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­�®�¯±°F²�®�³�´=µ�¶\·�®�¯�¸¹ ®iº5®iµS°9¯�®�»�¼®f½\´g³�¯�¯�®f´=µK²g¾¡¶\¯D² ¹ ·±¿F²g²)¿,¯�³Àµ�³�¿,´ ¹ ¶oÁ[²)®f³¡´,µ�¶g·�®�¯K¿,² ¹FÂ ¶g®�¯KÃi¾ ¹ ¯�¯�³ Â ¶g®�¯ Â ¶g®² ¹ ·�¾�®�¶g·�¯s²g·�¿,²g·�³i¼®fµg¼®�¯D¯�²Ä¼®�Ãi³�½ Â ¶g®�¯�Å5Æm¾�Ç ¹ ¶gµ�®f´=µ�®�´\»o·�®'² ¹ ·�°F®iº5®iµS°^¾ ¹ ²g·�¿o»o¶\Ã
µ�³�¿,´�»o®u¯�®�´\¯ ¹ µ�³¡¿F´�¯kÈ=³�¯�¶g®f¾¡¾�®�¯

Â ¶g®[¾�®�¯'¯�®�¶g¾�®�¯1Ãi¿T¿F·S»o¿,´g´Ä¼®�®�¯�ÃSÉ\·�¿,Ê ¹ µ�³ Â ¶g®�¯A´g®[²�®�¶gÈF®�´=µ1»�¼®�Ãf·�³¡·�®�Ã ¹ ·Ë¾¡®�¯Ë²gÉÄ¼®f´g¿,Ê�¸®f´g®�¯�®�´�Ìh®�¶6·�®f¾"¸®�ÈF®f´=µ»o®ÍÈ ¹ ·�³ ¹ µ�³¡¿F´�¯Ë¯�²)®�Ã
µ�· ¹ ¾�®�¯Ë®iµ ¹ ´\ÎF¶g¾ ¹ ³¡·�®�¯'¯�³¡Ê�¶g¾�µ ¹ ´Ä¼®�®�¯'»o®�¯ËÇ�¿,´\Ã
µ�³�¿,´\¯1»o®Í·g¼®iÏ�®iÁo³�¿,´�ÅzÐ�®�¯1²)®f³¡´=µ�¶g·�®�¯1¯�¿F´=µ¯�¿F¶gÈ,®f´=µ ¹ ²g²)®f¾i¼®f®�¯b°.Ê6¼®fµ ¹ ¾¡¾¡³¡¯o¼®f®�¯�°�¿F¶Í°.´ ¹ Ãi·\¼®�®�¯�°�¯�¶g³�È ¹ ´,µ Â ¶�Ñ ®f¾¡¾¡®�¯KÃf¿F´=µ�³¡®f´g´\®f´=µ±»o®�¯±²g³¡ÎFÊ'®f´=µ�¯KÊÒ¼®iµ ¹ ¾�¾¡³ Â ¶\®�¯¿F¶Ó»g³i¼®�¾�®�Ã
µ�·�³ Â ¶g®�¯�ÅNÔK¿,¶\¯s²\·g¼®�¯�®�´=µ�®f·�¿F´�¯D¾"Ñ ³�´=µg¼®f·�Õ®iµ�³¡´\»o¶\¯�µ�·�³�®�¾�»�Ñ ¶g´\®u·�®�ÃSÉg®f·SÃSÉg®u¯�¶g·�¾ ¹ Ãi¿,Ê'²g·g¼®fÉg®�´\¯�³¡¿F´t»o®�¯²gÉÄ¼®f´g¿,Ê�¸®f´g®�¯1¿F²oµ�³ Â ¶g®�¯9®�´�Ìh®f¶Ö®iµ�¾�®�¶g·�¯�³¡Ê�¶g¾ ¹ µ�³�¿,´�´T¶gÊÒ¼®f·�³ Â ¶g®�Ãi¿FÊ'Ê'®×¼®�¾i¼®fÊ'®f´=µ^»IÑ ¹ ³�»o®`¸¹ ¾ ¹ »�¼®�Ãi³�¯�³¡¿F´·g¼®f²)¿F´\» ¹ ´=µA¸¹ ²g¾¡¶\¯�³�®�¶g·�¯±Ãi·�³Àµ�¸®f·�®�¯sØ+»o¶ÍÊ ¹ ·�ÙF®fµ�³¡´gÎ ¹ ¶r¯�µhÚT¾�®s´\¿.µ ¹ Ê'ÊË®�´=µSÛ
