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1 Basic Informa�ion

Wide �empera�ure range.
The ba��eries are capab"e of opera�ion in a wide �emper-
a�ure range norma""y from -55°C �o +85°C. One series
has an ex�ended �empera�ure range up �o 130°C. See
paragraph 2.10 for more de�ai"s.

High energy densi�y.
The e"ec�rochemica" sys�em exhibi�s �he highes� energy
densi�y of any avai"ab"e primary ba��ery: up �o
650 Wh/kg and 1280 Wh/dm3.

Superior she�f �ife and re�iabi�i�y.
The Sonnenschein Li�hium Ba��ery has an ou�s�anding"y
"ong she"f "ife and re"iabi"i�y.Tes�s have shown �ha�
s�orage for �en years a� room �empera�ure resu"�s in a
capaci�y "oss of "ess �han 1 % per year.

Fai"ure ra�es in memory back-up app"ica�ions were found
�o be be"ow 200 fi� (fi�: fai"ures in �ime. 1 fi� = 1 fai"ure in
109 componen� hours); �his corresponds �o 0.175 % per
year.

Safe�y.
The safe�y of �he Sonnenschein Li�hium Ba��ery design
has been proven by a"mos� 20 years of experience in
�he marke� and more �han 50 mi""ions of ba��eries in �he
fie"d wi�h no repor�ed inciden�s.The comp"e�e "ine of
produc�s is recognized and regu"ar"y supervised by
Underwri�ers Labora�ories.

Herme�ica��y sea�ed case.
The herme�ica""y sea"ed case is essen�ia" for �he "ong
she"f "ife and inheren� safe�y of �he devices in which �he
ba��eries are used.The cover is we"ded �o �he can. A
g"ass-�o-me�a" sea" is used �o insu"a�e �he posi�ive �er-
mina".

1.3 Comparison �o O�her Sys�ems

The "i�hium �hiony" ch"oride ba��ery sys�em is superior
when i� comes �o "ong-�erm app"ica�ions wi�h demanding
re"iabi"i�y, space, and energy requiremen�s. Figure 1-1
shows �he ou�pu� vo"�age over discharge capaci�y per
uni� vo"ume for various "i�hium ba��ery sys�ems and a"ka-
"ine ba��eries.The area under each discharge curve cor-
responds �o �he energy densi�y of �he respec�ive ba��ery
sys�em and �hus gives an answer �o �he ques�ion: “How
"ong wi"" my produc� opera�e wi�h ba��ery sys�em X if I
can spare a cer�ain space Y”.

For re"iab"e "ong-�erm opera�ion under varying environ-
men�a" condi�ions, a re"iab"e sea"ing me�hod is essen�ia".
A no�e on �he sea"ing me�hod of each sys�em is given in
�he "egend of figure 1-1.

1.1 Sonnenschein Li�hium

Sonnenschein Li�hium was founded in 1984, wi�h p"an�
faci"i�ies a� Büdingen near Frankfur�, Germany.The crea-
�ion of �he company was preceded by a �ransfer of
know-how agreemen� wi�h pres�igious par�ner firms and
severa" years of marke� experience.Today, �he company
is one of �he "eading manufac�urers in �he European
marke� for "i�hium �hiony" ch"oride ba��eries.

Research and Deve"opmen� has been a decisive fac�or
in es�ab"ishing �he company’s "eadership posi�ion.
Environmen�-friend"y manufac�uring processes, con�in-
uous improvemen� and cons�an� enhancemen� of �he
ba��ery sys�em as we"" as �he specia"iza�ion in "i�hium
ba��eries he"p �o s�reng�hen �he compe�i�ive edge of
Sonnenschein Li�hium’s cus�omers in �heir respec�ive
marke�s and ensure �he avai"abi"i�y of re"iab"e power
supp"ies for �heir e"ec�ronic produc�s, �oday and in �he
fu�ure.

As one of �he firs� ba��ery manufac�urers, Sonnenschein
Li�hium has ob�ained ISO 9001 cer�ifica�ion of �he qua"i�y
managemen� sys�em in 1993 and ISO 14001 cer�ifica-
�ion of �he environmen�a" managemen� sys�em in 1999.

C"ose co-opera�ion wi�h �he cus�omer during �he design
phase is par� of �he company’s basic phi"osophy.
Sonnenschein Li�hium offers comprehensive suppor�
from experienced specia"is�s, and is commi��ed �o
securing i�s posi�ion as a marke� "eader and a compe-
�en�, re"iab"e �echno"ogy par�ner.

1.2 The Sonnenschein Li�hium Ba��ery

The scope of �his Technica" Brochure are inorganic
"i�hium ba��eries of �he Li/SOC"2 sys�em.

The Sonnenschein Li�hium Ba��ery is a power source
�ha� is sui�ed �o �he requiremen�s of �he new genera�ion
in microe"ec�ronics. For examp"e, CMOS memories as
we"" as u�i"i�y me�ers require a "igh�weigh� power source
providing safe and re"iab"e performance over a wide
range of environmen�a" condi�ions, for "ong periods of
�ime.

The Sonnenschein Li�hium Ba��ery is a componen� �ha�
can be permanen�"y connec�ed �o a circui�, in many
cases for �he "ife�ime of �he equipmen�. I�s major advan-
�ages are:

High ce�� vo��age.
The ba��ery has an open-circui� vo"�age of 3.67 V and an
opera�ing vo"�age of 3.60 V, which are considerab"y
higher �han in any o�her commercia""y avai"ab"e primary
ba��ery.
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Figure 1-1
Comparison of differen� ba��ery sys�ems.The curves represen� �ypica" bes� va"ues of
commercia" cy"indrica" ce""s when discharged a� 25 °C wi�h �he 1000 hour ra�e.The
area under �he curves corresponds �o �he energy densi�y "is�ed be"ow.The "is� a"so
gives a no�e on �he sea"ing me�hod 

1 Li/SOC"2 1280 Wh/dm3 herme�ica""y we"ded
2 Li/SO2 430 Wh/dm3 herme�ica""y we"ded
3 Li/CFx 550 Wh/dm3 crimped e"as�omer sea"
4 Li/MnO2 580 Wh/dm3 crimped e"as�omer sea" or herme�ica""y we"ded
5 Li/FeS2 450 Wh/dm3 crimped e"as�omer sea"
6 A"ka"ine 280 Wh/dm3 crimped e"as�omer sea"
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1.4 Cus�omer Benefi�s

Sonnenschein Li�hium has focused i�s ongoing effor�s on
promo�ing �he unders�anding and fur�her deve"opmen� of
"i�hium ba��eries.This de�ermina�ion offers �o �he cus-
�omer a number of decisive benefi�s such as:

• Access �o over �wen�y years of experience in
research and deve"opmen�, produc�ion and marke�ing

• Adap�abi"i�y and re"iabi"i�y in mee�ing rapid"y evo"ving
cus�omer needs

• De�ai"ed �echnica" suppor� in �erms of design and
app"ica�ion - before, during and af�er �he purchase

• High"y qua"ified exper�s avai"ab"e for suppor� on shor�
no�ice

• Cus�omized produc�ion of sing"e- and mu"�i-ce"" ba�-
�eries �o mee� specific requiremen�s

• Re"iab"e de"ivery, secured by con�rac�ua" agreemen�s
and second sourcing.

For successfu" use of a ba��ery, �he co-opera�ion
be�ween �he supp"ier and �he cus�omer mus� commence
a� �he ear"ies� possib"e poin�: a� �imes i� is simp"y more
economica" �o design a circui� for �he charac�eris�ics of
�he bes� sui�ab"e energy supp"y, ra�her �han having �o
forgo i�s advan�ages because i� is �oo "a�e for changes.

1.5 App�ica�ions

Because of �heir unique charac�eris�ics, Sonnenschein
Li�hium Ba��eries for many years have been used suc-
cessfu""y for CMOS memory chips and a wide range of
devices. Recen�"y, �here is a �endency �owards �he use
of "i�hium ba��eries as au�onomous pu"se-opera�ed
power supp"ies - of�en in conjunc�ion wi�h high"y
demanding �empera�ure profi"es.

Fo""owing is a "is� of app"ica�ions for Sonnenschein
Li�hium Ba��eries. Tab�e 1-2 "is�s �he app"ica�ion orien�ed
marke� segmen�s and indica�es �he mos� sui�ab"e
Sonnenschein Li�hium Ba��ery series.

Office Au�oma�ion 
RTC in persona" compu�ers, memory back-up, compu�er
�ermina"s, in�e""igen� in�erfaces, poin�-of-sa"e �ermina"s,
word processors, in�e""igen� �ypewri�ers, address

prin�ers, enve"ope franking machines, cash poin�s, cash
regis�ers, weighing machines, copy machines

Ins�rumen�a�ion

Vending Machines
Ticke� vending machines, newspaper vending machines,
cigare��e vending machines, swee�s vending machines,
drink vending machines, parking me�ers, coin and bank
no�e �es�ing equipmen�

High End Consumer
Audio and video memory back-up and RTC, video
games, gamb"ing machines, SCUBA diving me�ers,
a"�ime�ers, marine e"ec�ronics, ski bindings, por�ab"e
�iming uni�s for spor� even�s, pigeon f"igh� �ime recorders

Dis�ress and Naviga�ion
Radio dis�ress beacons, emergency "oca�ing �ransmi��ers
(ELT), dis�ress beacons, rescue VHF/UHF radios, com-
munica�ion radios, g"oba" posi�ioning sys�em (GPS)
equipmen�, mobi"e sa�e""i�e communica�ion "inks, ava-
"anche rescue �ransmi��ers, "ife jacke� emergency "igh�s,
mari�ime "igh� buoys, deep sea hazard warning indica-
�ors

Offshore
S�a�ionary sub-sea-"eve" ba��ery packs, p"a�form emer-
gency ba��ery packs, diving be"" "ife suppor�, warning
f"ash "igh�s

Various
Indus�ria" c"ocks, pu"se-/even�-coun�ers, high vo"�age
power "ine fau"� de�ec�ors, remo�e da�a "ogging and da�a
acquisi�ion sys�ems, seismic measuremen� equipmen�,
oceanographic measuremen� equipmen�, bio�e"eme�ry,
�e"eme�ry equipmen�, wea�her ba""oon �ransmi��ers, au�o-
ma�ic wea�her moni�oring s�a�ions, compass i""umina�ion,
ca"iper pigs for pipe"ine main�enance, osci""oscopes,
medica" ins�rumen�s, gauges

Program Logic Con�ro�
Numeric and process con�ro", hea� me�ers, gas s�orage
�e"eme�ry, compu�er in�egra�ed manufac�uring (CIM),
mobi"e da�a carriers /coded �ags, �empera�ure con�ro"-
"ers, hea� con�ro" ins�a""a�ions

Te�ecommunica�ion
In�e""igen� �e"ephones, car phones, credi� card phones,
mu"�ip"exers, swi�chboards (PABX), mobi"e phone �ermi-
na"s, modems, ISDN �ermina"s, �e"ex and �e"efax
machines, pagers, in�ercom sys�ems

U�i�i�y Me�ers
E"ec�rici�y me�ers, gas me�ers, hea�ing cos� a""oca�ion
devices, wa�er me�ers, ca"orime�ers, au�oma�ic me�er
reading (AMR)

Mi�i�ary E�ec�ronics
Nigh� vision equipmen�, cryp�ographs, radio frequency
channe" se"ec�ors, sonar buoys/pingers, underwa�er
de�ec�ors, AT mines, advanced sea mines, smar� AA
fuzes, in�e""igen� gun and mor�ar ammuni�ion, missi"e
sys�ems, range finders, �arge� acquisi�ion equipmen�,
por�ab"e f"ash"igh� beacons for runways

Securi�y Sys�ems
Door "ockers, securi�y and a"arm sys�ems, smoke and
o�her sensors and de�ec�ors, burg"ar a"arm sys�ems

Marke� Segmen� SL-300 SL-500 SL-700

Office Au�oma�ion ++ – o
Ins�rumen�a�ion + – +
Program Logic Con�ro" + o o
Te"ecommunica�ion ++ – o
U�i"i�y Me�ers ++ – o
Mi"i�ary E"ec�ronics o – o
Securi�y Sys�ems o – +
Transponders + o +
Au�omo�ive E"ec�ronics + o +
High Tempera�ure Sys�ems – – ++ – –

Tab�e 1-2
Lis� of marke� segmen�s for Sonnenschein Li�hium Ba��eries

The sui�abi"i�y is c"assified on ++ preferred
a genera" basis and does no� + recommended
necessari"y ho"d for each o possib"e
individua" app"ica�ion: – "ess sui�ed

– – no� recommended
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Transponders
Iden�ifica�ion �ransponder sys�ems, mobi"e da�a carriers,
road pricing sys�ems, sub-sea �ransponders

Au�omo�ive E�ec�ronics
Mi"eage or ki"ome�re coun�ers, onboard compu�ers, e"ec-
�ronic moni�oring, naviga�iona" equipmen�, airbag sen-
sors and gas genera�ors, be"� s�raigh�eners, car radios,
con�ainer �empera�ure "oggers, communi�y �raffic con�ro"
sys�ems, communi�y vehic"e "oca�ing sys�ems, "oca�ing
equipmen� for vehic"es, �raffic vo"ume con�ro", �raffic
char� recorders, �axime�ers, �yre pressure con�ro"
sys�ems

High Tempera�ure Sys�ems
Measuremen�-whi"e-dri""ing (MWD), machine con�ro",
various indus�ria" and au�omo�ive app"ica�ions

2 Performance

2.1 Genera�

This brochure dea"s wi�h Sonnenschein Li�hium Ba�-
�eries.They be"ong �o �he �hiony" ch"oride 3.6 Vo"�
sys�em and are manufac�ured in �hree basic series �ha�
differ by �he process de�ai"s of manufac�ure and are op�i-
mized according �o �he �arge� app"ica�ion charac�erized
by �he fo""owing keywords.

Series Keyword

SL-300 s�andard use and s�and-by
SL-500 ex�ended �empera�ure range
SL-700 enhanced s�ar�

The basic series are described in more de�ai" a� �he end
of �his chap�er and in �he Sonnenschein Li�hium Produc�
Da�a Ca�a"ogue.

Performance da�a presen�ed in �his brochure are pure�y
descrip�ive.They a�so depend on �he given app�ica�ion
and are no� regarded as warran�y of a qua�i�y or as an
ex�ension of �he defec�s �iabi�i�y periods va�id in accor-
dance wi�h our respec�ive business condi�ions.

2.2 Vo��age Response

Vo��age S�abi�i�y
I� is a genera" fea�ure of �hiony" ch"oride ba��eries �ha�
vo"�age remains s�ab"e �hroughou� �heir "ives.The dis-
charge curve �ypica""y has a rec�angu"ar shape, as can
be seen from figure 2-1. A s"igh� dec"ine of �he vo"�age
�ha� may occur during medium curren� discharge is due
�o an increase of in�erna" resis�ance. Whenever dis-
charge is in�errup�ed vo"�age wi"" re�urn �o i�s origina"
va"ue.This makes i� possib"e �o use vir�ua""y 100% of
�he ba��ery’s avai"ab"e capaci�y a� a "eve" we"" above
3 Vo"�s. P"ease refer �o paragraph 2.8 for more informa-
�ion on �his subjec�.

Vo��age De�ay
When a ba��ery is �aken from �he she"f and pu� on "oad
for �he firs� �ime, �he ce"" vo"�age wi"" drop from open cir-
cui� vo"�age (OCV) �o an opera�ing vo"�age �ha� is a func-
�ion of �he discharge curren�. A� "ow curren�s, �he vo"�age
"eve" wi"" s�abi"ize ins�an�"y, see curve A in figure 2-2.
However, a� higher curren� va"ues, �here may be a �ransi-
�ion period, during which �he ini�ia" vo"�age drops be"ow
�he p"a�eau vo"�age before recovering. During �his period,
vo"�age may s�ay above �he app"ica�ion cu�-off vo"�age
which is �ypica""y be�ween 2.5 V and 3.0 V. Curve B in
figure 2-2 represen�s �his case. If curren� increases even
more, vo"�age may drop be"ow cu�-off for a shor� �ime.
The �ime before i� recovers �o �he app"ica�ion cu�-off is
referred �o as �he de"ay �ime and �he "owes� va"ue of
vo"�age reached is ca""ed �he �ransien� minimum vo"�age
(TMV), see curve C in fig. 2-2.The vo"�age de"ay phe-
nomenon is due �o passiva�ion. I� is re"a�ed �o �he pro-
�ec�ive "ayer �ha� forms on �he anode surface and is
described in more de�ai" in chap�er 3. Once a ba��ery
has been depassiva�ed which means vo"�age has
reached �he norma" p"a�eau of opera�ion i� wi"" no� passi-
va�e again un"ess �here is a subsequen� "ong period on
open circui�.

The degree of passiva�ion is a func�ion of s�orage �ime,
curren�, �empera�ure during s�orage, and mechanica"
aspec�s.Thus, passiva�ion wi"" usua""y grow wi�h s�orage
�ime and �empera�ure. Depassiva�ion can be effec�ed by
curren� f"ow as we"" as mechanica" shocks, vibra�ion,
and �empera�ure cyc"ing. As a ru"e of �humb a curren� of
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Figure 2-1
Discharge curves of ½AA
size ce""s, �ype SL-350, a�
+25 °C.

