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Â ðîáîò³ çàïðîïîíîâàíî àêóñòîåëåêòðîííèé ñåíñîð òèïó ï’ºçîåëåêòðèê-íàï³âïðîâ³äíèê. 
Åêñïåðèìåíòàëüíî ïîêàçàíî, ùî ðåçîíàíñí³ ÷àñòîòè òàêî¿ ñòðóêòóðè çìåíøóþòüñÿ ç³ çá³ëü-
øåííÿì êîíöåíòðàö³¿ íîñ³¿â çàðÿäó â íàï³âïðîâ³äíèêîâîìó øàð³. Ñïîñòåðåæóâàíèé åôåêò 
îáóìîâëåíèé âçàºìîä³ºþ ì³æ íîñ³ÿìè çàðÿäó òà ï’ºçîåëåêòðè÷íèìè ïîëÿìè íà ìåæ³ ïîä³ëó 
ï’ºçîåëåêòðèê-íàï³âïðîâ³äíèê. Çà äîïîìîãîþ âàð³àö³éíîãî ìåòîäó Ðåëåÿ-Ð³òöà ïðîâåäåíî 
òåîðåòè÷í³ ðîçðàõóíêè ïîâåðõíåâèõ ðîçïîä³ë³â ïðóæíèõ òà ï’ºçîåëåêòðè÷íèõ ïîë³â äëÿ äå-
ÿêèõ âëàñíèõ ÷àñòîò òðèâèì³ðíîãî ï’ºçîåëåêòðè÷íîãî øàðó LiNbO

3
, ÿêèé ìîæå áóòè âèêî-

ðèñòàíèé ó òàêîìó ñåíñîð³. 

Êëþ÷îâ³ ñëîâà: àêóñòîåëåêòðîííèé ñåíñîð, ï’ºçîåëåêòðè÷íèé ðåçîíàòîð, ñòðóêòóðà ï’ºçî-
åëåêòðèê-íàï³âïðîâ³äíèê, í³îáàò ë³ò³þ. 

Abstract 

ACOUSTOLECTRONIC SENSORS BASED ON LITHIUM NIOBATE RESONATORS 

V. V. Kurylyuk, A. M.Gorb, O. I. Polovina, O. A. Korotchenkov 

An acoustoelectronic sensor based on piezoelectric-semiconductor hybrid structure have been 
proposed in this study. The resonant frequencies of such a structure have been experimentally shown 
to decrease as the conductivity of a semiconductor layer increases. The effect observed is due to 
an interaction between charge carriers and piezoelectric fields at the piezoelectric-semiconductor 
interface. The surface distributions of both elastic and piezoelectric fields have been theoretically 
calculated by using the Rayleigh-Ritz variational method for some eigenfrequencies of a 3D LiNbO

3
 

piezoelectric layer. 

Keywords: acoustoelectric sensor, piezoelectric resonator, piezoelectric-semiconductor struc-
ture, lithium niobate 
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Àêóñòîåëåêòðîíí³ ñåíñîðè º øèðîêî âæè-
âàíèìè ïðèëàäàìè äëÿ êîíòðîëþ ô³çè÷íèõ òà 
õ³ì³÷íèõ ïàðàìåòð³â îòî÷óþ÷îãî ñåðåäîâèùà. 
×óòëèâ³ñòü òàêèõ ñåíñîð³â, ùî âèãîòîâëÿþòü-
ñÿ, ÿê ïðàâèëî, ³ç êâàðöó, í³îáàòó ÷è òàíòàëà-
òó ë³ò³þ, çàëåæèòü â³ä çì³íè øâèäêîñò³ ïîâåð-
õíåâèõ õâèëü ï³ä âïëèâîì çîâí³øí³õ ôàêòîð³â 
[1]. ²íøèì òèïîì àêóñòîåëåêòðîííèõ ñåíñî-
ð³â º ñåíñîðè íà ñòîÿ÷èõ àêóñòè÷íèõ õâèëÿõ 
[2]. Ïðèíöèï ¿õ ä³¿ áàçóºòüñÿ íà çàëåæíîñò³ 
ðåçîíàíñíî¿ ÷àñòîòè ñòðóêòóðè â³ä àêóñòè÷-
íèõ òà åëåêòðè÷íèõ âëàñòèâîñòåé íàâêîëèø-
íüîãî ñåðåäîâèùà [3]. Çàâäÿêè âåëèê³é ÷óò-
ëèâîñò³ äî ìàñîâèõ íàâàíòàæåíü, âïåðøå òàê³ 
ñåíñîðè âèêîðèñòîâóâàëèñü äëÿ êîíòðîëþ 
øâèäêîñò³ îñàäó ìåòàëó ó âàêóóìíèõ óñòàíî-
âêàõ [4]. Ñåíñîðè íà ñòîÿ÷èõ õâèëÿõ ñëóãóþòü 
òàêîæ äàò÷èêàìè òèñêó [5], à ÷åðåç íåïîãàíó 
÷óòëèâ³ñòü äî íàÿâíî¿ íà ïîâåðõí³ ðåçîíàòîðà 
ð³äèíè âîíè º êàíäèäàòîì íà ñòâîðåííÿ á³î-
ñåíñîð³â [6]. 

