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THEORETICAL INVESTIGATION OF NANOSYSTEMS USING SIZE 
QUANTIZATION STARK EFFECT 

Sergey I. Pokutnyi and Galina A. Stupayenko 

Illichivsk Institute I.I. Mechnikov Odessa National University 
17a, Danchenko str., Illichivsk, Odessa reg., 

68002, Ukraine; E-mail: Pokutnyi_Sergey@inbox.ru 

Abstract 

THEORETICAL INVESTIGATION OF NANOSYSTEMS USING SIZE 
QUANTIZATION STARK EFFECT 

Sergey I. Pokutnyi and Galina A. Stupayenko 

Advantages of semiconductor quantum dots for study and diagnostics of biological nanosystems 
are discussed. A new method for amino acid diagnostics using semiconductor quantum dots is pro-
posed. Interaction of isolated quantum dots with charged amino acids is studied in detail. It is shown 
that such interaction results in a shift of the quantum dots luminescence spectra by several dozens of 
meV. This effect provides new possibilities for identification of biological nanoobjects using quan-
tum dots. 

Keywords: size quantization Stark effect, biological nanosystems, quantum dots, energy shift. 

Àíîòàö³ÿ 

ÒÅÎÐÅÒÈ×ÍÅ ÂÈÂ×ÅÍÍß ÍÀÍÎÑÈÑÒÅÌ Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ 
ÊÂÀÍÒÎÂÎÂÈÌ²ÐÍÎÃÎ ÅÔÅÊÒÀ ØÒÀÐÊÀ 

Ñåðã³é ². Ïîêóòí³é, Ãàëèíà À. Ñòóïàåíêî 

Îáãîâîðþºòüñÿ ìîæëèâ³ñòü çàñòîñóâàííÿ íàï³âïðîâ³äíèêîâèõ êâàíòîâèõ òî÷îê äëÿ âè-
â÷åííÿ òà ä³àãíîñòèêè á³îëîã³÷íèõ íàíîñèñòåì. Çàïðîïîíîâàíî íîâèé ìåòîä ä³àãíîñòèêè 
àì³íîêèñëîò ç âèêîðèñòàííÿì íàï³âïðîâ³äíèêîâèõ êâàíòîâèõ òî÷îê. Äåòàëüíî âèâ÷àºòüñÿ 
âçàºìîä³ÿ êâàíòîâèõ òî÷îê ³ç çàðÿäæåíèìè àì³íîêèñëîòàìè. Ïîêàçàíî, ùî â ðåçóëüòàò³ òàêî¿ 
âçàºìîä³¿ íàáëþäàºòüñÿ çñóâ ñïåêòðà ëþì³íåñöåíö³¿ êâàíòîâî¿ òî÷êè íà äåê³ëüêà ìåÂ. Òàêèé 
åôåêò çàáåçïå÷óº íîâ³ ìîæëèâîñò³ äëÿ ³äåíòèô³êàö³¿ á³îëîã³÷íèõ íàíîîá’ºêò³â ç äîïîìîãîþ 
êâàíòîâèõ òî÷îê. 

Êëþ÷îâ³ ñëîâà: êâàíòîâîâèì³ðíèé åôåêò Øòàðêà, á³îëîã³÷í³ íàíîñèñòåì, êâàíòîâ³ òî÷êè, 
åíåðãåòè÷íèé çñóâ. 

© Sergey I. Pokutnyi and Galina A. Stupayenko, 2007



Àííîòàöèÿ 

ÒÅÎÐÅÒÈ×ÅÑÊÎÅ ÈÇÓ×ÅÍÈÅ ÍÀÍÎÑÈÑÒÅÌ Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ 
ÊÂÀÍÒÎÂÎÐÀÇÌÅÐÍÎÃÎ ÝÔÔÅÊÒÀ ØÒÀÐÊÀ 

Ñåðãåé È. Ïîêóòíèé, Ãàëèíà À. Ñòóïàåíêî 

Îáñóæäàåòñÿ âîçìîæíîñòü ïðèìåíåíèÿ ïîëóïðîâîäíèêîâûõ êâàíòîâûõ òî÷åê äëÿ èçó-
÷åíèÿ è äèàãíîñòèêè áèîëîãè÷åñêèõ íàíîñèñòåì. Ïðåäëîæåí íîâûé ìåòîä äèàãíîñòèêè 
àìèíîêèñëîò ñ èñïîëüçîâàíèåì ïîëóïðîâîäíèêîâûõ êâàíòîâûõ òî÷åê. Äåòàëüíî èçó÷àåòñÿ 
âçàèìîäåéñòâèå êâàíòîâûõ òî÷åê ñ çàðÿæåííûìè àìèíîêèñëîòàìè. Ïîêàçàíî, ÷òî â ðåçóëü-
òàòå òàêîãî âçàèìîäåéñòâèÿ ïðîèñõîäèò ñäâèã ñïåêòðà ëþìèíåñöåíöèè êâàíòîâîé òî÷êè íà 
íåñêîëüêî ìýÂ. Ýòîò ýôôåêò îáåñïå÷èâàåò íîâûå âîçìîæíîñòè äëÿ èäåíòèôèêàöèè áèîëî-
ãè÷åñêèõ íàíîîáúåêòîâ ñ ïîìîùüþ êâàíòîâûõ òî÷åê. 

Êëþ÷åâûå ñëîâà: êâàíòîâîðàçìåðíûé ýôôåêò Øòàðêà, áèîëîãè÷åñêèå íàíîñèñòåìû, êâà-
íòîâûå òî÷êè, ýíåðãåòè÷åñêèé ñäâèã. 

Sergey I. Pokutnyi and Galina A. Stupayenko
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Àíîòàö³ÿ 

Ô²ÇÈ×Í² ÎÑÍÎÂÈ ÑÒÂÎÐÅÍÍß ÑÅÍÑÎÐ²Â ÍÈÇÜÊÈÕ ÒÅÌÏÅÐÀÒÓÐ 
ÍÀ ÁÀÇ² ÍÈÒÊÎÏÎÄ²ÁÍÈÕ ÊÐÈÑÒÀË²Â Si-Ge 

À. Î. Äðóæèí³í, ². Ï. Îñòðîâñüêèé, Þ. Ð. Êîãóò 

 Ðîçãëÿíóòî îñîáëèâîñò³ åôåêòó ï’ºçî-Çåºáåêà â íèòêîïîä³áíèõ êðèñòàëàõ (ÍÊ) òâåðäîãî 
ðîç÷èíó Si

1-x
Ge

x 
(x=0,01÷0,03) ç êîíöåíòðàö³ºþ äîì³øîê ïîáëèçó ïåðåõîäó ìåòàë-ä³åëåêòðèê 

â ³íòåðâàë³ òåìïåðàòóð 4,2–300 K ç ìåòîþ âèêîðèñòàííÿ öüîãî åôåêòó äëÿ ñòâîðåííÿ ñåí-
ñîð³â òåìïåðàòóðè. Ïîêàçàíî, ùî â òåìïåðàòóðí³é îáëàñò³ Ò>30Ê ñïîñòåð³ãàºòüñÿ êëàñè÷íà 
ïîâåä³íêà ï’ºçî-òåðìî-åðñ — çá³ëüøåííÿ α ïðè ðîçòÿãó (ε=0÷+4,7×10-4) òà çìåíøåííÿ ïðè 
ñòèñêó (ε=0 ÷–4,3×10-3). Â îáëàñò³ íèçüêèõ òåìïåðàòóð Ò<30 K ñïîñòåð³ãàºòüñÿ àíîìàëüíèé 
åôåêò — çá³ëüøåííÿ êîåô³ö³ºíòà Çåºáåêà íåçàëåæíî â³ä çíàêó äåôîðìàö³¿. Öåé åôåêò éìîâ³-
ðíî ïîâ’ÿçàíèé ç ³ñòîòíîþ çì³íîþ ãóñòèíè ñòàí³â äîì³øêîâî¿ çîíè (âåðõíüî¿ òà íèæíüî¿ çîí 
Õàááàðäà) ï³ä âïëèâîì äåôîðìàö³¿. Êîìá³íàö³ÿ êëàñè÷íî¿ òà íåêëàñè÷íî¿ ïîâåä³íêè ï’ºçî-
òåðìî-åðñ ïðè äåôîðìàö³¿ ñòèñêó çàáåçïå÷óº íåçàëåæí³ñòü êîåô³ö³ºíòà Çåºáåêà ÍÊ â³ä òåì-
ïåðàòóðè â øèðîêîìó òåìïåðàòóðíîìó ³íòåðâàë³ 20–120 Ê, ùî ìîæå áóòè âèêîðèñòàíå ïðè 
ñòâîðåíí³ ñåíñîðà äëÿ âèì³ðþâàííÿ ð³çíèö³ òåìïåðàòóð. 

Êëþ÷îâ³ ñëîâà: åôåêò Çåºáåêà, òâåðäèé ðîç÷èí, íèòêîïîä³áíèé êðèñòàë, íèçüê³ òåìïåðà-
òóðè. 

The summary 

PHYSICAL GROUND OF LOW TEMPERATURE SENSOR DESIGN BASED ON SI-GE WHISKERS 

A. A. Druzhinin, I. P. Ostrovskii, Iu. R. Kogut 

Physical aspects of piezo-Zeebeck effect observing in Si
1-x

Ge
x 
(x=0,01÷0,03) whiskers with im-

purity concentrations in the vicinity to metal-insulator transition in temperature range 4,2–300 
K with aim of temperature sensor design were considered. Classical behaviour of thermo-emf was 
shown to observe in temperature range Ò>30 Ê — increase of α at tension (ε=0÷+4,7×10-4) and its 
decrease at compression (ε=0÷–4,3×10-3). In low temperature range T<30 K non-classical behav-
iour of thermo-emf was observed — increase of Seebeck coefficient independently on strain sign. 
The effect is likely caused by substantial change of state density in impurity band (upper and lower 
Habbard’s bands) at strain action. A combination of classical and non-classical behaviour of piezo-
Seebeck effect at compression strain leads to independency of the whisker Seebeck coefficient on 
temperature in wide temperature range 20–120 K, which can be used for design of temperature dif-
ference sensors. 

Key words: Seebeck effect, solid solution, whiskers, low temperatures. 
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ÔÈÇÈ×ÅÑÊÈÅ ÎÑÍÎÂÛ ÑÎÇÄÀÍÈß ÑÅÍÑÎÐÎÂ ÍÈÇÊÈÕ ÒÅÌÏÅÐÀÒÓÐ 
ÍÀ ÁÀÇÅ ÍÈÒÅÂÈÄÍÛÕ ÊÐÈÑÒÀËËÎÂ Si-Ge 

À. À. Äðóæèíèí, È. Ï. Îñòðîâñêèé, Þ. Ð. Êîãóò 

Ðàññìîòðåíû îñîáåííîñòè ýôôåêòà ïüåçî-Çååáåêà â íèòåâèäíûõ êðèñòàëëàõ (ÍÊ) òâåð-
äîãî ðàñòâîðà Si

1-x
Ge

x 
(x=0,01÷0,03) ñ êîíöåíòðàöèåé ïðèìåñåé âáëèçè ïåðåõîäà ìåòàë-äè-

ýëåêòðèê â èíòåðâàëå òåìïåðàòóð 4,2–300 K ñ öåëüþ èñïîëüçîâàíèÿ ýòîãî ýôôåêòà äëÿ ñî-
çäàíèÿ ñåíñîðîâ òåìïåðàòóðû. Ïîêàçàíî, ÷òî â òåìïåðàòóðíîé îáëàñòè Ò>30 Ê íàáëþäàåòñÿ 
êëàññè÷åñêîå ïîâåäåíèå ïüåçî-òåðìî-ýäñ — óâåëè÷åíèå α ïðè ðàñòÿæåíèè (ε=0÷+4,7×10-4) 
è óìåíüøåíèå ïðè ñæàòèè (ε=0÷–4,3×10-3). Â îáëàñòè íèçêèõ òåìïåðàòóð Ò<30 K íàáëþäà-
åòñÿ àíîìàëüíûé ýôôåêò — óâåëè÷åíèå êîýôôèöèåíòà Çååáåêà íåçàâèñèìî îò çíàêà äåôîð-
ìàöèè. Ýòîò ýôôåêò âåðîÿòíî ñâÿçàí ñ ñóùåñòâåííûì èçìåíåíèåì ïëîòíîñòè ñîñòîÿíèé â 
ïðèìåñíîé çîíå (âåðõíåé è íèæíåé çîíàõ Õàááàðäà) ïîä âîçäåéñòâèåì äåôîðìàöèè. Êîì-
áèíàöèÿ êëàññè÷åñêîãî è íåêëàññè÷åñêîãî ïîâåäåíèÿ ïüåçî-òåðìî-ýäñ ïðè äåôîðìàöèè 
ñæàòèÿ îáåñïå÷èâàåò íåçàâèñèìîñòü êîýôôèöèåíòà Çååáåêà ÍÊ îò òåìïåðàòóðû â øèðîêîì 
òåìïåðàòóðíîì èíòåðâàëå 20–120 Ê, ÷òî ìîæåò áûòü èñïîëüçîâàíî äëÿ ñîçäàíèÿ ñåíñîðà 
èçìåðåíèÿ ðàçíèöû òåìïåðàòóð. 

Êëþ÷åâûå ñëîâà: ýôôåêò Çååáåêà, òâåðäûé ðàñòâîð, íèòåâèäíûé êðèñòàëë, íèçêèå òåì-
ïåðàòóðû. 