Å5­zÑ ¹ ²\² ¹ ·�®f´\Ãf®�ÈT³¡¯�¶g®f¾¡¾¡®�»o®�¯±²�®�³�´gÜµ�¶\·�®�¯u¸¹ ®fº)®fµ�¯�®�· ¹ ®iÁo²)¿,¯o¼®f®Í¸¹ ² ¹ ·�µ�³¡·s»o®�¯k²g·�¿,²g·�³i¼®fµg¼®�¯K²gÉTÚo¯�³ Â ¶g®�¯k®iµs´g¿Fµ ¹ Ê'Ê'®f´=µ�¿F²gµ�³ Â ¶\®�¯�»o®�¯�»o³ÀºD¼®�·�®�´,µS¯³¡´gÎF·g¼®�»g³�®�´,µS¯ Â ¶g³5¾¡®�¯ÄÃi¿,´\¯�µ�³�µ�¶g®�´,µ�ÅgÔK¿,¶\¯Ä»�¼®�Ãf·�³¡·�¿F´\¯�¾�®�¯�»g³Àº±¼®f·�®f´=µ�®�¯Ä¯�¿,·�µ�®�¯�»o®�²g³�Î,Ê'®f´=µ�¯Ä®fµ�¾¡®�¯Ä¾¡³ ¹ ´=µ�¯�¶\¯�¶g®f¾�Ü¾¡®fÊ'®f´=µ�®�Ê'²g¾�¿$Ú�¼®�¯fÝF¾�®�¶g·�¯�Ã ¹ · ¹ Ã
µg¼®f·�³¡¯�µ�³ Â ¶g®�¯3¿,²oµ�³ Â ¶g®�¯DØ�Ê ¹ µ�³+¸®�·�®D¯f¸®�ÃSÉg®�ÛiÅF­�®�¯�Ã ¹ ¯�»o®±·g¼®iÏ�®iÁo³�¿,´'ÊÒ¼®iµ ¹ ¾�¾¡³ Â ¶\®K¿F¶»o³i¼®f¾¡®�Ãiµ�·�³ Â ¶g®k»o³�º�¸®f·�®f´=µb´g¿.µ ¹.Þ ¾¡®fÊ'®f´=µb² ¹ ·b¾�®�µ ¹ ¶oÁ�»g®�²)¿F¾ ¹ ·�³�¯ ¹ µ�³¡¿F´^»g®�¾ ¹ ¾¡¶gÊ'³+¸®�·�®�·g¼®iÏb¼®�ÃSÉg³¡®±² ¹ ·Ä¶g´g®�³¡´,µ�®f·�ÜÇ ¹ Ãf®zß ¹ ³¡´\¯�³+ÝF¾�¿,·�¯ Â ¶g®Ä¾�®�¯3ÊË³¡¾¡³�®�¶oÁË»o®K¯�¶\¯�²�®�´\¯�³�¿,´Ë®fµz¾�®�¯3²g³¡ÎFÊ'®f´=µ�¯�¯�¿,´,µz»o®b´ ¹ µ�¶\·�®b»o³�º±¼®f·�®f´=µ�®Ä¾¡®�¯�®fº)®fµ�¯z»o®b¾ ¹È ¹ ·�³ ¹ µ�³¡¿F´Í»o®A²�¿,¾ ¹ ·�³�¯ ¹ µ�³¡¿F´�´g®�²)®f¶\ÈF®f´=µ�Õ®iµ�·�®�´Ä¼®�ÎF¾¡³�Î�¼®�¯�Å�àD¶g®�¾ Â ¶g®�¯^¼®f¾f¼®�ÊË®�´=µ�¯b»o®AÊË¿o»I¸®f¾¡®�¯K¯�®f·�¿F´=µK²g·g¼®�¯�®f´=µg¼®�¯²)¿F¶g·±»�¼®�Ãf·�³¡·�®k¾¡®�¯±²g³�Î,Ê'®f´=µ�¯bÊ'³�Ã ¹ Ã5¼®�¯s¸¹ Ãi¿F¶�ÃSÉg®�¯K»�Ñ ¿?