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ñòîðîâî íåîäíîð³äíîãî òåìïåðàòóðíîãî ãðàä³ºíòà. Ïðîâåäåíî òåîðåòè÷íèé àíàë³ç ð³çíèõ 
âíåñê³â â ï³ðîåëåêòðè÷íèé åôåêò ó òåðìîäèíàì³÷íî íåð³âíîâàæíèõ êðèñòàëàõ. Îïèñàíî 
ðîçìåæóâàííÿ âòîðèííîãî é òðåòèííîãî ï³ðîåëåêòðè÷íèõ åôåêò³â ó ï’ºçîåëåêòðè÷íèõ ñåðå-
äîâèùàõ ïðè óðàõóâàíí³ ð³çíèõ îñîáëèâîñòåé ïðîÿâó íåð³âíîâàæíîãî ïðîöåñó â êðèñòàë³, à 
òàêîæ ïðîàíàë³çîâàíà ðîëü õèáíèõ âíåñê³â ó ï³ðîâ³äãóê çà öèõ óìîâ, ùî íåîáõ³äíî íà ñòàä³¿ 
ðîçðîáêè é ïðîåêòóâàííÿ ïðèíöèï³â ïîáóäîâè ñåíñîðíèõ ïðèñòðî¿â. 

Êëþ÷îâ³ ñëîâà: ïðîñòîðîâî íåîäíîð³äíèé òåìïåðàòóðíèé ãðàä³ºíò, ³íäóêîâàíà ï³ðîàêòèâ-
í³ñòü, âòîðèííèé ³ òðåòèííèé ï³ðîåëåêòðè÷íèé åôåêòè 

Â. Ô. Êîñîðîòîâ, Ë. Â. Ùåäðèíà

© Â. Ô. Êîñîðîòîâ, Ë. Â. Ùåäðèíà, 2009
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POLARIZATION PHENOMENA IN ACENTRIC CRYSTALS UNDER INHOMOGENEOUS 
TEMPERATURE GRADIENT CONDITIONS 

V. F. Kosorotov, L. V. Shchedrina 

Abstract. Polarization phenomena in acentric crystals under the spatially inhomogeneous tem-
perature gradient conditions are investigated. Theoretical analysis of the different contributions to 
pyroelectric effect in the thermodynamically nonequilibrium crystals is presented. A separation of 
the secondary and tertiary pyroelectric effects in piezoelectric media taking into account the dis-
tinctive features of nonequilibrium process manifestation in a crystal is described. A role of the false 
contributions to the pyroelectric response under examined conditions is analysed, that is necessary 
for a design and developing the construction principles of a new class of infrared sensors on the basis 
of the polarization phenomena under investigation. 

Keywords: spatially inhomogeneous temperature gradient, induced pyroactivity, secondary and 
tertiary pyroelectric effects 



Sensor Electronics and Microsystem Technologies. 2/2009

ÏÐÎÅÊÒÓÂÀÍÍß ² ÌÀÒÅÌÀÒÈ×ÍÅ ÌÎÄÅËÞÂÀÍÍß ÑÅÍÑÎÐ²Â 
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SENSORS DESIGN AND MATHEMATICAL MODELING 

ÓÄÊ 621.382, PACS 85.45.-W 

ÅËÅÊÒÐÎÍÍÎ-ÎÏÒÈ×ÍÅ ÌÎÄÅËÞÂÀÍÍß 
ÀÂÒÎÅÌ²Ñ²ÉÍÈÕ Ì²ÊÐÎÊÀÒÎÄ²Â 

À. Î. Äðóæèí³í1, Â. ². Ãîëîòà2, ². Ò. Êîãóò2, Þ. Ì. Õîâåðêî1 

1 ÍÓ “Ëüâ³âñüêà ïîë³òåõí³êà”, 79013 ì. Ëüâ³â, âóë. Ñò. Áàíäåðè, 12, druzh@polynet.lviv.ua, 
(0322)-258-21-53, druzh@polynet.lviv.ua 

2 Ïðèêàðïàòñüêèé ÍÓ ³ì. Â. Ñòåôàíèêà, 76025 ì. ²âàíî-Ôðàíê³âñüê, âóë. Øåâ÷åíêà, 57, 
òåë. (0342)-71-48-48, kre@pu.if.ua 

ÅËÅÊÒÐÎÍÍÎ-ÎÏÒÈ×ÍÅ ÌÎÄÅËÞÂÀÍÍß ÀÂÒÎÅÌ²Ñ²ÉÍÈÕ Ì²ÊÐÎÊÀÒÎÄ²Â 

À. Î. Äðóæèí³í, Â. ². Ãîëîòà, ². Ò. Êîãóò, Þ. Ì. Õîâåðêî 

 Àíîòàö³ÿ. Çàñòîñîâàíî êîìïëåêñíèé ï³äõ³ä äî åëåêòðîííî-îïòè÷íîãî ìîäåëþâàííÿ 
êðåìí³ºâèõ àâòîåì³ñ³éíèõ ì³êðîêàòîä³â. Â ð³âíÿíí³ Ôàóëåðà-Íîðäãåéìà âðàõîâàíî ôîðìó 
ïîòåíö³àëüíîãî áàð’ºðó äëÿ çîíè ïðîâ³äíîñò³ ³ âàëåíòíî¿ çîíè. Îòðèìàíî àïðîêñèìàö³þ ð³â-
íÿííÿ Ëàïëàñà äëÿ ðîçðàõóíêó ïîòåíö³àë³â ìåòîäîì ñê³í÷åíèõ ð³çíèöü. Ïîêàçàíî ðåçóëüòàò 
ðîçðàõóíêó ïîòåíö³àëó ³ åëåêòðè÷íîãî ïîëÿ ì³êðîêàòîäó. Âñòàíîâëåíî âïëèâ ïðîñòîðîâîãî 
çàðÿäó íà ðóõ åëåêòðîí³â ³ ïîêàçàíî ¿õ òðàºêòîð³¿. Îòðèìàíî îö³íêó ÷óòëèâîñò³ ôîòîðåçèñòó 
äëÿ öèôðîâî¿ ë³òîãðàô³¿ 

Êëþ÷îâ³ ñëîâà: àâòîåì³ñ³ÿ, êðåìí³ºâèé ì³êðîêàòîä, åëåêòðîííà îïòèêà, òðàºêòîð³ÿ åëåê-
òðîí³â 

ELECTRON-OPTICAL MODELLING OF FIELD EMISSION MICROCATHODES 

A. A. Druzhinin, V. I. Holota, I. T. Kogut, Yu. M. Khoverko 

Abstract. The complex approach to electron-optical simulation of silicon field emission micro-
cathodes is applied. In Fowler-Nordheim equation the shape of potential barrier for conductance 
band and valence band is considered. It is received approximation of Laplase equation for potentials 
calculation by finite-difference method. The result of calculation of potential and an electric field 
of the microcathode is shown. Influence of space charge on electron motion is established and their 
trajectories are shown. It is received an estimation of sensitivity of photoresist for digital lithography. 

Keywords: field emission, the silicon microcathode, an electron optics, electron trajectory 

© À. Î. Äðóæèí³í, Â. ². Ãîëîòà, ². Ò. Êîãóò, Þ. Ì. Õîâåðêî, 2009



ÝËÅÊÒÐÎÍÍÎ-ÎÏÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ 
ÀÂÒÎÝÌÈÑÑÈÎÍÍÛÕ ÌÈÊÐÎÊÀÒÎÄÎÂ 

À. À. Äðóæèíèí, Â. È. Ãîëîòà, È. Ò. Êîãóò, Þ. Ì. Õîâåðêî 

Àííîòàöèÿ. Ïðèìåíåí êîìïëåêñíûé ïîäõîä ê ýëåêòðîííî-îïòè÷åñêîìó ìîäåëèðîâàíèþ 
êðåìíèåâûõ àâòîýìèññèîííûõ ìèêðîêàòîäîâ. Â óðàâíåíèè Ôàóëåðà-Íîðäãåéìà ó÷òåíà 
ôîðìà ïîòåíöèàëüíîãî áàðüåðà äëÿ çîíû ïðîâîäèìîñòè è âàëåíòíîé çîíû. Ïîëó÷åíî àï-
ïðîêñèìàöèþ óðàâíåíèÿ Ëàïëàñà äëÿ ðàñ÷åòà ïîòåíöèàëîâ ìåòîäîì êîíå÷íûõ ðàçíîñòåé. 
Ïîêàçàí ðåçóëüòàò ðàñ÷åòà ïîòåíöèàëà è ýëåêòðè÷åñêîãî ïîëÿ ìèêðîêàòîäà. Óñòàíîâëåíî 
âëèÿíèå ïðîñòðàíñòâåííîãî çàðÿäà íà äâèæåíèå ýëåêòðîíîâ è ïîêàçàíû èõ òðàåêòîðèè. Ïî-
ëó÷åíî îöåíêó ÷óâñòâèòåëüíîñòè ôîòîðåçèñòà äëÿ öèôðîâîé ëèòîãðàôèè. 

Êëþ÷åâûå ñëîâà: àâòîýìèññèÿ, êðåìíèåâûé ìèêðîêàòîä, ýëåêòðîííàÿ îïòèêà, òðàåêòî-
ðèÿ ýëåêòðîíîâ 

À. Î. Äðóæèí³í, Â. ². Ãîëîòà, ². Ò. Êîãóò, Þ. Ì. Õîâåðêî
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ÄÀÒ×ÈÊ ÒÅÌÏÅÐÀÒÓÐÛ ÍÀ ÎÑÍÎÂÅ ÎÄÍÎÏÅÐÅÕÎÄÍÎÃÎ È ÏÎËÅÂÎÃÎ ÒÐÀÍÇÈÑÒÎÐÎÂ 
ÏÐÈ ÐÀÄÈÀÖÈÎÍÍÎÌ ÂÎÇÄÅÉÑÒÂÈÈ 

È. Ì. Âèêóëèí , Ø. Ä. Êóðìàøåâ , È. Å. Ìàéñòðåíêî, Ï. Þ. Ìàðêîëåíêî 

Àííîòàöèÿ. Ðàçðàáîòàíà ñõåìà äàò÷èêà òåìïåðàòóðû íà îñíîâå ãåíåðàòîðà íà îäíîïåðå-
õîäíîì òðàíçèñòîðå ñ äâóìÿ òîêîçàäàþùèìè ïîëåâûìè òðàíçèñòîðàìè, ÷àñòîòà ãåíåðàöèè 
êîòîðîãî ëèíåéíî ðàñòåò ñ óâåëè÷åíèåì òåìïåðàòóðû. Ýêñïåðèìåíòàëüíî èññëåäîâàíî âîç-
äåéñòâèå ðàäèàöèè íà åãî ðàáîòîñïîñîáíîñòü. 

Êëþ÷åâûå ñëîâà: äàò÷èê, îäíîïåðåõîäíûé òðàíçèñòîð, ãåíåðàòîð 

ÄÀÒ×ÈÊ ÒÅÌÏÅÐÀÒÓÐÈ ÍÀ ÎÑÍÎÂ² ÎÄÍÎÏÅÐÅÕ²ÄÍÎÃÎ ² ÏÎËÜÎÂÎÃÎ ÒÐÀÍÇÈÑÒÎÐ²Â 
ÏÐÈ Ä²¯ ÐÀÄ²ÀÖ²¯ 

². Ì. Â³êóë³í, Ø. Ä. Êóðìàøåâ, ². Å. Ìàéñòðåíêî, Ï.Þ. Ìàðêîëåíêî 

Àíîòàö³ÿ. Ðîçðîáëåíà ñõåìà äàò÷èêà òåìïåðàòóðè íà îñíîâ³ ãåíåðàòîðà íà îäíîïåðåõ³äíî-
ìó òðàíçèñòîð³ ç äâîìà ñòðóìîçàäàþ÷èìè ïîëüîâèìè òðàíçèñòîðàìè, ÷àñòîòà ãåíåðàö³¿ ÿêî-
ãî ë³í³éíî çðîñòàº ³ç çá³ëüøåííÿì òåìïåðàòóðè. Åêñïåðèìåíòàëüíî äîñë³äæåíà ä³ÿ ðàä³àö³¿ 
íà éîãî ïðàöåçäàòí³ñòü. 

Êëþ÷îâ³ ñëîâà: äàò÷èê, îäíîïåðåõ³äíèé òðàíçèñòîð, ãåíåðàòîð 

SENSOR OF TEMPERATURE ON THE BASIS OF UNIJUNCTION AND FIELD TRANSISTORS 
AT THE RADIATION-DAMAGE 

I. V. Vikulin, Sh. D. Kurmashev, A. E. Maistrenko, P. Yu. Markolenko 

Abstract. The chart of sensor of temperature is developed on the basis of generator on an unijunction 
transistor with two current-lead fields transistors, frequency of generation of which linear grows with 
the increase of temperature. Influence of radiation is experimentally investigational on his capacity. 

Keywords: sensor, unijunction transistor, generator 

© È. Ì. Âèêóëèí , Ø. Ä. Êóðìàøåâ , È. Å. Ìàéñòðåíêî, Ï. Þ. Ìàðêîëåíêî, 2009
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32

Sb
8
S

60
 CHALCOGENIDE GLASS 

AND EFFECT OF γ-IRRADIATION 
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1 Solid State Microelectronics Laboratory, Drohobych State Pedagogical University, 
24 I. Franko Str., 82100 Drohobych, Ukraine 

Tel.: (03244) 23257, Fax: (03244) 33332, e-mail: kavetskyy@yahoo.com 
2 Lviv Institute of Materials, Scientific Research Company “Carat”, 

202 Stryjska Str., 79031 Lviv, Ukraine 
3 Institute of Physics, National Academy of Sciences of Ukraine, 

46 Prospekt Nauky, 03028 Kyiv, Ukraine 

IR OPTICAL PROPERTIES OF As
32

Sb
8
S

60
 CHALCOGENIDE GLASS AND EFFECT 

OF γ-IRRADIATION 

T. S. Kavetskyy, O. I. Shpotyuk, G. I. Dovbeshko, I. V. Blonskyy, V. M. Tsmots 

Abstract. In this paper, impact of γ-irradiation on the transmittance of As
32

Sb
8
S

60 
chalcogenide 

glass in the near and mid IR spectral range is investigated. The radiation-induced changes in the 
main IR impurity absorption bands are discussed to be taken into account in IR optical devices 
based on the glass composition studied to work in the conditions of high energy radiation fields. 

Keywords: chalcogenide glasses, impurity absorption, radiation modification, IR optics 

ÂÏËÈÂ γ-ÎÏÐÎÌ²ÍÅÍÍß ÍÀ ²× ÎÏÒÈ×Í² ÂËÀÑÒÈÂÎÑÒ² 
ÕÀËÜÊÎÃÅÍ²ÄÍÎÃÎ ÑÊËÀ As

32
Sb

8
S

60
 

Ò. Ñ. Êàâåöüêèé, Î. É. Øïîòþê, Ã. ². Äîâáåøêî, ². Â. Áëîíñüêèé, Â. Ì. Öìîöü 

Àíîòàö³ÿ. Â ñòàòò³ ïðåäñòàâëåíî ðåçóëüòàòè âèâ÷åííÿ âïëèâó γ-îïðîì³íåííÿ íà ïðîçîð³ñòü 
õàëüêîãåí³äíîãî ñêëà As

32
Sb

8
S

60 
â áëèæíüîìó òà ñåðåäíüîìó ²× ä³àïàçîí³ ñïåêòðó. Îáãîâî-

ðþþòüñÿ ðàä³àö³éíî-³íäóêîâàí³ çì³íè îñíîâíèõ ñìóã ²× äîì³øêîâîãî ïîãëèíàííÿ, ÿê³ ñë³ä 
âðàõóâàòè ïðè âèêîðèñòàíí³ ñêëà äàíîãî õ³ì³÷íîãî ñêëàäó â ²× îïòè÷íîìó ïðèëàäîáóäóâàíí³ 
äëÿ ðîáîòè â óìîâàõ âèñîêîåíåðãåòè÷íèõ ðàä³àö³éíèõ ïîë³â. 

Êëþ÷îâ³ ñëîâà: õàëüêîãåí³äí³ ñòåêëà, äîì³øêîâå ïîãëèíàííÿ, ðàä³àö³éíà ìîäèô³êàö³ÿ, ²× 
îïòèêà 

© T. S. Kavetskyy, O. I. Shpotyuk, G. I. Dovbeshko, I. V. Blonskyy, V. M. Tsmots, 2009



ÂËÈßÍÈÅ γ-ÎÁËÓ×ÅÍÈß ÍÀ ÈÊ ÎÏÒÈ×ÅÑÊÈÅ ÑÂÎÉÑÒÂÀ 
ÕÀËÜÊÎÃÅÍÈÄÍÎÃÎ ÑÒÅÊËÀ As

32
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60
 

Ò. Ñ. Êàâåöêèé, Î. È. Øïîòþê, Ã. È. Äîâáåøêî, È. Â. Áëîíñêèé, Â. Ì. Öìîöü 

Àííîòàöèÿ. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû ïî èçó÷åíèþ âëèÿíèÿ γ-îáëó÷åíèÿ íà ïðî-
çðà÷íîñòü õàëüêîãåíèäíîãî ñòåêëà As

32
Sb

8
S

60 
â áëèæíåì è ñðåäíåì ÈÊ äèàïàçîíå ñïåêòðà. 

Îáñóæäàþòñÿ ðàäèàöèîííî-èíäóöèðîâàííûå èçìåíåíèÿ îñíîâíûõ ïîëîñ ÈÊ ïðèìåñíîãî 
ïîãëîùåíèÿ, êîòîðûå ñëåäóåò ó÷èòûâàòü ïðè èñïîëüçîâàíèè ñòåêëà äàííîãî õèìè÷åñêîãî 
ñîñòàâà â ÈÊ îïòè÷åñêîì ïðèáîðîñòðîåíèè äëÿ ðàáîòû â óñëîâèÿõ âûñîêîýíåðãåòè÷åñêèõ 
ðàäèàöèîííûõ ïîëåé. 

Êëþ÷åâûå ñëîâà: õàëüêîãåíèäíûå ñòåêëà, ïðèìåñíîå ïîãëîùåíèå, ðàäèàöèîííàÿ ìîäè-
ôèêàöèÿ, ÈÊ îïòèêà 
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ON SENSING NUCLEI OF THE 207Bi AND 207Pb ISOTOPES BY MEANS 
OF LASER SPECTROSCOPY OF HYPERFINE STRUCTURE 

O. Yu. Khetselius1 

1 I.I.Mechnikov Odessa National University, Odessa 

ON SENSING NUCLEI OF THE 207Bi AND 207Pb ISOTOPES BY MEANS 
OF LASER SPECTROSCOPY OF HYPERFINE STRUCTURE 

O. Yu. Khetselius 

Abstract. It is presented the new theoretical scheme for sensing different parameters of nuclei of 
the Bi, Pb isotopes on the basis of hyperfine structure spectroscopy of the corresponding atoms. 

