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-1- Method for fabricating a heating el enent by
depositing thin layers on an insulating substrate and
the el ement thus obtained The invention relates to the
technical field of depositing thin 5 |layers in order
to produce heating el ements-dn an insul ating
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wings in the 10 aeronautical industry. As known to

158, ke ot ol By bR TSRS i
A b ORI

that constitutes the actual heating part. In one

heati ng el enent design, two cold zones are associ at ed

wi th tHkehotvertiore bys eivagtageoume cipplicatioserineshesdield of
that the |ntenS|ty of the electrical current that
fI@ﬁ%lelﬁgo@@h eaeiRgoputipeesz ofied jas refdentingalsurfagestra the

e.col d connect. th current
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d| rrent uniformly to the term nals of

%érﬁie%ﬁk%éhgglsw The reader is rem nded that power
equal S resistance tines current 25 squared and that
the flow of current produces a significant tenperature
ri se i nAs fkaosiete thiese hkllhléé in the grtera hﬂ”ié@grﬁl@abnt consists of
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In one heating element design, two cold zones are associated with
the hot zone by being connected in series so that the intensity of the
electrical current that flows through each of the zones is identical.

The function of the cold zones is to connect the current supply
obtained from an external source and to distribute the current uniformly

to the terminals of the heating part.

The reader is reminded that power equals resistance times current
squared and that the flow of current produces a significant temperature
rise in the area which has a higher electrical resistance and is referred to
as the hot zone, Conversely, given the fact that the cold zones have the
lowest possible electrical resistance, minimal thermal power is released

from the electrical connections.



Al so, because resistance equals resistivity tinmes the

| ength of the conductor divided by its cross-sectiona
area, it is possible to nodify resistance values by
varyi ng any of the above-nentioned paraneters:

Resi stivity, |ength, cross-seétional area. 5 In one
eﬁbOdl”Qﬁko?he&hh@wéﬁ%@hc@%@h&@Qeﬁkﬁﬂﬁ?%ﬁn&?ﬂ&@&ngp of the
exanpl e, a vacuum deposition techni que; one can e oy

at dosasttarwdividest byi itd srab-sdicfibralemtear éisiss possible, toeaedlify
of them being deposited through specific nmasks in
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their cross-sectional areas are determ ned dependi ng

on the danduetembedinvaltues thegliyeedhdaingt kicraaitd wings for
and the resistance value required for the heating

paraxande, & vaggumedeposition dedmiqum esnmoan wakdoy tat least two

e Oe i g LB Be MRS trough
. . . X .

St paaRESR TR RF SR PhARIE'E ABBbfPheaing

or et inl heCORBESIULRREY ahf ©h8 ¥ endiecol HcBdrd e RIS, The two
which the current flows. 20 As stated above, a second

hi ghatgrialsndiec s¢leetedadepending ondtheds intedsicatesidtierityn dghereas
of the resistances in order to,act _as a . drain, One_can
ci tt ‘?1ff°6?ss“5‘e€>€§ﬁﬁri’2§feﬁﬁ argfeteryingdedensnding enttle conductance

JP 0, J 4704 anot her embodinent, if th
dopaircrbaRte JEEARLEte 7R HEY r SRR e £o0uitEE for
tr Qﬁghegﬂi@ghﬁﬂtpal connections can be nmade either side
of the resistive coating through a conductive coating
pr oducedfithet heatfny moefing sdodspaok nnake ds peseibhs .toSubtain a
a solution is di ?cl osed in Docunments ) )
sufficiently high electrical resistance by adjusting the thickness of said
coating, it becomes necessary to alter the length of the resistance
deposited in the form of tracks in order to consequently increase the
distance over which the current flows.
As stated above, a second highly conductive material is deposited
- at the ends of the resistances in order to act as a drain. One can cite, for

example, the disclosures in Patents JP7226301 and JP8124707.

In another embodiment, if the deposited resistance is not in the
form of a frack, electrical connections can be made either side of the
resistive coating through a conductive coating produced in the form of
strips known as drains. Such a solution is disclosed in Documents
WOO0158213, WO03095251 and US4543466. As disclosed in Document
WOO0158213, the heating layer is made of a transparent conductive
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W00158213, W03095251 and US4543466. As disclosed in
Docunment W00158213, the heating |ayer is nade of a
transparent conductive -3- material and it is
associated with a highly conduct ive layer of silver in
order to fulfil the drain funZtion w thout any

t enpREALLAR] it §Ca s/ééla@ed %?Henen%h%hyé cﬁ%ﬁ%@ 1@erd Ws%ver in

art, producing a eatl ng e epositing t

| ay)eder tiorfutfiMbe dravn fhedes without bhy sémpérageetrBedeposi t
the electrical resistance through a mask in the case
of a resistance in the formof tracks or to deposit it

ﬂllotr :C: Ihy o?frgseﬁgof Trg‘fesgf' o bﬁ{@@&f@@ﬁ%?xeé&@gt element by
selg Bélﬁﬁg)thﬁﬂ@éjesqgv&l&gs E@? s Ig ye 10 deposit; - a

seco e to posit ano coating thr ough

anot her alTﬁﬁdt stape @ dshish e aleGrichlt rdshtddver f Qg a mask in
necessary to use two different materials and to

mani pul dhe caserendka biesigkaane tine thendomhe pofs tratks or to dep0s1t it
illustrated

process his state of the_ art
schemat |‘ﬁ%ﬂ°¥i¥ qq{oﬁﬁalﬁngrq syFfees of. sti‘ﬁv%l batrateafNaig that tracks
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i nsul at idegostgt eri al such 20 as a ceramc, glass or
plastic etc. A slightly conductive coating (B) is

deposi t adseourd stdge terdeposit anoftee eoafing instughtagofey mAk to
mask is po |t| ned on coating (B) in such a way that,
for exalpP@ 3H¥es not cover its ends so as to make
it pOSSIb|e to deposit a second highly conductive
coating in order to produce drains (A) for connecting

an el ecty £ heROWR nQUESS 12 TS Qﬁff@re%rlﬁét%hg g and to

(G. Starting fromthis state of the art, the
whinzinipilatd aveskitetween the two deposition processes.

