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FOREWORD

ternational Electrotechnical Commission (IEC) is a worldwide organization for standardization ¢
onal electrotechnical committees (IEC National Committees). The object of IEC is to\promote int
bration on all questions concerning standardization in the electrical and electrpnic)fields. To thi
tion to other activities, IEC publishes International Standards, Technical Specifications, Technical
ly Available Specifications (PAS) and Guides (hereafter referred to as~“EC Publication(s
ation is entrusted to technical committees; any IEC National Committee interésted in the subject
brticipate in this preparatory work. International, governmental and nop¢governmental organizatio
e IEC also participate in this preparation. IEC collaborates closely with“the International Organ
brdization (ISO) in accordance with conditions determined by agreement between the two organi

rmal decisions or agreements of IEC on technical matters exptess, as nearly as possible, an int
hsus of opinion on the relevant subjects since each technical committee has representatior
ted IEC National Committees.

ublications have the form of recommendations for interhational use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are“made to ensure that the technical contg
ations is accurate, IEC cannot be held responsible for the way in which they are used g
erpretation by any end user.

er to promote international uniformity, IEG.National Committees undertake to apply IEC Py
arently to the maximum extent possible intheir national and regional publications. Any divergencd
C Publication and the corresponding national or regional publication shall be clearly indicated in

elf does not provide any attestatjon.of conformity. Independent certification bodies provide (
Ement services and, in some argas; access to IEC marks of conformity. IEC is not responsib
s carried out by independent.certification bodies.

ers should ensure that they. have the latest edition of this publication.

bility shall attach to IE€.\or its directors, employees, servants or agents including individual ex
ers of its technical committees and IEC National Committees for any personal injury, property d
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
ses arising outhof the publication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn to the Normative references cited in this publication. Use of the referenced publi
Ensable-forthe correct application of this publication.

onssidrawn to the possibility that some of the elements of this IEC Publication may be the subjec

pmprising
ernational
b end and
| Reports,
)’). Their
dealt with
hs liaising
zation for
pations.

Ernational
from all

National
nt of IEC
r for any

blications
b between
the latter.

onformity
e for any

perts and
amage or
fees) and
bther |IEC

cations is

of patent

rights

IECshall not be held responsible for identifying any or all such patent rights.

IEC 62830-8 has been prepared by IEC technical committee 47: Semiconductor devices. It is
an International Standard.

The text of this International Standard is based on the following documents:

FDIS Report on voting
47/2724/FDIS 47/2733/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 62830 series, published under the general title Semiconductor
devices — Semiconductor devices for energy harvesting and generation, can be found on the
IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
o replaced by a revised edition, or

e amepded.
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SEMICONDUCTOR DEVICES -
SEMICONDUCTOR DEVICES FOR ENERGY
HARVESTING AND GENERATION -

Part 8: Test and evaluation methods of flexible and stretchable

1 Sc

This pant of IEC 62830 specifies terms, definitions, symbols, test, and evaluation metho

to deter
practica
flexible
applicah
without

2 Noi

The follg
constitu
For un
amend

IEC 600

IEC 623
— Part 1

IEC 625
for elec

IEC 628
for elec

3 Tern

supercapacitors for use in low power electronics

pe

mine the performance characteristics of flexible and stretchable supercapa
| use in low power electronics such as energy storage devices for energy har

le to all the flexible and stretchable supercapacitor for consumeérs-and manufz
any limitations of device technology and size.

mative references

wing documents are referred to in the text in such{ayway that some or all of their
fes requirements of this document. For dated réferences, only the edition cited
ated references, the latest edition of the» referenced document (includ
ents) applies.

68-1:2013, Environmental testing — Rart 1. General and guidance

91-1, Fixed electric double-layer capacitors for use in electric and electronic eq|
- Generic specification

76, Electric double-layer)capacitors for use in hybrid electric vehicles — Test 1
rical characteristics

13, Lithium ion"capacitors for use in electric and electronic equipment — Test 1
rical characteristics

ms and definitions

For the

ds used
citor for
vesting,

and stretchable electronics, low-power devices, loT applications, etc.) This dociiment is

cturers,

content

applies.

ng any

Lipment

nethods

nethods

urposes of this document. the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following

address

e |EC
e |SO

es:

Electropedia: available at http://www.electropedia.org/

Online browsing platform: available at http://www.iso.org/obp

3.1 General terms

3.1.1
flexible

and stretchable supercapacitor

electrochemical capacitor which can be incorporated into clothing or worn on the body as
accessories

Note 1 to

entry: Figure A.1 in Annex A shows classification of the supercapacitor.
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3.1.2

electrical double layer capacitor

EDLC

electrochemical capacitor in which energy storage predominantly is achieved by double-layer
capacitance

Note 1 to entry: Figure A.2 shows a schematic illustration of the EDLCs.

