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‘electrical current that flows through each of the zones is identical.
20 " 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

25 " 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

" Jowest possible electrical resistance, minimal thermal power is released

- from the electrical connections.
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20 - . 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:

o example, the disclosures in Patents JP7226301 and JP8124707.

_ | - In anofh_er‘embodiment, if the deposited resistance is not in the.
- 25 form of a track, electrical connections can be made either side of thef‘_'
-': resistive coating through a conductive coating produced in the form of
. strips known -as ‘drains. Such a solution is disclosed in Documents';
--W_00158213,' W003095251 and US4543466. As disclosed in Document’
__W00158213,' the heating layer is made of a transparent conductive
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second stage to deposit another coating throug%
andepesiting shintlayerp iooiees tivaastages: It i s therefore
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This state of the art is illustrated schematically in Figure 1 which’
-_'sh(_)_ws'.a heatihg: élement produced in two stages. The heating element-
- :.é."cins;ists'of a sﬁbsfraté (C) made of an electrically insulating material such?"
20 a_s. _a. ceramic, glass or plastic etc. A slightly conductive coating (B) is
deposited over the entire surface of substrate (C). A mask is positioned
' d’r_l":coat.ing (B) in such a way that, for example, it does not cover its ends’
sé as to make.'.it_ possible to deposit a second highly conductive coating in
_'drder to produce - drains (A) for connecting an electrical power source:

25 o such as a generator (G).

Startirig 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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There is therefore .no longer any need to use two different.
: f_'rﬁaterials or .to apply different masks during the process of prodlicing the.'.-
édatingg. .

20 - o »:.-Counte:r-'in.tuitiVely for those skilled in the art, according to the
" '_':'.-in.Vention, the;hi’ghly conductive material is used for the heating part, not.
| just for the cO__id parts or drains.

Starting with this basic design:
25 o One deposits the layer of highly conductive material over the entire-

o ~ substrate 's:o_as to cover all the smooth and rough areas, or
- One depoSits-the layer of highly conductive material so as to form a
track Whi¢h covers part of the smooth areas and part of the rough.

‘area.
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. spe eri hat an 1 ntrinsic
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t h@oymr, silserargelt andr mrrgy gererely spealdngt any material that has

15  an intrinsic electrlcal conductivity in excess of 30x10° S.m" at ambient'

temperature.

5 According to -another aspect, the roughness Ra of the smooth:
éféé(s) is less:'fhan 0.5 pm. |
0 o

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

| .'roﬁghness Ra located alongside an area of higher roughness Rax.

In another embodlment the substrate has two smooth areas of low .

25 roughness Ra located 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
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10 t o seamnedeby @¢ing a profildmeget;he heating el enent obt ai ned
according tothe invention; - Figure 4 is a top view_ .
equxzxa:l denelopedriangtle of; theiayea of tHgherdraighnesssdivadast by its:
tori ws of ot gmr errbodl ts of the heating el enent
i n IGREERS SraRnTH ‘}/S"&%ﬁcﬂ’ﬂ ilopeteoat i ng 25 is
deposited in the formof - a track; - Figure 7 is a

- schemati c perspective view of an elenent wth a

smoot h- ARAnBEkich [sePhine®BeloRRWgreater detail, reference being-
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15 made to the accompanymg drawings in which:
- Figure 1 is a schematic view of a heating element accordmg to’
the prior state of the art; | |
. Figufe 2 is a top view equivalent to Figure 1;
. Figure 3 is a schematic cross-sectional view similar to Figure
20 '- 1, showing the heating element obtained according to the
~ invention;
- Flgure 4 is a top view equlvalent to Figure 3;
- Flgures 5 and 6 are schematic top views of other embodlments '»
of the heating element in which the highly conductive coating:
25 '_ ' isdeposited in the form of a track;
- Figﬁrc 7 is a schematic perspective view of an element with a:

smooth area and a rough area;

7, 5, doAo
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( 2 b_ﬁ)w robghigess RmtthpisaBgdeds thjn Hrd p(nl andain mbil ¢)adfehigher
(1), -constitute drains for connecting an electrical
10 powevnghnsss Raxsvkish agcesganby excgedy 8P, Mther eas area (2¢)
above area (1c) which has a higher roughness