This state of the art is illustrated schematically in Figure 1 which
shows a heating element produced in two stages. The heating element
consists of a substrate (C) made of an electrically insulating material such
as a ceramic, glass or plastic etc. A slightly conductive coating (B) is
deposited over the entire surface of substrate (C). A mask is positioned
on coating (B) in such a way that, for example, it does not cover its ends
so as to make it possible to deposit a second highly conductive coating in
order to produce drains (A) for connecting an electrical power source

such as a generator (G).

Starting from this state of the art, the problem which the invention
aims to solve is to produce thin-film heating elements in a single

deposition process using a single material,
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ainms to solve is to produce thin-film heating el enments
in a single deposition process using a single
material. -4- To solve such a problem a nethod for
fabricating a heating el ement by depositing thin

| ayers on an insul ating subst4ate has been conceived

and per V. e pqﬂ I.8Set h e

state o:'[%t%e S\l/J\@? hrelzi\‘lt ?br%%lf er %ﬁologb 5| ﬁabgigaftlgg 4 heiatlng
onelehi@at by alepasidhg! Min Sl'dz&@c@n rzu %Mﬁlﬁ@ﬁﬁt@%as been
| east one area having i gher surface roughness Rax;

- Onecappd Bmiparfhctgdlwhmfbbm rically conduct ive

material to ft var i ous

] connects the .
smoot Fogr Bedse eawr’éa«?@c&taﬁec%ﬂa tlaﬁowtrgtﬁuﬂb grder 1o «Q@a@ at

or odulsalt Ph S%l e aEfu bl hoBeBRES RE Ao tewt ove

si mul amq%%gamﬁgw%ﬁmesm @41RRk§ iRGal T esistance and

drai ns which |'s case, consist of areas of |ow

r ough s apilbesThhighly sldchdedfyocenduotive nggerialny thewdvdrivus
use two different materials or to apply different
rrasksaER@ﬁi ng the process of producing the coatings.

20 ter-intui ely for n the ar

accor oG Wﬁé{l Wi’ﬂ% ?W,tsr}%ﬂ@nrﬁ ﬁ‘ﬁf‘?&%‘%%ﬂ‘\%@
material is used for the heating part, not just for

the cold parts or drains. Starting with this basic

desi gn: A3% resﬁﬂt@fdﬁﬂ&&bﬂ&d&lﬁ% héathtg elbndeingbhy be produced in
conductive material over e entire
a single deposition process in order to simultaneously produce the
electrical resistance and drains which, in this case, consist of areas of low

roughness.

There is therefore no longer any need to usc two different
materials or to apply different masks during the process of producing the

coatings.

Counter-intuitively for those skilled in the art, according to the
invention, the highly conductive material is used for the heating part, not

just for the cold parts or drains,

Starting with this basic design:
- One deposits the layer of highly conductive material over the entire
substrate so as to cover all the smooth and rough areas, or
- One deposits the layer of highly conductive material so as to form a
track which covers part of the smooth areas and part of the rough

arca.
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substrate so as to cover all the snooth and rough

areas, or - One deposits the layer of highly

conductive material so as to forma track which

covers part of the snooth areas and part of the rough
area. -5- In one enbodi nent,-bre produces a raised

rough an YRR, FI} r T ' ]

al so rellgﬁj gg%to a tga’ior{%rﬁgl(e’gﬁ%%t;g@%eg lﬂ@éh%gyéé%en two
depeasidih ageakhi n | ayers on an insul ati ng substrate

whi ch has at | east one heating part that uses the

joule effect and at |east one electrical connection

part consisting of at |east one raised rough area Rax
and at. eeé%‘fe%&ﬁ’é ot flafised0 o NEHDROG sopggined by

sai . ' red. : ' o hi.ghl
cotielFRE HE DFeEr S meiRing Mokt Sfhuph SR s pre
beiRatig@NpAE! 8t L @&khehs oAl ITRA(SAd df WHsY one electrical
conductive materials that are capable of being used

i ncbndegtiorepatt yconyistiayg @ff afi fefast om¢ irgisedpdugivtarea Rax and at
limtatively, alum nium copper, silver, gold and,
morRAs ehe SEIOOMh atsa- lay, rousfinges Rei wid areas Deang eoveind by a

B e e
25 BRse cOliRcEAUINES OB Seshe STOOth” area(s) i

| ess than O. I'n 'one enbodi nent, the substrate

has a snooth area of |ow roughness Ra | ocated

al ongsi de an area of hi gher_rouh%gness Rax. |n another

enbodi mEHEDL Ieondupkive ametarials tthet seocapableast dfeingwased

ﬁIS é:%@ﬁg h,glﬁgfﬁ% | %3;?0 in%rt'rggtriol? Iagg n%ft lfmnite?cﬁ\?eﬁy,o Iiluminium,
copper, silver, gold and, more generally speaking, any material that has
an intrinsic electrical conductivity in excess of 30x10° S.m™ at ambient

temperature.

