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ÒÅÕÍÈ×ÅÑÊÀß ÏÎËÈÒÈÊÀ

ÓÄÊ 621.3.049.77(001.18)

Ä. ò. í. À. È. ÁÅËÎÓÑ, ÷ë.-êîðð. ÍÀÍ Áåëàðóñè, ä. ò. í. Â. À. ÏÈËÈÏÅÍÊÎ,
ä. ò. í. À. Ñ. ÒÓÐÖÅÂÈ×, Ñ. Â. ØÂÅÄÎÂ

Ðåñïóáëèêà Áåëàðóñü, ã. Ìèíñê, ÎÀÎ «ÈÍÒÅÃÐÀË»
E-mail: office@bms.by

ÌÈÐÎÂÛÅ ÒÅÍÄÅÍÖÈÈ ÐÀÇÂÈÒÈß ÌÈÊÐÎÝËÅÊÒÐÎÍÈÊÈ
È ÌÅÑÒÎ ÐÅÑÏÓÁËÈÊÈ ÁÅËÀÐÓÑÜ Â ÝÒÎÌ ÏÐÎÖÅÑÑÅ

Â îáçîðå ïðèâåäåí àíàëèç ðàçâèòèÿ ìèêðîýëåêòðîíèêè â ýêîíîìè÷åñêè ðàçâèòûõ ñòðàíàõ çà ïåðèîä
7—10 ëåò äî 2008 ãîäà, êîãäà â ìèðîâîé ýêîíîìèêå íà÷àëî ïðîÿâëÿòüñÿ âëèÿíèå ýêîíîìè÷åñêîãî
êðèçèñà. Â ñòàòüå èñïîëüçîâàíû äàííûå Stat World Fab Watch. Òàêæå ðàññìîòðåíû äîñòèæåíèÿ è
ïîòåíöèàëüíûå âîçìîæíîñòè ÎÀÎ «ÈÍÒÅÃÐÀË» — ãîëîâíîé îðãàíèçàöèè, îòâå÷àþùåé çà ìèêðî-
ýëåêòðîííóþ îòðàñëü â Áåëîðóññèè.

Êëþ÷åâûå ñëîâà: ìèêðîýëåêòðîíèêà, ýëåìåíòíî-êîìïîíåíòíàÿ áàçà, íàóêîåìêàÿ ïðîäóêöèÿ, òåíäåí-
öèè ðàçâèòèÿ, ìèðîâîé ðûíîê.

Ñîâðåìåííîå ðàçâèòèå èíäóñòðèàëüíûõ ñòðàí
áàçèðóåòñÿ íà âñå áîëåå øèðîêîì èñïîëüçîâàíèè
èçäåëèé ýëåêòðîííîé òåõíèêè âî âñåõ ñôåðàõ
æèçíåäåÿòåëüíîñòè — ïðîìûøëåííîñòè, òðàíñ-
ïîðòå, ñâÿçè, òåëåêîììóíèêàöèÿõ, çäðàâîîõðà-
íåíèè, áàíêîâñêîé è ñîöèàëüíîé îáëàñòÿõ, âî-
åííîé òåõíèêå è ò. ä. Íè îäíà îòðàñëü õîçÿé-
ñòâà, íè îäíî ïðåäïðèÿòèå íå ìîãóò ðàáîòàòü
ïðîäóêòèâíî, åñëè íå îñíàùåíû ñîâðåìåííîé
âûñîêîòåõíîëîãè÷íîé ýëåêòðîííîé àïïàðàòóðîé
è ýëåêòðîííîé ñèñòåìîé óïðàâëåíèÿ.

Ñ ñåðåäèíû XX âåêà ýëåêòðîííàÿ ïðîìûø-
ëåííîñòü — êëþ÷åâàÿ ñîñòàâëÿþùàÿ ýëåêòðîí-
íîé îòðàñëè, îáåñïå÷èâàþùåé áëàãîñîñòîÿíèå
ëþáîãî ãîñóäàðñòâà, áåçóñëîâíûé ëèäåð â ìèðî-
âîì ðàçäåëåíèè òðóäà, îáúåìû åå ïðîèçâîäñòâà
íåóêëîííî âîçðàñòàþò, îïðåäåëÿÿ ïðîãðåññ âî
âñåõ äðóãèõ ñôåðàõ æèçíè. Ýòî ñàìàÿ áûñòðî
ðàçâèâàþùàÿñÿ îòðàñëü, êîòîðàÿ ïðîèçâîäèò
áîëüøå äîáàâî÷íîé ñòîèìîñòè, ÷åì ëþáàÿ äðó-
ãàÿ ïðîìûøëåííàÿ îòðàñëü.

Ãëàâíîå ìåñòî â ýëåêòðîííîé ïðîìûøëåííî-
ñòè çàíèìàåò ìèêðîýëåêòðîíèêà, ðàçâèòèå êîòî-
ðîé áàçèðóåòñÿ íà äîñòèæåíèÿõ ìèêðîýëåêòðîí-
íîé ýëåìåíòíî-êîìïîíåíòíîé áàçû è îïðåäåëÿåò
óðîâåíü ðàçâèòèÿ ðàäèîýëåêòðîííîé îòðàñëè
ïðîìûøëåííîñòè â öåëîì.

Ìèêðîýëåêòðîííàÿ ýëåìåíòíî-êîìïîíåíòíàÿ
áàçà — ýòî øèðîêàÿ íîìåíêëàòóðà èçäåëèé è
ïðèáîðîâ, îïðåäåëÿþùàÿ òåõíè÷åñêèå è ïîòðå-
áèòåëüñêèå õàðàêòåðèñòèêè êîíå÷íîé ïðîäóêöèè,
âûïóñêàåìîé âî âñåõ îòðàñëÿõ ïðîìûøëåííîñòè
(ìàøèíîñòðîåíèå, òðàíñïîðò, ýíåðãåòèêà, ìåäè-
öèíñêîå ïðèáîðîñòðîåíèå è äð.).

Îïûò âåäóùèõ ñòðàí ìèðà ïîêàçûâàåò, ÷òî
ðåàëèçàöèÿ òåõíè÷åñêèõ è ñîöèàëüíî-ýêîíîìè-
÷åñêèõ ïðîãðàìì ðàçâèòèÿ ìèêðîýëåêòðîíèêè
ïðèâîäèò ê èíòåãðàëüíîìó ýôôåêòó, äàëåêî
âûõîäÿùåìó çà ðàìêè ìèêðîýëåêòðîííîé îòðàñ-
ëè, â òîì ÷èñëå ê ðîñòó ðûíêà íàóêîåìêîé ïðî-
äóêöèè, ïîâûøåíèþ òåõíè÷åñêîãî óðîâíÿ è êîí-
êóðåíòîñïîñîáíîñòè â ñìåæíûõ îòðàñëÿõ — ñâÿ-
çè è òåëåêîììóíèêàöèé, âû÷èñëèòåëüíîé òåõíè-
êè, ðàêåòíî-êîñìè÷åñêîé, àâèàöèîííîé, ìàøè-
íîñòðîèòåëüíîé, àâòîòðàíñïîðòíîé, ñòàíêîñòðî-
èòåëüíîé è äðóãèõ.

Îáúåì ïðîèçâîäñòâà ïðîäóêöèè ìèðîâîé ðà-
äèîýëåêòðîííîé îòðàñëè ïðîìûøëåííîñòè ïî÷òè
â 4,5 ðàçà ïðåâîñõîäèò îáúåì ïðîèçâîäñòâà íå-
ôòè, áåíçèíà è ìèíåðàëüíîãî ñûðüÿ, ïî÷òè â
3 ðàçà — ïðîèçâîäñòâî õèìè÷åñêèõ ïðîäóêòîâ
è ïëàñòèêîâ, â 2,5 — îáúåìû ãðóçîïåðåâîçîê è
áîëåå ÷åì â 2 ðàçà — ïðîèçâîäñòâî ýëåêòðè÷å-
ñòâà è ãàçà.

Ñëåäóåò îòìåòèòü, ÷òî â ðàçâèòûõ ñòðàíàõ
èìåííî íàóêîåìêèé ïðîäóêò ÿâëÿåòñÿ ãëàâíûì
èñòî÷íèêîì ïîïîëíåíèÿ áþäæåòà. Åñëè ïðîäà-
æà îäíîé òîííû ñûðîé íåôòè ìîæåò ïðèíåñòè
äî 20 USD ïðèáûëè, òî âñåãî ëèøü îäèí êèëî-
ãðàìì ïðîìûøëåííîé ïðîäóêöèè â ñëîæíîé ðà-
äèîýëåêòðîííîé áûòîâîé òåõíèêå äàåò ïðèáûëü
äî 50 USD, â àâèàöèè äî 500—600, à â ýëåêòðî-
íèêå äî 3000 USD (1 êã êðèñòàëëîâ ñîâðåìåí-
íûõ ÑÁÈÑ â 2,4 ðàçà äîðîæå 1 êã çîëîòà).

Ýêîíîìè÷åñêóþ ýôôåêòèâíîñòü ýëåêòðîíèêè
â ðàçâèòûõ ñòðàíàõ íàãëÿäíî äåìîíñòðèðóþò
ñëåäóþùèå ôàêòû:

· — 1 USD âëîæåíèé ïðèíîñèò äî 100 USD
â êîíå÷íîì ïðîäóêòå;

— ñðåäíåìèðîâîé ñðîê îêóïàåìîñòè âëîæå-
íèé ñîñòàâëÿåò äâà-òðè ãîäà;

Ñòàòüÿ ïîäãîòîâëåíà íà îñíîâàíèè äîêëàäà íà êîíôå-
ðåíöèè «Ñîâðåìåííûå èíôîðìàöèîííûå è ýëåêòðîííûå
òåõíîëîãèè» (Óêðàèíà, ã. Îäåññà, 4—8 èþíÿ 2012 ã.)
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— òåìïû ðîñòà îòðàñëè â òðè ðàçà âûøå òåì-
ïîâ ðîñòà âíóòðåííåãî âàëîâîãî ïðîäóêòà;

— îäíî ðàáî÷åå ìåñòî â ýëåêòðîííîé ïðîìûø-
ëåííîñòè ïîçâîëÿåò ñîçäàòü äî ÷åòûðåõ ðàáî÷èõ
ìåñò â äðóãèõ îòðàñëÿõ;

— 1 êã èçäåëèé ìèêðîýëåêòðîíèêè ïî ñòî-
èìîñòè ñîîòâåòñòâóåò 110 ò íåôòè.

Íî îäíîé ëèøü ýêîíîìè÷åñêîé ýôôåêòèâíî-
ñòüþ äåëî íå îãðàíè÷èâàåòñÿ. Èíôîðìàöèîííûå
òåõíîëîãèè è ìèêðîýëåêòðîíèêà, ïîëó÷èâ øè-
ðî÷àéøåå ðàçâèòèå â ïåðåäîâûõ ñòðàíàõ ìèðà,
ïðèâåëè ê ãëóáîêèì èçìåíåíèÿì èõ ñîöèàëüíîé
ñòðóêòóðû, åùå áîëüøå óâåëè÷èâ îòðûâ ýòèõ
ñòðàí îò îñòàëüíîãî ÷åëîâå÷åñòâà. Ïðèìåð òîìó
— óäåëüíîå ïðîèçâîäñòâî ýëåêòðîííîé òåõíè-
êè, ïîêàçàííîå íà ðèñ. 1.

Ïîêàçàòåëåí òîò ôàêò, ÷òî äîëÿ ñòîèìîñòè
èçäåëèé ýëåêòðîííîé òåõíèêè â ñòîèìîñòè ñî-
âðåìåííûõ ïðîìûøëåííûõ, áûòîâûõ è âîåííûõ

ðàäèîýëåêòðîííûõ ïðèáîðîâ è ñèñòåì ñîñòàâëÿ-
åò îò 30 äî 80% è åæåãîäíî âîçðàñòàåò. Îáúåì
ïðîäàæ ýëåêòðîííûõ èçäåëèé íà ìèðîâîì ðûí-
êå èìååò àáñîëþòíîå ëèäåðñòâî (áîëüøå àâòîìî-
áèëåñòðîåíèÿ, ìåòàëëóðãèè, íåôòåõèìèè è ò. ä.).
Ýëåêòðîííàÿ îòðàñëü ÿâëÿåòñÿ áåçóñëîâíûì ëè-
äåðîì â ìèðîâîì ðàçäåëåíèè òðóäà, îáúåìû åå
ïðîèçâîäñòâà íåóêëîííî ðàñòóò, îïðåäåëÿÿ ïðî-
ãðåññ âî âñåõ äðóãèõ ñôåðàõ, òàêèõ êàê àýðî-
êîñìè÷åñêàÿ è ðàäèîýëåêòðîííàÿ ïðîìûøëåí-
íîñòü, ðîáîòîñòðîåíèå, ïðèáîðîñòðîåíèå, ïðîèç-
âîäñòâî âû÷èñëèòåëüíîé è îïòîâîëîêîííîé òåõ-
íèêè, îôèñíîãî îáîðóäîâàíèÿ, ðàçðàáîòêà ïðî-
ãðàììíîãî îáåñïå÷åíèÿ. Ñàìà æå ýëåêòðîíèêà
áàçèðóåòñÿ íà ðàçâèòèè è äîñòèæåíèÿõ ìèêðî-
ýëåêòðîííîé îòðàñëè. Ïîýòîìó âåäóùèå ñòðàíû
ìèðà óäåëÿþò ïðèîðèòåòíîå âíèìàíèå ðàçâèòèþ
ìèêðîýëåêòðîíèêè êàê «òî÷êè ðîñòà» ýêîíîìè-
êè è íàöèîíàëüíîé áåçîïàñíîñòè. Îïûò ýòèõ
ñòðàí ïîêàçûâàåò, ÷òî ðåàëèçàöèÿ òåõíè÷åñêèõ
è ñîöèàëüíî-ýêîíîìè÷åñêèõ öåëåé è çàäà÷ ðàç-
âèòèÿ ìèêðîýëåêòðîíèêè ïðèâîäèò ê ïîÿâëåíèþ
èíòåãðàëüíîãî ýôôåêòà, âûõîäÿùåãî äàëåêî çà
ðàìêè ìèêðîýëåêòðîííîé îòðàñëè, â òîì ÷èñëå
ê ðîñòó ðûíêà íàóêîåìêîé ïðîäóêöèè, ïîâûøå-
íèþ òåõíè÷åñêîãî óðîâíÿ è êîíêóðåíòîñïîñîáíî-
ñòè â ñìåæíûõ îòðàñëÿõ — ðàäèîýëåêòðîííîé,

ñâÿçè è òåëåêîììóíèêàöèé, âû÷èñëèòåëüíîé òåõ-
íèêè, àâòîòðàíñïîðòíîé, ñòàíêîñòðîèòåëüíîé è äð.

Îñíîâíîé òåíäåíöèåé ðàçâèòèÿ ìèêðîýëåê-
òðîíèêè ÿâëÿåòñÿ íåïðåðûâíûé ðîñò èíòåãðàöèè
ìíîãèõ ôóíêöèé â ñîñòàâå îäíîãî ìèêðîýëåê-
òðîííîãî èçäåëèÿ — ñîâìåùåíèå ôóíêöèé ïðè-
åìà, õðàíåíèÿ, îáðàáîòêè è ïåðåäà÷è äàííûõ.
Ýòî ïîçâîëÿåò ñîçäàòü íîâóþ ýëåìåíòíóþ áàçó
äëÿ ðàäèîýëåêòðîííûõ ñèñòåì, îáåñïå÷èâàÿ ðåç-
êîå ñíèæåíèå çàòðàò íà åå ïðîèçâîäñòâî è ýêñ-
ïëóàòàöèþ, ïîâûøåíèå íàäåæíîñòè è ðàñøèðå-
íèå ôóíêöèîíàëüíûõ âîçìîæíîñòåé. Íàèáîëåå
ÿðêî ýòî âèäíî íà ïðèìåðàõ òåëåâèäåíèÿ (îäíî-
êðèñòàëüíûé òåëåâèçîð) è ñâÿçè (ìîáèëüíûå òå-
ëåôîíû ñ âûõîäîì â Internet).

Îòìåòèì âàæíóþ îñîáåííîñòü â ðàçâèòèè ìèê-
ðîýëåêòðîíèêè — ýêñòåíñèâíûé ðîñò ïðîèçâîä-
ñòâà âî âðåìÿ ðîñòà ïðîäàæ è òåõíîëîãè÷åñêèé
ðîñò (ðàçðàáîòêà è âíåäðåíèå íîâûõ òåõíîëîãèé
è ïåðñïåêòèâíûõ èçäåëèé) ïðè ñóæåíèè ðûíêà.
Ïðè ýòîì îáîñòðåíèå êîíêóðåíöèè âûçûâàåò
óñêîðåííûé ïåðåõîä ê ìåíüøèì ïðîåêòíûì íîð-
ìàì è ïåðåõîä ê «ãëóáîêîìó ñóáìèêðîíó». Òàê,
ïåðåõîä, íàïðèìåð, îò 1,0 ê 0,35 ìêì îáåñïå÷è-
âàåò ñíèæåíèå ñåáåñòîèìîñòè ÁÈÑ â 8—9 ðàç çà
ñ÷åò óìåíüøåíèÿ ïëîùàäè êðèñòàëëà ïðè îäíî-
âðåìåííîì ðîñòå ðåíòàáåëüíîñòè â 3—4 ðàçà çà
ñ÷åò ïîâûøåíèÿ ôóíêöèîíàëüíîé ñëîæíîñòè
èíòåãðàëüíûõ ñõåì.

Îäíàêî ïåðåõîä íà íîâûå ïðîåêòíûå íîðìû
òðåáóåò îãðîìíûõ ôèíàíñîâûõ çàòðàò íà êàïè-
òàëüíîå ñòðîèòåëüñòâî, îáîðóäîâàíèå, íîâûå
òåõíîëîãèè. Íà ðèñ. 2 â êà÷åñòâå òèïîâîãî ïðè-
ìåðà ïðåäñòàâëåíà èíôîðìàöèÿ, õàðàêòåðèçóþ-
ùàÿ óðîâåíü ôèíàíñîâûõ çàòðàò íà ñîçäàíèå ïðî-
èçâîäñòâ èçäåëèé ñ ïðîåêòíûìè íîðìàìè ìåíåå
0,1 ìêì. Òàê, íàïðèìåð, ñòîèìîñòü ñîçäàíèÿ çàâî-
äà (ôàáðèêè) ñ îäíèì áàçîâûì òåõïðîöåññîì ïðî-
èçâîäñòâà ïëàñòèí ∅300 ìì â çàâèñèìîñòè îò åãî
ìîùíîñòè äëÿ ïðîåêòíûõ íîðì 90...65 íì ñîñòàâ-
ëÿåò îò 2,5 äî 3,0 ìëðä USD; äëÿ 45...32 íì —
îò 3,5 äî 4,0 ìëðä USD; äëÿ 22...12 íì — îò 4,5
äî 6,0 ìëðä USD. È ýòî òîëüêî ñòîèìîñòü ñòðî-
èòåëüñòâà è îáîðóäîâàíèÿ áåç ó÷åòà ñòîèìîñòè
ðàçðàáîòêè (èëè ïîêóïêè ëèöåíçèè) òåõíîëîãè÷å-
ñêîãî ïðîöåññà.

Ñòîèìîñòü ðàçðàáîòêè áàçîâîãî ÊÌÎÏ-ïðî-
öåññà èçãîòîâëåíèÿ ÁÈÑ ñ ïðîåêòíûìè íîðìà-
ìè 90 íì â AMD ñîñòàâëÿëà 310 ìëí USD è
400 ìëí USD äëÿ 65 íì. Ñòîèìîñòü ðàçðàáîòêè
45 è 32 íì-òåõíîëîãèé îöåíèâàåòñÿ, ñîîòâåò-
ñòâåííî, â 600 è 900 ìëí USD, à ðàçðàáîòêà
22 íì-ïðîöåññà — áîëåå 1,3 ìëðä USD. Êîëè-
÷åñòâî ôèðì, êîòîðûå ìîãóò ïîçâîëèòü ñåáå
òàêèå çàòðàòû, î÷åíü ìàëî, òàê, òåõíîëîãèÿ
ñ ïðîåêòíûìè íîðìàìè 22 íì îñâîåíà òîëüêî
÷åòûðüìÿ ôèðìàìè.

Íà ðèñ. 3 ïðåäñòàâëåíà äèíàìèêà ðàñïðåäå-
ëåíèÿ ìèðîâîãî ïðîèçâîäñòâà ïëàñòèí çà ïåðèîä
1999—2007 ãã. äëÿ ðàçëè÷íûõ  ïðîåêòíûõ íîðì.
Ïî âåðòèêàëüíîé îñè ïðåäñòàâëåíû îáúåìû åæå-
íåäåëüíîãî çàïóñêà (òûñÿ÷ ïëàñòèí) â ïåðåñ÷åòå

Ðèñ. 1. Óäåëüíîå ïðîèçâîäñòâî ýëåêòðîííîé
òåõíèêè (â ðàñ÷åòå íà äóøó íàñåëåíèÿ)
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íà ýêâèâàëåíòíûå 200 ìì-ïëàñòèíû, à ïî ãîðè-
çîíòàëüíîé îñè — êâàðòàë è ãîä âûïóñêà.

Îòâëåêàÿñü îò êîëè÷åñòâåííûõ õàðàêòåðèñòèê,
ò. å. îò îáúåìîâ ïðîèçâîäñòâà, ñëåäóåò îòìåòèòü
ãëàâíîå — êàæäûå äâà ãîäà íà ðûíîê âûõîäèò
ñëåäóþùåå ïîêîëåíèå ìèêðîñõåì. Òàê, â I êâàð-
òàëå 2000 ã. ïèê ïðîèçâîäñòâà ïðèõîäèëñÿ íà
èçäåëèÿ ñ 0,25 ìêì-íîðìàìè, è â ýòî âðåìÿ íà
ðûíêå ïîÿâëÿþòñÿ 0,18 ìêì-èçäåëèÿ, ïðîèçâîäñòâî
êîòîðûõ äîñòèãàåò ïèêà âo II êâàðòàëå 2002 ã. Â
III êâàðòàëå 2002 ã. íà÷èíàåòñÿ ñïàä ïðîèçâîä-
ñòâà 0,18 ìêì-ÁÈÑ, ïîòîìó ÷òî íà ðûíîê âûõî-
äÿò 0,13 ìêì-èçäåëèÿ, êîòîðûå äîñòèãàþò ïèêà
ïðîèçâîäñòâà ÷åðåç äâà ãîäà è ò. ä.

Âìåñòå ñ ýòèì ñëåäóåò îòìåòèòü âàæíûé ôàêò
— õîòÿ îáúåìû çàïóñêà èçäåëèé ñî «ñòàðûìè»
ïðîåêòíûìè íîðìàìè ñóùåñòâåííî óïàëè, îíè âñå
æå îñòàëèñü íà ðûíêå. Íàáëþäàåòñÿ ïàðàäîêñàëü-
íàÿ, íà ïåðâûé âçãëÿä, êàðòèíà — íà íà÷àëî
«êðèçèñíîãî» 2008 ã. â ìèðå åæåíåäåëüíî çàïóñ-
êàëîñü â äâà ðàçà áîëüøå ïëàñòèí ñ 0,8 ìêì-
íîðìàìè, ÷åì ñ 0,25 ìêì, è áîëüøå, ÷åì 0,35 è
0,18 ìêì. Ïðè ýòîì â òå÷åíèå ñåìè ïðåäøåñòâó-
þùèõ  ëåò (2001—2007 ãã.) îáúåìû çàïóñêà ïëà-
ñòèí ñ ýòèìè íîðìàìè íå óìåíüøàëèñü, ñëåäîâà-
òåëüíî — îíè âîñòðåáîâàíû íà ðûíêå.

Îáðàòèì âíèìàíèå íà òî, ÷òî íàèáîëåå ñòà-
áèëüíà íèøà èçäåëèé ñ ïðîåêòíûìè íîðìàìè
0,35 ìêì è âûøå, ïðè÷åì îáúåì ïðîèçâîäñòâà

Ðèñ. 2. Óðîâåíü ôèíàíñîâûõ çàòðàò íà ñîçäàíèå ïðîèçâîäñòâ ñ ïðîåêòíûìè íîðìàìè ìåíåå
0,1 ìêì (èñòî÷íèê: In-Stat 1/07, World Fab Watch; analyst reports)

Ðèñ. 3. Äèíàìèêà ðàñïðåäåëåíèÿ ìèðîâîãî ïðîèçâîäñòâà ïëàñòèí äëÿ ðàçëè÷íûõ ïðîåêòíûõ íîðì
(èñòî÷íèê: SICAS/Future Horizons)
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òàêèõ èçäåëèé ñîñòàâëÿåò îêîëî 20% îáúåìà ðûí-
êà. Ýòîò ôàêò åùå ðàç ïîäòâåðæäàåò âûâîä î òîì,
÷òî äàííûé ñåãìåíò ïîëóïðîâîäíèêîâîé îòðàñëè
ìîæåò áûòü èñïîëüçîâàí äëÿ ðàçðàáîòêè òàêèõ
èçäåëèé è ïðîäâèæåíèÿ èõ íà ìèðîâîé ðûíîê.

Ïîñêîëüêó äëÿ ñîçäàíèÿ ìèêðîýëåêòðîííûõ
èçäåëèé êðîìå òåõíîëîãèè è îáîðóäîâàíèÿ íå-
îáõîäèìî èìåòü äîðîãîñòîÿùèå ïðîãðàììíûå è
àïïàðàòíûå ñðåäñòâà ïðîåêòèðîâàíèÿ, ñòàíîâèò-
ñÿ î÷åâèäíîé ïðè÷èíà ñòðåìèòåëüíîãî ðàçâèòèÿ
ôàáëåññ-ìîäåëè áèçíåñà â ìèêðîýëåêòðîíèêå.