Keywords: sensing, laser technology, hyperfine structure, isotopes of Bi, Pb 

Î ÄÅÒÅÊÒÐÎÂÀÍÈÈ ßÄÅÐ ÈÇÎÒÎÏÎÂ 207Bi È 207Pb ÌÅÒÎÄÀÌÈ ËÀÇÅÐÍÎÉ 
ÑÏÅÊÒÐÎÑÊÎÏÈÈ ÑÂÅÐÕÒÎÍÊÎÉ ÑÒÐÓÊÒÓÐÛ 

Î. Þ. Õåöåëèyñ 

Àííîòàöèÿ. Ðàññìîòðåíà íîâàÿ òåîðåòè÷åñêàÿ ñõåìà äåòåêòèðîâàíèÿ ïàðàìåòðîâ ÿäåð 
èçîòîïîâ Bi, Pb íà îñíîâå ñïåêòðîñêîïèè ñâåðõòîíêîé ñòðóêòóðû ñîîòâåòñòâóþùèõ àòîìîâ 

Êëþ÷åâûå ñëîâà: äåòåêòèðîâàíèå, ëàçåðíàÿ òåõíîëîãèÿ, òåîðèÿ ñâåðõòîíêîé ñòðóêòóðû, 
èçîòîïû Bi, Pb 

ÏÐÎ ÄÅÒÅÊÒÓÂÀÍÍß ßÄÅÐ ²ÇÎÒÎÏ²Â 207Bi ÒÀ 207Pb ÌÅÒÎÄÀÌÈ ËÀÇÅÐÍÎ¯ 
ÑÏÅÊÒÐÎÑÊÎÏ²¯ ÍÀÄÒÎÍÊÎ¯ ÑÒÐÓÊÒÓÐÈ 

Î. Þ. Õåöåëiyñ 

Àíîòàö³ÿ. Ðîçãëÿíóòà íîâà òåîðåòè÷íà ñõåìà äåòåêòóâàííÿ ïàðàìåòð³â ÿäåð ³çîòîï³â Bi, Pb 

íà îñíîâ³ ñïåêòðîñêîï³¿ íàäòîíêî¿ ñòðóêòóðè â³äïîâ³äíèõ àòîì³â. 

Êëþ÷îâ³ ñëîâà: äåòåêòóâàííÿ, ëàçåðíà òåõíîëîã³ÿ, òåîð³ÿ íàäòîíêî¿ ñòðóêòóðè, ³çîòîïè 
Bi, Pb 
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PACS NUMBER: 42.50.-P, 72.20.JV; 
UDK 539.184 

ENERGY APPROACH TO ELECTRON CAPTURE AND IONIZATION 
PROCESSES IN ION-ATOMIC COLLISION SYSTEM 

A. V. Loboda 

Odessa State Environmental University, Odessa, Ukraine 

ENERGY APPROACH TO ELECTRON CAPTURE AND IONIZATION PROCESSES 
IN ION-ATOMIC COLLISION SYSTEM 

A. V. Loboda 

Abstract. Energy approach is generalized to calculate the electron capture cross sections in the H++ 
H(1s) collision system. The numerical results are presented for collision energies 10 and 100 keV 

Keywords: ion-atomic collision system, energy approach 

ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ ÏÎÄÕÎÄ Ê ÈÇÓ×ÅÍÈÞ ÏÐÎÖÅÑÑÎÂ ÇÀÕÂÀÒÀ ÝËÅÊÒÐÎÍÀ 
È ÈÎÍÈÇÀÖÈÈ Â ÈÎÍ-ÀÒÎÌÍÎÉ ÑÒÎËÊÍÎÂÈÒÅËÜÍÎÉ ÑÈÑÒÅÌÅ 

À. Â. Ëîáîäà 

Àííîòàöèÿ. Ýíåðãåòè÷åñêèé ïîäõîä îáîáùåí ñ öåëüþ ðàñ÷åòà ñå÷åíèÿ çàõâàòà ýëåêòðîíà â 
èîí-àòîìíîé ñòîëêíîâèòåëüíîé ñèñòåìå H++ H(1s). ×èñëåííûå îöåíêè ïîëó÷åíû äëÿ ýíåð-
ãèé ñòîëêíîâåíèÿ 10 è 100 êýÂ. 

Êëþ÷åâûå ñëîâà: èîí-àòîìíàÿ ñòîëêíîâèòåëüíàÿ ñèñòåìà, ýíåðãåòè÷åñêèé ïîäõîä 

ÅÍÅÐÃÅÒÈ×Í²É Ï²ÄÕ²Ä ÄÎ ÂÈÂ×ÅÍÍß ÏÐÎÖÅÑ²Â ÇÀÕÎÏËÅÍÍß ÅËÅÊÒÐÎÍÓ 
ÒÀ ²ÎÍ²ÇÀÖ²¯ Â ²ÎÍ-ÀÒÎÌÍ²É ÑÈÑÒÅÌ² ²Ç Ç²ÒÊÍÅÍÍßÌ 

À. Â. Ëîáîäà 

Àíîòàö³ÿ. Åíåðãåòè÷íèé ï³äõ³ä óçàãàëüíåíî ç ìåòîþ ðîçðàõóíêó ïåðåð³çó çàõîïëåííÿ 
åëåêòðîíó â ³îí-àòîìí³é ñèñòåì³ ó ñòàí³ ç³òêíåííÿ H++ H(1s).. ×èñåëüí³ îö³íêè îòðèìàí³ 
äëÿ åíåðã³é ç³òêíåííÿ 10 ³ 100 êåÂ. 

Êëþ÷îâ³ ñëîâà: ³îí-àòîìíà ñèñòåìà ³ç ç³òêíåííÿì, åíåðãåòè÷íèé ï³äõ³ä 



ÀÊÓÑÒÎÅËÅÊÒÐÎÍÍ² ÑÅÍÑÎÐÈ 
——

ACOUSTOELECTRONIC SENSORS 

ÓÄÊ 539.2:539.4 
PACS 43.40.LE, 85.30.–Z, 73.40.VZ 

ÄÈÍÀÌ²ÊÀ ÀÊÓÑÒÈ×ÍÎ¯ ÅÌ²Ñ²¯ Ó ËÎÊÀËÜÍÎ-ÍÅÎÄÍÎÐ²ÄÍÎ 
ÒÅÐÌÎÍÀÏÐÓÆÅÍÈÕ ÃÅÒÅÐÎÑÒÐÓÊÒÓÐÀÕ 

Î. Â. Ëÿøåíêî 

Êè¿âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ Òàðàñà Øåâ÷åíêà, 
03680, ì.Êè¿â, ïð. Ãëóøêîâà, 2/1, 

e-mail: lyashenk@univ.kiev.ua 

ÄÈÍÀÌ²ÊÀ ÀÊÓÑÒÈ×ÍÎ¯ ÅÌ²Ñ²¯ Ó ËÎÊÀËÜÍÎ-ÍÅÎÄÍÎÐ²ÄÍÎ ÒÅÐÌÎÍÀÏÐÓÆÅÍÈÕ 
ÃÅÒÅÐÎÑÒÐÓÊÒÓÐÀÕ 

Î. Â. Ëÿøåíêî 

Àíîòàö³ÿ. Â ðîáîò³ ïðîâåäåíî àíàë³ç äèíàì³êè àêóñòè÷íî¿ åì³ñ³¿, ùî ñóïðîâîäæóº äåãðà-
äàö³þ ³ ëîêàëüí³ ïðîöåñè ðåëàêñàö³¿ òà äåôåêòîóòâîðåííÿ â ëîêàëüíî-íåîäíîð³äíî òåðìîíà-
ïðóæåíèõ ãåòåðîñòðóêòóðàõ InGaN/GaN òà GaAsP/GaP ïðè ïîêðîêîâîìó çá³ëüøåíí³ ïðÿìîãî 
ïîñò³éíîãî ñòðóìó. Ïîêàçàíî, ùî äèíàì³êà ÀÅ äîáðå óçãîäæóºòüñÿ ç îñíîâíèìè âèñëîâëå-
íèìè ïðèïóùåííÿìè — ÀÅ º äåòåðì³íîâàíèì â ÷àñ³ õàîòè÷íèì ðåëàêñàö³éíèì ïðîöåñîì, 
ïàðàìåòðè ÀÅ çàëåæàòü â³ä âåëè÷èíè çì³íè òà øâèäêîñò³ çì³íè ð³âíÿ çîâí³øíüîãî ô³êñîâà-
íîãî íàâàíòàæåííÿ, ê³ëüêîñò³ îäíîòèïíèõ äæåðåë ÀÅ, àêòèâîâàíèõ öèì âïëèâîì íà ïðîòÿç³ 
÷àñó éîãî ä³¿, à òàêîæ äèñïåðñ³ºþ äåÿêèõ ïàðàìåòð³â öèõ äæåðåë ÀÅ. 

Êëþ÷îâ³ ñëîâà: äèíàì³êà àêóñòè÷íî¿ åì³ñ³¿, ãåòåðîñòðóêòóðà, äåôåêò 

THE DYNAMICS OF ACOUSTIC EMISSION IN LOCALLY-IS NON-UNIFORMLY THERMO 
STRAINED HETEROSTRUCTURES 

O. V. Lyashenko 

Abstract. In operation the analysis of dynamics of an acoustic emission that accompanies with 
degradation and local processes of a relaxation and a defect formation in locally-is non-uniformly 
thermostrained heterostructures InGaN/GaN and GaAsP/GaP at step-by-step magnification of a di-
rect current is lead. It is shown, that dynamics ÀÅ is well coordinated with the basic guesses — ÀÅ is 
the chaotic relaxation process determined in time, parameters ÀÅ depend on quantity of change and 
velocity of change of a level of the exterior fixed loading, quantity of the same sources ÀÅ activated 
by this influence during time of its activity, and also a variance of some parameters of these sources 
ÀÅ 

Keywords: The dynamics of acoustic emission, heterostructure, defect 

Î. Â. Ëÿøåíêî

© Î. Â. Ëÿøåíêî, 2009
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ÄÈÍÀÌÈÊÀ ÀÊÓÑÒÈ×ÅÑÊÎÉ ÝÌÈÑÑÈÈ Â ËÎÊÀËÜÍÎ-ÍÅÎÄÍÎÐÎÄÍÎ 
ÒÅÐÌÎÍÀÏÐßÆÅÍÍÛÕ ÃÅÒÅÐÎÑÒÐÓÊÒÓÐÀÕ 

Î. Â. Ëÿøåíêî 

Àííîòàöèÿ. Â ðàáîòå ïðîâåäåí àíàëèç äèíàìèêè àêóñòè÷åñêîé ýìèññèè, ÷òî ñîïðîâîæ-
äàåò äåãðàäàöèþ è ëîêàëüíûå ïðîöåññû ðåëàêñàöèè è äåôåêòîîáðàçîâàíèÿ â ëîêàëüíî-íå-
îäíîðîäíî òåðìîíàïðÿæåííûõ ãåòåðîñòðóêòóðàõ InGaN/GaN è GaAsP/GaP ïðè ïîøàãîâîì 
óâåëè÷åíèè ïðÿìîãî ïîñòîÿííîãî òîêà. Ïîêàçàíî, ÷òî äèíàìèêà ÀÅ õîðîøî ñîãëàñîâûâà-
åòñÿ ñ îñíîâíûìè ïðåäïîëîæåíèÿìè — ÀÅ ÿâëÿåòñÿ äåòåðìèíèðîâàííûì âî âðåìåíè õà-
îòè÷åñêèì ðåëàêñàöèîííûì ïðîöåññîì, ïàðàìåòðû ÀÅ çàâèñÿò îò âåëè÷èíû èçìåíåíèÿ è 
ñêîðîñòè èçìåíåíèÿ óðîâíÿ âíåøíåé ôèêñèðîâàííîé íàãðóçêè, êîëè÷åñòâà îäíîòèïíûõ 
èñòî÷íèêîâ ÀÅ, àêòèâèðîâàííûõ ýòèì âëèÿíèåì â òå÷åíèå âðåìåíè åãî äåéñòâèÿ, à òàêæå 
äèñïåðñèåé íåêîòîðûõ ïàðàìåòðîâ ýòèõ èñòî÷íèêîâ ÀÅ 

Êëþ÷îâûå ñëîâà: äèíàìèêà àêóñòè÷åñêîé ýìèññèè, ãåòåðîñòðóêòóðà, äåôåêò 
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BIOSENSORS 

ÓÄÊ 616-008.9-073 

ÂÈÊÎÐÈÑÒÀÍÍß ÍÀÏ²ÂÌÀÃÍ²ÒÍÈÕ ÍÀÏ²ÂÏÐÎÂ²ÄÍÈÊÎÂÈÕ 
ÍÀÍÎ×ÀÑÒÈÍÎÊ ÄËß Â²ÇÓÀË²ÇÀÖ²¯ 
ÑÒÐÓÊÒÓÐ Á²ÎËÎÃ²×ÍÈÕ ÒÊÀÍÈÍ 

Â. ². Ôåä³â1, ². Ñ. Äàâèäåíêî1, À. É. Ñàâ÷óê2, Ì. Ì. Ìàð÷åíêî2, Ò. À. Ñàâ÷óê2 

1 Áóêîâèíñüêèé äåðæàâíèé ìåäè÷íèé óí³âåðñèòåò, 
Êîáèëÿíñüêà 42, ×åðí³âö³, 58000, òåë.. 8-0372-524544 

2 ×åðí³âåöüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ì.Þ.Ôåäüêîâè÷à 
Êîöþáèíñüêîãî 2, ×åðí³âö³, Óêðà¿íà, 58012, òåë.. 8-0372-584755 

e-mail: vfediv@mail.ru, savchuk@chnu.cv.ua 

ÂÈÊÎÐÈÑÒÀÍÍß ÍÀÏ²ÂÌÀÃÍ²ÒÍÈÕ ÍÀÏ²ÂÏÐÎÂ²ÄÍÈÊÎÂÈÕ ÍÀÍÎ×ÀÑÒÈÍÎÊ 
ÄËß Â²ÇÓÀË²ÇÀÖ²¯ ÑÒÐÓÊÒÓÐ Á²ÎËÎÃ²×ÍÈÕ ÒÊÀÍÈÍ 

Â. ². Ôåä³â, ². Ñ. Äàâèäåíêî, À. É. Ñàâ÷óê, Ì. Ì. Ìàð÷åíêî, Ò. À. Ñàâ÷óê 

Àíîòàö³ÿ. Ïðè îïòèìàëüíèõ óìîâàõ ñèíòåçó îòðèìàíî êîìïëåêñ íàíî÷àñòèíêà íàï³âìàã-
í³òíîãî íàï³âïðîâ³äíèêà CdMnS — ìåðêàïòîåòàíîë. Óòâîðåííÿ íàíî÷àñòèíîê ïðîêîíòðî-
ëüîâàíî îïòè÷íèìè ìåòîäàìè. Âèÿâëåíî íåçàëåæí³ñòü ðîçì³ð³â íàíî÷àñòèíîê â³ä êîíöåí-
òðàö³¿ âèõ³äíèõ êîìïîíåíò ó ä³àïàçîí³ 5∙10-4 — 5∙10-2 ìîëü/ë. Äåÿê³ ñòðóêòóðè á³îëîã³÷íèõ 
òêàíèí âèÿâëåí³ ñåëåêòèâíîþ ëþì³íåñöåíòíîþ â³çóàë³çàö³ºþ ç âèêîðèñòàííÿì íàíî÷àñòè-
íîê íà ïðèêëàä³ äîñë³äæåíü ã³ñòîëîã³÷íèõ çð³ç³â ïëàöåíòàðíî¿ òêàíèíè. 

Êëþ÷îâ³ ñëîâà: íàíî÷àñòèíêà, íàï³âìàãí³òíèé íàï³âïðîâ³äíèê, ëþì³íåñöåíö³ÿ, á³îëîã³÷-
íà òêàíèíà, á³îñåíñîð 

APPLICATION OF SEMIMAGNETIC SEMICONDUCTOR NANOPARTICLES FOR VISUALISATION 
OF BIOLOGICAL TISSUE STRUCTURES 

V. ². Fediv, ². S. Davydenko, À. I. Savchuk, M. Ì. Ìarchenko, Ò. À. Savchuk 

Abstract. Complex type of semimagnetic semiconductor nanoparticle CdMnS — mercaptoetha-
nol has been obtained at optimum synthesis conditions. Formation of nanoparticles was monitored 
by optical methods. It is shown independence of the size nanoparticles from concentration initial a 
component in a range of 5∙10-4 — 5∙10-2 mol/L. Some structures of biological tissue were revealed on 
selective luminescent visualisation of the synthesized nanoparticles by applying to study of histologi-
cal section of a placental tissue. 

Keywords: nanoparticle, semimagnetic semiconductor, luminescence, biological tissue, biosen-
sor 

Â. ². Ôåä³â, ². Ñ. Äàâèäåíêî, À. É. Ñàâ÷óê, Ì. Ì. Ìàð÷åíêî, Ò. À. Ñàâ÷óê
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ÈÑÏÎËÜÇÎÂÀÍÈÅ ÏÎËÓÌÀÃÍÈÒÍÛÕ ÏÎËÓÏÐÎÂÎÄÍÈÊÎÛÕ ÍÀÍÎ×ÀÑÒÈÖ 
ÄËß ÂÈÇÓÀËÈÇÀÖÈÈ ÑÒÐÓÊÒÓÐ ÁÈÎËÎÃÈ×ÅÑÊÈÕ ÒÊÀÍÅÉ 

Â. È. Ôåäèâ, È. Ñ. Äàâûäåíêî, À. É. Ñàâ÷óê, Ì. Ì. Ìàð÷åíêî, Ò. À. Ñàâ÷óê 

Àííîòàöèÿ. Ïðè îïòèìàëüíûõ óñëîâèÿõ ñèíòåçà ïîëó÷åíî êîìïëåêñ íàíî÷àñòèöà ïîëó-
ìàãíèòíîãî ïîëóïðîâîäíèêà CdMnS — ìåðêàïòîýòàíîë. Îïòè÷åñêèìè ìåòîäàìè ïðîêîí-
òðîëèðîâàíî ôîðìèðîâàíèå íàíî÷àñòèö. Ïîêàçàíî íåçàâèñèìîñòü ðàçìåðîâ íàíî÷àñòèö îò 
êîíöåíòðàöèè èñõîäíûõ êîìïîíåíò â äèàïàçîíå 5∙10-4 — 5∙10-2 ìîëü/ë. Íåêîòîðûå ñòðóêòó-
ðû áèîëîãè÷åñêèõ òêàíåé âûÿâëåíû ñåëåêòèâíîé ëþìèíåñöåíòíîé âèçóàëèçàöèåé ñ ïîìî-
ùüþ íàíî÷àñòèö, íà ïðèìåðå èññëåäîâàíèé ãèñòîëîãè÷åñêèõ ñðåçîâ ïëàöåíòàðíîé òêàíè. 