According to another aspect, the roughness Ra of the smooth

arca(s) is less than 0.5 pum.

In one embodiment, the substrate has a smooth area of low

roughness Ra located alongside an area of higher roughness Rax.

In another embodiment, the substrate has two smooth areas of low

roughness Ra [ocated either side of an area of higher roughness Rax.

It is apparent from this method that:
- The thin layer of highly conductive material is deposited over the

entire surface of the substrate so as to cover the various areas, or



10

15

20

25

It is apparent fromthis nmethod that: - The thin |ayer
of highly conductive material is deposited over the
entire surface of the substrate so as to cover the
various areas, or -6- The thin |ayer of highly
conductive naterial is deposi®ed in the form of a

track Th@%incf&:y@f Bfgﬁsﬁﬁg\%@hgﬂ&i% @%I?e&az 3¢ %@%1@2& the form

advant ageous resu een a

el ect bf g&tackqBaSIARESHeAdrbusH k. exceeds the ratio of
the square of the <coefficients al and a2, i.e. R2/ R

> (a2) 2/ (al)2, where: R = resistance in ohns of the
o o1 Peiubin SH-RAGRARS Sl anbee e himed Vhen e
s BeRRaE 558t tuh Ko I B Tharil et 0 sl of the
gfgls%g%ﬁ%ly@ 2 ghl o i hRoAE PR @Izgg}(g@?{ wWiyghness

s lenAgth as scann y’ using a

pr &1i + eggiiteiice ihshrm O vEd GRobth %P LAINRdoReiss (Ra);
greater detail, reference bein 15 nade to the

ac 8@rp evjstancedinaviimsg of the aveh oif highaFirguglmess i(Baz);
schematic view of a heating elenent accaording to _the

pr Pdr =stlareloped tlpesthy of the goetd araas dividesh By éty length as
equivalent to Fiqure 1, - Figure 3 is a schematic
crgg@%g&ﬂwa%r%@@%%ar to Figure 20 1, showi ng

t hesheat | [ i . .
! heghea A AT 6 ACRLR Tl RS civiged by i
Fi Ggioeh 3¢ scanhed Wyassifg aofiich@eschematic top views of

ot her” enbodi nents of the heating el ement in which the
hi ghl y conductive coating

The invention is explained below in greater detail, reference being

made to the accompanying drawings in which:

-~ Figure | is a schematic view of a heating element according to
the prior state of the art;

- Figure 2 is a top view equivalent to Figure 1;

- F-igure 3 is a schematic cross-sectional view similar to Figure
1, showing the heating element obtained according to the
invention;

- Figure 4 is a top view equivalent to Figure 3;

- Figures 5 and 6 are schematic top views of other embodiments
of the heating element in which the highly conductive coating
is deposited in the form of a track;

- Figure 7 is a schematic perspective view of an element with a
smooth area and a rough arca;

- Figure 8 is a view equivalent to Figure 7 after a coating has

been deposited on the outside of the cylindrical area.
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25 is deposited in the formof a track; - Figure 7 is
a schematic perspective view of an elenent with a
snooth area and a rough area; - Figure 8 is a. view
equi valent to Figure 7 after a coating has been
deposited on the outside of the cylindrical area. -7-

E: gﬁ;ﬁfﬁ%ﬁégf’ oW &, f ras?l'gm&%bﬁﬁ{slé%tfgﬁ %%tcihggelements

I ned accorading to aspec

| NWBRTheD Atoadling! 861 AdRRtd Yof itRE Undthfn SBAShhakRclddally
of any known appropriate type. 5 According to one

bashsulatspestbsafatd (6 dfrengritricom aprepsiate ype. st at e of
substrate (1) is nodified so as to obtain snooth areas

(la) and (Ib) of |ow roughness Ra, typically |ess

than 0.5 n n_area. (lc f-hi gher ..royghne X

wh on e BoxdPe bR B3isc sl Hetfou B RiiRe) Bhte of
CORSLSL y o . | .

rac S RHOLP b BRI KOCAER] b st epds X and (10) of
sulistraughfidss R typrallydess thade).8una) gad afilaaga (1d)f higher
and (lc). The conductivity of the highly conductive
natepghilese RagausicBmeromaginexeacda®bt ght. t enper at ur e.

Thus, areas (2a) and (2b), above snooth areas (I|a)

and (I b) of substrate (1), 15 constitute drains for

connecting . r + §0 S :
gener at oy oGl 19} (RIS 7°UlsbEy "HSeRay, copdustive
hasn@chhlgRedeposted Res she ensifd suEas dbe dreaibstgtadd)ton the
of the elenent. The electrical resistance is trinmed
maisaing dide medirkgs () Héb) 20ds(c).athe mondheotdsisy aff thcdsghly
(lc) of the substrate. It isS possj ble to conbi
{ neopdihioeatamacred 30 RSN Hombimt joppetanre. Thus,
t hi t ' ' r [ .
redi éﬁgg@i‘%%% @g’.)’ %%(g{él %gm%% g%%g (%Eeijjg}el%o [ ﬁtez)g Slull? s‘%rﬁtg O
f ocohetitutd a@kiss @' chbRABEARGE anP¥lectrical power source such as
generator (3), whereas area (2¢) above area {lc) which has a higher

roughness constitutes the heating part of the element.

The electrical resistance is trimmed mainly by modifying the
surface roughness of area (lc) of the substrate. It is also possible to
combine the roughness characteristics and to modify the thickness of the

coating in order to trim the resistance value.

