflow condition must be kept within reflow profile graphs shown below.

« Applying reflow soldering is limited to 2 times. After the first reflow, cool down the capacitor thoroughly to 5 - 35°C
before the second reflow.

Always consult with KEMET when applying reflow soldering in a more severe condition than the condition described here.
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Specifications
Test Conditions
Item FC 5.5 V Type, 3.5 V Type ;
Ype, yp (conforming to JIS C 5160-1)
Category Temperature Range -25°Cto +70°C
Maximum Operating Voltage 5.5VDC, 3.5VDC
Capacitance Refer to Table 1 Refer to “Measurement Conditions”
Capacitance Allowance +80%, -20% Refer to “Measurement Conditions”
ESR Refer to Table 1 Dlleasured at 1 kHz, 1'0.mA5'See also
Measurement Conditions
Current (30 minutes value) Refer to Table 1 Refer to “Measurement Conditions”
Surge voltage: 4.0V (3.5 V type,3.6
Capacitance >90% of initial ratings Vtype)
Charge: 6.3V (5.5V type)
Discharge: 30 seconds
Number of cycles: 9 minutes 30 seconds
ESR < 120% of initial ratings Series resistance: 1,000
0.043F,0.047F 3000Q
* Surge 0.068F 240Q
0.10F 150 Q
Current (30 minutes value) | <120% of initial ratings 0.22F 56 Q
0.47F 300
1.0F 150
Discharge
Appearance No obvious abnormality Resistance: 00Q
Temperature: 70 £2°C
Capacitance Phase 2 > 50% of initial value Conforms to 4.17
ase . o
ESR < 400% of initial value Phase 1. +2512°C
c " Phase2: -25#2°C
apacitance . o
p Phase 3 Phase 4: 425 tZDC
ESR Phase 5: +70 +2°C
. e
* Characteristics in Capacitance <200% of initial value Phase 6: +2512°C
Different Temperature ESR Phase 5 Satisfy initial ratings
Current (30 minutes value) 1.5 CV (mA) or below
Capacitance Within +20% of initial value
ESR Phase 6 Satisfy initial ratings
Current (30 minutes value) Satisfy initial ratings
Capacitance Conforms to 4.13
o ) ESR Satisfy initial ratings Frequency: 1010 55 Hz
* Vibration Resistance Testing Time: 6 hours

Current (30 minutes value)
Appearance No obvious abnormality

Capacitance .
Cooled down to ambient temperature after

ESR Satisfy initial ratings reflow soldering, then the product must
* Solder Heat Resistance ', P

Current (30 minutes value) Eggg';?:c(;%?%rtllso?oitag)j left.

Appearance No obvious abnormality

Capacitance Conforms to 4.12

Temperature

ESR Satisfy initial ratings Condition:  -25°C » Room
* Temperature Cycle temperature »

Current (30 minutes value) +70°C » Room

temperature
Appearance No obvious abnormality Number of cycles: 5 cycles

* Must fulfill the above condition after reflow soldering.
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Specifications cont.

Test Conditions

Item FC 5.5 V Type, 3.5V Type :
ype, yp (conforming to JIS C 5160-1)
Capacitance Within +20% of initial value Conforms to 4.14
i ESR < 120% of initial ratings Temperature: - +40 £2°C
g femperature and : i s Relative humidity: ~ 90 to 95% RH
g y Current (30 minutes value) | <120% of initial ratings Testing time: 240 8 hours
Appearance No obvious abnormality
Capacitance Within £30% of initial value Conforms to 4.15
Voltage applied: Maximum operating
ESR < 200% of initial ratings voltage
* High Temperature Load Series protection
Current (30 minutes value) | <200% of initial ratings resistance: 00
Testing time: 1,000 +48 (+48/-0)
Appearance No obvious abnormality hours
Charging condition
Voltage applied: 5.0 VDC (Terminal at
5.5V type: Voltage between terminal leads the case side must be
-2 Vype: >4.2V negative)
Series resistance: 00
* Self Discharge Characteristics Charging time: 24 hours
(Voltage Holding Characteristics) Storage
Let stand for 24 hours in condition
. described below with terminals opened.
3.5V type: Not specified )
Ambient .
temperature: 25°C
Relative humidity: < 70% RH

* Must fulfill the above condition after reflow soldering.

Construction

Outer Case

Element

Terminals with

Insulator
Base Plate
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Marking
D=10.5mm
Nominal
Capacitance
Polarity Maximum
(Negative) Operating
Voltage
Date
Code
D =10.7 mm
Nominal
Capacitance
Polarity Maximum
(Negative) Operating
Voltage
Date
Code

FCS Type

D=16&21 mm

Seri Trademark
eries
Name
Polarity ;
; Maximum
(Negative) Operating
Voltage
Date " Nominal
Code [ / Capacitance
Serial
Number

Displays nominal capacitance, maximum operating voltage serial number, polarity, etc.



Supercapacitors - FC Series

KEMET

aYAGEO company

Tape & Reel Packaging Information - Millimeters

8-

w
Mark TBR24 TBR32 TBR44

A 380+2 330+2 38012
Product height 5.5 mm 8011

B 10041 10041
Product height 8.5 mm 10041

C 13+0.5 13+0.5 13+0.5

D 21£0.8 21£0.8 21£0.8

E 2+0.5 2+0.5 2+0.5
Product height 5.5 mm 25.510.5

W 33.51.0 45.51.0
Product height 8.5 mm 25.541.0

t 2.0 2.0 2.0
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Tape & Reel Packaging Information — Millimeters cont.

oD,
t Sprocket hole 9D, Iaiq_i“
- LV IS P I TTaE
\ o666l 0dddoddd [ 4
FEPPPIPIPOLF PP A w
il icae ni S A o el R e
( §7LL—’J LLJJ L\—'_l / AAAT;&AAAAAAAAAAi
NIRAAAAAAAAREAAAN:
Indented square-hole _ P, Forward direction P
for fiting super capacit Super capacitors fittin 1
2 \Super capacitors fitting on square-hole RO.76 —"10.2
on square-hole
Mark TBR24 TBR32 TBR44
w 24.0 32.0 44.0
A 1.4 18.0 23.0
B 13.0 20.0 25.0
P, 4.0 4.0 4.0
P, 16.0 24.0 32.0
P, 2.0 2.0 2.0
F 11.5 14.2 20.2
9D, 1.55 1.55 1.55
t, 0.4 0.5 0.5
E 1.75 1.75 1.75
Product height 5.5 mm 6.0
t, : 10.0 12.0
Product height 8.5 mm 8.4
G - 28.4 40.4
Ammo Pack Packaging Information
Part Number Quantity per Reel

FCOH473ZFTBR24 1,000 pieces/reel
FCOH104ZFTBR24 1,000 pieces/reel
FCOH224ZFTBR24 500 pieces/reel

FCOH474ZFTBR32-SS

200 pieces/reel

FCOH105ZFTBR44-SS

150 pieces/reel

FCOV104ZFTBR24 1,000 pieces/reel
FCOV224ZFTBR24 1,000 pieces/reel
FCOV474ZFTBR24 500 pieces/reel
FCSOH473ZFTBR24 1,000 pieces/reel
FCSOH104ZFTBR24 1,000 pieces/reel
FCSOH224ZFTBR24 500 pieces/reel
FCSOV104ZFTBR24 1,000 pieces/reel
FCS0V224ZFTBR24 1,000 pieces/reel
FCSOV474ZFTBR24 500 pieces/reel

KEMET

aYAGEO company
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.



KEMET

Supercapacitors - FC Series aYAGEO company

Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes
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Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Notes on Using Supercapacitors or Electric Double-Layer Capacitors (EDLCs)

1. Circuitry Design
1.1 Useful life
The FC Series Supercapacitor (EDLC) uses an electrolyte in a sealed container. Water in the electrolyte can evaporate
while in use over long periods of time at high temperatures, thus reducing electrostatic capacity which in turn will create
greater internal resistance. The characteristics of the supercapacitor can vary greatly depending on the environment in
which it is used. Basic breakdown mode is an open mode due to increased internal resistance.

1.2 Fail rate in the field
Based on field data, the fail rate is calculated at approximately 0.006 Fit. We estimate that unreported failures are ten
times this amount. Therefore, we assume that the fail rate is below 0.06 Fit.

1.3 Exceeding maximum usable voltage
Performance may be compromised and in some cases leakage or damage may occur if applied voltage exceeds
maximum working voltage.

1.4 Use of capacitor as a smoothing capacitor (ripple absorption)

As supercapacitors contain a high level of internal resistance, they are not recommended for use as smoothing
capacitors in electrical circuits. Performance may be compromised and, in some cases, leakage or damage may occur if
a supercapacitor is used in ripple absorption.

1.5 Series connections

As applied voltage balance to each supercapacitor is lost when used in series connection, excess voltage may be
applied to some supercapacitors, which will not only negatively affect its performance but may also cause leakage
and/or damage. Allow ample margin for maximum voltage or attach a circuit for applying equal voltage to each
supercapacitor (partial pressure resistor/voltage divider) when using supercapacitors in series connection. Also,
arrange supercapacitors so that the temperature between each capacitor will not vary.

1.6 Case Polarity

The supercapacitor is manufactured so that the terminal on the outer case is negative (-). Align the (-) symbol during
use. Even though discharging has been carried out prior to shipping, any residual electrical charge may negatively affect
other parts.

1.7 Use next to heat emitters
Useful life of the supercapacitor will be significantly affected if used near heat emitting items (coils, power transistors
and posistors, etc.) where the supercapacitor itself may become heated.

1.8 Usage environment
This device cannot be used in any acidic, alkaline or similar type of environment.
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Notes on Using Supercapacitors or Electric Double-Layer Capacitors (EDLCs) cont.

2. Mounting
2.1 Mounting onto a reflow furnace
Except for the FC series, it is not possible to mount this capacitor onto an IR / VPS reflow furnace. Do not immerse the
capacitor into a soldering dip tank.

2.2 Flow soldering conditions
Keep solder under 260°C and soldering time to within 10 seconds when using the flow automatic soldering method.
(Except for the FC and HV series)

2.3 Installation using a soldering iron

Care must be taken to prevent the soldering iron from touching other parts when soldering. Keep the tip of the soldering
iron under 400°C and soldering time to within 3 seconds. Always make sure that the temperature of the tip is controlled.
Internal capacitor resistance is likely to increase if the terminals are overheated.

2.4 Lead terminal processing
Do not attempt to bend or polish the capacitor terminals with sand paper, etc. Soldering may not be possible if the
metallic plating is removed from the top of the terminals.

2.5 Cleaning, Coating, and Potting
Except for the FM series, cleaning, coating and potting must not be carried out. Consult KEMET if this type of procedure
is necessary. Terminals should be dried at less than the maximum operating temperature after cleaning.

3. Storage
3.1 Temperature and humidity
Make sure that the supercapacitor is stored according to the following conditions: Temperature: 5 - 35°C (Standard
25°C), Humidity: 20 - 70% (Standard: 50%). Do not allow the build up of condensation through sudden temperature
change.

3.2 Environment conditions

Make sure there are no corrosive gasses such as sulfur dioxide, as penetration of the lead terminals is possible. Always
store this item in an area with low dust and dirt levels. Make sure that the packaging will not be deformed through heavy
loading, movement and/or knocks. Keep out of direct sunlight and away from radiation, static electricity and magnetic
fields.

3.3 Maximum storage period
This item may be stored up to one year from the date of delivery if stored at the conditions stated above.
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Overview Applications
FM Series Supercapacitors, also known as Electric Double- Supercapacitors have characteristics ranging from
Layer Capacitors (EDLCs), are intended for high energy traditional capacitors and batteries. As a result,
storage applications. supercapacitors can be used like a secondary battery

when applied in a DC circuit. These devices are best suited
for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

Benefits

+ Rectangular case

+ Wide range of temperature from -25°C to +70°C (all types
except FMR) and -40°C to +85°C (FMR type)

+ Maintenance free

« Maximum operating voltages of 3.5, 3.6, 5.5, and 6.5 VDC

+ Highly reliable against liquid leakage

* Lead-free and RoHS compliant

+ Leads can be transverse mounted

Part Number System

FM OH 223 y4 F TP 18
. Maximum . Capacitance . Height

Series Operating Voltage Capacitance Code Tolerance Environmental Tape Type (excluding lead)

FM 0V=3.5VDC First two digits Z=-20/+80% F = Lead-free TP = AMMO 18 =18 mm
FME OH=5.5VDC represent significant -L1 = Transverse Blank = Bulk
FMR 0J=6.5VDC figures. Third digit mounting

FMC specifies number of Blank = Bulk

zeros to follow pF
code.
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Dimensions - Millimeters

B 0.5 T 0.5
mi
O O
>
ot
ol o | ]
=
| —m
| [$,]

D; £0.1 = D, £0.1

540.5
Part Number A B T D, D,
FMOH103ZF 1.5 | 105 5.0 0.5 0.4
FMOH223ZF 1.5 | 105 5.0 0.5 0.4
FMOH473ZF 1.5 | 105 5.0 0.5 0.4
FMOH104ZF 1.5 | 105 6.5 0.5 0.4
FMOH224ZF 1.5 | 105 6.5 0.5 0.4
FMOVA73ZF 1.5 | 105 5.0 0.5 0.4
FMOV104ZF 1.5 | 105 5.0 0.5 0.4
FMOV224ZF 1.5 | 105 6.5 0.5 0.4
FM0J473ZF 1.5 | 105 6.5 0.5 0.4
FMEQH223ZF 1.5 | 105 5.0 0.5 0.4
FMEQH473ZF 1.5 | 105 5.0 0.5 0.4
FMROH473ZF 1.5 | 105 6.5 0.5 0.4
FMROH104ZF 1.5 | 105 6.5 0.5 0.4
FMROV104ZF 1.5 | 105 6.5 0.5 0.4
FMROV334ZF 1.5 | 105 6.5 0.5 0.4
FMROVA474ZF 150 | 14.0 9.0 0.6 0.6
FMCOH473ZF | 115 | 105 5.0 0.5 0.4
FMCOH104ZF | 115 | 105 6.5 0.5 0.4
FMCOH334ZF | 150 | 14.0 9.0 0.6 0.6

Lead Terminal Forming

e
-

T
1
1

Add “L1" to the end of bulk part number for transverse mounting option

© KEMET Electronics Corporation « One East Broward Boulevard

S6012_FM- 8/10/2023 2
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20to +60°C 20to +50°C 55t0 +105°C (FR, FT, FMR Type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately . " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakagez combggtlon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) Power Supply (Guideline) Application Examples of Equipment Series

CMOS microcomputer,
static RAM/DTS FM series
(digital tuning system)

CMOS microcomputer,

Long time back-up 500 pA and below IC for clocks

Environmental Compliance

All KEMET supercapacitors are RoHS compliant.
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Table 1 - Ratings & Part Number Reference
Maximum | Nominal Capacitance : Maximum |Voltage Holding
. Maximum ESR . . .
Part Number Operating - at 1 kHz (@) Current at 30 | Characteristic | Weight (g)
Voltage (vDC) | Charge [ Discharge Minutes (mA) | Minimum (V)
System (F) | System (F)
FMOV473ZF 3.5 0.047 0.06 200 0.042 1.3
FMROV104ZF 3.5 0.10 - 50 0.090 1.6
FMOV104ZF 3.5 0.10 0.13 100 0.090 1.3
FMOV224ZF 3.5 0.22 0.30 100 0.20 1.6
FMOH103ZF 5.9 0.01 0.014 300 0.015 4.2 1.3
FMEQOH223ZF 55 0.022 0.028 40 0.033 1.3
FMOH223ZF 5.5 0.022 0.028 200 0.033 4.2 1.3
FMEOH473ZF 55 0.047 0.06 20 0.071 1.3
FMCOH473ZF 55 0.047 0.06 100 0.071 4.2 1.3
FMOH473ZF 55 0.047 0.06 200 0.071 4.2 1.3
FMROH473ZF 5.9 0.047 0.062 200 0.071 4.2 1.6
FMROH104ZF 5.9 0.10 - 50 0.15 4.2 1.6
FMROV334ZF 3.6 0.33 50 0.3 1.6
FMROV474ZF 3.6 - 0.47 25 0.42 3.5
FMCOH104ZF 5.9 0.10 0.13 50 0.15 4.2 1.6
FMOH104ZF 55 0.10 0.13 100 0.15 4.2 1.6
FMOH224ZF 55 0.22 100 0.33 4.2 1.6
FMCOH334ZF 55 - 0.33 25 0.50 4.2 3.5
FMO0J473ZF 6.5 0.047 0.062 200 0.071 1.6
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Specifications - All Types Except FMR

