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Äî 60-ë³òòÿ 
ÑÌÈÍÒÈÍÈ ÂÀËÅÍÒÈÍÀ ÀÍÄÐ²ÉÎÂÈ×À 

Öåé âèïóñê æóðíàëó ïðèñâÿ÷óºòüñÿ 60-ë³òòþ ÑÌÈÍÒÈÍÈ ÂÀËÅÍÒÈÍÀ ÀÍÄÐ²ÉÎÂÈ×À — 
çàñëóæåíîãî ä³ÿ÷à íàóêè ³ òåõí³êè, ëàóðåàòà äåðæàâíî¿ ïðåì³¿ Óêðà¿íè, äîêòîðà ô³çèêî-ìàòåìàòè÷íèõ 
íàóê., ïðîôåñîðà, àêàäåì³êà ÂØ Óêðà¿íè, ðåêòîðà Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ ².². 
Ìå÷íèêîâà, ãîëîâíîãî ðåäàêòîðà íàøîãî æóðíàëó. 

ÑÌÈÍÒÈÍÀ ÂÀËÅÍÒÈÍ ÀÍÄÐ²ÉÎÂÈ×  
íàðîäèâñÿ 8 âåðåñíÿ 1948 ð. íà Îäåùèí³. Ï³ñëÿ 
çàê³í÷åííÿ ç â³äçíàêîþ ô³çè÷íîãî ôàêóëüòåòó 
(1971 ð.) ³ àñï³ðàíòóðè (1974 ð.) Îäåñüêîãî äåð-
æàâíîãî (íèí³ — íàö³îíàëüíîãî) óí³âåðñèòåòó 
³ìåí³ ². ². Ìå÷íèêîâà ïîñò³éíî ïðàöþº â öüî-
ìó óí³âåðñèòåò³, çîêðåìà, çàñòóïíèêîì äåêàíà 
ô³çè÷íîãî ôàêóëüòåòó ç íàóêîâî¿ ðîáîòè, çàâ³-
äóâà÷åì êàôåäðè åêñïåðèìåíòàëüíî¿ ô³çèêè, 
ïðîðåêòîðîì, à ç 1995 ð. — íà ïîñàä³ ðåêòîðà. 
Ï³ä éîãî êåð³âíèöòâîì ÎÍÓ çäîáóâàº ñòàòóñ 
íàö³îíàëüíîãî (2000 ð.) òà ïîñ³äàº ïåðøå ì³ñ-
öå ó ðåéòèíãó êëàñè÷íèõ óí³âåðñèòåò³â Óêðà¿íè 
(2005 p.). 

Â. À. Ñìèíòèíà — â³äîìèé ³ àâòîðèòåòíèé 
ô³çèê, ïðàö³ ÿêîãî âèçíàí³ íå ò³ëüêè â Óêðà¿í³ 
à ³ çà ¿¿ ìåæàìè. Â³í àâòîð á³ëüøå 500 íàóêîâèõ 
ðîá³ò, ñåðåä ÿêèõ ìîíîãðàô³¿, ñòàòò³, àâòîðñüê³ 
ñâ³äîöòâà íà âèíàõîäè, íàâ÷àëüí³ ïîñ³áíèêè. 

Îñíîâí³ íàóêîâ³ ðåçóëüòàòè îòðèìàí³ 

Â. À. Ñìèíòèíîþ ïðè äîñë³äæåíí³ åëåêò-
ðîííî-ìîëåêóëÿðíèõ ÿâèù íà ïîâåðõí³ òà â 
îá’ºì³ íàï³âïðîâ³äíèêîâèõ ïîë³êðèñòàë³÷íèõ 
ïë³âîê À

2
Â

6
, øàð³â îêèñíèõ íàï³âïðîâ³äíèê³â, 

ñêëàäíèõ íàï³âïðîâ³äíèêîâèõ ñïîëóê, ìàêðî-, 
ì³êðî- òà íàíîïîðóâàòîãî êðåìí³þ, íàíîñòðó-
êòóð íà îñíîâ³ ìàòåð³àë³â À

2
Â

6
, êðèñòàë³÷íèõ òà 

øàðóâàòèõ ä³åëåêòðè÷íèõ ñòðóêòóð. 
Â. À. Ñìèíòèíà âèÿâèâ íîâèé òèï åëåêòðè÷-

íî¿ íåîäíîð³äíîñò³ (õåìîñîðáö³éíî-åëåêòðè÷-
íèé äîìåí) òà ðîçðîáèâ é îáãðóíòóâàâ éîãî ìî-
äåëü, äîâ³â åëåêòðîííî-ìîëåêóëÿðíó ïðèðîäó 
êîìïëåêñó åëåêòðîô³çè÷íèõ òà ôîòîåëåêòðè-
÷íèõ ÿâèù, ìåõàí³çì³â ïåðåáóäîâè âëàñíèõ òà 
äîì³øêîâèõ äåôåêò³â â ñïîëóêàõ À

2
Â

6
. 

Ðàçîì ³ç ñï³âðîá³òíèêàìè â³í äîâ³â, ùî çì³íà 
ñêëàäó ïîâåðõí³ â ïðîöåñ³ ðîñòó ïë³âîê â³äïî-
â³äàº çà íåìîíîòîííó çàëåæí³ñòü åëåêòðîïðî-
â³äíîñò³ â³ä òîâùèíè, âèçíà÷àº äâîÿêèé âïëèâ 
õåìîñîðáö³¿ îäíîãî ³ òîãî æ òèïó ÷àñòèíîê íà 
ôîòîïðîâ³äí³ñòü (ñåíñèá³ë³çàö³ÿ, äåñåíñèá³ë³-
çàö³ÿ). Àíàë³ç ì³êðîñêîï³÷íèõ ìîäåëåé àäñîð-
áö³éíèõ ïîâåðõíåâèõ öåíòð³â ïîêàçàâ, ùî ïî-
äâ³éíå ïîâîäæåííÿ ïðîâ³äíîñò³ îäíèõ ³ òèõ æå 
ìàòåð³àë³â ïðè àäñîðáö³¿ îáóìîâëåíî ñòàíîì 
êîîðäèíàö³¿ ïîâåðõíåâèõ àòîì³â â êðèñòàë³÷-
íèõ ´ðàòêàõ ³ ãóñòèíîþ âàëåíòíèõ åëåêòðîí³â 
íà çîâí³øí³õ îðá³òàëÿõ õåìîðñîðáö³éíîãî êîì-
ïëåêñó. Öèì ïîÿñíåíî òåõíîëîã³÷íó íåâ³äòâî-
ðþâàí³ñòü ïàðàìåòð³â àäñîðáö³éíî-÷óòëèâèõ 
åëåìåíò³â (À×Å) ³ âäîñêîíàëåíî òåõíîëîã³þ ¿õ 
âèãîòîâëåííÿ. 

Äîñë³äæåííÿ íîâî¿ âèÿâëåíî¿ âëàñòèâîñò³ 
ìàêðî-, ì³êðî- ³ íàíîïîðóâàòîãî êðåìí³þ — 
àäñîðáö³éíî¿ ÷óòëèâîñò³ — äîêàçàëè, ùî âîíà 
âèíèêàº ïðè âçàºìîä³¿ ç ãàçàìè ç âèñîêèì äè-
ïîëüíèì ìîìåíòîì â ðåçóëüòàò³ ¿õ âïëèâó íà 
ïîâåðõíåâó ïðîâ³äí³ñòü òà ºìí³ñòü ì³æïîðóâà-
òîãî ïðîñòîðó. 

Åêñïåðèìåíòàëüíî ïîêàçàíî, ùî ïåðåõ³ä 
³îí³â Ðd+ ³ Ðd++ ó Pd0 º îñíîâíèì ìåõàí³çìîì 
äåãðàäàö³¿ òåìïåðàòóðíî êîíòðîëüîâàíîãî ñè-
ãíàëó ñåíñîðà ìåòàíó. Äåãðàäàö³ÿ À×Å êèñíþ 
îáóìîâëåíà ì³ãðàö³ºþ ³îí³â ´ðàòêè íà ïîâåð-
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õíþ, çá³ëüøåííÿ êîíöåíòðàö³¿ àòîì³â ³ êëàñ-
òåð³â ìåòàëó íà ïîâåðõí³ ãàëüìóº öåé ïðîöåñ. 
Ðîçðîáëåíî ìåòîä êîìïåíñàö³¿ òåìïåðàòóðíèõ 
ïîõèáîê ñèãíàëó À×Å, çàñòîñóâàííÿ ÿêîãî äàëî 
ìîæëèâ³ñòü îäíî÷àñíî ðåºñòðóâàòè íàÿâí³ñòü â 
ñåðåäîâèù³ NO ³ NO

2
. Ðîçðîáëåíî À×Å äëÿ ðå-

ºñòðàö³¿ O
2
, SO

2
, CO, H

2
S, NH

3
, NO ³ NO

2
. 

Çíà÷íà ÷àñòèíà äîñë³äæåíü çàõèùåíà éîãî 
ó÷íÿìè ó 4 äîêòîðñüêèõ òà 7 êàíäèäàòñüêèõ äè-
ñåðòàö³ÿõ, â³äçíà÷åíà çîëîòèìè, ñð³áíèìè òà 
áðîíçîâèìè ìåäàëÿìè íà ì³æíàðîäíèõ òà â³ò-
÷èçíÿíèõ âèñòàâêàõ. 

Îñíîâí³ ðåçóëüòàòè íàóêîâî¿ ä³ÿëüíîñò³ 
Â. À. Ñìèíòèíè îïóáë³êîâàí³ â ïðîâ³äíèõ ôà-
õîâèõ âèäàííÿõ, ñåðåä ÿêèõ: “Ôèçèêà è òåõ-
íèêà ïîëóïðîâîäíèêîâ”, “Ïîâåðõíîñòü. Ôè-
çèêà. Õèìèÿ. Ìåõàíèêà”, “ÆÒÔ”, “Ïèñüìà 
â ÆÒÔ”, “Phisica Status Solidi (A)”, “Journal 
of Crystal Growth”, “Sensors & Actuators: Â”, 
“Èçâåñòèÿ AH CCCP”, “Óêðàèíñêèé ôèçè÷å-
ñêèé æóðíàë”, “Il Nuovo Cimento”, “Vuoto”, 
“Semiconductor Physics, Quantum Electronics & 
Optoelectronics” ó íàøîìó òà ³íøèõ æóðíàëàõ. 

Â. À. Ñìèíòèíà º âèçíàíèì êåð³âíèêîì íà-
óêîâî¿ øêîëè ç ô³çèêè ïîâåðõí³ íàï³âïðîâ³ä-
íèê³â â Îäåñüêîìó íàö³îíàëüíîìó óí³âåðñèòåò³ 
³ìåí³ ².². Ìå÷íèêîâà. Öÿ øêîëà ñóòòºâî âïëè-
âàº íà ðîçâèòîê äàíî¿ ãàëóç³ íà Ï³âäí³ Óêðà¿íè. 
Ç 1994 ð. â³í º ãîëîâîþ ñïåö³àë³çîâàíî¿ â÷åíî¿ 
ðàäè ïî çàõèñòó äîêòîðñüêèõ äèñåðòàö³é çà 
4 ñïåö³àëüíîñòÿìè. 

Â. À. Ñìèíòèíà — ãîëîâíèé ðåäàêòîð íàøî-
ãî æóðíàëó, à òàêîæ íàóêîâî-òåõí³÷íîãî çá³ðíè-
êà “Ôîòîåëåêòðîí³êà” òà “Â³ñíèêà Îäåñüêîãî 
óí³âåðñèòåòó”, ùî âèçíàí³ ÂÀÊ Óêðà¿íè ôàõî-
âèìè. Â³í º îäíèì ç îñíîâíèõ îðãàí³çàòîð³â áà-
ãàòüîõ âàæëèâèõ ì³æíàðîäíèõ íàóêîâèõ ôîðó-
ì³â; ñåðåä îñòàíí³õ ç íèõ: Âñåóêðà¿íñüêèé ç’¿çä 
“Ô³çèêà â Óêðà¿í³”, Ïåðøà Âñåóêðà¿íñüêà êîí-
ôåðåíö³ÿ ç ô³çèêè íàï³âïðîâ³äíèê³â, Ïåðøà, 
äðóãà ³ òðåòÿ Ì³æíàðîäí³ êîíôåðåíö³¿ “Ñåíñî-
ðíà åëåêòðîí³êà òà ì³êðîñèñòåìí³ òåõíîëîã³¿”. 