3.1.3

pseudocapacitor

electrochemical capacitor in which electrical energy is stored faradaically by electron charge
transfer between electrode and electrolyte

Note 1 tolentry: Figure A.3 shows a schematic illustration of the pseudocapacitor.

3.1.4
hybrid ¢apacitor
supercalpacitor which consists of two different types of supercapacitors.such as EOQLC and
pseudogapacitor

Note 1 tolentry: Figure A.4 shows a schematic illustration of the asymmetric hybfid, supercapacitor.

Note 2 to| entry: In the symmetric supercapacitor, both EDLC-like behaving, 'material and pseudocappcitor-like
behaving |[material are on each anode and cathode. In the asymmetric supercapacitor, EDLC-like behaving material
is on cathjpde and pseudocapacitor-like behaving material is on anode.

3.1.5
electrogle mass
M
mass of| electroactive material for a supercapacitor

3.1.6
cell volpme
Vv
volume pf a supercapacitor cell

3.1.7
electrodle area
geometric area of electr@gactive material for supercapacitor

3.1.8
categony temperature
range of ambhient’ temperatures for which the supercapacitor has been designed to |operate
continugusly

[SOURCE: TEC®2Z39T-1:2015, 3.8, modified — 'capacitorr has been replaced by
"supercapacitor" and the note has been omitted.]

3.1.9

lower category temperature

minimum ambient temperature for which the supercapacitor has been designed to operate
continuously

[SOURCE: IEC 62391-1:2015, 3.9, modified — In the definition, "a capacitor" has been replaced
by "the supercapacitor".]
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3.1.10

upper category temperature

highest ambient temperature including internal heating in which the supercapacitor is designed
to operate continuously

[SOURCE: IEC 62391-1:2015, 3.10, modified — In the definition, "a capacitor" has been
replaced by "the supercapacitor".]

3.1.11

rated voltage
Ur

maximum direct current (DC) voltage or peak value of pulse which may be applied continuously
or repetjtively to the supercapacitor at category temperature

[SOURCE: IEC 62391-1:2015, 3.12, modified — In the definition, "a capacitor® hgs been
replaced by "the supercapacitor" and "at any temperature between the(lower gategory
temperdture and rated temperature" has been replaced by "at category temperature"]

3.1.12
charging
storage[of energy in a supercapacitor

[SOURCE: IEC 60050-436:1990, 436-01-08, modified — "of‘@’capacitor" has been remoyed from
the term and "capacitor has been replaced by "supercapacitor in the definition.]

3.1.13
charginlg current
Ich
current which flows during the charging of a;supercapacitor

3.1.14
charging time
At
time neg¢ded for accumulating.above 90 % of the total charges to the supercapacitor

3.1.15
dischanging
release |of all or part.of the energy stored in a supercapacitor

[SOURCE: IE€C60050-436:1990, 436-01-10, modified — The term and definition haye been
adapted to-supercapacitor.]

3.1.16

discharging current

Lgisch

current which flows during the discharging of a supercapacitor

[SOURCE: IEC 60050-436:1990, 436-01-11, modified — The term and definition have been
adapted to supercapacitor and a letter symbol for discharging current has been added.]