Grey curve:
180 Ω (30 hours)

B"ue curve:
180 kΩ (4 years)

The circ"es indica�e vo"-
�age recovery �o 3.67 Vo"�s
(dashed "ine) whenever
discharge is in�errup�ed.

Figure 2-2
Transien� vo"�age curves

A "ow curren�:
no vo"�age de"ay

B medium curren�:
vo"�age s�ays above
cu�-off

C high curren�:
vo"�age drops momen-
�ari"y be"ow cu�-off
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2 µA/cm2 of "i�hium anode surface area wi"" preven� pas-
siva�ion and a""ow for immedia�e vo"�age response above
�ypica" app"ica�ion cu�-off va"ues.The same can be
achieved by dai"y pu"ses corresponding �o equiva"en� or
s"igh�"y sma""er average va"ues.

SL-700 series
In genera", �he descrip�ion in �he previous paragraph
ho"ds for "i�hium �hiony" ch"oride ba��eries of a"" �hree
basic series.The SL-700 series, however, offers �he
advan�age of an improved TMV and vo"�age de"ay �ime
af�er s�orage.This is effec�ed by a denser and more
compac� morpho"ogy of �he pro�ec�ive "ayer on �he
"i�hium anode surface. Figure 2-3 for examp"e shows
�he �ransien� vo"�age curves of one year o"d SL-350 and
SL-750 ba��eries on a "oad of 330 Ω. Whi"e �he vo"�age
of SL-350 drops �o 1.8 Vo"�s, SL-750 s�ays above 3 Vo"�s
righ� from �he s�ar�.

This advan�age of �he SL-700 series "as�s for a max-
imum period of a few years on s�orage. I� is impaired by
s�orage a� increased �empera�ure "eve"s and by con�in-
uous sma"" curren� opera�ion. As a resu"�, �he SL-300
series is usua""y preferred for "ong-�erm app"ica�ions
above 3 years of s�orage and opera�ing "ife.

Figure 2-4, as an examp"e, shows �he deve"opmen� of
TMV wi�h s�orage �ime.The curves were ob�ained for
½AA size ce""s of �he SL-300 and SL-700 series.

Wi�h respec� �o vo"�age de"ay, �he SL-500 series
behaves "ike SL-300.

End of �ife indica�ion
Towards �he end of "ife on "ong-�erm, con�inuous dis-
charge, �he ini�ia" resis�ance of �he ba��eries wi""
increase. As a resu"�, vo"�age on "oad and par�icu"ar"y
during curren� pu"ses, wi"" gradua""y dec"ine.This fea�ure
can be used for an end of "ife indica�ion �ypica""y 3%
before �he opera�ing "ife �ime comes �o an end.The indi-
ca�ion vo"�age is a func�ion of �he discharge curren�, �he
app"ica�ion cu�-off vo"�age, �he �empera�ure range, and
�he required warning �ime. Bo�h �he accuracy of end of
"ife indica�ion and �he "eng�h of �he warning �ime can be
increased by using curren� pu"ses and by confining indi-
ca�ion �o a narrow �empera�ure range (fig. 2-5). App"ica-
�ion suppor� for �he design of an effec�ive end of "ife indi-
ca�ion is offered by Sonnenschein Li�hium engineers on
a per case basis.
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Figure 2-5
Princip"es of End of Life Indica�ion.

So"id b"ue curve:
Discharge on con�inuous "oad a� +25°C. End of "ife indica�ion wi"" occur approxima�e"y
3% before cu�-off (based on �o�a" opera�ion "ife).

Dashed b"ue curve:
If �es� pu"ses are emp"oyed indica�ion can be ex�ended �o approxima�e"y 15% of �he
�o�a" opera�ion "ife if �he cu�-off vo"�age refers �o �he con�inuous "oad "eve" and 5% if i�
refers �o �he pu"se "oad "eve".

Grey curve:
A seasona" �empera�ure cyc"e can dis�or� �he discharge curve. End of "ife indica�ion may
occur a� �he grey circ"e for �he firs� �ime "eading �o an ear"y ba��ery exchange. As a cor-
rec�ion, indica�ion can be suspended during �empera�ure excursions. A"�erna�ive"y, �he
"imi�s or �es� pu"se amp"i�ude may be adjus�ed according"y.
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2.3 Discharge Curren� and Capaci�y

The avai"ab"e capaci�y genera""y depends on �he dis-
charge curren� or discharge �ime as indica�ed in
figure 2-6. In �he nomina" range of discharge curren� or
discharge �ime, �he avai"ab"e capaci�y achieves i�s max-
imum va"ue. A� "ower discharge curren�s, �he se"f-
discharge becomes significan� because of �he "onger
discharge �ime, and �he avai"ab"e capaci�y is reduced
according"y. A� higher discharge curren�s, effec�s caused
by �he speed of ion �ranspor� progressive"y reduce �he
discharge efficiency.The in�erna" resis�ance increases
and �he avai"ab"e capaci�y is reduced. When opening a
ce"" �ha� was discharged wi�h such a high curren�, i� can
be found �ha� reac�ion produc�s, �ha� are deposi�ed uni-
form"y over �he pore vo"ume of �he ca�hode during "ow
and modera�e curren� discharge, have now occupied
and b"ocked �he firs� few "ayers of ca�hode pores. I� can
�hus be conc"uded �ha� one reason for "ower capaci�y a�
high curren� discharge is �he reduc�ion of accessib"e
ca�hode pore vo"ume.

In �he "i�era�ure, �he curren� a� which a ba��ery de"ivers
76 % of i�s sa�ura�ion capaci�y is of�en referred �o as i�s
s�andard curren�.The ba��ery wi"" be over"oaded if cur-
ren� is increased beyond �his poin�.

2.4 Curren� Pu�ses

A �ypica" pu"se discharge pa��ern consis�s of a "ow con-
�inuous curren� drain wi�h periodic or random shor�
pu"ses a� a higher curren� "eve". Genera""y, �he du�y cyc"e
or ra�io be�ween on and off �ime ranges from 1:10 �o
1:10 000 (fig. 2-7). The avai"ab"e capaci�y becomes now
a"so a func�ion of �he du�y cyc"e. For "arge du�y cyc"es
(1:10), i� is c"ose �o �he avai"ab"e capaci�y corresponding
�o �he peak curren�. For sma"" du�y cyc"es (1:10 000),
avai"ab"e capaci�y increases and �ends �o reach �he
va"ue corresponding �o �he average curren�. Figure 2-8
gives an examp"e.
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2.5 S�orage Life and Opera�ing Life

Whi"e i� has been found �ha� i� is prac�ica""y impossib"e
�o app"y s�andard me�hods of acce"era�ed ageing �o
"i�hium �hiony" ch"oride ba��eries in order �o ob�ain re"i-
ab"e predic�ions of fu�ure performance, �hree me�hods
can be used �o co""ec� da�a on "ong-�erm behaviour.
These inc"ude ac�ua" "ong-�erm discharge, �he ex�rapo"a-
�ion me�hod, and �he microca"orime�er me�hod.The
ex�rapo"a�ion me�hod imp"ies "ong-�erm s�orage or dis-
charge combined wi�h periodic de�ermina�ion of residua"
capaci�y. In �he microca"orime�er me�hod �he hea� ou�pu�
of ce""s on s�orage or on "oad is used �o a��emp� a pre-
dic�ion of �he "oss �ha� is due �o se"f-discharge.

Ac�ua� discharge
Ac�ua" "ong-�erm discharge is �he mos� accura�e and re"i-
ab"e me�hod. Unfor�una�e"y i� is very �ime consuming.
However, over �he "as� decade, an ex�ensive da�a basis
has been co""ec�ed by Sonnenschein Li�hium �o a""ow
�he predic�ion of expec�ed s�orage and opera�ing "ife
�imes for a range of environmen�a" condi�ions and
required "ife �imes �ha� covers a"" major app"ica�ion fie"ds.
Figure 2-9 gives an examp"e.

Two addi�iona� me�hods
The o�her �wo me�hods may be app"ied if resu"�s are
needed quicker and i� is no� possib"e �o refer �o exis�ing
da�a ob�ained from ac�ua" "ong-�erm discharge. Bo�h
me�hods can acce"era�e �he �es� dura�ion �o approxi-
ma�e"y 10 % �o 30 % of �he ac�ua" s�orage or opera�ing
�ime required for �he app"ica�ion. When using �he ex�rap-
o"a�ion me�hod, i� is impor�an� �o carefu""y se"ec� �he dis-
charge parame�ers for �he residua" discharge. Curren�
capabi"i�y and anode passiva�ion may change over �he
years and "ead �o erroneous resu"�s if discharge is �oo
fas� or �akes p"ace a� a �empera�ure �ha� devia�es from
�he op�imum. Figure 2-10 gives an examp"e for �he
ex�rapo"a�ion me�hod.

The microca"orime�er me�hod is fair"y expensive and
sophis�ica�ed. I� yie"ds �he hea� ou�pu� corresponding �o
�he presen� s�a�us of a specimen. If �his is ex�rapo"a�ed
over �he fu�ure opera�ing �ime, an es�ima�ion of �he in�e-
gra�ed energy "oss can be ob�ained.The �es� objec�,
however, usua""y s"igh�"y changes i�s proper�ies wi�h
�ime. As a consequence, carefu" ca"ibra�ion of �he ins�ru-
men� and observa�ion of �he ba��ery’s hea� ou�pu� over
severa" mon�hs are s�ringen� prerequisi�es for mean-
ingfu" predic�ions. I� is a"so essen�ia" �o observe a s�a�is-
�ica""y re"evan� samp"e size. If subs�an�ia" devia�ions of
�he da�a are found wi�hin �he samp"e, �his usua""y
ref"ec�s �he sensi�ivi�y of �he me�hod �o various kinds of
error possibi"i�ies ra�her �han �he ba��ery performance
i�se"f. I� shou"d be no�ed here �ha� resu"�s from �he ac�ua"
"ong-�erm discharge me�hod usua""y do no� devia�e by
more �han ±5 % wi�hin �he samp"e whi"e s�andard devia-
�ions of ±50 % are �ypica" for microca"orime�er s�udies
conduc�ed wi�h norma" carefu"ness.

Resu��s
I� is a conformab"e resu"� of �hese me�hods �ha� ba��eries
of �he SL-300 and SL-500 series have a capaci�y "oss
on s�orage of "ess �han 0.5% per year whi"e i� is 2% for
ba��eries of �he SL-700 series.The se"f-discharge ra�e
on opera�ion as indica�ed above, is a func�ion of �he dis-
charge curren�. I�s va"ue is 3 �o 4% per year for an oper-
a�ing "ife of �en years.
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2.6 Orien�a�ion

Depending on mechanica" ce"" design and sys�em prop-
er�ies, �here is a cer�ain dependence of avai"ab"e
capaci�y on ce"" orien�a�ion during discharge.The effec�
is caused by �he �endency of �he e"ec�ro"y�e �o move
�owards �he void and inac�ive space of �he ba��ery if �he
orien�a�ion devia�es from �he preferred direc�ion.The
capi""ary effec� of �he ca�hode and separa�or pores ac�s
agains� �his �endency. As a resu"�, �he orien�a�ion effec�
is sma""er for �hin ca�hodes �han i� is for �hick ones and
is no� even observab"e when discharge curren�s are very
"ow or when ba��eries are moved during discharge.

The genera" capaci�y avai"abi"i�y as a func�ion of orien�a-
�ion can be summarized as fo""ows:

• Throughou� �he nomina" discharge curren� range,
avai"ab"e capaci�y is prac�ica""y unaffec�ed if ba��eries
are discharged uprigh� or horizon�a""y.

• A� �he "ow discharge curren� end or a� infrequen�,
shor�, high curren� discharge pu"ses, capaci�ies are
prac�ica""y unaffec�ed if discharged uprigh� or horizon-
�a""y.

• A� �he high discharge curren� end, avai"ab"e capaci�y
of �he sma"" and f"a� ce""s (AA, ⅔AA, ½AA, WD, XD,
BEL) is vir�ua""y unaffec�ed by orien�a�ion.

• A� �he high curren� end, avai"ab"e capaci�y of big ce""s
(C, D, DD) is affec�ed if �he ba��eries are discharged
upside down.Therefore �his orien�a�ion shou"d be
avoided if possib"e.

• Avai"ab"e capaci�y of a"" ce"" sizes is no� affec�ed by
orien�a�ion if �hey are moved occasiona""y during dis-
charge.

2.7 Tempera�ure Dependence

The nomina" opera�ing �empera�ure of mos� basic series
of Sonnenschein Li�hium Ba��eries ranges from -40°C �o
+85°C. F"a� ce""s �end �o expand somewha� a� �he high
�empera�ure end.They are "imi�ed �o +75°C for �his
reason.The SL-500 series is designed so as �o wi�h-
s�and �empera�ures up �o 130°C. High �empera�ure ba�-
�eries for use up �o 150°C are avai"ab"e upon reques�. A�
�he "ow end of �he �empera�ure range, an ex�ension �o
-55°C and even be"ow is possib"e a"�hough s�orage
down �o -55°C and opera�ion down �o -40°C covers vir-
�ua""y a"" prac�ica" �arge� app"ica�ions.The freezing poin�
of �hiony" ch"oride a� -105°C may be regarded as a "im-
i�ing fac�or.

Genera""y, �empera�ure has an inf"uence on �he ion
mobi"i�y in �he e"ec�ro"y�e and on �he morpho"ogy of �he
pro�ec�ive "ayer.Thus, curren� capabi"i�y increases wi�h
�empera�ure bu� �he effec� is compensa�ed �o a cer�ain
ex�en� by �he increase of passiva�ion during s�orage and
se"f-discharge during opera�ion.

Figure 2-11 shows �he dependence of avai"ab"e
capaci�y of SL-360 ba��eries on �empera�ure.The nom-
ina" capaci�y of 2.3 Ah is marked by a b"ack do�. I� is
found a� room �empera�ure using �he nomina" curren�
which corresponds �o �he 1000 hour ra�e.The figure
shows �he range of capaci�ies found for discharge down
�o an end vo"�age of 2.0 Vo"�s.Three curren� "eve"s are
represen�ed in �he figure. A� each curren� "eve", avai"ab"e
capaci�y increases wi�h �empera�ure s�ar�ing from �he
"ow �empera�ure end �o a maximum somewhere
be�ween 0°C and +40 °C.The maximum for medium cur-
ren�s is found a� 25 °C. I�s posi�ion moves �o higher �em-

pera�ures wi�h increasing curren�. If �empera�ure is
increased beyond �he maximum, se"f-discharge wi""
de�ermine �he resu"�.

A "ook a� �he �hree curves revea"s an in�eres�ing fea�ure:
A� �he high �empera�ure end, �he medium curren� yie"ds
�he highes� capaci�y whi"e bo�h higher and "ower cur-
ren�s "ead �o a "ower efficiency.This can be exp"ained by
�he compe�i�ion be�ween se"f-discharge and passiva�ion,
which coun�erac� each o�her. A passiva�ed anode pro-
viding medium curren� wi"" suffer "i��"e from se"f-
discharge. If �he curren� is increased, however, passiva-
�ion does no� �ake p"ace and �he se"f-discharge due �o
�he increased �empera�ure reduces avai"ab"e capaci�y.

A� "ow curren�s, passiva�ion is high and se"f-discharge
per uni� �ime is very "ow. Bu� if �he curren� is decreased
fur�her, �he opera�ing �imes invo"ved are so "ong �ha� �he
in�egra�ed "oss due �o se"f-discharge increases again
and resu"�s in a reduced avai"ab"e capaci�y.

Whi"e �he preceding discussion may exp"ain some of �he
more basic fea�ures of �he �hiony" ch"oride sys�em, i�
does no� necessari"y s�ress �he ex�raordinary and pow-
erfu" "ong-�erm and high �empera�ure performance of
�hese ba��eries. Figure 2-12 may he"p �o demons�ra�e
�his exce""ence. I� shows �he resu"�s of a discharge �es�
of �en ba��eries of �ype SL-550 (½AA) a� 150 °C. On a
"oad of 560 kΩ corresponding �o an average curren� of
6 µA, �he ba��eries opera�ed for more �han 5 years
yie"ding 65 % of �heir nomina" capaci�y.
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2.8 Environmen�a� Condi�ions

Due �o i�s re"iab"e design, �he Sonnenschein Li�hium
Ba��ery is serviceab"e under ex�reme environmen�a" con-
di�ions.

A��i�ude and Pressure
The sea"ing me�hod and genera" proper�ies of �he ba�-
�ery a""ow s�orage and opera�ion a� any a"�i�ude from �he
ear�h’s surface �o deep space wi�hou� degrada�ion. In �he
opposi�e direc�ion, pressure can be increased up �o 20
a�mospheres or more. S�a�ic force of up �o 200 N on �he
posi�ive �ermina" is a""owab"e.

Vibra�ion
The ba��eries can be subjec�ed �o norma" vibra�ion con-
di�ions during �ranspor� and opera�ion. As a conse-
quence, �hey can be used as a power source in any kind
of �ranspor� sys�em. Some �ypes have even been pro-
posed as a power source for e"ec�ronic devices in car
whee"s.