Coating (2) can be deposited in the form of tracks, for instance, by
placing a mask before depositing said coating or by selectively removing

the coating.

To produce tracks, it has been established that it is important to

give preference to surfaces of low roughness in the vicinity of the bend
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25 placing a mask before depositing said coating or by
sel ectively renoving the coating. To produce tracks,
it has been established that it is inportant to give
preference to surfaces of |ow roughness in the
vicinity of the bend _g_ radi+ of tracks because a

S U&énﬁ‘r‘ %ioﬁaél&""bé@a‘ﬁ%‘ S gline g rl%%?ong% Jn%%h?asggg % low

makes poOSSi b 0 feduce ft erar Ue r
angesistaRRS Qﬂh&@ﬁt hﬁake@\&@lpés%q@% ngedube @enfghfure FidReand,
advant ageous enbodiment 'is illustrated in'Figure 5

whicohsegubnily, avaddatmgire the)depbsit. has a rai sed central
area of higher roughness Rax (lc) and two | ateral
areas (la) and (Ib) of |ow roughness (Ra). Area (I a)

Foughne ol Bt Aladlmd G olubfhsd it Bl 5 which
OVEeRHRatal ﬁgastﬂaﬂee Qethﬁtaﬁﬁ? Wodhiseel ééhtatall' Qr¥d 6 IHI%HCI‘ I%g)gﬁfless

the drains for ctricall'y connecting generator
| n Ralxe(1E) gmnle\miﬁlem,a:fédae(la)lbﬁd(ﬂi)eoﬂﬂ@w rovphsienofRa), Area
areas (la) and (I of | ow roughness Ra | ocated
ei {hdrwhergshetbead Iafhé 424} Oﬁitrghlé? (Dr@ﬁﬁ@h\ﬁ seugimess amhiecated

e snmoboth area,of .15

fg%aﬁ@%‘tﬁm%"%ﬁﬂ%o A ) G R AU @ﬁe\fcmﬂy
hi gg ect Fi ca(ﬁug&iclg{}é uc e}:@@ﬁ?%a%ﬁ%g%r S?S)SI fr:a;/ngeo

produced with different shapes. See Figures 5 and 6.
In Figure 7, the substrate has an area of |ow
r oug hneés th¢ E)glaa&jslmwn,zmeambatr@f Haisgwor sugbithearsag (1a) and

oyl 1HaPE oY oGhehidesS Ro, 39 (b Bithes <GIE S fnotred Sf higher
F&Q;!B%I% %QdT sﬁf)&f’at y gé?ﬁﬁ@ Qlve 2 }Qﬁl{&%‘ %@1%%?1? hrea of

I‘I ca genera connec

it 1dw rﬁ@gﬁﬁ@rRaU@cﬁ@&%ﬁ&ﬁdé fél% Q{%‘éa@ﬂ ﬁ%ﬁhetr h@hg,hness Rax.
according 25 to the i nvention, |ocal nodificatron of
t héimilaflpctractsai’e) ebnsibng urﬁémg}dyeiectncaﬂy conductive coating

(2) may be produced with different shapes. See Figures 5 and 6.

In Figure 7, the substrate has an area of low roughness (1b) and an
area of high roughness (1¢). Coating (2) is deposited on the outside of the
cylindrical surface in area (2¢) (area of high roughness) and in area (2b)

(area of low roughness) where electrical generator (3) is cormected.

Firstly, it is necessary to emphasise the advantage that, according
to the invention, local modification of the surface state of the substrate
before depositing the conductive coating makes it possible to produce
heating elements using a single material, regardless whether or not the

elements are in the form of a track.
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bef ore depositing the conductive coating nmakes it
possi bl e to produce heating elenments using a single
mat eri al, regardl ess whether or not the elenents are
in the formof a track. -9- This surface-state
modi fi cation can be produced- fipstream when the

substr at gyl S AREL AL %ﬁodffgahaﬁ G26e YrodyPR ¥PBfeam when

substrate, for 1 nstanc rai sed" area

t hehsunbatge of favpichide ot thencare Wl di bﬁsubsﬁ*&t@ for mstance
surface-state nodification can al so be obtai ned

di rscmiegnoaf 5 raived sy the subfate o€ adepesiion omudgingslieg

a techni eknvvnas | asting o ny other, .

sui t abl élq%lé Sﬁ%a.myglgb afipg qaéru@hr%ﬁgg% ogﬁam%élrecﬂy on
su q 0 e;.ca u

ar gﬁ éeI ?Srt# c%l glso::r%n EP:%S%‘%H % %Sg%gf %O%%hh&hgt .1{%’3% as
CO%*ahHQla@ a%?p&)th@ld sedE %né‘@i@(’@ﬂ oBFyietRerhioRbess of
el enent . te t in order to produce’the basicC
cha:hasubért'raeiimqum‘tldrhe heating el enent according to

the invention, one can either: - Use a substrate of
| ow roughness Ra which is treated to obtain for 15

e el e I B
hi Qﬁﬁ{laﬁﬁg%ﬁt‘?ﬁ cﬁ?ﬁ?\éﬁ% & betd éﬁgé@sqtntl% ﬂ?eﬁﬁé’dtﬁg elk

exanpl e, two ar as o w roughne er si'de o

an area of hi gher roughness Rax. 20 See the three

exanpl es below. Exanple 1: In exanple 1, copper was
dep03| t ddotenthss) Yo ardende eprodpes ithe dapsio Bhaictayistigs of the

chni car bonat e _substr at es,

d t t
%ﬁﬁﬁnp%e et aeaotfiia s M aERigt e Sk

Use a substrate of low roughness Ra which ts treated to obtain, for
example, an area of higher roughness Rax between two smooth areas
of roughness Ra, or

- Use a substrate of higher roughness Rax which is treated to obtain,
for example, two areas of low roughness Ra either side of an area of
higher roughness Rax.

