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THE | N\VENTI ON This invention relates to heating el enments of the kind
including an electrically S conductive netal oxide filmon an electrically

i nsul ati ng substrate. Such devices are known) and may for exarrpl
of athin filmof tin oxide deposited on a gl ass substrate by me m’mmmmwmm

pyrolitic deposition. 10 If suchthrnfrlmheatrnge are S
in electrical appliances such L OPEE A} e that they 1
capabl e of operating at high terrpera ur esEAt}tINé%Eﬂr appl i cations such
as electric kettles V\here the heating elenent is small, the el enent nust be

capable of handl ing. hi ower densities, of the order of 10- 20 Watts
cm'. Prior %@K@&% E\Té‘lfhgﬂ 9@‘ satisfactory in these conditions.

It has 15 been found by the present appl icants that tin oxide |ayers tend
to becone unstable with increasing tenperature) due to the tendency for the
oxi de to chafeinvemion reldtesitoheatirggoelbments béthedind ficludirgy #n électeicalbe i s

enpl oyed_as an, el ectron donor or conductivity carrier the properties of the
fi 1 m chatge SPRIVSHXFE Masphoxige film A pa gleetiisatie msulating sebstiaitoar ent | y due to the
fluorine tending to |l eave the filmat tenperatures above 400C. 20 W have
al so found that the tin chloride solutions used in the prior art, for
exanpl e in tShehsdpviaygs gy knbya| sndonay éxexample consisséfeihin filn obtiniokidens of
high hum dity dye to their hygroscopic operties, and this can lead to

| ack of unif m*teﬁ‘anﬁsﬁeegﬁavée V%nbgﬁmeﬁmgwswnpatent No. 4,889,974
of Auding, et al. describes thin filmelenents intended for terrperatures
beyond 600C) using oxide filnms doped at high levels with pairs of
conpensdoi ndf ‘sunhethgnﬁm heatingEiements ade to be dsed inledectdcat apjsljandessuch as

maxi mal |y, % of each of the forei to sat i n each ot her in
pairs, the ﬁaﬁt%rbwt isrdesigabls that heydisicgpa ‘ﬁepﬁrwa@rgﬁ&w thgies) up to
donor-form e 0 The
Audi ng pat e%ogdesgi? [ e!scq%lﬁﬁsesﬁis?fe}q(s)gﬁ trﬁq{fh%yesB&(’)hre(?)enmeﬁegtl&mag&n%%%s}zg?ﬁr?(i:l Efg
acceptor-f ore’mmgttdmmrbb)capa’uﬂe afihdndting high foweo demsitiess of the otderaf 10020 ng

dopant . the e fil ysi stanni c ,chl.qri de have been fou to be
P cul 1t oNREb o't HrioramResicas R PR ed SatsTAganHB o GRRIPES bl bas
unst abl qsi n gdag fmmr ge%egehe tfcaﬁte a@ﬁh@f&'lilye%@te%ttéﬁe&?ﬂerEr(E‘tablé equi red

for rapid rise-tine applicatio eapp cants’ know edge the filns
descri bed i nthhmMmg;tcp‘@tEaMreMonhn tenpdency domnthe oxide|to ghangarstater B Hasown

only fromthi,s doc 0,SUMVARY OF T resent appl.icants
have found 15k BSEnBRER thsl PipEre Sysines embloved HERn plpoLeorir oy PR RRSHY power
density appl ¢gaéd 188 propfrrtidaerfakd fir eHarpy iHORIreIBlyWith iktess@@ttmparanaed 15
preferably two rare earth elenents and that stability can be urt her

enhanced by erRsEsitlyidyg te the flugrine tending th leavs e filayas tempegatyess abpvn 40 Han
previ ousid/ enpl oyed. The rare earth dopants are preferably cerium and
| ant hanum Preferably these two rare earths are present in substantially

