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Âèÿâëåíî åôåêò ôîòîñòèìóëüîâàíîãî ï³äâèùåííÿ ðîç÷èííîñò³ â³äïà-
ëåíèõ ïë³âîê õàëüêîãåí³äíèõ ñêëîâèäíèõ íàï³âïðîâ³äíèê³â (ÕÑÍ) â ñåëåêòèâíèõ ïðî-
òðàâëþâà÷àõ íà îñíîâ³ àì³í³â. Âñòàíîâëåíî, ùî øâèäê³ñòü òðàâëåííÿ ï³äâèùóºòüñÿ
ïðè çá³ëüøåíí³ ³íòåíñèâíîñò³ îïðîì³íåííÿ, à ¿¿ ñïåêòðàëüíà çàëåæí³ñòü êîðåëþº ç
ïîãëèíàííÿì ó ïë³âö³ ÕÑÍ â îáëàñò³ êðàþ ì³æçîííèõ ïåðåõîä³â. Ïîêàçàíî, ùî íîâèé
ôîòîñòèìóëüîâàíèé åôåêò äàº çìîãó ðåàë³çóâàòè ôîòîë³òîãðàô³÷íèé ïðîöåñ (ó òîìó
÷èñë³ ïðîöåñ ³íòåðôåðåíö³éíî¿ ôîòîë³òîãðàô³¿) íà øàðàõ ÕÑÍ, â³äïàëåíèõ çà òåìïå-
ðàòóðè, áëèçüêî¿ äî òåìïåðàòóðè ðîçì�ÿêøåííÿ õàëüêîãåí³äíîãî ñêëà, øëÿõîì îäíî-
÷àñíîãî åêñïîíóâàííÿ òà ñåëåêòèâíîãî ïðîòðàâëþâàííÿ òàêèõ øàð³â. Îáãîâîðþºòüñÿ
ìîæëèâèé ìåõàí³çì ôîòîòðàâëåííÿ ÕÑÍ.

Êëþ÷îâ³ ñëîâà: ôîòîñòèìóëüîâàíå ïðîòðàâëþâàííÿ, õàëüêîãåí³äíèé ôîòîðåçèñò,
³íòåðôåðåíö³éíà ë³òîãðàô³ÿ.

Õàëüêîãåí³äí³ ôîòîðåçèñòè íà îñíîâ³ îñàäæåíèõ ó âàêóóì³
çà äîïîìîãîþ òåðì³÷íîãî âèïàðîâóâàííÿ àìîðôíèõ ïë³âîê õàëüêîãåí³ä-
íèõ ñòåêîë (ÕÑ) õàðàêòåðèçóþòüñÿ âèñîêîþ ðîçä³ëüíîþ çäàòí³ñòþ, îïòè÷-
íîþ îäíîð³äí³ñòþ, øèðîêèì ñïåêòðàëüíèì ä³àïàçîíîì ñâ³òëî÷óòëèâîñò³,
à òàêîæ ìîæëèâ³ñòþ âèêîðèñòàííÿ ÿê íà ïëîñêèõ, òàê ³ íå ïëîñêèõ ïî-
âåðõíÿõ [1�4]. Êð³ì òîãî, òàê³ ôîòîðåçèñòè ìàþòü âèñîêèé ïîêàçíèê
çàëîìëåííÿ (â ìåæàõ â³ä 2,0 äî 3,0) ³ º äóæå ïåðñïåêòèâíèìè äëÿ ³ìåð-
ñ³éíî¿ ë³òîãðàô³¿, â òîìó ÷èñë³ âèñîêîðîçä³ëüíî¿ ³íòåðôåðåíö³éíî¿ ôîòî-
ë³òîãðàô³¿. Ôîòîñòèìóëüîâàí³ çì³íè â îñàäæåíèõ ó âàêóóì³ ïë³âêàõ ÕÑ
ìàþòü äâ³ êîìïîíåíòè: ðåâåðñèâíó òà íåðåâåðñèâíó [5,6]. Âèêîðèñòàííÿ
õàëüêîãåí³äíèõ ïë³âîê ÿê ôîòîðåçèñò³â ïîâ�ÿçàíå ñàìå ç íåðåâåðñèâíîþ
çì³íîþ ¿õ ðîç÷èííîñò³.

Ó òåðì³÷íî îñàäæåí³é ó âàêóóì³ ïë³âö³ ÕÑ íàâ³òü ñòåõ³îìåòðè÷íîãî
ñêëàäó ñïîñòåð³ãàºòüñÿ çíà÷íèé âì³ñò «íåïðàâèëüíèõ», ãîìîïîëÿðíèõ
çâ�ÿçê³â, º òàêîæ ïîðè òà ïóñòîòè. Óíàñë³äîê îñâ³òëåííÿ (÷è â³äïàëó)
â³äáóâàºòüñÿ ïîë³ìåðèçàö³ÿ ìîëåêóëÿðíèõ ãðóï â îñíîâíó ìàòðèöþ õàëü-
êîãåí³äíîãî ñêëà, òîìó ê³ëüê³ñòü ãîìîïîëÿðíèõ çâ�ÿçê³â òà ïóñòîò çìåí-
øóºòüñÿ, ùî ³ ïðèâîäèòü äî çì³íè ô³çèêî-õ³ì³÷íèõ âëàñòèâîñòåé ïë³âêè,
çîêðåìà ³ ðîç÷èííîñò³. Äîñòàòíüî âèñîêà ñåëåêòèâí³ñòü òðàâëåííÿ (òîáòî
ñâ³òëî÷óòëèâ³ñòü ôîòîðåçèñòà) ñïîñòåð³ãàºòüñÿ ëèøå â õàëüêîãåí³äíèõ
ïë³âêàõ íà îñíîâ³ ìèø�ÿêó. Ïë³âêè íà îñíîâ³ õàëüêîãåí³ä³â ãåðìàí³þ ìà-
ëî ÷óòëèâ³. Ùîá âèêîðèñòîâóâàòè ¿õ ÿê ôîòîðåçèñòè, íåîáõ³äíî íàíåñòè
äîäàòêîâèé øàð ñð³áëà, ùî çíà÷íî óñêëàäíþº òåõíîëîã³÷íèé ïðîöåñ.
Êð³ì òîãî, íå÷óòëèâèìè º òàêîæ â³äïàëåí³ ïë³âêè ÕÑ, ó ÿêèõ óæå â³äáó-
ëàñü òåðìîñòèìóëüîâàíà ïîë³ìåðèçàö³ÿ äåôåêòíî¿ ñòðóêòóðè, à òàêîæ
ïë³âêè, íàíåñåí³ íåòåðì³÷íèì ñïîñîáîì (ëàçåðíå ÷è ìàãíåòðîííå ðîçïè-
ëåííÿ ó âàêóóì³, íàíåñåííÿ ³ç ðîç÷èí³â).

