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MAGNETORESISTANCE AT ROOM TEMPERATURE IN THE A-SITE 
ORDERED Pr

0.70
Ba

0.30
MnO

3+δ MANGANITES 

S. V. Trukhanov1*, A. V. Trukhanov1, C. E. Botez2, H. Szymczak3 

1Scientific-Practical Materials Research Centre NAS of Belarus, 220072 Minsk, P. Brovka str. 19, Belarus 
(*e-mail : truhanov@ifttp.bas-net.by) 

2University of Texas at El Paso El Paso, TX 79968-0515, USA 
3Institute of Physics of PAS, 02-668 Warsaw, Poland 

MAGNETORESISTANCE AT ROOM TEMPERATURE IN THE A-SITE ORDERED 
Pr

0.70
Ba

0.30
MnO

3+δ MANGANITES 

S. V. Trukhanov, A. V. Trukhanov, C. E. Botez, H. Szymczak 

Abstract. The structure and magnetotransport properties of the A-site ionic ordered state 
in Pr

0.70
Ba

0.30
MnO

3+δ (δ = 0, 0.025) have been investigated. The parent A-site ionic disordered 
Pr

0.70
Ba

0.30
MnO

3
 compound is an orthorhombic (SG = Imma, Z = 4) ferromagnet with Curie tem-

perature T
C
 ≈ 173 K. It exhibits two peaks of electrical resistivity, at T

I
 ~ 128 K and T

II
 ~ 173 K, as 

well as two peaks of magnetoresistance ~ 74 % and ~ 79 % in a field of 50 kOe. The parent A-site ionic 
disordered Pr

0.70
Ba

0.30
MnO

3
 sample used in our studies has an average grain size 〈 D 〉 ≈ 10.213 μm. 

Successive annealing of this sample in vacuum P[O
2
] ≈ 10-4 Pa and then in air at T = 800 0C leads 

to the destruction of its initial grain structure and to its chemical separation into two phases: (i) 
oxygen stoichiometric A-site ordered PrBaMn

2
O

6
 with tetragonal (SG = P4/mmm, Z = 2) unit 

cell and T
C
 ≈ 313 K and (ii) oxygen superstoichiometric A-site disordered Pr

0.90
Ba

0.10
MnO

3.05
 with 

orthorhombic (SG = Pnma, Z = 4) unit cell and T
C
 ≈ 133 K. It also exhibits a magnetoresistance 

of ~ 14 % at ~ 313 K in a field of 50 kOe. This processed sample has a reduced average grain size 
〈 D 〉 ≈ 491 nm. The observed magnetic properties are interpreted in terms of chemical phase sepa-
ration, grain size, and A-site ionic ordering effects. The materials obtained in this work may be used 
at the creation of the magnetic field sensors, as they have considerable magnetoresistance ( ~14% in 
field of 50 kOe) at room temperature. 

Keywords : cation ordering, manganites, magnetoresistance. 

© S. V. Trukhanov, A. V. Trukhanov, C. E. Botez, H. Szymczak, 2009

S. V. Trukhanov, A. V. Trukhanov, C. E. Botez, H. Szymczak
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ÌÀÃÍ²ÒÎÎÏ²Ð ÏÐÈ Ê²ÌÍÀÒÍ²É ÒÅÌÏÅÐÀÒÓÐ² Â ÌÀÍÃÀÍ²ÒÀÕ Pr
0.70

Ba
0.30

MnO
3+δ 

Ç ÓÏÎÐßÄÊÓÂÀÍÍßÌ Â À-ÏÎÇÈÖ²¯ 

Ñ. Â. Òðóõàíîâ, À. Â. Òðóõàíîâ, C. E. Botez, H. Szymczak 

Àíîòàö³ÿ. Äîñë³äæåíî ñòðóêòóðó òà ìàãí³òîòðàíñïîðòí³ âëàñòèâîñò³ âïîðÿäêîâàíîãî ñòàíó 
â À-ïîçèö³¿ â ìàíãàí³òàõ Pr

0.70
Ba

0.30
MnO

3+δ (δ = 0, 0.025). Âèõ³äíèé ðîçóïîðÿäêîâàíèé â À-ïî-
çèö³¿ ñêëàä Pr

0.70
Ba

0.30
MnO

3
 º îðòîðîìá³÷íèì (SG = Imma, Z = 4) ôåðîìàãíåòèêîì ç òåìïåðà-

òóðîþ Êþð³ T
C
 ≈ 173 K. Â³í ïðîÿâëÿº äâà ï³êè åëåêòðè÷íîãî îïîðó ïðè T

I
 ~ 128 K ³ T

II
 ~ 173 K, 

à òàêîæ äâà ï³êè ìàãí³òîîïîðó ~ 74 % ³ ~ 79 % ó ïîë³ 50 êÅ. Öåé çðàçîê Pr
0.70

Ba
0.30

MnO
3
 ñêëà-

äàºòüñÿ ç êðèñòàë³ò³â ³ç ñåðåäí³ì ðîçì³ðîì 〈 D 〉 ≈ 10.213 μì. Ïîñë³äîâíèé â³äïàë öüîãî çðàçêà 
ó âàêóóì³ P[O

2
] ≈ 10-4 Ïa, à ïîò³ì íà ïîâ³òð³ ïðè T = 800 0C âåäå äî ðóéíóâàííÿ éîãî ïî÷àò-

êîâî¿ ñòðóêòóðè ³ õ³ì³÷íîìó ðîçøàðóâàííÿ íà äâ³ ôàçè: (i) ñòåõ³îìåòðè÷íó ïî êèñíþ âïî-
ðÿäêîâàíó â À-ïîçèö³¿ PrBaMn

2
O

6
 ç òåòðàãîíàëüíîþ (SG = P4/mmm, Z = 2) åëåìåíòàðíîþ 

êîì³ðêîþ ³ T
C
 ≈ 313 K ³ (ii) íàäñòåõ³îìåòðè÷íîþ ïî êèñíþ ðîçóïîðÿäêîâàíîþ â À-ïîçèö³¿ 

Pr
0.90

Ba
0.10

MnO
3.05

 ç îðòîðîìá³÷íîþ (SG = Pnma, Z = 4) åëåìåíòàðíîþ êîì³ðêîþ ³ T
C
 ≈ 133 K. 

Â³í òàêîæ ïðîÿâëÿº ìàãíèòîîï³ð ~ 14 % ïðè ~ 313 K ó ïîë³ 50 êÅ. Öåé çðàçîê ñêëàäàºòüñÿ ³ç 
êðèñòàë³ò³â ç³ çìåíøåíèì ñåðåäí³ì ðîçì³ðîì 〈 D 〉 ≈ 491 nm. Ñïîñòåðåæóâàí³ ìàãí³òí³ âëàñ-
òèâîñò³ ³íòåðïðåòóþòüñÿ â ïðèïóùåíí³ õ³ì³÷íîãî ôàçîâîãî ðîçøàðóâàííÿ, à òàêîæ åôåê-
ò³â ðîçì³ðíîñò³ êðèñòàë³ò³â ³ âïîðÿäêóâàííÿ êàò³îí³â â À-ïîçèö³¿. Îòðèìàí³ â äàí³é ðîáîò³ 
ìàòåð³àëè ìîæóòü áóòè âèêîðèñòàí³ ïðè ñòâîðåíí³ äàò÷èê³â ìàãí³òíîãî ïîëÿ, òîìó ùî âî-
ëîä³þòü çíà÷íèì ìàãí³òîîïîðîì ( ~14% ó ïîë³ 50 êÅ) ïðè ê³ìíàòí³é òåìïåðàòóð³. 

Êëþ÷îâ³ ñëîâà : óïîðÿäêóâàííÿ êàò³îí³â, ìàíãàí³òè, ìàãí³òîîï³ð. 

ÌÀÃÍÈÒÎÑÎÏÐÎÒÈÂËÅÍÈÅ ÏÐÈ ÊÎÌÍÀÒÍÎÉ ÒÅÌÏÅÐÀÒÓÐÅ Â ÌÀÍÃÀÍÈÒÀÕ 
Pr

0.70
Ba

0.30
MnO

3+δ Ñ ÓÏÎÐßÄÎ×ÅÍÈÅÌ Â À-ÏÎÇÈÖÈÈ 

Ñ. Â. Òðóõàíîâ, À. Â. Òðóõàíîâ, C. E. Botez, H. Szymczak 

Àííîòàöèÿ. Èññëåäîâàíû ñòðóêòóðà è ìàãíèòîòðàíñïîðòíûå ñâîéñòâà óïîðÿäî÷åííîãî 
ñîñòîÿíèÿ â À-ïîçèöèè â ìàíãàíèòàõ Pr

0.70
Ba

0.30
MnO

3+δ (δ = 0, 0.025). Èñõîäíûé ðàçóïîðÿäî-
÷åííûé â À-ïîçèöèè ñîñòàâ Pr

0.70
Ba

0.30
MnO

3
 ÿâëÿåòñÿ îðòîðîìáè÷åñêèì (SG = Imma, Z = 4) 

ôåððîìàãíåòèêîì ñ òåìïåðàòóðîé Êþðè T
C
 ≈ 173 K. Îí ïðîÿâëÿåò äâà ïèêà ýëåêòðè÷åñêîãî 

ñîïðîòèâëåíèÿ ïðè T
I
 ~ 128 K è T

II
 ~ 173 K, à òàêæå äâà ïèêà ìàãíèòîñîïðîòèâëåíèÿ ~ 74 % 

è ~ 79 % â ïîëå 50 êÝ. Ýòîò îáðàçåö Pr
0.70

Ba
0.30

MnO
3
 ñîñòîèò èç êðèñòàëëèòîâ ñî ñðåäíèì ðàç-

ìåðîì 〈 D 〉 ≈ 10.213 μì. Ïîñëåäîâàòåëüíûé îòæèã ýòîãî îáðàçöà â âàêóóìå P[O
2
] ≈ 10-4 Ïa è 

çàòåì íà âîçäóõå ïðè T = 800 0C âåäåò ê ðàçðóøåíèþ åãî íà÷àëüíîé ñòðóêòóðû è õèìè÷åñêîìó 
ðàññëîåíèþ íà äâå ôàçû: (i) ñòåõèîìåòðè÷åñêîé ïî êèñëîðîäó óïîðÿäî÷åííîé â À-ïîçèöèè 
PrBaMn