À. Î. Äðóæèí³í, ². Ï. Îñòðîâñüêèé, Þ. Ð. Êîãóò



Sensor Electronics and Microsystem Technologies. 1/2007

ÏÐÎÅÊÒÓÂÀÍÍß ² ÌÀÒÅÌÀÒÈ×ÍÅ ÌÎÄÅËÞÂÀÍÍß ÑÅÍÑÎÐ²Â 
——

SENSORS DESIGN AND MATHEMATICAL MODELING 

PACS 32.80.RM; 05.45.+B; ÓÄÊ 539.142: 539.184 

SENSING NON-LINEAR CHAOTIC FEATURES IN DYNAMICS OF SYSTEM 
OF COULED AUTOGENERATORS: STANDARD MULTIFRACTAL ANALYSIS 

Yu. Ya. Bunyakova2 , A. V. Glushkov2, A. P. Fedchuk1, N. G. Serbov2 , 
A. A. Svinarenko2 and I. A. Tsenenko1 

1 I. I. Mechnikov Odessa National University, Odessa 
2 Odessa State Environmental University, Odessa 

Abstract

SENSING NON-LINEAR CHAOTIC FEATURES IN DYNAMICS OF SYSTEM OF COUPLED 
AUTOGENERATORS: MULTIFRACTAL ANALYSIS 

Yu. Ya. Bunyakova, A. V. Glushkov, A. P. Fedchuk, N. G. Serbov, A. A. Svinarenko, I. A.Tsenenko 

The multifractal approach has been used for analysis and sensing the non-linear chaotic features 
in dynamics of system of the coupled autogenerators. It has been found that the corresponding frac-
tals dimensions are lying in the interval [1,3-1,9]. 

Key words: sensing dynamics, system of coupled autogenerators, fractal analysis 
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ó äèíàìèö³ îñöèëÿö³é â ñèñòåì³ çâ’ÿçàíèõ àâòîãåíåðàòîð³â. Â³äïîâ³äíèé ñïåêòð ôðàêòàëüíèõ 
ðîçì³ðíîñòåé ëåæèòü ó ³íòåðâàë³ [1,3-1,9]. 
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SENSING THE FINITE SIZE NUCLEAR EFFECT IN CALCULATION 
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Abstract 

SENSING THE FINITE SIZE NUCLEAR EFFECT IN CALCULATION 
OF THE AUGER SPECTRA FOR ATOMS AND SOLIDS 

O. Yu. Khetselius, L. V. Nikola, A. V. Turin, D. E. Sukharev 

It is carried out the sensing finite size nuclear effect in calculations of the Auger spectra of solids. 
The energies of Auger electron transitions in (Ge,Ag, Au,Fr) are calculated. 

Key words: sensing, finite size nuclear effect, Auger spectrum, solids 
Ðåçþìå 
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Î. Þ. Õåöåëèóñ, Ë. Â. Íèêîëà, À. Â. Òþðèí, Ä. Å. Ñóõàðåâ 

Âûïîëíåíà îöåíêà âêëàäà ýôôåêòà êîíå÷íîãî ðàçìåðà ÿäðà â ýíåðãèè Îæå ñïåêòðà òâåð-
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This paper is devoted to the sensing and estimat-
ing the finite size nuclear and radiative effects in 
calculations of the Auger spectra of solids. As in-
troduction let us [7-9] note that the Auger electron 
spectroscopy remains an effective method to study 
the chemical composition of solid surfaces and 
near-surface layers [1-8]. Sensing the Auger spec-
tra in atomic systems and solids gives the important 
data for the whole number of scientific and tech-
nological applications. So called two-step model is 
used most widely when calculating the Auger decay 

characteristics [1-3]. Since the vacancy lifetime in 
an inner atomic shell is rather long (about 10-17 to 
10-14s), the atom ionization and the Auger emission 
are considered to be two independent processes. In 
the more correct dynamic theory of the Auger ef-
fect [3,7-9] the processes are not believed to be in-
dependent from one another. The fact is taken into 
account that the relaxation processes due to Cou-
lomb interaction between electrons and resulting in 
the electron distribution in the vacancy field have 
no time to be over prior to the transition. In fact, a 
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Ïðîàíàëèçèðîâàíû âîçìîæíîñòè ïðèìåíåíèÿ ïîëóïðîâîäíèêîâîãî òåðìîýëåêòðè÷åñ-
êîãî ýëåìåíòà íà îñíîâå ýôôåêòà Ïåëüòüº â êà÷åñòâå äàò÷èêà ñêîðîñòè ïîòîêà æèäêîñòè. 
Èññëåäîâàíî âëèÿíèå ïîòîêà âîäû íà óñëîâèÿ òåïëîîáìåíà è ýëåêòðè÷åñêèå õàðàêòåðèñòè-
êè äàò÷èêîâ ñ òåðìîýëåêòðè÷åñêèìè ýëåìåíòàìè íà îñíîâå Â³

2
Òå

3
. Èñïîëüçîâàíèå èìïóëü-

ñíîãî ìåòîäà èçìåðåíèÿ äàåò âîçìîæíîñòü ñ ïîìîùüþ îäíîãî òåðìîýëåêòðè÷åñêîãî äàò÷èêà 
îäíîâðåìåííî ðåãèñòðèðîâàòü ñêîðîñòü è òåìïåðàòóðó ïîòîêà âîäû. Îïðåäåëåíû óñëîâèÿ 
îïòèìèçàöèè ðåæèìîâ èçìåðåíèÿ â çàâèñèìîñòè îò âëèÿíèÿ âíåøíèõ ôàêòîðîâ (òåìïåðà-
òóðû, ñâîéñòâ ïîäâèæíîé ñðåäû). 
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Ïðîàíàë³çîâàí³ ìîæëèâîñò³ çàñòîñóâàííÿ íàï³âïðîâ³äíèêîâîãî òåðìîåëåêòðè÷íîãî åëå-
ìåíòó íà îñíîâ³ åôåêòó Ïåëüòüº â ÿêîñò³ äàâà÷à øâèäêîñò³ ïîòîêó ð³äèíè. Äîñë³äæåíî âïëèâ 
ïîòîêó âîäè íà óìîâè òåïëîîáì³íó ³ åëåêòðè÷í³ õàðàêòåðèñòèêè äàâà÷³â ç òåðìîåëåêòðè÷íè-
ìè åëåìåíòàìè íà îñíîâ³ Â³

2
Òå

3
. Âèêîðèñòàííÿ ³ìïóëüñíîãî ìåòîäó âèì³ðþâàííÿ äîçâîëÿº 

çà äîïîìîãîþ îäíîãî òåðìîåëåêòðè÷íîãî äàâà÷à îäíî÷àñíî ðåºñòðóâàòè øâèäê³ñòü ³ òåì-
ïåðàòóðó ïîòîêó âîäè. Âèçíà÷åí³ óìîâè îïòèì³çàö³¿ ðåæèì³â âèì³ðþâàííÿ â çàëåæíîñò³ â³ä 
âïëèâó çîâí³øí³õ ôàêòîð³â (òåìïåðàòóðè, âëàñòèâîñòåé ðóõîìîãî ñåðåäîâèùà). 
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Abstract 

SEMICONDUCTING ÒHERMOELECTRIC SENSOR OF VELOCITY FLUID 

G. V. Kuznetsov, V. A. Skrychevsky, O. V. Tretiak 

The possibilities of usage of the semiconducting thermoelectric device as sensor of speed of fluid 
are studied. The influence of a stream of water on heat exchange and electrical characteristics of 
thermoelectric sensor Â³

2
Òå

3
 is explored. The pulse method of measurement allows one thermoelec-

tric sensor to determine simultaneously speed and temperature of water stream. The conditions of 
optimization of modes of measurement are defined depending on an external influence (tempera-
ture, properties of the relative frame environment). 

Key words: thermoelectric detector, impulse method, heat transfer coefficient, water flow velocity 
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òíî¿ ìîäóëÿö³¿ â ïðîöåñ³ äåòåêòóâàííÿ ñèãíàëó ßÊÐ. Ïðåäñòàâëåíî ïðàêòè÷íèé ßÊÐ-òåðìî-
ìåòð òà éîãî òåõí³÷í³ õàðàêòåðèñòèêè. 

Êëþ÷îâ³ ñëîâà: òåðìîìåòð, ÿäåðíèé êâàäðóïîëüíèé ðåçîíàíñ, åòàëîí, ìåòðîëîã³ÿ. 

Abstract 

THE NUCLEAR-QUADRUPOLE WORKING STANDARD 
FOR METROLOGICAL ATTESTATION OF TEMPERATURE SENSORS 

V. M. Vassyliuk, A. M. Lenovenko 

The principle of constructing a standard nuclear-quadrupole thermometer has been based 
on the registration of nuclear-quadrupole resonance (NQR) on the Cl35 nuclei in KCIO

3
. Pe-

culiarities and difficulties of the practical NQR implementation have been studied in the ap-
plied tasks. The original method of resisting spurious signals, while applying frequency modu-
lation in the process of detecting the NQR signal, is shown. A practical NQR-thermometer
and its technical attributes are presented. 

Keywords: thermometer, nuclear-quadrupole resonance, standard, metrology. 
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Abstract 

PROPERTIES OF OPTICAL WINDOWS FOR IR SENSORS 

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

Properties of IR sensor windows which are used for the photodetectors working in conditions of 
hard radiation are investigated. Germanium, gallium arsenide and indium antimonide crystals win-
dows property change is investigated. It is shown, that such changes depend on initial properties and 
occurrence of structural defects. 

Key words: semiconductor, optical window, defect, infra-red radiation. 
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 Äîñë³äæåíî åëåêòðîôiçè÷íi ïàðàìåòðè òåñòîâèõ ñòðóêòóð íà âèñîêîîìíîìó êðåìíi¿, ÿêi 
ñôîðìîâàíi â ïðîöåñi âèãîòîâëåííÿ p-i-n ôîòîäiîäiâ. Ç äîïîìîãîþ òåñòîâèõ ÌÄÍ ñòðóêòóð 
ñïåöiàëüíî¿ êîíñòðóêöi¿ âèçíà÷åíî ïðàêòè÷íî âàæëèâi õàðàêòåðèñòèêè ñèñòåì Si-SiO

2
 òà Si-

SiO
2
-Si

3
N

4
, ÿêi õàðàêòåðèçóþòü ÿêiñòü êðåìíiþ òà ìiæôàçîâî¿ ãðàíèöi ðîçäiëó äiåëåêòðèê — 

íàïiâïðîâiäíèê: øâèäêiñòü ïîâåðõíåâî¿ ãåíåðàöi¿ S
g
, îá’ºìíèé ãåíåðàöiéíèé ÷àñ æèòòÿ íå-

îñíîâíèõ íîñi¿â çàðÿäó ó êðåìíi¿ τ
g
, à òàêîæ çíà÷åííÿ ôiêñîâàíîãî çàðÿäó Q

ss
 òà ðóõîìîãî 

çàðÿäó ó äiºëåêòðèêó Q
i
 . Âñòàíîâëåíî âïëèâ òèïó äiåëåêòðèêà íà âåëè÷èíó S

g
 òà íàïðóãè íà 

äiåëåêòðèêó íà øâèäêiñòü ãåíåðàöi¿ íåîñíîâíèõ íîñi¿â çàðÿäó ó ÌÄÍ ñòðóêòóðàõ. Âèÿâëåíî 
âçàºìîçâ’ÿçîê âåëè÷èí ðóõîìîãî çàðÿäó ç ð³âíåì çâîðîòí³õ ñòðóì³â ä³îä³â. 

Ïîêàçàíî âèñîêó iíôîðìàòèâíiñòü çàñòîñîâàíèõ êîíñòðóêöié òåñòîâèõ ÌÄÍ ñòðóêòóð 
³ âèêîðèñòàíî¿ ìåòîäîëîã³¿ êîíòðîëþ ÿêîñò³ òåõíîëîã³¿ ïðè ðîçðîáö³ òà âèãîòîâëåíí³ p-i-n 
ôîòîäiîäiâ. 

Êëþ÷îâi ñëîâà: p-i-n ôîòîäiîäè, âèñîêîîìíèé êðåìíié, ÌÄÍ ñòðóêòóðè, êåðîâàíèé ä³îä. 

Abstract 

INVESTIGATION OF ELECTROPHYSICAL PARAMETERS 
OF SILICON P-I-N PHOTODIODES 

V. L. Perevertaylo, V. M. Popov, O. P. Pockanevich, L. I. Tarasenko 

Electrophysical parameters of test structures formed on high-resistivity silicon during manufac-
turing of p-i-n photodiodes have been investigated. Using specially constructed MIS test structures 
the following important electrophysical parameters of Si-SiO

2 
and Si-SiO

2
-Si

3
N

4
 systems charac-

terizing the quality of silicon and semiconductor-insulator interface have been analyzed: surface 
generation velocity Sg, bulk generation life-time of minority carriers τ

g
 , fixed charge Q

ss
 and mobile 

charge Q
i
 in dielectric. The influence of different types of insulators on Sg values and effect of voltage 

applied to the insulator on minority carrier generation velocity in MIS structures were found. The 
corellation between Q

i 
and reverse currents in p-i-n photodiodes was revealed. High effectiveness 

of used test structures and proposed methodology for quality control of technological processes in 
p-i-n photodiodes processing have been established 

Key words: p-i-n photodiodes, high-resistivity silicon, MIS structures, gated diode. 

© Â. Ë. Ïåðåâåðòàéëî, Â. Ì. Ïîïîâ, Î. Ï. Ïîêàíåâè÷, Ë. ².Òàðàñåíêî, 2007



Àííîòàöèÿ 

ÈÑÑËÅÄÎÂÀÍÈÅ ÝËÅÊÒÐÎÔÈÇÈ×ÅÑÊÈÕ ÏÀÐÀÌÅÒÐÎÂ 
ÊÐÅÌÍÈÅÂÛÕ P-I-N ÔÎÒÎÄÈÎÄÎÂ 

Â. Ë. Ïåðåâåðòàéëî, Â. Ì. Ïîïîâ, À. Ï. Ïîêàíåâè÷, Ë. È. Òàðàñåíêî 

Èññëåäîâàíû ýëåêòðîôèçè÷åñêèå ïàðàìåòðû òåñòîâûõ ñòðóêòóð íà âûñîêîîìíîì êðåì-
íèè, ñôîðìèðîâàííûõ â ïðîöåññå èçãîòîâëåíèÿ p-i-n ôîòîäèîäîâ. Ñ ïîìîùüþ òåñòîâûõ 
ÌÄÏ ñòðóêòóð ñïåöèàëüíîé êîíñòðóêöèè èññëåäîâàíû ïðàêòè÷åñêè âàæíûå õàðàêòåðèñ-
òèêè ñèñòåì Si-SiO
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2
-Si

3
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4
, îòðàæàþùèå

 
êà÷åñòâî êðåìíèÿ è ìåæôàçíîé ãðàíèöû 

ðàçäåëà äèýëåêòðèê-ïîëóïðîâîäíèê: ñêîðîñòü ïîâåðõíîñòíîé ãåíåðàöèè Sg, îáú¸ìíîå ãå-
íåðàöèîííîå âðåìÿ æèçíè íåîñíîâíûõ íîñèòåëåé çàðÿäà â êðåìíèè τ

g
, à òàêæå çíà÷åíèÿ 

ôèêñèðîâàííîãî Q
ss
 è ïîäâèæíîãî çàðÿäà â äèýëåêòðèêå Q

i
. Óñòàíîâëåíî âëèÿíèå òèïà äè-

ýëåêòðèêà íà âåëè÷èíó Sg, à òàêæå. íàïðÿæåíèÿ íà äèýëåêòðèêå íà ñêîðîñòü ãåíåðàöèè íå-
îñíîâíûõ íîñèòåëåé çàðÿäà â ÌÄÏ ñòðóêòóðàõ. Îáíàðóæåíî âçàèìîñâÿçü ìåæäó âåëè÷èíîé 
ïîäâèæíîãî çàðÿäà ñ óðîâíåì îáðàòíûõ òîêîâ äèîäîâ. 

