
ISSN 1815-7459

MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE

Odessa I. I. Mechnikov National 
University

SENSOR 
ELECTRONICS 
AND MICROSYSTEM 
TECHNOLOGIES 

¹ 4 • 2008

Scientific and Technical Journal

It is based 13.11.2003.  
The Journal issue four times a year

UDC 681.586

Founded by Odessa I. I. Mechnikov 
National University 

At support of the Ukrainian Physical Society

Certificate of State Registration ÊÂ No 8131 

The Journal  is a part of list of the issues 
recommended by SÀC of Ukraine on physical 
and mathematical and engineering science

The Journal is reviewed by RJ “Djerelo” 
and RJ ICSTI (Russia)

Publishes on the resolution of Odessa 
I. I. Mechnikov National University 
Scientific Council. Transaction ¹ 2, 
October, 28, 2008 

Editorial  address : 

2, Dvoryanskaya Str. RL-3, 
Odessa I. I. Mechnikov National University, 
Odessa, 65082, Ukraine 
Ph. /Fax:+38(048)723-34-61, 
Ph.:+38(048)726-63-56 

Ì²Í²ÑÒÅÐÑÒÂÎ ÎÑÂ²ÒÈ ² ÍÀÓÊÈ ÓÊÐÀ¯ÍÈ

Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò 
³ìåí³ ². ². Ìå÷íèêîâà

ÑÅÍÑÎÐÍÀ 
ÅËÅÊÒÐÎÍ²ÊÀ 
² Ì²ÊÐÎÑÈÑÒÅÌÍ² 
ÒÅÕÍÎËÎÃ²¯  

¹ 4 • 2008

Íàóêîâî-òåõí³÷íèé æóðíàë

Çàñíîâàíèé 13.11.2003 ðîêó. 
Âèõîäèòü 4 ðàçè íà ð³ê

ÓÄÊ 681.586

Çàñíîâíèê Îäåñüêèé íàö³îíàëüíèé 
óí³âåðñèòåò ³ìåí³ ². ². Ìå÷íèêîâà 

Çà ï³äòðèìêè Óêðà¿íñüêîãî ô³çè÷íîãî òîâàðèñòâà

Ñâ³äîöòâî ïðî äåðæàâíó ðåºñòðàö³þ ÊÂ ¹ 8131 

Æóðíàë âõîäèòü äî ïåðåë³êó ôàõîâèõ âèäàíü 
ÂÀÊ Óêðà¿íè ç ô³çèêî-ìàòåìàòè÷íèõ 
òà òåõí³÷íèõ íàóê

Æóðíàë ðåôåðóºòüñÿ ÐÆ “Äæåðåëî” 
³ Â²Í²Ò² (Ðîñ³ÿ)

Âèäàºòüñÿ çà ð³øåííÿì Â÷åíî¿ ðàäè Îäåñüêîãî 
íàö³îíàëüíîãî óí³âåðñèòåòó 
³ìåí³  ².  ².  Ìå÷íèêîâà 
Ïðîòîêîë ¹ 2 â³ä 28 æîâòíÿ 2008 ð. 

Àäðåñà ðåäàêö³¿ : 

âóë. Äâîðÿíñüêà, 2, ÍÄË–3, 
Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò 
³ìåí³ ². ². Ìå÷íèêîâà, Îäåñà, 65082, Óêðà¿íà. 
Òåë. /Ôàêñ: +38(048)723-34-61, 
Òåë.: +38(048)726-63-56 

E-mail: semst-journal@onu.edu.ua, semst-journal@ukr.net • http://www.semst.onu.edu.ua

© ÎÍÓ ³ìåí³ ². ². Ìå÷íèêîâà, 2008



2

Sensor Electronics and Microsystem Technologies. 4/2008

Editorial  Board: 

Editor-in-Chief Smyntyna V. A. 

Vice Editor-in-Chief Lepikh Ya. I. 

Balaban A. P. — (Odessa, Ukraine) responsible 
editor 

Blonskii I. V. — (Kiev, Ukraine) 

Verbitsky V. G. — (Kiev, Ukraine) 

Gulyaev Yu. V. — (Moscow, Russia) 

D’Amiko A. — (Rome, Italy) 

Jaffrezic-Renault N. — (Lyon, France) 

Dzyadevych S. V. — (Kiev, Ukraine) 

Elskaya A. V. — (Kiev, Ukraine) 

Kalashnikov O. M. — (Nottingham, United 
Kingdom) 

Kozhemyako V. P. — (Vinnitsa, Ukraine) 

Krushkin E. D. — (Ilyichevsk, Ukraine) 

Kurmashov S. D. — (Odessa, Ukraine) 

Lantto Vilho — (Oulu, Finland) 

Litovchenko V. G. — (Kiev, Ukraine) 

Machulin V. F. — (Kiev, Ukraine) 

Mokrickiy V. A. — (Odessa, Ukraine) 

Nazarenko A. F. — (Odessa, Ukraine) 

Neizvestny I. G. — (Novosibirsk, Russia) 

Pokutnyi S. I. — (Odessa, Ukraine) 

Ptashchenko A. A. — (Odessa, Ukraine) 

Rarenko I. M. — (Chernovtsy, Ukraine) 

Rozhitskii N. N. — (Kharkov, Ukraine) 

Ryabotyagov D. D. — (Odessa, Ukraine) 

Ryabchenko S. M. — (Kiev, Ukraine) 

Soldatkin A. P. — (Kiev, Ukraine) 

Starodub N. F. — (Kiev, Ukraine) 

Stakhira J. M. — (Lviv, Ukraine) 

Strikha M. V. — (Kiev, Ukraine) 

Tretyak A. V. — (Kiev, Ukraine) 

Chviruk V. P.  — (Kiev, Ukraine) 

Ðåäàêö³éíà êîëåã³ÿ: 

Ãîëîâíèé ðåäàêòîð Ñìèíòèíà Â. À. 

Çàñòóïíèê ãîëîâíîãî ðåäàêòîðà Ëåï³õ ß. ². 

Áàëàáàí À. Ï. — (Îäåñà, Óêðà¿íà) 
â³äïîâ³äàëüíèé ñåêðåòàð 

Áëîíñüêèé ². Â. — (Êè¿â, Óêðà¿íà) 

Âåðáèöüêèé Â. Ã. — (Êè¿â, Óêðà¿íà) 

Ãóëÿºâ Þ. Â. — (Ìîñêâà, Ðîñ³ÿ) 

Ä’Àì³êî À. — (Ðèì, ²òàë³ÿ) 

Äæàôôðåç³ê-Ðåíî Í. — (Ë³îí, Ôðàíö³ÿ) 

Äçÿäåâè÷ Ñ. Â. — (Êè¿â, Óêðà¿íà) 

ªëüñüêà Ã. Â. — (Êè¿â, Óêðà¿íà) 

Êàëàøíèêîâ Î. Ì. — (Íîòò³íãåì, Âåëèêà 
Áðèòàí³ÿ) 

Êîæåìÿêî Â. Ï. — (Â³ííèöÿ, Óêðà¿íà) 

Êðóøê³í ª. Ä. — (²ëë³÷³âñüê, Óêðà¿íà) 

Êóðìàøîâ Ø. Ä. — (Îäåñà, Óêðà¿íà) 

Ëàíòòî Â³ëõî — (Îóëó, Ô³íëÿíä³ÿ) 

Ëèòîâ÷åíêî Â. Ã. — (Êè¿â, Óêðà¿íà) 

Ìà÷óë³í Â. Ô. — (Êè¿â, Óêðà¿íà) 

Ìîêðèöüêèé Â. À. — (Îäåñà, Óêðà¿íà) 

Íàçàðåíêî À. Ô. — (Îäåñà, Óêðà¿íà) 

Íå³çâåñòíèé ². Ã. — (Íîâîñèá³ðñüê, Ðîñ³ÿ) 

Ïîêóòí³é Ñ. ². — (Îäåñà, Óêðà¿íà) 

Ïòàùåíêî Î. Î. — (Îäåñà, Óêðà¿íà) 

Ðàðåíêî ². Ì. — (×åðí³âö³, Óêðà¿íà) 

Ðîæèöüêèé Ì. Ì. — (Õàðê³â, Óêðà¿íà) 

Ðÿáîòÿãîâ Ä. Ä. — (Îäåñà, Óêðà¿íà) 

Ðÿá÷åíêî Ñ. Ì. — (Êè¿â, Óêðà¿íà) 

Ñîëäàòê³í Î. Ï. — (Êè¿â, Óêðà¿íà) 

Ñòàðîäóá Ì. Ô. — (Êè¿â, Óêðà¿íà) 

Ñòàõ³ðà É. Ì. — (Ëüâ³â, Óêðà¿íà) 

Ñòð³õà Ì. Â. — (Êè¿â, Óêðà¿íà) 

Òðåòÿê Î. Â. — (Êè¿â, Óêðà¿íà) 

×â³ðóê Â. Ï.  — (Êè¿â, Óêðà¿íà)



3

ÇÌ²ÑÒ 

CONTENTS 

Ô³çè÷í³, õ³ì³÷í³ òà ³íø³ ÿâèùà, íà îñíîâ³ ÿêèõ 
ìîæóòü áóòè ñòâîðåí³ ñåíñîðè 
Physical, chemical and other phenomena, as the 
bases of sensors 

A. V. Glushkov, Ya. I. Lepikh, O. Yu. Khetselius, 
A. P. Fedchuk, S. V. Ambrosov, A. V. Ignatenko 
WANNIER-MOTT EXCITONS AND ATOMS IN A DC 
ELECTRIC FIELD: PHOTOIONIZATION, STARK 
EFFECT, RESONANCES IN THE IONIZATION 
CONTINUUM  ...............................................................5

Ïðîåêòóâàííÿ ³ ìàòåìàòè÷íå ìîäåëþâàííÿ 
ñåíñîð³â 
Sensors design and mathematical modeling 

À. Ï. Ãîðáàíü, Â. Ï. Êîñòèëüîâ, À. Â. Ñà÷åíêî, 
Â. Â.  ×åðíåíêî 
ÌÎÄÅËÞÂÀÍÍß ÔÎÒÎÅËÅÊÒÐÈ×ÍÈÕ 
ÏÐÎÖÅÑ²Â Â ÊÐÅÌÍ²ªÂÈÕ ÑÎÍß×ÍÈÕ 
ÅËÅÌÅÍÒÀÕ Ç ÍÅÎÌ²×ÍÈÌ ÒÈËÎÂÈÌ 
ÊÎÍÒÀÊÒÎÌ  .............................................................12

Ñåíñîðè ô³çè÷íèõ âåëè÷èí 
Physical sensors 

À. Î. Äðóæèí³í, ². É. Ìàð’ÿìîâà, ². Ò. Êîãóò, 
Þ. Ì. Õîâåðêî 
ÑÅÍÑÎÐÈ Ô²ÇÈ×ÍÈÕ ÂÅËÈ×ÈÍ 
ÍÀ ÎÑÍÎÂ² ÑÒÐÓÊÒÓÐ “ÊÐÅÌÍ²É 
ÍÀ ²ÇÎËßÒÎÐ²” Ç ÐÅÊÐÈÑÒÀË²ÇÎÂÀÍÈÌ 
ØÀÐÎÌ ÏÎË²ÊÐÅÌÍ²Þ .........................................17

Îïòè÷í³, îïòîåëåêòðîíí³ ³ ðàä³àö³éí³ ñåíñîðè 
Optical, optoelectronic and radiation sensors 

Ã. ß. Êîëáàñîâ. , Ñ. Â. Âîëêîâ, Þ. Ñ. Êðàñíîâ, 
Ñ. Ñ.  Ôîìàíþê 
ÎÏÒÈ×ÅÑÊÈÉ ÑÅÍÑÎÐ ÂÎÄÎÐÎÄÀ 
ÍÀ ÎÑÍÎÂÅ ÏË¨ÍÊÈ ÎÊÑÈÄÀ 
ÂÎËÜÔÐÀÌÀ  ..............................................................27

Õ³ì³÷í³ ñåíñîðè 
Chemical sensors 

Î. ª. Áºëÿºâ, Ç. ². Êàçàíöåâà, ß. ² Ëåï³õ, ². Êîøåöü, 
ß. Ì. Îë³õ, Ï. Î. Ñí³ãóð, Â. ². Êàëü÷åíêî 
ÑÒÐÓÊÒÓÐÍ² ÒÀ ÀÄÑÎÐÁÖ²ÉÍ² ÂËÀÑÒÈÂÎÑÒ² 
ÊÀË²ÊÑÀÐÅÍÎÂÈÕ ÑÏÎËÓÊ  .................................32

Ìàòåð³àëè äëÿ ñåíñîð³â 
Sensor materials 

Î. Î. Ãîìîííàé, Ì. Þ. Ðèãàí, ². Þ. Ðîìàí, 
Ï. Ï. Ãóðàíè÷, Î. Ã. Ñëèâêà 
ÁÀÐÈ×ÍÀ ÏÎÂÅÄ²ÍÊÀ Ä²ÅËÅÊÒÐÈ×ÍÎ¯ 
ÏÐÎÍÈÊÍÎÑÒ² Â ÊÐÈÑÒÀËÀÕ TlGaSe

2
  ................35

Î. Ã. Õàíäîæêî, Ã. ². Ëàñò³âêà, Ç. Ä. Êîâàëþê 
ßÌÐ ² ßÊÐ Â ²ÍÒÅÐÊÀËÜÎÂÀÍ²É ÑÏÎËÓÖ² 
GaSe:Li  .........................................................................40

Â. Â. ×åðïàê, Ï. É. Ñòàõ³ðà, Ç. Þ. Ãîòðà 
ÎÐÃÀÍ²×ÍÀ ÔÎÒÎ×ÓÒËÈÂÀ ÊÎÌÏÎÇÈÒÍÀ 
ÑÒÐÓÊÒÓÐÀ ÍÀ ÎÑÍÎÂ² ÏÅÍÒÀÖÅÍÓ 
ÒÀ ÏÎË²ÀÍ²Ë²ÍÓ  ......................................................47