2
O

6
 ñ òåòðàãîíàëüíîé (SG = P4/mmm, Z = 2) ýëåìåíòàðíîé ÿ÷åéêîé è T

C
 ≈ 313 K è 

(ii) ñâåðõñòåõèîìåòðè÷åñêîé ïî êèñëîðîäó ðàçóïîðÿäî÷åííîé â À-ïîçèöèè Pr
0.90

Ba
0.10

MnO
3.05

 
ñ îðòîðîìáè÷åñêîé (SG = Pnma, Z = 4) ýëåìåíòàðíîé ÿ÷åéêîé è T

C
 ≈ 133 K. Îí òàêæå ïðî-

ÿâëÿåò ìàãíèòîñîïðîòèâëåíèå ~ 14 % ïðè ~ 313 K â ïîëå 50 êÝ. Ýòîò îáðàçåö ñîñòîèò èç 
êðèñòàëëèòîâ ñ óìåíüøåííûì ñðåäíèì ðàçìåðîì 〈 D 〉 ≈ 491 nm. Íàáëþäàåìûå ìàãíèòíûå 
ñâîéñòâà èíòåðïðåòèðóþòñÿ â ïðåäïîëîæåíèè õèìè÷åñêîãî ôàçîâîãî ðàññëîåíèÿ, à òàêæå 
ýôôåêòîâ ðàçìåðíîñòè êðèñòàëëèòîâ è óïîðÿäî÷åíèÿ êàòèîíîâ â À-ïîçèöèè. Ïîëó÷åííûå 
â äàííîé ðàáîòå ìàòåðèàëû ìîãóò áûòü èñïîëüçîâàíû ïðè ñîçäàíèè äàò÷èêîâ ìàãíèòíîãî 
ïîëÿ, òàê êàê îáëàäàþò çíà÷èòåëüíûì ìàãíèòîñîïðîòèâëåíèåì ( ~14% â ïîëå 50 êÝ) ïðè 
êîìíàòíîé òåìïåðàòóðå. 

Êëþ÷åâûå ñëîâà : óïîðÿäî÷åíèå êàòèîíîâ, ìàíãàíèòû, ìàãíèòîñîïðîòèâëåíèå. 
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ÑÅÍÑÎÐÈ Ô²ÇÈ×ÍÈÕ ÂÅËÈ×ÈÍ 
——

PHYSICAL SENSORS 

ÓÄÊ 621.1.016 

ÀÍÈÇÎÒÐÎÏÍÛÉ ÒÅÐÌÎÝËÅÊÒÐÈ×ÅÑÊÈÉ ÑÅÍÑÎÐ 
ÄËß ÊÎÍÒÐÎËß ÒÅÏËÎÂÛÕ ÏÎÒÎÊÎÂ ÒÝÌ ÏÅËÜÒÜÅ 

À. À. Àùåóëîâ*, Ä. Ä. Âåëè÷óê*, Ð. Ã. ×åðêåç*, È. Ñ. Ðîìàíþê** 

* Èíñòèòóò òåðìîýëåêòðè÷åñòâà; ** ÎÀÎ “Êâàðö”, 
(ã. ×åðíîâöû, Óêðàèíà) AshcheulovAA@rambler.ru 

ÀÍÈÇÎÒÐÎÏÍÛÉ ÒÅÐÌÎÝËÅÊÒÐÈ×ÅÑÊÈÉ ÑÅÍÑÎÐ ÄËß ÊÎÍÒÐÎËß ÒÅÏËÎÂÛÕ 
ÏÎÒÎÊÎÂ ÒÝÌ ÏÅËÜÒÜÅ 

À. À. Àùåóëîâ, Ä. Ä. Âåëè÷óê, Ð. Ã. ×åðêåç, È. Ñ. Ðîìàíþê 

Àííîòàöèÿ. Ðàññìîòðåíà âîçìîæíîñòü èñïîëüçîâàíèÿ àíèçîòðîïíûõ îïòèêîòåðìîýëå-
ìåíòîâ â êà÷åñòâå ñåíñîðîâ òåïëîâûõ ïîòîêîâ ïðåäíàçíà÷åííûõ äëÿ êîíòðîëÿ ãëóáèíû îõ-
ëàæäåíèÿ òåðìîýëåêòðè÷åñêèõ ìîäóëåé (ÒÝÌ) Ïåëüòüå. 

Êëþ÷åâûå ñëîâà: ñåíñîð, àíèçîòðîïíûé îïòèêîòåðìîýëåìåíò, ãëóáèíà îõëàæäåíèÿ, òåð-
ìîýëåêòðè÷åñêèé ìîäóëü Ïåëüòüå. 

ÀÍ²ÇÎÒÐÎÏÍÈÉ ÒÅÐÌÎÅËÅÊÒÐÈ×ÍÈÉ ÑÅÍÑÎÐÀ ÄËß ÁÅÇÊÎÍÒÀÊÒÍÎÃÎ 
ÊÎÍÒÐÎËÞ ÒÅÏËÎÂÈÕ ÏÎÒÎÊ²Â ÒÅÌ ÏÅËÜÒÜª 

À. À. Àùåóëîâ, Ä. Ä. Âåëè÷óê, Ð. Ã. ×åðêåç, È. Ñ. Ðîìàíþê 

Àíîòàö³ÿ. Ðîçãëÿíóòà ìîæëèâ³ñòü âèêîðèñòàííÿ àí³çîòðîïíèõ îïòèêîòåðìîåëåìåíò³â â 
ÿêîñò³ ñåíñîð³â òåïëîâèõ ïîòîê³â äëÿ êîíòðîëþ ãëèáèíè îõîëîäæåííÿ òåðìîåëåêòðè÷íèõ 
ìîäóë³â (ÒÅÌ) Ïåëüòüº â óìîâàõ ¿õ ñåð³éíîãî âèðîáíèöòâà. 

Êëþ÷îâ³ ñëîâà: ñåíñîð, àí³çîòðîïíèé îïòèêîòåðìîåëåìåíò, ãëèáèíà îõîëîäæåííÿ, òåð-
ìîåëåêòðè÷íèé ìîäóëü Ïåëüòüº 

ANISOTROPIC THERMO-ELECTRIC SENOR FOR NONCONTACT ÎÃÎ CONTROL 
OF THERMAL STREAMS OF TEM PELTIER 

À. À. Ascheulov, D. D. Velichuk, R. G. Cherkez, I. S. Romanyuk 

Abstract. Possibility is considered of the use of anisotropic optical-thermoelements as senor of 
thermal streams for control of depth of cooling of the thermo-electric modules (TEM) of Peltier in 
the conditions of their mass production. 

Keywords: sensor, anisotropic optical-thermoelment, depth of cooling, thermoelectric module 
Peltier. 

© À. À. Àùåóëîâ, Ä. Ä. Âåëè÷óê, Ð. Ã. ×åðêåç, È. Ñ. Ðîìàíþê, 2009
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 ÓÄÊ 681.586, 537.32 

ÏÐÅÄÅËÜÍÛÅ ÇÍÀ×ÅÍÈß ÎÁÍÀÐÓÆÈÒÅËÜÍÎÉ 
ÑÏÎÑÎÁÍÎÑÒÈ ÒÅÏËÎÂÛÕ È ÔÎÒÎÍÍÛÕ ÏÐÈÅÌÍÈÊÎÂ 

ÈÍÔÐÀÊÐÀÑÍÎÃÎ ÈÇËÓ×ÅÍÈß 

Ô. Ô. Ñèçîâ , À. Â. Øåâ÷èê-Øåêåðà 

Èíñòèòóò ôèçèêè ïîëóïðîâîäíèêîâ èì. Â.Å. Ëàøêàðåâà ÍÀÍ Óêðàèíû, ïð. Íàóêè 41, 03028, 
Êèåâ-28, Óêðàèíà, òåë./ôàêñ: 525-18-10, 

e-mail: shevchik_anya@mail.ru 

ÏÐÅÄÅËÜÍÛÅ ÇÍÀ×ÅÍÈß ÎÁÍÀÐÓÆÈÒÅËÜÍÎÉ ÑÏÎÑÎÁÍÎÑÒÈ ÒÅÏËÎÂÛÕ 
È ÔÎÒÎÍÍÛÕ ÏÐÈÅÌÍÈÊÎÂ ÈÍÔÐÀÊÐÀÑÍÎÃÎ ÈÇËÓ×ÅÍÈß 

Ô. Ô. Ñèçîâ , À. Â. Øåâ÷èê-Øåêåðà 

 Àííîòàöèÿ. Îáñóæäåíû âîçìîæíûå ïðåäåëüíûå çíà÷åíèÿ îáíàðóæèòåëüíîé ñïîñîáíîñ-
òè ( *D ) ôîòîííûõ è òåïëîâûõ ïðèåìíèêîâ èíôðàêðàñíîãî (ÈÊ) èçëó÷åíèÿ è ïðîâåäåíî 
ñðàâíåíèå ñ ýêñïåðèìåíòàëüíûìè äàííûìè. Â òåïëîâûõ ïðèåìíèêàõ èçëó÷åíèÿ (ÏÈ) ýíåð-
ãèÿ ïàäàþùèõ íà íèõ ôîòîíîâ, ðàñïðåäåëÿåòñÿ ïî ñòåïåíÿì ñâîáîäû ðåøåòêè (èëè ýëåêò-
ðîíîâ), ïðåîáðàçóåòñÿ â òåïëîòó (èëè ðàçîãðåâàåò ýëåêòðîíû) è ðåàêöèÿ ÏÈ îáóñëîâëåíà 
ïîâûøåíèåì òåìïåðàòóðû èëè ñàìîãî ÷óâñòâèòåëüíîãî ýëåìåíòà èëè ýëåêòðîíîâ â íåì, ÷òî 
ïðèâîäèò ê èçìåíåíèþ èçìåðÿåìûõ åãî ôèçè÷åñêèõ ñâîéñòâ. Â èäåàëüíîì ñëó÷àå òåïëîâûå 
ÏÈ íåñåëåêòèâíûå. Â ôîòîííûõ ÏÈ ïîãëîùàåìûå ôîòîíû, âçàèìîäåéñòâóÿ ñ ýëåêòðîíàìè 
ÏÈ, ïåðåâîäÿò èõ â ñîñòîÿíèÿ ñ äðóãîé ýíåðãèé, ÷òî ïðèâîäèò ê èçìåíåíèþ èçìåðÿåìûõ 
ýëåêòðè÷åñêèõ õàðàêòåðèñòèê ÏÈ. Âñëåäñòâèå òàêèõ ïðîöåññîâ ïåðåâîäà ýëåêòðîíîâ èç îä-
íîãî ñîñòîÿíèÿ â äðóãîå, êâàíòîâûå ÏÈ ÿâëÿþòñÿ ñåëåêòèâíûìè ÏÈ è èìåþò äëèííîâîë-
íîâóþ ãðàíèöó ôîòî÷óâñòâèòåëüíîñòè. 