Magne�ic Proper�ies
The can and cover are made from carefu""y nicke" p"a�ed
co"d ro""ed s�ee" and have �he norma" magne�ic suscep�i-
bi"i�y of �his ma�eria".

Humidi�y
As �he ce"" vo"�age of "i�hium ba��eries exceeds �he
vo"�age needed for e"ec�ro"ysis of wa�er mo"ecu"es, �hey
have �o be pro�ec�ed from "iquid wa�er and condensa-
�ion. A fi"m of wa�er across �he ba��ery �ermina"s may no�
on"y "ead �o corrosion bu� a"so �o ex�erna" discharge.The
Sonnenschein Li�hium Ba��ery wi"", however, no� be
affec�ed by damp hea� or humidi�y wi�hou� condensa�ion.

2.9 In�erna� Resis�ance

The in�erna" resis�ance of a ba��ery is derived by ca"cu-
"a�ion from �he vo"�age behaviour during pu"se "oads.
Assuming �ha� �he same va"ue is ob�ained if amp"i�ude,
dura�ion, and frequency of pu"ses are changed, in�erna"
resis�ance can be used �o predic� �he vo"�age response
of �he ba��ery under arbi�rary pu"se "oads. Unfor�una�e"y,
i� �urns ou� �ha� in�erna" resis�ance of inorganic "i�hium
ba��eries depends on numerous fac�ors which inc"ude
s�orage �ime, �empera�ure, his�ory, "eve" of background
curren�, dep�h of discharge and a few o�hers.This
makes i� difficu"� �o predic� �he ba��ery’s behaviour from
one or even a few in�erna" resis�ance va"ues.

I� is, however, impor�an� �o deve"op a genera" under-
s�anding of �he evo"u�ion of in�erna" resis�ance wi�h oper-
a�ing �ime in order �o op�imize �he usefu" ba��ery "ife.
Figure 2-13 shows �he discharge curve (1) of a Son-
nenschein Li�hium Ba��ery on a con�inuous "oad corre-
sponding �o approxima�e"y 10 µA/cm², superimposed
wi�h 6 pu"ses per hour of 10 mA/cm².The opera�ing "ife
is approxima�e"y 9 mon�hs. For 97 % of �he ba��ery’s "ife,
�he vo"�age Ug on �he basic "oad remains above
3.6 Vo"�s.

In�erna" resis�ance is represen�ed by curve (3). I� was
ca"cu"a�ed from �he vo"�age drop on app"ica�ion of �he
pu"se "oad using �he equa�ion

Ri =
∆U

=
Uc - Up___ _______

∆I Ip - Ic

wi�h c = con�inuous discharge

p = pu"se "oad

Curve (2) shows �he vo"�age Up during pu"ses.

When discharge commences, �he in�erna" resis�ance
drops from i�s ini�ia" va"ue – corresponding �o anode
passiva�ion – �o a s�a�ionary p"a�eau va"ue.

I� is on"y af�er 70 % of �he ba��ery’s "ife �ha� �he in�erna"
resis�ance rises again, indica�ing �ha� �he ba��ery
approaches i�s end of "ife. If �he app"ica�ion requires
pu"ses, ba��ery vo"�age may drop be"ow �he required "imi�
a� �his poin�. Making use of �he fac� �ha� �he e"ec�romo-
�ive force of �he ba��ery remains above 3.6 Vo"�s un�i"
comp"e�e exhaus�ion, i� is possib"e, however, wi�h �he aid
of a sui�ab"e capaci�or �o ex�end opera�ing "ife beyond
�his poin� if �he required pu"ses are no� �oo "ong. For
addi�iona" de�ai"s p"ease refer �o chap�er 7.
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Figure 2-13
Schema�ic diagram showing �he evo"u�ion of in�erna"
resis�ance during ce"" discharge a� room �empera�ure.
The con�inuous curren� of approxima�e"y 10 µA/cm² is
superimposed wi�h 6 pu"ses per hour of 10 mA/cm² for
0.5 s. In order �o make �he diagram independen� of ba�-
�ery size, �he in�erna" resis�ance on �he secondary ordi-
na�e was mu"�ip"ied by �he e"ec�rode surface area.
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2.10 Fea�ures and A��ribu�es of �he Basic
Series

Series SL-300
Keywords: s�andard use and s�and-by

• Exce""en� she"f "ife (10 years)

• Ex�reme"y "ow se"f-discharge ("ess �han 0.5 % per
year on she"f)

• Sui�ed for "ong-�erm use wi�h "ow curren�

• For opera�ion a� "ow curren� "eve"s wi�h "ong s�ands

• In�ermi��en� discharge wi�h medium curren� "eve" pro-
vided �he average is no� be"ow �he ac�ive curren�
"eve"

• Tempera�ure range from -55°C �o +85 °C (f"a� ba�-
�eries up �o +75 °C)

Series SL-500
Keyword: ex�ended �empera�ure range

• Ex�ension of �empera�ure range up �o +130 °C

• Somewha� sma""er capaci�y

• O�herwise "ike series SL-300

Series SL-700
Keyword: enhanced s�ar�

• Major improvemen� of vo"�age de"ay a� �he s�ar� of
discharge a� medium curren� "eve"s (TMV)

• Bes� resu"�s if used af�er no more �han 3 years of
s�orage

• In�ermi��en� discharge a� medium curren� "eve"s

• O�herwise "ike series SL-300

Compu�er ba��eries
• Supp"ied wi�h p"as�ic ou�er case, cab"e and connec�or

• C"assified by UL as “user-rep"aceab"e”

• Some versions wi�h curren� and/or vo"�age "imi�a�ion

• Some versions con�ain �wo or more ce""s.

• O�herwise "ike series SL-300

• P"ease reques� se"ec�ion "is� for PC’s.

3 Ce"" Design

3.1 Ce�� Componen�s and Ma�eria�s 

Anode
The anode is made of a ba��ery grade "i�hium foi", which
is ro""ed agains� �he inner surface of �he ce"" can �o pro-
vide a mechanica""y sound and re"iab"e e"ec�rica" con-
nec�ion.

Ca�hode
The ca�hode is made of high"y porous Tef"on-bonded
carbon b"ack whose e"ec�ronic conduc�ivi�y is needed for
�he charge �ransfer �o �ake p"ace.Thiony" ch"oride
ca�hodic reduc�ion is ca�a"yzed by �he ca�hode surface
when a "oad is connec�ed.The pores of �he carbon
ca�hode re�ain bo�h �he reac�an�s and �he produc�s of
�his process.

Separa�or
The separa�or, be�ween �he anode and �he ca�hode, pre-
ven�s in�erna" shor�-circui�s and hence immedia�e dis-
charge whi"e enab"ing ions �o move free"y be�ween �he
e"ec�rodes. I� is made of non-woven g"ass, carefu""y
se"ec�ed for compa�ibi"i�y wi�h �he chemica" sys�em
during pro"onged s�orage and opera�ion.

E�ec�ro�y�e
The e"ec�ro"y�e is basica""y a so"u�ion of "i�hium a"u-
minum �e�rach"oride in �hiony" ch"oride, which re�ains i�s
ionic conduc�ivi�y over �he en�ire �empera�ure range.Thi-
ony" ch"oride freezes on"y a� -105°C.The e"ec�ro"y�e
�hus con�ribu�es essen�ia""y �o �he ou�s�anding "ow �em-
pera�ure performance of �he ba��eries. From �he s�and-
poin� of �he e"ec�rochemica" reac�ion, �hiony" ch"oride
a"so forms �he ac�ive depo"arizer.The e"ec�ro"y�e is
�herefore of�en referred �o as ca�ho"y�e.

Curren� Co��ec�or
A me�a" curren� co""ec�or provides �he e"ec�rica" connec-
�ion be�ween �he porous carbon ca�hode and �he posi-
�ive �ermina" of �he ba��ery. Differen� forms of curren� co"-
"ec�or are used for sma"" ce""s (½AA, ⅔AA, and AA), big
ce""s (C, D, and DD), and f"a� ce""s (BEL, XD, WD).

Can and Cover
The ce"" can and cover are made of nicke"-p"a�ed co"d-
ro""ed s�ee".The can is designed �o wi�hs�and �he
mechanica" s�resses �ha� wou"d be encoun�ered over �he
an�icipa�ed wide range of environmen�a" service condi-
�ions.

3.2 Mechanica� Design

Sonnenschein Li�hium �hiony" ch"oride ba��eries are
manufac�ured in �wo dis�inc� mechanica" designs, �he
cy"indrica" bobbin �ype, and f"a� ce""s.These �wo designs
differ in �he ra�io of heigh� and diame�er as we"" as in �he
way anode and ca�hode are arranged wi�h respec� �o
each o�her.

Bobbin Design
In �he bobbin design (Fig. 3-1), �he ca�hode is cy"indrica"
in shape.The anode is ro""ed agains� �he inner wa"" of
�he ba��ery case.This offers severa" advan�ages from �he
s�andpoin� of safe�y. In �he even� of an unin�en�iona"
shor�-circui� �he discharge curren�s canno� exceed a "imi�
�ha� preven�s hazardous si�ua�ions.The hea� genera�ed,
primari"y a� �he con�ac� surface be�ween �he anode and
ca�hode, can easi"y be dissipa�ed �o �he ou�side.The
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design "eads �o a safe ba��ery �ha� needs no addi�iona"
rup�ure ven�.

F�a� Ce��s
In �he f"a� ce""s (Fig. 3-2), �he anode is pressed on�o �he
bo��om of �he case, and �he ca�hode, having �he shape
of a disk, is si�ua�ed on �op of �he anode.The design
has �he same advan�ages wi�h respec� �o in�rinsic safe�y
as �ha� of �he bobbin version.

Je��y-Ro�� Design
When �he modera�e ra�e capabi"i�y of �he bobbin �ype
design is no� sufficien�, �he so-ca""ed je""y-ro"" design
may presen� a so"u�ion. In �his �ype of ce"", �he anode
and ca�hode ma�eria" have �he shape of "ong �hin s�rips
�ha� are wound "ike a je""y-ro"". This yie"ds a "arger
e"ec�rode surface area and a grea�er curren� capabi"i�y. A
comparab"e s�andard of safe�y is achieved in �his version
by means of addi�iona" design measures, "ike a rup�ure
ven� and a fuse.

Herme�ic Sea�
Sonnenschein Li�hium engineers have carefu""y
designed �he sea"ing be�ween �he posi�ive (+) ce"" �er-
mina" and �he ce"" cover, which has �he same e"ec�ric
po�en�ia" as �he nega�ive (–) �ermina". Hermi�ici�y is
ensured by a g"ass-�o-me�a" sea" using �he compression
sea" �echno"ogy. In addi�ion, �he ce"" cover is we"ded �o
�he ce"" can by a LASER beam we"ding process. In
con�ras� �o mos� sys�ems using crimp sea" �echniques or
po"ymer ma�eria"s, �he sea"ing and insu"a�ing sys�em of
Sonnenschein Li�hium Ba��eries is no� sensi�ive �o �em-
pera�ure and humidi�y changes of any kind wi�hin �he
range of opera�ing condi�ions. I� is �hus a major con�rib-
u�or �o �he exce""en� she"f and opera�ing "ives ob�ained.

Safe�y Ven�
A safe�y ven� is some�imes incorpora�ed in herme�ica""y
sea"ed ba��eries in order �o reduce �he burs� pressure of
�he ce"" case.This has no� been found �o be an advan-
�age wi�h Sonnenschein Li�hium Ba��eries.The majori�y
are �herefore no� ven�ed. Under a"" condi�ions of use,
in�erna" pressure s�ays far be"ow �he burs� pressure.
However, under ex�reme condi�ions of abuse, "ike e.g.
hea�ing in fire or by forcing a "arge curren� �hrough �he
ce"", in�erna" pressure may reach a cri�ica" va"ue. Experi-
ence has proven �ha� i� is possib"e �o avoid �hese condi-
�ions successfu""y. No incidence was repor�ed from �he
fie"d wi�hin more �han 20 years of experience wi�h �his
ce"" design. Obvious"y, a c"ose and s�raigh�forward cus-
�omer consu"�a�ion is necessary �o �his end.

I� shou"d be no�ed �ha� safe�y ven�s are compu"sory for
user-rep"aceab"e ba��eries and for spira""y wound ce""s.
In �hese cases, �he draw-backs of a ven� wi�h respec� �o
"ong-�erm re"iabi"i�y and cos� effec�iveness are accep�-
ab"e. Sonnenschein Li�hium is prepared �o supp"y mos�
ba��ery �ypes wi�h a ven� if required.

Posi�ive Termina"
P"as�ic Cover
We"ding Seam
Ce"" Cover
G"ass-�o-Me�a" Sea"
Insu"a�or
Curren� Co""ec�or
Li�hium Anode
Ca�hode
Separa�or
Insu"a�ing S"eeve
Ce"" Can
Nega�ive Termina"

Figure 3-1
Cross sec�iona" view 
of a ½AA size ce"" 
(bobbin version)

Nega�ive Termina"
Posi�ive Termina"
G"ass-�o-Me�a" Sea"
Insu"a�ing Shee�
Ce"" Cover
We"ding Seam
Insu"a�ing S"eeve
Insu"a�or
Ce"" Can
Ca�hode
Curren� Co""ec�or
Separa�or
Li�hium Anode

Figure 3-2
Cross sec�iona" view 
of a WD size ce"" 
(f"a� ce"")
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3.3 Chemica� Reac�ion and Pro�ec�ive Layer

The genera""y accep�ed overa"" discharge reac�ion during
curren� f"ow is as fo""ows:

Anodic oxida�ion:
4 Li → 4 Li+ + 4e–

Ca�hodic reduc�ion:
2 SOC"2 → SO2 + S + 4 C"– – 4e–

Overa"" reac�ion:
4 Li + 2 SOC"2 → 4 LiC" + S + SO2

Mos� of �he su"phur dioxide formed during discharge is
disso"ved in �he e"ec�ro"y�e by comp"ex forma�ion.This
resu"�s in a "ow in�erna" pressure before, during and af�er
norma" discharge.

A pro�ec�ive "ayer on �he "i�hium surface is responsib"e
for �he exce""en� she"f "ife of "i�hium �hiony" ch"oride ba�-
�eries since i� effec�ive"y preven�s se"f-discharge.The
"ayer basica""y consis�s of "i�hium ch"oride crys�a"s �ha�
are formed as soon as �he e"ec�ro"y�e comes in�o con-
�ac� wi�h �he "i�hium anode during ce"" manufac�ure. As
�he "ayer grows, i� preven�s fur�her reac�ion.

If an ex�erna" "oad is connec�ed �o �he ba��ery, "i�hium
ions formed on �he anode surface can migra�e �hrough
�he "ayer which con�ains a sufficien� number of vacan-
cies needed for �his process. If �he curren� drain is
increased �he mo�ion of �he "i�hium ions wi"" dis�urb �he
ionic "a��ice of �he "ayer and even�ua""y disrup� i� or even
break i� up comp"e�e"y. A� each "eve" of �his process, �he
conduc�ivi�y of �he "ayer is increased.The in�erna" resis-
�ance �hus decreases a""owing for �he vo"�age �o reach a
s�ab"e va"ue.The process of adap�a�ion usua""y �akes
some �ime and is responsib"e for �he vo"�age de"ay.

The pro�ec�ive "ayer can be considered as consis�ing of
�wo dis�inc� par�s.The one which is on �he "i�hium sur-
face is compac� and �hin. I� is referred �o as �he so"id
e"ec�ro"y�e in�erface (SEI). On �op of �his "ayer �here is a
more porous "ayer of corrosion produc�s which, �o some
ex�en�, b"ocks �he surface of �he anode bu� does no�
�ake par� in �he e"ec�rochemica" processes. I� is of�en
referred �o as secondary porous "ayer (SPL).

The morpho"ogy, �hickness, mechanica" s�reng�h, and
porosi�y of �he "ayer inf"uence �he vo"�age behaviour
when �he ba��ery is firs� "oaded.The mos� severe vo"�age
de"ay wi"" be encoun�ered for ba��eries s�ored for "ong
periods a� e"eva�ed �empera�ure, discharged a� "ow �em-
pera�ure (or during �he coo"ing down period), and a� high
curren� densi�y.

Figure 3-4 is a schema�ic overview of �he reac�ions
�aking p"ace in a "i�hium �hiony" ch"oride ce"".

Fur�her reading:

Carbon ca�hode: E.Yeager e� a"., Proc. Power Sources Conf. 33, 115 (1988)

Pro�ec�ive "ayer: E. Pe"ed in J.P. Gabano, Li�hium Ba��eries, London 1983

Reduc�ion of �hiony" ch"oride: C. Sch"aikjer, J. Power Sources 26, 161 (1989)
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Figure 3-4
Reac�ion mechanism of "i�hium �hiony" ch"oride ba��eries.
The circ"es are en"arged views of �he anode surface
("ower "ef�) and ca�hode surface (upper righ�).The anode
surface is covered wi�h �he SEI (so"id e"ec�ro"y�e in�er-
face) and �he SPL (secondary porous "ayer) on �op of i�.
On �he ca�hode and on �he separa�or, bo�h "i�hium ch"o-
ride and su"fur crys�a"s have formed as reac�ion prod-
uc�s.