Maximum Operating Voltage
Capacitance
Capacitance Allowance

ESR

Current (30 minutes value)

5.5VDC, 3.5VDC, 6.5VDC
Refer to Table 1
+80%, -20%

Refer to Table 1

Refer to Table 1

5.5VDC
Refer to Table 1
+80%, -20%

Refer to Table 1

Refer to Table 1

Refer to “Measurement Conditions”
Refer to “Measurement Conditions”

Measured at 1 kHz, 10 mA; See also
“Measurement Conditions”

Refer to “Measurement Conditions”

FM 5.5V Type, 3.5V Type, Test Conditions
Item 6.5 V Type, FMC Type FME Type (conforming to JIS C 5160-1)
Category Temperature Range -25°Cto +70°C -25°Cto +70°C

Capacitance

>90% of initial ratings

>90% of initial ratings

Surge voltage:

4.0V (3.5V type)
6.3V (5.5V type)
7.4V (6.5V type)

covered by the new solder

covered by the new solder

Charge: 30 seconds
Discharge: 9 minutes 30 seconds
Number of cycles: 1,000
% of initi . % of initi ) Series resistance:  0.010F 1,5000
ESR < 120% of initial ratings < 120% of initial ratings 0.022 F 5600
S 0.047F 300Q
urge 0.068 F 2400
0.10F 150 Q
Cl_Jrretnt (30| ) | s 120% of initial ratings < 120% of initial ratings 0.22F 56 Q
minutes value 0.33F 510
Discharge
resistance: 00Q
Appearance No obvious abnormality No obvious abnormality Temperature:  7042°C
; 250% of 2 50% of Conforms to 4.17
Capacitance Phase | initial value Phase | initial value Phase 1:  +25+2°C
2 <400% of 2 <300% or less Phase 2  -2542°C
ESR initial value than initial value Ph:zi 4j +25;2°C
Capacitance Phase Phase Phase 5: +70+2°C
ESR 3 3 Phase6: +25+2°C
Capacitance <200% of < 150% of
i initial value initial value
ﬁ\hg{ﬁztrirr:ft'cs ESR Phase | Satisfyinitial Phase | Satisfyinitial
Temperature 5 ratings 5 ratings
Current (30
mmutes(value) <1.5CV (mA) <1.5CV (mA)
. Within +20% of Within +20%
Capacitance initial value of initial value
ESR Phase | Satisfyinitial Phase | Satisfy initial
6 ratings 6 ratings
Current (30 Satisfy initial Satisfy initial
minutes value) ratings ratings
Capacitance Conforms to 4.13
ESR o ) o ) Fr_eque_ncy: 10 to 55 Hz
Vibration Satlsfy initial ratlngs Satlsfy initial ratmgs Tes‘“ng Time: 6 hours
Resistance Current (30
minutes value)
Appearance No obvious abnormality No obvious abnormality
Conforms to 4.11
: : Soldertemp: +24515°C
Solderability Over 3/4 of the terminal should be Over 3/4 of the terminal should be Dipping time:  5£0.5 seconds

1.6 mm from the bottom should be dipped.
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Specifications - All Types Except FMR cont.

Item

FM 5.5 V Type, 3.5 V Type,
6.5 V Type, FMC Type

FME Type

Test Conditions
(conforming to JIS C 5160-1)

Capacitance

Conforms to 4.10
Solder temp:  +260+10°C

minutes value)

Appearance

<200% of initial ratings

No obvious abnormality

Solder Heat ESR Satisfy initial ratings Satisfy initial ratings Dipping time:  10%1 seconds
Resistance Current (30
minutes value)
Appearance No obvious abnormality No obvious abnormality 1.6 mm from the bottom should be dipped.
Capacitance Conforms to 4.12
ESR Temperature
Temperature Satisfy initial ratings Satisfy initial ratings Condition:  -25°C » Room
Cycle Current (30 temperature » +70°C
minutes value) » Room temperature
Appearance No obvious abnormality No obvious abnormality Number of cycles: 5 cycles
Hiah Capacitance Within +20% of initial value Within £20% of initial value Conforms to 4.14
i . o
Te?nperature ESR <120% of initial ratings < 120% of initial ratings Temperature:  +4042°C
and High c 20 Relative humidity: 90 to 95% RH
Humidity mLilrrlruetr:ets(vaIue) < 120% of initial ratings < 120% of initial ratings Testing time: 24048 hours
Resistance : ) . .
Appearance No obvious abnormality No obvious abnormality
Conforms to 4.15
Capacitance Within +30% of initial value Within £30% of initial value Temperature:  +70+2°C
) Voltage applied: Maximum operating
High ESR < 200% of initial ratings < 200% of initial ratings voltage
Temperature Series protection
Load Current (30 resistance: 00

<200% of initial ratings

No obvious abnormality

Testing time: 1,000 +48 (+48/-0)
hours

Self Discharge Characteristics
(Voltage Holding Characteristics)

5.5V type: Voltage
between terminal

leads >4.2V

3.5V type: Not specified
6.5V type: Not specified

Charging condition
Voltage applied: 5.0 VDC (Terminal at
the case side must be
negative)
Series resistance: 00
Charging time: 24 hours

Storage
Let stand for 24 hours in condition described
below with terminals opened.

Ambient
temperature: < 25°C
Relative humidity: < 70% RH
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Specifications - FMR Type

Test Conditions
ltem FMR Type .
yp (conforming to JIS C 5160-1)
Category Temperature Range -40°C to +85°C
Maximum Operating Voltage 5.5VDC, 3.5VDC, 3.6 VDC
Capacitance Refer to Table 1 Refer to “Measurement Conditions”
Capacitance Allowance +80%, -20% Refer to “Measurement Conditions”
ESR Refer to Table 1 ‘l‘VIeasured at 1 kHz, 1.0. mAiSee also
Measurement Conditions
Current (30 minutes value) Refer to Table 1 Refer to “Measurement Conditions”
) % of i ) Surge voltage: 4.0V (3.5&3.6 Vtype)
Capacitance More than 90% of initial ratings 6.3V (5.5 V type)
Charge: 30 seconds
P : Discharge: 9 minutes 30 seconds
ESR N 120% of |
S ot to exceed 120% of initial ratings Number of cycles: 1,000
Series resistance: 0.047F 3000Q
Surge i initial rati 0.10F 150 0
Current (30 minutes value) | Not to exceed 120% of initial ratings :
0.33F 56 Q
0.47F 300
Discharge
Appearance No obvious abnormality resistance: 00Q
Temperature: 85+2°C
Capacitance Phase 2 50% higher than initial value Conforms to 4.17
ase ) o
ESR 400% or less than initial value Phase 1:  +25:2°C
- - — Phase2: -2512°C
Capacitance 30% or higher than initial value Phase3: -40+2°C
Phase 3 — : T
ESR 700% or less than initial value Phase 4: +2512°C
: . - Phase 5: +8512°C
Characteristics in Capacitance 200% or less than initial value Phase 6: +25+2°C
Different Temperature ESR Phase 5 Satisfy initial ratings
Current (30 minutes value) 1.5CV (mA) or below
Capacitance Within £20% of initial value
ESR Phase 6 Satisfy initial ratings
Current (30 minutes value) Satisfy initial ratings
Lead Strength (tensile) No terminal damage Conforms to 4.9
Capacitance Conforms to 4.13
o ) ESR Satisfy initial ratings Frequency: 1010 55 Hz
Vibration Resistance - Testing Time: 6 hours
Current (30 minutes value)
Appearance No obvious abnormality
Conforms to 4.11
. Solder temp:  +245+5°C
Solderability ggledre?;/zl of the terminal should be covered by the new Dipping time:  540.5 seconds
1.6 mm from the bottom should be dipped.
Capacitance Conforms to 4.10
. ESR Satisfy initial ratings Spld_erte_mpi +260 +10°C
Solder Heat Resistance - Dipping time: 1011 seconds
Current (30 minutes value)
Appearance No obvious abnormality 1.6 mm from the bottom should be dipped.
Capacitance Conforms to 4.12
ESR Satisfy initial ratings Temperature  -40°C » Room
Temperature Cycle - Condition:  temperature » +85°C »
Current (30 minutes value) Room temperature
Appearance No obvious abnormality Number of cycles: 5 cycles
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Specifications - FMR Type cont.

Item

FMR Type

Test Conditions
(conforming to JIS C 5160-1)

Capacitance

Within £20% of initial value

Not to exceed 120% of initial ratings

Not to exceed 120% of initial ratings

High Temperature and ESR
High Humidity Resistance | Gyrrent (30 minutes value)
Appearance

No obvious abnormality

Conforms to 4.14
Temperature: +4012°C
Relative humidity: 90 to 95% RH
Testing time: 240 8 hours

Capacitance

Within +30% of initial value

High Temperature Load ESR

Below 200% of initial ratings

Current (30 minutes value)

Below 200% of initial ratings

Appearance

No obvious abnormality

Conforms to 4.15
Temperature: +85+2°C
Voltage applied:  Maximum operating
voltage
Series protection
resistance: 00Q
Testing time: 1,000 +48 (+48/-0)
hours

Self Discharge Characteristics
(Voltage Holding Characteristics)

5.5V type:

Voltage between terminal leads

Charging condition
Voltage applied: 5.0 VDC (Terminal at
the case side must be

higher than 4.2V negative)
Series resistance: 00Q
Charging time: 24 hours
Storage
Let stand for 24 hours in condition described
3.5Vtypef Not specified below with terminals opened.
3.6 Vtype: Ambient
. Lowerthan 25°C
temperature:

Lower than 70% RH

Relative humidity:

Construction

Molding
Resin

N

Element

Leads
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Marking
o Negative Polarity Identification
Series T
Name | u Trademark
Maximum Nominal
ngﬁ:;g Capacitance
Polarity Polarity
(Negative) (Positive)
Date
Code
Packaging Quantities
Bulk Quantity per Box Bulk Quantity per Box .
Part Number . . Ammo Pack Quantit
Straight Lead L1 Lead Option Q y
FMOH103ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMOH223ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMOH473ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMOH104ZF 1,000 pieces 800 pieces 1,000 pieces
FMOH224ZF 1,000 pieces 800 pieces 1,000 pieces
FMOV473ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMOV104ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMOV224ZF 1,000 pieces 800 pieces 1,000 pieces
FM0J473ZF 1,000 pieces 800 pieces 1,000 pieces
FMEOH223ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMEQOH473ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMROH473ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMROH104ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMROV104ZF 1,000 pieces 800 pieces 1,000 pieces
FMROV334ZF 1,000 pieces 800 pieces 1,000 pieces
FMROV474ZF 400 pieces 300 pieces 400 pieces
FMCOH473ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMCOH104ZF 1,000 pieces 1,000 pieces 1,000 pieces
FMCOH334ZF 400 pieces 300 pieces 400 pieces
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Ammo Pack Taping Format (Except FMCOH334ZFTP, FMROV474ZFTP)

Ah

P, P
- T
- } + - } + )

1 | | P, F W, _ '
(D) () .
\\/ L AN N \ L_

) P ) |
) {

Ammo Pack Taping Specifications (Except FMCOH334ZFTP, FMROV474ZFTP)

Item Symbol Dimensions (mm)
Component Height a 11.520.5
Component Width b 10.520.5
Component Thickness c Refer to “Dimensions” table
Lead-Wire Width w, 0.5+0.1
Lead-Wire Thickness t, 0.4£0.1
Component Pitch P 12.7¢1.0
Sprocket Hole Pitch P, 12.7¢0.3
Sprocket Hole Center to Lead Center P, 3.85¢0.7
Sprocket Hole Center to Component Center P, 6.35+0.7
Lead Spacing F 5.010.5
Component Alignment (side/side) Ah 2.0 Maximum
Carrier Tape Width w 18.0+1.0/-0.5
Hold-Down Tape Width W, 12.5 Minimum
Sprocket Hole Position W, 9.0£0.5
Hold-Down Tape Position W, 3.0 Maximum
Height to Seating Plane (lead length) H 16.0£0.5/18.0£0.5
Sprocket Hole Diameter D, ¢ 4.010.2
Carrier Tape Thickness t, 0.7+0.2
Total Thickness (Carrier Tape, Hold-Down Tape and i 1.5 Maximum
Lead) 2
Cut Out Length L 11.0 Maximum
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Ammo Pack Taping Format (FMCOH334ZFTP, FMROV474ZFTP)

Ah

W,

W,

O O

Py

Dy

4

Ammo Pack Taping Specifications (FMCOH334ZFTP, FMROV474ZFTP)

Item Symbol Dimensions (mm)
Component Height a 15.010.5
Component Width b 14.0£0.5
Component Thickness c 9.00.5
Lead-Wire Width w, 0.6%0.1
Lead-Wire Thickness t, 0.620.1
Component Pitch P 25.4+1.0
Sprocket Hole Pitch P, 12.740.3
Sprocket Hole Center to Lead Center P, 3.8520.7
Sprocket Hole Center to Component Center P, 6.35+0.7
Lead Spacing F 5.0+0.5
Component Alignment (side/side) Ah 2.0 Maximum
Carrier Tape Width w 18.041.0/-0.5
Hold-Down Tape Width W, 12.5 Minimum
Sprocket Hole Position W, 9.0£0.5
Hold-Down Tape Position w, 3.0 Maximum
Height to Seating Plane (lead length) H 16.0£0.5/18.040.5
Sprocket Hole Diameter D, 9 4.01£0.2
Carrier Tape Thickness t, 0.67+0.2
Total Thickness (Carrier Tape, Hold-Down Tape and i 1.7 Maximum
Lead) 2
Cut Out Length L 11.0 Maximum
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.
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Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes
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Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Overview

FG Series Supercapacitors, also known as Electric Double-
Layer Capacitors (EDLCs), are intended for high energy

storage applications.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,

supercapacitors can be used like a secondary battery

when applied in a DC circuit. These devices are best suited

for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

Benefits

+ Wide range of temperature from -25°C to +70°C

(FG and FGH types) and -40°C to +85°C (FGR type)

« Maintenance free

+ Maximum operating voltages of 3.5 VDC and 5.5 VDC
+ Highly reliable against liquid leakage
* Lead-free and RoHS compliant

Part Number System

FG OH 104 z F
Series Maximum Operating Voltage Capacitance Code Capacitance Environmental
Tolerance
FG 0vV=3.5VDC First two digits represent Z=-20/+80% F = Lead-free
FGH OH=5.5VDC significant figures. Third digit
FGR specifies number of zeros to
follow pF code.
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Dimensions - Millimeters

9pD10.5
g | E g
E | E
3 S| E
= >y 2
Sleeve ! ! o
SYAS>
P+0.5
d,+0.1
1 d,*0.1
(Terminal)

Part Number ¢D H P L d, d,
FGOH103ZF 11.0 5.5 5.08 2.7 0.2 1.2
FGOH223ZF 11.0 5.5 5.08 2.7 0.2 1.2
FGOH473ZF 11.0 5.5 5.08 2.7 0.2 1.2
FGOH104ZF 11.0 6.5 5.08 2.7 0.2 1.2
FGOH224ZF 13.0 9.0 5.08 2.2 0.4 1.2
FGOH474ZF 14.5 18.0 5.08 2.4 0.4 1.2
FGOH105ZF 16.5 19.0 5.08 2.7 0.4 1.2
FGOH225ZF 21.5 19.0 7.62 3.0 0.6 1.2
FGOH475ZF 28.5 22.0 10.16 6.1 0.6 1.4
FGOV155ZF 16.5 14.0 5.08 3.1 0.4 1.2
FGHOH104ZF 11.0 5.5 5.08 2.7 0.2 1.2