Â. À. Ñìèíòèíà ó 1989 ð. ñòâîðèâ íàóêîâî-
äîñë³äíó ëàáîðàòîð³þ ñåíñîðíî¿ åëåêòðîí³êè òà 
òåõíîëîã³¿ òà çä³éñíþº íàóêîâå êåð³âíèöòâî ¿¿ 
óñï³øíîþ ðîáîòîþ. Ó 1999 ð. â³í â³äêðèâ â óí³-
âåðñèòåò³ íàâ÷àëüíî-íàóêîâèé öåíòð ìåäè÷íî¿ 
òà á³îëîã³÷íî¿ ô³çèêè. 

Ç 1994 ð. Â. À. Ñìèíòèíà — ºäèíèé â³ä Óêðà¿-
íè ïîñò³éíèé ÷ëåí ªâðîïåéñüêîãî â³äá³ðêîâîãî 
êîì³òåòó EUROSENSOR òà áþðî ºâðîïåéñüêî¿ 
ïðîãðàìè NEXUS, ³íäèâ³äóàëüíèé ÷ëåí ªâðî-

ïåéñüêîãî ô³çè÷íîãî òîâàðèñòâà, ç 1998 ð. — 
÷ëåí ðåäàêö³éíîãî êîíñóëüòàòèâíîãî êîì³òåòó 
åíöèêëîïåäè÷íîãî âèäàííÿ ‘’Sensors Update” 
âèäàâíèöòâà Willey-VCH. 

Ïîðÿä ç íàóêîâîþ ä³ÿëüí³ñòþ â ìåæàõ Îäåñü-
êîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ ². ². Ìå÷-
íèêîâà â³í òàêîæ êåðóº âèêîíàííÿì ì³æíàðî-
äíèõ íàóêîâèõ ïðîãðàì ç ó÷àñòþ â÷åíèõ ²òàë³¿, 
Ôðàíö³¿, Í³ìå÷÷èíè, Âåëèêîáðèòàí³¿, Í³äåð-
ëàíä³â, Áåëüã³¿, Ô³íëÿíä³¿. Â³í — ä³éñíèé ÷ëåí 
(àêàäåì³ê) Àêàäåì³¿ íàóê âèùî¿ øêîëè Óêðà¿-
íè (ç 1996 ð.) òà äåê³ëüêîõ ãàëóçåâèõ àêàäåì³é, 
àêàäåì³ê-çàñíîâíèê Ì³æíàðîäíî¿ àêàäåì³¿ 
êîìï’þòåðíèõ íàóê òà ñèñòåì, çàñòóïíèê ãîëî-
âè Ðàäè Ï³âäåííîãî öåíòðó ÍÀÍ Óêðà¿íè, ÷ëåí 
ºâðîïåéñüêîãî êîì³òåòó “EUROSENSOR”, íà-
ö³îíàëüíèé êîîðäèíàòîð òà ÷ëåí ºâðîïåéñüêî¿ 
ðàäè ç ïðîãðàì “NEXUS”, ÷ëåí Êîì³òåòó ç äåð-
æàâíèõ ïðåì³é Óêðà¿íè, ÷ëåí ªâðîïåéñüêîãî 
òà Óêðà¿íñüêîãî ô³çè÷íèõ òîâàðèñòâ (â³öå-ïðå-
çèäåíò îñòàííüîãî), êîíñóëüòàíò-êîîðäèíàòîð 
Ãóìàí³òàðíî¿ ì³æíàðîäíî¿ àñîö³àö³¿ “²òàë³ÿ-
Óêðà¿íà”, ÷ëåí Âñåñâ³òíüî¿ àñîö³àö³¿ ïðåçèäåí-
ò³â óí³âåðñèòåò³â òà àñîö³àö³¿ ðåêòîð³â Óêðà¿íè, 
çàñòóïíèê ãîëîâè Íàóêîâî¿ ðàäè “Ô³çèêà íàï³â-
ïðîâ³äíèê³â òà íàï³âïðîâ³äíèêîâèõ ïðèëàä³â” 
ÍÀÍ Óêðà¿íè, ïî÷åñíèé ãðîìàäÿíèí ì. Î÷à-
êîâà (1996), ïî÷åñíèé ïðîôåñîð Õåðñîíñüêîãî 
äåðæàâíîãî òåõí³÷íîãî óí³âåðñèòåòó (1998), ïî-
÷åñíèé ÷ëåí Ñåíàòó Àêàäåì³÷íîãî Ñåãåäñüêîãî 
óí³âåðñèòåòó, Çàñëóæåíèé ä³ÿ÷ íàóêè ³ òåõí³êè 
Óêðà¿íè (2000), ëàóðåàò Äåðæàâíî¿ ïðåì³¿ Óêðà¿-
íè. Âàãîìèé âíåñîê ïðîôåñîðà Ñìèíòèíè Â. À. 
ó ðîçâèòîê â³ò÷èçíÿíî¿ íàóêè ³ éîãî ïåäàãîã³÷-
íà ðîáîòà íåùîäàâíî â³äçíà÷åí³ íàãîðîäæåí-
íÿì éîãî Ì³í³ñòåðñòâîì îñâ³òè ³ íàóêè Óêðà¿íè 
çíàêîì “Çà íàóêîâ³ äîñÿãíåííÿ” ³ íàãîðîäæåí-
íÿì Çîëîòîþ ìåäàëëþ “10 ðîê³â íåçàëåæíîñò³” 
1 ñòóïåíÿ (2001). Â. À.Ñìèíòèíà òàêîæ êàâàëåð 
îðäåíà “Çà çàñëóãè” 3 ñòóïåíÿ (2004). Â³í íàãî-
ðîäæåíèé ðåë³ã³éíèìè íàãîðîäàìè: îðäåíîì 
“200-ð³÷÷ÿ Ð³çäâà Õðèñòîâà” 2 ñòóïåíÿ, îðäå-
íîì “Ñâÿòîãî Âîëîäèìèðà” 4 ñòóïåíÿ (2005), 
îðäåíîì “Çîëîòîãî Õðåñòà Ñâÿòèõ Ïåòðà ³ Ïà-
âëà” (2003 Âàòèêàí), íàãîðîäæåíèé çîëîòîþ 
ìåäàëëþ Ïðåçèäåíòîì ²òàë³¿ îðäåíîì “²òàë³é-
ñüêî¿ ñîë³äàðíîñò³” 3-ãî ñòóïåíÿ. 

Ðåäêîëåã³ÿ íàøîãî æóðíàëó ñåðäå÷íî â³òàº 
Âàñ, Âàëåíòèíå Àíäð³éîâè÷ó, ç³ ñëàâíèì Þâ³-
ëåºì ³ ùèðî çè÷èòü Âàì ì³öíîãî çäîðîâ’ÿ, ùàñ-
òÿ, íàñíàãè ³ ïîäàëüøèõ òâîð÷èõ óñï³õ³â íà íàó-
êîâ³é ³ îñâ³òÿíñüê³é íèâ³! 
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Abstract 

SENSOR ELECTRONICS — A KEY DIRECTION IN INFORMATION SYSTEMS 
AND TECHNOLOGIES DEVELOPMENT  

Ya. I. Lepikh 

The analytical review the 3-rd International Scientific and Technical Conference “Sensors Elec-
tronics and Microsystems Technology (SEMST-3)” materials mainly plenary reports is adduced. 
The estimation of new results, states and prospects of researches in sensorics area on its basic direc-
tions is made. 

Keywords: sensors, microsystem technologies, nanostructures acoustoelectronics, information 
systems 

ß. ². Ëåï³õ
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Abstract 

PHONON AND POLARON STATES OF A QUANTUM WELL HETEROSTRUCTURE OF CRYSTALS 
WITH A HEXAGONAL LATTICE STRUCTURE 

V. I. Boichuk, V. A. Borusevych, I. S. Shevchuk 

The article is a theoretical analysis of wave vector dependent energies of confined, interface, 
half-space, and propagating phonons for symmetric and asymmetric three-layer heterosystems of 
crystals having a hexagonal lattice structure. The polaron dispersion relation in the GaN crystal and 
AlN/GaN/AlN double nanosize heterostructure is investigated. All types of polarization vibrations 
with which an electron interacts are taken into account. The calculations are performed within the 
finite and infinite barrier models. It is shown that the interface phonon contribution in the polaron 
energy decreases with increasing nanofilm thickness while that of confined phonons rises. The cal-

culation results of the polaron dispersion relation in the region k k f<  (
2mek f

ω
=

=
) in different 

polaron wave vector directions with respect to the c -axis of the crystal are given. Also, the polaron 
average speed and effective mass are calculated. The data suggest an effective enhancement of the 
electron-phonon interaction with lowering system dimensions number. 

Keywords: nanoheterostructure, quantum well, electron-phonon interaction, polaron, perturba-
tion theory, variational method 

Àíîòàö³ÿ 

ÔÎÍÎÍÍ² ÒÀ ÏÎËßÐÎÍÍ² ÑÒÀÍÈ ÍÀÍÎÃÅÒÅÐÎÑÒÐÓÊÒÓÐÈ Ç ÊÂÀÍÒÎÂÎÞ ßÌÎÞ 
ÊÐÈÑÒÀË²Â ÃÅÊÑÀÃÎÍÀËÜÍÎ¯ ÑÈÌÅÒÐ²¯. 

Â. ². Áîé÷óê, Â. À. Áîðóñåâè÷, ². Ñ. Øåâ÷óê 

Â äàí³é ðîáîò³ òåîðåòè÷íî äîñë³äæåíî çàëåæíîñò³ åíåðã³¿ îáìåæåíèõ (confined), ì³æïî-
âåðõíåâèõ (interface), íàï³âîáìåæåíèõ (half-space) ôîíîí³â òà ôîíîí³â, ùî ïîøèðþþòüñÿ 
(propagating phonons), â³ä õâèëüîâîãî âåêòîðà äëÿ ñèìåòðè÷íèõ, òà íåñèìåòðè÷íèõ òðèøà-
ðîâèõ íàíîãåòåðîñèñòåì êðèñòàë³â ãåêñàãîíàëüíî¿ ñèìåòð³¿. Äîñë³äæåíî òàêîæ çàêîí äèñ-
ïåðñ³¿ ïîëÿðîí³â ó êðèñòàë³ GaN òà ó ïîäâ³éí³é íàíîãåòåðîñòðóêòóð³ AlN/GaN/AlN. Âðàõîâà-
íî âñ³ òèïè ïîëÿðèçàö³éíèõ êîëèâàíü, ç ÿêèìè âçàºìîä³º åëåêòðîí. Ïðîâåäåíî îá÷èñëåííÿ 
â ðàìêàõ ìîäåë³ ñê³í÷åííîãî òà íåñê³í÷åííîãî ðîçðèâó çîí. Ïîêàçàíî, ùî ç³ çá³ëüøåííÿì 
òîâùèíè íàíîïë³âêè âíåñîê ì³æïîâåðõíåâèõ ôîíîí³â ó åíåðã³þ ïîëÿðîíà çìåíøóºòüñÿ, à 

V. I. Boichuk, V. A. Borusevych, I. S. Shevchuk

© V. I. Boichuk, V. A. Borusevych, I. S. Shevchuk, 2008
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îáìåæåíèõ ôîíîí³â çá³ëüøóºòüñÿ. Ïîäàíî ðåçóëüòàòè îá÷èñëåíü çàêîíó äèñïåðñ³¿ ïîëÿðîíà 

â îáëàñò³ k k f<  (
2mek f

ω
=

=
) ïðè ð³çíèõ íàïðÿìêàõ õâèëüîâîãî âåêòîðà ïîëÿðîíà â³äíîñíî 

Ñ-îñ³ êðèñòàëó. Ïðîâåäåíî îá÷èñëåííÿ ñåðåäíüî¿ øâèäêîñò³ òà åôåêòèâíî¿ ìàñè ïîëÿðîíà. 
Ïîêàçàíî, ùî ³ç çìåíøåííÿì ðîçì³ðíîñò³ ñèñòåìè âèíèêàº åôåêòèâíå ï³äñèëåííÿ åëåêò-
ðîí-ôîíîííî¿ âçàºìîä³¿. 
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ðîí, òåîð³ÿ çáóðåíü, âàð³àö³éíèé ìåòîä 

Àííîòàöèÿ

ÔÎÍÎÍÍÛÅ È ÏÎËßÐÎÍÍÛÅ ÑÎÑÒÎßÍÈß ÍÀÍÎÃÅÒÅÐÎÑÒÐÓÊÒÓÐÛ Ñ ÊÂÀÍÒÎÂÎÉ 
ßÌÎÉ ÊÐÈÑÒÀËËÎÂ ÃÅÊÑÀÃÎÍÀËÜÍÎÉ ÑÈÌÌÅÒÐÈÈ. 

