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Àíîòàö³ÿ. Ïðîâåäåíå åêñïåðèìåíòàëüíå ³ òåîðåòè÷íå ìîäåëþâàííÿ íåð³âíîâàæíèõ ôî-
òîåëåêòðè÷íèõ ïðîöåñ³â â äèôóç³éíèõ êðåìí³ºâèõ ñîíÿ÷íèõ åëåìåíòàõ (ÑÅ) ç íåìîíîòîí-
íèìè (ç ìàêñèìóìîì) çàëåæíîñòÿìè íàïðóãè ðîç³ìêíåíîãî êîëà OCV  â³ä åíåðãåòè÷íî¿ îñâ³-
òëåíîñò³ P

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

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

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

PHOTOELECTRIC PROCESS MODELLING IN NONOHMIC BACK CONTACT SILICON 
SOLAR CELLS 

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

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

L
 which arise in condi-

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

Ðåçóëüòàòè ïðîâåäåíèõ ó ðîáîò³ [1] åêñïåðè-
ìåíòàëüíèõ äîñë³äæåíü ïîêàçàëè, ùî â äåÿêèõ 
âèïàäêàõ çàëåæíîñò³ íàïðóãè ðîç³ìêíåíîãî 
êîëà OCV  â³ä åíåðãåòè÷íî¿ îñâ³òëåíîñò³ P

L
, îòðè-

ìàí³ íà åêñïåðèìåíòàëüíèõ çðàçêàõ êðåìí³ºâèõ 
ñîíÿ÷íèõ åëåìåíò³â (ÑÅ) äèôóç³éíî-ïîëüîâîãî 
òèïó, âèÿâëÿþòüñÿ íåìîíîòîííèìè, òîáòî âå-
ëè÷èíà OCV  ñïî÷àòêó çðîñòàº ç³ çá³ëüøåííÿì 
P

L
, ïðîõîäèòü ÷åðåç ìàêñèìóì ³ ïî÷èíàº çìåí-

øóâàòèñü. ßê ïðàâèëî, åôåêòèâí³ñòü ïðîöåñ³â 
ôîòîåëåêòðè÷íîãî ïåðåòâîðåííÿ åíåðã³¿ â òà-
êèõ àíîìàëüíèõ ÑÅ âèÿâëÿºòüñÿ á³ëüø íèçü-
êîþ, í³æ ó çðàçêàõ çâè÷àéíîãî òèïó, â ÿêèõ OCV  
ìîíîòîííî çá³ëüøóºòüñÿ ç³ çá³ëüøåííÿì P

L
 çà 

ëîãàðèôì³÷íèì çàêîíîì. 
Â ðîáîò³ [1] âèñëîâëåíå ïðèïóùåííÿ, ùî 

ìàêñèìóìè íà çàëåæíîñòÿõ ( )OC LV P  âèíèêà-
þòü â óìîâàõ, êîëè ï³ä ìåòàëåâèì åëåêòðîäîì, 
ëîêàë³çîâàíèì íà òèëîâ³é (íåîñâ³òëåíèé) ïî-
âåðõí³ ÑÅ, ³ñíóº øàð âèñíàæåííÿ àáî ³íâåðñ³¿. 
Äëÿ âñòàíîâëåííÿ ìåõàí³çì³â âïëèâó ïàðàìåò-
ð³â öüîãî øàðó íà ôîðìó çàëåæíîñòåé ( )OC LV P  
â äàí³é ðîáîò³ ïðîâåäåíå åêñïåðèìåíòàëüíå ³ 
òåîðåòè÷íå ìîäåëþâàííÿ íåð³âíîâàæíèõ ôî-
òîåëåêòðè÷íèõ ïðîöåñ³â çà äîïîìîãîþ äâîõ 

ââ³ìêíåíèõ íàçóñòð³÷ îäèí îäíîìó ÑÅ ç áëèçü-
êèìè ôîòîåëåêòðè÷íèìè ïàðàìåòðàìè, îäèí ç 
ÿêèõ ÷àñòêîâî çàò³íþâàâñÿ äëÿ ³ì³òàö³¿ âïëèâó 
íàäëèøêîâî¿ êîíöåíòðàö³¿ íåîñíîâíèõ íîñ³¿â 
çàðÿäó íà âèãèí åíåðãåòè÷íèõ çîí â ÎÏÇ ï³ä 
òèëîâèì êîíòàêòîì. 