Ñåãîäíÿ ôàáëåññ-ìîäåëü ÿâëÿåòñÿ íàèáîëåå
äèíàìè÷íî ðàçâèâàþùåéñÿ è íàèáîëåå ýôôåê-
òèâíîé â ïîëóïðîâîäíèêîâîì áèçíåñå, ïîñêîëü-
êó ðàçìåð òðåáóåìûõ èíâåñòèöèé íà îðãàíèçà-
öèþ ñòàíäàðòíîãî äèçàéí-öåíòðà è ïðèîáðåòå-
íèå äëÿ íåãî ñðåäñòâ ÑÀÏÐ è áèáëèîòåê ïðîåê-
òèðîâàíèÿ íà íåñêîëüêî ïîðÿäêîâ íèæå ñòîèìî-
ñòè ëþáîé ñîâðåìåííîé ïðîèçâîäñòâåííîé ëèíåé-
êè. Íå ñëó÷àéíî ðîñò ïðîäàæ, ïðîäåìîíñòðèðî-
âàííûé ôàáëåññ-êîìïàíèÿìè, ïîñëåäíèå ãîäû
çíà÷èòåëüíî âûøå ñðåäíåîòðàñëåâîãî. Òàê, îáúåì
ïðîäàæ äåñÿòêè ëó÷øèõ ôàáëåññ-ôèðì (äèçàéí-
öåíòðîâ) çà 2007 ãîä ñîñòàâèë 28,015 ìëðä USD,
÷òî âñåãî ëèøü â 4 ðàçà ìåíüøå îáúåìà ïðîäàæ
äåñÿòêè ëó÷øèõ ôèðì, èìåþùèõ ñîáñòâåííûå
ïðîèçâîäñòâåííûå ëèíèè.

Ãîëîâíîé îðãàíèçàöèåé, îòâå÷àþùåé çà ðàç-
âèòèå ìèêðîýëåêòðîííîé îòðàñëè â Áåëàðóñè,
ÿâëÿåòñÿ ÎÀÎ «ÈÍÒÅÃÐÀË» [1]. Ïî îáùåïðè-
íÿòîé ìèðîâîé êëàññèôèêàöèè ïðåäïðèÿòèå îò-
íîñèòñÿ ê êëàññó IDM, ò. å. ê êîìïàíèÿì, êîòî-
ðûå ïðîèçâîäÿò ìèêðîýëåêòðîííûå êîìïîíåíòû
òîëüêî ñîáñòâåííîé ðàçðàáîòêè. Íà ÎÀÎ «ÈÍ-
ÒÅÃÐÀË» ðåàëèçóåòñÿ âåñü êîìïëåêñ ðàáîò,
âêëþ÷àþùèé ïðîåêòèðîâàíèå è ïðîèçâîäñòâî øè-
ðîêîé íîìåíêëàòóðû ìèêðîýëåêòðîííûõ èçäåëèé
è çàêîí÷åííûõ òîâàðîâ (ìåäèöèíñêèå ïðèáîðû,
ýëåêòðîííûå òàáëî, áëîêè óïðàâëåíèÿ áûòîâîé,
ïðîìûøëåííîé, àâòîìîáèëüíîé è ñåëüñêîõîçÿé-
ñòâåííîé òåõíèêîé è äð.). Òàêèõ êðóïíûõ ôèðì
â ìèðå íàñ÷èòûâàåòñÿ âñåãî íåñêîëüêî äåñÿòêîâ,
è ê èõ ÷èñëó îòíîñÿòñÿ Intel, Motorola, Siemens,
Texas Instruments (TI), NEC, Toshiba.

Â îòëè÷èå îò áîëüøèíñòâà çàðóáåæíûõ êîì-
ïàíèé, ÎÀÎ «ÈÍÒÅÃÐÀË» îáëàäàåò øèðîêèì
ñïåêòðîì òåõíîëîãè÷åñêèõ ïðîöåññîâ: áàçîâûé
ÊÌÎÏ, ÊÌÎÏ ñî âñòðîåííûì áëîêîì ÅEPROM,
ÊÌÎÏ ñî âñòðîåííûìè âûñîêîâîëüòíûìè (100 Â
è âûøå) áëîêàìè, ñïåöèàëüíûé ðàäèàöèîííî
ñòîéêèé ÊÌÎÏ-ïðîöåññ, ðàçëè÷íûå âàðèàíòû
áèïîëÿðíûõ ïðîöåññîâ, âêëþ÷àÿ ðàäèàöèîííî
ñòîéêèå, êîìáèíèðîâàííûå áèïîëÿðíî-ïîëåâûå
(ÁèÊÌÎÏ); ÊÍÈ-òåõíîëîãèÿ äëÿ ñïåöïðèìå-
íåíèé, MOSFET — ïðîöåññû äëÿ èçãîòîâëåíèÿ
ìîùíûõ áûñòðîäåéñòâóþùèõ è âûñîêîâîëüòíûõ
òðàíçèñòîðîâ è äðóãèå.

Çà âñþ èñòîðèþ ñâîåãî ñóùåñòâîâàíèÿ ïðåä-
ïðèÿòèå íå êóïèëî íè îäíîé ëèöåíçèè, ÷òî, áå-
çóñëîâíî, ãîâîðèò î âûñîêîì óðîâíå êâàëèôè-
êàöèè ïåðñîíàëà — êàê ðàçðàáîò÷èêîâ, òàê è
ëèíåéíûõ ïðîèçâîäñòâåííûõ òåõíîëîãîâ.

Ïîñòîÿííîå îáíîâëåíèå íîìåíêëàòóðû âûïóñ-
êàåìîé ìèêðîýëåêòðîííîé ïðîäóêöèè (áîëåå
2 òûñ. òèïîâ èíòåãðàëüíûõ ìèêðîñõåì, 500 òè-
ïîâ ïîëóïðîâîäíèêîâûõ ïðèáîðîâ, 200 òèïîâ
æèäêîêðèñòàëëè÷åñêèõ èíäèêàòîðîâ, îêîëî 150
òèïîâ èçäåëèé ýëåêòðîííîé òåõíèêè) ïîçâîëÿåò
ÎÀÎ «ÈÍÒÅÃÐÀË» â óñëîâèÿõ æåñòêîé êîí-
êóðåíöèè ñîõðàíÿòü çàâîåâàííûå íà ìèðîâîì
ðûíêå íèøè è â çíà÷èòåëüíîé ñòåïåíè óäîâëå-
òâîðÿòü ïîòðåáíîñòè ñòðóêòóðîîáðàçóþùèõ ïðåä-
ïðèÿòèé îòå÷åñòâåííîé ðàäèîýëåêòðîííîé îòðàñ-
ëè â ìèêðîýëåêòðîííûõ êîìïîíåíòàõ.

Â òàáëèöå ïðèâåäåíû äàííûå äëÿ ñîïîñòàâ-
ëåíèÿ êîëè÷åñòâà òèïîâ èçäåëèé è îáúåìîâ âû-
ïóñêà èíòåãðàëüíûõ ìèêðîñõåì è ïîëóïðîâîä-
íèêîâûõ ïðèáîðîâ â Ðîññèè è ÎÀÎ «ÈÍÒÅ-
ÃÐÀË» çà 2007 ãîä.

Áîëüøóþ ÷àñòü â íîìåíêëàòóðå ìèêðîýëåê-
òðîííîé ïðîäóêöèè ÎÀÎ «ÈÍÒÅÃÐÀË» çàíè-
ìàåò ìèêðîýëåêòðîííàÿ ýëåìåíòíî-êîìïîíåíòíàÿ
áàçà (ÝÊÁ) ñïåöèàëüíîãî è äâîéíîãî íàçíà÷å-
íèÿ (êàòåãîðèè êà÷åñòâà «ÂÏ» è «ÎÑÌ»).
Â íàñòîÿùåå âðåìÿ ïðîèçâîäèòñÿ ñâûøå 250 òè-
ïîâ èíòåãðàëüíûõ ìèêðîñõåì è äèñêðåòíûõ ïî-
ëóïðîâîäíèêîâûõ ïðèáîðîâ ñïåöèàëüíîãî íàçíà-
÷åíèÿ, ïîëîâèíà èç êîòîðûõ ñîçäàíà çà ïîñëå-
äíèå ïÿòü ëåò. Ýòà ïðîäóêöèÿ ïîëüçóåòñÿ ñïðî-
ñîì íà âíåøíåì ðûíêå (ïðåèìóùåñòâåííî â Ðîñ-
ñèéñêîé Ôåäåðàöèè) áëàãîäàðÿ âûñîêîìó êà÷å-
ñòâó è íàäåæíîñòè. Ìèíèñòåðñòâîì îáîðîíû ÐÔ
ÎÀÎ  «ÈÍÒÅÃÐÀË» ñåðòèôèöèðîâàí íà ðàç-
ðàáîòêó è ñåðèéíûé âûïóñê èçäåëèé äëÿ ïðåä-
ïðèÿòèé Âîåííî-ïðîìûøëåííîãî êîìïëåêñà
(ÂÏÊ) ÐÔ.

Ãëàâíûå ïðåèìóùåñòâà ÝÊÁ ÎÀÎ  «ÈÍÒÅ-
ÃÐÀË», áåçîãîâîðî÷íî ïðèçíàííûå ïîòðåáèòåëÿ-
ìè ÂÏÊ Ðîññèè è èõ êîíêóðåíòàìè, — ýòî íî-
âûå êîíñòðóêòèâíî-òåõíîëîãè÷åñêèå ðåøåíèÿ è
òîïîëîãèè ÈÌÑ, çàïàòåíòîâàííûå â ÐÔ, îáåñ-
ïå÷èâàþùèå âûñîêóþ íàäåæíîñòü è ðàáîòîñïî-
ñîáíîñòü óñòðîéñòâ â óñëîâèÿõ âîçäåéñòâèÿ ïî-
âûøåííîé ðàäèàöèè, îáëó÷åíèÿ íåéòðîíàìè,
ãàììà-èçëó÷åíèÿ, ðåíòãåíîâñêîãî èçëó÷åíèÿ,
ýëåêòðîìàãíèòíîãî èìïóëüñà [2]. Òàêèå òåõíè-

Êîëè÷åñòâî òèïîâ è 
îáúåìû ïðîèçâîäñòâà 
èçäåëèé ýëåêòðîííîé 

òåõíèêè 

Ðîññèÿ 
ÎÀÎ 

«ÈÍÒÅÃÐÀË» 

Êîëè÷åñòâî òèïîâ ÈÌÑ 1500 2000 
Êîëè÷åñòâî òèïîâ ïîëó-
ïðîâîäíèêîâûõ ïðèáî-

ðîâ 
2000 500 

Îáúåì ïðîèçâîäñòâà 
ìèêðîñõåì, ìëðä øò. 

1,7 1,2 

Îáúåì ïðîèçâîäñòâà 
äèñêðåòíûõ ïîëóïðî-
âîäíèêîâûõ ïðèáîðîâ, 

ìëðä øò. 

2,2 2,1 



Òåõíîëîãèÿ è êîíñòðóèðîâàíèå â ýëåêòðîííîé àïïàðàòóðå, 2012, ¹ 4
7

ÒÅÕÍÈ×ÅÑÊÀß ÏÎËÈÒÈÊÀ

÷åñêèå õàðàêòåðèñòèêè è ïàðàìåòðû èñêëþ÷è-
òåëüíî âàæíû äëÿ ñèñòåì âîîðóæåíèÿ, ýëåê-
òðîííûõ ñèñòåì óïðàâëåíèÿ âîåííîé è êîñìè-
÷åñêîé òåõíèêîé, ñèñòåì óïðàâëåíèÿ è îáåñïå÷å-
íèÿ áåçîïàñíîñòè ÀÝÑ. Íà ïîñòñîâåòñêîì ïðî-
ñòðàíñòâå ÎÀÎ  «ÈÍÒÅÃÐÀË» — åäèíñòâåí-
íûé ðåàëüíî ïðèçíàííûé ïîñòàâùèê òàêèõ èç-
äåëèé äëÿ àòîìíîé ýíåðãåòèêè, ðÿäà ïðåäïðè-
ÿòèé «Ðîñêîñìîñà».

Â êîñìè÷åñêîì ïðîñòðàíñòâå ïîëóïðîâîäíèêî-
âûå óñòðîéñòâà äîëæíû ôóíêöèîíèðîâàòü ïðè
íàëè÷èè æåñòêîé ðàäèàöèè, îáóñëîâëåííîé îá-
ëó÷åíèåì èîíàìè, ïðèñóòñòâóþùèìè â êîñìè÷å-
ñêèõ ëó÷àõ è ñîëíå÷íîì âåòðå, à òàêæå çàõâà÷åí-
íûìè â ðàäèàöèîííûõ ïîÿñàõ âîêðóã Çåìëè.
ÎÀÎ  «ÈÍÒÅÃÐÀË» â òå÷åíèå ðÿäà ëåò ó÷à-
ñòâóåò â ðàáîòàõ äëÿ «áëèæíåãî» è «äàëüíåãî»
êîñìîñà, â ÷àñòíîñòè — â íîâîì íàïðàâëåíèè ïî
ñîçäàíèþ ïðîèçâîäñòâà óíèêàëüíûõ èíòåãðàëü-
íûõ ìèêðîñáîðîê ïðèáîðîâ ñ çàðÿäîâîé ñâÿçüþ
äëÿ êîñìè÷åñêèõ àïïàðàòîâ äèñòàíöèîííîãî çîí-
äèðîâàíèÿ çåìëè, íå èìåþùèõ ìèðîâûõ àíàëî-
ãîâ (àïïàðàòà «ÁåëÊÀ» è ìèíèñïóòíèêà «ÁÊË»
(Áåëàðóñü); ñïóòíèêà «Êàíîïóñ» (Ðîññèÿ); êîñ-
ìè÷åñêîãî àïïàðàòà «ÁÊÂÐ» ñ âèäåîàïïàðàòó-
ðîé âûñîêîãî ðàçðåøåíèÿ, ñèñòåì êàðòîãðàôèè è
ìåòåîðîëîãè÷åñêèõ íàáëþäåíèé («Ëåòàþùèé
ýëåêòðîííûé ãëàç») (Ðîññèÿ).

Ñ èñïîëüçîâàíèåì ìèêðîýëåêòðîííîé ïðîäóê-
öèè ÎÀÎ  «ÈÍÒÅÃÐÀË» â Ðîññèè ñîçäàþòñÿ
íîâåéøèå îáðàçöû ñèñòåì ñòðàòåãè÷åñêèõ âîîðó-
æåíèé — «Òîïîëü-Ì», «Áóëàâà», «Ñèíåâà»,
çåíèòíî-ðàêåòíûé êîìïëåêñû Ñ-400, 500, èñòðå-
áèòåëè ïÿòîãî ïîêîëåíèÿ Ñó-35, Ìèã-35, âåðòî-
ëåòû ÌÈ-28, «Àêóëà», «Àëëèãàòîð» (ÊÀ-50,
52), ïîäâîäíûå ëîäêè ÷åòâåðòîãî ïîêîëåíèÿ òèïà
«Þðèé Äîëãîðóêèé» ïðîåêòà 955 «Áîðåé» è äð.

Ñîçäàííàÿ íà ÎÀÎ  «ÈÍÒÅÃÐÀË» ýëåêòðîí-
íàÿ êîìïîíåíòíàÿ áàçà èñïîëüçóåòñÿ â íàó÷íûõ
ïðîåêòàõ ðàçíûõ ñòðàí, ÷òî ïðåêðàñíî äåìîí-
ñòðèðóåò âîçìîæíîñòè áåëîðóññêîé íàóêè è ìèê-
ðîýëåêòðîííîé ïðîìûøëåííîñòè. Ðÿä èíòåãðàëü-
íûõ ñõåì, ñïðîåêòèðîâàííûõ è èçãîòîâëåííûõ â
ÎÀÎ  «Èíòåãðàë», ïðîøåë óñïåøíóþ àïðîáà-
öèþ è áåçîòêàçíî ðàáîòàåò â ïðîåêòàõ GEM (ñó-
ïåðêîëëàéäåð SSC, ÑØÀ), DÎ (êîëëàéäåð Òý-
âàòðîí Íàöèîíàëüíîé óñêîðèòåëüíîé ëàáîðàòî-
ðèè èì. Ôåðìè, ÑØÀ), CMS (Áîëüøîé àäðîí-
íûé êîëëàéäåð LHC, Öåíòð Åâðîïåéñêîãî ñîâå-
òà ÿäåðíûõ èññëåäîâàíèé), PiBeta (Øâåéöàðèÿ),
PANDA (óñêîðèòåëüíûé êîìïëåêñ FAIR, Ãåð-
ìàíèÿ), â ìíîãî÷àñòè÷íîì ñïåêòðîìåòðå è óíè-
âåðñàëüíîì êàëîðèìåòðè÷åñêîì äåòåêòîðå â Äóá-
íå, â ïðîãðàììå ÑÂÄ-2 íà ñïåêòðîìåòðå ñ âåð-
øèííûì äåòåêòîðîì è óñòàíîâêå ÎÊÀ íà óñêî-
ðèòåëå Ó-70 (Ðîññèÿ). Óñïåõ òàêîé äåÿòåëüíî-
ñòè îáóñëîâëåí ìåíüøåé ïî ñðàâíåíèþ ñ çàðó-
áåæíûìè ñòîèìîñòüþ ðàçðàáîòîê, èõ âûñîêîé
íàäåæíîñòüþ, ñòàáèëüíûìè òåõíè÷åñêèìè ïàðà-
ìåòðàìè, ïðèåìëåìîé öåíîé, õîðîøî îðãàíèçî-
âàííûì êîììåð÷åñêèì ñîòðóäíè÷åñòâîì.

Ýôôåêòèâíàÿ êîíöåíòðàöèÿ óñèëèé ó÷åíûõ
ÍÀÍ Áåëàðóñè, ÂÓÇîâ, îòðàñëåâûõ ÍÈÈ è ÊÁ

è ñåðèéíûõ çàâîäîâ ïîçâîëèëà â çíà÷èòåëüíîé
ñòåïåíè ðåøèòü çàäà÷ó íàñûùåíèÿ ðûíêà Ðåñ-
ïóáëèêè Áåëàðóñü è ñòðàí ÑÍÃ êîíêóðåíòîñïî-
ñîáíîé ýëåìåíòíîé áàçîé äëÿ ïðèîðèòåòíûõ îò-
ðàñëåé íàðîäíîãî õîçÿéñòâà è íàöèîíàëüíîé îáî-
ðîíû, îáåñïå÷èëà ïîâûøåíèå ýêñïîðòíîãî ïîòåí-
öèàëà ÐÁ, ðàçâèòèå íîâûõ ýíåðãî- è ðåñóðñîñáå-
ðåãàþùèõ èìïîðòîçàìåùàþùèõ íàóêîåìêèõ òåõ-
íîëîãèé è èçäåëèé.

Â íàñòîÿùåå âðåìÿ â îáëàñòè ýëåêòðîíèêè è
åå ïðèìåíåíèé â Ðåñïóáëèêå Áåëàðóñü ïðîâî-
äÿòñÿ èññëåäîâàíèÿ è ðàçðàáîòêè ïî ðàçëè÷íûì
ïðîãðàììàì. Â ðàìêàõ ïðîãðàììû «Ñîþçíûé
òåëåâèçîð» óæå ðàçðàáîòàí è âíåäðåí â ñåðèé-
íîå ïðîèçâîäñòâî öåëûé ñïåêòð ñëîæíîôóíêöè-
îíàëüíûõ ìèêðîñõåì è ïîëóïðîâîäíèêîâûõ ïðè-
áîðîâ äëÿ ïðèåìíèêîâ öâåòíîãî èçîáðàæåíèÿ,
êîòîðûå èñïîëüçóþòñÿ êàê îòå÷åñòâåííûìè («Ãî-
ðèçîíò», «Âèòÿçü»), òàê è ðîññèéñêèìè ïðîèç-
âîäèòåëÿìè òåëåâèçîðîâ.

Â ðàìêàõ ïîäïðîãðàììû «Áàçà» ÎÀÎ «ÈÍ-
ÒÅÃÐÀË» ðàçðàáàòûâàåò áîëåå 70 òèïîâ íîâûõ
ìèêðîñõåì, ïðåäíàçíà÷åííûõ â ïåðâóþ î÷åðåäü
äëÿ ñèñòåì âîîðóæåíèÿ è âîåííîé òåõíèêè, à
òàêæå äëÿ èçäåëèé íàðîäíîõîçÿéñòâåííîãî íà-
çíà÷åíèÿ.

Â ðàìêàõ ïðîãðàììû «Ñóïåðêîìïüþòåð»
ÎÀÎ «ÈÍÒÅÃÐÀË» ðàçðàáîòàíà è óæå ïîñòàâ-
ëåíà Çàêàç÷èêó ÑÁÈÑ ïîòîêîâîãî ãèïåðïðîöåñ-
ñîðà «Ìèíè-Òåðà», ãäå íà êðèñòàëëå ðàçìåðîì
10,6×11,0 ìì ðàçìåùåíî áîëåå ìèëëèîíà òðàí-
çèñòîðîâ ñ 0,5 ìêì ïðîåêòíûìè íîðìàìè. Èñ-
ïîëüçîâàíèå îðèãèíàëüíîé àðõèòåêòóðû ÑÁÈÑ
â 10-âûâîäíîì êîðïóñå ñ íàïðÿæåíèåì ïèòàíèÿ
3 Â ïîçâîëèëî îáåñïå÷èòü ïðîèçâîäèòåëüíîñòü
ñóïåðêîìïüþòåðà äî 1,2 ãèãàôëîïñ íà ïåðâîì
îáðàçöå è äî 20 ãèãàôëîïñ â äàëüíåéøåì.

ÎÀÎ «ÈÍÒÅÃÐÀË» âìåñòå ñî ñïåöèàëèñòàìè-
ìàòåðèàëîâåäàìè ÐÁ ðàçâèâàåò íàñòóïàòåëüíóþ
äåÿòåëüíîñòü íà ðûíêå ïîëóïðîâîäíèêîâ, êîòî-
ðàÿ îáîçíà÷åíà âåñüìà øèðîêî: èçäåëèÿ âîåííî-
ãî íàçíà÷åíèÿ, êîìïëåêòû ñõåì äëÿ àâòîìîáèëü-
íîé ýëåêòðîíèêè, òåëåâèçèîííîé òåõíèêè, ñðåä-
ñòâà ñâÿçè è òåëåêîììóíèêàöèé, ïðèáîðû è ñðåä-
ñòâà óïðàâëåíèÿ íèìè â âèäå êîíâåðòåðîâ, èí-
òåëëåêòóàëüíûõ êëþ÷åé è ò. ï.

Óæå ñîçäàíû ñâåðõáîëüøèå èíòåãðàëüíûå ñõå-
ìû íà ïëàñòèíàõ äèàìåòðîì 200 ìì ñ ïðîåêòíû-
ìè íîðìàìè 0,35 ìêì â ðàìêàõ èíâåñòèöèîííî-
ãî ïðîåêòà «Îðãàíèçàöèÿ ñóáìèêðîííîãî ïðî-
èçâîäñòâà íà ÎÀÎ «ÈÍÒÅÃÐÀË». Ýòîò ïðîåêò
ïîçâîëèò ðåøèòü ìíîãèå ïðîáëåìû ñîâìåñòíîãî
ðàäèîýëåêòðîííîãî êîìïëåêñà Áåëîðóññèè è Ðîñ-
ñèè, â òîì ÷èñëå ïî èçãîòîâëåíèþ ìèêðîñõåì
ñ èíôîðìàöèîííîé åìêîñòüþ 1—4 Ìáèò, óñòîé-
÷èâûõ ê âíåøíèì âîçäåéñòâèÿì. Â äàëüíåéøåì
ïðåäïîëàãàåòñÿ ðàçðàáîòàòü âûñîêîâîëüòíûå ýëå-
ìåíòû, ìèêðîñõåìû RF-äèàïàçîíà, êðèñòàëëû ñ
âîçìîæíîñòüþ ðàäèîïðèåìà FM-äèàïàçîíà, íî-
âûå êîíêóðåíòîñïîñîáíûå èçäåëèÿ: ðàäèàöèîí-
íî ñòîéêèå ìèêðîñõåìû ñïåöèàëüíîãî íàçíà÷å-
íèÿ äëÿ ñèñòåì âîîðóæåíèé è âîåííîé òåõíèêè,
ñâåðõáîëüøèå èíòåãðàëüíûå ñõåìû öèôðîâîé
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îáðàáîòêè ñèãíàëîâ, ìèêðîñõåìû äëÿ ñðåäñòâ ñâÿ-
çè è òåëåêîììóíèêàöèé è ò. ä. Èçäåëèÿ äâîéíî-
ãî íàçíà÷åíèÿ íàéäóò ñâîå ïðèìåíåíèå â ñîçäà-
íèè ñèñòåì âîîðóæåíèÿ è âîåííîé òåõíèêè, â
òîì ÷èñëå è â Ðîññèè. Ñóùåñòâóþùèé â Áåëàðó-
ñè äîñòàòî÷íî ìîùíûé êîìïëåêñ òðàêòîðî- è àâ-
òîìîáèëåñòðîåíèÿ ïðåäïîëàãàåò ïîâûøåííîå âíè-
ìàíèå ê ýëåêòðîíèêå, ñòîèìîñòü êîòîðîé ñîñòàâ-
ëÿåò äî 30% ñòîèìîñòè àâòî. Ïðè ýòîì ïðèìåíÿ-
þòñÿ êîìïëåêòû ñõåì, îñíîâàííûå íà íîâûõ ñòàí-
äàðòàõ áîðòîâîé àïïàðàòóðû.

Ïåðñïåêòèâíîé ÿâëÿåòñÿ ðàçðàáîòêà ìîùíûõ
ïðèáîðîâ è ñðåäñòâ óïðàâëåíèÿ íèìè — òàê íàçû-
âàåìûõ èíòåëëåêòóàëüíûõ êëþ÷åé, ñõåì óïðàâ-
ëåíèÿ èìïóëüñíûìè èñòî÷íèêàìè ïèòàíèÿ. Ïëà-
íèðóåòñÿ âûïóñê íîâûõ ïîêîëåíèé DC/DC- è
AC/DC-ïðåîáðàçîâàòåëåé, èìåþùèõ ãðîìàäíåé-
øèé ñïðîñ íà ðûíêå. Ïåðâûå èñïîëüçóþòñÿ â
êàæäîì ñîòîâîì òåëåôîíå, âòîðûå — â êàæäîì
çàðÿäíîì óñòðîéñòâå äëÿ íåãî. Îñâîåíèå ýòîãî
íàïðàâëåíèÿ îáåñïå÷èò ïîòðåáíîñòè âíóòðåííåãî
ðûíêà è ïîçâîëèò çàâîåâàòü ÷àñòü çàðóáåæíîãî,
â òîì ÷èñëå è ðîññèéñêîãî, íåñìîòðÿ íà ïðèñóò-
ñòâèå çàïàäíûõ ãèãàíòîâ â ýòîì ñåêòîðå.