FGHOH224ZF 11.0 7.0 5.08 2.7 0.2 1.2
FGHOH474ZF 16.5 8.0 5.08 2.7 0.4 1.2
FGHOH105ZF 21.5 9.5 7.62 3.0 0.6 1.2
FGHOVA74ZF 13.0 7.5 5.08 2.7 0.4 1.2
FGROH474ZF = 145 180 508 24 0.4 1.2
FGROH105ZF 16.5 19.0 5.08 2.7 0.4 1.2
FGROH225ZF 21.5 19.0 7.62 3.0 0.6 1.2
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20to +60°C 20 to +50°C 5510 +105°C (FR, FT, FMR type)
Charge Time Few hours Few hours Few seconds Few seconds
. P Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 o 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakagef combqsﬁon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) = Power Supply (Guideline) Application Examples of Equipment Series

CMOS microcomputer,
static RAM/DTS FG series
(digital tuning system)

CMOS microcomputer,

Long time back-up 500 pA and below IC for clocks




KEMET

Supercapacitors - FG Series aYAGEO company

Environmental Compliance

All KEMET supercapacitors are RoHS compliant.
RoHS

Table 1 - Ratings & Part Number Reference

Maximum Nominal Capacitance . Maximum |Voltage Holding
. Maximum ESR . .
Part Number Operating - at 1 kHz (2) Current at 30 | Characteristic | Weight (g)
Voltage (vDC) | Charge [ Discharge Minutes (mA) | Minimum (V)
System (F) | System (F)

FGOV155ZF 3.5 15 2.2 65 1.5 - 5.2
FGOH103ZF 5.5 0.010 0.013 300 0.015 4.2 0.9
FGOH223ZF 5.5 0.022 0.028 200 0.033 4.2 1.0
FGOH473ZF 5.5 0.047 0.060 200 0.071 4.2 1.0
FGOH104ZF 5.5 0.10 0.13 100 0.15 4.2 1.3
FGHOH104ZF 5.5 - 0.10 100 0.15 4.2 1.0
FGOH224ZF 5.5 0.22 0.28 100 0.33 4.2 2.5
FGHOH224ZF 5.5 - 0.22 100 0.33 4.2 1.3
FGHOH105ZF 5.5 - 1.0 35 1.5 4.2 7.2
FGHOH474ZF 5.5 - 0.47 65 0.71 4.2 4.1
FGHOV474ZF 3.5 = 0.47 25 0.42 = 2.6
FGOH474ZF 5.5 0.47 0.60 120 0.71 4.2 5.1
FGROH474ZF 5.5 0.47 0.60 120 0.71 4.2 5.1
FGOH105ZF 5.5 1.0 1.3 65 1.5 4.2 7.0
FGROH105ZF 5.5 1.0 1.3 65 1.5 4.2 7.0
FGOH225ZF 5.5 2.2 2.8 35 3.3 4.2 121
FGROH225ZF 5.5 2.2 2.8 35 3.3 4.2 121
FGOH475ZF 5.5 47 6.0 35 7.1 4.2 27.3

Part numbers in bold type represent popularly purchased components.



KEMET

Supercapacitors - FG Series aYAGEO company

Specifications
Test Conditions
Item FG, FGH Type FGR Type .
! P yp (conforming to JIS C 5160-1)

Category Temperature Range -25°Cto +70°C -40°C to +85°C

Maximum Operating Voltage 5.5VDC, 3.5VDC 5.5VDC

Capacitance Refer to Table 1 Refer to Table 1 Refer to “Measurement Conditions”
Capacitance Allowance +80%,-20% +80%,-20% Refer to “Measurement Conditions”
ESR Refer to Table 1 Refer to Table 1 ‘l}lleasured at1 kHz, 1'0.mA£'See also

Measurement Conditions
Current (30 minutes value) Refer to Table 1 Refer to Table 1 Refer to “Measurement Conditions”

Surge voltage: 6.3V (5.5V type)
4.0V (3.5V type)
Capacitance | >90% of initial ratings >90% of initial ratings Charge: 30 seconds
Discharge: 9 minutes 30 seconds
Number of cycles: 1,000

Series resistance: 0.010 F 1,500Q
o i ) o i ) 0.022F 5600
ESR < 120% of initial ratings < 120% of initial ratings 0.047 F 3000
s 0.10F 150 Q
urge 0.22F 560
Current (30 0.47F 300
minutes <120% of initial ratings <120% of initial ratings 1.0F1.5F 150
value) 22F47F 100
Discharge

resistance: 00Q
Temperature:  70+2°C (FG, FGH)

Appearance No obvious abnormality No obvious abnormality 85+2°C (FGR)
. >50% of >50% of
Conforms to 4.17
Capacitance Phase | initial value Phase | initial value . o
2 | <400%of 2 | <400%of Phase 1: +25:2°C
ESR o oo Phase 2: -2512°C
initial value initial value

> 30% of Phase 3: -40£2°C (FGR)

Capacitance Phase 4: +2542°C

Phase Phase | initial value : .
ESR 3 3 <700% of Phase 5: +70i2°C (FG, FGH)
initial value ) +8512°C (FGR)
. <200% of <200% of Phase 6: +2512°C

Characteristics Capacitance initial value initial value
in Different ESR Phase rsaattilnsz initial Phase rsaattilnsz initial
Temperature Current (30 5 g 5 g

minutes <1.5CV (mA) <1.5CV (mA)

value)

. Within £20% of Within £20% of
Capacitance initial value initial value
Satisfy initial Satisfy initial

ESR Phgse ratings Phgse ratings

%Lijrr]ruetr;ts(SO Satisfy initial Satisfy initial

value) ratings ratings

Capacitance Conforms to 4.13

ESR Frequency: 10to 55Hz
Vibration Current (30 Satisfy initial ratings Satisfy initial ratings Testing Time: 6 hours
Resistance minutes

value)

Appearance No obvious abnormality No obvious abnormality

Conforms to 4.11
Solderabilit Over 3/4 of the terminal should be Over 3/4 of the terminal should be Soldertemp:  +245+5°C
y covered by the new solder covered by the new solder Dipping time:  5£0.5 seconds

1.6 mm from the bottom should be dipped.
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Specifications cont.

Item

FG, FGH Type

FGR Type

Test Conditions
(conforming to JIS C 5160-1)

Capacitance

Conforms to 4.10

ESR Solder temp:  +260£10°C
Solder Heat Current (30 Satisfy initial ratings Satisfy initial ratings Dipping time: 1041 seconds
Resistance minutes
value)
Appearance No obvious abnormality No obvious abnormality 1.6 mm from the bottom should be dipped.
Capacitance Conforms to 4.12
Temperature
Condition: ~ Minimum temperature
T ESR Satisfy initial ratings Satisfy initial ratings » Room temperature
Ct;rgllzerature Current (30 » Category maximum
minutes temperature
value) » Room temperature
Number of cycles: 5 cycles
Appearance No obvious abnormality No obvious abnormality
Capacitance | Within £20% of initial value Within $20% of initial value Conforms to 4.14
High e o e o Temperature:  +40£2°C
ESR < 120% of initial ratings < 120% of initial ratings p : =
Temperature |2 g g Relative humidity: ~ 90 to 95% RH
and High ! o g . o ) Testing time: 24048 hours
Humidity minutes < 120% of initial ratings < 120% of initial ratings
Resistance value)
Appearance No obvious abnormality No obvious abnormality
Capacitance | Within +30% of initial value Within £30% of initial value Conforms to 4.15 )
Temperature: Category maximum
N . o . temperature £2°C
High ESR < 200% of initial ratings < 200% of initial ratings Voltage applied: Maximum operating
Temperature Current (30 . ~ Vvoltage
Load minutes <200% of initial ratings <200% of initial ratings Series protection
value) resistance: 00Q
Testing time:  1,000+48 (+48/-0)
Appearance No obvious abnormality No obvious abnormality hours

Self Discharge Characteristics
(Voltage Holding
Characteristics)

5.5V type: Voltage between terminal
leads>4.2V
3.5V type: Not specified

Voltage between terminal leads > 4.2V

Charging condition
Voltage applied:

Series resistance:
Charging time:

Storage

5.0 VDC (Terminal at
the case side must be
negative)

00

24 hours

Let stand for 24 hours in condition described
below with terminals opened.

Ambient
temperature:
Relative humidity:

<25°C
<70%RH
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Marking

Date —
Code

Serial — |
Number

L— Al
|~ 001
Al

Supercapacitor
FG 5.5V
0.22F

Supercapacitor
FG 55V

0.22F

Negative Polarity

Maximum
Operating
Voltage

— Nominal

Capacitance

Identification Mark

Packaging Quantities

Part Number Bulk Quantity per Box
FGOH103ZF 2,000 pieces
FGOH223ZF 2,000 pieces
FGOH473ZF 2,000 pieces
FGOH104ZF 1,600 pieces
FGOH224ZF 800 pieces
FGOH474ZF 300 pieces
FGOH105ZF 240 pieces
FGOH225ZF 90 pieces
FGOH475ZF 50 pieces
FGOV155ZF 160 pieces

FGHOH104ZF 2,000 pieces
FGHOH224ZF 1,600 pieces
FGHOH474ZF 600 pieces
FGHOH105ZF 90 pieces
FGHOV474ZF 800 pieces
FGROH474ZF 300 pieces
FGROH105ZF 240 pieces
FGROH225ZF 90 pieces
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.
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Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes
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Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Overview

FT Series Supercapacitors, also known as Electric Double-

Layer Capacitors (EDLCs), are intended for high energy
storage applications.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,
supercapacitors can be used like a secondary battery
when applied in a DC circuit. These devices are best suited
for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

Benefits

+ Wide range of temperature from -40°C to +85°C
*+ Maintenance free

+ Maximum operating voltage of 5.5 VDC

+ Highly reliable against liquid leakage

+ Lead-free and RoHS compliant

Part Number System

FT OH 104 Z F
Series Maximum Operating Voltage Capacitance Code Capacitance Environmental
Tolerance
FT O0H=5.5VDC First two digits represent Z=-20/+80% F = Lead-free
FTW significant figures. Third digit
specifies number of zeros to
follow pF code.
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Dimensions - Millimeters

¢pD+0.5
£
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E Z| E
g S| =
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P+0.5
d,+0.1
1 d,*0.1
(Terminal)

Part Number | ¢D H P e d, d,
FTOH104ZF 11.5 8.5 5.08 2.7 0.4 1.2
FTOH224ZF 14.5 12.0 5.08 2.2 0.4 1.2
FTOH474ZF 16.5 13.0 5.08 2.7 0.4 1.2
FTOH105ZF 21.5 13.0 7.62 3.0 0.6 1.2
FTOH225ZF 28.5 14.0 10.16 6.1 0.6 1.4
FTOH335ZF 36.5 15.0 15.00 6.1 0.6 1.7
FTOH565ZF 445 17.0 20.00 6.1 1.0 1.4
FTWOH104ZF 11.5 8.5 5.08 2.7 0.4 1.2




KEMET

Supercapacitors - FT Series aYAGEO company

Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20to +60°C 20to +50°C 55t0 +105°C (FR, FT, FMR Type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakage( combqgtlon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) = Power Supply (Guideline) Application Examples of Equipment Series
Embedded memory DVD player, television,
backup game console, set-top box
Back-up for 1 hour or less 50 mA and below FT series
Motor driver DVD. player, printer,
projector, camera
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Environmental Compliance
All KEMET supercapacitors are RoHS compliant.
RoHS
Table 1 - Ratings & Part Number Reference
Maximum Nominal Capacitance e Maximum
Part Number | Operating Voltage - Current at 30 Weight (g)
(VDC) Charge | Discharge | at1kHz(Q) | o 0 ima)
System (F) | System (F)
FTOH104ZF 5.5 0.10 0.14 16 0.15 1.6
FTOH224ZF 5.5 0.22 0.28 10 0.33 41
FTOH474ZF 5.5 0.47 0.60 6.5 0.71 9.3
FTOH105ZF 5.5 1.0 1.3 3.5 1.5 10.0
FTOH225ZF 5.5 2.2 2.8 1.8 33 18.0
FTOH335ZF 5.5 3.3 4.2 1.0 5.0 38.0
FTOH565ZF 5.5 5.6 72 0.6 8.4 72.0
FTWOH104ZF 5.5 0.10 0.14 16 0.15 2.0

Part numbers in bold type represent popularly purchased components.
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Specifications
Test Conditions
Item FT Type .
yp (conforming to JIS C 5160-1)
Category Temperature Range -40°C to +85°C
Maximum Operating Voltage 5.5VDC
Capacitance Refer to Table 1 Refer to “Measurement Conditions”
Capacitance Allowance +80%, -20% Refer to “Measurement Conditions”
ESR Refer to Table 1 ‘I)/Ieasured at 1 kHz, 1.0VmA£'See also
Measurement Conditions
Current (30 minutes value) Refer to Table 1 Refer to “Measurement Conditions”
Surge voltage: 6.3V
Capacitance >90% of initial ratings Charge: 30 seconds
Discharge: 9 minutes 30 seconds
Number of cycles: 1,000
Series resistance: 0.10F 1500Q
ESR < 120% of initial ratings 0.22F 56 Q
0.47F 300
Surge 1.0F 150
2.2F 100
Current (30 minutes value) | <120% of initial ratings 33F 18 0
5.6 F 100
Discharge
Appearance No obvious abnormality resistance: 00
Temperature: 85+2°C
Capacitance Phase 2 2 50% of initial value Conforms to 4.17
ase . °
ESR <300% of initial value Phase 1:  +2512°C
Phase2: -2512°C
Capacitance Phase 3 230% of initial value Phase3: -40+2°C
ase : N
ESR < 700% of initial value Phase4: +25#2°C
: o i Phase 5: +85+2°C
Characteristics in Capacitance < 150% of initial value Phase 6: +25 +2°C
Different Temperature ESR Phase 5 Satisfy initial ratings
Current (30 minutes value) <1.5CV (mA)
Capacitance Within £20% of initial value
ESR Phase 6 Satisfy initial ratings
Current (30 minutes value) Satisfy initial ratings
Lead Strength (tensile) No terminal damage Conforms to 4.9
Capacitance Conforms to 4.13
o ) ESR Satisfy initial ratings Frequency: 1010 55 Hz
Vibration Resistance - Testing Time: 6 hours
Current (30 minutes value)
Appearance No obvious abnormality
Conforms to 4.11
: Solder temp:  +24515°C
Solderability ggﬁjﬁ” of the terminal should be covered by the new Dipping time: 5 £0.5 seconds
1.6 mm from the bottom should be dipped.
Capacitance Conforms to 4.10
P . Solder temp:  +26010°C
ESR Satisfy initial ratings AN
Solder Heat Resistance - y g Dipping time: 10 £1 seconds
Current (30 minutes value)
Appearance No obvious abnormality 1.6 mm from the bottom should be dipped.
Capacitance Conforms to 4.12
ESR Satisfy initial ratings Temperature  -40°C » Room
Temperature Cycle - Condition:  temperature » +85°C »
Current (30 minutes value) Room temperature
Number of cycles: 5 cycles

S6014_FT - 8/10/2023 5
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Specifications cont.