equal concenwataverwso folrd pHae tRtireciiériddwohitiung ueéd inlthelprioniss, fonetdnepltin n
filmlayer s been found by the present applicants_to have the 20 %ffect
of stabilisi ratg SPrY R}SEP’d’&ts|P(5?F'~‘§§’é‘f’en‘8f5t3tb|1f‘emrﬁ9!‘§!tl°n@‘@f highdumidity dug tatheiat

stabi ity at kDbald RORRbBRIE ShaThit AR 1BRIG IR S BN g RISt eaual

quantities o no accep or el ement s y avoi‘ding the use of
fluorine as pradapedhit. The preferred donor and acceptor elenents for this

purpose .
US Patent No. 4,889,974 of Auding, et al. describes thin film elements intended for
temperatures beyond 600°C, using oxide films doped at high levels with pairs of -
compensating foreign atoms. The metal oxide films are doped with, maximally, 10
mol % of each of the foreign atoms compensating each other in pairs, the quantity of

30  said acceptor-forming elements and said donor-forming elements differing maximally
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25 are respectively antinony and zinc. In one aspect) the inventior‘? r4e§55e75003
inathin filmelectrical heating elenent including a | ayer of an

el ectrically conducting netal oxide on an electrically insulating

substrate, said nmetal oxide |ayer being gdoped with at | east one rare earth

el ement and being 30 deposited on said substrate from an organonetal lic

base sol ution. .~ 4 ~ ~ B 2D03 3 Preferably the netal oxide is deposited

Phe ar 1 cacty bl theXubint petntliefiot] HEISERE Ruturt, po7eY afinihlemion R a0’ "
layer is ti thetatceiftoRfSniiffiepdns, dnd@ntifiofy @ fAubrife & BEBBhST-foiHingdopuat.] UM

and | anthanum This aspect of the invention provides a thin film heating
el enent which is capabl e of wthstandi ng power densities of up to 10-20

Watts cm an I res. in,.exce of 600¢. 10 | t.her .t he
I nvention rgisosﬁaaé’tseggﬁeesgﬁéf ﬁ'gltﬁ‘gfsﬁafm{%%ﬁ%#ul?aggtgﬁ?ré%é'f’aégp gldh ?Pﬁi&ﬁgﬁaqsftng
el ement pnclinHiumid athtospherps &id kisedzen fdithdao bayifstalsie imtexdowsriddasicies of an
electrically insulatjng substrate, by pyralysis of an orglanqmat allic base

sol uti on corPBIo¥imatelt 20 Wakts perem gquired forrapidgisertime applisaieRs. abl y t he base

solution contains both ceriumand | anthanumin concentrations up to 5 nol
% We have found that superior results can be obtained if the filmis

prepared by Bpthewupplicanys’ khywledge tieenfilmssdescribedrin tlie Andiappiagent have not seen
trichloride. The stability of this material in high humdity enabl es

consi st ent reOEUNESIaE Ysggn FKP%\%%M%%@W‘&@?F‘H@”& nmospheric condition by
r educi ngoPremature oxi dati on. BRI EF DESCRI PTION OF THE DRAW NGS 25 Fig. 1
i s graph showi ng the power dissipation versus tine relationship for a thin
film heati ncSEMMARY OFIEHBINWBNTION O the invention. Fig. 2 shows the

rel ati onshi p between tenperature and power at steady state for five 30

el enrents havi ng power ratings between SO0 and 1330 watts. DESCRI PTI ON OF

CEEFENED, DM St P 0] B0 BEORSot n
ef fects wi | lhigk poeedsmity applications siay betobeaised by ddpingwithlay $cast ard artd on
15  preferably two rare earth elements and that stability can be further enhanced by
depositing the layer from different starting solutions than previously employed. The
rare earth dopants are preferably cerium and lanthanum. Preferably these two rare
earths are present in substantially equal concentrations. The presence of the rare earth
dopants in the thin film layer has been found by the present applicants to have the

20  effect of stabilising the oxidation state of the metal.