Èç ïðîâåäåííîãî àíàëèçà è ïåðñïåêòèâ ðàçâè-
òèÿ ìèêðîýëåêòðîíèêè ñëåäóåò, ÷òî Ðåñïóáëèêå
Áåëàðóñü íåîáõîäèìî èñïîëüçîâàòü ñâîé áîëü-
øîé íàó÷íûé è ïðàêòè÷åñêèé îïûò äëÿ ðàçðà-
áîòêè íîâûõ òåõíîëîãèé, êîòîðûå èñïîëüçóþòñÿ
íà âåäóùèõ ìèêðîýëåêòðîííûõ ôèðìàõ ìèðà.
Ê òàêèì òåõíîëîãèÿì îòíîñÿòñÿ:

— òåõíîëîãèÿ èçãîòîâëåíèÿ ñòðóêòóð êðåì-
íèé-íà-èçîëÿòîðå (ÊÍÈ), âêëþ÷àÿ ðàçðàáîòêó
ñèñòåìû ïðîåêòèðîâàíèÿ ÈÑ íà ÊÍÈ-ïîäëîæ-
êàõ è ðàçðàáîòêó òåõïðîöåññîâ èçãîòîâëåíèÿ
ÊÌÎÏ-ÈÑ íà ÊÍÈ-ïëàñòèíàõ. Ýòî ïîçâîëèò
ñîçäàâàòü ðàäèàöèîííî-, òåïëî- è ïîìåõîóñòîé-
÷èâûå ÈÑ, âûñîêîòåìïåðàòóðíûå ÈÑ (äî 350°Ñ),
ÈÑ ñèëîâîé ýëåêòðîíèêè, à òàêæå îòêðîåò ïðèí-
öèïèàëüíûå âîçìîæíîñòè ðàçðàáîòêè ñõåì ñ òðåõ-
ìåðíîé èíòåãðàöèåé;

— òåõíîëîãèÿ ôîðìèðîâàíèÿ Si/Ge-ñòðóêòóð
äëÿ èçäåëèé âûñîêîñêîðîñòíîé ýëåêòðîíèêè,
âêëþ÷àÿ ðàçðàáîòêó ñèñòåì ïðîåêòèðîâàíèÿ ÈÑ
íà Si/Ge-ñòðóêòóðàõ è ðàçðàáîòêó òåõïðîöåññîâ
èçãîòîâëåíèÿ ïðèáîðîâ ñ âûñîêèì áûñòðîäåéñòâè-
åì. Äëÿ ðàçðàáîòêè òàêîé òåõíîëîãèè íåîáõîäè-
ìî ïðîâåäåíèå ïðåäâàðèòåëüíûõ èññëåäîâàíèé
îñîáåííîñòåé ðîñòà ñóáòîíêèõ (50 íì íà 10 ñëî-
åâ) íàíîðàçìåðíûõ ïëåíîê è íàíîêëàñòåðîâ ñïëàâà
SixGey íà ïîëóïðîâîäíèêîâûõ è äèýëåêòðè÷åñêèõ
ïîäëîæêàõ. Íà îñíîâå ýòèõ èññëåäîâàíèé áóäóò
ðàçðàáîòàíû ïðîöåññû ñîçäàíèÿ ÑÂ×-òðàíçèñòî-
ðîâ íîâîãî ïîêîëåíèÿ, ñâåòîäèîäîâ è ýëåìåíòîâ
ýíåðãîíåçàâèñèìîé ïàìÿòè;

— òåõíîëîãèÿ èçãîòîâëåíèÿ ñèñòåì ýíåðãîíå-
çàâèñèìîé ïàìÿòè íà òðàíçèñòîðàõ ñ ïëàâàþ-
ùèì çàòâîðîì ñ ãåðìàíèåâûìè êâàíòîâûìè òî÷-
êàìè â òóííåëüíîì äèýëåêòðèêå è íà îñíîâå ñåã-
íåòîýëåêòðèêîâ (FRAM-òåõíîëîãèÿ);

— òåõíîëîãèè èçãîòîâëåíèÿ ðàäèàöèîííî
ñòîéêèõ ÈÑ (áèïîëÿðíàÿ, ÊÌÎÏ, Áè-ÊÌÎÏ),
âêëþ÷àÿ ñèñòåìó èõ ïðîåêòèðîâàíèÿ.

Îñíîâíûìè ïîòðåáèòåëÿìè ýëåêòðîííîé ýëå-
ìåíòíîé áàçû ïðîèçâîäñòâà ÎÀÎ «ÈÍÒÅÃÐÀË»
ÿâëÿþòñÿ ïðàêòè÷åñêè âñå êðóïíûå ñòðóêòóðî-
îáðàçóþùèå ïðåäïðèÿòèÿ ðàäèîýëåêòðîííûõ
êîìïëåêñîâ Áåëàðóñè, Ðîññèè è äðóãèõ ñòðàí
ÑÍÃ, à òàêæå ñòðàí Þãî-Âîñòî÷íîé Àçèè, Åâ-
ðîïû è Ñåâåðíîé Àìåðèêè. Òîëüêî èñïîëüçîâà-
íèå ñîâðåìåííîé ýëåìåíòíîé áàçû ïîçâîëèò ðå-
øèòü çàäà÷ó îáåñïå÷åíèÿ êîíêóðåíòîñïîñîáíî-
ñòè èõ ïðîäóêöèè íàû ìèðîâîì ðûíêå. Èìåííî
ïîýòîìó çàäà÷à ðàçâèòèÿ îòå÷åñòâåííîé ìèêðî-
ýëåêòðîíèêè ÿâëÿåòñÿ ïðèîðèòåòíîé äëÿ íàøåãî
ãîñóäàðñòâà è çàñëóæèâàåò îñîáîãî âíèìàíèÿ.
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ELECTRICAL CONNECTORS
FOR SURFACE SOLDERLESS MOUNTING

No electrotechnical or radio engineering device
can operate without connectors. There is a very
large variety of designs of electrical connectors
for the electronic devices, which meet almost any
customers request. Very often the connectors ensure
manufacturability issues of improving performance
of manufacturing and installation of products.

The article focuses on such properties of con-
nectors — the possibility of surface mounting with
the implementation of solderless contact con-
nections. Efficient designs oriented on batch fabri-
cation of contacts and connectors assembly are
introduced. Combining consumer needs and manu-
facturability suggests the prospect of use of such
connectors for multi-contact electronic components.

Modern connectors can contain several hundred
contacts, arranged with a relatively small interval
of about 1 mm, and naturally, the simultaneous
installation of such a large number of contacts
into the holes and soldering of the contacts may
cause some difficulties.

Importance of ensuring of manufacturability of
connectors assembly caused the appearance of
certain methods. The use of contact joints made
by press-fit (press-in) technology [1—3] improves
the performance only  partially — there are no
solder joints, but mounting into plated-through holes
remains. Moreover, the size of contact connections
makes the possibilities of their miniaturization very
limited.

An original solution is the design of electrical
connectors for surface solderless mounting proposed
by the author earlier. The contact connection in
such electrical connectors is ensured by mutual
pressing of contact surfaces [3—5]. This design
significantly improves manufacturability of the
mounting and quality of the contact connection
due to large contact area. In this case, the design

The article describes the features of development, possibilities of manufacture and application of electrical
connectors for surface mounting with flexible printed cables and elastomer liners. With regard to characteristics,
manufacturability and, especially, mounting technological effectiveness, they can rival connectors with
digital metal contacts.

Keywords: electrical connectors, solderless mounting, surface mounting, design of electronic equipment,
contact joints, flexible printed cables, elastomeric liners.

of connectors simplifies owing to the use of the
batch method of forming of contacts on a flexible
printed cable (FPC). Pending this work the task
was set to develop various types of electrical
connectors designed for application in a variety of
electronic devices with the use of FPC and elastomeric
spring liners for solderless surface mounting, as
well as to determine characteristics of such connectors
experimentally. This article describes the results
of these studies.

DESIGN OF ELECTRICAL CONNECTORS

The developed connectors are included to the
group of low-frequency rectangular direct joint
connectors, so in fact they consist of one part — a
socket, while the terminal contacts of PCB of elec-
tronic modules or other similar structures serve
as a plug.

The basis of the connector is made of contact
groups manufactured according to the technology
of  flexible printed cables, and elastomeric liners,
which function as group springs for contact elements.

Fig. 1 shows an electrical connector which is
designed with the use of above-listed elements [6].

The plug is located in the rear part of the 
PCB 1 of electronic module and includes printed
circuit contacts (lamellae) 2 and the slot 3, which
serves for the precise junction with the socket. The
socket consists of a body 4 with a working cavity 7
and a bridge 6, a cap 9, made of plastic, an elasto-
meric liner 13 and an FPC 5 with printed contacts 8.
For fixing of the socket on the printed-circuit back-
board there are latches 14 and fixing pin 10 with a
hole 11 in its rear part for fixing the socket, for
example, with a cotter pin. There also are pins 12,
which are used for accurate fixage of the sockets on
the PCB.
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FPC is inserted into the socket body. FPC con-
tacts project from the body in two planes: in one
they contact with the PCB of the electronic module
and in the other — with the printed-circuit back-
board, as it is shown in fig. 2.

The junction is formed as follows. The plug of
the PCB of the electronic module is inserted into
the working cavity of the socket, and the rail
bridge of the socket body enters the guide groove
of the PCB, thereby providing an exact match of
contacts. As the working cavity narrows, the
distance between the FPC and the left wall of the
body at a certain depth of the cavity becomes less
than the thickness of PCB of electronic module,
which ensures a reliable contact junction. At the
same time the elastic liner acts as a group spring,
creating a constant pressing force for contacts. Thus
a gas-tight contact connection with a large effective
contact area is formed.

The electrical connection between the socket FPC
and the backboard with the use of the above-
mentioned elastic liner is formed similarly in a
different plane.

TECHNOLOGY FEATURES  OF ELECTRICAL
CONNECTORS BASED ON FPC
AND ELASTOMERIC LINERS

Parts of connectors are produced with the use
of standard technologies, characteristic for
manufacture of electronic equipment, namely, PCB
manufacture, injection molding of thermoplastic
plastic, molding of silicone rubber. In order to
ensure low transitional contact resistance the
appropriate metal coatings must be applied on the
contact areas. It should be remembered that there
are two places of contact in the socket (zones A and
B in fig. 3): a plug connection with the PCB of
electronic module and a virtually permanent con-
nection with the backboard. The choice of coating
is determined by the use conditions.

In this case it is possible to perform a very
simple in terms of manufacturing local coating of
FPC contacts. This enables rational use of precious
metals.

A particular attention should be payed to the
method of producing socket contacts. It is similar
to the technology of producing single- or double-
sided flexible PCB, which usually applies high-
efficiency equipment. This allows to obtain any
number of contacts by batch method for an entire
connector simultaneously.

On the other hand, the manufacturing of the
FPC is possible with the use of dimensional electro-
chemical processing, which allows to receive a
double-composite structure, since there is no
adhesive to glue the foil to the insulating film
substrate [7]. Such FPC has unique operational
performance, which are determined by characte-
ristics of polyimide instead of adhesive, which is
present in all known structures of FPC.

Fig. 1. Structural components of the electrical connector based on FPC and elastomeric liner (a — plug on
the PCB; b, c, d — general view of the socket, its sectional view taken along A—A plane and its left-side view):
1 — PCB of the electronic module; 2 — printed contacts; 3 —guide groove; 4 — body; 5 — FPC; 6 — rail bridge; 7 — working cavity;

 8 — printed contacts of socket; 9 — cap; 10 — fixing pin; 11 — fixing hole; 12 — drive pins; 13 — liner; 14 — catch
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 Fig. 2. Mechanical and electrical contact connection:
1 — socket; 2 — PCB of the electronic module; 3 — printed-
circuit backboard; 4, 5 — printed contacts on the socket’s
FPC and on the printed-circuit backboard respectively; 6 — catch;

7 — pin; 8 — cotter pin
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Fig. 3. Design of
FPC with contact
groups and local
coating zones A and B
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Assembly operations for sockets manufacturing
are performed by simple methods without any
fitting.

Mounting of sockets on the backboard runs
without soldering — by clamping contact surfaces.
Mechanical fastening under certain conditions can
be carried out with the use of such an effective method
as latching and locking with a cotter pin (see fig. 2).

EXPERIMENTAL INVESTIGATION
OF CHARACTERISTICS
OF THE CONNECTORS

The connectors were studied both as a whole, with
respect to all the structure, and by the most important
constituent elements which determine quality
performance and manufacturability of the connectors.

Choice of material for elastomeric liner
Elastomeric liner being a part of the  socket serves

as a group spring, which provides the necessary
pressure at the contact joints, thereby providing the
required transient contact resistance. In this terms,
a very important feature of the liner is the working
temperature range in which the elasticity and
hardness should be varied insignificantly. The
residual deformation in this case should not
considerably progress over time.

The analysis of characteristics for different
materials has revealed that mixtures based on
siloxane rubbers are the most appropriate for the
liners. Such materials are good electrical insulators
and ensure functionality of the liner in the tempera-
ture range from –60 to 250°C and at humidity up
to 98%.

The analysis of the range of above-mentioned
compounds has shown that ÈÐÏ-1265, ÈÐÏ-1338
siloxane mixtures and a composition consisting of
ÈÐÏ-1265 and ÈÐÏ-1266 mixtures most fully meet
the requirements.

To determine relative residual deformation of
components made of these mixtures accelerated tests
were carried out for two types of samples in the
air in compressed state at 100, 150 and 200°C:

— standard samples (cylinders of 10 mm both
in diameter and length);

— samples, the form and size of which match
with socket liners.

On the basis of the test results the guarantee
term for liners has been calculated, which
made 17,5 years for the selected rubber compounds.

Test results for the samples of second type are
shown in fig. 4.

Here, the relative  residual deformation of com-
pression was given by
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Analysis of the obtained data considering the
technological properties of all tested compounds
showed that the best material for the liner is the
silicone composition based on mixtures of ÈÐÏ-1265
and ÈÐÏ-1266.

Calculation of the contact resistance of
connectors

An important quality index of the connectors
is the transitional contact resistance. It is not only
its nominal value that is important, but also its
possible changes during the operational process and
the tests. The most convenient way to control
the transitional contact resistance is by means
of measurement. It is impossible, however, to
measure the transitional contact resistance Rp
directly. This can be done as follows. Having used
a part of the conacts for the measurements — let
us call them the output contacts — we shall obtain
resistance Rm, which comprises the output contacts
resistance Rk and the transitional resistance Rp.

With a certain approximation Rk can be
regarded as a constant during the operational
process and the tests. Therefore, having measured
or calculated Rk, we can determine transitional
contact resistance by the formula

Rp = Rm – Rk. (1)

thickness (width) of liners before and
after testing, respectively;
thickness (width) of a device used for
the test which provided compression
of the liners.

where h0, h —

hs —

1 23

75

4

125 7

Fig. 5. Geometric model of the contact connection
between the backboard, the socket FPC and the electronic

module PCB:
1, 2 — resistance measurement points on the backboard and the
electronic module PCB, respectively; 3, 4 — areas of contact
between the socket FPC and the backboard and between the
socket FPC and the electronic module PCB, respectively
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80

60

40

20

0 20      40       60      80   t, days

1′
2′′

1′

2′′

1′′′
2′′′

3′′′
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Fig. 4. Time dependence o f relative residual deforma-
tion of liners made of different compressed materials

at different temperatures:
1 — ÈÐÏ-1265,  2 — ÈÐÏ-1338;  3 — silicon composition;

«′» — 100°C; «′′» — 150°C; «′′′» — 200°C
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1 2

Fig. 7. Simplified electrical circuit of the contact
connection

Rkc1 Rkc2 Rpc1 Rpc2

Rsc1 Rsc2 Rsc3

Rks RpsRks Rps

Fig. 6. Electrical circuit of contact connection of the
socket FPC (6), the backboard (5) and the electronic

module PCB (7)
(1, 2, 3, 4 — same as in fig. 5)

Rkc1 Rkc2

Rkt1 Rkt2

Rpc1 Rpc2

Rpn1 Rpn2

Rpp1 Rpp2

Rsc1 Rsc2 Rsc3

Rsn1 Rsn2 Rsn3

Rsp 

Rks
RpsRks Rps

1
2

3

7

6

5

4

Fig. 8. Connection circuits and their equivalent circuits
without earthed terminals (a) and with contiguous

earthed cntacts (b)

a)

b) X1  X2X3  X4 X5  X6

L1     R1     L2    R2       L3

C1 C2

X1  X2

L1     R1    L2     R2     L3

0         5       10        15        20       25        30        35        40       45        50
                                              Time, ns

0         1         2         3         4         5         6         7         8         9        10
                                              Time, ns

0         50      100       150      200      250      300      350       400      450     500
                                              Time, ns

0         10       20       30       40        50        60       70        80       90      100
                                              Time, ns

Fig. 9. Passage of pulse signal through the contacts connected as shown in fig. 8, a (100 MHz (a) and 500 MHz (b)),
and according to fig. 8, b (10 MHz (c) and 50 MHz (d)):

1 — input signal; 2 — output signal
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In order to calculate the contact resistance Rk
let us consider a geometrical model of the contact
connection from fig. 2 given in fig. 5 and its
equivalent electrical circuit in fig.  6.

The figure contains the following designations: Rkc1,
Rkc2, Rkt1, Rkt2 — resistance of base metal (copper)
and the coating (e. g., tin alloy), respectively, in
contact zones (CZ) of the backboard; Rpc1, Rpc2, Rpn1,
Rpn2, Rpp1, Rpp2 — resistance of copper, nickel  sublayer
and coating layer (e. g., palladium), respectively, in
CZ on electronic module PCB; Rsc1, Rsc2, Rsc3, Rsn1,
Rsn2, Rsn3, Rsp — resistance of copper,  nickel  sublayer
and coating layer (e. g., palladium), respectively, in
CZ on FPC; Rks, Rps — transitional resistance of
contacts “backboard — FPC” and “FPC — electronic
module PCB”, respectively.

Given that the layers and sublayers of coatings
forming CZ have small thickness and high resisti-
vity compared to the base metal (copper foil), these
contact resistance components may be neglected.
As a result, the equivalent electrical circuit acquires
the form shown in fig. 7. This diagram can be
used for practical calculations of the contact
resistance of the connection in question.

Modeling of connectors as a current line
As large number of plug connections in modern

electronics are supposed to transmit high-frequency
signals, it is advisable to do researches on low-
frequency connectors (to which  the investigated 
connectors are referred) in terms of their possible
use for the transmission of high-frequency signals
(more than 3 MHz). To this effect, there has been
performed a modeling of transmission of a pulse
signals of different frequency through the contact
connections in question. For this purpose two
connection circuits and their equivalent electrical
circuits, presented in fig. 8 (X1...X6 — ñîntact
connections; R1, R2 – contact resistance, including
transitional contact resistances (R1=R2 = 0,019 Ω);
L1...L3 – contact  inductance L1=L2=L3=24 nH);
C1, C2 – capacity ralative to adjacent contacts
(C1=C2=1,1 pF)), have been used [8].

The effect of contact connections as irregularities
in the current lines on the transmission are simula-
ted with P-Spice program. The simulation results
are given in fig. 9.

Analysis of the output signals given in fig. 9, a
and b, and their comparison with the input ones
allows to speak about their negligible distortion even
at ultra-high frequency (500 MHz). The results given
in fig. 9, c and d, show that the signal contacts
being surrounded by the earthed contacts allows to
improve their noise immunity to crosstalk signals.

However a dramatic distortion of the signal is
noticeable at relatively lower frequencies.

ISSUES OF SYSTEM USE OF FPC-BASED
CONNECTORS

 The connector shown in fig. 1 and 2 serves as
a switching device between the electronic modules
of the first level by means of the backboard.
However, the capabities of the FPC-based connector

come to more than this. Let us consider constructive
decisions for different types of connectors.

Design of the connector that plugs into the
backboard from the outer side for external
connections and the connections between second
level modules is shown in fig. 10.

This version of the socket in the main has the
same constructive solution as the one described
above, i. e. it is mounted on the surface of the
backboard by clamping (no soldering), saving it is
mounted from the outer side. Socket 2 is connected
with other modules or with external circuits by
means of plug 3, based on a rigid PCB, on which
a ribbon wire (cable), a round cable, a harness,
an FPC can be mounted.

A possiblility for two-way connection of first
level electronic modules to the backboard with
sockets is shown in fig. 11. Such design of electrical
connections with the possibility of using two-
way access to electronic equipment allows to create
flexible layout diagrams and to efficiently use the
volume of electronic devices for arrangement of PCB-
based electronic modules.

A connecting device which is mounted on
the surface of the PCB by clamping is shown in
fig. 12. Operating principle and design of the

Fig. 10. Design of the
electrical contacts for
external connections and
connections between
second level modules:
1 — backboard; 2 — socket;
3 — plug; 4 — ribbon cable

or FPC

1

2

3

4

Fig. 11. Two-way con-
nection of first level
electronic modules to

the backboard:
1 — backboard; 2 — socket;
3 — electronic module PCB

12 323

1

2

7 6

5

4

3

Fig. 12. Electrical connection by clamping of two PCB:
1 — FPC; 2 — elastomeric liner; 3, 4 — insulators cases;

5 — screw;  6 — nut; 7 — PCB1;  8 — PCB2

86
5

4
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device are described in [5]. Connections can be
made both within a single PCB and to connect two
PCB located relative to each other in any planes.
The figure shows the connection of two circuit
boards 7 and 8 by means of such a device. For a
better perception of the image units of one PCB
are shown in cross-section.

Here we shall present a few other constructive
solutions for FPC-based connectors with improved
quality performance and greater capability.

Previously in the study the issue of selecting
an elastomeric liner material was dealt with. One
of the key external factors affecting the quality is
operation temperature increase, which makes the
residual deformation accumulate in the liners. This
results in significant weakening of the pressure
between the contacts, and, therefore, in increase
of transitional contact resistance.

For embodiments of connectors for application
at high temperatures, a constructive version of the
socket may be offered, in which, except for elasto-
meric liner, a metallic spring is used for reliability
improvement [9].

A cross section of a modified socket, similar to
that shown in fig. 1 is shown in fig. 13. If during
the operation of the connector the residual deforma-
tion is accumulated in the liner, the metal spring
compensates its waning effect.

It is possible to significantly improve the perfor-
mance of the connectors by duplicating the number
of contacts with a certain increase in thickness of
the socket. This option opens when two FPC and
two elastomeric liners are used in one socket —
bilateral arrangement of contacts, including the
terminal contacts (lamellae) on the electronic
module PCB (fig. 14).

Product design and engineering of FPC-based
connectors and elastomeric liners are realized to a
certain extent in the samples shown in fig. 15.
Here the backboard 1 with sockets 2 provides
electrical connections between first level electro-
nic modules, which are presented by fragments of
PCB 3. In its turn, the connection  of the back-
boards as components of second level electronic
modules, as well as their external connection is
performed by socket 4, plug 5 and, for instance,
wire cable connections 6. Besides, the socket 4
is mounted on the surface of PCB1 similarly to
socket 2.

In this sample were used sockets and the plugs
with a contacts arrangement pitch (which defines
the dimension type of connector) of 1,25, 2,5
and 5 mm and with the  surfaces of working parts
coated with palladium. According to test results,
the main parameters of the connectors are within
the range of values given in the table. At these 
current values the connectors superheat temperature
does not exceed 20°C.

***
The proposed designs are oriented on batch

fabrication of contacts and connectors assembly.
The research results has shown the feasibility of
manufacturing and appliation of electrical
connectors based on the FPC and elastomeric liners,

Fig. 13. Cross-section of the
socket with an additional

 metal spring:
1 — FPC; 2 — elastomeric
liner; 3 — spring; 4 — case;

5 — cover

1
2

5
4

3

1

2

7

65
4

3

8

9 10

Fig. 14. The construction of connector with bilateral
 contacts layout:

1 —  plug; 2, 3 — terminal printed contacts (lamellae);
4 — socket body; 5, 6 — covers; 7, 8 – elastomeric liners;

9, 10 — FPC

The maximum 
voltage, V 

Contact 
arrangement 
pitch, mm 

Number 
of contacts 

Maximum 
intensity  

of contact 
current, A working test 

Contact 
resistance, 
mΩ, max 

5 13 4 400 1600 10 
2,5 26 2 250 1200 20 

1,25 52 1,2 150 800 40 

Fig. 15. Experimental model that implements the inter-
unit electrical connections: 

1 — backboard; 2 — socket for electronic module PCB
connection; 3 — fragment of electronic module PCB; 4 — socket
for external connections; 5 — plug; 6 — ribbon cables with

connectors

12 54

3 6
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which, due to their technical characteristics, manu-
facturability and, espesially, mounting technolo-
gical effectiveness, can rival connectors with digital
metal contacts.

REFERENCES

1.AMP. Product Guide. Printed Circuit Board Connectors
acc. DIN 41612.