7 Dépanement

constitutes the heati ng part of the el enent. . The
el ectrl cl oS8 Bél&)f &N fognafctive:
t he. surf%\(gzag |g§)5 Ef@gggg area (}flggl thré s{}JbsdtGrnat%lve-

I't’ rhateAhSR quﬁ)‘iit@(ﬂ ovEp theCoititensarfaoe amugh setsssrate (1) on the
characteristics and to nodify the thickness of the :
coaamegside asrateas (ba) (i and (1@S|T§teaﬁ‘éféiu¢al\’l}¥ ofothe highly-

15 oG BABIAT SRR 4 sl BEABRLCR BT Thus.
'-_ -sa-i_agea%O@}aB %ﬁdp(er?,Yabs(ﬁjeescrﬁbe{tﬁl YrehETRY 4 (IS Cabstra: (1),
Cantitute dré_iins for connecting an electrical power source such as_"j
ééﬁeratbr (3)',-'}-wlhereas area (2c¢) above area (lc) which has a higher’
E '._r;:o_'u'ghness constitutes the heating part of the element. |

The electrical resistance is trimmed mainly by modifying the:
' Stiffac_e_ roughness of area (Ic) of the substrate. It is also possible to
R dér_hbiné the f;)ughness characteristics and to modify the thickness of the
' _.c'o.at_ing in order to trim the resistance value. |
55 e :

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

- _the éoating. .
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hl gl (1c) andlowedstieRaxreaEi¢apaiib It tod lﬁwyropgblsesb I(Rah aleea
single snoboth area _of | ow roughness Ra | oca
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rqughness Rax. The substrate may possibly have a single smooth area of
) 1§w roughness Ra located alongside an area of higher roughness Rax._l
" _ S:_'.i.milar'ly, tracks (2d) consisting of highly electrically conductive coating-.'%-
- (2) may be prdeCed with different shapes. See Figures 5 and 6.

20 -
In Figure 7, the substrate has an area of low roughness (1b) and an-
.. area of high-rOug_hness (1¢). Coating (2) is deposited on the outside of the
'__dylindri.cal surfacé in area (2c) (area of high roughness) and in area (2b).
: (é_lre'a of low rOug"hness) where electrical generator (3) is connected.
25

Firstly, it i's necessary to emphasise the advantage that, according.
v e to the 1nvent10n ‘local modification of the surface state of the substrate

T .'_-before deposmng the conductive coating makes it possible to produce:
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5 r aithesubsirate isfabiheatedirinsbecase ofre pqiymer sebstrase: far mgtance, -

die. This surfa state nodif.i cation can al so
obPXi TRENSRK rae@eqe§ g ea on thesurfaceqf andnigctigp @%ﬁl&& digon

by usin a '
other soiusiitbaE SRAficRfon SATARG"5E chthiRtd Wtory on
t hehs ulshstiatee befoeeddposition! ryt hﬁslﬁgse @fchﬁup&t raio®m  as-
that are electrically conductive, a first. 1nsulating
coaandidastmg beaa]oplth@csumbbrmeamooﬁ moidafying éhehearghngss of
. ele 15 Note .that, in order to produce the basic
10 ¢ %gqtgfragqﬁwe@po?he heating el ement according to
the invention, one can either: Use a substrate of |ow
roughness Ra. which is treated to obtain, for. _
~exanpl e Jnafe &ag@ o¥f subsahes th@Mﬁf&@&@uB@Hyb&iﬂ@%@ﬁvéV\@ first.
snoot h areas: of roughness Ra, or - USe a substrate
of imsujiteng cmangiglmdad%q)plmﬁlhsﬁonesieposangdhd: beatbigadlament.
for.-exanple;. two areas of |ow roughness Ra either
side of an area of hi gher roughness Rax. See the

5 L "SR B ool R o e

heating element according to the invention, one can either:

TERI
SR
*/ Département

':_._--: _ Use a substrate of low roughness Ra which is treated to obtain, for.
- example, an area of higher roughness Rax between two smooth areas

of roughness Ra, or
20 - 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
i 1’_ “higher roughness Rax. J
See the three examples below:
25 - Example 1:

In example 1, copper was deposited on polycarbonate substrates-

- using the vacuum deposition technique.