We have also found that stability at high temperatures may be obtained by further
doping with equal quantities of donor and acceptor elements, and by avoiding the use
of fluorine as a dopant. The preferred donor and acceptor elements for this purpose

25  arerespectively antimony and zinc.

In one aspect, the invention resides in a thin film electrical heating element including
a layer of an electrically conducting metal oxide on an electrically insulating substrate,
said metal oxide layer being doped with at least one rare earth eiement and being

30 deposited on said substrate from an organometallic base solution.



of 0.01 nol % preferred concentrations of each of the cerium and | ahgRaap0m
are 5 between approximately 1.2S nol % and approximately 3.7S nol %
Prelimnary tests have shown that stability of the netal oxide layer is
maxi m sed when substantially equal concehtrations of two rare earth
el ements, such as cerium and | anthanum are used. Cenerally speaking the
concentration of these rare earths wll be chosen as that which contri butes
to film st areferibly te mbrl oxidels dpositdd isthé QibswateBy pyidlyisid ¢hans 10 i nt ended.
Best results for films intended for operation at 20 Watts ccri 2 have been
obt ai ned us9rganasmetallic besrsahution ¢optaining thens lenst ona rargeartteelamienty The filmis
preferably doped with substantially equal quantities of donor and acceptor
el enents, the preferred dopants being antinony and zinc. The concentrations
of both 15 @ pretetsedFofn MeYhetdd bkidb tayenistincixidadcdnbiing 664 Fdrk Cartly Which is
requi red. W& have found base solution concentrations for these materials in
the regidon ¢ements sueh asgerignpandslanthamim. f or heating el ement applications. A
useful characteristic of such filnms in their application as heating
el enents arises 20 fromthe positive tenperature coefficient resistance of
the film Thhis aspsebbPthe ehwiiioh providdsa thindfilxClvehtingictament evitieh fs dapableatfi ng,
inthat they will initially operate at a higher ywattage and, wth
i ncreasi ng Withpending pewendensities ofupto 1080 Waltsrcmjeandfor tsmperajeres imexcess
substrate B¢ d°?| will of course be chosen to suit the application.
Sui tabl e 25 substrates include glass ceramics, silicon nitrides and ot her
ceram cjggubstrates as well as nmetallic substrates coated with
hi gh-tenperature stable, electrical ldé-i nsul ating materials. The gr eferred

$

substrat e t Bngnatharaseest,ithe inyeptign regidesin a mathed for theimanufpaturepfgthinfilmnge

30 from 500,19. 750C _Pr.efer.abl fo [ . DO neal i ng at
appr oxi mat epé/aqg@(f%%%'ﬁ 1§Ctl&4l8§§l¥d %?Pe(g%%%fgéllhgg % g&éf ggmggag%g( (l)&aogltst?s in
st abi | i si ngelebgichily Msulatidg $utbsufateOpyrblysislofan aegamortiendlit bageodutionvent i on
were manufactured froma solution using the spray pyrolysis process. For
thi's pur pos&ontawngatleast ppgrare earth dlemer. was used as a base sol ution, with
2.8 nol{& antinmony chloride) 2.8 nol % zinc chloride) 2.S nol S cerium and
2.S nmol %l anthanum These filns were fabricated with effective resistances
of 26 ohm Poefeinbiyathe bdse solutidnocontei oth earium and ianthaduikd/in conBendvitaond up. 2 kW
respecti vel¥ éo lﬁ/ used, powered by a 240V mains supply voltage. The filns
were sel ect *Y2MP'd8posi t ed using high 10 tenperature masking inks which
were renoved by brushing after deposition of the film The filnms deposited
had a hi gh degree of transparency. The resistive properties

We have found that superior results can be obtained if the film is prepared by spray

20  pyrolysis from a solution of monobutyl tin trichloride. The stability of this material in
high humidity enables consistent results to be obtained across varying atmospheric

conditions, by reducing premature oxidation.