Â. È. Áîé÷óê, Â. À. Áîðóñåâè÷, È.Ñ. Øåâ÷óê 

Â äàííîé ðàáîòå òåîðåòè÷åñêè èññëåäîâàíû çàâèñèìîñòè ýíåðãèè îãðàíè÷åííûõ 
(confined), ìåæïîâåðõíîñòíûõ (interface), ïîëóîãðàíè÷åííûõ (half-space) ôîíîíîâ è ôîíî-
íîâ, êîòîðûå ðàñïðîñòðàíÿþòñÿ (propagating phonons), îò âîëíîâîãî âåêòîðà äëÿ ñèììåò-
ðè÷íûõ, è íåñèììåòðè÷íûõ òðåõñëîéíûõ íàíîãåòåðîñèñòåì êðèñòàëëîâ ãåêñàãîíàëüíîé 
ñèììåòðèè. Èññëåäîâàí òàêæå çàêîí äèñïåðñèè ïîëÿðîíîâ â êðèñòàëëå GaN è â äâîéíîé 
íàíîãåòåðîñòðóêòóðå AlN/GaN/AlN. Ó÷òåíû âñå òèïû ïîëÿðèçàöèîííûõ êîëåáàíèé, ñ êî-
òîðûìè âçàèìîäåéñòâóåò ýëåêòðîí. Ïðîâåäåíû âû÷èñëåíèÿ â ðàìêàõ ìîäåëè êîíå÷íîãî è 
áåñêîíå÷íîãî ðàçðûâà çîí. Ïîêàçàíî, ÷òî ñ óâåëè÷åíèåì òîëùèíû íàíîïëåíêè âçíîñ ìåæ-
ïîâåðõíîñòíûõ ôîíîíîâ â ýíåðãèþ ïîëÿðîíà óìåíüøàåòñÿ, à îãðàíè÷åííûõ ôîíîíîâ óâå-
ëè÷èâàåòñÿ. Ïðåäñòàâëåíû ðåçóëüòàòû âû÷èñëåíèé çàêîíà äèñïåðñèè ïîëÿðîíà â îáëàñòè 

k k f<  (
2mek f

ω
=

=
 ) ïðè ðàçíûõ íàïðàâëåíèÿõ âîëíîâîãî âåêòîðà ïîëÿðîíà îòíîñèòåëüíî 

Ñ-îñè êðèñòàëëà. Ïðîâåäåíû âû÷èñëåíèÿ ñðåäíåé ñêîðîñòè è ýôôåêòèâíîé ìàññû ïîëÿðî-
íà. Ïîêàçàíî, ÷òî ñ óìåíüøåíèåì ðàçìåðíîñòè ñèñòåìû âîçíèêàåò ýôôåêòèâíîå óñèëåíèå 
ýëåêòðîí-ôîíîííîãî âçàèìîäåéñòâèÿ. 
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Annotation 

PECULIARITIES OF CREATION OF WAVEGUIDE STRUCTURES FOR GAUGES 
OF MOVINGS ON SAW 

Ya. I. Lepikh, V. K. Lopushenko, V. A. Poddubnyi, N. F. Zhovnir 

The results of investigation and development of measuring converters for gauges of linear and 
angular movings on the surface acoustic waves ( SAW) on the basis of piezoelectric zinc oxide (ZnO) 
film with the use of film waveguides are given in the article. 

SAW lowaperture opposing-pin converters (OPC) and horn type film concentrators were inves-
tigated. 

Investigation received results estimations are given. 

Keywords: surface acoustic waves, waveguides structures, ZnO piezoelectric film 
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ON POSSIBILITY OF SENSING NUCLEI OF THE RARE ISOTOPES BY 
MEANS OF LASER SPECTROSCOPY OF HYPERFINE STRUCTURE 

O. Yu. Khetselius1,2 

1I.I.Mechnikov Odessa National University, Odessa 
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Abstract 

ON POSSIBILITY OF SENSING NUCLEI OF THE RARE ISOTOPES BY MEANS OF LASER 
SPECTROSCOPY OF HYPERFINE STRUCTURE 

O. Yu. Khetselius 

It is presented the the effective theoretical scheme with possibility of advancing corresponding 
nuclear technology for sensing different parameters for nuclei of the rare, for ezxample, cosmic, 
isotopes available in the little quantitites. As example, the nuclei of elements uranium and also Be, 
C, Al, which have rare, cosmic isotopes, are studied. 

Keywords: sensing, laser technology, hyperfine structure, rare isotopes, nuclear properties 
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Abstract 

EFFECT OF FAST-MOVING ELECTRONS ON THE PROPERTIES OF THE EPITAXIAL LAYERS OF 
SILICON AND THE PARAMETERS OF PHOTORESISTORS BASED ON THEM 

V.A. Mokritsky, Ya.I. Lepikh, E.M. Kuritsyn, O.V. Banzak 

Radiating stability of parameters gauges of IR-radiation an irradiation electrons with energy 2,3 
and 3,0 ÌåV is investigated. 

On the basis of the known theory work of photoresistors communication of radiating stability of 
their parameters with electrophysical properties epetacselition the layers of silicon used for manu-
facturing of such devices is shown. Changes of concentration and mobility of carriers a charge in 
conditions of an irradiation different systems “layer-substrate” are investigated. The explanation of 
the reasons of such changes and conditions of designing radiation proof devices is offered. 

Keywords: radiation, electron, epetacselition layer, photoanswer, radiating stability
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ÄÅÒÅÊÒÎÐ ÓËÜÒÐÀÔ²ÎËÅÒÎÂÎÃÎ ÂÈÏÐÎÌ²ÍÞÂÀÍÍß ÍÀ ÎÑÍÎÂ² ZnO, 
ËÅÃÎÂÀÍÎÃÎ ÀÇÎÒÎÌ 
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Ë. À. Êîñÿ÷åíêî, Â. Ì. Ñêëÿð÷óê, Î. Ô. Ñêëÿð÷óê 

Äîñë³äæåíî ëåãîâàí³ àçîòîì ïë³âêè ZnO, îñàäæåí³ ìåòîäîì ìàãíåòðîííîãî ðîçïèëåííÿ 
â àçîòí³é ïëàçì³ íà Si (100) ï³äêëàäèíêó p-òèïó ïðîâ³äíîñò³. Ñòâîðåí³ ïîâåðõíåâî-áàð’ºðí³ 
Ni-ZnO:N-Al ä³îäè äåìîíñòðóþòü âèñîêó ôîòî÷óòëèâ³ñòü ç ìàêñèìóìîì ∼ 0,1 À/Âò íà äîâ-
æèí³ õâèë³ 365 íì ïðè çì³ùåíí³ – 1 Â ³ øâèäêîä³þ ³ç ñòàëîþ ÷àñó ~ 100 íñ. Çàïðîïîíîâàíî 
ìåòîäè ïîêðàùåííÿ âëàñòèâîñòåé äåòåêòîð³â ÓÔ âèïðîì³íþâàííÿ íà îñíîâ³ äîñë³äæåíèõ 
ZnO:N ïë³âîê. 

Êëþ÷îâ³ ñëîâà: ïë³âêà ZnO:N, ôîòîä³îä, øâèäêîä³ÿ, ôîòî÷óòëèâ³ñòü 

Abstract

ULTRAVIOLET DETECTOR BASED ON ZnO, DOPED BY NITROGEN 

A. I. Ievtushenko, G. V. Lashkarev, V. I. Lazorenko, V. A. Karpyna, V. D. Khranovskyy, 
L. A. Kosyachenko,V. M. Sklyarchuk, O. F. Sklyarchuk 

ZnO films, doped by nitrogen, deposited on p-Si (100) substrates by magnetron sputtering in 
nitrogen plasma were studied. The developes surface-barrier Ni/ZnO:N/Al diodes demonstrated the 
maximal photosensitivity about 0.1 À/W at 365 nm (at bias -1 V) and the time constant of photore-
sponse is about 100 ns. The methods for improvement of the properties of UV radiation detectors, 
based on investigated ZnO:N films, were proposed. 

Keywords: ZnO:N film, photodiode, speed of response, photosensitivity 
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Èññëåäîâàíû ëåãèðîâàííûå àçîòîì ïëåíêè ZnO, îñàæäåííûå ìåòîäîì ìàãíåòðîííîãî 
íàïûëåíèÿ â àçîòíîé ïëàçìå íà Si (100) ïîäëîæêó p-òèïà ïðîâîäèìîñòè. Ñîçäàííûå ïîâåð-
õíîñòíî-áàðüåðíûå Ni-ZnO:N-Al äèîäû ïðîäåìîíñòðèðîâàëè âûñîêóþ ôîòî÷óâñòâèòåëü-
íîñòü ñ ìàêñèìóìîì ∼ 0,1 À/Âò íà äëèíå âîëíû 365 íì ïðè ñìåùåíèè -1Â è áûñòðîäåéñòâè-
åì ñ ïîñòîÿííîé âðåìåíè ~ 100 íñ. Ïðåäëîæåíû ìåòîäû óëó÷øåíèÿ ñâîéñòâ äåòåêòîðîâ ÓÔ 
èçëó÷åíèÿ íà îñíîâå èññëåäîâàííûõ ZnO:N ïëåíîê. 

Êëþ÷åâûå ñëîâà: ïëåíêà ZnO:N, ôîòîäèîä, áûñòðîäåéñòâèå, ôîòî÷óâñòâèòåëüíîñòü 
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ÃÀÇÎÂÀ ×ÓÒËÈÂ²ÑÒÜ ÑÒÐÓÊÒÓÐ Ç ØÀÐÎÌ ÏÎÐÈÑÒÎÃÎ ÊÐÅÌÍ²Þ, 
ÌÎÄÈÔ²ÊÎÂÀÍÎÃÎ ÌÅÒÀËÎÌ 
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Ïðîâåäåí³ äîñë³äæåííÿ ìîðôîëîã³¿ ïîâåðõí³, åëåêòðîô³çè÷íèõ õàðàêòåðèñòèê òà ãàçîâî¿ 
÷óòëèâîñò³ ñòðóêòóð ìåòàë-êðåìí³é ç ïîâåðõíåâèì øàðîì ïîðèñòîãî êðåìí³þ, ìîäèô³êîâà-
íîãî ïëàòèíîþ ³ ì³ääþ. 

Ïîêàçàíî, ùî ìåõàí³çì àäñîðáö³¿ ñ³ðêîâîäíþ â ñòðóêòóðàõ ç øàðàìè íàíîïîðèñòîãî êðå-
ìí³þ, çàïîâíåíèìè ì³ääþ, ïîëÿãàº ó õ³ì³÷í³é âçàºìîä³¿ ìîëåêóë ñ³ðêîâîäíþ ç àòîìàìè ì³ä³ 
òà óòâîðåíí³ íîâî¿ ôàçè CuS, ÿêà ³ ïðèâîäèòü äî çì³íè áàð’ºðó Øîòòê³ ìåòàë-êðåìí³é. Â³ä-
íîâëåííÿ òàêèõ ñòðóêòóð ìîæëèâî çà ðàõóíîê ïðîãð³âó â 50% ñóì³ø³ Ar òà Í

2 
ïðè òåìïåðàòóð³ 

äî 3000Ñ. Âñòàíîâëåíî, ùî çàñòîñóâàííÿ òîíêèõ øàð³â íàíîïîðèñòîãî êðåìí³þ, çàïîâíåíî-
ãî ì³ääþ, ïðèçâîäèòü äî ï³äñèëåííÿ àäñîðáîåëåêòðè÷íèõ åôåêò³â â Al — PS(Cu) — Si ñòðó-
êòóðàõ. Äîñë³äæåíî çâ’ÿçîê ì³æ ìîðôîëîã³ºþ, õ³ì³÷íèì ñêëàäîì íàíîïîðèñòîãî êðåìí³þ 
òà ÷óòëèâ³ñòþ Øîòòê³ ñòðóêòóð äî ñ³ðêîâîäíþ. Âñòàíîâëåíî ìåõàí³çì ï³äñèëåííÿ àäñîðáö³¿ 
ìîëåêóë âîäíåì³ñòêèõ ãàç³â, çîêðåìà ñ³ðêîâîäíþ. 