broduce:.” ERgT~o P rt ant r on atio # A (33)04 PCI/FR2009/050111
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- using the vacuum deposi tion technique. ERA ep enent

r ction T nslatio ffi 1 78003107 LAS WD 2009/098421
PCT/ FR2009/ 050111 IERNgTi - 10 ~1, 09 Pol ycarbonate
substrates, in strip form have an initial surface

| W02009/09842Nparterrent Traducl roughness value Ra = 0.02 m The SCT/FR2009/050111
- pol ycar bonat e substrates wer &80- Trensia siet ion

of fi ce  POBRROHGIBAO 31bSratedhj pcseip forsahdid ast imgal surface
pbef ore vacuum deposi ti on and this increased 1'lllon -

hépugm@égma@s% ao“RQ uip Fhess nolyceibgnatss sybsirates were.
fecyg%r dfbl:?s f'ope gggglx?tc?e }[tlfolnl this incre. flsedr

eI ec I"cal nceflon Prplite "ChrFeER
unltﬁ@fp@ughnfggg@qu;gppgl@ﬁ resi stances were produced on
each surface state. The length of the resistances is
98 rTm aflthet &ieds af ahd, strigs avnate 2deprmsmdéthwinderder to fulfil an
respectively. The rqughness profiles were use

calclgatri¢al bopdingfapetion apd |t<éﬁ§mhblft6.cuersehw§ﬁ?

State. The electrical resistances were characterised

by applying an electric current and neasuring the

vol t age e $ypes e FRIMAMRL Swak ;sﬂ@aucedlénr&%hsg@fa@e state.
Al'l the substTates were coated sinultaneously in the
vadihgniedethosf theoreséxanqesantol mne andbhty ares, i@randal4 onm

p03|t|oned identically relative to the depositio
soaY E. reéPPCéWSFM dPugknesy papH é&segfeﬁ%\ﬂsa@ tg calculate the

oughness t he neasured thickness
d?ﬁ@%%%f@%i"%ﬁﬁé}“faé t%&15 m 20 The rough test
p| eces were prepared in accordance with the principle
shown in Figures 3 and 4. Resistance Ra | (A U (V) R
= Ul RIhRL eMeaseal ecbsistancas ( w2rd xchatactevisetdh bynmappl@img an
((XIxal) 24 mMmm0.02 3 1.162 R1L = 0.387 3.2 al =
1. ebex4riq coogst @nQ measuring the voltage across the terminals of the
résis_tance. All the substrates were coated simultaneously in the vacuum
| deposition equipment. The substrates were also positioned identically
relative to the depos-ition source. |
" On spe01men glass substrates having a roughness Ra less than
0 Olﬂm the measured thickness of the deposited copper was 1.15 pm.
‘The rough test pieces were prepared in accordance with the

principle shown in Figures 3 and 4.

Resistance |Ra I(A)|UV) IR = UMT{R2/RI Measured ¢ | ooxo (o2xo2)
width (pm) (Ohm) ((XIXOLI):
24 mm 002 {3 1.162 |R1=0.387 |3.2 ol =1.0004 | 1.0008 | 1.2
_ | 4.86 1 1.245 |R2=1.245 02 =1.0841(1.1752
12 mm 0.02 2 1.489 |R1=0.745 (3.2 al = 1.0004 | 1.0008 |1.2
486 |1 2.400 [R2=2.400 02 =1.0841 | 1.1752
|5mm 0.02 1 1.705 {R1=1.705 (3.1 ol = 1.0004 | 1.0008 | 1.2
4.86 1 5.225 |R2=5.225 . 02 =1.0841}1.1752




. 4.86 1 1.245 R2 = 1.245 a2 = 1.0841 1.1752 12 nm 0. 02
o 2 1,489 R1 =.0.745 3.2 (XI = 1.0004 1.0008 1.2 4.86
- 1 2,400 R2 = 2.400 a2 = 1.0841 1.1752 5" mm 0.02 1 -
1.705 Rl 1.705 3.1 a1 =1.0004 1.0008 1.2 4.86 1 : :
WO 2009/098428 . op5 R2 = 5:225 02 = 1.0841 1.1752 ERN4~, De rt enerRCT/FR2009/050111
aduction i nsiation - Ofité-. Q) 10 Az ' ZB 10418 7
on - 69~0~ WO 2009/ 098421 PCT/ FR2009/ 050111 -11- ERA
Y/ Département Ddpar.t epent, Traduction.a jis. .the deyel oped | ength . '
/e \P\di V1 daalby HEIOPER geRECE diidad oY rea ety ithe sipe @
ransiat of f . il ] s adaO C _
dernfIgicItl BTG Fablc b G o5 WSSt BY ARy o
gggdﬁf@@gi@@@ﬁo@ﬁq}}dgnot ed by 2. 5 a = devel oped :
di nensi on/ apparent "di nension It is obvious that
5 roughness has the effect of increasing the Iength and
" the-deyvel oped width of a surface. 10 The val ue of
el &Fdeygloped dimension/apparent GERCASKN y expressed as
- follows: R = pxLxal/((e/(a;xa;))xlxa;) = pxLxa;xa;
~ /(exl) 15 The devel oped length (L1) of surface i is