BRIEF DESCRIPTION OF THE DRAWINGS
25

Fig. 1 is graph showing the power dissipation versus time relationship for a thin film

heating element made according to the invention.

Fig. 2 shows the relationship between temperature and power at steady state for five

30 elements having power ratings between 500 and 1330 watts.

DESCRIPTION OF PREFERRED EMBODIMENTS



of the heating el ements remai ned unchanged after 3500 cycles (40 rQ'muFEB 2003
and 20 mnutes off) at 6SOC. 1 S As indicated above) the positive
tenperature coefficient of resistance of these el enents enables a self

regul ating characteristic to be obtainedd with an initially high power

di ssi pati on which may be of advantage in achieving nore rapid rise to
operating tenperature. Fig. 1 shows the typical behaviour of the elenents,
where power dissipation is plotted against tinme of operation. As will be

observed, t 20 di ssi ptiti_on of the el enent comrences at a_ high |level and

decreases a¥hilgsomsdeneliwill berobtainedsirameguiteilow conceatratipasofithafase sath o
i . o O . " . ‘ion.
Upon t enpor SS8enERinfind s AR K DHRUEFKER BhodntSinie BT CRIRIPL ' O

cool er bodyof @0bmoi e retferrpdiGticefiir@fdnR @ eath of the céraiff @h@ ldntbanufirarease,
assisting in achieving rapid heating. 2S Fig. 2 shows the rel ationship

bet ween X enpeivaen ppprakimataiyd i25amolYostnd\approximately3.73 mel 4. cResliminanyyesty

power ratin b . 33 . i ) e s t the
Pl are pinvebaiEifor SBuRp o i ReFbide vkt Srbinfeed MBnSIBM s, 17 o
in tenperat bgiesd contehtratichs f Wb Farp @uveli elkfrients) si10h dsRefdmemd I&ithdnum, Q¢ cnP .
The filnms on | ower grades of g‘lﬁass ceram cs having al kalj inpurities such

as | i thi um aerd Séanetalysepaking theiconeentrgorohthesscrareearthy willde qhosgn as that
densi ti es. ~ e HESH VA k] .ound 60 oh
Lo, above of et MmA S LG RGP AR RO D, 0 O

passes. 1(0The irtendedf iHest fehilaifoefiincintinded Sorupeiation ke20aents2Ohdvedsen om Uni t s
to around 14000 Angstrom Units by varying the 5 nunber of spray passes. The

filnms were QbWHedsgAqualponeenirationsef eppseximately,didmolass cerami cs,
alumna, silica glass and silicon nitride. As well as their suitability in
hi gh tenperature and/or high rise tine applications, filnms nmade in

accordance Vhefilin(ie ptefbrablyidopedraythzabstamtibllyrequalvguantitiéy ¢t doner a8d acceptor
applications, such as confort heating, refrigerating defrost, ,and general
heating. He&lamegtse theprafesred dopaisibeing anmeny,and Fine &PQGOWHQt‘?Wé’Cg’Bg\/e

t echnol pgy e )  § ] LON

ai T~ coniy 1 aRimgy UAE ik all 62 i ELATGP IR bl RERR OB Mg bare s,
and can al sdolrel basedolation eshicehiratiprs fof thesesmatkfialdlin the negioni of 2L &imot btodienent s
of this inventi ci ve .been described, it will be evident to those skilled

n.h .
in the art tHYEOIE fR¥ hsatingelemen IFYP§ay be enbodi ed in ot her specific

forms without departing fromthe essential characteristics thereof. The
present enbodi ments and exanples are therefore to be considered in all
respects as A ubeful characeristio of sush filawstinitheir application asdepting tlentents arisest i on

bei ng i g4 d by tFk ded cl gi Q. rath han the .f [
descr pepon B arep ety ERRREits Enctofiac tobbnc bribe llan Thi' SR dighens
equi val ency tgfbetriedwled iwhichadre sslf-pégil g, irthentledwilp iMigalobperaeat b Atghet n.

