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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -

Part 3: Watch batteries

FOREWORD

2011(E)

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
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Technjical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee
in thg subject dealt with may participate in this preparatory work. International, governmental
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IEC Publications have the form of recommendations for international (Use and are accepted by IEQ
Comnlittees in that sense. While all reasonable efforts are made torensure that the technical contg
Publigations is accurate, IEC cannot be held responsible for ¢he *‘way in which they are used 9
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In order to promote international uniformity, IEC National \Committees undertake to apply IEC Pu
transparently to the maximum extent possible in their national and regional publications. Any d
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htional co-operation on all questions concerning standardization in the electrical and electronic
hd and in addition to other activities, IEC publishes International Standards, Technical.Speg

mental organizations liaising with the IEC also participate in this preparation.-AlEC collaborat

nent between the two organizations.

hsus of opinion on the relevant subjects since each technical committee has representatiol
bted IEC National Committees.

prpretation by any end user.

en any IEC Publication and the corresponding national or regional publication shall be clearly in

self does not provide any attestation of conformity. Independent certification bodies provide {
Ement services and, in some areas, access to IEC marks of conformity. IEC is not responsib
s carried out by independent certification bodies.

brs should ensure that they have the“latest edition of this publication.
pility shall attach to IEC or its-directors, employees, servants or agents including individual eX

damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
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cells and batteries, and ISO technical committee 114: Horology.

This third edition cancels and replaces the second edition (2004) and constitutes a technical
revision.

The major technical changes with respect to the previous edition are the drawings, a review of
the table of electrochemical systems and a harmonization of the marking clause with the other
standards of the IEC 60086 series. Moreover, the table of the leakage levels was extended by
adding drawings with better visualization.

This publication is published as a double logo standard.
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The text of this standard is based on the following documents:

FDIS Report on voting
35/1286/FDIS 35/1289/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table. In ISO, the standard has been approved by 8 P members out of
8 having cast a vote.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60086 series, under the general title: Primary batteries,| can be
found on the IEC website.

The committee has decided that the contents of this publication will remain unchanded until
the stability date indicated on the IEC web site under "http://webstoréliec.ch" in the data
related {o the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
*+ amepded.

A bilingtbial version of this publication may be issued at a later date.
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INTRODUCTION

The technical content of this part of IEC 60086 provides specific requirements and information
for primary watch batteries. This part was prepared through joint work between IEC TC 35
and ISO TC 114 to benefit primary battery users, watch designers and battery manufacturers
by ensuring the best compatibility between batteries and watches.

This part will remain under continual scrutiny to ensure that the publication is kept up to date
with the advances in both battery and watch technologies.

NOTE Safety information can be found in IEC 60086-4 and IEC 60086-5.
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PRIMARY BATTERIES -

Part 3: Watch batteries

1 Scope

This part of IEC 60086 specifies dimensions, designation, methods of tests and requirements
for primary batteries for watches. In several cases, a menu of test methods is given. When

present
specifie

2 Noi

The foll
For datd
of the rd

IEC 600
IEC 600
IEC 600
IEC 600
IEC 604
ISO 285

ISO 395

3 Tern

For the
the follo

ng DbDatlery electrical cnaracteristics and/or periormance data, the Iman
5 which test method was used.

mative references

pwing referenced documents are indispensable for the application of this do
d references, only the edition cited applies. For undated refefénces, the lates
ferenced document (including any amendments) applies,

86-1:-1, Primary batteries — Part 1: General

86-2:-2, Primary batteries — Part 2: Physical and eélectrical specifications
86-4:2007, Primary batteries — Part 4: Safety of lithium batteries
86-5:-3, Primary batteries — Part 5: Safety of batteries with aqueous electrolytg
10, Sampling plans and procedures for inspection by attributes
9 (all parts), Sampling procédures for inspection by attributes

1(all parts as applicable), Sampling procedures for inspection by variables

ms and definitions

purposes. of this document, the terms and definitions given in IEC 60086-1 as
wing-terms and definitions apply.

facturer

cument.
I edition

well as

3.1

capacitive reactance
part of the internal resistance, that leads to a voltage drop during the first seconds under load

3.2

capacity
electric charge (quantity of electricity) which a cell or battery can deliver under specified
discharge conditions

NOTE The Sl unit for electric charge is the coulomb (1 C = 1 As) but, in practice, capacity is usually expressed in
ampere hours (Ah).