Ìåòîäèêà åêñïåðèìåíò³â 

Åêñïåðèìåíòàëüí³ äîñë³äæåííÿ áóëè ïðîâå-
äåí³ íà äâîõ ââ³ìêíåíèõ íàçóñòð³÷ îäèí îäíîìó 
êðåìí³ºâèõ ÑÅ ç³ ñòðóêòóðîþ ð+-n-n+, ÿê³ ìàëè 
ãåîìåòðè÷í³ ðîçì³ðè 5õ5ìì2 ³ àëþì³í³ºâó êîí-
òàêòíó ìåòàë³çàö³þ. Òèëîâ³ êîíòàêòè íà öèõ ÑÅ 
áóëè ñóö³ëüíèìè, à ôðîíòàëüí³ ÿâëÿëè ñîáîþ 
ðÿä òîíêèõ øòðèõ³â, ÿê³ çàìèêàëèñÿ íà á³ëüø 
òîâñòó öåíòðàëüíó øèíó. Åì³òåðí³ ð+-îáëàñò³ 
ñòâîðþâàëèñü çà äîïîìîãîþ äèôóç³¿ áîðó. Äëÿ 
çìåíøåííÿ îïòè÷íèõ âòðàò íà ôðîíòàëüíó ïî-
âåðõíþ ÑÅ áóëî íàíåñåíå äâîøàðîâå àíòèâ³ä-
áèâàþ÷å ïîêðèòòÿ Si

3
N

4
+SiO

2
. Íà çàçíà÷åí³é 

ìîäåëüí³é çá³ðö³ ç äâîõ ÑÅ äîñë³äæóâàëèñü çà-
ëåæíîñò³ íàïðóãè ðîç³ìêíåíîãî êîëà â³ä åíå-
ðãåòè÷íî¿ îñâ³òëåíîñò³ ïðè çì³í³ îñòàííüî¿ â 
øèðîêîìó ä³àïàçîí³. Ïðè öüîìó ³ì³òàö³ÿ âïëè-
âó íà OCV  òèëîâîãî íåîì³÷íîãî êîíòàêòó çä³éñ-

well with the experimentally received results and allow to simulate ( )OC LV P  dependencies for nono-
hmic back contact silicon solar cells. 

Keywords: silicon solar cell, nonohmic back contact, photoelectric characteristics 

ÌÎÄÅËÈÐÎÂÀÍÈÅ ÔÎÒÎÝËÅÊÒÐÈ×ÅÑÊÈÕ ÏÐÎÖÅÑÑÎÂ Â ÊÐÅÌÍÈÅÂÛÕ 
ÑÎËÍÅ×ÍÛÕ ÝËÅÌÅÍÒÀÕ Ñ ÍÅÎÌÈ×ÅÑÊÈÌ ÒÛËÎÂÛÌ ÊÎÍÒÀÊÒÎÌ 

À. Ï. Ãîðáàíü, Â. Ï. Êîñòûë¸â, À. Â. Ñà÷åíêî, Â. Â. ×åðíåíêî 

Àííîòàöèÿ. Ïðîâåäåíî ýêñïåðèìåíòàëüíîå è òåîðåòè÷åñêîå ìîäåëèðîâàíèå íåðàâíîâåñ-
íûõ ôîòîýëåêòðè÷åñêèõ ïðîöåññîâ â äèôôóçèîííûõ êðåìíèåâûõ ñîëíå÷íûõ ýëåìåíòàõ (ÑÝ) 
ñ íåìîíîòîííûìè (ñ ìàêñèìóìîì) çàâèñèìîñòÿìè íàïðÿæåíèÿ õîëîñòîãî õîäà OCV  îò ýíåð-
ãåòè÷åñêîé îñâåùåííîñòè P