Ã. Ì. Áóðëàê, Ë. Í. Âèëèíñêàÿ 
ÂËÈßÍÈÅ ÏÅÐÅÊÈÑÈ ÂÎÄÎÐÎÄÀ 
ÍÀ ÈÍÒÅÍÑÈÂÍÎÑÒÜ ËÞÌÈÍÅÑÖÅÍÖÈÈ 
ÏÎËÓÏÐÎÂÎÄÍÈÊÎÂÛÕ ÏËÅÍÎÊ  ......................53

Òåõíîëîã³ÿ âèðîáíèöòâà ñåíñîð³â 
Sensors production technologies 

Ã. Ì. Áåíäåáåðÿ, Ê. Ì. Ìóçèêà, Ì. Ì. Ðîæèöüêèé
ÒÅÕÍÎËÎÃ²ß ÂÈÃÎÒÎÂËÅÍÍß 
ÏÎË²ÌÅÐÍÎÃÎ Ì²ÊÐÎÔËÞ¯ÄÍÎÃÎ 
ÏÐÈÑÒÐÎÞ  ...............................................................56

Ñåíñîðè òà ³íôîðìàö³éí³ ñèñòåìè 
Sensors and information systems 

À. Â. Ãëóøêîâ, À. Â. Ëîáîäà, Ì. Ã. Ñåðáîâ, 
À. À. Ñâèíàðåíêî, Â. Â. Áóÿäæè 

ÄÈÍÀÌÈÊÀ ÌÍÎÃÎÑËÎÉÍÎÉ ÍÅÉÐÎÍÍÎÉ 
ÑÅÒÈ ÍÀ ÎÑÍÎÂÅ ÔÎÒÎÍÍÎÃÎ ÝÕÀ: 
×ÈÑËÅÍÍÀß ÐÅÀËÈÇÀÖÈß Ñ ÂÕÎÄÍÛÌ 
ÑÈÍÓÑÎÈÄÀËÜÍÛÌ ÈÌÏÓËÜÑÎÌ  ...................62

Sensor Electronics and Microsystem Technologies. 4/2008



4

Sensor Electronics and Microsystem Technologies. 4/2008

². Â. Êðóãëåíêî 
ÎÏÒÈÌ²Ç²Ö²ß “ÅËÅÊÒÐÎÍÍÎÃÎ ÍÎÑÓ” 
ÄËß ÊËÀÑÈÔ²ÊÀÖ²¯ ÁÅÍÇÈÍ²Â ÌÅÒÎÄÎÌ 
ÊËÀÑÒÅÐÍÎÃÎ ÀÍÀË²ÇÓ .........................................67

Ì³êðîñèñòåìí³ òà íàíîòåõíîëîã³¿ 
(MST, L²GA-òåõíîëîã³ÿ, àêòþàòîðè òà ³í) 
Microsystem and nanotechnologies 
(MST, LIGA-technologies, actuators) 

À. Ä. Çàìêîâåö, Ñ. Ì. Êà÷àí, À. Í. Ïîíÿâèíà 
ÂÛÑÎÊÈÉ ÑÅÍÑÎÐÍÛÉ ÏÎÒÅÍÖÈÀË 
ÑÀÌÎÎÐÃÀÍÈÇÓÞÙÈÕÑß 
ÌÅÒÀËËÈ×ÅÑÊÈÕ ÍÀÍÎÑÒÐÓÊÒÓÐ  ...................73

ÎÃËßÄ ÏÓÁË²ÊÀÖ²É ÆÓÐÍÀËÓ IEEE SENSORS 
JOURNAL ¹3 ÒÀ ¹4 ÇÀ 2008 Ð²Ê  ............................79

ÂÈÌÎÃÈ ÄÎ ÎÔÎÐÌËÅÍÍß ÑÒÀÒÅÉ  ..................87

INFORMATION FOR CONTRIBUTORS. 
THE REQUIREMENTS ON PAPERS 
PREPARATION  ...........................................................89



Ô²ÇÈ×Í², Õ²Ì²×Í² ÒÀ ²ÍØ² ßÂÈÙÀ, ÍÀ ÎÑÍÎÂ² ßÊÈÕ ÌÎÆÓÒÜ 
ÁÓÒÈ ÑÒÂÎÐÅÍ² ÑÅÍÑÎÐÈ 

——
PHYSICAL, CHEMICAL AND OTHER PHENOMENA, 

AS THE BASES OF SENSORS 

PACS NUMBER: 42.50. — P, 72.20.JV, 72.40; 
ÓÄÊ 539.184 

WANNIER-MOTT EXCITONS AND ATOMS IN A DC ELECTRIC FIELD: 
PHOTOIONIZATION, STARK EFFECT, RESONANCES 

IN THE IONIZATION CONTINUUM 

A. V. Glushkov2, Ya. I. Lepikh1 , O. Yu. Khetselius1 , A. P. Fedchuk1, 
S. V. Ambrosov1, A. V. Ignatenko2 

1 I. I. Mechnikov Odessa National University, Odessa, Ukraine 
2 Odessa State Ecological University, Odessa, Ukraine 

WANNIER-MOTT EXCITONS AND ATOMS IN A DC ELECTRIC FIELD: PHOTOIONIZATION, 
STARK EFFECT, RESONANCES IN THE IONIZATION CONTINUUM 

A. V. Glushkov , Ya. I. Lepikh, S. V. Ambrosov, O. P. Fedchuk, O. Yu. Khetselius, A. V. Ignatenko 

Abstract. A numerical calculation of the DC Stark effect for hydrogen and sodium atoms and 
Wannier-Mott excitons in an external uniform DC electric field is carried out within the opera-
tor perturbation theory method. New adequate model for description of the unique especialitites 
in the photoionization spectra of the hydrogenic atoms is proposed. It is found that the Stark shift 
for the n=2 state of excitons in the Cu

2
O semiconductor (yellow series) at the electric field strength 

600 V/cm results in — 3,1 10 -4 eV which agrees well with experimental data of Gross et al. It is in-
dicated also that the analogous unique especialitites may possibly take a place in the Wannier-Mott 
excitons spectra near the threshold boundary. 

Keywords: atom, Wannier-Mott exciton, Stark effect, photoionization 

ÅÊÑ²ÒÎÍÈ ÂÀÍ’ª-ÌÎÒÒÀ ² ÀÒÎÌÈ Ó ÏÎÑÒ²ÉÍÎÌÓ ÅËÅÊÒÐÈ×ÍÎÌÓ ÏÎË²: 
ÔÎÒÎ²ÎÍ²ÇÀÖ²ß, ØÒÀÐÊ ÅÔÅÊÒ ÒÀ ÐÅÇÎÍÀÍÑÈ Ó ²ÎÍ²ÇÀÖ²ÉÍÎÌÓ ÊÎÍÒÈÍÓÓÌ² 

Î. Â. Ãëóøêîâ, ß. ². Ëåï³õ, Ñ. Â. Àìáðîñîâ, Î. Ï. Ôåä÷óê, Î. Þ. Õåöåë³óñ, Ã. Â. ²ãíàòåíêî 

Àíîòàö³ÿ. Íà ï³äñòàâ³ ìåòîäó îïåðàòîðíî¿ òåîð³¿ çáóðåíü âèêîíàíî ðîçðàõóíîê Øòàðê-
åôåêòó äëÿ àòîìà âîäíþ, íàòð³þ òà åêñ³òîí³â Âàí’º-Ìîòòà (íàï³âïðîâ³äíèê Cu

2
O) ó îäíîð³-

äíîìó åëåêòðè÷íîìó ïîë³. Íåçâè÷àéí³ îñîáëèâîñò³ ó ñïåêòð³ ôîòî³îí³çàö³¿ âîäíåïîä³áíèõ 
ñèñòåì îïèñàí³ íà ï³äñòàâ³ àäåêâàòíî¿ êâàíòîâî-ìåõàí³÷íî¿ ìîäåë³. Åíåðã³¿ âèñîêî ðîçòàøî-
âàíèõ ðåçîíàíñ³â ó ³îí³çàö³éíîìó êîíòèíóóì³ äîáðå óçãîäæóþòüñÿ ç â³äîìèìè åêñïåðèìåí-
òàëüíèìè äàíèìè Gross et al. Ðîçðàõîâàí³ øòàðê³âñüê³ çñóâè äëÿ ðÿäà ñòàí³â åêñ³òîíó ó íà-
ï³âïðîâ³äíèêó Cu

2
Î (æîâòà ñåð³ÿ) â åëåêòðè÷íîìó ïîë³ 600 Â/ñì. Ïðîãíîçóºòüñÿ ìîæëèâ³ñòü 

© A. V. Glushkov , Ya. I. Lepikh, S. V. Ambrosov, O. P. Fedchuk, 
O. Yu. Khetselius, A. V. Ignatenko, 2008

A. V. Glushkov , Ya. I. Lepikh, S. V. Ambrosov, O. P. Fedchuk, O. Yu. Khetselius, A. V. Ignatenko 
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ïðîÿâëåííÿ íåçâè÷àéíèõ îñîáëèâîñòåé ó ñïåêòðàõ åêñ³òîí³â Âàí’º-Ìîòòà ïîáëèçó ãðàíèö³ 
³îí³çàö³¿ îñòàíí³õ. 

Êëþ÷îâ³ ñëîâà: àòîì, åêñ³òîí Âàí’º-Ìîòòà, Øòàðê-åôåêò, ôîòî³îí³çàö³ÿ 

ÝÊÑÈÒÎÍÛ ÂÀÍÜÅ-ÌÎÒÒÀ È ÀÒÎÌÛ Â ÏÎÑÒÎßÍÍÎÌ ÝËÅÊÒÐÈ×ÅÑÊÎÌ 
ÏÎËÅ: ÔÎÒÎÈÎÍÈÇÀÖÈß, ØÒÀÐÊ ÝÔÔÅÊÒ È ÐÅÇÎÍÀÍÑÛ 

Â ÈÎÍÈÇÀÖÈÎÍÍÎÌ ÊÎÍÒÈÍÓÓÌÅ 

À. Â. Ãëóøêîâ, ß. È. Ëåïèõ, Ñ. Â. Àìáðîñîâ, À. Ï. Ôåä÷óê, Î. Þ. Õåöåëèóñ, À. Â. Èãíàòåíêî 

Àííîòàöèÿ. Íà îñíîâå ìåòîäà îïåðàòîðíîé òåîðèè âîçìóùåíèé âûïîëíåí ðàñ÷åò Øòàðê-
ýôôåêòà äëÿ àòîìà âîäîðîäà, íàòðèÿ è ýêñèòîíîâ Âàíüå-Ìîòòà (ïîëóïðîâîäíèê Cu

2
O) â 

îäíîðîäíîì ýëåêòðè÷åñêîì ïîëå. Íåîáû÷íûå îñîáåííîñòè â ñïåêòðå ôîòîèîíèçàöèè âî-
äîðîäîïîäîáíûõ ñèñòåì îïèñàíû íà îñíîâå àäåêâàòíîé êâàíòîâîé ìîäåëè. Ýíåðãèè âû-
ñîêî ëåæàùèõ ðåçîíàíñîâ â èîíèçàöèîííîì êîíòèíóóìå íàõîäÿòñÿ â õîðîøåì ñîãëàñèè ñ 
èçâåñòíûìè ýêñïåðèìåíòàëüíûìè äàííûìè Gross et al. Ðàññ÷èòàííûå øòàðêîâñêèå ñäâèãè 
äëÿ ðÿäà ñîñòîÿíèé ýêñèòîíà â ïîëóïðîâîäíèêå Cu

2
O (æåëòàÿ ñåðèÿ) â ýëåêòðè÷åñêîì ïîëå 

600 Â/ñì. Ïðåäñêàçàíà âîçìîæíîñòü ïðîÿâëåíèÿ íåîáû÷íûõ îñîáåííîñòåé â ñïåêòðàõ ýêñè-
òîíîâ Âàíüå-Ìîòòà âáëèçè ãðàíèöû èîíèçàöèè ïîñëåäíèõ. 

Êëþ÷åâûå ñëîâà: àòîì, ýêñèòîí Âàíüº-Ìîòòà, Øòàðê-ýôôåêò, ôîòîèîíèçàöèÿ 
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Àíîòàö³ÿ. Ïðîâåäåíå åêñïåðèìåíòàëüíå ³ òåîðåòè÷íå ìîäåëþâàííÿ íåð³âíîâàæíèõ ôî-
òîåëåêòðè÷íèõ ïðîöåñ³â â äèôóç³éíèõ êðåìí³ºâèõ ñîíÿ÷íèõ åëåìåíòàõ (ÑÅ) ç íåìîíîòîí-
íèìè (ç ìàêñèìóìîì) çàëåæíîñòÿìè íàïðóãè ðîç³ìêíåíîãî êîëà OCV  â³ä åíåðãåòè÷íî¿ îñâ³-
òëåíîñò³ P

L
, ÿê³ âèíèêàþòü â óìîâàõ, êîëè ï³ä òèëîâèì ìåòàëåâèì åëåêòðîäîì ÑÅ ³ñíóº øàð 

âèñíàæåííÿ àáî ³íâåðñ³¿. Åêñïåðèìåíòàëüíå ìîäåëþâàííÿ ïðîâîäèëîñü çà äîïîìîãîþ äâîõ 
áëèçüêèõ çà ïàðàìåòðàìè ââ³ìêíåíèõ íàçóñòð³÷ îäèí îäíîìó ÑÅ, îäèí ç ÿêèõ ÷àñòêîâî çàò³-
íþâàâñÿ. Ïîêàçàíî, ùî åêñïåðèìåíòàëüíî îòðèìàí³ çàëåæíîñò³ ( )OC LV P  äëÿ çàïðîïîíîâà-
íî¿ ìîäåë³ º êðèâèìè ç ìàêñèìóìîì. Ðîçðàõóíêè çàëåæíîñòåé ( )OC LV P , âèêîíàí³ íà îñíîâ³ 
òåîðåòè÷íî¿ äâîõ-åêñïîíåíö³àëüíî¿ ìîäåë³, äîáðå ñï³âïàäàþòü ç åêñïåðèìåíòàëüíî îòðèìà-
íèìè ðåçóëüòàòàìè òà äîçâîëÿþòü ïðîìîäåëþâàòè â³äïîâ³äí³ çàëåæíîñò³ äëÿ êðåìí³ºâèõ ÑÅ 
ç íåîì³÷íèì òèëîâèì êîíòàêòîì. 