Ðàññìîòðåíû âîçìîæíîñòè èñïîëüçîâàíèÿ ðàçëè÷íûõ òèïîâ ÏÈ â ðàçíûõ ñïåêòðàëüíûõ 
äèàïàçîíàõ ñ ó÷åòîì èõ ôèçè÷åñêèõ ñâîéñòâ, õàðàêòåðèñòèê è óñëîâèé ïðèìåíåíèÿ. 

Êëþ÷åâûå ñëîâà: òåïëîâûå è ôîòîííûå ÏÈ, îáíàðóæèòåëüíàÿ ñïîñîáíîñòü. 

ÃÐÀÍÈ×Í² ÇÍÀ×ÅÍÍß ÂÈßÂËÞÂÀËÜÍÎ¯ ÇÄÀÒÍÎÑÒ² ÒÅÏËÎÂÈÕ ÒÀ ÔÎÒÎÍÍÈÕ 
ÏÐÈÉÌÀ×²Â ²ÍÔÐÀ×ÅÐÂÎÍÎÃÎ ÂÈÏÐÎÌ²ÍÞÂÀÍÍß 

Ô. Ô. Ñèçîâ, À. Â. Øåâ÷èê-Øåêåðà 

Àíîòàö³ÿ. Îáãîâîðåíî ìîæëèâ³ ãðàíè÷í³ çíà÷åííÿ âèÿâëþâàëüíî¿ çäàòíîñò³ ( *D ) ôîòîí-
íèõ òà òåïëîâèõ ïðèéìà÷³â ³íôðà÷åðâîíîãî (²×) âèïðîì³íþâàííÿ òà ïðîâåäåíî ïîð³âíÿí-
íÿ ç åêñïåðèìåíòàëüíèìè äàíèìè. Ó òåïëîâèõ ïðèéìà÷àõ âèïðîì³íþâàííÿ (ÏÂ) åíåðã³ÿ 
ïàäàþ÷èõ íà íèõ ôîòîí³â, ðîçïîä³ëÿºòüñÿ çà ñòåïåíÿìè ñâîáîäè ðåø³òêè (àáî åëåêòðîí³â), 
ïåðåòâîðþºòüñÿ â òåïëîòó (àáî ðîç³ãð³âàº åëåêòðîíè) ³ ðåàêö³ÿ ÏÂ îáóìîâëåíà ï³äâèùåííÿì 
òåìïåðàòóðè àáî ÷óòëèâîãî åëåìåíòà àáî åëåêòðîí³â â íüîìó, ùî ïðèçâîäèòü äî çì³íè éîãî 

© Ô. Ô. Ñèçîâ , À. Â. Øåâ÷èê-Øåêåðà, 2009
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ô³çè÷íèõ ñòàí³â. Â ³äåàëüíîìó âèïàäêó òåïëîâ³ ÏÂ íåñåëåêòèâí³. Â ôîòîííèõ ÏÂ ôîòîíè, 
ùî ïîãëèíàþòüñÿ , âçàºìîä³þ÷è ç åëåêòðîíàìè ÏÂ, ïåðåâîäÿòü ¿õ â ñòàí ç ³íøîþ åíåðã³ºþ, 
ùî ïðèçâîäèòü äî çì³íè åëåêòðè÷íèõ õàðàêòåðèñòèê ÏÂ. ßê íàñë³äîê òàêèõ ïðîöåñ³â ïåðå-
õîäó åëåêòðîí³â ³ç îäíîãî ñòàíó â ³íøèé, êâàíòîâ³ ÏÂ º ñåëåêòèâíèìè ³ ìàþòü äîâãîõâèëüîâó 
ãðàíèöþ ôîòî÷óòëèâîñò³. 

Ðîçãëÿíóò³ ìîæëèâîñò³ âèêîðèñòàííÿ ð³çíèõ òèï³â ÏÂ â ð³çíèõ ñïåêòðàëüíèõ ä³àïàçîíàõ 
³ç âðàõóâàííÿì ¿õ ô³çè÷íèõ âëàñòèâîñòåé, õàðàêòåðèñòèê òà óìîâ åêñïëóàòàö³¿. 

Êëþ÷îâ³ ñëîâà: òåïëîâèé òà ôîòîííèé ÏÂ, âèÿâëþâàëüíà çäàòí³ñòü. 

ULTIMATE DETECTIVITY THERMAL AND QUANTUM INFRARED DETECTORS 

F. F. Sizov, A. V. Shevchik-Shekera 

Abstract. The calculated ultimate detectivity ( *D ) thermal and quantum infrared (IR) detectors 
are discussed and comparison with experimental data. In thermal detectors energy of photons falling 
on them, is distributed on degrees of freedom of a lattice (or electrons), will be transformed to heat 
(or warms up electrons), and reaction detectors is caused by rise in temperature or the most sensitive 
element or electrons in it, that leads to change of its measured physical properties. In an ideal case 
thermal detectors not selective. In photon detectors absorbed photons, cooperating with electrons of 
the detector, translate them in conditions from another energy, which leads to change of measured 
detectors electric characteristics. Because of translation process of electrons from one condition to 
another, quantum detectors are selective detectors and have long-wave border of photosensivity. 

The questions of use of various types of detectors in different spectral ranges in view of their 
physical properties, characteristics and conditions of application are considered. 

Keywords: thermal and quantum detectors, detectivity. 
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QUANTUM MEASURE OF FREQUENCY AND SENSING 
THE COLLISIONAL SHIFT OF THE YTTERBIUM HYPERFINE LINES 

IN MEDIUM OF HELIUM GAS 

A. V. Loboda, E. V. Mischenko, Yu. V. Dubrovskaya, A. A. Svinarenko

Odessa National Polytechnical University, Odessa 
Odessa State Environmental University, Odessa

QUANTUM MEASURE OF FREQUENCY AND SENSING THE COLLISIONAL SHIFT 
OF THE YTTERBIUM HYPERFINE LINES IN MEDIUM OF HELIUM GAS 

A. V. Loboda, E. V. Mischenko, Yu. V. Dubrovskaya, A. A. Svinarenko 

Abstract. A problems of constructing the ytterbium quantum measure of frequency and sensing 
the collisional shift of the ytterbium hyperfine structure (HFS) lines in a medium of bath (He) gas are 
studied. Relativistic approach is used in calculating the inter atomic potentials, oscillator strengths, 
HFS collision shift and broadening for ytterbium atom in a medium of helium bath gas. 

Keywords: quantum measure of frequency, collisional shift, ytterbium, helium gas 

ÊÂÀÍÒÎÂÀ Ì²ÐÀ ×ÀÑÒÎÒÈ ² ÄÅÒÅÊÒÓÂÀÍÍß ÇÑÓÂÓ Ë²Í²É ÍÀÄÒÎÍÊÎ¯ ÑÒÐÓÊÒÓÐÈ 
²ÒÅÐÁ²ß ÇÀ ÐÀÕÓÍÎÊ Ç²ÒÊÍÅÍÜ Â ÀÒÌÎÑÔÅÐ² ÃÅË²ß 

A. Â. Ëîáîäà, Î. Â. M³ùåíêî, Þ. Â. Äóáðîâñüêà, À. À. Ñâèíàðåíêî 

Àíîòàö³ÿ. Ðîçãëÿíóò³ ïðîáëåìè ïîáóäîâè ³òåðá³ºâî¿ êâàíòîâî¿ ì³ðè ÷àñòîòè ³ äåòåêòóâàííÿ 
çñóâó çà ðàõóíîê ç³òêíåíü ë³í³é íàäòîíêî¿ ñòðóêòóðè (ÍÒÑ) ³òåðá³ÿ â àòìîñôåð³ áóôåðíîãî 
(ãåë³é) ãàçó. Ðåëÿòèâ³ñòñüêèé ï³äõ³ä âèêîðèñòàíî ó ðîçðàõóíêó ì³æàòîìíèõ ïîòåíö³àë³â, ñèë 
îñöèëÿòîð³â, ³ ÍÒÑ çñóâó òà óøèðåííÿ çà ðàõóíîê ç³òêíåíü äëÿ àòîìó ³òòåðá³ÿ â àòìîñôåð³ 
ãåë³ÿ. 

Êëþ÷îâ³ ñëîâà: êâàíòîâà ì³ðà ÷àñòîòè, çñóâ çà ðàõóíîê ç³òêíåíü, ³òåðá³é, ãàç ãåë³ÿ 
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Àííîòàöèÿ. Ðàññìîòðåíû ïðîáëåìû ïîñòðîåíèÿ èòòåðáèåâîé êâàíòîâîé ìåðû ÷àñòîòû è 
äåòåêòèðîâàíèÿ ñòîëêíîâèòåëüíîãî ñäâèãà ëèíèé ñâåðõòîíêîé ñòðóêòóðû (ÑÒÑ) àòîìà èò-
òåðáèÿ â àòìîñôåðå áóôåðíîãî (ãåëèé) ãàçà. Ðåëÿòèâèñòñêèé ïîäõîä èñïîëüçîâàí â ðàñ÷åòå 
ìåæàòîìíûõ ïîòåíöèàëîâ, ñèë îñöèëëÿòîðîâ, ÑÒÑ ñòîëêíîâèòåëüíîãî ñäâèãà è óøèðåíèÿ 
äëÿ àòîìà èòòåðáèÿ â àòìîñôåðå ãåëèÿ. 
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ESTIMATING OF X-RAY SPECTRA FOR KAONIC AND PIONIC ATOMS 
AS A TOOL FOR SENSING THE NUCLEAR STRUCTURE 

O. Yu. Khetselius, A. V. Turin, D. E. Sukharev, T. A. Florko 

I. I. Mechnikov Odessa National University, Odessa 

ESTIMATING OF X-RAY SPECTRA FOR KAONIC AND PIONIC ATOMS AS TOOL 
FOR SENSING THE NUCLEAR STRUCTURE 

O. Yu. Khetselius, A. V. Turin, D. E. Sukharev, T. A. Florko 

Abstract. The levels energies and energy shifts are calculated for superheavy Li-like uranium and 
some kaonic and pionic atoms on the basis of the gauge-invariant QED perturbation theory (PT) 
with an account of nuclear, exchange-correlation and radiative effects. Estimating the spectra can be 
by a new tool for sensing the nuclear structure. 