~ ~ ~~~ Q03 CLAIM5 1. Athin filmelectrical heating elenent including a

| ayer of an Watagemndawith incesrsingrtempenatire stabilisgat the laweedesign wetingey
i nsul ati ng substrate, said netal oxide |ayer
The substrate material will of course be chosen to suit the application. Suitable
25  substrates include glass ceramics, silicon nitrides and other ceramic substrates as well
as metallic substrates coated with high-temperature stable, electrically-insulating

materials.

The preferred substrate temperatures for applying the base solution with dopants range

30  from 500 to 750°C. Preferably, for application at 500°C, post annealing at
approximately 600°C for at least one hour is carried out to assist in stabilising the
film.



5 being doped with at | east one rare earth el enent and bei ng deposigqﬂpgg 2003
sdid substrate froman organonetallic base solution. 2. Athin filmheating

el enent according to claim1l wherein said netal oxide |ayer includes at

| east two rare earth elenents. 10 3. AtRin filmheating el ement according

to claim2 wherein said two rare earth elenents are present in said netal
oxide layer in substantially equal concentrations. 4. A heating el enent
according to claim?2 or 3 wherein said at |least two rare 15 earth el enents

i ncl ude botg,ceriun1and | ant hanum 5. A heating elenment according to claim

1 wherein shillspgcarding,tp s invention weremanyfacturadfram gobitionaisingthe sP@yng t o

claim 2 whegg] ' t | Lael t lally
equal quant F?#c&ﬁﬁrﬁg%ﬁbr%%nl &'@Eé%%’lg‘;onfgp{el%ﬁ{l é@ﬁh} ‘Hgsg?ﬁeﬁépélbgrgréent

accor di ng t solation,with M3eneli% aatindngehvride)2i8 avslepine chlaideN2 S mok%
respectively antimny and zinc. 25 8. A heating el enent according to claim
6 whereih sEFENRRRAR SompLY lppthaRums substantially free of fluorine. 9. A
heati ng el enent according to claim 1l wherein said heating elenment is stable
at a power density of 20 watts cmiZ. 30 10. A heating elenment according to

clai m 1 whefThese Simsiwérefabrivgted witk effectivestsikthnceaof 26 ohny 80ahnt and45 65fiC.

2 ~ FHB 2003 s A thip filmh i n | e t according to claim1 wherein
the or each'® avéjf%a?ws af 235w, l-?@’égeﬁ@ K cespegtineli do Bs psed: gawaredby a
concentrati : b v ' | (sl ioccording to
claim 11 mhgrqulrcl}nglgls %’ﬂﬁy Y%%aég‘t% (]:)1%3 @é‘%g’ éggfﬁétﬂkmglg gfr‘éér?? g‘ltﬁdcﬁﬁée]gl%ot h cerium
and | ant®anuempédraturédmiakking friksiwhieclaiergreaioved by bashimghifrey depositian of the
wherein ceriymand 10 | ant hanym.ar,e egch present in said base solution in
e e ol s, s EPOS A TG e EETohp FehPHEDEY o The FISF PIRPCTIES A
thin filmh j ] ' i ' i on
of each of o Reathg ERtenf etk a el s S5O0 1ol 140 RinciRIGRAAA 2D O