Item

FT Type

Test Conditions

(conforming to JIS C 5160-1)

High Temperature and
High Humidity Resistance

Capacitance

Within £20% of initial value

ESR

< 120% of initial ratings

Current (30 minutes value)

<120% of initial ratings

Appearance

No obvious abnormality

Conforms to 4.14
Temperature:
Relative humidity:
Testing time:

+40+2°C
90t0 95% RH
24048 hours

High Temperature Load

Capacitance

Within +30% of initial value

ESR

<200% of initial ratings

Conforms to 4.15
Temperature:
Voltage applied:

Series protection

+8542°C
Maximum operating
voltage

Current (30 minutes value) | <200% of initial ratings resistance: 00Q
Testing time:  1,000+48 (+48/-0)
Appearance No obvious abnormality hours
Marking
Date — A1 Supercapacitor Supercapacitor
Code Maximum
L~ 001 FT 55V FT 55V~[ Operating Voltage
Serial .
Number A1 85°C 0.22F 85°C 0.22 F =— Nominal
Capacitance

Negative Polarity
Identification Mark

Packaging Quantities

Part Number Bulk Quantity per Box
FTOH104ZF 1,000 pieces
FTOH224ZF 400 pieces
FTOH474ZF 400 pieces
FTOH105ZF 90 pieces
FTOH225ZF 50 pieces
FTOH335ZF 30 pieces
FTOH565ZF 20 pieces

FTWOH104ZF 1,000 pieces
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.
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Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes



KEMET

Supercapacitors - FT Series aYAGEO company

Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Overview

FY Series Supercapacitors, also known as Electric Double-
Layer Capacitors (EDLCs), are intended for high energy

storage applications.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,

supercapacitors can be used like a secondary battery

when applied in a DC circuit. These devices are best suited

for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

Benefits

+ Wide range of temperature from -25°C to +70°C

« Maintenance free

+ Maximum operating voltage of 5.5 VDC
+ Highly reliable against liquid leakage
+ Lead-free and RoHS compliant

Part Number System

FY OH 104 Z F
Series Maximum Operating Voltage Capacitance Code Capacitance Environmental
Tolerance
FYD O0H=5.5VDC First two digits represent Z=-20/+80% F = Lead-free
FYH significant figures. Third digit
specifies number of zeros to
follow pF code.
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Dimensions - Millimeters

9pD10.5
— S
52 | El E
Es Z| E
gg S| E
Tz1~ ™y 2
Sleeve ! ! o
e/
P+0.5
d,+0.1
1 d,*0.1
(Terminal)

Part Number | ¢D H P e d, d,
FYDOH223ZF = 11.5 8.5 5.08 2.7 0.4 1.2
FYDOH473ZF = 11.5 8.5 5.08 27 0.4 1.2
FYDOH104ZF = 13.0 8.5 5.08 2.2 0.4 1.2
FYDOH224ZF = 145 | 150 | 5.08 2.4 0.4 1.2
FYDOH474ZF = 165 150 @ 5.08 2.7 0.4 1.2
FYDOH105ZF = 215 | 16.0 | 7.62 3.0 0.6 1.2
FYDOH145ZF = 215 190 = 7.62 3.0 0.6 1.2
FYDOH225ZF | 285 | 22.0 | 1016 6.1 0.6 1.4
FYHOH223ZF = 11.5 7.0 5.08 2.7 0.4 1.2
FYHOH473ZF = 13.0 7.0 5.08 2.2 0.4 1.2
FYHOH104ZF | 16.5 75 5.08 2.7 0.4 1.2
FYHOH224ZF | 16.5 9.5 5.08 2.7 0.4 1.2
FYHOH474ZF | 215 | 100 | 7.62 3.0 0.6 1.2
FYHOH105ZF | 285 | 11.0 | 10.16 = 6.1 0.6 1.4
FYLOH103ZF = 11.0 5.0 5.08 2.7 0.2 1.2
FYLOH223ZF 11.0 5.0 5.08 2.7 0.2 1.2
FYLOH473ZF | 12.0 5.0 5.08 2.7 0.2 1.2
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20to +60°C 20to +50°C 55t0 +105°C (FR, FT, FMR Type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakage( combqgtlon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) = Power Supply (Guideline) Application Examples of Equipment Series
Embedded memory DVD player, television,
backup game console, set-top box
Long time back-up 500 pA and below FY series
Motor driver DVD. player, printer,
projector, camera
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Environmental Compliance

All KEMET supercapacitors are RoHS compliant.
RoHS

Table 1 - Ratings & Part Number Reference

Maximum Nominal Capacitance . Maximum |Voltage Holding
. Maximum ESR . . .
Part Number Operating - at 1 kHz () Current at 30 | Characteristic | Weight (g)
Voltage (vDC) | Charge | Discharge Minutes (mA) | Minimum (V)
System (F) | System (F)

FYLOH103ZF 5.5 0.01 0.013 300 0.015 4.2 0.9
FYLOH223ZF 5.5 0.022 0.028 200 0.033 4.2 1.0
FYHOH223ZF 5.5 0.022 0.033 200 0.033 4.2 1.5
FYDOH223ZF 5.5 0.022 0.033 220 0.033 42 1.6
FYHOH473ZF 5.5 0.047 0.075 100 0.071 4.2 2.2
FYLOH473ZF 5.5 0.047 0.061 200 0.071 4.2 1.2
FYDOH473ZF 5.5 0.047 0.070 220 0.071 4.2 1.7
FYHOH104ZF 5.5 0.10 0.16 50 0.15 4.2 3.4
FYDOH104ZF 5.5 0.10 0.14 100 0.15 4.2 2.4
FYHOH224ZF 5.5 0.22 0.30 60 0.33 4.2 3.6
FYDOH224ZF 5.5 0.22 0.35 120 0.33 4.2 4.3
FYHOH474ZF 5.5 0.47 0.70 35 0.71 4.2 7.2
FYDOH474ZF 5.5 0.47 0.75 65 0.71 4.2 6.0
FYHOH105ZF 5.5 1.0 1.5 20 1.5 4.2 13.9
FYDOH105ZF 5.5 1.0 1.6 35 1.5 4.2 11.0
FYDOH145ZF 5.5 1.4 2.1 45 2.1 4.2 12.0
FYDOH225ZF 5.5 2.2 3.3 35 3.3 4.2 22.9

Part numbers in bold type represent popularly purchased components.
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Specifications

Item

FY Type (FYD, FYH)

Test Conditions
(conforming to JIS C 5160-1)

Category Temperature Range
Maximum Operating Voltage
Capacitance

Capacitance Allowance

ESR

Current (30 minutes value)

-25°Cto +70°C
5.5VDC

Refer to Table 1
+80%, -20%

Refer to Table 1

Refer to Table 1

Refer to “Measurement Conditions”
Refer to “Measurement Conditions”

Measured at 1 kHz, 10 mA; See also
“Measurement Conditions”

Refer to “Measurement Conditions”

Capacitance

ESR

Surge

Current (30 minutes value)

Appearance

>90% of initial ratings

< 120% of initial ratings

< 120% of initial ratings

No obvious abnormality

Surge voltage: 6.3V
Charge: 30 seconds
Discharge: 9 minutes 30 seconds
Number of cycles: 1,000

Series resistance: 0.010 F 1,500 Q
0.022F 5600Q
0.047F 3000
0.068 F 240Q
0.10 F 150 Q
0.22F 56Q
0.47F 300
1.0F14F 15Q
2.2F 100

Discharge

resistance: 00Q
Temperature: 70 +2°C

Capacitance

> 50% of initial value

Phase 2

< 400% of initial value

Phase 3 /

Conforms to 4.17
Phase1: +25%2°C
Phase2: -25%2°C
Phase 4: +25+2°C
Phase 5: +70$2°C
Phase 6: +2512°C

ESR

Capacitance

ESR
Characteristics in Capacitance
Different Temperature ESR

Current (30 minutes value)
Capacitance

ESR

Current (30 minutes value)

Phase 5

Phase 6

<200% of initial value
Satisfy initial ratings
<1.5CV (mA)

Within £20% of initial value

Satisfy initial ratings
Satisfy initial ratings

Lead Strength (tensile)

No terminal damage

Conforms to 4.9

Capacitance

Conforms to 4.13

o ) ESR Satisfy initial ratings Frequency: 1010 55Hz
Vibration Resistance - Testing Time: 6 hours
Current (30 minutes value)
Appearance No obvious abnormality
Conforms to 4.11
. Over 3/4 of the terminal should be covered by the new Soldertemp:  +245 £5°C
Solderability solder y Dipping time: 5 +0.5 seconds

1.6 mm from the bottom should be dipped.

Solder Heat Resistance

Capacitance

ESR

Current (30 minutes value)
Appearance

Satisfy initial ratings

No obvious abnorma

lity

Conforms to 4.10
Solder temp:
Dipping time:

1.6 mm from the bottom should be dipped.

+260 +10°C
10 £1 seconds
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Specifications cont.

Test Conditions

Item FY Type (FYD, FYH)

(conforming to JIS C 5160-1)

Capacitance

Conforms to 4.12

ESR Satisfy initial ratings Temperature  -25°C » Room
Temperature Cycle - Condition:  temperature » +70°C »
Current (30 minutes value) Room temperature
Appearance No obvious abnormality Number of cycles: 5 cycles
Capacitance Within £20% of initial value Conforms to 4.14
i ESR < 120% of initial ratings Temperature:  +40 12°C
High femperature and : -0 Relative humidity: 90 to 95% RH
g y Current (30 minutes value) | <120% of initial ratings Testing time: 240 8 hours

Appearance

No obvious abnormality

High Temperature Load

Capacitance
ESR
Current (30 minutes value)

Appearance

Within +30% of initial value
< 200% of initial ratings
< 200% of initial ratings

No obvious abnormality

Conforms to 4.15
Temperature:
Voltage applied:

Series protection
resistance:
Testing time:

+70 £2°C
Maximum operating
voltage

0Q
1,000 +48 (+48/-0)
hours

Self Discharge Characteristics
(Voltage Holding Characteristics)

Voltage between terminal leads > 4.2 V

Charging condition
Voltage applied:

Series resistance:
Charging time:

Storage

5.0 VDC (Terminal at
the case side must be
negative)

0Q

24 hours

Let stand for 24 hours in condition described
below with terminals opened.

Ambient
temperature:
Relative humidity:

<25°C
<70%RH
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Marking

Date—= A1 Supercapacitor

Code
|~ 001 FYD 5.5V
Serial 0.047F
Number

Al Supercapacitor

Supercapacitor
FYD 55V7
0.047 F—

Supercapacitor

Maximum

Operating Voltage

—— Nominal

Capacitance

N

Negative Polarity
Identification Mark

Packaging Quantities

Part Number Bulk Quantity per Box
FYDOH223ZF 1,000 pieces
FYDOH473ZF 1,000 pieces
FYDOH104ZF 800 pieces
FYDOH224ZF 400 pieces
FYDOH474ZF 240 pieces
FYDOH105ZF 90 pieces
FYDOH145ZF 90 pieces
FYDOH225ZF 50 pieces
FYHOH223ZF 1,600 pieces
FYHOH473ZF 800 pieces
FYHOH104ZF 600 pieces
FYHOH224ZF 500 pieces
FYHOH474ZF 90 pieces
FYHOH105ZF 50 pieces
FYLOH103ZF 2,000 pieces
FYLOH223ZF 2,000 pieces
FYLOH473ZF 1,600 pieces
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.
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Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes
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Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Overview

FR Series Supercapacitors, also known as Electric Double-
Layer Capacitors (EDLCs), are intended for high energy
storage applications.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,
supercapacitors can be used like a secondary battery
when applied in a DC circuit. These devices are best suited
for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

Benefits

+ Wide range of temperature from -40°C to +85°C
*+ Maintenance free

+ Maximum operating voltage of 5.5 VDC

+ Highly reliable against liquid leakage

+ Lead-free and RoHS compliant

Part Number System

FR OH 104 Z F
Series Maximum Operating Voltage Capacitance Code Capacitance Environmental
Tolerance
FR O0H=5.5VDC First two digits represent Z=-20/+80% F = Lead-free

significant figures. Third digit
specifies number of zeros to
follow pF code.
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Dimensions - Millimeters

pD+0.5
E
S | g E
E | E
g S| E
e ad ™ E
Sleeve ! o
o/ @
P+0.5
d,+0.1
0 d,*0.1
(Terminal)

Part Number ¢ D H P ¢ d, d,
FROH223ZF 11.5 14.0 5.08 2.7 0.4 1.2
FROH473ZF 14.5 14.0 5.08 2.4 0.4 1.2
FROH104ZF 14.5 15.5 5.08 2.4 0.4 1.2
FROH224ZF 14.5 21.0 5.08 2.4 0.4 1.2
FROH474ZF 16.5 21.5 5.08 2.7 0.4 1.2
FROH105ZF 21.5 22.0 7.62 3.0 0.6 1.2
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20to +60°C 20to +50°C 55t0 +105°C (FR, FT, FMR Type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakage( combqgtlon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) = Power Supply (Guideline) Application Examples of Equipment Series
Embedded memory DVD player, television,
backup game console, set-top box
Long time back-up 500 pA and below FR series
Motor driver DVD. player, printer,
projector, camera
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Environmental Compliance

All KEMET supercapacitors are RoHS compliant.
RoHS

Table 1 - Ratings & Part Number Reference

Maximum Nominal Capacitance . Maximum |Voltage Holding
. Maximum ESR . . .
Part Number Operating - at 1 kHz () Current at 30 | Characteristic | Weight (g)
Voltage (VDC) Syirtlz:r?‘(eF) g;::::"?:) Minutes (mA) | Minimum (V)

FROH223ZF 5.5 0.022 0.028 220 0.033 4.2 2.3
FROH473ZF 5.5 0.047 0.060 110 0.071 4.2 3.9
FROH104ZF 5.5 0.10 0.15 150 0.15 4.2 43
FROH224ZF 5.5 0.22 0.33 180 0.33 42 5.3
FROH474ZF 5.5 0.47 0.75 100 0.71 4.2 7.5
FROH105ZF 5.5 1.0 1.6 60 1.5 4.2 13.3

Part numbers in bold type represent popularly purchased components.
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Specifications

Item

FR Type

Test Conditions
(conforming to JIS C 5160-1)

Category Temperature Range
Maximum Operating Voltage
Capacitance

Capacitance Allowance

ESR

Current (30 minutes value)

-40°C to +85°C
5.5VDC

Refer to Table 1
+80%, -20%

Refer to Table 1

Refer to Table 1

Refer to “Measurement Conditions”
Refer to “Measurement Conditions”

Measured at 1 kHz, 10 mA; See also
“Measurement Conditions”

Refer to “Measurement Conditions”

Capacitance

ESR

Surge

Appearance

Current (30 minutes value)

>90% of initial ratings

< 120% of initial ratings

< 120% of initial ratings

No obvious abnormality

Surge voltage: 6.3V
Charge: 30 seconds
Discharge: 9 minutes 30 seconds
Number of cycles: 1,000

Series resistance: 0.022 F 560 Q
0.047F 3000Q
0.068 F 240Q
0.10 F 150 Q
0.22F 56Q
0.47F 300
1.0F 15Q

Discharge

resistance: 00Q
Temperature: 85+2°C

Capacitance
ESR
Capacitance
ESR

Characteristics in Capacitance
Different Temperature ESR

> 50% of initial value

Current (30 minutes value)
Capacitance

ESR

Current (30 minutes value)

Phase 2

<400% of initial value

> 30% of initial value
Phase 3

< 700% of initial value

<200% of initial value
Phase 5 Satisfy initial ratings

<1.5CV (mA)

Within £20% of initial value
Phase 6 Satisfy initial ratings

Satisfy initial ratings

Conforms to 4.17
Phase 1: +25%2°C
Phase2: -25%2°C
Phase3: -40+2°C
Phase 4: +25+2°C
Phase 5: +85%2°C
Phase 6: +25+2°C

Lead Strength (tensile)

No terminal damage

Conforms to 4.9

Vibration Resistance

Capacitance

ESR

Current (30 minutes value)
Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.13
Frequency: 10to 55Hz
Testing Time: 6 hours

Solderability

Over 3/4 of the terminal should be covered by the new

solder

Conforms to 4.11
Solder temp:  +245+5°C
Dipping time: 5 0.5 seconds

1.6 mm from the bottom should be dipped.

Solder Heat Resistance

Capacitance
ESR
Current (30 minutes value)

Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.10
Solder temp:  +260 +10°C
Dipping time: 10 +1 seconds

1.6 mm from the bottom should be dipped.
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Specifications cont.

Test Conditions

Item FR Type

(conforming to JIS C 5160-1)

Capacitance

Conforms to 4.12

Temperature
ESR Satisfy initial ratings Condition:  -40°C » Room
Temperature Cycle tem °
i perature » +85°C »
Current (30 minutes value) Room temperature
Appearance No obvious abnormality Number of cycles: 5 cycles
Capacitance Within £20% of initial value Conforms to 4.14
i ESR <120% of initial ratings Temperature: - +40 £2°C
hon femperatireand : oo e Relative humidity: 90 to 95% RH
g y Current (30 minutes value) | <120% of initial ratings Testing time: 240 +8 hours

Appearance

No obvious abnormality

High Temperature Load

Capacitance

ESR
Current (30 minutes value)

Appearance

Within +30% of initial value

< 200% of initial ratings
< 200% of initial ratings

No obvious abnormality

Conforms to 4.15
Temperature:
Voltage applied:

Series protection
resistance:
Testing time:

+85+2°C
Maximum operating
voltage

0Q
1,000 +48 (+48/-0)
hours

Self Discharge Characteristics
(Voltage Holding Characteristics)

Voltage between terminal leads > 4.2 V

Charging condition
Voltage applied:

Series resistance:
Charging time:

Storage

Let stand for 24 hours in condition described
below with terminals opened.