3.1.17
discharging time

Atgisch
time needed for dissolving above 90 % of the total charges in the supercapacitor
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efficiency

ratio of the electric energy provided from a supercapacitor during discharge to the electric
energy supplied to the battery during the preceding charge

[SOURCE: IEC 60050-482:2004, 482-05-53, modified — The definition has been adapted to

superca

3.1.19
voltage

Ud rop

pacitor.]

drop

instantaneous change of voltage when the operation condition of a supercapacitor changes

from thdg

3.1.20
strain
change
body as

where

o isth
[ isth
lo isth

[SOUR(
superca

3.1.21
radius ¢

charging to discharging process

a whole under stretching status

-l
)

x100 %

g

e strain;
b stretched length of supercapacitor after'elongation;
e original length of supercapacitor pefore elongation.

pacitor, and Equation (1) added.]

bf curvature

bending radius

r
point of

Note 1 to
the vicinit]

a curve, radius-of the osculating circle under bending status

lentry: The/osculating circle is the circle tangent to a curve at a point that approaches at best th
of the\point. Figure 1 shows a schematic of curvature radius.

Note 2 to

entty? The other methods to bend the supercapacitor are indicated in Annex C.

of the relative positions of parts of a supercapacitor, excluding a~displacement of the

(1)

LE: IEC 60050-113:2011, 113-08-57, modified — The definition has been adapted to

e curve in

[SOURCE: IEC 60050-113:2011, 113-01-30, modified — The admitted term, letter symbol and

Note 2 t

o entry have been added.]
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Center of cylinder jip

Radius of curvature

Cylinder jip

Supercapacitors

IEC
Figure 1 — Schematic of curvature radius

3.2 Clharacteristic parameters

3.21
nominal capacitance
Cn
calculatpd capacitance value from galvano charging/discharging curve

3.2.2
specifi¢ capacitance
capacitgnce per unit mass/area/volume of the supercapacitor, F/g, F/lcm2, F/cm3

3.2.3
equivalepnt series resistance
internal resistance

ESR
resistance component in an equivalent series circuit of capacitance and resistanc¢ of the
supercapacitor

Note 1 tolentry: The internal resistance in given in ohms (Q).

[SOURCE: IEC 62391-1{2015, 3.20, modified — The terms "equivalent series resistance" and
"ESR” Have been added and in the definition, "a capacitor" has been replaced by "the
supercalpacitor".]

3.24
energy [density
£
amount of energy that can be stored per area/mass/volume of the supercapacitor, Wh/cm?2,
Wh/kg, Wh/cm3

3.2.5

maximum power density

Pmax

speed at which energy can be delivered per area/mass/volume of the supercapacitor
to/absorbed from the load, W/cm2, W/kg, W/cm3

3.2.6

life cycle

certain number of repeated charging and discharging processes resulting in 90 % of
capacitance retention


https://iecnorm.com/api/?name=59874f1ca9beded1640c4edf897fbef3

IEC 62830-8:2021 © IEC 2021 -1 -

3.2.7

critical strain

strain at which the capacitance starts to decrease a predefined limit, and/or fracture of the
supercapacitor caused by delamination or initiation of the cracks occurs

Note 1 to entry: It is the minimum strain that the supercapacitor can tolerate.

Note 2 to entry: Manufacturer should indicate predefined limit of strain.

[SOURCE: IEC 62951-1:2017, 3.1.2, modified — In the definition, "bending radius", "electrical

resistance", "exceed", and "film" have been replaced by "strain", "capacitance", "decrease", and
"supercapacitor”, respectively. In addition, Note 2 to entry has been added.]

3.2.8
critical radius of curvature
bending| radius at which the capacitance starts to decrease a predefined limit, @nd/or [fracture
of the slipercapacitor caused by delamination or initiation of the cracks occur§

Note 1 tolentry: It is the minimum radius of curvature that the supercapacitor can tolerate;

Note 2 tolentry: Manufacturer should indicate predefined limit of radius of curvature:

[SOURCE: IEC 62951-1:2017, 3.1.2, modified — In the definition, "electrical resistance",
"exceed", and "film" have been replaced by "capacitance", "decrease", and "supercapacitor”,
respectively. Note 2 to entry has been added.]

4 Essential ratings and characteristic parameters

4.1

dentification and type

The wearable electrochemical-glucose sensors shall be clearly and durably marked in the order
given below:

a) yearland week (or month) of manufacture;
b) manpufacturer name or trademark;

c) termlinal identification (optional);

d) serigl number;

e) factgry identification-Code (optional).