Ó âèïàäêó ñòðóêòóð ç øàðàìè ïîðèñòîãî êðåìí³þ, ìîäèô³êîâàíîãî ïëàòèíîþ, ìåõàí³çì 
ãàçîâî¿ ÷óòëèâîñò³ âèçíà÷àºòüñÿ íàÿâí³ñòþ ïðîì³æíîãî ïîðóâàòîãî øàðó, êàòàë³òè÷íî àê-
òèâíîãî ìåòàëó (Pt), òèïîì ïðîâ³äíîñò³ êðåìí³ºâî¿ ï³äêëàäêè ³ ïàðàìåòðàìè àäñîðáîâàíèõ 
ìîëåêóë. Âñòàíîâëåíî, ùî çá³ëüøåííÿ òîâùèíè ïðîì³æíîãî ïîðóâàòîãî øàðó îáóìîâëþº 
çðîñòàííÿ ãàçîâî¿ ÷óòëèâîñò³ ïîâåðõíåâî-áàð`ºðíèõ ñòðóêòóð. Âèçíà÷åíî âïëèâ íà ãàçîâó 
÷óòëèâ³ñòü ñêëàäó ãàçîâîãî ñåðåäîâèùà (íàñè÷åí³ ïàðè âîäè òà àöåòîí), òåõíîëîã³¿ âèãîòîâ-
ëåííÿ òà ðåæèìó ðîáîòè ïîâåðõíåâî-áàð`ºðíèõ ñòðóêòóð. 
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Abstract 

GAS SENSITIVITY OF THE STRUCTURES WITH POROUS SILICON LAYER 
MODIFIED BY METAL 

A. A. Åvtukh, T. I. Gorbanyuk, D. Danilyuk, V. G. Litovchenko, V. S. Solntsev, 
G. V. Kuznetsov, V. A. Skryshevsky, G. I. Tsyganova 

The researches of a surface morphology, electrophysical characteristics and gas sensitivity of the 
metal-silicon structures with a surface layer of the porous silicon modified by platinum and copper 
were carried out. 

 It was shown, that the mechanism of hydrogen sulphide adsorption in structures with layers of 
nanoporous silicon filled by copper consists in chemical interaction of hydrogen sulphide molecules 
with copper atoms and formation of the new phase CuS which leads to change of the metal-silicon 
Schottky barrier. Restoration of such structures it is possible due to warming up in 50 % Ar and

 
Í

2
 

mixture at temperature up to 300°Ñ. It was established, that application of thin layers of nanopo-
rous silicon filled by copper leads to strengthening adsorption-electrical effects in Al-PS (Cu)-Si 
structures. The connection between morphology, a chemical compound of nanoporous silicon and 
sensitivity of Schottky structures to hydrogen sulphide were investigated. The mechanism of adsorp-
tion strengthening of the hydrogen-containing gas molecules, in particular, hydrogen sulphide was 
established. 

In case of structures with layers of porous silicon modified by platinum the mechanism of gas sen-
sitivity is determined by presence of an intermediate porous layer, catalytically active metal (Pt), type 
of silicon substrate conductivity and parameters of the adsorbed molecules. It was established, that 
the increase in thickness of the intermediate porous layer causes the increase in gas sensitivity of the 
surface-barrier structures. The influence on the structure gas sensitivity of the gas environment (the 
sated vapors and acetone), manufacturing techniques and an operating mode of the surface-barrier 
structures was determined. 

Êeywords: gas sensors, gas sensitivity, porous silicon, copper, platinum, Schottky barrier, hydro-
gen sulphide, acetone 
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ÃÀÇÎÂÀß ×ÓÂÑÒÂÈÒÅËÜÍÎÑÒÜ ÑÒÐÓÊÒÓÐ ÑÎ ÑËÎÅÌ ÏÎÐÈÑÒÎÃÎ ÊÐÅÌÍÈß, 
ÌÎÄÈÔÈÖÈÐÎÂÀÍÍÎÃÎ ÌÅÒÀËËÎÌ 
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Ïðîâåäåíû èññëåäîâàíèÿ ìîðôîëîãèè ïîâåðõíîñòè, ýëåêòðîôèçè÷åñêèõ õàðàêòåðèñòèê 
è ãàçîâîé ÷óâñòâèòåëüíîñòè ñòðóêòóð ìåòàëë-êðåìíèé ñ ïîâåðõíîñòíûì ñëîåì ïîðèñòîãî 
êðåìíèÿ, ìîäèôèöèðîâàííîãî ïëàòèíîé è ìåäüþ. 

Ïîêàçàíî, ÷òî ìåõàíèçì àäñîðáöèè ñåðîâîäîðîäà â ñòðóêòóðàõ ñî ñëîÿìè íàíîïîðèñòîãî 
êðåìíèÿ çàïîëíåííûìè ìåäüþ çàêëþ÷àåòñÿ â õèìè÷åñêîì âçàèìîäåéñòâèè ìîëåêóë ñåðîâî-
äîðîäà ñ àòîìàìè ìåäè è îáðàçîâàíèè íîâîé ôàçû CuS, êîòîðàÿ è ïðèâîäèò ê èçìåíåíèþ áà-
ðüåðà Øîòòêè ìåòàëë-êðåìíèé. Âîññòàíîâëåíèå òàêèõ ñòðóêòóð âîçìîæíî çà ñ÷åò ïðîãðåâà 
â 50% ñìåñè Ar è Í

2
 ïðè òåìïåðàòóðå äî 300°Ñ. Óñòàíîâëåíî, ÷òî ïðèìåíåíèå òîíêèõ ñëîåâ 

íàíîïîðèñòîãî êðåìíèÿ çàïîëíåííîãî ìåäüþ ïðèâîäèò ê óñèëåíèþ àäñîðáîýëåêòðè÷åñêèõ 
ýôôåêòîâ â Al-PS(Cu)-Si ñòðóêòóðàõ. Èññëåäîâàíà ñâÿçü ìåæäó ìîðôîëîãèåé, õèìè÷åñêèì 
ñîñòàâîì íàíîïîðèñòîãî êðåìíèÿ è ÷óâñòâèòåëüíîñòüþ Øîòòêè ñòðóêòóð ê ñåðîâîäîðîäó. 
Óñòàíîâëåí ìåõàíèçì óñèëåíèÿ àäñîðáöèè ìîëåêóë âîäîðîäñîäåðæàùèõ ãàçîâ, â ÷àñòíîñòè, 
ñåðîâîäîðîäà. 

Â ñëó÷àå ñòðóêòóð ñî ñëîÿìè ïîðèñòîãî êðåìíèÿ ìîäèôèöèðîâàííîãî ïëàòèíîé ìåõà-
íèçì ãàçîâîé ÷óâñòâèòåëüíîñòè îïðåäåëÿåòñÿ íàëè÷èåì ïðîìåæóòî÷íîãî ïîðèñòîãî ñëîÿ, 
êàòàëèòè÷åñêè àêòèâíîãî ìåòàëëà (Pt), òèïîì ïðîâîäèìîñòè êðåìíèåâîé ïîäëîæêè è ïàðà-



ìåòðàìè àäñîðáèðîâàííûõ ìîëåêóë. Óñòàíîâëåíî, ÷òî óâåëè÷åíèå òîëùèíû ïðîìåæóòî÷íî-
ãî ïîðèñòîãî ñëîÿ îáóñëàâëèâàåò óâåëè÷åíèå ãàçîâîé ÷óâñòâèòåëüíîñòè ïîâåðõíîñòíî-áà-
ðüåðíûõ ñòðóêòóð. Îïðåäåëåíî âëèÿíèå íà ãàçîâóþ ÷óâñòâèòåëüíîñòü ñîñòàâà ãàçîâîé ñðåäû 
(íàñûùåííûå ïàðû è àöåòîí), òåõíîëîãèè èçãîòîâëåíèÿ è ðåæèìà ðàáîòû ïîâåðõíîñòíî-
áàðüåðíûõ ñòðóêòóð. 
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Abstract 

THE FEATURES OF THE SENSOR DETERMINATION OF CARBON MONOXIDE AT THE CLOSED 
MANNED HOUSING ATMOSPHERE 

 B. M. Kats , R. M. Dlubovskiy, A. I. Iorgov 

The advantages of membrane filters using for interference admixtures removal under carbon 
monoxide at the closed manned housing atmosphere determination by means of the electrochemical 
sensor are shown. The multilayer membrane filter construction has been developed. It is applicable 
for interference admixtures of both technical (hydrogen chloride, sulfur dioxide, chlorine) and an-
thropogenic (ammonia, hydrogen sulphide, acetone, methanol) origin removal and the bench-top 
test procedure of this filter was supposed. 

Key words: gas sensor, adsorption membrane, carbon monoxide 
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Abstract 

SENSOR OF OXYGEN FOR BIOLOGICALLY ACTIVE LIQUIDS 

G. Ya. Kolbasov, V. S. Vorobets, I. G. Kolbasova, O. V. Linyucheva 

The electrochemical sensor for determination of oxygen concentration dissolved in biologically 
active liquids is developed. Ñatalyticaly active electrodes based on disperse titanium and zinc oxides 
are used as a sensitive element. The maximum sensor sensitivity to oxygen was attained at cathodic 
potentials -0,45 ÷-0,85 V (vs. Ag/AgCl electrode) and it was equal 3∙10-6 g/l. Reproduction accuracy 
of current indications at these potentials was ±3 %. Response time of sensor is 4-7 sec. 

Keywords: electrochemical sensor of dissolved oxygen, disperse titanium and zinc oxides 
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íîê ñ êîíòðîëèðóåìûì óðîâíåì ñïåêòðàëüíî ñåëåêòèâíîãî ïîãëîùåíèÿ â óñëîâèÿõ ïîëíîãî 
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ôåêòèâíîñòü èñïîëüçîâàíèÿ ïðåäëîæåííûõ ïðåîáðàçîâàòåëåé â êà÷åñòâå îïòîýëåêòðîííûõ 
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Abstract 

BIOCHEMICAL SENSOR SYSTEMS ON THE BASE OF THE POROUS FILMS 
OF THE ALLUMINIUM OXIDE WITH GOLD NANOPARTICLES UNDER CONDITIONS 

OF THE TOTAL INTERNAL REFLECTANCE 

P. M. Boltovets, E. G. Manoilov, A. A. Savchenko, E. B. Kaganovich, B. A. Snopok 

The possibility of the development of the biochemical sensor systems on the base of the films 
with the controlled level of the spectral selective absorption under the total internal reflection (TIR) 
conditions. It was demonstrated that porous Al

2
O

3
 films with the Au nanoparticles obtained by the 

impulse laser deposition are characterize by the presence of the minimum at the angle dependence 
of the reflectance factor under TIR conditions. The optical model of the sensor system in the limits 
of the macroscopic Maxwell theory. The effectiveness of the use of introduced transducers was dem-
onstrated on the case of the refractometric measurements and the monitoring of the protein-protein 
interactions. 