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

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

Êëþ÷åâûå ñëîâà: êðåìíèåâûé ñîëíå÷íûé ýëåìåíò, íåîìè÷åñêèé òûëîâîé êîíòàêò, ôîòî-
ýëåêòðè÷åñêèå õàðàêòåðèñòèêè 
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íþâàëàñü øëÿõîì çàò³íåííÿ ïîâåðõí³ îäíîãî ç 
äâîõ ÑÅ ìîäåëüíî¿ çá³ðêè çà äîïîìîãîþ íåéò-
ðàëüíèõ ô³ëüòð³â ç êîåô³ö³ºíòàìè ïðîïóñêàííÿ 
Ê = 4,5, 14,3 òà 35%, â³äïîâ³äíî. Êð³ì òîãî, íà 
êîæíîìó ÑÅ â ðåæèì³ àâòîìàòè÷íî¿ ï³äòðèì-
êè ïîñò³éíîãî ð³âíÿ åíåðãåòè÷íî¿ îñâ³òëåíîñò³ 
áóëè ïðîâåäåí³ âèì³ðþâàííÿ ñïåêòðàëüíèõ çà-
ëåæíîñòåé ñòðóìó êîðîòêîãî çàìèêàííÿ SCI  â 
ä³àïàçîí³ äîâæèí õâèëü Δλ = 400 – 1200 íì, à òà-
êîæ çàëåæíîñòåé ñòðóìó êîðîòêîãî çàìèêàííÿ 
â³ä íàïðóãè ðîç³ìêíåíîãî êîëà ln( ) ( )SC OCI f V=  
øëÿõîì çì³íè åíåðãåòè÷íî¿ îñâ³òëåíîñò³ â øè-
ðîêèõ ìåæàõ. Äëÿ âèì³ðþâàííÿ íàïðóãè ðîç³-
ìêíåíîãî êîëà âèêîðèñòîâóâàâñÿ âîëüòìåòð 
Â7-45 ç âèñîêèì çíà÷åííÿì âõ³äíîãî îïîðó, à 
åíåðãåòè÷íà îñâ³òëåí³ñòü âèçíà÷àëàñü ïî âå-
ëè÷èí³ ñòðóìó êîðîòêîãî çàìèêàííÿ àòåñòî-
âàíîãî åòàëîííîãî ÑÅ. Âèì³ðè ñïåêòðàëüíèõ 
çàëåæíîñòåé ïðîâîäèëèñü íà óñòàíîâö³ äëÿ âè-
çíà÷åííÿ â³äíîñíèõ ñïåêòðàëüíèõ õàðàêòåðèñ-
òèê ôîòîïåðåòâîðþâà÷³â â Öåíòð³ âèïðîáóâàíü 
ôîòîïåðåòâîðþâà÷³â òà áàòàðåé ôîòîåëåêòðè-
÷íèõ ²ÔÍ ³ì.Â.ª. Ëàøêàðüîâà ÍÀÍ Óêðà¿íè, 
àòåñòîâàíîìó îðãàíàìè Äåðæñïîæèâñòàíäàðòó 
Óêðà¿íè. 

Ðåçóëüòàòè äîñë³äæåíü ³ ¿õ îáãîâîðåííÿ 

Íà ðèñ. 1 ³ 2 íàâåäåí³ çàëåæíîñò³ íàïðóãè 
ðîç³ìêíåíîãî êîëà ìîäåëüíî¿ çá³ðêè ç äâîõ 
êðåìí³ºâèõ ÑÅ OCV  â³ä åíåðãåòè÷íî¿ îñâ³òëå-
íîñò³ P