4.2 Ljmiting yalues and operating conditions
The manufacturer shall clearly announce the operating conditions and its limitations for|the use

of the wearable glucose sensor. Table 1 shows a list of specification for operating conditions
and its limitation-
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Table 1 — Table of specification parameters for flexible and stretchable supercapacitor

Parameter Symbol Min. Max. Unit

Meas

uring

condition

Symbol:

NOTE The following information is given in the respective columns of the table:

Parameter: name of characteristic parameters;

symbol of parameters;

Min.: minimum value of parameters;

Max.: maximum value of parameters;

Unit: un

Measuri

L O Pdraltieters,

hg condition: specified condition for evaluation.

4.3 Additional information

Some 4
temperd
etc.), h
accessd
and anyj

5 Test method

51 @
5.1.1

Basicall
shown i
under f
compres

voltage

stretching motion. The-mechanical properties are measured by using stress-applyj

machind

Flexible

dditional information should be given such as operating cenditions (e.g. o
ture, storage temperature, input voltage, equivalent circuit,)and power consy
ndling precautions, physical information (e.g. outlineXXdimension, terminal
ries, installation guide, package information, PCB interface and mounting info
other relevant information.

eneral
General
v, general test procedures for flexible and stretchable supercapacitor are perfo

h Figure 2. After the supercapacitor is being mounted on a test fixture, the s3
at status/bending status/stretching status according to the different force

or current on thexdisplay of the meters are carefully taken under the ber

S.

supercalpacitér—is mounted onto a stress-applying test machine with flat status/
status/s}retching status according to different forces applied by the machine. Simulta

and stretchable supercapacitor can be characterized as shown in Figure

perating
mption,
5, etc.),
rmation,

rmed as
mple is
such as

bsive and tensile stress applied by the test machine. Simultaneously, its electrical
characteristics are measured by using voltage, current and LCR meters. The readings g

f output
ding or
ing test

2. The

bending

Teously,

its electrical characteristics are measured by using current and voltage meters or equivalent

equipment. If the measurements are satisfactory, reliability test for temperature range with
thermal cycling and mechanical failure with various bending and stretching motions, is
performed for commercially use.

NOTE The classification of flexible and stretchable supercapacitor is indicated in Annex A.
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L Dendngste ] condtions S e ]
| Stetungstatus | { Energy density |
P - | | YV,
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IEC
Key
Procedyre Reference entry and Procedure Reference subdlause
subclause

Start

Electricgl test Reliability test

Nominal|capacitance 3.2.1 and 5.2.3.1 Bending motjon 5.3

Specific|capacitance 3.2.2 and 5.2.3.2 Stretching, motion 5.4

Equivalgnt series circuit 3.2.3and 5.2.3.3

Energy dlensity 3.2.4and 5.2.3.4

Power density 3.2.5and 5.2.3.5

Life cycle 3.2.6 and 5.2.3.6

Figure 2 — Measurement procedure of flexible and stretchable supercapacitpr

5.1.2 Standard atmospheric conditions for test

Unless ptherwise specified;-all tests shall be made under standard atmospheric conditions as
given in[IEC 60068-1:2013) 4.3:
— temperature : 15 °C to 35 °C;

— relafive humidity 125 % to 75 %;
ressure : 86 kPa to 106 kPa.

5.1.3 andard atmospheric conditions Tor measurement

Unless otherwise specified, all measurement shall be made under standard atmospheric
conditions as given in IEC 60068-1:2013, 4.2 with the following details:

— temperature :25°C+2°C;
— relative humidity 145 % to 55 %;
— air pressure : 86 kPa to 106 kPa.

5.2 Flat status
5.2.1 Measurement circuit

Flexible and stretchable supercapacitors can be measured by using constant current or
constant voltage charging and discharging methods. The circuit shown in Figure 3 can be used
for the measurement of characteristic parameters.
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Measurement circuit of the supercapacitor shall apply the related standards, IEC 62813 and

IEC 62

391-1. The measurement circuit shall be able to measure constant current

charge/discharge, constant voltage charge/discharge of the flexible supercapacitor, and
continuous measure current and voltage through the supercapacitor terminals. For accurate
measuring and characterizing results, ultra-high-impedance meters should be used.