Ïîêàçàíà âûñîêàÿ èíôîðìàòèâíîñòü ïðèìåíÿåìûõ êîíñòðóêöèé òåñòîâûõ ÌÄÏ ñòðóê-
òóð è èñïîëüçóåìîé ìåòîäîëîãèè êîíòðîëÿ êà÷åñòâà òåõíîëîãèè ïðè ðàçðàáîòêå è èçãîòîâ-
ëåíèè p-i-n ôîòîäèîäîâ. 
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Abstract 

ACOUSTOSENSITIVITY SENSOR BASED ON SEMICONDUCTOR HALL SENSOR 

M. D. Tymochko, Ya. M. Olikh 

In first there is offered a possibility of considerable rise of sensitivity of semiconductor Hall sen-
sor (HS) by means of ultrasonic (US) waves; the principle of dynamic control of HS by the effect of 
acoustostimulated change of inversion temperature, the magnitude of the change is determined by 
US wave intensity. Such HS is a sensor of the acoustic field. 

Keywords: Hall sensor, ultrasonic waves, Hall coefficient inversion 

© Ì. Ä. Òèìî÷êî, ß. Ì. Îë³õ, 2007



Àííîòàöèÿ 

ÀÊÓÑÒÎ×ÓÑÒÂÈÒÅËÜÍÛÉ ÑÅÍÑÎÐ ÍÀ ÁÀÇÅ ÏÎËÓÏÐÎÂÎÄÍÈÊÎÂÎÃÎ ÄÀÒ×ÈÊÀ ÕÎËËÀ 

Í. Ä. Òèìî÷êî, ß. Ì. Îëèõ 

Â ðàáîòå âïåðâûå ïðåäëîæåíà âîçìîæíîñòü çíà÷èòåëüíîãî óâåëè÷åíèÿ ÷óñòâèòåëüíîñòè 
ïîëóïðîâîäíèêîâîãî äàò÷èêà Õîëëà (ÄÕ) ñ ïîìîùüþ óëüòðàçâóêîâûõ (ÓÇ) âîëí; ïðèíöèï 
äèíàìè÷åñêîãî óïðàâëåíèÿ ÄÕ îáóñëîâëåí ýôôåêòîì àêóñòîñòèìóëèðîâàííîãî ñäâèãà òåì-
ïåðàòóðû èíâåðñèè, âåëè÷èíà êîòîðîãî îïðåäåëÿåòñÿ èíòåíñèâíîñòüþ ÓÇ âîëíû. Òàêîé ÄÕ 
ÿâëÿåòñÿ ñåíñîðîì àêóñòè÷åñêîãî ïîëÿ. 

Êëþ÷åâûå ñëîâà: äàò÷èê Õîëëà, óëüòðàçâóêîâûå âîëíû, èíâåðñèÿ êîýôôèöèåíòà Õîëëà 

Ì. Ä. Òèìî÷êî, ß. Ì. Îë³õ
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Àííîòàöèÿ 

ËÞÌÈÍÅÑÖÅÍÒÍÛÅ ÁÈÎÑÅÍÑÎÐÍÛÅ ÊÎÌÏËÅÊÑÛ ÍÀ ÎÑÍÎÂÅ 
ÓÍÈÔÈÖÈÐÎÂÀÍÍÛÕ ÈÌÏÅÄÀÍÑÎÌÅÒÐÈ×ÅÑÊÈÕ ÑÈÑÒÅÌ. 

ÔÈÇÈÊÎ-ÒÅÕÍÈ×ÅÑÊÈÅ ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ 

Â. Ã. Ìåëüíèê, À. Í. Øìûðåâà, Í. Ô. Ñòàðîäóá 

 Ðàññìîòðåíû îñíîâíûå ïðèíöèïû ïîñòðîåíèÿ áèîñåíñîðíûõ êîìïëåêñîâ íà îñíîâå 
óíèôèöèðîâàííûõ èìïåäàíñîìåòðè÷åñêèõ ñèñòåì. Îñîáîå âíèìàíèå óäåëåíî ýëåêòðîííî-
ìó èçìåðèòåëüíîìó êàíàëó, ïðåäíàçíà÷åííîìó äëÿ ðåãèñòðàöèè áèîëþìèíåñöåíöèè ñ ïî-
ìîùüþ ôîòîðåçèñòîðíûõ ñåíñîðîâ. 

Êëþ÷åâûå ñëîâà: äàò÷èê, ôîòîðåçèñòîð, áèîëþìèíåñöåíöèÿ, èìïåäàíñîìåòðèÿ, ìèêðî-
ïðîöåññîð, àíàëîãî-öèôðîâîå ïðåîáðàçîâàèå. 

Àíîòàö³ÿ 

 ËÞÌ²ÍÅÑÖÅÍÒÍ² Á²ÎÑÅÍÑÎÐÍ² ÊÎÌÏËÅÊÑÈ ÍÀ ÎÑÍÎÂ² 
ÓÍ²Ô²ÊÎÂÀÍÈÕ ²ÌÏÅÄÀÍÑÎÌÅÒÐÈ×ÍÈÕ ÑÈÑÒÅÌ. 

Ô²ÇÈÊÎ-ÒÅÕÍ²×Í² ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ 

Â. Ã. Ìåëüíèê, Î. Ì. Øìèðºâà, Ì. Ô. Ñòàðîäóá 

Ðîçãëÿíóòî îñíîâí³ ïðèíöèïè ïîáóäîâè á³îñåíñîðíèõ êîìïëåêñ³â íà îñíîâ³ óí³ô³êîâà-
íèõ ³ìïåäàíñîìåòðè÷íèõ ñèñòåì. Îñîáëèâà óâàãà ïðèä³ëåíà åëåêòðîííîìó âèì³ðþâàëüíîìó 
êàíàëó, ïðèçíà÷åíîìó äëÿ ðåºñòðàö³¿ á³îëþì³íåñöåíö³¿ çà äîïîìîãîþ ôîòîðåçèñòîðíèõ ñåí-
ñîð³â. 

Êëþ÷îâ³ ñëîâà: äàâà÷, ôîòîðåçèñòîð, á³îëþì³íåñöåíö³ÿ, ³ìïåäàíñîìåòð³ÿ, ì³êðîïðîöå-
ñîð, àíàëîãîâî-öèôðîâèé ïåðåòâîðþâà÷. 

© Â. Ã. Ìåëüíèê, À. Í. Øìûðåâà, Í. Ô. Ñòàðîäóá, 2007



Summary 

 LUMINESCENT BIOSENSOR COMPLEXES BASED 
ON UNIFORMED IMPEDANCEMETRY SYSTEMS. 

PHYSICAL-TECHNICAL CHARACTERISTICS 

V. G. Melnyk, O. M. Shmyryeva, N. F. Starodub 

The main principles of the creation of biosensor complexes based on uniformed impedancemetry 
systems were discussed. A special attention was paid to electronic measurement channel intended for 
the registration of bioluminescence with the help of photo resistive sensors. 

Keywords: sensor, photoresistor, bioluminescence, impedancemetry, microprozesor, analogue-
digital converter 

Â. Ã. Ìåëüíèê, À. Í. Øìûðåâà, Í. Ô. Ñòàðîäóá
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ÕÀËÜÊÎÃÅÍ²ÄÍÈÕ ÑÒÅÊÎË Â ÎÊÎË² 

ÒÅÌÏÅÐÀÒÓÐÈ ÊÐÈÑÒÀË²ÇÀÖ²¯ 

Â. Ì. Ðóá³ø 

Óæãîðîäñüêèé íàóêîâî-òåõíîëîã³÷íèé öåíòð ìàòåð³àë³â îïòè÷íèõ 
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Àíîòàö³ÿ 

ÀÍÎÌÀËÜÍÀ ÏÎÂÅÄ²ÍÊÀ Ä²ÅËÅÊÒÐÈ×ÍÎ¯ ÏÐÎÍÈÊÍÎÑÒ² ÕÀËÜÊÎÃÅÍ²ÄÍÈÕ ÑÒÅÊÎË 
Â ÎÊÎË² ÒÅÌÏÅÐÀÒÓÐÈ ÊÐÈÑÒÀË²ÇÀÖ²¯ 

Â. Ì. Ðóá³ø 

Äîñë³äæåí³ òåìïåðàòóðí³ çàëåæíîñò³ ä³åëåêòðè÷íèõ ïàðàìåòð³â õàëüêîãåí³äíèõ ñòåêîë íà 
îñíîâ³ ñóëüôîéîäèäó ñóðìè. Ïîêàçàíî, ùî àíîìàë³¿ íà çàëåæíîñò³ ε ³ tgδ ïîâ’ÿçàí³ ç ïåðåõî-
äîì ñòåêîë ó ïîëÿðíèé ñòàí ³ íàñòóïíîþ ¿õ êðèñòàë³çàö³ºþ. Êðèñòàë³çàö³ÿ ñòåêîë ñóïðîâî-
äæóºòüñÿ ð³çêèì çðîñòàííÿì ä³åëåêòðè÷íèõ ïàðàìåòð³â, îáóìîâëåíèì óòâîðåííÿì ó ñêëî-
ïîä³áí³é ìàòðèö³ êðèñòàë³÷íèõ âêëþ÷åíü, íàä³ëåíèõ ñåãíåòîåëåêòðè÷íèìè âëàñòèâîñòÿìè. 
Ðîçì³ðè êðèñòàë³÷íèõ âêëþ÷åíü ³ âåëè÷èíà ä³åëåêòðè÷íî¿ ïðîíèêíîñò³ çàëåæàòü â³ä óìîâ 
òåðìîîáðîáêè. 

Êëþ÷îâ³ ñëîâà: õàëüêîãåí³äí³ ñòåêëà, ä³åëåêòðè÷í³ âëàñòèâîñò³, êðèñòàë³çàö³ÿ, ñåãíåòîñè-
òàëè 

Abstract 

ANOMALOUS BEHAVIOR OF DIELECTRIC PERMITTIVITY OF CHALCOHENIDE GLASSES 
IN CRYSTALLIZATION TEMPERATURE RANGE 

V. M. Rubish 

The temperature dependences of dielectric parameters of chalcohenide glasses on the sulphoio-
dide antimony basis were investigated. It was shown that anomalies on the dependences ε(Ò) and 
tgδ(Ò) are connected with glasses transition into polar state followed by their crystallization. The 
glasses crystallization is accompanied by a sharp increase of dielectric parameters conditioned by 
formation of crystalline inclusions in glassy matrix which are provided with ferroelectric properties. 
The size of crystalline inclusions and dielectric permittivity value depend on heat treatment condi-
tions. 

Key words: chalcohenide glasses, dielectric properties, crystallization, ferroelectric glass-ceramics 

© Â. Ì. Ðóá³ø, 2007



Àííîòàöèÿ 

ÀÍÎÌÀËÜÍÎÅ ÏÎÂÅÄÅÍÈÅ ÄÈÝËÅÊÒÐÈ×ÅÑÊÎÉ ÏÐÎÍÈÖÀÅÌÎÑÒÈ 
ÕÀËÜÊÎÃÅÍÈÄÍÛÕ ÑÒÅÊÎË Â ÎÊÐÅÑÒÍÎÑÒÈ ÒÅÌÏÅÐÀÒÓÐÛ ÊÐÈÑÒÀËËÈÇÀÖÈÈ 

Â. Ì. Ðóáèø 

Èññëåäîâàíû òåìïåðàòóðíûå çàâèñèìîñòè äèýëåêòðè÷åñêèõ ïàðàìåòðîâ õàëüêîãåíèäíûõ 
ñòåêîë íà îñíîâå ñóëüôîèîäèäà ñóðüìû. Ïîêàçàíî, ÷òî àíîìàëèè íà çàâèñèìîñòÿõ ε(Ò) è 
tgδ(Ò) ñâÿçàíû ñ ïåðåõîäîì ñòåêîë â ïîëÿðíîå ñîñòîÿíèå è ïîñëåäóþùåé èõ êðèñòàëëèçàöè-
åé. Êðèñòàëëèçàöèÿ ñòåêîë ñîïðîâîæäàåòñÿ ðåçêèì óâåëè÷åíèåì äèýëåêòðè÷åñêèõ ïàðàìåò-
ðîâ, îáóñëîâëåííûì îáðàçîâàíèåì â ñòåêëîîáðàçíîé ìàòðèöå êðèñòàëëè÷åñêèõ âêëþ÷åíèé, 
îáëàäàþùèõ ñåãíåòîýëåêòðè÷åñêèìè ñâîéñòâàìè. Ðàçìåðû êðèñòàëëè÷åñêèõ âêëþ÷åíèé è 
âåëè÷èíà äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè çàâèñÿò îò óñëîâèé òåðìîîáðàáîòêè. 