Ó ö³é ïðàö³ íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ ïðîöåñó ³íòåðôåðåíö³éíî¿
ôîòîë³òîãðàô³¿ ç âèêîðèñòàííÿì íîâîãî ôîòîñòèìóëüîâàíîãî åôåêòó â
àìîðôíèõ õàëüêîãåí³äíèõ ïë³âêàõ � ôîòî³íäóêîâàíîãî ï³äâèùåííÿ ðîç-
÷èííîñò³ â³äïàëåíèõ ïë³âîê ÕÑ ó ñåëåêòèâíîìó ïðîòðàâëþâà÷³ íà îñíîâ³
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àì³í³â [7]. Îäíî÷àñíå îñâ³òëåííÿ ³ ïðîòðàâëþâàííÿ â³äïàëåíèõ ïë³âîê
ÕÑ ñïðè÷èíþº ôîòî³íäóêîâàíå ï³äâèùåííÿ ðîç÷èííîñò³ øàð³â ÕÑ â ñå-
ëåêòèâíîìó ïðîòðàâëþâà÷³, ïðè÷îìó íåãàòèâíèé ïðîòðàâëþâà÷ íà îñíî-
â³ àì³í³â ðîç÷èíÿº îñâ³òëåí³ ä³ëÿíêè õàëüêîãåí³äíèõ ïë³âîê, òîáòî â
öüîìó ïðîöåñ³ âèñòóïàº ÿê ïîçèòèâíèé ïðîòðàâëþâà÷ [7]. Íîâèé ôîòî-
ñòèìóëüîâàíèé åôåêò äàº çìîãó ðåàë³çóâàòè ôîòîë³òîãðàô³÷íèé ïðîöåñ (ó
òîìó ÷èñë³ ïðîöåñ ³íòåðôåðåíö³éíî¿ ôîòîë³òîãðàô³¿) íà øàðàõ õàëüêîãå-
í³äó, â³äïàëåíèõ çà òåìïåðàòóðè áëèçüêî¿ äî òåìïåðàòóðè ðîçì�ÿêøåííÿ
õàëüêîãåí³äíîãî ñêëà, îäíî÷àñíèì åêñïîíóâàííÿì òà ñåëåêòèâíèì òðàâ-
ëåííÿì òàêèõ øàð³â.

Çðàçêè äëÿ äîñë³äæåíü ãîòóâàëè ïîñë³äîâíèì òåðì³÷íèì
âèïàðîâóâàííÿì ó âàêóóì³ 2  10�3 Ïà òà îñàäæåííÿì íà ï³äêëàäêè àäãå-
çèâíîãî øàðó Cr òîâùèíîþ 40 íì ³ øàð³â ÕÑ òîâùèíàìè â³ä 300 íì äî
3 ìêì. ßê ï³äêëàäêè âèêîðèñòîâóâàëèñü ïîë³ðîâàí³ ñêëÿí³ òà êðåìí³ºâ³
(îð³ºíòàö³ÿ {111}) ïëàñòèíè. Òîâùèíó ï³ä ÷àñ íàíåñåííÿ ïë³âîê êîíòðî-
ëþâàëè çà äîïîìîãîþ êâàðöåâîãî âèì³ðþâà÷à òîâùèíè (ÊÈÒ-1), ï³ñëÿ
îñàäæåííÿ � ì³êðî³íòåðôåðîìåòðîì ÌÈÈ-4. Ï³ñëÿ îñàäæåííÿ ïë³âêè
â³äïàëþâàëèñü çà òåìïåðàòóðè Tg â³ä 5 äî 15 C (Tg � òåìïåðàòóðà ðîçì�ÿê-
øåííÿ äàíîãî õàëüêîãåí³äó) ïðîòÿãîì 0,5�2 ãîä.

Øâèäêîñò³ òðàâëåííÿ åêñïîíîâàíèõ òà êîíòðîëüíèõ ïë³âîê ÕÑ äî-
ñë³äæóâàëè çà äîïîìîãîþ âèñîêî÷óòëèâîãî ìåòîäó êâàðöåâîãî îñöèëÿòî-
ðà [8] â êâàðöåâ³é êþâåò³, çàïîâíåí³é ñåëåêòèâíèì ïðîòðàâëþâà÷åì íà
îñíîâ³ áåçâîäíîãî ðîç÷èíó îðãàí³÷íîãî ëóãó [9]. Åêñïîíóâàííÿ â ïðîöåñ³
òðàâëåííÿ çä³éñíþâàëè ³íòåãðàëüíèì âèïðîì³íþâàííÿì ðòóòíî¿ ëàìïè
ÄÐØ-250. Äëÿ äîñë³äæåííÿ ñïåêòðàëüíèõ çàëåæíîñòåé åôåêòó ôîòîòðàâ-
ëåííÿ çà äîïîìîãîþ ô³ëüòð³â âèä³ëÿëè ñïåêòðàëüí³ ë³í³¿ âèïðîì³íþâàí-
íÿ ö³º¿ æ ëàìïè.

