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Ââåäåíèå
Ïðè ðàçðàáîòêå è èçãîòîâëåíèè ìíîãîýëåìåíòíûõ ÈÊ-

ôîòîïðèåìíèêîâ âîçíèêàåò íåîáõîäèìîñòü ïðîìåæó-
òî÷íîãî êîíòðîëÿ ôîòîýëåêòðè÷åñêèõ ïàðàìåòðîâ ôîòî-
ïðèåìíûõ óñòðîéñòâ (ÔÏÓ) [1–4], êîòîðûå îïðåäåëÿþò
âðåìåííûå è ïðîñòðàíñòâåííûå õàðàêòåðèñòèêè êîíå÷íûõ
óñòðîéñòâ. Â ÷èñëå òàêèõ ïàðàìåòðîâ îáû÷íî ïîäðàçó-
ìåâàþò ñëåäóþùèå: ïîðîãîâàÿ ìîùíîñòü èçëó÷åíèÿ Ppor,
óäåëüíàÿ îáíàðóæèòåëüíàÿ ñïîñîáíîñòü D*, âîëüòîâàÿ ÷óâ-
ñòâèòåëüíîñòü SV.

Â äàííîé ðàáîòå ïðåäñòàâëåíà ìåòîäèêà èçìåðåíèÿ
ôîòîýëåêòðè÷åñêèõ ïàðàìåòðîâ ÔÏÓ ñ ðåæèìîì  âðåìåí-
íîé çàäåðæêè è íàêîïëåíèÿ (ÂÇÍ) áåç îïòèêî-
ìåõàíè÷åñêîãî ñêàíèðîâàíèÿ.

Îïèñàíèå ÔÏÓ
Îáúåêòîì èññëåäîâàíèÿ â ðàáîòå ÿâëÿåòñÿ ÔÏÓ,

ñîäåðæàùåå ôîòî÷óâñòâèòåëüíûå ýëåìåíòû íà îñíîâå
CdHgTe, ñîñòûêîâàííûå ïîñðåäñòâîì èíäèåâûõ
ìèêðîêîíòàêòîâ ñ êðåìíèåâîé ÁÈÑ ñ÷èòûâàíèÿ (ðèñ. 1).
Ôîòî÷óâñòâèòåëüíûå ýëåìåíòû îáðàçóþò ìàòðèöó èç 1024
ñòîëáöîâ (êàíàëîâ), èìåþùèõ ïî 10 ÷óâñòâèòåëüíûõ
ýëåìåíòîâ â êàæäîì, ÷òî ïîçâîëÿåò ïðîèçâîäèòü
ñóììèðîâàíèå ñèãíàëîâ ñ êàæäûõ 10 ýëåìåíòîâ â ðåæèìå
âðåìåííîé çàäåðæêè è íàêîïëåíèÿ (ÂÇÍ) â ïðîöåññå

ñêàíèðîâàíèÿ. Íàêîïëåíèå è ôèëüòðàöèÿ ñèãíàëîâ ñ
êàæäîãî ÷óâñòâèòåëüíîãî ýëåìåíòà ïðîèçâîäèòñÿ âî
âõîäíûõ ÿ÷åéêàõ ÁÈÑ ñ÷èòûâàíèÿ. Â ýòè ÿ÷åéêè âñòðîåí
îòêëþ÷àåìûé ôèëüòð âåðõíèõ ÷àñòîò. Äàëåå ñèãíàëû
ïîñòóïàþò íà ìàòðèöó ñóììàòîðîâ, ãäå ïðîèçâîäèòñÿ
ñóììèðîâàíèå çàðÿäà â ðåæèìå ÂÇÍ, ïîñëå ÷åãî ñèãíàëû
êîììóòèðóþòñÿ íà 2 âûõîäà äëÿ ïîñëåäóþùåé îáðàáîòêè.

Ðèñ. 1. Èññëåäóåìîå â ðàáîòå ÔÏÓ.