Keywords: gold nanoparticles, total internal reflection, aluminium oxide 
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Abstract 

IMPURITY INFLUENCE OF THE MATRIX SOLUTION ON THE SIZE OF CADMIUM SULFIDE 
NANOCRYSTALS, SYNTHESIZED BY SOL-GEL TECHNOLOGY 

V. A. Smyntyna, V. M. Skobeeva, T. F. Zavezion 

In this work are explored studies of the optical absorption and photoluminescence of nanocristals 
sulfide cadmium, synthesed by method sol-gel technologies in food and photographic gelatine. It is 
shown that under equal condition of the syntheses in food gelatine are formed nanocristals greater 
size, than in photographic gelatine. It is made conclusion that, factor, defining size nanocristals 
sulfide cadmium, is viscosity gelatines, which is directly connected with presence of the impurites. 

Keywords: nanocristals sulfide cadmium, sol-gel technology, absorption, photoluminescence, 
food gelatine, photographic gelatine 

Â. À. Ñìèíòèíà, Â. Ì. Ñêîáººâà, Ò. Ô. Çàâåç³îí

© Â. À. Ñìèíòèíà, Â. Ì. Ñêîáººâà, Ò. Ô. Çàâåç³îí, 2008
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Àííîòàöèÿ 

ÂËÈßÍÈÅ ÏÐÈÌÅÑÅÉ ÌÀÒÐÈ×ÍÎÃÎ ÐÀÑÒÂÎÐÀ ÍÀ ÐÀÇÌÅÐ ÍÀÍÎÊÐÈÑÒÀËËÎÂ 
ÑÓËÜÔÈÄÀ ÊÀÄÌÈß, ÑÈÍÒÅÇÈÐÎÂÀÍÍÛÕ ÏÎ ÌÅÒÎÄÓ ÇÎËÜ-ÃÅËÜ ÒÅÕÍÎËÎÃÈÈ 

Â. À. Ñìûíòûíà, Â. Ì. Ñêîáååâà, Ò. Ô. Çàâåçèîí 

Â ðàáîòå ïðîâåäåíû èññëåäîâàíèÿ îïòè÷åñêîãî ïîãëîùåíèÿ è ôîòîëþìèíåñöåíöèè íà-
íîêðèñòàëëîâ ñóëüôèäà êàäìèÿ, âûðàùåííûõ ìåòîäîì çîëü-ãåëü òåõíîëîãèè â ïèùåâîé è 
ôîòîãðàôè÷åñêîé æåëàòèíàõ. Ïîêàçàíî, ÷òî ïðè ðàâíûõ óñëîâèÿõ ñèíòåçà â ïèùåâîé æå-
ëàòèíå ôîðìèðóþòñÿ íàíîêðèñòàëëû áîëüøåãî ðàçìåðà, ÷åì â ôîòîãðàôè÷åñêîé æåëàòè-
íå. Ñäåëàí âûâîä î òîì, ÷òî ôàêòîðîì, îïðåäåëÿþùèì ðàçìåð íàíîêðèñòàëëîâ ñóëüôèäà 
êàäìèÿ, ÿâëÿåòñÿ âÿçêîñòü æåëàòèíû, êîòîðàÿ íåïîñðåäñòâåííî ñâÿçàíà ñ íàëè÷èåì â íåé 
ïðèìåñåé. 

Êëþ÷åâûå ñëîâà: íàíîêðèñòàëëû ñóëüôèäà êàäìèÿ, ìåòîä çîëü-ãåëü òåõíîëîãèè, ïîãëî-
ùåíèå, ôîòîëþìèíåñöåíöèÿ, ïèùåâàÿ æåëàòèíà, ôîòîãðàôè÷åñêàÿ æåëàòèíà 
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ÝËÅÊÒÐÎÊÀÒÀËÈÇÀÒÎÐÛ ÄËß ÊÈÑËÎÐÎÄÍÛÕ ÑÅÍÑÎÐÎÂ 
ÍÀ ÎÑÍÎÂÅ ÃÅÒÅÐÎÌÅÒÀËËÈ×ÅÑÊÈÕ M/Mn(II) (M= Cî(III), Cu(II)) 

ÎÊÑÀËÀÒÍÎ-ÀÌÈÍÍÛÕ ÊÎÌÏËÅÊÑÎÂ 

Â. Ñ. Êóáëàíîâñêèé, Þ. Ê. Ïèðñêèé, À. Â. Áåðåçîâñêàÿ 

Èíñòèòóò îáùåé è íåîðãàíè÷åñêîé õèìèè èì. Â.È.Âåðíàäñêîãî ÍÀÍ Óêðàèíû, 
ïðîñï. àêàäåìèêà Ïàëëàäèíà, 32-34,03680, ã.Êèåâ-142, Óêðàèíà, kublanovsky@ionc.kar.net 

Àííîòàöèÿ 

ÝËÅÊÒÐÎÊÀÒÀËÈÇÀÒÎÐÛ ÄËß ÊÈÑËÎÐÎÄÍÛÕ ÑÅÍÑÎÐÎÂ 
ÍÀ ÎÑÍÎÂÅ ÃÅÒÅÐÎÌÅÒÀËËÈ×ÅÑÊÈÕ M/Mn(II) (M= Cî(III), Cu(II)) 

ÎÊÑÀËÀÒÍÎ-ÀÌÈÍÍÛÕ ÊÎÌÏËÅÊÑÎÂ 

Â. Ñ. Êóáëàíîâñêèé, Þ. Ê. Ïèðñêèé, À. Â. Áåðåçîâñêàÿ 

Ñèíòåçèðîâàíû ýëåêòðîêàòàëèçàòîðû âîññòàíîâëåíèÿ êèñëîðîäà íà îñíîâå àêòèâèðî-
âàííîãî óãëÿ ÑÈÒ-1, ïðîìîòèðîâàííîãî ïðîäóêòàìè ïèðîëèçà ãåòåðîìåòàëëè÷åñêîãî êîì-
ïëåêñà [CoL][Mn(C

2
O

4
)

2
]Cl⋅3H

2
O, ãäå L = òðè-(2-àìèíîýòèëìåòèëåíàìèí)-àìèí è [Cu(Ån)

2
]

[Mn
2
(Ñ

2
Î

4
)

3
]∙6H

2
O. Ìåòîäîì òåðìîãðàâèìåòðè÷åñêîãî àíàëèçà è ìàññ-ñïåêòðîìåòðèåé èî-

íèçèðóþùèõ ÷àñòèö îïðåäåëåíû ïðîäóêòû ïèðîëèçà è óñòàíîâëåí ìåõàíèçì ðàçëîæåíèÿ 
êîìïëåêñà. Óñòàíîâëåíû îïòèìàëüíûå óñëîâèÿ ñèíòåçà êàòàëèçàòîðîâ, âëèÿþùèå íà ýô-
ôåêòèâíîñòü ýëåêòðîâîññòàíîâëåíèÿ êèñëîðîäà. 

Êëþ÷åâûå ñëîâà: ýëåêòðîêàòàëèçàòîðû, ýëåêòðîêàòàëèç, ýëåêòðîâîññòàíîâëåíèå êèñëî-
ðîäà, ñåíñîðû, ãåòåðîìåòàëëè÷åñêèå êîìïëåêñû 

Àíîòàö³ÿ 

ÅËÅÊÒÐÎÊÀÒÀË²ÇÀÒÎÐÈ ÄËß ÊÈÑÍÅÂÈÕ ÑÅÍÑÎÐ²Â ÍÀ ÎÑÍÎÂ² ÃÅÒÅÐÎÌÅÒÀË²×ÍÈÕ 
M/Mn(II) (M= Cî(III), Cu(II)) ÎÊÑÀËÀÒÍÎ-ÀÌ²ÍÍÈÕ ÊÎÌÏËÅÊÑ²Â 

Â. Ñ. Êóáëàíîâñüêèé, Þ. Ê. Ï³ðñüêèé, À. Â. Áåðåçîâñüêà 

Ñèíòåçîâàí³ åëåêòðîêàòàë³çàòîðè â³äíîâëåííÿ êèñíþ íà îñíîâ³ àêòèâîâàíî-
ãî âóã³ëëÿ Ñ²Ò-1, ïðîìîòîâàíîãî ï³ðîë³çîâàííèì ãåòåðîìåòàë³÷íèì êîìïëåêñîì 
[CoL][Mn(C
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)
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]Cl⋅3H

2
O, äå L = òðè-(2-àì³íîåòèëìåòèëåíàì³í)-àì³í òà [Cu(Ån)

2
]

[Mn
2
(Ñ
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Î

4
)

3
]∙6H

2
O. Ìåòîäîì òåðìîãðàâ³ìåòðè÷íîãî àíàë³çó òà ìàñ-ñïåêòðîìåòð³ºþ ³îí³-

çóþ÷èõ ÷àñòèí âèÿâëåí³ ïðîäóêòè ï³ðîë³çó òà âñòàíîâëåíèé ìåõàí³çì ðîçêëàäó êîìïëåêñó. 
Âñòàíîâëåí³ îïòèìàëüí³ óìîâè ñèíòåçó êàòàë³çàòîð³â, ùî âïëèâàþòü íà åôåêòèâí³ñòü åëå-
êòðîâ³äíîâëåííÿ êèñíþ. 

Êëþ÷îâ³ ñëîâà: åëåêòðîêàòàë³çàòîðè, åëåêòðîêàòàë³ç, åëåêòðîâ³äíîâëåííÿ êèñíþ, ñåíñî-
ðè, ãåòåðîìåòàë³÷í³ êîìïëåêñè 

© Â. Ñ. Êóáëàíîâñêèé, Þ. Ê. Ïèðñêèé, À. Â. Áåðåçîâñêàÿ, 2008



Summary 

ELECTROCATALYSTS FOR OXYGEN SENSORS BASED ON HETEROMETALLIC 
M/Mn(II) (M= Cî(III), Cu(II)) OXALATE-AMINE COMPLEXES 

V. S. Kublanovsky, Yu. K. Pirsky, A. V. Berezovska 

Oxygen reduction electrocatalysts based on activated carbon SIT-1, promoted with pyrolized 
heterometallic complex [CoL][Mn(C

2
O

4
)

2
]Cl⋅3H

2
O, where L= tri-(2-aminoethylmethyleneam-

ine)-amine and [Cu(Ån)
2
][Mn

2
(C

2
O

4
)

3
]∙6H

2
O, have been synthesized . Pyrolysis products and the 

mechanism of complex decomposition have been determined by thermogravimetric analysis and 
mass-spectrometry of the desorbed species. The optimal conditions of synthesis of catalysts, which 
affect the efficiency of oxygen electroreduction have been determined. 

Keywords: electrocatalysts, electrocatalysis, electroreduction of oxygen, sensors, heterometallic 
complexes 

Â. Ñ. Êóáëàíîâñêèé, Þ. Ê. Ïèðñêèé, À. Â. Áåðåçîâñêàÿ
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PACS 07.07.MP 

NOVEL UNIVERSAL FREQUENCY-TO-DIGITAL CONVERTER 
AND SENSORS INTERFACE INTEGRATED CIRCUITS 

S. Y. Yurish 

Centro de Diseño d’Equipos Industriales (CDEI-UPC), 
Universitat Politecnica de Catalunya, C/Llorens Artigas, 4-6, planta 0, Edifici U, 

Campus Sud, 08028, Barcelona, Spain 
Tel: + 34 696067716, fax: +34 93 4011989, e-mail: syurish@sensorsportal.com 

Abstract 

NOVEL UNIVERSAL FREQUENCY-TO-DIGITAL CONVERTER AND SENSORS INTERFACE 
INTEGRATED CIRCUITS 

S. Y. Yurish 

The Universal Frequency-to-Digital Converter (UFDC) and Universal Sensors and Transducers 
Interface (USTI) integrated circuits (ICs) for different frequency output sensors and transducers 
were described in the article. All chips are based on four novel patented methods for frequency (pe-
riod), duty-cycle (duty-off factor), frequencies (periods) ratio and phase-shift measurement. They 
have a high accuracy, non-redundant conversion time, scalable resolution, programmable relative 
error, broad frequency range and extended functionality. The ICs have intelligent capabilities includ-
ing self-identification; self-adaptation and can contain the IEEE 1451.4 TEDS in its flash memory. 
Such ICs will simplify significantly a digital sensors and smart sensor systems design process, reduce 
development time, time to market and production price of different applications based on innovative 
chips while improving sensor performances. 