See the three examples below:
Example 1:

In example 1, copper was deposited on polycarbonate substrates

using the vacuum deposition technique.

Polycarbonate substrates, in strip form, have an initial surface

roughness value Ra = 0.02 wm. These polycarbonate substrates were
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roughness value Ra = 0.02 m These pol ycarbonate
substrates were -10- subjected to sandbl asting before
vacuum deposition and this increased their roughness

to Ra = 4.9 m The ends of the strips were kept snooth
in order to fulfil an el ectrlilcal bonding function and
o di . £ ot y ‘

rodr DHACYS Raitailly WRIE Victup? dfPbERChIRREUR: iggreased
| enbéib rofighitess teRiast 49gen. is 98 mmand they are 5, 12
and 24 nm w de respectively. The roughness profiles

wer e usekha endalfuthet sriphewette \kebbpetbdtienigt hrdeortoefidfil an

surface state, 1Q The el ectrj.cal resistance re
ché‘ﬁ%f‘g’fléfiﬁi WW.@@ tgflistgibats puzent iy Erml%ng
nmeasuring the voltage across the termnals of the
resi stance. All the substrates were coated

si mul t anERs typéd of ResinassM v eBEe RRSHIdedNo S BdcRWBface state.
The substrates were al so positioned identicall 15

r elTte lemgtlo of bhe degpismiitdsols 3®unceandthepars fed2 gralks24 mm
substrates having,a roughness Ra_l ess than .01lm the

0
me A44EPSPREIEVGIEs d bt roughnesp pEefiles weispusedide celawate the
Th testq.pieces were prepared in accordance with
th?eggt@%gilgﬁ%hgﬂg\%@@ %’r‘rng—ﬁcﬁplta:t 3 anld 4. 20 Resi st\glnce
Ral (A U(V) R=UIl RJRL Measured a axa ((x2xa2)/

width (m (Ohni) (alxal) 24 nm0.02 3 1.162 1 = 0. 387
3.2 al dHe @EAritaloSstdndesd vB&rel chaRdteriiad=b¥. 2gHyaR an

=1.0841 1.1752 _
electric current and measuring the voltage across the terminals of the
resistance. All the substrates were coated simultancously in the vacuum
deposition equipment. The substrates were also positioned identically
relative to the deposition source.
On specimen glass substrates having a roughness Ra less than
0.01pm, the measured thickness of the deposited copper was 1.15 um.
The rough test pieces were prepared in accordance with the

principle shown in Figures 3 and 4.

Resistance | Ra IA UV R = UI{R2Z/R] | Measured o | oxo (a2x02)/
width {um) {Ohm) (alxal)
24 mm 0.02 |3 1162 |R1=0387 {32 ol =1.0004|1.0008 |12

4.86 H 1245 |[R2=1.245 02 =1.0841|1.1752
12 mm 0.02 2 1489 [R1=0.745 |32 0l =1.0004|1.0008 {12

486 |1 2,400 |R2==2.400 02 =1.0841(1.1752
5 mm 1002 |1 1705 |RI=1.705 |31 @l =1,0004 | 1.0008 |12

486 |1 5225 |R2=5225 o2 =1.08411.1752
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12 Mm 0.02 2 1.489 R1 = 0.745 3.2 al = 1.0004 1.0008
1.2 4.86 1 2.400 R2 2.400 a2 = 1.0841 1.1752 5 nmm
0.02 1 1.705 Rl = 1.705 3.1 al = 1.0004 1.0008 1.2
4.86 1 5.225 R2 == 5,225 a2 = 1.0841 1.1752 -11- a is
t he devel oped | engt h di vi ded Idy- t he | engt h scanned

2?@83‘3 R Lo gl itk e 19 Bus MR SR Byine
2. pRoloméley %%e@ﬁmg%@%@; QR ddhoray ly;@ anld drfooth

obvi ous that roughness haS the effect of Increasing

t hgutfaogt re dendtddiey Bevel oped wi dth of a surface. 10
The val ue of el ectrical resi stance R is generally
expr essed as follows: R pxLxai / ((el/ (aixai))xl xai)
= pxLxai developed l.ength (L) of surface

X
i 6T gpﬁ)ppﬁ@emeé@ﬂ @pprest dimenyont ace | is Lxai and

the thickness (e) of the deposit on surface i becones
e/ (ai xai), such that the deposited volunme (V) remains

unchanggglis dbvious/thak ¥&hdUnedb ha@tlﬁ@bi’i@bt) oFm'ei‘éa&ﬁlgT@feslength
| eads us to conclude that the ratio of the el ectrical

r esndtthedescloped (dihRf)a shfaded equal , for those
skilled in the art, the ratio of the square of
coefficients a (R2/R ((x2xa2)/ (al xal)). The

experi taI esu nst tet

ol bot 11 U} AR it K o rEHerille ppesg) os
| NGHBERS | N eI ectrlcal resistance 25 in the ratio

R2/R from3.1 to 3.2. An increase by a factor such as

this malRgs pkLQ&#f{bﬂ@b@d Pxuse) Bl ghl Yo eQrdgs i ve
materials as an ectrical resistance and, in the
snmoot h ar eas,
The developed length (1) of surface i is Lxoy, the width (1;) of
surface 118 Ixa; and the thickness (e;) of the deposit on surface i becomes
e/(oyxay), such that the deposited volume (V) remains unchanged. V =

Vi= Lxoyxdxogx e/(opxey) = Lxlxe

This leads us to coneclude that the ratio of the electrical resistances
(R2/R1) should equal, for those skilled in the art, the ratio of the square
of coefficients o (R2/R1 = (a2x02)/(alxal)).

