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Abstract 

PROPERTIES OF OPTICAL WINDOWS FOR IR SENSORS 

V. A. Mokritsky, Ya. I. Lepikh, A. S. Pashkov 

Properties of IR sensor windows which are used for the photodetectors working in conditions of 
hard radiation are investigated. Germanium, gallium arsenide and indium antimonide crystals win-
dows property change is investigated. It is shown, that such changes depend on initial properties and 
occurrence of structural defects. 
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 Âïëèâ æîðñòêîãî âèïðîì³íþâàííÿ (ãàììà-
ïðîìåí³â, øâèäêèõ åëåêòðîí³â, íåéòðîí³â, ³î-
í³â) íà íàï³âïðîâ³äíèêîâ³ ìàòåð³àëè âèêëèêàº 
êâàç³ñòàá³ëüí³ çì³íè ¿õ âëàñòèâîñòåé, ïîâ’ÿçàí³ 
ç óòâîðåííÿì ïåðâèííèõ ðàä³àö³éíèõ äåôåêò³â: 
âàêàíñ³é, ì³æâóçëîâèõ àòîì³â, ðîçóïîðÿäêî-
âàííèõ îáëàñòåé (ÐÎ). ¯õ âçàºìîä³ÿ ç ð³çíèìè 
íåäîñêîíàëîñòÿìè âèõ³äíî¿ ñòðóêòóðè (íàïðè-
êëàä, ðîç÷èíåíèìè äîì³øêàìè) ïðèçâîäèòü 

äî ôîðìóâàííÿ øèðîêîãî íàáîðó àêòèâíèõ 
öåíòð³â [1]. 

Íàéá³ëüø éìîâ³ðíèì ðåçóëüòàòîì âïëèâó “íè-
çüêîåíåðãåòè÷íîãî” âèïðîì³íþâàííÿ áóäå óòâî-
ðåííÿ ïàð Ôðåíêåëÿ (âàêàíñ³ÿ ç ì³æâóçëîâèì àòî-
ìîì), äëÿ ÷îãî àòîìó âàðòî íàäàòè ïåâíó åíåðã³þ, 
ÿêó íàçèâàþòü ãðàíè÷íîþ. Íà äàíèé ÷àñ âñòàíî-
âëåí³ âåëè÷èíè ãðàíè÷íèõ åíåðã³é äëÿ âåëèêîãî 
÷èñëà íàï³âïðîâ³äíèêîâèõ ìàòåð³àë³â (òàáë.1). 
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Çðîáëåíî òàêîæ âèñíîâîê ïðî êîëåêòèâíèé 
ìåõàí³çì óòâîðåííÿ ïàð Ôðåíêåëÿ â íàï³âïðî-
â³äíèêàõ (ïðî ó÷àñòü ó ïðîöåñ³ àòîì³â äåê³ëüêîõ 
êîîðäèíàö³éíèõ ñôåð), âèÿâëåíå çìåíøåííÿ 
ãðàíè÷íî¿ åíåðã³¿ ç ðîñòîì òåìïåðàòóðè ³ ¿¿ àí³-
çîòðîï³ÿ [1]. 

Ïðè çá³ëüøåíí³ åíåðã³¿ ³ ìàñè áîìáàðäóþ÷èõ 
÷àñòîê àòîì â³ääà÷³, âèáèòèé ç âóçëà ãðàòêè, ó 
ðåçóëüòàò³ âòîðèííèõ ç³òêíåíü ñòâîðþº ñóêóï-
í³ñòü òî÷êîâèõ äåôåêò³â ó ìàëîìó ëîêàëüíîìó 
îá’ºì³ íàï³âïðîâ³äíèêà. Öåé ºäèíèé ïðîòÿæ-
íèé äåôåêò ³ç ñïåöèô³÷íèìè âëàñòèâîñòÿìè 
íàçèâàºòüñÿ ðîçóïîðÿäêîâàíîþ îáëàñòþ (ÐÎ), 
ãðàíè÷íà åíåðã³ÿ óòâîðåííÿ ÿêî¿ äëÿ ãåðìàí³ÿ, 
íàïðèêëàä, ñêëàäàº 15-20 êåÂ. Îïðîì³íåííÿ 
÷àñòêàìè áóäü-ÿêîãî âèäó, ïîðÿä ç ÐÎ, çàâ-
æäè ñòâîðþº ³ âåëèêå ÷èñëî òî÷êîâèõ äåôåê-
ò³â (ÒÄ). Ñï³ââ³äíîøåííÿ ì³æ êîíöåíòðàö³ÿìè 
ÐÎ ³ ÒÄ çàëåæèòü â³ä åíåðã³¿ ³ òèïó áîìáàðäó-
þ÷èõ ÷àñòîê, äîì³øêîâîãî ³ äåôåêòíîãî ñêëà-
äó îïðîì³íþþ÷îãî ìàòåð³àëó, à òàêîæ â³ä óìîâ 
îïðîì³íåííÿ (äîçè, òåìïåðàòóðè îïðîì³íåííÿ, 
ù³ëüíîñò³ ïîòîêó ÷àñòîê ³ ³í.). Ðîçä³ëèòè âíå-
ñîê ÐÎ ³ ÒÄ ó äåãðàäàö³þ ïàðàìåòð³â êðèñòàë³â ³ 
íàï³âïðîâ³äíèêîâèõ ïðèëàä³â äîñèòü âàæêî. 