% 15 1 S. Aminhtes offf)lat6502&% i ng el enent according to claim 1l wherein said

base solution further includes substantially equal quantities of donor and
acceptor elenents. 16. A thin filmheating el enent according to claim15

vx/ner einjgac *]Aéjfnd&%{e‘a a@%@é’, rth@Bos'ii‘We ﬁﬁfb@?&tﬁ‘& c%kﬁl%?é?& of fsfitdnee BeHesvel ¥ .
antinmony and zinc and are each present 1n said solution at a concentration

of approxi neelehentg egabies a seif-regulating Gharattetistichtodeiobtpineds wetht amsinitiallyi kight o
claim1 or 1p20#g?'%risesipgtigr? iW(?lic ar%gy Be log El . \Parﬁtaigsé iﬁ“&c’h%’\% lmotnie papticrl irigtp loor | de.
operating temperature. Fig. 1 shows the typical behaviour of the elements, where
power dissipation is plotted against time of operation. As will be observed, the
20  dissipation of the element commences at a high level and decreases as the resistance
of the element increases with temperature, until a steady state condition is achieved at
the design power consumption. Upon temporary cooling of the element, for example
through contact with a cooler body to be heated, power dissipation will temporarily
increase, assisting in achieving rapid heating.
25
Fig. 2 shows the relationship between temperature and power at steady state for five

elements having power ratings between 500 and 1330 watts.

Life tests have shown that the films are particularly stable on inert substrates like
30 quartz 96% silica in temperatures up to 650°C with power densities in excess of
15.5W/cm?. The films on lower grades of glass ceramics having alkali impurities

such as lithium and sodium were stable to S00°C at extremely high power densities.



25 18. A thin filmheating el enent according to Claim1 wherein salzij'anBI 2003
oxi de layer is deposited on said substrate froman organonetallic b

solution using a spray pyrolysis process. 30 19. A nethod for the

manuf acture of a thin filmheating el emeft including the step of depositing

a layer of metal oxide onto an electrically insulating substrate by

pyrol ysis of an organonetallic base solution containing at |east one rare
earth el enment. ? ~~E 8 2003 9 20. A nethod according to claim 19

wher ei n saig solution contains at least two rare earth elenments. S 21. A

met hod accoPMehEFSISANCELY 3Ry G fipre cEund $4amsig apayeAQohms Baverhaens ar e

P hod aeolrcaedby uling (heibe Bt 4Rb) Kol MneSBRCORN RIS codd el
is present varieddbetwean 2000QngsirohEnitaofonid B4000 Arigdtrbml Units Byvamiing/thieo

approxinately 10 3. 7S mol % 23. A nethod according to claimz20 wherein
cal d at T eaB¥mberotisaray Rassesh Thp Sitisvern denasicas oroyarions spRsaRnE AN nUM 1

S 24. A net ?ﬁgs @&&9&9 Pmir&bgﬁi%magg ﬁn@d 1§?ded cerium and | ant hanum are

each present 1n sai N1 nesu y equal concentrations. 25. A
met hod according to cI aim 19 wherein sal d base solution is nonobutyl tin
trichlorde. 20 26. A nethod according to claim 19 wherein said solution

further incAsdel! asitheir suitebility inhighdamperstise arior high gisa timeapplicatiensacc ept or
| t, t d
element, s a'ﬂjrng f{aae rF c‘a{'daﬂgé vﬁﬂﬂ%@fn%{?ﬁ%[ tlnoﬂ éQ h%@%g;@@ A&%g@%o gnt in sai

sol ution in substant qual " concen accordi ng

to cl ai b9 26 apgiéations, sm}dasthmﬂ’ondhhﬁmg,defrigma&ﬁg defrost, arid genierkt haatihg ai d
acceptor chloride js zinc chloride. 28. A nmethod ccordl n cl a|
wher ei n sai &leging elepienisotsacshepamapuisctugsdyisings ngfhe gboye fﬁghncﬁog can b