Êëþ÷åâûå ñëîâà: íàíî÷àñòèöà, ïîëóìàãíèòíûé ïîëóïðîâîäíèê, ëþìèíåñöåíöèÿ, áèîëî-
ãè÷åñêàÿ òêàíü, áèîñåíñîð 
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Ä. Â. Ëàáîâêà2, Ë. ². Ïàíüê³â2, Â. Ì. Öìîöü2 
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ÊÐÈÑÒÀË²×ÍÀ ÑÒÐÓÊÒÓÐÀ ÒÀ ÌÀÃÍ²ÒÍ² ÂËÀÑÒÈÂÎÑÒ² ÑÏËÀÂ²Â 
ÒÂÅÐÄÈÕ ÐÎÇ×ÈÍ²Â Ó ÑÈÑÒÅÌ² Tm-Ge-Si 

Ð. Ñ. Êîçàê, Ñ. ß. Ïóêàñ, Þ. Ê. Ãîðåëåíêî, Ð. ª. Ãëàäèøåâñüêèé, 
Ä. Â. Ëàáîâêà, Ë. ². Ïàíüê³â, Â. Ì. Öìîöü 

Àíîòàö³ÿ. Ñïëàâè òâåðäèõ ðîç÷èí³â ó ñèñòåì³ Tm-Ge-Si äîñë³äæåíî ìåòîäàìè ðåíòãåí³âñü-
êî¿ äèôðàêö³¿ ³ ìàãí³òíî¿ ñïðèéíÿòëèâîñò³ (ÌÑ). Âñòàíîâëåíî, ùî êðèñòàë³÷íà ñòðóêòóðà 
äàíèõ ñïëàâ³â íàëåæèòü äî ãåêñàãîíàëüíîãî ñòðóêòóðíîãî òèïó AlB

2
, ó ÿê³é äëÿ àòîì³â ìàëîãî 

ðîçì³ðó (Si, Ge) õàðàêòåðíà òðèãîíàëüíî-ïðèçìàòè÷íà êîîðäèíàö³ÿ. Ðåçóëüòàòè âèì³ðþâàíü 
ÌÑ â çàëåæíîñò³ â³ä òåìïåðàòóðè (80-800 Ê) òà íàïðóæåíîñò³ ìàãí³òíîãî ïîëÿ (0,5-4,0 êÅ) 
ñâ³ä÷àòü ïðî íàÿâí³ñòü ïàðàìàãí³òíî¿ ñêëàäîâî¿, ÿêà äîáðå îïèñóºòüñÿ çàêîíîì Êþð³-Âåéññà 
³ íå çàëåæèòü â³ä íàïðóæåíîñò³ ìàãí³òíîãî ïîëÿ. Òàêîæ âèçíà÷åí³ ìàãí³òí³ õàðàêòåðèñòèêè 
äîñë³äæóâàíèõ ìàòåð³àë³â (ïàðàìåòð Âåéññà, åôåêòèâíèé ìàãí³òíèé ìîìåíò íà ôîðìóëüíó 
îäèíèöþ ³ êîíñòàíòà Êþð³). 

Êëþ÷îâ³ ñëîâà: êðèñòàë³÷íà ñòðóêòóðà, òâåðäèé ðîç÷èí, ìàãí³òíà ñïðèéíÿòëèâ³ñòü, ïàðà-
ìàãíåòèçì 

CRYSTAL STRUCTURE AND MAGNETIC PROPERTIES OF SOLID SOLUTIONS 
IN THE Tm-Ge-Si SYSTEM 

R. S. Kozak, S. Ya. Pukas, Yu. K. Gorelenko, R. E. Gladyshevskii, 
D. V. Labovka, L. I. Pan’kiv, V. M. Tsmots 

Abstract. Solid solutions in the Tm-Ge-Si system have been studied by X-ray diffraction data and 
magnetic susceptibility (MS) techniques. It was found that the crystal structure of the alloys corre-

Ð. Ñ. Êîçàê, Ñ. ß. Ïóêàñ, Þ. Ê. Ãîðåëåíêî òà ³í. 
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sponds to the hexagonal type AlB
2
, in which tri-capped trigonal prism coordination is observed for 

the small atoms (Si, Ge). The results of MS measurements as a function of temperature (80-800 K) 
and magnetic field (0.5-4.0 kOe) show the existence of a field-independent paramagnetic compo-
nent well described by the Curie-Weiss law. The magnetic characteristics of the materials (Weiss 
parameter, effective magnetic moment per formula unit and Curie constant) were also determined.

Keywords: crystal structure, solid solution, magnetic susceptibility, paramagnetism

ÊÐÈÑÒÀËËÈ×ÅÑÊÀß ÑÒÐÓÊÒÓÐÀ È ÌÀÒÍÈÒÍÛÅ ÑÂÎÉÑÒÂÀ 
ÑÏËÀÂÎÂ ÒÂÅÐÄÛÕ ÐÀÑÒÂÎÐÎÂ Â ÑÈÑÒÅÌÅ Tm-Ge-Si 

Ð. Ñ. Êîçàê, Ñ. ß. Ïóêàñ, Þ. Ê. Ãîðåëåíêî, Ð. Å. Ãëàäûøåâñêèé, 
Ä. Â. Ëàáîâêà, Ë. È. Ïàíüêèâ, Â. Ì. Öìîöü 

Àííîòàöèÿ. Ñïëàâû òâåðäûõ ðàñòâîðîâ â ñèñòåìå Tm-Ge-Si èññëåäîâàíû ìåòîäàìè ðåí-
òãåíîâñêîé äèôðàêöèè è ìàãíèòíîé âîñïðèèì÷èâîñòè (ÌÂ). Îáíàðóæåíî, ÷òî êðèñòàë-
ëè÷åñêàÿ ñòðóêòóðà äàííûõ ñïëàâîâ ïðèíàäëåæèò ê ãåêñàãîíàëüíîìó òèïó AlB

2
, â êîòîðîé 

äëÿ àòîìîâ ìàëûõ ðàçìåðîâ (Si, Ge) õàðàêòåðíà òðèãîíàëüíî-ïðèçìàòè÷íàÿ êîîðäèíàöèÿ. 
Ðåçóëüòàòû èçìåðåíèé ÌÂ â çàâèñèìîñòè îò òåìïåðàòóðû (80-800 Ê) è íàïðÿæåííîñòè ìàã-
íèòíîãî ïîëÿ (0,5-4,0 êÝ) ñâèäåòåëüñòâóþò î íàëè÷èè ïàðàìàãíèòíîé ñîñòàâëÿþùåé, êîòî-
ðàÿ õîðîøî îïèñûâàåòñÿ çàêîíîì Êþðè-Âåéññà è íå çàâèñèò îò íàïðÿæåííîñòè ìàãíèòíîãî 
ïîëÿ. Òàêæå îïðåäåëåíû ìàãíèòíûå õàðàêòåðèñòèêè èññëåäîâàííûõ ìàòåðèàëîâ (ïàðàìåòð 
Âåéññà, ýôôåêòèâíûé ìàãíèòíûé ìîìåíò íà ôîðìóëüíóþ åäèíèöó è êîíñòàíòà Êþðè). 

Êëþ÷åâûå ñëîâà: êðèñòàëëè÷åñêàÿ ñòðóêòóðà, òâåðäûé ðàñòâîð, ìàãíèòíàÿ âîñïðèèì÷è-
âîñòü, ïàðàìàãíåòèçì 
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ÄÎÑË²ÄÆÅÍÍß ÒÅÌÏÅÐÀÒÓÐÍÈÕ ÇÀËÅÆÍÎÑÒÅÉ ÅËÅÊÒÐÈ×ÍÎÃÎ 
ÎÏÎÐÓ ÍÀÏ²ÂÏÐÎÂ²ÄÍÈÊÎÂÈÕ ÑÅÃÍÅÒÎÅËÅÊÒÐÈ×ÍÈÕ 
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ÄÎÑË²ÄÆÅÍÍß ÒÅÌÏÅÐÀÒÓÐÍÈÕ ÇÀËÅÆÍÎÑÒÅÉ ÅËÅÊÒÐÈ×ÍÎÃÎ ÎÏÎÐÓ 
ÍÀÏ²ÂÏÐÎÂ²ÄÍÈÊÎÂÈÕ ÑÅÃÍÅÒÎÅËÅÊÒÐÈ×ÍÈÕ ÊÐÈÑÒÀË²Â Sn
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Þ. ². Òÿãóð 

Àíîòàö³ÿ. Äîñë³äæåí³ çàëåæíîñò³ åëåêòðè÷íîãî îïîðó ( R ), â³äíîñíîãî òåìïåðàòóðíîãî 
êîåô³ö³ºíòó åëåêòðè÷íîãî îïîðó ( α ) â³ä òåìïåðàòóðè äëÿ êðèñòàë³â Sn

2
P

2
S

6
. Âñòàíîâëåíî, 

ùî ïðè çðîñòàíí³ òåìïåðàòóðè çàëåæí³ñòü ( )R T  åêñïîíåíö³àëüíî çìåíøóºòüñÿ ç ð³çíèìè 
òåðì³÷íèìè êîíñòàíòàìè ( )B . Âèçíà÷åí³ êîíñòàíòè ( )B  òà åíåðã³ÿ çàëÿãàííÿ äîì³øêîâèõ 
ð³âí³â â ñåãíåòîåëåêòðè÷í³é òà ïàðàåëåêòðè÷í³é ôàçàõ. Âñòàíîâëåíî, ùî êîåô³ö³ºíò ( α ) ìàº 
âåëèê³ çíà÷åííÿ â ñåãíåòîåëåêòðè÷í³é ³ ïàðàåëåêòðè÷í³é ôàçàõ, à òàêîæ ïðîÿâëÿº àíîìàë³þ 
â îêîë³ òî÷êè ôàçîâîãî ïåðåõîäó. Îá÷èñëåíî åíåðã³þ äîì³øêîâèõ ð³âí³â, ÿêà â ñåãíåòîôàç³ º 
ð³âíîþ 1, 0.12feE eB= , 2, 1.17feE eB= , à â ïàðàôàç³ — 3, 0.87paE eB= . 

Êëþ÷îâ³ ñëîâà: ñåãíåòîåëåêòðè÷í³ êðèñòàëè, åëåêòðè÷íèé îï³ð, òåìïåðàòóðà, åíåðã³ÿ 

INVESTIGATIONS OF TEMPERATURE DEPENDENCES OF ELECTRICAL RESISTANCE 
OF Sn
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FERROELECTRIC SEMICONDUCTOR CRYSTALS 

Yu. Tyagur 

Abstract. Dependences of electrical resistance (R) and relative temperature coefficient of elec-
trical resistance ( α ) versus temperature are investigated for Sn

2
P

2
S

6 
crystals. It is established that 

with increasing temperature, dependence R(T) exponencially decreases with different thermical 
coefficients (B). In this work coefficients (B) and energy of the doped levels are obtained for fer-
roelectric and paraelectric phases. It is established, that coefficient ( α ) has high values in both 
phases and also in the vicinity of the phase transition point the anomaly occurs. The energy of the 
doped levels is calculated: in ferroelectric phase 1, 0.12feE eV= , 2, 1.17feE eV= , and paraelectric 
phase 3, 0.87paE eV− = . 

Keywords: ferroelectric crystals, electrical resistance, temperature, energy 

ÈÑÑËÅÄÎÂÀÍÈß ÒÅÌÏÅÐÀÒÓÐÍÛÕ ÇÀÂÈÑÈÌÎÑÒÅÉ ÝËÅÊÒÐÈ×ÅÑÊÎÃÎ 
ÑÎÏÐÎÒÈÂËÅÍÈß ÑÅÃÍÅÒÎÝËÅÊÒÐÈ×ÅÑÊÈÕ — ÏÎËÓÏÐÎÂÎÄÍÈÊÎÂÛÕ 

ÊÐÈÑÒÀËËÎÂ Sn
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Þ. È. Òÿãóð 

Àííîòàöèÿ. Èññëåäîâàíû çàâèñèìîñòè ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ ( R ), îòíîñèòåëü-
íîãî òåìïåðàòóðíîãî êîýôôèöèåíòà ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ ( α ) îò òåìïåðàòóðû 
äëÿ êðèñòàëëîâ Sn
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. Óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè òåìïåðàòóðû çàâèñèìîñòü ( )R T  

ýêñïîíåíöèàëüíî óìåíüøàåòñÿ ñ ðàçëè÷íûìè ïî çíà÷åíèþ òåðìè÷åñêèìè êîíñòàíòàìè 
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( )B . Îïðåäåëåíû êîíñòàíû ( )B  è ýíåðãèÿ ïðèìåñíûõ óðîâíåé â ñåãíåòîýëåêòðè÷åñêîé è 
ïàðàýëåêòðè÷åñêîé ôàçàõ. Óñòàíîâëåíî, ÷òî êîýôôèöèåíò ( α ) èìååò áîëüøèå çíà÷åíèÿ â 
ñåãíåòîýëåêòðè÷åñêîé è ïàðàýëåêòðè÷åñêîé ôàçàõ, à òàêæå ïðîÿâëÿåò àíîìàëèþ â îêîëå 
òî÷êè ôàçîâîãî ïåðåõîäà. Ðàññ÷èòàíî ýíåðãèþ ïðèìåñíûõ óðîâíåé, êîòîðàÿ â ñåãíåòîôàçå 
ðàâíà — 1, 0.12feE B= э , 2, 1.17feE B= э , à â ïàðàôàçå — 3, 0.87paE B= э . 

Êëþ÷åâûå ñëîâà: ñåãíåòîýëåêòðè÷åñêèå êðèñòàëëû, ýëåêòðè÷åñêîå ñîïðîòèâëåíèå, òåì-
ïåðàòóðà, ýíåðãèÿ 
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ÑÒÂÎÐÅÍÍß ² ÂËÀÑÒÈÂÎÑÒ² ÅËÅÊÒÐÈ×ÍÈÕ ÊÎÍÒÀÊÒ²Â
Al I Au ÍÀ ÒÎÍÊÎÏË²ÂÊÎÂÎÌÓ Zn
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x
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Â. Â. Õîìÿê 
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ÑÒÂÎÐÅÍÍß ² ÂËÀÑÒÈÂÎÑÒ² ÅËÅÊÒÐÈ×ÍÈÕ ÊÎÍÒÀÊÒ²Â
Al I Au ÍÀ ÒÎÍÊÎÏË²ÂÊÎÂÎÌÓ Zn

1-x
Mn

x
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Â. Â. Õîìÿê 

Àíîòàö³ÿ. Äîñë³äæåíî åëåêòðè÷í³ õàðàêòåðèñòèêè êîíòàêò³â ìåòàë³â Au ³ Al íàíåñåíèõ 
íà âèðîùåí³ Â×-ìàãíåòðîííèì ðîçïèëþâàííÿì òîíê³ ïë³âêè Zn

1-x
Mn

x
O. Âñòàíîâëåíî, ùî 

õ³ì³÷íà îáðîáêà ïîâåðõí³ ïåðåä ìåòàë³çàö³ºþ ïðèâîäèòü äî çìåíøåííÿ ïèòîìîãî êîíòàê-
òíîãî îïîðó çà ðàõóíîê óòâîðåííÿ òîíêîãî ïðèïîâåðõíåâîãî çáàãà÷åíîãî åëåêòðîíàìè n+-
øàðó, à òàêîæ çà ðàõóíîê ñòâîðåííÿ íà ïîâåðõí³ á³ëüøî¿ ãóñòèíè âàêàíñ³é êèñíþ. 

Êëþ÷îâ³ ñëîâà: îêñèä öèíêó, òîíê³ ïë³âêè Zn
1-x

Mn
x
O, åëåêòðè÷íèé êîíòàêòíèé îï³ð 

CREATING AND PROPERTIES OF ELECTRICAL CONTACTS 
OF Al AND Au ON THE Zn

1-x
Mn

x
O THING FILMS 

V. V. Khomyak 

Abstract. Electrical characteristics of Au and Al metal contacts on the Zn
1-x

Mn
x
O thin films, 

grown by high-frequency magnetron sputtering have been investigated. It has been established that 
chemical treatment before metallization leads to the decrease of specific contact resistance because 
of the creation of thin near-surface n+-lager, enriched by electrons as well as because of larger density 
of oxygen vacancies on the surface. 

Keywords: zinc oxide, Zn
1-x

Mn
x
O thin films, electrical contact resistance 
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ÑÎÇÄÀÍÈÅ È ÑÂÎÉÑÒÂÀ ÅËÅÊÒÐÈ×ÅÑÊÈÕ ÊÎÍÒÀÊÒÎÂ Al È Au 
ÍÀ ÒÎÍÊÎÏË¨ÍÎ×ÍÎÌ Zn

1-x
Mn

x
O 

Â. Â. Õîìÿê 

Àííîòàöèÿ. Èññëåäîâàíî ýëåêòðè÷åñêèå õàðàêòåðèñòèêè êîíòàêòîâ ìåòàëëîâ Au è Al íà-
íåñåííûõ íà âûðàùåííûå Â×-ìàãíåòðîííûì ðàñïûëåíèåì òîíêèå ïëåíêè Zn

1-x
Mn

x
O. Óñòà-

íîâëåíî, ÷òî õèìè÷åñêàÿ îáðàáîòêà ïîâåðõíîñòè ïåðåä ìåòàëëèçàöèåé ïðèâîäèò ê óìåíüøå-
íèþ óäåëüíîãî êîíòàêòíîãî ñîïðîòèâëåíèÿ çà ñ÷åò îáðàçîâàíèÿ òîíêîãî ïðèïîâåðõíîñòíîãî 
îáîãàùåííîãî ýëåêòðîíàìè n+-ñëîÿ, à òàêæå çà ñ÷åò îáðàçîâàíèÿ íà ïîâåðõíîñòè áîëüøåé 
ïëîòíîñòè âàêàíñèé êèñëîðîäà. 