Ìàòåð³àë äëÿ ²× îïòè÷íî¿ ñèñòåìè ïîâèíåí 
ìàòè âèñîêó ïðîçîð³ñòü ó ö³é îáëàñò³ ñïåêòðà, 
áóòè äîñèòü ì³öíèì, äîáðå îáðîáëÿòèñÿ, áóòè 
â³äíîñíî íåäîðîãèì ³ äîñèòü ñòàá³ëüíèì ó ÷àñ³ 
ïî ñâî¿õ âëàñòèâîñòÿõ ³ ñò³éêèì äî ðàä³àö³¿. Íà 

æàëü, ïîêè íå ìàº óí³âåðñàëüíèõ ìàòåð³àë³â, ùî 
îäíî÷àñíî çàäîâîëüíÿëè á óñ³ì ïåðåðàõîâàíèì 
âèùå âèìîãàì. Äëÿ âèãîòîâëåííÿ ë³íç, ïðèçì, 
îïòè÷íèõ â³êîí ³ ³íøèõ åëåìåíò³â îïòè÷íèõ 
ñèñòåì çàñòîñîâóþòüñÿ ñïåö³àëüí³ ñîðòè ñêëà, 
ïðèðîäí³ ³ ñèíòåòè÷í³ êðèñòàëè, ïëàñòìàñè òà 
³í. Çâè÷àéí³ îïòè÷í³ ñòåêëà ïðîïóñêàþòü ³í-
ôðà÷åðâîíå âèïðîì³íþâàííÿ ò³ëüêè äî 2 ìêì, 
òîìó ¿õ çàñòîñîâóþòü ëèøå äëÿ ïðèëàä³â, ùî 
ïðàöþþòü ó áëèæíüîìó ²× ä³àïàçîí³ ñïåêòðà. 
Êâàðöîâ³ ïðèçìè ïðîïóñêàþòü ²×-âèïðîì³íþ-
âàííÿ äî 3,5ë  ìêì (òîíê³ — äî 5 ìêì), ³ ò³ëü-
êè ñóëüôîñåëåí³äí³ ñòåêëà âèÿâëÿþòüñÿ ïðîçî-
ðèìè äî 12-14 ìêì, îõîïëþþ÷è âåñü ñåðåäí³é 
²×-ä³àïàçîí. Ç êðèñòàë³÷íèõ ìàòåð³àë³â (ïðè-
ðîäíèõ ³ ñèíòåòè÷íèõ) ïðîïóñêàþòü ò³ëüêè ²×-
âèïðîì³íþâàííÿ, áóäó÷è çîâñ³ì íåïðîçîðèìè 
ó âèäèì³é îáëàñò³ ñïåêòðà, êðèñòàëè ãåðìàí³ÿ, 
ïî÷èíàþ÷è ç 1,8ë!  ìêì. Ïðè÷îìó, ïðîïóñêàí-
íÿ êðèñòàë³÷íèõ ðå÷îâèí ñèëüíî çàëåæèòü â³ä 
ñòóïåíÿ ¿õ ÷èñòîòè. Òàê, ãåðìàí³é n-òèïó âèñî-
êî¿ ÷èñòîòè äîáðå ïðîïóñêàº âèïðîì³íþâàííÿ 
àæ äî ì³êðîõâèëüîâîãî ä³àïàçîíó åëåêòðîìàã-
í³òíèõ êîëèâàíü. 

