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Èñêàæåíèÿ âûñîêî÷àñòîòíûõ îïòè÷åñêèõ ñèãíàëîâ

ôîòîïðèåìíèêàìè, èçãîòîâëåííûìè íà îñíîâå êðåìíèÿ

ëåãèðîâàííîãî çîëîòîì

c⃝ Å. Â. Íèêèøèí1, Å. Å. Ïåñêîâà2

Àííîòàöèÿ. Â ñòàòüå ïðîâåäåíû òåîðåòè÷åñêèå èññëåäîâàíèÿ èñêàæåíèé âîññòàíîâëåííîãî
âûñîêî÷àñòîòíîãî îïòè÷åñêîãî ñèãíàëà. Ðàñ÷åòû ñäåëàíû äëÿ ôîòîïðèåìíèêîâ, èçãîòîâëåí-
íûõ íà îñíîâå êðåìíèÿ, ëåãèðîâàííîãî çîëîòîì. Îïðåäåëåíû óñëîâèÿ, ïðè êîòîðûõ íåëèíåé-
íûõ èñêàæåíèÿ ìàëû.
Êëþ÷åâûå ñëîâà: êèíåòèêà ôîòîïðîâîäèìîñòè, êðåìíèé, ëåãèðîâàííûé çîëîòîì, ðåêîì-
áèíàöèîííûå öåíòðû, âðåìåíà æèçíè ýëåêòðîíîâ è äûðîê, âîññòàíîâëåíèå ñèãíàëîâ

Ïðèíöèïèàëüíàÿ âîçìîæíîñòü âîññòàíîâëåíèÿ çàâèñèìîñòè èíòåíñèâíîñòè âûñîêî÷à-
ñòîòíûõ èìïóëüñîâ âîçáóæäàþùåãî èçëó÷åíèÿ (J = J(ωt)) ïî çàâèñèìîñòè îò âðåìåíè
ôîòîòîêà (j = j(ωt)) , âîçíèêàþùåãî â ôîòîïðèåìíèêå, èññëåäîâàíà â ðàáîòàõ [1 - 3]. Â [4]
ïîêàçàíî, ÷òî ïðåäëîæåííûé ìåòîä ìîæåò áûòü îñóùåñòâëåí ïðè èñïîëüçîâàíèè ôîòîïðè-
åìíèêîâ ñî ñëîæíûìè ìåõàíèçìàìè ðåêîìáèíàöèè, íàëè÷èå êîòîðûõ ïðèâîäèò ê çíà÷è-
òåëüíûì íåëèíåéíîñòÿìè â êèíåòè÷åñêèõ óðàâíåíèÿõ [5 - 9]. Íåîáõîäèìûì óñëîâèåì ÿâëÿ-
åòñÿ áîëüøàÿ ÷àñòîòà èçìåíåíèÿ èíòåíñèâíîñòè ñâåòà ω , à èìåííî: ω >> max(τ−1

n , τ−1
p ) .

Â ðàáîòå [10] èññëåäîâàíû èñêàæåíèÿ, âîçíèêàþùèå ïðè èñïîëüçîâàíèè ôîòîðåçèñòîðà,
èçãîòîâëåííîãî íà îñíîâå êðèñòàëëè÷åñêîãî êðåìíèÿ ñ ðåêîìáèíàöèîííûìè öåíòðàìè èí-
äèÿ, äëÿ âîññòàíîâëåíèÿ âûñîêî÷àñòîòíûõ îïòè÷åñêèõ ñèãíàëîâ.

Öåëü äàííîé ðàáîòû: èññëåäîâàíèå èñêàæåíèé, âîçíèêàþùèõ ïðè âîññòàíîâëåíèè âðå-
ìåííîé çàâèñèìîñòè èíòåíñèâíîñòè âîçáóæäàþùåãî ñâåòà, ïðè èñïîëüçîâàíèè äëÿ ýòîãî
êðåìíèÿ ëåãèðîâàííîãî çîëîòîì. Êîíòàêòíûìè è ïîâåðõíîñòíûìè ÿâëåíèÿìè ïðåíåáðå-
ãàåì. Ïàðàìåòðû ðåêîìáèíàöèîííûõ öåíòðîâ ïðèâåäåíû â [5], óðàâíåíèÿ, îïèñûâàþùèå
êèíåòèêó íåðàâíîâåñíûõ íîñèòåëåé çàðÿäà � â ðàáîòå [4]. Ñîîòâåòñòâóþùèå óðàâíåíèÿ
ðåøàëèñü ÷èñëåííûìè ìåòîäàìè.

Íèæå ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé íåëèíåéíûõ, ÷àñòîòíûõ è ôàçîâûõ èñêà-
æåíèÿ ôóíêöèè. Ñîîòâåòñòâóþùèå êîýôôèöèåíòû, ðàññ÷èòûâàëèñü àíàëîãè÷íî òîìó, êàê
ýòî äåëàëîñü â ðàáîòå [10]. Êîýôôèöèåíò íåëèíåéíûõ èñêàæåíèé:

K =
1

|c1|

√∑
i

|ck|2, çäåñü ck =
1

T

T/2∫
−T/2

dj(τ)

dτ
· e−i·k·ω·τdτ, (1.1)

Êîýôôèöèåíò ÷àñòîòíûõ èñêàæåíèé Y (ωi) :

Y (ωi) = max |j′t(ωi · t)|/max[j′t(ω · t)], ωi ⊂ ⌊ωmin, ωmax⌋ (1.2)