Keywords: QED perturbation theory, heavy ions, kaonic and pionic atoms 
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âàæêîãî Li-ïîä³áíîãî óðàíó, äåÿêèõ êàîííèõ òà ï³îííèõ àòîì³â. Îö³íêà øóêàíèõ ñïåêòð³â º 
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Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ ïðî ðåëàêñàö³þ ïîâåðõíåâèõ ìåõàí³÷íèõ íàïðóã ï³ñëÿ 
³ìïóëüñíîãî ëàçåðíîãî îïðîì³íåííÿ ñêëàäíèõ íàï³âïðîâ³äíèêîâèõ ñïîëóê, ùî ñóïðîâîä-
æóºòüñÿ ôîðìóâàííÿì ñêëàäíîãî àêóñòè÷íîãî â³äãóêó. Â ðîáîò³ ïîêàçàíî, ùî ïîð³ã ëàçåðíî-
³íäóêîâàíîãî ïëàâëåííÿ ìîíî- òà ïîë³êðèñòàë³â ìîæíà âñòàíîâèòè ïî çàëåæíîñò³ àìïë³òóäè 
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íàíîñåêóíäíîìó îïðîì³íåíí³ ðóá³íîâèì òà íåîäèìîâèì ëàçåðîì. Âñòàíîâëåíî, ùî ïðè ³ì-
ïóëüñíîìó íàíîñåêóíäíîìó ëàçåðíîìó îïðîì³íåíí³ ìîæëèâà ðåºñòðàö³ÿ ò³ëüêè äèñêðåòíî¿ 
âèñîêîåíåðãåòè÷íî¿ àêóñòè÷íî¿ åì³ñ³¿ çà ðàõóíîê øâèäêî¿ ðåëàêñàö³¿ ñòâîðåíèõ ïðóæíèõ òà 
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ACOUSTIC EMISSION AT NONUNIFORM THERMAL PULSE INFLUENCE WITH A LIQUID 
PHASE FORMATION 

O. V. Lyashenko, V. P. Veleshchuk, O. I. Vlasenko, A. P. Onanko, I. O. Lyashenko, Ju. A. Onanko 

Abstract. The question of a relaxation of superficial mechanical pressure after a pulse laser irra-
diation in complex semiconductor compounds which is accompanied by formation of the difficult 
acoustic response is considered. In work it is shown, that the laser-induced melting threshold of sin-
gle and poly- crystals can be established on dependence of amplitude and (or) energy of the acoustic 
response — the laser pulse intensity, in particular by the given method establishes melting thresholds 
of single crystals GaAs, CdTe and S³ at nanoseconds pulse irradiation of ruby and neodymium laser. 

© Î. Â. Ëÿøåíêî, Â. Ï. Âåëåùóê, Î. ². Âëàñåíêî, À. Ï. Îíàíêî, 
². Î. Ëÿøåíêî, Þ.À. Îíàíêî, 2009



It is established, that at nanoseconds laser pulse irradiation is possible registration only discrete high-
energy acoustic emission due to a fast relaxation created elastic and thermoelastic pressure. 

Keywords: acoustic emission, laser irradiation, thermopressures. 
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Àííîòàöèÿ. Ðàññìîòðåí âîïðîñ î ðåëàêñàöèè ïîâåðõíîñòíûõ ìåõàíè÷åñêèõ íàïðÿæåíèé 
ïîñëå èìïóëüñíîãî ëàçåðíîãî îáëó÷åíèÿ ñëîæíûõ ïîëóïðîâîäíèêîâûõ ñîåäèíåíèé, êîòî-
ðîå ñîïðîâîæäàåòñÿ ôîðìèðîâàíèåì ñëîæíîãî àêóñòè÷åñêîãî îòêëèêà. Â ðàáîòå ïîêàçàíî, 
÷òî ïîðîã ëàçåðíîèíäóöèðîâàííîãî ïëàâëåíèå ìîíî- è ïîëèêðèñòàëëîâ ìîæíî óñòàíîâèòü 
ïî çàâèñèìîñòè àìïëèòóäû è (èëè) ýíåðãèè àêóñòè÷åñêîãî îòêëèêà îò èíòåíñèâíîñòè ëàçåð-
íîãî èìïóëüñà, â ÷àñòíîñòè äàííûì ìåòîäîì óñòàíîâëåíû ïîðîãè ïëàâëåíèÿ ìîíîêðèñòàë-
ëîâ GaAs, CdTe è S³ ïðè èìïóëüñíîì íàíîñåêóíäíîì îáëó÷åíèè ðóáèíîâûì è íåîäèìîâûì 
ëàçåðîì. Óñòàíîâëåíî, ÷òî ïðè èìïóëüñíîì íàíîñåêóíäíîì ëàçåðíîì îáëó÷åíèè âîçìîæ-
íàÿ ðåãèñòðàöèÿ òîëüêî äèñêðåòíîé âûñîêîýíåðãåòè÷åñêîé àêóñòè÷åñêîé ýìèññèè çà ñ÷åò 
áûñòðîé ðåëàêñàöèè ñîçäàííûõ óïðóãèõ è òåðìîóïðóãèõ íàïðÿæåíèé. 
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INVESTIGATION OF POSSIBILITIES OF APPLICATION OF POTENTIOMETRIC BIOSENSORS 
FOR GLUCOSE ANALYSIS IN BLOOD 

V. N. Arkhypova, S. V. Dzyadevych, D. À. Efimov, À. P. Soldatkin 

Abstract. The possibilities of practical application of biosensors based on pH-sensitive field-ef-
fect transistors and glucose oxidase for qualitative analysis of glucose in real blood samples have been 
studies. The main analytical characteristics of biosensors developed were optimized, and the optimal 
conditions of measurements in real samples were determined. It was shown that biosensor developed 
could be used for glucose analysis in human blood. 

Keywords: glucose, biosensor, glucose oxidase, pH-sensitive field-effect transistor, blood. 
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SINGLE CRYSTALS 
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Abstract. It has been investigated the influence of lithium dope on behavior of photosensitive 
paramagnetic centers Fe3+, Cr+, A-centers and the spectrum of photoluminescence in ZnS single 
crystals on 350-750 nm waveband on T=300 K and T=77 K 
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THE DEVELOPMENT OF ITO FILM ELECTRODES FOR OPTOELECTRONIC DEVICES 

K. Y. Krikun, G. S. Khrypunov, N. A. Kovtun, E. K. Belonogov 

Abstract. For creation of transparent thin film electrodes the influence of target composition, 
specific magnetron power and substrate temperatures on the crystalline structure, electrical, optical 
properties and the quality factor ITO films have been investigated. The ITO films were obtained by the 
nonreactive magnetron deposition on direct current. The maximal quality factor F = 4.79∙10-2 Ohm-1 
of ITO films is observed at the sputtering of target consisted of 90 weight. %

 
In

2
O

3
 and 10 weight. %

 

SnO
2
: the substrate temperature was 300 îÑ and specific magnetron power – 0.4 W/sm2. 

Keywords: ITO, wide-ban-gap semiconductor, magnetron, transmission coefficient, sheet 
resistance, Hall electromotive force. 
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THIN FILMS Zn
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V. V. Khomyak 

Abstract. The percent relationship influence of oxygen and argon of working gases in the mixture, 
of the the substrate temperature and futher anneling on the resistivity of Zn
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Mn

x 
O (0≤x≤0,10) films 

obtained by HF-magnetron sputtering method have been studied. The possibility purposeful control 
of electric properties in these films by means of growing technological conditions change has been 
shown. 
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MULTICHANNEL MEASURING COMPLEX FOR ELECTROCHEMICAL MEASUREMENTS 

A.D.Vasylenko, L.V.Shkotova, V.G.Melnik, L.N.Semenytcheva, S.V.Dzyadevych 

Abstract. The principles of construction of four-channel measuring-information system for work 
with multielectrode electrochemical cells, in particular, with amperometric multibiosensors have 
been considered. The basic hardware and software of the complex were described; results of its ex-
perimental measurements are given. 

Keywords: electrochemistry, amperometry, biosensor, multichannel potentiostat, measuring 
module. 
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ÊÎÌÁ²ÍÎÂÀÍÈÉ ÌÅÒÎÄ ÊÅÐÓÂÀÍÍß ËÎÃ²×ÍÈÌ ÑÒÀÍÎÌ ÊÐ²ÎÒÐÎÍ²Â 
ÍÀ ÎÑÍÎÂ² ÑÊÂ²Ä²Â 

Ì. Â. Òèõàíñüêèé, À. ². Ïàðòèêà 

Àíîòàö³ÿ. Â ðîáîò³ âäîñêîíàëåíî ìàòåìàòè÷íó ìîäåëü ïåðåõ³äíèõ ïðîöåñ³â â äæîçåô-
ñîí³âñüêèõ åëåìåíòàõ ïàì’ÿò³ (êð³îòðîíàõ), ÿê³ ìîæíà ñòâîðèòè íà îñíîâ³ íàäïðîâ³äíèõ 
êâàíòîâèõ ³íòåðôåðîìåòð³â (ÑÊÂ²Ä³â). Êð³îòðîíàìè ñëóæèëè äâîêîíòàêòí³ ÑÊÂ²Äè, êåðó-
âàííÿ ëîã³÷íèì ñòàíîì ÿêèõ áóëî äîñë³äæåíî ìåòîäàìè ìàòåìàòè÷íîãî ìîäåëþâàííÿ. Íàìè 
çàïðîïîíîâàíî êîìá³íîâàíèé ñïîñ³á êåðóâàííÿ ëîã³÷íèì ñòàíîì òàêèõ êð³îòðîí³â, îñê³ëüêè 
ïðîñòèé ñïîñ³á êåðóâàííÿ çà äîïîìîãîþ ò³ëüêè ³ìïóëüñ³â ìàãí³òíîãî ïîòîêó íå çàáåçïå÷óº 
ñòàá³ëüíî¿ ðîáîòè êð³îòðîí³â ï³ä ÷àñ çâîðîòíèõ ëîã³÷íèõ ïåðåõîä³â “1” → “0”. Ïîêàçàíî, ùî 
ïðÿì³ ëîã³÷í³ ïåðåõîäè “0” → “1” ìîæíà åôåêòèâíî ðåàë³çóâàòè çà äîïîìîãîþ êåðóþ÷èõ ³ì-
ïóëüñ³â ìàãí³òíîãî ïîòîêó, à ïåðåõîäè “1” → “0” – êåðóþ÷èõ ³ìïóëüñ³â ñòðóìó. Ðîçðàõîâàíî 
ïåðåõ³äí³ õàðàêòåðèñòèêè êð³îòðîí³â ï³ä ÷àñ ïðÿìèõ ³ çâîðîòíèõ ëîã³÷íèõ ïåðåõîä³â. 