Key:
Compongnts of the measurement circuit of supercapacitor
Cy Supercapacitor under test Power supply Copstant current I, or Constant voltage U,,,
A D current meter \% DC voltage meter
R Lgad resistor S Changeover switch
Figure 3 — Measurement cireuit of flexible and stretchable supercapacitor,
5.2.2 Measurement procedure

O KOC

Switch

1
1
1
1
1
1
1
1
I
1
1
1
:
: _ X Load
1
I
I
I
1
1
I
1
1
1
1
1
I
1

Power supply
IEC

The mefasurement of the.supercapacitor by using constant current method shall apply the

related
tested

standard, IEC 62576. It is assumed that flexible and stretchable supercapacitpr to be
behaves as ideal electric double-layer capacitor with constant Cq and equivalent series

resistanice ESR values® The measurement equipment shall be set-up in the following manner.

a)

b)

c)

d)

et thex'constant charging current I,. At this current, the flexible and str¢tchable

q

qupercapacitor shall be able to charge with 90 % charging efficiency based pn their
gqlivalent series resistance ESR, the charging current value is calculated by
I =t 7/38ESR

Set the maximum voltage as the rated voltage U, for constant current charging process.

Disconnect the charging circuit, connect to the discharging circuit using the changeover
switch S. Set the constant discharge current value. This value shall allow for a 90 %
discharging efficiency based on the supercapacitor’s equivalent series resistance ESR,
and is calculated by /s, = U/40ESR.

After the measurement according to the above setup, the voltage-time characteristics
between the two terminals of the tested flexible and stretchable supercapacitor as shown
in Figure 4 shall be obtained.
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of the tested flexible and stretchable supercapacitor

tretchable supercapacitor as shown in Figure 5 shall be obtained.
A

Current

O’N
>

Atgisch

A

\i

Figure 4 — Schematic illustration of the voltage-time (V-t) curve

he current-time characteristics between the two terminals of the tested flex

B A[ch N

Tisch

of the tested flexible and stretchable supercapacitor

IEC

Figure 5 — Schematic illustration of current-time (I-t) curve

ble and

the current-voltage characteristics between the two terminals of the flexible and

stretchable supercapacitor as shown in Figure 6 shall be obtained.
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IEC

Figure 6 — Schematic illustration of the voltage-current (V-I).curve
of the tested flexible and stretchable supercapacitor

5.2.3 Essential parameters calculation
5.2.3.1 Nominal capacitance

The nominal capacitance Cy shall be calculated from charging-discharging curve in Higure 7,
using Efuation (2) based on the measured voltage timé characteristics between flex|ble and
stretchable supercapacitor terminals.

LgicoR * Aty
CN:W (2)

AU is the change in potential, \/;'and is chosen as follows:

AU = Uy - Uy 3)

where,

U, is tihesmeasuring start voltage (V), which is defined as 0,8 x U;

U, is the measuring end voitage (V), which s definedas 0,4 X U,
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The eqU
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the valu
to charg
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processes of flexible and stretchable supercapacitor

Specific capacitance

cific capacitance Cg shall be divided by unit mass/area/volume of the supercag

Equivalent series resistance

that the voltage decreases due to the\equivalent series resistance and loss of

scharging the supercapacitor with the constant current /4., can be calculaf
e of voltage drop Udrop when the current direction changes from the discharging
ing process or vice versa.

U,
ESR = drop

Al is t

he'difference between current values before (7;) and after (I,) the current ¢

cha

5.2.3.4

nges Al = |I; - I,|.

Energy density

igure 7 — Voltage-time curves during ten continuous charging-discharging

acitor.

ated by
charge.

ivalent series resistance can be represented as an internal resistance. The ESR value,

ed from
process

(4)

irection

Energy density in unit of Wh/Kg, Wh/cmZ2, and Wh/cm? is the energy that a supercapacitor can
store at charging up to the rated voltage. It can be calculated using the following Equation (5).

r G
max — 2« 3600

®)
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5.2.3.5 Maximum power density

The maximum power density P, is calculated by “matched impedance power density method”
using the equivalent series resistance value and the following Equation (6).

U2

P =—r 6
Max = 4 x ESR ©)

5.2.3.6 Life cycle

Figure 71 shows a typical repeated charging/discharging curve of measured potentia| versus
time of flexible and stretchable supercapacitor. The nominal capacitance shall be calcu]jated on
each cygle in this curve. Figure 8 shows the capacitance retention according to-cyeling numbers.