1 Tobe
2 Tobe
3 Tobe

published in 2011.
published in 2011.
published in 2011.
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3.3
fresh battery
undischarged battery 60 days maximum after date of manufacture

3.4

ohmic drop

part of the internal resistance that leads to a voltage drop immediately after switching the load
on

4 Physical requirements

4.1 Battery dimensions, symbotsand size todes

Dimensjons and tolerances of batteries for watches shall be in accordance with"Fjgure 1,
Table 1|and Table 2. The dimensions of the batteries shall be tested in accordance with 7.1.

The symbols used to denote the various dimensions in Figure 1 arein accordarice with
IEC 60086-2, Clause 4.

Dimensions in millimetres

d4
o 1 HOlesY s
|
Or l Y
£ | Y
" | ) ?
| <N
| <
- | J
¥ Ol *)
p <10 | [/ | 0,05
Lo “ 10
2 [7 | 01
d1

IEC 155/11
Key

1 naximum overall height of the battery

2 minimum distance between the flats of the positive and negative contacts

5 ninimum,_projection of the flat negative contact

maximum and minimum diameter of the battery

ninimum diameter of the flat positive contact

2

h
h
h
d
d
d

4 minimum diameter of the flat negative contact

NOTE This numbering follows the harmonization in the IEC 60086 series.

Figure 1 — Dimensional drawing
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Table 2 — Dimensions and size codes

Dimensions in millimetres

Diameter Height 7,/h,
Code @
., 12|16‘20|25‘30‘32
4
Code @ d, Tolerance Tolerances
0 0 0 0 0 0
-0,20b | —0,20b | —0,25b | —0,30b | —0,30b | —0,30P
16 16 _0(’)25 :‘nn 4")n 4‘nn o‘nn o‘:n 3’20
20 20 0 8,00 1,20 1,60 2,00 2,50 3,20
-0,25
0
23 23 -0.30 8,00 1,20 1,60 2,00 2,50
0
24 24,5 ~0.30 8,00 1,20 1,60 3,00

NOTE Open boxes in the above matrix are not necessarily available for standardisation due to the concept of
overlapping tolerances.

a See Annex A.

b To be rdduced in the future.

4.2 Terminals

Negative contact (-): the negative contact J(dimension d,) shall be in accordance with
Tables 1 and 2. This.is not applied to those batteries with a two-step
negative contact.

Positive| contact (+):  the cylindrical surface is connected to the positive terminal. Positive
contact should-be made to the side of the battery but may be made to
the base,

4.3 Projection of the negative terminal (%)
The dimension &5 shall be'as follows:

hs >(0,02 for hq/hy< 1,65
hs >(0,06 for 65 < hy/hy < 2,5
hg 2|0,08-fer n4/hy > 2,5

NOTE Thewn€gative contact should be the highest point of the battery.

4.4 Shape of negative terminal

The space requirements shall be contained within an angle of 45° (see Figure 2).

The minimum values of /4, for different heights of 44/h,, are given in Table 3.
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hylh,

dy 45°

IEC 156/11

Figure 2 — Shape of negative terminal

Table 3 — Minimum values of /,

Dimensions in millimetres

hylh, It min
1< hylhy < 1,90 0,20
1,90 < hy/h, < 3,10 0,35
3,60 < h,lhy < 4,20 0,70
5,40 < h,/h, 0,90

4.5 Mechanical resistance to pressure

A force [F (N), as specified in Table4, applied for 10 s through a steel ball of 1 mm d|ameter,
at the centre of each contact area;’shall not cause any deformation prejudicial to thg proper
functionfng of the battery, i.e\after this test, the battery shall pass the tests spetified in
Clause |.