Êëþ÷îâ³ ñëîâà: ÑÊÂ²Ä, êâàíòîâà êîì³ðêà ïàì’ÿò³, äæîçåôñîí³âñüêèé êð³îòðîí, ïåðåõ³äíà 
õàðàêòåðèñòèêà, ëîã³÷íèé ïåðåõ³ä, íàäïðîâ³äíèé ³íòåðôåðîìåòð 

THE COMBINED METHOD OF LOGICAL STATE CONTROLLING 
OF CRIOTRONS BASED ON SQUIDS 

M. V. Tyhanskyi, A.I. Partyka 

Abstract. In the present work, we have improved the mathematical model of transition processes 
in Josephson memory cells (cryotrons), which can be created on the base of semiconductor quan-
tum interferometers (SQUIDs). We employed two-contact SQUIDs to construct the cryotrons and 
investigated the possibilities to control the cryotrons’ logical state by means of mathematical model-
ing. A combined method of logical state controlling of such cryotrons has been proposed since the 
simpler controlling method, where only impulses of magnetic flux are used, fails to provide stable 
operation of cryotrons during the inverse logical transitions “1” → “0”. We show that the direct logi-
cal transitions “0” → “1” are effectively realized via controlling magnetic flux impulses whereas the 
transitions “1” → “0” are realized via controlling current impulses. Transition characteristics of the 
cryotrons during direct and inverse logical transitions are calculated. 

Keywords: SQUID, the quantum memory cell, Josephson cryotron, the transition characteris-
tics, the logical transition, superconducting interferometer 
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ÊÎÌÁÈÍÈÐÎÂÀÍÍÛÉ ÌÅÒÎÄ ÓÏÐÀÂËÅÍÈß ËÎÃÈ×ÅÑÊÈÌ ÑÎÑÒÎßÍÈÅÌ 
ÊÐÈÎÒÐÎÍÎÂ ÍÀ ÎÑÍÎÂÅ ÑÊÂÈÄÎÂ 

Ì. Â. Òèõàíñüêèé, À. ². Ïàðòèêà 

Àííîòàöèÿ. Â ðàáîòå óñîâåðøåíñòâîâàíà ìàòåìàòè÷åñêàÿ ìîäåëü ïåðåõîäíûõ ïðîöåññîâ 
â äæîçåôñîíîâñêèõ ÿ÷åéêàõ ïàìÿòè (êðèîòðîíàõ), êîòîðûå ìîæíî ñîçäàòü íà îñíîâå ñâåðõ-
ïðîâîäÿùèõ êâàíòîâûõ èíòåðôåðîìåòðîâ (ÑÊÂÈÄîâ). Êðèîòðîíàìè ñëóæèëè äâîêîíòàê-
òíûå ÑÊÂÈÄè, óïðàâëåíèå ëîãè÷åñêèì ñîñòîÿíèåì êîòîðûõ áûëî èññëåäîâàíî ìåòîäàìè 
ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ. Íàìè ïðåäëîæåíû êîìáèíèðîâàííûå ñïîñîá óïðàâëåíèÿ 
ëîãè÷åñêèì ñîñòîÿíèåì òàêèõ êðèîòðîíîâ, ïîñêîëüêó ïðîñòîé ñïîñîá óïðàâëåíèÿ ñ ïîìî-
ùüþ òîëüêî èìïóëüñîâ ìàãíèòíîãî ïîòîêà íå îáåñïå÷èâàåò ñòàáèëüíîé ðàáîòû êðèîòðî-
íîâ âî âðåìÿ îáðàòíûõ ëîãè÷åñêèõ ïåðåõîäîâ “1” → “0”. Ïîêàçàíî, ÷òî ïðÿìûå ëîãè÷åñêèå 
ïåðåõîäû “0” → “1” ìîæíî ýôôåêòèâíî ðåàëèçîâàòü ñ ïîìîùüþ óïðàâëÿþùèõ èìïóëüñîâ 
ìàãíèòíîãî ïîòîêà, à ïåðåõîäû “1” → “0” – óïðàâëÿþùèõ èìïóëüñîâ òîêà. Ðàññ÷èòàíû ïå-
ðåõîäíûå õàðàêòåðèñòèêè êðèîòðîíîâ âî âðåìÿ ïðÿìûõ è îáðàòíûõ ëîãè÷åñêèõ ïåðåõîäîâ. 

Êëþ÷åâûå ñëîâà: ÑÊÂÈÄ, êâàíòîâàÿ ÿ÷åéêà ïàìÿòè, äæîçåôñîíîâñêèé êðèîòðîí, ïåðå-
õîäíàÿ õàðàêòåðèñòèêà, ëîãè÷åñêèé ïåðåõîä, ñâåðõïðîâîäÿùèé èíòåðôåðîìåòð 
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Microsystem With Fluidic and Optical Interface for 
Inline Measurement of CO

2
 in Oil Fields 

Tavernier, E.   Sellier, J.   Marty, F.   Tabeling, P.   
Bourouina, T.   

On page(s): 430-434 

Abstract 
Motivated by the need for inline measurements in natu-
ral gas and oil exploitation, we developed a microfluidic 
system which is suitable for chemical measurements by 
optical methods. It consists of a microfluidic system al-
lowing the separation of gas and liquid phases so that gas 
can be optically analyzed. This system takes advantage of 
surface tension effects in tiny microchannels. The appli-
cation is the measurement of carbon dioxide (CO

2
) con-

centration by evaluating absorption of infrared light at 
a wavelength of 4.24 μm. Measurements have been suc-
cessfully performed in the 0-70 bars pressure range. 

Micro Air Bearing for a Microturbine 
Qide Zhang   Xuechuan Shan   

On page(s): 435-440 

Abstract 
The dynamic characteristics of air bearings for microsys-
tems are investigated. Micro air bearings investigated in 
this paper include journal and thrust air bearings. The 
dynamic thrust air bearing employs spiral groove con-
figuration, and the dynamic journal air bearing is formed 
by a plain circular trench with a short journal length of L, 
a diameter of D, and a narrow radial clearance of C. The 
optimum values of the bearing system are explored and 
presented in terms of maximum load carrying capacity. 
Stability analysis shows that motion stability and load ca-
pacity impose contradictive requirements on the groove 
pattern of the thrust bearing. Shock tolerance analysis 
shows that the shock tolerance of the air bearing system 
increases with the bearing number, rotational speed, 
bearing aspect ratio of L/D, and initial equilibrium ec-
centricity ratio ε

0
. A prototype of the turbine device has 

been realized using the recommended bearing configu-
rations. The primary tests of the prototypes demonstrate 
that a stable operation of 15 000 rpm has been achieved. 

Nanofluidics: Systems and Applications 
Prakash, S.   Piruska, A.   Gatimu, E.N.   Bohn, P.W.   
Sweedler, J.V.   Shannon, M.A.   

On page(s): 441-450 

Abstract 
Nanofluidics presents growing and exciting opportuni-
ties for conducting fundamental studies for processes and 
systems that govern molecular-scale operations in sci-
ence and engineering. In addition, nanofluidics provides 
a rapidly growing platform for developing new systems 
and technologies for an ever-growing list of applications. 
This review presents a summary of the transport phe-
nomena in nanofluidics with a focus on several systems 
and applications important to problems of public health 
and welfare. Special emphasis is afforded to the role of 
the electric double layer and the molecular-scale inter-
actions that occur within confined nanoscale systems. 

Temperature Insensitive Refractometer Using Core and 
Cladding Modes in Open-Top Ridge Waveguide 
Xiaoli Dai   Walker, R.B.   Mihailov, S.J.   Chengkun 
Chen   Blanchetiere, C.   Callender, C.L.   Albert, J.   

On page(s): 451-456 

Abstract 
In order to overcome the well-known limitation of tem-
perature instability in Bragg grating waveguide sensors, 
a temperature insensitive open-top ridge waveguide re-
fractometer is developed by using a cladding mode reso-
nance as a temperature reference. The relative shift of 
the core mode resonance to cladding mode resonance is 
used to measure the refractive index of substances under 
test. Specifically, the device fabricated here produces a 
relative resonance shift of 1 pm for every 5×10-4 of meas-
ured index change, with a temperature sensitivity ~ 0.5 
pm/°C. 
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Microchannel-Based Refractive Index Sensors 
Monolithically Integrated With Silica Waveguides: 
Structures and Sensitivities 
Dumais, P.   Callender, C.L.   Noad, J.P.   
Ledderhof, C.J.   

On page(s): 457-464 

Abstract 
Refractive index sensors using self-forming microchan-
nels embedded in borophosphosilicate glass and mono-
lithically integrated with silica waveguides are presented. 
Fabricated devices presented include solid-core and liq-
uid-core directional couplers, liquid-core modal inter-
ferometers, Mach-Zehnder interferometers, segmented 
waveguides, and microchannel grating devices. Sensitiv-
ities of these devices are calculated and compared with 
each other and to other well-known devices. Experimen-
tal characterizations show that the performance of fabri-
cated devices agrees well with calculations. 

Fabrication of PDMS-Based Nitrite Sensors Using 
Teflon AF Coating Microchannels 
Chih-Wei Wu   Gwo-Ching Gong   

On page(s): 465-469 

Abstract 
This study shows a novel polydimethylsiloxane (PDMS) 
nitrite sensor using liquid-core waveguide techniques. A 
6 cm straight and Teflon AF 1601S coated PDMS mi-
crochannel (600 μm width and depth) replicated from a 
SU-8 master and sealed with a glass slide with the same 
coating. This formed a low index of refraction channel in 
which a high index aqueous solution was flowed. Light 
generated by a fiber-coupled tungsten halogen lamp 
propagated by total internal reflection to the end of the 
channel where the light was detected using a palm-size 
CCD array spectrometer. The result shows a dramatic 
difference between channels with and without a Teflon 
coating. The absorbance response of this sensor varies 
linearly with concentration and adheres to Beer's law. 
Moreover, calculations of absorbance using this sensor 
are in excellent agreement with a commercial spectrom-
eter. This innovative technique provides a potentially 
low-cost and high efficient approach to fill the inspection 
technology gap between in situ and laboratory analyses. 
It is believed that the novel PDMS-based nitrite sensor is 
expected to give an impact to the aqueous inspection and 
to create a highly value-added technology in optical test 
and measurement industry. 