Keywords: quasi-digital sensors, sensors and transducers interface, frequency-to-digital convert-
er, smart sensors, IEEE 1451, TEDS 

Àíîòàö³ÿ 

ÍÎÂ² ²ÍÒÅÃÐÀËÜÍ² Ì²ÊÐÎÑÕÅÌÈ ÓÍ²ÂÅÐÑÀËÜÍÈÕ ÏÅÐÅÒÂÎÐÞÂÀ×²Â ×ÀÑÒÎÒÀ-ÊÎÄ ² 
ÑÅÍÑÎÐÍÈÕ ²ÍÒÅÐÔÅÉÑ²Â 

Ñ. Þ. Þðèø 

Ó ñòàòò³ îïèñàíå ñ³ìåéñòâî ³íòåãðàëüíèõ óí³âåðñàëüíèõ ïåðåòâîðþâà÷³â ÷àñòîòà-êîä ³ ì³-
êðîñõåì óí³âåðñàëüíèõ ñåíñîðíèõ ³íòåðôåéñ³â, ïðèçíà÷åíèõ äëÿ ð³çíîìàí³òíèõ ñåíñîð³â 
³ ïåðåòâîðþâà÷³â ç ÷àñòîòíèìè âèõîäàìè. Âñ³ ²ÌÑ áàçóþòüñÿ íà ÷îòèðüîõ íîâèõ çàïàòåí-
òîâàíèõ ìåòîäàõ âèì³ðþâàííÿ ÷àñòîòè (ïåð³îäó), êîåô³ö³ºíòà çàïîâíåííÿ (øïàðóâàòîñò³), 
â³äíîøåííÿ äâîõ ÷àñòîò (ïåð³îä³â) ³ ôàçîâîãî çñóâó. Ì³êðîñõåìè ìàþòü âèñîêó òî÷í³ñòü, áåç-
íàäëèøêîâèé ÷àñ ïåðåòâîðåííÿ, ìàñøòàáîâàíó ðîçä³ëüíó çäàòí³ñòü, ïðîãðàìîâàíó â³äíîñ-

© S. Y. Yurish, 2008



íó ïîõèáêó ïåðåòâîðåííÿ é øèðîêèé ä³àïàçîíîì ïåðåòâîðåíèõ ÷àñòîò òà ôóíêö³îíàëüíèìè 
âëàñòèâîñòÿìè. ²ÌÑ ìàþòü òàêîæ ³íòåëåêòóàëüí³ âëàñòèâîñò³, ùî âêëþ÷àþòü ñàìî³äåíòèô³-
êàö³þ é ñàìîàäàïòàö³þ, à òàêîæ ìîæëèâ³ñòü çáåð³ãàííÿ ó ôëåø-ïàì’ÿò³ òàáëèö³ åëåêòðîííî¿ 
ñïåöèô³êàö³¿ TEDS (Transducer Electronic Data Sheet) ó â³äïîâ³äíîñò³ ç³ ñòàíäàðòîì IEEE 
1451.4. Òàê³ ²Ñ ñóòòºâî ñïðîñòÿòü ðîçðîáêó (³ ñêîðîòÿòü ¿¿ ÷àñ) öèôðîâèõ ³ ³íòåëåêòóàëüíèõ 
ñåíñîð³â ³ ñèñòåì, çìåíøàòü ñîá³âàðò³ñòü ð³çíèõ ñåíñîðíèõ ñèñòåì ïðè ïîë³ïøåíí³ ¿õ ìåòðî-
ëîã³÷íèõ õàðàêòåðèñòèê. 

Êëþ÷îâ³ ñëîâà: êâàç³öèôðîâ³ ñåíñîðè, ³íòåðôåéñ, ïåðåòâîðþâà÷ ÷àñòîòà-êîä, ³íòåëåêòóà-
ëüí³ ñåíñîðè, IEEE 1451, TEDS 

Àííîòàöèÿ 

ÍÎÂÛÅ ÈÍÒÅÃÐÀËÜÍÛÅ ÌÈÊÐÎÑÕÅÌÛ ÓÍÈÂÅÐÑÀËÜÍÛÕ ÏÐÅÎÁÐÀÇÎÂÀÒÅËÅÉ 
×ÀÑÒÎÒÀ-ÊÎÄ È ÑÅÍÑÎÐÍÛÕ ÈÍÒÅÐÔÅÉÑÎÂ 

Ñ. Þ. Þðèø 

Â ñòàòüå îïèñàíî ñåìåéñòâî èíòåãðàëüíûõ óíèâåðñàëüíûõ ïðåîáðàçîâàòåëåé ÷àñòîòà-êîä 
è ìèêðîñõåì óíèâåðñàëüíûõ ñåíñîðíûõ èíòåðôåéñîâ, ïðåäíàçíà÷åííûõ äëÿ ðàçëè÷íûõ äàò-
÷èêîâ è ïðåîáðàçîâàòåëåé ñ ÷àñòîòíûìè âûõîäàìè. Âñå ÈÌÑ áàçèðóþòñÿ íà ÷åòûðåõ íî-
âûõ çàïàòåíòîâàííûõ ìåòîäàõ èçìåðåíèÿ ÷àñòîòû (ïåðèîäà), êîýôôèöèåíòà çàïîëíåíèÿ 
(ñêâàæíîñòè), îòíîøåíèé äâóõ ÷àñòîò (ïåðèîäîâ) è ôàçîâîãî ñäâèãà. Ìèêðîñõåìû îáëàäà-
þò âûñîêîé òî÷íîñòüþ, áåçèçáûòî÷íûì âðåìåíåì ïðåîáðàçîâàíèÿ, ìàñøòàáèðóåìîé ðàçðå-
øàþùåé ñïîñîáíîñòüþ, ïðîãðàììèðóåìîé îòíîñèòåëüíîé ïîãðåøíîñòüþ ïðåîáðàçîâàíèÿ, 
øèðîêèì äèàïàçîíîì ïðåîáðàçóåìûõ ÷àñòîò è ôóíêöèîíàëüíûìè âîçìîæíîñòÿìè. ÈÌÑ 
îáëàäàþò òàêæå èíòåëëåêòóàëüíûìè âîçìîæíîñòÿìè, âêëþ÷àþùèìè ñàìîèäåíòèôèêàöèþ 
è ñàìîàäàïòàöèþ, à òàêæå âîçìîæíîñòüþ õðàíåíèÿ âî ôëåø-ïàìÿòè òàáëèöû ýëåêòðîííîé 
ñïåöèôèêàöèè TEDS (Transducer Electronic Data Sheet) â ñîîòâåòñòâèè ñî ñòàíäàðòîì IEEE 
1451.4. Òàêèå ÈÌÑ ñóùåñòâåííî óïðîùàþò ðàçðàáîòêó (è ñîêðàùàþò åå âðåìÿ) öèôðîâûõ 
è èíòåëëåêòóàëüíûõ äàò÷èêîâ è ñèñòåì, óìåíüøàþò ñåáåñòîèìîñòü ðàçëè÷íûõ ñåíñîðíûõ 
ïðèëîæåíèé ïðè óëó÷øåíèè èõ ìåòðîëîãè÷åñêèõ õàðàêòåðèñòèê. 

Êëþ÷åâûå ñëîâà: êâàçèöèôðîâûå äàò÷èêè, èíòåðôåéñ, ïðåîáðàçîâàòåëü ÷àñòîòà-êîä, èí-
òåëëåêòóàëüíûå ñåíñîðû, IEEE 1451, TEDS 

S. Y. Yurish 
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SENSING THE FRACTAL STRUCTURES IN THE WAVE PROCESSES: 
SEA SURFACE WIND WAVES 

A. A. Svinarenko 

Odessa National Polytechnical University, Odessa 

Abstract

SENSING THE FRACTAL STRUCTURES IN THE WAVE PROCESSES: SEA SURFACE WIND WAVES 

A. A. Svinarenko 

On the basis of wavelet analysis and multifractal formalism it has been carried out an analysis of 
fractal structures in the wave processes (sea surface wind waves). The corresponding fractals dimen-
sions are lying in the interval [0,7-0,9]. 

Key words: sensing, fractals, sea surface wind waves 

Àíîòàö³ÿ 

ÄÅÒÅÊÒÓÂÀÍÍß ÔÐÀÊÒÀËÜÍÈÕ ÑÒÐÓÊÒÓÐ Ó ÕÂÈËÜÎÂÈÕ ÏÐÎÖÅÑÀÕ: 
Â²ÒÐÎÂ² ÕÂÈË² ÍÀ ÌÎÐÑÜÊ²É ÏÎÂÅÐÕÍ² 

À. À.Ñâèíàðåíêî 

Âèêîíàíî àíàë³ç ôðàêòàëüíèõ ñòðóêòóð ó õâèëüîâèõ ïðîöåññàõ (â³òðîâ³ õâèë³ íà ìîðñü-
ê³é ïîâåðõí³) íà ï³äñòàâ³ âåéâëåò-àíàë³çó òà ìóëüò³ôðàêòàëüíîãî ôîðìàë³çìó. Â³äïîâ³äíèé 
ñïåêòð ôðàêòàëüíèõ ðîçì³ðíîñòåé ëåæèòü ó ³íòåðâàë³ [0,7-0,9]. 

Êëþ÷îâ³ ñëîâà: äåòåêòóâàííÿ, ôðàêòàëè, â³òðîâ³ õâèë³ 

Àííîòàöèÿ 

ÄÅÒÅÊÒÈÐÎÂÀÍÈÅ ÔÐÀÊÒÀËÜÍÛÕ ÑÒÐÓÊÒÓÐ Â ÂÎËÍÎÂÛÕ ÏÐÎÖÅÑÑÀÕ: 
ÂÅÒÐÎÂÛÅ ÂÎËÍÛ ÍÀ ÌÎÐÑÊÎÉ ÏÎÂÅÐÕÍÎÑÒÈ 

À. À. Ñâèíàðåíêî 

Âûïîëíåí àíàëèç ôðàêòàëüíûõ ñòðóêòóð â âîëíîâûõ ïðîöåññàõ (âåòðîâûå âîëíû íà ìîð-
ñêîé ïîâåðõíîñòè) íà îñíîâå âåéâëåò-àíàëèçà è ìóëüòèôðàêòàëüíîãî ôîðìàëèçìà. Ñîîò-
âåòñòâóþùèé ñïåêòð ôðàêòàëüíûõ ðàçìåðíîñòåé ëåæèò â èíòåðâàëå [0,7-0,9]. 

Êëþ÷åâûå ñëîâà: äåòåêòèðîâàíèå, ôðàêòàëû, âåòðîâûå âîëíû 

A. A. Svinarenko

© A. A. Svinarenko, 2008
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Editorial Introduction for the Special Issue of the 
Sensors Journal: In Vivo Sensors for Medicine 
Black, D. Reichert, M. Turner, P. F. 

On page(s): 3-5 

Abstract 
The 16 papers in this special issue describe some specific 
techniques for powering and enabling implanted sensors, 
overview some device types meant to guide therapeutic 
interventions (feedback on therapy), outline devices to 
look at pH and oxygen values, and introduce sensors for 
measuring analytes (especially glucose). 

A Novel Method to Read Remotely Resonant Passive 
Sensors in Biotelemetric Systems 
Pichorim, S.F. Abatti, P.J. 

On page(s): 6-11 

Abstract 
Resonant passive sensors composed by resistive, induc-
tive, and capacitive (RLC) simple sensors are widely 
used in biotelemetric systems. In this paper, a novel 
method to read remotely these RLC sensors is pre-
sented. The developed method is based on the simul-
taneous application of three excitation signals of same 
amplitudes, set at different frequencies, to determine 
remotely the RLC sensor resonance frequency and 
quality factor . Theoretical analysis and experimental 
results are also presented. 

Intraocular Pressure Monitoring Sensors 
Katuri, K.C. Asrani, S. Ramasubramanian, M.K. 

On page(s): 12-19 

Abstract 
Continuous measurement of intraocular pressure is 
important in the detection and treatment of glaucoma. 
While a point check of intraocular pressure in a doctor’s 
office using indirect measurements such as the tonom-
eter is helpful, it is inadequate to track circadian varia-
tion. Circadian variation is an independent risk factor in 
addition to elevated pressure levels. This paper is aimed 
at providing an up-to-date review of various intraocular 
pressure sensing techniques and in vivo sensor design 
approaches. The basic operating principles of various 
implantable sensors are reviewed and categorized into 
groups to delineate their differences. A discussion is pre-

sented identifying the drawbacks of existing designs and 
key design questions are proposed for future progress. 