Çàïèñ ³íòåðôåðåíö³éíèõ ñòðóêòóð íà â³äïàëåíèõ ïë³âêàõ ÕÑ çä³é-
ñíþâàëè, âèêîðèñòîâóþ÷è ¿õ åêñïîíóâàííÿ ³íòåðôåðåíö³éíîþ êàðòèíîþ,
ñòâîðåíîþ âèïðîì³íþâàííÿì ãåë³é-êàäì³ºâîãî ëàçåðà (äîâæèíà õâèë³  =
= 440 íì) ç ïðîñòîðîâîþ ÷àñòîòîþ 1200 ìì�1. Ïðè öüîìó çðàçêè òåæ ðîç-
ì³ùóâàëè â êâàðöåâ³é êþâåò³, çàïîâíåí³é ñåëåêòèâíèì ïðîòðàâëþâà÷åì.

Äëÿ âèçíà÷åííÿ ôîðìè ïðîô³ëþ ðåëüºôíèõ åëåìåíò³â ³ ¿õ ðîçì³ð³â
âèêîðèñòîâóâàëè ì³êðîñêîï àòîìíèõ ñèë Dimension 3000 Scanning Probe
Microscope ô³ðìè Digital Instruments. Äèôðàêö³éí³ âëàñòèâîñò³ äîñë³äæó-
âàëè ç âèì³ðþâàíü ñïåêòðàëüíî¿ ( ) çàëåæíîñò³ äèôðàêö³éíî¿ åôåêòèâ-
íîñò³ çðàçê³â, ÿê³ ïîïåðåäíüî ïîêðèâàëèñü â³äáèâàëüíèì øàðîì Al òîâ-
ùèíîþ 100 íì. Çíà÷åííÿ  âèçíà÷àëè ÿê â³äíîøåííÿ ³íòåíñèâíîñò³ äè-
ôðàãîâàíîãî âèïðîì³íþâàííÿ äî ³íòåíñèâíîñò³ ïàäàþ÷îãî. Ñïåêòðàëüí³
âèì³ðþâàííÿ ïðîâîäèëè äëÿ ïåðøîãî ïîðÿäêó äèôðàêö³¿ â ³íòåðâàë³
400�900 íì äëÿ äâîõ íàïðÿì³â ïîëÿðèçàö³¿ ïàäàþ÷îãî ñâ³òëà ïðè çíà-
÷åíí³ êóòà ì³æ ïàäàþ÷èì ³ äèôðàãîâàíèì ïó÷êàìè 8 .

   

Ó ö³é ïðàö³ äîñë³äæåíî ïðîöåñè ôîòîòðàâëåííÿ ïë³âîê ÕÑ
ö³ëî¿ íèçêè ñêëàä³â: As40S60, As40S40Se20, As40S30Se30, As40S20Se40, As40Se60 òà
Ge25Se75. Íà ðèñ. 1 ÿê ïðèêëàä íàâåäåíî ê³íåòè÷í³ çàëåæíîñò³ òðàâëåííÿ
øàð³â As40S30Se30, ïî÷àòêîâà òîâùèíà d0 ÿêèõ 300 íì (d � òîâùèíà â³ä-
ïîâ³äíîãî øàðó, ùî çàëèøèëàñü ï³ñëÿ ïðîòðàâëþâàííÿ, t � ÷àñ òðàâ-
ëåííÿ) ó ñåëåêòèâíîìó ïðîòðàâëþâà÷³ äëÿ As40S30Se30 íà îñíîâ³ àì³í³â [9]:
1 � ñâ³æîîñàäæåíèé íååêñïîíîâàíèé øàð As40S30Se30 (êîíòðîëüíèé); 2 �
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Ðèñ. 1. Ê³íåòèêè ðîç÷èíåííÿ øàð³â As40S30Se30: 1 � ñâ³æîîñàäæåíèé íååêñïîíîâàíèé
øàð; 2 � â³äïàëåíèé, íååêñïîíîâàíèé øàð; 3 � â³äïàëåíèé, åêñïîíîâàíèé â ïðîöåñ³
ïðîòðàâëþâàííÿ ³íòåãðàëüíèì âèïðîì³íþâàííÿì ðòóòíî¿ ëàìïè ÄÐØ-250 ç åíåðãå-
òè÷íîþ ãóñòèíîþ ïàäàþ÷îãî âèïðîì³íþâàííÿ p = 8,8 ìÂò/ñì2; 4 � p = 54,4 ìÂò/ñì2

Ðèñ. 2. Ê³íåòèêè ðîç÷èíåííÿ øàð³â Ge25Se75: 1 � ñâ³æîîñàäæåíèé íååêñïîíîâàíèé
øàð; 2 � â³äïàëåíèé, íååêñïîíîâàíèé øàð; 3 � ñâ³æîîñàäæåíèé, åêñïîíîâàíèé â
ïðîöåñ³ òðàâëåííÿ ³íòåãðàëüíèì âèïðîì³íþâàííÿì ðòóòíî¿ ëàìïè ÄÐØ-250 ç åíåðãå-
òè÷íîþ ãóñòèíîþ ïàäàþ÷îãî âèïðîì³íþâàííÿ p = 8,8 ìÂò/ñì2; 4 � â³äïàëåíèé, åêñ-
ïîíîâàíèé â ïðîöåñ³ òðàâëåííÿ â òèõ ñàìî óìîâàõ