Ï’ºçîåëåêòðè÷í³ åëåìåíòè, ùî ïðàöþþòü â 
ðåæèì³ ñòîÿ÷èõ õâèëü ìîæóòü òàêîæ óñï³øíî 
âèêîðèñòîâóâàòèñü â ñòðóêòóðàõ òèïó ï’ºçî-
åëåêòðèê — íàï³âïðîâ³äíèê, äå â³äáóâàºòüñÿ 
âçàºìîä³ÿ íîñ³¿â çàðÿäó íàï³âïðîâ³äíèêà ³ç çî-
âí³øí³ìè ï’ºçîåëåêòðè÷íèìè ïîëÿìè, ñòâîðå-
íèìè ï’ºçîåëåêòðè÷íèì ïåðåòâîðþâà÷åì [7]. 
Îêð³ì äæåðåëà ï’ºçîåëåêòðè÷íèõ ïîë³â, âêà-
çàí³ ðåçîíàòîðè ìîæóòü âèêîíóâàòè ðîëü äà-
ò÷èê³â ñòàíó íàï³âïðîâ³äíèêîâî¿ ïë³âêè. Çì³-
íà ïàðàìåòð³â íàï³âïðîâ³äíèêà (íàïðèêëàä, 
êîíöåíòðàö³¿ íîñ³¿â çàðÿäó) ïðèçâåäå äî çì³íè 
óìîâ íà ãðàíèö³ ïîä³ëó ï’ºçîåëåêòðèê — íà-
ï³âïðîâ³äíèê, ùî â ñâîþ ÷åðãó âïëèíå íà ïà-

ðàìåòðè ðåçîíàòîðà, òîáòî íà éîãî ðåçîíàíñí³ 
÷àñòîòè òà ïðîñòîðîâ³ ðîçïîä³ëè ï’ºçîåëåêòðè-
÷íèõ ³ ïðóæíèõ ïîë³â. Òåîðåòè÷íå äîñë³äæåí-
íÿ âïëèâó çì³íè ãðàíè÷íèõ óìîâ íà ðîçïîä³ëè 
ï’ºçîåëåêòðè÷íèõ ïîë³â ðàí³øå áóëî ïðîâåäå-
íå ëèøå äëÿ îäíîâèì³ðíîãî âèïàäêó [8]. Äëÿ 
âèïàäêó òðèâèì³ðíèõ êîëèâàíü ðåçîíàòîðà 
ðîçðàõóíîê ðîçïîä³ë³â ï’ºçîåëåêòðè÷íèõ òà 
ïðóæíèõ ïîë³â º ñêëàäíîþ çàäà÷åþ, ÿêó ìî-
æíà ðîçâ’ÿçàòè ëèøå íàáëèæåíèìè ìåòîäàìè 
(ìåòîä ñê³í÷åííèõ åëåìåíò³â [9], âàð³àö³éíèé 
ìåòîä Ðåëåÿ –Ð³òöà [10]). 