Îñíîâíàÿ êîíöåïöèÿ èçìåðåíèé
Äëÿ îïðåäåëåíèÿ ôîòîýëåêòðè÷åñêèõ õàðàêòåðèñòèê

èññëåäóåìîãî â ðàáîòå ÔÏÓ â ðåæèìå ÂÇÍ ïðèìåíèòåëüíî
ê ðåãèñòðàöèè òî÷å÷íûõ èñòî÷íèêîâ èçëó÷åíèÿ íåîá-
õîäèìî ñîçäàíèå ñïåöèàëèçèðîâàííîãî èçìåðèòåëüíîãî
ñòåíäà. Â ñîñòàâ äàííîãî ñòåíäà äîëæíà âõîäèòü ñêàíè-
ðóþùàÿ ñèñòåìà, èñòî÷íèê òî÷å÷íîãî îïòè÷åñêîãî ñèã-
íàëà, ñèñòåìà îáðàáîòêè äàííûõ è ò.ä. Ïðè ýòîì ðàñ÷åò
ôîòîýëåêòðè÷åñêèõ ïàðàìåòðîâ ìîæåò áûòü îñóùåñòâëåí
íåïîñðåäñòâåííî â ðåæèìå ñêàíèðîâàíèÿ ïðè èçâåñòíûõ

ÓÄÊ 621.383.3/4:521.315.5

Ìåòîä èññëåäîâàíèÿ ïàðàìåòðîâ ÔÏÓ ñ ÂÇÍ  ôîðìàòà 1024×××××10 íà îñíîâå ÊÐÒ

Â.Ä. Áî÷êîâ, Á.Í. Äðàæíèêîâ, Ï.À. Êóçíåöîâ, Ê.Â. Êîçëîâ, Â.Í. Ñîëÿêîâ

Â ðàáîòå ïðåäñòàâëåíà ìåòîäèêà èçìåðåíèÿ ôîòîýëåêòðè÷åñêèõ ïàðàìåòðîâ ÔÏÓ ñ ðåæèìîì
âðåìåííîé çàäåðæêè è íàêîïëåíèÿ (ÂÇÍ) áåç îïòèêî-ìåõàíè÷åñêîãî ñêàíèðîâàíèÿ. Îñîáåííîñòüþ ÔÏÓ
ÿâëÿåòñÿ íàëè÷èå îòêëþ÷àåìûõ ôèëüòðîâ âåðõíèõ ÷àñòîò âî âõîäíûõ ÿ÷åéêàõ áîëüøîé èíòåãðàëüíîé
ñõåìû (ÁÈÑ), ÷òî ïîçâîëÿåò ïðîèçâîäèòü âû÷èòàíèå íåèíôîðìàòèâíîé  ïîñòîÿííîé ñîñòàâëÿþùåé
ñèãíàëîâ. Â êà÷åñòâå èñòî÷íèêà îïòè÷åñêîãî ñèãíàëà âûñòóïàëî àáñîëþòíî ÷åðíîå òåëî (À×Ò) ñ
ìîäóëÿòîðîì. Êðèòåðèåì âûáîðà ÷àñòîòû ìîäóëÿöèè ñëóæèë ïåðèîä ÂÇÍ è àìïëèòóäíî-÷àñòîòíàÿ
õàðàêòåðèñòèêà ÔÏÓ. Äëÿ êîððåêòíîãî èçìåðåíèÿ çíà÷åíèé ñèãíàëîâ ïðîèçâåäåí ðàñ÷åò ïàðàìåòðîâ
íåðåêóðñèâíîãî ÂÇÍ-ôèëüòðà. Çíà÷åíèÿ øóìîâ ÔÏÓ ïîëó÷åíû âû÷èòàíèåì ïåðèîäè÷åñêîé
àìïëèòóäíîé ìîäóëÿöèè. Ïðîèçâåäåí ðàñ÷åò çàâèñèìîñòè ôîíîâûõ îáëó÷åííîñòåé íà ÷óâñòâèòåëüíûé
ýëåìåíò, ïîñòðîåíà çàâèñèìîñòü øóìîâ ÔÏÓ îò òåìïåðàòóðû ôîíà. Âû÷èñëåíû âíóòðåííèå øóìû
ÔÏÓ. Â êîíöå ðàáîòû ïðåäñòàâëåíû ÷èñëåííûå ðåçóëüòàòû èçìåðåíèÿ ïàðàìåòðîâ.