Êëþ÷åâûå ñëîâà: õàëüêîãåíèäíûå ñòåêëà, äèýëåêòðè÷åñêèå ñâîéñòâà, êðèñòàëëèçàöèÿ, 
ñåãíåòîñèòàëëû 

Â. Ì. Ðóá³ø
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Àíîòàö³ÿ 

Ñ. Â. Ëºíêîâ, ß. ². Ëåï³õ, Â. Â. Âèäîëîá, Ä. Î. Ïåðåãóäîâ 

ÀÍÀË²Ç ÅÔÅÊÒÈÂÍÎÑÒ² ÎÏÒÈ×ÍÈÕ ÖÈÔÐÎÂÈÕ ²ÌÏÓËÜÑÍÈÕ ÔÀÇÎÌÅÒÐ²Â 
Ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç îïòè÷íèõ ôàçîìåòð³â ç îðòîãîíàëüíîþ ô³ëüòðàö³ºþ òà 

äèñêðåòíîþ îáðîáêîþ ñèãíàë³â. Íàâåäåí³ ïåðåâàãè òà íåäîë³êè òàêèõ ôàçîìåòð³â ïðè ¿õ çà-
ñòîñóâàíí³ äëÿ âèì³ðó îïòè÷íèõ ïàðàìåòð³â íàï³âïðîâ³äíèê³â. 

Êëþ÷îâ³ ñëîâà: ëàçåð, îïòè÷íèé ôàçîìåòð, îðòîãîíàëüíà ô³ëüòðàö³ÿ. 

Summary

THE ANALYSIS OPTICAL DIGITAL IMPULSE PHASOMETERS EFFICIENCY 

S. V. Lenkov, Ya. I. Lepikh, V. V. Vydolob, D. A. Peregudov 

The comparative analysis optical phasometers with an orthogonal filtration and discrete process-
ing of signals is carried out. Such phasometers advantages and defaults during their use for measure-
ment semiconductors optical parameters are given. 

Key words: laser, optical phasometers, orthogonal filtration. 

Àííîòàöèÿ 

ÀÍÀËÈÇ ÝÔÔÅÊÒÈÂÍÎÑÒÈ ÎÏÒÈ×ÅÑÊÈÕ ÖÛÔÐÎÂÛÕ ÈÌÏÓËÜÑÍÛÕ ÔÀÇÎÌÅÒÐÎÂ 

Ñ. Â. Ëåíêîâ, ß. È. Ëåïèõ, Â. Â. Âûäîëîá, Ä. À. Ïåðåãóäîâ 

 Ïðîâåäåí ñðàâíèòåëüíûé àíàëèç îïòè÷åñêèõ ôàçîìåòðîâ ñ îðòîãîíàëüíîé ôèëüòðàöèåé 
è äèñêðåòíîé îáðàáîòêîé ñèãíàëîâ. Ïðèâåäåíû ïðåèìóùåñòâà è íåäîñòàòêè òàêèõ ôàçîìåò-
ðîâ ïðè èõ èñïîëüçîâàíèè äëÿ èçìåðåíèÿ îïòè÷åñêèõ ïàðàìåòðîâ ïîëóïðîâîäíèêîâ. 

Êëþ÷åâûå ñëîâà: ëàçåð, îïòè÷åñêèé ôàçîìåòð, îðòîãîíàëüíàÿ ôèëüòðàöèÿ. 

Ñ. Â. Ëºíêîâ, ß. ². Ëåï³õ, Â. Â. Âèäîëîá, Ä. Î. Ïåðåãóäîâ
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On page(s): 508- 508 

Abstract 
Not Available 

Hydrogen gas sensor using Pd nanowires electro-
deposited into anodized alumina template 
Kyun Tae Kim Jun Sim Sung Min Cho 

On page(s): 509- 513 

Abstract 
This paper demonstrates a new kind of hydrogen sensor 
using palladium (Pd) nanowires. Hydrogen sensors us-
ing Pd metal have usually been utilizing the incremen-
tal change in electrical resistance of Pd upon hydrogen 
incorporation. Unlike the conventional Pd hydrogen 
sensors, however, the electrical resistance of the present 
Pd nanowire sensor decreases when hydrogen is incor-
porated into Pd nanowires. It is considered to be due to 
swelling of the nanowires as the result of hydrogen incor-
poration and subsequent narrowing of gaps between the 
nanowires, even though each nanowire should have had 
the higher resistance inherently. Because of extraordi-
narily high surface area of nanowires, the performance of 
sensing the hydrogen concentration was found to supe-
rior by far to the conventional Pd sensors. The response 
and recovery times are quite fast to be about 0.7 and 20 s, 
respectively and the sensing range of 0.2 ∼ 1% hydrogen 
concentration is suitable for the hydrogen safety sensors. 
The sensor introduced in this paper is unique with regard 
to both the sensing mechanism and performance. 

Quantification of multiple bioagents with wireless, 
remote-query magnetoelastic microsensors 
Ong, K.G. Zeng, K. Yang, X. Shankar, K. Ruan, C. 
Grimes, C.A. 

On page(s): 514- 523 

Abstract 
This paper presents a micromagnetoelastic sensor ar-
ray for simultaneously monitoring multiple biologi-
cal agents. Magnetoelastic sensors, made of low-cost 
amorphous ferromagnetic ribbons, are analogous and 
complementary to piezoelectric acoustic wave sensors, 
which track parameters of interest via changes in reso-
nance behavior. Magnetoelastic sensors are excited with 
magnetic ac fields, and, in turn, they generate magnetic 

fluxes that can be detected with a sensing coil from a dis-
tance. As a result, these sensors are highly attractive, not 
only due to their small size and low cost, but also because 
of their passive and wireless nature. Magnetoelastic sen-
sors have been applied for monitoring pressure, tempera-
ture, liquid density, and viscosity, fluid How velocity and 
direction, and with chemical/biological responsive coat-
ings that change mass or elasticity, various biological and 
chemical agents. In this paper, we report the fabrication 
and application of a six-sensor array for simultaneous 
measurement of Escherichia coli O157:H7, staphylo-
coccal enterotoxin B, and ricin. In addition, the sensor 
array also monitors temperature and pH so the measure-
ments are independent from these two parameters. 

Carbon nanotube network-based biomolecule detection 
Atashbar, M.Z. Bejcek, B.E. Singamaneni, S. 

On page(s): 524- 528 

Abstract 
In this paper, we describe a single-wall carbon nanotube 
(SWNT) based biological sensor for the detection of bio-
molecules like Streptavidin and IgG. SWNTs have been 
employed for two types of sensing mechanisms. First, 
the changes in the electrical conductance of the carbon 
nanotube (CNT) matrix on noncovalent binding of the 
biomolecules to the side walls of the CNT and, second, 
quantification of mass uptake of the matrix on biomole-
cule incubation are presented. Both sensing mechanisms 
exhibited consistent and highly sensitive responses. Bio-
molecular immobilization on the CNT surface was mon-
itored by atomic force microscopy. 

Nanostructured polymers for detecting chemical changes 
during engine oil degradation 
Lieberzeit, P.A. Glanznig, G. Leidl, A. Voigt, N. 
Dickert, F.L. 

On page(s): 529- 535 

Abstract 
Organic and inorganic polymers nanostructured by mo-
lecular imprinting yield functional materials for detect-
ing engine oil degradation. Using both fresh and waste 
oils as templates, respectively, allows us to selectively 
tune the polymer to incorporate either fresh or used 
lubricant. FT-IR studies on polymer pellets prove bulk 
incorporation of the analyte. By the same strategy sensi-
tive materials can be designed for selectively determin-
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ing fuel in the engine oil. Waste oil selective sensor layers 
yield signals that are clearly correlated both to the oil age 
(known from test stand measurements) and standard oil 
parameters, such as the total base number (TBN). TBN 
and sensors additionally show the same time behavior. 

Acoustic sensors for analyzing binary gas mixtures 
Zipser, L. Franke, H. Bretschneider, W. - D. 

On page(s): 536- 541 

Abstract 
This paper concerns the development of robust, directly 
acting, acoustic gas sensors, which can be used for ana-
lyzing two-component gas mixtures even under harsh 
measuring conditions, such as high temperatures up to 
300 °C; aggressive,explosive, or toxic pollutions in the 
gas mixture; dust; electromagnetic disturbances; nuclear 
radiation; or very fast concentration changes of the mix-
ture components. These characteristics result from the 
predominantly mechanical structure of the sensors. An 
important application of the robust sensor is the in situ 
measurement of humidity in the hot and contaminated 
exhaust air of industrial driers. 

Studies on hysteresis reduction in thermally carbonized 
porous silicon humidity sensor 
Bjorkqvist, M. Paski, J. Salonen, J. Lehto, V. - P. 

On page(s): 542- 547 

Abstract 
Different ways to reduce hysteresis in a capacitive-type 
thermally carbonized porous silicon (TC-PS) humid-
ity sensor are studied and compared. Modification of 
the contact angle of the dielectric surface, enlargement 
of the pore size of dielectric, and operating the sensor 
at elevated temperature proved all to be possible ways to 
reduce hysteresis in a TC-PS humidity sensor. By vari-
ation of the carbonization temperature, we produced 
TC-PS surfaces of different contact angles. Although the 
hydrophobic surface prevents hysteresis, it also decreases 
considerably the sensitivity of the sensor. Enlargement of 
the pore size reduces and tunes the hysteresis loop into 
the higher relative humidity (RH) values. Also operation 
of the sensor only few degrees above room temperature 
was found to be a workable method to prevent hysteresis. 
However, a constant temperature is crucial for exact hu-
midity measurement using a TC-PS sensor. 

Thermal behavior of freestanding microstructures 
fabricated by silicon frontside processing using porous 
silicon as sacrificial layer 
Puente, D. Arana, S. Gracia, J. Ayerdi, I. 

On page(s): 548- 556 

Abstract 
Freestanding microstructures are essential elements in 
thermal and mechanical microsensors. In this paper, 
microbridges were fabricated by silicon surface mi-
cromachining using porous silicon as sacrificial layer. 
Two different approaches were considered. In first ap-
proach, n-Si was used as anodization masking material 
and n-Si/SiO

2
 as microstructure material. In the second 

approach, silicon nitride and SiO
2
/Si

3
N

4
 bilayer has con-

stituted masking and microstructure materials, respec-
tively. In order to characterize their thermal behavior, 
platinum heating elements were defined on developed 
microbridges. Microstructures fabrication process was 
described, insisting specially on silicon anodization step. 
The process parameters (HF-electrolyte concentration, 
current density, and process duration) were established 
for both approaches. Thermal behavior of developed mi-
crobridges was studied in relation to anodization mask-
ing materials and freestanding microstructure materials. 
Microbridge temperature versus applied power to heat-
ing element was analyzed. Additionally, entire sample 
thermal behavior and microbridge dynamic thermal be-
havior was characterized. The obtained results suggest 
developing a third approach where n-Si will be used as 
masking material and SiO

2
/Si

3
N

4
 bilayer as freestanding 

microstructure material. 

An RF-powered, wireless CMOS temperature sensor 
Kocer, F. Flynn, M.P. 

On page(s): 557- 564 

Abstract 
We present a wireless, fully integrated CMOS tempera-
ture sensor that recovers power from a radio frequency 
(RF) signal, and returns data as a frequency-modulated 
2.3-GHz signal to a base station. Power is recovered from 
a 450-MHz incident signal with the help of a low-thresh-
old, high-efficiency, voltage rectifier-multiplier circuit. 
This technique decreases the minimum incident RF 
power required, compared to state-of-the-art wirelessly 
powered telemetry systems. The rectifier-multiplier can 
collect energy from a base station placed up to 18 m away. 
To further increase the range from the base, the device 
collects energy in a low power standby/charging mode. A 
mode selector circuit monitors the amount stored energy 
and decides if the system is transmitting data or is in the 
standby/charging mode. A bootstrapped reference gen-
erates a complementary to absolute temperature (CTAT) 
voltage with an R-squared regression of 0.9995 to a lin-
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ear fit. This reference is used as the temperature sensor 
of the system, controlling a low-power, integrated, volt-
age-controlled LC oscillator (VCO). The oscillation fre-
quency of the VCO is modulated by ambient temperature 
changes. The modulated carrier is transmitted by a fully 
integrated power amplifier. A temperature sensitivity of 
126 ppm/°C is achieved and the entire sensor consumes 
1.1 mA while transmitting data. 

Single-mode rib optical waveguides on SOG/SU-8 
polymer and integrated Mach-Zehnder for designing 
thermal sensors 
Pelletier, N. Beche, B. Gaviot, E. Camberlein, L. 
Grossard, N. Polet, F. Zyss, J. 

On page(s): 565- 570 

Abstract 
This paper presents a successful design, realization,and 
characterization of single-mode rib optical waveguides 
on SOG/SU-8 polymers in order to highlight a new ap-
proach to designing heat sensors. The basic principle of 
this new thermal-sensing method relies on the differ-
ential thermal behavior regarding both acting arms of a 
micro Mach-Zehnder Interferometer(MZI). First, two 
families of single-mode straight rib waveguides com-
posed of SOG/SU-8 polymers are analyzed. Hence, 
optical losses for TE

00
 and TM

00
 optical modes for struc-

tures on Si/SiO
2
/SU-8 have been estimated respectively 

as 1,36±0,02 and 2,01±0,02 dB⋅cm–1, while the second 
one composed of Si/SiO

2
/SOG/SU-8 presented losses 

of 2,33±0,02 and 2,95±0,02 dB⋅cm–1. Then, owing to 
modeling results, an experimental sensor is realized as 
an integrated device made up of SU-8 polymer mounted 
on a standard silicon wafer. When subjected to a radi-
ant source, as a laser light (980 nm) is injected across the 
cleaved input face of the MZI, the significant change of 
output signal allows us to consider a new approach to 
measuring radiant heat flowrate. Experimental results 
are given regarding the obtained phase shift against the 
subjected thermal power. According to the modeling re-
sults, one can expect new highly sensitive devices to be 
developed in the next coming years, with advantageous 
prospective industrial applications. 

Inductive fiber-meshed strain and displacement 
transducers for respiratory measuring systems and 
motion capturing systems 
Wijesiriwardana, R. 