Â äàí³é ðîáîò³ äîñë³äæóâàëèñü àêóñòîåëåêò-
ðîíí³ âëàñòèâîñò³ ïëàñòèí-ðåçîíàòîð³â í³îáàòó 
ë³ò³þ Y — 128° — ïîâåðíóòîãî çð³çó. Ïðîâåäå-
íî òåîðåòè÷í³ ðîçðàõóíêè ïðîñòîðîâèõ ðîç-
ïîä³ë³â ïðóæíèõ òà ï’ºçîåëåêòðè÷íèõ ïîë³â íà 
ðåçîíàíñ íèõ ÷àñòîòàõ ïëàñòèíè. Åêñïåðèìå-
íòàëüíî ïðîâîäèëèñü âèì³ðþâàííÿ çñóâó ðå-
çîíàíñíèõ ÷àñòîò ïëàñòèíè LiNbO

3
 ïðè çì³í³ 

êîíöåíòðàö³¿ íîñ³¿â çàðÿäó â íàï³âïðîâ³äíèêó, 
ùî ðîçì³ùóâàâ ñÿ íà ¿¿ ïîâåðõí³. 

Çñóâ ðåçîíàíñíèõ ÷àñòîò ïëàñòèí ðåºñòðó-
âàâñÿ çà äîïîìîãîþ âèì³ðþâàííÿ ÷àñòîòíèõ 
çàëåæíîñòåé ìîäóëÿ êîìïëåêñíî¿ ïðîâ³äíîñ-
ò³ ñòðóêòóðè ï’ºçîåëåêòðèê-íàï³âïðîâ³äíèê 
(ðèñ.1) ïðè çì³í³ êîíöåíòðàö³¿ íîñ³¿â çàðÿäó â 
íàï³âïðîâ³äíèêîâîìó øàð³ øëÿõîì îïòè÷íîãî 
îïðîì³íåííÿ. Â òàáëèö³ 1 íàâåäåíî åêñïåðèìåí-
òàëüíî âèì³ðÿí³ ðåçîíàíñí³ ÷àñòîòè ñòðóêòóðè 
ï’ºçîåëåêòðèê — íàï³âïðîâ³äíèê áåç ¿¿ îñâ³ò-
ëåííÿ òà ï³ä âïëèâîì ñâ³òëîâîãî îïðîì³íåííÿ. 

Ç îòðèìàíèõ äàíèõ âèïëèâàº, ùî àêóñòî-
åëåêòðîíí³ âëàñòèâîñò³ ïëàñòèí-ðåçîíàòîð³â 
çàëåæàòü â³ä êîíöåíòðàö³¿ íîñ³¿â çàðÿäó â íàï³â-
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Â ðàáîòå ïðåäëîæåí àêóñòîýëåêòðîííûé ñåíñîð òèïà ïüåçîýëåêòðèê-ïîëóïðîâîäíèê. 
Ýêñïåðèìåíòàëüíî ïîêàçàíî, ÷òî ðåçîíàíñíûå ÷àñòîòû òàêîé ñòðóêòóðû óìåíüøàþòñÿ ïðè 
ðîñòå êîíöåíòðàöèè íîñèòåëåé çàðÿäà â ïîëóïðîâîäíèêîâîì ñëîå. Íàáëþäàåìûé ýôôåêò 
îáóñëîâëåí âçàèìîäåéñòâèåì ìåæäó íîñèòåëÿìè çàðÿäà è ïüåçîýëåêòðè÷åñêèìè ïîëÿìè íà 
ãðàíèöå ðàçäåëà ïüåçîýëåêòðèê-ïîëóïðîâîäíèê. Ñ ïîìîùüþ âàðèàöèîííîãî ìåòîäà Ðåëåÿ-
Ðèòöà ïðîâåäåíû òåîðåòè÷åñêèå ðàñ÷åòû ïîâåðõíîñòíûõ ðàñïðåäåëåíèé óïðóãèõ è ïüåçî-
ýëåêòðè÷åñêèõ ïîëåé äëÿ íåêîòîðûõ ñîáñòâåííûõ ÷àñòîò òðåõìåðíîãî ïüåçîýëåêòðè÷åñêîãî 
ñëîÿ LiNbO

3
, êîòîðûé ìîæåò èñïîëüçîâàòüñÿ â óêàçàííîì ñåíñîðå. 