PACS: 42.79.Sz, 85.30.-Z 
Êëþ÷åâûå ñëîâà: ÂÇÍ, Ô×Ý, ÔÏÓ, ÁÈÑ ñ÷èòûâàíèÿ.
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õàðàêòåðèñòèêàõ ïàäàþùåãî íà êàæäûé ÷óâñòâèòåëüíûé
ýëåìåíò èçëó÷åíèÿ. Äàííûé ñïîñîá èçìåðåíèé ñîïðÿæåí
ñî çíà÷èòåëüíûìè òðóäíîñòÿìè: ñèíõðîíèçàöèÿ, ôîðìèðî-
âàíèå òî÷å÷íîãî îïòè÷åñêîãî ñèãíàëà è ò.ä. Â ïðåäñòàâ-
ëåííîé ðàáîòå ïðåäëàãàåòñÿ ìåòîä èçìåðåíèÿ ïàðàìåòðîâ
ÔÏÓ â ðåæèìå áåç ñêàíèðîâàíèÿ, ÷òî ñóùåñòâåííî ñíè-
æàåò ñëîæíîñòü èñïîëüçóåìîé èçìåðèòåëüíîé ñèñòåìû.
Ñóòü ìåòîäà çàêëþ÷àåòñÿ â èññëåäîâàíèè ðåàêöèè ÔÏÓ
íà ìîäóëèðîâàííûé îïòè÷åñêèé ñèãíàë, ôîðìèðóåìûé
àáñîëþòíî ÷åðíûì òåëîì (À×Ò) è ðàâíîìåðíî çàñâå÷è-
âàþùèé ìàòðèöó ôîòî÷óâñòâèòåëüíûõ ýëåìåíòîâ (Ô×Ý).

Èçìåðåíèå çíà÷åíèé ñèãíàëîâ ÔÏÓ
Äëÿ ðàñ÷åòà ôîòîýëåêòðè÷åñêèõ ïàðàìåòðîâ ÔÏÓ

íåîáõîäèìî èçìåðåíèå çíà÷åíèé ñèãíàëîâ UC [k] ñ êàæ-
äîãî êàíàëà, ãäå i – íîìåð êàíàëà (1 ≤ i ≤ 1024),  k – íîìåð
èçìåðåíèÿ (1 ≤ k ≤ N), N ≥ 1000. Ïîä çíà÷åíèåì ñèãíàëà
UC [k] ïîäðàçóìåâàåòñÿ àìïëèòóäà âûõîäíîãî ñèãíàëà
UC_amp [k] ñ ñîîòâåòñòâóþùåãî êàíàëà ÔÏÓ, äåëåííàÿ íà
êîýôôèöèåíò îñëàáëåíèÿ h, ïðè ðàâíîìåðíîé çàñâåòêå
ÌÔ×Ý ìîäóëèðîâàííûì èçëó÷åíèåì àáñîëþòíî ÷åðíîãî òåëà
ñ ÷àñòîòîé ìîäóëÿòîðà 20 Ãö, ò.å. èìååì ñëåäóþùåå
ñîîòíîøåíèå:

[ ] [ ]_
1i i

C C ampU k U k
h

= ×

Êîýôôèöèåíò îñëàáëåíèÿ h õàðàêòåðèçóåò îñëàáëåíèå
àìïëèòóäû âõîäíîãî ñèãíàëà â ðåçóëüòàòå âîçäåéñòâèÿ
íåðåêóðñèâíîãî ôèëüòðà ÂÇÍ. Äàííûé ôèëüòð îáðàçóåòñÿ
â ðåçóëüòàòå íàëè÷èÿ â êàæäîé èç âõîäíûõ ÿ÷ååê ìóëüòè-
ïëåêñîðà ôèëüòðà âåðõíèõ ÷àñòîò è ñóììèðîâàíèÿ ñèã-
íàëîâ ñ êàæäîãî èç M ýëåìåíòîâ êàíàëà ñ çàäåðæêîé tç.
Áëîê-ñõåìà ôèëüòðà ïðåäñòàâëåíà íà ðèñ. 2.

Ðèñ. 2.  Ñõåìà íåðåêóðñèâíîãî ôèëüòðà ÂÇÍ íà ïðèìåðå îäíîãî
êàíàëà ÔÏÓ.