Out-of-Plane Microtube Arrays for Biomedical Sensors 
Using Vapor-Liquid-Solid Growth Method 
Takei, K.   Kawashima, T.   Sawada, K.   Ishida, M.   

On page(s): 470-475 

Abstract 
This paper reports on a novel technique for realizing sub-
micron and micron diameter SiO

2
 tubes on a Si substrate 

for biomedical applications such as, for example, patch 
clamps. The tube arrays have been successfully fabricated 
on Si substrates using a selective vapor-liquid-solid (VLS) 
growth method combined with MEMS techniques. The 
size of the tubes is typically between 0.2 μm and 2 μm 
in diameter and from 8 μm to 40 μm in length. The di-
mensions are controlled by the diameter of a Au pattern 
and the VLS growth time. The tubes were coated with 
parylene, a biocompatible material, which makes them 
stronger. The diameter is such that the array can be used 
in biomedical applications where insertion of the tubes 
into tissue is minimally invasive. Water flow experiments 
through the tubes were carried out successfully without 
the tubes breaking. 

Fast PCR Thermal Cycling Device 
Grover, J.   Juncosa, R.D.   Stoffel, N.   Boysel, M.   
Brooks, A.I.   McLoughlin, M.P.   Robbins, D.W.   

On page(s): 476-487 

Abstract 
A novel flow-through device for performing fast PCR 
thermal cycling is presented. The thermal gradient ther-
mal cycling device is comprised of layers of highly ther-
mally conducting material separated by insulating layers. 
Channels etched in the conducting and insulating layers 
create one continuous path through the device. When the 
device is held between platens at different temperatures 
and PCR sample mix is pumped through it, every fluid 
particle undergoes the time-temperature protocol nec-
essary for PCR but with a temperature change rate not 
possible with conventional cyclers. Ultrafast thermal cy-
cling makes it ideal for bio-defense applications, such as 
the instantaneous bio-aerosol agent identification system 
under development for the Department of Homeland Se-
curity. Its compact size and simplicity of use make it a 
natural choice for diagnostics, forensics, food and water 
testing and other DNA testing applications. Herein we 
describe the design and fabrication of the device devel-
oped for IBADS and the subsequent performance with 
various assays using plasmid and genomic template DNA. 
Performance under some circumstances was exceptional: 
Amplification rates of up to two decades per minute were 
recorded and total amplification of up to eight decades in 
30 cycles was seen. We discuss how to optimize the per-
formance of a device that pushes PCR to its fundamental 
limits and review a wide variety of performance data. 
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Development of an Electroosmotic Pump Using 
Nanosilica Particle Packed Capillary 
Lingxin Chen   Qingling Li   Sangyeop Lee   Jaebum 
Choo   

On page(s): 488-494 

Abstract 
High-pressure electroosmotic pumps (EOPs) operate 
on the principle that electroosmotic flow (EOF) can be 
generated through a packed-bed capillary by applying an 
electric field through it. In this paper, a novel packed-bed 
EOP design using nanosilica particles is described. The 
packed-bed capillary was fabricated using a capillary of 5 
cm x 530 μm i.d. close packed with silica particles hav-
ing an average particle size of 20-30 nm. The flow rates, 
pressures and pressure/flow rate (P-Q)characteristics, 
electric properties of the pump and the influence of 
phosphate buffer concentration on the pump were care-
fully studied. By increasing the pressure, decreasing the 
applied voltage, and the electric current, the thermody-
namic efficiency was about 1%-2% for inorganic buffers 
and 3%-5% for organic solvents or their mixture without 
ions. 

A Flexible Piezoelectric Sensor for Microfluidic 
Applications Using Polyvinylidene Fluoride 
Wen-Yang Chang   Chun-Hsun Chu   Yu-Cheng Lin   

On page(s): 495-500 

Abstract 
A flexible technology for microfluidic applications using 
piezoelectric polyvinylidene fluoride (PVDF) and poly-
dimethylsiloxane (PDMS) was developed. The flexible 
piezoelectric PVDF detects the flow rates and impulse 
pressure signal using piezoelectric characteristics. This 
study uses microelectromechanical systems (MEMS) 
technology to fabricate the sensing patterns on PVDF 
sheets, designs a molding transfer to form the micro-
fluidic channels of the PDMS, and integrates them to-
gether. Experimental results show that PVDF films has 
good piezoelectricity at stretching ratio of 4, the flow 
rates ranged from 100 to 450 mL/min at dynamic con-
trolling sensing, the miniature curvature radius is about 
3 cm, and the cross section of the flexible microchannels 
is about 200 × 200 μm2. The feasibility studies show that 
molding transfer is an appropriate low-cost technology 
for fabricating the flexible piezoelectric channels. The 
PVDF can be easily manufactured using MEMS process 
because it has a good mechanical strength and electro-
chemical stability in polymers. 

Phase Detection of the Two-Port FPW Sensor for 
Biosensing 
Wen-Yang Chang   Po-Hsun Sung   Chun-Hsun Chu   
Ching-Jui Shih   Yu-Cheng Lin   

On page(s): 501-507 

Abstract 
This study reports the phase detection of the two-port 
flexural plate wave (FPW) sensor for designing and in-
tegrating the miniature system and provides a compre-
hensive methodology for portable using in the biosensor 
applications of severe acute respiratory syndrome coro-
navirus (SARS-CoV). The miniature system mainly uti-
lizes the concept of the frequency divider that involves a 
divider, a time-based oscillator and a gate to reduce the 
high frequency, and the FPW sensor is fabricated using 
microelectromechanical systems (MEMS) technologies 
for producing a potable biosensing detector. The results 
demonstrate that the insertion loss decreased about -
1.15% dB/°C, and the phase delay was about 2.05°/(1000 
cP). The phaseshift resolution was about 10 mV per de-
gree, and the original frequency of 4.2 MHz was divided 
by 100 to reduce the frequency to 42 kHz. The SARS-
CoV could be detected via the S protein binds to the 
human angiotensin-converting enzyme 2 (hACE2) as a 
functional receptor, which would cause the phase delay 
due to the combining of the antibody with the antigen. 
Therefore, the feasibility studies provide the information 
that phase detection is an appropriate low-cost technol-
ogy via frequency divider for fabricating of the miniature 
biosensors. 

An Autonomous Microfluidic Sensor for Phosphate: On-
Site Analysis of Treated Wastewater 
Cleary, J.   Slater, C.   McGraw, C.   Diamond, D.   

On page(s): 508-515 

Abstract 
A microfluidic sensor for long-term monitoring of phos-
phate levels has been developed that incorporates sam-
pling, reagent and waste storage, detection, and wireless 
communication into a compact and portable device. The 
sensor is based on the yellow method for phosphate de-
termination, a simple colorimetric technique involving 
the formation of vanadomolybdophosphoric acid when 
a phosphate-containing sample is mixed with an acidic 
reagent containing ammonium molybdate and ammo-
nium meta-vanadate. This paper describes the applica-
tion of the phosphate sensor to the on-site analysis of 
effluent from a wastewater treatment plant. The data was 
validated by comparison with the plant’s existing online 
monitor, and a good correlation between the two sets of 
data was achieved, showing that the phosphate sensor is 
capable of operating satisfactorily at low mg L-1 levels 
over extended periods of time. 
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Resistivity Measurement of a Small-Volume Sample 
Using Two Planar Disc Electrodes and a New Geometric 
Factor 
Yoke-Lin Tan   Chee-Earn Chong   

On page(s): 516-521 

Abstract 
In this work, we derive a new geometric factor in ob-
late spheroidal coordinates for conductivity or resistiv-
ity measurements using two planar disc electrodes based 
on the electromagnetic field theory and neglecting the 
electrode polarization effects. The experiments were 
conducted on saline solutions contained in a grounded 
metallic bath to validate the obtained values of the de-
rived geometric factor. The effect of the polarization im-
pedance at the electrodes is found to be negligible when 
using relatively nonpolarizable silver-silver chloride 
electrodes at a frequency of 3 kHz. Our experimental 
results also show that the resistivity values determined 
using both the new geometric factor and a commercial 
conductivity meter are in good agreement for small elec-
trode radius, interelectrode spacing and depth of sam-
ple, therefore making it a promising technique for ap-
plications in microfluidics devices. The effects of current 
density and temperature on the measurement results are 
also presented. 

Electrochemical Multiphase Microreactor as Fast, 
Selective, and Portable Chemical Sensor of Trace Toxic 
Vapors 
Ilwhan Oh   Monty, C.N.   Masel, R.I.   

On page(s): 522-526 

Abstract 
A novel type of gas chemical sensor is fabricated by com-
bining microfabrication techniques and electrochemical 
transducer. The microchannel sensor we built is com-
posed of liquid/gas microchannels separated by a nanop-
orous membrane. When oxime chemistry is adapted into 
it, the microchannel sensor gives response of hundreds 
of mV to trace vapor (10 ppb) of acetylcholine simulant 
within s. Double microchannel design further reduces 
potential drift and simplifies the sensor setup. 

A Polymer Microfluidic Chip With Interdigitated 
Electrodes Arrays for Simultaneous Dielectrophoretic 
Manipulation and Impedimetric Detection of 
Microparticles 
Zhiwei Zou   Soohyun Lee   Ahn, C.H.   

On page(s): 527-535 

Abstract 
This paper presents the design, fabrication, and char-
acterization of a polymer microfluidic biochip with in-

tegrated interdigitated electrodes arrays (IDAs) used to 
simultaneously separate, manipulate, and detect mi-
croparticles using dielectrophoresis (DEP) and electro-
chemical impedance spectroscopy (EIS) methods. The 
DEP response of silica microspheres has been character-
ized, and microspheres of different sizes (1.8 and 3.5 in 
diameter) have been DEP flow separated and individu-
ally trapped in different microchambers by IDAs in a sin-
gle run. Simultaneously, the impedance change caused 
by microspheres captured on IDAs has been analyzed for 
quantification. High-throughput polymer microfabrica-
tion techniques such as micro injection molding were 
used in this work, so that the polymer microfluidic chip 
can be produced in a low-cost, disposable platform. This 
low-cost microfluidic chip provides a generic platform 
for developing multifunctional lab-on-a-chip devices 
that require the ability to handle and sense microparti-
cles. 

