
Â èíôîðìàöèîííûõ ñðåäàõ èñïîëüçóþòñÿ ïëåíî÷-

íûå ïîëèìåðíûå êîìïîçèòû (ÏÏÊ) íà îñíîâå

îëèãîìåðîâ ñ ôîòîïîëóïðîâîäíèêîâûìè ñâîéñòâàìè.

Ñîçäàíèå íîâûõ ìàòåðèàëîâ, êîòîðûå îáëàäàþò

ñâîéñòâîì ôîòîïðîâîäèìîñòè â âèäèìîé è áëèæíåé

ÈÊ-îáëàñòè ñâåòà, ÿâëÿåòñÿ âåñüìà àêòóàëüíîé

çàäà÷åé äëÿ èõ ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ â ôîòî-

ýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëÿõ ñîëíå÷íîé ýíåðãèè,

èçëó÷àòåëÿõ ñâåòà, ìîäóëÿòîðàõ è ïåðåêëþ÷àòåëÿõ

ñâåòîâûõ ïîòîêîâ, óñòðîéñòâàõ çàïèñè, õðàíåíèÿ è

îáðàáîòêè îïòè÷åñêîé èíôîðìàöèè [1—10]. Â îáùåì

ñëó÷àå ôîòîïðîâîäèìîñòü ÏÏÊ îáåñïå÷èâàåòñÿ

íàëè÷èåì â ïîëèìåðíîì ñâÿçóþùåì ìîëåêóë òðåõ

òèïîâ: äîíîðîâ, àêöåïòîðîâ è öåíòðîâ ôîòîãåíåðàöèè

íîñèòåëåé çàðÿäà [11]. Ïîñëå ïîãëîùåíèÿ êâàíòà

ñâåòà â öåíòðå ôîòîãåíåðàöèè è ìåæìîëåêóëÿðíûõ

ýëåêòðîííûõ ïåðåõîäîâ îáðàçóåòñÿ ýëåêòðîííî-äû-

ðî÷íàÿ ïàðà (ÝÄÏ). Äèññîöèàöèÿ ÝÄÏ ïðèâîäèò ê

ïîÿâëåíèþ ñâîáîäíûõ íîñèòåëåé çàðÿäà è âîçìîæ-

íîñòè èõ òðàíñïîðòà â îáúåìå ÏÏÊ [11, 12] ñ ýô-

ôåêòèâíîé ïîäâèæíîñòüþ �
eff

. Â îáùåì ñëó÷àå �
eff

çàâèñèò îò êîíöåíòðàöèè äîíîðîâ, àêöåïòîðîâ è

êîíòðîëèðóåòñÿ ýíåðãåòè÷åñêèìè ëîâóøêàìè. Äëÿ

ñîçäàíèÿ ÏÏÊ ñ äûðî÷íûì òèïîì ïðîâîäèìîñòè

èñïîëüçóþòñÿ îëèãîìåðû ñ äîíîðíûìè ôðàãìåíòàìè

è îñîáåííî êàðáàçîëüíûìè. Ðàíåå [13] ïîêàçàíî, ÷òî

îëèãîìåðû íà îñíîâå ëèíåéíîãî è ðàäèàëüíîãî ñòðîå-

íèÿ ìîãóò ïðîÿâëÿòü îòëè÷àþùèåñÿ ñâîéñòâà ïðè èõ

èñïîëüçîâàíèè â êà÷åñòâå ôîòîïðîâîäÿùåé îñíîâû

ãîëîãðàôè÷åñêèõ ðåãèñòðèðóþùèõ ñðåä. Îäíàêî äî

íàñòîÿùåãî âðåìåíè íå äîñòàòî÷íî èññëåäîâàíî

âëèÿíèå ñòðóêòóðû ðàçâåòâëåííûõ êàðáàçîëèëüíûõ

îëèãîìåðîâ íà ôîòîïðîâîäèìîñòü ÏÏÊ. Ïîýòîìó

öåëüþ íàñòîÿùåé ðàáîòû áûëî ïðîâåäåíèå ñðàâíè-

òåëüíîãî àíàëèçà ôîòîïðîâîäÿùèõ ñâîéñòâ îëèãî-

ìåðîâ ðàäèàëüíîé ñòðóêòóðû ñ ðàçíûì ÷èñëîì «ëó-

÷åé», ñîäåðæàùèõ êàðáàçîëèëüíûå ôðàãìåíòû.