Ïóñòü â ìîìåíò âðåìåíè t = 0 íà âñå ÷óâñòâèòåëüíûå
ýëåìåíòû ÔÏÓ ïîäàåòñÿ îäèíàêîâûé îïòè÷åñêèé ñèãíàë.
Áóäåì ñ÷èòàòü ôðîíò íàðàñòàíèÿ ñèãíàëà ðåçêèì. Òîãäà â
ìîìåíò âðåìåíè t çíà÷åíèå ñèãíàëà íà âûõîäå ÿ÷åéêè ÁÈÑ
Uâûõ (t) âû÷èñëÿåòñÿ â ñîîòâåòñòâèè ñî ñëåäóþùèì
ñîîòíîøåíèåì:

( ) ( ) 20 ãðtf
âûõ âõU t KU e− π= ⋅ ,

ãäå  fãð – ãðàíè÷íàÿ ÷àñòîòà ÔÏÓ, ðàâíàÿ 35,5 Ãö ïðè ÷àñòîòå
òàêòèðîâàíèÿ ÔÏÓ 1 ÌÃö, Uâõ(0) – íàïðÿæåíèå íà åìêîñòè
íàêîïëåíèÿ âõîäíûõ ÿ÷ååê ìóëüòèïëåêñîðà ñðàçó ïîñëå
ïîäà÷è âõîäíîãî ñèãíàëà, K – êîíñòàíòà, îäèíàêîâàÿ äëÿ
âñåõ ÿ÷ååê.

Òîãäà ïðîñóììèðîâàííûé ñ M âõîäíûõ ÿ÷ååê ñèãíàë
Uíð âû÷èñëÿåòñÿ ïî ôîðìóëå:

( ) ( ) ( )
( )

0 2 ...

( 1)
íð âûõ âûõ ç âûõ ç

âûõ ç

U U U t U t

U M t

= + + +

+ − ,

ãäå tç – âðåìÿ çàäåðæêè, ðàâíîå òðåì ïåðèîäàì îïðîñà
ìàòðèöû Ô×Ý.

Â ðåçóëüòàòå ðàñ÷åòîâ çíà÷åíèå Uíð ïîëó÷åíî ðàâíûì
4,99⋅KUâõ(0).

Çíà÷åíèå ñèãíàëà ïðè ñóììèðîâàíèè ñ ÂÇÍ áåç ó÷åòà
ôèëüòðîâ âåðõíèõ ÷àñòîò âî âõîäíûõ ÿ÷åéêàõ âû÷èñëÿåòñÿ
ïî ôîðìóëå:

( )0ïîëí âûõU MU= .
Òàêèì îáðàçîì, êîýôôèöèåíò îñëàáëåíèÿ h âû÷èñ-

ëÿåòñÿ êàê

,íð

ïîëí

U
h

U
=

è h â ñîîòâåòñòâèè ñ ñîîòíîøåíèåì (5) ðàâåí â äàííîì
ñëó÷àå 0,5.

Èçìåðåíèå øóìîâ ÔÏÓ
Â êà÷åñòâå èñòî÷íèêà îïòè÷åñêîãî ñèãíàëà ïðè

èçìåðåíèè øóìîâ ÔÏÓ âûñòóïàåò êðóãëàÿ çà÷åðíåííàÿ
çàñëîíêà, çàêðûâàþùàÿ âõîäíîå îêíî êðèîñòàòà ñ ÔÏÓ, è
çàñâå÷èâàþùàÿ ìàòðèöó Ô×Ý ÷åðåç îõëàæäàåìóþ äèàô-
ðàãìó ïðÿìîóãîëüíîé ôîðìû (ðèñ. 3).

Ðèñ. 3.  Ñèñòåìà â ðåæèìå èçìåðåíèÿ øóìîâ.

Ïðè íàãðåâàíèè èëè îõëàæäåíèè çàñëîíêè ïðîèñõîäèò
èçìåíåíèå óðîâíÿ çàñâåòêè ìàòðèöû Ô×Ý. Ïîä øóìîì
êàíàëà ÔÏÓ ïîäðàçóìåâàåòñÿ ñðåäíåêâàäðàòè÷íîå îòêëî-
íåíèå çíà÷åíèé ñèãíàëîâ ñ äàííîãî êàíàëà, çàðåãèñòðè-
ðîâàííûõ ïðè çàäàííîì óðîâíå ôîíà ñ ó÷åòîì ïàðàçèòíîé
ïåðèîäè÷åñêîé àìïëèòóäíîé ìîäóëÿöèè, âîçíèêàþùåé çà
ñ÷åò íåèäåíòè÷íîñòè ïàðàìåòðîâ àíàëîãîâûõ ñóììàòîðîâ.
Òàêèì îáðàçîì, çíà÷åíèå øóìà êàíàëà ÔÏÓ âû÷èñëÿåòñÿ
ñëåäóþùèì îáðàçîì:
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i
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(2)
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[ ] [ ] [ ] [ ]
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ãäå UC [k] – çíà÷åíèå ñèãíàëà ñ i–ãî êàíàëà ÔÏÓ, N – êîëè-
÷åñòâî âûáîðîê (1 ≤ N ≤ 1000), UC_ìîä [p] – ïåðèîäè÷åñêàÿ
ôóíêöèÿ àìïëèòóäíîé ìîäóëÿöèè.