Êëþ÷åâûå ñëîâà: îêñèä öèíêà, òîíêèå ïëåíêè Zn
1-x

Mn
x
O, ýëåêòðè÷åñêîå êîíòàêòíîå ñî-

ïðîòèâëåíèå 

Â. Â. Õîìÿê
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ÐÀÇÐÀÁÎÒÊÀ ÏËÅÍÎ×ÍÛÕ ÑËÎÅÂ ÑÓËÜÔÈÄÀ ÊÀÄÌÈß ÄËß ÝÊÎÍÎÌÈ×ÍÛÕ 
ÑÎËÍÅ×ÍÛÕ ÝËÅÌÅÍÒÎÂ 

Ä. À. Êóäèé, Í. Ï. Êëî÷êî, Ã. Ñ. Õðèïóíîâ, Í. À. Êîâòóí, Ê. Þ. Êðèêóí, Å. Ê. Áåëîíîãîâ 

Àííîòàöèÿ. Èññëåäîâàíî ñòðóêòóðíûå è îïòè÷åñêèå ñâîéñòâà ïëåíîê ñóëüôèäà êàäìèÿ, 
ïîëó÷åííûõ ìåòîäîì õèìè÷åñêîãî îñàæäåíèÿ èç ðàñòâîðà. Ñòðóêòóðíûå ïàðàìåòðû îïðå-
äåëåíû ðåíòãåíäèôðàêòîìåòðè÷åñêèì ìåòîäîì, â êîòîðîì îáëàñòè êîãåðåíòíîãî ðàññåèâà-
íèÿ (î.ê.ð.) è ìèêðîäåôîðìàöèè îïðåäåëÿëèñü ïóòåì àíàëèòè÷åñêîé îáðàáîòêè îòäåëüíûõ 
ðåíòãåíäèôðàêòîãðàìì. Ïðîâåäåíà ìàòåìàòè÷åñêàÿ îáðàáîòêà ñïåêòðîâ ïðîïóñêàíèÿ ñëîåâ 
ñóëüôèäà êàäìèÿ. Êðèñòàëëè÷åñêàÿ ñòðóêòóðà è îïòè÷åñêèå ñâîéñòâà èññëåäîâàííûõ ïëå-
íîê CdS îïðåäåëÿþòñÿ òîëùèíîé è òåõíîëîãèåé îñàæäåíèÿ ñëîåâ CdS. 

Êëþ÷åâûå ñëîâà: õèìè÷åñêîå îñàæäåíèå, ðåíòãåíäèôðàêòîìåòðè÷åñêèé ìåòîä, îáëàñòü 
êîãåðåíòíîãî ðàññåèâàíèÿ, ìèêðî äåôîðìàöèè 

ÐÎÇÐÎÁÊÀ ÏË²ÂÊÎÂÈÕ ØÀÐ²Â ÑÓËÜÔ²ÄÓ ÊÀÄÌ²Þ ÄËß ÅÊÎÍÎÌ²×ÍÈÕ 
ÑÎÍß×ÍÈÕ ÅËÅÌÅÍÒ²Â 

Ä. À. Êóä³é, Í. Ï. Êëî÷êî, Ã. Ñ. Õðèïóíîâ, Í. À. Êîâòóí, Ê. Þ. Êðèêóí, ª. Ê. Áºëîíîãîâ 

Àíîòàö³ÿ. Äîñë³äæåíî ñòðóêòóðí³ ³ îïòè÷í³ âëàñòèâîñò³ ïë³âîê ñóëüô³äó êàäì³þ, îòðèìà-
íèõ ìåòîäîì õ³ì³÷íîãî îñàäæåííÿ ç ðîç÷èíó. Ñòðóêòóðí³ ïàðàìåòðè âèçíà÷åí³ ðåíòãåíäèô-
ðàêòîìåòðè÷íèì ìåòîäîì, â ÿêîìó îáëàñò³ êîãåðåíòíîãî ðîçñ³ÿííÿ (î.ê.ð.) òà ì³êðîäåôîð-
ìàö³¿ âèçíà÷àëèñü øëÿõîì àíàë³òè÷íî¿ îáðîáêè îêðåìèõ ðåíòãåíäèôðàêòîãðàì. Ïðîâåäåíà 
ìàòåìàòè÷íà îáðîáêà ñïåêòð³â ïðîïóñêàííÿ øàð³â ñóëüô³äó êàäì³þ. Êðèñòàë³÷íà ñòðóêòóðà 
òà îïòè÷í³ âëàñòèâîñò³ äîñë³äæåíèõ ïë³âîê CdS âèçíà÷àþòüñÿ òîâùèíîþ òà òåõíîëîã³ºþ 
îñàäæåííÿ øàð³â CdS. 

Êëþ÷îâ³ ñëîâà: õ³ì³÷íå îñàäæåííÿ, ðåíòãåíäèôðàêòîìåòðè÷íèé ìåòîä, îáëàñòü êîãåðåíò-
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FILM LAYER SULFIDE CADMIUM DEVELOPMENT FOR ECONOMIC SOLAR CELLS 

D. A. Kudiy, N. P. Klochko, G. S. Khrypunov, N. A. Kovtun, K. Y. Krikun, E. K. Belonogov 

Abstract. The structural and optical properties CdS films, which received by the chemical de-
position from solution, are investigated. The structural parameters are determined by the X-Ray 
difractogram method, which the definition of dispersion cogerent areas and microdeformations 
were defined by analytical processing X-Ray difractogram. The mathematical processing of CdS 
layers transmittion specters are carried out. The crystal structure and optical properties investigated 
CdS films are defined by the thickness and deposition technology CdS layer. 

Keywords: Chemical deposition, X-Ray difractogram method, dispersion cogerent area, micro-
deformations 
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Electrically Active Magnetic Nanoparticles for 
Concentrating and Detecting Bacillus anthracis Spores 
in a Direct-Charge Transfer Biosensor 
Pal, S. Setterington, E.B. Alocilja, E.C. 

On page(s): 647-654 

Abstract 
Bacillus anthracis, the causative agent of anthrax, is con-
sidered as one of the most important pathogens in the list 
of bioterrorism threats. This paper describes the synthesis 
of electrically active magnetic (EAM) nanoparticles and 
their application in a direct-charge transfer biosensor for 
detecting B. anthracis Sterne endospores. These EAM 
nanoparticles were synthesized from aniline monomer 
made electrically active by acid doping and gamma iron 
(III) oxide nanoparticles resulting in nanomaterials with 
diameters ranging from 50 to 200 nm. Room tempera-
ture hysteresis measurements of the synthesized nano-
materials using a quantum design MPMS SQUID mag-
netometer showed that their saturation magnetization 
values were between 61.1 and 33.5 emu/gm. The struc-
tural morphology of the nanomaterial was studied using 
transmission electron microscopy and the electronic dif-
fraction patterns were observed to determine their crys-
talline nature. The EAM nanoparticles were coated with 
antibodies specific to B. anthracis Sterne endospores 
and used to capture the target antigen from varying spore 
concentrations ( to ) by applying a magnetic field. The 
immunomagnetically captured spores were then applied 
to a direct-charge transfer biosensor having a dimen-
sion of 5 mm × 60 mm. The detection of the spores was 
based on the capillary flow of the captured spores aided 
by a direct-charge transfer of the EAM nanoparticle. 
The electric signal generated was recorded for 6 min in 
a reagentless process. The biosensor was able to detect 
the presence of B. anthracis spores at a concentration of 
4.2×102 spores/ml. Specificity studies were also carried 
out to determine the biosensor responses in the presence 
of nontarget antigens. This study shows the novel appli-
cation of EAM nanoparticles both as an immunomag-
netic concentrator and a transducer in a portable, easy to 
use, biosensor that has the potential to be used as a rapid 
detection device for defense and biosecurity. 

A Versatile Biomolecular Charge-Based Sensor Using 
Oxide-Gated Carbon Nanotube Transistor Arrays 
Pandana, H. Aschenbach, K.H. Lenski, D.R. Fuhrer, 
M.S. Khan, J. Gomez, R.D. 

On page(s): 655-660 

Abstract 
Label-free deoxyribonucleic acid (DNA) hybridization 
detection using carbon nanotube transistor (CNT) arrays 
is demonstrated. The present scheme is distinguished 
from other CNT sensing methods as it uses a gate oxide 
overlayer on top of the carbon nanotubes, which func-
tion solely as charge sensors but are not participants in 
the chemical binding process. Because it involves DNA 
probe attachment on the gate oxide rather than on the 
CNT, this approach allows the use of conventional DNA 
functionalization and bioassay protocols, and is less 
prone to false positives. The signal sought is a few tens of 
millivolts in threshold voltage shift due to the increase of 
surface charges after target hybridization. The hybridiza-
tion detection is shown to be highly specific and sensitive 
to a minimum concentration of about 30 nM of 61-mer 
DNA. Despite differences in the transistor properties due 
to the spread in the CNT parameters during fabrication, 
the yields are very high and the sensing characteristics 
are uniformly consistent in nearly all transistors. 

Systematic Aptamer-Gold Nanoparticle Colorimetry for 
Protein Detection: Thrombin 
Pandana, H. Aschenbach, K.H. Gomez, R.D. 

On page(s): 661-666 

Abstract 
Gold nanoparticle colorimetry assay using aptamers is a 
low cost and a highly effective means for detecting a wide 
range of biomolecular targets. In this work, this tech-
nique is used to detect the protein thrombin as a model 
system for understanding the relationship between the 
aptamer-target binding properties and the optical colori-
metric response, as well as to gain insight on the second-
ary structures of the aptamers. The two known aptamers 
for thrombin, the 15-mer Bock and the 29-mer Tasset 
aptamer were conjugated to gold nanoparticles to form 
complexes that bind to thrombin upon contact. The Bock 
aptamer causes the aggregation of the nanoparticles and 
the concomitant reduction of the plasmon resonance 
peak, whereas the 29-mer Tasset aptamer, despite higher 
affinity, does not cause a spectral change. The data is 
understood on the basis of the difference in the number 
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of binding sites available on thrombin for the respective 
aptamers. Additional results on single base substitutions 
suggest that the G-quadruplex secondary structure in the 
Bock aptamer is intermolecular and comprises of at least 
two interacting aptamer molecules. An estimate of the 
dissociation constant, derived from thrombin titration, is 
comparable to values reported in the literature. 

The Effect of Frequency Sweeping and Fluid Flow on 
Particle Trajectories in Ultrasonic Standing Waves 
Lipkens, B. Costolo, M. Rietman, E. 

On page(s): 667-677 

Abstract 
Particle concentration and separation in ultrasonic stand-
ing waves through the action of the acoustic radiation 
force on suspended particles are discussed. The acoustic 
radiation force is a function of the density and compress-
ibility of the fluid and the suspended particles. A two-
dimensional theoretical model is developed for particle 
trajectory calculations. An electroacoustic model is used 
to predict the acoustic field in a resonator, driven by a 
piezoelectric transducer. Second, the results of the linear 
acoustic model are used to calculate the acoustic radia-
tion force acting on a particle suspended in the resona-
tor. Third, a particle trajectory model is developed that 
integrates the equation of motion of a particle subjected 
to a buoyancy force, a fluid drag force, and the acoustic 
radiation force. Computational fluid dynamics calcula-
tions are performed to calculate the velocity field that is 
subsequently used to calculate fluid drag. For a fixed fre-
quency excitation, the particles are concentrated along 
the stable node locations of the acoustic radiation force. 
Through a periodic sweeping of the excitation frequency 
particle translation is achieved. Two types of frequency 
sweeps are considered, a ramp approach and a step-
change method. Numerical results of particle trajec-
tory calculations are presented for two configurations of 
flow-through resonators and for two types of frequency 
sweeping. It is shown that most effective particle separa-
tion occurs when the fluid drag force is orthogonal to the 
acoustic radiation force. 

Hybrid Micropower Source for Wireless Sensor Network 
Yanqiu Li Hongyun Yu Bo Su Yonghong Shang 

On page(s): 678-681 

Abstract 
Wireless sensor networks have become a very significant 
enabling technology in many applications and the use of 
environmental energy is a feasible source for low-power 
wireless sensor networks. The challenges of develop-
ing a power supply including generation or conversion, 
storage, and power management are manifold to extend 

the lifetime of a wireless sensor network. The objective 
of this research is to develop an intelligent hybrid power 
system to realize a self-sustaining wireless sensor node. 
The photovoltaic and thermoelectric generators are ad-
opted as energy converters. The lithium ion battery and 
ultracapacitor are used as reservoirs. An intelligent power 
management system has been developed to control the 
power distribution. The design data and experimental re-
sults show that the hybrid micropower source can extend 
the lifetime of a sensor network. 

Sensor Support Systems for Asymmetric Threat 
Countermeasures 
Chung-Ching Shen Kupershtok, R. Adl, 
S. Bhattacharyya, S.S. Goldsman, N. Peckerar, M. 

On page(s): 682-692 

Abstract 
In the past, primary focus has been given to novel sen-
sor elements for deployment against urban terrorists and 
in limited force engagements. The issue explored in this 
paper is the adequacy of electronic system support for 
these new sensing elements. For example, ad hoc distrib-
uted networks must lie dormant for long periods of time 
and ldquocome aliverdquo when threats are nearby. This 
presents a unique challenge in the storage, generation, 
and management of power. In this paper, we demonstrate 
designs of processor algorithms and telecommunication 
protocols that alleviate current power-system shortcom-
ings for these stationary networks. These advances in-
clude: 1) low-power protocols for data fusion and fault 
tolerance and 2) system-level energy modeling and 
analysis. As a concrete example, we define a distributed 
sensor support system for line crossing recognition. We 
demonstrate that threat detection is a system-level prob-
lem. Single elements of the system chain individually 
have small impact on overall performance. Through the 
development of a preamplifier/amplifier chain for op-
timum signal-to-noise (S/N) ratio, we show the degree 
to which system-level architecture can improve reliable 
detection. Specifically, the use of sensor redundancy to 
improve performance is analyzed from a statistical basis. 

Electrospun Conducting Polymer-Based Sensors for 
Advanced Pathogen Detection 
Haynes, A.S. Gouma, P.I. 

On page(s): 701-705 

Abstract 
This paper focuses on the development of conducting 
polymer hybrid sensors for pathogen detection for ad-
vanced medical diagnostics. Using the electrospinning 
technique, polyaniline hybrids were developed for the 
detection of gas and for pH monitoring to determine 
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the suitability of these sensors for exhaled human breath 
analyses. Results show that electrospun hybrids based on 
leucoemeraldine based polyaniline exhibit sensitivity to 
down to 1 ppm and for the first time, using emeraldine 
salt polyaniline, demonstrate a conductimetric response 
to changes in the headspace of aqueous solutions of vary-
ing pH. This manuscript discusses the response of these 
hybrid systems to varying concentrations of pH and 
NO

2
. 

Advanced Agent Identification With Fluctuation-
Enhanced Sensing 
Kwan, C. Schmera, G. Smulko, J.M. Kish, 
L.B. Heszler, P. Granqvist, C.-G. 

On page(s): 706-713 

Abstract 
Conventional agent sensing methods normally use the 
steady state sensor values for agent classification. Many 
sensing elements (Hines , 1999; Ryan, 2004; Young, 
2003;Qian, 2004; Qian, 2006; Carmel, 2003) are needed 
in order to correctly classify multiple agents in mixtures. 
Fluctuation-enhanced sensing (FES) looks beyond the 
steady-state values and extracts agent information from 
spectra and bispectra. As a result, it is possible to use a 
single sensor to perform multiple agent classification. 
This paper summarizes the application of some advanced 
algorithms that can classify and estimate concentrations 
of different chemical agents. Our tool involves two steps. 
First, spectral and bispectral features will be extracted 
from the sensor signals. The features contain unique 
agent characteristics. Second, the features are fed into a 
hyperspectral signal processing algorithm for agent clas-
sification and concentration estimation. The basic idea 
here is to use the spectral/bispectral shape information 
to perform agent classification. Extensive simulations 
have been performed by using simulated nanosensor 
data, as well as actual experimental data using commer-
cial sensor (Taguchi). It was observed that our algorithms 
are able to accurately classify different agents, and also 
can estimate the concentration of the agents. Bispectra 
contain more information than spectra at the expense of 
high-computational costs. Specific nanostructured sen-
sor model data yielded excellent performance because 
the agent responses are additive with this type of sensor. 
Moreover, for measured conventional sensor outputs, 
our algorithms also showed reasonable performance in 
terms of agent classification. 

Fluctuation-Enhanced Sensing: Status and Perspectives 
Schmera, G. Chiman Kwan Ajayan, P. Vajtai, R. Kish, 
L.B. 

On page(s): 714-719 

Abstract 
Both selectivity and sensitivity of chemical sensors can 
be considerably improved by exploiting the information 
contained in microfluctuations present in the sensor sys-
tem. We call our collection of methods and algorithms 
to extract information from these microfluctuations, 
fluctuation enhanced sensing. In this paper, we present 
a short survey of results with Taguchi sensors, surface 
acoustic wave devices, MOSFET-based sensors, and 
nanosensors. 

Nanomonitors: Protein Biosensors for Rapid Analyte 
Analysis 
Reddy, R.K. Bothara, M.G. Barrett, T.W. Carruthers, 
J. Prasad, S. 

On page(s): 720-723 

Abstract 
A technology for electrical detection of proteins has been 
developed using electrical conductance measurements. 
It is based on developing high density, low-volume mul-
tiwell plate devices. The scientific core of this technology 
lies in integrating nanoporous membranes with micro-
fabricated chip platforms. This results in the conversion 
of individual pores into wells of picoliter volume. Spe-
cific antibodies are localized and isolated into individual 
wells. The formation of the antibody-antigen binding 
complex occurs in individual wells. The membrane al-
lows for robust separation among individual wells. This 
technology has the capability to achieve near real-time 
detection with improved sensitivity and selectivity. 

III-Nitride Heterostructure Layered Tunnel Barriers For 
a Tunable Hyperspectral Detector 
Bell, L.D. Tripathi, N. Grandusky, J.R. Jindal, 
V. Shahedipour-Sandvik, F.S. 

On page(s): 724-729 

Abstract 
We report on the fabrication and characterization of 
Ill-nitride layered tunnel barriers with applications for 
a new type of tunable hyperspectral imaging detector 
with intrinsically hyperspectral pixels. This would en-
able each pixel to be individually tunable in real-time 
through a range of wavelengths, with the number and 
width of spectral channels being dynamically adjustable. 
Shape-engineered electron barriers fabricated from III-
nitride heterostructures allow barrier height to be varied 
by application of a voltage. A spectroscopy of photon 
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wavelength is enabled via the collection of photoexcited 
electrons across this barrier. The device is envisioned for 
tunable detection of ultraviolet through infrared wave-
lengths. 

Synthesis of Ru-Ni Core-Shell Nanoparticles for 
Potential Sensor Applications 
Shuguang Deng Pingali, K.C. Rockstraw, D.A. 

On page(s): 730-734 

Abstract 
Nanoparticles of Ru-Ni with a core-and-shell structure 
were synthesized as potential sensors in a single-step 
spray-pyrolysis process at 700-1000. The majority of the 
core consists of ruthenium, while the shell is predomi-
nately composed of nickel. An aqueous precursor con-
taining ruthenium chloride and nickel chloride was neb-
ulized by an ultrasonic atomizer to generate an aerosol. 
The aerosol droplets were subsequently decomposed to 
form uniformly distributed Ru-Ni bimetallic nanopar-
ticles. Atomic fractions of precursors, solvent type and 
process temperature play crucial roles in the formation 
of core-and-shell structures. 