5.0 VDC (Terminal at
the case side must be
negative)

0Q

24 hours

Ambient
temperature: < 25°C
Relative humidity: <70% RH




KEMET

Supercapacitors - FR Series aYAGEO company

Marking
Date —=— A1 Supercapacitor Supercapacitor Maximum
Code 001 FR 55V FR 5.5V~ Operating Voltage
Serial | o o )
85°C 0.022 F 85°C 0.022 F=— Nominal
Number 4 4 Capacitance
Al Supercapacitor Supercapacitor

Negative Polarity
Identification Mark

Packaging Quantities

Part Number Bulk Quantity per Box
FROH223ZF 800 pieces
FROH473ZF 400 pieces
FROH104ZF 400 pieces
FROH224ZF 300 pieces
FROH474ZF 240 pieces
FROH105ZF 90 pieces
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.
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Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes



KEMET

Supercapacitors - FR Series aYAGEO company

Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Overview

FS Series Supercapacitors, also known as Electric Double-
Layer Capacitors (EDLCs), are intended for high energy

storage applications.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,

supercapacitors can be used like a secondary battery

when applied in a DC circuit. These devices are best suited

for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

Benefits

+ Wide range of temperature from -25°C to +70°C

« Maintenance free

* Maximum operating voltages of 5.5, 11.0, and 12.0 VDC
+ Highly reliable against liquid leakage
+ Lead-free and RoHS compliant

Part Number System

FS OH 104 Z F
Series Maximum Operating Voltage Capacitance Code Capacitance Environmental
Tolerance
FS OH=5.5VDC First two digits represent Z=-20/+80% F = Lead-free
1A=11.0VDC significant figures. Third digit
1B =12.0VDC specifies number of zeros to
follow pF code.
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Dimensions - Millimeters
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P+0.5
d,+0.1
1 d,*0.1
(Terminal)

Part Number oD H P e d, d,
FSO0H223ZF 11.5 8.5 5.08 2.7 0.4 1.2
FSOH473ZF 13.0 8.5 5.08 2.2 0.4 1.2
FSOH104ZF 16.5 8.5 5.08 2.7 0.4 1.2
FSOH224ZF 16.5 13.0 5.08 2.7 0.4 1.2
FSOH474ZF 21.5 13.0 7.62 3.0 0.6 1.2
FSOH105ZF 28.5 14.0 10.16 6.1 0.6 1.4
FS1A474ZF 28.5 25.5 10.16 6.1 0.6 1.4
FS1A105ZF 28.5 31.5 10.16 6.1 0.6 1.4
FS1B105ZF 28.5 38.0 10.16 6.1 0.6 1.4
FS1B505ZF 44.8 60.0 20.00 9.5 1.0 1.4
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20to +60°C 20to +50°C 55t0 +105°C (FR, FT, FMR type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakage( combqgtlon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) = Power Supply (Guideline) Application Examples of Equipment Series
Embedded memory DVD player, television,
backup game console, set-top box
Back-up for 1 hour or less 50 mA and below FS series
Motor driver DVD. player, printer,
projector, camera
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Environmental Compliance
All KEMET supercapacitors are RoHS compliant.
RoHS
Table 1 - Ratings & Part Number Reference
Maximum Nominal Capacitance . Maximum
. Maximum ESR .
Part Number | Operating Voltage - at 1 kHz (0) Current at 30 Weight (g)
(VDC) Charge Discharge Minutes (mA)
System (F) | System (F)
FSOH223ZF 5.5 0.022 0.033 60.0 0.033 1.6
FSOH473ZF 5.5 0.047 0.072 40.0 0.071 2.6
FSOH104ZF 5.5 0.10 0.15 25.0 0.15 41
FSOH224ZF 5.5 0.22 0.33 25.0 0.33 5.3
FSOH474ZF 5.5 0.47 0.75 13.0 0.71 10
FSOH105ZF 5.5 1.0 1.3 7.0 1.5 18
FS1A474ZF 11.0 0.47 0.60 7.0 1.41 32
FS1A105ZF 11.0 1.0 1.3 7.0 3.0 35
FS1B105ZF 12.0 1.0 1.3 7.5 3.6 40
FS1B505ZF 12.0 5.0 6.5 4.0 18.0 160

Part numbers in bold type represent popularly purchased components.



Supercapacitors - FS Series

KEMET

aYAGEO company

Specifications

Item

FS Type

Test Conditions

(conforming to JIS C 5160-1)

Category Temperature Range
Maximum Operating Voltage
Capacitance

Capacitance Allowance

ESR

Current (30 minutes value)

-25°Cto +70°C

5.5VDC, 11 VDC,12VDC
Refer to Table 1

+80%, -20%

Refer to Table 1

Refer to Table 1

Refer to “Measurement Conditions”
Refer to “Measurement Conditions”

Measured at 1 kHz, 10 mA; See also

“Measurement Conditions”
Refer to “Measurement Conditions”

Surge

Capacitance

ESR

Current (30 minutes value)

Appearance

>90% of initial ratings

Surge voltage: 6.3V (5.5V type)
12.6 V (11 V type)
13.6 V (12 V type)

< 120% of initial ratings

< 120% of initial ratings

No obvious abnorma

lity

Charge: 30 seconds

Discharge: 9 minutes 30 seconds

Number of cycles: 1,000

Series resistance: 0.022 F 560 Q
0.047F 3000
0.10F 150 Q
0.22F 56Q
0.47F 300
1.0F 15Q
50F 100

Discharge
resistance: 00Q
Temperature: 70 +2°C

Characteristics in
Different Temperature

Capacitance

ESR

Capacitance

ESR

Capacitance

ESR

Current (30 minutes value)
Capacitance

ESR

Current (30 minutes value)

Phase 2

Phase 3

Phase 5

Phase 6

> 50% of initial value
<300% of initial value

m——

< 150% of initial value
Satisfy initial ratings
<1.5CV (mA)

Within +20% of initial value
Satisfy initial ratings
Satisfy initial ratings

Conforms to 4.17

Phase1: +25%2°C
Phase2: -25%2°C
Phase 4: +25+2°C
Phase 5: +70+2°C
Phase 6: +2512°C

Lead Strength (tensile)

No terminal damage

Conforms to 4.9

Vibration Resistance

Capacitance

ESR

Current (30 minutes value)
Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.13
Frequency: 10to 55Hz
Testing Time: 6 hours

Solderability

Over 3/4 of the terminal should be covered by the new

solder

Conforms to 4.11
Solder temp:  +245+5°C
Dipping time: 5 0.5 seconds

1.6 mm from the bottom should be dipped.

Solder Heat Resistance

Capacitance

ESR

Current (30 minutes value)
Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.10
Solder temp:  +260 +10°C
Dipping time: 10 1 seconds

1.6 mm from the bottom should be dipped.
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Specifications cont.

Test Conditions
Item

FS Type

(conforming to JIS C 5160-1)

Capacitance

Conforms to 4.12

o . Temperature
ESR Satisfy initial ratings Condition:  -25°C » Room
Temperature Cycle o
Current (30 minutes value) temperature » +70°C »
Room temperature
Appearance No obvious abnormality Number of cycles: 5 cycles
More than 90% of initial specified value (5.5V type) Conforms to 4.14
Capacitance Within £20% of initial measured value Temperature: +40 +2°C
) (11V type, 12V type) Relative humidity: 90 to 95% RH
High Temperature and Testing time: 240 8 hours

High Humidity Resistance

ESR
Current (30 minutes value)

Appearance

< 120% of initial ratings
< 120% of initial ratings

No obvious abnormality

High Temperature Load

Capacitance

ESR
Current (30 minutes value)

Appearance

Within +30% of initial value

<200% of initial ratings
<200% of initial ratings

No obvious abnormality

Conforms to 4.15
Temperature:
Voltage applied:

Series protection
resistance:
Testing time:

+70 £2°C
Maximum operating
voltage

0Q
1,000 +48 (+48/-0)
hours




KEMET

Supercapacitors - FS Series aYAGEO company
Marking
CDOa(}g —= Al Supercapacitor Supercapacitor Maximym
- 001 FS 55V Fs 55y ~| Operating Voltage
Serial —| Nominal
Number -— Nomi
A1 0.22F 0.22F Capacitance

Negative Polarity
Identification Mark

Packaging Quantities

Part Number Bulk Quantity per Box
FSOH223ZF 1,000 pieces
FSOH473ZF 800 pieces
FSOH104ZF 600 pieces
FSOH224ZF 400 pieces
FSOH474ZF 90 pieces
FSOH105ZF 50 pieces
FS1A474ZF 50 pieces
FS1A105ZF 50 pieces
FS1B105ZF 50 pieces
FS1B505ZF 20 pieces
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.
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Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes
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Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.



Supercapacitors

FA Series

KEMET

aYAGEO company

Overview

FA Series Supercapacitors, also known as Electric Double-
Layer Capacitors (EDLCs), are intended for high energy

storage applications.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,

supercapacitors can be used like a secondary battery

when applied in a DC circuit. These devices are best suited

for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

Benefits

+ Wide range of temperature from -25°C to +70°C

« Maintenance free

+ Maximum operating voltages of 5.5 and 11 VDC
+ Highly reliable against liquid leakage
+ Lead-free and RoHS compliant

Part Number System

FA OH 104 Z F
Series Maximum Operating Voltage Capacitance Code) Capacitance Environmental
Tolerance
FA OH=5.5VDC First two digits represent Z=-20/+80% F = Lead-free
1A=11.0VDC significant figures. Third digit
specifies number of zeros to
follow pF code.
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Dimensions - Millimeters

¢D+0.5
|
£ £
E E §
> >
= —{I
T =~ =
¥d 1o
o~N
Sleeve
o/ @
P+0.5
+ d,+0.1
[|' - * d,£0.1
(Terminal)

Part Number  ¢D H P ¢ d, d,
FAOH473ZF 16.0 15.5 5.1 5.0 0.4 1.2
FAOH104ZF 21.5 15.5 7.6 5.5 0.6 1.2
FAOH224ZF 28.5 16.5 10.2 9.5 0.6 1.4
FAOHA74ZF 36.5 | 16.5 15.0 9.5 0.6 17
FAOH105ZF 44.5 18.5 20.0 9.5 1.0 1.4
FATA223ZF 16.0 25.0 5.1 5.0 0.4 1.2
FATA104ZF 28.5 25.5 10.2 9.5 0.6 1.4
FAT1A224ZF 365 | 275 15.0 9.5 1.0 1.4
FATA474ZF 44.5 28.5 20.0 9.5 1.0 1.4
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20to +60°C 20to +50°C 55t0 +105°C (FR, FT, FMR type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakage( combqgtlon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) = Power Supply (Guideline) Application Examples of Equipment Series

Power source of toys,
LED, buzzer

Back-up for 10 seconds or less 1 A and below FA series

High current supply fora  Actuator, relay solenoid, gas
short amount of time igniter

Toys, display device, alarm device
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Environmental Compliance
All KEMET supercapacitors are RoHS compliant.
RoHS
Table 1 - Ratings & Part Number Reference
Maximum Nominal Capacitance . Maximum
. Maximum ESR .
Part Number | Operating Voltage - at 1 kHz (0) Current at 30 Weight (g)
(VDC) Charge Discharge Minutes (mA)
System (F) | System (F)
FAOH473ZF 5.5 0.047 0.075 20.0 0.071 6.2
FAOH104ZF 5.5 0.10 0.16 8.0 0.15 12
FAOH224ZF 5.5 0.22 0.35 5.0 0.33 25
FAOH474ZF 5.5 0.47 0.75 3.5 0.71 42
FAOH105ZF 5.5 1.0 1.6 2.5 1.5 65
FA1A223ZF 11.0 0.022 0.035 20.0 0.066 7.5
FATA104ZF 11.0 0.10 0.16 8.0 0.30 32
FA1A224ZF 11.0 0.22 0.35 6.0 0.66 55
FATAA7AZF 11.0 0.47 0.75 4.0 1.4 83
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Specifications

Item

FA Type

Test Conditions
(conforming to JIS C 5160-1)

Category Temperature Range
Maximum Operating Voltage
Capacitance

Capacitance Allowance

ESR

Current (30 minutes value)

-25°Cto +70°C
5.5VDC, 11VDC
Refer to Table 1
+80%, -20%

Refer to Table 1

Refer to Table 1

Refer to “Measurement Conditions”
Refer to “Measurement Conditions”

Measured at 1 kHz, 10 mA; See also
“Measurement Conditions”

Refer to “Measurement Conditions”

Surge voltage: 6.3V (5.5 V type)
Capacitance 12.6 V(11 V type)
Charge: 30 seconds
Discharge: 9 minutes 30 seconds
ESR Number of cycles: 1,000
Series resistance: 0.047F 3000Q
Surge 0.10F 1500
0.22F 56 Q
Current (30 minutes value) 0.47F 300
1.0F 1.5F 150
Discharge
A resistance: 00Q
ppearance Temperature: 70 +2°C
Capacitance Phase 2 >70% of initial value Conforms to 4.17
ase ) B
ESR <300% of initial value Phase 1:  +2512°C
c " Phase2: -2512°C
apacitance . B
p Phase 3 Phase 4. +25 t2°C
ESR Phase 5: +70$2°C
. 190
Characteristics in Capacitance < 150% of initial value Phase b: 425 £2°C
Different Temperature ESR Phase 5 Satisfy initial ratings
Current (30 minutes value) <1.5CV (mA)
Capacitance Within $+20% of initial value
ESR Phase 6 Satisfy initial ratings

Current (30 minutes value)

Satisfy initial ratings

Lead Strength (tensile)

No terminal damage

Conforms to 4.9

Capacitance
ESR

Current (30 minutes value)

Vibration Resistance

Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.13
Frequency:
Testing Time:

10to 55 Hz
6 hours
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Specifications cont.

Item

FA Type

Test Conditions
(conforming to JIS C 5160-1)

Solderability

Over 3/4 of the terminal should be covered by the new

solder

Conforms to 4.11
Solder temp:
Dipping time:

1.6 mm from the bottom should be dipped.

+245 15°C
510.5 seconds

Solder Heat Resistance

Capacitance
ESR
Current (30 minutes value)

Satisfy initial ratings

Conforms to 4.10
Solder temp:
Dipping time:

+260 £10°C
10 £1 seconds

Appearance

No obvious abnormality

Appearance No obvious abnormality 1.6 mm from the bottom should be dipped.
Capacitance Conforms to 4.12
P . Temperature
ESR Satisfy initial ratings Condition:  -25°C » Room
Temperature Cycle ’ t t +70°C
Current (30 minutes value) emperature » ’
Room temperature
Appearance No obvious abnormality Number of cycles: 5 cycles
Capacitance >90% of initial value Conforms to 4.14
i ESR < 120% of initial ratings Temperature:  +40 £2°C
High femperature and : -3 Relative humidity: 90 to 95% RH
g y Current (30 minutes value) | <120% of initial ratings Testing time: 240 8 hours

High Temperature Load

Capacitance

ESR
Current (30 minutes value)

Appearance

> 80% of initial value

< 120% of initial ratings
<200% of initial ratings

No obvious abnormality

Conforms to 4.15
Temperature:
Voltage applied:

Series protection
resistance:
Testing time:

+70 £2°C
Maximum operating
voltage

0Q
1,000 +48 (+48/-0)
hours
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Marking
Date —— A1 Supercapacitor Supercapacitor Rated Voltage
Code |,001 FA 5V FA 5V~
0.1F 0.1F<— :
. . | Nominal
Serial Al Supercapacitor Supercapacitor Capacitance
Number 001 FA 5V FA 5V
0.1F 0.1F

Negative Polarity
Identification Mark

Packaging Quantities

Part Number Bulk Quantity per Box
FAOH473ZF 400 pieces
FAOH104ZF 90 pieces
FAOH224ZF 50 pieces
FAQOH474ZF 30 pieces
FAOH105ZF 20 pieces
FATA223ZF 240 pieces
FATA104ZF 50 pieces
FATA224ZF 30 pieces
FAT1A474ZF 20 pieces
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.
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Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes



KEMET

Supercapacitors - FA Series aYAGEO company

Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Overview

FE Series Supercapacitors, also known as Electric Double-
Layer Capacitors (EDLCs), are intended for high energy

storage applications.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,

supercapacitors can be used like a secondary battery

when applied in a DC circuit. These devices are best suited

for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

Benefits

+ Wide range of temperature from -40°C to +70°C

« Maintenance free

+ Maximum operating voltage of 5.5 VDC
+ Highly reliable against liquid leakage
+ Lead-free and RoHS compliant

Part Number System

significant figures. Third digit
specifies number of zeros to
follow pF code.