Êëþ÷îâ³ ñëîâà: êðåìí³ºâèé ñîíÿ÷íèé åëåìåíò, íåîì³÷íèé òèëîâèé êîíòàêò, ôîòîåëåêòðè-
÷í³ õàðàêòåðèñòèêè 

PHOTOELECTRIC PROCESS MODELLING IN NONOHMIC BACK CONTACT SILICON 
SOLAR CELLS 

A. P. Gorban, V. P. Kostylyov, A. V. Sachenko, V. V. Chernenko 

Abstract. Were carried out the experimental and theoretical modelling of nonequilibrium photo-
electric processes in diffusion silicon solar cells (SÑ) with non monotone (with a maximum) depen-
dencies of a open circuit voltage OCV  versus irradiance of SC front surface P

L
 which arise in condi-

tions, when under a SC back metal electrode there is a depletion or inversion layer. The experimental 
modelling was carried out with the help of two close on parameters included towards one to another 
SC, one of which was partially blacked out. Is shown, that the experimentally received ( )OC LV P  
dependencies for the offered model represent curves with a maximum. The theoretical modelling 
results of ( )OC LV P  dependencies, executed on the basis of two-exponential theoretical models, agree 
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well with the experimentally received results and allow to simulate ( )OC LV P  dependencies for nono-
hmic back contact silicon solar cells. 

Keywords: silicon solar cell, nonohmic back contact, photoelectric characteristics 
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Àííîòàöèÿ. Ïðîâåäåíî ýêñïåðèìåíòàëüíîå è òåîðåòè÷åñêîå ìîäåëèðîâàíèå íåðàâíîâåñ-
íûõ ôîòîýëåêòðè÷åñêèõ ïðîöåññîâ â äèôôóçèîííûõ êðåìíèåâûõ ñîëíå÷íûõ ýëåìåíòàõ (ÑÝ) 
ñ íåìîíîòîííûìè (ñ ìàêñèìóìîì) çàâèñèìîñòÿìè íàïðÿæåíèÿ õîëîñòîãî õîäà OCV  îò ýíåð-
ãåòè÷åñêîé îñâåùåííîñòè P

L
, êîòîðûå âîçíèêàþò â óñëîâèÿõ, êîãäà ïîä òûëîâûì ìåòàëëè-

÷åñêèì ýëåêòðîäîì ÑÝ ñóùåñòâóåò ñëîé èñòîùåíèÿ èëè èíâåðñèè. Ýêñïåðèìåíòàëüíîå ìî-
äåëèðîâàíèå ïðîâîäèëîñü ñ ïîìîùüþ äâóõ áëèçêèõ ïî ïàðàìåòðàì âêëþ÷åííûõ íàâñòðå÷ó 
îäèí äðóãîìó ÑÝ, îäèí èç êîòîðûõ ÷àñòè÷íî çàòåìíÿëñÿ. Ïîêàçàíî, ÷òî ýêñïåðèìåíòàëüíî 
ïîëó÷åííûå çàâèñèìîñòè ( )OC LV P  äëÿ ïðåäëîæåííîé ìîäåëè ïðåäñòàâëÿþò ñîáîé êðèâûå ñ 
ìàêñèìóìîì. Ðàñ÷åòû çàâèñèìîñòåé ( )OC LV P , âûïîëíåííûå íà îñíîâå òåîðåòè÷åñêîé äâóõ-
ýêñïîíåíöèàëüíîé ìîäåëè, õîðîøî ñîâïàäàþò ñ ýêñïåðèìåíòàëüíî ïîëó÷åííûìè ðåçóëü-
òàòàìè è ïîçâîëÿþò ïðîìîäåëèðîâàòü ñîîòâåòñòâóþùèå çàâèñèìîñòè äëÿ êðåìíèåâûõ ÑÝ ñ 
íåîìè÷åñêèì òûëîâûì êîíòàêòîì. 

Êëþ÷åâûå ñëîâà: êðåìíèåâûé ñîëíå÷íûé ýëåìåíò, íåîìè÷åñêèé òûëîâîé êîíòàêò, ôîòî-
ýëåêòðè÷åñêèå õàðàêòåðèñòèêè 
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Àíîòàö³ÿ. Ïðåäñòàâëåíî ðåçóëüòàòè äîñë³äæåíü ç³ ñòâîðåííÿ ì³êðîåëåêòðîííèõ ñåíñîð³â 
ìåõàí³÷íèõ ³ òåïëîâèõ âåëè÷èí íà îñíîâ³ ñòðóêòóð “êðåìí³é íà ³çîëÿòîð³” (ÊÍ²-ñòðóêòóð) ç 
ðåêðèñòàë³çîâàíèõ ëàçåðîì øàðîì ïîë³êðåìí³þ. Îïèñàíî ðîçðîáëåíó òåõíîëîã³þ ì³êðîçîí-
íî¿ ëàçåðíî¿ ðåêðèñòàë³çàö³¿ ïîë³-Si øàð³â. 

Íà îñíîâ³ ïðîâåäåíèõ äîñë³äæåíü òåðìîðåçèñòèâíèõ õàðàêòåðèñòèê øàð³â ïîë³-Si ç ð³-
çíîþ êîíöåíòðàö³ºþ íîñ³¿â çàðÿäó ðîçðîáëåíî ì³êðîåëåêòðîíí³ ñåíñîðè òåìïåðàòóðè äëÿ 
ð³çíèõ òåìïåðàòóðíèõ ä³àïàçîí³â, à òàêîæ ñåíñîðè êð³îãåííèõ òåìïåðàòóð, ïðàöåçäàòí³ â ñè-
ëüíèõ ìàãí³òíèõ ïîëÿõ. 

Ïðîâåäåíî äîñë³äæåííÿ òåíçîðåçèñòèâíèõ âëàñòèâîñòåé øàð³â ïîë³-Si ç ð³çíîþ êîíöåíò-
ðàö³ºþ íîñ³¿â ó øèðîêîìó ³íòåðâàë³ äåôîðìàö³é ³ òåìïåðàòóð. Ïðåäñòàâëåíî ðîçðîáëåí³ ì³ê-
ðîåëåêòðîíí³ òåíçîðåçèñòèâí³ ñåíñîðè òèñêó ð³çíîãî ïðèçíà÷åííÿ: âèñîêî÷àñòîòí³ ñåíñîðè 
äëÿ àåðîäèíàì³÷íèõ äîñë³äæåíü, ñåíñîðè òèñêó ìåäè÷íîãî ïðèçíà÷åííÿ., à òàêîæ ñåíñîðè 
äëÿ âèì³ðþâàííÿ òèñêó ³ òåìïåðàòóðè Îïèñàíî òàêîæ ñòâîðåíèé ºìí³ñíèé ì³êðîåëåêòðîí-
íèé ñåíñîð äëÿ âèì³ðþâàííÿ àðòåð³àëüíîãî òèñêó. 

Êëþ÷îâ³ ñëîâà: ïîë³êðåìí³é, ëàçåðíà ðåêðèñòàë³çàö³ÿ, ì³êðîåëåêòðîííèé ñåíñîð, ñåíñîð 
òåìïåðàòóðè, ñåíñîð òèñêó 

PHYSICAL SENSORS BASED ON SILICON- ON- INSULATOR STRUCTURES 
WITH RECRYSTALLIZED POLYSILICON LAYER 

A. A. Druzhinin, I. I. Maryamova, I. T. Kogut, Yu. M. Khoverko 

Abstract. The results of studies concerning the creation of microelectronic mechanical and ther-
mal sensors based on silicon-on-insulator structures (SOI-structures) with laser recrystallized poly-
silicon layers are presented. The developed technology of microzone laser recrystallization of poly-
Si layers is described. 
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On the basis of investigated thermoresistive characteristics of poly-Si layers with different carrier 
concentrations microelectronic temperature sensors for different temperature ranges were devel-
oped, including sensors of cryogenic temperatures operating at high magnetic fields. 

The piezoresistive properties of poly –Si layers with different carrier concentration are studied 
in the wide temperature and strain ranges. The developed microelectronic piezoresistive pressure 
sensors for different applications are presented, i.e. high-frequence sensors for aerodynamic studies, 
medical pressure sensors and sensors to measure pressure and temperature. The created microelec-
tronic capacitive sensor for arterial pressure measurement is described also. 

Keywords: polysilicon, laser recrystallization, microelectronic sensor, temperature sensor, pres-
sure sensor 
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Àííîòàöèÿ. Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ïî ñîçäàíèþ ìèêðîýëåêòðîííûõ 
ñåíñîðîâ ìåõàíè÷åñêèõ è òåïëîâûõ âåëè÷èí íà îñíîâå ñòðóêòóð “êðåìíèé íà èçîëÿòîëðå” 
(ÊÍÈ-ñòðóêòóð) ñ ðåêðèñòàëëèçîâàííûì ëàçåðîì ñëîåì ïîëèêðåìíèÿ. Îïèñàíà ðàçðàáî-
òàííàÿ òåõíîëîãèÿ ìèêðîçîííîé ëàçåðíîé ðåêðèñòàëëèçàöèè ïîëè-Si ñëî¸â. 

Íà îñíîâå ïðîâåäåííûõ èññëåäîâàíèé òåðìîðåçèñòèâíûõ õàðàêòåðèñòèê ïîëè-Si ñëî¸â 
ñ ðàçíîé êîíöåíòðàöèåé íîñèòåëåé çàðÿäà ðàçðàáîòàíû ìèêðîýëåêòðîííûå ñåíñîðû òåì-
ïåðàòóðû äëÿ ðàçíûõ òåìïåðàòóðíûõ äèàïàçîíîâ, à òàêæå ñåíñîðû êðèîãåííûõ òåìïåðàòóð, 
ðàáîòîñïîñîáíûå â ñèëüíûõ ìàãíèòíûõ ïîëÿõ. 

Ïðîâåäåíû èññëåäîâàíèÿ òåíçîðåçèñòèâíûõ ñâîéñòâ ñëî¸â ïîëè-Si ñ ðàçíîé êîíöåíòðà-
öèåé íîñèòåëåé â øèðîêîì èíòåðâàëå äåôîðìàöèé è òåìïåðàòóð. Ïðåäñòàâëåíû ðàçðàáî-
òàííûå ìèêðîýëåêòðîííûå òåíçîðåçèñòèâíûå ñåíñîðû äàâëåíèÿ ðàçëè÷íîãî íàçíà÷åíèÿ: 
âûñîêî÷àñòîòíûå ñåíñîðû äëÿ àýðîäèíàìè÷åñêèõ èññëåäîâàíèé, ñåíñîðû äàâëåíèÿ ìåäè-
öèíñêîãî íàçíà÷åíèÿ, à òàêæå ñåíñîðû äëÿ èçìåðåíèÿ äàâëåíèÿ è òåìïåðàòóðû. Îïèñàí 
òàêæå ìèêðîýëåêòðîííûé åìêîñòíîé ñåíñîð äëÿ èçìåðåíèÿ àðòåðèàëüíîãî äàâëåíèÿ. 
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Àííîòàöèÿ. Êàòîäíîå îñàæäåíèå îêñèäà âîëüôðàìà â èìïóëüñíîì ðåæèìå, à òàêæå ñîâ-
ìåñòíîå åãî îñàæäåíèå ñ íåêîòîðûìè èíäèêàòîðàìè (àóðèíîì, íåéòðàëüíûì êðàñíûì, ìå-
òèëåíîâûì ãîëóáûì) ïîçâîëèëî ìîäèôèöèðîâàòü íàíîñòðóêòóðó ïîëó÷åííûõ õåìèõðîìíûõ 
ïë¸íîê WO

3
/Pt äëÿ îïòè÷åñêèõ ñåíñîðîâ âîäîðîäà è ñìåñòèòü ìàêñèìóì îêðàøèâàíèÿ òàêèõ 

ñåíñîðîâ èç ÈÊ-îáëàñòè ñïåêòðà â âèäèìóþ îáëàñòü. Ïðåäëîæåí ñïîñîá áûñòðîãî ïåðèîäè-
÷åñêîãî îáåñöâå÷èâàíèÿ îïòè÷åñêîãî ñåíñîðà âîäîðîäà ïóò¸ì êðàòêîâðåìåííîãî êîíòàêòà 
ïë¸íêè WO

3
/Pt ñ ýëåêòðîëèòîì. 

Êëþ÷åâûå ñëîâà: îïòè÷åñêèå ñåíñîðû âîäîðîäà, ïë¸íêè îêñèäà âîëüôðàìà 

ÎÏÒÈ×ÍÈÉ ÑÅÍÑÎÐ ÂÎÄÍÞ ÍÀ ÎÑÍÎÂI ÏËIÂÊÈ ÎÊÑÈÄÓ ÂÎËÜÔÐÀÌÓ 

Ã. ß. Êîëáàñîâ, Ñ. Â. Âîëêîâ, Þ. Ñ. Êðàñíîâ, Ñ. Ñ. Ôîìàíþê 

Àíîòàöiÿ. Êàòîäíå îñàäæåííÿ îêñèäó âîëüôðàìó â ³ìïóëüñíîìó ðåæèì³, à òàêîæ ñï³ëüíå 
éîãî îñàäæåííÿ ç äåÿêèìè ³íäèêàòîðàìè (àóð³íîì, íåéòðàëüíèì ÷åðâîíèì, ìåòèëåíîâèì 
áëàêèòíèì) äîçâîëèëî ìîäèô³êóâàòè íàíîñòðóêòóðó îòðèìàíèõ õåìiõðîìíèõ ïë³âîê WO

3
/Pt 

äëÿ îïòè÷íèõ ñåíñîð³â âîäíþ é çì³ñòèòè ìàêñèìóì çàáàðâëåííÿ òàêèõ ñåíñîð³â ç I×-îáëàñòi 
ñïåêòðà ó âèäèìó îáëàñòü. Çàïðîïîíîâàíî ñïîñ³á øâèäêîãî ïåð³îäè÷íîãî çíåáàðâëåííÿ îï-
òè÷íîãî ñåíñîðà âîäíþ øëÿõîì êîðîòêî÷àñíîãî ïðèâåäåííÿ ïë³âêè WO

3
/Pt â êîíòàêò ³ç åëå-

êòðîë³òîì. 