2.HARTING. Product Guide. Connectors DIN 41612.
3.Åôèìåíêî À. À., Ñîá÷åíêî Ä. Ë. Íåïàÿíûå êîíòàêò-

íûå ñîåäèíåíèÿ â ýëåêòðîííûõ ïå÷àòíûõ óçëàõ // Òåõíîëî-
ãèÿ è êîíñòðóèðîâàíèå â ýëåêòðîííîé àïïàðàòóðå.— 2009.—
¹ 3.— Ñ. 3—9. [Efimenko A. A., Sobchenko D. L. //
Tekhnologiya i konstruirovanie v elektronnoi apparature. 2009.
N 3. P. 3]

4.Ïàòåíò 1265 Óêðà¿íè. Ç’ºäíóâà÷ äëÿ äðóêîâàíèõ ïëàò /
À. À. ªô³ìåíêî.— 1993.— Áþë. ¹ 3. [Patent 1265 Ukrayini.
/ A. A. Efimenko. 1993. Bull. 3]

5.Ïàòåíò 1266 Óêðà¿íè. Ïðèñòð³é äëÿ ç’ºäíàííÿ äðóêî-
âàíèõ ïëàò / À. À. ªô³ìåíêî.— 1993.— Áþë. ¹ 3. [Patent
1266 Ukrayini. / A. A. Efimenko. 1993. Bull. 3]

6.Ïàòåíò 9797 Óêðà¿íè. Ðîç’ºì äëÿ ïå÷àòíèõ ïëàò / À.
À. ªô³ìåíêî.— 1996.— Áþë.  ¹ 3. [Patent 9797 Ukrayini. /
A. A. Efimenko. 1996. Bull. 3]

7.ÒÓ3594–097–0750430–2002. Ãèáêèå ïå÷àòíûå êàáåëè
ìàðêè ÃÏÊ–ÌÏ. [TU3594–097–0750430–2002. Gibkie
pechatnye kabeli marki GPK–MP]

8.Åôèìåíêî À. À., Øàòàëîâ Â. Â. Ìîäåëèðîâàíèå ðàçúåì-
íûõ êîíòàêòîâ â ýëåêòðè÷åñêèõ ñîåäèíåíèÿõ ýëåêòðîííîé
àïïàðàòóðû // Òåõíîëîãèÿ è êîíñòðóèðîâàíèå â ýëåêòðîííîé
àïïàðàòóðå.— 2001.— ¹4—5.— Ñ. 7—110. [Efimenko A.
A., Shatalov V. V. // Tekhnologiya i Konstruirovanie v
Elektronnoi Apparature. 2001. N 4—5 P. 7]

9.Ïàòåíò 2006112 Ðîññèéñêîé Ôåäåðàöèè. Ðàçúåì äëÿ
ïå÷àòíèõ ïëàò / À.À. Åôèìåíêî, Î.È. Øêîäèí.— 1994.—
Áþë. ¹ 1. [Patent 2006112 Rossiiskoi Federatsii. / A. A.
Efimenko., O. I. Shkodin. 1994. Bull. 1]

Received 12.06 2012

Åôèìåíêî À. À. Ýëåêòðè÷åñêèå ñîåäèíèòåëè äëÿ
ïîâåðõíîñòíîãî íåïàÿíîãî ìîíòàæà.

Êëþ÷åâûå ñëîâà: ýëåêòðè÷åñêèå ñîåäèíèòåëè, íå-
ïàÿíûé ìîíòàæ, ïîâåðõíîñòíûé ìîíòàæ, ïðîåê-
òèðîâàíèå ýëåêòðîííûõ óñòðîéñòâ, êîíòàêòíûå
ñîåäèíåíèÿ, ãèáêèå ïå÷àòíûå êàáåëè, ýëàñòîìåð-
íûå  âêëàäûøè.

Â ñòàòüå ðàññìîòðåíû îñîáåííîñòè ñîçäàíèÿ, âîç-
ìîæíîñòü èçãîòîâëåíèÿ è ïðèìåíåíèÿ ýëåêòðè÷åñ-
êèõ ñîåäèíèòåëåé äëÿ ïîâåðõíîñòíîãî ìîíòàæà íà
îñíîâå ãèáêèõ ïå÷àòíûõ êàáåëåé è ýëàñòîìåðíûõ
âêëàäûøåé. Ïî ñâîèì òåõíè÷åñêèì õàðàêòåðèñòè-
êàì, à òàêæå òåõíîëîãè÷íîñòè èçãîòîâëåíèÿ è, îñî-
áåííî, ìîíòàæà, îíè  ñïîñîáíû ñîñòàâèòü êîíêóðåí-
öèþ ñîåäèíèòåëÿì ñ äèñêðåòíûìè ìåòàëëè÷åñêèìè
êîíòàêòàìè.

Óêðàèíà, Îäåññêèé íàöèîíàëüíûé ïîëèòåõíè÷åñêèé
óíèâåðñèòåò.
____________________________

ªô³ìåíêî À. À. Åëåêòðè÷í³ ç’ºäíóâà÷³ äëÿ ïîâåðõ-
íåâîãî íåïàÿíîãî ìîíòàæó.

Êëþ÷îâ³ ñëîâà: åëåêòðè÷í³ ç'ºäíóâà÷³, íåïàÿíèé
ìîíòàæ, ïîâåðõíåâèé ìîíòàæ, ïðîåêòóâàííÿ åëåê-
òðîííèõ ïðèñòðî¿â, êîíòàêòí³ ç'ºäíàííÿ, ãíó÷ê³
äðóêîâàí³ êàáåë³, åëàñòîì³ðí³ âêëàäèø³.

Ó ñòàòò³ ðîçãëÿíóòî îñîáëèâîñò³ ñòâîðåííÿ, ìîæ-
ëèâ³ñòü âèãîòîâëåííÿ òà çàñòîñóâàííÿ åëåêòðè÷íèõ
ç'ºäíóâà÷³â äëÿ ïîâåðõíåâîãî ìîíòàæó íà îñíîâ³
ãíó÷êèõ äðóêîâàíèõ êàáåë³â òà åëàñòîìåðíèõ âêëà-
äèø³â. Çà ñâî¿ìè òåõí³÷íèìè õàðàêòåðèñòèêàìè, à
òàêîæ òåõíîëîã³÷í³ñòþ âèãîòîâëåííÿ òà, îñîáëèâî,
ìîíòàæó, âîíè çäàòí³ ñêëàñòè êîíêóðåíö³þ ç'ºäíó-
âà÷àì ç äèñêðåòíèìè ìåòàëåâèìè êîíòàêòàìè.

Óêðà¿íà, Îäåñüêèé íàö³îíàëüíèé ïîë³òåõíè÷íèé óí³-
âåðñèòåò.
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Ñäåëàí èñ÷åðïûâàþùèé àíàëèç âàæíûõ àíàëîãîâûõ êîìïî-
íåíòîâ è âîïðîñîâ èõ ïðàêòè÷åñêîãî ïðèìåíåíèÿ ïðè ïðîåê-
òèðîâàíèè ëèíåéíûõ ñõåì. Áîëåå òûñÿ÷è ðèñóíêîâ îáëåã÷àþò
âîñïðèÿòèå ìàòåðèàëà. Êíèãà ñîäåðæèò ïîäðîáíîå îïèñàíèå
êîìïîíåíòîâ àíàëîãîâûõ ñõåì äëÿ ïðàêòèêóþùèõ ðàçðàáîò-
÷èêîâ, ïðîâåðåííûå ïðàêòè÷åñêèì âíåäðåíèåì ïðèìåðû ïðî-
åêòîâ îñíîâíûõ òèïîâ ëèíåéíûõ ñõåì, ñîâåòû ïî ÷òåíèþ òåõ-
íè÷åñêèõ îïèñàíèé è âûáîðó êîììåð÷åñêèõ îïåðàöèîííûõ
óñèëèòåëåé, â íåé ðàññìîòðåíû âîïðîñû ïðîåêòèðîâàíèÿ ïå-
÷àòíûõ ïëàò. Èçäàíèå áóäåò ïîëåçíî â êà÷åñòâå ó÷åáíîãî ìà-
òåðèàëà èëè ñïðàâî÷íîãî ïîñîáèÿ äëÿ èíæåíåðîâ, çàíèìàþ-
ùèõñÿ ðàçðàáîòêîé àíàëîãîâûõ è àíàëîãî-öèôðîâûõ óñòðîéñòâ.
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ÑÈÍÕÐÎÍÈÇÀÖÈß ÏÎÒÎÊÎÂ ÄÀÍÍÛÕ
Â ÌÍÎÃÎÊÀÍÀËÜÍÛÕ ÑÈÑÒÅÌÀÕ ÖÎÑ
Ñ ÏÅÐÅÑÒÐÀÈÂÀÅÌÎÉ ÑÒÐÓÊÒÓÐÎÉ

Ðåàëèçàöèÿ ñèñòåì öèôðîâîé îáðàáîòêè ñèã-
íàëîâ (ÖÎÑ) â ðåàëüíîì âðåìåíè ïðåäúÿâëÿåò
î÷åíü æåñòêèå òðåáîâàíèÿ ê ñèíõðîíèçàöèè ïðî-
öåññîâ îáðàáîòêè äàííûõ, ñâÿçàííûå ñ ðàñïà-
ðàëëåëèâàíèåì âû÷èñëåíèé, îáåñïå÷åíèåì ðàáî-
òû êîíâåéåðîâ è òðåáîâàíèåì äåòåðìèíèðîâàí-
íîñòè ïîòîêîâ äàííûõ â ñèñòåìå [1—3].

Ñèñòåìà ñèíõðîíèçàöèè (ÑÍÕÐ) â îáùåì
ñëó÷àå ìîæåò áûòü ëèáî ãëîáàëüíîé, ëèáî áûòü
ñîâîêóïíîñòüþ ëîêàëüíûõ ñèñòåì. Ãëîáàëüíàÿ
ñèñòåìà  èñêëþ÷àåò ñáîè â ðàáîòå êîíâåéåðîâ,
ïîñêîëüêó ïåðåçàïèñü âõîäíûõ (âûõîäíûõ) ñèã-
íàëîâ â âû÷èñëèòåëüíûå ýëåìåíòû (ÂÝ) ñèñòå-
ìû ïðîèçâîäèòñÿ â îäèí è òîò æå ìîìåíò âðåìå-
íè. Îäíàêî òàêîå âîçäåéñòâèå ÑÍÕÐ ýêâèâà-
ëåíòíî âîçäåéñòâèþ íà ñèñòåìó ÖÎÑ ìîùíîé
èìïóëüñíîé ïîìåõè, îñîáåííî íà öåïè ïèòàíèÿ
è ñëàáîòî÷íûå öåïè, â òîì ÷èñëå àíàëîãîâûå,
÷òî ïðèâîäèò ê íåîáõîäèìîñòè ïðèìåíåíèÿ áî-
ëåå òùàòåëüíûõ ìåð ïî ñíèæåíèþ âëèÿíèÿ òàêèõ
ïîìåõ. Êðîìå òîãî, â ñèñòåìå ÖÎÑ ïîÿâëÿþòñÿ
ãëîáàëüíûå ñâÿçè, îõâàòûâàþùèå óäàëåííûå
óçëû, ÷òî óñëîæíÿåò êîíñòðóêöèþ óñòðîéñòâà.

Î÷åâèäíî, ÷òî ðåàëèçàöèÿ ÑÍÕÐ â âèäå íå-
ñêîëüêèõ ëîêàëüíûõ ñèñòåì, âûðàáàòûâàþùèõ
ñèíõðîñèãíàëû â ðàçíåñåííûå ìîìåíòû âðåìå-
íè, ïîçâîëÿåò ñîêðàòèòü óðîâåíü ïîìåõ ïðîïîð-
öèîíàëüíî êîëè÷åñòâó ýòèõ ñèñòåì. Êðîìå òîãî,
ïðîïîðöèîíàëüíî ñîêðàùàåòñÿ ïðîòÿæåííîñòü è
êîëè÷åñòâî ëèíèé ñâÿçè, ïî êîòîðûì ïåðåäàþò-

Ðàññìîòðåíû îñîáåííîñòè ñèíõðîíèçàöèè ïîòîêîâ äàííûõ â ìíîãîêàíàëüíûõ ñèñòåìàõ ÖÎÑ ñ ðàçëè÷-
íîé àðõèòåêòóðîé. Ïîêàçàíî, ÷òî â ðÿäå ñëó÷àåâ ñèñòåìà ñèíõðîíèçàöèè ìîæåò áûòü ðåàëèçîâàíà â
âèäå ñîâîêóïíîñòè ëîêàëüíûõ ñèñòåì, ÷òî ïîçâîëÿåò  ïîíèçèòü óðîâåíü ñîçäàâàåìûõ èìè ïîìåõ è
óïðîñòèòü ðåàëèçàöèþ çà ñ÷åò ñîêðàùåíèÿ ÷èñëà ãëîáàëüíûõ ñâÿçåé. Ïðåäëîæåí ìåòîä êîìïëåêñíîé
îöåíêè ýôôåêòèâíîñòè ðåàëèçàöèè (àïïàðàòóðíûõ çàòðàò) ïðîåêòèðóåìîé ñèñòåìû ñ ó÷åòîì ñëîæ-
íîñòè ñèñòåìû ñèíõðîíèçàöèè.

Êëþ÷åâûå ñëîâà: ñèñòåìà ñèíõðîíèçàöèè, öèôðîâàÿ îáðàáîòêà ñèãíàëîâ, àññîöèàòèâíàÿ/ðàíæèðîâàí-
íàÿ àðõèòåêòóðà, ôîðìèðîâàòåëü ñèíõðîñèãíàëîâ, ëîêàëüíàÿ/ãëîáàëüíàÿ ñâÿçü.

ñÿ ñèíõðîñèãíàëû â îäèí è òîò æå ìîìåíò âðå-
ìåíè. Ïîýòîìó òàêàÿ ðåàëèçàöèÿ ïðåäïî÷òèòåëü-
íà â ïëàíå îáåñïå÷åíèÿ áîëåå âûñîêîé ïîìåõîóñ-
òîé÷èâîñòè ïðîåêòèðóåìîé ñèñòåìû ÖÎÑ è óï-
ðîùåíèÿ åå êîíñòðóêöèè.

Íàñòîÿùàÿ ðàáîòà ïîñâÿùåíà àíàëèçó âîçìîæ-
íîñòè èñïîëüçîâàíèÿ ëîêàëüíûõ ÑÍÕÐ äëÿ ìíî-
ãîêàíàëüíûõ ñèñòåì ÖÎÑ ñ ïåðåñòðàèâàåìîé
ñòðóêòóðîé, ñèñòåìà îáðàáîòêè ïîòîêà äàííûõ
êîòîðûõ èìååò ðàçëè÷íóþ àðõèòåêòóðó, â ÷àñò-
íîñòè íåïåðåñòðàèâàåìóþ, àññîöèàòèâíóþ, ðàí-
æèðîâàííóþ è àðõèòåêòóðó ìèíèìàëüíûõ ïå-
ðåñòàíîâîê [4—6].

Â îáùåì âèäå ÑÍÕÐ ïðåäñòàâëåíà íà ðèñ. 1.
Íà ñõåìå íå ïðèâåäåíà ñòðóêòóðà ñîåäèíåíèé
ÂÝ ìåæäó ñîáîé, ïîñêîëüêó îíà íå èìååò çíà÷å-
íèÿ â äàííîì ñëó÷àå.

Âàðèàíòû ñòðóêòóðû ÓÔÑ, îáåñïå÷èâàþùåé
îäíîâðåìåííîñòü ïåðåäà÷è ñèíõðîèìïóëüñîâ â
ëèíèè ñâÿçè (ËÑ), ïðèâåäåíû â âèäå ãðàôîâ íà
ðèñ. 2 è îòëè÷àþòñÿ äðóã îò äðóãà ÷èñëîì ñòó-
ïåíåé óñèëåíèÿ è êîýôôèöèåíòîì ðàñïàðàëëå-
ëèâàíèÿ ñèãíàëîâ â óñèëèòåëÿõ. Óçëû ãðàôà
ñîîòâåòñòâóþò óñèëèòåëüíûì ýëåìåíòàì ñèíõðî-
ñèãíàëîâ, à äóãè — ëèíèÿì ñâÿçè ìåæäó ýòèìè
ýëåìåíòàìè äëÿ ïåðåäà÷è ñèíõðîñèãíàëîâ íà ÂÝ.

Ïðè óêàçàííîì ïîñòðîåíèè ãðàô îêàçûâàåò-
ñÿ óðàâíîâåøåííûì è íå òðåáóåò ââåäåíèÿ äî-
ïîëíèòåëüíûõ ýëåìåíòîâ çàäåðæêè äëÿ óñòðàíå-
íèÿ ðàçáðîñà ïîñòóïëåíèÿ ñèíõðîñèãíàëîâ íà ÂÝ.

Ðèñ. 1. Ñòðóêòóðíàÿ ñõåìà ÑÍÕÐ
â îáùåì âèäå:

ÎÃ — îïîðíûé ãåíåðàòîð; ÓÔÑ — óñè-
ëèòåëü-ôîðìèðîâàòåëü ñèíõðîñèãíàëîâ;

ÂÝ — âû÷èñëèòåëüíûé ýëåìåíò

Â
û

õî
ä 

N

3 2 1

Âõîä
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Ïðè ýòîì ïðåäïîëàãàåòñÿ, ÷òî çàäåðæêà ñèãíà-
ëîâ â ËÑ îäèíàêîâà, ÷òî äîñòèãàåòñÿ ëèáî âû-
ðàâíèâàíèåì äëèí ËÑ ìåæäó ÓÔÑ è ÂÝ, ëèáî
ââåäåíèåì äîïîëíèòåëüíûõ àêòèâíûõ ýëåìåíòîâ
çàäåðæêè.

Ñòðóêòóðà, ïðèâåäåííàÿ íà ðèñ. 1, ñîäåðæèò
N ëèíèé ñâÿçè, ïî êîòîðûì îäíîâðåìåííî ïåðå-
äàþòñÿ ñèíõðîñèãíàëû, ïðè ýòîì N=nÂ, ãäå nÂ
— îáùåå êîëè÷åñòâî ñèíõðîíèçèðóåìûõ ÂÝ. ×åì
ìåíüøå N è ÷åì ìåíüøå ñóììàðíàÿ äëèíà ËÑ,
òåì ìåíüøå íåæåëàòåëüíîå âëèÿíèå ÑÍÕÐ íà
ñèñòåìó ÖÎÑ.

Ïðîâåäåì àíàëèç âîçìîæíîñòè ðåàëèçàöèè ëî-
êàëüíûõ ÑÍÕÐ äëÿ ìíîãîêàíàëüíûõ ñèñòåì
(ÌÊÑ) ÖÎÑ ñ ÷èñëîì êàíàëîâ L è ðàçëè÷íîé
àðõèòåêòóðîé ïîäñèñòåìû îáðàáîòêè ïîòîêà äàí-
íûõ. Áóäåì îáîçíà÷àòü âõîäíûå äàííûå êàíà-
ëîâ DI, âûõîäíûå — DO, âõîäû ñèíõðîíèçà-
öèè — Âõ., âûõîäû ñèíõðîíèçàöèè — Âûõ.

Íåïåðåñòðàèâàåìàÿ àðõèòåêòóðà
Â ýòîì ñëó÷àå ñèñòåìà ÖÎÑ ïðåäñòàâëÿåò ñî-

áîé L êàíàëîâ, â êàæäîì èç êîòîðûõ ïðîèñõîäèò
îáîñîáëåííàÿ îáðàáîòêà íå âçàèìîäåéñòâóþùèõ
ìåæäó ñîáîé ïîòîêîâ äàííûõ. Åå ñòðóêòóðíàÿ

ñõåìà ïðèâåäåíà íà ðèñ. 3. Çäåñü âõîäû ñèíõðî-
íèçàöèè ÂÝ îáîçíà÷åíû êàê Âõ.l.k, ãäå l ñîîò-
âåòñòâóåò íîìåðó êàíàëà, à k — íîìåðó âõîäà.

Ñîîòâåòñòâåííî, â êàæäîì èç êàíàëîâ ìîæåò
áûòü ðåàëèçîâàíà ñâîÿ ëîêàëüíàÿ ñèñòåìà ñèí-
õðîíèçàöèè. Ñîïðÿæåíèå ëîêàëüíûõ ïîäñèñòåì
ìåæäó ñîáîé ìîæåò ëèáî âîîáùå îòñóòñòâîâàòü
(íåçàâèñèìûå ÎÃ  è ÓÔÑ), ëèáî ôîðìèðîâàòü-
ñÿ îò îäíîãî îïîðíîãî ãåíåðàòîðà ñ çàäåðæêîé
ñèãíàëîâ, ïîñòóïàþùèõ íà öåïè ÓÔÑ ëîêàëü-
íûõ ÑÍÕÐ (ðèñ. 4). Çàäåðæêà ñèãíàëîâ ìåæäó
ñèñòåìàìè ìîæåò áûòü ëèáî ïðîèçâîëüíîé, ëèáî
(äëÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ âî âðåìåíè
ñèíõðîñèãíàëîâ è, ñëåäîâàòåëüíî, âûçûâàåìûõ
èìè ïîìåõ) äèñêðåòíîé, ðàâíîé

∆t ≈ T0/L, (1)

ãäå T0 — ïåðèîä ãåíåðàöèè ñèíõðîñèãíàëîâ.
Èç ðèñ. 4 âèäíî, ÷òî ËÑ â ýòîì ñëó÷àå ñòàíî-

âÿòñÿ áîëåå ëîêàëüíûìè, ïîñêîëüêó êàæäûé èç
ÓÔÑ âçàèìîäåéñòâóåò òîëüêî ñ ÂÝ îäíîãî êà-
íàëà ÖÎÑ. Ñîêðàùàåòñÿ â N/L ðàç êîëè÷åñòâî
îäíîâðåìåííî ïåðåäàâàåìûõ ñèãíàëîâ è ìàêñè-
ìàëüíàÿ ïðîòÿæåííîñòü ËÑ, ÷òî ïîçâîëÿåò
óòâåðæäàòü î ñíèæåíèè ñóììàðíîãî óðîâíÿ ïî-
ìåõ â ñèñòåìå â öåëîì.

         1    2    3    4    5    6     7    8    9

Âûõîäû

Âõîä

Âõîä

Ðèñ. 2. Âàðèàíòû ñòðóêòóðû ÓÔÑ ñèíõðîñèñòåìû:
à — îäíîñòóïåí÷àòàÿ; á — äâóõñòóïåí÷àòàÿ

     1   2  3     4  5   6       7  8   9   10  11 12

Âûõîäû

Ðèñ. 4. Ñòðóêòóðíàÿ ñõåìà ñèíõðîñèñòåìû ÌÊÑ ñ
íåïåðåñòðàèâàåìîé àðõèòåêòóðîé ñ íåçàâèñèìûìè (à)

è ñîïðÿæåííûìè (á) êàíàëàìè ñèíõðîíèçàöèè

à) á)

Ðèñ. 5. ÌÊÑ ÖÎÑ ñ àññîöèàòèâíîé
àðõèòåêòóðîé

DOL

DO1

DI1

DIL

KO

KI

x1 x2 xN

yNy1 y2

Âõ. 1.1

Âõ. 1.N

Ðèñ. 3. ÌÊÑ ÖÎÑ ñ íåïåðåñòðàèâàåìîé
àðõèòåêòóðîé

DI1

DIL

DO1

DOL

1

L

Â
õ.

 1
.1

Â
õ.

 1
.k

Â
õ.

 L
.1

Â
õ.

 1
.L

Âõ. 1

Âûõ. 1.1

Âõ.L

Âõ. 1

Âûõ. 1.k

Âûõ. L.1

Âûõ. L.k

Âõ. 1
Âûõ. 1.1

Âûõ. 1.k

Âûõ. 2.1

Âûõ. 2.k

Âûõ. L.1

Âûõ. L.k

Âõ. 2

t/L

t/L

t/L

à)

á)
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Àññîöèàòèâíàÿ àðõèòåêòóðà
Ñòðóêòóðà ñèñòåìû ÖÎÑ äëÿ ýòîãî ñëó÷àÿ ïðè-

âåäåíà íà ðèñ. 5, ãäå êàíàë ÖÎÑ — ñóììàðíûé
(îáùèé) êàíàë îáðàáîòêè äàííûõ, KI — âõîä-
íîé êîììóòàòîð ðàçìåðíîñòüþ L×N (÷èñëî âõî-
äîâ × ÷èñëî âûõîäîâ), à KÎ — âûõîäíîé ðàç-
ìåðíîñòüþ N×L. Ïðè ýòîì ëþáîé ÂÝ ìîæåò áûòü
èñïîëüçîâàí â ëþáîì êàíàëå, ïîñêîëüêó âû÷èñ-
ëèòåëüíûé ðåñóðñ ìîæåò ïîëíîñòüþ ïåðåðàñïðå-
äåëÿòüñÿ ìåæäó êàíàëàìè [4]. Îòñþäà ñëåäóåò,
÷òî ïðèìåíåíèå àññîöèàòèâíîé àðõèòåêòóðû äëÿ
îáðàáîòêè ïîòîêà äàííûõ òðåáóåò ïðèìåíåíèÿ
ãëîáàëüíîé ÑÍÕÐ (ðèñ. 1).

Ðàíæèðîâàííàÿ àðõèòåêòóðà
Ñòðóêòóðà òàêîé ñèñòåìû â îáùåì âèäå ïðè-

âåäåíà íà ðèñ. 6, ãäå âõîäíîé (KI) è âûõîäíîé
(KO) êîììóòàòîðû èìåþò ðàçìåðíîñòü L×L.

Êàê ïîêàçàíî â [5], ñòðóêòóðà ñèñòåìà îáðà-
áîòêè ïîòîêà äàííûõ (ÑÎÏÄ) ñ ðàíæèðîâàí-
íîé àðõèòåêòóðîé ïðåäñòàâëÿåò ñîáîé L êàíà-
ëîâ, â êàæäîì èç êîòîðûõ ïðîèñõîäèò îáîñîá-
ëåííàÿ îáðàáîòêà ïîòîêîâ äàííûõ. Îäíàêî âõîä-
íûå è âûõîäíûå äàííûå ìîãóò ïîñòóïàòü èç ëþ-
áîãî/â ëþáîé èç L êàíàëîâ. Ïîýòîìó åñëè îáåñ-
ïå÷èòü êîððåêòíóþ ïåðåäà÷ó äàííûõ âî âõîä-
íûõ è âûõîäíûõ êîììóòàòîðàõ, òî ìîæíî äëÿ
òàêîé ÑÎÏÄ ïðèìåíÿòü ñîâîêóïíîñòü ëîêàëü-

íûõ ÑÍÕÐ. Ðàññìîòðèì óñëîâèÿ äëÿ òàêîé ðåà-
ëèçàöèè.

Íà ðèñ. 7 ïðèâåäåí ôðàãìåíò ÑÎÏÄ ñ ðàí-
æèðîâàííîé àðõèòåêòóðîé, âêëþ÷àþùèé â ñåáÿ
âõîäíûå êîììóòàòîðû 1, îáðàçóþùèå êîììóòà-
òîð KI, è ïåðâûå ñòóïåíè êàíàëîâ îáðàáîòêè 2.
Ñèãíàëû òàêòèðîâàíèÿ îáîçíà÷åíû êàê Si.