Metal Oxide Nanowire and Thin-Film-Based Gas 
Sensors for Chemical Warfare Simulants Detection 
Ponzoni, A. Baratto, C. Bianchi, S. Comini, E. Ferroni, 
M. Pardo, M. Vezzoli, M. Vomiero, A. Faglia, 
G. Sberveglieri, G. 

On page(s): 735-742 

Abstract 
This work concerns with metal oxide (MOX) gas sensors 
based on nanowires and thin films. We focus on chemical 
warfare agents (CWAs) detection to compare these ma-
terials from the functional point-of-view. We work with 
different chemicals including simulants for Sarin nerve 
agents, vescicant gases, cyanide agents, and analytes such 
as ethanol, acetone, ammonia, and carbon monoxide 
that can be produced by everyday activities causing false 
alarms. Explorative data analysis has been used to dem-
onstrate the different sensing performances of nanowires 
and thin films. Within the chosen application, our analysis 
reveal that the introduction of nanowires inside the array 
composed by thin films can improve its sensing capability. 
Cyanide simulants have been detected at concentrations 
close to 1 ppm, lower than the Immediately Dangerous 
for Life and Health (IDLH) value of the respective war-
fare agent. Higher sensitivity has been obtained to simu-
lants for Sarin and vescicant gases, which have been de-
tected at concentrations close or even lower than 100 ppb. 
Results demonstrate the suitability of the proposed array 
to selectively detect CWA simulants with respect to some 
compounds produced by everyday activities. 

Optoelectronic Signatures of Biomolecules Including 
Hybrid Nanostructure-DNA Ensembles 
Vasudev, M. Yamanaka, T. Jianyong Yang Ramadurai, 
D. Stroscio, M.A. Globus, T. Khromova, T. Dutta, M. 

On page(s): 743-749 

Abstract 
Biological macromolecules such as DNA, proteins, and 
polysaccharides often display unique absorptive signa-
tures in the THz region, useful in their identification and 
imaging through Raman and Fourier transform trans-
mission spectroscopy. The optoelectronic properties of 
nanostructure-DNA complexes immobilized on trans-
parent, semi-rigid substrates such as polymethyl meth-
acrylate (PMMA) have been studied. By chemically 
modifying the PMMA substrates with amine terminal 
groups and using suitable linking agents, amine termi-
nated DNA can be localized on these substrates. THz 
Fourier transform transmission spectroscopy was used 
to detect low-frequency vibrational modes (10-25 cm-1) 
within single- and double-stranded DNA molecules im-
mobilized on PMMA attached to TiO

2
 nanoparticles. 

Additionally, DNA strands end terminated with TiO
2
 

nanoparticles are used in this study to cleave the DNA at 
guanine (G) rich sites due to trapping of photo-induced 
charge carriers from the TiO

2
 at these sites. Theoretical 

modeling of charge transport through DNA via polaron 
transport is discussed in detail. By examining the vibra-
tional modes of DNA, as well as the transport of charge 
in DNA this study underlies potential applications in-
volving DNA micro-arrays, DNA-based sensors, and 
DNA-based THz devices. 

High-T
c
 Josephson Square-Law Detectors and Hilbert 

Spectroscopy for Security Applications 
Divin, Y. Poppe, U. Gubankov, V.N. Urban, K. 

On page(s): 750-757 

Abstract 
Among various discussed ways of explosive detection, 
the techniques using electromagnetic radiation are con-
sidered as having great potential and research activities 
are recommended in this field. To identify new threats, 
like liquid explosives, with low rate of false alarms, fast 
spectral measurements are required in a broad frequency 
range from microwave to terahertz. We attract attention 
to a great potential of high-T

c
 Josephson technology in 

security applications and present our results in develop-
ing high-T

c
 Josephson junctions for Hilbert spectroscopy 

and detector arrays. 
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Organizational Structure and Electronic Decoupling of 
Surface Bound Chiral Domains and Biomolecules 
Santagata, N.M. Pengshun Luo Lakhani, A.M. DeWitt, 
D.J. Day, B.S. Norton, M.L. Pearl, T.P. 

On page(s): 758-766 

Abstract 
For the development of reagentless biological and 
chemical species detection at the single molecule level 
using external fields, including terahertz radiation, it is 
paramount to study model systems that uncover how in-
termolecular and molecule-surface interactions dictate 
monolayer ordering and electronic properties. This pa-
per addresses two types of molecule-surface interactions 
and two distinct molecular systems, both of which impact 
our fundamental understanding of confined molecular 
domains and single molecule detection. We will first dis-
cuss the ordering and electronic characteristics of a chi-
ral molecule, tartaric acid , weakly bound to an achiral 
metal surface, Ag(111), as studied with low temperature 
scanning tunneling microscopy (STM). This particular 
molecule-surface system contains many key elements, 
including hydrogen bonding interactions and stereo-
chemical features, that would be common to other func-
tional detection schemes. This paper will also treat the 
characterization of isolated, thiolated DNA molecules 
chemically bound to Au(111) terraces. Ambient STM 
and atomic force microscopy (AFM) measurements of 
both short and long DNA structures in both single and 
double strand configurations will be discussed with par-
ticular attention paid to imaging mechanisms involved. 
These results are particularly relevant to systems involv-
ing biomolecules anchored to inert metal surfaces, such 
as those used in external field-based assays. 

Diffusive Transport in Graphene 
Liu, S.Y. Lei, X.L. Horing, N.J.M. 

On page(s): 767-770 

Abstract 
Recently, a single-layer of carbon atoms, termed gra-
phene, has attracted a great deal of interest due to its 
great potential for application in electronics. In experi-
ments involving graphene, a finite residual conductivity 
was found at zero gate voltage in the density dependence 
of conductivity. However, the theoretical explanation 
of this observation has been confused, with derivations 
predicting differing values of residual conductivity. In 
this paper, considering electron-impurity scattering, we 
present a kinetic equation approach to investigate trans-
port in graphene. The effect of interband polarization on 
conductivity is taken into account. We find that, in the 
density dependence of conductivity, there is a minimum 
(rather than residual) conductivity sensitively dependent 
on the carrier-impurity scattering potential. For higher 

electron density, the conductivity varies almost linearly 
with the electron density. 

Radiative Plasmonic-Polariton Dispersion Relation for a 
Thin Metallic Foil With Interband Damping Transitions 
Horing, N.J.M. 

On page(s): 771-774 

Abstract 
Plasmons in a thin metallic foil are of two types: (Ritchie, 
1957; Ando , 1982; Stratton, 1941) 1) a two-dimensional 
plasmon (Ritchie, 1957) whose electrostatic dispersion 
relation has its frequency proportional to the square root 
of wave number, which propagates along the surface of 
the foil and 2) a plasmon constituted of collective elec-
tron density oscillations across the foil in the nature of 
capacitor-like discharges perpendicular to the surfaces 
of the foil (Ando , 1982) . The latter (type 2) occur at 
the bulk plasma frequency and it has long been known 
that they produce electromagnetic (EM) radiation (Fer-
rell, 1958) (whereas type 1 plasmons do not radiate). 
The object of this research is to carefully examine the 
coupling of both these plasmon modes to the EM field 
in producing radiative polaritons. We carry this out us-
ing a complex dielectric function approach embodying 
both types of plasmons in the context of an exact ana-
lytic solution for the dyadic EM field Green’s function 
describing radiative plasmonic-polariton propagation 
for a thin metallic foil (Horing,et al.), including the role 
of interband damping transitions. In particular, we will 
formulate and examine the dispersion relation for such 
polaritons, which is significantly modified from Stern’s 
result (Stern, 1967) by the radiative type 2 plasmon de-
scribed above and interband damping. The complex 
dielectric function embodying both type 1 and type 2 
plasmons and interband damping involves a frequency 
dependent imaginary part and is expected to exhibit in-
teresting radiative plasmonic-polariton phenomenology. 
This expectation is based on a recent calculation we have 
carried out (Horing) using a generic dielectric function 
of the Lorentzian type, which produced inhomogeneous 
(Jackson, 1975) plane wave radiation from excitation of 
the foil modes. Such inhomogeneous plane waves, which 
grow locally as a function of distance away from the foil 
(without violating the causality principle), have been 
known t- — o occur previously and are discussed in the 
literature (Stratton, 1941). This local growth of the EM 
field may contribute to enhanced focusing properties of 
an array of nanoholes in the foil. 
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Characterization of Nanoporous Silicon-Based DNA 
Biosensor for the Detection of Salmonella Enteritidis 
Deng Zhang Alocilja, E.C. 

On page(s): 775-780 

Abstract 
A biosensor for the detection of food-borne pathogens 
(Salmonella Enteritidis) was fabricated based on nano-
porous silicon (NPS). P-type silicon wafers (100, 0.01 ) 
were anodized electrochemically in an electrochemical 
Teflon cell, containing ethanoic hydrofluoric acid solu-
tion to produce the porous layer on the silicon surface. 
The porous silicon surface was functionalized with DNA 
probes specific to the insertion element (Iel) gene of Sal-
monella Enteritidis. A biotin-streptavidin system was uti-
lized to characterize the availability of the nanopores and 
the specificity of the DNA probe. Based on the electrical 
property of DNA, redox indicators and cyclic voltam-
metry were used for the characterization of the biosensor. 
Results showed that the DNA probe was specific to the 
target DNA, and the porous silicon-based biosensor had 
more active surface area and higher sensitivity (1 ng/mL) 
than the planar silicon-based biosensor. This simple, la-
bel-free porous silicon-based biosensor has potential ap-
plications in high-throughput detection of pathogens. 

THz Characterization of All-Trans and 9-cis Retinal, 
Experiment, and Modeling 
Wright, T.J. Ying Luo Globus, T. Gelmont, 
B. Khromova, T. Swami, N. Isin, A. 

On page(s): 781-785 

Abstract 
Two conformations of the retinal molecule have been 
studied in order to characterize the molecule’s THz 
transmission spectra in both the ground and metastable 
states. When subjected to an adequate external excita-
tion the retinal molecule can experience a change in 
conformation and associated THz transmission spectra. 
In an attempt to accomplish this characterization, the 
FTIR system was modified to include a simple off axis 
excitation source inside of the systems sample cham-
ber. Measurements were made of the retinal molecule’s 
THz spectra both with and without external excitation of 
the molecule. The results gathered were then compared 
with the results obtained from simulation. Data obtained 
from two retinal isomers reveal more spectral features at 
frequencies ~11 — 15 cm-1 than were predicted for these 
conformations. The most likely explanation for this is 
that the material is actually a mixture of several meta-
stable conformations. There is correlation between sim-
ulated and measured THz spectra in the ground state at 
a frequency of 14 cm-1 for all-trans retinal. The strongest 
vibrational mode frequency predicted for the 9-cis con-
formation through modeling was 22 cm-1, which corre-

lates quite well with the experimental line at 21.3 cm-1 in 
the ground state. When the 9-cis samples were exposed 
to UV illumination there was a noticeable change in the 
absorption spectra and this line at 21.3 cm-1 almost dis-
appeared which can be related to the transformation of a 
9-cis into a more stable all-trans retinal. The absorption 
spectra of all-trans retinal that is the most stable confor-
mation showed very weak features in experimental spec-
tra, with some of them changing under illumination. 

Noise Spectroscopy of Gas Sensors 
Aroutiounian, V.M. Mkhitaryan, Z.H. Shatveryan, 
A.A. Gasparyan, F.V. Ghulinyan, M.Zh. Pavesi, 
L. Kish, L.B. Granqvist, C.-G. 

On page(s): 786-790 

Abstract 
We study current-voltages and low-frequency noise 
characteristics of the metal-porous silicon-silicon single 
crystal-metal structure with 50% and 73% porosity of 
porous silicon. The study is performed in dry air and in a 
mix of dry air with carbon monoxide of different concen-
trations. The Hooge noise parameter and the parameter 
in the frequency dependence of the noise voltage spectral 
density were determined from experimental data. High 
sensitivity of spectral dependence of noise to gas concen-
tration allows offering powerful method for determina-
tion of gas concentration in the air or environment. 

Terahertz (THz) Electromagnetic Field Enhancement in 
Periodic Subwavelength Structures 
Gelmont, B. Parthasarathy, R. Globus, T. Bykhovski, 
A. Swami, N. 

On page(s): 791-796 

Abstract 
In this paper, we show that periodic arrays of rectangular 
slots with subwavelength width provide for local electro-
magnetic field enhancements due to edge effects in low-
frequency range, 10-25 cm-1. Periodic structures of Au, 
doped Si, and InSb with subwavelength thickness were 
studied. The half power enhancement width is ~500 nm 
and less around the slot edges in all cases, thereby pos-
sibly bringing terahertz (THz) sensing to the nanoscale. 
InSb is confirmed to offer the best results with the local 
power enhancements on the order of 1100 at frequency 
14 cm-1. InSb and Si have large skin depths in the fre-
quency range of interest and so the analysis of their struc-
tures was done through the Fourier expansion method of 
field diffracted from gratings. Au, however, has small skin 
depths at these frequencies compared with the thickness. 
Surface impedance boundary conditions were employed 
to model the Au structure, for which the Fourier expan-
sion method was unsuitable owing to the huge magnitude 
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of Au permittivity at these frequencies. The applications 
possibly include development of novel biosensors, with 
the strongly enhanced local electromagnetic fields lead-
ing to increased detection sensitivity, and monitoring 
biophysical processes such as DNA denaturation. 

Single Electron Transistor-Based Gas Sensing With 
Tungsten Nanoparticles at Room Temperature 
Karre, P.S.K. Acharya, M. Knudsen, W.R. Bergstrom, 
P.L. 

On page(s): 797-802 

Abstract 
Single electron transistor (SET)-based gas sensors uti-
lizing tungsten nanoparticles as conducting islands and 
operating at room temperature have been fabricated. 
Electrical characterization showed a strong correlation 
between the drain current of the SET device and the 
concentration of gas. The reversible exposure to gas re-
sulted in reduction of both the Coulomb blockade volt-
age and the drain current. The reduction in the drain 
current shows an oscillatory behavior, with the variation 
on the gate bias. The sensitivity of the gas sensor can be 
tuned by controlling the charge on the gate electrode. 
Relaxation times of 400 ms for a concentration of 36% 
of gas in were achieved. Although the SET sensor has not 
been demonstrated with sensitivities in the few tens of 
ppm compared with existing technologies, the response 
is very fast and the sensitivity can be tuned by modulating 
the gate bias. The sensor demonstrates the possibility of 
gas sensing using SET devices as sensitive electrometers. 
The sensitivity of the SET gas sensor is higher at lower 
concentrations. 

A DNA Sensor for Sequencing and Mismatches Based 
on Electron Transport Through Watson–Crick and Non-
Watson–Crick Base Pairs 
Jauregui, L.A. Seminario, J.M. 

On page(s): 803-814 

Abstract 
A combined density functional theory and Green’s func-
tion procedure is used to calculate the electrical char-
acteristics of Watson-Crick and non-Watson-Crick base 
pairs; calculations are performed to determine: the mo-
lecular orbitals that participate in the electron-transfer 
process, junction current-voltage characteristics, density 
of states, transmission function, and molecular electro-
static potentials. The distinct current-voltage features 
of base pairs can be used for detecting and sequencing 
DNA, as well as for detecting DNA base-pair mismatches 
by passing the double strand through two perpendicular 
metallic electrodes to the DNA, or by scanning the dou-
ble strand with conducting probes. We find in the range 

from 1 to 1 V for the Watson-Crick pairs that the CG is a 
better electron conductor than the AT and, on the other 
hand, the best and worst conductors are the non-Wat-
son-Crick mismatches CT and AA, respectively. 

Selective Chemical Sensing Using Structurally Colored 
Core-Shell Colloidal Crystal Films 
Potyrailo, R.A. Zhebo Ding Butts, M.D. Genovese, 
S.E. Tao Deng 

On page(s): 815-822 

Abstract 
We demonstrate for the first time selective sensing of mul-
tiple vapors at low concentrations based on the structur-
ally colored colloidal crystal film formed from composite 
core/shell nanospheres. Since color changes of sensing 
colloidal crystal films are negligible at relatively low va-
por partial pressures (P/P

0
 < 0.1), a straightforward de-

tection of color changes cannot be applied. To overcome 
this limitation, we apply a differential spectroscopy mea-
surement approach coupled with the multivariate analy-
sis of differential reflectance spectra. The vapor-sensing 
selectivity is provided by the combination of the com-
posite nature of the colloidal nanospheres in the film 
with the multivariate analysis of the spectral changes of 
the film reflectivity upon exposure to different vapors. 
The multianalyte sensing was demonstrated using a col-
loidal crystal film comprised of 326-nm diameter core 
polystyrene nanospheres coated with a 20-nm thick sol-
gel shell. Discrimination of water, acetonitrile, toluene, 
and dichloromethane vapors using a single sensing col-
loidal crystal film was evaluated applying principal com-
ponents analysis (PCA) of the reflectivity spectra. The 
polar and nonpolar vapors at different relative vapor par-
tial pressures were well separated in PCA space. The best 
selectivity was obtained between toluene and dichloro-
methane vapors, while water and acetonitrile vapors were 
almost unresolved. Achieved detection limits were within 
the range of interest or better than those needed for de-
terminations of these vapors for industrial applications. 

Defect-Tolerant CMOL Cell Assignment via 
Satisfiability 
Hung, W.N.N. Changjian Gao Xiaoyu 
Song Hammerstrom, D. 

On page(s): 823-830 

Abstract 
We present a novel CAD approach to cell assignment 
of CMOL, a hybrid CMOS/molecular circuit architec-
ture. Our method transforms any logically synthesized 
circuit based on AND/OR/NOT gates to a NOR gate 
circuit and maps the NOR gates to CMOL. We encode 
the CMOL cell assignment problem as Boolean condi-
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tions. The Boolean constraints are satisfiable if and only 
if there exists a solution to map all the NOR gates to the 
CMOL cells. We further investigate various types of static 
defects for the CMOL architecture and propose a recon-
figuration technique that can deal with these defects. We 
introduce a new CMOL static defect model and provide 
an automated solution for CMOL cell assignment. Ex-
periments show that our approach can result in smaller 
area (CMOL cell usage) and better timing delay than 
prior approach. 

Effect of Sol Strength on Growth, Faceting and 
Orientation of Sol-Gel Derived ZnO Nanostructures 
Bahadur, H. Srivastava, A.K. Rashmi Chandra, S. 