â³äïàëåíèé íååêñïîíîâàíèé øàð; 3 � ó ïðîöåñ³ òðàâëåííÿ â³äïàëåíèé
øàð As40S30Se30 åêñïîíóâàâñÿ ³íòåãðàëüíèì âèïðîì³íþâàííÿì ðòóòíî¿
ëàìïè ÄÐØ-250 ç åíåðãåòè÷íîþ ãóñòèíîþ ïàäàþ÷îãî âèïðîì³íþâàííÿ
p = 8,8 ìÂò/ñì2; 4 � åíåðãåòè÷íà ãóñòèíà ïàäàþ÷îãî âèïðîì³íþâàííÿ �
54,4 ìÂò/ñì2. ßê ìîæíà áà÷èòè ç ðèñ. 1, âèáðàíèé áåçâîäíèé ïðîòðàâ-
ëþâà÷ íà îñíîâ³ îðãàí³÷íèõ ëóã³â õàðàêòåðèçóºòüñÿ äîáðîþ ñåëåêòèâí³ñ-
òþ äëÿ â³äïàëåíîãî øàðó As40S30Se30 (ñåëåêòèâí³ñòü, òîáòî â³äíîøåííÿ
øâèäêîñòåé ðîç÷èíåííÿ åêñïîíîâàíîãî ³ íååêñïîíîâàíîãî øàð³â äîñÿãàº
35). Àëå íà â³äì³íó â³ä òðàäèö³éíî¿ ë³òîãðàô³¿ ç âèêîðèñòàííÿì òåðì³÷íî
îñàäæåíèõ (³ íåâ³äïàëåíèõ) øàð³â ÕÑ, äå º íåãàòèâíà ñåëåêòèâí³ñòü (íå-
åêñïîíîâàí³ ä³ëÿíêè ôîòîðåçèñòó ðîç÷èíÿþòüñÿ øâèäøå (êðèâà 1), í³æ
åêñïîíîâàí³ (êðèâà 2), ó âèïàäêó ôîòîòðàâëåííÿ çíà÷íî øâèäøå ðîç÷è-
íÿþòüñÿ ò³ øàðè ÕÑ, ÿê³ åêñïîíóþòüñÿ â ïðîöåñ³ òðàâëåííÿ (êðèâ³ 3 ³ 4,
ïîð³âíÿíî ç êðèâîþ 2). Ç³ çá³ëüøåííÿì ³íòåíñèâíîñò³ âèïðîì³íþâàííÿ
øâèäê³ñòü ðîç÷èíåííÿ çðîñòàº íåë³í³éíî: óíàñë³äîê øåñòèêðàòíîãî çá³ëü-
øåííÿ p ÷àñ ïîâíîãî ðîç÷èíåííÿ ïë³âêè As40S30Se30 ìîæíà çìåíøèòè
ëèøå â òðè ðàçè (äèâ. ðèñ. 1).

Íà òîòîæíèõ â³äïàëåíèõ çðàçêàõ áóëî ïðîâåäåíî êîíòðîëüí³ åêñïå-
ðèìåíòè: çðàçêè ñïî÷àòêó åêñïîíóâàëèñü çà ò³º¿ æ åíåðãåòè÷íî¿ ãóñòèíè
ïàäàþ÷îãî âèïðîì³íþâàííÿ äî òàêî¿ ñàìî åêñïîçèö³¿ (H = pt), ùî ³ íà
ðèñ. 1, ïîò³ì òðàâèëèñü ó òîìó ñàìîìó ïðîòðàâëþâà÷³. Ïðè öüîìó øâèä-
ê³ñòü òðàâëåííÿ áóëà áëèçüêîþ äî øâèäêîñò³ òðàâëåííÿ íååêñïîíîâàíèõ
çðàçê³â (äèâ. ðèñ. 1, êðèâà 2). Òîáòî ïðîòðàâëþâà÷ åôåêòèâíî ä³º íà ïë³âêó
ÕÑ ëèøå ï³ä ÷àñ ¿¿ áåçïîñåðåäíüîãî åêñïîíóâàííÿ.

Íà ðèñ. 2 íàâåäåíî ê³íåòèêó ðîç÷èíåííÿ øàð³â õàëüêîãåí³äó ãåðìà-
í³þ (ñêëàä Ge25Se75) ç ò³ºþ æ ïî÷àòêîâîþ òîâùèíîþ (300 íì) ³ â òîìó
ñàìîìó áåçâîäíîìó ïðîòðàâëþâà÷³: êðèâà 1 � ñâ³æîîñàäæåíèé íååêñïî-
íîâàíèé øàð; 2 � â³äïàëåíèé íååêñïîíîâàíèé øàð; 3 � ñâ³æîîñàäæå-
íèé øàð, ÿêèé åêñïîíóâàâñÿ ï³ä ÷àñ òðàâëåííÿ ³íòåãðàëüíèì âèïðîì³-
íþâàííÿì ðòóòíî¿ ëàìïè ÄÐØ-250 ç åíåðãåòè÷íîþ ãóñòèíîþ ïàäàþ÷îãî
âèïðîì³íþâàííÿ 8,8 ìÂò/ñì2; 4 � â³äïàëåíèé øàð, ÿêèé åêñïîíóâàâñÿ
ï³ä ÷àñ òðàâëåííÿ ³íòåãðàëüíèì âèïðîì³íþâàííÿì ò³º¿ æ ëàìïè ç ò³ºþ
ñàìîþ åíåðãåòè÷íîþ ãóñòèíîþ ïàäàþ÷îãî âèïðîì³íþâàííÿ. Ç ðèñóíêà
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âèäíî, ùî åôåêò ôîòîòðàâëåííÿ ïðîÿâëÿºòüñÿ ÿê íà ñâ³æîîñàäæåíèõ,
òàê ³ íà â³äïàëåíèõ øàðàõ õàëüêîãåí³ä³â ãåðìàí³þ, íà â³äì³íó â³ä õàëü-
êîãåí³ä³â ìèø�ÿêó, äå óíàñë³äîê âåëèêî¿ øâèäêîñò³ ðîç÷èíåííÿ ñâ³æî-
îñàäæåíèõ øàð³â òà ñòèìóëüîâàíî¿ ôîòîàêòèâíèì ñâ³òëîì ¿õ ôîòîïîë³-
ìåðèçàö³¿ íå ìîæíà çàðåºñòðóâàòè åôåêò ôîòîòðàâëåííÿ íà òàêèõ øàðàõ
(åôåêò ôîòîòðàâëåííÿ ñïîñòåð³ãàâñÿ ëèøå íà â³äïàëåíèõ øàðàõ õàëüêî-
ãåí³ä³â ìèø�ÿêó).