On page(s): 571- 579 

Abstract 
Unobtrusive transducers play an important part in 
wearable and mobile computing fields. One out of 
many methods of implementations is to use smart ma-

terials and integrate them into intelligent structures 
via the route of fabric manufacturing processes that 
are capable of transducer action. This new breed of 
transducers is called fabric transducers. However, fab-
ric transducers that were developed mainly focused on 
the variations in the resistance and capacitance of the 
electroconductive fabric structures. Therefore, they 
inhibit the disadvantages that are common in resistive 
and capacitive transducers. Moreover, they have limi-
tations in operating as strain or displacement trans-
ducers. To overcome the limitations, research has been 
carried out to investigate constructions of an inductive 
fiber meshed strain and of displacement transducer. 
Electroconductive fibers (polymeric and metallic) of 
different conductivity levels were arranged in helical 
paths to form coils. The fibers were arranged by using 
flat bed-knitting technology. This paper discusses the 
constructions, simulations, performances, and limita-
tions of the inductive fiber meshed transducers. Also, 
the discussion is further extended toward two specific 
applications: respiratory measuring systems and mo-
tion capturing systems. 

High-temperature and broadband immersion ultrasonic 
probes 
Ono, Y. Kobayashi, M. Moisan, O. Cheng-Kuei Jen 

On page(s): 580- 587 

Abstract 
Immersion ultrasonic probes for measurements and 
imaging at high temperature are presented. The probes 
consist of sol-gel-sprayed thick films as piezoelectric 
ultrasonic transducers (UTs) directly deposited onto 
steel buffer rods. They operate in pulse-echo mode at 
temperatures up to 500 °C. The operating ultrasonic 
frequency is between 5 MHz and 20 MHz, controlled 
by the film thickness. The ultrasonic thickness meas-
urement of a steel plate with the probe fully immersed 
in molten zinc at 450 °C was demonstrated using ultra-
sonic plane waves. For imaging purposes, the probing 
end of the steel buffer rod was machined into a semi-
spherical concave shape to form an ultrasonic lens and 
achieve high spatial resolution with focused ultrasound 
in liquids. Ultrasonic surface and subsurface imaging 
using a mechanical raster scan of the focused probe in 
silicone oil at 200 °C was also carried out. The impor-
tance of the signal-to-noise ratio (SNR) in the pulse-
echo measurement is discussed. 

Sensor Electronics and Microsystem Technologies. 1/2007
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Novel concept of a single-mass adaptively controlled 
triaxial angular rate sensor 
John, J.D. Vinay, T. 

On page(s): 588- 595 

Abstract 
This paper presents a novel concept for an adaptively 
controlled triaxial angular rate (AR) sensor device that 
is able to detect rotation in three orthogonal axes, us-
ing a single vibrating mass. Pedestrian navigation is pre-
sented as an example demonstrating the suitability of the 
proposed device to the requirements of emerging appli-
cations. The adaptive controller performs various func-
tions. It updates estimates of all stiffness error, damping 
and input rotation parameters in real time, removing the 
need for any offline calibration stages. The parameter 
estimates are used in feedforward control to cancel out 
their otherwise erroneous effects, including zero-rate 
output. The controller also drives the mass along a con-
trolled oscillation trajectory, removing the need for ad-
ditional drive control. Finally, the output of the device is 
simply an estimate of input rotation, removing the need 
for additional demodulation normally used for vibratory 
AR sensors. To enable all unknown parameter estimates 
to converge to their true values, the necessary model tra-
jectory is shown to be a three-dimensional Lissajous pat-
tern. A modified trajectory algorithm is presented that 
aims to reduce errors due to discretization of the con-
tinuous time system. Simulation results are presented to 
verify the operation of the adaptive controller. A finite-
element modal analysis of a preliminary structural de-
sign is presented. It shows a micro electro mechanical 
systems realizable design having modal shapes and fre-
quencies suitable for implementing the presented adap-
tive controller. 

Compensation of parasitic effects for a silicon tuning fork 
gyroscope 
Gunthner, S. Egretzberger, M. Kugi, A. Kapser, K. 
Hartmann, B. Schmid, U. Seidel, H. 

On page(s): 596- 604 

Abstract 
This paper refers to a silicon micromachined tuning fork 
gyroscope, which is driven via two piezoelectric thin film 
actuators. The device responds to an external angular 
rate by a torsional motion about its sensitive axis due to 
the Coriolis effect. The shear stress in the upper torsional 
stem, which is proportional to the angular rate, is de-
tected via a piezoresistive readout structure. In addition 
to the wanted signal corresponding to the angular rate, 
there are unwanted contributions from the drive motion, 
e.g., from mechanical unbalances and from asymmetries 
of the piezoelectric excitation induced by fabrication 
tolerances. These effects, which disturb the sensor signal 

with varying contributions in amplitude and phase, have 
already been examined for capacitive surface microma-
chined sensors. In this paper, they are identified for a 
piezoelectrically driven, bulk-micromachined gyro and 
compared to results of FEM simulations. System-level 
simulations are performed and show possibilities to com-
pensate the main parasitic effects. Results of eliminating 
the mechanical unbalance by femtosecond laser trim-
ming are presented and compared with the simulations. 

Unbalance and harmonics detection in induction motors 
using an optical fiber sensor 
Corres, J.M. Bravo, J. Arregui, F.J. Matias, I.R. 

On page(s): 605- 612 

Abstract 
In this work, a new method for the detection of the 
negative effects of a particular unbalanced voltage and 
inverter harmonics on the performance of an induction 
motor using fiber sensors is proposed. Supplying a three-
phase induction motor with unbalanced voltages causes 
an oscillating electromagnetic torque that generates vi-
brations, increased losses, efficiency reduction, and an 
extra temperature rise that leads to a reduction on in-
sulation life of the machine. A new in-line fiber etalon 
accelerometer has been designed to detect these vibra-
tions in the range DC-500 Hz. The in-line fiber etalon 
scheme used provides high robustness and stability, giv-
ing enough sensitivity to monitor the low-frequency and 
low-amplitude oscillations in the stator of the machine 
that exist in a voltage unbalance situation. To prove this 
claim, a 1.5-kW squirrel cage induction motor is ana-
lyzed under different unbalance levels. It is shown that a 
precise unbalance factor can be detected without access-
ing to the electric part of the machine and an accurate 
monitoring can be obtained using the high-resolution 
analysis proposed. 

Fabrication of discrete nanoscaled force sensors based on 
single-walled carbon nanotubes 
Stampfer, C. Jungen, A. Hierold, C. 

On page(s): 613- 617 

Abstract 
We present a fabrication technique for discrete, released 
carbon-nanotube-based nanomechanical force sensors. 
The fabrication technique uses prepatterned coordinate 
markers to align the device design to predeposited sin-
gle-walled carbon nanotubes (SWNTs): Atomic force 
microscope (AFM) images are recorded to determine 
spatial orientation and location of each discrete nano-
tube to be integrated in a nanoscaled force sensor. Elec-
tron beam lithography is subsequently used to pattern the 
metallic electrodes for the nanoscale structures. Diluted 
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hydrofluoric acid etching followed by critical point dry-
ing completes the nanosized device fabrication. We use 
discrete, highly purified, and chemically stable carbon 
nanotubes as active elements. We show AFM and scan-
ning electron microscope images of the successfully real-
ized SWNTs embedded nanoelectromechanical systems 
(NEMS). Finally, we present electromechanical meas-
urements of the suspended SWNT NEMS structures. 

Scalable vertical diaphragm pressure sensors: device and 
process Design, Design for packaging 
Subramanian, K. Fortin, J.B. Kishore, K. 

On page(s): 618- 622 

Abstract 
We present a design, process How, and packaging scheme 
for a novel three-dimensional capacitive microelectrome-
chanical systems pressure sensor [1], [10]. These sensors 
present a paradigm shift in pressure sensor technology. 
They contain an array of vertical diaphragms perpendic-
ular to the wafer plane where each pair of diaphragms re-
quires orders of magnitude lower footprint than tradition-
al in-plane sensors. The sensor can be arrayed or scaled 
up for increased sensitivity and can be absolute, gauge or 
differential. Fabrication requires 2-4 masks, depending 
on process How and has been greatly simplified, without 
reduction in performance, for high yield and low cost. 
Multiple geometries have been modeled with sensitivities 
reaching several fF/kPa and temperature coefficient of 
sensitivity better than conventional devices. Pressure and 
electrical ports are individually interchangeable between 
front and back sides. This allows for a simple design that 
has only Si facing the sensing environment and the elec-
trical connections on the backside, thus enabling simple 
packaging for both pressure and electrical ports. 

A validated model for the electromagnetic flowmeter’s 
measuring cell: case of having an electrolytic conductor 
flowing through 
Maalouf, A.I. 

On page(s): 623- 630 

Abstract 
In this paper, the author seeks to perform an online meas-
urement of the electrodes impedances in an electromag-
netic flowmeter that could be covered by coatings or not. 
This online measurement of the electrode impedances de-
termine the magnitude and phase of impedance changes 
during the operation of the flowmeter. This means that it is 
possible to assess the accuracy of lumped element models 
for the measuring cell of the flowmeter. In addition, these 
measurements are useful to determine the lower frequency 
limit above which the reading of the induced voltage level 
of the electromagnetic flowmeter can be carried out with 

a sufficient signal-to-noise ratio and are useful as well to 
determine the required input impedance of the preampli-
fier in the working frequency range. 
Magnetic sensors and their applications 
Lenz, J. Edelstein, S. 
On page(s): 631- 649 
Abstract 
Magnetic sensors can be classified according to wheth-
er they measure the total magnetic field or the vector 
components of the magnetic field. The techniques used 
to produce both types of magnetic sensors encompass 
many aspects of physics and electronics. Here, we de-
scribe and compare most of the common technologies 
used for magnetic field sensing. These include search 
coil, fluxgate, optically pumped, nuclear precession, 
SQUID, Hall-effect, anisotropic magnetoresistance, 
giant magnetoresistance, magnetic tunnel junctions, gi-
ant magnetoimpedance, magnetostrictive/piezoelectric 
composites, magnetodiode, magnetotransistor, fiber 
optic, magnetooptic, and microelectromechanical sys-
tems-based magnetic sensors. The usage of these sensors 
in relation to working with or around Earth’s magnetic 
field is also presented. 

Development of a new millimeter-wave integrated-circuit 
sensor for surface and subsurface sensing 
Joongsuk Park Nguyen, C. 

On page(s): 650- 655 

Abstract 
A new millimeter-wave sensor employing the stepped-
frequency radar technique has been developed using 
microwave and millimeter-wave integrated circuits 
and demonstrated for surface and subsurface sensing. 
The sensor is based on the coherent super-heterodyne 
scheme and operated from 29.72-37.7GHz. It has been 
used to profile the surface of a sample with range accu-
racy within ±0.1 cm. The sensor was also used to monitor 
continuously varying liquid levels in a tank and was able 
to detect the displacement of liquid level with less than 
±0.1 cm error. The sensor successfully detected and lo-
cated anti-personnel mines buried under sand with less 
than 1.8 and 0.2 cm of errors in horizontal and vertical 
directions, respectively. 

Optical radiation sensing properties of MnO/TeO/sub 2/ 
thin films 
Arshak, K.I. Korostynska, O. Molloy, J. Harris, J. 

On page(s): 656- 660 

Abstract 
This work investigates the effects of γ-rays on the optical 
properties of pure and mixed-oxide materials, namely 
MnO and TeO

2
 for their possible application as thin film 
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optical gamma radiation sensors. The values of the op-
tical band gap E/sub opt/ were obtained in view of the 
Mott and Davis theory. All samples showed a decrease in 
E

opt
 with an increase in radiation dose to a certain level, 

which was found to be composition dependent. Films 
with 100 wt.% MnO exhibited the highest sensitivity to 
low doses of radiation, showing a strong decline in the 
optical band gap value from 0.64 eV before irradiation to 
0.54 eV after a dose of 1.14 mGy. It was experimentally 
confirmed that both the sensitivity and the working dose 
range of radiation sensors can be controlled by the com-
position of the materials used. 

Colorimetric porous photonic bandgap sensors with 
integrated CMOS color detectors 
Xiaoyue Fang Hsiao, K.S. Chodavarapu, V.P. Titus, 
A.H. Cartwright, A.N. 

On page(s): 661- 667 

Abstract 
In this paper, the development of a novel colorimetric 
sensor system based on the integration of complemen-
tary metal-oxide-semiconductor (CMOS) color detec-
tors with a modified porous polymeric photonic bandgap 
sensor is reported. The color detector integrated circuit 
IC is implemented with AMI (AMI Semiconductor) 1.5 
μm technology, a standard CMOS fabrication process 
available at MOSIS (http://www.mosis.org). The color 
detectors are based on the spectral responses of buried 
double junctions (BDjs) and stacked triple junctions 
(STJs); the ratio of the photocurrents at the junctions 
provides spectral information. Both types of color detec-
tors are characterized with a monochromator, and the 
results are compared. The BDJ color detector is used 
with a porous photonic bandgap reflection grating whose 
reflection spectra shifts as a function of the concentra-
tion of vapor analyte present. The experimental results 
verify that the color change of the photonic crystal can be 
detected and correlated to the change in analyte concen-
tration. The entire system is compact and low power. 

High-strength fiber Bragg gratings for a temperature-
sensing array 
Xijia Gu Ling Guan Yifeng He Zhang, H.B. 
Herman, R. 

On page(s): 668- 671 

Abstract 
We have successfully demonstrated a one-step laser 
process of fabricating fiber Bragg grating arrays directly 
through fiber buffer. A new polysiloxane-based buffer 
provides high 244-nm transmission and showed no deg-
radation due to UV irradiation or thermal annealing as 
verified by Weibull analysis of tension tests. The FBG 

array can withstand over 400-kpsi tension tests and 220 
°C temperature. The spectral quality of the FBG is com-
patible with the FBGs currently used by the sensing in-
dustry and, therefore, can be interrogated with existing 
instruments. The laser fabrication process is robust with 
no coating, stripping, or recoating required. 

Harsh environments minimally invasive optical sensor 
using free-space targeted single-crystal silicon carbide 
Riza, N.A. Arain, A. Perez, F. 