+
+

C  Forma�ion of anodic "ayerB  Disso"u�ion of Li+A  Oxida�ion of Li and �ranspor� of Li+ in �he SEI
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4.1 Genera�

Each ba��ery sha"" be used wi�hin �he frame of in�ended
use.This is defined as “�he use of a produc�, process or
service under condi�ions or for purposes in accordance
wi�h specifica�ions and ins�ruc�ions provided by �he
supp"ier - inc"uding informa�ion for pub"ici�y purposes”.

In Sonnenschein Li�hium Ba��eries, safe�y requiremen�s
are considered a� �he design s�a�e, as we"" as
�hroughou� �he produc�ion, �ranspor�, in�ended use, fore-
seeab"e misuse and disposa".The design of Sonnen-
schein Li�hium Ba��eries has inheren� safe�y fea�ures,
due �o:

a) good hea� dissipa�ion

b) re"a�ive"y sma"" surface area of �he e"ec�rodes

c) "imi�ed shor�-circui� curren� and �hus "imi�ed �empera-
�ure rise in �he even� of a shor�-circui�.

Due �o �hese op�imiza�ions of �he design, �he ba��eries
do no� need a ven�, which is a dis�inc� difference �o mos�
of �he o�her commercia" "i�hium ba��eries.

4.2 In�ended use �es�s

Fo""owing is a descrip�ion of in�ended use and reason-
ab"y foreseeab"e misuse �es�s �ha� are app"icab"e �o
Sonnenschein Li�hium Ba��eries.The �es� condi�ions are
based on procedures which are pub"ished in �he In�erna-
�iona" S�andard IEC 60086-4, second edi�ion. IEC is �he
In�erna�iona" E"ec�ro�echnica" Commission in Geneva.

Discharge �es�
This �es� simu"a�es �he ac�ua" use of ba��eries.The
"imi�ing resis�ance va"ue sha"" be specified for each ba�-
�ery �ype.

The undischarged ba��ery is discharged, under "imi�ing
resis�or R1 for a �es� dura�ion �d

�d = Cn × R1 / Un

where

�d is �he �es� dura�ion;

Cn is �he nomina" capaci�y;

Un is �he nomina" vo"�age;

R1 is a resis�ive "oad se"ec�ed such �ha� �he
average curren� draw is �he same as �he
maximum discharge curren� specified in �he
Sonnenschein Li�hium Produc� Da�a Ca�a-
"ogue.

The �es� sha"" be carried ou� a� 20 °C ± 2 °C un�i" �he ba�-
�ery is fu""y discharged and, in a separa�e �es�, a� 
60 °C ± 2 °C un�i" �he ba��ery is fu""y discharged.

Tes� ba��eries pass �he �es� if �here is no "eakage, no
ven�ing, no exp"osion and no fire.

Vibra�ion �es�
This �es� simu"a�es vibra�ion during �ranspor�a�ion.

The �es� ba��eries sha"" be subjec�ed �o simp"e harmonic
mo�ion wi�h an amp"i�ude of 0.8 mm (1.6 mm �o�a"
maximum excursion).The frequency sha"" be varied a� a
ra�e of 1 Hz/min be�ween 10 Hz and 55 Hz, and re�urn in
no "ess �han 90 min and no more �han 100 min.The �es�
ba��ery sha"" be �es�ed in �hree mu�ua""y perpendicu"ar
direc�ions. If a �es� ba��ery has on"y �wo axes of sym-
me�ry, i� sha"" be �es�ed in �wo direc�ions perpendicu"ar
�o each axis.

4 Safe�y

The �es� sha"" be conduc�ed wi�h undischarged ba��eries
and wi�h fu""y discharged ba��eries.

Tes� ba��eries pass �he �es� if �here is no weigh� "oss, no
dis�or�ion, no "eakage, no ven�ing, no exp"osion and no
fire.

Mechanica� shock �es�
This �es� simu"a�es crash condi�ions or rough hand"ing
during �ranspor�a�ion.

The �es� ba��eries sha"" be secured �o �he �es�ing
machine by means of a rigid moun� which wi"" suppor�
a"" moun�ing surfaces of each �es� ba��ery. Each �es� ba�-
�ery sha"" be subjec�ed �o a �o�a" of �hree shocks of
equa" magni�ude.The shocks sha"" be app"ied in each of
�hree mu�ua""y perpendicu"ar axes. Each shock sha"" be
app"ied in a direc�ion norma" �o a face of �he �es� ba��ery.
For each shock, �he �es� ba��ery sha"" be acce"era�ed in
such a manner �ha� during �he firs� �hree mi""iseconds
�he minimum average acce"era�ion is 75 gn.The peak
acce"era�ion sha"" be be�ween 125 gn and 175 gn.

The �es� sha"" be conduc�ed wi�h undischarged ba��eries
and wi�h fu""y discharged ba��eries.

The �es� sha"" be conduc�ed using �he ba��eries pre-
vious"y subjec�ed �o �he vibra�ion �es�.

Tes� ba��eries pass �he �es� if �here is no weigh� "oss, no
dis�or�ion, no "eakage, no ven�ing, no exp"osion and no
fire.

A��i�ude �es�
This �es� simu"a�es air �ranspor�a�ion under "ow pressure
condi�ions.

Tes� ba��eries sha"" be s�ored a� a pressure of 11.6 kPa
or "ess for a� "eas� 6 h and a� a �empera�ure of 
20 °C ± 2 °C.

Tes� ba��eries pass �he �es� if �here is no "eakage, no
ven�ing, no exp"osion and no fire.

Therma� shock �es�
This �es� assesses ba��ery sea" in�egri�y under condi-
�ions of rapid �empera�ure changes.

Tes� ba��eries sha"" be s�ored for 48 h a� a �empera�ure
of 75 °C ± 2 °C, fo""owed by s�orage for 6 h a� a �empera-
�ure of –20 °C ± 2 °C, fo""owed by s�orage for a� "eas�
24 h a� ambien� �empera�ure.The maximum �ime for
�ransfer �o each �empera�ure sha"" be 5 min.

The �es� sha"" be conduc�ed using �he ba��eries pre-
vious"y subjec�ed �o �he a"�i�ude simu"a�ion �es�.

Tes� ba��eries pass �he �es� if �here is no "eakage, no
ven�ing, no exp"osion and no fire.

4.3 Reasonab�y foreseeab�e misuse �es�s

In order �o eva"ua�e �he safe�y "imi�s of "i�hium ba��eries
even under ex�reme abuse condi�ions, �he �es�s "is�ed
be"ow are provided.

Warning
These �es�s ca�� for �he use of procedures which may
resu�� in injury if adequa�e precau�ions are no� �aken. I�
has been assumed in �he draf�ing of �hese �es�s �ha�
�heir execu�ion is under�aken by appropria�e�y qua�ified
and experienced �echnicians using adequa�e pro�ec�ion.

The descrip�ion of abuse �es�s in �his brochure is for
demons�ra�ion purposes on�y. During hand�ing and app�i-
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ca�ion of �i�hium ba��eries, abusive condi�ions mus� be
avoided.

The range of in�ended use for Sonnenschein Li�hium
Ba��eries is specified in �he da�a shee�s (see a�so chap-
�ers 2 and 7 of �his brochure). Any app�ica�ion or �es�
requiring performance beyond �he �imi�s given in �he
da�a shee�s mus� be approved by Sonnenschein
Li�hium.

P"ease refer �o chap�er 5 for abuse �es�s performed
wi�hin �he frame of �he Underwri�ers Labora�ories s�an-
dard for safe�y as we"" as re"evan� mi"i�ary s�andards.

Ex�erna� shor� circui� �es�
This misuse may occur during hand"ing of ba��eries.

The �es� ba��eries sha"" be s�abi"ised a� 55 °C ± 2 °C and
�hen subjec�ed �o a shor�-circui� condi�ion wi�h a �o�a"
ex�erna" resis�ance of "ess �han 0.1 Ω a� 55 °C ± 2 °C.
This shor�-circui� condi�ion is con�inued for a� "eas� 1 h
af�er �he ba��ery case �empera�ure has re�urned �o 
55 °C ± 2 °C.

The �es� sha"" be conduc�ed using �he ba��eries pre-
vious"y subjec�ed �o �he vibra�ion �es� and shock �es�,
and, separa�e"y, using �he ba��eries previous"y subjec�ed
�o �he a"�i�ude �es� and �he �herma" shock �es�.

Tes� ba��eries pass �he �es� if �here is no exp"osion and
no fire.

Charge �es� 1
This �es� simu"a�es �he condi�ion when one ba��ery in a
se� is reversed.

A �es� ba��ery is connec�ed in series wi�h �hree undis-
charged addi�iona" ba��eries of �he same �ype in such a
way �ha� �he �ermina"s of �he �es� ba��ery are connec�ed
in reverse.

A resis�ive "oad R2 is connec�ed in series �o �he above
assemb"y of ba��eries where R2 is se"ec�ed such �ha� �he
average curren� draw is �he same as �he maximum
discharge curren� specified in �he Sonnenschein Li�hium
Produc� Da�a Ca�a"ogue.

The circui� sha"" be c"osed, charging �he �es� ba��ery.The
�es� sha"" be con�inued un�i" �he �o�a" vo"�age reaches 
10 % of �he origina" open circui� vo"�age or for 24 h,
whichever is "onger.

The �es� sha"" be carried ou� a� 20 °C ± 2 °C.

Tes� ba��eries pass �he �es� if �here is no exp"osion and
no fire.

Charge �es� 2
This �es� simu"a�es �he condi�ion when a ba��ery is fi��ed
wi�hin a device and is exposed �o a reverse vo"�age from
an ex�erna" power supp"y, for examp"e memory backup
equipmen� wi�h a defec�ive diode.

Each �es� ba��ery sha"" be subjec�ed �o a charging cur-
ren� of �hree �imes �he maximum reverse (charging) cur-
ren� IR max specified in �he Sonnenschein Li�hium Produc�
Da�a Ca�a"ogue by connec�ing i� in opposi�ion �o a DC
power supp"y. Un"ess �he power supp"y a""ows for se��ing
�he curren�, �he specified charging curren� sha"" be
ob�ained by connec�ing a resis�or of �he appropria�e size
and ra�ing in series wi�h �he ba��ery.

The �es� dura�ion sha"" be ca"cu"a�ed using �he formu"a:

�d = 2.5 × Cn / (3 × IR max)

where

�d is �he �es� dura�ion;

Cn is �he nomina" capaci�y;

IR max is �he maximum reverse (charging) curren�
specified in �he Sonnenschein Li�hium Produc�
Da�a Ca�a"ogue.

The �es� sha"" be carried ou� a� 20 °C ± 2 °C.

Tes� ba��eries pass �he �es� if �here is no exp"osion and
no fire.

Overdischarge �es�
This �es� simu"a�es �he condi�ion when one discharged
ba��ery is connec�ed in series wi�h o�her undischarged
ba��eries.

Each �es� ba��ery sha"" be predischarged �o 50 % dep�h
of discharge. I� sha"" �hen be connec�ed in series wi�h
�hree undischarged addi�iona" ba��eries of �he same
�ype.

A resis�ive "oad R3 is connec�ed in series �o �he above
assemb"y of ba��eries where R3 is se"ec�ed such �ha� �he
average curren� draw is �he same as �he maximum
discharge curren� specified in �he Sonnenschein Li�hium
Produc� Da�a Ca�a"ogue.

The �es� sha"" be carried ou� un�i" �he �o�a" vo"�age rea-
ches 10 % of �he origina" open circui� vo"�age or for 24 h,
whichever is "onger.

The �es� sha"" be carried ou� a� 20 °C ± 2 °C.

The �es� sha"" be repea�ed wi�h fu""y predischarged �es�
ba��eries.

Tes� ba��eries pass �he �es� if �here is no exp"osion and
no fire.

Free fa�� �es�
This �es� simu"a�es �he si�ua�ion when a ba��ery is acci-
den�a""y dropped.

Undischarged �es� ba��eries sha"" be dropped from a
heigh� of 1 m on�o a concre�e surface. Each �es� ba��ery
sha"" be dropped 6 �imes, a prisma�ic ba��ery once on
each of i�s 6 faces, a round ba��ery �wice in each of i�s
�hree axes.The �es� ba��eries sha"" be s�ored for one
hour af�erwards.

The �es� sha"" be repea�ed wi�h 25 % predischarged �es�
ba��eries.

Tes� ba��eries pass �he �es� if �here is no exp"osion and
no fire.

Crush �es� 
This �es� simu"a�es �he condi�ion when a ba��ery is
exposed �o forces encoun�ered during househo"d was�e
disposa", e.g. �rash compac�ion.

A �es� ba��ery sha"" be crushed be�ween �wo f"a� sur-
faces.The force sha"" be app"ied by a vise or by a
hydrau"ic ram wi�h a 32 mm diame�er pis�on.The
crushing sha"" be con�inued un�i" a pressure reading of
17 MPa is reached on �he hydrau"ic ram, app"ied force
approxima�e"y 13 kN. Once �he maximum pressure has
been ob�ained �he pressure sha"" be re"eased.

A cy"indrica" ba��ery sha"" be crushed wi�h i�s "ongi�udina"
axis para""e" �o �he f"a� surfaces of �he crushing appa-
ra�us. A prisma�ic ba��ery sha"" be crushed by app"ying
�he force in �he direc�ion of one of �he �wo axes perpen-
dicu"ar �o i�s "ongi�udina" axis, and, separa�e"y, by app-
"ying �he force in �he direc�ion of �he o�her one of �hese

Sonnenschein Li�hium
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�wo axes. A bu��on/coin ba��ery sha"" be crushed by app-
"ying �he force on i�s f"a� surfaces.

Each �es� ba��ery sha"" on"y be crushed once.

Tes� ba��eries pass �he �es� if �here is no exp"osion and
no fire.

Therma� abuse �es�
This �es� simu"a�es �he condi�ion when a ba��ery is
exposed �o an ex�reme"y high �empera�ure.

A �es� ba��ery sha"" be p"aced in an oven and �he �empe-
ra�ure raised a� a ra�e of 5 °C/min �o a �empera�ure of
130 °C ± 2 °C a� which �he ba��ery sha"" remain for
10 min.

Tes� ba��eries pass �he �es� if �here is no exp"osion and
no fire.

4.4 Informa�ion for safe�y

This paragraph con�ains genera" safe�y informa�ion and
is based on IEC pub"ica�ion 60086-4 which refers �o
"i�hium ba��eries of any kind, inc"uding �hose for con-
sumer use.

Charge pro�ec�ion
When incorpora�ing a primary "i�hium ba��ery in�o a
memory back-up circui�, a b"ocking diode and curren�
"imi�ing resis�or or o�her pro�ec�ive devices sha"" be used
�o preven� �he main power source from charging �he ba�-
�ery (see Figure 7-1).

Para��e� connec�ion
Para""e" connec�ion shou"d be avoided when designing
ba��ery compar�men�s. However, para""e" connec�ion may
be used in �he assemb"y of ba��ery packs as described
in paragraph 7.3.

Safe�y precau�ions during hand�ing
When used correc�"y, "i�hium ba��eries provide a safe
and dependab"e source of power. However, if �hey are
misused or abused, �he fo""owing possib�e resu��s may
occur:

• "eakage or

• ven�ing or in ex�reme cases

• exp"osion and/or 

• fire.

Do no� inser� ba��eries in reverse. Observe �he + and –
markings on ba��ery and equipmen�.

When ba��eries are inser�ed in reverse �hey may be
shor�-circui�ed or charged wi�h �he possib"e resu"�s men-
�ioned above.

Do no� shor�-circui� ba��eries

When �he posi�ive (+) and nega�ive (–) �ermina"s of a
ba��ery are connec�ed direc�"y wi�h each o�her, �he ba�-
�ery becomes shor�-circui�ed wi�h �he possib"e resu"�s
men�ioned above. One of �he bes� ways �o avoid shor�-
circui�ing is �o s�ore unused ba��eries in �heir origina"
packaging.

Do no� charge ba��eries

A��emp�ing �o charge a primary ba��ery may cause
in�erna" gas and/or hea� genera�ion wi�h �he possib"e
resu"�s men�ioned above.

Do no� force discharge ba��eries

When ba��eries are force discharged by means of an
ex�erna" power source, �he vo"�age of �he ba��ery wi"" be
forced be"ow i�s design capabi"i�y wi�h �he possib"e
resu"�s men�ioned above.

Do no� mix ba��eries

When rep"acing ba��eries, rep"ace a"" of �hem a� �he
same �ime wi�h new ba��eries of �he same brand and
�ype. O�herwise some ba��eries may be charged due �o a
difference of ce"" vo"�age or overdischarged due �o a dif-
ference of capaci�y wi�h �he possib"e resu"�s men�ioned
above.

Do no� �eave discharged ba��eries in equipmen�

A"�hough Sonnenschein Li�hium Ba��eries are mos�
high"y "eak resis�an�, a ba��ery �ha� has been exhaus�ed
may be more prone �o "eak �han one �ha� is unused.