Âèìîãè, ùî ïðåä’ÿâëÿþòüñÿ äî ìàòåð³àë³â 
äëÿ â³êîí ïðèéìà÷³â, ìîæíà ðîçä³ëèòè íà ÷î-
òèðè ãðóïè. Âîíè â³äíîñÿòüñÿ äî îïòè÷íèõ, 
ìåõàí³÷íèõ, òåìïåðàòóðíèõ ³ õ³ì³÷íèõ õàðàêòå-
ðèñòèê. 

Îñíîâíîþ âèìîãîþ, ùî ïðåä’ÿâëÿºòüñÿ äî 
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ìàòåð³àëó â³êíà, º ÿê íàéá³ëüøå ïðîïóñêàííÿ â 
áàæàíîìó ä³àïàçîí³ äîâæèí õâèëü. 

Ïðîïóñêàííÿ îïòè÷íèõ ìàòåð³àë³â çàëåæèòü 
â³ä âòðàò íà â³äáèòòÿ ³ â³ä êîåô³ö³ºíòà ïîãëè-
íàííÿ. Ìàòåð³àëè ç âåëèêèì ïîêàçíèêîì çàëî-
ìëåííÿ ìàþòü âåëèê³ âòðàòè íà â³äáèòòÿ, òîìó 
ùî äëÿ íåïîëÿðèçîâàíîãî ²×-âèïðîì³íþâàí-
íÿ, ùî ïàäàº ïåðïåíäèêóëÿðíî äî ïëîùèíè 
ðîçìåæóâàííÿ ïîâ³òðÿ ³ íàï³âïðîâ³äíèêîâîãî 
ìàòåð³àëó ç ïîêàçíèêîì ïåðåëîìëåííÿ 
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Ç (2) äëÿ ²× îïòè÷íîãî â³êíà ç íàï³âïðîâ³ä-
íèêà âèäíî, ùî âåëèêå â³äáèòòÿ ñèëüíî çíèæóº 
êîåô³ö³ºíò êîðèñíî¿ ä³¿ ôîòîïðèéìà÷à. Òàê, 
ó ZnSe  âòðàòè ïðè ïðîïóñêàíí³ âèïðîì³íþ-

âàííÿ çà ðàõóíîê â³äáèòòÿ äîñÿãàþòü 50 % ïðè 
10,6ë  ìêì. Äëÿ çàäàíî¿ ñïåêòðàëüíî¿ ä³ëÿíêè 

âòðàòè íà â³äáèòòÿ ìîæíà ³ñòîòíî çìåíøèòè 
íàíåñåííÿì ïë³âîê, ùî ïðîñâ³òëþþòü, (íàïðè-
êëàä, ZnS  äëÿ ñåðåäíüîãî ³ äîâãîõâèëüîâîãî 
²×-ä³àïàçîí³â). Çàñòîñîâóþ÷è ïîêðèòòÿ, ùî 
ïðîñâ³òëþþòü, ìîæíà çá³ëüøèòè ïðîïóñêàííÿ 
ìàòåð³àë³â â³êîí äî 90 %. 

Äðóãèì âàæëèâèì ïàðàìåòðîì îïòè÷íèõ 
ìàòåð³àë³â º êîåô³ö³ºíò ïîãëèíàííÿ, ÿêèé ó çà-
ãàëüíîìó âèïàäêó çàëåæèòü â³ä ñòóïåíÿ ¿õ ÷èñ-
òîòè. Âïëèâ äîì³øîê íà âëàñòèâîñò³ ìàòåð³àëó 
îñîáëèâî äîáðå âèÿâëÿºòüñÿ íà ïðèêëàä³ íàï³â-
ïðîâ³äíèê³â, âëàñòèâîñò³ ÿêèõ ïðè çá³ëüøåíí³ 
äîì³øîê ³ òåìïåðàòóðè, íàáëèæàþòüñÿ äî ìå-
òàë³â. 

Òàêèì ÷èíîì, çì³íà âëàñòèâîñòåé îïòè÷íèõ 
â³êîí ñåíñîð³â ²×-ä³àïàçîíó çàëåæèòü â³ä âèõ³-
äíèõ âëàñòèâîñòåé íàï³âïðîâ³äíèêîâèõ ìàòåð³-
àë³â ³ ñòðóêòóðíèõ äåôåêò³â, ïîâ’ÿçàíèõ ç æîðñ-
òêèì âèïðîì³íþâàííÿì. 
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