Lxal, theisvdslibug thal r&Iagm%w haC@he dffdct of hsreaisl telength
t hi ckness (el) of ‘the b

eposit on surface i becones’
e/ (aafxthe Jevedopdd tvindth dffassudfapesi t ed vol une (V) renains
unchanged. V. = V;= Lxa; x|l xa;x e/ (a;x(x1l) = Lxlxe 20

10 This I eads us to conclude that the ratio of the

Chose same e nOf RESTicd TeNGhs i 5t 41 Spid ally fressed as
"~ of fSHS\fNE:i cients a (R/R1L = (a2x(x2)/((xIx(xl)).

R, = pxonci/((e/(oaixoci))xlxai) = pxLxa;xo; /(ex1)

15 The developed length (L)) of surface i is Lxc, the width (1) of
s siuffacé.i is IXQi and the thickness (e;) of the deposit on surface i becomes:
é/(aixai), such that the deposited volume (V) remains unchanged. V =-.

V= anixlxdix e/(opxay) = LxIxe

20 ' This leads _Lis to conclude that the ratio of the electrical resistances
('R'2/R_1) should equal, for those skilled in the art, the ratio of the square .
 of coefficients o (R2/R1 = (02x02)/(alxal)). |

~ The experimental results demonstrate that, for the 3 electrical

25  resistance widths, the rough areas give an increase in electrical resistance

| 1n the ratio R2/R1 from 3.1 to 3.2.
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The. experinmental results denonstrate that, for the 3
el ectrical 25 resistance wi dths, the rough areas give
an increase in electrical resistance in the ratio

/IRL from3.1 to 3.2. RNg~-Orteen reduction ra po
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PCT/ FR2009/ 050111 - 12 ~~NZERRg~~O An increase by a _
fact or Auchcasast biysa faaleesuch apdss infekes titopessiblé t(ghsteyhlghlyi
Ddpart ement conductive materials as an_el ectrical :
e§0§ﬂbﬁt‘€e materialnag pe clapdagal rasistagce and.da e sgipoth areas,

T 352 bba PGS RRRSHES, BIMUEb 18 Bt g hgtine.

/St
v

canhno used as

04 eferfle9. 31. 07 n - 6goo~ . elenments. 5 The results

al so denonstrate that the increase in electrical
resistance is not primarily due to the geonetrical‘ _
effects of surface. roughness because, surpr|S|nq ?
rati o RAMRL rﬁ%\ﬂtSew@ed@m%tra& ithatofthe hincreaseaie selgftrical
COSEOLERED'SS 4Ry ARREDYS el fg ORIRRACHNERES 67k urface

approac ] tef

r O4BHARRSS %éﬁlﬁengirgH@lﬂgWﬁﬂh@tl@/RI @b\ék@ééﬂsttne s @f the
skilled in the art because an increase in electrical
resgeimbef doefficieh®@Cd. OMoréovsr| I ddoptiges thwoiretivak @pptoach, .
possible to turn a short-circuit into a heating .
r eshg tidea of aﬂ&nngEﬂmmuréaqe roughaeaspyauld nathle swdlately_f_

_ I d ted _
 polcionishanbsh AkTEHe I S AEBHOF Porine Baig gectrical

15
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ncipre gure

Th%hbﬁrtqidmtqhtd heei@sd f&sRRARS. | S 45 Mmand they are 12
and 23 mm w de respectively. Substrate Resistance Ra

R=UI R2RlL Measured a axa ((x2xa2)/ wdth (m
(Ohm - (ai xaI) Pol ysul phone 23. mm 0.08 RL = 0.293 4.9 -
al- Exa:mmie@s .0016 1.2

__ In example 2, the same materials as in example 1 were deposited-
_ 6n'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.