Table 4 — Applied force F by battery dimensions

Battery dimensions Force

dy hylhy F
mm mm N
<3,0 5

<7,9
>3,0 10
<3,0 10

7,9
>3,0 10

4.6 Deformation

The dimensions of batteries shall conform with the relevant specified dimensions at all times
including discharge to the defined end-point voltage.

NOTE 1 A battery height increase up to 0,25 mm can occur in B, C, L and S systems, if discharged below this
voltage.

NOTE 2 A battery height decrease can occur in B and C systems as discharge continues.
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Undischarged batteries and, if required, batteries tested according to 7.2.6 shall be examined
as stated in 7.3. The acceptable number of defects shall be agreed between the manufacturer

and the

purchaser.

4.8 Marking

4.8.1

General

The designation and the polarity shall be marked on the battery. All other markings may be
given on the packing instead of on the battery:

a) desi
b) expi

The
last
Decd

EXAM
41: J3
4Y: N
c) pola
d) nom
€) nam
f) caut

g) caut
(7.2

NOTE 1

NOTE 2
4.8.2

Marking
legal re

5 Ele

51 E

<

pnation according to normative Annex A, or common,;
ration of a recommended usage period or year and month or week of manufact

year and month or week of manufacture may be in code. The code is compose
digit of the year and by a number indicating the month. October;”"Novem
ember should be represented by the letters O, Y and Z respectively:

PLE
nuary 2014;
pvember 2014.

Fity of the positive (+) terminal;
nal voltage;

e or trade mark of the supplier;
onary advice;

on for ingestion of swallowable batteries’shall be given. Refer to IEC 60084
m) and 9.2) and IEC 60086-5:- (7.1 |) and 9.2) for details.

Battery marking should not impede electrieal contact.

Examples of the common designations’can be found in Annex D of IEC 60086-2.
Disposal
of batteries with respect to the method of disposal shall be in accordance w

uirements.

ctrical requirements

lectrochemical system, nominal voltage, end-point voltage and open-circ
pltage

ure;

d by the
ber and

-4:2007

th local

it

The requirements concerning the electrochemical system, the nominal voltage, the end-point

voltage

and the open-circuit voltage are given in Table 5.
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Table 5 — Standardised electrochemical systems

Letter Negative Electrolyte Positive electrode Nominal | End-point | Open-circuit
electrode voltage voltage voltage
(V) (EV) (Ugc or OCV)
v v Y
Max. Min.
B Lithium (Li) Organic electrolyte Carbon monofluoride 3,0 2,0 3,70 3,00
(CF)y
C Lithium (Li) Organic electrolyte Manganese dioxide 3,0 2,0 3,70 3,00
(MnO,)
L Zinc (Zn) Alkali metal hydroxide Manganese dioxide 1,5 1,0 1,68 1,50
(MnO,)
S Zinc (Zn) Alkali metal hydroxide Silver oxide (Ag,0) 1,55 1,2 1,63 1,57
5.2 (Closed circuit voltage U, (CCV), internal resistance and impedance
Closed gircuit voltage and internal resistance shall be measured<@ceording to 7.2.
AC impedance should be measured with an LCR meter.
Limit vajues shall be agreed between the manufacturer‘and the purchaser.
5.3 Capacity
The cagacity shall be agreed between the manufacturer and the purchaser on the bgsis of a
continugus discharge test lasting approxim@tely 30 days, according to 7.2.6.
5.4 Capacity retention
The capacity retention is the ratio between the capacities under the given discharge
conditions measured on fresh batteries and a sample of the same lot stored during 3[65 days
at (20 £(2) °C and a relative’humidity between 45 % and 75 %.
The ratip of capacitywretention shall be agreed between the manufacturer and the pufchaser.
The mipimum valye* should be at least 90 % for a period of 12 months. The c¢apacity
measuré¢ment is'carried out according to 7.2.6.
6 Sampling and quality assurance
6.1 General

The use of sampling plans or product quality indices may be agreed between manufacturer
and purchaser. Where no agreement is specified, the options in 6.2 and/or 6.3 are
recommended.