The experimental results demonstrate that, for the 3 electrical
resistance widths, the rough areas give an increase in electrical resistance

in the ratio R2/R1 from 3.1 to 3.2,

An increase by a factor such as this makes it possible to use highly

conductive materials as an electrical resistance and, in the smooth areas,
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-12- the deposits behave |ike a short-circuit and
cannot be used as heating elenents. The results al so
denonstrate that the increase in electrical 5
resistance is not primarily due to the geonetrica
effects of surface roughnesd2because, surprisingly,

X S .
codtt AEFalip. bR BRE RS ot el R cififor BEREF s Jeating
ap@&ggﬁﬂ& the idea of altering the surface roughness
woul d not be imediately obvious to those skilled in
the art because an increase in electrical 10
reS|stan%§ by a factor_ of only 1.2 dges not make it

possi bl dheoresuls 2sos smonsitiges et s anweasd g electrical

e AR i I%Oﬁ"ﬁwiwﬁﬂ%lffue'v@? HEBLEnGnich SRR of surface

POl gt RBOBECAtREN G %@?odl%@f?@l' Flek e8EN Hedkio of the

The rough test piece e prepared I n accordance

W khudrae orfrdoeﬁﬂiﬁbﬁtssdaommmav& GEBe@Sptindy adham@tioal dM@oach,
| ength of the resistances is 45 mm an they are 1Z ‘and

23 thanwied o altesimec they slisface GoSglmstse aWeu]IéeaD‘sﬁRnunnﬂdlaﬂely
bt S S A8 e b o e
AT 02 4 TacgeP ot orly 520%%"&9%5%&%"9 PG gt o

a2 short-c&b# int 4 8atingl Qdistanck3

Example 2:

In example 2, the same materials as in example 1 were deposited
on polysulphone using the vacuum deposition technique. The rough test
pieces were prepared in accordance with the principle shown in Figures
3, 4 and 5. The length of the resistances is 45 mm and they are 12 and 23

mm wide respectively.

Substrate Resistance | Ra R = UAT{RZRI {Measured ¢ |oxo {a2xa2)/
width (pm) | (Ohmy) {alxeel)
Polysulphone | 23 mm 0.08 |R1=0,293 49 ol =1.0008 |1.0016 |1.2
6.04 [R2==1430 o2 == 1.1001 | L2102
12 mm 0.08 |R1=04411{55 ol =1.0008 | 10016 |12
6.04 |R2 = o2 =11.2102
2.450 1.100t
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In this exanple, it is also apparent that the increase
in electrical resistance does not match the
geonetrical effects of surface roughness. The change
i n devel oped | ength does not explain the increase in
resi stance. 5 Exanple 3: Heatli3ng resi stances were

pr oduce e r.banat i [ his . l.e. .
mask Wagn gﬁlgc%a%%ﬂ %t e%t a@g? ag’ﬁ’g%e& rﬁﬁ%tf elngl)-e%%ggiﬁi%%mcal
| n rédiélafoo HBed RoPIAL che AekmenfioHoPRA Bf OAEEE Bughness.
el enent) were produced by way of conparison. On part

1, Thiee changacie seatleped longtls udsdsr abe sspdainotherndicfdaee in
and ,15 Ra is approximately 0.02 m On part 2, the
surgsianet.ate of the entire substrate was nodified

and Ra is approximately 4.92 m On part 3, the surface
state of the substrate was not nodified in the

Vi G, f the bends and near the electrical contacts
anéﬂx{éﬁﬂ@iﬁgée areas Ra 20 is approximately 0.02 m 1In
the vicinity of the tracks, roughness was increased by
sandbl asting to increase the roughness from0.02 mto
4. 89 pahlcappngaesigtanges wsre prabged pnapayeathonatevpicees ingthis

principle sho in Figure 3, 4 and 5 635 pper. was
e SRSB4 fPashaits plafed Spie sk pisces b {Pre RRGS oD n order
Th e of this deposit was neasured in the
srrg%bﬁ a(glrfgggﬁ%ere Ra =0.02 mand is 0.5 gmn On
pi ece 4, nade according to the principle of the state
of the art
Four parts (heating element) were produced by way of

comparison.

On part 1, the surface state of the substrate was not modified and
Ra 1s approximately 0.02 ym.

On part 2, the surface state of the entire substrate was modified
and Ra is approximately 4.92 pm.

On part 3, the surface state of the substrate was not modified in the
vicinity of the bends and near the electrical contacts and in these areas Ra
is approximately 0.02 um.

In the vicinity of the tracks, roughness was increased by
sandblasting to increase the roughness from 0.02 pm to 4.89 pm. Piece 3
was produced in accordance with the principle shown in Figure 3, 4 and
S.

Copper was deposited on these first three pieces by using PVD.
The thickness of this deposit was measured in the smooth areas where Ra
=0.02 pm and is 0.5 pm.