Äîñë³äæåííÿ ñïåêòðàëüíî¿ çàëåæíîñò³ øâèäêîñò³ ôîòîòðàâëåííÿ â³ä-
ïàëåíèõ øàð³â As40S30Se30 ïîêàçàëî, ùî øâèäê³ñòü òðàâëåííÿ ñóòòºâî çà-
ëåæèòü â³ä ñïåêòðàëüíîãî ñêëàäó âèïðîì³íþâàííÿ. Â îáëàñò³ êðàþ ïî-
ãëèíàííÿ As40S30Se30 âñòàíîâëåíî êîðåëÿö³þ êîåô³ö³ºíòà ïîãëèíàííÿ õàëü-
êîãåí³äó òà øâèäêîñò³ ôîòîòðàâëåííÿ � ç³ çá³ëüøåííÿì ïîãëèíàííÿ ó
ðàç³ çì³ùåííÿ â êîðîòêîõâèëüîâó îáëàñòü ñïåêòðà çðîñòàº ³ øâèäê³ñòü
ôîòîòðàâëåííÿ. Îäíàê â óëüòðàô³îëåòîâ³é îáëàñò³ ñïåêòðà (<300 íì)
åôåêòèâí³ñòü ôîòîòðàâëåííÿ äåùî çíèæóºòüñÿ.

Àíàëîã³÷í³ ðåçóëüòàòè îòðèìàíî íà âñ³õ äîñë³äæóâàíèõ ïë³âêàõ ÕÑ.
Òàê³ ðåçóëüòàòè ñâ³ä÷àòü ïðî ìîæëèâ³ñòü âèêîðèñòàííÿ ôîòîòðàâëåííÿ
ÕÑ äëÿ ôîðìóâàííÿ ë³òîãðàô³÷íèõ ìàñîê ÷è ³íòåðôåðåíö³éíèõ ðåëüºô-
íèõ ñòðóêòóð. Ïîâíå ðîç÷èíåííÿ ïë³âêè ÕÑ òîâùèíîþ 100 íì ó ðàç³ åêñ-
ïîíóâàííÿ êîðîòêîõâèëüîâèì âèïðîì³íþâàííÿì (365�436 íì) ïîòðåáóº
åêñïîçèö³¿ 0,3�0,6 Äæ/ñì3, òîáòî ÷óòëèâ³ñòü ïîð³âíÿííà ç ÷óòëèâ³ñòþ
ïë³âîê ÕÑ ó òðàäèö³éíîìó âèêîðèñòàíí³ ÿê ôîòîðåçèñòà [10]. Âîäíî÷àñ
ôîòîòðàâëåííÿ ÕÑ ìàº íèçêó ïåðåâàã. Âîíî ðåàë³çóºòüñÿ íà â³äïàëåíèõ
øàðàõ õàëüêîãåí³ä³â, ÿê³ õàðàêòåðèçóþòüñÿ çíà÷íî ìåíøîþ äåôåêòí³ñòþ,
í³æ òåðì³÷íî îñàäæåí³ ³ íåâ³äïàëåí³ ïë³âêè. Öå äàº çìîãó îòðèìóâàòè
ÿê³ñí³ø³ ë³òîãðàô³÷í³ ìàñêè, ÷è ïåð³îäè÷í³ ðåëüºôíî-ôàçîâ³ ñòðóêòóðè.
Ïðè îäíî÷àñíîìó åêñïîíóâàíí³ ³ òðàâëåíí³ äîñòàòíþ ñâ³òëî÷óòëèâ³ñòü
ïðîÿâëÿþòü òàêîæ ³ õàëüêîãåí³äè íà îñíîâ³ ãåðìàí³þ. Öå äàëî ìîæëè-
â³ñòü âèêîðèñòîâóâàòè ö³ á³ëüø åêîëîã³÷íî ïðèéíÿòí³ ñïîëóêè ÿê ôîòî-
ðåçèñòè. Ïðîöåñè òðàâëåííÿ òà åêñïîíóâàííÿ â öüîìó ñïîñîá³ ñóì³ùåí³,
ùî çìåíøóº ê³ëüê³ñòü òåõíîëîã³÷íèõ îïåðàö³é â ôîòîë³òîãðàô³÷íîìó
ïðîöåñ³. Ïðè ôîòîòðàâëåíí³ äëÿ íàíåñåííÿ ïë³âîê õàëüêîãåí³äó ìîæíà
âèêîðèñòîâóâàòè ³ á³ëüø òåõíîëîã³÷í³ ìåòîäè îñàäæåííÿ òîíêèõ ïë³âîê:
åëåêòðîííî-ïðîìåíåâå âèïàðîâóâàííÿ, ëàçåðíå ÷è âèñîêî÷àñòîòíå ìàã-
íåòðîííå ðîçïèëåííÿ, íàíåñåííÿ íà ï³äêëàäèíêó ³ç ðîç÷èí³â. Ï³ñëÿ â³ä-
ïàëó çà òåìïåðàòóðè, áëèçüêî¿ äî òåìïåðàòóðè ðîçì�ÿêøåííÿ, âëàñòèâîñ-
ò³ âñ³õ ïë³âîê õàëüêîãåí³ä³â, íåçàëåæíî â³ä ñïîñîáó íàíåñåííÿ, íàáëè-
æàþòüñÿ äî âëàñòèâîñòåé õàëüêîãåí³äíîãî ñêëà â³äïîâ³äíîãî ñêëàäó.