2003 io0 29. ﬁtﬂgﬁe)ﬂ:ﬁﬁﬁoéeq RS oW ﬁd c}r% ﬁ"%ﬂﬁﬁo#lﬂg lré'ﬂb{tg Hgir% Of

anneal i ng sai d netal oxi ayer orfrsar d SuUbStrat e 4t one hour at
a t enper at uvesshinglaad dryiag appiéansed) ahd adrealse bp asedtas radiatingisutfaces,g sai d
pyrolysis. .A A A A3.Al .An .Ah.AY.A . AYR5* Fos|
15  While particular embodiments of this invention have been described, it will be evident
to those skilled in the art that the present invention may be embodied in other specific
forms without departing from the essential characteristics thereof. The present
embodiments and examples are therefore to be considered in all respects as illustrative
and not restrictive, the scope of the invention being indicated by the appended claims
20  rather than the foregoing description, and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced therein.
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10% & ()-- 20% & A thin filmimating slemeavaceording tolclgm Rwhpreiy said meta-oxge

10(())/%/5&&(6 Ell%%ﬁ{% ‘§3°5§ﬁ°\%§;‘?§§ (éfj ‘%%lgf’?ﬁ%“‘ﬁm 100 & ()- y)10% & ()-

&310% &1@) - S# 1 10% & ()-f!10% & ()- W-2dYNC 10\ 10\ 10\L610% & () -

3. A thin film heating element according to claim 2 wherein said two rare earth

elements are present in said metal oxide layer in substantially equal concentrations.

4, A heating element according to claim 2 or 3 wherein said at least two rare

15  earth elements include both cerium and lanthanum.
5. A heating element according to claim | wherein said metal oxide is tin oxide.

6. A heating element according to claim 2 wherein said metal oxide layer further

20  includes substantially equal quantities of donor and acceptor elements.

7. A heating element according to claim 6 wherein said donor and acceptor

elements are respectively antimony and zinc.

25 8. A heating element according to claim 6 wherein said metal oxide layer is
substantially free of fluorine.

9. A heating element according to claim 1 wherein said heating element is stable
at a power density of 20 watts cm™.
30

10. A heating element according to claim 1 wherein said heating element is stable

at a temperature of 650°C.
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12. A thin film heating element according to claim 11 wherein said at least one

rare earth element includes both cerium and lanthanum.

13. A thin film heating element according to claim 12 wherein cerium and
10  lanthanum are each present in said base solution in the range of approximately 1.25

mol % to approximately 3.75 mol %.

14. A thin film heating element according to claim 13 wherein the concentration of
each of cerium and lanthanum in said solution is approximately 2.5 mol %.

15
15. A thin film heating element according to claim 1 wherein said base solution

further includes substantially equal quantities of donor and acceptor elements.

16. A thin film heating element according to claim 15 wherein each of said donor
20  and acceptor elements are respectively antimony and zinc and are each present in said

solution at a concentration of approximately 2.8 mol %.

17. A thin film heating element according to claim 1 or 12 wherein said base
solution is monobutyl tin trichloride.

25
18. A thin film heating element according to Claim 1 wherein said metal oxide layer is
deposited on said substrate from an organometallic base solution using a spray

pyrolysis process.

30 19. A method for the manufacture of a thin film heating element including the step
of depositing a layer of metal oxide onto an electrically insulating substrate by

pyrolysis of an organometallic base solution containing at least one rare earth element.
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present in said solution in substantially equal concentrations.

22. A method according to claim 19 wherein said at least one rare earth element is

present in said solution in the range of approximately 1.25 mol % to approximately
10 3.75 mol %.

23. A method according to claim 20 wherein said at least two rare earth element

includes both cerium and lanthanum.

15 24, A method according to claim 23 wherein said cerium and lanthanum are each

present in said solution in substantially equal concentrations.

25. A method according to claim 19 wherein said base solution is monobutyl tin
trichlorde.

20
26. A method according to claim 19 wherein said solution further includes
chlorides of at least one donor and at least one acceptor element, said donor chlorides
and acceptor chlorides being present in said solution in substantially equal

concentrations.
25

27. A method according to claim 26 wherein said donor chloride is antimony

chloride and said acceptor chloride is zinc chloride.

28. A method according to claim 19 wherein said solution is substantially free of
30 fluorine.
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