FE OH 104 yA F
Series Maximum Operating Voltage Capacitance Code Capacitance Environmental
Tolerance
FE OH=5.5VDC First two digits represent Z=-20/+80% F = Lead-free
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Dimensions - Millimeters
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Part Number ¢ D H P ¢ d, d,
FEOH473ZF 14.5 14.0 5.1 2.2 0.4 1.2
FEOH104ZF 16.5 14.0 5.1 2.7 0.4 1.2
FEOH224ZF 21.5 15.5 7.6 3.0 0.6 1.2
FEOH474ZF 28.5 16.5 10.2 6.1 0.6 1.4
FEOH105ZF 36.5 18.5 15.0 6.1 0.6 1.7
FEOH155ZF 44.5 18.5 20.0 6.1 1.0 1.4
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20to +60°C 20to +50°C 55t0 +105°C (FR, FT, FMR type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakage( combqgtlon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) = Power Supply (Guideline) Application Examples of Equipment Series

Power source of toys,
LED, buzzer

Back-up for 10 seconds or less 1 A and below FE series

High current supply fora  Actuator, relay solenoid, gas
short amount of time igniter

Toys, display device, alarm device
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Environmental Compliance

All KEMET supercapacitors are RoHS compliant.

Table 1 - Ratings & Part Number Reference

Maximum Nominal Capacitance . Maximum
. Maximum ESR .
Part Number | Operating Voltage - t1 kHz (0 Current at 30 Weight (g)
(VDC) Charge | Discharge | 2 z(Q) Minutes (mA)
System (F) | System (F)

FEOH473ZF 5.5 0.047 0.075 14.0 0.071 3.9
FEOH104ZF 5.5 0.10 0.16 6.5 0.15 5
FEOH224ZF 5.5 0.22 0.35 3.5 0.33 9.5
FEOH474ZF 5.5 0.47 0.75 1.8 0.71 16
FEOH105ZF 5.5 1.0 1.4 1.0 1.5 38
FEOH155ZF 5.5 1.5 2.1 0.6 2.3 72




Supercapacitors - FE Series

KEMET

aYAGEO company

Specifications

Item

FE Type

Test Conditions
(conforming to JIS C 5160-1)

Capacitance
Capacitance Allowance

ESR

Category Temperature Range

Maximum Operating Voltage

Current (30 minutes value)

-40°Cto +70°C
5.5VDC

Refer to Table 1
+80%, -20%

Refer to Table 1

Refer to Table 1

Refer to “Measurement Conditions”
Refer to “Measurement Conditions”

Measured at 1 kHz, 10 mA; See also
“Measurement Conditions”

Refer to “Measurement Conditions”

Surge

Capacitance

ESR

Current (30 minutes value)

>90% of initial ratings

< 120% of initial ratings

< 120% of initial ratings

Surge voltage: 6.3V

Charge: 30 seconds
Discharge: 9 minutes 30 seconds
Number of cycles: 1,000
Series resistance: 0.047F 3000Q
0.10F 150Q
0.22F 56 Q
0.47F 300

10F 1.5F 150

Discharge
Appearance No obvious abnormality resistance: 00
Temperature: 70 +2°C
Capacitance Phase 2 270% of initial value Conforms to 4.17
ase . o
ESR < 300% of initial value Phase 1:  +25£2°C
- e— Phase2: -25#2°C
Capacitance Phase 3 > 40% of initial value Phase3: -40+2°C
ESR < 400% of initial value Phase 4 +2542°C
: o i Phase 5: +70+2°C
Characteristics in Capacitance <200% of initial value Phase 6  +25+2°C
Different Temperature ESR Phase 5 Satisfy initial ratings
Current (30 minutes value) <1.5CV (mA)
Capacitance Within £20% of initial value
ESR Phase 6 Satisfy initial ratings
Current (30 minutes value) Satisfy initial ratings
Lead Strength (tensile) No terminal damage Conforms to 4.9
Capacitance Conforms to 4.13
o ) ESR Satisfy initial ratings Frequency: 1010 55 Hz
Vibration Resistance - Testing Time: 6 hours
Current (30 minutes value)
Appearance No obvious abnormality
Conforms to 4.11
: Solder temp:  +24515°C
Solderability (S)(\)lledrefim of the terminal should be covered by the new Dipping time: 5 £0.5 seconds

1.6 mm from the bottom should be dipped.

Solder Heat Resistance

Capacitance
ESR
Current (30 minutes value)

Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.10
Solder temp:
Dipping time:

+260 £10°C
10 £1 seconds

1.6 mm from the bottom should be dipped.

Temperature Cycle

Capacitance
ESR
Current (30 minutes value)

Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.12

Temperature
Condition:  -40°C » Room
temperature » +70°C »
Room temperature
Number of cycles: 5 cycles




Supercapacitors - FE Series

KEMET

aYAGEO company

Specifications cont.

ltem FE Type Test Conditions
y (conforming to JIS C 5160-1)
Capacitance Within £30% of initial value Conforms to 4.14
o of initi ; D40 £2°
High Temperature and ESR s 120% of nital rtings Relative I?Srr:ltdul;; 2010 85% RH
High Humidity Resistance | Gyrrent (30 minutes value) | <120% of initial ratings Testing time: 24048 hours
Appearance No obvious abnormality
. - I Conforms to 4.15
Capacitance Within +30% of initial value Temperature:  +70 +2°C
Voltage applied: Maximum operating
. ESR < 200% of initial ratings voltage
High Temperature Load 9 Series protection g
Current (30 minutes value) | <200% of initial ratings resistance: 00Q
Testing time: 1,000 +48 (+48/-0)
Appearance No obvious abnormality hours
Construction
Sleeve
Element

Outer Case

Terminals with
Insulator
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Marking
Negative Polarity
Identification
Maximum
Operating
Voltage
Series
Nominal
Capacitance

Packaging Quantities

Part Number Bulk Quantity per Box
FEOH473ZF 400 pieces
FEOH104ZF 400 pieces
FEOH224ZF 90 pieces
FEQH474ZF 50 pieces
FEOH105ZF 30 pieces
FEOH155ZF 20 pieces
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.
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Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes
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Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Overview

HV Series Supercapacitors, also known as Electric Double-
Layer Capacitors (EDLCs), are intended for high energy
storage applications.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,
supercapacitors can be used like a secondary battery
when applied in a DC circuit. These devices are best suited
for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

Benefits

+ Wide range of temperature from -25°C to +60°C and
-25°C to +70°C

* Maintenance free

+ Maximum operating voltages of 2.5 and 2.7 VDC

+ Highly reliable against liquid leakage

+ Lead-free and RoHS compliant

Part Number System
HVZ OH Z F -LT
Series Maximum Operating Voltage Capacitance Code Capacitance Environmental Terminal
Tolerance
HvVZ 0E=2.7VDC First two digits represent N=130% F = Lead-free -LT = Snap-in
(50 F type has 2.5 VDC) significant figures. Third digit Blank = Standard
specifies number of zeros to
follow pF code.
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Dimensions - Millimeters

1) Standard Termination @D 8 - 18

9D 0.5

L+2.0

15 Minimum

B

¢ D +1.0 Maximum |

5 Minimum

L +2.0 Maximum | 6.3 +1.0

Part Number | ¢D L F d
HVZOE105NF 8.0 12.0 3.5 0.6
HVZOE275NF 8.0 22.0 3.5 0.6
HVZOE475NF 10.0 20.0 5.0 0.6
HVZOE106NF 10.0 35.0 5.0 0.6
HVZO0E226NF 12.5 35.0 5.0 0.6
HVZOE506NF 18.0 40.0 75 0.8

HVZOE107NF-LT | 25.0 50.0

HVZOE207NF-LT = 35.0 50.0

¢d

2-9210.1

Snap-In (-LT) Terminal Details

—-|—|— .9 +0.1 Thickness

6.8 7.5
1510.1
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
; o _ o _ o -40 to +85°C
Operating Temperature Range 20to +60°C 20to +50°C 55t0 +105°C (FR, FT, FMR Type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not applicable Not applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakage( combqgtlon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) Power Supply (Guideline) Application Examples of Equipment Series
Power Assist Up to several A Power supply, subsidiary Street sign, display light, UPS HV series
power supply
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Environmental Compliance
All KEMET supercapacitors are RoHS compliant.
RoHS
Table 1 - Ratings & Part Number Reference
Maximum Operatin AITEL Maximum ESR AFEATITL Weight
Part Number Voltage (I\JIDC) g Capacitance at 1 kHz (0) Current at 30 ( g
g (F) Minutes (mA) g
HVZOE506NF 2.5 50.0 50 40.0 14.0
HVZOE105NF 2.7 1.0 300 0.8 1.0
HVZOE275NF 2.7 2.7 300 2.2 1.9
HVZOE475NF 2.7 4.7 100 3.8 2.5
HVZOE106NF 2.7 10.0 100 8.0 4.0
HVZOE226NF 2.7 22.0 100 18.0 10.0
HVZOE107NF-LT 2.7 100.0 30 81.0 28.0
HVZOE207NF-LT 2.7 200.0 30 162.0 61.5
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Specifications

Item

FT Type

Test Conditions
(conforming to JIS C 5160-1)

Category Temperature Range

Maximum Operating Voltage
Capacitance
Capacitance Allowance

ESR

Current (30 minutes value)

-25°C to +60°C (22 F, 50 F, 100 F, 200 F)
-25°Ct0+70°C (1.0 F,2.7F, 4.7F,10F)

2.7VDC (50 F type has 2.5 VDC)
Refer to Table 1
+30%

Refer to Table 1

Refer to Table 1

Refer to "Measurement Conditions”
Refer to "Measurement Conditions"

Measured at 1 kHz, 10 mA; See also
"Measurement Conditions"

Refer to "Measurement Conditions”

Capacitance
ESR
Capacitance

Characteristics in ESR

Different Temperature Current (30 minutes value)
Capacitance
ESR
Current (30 minutes value)

> 70% of initial value

Phase 2

< 500% of initial value

< 150% of initial value
Phase 4 Satisfy initial ratings

<1.5CV (mA)

Within £20% of initial value
Phase 5 Satisfy initial ratings

Satisfy initial ratings

Conforms to 4.13
Phase2: -25#2°C
Phase 4: Category meximum
tenperature £2°C
Phase 5: +2512°C

Lead Strength

No pin disconnection

Conforms to 4.5

Capacitance
ESR
Vibration Resistance -
Current (30 minutes value)

Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.9
Frequency: 10to 55Hz
Testing Time: 6 hours

Solderability

Over 3/4 of the terminal should be covered by the new

solder

Conforms to 4.7
Solder temp:  +24515°C
Dipping time:  5+0.5 seconds

1.6 mm from the bottom should be dipped.

Capacitance
ESR
Current (30 minutes value)

Solder Heat Resistance

Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.6
Solder temp:  +245+5°C
Dipping time: 5 +0.5 seconds

1.6 mm from the bottom should be dipped.

Capacitance

Temperature Cycle ESR
Current (30 minutes value)

Appearance

Satisfy initial ratings

No obvious abnormality

Conforms to 4.8
Temperature -25°C » Room
Condition:  temperature » Category
Maximum temperature »
Room temperature
Number of cycles: 5 cycles

Capacitance
o . ESR
Humidity Resistance -
Current (30 minutes value)

Appearance

Within £20% of initial value
< 150% of initial ratings
< 150% of initial ratings

No obvious abnormality

Conforms to 4.14
Temperature: +4012°C
Relative humidity: 90 to 95% RH
Testing time: 24018 hours
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Specifications cont.

Test Conditions

Item FT Type .
P (conforming to JIS C 5160-1)
Conforms to 4.10
Capacitance Within +30% of initial value Temperature:  Category Maximum
temperature +2°C
Voltage applied: Maximum operating
High Temperature Load ESR < 200% of initial ratings voltage

Current (30 minutes value) | <200% of initial ratings

Appearance No obvious abnormality

Series protection
resistance: 00Q
Testing time:  1,000+48 (+48/-0)
hours

Marking

Supercapacitor

27V 10F Nominal

Maximum :
Capacitance

Operating Voltage

Negative Polarity
Identification Mark

Packaging Quantities

Part Number Bulk Quantity per Box
HVZOET05NF 4,000 pieces
HVZOE275NF 2,000 pieces
HVZOE475NF 2,000 pieces
HVZOET06NF 2,000 pieces
HVZOE226NF 1,000 pieces
HVZOES06NF 250 pieces

HVZOET07NF-LT 100 pieces

HVZOE207NF-LT 100 pieces
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Measurement Conditions

Capacitance (Charge System)

Capacitance is calculated from expression (9) by measuring the charge time constant (1) of the capacitor (C). Prior to
measurement, the capacitor is discharged by shorting both pins of the device for at least 30 minutes. In addition, use the polarity
indicator on the device to determine correct orientation of capacitor for charging.

3.0 (V) Product with maximum operating voltage of 3.5V
5.0 (V) Product with maximum operating voltage of 5.5V
6.0 (V) Product with maximum operating voltage of 6.5V
(V) Product with maximum operating voltage of 11 V
M\ o o—t 12.0 (V) Product with maximum operating voltage of 12 V
Re J_ T Time from start of charging until Vc becomes 0.632 Eo (V)

Fo "0 C: (seconds)
T Rc: See table below (Q).

Capacitance: T Eo:
e ——®

Switch 10.0

Charge Resistor Selection Guide

FY FM, FME FG,

Cap FA FE FS FYD | FYH FR FMR FMC FGR FGH FT | FC, FCS HV
0.010 F - - - - - - 5,000 Q - 5,000 Q - - - -
0.022F |1,000Q - [1,0000Q/2,0000Q/2,0000Q(2,000Q  2,000Q - 2,0000 - - Discharge -
0.033F - - - - - - Discharge - - - - - -

0.047F |1,00001,0000/1,0000Q/2,0000/1,0000Q/1,0000Q 20000 1,000Q |2,0000Q - - - -
0.10F 5100Q | 510Q | 510Q [1,000Q| 510Q |1,000Q 1000 Q 1,000Q | 1,000 Q |Discharge| 510Q | Discharge -
OH: Discharge

0.22F 12000 | 2000 2000 | 510Q | 5100 ' 5100 "o 1000 - 1,000 O | Discharge| 200Q | Discharge -
0.33F - - - - - - - Discharge| - - - - -
0.47F | 1000Q | 100Q | 1000 | 2000 | 2000 | 2000 - - 1,000 O | Discharge| 100Q | Discharge -
1.0F 510 | 510 | 1000 | 100Q | 100Q | 1000 - - 510 Q |Discharge| 1000Q | Discharge | Discharge
1.4F - - - 2000 - - - - - - - - -
1.5F - 510 - - - - - - 5100 - - - -
2.2F - - - 1000 | - - - - 2000 - 510 - -
2.7F - - - - - - - - - - - - Discharge
3.3F - - - - - - - - - - 510 - -
47F - - - - - - - - 1000 - - - Discharge
5.0F - - 1000 - - - - - - - - - -
56F - - - - - - - - - - 200 - -
100F - - - - - - - - - - - - Discharge
22.0F - - - - - - - - - - - - Discharge
50.0 F - - - - - - - - - - - - Discharge
100.0 F - - - - - - - - - - - - Discharge
200.0 F - - - - - - - - - - - - Discharge

*Capacitance values according to the constant current discharge method.
*HV Series capacitance is measured by discharge system.
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Measurement Conditions cont.