On piece 4, made according to the principle of the state of the art

(Figures 1 and 2), the surface of the part has a roughness of 0.02 pum. A



(Figures 1 and 2), the surface of the part has a
roughness of 0.02 m A -14- first 0.1 nn |layer of
resistive NNCr all oy was deposited through a first
mask. After this first deposit, a second mask was

pl aced on the part and a 0.-514n copper |ayer was then

q e . . ,
et el B Mg STrissRIGRINTr Btk PR Afbostieldployin 8 firs
12 Mage fidiaRis ARPUEEELIE @ d08nd PASKIAACERiCES oﬁ&ﬁ@?aﬁt%nd a
nmeasure the tenperature rise due to the joule effect.

The). anbhewppee iper avay thatudepgiteteont drpendaneas-as defined in
neasurenents was 20 C. 10 Part R overall T Qobservation
equiIBWEr3.um in C 1 3,2 ohm N D Non-conpliant:

substrate damaged by overheating. 2 11.2 ohm N D
Non-conpliant: electrical contacts damaged 3 10.0 ohm

65 C ConplyiaPUetbrifindd A &3al Mfi&ﬁ%&i‘s?e{f&é, 22 V was then
materials in stages Results: 15 - Part 'S

norapplioghltd alnd resistiveceaXaasdiy &l yheasmetthe sembacaust @dedue to
results in_very |ow resistance so that, en 12 Vis
apphe dauleoetthet. ridhd srhriew, temperatie edwing the Jempgrature-rise
tenperature caused by the high anperage danmages the

su ?%H@WSMS%Q& ts tenperature above 150 C which

jois its glass transition tenperature. 20

15

20

Part [Roverall | T Observation
equilibrium
in °C
i 32¢0hm |ND Non-compliant: substrate damaged by overheating.
2 112 0ohm (ND Non-compliant: electrical contacts damaged
3 10.0 ohm |65 °C Compliant
4 10.3 ohm |63 °C Non-compliant: 2 materials in 2 stages
Results:

- Part 1 is non-compliant - the excessively smooth surface state results
in very low resistance so that, when 12 V is applied to the resistance,
the excessive rise in temperature caused by the high amperage
damages the substrate by raising its temperature above 150 °C which

s its glass transition temperature.

- Part 2 is non-compliant - the rise in temperature in the vicinity of the

electrical contacts where the streamlines are very tightly packed
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Part 2 is non-conpliant - the rise in tenperature in

the vicinity of the electrical contacts where the
stream ines are very tightly packed 15- damages the
deposit and the substrate in the vicinity of these
contacts. Part 3 is conpliantl5-its resistance val ue
[imt I r.ent nat t t

ri ses %?gﬂ%eé a'l(?l\ge 8%%(2#{ [ agllac g? rre’g as[ul%g{l gl%vvl“{i Eﬁea S’Eﬁiﬁﬁgt éﬂc() ﬁclslese
such ggnfietd. cing or dem sting w thout damaging the

medi um Near the electrical contacts and bends of the
track structure where the current density is high,

the snooth surfaces provide |low resjstance which
avoi dd Aot & coppHARGt ithgesistenes walupyimite the Blopsot current so

non- c I i;apt, despite the fact that i an_ be us as.__.
a hea?gﬁg &geﬁ?g{megaﬁe f%scels, %? h& g@ﬁchﬁ?ﬁel%%o%m lﬁea/lth
by usi 2ati dFRL ek dial I i I :
eyl 8 Shiples daKing yeunllieN o, dapaging i

st agesnatidmusNeag: theraksitribdt oupeactt hed dedds bigestraclt hirscture
15 corresponds to the state of the art with its ]
r esul tWhege dhaeaers dgpsibhis high, ithe smaath sfases provide low

el i m nat.e. The, advant. s are readily apparent from
the dESEFRPET B, ;&ﬁ‘@lgggqqafpyerthgam.ai n a heating
element in a single fabrication stage using a 20
single material to produce both electrical resistance

and difandlby, ipart £hescofpliantd dbidy thehfaedihap it can be used as

particular, 25 -16- CLAl -1- Method for fabricating

a heati heptisige glemeensy Inldpoks i the nggrudtine vageobtaimed by using 2
materials having very different conductivities and by performing
deposition in 2 stages and using a mask between these 2 stages - this
corresponds to the state of the art with its resulting drawbacks which

the invention aims to eliminate.

The advantages are readily apparent from the description. The
ability to obtain a heating element in a single fabrication stage using a
single material to produce both electrical resistance and drains is

emphasised and highlighted in particular.
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an insulating substrate (1) whereby: 5 - One nodifies
the surface state of the substrate (1) in order to
obtain at |east one snooth area (1a)-(lb) of |ow
roughness Ra and at |east one area (lc) having a

hi gher roughness Rax; - One-dpplies a highly

el ectrically conductive ﬁri S(2) to these various
areas (la), (ib), (1c); 1 connects snooth
area(s) (2a) and (2b) of material (2) to an

el ectrical power source (3). -2- Method as clained in
cl al nMethed &safabeickiseg ailratihgtelanentdepdspdsititid ehinllayes on
of highly conductive material (2) on the entire
sulgstinytating yubsirage (Hovhasbgover all the smooth (I a)

f‘ﬂqcf Qm wRCER T ek o S %ghgu%ggg;m%{lq%%g%%tm
) adk A PR KRB ] (PR Ok AR, ek Ao i Teast

(I'b) and aﬁaiGICQhav@g@hj@m@ﬁrdulg%hes@Raxﬁ- Met hod as

clainmed in any of clains 1 to 3, characterised in that

one finsdapplécsaar bightyd clougeally candictjvrenatedal (2oto these
smoot h areas (| a . 25 -5- Heating el ement

obt ai Né’aoﬁ%af?éﬁzlﬁ‘)b Eﬂ@vﬂﬁg)n | ayers on an insulating

subst e [ t,l t | eGhr] heat

arc G sprostS SRR o B37 RN FRUCHT B ) B9 an
char agfeRtri&g porerisBatcesa)d parts consist of at |east
one snooth area (la) and (I b) of |ow roughness Ra and

at least one area (lc) of higher roughness Rax, said
areas, (la). (Ib), (1c) being -17- covered in a thin

| a Tl\'%l“-h%i AP g?ﬁlpleéolﬁoﬂétmde chatastqried ip) thahgnaeposits the
©! 5k L PlgROYSg oY S fackeHarhS) BY REUAR! E5betBid 15 so as to

cover all the smooth (1a) and (1b) and rough (1¢) areas.