6.2 Sampling

6.2.1 Testing by attributes

When testing by attributes is required, the sampling plan chosen shall be in accordance with
the specifications of IEC 60410 and/or ISO 2859. The individual parameters to be tested and
the acceptance quality level (AQL) values shall be defined (a minimum of three batteries of
the same type shall be tested).
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6.2.2 Testing by variables

When testing by variables is required, the sampling plan chosen shall be in accordance with
ISO 3951. The individual parameters to be tested, the sample and the acceptance quality
level (AQL) shall be defined.

6.3 Product quality indices

Consideration may be given to utilising one of the indices shown in IEC 60086-1.

7 Test methods

7.1 Shape and dimensions
711 Shape requirement

The shgpe of the negative contact is checked preferably by optical projec¢tion or by an open
gauge gccording to Figure 3.

%
—

The measurement method shall be agreed between the manufacturér and the purchas

A5

hylh,

d, 45°

IEC 157/11

Figure 3 — Shape requirement

7.2 Ellectrical characteristics
7.21 Environmental conditions

Unless |otherwise specified, the sample batteries shall be tested at a temperature of
(20 = 2)|°€¥and a relative humidity between 45 % and 75 %.

During use, batteries may be exposed to low temperatures; it is therefore recommended to
carry out complementary tests at (0 £ 2) °C and at (-10 + 2) °C.

7.2.2 Equivalent circuit — effective internal resistance — DC method

Resistance of any electrical component determined by calculating the ratio between the
voltage drop AU across this component and the range of current Ai passing through this
component and causing the voltage drop R = AU/ Ai.

NOTE As an analogy, the internal d.c. resistance R; of any electrochemical cell is defined by the following relation:

AU (V)
Ai (A)

R (Q)= (1)
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The internal d.c. resistance is illustrated by the schematic voltage transient as given below in

Figure 4.
= Uy (iq)
5
<1
3|
S Up=f (i, ) =
= 2 ' U (ip)
At At' t Olas
1 ty I3
IEC 158/11
Figure 4 — Schematic voltage transient
As can|be seen from this diagram, the voltage drop AUcsof the two components d

nature,

The firs

Bs shown in the following relation:

AU = AUg + AUNY)

increas¢ in current Ai according to the relation:

In this
depend;s

7.2.3
The equ

— accu

AUq = Ai x R

relation, Rqg is a pure ohinic resistance. The second component AU ()
ent and is of electrochemical origin (capacitive reactance).

alresistance: >1 MQ;

voltage transient (see Figure 5). Otherwise, a measurement e
to the capacitive reactance may occur (lower internal resistanc

iffers in

(2)

component AUq for (¢ = ¢,) is independent of time (ohmic drop), and results from the

(3)

is time

Equipment

ipment used far the voltage measurements shall have the following specificatigpns :
Facy: <0,25 %;
ision: <50 % of last digit;

—the—tests +—the—fotowing—subetauses; s—mportant to
make sure that the measurement is taken during the flat period of the

rror due
e).

The time At' necessary for the measurement shall be brief in comparison to Af, and the
measurement equipment compatible with these criteria.
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At

A
\

IEC 159/11

Key

1 open-circuit voltage Uy, (OCV)
2 effect of capacitive reactance

3 closed circuit voltage U, (CCV)
4

At' (measurement U)

Figure 5 — Curve: U = f{¢)

7.2.4 Measurement of open-circuit voltage U,. (OCV) and closed circuit voltage
U.. (CCV) (see Figure 6)

1—p

IEC 160/11

Key
1~8ading Uy, / Uy,

2, R, resistance of measurement

Figure 6 — Circuitry principle

First measurement  U,.: The switch is left open while this measurement is being carried out.