Òàêèì îáðàçîì âû÷èñëÿåòñÿ óñðåäíåííîå ïî âðåìåíè
çíà÷åíèå âðåìåííûõ øóìîâ ÔÏÓ ñ çàäàííîãî êàíàëà.
Ïåðèîäè÷åñêàÿ ôóíêöèÿ àìïëèòóäíîé ìîäóëÿöèè ââîäèòñÿ
äëÿ êîìïåíñàöèè ðàçáðîñîâ ïîñòîÿííûõ ñîñòàâëÿþùèõ
íà âûõîäàõ îòäåëüíûõ ñóììàòîðîâ ìóëüòèïëåêñîðà.
Âû÷èñëåíèå çíà÷åíèé äàííîé ôóíêöèè äëÿ êàæäîãî èç
êàíàëîâ ÔÏÓ ïðîèçâîäèòñÿ ìåòîäîì îäíîòî÷å÷íîé
êîððåêöèè ñëåäóþùèì îáðàçîì: âðåìÿ íàêîïëåíèÿ
îïòè÷åñêîãî ñèãíàëà âõîäíîé ÿ÷åéêîé óñòàíàâëèâàåòñÿ
ìèíèìàëüíûì, ÷òî èìèòèðóåò òåìíîâóþ çàñâåòêó ìàòðèöû
Ô×Ý. Çàòåì ïðîèçâîäèòñÿ ìíîãîêðàòíîå ñ÷èòûâàíèå
çíà÷åíèé ñèãíàëîâ ñ êàæäîãî èç êàíàëîâ è óñðåäíåíèå
âûõîäíûõ ñèãíàëîâ ÁÈÑ ñ÷èòûâàíèÿ çà áîëüøîå (áîëåå
1000) ÷èñëî ïåðèîäîâ îïðîñà ìàòðèöû.

Ïîñëå èçìåðåíèÿ çíà÷åíèé øóìîâ áûë ïðîèçâåäåí
ðàñ÷åò òîêîâ ôîòîäèîäîâ ìàòðèöû Ô×Ý, ïðè êîòîðûõ
äàííûå èçìåðåíèÿ ïðîèçâîäèëèñü. Òîê ôîòîäèîäà iÔÄ
ñîñòîèò èç òåìíîâîãî òîêà iÒ è òîêà iÔ, âîçíèêàþùåãî çà
ñ÷åò ôîíîâîé îáëó÷åííîñòè. Òîê iÔ âêëþ÷àåò â ñåáÿ äâå
êîìïîíåíòû: iÔç – òîê, âûçâàííûé ïîòîêîì îò çàñëîíêè, è
iÔâí – òîê, âûçâàííûé îáëó÷åííîñòüþ îò âíóòðåííèõ ÷àñòåé
êðèîñòàòà, ò.å. èìååì:

ÔÄ Ôç Ôâí Ti i i i= + + .

Äëÿ äàëüíåéøèõ ðàñ÷åòîâ áûë èñïîëüçîâàí êîýô-
ôèöèåíò ïåðåäà÷è ÔÏÓ Kôì, (îòíîøåíèå âûõîäíîãî
íàïðÿæåíèÿ ñèãíàëà ê âõîäíîìó òîêó), ïîëó÷åííûé
ýêñïåðèìåíòàëüíî è ðàâíûé 62⋅109 Îì. Ñóììà iÔâí + iÔç
áûëà èçìåðåíà â ðåæèìå DC ÔÏÓ (ñ îòêëþ÷åííûìè
ôèëüòðàìè âåðõíèõ ÷àñòîò âî âõîäíûõ ÿ÷åéêàõ) ïðè
îõëàæäåíèè çàñëîíêè äî òåìïåðàòóð, áëèçêèõ ê àçîòíûì,
è ýòà ñóììà îêàçàëàñü ðàâíîé 8,1 ïÀ. Çàòåì òåîðåòè÷åñêè
áûëè ðàññ÷èòàíû çíà÷åíèÿ îáëó÷åííîñòåé ÷óâñòâè-
òåëüíûõ ýëåìåíòîâ îò çàñëîíêè ïðè ðàçëè÷íûõ çíà÷å-
íèÿõ åå òåìïåðàòóðû, èñïîëüçóÿ âûðàæåíèÿ èç [17]:

2

1

( , , ) ( , , ) ( ) ( , )transP x y L AK x y L S R T d
λ

λ

= λ λ λ∫ ,

1

2

2 2 2 2( , , )
[ ( ) ( ) ]trans

S

L dpdqK x y L
L p x q y

=
π + − + −∫∫ ,

ãäå A – ïëîùàäü ÷óâñòâèòåëüíîãî ýëåìåíòà, Ktrans –
êîýôôèöèåíò ïðîïóñêàíèÿ äèàôðàãìû, ðàññ÷èòûâàåìûé
â ñîîòâåòñòâèè ñ (9), L – ðàññòîÿíèå îò ïëîñêîñòè Ô×Ý äî
äèàôðàãìû, S(λ) – ñïåêòðàëüíàÿ õàðàêòåðèñòèêà ÷óâñòâè-
òåëüíîñòè Ô×Ý â îòíîñèòåëüíûõ åäèíèöàõ, R(λ,T) –
ñïåêòðàëüíàÿ ïëîòíîñòü ïîòîêà èçëó÷åíèÿ À×Ò.

Ñ ïîìîùüþ ýòèõ äàííûõ áûëè âû÷èñëåíû è ïîñòðîåíû
çàâèñèìîñòè äëÿ øóìîâ ÔÏÓ îò òåìïåðàòóðû çàñëîíêè
(ðèñ. 4).

i

i

(7)

(8)

(9)

Ðèñ. 4. Çàâèñèìîñòè óñðåäíåííîãî ïî êàíàëàì çíà÷åíèÿ øóìà  è òåîðåòè÷åñêèå ðàñ÷åòû äðîáîâîãî øóìà íà âûõîäå ÁÈÑ ñ÷èòûâàíèÿ îò
òåìïåðàòóðû çàñëîíêè.

Èçìåðåíèå ïàðàìåòðîâ Ñ/Ø (SNR), Ppor, D*, SV

Ïàðàìåòð ñèãíàë/øóì äëÿ i–ãî êàíàëà âû÷èñëÿåòñÿ èç
ñîîòíîøåíèÿ [18]:

i
c

i i
ш

USNR
U

= ,

ãäå Uc – óñðåäíåííîå ïî êîëè÷åñòâó âûáîðîê çíà÷åíèå
ñèãíàëà, Uø – çíà÷åíèå øóìà i–ãî êàíàëà ÔÏÓ.

Ïàðàìåòð Ppor îïðåäåëÿåò òî çíà÷åíèå ïîòîêà èçëó÷åíèÿ
À×Ò íà ÷óâñòâèòåëüíûé ýëåìåíò, ïðè êîòîðîì çíà÷åíèå
ïàðàìåòðà SNR ñèñòåìû ñòàíîâèòñÿ ðàâíûì 1. Çíà÷åíèå
ïîðîãîâîãî ïîòîêà íà ÷óâñòâèòåëüíûé ýëåìåíò Ppor i äëÿ i–
ãî êàíàëà ìîäóëÿ âû÷èñëÿåòñÿ èç ñîîòíîøåíèÿ:

Ôэ
pori

i

P
SNR

=

ãäå Ôý – ýôôåêòèâíîå çíà÷åíèå ïîòîêà íà ÷óâñòâèòåëüíûé
ýëåìåíò.