Íà ðèñ. 3, à íàâåäåíî ÀÑÌ-çîáðàæåííÿ äèôðàêö³éíî¿ ´ðàòêè, ñôîð-
ìîâàíî¿ íà ïë³âö³ As40S30Se30 ìåòîäîì ôîòîòðàâëåííÿ ç âèêîðèñòàííÿì
òîãî æ áåçâîäíîãî ïðîòðàâëþâà÷à. Ïðîñòîðîâà ÷àñòîòà çàïèñàíî¿ ´ðàò-
êè � 1200 ìì�1, ãëèáèíà ðåëüºôó � 75 íì. Ôîðìà ïðîô³ëþ øòðèõ³â
ñôîðìîâàíî¿ ´ðàòêè (ðèñ. 3, á) áëèçüêà äî ñèíóñî¿äè. ×àñ çàïèñó ´ðàòêè
20 õâ, ðîçì³ðè 50  50 ìì çà ïîòóæíîñò³ ëàçåðà 25 ìÂò. Ï³ä ÷àñ åêñïîíó-
âàííÿ ïîãëèíàþ÷èì âèïðîì³íþâàííÿì ãåë³é-êàäì³ºâîãî ëàçåðà, ÿêå âè-
êëèêàº ôîòîòðàâëåííÿ, çä³éñíþâàâñÿ in situ êîíòðîëü äèôðàêö³éíî¿ åôåê-
òèâíîñò³ ñôîðìîâàíî¿ ´ðàòêè çà äîïîìîãîþ íåôîòîàêòèâíîãî âèïðîì³íþ-
âàííÿ ãåë³é-íåîíîâîãî ëàçåðà (  = 632 íì). Óíàñë³äîê çá³ëüøåííÿ ÷àñó ôî-
òîòðàâëåííÿ ìîæíà îòðèìóâàòè ´ðàòêè ç á³ëüøîþ ãëèáèíîþ ðåëüºôó.

Ôîòîñòèìóëüîâàíå ðîç÷èíåííÿ õàëüêîãåí³ä³â â³äáóâàºòüñÿ ëèøå â
îñâ³òëåíèõ ì³ñöÿõ, ùî äàº çìîãó îòðèìóâàòè ìàñêè òà ðåëüºôí³ ñòðóêòó-
ðè ç ãëèáîêèì ðåëüºôîì çàâäÿêè â³äñóòíîñò³ áîêîâîãî ³çîòðîïíîãî ï³ä-
òðàâëþâàííÿ, ÿêå ìàº ì³ñöå â òðàäèö³éí³é ë³òîãðàô³÷í³é òåõíîëîã³¿ ïðè
âèêîðèñòàíí³ ð³äèííîãî òðàâëåííÿ. Òîáòî ð³äèííå ôîòîòðàâëåííÿ º àíà-
ëîãîì á³ëüø çàòðàòíîãî ñóõîãî àí³çîòðîïíîãî òðàâëåííÿ â òðàäèö³éí³é
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Ðèñ. 3. ÀÑÌ çîáðàæåííÿ äèôðàêö³éíî¿ ´ðàòêè, çàïèñàíî¿ â øàð³ As40S30Se30 ìåòîäîì
ôîòîòðàâëåííÿ

Ðèñ. 4. ÀÑÌ çîáðàæåííÿ äèôðàêö³éíî¿ ñòðóêòóðè, ñôîðìîâàíî¿ â øàð³ As40S30Se30 ìå-
òîäîì ôîòîòðàâëåííÿ ÷åðåç Au-ìàñêó

òåõíîëîã³¿. Ùîá ðåàë³çóâàòè öþ ìîæëèâ³ñòü íà ïîâåðõí³ â³äïàëåíîãî øà-
ðó As40S30Se30 çà äîïîìîãîþ òðàäèö³éíî¿ ³íòåðôåðåíö³éíî¿ ôîòîë³òîãðàô³¿
[10], áóëî ñôîðìîâàíî ìàñêó ó âèãëÿä³ ñìóæîê çîëîòà ç ïðîñòîðîâîþ ÷àñ-
òîòîþ 1300 ìì. Ïîò³ì ÷åðåç öþ ìàñêó áóëî çä³éñíåíî ôîòîñòèìóëüîâàíå
òðàâëåííÿ øàðó ÕÑ ç âèêîðèñòàííÿì òîãî æ ñåëåêòèâíîãî ïðîòðàâëþâà-
÷à íà îñíîâ³ àì³í³â òà ³íòåãðàëüíîãî âèïðîì³íþâàííÿ ðòóòíî¿ ëàìïè.

 Íà ðèñ. 4, à, á íàâåäåíî ÀÑÌ-çîáðàæåííÿ îòðèìàíî¿ äèôðàêö³éíî¿
ñòðóêòóðè, ñôîðìîâàíî¿ íà ïë³âö³ As40S30Se30 ìåòîäîì ôîòîòðàâëåííÿ ÷å-
ðåç ìåòàëåâó ìàñêó. Ñòðóêòóðà ìàº âèãëÿä äèôðàêö³éíî¿ ´ðàòêè ç ãëèáè-
íîþ ðåëüºôó ÿêà äîñÿãàº 0,22 ìêì. Ôîðìà ïðîô³ëþ øòðèõà òðàïåöåâèä-
íà, äîñèòü ïîä³áíà äî ïðÿìîêóòíî¿. Ñïîñòåð³ãàºòüñÿ çíà÷íà ãëèáèíà ìî-
äóëÿö³¿ ðåëüºôó (  0,3), à òàêîæ ÿê³ñíà ïîâåðõíÿ øòðèõ³â.

Ñôîðìîâàíà äèôðàêö³éíà ñòðóêòóðà ìàº â³äïîâ³äí³ âëàñòèâîñò³ ãî-
ëîãðàô³÷íî¿ äèôðàêö³éíî¿ ´ðàòêè. Íà ðèñ. 5 íàâåäåíî ñïåêòðàëüíó çàëå-
æí³ñòü äèôðàêö³éíî¿ åôåêòèâíîñò³ öüîãî çðàçêà, ïîêðèòîãî â³äáèâàþ÷èì
øàðîì Al. Êðèâ³ 1 òà 2 â³äïîâ³äàþòü ïåðïåíäèêóëÿðíîìó (Es) òà ïàðàëåëü-
íîìó (Ep) ðîçòàøóâàííþ åëåêòðè÷íîãî âåêòîðà ñâ³òëîâî¿ õâèë³ â³äíîñ-
íî øòðèõ³â ´ðàòêè. ßê áà÷èìî ç ðèñóíêà, âåëèêà ãëèáèíà ìîäóëÿö³¿ òà
íåñèíóñî¿äàëüíèé ïðîô³ëü øòðèõà ´ðàòêè îáóìîâëþþòü âèñîê³ (äî 60 %)
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Ðèñ. 5. Ñïåêòðàëüíèé ðîçïîä³ë äèôðàê-
ö³éíî¿ åôåêòèâíîñò³ ´ðàòêè ñôîðìîâàíî¿
íà ïë³âö³ As40S30Se30 ìåòîäîì ôîòîòðàâ-
ëåííÿ ÷åðåç ìåòàëåâó ìàñêó: 1, 2 � â³ä-
ïîâ³äíî ïåðïåíäèêóëÿðíå òà ïàðàëåëüíå
ðîçòàøóâàííÿ åëåêòðè÷íîãî âåêòîðà ñâ³ò-
ëîâî¿ õâèë³ â³äíîñíî øòðèõ³â ´ðàòêè