Ïóñòü âõîäíûå äàííûå ôèêñèðóþòñÿ âî âõîä-
íûõ êîììóòàòîðàõ ñèãíàëàìè S0 â ìîìåíòû âðå-
ìåíè t0 ñ ïåðèîäîì T0. Åñëè ìàêñèìàëüíî âîç-
ìîæíîå âðåìÿ ïðîõîæäåíèÿ ñèãíàëà ÷åðåç öåïè
êîììóòàòîðîâ τmax íå ïðåâûøàåò íåêîòîðóþ âå-
ëè÷èíó τ0, òî ôèêñàöèÿ äàííûõ âî âõîäíûõ öå-
ïÿõ êàíàëîâ îáðàáîòêè ñèãíàëàìè Si â ìîìåíòû
âðåìåíè ti, îïðåäåëÿåìûå èç óñëîâèÿ

0 0 max 0 0, 1, , / ,it t i i L T L= + τ ∈ τ < τ ≤ (2)

îáåñïå÷èâàåò êîððåêòíóþ ïåðåäà÷ó äàííûõ ñî
âõîäîâ ñèñòåìû íà êàíàëû îáðàáîòêè (ðèñ. 8).

Ñòðóêòóðíàÿ ñõåìà  ÑÍÕÐ äëÿ ðàíæèðîâàí-
íîé àðõèòåêòóðû ÑÎÏÄ ïðèâåäåíà  íà ðèñ. 9,
ãäå ÓÔÑ0 ñèíõðîíèçèðóåò ñèñòåìó âõîäíûõ êîì-
ìóòàòîðîâ, ÓÔÑ1 … ÓÔÑL — ðàáîòó êàíàëîâ
îáðàáîòêè, τ0 — ýëåìåíòû çàäåðæêè ñèíõðîñèã-
íàëîâ. Èç ýòîãî ðèñóíêà âèäíî, ÷òî ÑÍÕÐ ñè-

Ðèñ. 6. ÌÊÑ ÖÎÑ ñ ðàíæèðîâàííîé àðõèòåêòóðîé

DOL

DO1DI1

DIL

KOKI

Ðèñ. 8. Âðåìåííûå äèàãðàììû ñèíõðîñèãíàëîâ â
ñèñòåìå ñ ðàíæèðîâàííîé àðõèòåêòóðîé

Â
õ.

 1
.1

Â
õ.

 1
.ê

Â
õ.

 L
.1

Â
õ.

 1
.L

L

Ðèñ. 7. Ôðàãìåíò
ñòðóêòóðû ñèñòåìû
ÖÎÑ ñ ðàíæèðîâàí-
íîé àðõèòåêòóðîé

DI1

DIL

DI1

DIL

DI1

DIL

Âûõ. 1.1

Âûõ. LÂûõ. 1.L

Âûõ. 1

Âûõ. 1.2 Âûõ. 2

S1S0

S2S0

S0

SL

t0                         t0+T0                       t0+2T0

t0+τ0                    t0+τ0+T0                 t0+τ0+2T0

t0+2τ0                      t0+2τ0+T0                t0+τ0+2T0

t0+Lτ0                 t0+Lτ0+T0

S0

S1

S2

SL

Ðèñ. 9. Ñòðóêòóðíàÿ
ñõåìà ñèñòåìû ñèíõðî-
íèçàöèè ÌÊÑ ñ ðàíæè-
ðîâàííîé àðõèòåêòóðîéÂõ. L

Âõ. 0

S1

S0

SL

Âõ. 1

τ0

τ 0

τ 0
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ñòåìû ðàçäåëÿåòñÿ íà L ëîêàëüíûõ ñòðóêòóð,
÷òî ñóùåñòâåííî ñîêðàùàåò ÷èñëî îäíîâðåìåííî
ïåðåäàâàåìûõ ñèíõðîñèãíàëîâ è ìàêñèìàëüíóþ
ïðîòÿæåííîñòü ËÑ, à ñëåäîâàòåëüíî — ñíèæàåò
è ñóììàðíûé óðîâåíü ïîìåõ â ñèñòåìå â öåëîì.
Àðõèòåêòóðà «ìèíèìàëüíûõ ïåðåñòàíîâîê»
Ñòðóêòóðà ñèñòåìû â îáùåì âèäå ïðèâåäåíà

íà ðèñ. 10, ãäå âõîäíîé êîììóòàòîð KI èìååò
ðàçìåðíîñòü (L+N)×N, âûõîäíîé KO — ðàç-
ìåðíîñòü N×(L+N), êàíàë ÖÎÑ — ñóììàðíûé
(îáùèé) êàíàë îáðàáîòêè äàííûõ.

Â ýòîì ñëó÷àå, êàê è â ñèñòåìå ñ àññîöèàòèâ-
íîé àðõèòåêòóðîé, íåò ÷åòêî âûðàæåííûõ îáî-
ñîáëåííûõ ó÷àñòêîâ ñèñòåìû îáðàáîòêè. Ïîýòî-
ìó çäåñü òàêæå íåîáõîäèìî ïðèìåíÿòü ãëîáàëü-
íóþ ñòðóêòóðó ñèíõðîíèçàöèè (ðèñ. 1).

Òàêèì îáðàçîì, â ÌÊÑ ÖÎÑ ñ àññîöèàòèâ-
íîé àðõèòåêòóðîé è àðõèòåêòóðîé ìèíèìàëüíûõ
ïåðåñòàíîâîê íåîáõîäèìî ïðèìåíÿòü ãëîáàëüíóþ
ñèñòåìó ñèíõðîíèçàöèè, à â ñèñòåìàõ ñ ðàíæè-
ðîâàííîé àðõèòåêòóðîé — ñîâîêóïíîñòü ëîêàëü-
íûõ ñèíõðîñèñòåì, ñîïðÿæåííûõ ìåæäó ñîáîé
ñîãëàñíî óñëîâèþ (2). Â ñèñòåìàõ ñ íåïåðåñòðàè
âàåìîé àðõèòåêòóðîé ìîæíî èñïîëüçîâàòü ñîâî-
êóïíîñòü ëèáî íå ñâÿçàííûõ ìåæäó ñîáîé, ëèáî
ñîïðÿæåííûõ äðóã ñ äðóãîì â ñîîòâåòñòâèè ñ
ôîðìóëîé (1) ëîêàëüíûõ ÑÍÕÐ. Âñå ýòî  ñóùå-
ñòâåííî âëèÿåò íà èòîãîâóþ îöåíêó ýôôåêòèâ-
íîñòè ïðèìåíåíèÿ òîé èëè èíîé àðõèòåêòóðû
äëÿ ðåàëèçàöèè ñèñòåìû ÖÎÑ. Ïîýòîìó ïðè
âûáîðå àðõèòåêòóðû ñèñòåìû ÖÎÑ â öåëîì íå-
îáõîäèìî ñîïîñòàâëÿòü íå òîëüêî àïïàðàòóðíûå
çàòðàòû íà ðåàëèçàöèþ åå ÑÎÏÄ, îïðåäåëÿå-
ìûå â îñíîâíîì êîëè÷åñòâîì ÂÝ è êîììóòàöè-
îííûõ ýëåìåíòîâ (ÊÝ) [4—6], íî è ñëîæíîñòü
ðåàëèçàöèè ÑÍÕÐ. Ïðèâåäåì ðåêîìåíäàöèè ïî
òàêîìó ñîïîñòàâëåíèþ.

Ïî àíàëîãèè ñ [4—6], îöåíêà ñóììàðíûõ àï-
ïàðàòóðíûõ çàòðàò ìîæåò áûòü ïðåäñòàâëåíà â âèäå

Q0=QÂ + γÊ·QÊ + γÑ·QÑ, (3)

Â ñâîþ î÷åðåäü QÑ òàêæå ìîæåò áûòü ïðåä-
ñòàâëåí â âèäå âçâåøåííîé ñóììû êîìïîíåíòîâ,
âõîäÿùèõ â ñîñòàâ ÑÍÕÐ, — óñèëèòåëüíûõ ýëå-
ìåíòîâ (ÓÝ) è ËÑ ðàçëè÷íîé ïðîòÿæåííîñòè
(ñòåïåíè ëîêàëüíîñòè/ãëîáàëüíîñòè), íàïðèìåð:

Ñ0 Ñ0 Ñ Ñ
1

,
m

C i i
i

Q Q Q
=

= γ + γ∑ (4)

Î÷åâèäíî, ÷òî äåòàëèçàöèÿ âûðàæåíèé (3) è
(4) ïðåäñòàâëÿåò ñîáîé âåñüìà ñëîæíóþ è òðó-
äîåìêóþ çàäà÷ó è çàâèñèò îò êîíêðåòíîãî ñïî-
ñîáà ðåàëèçàöèè ïðîåêòèðóåìîé ñèñòåìû. Îäíà-
êî, íåñìîòðÿ íà âîçìîæíóþ ñóáúåêòèâíîñòü è
ïîãðåøíîñòü îïðåäåëåíèÿ êîýôôèöèåíòîâ îòíî-
ñèòåëüíîé ñëîæíîñòè, ïðèâåäåííûé ïîäõîä ïî-
çâîëÿåò ñðàâíèâàòü ìåæäó ñîáîé ðàçëè÷íûå âà-
ðèàíòû ðåàëèçàöèè ñèñòåì ÖÎÑ è äîëæåí îá-
ëåã÷èòü âûáîð îïòèìàëüíîãî ðåøåíèÿ.

Òàêèì îáðàçîì, ìîæíî ðåçþìèðîâàòü ñëåäó-
þùåå.

1. Ñèñòåìà ñèíõðîíèçàöèè ìîæåò áûòü ëèáî
ãëîáàëüíîé, ëèáî ñîâîêóïíîñòüþ ëîêàëüíûõ ñè-
ñòåì. Åñëè â ñòðóêòóðå ÑÎÏÄ ìîæíî âûäåëèòü
÷åòêî âûðàæåííûå îáîñîáëåííûå ó÷àñòêè, òî äëÿ
íèõ öåëåñîîáðàçíî ïðèìåíÿòü ëîêàëüíóþ ñòðóê-
òóðó ñèíõðîíèçàöèè, â ïðîòèâíîì ñëó÷àå ïðè-
ìåíÿåòñÿ ãëîáàëüíàÿ ñòðóêòóðà.

2. Ñîïðÿæåíèå ëîêàëüíûõ ñòðóêòóð ìåæäó
ñîáîé â îáùåì ñëó÷àå äîëæíî óäîâëåòâîðÿòü
óñëîâèþ (2), åñëè ïîòîêè äàííûõ ñèíõðîíèçè-
ðîâàíû ìåæäó ñîáîé, è óñëîâèþ (1) ëèáî âîîá-
ùå îòñóòñòâîâàòü, åñëè ïîòîêè íåñèíõðîíèçè-
ðîâàííû.

3. Ïðè êîìïëåêñíîé îöåíêå ýôôåêòèâíîñòè
ïðèìåíåíèÿ òîé èëè èíîé àðõèòåêòóðû ñèñòåìû
ÖÎÑ íåîáõîäèìî ñîïîñòàâëÿòü íå òîëüêî àïïà-
ðàòóðíûå çàòðàòû íà ðåàëèçàöèþ  ÑÎÏÄ, íî è
cëîæíîñòü ðåàëèçàöèè ñèñòåìû ñèíõðîíèçàöèè.
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îáúåì ñèñòåìû ñèíõðîíèçàöèè;
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γÊ —

QÑ —
γÑ —

îáùåå êîëè÷åñòâî ÓÝ, âõîäÿùèõ â ñî-
ñòàâ ñèñòåìû ñèíõðîíèçàöèè;
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êîëè÷åñòâî òèïîâ ËÑ.

ãäå QÑ0 —
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QÑi —

γÑi —

m —

Ðèñ. 10. ÌÊÑ ÖÎÑ ñ àðõèòåêòóðîé «ìèíèìàëü-
íûõ ïåðåñòàíîâîê» [6]

DOL

DO1

DI1

DIL

KO

KI

x1 x2 xN

yNy1 y2

z1 z2

z1 z2

zN

zN

Âõ. 1.1

Âõ. 1.N

ãäå QÂ —
QÊ —

êîëè÷åñòâî ÂÝ â ñèñòåìå;
êîëè÷åñòâî ÊÝ â ñèñòåìå;
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Øåéê-Ñåéê³í À.Ì. Ñèíõðîí³çàö³ÿ ïîòîê³â äàíèõ ó
áàãàòîêàíàëüíèõ ñèñòåìàõ öèôðîâî¿ îáðîáêè ñèã-
íàë³â ç ïåðåñòðîþâàíîþ ñòðóêòóðîþ.

Êëþ÷îâ³ ñëîâà: ñèñòåìà ñèíõðîí³çàö³¿, öèôðîâà
îáðîáêà ñèãíàë³â, àñîö³àòèâíà/ðàíæèðîâàíà àð-
õ³òåêòóðà, ôîðìóâà÷ ñèíõðîñèãíàë³â, ëîêàëüíèé/
ãëîáàëüíèé çâ’ÿçîê.

Ðîçãëÿíóòî îñîáëèâîñò³ ñèíõðîí³çàö³¿ ïîòîê³â äà-
íèõ ó áàãàòîêàíàëüíèõ ñèñòåìàõ ÖÎÑ ç ð³çíîþ àðõ³-
òåêòóðîþ. Ïîêàçàíî, ùî ó äåÿêèõ âèïàäêàõ ñèñòåìà
ñèíõðîí³çàö³¿ ìîæå áóòè ðåàë³çîâàíà ó âèãëÿä³ ñó-
êóïíîñò³ ëîêàëüíèõ ñèñòåì, ùî äîçâîëÿº çíèçèòè
ð³âåíü ñòâîðåíèõ íèìè ïåðåøêîä òà ñïðîñòèòè ðåàë³-
çàö³þ çà ðàõóíîê ñêîðî÷åííÿ ÷èñëà ãëîáàëüíèõ
çâ’ÿçê³â. Ïåðåäáà÷åíî ìåòîä êîìïëåêñíî¿ îö³íêè
åôåêòèâíîñò³ ðåàë³çàö³¿ (àïàðàòóðíèõ âèòðàò) ïðî-
åêòîâàíî¿ ñèñòåìè ç óðàõóâàííÿì ñêëàäíîñò³ ñèñòå-
ìè ñèíõðîí³çàö³¿.

Óêðà¿íà, Îäåñüêèé íàö³îíàëüíèé ïîë³òåõí³÷íèé óí³-
âåðñèòåò.
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2011.2011.2011.2011.2011.————— 167 ñ 167 ñ 167 ñ 167 ñ 167 ñ.....

Èçëîæåíû âîïðîñû ôèçèêè ãàçîâûõ ðàçðÿäîâ, ôèçèêî-õèìè÷åñêèõ ïðîöåññîâ â
ãàçîðàçðÿäíîé ïëàçìå è ìåõàíèçìîâ âçàèìîäåéñòâèÿ èîíîâ è õèìè÷åñêè àêòèâ-
íûõ ÷àñòèö, ãåíåðèðóåìûõ â ïëàçìå, ñ ïîâåðõíîñòüþ îáðàáàòûâàåìîãî ìàòåðè-
àëà. Ïðåäñòàâëåííûé ìàòåðèàë îõâàòûâàåò ôèçèêî-õèìè÷åñêèå ïðîöåññû, íà
îñíîâå êîòîðûõ ðåàëèçóþòñÿ òåõíîëîãè÷åñêèå ïðîöåññû â áàçîâûõ âèäàõ òåõíî-
ëîãè÷åñêîãî îáîðóäîâàíèÿ äëÿ ïðîèçâîäñòâà ïðèáîðîâ ìèêðî- è íàíîýëåêòðî-
íèêè, à òàêæå èçäåëèé ìèêðîñèñòåìíîé òåõíèêè: íàíåñåíèÿ è òðàâëåíèÿ ìàòå-
ðèàëîâ â âàêóóìå. Ïîñîáèå ñîäåðæèò òîò ìèíèìóì çíàíèé, êîòîðûé íåîáõîäè-
ìî îñâîèòü ñòóäåíòó íà óðîâíå îáùåãî ïðåäñòàâëåíèÿ î âàêóóìíî-ïëàçìåííûõ
ïðîöåññàõ â ñîâðåìåííîì ñåðèéíîì òåõíîëîãè÷åñêîì îáîðóäîâàíèè. Ïðåäíàç-
íà÷åíî äëÿ ñòóäåíòîâ íàïðàâëåíèÿ «Ýëåêòðîíèêà è íàíîýëåêòðîíèêà», èçó÷àþ-
ùèõ äèñöèïëèíó «Âàêóóìíî-ïëàçìåííûå ïðîöåññû è îáîðóäîâàíèå».
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ØÈÐÎÊÎÇÎÍÍÛÅ ÕÀËÜÊÎÃÅÍÈÄÍÛÅ
ÑÖÈÍÒÈËËßÒÎÐÛ ÍÀ ÎÑÍÎÂÅ ÑÎÅÄÈÍÅÍÈÉ AIIBVI

Ðàññìîòðåíû îñîáåííîñòè ïîëó÷åíèÿ õàëüêîãåíèäíûõ ñöèíòèëëÿòîðîâ (ÕÑ) íà îñíîâå ñóëüôèäà
è ñåëåíèäà öèíêà. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ïîëó÷åííûå ñöèíòèëëÿòîðû îáëàäàþò âûñîêèì
ñâåòîâûõîäîì, íèçêèì ïîñëåñâå÷åíèåì, ìàëûì âðåìåíåì âûñâå÷èâàíèÿ, íèçêèì çíà÷åíèåì ýôôåê-
òèâíîãî àòîìíîãî íîìåðà (Zýôô=26—33), áîëüøîé øèðèíîé çàïðåùåííîé çîíû (Eg=2,8—3,6 ýÂ),
âûñîêîé òåðìîñòàáèëüíîñòüþ âûõîäíûõ ïàðàìåòðîâ. Ïîêàçàíà ïåðñïåêòèâíîñòü èõ ïðèìåíåíèÿ
â ðàçëè÷íûõ óñòðîéñòâàõ ñîâðåìåííîãî ðàäèàöèîííîãî ïðèáîðîñòðîåíèÿ.

Êëþ÷åâûå ñëîâà: êðèñòàëëû AIIBVI-ñîåäèíåíèé, ñóëüôèä öèíêà, ñöèíòèëëÿöèîííûå õàðàêòåðèñòè-
êè, öåíòðû ëþìèíåñöåíöèè, õàëüêîãåíèäíûå ñöèíòèëëÿòîðû.

Äëÿ ñèñòåì ìóëüòèýíåðãåòè÷åñêîé öèôðîâîé
ðåíòãåíîâñêîé ðàäèîãðàôèè (ÌÖÐÐ) íåîáõîäè-
ìû ìàòåðèàëû ñî ñëåäóþùèìè õàðàêòåðèñòèêà-
ìè: âûñîêèé ñâåòîâûõîä, áûñòðàÿ êèíåòèêà âû-
ñâå÷èâàíèÿ, íèçêèé óðîâåíü çàïàñàíèÿ ýíåðãèè,
âûñîêàÿ êëèìàòè÷åñêàÿ è ðàäèàöèîííàÿ ñòàáèëü-
íîñòü âûõîäíûõ ïàðàìåòðîâ, à òàêæå îïòèìàëü-
íîå, â çàâèñèìîñòè îò ôóíêöèîíàëüíûõ îñîáåííî-
ñòåé äåòåêòèðóþùåãî òðàêòà, çíà÷åíèå ýôôåêòèâ-
íîãî àòîìíîãî íîìåðà Zýôô [1]. Ñðåäè ëó÷øèõ ìà-
òåðèàëîâ äëÿ ïðèìåíåíèÿ â ÌÖÐÐ, îñîáåííî â
íèçêîýíåðãåòè÷åñêîé ñèñòåìå äåòåêòèðîâàíèÿ, ìîæ-
íî âûäåëèòü õàëüêîãåíèäíûå ñöèíòèëëÿòîðû (ÕÑ)
íà îñíîâå ñåëåíèäà öèíêà, ëåãèðîâàííûå èçîâà-
ëåíòíûìè ïðèìåñÿìè (ZnSe(Te), ZnSe(Cd, Te))
[2, 3]. Ñöèíòèëëÿòîðû ýòîãî òèïà èìåþò ìàêñè-
ìóì ýìèññèè â îáëàñòè äëèíû âîëíû èçëó÷åíèÿ
630—640 íì, ñâåòîâûõîä, ñðàâíèìûé ñî ñâåòîâû-
õîäîì êðèñòàëëà CsI(Tl), óðîâåíü ïîñëåñâå÷åíèÿ
η>0,05%. Îäíàêî èçâåñòíûå ñöèíòèëëÿöèîííûå
ìàòåðèàëû íà îñíîâå ñåëåíèäà öèíêà îáëàäàþò
ðÿäîì ñâîéñòâ, êîòîðûå íå â ïîëíîé ìåðå îòâå÷à-
þò ïðåäúÿâëÿåìûì òðåáîâàíèÿì: íèçêîé òåìïåðà-
òóðíîé ñòàáèëüíîñòüþ ñâåòîâûõîäà, áîëüøèì âðå-
ìåíåì âûñâå÷èâàíèÿ, âûñîêèì ñàìîïîãëîùåíèåì
ñîáñòâåííîãî èçëó÷åíèÿ è äð. [4, 5].

Îäíèì èç ïóòåé óëó÷øåíèÿ âûõîäíûõ ïàðà-
ìåòðîâ ÕÑ íà îñíîâå ñîåäèíåíèé AIIBVI ÿâëÿåòñÿ
èñïîëüçîâàíèå ñóëüôèäà öèíêà â êà÷åñòâå êðèñ-
òàëëà-ìàòðèöû, à òàêæå â êà÷åñòâå  àêòèâèðóþ-
ùåé ïðèìåñè â ÕÑ íà îñíîâå ZnSe(ΣX), ãäå ΣX —
èçîâàëåíòíûå ïðèìåñè [6, 7]. Ýòî îáóñëîâëåíî
òåì, ÷òî ZnS èìååò áîëåå âûñîêóþ ïðîçðà÷íîñòü
ê ñîáñòâåííîìó èçëó÷åíèþ, ÷åì ZnSe, ñàìîå íèç-
êîå çíà÷åíèå ýôôåêòèâíîãî àòîìíîãî íîìåðà ñðå-
äè ñîåäèíåíèé A

IIBVI (Zýôô=24) è íàèáîëüøóþ

øèðèíó çàïðåùåííîé çîíû (Eg≈3,6 ýÂ). Òî åñòü
ìîæíî ïðåäïîëîæèòü, ÷òî ñöèíòèëëÿöèîííûå ìà-
òåðèàëû, ñîäåðæàùèå ñóëüôèä öèíêà, ìîãóò áûòü
âî ìíîãîì ëèøåíû íåäîñòàòêîâ ÕÑ òèïà ZnSe(Te),
è ïîýòîìó èõ ñîçäàíèå è èññëåäîâàíèå ÿâëÿåòñÿ
âåñüìà ïåðñïåêòèâíûì íàïðàâëåíèåì â îáëàñòè
ñöèíòèëëÿöèîííîãî ìàòåðèàëîâåäåíèÿ.

Â íàñòîÿùåé ðàáîòå ðàññìîòðåíû ìåòîäû ïî-
ëó÷åíèÿ íîâûõ ÕÑ íà îñíîâå òâåðäûõ ðàñòâîðîâ
ZnS—ZnSe è ZnSe—ZnS, èçó÷åíû èõ îñíîâíûå
ôèçèêî-õèìè÷åñêèå, îïòè÷åñêèå è ñöèíòèëëÿöè-
îííûå õàðàêòåðèñòèêè.

Ïîëó÷åíèå ñöèíòèëëÿöèîííûõ ìàòåðèàëîâ
Êðèñòàëëû âûðàùèâàëèñü ìåòîäîì Áðèäæìå-

íà—Ñòîêáàðãåðà â ãðàôèòîâûõ òèãëÿõ ïîä äàâ-
ëåíèåì èíåðòíîãî ãàçà (Ar, P=107—109 Ïà) ïðè
òåìïåðàòóðå ðîñòà Òðîñò=1600—1800 Ê; ñêîðîñòü
ïðîòÿæêè òèãëÿ ÷åðåç çîíó ìàêñèìàëüíîãî òåì-
ïåðàòóðíîãî ãðàäèåíòà ñîñòàâëÿëà v=5—7 ìì/÷.
Äëÿ êðèñòàëëîâ ZnS(ΣX) èñõîäíàÿ øèõòà ïðî-
õîäèëà ïðåäâàðèòåëüíóþ î÷èñòêó â âîññòàíîâè-
òåëüíîé àòìîñôåðå. Ìîëÿðíàÿ äîëÿ àêòèâèðó-
þùåé ïðèìåñè Se â êðèñòàëëàõ ZnS(Se, Al) ñî-
ñòàâëÿëà 10—50%, êîíöåíòðàöèÿ ïðèìåñè S â
êðèñòàëëàõ ZnSe(S), ZnSe(S, Al) — 3—5%, ïðè-
ìåñè Al — 1.10–1—1.10–3%, ïðî÷èõ ïðèìåñåé —
íå áîëåå 3.10–5%. Äëÿ îêîí÷àòåëüíîãî ôîðìèðî-
âàíèÿ èçëó÷àòåëüíûõ öåíòðîâ, à òàêæå äëÿ ïî-
äàâëåíèÿ áåçûçëó÷àòåëüíûõ êàíàëîâ ðåëàêñàöèè
âîçáóæäåííûõ íîñèòåëåé çàðÿäà ÷àñòü êðèñòàë-
ëîâ (ZnSe(S), ZnS(Se)) îòæèãàëàñü â ïàðàõ öèí-
êà (Ò=1300 Ê, Ð=5⋅107 Ïà, âðåìÿ îòæèãà 24—48 ÷).
Êðèñòàëëû òèïà ZnS(Te) ïðîõîäèëè òåðìîîá-
ðàáîòêó â àòìîñôåðå Ar (Ò=1300 Ê â òå÷åíèå
24—72 ÷) [7]. Ðàçìåðû îáðàçöîâ ñîñòàâëÿëè
10×10×1 è 10×10×2 ìì.
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Îáîðóäîâàíèå äëÿ èññëåäîâàíèé
Îïòè÷åñêèå è ëþìèíåñöåíòíûå õàðàêòåðèñòè-

êè èçó÷àëè ñ ïîìîùüþ ñïåêòðàëüíî-èçìåðèòåëü-
íîãî êîìïëåêñà ÊÑÂÓ-2 ñ ìîíîõðîìàòîðîì ÌÄÐ-
23 è ôîòîïðèåìíèêîì ÔÝÓ-62. Â êà÷åñòâå èñ-
òî÷íèêà âîçáóæäàþùåãî èçëó÷åíèÿ èñïîëüçîâà-
ëè ðåíòãåíîâñêèé àïïàðàò ÐÅÉÑ-È (Ua=45 êÂ,
ia=25 ìêÀ). Ïðè èçìåðåíèÿõ òåìïåðàòóðíûõ çà-
âèñèìîñòåé ñâåòîâûõîäà èñïîëüçîâàëñÿ àçîòíûé
êðèîñòàò ñ áëîêîì ðåãóëèðîâêè òåìïåðàòóðû ÐÏ1-
16À. Èçìåðåíèÿ îòíîñèòåëüíîãî ñâåòîâûõîäà Sîòí
ïðîâîäèëè ñ èñïîëüçîâàíèåì ðåíòãåíîâñêîãî èñ-
òî÷íèêà ÈÐÈ (100 êÂ, 1 ìÀ), âîëüòìåòðà Â7-35
è Si-ôîòîäèîäà ÔÄ-288, â êà÷åñòâå ýòàëîíà ñöèí-
òèëëÿòîðà èñïîëüçîâàëè êðèñòàëë CdWO4
(CWO). Âðåìÿ âûñâå÷èâàíèÿ τ èçìåðÿëè ñ ïîìî-
ùüþ öèôðîâîãî îñöèëëîãðàôà RIGOL DS1302CA,
ôîòîïðèåìíèêà ÔÝÓ-35À è èìïóëüñíîãî ðåíòãå-
íîâñêîãî èñòî÷íèêà ÌÈÐÀ-2Ä (200 êÂ, äëèòåëü-
íîñòü èìïóëüñà 10 íñ). Óðîâåíü ïîñëåñâå÷åíèÿ η
èçìåðÿëè ñ ïîìîùüþ èçìåðèòåëüíî-âû÷èñëèòåëü-
íîãî êîìïëåêñà RAPAN 200/100.