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.22 mA per 0.22 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_Ix(T2=T»)
R

55V —

[
i i
i i
I I
| |
‘ ‘ T T2  Time (seconds)

30 minutes

Capacitance (Discharge System - 3.5V, 3.6 V)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 3.5V (3.6 V). Then, use a constant current load device and measure the time for the terminal voltage to
drop from 1.8 to 1.5 V upon discharge at 1.0 mA per 1.0 F, for example, and calculate the static capacitance according to the
equation shown below.

_ 1% (T2—Ty) r 35V _|
ViV, 3.6V)

T1 T2 Time (seconds)

30 minutes

Capacitance (Discharge System - HV Series)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches maximum operating voltage. Then, use a constant current load device and measure the time for the
terminal voltage to drop from 2.0 to 1.5 V upon discharge at 1.0 mA per 1.0 F, and calculate the static capacitance according
to the equation shown below.

Ix (T2—Ta) 27V
===, ® @5V)

T1 T2 Time (seconds)

30 minutes
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Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0\_/01 (Q) f:1kHz cC = QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

Eo: 2.5VDC (HV Series 50 F)
2.7 VDC (HV Series except 50 F)
3.0 VDC (3.5 V type) Ve
3.6 VDC (3.6 V type) Current = (A) Re
( )
)

®

SW
oo

5.0 VDC (5.5 V type Re

6.0 VDC (6.5 V type
10.0 VDC (11 V type)
12.0 VDC (12 V type)

Rc: 1,000 Q (0.01F,0.022 F,0.047 F)
1000 (0.10 F, 0.22 F, 0.33 F, 0.47 F)
100(1.0F,1.4F1.5F2.2F3.3F4.7F56F)
2.2Q (HV Series)

However, FS Seres 11 V type and 12 V type
100Q0.47F1.0F
10Q50F

Self-Discharge Characteristic (OH - 5.5 V Products)

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

4. Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Overview

FMD Series Supercapacitors, also known as Electric
Double-Layer Capacitors (EDLCs), are intended for power
back up in the automotive applications.

Enhancements to the design and selected material
upgrades were introduced to deliver 1,000 hours at
85°C/85% RH rated voltage and Automotive Testing
Protocol with extended maximum operational temperature
life up to 85°C. These capacitors are manufactured in an
ISO TS 16949 certified plant and are subjected to PPAP/
PSW, as well as change control.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,
supercapacitors can be used like a secondary battery
when applied in a DC circuit. These devices are best suited
for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

FMD type Automotive grade Supercapacitor can be stable
under harsh environmental conditions such as high
humidity and high temperture.

Benefits

+ AEC-Q200 rev E compliant

+ TS 16949 certified plant

+ Subject to PPAP/PSW and change control

+ Wide range of temperature from -40°C to +85°C
*+ Maintenance free

« Maximum operating voltage of 5.5 VDC

+ Highly reliable against liquid leakage

* Lead-free and RoHS compliant

Part Number System

digit specifies number of
zeros to follow pF code.

FMD OH 334 YA F TP 18
Series Maximum Operating Capacitance Code Capacitance Tolerance |  Environmental Tape Type i
Voltage P P pe Ty (excluding lead)
FMD 0H=5.5VDC First two digits represent Z=-20/+80% F = Lead-free TP = Ammo 18 =18 mm
significant figures. Third Blank = Bulk Blank = Bulk
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Dimensions - Millimeters

B 0.5 T40.5
1L
O O
>
O O Y
L[ | I_AW,
D, #0.1 = D, #0.1
| 5405
Part Number A B T D, D,
FMDOH334ZF 15 14 0.6 0.6

Environmental Compliance

All KEMET supercapacitors are RoHS compliant.

RoHS

Table 1 - Ratings & Part Number Reference

Maximum | Nominal Capacitance Maximum ESR | _MaXimum | Voltage Holding| o o
Part Number Operating - at 1 kHz (@) Current at 30 | Characteristic Weight (g)
Voltage (VDC) Sy(:sl::;??F) gy‘:::;’?:) Minutes (mA) | Minimum (V) ghti9

FMDOH334ZF 5.5 - 0.33 25 0.50 4.2 3.8
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Specifications
Item Specifications Test Conditions
Category temperature range -40°C to +85°C

MAX operating voltage

Refer to standard ratings

Capacitance

Refer to standard ratings

Refer to “Measurement Conditions”

Capacitance allowance

+80%, -20%

Refer to “Measurement Conditions”

ESR

Refer to standard ratings

Measured at 1 kHz, 10 mA, See also “Measurement Conditions

Current (30 minute value)

Refer to standard ratings

Refer to “Measurement Conditions”

characteristics)

Self discharge characteristics (voltage holding

Voltage between terminal leads
higher than 4.2V

Voltage applied: 5.0 VDC

Charging Series resistance: 0 Q

Let stand for 24 hours

Let stand for 24 hours in

described below with terminals opened
Storage

Ambient temperature: Lower than 25°C
Relative humidity: Lower than 70°C

Within +30% of initial

Current

High Capacitance measured value Temperature: 85 +2°C
Temperature MIL-STD-202 ESR Less than 200% of initial limit
ess than 200% of initial limi
Exposure Method 108 — Testing time: 1,000**¢ _ hours
(Storage) Current Less than 200% of initial limit
. Within +30% of Temperature condition: Lower -40°C » Upper +85°C
JESD22 Capacitance initial rr_leasured value ime: i
Temperature | ), 4 Dwell Time: 30 minutes
Cycling JA-104 ESR Less than 200% of initial limit Transition time: Maximum 1 minute
Current Less than 200% of initial limit Number of cycles: 1,000 Cycles
Temperature: 85:2°C
Capacitance Within i3d0/° ?f initial Relative humidity: 80 to 85%RH
Biased MIL-STD- 202 measured value Vol lied: MAX ol
humidity Method 103 oltage applied: operating voltage
ESR Less than 200% of initial limit Series protection resistance: 0 Q
Current Less than 200% of initial limit Testing time: 1,000*® _ hours
Capacitance Vwallt:én +30% of initial measured Temperature: 85:2°C
Operational MIL-STD-202 | pgR Less than 200% of initial limit Voltage applied: MAX operating voltage
life Method 108
L Series protection resistance: 0 Q
Current Less than 200% of initial limit —
Testing time: 1,000**® _ hours
-STD- Test leaded device lead integrity only.
Lead §trength MIL-STD-202 No terminal damage grity only
(Tensile) Method 211 A (454 g), C (227 g)
Capacitance
Mechanical MIL-STD-202 e . .
shock Method 213 ESR Satisfy initial limit Figure 1 of Method 213 Condition C
Current
Conforms to Method A1 (Through Hole Technology)
Solder temp: 24515°C
Solderability J-STD-002 Dipping time: 5 +0/-0.5 second
Minimum 95% of the terminal
Appearance should be covered by the new 1.6mm from the bottom should be dipped.
solder
Capacitance Frequency: 10 to 2,000 Hz (5 g's)
I MIL-STD-202 T, L
Vibration Method 204 ESR Satisfy initial limit Testing time: 12 hours
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Specifications cont.

Item Specifications Test Conditions
Capacitance Solder temp: 260+10°C
ESR Dipping time: 3 seconds
Rezlslt;nge MIL-STD- 202 Satisfy initial limi 2.0 mm from the bottom should be dipped.
E’ oldering Method 210 atisty initial limit Condition B no pre-heat of samples.
eat Current Note: Single Wave Solder.
Procedure 1 with solder within 1.5 mm of device
body for Leaded.
Capacitance More than 50% of initial measured
Phase2 —
ESR Less than 400% of initial measured
Capacitance Phase3 More than 30% of initial measured Phasel: +25+2°C
ase
ESR Less than 700% of initial measured Phase2: -25+2°C
Temperature IEC-62351-1 Capacitance Less than 200% of initial measured Phase3: -40£2°C
Stability ESR Phase5 Satisfy initial specified value Phased4: +25+2°C
Current 1.5 CV (mA) or below Phaseb: +8512°C
Capacitance Within +20% of initial measured value | Phase6: +25+2°C
ESR Phase6 Satisfy initial specified value
Current Satisfy initial specified value
Marking
Negative Polarity
Identification
Maximum O O
Operating Nominal
Voltage ——» 5.5V 334 <&— (Capacitance
Date Code—_| O O D <&—— FMD Type
.
= M6 +
Polarity
Example: FMDOH334ZF
Packaging Quantities
Bulk Quantity per Box .
Part Number Q Ny P Ammo Pack Quantity
Straight Lead
FMDOH334ZF 400 pieces 400 pieces
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Ammo Pack Taping Format

P, P Ah
<7b4> \ ¢
- ¢ - ]
\ \ — 7
P F W, =| 1,
=
N N () = 1
® S S, " =
N L
Py D, ;|
Ammo Pack Taping Specifications
Item Symbol Dimensions (mm)
Component Height a 15.010.5
Component Width b 14.0£0.5
Component Thickness c 9.00.5
Lead-Wire Width w, 0.6%0.1
Lead-Wire Thickness t, 0.610.1
Component Pitch P 25.4+1.0
Sprocket Hole Pitch P, 12.740.3
Sprocket Hole Center to Lead Center P, 3.8520.7
Sprocket Hole Center to Component Center P, 6.35+0.7
Lead Spacing F 5.0+0.5
Component Alignment (side/side) Ah 2.0 Maximum
Carrier Tape Width w 18.041.0/-0.5
Hold-Down Tape Width W, 12.5 Minimum
Sprocket Hole Position W, 9.0£0.5
Hold-Down Tape Position w, 3.0 Maximum
Height to Seating Plane (lead length) H 16.0£0.5/18.040.5
Sprocket Hole Diameter D, 9 4.01£0.2
Carrier Tape Thickness t, 0.67+0.2
Total Thickness (Carrier Tape, Hold-Down Tape and i 1.7 Maximum
Lead) 2
Cut Out Length L 11.0 Maximum
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Measurement Conditions

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.33 mA per 0.33 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_ Ix (T2—Ta) B
c= ViV, (F) 55V —

T T2 Time (seconds)

30 minutes

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR = (Q) f:1kHz C — @D

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

E: 5.0VDC

0

)
& sw
A%

_ VR Re

Current = Re (A) Es +

100 Q e C —

R .

¢

Self-Discharge Characteristic

The self-discharge characteristic is measured by charging a voltage of 5.0 VDC (charge protection resistance: 0 Q)
according to the capacitor polarity for 24 hours, then releasing between the pins for 24 hours and measuring the pin-to-
pin voltage. The test should be carried out in an environment with an ambient temperature of 25° C or below and relative
humidity of 70% RH or below. The soldering is checked.

Dismantling
There is a small amount of electrolyte stored within the capacitor. Do not attempt to dismantle as direct skin contact with
the electrolyte will cause burning. This product should be treated as industrial waste and not is not to be disposed of by fire.
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Overview

FUOH Series Supercapacitors, also known as Electric
Double-Layer Capacitors (EDLCs), are intended for power
back up in the automotive applications.

Enhancements to the design and selected material
upgrades were introduced to deliver 1,000 hours at
85°C/85% RH rated voltage and up to 4,000 hours at 85°C
operational life.

These capacitors are manufactured in an ISO TS 16949
certified plant and are subjected to PPAP/PSW, as well as
change control.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,
supercapacitors can be used like a secondary battery
when applied in a DC circuit. These devices are best suited
for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

FUOH series Automotive grade Supercapacitor can be
stable under harsh environmental conditions such as high
humidity and high temperture.

Benefits

+ AEC-Q200 rev E compliant

+ TS 16949 certified plant

+ Subject to PPAP/PSW and change control

+ Wide range of temperature from -40°C to +85°C
*+ Maintenance free

« Maximum operating voltage of 5.5 VDC

+ Highly reliable against liquid leakage

* Lead-free and RoHS compliant

Part Number System

FUOH 105 z F
Series/Maximum Operating Voltage Capacitance Code (pF) Capacitance Tolerance Environmental
FUOH = FU / Series OH / 5.5VDC First two digits represent significant figures. Z=-20/+80% F = Lead-free

Third digit specifies number of zeroes.
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Dimensions - Millimeters

¢D+0.5 e
E | gl E
E =| E
c§>é =| E
T ~y 2
Sleeve ! /” o
P+0.5
d, +0.1
0 0] d0.1
(Terminal)
Part Number = @D H P 4 d, d,
FUOH105ZF 215 | 150 | 762 | 3.0 0.6 1.2

Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up ability - - - -
Eco-hazard Cd - - -
Operating Temperature Range -20to +60°C -20to +50°C -5510 +105°C (FMD FUE)T-IU ;%Jrg? I(Z:MR Type)
Charge Time Few hours Few hours Few seconds Few seconds
. I Approximately Approximately . . . "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not applicable Not applicable Applicable Applicable
. ) ) ) ) Applicable
Automatic Mounting Not applicable Not appllcable. Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakaget COquﬁt'O“' Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a

predetermined lifetime.
(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,

application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.
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Typical Applications
Intended Use (Guideline) Power Supply (Guideline) Application Examples of Equipment Series
CMOS microcomputer,
Long time back-up 500 pA and below Me:cnory, tRTC t:gckup static RAM/DTS FMD, !:eUSOH
orautomotive (digital tuning system) sefl
Environmental Compliance
All KEMET supercapacitors are RoHS compliant.
RoHS
Table 1 - Ratings & Part Number Reference
Electrical Physical
Part Number | pjayimum Operating | Nominal Capacitance | Maximum ESR  |Maximum Current at Weight (q)
Voltage (VDC) Discharge System (F) at 1 kHz (Q) 30 Minutes (mA) ghtig
FUOH105ZF 55 1.0 10 1.5 10.0
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Supercapacitors - Automotive Grade
FUOH Series, 5.5V, 85°C

Specifications
Item Specifications Test Conditions
Category temperature range -40°C to +85°C
MAX operating voltage Refer to standard ratings
Capacitance Refer to standard ratings Refer to “Measurement Conditions”
Capacitance allowance +80%, -20% Refer to “Measurement Conditions”
ESR Refer to standard ratings Measured at 1 kHz, 10 mA, See also “Measurement Conditions
Current (30 minute value) Refer to standard ratings Refer to “Measurement Conditions”
High Capacitance \rInVLt:;r:lSdU\gﬁjf;nltlal
Temperature MIL-STD-202 ST Temperature: 85 +2°C
Exposure Method 108 ESR Less than 200% of initial limit Testing time: 1,000 __ hours
(Storage) Current Less than 200% of initial limit
JESD22 Capacitance \r/T\]ILt:;rl\deO\‘;/;ﬁJf;nitial Tempergtur.e congiition: Lower -40°C » Upper +85°C
Temperature Method ST Dwell Time: 30 minutes
Cycling IA104 ESR Less than 200% of initial limit Transition time: Maximum 1 minute
Current Less than 200% of initial limit Number of cycles: 1,000 Cycles
" Within +30% of initial . °
Capacitance Temperature: 85+2°C
Biased MIL-STD- 202 measured value Relative humidity: 80 to 85%RH
humidity Method 103 | ESR Less than 200% of initial limit Voltage applied: MAX operating voltage
Series protection resistance: 0 Q
Current Less than 200% of initial limit Testing time: 1,000**® _ hours
. ithin +30% of initi
Operational MIL-STD- 202 Cepactance mggé?jr_gdovaﬁ]fénmal \T/erlr;peratur?: fiisi/?A():( ti It
perationa -STD- PP oltage applied: operating voltage
life Method 108 ESR Less than 200% of initial limit Series protection resistance: 0 Q
Current Less than 200% of initial limit Testing time: 4,000** _; hours
Lead strength | MIL-STD-202 . Test leaded device lead integrity only.
(Tensile) Method 211 Noterminal damage A (4549),C (227 g)
Capacitance
Mechanical MIL-STD-202 e . -
shock Method 213 ESR Satisfy initial limit Figure 1 of Method 213 Condition C
Current
Minimum 95% of the terminal Conforms to'Methog A1 (Through-hole Technology)
Solderability | J-STD-002 Appearance should be covered by the new Solder temp: 245¢5°C
solder Dipping time: 5 +0/-0.5 second
1.27 mm from the bottom of the body should be dipped.
Capacitance
I MIL-STD-202 P Frequency: 10 to 2,000 Hz (5 g's)
Vibration Method 204 ESR Satisfy initial limit Testing time: 12 hours
Current
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Specifications cont.