çíà÷åííÿ äèôðàêö³éíî¿ åôåêòèâ-
íîñò³ ó âèäèì³é òà áëèæí³é ²×-îá-
ëàñòÿõ ñïåêòðà.

Ìåõàí³çì ñåëåêòèâíîãî ðîç÷è-
íåííÿ ïë³âîê ÕÑ âèâ÷àâñÿ áàãàòü-
ìà àâòîðàìè [11�13]. Äëÿ áåçâîä-

íèõ òðàâíèê³â íà îñíîâ³ àì³í³â íàéäåòàëüí³ø³ äîñë³äæåííÿ âèêîíàíî â
ïðàö³ [11]. Àâòîðè ââàæàþòü, ùî ðîçðèâ ïîë³ìåðíî¿ ñ³òêè ñâ³æîíàïèëå-
íî¿ ïë³âêè õàëüêîãåí³ä³â â³äáóâàºòüñÿ ïî ãîìîïîëÿðíèõ (äåôåêòíèõ)
çâ�ÿçêàõ çà äîïîìîãîþ äâîñòàä³éíîãî ïðîöåñó: íà ïåðø³é ñòàä³¿ ðåàãóº
õàëüêîãåí, íà äðóã³é � ñòðóêòóðí³ îäèíèö³ ç àòîìàìè ìèø�ÿêó:

(C2H5)2NH + Sn  (C2H5)2NH Sn ,

(C2H5)2NH Sn
 + As2S4/2  (C2H5)2NH Sn AsS2/2 + (C2H5)2NAsS2/2.

Òàêà ðåàêö³ÿ ïðîò³êàº øâèäøå, í³æ âçàºìîä³ÿ öüîãî ïðîòðàâëþâà÷à ç
áåçäåôåêòíèì ñòåõ³îìåòðè÷íèì ñêëîì, ÿêå ñêëàäàºòüñÿ ïåðåâàæíî ç ãå-
òåðîïîëÿðíèõ çâ�ÿçê³â:

As2S3 + 6 (C2H5)2NH  ((C2H5)2NH2)3AsS3 + As((C2H5)2N)3.

Òîìó êîëè åêñïîíóâàííÿ àáî â³äïàë ñâ³æîíàïèëåíî¿ ïë³âêè ÕÑ çìåíøó-
þòü ê³ëüê³ñòü ãîìîïîëÿðíèõ çâ�ÿçê³â, òî â³äáóâàºòüñÿ ñóòòºâå ñïîâ³ëü-
íåííÿ øâèäêîñò³ ðîç÷èíåííÿ õàëüêîãåí³äó (äèâ. ðèñ. 1, êðèâ³ 1 ³ 2).

ßêà æ ïðè÷èíà â³äíîâëåííÿ øâèäêîãî ðîç÷èíåííÿ â³äïàëåíî¿ ïë³âêè
â ïðîöåñ³ ¿¿ åêñïîíóâàííÿ, òîáòî ïîÿâè åôåêòó ôîòîòðàâëåííÿ? Äîñë³-
äæåííÿ ïë³âîê ÕÑ ó ïðîöåñ³ åêñïîíóâàííÿ ïîêàçàëè [14, 15], ùî çà äî-
ñòàòíüî¿ ³íòåíñèâíîñò³ âèïðîì³íþâàííÿ, êîëè â ïë³âö³ ãåíåðóºòüñÿ çíà÷íà
êîíöåíòðàö³ÿ ôîòîçáóäæåíèõ íîñ³¿â, ñòðóêòóðà ïë³âêè äåùî çì³íþºòüñÿ. Ïðî
öå ñâ³ä÷èòü ³ ÿâèùå ôîòîñòèìóëüîâàíî¿ òåêó÷îñò³ (ôîòîïëàñòè÷íîñò³) ó ïë³â-
êàõ á³íàðíèõ õàëüêîãåí³ä³â òà ñåëåíó, ÿêå âèâ÷àëîñÿ áàãàòüìà äîñë³äíèêàìè
[16�18]. Âîíî õàðàêòåðèçóºòüñÿ çìåíøåííÿì â�ÿçêîñò³ òà çá³ëüøåííÿì òå-
êó÷îñò³ ïë³âîê ÕÑ, ÿê³ åêñïîíóþòüñÿ ñâ³òëîì äîñòàòíüî¿ ³íòåíñèâíîñò³, ³
ñïîñòåð³ãàºòüñÿ ëèøå â ïðîöåñ³ åêñïîíóâàííÿ ÕÑ. Çàïðîïîíîâàíî äå-
ê³ëüêà ì³êðîñêîï³÷íèõ ìåõàí³çì³â ôîòîïëàñòè÷íîñò³ [18, 19]. Ôð³öøå
[19] ïîâ�ÿçóº ôîòîïëàñòè÷í³ñòü ³ç ñòèìóëüîâàíîþ ñâ³òëîì ãåíåðàö³ºþ
ïàð çì³ííî¿ âàëåíòíîñò³ òà ðåêîìá³íàö³éíî-ñòèìóëüîâàíèì çì³ùåííÿì
àòîì³â. ²íø³ àâòîðè [18] íà ï³äñòàâ³ ðåçóëüòàò³â EXAFS-äîñë³äæåíü ó
ïðîöåñ³ îñâ³òëåííÿ õàëüêîãåí³äó ïðîïîíóþòü ìåõàí³çì, ÿêèé âêëþ÷àº
ôîòîñòèìóëüîâàíó ïåðåáóäîâó êîâàëåíòíèõ çâ�ÿçê³â. Ôîòîñòèìóëüîâàíå
ðîçì�ÿêøåííÿ àìîðôíîãî ñåëåíó ö³ àâòîðè ïîâ�ÿçóþòü ç ðîçðèâîì ì³æ-
ëàíöþæêîâèõ çâ�ÿçê³â.