Êëþ÷îâi ñëîâà: îïòè÷íi ñåíñîðè âîäíþ, ïëiâêè îêñèäó âîëüôðàìó 

© Ã. ß. Êîëáàñîâ, Ñ. Â. Âîëêîâ, Þ. Ñ. Êðàñíîâ, Ñ. Ñ. Ôîìàíþê, 2008
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OPTICAL HYDROGEN SENSOR BASED ON TUNGSTEN OXIDE FILM 

G. Ya. Kolbasov, S. V. Volkov, Yu. S. Krasnov, S. S. Fomanuk 

Abstract. Cathodic deposition of tungsten oxide under pulse conditions and its codeposition with 
some indicators (aurin, neutral red, methylene blue) made it possible to modify the nanostructure of 
the chemochromic WO

3
/Pt films obtained for optical hydrogen sensors and to displace the coloration 

maximum of such sensors from IR region of optical spectrum to the visible region. A method is pro-
posed for the rapid periodical decoloration of optical hydrogen sensor with chemochromic WO

3
/Pt 

film by bringing this film into short contact with electrolyte. 

Keywords: optical hydrogen sensor, tungsten oxide films 
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Õ²Ì²×Í² ÑÅÍÑÎÐÈ 
——

CHEMICAL SENSORS 

ÓÄÊ 621.315.592 

ÑÒÐÓÊÒÓÐÍ² ÒÀ ÀÄÑÎÐÁÖ²ÉÍ² ÂËÀÑÒÈÂÎÑÒ² 
ÊÀË²ÊÑÀÐÅÍÎÂÈÕ ÑÏÎËÓÊ 

Î. ª. Áºëÿºâ1, Ç. ². Êàçàíöåâà1, ß. ². Ëåï³õ2, ². Êîøåöü1, 
ß. Ì. Îë³õ1, Ï. Î. Ñí³ãóð2, Â. ². Êàëü÷åíêî3 

1²íñòèòóò ô³çèêè íàï³âïðîâ³äíèê³â ³ì. Â.ª. Ëàøêàðüîâà ÍÀÍÓ 
2Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷íèêîâà, 

E-mail: ndl_lepikh@onu.edu.ua 
3²íñòèòóò îðãàí³÷íî¿ õ³ì³¿ ÍÀÍÓ 

ÑÒÐÓÊÒÓÐÍ² ÒÀ ÀÄÑÎÐÁÖ²ÉÍ² ÂËÀÑÒÈÂÎÑÒ² ÊÀË²ÊÑÀÐÅÍÎÂÈÕ ÑÏÎËÓÊ 

Î. ª. Áºëÿºâ, Ç. ². Êàçàíöåâà, ß. ². Ëåï³õ, ². Êîøåöü, ß. Ì. Îë³õ, Ï. Î. Ñí³ãóð, Â. ². Êàëü÷åíêî 

Àíîòàö³ÿ. Ó ðîáîò³ íàâåäåí³ ðåçóëüòàòè äîñë³äæåíü ñòðóêòóðè ³ àäñîðáö³éíèõ âëàñòèâîñ-
òåé íîâîãî êëàñó ôóíêö³îíàëüíèõ ìàòåð³àë³â — êàë³êñàðåí³â. 

Ïîêàçàíî, ùî ïåâí³ êàë³êñàðåíîâ³ ñïîëóêè âîëîä³þòü âèñîêèìè çíà÷åííÿìè õàðàêòåðèñ-
òèê ÷óòëèâîñò³ ³ âèá³ðêîâîñò³ äî ãàç³â àöåòîíó ³ àì³àêó. 

Êëþ÷îâ³ ñëîâà: ñåíñîð, êàë³êñàðåíîâ³ ñïîëóêè, ñòðóêòóðà, àäñîðáö³ÿ 

CALIXARENE COMPOUNDS STRUCTURAL AND ADSORPTIVE PROPERTIES 

A. E. Belyaev, Z. I. Kazantseva, Ya. I. Lepikh, I. Koshets, 
Ya. M. Olikh, P. A. Snegur, V. I. Kal’chenko 

Abstract. The results of structure and adsorption properties investigation of a new class of func-
tional materials — calixarene are given in the work. 

It is shown, that certain calixarene compounds have high values of sensitivity characteristics and 
selectivity to acetone and ammonia gases. 

Keywords: sensor, calixarene compounds, structure, adsorption 

ÑÒÐÓÊÒÓÐÍÛÅ È ÀÄÑÎÐÁÖÈÎÍÍÛÅ ÑÂÎÉÑÒÂÀ ÊÀËÈÊÑÀÐÅÍÎÂÛÕ ÑÎÅÄÈÍÅÍÈÉ 

À. Å. Áåëÿåâ, Ç. È. Êàçàíöåâà, ß. È. Ëåïèõ, È. Êîøåö, ß. Ì. Îëèõ, Ï. À. Ñíåãóð, Â. È. Êàëü÷åíêî 

Àííîòàöèÿ. Â ðàáîòå ïðèâåäåííûå ðåçóëüòàòû èññëåäîâàíèé ñòðóêòóðû è àäñîðáöèîííûõ 
ñâîéñòâ íîâîãî êëàññà ôóíêöèîíàëüíûõ ìàòåðèàëîâ — êàëèêñàðåíîâ. 

Ïîêàçàíî, ÷òî îïðåäåëåííûå êàëèêñàðåíîâûå ñîåäèíåíèÿ îáëàäàþò âûñîêèìè çíà÷åíè-
ÿìè õàðàêòåðèñòèê ÷óâñòâèòåëüíîñòè è èçáèðàòåëüíîñòè ê ãàçàì àöåòîíà è àììèàêà. 

Êëþ÷åâûå ñëîâà: ñåíñîð, êàëèêñàðåíîâûå ñîåäèíåíèÿ, ñòðóêòóðà, àäñîðáöèÿ 

© Î. ª. Áºëÿºâ, Ç. ². Êàçàíöåâà, ß. ². Ëåï³õ, ². Êîøåöü, 
ß. Ì. Îë³õ, Ï. Î. Ñí³ãóð, Â. ². Êàëü÷åíêî, 2008
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SENSOR MATERIALS 
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ÁÀÐÈ×ÍÀ ÏÎÂÅÄ²ÍÊÀ Ä²ÅËÅÊÒÐÈ×ÍÎ¯ ÏÐÎÍÈÊÍÎÑÒ² 
Â ÊÐÈÑÒÀËÀÕ TlGaSe

2
 

Î. Î. Ãîìîííàé1, Ì. Þ. Ðèãàí2, ². Þ. Ðîìàí3, Ï. Ï. Ãóðàíè÷1, Î. Ã. Ñëèâêà1 

1  Óæãîðîäñüêèé íàö³îíàëüíèé óí³âåðñèòåò, 88000, Óæãîðîä, âóë.Ï³äã³ðíà, 46, 
òåë. +380-3122-34408, e-mail: optics@univ.uzhgorod.ua 

2 Óæãîðîäñüêèé ÍÒÖ ÌÎÍ² ²íñòèòóòó ïðîáëåì ðåºñòðàö³¿ ³íôîðìàö³¿ ÍÀÍ Óêðà¿íè, 88000, 
Óæãîðîä, âóë. Çàìêîâ³ ñõîäè, 4 

3 ²íñòèòóò åëåêòðîííî¿ ô³çèêè ÍÀÍ Óêðà¿íè, 88000, Óæãîðîä, âóë.Óí³âåðñèòåòñüêà, 21 

ÁÀÐÈ×ÍÀ ÏÎÂÅÄ²ÍÊÀ Ä²ÅËÅÊÒÐÈ×ÍÎ¯ ÏÐÎÍÈÊÍÎÑÒ² Â ÊÐÈÑÒÀËÀÕ TlGaSe
2
 

Î. Î. Ãîìîííàé, Ì. Þ. Ðèãàí, ². Þ. Ðîìàí, Ï. Ï. Ãóðàíè÷, Î. Ã. Ñëèâêà 

Àíîòàö³ÿ. Äîñë³äæåíî øàðóâàò³ ñåãíåòîåëåêòðèêè TlGaSe
2
 ç íåñï³âì³ðíîþ ôàçîþ ïðè 

âèñîêèõ ã³äðîñòàòè÷íèõ òèñêàõ (p
àòì

 ≤p≤ 660 ÌÏà). Âñòàíîâëåíî, ùî ïðè çá³ëüøåíí³ òèñêó 
ñïîñòåð³ãàºòüñÿ çì³ùåííÿ àíîìàë³é ä³åëåêòðè÷íî¿ ïðîíèêíîñò³ â îáëàñòü âèùèõ òåìïåðà-
òóð, çì³íà òåìïåðàòóð õàðàêòåðíèõ àíîìàë³é ìàº ë³í³éíèé õàðàêòåð ³ âèçíà÷åíî ¿õ áàðè÷í³ 
êîåô³ö³ºíòè ó äîñë³äæóâàíîìó ³íòåðâàë³ òèñê³â. Çà ðåçóëüòàòàìè äîñë³äæåíü áàðè÷íèõ çà-
ëåæíîñòåé ä³åëåêðè÷íî¿ ïðîíèêíîñò³, ï³ðîåëåêòðè÷íîãî êîåô³ö³ºíòà òà ïåòåëü ã³ñòåðåçèñó 
ïîáóäîâàíà (p,T)– ä³àãðàìà êðèñòàë³â TlGaSe

2
. 

Êëþ÷îâ³ ñëîâà: øàðóâàòèé êðèñòàë, ôàçîâèé ïåðåõ³ä, ã³äðîñòàòè÷íèé òèñê 

PRESSURE BEHAVIOUR OF DIELECTRIC PERMEABILITY IN TlGaSe
2
 CRYSTALS 

O. O. Gomonnai, M. Yu. Rigan, I. Yu. Roman, P. P. Guranich, A. G. Slivka 

Abstract. Layered TlGaSe
2
 ferroelectrics with an incommensurate phase are studied at high hy-

drostatic pressures (p
atm

 ≤p≤ 660 MPa). With the pressure increase a shift of anomalies of dielectric 
permeability towards higher temperatures is observed. The variation of temperatures of the charac-
teristic anomalies is linear, the pressure coefficients are determined. Based on the studies of pressure 
dependences of dielectric permeability, pyroelectric coefficient and hystheresis loops, a (p,T) phase 
diagram of TlGaSe

2
 crystals is built. 

Keywords: layered crystal, phase transition, hydrostatic pressure 

© Î. Î. Ãîìîííàé, Ì. Þ. Ðèãàí, ². Þ. Ðîìàí, Ï. Ï. Ãóðàíè÷, Î. Ã. Ñëèâêà, 2008

Î. Î. Ãîìîííàé, Ì. Þ. Ðèãàí, ². Þ. Ðîìàí, Ï. Ï. Ãóðàíè÷, Î. Ã. Ñëèâêà
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ÁÀÐÈ×ÅÑÊÎÅ ÏÎÂÅÄÅÍÈÅ ÄÈÝËÅÊÒÐÈ×ÅÑÊÎÉ ÏÐÎÍÈÖÀÅÌÎÑÒÈ 
Â ÊÐÈÑÒÀËËÀÕ TlGaSe

2
 

À. À. Ãîìîííàé, Ì. Þ. Ðèãàí, È. Þ. Ðîìàí, Ï. Ï. Ãóðàíè÷, À. Ã. Ñëèâêà, 

Àííîòàöèÿ. Èññëåäîâàíû ñëîèñòûå ñåãíåòîýëåêòðèêè TlGaSe
2
 ñ íåñîèçìåðèìîé ôàçîé 

ïîä äåéñòâèåì âûñîêèõ ãèäðîñòàòè÷åñêèõ äàâëåíèé (p
àòì

 ≤p≤ 660 ÌÏà). Óñòàíîâëåíî, ÷òî 
ïðè óâåëè÷åíèÿ äàâëåíèÿ íàáëþäàåòñÿ ñìåùåíèå àíîìàëèé äèýëåêòðè÷åñêîé ïðîíèöàå-
ìîñòè â îáëàñòü áîëåå âûñîêèõ òåìïåðàòóð, èçìåíåíèå òåìïåðàòóð õàðàêòåðíûõ àíîìàëèé 
èìååò ëèíåéíûé õàðàêòåð è îïðåäåëåíû èõ áàðè÷åñêèå êîýôôèöèåíòû â èññëåäîâàíîì èí-
òåðâàëå äàâëåíèé. Ïî ðåçóëüòàòàì èññëåäîâàíèé áàðè÷åñêèõ çàâèñèìîñòåé äèýëåêòðè÷åñ-
êîé ïðîíèöàåìîñòè, ïèðîýëåêòðè÷åñêîãî êîýôôèöèåíòà è ïåòåëü ãèñòåðåçèñà ïîñòðîåíà 
(p,T)– äèàãðàììà êðèñòàëëîâ TlGaSe

2
. 