Èññëåäîâàíèå õàðàêòåðèñòèê
Îñíîâíûå õàðàêòåðèñòèêè ÕÑ ïðåäñòàâëåíû

â òàáëèöå, ãäå äëÿ ñðàâíåíèÿ ïðèâåäåíû âûõîä-
íûå ïàðàìåòðû òèïè÷íîãî îêñèäíîãî ñöèíòèë-
ëÿòîðà CWO.

Ó ÕÑ íà îñíîâå òâåðäûõ ðàñòâîðîâ ZnS—ZnSe
ýôôåêòèâíûé àòîìíûé íîìåð Zýôô=26, ÷òî ïî-
çâîëÿåò ñîçäàâàòü äåòåêòîðû äëÿ íèçêîýíåðãåòè÷å-
ñêîé ïîäñèñòåìû ÌÖÐÐ ñ óëó÷øåííûì ðàçäåëåíè-
åì ïî ïëîòíîñòè èññëåäóåìûõ îáúåêòîâ ïî ñðàâíå-
íèþ ñ ÕC íà îñíîâå ZnSe(ΣX), ó êîòîðûõ Zýôô=33.

Âûñîêèé ñâåòîâûõîä ïîëó÷åííûõ ìàòåðèàëîâ,
ñðàâíèìûé ñ Sîòí îäíîãî èç ëó÷øèõ ÕÑ —
ZnSe(Te), â ñîâîêóïíîñòè ñ íèçêèì çíà÷åíèåì Zýôô
ïîçâîëÿåò áåç ïîòåðè ðàçðåøåíèÿ  çíà÷èòåëüíî ñíè-
çèòü äîçîâûå ðàäèàöèîííûå íàãðóçêè êàê íà
îáúåêò, òàê è íà îáñëóæèâàþùèé ïåðñîíàë.

Â õîäå îòæèãà â ïàðàõ Zn ïðîèñõîäèò ïîäàâ-
ëåíèå áåçûçëó÷àòåëüíûõ êàíàëîâ ðåëàêñàöèè, â
ðåçóëüòàòå ÷åãî ïîñëå îòæèãà óðîâåíü ïîñëåñâå-
÷åíèÿ ñíèæàåòñÿ íà 1—2 ïîðÿäêà. Îòæèã â ïà-
ðàõ Zn ÿâëÿåòñÿ íåîáõîäèìûì ýòàïîì ïðè ïîëó-
÷åíèè ìàòåðèàëîâ òèïà ZnSe(Te), ZnSe(S),
ZnS(Te) è ZnS(Se).

Ââåäåíèå â èñõîäíóþ øèõòó íåèçîâàëåíòíîé
äîíîðíîé ïðèìåñè òèïà Al ïðèâîäèò ê îáðàçîâà-
íèþ äîïîëíèòåëüíûõ ñâîáîäíûõ íîñèòåëåé çàðÿ-
äà (äâóõâàëåíòíûå àòîìû Zn2+ çàìåùàþòñÿ òðåõ-
âàëåíòíûìè àòîìàìè AlZn), êîòîðûå ìîãóò çà-
ïîëíÿòü ëîâóøêè, òåì ñàìûì ñíèæàÿ óðîâåíü
ïîñëåñâå÷åíèÿ ÕÑ òèïà ZnSe(S, Al). Òàêîå ëåãè-
ðîâàíèå ïîçâîëÿåò èñêëþ÷èòü èç ïðîöåññà ïîëó-
÷åíèÿ ÕÑ äîïîëíèòåëüíûé ýíåðãîåìêèé ýòàï —
ïîñëåðîñòîâûé îòæèã â ïàðàõ Zn.

Ñöèíòèëëÿòîðû ZnS(ΣX) îáëàäàþò âûñîêèì
îïòè÷åñêèì ïðîïóñêàíèåì (R=75—80%), áëèçêèì
ê çíà÷åíèþ äëÿ íåëåãèðîâàííîãî ZnS (ðèñ. 1, êðè-
âûå 2, 3, 6). Êðàé ïîãëîùåíèÿ ñìåùåí â êîðîòêî-
âîëíîâóþ îáëàñòü, ÷òî ñâÿçàíî ñî çíà÷èòåëüíîé
ðàçíèöåé â çíà÷åíèÿõ øèðèíû çàïðåùåííîé çîíû
ZnS(ΣX) (Eg=3,6 ýÂ) è ZnSe(ΣX) (Eg=2,8 ýÂ).
Çíà÷åíèå îïòè÷åñêîãî ïðîïóñêàíèÿ ñöèíòèëëÿòî-
ðîâ ZnSe(S) è ZnSe(S, Al) íà 5—10% âûøå, ÷åì
ó ZnSe(Te) (R=60—65%). Ââåäåíèå ñåðû â êðèñ-
òàëëû ZnSe, â îòëè÷èå îò àêòèâèðóþùåé ïðèìå-
ñè Te, ïðèâîäèò ê óëó÷øåíèþ îïòè÷åñêîãî ïðî-
ïóñêàíèÿ â îáëàñòè èõ ñîáñòâåííîãî èçëó÷åíèÿ.
Âûñîêàÿ îïòè÷åñêàÿ ïðîçðà÷íîñòü êðèñòàëëîâ òèïà
ZnS(ΣX) ïîçâîëÿåò óâåëè÷èâàòü ðàçìåðû ñöèí-
òèëëÿöèîííûõ ýëåìåíòîâ è ñóùåñòâåííî ðàñøè-
ðèòü îáëàñòü èõ ïðàêòè÷åñêîãî ïðèìåíåíèÿ.

Ñïåêòðû èçëó÷åíèÿ âñåõ ÕÑ,
êðîìå ZnS(Te) (λmax1=420 íì,
λmax2=570 íì) è îêñèäíîãî ñöèí-
òèëëÿòîðà CWO (λmax= 490 íì),
íàõîäèòñÿ â êðàñíîé îáëàñòè
ñïåêòðà (λmax = 580—640 íì)
(ðèñ. 2). Äëÿ êðèñòàëëà ZnS(Se)
íàáëþäàåòñÿ ñóùåñòâåííîå ñìåùå-
íèå ìàêñèìóìà ñïåêòðà èçëó÷å-
íèÿ â êðàñíóþ îáëàñòü ïîñëå îò-
æèãà â ïàðàõ Zn — c 520 äî 575—
580 íì. Ñëåäóåò îòìåòèòü, ÷òî
ñìåùåííûé â êðàñíóþ îáëàñòü
ñïåêòð èçëó÷åíèÿ áîëüøèíñòâà
ÕÑ ñóùåñòâåííî óëó÷øàåò ñïåê-

Ðèñ. 1. Ñïåêòðû îïòè÷åñêîãî ïðîïóñêàíèÿ ðàçëè÷-
íûõ ÕÑ:

1 — ZnSe(Te); 2 — ZnS(Te); 3 — ZnS(Se); 4 — ZnSe(S);
5 — ZnSe(S, Al); 6 — ZnS(Se, Al); 7 — ZnS
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τ, ìêñ λmax, íì 

ZnSe(Te) 33 1,7—2,5 0,05 30—120 630—640 

ZnS(Te) 26 0,9—1,2 ≤2 0,2—0,3 420/570 

ZnS(Se) 26 1,4—1,6 0,05 0,1—0,2 575—580 

ZnSe(S) 33 1,3—1,9 <0,01 1—5 590—600 

ZnSe(S,Al) 33 1,7—2,4 <0,05 0,9—2,5 610—620 

ZnS(Se,Al) 26 1,2—2,1 <0,04 0,2—0,3 490—600 

CWO 66 1 <0,005 20 490 

Îñíîâíûå õàðàêòåðèñòèêè õàëüêîãåíèäíûõ ñöèíòèëëÿòîðîâ
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òðàëüíîå ñîãëàñîâàíèå ñ Si-ôîòîäèîäàìè, ïîâû-
øàÿ òåì ñàìûì ðàäèàöèîííóþ ÷óâñòâèòåëüíîñòü
äåòåêòîðîâ òèïà «ñöèíòèëëÿòîð — ôîòîäèîä».

Âðåìÿ âûñâå÷èâàíèÿ τ êðèñòàëëîâ òèïà
ZnSe(S) íà ïîðÿäîê, à ZnS(Se) íà äâà ïîðÿäêà
ìåíüøå, ÷åì ó êðèñòàëëîâ ZnSe(Te). Ýòî ìîæåò
áûòü ñâÿçàíî ñ òåì, ÷òî ïðèìåñíûå àòîìû S è Se â
îòëè÷èå îò àòîìîâ Te íå ÿâëÿþòñÿ èçîâàëåíòíûìè
öåíòðàìè ïðîìåæóòî÷íîãî çàõâàòà íîñèòåëåé çà-
ðÿäà [8]. Òàêèå îñîáåííîñòè êèíåòèêè âûñâå÷è-
âàíèÿ ÕÑ íà îñíîâå ZnS ïîçâîëÿþò ñîçäàâàòü äå-
òåêòèðóþùèå òðàêòû ñ ïîâûøåííûì áûñòðîäåé-
ñòâèåì è ïðîñòðàíñòâåííî-âðåìåííûì ðàçðåøåíè-
åì, ðàáîòàþùèå â ðåæèìå ðåàëüíîãî âðåìåíè.

Èññëåäîâàíèÿ òåìïåðàòóðíûõ çàâèñèìîñòåé
ïîêàçàëè, ÷òî ìàòåðèàëû òèïà ZnS(ΣX) èìåþò
áîëåå âûñîêóþ òåìïåðàòóðíóþ ñòàáèëüíîñòü ïà-
ðàìåòðîâ, ÷åì ìàòåðèàëû íà îñíîâå ñåëåíèäà
öèíêà, à òàêæå CWO è CsI(Tl). Îòêëîíåíèå
âåëè÷èíû ñâåòîâûõîäà ïðè óâåëè÷åíèè òåìïåðà-
òóðû Ò â äèàïàçîíå îò 80 äî 450 Ê äëÿ ìàòåðèà-
ëà ZnS(Se, Al) íå ïðåâûøàåò 5—8% (ðèñ. 3).
Òåðìîãàøåíèå ëþìèíåñöåíöèè äëÿ êðèñòàëëîâ
òèïà ZnS(Se, Al) ïðîèñõîäèò â îáëàñòè 450—
500 Ê, ÷òî ïîçâîëÿåò ñîçäàâàòü íà èõ îñíîâå áî-
ëåå òåðìîóñòîé÷èâûå ñöèíòèëëÿòîðû, ÷åì íà îñ-
íîâå êðèñòàëëîâ ZnSe(Te), à òàêæå îêñèäíûõ è
ùåëî÷íî-ãàëîèäíûõ ñöèíòèëëÿòîðîâ.

Èçâåñòíî, ÷òî äëÿ êðèñòàëëîâ ZnSe(Te) öåíò-
ðàìè ñâå÷åíèÿ ÿâëÿþòñÿ òåðìîäèíàìè÷åñêè ñòà-
áèëüíûå êîìïëåêñû òèïà TeSeVZnZni, äëÿ  êðèñ-
òàëëîâ ZnSe(O) — OSeZniVZn [8—10]. Êàê ïî-
êàçàíî â [11, 12], àòîìû S è Se ÿâëÿþòñÿ êèñëî-
ðîäîïîäîáíûìè ïðèìåñÿìè äëÿ êðèñòàëëîâ ñåëå-
íèäà è ñóëüôèäà öèíêà ñîîòâåòñòâåííî. Ìîæíî
ïðåäïîëîæèòü, ÷òî öåíòðû ñâå÷åíèÿ äëÿ êðèñ-
òàëëîâ òèïà ZnSe(S) ïðåäñòàâëÿþò ñîáîé êîìï-
ëåêñû SSeZniVZn, à äëÿ êðèñòàëëîâ òèïà ZnS(Se)
— êîìïëåêñû SeSZniVZn. Òåðìîäèíàìè÷åñêèå ðàñ-
÷åòû ïîêàçûâàþò âîçìîæíîñòü îáðàçîâàíèÿ ñòà-
áèëüíûõ òðèïëåòîâ òàêîãî òèïà â ÕÑ [13].

Íàáëþäàåìîå óâåëè÷åíèå ïðîçðà÷íîñòè è òåð-
ìîñòàáèëüíîñòè ïàðàìåòðîâ êðèñòàëëîâ ÕÑ
ZnS(ΣX) ïî ñðàâíåíèþ ñ ëåãèðîâàííûìè êðèñ-
òàëëàìè ñåëåíèäà öèíêà ìîæíî îáúÿñíèòü ñëåäó-
þùèì. Øèðèíà çàïðåùåííîé çîíû ZnS(ΣX) çà-
ìåòíî áîëüøå, ÷åì ó ZnSe(ΣX) — ñîîòâåòñòâåííî,
3,6 è 2,8 ýÂ (ðèñ. 4). Ïðè ïðèìåðíî îäèíàêîâîé
ýíåðãèè èçëó÷àåìûõ ôîòîíîâ ýòèõ êðèñòàëëîâ
(hυ≈2 ýÂ, èçëó÷àòåëüíûå ïåðåõîäû «çîíà ïðîâî-
äèìîñòè — öåíòð ñâå÷åíèÿ À») ýíåðãèÿ àêòèâà-
öèè òåðìîãàøåíèÿ ëþìèíåñöåíöèè äëÿ ZnS(ΣX)
Ea2 íà 0,8 ýÂ áîëüøå, ÷åì Ea1 äëÿ ZnSe(ΣX). Ïî-
ýòîìó òåðìîèîíèçàöèÿ öåíòðîâ ñâå÷åíèÿ â ÕÑ
íà îñíîâå ZnS(ΣX) ïðîèñõîäèò ïðè òåìïåðàòóðå
íà 70—80 Ê âûøå, ÷åì â ÕÑ íà îñíîâå ZnSe.

Êðîìå òîãî, ìàêñèìóì ñïåêòðà èçëó-
÷åíèÿ ÕÑ òèïà ZnS(ΣX) íàõîäèòñÿ
äàëüøå îò êðàÿ ïîãëîùåíèÿ, ÷åì äëÿ
ZnSe(ΣX), ÷òî îáóñëàâëèâàåò èõ ðàç-
íèöó â ïðîçðà÷íîñòè äëÿ ñîáñòâåííîãî
èçëó÷åíèÿ.

Âûâîäû
Â ðåçóëüòàòå èññëåäîâàíèÿ ñâîéñòâ

íîâûõ ñöèíòèëëÿöèîííûõ ìàòåðèàëîâ
òèïà ZnS(Se, Al) è ZnSe(S, Al) óñòà-
íîâëåíî, ÷òî îíè îáëàäàþò ðÿäîì ïðå-
èìóùåñòâ ïåðåä ñóùåñòâóþùèìè îê-
ñèäíûìè, ùåëî÷íî-ãàëîèäíûìè è
õàëüêîãåíèäíûìè ñöèíòèëëÿòîðàìè.
Îíè ïîçâîëÿþò ñóùåñòâåííî óâåëè÷èòü
áûñòðîäåéñòâèå ñèñòåì ìóëüòèýíåðãå-

Ðèñ. 3. Çàâèñèìîñòü ñâåòîâûõîäà ðàçëè÷íûõ ÕÑ
îò òåìïåðàòóðû
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Ðèñ. 4. Ýíåðãåòè÷åñêàÿ ñòðóêòóðà èçëó÷àòåëüíûõ ïðî-
öåññîâ â ÕÑ íà îñíîâå ZnSe (a) è ZnS (á)
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òè÷åñêîé öèôðîâîé ðåíòãåíîâñêîé ðàäèîãðàôèè
è äðóãèõ ðàäèàöèîííî-÷óâñòâèòåëüíûõ óñòðîéñòâ.
Íèçêîå çíà÷åíèå ýôôåêòèâíîãî àòîìíîãî íîìå-
ðà Zýôô ó òàêèõ ìàòåðèàëîâ ïîçâîëÿåò ïîëó÷àòü
äåòàëüíóþ èíôîðìàöèþ îò îáúåêòîâ ñ íèçêîé
ïëîòíîñòüþ, âûñîêàÿ òåðìîñòàáèëüíîñòü âûõîä-
íûõ ïàðàìåòðîâ ïîâûøàåò ýêñïëóàòàöèîííóþ íà-
äåæíîñòü ñèñòåì ðàäèîãðàôèè è äîñòîâåðíîñòü
ïîëó÷àåìûõ ðåçóëüòàòîâ, à âûñîêèé ñâåòîâûõîä
ïîçâîëÿåò ñíèçèòü ðàäèàöèîííóþ íàãðóçêó íà
èçó÷àåìûé îáúåêò è îáñëóæèâàþùèé ïåðñîíàë.
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ÏÐÎÃÍÎÇ ÄÈÝËÅÊÒÐÈ×ÅÑÊÈÕ ÏÎÒÅÐÜ
Â ÑÒÅÊËÎÊÅÐÀÌÈÊÅ ÄËß ÐÀÇÍÛÕ ÑÎÎÒÍÎØÅÍÈÉ
ÌÀÑÑÎÂÛÕ ÄÎËÅÉ ÊÎÌÏÎÍÅÍÒÎÂ

Ïðåäëîæåí èíæåíåðíûé ìåòîä ïðîãíîçèðîâàíèÿ äèýëåêòðè÷åñêèõ ïîòåðü â äâóõêîìïîíåíòíîé ñòåê-
ëîêåðàìèêå áåç ïîð, ïîçâîëÿþùèé ïðè åå ðàçðàáîòêå ñîêðàòèòü âðåìÿ è ñðåäñòâà íà ïðîâåäåíèå
ýêñïåðèìåíòîâ è ðàñ÷åòîâ.

Êëþ÷åâûå ñëîâà: ñòåêëîêåðàìèêà, äèýëåêòðè÷åñêèå ïîòåðè, êîìïëåêñíûé ìåòîä èññëåäîâàíèÿ,
óñêîðåíèå ðàçðàáîòêè êîìïîçèòîâ.

Ê ÷èñëó ïåðñïåêòèâíûõ äèýëåêòðèêîâ îòíî-
ñèòñÿ ñòåêëîêåðàìè÷åñêèé êîìïîçèò (ÑÊ) [1],
êîòîðûé îáëàäàåò äîñòîèíñòâàìè êîìïîçèöèîí-
íûõ è êåðàìè÷åñêèõ ìàòåðèàëîâ è ïðåäñòàâëÿåò
ñîáîé ñòåêëÿííóþ ìàòðèöó ñ âêëþ÷åíèÿìè òó-
ãîïëàâêèõ ÷àñòèö α-Al2O3. Îí ýêñïðåññíî ñïå-
êàåòñÿ ïðè 800—900°Ñ è óñïåøíî êîíêóðèðóåò
ñ ýíåðãîåìêîé àëþìîîêñèäíîé êåðàìèêîé â èç-
äåëèÿõ ðàäèîýëåêòðîíèêè, ïîñêîëüêó èìååò ëó÷-
øèå òåõíè÷åñêèå õàðàêòåðèñòèêàìè è òåõíîëî-
ãè÷åñêèå ïðåèìóùåñòâà. Îòñóòñòâèå â íåì ïîð
ïîçâîëÿåò òî÷íåå âîñïðîèçâîäèòü åãî ïàðàìåòðû
è ïîâûñèòü ïðîöåíò âûõîäà ãîäíûõ èçäåëèé.

Ïðè ðàçðàáîòêå ÑÊ ëèøü ýêñïåðèìåíòàëüíû-
ìè ìåòîäàìè çàòðàòû âðåìåíè íà ïðîâåäåíèå
îïûòîâ äëÿ âûáîðà îïòèìàëüíîãî âàðèàíòà ñòîëü
âåëèêè, ÷òî ðåçóëüòàò ïîèñêà ìîðàëüíî óñòàðå-
âàåò, ïðîèãðûâàÿ â ðûíî÷íîé êîíêóðåíöèè. Ýòî
ñâÿçàíî ñ òåì, ÷òî ÷èñëî ôàêòîðîâ, íåîäíîçíà÷-
íî âëèÿþùèõ íà ñâîéñòâà ñèíòåçèðóåìîãî ÑÊ,
î÷åíü âåëèêî. Ê íèì îòíîñÿòñÿ ñîñòàâ è ñâîéñòâà
ïðèìåíÿåìîãî ñòåêëà, ñâîéñòâà íàïîëíèòåëÿ, òåõ-
íîëîãè÷åñêèå ðåæèìû èçãîòîâëåíèÿ êîìïîíåí-
òîâ è êîìïîçèòà, ÷èñòîòà èñïîëüçóåìûõ ìàòåðè-
àëîâ è äðóãèå.

Â äîñòóïíûõ èñòî÷íèêàõ îïóáëèêîâàíû ëèøü
êîíå÷íûå ðåçóëüòàòû èçãîòîâëåíèÿ ÑÊ, à èí-
ôîðìàöèÿ î ñïîñîáàõ óñêîðåíèÿ ðàçðàáîòêè òà-
êèõ ìàòåðèàëîâ ïðàêòè÷åñêè îòñóòñòâóåò. Îäíà-
êî ñîçäàíèå íîâûõ ìåòîäîâ, ñîâìåùàþùèõ ýêñ-
ïåðèìåíò è òåîðèþ, êîòîðûå ïîçâîëèëè áû ñî-
êðàòèòü äîëþ äëèòåëüíûõ è äîðîãîñòîÿùèõ îïû-
òîâ è òåì ñàìûì îáåñïå÷èâàëè áû êîíêóðåíòî-
ñïîñîáíîñòü ñîçäàâàåìûõ ÑÊ, ÿâëÿåòñÿ àêòóàëü-
íîé íà ñåãîäíÿøíèé äåíü çàäà÷åé.

Öåëüþ íàñòîÿùåé ðàáîòû áûëî ñîçäàíèå ïðî-
ñòîãî, ïðèãîäíîãî äëÿ èíæåíåðíûõ ðàñ÷åòîâ ìå-
òîäà ïðîãíîçèðîâàíèÿ ýôôåêòèâíîé âåëè÷èíû
òàíãåíñà óãëà äèýëåêòðè÷åñêèõ ïîòåðü (ÒÓÄÏ)

â ÑÊ (tgδê) äëÿ ðàçëè÷íîãî ñîîòíîøåíèÿ ìàññî-
âûõ äîëåé êîìïîíåíòîâ. Â çàäà÷ó âõîäèëî ïî-
ëó÷åíèå ôîðìóëû äëÿ âû÷èñëåíèÿ tgδê, â êîòî-
ðóþ âõîäèëè áû òîëüêî òå ïàðàìåòðû, êîòîðûå
ìîæíî èçìåðèòü, à íå ðàññ÷èòûâàòü ñ ïîìîùüþ
äîïîëíèòåëüíûõ ìåòîäîâ.

Ðàññìàòðèâàåìûé äèýëåêòðèê ïðåäñòàâëÿåò
ñîáîé íåóïîðÿäî÷åííóþ ñèñòåìó, ñîñòîÿùóþ èç
ñòàòèñòè÷åñêîé ñìåñè êîìïîíåíòîâ, íå âñòóïàþ-
ùèõ â õèìè÷åñêóþ ðåàêöèþ. Ïðè ðåøåíèè ïî-
ñòàâëåííîé çàäà÷è ó÷èòûâàëîñü ñëåäóþùåå:

— ýôôåêòèâíûå äèýëåêòðè÷åñêèå ïàðàìåòðû
êîìïîíåíòîâ ÑÊ èçìåíÿþòñÿ ïîñëå ñïåêàíèÿ;

— ñâîéñòâà îáðàçöîâ èñïîëüçóåìîãî ñòåêëà
ïîñëå ñïåêàíèÿ â ñîñòàâå ÑÊ â ïðèñóòñòâèè ÷àñ-
òèö íàïîëíèòåëÿ îòëè÷àþòñÿ îò ñâîéñòâ îòäåëü-
íî ñïå÷åííûõ îáðàçöîâ òîãî æå ñòåêëà;

— òàíãåíñ óãëà äèýëåêòðè÷åñêèõ ïîòåðü èçó-
÷àåìîãî ÑÊ ìîæíî èçìåðèòü.