Ýôôåêòèâíîå çíà÷åíèå ïîòîêà íà ÷óâñòâèòåëüíûé
ýëåìåíò èìååò ðàçìåðíîñòü Âò/ýëåìåíò è âû÷èñëÿåòñÿ â
ñîîòâåòñòâèè ñ ñîîòíîøåíèÿìè:

эΦ = Φ×ϕ ,

4 4
1 1 0 0

2

( )Ò Ò F A
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π⋅
,

(10)

i

i
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0

0

( ) ( )

( )

îòíS R d

R d

∞

∞

λ ⋅ λ λ
ϕ =

λ λ

∫

∫
,

ãäå Φ – ïîëíûé ïîòîê èçëó÷åíèÿ, ïàäàþùèé íà îäèí ôîòî-
÷óâñòâèòåëüíûé ýëåìåíò ÔÏÓ îò À×Ò, îïðåäåëÿåìûé ïî
âûðàæåíèþ (13), ϕ – êîýôôèöèåíò èñïîëüçîâàíèÿ èçëó÷å-
íèÿ, âû÷èñëÿåìûé èç ñîîòíîøåíèÿ (14). Îñòàëüíûå çíà÷å-
íèÿ îïðåäåëÿþòñÿ ñëåäóþùèì îáðàçîì: R(λ) – ñïåêòðàëü-
íàÿ ïëîòíîñòü ïîòîêà èçëó÷åíèÿ, [Âò⋅ñì–2⋅ìêì–1]; Γ –
ïîñòîÿííàÿ Ñòåôàíà-Áîëüöìàíà, ðàâíàÿ 5,669⋅10–8Âò⋅ì–2⋅Ê–4;
S(λ) – ñïåêòðàëüíàÿ õàðàêòåðèñòèêà Ô×Ý â îòíîñèòåëüíûõ
åäèíèöàõ; ε1, ε0 – êîýôôèöèåíòû èçëó÷åíèÿ ïîëîñòè À×Ò
è äèñêà ìîäóëÿòîðà, ñîîòâåòñòâåííî; T1, T0 – òåìïåðàòóðû
ïîëîñòè À×Ò è äèñêà ìîäóëÿòîðà, ñîîòâåòñòâåííî, [K];
F – ïëîùàäü îòâåðñòèÿ äèàôðàãìû À×Ò, [ì2]; A –
ýôôåêòèâíàÿ ôîòî÷óâñòâèòåëüíàÿ ïëîùàäü Ô×Ý, [ì2];
L – ðàññòîÿíèå ìåæäó äèàôðàãìîé À×Ò è ïëîñêîñòüþ
Ô×Ý, [ì2]; tèçì – òåìïåðàòóðà ìîäóëÿ, ïðè êîòîðîé ïðîâî-
äèëèñü èçìåðåíèÿ, [°C].

Óäåëüíàÿ îáíàðóæèòåëüíàÿ ñïîñîáíîñòü Di i–ãî
êàíàëà ÔÏÓ âû÷èñëÿåòñÿ èç ñîîòíîøåíèÿ

*
i

i

A f
D

NEP
⋅∆

= ,

ãäå ∆f – ðàáî÷àÿ ïîëîñà ÷àñòîò ÔÏÓ. Ñëåäóþùåå ñîîòíî-
øåíèå ñâÿçûâàåò ðàáî÷óþ ïîëîñó ÷àñòîò ñ âðåìåíåì
íàêîïëåíèÿ Tí:

1
2 í

f
T

∆ =
⋅

.

Âîëüòîâàÿ ÷óâñòâèòåëüíîñòü äëÿ i–ãî êàíàëà ÔÏÓ
âû÷èñëÿåòñÿ ñëåäóþùèì îáðàçîì:.

i
c

V
э

US =
Φ

.

Ðåçóëüòàòû èçìåðåíèé
Ïàðàìåòðû èçìåðÿåìîãî îáúåêòà, à òàêæå èçìåðèòå-

ëüíîé ñèñòåìû ïðåäñòàâëåíû â òàáë. 1.
Òàáëèöà 1

Ïàðàìåòðû óñòàíîâêè è èçìåðÿåìîãî ìîäóëÿ

Íà ðèñ. 5 ïðåäñòàâëåíà ãèñòîãðàììà ðàñïðåäåëåíèÿ
çíà÷åíèé ïîðîãîâîãî ïîòîêà â ðàñ÷åòå íà ÷óâñòâèòåëüíûé
ýëåìåíò. Â òàáë. 2 ïðèâåäåíû óñðåäíåííûå çíà÷åíèÿ
ôîòîýëåêòðè÷åñêèõ ïàðàìåòðîâ. Èçìåðåíèå øóìîâ
ïðîèçâîäèëîñü ïðè òåìïåðàòóðå øòîðêè –10 îÑ.

Ðèñ. 5. Ãèñòîãðàììà çíà÷åíèé ïîðîãîâîãî ïîòîêà.