ÁoÚo»o®�¯ÄÊ6¼®fµ ¹ ¾�¾¡³ Â ¶g®�¯K»o®�¯b²�®�³�´=µ�¶g·�®�¯K´ ¹ Ãi·g¼®f®�¯�®iµ±¾¡®�¯±²g³�ÎFÜÊ'®f´=µ�¯�»IÑ ¹ ¾¡¶gÊ'³�´\³�¶gÊ�»o®�¯N²)®f³¡´=µ�¶g·�®�¯NÊÒ¼®iµ ¹ ¾¡¾�³�¯o¼®f®�¯�Åfá±´g®�»o®�¯�Ãf·�³¡²oµ�³�¿,´�· ¹ ²g³¡»g®�»o®�¯V¯�Úo¯�µ�¸®�Ê'®�¯IÊA¶g¾Àµ�³¡Ãf¿F¶\ÃSÉ\®�¯�¯�®�· ¹
¹ ¾¡¿F·S¯ ¹FÞ ¿,·�»�¼®f®FÅ.â ¹ ³�¯z¾ ¹ ¯�®f¶g¾¡®K®iÁo²g¾¡³�Ã ¹ µ�³�¿,´1²gÉTÚo¯�³ Â ¶g®K´g®±¯�¶oã'µ�² ¹ ¯�Ü�¾�®�¯�Ê'¿o»I¸®�¾�®�¯�²g·g¼®�¯�®f´=µg¼®�¯�¾¡®±Ê'¿F´=µ�·�®f·�¿F´=µ²g¾¡¶\¯�² ¹ ·�¾¡®f¶g·S¯�³¡´\¯�¶oãu¯ ¹ ´\Ãi®�¯ Â ¶g®D² ¹ ·�¾¡®f¶g·S¯ Â ¶ ¹ ¾�³�µg¼®�¯�ÜzÃ ¹ ·�¾ ¹ ¯�®�´\¯ ¹ µ�³¡¿F´9»g® Þ ·�³�¾¡¾ ¹ ´=µ�®fµÄÃf®f¾¡¾�®k»IÑ ³�·�³¡»g®�¯�Ãi®f´�Ãi®»�¼®�²�®�´\» ¹ ´,µ�µ�¿,¶oµ�®�¯Ä»o®f¶oÁ9Ç�¿F·�µ�®fÊ'®�´,µb»o®�¯ ¹ ´gÎF¾¡®�¯Ä»IÑ ¿ Þ ¯�®�·�È ¹ µ�³�¿,´u®iµK»o®�¯ÄÃi¿F´�»o³Àµ�³�¿,´\¯Ä»IÑh¼®�Ãf¾ ¹ ³�· ¹ Î,®K³�Ê'²g¾¡³ Â ¶\®f´=µ¾ ¹ Ç�¿,·�Ê ¹ µ�³¡¿F´^»�Ñ ³¡Ê ¹ ÎF®�¯Ä´g®iµ�µ�®�ÊË®�´=µ±»o³ÀºD¼®�·�®�´,µ�®�¯�²)¿F¶g·KÃSÉ ¹,Â ¶g®D¿T®�³�¾"Åg­ ¹ ÈT³¡¯�³¡¿F´ Þ ³�´\¿TÃf¶g¾ ¹ ³¡·�®�®�¯�µ ¹ ³¡´\¯�³)³¡´\»o³�¯�Ü²)®f´\¯ ¹.Þ ¾¡®u²)¿F¶g·�·�®�´\»o·�®9Ãi¿,ÊË²gµ�®u»o®�¯s²gÉÄ¼®f´g¿,Ê�¸®f´g®�¯k®iµ�·�®�¯�µ�³�µ�¶g®�·s¾¡®�¯�¯�®f´�¯ ¹ µ�³¡¿F´\¯s¯�³¡Ê�¶g¾i¼®f®�¯fÅ�­ ¹ ¯�³�ÊA¶g¾ ¹ µ�³¡¿F´²)¿F¶g·^Õ®iµ�·�®9È ¹ ¾�³�»o®�»o¿F³�µ�Õ®iµ�·�®9Ãf¿F´oÇ�·�¿F´=µg¼®f®�¸¹ ¾"Ñ ®iÁo²Ä¼®�·�³¡Ê'®f´=µ ¹ µ�³¡¿F´�ß�´\¿F¶\¯AÊ'¿F´=µ�·�¿F´\¯AÃi¿,ÊËÊ'®�´,µË·�®�¯hµ�³Àµ�¶g®f·'¯�¶g·¼®�Ãi· ¹ ´�¾+Ñ ¹ ¯�²�®�Ã