Next measurement U..: The battery being tested shall be connected to the load R,,. The
switch shall be left closed during the duration At according to Table 6.
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Table 6 — Test method for U, . (CCV) measurement

Test method Battery with KOH electrolyte 2 All other batteries
Ry At R At
Q S Q ms
Ab 150 £ 0,5 % 1+5% 1500+0,5% 10+£5%
B¢ 150 £ 0,5 % 0,5-2 470 £ 0,5 % 500 — 2 000
cd 200 £ 0,5 % 5+5% 2000+0,5% 7.8+5%

NOTE R,, should take into consideration the resistance of the connection lines of the battery being tested and the
contact resistance of the switch.

a  Applicatien-with-high-pealceurrent:

b Methdd A (recommended test): requires specialised test equipment.
¢ Method B: to be used in the absence of method A test equipment.

d  Methad C: to be used only by agreement between the manufacturer and the purchaser.

7.2.5 | Calculation of the internal resistance R;
The intgdrnal resistance may be determined by the following calculation:

= Uoc B Ucc
' Uy /Rpy

NOTE The relation U,/ R, corresponds to the current delivefed through the discharge resistance R, (sge 7.2.4).

7.2.6 Measurement of the capacity
7.2.6.1 General
There afe two methods for measuring capacity:

— the jecommended method i§ method A, which is more indicative of watch requirements;

— method B is a more_general method and is already specified in IEC 60086-1 and
IEC 60086-2.

When pfesenting capacity data, the manufacturer shall specify which test method was jused.

7.2.6.2 Method A
a) Circtitry(principle (see Figure 7)
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b) Prodedure

The [duration of the discharge test at the resistor Ry approximates to 30 days.

Valug of the resistance Ry: the value of the resistive load (specified in Table
inclyde all parts of the external circuit and shall be accutate to within £ 0,5 %.
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IEC 161/11

Key
1 reading U,/ U’y
2 R, resistance of measurement

3 R4 resistance of continuous discharge

Figure 7 — Circuitry principle for method A

8) shall

c) Detgrmination of the capacity
The |/measurements of the open-circuit voltage&tZ,. and that of the closed circuit|voltage
U, pre carried out at least once a day on thg, battery permanently connected to Ry, until
the first passage of the U, under the end-point voltage defined in Table 5 is obtained.
1) Kirst measurement U',.: the resistance Ry being much higher than R, U’
gpproximates to U,
The switch is left open while the-measurement is being carried out.
2) Next measurement U,.: thé.battery being tested is connected to R,,. The switgh is left
glosed during the duration) Ar according to Table 7.
Table 7.~ "Test method A for U, . (CCV) measurement
Batteries with KOH electrolyte All other batteries
R At R At
Q S Q ms
180 # 0,5 % 1+5% 1500+ 0,5 % 10 +£5 %
NOTE 1 The value of resistive loads (which includes all parts of the external circuit) should be as specified in

Table 7 and Table 8.

3) Calculation of the capacity C: the capacity of the battery is obtained by adding the

partial capacity amounts C
formula:

p’

C. = U'OC X I
p Ry
where t; is the time between two measurements

C=%C,

calculated after each measurement with the following

NOTE 2 At the end of the discharge, it is recommended to carry out several measurements a day in order to
obtain sufficient accuracy.
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Method B
itry principle (see Figure 8)

-® T [

b) See|procedure in 7.2.6.2 b).

c) Dets

the first time below the specified end point as specified in Table 5, the time tis ¢
and |defined as service life.