On page(s): 672- 685 

Abstract 
To the best of our knowledge, for the first time, a sin-
gle-crystal silicon carbide (SiC)-based minimally inva-
sive smart optical sensor suited for harsh environments 
has been designed and demonstrated. The novel sensor 
design is based on an agile wavelength source, instanta-
neous single-wavelength strong two-beam interferom-
etry, full optical power cycle data acquisition, free-space 
targeted laser beams, multiple single-crystal-thick SiC 
optical front-end chips, and multiwavelength signal 
processing for unambiguous temperature measurements 
to form a fast and distributed smart optical sensor sys-
tem. Experiments conducted using a 1550-nm eye-safe 
band-tunable laser and a 300-μm coating-free thick SiC 
chip demonstrate temperature sensing from room tem-
perature to 1000 °C with an estimated average 1.3 °C 
resolution. Applications for the proposed sensor include 
use in fossil fuel-based power systems, aerospace/air-
craft systems, satellite systems, deep-space exploration 
systems, and drilling and oil mining industries. 

Nanofabrication based on MEMS technology 
Yuelin Wang Xinxin Li Tie Li Heng Yang Jiwei Jiao 

On page(s): 686- 690 

Abstract 
In this paper, a novel nanofabrication method that devel-
ops from the traditional microelectromechanical system 
(MEMS) technology of anisotropic etching, deep reac-
tion ion etching, and sacrificial layer process has been re-
viewed based on our work. With such a technology, nano 
tips, nano wires, nano beams even nano devices can be 
fabricated in a batch process. Beams with thickness of 
only 12 nm, a nano tip with a heater on the beam, and a 
nano wire whose width and thickness is only 50 nm are 
demonstrated. The scale effect of the Young’s modulus 
of silicon has been observed and the nano-electronic-
mechanical data storage has been presented. 
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High-sensitivity simultaneous pressure and temperature 
sensor using a superstructure fiber grating 
Chia-Min Lin Yi-Chi Liu Wen-Fung Liu Ming-Yue Fu 
Sheng, H. - J. Sheau-Shong Bor Tien, C. - L. 

On page(s): 691- 696 

Abstract 
In this paper, we show that both pressure and tempera-
ture can be measured simultaneously by using a high-
sensitivity fiber sensor. This sensor has a superstructure 
fiber grating (SFG) encapsulated in a polymer-half-filled 
metal cylinder, which has two openings on opposite sides 
of the wall of the polymer, to sense the pressure. The 
sensed pressure is transferred into axial extended-strain. 
The variation of pressures and temperatures will cause 
the variation of the center-wavelength and reflection of 
the SFG simultaneously due to the optical response of 
the SFG composed by the fiber Bragg grating (FBG) as 
well as long-period grating (LPG). Thus, the sensor can 
be used for measuring pressure and temperature simul-
taneously. It has a pressure sensitivity of 3 × 10–2 MPa–1, 
better than that using only a bare FBG. Temperature 
sensitivities in both 0.02 nm per °C and 0.16 dBm per °C 
have experimentally been obtained. This fiber sensor can 
be applied for boiler as well as for the underwater depth 
measurement. 

The invisible fray: a critical analysis of the use of 
reflectometry for fray location 
Griffiths, L.A. Parakh, R. Furse, C. Baker, B. 

On page(s): 697- 706 

Abstract 
Significant international research and development ef-
forts have been devoted to methods and equipment for 
locating wiring faults, particularly those on aging aircraft. 
Several reflectometry methods that send high frequency 
signals down the line and analyze the returned reflections 
have risen to the forefront of these technologies. While 
these methods are proving to be accurate for location 
of “hard” faults (open and short circuits), the location 
of “soft” faults such as frays and chafes remains elusive. 
This paper analyzes the impedance of several types of soft 
faults and their resultant reflectometry returns, which are 
shown to be smaller than returns from other sources of 
physical and electrical noise in the system. Through nu-
merical simulations verified by measurement, it is shown 
that soft faults are virtually impossible to locate using to-
day’s reflectometry methods including time domain re-
flectometry, frequency domain reflectometry, and spread 
spectrum time domain reflectometry. The methods used 
in this analysis can be extended to other types of reflec-
tometry as they emerge. 

High magnetic field amplification for improving the 
sensitivity of Hall sensors 
Leroy, P. Coillot, C. Roux, A.F. Chanteur, G.M. 

On page(s): 707- 713 

Abstract 
This paper describes the design of two magnetic concen-
trators that can be used to intensify the magnetic field 
in the active region of magnetic sensors, such as Hall 
sensors. The literature provides many examples of mag-
netic amplification, but magnetic gains never exceed 
100 typically (Drljaca et al. 2001, Drljaca et al. 2002). 
We demonstrate that a larger magnetic field amplifica-
tion (∼1000 and even higher) can be achieved. Magnetic 
field amplification can even exceed the theoretical value 
fixed by the relative permeability of the material. Thus, 
the effective sensitivity of Hall sensors can be improved 
by at least three orders of magnitude by implementing 
them inside an especially tailored magnetic concentra-
tor; noise-equivalent magnetic induction spectral density 
(National Electronics Manufacturing Initiative spectral 
density) down to 10 pT/√Hz) should be reached, using a 
good conditioning electronic. 

Modeling and optimization of a fast response capacitive 
humidity sensor 
Tetelin, A. Pellet, C. 

On page(s): 714- 720 

Abstract 
This paper presents a model which predicts the temporal 
response of capacitive humidity sensors made of parallel 
electrodes and a polymer sensitive coating. This model 
is used for the simulation of the response of the sensor 
subjected to specific conditions. The model includes 
electrostatic and molecular diffusion calculation. As a 
validation, the model is confronted with finite-element 
simulation and experimental results. Experiments were 
carried out for divinyl siloxane benzocyclobutene (DVS-
BCB) polymer films with different film thicknesses and 
upper electrode dimensions. As an application example, 
the model is used to simulate the response of several hu-
midity sensor structures exposed to the conditions of a 
medical application related to breath analysis. The mod-
el may also be helpful to predict the effects of fabrication 
process uncertainties. Because the model used to de-
scribe water diffusion in DVS-BCB is based on Henry’s 
law and Fick’s law, it could be extended to the optimiza-
tion of capacitive sensors for other vapors. 

Sensor Electronics and Microsystem Technologies. 1/2007



78

Sensor Electronics and Microsystem Technologies. 1/2007

A 3-D hybrid Jiles-Atherton/Stoner-Wohlfarth magnetic 
hysteresis model for inductive sensors and actuators 
Dimitropoulos, P.D. Stamoulis, G.I. Hristoforou, E. 

On page(s): 721- 736 

Abstract 
The Jiles-Atherton (JA) theory of hysteresis is currently 
used in the majority of commercial CAD tools, mainly 
due to its implementation simplicity in fast and stable 
algorithms. The JA model provides precise results in 
the case of isotropic, polycrystalline, multidomain mag-
netic devices, where flux-reversal is governed by pinning 
mechanisms. Dynamic response of such devices, includ-
ing Eddy-current loss and magnetic resonance, can also 
be accurately modeled. However, JA theory is not applied 
for three-dimensional (3-D) magnetization simulations 
and does not account for anisotropy that affects severely 
hysteresis curves of single-domain, thin-film devices, 
which are usually incorporated in miniature inductive 
sensors and actuators. In that case, the Stoner-Wohlfarth 
(SW) theory can be applied, which, however, does not 
account for dynamic response and incremental energy 
loss. In this work, we employ a virtual 3-D anisotropy-
field vector calculated with SW theory that introduces 
magnetic feedback to the classical equation of Paramag-
netism, in order to derive a proper 3-D “input” for the 
JA algorithm. This way, a hybrid 3-D JA/SW model is 
developed, which incorporates both models into one 
single formulation, capable of modeling simultaneous-
ly: 1) temperature effects, 2) pinning and Eddy-current 
loss, 3) magnetic resonance, and 4) uniaxial anisotropy, 
the orientation of which can be simulated to vary with 
time. The model that owns a solid physical basis has 
been implemented in a computation-efficient, stable al-
gorithm capable of functioning with arbitrary excitation-
field input. The algorithm has been successfully applied 
to model the behavior of a series of miniature Fluxgate 
magnetometers based on the Matteucci effect of thin 
glass-covered magnetic wires. 

Designing superdirective microphone arrays with a 
frequency-invariant beam pattern 
Repetto, S. Trucco, A. 

On page(s): 737- 747 

Abstract 
Frequency-invariant beam patterns are often required in 
systems using an array of sensors to process broadband 
signals. Although several methods have been proposed to 
design a broadband beamformer [typically realized with 
a finite-impulse-response (FIR) filter for each sensor] 
with a frequency-invariant beam pattern (FIBP), until 
now the case in which the spatial aperture is shorter than 
the involved wavelengths has very rarely been addressed. 
In such a case, the use of a superdirective beam pattern is 

essential for attaining an efficient system. In this paper, 
a novel method to design a broadband beamformer that 
produces an FIBP for a data-independent superdirec-
tive array is proposed and compared with other poten-
tial approaches. The method generates a far-field beam 
pattern that reproduces the desired profile over a very 
wide frequency band, also if the array is shorter than the 
wavelength. Two steps are necessary: 1) the generation 
of many apodizing windows at different frequency values 
by a stochastic method and 2) the synthesis of the FIR 
filters with the Parks-McClellan technique. At the end 
of the design chain, the very simple implementation and 
the robustness of the attained broadband beamformer 
to array imperfections increases the applicability of the 
system, for instance, in audio signal processing using mi-
crophone arrays. 

Adaptive filters applied to the interrogation of photonic 
sensors 
Misas, C.J. Lopez-Higuera, J.M. Lopez-Amo, M. 

On page(s): 748- 754 

Abstract 
In this paper, the use of a modified version of the Ka-
lman digital adaptive filter applied to the interrogation of 
photonic sensors is described. Both the theoretical base 
and the experimental adaptation of the algorithm are 
presented. This filter has been successfully used by the 
authors in a new multisensor interrogation unit recently 
developed. 

A low-power/low-noise readout circuit for integrated 
capacitive sensors 
Dimitropoulos, P.D. Karampatzakis, D.P. 
Panagopoulos, G.D. Stamoulis, G.I. 

On page(s): 755- 769 

Abstract 
A switched-capacitor integrated system is presented in 
this work that attains sub-fF measurement resolution in 
integrated capacitive sensors, with 1.5-kHz bandwidth 
and 50-μW average power consumption in continuous 
function mode. The proposed design employs a pair of 
nonoverlapping clocks and an operational transconduct-
ance amplifier (OTA) that can be made as simple as a 
basic differential pair. The system exhibits 0.8% linearity 
error and 0.01 fF/°C temperature drift. It is appropri-
ate for differential, absolute, and ratiometric capacitance 
measurements, and shows robustness against intercon-
nection parasitics, transistor dimensional mismatch, and 
process variations, which are an important feature in the 
case of sensor-die CMOS postprocessing. 
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On-line novelty detection by recursive dynamic principal 
component analysis and gas sensor arrays under drift 
conditions 
Perera, A. Papamichail, N. Barsan, N. Weimar, U. 
Marco, S. 

On page(s): 770- 783 

Abstract 
Leakage detection is a common chemical-sensing appli-
cation. Leakage detection by thresholds on a single sen-
sor signal suffers from important drawbacks when sen-
sors show drift effects or when they are affected by other 
long-term cross sensitivities. In this paper, we present an 
adaptive method based on a recursive dynamic principal 
component analysis (RDPCA) algorithm that models 
the relationships between the sensors in the array and 
their past history. In normal conditions, a certain vari-
ance distribution characterizes sensor signals, however, 
in the presence of a new source of variance the PCA de-
composition changes drastically. In order to prevent the 
influence of sensor drift, the model is adaptive, and it is 
calculated in a recursive manner with minimum compu-
tational effort. The behavior of this technique is studied 
with synthetic and real signals arising by oil vapor leak-
ages in an air compressor. Results clearly demonstrate 
the efficiency of the proposed method. 

Recent advancements in the gas-phase MicroChemLab 
Lewis, P.R. Manginell, P. Adkins, D.R. Kottenstette, 
R.J. Wheeler, D.R. Sokolowski, S.S. Trudell, D.E. 
Byrnes, J.E. Okandan, M. Bauer, J.M. Manley, R.G. 
Frye-Mason, C. 

On page(s): 784- 795 

Abstract 
Sandia’s hand-held MicroChemLab system uses a mi-
cromachined preconcentrator, a gas chromatography 
channel, and a quartz surface acoustic wave array detec-
tor for sensitive/selective detection of gas-phase chemi-
cal analytes. Requisite system size, performance, power 
budget, and time response mandate microfabrication of 
the key analytical system components. In the fielded sys-
tem, hybrid integration has been employed, permitting 
optimization of the individual components. Recent im-
provements in the hybrid-integrated system, using plas-
tic, metal, or silicon/glass manifolds, is described, as is 
system performance against semivolatile compounds and 
toxic industrial chemicals. The design and performance 
of a new three-dimensional micro-preconcentrator is 
also introduced. To further reduce system dead volume, 
eliminate unheated transfer lines, and simplify assembly, 
there is an effort to monolithically integrate the silicon 
PC and GC with a suitable silicon-based detector, such 
as a magnetically-actuated flexural plate wave sensor or a 
magnetically-actuated pivot plate resonator. 

Multichannel pressure, bolus transit, and pH esophageal 
catheter 
Gonzalez-Guillaumin, J.L. Sadowski, D.C. Yadid-
Pecht, O. Kaler, K.V.I.S. Mintchev, M.P. 

On page(s): 796- 803 

Abstract 
Esophageal motility disorders are diagnosed by monitor-
ing pressure, pH, and bolus transit in the lumen of the 
organ. However, an integrated multichannel esophageal 
catheter capable of monitoring all these phenomena in 
a single clinical test is still lacking. The present work 
proposes innovative techniques and methods to develop 
a multichannel integrated esophageal catheter. A novel 
optical pressure sensor for lower esophageal sphincter 
location and pressure monitoring is proposed. Proper se-
lection of frequencies and electrode arrangement allows 
impedance-based monitoring of pH and bolus transit. 
Moreover, due to the small size of the proposed imped-
ance electrode configuration, monitoring channels can 
be located at 3-mm intervals, improving the longitudinal 
resolution of the catheter. Therefore, impedance-based 
pH level monitoring is now feasible. The proposed op-
tical method for pressure monitoring was evaluated by 
applying pressure around the designed sensor. Obtained 
images showed good correlation with applied pressures. 
A model of the esophagus that mimics esophageal mo-
tility was utilized to test the proposed catheter. Repeat-
ability of the impedance measurements related to pH 
was evaluated. The obtained results satisfied the require-
ments of the DeMeester and Johnson scoring system for 
esophageal pH measurements. Gastro-esophageal reflux 
was simulated in the test model and successfully meas-
ured with a spatial resolution of 3-mm. Bolus transit was 
also simulated and successfully identified. All experi-
mental results demonstrated the feasibility of the pro-
posed design. This innovative catheter overcomes many 
of the disadvantages of the conventional techniques for 
esophageal testing, but clinical trials are necessary to 
verify the validity of the laboratory results. 