éubstrate Resistance | Ra R = UM|R2/R1 |Measured o |oxo (o2x02)
' width (um) |(Ohm) (alxal)

“Polysulphone |23 mm __ |0.08 |RI =0.293 |4.9 ol = 1.0008 | 1.0016 |12

6.04 |R2=1.430 a2 =1.1001 | 1.2102
12-.mrr.1 0.08 |R1=0441]55 ol =1.0008 |1.0016 |1.2
) 604 |[R2 = w2 _[12102
2450 11001




. 6.04 R2 = 1.430 a2 = 1.1001 1.2102 12 mm 0. 08 R1=0. 441
s 5.5.a1=1.0008 1.0016 1.2 6.04 R2 = a2 = 1.2102 2.450
1.1001 (ER\\ctlon T nion Z AmOifice n-e~ WO
2009/ 098421 PCT/ FR2009/ 050111 13- ERNg~~0 DApart enent
W02009/098421'r aduction In this exanple, it is also apparent thatPCT/FRZOOWO50111
the.increase.in electrical -¥%anslation
~-0041111003107 O resi stance does not rratch the
Département

0@, omstrlcal ef fects of surface roughness, '
e \Efjange iR thige@mpleditl i gih2pRAsnty té‘?@pll%r?ﬁspﬁé "Slectrical

/1568580 Boe plf BlaBHT BEGec mBRRYE ool fisedoughness.

g%\@ hithe chdfg @ﬁﬁ”ﬁb@eloﬁeﬁ%ﬁgﬂ’{aﬁo@i agRd eQﬁlah{"QhE eflcrease in:
pi eces before deposition in order. obtai n tracks.

5 Fowesigtantes (heating el enent) were produced by way of
conmparison. 15 On part 1, the surface state of the
_substrate was not nodified and Ra.is approximtely

ar;g 193 part 2, the surface state of the entire
sub Fate “as rmdl fied: and Ra is approximtely 4.92
m On part 3, the surface state of the substrate was’
not modified in the 20 vicinity of the bends and near

- the el eHaatioglresistaheast wenprodncddes pohrcagwniee pieses in this-
approximately 0.02 m In the .vicinity of the tracks :

10 r o@éﬁﬁ’@@s WSkrV&Sdag%i oy thestgsldpPeest bquret ¢enostiosgigeorder,

g ggagrt]w@r fromo 02 mto 4.89 m Piece 3 was.

aAd Yccordance with the principle shown in
'Fl gure 3, 4 and 25 5. Copper was deposited on these
first three pieces by using PVD. The thickness of ,
this de;Foart pmas r(fhﬁﬁufgedelemehbe weeotproduesls bhemeayRaof -

_ comparlson
15 - On part 1, the surface state of the substrate was not modified and-
- Ra is approximately 0.02 pm.
' On part 2, the surface state of the entire substrate was modified-
and Rais app,fb_x-_imately 4.92 pm.
" On part 3, the surface state of the substrate was not modified in the-
20 - vicinity of the bends and near the electrical contacts and in these areas Ra.
s approx1mately 0.02 pm.
L In the vicinity of the tracks, roughness was increased by
~“sandblasting to increase the roughness from 0.02 um to 4.89 um. Piece 3
. 'wa'_s: produced',in_'accordance with the principle shown in Figure 3, 4 and’
25 5
o Copper. was deposited on these first three pieces by using PVD.
The'thicknessl' of this deposit was measured in the smooth areas where Ra.