The tapacity is calculated by the following formtla:

whelle

C

U.c(pverage) is the average voltage value of U, during discharge duration time (0

t

7.2.7

IEC 162/11

Key
1 reading U,

2 Ry resistance of continuous discharge

Figure 8 — Circuitry principle for method B

rmination of the capacity: when the on-load voltagé’of the battery under test

U.. (average) ;
Ry

C =

is the capacity;

is the service life.

rops for
Iculated

1);

Calculation of the internal resistance R; during discharge in case of method A

(optional)

After egch measufrement of U’y and U, is carried out according to the procedure d¢scribed

in 7.2.6] it is pdssible to calculate the internal resistance R; of the battery using the f
formula
R = U'bc = Ucc
! LR

bllowing

CC ™7 m
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Table 8 — Discharge resistance (values)

Letter for electrochemical Letter for electrochemical
Code number systems Code number systems
according to the L S according to the Cc B
dimenslons Discharge resistance dimenslons Discharge resistance
kQ kQ

416 1212
421 1216
510 1220 62
512 1225

4 LLSLIP4
516 150 1616
521 100 1620 47
527 68 1625
610 1632
612 2012
614 120 2016 30
616 100 2020 30
621 68 2025 15
626 47 2032
710 2312
mMm2 100 2316
ma 68 2320 15
e 68 2325
7121 47 2412
7126 33 2416
731 27 2430
7136 22
754 15
910
912
914
916 47
920 33
97 22
936 15
1110
1112
1114
1116 39
1120 22
1126 15
1130 15
1136 15
1142 10
1154 6,8

NOTE Blank values under consideration

7.3 Test methods for determining the resistance to leakage

7.31 Preconditioning and previous examination

Before carrying out the tests specified in 7.3.2 and 7.3.3, the batteries shall be submitted to a
visual examination according to the requirements stated in Clause 8.
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For tests in 7.3.2.1 and 7.3.2.2, batteries shall be preconditioned at the specified temperature
(40 °C and 45 °C respectively) for 2 h to avoid condensation at elevated humidity.

7.3.2

7.3.21

High temperature and humidity test

Recommended test

The battery shall be stored under the conditions specified in Table 9.

Table 9 — Storage conditions for the recommended test

Temperature Relative humidity Test time
°C % day
40+ 2 90 to 95 30 or 90

NOTE T
of 90 day

he test time of 30 days may be used for an accelerated routine quality control test, whereds the
b applies to qualification testing of new batteries.

est time

7.3.2.2

After ag
may be

Optional test

reement between the manufacturer and purchaser, the following testing co
chosen (see Table 10).

Table 10 — Storage conditions for optional test

nditions

Temperature Relative humidity Test time
°C o day
45+ 2 90*to 95 20 or 60

NOTE T
of 60 day

he test time of 20 days may be used for-an accelerated routine quality control test, whereas the
b applies to qualification testing of new batteries.

est time

7.3.3

The ba

Figure 9:

Test by temperature cycles

tery shall be ,submitted to 150 temperature cycles according to the sche

1 cycle
(60%2)°C
Room temperature =~ ————— ==t
(10£2)%C 05h | | 1h | 1h |1h |1h

IEC 163/11

Figure 9 — Test by temperature cycles

dule in

The relative humidity shall be 50 % to 60 % at room temperature; it will subsequently vary

with the

temperature variation.
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8 Visual examination and acceptance conditions

8.1 Preconditioning

Before carrying out the previous visual examination or after the tests specified in Clause 7,
the batteries shall be stored for at least 24 h at room temperature and at a relative humidity
between 45 % and 70 %.

NOTE 1 The leakage should, as a rule, be observed after crystallisation of the electrolyte. The time of the storage
of 24 h can be prolonged if necessary.

NOTE 2 This examination may be applied to new or used batteries, or to batteries which have been submitted to
different tests.

8.2 I\:[agnification
s

The visdial examination shall be carried out at a magnification of x10 to x15. The magniification
of x15 i$ necessary in order to detect small leaks.

8.3 Ljighting

The vislial examination shall be carried out under a diffuse white-light of 900 Ix to 1 100 Ix at
the surface of the battery to be inspected.

8.4 Leakage levels and classification

The leakage levels and classification are given in Table 11.
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