Extensible embedded web server architecture for 
Internet-based data acquisition and control 
Klimchynski, I. 

On page(s): 804- 811 

Abstract 
The server enables Web access to distributed measure-
ment/control systems and provides a scalable networking 
solution that is optimized for educational laboratories, 
instrumentation, and industrial and home automation. 
Users can monitor and control transducers on active 
Web pages enhanced with JavaScript and Java. The server 
makes integration of a new system as easy as connecting 
I2C devices and creating a new Web page. 
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Multicarrier reflectometry 
Naik, S. Furse, C.M. Farhang-Boroujeny, B. 

On page(s): 812- 818 

Abstract 
A new reflectometry method called multicarrier reflectom-
etry (MCR) for fault location in cables is proposed. MCR 
combines a weighted set of sinusoidal excitations into a 
signal that is sent down the wire. The reflected signal from 
the cable under test is analyzed in order to determine the 
length of the wire or possible location of a fault. In the fre-
quency domain, the phase response of the reflected signal 
contains the desired information. This method provides a 
system with greater flexibility than conventional frequency 
domain reflectometry, better noise immunity than time 
domain reflectometry, and the ability to employ frequency 
agility to avoid certain interference bands. This method in-
troduces an approach to the generation of test signals that 
allows more control over the bandwidth of the test signal. 
All the data analysis can be done in the digital domain after 
the reflected wave is sampled, thus enabling the use of more 
meticulous digital signal processing techniques. The major 
advantage of this method is the potential use in live cables 
carrying other signals such as power or data. The bandwidth 
over which the test signals are transmitted can be chosen 
specifically to avoid the bandwidth of the live wire signal. 

Method for continuous nondisturbing monitoring of blood 
pressure by magnetoelastic skin curvature sensor and 
ECG 
Kaniusas, E. Pfutzner, H. Mehnen, L. Kosel, J. Tellez-
Blanco, C. Varoneckas, G. Alonderis, A. Meydan, T. 
Vazquez, M. Rohn, M. Merlo, A.M. Marquardt, B. 

On page(s): 819- 828 

Abstract 
This paper concerns continuous nondisturbing estima-
tion of blood pressure using mechanical plethysmography 
in connection with standard electrocardiography (ECG). 
The plethysmography is given by a novel magnetoelastic 
skin curvature sensor (SC-sensor) applied on the neck 
over the carotid artery. The sensor consists of a magne-
toelastic bilayer partly enclosed by a coil. Bending the bi-
layer causes large changes of magnetic permeability which 
can be measured by the coil. The SC-sensor signal and 
the ECG signal are adaptively processed in order to esti-
mate blood pressure according to a specifically established 
theoretical model. The model uses estimated vessel radius 
changes and pulse transit time as parameters. The results 
show cross correlation coefficients in the range 0.8 up 
to 0.9 between reference and estimated values of systolic 
blood pressure, diastolic blood pressure, and systolic/di-
astolic blood pressure change, whereas the estimation er-
ror was below 4 +/- 7 mmHg at rest and increased with 
the stress level. Limitations of the model applicability are 

given by a hysteretic behavior of both model parameters 
due to inert changes in artery stiffness. The SC-sensor and 
the ECG electrodes cause minimal inconvenience to the 
patient and offer an approach for a continuous nondis-
turbing monitoring of blood pressure changes, as being 
relevant for sleep monitoring or biomechanic feedback. 

Selective low concentration ammonia sensing in a 
microfluidic lab-on-a-chip 
Timmer, B.H. van Delft, M. Koelmans, W.W. Olthuis, 
W. van den Berg, A. 

On page(s): 829- 835 

Abstract 
In the medical community, there is a considerable interest 
in a diagnostic breath analyzer for ammonia that is selec-
tively enough to measure in exhaled air and small enough 
for the small volumes available in such an application. An 
indirect measurement system for low gaseous ammonia 
concentrations has been miniaturized and integrated on 
a chip in order to reach this goal. The detection limit of 
the system was calculated to be 1.1 parts per billion (ppb). 
The response time was determined to be 1.6 min with a gas 
How of 50 ml/min. The required gas volume for one meas-
urement is therefore sufficiently small, although sampling 
assistance is required for breath analysis. The selectivity of 
the system is sufficient to measure ammonia concentra-
tions in the low-ppb range. The system is even sufficiently 
selective to be used in environments that contain elevated 
carbon dioxide levels, like exhaled air. The lower ammo-
nia concentration expected in diagnostic breath analysis 
applications, 50 ppb, was demonstrated to be detectable. 

Determination of heart rate using a high-resolution 
temperature measurement 
Cuadras, A. Casas, O. 

On page(s): 836- 843 

Abstract 
A high resolution temperature measurement system able 
to measure temperature fluctuations down to 0.1 m°C was 
developed. It was based on thermistors, which were fed with 
an ac signal to ensure a good signal-to-noise ratio (SNR). 
Two different configurations were tested, one unipolar and 
the other differential. The final system was inexpensive, eas-
ily portable and performed a noninvasive determination of 
temperature. It measured either volume or surface temper-
atures. A good SNR for both configurations using different 
types of thermistors was achieved. To evaluate a practical 
application of this system, temperature fluctuations were 
measured on the skin, in the proximity of different arteries, 
from where the heart rate was determined. The system may 
have many potential applications, in fields ranging from 
biomedicine to aerospace engineering. 
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Â³äîìîìó â÷åíîìó â ãàëóç³ ô³çèêè íàï³âïðî-
â³äíèê³â òà ô³çèêè òâåðäîãî ò³ëà, äâ³÷³ ëàóðåà-
òó Äåðæàâíèõ ïðåì³é Óêðà¿íè òà ÓÐÑÐ â ãàëó-
ç³ íàóêè ³ òåõí³êè ÷ëåíó-êîðåñïîíäåíòó ÍÀÍ 
Óêðà¿íè, ïðîôåñîðó, Ïðåçèäåíòó óêðà¿íñüêîãî 
ô³çè÷íîãî òîâàðèñòâà, ÷ëåíó ðåäêîëåã³¿ íàøîãî 
æóðíàëó Âîëîäèìèðó Ãðèãîðîâè÷ó Ëèòîâ÷åíêó 
24 ãðóäíÿ âèïîâíèëîñÿ 75 ðîê³â. 

Òâîð÷èé øëÿõ Â.Ã. Ëèòîâ÷åíêà ðîçïî÷àâ-
ñÿ ï³ñëÿ çàê³í÷åííÿ Êè¿âñüêîãî äåðæàâíîãî 
óí³âåðñèòåòó ³ì. Òàðàñà Øåâ÷åíêà ó 1955 ð. íà 
ïîñàä³ ñòàðøîãî ³íæåíåðà íàóêîâî¿ ëàáîðàòî-
ð³¿ íàï³âïðîâ³äíèê³â ïðè ðàä³îô³çè÷íîìó ôà-
êóëüòåò³ óí³âåðñèòåòó. Ó 1956 ð. â³í âñòóïàº äî 
àñï³ðàíòóðè ²íñòèòóòó ô³çèêè ÀÍ ÓÐÑÐ, à ï³-
ñëÿ ¿¿ çàê³í÷åííÿ ïðàöþº ìîëîäøèì íàóêîâèì 
ñï³âðîá³òíèêîì ëàáîðàòîð³¿ ïîâåðõíåâèõ ÿâèù. 
Ó 1960 ð. â³í áóâ ïåðåâåäåíèé ó ùîéíîñòâîðå-
íèé ²íñòèòóò íàï³âïðîâ³äíèê³â ÀÍ ÓÐÑÐ, äå ³ 
ïðàöþº ïî ñüîãîäí³øí³é äåíü. Â ²íñòèòóò³ â³í 
ïðîéøîâ øëÿõ â³ä ìîëîäøîãî íàóêîâîãî ñï³â-
ðîá³òíèêà äî êåð³âíèêà â³ää³ëåííÿ “Ô³çèêà ïî-

âåðõí³ òà ì³êðîåëåêòðîí³êà”. Ó 1961 ð. çàõèñòèâ 
êàíäèäàòñüêó, à â 1971 ð. — äîêòîðñüêó äèñåðòà-
ö³þ. Ó 1974 ð. éîìó ïðèñâîºíî íàóêîâå çâàííÿ 
ïðîôåñîðà, à â 1985 ð. — îáðàíî ÷ëåí-êîðåñïî-
íäåíòîì ÍÀÍ Óêðà¿íè. 

Ðîçïî÷àâøè ñèñòåìàòè÷í³ äîñë³äæåííÿ ô³-
çè÷íèõ ÿâèù, ÿê³ ïðîò³êàþòü íà ïîâåðõí³ íà-
ï³âïðîâ³äíèê³â, Â.Ã. Ëèòîâ÷åíêî ñòàâ îäíèì ç 
ôóíäàòîð³â ³ ë³äåð³â óêðà¿íñüêî¿ øêîëè ô³çèêè 
ïîâåðõí³ òâåðäîãî ò³ëà. 

Ç 1962 ð. ï³ä éîãî êåð³âíèöòâîì â ²íñòèòóò³ 
íàï³âïðîâ³äíèê³â ÍÀÍ Óêðà¿íè ïî÷àâ ³íòåí-
ñèâíî ðîçâèâàòèñÿ íîâèé íàïðÿì ó ãàëóç³ òâåð-
äîò³ëüíî¿ ì³êðîåëåêòðîí³êè ³ ôîòîåëåêòðîí³êè 
ÌÄÍ-ñèñòåì. Áóëè ñòâîðåí³ ô³çè÷í³ ìîäåë³ 
ö³º¿ áàãàòîôàçíî¿ øàðóâàòî¿ ñòðóêòóðè, âèÿâëå-
íî ðÿä ô³çè÷íèõ ÿâèù, õàðàêòåðíèõ äëÿ òàêèõ 
ñèñòåì, â òîìó ÷èñë³ êîíäåíñàö³þ åêñèòîí³â íà 
ìåæàõ ïîä³ëó, åôåêò ïëàíàðíîãî ãåòåðóâàííÿ 
òîùî. Ïðîâåäåí³ ï³ä êåð³âíèöòâîì Â.Ã.Ëèòî-
â÷åíêà òåîðåòè÷í³ òà åêñïåðèìåíòàëüí³ äîñë³-
äæåííÿ íàï³âïðîâ³äíèêîâèõ øàðóâàòèõ ñòðóê-
òóð, ÿê³ øèðîêî çàñòîñîâóþòüñÿ â ³íòåãðàëüí³é 
ì³êðîåëåêòðîí³ö³, â³äêðèëè ÿê³ñíî íîâ³ ìîæ-
ëèâîñò³ âèâ÷åííÿ íå ò³ëüêè øòó÷íî ñòâîðåíèõ 
øàðóâàòèõ ñèñòåì ç³ ñêëàäíèì ïðîô³ëåì ïîòåí-
ö³àëüíîãî ðåëüºôó, íàïðèêëàä, ïðèõîâàíèõ øà-
ð³â, à ³ äîñèòü ïîøèðåíîãî ó ïðèðîä³ êëàñó êðè-
ñòàë³â ç ïðèðîäíîþ øàðóâàò³ñòþ. Íà ö³é îñíîâ³ 
áóëè ïîÿñíåí³ îñîáëèâîñò³ áàãàòüîõ çíàéäåíèõ 
âïåðøå åôåêò³â ó øàðóâàòèõ ñèñòåìàõ. 

Øèðîòà íàóêîâèõ ³íòåðåñ³â Â.Ã.Ëèòîâ÷åíêà 
âèçíà÷èëà áàãàòîãðàíí³ñòü éîãî äîñë³äíèöüêî¿ 
ä³ÿëüíîñò³. Ëîã³÷íèì ðîçâèòêîì äîñë³äæåíü 
ïîâåðõí³ íàï³âïðîâ³äíèê³â ñòàâ âèêîíàíèé ðà-
çîì ç ó÷íÿìè âåëèêèé öèêë ðîá³ò, ïðèñâÿ÷åíèé 
ÿâèùàì êâàíòóâàííÿ åíåðã³¿ íîñ³¿â òà ïåðåíîñó 
åëåêòðîí³â ³ ä³ðîê ó ïîâåðõíåâèõ êàíàëàõ (òàê 
çâàíà íàíîô³çèêà). Â.Ã. Ëèòîâ÷åíêîì òàêîæ 
ðîçðîáëåíà ñèñòåìà ïî âèçíà÷åííþ ïàðàìåòð³â 
êðèñòàë³÷íèõ ò³ë (àíàëîã³÷íà ñèñòåì³ åëåìåíò³â 
Ìåíäåëººâà). 

Â.Ã. Ëèòîâ÷åíêó íàëåæèòü ðÿä ôóíäàìå-
íòàëüíèõ ô³çè÷íèõ ðåçóëüòàò³â. Íèì âïåðøå 
åêñïåðèìåíòàëüíî âèÿâëåíî ðÿä íîâèõ åôå-
êò³â, òàêèõ, ÿê ïîâåðõíåâà ëþì³íåñöåíö³ÿ â 

×ëåí-êîðåñïîíäåíò ÍÀÍ Óêðà¿íè 

ÂÎËÎÄÈÌÈÐ ÃÐÈÃÎÐÎÂÈ× ËÈÒÎÂ×ÅÍÊÎ 

(Äî 75-ð³÷÷ÿ ç äíÿ íàðîäæåííÿ) 

Sensor Electronics and Microsystem Technologies. 1/2007



82

Sensor Electronics and Microsystem Technologies. 1/2007

íàï³âïðîâ³äíèêàõ (1974), ï³äñèëåíå ïëàíàðíå 
ðîçøèðåííÿ íåð³âíîâàæíî¿ äâîâèì³ðíî¿ åëå-
êòðîííî-ä³ðêîâî¿ ïëàçìè (1983), ï³äïîðîãîâå 
ñòèìóëüîâàíå âèïðîì³íþâàííÿ ó äâîâèì³ðíèõ 
êâàíòîâîðîçì³ðíèõ ãåòåðîñòðóêòóðàõ (1996), 
ðîçùåïëåííÿ çîí ó ìàòåð³àëàõ ç íóëüîâîþ çà-
áîðîíåíîþ çîíîþ ïðè çâ’ÿçóâàíí³ òî÷êîâèõ 
äåôåêò³â òà ³í. 