Êëþ÷åâûå ñëîâà: ñëîèñòûé êðèñòàëë, ôàçîâûé ïåðåõîä, ãèäðîñòàòè÷åñêîå äàâëåíèå 
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ßÌÐ ² ßÊÐ Â ²ÍÒÅÐÊÀËÜÎÂÀÍ²É ÑÏÎËÓÖ² GaSe:Li 
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E-mail: chimsp@unicom.cv.ua 

ßÌÐ ² ßÊÐ Â ²ÍÒÅÐÊÀËÜÎÂÀÍ²É ÑÏÎËÓÖ² GaSe:Li 

Î. Ã. Õàíäîæêî, Ã. ². Ëàñò³âêà, Ç. Ä. Êîâàëþê 

Àíîòàö³ÿ. Ìåòîäîì ÿäåðíîãî ìàãí³òíîãî ðåçîíàíñó áóëî âñòàíîâëåíî, ùî â ì³æøàðîâîìó 
ïðîñòîð³ ³íòåðêàëüîâàíî¿ Li øàðóâàòî¿ ñïîëóö³ GaSe ³ñíóþòü äâà ñòàíè ë³ò³þ — ðóõîì³ ³îíè 
Li+ òà ô³êñîâàí³, æîðñòêî ïîâ’ÿçàí³ ç ãðàòêîþ. Ñïîñòåðåæåííÿ ßÌÐ 7Li â ãðàä³ºíòíîìó ìà-
ãí³òíîìó ïîë³ äîçâîëèëî îòðèìàòè ³íôîðìàö³þ ïðî ïðîñòîðîâèé ðîçïîä³ë ³íòåðêàëÿíòà â 
îá’ºì³ çðàçêà GaSe. ²ç ñïåêòð³â ßÊÐ 69Ga âèïëèâàº, ùî äåôîðìàö³ÿ êðèñòàë³÷íîãî øàðó (Se-
Ga-Ga-Se) ñòàº â³ä÷óòíîþ ïðè âì³ñò³ ³íòåðêàëÿíòó N

Li
 ≥ 1020 ñì-3. 

Êëþ÷îâ³ ñëîâà: øàðóâàò³ íàï³âïðîâ³äíèêè, ³íòåðêàëÿö³ÿ, ÿäåðíèé ìàãí³òíèé ðåçîíàíñ, 
ÿäåðíèé êâàäðóïîëüíèé ðåçîíàíñ 

NQR AND NMR IN INTERCALANTED COMPOUND GaSe:Li 

Alexander Khandozhko, Galina Lastivka, Zachar Kovalyuk 

Abstract. By method of the nuclear magnetic resonance it has been established, that in inter-
laminar space of layered compound GaSe which was intercalanted by Li there are two conditions of 
lithium — mobile ions Li+ and fixed, rigidly connected with a lattice. Supervision of the NMR 7Li in 
the gradient magnetic field allows to receive the information about the spatial distribution of inter-
calant in volume of sample GaSe. From spectra NQR 69Ga comes up that deformation of a crystal 
layer (Se-Ga-Ga-Se) becomes perceptible at the maintenance of intercalant N

Li
 ≥ 1020 cm-3. 

Keywords: layered semiconductors, intercalation, nuclear magnetic resonance, nuclear quadru-
pole resonance 

ßÌÐ È ßÊÐ Â ÈÍÒÅÐÊÀËÈÐÎÂÀÍÍÎÌ ÑÎÅÄÈÍÅÍÈÈ GaSe:Li 

À. Ã. Õàíäîæêî, Ã. È. Ëàñòèâêà, Ç. Ä. Êîâàëþê 

Àííîòàöèÿ. Ìåòîäîì ÿäåðíîãî ìàãíèòíîãî ðåçîíàíñà áûëî óñòàíîâëåíî, ÷òî â ìåæñëîé-
íîì ïðîñòðàíñòâå èíòåðêàëèðîâàííîé Li ñëîèñòîãî ñîåäèíåíèÿ GaSe ñóùåñòâóþò äâà ñî-
ñòîÿíèÿ ëèòèÿ — ïîäâèæíûå èîíû Li+ è ôèêñèðîâàííûå, æåñòêî ñâÿçàííûå ñ ðåøåòêîé. 
Íàáëþäåíèå ßÌÐ 7Li â ãðàäèåíòíîì ìàãíèòíîì ïîëå ïîçâîëèëî ïîëó÷èòü èíôîðìàöèþ î 
ïðîñòðàíñòâåííîì ðàñïðåäåëåíèè èíòåðêàëÿíòà â îáúåìå îáðàçöà GaSe. Èç ñïåêòðîâ ßÊÐ 

© Î. Ã. Õàíäîæêî, Ã. ². Ëàñò³âêà, Ç. Ä. Êîâàëþê, 2008



69Ga ñëåäóåò, ÷òî äåôîðìàöèÿ êðèñòàëëè÷åñêîãî ñëîÿ (Se-Ga-Ga-Se) ñòàíîâèòñÿ îùóòèìîé 
ïðè ñîäåðæàíèè èíòåðêàëÿíòà N

Li
 ≥ 1020 ñì-3. 

Êëþ÷åâûå ñëîâà: ñëîèñòûå ïîëóïðîâîäíèêè, èíòåðêàëÿöèÿ, ÿäåðíûé ìàãíèòíûé ðåçî-
íàíñ, ÿäåðíûé êâàäðóïîëüíûé ðåçîíàíñ 
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Àíîòàö³ÿ. Ñôîðìîâàíà îðãàí³÷íà ôîòî÷óòëèâà êîìïîçèòíà ñòðóêòóðà ÏÀÍ:ïåíòàöåí ç 
øèðîêèì ñïåêòðîì ôîòî÷óòëèâîñò³ (1,7-2,7 åÂ) ìåòîäîì îäíî÷àñíîãî âàêóóìíîãî íàïèëåí-
íÿ ïåíòàöåíó òà ïîë³àí³ë³íó íà ãíó÷êó ï³äêëàäêó (PET) ç øàðîì ITO. Âèïðÿìëÿþ÷èé êîí-
òàêò çàáåçïå÷óâàâñÿ íàïèëåííÿì àëþì³í³ºâî¿ ïë³âêè íà ïîâåðõíþ êîìïîçèòó. Äîñë³äæåíî 
îá’ºìí³ òà áàð’ºðí³ âëàñòèâîñò³ êîìïîçèòíî¿ ñòðóêòóðè çà äîïîìîãîþ âîëüò-àìïåðíèõ òà ³ì-
ïåäàíñíèõ âèì³ðþâàíü. 
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ORGANIC PHOTOSENSING COMPOSITE STRUCTURE ON THE BASE OF PENTACENE 
AND POLYANILINE 

V. V. Cherpak, P. Y. Stakhira, Z. Yu. Hotra 

Abstract. Organic photosensing composite polyaniline:pentacene structure with a wide spectrum 
of photosensitivity (1.7-2.7 eV) by means of vacuum co-deposition of polyaniline and pentacene on 
flexible substrate (PET) with ITO layer was fabricated. As rectifying contact the deposited aluminum 
film on composite structure was used. The bulk and barrier properties of composite structure were 
evaluated by means of current-voltage measurements. 

Keywords: photosensing composite structure, pentacene, polyaniline 
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ïîëèàíèëèí:ïåíòàöåí ñ øèðîêèì ñïåêòðîì ôîòî÷óâñòâèòåëüíîñòè (1,7-2,7 åÂ) ìåòîäîì îä-
íîâðåìåííîãî âàêóóìíîãî íàïûëåíèÿ ïåíòàöåíà è ïîëèàíèëèíà íà ãèáêóþ ïîäëîæêó (PET) 
ñî ñëîåì ITO. Âèïðÿìëÿþùèé êîíòàêò îáåñïå÷èâàëñÿ íàïèëåíèåì àëþìèíèåâîé ïëåíêè íà 
ïîâåðõíîñòü êîìïîçèòà. Èññëåäîâàíî îáúåìíûå è áàðüåðíûå ñâîéñòâà ñòðóêòóðû ñ ïîìî-
ùüþ âîëüò-àìïåðíûõ è èìïåäàíñíûõ èçìåðåíèé. 
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Àíîòàö³ÿ. Íàâåäåíî ðåçóëüòàòè åêñïåðèìåíòàëüíîãî âèâ÷åííÿ âïëèâó ðÍ åëåêòðîë³òó íà 
³íòåíñèâí³ñòü ëþì³íåñöåíö³¿ íàï³âïðîâ³äíèêîâèõ ïë³âîê â êîíòàêò³ ç åëåêòðîë³òîì. Ïîêàçà-
íî ìîæëèâ³ñòü ñòâîðåííÿ ëþì³íåñöåíòíèõ ñåíñîð³â ïåðåêèñó âîäíþ íà îñíîâ³ íàï³âïðîâ³ä-
íèêîâèõ ïë³âîê. 
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THE INFLUENCE OF PEROXIDE HYDROGEN ON INTENSITY OF SEMICONDUCTOR 
FILMS LUMINESCENCE 

G. Byrlak, L. Vilinskaya 

Abstract. The results of experimental studying influence of electrolyte ðÍ on intensity of a lumi-
nescence of semiconductor films in electrolyte are presented. The opportunity of creation of lumi-
nescent sensors of peroxide hydrogen on the basis of semiconductor films is shown. 

Keywords: luminescence, sensors, electrolyte 
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ïîâ³äí³ çàëåæíîñò³ ï³ñëÿ ñï³êàííÿ. Ïîêàçàíî, ùî ïðè ö³ëüîâîìó âèáîð³ ïàðàìåòð³â ëàçåð-
íîãî âèïðîì³íþâàííÿ òà òåðì³÷íîãî ñï³êàííÿ, òåõíîëîã³ÿ ËÀ äàº ìîæëèâ³ñòü ñôîðìóâàòè â 
ÏÌÌÀ-ïëàñòèíàõ â³äòâîðþâàëüí³ ñòðóêòóðè, ÿê³ ï³ñëÿ ãåðìåòèçàö³¿ äîñÿãàþòü ðîçì³ð³â â³ä 
50 äî 170 ìêì. 
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MICROFABRICATION TECHNOLOGY OF POLYMERIC MICROFLUIDIC DEVICE 

G. M. Bendeberya, K. M. Ìuzyka, M. M. Rozhitskii 

Abstract. In this paper, possibility of using laser ablation (LA) and thermal bonding methods 
for polymeric microfluidic device fabrication was studied. The experimental dependencies of the 
channel profiles cut in polymethylmetacrylate (PMMA) matrices with different parameter settings 
and corresponding dependencies after thermal bonding were obtained. It was shown that at purpose 
choose of LA and thermal bonding parameters channel with reproducible sizes from 50 to 170 μm 
could be obtained. 

Keywords: capillary electrophoresis, laser ablation, microfluidic device, polymethylmetacrylate, 
thermal bonding 
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DYNAMICS OF MULTI-LAYERS NEURAL NETWORKS ON BASIS OF PHOTON ECHO: 
NUMERICAL REALIZATION WITH INPUT RECTANGULAR PULSE 

A. V. Glushkov, A. V. Loboda, N. G. Serbov, A. A. Svinarenko, V. V. Buyadzhi 

Abstract. A dynamics of the multi-layers neural networks on the basis of photon echo and su-
perlattices is studied. The results of the computer experiments on dynamics of neural networks with 
input sin-like pulse are presented. 
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íÿòò³ íå÷³òêî¿ ëîã³êè äëÿ îïòèì³çàö³¿ ñåëåêòèâíèõ ñåíñîðíèõ ìàñèâ³â (“e-í³ñ”) äëÿ ïåâíèõ 
ïðèêëàäíèõ ïðîáëåì. Çäàòí³ñòü ï³äõîäó ñôîðìóâàòè ñåíñîðíèé ìàñèâ ç ïåâíîþ õ³ì³÷íîþ 
ôóíêö³îíàëüí³ñòþ ïðîäåìîíñòðîâàíî äëÿ êëàñèô³êàö³¿ áåíçèíîâèõ ïðîäóêò³â. Îïòèì³çàö³ÿ 
e-íîñà ³ âïëèâ ïîâòîðþâàíèõ åêñïåðèìåíòàëüíèõ â³äãóê³â íà êëàñèô³êàö³éíó çäàòí³ñòü ñåí-
ñîð³â, ìîæëèâ³ñòü ñêîðîòèòè ÷àñ àíàë³çó, ÷èñëî äàò÷èê³â â ìàñèâ³, ùîá ïîêðàùèòè äèñêðè-
ì³íàö³éíó çäàòí³ñòü ñèñòåìè â ö³ëîìó — îñíîâí³ çàäà÷³ äàíî¿ ðîáîòè. 

Êëþ÷îâ³ ñëîâà: “åëåêòðîííèé í³ñ”, êëàñòåðíèé àíàë³ç, áåíçèíè 

ÎÏÒÈÌÈÇÀÖÈß “ÝËÅÊÒÐÎÍÍÎÃÎ ÍÎÑÀ” ÄËß ÊËÀÑÑÈÔÈÊÀÖÈÈ ÁÅÍÇÈÍÎÂ ÌÅÒÎÄÎÌ 
ÊËÀÑÒÅÐÍÎÃÎ ÀÍÀËÈÇÀ 

È. Êðóãëåíêî 

Àííîòàöèÿ. Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ èñïîëüçîâàíèå ìåòîäà êëàñòåðíîãî àíàëèçà 
â ïîíÿòèè íå÷åòêîé ëîãèêè äëÿ îïòèìèçàöèè ñåëåêòèâíûõ ñåíñîðíûõ ìàññèâîâ (“e-í³ñ”) 
äëÿ îïðåäåëåííûõ ïðèêëàäíûõ ïðîáëåì. Ñïîñîáíîñòü ïîäõîäà ñôîðìèðîâàòü ñåíñîðíûé 
ìàññèâ ñ îïðåäåëåííîé õèìè÷åñêîé ôóíêöèîíàëüíîñòüþ ïðîäåìîíñòðèðîâàíî äëÿ êëàññè-
ôèêàöèè áåíçèíîâûõ ïðîäóêòîâ. Îïòèìèçàöèÿ e-íîñà è âëèÿíèå ïîâòîðÿåìûõ ýêñïåðèìå-
íòàëüíûõ îòçûâîâ íà êëàññèôèêàöèîííóþ ñïîñîáíîñòü ñåíñîðîâ, âîçìîæíîñòü ñîêðàòèòü 
âðåìÿ àíàëèçà, ÷èñëî äàò÷èêîâ â ìàññèâå, ÷òîáû óëó÷øèòü äèñêðèìèíàöèîííóþ ñïîñîá-
íîñòü ñèñòåìû â öåëîì — îñíîâíûå çàäà÷è ýòîé ðàáîòû. 