- =0.02 pm and is 0.5 ym.




oo 0.02 mand is 0.5 m ~NSERNd~o Dd nent. lon ranslat
o n $ Ofice 0478 107 1 WD 2009/ 098421
' - PCT/ FR2009/ 050111 -14 \N~ERNg~i On piece 4, nade
- according to the principle of the state of the art .
WO 2009/09842bpart enent (Figures 1 and 2), the surface of the parRCT/FR2009/050111
has a roughness of 0.02 m Al4- Tn3duction Translation .
first 0.(0n pidcayleimafe dcdidihg\e the prinaiployf Wrsstate of the art-
deposited through a first office (33104 78 00 3107 :
\ ~<Figure0l andsk), thef susfacerifsthe ipastt hasepomighness e@o@qum. A
AS.K | aced on the part. .and a 3107 5 Q.5 m .
) oBsat B Taies O neriSuBo 0T Bho5 i aRonked; Badighya first
S def i i Gt [ ' \Y '
ot AR difer s Cachost Y SRR RICLACDILCRE BHRE Buttand o
5 reg.suan %ﬁ?éﬂ“lagféfjﬁrasttﬁeﬂ%ﬁéﬁﬁadt 68 th€BRERE" & aéfifed in’
due to 10 the joule effect. The anbient tenperature _
durtiggretthe tenperature-rise.. neasurenents was 20 T.
Part -R overall T Observation equilibrium inC1 3.2
ohm N D Non-conpliant: substrate damaged by

over heat ; < ' e ' .
cont act Hdihe déelhifd e N RUTAP PRIt Rflrics ™ £5 el fhen
63 applied ¢ HlPtdsRfinces inBf R it8nfedsOre?thet efperatde@ rise due to
Results: Part 1 is non-conpliant - the excessively _
10 snibe howler ¢ffiess. dihet ambienu| temperatureedyringhe gemperatare-rise
-~ so that, when 12 V is applied to the resistance, the
exdpeaspieanenis was 0t ‘€nper at ure caused by the high

Traduction
" “Translation
Office
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‘anperage .
Part |R overall |T Observation
' ' equilibrium

| in °C

11 320hm. [ND Non-compliant: substrate damaged by overheating.
12 .- |[11.2ohm |ND Non-compliant: electrical contacts damaged

{3 . |10.0 ohm |65°C Compliant
4. [10.30ohm |63 °C Non-compliant: 2 materials in 2 stages

15 - Results:

- Part 1is non'-compliant - the excessively smooth surface state results-

" in \}ery low resistance so that, when 12 V is applied to the resistance,'

the' excessive rise in temperature caused by the high amperage’

20 3 _damages the substrate by raising its temperature above 150 °C which

. isits glass transition temperature.




. - 20 danmmges the substrate by raising its tenperature
o - above 150 C which is its glass transition
‘ terrperature - ~\NSERNq o 6pat aon. 1TIlation
9.-~Olip 1047800310 "9 n-80~ WD 2009/ 098421
wo 2009/09842PCT/ FR2009/ 050111 -15 \N~ERNATj O Part 2 is PCT/FR2009/050111
- non-conpliant - the rise in-fiérperature in the : :
Vi ci niftayt Dls Adve coinpliAPaeaigdin Empdtitiicon B @edinitg af the
gont'acts where the stream ines are very tightly Packed
Traes¢caticalncontadts i whers dmmge@mtlnes deposry taghilyt packed:
bstr te in @Fe Vi Cli, nlté gl (33 0478003107 li]l _
MagRt abfs depesipgntl g §u %}Fﬁﬁ?u Bndhe Yigwgity of these:
eS| stcgﬂga%tval ue limts the flow of current so that
t he tenperad dture rises to a value that is conpati bl e
5 with. applications such as de-icing or dem sting
" wi'thout damaging the nedium Near the electrical :
cont adtast ansictmapHantof its hesistarmekvadue liotitsrthe THwWoé cerrenteso
current density is high, the snDoth surfaces proyjde '
lLow B R nEBDRFAEFS dVH dY |G VIBRh At nglpatlble with,

Fi nal | n t f _
i e plCRLlny " shoh BOTUERTRL' R fIRERG) ikl bafiaghi e
| St r UCtrHécﬁuM@SN@JﬁItﬁb REL1Rval ¥Shi@ts?andlBend¥Rifahé &ladk structure
havi ng very different conductivities and by performng -
10 deposiwlhere the carrehadessignid highn theasmasth batfages prowiteelow
2 stages - this corresponds to the state of the art
~with .rp@stﬁe%wm%aw%ﬁ&ék@vqm%mg the invention
ainms to elimnate. 20 The advantages are readily
apparent fromthe description. The ability to obtain -
a heat [ t '
3 T I RERNLS A BomphithCod PRENARLLY PP o LS a5
r esi staaheairgndletiaitn$n ifact, ehphasicare wag obtagidd iyt eding 2

in particular, 25 \NT ERN4t
S materials having very different conductivities and by performing
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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.