Êëþ÷åâûå ñëîâà: àêóñòîýëåêòðîííûé ñåíñîð, ïüåçîýëåêòðè÷åñêèé ðåçîíàòîð, ñòðóêòóðà 
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ïðîâ³äíèêó, çîêðåìà, ¿¿ çðîñòàííÿ ïðèçâîäèòü 
äî íèçüêî÷àñòîòíîãî çñóâó ðåçîíàíñíèõ ÷àñ-
òîò. Ñïîñòåðåæóâàíèé åôåêò ìîæíà ïîÿñíèòè 
âçàºìîä³ºþ íîñ³¿â çàðÿäó ç ï’ºçîåëåêòðè÷íèìè 
ïîëÿìè, à ñàìå — åêðàíóâàííÿì âêàçàíèõ ïî-
ë³â. Ç îãëÿäó íà öå, ïëàñòèíà-ðåçîíàòîð í³îáàòó 
ë³ò³ÿ â ñòðóêòóð³ ï’ºçîåëåêòðèê — íàï³âïðîâ³-
äíèê, îêð³ì äæåðåëà åëåêòðè÷íèõ ïîë³â, ìîæå 
âèêîíóâàòè ðîëü ñåíñîðà, ùî ðåºñòðóº çì³íè 
êîíöåíòðàö³¿ íîñ³¿â çàðÿäó â íàï³âïðîâ³äíèêó. 

Ðèñ. 1. Ñõåìà åêñïåðèìåíòó 

 Òåîðåòè÷íî ðîçðàõîâóâàëèñü ðîçïîä³ëè 
ïðóæíèõ òà ï’ºçîåëåêòðè÷íèõ ïîë³â íà áàçîâèõ 
ãðàíÿõ ðåçîíàòîðà äëÿ îêðåìèõ ðåçîíàíñíèõ 
÷àñòîò. Â ðîáîò³ âèêîðèñòîâóâàâñÿ â³äîìèé ìå-
òîä Ðåëåÿ — Ð³òöà [10] ³ç ìîäèô³êîâàíèìè áà-
çèñíèìè ôóíêö³ÿìè [11], ùî âðàõîâóþòü åôåêò 
ïðîíèêíåííÿ ï’ºçîåëåêòðè÷íèõ ïîë³â çà ìåæ³ 
ðåçîíàòîðà. Íà ðèñ. 2à — 2ã íàâåäåíî ðîçðàõî-
âàí³ ïðîñòîðîâ³ ðîçïîä³ëè êîìïîíåíò ï’ºçîåëåê-
òðè÷íîãî ïîëÿ òà ï’ºçîåëåêòðè÷íîãî ïîòåíö³-
àëó íà îäí³é ³ç áàçîâèõ XZ-ãðàíåé ðåçîíàòîðà 
í³îáàòó ë³ò³þ Y — 128° — ïîâåðíóòîãî çð³çó äëÿ 
îäí³º¿ ³ç ðåçîíàíñíèõ ÷àñòîò. Òåìí³ ä³ëÿíêè íà 
ðèñóíêàõ â³äïîâ³äàþòü ì³í³ìàëüíèì çíà÷åííÿì 
â³äïîâ³äíèõ âåëè÷èí. 