-

A
110
100 o,
9
8ol
70
60|
s0[
40l
30|
20f
10|

Capacitance retention (C/Cg, %)

O L 1 L 1 L () L 1 1 1 L 1 L | " L L 1 " >
0 100 200./300 400 500 600 700 800 900 1000
Cycling number
IEC

Fjgure 8 — Calculated 'capacitance retention after certain number of repeated
¢harging-discharging processes of flexible and stretchable supercapacito

-

5.3 Bending status

5.3.1 General

The objgative of this test is to evaluate the performance reliability of the flexible and stregtchable
Superca%me_rmmg—mommﬂmm_s%tchable
supercapacitor is performed under various radius of curvature values, r, as shown in Figure 9.
Second, cycling test is performed by repeating the bending and relaxing processes and the

performance characteristics is monitored at the same time. The supercapacitor is half rounded

surrounding bending stages with various radius of curvature as half-circle to test under bending
condition.
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Bending stage

Supercapacitor

Supercapacitor

Anode contact pad

ode contact pad Cathode contact,pad

Cathode contact pad IEC I8C

Planar type Fiber type

Key

Compongnts of setup to bend supercapacitor with specific radius of curvature

Bending dtage Solid cylinder to round and bend supercapacitor-with specific radius of curvature
Cathode ¢ontact pad Contact pad to be connected to cathode.eléectrode of supercapacitor
Anode coptact pad Contact pad to be connected to anode'electrode of supercapacitor

Figure 9 — Bending methodof flexible and stretchable
supercapacitor using bending stage

5.3.2 Test procedure

Figure 10 shows a test setup to-‘evaluate the performance reliability of the flexiple and
stretchable supercapacitor under:bending status. To measure the energy storage perfgrmance
under the bending status, the supercapacitor shall be half rounded and fixed on a bendi%g stage

with specific radius of curvature, and the anode and cathode of the flexible and stretchable
supercapacitor are connected to test equipment as shown in Figure 10. The test equipment
shall be[capable of constant current charging, constant voltage charging, constant disgharging
and corftinuous measurement of the current and the voltage between the two terminals of the
supercalpacitor in{time series as shown in Figure 10. When the supercapacitor is loaded on
bending| stage;'the output of voltage or current between the two terminals in time deries is
measured.
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Key
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Component and meters to monitor
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Voltage meter (V) To detect a voltage of the

supercapacitor

Ampere meter (A) To detect a current through the

Load

Switch

supercapacitor

To discharge the supercapacitor

Change between the charging and
discharging circuits

The follpwing test procedure is performed:

a) Half
speq

b) Fix &

c) Mea
sSupe

ific radius of curvature.

sure and __scalculate

Figure 12,

Power supply

Control unit To supply ‘and adjust an elg
signal(te the radius of curv
mator,

Bending stage Tosupply a specified valug

Monitor forlradius To detect an bending statu

of curvature
measurement

Figure 10 — Test setup for theperformance reliability of flexible and
stretchable supercapacitor under bending condition

nd connect the two terminals of the supercapacitor to the test equipment.

Equipment and supplies

To charge the.supercapaci

radius of curvature to a pie
DUT

round and mount the flexible and stretchable supercapacitor on bending st3

rcapaciter{at various bending radius of curvature values, r, as shown in Figurg
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hture
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the specific capacitance of the flexible and stre¢tchable
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Figure 11 — Comparison of charging-discharging cufves with different
curvature values of a flexible and stretchable supercapacitor
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supercapacitor under bending status

d) Obtain the maximum radius of curvature where the flexible and stretchable supercapacitor
can endure over critical radius of curvature

e) Repeat under the maximum radius or curvature obtained in d), and measure and calculate
the capacitance retention after each cycle, according to the following Equation (7), as shown
in Figure 13.
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C
n:F:x‘]OO% %

where,

n is the capacitance retention;
C, s the final capacitance after repeating » times;

C, isthe initial capacitance

A
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50 |
a0l
30f
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Bending cycles
IEC

Capacitance retention (C/Cg,%)

Figure 13 — Performacne reliability of flexible and stretchable
supercapacitor under bending status