Do no� overhea� ba��eries

When a ba��ery is overhea�ed, e"ec�ro"y�e may be
re"eased and separa�ors may de�eriora�e wi�h �he pos-
sib"e resu"�s men�ioned above.

Do no� we�d or so�der direc��y �o ba��eries

The hea� from we"ding or so"dering direc�"y �o a ba��ery
may cause �he "i�hium �o me"� wi�h �he possib"e resu"�s
men�ioned above.

Do no� open ba��eries

When a ba��ery ce"" is opened �he componen�s may
cause persona" injury or fire.

Do no� deform ba��eries

Li�hium ba��eries shou"d no� be crushed, punc�ured, or
o�herwise mu�i"a�ed because �his may "ead �o �he pos-
sib"e resu"�s men�ioned above.

Do no� dispose of ba��eries in fire

When ba��eries are disposed of in fire �he possib"e
resu"�s men�ioned above may occur. Do no� incinera�e
ba��eries excep� for approved disposa" in a con�ro""ed
incinera�or.

Do no� expose con�en�s �o wa�er

When �he con�ainer of a "i�hium ba��ery is damaged,
"i�hium me�a" may be exposed.This may "ead �o �he for-
ma�ion of hydrogen gas wi�h �he possib"e resu"�s men-
�ioned above.

Keep ba��eries ou� of �he reach of chi�dren

Especia""y keep swa""owab"e ba��eries ou� of �he reach of
chi"dren. In case of inges�ion of a ce"" or ba��ery, seek
medica" assis�ance promp�"y.
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Sonnenschein Li�hium Inorganic Ba��eries mee� re"evan�
s�andards "ike UL 1642 (Underwri�ers Labora�ories),
EN 50014 (exp"osive a�mospheres) and mi"i�ary s�an-
dards as we"" as severa" o�her app"ica�ion orien�ed ones
"ike e.g. s�andards for safe�y and a"arm equipmen�, s�an-
dards for u�i"i�y me�ers, and o�hers. Whi"e some of �hese
s�andards do inc"ude performance requiremen�s for spe-
cific app"ica�ions, �he majori�y of �hem dea"s on"y wi�h
safe�y aspec�s and environmen�a" condi�ions during
s�orage, �ranspor� and use. No genera" s�andards exis�
for e"ec�rica" performance of mos� inorganic "i�hium ba�-
�eries. If reference is made �o designa�ions "is�ed in
ANSI C 18.1 (e.g. size AA) or �o designa�ions "is�ed in
IEC 60086, par�s 1 and 2 (e.g. size R6) �his per�ains
on"y �o �he size of �he ba��ery, no� �o i�s performance.

Sonnenschein Li�hium Ba��eries are submi��ed for qua"ifi-
ca�ion according �o �he requiremen�s of �he marke�.
Sonnenschein Li�hium engineers offer �heir suppor�
whenever conformi�y of a specific ba��ery wi�h one of �he
s�andards men�ioned be"ow or wi�h o�her s�andards
needs �o be es�ab"ished.

5 Conformi�y wi�h S�andards

5.1 Underwri�ers Labora�ories

Underwri�ers Labora�ories Inc. (UL) is a non-profi� organ-
iza�ion whose objec�ive is �o se� s�andards for produc�
safe�y and supervise comp"iance wi�h �hese s�andards
by manufac�urers of componen�s or equipmen�.

Sonnenschein Li�hium Ba��eries comp"y wi�h �he UL-
s�andards as described here and in �he re"evan� produc�
da�a shee�s.The fo""owing UL documen�a�ion refers �o
�hese ba��eries.

UL S�andard for Safe�y No.1642, Li�hium Ba��eries
Componen� Ca�egory No. BBCV2
Fi"e No. MH12827

The safe�y �es�s covered by �his s�andard are summar-
ized in �ab�e 5-1. The s�andard a"so describes minimum
requiremen�s for casing, marking, pro�ec�ion circui�s
agains� abnorma" charging and a few o�her subjec�s.

Pro�ec�ion agains� charging
Whenever "i�hium ba��eries are no� �he sing"e power
source in a circui� �he fo""owing measures recommended
by Underwri�ers Labora�ories are re"evan�.The ce""s
shou"d no� be connec�ed in series wi�h an e"ec�rica"
power source �ha� wou"d increase �he forward curren�
�hrough �he ce""s.The circui� for �hese ce""s sha"" inc"ude
one of �he fo""owing (p"ease refer �o paragraph 7.1 for a
circui� diagram):

A. Two sui�ab"e diodes or �he equiva"en� in series wi�h
�he ce""s �o preven� any reverse (charging) curren�.The
second diode is used �o provide pro�ec�ion in �he even�
�ha� one shou"d fai". Qua"i�y con�ro", or equiva"en� proce-
dures, sha"" be es�ab"ished by �he device manufac�urer
�o ensure �he diode po"ari�y is correc� for each uni�, or

B. A b"ocking diode or �he equiva"en� �o preven� any
reverse (charging) curren� and a resis�or �o "imi� curren�
in case of a diode fai"ure.The resis�or shou"d be sized �o
"imi� �he reverse (charging) curren� �o �he maximum
va"ues given in �he Sonnenschein Li�hium Produc� Da�a
Ca�a"ogue.

I� shou"d be no�ed here �ha� �he resis�or R shou"d be
dimensioned such �ha�  I = Un / R does no� exceed �he
given maximum va"ues, Un being �he nomina" vo"�age of
�he ba��ery.

Ba��ery Rep�acemen�
Li�hium ba��eries of �his ca�egory are �echnician-
rep"aceab"e un"ess i� is no�ed in �he da�a shee�s or in
�he UL componen� "is�ing �ha� a ba��ery is user-
rep"aceab"e.

A �echnician-rep"aceab"e ba��ery is in�ended for use in a
produc� in which service and rep"acemen� of �he ba��ery
wi"" be done on"y by a person who has been �rained �o
service and repair �he produc�. A ba��ery �ha� is in�ended
for use in a produc� in which service and rep"acemen� of
�he ba��ery may be done by �he user wi"" be ca�egorized
as user-rep"aceab"e.

Wi�h respec� �o user-rep"aceab"e "i�hium ba��eries of any
chemica" sys�em, UL requires severa" procedures �o
ensure �ha� impor�an� safe�y informa�ion reaches �he end
user.

The packaging for a user-rep"aceab"e ba��ery sha"" be
marked wi�h �he word “CAUTION ” and �he fo""owing or
equiva"en� s�a�emen�s: “Risk of fire and burns. Do no�
recharge, disassemb"e, hea� above 100°C, or incinera�e.
Keep ba��ery ou� of reach of chi"dren and in origina"
package un�i" ready �o use. Dispose of used ba��eries
promp�"y.”

Tes� Designa�ion

Shor�-Circui�

Abnorma" Charging

Forced-Discharge

Crush

Impac�

Shock

Vibra�ion

Hea�ing

Tempera�ure Cyc"ing

Low Pressure

Tes�s for user-
rep"aceab"e ba��eries

Tes� Me�hod

A� +23 °C and +60°C

Ba��eries connec�ed in opposi�ion �o a
dc-power supp"y. Ini�ia" curren� 3 �imes
�he maximum reverse curren� as given
in �he individua" da�a shee�s.Time
equiva"en� �o 2.5 �imes nomina"
capaci�y.

Comp"e�e"y discharged ba��ery in
series wi�h fresh ba��eries of �he same
kind

Pressure 17.2 MPa be�ween 2 f"a�
surfaces

A 9.1 kg weigh� dropped from 0.61 m
on �he ba��ery, wi�h a 15.8 mm dia-
me�er bar p"aced across �he cen�er of
�he ba��ery

3 shocks per ba��ery, average of 75 g
during ini�ia" 3 ms, peak acce"era�ion
be�ween 125 g and 175 g

Simp"e harmonic mo�ion, amp"i�ude
0.8 mm (1.6 mm �o�a" excursion), 10 �o
55 Hz, 1 Hz per min, 1 cyc"e (90 min)

Hea� �o 150°C and ho"d for 10 min

10 cyc"es be�ween +70 °C and -40 °C,
5 days �o�a" dura�ion.

6 hours a� a pressure of 11.6 kPa 

Fire exposure, f"aming par�ic"es, pro-
jec�i"e, exp"osion

Requiremen�s

NF, NE, NO

NF, NE, (R)

NF, NE, (M)

NF, NE, (R)

NF, NE, (R)

NF, NE, NL, NV

NF, NE

NF, NE, (R)

NF, NE, NL, NV

NF, NE, NL, NV

NF, NE wi�hin spe-
cified "imi�s.

Tab�e 5-1
Safe�y �es�s covered by UL s�andard No. 1642 (revision 1999)

Abbrevia�ions:
NF: no fire, NE: no exp"osion, NL: no "eaking, NO: no overhea�ing (150 °C), NV: no ven-
�ing, (R): if requiremen�s are no� me�, app"ica�ion is �o be res�ric�ed, (M): app"icab"e
on"y �o ce""s in�ended �o be used in mu"�ice"" app"ica�ions such as ba��ery packs.
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5.3 Mi�i�ary s�andards

Because of �heir ou�s�anding fea�ures wi�h respec� �o
environmen�a" condi�ions of s�orage and use, "i�hium �hi-
ony" ch"oride ba��eries have found �he in�eres� of mi"i�ary
users.

A specia" produc� - a reserve �ype ce"" - was deve"oped
by Sonnenschein Li�hium for app"ica�ions wi�h a shor� or
medium opera�ing period af�er ex�reme"y "ong s�orage.
S�orage �imes of more �han 8 years a� +70 °C (!) have
been achieved wi�h �his �ype of ba��ery wi�h no degrada-
�ion of ac�iva�ion �ime and opera�ing "ife.This produc� as
we"" as severa" o�her ba��eries of �he Sonnenschein
Li�hium basic series have passed environmen�a" and
safe�y �es�s described in �he fo""owing mi"i�ary s�andards:

MIL-B-49461 (ER) USA Mi"i�ary specifica�ion for non-
rechargeab"e "i�hium �hiony"
ch"oride ba��eries

MIL-STD-202 USA Mi"i�ary s�andard: Tes�
me�hods for e"ec�ronic and
e"ec�rica" componen� par�s

MIL-STD-331 USA Mi"i�ary s�andard: Fuze and
fuze componen�s, Environ-
men�a" and performance
�es�s for

MIL-STD-810 USA Mi"i�ary s�andard: Environ-
men�a" �es� me�hods and
engineering guide"ines

VG 96915 GER Defence ma�eria" s�andard
non-rechargeab"e ba��eries

Tes�s described in �hese s�andards and passed by
Sonnenschein Li�hium Ba��eries inc"ude �he subjec�s and
major �es� condi�ions summarized in �ab�e 5-2. Comp"e�e
�es� descrip�ions and resu"�s are avai"ab"e upon reques�.

The end produc� wi�h a user-rep"aceab"e "i�hium ba��ery
sha"" be permanen�"y marked adjacen� �o �he ba��ery:
“Rep"ace ba��ery wi�h (ba��ery manufac�urer’s name or
end produc� manufac�urer’s name, par� number) on"y.
Use of ano�her ba��ery may presen� a risk of fire or
exp"osion. See owner’s manua" for ins�ruc�ions.” or “See
opera�ing or main�enance ins�ruc�ions for �ype of ba��ery
�o be used.”

The opera�ing or main�enance ins�ruc�ions sha"" provide
�he user wi�h comp"e�e ins�ruc�ions as �o how �o rep"ace
and dispose of a used ba��ery.This informa�ion sha""
inc"ude �he fo""owing:

a) A warning no�ice s�a�ing �he fo""owing or �he equiva-
"en�: “CAUTION - The ba��ery used in �his device may
presen� a risk of fire or chemica" burn if mis�rea�ed. Do
no� recharge, disassemb"e, hea� above 100°C, or incin-
era�e. Rep"ace ba��ery wi�h (ba��ery manufac�urer’s name
or end produc� manufac�urer’s name and par� number)
on"y. Use of ano�her ba��ery may presen� a risk of fire or
exp"osion.”

b) Comp"e�e ins�ruc�ions as �o how �o rep"ace �he ba�-
�ery ending wi�h �he s�a�emen�: “Dispose of used ba��ery
promp�"y. Keep away from chi"dren. Do no� disassemb"e
and do no� dispose of in fire.”

5.2 Exp�osive a�mospheres

Requiremen�s for ba��eries �o be used in e"ec�rica" appa-
ra�us for po�en�ia""y exp"osive a�mospheres are
pub"ished in �he European s�andard EN 50014. Sonnen-
schein Li�hium can suppor� manufac�urers of such appa-
ra�us by providing �empera�ure and curren� da�a of Son-
nenschein Li�hium Ba��eries during shor� circui� a� 40 °C
and 70 °C. Mos� Sonnenschein Li�hium Ba��eries comp"y
wi�h �empera�ure c"ass T4 of �his s�andard, which means
�hey can be used in appara�us for po�en�ia""y exp"osive
a�mospheres wi�h an ambien� �empera�ure of up �o
+70 °C. P"ease con�ac� Sonnenschein Li�hium for more
informa�ion on �his subjec�.

Tes� Designa�ion

Environmen�a� Tes�s

Transpor� vibra�ion
F"igh� vibra�ion
Drop
Mechanica" shock
Tempera�ure cyc"ing
A"�i�ude

Safe�y Tes�s

Shor�-circui� a� +25°C
Leakage
Forced discharge
Incinera�ion
Safe�y fea�ure

Tes� Me�hod

MIL-B-49461 (ER) para. 4.8.6
MIL-STD-810, �es� 514.2
MIL-B-49461 (ER) para. 4.8.3
MIL-B-49461 (ER) para. 4.8.5
MIL-STD-331, �es� 113.1
MIL-B-49461 (ER) para. 4.8.7

MIL-B-49461 (ER) para. 4.8.10
MIL-B-49461 (ER) para. 4.8.13
MIL-B-49461 (ER) para. 4.8.13.1
MIL-B-49461 (ER) para. 4.8.20
MIL-B-49461 (ER) para. 4.8.10

Requiremen�s

ND
ND
ND
ND
ND
ND

NF, NE
NL
NV
NE
FS

Tab�e 5-2
Mi"i�ary s�andard �es�s passed by Sonnenschein Li�hium Inorganic Ba��eries

Abbrevia�ions: ND: no degrada�ion, NF: no fire, NE: no exp"osion,
NL: no "eakage, NV: no ven�ing, FS: func�ion of safe�y fea�ure
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• Advise cus�omers on produc� proper�ies wi�h respec�
�o �he app"ica�ion, hand"ing and disposa".

• Provide �he �echnica" documen�a�ion considering �he
effec�ive regu"a�ions and "aws.

• Provide a"" informa�ion �o in�eres�ed par�ies �ha� is
necessary �o unders�and �he environmen�a" effec�s of
produc�s and manufac�uring procedures.

• Periodica""y review and improve procedures for �he
preven�ion of inciden�s and acciden�s.

6.2 Cer�ified Managemen� Sys�em

Sonnenschein Li�hium ho"ds a cer�ifica�e verifying �ha�
i�s qua"i�y and environmen�a" managemen� sys�em fu"fi"s
�he requiremen�s of �he s�andards ISO 9001 and
ISO 14001.The audi� of �he qua"i�y managemen� sys�em
was firs� performed in 1993.The audi� of �he environ-
men�a" managemen� sys�em was firs� performed in
1999.

6.3 Ca�ibra�ion and inspec�ion equipmen�

Measuremen�s �ha� can have an inf"uence on produc�
qua"i�y are carried ou� using ca"ibra�ed equipmen�
having a known va"id re"a�ionship �o na�iona""y recog-
nized s�andards.

Sonnenschein Li�hium engineers iden�ify �hose process
s�eps �ha� need specia" inspec�ion me�hods and deve"op
�he equipmen� needed �o ensure produc� qua"i�y under
a"" circums�ances.

6.1 Corpora�e po�icy

Sonnenschein Li�hium's corpora�e po"icy inc"udes qua"i�y
and environmen�a" aspec�s as we"" as �hose of occupa-
�iona" and ma�eria" safe�y.

Our objec�ives
• Long �erm corpora�e goa"s

The objec�ive of our company is �he deve"opmen�,
manufac�ure and marke�ing of "i�hium ba��eries which
are considered as number one produc�s by our cus�o-
mers.Through high efficiency and con�inua" improve-
men� of our work we ensure �he grow�h of our company,
in �he in�eres� of our cus�omers, our emp"oyees and our
shareho"ders.

This inc"udes �he con�inua" improvemen� in such areas
as environmen� pro�ec�ion, qua"i�y and safe�y.

• Impor�ance of qua"i�y

By qua"i�y we unders�and �he fu"fi"men� of �he require-
men�s and expec�a�ions of our cus�omers, supp"iers and
emp"oyees.The managemen� and emp"oyees of Son-
nenschein Li�hium consider �he qua"i�y of �heir produc�s
and services �o be decisive for �heir con�inuing success.

• Environmen� and safe�y

Our company emp"oys procedures �ha� e"imina�e envi-
ronmen� and safe�y risks for i�s emp"oyees, neighbour-
hood and produc� users.