L
 â óìîâàõ çàò³íåííÿ ôîòîïðèéìàëüíî¿ 

ïîâåðõí³ ïåðøîãî (ðèñ. 1) àáî äðóãîãî (ðèñ. 
2) ñîíÿ÷íèõ åëåìåíò³â íåéòðàëüíèìè îïòè÷-
íèìè ô³ëüòðàìè. Îñê³ëüêè ïðè ïîñë³äîâíîìó 
ç’ºäíàíí³ ñîíÿ÷íèõ åëåìåíò³â ó çá³ðö³ âåëè÷è-
íà OCV  çàëåæèòü íå ò³ëüêè â³ä âåëè÷èíè, àëå ³ 
â³ä çíàêó íàïðóã ðîç³ìêíåíîãî êîëà ïåðøîãî 
³ äðóãîãî ÑÅ, òî ïðè ð³çíèõ ð³âíÿõ åíåðãåòè÷-
íî¿ îñâ³òëåíîñò³ ¿õ ïîâåðõîíü íà çàëåæíîñòÿõ 

( )OC LV P  ä³éñíî ç’ÿâëÿþòüñÿ åêñòðåìóìè ó âè-
ãëÿä³ ìàêñèìóìó (ðèñ. 1), àáî ì³í³ìóìó (ðèñ. 2). 
Âåëè÷èíè OCV  â åêñòðåìóìàõ ³ ïîëîæåííÿ åê-
ñòðåìóì³â íà øêàë³ Ð

L
 âèÿâèëèñü çàëåæíèìè 

â³ä ð³çíèö³ âåëè÷èí åíåðãåòè÷íî¿ îñâ³òëåíîñò³ 
ïîâåðõí³ êîæíîãî ç ÑÅ çá³ðêè. Òàê, ïðè çàò³-
íåíí³ ïîâåðõí³ ïåðøîãî ÑÅ íàïðóãà ðîç³ìêíå-
íîãî êîëà çá³ðêè OCV  äîñÿãàëà ìàêñèìàëüíî¿ 
âåëè÷èíè 250-350 ìÂ ïðè çíà÷åííÿõ åíåðãå-
òè÷íî¿ îñâ³òëåíîñò³ éîãî ïîâåðõí³ P

L
 ~ 10-1-10-2 

Âò/ì2, ðèñ.1, à ïðè çàò³íåíí³ ô³ëüòðàìè äðóãî-
ãî ÑÅ OCV  çì³íþâàëîñü â ìåæàõ â³ä -50 äî -180 

ìÂ ïðè çíà÷åííÿõ P
L
 ~ 10-2-10-3 Âò/ì2), ðèñ.2. 

Ó äðóãîìó âèïàäêó ïðè P
L
 > 10 Âò/ì2 íàïðó-

ãà ðîç³ìêíåíîãî êîëà ìîäåë³ íàâ³òü çì³íþâàëà 
ñâ³é çíàê íà ïðîòèëåæíèé, ùî ïîÿñíþºòüñÿ 
â³äì³íí³ñòþ ôîòîåëåêòðè÷íèõ ïàðàìåòð³â ÑÅ, 
âèêîðèñòàíèõ ó ìîäåëüí³é çá³ðö³. 

Ðèñ. 1. Çàëåæíîñò³ íàïðóãè ðîç³ìêíåíîãî êîëà ìîäå-
ëüíî¿ çá³ðêè ç äâîõ âêëþ÷åíèõ íàçóñòð³÷ îäèí îäíî-
ìó êðåìí³ºâèõ ñîíÿ÷íèõ åëåìåíò³â â³ä åíåðãåòè÷íî¿ 
îñâ³òëåíîñò³ ¿õ ïîâåðõí³ â óìîâàõ, êîëè ôîòîïðèé-
ìàëüíà ïîâåðõíÿ îäíîãî ç íèõ çàò³íþâàëàñü íåéò-
ðàëüíèìè ô³ëüòðàìè ç êîåô³ö³ºíòàìè ïðîïóñêàííÿ 
Ê = 4,5% (1), 14,3% (2) òà 35,0 % (3). 

Ðèñ. 2. Òå ñàìå, ùî íà ðèñ.1, àëå ïðè çàò³íåíí³ çà äî-
ïîìîãîþ íåéòðàëüíèõ ô³ëüòð³â ôîòîïðèéìàëüíî¿ 
ïîâåðõí³ ³íøîãî ÑÅ. 