5.4  Sitretching status

5.4.1 General

The obchtive of thisttest is to evaluate the performance reliability of the flexible and str
supercalpacitor under stretching motion. The stretching range should be specified

applicatjons. The-test shall be performed according to cycling test of induced stretching motion
by placihg the,supercapacitor on the stretching motor, as shown in Figure 14. The perfgrmance
characterisfics are monitored by current and voltage meters. The stretchable supercappacitor is
loaded f f f
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Fixed end Fixed stage
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Anode contact pad

/

Cathode contact pad

IEC

Rail
Main stage
Movable stage
IEC
Normal status - fiber type Normal status — planar type
IEC
Stretched status - fiber type Stretched status — planar typ
Key
Compongnt and meters to monitor
Main stage Part to support total system, on Rail Path that movable stage m
which fixed and movable stage are the stage
mounted
Fixed eng Part of main stage to fix therail Movable stage Moving stage according to
a side of supercapacitor
Fixed stage Fixed staged on the.main stage Holder Holding the supercapacitor
and movable stages
Anode cqntact pad Contact pad_to.be connected to Cathode contact Contact pad to be connectd
anode electrode of supercapacitor  pad cathode electrode of super
Figure 14 — Stretching method of flexible and stretchable
supercapacitor using stretching stage
5.4.2 Test'procedure

IEC

pves on

rail with

on fixed

d to
Lapacitor

Figure 15 shows a test setup of the performance reliability of a flexible and stretchable
supercapacitor under stretching condition. The device should be mounted on a sample holder
with the two electrodes of the supercapacitor connected to the stretching stage and
electrochemical workstation (test equipment) as shown in Figure 15. The test equipment shall
be capable of constant current charging, constant voltage charging, constant discharging and
continuous measurement of the current and the voltage between the two supercapacitor
terminals in time series. When the fixed strain is applied to the device, an output of voltage or
current between the two supercapacitor terminals in time series is measured. When continuous
bending/stretching motion with specified acceleration (the various strain within certain range)
is applied to the device, a continuous output of current/voltage between the two supercapacitor

terminals in time series is measured.
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Figure 15 — Test setup for the performance reliability of flexible
and stretchable supercapacitor under stretching condition

pwing test procedure is performied (for fixed strain):

lount the sample flexible;and stretchable supercapacitor on test stage under st

ix and connect the two terminals of the supercapacitor to the test equipment.

specified strain\is applied to the flexible and stretchable supercapacitor thrg

Equipment and supplies

To charge the supgrcapaci

To supply-ayspecified frequ
electrieal signal to the lineg

frequency of stretching mot
piece of DUT by using mot

ency of
r motor

and
ion to a

=

retching

ugh the

leasure and calculate the specific capacitance of the flexible and strg¢tchable
upercapacitor at various strain, as shown in Figure 16 and Figure 17.
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Figure 16 — Comparison of charging-discharging procésses of flexible and
stretchable supercapacitor under variouscstrain status

A

120 -

100F  o— o 20
\O

80t / ™~

60 Critical strain

Capacitance retention (%)

40+

20+

I I I ' I -
-

0 5 10 15 20 25 30
Strain (%)
IEC

Ei 7 ¢ . . £ floxibl | habl

supercapacitor under stretching status

e) Obtain the maximum strain where the flexible and stretchable supercapacitor can endure
over critical strain.

f) Repeat under the maximum strain obtained in e), and measure and calculate the
capacitance retention after each cycle, according to the following Equation (7), as shown
in Figure 18.
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Figure

6 Test reports

The tes{ report shall include at least the following information:

a) man

1) reference to this document;
2) dhape, weight and dimensions of the tested supercapacitor;
3) gnvironmental condition for test:

41 external load;

-+ atmospheric conditions (temperature, humidity, pressure) for test;
4 charging/discharging-current;

4 charging/discharging time;

4 testrange of strain;

4 testrange, of-bending radius;

4) d
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18 — Reliability of flexible and stretchable supercapacitormunder stretching

datory:

haracteristics:
nominal capacitance;

measurement accuracy;

enerqy density:
Oy ¥

— maximum power density;

— life cycle;

— critical strain (or maximum strain);

— critical radius of curvature (or maximum radius of curvature);

— rated temperature;

status
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b) optional:
1) purpose of testing;
2) structure of tested device;
3) principle of charging/discharging and energy storage;
4) characteristics;
— voltage drop;
— specific capacitance.
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Annex A
(informative)

Classification of supercapacitors and its working principles

A.1 General

This Annex A describes the classification of the supercapacitor and its working principles.