Ðîçïîä³ëè ïðóæíèõ çì³ùåíü ïî ïîâåðõí³ 
ï’ºçîåëåêòðè÷íîãî åëåìåíòà âèâ÷àëèñü íà ðå-
çîíàòîð³ í³îáàòó ë³ò³þ X-çð³çó. Òåîðåòè÷í³ ðå-
çóëüòàòè ïåðåâ³ðÿëèñü çà äîïîìîãîþ ìåòîäó 
ô³ãóð Õëàäí³, ÿê³ ÿâëÿþòü ñîáîþ ñêóï÷åííÿ 
÷àñòîê ïîðîøêó ïîáëèçó îáëàñòåé ì³í³ìàëü-
íèõ çì³ùåíü. Íà ðèñ.3 ïîð³âíþþòüñÿ ðåçóëüòà-
òè ðîçðàõóíê³â òà åêñïåðèìåíòàëüíî îòðèìàíà 
êàðòèíà ô³ãóð Õëàäí³. Íàâåäåí³ ðåçóëüòàòè çà-
ñâ³ä÷óþòü íåïîãàíå óçãîäæåííÿ òåîðåòè÷íèõ òà 
åêñïåðèìåíòàëüíèõ äàíèõ. 

à)

á)

â)
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ã)

Ðèñ. 2. Òåîðåòè÷íî ðîçðàõîâàí³ ðîçïîä³ëè êîìïî-
íåíò ï’ºçîåëåêòðè÷íîãî ïîëÿ (Ex, Ey, Ez — â³äïî-
â³äíî, ðèñ. à — â) òà ï’ºçîåëåêòðè÷íîãî ïîòåíö³àëó 
(ðèñ. ã) íà XZ-ãðàí³ ðåçîíàòîðà äëÿ ðåçîíàíñíî¿ ÷à-
ñòîòè 708.32 êÃö 

à)

á)

Ðèñ. 3. Ô³ãóðà Õëàäí³ (à) òà ðîçðàõîâàíèé ïîâåðõíå-
âèé ðîçïîä³ë ïðóæíèõ çì³ùåíü (á) íà ïîâåðõí³ ðåçî-
íàòîðà LiNbO

3
 Õ-çð³çó 

Òàêèì ÷èíîì, â ðîáîò³ çàïðîïîíîâàíî 
 àêóñòîåëåêòðîííèé ñåíñîð òèïó ï’ºçîåëåêòðè-
÷íèé ðåçîíàòîð LiNbO

3
 –íàï³âïðîâ³äíèêîâèé 

øàð. Åêñïåðèìåíòàëüíî çàðåºñòðîâàíèé çñóâ 
ðåçîíàíñíèõ ÷àñòîò òàêî¿ ñòðóêòóðè ïðè ¿¿ îñâ³ò-
ëåíí³ ìîæå áóòè ïîêëàäåíèé â îñíîâó äàò÷èêà 
çì³íè êîíöåíòðàö³¿ íîñ³¿â çàðÿäó â íàï³âïðî-
â³äíèêó. Çà äîïîìîãîþ âàð³àö³éíîãî ìåòîäó 
Ðåëåÿ-Ð³òöà ïðîâåäåíî òåîðåòè÷í³ ðîçðàõóíêè 
ïîâåðõíåâèõ ðîçïîä³ë³â ïðóæíèõ òà ï’ºçîåëåêò-
ðè÷íèõ ïîë³â äëÿ äåÿêèõ âëàñíèõ ÷àñòîò òðèâè-
ì³ðíîãî ï’ºçîåëåêòðè÷íîãî øàðó LiNbO

3
, ÿêèé 

ìîæå áóòè âèêîðèñòàíèé ó òàêîìó ñåíñîð³. 

Òàáëèöÿ 1
Ðåçîíàíñí³ ÷àñòîòè ï’ºçîðåçîíàòîðà ïðè çì³í³ ñòàíó íàï³âïðîâ³äíèêîâî¿ ïë³âêè 

f
r1

, êÃö f
r2

, êÃö f
r3

, êÃö f
r4

, êÃö

Áåç îñâ³òëåííÿ 416.27 607.32 646.63 708.32
Ïðè îñâ³òëåíí³ 415.81 606.64 644.50 706.02

Â. Â. Êóðèëþê, À. Ì. Ãîðá, Î. ². Ïîëîâèíà, Î. Î. Êîðîò÷åíêîâ
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