On page(s): 831-836 

Abstract 
ZnO thin films are used for a number of MEMS-based 
sensors because of the piezoelectric and semiconducting 
properties. In certain class of devices, especially those 
using surface acoustic wave (SAW) technology on a lay-
ered substrate (such as ZnO on Si), it is a requirement 
to grow several micron thick ZnO layer which must be 
highly c axis oriented. In this attempt, we have depos-
ited ZnO films by sol-gel spin process and using three 
different concentrations of 10%, 12.5%, and 25% of sol 
using zinc acetate as the precursor material and charac-
terized for their thickness and other associated charac-
teristics. The XRD pattern showed diffraction peaks of 
the hexagonal ZnO phase. The intensity of the 002 peak 
was much low for low-strength sols indicating substantial 
preferred orientation of the crystallites perpendicular to 
the sample surface. The crystallite size was estimated to 
be about 45 nm from the 100 diffraction peak. For the 
sample with 25% strength of the sol, the XRD pattern 
showed diffraction peaks of the hexagonal ZnO phase. 
The crystallite size was estimated as about 60 nm from 
the 100 peak and about 145 nm from the 002 peak. The 
TEM results showed fine nanoparticles with hexagonal 
ZnO crystal structure and morphology dependence upon 
the sol strength. Faceted morphology of hexagonal ZnO 
nanostructures has been obtained. The results would find 
application in nanoelectronic piezoelectric sensors. 

Dissociation Chemistry of Gas Molecules on Carbon 
Nanotubes—Applications to Chemical Sensing 
Govind, N. Andzelm, J. Maiti, A. 

On page(s): 837-841 

Abstract 
It is well known in the literature that carbon nanotubes 
(CNTs) interact weakly with many gas molecules like 
H

2
O, O

2
, CO, NH

3
, H

2
 and NO

2,
 to name a few. Exposure 

to NO
2
, O

2
 and NH

3
 significantly affects the electrical 

conductance of a single wall nanotube (SWNT). These 
can be explained using a simple charge transfer picture, 
which results in the observed changes in the hole conduc-
tion of the tubes. It is also known that pure SWNTs only 
weakly interact with these molecules. We have recently 
investigated (Andzelm , 2006) how common defects in 
CNTs [Stone-Wales (SW), monovacancy, and intersti-
tial] influence the chemisorption of NH

3
. This paper is 

a continuation of our previous work. Here, we further 
investigate, via density functional theory (DFT) calcula-
tions, the effects of SW defects on the adsorption/dis-
sociation of and O

2
 and H

2
O. We also study the diffusion 

of adsorbed oxygen atoms on the nanotube surface in the 
vicinity of the SW defect, as well as the dissociation of in 
the presence of adsorbed oxygen atoms. 

Widely Separate Spectral Sensitivity Quantum 
Well Infrared Photodetector Using Interband and 
Intersubband Transitions 
Alves, F.D.P. Santos, R.A.T. Amorim, J. Issmael, 
A.K. Karunasiri, G. 

On page(s): 842-848 

Abstract 
Recent commercial and military infrared sensors have 
demanded multispectral capabilities, high sensitivity and 
high selectivity, usually found in quantum well infrared 
photodetectors (QWIPs). This paper presents the design 
and characterization of a three-band QWIP capable to 
detect simultaneously near infrared (NIR), mid-wave-
length infrared (MWIR), and long-wavelength infrared 
(LWIR), using interband and intersubband transitions. 
Separate readouts provide the flexibility to optimize each 
band detection by allowing the application of different 
bias voltages. The quantum well structure was designed 
using a computational tool developed to solve self-con-
sistently the Schrodinger-Poisson equation with the help 
of the shooting method. The detector comprises of three 
different stacks of uncoupled (wide barriers) quantum 
wells that combine AlGaAs, GaAs, and InGaAs, sepa-
rated by contact layers, grown by molecular beam epi-
taxy (MBE) on a GaAs substrate. The spectral responses 
in all three bands were measured using a standard pho-
tocurrent spectroscopy setup with light coupling via a 
45 facet. The measured photoresponse showed peaks at 
0.84, 5.0, and 8.5 wavelengths with approximately 0.8, 
0.03, and 0.12 A/W peak responsivities for NIR, MWIR, 
and LWIR bands, respectively. A good agreement be-
tween the measured and simulated figures of merit shows 
the possibility to improve and tailor the detector for sev-
eral applications with low computational effort. Finally, 
this work has demonstrated the possibility of detection of 
widely separated wavelength bands using interband and 
intersubband transitions in quantum wells. 
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Temperature and Chemical Sensors Based on FIB-
Written Carbon Nanowires 
Zaitsev, A.M. Levine, A.M. Zaidi, S.H. 

On page(s): 849-856 

Abstract 
Carbon nanowires written by focused ion beam on dia-
mond surface are novel nanostructures with interesting 
electronic properties. In this communication, carbon 
nanowire structures working as temperature and chemi-
cal sensors are reported. The sensor structures were made 
as arrays of carbon nanowires written by a 30 keV Ga+ fo-
cused ion beam on polycrystalline CVD diamond films. 
The electronic structure of a carbon nanowire array is 
discussed as multiple unipolar heterodiodes graphite-
diamond-graphite (G-D-G). The energy barrier of the 
G-D-G diodes has been found of a value 0.25 eV. The 
structures exhibited changes in conductance when mea-
sured at different temperatures or when put in proximity 
of some volatile liquids. This temperature and chemical 
sensitivity is explained by the activation of the charge 
carrier flow over the G-D barrier caused by temperature 
or by the charge of the analyte molecules adsorbed on the 
surface of the structure. The temperature response of the 
sensors in the range from 40 to 140 °C is exponential at 
a rate of 0.11 dB/°C. The chemical sensitivity has been 
found selective and particularly pronounced for water 
vapor. The advantages of the novel carbon nanowire sen-
sors are their blindness to visible light, compatibility with 
carbon nanotechnology, simplicity and reproducibility of 
fabrication. The all-carbon nature of the sensors implies 
their applicability in medicine and biology. 

Modeling Electrostatic and Quantum Detection of 
Molecules 
Vasudevan, S. Walczak, K. Kapur, N. Neurock, 
M. Ghosh, A.W. 

On page(s): 857-862 

Abstract 
We describe two different modes for electronically de-
tecting an adsorbed molecule using a nanoscale transis-
tor. The attachment of an ionic molecular target shifts 
the threshold voltage through modulation of the deple-
tion layer electrostatics. A stronger bonding between the 
molecule and the channel, involving actual overlap of 
their quantum mechanical wavefunctions, leads to scat-
tering by the molecular traps that creates characteristic 
fingerprints when scanned with a backgate. We describe 
a theoretical approach to model these transport charac-
teristics. 

Infectious Agent Detection With SERS-Active Silver 
Nanorod Arrays Prepared by Oblique Angle Deposition 
Driskell, J.D. Shanmukh, S. Yong-Jun Liu Hennigan, 
S. Jones, L. Yi-Ping Zhao Dluhy, R.A. Krause, 
D.C. Tripp, R.A. 

On page(s): 863-870 

Abstract 
The aligned silver nanorod array substrates prepared by 
the oblique angle deposition method are capable of pro-
viding extremely high enhancement factors (~5×108) at 
near-infrared wavelengths (785 nm) for a standard re-
porter molecule 1,2 trans-(bis)pyridyl-ethene (BPE). 
The enhancement factor depends strongly on the length 
of the Ag nanorods, the substrate coating, the polariza-
tion of the excitation light, as well as the incident angle. 
With the current optimum structure, we demonstrate that 
the detection limit for BPE can be lower than 0.1 fM. We 
also show that this surface-enhanced Raman spectros-
copy (SERS)-active substrate can serve as a sensor to de-
tect and differentiate the molecular fingerprints of sever-
al important human pathogens, particularly, respiratory 
syncytial virus, human immunodeficiency virus, rotavi-
rus, and the bacterium Mycoplasma pneumoniae. Uti-
lizing chemometric methods, SERS nanorod array data 
can be used to sensitively detect and to classify viruses at 
the strain level. These results suggest that the SERS Ag 
nanorod array is a powerful technique for direct, rapid, 
and sensitive detection of infectious agents. 

Ferrocenedimethanol Transport in Thin Films Consisting 
of Laponite and Hydrogel 
Smith, O. Seo, S.S. 

On page(s): 871-873 

Abstract 
The development of multifunctional materials, which 
exhibit properties suitable for the development of ad-
vanced optical, electrochemical, and other such sensors 
have been at the forefront of many scientific research. In 
remaining consistent with this trend, this work presents a 
methodology for characterizing clay-hydrogel thin films 
by monitoring the transport of 1,1-ferrocenedimetha-
nol (Fc(MeOH)

2
) via cyclic voltammetry techniques. 

Multilayer thin films were prepared by alternate layer 
deposition of poly(N-isopropylacrylamide-co-acrylic 
acid) hydrogel and laponite clay on regular glass carbon 
electrode. The ratio of the current intensity at the modi-
fied electrode compared with that at the bare electrode 
was used to provide information about the permeation 
of the electroactive species through the thin films. The 
current was also plotted as a function of the various layers 
to determine how permeation changes with increasing 
layers. The results procured thus far suggest the possible 
incorporation of these thin films in sensor development. 
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However, further work, such as the determination of the 
responsiveness of the thin films to environmental stimuli 
(temperature, pH, etc.) must be done in order to opti-
mize the technology. 

Arrays of Nanoarrays: Elements of Binding 
Norton, M.L. Day, B.S. Huan Cao Rahman, M. 
Gin, A. 

On page(s): 874-879 

Abstract 
The development of strategies for the robust attachment 
of organized patterns of nanostructures to a variety of 
surfaces has been a major objective of this laboratory. 
One of the significant impediments to single molecule, 
as opposed to multiple molecule, attachment arises from 
the size gap or intrinsic mismatch between the size of 
readily obtainable ldquotop downrdquo nanostructures 
and the native size scale of the molecules of interest. Al-
though binding structures of diameter significantly less 
than 100 nm can certainly be fabricated, the techniques 
required to generate them are not widely available to re-
searchers and the failure rate for the production of such 
structures is relatively high. These concerns have moti-
vated this laboratory to instead pursue the synthesis of 
adapter structures which bridge, or partially bridge, this 
size gap by increasing the effective footprint of a single 
DNA molecule. Although several different approaches 
to the generation of adapter structures are under parallel 
development in the laboratory, one is based on a totally 
synthetic polydentate macromolecule. In this paper, the 
merits of this multithiol system will be presented. The 
development of an experimental platform for the charac-
terization of attachment sites and adapter structure/at-
tachment site interactions will also be described. These 
platforms are compatible with a wide range of charac-
terization methods, including scanning electron micros-
copy, atomic force microscopy, laser scanning confocal 
microscopy, scanning tunneling electron microscopy 
and near field scanning optical microscopy, which can 
be used to evaluate these structures over the macro/mi-
cro/nano size range. 

Large-Area Well-Ordered Nanodot Array Pattern 
Fabricated With Self-Assembled Nanosphere Template 
Huaqing Li Low, J. Brown, K.S. Nianqiang Wu 

On page(s): 880-884 

Abstract 
This paper has demonstrated a simple method to fab-
ricate a large-area (~1 cm2) well-ordered gold nanodot 
array pattern with high throughput at low cost. At first, 
self-assembled polystyrene (PS) spheres are closely 
packed on a water surface, and then transferred from the 

water surface to a solid substrate by dip coating. This re-
sults in a large-area defect-free close-packed PS sphere 
monolayer template on the solid substrate. It is worthy 
noting that the large-area close-packed PS sphere tem-
plate can be transferred to the surfaces of various solids 
including silicon, oxides and metals, offering great flex-
ibility. Furthermore, the close-packed PS monolayer can 
be tailored to a loose-packed sphere array template by 
reactive ion etching (RIE) technique. The sphere size is 
reduced upon etching but the spacing between spheres 
retains unchanged. By utilizing the PS sphere template, 
gold nanodot arrays with feature size down to 30 nm have 
been fabricated. 

Robust Negative Differential Conductance and Enhanced 
Shot Noise in Transport Through a Molecular Transistor 
With Vibration Assistance 
Bing Dong Lei, X.L. Horing, N.J.M. 

On page(s): 885-890 

Abstract 
In this paper, we analyze vibration-assisted sequential 
tunneling (including current-voltage characteristics and 
zero-frequency shot noise) through a molecular quantum 
dot with two electronic orbitals asymmetrically coupled 
to the internal vibration. We employ rate equations for 
the case of equilibrated phonons, and strong Coulomb 
blockade. We find that a system with a strongly phonon-
coupled ground state orbital and weakly phonon-coupled 
excited state orbital exhibits strong negative differential 
conductance; and it also shows super-Poissonian current 
noise. We discuss in detail the reasons and conditions for 
the appearance of negative differential conductance. 

Label-Free DNA Sensor on Nanoporous Silicon-
Polypyrrole Chip for Monitoring Salmonella Species 
Joon-Hyung Jin Deng Zhang Alocilja, E.C. 
Grooms, D.L. 

On page(s): 891-895 

Abstract 
Label-free DNA sensors based on nanoporous silicon 
(nPS) substrate were fabricated and electrochemically 
characterized. A low resistivity (0.01-0.02 Ω ⋅ cm) p-
type silicon wafer (100 orientation) was electrochemi-
cally anodized in an ethanoic hydrofluoric acid (HF) 
solution containing ethanol to construct the nPS layer 
with pore diameter of about 10 nm. This nano structure 
is compatible with organic polymeric conductors. Poly-
pyrrole (PPy) film was directly electropolymerized on 
the nPS substrate without pre-deposition of any metallic 
thin-film underlayer. The rough surface of the nPS layer 
was favorable for strong adsorption of the PPy film. The 
intrinsic negative charge of the DNA backbone was ex-
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ploited to adsorb 26 base pairs of probe DNA (pDNA) 
into the PPy film by applying positive bias forming the 
nPS/PPy+pDNA layer. DNA from salmonella enterica 
serovar enteritidis (tDNA) was extracted using standard 
protocol and, subsequently, amplified by polymerase 
chain reaction (PCR). Salmonella species are classified 
as bioterrorism threat agents by the centers for disease 
control and prevention (CDC). Results from the scan-
ning electron microscopy (SEM) image of the cross sec-
tion of the nPS/PPy multilayered film shows successful 
direct electropolymerization of PPy on the nPS sub-
strate. Results also show that the tDNA concentration 
is inversely related to the peak current (i

p
) at 0.2 V versus 

Ag/AgCl. The plot of i
p
 versus incubation time showed 

that current density (J) decreases by 29 μA ⋅ cm-2 per 
hour. The sensitivity obtained from the plot of i

p
 versus 

tDNA concentration is -166.6 μA ⋅ cm-2 ⋅ μM-1. Current 
density decreases with increasing incubation time and 
tDNA concentration. These results demonstrate that 
the nPS substrate with PPy+pDNA+tDNA film has 
been successfully developed for a label-free DNA sen-
sor in rapidly and specifically detecting select and threat 
agents. 

Ferromagnetic Resonance Detection for Magnetic 
Microbead Sensors 
Ghionea, S. Dhagat, P. Jander, A. 

On page(s): 896-902 

Abstract 
This paper presents a novel detection scheme for magnet-
ic beads used to label target molecules in immunoassay 
based sensors. The beads are detected inductively using 
a microwave circuit consisting of a slotline and coplanar 
waveguide (CPW) fabricated in a single metal layer. The 
waveguides are terminated at a short-circuited junction 
that serves as the active sensor area. When the slotline is 
excited by an input radio frequency (RF) signal, ac mag-
netic fields are generated at the junction. These fields are 
orthogonal to the propagation mode allowed in CPWs. As 
a result, the signal from the slotline does not nominally 
couple into the CPW. In the presence of a bead immobi-
lized at the junction, fields from the slotline are distorted 
and the signal is coupled to the output at the CPW. The 
output signal is further enhanced by exciting ferromag-
netic resonance in the bead. Simulation results indicate 
a single bead to be detectable with a sensitivity of 1-10 
μV/V depending on its location in the active sensor area 
and the waveguide geometry. The distinctive advantages 
of this detection technique are ease of implementation, 
requiring simple and inexpensive fabrication processes; 
and suitability for integration in lab-on-a-chip systems. 

Thermodynamic and Kinetic Analysis of Hydrogen 
Sensing in Pt/AlGaN/GaN Schottky Diodes at High 
Temperatures 
Junghui Song Wu Lu 

On page(s): 903-909 

Abstract 
Schottky diodes on AlGaN/GaN heterostructures with 
Pt catalytic metal are fabricated and characterized for 
hydrogen sensing at a wide range of temperature and hy-
drogen concentration. The thermodynamic and kinetic 
processes of hydrogen adsorption/desorption at Pt/Al-
GaN are analyzed based on their steady and transient 
state sensing characteristics. The devices have great hy-
drogen detection capability even at sub-ppm level reliably 
at temperatures up to 800°C. Both forward and reverse 
currents of Schottky diodes increase with exposure to 
containing ambient, which is attributed to the reduction 
of Schottky barrier heights resulted by hydrogen absorp-
tion at Pt/AlGaN. As temperature increases, the device 
sensitivity (S) is improved due to the more effective dis-
sociation, but starts saturating from 600°C. The cover-
age of hydrogen at the Pt/AlGaN interface exhibits the 
same trend as ΔΦ

B
 and S. The thermodynamic process of 

hydrogen adsorption in Pt/AlGaN is endothermic with 
an adsorption enthalpy of 21 kJ⋅mole-1 . The adsorption 
time constant shortens as the temperature or the con-
centration increases. On the other hand, the desorption 
time constant exhibits opposite trend on the temperature 
and concentration. The absolute magnitudes of the ac-
tivation energies for hydrogen adsorption/desertion at 
Pt/AlGaN increase with the H

2 
concentration. 

Realistic Nanotube-Metal Contact Configuration for 
Molecular Electronics Applications 
Andriotis, A. Menon, M. Gibson, H. 

On page(s): 910-913 

Abstract 
A realistic single-wall carbon nanotube (SWCN)-metal 
contact configuration is obtained using a tight-binding 
molecular dynamics method incorporating full con-
sideration of s, p, and d basis sets for carbon and metal 
atoms. The full structural relaxation of the combined 
SWCN and metal system is found to be essential for real-
istic characterization of conductivity. More importantly, 
convergence with respect to the number of the metal lead 
(ML) atoms in contact with the SWCN is found to be 
even more critical. Our results indicate that, in order to 
maximize device efficiency, one needs to use ML-SWCN 
systems with a minimal ML-SWCN contact-width to 
SWCN-length ratio. 
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Magneto-Transport Physics in Superlattices With 
Staggered-Bandgap Structure 
Weidong Zhang Woolard, D.L. 