The fu"fi"men� of "ega" and o�her regu"a�ions is consi-
dered as a minimum requiremen�.

• Responsibi"i�y of managemen� and emp"oyees

Every emp"oyee �akes on his share of responsibi"i�y in
�he process of con�inua" improvemen� in our company.
He orien�s his dai"y work by �he expec�a�ions of his
in�erna" and ex�erna" cus�omers.This inc"udes �he
demands of economy, environmen� pro�ec�ion and
safe�y. Every individua" se�s an examp"e whi"e achieving
�he qua"i�y and environmen�a" �arge�s. Leadership per-
sonne" suppor�s and promo�es measures and a��i�udes
�ha� are necessary �o achieve �he �arge�s.

Our ac�ivi�ies
• Conduc� periodic surveys of cus�omer sa�isfac�ion

• Sys�ema�ica""y ana"yze and improve �he re"a�ions be�-
ween in�erna" cus�omers and supp"iers

• Inc"ude ex�erna" supp"iers in �he process of con�inua"
improvemen� on a basis of par�nership

• Provide and imp"emen� a"" required qua"i�y and envi-
ronmen�a" managemen� procedures

• Periodica""y ob�ain ISO 9001 and ISO 14001 recer�ifi-
ca�ion

• Define annua""y measurab"e qua"i�y and environ-
men�a" �arge�s

• Review �he managemen� sys�em on an annua" basis

• De�ermine �he requiremen�s for environmen� pro�ec-
�ion and occupa�iona" safe�y

• Con�inua""y upgrade �he qua"ifica�ions of a""
emp"oyees by �raining and ins�ruc�ion

• Es�ab"ish improvemen� �eams

• Ac�iva�e �he sugges�ion sys�em

• Imp"emen� sugges�ions for qua"i�y improvemen�

• Assess �he environmen�, safe�y and qua"i�y re"a�ed
effec�s when in�roducing new produc�s or processes.

Reg. No. 766

Figure 6-1
Managemen� sys�em cer�ified by DQS
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6.4 Marking and Traceabi�i�y

Produc�s manufac�ured by Sonnenschein Li�hium are
marked for �he purpose of iden�ifica�ion and �racing.Typi-
ca""y, �he marking inc"udes �he ba��ery �ype number, �he
"o� number as we"" as �he mon�h and year of fina"
inspec�ion. Figure 6-3 shows an examp"e for ba��ery
marking. Any inquiries wi�h respec� �o �he circums�ances
during manufac�ure of specific ba��eries shou"d make
reference �o �he ba�ch number code prin�ed on �he ba�-
�ery.

Traceabi"i�y is effec�ive from �he incoming inspec�ion of
ma�eria"s and con�inues �hrough �o fina" inspec�ion and
shipping of �he produc�.The re"evan� records are kep� for
a minimum of 15 years.

Sonnenschein Li�hium
Technica" Brochure

6.5 Process F�ow and Inspec�ion P�an

Sonnenschein Li�hium main�ains fu""y documen�ed ma�e-
ria" specifica�ions, process ins�ruc�ions, and inspec�ion
procedures for each of i�s manufac�uring ac�ivi�ies.

The s�ringen� requiremen�s for puri�y of ma�eria"s, accu-
racy in componen� manufac�ure, and care in assemb"y
and finished produc� accep�ance have made i� neces-
sary �o es�ab"ish sui�ab"e processes for produc�ion and
�es�ing and �o ins�a"" high"y accura�e and re"iab"e ins�ru-
men�a�ion.

The process f"ow and inspec�ion p"an shown in
figure 6-2 ref"ec�s �he care �ha� has �o be �aken in as
much a de�ai" as can be given wi�hin �he frame of �his
documen�.

6.6 Re�iabi�i�y

The �erm re"iabi"i�y refers �o �he abi"i�y of �he produc� �o
fu"fi" �he specified requiremen�s during i�s "ife cyc"e. As
an answer �o �he par�icu"ar demands of �he marke�,
Sonnenschein Li�hium p"aces specia" emphasis on �his
aspec� of produc� qua"i�y.

A series of "ong-�erm �es�s conduc�ed on a regu"ar basis
aims a� �he acquisi�ion of re"iabi"i�y da�a under various
condi�ions of s�orage and use.The cri�eria for fai"ure are
defined according �o �he mos� wide"y spread app"ica�ion
needs.

I� shou"d be no�ed here �ha� a ba��ery is no� considered
a fai"ure when i� is dep"e�ed af�er de"ivery of an amoun�
of capaci�y �ha� fa""s in�o �he norma" dis�ribu�ion of
capaci�y found under �he respec�ive condi�ions of use.
The de�ermina�ion of "ife �ime under �hese condi�ions is
dea"� wi�h in chap�er 7 under �he subjec� ca"cu"a�ion of
opera�ing "ife.

I� is a common procedure during re"iabi"i�y �es�ing �ha�
�he devices under �es� are subjec� �o acce"era�ed ageing.
The resu"�s are �hen �ransferred in�o norma" opera�ing
condi�ions using ca"cu"a�ion me�hods �ha� have been
es�ab"ished previous"y. I� has been poin�ed ou� in para-
graph 2.5 - s�orage "ife and opera�ing "ife - �ha� equiva-
"en� procedures genera""y canno� be easi"y es�ab"ished
for "i�hium ba��eries. I� is �herefore necessary �o confirm
a"" resu"�s by rea" �ime �es�s.

Tab�e 6-4 shows a number of represen�a�ive re"iabi"i�y
�es�s �ha� are being conduc�ed by Sonnenschein
Li�hium.The �ab"e con�ains on"y rea" �ime da�a and no
ex�rapo"a�ions or o�her deriva�ed da�a. Fai"ure cri�eria,
resu"�s and o�her re"evan� informa�ion is given in �he
�ab"e.

As a resu"� of �hese �es�s i� can be s�a�ed �ha� �he re"i-
abi"i�y of Sonnenschein Li�hium Ba��eries genera""y cor-
responds �o fai"ure ra�es be"ow 200 fi� (= 0.175 % per
year). I� has been shown �ha� �he fai"ure ra�es during
s�orage and memory back-up opera�ion range be"ow
20 fi� (= 0.02 % per year). One �es� demons�ra�es �ha� i�
is possib"e �o opera�e �his ba��ery sys�em for more �han
10 years a� +85 °C.

Type of ba��ery a�� SL-550 SL-360 SL-350 SL-360

Discharge no 1 MΩ 180 kΩ 1 MΩ 2700 µF

Environmen�a" + 25 °C + 85 °C in vehic"es + 25 °C + 25 °C
condi�ions (3000 pcs) (100 pcs)

and and
+ 45 °C + 45 °C
(3000 pcs) (100 pcs

and
g"ass-
house
(300 pcs)

Fai"ure cri�eria U < 3.66 V U < 3.6 V U < 3.5 V U < 3 V U < 3.6 V

Samp"e size 21900 50 500 6000 500

Tes� dura�ion so far max. 15.3 yr max. 10 yr 8.75 yr 90 000 hr 9 yr
mean 7.8 yr mean 5.5 yr

Fai"ures 8 0 1 4 0 + 0 + 5

Fai"ure ra�e 5.3 fi� < 413 fi� 28 fi� 7.4 fi� 126 fi�

Reference 82/88 193/88 3/89 40/89 36/91

Tab�e 6-4
Re"iabi"i�y Da�a
A se"ec�ion of re"iabi"i�y �es�s conduc�ed by Sonnenschein Li�hium
Resu"�s per Apri" 2001. Some �es�s are being con�inued.
fi� = fai"ures in �ime. 1 fi� = 1 fai"ure in 109 device-hours

Figure 6-3
Ba��ery wi�h �ype number
(T), "o� number (L), and
da�e (D) of fina" inspec-
�ion. Inquiries shou"d
make reference �o �he
ba�ch code.

T L

D
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The fo""owing circui� ideas are provided �o assis� �he cir-
cui� designer in u�i"izing �he Sonnenschein Li�hium Ba�-
�ery �o achieve op�imum circui� performance.

Genera""y, �he ba��ery shou"d no� be p"aced c"ose �o hea�
genera�ing componen�s as �his may have an effec� on i�s
opera�ing "ife.

Maximum reverse (charging) curren�s are "is�ed in �he
Sonnenschein Li�hium Produc� Da�a Ca�a"ogue.To
ob�ain fu"" performance reverse curren�s shou"d be kep�
be"ow 10 µA.

7.1 Back-up circui�s

Figure 7-1 represen�s �he pro�ec�ion agains� charging
recommended by Underwri�ers Labora�ories for memory
back-up circui�s (see sec�ion 5.2).The diagram ref"ec�s
case B. Case A is ob�ained if �he resis�or R is rep"aced
wi�h ano�her diode.

I� is abso"u�e"y necessary �o provide �hese safe�y
devices on circui� boards �ha� con�ain a back-up ba��ery
connec�ed in para""e" �o a power source.The safe�y
devices have �o be p"aced physica""y as near as possib"e
�o �he ba��ery. O�herwise unin�ended shor�s be�ween
adjacen� prin�ed wires or poor"y so"dered connec�ors or
�he "ike may by-pass �he safe�y devices and a""ow �he
power source �o pass a reverse (charging) curren�
�hrough �he ba��ery.

Figure 7-2 gives an examp"e of a memory back-up cir-
cui� emp"oying a con�ro""er chip.

Figure 7-3 shows a �ypica" back-up circui� for persona"
compu�ers.The func�ion of �he 10 µF capaci�or is �o
de"ay �he vo"�age drop on power fai"ure and �hus permi�
�he inver�er �o de"iver �he s�and-by pu"se �o �he micropro-
cessor a� �he ear"ies� �ime.

Figure 7-4 is �he back-up circui� for a rea" �ime c"ock. D1,
D2, D3 are Germanium diodes, D4 and D5 are si"icon
diodes.The func�ion of D4 and D5 is �o reduce �he
norma" supp"y vo"�age �o �he osci""a�or c"oser �o �he "eve"
of �he back-up ba��ery vo"�age and �hus preven� a "arger
vo"�age drop under back-up condi�ions �hus increasing
�he accuracy of �he RTC.

Figure 7-5 shows a back-up circui� for con�inuous and
pu"se �ype "oads. D1 and D2 are si"icon diodes whi"e D3
and D4 are Germanium diodes or Scho��ky �ype
MBD701 diodes.This circui� provides back-up �o a main
power supp"y wi�h a sma"" con�inuous "oad and in�ermi�-
�en� higher curren� pu"ses.The func�ion of C and D4 is �o
s�abi"ize �he vo"�age �o �he con�inuous "oad in case �he
higher curren� pu"se causes �he ba��ery vo"�age �o drop
momen�ari"y.

7 Design Aids and Ins�ruc�ions for Use
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Li�hium
Ba��ery

Figure 7-1
Basic memory back-up cir-
cui� inc"uding safe�y
devices (diodes and
resis�or) according �o
case B of �he UL recom-
menda�ions. Case A is
ob�ained if R is rep"aced
wi�h ano�her diode.
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7.2 Capaci�or Suppor�

Li�hium �hiony" ch"oride ba��eries can deve"op in�erna"
resis�ance on pro"onged s�orage or on con�inuous very
"ow ra�e opera�ion.This may reduce �he amoun� of
capaci�y avai"ab"e above a cer�ain cu�-off vo"�age. In
�hese si�ua�ions, a sui�ab"e capaci�or can increase �he
avai"ab"e capaci�y.The fo""owing no�es are provided �o
ob�ain �he op�imum performance from �he ba��eries. In
many cases a "i�hium �hiony" ch"oride ba��ery wi�h capac-
i�or suppor� wi"" ou�-perform any o�her �ype of ba��ery.

Suppor� of con�inuous �oads
Of�en �he cus�omer’s circui�ry can be in�erpre�ed as con-
sis�ing of �wo par�s wi�h basica""y differen� requiremen�s.
One par� may consis� of �he microprocessor and
memory. I� requires "ow curren� and high vo"�age.The
o�her par� may comprise curren� consumers "ike �rans-
ducers, sensors, ac�ua�ors and �he "ike. I� may require
pu"ses of higher curren� bu� �he vo"�age is "ess impor-
�an�.

An advan�ageous approach �o �his c"ass of app"ica�ions
is ou�"ined in Figure 7-6. During high curren� pu"ses, �he
microprocessor is powered from �he capaci�or.The ba�-
�ery does no� have �o supp"y vo"�age and curren� a� �he
same �ime.

Preferred ba��ery series: SL-700
Typica" service "ife: 1 ... 3 years
Type of capaci�or: �ypica""y e"ec�ro"y�ic

Ca"cu"a�ion of 
capaci�or size: C ≈ I1 × � / U1

wi�h I1 = curren� of circui� 1
� = back-up �ime
U1 = a""owed vo"�age drop 

for circui� 1

Suppor� of pu�se �oads
In cases where �he vo"�age requiremen� of �he curren�
consuming par� of �he circui� is s�ringen� or when �he
capaci�y of �he ba��ery sha"" be used beyond �he poin� of
increasing impedance, �he si�ua�ion can be adap�ed �o
�he ba��ery’s possibi"i�ies by use of a capaci�or �ha� is
"arge enough �o back-up a"" curren� pu"ses. Figure 7-7
gives �he basic idea of �he circui�.

A� �he firs� g"ance �his so"u�ion may seem �o be more
expensive �han for ins�ance a "i�hium organic e"ec�ro"y�e
ba��ery. However, �he usefu" capaci�y, �he vo"�age "eve",
and s�abi"i�y of �his so"u�ion may be so much higher �ha�
i� becomes "ess expensive in �he "ong run.

Preferred ba��ery series : SL-300
Typica" service "ife: 3 ... 10 years
Type of capaci�or: e"ec�ro"y�e or doub"e "ayer

(Super Cap™, Go"d Cap™)

Ca"cu"a�ion of 
capaci�or size: C ≈ U / R × � / ∆U

wi�h U = basic vo"�age
R = RL + RC
RL = resis�ance of "oad circui�
RC = in�erna" resis�ance of 

capaci�or C
� = back-up �ime
∆U = a""owed vo"�age drop

5V D1

D2

D3

D4

R

C

Li�hium
Ba��ery

Pu"se Load

Low Curren�
Con�inuous Load

Figure 7-5 
Back-up circui� for con�in-
uous and pu"se �ype "oads

D

C
Li�hium
Ba��ery

Circui� 2:
Pu"se Load

Circui� 1:
Con�inuous Load

Figure 7-6
Main ba��ery supp"y circui�
for con�inuous and pu"se
�ype "oads. D is a germa-
nium or a Scho��ky �ype
diode.

C
Li�hium
Ba��ery

Infrequen�
Pu"se Load

Figure 7-7
Main ba��ery supp"y circui�
for cri�ica", infrequen� pu"se
"oads.
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7.3 Ba��ery Packs

The assemb"y of mu"�i-ce"" ba��ery packs requires
�raining and experience. Users �ha� are no� qua"ified
according"y shou"d no� a��emp� �o assemb"e ba��ery
packs. Sonnenschein Li�hium offers a wide range of cus-
�omized ba��eries as we"" as assis�ance in deve"oping,
engineering, and manufac�uring addi�iona" ones. P"ease
reques� �he Sonnenschein Li�hium ques�ionnaire for ba�-
�ery packs. Addi�iona" no�es on �he pro�ec�ion of "i�hium
ba��ery packs are given on i�s backside.The fo""owing
ins�ruc�ions and recommenda�ions serve as a guide"ine
�o �he qua"ified ba��ery assemb"er.

Pro�ec�ive Devices
Ba��ery Packs shou"d be designed so as �o preven� unin-
�en�iona" shor�ing of ce""s, overhea�ing, and excessive
charging and discharging curren�s. Depending on �he
condi�ions of use, pro�ec�ive devices may have �o be
provided in �he ba��ery circui�.

Pro�ec�ion Agains� Charging
If a ba��ery pack can be used in connec�ion wi�h an inde-
penden� power source, i� shou"d be equipped wi�h
b"ocking diodes Ds in each s�ring of para""e" connec�ed
ce""s (see fig. 7-8).The "eakage curren� of each diode
shou"d no� exceed 10 µA.

Pro�ec�ion Agains� Overdischarge
If a ba��ery pack can be used in such a way �ha� �he dis-
charge curren� exceeds �he maximum reverse curren�
va"ues given in �he individua" ce"" da�a shee�s �hen by-
pass diodes Dp shou"d be provided in para""e" wi�h each
ce"" in �he pack.The effec� of a by-pass diode is �ha� cur-
ren� passes �hrough �he diode if a ce"" is discharged. The
ce"" can �hus no� be overdischarged.

Pro�ec�ion Agains� Shor�ing
Appropria�e me�hods and ma�eria"s shou"d be app"ied �o
preven� �he occurrence of in�erna" shor�s in a ba��ery
pack.The insu"a�ion ma�eria" shou"d wi�hs�and mechan-
ica" and �herma" s�ress. Of�en �he shrinking s"eeve of �he
ce"" does no� fu"fi" �his requiremen� and needs reinforce-
men� be�ween adjacen� ce""s.