çäåñü: j′t(ωi) � àìïëèòóäà âîññòàíîâëåííîãî îïòè÷åñêîãî ñèãíàëà äëÿ ôèêñèðîâàííîé ÷à-
ñòîòû ω â îòíîñèòåëüíûõ åäèíèöàõ; max(j′t) � ìàêñèìàëüíàÿ àìïëèòóäà âîññòàíîâëåí-
íîãî ñèãíàëà â îòíîñèòåëüíûõ åäèíèöàõ â ðàáî÷åé îáëàñòè ÷àñòîò.
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Ôàçîâûå èñêàæåíèÿ õàðàêòåðèçóþòñÿ ãðóïïîâûì âðåìåíåì çàïàçäûâàíèÿ τ â èññëå-
äóåìîé ïîëîñå ÷àñòîò:

τãð = dϕ/dω (1.3)

ϕ � ñäâèã ôàç ìåæäó âîññòàíîâëåííûì è âîçáóæäàþùèì èìïóëüñàìè.
Êðîìå ìàëîñòè èñêàæåíèé, èñïîëüçîâàíèå ôîòîïðèåìíèêà äëÿ âîññòàíîâëåíèÿ îïòè-

÷åñêèõ èìïóëüñîâ ïðåäïîëàãàåò îòíîñèòåëüíî áîëüøóþ ãëóáèíó ìîäóëÿöèè, êîòîðàÿ ðàñ-
ñ÷èòûâàëàñü ïî ôîðìóëå:

K = (jmax − jmin)/(jmax + jmin) (1.4)

Ïðîâåäåíî èññëåäîâàíèå èñêàæåíèé ïðè ðàçëè÷íûõ êîíöåíòðàöèÿõ äîíîðíûõ öåíòðîâ.
Ðåçóëüòàòû ÷èñëåííûõ ðàñ÷åòîâ ïðèâåäåíû íà ðèñ. 1�4. Äëÿ êðèâûõ 1�4 ðèñ. 1�4 èñïîëüçî-
âàíû ñëåäóþùèå ïàðàìåòðû ïîëóïðîâîäíèêà è âíåøíåãî âîçáóæäåíèÿ: êîíöåíòðàöèÿ ðàâ-
íîâåñíûõ ýëåêòðîíîâ � n = 1011ñì−3 ; òåìï ãåíåðàöèè � g(ωt) = 1020(1− cosωt)ñì−3ñ−1 ;
êîíöåíòðàöèÿ ðåêîìáèíàöèîííûõ (àêöåïòîðíûõ) öåíòðîâ çîëîòà � Na = 8 ·1016ñì−3 . Äëÿ
êðèâîé 1 ðèñ. 1�4 êîíöåíòðàöèÿ äîíîðíûõ öåíòðîâ çîëîòà ðàâíà Nδ = 0ñì−3 ; äëÿ êðèâîé
2 � Nδ = 1014ñì−3 ; äëÿ êðèâîé 3 � Nδ = 1015ñì−3 ; äëÿ êðèâîé 4 � Nδ = 1016ñì−3 .

Ðèñ. 1. Çàâèñèìîñòè êîýôôèöèåíòà íåëèíåéíûõ èñêàæåíèé îò ÷àñòîòû.
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Ðèñ. 2. Çàâèñèìîñòü êîýôôèöèåíòà Y , õàðàêòåðèçóþùåãî ÷àñòîòíûå èñêàæåíèÿ îïòè÷åñêîãî

ñèãíàëà, îò ÷àñòîòû ñëåäîâàíèÿ ãàðìîíè÷åñêèõ èìïóëüñîâ ñâåòà
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Ðèñ. 3. Çàâèñèìîñòü óãëà ñäâèãà ôàç âîññòàíîâëåííîãî ñèãíàëà îò ÷àñòîòû ñëåäîâàíèÿ

ãàðìîíè÷åñêèõ èìïóëüñîâ ñâåòà.

Ðèñ. 4. Çàâèñèìîñòü ãëóáèíû ìîäóëÿöèè ýëåêòðè÷åñêîãî ñèãíàëà îò ÷àñòîòû ñëåäîâàíèÿ

ãàðìîíè÷åñêèõ èìïóëüñîâ ñâåòà.

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïîêàçûâàåò, ÷òî óâåëè÷åíèå êîíöåíòðàöèè äîíîðíûõ
ïðèìåñåé óõóäøàåò ïàðàìåòðû ôîòîïðèåìíèêà, ïðåäíàçíà÷åííîãî äëÿ âîññòàíîâëåíèÿ âû-
ñîêî÷àñòîòíûõ âîçáóæäàþùèõ èìïóëüñîâ. Ïðè ÷àñòîòå áîëüøåé 100 ÌÃö, òî åñòü ïðè
ω >> max(τ−1

n , τ−1
p ) â íåçàâèñèìîñòè îò êîíöåíòðàöèè äîíîðíûõ öåíòðîâ èñêàæåíèÿìè

ìîæíî ïðåíåáðå÷ü.
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Distortion of high frequency optical signals photodetectors

fabricated on silicon doped with gold.

c⃝ E. V. Nikishin3, E. E. Peskova4

Abstract. In the article theoretical study of the distortions of the reconstructed high-frequency
optical signal. Calculations are made for photo detectors fabricated on silicon doped with gold.
The conditions under which nonlinear distortion is small.
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of electrons and holes, signal reconstruction
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