An Integrated Optofluidic Platform for DNA 
Hybridization and Detection 
Brennan, D.   Lambkin, P.   Moore, E.J.   Galvin, P.   

On page(s): 536-542 

Abstract 
There has been extensive research into micro total analy-
sis systems (micro-TAS) and lab-on-a-chip research due 
to the benefits of increased sample throughput, reduced 
sample consumption, and rapid analysis times. The in-
tegration of low-cost fluidic and optical components 
offers the possibility of complex systems with increased 
functionality on a single detection platform. For the de-
velopment of an integrated optofluidic system for DNA 
hybridization, the key areas are optical/fluidic integra-
tion and the efficiency of surface chemistry integration 
within the system. The impact of fluidic parameters such 
as flow rate, channel height, and time on hybridization 
performance is to optimize detection performance over 
conventional assay (microtiter plate formats). The use of 
a passive waveguide device means DNA binding events 
can be monitored using fluorescence excitation or re-
fractive index measurement. The integration of the three 
areas is enhanced by the robustness of the waveguide ma-
terial (oxide, nitride), enabling chemical functionaliza-
tion by initial silanization followed by addition of a linker 
molecule 1,4 phenylene diisothiocyanate (PDITC) for 
covalent immobilization of DNA probes together with 
the possibility to define microfluidics on the waveguide 
substrate using standard SU8 photolithography. The flu-
idic design requires 240 nl of analyte to fill the integrated 
optofluidic system. Here, we report the novel integration 
and optimization of a covalent surface chemistry with 
microfluidic channels for fluidic delivery, and a stand-
ard resonant mirror (RM) waveguide detection platform. 
The optofluidic detection platform was tested using fluo-
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rescence and refractive index to monitor binding events 
between target and probe DNA. We describe the detec-
tion system, using simulations to explain the response 
to changes in refractive index and outline a method for 
covalent attachment of DNA probes surface chemistry 
protocol to immobilize probe DNA on the sensor surface 
and the o- — ptimization of fluidic design, achieving pM 
detection limit. We highlight the benefit of optimizing 
the fluidic component and its benefit in hybridization ef-
ficiency an approach often overlooked in sensor design 
and performance. 

Symmetrical PolyMUMPs-Based Piezoresistive 
Microcantilever Sensors With On-Chip Temperature 
Compensation for Microfluidics Applications 
Tuantranont, A.   Lomas, T.   Jaruwongrungsee, K.   
Jomphoak, A.   Wisitsoraat, A.   

On page(s): 543-547 

Abstract 
Microelectromechanical systems (MEMS)-based can-
tilever beam sensors for microfluidics applications with 
on-chip temperature sensors for temperature drift com-
pensation were developed. The stress induced on gold 
surface with polysilicon piezoresistive sensing is dem-
onstrated. In principle, adsorption of biochemical spe-
cies on a functionalized surface of the microfabricated 
cantilever will cause surface stress and, consequently, 
cantilever bending. The sensing mechanism relies on 
the piezoresistive properties of the doped polysilicon 
wire encapsulated in the beam. The beam is constructed 
through multiusers MEMS Process (PolyMUMPs) foun-
dry with postprocessing silicon etching. Bending analy-
sis is performed so that the beam tip deflection can be 
predicted. The piezoresistor designs on the beams were 
varied, within certain constraints, so that the sensitivity 
of the sensing technique could be measured by external 
read-out circuit. The mass detection of 0.0058-0.0110 
g is measured by the beam resistor series as a balanced 
Wheatstone bridge configuration. The voltage output of 
the bridge is directly proportional to the amount of bend-
ing in the MEMS cantilever. The temperature depend-
ency and sensor performance have been characterized in 
experiments. Compensation by resisters on the substrate 
significantly reduces the temperature dependence. 

Integrated 3-D Silicon Electrodes for Electrochemical 
Sensing in Microfluidic Environments: Application to 
Single-Cell Characterization 
Senez, V.   Lennon, E.   Ostrovidov, S.   Yamamoto, T.   
Fujita, H.   Sakai, Y.   Fujii, T.   

On page(s): 548-557 

Abstract 
A microtechnology allowing the integration of thin met-
al electrodes and three dimensional highly doped bulk 
silicon electrodes on a hybrid PDMS/glass fluidic mi-
crochip has been developed. The fabrication involved 
anodic bonding of a silicon wafer onto glass substrate, 
deep reactive ion etching of 3-D bulk silicon electrodes, 
and plasma bonding of a PDMS microfluidic structure 
on a silicon/gold/glass substrate. The devices realized 
using this technology have been used for electrical im-
pedance characterization of chemical and biological 
material. Microdevices with typical dimensions of hun-
dreds of micrometers have been fabricated and tested in 
the determination of the conductivity of NaCl solutions. 
Smaller sensors, with critical dimensions under 10 m, 
have been achieved for single-cell characterization. Hu-
man hepatocellular liver carcinoma cells have been in-
troduced in the microimpedance sensors. Measurements 
show the interfacial relaxation of the cellular membrane 
in the range. It is expected that other electrochemical 
sensors and electrokinetic actuators can benefit from this 
technology. 

A Disposable Plastic-Silicon Micro PCR Chip Using 
Flexible Printed Circuit Board Protocols and Its 
Application to Genomic DNA Amplification 
Dae-Sik Lee   Se Ho Park   Kwang Hyo Chung   Hyeon-
Bong Pyo   

On page(s): 558-564 

Abstract 
This paper describes a novel disposable and portable 
plastic-silicon polymerase chain reaction (PCR) system 
using microfabrication technologies for the realization of 
miniaturized nucleic acid analyses. The system consists 
of a polyimide-based film microheating system, embed-
ding with a microheater and a temperature sensor made 
entirely with flexible printed circuit board (FPCB) proc-
ess protocols, and a bulk-micromachined silicon reac-
tion chamber. Reduction of the thermal mass by em-
ploying a 25 μm-thick polyimide film substrate, which 
has chemical and thermal resistance suitable for photo-
lithography processes, and integration of a temperature 
sensor as well as a heater on the film facilitates rapid and 
precise temperature control. The microfabricated PCR 
chip demonstrated precise heat control and rapid ther-
mal response in the chip. In addition, the chip success-
fully amplified a genomic DNA template (breast cancer 
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suppressor gene, BRCA 1 127 base pairs), extracted from 
the human whole blood containing approximately 100 
copies in a 3 μL-volume chamber within 18 min. Thus, 
it is applicable to a portable system for precise, fast, effi-
cient and cost-effective nucleic analysis, and can be uti-
lized with microscale biochemical analysis and sensing 
systems as well. 

PCB Technology-Based Electrochemiluminescence 
Microfluidic Device for Low-Cost Portable Analytical 
Systems 
Pittet, P.   Guo-Neng Lu   Galvan, J. - M.   Ferrigno, R.   
Blum, L.J.   Leca-Bouvier, B.D.   

On page(s): 565-571 

Abstract 
This paper presents the design of two configurations 
of electrodes (“gold versus Ag/AgCl” and “gold versus 
gold”) and an electrochemiluminescence (ECL) mi-
crofluidic device fabricated in the inexpensive printed 
circuit board (PCB) technology. The PCB electrodes 
are electrochemically characterized to determine appro-
priate working potentials. The ECL microfluidic device 
with integrated PCB electrodes is tested using luminol as 
luminophore to quantify H

2
O

2
 concentrations. Synchro-

nous detection technique is implemented for weak signal 
recovery. For both PCB electrode configurations, a 100 
nM H

2
O

2
 concentration is detected and a linear range 

extending from 100 nM to 10 mM is observed with a 
photomultiplier tube. A lab-on-board compatible poten-
tiostat and a compact CMOS photodetector module are 
also designed and validated. The proposed instrumental 
approach may represent a low-cost way to develop port-
able analytical systems. 

Polymer Lab-on-a-Chip System With Electrical 
Detection 
Muhlberger, H.   Wonhee Hwang   Guber, A.E.   Saile, 
V.   Hoffmann, W.   

On page(s): 572-579 

Abstract 
Two important challenges of the rapid development of 
microfluidic chip systems are addressed in this paper: 1) 
new polymer materials and technologies for chip prepa-
ration and 2) a label-free method for analyte detection 
in microchannels. One of the general pacemakers in lab-
on-a-chip concepts, capillary electrophoresis (CE) in 
chip format, was used as workhorse for demonstration. 
CE chips were fabricated and characterized using poly-
mers such as PMMA, polystyrene and polycarbonate, 
cycloolefine copolymer, and for the first time, the out-
standing high-performance polymer polyether ether ke-
tone (PEEK). Especially for one of the most critical steps 

in microchannel preparation, bonding of the cover layer 
to the microstructured substrate, an advanced plasma 
preconditioning process has been developed. An electri-
cal detection method, capacitively coupled contactless 
conductivity measurement (CCD), was transferred to 
the chip level. A high signal-to-noise ratio was obtained 
by using sputtered thin-film electrodes. It was addition-
ally improved by the very thin channel cover layer thick-
ness, which could be easily obtained by polymer technol-
ogy. CCD was used for analyte detection near the outlet 
of the CE separation channel. Further, to demonstrate 
generally the benefit of CCD for microfluidic flow con-
trol, measurement electrodes were positioned at the CE 
chip injection cross to monitor the reliability of the so-
phisticated injection processes. A completely miniatur-
ized CE device (ldquoMinCErdquo), was developed for 
low cost application. Potential applications were dem-
onstrated on selected typical examples: for in situ food 
analysis, the determination of saccharides in beverages, 
for medical point-of-care diagnostics, the quantitative 
determination of antidepressant lithium in blood serum, 
and for bio analytics, the detection of proteinogenic 
amino acids. Biological macro molecules-in particular, 
for life sciences fundamental DNA-have not been in fo-
cus of contactless conductivity- — measurements until 
now. However, it was possible for the first time to detect 
DNA highly sensitive by conductivity measurement. The 
extremely low detection limits achieved are competitive 
with laser induced fluorescence (LIF) in commercial 
CE-chip-devices and could provide a highly cost-effi-
cient alternative. 

Enzyme-Based Electrochemical Multiphase 
Microreactor for Detection of Trace Toxic Vapors 
Monty, C.N.   Ilwhan Oh   Masel, R.I.   