Àíàë³ç ñïåêòðàëüíèõ çàëåæíîñòåé ñòðóìó 
êîðîòêîãî çàìèêàííÿ ïîêàçàâ, ùî âèêîðèñòà-
í³ ó çá³ðö³ ÑÅ ìàþòü äóæå áëèçüê³ ì³æ ñîáîþ 
ñïåêòðàëüí³ çàëåæíîñò³ ç äîñòàòíüî âèñîêèìè 
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êîðîòêîõâèëüîâîþ ³ äîâãîõâèëüîâîþ ÷óòëè-
âîñòÿìè, ðèñ. 3. Âèñîêà äîâãîõâèëüîâà ÷óòëè-
â³ñòü âêàçóº íà âåëèê³ çíà÷åííÿ äîâæèíè äè-
ôóç³¿ íåîñíîâíèõ íîñ³¿â çàðÿäó â áàç³ öèõ ÑÅ, à 
âèñîêà êîðîòêîõâèëüîâà ÷óòëèâ³ñòü îáóìîâëå-
íà ìàëîþ ãëèáèíîþ çàëÿãàííÿ p-n-ïåðåõîäó ³ 
íèçüêèìè çíà÷åííÿìè øâèäêîñò³ ïîâåðõíåâî¿ 
ðåêîìá³íàö³¿. 

Ðèñ. 3. Âèì³ðÿí³ â óìîâàõ ïîñò³éíî¿ ïîòóæíîñò³ ñâ³-
òëîâîãî ïîòîêó íîðìîâàí³ ñïåêòðàëüí³ çàëåæíîñò³ 
ñòðóìó êîðîòêîãî çàìèêàííÿ â³ä äîâæèíè õâèë³ äëÿ 
êðåìí³ºâèõ ÑÅ, âèêîðèñòàíèõ ó ìîäåëüí³é çá³ðö³. 

Çàëåæíîñò³ ñòðóìó êîðîòêîãî çàìèêàííÿ â³ä 
íàïðóãè ðîç³ìêíåíîãî êîëà ln( ) ( )SC OCI f V=  äëÿ 
âèêîðèñòàíèõ ó çá³ðö³ çðàçê³â ÑÅ, ïîêàçàí³ íà 
ðèñ.4, à ðîçðàõîâàí³ íà ¿õ îñíîâ³ â äâîõåêñïî-
íåíö³àëüíîìó íàáëèæåíí³ êîåô³ö³ºíòè íå³äåà-
ëüíîñò³ ÂÀÕ À

1
-À

4
 ³ ãóñòèíè ñòðóì³â íàñè÷åííÿ 

J
S1

-J
S4

 íàâåäåí³ â òàáëèö³ 1. 

Ðèñ. 4. Çàëåæíîñò³ ñòðóìó êîðîòêîãî çàìèêàííÿ 
â³ä íàïðóãè ðîç³ìêíåíîãî êîëà äëÿ âèêîðèñòàíèõ ó 
ìîäåëüí³é çá³ðö³ ÑÅ ¹1 (êðèâà 1) ³ ¹2 (êðèâà 2), 
îòðèìàí³ ïðè ð³çíèõ çíà÷åííÿõ åíåðãåòè÷íî¿ îñâ³ò-
ëåíîñò³. 

Òàáëèöÿ 1 
Ðîçðàõîâàí³ çíà÷åííÿ êîåô³ö³ºíò³â íå³äåàëüíîñò³ ÂÀÕ À

1
-À

4
 ³ ãóñòèí ñòðóì³â íàñè÷åííÿ J

S1
-J

S4
 . 