A.2 Classification

Supercs
capacitq
symmet

Figu

A3 |

A.3.1
When t

pacitor is classified to electrical double layer capacitor, pseudocapacitar;, @n

IEC

re A.1 — Classification of supercapacitor according to its operation princi

Vorking principles

Electrical double layer capacitor (EDLC)

ne potential is applied on the electrode, charges are stacked on interface |

electrode and electrolytey;.which makes electric double layer capacitor, as shown in Fig

©

i hybrid

rs, where the hybrid capacitors are classified to asymmetric hybrid supercapacitor,
ric hybrid supercapacitor, and battery-like hybrid supercapacitor, as shown in Figure A.1.
Supercapacitors
N
Electrical double layer :
Asymmetric hydrid Symmetric hydri \ N Battery-like hydrid
supercapacitor supercapaci supercapacitor

ples

between
ure A.2.

Of @
—®

®®

Electrolyte | Electrolyte

o

Separator

©
®
O~

:
:
:

IEC

Figure A.2 — Schematic illustration of the configuration of EDLC
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A.3.2

Pseudocapacitor

When the potential is applied on the electrode, redox reaction occurs on the interface between
electrode and electrolyte, which makes similar effect to that of a capacitor, as shown in

Figure A.3.
- +
20010
&) N
I ON e (19‘1/
@ ® * O Q’Cb
ng
Electrolyte || Electrolyte %(]/
Separator \Q/
O$\ IEC
Figure A.3 — Schematic illustration of the co@ration of psuedocapacito
N
A.3.3 | Hybrid supercapacitor 5\0
7
When the potential is applied on the electrode ﬁﬁs\accumulation of charges like EDLC ar
reaction| like pseudocapacitor occurs at the e time. Figure A.4 shows the working f
of asymmetric hybrid supercapacitor. A‘\Q)

xO
N

©

=

d redox
brinciple

Cathode
Ylo@
ON No l
Ol ®
/
Electrolyte || Electrolyte
Separator \EC

Figure A.4 — Schematic illustration of the configuration
of asymmetric hybrid supercapacitor
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Annex B
(informative)

Endurance test (continuous application of
rated voltage at low or high temperature)

General

This Annex B describes the endurance test for continuous application of rated voltage at high
temperature to determine the rated voltage defined in 3.1.11.

NOTE Thpe test method is described in IEC 62576:2018, Annex A and is modified: "capacitor" has been replaced by

"supercagacitor", and the temperature range and the specified duration have been amended.

B.2 Test method

B.2

1 Test conditions

Unless otherwise given in the relevant specification, the test conditions should be as fpllows:

B.2

The tes{ procedure should be as follows.

a)

b)

d)

B.2

temperature: lower category temperature or upper category temperature;
voltgge: rated voltage;

durattion: 1 000 h.

.2 Test procedure

Pre-ponditioning
Befdre measurement, the supercapacitor shall be fully discharged and then incubjated for
2 h fo 6 h under the reference tempeérature, which shall be set at 25 °C + 2 °C, as gpecified
in 4.2 in IEC 60068-1:2013.

Initial measurements

The|capacitance and «the internal resistance shall be measured and according to the
procedure described(in)5.2, 5.3, and 5.4.

Testing
Place the supercapacitor in a chamber at lower category temperature or upper gategory
temperaturecand apply the rated voltage for specified duration. Charging it up to the
spegified rated voltage shall be carried out by applying a current that provides 95 % ¢harging
efficjency based on the internal resistance of the supercapacitor.

Post-ireatment (recovery)
After the test is complete, remove the supercapacitor from the test chamber, discharge
completely and soak them in the reference temperature, set at 25 °C + 2 °C, as specified in
5.2 in IEC 60068-1:2013 for specified duration.

Final measurement

Apart from visual inspection, the capacitance and the internal resistance of the
supercapacitor shall be measured in accordance with the procedure of 5.2, 5.3, and 5.4,
and the rates of change from their initially measured values shall be obtained.

.3 Recommendations

Unless otherwise agreed between manufacturer and customer, the capacitance change AC and
equivalent series resistance change AR should meet the following values.
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