Â êà÷åñòâå ôîòîïðîâîäÿùèõ ìàòðèö ÏÏÊ èñïîëü-

çîâàëè îëèãîìåðû MePh-Si-(ÝÏK)
2
, Ph-Si-(ÝÏK)

3
,

Si-(ÝÏK)
4
, â ðÿäó êîòîðûõ âîêðóã öåíòðàëüíîãî

àòîìà Si óâåëè÷èâàåòñÿ ÷èñëî «ëó÷åé» ñ êàðáàçî-

ëèëüíûìè ôðàãìåíòàìè:
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Òåìïåðàòóðó ðàçìÿã÷åíèÿ Ò
ðàçì

îëèãîìåðîâ èçìåðÿëè

â êàïèëëÿðå äèàìåòðîì 1 ìì ïî èçâåñòíîé ìåòîäèêå.

Ò
ðàçì

íåçíà÷èòåëüíî óìåíüøàåòñÿ â ðÿäó

MePh-Si-(ÏÝÏK)
2
, Ph-Si-(ÏÝÏK)

3
, Si-(ÏÝÏK)

4
. Â

êà÷åñòâå ñåíñèáèëèçàòîðà èñïîëüçîâàëè ñîåäèíåíèå

ñ âíóòðèìîëåêóëÿðíûì ïåðåíîñîì çàðÿäà ÑÂÏÇ1.

Òàêèå âåùåñòâà õàðàêòåðèçóþòñÿ äîñòàòî÷íî âûñî-

êîé ýêñòèíêöèåé â âèäèìîì äèàïàçîíå ñâåòà, ñïî-

ñîáíîñòüþ ê ýôôåêòèâíîé ôîòîãåíåðàöèè íîñèòåëåé

çàðÿäà è ïëàñòèôèöèðóþùèìè ñâîéñòâàìè ÏÏÊ [14]

èç-çà äëèííîé ãèáêîé àëêèëüíîé ãðóïïû (â íàøåì

ñëó÷àå —C
10

H
21

).

Äëÿ èññëåäîâàíèé ãîòîâèëè îáðàçöû ñî ñâîáîäíîé

ïîâåðõíîñòüþ ñòåêëÿííàÿ ïîäëîæêà — SnO
2

: In
2
O

3
—

ÏÏÊ è îáðàçöû ñýíäâè÷-ñòðóêòóðû ñòåêëÿííàÿ ïîä-

ëîæêà — SnO
2

: In
2
O

3
— ÏÏÊ — Ag. ÏÏÊ ãîòîâèëè

ïóòåì ïîëèâà òîëóîëüíûõ ðàñòâîðîâ îëèãîìåðîâ ñ

äîáàâêîé 3 % ìàñ. ÑÂÏÇ1 íà ñîîòâåòñòâóþùèå

ïîäëîæêè è äàëüíåéøåãî èõ âûñóøèâàíèÿ â òå÷åíèå

2 ÷ ïðè êîìíàòíîé òåìïåðàòóðå è 24 ÷ ïðè òåì-

ïåðàòóðå 80 °Ñ. Òîëùèíà ÏÏÊ L = 1,5 ± 0,1 ìêì.

Êîíöåíòðàöèÿ 3 % ìàñ. ÑÂÏÇ1 ÿâëÿåòñÿ îïòèìàëüíîé

äëÿ ïîëó÷åíèÿ âûñîêîé ôîòîïðîâîäèìîñòè ÏÏÊ, è â

äàííîì ñëó÷àå íå ïðîèñõîäèò àãðåãàöèÿ ñåíñèáè-

ëèçàòîðà [14]. Ýëåêòðîä Ag ãîòîâèëè ïóòåì íàíå-

ñåíèÿ ñåðåáðÿíîé ïàñòû íà ïîâåðõíîñòü ÏÏÊ.