À
1

À
2

À
3

À
4

J
S1

, À/ñì2 J
S2

, À/ñì2 J
S3

, À/ñì2 J
S4

, À/ñì2

1 1.93 1.12 2.96 2.1•10-13 9.3•10-11 3.2•10-12 3.4•10-8

Ïðè òåîðåòè÷íîìó ìîäåëþâàííÿ çîáðàæåíî¿ 
íà ðèñ.1 çàëåæíîñò³ ( )OC LV P  íàïðóãà ðîç³ìêíå-
íîãî êîëà çá³ðêè ÑÅ çíàõîäèëàñü ç âèðàçó 

 (1) (2)
OC OC OCV V V= −  ,  (1) 

à çíà÷åííÿ (1)
OCV  òà (2)

OCV  ç ðîçâ’ÿçêó ð³âíÿíü 

 
(1) (1)

1 2
1 2

exp expOC OC
gen s s

qV qVI I I
A kT A kT

⎛ ⎞ ⎛ ⎞
= +⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
  (2) 

äëÿ ïåðøîãî ÑÅ ³ 

 
(2) (2)

3 4
3 4

exp expOC OC
gen s s

qV qVmI I I
A kT A kT

⎛ ⎞ ⎛ ⎞
= +⎜ ⎟ ⎜ ⎟

⎝ ⎠⎝ ⎠
  (3) 

äëÿ äðóãîãî ÑÅ. Ç ³íøîãî áîêó, ïðè ìîäåëþâàí-
í³ ïîêàçàíî¿ íà ðèñ.2 çàëåæíîñò³ ( )OC LV P  ç âè-
ðàçó (2) ðîçðàõîâóâàëèñü çíà÷åííÿ m²

gen
, à ç âè-

ðàçó (3) — çíà÷åííÿ ²
gen

. Òóò ²
gen

 — ãåíåðàö³éíèé 
ñòðóì, m - ÷èñåëüíèé êîåô³ö³ºíò, ùî äîð³âíþº 
êîåô³ö³ºíòó ïðîïóñêàííÿ â³äïîâ³äíîãî ô³ëüòðà, 

³íäåêñè 1 ³ 2 â³äïîâ³äàþòü ïåðøîìó, à ³íäåêñè 3 ³ 
4 — äðóãîìó ÑÅ. 

Íà ðèñóíêàõ 1 òà 2 ñóö³ëüíèìè ë³í³ÿìè ïî-
êàçàí³ ðåçóëüòàòè òåîðåòè÷íîãî ìîäåëþâàííÿ 
çàëåæíîñòåé ( )OC LV P  ç âèêîðèñòàííÿì âèðàç³â 
(1) — (3) òà ïàðàìåòð³â, íàâåäåíèõ â òàáëèö³ 1. 
ßê âèäíî ç ðèñóíê³â, óçãîäæåííÿ ì³æ åêñïåðè-
ìåíòàëüíèìè òà ðîçðàõîâàíèìè çàëåæíîñòÿìè 

( )OC LV P  äîñòàòíüî äîáðå, ùî ñâ³ä÷èòü ïðî êîðå-
êòí³ñòü çðîáëåíèõ ó ðîáîò³ [1] ïðèïóùåíü ñòî-
ñîâíî âçàºìîçâ’ÿçêó ì³æ ôàêòîðîì íåîì³÷íîñò³ 
òèëîâîãî êîíòàêòó ³ àíîìàëüíèì õàðàêòåðîì 
çàëåæíîñòåé ( )OC LV P  â êðåìí³ºâèõ ÑÅ. 

Äåÿê³ â³äì³ííîñò³ ì³æ òåîðåòè÷íèìè êðèâè-
ìè 1,2 (ðèñ. 2) ³ åêñïåðèìåíòàëüíèìè äàíèìè 
(òî÷êè íà òîìó æ ðèñ.) ïîÿñíþþòüñÿ íàáëè-
æåííÿìè òåîðåòè÷íî¿ ìîäåë³. Íàìè áóëà âè-
êîðèñòàíà äâîõåêñïîíåíö³àëüíà ìîäåëü, ÿêà 
äàº ãàðíå ñï³âïàä³ííÿ ç åêñïåðèìåíòîì ïðè 