Êëþ÷åâûå ñëîâà: “ýëåêòðîííûé íîñ”, êëàñòåðíûé àíàëèç, áåíçèíû 

OPTIMISATION OF AN “ELECTRONIC NOSE” FOR GASOLINES DISCRIMINATION USING 
THE CLUSTER ANALYSYS 

I. Kruglenko 

Abstract. In the present work the use of the cluster analysis method in the fuzzy logic concept for 
the optimisations of the cross-selective sensor arrays (“e-Nose”) for the specific applied problems 
is considered. The ability of approach to form the sensor array with definite chemical functionality 
demonstrated for the classification of the gasoline products of the regular grades. The optimisations 
of the e-Nose in the kinetic mode and selection of the most informative part of the sensor response 
enabled to reduce the analysis time, the number of the sensors in array, to improve the discriminatory 
capability of the system as a whole. 

Keywords: electronic nose, cluster analyses, gasolines 
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À. Ä. Çàìêîâåö, Ñ. Ì. Êà÷àí, À. Í. Ïîíÿâèíà 

Àííîòàöèÿ. Ýêñïåðèìåíòàëüíî è òåîðåòè÷åñêè èññëåäîâàíî âëèÿíèå ëàòåðàëüíûõ ýëåê-
òðîäèíàìè÷åñêèõ âçàèìîäåéñòâèé ìåæäó ñåðåáðÿíûìè íàíî÷àñòèöàìè â ïëîòíîóïàêîâàí-
íûõ ìîíîñëîÿõ íà ÷óâñòâèòåëüíîñòü ÷àñòîòû ðåçîíàíñà ïîâåðõíîñòíîãî ïëàçìîííîãî ïîã-
ëîùåíèÿ ê èçìåíåíèþ ïîêàçàòåëÿ ïðåëîìëåíèÿ äèýëåêòðè÷åñêîãî îêðóæåíèÿ. Óñòàíîâëåíî 
çíà÷èòåëüíîå êîíöåíòðàöèîííîå óâåëè÷åíèå ñåíñîðíîé ñïîñîáíîñòè ïëîòíîóïàêîâàííûõ 
ìîíîñëîåâ â ñðàâíåíèè ñ îòäåëüíûìè íàíî÷àñòèöàìè. 

Êëþ÷åâûå ñëîâà: ñåðåáðÿíûå íàíî÷àñòèöû, ïîâåðõíîñòíûé ïëàçìîí, ïëîòíîóïàêîâàí-
íûå ìîíîñëîè, îïòè÷åñêèé ñåíñîð 

ÂÈÑÎÊÈÉ ÑÅÍÑÎÐÍÈÉ ÏÎÒÅÍÖ²ÀË ÑÀÌÎÂÏÎÐßÄÊÎÂÀÍÈÕ 
ÌÅÒÀËÅÂÈÕ ÍÀÍÎÑÒÐÓÊÒÓÐ 

À. Ä. Çàìêîâåöü, Ñ. Ì. Êà÷àí, À. Í. Ïîíÿâ³íà 

Àíîòàö³ÿ. Åêñïåðèìåíòàëüíî ³ òåîðåòè÷íî äîñë³äæåíî âïëèâ ëàòåðàëüíèõ åëåêòðîäèíàì³-
÷íèõ âçàºìîä³é ì³æ ñð³áíèìè íàíî÷àñòèíêàìè â ù³ëüíîóïàêîâàíèõ ìîíîñëîÿõ íà ÷óòëèâ³ñòü 
÷àñòîòè ðåçîíàíñó ïîâåðõíåâîãî ïëàçìîííîãî ïîãëèíàííÿ äî çì³íè ïîêàçíèêà çàëîìëåííÿ 
ä³åëåêòðè÷íîãî îòî÷åííÿ. Âñòàíîâëåíî çíà÷íå êîíöåíòðàö³éíå çá³ëüøåííÿ ñåíñîðíî¿ çäàò-
íîñò³ ù³ëüíîóïàêîâàíèõ ìîíîøàð³â ó ïîð³âíÿíí³ ç îêðåìèìè íàíî÷àñòèíêàìè. 
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HIGH SENSING POTENTIAL OF SELF-ASSEMBLED METAL NANOSTRUCTURES 

A. D. Zamkovets, S. M. Kachan, A. N. Ponyavina 

Abstract. We have experimentally and theoretically studied the sensitivity of surface plasmon fre-
quency to the change in dielectric environment refractive index under conditions of lateral electro-
dynamic coupling between silver nanoparticles. The considerable increase in sensing ability of close-
packed nanoparticle monolayers has been established as compared with uncoupled nanoparticles. 

Keywords: silver nanoparticles, surface plasmon, close-packed monolayers, optical sensor 
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Rapid, State-of-the-Art Techniques for the Detection of 
Toxic Chemical Adulterants in Water Systems 
Chapman, H. Owusu, Y.A. 

On page(s): 203-209 

Abstract 
Recent events have heightened awareness concern-
ing potential hazardous threats to U.S. populace. The 
causes of concern include a possible contamination of 
water systems through harmful chemical agents result-
ing in sickness or death among consumers. To forestall 
the consequences of high-risk chemical contaminants 
that can potentially pollute our water resources, swift 
intervening measures need to be taken as a first line of 
defense. This aspect of environmental protection in-
volves the design, testing, and installation of detection 
devices that protect U.S. water supply systems from toxic 
chemicals. These sensing devices are based on physical, 
chemical, biological, and radiological methods of de-
tection. Traditional analytical tools are rather cumber-
some, time-consuming, and expensive to operate. On 
the other hand, contemporary trends in the fight against 
toxic chemical threats to domestic and industrial water 
facilities comprise of sensors designed to achieve rapid, 
highly sensitive, and cost-effective detection, and inter-
vention. This paper samples the state-of-the-art in de-
tection techniques for toxic chemical antagonists with 
emphasis on heavy metals and cyanide compounds that 
can be potentially deleterious to U.S. water systems. The 
goal is to identify rapid, realistic and reliable methods, as 
early warning systems, to mitigate the effects of toxicants 
in water systems. 

Electronic Scheme for Multiplexed Dynamic Behavior 
Excitation and Detection of Piezoelectric Silicon-Based 
Micromembranes 
Ayela, C. Alava, T. Lagrange, D. Remiens, D. Soyer, 
C. Ondarcuhu, T. Greve, A. Nicu, L. 

On page(s): 210-217 

Abstract 
A new concept for a precise compensation of the stat-
ic capacitance of piezoelectric silicon-based micro-
membranes is proposed. Combining analog and digital 
field-programmable gate array hardware elements with 
specific software treatment, this system enables the par-
allel excitation and detection of the resonant frequen-
cies (and the quality factors) of matrices of piezoelec-
tric micromembranes integrated on the same chip. The 

frequency measurement stability is less than 1 ppm (1-2 
Hz) with a switching capability of 4 micromembranes/
sec and a measurement bandwidth of 1.5 MHz. The real-
time multiplexed tracking of the resonant frequency and 
quality factor on several micromembranes is performed 
in different liquid media, showing the high capability of 
measurement on dramatically attenuated signals. Prior 
to these measurements, calibration in air is done mak-
ing use of silica microbeads successive depositions onto 
piezoelectric membranes surface. The mass sensitivity in 
air is, thus, estimated at — 15 pg/(mm2⋅Hz) in excellent 
agreement with the theoretical corresponding value. 

Voltage Division Position Sensitive Detectors Based on 
Photoconductive Materials Part II: Device Performances 
and Experimental Results 
Salvatori, S. Mazzeo, G. Conte, G. 

On page(s): 218-224 

Abstract 
This second section is dedicated to gain more insight 
into the Voltage Division Position Sensitive Detector 
described in Part I of this work. Here, the discussion is 
taken from a design point of view. The linearity and re-
jection to light intensity variations are described on the 
practical situation of an incident light beam whose cross 
sectional dimensions could be negligible to the length of 
the sensor active area. The noise contribution due to the 
resistive nature of the detector is taken into account and 
discussed, too. According to the ideas here depicted, a 
sensor based on high-quality CVD-diamond film has 
been fabricated. The experimental results acquired for 
such specimens, under UV excimer laser or X-ray illu-
mination, confirm the theoretical expectations. 

Brillouin-Based Distributed Temperature Sensor 
Employing Pulse Coding 
Soto, M.A. Sahu, P.K. Bolognini, G. Di Pasquale, F. 

On page(s): 225-226 

Abstract 
A distributed temperature sensor based on spontaneous 
Brillouin scattering and employing optical pulse coding 
has been implemented and characterized using a direct-
detection receiver. The signal-to-noise ratio (SNR) en-
hancement provided by coding is analyzed, along with 
the influence of coding in stimulated Brillouin threshold. 
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Simplex-coding using 127 bit codeword provides up to 7 
dB SNR improvement, allowing for temperature sensing 
over 21 km of dispersion shifted fiber with 3.1 K resolu-
tion and 40 m spatial resolution, permitting to avoid the 
use of optical pulse amplification. 

Analytical Optimization of Optical Fiber Curvature 
Gauges 
Kovacevic, M.S. Djordjevich, A. Nikezic, D. 

On page(s): 227-232 

Abstract 
The ldquocurvature gaugerdquo sensor monitors deflec-
tion of structures under mechanical loading in applica-
tions in which strain gauges have traditionally been used. 
Structural deflection-curvature is measured rather than 
material strain. The sensitive zone of the curvature gage 
is precision machined into the plastic optical fiber on 
grinding or milling machines. The cutout produced re-
moves a part of the fiber core and introduces light loss 
that is related to the bend-radius of the fiber. This modu-
lation mechanism is described analytically in this paper. 
Results relate the relative light loss to the fiber curvature 
for different parameters of the sensitive zone (depth, 
length, number of cuts, bend radius, and pitch of cuts). 
This allows a quantitative optimization of the gauge with-
out having to produce thousands of sensors with slightly 
different combination of parameters in order to accom-
plish a similar objective experimentally. 

Temperature Dependent Characteristics of 
Nonreach-Through 4H-SiC Separate Absorption and 
Multiplication APDs for UV Detection 
Ho-Young Cha Soloviev, S. Zelakiewicz, S. Waldrab, 
P. Sandvik, P.M. 

On page(s): 233-237 

Abstract 
Silicon carbide (SiC) separate absorption multiplication 
region avalanche photodiodes (SAM-APDs) for UV de-
tection in harsh environment applications were designed 
and fabricated. The devices were intentionally designed 
to operate under nonreach-through conditions in order 
to eliminate field-induced leakage current. The gain of 
2500 and quantum efficiency of ~45% at room tempera-
ture were achieved at the wavelength of 290-300 nm for 
a packaged device with an active area of 1 x 1 mm2. The 
temperature dependency of the current-voltage charac-
teristics and responsivity was examined in the tempera-
ture range from room temperature to 230°C. 

A New Wireless Sensor System for Smart Diapers 
Yambem, L. Yapici, M.K. Jun Zou 

On page(s): 238-239 

Abstract 
This letter presents a new wireless sensor system for smart 
diaper application, which consists of an interrogator cir-
cuit, an antenna, and a passive LC resonating sensor tag. 
The wireless link between the interrogator circuit and the 
sensor tag is established through the inductive coupling. 
The wetting of the diaper shifts the resonating frequency of 
the sensor tag, changing the inductive link, and thus trig-
ger an “On” or “Off” condition reflected at the interroga-
tor circuit. With suitable sensor tags, smart diapers can be 
achieved in a straightforward and low cost approach. 

Fringing Field Capacitance Sensor for Measuring the 
Moisture Content of Agricultural Commodities 
McIntosh, R.B. Casada, M.E. 

On page(s): 240-247 

Abstract 
A fringing field capacitive sensor is described for measur-
ing the moisture content (MC) and temperature of agri-
cultural commodities. Sensor performance was charac-
terized by mounting the device on handheld probes and 
in acrylic canisters to determine the dielectric constant 
and MC of wheat and corn. The handheld probes dem-
onstrated a promising capability to measure the MC of 
grain in hoppers, truck beds, and cargo holds. It is pro-
posed that the sensors be supported on cables in grain 
silos and storage bins to acquire in situ data for grain 
storage management and control of aeration systems. 
The sensor is watertight and constructed with corrosion 
resistant materials which allow MC measurements to be 
made of industrial materials, chemicals, and fuels. 

Highly Selective Potentiometric Membrane Sensor 
for Hg(II) Based on Bis(Benzoyl Acetone) Diethylene 
Triamine 
Ensafi, A.A. Meghdadi, S. Allafchian, A.R. 

On page(s): 248-254 

Abstract 
A new ion selective PVC membrane sensor is described 
based on bis(benzoyl acetone) diethylene triamine as 
a potentiometric sensor for Hg2+ ions. The membrane 
having bis(benzoyl acetone) diethylene triamine as 
an electroactive material, sodium tetraphenyl phtha-
late (NaTPB), and dibutyl phthalate (DBP) as an 
anion excluder in PVC matrix in the percentage ratio 
4.21:2.11:60.25:33.43 (Ionophore:NaTPB:DBP:PVC) 
(w/w) of exhibits a linear response to Hg2+ of 1.0 × 10-6 to 
1.0 × 10-1 M with a limit of detection of 3.7 × 10-7 M and 
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with a slope of 29.8 ± 1.0 mV/decade over the pH range 
of 2.0-11.5. Selectivity coefficients for Hg(II) relative to 
a numbers of potential interfering ions were investigated. 
The sensor is highly selective for Hg2+ ions over a large 
number of mono-, bi-, and trivalent cations. Normal in-
terferents like Ag+ and Cd2+ do not interfere in the work-
ing of the sensor. The sensor has been found to be chemi-
cally inert to other ions and showing a fast response time 
of 1 s and was used over a period of three months with a 
good reproducibility. The sensor was successfully applied 
to determine mercury(II) in water samples with satisfac-
tory results. 

Determination of Lean Burn Combustion Temperature 
Using Ultraviolet Emission 
Brown, D.M. Sandvik, P.M. Fedison, J.B. Hibshman, 
J. Matocha, K.S. 