-3- Method as claimed in claim 1, characterised in that one deposits the
layer of highly conductive material (2) so as to form a track that covers

part of smooth areas (1a) and (1b) and part of rough area (1¢).

-4- Method as claimed in any of claims 1 to 3, characterised in that one

produces a raised rough area (Ic) between two smooth areas (la) and

(1b).

-5- Heating element obtained by depositing thin layers on an insulating
substrate (1) having at least one electrically heating part and at least one
electrical connection part, characterised in that said parts consist of at
least one smooth area (1a) and (1b) of low roughness Ra and at least one

area (Ic) of higher roughness Rax, said areas (la), (1b), {1¢) being
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and (2b) of coating (2). 5 -6- Elenent as clained in
claimb5, characterised in that the roughness Ra of
the snmooth area(s) is less than 0.5 p.m -7- El enent
as claimed in claim5b, characterised in that substrate
(1) has a snmooth area of |ow7%oughness Ra deposited

al ongekste ifna afhe b@NeMh; ) ial
El enent as c?ai ne&gf%mg?gcfr%u%ﬂﬂcﬁar act@r%isggf’(;él?;Jr'}1 ?@atand an

t heclscthistl pberehasurden)siraing voaneaedob ihevwshosghaeask) (2a)
Ra deposited either side of an area of higher
rodﬁﬁﬂg@QOﬁéﬁaﬁﬂg(Zb- El ement as clainmed in any of

claims 5 to 8, characterised in that the thin |ayer

of highly conductive material (2) is deposited over

e v et oo 8y EaBaEy 3 clalf, 5 M Asiindfal BeGRliEhness Ra
cl aifiehd sixfooan Yired{s)db @és’mihél 0 .characterised in that

the thin layer of highly conductive material (2) is
deposited in the formof a track which covers the

[ . ( ., (lc). -11- EH t
ot areddeRhn gy tlithid fn cbin Sothisacishashen Ariteshsiate (1) bas

i e A Fa R d0YG bbby n Lo M TR AT o higher
- 12oukh€sRMRa@s clainmed in any of clainms 5 to 11,
characterised in that highly conductive material (2)

is copper, alum nium silver or gold. -18- -13-

Ele %{l as claijred in any of clainms 5 to 11,
chafadterraetd chimpdin chivms?r chasaqtenised immthné thy substrate has

in ' rig . -14- El epgent as.claipmed.i,n any of
ol AeEHBORS R flom e dR Heph e BBt of Bt ey of
IS 1®hghnéQneuctive material covered with an
i nsulating
-9- Element as claimed in any of claims 5 to 8, characterised in that the
thin layer of highly conductive material (2) is deposited over the entire

surface of the substrate so as to cover the various areas (1a), (1b), (1¢).

-10- Element as claimed in any of claims 5 to 8, characterised in that the
thin layer of highly conductive material (2) is deposited in the form of a

track which covers the various areas (1a), (1b), (1¢).

-11- Element as claimed in any of claims 5 to 10, characterised in that the
conductivity of the highly conductive material exceeds 30 10° S/m? at

ambient temperature.

-12- Element as claimed in any of claims 5 to 11, characterised in that

highly conductive material (2) is copper, aluminium, silver or gold.
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| ayer. 15- Elenent as clainmed in any of clains 5 to
14, characterised in that the ratio of electrical

resi stances R2/ Rl exceeds the ratio of the square of
10 coeffi cients al and a2, i.e. R2/R >(a2)2/(al)2,
wher e: = resistance in ohrs of the smooth area of

I

of g#%e#ﬁ%ﬁ% Glag R ip ATV 8 L B d T Enentedfedi toat
SMRAbitrak ¢8) Mad@éfaﬂmsh%d@wa&rﬁ% scanned by using

a profiloneter; 15 a2 = developed I'ength of the area

of hlgher roughness divided by its |ength as scanned

ﬁ aprofllorreter -16- Use of the heating
eI e BeRy 3 Aladmed ripyoe! elaimes B 14, !Ebaifa@ieﬂsed in that

de@ugétranrg (?}V 1sd1%a'dg '0t% cgo%cdlug ntfé N t§1l1'er11f gocv%?ed w1t]1 a115 insulating

layer.

~-15- Element as claimed in any of claims 5 to 14, characterised in that the
ratio of electrical resistances R2/R1 exceeds the ratio of the square of
coefficients al and 02, i.e. RZ/R1 > (a2)?/ (al)?, where:

R1 = resistance in ohms of the smooth area of low roughness Ra;

R2 = resistance in ohms of the area of higher roughness Rax;

al = developed length of the smooth area divided by its length as
scanned by using a profilometer;

a2 = developed length of the area of higher roughness divided by its

length as scanned by using a profilometer.

~-16- Use of the heating clement as c¢laimed in any of claims 5 to 15 for

demisting or de-icing reflecting surfaces.