Òàáëèöà 2
Óñðåäíåííûå ïî êàíàëàì çíà÷åíèÿ ïàðàìåòðîâ

Çàêëþ÷åíèå
Â äàííîé ðàáîòå ïðåäñòàâëåí ìåòîä è ðåçóëüòàòû

èçìåðåíèÿ ïàðàìåòðîâ ÔÏÓ ñ ÂÇÍ ñ âñòðîåííûì
ôèëüòðîì âåðõíèõ ÷àñòîò ïðèìåíèòåëüíî ê ðåãèñòðàöèè
òî÷å÷íûõ èñòî÷íèêîâ èçëó÷åíèÿ áåç îïòèêî-ìåõàíè÷åñêîãî
ñêàíèðîâàíèÿ. Â êà÷åñòâå èñòî÷íèêà òåñòîâîãî ñèãíàëà
áûëî èñïîëüçîâàíî ìîäóëèðîâàííîå èçëó÷åíèå À×Ò,
èíòåíñèâíîñòü èçëó÷åíèÿ êîòîðîãî ðàâíîìåðíî ðàñïðå-
äåëåíà ïî ïëîùàäè ìàòðèöû Ô×Ý. Âëèÿíèå ôèëüòðà âåðõ-
íèõ ÷àñòîò ó÷òåíî ðàñ÷åòíûì ïóòåì. Èçìåðåíèÿ çíà÷åíèé
øóìîâ ïðîèçâîäèëèñü ïðè çàêðûòîì øòîðêîé âõîäíîì
îêíå êðèîñòàòà, ïðè ýòîì ïàðàçèòíàÿ àìïëèòóäíàÿ
ìîäóëÿöèÿ âûõîäíîãî ñèãíàëà âû÷èòàëàñü ïî ðåçóëüòàòàì
îäíîòî÷å÷íîé êîððåêöèè. Ïðîâåäåí ðàñ÷åò òåìíîâûõ
òîêîâ ñèñòåìû, êîòîðûå ñîñòàâëÿëè 13 ïÀ ïðè òåìïåðàòóðå
ôîíà –10 oC. Ïðîâåäåíà îöåíêà çíà÷åíèÿ äðîáîâûõ øóìîâ
òåìíîâîãî è ôîíîâîãî îáëó÷åíèÿ, êîòîðûå ñîñòàâëÿþò
1,8 ìÂ (ÑÊÎ) â ðàáî÷åé ïîëîñå ÷àñòîò. Âêëàä âíóòðåííèõ
øóìîâ ÁÈÑ ñ÷èòûâàíèÿ â çíà÷åíèÿ èçìåðÿåìûõ
ïàðàìåòðîâ ñîñòàâëÿë íå áîëåå 8%. Â èññëåäîâàííûõ
îáðàçöàõ çíà÷åíèå ïîðîãîâîãî ïîòîêà ñîñòàâëÿëî ìåíåå
3⋅10–14 Âò/ýë ïðè òåìïåðàòóðå ôîíà –10 oC. Óäåëüíàÿ îáíà-
ðóæèòåëüíàÿ ñïîñîáíîñòü D* ñîñòàâèëà 4,67⋅1012 Jones.
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This article contains the method of calculating the main parameters of TDI FPA without using a scanning
system. The main feature of this FPA is a high pass filter in each readout cell which subtracts informative
constant part of a signal. Test optical radiation was formed by the black body with modulator. The modulation
frequency in our measurement system was 20Hz. The criterion of choosing the modulation frequency was the
TDI period and the amplitude-frequency characteristics of the FPA. In order the measurements were made
correctly, the characteristics of nonrecursive filter were used. The values of noise were obtained by subtraction
the periodical amplitude modulation. All parts of radiation have been calculated, and the photodiodes currents,
which corresponds them are showed. The value of shot noise, which is caused by the dark photodiode current and
the internal radiation is 1.8 mV in our system. The internal FPAs’ noise has been measured. The value of it was
0.75 mV (RMS) and the physical nature – mainly  kTC. The main parameters of the FPA have been calculated.
The mean value of the noise equivalent photocurrent is 2.8⋅⋅⋅⋅⋅10-14 W/pixel.

PACS: 42.79.Sz, 85.30.-Z 
Keywords: TDI, FPA, photodetector, multiplexer.
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