Item Specifications Test Conditions

Capacitance Solder temp: 260+10°C

ESR Dipping time: 3 seconds
Regs;;nc;e MIL-STD- 202 Satisfy initial limi 2.0 mm from the bottom should be dipped.
EJ oldering Method 210 atisfy initial limit Condition B no pre-heat of samples.

eat Current Note: Single Wave Solder.
Procedure 1 with solder within 1.5 mm of device
body for Leaded.
Capacitance More than 50% of initial measured
Phase2
ESR Less than 400% of initial measured
Capacitance Phase3 More than 30% of initial measured Phasel: +25+2°C
ase

ESR Less than 700% of initial measured Phase2: -25+2°C
Temperature EC-62391-1 Capacitance Less than 200% of initial measured Phase3: -40:2°C
Stability ESR Phase5 Satisfy initial specified value Phased: +25+2°C

Current 1.5 CV (mA) or below Phaseb: +8512°C

Capacitance Within +20% of initial measured value | Phase6: +25+2°C

ESR Phase6 Satisfy initial specified value

Current Satisfy initial specified value

Construction
Sleeve
Element

Outer Case

Terminals with
Insulator
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Marking
i Maximum
Series h
\ Operating
Name Voltage
M6\j‘PerCapacitor SuperCapacitor
lertoﬁﬂr‘;tg: —t=001 FU 55V FU 5.5V
85°C 1.0F g5%c 1.0F <} Nominal
Manufacture . , Capacitance
Date Code M6 SuperCapacitor SuperCapacitor

& Negative Polarity

Identification Mark

Packaging Quantities

Part Number Bulk Quantity per Box
FUOH105ZF 90 pieces

Measurement Conditions

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes™ once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop from
3.0 to 2.5 V upon discharge at TmA per 1F*2, for example, and calculate the static capacitance according to the equation

shown below.

Note: “1: Products with 1.0F or more capacitance should be charged for 60 minutes.

*2: The current value is TmA discharged per 1F

o Ix (T2—Ta) H
c= ViV, (F) 55V —

T2 Time (seconds)
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Measurement Conditions cont.

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

ESR =

0Y01 (Q) f1kHz c — QD

Current (at 30 minutes after charging)
Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power

supply.

)
E: 5.0VDC ~ W
Vr Re
© 100 Current = Re (A) Eo | +
o - cC —=
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Overview

FMU Series Supercapacitors, also known as Electric
Double-Layer Capacitors (EDLCs), are intended for high
temperature automotive applications.

Enhancements to the design and selected material
upgrades were introduced to deliver 1,000 hours at
85°C/85% RH rated voltage and and to AEC-Q200
compliance with maximum operational temperature life up
to 105°C.

These capacitors are manufactured in an ISO TS 16949
certified plant and are subjected to PPAP/PSW, as well as
change control.

Applications

Supercapacitors have characteristics ranging from
traditional capacitors and batteries. As a result,
supercapacitors can be used like a secondary battery
when applied in a DC circuit. These devices are best suited
for use in low voltage DC hold-up applications such as
embedded microprocessor systems with flash memory.

FMU type Automotive grade Supercapacitor can be stable
under harsh envermental conditions such as high humidity
and high temperture.

Benefits

+ AEC-Q200 rev E compliant

« TS 16949 certified plant

+ Subject to PPAP/PSW and change control

+ Wide range of temperature from -40°C to +105°C
* Maintenance free

+ Maximum operating voltage of 5.5 VDC

+ Highly reliable against liquid leakage

+ Lead-free and RoHS compliant

Part Number System

digit specifies number of
zeros to follow pF code.

FMU OH 334 z F TP 18
. Maximum Operating . . . Height
Series Voltage Capacitance Code Capacitance Tolerance |  Environmental Tape Type (excluding lead)
FMU 0H=5.5VDC First two digits represent Z=-20/+80% F = Lead-free TP = Ammo 18 =18 mm
significant figures. Third Blank = Bulk Blank = Bulk
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Dimensions - Millimeters
B+0.5 T+0.5
LT
O
>
O s
L | I_AW,
D, £0.1 = D, #0.1
| 5405
Part Number B T D, D,
FMUOH334ZF 15.0 14.0 9.0 0.6 0.6
Environmental Compliance
All KEMET supercapacitors are RoHS compliant.
RoHS
Table 1 - Ratings & Part Number Reference
LRI Nominal Gapacitance Maximum ESR L LT Reference
Part Number | Operating Voltage - Current at 30 iah
(VDC) Charge | Discharge | at1kHz(0) Minutes (ma) | Welo t(g)
System (F) | System (F)
FMUOH334ZF 5.5 - 0.33 25 0.50 3.8
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Performance Characteristics

Supercapacitors should not be used for applications such as ripple absorption because of their high internal resistance
(several hundred mQ to a hundred Q) compared to aluminum electrolytic capacitors. Thus, its main use would be
similar to that of secondary battery such as power back-up in DC circuit. The following list shows the characteristics of
supercapacitors as compared to aluminum electrolytic capacitors for power back-up and secondary batteries.

Secondary Battery Capacitor
NiCd Lithium lon Aluminum Electrolytic Supercapacitor
Back-up Ability - - - -
Eco-Hazard Cd - - -
; o _ o _ o -40to +105°C
Operating Temperature Range 20 to +60°C 20to +50°C 55t0 +105°C (FMU Type)
Charge Time Few hours Few hours Few seconds Few seconds
. - Approximately Approximately - " - "
Charge/Discharge Life Time 500 times 500 to 1,000 times Limitless (*1) Limitless (*1)
Restrictions on
Charge/Discharge Yes Yes None None
Flow Soldering Not Applicable Not Applicable Applicable Applicable
. . . . . Applicable
Automatic Mounting Not Applicable Not Applicable Applicable (FM and FC series)
Safety Risks Leakage, explosion Leakagez combggtlon, Heat-up, explosion Gas emission (*2)
explosion, ignition

(*1) Aluminum electrolytic capacitors and supercapacitors have limited lifetime. However, when used under proper conditions, both can operate within a
predetermined lifetime.

(*2) There is no harm as it is a mere leak of water vapor which transitioned from water contained in the electrolyte (diluted sulfuric acid). However,
application of abnormal voltage surge exceeding maximum operating voltage may result in leakage and explosion.

Typical Applications

Intended Use (Guideline) Power Supply (Guideline) Application Examples of Equipment Series

Automotive applications, medical,
measurement and infrastructure,
telecommunications equipment,

medical equipment

Memory,
Long time back-up 500 pA and below RTC backup
for automotive

FMU Series
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Specifications
Item Specifications Test Conditions
Category temperature range -40°C to +105°C
MAX operating voltage Refer to standard ratings
Capacitance Refer to standard ratings Refer to “Measurement Conditions”
Capacitance allowance +80%, -20% Refer to “Measurement Conditions”
ESR Refer to standard ratings Measured at 1 kHz, 10 mA, See also “Measurement Conditions
Current (30 minute value) Refer to standard ratings Refer to “Measurement Conditions”
High Capacitance \rInVLt:;r:lSdU\gﬁjf;nltlal Temperature: 105 +2°C
Temperature | MIL-STD-202 o pi e s
Exposure Method 108 ESR Less than 200% of initial limit o "
— Testing time: 1,000**¢ _ hours
(Storage) Current Less than 200% of initial limit
. Within +30% of Temperature condition: Lower -40°C » Upper +105°C
JESD22 Capacitance | . itial - dval - -
Temperature Method Initial meéasured value Dwell Time: 30 minutes
' etho
Cycling R ESR Less than 200% of initial limit Transition time: Maximum 1 minute
JA-104
Current Less than 200% of initial limit Number of cycles: 1,000 Cycles
Temperature: 85 +2°C
Capacitance Within £30% of initial Relative humidity: 80 to 85%RH
Biased MIL-STD- 202 measured valve Voltage applied: MAX operating voltage
Humidity Method 103 ge applied: perating voltag
ESR Less than 200% of initial limit Series protection resistance: 0 Q
Current Less than 200% of initial limit Testing time: 1,000*® _ hours
Capacitance Vwallt:én +30% of initial measured Temperature: 105 +2°C
Operational MIL-STD-202 | pgR Less than 200% of initial limit Voltage applied: MAX operating voltage
Life Method 108
L Series protection resistance: 0 Q
Current Less than 200% of initial limit —
Testing time: 1,000** _ hours
-STD- Test leaded device lead integrity only.
s | Ty ol
A (454 ¢),C (227 g)
Capacitance
Mechanical MIL-STD-202 e . .
Shock Method 213 ESR Satisfy initial limit Figure 1 of Method 213 Condition C
Current
Minimum 95% of the terminal Conforms to Method A1 (Through Hole Technology)
Solderability J-STD-002 Appearance should be covered by the new Solder temp: 245+5°C
solder Dipping time: 5 +0/-0.5 second
Capacitance
I MIL-STD-202 I, Frequency: 10 to 2,000 Hz (5 g's)
Vibration Method 204 ESR Satisfy initial limit Testing time: 12 hours
Current
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Specifications cont.

Item Specifications Test Conditions

Capacitance Solder temp: 260 $10°C

ESR Dipping time: 3 seconds
Reglslt;nge MIL-STD- 202 Satisfy initial limi 2.0 mm from the bottom should be dipped.
E’ oldering Method 210 atisfy initial limit Condition B no pre-heat of samples.

eat Current Note: Single Wave Solder.
Procedure 1 with solder within 1.5 mm of device
body for Leaded.
Capacitance More than 50% of initial measured
Phase 2
ESR Less than 400% of initial measured
Capacitance Phase 3 More than 30% of initial measured Phase 1: +25+2°C
ase

ESR Less than 700% of initial measured Phase 2: -25+2°C
Temperature EC-62391-1 Capacitance Less than 200% of initial measured Phase 3: -40:2°C
Stability ESR Phase 5 Satisfy initial specified value Phase 4: +25+2°C

Current 1.5 CV (mA) or below Phase 5: +105£2°C

Capacitance Within +20% of initial measured value | Phase 6: +25+2°C

ESR Phase 6 Satisfy initial specified value

Current Satisfy initial specified value

Construction
Molding
Resin

Element

N ——— leads
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Marking
Negative Polarity
Identification
SC
Maximum O O
Operating Nominal
Voltage ——» 5.5V 334 <&— (Capacitance
Date Code\\ci O U J¢— FMUType
= p5 4
Polarity

Packaging Quantities

Bulk Quantity per Box .
Part Number Straight Lead Ammo Pack Quantity
FMUDOH334ZF 400 pieces 400 pieces
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Ammo Pack Taping Format

P, P Ah
<7b4> \ ¢
- ¢ - ]
\ \ — 7
P F W, =| 1,
=
N N () = 1
® S S, " =
N L
Py D, ;|
Ammo Pack Taping Specifications
Item Symbol Dimensions (mm)
Component Height a 15.010.5
Component Width b 14.0£0.5
Component Thickness c 9.00.5
Lead-Wire Width w, 0.6%0.1
Lead-Wire Thickness t, 0.610.1
Component Pitch P 25.4+1.0
Sprocket Hole Pitch P, 12.740.3
Sprocket Hole Center to Lead Center P, 3.8520.7
Sprocket Hole Center to Component Center P, 6.35+0.7
Lead Spacing F 5.0+0.5
Component Alignment (side/side) Ah 2.0 Maximum
Carrier Tape Width w 18.041.0/-0.5
Hold-Down Tape Width W, 12.5 Minimum
Sprocket Hole Position W, 9.0£0.5
Hold-Down Tape Position w, 3.0 Maximum
Height to Seating Plane (lead length) H 16.0£0.5/18.040.5
Sprocket Hole Diameter D, 9 4.01£0.2
Carrier Tape Thickness t, 0.67+0.2
Total Thickness (Carrier Tape, Hold-Down Tape and i 1.7 Maximum
Lead) 2
Cut Out Length L 11.0 Maximum
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Measurement Conditions

Capacitance (Discharge System)

As shown in the diagram below, charging is performed for a duration of 30 minutes once the voltage of the capacitor
terminal reaches 5.5 V. Then, use a constant current load device and measure the time for the terminal voltage to drop
from 3.0 to 2.5 V upon discharge at 0.33 mA per 0.33 F, for example, and calculate the static capacitance according to the

equation shown below.
Note: The current value is T mA discharged per 1 F.

_ [x (T2—Th) H
c= ViV, (F) 55V —

T T2 Time (seconds)

30 minutes

Equivalent Series Resistance (ESR)
ESR shall be calculated from the equation below.

Ve

ESR = W( Q) f:1kHz C — QD

Current (at 30 minutes after charging)

Current shall be calculated from the equation below. Prior to measurement, both lead terminals must be short-circuited for
a minimum of 30 minutes. The lead terminal connected to the metal can case is connected to the negative side of the power
supply.

(V)
E; 5.0VDC ~ -
Vr Re
Current = (A) +
Re Eo
R, 1000Q - C —=
Anmarsbi (7273)495-231 MBaHOBO (4932)77-34-06 Marnutoropck (3519)55-03-13 PocTtoB-Ha-[loHy (863)308-18-15 TonbaTTy (8482)63-91-07
Anrapck (3955)60-70-56 WxeBck (3412)26-03-58 Mockea (495)268-04-70 PasaHb (4912)46-61-64 Tomck (3822)98-41-53
ApxaHrenbck (8182)63-90-72 UpKyTck (395)279-98-46 MypmaHck (8152)59-64-93 Camapa (846)206-03-16 Tyna (4872)33-79-87
AcTpaxaHb (8512)99-46-04 KasaHb (843)206-01-48 HaGepexHble YenHbl (8552)20-53-41 CapaHck (8342)22-96-24 TiomeHb (3452)66-21-18
BapHayn (3852)73-04-60 KanuHunrpag, (4012)72-03-81 Hwxnuin Hoeropop (831)429-08-12 Cankr-TeTepBypr (812)309-46-40 YnbaHoBCK (8422)24-23-59
Benropop (4722)40-23-64 Kanyra (4842)92-23-67 HoBokysHeuk (3843)20-46-81 Caparos (845)249-38-78 Ynan-Yaa (3012)59-97-51
BnaroseweHck (4162)22-76-07 KemepoBo (3842)65-04-62 Honbpbck (3496)41-32-12 CesacTonons (8692)22-31-93 Ydpa (347)229-48-12
BpsHck (4832)59-03-52 Kupos (8332)68-02-04 Hosocubumpck (383)227-86-73 Cumdbeponons (3652)67-13-56 Xa6aposck (4212)92-98-04
BnaausocTok (423)249-28-31 KonomHa (4966)23-41-49 Omck (3812)21-46-40 CmoneHck (4812)29-41-54 Ye6okcaps! (8352)28-53-07
Bnapvkaekas (8672)28-90-48 KocTpoma (4942)77-07-48 Open (4862)44-53-42 Counm (862)225-72-31 YensabuHck (351)202-03-61
Bnagumup (4922)49-43-18 KpacHopap (861)203-40-90 OpeHObypr (3532)37-68-04 CraBpononb (8652)20-65-13 Yepenoseu (8202)49-02-64
Bonrorpag (844)278-03-48 KpacHosipek (391)204-63-61 Men3a (8412)22-31-16 CypryT (3462)77-98-35 Yura (3022)38-34-83
Bonorpa (8172)26-41-59 Kypck (4712)77-13-04 MeTposaBopck (8142)55-98-37 CbIKkTbIBKap (8212)25-95-17 AxyTek (4112)23-90-97
Boponex (473)204-51-73 Kyprah (3522)50-90-47 Mckos. (8112)59-10-37 TamboB (4752)50-40-97 fAlpocnaens (4852)69-52-93
EkaTepuHGypr (343)384-55-89 Nuneuk (4742)52-20-81 Mepmb (342)205-81-47 TBepb (4822)63-31-35
Poccua +7(495)268-04-70 Kazaxcrau +7(7172)727-132 Kupruaua +996(312)96-26-47
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