Â îáðàçöàõ ñýíäâè÷-ñòðóêòóðû èçìåðÿëè ïëîò-

íîñòü ôîòîòîêà j
ph

â çàâèñèìîñòè îò âåëè÷èíû è

ïîëÿðíîñòè ýëåêòðè÷åñêîãî íàïðÿæåíèÿ U, ïðèêëà-

äûâàåìîãî ê ýëåêòðè÷åñêèì êîíòàêòàì, èíòåíñèâ-

íîñòè ñâåòà I, êîòîðûì îáëó÷àëè îáðàçöû ñî ñòîðîíû

ïðîçðà÷íîãî ýëåêòðîäà SnO
2

: In
2
O

3
. Âåëè÷èíó j

ph

îïðåäåëÿëè êàê äîáàâêó ê òîêó ïðîâîäèìîñòè â

ïðîöåññå îáëó÷åíèÿ îáðàçöîâ ñâåòîì. Äëÿ îáëó÷åíèÿ

èñïîëüçîâàëè ñâåòîäèîä ñ äëèíîé âîëíû ñâåòà

ìàêñèìóìà èçëó÷åíèÿ � = 650 íì, êîòîðàÿ íàõîäèòñÿ

âáëèçè äëèííîâîëíîâîãî ìàêñèìóìà ïîãëîùåíèÿ

ÑÂÏÇ1 [15]. Âåëè÷èíó U èçìåíÿëè â äèàïàçîíå

5—300 Â. Â îáðàçöàõ ñýíäâè÷-ñòðóêòóðû òàêæå èçìå-

ðÿëè òàíãåíñ óãëà äèýëåêòðè÷åñêèõ ïîòåðü tg � äëÿ

÷àñòîòû f ñèíóñîèäàëüíîãî ïåðåìåííîãî ýëåêòðè-

÷åñêîãî íàïðÿæåíèÿ è ðàññ÷èòûâàëè âåëè÷èíó

� tg � = (tg �
ph

– tg �
0
)/tg �

0
, ãäå tg �

ph
è tg �

0
—

çíà÷åíèå tg � ïîñëå è äî âêëþ÷åíèÿ ñâåòà ñîîò-

âåòñòâåííî. Â îáðàçöàõ ñî ñâîáîäíîé ïîâåðõíîñòüþ

ÏÏÊ èçìåðÿëè ñïåêòðû îïòè÷åñêîé ïëîòíîñòè D

ÏÏÊ, âåëè÷èíó ýëåêòðè÷åñêîãî ïîòåíöèàëà V
p

ïî-

âåðõíîñòè ÏÏÊ âî âðåìÿ îáëó÷åíèÿ ñâåòîì t
irr

ñî

ñòîðîíû ñòåêëÿííîé ïîäëîæêè ñî ñëîåì SnO
2

: In
2
O

3

ïîñëå çàðÿäêè ïîâåðõíîñòè ÏÏÊ â êîðîííîì ðàçðÿäå.