Îñòàíí³ìè ðîêàìè ó äîñë³äæåííÿõ Â.Ã. Ëè-
òîâ÷åíêà âàæëèâå ì³ñöå çàéìàþòü îïòè÷í³ òà 
åëåêòðè÷í³ ÿâèùà â àëìàçîïîä³áíèõ âóãëåöå-
âèõ ïë³âêàõ. Ðîçðîáêà òåîðåòè÷íèõ ô³çè÷íèõ 
ìîäåëåé ìàòåð³àë³â íà îñíîâ³ âóãëåöþ äîçâîëÿº 
ïðîãíîçóâàòè âëàñòèâîñò³ íîâèõ ïåðñïåêòèâ-
íèõ ìàòåð³àë³â, çîêðåìà òâåðä³øèõ çà àëìàç. Çà-
ñòîñóâàííÿ àëìàçîïîä³áíèõ âóãëåöåâèõ ïë³âîê 
äàº çìîãó çíà÷íî ï³äâèùèòè åëåêòðîííó ïîëüî-
âó åì³ñ³þ ç íàï³âïðîâ³äíèêîâèõ ìàòåð³àë³â. Öþ 
ïë³äíó íàóêîâó ðîáîòó Âîëîäèìèð Ãðèãîðîâè÷ 
óñï³øíî ïðîâîäèòü â àêòèâíîìó ñï³âðîá³òíèö-
òâ³ ³ç çàðóá³æíèìè êîëåãàìè ç ÑØÀ, Í³ìå÷÷è-
íè òà Ôðàíö³¿. Î÷åâèäíî öå áóëî ï³äñòàâîþ äëÿ 
îáðàííÿ ïðîôåñîðà Ëèòîâ÷åíêà Âîëîäèìèðà 
Ãðèãîðîâè÷à ä³éñíèì ÷ëåíîì ªâðîïåéñüêîãî 
²íñòèòóòó ô³çèêè (ì. Ëîíäîí, Âåëèêà Áðèòà-
í³ÿ). 

Â.Ã. Ëèòîâ÷åíêî âåäå àêòèâíó íàóêîâî-îð-
ãàí³çàö³éíó ðîáîòó. Âïðîäîâæ 10 ðîê³â â³í áóâ 
çàñòóïíèêîì àêàäåì³êà-ñåêðåòàðÿ Â³ää³ëåííÿ 
ô³çèêè ³ àñòðîíîì³¿ ÍÀÍ Óêðà¿íè, çàðàç º çàñòó-
ïíèêîì ãîëîâè Íàóêîâî¿ ðàäè ÍÀÍ Óêðà¿íè ç 
ïðîáëåìè “Ô³çèêà íàï³âïðîâ³äíèê³â” ³ ãîëîâîþ 
ñåêö³¿ “Ô³çèêà ïîâåðõí³ òà ì³êðîåëåêòðîí³êà” 
ö³º¿ Íàóêîâî¿ ðàäè, ãîëîâîþ ñåêö³¿ Óêðà¿íñüêî-
ãî êîì³òåòó URSI, Ïðåçèäåíòîì Óêðà¿íñüêîãî 
Ô³çè÷íîãî òîâàðèñòâà, ÷ëåíîì Óêðà¿íñüêîãî 
â³ää³ëåííÿ Ì³æíàðîäíîãî òîâàðèñòâà îïòè÷íî¿ 
òåõí³êè SPIE, ÷ëåíîì Ì³æíàðîäíèõ åëåêòðîõ³-
ì³÷íîãî òà âàêóóìíîãî òîâàðèñòâà òà ³í. 

Ïðî âèñîêèé ì³æíàðîäíèé àâòîðèòåò 
Â.Ã.Ëèòîâ÷åíêà ñâ³ä÷àòü éîãî ó÷àñòü ó ðîáîò³ 
ðåäêîëåã³é ïðîâ³äíèõ íàóêîâî-òåõí³÷íèõ æó-
ðíàë³â òà ïðîãðàìíèõ êîì³òåò³â àâòîðèòåòíèõ 
ì³æíàðîäíèõ êîíôåðåíö³é. 

Ìè ç ïðèºìí³ñòþ â³äçíà÷àºìî òàêîæ ïë³äíó 
ñï³âïðàöþ ç Âîëîäèìèðîì Ãðèãîðîâè÷åì â ðå-
äêîëåã³¿ íàøîãî æóðíàëó. 

ßê ÷ëåí ðåäêîëåã³é áàãàòüîõ ïåð³îäè÷íèõ 
âèäàíü, Â.Ã. Ëèòîâ÷åíêî ïðèä³ëÿº âåëèêó óâàãó 
äîâåäåííþ äî ñâ³òîâî¿ íàóêîâî¿ ãðîìàäñüêîñò³ 
íàäáàíü óêðà¿íñüêî¿ íàóêè. 

Âîëîäèìèð Ãðèãîðîâè÷ º ³í³ö³àòîðîì ³ áåðå 
àêòèâíó ó÷àñòü ó ïðîâåäåíí³ ì³æíàðîäíèõ òà 
óêðà¿íñüêèõ íàóêîâèõ êîíôåðåíö³é ç ô³çèêè 
íàï³âïðîâ³äíèê³â, â òîìó ÷èñë³ ÿê ñï³âãîëîâà 
÷è ÷ëåí áàãàòüîõ ïðîãðàìíèõ êîì³òåò³â, éîãî 
ðåãóëÿðíî çàïðîøóþòü ïðîâ³äí³ óí³âåðñèòåòè 
Çàõ³äíî¿ ªâðîïè äëÿ âèñòóï³â ç íàóêîâèìè äî-
ïîâ³äÿìè òà ÷èòàííÿ ëåêö³é. 

Â.Ã. Ëèòîâ÷åíêî ïðèä³ëÿº áàãàòî óâàãè ï³ä-
ãîòîâö³ íàóêîâèõ êàäð³â. Ñåðåä éîãî ó÷í³â — 11 
äîêòîð³â ³ 35 êàíäèäàò³â íàóê. Â³í º ïðîôåñîðîì 
Êè¿âñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ì. Òà-
ðàñà Øåâ÷åíêà, Ïî÷åñíèì ïðîôåñîðîì Ôîíäó 
Ñîðîñà (ÑØÀ). 

Íàóêîâèé äîðîáîê Âîëîäèìèðà Ãðèãîðîâè÷à 
âðàæàº íå ëèøå îáñÿãîì âèêîíàíèõ äîñë³äæåíü 
òà íàóêîâèõ ïðàöü (9 ìîíîãðàô³é, 16 îãëÿä³â òà 
áðîøóð, ïîíàä 400 ñòàòåé ó àâòîðèòåòíèõ íàó-
êîâèõ æóðíàëàõ), àëå íàñàìïåðåä çíà÷óù³ñòþ é 
ãëèáèíîþ îäåðæàíèõ ðåçóëüòàò³â. 

Ïðîòå íå ò³ëüêè íàóêîâ³ äîñë³äæåííÿ ³ ðîç-
ðîáêè çíàõîäÿòüñÿ ó ñôåð³ ïîñò³éíîãî ³íòåðåñó 
é óâàãè Â.Ã. Ëèòîâ÷åíêà, â³í ïðîâîäèòü òàêîæ 
àêòèâíó ïðîñâ³òíèöüêó ä³ÿëüí³ñòü íà íèâ³ ïðî-
ïàãóâàííÿ âåëè÷íèõ íàäáàíü óêðà¿íñüêî¿ ³ñòîð³¿ 
³ êóëüòóðè, ïðàöþþ÷è ãîëîâîþ îñåðåäêó òîâà-
ðèñòâà “Ïðîñâ³òà” ³ì. Ò.Ã. Øåâ÷åíêà. 

Íàóêîâà òà íàóêîâî-îðãàí³çàö³éíà ä³ÿëüí³ñòü 
Â.Ã. Ëèòîâ÷åíêà çäîáóëà çàñëóæåíå âèçíàííÿ. 
Êð³ì â³äì³÷åíèõ âèùå Äåðæàâíèõ ïðåì³é, éîìó 
ïðèñâîºíî ïî÷åñíå çâàííÿ “Çàñëóæåíèé ä³ÿ÷ 
íàóêè ³ òåõí³êè” (1992), â³í º ëàóðåàòîì ïðåì³¿ 
ÍÀÍ Óêðà¿íè ³ì. Ê.Ä. Ñèíåëüíèêîâà (1996). 
Âîëîäèìèð Ãðèãîðîâè÷ íàãîðîäæåíèé òàêîæ 
íàéâèùèìè íàãîðîäàìè ÍÀÍ Óêðà¿íè ³ Ì³-
í³ñòåðñòâà îñâ³òè ³ íàóêè Óêðà¿íè “Çà íàóêîâ³ 
äîñÿãíåííÿ”. Âåëèêèé äîñâ³ä, íåîðäèíàðíèé 
òàëàíò â³í ïîâíîþ ì³ðîþ âèêîðèñòîâóº äëÿ ïî-
äàëüøèõ äîñë³äæåíü. 

Ðåäêîëåã³ÿ íàøîãî æóðíàëó â³òàº Âîëîäèìè-
ðà Ãðèãîðîâè÷à ç Þâ³ëåºì, çè÷èòü éîìó ì³öíî-
ãî çäîðîâ’ÿ, ùàñòÿ, íàñíàãè òà íîâèõ òâîð÷èõ 
äîñÿãíåíü! 
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Æóðíàë “Ñåíñîðíà åëåêòðîí³êà ³ ì³êðîñèñ-
òåìí³ òåõíîëîã³¿” ïóáë³êóº ñòàòò³, êîðîòê³ ïî-
â³äîìëåííÿ, ëèñòè äî Ðåäàêö³¿, à òàêîæ êîìåí-
òàð³, ùî ì³ñòÿòü ðåçóëüòàòè ôóíäàìåíòàëüíèõ 
³ ïðèêëàäíèõ äîñë³äæåíü, çà íàñòóïíèìè íà-
ïðÿìêàìè:

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

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

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

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

íñîð³â.
12. Ì³êðîñèñòåìí³ òåõíîëîã³¿ (MST, L²GA-

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

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

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

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

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

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

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

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

Ðóêîïèñè íàïðàâëÿòè çà àäðåñîþ:
Ëåï³õ ßðîñëàâ ²ëë³÷, Çàì. Ðåäàêòîðà, Îäåñüêèé 
íàö³îíàëüíèé óí³âåðñèòåò  ³ìåí³ ². ². Ìå÷íèêîâà, 

ÍÄË-3, âóë. Äâîðÿíñüêà, 2, 
Îäåñà, 65026, Óêðà¿íà.

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

E-mail: semst-journal@onu.edu.ua, 
semst-journal@ukr.net
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ÂÈÌÎÃÈ ÄÎ ÎÔÎÐÌËÅÍÍß ÑÒÀÒÅÉ Ó ÆÓÐÍÀË.
²ÍÔÎÐÌÀÖ²ß ÄËß ÀÂÒÎÐ²Â.

Ïðàâèëà ï³äãîòîâêè ðóêîïèñó:

Ðóêîïèñè ïîâèíí³ ñóïðîâîäæóâàòèñÿ:
– îô³ö³éíèì ëèñòîì, ï³äïèñàíèì êåð³âíè-

êîì óñòàíîâè, äå áóëà âèêîíàíà ðîáîòà. Öå ïðà-
âèëî íå ñòîñóºòüñÿ ðîá³ò ïðåäñòàâëåíèõ ì³æíà-
ðîäíèìè ãðóïàìè àâòîð³â;

– äîçâîëîì äëÿ â³äêðèòî¿ ïóáë³êàö³¿: åêñïå-
ðòíèì âèñíîâêîì — ò³ëüêè äëÿ àâòîð³â ç Óêðà-
¿íè.

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

Êëàñèô³êàö³¿ (ÓÄÊ) (äëÿ àâòîð³â ³ç êðà¿í 
ÑÍÄ) — ó âåðõíüîìó ë³âîìó êóò³. Äîïóñêàºòüñÿ 

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).

3. Ïð³çâèùå (-à) àâòîðà(-³â) (ïî öåíòðó, 
øðèôò 12pt).

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

Êëþ÷îâ³ ñëîâà: ¿õíÿ ê³ëüê³ñòü íå ïîâèííà 
ïåðåâèùóâàòè â³ñüìîõ ñë³â. Â îñîáëèâèõ âè-
ïàäêàõ ìîæíà âèêîðèñòîâóâàòè òåðì³íè ç äâî-
ìà — ÷è òðüîìà ñëîâàìè. Ö³ ñëîâà ïîâèíí³ áóòè 
ðîçì³ùåí³ 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, âèêîðèñòî-
âóþ÷è MS Equat³on Ed³tor àáî MathType. Ðîáî-
òè ç ðóêîïèñíèìè âñòàâêàìè íå ïðèéìàþòüñÿ.

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: 

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., Îïòèìà-
ëüíîå íàçíà÷åíèå ïðèîðèòåòîâ //Òðóäû ìåæ-
äóíàð. êîíô. “Ëîêàëüíûå âû÷èñëèòåëüíûå ñå-
òè”(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 áóäóòü ïðèéìàòèñÿ ò³ëüêè 
âèñîêîÿê³ñí³ 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 âàð-

ò³ñòü ñïëà÷óºòüñÿ àâòîðàìè ÷è ¿õ ñïîíñîðàìè.
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