Äëÿ á³íàðíèõ òà ïîòð³éíèõ õàëüêîãåí³ä³â, êð³ì êîîðäèíàö³éíèõ äå-
ôåêò³â, ó ïðîöåñ³ åêñïîíóâàííÿ ìîæëèâå óòâîðåííÿ ãîìîïîëÿðíèõ
çâ�ÿçê³â, çá³ëüøåííÿ êîíöåíòðàö³¿ ÿêèõ çã³äíî ç [11] ïðèâåäå äî çá³ëü-
øåííÿ øâèäêîñò³ ðîç÷èíåííÿ â ïðîòðàâëþâà÷³ íà îñíîâ³ àì³í³â. Àëå ïî-
ì³òíà ê³ëüê³ñòü ñôîðìîâàíèõ â ïðîöåñ³ åêñïîíóâàííÿ äåôåêò³â ïîâèííà
çáåðåãòèñÿ â ïë³âö³ ³ ï³ñëÿ âèêëþ÷åííÿ îñâ³òëåííÿ (ðåâåðñèâí³ ôîòî-
ñòðóêòóðí³ çì³íè). Ïðîòå, ÿê âêàçàíî âèùå, â åêñïîíîâàíèõ ïë³âêàõ ÕÑ
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íà â³äì³íó â³ä íååêñïîíîâàíèõ íå ñïîñòåð³ãàëîñü ñóòòºâå ï³äâèùåííÿ
øâèäêîñò³ ðîç÷èíåííÿ. Êð³ì òîãî, åôåêò ôîòîòðàâëåííÿ â õàëüêîãåí³äàõ
ãåðìàí³þ ñïîñòåð³ãàºòüñÿ òàêîæ ³ íà íåâ³äïàëåíèõ øàðàõ, ó ÿêèõ êîíöåí-
òðàö³ÿ äåôåêò³â çíà÷íà (äèâ. ðèñ. 2, êðèâ³ 1 òà 3). Öå ñâ³ä÷èòü ïðî òå, ùî
ðåàêö³ÿ ôîòîðîç÷èíåííÿ ÕÑ øâèäøå çà âñå ñòèìóëþºòüñÿ ñàìå ïðîöå-
ñàìè ïåðåêëþ÷åííÿ çâ�ÿçê³â (bond switching) ï³ä ÷àñ åêñïîíóâàííÿ ôîòî-
àêòèâíèì âèïðîì³íþâàííÿì.

Ïðîâåäåíî ïåðø³ äîñë³äæåííÿ åôåêòó ôîòîñòèìóëüîâàíîãî
ðîç÷èíåííÿ â³äïàëåíèõ ïë³âîê ÕÑ. Ïîêàçàíî, ùî ïðîòðàâëþâà÷³ íåãàòèâíî¿
ä³¿ íà îñíîâ³ àì³í³â ðîç÷èíÿþòü îñâ³òëåí³ ì³ñöÿ ïë³âêè õàëüêîãåí³äó, òîáòî
ä³þòü ÿê ïîçèòèâí³ ïðîòðàâëþâà÷³. Øâèäê³ñòü ôîòîñòèìóëüîâàíîãî ðîç-
÷èíåííÿ çðîñòàº ç³ çá³ëüøåííÿì ³íòåíñèâíîñò³ îñâ³òëåííÿ, à ñïåêòðàëüíà
çàëåæí³ñòü êîðåëþº ç³ ñïåêòðîì ïîãëèíàííÿ â îáëàñò³ êðàþ ì³æçîííèõ ïå-
ðåõîä³â.

Âèêîíàíî çàïèñ ðåëüºôíî-ôàçîâèõ ãîëîãðàìíèõ ´ðàòîê ç âèêîðèñ-
òàííÿì åôåêòó ôîòîòðàâëåííÿ íà øàðàõ ÕÑ, à òàêîæ äîñë³äæåíî ¿õ õàðàê-
òåðèñòèêè. Ïðèïóñêàºòüñÿ, ùî ðåàêö³ÿ ôîòîñòèìóëüîâàíîãî ðîç÷èíåííÿ
ÕÑ ñòèìóëþºòüñÿ ïðîöåñàìè ïåðåêëþ÷åííÿ çâ�ÿçê³â ì³æ àòîìàìè ÕÑ ï³ä
÷àñ åêñïîíóâàííÿ ôîòîàêòèâíèì âèïðîì³íþâàííÿì.

V.A. Dan�ko, I.Z. Indutnyi, V.I. Min�ko,
P.E. Shepeliavyi, O.S. Litvin, M.V. Lukanyuk

PHOTOINDUCED ETCHING OF THIN FILMS
OF CHALCOGENIDE GLASSES

It is found the photoinduced enhancement in solubility of annealed films
of chalcogenide glasses (ChG) in amine-based selective etchants. With increasing of irra-
diation intensity the rate of the films etching rises, and its spectral dependence correlates
with absorption of ChG films in the spectral range near absorption edge. The new photo-
induced effect allows realize a photolithography (including the process of interference
photolithography) on the ChG layers, annealed near the glass-transition temperature, by the
simultaneous exposure and selective etching of such layers. The possible mechanism of
photo-induced etching of ChG films is discussed.

Keywords: Photoinduced etching, chalcogenide photoresist, interference lithography.
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