Ïîñëå çàðÿäêè â êîðîííîì ðàçðÿäå çíà÷åíèå V
p max

ïîòåíöèàëà ïîâåðõíîñòè ÏÏÊ ñîñòàâëÿëî

+(120—130) Â îòíîñèòåëüíî ñëîÿ SnO
2

: In
2
O

3
. Äëÿ

ýòîãî èñïîëüçîâàëè ñïåöèàëüíî ðàçðàáîòàííîå

óñòðîéñòâî [11], â êîòîðîì êîðîííûé ðàçðÿä

îáðàçóåòñÿ áëàãîäàðÿ ïðèëîæåíèþ ïîñòîÿííîãî

ýëåêòðè÷åñêîãî íàïðÿæåíèÿ ~10 êÂ ìåæäó ñëîåì

SnO
2

: In
2
O

3
è ìåòàëëè÷åñêîé íèòüþ íàä ïîâåðõ-

íîñòüþ ÏÏÊ. Äëÿ èçìåðåíèÿ V
p max

è V
p

ïðèìåíÿëè

ìåòîäèêó ñ èñïîëüçîâàíèåì äèíàìè÷åñêîãî çîíäà

(ìåòîä Êåëüâèíà). Â êà÷åñòâå äàò÷èêà çîíäà èñ-

ïîëüçîâàëè Ag-ïëàñòèíó äèàìåòðîì 4 ìì. ×àñòîòà

êîëåáàíèÿ çîíäà 80 Ãö. Êèíåòèêó èçìåíåíèÿ V
p

ïðè

îáëó÷åíèè ÏÏÊ ñâåòîì ðåãèñòðèðîâàëè ñ èñïîëüçî-

âàíèåì çàïîìèíàþùåãî îñöèëëîãðàôà. Èíòåíñèâ-

íîñòü ñâåòà, ïàäàþùåãî íà îáðàçåö â îáëàñòè äàò÷èêà

çîíäà, 40 Âò/ì
2
. Ñêîðîñòü ñïàäà ïîòåíöèàëà ïî-

âåðõíîñòè ïëåíêè îöåíèâàëè ïî îòðåçêó âðåìåíè t
1/2

,

çà êîòîðûé âåëè÷èíà V
p max

óìåíüøàåòñÿ â 2 ðàçà. Âñå

èçìåðåíèÿ ïðîâåäåíû ïðè êîìíàòíîé òåìïåðàòóðå,

ïðè êîòîðîé ÏÏÊ èñïîëüçóþòñÿ â èíôîðìàöèîííûõ

ñðåäàõ.

Â âèäèìîé îáëàñòè ñâåòà ïëåíêè

MePh-Si-(ÏÝÏK)
2
, Ph-Si-(ÏÝÏK)

3
, Si-(ÏÝÏK)

4
ïðî-

çðà÷íû è íå îáëàäàþò ñîáñòâåííûì ïîãëîùåíèåì.

Ïëåíêè îëèãîìåðîâ ñ äîáàâêîé 3 % ìàñ. ÑÂÏÇ1

èìåþò çåëåíóþ îêðàñêó èç-çà íàëè÷èÿ 2 ìàêñèìóìîâ

ïîãëîùåíèÿ â âèäèìîé îáëàñòè (ðèñ. 1, à). Ôîðìà

êðèâîé ñïåêòðà ïîãëîùåíèÿ è ïîëîæåíèå ìàêñè-

ìóìîâ çàâèñèìîñòè D(�) îäèíàêîâû äëÿ ýòèõ ÏÏÊ.

Ïîýòîìó ìîæíî ñ÷èòàòü, ÷òî â èññëåäóåìûõ ÏÏÊ íå

îáðàçóþòñÿ ìåæìîëåêóëÿðíûå êîìïëåêñû ñ ïåðå-

Âëèÿíèå ñòðóêòóðû ðàçâåòâëåííûõ
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íîñîì çàðÿäà ìåæäó êàðáàçîëèëüíûìè ôðàãìåíòàìè

è ìîëåêóëàìè ÑÂÏÇ1, à ïîãëîùåíèå ñâåòà îïðåäå-

ëÿåòñÿ ïîãëîùåíèåì ìîëåêóëàìè ñåíñèáèëèçàòîðà.

Ñîâïàäåíèå ñïåêòðîâ ïîãëîùåíèÿ èññëåäóåìûõ ÏÏÊ

òàêæå ñâèäåòåëüñòâóåò î òîì, ÷òî èõ äèýëåêòðè÷åñêàÿ

ïðîíèöàåìîñòü � îäèíàêîâà.

Âî âñåõ èññëåäîâàííûõ îáðàçöàõ ôîòîòîê ëèíåéíî

çàâèñèò îò I è |j
ph

| íå çàâèñèò îò ïîëÿðíîñòè U.

Ïîñëåäíåå îçíà÷àåò, ÷òî â j
ph

íåò äîáàâêè èíæåê-

öèîííûõ òîêîâ íåðàâíîâåñíûõ íîñèòåëåé èç ýëåê-

òðè÷åñêèõ êîíòàêòîâ, à ôîòîòîê îïðåäåëÿåòñÿ ôîòî-

ãåíåðàöèåé íîñèòåëåé èç ìîëåêóë ÑÂÏÇ1 è èõ

òðàíñïîðòîì ïî êàðáàçîëèëüíûì ôðàãìåíòàì ÏÏÊ.