On page(s): 255-260 

Abstract 
Measurements of the ultraviolet emission spectrum 
emitted from a lean burn premixed natural gas flame 
were taken over a range of flame temperatures using a 
fiber-optic/CCD spectrometer. Combustion tempera-
tures were determined by two methods: by measuring 
the unburned oxygen in the exhaust and by calculating 
the temperature using the fuel and airflows. These tem-
peratures were correlated to ratios composed of the in-
tegrated intensity of the long wavelength region of the 
OH band between 310 to 340 nm (ratio’s numerator) 
and that between 305 and 310 nm (ratio’s denomina-
tor). Average local combustor flame temperatures at the 
end of the combustion zone may then be determined by 
tracking these ratios during combustor operation. The 
sensitivity of these ratios yields a 0.8% change in the ra-
tios every 20 °F with a precision of ±30 °F or ±1% at 
3000 °F with 95 % confidence bounds demonstrating the 
feasibility of this technique for use as a potential control 
parameter for gas turbine combustors burning natural gas 
and air mixtures. This method is well suited for the low 
equivalence ratios (< 1) required to reduce NOx and CO 
emissions. Other methods using peak ratios of different 
emission bands exhibit nonlinearity, lower sensitivity and 
greater uncertainty. 

Energy Scavenging From Low-Frequency Vibrations by 
Using Frequency Up-Conversion for Wireless Sensor 
Applications 
Kulah, H. Najafi, K. 

On page(s): 261-268 

Abstract 
This paper presents an electromagnetic (EM) vibra-
tion-to-electrical power generator for wireless sensors, 

which can scavenge energy from low-frequency external 
vibrations. For most wireless applications, the ambient 
vibration is generally at very low frequencies (1-100 Hz), 
and traditional scavenging techniques cannot gener-
ate enough energy for proper operation. The reported 
generator up-converts low-frequency environmental 
vibrations to a higher frequency through a mechanical 
frequency up-converter using a magnet, and hence pro-
vides more efficient energy conversion at low frequen-
cies. Power is generated by means of EM induction using 
a magnet and coils on top of resonating cantilever beams. 
The proposed approach has been demonstrated using a 
macroscale version, which provides 170 nW maximum 
power and 6 mV maximum voltage. For the microelec-
tromechanical systems (MEMS) version, the expected 
maximum power and maximum voltage from a single 
cantilever is 3.97 μW and 76 mV, respectively, in vacuum. 
Power level can be increased further by using series-con-
nected cantilevers without increasing the overall genera-
tor area, which is 4 mm2. This system provides more than 
an order of magnitude better energy conversion for 10-
100 Hz ambient vibration range, compared to a conven-
tional large mass/coil system. 

A Breath Ammonia Sensor Based on Conducting 
Polymer Nanojunctions 
Aguilar, A.D. Forzani, E.S. Nagahara, L.A. Amlani, 
I. Tsui, R. Tao, N.J. 

On page(s): 269-273 

Abstract 
We present an ammonia sensor for human breath analy-
sis based on electrically conducting polymer nanojunc-
tions. Each nanojunction is formed by bridging a pair 
of gold nanoelectrodes on a silicon chip separated by a 
small gap (<60 nm) with electrodeposited polyaniline. 
The signal transduction mechanism of the sensor is the 
change in the nanojunction conductance as a result of 
polymer dedoping by ammonia. The sensor response to 
human breath is validated by comparison with a refer-
ence method for detection of ammonium ion combined 
with an optimized breath ammonia trapping system. 
The nanojunction sensor is capable of in situ detection 
of parts per billion (ppb) levels of ammonia in human 
breath. 

A Sensitivity Model for Predicting Photonic Crystal 
Biosensor Performance 
Block, I.D. Ganesh, N. Meng Lu Cunningham, B.T. 

On page(s): 274-280 

Abstract 
We present a model for predicting photonic crystal la-
bel-free biosensor performance based primarily on the 
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spatial distribution of electromagnetic near fields at de-
vice resonance. To achieve maximum device sensitivity, 
the resonant fields can be shaped by careful choice of 
material and geometrical parameters. The effect of each 
property on the resonant mode profile, and consequently 
on sensor performance, is illustrated. A comparison of 
device sensitivity calculated by both the proposed model 
and direct rigorous coupled wave analysis simulation 
supports the validity of our model. 

Optical Fiber Humidity Sensors Using Nanostructured 
Coatings of SiO

2
 Nanoparticles 

Corres, J.M. Matias, I.R. Hernaez, M. Bravo, 
J. Arregui, F.J. 

On page(s): 281-285 

Abstract 
In this paper, a new optical fiber humidity sensor based 
on superhydrophilic coating is proposed. The electro-
static self-assembly technique has been used to create a 
nanometric scale surface on the tip of a standard single-
mode pigtail. The fabricated sensor has demonstrated a 
good linearity in the range from 40% to 98% of relative 
humidity (RH). A variation of 10 dB in reflected optical 
power is achieved with a response time of only 150 ms. 
Among other applications, this sensor is intended to be 
used for monitoring the human breathing, so high dy-
namic performances are required, specially in the higher 
RH ranges. 

Robust Intermediate Read-Out for Deep Submicron 
Technology CMOS Image Sensors 
Chen Shoushun Boussaid, F. Bermak, A. 

On page(s): 286-294 

Abstract 
In this paper, a CMOS image sensor featuring a novel 
spiking pixel design and a robust digital intermediate 
read-out is proposed for deep submicron CMOS tech-
nologies. The proposed read-out scheme exhibits a rela-
tive insensitivity to the ongoing aggressive scaling of the 
supply voltage. It is based on a novel compact spiking pix-
el circuit, which combines digitizing and memory func-
tions. Illumination is encoded into a Gray code using a 
very simple yet robust Gray 8-bit counter memory. Cir-
cuit simulations and experiments demonstrate the suc-
cessful operation of a 64×64 image sensor, implemented 
in a 0.35 μm CMOS technology. A scalability analysis is 
presented. It suggests that deep sub-0.18 μm will enable 
the full potential of the proposed Gray encoding spiking 
pixel. Potential applications include multiresolution im-
aging and motion detection. 

Quantum Dot-Based Biosensor for Detection of Human 
Cardiac Troponin I Using a Liquid-Core Waveguide 
Stringer, R.C. Hoehn, D. Grant, S.A. 

On page(s): 295-300 

Abstract 
Human cardiac Troponin I is one of three subunits of 
the cardiac Troponin complex that are released into the 
bloodstream upon injury to cardiac muscle, particularly 
myocardial infarction, where it is absent under normal 
conditions. Rapid, sensitive detection of blood borne 
Troponin I is extremely important for early detection 
of myocardial infarction. An optical biosensor has been 
proposed as a versatile, adaptable, and effective method 
for detection of Troponin I. The biosensor architecture 
utilizes fluorescence resonance energy transfer (FRET), 
a distance-dependent chemical signal transduction 
method that occurs between two fluorescent molecules, 
termed the donor and acceptor. In order to launch 
FRET, a donor-labeled protein A molecule is bound to 
an acceptor-labeled capture antibody. When exposed to 
the Troponin I antigen, the antibody-antigen binding 
event initiates a conformational change within the struc-
ture of the antibody. As this morphological change in the 
antibody takes place, the distance between the donor and 
acceptor changes, resulting in a measurable shift in en-
ergy transfer. In this study, quantum dots were utilized as 
the FRET donors to further increase the efficiency of the 
biosensor system and organic dyes were utilized as the 
acceptors. This sensing mechanism was then interfaced 
in a liquid-core waveguide (LCW) platform that was able 
to capture the resulting fluorescence to achieve highly 
sensitive and accurate measurements. The biosensor 
demonstrated an ample sensitivity to the analyte, achiev-
ing a lower limit of detection of approximately 32 nM in 
phosphate buffered saline and 55 nM in human plasma. 
A high degree of specificity was also observed when the 
response to cardiac Troponin I is compared with that of a 
nonspecific protein. Response time of the biosensor was 
determined to be less than 1 min; an expeditious time 
compared with other Troponin diagnostic assays. 

Sub ppm Detection of Hydrogen 
Klingvall, R. Lundstrom, I. Eriksson, M. 

On page(s): 301-307 

Abstract 
A light pulse technique and a field-effect device were 
used to detect small concentration steps of hydrogen in 
air. The detection limit was lower than 40 ppb, which is 
at least one order of magnitude lower than previously re-
ported measurements (with field-effect devices) of hy-
drogen concentration in air. The device structure was a 
metal-insulator-semiconductor capacitor with a metal 
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double layer with 17.5 nm Pd (upper layer) and 7.5 nm Pt 
on a SiO

2
 insulator and a Si substrate. 

Design of a Low-Power Micromachined Fluxgate Sensor 
Using Localized Core Saturation Method 
Pei-Ming Wu Ahn, C.H. 

On page(s): 308-313 

Abstract 
Design of a low-power micromachined ring-type flux- 
gate sensor with localized saturation cores has been made 
and optimized in this work. The design is accomplished 
by using the electromagnetic simulation software, Mag-
netTM, which is capable of establishing a quantitative con-
nection between the sensor parameters and the geomet-
rical parameters of the model. Using recently developed 
data extraction techniques, the design with low power 
(19 mW) and high sensitivity (590 V/T at 60 μT) can be 
achieved after a series of simulations. For comparison, 
an actual device has been fabricated with sensitivity of 
650 V/T at 60 μT, power consumption of 14 mW. The 
good agreement between the simulation and the experi-
mental results validate our new approach for the design 
of low-power fluxgate. In addition, measurements using 
a second-harmonics-based detection circuit have been 
performed so that the noise, stability, and perming effect 
of the fabricated device are explored. 

Removal of Nonspecifically Bound Proteins on 
Microarrays Using Surface Acoustic Waves 
Cular, S. Branch, D.W. Bhethanabotla, V.R. Meyer, 
G.D. Craighead, H.G. 

On page(s): 314-320 

Abstract 
Nonspecific binding of proteins is an ongoing problem 
that dramatically reduces the sensitivity and selectivity 
of biosensors. We demonstrate that ultrasonic waves gen-
erated by surface acoustic wave (SAW) devices remove 
nonspecifically bound proteins from the sensing and non-
sensing regions of the microarrays. We demonstrate our 
approach for controllably and nondestructively clean-
ing the microarray interface. In this work, SAWs were 
generated using 128° YX lithium niobate, chosen for its 
high coupling coefficient and efficient power transfer to 
mechanical motion. These waves propagating along the 
surface were coupled into specifically bound and non-
specifically bound proteins on a patterned surface of 
40 μm feature size. Fluorescence intensity was used to 
quantify cleaning efficacy of the microarrays. Our results 
have shown that excess protein layers and aggregates are 
removed leaving highly uniform films as evidenced by 
fluorescence intensity profiles. Selected antigen-recep-
tor interactions remained bound during the acoustic 
cleaning process when subjected to 11.25 mW of power 
and retained their efficacy for subsequent antigen cap-
ture. Results demonstrate near-complete fluorescence 
signal recovery for both the sensing and nonsensing re-
gions of the microarrays. Of significance is that our ap-
proach can be integrated into existing array technologies 
where sensing and nonsensing regions are extensively 
fouled. We believe that this technology will be pivotal in 
the development and advancement of microsensors and 
their biological applications. 

Volume: 8  Issue: 4 ISSN: 1530-437X 

Charge-Based Capacitive Sensor Array for CMOS-
Based Laboratory-on-Chip Applications 
Ghafar-Zadeh, E. Sawan, M. 
On page(s): 325-332 
Abstract 
In this paper, we present a capacitive sensor array for 
highly integrated lab-on-chip (LoC) applications us-
ing the charge-based capacitance measurement method 
(CBCM). The core-CBCM sensor chip is designed and 
implemented in 0.18 micron CMOS process featuring an 
array of capacitive sensors; an offset cancellation module 
and a low complexity analog-to-digital converter (ADC). 
This sensor chip is incorporated with a microfluidic 
channel using direct-write fabrication process. We dem-
onstrate the testing results using chemical solvents with 
known dielectric constants in order to show the viability 
of the proposed sensor chip for LoCs. 

Modeling and Optimization of a Microscale Capacitive 
Humidity Sensor for HVAC Applications 
Sen, A.K. Darabi, J. 
On page(s): 333-340 
Abstract 
This paper presents a comprehensive numerical study 
of the performance of a capacitive humidity sensor for 
heating, ventilation, and air conditioning (HVAC) ap-
plications. The proposed sensor comprises a sensing 
layer sandwiched between an array of top and bottom 
electrodes. A combination of both parallel plate and 
interdigitated electrode arrangements is considered to 
achieve their distinctive advantages. Polyimide is used as 
the humidity sensing material due to good sensing char-
acteristics and aluminum is used as the electrode materi-
al because of the ease of fabrication. A layer of polyimide 
covers the top electrodes to provide protection from at-
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mospheric contamination thus improving durability. The 
influence of relative humidity on the dielectric constant 
of the sensing layer is determined theoretically using the 
models of Looyenga and Shibata The model is validated 
by comparing model predictions with experimentally 
measured data for a previously reported capacitive hu-
midity sensor. The model is then used to simulate and 
predict the performance of the proposed humidity sensor. 
The effects of design configuration, sensing layer thick-
ness, electrode polarity, electrode width and thickness, 
and electrode gap are studied. The influence of operating 
conditions including relative humidity, temperature and 
voltage is investigated. Based on the simulation results, 
the optimum design configuration is identified. 

Removal of Temperature and Earth’s Field Effects of a 
Magnetoelastic pH Sensor 
Keat Ghee Ong Ee Lim Tan Grimes, C.A. Ranyuan 
Shao 

On page(s): 341-346 

Abstract 
Magnetoelastic sensors are widely used for chemical and 
biological monitoring including measurement of pH, 
glucose, carbon dioxide, and Escherichia coli by ap-
plying a mass- or elasticity-changing coating that shifts 
the sensor’s resonant frequency in response to the target 
analytes. However, the sensor’s resonant frequency also 
varies with the ambient temperature and earth’s mag-
netic fields, reducing the accuracy and reliability of the 
measurements. This paper presents a technique to elimi-
nate the effects of temperature and earth’s magnetic field 
on the magnetoelastic sensor by detecting the change in 
its higher order harmonic magnetic fields, which are 
generated by the sensor when excited by a low frequency 
magnetic field. The higher order harmonic response of 
the magnetoelastic sensor is a function of temperature 
and DC field but remains unaffected by the mass/elas-
ticity change from the chemical or biological responsive 
coating, thus allowing the calibration of both interfering 
quantities. This paper illustrates the application of this 
technique on a magnetoelastic pH sensor, where the re-
sults show the calibrated measurements are independent 
from the ambient temperature and DC magnetic fields 
such as the earth’s field. 