On page(s): 580-586 

Abstract 
A dual microchannel device with a gas-liquid interface 
was developed for use as an amperometric biosensor for 
the detection of organophosphate chemicals based on 
acetylcholinesterase inhibition. Electric eel acetylcho-
linesterase was immobilized on the liquid microchannel 
by creating a cross-linked gel with glutaraldehyde. The 
system was tested with malathion, an organophospho-
rus pesticide. The detection limit of the sensor is in the 
parts-per-trillion range and the detection is rapid, sensi-
tive, and selective to only phosphonates. Incorporation 
of existing acetylcholinesterase biochemistry into a mi-
croscale sensor improves the sensitivity of the device by 
about an order of magnitude and the reaction speed by 
two orders of magnitude. Also, a microscale sensor al-
lows the device to be easily portable. 

Sensor Electronics and Microsystem Technologies. 1/2009
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Inline Liquid Concentration Measurement in 
Nanoliter Volume Using Fiber-Optic Low-Coherence 
Interferometry 
Tomic, M.C.   Djinovic, Z.V.   

On page(s): 587-592 

Abstract 
A method for inline measurement of composition of bi-
nary liquid mixture in a nanoliter volume is presented. 
Low-coherence interferometric technique, based on 
fiber-optic Mach-Zehnder interferometer, is applied 
for measuring the liquid refraction index, from which 
its volume fractions are found. The accuracy of volume 
fractions measurement, of about , was predominantly 
determined by the accuracy of reading the position of 
mechanical scanner. The data rate of about 1.5 Hz was 
also limited by mechanical scanning. 

Gaps and Challenges of Point-of-Care Technology 
Biehl, M.   Velten, T.   

On page(s): 593-600 

Abstract 
With point-of-care (POC) Technology being an impor-
tant and forward-looking commercial application of mi-
crofluidic analysis systems, we have investigated the gaps 
and challenges of contemporary POC technology to offer 
an orientation for future research and development-not 
solely, but also in the field of sensor technology. Prob-
lems were identified considering different points of view, 
from the manufacturer, who is anxious to bring his prod-
uct to market, and from the user, who has to struggle with 
discomfort and errors. Even if problems are mostly not 
technological in nature, some technological challenges 
further on remain. 

An On-Chip Fluorogenic Enzyme Assay Using 
a Multilayer Microchip Interconnected With a 
Nanocapillary Array Membrane 
Maojun Gong   Bo Young Kim   Flachsbart, B.R.   
Shannon, M.A.   Bohn, P.W.   Sweedler, J.V.   

On page(s): 601-607 

Abstract 
Microfluidic devices allow manipulation of reagents and 
fluids in a semi-automated fashion, ideal for performing 
multiple measurements or conditioning various reagents. 
Here, an enzyme assay has been performed in a multilay-
er poly(methyl methacrylate)-based microfluidic device, 
where the layers are fluidically connected via a nano-
capillary array membrane serving as an effective injec-
tor and valve. As a model system, β-glucuronidase from 
Escherichia coli and fluorescein di(β-D-glucuronide) 
are used for the assay; offline mixing and online incuba-

tion of substrate and enzyme allow determination of the 
initial hydrolysis rates of the substrate under catalysis by 
β-glucuronidase. The Michaelis constant K

m
 was deter-

mined to be ~4.0 μM for the enzyme of 83 units/mL at 
ambient temperature. The 50% inhibitory concentration 
IC

50
 of D-saccharic acid-1,4-lactone to 167 units/mL 

was estimated to be 3.0 μM. These results demonstrate 
added functionality for a poly(methyl methacrylate)-
based nanocapillary array membrane-containing micro-
fluidic device for following enzyme reaction kinetics. 

Integrated Multisensor for FIA-Based Electronic Tongue 
Applications 
Moreno i Codinachs, L.   Baldi, A.   Merlos, A.   
Abramova, N.   Ipatov, A.   Jimenez-Jorquera, C.   
Bratov, A.   

On page(s): 608-615 

Abstract 
The design, fabrication, and application of a monolithi-
cally integrated array of chemical sensors is presented. 
The multisensor chip includes six independent ion se-
lective field effect transistors (ISFETs), a pair of inter-
digitated platinum electrodes, and a diode temperature 
sensor. Simultaneous polarization of multiple ISFETs is 
enabled by electrical isolation of the devices using two 
different approaches: by trenches and by p-n junction. 
The degradation of ISFET parameters by the fabrication 
steps of the interdigitated electrodes has been also stud-
ied and solutions consisting of additional annealing steps 
proposed. The multisensor chip has been assembled 
within a flow cell and applied as an electronic tongue to 
the measurement of bottled drinking water. Sensitivity to 
different ions has been achieved by deposition of organic 
membranes on top of the ISFET devices. Discrimina-
tion of different commercial waters by means of principal 
component analysis (PCA) of the data is demonstrated. 

Fabrication and Characterization of Multilayer 
Amorphous Carbon Films for Microcantilever Devices 
Teo, E.H.T.   Chua, D.H.C.   Lim, L.T.W.   O’Shea, S.   
Miao, J.M.   Beng Kang Tay   

On page(s): 616-620 

Abstract 
Various multilayer amorphous carbon films were prepared 
by a double bend filtered cathodic vacuum arc system in 
conjunction with a substrate voltage pulse bias generator. 
The internal structure of the multilayer films consisted 
of equal layers of high content (80%) films interspaced 
periodically (and uniformly) between layers of moderate 
content (60%) films. The modulation of the multilayer 
films was systematically varied so as to achieve films of 
different internal composition for comparative stud-
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ies. The set of films were further annealed for thermal 
stability measurements. Properties measured included 
reduced modulus and stress. Free-standing microcanti-
levers have also been subsequently fabricated using the 
various different types of multilayer film using standard 
lithography and wet etching. The resonance frequencies 
of the microcantilevers were then measured by a vacuum 
laser vibrometer setup. 

A Polarization Isolation Method for High-Sensitivity, 
Low-Cost On-Chip Fluorescence Detection for 
Microfluidic Lab-on-a-Chip 
Banerjee, A.   Pais, A.   Papautsky, I.   Klotzkin, D.   

On page(s): 621-627 

Abstract 
The trend in medical equipment is toward compact and 
integrated low-cost medical test devices. Fluorescence-
based assays are used to identify specific pathogens 
through the presence of dyes, but typically require spe-
cialized microscopes and narrowband optical filters to 
extract information. We present a novel, high-sensitivity, 
cost-effective, cross-polarization scheme to filter out ex-
citation light from a fluorescent dye emission spectrum. 
This concept is demonstrated using an inverted micro-
scope fitted with a halide lamp as the excitation source 
and an organic photo voltaic (organic photodiode) cell 
as the intensity detector. The excitation light is linearly 
polarized and used to illuminate a microfluidic device 
containing a 1 volume of dye dissolved in ethanol. The 
detector is shielded by a second polarizer, oriented or-
thogonally to the excitation light, thus reducing the 
magnitude of the detector photocurrent by about 25 dB. 
The signal due to fluorescence emission light, which is 
randomly polarized, is only attenuated by about 3 dB. As 
proof-of-principle, the fluorescence signal from the dyes 
Rhodamine 6G (emission wavelength of 570 nm) and 
Fluorescein (emission wavelength 514 nm) are measured 
in a dilution series with resulting emission signal being 
detected by an organic photodiode. Both dyes were de-
tectable down to concentrations of 10 nM. This suggests 
that an integrated microfluidic device, with an organic 
photodiode and an organic light emitting excitation 
source and integrated polarizers, could be fabricated to 
realize compact and economical lab-on-a-chip devices 
for point-of-care diagnostics and on-site analysis. 

Integrated Optical Sensor in a Digital Microfluidic 
Platform 
Lin Luan   Evans, R.D.   Jokerst, N.M.   Fair, R.B.   

On page(s): 628-635 

Abstract 
The advent of digital microfluidic lab-on-a-chip (LoC) 
technology offers a platform for developing diagnostic 
applications with the advantages of portability, increased 
automation, low-power consumption, compatibility with 
mass manufacturing, and high throughput. However, 
most digital microfluidic platforms incorporate limited 
optical capabilities (e.g., optical transmission) for inte-
grated sensing, because more complex optical functions 
are difficult to integrate into the digital microfluidic plat-
form. This follows since the sensor must be compatible 
with the hydrophobic surfaces on which electrowetting 
liquid transport occurs. With the emergence of hetero-
geneous photonic component integration technologies 
such as those described herein, the opportunity for in-
tegrating advanced photonic components has expanded 
considerably. Many diagnostic applications could ben-
efit from the integration of more advanced miniaturized 
optical sensing technologies, such as index of refraction 
sensors (surface plasmon resonance sensors, microreso-
nator sensors, etc.). The advent of these heterogeneous 
integration technologies, that enable the integration of 
thin-film semiconductor devices onto arbitrary host sub-
strates, enables more complex optical functions, and in 
particular, planar optical systems, to be integrated into 
microfluidic systems. This paper presents an integrated 
optical sensor based upon the heterogeneous integration 
of an InGaAs-based thin-film photodetector with a dig-
ital microfluidic system. This demonstration of the het-
erogeneous integration and operation of an active optical 
thin-film device with a digital microfluidic system is the 
first step toward the heterogeneous integration of entire 
planar optical sensing systems on this platform. 

Sensor Electronics and Microsystem Technologies. 1/2009
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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. Ìàòåð³àëè äëÿ ñåíñîð³â
9. Òåõíîëîã³ÿ âèðîáíèöòâà ñåíñîð³â
10. Ñåíñîðè òà ³íôîðìàö³éí³ ñèñòåìè
11. Ì³êðîñèñòåìí³ òà íàíî- òåõíîëîã³¿ (MST, 

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

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, ðîñ³éñüêîþ ÷è àíã-
ë³éñüêîþ ìîâîþ ³ ñóïðîâîäæóâàòèñÿ ôàéëàìè 
òåêñòó ³ ìàëþíê³â íà äèñêåò³. Åëåêòðîííà êîï³ÿ 
ìîæå áóòè íàä³ñëàíà åëåêòðîííîþ ïîøòîþ.

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

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

Ðóêîïèñè íàäñèëàòè çà àäðåñîþ:
Ëåï³õ ßðîñëàâ ²ëë³÷, Çàì. ãîë. Ðåäàêòîðà, 
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.

E-mail: semst-journal@onu.edu.ua, 
semst-journal@ukr.net

http://www.semst.onu.edu.ua

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¿: åêñïåð-
òíèì 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, 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-
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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: 

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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