Îäíàêî |j
ph

| íåëèíåéíî çàâèñèò îò U è óâåëè÷èâàåòñÿ

ïðè ïåðåõîäå îò ÏÏÊ íà îñíîâå MePh-Si-(ÏÝÏK)
2

ê

ÏÏÊ íà îñíîâå Ph-Si-(ÏÝÏK)
3

è Si-(ÏÝÏK)
4
. Íà

ðèñ. 1, á êðèâûìè 1—3 ïðåäñòàâëåíû ãðàôèêè

çàâèñèìîñòè lg j
ph

îò E
1/2

, ãäå E = U/L —

íàïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ â ÏÏÊ. Â

èñïîëüçóåìûõ êîîðäèíàòàõ ãðàôèêè çàâèñèìîñòè

lg j
ph

— E
1/2

ëèíåéíû, ÷òî ïîçâîëÿåò äëÿ àíàëèçà

ðåçóëüòàòîâ èñïîëüçîâàòü ðàíåå ðàçðàáîòàííûå

ìîäåëüíûå ïðåäñòàâëåíèÿ [11, 12] î ôîòîãåíåðàöèè è

òðàíñïîðòå íåðàâíîâåñíûõ íîñèòåëåé çàðÿäà â ÏÏÊ.

Ðàíåå óñòàíîâëåíî, ÷òî ðàññìàòðèâàåìóþ çàâèñè-

ìîñòü j
ph

îò E ìîæíî ïðåäñòàâèòü â àíàëèòè÷åñêîì

âèäå:

j
ph

(E, T) ~ exp(–(W
0ph

– 	E
1/2

)/k
B
T

eff
),

ãäå W
0ph

— ýíåðãèÿ àêòèâàöèè ôîòîòîêà, êîòîðàÿ â

êàðáàçîëñîäåðæàùèõ ÏÏÊ ìîæåò èçìåíÿòüñÿ â

çàâèñèìîñòè îò èñïîëüçóåìûõ öåíòðîâ ôîòîãåíå-

ðàöèè; 	 = (q
3
/
��

0
)
1/2

— êîýôôèöèåíò, ðàâíûé ïî-

ñòîÿííîé Ïóëà — Ôðåíêåëÿ [11, 12]; k
B

— ïîñòîÿííàÿ

Áîëüöìàíà; T
eff

1�
= (T

–1
– T

0

1�
) — ýôôåêòèâíàÿ

òåìïåðàòóðà, êîòîðàÿ ðàññ÷èòûâàåòñÿ ñ ó÷åòîì

òåìïåðàòóðû T
0
. Âåëè÷èíà T

0
îáû÷íî îïðåäåëÿåòñÿ

ýêñïåðèìåíòàëüíî êàê òåìïåðàòóðà, ïðè êîòîðîé

ïåðåñåêàþòñÿ ãðàôèêè çàâèñèìîñòè lg j
ph

— T
–1

[11,

12] â îáëàñòè áîëüøèõ T, èçìåðåííûå äëÿ ðàçëè÷íûõ

E. Äëÿ êàðáàçîëñîäåðæàùèõ ÏÏÊ T
0

� 490 K.

Ðàññ÷èòàííîå èç òàíãåíñà óãëà íàêëîíà ïðÿìûõ 1—3

(ðèñ. 1, á) çíà÷åíèå 	 â âûðàæåíèè (1) ñîñòàâëÿåò

(4,2  0,2)�10
–5

ýÂ(Â/ì)
–1

è áëèçêî ê ïîñòîÿííîé

Ïóëà — Ôðåíêåëÿ. Ïîýòîìó ñëåäóåò ñ÷èòàòü, ÷òî

óâåëè÷åíèå j
ph

ïðè ïåðåõîäå îò ÏÏÊ íà îñíîâå

MePh-Si-(ÏÝÏK)
2

ê ÏÏÊ íà îñíîâå Ph-Si-(ÏÝÏK)
3

è

Si-(ÏÝÏK)
4

íå ñâÿçàíî ñ ïåðâîé ñòàäèåé ôîòîãå-

íåðàöèè (îáðàçîâàíèå ÝÄÏ), à ïðîèñõîäèò âñëåä-

ñòâèå èçìåíåíèÿ óñëîâèé òðàíñïîðòà íîñèòåëåé

çàðÿäà â ïëåíêàõ èññëåäóåìûõ îëèãîìåðîâ, à èìåííî

�
eff

.