As a pro�ec�ion agains� ex�erna" shor�ing, in�erna" "eads
shou"d ei�her be se"ec�ed so as �o wi�hs�and �he
expec�ed maximum shor�-circui� curren� or p"aced in
such a way �ha� �hey canno� induce addi�iona" shor�-
circui�s e.g. when �he insu"a�ion me"�s.

Sonnenschein Li�hium ce""s can be shor�-circui�ed
wi�hou� �he discharge curren� rising above a safe va"ue.
However, if a ba��ery pack exceeds a cer�ain size, �he
hea� produced during shor�-circui� canno� be dissipa�ed.
In �hese cases a s"ow-b"ow fuse F or a �herma" fuse
shou"d be provided.This shou"d be done if a curren�
produc� of 3000 mA (number of ce""s �imes maximum
con�inuous ce"" discharge curren�) is exceeded.

Se�ec�ion of Ce��s
The ce""s se"ec�ed for a ba��ery pack shou"d ma�ch wi�h
respec� �o �ype, size and age. Do no� mix ce""s of dif-
feren� �echno"ogies or differen� manufac�urers. Marking
and �ype designa�ion shou"d be readab"e and as
required. Ce""s shou"d be inspec�ed mechanica""y and
e"ec�rica""y before assemb"y. Inspec�ion cri�eria are pro-
vided upon reques�.

Assemb�y Procedure
• Make sure �ha� �he componen� ce""s are insu"a�ed
one from �he o�her.

• Posi�ion and insu"a�e e"ec�rica" "eads, "inks and con-
�ac�s in such a way �ha� shor�-circui�s are preven�ed.

• On"y in�erconnec� �he ce""s by so"dering or spo�
we"ding �o �he f"a� s�rip (�ag) �ermina�ions.

• Keep �he so"dering �ime as shor� as possib"e, be"ow
10 seconds.

• Wi�h �he "arger ce"" sizes, par�icu"ar"y wi�h �he C, D
and DD sizes, �he preferred ce"" orien�a�ion in a ba��ery
pack is uprigh�.

• Do no� a��emp� �o so"der or spo�-we"d direc�"y �o �he
ce"" case.This can resu"� in gross overhea�ing and con-
sequen� hazard. Ce""s are supp"ied wi�h various �ermina-
�ions for �his purpose.

• Use po"arized (keyed) ba��ery connec�ors or a� "eas�
be sure �o proper"y iden�ify �he po"ari�y and pro�ec� �he
ends of ba��ery "eads.

• Proper"y mark �he ba��ery pack (�ype / nomina"
vo"�age / da�e code) and affix appropria�e safe�y
"abe""ing.

• Do no� wear conduc�ive jewe""ery when assemb"ing
ba��ery packs or connec�ing ce""s �o equipmen�.

• A"ways wear eye pro�ec�ion when assemb"ing ba��ery
packs or connec�ing ce""s �o equipmen�.

• Perform spo� we"ding or so"dering behind safe�y
shie"ds.

• On"y use sui�ab"y insu"a�ed �oo"s.

• Use encapsu"a�ing, insu"a�ing and simi"ar ba��ery
pack ma�eria"s a� �he minimum required "eve"s, so as �o
"imi� �he bui"d-up of hea� wi�hin �he pack.

• When mo"ding, make sure no� �o inhibi� proper opera-
�ion of any safe�y ven�s.

• Do no� use f"ammab"e ma�eria"s.

• Verify comp"iance of your ba��ery pack design wi�h
�he app"icab"e shipping and hand"ing requiremen�s, by
performing corresponding shock and vibra�ion �es�s.

7.4 Li�hium Ba��ery Ques�ionnaire

A "i�hium ba��ery ques�ionnaire is in �he Produc� Da�a
Ca�a"ogue. I� con�ains �he de�ai"s �ha� Sonnenschein
Li�hium engineers need �o provide �heir cus�omers wi�h
�he mos� appropria�e so"u�ion �o �heir app"ica�ion. I�

(+)

(-)
Fuse

Ds

Dp

Dp

Dp

Dp

Ds

Dp

Dp

Dp

Dp

Figure 7-8
Typica" mu"�i-ce"" ba��ery
pack wi�h pro�ec�ive
devices.

Addi�iona" safe�y devices
according �o UL recom-
menda�ions are needed if
a ba��ery pack is used as
back-up for ano�her power
source.
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forms �he basis for ca"cu"a�ion of �he avai"ab"e ba��ery
capaci�y de�ermining �he usefu" ba��ery "ife.

7.5 App�ica�ion Proposa� and Capaci�y Ca�cu-
�a�ion

Sonnenschein Li�hium Produc� Da�a Ca�a"ogues and
o�her da�a shee�s con�ain �ypica" ba��ery capaci�ies for
differen� "oad and ambien� condi�ions. In mos� app"ica-
�ions, however, �hese are no� cons�an� �hroughou� �he
ba��ery "ife. As �he effec�s of condi�ions changing during
ba��ery "ife canno� be predic�ed from �he da�a shee�s i�
becomes necessary in mos� cases �o ca"cu"a�e �he
expec�ed ba��ery using a procedure "ike �he one
described be"ow. As a resu"�, an app"ica�ion proposa" is
ob�ained �ha� forms par� of �he �echnica" quo�a�ion.

• De�ermine �he genera" condi�ions

For �his purpose, cus�omer name, app"ica�ion fie"d, pro-
jec� name, projec� size, �ime schedu"e e�c. shou"d be
en�ered in�o �he "i�hium ba��ery ques�ionnaire.

• Ca"cu"a�e curren� consump�ion

The curren� profi"e is compi"ed from �he basic or quies-
cen� curren� and �he pu"se curren� con�ribu�ions.These
are de�ermined by �he amp"i�ude, pu"se dura�ion and
du�y cyc"e (on/off periods).

• Consider cus�omer requiremen�s

Requiremen�s wi�h respec� �o cu�-off vo"�age and oper-
a�ing "ife shou"d be known as �hey have inf"uence on �he
proposa".

• Se"ec� ba��ery �ype

A ba��ery �ype wi"" be se"ec�ed based on �he cus�omer’s
requiremen�s and condi�ions of use.

• Ca"cu"a�e ba��ery "ife

- compi"e �he �empera�ure profi"e

- en�er �he average curren� corresponding �o �his �em-
pera�ure

- en�er �he ba��ery capaci�y corresponding �o �his �em-
pera�ure from �he “Avai"ab"e Capaci�y” diagrams of �he
da�a shee�s.

- ca"cu"a�e �he avai"abi"i�y fac�or which accoun�s for �he
effec� of "ong-�erm opera�ion as we"" as �he effec� of
pu"se amp"i�udes

- ca"cu"a�e �he e"ec�rica" opera�ing "ife

- ca"cu"a�e �he sys�em "ife which �akes in�o accoun�
�hose effec�s �ha� are independen� from �he e"ec�rica"
processes "ike e.g. ageing of �he iso"a�ion sys�em.

- ca"cu"a�e �he resu"�ing ba��ery "ife which is basica""y
�he minimum of �he e"ec�rica" opera�ing "ife and �he
sys�em "ife.

• Add remarks

The proposa" may con�ain addi�iona" hin�s.These may
inc"ude depassiva�ion procedures, capaci�or suppor� and
addi�iona" remarks depending on �he circums�ances and
�he cus�omer’s requiremen�s.

• Liabi"i�y

App"ica�ion proposa"s wi"" usua""y be conc"uded by a
genera" "iabi"i�y s�a�emen�.

7.6 Depassiva�ion

Inorganic "i�hium ba��eries may under cer�ain circum-
s�ances need depassiva�ion before �hey opera�e sa�is-
fac�ori"y.These depend on �he �ype of ba��ery, s�orage
condi�ions, curren� profi"e, and vo"�age requiremen�s.
The effec� is caused by �he pro�ec�ive "ayer which is
described in paragraph 3.3. Effec�s on performance are
described in paragraph 2.2.

There exis� severa" depassiva�ion me�hods, some of
which may be carried ou� even wi�hou� being no�iced as
a depassiva�ion procedure.

If ba��eries are no� o"der �han 6 �o 12 mon�hs before
moun�ing, �he �empera�ure cyc"e and �emporary shor�-
circui� during wave so"dering may be sufficien� for
depassiva�ion.

A me�hod �ha� can be app"ied during manua" hand"ing of
sma"" numbers of ba��eries is a shor�-circui� of severa"
seconds.The me�hod wi"" momen�ari"y break up �he pro-
�ec�ive "ayer and increase i�s conduc�ivi�y by severa"
orders of magni�ude. Surprising"y, �he same effec� may
be ob�ained by shock freezing �he ba��ery wi�hin �he rec-
ommended s�orage �empera�ure range.

A depassiva�ion me�hod �ha� has been sugges�ed for
"arge numbers of ba��eries in a high"y au�oma�ed
assemb"y "ine for ins�rumen�a�ion equipped wi�h D-size
ba��eries, is passing a curren� of 60 mA for 30 s �hrough
a resis�or of 56 Ω. For o�her ba��ery sizes �he curren�
shou"d be adjus�ed �o approxima�e"y 2 mA/cm2.The
me�hod may be refined by adjus�ing �he curren� amp"i-
�ude so �ha� �he ba��ery vo"�age drops �o one ha"f of i�s
open circui� va"ue, or by app"ying a pu"se "oad, or by a
combina�ion of bo�h.

If curren� capabi"i�y is needed on"y severa" weeks or
more af�er ins�a""a�ion of �he ba��ery i� is "ike"y �ha� �he
quiescen� curren� wi"" depassiva�e �he ba��ery sufficien�"y
so �ha� no depassiva�ion needs �o be carried ou�.
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8.1 Genera� Precau�ions

Sonnenschein Li�hium Ba��eries are primary power
sources wi�h high energy con�en�.They are designed �o
represen� �he highes� possib"e degree of safe�y.They
may, however, presen� a po�en�ia" hazard if �hey are
abused e"ec�rica""y or mechanica""y.This is in mos�
circums�ances associa�ed wi�h �he genera�ion of exces-
sive hea�.The in�erna" pressure may cause �he ce"" case
�o rup�ure.

Thus �he fo""owing basic precau�ions shou"d be
observed when hand"ing and using Sonnenschein
Li�hium Ba��eries:

Cau�ion
• Do no� shor�-circui�

• Do no� recharge

• Do no� overdischarge

• Do no� incinera�e

• Do no� expose �o �empera�ures beyond �he specified
�empera�ure range

• Do no� crush or punc�ure

• Do no� open ce""s, do no� disassemb"e ba��ery packs

• Do no� expose con�en�s �o wa�er

• Do no� connec� wi�h fa"se po"ari�y

• Do no� we"d or so"der �o �he ba��ery’s body

For genera" safe�y considera�ions p"ease refer �o
chap�er 4. Addi�iona" precau�ions for �he assemb"y of
ba��ery packs are given in paragraph 7.3.

8.2 S�orage

Genera� Condi�ions
Ba��eries shou"d be s�ored in rooms wi�h genera""y "ow
�empera�ure and "ow humidi�y "eve"s. Whi"e i� is no�
essen�ia" �ha� �hese s�orage areas be �empera�ure and
humidi�y con�ro""ed, �empera�ures shou"d genera""y be
kep� be"ow 35°C and s�orage areas shou"d be we"" ven-
�i"a�ed.

S�orage �empera�ures above 75°C shou"d be avoided.

Insu�a�ion
Li�hium ba��eries shou"d be s�ored in �heir origina" pack-
aging ma�eria"s.This wi"" e"imina�e unin�en�iona"
shor�ing.

Do no� s�ore ba��eries in conduc�ive an�i-s�a�ic bags or
foam un"ess �he resis�ivi�y of �he ma�eria" exceeds 1 MΩ.
Ba��eries shou"d no� be p"aced on or covered wi�h
me�a""ic or o�herwise conduc�ive ma�eria".

Fire pro�ec�ion
Ba��eries shou"d be s�ored away from any f"ammab"e
ma�eria" in �he s�orage area.

Fire ex�inguishers for me�a" fire (c"ass D) are preferred.
Do no� a��emp� �o ex�inguish fires wi�h sma"" amoun�s of
wa�er, sand, or wi�h carbon dioxide ex�inguishers.

A Technica" No�ice wi�h fur�her recommenda�ions is
avai"ab"e upon reques�.

8 S�orage, Transpor�, Hand"ing, and Disposa"

8.3 Transpor� Regu�a�ions

Li�hium Ba��eries are genera""y c"assified as dangerous
goods according �o UN 3090 ("i�hium ba��eries) and
UN 3091 ("i�hium ba��eries con�ained in equipmen� or
packed wi�h equipmen�).The �ab"e on �he nex� page
gives a brief summary of �he regu"a�ions.

However, mos� Sonnenschein Li�hium Ba��eries are no�
subjec� �o �he �ranspor� regu"a�ions because �hey mee�
�he provisions "is�ed hereaf�er:

• Ce""s con�ain no more �han 0.5 g of "i�hium or "i�hium
a""oy.

• Ba��ery packs con�ain an aggrega�e quan�i�y of no
more �han 1 g of "i�hium or "i�hium a""oy.

• Sonnenschein Li�hium Ba��eries, besides SL-790,
con�ain no� more �han 5 g of "i�hium per ce"" and no�
more �han 25 g per ba��ery pack and have passed �he
�es�s required by �he UN manua" of �es�s and cri�eria.
Therefore, �hey are no� subjec� �o �he regu"a�ions, pro-
vided �he fo""owing genera" ru"es are observed:

• Each ce"" is herme�ica""y sea"ed.

• Ba��eries are separa�ed from each o�her in �he
package so as �o preven� shor�ing.

• Ba��ery packs are packed in s�rong ou�side pack-
aging (excep� when ins�a""ed in e"ec�ronic devices).
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Transpor� regu�a�ions for �i�hium ba��eries subjec� �o c�ass 9

UN-No.

Li�hium ba��eries

3090

Li�hium ba��eries con�ained in equipmen� / packed wi�h equipmen� 

3091

Tab�e 

Transpor� regu"a�ions for Sonnenschein Li�hium Ba��eries.

These regu"a�ions app"y �o �ype SL-790 ("i�hium con�en� 10 g) and �o ba��ery packs con�aining more �han 1 ce"". Ba�-
�ery packs need �o be �es�ed according �o �he UN manua" of �es�s and cri�eria in order �o be a��ribu�ed �o c"ass 9.

I� is necessary �o refer �o �he "is�ed regu"a�ions and ins�ruc�ions for de�ai"ed informa�ion.They are reviewed on a
regu"ar basis.The �ab"e is based on �he 2000 revisions.

The app"icab"e documen�s are:
ADR: European Agreemen� concerning �he In�erna�iona" Carriage of Dangerous Goods by Road, 
IATA DGR: In�erna�iona" Air Transpor� Associa�ion, Dangerous Goods Regu"a�ions
ICAO: In�erna�iona" Civi" Avia�ion Organiza�ion, Technica" Ins�ruc�ions for �he Safe Transpor� of Dangerous

Goods by Air.
IMDG Code: In�erna�iona" Mari�ime Dangerous Goods Code
RID: In�erna�iona" S�a�u�ory Order on �he Conveyance of Dangerous Goods by Rai"
UN: Uni�ed Na�ions Recommenda�ions on �he Transpor� of Dangerous Goods

Limi�a�ions and Ins�ruc-
�ions

Maximum amoun� of "i�hium
per ce""

Maximum amoun� of "i�hium
per ba��ery pack

Maximum amoun� of "i�hium
per package

Maximum gross weigh� per
package

Packing group

Packing ins�ruc�ion

Marking

Maximum amoun� of "i�hium
per ce""

Maximum amoun� of "i�hium
per ba��ery pack

Maximum amoun� of ba��e-
ries per piece of equipmen�

Maximum gross weigh� per
package

Packing group

Packing ins�ruc�ion

Marking

Passenger
aircraf�
IATA DGR 

12 g

500 g

–

5 kg

II

903

C"ass 9 "abe"

12 g

500 g

5 kg / –

– / 5 kg

II

903, 912 / 918

C"ass 9 "abe"

Cargo aircraf�

IATA DGR

12 g

500 g

–

35 kg

II

903

C"ass 9 "abe"

Hand"ing Labe"
For Cargo Air-
craf� On"y

12 g

500 g

5 kg / –

– / 35 kg

II

903, 912 / 918

C"ass 9 "abe"

Road/ Rai�way
�ranspor�
ADR/RID

12 g

500 g

–

400 kg

II

2906

C"ass 9 "abe"

12 g

500 g

– / –

400 kg

II

2906

C"ass 9 "abe"

Sea �ranspor�

IMDG Code

12 g

500 g

500 g

250 kg

II

9033–9033b

C"ass 9 "abe"

12 g

500 g

10 pieces

250 kg

II

9033–9033b

C"ass 9 "abe"

�

DANGER

DO NOT LOAD IN PASSENGER AIRCRAFT

C"ass 9 "abe",
reduced size,
b"ack on whi�e

Hand"ing Labe" for 
Cargo Aircraf� On"y,
reduced size,
b"ack on orange
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8.4 Moun�ing

Genera�
In mos� cases, Sonnenschein Li�hium Ba��eries are so"-
dered �o �he PC-board. Rep"aceab"e ba��eries usua""y
are equipped wi�h connec�ors and hook and "oop �apes
�o ensure quick and safe moun�ing. O�her moun�ing
�echniques may inc"ude ho� me"� g"ue or p"as�ic �apes �o
secure �he ba��ery �o �he PC-board. So"der pins and �ags
usua""y are no� sui�ab"e as ba��ery ho"ders, especia""y
wi�h �he ce""s of size C and "arger.