Review Paper: Materials and Techniques for In Vivo pH 
Monitoring 
Korostynska, O. Arshak, K. Gill, E. Arshak, A. 

On page(s): 20-28 

Abstract 
Advances in semiconductor sensor technology, medical 
diagnostics, and health care needs a rapid boost in re-
search into novel miniaturized pH sensors, which can be 
used in vivo for continuous patient monitoring. Require-
ments for the in vivo sensor are materials biocompatibil-
ity, high measurement precision, a response time of an 
order of less than seconds, and the possibility of continu-
ous 24-h monitoring. Monitoring of the pH values is im-
portant in the study of tissue metabolism, in neurophysi-
ology, cancer diagnostics, and so forth. Muscle pH can be 
used to triage and help treat trauma victims as well as to 
indicate poor peripheral blood flow in diabetic patients. 
Clearly, to avoid infection and spread of diseases, all in 
vivo monitoring devices should be single-use/disposable, 
which puts strict requirement on their price. This paper 
reviews the wide range of methods and materials used for 
in vivo measurement of pH levels, such as using the opti-
cal fibers, pH-sensitive polymers, ion-sensitive field ef-
fect transistors, near infrared spectroscopy, nuclear mag-
netic resonance, and fluorescent pH indicators. 

A Magnetically Controlled Wireless Optical Oxygen 
Sensor for Intraocular Measurements 
Ergeneman, O. Dogangil, G. Kummer, M.P. Abbott, 
J.J. Nazeeruddin, M.K. Nelson, B.J. 

On page(s): 29-37 

Abstract 
The influence of oxygen on various ophthalmological 
complications is not completely understood and intraoc-
ular oxygen measurements are essential for better diag-
nosis and treatment. A magnetically controlled wireless 
sensor device is proposed for minimally invasive intraoc-
ular oxygen concentration measurements. This device 
will make it possible to make measurements at locations 
that are currently too invasive for human intervention by 
integrating a luminescence optical sensor and a magnetic 
steering system. The sensor works based on quenching of 
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luminescence in the presence of oxygen. A novel iridium 
phosphorescent complex is designed and synthesized for 
this system. A frequency-domain lifetime measurement 
approach is employed because of the intrinsic nature of 
the lifetime of luminescence. Experimental results of the 
oxygen sensor together with magnetic and hydrodynam-
ic characterization of the sensor platform are presented 
to demonstrate the concept. In order to use this sensor 
for in vivo intraocular applications, the size of the sensor 
must be reduced, which will require an improved signal-
to-noise ratio. 

An Implantable MOSFET Dosimeter for the 
Measurement of Radiation Dose in Tissue During 
Cancer Therapy 
Beyer, G.P. Mann, G.G. Pursley, J.A. Espenhahn, 
E.T. Fraisse, C. Godfrey, D.J. Oldham, M. Carrea, 
T.B. Bolick, N. Scarantino, C.W. 

On page(s): 38-51 

Abstract 
This paper describes the functionality, radiation charac-
teristics, and clinical implementation of an implantable 
MOSFET radiation detector (dosimeter). The dosimeter 
is powered by radio frequency telemetry eliminating the 
need for a power source inside the dosimeter. The data 
can be accessed telemetrically for each treatment day 
during the course of therapy. The detector has been vali-
dated in vitro to confirm its accuracy. Variance between 
predicted and measured dose in patients is discussed. 
Factors such as patient setup, treatment plan error, and 
physiologic motion can affect the accuracy of dose de-
livery in moving from in vitro to in vivo dose measure-
ments. The initial data suggests that the dosimeters can 
play a useful role in tracking dose discrepancies, both 
random and systematic, in patients treated with external 
beam radiation therapy. The implantable dosimeter can 
be used, together with the current radiation delivery and 
planning techniques, to optimize radiation treatment on 
an individual basis. 

FDA Regulation of Implantable Sensors: Demonstrating 
Safety and Effectiveness for Marketing in the U.S. 
Smith, J.J. Henderson, J.A. 

On page(s): 52-56 

Abstract 
Implantable sensors are gaining considerable attention 
in the research and medical communities due to their 
potential to enhance the detection and monitoring of 
medical conditions such as cancer, diabetes, and heart 
disease. The use of implantable sensors for these exciting 
applications bring them under the regulatory oversight of 
the United States Food and Drug Administration (FDA). 

As medical devices intended for long-term implantation 
that inherently involve some risk, the FDA will carefully 
evaluate these products prior to allowing them to enter 
the U.S. market. This paper provides a brief overview 
of the FDA medical device regulatory framework under 
which implantable sensors for medical purposes are regu-
lated. It also addresses particular concerns the FDA may 
raise with respect to these products including, potential 
sensor breakage and migration in vivo, biocompatibility, 
electromagnetic compatibility, electromagnetic interfer-
ence, wireless telemetry, risk/benefit, and clinical utility. 

Improved Wireless, Transcutaneous Power Transmission 
for In Vivo Applications 
O’Handley, R.C. Huang, J.K. Bono, D.C. Simon, J. 

On page(s): 57-62 

Abstract 
Electric power, sufficient for many in vivo applications, 
can be transmitted wirelessly from a small external sole-
noid (filled with a soft magnetic core), to a novel, mag-
netoelectric (ME) receiver a few centimeter (cm) inside 
the body. The ME receiver is a sandwich of electroactive 
(e.g., piezoelectric) material bonded between two mag-
netostrictive layers. The electroactive layer may be poled 
in its plane so that it can function in the stronger g

33
 mode 

(induced voltage parallel to the direction of principal 
magnetostrictive stress). Preliminary experimental re-
sults indicate that a 7 cm long ferrite-filled solenoid (NI 
ap 122 Amp-turns) producing an RMS magnetic field of 
order 1600 A/m (20 Oe) at the ME receiver (of volume 
0.1 cm3) 3 cm from the field source, generates in the ME 
receiver a power of 200 mW (2 W/cm3). The receiver, in 
turn, generates a power of 160 mW. 

Ex Vivo Continuous Glucose Monitoring With 
Microdialysis Technique: The Example of GlucoDay 
Ricci, F. Moscone, D. Palleschi, G. 

On page(s): 63-70 

Abstract 
The use of a glucose biosensor in conjunction with a 
microdialysis probe used to sample the interstitial fluid of 
the patient has been demonstrated to be extremely use-
ful and advantageous for obtaining a continuous glucose 
monitoring instrument capable of detecting glycemic 
level in real time for a long period. The first example 
of this kind of instrument which was cleared for com-
mercialization is the GlucoDay made by Menarini. The 
approach used by the GlucoDay presents several advan-
tages if compared with other instruments and its features 
and future prospective are thoroughly discussed. 
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Clinical Evaluation of a Novel Interstitial Fluid Sensor 
System for Remote Continuous Alcohol Monitoring 
Venugopal, M. Feuvrel, K.E. Mongin, D. Bambot, 
S. Faupel, M. Panangadan, A. Talukder, A. Pidva, R. 

On page(s): 71-80 

Abstract 
This study describes the functioning of a novel sensor 
that measures the alcohol concentration in the intersti-
tial fluid (ISF) of a human subject. ISF is extracted using 
vacuum pressure from micropores on the stratum cor-
neum layer of the skin. The pores are created by focusing 
a near infrared laser on a layer of black die attached to 
the skin. This poration procedure is essentially painless. 
Clinical studies show that the sensor readings are cor-
related with alcohol levels in blood and collected using a 
breathalyzer. Alcohol could be detected in the subject’s 
ISF within 15 min of the first oral intake of alcohol. 
Tests in a laboratory setup show that the sensor exhibits 
a linear response to alcohol concentrations in the range 
0%-0.2%. The sensor is minimally invasive and alcohol 
monitoring using the sensor was shown to continue even 
when the subject is asleep. The sensor is viable for ap-
proximately three days after skin poration. The sensor 
is interfaced to a wireless health monitoring system that 
transfers sensor data over existing wide-area networks 
such as the Internet and a cellular phone network to en-
able real-time remote monitoring of subjects. 

In Vivo Monitoring of a Fluorescently Labeled Antibody 
in Mice With Breast Cancer Xenografts 
Black, R.D. Bolick, N.G. Richardson, R.A. 
Dewhirst, M.W. 

On page(s): 81-88 

Abstract 
Following the uptake kinetics of a monoclonal antibody 
cancer therapy in vivo is addressed in this study via the 
use of a surface probe to assay a fluorescent label attached 
to the antibody. Female NCr-nu athymic mice were im-
planted with cells from a human breast cancer MCF-
7HER2 line that over expresses clinically relevant levels 
of the HER2/neu protein. Herceptin (trastuzumab) and 
a negative control antibody for mouse IgG Ab-1 were la-
beled with Alexa Fluor 647 fluorescent dye and the mice 
received a single bolus injection (tail vein) of one of the 
two antibodies. The relative signal in the tumor region 
was compared with that from normal tissue and a ratio 
of the signal levels was recorded as a function of time. 
As expected, Herceptin was found to concentrate in the 
HER2+ tumors (high tumor-to-normal ratio), whereas 
the tumor-to-normal ratio for the negative control an-
tibody was flat in time and close to unity. It is suggested 
that fluorescence assays of this type might be possible in 
vivo in humans using a telemetric, implantable version of 
the probe used in this study. 

The Benefit of Subcutaneous Glucagon During Closed-
Loop Glycemic Control in Rats With Type 1 Diabetes 
Ward, W.K. Engle, J. Duman, H.M. Bergstrom, 
C.P. Kim, S.F. Federiuk, I.F. 

On page(s): 89-96 

Abstract 
Because of its prolonged action, subcutaneously ad-
ministered insulin has a potential for overcorrection hy-
poglycemia during closed-loop glucose control. For this 
reason, we hypothesized that subcutaneous glucagon, 
whose action is faster, could lessen the risk for hypoglyc-
emia during closed-loop control. We therefore compared 
insulin alone versus insulin plus glucagon in diabetic rats 
in a controlled closed-loop study. Both hormones were 
delivered by algorithms based on proportional error, de-
rivative error, and the glucose history. Based on this algo-
rithm, glucagon was delivered when glucose was declin-
ing and approaching a hypoglycemic level. The delivery 
of glucagon was largely reciprocal with the delivery of 
insulin. With the addition of glucagon, there was less 
hypoglycemia at the glucose nadir, less hyperglycemia 
later in the study, and lower absolute error values during 
these periods. We also found that for 7 days after gluca-
gon reconstitution, commercially available glucagon re-
tained its original ability to quickly raise glucose level. 
We conclude that when subcutaneous insulin delivery is 
accompanied by subcutaneous glucagon, glycemic con-
trol during closed-loop treatment is improved. Since its 
action is faster than that of insulin, glucagon may prove 
useful during closed-loop diabetes control. 

Transcutaneous Implantation Methods for Improving the 
Long-Term Performance of Glucose Sensors in Rats 
Bazhang Yu West, L. Moussy, Y. Moussy, F. 