µ±»o®�²�®�³�´=µ�¶\·�®�¯�¸¹ ®iº5®iµË¸¹ ² ¹ ·�µ�³¡·±»o®�Ê'®�¯�¶g·�®�¯K»o®�´\¯�®�¯K»o®Aä�å±æDç�Øvä�³�»o³�·�®�Ãiµ�³¡¿F´ ¹ ¾Nåb®fÏ\®�Ãiµ ¹ ´�Ãi®æD³¡¯�µ�·�³ Þ ¶oµ�³¡¿F´Íçg¶\´\Ã
µ�³�¿,´�Û�¿ Þ µ�®f´T¶g®�¯s¸¹ ¾+Ñ ¹ ³�»o®�»IÑ ¶g´[ÎF¿F´\³�¿FÜP¯�²�®�Ã
µ�·�¿,²gÉg¿.µ�¿FÊ[¸®fµ�·�®bµ�·�¸®�¯�· ¹ ²g³�»o®,Å
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ô3®f³¡´=µ�¶g·�®�¯s¸¹ ®fº)®fµNßg²g³¡ÎFÊ'®�´,µS¯b´ ¹ Ãi·g¼®�¯5ßg²\³�Î,ÊË®�´=µ�¯bÊ6¼®fµ ¹ ¾¡¾¡³¡¯o¼®�¯5ß Þ ¶g¾¡¾�®�¯K»o®�¯ ¹ ÈF¿,´±ß�¯�ÚT´=µ�É�¸®�¯�®k»IÑ ³�Ê ¹ ÎF®�¯�ß\²gÉg¿FÜµ�¿,·g¼® ¹ ¾¡³�¯�Ê'®3ß.¿F²gµ�³ Â ¶\®�ßFÃi¿,¶\ÃSÉg®�¯3Ê'³¡´\Ãi®�¯�ß.²)¿F¾ ¹ ·�³�¯ ¹ µ�³¡¿F´�ß.®fÊ'²g³¡¾�®�Ê'®f´=µ�¯�ÊA¶g¾�µ�³�Ãi¿F¶�ÃSÉg®zß$µ�®f´\¯�³�¿FÜ ¹ Ã
µ�³ÀÇTß$µ�· ¹ Ã5¼®Ä»o®· ¹ ÚF¿F´�¯�ßÄ¼®f¾¡®�Ãiµ�·�¿FÊ ¹ Î,´�¼®iµ�³¡¯�Ê'®Vßo²\³�Î,ÊË®�´=µ�¯b¾ ¹ Ê'®f¾¡¾ ¹ ³¡·�®�¯5ßgÈF®�·�´g³�¯5ß\Ãf¿FÊ'²�¿=¯�³�µ�®�¯Ißg¿ Þ ¯�®�·�È ¹ µ�®f¶\·ÄÃf¿F¾¡¿F·�³�Ê6¼®fµ�·�³ Â ¶g®,Å
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a�]'`�rwV6]0~P]'k�kmJya�J\r�Ju�>JUTHr�]*e�e�V6OgKU]*^�VRJ\r|n]�c�`�JqTsJ\O6`	TsJ'zP�%OP^�ORJ\`Bv�c�JxVg]���N'_3kmJxJUTFV{X�Ju�>JUTFN'e�THOgv�c�JxrHNP`	T�k�]'Og`hTsJ\`�]'`hT