Â [2] áûëî ïîêàçàíî, ÷òî ýôôåêòèâíûé äèý-
ëåêòðè÷åñêèé ïàðàìåòð D êåðàìè÷åñêîãî ìàòå-
ðèàëà ñëîæíîãî ñîñòàâà, ïëàñòè÷åñêèõ ìàññ, êîì-
ïàóíäîâ ñ íàïîëíèòåëåì è íåêîòîðûõ äðóãèõ
ìàòåðèàëîâ äîñòàòî÷íî òî÷íî ìîæíî îïðåäåëèòü
ïî ôîðìóëå, ïðåäëîæåííîé Ê. Ëèõòåíåêêåðîì
è ïîëó÷èâøåé íàçâàíèå ëîãàðèôìè÷åñêîãî çà-
êîíà ñìåøèâàíèÿ:

1
ln ln ,

n

i i
i

D y D
=

= ∑ (1)

ãäå yi, Di — îáúåìíàÿ äîëÿ è äèýëåêòðè÷åñêèé
ïàðàìåòð i-ãî êîìïîíåíòà â ñîñòàâå êîìïîçèòà.

Äëÿ tgδê ðàññìàòðèâàåìîãî ÑÊ ôîðìóëà (1)
ïðèíèìàåò âèä
lntgδk=yñlntgδc+yílntgδí, (2)
ãäå yñ, yí è tgδñ, tgδí — îáúåìíûå äîëè è
ÒÓÄÏ ñòåêëà è íàïîëíèòåëÿ â ñîñòàâå ÑÊ ñî-
îòâåòñòâåííî.
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Ïîñêîëüêó â ôîðìóëó (2) âõîäÿò ïàðàìåòðû
êîìïîíåíòîâ, êîòîðûå íå ìîãóò áûòü èçìåðåíû,
â ñîîòâåòñòâèè ñ ïîñòàâëåííîé çàäà÷åé åå ñëåäó-
åò òðàíñôîðìèðîâàòü.

Äëÿ çàìåíû íåèçìåðÿåìûõ îáúåìíûõ äîëåé
êîìïîíåíòîâ yi íà èçìåðÿåìûå ìàññîâûå äîëè
mi âîñïîëüçóåìñÿ ôîðìóëîé, ïðèâåäåííîé â [3,
ñ. 33] äëÿ n-êîìïîíåíòíîãî êîìïîçèòà:

1=
= ∑

n
i i

i
ii i

m m
y

p p
,                                       (3)

ãäå pi — ïëîòíîñòü i-ãî êîìïîíåíòà.
Âîñïîëüçîâàâøèñü ýòîé ôîðìóëîé, äëÿ ñòåê-

ëà è íàïîëíèòåëÿ â ñîñòàâå èññëåäóåìîãî ÑÊ
ìîæíî, ñîîòâåòñòâåííî, çàïèñàòü

í

í í

c
c

c ñ

m p
y

m p m p
=

+
;                                  (4)

í
í

í í

ñ

c ñ

m p
y

m p m p
=

+
                                    (5)

è òîãäà ñ ó÷åòîì ýòîãî ïðåîáðàçîâàòü ôîðìóëó
(2) ê ñëåäóþùåìó âèäó:

í í í

í í

ln tg ln tg
ln tg c c ñ

k
c ñ

m p m p
  

m p m p
δ + δδ =

+
.            (6)

Òåïåðü ðåøèì çàäà÷ó èñêëþ÷åíèÿ èç ýòîé
ôîðìóëû íåèçìåðÿåìûõ ïàðàìåòðîâ tgδc è tgδí.
Ïîñêîëüêó èõ çíà÷åíèÿ íå çàâèñÿò îò ñîñòàâà
ÑÊ, äëÿ äâóõ îáðàçöîâ, èçãîòîâëåííûõ ïðè îäè-
íàêîâûõ ðåæèìàõ ñïåêàíèÿ, â ñîîòâåòñòâèè ñ
ôîðìóëîé (2) ìîæíî çàïèñàòü
lntgδý1=yñ1lntgδc+yí1lntgδí;                      (7)

lntgδý2=yñ2lntgδc+yí2lntgδí.                      (8)
Ðåøèì ñèñòåìó ýòèõ äâóõ óðàâíåíèé îòíîñè-

òåëüíî èñêîìûõ ïàðàìåòðîâ è ïîëó÷èì

2 1

2

í1 í2
ñ

í1 c2 í c1

ln tg ln tg
ln tg ý ýy y

y y y y
δ − δδ =

−
;               (9)

c1 2 c2 1
í

c1 í2 c2 í1

ln tg ln tg
ln tg ý ýy y

y y y y
δ − δδ =

−
.            (10)

Äëÿ óïðîùåíèÿ ðàñ÷åòíûõ ôîðìóë âûáåðåì ñëó-
÷àé, êîãäà mñ2=mí2. Òîãäà èç ôîðìóë (9) è (10),
ñ ó÷åòîì (4) è (5), ïîñëå ðÿäà ïðåîáðàçîâàíèé
ïîëó÷èì

]
c c í í1 2

í1 c ñ1 í 1 í1 ñ1

ln tg ( ) ln tg

( ) ln tg ( ) ;

ý

ý

p p m

m p m p p m m

δ = + δ −⎡⎣
− + δ −⎡ ⎤⎣ ⎦

 (11)

í c í ñ1 2

í1 c ñ1 í 1 ñ ñ1 í1

ln tg ( ) ln tg

( ) ln tg ( ) ;

ý

ý

p p m

m p m p p m m

δ = + δ −⎡⎣
− + δ −⎤ ⎡ ⎤⎦ ⎣ ⎦

(12)

Ïðåäñòàâèì ýòè âûðàæåíèÿ â âèäå

í1 1
ñ

í í1 ñ1 í

lntg
( )
B m C G

 
p m m p

−δ = =
−

;                    (13)

ñ1 2
í

ñ ñ1 í1 ñ

ln tg
( )
B m C G

 
p m m p

−δ = =
−

,                     (14)

Â ðåçóëüòàòå, èç ôîðìóëû (6), ñ ó÷åòîì (13)
è (14), ïîëó÷èì âûðàæåíèå äëÿ ðàñ÷åòà tgδê â
ñîîòâåòñòâèè ñ ïîñòàâëåííîé çàäà÷åé:

1 2
1 2

ñ

ñ í í
ê

ññ í í ñ
í ñ

í

ln tg

m
G G

m G m G m
mm p m p p p
m

+
+

δ = =
+ +

.          (15)

Äëÿ ïðîâåðêè äîñòîâåðíîñòè ðåçóëüòàòîâ,
ïîëó÷àåìûõ ñ ïîìîùüþ ôîðìóëû (15), áûëè
ïðîâåäåíû èçìåðåíèÿ íåîáõîäèìûõ ïàðàìåòðîâ
äâóõ îáðàçöîâ êîìïîçèòîâ ñ ðàçíûìè äîëÿìè
ñòåêëà è íàïîëíèòåëÿ, èçãîòîâëåííûõ â îäèíà-
êîâûõ òåõíîëîãè÷åñêèõ óñëîâèÿõ (ñïåêàíèå â
òå÷åíèå 0,5 ÷ ïðè 900°Ñ) â ñîîòâåòñòâèè ñ [1].
Ïðè ýòîì äëÿ ñîîòâåòñòâèÿ óñëîâèÿì ïîëó÷åíèÿ
ôîðìóëû äëÿ ðàñ÷åòîâ îäèí èç âûáðàííûõ îá-
ðàçöîâ èìåë â ñâîåì ñîñòàâå îäèíàêîâûå ìàññî-
âûå äîëè ñòåêëà è íàïîëíèòåëÿ (mc2=mí2=0,5).
Ïëîòíîñòü êîìïîíåíòîâ îïðåäåëÿëè ñ ïîìîùüþ
ïèêíîìåòðà è àíàëèòè÷åñêèõ âåñîâ, ÒÓÄÏ îá-
ðàçöîâ îïðåäåëåíû èçìåðèòåëåì Å7-12 íà ÷àñòî-
òå 1 ÌÃö. Ðåçóëüòàòû èçìåðåíèé ïðèâåäåíû â
òàáë. 1.

Äàëåå ñ èñïîëüçîâàíèåì ýòèõ ýêñïåðèìåíòàëü-
íûõ äàííûõ áûëè ðàññ÷èòàíû çíà÷åíèÿ Â, Ñ,
G1 è G2, è òîãäà ðàáî÷àÿ ôîðìóëà äëÿ ïðîãíî-
çèðîâàíèÿ tgδê  ïðèíÿëà âèä

20814 3395

3700 2970

ñ

í
ê

ñ

í

( )
lntg  

m
m

m

m

⋅ − −
δ =

⋅ +
.                 (16)

Â òàáë. 2 ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòà tgδê,
âûïîëíåííîãî ïî ôîðìóëå (16) â äèàïàçîíå mc/mí
îò 0,34 äî 3,33 ñ ïðîèçâîëüíî çàäàâàåìûì øàãîì.

Åñëè ñ÷èòàòü, ÷òî â ðàññìàòðèâàåìîì ÑÊ ïëîò-
íîóïàêîâàííûå ÷àñòèöû íàïîëíèòåëÿ ñîîòâåò-

ãäå Â=(ðñ+ðí)lntgδý2;
    Ñ=(mí1ðñ+mñ1ðí)lntgδý1;
    G1=(Bmí1–C)/(mí1–mñ1);
    G2=(Bmc1–C)/(mc1–my1).

Òàáëèöà 1
Ðåçóëüòàòû èçìåðåíèé ïàðàìåòðîâ

äâóõ îáðàçöîâ ÑÊ

Массовые доли 
компонентов в 

образцах 

Плотность 
компонентов 

ТУДП  
образцов 

mc1 mн1 mc2 mн2 рс, кг/м3 рн, кг/м3 tgδэ1 tgδэ2 

0,4 0,6 0,5 0,5 2,97·103 3,70·103 0,00015 0,00027 

 



Òåõíîëîãèÿ è êîíñòðóèðîâàíèå â ýëåêòðîííîé àïïàðàòóðå, 2012, ¹ 4
31

ÌÀÒÅÐÈÀËÛ ÝËÅÊÒÐÎÍÈÊÈ

ñòâóþò ðåàëüíûì çåðíèñòûì ñèñòåìàì ñ ÷àñòè-
öàìè ïðàêòè÷åñêè øàðîâîé ôîðìû, òî ñîãëàñíî
[3, ñ. 13] ìèíèìàëüíàÿ îáúåìíàÿ äîëÿ ïðîñòðàí-
ñòâà ìåæäó òàêèìè ÷àñòèöàìè ñîñòàâëÿåò âåëè-
÷èíó, ðàâíóþ 0,30. Â íàøåì ñëó÷àå ýòà âåëè÷è-
íà ñîîòâåòñòâóåò ìèíèìàëüíî äîïóñòèìîé îáúåì-
íîé äîëå ñïëîøíîé îáúåìíîé ìàòðèöû. Ñîãëàñ-
íî ôîðìóëå (4) ýòîé âåëè÷èíå ñîîòâåòñòâóåò îò-
íîøåíèå mc/mí, ðàâíîå 0,34. Ñðàâíåíèå ðåçóëü-
òàòîâ ðàñ÷åòà tgδê ïðè mc/mí=1 è mc/mí=0,71
ñ ýêñïåðèìåíòàëüíûìè äàííûìè òàáë. 1 ïîêà-
çûâàåò èõ ñîâïàäåíèå â ïåðâîì ñëó÷àå è õîðî-
øåå ñîãëàñîâàíèå âî âòîðîì, ÷òî òàêæå ïîäòâåð-
æäàåò äîñòîâåðíîñòü ðåçóëüòàòîâ ðàñ÷åòà ïðè èñ-
ïîëüçîâàíèè ïîëó÷åííîé ôîðìóëû.

***
Òàêèì îáðàçîì, ïðåäëîæåí ïðîñòîé èíæåíåð-

íûé ìåòîä ïðîãíîçèðîâàíèÿ òàíãåíñà óãëà äèý-
ëåêòðè÷åñêèõ ïîòåðü â äâóõêîìïîíåíòíîì ÑÊ
áåç ïîð äëÿ øèðîêîãî äèàïàçîíà ìàññîâûõ äî-
ëåé êîìïîíåíòîâ. Ïîëó÷åííàÿ ôîðìóëà äëÿ âû-
÷èñëåíèÿ tgδê ñîäåðæèò òîëüêî èçìåðÿåìûå ïà-
ðàìåòðû, ïðè÷åì òå, ÷òî îáû÷íî èñïîëüçóþòñÿ
ðàçðàáîò÷èêàìè êîìïîçèöèîííûõ ìàòåðèàëîâ —
ìàññîâûå íàâåñêè è ïëîòíîñòü êîìïîíåíòîâ,
ÒÓÄÏ êîìïîçèòîâ.
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Òàáëèöà 2
Ðåçóëüòàòû tgδê äëÿ ðàçíûõ âåëè÷èí mc/mí

mc/mн  tgδк  m c/mн tgδк  m c/mн tgδк  
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Â êíèãå èçëîæåíû òåîðåòè÷åñêèå îñíîâû, ïðèíöèïû äåé-
ñòâèÿ, îïèñàíû êîíñòðóêöèè è õàðàêòåðèñòèêè äàò÷èêîâ ôè-
çè÷åñêèõ âåëè÷èí. Êíèãà ïðåäíàçíà÷åíà äëÿ íàó÷íûõ ðà-
áîòíèêîâ, ñòóäåíòîâ, àñïèðàíòîâ, ñïåöèàëèñòîâ â îáëàñòè
ðàçðàáîòêè äàò÷èêîâ, èçìåðèòåëüíûõ ïðèáîðîâ, ýëåìåíòîâ
è óñòðîéñòâ âû÷èñëèòåëüíîé òåõíèêè è ñèñòåì óïðàâëåíèÿ.
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Óêðàèíà, ã. Êèåâ, Èíñòèòóò ôèçèêè ïîëóïðîâîäíèêîâ èì. Â. Å. Ëàøêàð¸âà ÍÀÍÓ
E-mail: serg_nov@ukr.net

ÈÑÑËÅÄÎÂÀÍÈÅ ÒÅÌÏÅÐÀÒÓÐÍÎÉ ÇÀÂÈÑÈÌÎÑÒÈ
ÊÎÍÒÀÊÒÍÎÃÎ ÑÎÏÐÎÒÈÂËÅÍÈß
ÎÌÈ×ÅÑÊÈÕ ÊÎÍÒÀÊÒÎÂ Ê InP

Ýêñïåðèìåíòàëüíî ïîäòâåðæäåíî, ÷òî òåìïåðàòóðíàÿ çàâèñèìîñòü óäåëüíîãî êîíòàêòíîãî
ñîïðîòèâëåíèÿ îìè÷åñêèõ êîíòàêòîâ Au—TiB2—Ge—Au—n—n+—n++-InP îïèñûâàåòñÿ ìîäå-
ëüþ òîêîïåðåíîñà ñ âûñîêîé ïëîòíîñòüþ äèñëîêàöèé â ïðèêîíòàêòíîé îáëàñòè ïîëóïðîâîä-
íèêà. Èññëåäîâàëèñü îáðàçöû, ïîëó÷åííûå ïðè ðàçíûõ òåìïåðàòóðàõ îòæèãà.

Êëþ÷åâûå ñëîâà: ôîñôèä èíäèÿ, îìè÷åñêèé êîíòàêò, äèñëîêàöèè, óäåëüíîå êîíòàêòíîå ñîïðî-
òèâëåíèå.

Ñ ïîâûøåíèåì ÷àñòîò ðàáî÷åãî äèàïàçîíà ïî-
ëóïðîâîäíèêîâûõ ìèêðîâîëíîâûõ ïðèáîðîâ è
ïåðåõîäîì â äèàïàçîí ìèëëèìåòðîâûõ âîëí ïî-
ñòîÿííî ðàñòåò óðîâåíü òðåáîâàíèé ê ïðèáîð-
íûì ñòðóêòóðàì. Â ñâÿçè ñ ýòèì áîëüøîå âíèìà-
íèå óäåëÿåòñÿ èññëåäîâàíèÿì ôîñôèäà èíäèÿ
InP, ò. ê. èìåííî â ýòîì ìàòåðèàëå äðåéôîâàÿ
ñêîðîñòü íîñèòåëåé çàðÿäà áîëüøå, à âðåìÿ ìåæ-
äîëèííîãî ïåðåõîäà è êîýôôèöèåíò èîíèçàöèè
ýëåêòðîíîâ ìåíüøå, ÷åì â Si è GaAs, êîòîðûå
äàëè ñòàðò ïîëóïðîâîäíèêîâîé ÑÂ×-ýëåêòðîíè-
êå. Äèîäû Ãàííà íà îñíîâå ôîñôèäà èíäèÿ  èí-
òåíñèâíî ðàçðàáàòûâàþòñÿ âåäóùèìè ôèðìàìè
è ïðèìåíÿþòñÿ â ðàäèîëîêàöèè, ðàäèîñïåêòðî-
ñêîïèè, ñèñòåìàõ íîâåéøèõ òåëåêîììóíèêàöèé,
ïðåäóïðåæäåíèÿ àâòîìîáèëüíûõ ñòîëêíîâåíèé
è ìíîãèõ äðóãèõ [1—4].

Îäíàêî ïðåèìóùåñòâà ôîñôèä-èíäèåâûõ ïðè-
áîðîâ ìîãóò áûòü íèâåëèðîâàíû, åñëè íå óäå-
ëÿòü äîñòàòî÷íîãî âíèìàíèÿ îìè÷åñêèì êîíòàê-
òàì ê íèì. Êàê èçâåñòíî, îìè÷åñêèé êîíòàêò
ñîçäàåòñÿ äîïîëíèòåëüíûì ëåãèðîâàíèåì ïðèêîí-
òàêòíîé îáëàñòè ïîëóïðîâîäíèêà èëè ñïëàâëå-
íèåì ñ öåëüþ ïîíèæåíèÿ åãî ñîïðîòèâëåíèÿ. Õî-
ðîøèé îìè÷åñêèé êîíòàêò äîëæåí èìåòü ëèíåé-
íóþ çàâèñèìîñòü òîêà îò íàïðÿæåíèÿ â øèðî-
êèõ òåìïåðàòóðíûõ è âðåìåííûõ èíòåðâàëàõ.
Èçâåñòíî, ÷òî óäåëüíîå ñîïðîòèâëåíèå ρñ êîí-
òàêòà «ìåòàëë—ïîëóïðîâîäíèê» â çàâèñèìîñòè
îò ìåõàíèçìà òîêîïåðåíîñà ñ ðîñòîì òåìïåðàòó-
ðû Ò äîëæíî ëèáî óìåíüøàòüñÿ, ëèáî íå çàâè-
ñåòü îò òåìïåðàòóðû [5]. Îäíàêî â ðÿäå ðàáîò â
ñïëàâíûõ êîíòàêòàõ ê øèðîêîçîííûì ïîëóïðî-
âîäíèêàì ñ ñèëüíîäåôåêòíîé ïðèêîíòàêòíîé îá-
ëàñòüþ íàáëþäàëàñü èíàÿ çàâèñèìîñòü — ρñ ñ
ðîñòîì Ò âîçðàñòàëî [6, 7]. Ýòî íå ñîãëàñóåòñÿ
íè ñ òåðìîýëåêòðîííûì, íè ñ òåðìîïîëåâûì ìå-
õàíèçìàìè òîêîïðîõîæäåíèÿ, ïðè êîòîðûõ
óäåëüíîå êîíòàêòíîå ñîïðîòèâëåíèå äîëæíî
óìåíüøàòñÿ ñ ðîñòîì òåìïåðàòóðû, íè ñ ìåõà-

íèçìîì ïîëåâîé ýìèññèè, êîãäà óäåëüíîå êîí-
òàêòíîå ñîïðîòèâëåíèå ïðàêòè÷åñêè íå çàâèñèò
îò òåìïåðàòóðû. Òàê, â [7] äëÿ ñïëàâíîãî êîí-
òàêòà In—n-GaP ñ áîëüøîé êîíöåíòðàöèåé äèñ-
ëîêàöèé â ïðèêîíòàêòíîé îáëàñòè ïîëóïðîâîä-
íèêà âîçðàñòàþùàÿ çàâèñèìîñòü óäåëüíîãî êîí-
òàêòíîãî ñîïðîòèâëåíèÿ îò òåìïåðàòóðû, ïî ïðåä-
ïîëîæåíèþ àâòîðîâ, îáóñëîâëåíà ìåòàëëè÷åñêè-
ìè øóíòàìè, êîòîðûå ïðåäñòàâëÿþò ñîáîé àòîìû
èíäèÿ, ëîêàëèçîâàííûå íà äèñëîêàöèÿõ, ïåðåñå-
êàþùèõ îáëàñòü îáúåìíîãî çàðÿäà. Îäíàêî ñî-
ïðîòèâëåíèå ìåòàëëà ïðè òåìïåðàòóðàõ, ïðåâû-
øàþùèõ òåìïåðàòóðó Äåáàÿ, äîëæíî ëèíåéíî âîç-
ðàñòàòü, à ýòîãî â ýêñïåðèìåíòå íå íàáëþäàëîñü.
Â [8] ïîäîáíûå ðåçóëüòàòû îáúÿñíÿëèñü îãðàíè-
÷åíèåì ïðîòåêàþùåãî òîêà äèôôóçèîííûì ïîä-
âîäîì ýëåêòðîíîâ â ïîëóïðîâîäíèêå ñ n—n+-ïå-
ðåõîäîì, ïðè ýòîì ïðåäïîëàãàëîñü, ÷òî ρñ∼Ò

2.
Â [9] ïðè îïðåäåëåíèè ïðè÷èí ðîñòà ρñ ñ óâå-

ëè÷åíèåì òåìïåðàòóðû â êîíòàêòå Au—Ti—
Pd2Si—n+Si ó÷èòûâàåòñÿ ïðîõîæäåíèå òîêà ÷å-
ðåç ìåòàëëè÷åñêèå øóíòû, êîòîðûå ïðîíèçûâà-
þò äèñëîêàöèè, è îãðàíè÷åíèå ïðîòåêàþùåãî
òîêà äèôôóçèîííûì ïîäâîäîì. Ïðèíöèïèàëü-
íûì îòëè÷èåì [9] îò äðóãèõ òåîðèé ÿâëÿåòñÿ
ïðåäïîëîæåíèå î ïðîòåêàíèè òîêà ÷åðåç ó÷àñò-
êè, îáîãàùåííûå, à íå îáåäíåííûå ýëåêòðîíàìè,
îáóñëîâëèâàþùèå ôîðìèðîâàíèå ïîòåíöèàëüíîé
ÿìû, à íå áàðüåðà.

Â íàñòîÿùåé ðàáîòå ïðåäëîæåííûé â [9] ïîä-
õîä ïðèìåíåí äëÿ èññëåäîâàíèÿ òåìïåðàòóðíîé
çàâèñèìîñòè óäåëüíîãî êîíòàêòíîãî ñîïðîòèâëå-
íèÿ îìè÷åñêîãî êîíòàêòà ê ôîñôèä-èíäèåâîé
ýïèòàêñèàëüíîé n—n+—n++-ñòðóêòóðå.

Ýêñïåðèìåíòàëüíûå îáðàçöû Au—TiB2—Ge—
Au—n—n+—n++-InP áûëè ïîëó÷åíû ïîñëåäîâà-
òåëüíûì ìàãíåòðîííûì ðàñïûëåíèåì ñëîåâ êîí-
òàêòíîé ìåòàëëèçàöèè íà ïðåäâàðèòåëüíî î÷è-
ùåííóþ ôîòîííîé îáðàáîòêîé ïîâåðõíîñòü ýïè-
òàêñèàëüíîé ïëåíêè n-InP ñ êîíöåíòðàöèåé äî-
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Òåðìîýëåêòðîííûé òîê, âîçíèêàþùèé ïðè
ýòîì, îãðàíè÷èâàåòñÿ äèôôóçèîííûì ïîäâîäîì
ýëåêòðîíîâ 0( (4 )cy

T D nV e L D >>1) è óìåíüøàåò-
ñÿ ñ ðîñòîì òåìïåðàòóðû. Êàê ñëåäñòâèå, âîç-
ðàñòåò êîíòàêòíîå ñîïðîòèâëåíèå Rc0, êîòîðîå â
ñëó÷àå íåâûðîæäåííîãî ïîëóïðîâîäíèêà, êîã-
äà òîê òå÷åò ÷åðåç êîíòàêò «ìåòàëë — ïîëóïðî-
âîäíèê» â ìåñòå âûõîäà äèñëîêàöèè, îïðåäå-
ëÿåòñÿ ïî ôîðìóëå [9]

0 0
0

0,6
1 ,

4 4
c cy yT T

c D d
n

kT V qV
R e L N e

Dq

⎛ ⎞ ⎛ ⎞= +⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

Âåëè÷èíó êîíòàêòíîãî ñîïðîòèâëåíèÿ Rdiff,
îïðåäåëÿåìîãî ìåõàíèçìîì äèôôóçèîííîãî ïîä-

íîðîâ n=9⋅1015 ñì–3, òîëùèíîé n-ñëîÿ îêîëî 2 ìêì.
Òîëùèíà n+-ñëîÿ ñîñòàâëÿëà ïðèìåðíî 3 ìêì,
êîíöåíòðàöèÿ äîíîðíîé ïðèìåñè â íåì — îêîëî
5.1017 ñì–3, òîëùèíà n++-ïîäëîæêè InP ïðèìåð-
íî 350 ìêì, êîíöåíòðàöèÿ äîíîðíîé ïðèìåñè â
íåé — îêîëî 1018 ñì–3. Òîëùèíà ñëîåâ êîíòàêò-
íîé ìåòàëëèçàöèè: Au — 1800 , Ge — 400 ,
TiB2 — 1000 , Au — 2000 . Îìè÷åñêèå êîíòàê-
òû ôîðìèðîâàëèñü â ïðîöåññå áûñòðîé òåðìè-
÷åñêîé îáðàáîòêè ïðè òåìïåðàòóðàõ 410, 435,
450 è 460°Ñ (âðåìÿ îòæèãà 30 c). Çàâèñèìîñòü
óäåëüíîãî êîíòàêòíîãî ñîïðîòèâëåíèÿ îò òåìïå-
ðàòóðû èññëåäîâàëè ìåòîäîì TLM â èíòåðâàëå
100—380 Ê.