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

ehiphasised and highlighted in particular.

25




~Dgent cctlon rationl o Q |c (33)0478003107 ... WO

-+ 2009/ 098421 PCT/ FR2009/ 050111 -16- ER ~~N g~/ p DApart
enent  CLAI MS: Traduction Translation | ice 107 9
(3310478 -1- Method for fabricating a heating el enent

WO 2009/09842by depositing thin layers on ~~ - an insulating PCT/FR2009/050111

substrate (1) whereby: 5 - ©Ohé-nodifies the surface
NSt ate of the substrate (1)CLAIMISler to obtain at

east one snooth area (la)-(Ib) of |ow roughness Ra
nd- at least. -one area (1c) having a hi gher roughness

N T TG A T

?I&&I% a(s) (2a) and (2b) of
ma\terlgsﬁ‘?1 {é%?@ 0 an 8%%%6 power source (3). -2-
5 Metho®msnoldafiéethe sirficaismtd of G kassttitd FB0ni drdeNgS obtain

one deposits the |ayer of highly conductive materi al

(2) orattl¢rst eneisnectasta Gltag-(1t) of bowmgotighnetsS Ra end/at least.
Il th 1 d h (1 . '

PR GHEG LMy e Mt BePRess A et et sad 1n

t hat 3

mter O ABPRE, chiehfy el@hRial) oAt AL (45 10 these

of sw%}laugmg((é)au@ngl&l b) and part of rough area
(1c).. : claimed in ang)of clains 1 to

10 3, -cheﬁm:tcenn@ési smoomaetrea(a)a (2pr eudid@b) @frmatedl (@udh an.
area}_i(g)}ﬁ tvveen t wo sgooth areas (la) and. (Ib). 25
-5- éloé‘f?éﬁt)u’iﬁ’@t Jned by depositing thin |ayers
on an |nsuI_ ating substrate (1) having at |east one

“electrically ‘heating part and at |east one electrical
conpesidtRid R dainfedahadhigh i1S eHaraBietRad is Ml dh%rdei)osus the
consi st of at |east one snooth area (la) and (Ib) of
| oayeruftinglsly demdactiveamaterizd 2 poe theaemtare (sibjtrate (h) sfhas to -

__roughness Rax, said areas S a), (Ib), (1c) being
15 = cover all the smooth (1a) and (1b) and rough(lc) areas.
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Translation
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. -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 smiooth areas (1a) and (1b) and part of rough area (1c).

20
-4’-- Method as claimed in any of claims 1 to 3, characterised in that one f
_,'-__p_'fo_ducés a raised rough area (Ic) between two smooth areas (la) and.
25 -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
".-léast one smooth area (1a) and (1b) of low roughness Ra and at least one : 

- area (lc) of - hlgher roughness Rax, said areas (la), (1b), (1c) being"




- 9ERNdu n ns tion I fflc U1 (331 8 07 WD 2009/ 098421
- PCT/ FR2009/ 050111 - -17 \NTERNg~~ covered in a thin
Iayer of “a highly conductive material (2) and an
Dspart enent -ion electrical power source (3) being SN
W02009/09842&onnect ed to the smooth ar eails) (2a) Treduct | PCT/FR2009/050111
Translation | -- orrice = T¢2b) of coating (2).
13300rd0QB Q7 thin- 18580 WfSa- Kighly evadtctase ¢d1aiemaald(2)n and an-
O)\claim5, characterised in that the roug_[mess
fptamer % heel%,%@ft Py eragalrcs 43) bsing seimegtes in e Bnee a2
Transtation  } characterised in that substrate
m)o?vf;'ocoeamy S %ﬁ?% &géﬁn?oé{)h area of | ow roughness Ra
@,\' deposnted al ongsi de an area of higher. 10 roughness
fon - &% Rax. -8- Elenent as clained in claim5, characterised
5 i'n -6hElerhdre asutbainredtia diaisn 51 vlmrgeronsdd hrtdaalsthefrohghness Ra.
: rou éﬁess Ra deposlted &ll er side of an area of :
gﬂ% ¢ p9agHIsaSRisdesy handl.d fMepent as cl ai med in any
of clains 5 to 8, characterlsed in that the thin
| ayer of highly conductive material (2) is deposited v
OVer- E'l‘tﬁn@rﬁtdsr&almeﬁilfnf A8En of chﬁ‘l%cﬁélr'f%@ 'iﬁﬂ?at%ﬁbﬁ?at& Q1) has-
cover the various areas (la), (Ib), (1c). -
- El enemdothsared af hed roughmeys B depasitesi zﬂongmde an area of higher
characterised in that the thin layer of highly
10 coﬁ@ﬁ&me\ﬁéRﬁ‘ﬁterl al (2) is deposited in the form of a.
track which covers the various areas (1a), (1lb), (1c).
c-1.1"Elenent ‘as. clainmed in any of clainms 5 to 10, :
_ ChaEaE'i Igeﬂ d1fintdiPin &Eﬁ? 5, RaraefRHEd | 'nY 'tHa\( tﬁ’é sﬁtﬁ‘s%rate has®
conductive material “éxceeds 30
an‘mwerﬁmécﬁhmeasatofrlew rohghneds| Randepositad eﬁthemade |of| an ryea of
of claims 5 to 11, characterised in that. highly :
~ corughsariroeghneseRaxl (2) is copper, aluninium silver
or -gotd. \NT ERNq~~o eP ent