��N'_HTsJ\k�J\`	T�VgO#ZJ\r�a�]'`�r�VRJ\c�_5r�KuNP`	Ts_5Og^�c�THORNP`�rEn]!VYXd]'rse�J\KuT���`�]'Vwa�cpjqZJ\M�OgKUc�VRJ'z��FNPc�_HTH]'`hTU�@V{X[ZJUj8]'V6c�]*THORNP`La�J\r�TsJ\Og`	TsJ\r
rHc�_0Vg]E�)N'_5kmJB`�X�J\rsT0]*^�N'_5a|ZJUJ�v�c�J-Ts_\nJ\r0TH]*_3apa�]'`�r�VgJ-e�_HN%KuJ\rHrHc�r0a�J�KuNP`�KuJUe�THORNP`@z���V@`@X�J\rHT0e�NPrHrHOR^�VgJ�a�Jy�Hc�~'JU_�a�J
V{X�Ju�>JUT�v�c�J�VgN'_5rHv�c@Xdc�`te�_5J\k�ORJU_�e�_HN'TsN'T2��e�J�J\rHT�_%ZJ\]'VgO6rhZJ'��K*X�J\rsT�n]!a�Og_HJ'��v�c�J�V6]��)N'_5kmJ�~�ZJ\`yZJU_3]'VRJ�a�cpjqZJ\M�OgKUc�VRJ�J\rHT
a|ZJ���n]p^�ORJ\`�ayZJU��`�OgJ'zF�}M�]'v�c�J�ZJUTH]*e�J�a�]'`�r�VRJme�_HN%KuJ\rHrHc�r�a�J�K5M�NPO�Q�a@Xdc�`�JmTsJ\Og`hTsJ�J\rHTB]'VRN'_5r�a|ZJ\VgOgKU]*TsJ�KU]*_\�-ZJUTH]'`	T
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`hc�k ZJU_3Ogvhc�J\rBa�J!jqZJ\M�OgKUc�VRJ\r��¤k�]'Og`	TsJ\`�]'`	T�^�ORJ\`�k�]�¥ ¦RTs_5Ogr�ZJUJ\r#��e�NPc�_�]*e�e�VgOgv�c�JU_Ba�J\r�§*e�J\Og`hTHc�_HJ\r�j%OR_HTHc�J\VgVRJ\rH§%z�I�]
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2 2
Si O     Mg F    TiO

2

2 2
Si O     Mg F    TiO

2

Chrome épaisseur 5 nm

Chrome épaisseur 5 nmDépot métallique : 

Dépot métallique : 

Dépot diélectrique : 

Dépot diélectrique : 

Aluminium   Al  épaisseur  300 nm 

Epaisseur : 100−600 nm

Epaisseur : 100−600 nm
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