Î âëèÿíèè ñòðóêòóðû îëèãîìåðîâ íà òðàíñïîðò

íîñèòåëåé çàðÿäà â ÏÏÊ ñâèäåòåëüñòâóþò ðåçóëüòàòû

èññëåäîâàíèé äèýëåêòðè÷åñêèõ õàðàêòåðèñòèê, êîòî-

ðûå ïðåäñòàâëåíû êðèâûìè 1�—3� íà ðèñ. 1, á. Ñ

óâåëè÷åíèåì ÷àñòîòû ïåðåìåííîãî ñèíóñîèäàëüíîãî

ýëåêòðè÷åñêîãî íàïðÿæåíèÿ f âåëè÷èíà tg � óìåíü-

øàåòñÿ, ÷òî óêàçûâàåò íà íàëè÷èå â ÏÏÊ ïîäâèæíûõ

ýëåêòðè÷åñêèõ çàðÿäîâ. Âëèÿíèå ýòèõ çàðÿäîâ íà

äèýëåêòðè÷åñêèå ñâîéñòâà áîëåå çàìåòíî (óâåëè÷è-

âàåòñÿ íàêëîí êðèâûõ 1�—3� íà ðèñ. 1, á) ïðè ïåðåõîäå

îò ÏÏÊ íà îñíîâå MePh-Si-(ÏÝÏK)
2

ê ÏÏÊ íà îñíîâå

Ph-Si-(ÏÝÏK)
3

è Si-(ÏÝÏK)
4
. Ïðè óñëîâèè, ÷òî

ýôôåêòèâíîñòü ôîòîãåíåðàöèè è êîíöåíòðàöèÿ ÝÄÏ

â èññëåäóåìûõ ÏÏÊ îäèíàêîâà, ñëåäóåò ïðåäïî-

ëàãàòü, ÷òî â óêàçàííîì ðÿäó ÏÏÊ âîçðàñòàåò ýôôåê-

òèâíàÿ ïîäâèæíîñòü íîñèòåëåé çàðÿäà �
eff

. Ïîñëåäíåå

ïîäòâåðæäàåòñÿ ðåçóëüòàòàìè èññëåäîâàíèé ñêî-
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Ðèñ. 1. à — Ñïåêòðû ïîãëîùåíèÿ ÏÏÊ ñ 3 % ìàñ. ÑÂÏÇ1;

á — ãðàôèêè çàâèñèìîñòè lg jph — E
1/2

(1—3) è

� tg �/� tg �max — f â îáðàçöàõ ñýíäâè÷-ñòðóêòóðû ñ

ïëåíêàìè íà îñíîâå MePh-Si-(ÏÝÏK)2 + 3 % ìàñ. ÑÂÏÇ1 (1,

1�), Ph-Si-(ÏÝÏK)3 + 3 % ìàñ. ÑÂÏÇ1 (2, 2�), Si-(ÏÝÏK)4 +

3 % ìàñ. ÑÂÏÇ1 (3, 3�).

(1)



ðîñòè ñïàäà ïîâåðõíîñòíîãî ïîòåíöèàëà ÏÏÊ ïîä

äåéñòâèåì ñâåòà (ðèñ. 2). Ïîñëå çàðÿäêè â êîðîííîì

ðàçðÿäå ïîâåðõíîñòè ÏÏÊ ñêîðîñòü ñïàäà ïî-

âåðõíîñòíîãî ïîòåíöèàëà íåçíà÷èòåëüíà, ïðàêòè÷å-

ñêè îäèíàêîâà äëÿ âñåõ èññëåäóåìûõ ÏÏÊ è îïðå-

äåëÿåòñÿ èõ ýëåêòðîïðîâîäíîñòüþ. Ïðè îáëó÷åíèè

ÏÏÊ ñâåòîì ïîâåðõíîñòíûé ïîòåíöèàë áûñòðî

óìåíüøàåòñÿ, íî çàâèñèìîñòü V
p

îò t
irr

íåëüçÿ îïèñàòü

ïðîñòîé ýêñïîíåíöèàëüíîé ôóíêöèåé. Ïîñëåäíåå

ñâÿçàíî ñ òåì, ÷òî ñïàä ïîâåðõíîñòíîãî ïîòåíöèàëà

âûçâàí ôîòîãåíåðàöèåé ÝÄÏ è äâèæåíèåì íåðàâíî-

âåñíûõ íîñèòåëåé çàðÿäà ê ñîáèðàþùèì êîíòàêòàì â

ýëåêòðè÷åñêîì ïîëå, ñèëîâûå ëèíèè êîòîðîãî íà-

ïðàâëåíû ïåðïåíäèêóëÿðíî ê ïëîñêîñòÿì êîíòàêòîâ.