/' Département

15
-9- Element as claimed in any of claims 5 to 8, characterised in that the
thin layer of hlghly conductive materlal (2) is deposited over the entire
B _s_urface of the__.__substrate so as to cover the various areas (1a), (1b), (1c).
20 . 10 Element "_as claimed in any of claims 5 to 8, characterised in that the-

t'hi'n_layer of highly conductive material (2) is deposited in the form of a

track whiéh covers the various areas (1a), (1b), (1¢).
U -"'-1:_.1-3Elément as claimed in any of claims 5 to 10, characterised in that the’
25 éonductivity of the highly conductive material exceeds 30 10° S/m? at.

_ afhbient temperature.

;_12-. Element as claimed in any of claims 5 to 11, characterised in that.

R hlghly conducfive' material (2) is copper, aluminium, silver or gold.
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PCT/ FR2009/ 050111 -18- ~N~ERNg~~o0 Ddpart enent
Traduction .13-- Element as clained in any of clains 5
to 11, characterlsed in that Translation Ofice

WO 2009/098425 ubst r at e (1) is made of an insulating naterial. PCT/FR2009/Q50111

(330478003107 5 -14- H enent1&s clained in any of
clainms 5 to 11, characterised in that substrate (1)
is made of a. conductive material covered with an
i nslﬂ-aElmugentlaay@aunedlm afy efretaimssS ¢0 dilmshatagtegisgd gn that
cl ai ms ch acterlsedlnt at the. 10 ratio
of SB‘P%E&‘? ]g)dﬁ m%@lg%@é‘éamg @Al eeds the ratio of
the square of. ~coefficients al and a2, i.e. R/RL >
(a2) 2/ (al)2, where: RL = resistance in ohns of the
5 snopd-hERmeéhtQfs d18MhdPupane ¥ dRiims 520111 ebhsicaridediin that
ohnms of the area of higher roughness Rax; al = '
degebsarme (1 enghidodf a kendmubichmatesial doveree dv1tly am fsulating.
“length as 15 scanned by using a profilonmeter; a2 = :
de\]/fé)[eéped I ength of the area of higher roughness
divided by its- length as scanned by using a _
profiloneter. .-16- Use of the heating el enent as -
cl alfreéleh{én?ﬁy cpdflmEhfi‘i'lﬁﬁ of tRirhe 5814, cBAraBRpiséd iMthabthe
de-icing reflecting surfaces ERg enment T tion nelat
10 $ ﬁitfub of eléddcal RSistarlckp RA/Rdnexeeds the ratio of the square of:

'coeff1c1ents ol and a2, i.e. R2RI1 > (oc2) / (ocl) , where:

*/ Département
Traduction

Translation
Office
(3078003107

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

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

L X

= developed'length of the smooth area divided by its length as
15 - scanned by using a profilometer; |
02 = developed length of the area of higher roughness divided by its

“length as scanned by using a profilometer.

'_ -'1-6 - Us_e of the h'eating element as claimed in any of claims 5 to 15 for.

20 o démis_ti_hg or de-icing reflecting surfaces.

25