On page(s): 914-921 

Abstract 
Physical models are presented to describe magneto-
transports within double-barrier structure with stag-
gered-band lineups. Here, a special case, where the 
magnetic field is perpendicular to the heterolayers, is 
considered and the conduction-band electron current is 
calculated. In addition, the spatial charge transfer due 
to the heavyhole (HH) interband tunneling is also stud-
ied. The interband tunneling probability is related to the 
Landau index number, which characterizes the quanti-
zation of in-plane electron motions. As a consequence, 
the inversion of hole populations between Landau levels 
is shown to occur which is a new phenomenon that has 
relevance for millimeterwave amplification. 

Controlled Growth of Carbon, Boron Nitride, and Zinc 
Oxide Nanotubes 
Moscatello, J.P. Jiesheng Wang Ulmen, B. Mensah, 
S.L. Ming Xie Shun Wu Pandey, A. Chee Huei 
Lee Prasad, A. Kayastha, V.K. Yoke Khin Yap 

On page(s): 922-929 

Abstract 
Nanotubes represent a unique class of materials in 
which all atoms are located near the surface. Since elec-
trons flowing through nanotubes are confined near the 
surface, nanotubes are attractive for sensing biologi-
cal and chemical molecules. In addition, their tubular 
structures enable nanofluidic devices that are useful for 
novel sensing applications. In this paper, we will discuss 
current applications and the latest advancements on 
the growth of carbon nanotubes (CNTs), boron nitride 
nanotubes (BNNTs), and ZnO nanotubes (ZnONTs). 
First, CNT growth is highly controlled by regulating the 
effective catalysts and the dissociative adsorption of the 
hydrocarbon molecules during chemical-vapor deposi-
tion growth. Second, we have achieved low temperature 
growth of vertically aligned BNNTs at 600 °C , the first 
success of growing pure BNNTs directly on substrates at 
temperatures about half of those reported so far. Final-
ly, we have developed an original approach for growing 
ZnONTs without catalyst or template. Robust, control-
lable growth techniques for nanotubes are necessary in 
order to fully realize their sensing potential. 

Gas Sensing With Mats of Gold-Nanoparticle Decorated 
GaN Nanowires 
Berven, C.A. Dobrokhotov, V. McIlroy, D.N. Chava, 
S. Abdelrahaman, R. Heieren, A. Dick, J. Barredo, W. 

On page(s): 930-935 

Abstract 
We report on the use of mats of gold nanoparticle deco-
rated GaN nanowires as gas sensors. The sensing was by 
the repeated and reversible measurement of changes in 
the current-voltage characteristics of the mat of nanow-
ires. The nanowires had diameters of about 200 nm and 
were many microns long. The mat was grown on a 1-
cm diameter sapphire disk and was about 10 thick. The 
selectivity mechanism is attributed to the details of the 
surface morphology of the gold nanoparticles decorating 
the surface of the nanowires. The changes in the currents 
are attributed to a depletion mechanism in the nanow-
ires due to the formation of a Schottky barrier due to 
the presence of the gold on the inherently n-type GaN. 
We were able to detect CO, CH

4
, CO

2
, H

2
, and observed 

possible evidence of creation of the by-products of the 
water-gas shift reaction. 

InP-Based Quantum-Dot Infrared Photodetectors 
With High Quantum Efficiency and High-Temperature 
Imaging 
Tsao, S. Hochul Lim Hosung Seo Wei Zhang 
Razeghi, M. 

On page(s): 936-941 

Abstract 
We report a room temperature operating InAs quantum-
dot infrared photodetector grown on InP substrate. The 
self-assembled InAs quantum dots and the device struc-
ture were grown by low-pressure metalorganic chemical 
vapor depositon. The detectivity was 6 × 1010 cm Hz1/2/W 
at 150 K and a bias of 5 V with a peak detection wave-
length around 4.0 μm and a quantum efficiency of 48%. 
Due to the low dark current and high responsivity, a clear 
photoresponse has been observed at room temperature. 
A 320 × 256 middle wavelength infrared focal plane array 
operating at temperatures up to 200 K was also demon-
strated. The focal plane array had 34 mA/W responsivity, 
1.1% conversion efficiency, and noise equivalent tem-
perature difference of 344 mK at 120 K operating tem-
perature. 
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Plasmonic Structures Based on Subwavelength Apertures 
for Chemical and Biological Sensing Applications 
Dhawan, A. Gerhold, M.D. Muth, J.F. 

On page(s): 942-950 

Abstract 
Periodic arrays of apertures with subwavelength dimen-
sions and submicron periodicity were fabricated on gold-
coated tips of silica optical fibers using focused ion beam 
(FIB) milling. Interaction of light with subwavelength 
structures such as an array of nanoapertures in an opti-
cally thick metallic film leads to the excitation of surface 
plasmon waves at the interfaces of the metallic film and 
the surrounding media, thereby leading to a significant 
enhancement of light at certain wavelengths. The spec-
tral position and magnitude of the peaks in the transmis-
sion spectra depend on the refractive index of the media 
surrounding metallic film containing the nanohole array. 
This lays the foundation for the development of fiber-op-
tic chemical and biological sensors that sense the change 
in refractive index of the medium around the metallic 
film. This is demonstrated by testing the sensors with so-
lutions of alcohols with different refractive indices and 
by the attachment of biomolecules to the sensor surface. 
The bulk refractive index sensitivity of these nanoaper-
ture array-based sensors is shown to be higher than what 
has been typically reported for metallic nanoparticle-
based plasmonic sensors. 

Using Electrospinning for the Fabrication of Rapid 
Response Gas Sensors Based on Conducting Polymer 
Nanowires 
Rojas, R. Pinto, N.J. 

On page(s): 951-953 

Abstract 
Early detection of trace amounts of toxic gases in an 
open environment is vital for any successful attempt to 
contain subsequent damage. The sensors used must re-
spond quickly and reliably in such a situation. A typi-
cal method to increase sensitivity is to use sensors that 
have a large exposed area. It is also desirable for the sen-
sor to be small in size and to consume low power. These 
characteristics can easily be achieved via the use of con-
ducting polymer nanowires. Polyaniline is such a con-
ducting polymer whose conductivity can be tuned to any 
desirable value in the range 10-8 S/cm-10 S/cm. We have 
prepared nanowires of this polymer in air and within 
seconds of using the electrospinning technique and used 
them in the fabrication of gas sensors. Due to the large 
surface-to-volume ratio and small amount of active ma-
terial used, these sensors are faster and more reliable than 
conventional sensors based on thin films. While several 
methods exist to prepare polymer nanowires, most yield 
short (typically a few microns long) nanowires with te-

dious methods of isolating a single one. Electrospinning 
is a simple technique for making long (typically several 
centimeters long) nanowires that can easily be isolated 
and therefore is a promising method for the fabrication 
of low cost rapid response sensors. 

Adsorption Equilibrium and Kinetics of Microorganisms 
on Single-Wall Carbon Nanotubes 
Shuguang Deng Upadhyayula, V.K.K. Smith, 
G.B. Mitchell, M.C. 

On page(s): 954-962 

Abstract 
Adsorption equilibrium and kinetics of pure and mixed 
cultures of Escherichia coli and Staphylococcus aureus 
on single-walled carbon nanotubes (CNT) aggregates 
were studied in an effort to develop CNT-based biosen-
sors for quick detection of these bacteria in water. Batch 
experiments were carried out to measure the adsorption 
kinetics and equilibrium of pure and mixed culture of 
E. coli and S. aureus on the CNT aggregates at ambi-
ent temperature and various culture concentrations. The 
CNT aggregates can adsorb significant amounts of E. 
coli and S. aureus bacteria with different size and shape 
characteristics. The smaller size S. aureus has a five to 
ten times faster diffusion rate than E. coli and about 100 
times higher adsorption affinity with the carbon nano-
tube aggregates. Freundlich adsorption model correlates 
well both the pure component and mixture adsorption 
equilibrium data. It is quite possible the CNT aggregates 
have separate adsorption sites for both E. coli and S. 
aureus. The combined high adsorption affinity and fast 
adsorption kinetics for S. aureus suggest that even un-
modified single-wall carbon nanotubes can selectively 
differentiate S. aureus and E. coli in water. Transmission 
electron microscopic analysis qualitatively confirmed 
the adsorption results and provides direct visualization 
of the adsorbed bacteria on carbon nanotube aggregates. 
Both bacteria form biofilms on carbon nanotube aggre-
gates and have a strong tendency to connect with each 
other rather than with the carbon surface. 

Nanotechnology-Based Detection of Explosives and 
Biological Agents Simulants 
Primera-Pedrozo, O.M. Jerez-Rozo, J.I. De La Cruz-
Montoya, E. Luna-Pineda, T. Pacheco-Londono, 
L.C. Hernandez-Rivera, S.P. 

On page(s): 963-973 

Abstract 
Nanotechnology based detection of threat agents, such as 
explosives and biological agents, has been a top research 
priority at the Center for Chemical Sensors Develop-
ment at the Department of Chemistry of the University 
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of Puerto Rico-Mayaguez (UPRM). Nanoparticles are 
of fundamental interest since they possess unique size-
dependent properties are quite different from the bulk 
state. When a bulk metal is reduced in size, its proper-
ties begin to change dramatically because the constituent 
electrons begin to suffer the effects of quantum confine-
ment. One of these important properties deals with the 
extraordinary enhancement of the intensities of Raman 
scattering events in chemical systems called surface en-
hanced Raman scattering (SERS). Until very recently, 
only aromatic moieties containing strong chromophores 
or highly delocalized π electrons would experience such 
an enhancement, when in close proximity to a silver or 
gold nanometallic assembly. In other cases, this SERS 
condition was not sufficient to satisfy the enhanced Ra-
man scattering requirements because of Coulombic re-
pulsions do not allow an intimate contact with the col-
loidal suspension of nanoparticles. Recent work in the 
research group includes optimization of particle size, 
agglomeration rate and ionic strength of the SERS active 
aqueous colloidal metallic suspensions. Results have led 
to extend existing benchmarks limits of detection of 10-7 
M to 10-8 M (10-15 g) in DNT and to 10-12 M (10-19 g) in 
the case of TNT. Other works include preparation and 
testing of bimetallic nano-interalloys: Au/Ag and me-
tallic-semiconductor SERS active colloidal substrates: 
Ag/TiO

2
. Group members have prepared silver and gold 

nanorods and nanolayers in an effort to change the sens-
ing platform: from aqueous media to solventless detec-
tion. 

Enhanced Raman Scattering of 2,4,6-TNT Using 
Metallic Colloids 
Jerez-Rozo, J.I. Primera-Pedrozo, O.M. Barreto-
Caban, M.A. Hernandez-Rivera, S.P. 

On page(s): 974-982 

Abstract 
Surface-enhanced Raman scattering (SERS) combines 
extremely high sensitivity, due to enhanced Raman cross 
sections comparable or even better than fluorescence 
emission. The observation of vibrational spectra of ad-
sorbed species on nanoparticles, provides one of the most 
incisive analytical methods for chemical and biochemi-
cal detection and analysis. Nanoparticles are of funda-
mental interest since they possess unique size-dependent 
properties (optical, electrical, mechanical, chemical, 
magnetic, etc.), which are quite different from the bulk 
and the atomic state. Bimetallic nanoparticles are of par-
ticular interest since they combine the advantages of the 
individual monometallic counterparts. Metal colloids 
have become the most commonly used nanostructures 
for SERS. The present study focuses on the use of me-
tallic nanoparticles, with a particle size of 35-80 nm for 
detecting TNT in solution. Gold, silver, and Au/Ag col-

loids were synthesized by chemical reduction methods, 
and used for detecting TNT in solution with high sensi-
tivity and molecular specificity. The nanoparticles were 
characterized with UV-VIS spectroscopy, Scanning and 
Transmission Electron Microscopies and Raman Spec-
troscopy. The detection of TNT was conducted via an 
indirect method that involved the alkaline hydrolysis of 
TNT in the presence of a strong base. This method of-
fered the advantage of generating reaction products that 
provided enhanced detection in the SERS experiments. 
The spectra were obtained in the 100-3500 cm-1 range. 
The results revealed an increase in the intensity of the 
vibrational signals, attributed to the SERS spectra of 
TNT degradation products. Bands associated with out-
of-plane bending modes centered at 820 and 850 cm-1 
and NO

2
 symmetric and asymmetric stretching modes 

were detected. 

Gas Sensing Based on Inelastic Electron Tunneling 
Spectroscopy 
Bommisetty, V. Bhandari, S. Karmacharya, R.L. Rislov, 
D.A. Mileham, R.D. Galipeau, D. Galipeau, D.W. 

On page(s): 983-988 

Abstract 
Odor detection with high reliability and selectivity is in-
creasingly in demand in several fields, including defense, 
homeland security, clinical diagnosis, and air monitor-
ing. Poor selectivity and reliability of existing gas sensor 
technology has been a major impediment in the devel-
opment of a versatile odor detector. This work describes 
a new gas sensor technology based on inelastic electron 
tunneling spectroscopy (IETS) that may be able to iden-
tify gas molecules based on chemical bonds. The IETS 
responses of metal-insulator-metal tunnel junctions 
were measured at 77 and 300 K and the results suggest 
the potential of gas detection with ppm sensitivity. De-
spite thermal broadening, IETS peaks can be analyzed 
for room temperature gas identification. 

Fabrication of Heteronanorod Structures by Dynamic 
Shadowing Growth 
Junxue-X Fu Yuping-P He Yiping-P Zhao 

On page(s): 989-997 

Abstract 
Multilayered heterogeneous one-dimensional (1-D) 
nanostructures are important building blocks for nanode-
vice applications. A practical nanofabrication technique 
to produce heterogeneous nanostructures with arbitrary 
materials must have the ability to control the dimensions 
and uniformity, to control the alignment, and to control 
the interfacial properties of the heterogeneous nano-
structures. In this paper, we demonstrate a simple but 
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versatile method to fabricate three-dimensional (3-D) 
heterogeneous nanorod structures by multilayer dynam-
ic shadowing growth (DSG). DSG is a process based on 
the geometric shadowing effect and substrate rotation in 
a physical vapor deposition system. By combining DSG 
and the sputtering technique, we successfully fabricated 
Au/Si matchstick nanorods which can further be devel-
oped as a novel biosensor for Respiratory Syncytial Vi-
rus (RSV) detection. By changing the source materials 
during the deposition, we demonstrate that complicated 
heterostructured nanorod arrays, such as Si/Ni multilay-
er nanosprings, can be easily produced, and they exhibit 
particular magnetic anisotropic behavior. We also use the 
DSG technique to coat a thin catalyst layer asymmetri-
cally on the side of a nanorod backbone, and therefore 
design catalytic nanomotors with a variety of geometries 
capable of performing multiple desired motions in a fuel 
solution. This fabrication method reveals an optimistic 
step towards complex heteronanorod array design and 
fabrication. 

Influence of Base-Pair Interaction on Vibrational 
Spectrum of a Poly-dG Molecule Bonded to Si 
Substrates 
Peiji Zhao Woolard, B. 

On page(s): 998-1003 

Abstract 
A theoretical investigation is presented that characterizes 
the interaction dynamics of a double deoxyguanonsine 
molecular system, where two guanine bases are coupled 
via a sugar-phosphate backbone that is bound to the sur-
face of silicon. Molecular dynamical simulations show 
that the influence of the coupling between the guanine 
bases (i.e., as compared with individual deoxyguanonsine 
molecules) leads to a significant increase of the absorption 
intensity from microwave to infrared (IR) frequencies. 
Furthermore, these results show that the strong coupling 
between the guanine bases leads to a much larger number 
of distinguishable vibrational modes at frequency below 
the IR at ~ 1350 cm-1. These effects also produce double-
peak features in the Far-IR absorption intensity, which 
represent a splitting of the individual peaks associated 
with a single deoxyguanonsine molecule. Guanine base 
coupling also leads to a general shifting of all the absorp-
tion peaks towards the terahertz frequency regime (i.e., 
~10 THz and below), which is also accompanied by a 
reduction of the absorption intensity as one progresses 
to longer wavelengths. Most importantly, this interaction 
phenomenon creates additional spectral features, which 
may be useful in a long-wavelength optics-based tech-
nique for DNA sequencing. 

Magnetic Field Control of THz Relaxation Oscillations 
in RTDs With Diluted Magnetic Semiconductor Layers 
Grubin, H.L. 

On page(s): 1004-1010 

Abstract 
This discussion concentrates on novel semiconductor 
quantum barrier/well devices that utilize spin-control 
mechanisms available in diluted magnetic materials for 
achieving higher-level functionality (e.g., transistor ac-
tion) at very high switching speeds and frequencies. The 
potential simplicity in the design of DMS devices com-
pared with standard three terminal transistors with gate 
controlled I-V characteristics, is that for DMS struc-
tures, no more than two terminals are required, as the 
magnetic field in controlling the output of the DMS 
device functions as a controlling third contact. Indeed, 
properly designed, the magnetic field can transform a 
passive device into an active device, tune the output of a 
resonant tunneling device (RTD) fabricated with DMS 
layers and modify the logic state of a device. 

Towards De Novo Design of Deoxyribozyme Biosensors 
for GMO Detection 
May, E.E. Dolan, P.L. Crozier, P.S. Brozik, 
S. Manginell, M. 

On page(s): 1011-1019 

Abstract 
Hybrid systems that provide a seamless interface between 
nanoscale molecular events and microsystem technolo-
gies enable the development of complex biological sen-
sor systems that not only detect biomolecular threats, but 
also are able to determine and execute a programmed re-
sponse to such threats. The challenge is to move beyond 
the current paradigm of compartmentalizing detection, 
analysis, and interpretation into separate steps. We pres-
ent methods that will enable the de novo design and de-
velopment of customizable biosensors that can exploit 
deoxyribozyme computing (Stojanovic and Stefanovic, 
2003) to concurrently perform in vitro target detection, 
genetically modified organism detection, and classifica-
tion. 

Quantum 1/f Biochemical Detection Limits in THz 
Signatures Revealed by Scanning Tunneling Microscopy 
Currents 
Truong, A.M. Handel, P.H. Fraundorf, P. 

On page(s): 1020-1027 

Abstract 
It may be possible to amplify the characteristic THz fre-
quency oscillations of chemical and biological agents 
that contaminate surfaces or samples examined with the 
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scanning tunneling microscope (STM). This THz spec-
tral signature of the biochemical molecules competes 
with the frequency fluctuations introduced as phase noise 
close to the examined THz frequency by the 1/f fluctua-
tions of the tunneling resistance, of the resistance of the 
STM tip, and of the spreading resistance in the sample. 
Indeed, as we show below, the achievable spectral sens-
ing resolution is Δω/ω = [2 C ln 2]1/2 = [2 ln 2(fS

R
/R2)/

4Q
t
 4]1/2 = [1.66 ⋅ 10-12]1/2 = 1.3 ⋅ 10-6. Therefore, we have 

calculated the quantum 1/f noise of STMs for the first 
time, also determining the STM image resolution limits, 
including both the conventional and coherent quantum 
1/f (Q1/f) effects. The main contributions are found to 
be quantum 1/f tunneling current noise, and quantum 
1/f effect in the piezoelectric transducers in the feedback 
loop that controls the position of the needle above the 
sample. The results are compared with experimental data 
on STM resolution. 