Sonnenschein Li�hium Ba��eries comp"y wi�h IEC s�an-
dard 68-2-21 and ESA specifica�ion PSS-01-708.This
means �ha� so"der pins and �ags can wi�hs�and a �ensi"e
force of 10 N in �he direc�ion of �heir axis. Pins can be
ben� wi�h an inside radius of 0.8 mm a� a minimum dis-
�ance of 2.5 mm. A"�erna�ive geome�ries shou"d be used
when sma""er dis�ances are needed (Fig. 8-3).

When �he ba��ery is moun�ed on �he PC-board, i� shou"d
no� make con�ac� �o �he conduc�ive ma� �ha� is used �o
e"imina�e s�a�ic e"ec�rici�y as �his may cause a discharge
circui� and "ead �o prema�ure dep"e�ion.

Hand So�dering
Use on"y ba��eries �ha� have been provided by Sonnen-
schein Li�hium wi�h so"der �ags or wire "eads, when i� is
required �o make so"dered connec�ions �o �hem.

Cau�ion
• Do no� a��emp� �o so"der direc�"y �o �he ce"" case or
�ermina".

• Keep �he so"dering �ime as shor� as possib"e, be"ow
10 seconds.

• Use appropria�e pro�ec�ion during pre�inning. Ba�-
�eries mus� no� be dropped in �in ba�hs.

Wave So�dering
The Sonnenschein Li�hium Ba��ery is a safe power
source. I� has modera�e impedance and, when opera�ing
a� �empera�ures up �o 75°C, i� can wi�hs�and a con�in-
uous shor�-circui� wi�hou� any safe�y prob"ems, �he ba�-
�ery wi"" no� exp"ode, crack or "eak. I� is �herefore, in prin-
cip"e, sui�ab"e for wave so"dering. However, �he fo""owing
recommenda�ions shou"d be observed:

Sonnenschein Li�hium f"a� ce""s are provided wi�h nicke"
pins and may be wave so"dered.

Sonnenschein Li�hium bobbin �ype ce""s can be provided
wi�h axia" wire "eads or wi�h nicke" so"der �ags.The sma""
ce""s may be wave so"dered.The big ce""s shou"d be
hand so"dered for reasons of safe�y.

If a ba��ery is dropped in�o �he so"der ba�h, or if i� is he"d
above �he ba�h for a "ong period, i� migh� rup�ure, due �o
overhea�ing and consequen� me"�ing of �he "i�hium me�a".

Cau�ion
• Secure �he ba��ery �o �he prin�ed circui� board before
in�roducing i� in�o �he wave so"dering process (inc"uding
pre-hea�ing and drying).

• Do no� overhea�. Refer �o �ab�e 8-4 for recommenda-
�ions.

• Provide a cover over �he so"dering zone when "i�hium
ce""s are being wave so"dered.

• Do no� use ref"ow so"dering when moun�ing ce""s.

C"eaning processes are no� s�andardized.Therefore
compa�ibi"i�y may have �o be es�ab"ished case by case.
Wa�er shou"d no� ge� �rapped undernea�h �he jacke�.
Organic so"ven�s may have an effec� on �he readabi"i�y
of markings or on �he sof�ening agen� of �he jacke�.
P"ease con�ac� Sonnenschein Li�hium for recommenda-
�ion of approved processes.

8.5 Disposa�

The disposa" or recyc"ing of ba��eries is regu"a�ed by
each European coun�ry. In each coun�ry, �he manufac�u-
rers, impor�ers and users are responsib"e for �he proper
disposa".

The European Communi�y (EC) has issued �wo direc-
�ives, 91/157/EEC and 93/86/EEC.These direc�ives are
imp"emen�ed by each member coun�ry of �he EC inde-
penden�"y and in a differen� way.

In accordance wi�h �hese direc�ives, Sonnenschein
Li�hium Ba��eries do no� con�ain dangerous subs�ances.
The reac�ion produc�s are inorganic and do no� repre-
sen� environmen�a" risks once �he decomposi�ion pro-
cess has �ermina�ed.

For ba��eries bough� from Sonnenschein Li�hium, a dis-
posa" service is offered upon cus�omer reques�.

A Technica" No�ice wi�h fur�her recommenda�ions is
avai"ab"e upon reques�.

r

A
A ≤
r ≤

2.5 mm
0.8 mm

Figure 8-3
Minimum bend of pins, a"�erna�ive geome�ry

Opera�ion Tempera�ure Time

Prehea� (wave) up �o 140 °C up �o 180 s
Wave up �o 280 °C up �o 10 s
C"eaning up �o 85 °C
Drying up �o 100 °C up �o 120 s

Tab�e 8-4
Recommenda�ions for wave so"dering
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The in�en�ion of �his g"ossary is �o exp"ain cer�ain �ech-
nica" �erms and �heir use in �his brochure.The defini�ions
are no� necessari"y iden�ica" �o �erms �ha� are s�andard-
ized in a differen� con�ex�.

Ac�ive Curren� Leve"
Discharge curren� of approxima�e"y 2 µA/cm2 of
anode surface.This curren� "eve" is sufficien� �o pre-
ven� passiva�ion of a ba��ery under mos� circum-
s�ances.

Ac�ive Ma�eria"
The ma�eria" in �he e"ec�rodes of a ba��ery which
�akes par� in �he e"ec�rochemica" reac�ions of charge
or discharge.

Anode
The e"ec�rode in an e"ec�rochemica" ce"" where oxida-
�ion �akes p"ace. In primary ba��eries i� is a"ways �he
nega�ive e"ec�rode. In "i�hium ba��eries, �he ac�ive
ma�eria" of �he anode is "i�hium.

Anode Surface Area
The anode surface area provides an indica�ion of �he
curren� capabi"i�y and design of a ba��ery.

Avai"ab"e Capaci�y
The �o�a" capaci�y �ha� wi"" be ob�ained from a ba��ery
a� defined discharge ra�es and o�her specified oper-
a�ing condi�ions. In �he Sonnenschein Li�hium
Produc� Da�a Ca�a"ogue, �he diagrams showing avai"-
ab"e capaci�y give an indica�ion of �he confidence
range of expec�ed capaci�ies a� differen� curren�
"eve"s depending on ambien� �empera�ure.

Ba��ery
An e"ec�rochemica" power source comprising one or
more ce""s. Ce""s can be e"ec�rica""y connec�ed in a
series and/or para""e" assemb"y. →Ba��ery Pack

Ba��ery Pack
An assemb"y of e"ec�rochemica" ce""s e"ec�rica""y
in�erconnec�ed in an appropria�e series/para""e"
arrangemen� �o provide �he required opera�ing
vo"�age and curren� "eve". A ba��ery pack mos� of�en
inc"udes an addi�iona" jacke� and wires/connec�ors. In
�his documen�a�ion, �he �erm “ba��ery” is used ins�ead
of ba��ery pack un"ess exc"usion of a sing"e ce""
wi�hou� �he cab"e and connec�or is in�ended.

Bobbin
A cy"indrica" e"ec�rode (usua""y �he posi�ive) pressed
from a mix�ure of �he ac�ive ma�eria", a conduc�ive
ma�eria", such as carbon b"ack, �he e"ec�ro"y�e and/or
binder wi�h a cen�ra""y "oca�ed conduc�ive rod or
o�her means for a curren� co""ec�or.

Capaci�y
The �o�a" quan�i�y of e"ec�rici�y in ampere-hours (Ah)
�ha� can be wi�hdrawn from a fu""y charged ba��ery
under specified condi�ions of discharge. →Avai"ab"e
capaci�y, Nomina" capaci�y.

Capaci�y Re�en�ion
The frac�ion of �he fu"" capaci�y avai"ab"e from a ba�-
�ery under specified condi�ions of discharge af�er i�
has been s�ored for a period of �ime.

Ca�hode
The e"ec�rode in an e"ec�rochemica" ce"" where
reduc�ion �akes p"ace. In primary ba��eries i� is a"ways
�he posi�ive e"ec�rode.

Ca�ho"y�e
Coined word �ha� is used for �he ac�ive ca�hodic
ma�eria" of "iquid ca�hode sys�ems indica�ing �ha� i� is
con�ained in �he e"ec�ro"y�e.

Ce""
The basic e"ec�rochemica" uni� used �o genera�e or
s�ore e"ec�rica" energy. In �his documen�a�ion, �he
�erm “ce""” is used on"y �o emphasize �his basic uni�.
O�herwise �he �erm “ba��ery” is used.

C"osed-Circui� Vo"�age (CCV)
The vo"�age of a ba��ery during discharge.

Cu�-off Vo"�age
Minimum vo"�age "eve" when a ba��ery is considered
no "onger usab"e in a given app"ica�ion.

Curren�
→Drain

Curren� Co""ec�or
An iner� par� of high e"ec�rica" conduc�ivi�y used �o
conduc� curren� from or �o an e"ec�rode during dis-
charge.

Curren� Densi�y
The curren� per uni� e"ec�rode surface area.

Depassiva�ion
A procedure �ha� prepares a ba��ery for opera�ion
when o�herwise ini�ia" →passiva�ion wou"d cause a
vo"�age drop be"ow �he cu�-off vo"�age.

Dep�h of Discharge (DOD)
The ra�io of �he capaci�y de"ivered by a ba��ery a�
�ime � during discharge �o i�s �o�a" capaci�y avai"ab"e
under specified condi�ions.

Diffusion
The movemen� of species under �he inf"uence of a
concen�ra�ion gradien�.

Discharge
The conversion of �he chemica" energy of a ba��ery
in�o e"ec�rica" energy and wi�hdrawa" of �he e"ec�rica"
energy in�o a "oad.

Discharge Efficiency (Yie"d)
Percen�age of �he nomina" capaci�y de"ivered during
a given du�y.

Discharge Ra�e
The ra�e, usua""y expressed in amperes, a� which
e"ec�rica" curren� is �aken from �he ba��ery.

DOD
→Dep�h of discharge

Drain
Discharge curren� from a ba��ery. Expressed in
amperes (A). Wi�h respec� �o Sonnenschein Li�hium
Ba��eries, �he fo""owing regimes are dis�inguished:

High Curren� Drain
Dura�ion of discharge "ess �han 20 hours

Medium Curren� Drain
Dura�ion of discharge be�ween 20 and 2000 hours

Low Curren� Drain
Dura�ion of discharge grea�er �han 2000 hours

Du�y Cyc"e
Wi�h respec� �o periodic curren� pu"ses, �he �erm is
used �o deno�e �he ra�io be�ween on- and off-�ime.

Efficiency
→Discharge efficiency

E"ec�rode
A par� of �he ce"" where  e"ec�rochemica" processes
�ake p"ace. Anode or ca�hode.

E"ec�ro"y�e
The medium which provides �he ion �ranspor� mecha-
nism be�ween �he posi�ive and nega�ive e"ec�rodes of
a ce"".
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End Vo"�age
→Cu�-off vo"�age

Energy
The energy of a ba��ery is ob�ained from �he produc�
of capaci�y and opera�ing vo"�age. I� is measured in
Wa��-hours (Wh).

Energy Densi�y
The ra�io of �he energy avai"ab"e from a ba��ery �o i�s
vo"ume (Wh/dm3).

Energy, specific
The ra�io of �he energy avai"ab"e from a ba��ery �o i�s
weigh� (Wh/kg).

F"a� Cons�ruc�ion
A ce"" design in which �he e"ec�rodes are arranged in
"ayers.

Forced Discharge
Discharging a ce"" or ba��ery, wi�h an ex�erna" ba��ery
or o�her power source, be"ow zero Vo"�s in�o vo"�age
reversa".

In�erna" Resis�ance
In�erna" resis�ance is defined as vo"�age drop divided
by curren� change: Ri = ∆U / ∆I.The va"ue changes
during discharge. See figure 2-13.

Je""y Ro""
→Spira""y wound cons�ruc�ion

Liquid Ca�hode
Thiony" ch"oride is an examp"e for a "iquid ca�hode.
→Ca�ho"y�e

Maximum Con�inuous Discharge Curren�
The highes� curren� a� which a ba��ery wi"" s�i"" pro-
vide more �han 15 % of i�s nomina" capaci�y.This
va"ue is given �o he"p decide on possib"e app"ica-
�ions.

Maximum Pu"se Curren�
I� is an indica�ion of �he pu"se curren� capabi"i�y.The
va"ues given in �he Sonnenschein Li�hium Produc�
Da�a Ca�a"ogue refer �o 6 pu"ses of 0.5 s each per
hour a� 25 °C a� a curren� "eve" of approxima�e"y
10 mA/cm2.

Midpoin� Vo"�age
The vo"�age of a ba��ery midway in �he discharge
be�ween �he fu""y charged s�a�e and �he end vo"�age.

Nomina" Capaci�y
The average capaci�y of a ba��ery �ype under favour-
ab"e condi�ions ("oad, ambien� �empera�ure). In �he
diagrams of �he Sonnenschein Li�hium Produc� Da�a
Ca�a"ogue showing “Avai"ab"e Capaci�y”, �he nomina"
capaci�y is marked wi�h a do� �o give an idea of �he
ac�ua" capaci�y va"ues �ha� can be expec�ed under
prac�ica" condi�ions.

Nomina" Vo"�age
The nomina" vo"�age charac�erizes �he e"ec�rochem-
ica" sys�em. I� is observed during discharge a� "ow
curren� drain "eve"s.

Open Circui� Vo"�age (OCV)
The vo"�age be�ween �he �ermina"s of a ce"" or
vo"�age when �he circui� is open (off-"oad condi�ion).

Opera�ing Vo"�age
The average vo"�age during discharge a� a given "oad
and �empera�ure over �he en�ire dura�ion of discharge
un�i" �he end vo"�age is reached.

Overdischarge
→Forced discharge

Para""e" Assemb"y
A ba��ery assemb"y where a"" ce"" �ermina"s of equa"

po"ari�y are connec�ed �oge�her. Capaci�y and curren�
capabi"i�y are mu"�ip"ied.Vo"�age is invarian�.
→series assemb"y

Passiva�ion
The phenomenon by which a me�a", a"�hough in con-
di�ions of �hermodynamic ins�abi"i�y, is pro�ec�ed due
�o �he forma�ion of a surface "ayer.

Primary Ba��ery
Non-rechargeab"e ba��ery. →secondary ba��ery

Posi�ive Tempera�ure Coefficien� Resis�or (PTC)
Equiva"en� �o a rese��ab"e fuse connec�ed in series
wi�h a ba��ery pack. I� undergoes a "arge and abrup�
increase in resis�ance a� a prede�ermined curren�
and �empera�ure.

Safe�y Ven�
A norma""y sea"ed mechanism which a""ows for �he
con�ro""ed escape of gases from wi�hin a ce"".

Secondary Ba��ery
Rechargeab"e ba��ery. →primary ba��ery

Se"f-Discharge
Loss of usefu" energy a� res� or during discharge
because of in�erna" chemica" reac�ions.

Separa�or
An ionica""y-permeab"e bu� e"ec�ronica""y non-
conduc�ive ma�eria" ins�a""ed be�ween �he ce"" anode
and ca�hode. I� preven�s any e"ec�ronic con�ac�
be�ween �hem.

Series Assemb"y
A ba��ery assemb"y in which �he posi�ive �ermina" of
one ce"" is connec�ed �o �he nega�ive �ermina" of �he
nex� ce"" and so for�h.Vo"�age is mu"�ip"ied, capaci�y
and curren� capabi"i�y are invarian�.
→para""e" assemb"y

Service Life
The period of usefu" "ife of a primary ba��ery before a
prede�ermined end vo"�age is reached.

She"f Life
The dura�ion of s�orage under specified condi�ions a�
�he end of which a ba��ery s�i"" re�ains �he abi"i�y �o
de"iver a specified performance.

Shor�-Circui� Curren� (SCC)
The ini�ia" va"ue of �he curren� ob�ained from a ba�-
�ery in a circui� of neg"igib"e resis�ance. In a broader
sense i� is �he curren� evo"ving during shor�-circui� of
a ba��ery.

Specific Energy
→Energy, specific

Spira""y Wound Cons�ruc�ion
Refers �o �he arrangemen� of e"ec�rodes in a cy"in-
drica" ce"". I� is made by winding �he e"ec�rodes and
separa�or "ike a je""y-ro"". As opposed �o bobbin con-
s�ruc�ion.

S�and-by Ba��ery
A ba��ery designed �o sus�ain cer�ain func�ions of a
circui� in �he even� of a main power fai"ure.

S�orage Life
→She"f Life

Transien� Minimum Vo"�age (TMV)
The minimum vo"�age experienced during �he vo"�age
de"ay when a ba��ery is firs� connec�ed �o a "oad.

Ven�
→Safe�y ven�

Vo"�age De"ay
Time de"ay for a ba��ery �o recover �o �he required
ou�pu� vo"�age af�er being connec�ed �o a "oad.
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