Development of a Spectrophotometric Optode for the 
Determination of Hg(II) 
Ensafi, A.A. Fouladgar, M. 

On page(s): 347-353 

Abstract 
A new simple and inexpensive optical chemical sensor for 
mercury(II) ions is presented. The mercury sensing sys-

tem has prepared by incorporating of l-[2-pyridylazo]-
2-naphthol as a suitable ligand for Hg(II) on triacetyl 
cellulose. The proportionality in intensity of the mem-
brane color on the optodes loaded with varying amounts 
of Hg(II) suggests its potential applications for screen-
ing of Hg(II) in aqueous samples by visual colorimetry. 
The optode has a dynamic range 1.0 to 1000.0 μM with 
a limit of detection of 0.8 μM Hg(II). Different experi-
mental parameters such as variable affecting on sensor 
preparation and pH of the sample solution plus response 
time were studied. The optodes developed in the present 
work were found to be stable, cost effective, easy to pre-
pare, and efficient for direct determination of Hg(II) in 
a variety of aqueous samples using spectrophotometric 
method. 

New Type of Thermal-Isolation Structure Based on PI 
and OPS Used in Uncooled Infrared Detector 
Xing-Ming Liu Lin Han Li-Tian Liu 

On page(s): 354-356 

Abstract 
A new type of thermal-isolation structure based on poly-
imide (PI) and oxidized porous silicon (OPS) is present-
ed. The structure has the advantage of simpler process, 
lower cost, and higher yield. The mechanism is described 
briefly in this paper and the process is studied in detail. 
The thermal-isolation capability of the structure is veri-
fied by a-Si bolometer with PI and OPS complex thermal 
isolation structure and excellent performance has been 
achieved. 

Sensor System for Enhanced Detection of Locomotion 
and Standing Behavior in Rats 
Yuan-Hsing Shih Ting-Chen Ke Mao-Tsun Lin Ming-
Shing Young 

On page(s): 357-364 

Abstract 
This study developed and evaluated a novel, inexpensive 
computer monitoring system for measuring multiple 
parameters of rat activity. The system was comprised of 
a touch-panel and infrared modules, based on an AT-
mega32L microcontroller, combined with a locomo-
tion-processing algorithm for monitoring rat of the loco-
motion and standing activities of experimental rats. The 
infrared module was designed to fit within an experi-
mental cage to measure standing behavior. The infra-
red transmitter and receiver modules were set up on two 
sides of the experimental cage with 2-cm inter-transmit-
ter and inter-receiver spacing to detect the standing rat’s 
body. In normal mode, three behavioral activities (lo-
comotion, standing, and jumping) were measured over 
the course of 1 h. This study demonstrated an improved 
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planar resolution of approximately 0.4 cm. Analysis of 
variance (ANOVA; P < 0.05) was used to detect signifi-
cant differences between the experimental and control 
groups. The major advantage of the touch-panel and 
infrared sensor system is its ability to record a rat’s lo-
comotion, jumping, and standing behaviors simultane-
ously. The proposed system will be especially useful to 
researchers in pharmaceutical and medical fields. 

Conductometric Hydrogen Gas Sensor Based on 
Polypyrrole Nanofibers 
Al-Mashat, L. Tran, H. D. Wlodarski, W. Kaner, R. 
B. Kalantar-Zadeh, K. 

On page(s): 365-370 

Abstract 
Polypyrrole nanofibers are synthesized through a tem-
plate-free chemical route and used as the active compo-
nent for hydrogen gas sensing at room temperature. The 
synthesis of polypyrrole nanofibers was achieved by using 
bipyrrole as an initiator to speed up the polymerization 
of pyrrole with FeCl

3
 as the oxidizing agent. Scanning 

and transmission electron microscopy studies indicate 
that the resulting polypyrrole forms a nanofibrous mat 
with average nanofiber diameter of 18 nm. Fourier trans-
form infrared spectroscopy and elemental analysis con-
firms that the structure of the nanofibers is comparable 
to bulk polypyrrole. Gas sensing properties of polypyr-
role nanofibers were investigated by depositing nanofiber 
dispersions on an interdigited conductometric trans-
ducer. The sensor performance was tested through pro-
grammable exposure towards different concentrations of 
hydrogen gas diluted in synthetic air in an environmental 
cell at different temperatures. A short response time of 
43 s was observed upon exposure to a concentration of 
1% hydrogen with a decrease in film resistance of 312 Ω 
at room temperature. The sensor sensitivity was analyzed 
with gradual elevation of the operating temperature. 

State-of-the-Art in Force and Tactile Sensing for 
Minimally Invasive Surgery 
Puangmali, P. Althoefer, K. Seneviratne, L.D. Murphy, 
D. Dasgupta, P. 

On page(s): 371-381 

Abstract 
Haptic perception plays a very important role in surgery. 
It enables the surgeon to feel organic tissue hardness, 
measure tissue properties, evaluate anatomical struc-
tures, and allows him/her to commit appropriate force 
control actions for safe tissue manipulation. However, 
in minimally invasive surgery, the surgeon’s ability of 
perceiving valuable haptic information through surgical 
instruments is severely impaired. Performing the surgery 

without such sensory information could lead to increase 
of tissue trauma and vital organic tissue damage. In order 
to restore the surgeon’s perceptual capability, methods 
of force and tactile sensing have been applied with at-
tempts to develop instruments that can be used to detect 
tissue contact forces and generate haptic feedback to the 
surgeon. This paper reviews the state-of-the-art in force 
and tactile sensing technologies applied in minimally 
invasive surgery. Several sensing strategies including dis-
placement-based, current-based, pressure-based, resis-
tive-based, capacitive-based, piezoelectric-based, vibra-
tion-based, and optical-based sensing are discussed. 

Determining the Physical Sequence of Sensors on a 
Serial Bus With Minimal Wiring 
Harnett, C.K. 

On page(s): 382-383 

Abstract 
This report demonstrates a three-wire system for deter-
mining the physical sequence of addressable devices on 
a serial bus, enabling automated spatial mapping of sen-
sors along a network. Small inductors between each chip 
are incorporated into an oscillator circuit, producing a 
different resonant frequency for each chip during the se-
quence detect function. Frequency-counting-based se-
quence detection is compatible with small microcontrol-
lers such as those used in wireless environmental sensor 
networks. The sequence detection hardware does not in-
terfere with normal use of the same three wires to supply 
power, data, and ground connections to the wired sensor 
network in this application. 

A PVDF-Based Deformation and Motion Sensor: 
Modeling and Experiments 
Jingang Yi Hong Liang 

On page(s): 384-391 

Abstract 
In this paper, we present the mathematical modeling, 
analysis, and experiments of a new deformation and mo-
tion measurement sensor that is made of polyvinylidene 
fluoride (PVDF) thin-film. The PVDF-based deforma-
tion sensor is designed and fabricated for several applica-
tions, such as deformation detection of automotive tires 
and insect locomotion measurements. In the sensing sys-
tem, only two ends of the strip-shape sensor are attached 
to the moving object and under the relative motion of 
two ends, the sensor is buckled. The design provides a 
new non- intrusive method of measuring deformation 
and motion, which are desirable in certain applications. 
The analytical model of the sensing system is based on 
the synthesis of an elastica modeling of the PVDF thin-
film under buckling motion and a Duhem hysteresis 
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model. The modeling and analysis results are compared 
and validated with experiments that are conducted on a 
testing kit. 

Characterization of the Temperature Dependence of the 
Pressure Coefficients of n- and p-Type Silicon Using 
Hydrostatic Testing 
Chun-Hyung Cho Jaeger, R.C. Suhling, J.C. Yanling 
Kang Mian, A. 

On page(s): 392-400 

Abstract 
Piezoresistive stress sensors on the (111) surface of sili-
con offer the unique ability to measure the complete 
stress state at a point in the (111) material. However, 
four-point bending or wafer-level calibration methods 
can measure only four of the six piezoresistive coeffi-
cients for p- and n-type resistors required for application 
of these sensors. In this work, a hydrostatic test method 
has been developed in which a high-capacity pressure 
vessel is used to apply a triaxial load to a single die over 
the -25°C to+100 °C temperature range. The slopes of 
the adjusted resistance change versus pressure plots yield 
pressure coefficients for p- and n-type silicon that pro-
vide the additional information necessary to fully deter-
mine the complete set of piezoresistive coefficients. 

A Novel Vector Hydrophone Based on the Piezoresistive 
Effect of Resonant Tunneling Diode 
Chenyang Xue Zhaomin Tong Binzhen Zhang Wendong 
Zhang 

On page(s): 401-402 

Abstract 
This letter reports a novel vector hydrophone based on 
the piezoresistive effect of resonant tunneling diode 
(RTD). An external pressure introduces stress in the lay-
ers of RTD and induces its current-voltage (I-V) curves 
change. This effect has been applied to designing new 
sensor. By control-hole technology, the sensor is proc-
essed integrated with GaAs/In

x
Ga

1-x
As/AlAs double bar-

rier structures posited on its strain-sensitive region. The 
fabricated sensor is packaged for watertight solution, and 
underwater measurements are conducted in RTD’s neg-
ative differential resistance (NDR) region. Directivity 
curve of the sensor follows “8”; cosine functional form, 
which shows its vector sound signal detection ability, and 
its sensitivity reaches -184.6 dB (0 dB = 1 V/μPa) at 1 
KHz. 

A Committee Machine Gas Identification System Based 
on Dynamically Reconfigurable FPGA 
Minghua Shi Bermak, A. Chandrasekaran, S. Amira, 
A. Brahim-Belhouari, S. 

On page(s): 403-414 

Abstract 
This paper proposes a gas identification system based on 
the committee machine (CM) classifier, which combines 
various gas identification algorithms, to obtain a unified 
decision with improved accuracy. The CM combines five 
different classifiers: K nearest neighbors (KNNs), mul-
tilayer perceptron (MLP), radial basis function (RBF), 
Gaussian mixture model (GMM), and probabilistic prin-
cipal component analysis (PPCA). Experiments on real 
sensors’ data proved the effectiveness of our system with an 
improved accuracy over individual classifiers. Due to the 
computationally intensive nature of CM, its implementa-
tion requires significant hardware resources. In order to 
overcome this problem, we propose a novel time multiplex-
ing hardware implementation using a dynamically recon-
figurable field programmable gate array (FPGA) platform. 
The processing is divided into three stages: sampling and 
preprocessing, pattern recognition, and decision stage. 
Dynamically reconfigurable FPGA technique is used to 
implement the system in a sequential manner, thus using 
limited hardware resources of the FPGA chip. The system 
is successfully tested for combustible gas identification ap-
plication using our in-house tin-oxide gas sensors. 

An Environmental Air Pollution Monitoring System 
Based on the IEEE 1451 Standard for Low Cost 
Requirements 
Kularatna, N. Sudantha, B.H. 

On page(s): 415-422 

Abstract 
An Environmental Air Pollution Monitoring System 
(EAPMS) for monitoring the concentrations of major 
air pollutant gases has been developed, complying with 
the IEEE 1451.2 standard. This system measures con-
centrations of gases such as CO, NO

2
, SO

2
, and O

3
 us-

ing semiconductor sensors. The smart transducer inter-
face module (STIM) was implemented using the analog 
devices’ ADuC812 microconverter. Network Capable 
Application Processor (NCAP) was developed using a 
personal computer and connected to the STIM via the 
transducer independent interface. Three gas sensors 
were calibrated using the standard calibration methods. 
Gas concentration levels and information regarding the 
STIM can be seen on the graphical user interface of the 
NCAP. Further, the EAPMS is capable of warning when 
the pollutant levels exceed predetermined maxima and 
the system can be developed into a low cost version for 
developing countries. 
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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. Ì³êðîñèñòåìí³ òà íàíî- òåõíîëîã³¿ (MST, 

L²GA-òåõíîëîã³ÿ, àêòþàòîðè òà ³í.)
12. Äåãðàäàö³ÿ, ìåòðîëîã³ÿ ³ ñåðòèô³êàö³ÿ ñå-

íñîð³â
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 ÿñ-
í³ñòþ ³ ÷³òê³ñòþ âèêëàäó òåêñòó. Ó ïîäàíîìó 
ðóêîïèñ³ ïîâèííà áóòè îá´ðóíòîâàíà àêòóà-
ëüí³ñòü ðîçâ’ÿçóâàíî¿ çàäà÷³, ñôîðìóëüîâàíà 

ìåòà äîñë³äæåííÿ, ì³ñòèòèñÿ îðèã³íàëüíà ÷à-
ñòèíà ³ âèñíîâêè, ùî çàáåçïå÷óþòü ðîçóì³ííÿ 
ñóò³ îòðèìàíèõ ðåçóëüòàò³â ³ ¿õ íîâèçíó. Àâòîðè 
ïîâèíí³ óíèêàòè íåîá´ðóíòîâàíîãî ââåäåííÿ 
íîâèõ òåðì³í³â ³ âóçüêîïðîô³ëüíèõ æàðãîííèõ 
âèñëîâ³â.

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

1. Ðóêîïèñè ïîâèíí³ íàäñèëàòèñÿ ó äâîõ 
ïðèì³ðíèêàõ óêðà¿íñüêîþ, ðîñ³éñüêîþ ÷è àíã-
ë³éñüêîþ ìîâîþ ³ ñóïðîâîäæóâàòèñÿ ôàéëàìè 
òåêñòó ³ ìàëþíê³â íà äèñêåò³. Åëåêòðîííà êîï³ÿ 
ìîæå áóòè íàä³ñëàíà åëåêòðîííîþ ïîøòîþ.

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, 
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