Òàê êàê ïîäâèæíîñòü �
eff

íåðàâíîâåñíûõ íîñèòåëåé

çàðÿäà â êàðáàçîëèëñîäåðæàùèõ ÏÏÊ çàâèñèò îò E

[11, 12], òî ñ òå÷åíèåì âðåìåíè t
irr

ïðîèñõîäèò

óìåíüøåíèå E è, êàê ñëåäñòâèå, óìåíüøåíèå �
eff

. Ïðè

ïåðåõîäå îò ÏÏÊ íà îñíîâå MePh-Si-(ÏÝÏK)
2

ê ÏÏÊ

íà îñíîâå Ph-Si-(ÏÝÏK)
3

è Si-(ÏÝÏK)
4

óìåíüøàåòñÿ

âåëè÷èíà t
1/2

îò 0,4  0,02 äî 0,2  0,02 ñ, ÷òî ìîæåò

áûòü îáúÿñíåíî óâåëè÷åíèåì �
eff

â ðÿäó èññëåäóåìûõ

îëèãîìåðîâ.

Íà îñíîâàíèè ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ

ðåçóëüòàòîâ ìîæíî ñäåëàòü âûâîä, ÷òî ïðè ïåðåõîäå

îò ÏÏÊ íà îñíîâå MePh-Si-(ÏÝÏK)
2

ê ÏÏÊ íà îñíîâå

Ph-Si-(ÏÝÏK)
3

è Si-(ÏÝÏK)
4

óâåëè÷èâàåòñÿ �
eff

. Ïðè

ìàëûõ êîíöåíòðàöèÿõ ñåíñèáèëèçàòîðà â êàðáàçîë-

ñîäåðæàùèõ ÏÏÊ �
eff

îïðåäåëÿåòñÿ â îñíîâíîì

òðàíñïîðòîì äûðîê ïî êàðáàçîëüíûì ôðàãìåíòàì.

Òàê êàê äëÿ ñèíòåçà îëèãîìåðîâ èñïîëüçîâàí îäèí è

òîò æå èñõîäíûé ïîëè-N-ýïîêñèïðîïèëêàðáàçîë, òî

äëèíà «ëó÷åé», ñîäåðæàùèõ êàðáàçîëèëüíûå ôðàã-

ìåíòû, â ýòèõ îëèãîìåðàõ îäèíàêîâà. Â ðàññìàò-

ðèâàåìîì ðÿäó îëèãîìåðîâ óìåíüøàåòñÿ êîíöåíò-

ðàöèÿ àòîìîâ êðåìíèÿ, ÷òî, âîîáùå-òî, äîëæíî

ïðèâîäèòü ê óìåíüøåíèþ ñðåäíåãî ðàññòîÿíèÿ ìåæ-

äó êàðáàçîëèëüíûìè ôðàãìåíòàìè è, êàê ñëåäñòâèå, ê

óâåëè÷åíèþ âåðîÿòíîñòè ïåðåõîäîâ äûðîê ìåæäó

íèìè. Êðîìå òîãî, â ýòîì æå ðÿäó îëèãîìåðîâ íåçíà-

÷èòåëüíî óìåíüøàåòñÿ Ò
ðàçì

, ÷òî òàêæå ìîæåò ñïî-

ñîáñòâîâàòü óâåëè÷åíèþ âåðîÿòíîñòè ìåæôðàã-

ìåíòàëüíûõ ïåðåõîäîâ äûðîê èç-çà óâåëè÷åíèÿ ÷èñëà

êîëåáàòåëüíûõ ñîñòîÿíèé.