On page(s): 97-103 

Abstract 
Translation of sensor design and function in animal 
models to human use is an ongoing challenge due to tis-
sue anatomical and physiological differences between 
species, even at presumably analogous implant locations. 
Nevertheless, preclinical testing of sensors for long-term 
glucose monitoring in animals is required for evaluat-
ing sensor function in order to improve sensor design. 
Long-term glucose sensor testing in common labora-
tory animals (e.g., mice and rats) is especially difficult 
due to their small size, as well as limited site availability 
for sensor placement without disturbance or removal by 
the subject. However, improvements in sensor design and 
implantation methods to improve sensor survival in these 
animals could accelerate our understanding of the role 
of tissue reactions to sensor components, as well as al-
low reliable testing of biomaterials and various drug or 
growth factor delivery systems to potentially minimize 
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or modulate tissue reactions. In this study, methods to 
secure a wire-type subcutaneous sensor in rats for a long 
period of time (ges28 d), utilizing new implantation tech-
niques and devices were evaluated. Anchoring devices 
were incorporated into the sensor design and appropri-
ate implantation methods were used to: (1) minimize 
potential membrane damage caused by animal motion; 
(2) prevent removal of the entire sensor or sensor wires 
by the animal; and (3) allow exterior access to wires for 
periodic sensor performance testing. The anchoring de-
vices for securing sensors to the skin internally, which 
were sequentially investigated and improved (Protocol A 
to C), included a modified 22 gauge intravenous winged 
catheter (Protocol A), Silastic tubing (Protocol B) or silk 
suture loops held in place by Silastic tubing (Protocol C). 
The results show that after four weeks implantation, 60% 
(n = 10), 70% (n = 10), and 92% (n = 12) of the implant-
ed devices survived (Protocols A, B, and C, respectively). 
Functional testing showed that 30% (n = 10), 40% (- n 
= 10), and 58% (n = 12) of the sensors still worked well 
four weeks after implantation (Protocols A, B, and C, 
respectively). No infections were visibly evident at the 
sites of sensor implantation at any time during the test-
ing period for all protocols. Protocol C shows promise as 
a viable method for future sensor studies because of the 
anchoring device’s small size and because it was nearly 
impossible for rats to remove or damage the sensors. 

Foreign Body Response Investigated With an Implanted 
Biosensor by In Situ Electrical Impedance Spectroscopy 
Karp, F.B. Bernotski, N.A. Valdes, T.I. Bohringer, 
K.F. Ratner, B.D. 

On page(s): 104-112 

Abstract 
One of the principal challenges for the long-term im-
plantation of biosensors is that the normal physiological 
response of the body creates a fibrotic capsule of scar tis-
sue surrounding the implanted sensor (the foreign body 
response). This dense, collagenous capsule isolates the 
device from the local environment, causing a time-de-
pendent degradation of the signal. We utilize this deg-
radation or change to an electrical signal as an indica-
tor of the physiological responses to the implantation of 
the biomaterial device. We thus track the foreign body 
response electronically, an important analytical method 
for our program that aims to reduce the foreign body re-
sponse. We applied electrical impedance spectroscopy 
(EIS) to track changes of the electrical signal behavior 
over time between micro-electrode arrays. We have per-
formed experiments both in vitro and ex ova. In vitro, we 
used a reservoir of phosphate buffered saline into which 
selected proteins were introduced that adsorb onto the 
electrode surface. Three proteins were studied and each 
was found to affect the EIS results differently. We have 

investigated the foreign body response ex ova using the 
chick chorio-allantoic membrane (CAM) model. Fol-
lowing implantation of the electrode array the chick 
CAM exhibited a response similar to the mammalian 
foreign body response. We report that the electrical sig-
nal degrades with tissue growth during the healing and 
remodeling following the traumatic implantation of the 
electrode needle through the ectoderm side of the CAM 
tissue. 

Needle Enzyme Electrode for Lactate Measurement In 
Vivo 
Zimei Rong Leitao, E. Popplewell, J. Alp, B. 
Vadgama, P. 

On page(s): 113-120 

Abstract 
Electrochemical lactate needle enzyme electrodes were 
fabricated based on lactate oxidase with a conventional 
hydrogen peroxide detection regimen with a linear range 
up to 7 mM, response time ~ 3 min, and sensitivity ~ 
1 nA/mM. A negatively charged inner (sulphonated 
polyether ether sulphone-polyether sulphone) mem-
brane was applied for ensuring selectivity by limiting 
oxidazible anion diffusion to the Pt working electrode; 
polyurethane outer membrane layers were dip coated 
over the enzyme layer to limit substrate diffusion to the 
enzyme layer to achieve: (1) stir independence and (2) a 
low oxygen requirement. Lactate was monitored subcu-
taneously in rats during controlled haemorrhage and hy-
povolaemic shock. Tissue lactate showed agreement with 
blood lactate before haemorrhage and for limited haem-
orrhage (up to 2 ml blood withdrawal from 16 ml total 
blood volume) but with blood loss above 3 ml the tissue 
lactate rise was less pronounced than in blood. Loss of 
intercompartmental equilibrium due to diffusion limita-
tion is suggested as a factor in causing this difference. An 
experimental in vitro model was developed which em-
ployed the needle lactate electrode within a cylindrical 
collagen gel to monitor inward diffusion of lactate as a 
basis for determining lactate diffusion coefficient. The 
high precision measurement gave a diffusion coefficient 
consistent with report values 3.54×10-6 cm2/s. The sim-
plified experimental approach could allow lactate trans-
port studies across tissue analogues. 

Integrated In Vivo Neural Imaging and Interface CMOS 
Devices: Design, Packaging, and Implementation 
Ng, D.C. Nakagawa, T. Mizuno, T. Tokuda, T. Nunos-
hita, M. Tamura, H. Ishikawa, Y. Shiosaka, S. Ohta, J. 
On page(s): 121-130 
Abstract 
We have developed two CMOS devices to demonstrate 
the use of CMOS technology for neural imaging and in-

Sensor Electronics and Microsystem Technologies. 3/2008



100

Sensor Electronics and Microsystem Technologies. 3/2008

terfacing with the aim of studying the functions of the 
brain at the molecular level. In this work, we discuss the 
design, packaging, and implementation of a compact, 
single device imaging system for imaging inside the 
mouse brain. We show that the device is capable of imag-
ing and measuring fluorophore concentrations down to 
1 μ . The packaged device was tested for in vivo fluores-
cence imaging by imaging the activity of serine protease 
in the mouse hippocampus. The result shows imaging of 
neural activity with spatial resolution close to the pixel 
size of 7.5 μ and less than 300 ms temporal resolution. A 
second device was developed to image neuronal network 
activity and to provide a means for electrical interfacing 
with neurons. Characterization tests show that the de-
vice has comparable performance to current tools used 
in electrophysiological experiments of the brain. This 
work paves the way for simultaneous imaging and elec-
trophysiological experiments using a single compact and 
minimally invasive device in the future. 

Interfacing Sensors With the Nervous System: Lessons 
From the Development and Success of the Cochlear 
Implant 
Wilson, B.S. Dorman, M.F. 

On page(s): 131-147 

Abstract 
The cochlear implant is the most successful neural pros-
thesis to date and may serve as a paradigm for the de-
velopment or further development of other systems to 
interface sensors with the nervous system, e.g., visual or 
vestibular prostheses. This paper traces the history of co-
chlear implants and describes how the current levels of 
performance have been achieved. Lessons and insights 
from this experience are presented in concluding sec-
tions. 
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ÂÈÌÎÃÈ ÄÎ ÎÔÎÐÌËÅÍÍß ÑÒÀÒÅÉ Ó ÆÓÐÍÀË
²ÍÔÎÐÌÀÖ²ß ÄËß ÀÂÒÎÐ²Â

Æóðíàë “Ñåíñîðíà åëåêòðîí³êà ³ ì³êðîñèñ-
òåìí³ òåõíîëîã³¿” ïóáë³êóº ñòàòò³, êîðîòê³ ïî-
â³äîìëåííÿ, ëèñòè äî Ðåäàêö³¿, à òàêîæ êîìåí-
òàð³, ùî ì³ñòÿòü ðåçóëüòàòè ôóíäàìåíòàëüíèõ 
³ ïðèêëàäíèõ äîñë³äæåíü, çà íàñòóïíèìè íà-
ïðÿìêàìè:

1. Ô³çè÷í³, õ³ì³÷í³ òà ³íø³ ÿâèùà, íà îñíîâ³ 
ÿêèõ ìîæóòü áóòè ñòâîðåí³ ñåíñîðè.

2. Ïðîåêòóâàííÿ ³ ìàòåìàòè÷íå ìîäåëþâàí-
íÿ ñåíñîð³â.

3. Ñåíñîðè ô³çè÷íèõ âåëè÷èí.
4. Îïòè÷í³, îïòîåëåêòðîíí³ ³ ðàä³àö³éí³ ñå-

íñîðè.
5. Àêóñòîåëåêòðîíí³ ñåíñîðè.
6. Õ³ì³÷í³ ñåíñîðè.
7. Á³îñåíñîðè.
8. Ìàòåð³àëè äëÿ ñåíñîð³â.
9. Òåõíîëîã³ÿ âèðîáíèöòâà ñåíñîð³â.
10. Ñåíñîðè òà ³íôîðìàö³éí³ ñèñòåìè.
11. Äåãðàäàö³ÿ, ìåòðîëîã³ÿ ³ ñåðòèô³êàö³ÿ ñå-

íñîð³â.
12. Ì³êðîñèñòåìí³ òà íàíî- òåõíîëîã³¿ (MST, 

L²GA-òåõíîëîã³ÿ, àêòþàòîðè òà ³í.).
Æóðíàë ïóáë³êóº òàêîæ çàìîâëåí³ îãëÿäè ç 

àêòóàëüíèõ ïèòàíü, ùî â³äïîâ³äàþòü éîãî òåìà-
òèö³, ïîòî÷íó ³íôîðìàö³þ — õðîí³êó, ïåðñîíà-
ë³¿, ïëàòí³ ðåêëàìí³ ïîâ³äîìëåííÿ, îãîëîøåííÿ 
ùîäî êîíôåðåíö³é.

Ìàòåð³àëè, ùî íàäñèëàþòüñÿ äî Ðåäàêö³¿, 
ïîâèíí³ áóòè íàïèñàí³ ç ìàêñèìàëüíîþ ÿñí³ñ-
òþ ³ ÷³òê³ñòþ âèêëàäó òåêñòó. Ó ïîäàíîìó ðóêî-
ïèñ³ ïîâèííà áóòè îá´ðóíòîâàíà àêòóàëüí³ñòü 
ðîçâ’ÿçóâàíî¿ çàäà÷³, ñôîðìóëüîâàíà ìåòà äî-

ñë³äæåííÿ, ì³ñòèòèñÿ îðèã³íàëüíà ÷àñòèíà ³ âè-
ñíîâêè, ùî çàáåçïå÷óþòü ðîçóì³ííÿ ñóò³ îòðè-
ìàíèõ ðåçóëüòàò³â ³ ¿õ íîâèçíó. Àâòîðè ïîâèíí³ 
óíèêàòè íåîá´ðóíòîâàíîãî ââåäåííÿ íîâèõ òåð-
ì³í³â ³ âóçüêîïðîô³ëüíèõ æàðãîííèõ âèñëîâ³â.

Ðåäàêö³ÿ æóðíàëó ïðîñèòü àâòîð³â ïðè íà-
ïðàâëåí³ ñòàòåé äî äðóêó êåðóâàòèñÿ íàñòóïíè-
ìè ïðàâèëàìè:

1. Ðóêîïèñè ïîâèíí³ íàäñèëàòèñÿ â äâîõ 
ïðèì³ðíèêàõ óêðà¿íñüêîþ, ðîñ³éñüêîþ ÷è àíã-
ë³éñüêîþ ìîâîþ ³ ñóïðîâîäæóâàòèñÿ ôàéëàìè 
òåêñòó ³ ìàëþíê³â íà äèñêåò³. Åëåêòðîííà êî-
ï³ÿ ìîæå áóòè ïðåäñòàâëåíà åëåêòðîííîþ ïî-
øòîþ.

2. Ïðèéíÿòí³ ôîðìàòè òåêñòó: Mult³Ed³t (txt), 
WordPerfect, MS Word (rtf, doc).

3. Ïðèéíÿòí³ ãðàô³÷í³ ôîðìàòè äëÿ ðèñóí-
ê³â: EPS, T²FF, BMP, PCX, WMF, MS Word ³ MS 
Graf, JPEG. Ðèñóíêè ñòâîðåí³ çà äîïîìîãîþ 
ïðîãðàìíîãî çàáåçïå÷åííÿ äëÿ ìàòåìàòè÷íèõ 
³ ñòàòèñòè÷íèõ îá÷èñëåíü, ïîâèíí³ áóòè ïåðå-
òâîðåí³ äî îäíîãî ç öèõ ôîðìàò³â.

Ðóêîïèñè íàäñèëàòè çà àäðåñîþ:
Ëåï³õ ßðîñëàâ ²ëë³÷, Çàì. ãîë. Ðåäàêòîðà, 
Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò  ³ìåí³ 
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