Sensitivity of Carbon Nanotube Transistors to a Charged 
Dielectric Coating 
Pennington, G. Ervin, M.H. Wickenden, A.E. 

On page(s): 1028-1035 

Abstract 
This paper investigates the electronic properties of sin-
gle-walled carbon nanotube field-effect transistors (SW-
CNT-FETs) in which the SWCNT element is coated with 
a charged dielectric. The presence of remote charge on 
the surface of the dielectric is considered to effect carrier 
transport in the nanotube as a result of both carrier-scat-
tering and gate screening. Nanotube device characteris-
tics are simulated using the multi- subband Boltzmann 
transport method incorporating scattering from both 
phonons and remote charges. This allows assessment of 
the sensitivity of a nanotube FET to the presence of a 
charged dielectric coating during room temperature op-
eration. Results show remote charge scattering affects 
the diameter (d) dependence of the peak conductance 
and peak field-effect mobility of carbon nanotube de-
vices. Under phonon-limited transport conditions, these 
peak values increase as ~ d and ~ d2, respectively. When 
remote charge scattering is significant, peak values cease 
to vary with diameter once a critical diameter reached. 
Charge scattering is found to particularly degrade device 
current at gate voltages that allow carriers scattering into 
or out of a subband minimum. Furthermore, simula-
tions show that intersubband scattering resulting from 
asymmetry in the circumferential remote charge density 
becomes increasingly important as the nanotube length 
decreases. The authors propose that remote charge scat-
tering effects may be applicable in sensing devices allow-
ing for the identification of the charge on a functional-
ized CNT coating. 

Guided Self-Assembly of Silsesquioxane Nanocubes: Two 
Lessons From DNA 
Toth-Fejel, T.T. 

On page(s): 1036-1040 

Abstract 
The most promising approach to molecular assembly 
consists of manipulating and connecting chemically 
synthesized nanoscale building blocks, of which the geo-
metrically most favorable are nanocubes. Silsesquiox-
anes are a promising set of such nanocubes-cubic cages 
of silica (∼1 nm) with organic groups on each of the eight 
corners. Silsesquioxanes could be synthesized into larger, 
easier-to-manipulate multicage nanocubes (3-10 nm), 
which have the advantage of presenting additional face-
bonding opportunities in a larger, easier-to-manipulate 
molecule. The highest value products that nanocube as-
sembly will manufacture are fully 3-D electronic circuits 
with 5 nm features. Such integrated circuits would con-
sist of nanocubes with electron-donating or electron-ac-
cepting semiconducting moieties in their intracube and 
intercube links. The synthesized nanocubes must be po-
sitioned with high precision and reliability so that they 
could be connected into NAND gates, billions at a time. 
Two different approaches are available: (1) Wang cube 
self-assembly and (2) pixilated DNA origami templat-
ing. Wang nanocubes are complex heterogeneous 3-D 
nanocubes with precisely controlled anisotropy. Their 
self-assembly would be similar to the sequential solid-
phase synthesis process used to make DNA oligomers, 
and amino and bis-amino acid polypeptides, except that 
instead of building 1-D linear chain molecules that need 
additional weak-force self-folding and/or processing to 
form 3-D nanostructures, Wang nanocubes could form 
arbitrary 3-D nanostructures directly. Their existence 
depends on the synthesis of complex enantioselective 
multicage nanocubes with six independent face-connec-
tion chemistries with controlled orientation. In pixilated 
DNA origami templating, higher order silsesquioxane 
nanocubes would be attached (via amines, thiols, etc.) 
to one of hundreds of custom-sequence helper strands. 
Then, the molecular recognition of subsequences of a 
long single-stranded scaffold connect via Watso- — n-
Crick binding to the matching helper strand/nanocube 
complex, thereby making many arbitrary nanostructures 
possible. 

Sensor Electronics and Microsystem Technologies. 2/2009
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Continuum Theory of Amorphous Carbon 
Nanostructures 
Umantsev, A. Akkerman, Z. 

On page(s): 1041-1046 

Abstract 
Carbon is often considered to be silicon of the future be-
cause of the unique properties resulting from the variety 
of possible structural forms. A wide range of electronic 
properties of carbon yields many possible applications. 
Classical thermodynamics successfully describes bulk 
equilibrium of the diamond-graphite system in a wide 
range of temperatures and pressures. Equilibrium in 
the carbon system at nanoscale, however, has not been 
clarified despite the significance of this information for 
numerous existing and possible applications of carbon 
in nanoelectronics. In the present paper, we analyze the 
transition between diamond and graphite phases using 
the continuum Landau theory. The theory sheds light 

on the details of such transitions, and more importantly, 
predicts a new stable phase at nanoscale that can be used 
in carbon-based nanodevices. We find that the transi-
tion state of a system capable of undergoing a graphite/
diamond phase transition gains thermodynamic stability 
against the bulk phases under the conditions of a limited 
volume if the barrier height of the transition is below the 
critical value. In a large-size closed system, a heteroge-
neous mixture of the graphite and diamond phases is the 
most stable state. In a small system (below the critical 
size), the heterogeneous mixture is not possible and the 
transition state becomes the globally stable state-a phase. 
Based on the present analysis, we hypothesize that the 
transition state is associated with the amorphous phase 
of carbon observed experimentally. The theoretical re-
sults allow us to interpret the experiments on focused 
Ga+ ion beam scanning irradiation of single crystal CVD 
diamond films, which produce highly conductive regions 
on the diamond surface. 
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ÂÈÌÎÃÈ ÄÎ ÎÔÎÐÌËÅÍÍß ÑÒÀÒÅÉ Ó ÆÓÐÍÀË
²ÍÔÎÐÌÀÖ²ß ÄËß ÀÂÒÎÐ²Â

Æóðíàë “Ñåíñîðíà åëåêòðîí³êà ³ ì³êðîñèñ-
òåìí³ òåõíîëîã³¿” ïóáë³êóº ñòàòò³, êîðîòê³ ïîâ³-
äîìëåííÿ, 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 ñåí-

ñîðè
5. Àêóñòîåëåêòðîíí³ ñåíñîðè
6. Õ³ì³÷í³ ñåíñîðè
7. Á³îñåíñîðè
8. Íàíîñåíñîðè (ô³çèêà, ìàòåð³àëè, òåõíî-

ëîã³ÿ)
9. Ìàòåð³àëè äëÿ ñåíñîð³â
10. Òåõíîëîã³ÿ âèðîáíèöòâà ñåíñîð³â
11. Ñåíñîðè òà ³íôîðìàö³éí³ ñèñòåìè
12. Ì³êðîñèñòåìí³ òà íàíî- òåõíîëîã³¿ (MST, 

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

ñåíñîð³â
Æóðíàë ïóáë³êóº òàêîæ çàìîâëåí³ îãëÿäè ç 

àêòóàëüíèõ ïèòàíü, ùî â³äïîâ³äàþòü éîãî òå-
ìàòèö³, ïîòî÷íó ³íôîðìàö³þ — õðîí³êó, ïåð-
ñîíàë³¿, ïëàòí³ ðåêëàìí³ ïîâ³äîìëåííÿ, îãîëî-
øåííÿ 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 àêòó-

àëüí³ñòü ðîçâ’ÿçóâàíî¿ çàäà÷³, ñôîðìóëüîâàíà 
ìåòà äîñë³äæåííÿ, ì³ñòèòèñÿ îðèã³íàëüíà ÷àñ-
òèíà 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 àáî ðîñ³éñüêîþ ³ àíã-
ë³éñüêîþ ìîâàìè 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, 
Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò  ³ìåí³ 

². ². Ìå÷íèêîâà, ÌÍÍÔÒÖ (ÍÄË-3), 
âóë. Äâîðÿíñüêà, 2, Îäåñà, 65082, Óêðà¿íà.

Òåëåôîí / ôàêñ +38(048) 723-34-61, 
òåë. +38(048) 726-63-56.
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Ïðàâèëà ï³äãîòîâêè ðóêîïèñó:

Ðóêîïèñè ïîâèíí³ ñóïðîâîäæóâàòèñÿ 
îô³ö³éíèì ëèñòîì, ï³äïèñàíèì êåð³âíèêîì óñ-
òàíîâè, äå áóëà âèêîíàíà ðîáîòà. Öå ïðàâèëî 
íå ñòîñóºòüñÿ ðîá³ò ïðåäñòàâëåíèõ ì³æíàðîä-
íèìè ãðóïàìè àâòîð³â.

Àâòîðñüêå ïðàâî ïåðåõîäèòü Âèäàâöþ. 
Òèòóëüíèé àðêóø:
1. PACS ³ Óí³âåðñàëüíèé Äåñÿòêîâèé Êîä 

Êëàñèô³êàö³¿ (ÓÄÊ) (äëÿ àâòîð³â ³ç êðà¿í 
ÑÍÄ) — ó âåðõíüîìó ë³âîìó êóò³. Äîïóñ-
êàºòüñÿ äåê³ëüêà â³ää³ëåíèõ êîìàìè êîä³â. 
ßêùî í³ÿê³ êîäè êëàñèô³êàö³¿ íå ïîçíà÷åí³, 

êîä(è) áóäå(-óòü) âèçíà÷åíî Ðåäàêö³éíîþ 
Êîëåã³ºþ.

2. Íàçâà ðîáîòè (ïî öåíòðó, ïðîïèñíèìè ë³-
òåðàìè, øðèôò 14pt, æèðíî, óêð., ðîñ., àíãë. 
ìîâàìè).

3. Ïð³çâèùå (-à) àâòîðà(-³â) (ïî öåíòðó, øðèôò 
12pt, óêð., ðîñ., àíãë. ìîâàìè).

4. Íàçâà óñòàíîâè, ïîâíà àäðåñà, òåëåôîíè ³ 
ôàêñè, e-ma³l äëÿ êîæíîãî àâòîðà, íèæ÷å, ÷å-
ðåç îäèí ³íòåðâàë, îêðåìèì ðÿäêîì (ïî öåíòðó, 
øðèôò 12pt).

Àíîòàö³ÿ: äî 200 ñë³â óêðà¿íñüêîþ, àíãë³éñü-

Sensor Electronics and Microsystem Technologies. 2/2009



92

Sensor Electronics and Microsystem Technologies. 2/2009

êîþ ³ ðîñ³éñüêîþ ìîâàìè. Ïåðåä òåêñòîì àíî-
òàö³¿ ïîòð³áíî âêàçàòè íà ò³é æå ìîâ³: íàçâó ðî-
áîòè, ïð³çâèùà ³ ³í³ö³àëè âñ³õ àâòîð³â.

Äëÿ àâòîð³â ç çàêîðäîíó, ÿê³ íå çíàþòü óê-
ðà¿íñüêî¿ àáî ðîñ³éñüêî¿ ìîâè, äîñòàòíüî àíî-
òàö³¿ ³ ïð³çâèùà àíãë³éñüêîþ.

Êëþ÷îâ³ ñëîâà: ¿õíÿ ê³ëüê³ñòü íå ïîâèííà ïå-
ðåâèùóâàòè â³ñüìè ñë³â. Â îñîáëèâèõ âèïàäêàõ 
ìîæíà âèêîðèñòîâóâàòè òåðì³íè ç äâîìà — ÷è 
òðüîìà ñëîâàìè. Ö³ ñëîâà ïîâèíí³ áóòè ðîç-
ì³ùåí³ ï³ä àíîòàö³ºþ ³ íàïèñàí³ ò³ºþ ñàìîþ 
ìîâîþ.

Òåêñò ïîâèíåí áóòè íàäðóêîâàíèé ÷åðåç 1,5 
³íòåðâàëè, íà á³ëîìó ïàïåð³ ôîðìàòó A4. Ïîëÿ: 
çë³âà — 3ñì, ñïðàâà — 1,5ñì, ââåðõó ³ çíèçó — 
2,5ñì. Øðèôò 12pt. Ï³äçàãîëîâêè, ÿêùî âîíè º, 
ïîâèíí³ áóòè íàäðóêîâàí³ ïðîïèñíèìè ë³òåðà-
ìè, æèðíî.

Ð³âíÿííÿ ïîâèíí³ áóòè ââåäåí³, âèêîðèñ-
òîâóþ÷è MS Equat³on Ed³tor àáî MathType. 
Ðîáîòè ç ðóêîïèñíèìè âñòàâêàìè íå ïðèéìà-
þòüñÿ.

Òàáëèö³ ïîâèíí³ áóòè ïðåäñòàâëåí³ íà îêðå-
ìèõ àðêóøàõ ó ôîðìàò³ â³äïîâ³äíèõ òåêñòîâèõ 
ôîðìàò³â (äèâ. âèùå), ÷è ó ôîðìàò³ òåêñòó (ç 
êîëîíêàìè, â³ää³ëåíèìè ³íòåðâàëàìè, êîìàìè, 
êðàïêàì ç êîìîþ, ÷è çíàêàìè òàáóëþâàííÿ).

Ñïèñîê ë³òåðàòóðè ïîâèíåí áóòè íàäðóêîâà-
íèé ÷åðåç 1,5 ³íòåðâàëè, ç ë³òåðàòóðîþ, ïðîíó-
ìåðîâàíîþ â ïîðÿäêó ¿¿ ïîÿâè â òåêñò³.

Ïîðÿäîê îôîðìëåííÿ ë³òåðàòóðè ïîâèíåí 
â³äïîâ³äàòè âèìîãàì ÂÀÊ Óêðà¿íè, íàïðèêëàä  

1. Áåðåñòîâñêèé Â.Á., Ëèôøèö Å.Ì., Ïèòà-
åâñêèé Ë.Ï., Êâàíòîâàÿ ýëåêòðîäèíàìèêà. —  
Ì.: Íàóêà, 1984. —  430 ñ.

2. Ñåðãèåíêî À.Ì., ×åðíîâà Ð.È., Ñåðãèåí-
êî À.ß., Îïòèìèçàöèÿ öèôðîâîé ñåòè //ÔÒÒ. — 
1992. —  Ò.7, ¹6. —  Ñ. 34-38.

3. Bramley R., Faber J.M., Nelson C.N. et 
al., Gas sensor research // Phys. Rev. —  1978. —  
¹6. —  Ð. 34-38.

4. Stirling A.N. and Watson D. Progress in Low 

Temperature Physics. —  North Holland, Amster-
dam.: ed. by D.F. Brewer, 1986. —  248 p.

5. Ãðîìîâ Ê.Ä., Ëàíäñáåðã Ì.Ý., Îïòèìàëü-
íîå íàçíà÷åíèå ïðèîðèòåòîâ //Òðóäû ìåæ-
äóíàð. êîíô. “Ëîêàëüíûå âû÷èñëèòåëüíûå 
ñåòè”(ËÎÊÑÅÒÜ 88). — Òîì 1. — Ðèãà:ÈÝÂÒ 
ÀÍ Ëàòâèè. — 1988. — Ñ.149-153.

6. Elliot M.P., Rumford V. and Smith A.A. The 
research of the optical sensors. — NY. 1976. — 
37 p.(reprint./ TH 4302-CERN).

7. Øàëèìîâà À.Í., Ãàê³â À.Ñ. Äîñë³äæåííÿ 
îïòè÷íèõ ñåíñîð³â. —  Ê: 1976. — 37 ñ. (Ïðåïð. 
/ÀÍ Óêðà¿íè. ²í-ò ê³áåðíåòèêè; 76-76). 

8. Âàñèëüºâ Í.Â. Îïòè÷í³ ñåíñîðè íà ïë³â-
êàõ À

2
Â

6
: Äèñ. êàíä.ô³ç. — ìàò. íàóê, 05.05.04. — 

Ê.,1993. —  212 ñ.
Ï³äïèñè äî ðèñóíê³â ³ òàáëèöü ïîâèíí³ áóòè 

íàäðóêîâàí³ â ðóêîïèñ³ ç äâîìà ïðîá³ëàìè ï³ñ-
ëÿ ñïèñêó ë³òåðàòóðè.

Âèíîñîê, ÿêùî ìîæëèâî, áàæàíî óíèêàòè.
Ðèñóíêè áóäóòü ñêàíîâàí³ äëÿ öèôðîâîãî 

â³äòâîðåííÿ. Òîìó ïðèéìàþòüñÿ ò³ëüêè âèñî-
êîÿê³ñí³ ðèñóíêè.

Íàïèñè ³ ñèìâîëè ïîâèíí³ áóòè íàäðóêîâàí³ 
óñåðåäèí³ ðèñóíêó. Íåãàòèâè, ñëàéäè, ³ ä³àïîçè-
òèâè íå ïðèéìàþòüñÿ.

Êîæåí ðèñóíîê ïîâèíåí áóòè íàäðóêîâàíèé 
íà îêðåìîìó àðêóø³ ³ ìàòè ðîçì³ð, ùî íå ïåðå-
âèùóº 160õ200 ìì. Äëÿ òåêñòó íà ðèñóíêàõ âè-
êîðèñòîâóéòå øðèôò 10pt. Îäèíèö³ âèì³ðó ïî-
âèíí³ áóòè ïîçíà÷åí³ ï³ñëÿ êîìè (íå â êðóãëèõ 
äóæêàõ). Óñ³ ðèñóíêè ïîâèíí³ áóòè ïðîíóìåðî-
âàí³ â ïîðÿäêó ¿õ ïîÿâè â òåêñò³, ç ÷àñòèíàìè 
ïîçíà÷åíèìè ÿê (a), (á), ³ ò.ä. Ðîçì³ùåííÿ íî-
ìåð³â ðèñóíê³â ³ íàïèñó óñåðåäèí³ ìàëþíê³â íå 
äîçâîëÿþòüñÿ. Ç³ çâîðîòíüî¿ ñòîðîíè, íàïèø³òü 
îë³âöåì íàçâó, ïð³çâèùå(à) àâòîðà(-³â), íîìåð 
ìàëþíêà ³ ïîçíà÷òå âåðõ ñòð³ëêîþ.

Ôîòîãðàô³¿ ïîâèíí³ áóòè îðèã³íàëüíèìè.
Êîëüîðîâèé äðóê ìîæëèâèé, ÿêùî éîãî 

âàðò³ñòü ñïëà÷óºòüñÿ àâòîðàìè ÷è ¿õ ñïîíñî-
ðàìè.
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with the maximal clearness. In the submitted man-
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viding understanding of essence of received results 
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Graf, JPEG. Figures created using software for 
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Manuscripts should be sent to: 
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paper title, surnames and initials of all authors. 

Keywords: its amount must not exceed eight 
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it is present should be typed bold, capitals. 
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