Îäíàêî ìîæåò áûòü è áîëåå ñóùåñòâåííàÿ ïðè÷èíà

óâåëè÷åíèÿ �
eff

â ðÿäó ÏÏÊ íà îñíîâå

MePh-Si-(ÏÝÏK)
2
, Ph-Si-(ÏÝÏK)

3
, Si-(ÏÝÏK)

4
. Â

èçîòðîïíûõ ÏÏÊ ïåðåõîäû äûðîê îñóùåñòâëÿþòñÿ

êàê ìåæäó êàðáàçîëüíûìè ôðàãìåíòàìè â îäíîé

ìîëåêóëå îëèãîìåðà, òàê è ìåæäó ôðàãìåíòàìè èç

ñîñåäíèõ ìîëåêóë. Åñëè ìîëåêóëû ñîäåðæàò áîëüøåå

÷èñëî äîíîðíûõ ôðàãìåíòîâ, òî, ïî âñåé âèäèìîñòè,

òðàíñïîðò äûðîê áóäåò áîëåå ýôôåêòèâíûì, òàê êàê

óìåíüøàåòñÿ ÷èñëî ýíåðãåòè÷åñêèõ áàðüåðîâ, êîòî-

ðûå íåîáõîäèìî ïðåîäîëåòü äûðêàì äëÿ ïåðåõîäà íà

ñîñåäíèå ìîëåêóëû. Êðîìå òîãî, ñ óâåëè÷åíèåì ÷èñëà

êàðáàçîëèëüíûõ ôðàãìåíòîâ â îäíîé ìîëåêóëå â ðÿäó

MePh-Si-(ÏÝÏK)
2
, Ph-Si-(ÏÝÏK)

3
, Si-(ÏÝÏK)

4
ìî-

æåò áûòü óìåíüøåíèå âåðîÿòíîñòè çàõâàòà äâèæó-

ùèõñÿ äûðîê â ýíåðãåòè÷åñêèå ëîâóøêè, êîòîðûå

êîíòðîëèðóþò òðàíñïîðò äûðîê. Òàêèìè ëîâóøêàìè

âûñòóïàþò ôèçè÷åñêèå äèìåðû ñýíäâè÷åâîãî ñòðîå-

íèÿ êàðáàçîëèëüíûõ ôðàãìåíòîâ, äëÿ êîòîðûõ

âåëè÷èíà ïîòåíöèàëà èîíèçàöèè íà ~0,3 ýÂ ìåíüøå

ïî ñðàâíåíèþ ñ êàðáàçîëèëüíûìè ôðàãìåíòàìè, íå

âõîäÿùèìè â äèìåðû [12]. Â êàðáàçîëèëñîäåðæàùèõ

ïîëèìåðàõ è îëèãîìåðàõ äèìåðû îáðàçóþòñÿ êîíöå-

âûìè êàðáàçîëèëüíûìè ãðóïïàìè èç-çà áîëåå

áëàãîïðèÿòíîãî èõ ñòåðè÷åñêîãî ðàñïîëîæåíèÿ äëÿ

âçàèìîäåéñòâèÿ ñ ñîñåäíèìè ôðàãìåíòàìè. Ñëåäîâà-

òåëüíî, ñ óâåëè÷åíèåì ÷èñëà «ëó÷åé» â ìîëåêóëàõ

ðàçâåòâëåííûõ îëèãîìåðîâ äîëæíà óâåëè÷èâàòüñÿ

�
eff

. Ïîëó÷åííûå íàìè ðåçóëüòàòû ñîîòâåòñòâóþò

òàêèì ïðåäñòàâëåíèÿì, è èõ íóæíî ó÷èòûâàòü ïðè

ðàçðàáîòêå íîâûõ èíôîðìàöèîííûõ ñðåä.
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The features of photoconductivity of the film composites based on branched carbazolyl containing oligo-

mers with branching center on silicon atom are investigated. Growth of the photocurrent and decrease of

the photoresponse time in the film composites during the transition to more branching oligomers was de-

tected. It was supposed that increase of the photoconductivity is caused by the growth of the effective

holes mobility.

Key words: carbazolyl containing oligomers, information media, film composites, photoconductivity, photogeneration,

holes mobility.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