À. Ï. Ãîðáàíü, Â. Ï. Êîñòèëüîâ, À. Â. Ñà÷åíêî, Â. Â. ×åðíåíêî
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á³ëüøèõ çà 10-1 Âò/ì2 ð³âíÿõ ôîòîçáóäæåííÿ, 
ðèñ.1 (êðèâ³ 1,2,3) ³ ðèñ.2 (êðèâà 3). Ïðè ìåí-
øèõ ð³âíÿõ ôîòîçáóäæåííÿ (P

L
 ≤ 10-1 Âò/ì2), 

ðèñ.2 (êðèâ³ 1,2) íåâåëèê³ â³äì³ííîñò³ â âåëè-
÷èí³ ìàêñèìóìà ( )OC LV P  ïðè ãàðíîìó ñï³âïà-
ä³íí³ éîãî ïîëîæåííÿ ïîÿñíþþòüñÿ òèì, ùî 
â öüîìó âèïàäêó íåîáõ³äíî âèêîðèñòîâóâàòè 
á³ëüø óñêëàäíåíó ìîäåëü, íàïðèêëàä, òðüîõ-
åêñïîíåíö³àëüíó [2], ÿêà âðàõîâóº äîäàòêîâèé 
ìåõàí³çì ñòðóìîïðîõîäæåííÿ. Öåé ìåõàí³çì 
äàº íåâåëèêèé âíåñîê â çàãàëüíèé ñòðóì ³ ïðè 
á³ëüøèõ ð³âíÿõ ôîòîçáóäæåííÿ íèì ìîæíà 
çíåõòóâàòè, ïðè íèçüêèõ ð³âíÿõ ôîòîçáóäæåí-
íÿ éîãî âíåñîê ñòàº ïîì³òí³øèì. Îñê³ëüêè 
ìåòîþ ðîáîòè áóëî âñòàíîâëåííÿ ô³çè÷íî¿ 
ïðèðîäè ìàêñèìóìà íà çàëåæíîñò³ ( )OC LV P  ³ ¿¿ 
ìîäåëþâàííÿ, òî ìè îáìåæèëèñÿ äâîõåêñïî-
íåíö³àëüíîþ ìîäåëëþ. 

Âèñíîâêè 

Ïîêàçàíî, ùî çàëåæíîñò³ íàïðóãè ðîç³ìêíå-
íîãî êîëà â³ä åíåðãåòè÷íî¿ îñâ³òëåíîñò³ äëÿ 
ìîäåëüíî¿ çá³ðêè ç äâîõ âêëþ÷åíèõ íàçóñòð³÷ 
îäèí îäíîìó êðåìí³ºâèõ ÑÅ, îäèí ç ÿêèõ ÷àñ-
òêîâî çàò³íþºòüñÿ çà äîïîìîãîþ íåéòðàëüíèõ 

ô³ëüòð³â, ìàþòü âèãëÿä êðèâèõ ç ìàêñèìóìîì, 
àáî ì³í³ìóìîì. Ðåçóëüòàòè òåîðåòè÷íîãî ìî-
äåëþâàííÿ öèõ çàëåæíîñòåé, âèêîíàíîãî â 
íàáëèæåíí³ äâîõ-åêñïîíåíö³àëüíî¿ ìîäåë³ äëÿ 
ñâ³òëîâèõ ÂÀÕ, äîáðå ñï³âïàëè ç ðåçóëüòàòàìè 
åêñïåðèìåíòàëüíèõ äîñë³äæåíü. Îñòàííº ï³ä-
òâåðäæóº ³ñòîòíèé âïëèâ øàðó âèñíàæåííÿ, 
ëîêàë³çîâàíîãî ï³ä ìåòàëåâèì êîíòàêòîì íà 
òèëîâ³é (íåîñâ³òëåí³é) ïîâåðõí³ êðåìí³ºâèõ 
ñîíÿ÷íèõ åëåìåíò³â, íà ¿õ ôîòîåëåêòðè÷í³ ïà-
ðàìåòðè ³ åôåêòèâí³ñòü ïðè ñåðåäí³õ ³ âåëèêèõ 
ð³âíÿõ åíåðãåòè÷íî¿ îñâ³òëåíîñò³ ïîâåðõí³. 
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