Ñîãëàñíî ìîäåëè, ïðåäëîæåííîé â [9—11],
â òîðöå êàæäîé äèñëîêàöèè, çàïîëíåííîé ìå-
òàëëîì è «ïðîðîñøåé» â ïîëóïðîâîäíèê, îáðà-
çóåòñÿ ñëîé Øîòòêè. Ìåæäó íèì è ïîâåðõíîñò-
íûìè ñîñòîÿíèÿìè âîçíèêàåò êîíòàêòíàÿ ðàçíîñòü
ïîòåíöèàëîâ, êîòîðàÿ ïîðîæäàåò ýëåêòðè÷åñêîå
ïîëå. Ïî ïðè÷èíå êðèâèçíû ìåòàëëè÷åñêèõ øóí-
òîâ è èõ ìàëûõ ðàçìåðîâ íàïðÿæåííîñòü ýëåêò-
ðè÷åñêîãî ïîëÿ äîñòàòî÷íî âûñîêà. Ñèëû çåð-
êàëüíîãî èçîáðàæåíèÿ, äåéñòâóþùèå íà ýëåêò-
ðîíû, è êðàåâîé ýôôåêò ïðèâîäÿò ê çíà÷èòåëü-
íîìó ðîñòó íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ
è, ñîîòâåòñòâåííî, ê ïîíèæåíèþ ïîòåíöèàëüíî-
ãî áàðüåðà íà âåëè÷èíó

0(4 ),sq Z r∆ϕ = πε ε

ãäå q —
Z —

ε0, εs —

r —

çàðÿä ýëåêòðîíà;
êîëè÷åñòâî ýëåêòðîíîâ âîçëå òîðöà äèñëî-
êàöèè;
äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü, ñîîòâåòñòâåí-
íî, âàêóóìà è ïîëóïðîâîäíèêà;
ðàäèóñ ìåòàëëè÷åñêîãî øóíòà.

ãäå k —
VT —
Dn —
yc0 —

ϕc0 —
LD —
Nd —

ïîñòîÿííàÿ Áîëüöìàíà;
ñðåäíÿÿ òåïëîâàÿ ñêîðîñòü ýëåêòðîíîâ;
êîýôôèöèåíò äèôôóçèè ýëåêòðîíîâ;
ðàâíîâåñíûé áåçðàçìåðíûé ïîòåíöèàë íà
ãðàíèöå ðàçäåëà «ìåòàëë — ïîëóïðîâîä-
íèê», yc0=qϕc0/(kT);
êîíòàêòíûé ïîòåíöèàë;
äåáàåâñêàÿ äëèíà ýêðàíèðîâàíèÿ;
êîíöåíòðàöèÿ äîíîðîâ â ïîëóïðîâîäíèêå.

Ðèñ. 1. Òåìïåðàòóðíûå çàâèñèìîñòè ρñ èññëåäóåìûõ ñòðóêòóð ïîñëå îòæèãà ïðè ðàçëè÷íûõ òåìïåðàòóðàõ Òî,
èìåþùèõ ðàçëè÷íóþ ïëîòíîñòü ïðîâîäÿùèõ äèñëîêàöèé ND (òî÷êè — ýêñïåðèìåíò; ëèíèÿ — ðàñ÷åò)
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âîäà, äëÿ êîíòàêòà åäèíè÷íîé ïëîùàäè íàõîäè-
ëàñü ïî ôîðìóëå [11]

=
π

0
2
c

diff
D D

R
R

L N ,

ãäå ND — êîíöåíòðàöèÿ ïðîâîäÿùèõ äèñëîêàöèé.
Ïîëíîå ñîïðîòèâëåíèå êîíòàêòà Rc áóäåò

îïðåäåëÿòüñÿ ïîñëåäîâàòåëüíî âêëþ÷åííûìè ñî-
ïðîòèâëåíèÿìè Rdiff è Rsh:

Rc=Rdiff+Rsh,

Íà ðèñ. 1, ãäå ïîêàçàíû òåìïåðàòóðíûå çàâè-
ñèìîñòè óäåëüíîãî êîíòàêòíîãî ñîïðîòèâëåíèÿ
ïîñëå îòæèãà, âèäíî, ÷òî ýêñïåðèìåíòàëüíûå ðå-
çóëüòàòû äîñòàòî÷íî õîðîøî îïèñûâàþòñÿ òåîðå-
òè÷åñêîé ìîäåëüþ ôîðìèðîâàíèÿ êîíòàêòíîãî ñî-
ïðîòèâëåíèÿ â ïîëóïðîâîäíèêàõ ñ áîëüøîé ïëîò-
íîñòüþ äèñëîêàöèé, ïðåäëîæåííîé â [9—11].
Íàèìåíüøåå óäåëüíîå êîíòàêòíîå ñîïðîòèâëåíèå
(ρñ=5,2.10–5 Îì.ñì2) èìååò îáðàçåö, ïðîøåäøèé
òåðìè÷åñêóþ îáðàáîòêó ïðè 450°Ñ.

***
Òàêèì îáðàçîì, ýêñïåðèìåíòàëüíûå òåìïåðà-

òóðíûå çàâèñèìîñòè óäåëüíîãî êîíòàêòíîãî ñîïðî-
òèâëåíèÿ îìè÷åñêèõ êîíòàêòîâ AuGe—TiB2—Au
ê InP íàõîäÿòñÿ â ñîîòâåòñòâèè ñ ðàññ÷èòàííûìè
ïî ìîäåëè òîêîïåðåíîñà â îìè÷åñêèõ êîíòàêòàõ
ñ âûñîêîé ïëîòíîñòüþ äèñëîêàöèé â ïðèêîíòàêò-
íîé îáëàñòè ïîëóïðîâîäíèêà. Òàêàÿ ìîäåëü ïî-
çâîëÿåò îïðåäåëèòü òåìïåðàòóðó ôîðìèðîâà-
íèÿ îìè÷åñêîãî êîíòàêòà «ìåòàëë — ïîëóïðî-
âîäíèê», ïðè êîòîðîé óäåëüíîå êîíòàêòíîå ñî-
ïðîòèâëåíèå áóäåò íàèìåíüøèì. Ïîëó÷åííûå
ðåçóëüòàòû ìîæíî èñïîëüçîâàòü äëÿ îïòèìèçà-
öèè êîíñòðóêöèè ìèêðîâîëíîâûõ ïðèáîðîâ èç
InP â ìèëëèìåòðîâîì äèàïàçîíîâ äëèí âîëí.
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êà. Äîñë³äæóâàëèñü çðàçêè, îòðèìàí³ ïðè ð³çíèõ òåì-
ïåðàòóðàõ â³äïàëó.

Óêðà¿íà, ì. Êè¿â, ²íñòèòóò ô³çèêè íàï³âïðîâ³äíèê³â
³ì. Â. ª. Ëàøêàðüîâà ÍÀÍÓ.

ãäå Rsh —

ρ0 —

α —

dp —

ñîïðîòèâëåíèå ìåòàëëè÷åñêèõ øóíòîâ,
Rsh=ρ0(1+αT)dp/(πr2ND);
óäåëüíîå ñîïðîòèâëåíèå ìåòàëëà ïðè
Ò=0°Ñ;
òåìïåðàòóðíûé êîýôôèöèåíò ýëåêòðè÷å-
ñêîãî ñîïðîòèâëåíèÿ ìåòàëëà;
ðàññòîÿíèå êîòîðîå ýëåêòðîíû ïðîõîäÿò
ïî äèñëîêàöèè èç îáúåìà ïîëóïðîâîäíèêà
äî ñïëîøíîãî ìåòàëëè÷åñêîãî êîíòàêòà.
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ÈÍÄÓÊÒÈÂÍÎÑÒÜ, ÝËÅÊÒÐÈ×ÅÑÊÈ
ÏÅÐÅÑÒÐÀÈÂÀÅÌÀß ÏÎËÓÏÐÎÂÎÄÍÈÊÎÂÎÉ
ÑÒÐÓÊÒÓÐÎÉ

Ïðåäëîæåíà òåîðåòè÷åñêàÿ ìîäåëü ïëîñêîé ïàññèâíîé êàòóøêè èíäóêòèâíîñòè ñ ýëåêò-
ðîííûì óïðàâëåíèåì. Ïðèâåäåíû ðàñ÷åòíûå ãðàôèêè çàâèñèìîñòè äîáðîòíîñòè è èíäóê-
òèâíîñòè êîëåáàòåëüíîãî êîíòóðà îò íàïðÿæåíèÿ ïðÿìîãî ñìåùåíèÿ n—i—p—i—n-ñòðóê-
òóðû, èñïîëüçóåìîé â êà÷åñòâå ñïåöèôè÷åñêîãî ñåðäå÷íèêà, ñâîéñòâà êîòîðîãî èçìåíÿ-
þòñÿ ïîä âîçäåéñòâèåì ïðèëîæåííîãî ýëåêòðè÷åñêîãî ïîëÿ. Ñðàâíåíèå ðàñ÷åòíûõ çíà÷å-
íèé ñ ýêñïåðèìåíòàëüíûìè ïîêàçàëî èõ õîðîøåå ñîîòâåòñòâèå äðóã äðóãó.

Êëþ÷åâûå ñëîâà: ýëåêòðè÷åñêè ïåðåñòðàèâàåìàÿ èíäóêòèâíîñòü, n—i—p—i—n-ñòðóê-
òóðà, ðåãóëèðóåìûé ýëåêòðè÷åñêèì ïîëåì ñåðäå÷íèê.

Ýëåêòðè÷åñêè óïðàâëÿåìàÿ ïîëóïðîâîäíèêî-
âàÿ åìêîñòü ÿâëÿåòñÿ ðàñïðîñòðàíåííûì ýëåìåí-
òîì ìèêðîýëåêòðîííûõ óñòðîéñòâ [1]. Â òî æå
âðåìÿ ïðîáëåìà èçìåíåíèÿ ïàðàìåòðîâ èíäóê-
òèâíîñòè ïîä âîçäåéñòâèåì ïðèëîæåííîãî ýëåêò-
ðè÷åñêîãî ïîëÿ îêîí÷àòåëüíî íå ðåøåíà. Ñïåöè-
ôèêà ïðèìåíåíèÿ êàòóøåê èíäóêòèâíîñòè â ñî-
âðåìåííûõ ýëåêòðîííûõ ïðèáîðàõ ñ âûñîêîé ñòå-
ïåíüþ èíòåãðàöèè çàêëþ÷àåòñÿ â òîì, ÷òî îíè
ïëîõî ïîääàþòñÿ êàê ìèíèàòþðèçàöèè, òàê è
ðåàëèçàöèè â èíòåãðàëüíîì èñïîëíåíèè, à èçìå-
íÿòü âåëè÷èíó èõ èíäóêòèâíîñòè ìîæíî ïðåèìó-
ùåñòâåííî ñïîñîáîì ìåõàíè÷åñêîé ïåðåñòðîéêè.

Ýêñïåðèìåíòàëüíî âîçìîæíîñòü ðåàëèçàöèè
êàòóøêè èíäóêòèâíîñòè, ðåãóëèðóåìîé ýëåêò-
ðè÷åñêèì ïîëåì, áûëà ïîêàçàíà íàìè â [2—4].
Ïðåäëàãàåìûé ñïîñîá ýëåêòðîííîãî óïðàâëåíèÿ
èíäóêòèâíîñòüþ ïëîñêîé ïàññèâíîé êàòóøêè
çàêëþ÷àëñÿ âî ââåäåíèè â åå êîíñòðóêöèþ ñïå-
öèôè÷åñêîãî ñåðäå÷íèêà — åãî ñâîéñòâà èçìå-
íÿþòñÿ ïîä âîçäåéñòâèåì ïðèëîæåííîãî ýëåêò-
ðè÷åñêîãî ïîëÿ, îêàçûâàÿ ïðè ýòîì âëèÿíèå íà
âåëè÷èíó èíäóêòèâíîñòè. Â êà÷åñòâå òàêîãî ñåð-
äå÷íèêà èñïîëüçîâàëàñü êðåìíèåâàÿ ñòðóêòóðà
n—i—p—i—n-òèïà, îáëàäàþùàÿ ïðîòÿæåííû-
ìè i-îáëàñòÿìè, ïðîâîäèìîñòü êîòîðûõ èçìåíÿ-
åòñÿ â øèðîêîì äèàïàçîíå â çàâèñèìîñòè îò âå-
ëè÷èíû ïðèëîæåííîãî ê ñòðóêòóðå íàïðÿæåíèÿ
ñìåùåíèÿ.

Àíàëèç èçìåíåíèÿ èíäóêòèâíîñòè òàêîé ñèñ-
òåìû ïîä âëèÿíèåì ââåäåííîãî â åå ñîñòàâ îáúåêòà
ñ íåîäíîðîäíîé ñòðóêòóðîé è ïàðàìåòðàìè, èç-
ìåíÿþùèìèñÿ ïîä âîçäåéñòâèåì âíåøíåãî ñìå-
ùåíèÿ, ÷ðåçâû÷àéíî ñëîæåí [5, ñ. 186—189].

Â îáùåì ñëó÷àå íà âåëè÷èíó èíäóêòèâíîñòè
îêàçûâàþò âëèÿíèå ôèçè÷åñêèå õàðàêòåðèñòèêè
ìàòåðèàëà, èñïîëüçóåìîãî â êà÷åñòâå ñåðäå÷íè-
êà, — ýëåêòðè÷åñêèå è ìàãíèòíûå ñâîéñòâà,

îïðåäåëÿåìûå åãî ñîñòàâîì è ñòðóêòóðîé (ýëåê-
òðîïðîâîäíîñòü, ìàãíèòíàÿ ïðîíèöàåìîñòü), ãåî-
ìåòðè÷åñêèå ðàçìåðû ñåðäå÷íèêà, íàëè÷èå â íåì
íåîäíîðîäíîñòåé [5; 6, ñ. 293—294].

Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàåòñÿ òåîðåòè-
÷åñêàÿ ìîäåëü ïëîñêîé ïàññèâíîé êàòóøêè ñ
ýëåêòðè÷åñêèì óïðàâëåíèåì.

Ïðåäëîæåí ñëåäóþùèé ìåõàíèçì âçàèìîäåé-
ñòâèÿ êàòóøêè èíäóêòèâíîñòè ñ ïîëóïðîâîäíè-
êîâîé ñòðóêòóðîé n—i—p—i—n-òèïà. Ïðè ââå-
äåíèè â èíäóêòèâíûé ýëåìåíò n—i—p—i—n-
ñòðóêòóðû áåç ñìåùåíèÿ â íåãî, ïî ñóòè, âíîñÿò-
ñÿ îòðåçêè ïîëóïðîâîäíèêà ñîáñòâåííîé ïðîâî-
äèìîñòè (i-îáëàñòè) ñ îáëàñòÿìè íåîäíîðîäíîé
ïðîâîäèìîñòè (ó÷àñòêè p-, n-òèïà è ïåðåõîäîâ)
è íåáîëüøèìè ó÷àñòêàìè äèàìàãíåòèêà (êîíòàê-
òû èç ìåäè èëè çîëîòà). Ââåäåíèå â êàòóøêó
äèàìàãíåòèêîâ (ìàòåðèàëîâ ñ ìàãíèòíîé ïðîíè-
öàåìîñòüþ µ<1) è ìàòåðèàëîâ, ñîäåðæàùèõ ñâî-
áîäíûå íîñèòåëè çàðÿäà, äîëæíî ïðèâåñòè ê
óìåíüøåíèþ åå èíäóêòèâíîñòè è ê ñíèæåíèþ
äîáðîòíîñòè, ïîñêîëüêó ïðè èçìåíåíèè êîíöåí-
òðàöèè íîñèòåëåé çàðÿäà â áàçå â ñåðäå÷íèêå
îáðàçóþòñÿ âèõðåâûå òîêè, ïðåäñòàâëÿþùèå ñî-
áîé ýëåìåíòàðíûå êàòóøêè èíäóêòèâíîñòè. Ìàã-
íèòíîå ïîëå âèõðåâûõ òîêîâ ïðîòèâîäåéñòâóåò
âîçáóäèâøåìó èõ ìàãíèòíîìó ïîëþ êàòóøêè,
÷òî â ñîâîêóïíîñòè ìîæíî ðàññìàòðèâàòü êàê
âîçíèêíîâåíèå íåêîòîðîé ýêâèâàëåíòíîé èíäóê-
òèâíîñòè, âçàèìîäåéñòâóþùåé ñ èñõîäíîé è
âêëþ÷åííîé ïàðàëëåëüíî âûñîêîîìíîé n—i—
p—i—n-ñòðóêòóðå áåç ñìåùåíèÿ.

Òàêèì îáðàçîì, n—i—p—i—n-ñòðóêòóðó, ïî-
ìåùåííóþ â îáúåìå êàòóøêè èíäóêòèâíîñòè,
ìîæíî ïðåäñòàâèòü â âèäå êîìïëåêñíîãî ñîïðî-
òèâëåíèÿ Z (õàðàêòåðèçóþùåãî èìïåäàíñ ïî-
ëóïðîâîäíèêîâîé ñòðóêòóðû ïî îòíîøåíèþ ê âèõ-
ðåâûì òîêàì), èíäóêòèâíî ñâÿçàííîãî ÷åðåç ýëå-
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ìåíò ñâÿçè L ñ êîëåáàòåëüíûì êîíòóðîì, îáðàçî-
âàííûì èíäóêòèâíîñòüþ L0 è ñîïðîòèâëåíèåì
ïîòåðü êîíòóðà R0 è åìêîñòüþ C, ïîäêëþ÷åííîé
ïàðàëëåëüíî L0.

Âèõðåâûå òîêè â n—i—p—i—n-ñòðóêòóðå ñî-
çäàþò ìàãíèòíîå ïîëå, êîòîðîå èçìåíÿåò ïåðâè÷-
íîå ìàãíèòíîå ïîëå H0 â îáúåìå êàòóøêè èí-
äóêòèâíîñòè L0. Âçàèìîäåéñòâèå ýòèõ òîêîâ ñ
ïåðâè÷íûì ìàãíèòíûì ïîëåì êàòóøêè L0 îïðå-
äåëÿåòñÿ êîýôôèöèåíòîì ñâÿçè M.

Ýêâèâàëåíòíàÿ ñõåìà êîëåáàòåëüíîãî êîíòóðà,
â èíäóêòèâíîì ýëåìåíòå êîòîðîãî ðàçìåùåíà êðåì-
íèåâàÿ ñòðóêòóðà n—i—p—i—n-òèïà ñ ïðîòÿ-
æåííûìè i-îáëàñòÿìè, ïðåäñòàâëåíà íà ðèñ. 1.

Ïðè âêëþ÷åíèè íàïðÿæåíèÿ ïðÿìîãî ñìåùå-
íèÿ â n—i—p—i—n-ñòðóêòóðå ïðîèñõîäèò îáî-
ãàùåíèå i-îáëàñòåé íîñèòåëÿìè çàðÿäà, ÷òî, ñ îä-
íîé ñòîðîíû, ïðèâîäèò ê óâåëè÷åíèþ êîëè÷å-
ñòâà ýëåìåíòàðíûõ èíäóêòèâíîñòåé, îáðàçóåìûõ
âèõðåâûìè òîêàìè, à ñ äðóãîé — óâåëè÷èâàåò
øóíòèðóþùåå âëèÿíèå ñàìîé n—i—p—i—n-
ñòðóêòóðû íà âåëè÷èíó ñîâîêóïíîé èíäóêòèâ-
íîñòè âèõðåâûõ òîêîâ.

Ñëåäóåò òàêæå îòìåòèòü, ÷òî ïðè ïðÿìîì ñìå-
ùåíèè â n—i—p—i—n-ñòðóêòóðå ñóùåñòâóåò
ñîáñòâåííûé òîê, îáðàçîâàííûé íàïðàâëåííûì
äðåéôîì â ïîëå íîñèòåëåé çàðÿäà. Ó÷àñòèå ýòèõ
çàðÿäîâ â îáðàçîâàíèè âèõðåâûõ òîêîâ äîëæíî
ïðèâåñòè ê îáðàçîâàíèþ ñïèðàëüíûõ òðàåêòî-
ðèé, ÷òî ýêâèâàëåíòíî óâåëè÷åíèþ ðàññòîÿíèÿ
ìåæäó «âèòêàìè» ñîâîêóïíîé èíäóêòèâíîñòè
âèõðåâûõ òîêîâ è, ñëåäîâàòåëüíî, ê óìåíüøå-
íèþ åå âåëè÷èíû.

Òàêèì îáðàçîì, âíåñåíèå â èíäóêòèâíûé ýëå-
ìåíò n—i—p—i—n-ñòðóêòóðû è èçìåíåíèå êîí-
öåíòðàöèè íîñèòåëåé çàðÿäà â åå âûñîêîîìíûõ
îáëàñòÿõ áóäåò ïðèâîäèòü ê èçìåíåíèþ èñõîä-
íîé âåëè÷èíû èíäóêòèâíîñòè.

Âëèÿíèå n—i—p—i—n-ñòðóêòóðû áåç ñìåùå-
íèÿ íà ïàðàìåòðû êîëåáàòåëüíîãî êîíòóðà ìîæ-
íî ïðèáëèæåííî ïðåäñòàâèòü íà îñíîâå ýêñïåðè-
ìåíòàëüíûõ äàííûõ [2—4] â âèäå ýêâèâàëåíò-
íîãî èçìåíåíèÿ ýòèõ ïàðàìåòðîâ:

L′0=L0–N∆L; R′0=R0+K∆R,

Ýòî ïîçâîëÿåò ïðèáëèæåííî ïðåäñòàâèòü êî-
ëåáàòåëüíûé êîíòóð, â ñîñòàâ êîòîðîãî âõîäèò
n—i—p—i—n-ñòðóêòóðà (ðèñ. 1), â âèäå ýêâè-
âàëåíòíîé ñõåìû, èçîáðàæåííîé íà ðèñ. 2, à.
Óìåíüøåíèå èíäóêòèâíîñòè îòðàæåíî çäåñü ïðî-
òèâîôàçíûì ïîäêëþ÷åíèåì ∆L, ïàðàëëåëüíî
êîòîðîé âêëþ÷åíî ñîïðîòèâëåíèå n—i—p—i—
n-ñòðóêòóðû r, çíà÷åíèå êîòîðîãî ïðè îòñóòñòâèè
ñìåùåíèÿ âåëèêî.

Ïðè ïîäà÷å íà p—i—n-äèîäû íàïðÿæåíèÿ
ïðÿìîãî ñìåùåíèÿ ïðîèñõîäèò ïðîöåññ èíæåê-
öèè íîñèòåëåé çàðÿäà â âûñîêîîìíûå i-îáëàñòè
äèîäà (áàçû), â ðåçóëüòàòå ÷åãî êîíöåíòðàöèÿ
íîñèòåëåé çàðÿäà â áàçå âîçðàñòàåò íà íåñêîëüêî
ïîðÿäêîâ è, ñîîòâåòñòâåííî, óâåëè÷èâàåòñÿ ïðî-
âîäèìîñòü áàçû [7, 8]. Ñîïðîòèâëåíèå r óìåíü-
øàåòñÿ, à âåëè÷èíà âèõðåâûõ òîêîâ ïðè ýòîì
òàêæå èçìåíÿåòñÿ, ÷òî è îòðàæàåòñÿ íà ðåçóëü-
òèðóþùåì ìàãíèòíîì ïîëå èíäóêòèâíîñòè L′0.

Äëÿ òåîðåòè÷åñêîãî àíàëèçà âëèÿíèÿ n—i—
p—i—n-ñòðóêòóðû íà ïàðàìåòðû èíäóêòèâíîãî
ýëåìåíòà, â ñîñòàâ êîòîðîãî îíà âõîäèò, ýêâèâà-
ëåíòíàÿ ñõåìà êîíòóðà áûëà ïðåîáðàçîâàíà ê
âèäó, ïðèâåäåííîìó íà ðèñ. 2, á, ãäå âìåñòî ýëå-
ìåíòîâ êîíòóðà ∆L è r , âêëþ÷åííûõ â èñõîä-
íîé ñõåìå ïàðàëëåëüíî, èìååòñÿ ïîñëåäîâàòåëü-
íîå ñîåäèíåíèå L′ è R′.

Èñõîäÿ èç âûðàæåíèÿ äëÿ ïîëíîãî ñîïðîòèâ-
ëåíèÿ Z=α+jβ, ãäå α=ReZ, à β=ImZ, äëÿ ïîñëå-
äîâàòåëüíî ñîåäèíåííûõ ñîïðîòèâëåíèÿ R′ è èí-
äóêòèâíîñòè L′ ïî ñõåìå íà ðèñ. 2, á, ñïðàâåä-
ëèâû ñîîòíîøåíèÿ

( ) ( )
′′ω ∆ ∆′ ′= = =

ω+ ω∆ + ω∆

2 2 2

2 22 2
; ,LXLr Lr

R L
r L r L

Ñ ó÷åòîì ýòèõ ñîîòíîøåíèé çàïèøåì âûðà-
æåíèÿ äëÿ ñîâîêóïíîé èíäóêòèâíîñòè êîíòóðà,
â ñîñòàâ êîòîðîãî âõîäèò èíäóêòèâíûé ýëåìåíò

Ðèñ. 1. Ýêâèâàëåíò-
íàÿ ñõåìà êîëåáàòåëü-
íîãî êîíòóðà ñ êðåì-
íèåâîé ñòðóêòóðîé
n—i—p—i—n-òèïà
â îáúåìå êàòóøêè

Ñ

L
R0M

Z

ãäå ∆L, ∆R —

N, K —

èçìåíåíèå âåëè÷èíû èíäóêòèâíîñòè
è ñîïðîòèâëåíèÿ ïîòåðü êîíòóðà ñî-
îòâåòñòâåííî;
êîýôôèöèåíòû ïðîïîðöèîíàëüíîñòè,
îòðàæàþùèå ñòåïåíü âëèÿíèÿ êîýô-
ôèöèåíòà ñâÿçè M íà L0 è R0 ñîîò-
âåòñòâåííî.

Ðèñ. 2. Ýêâèâàëåíòíûå ñõåìû êîëåáàòåëüíîãî êîí-
òóðà ñ ó÷åòîì âëèÿíèÿ n—i—p—i—n-ñòðóêòóðû

Ñ

∆L
R0

L0 ∆R

r

à)

Ñ

L0L′
∆R R0R′á)

ãäå L′, R′ —

ω —
X′L′ —

ñîîòâåòñòâåííî, ýêâèâàëåíòíûå èíäóê-
òèâíîñòü è ñîïðîòèâëåíèå ïîòåðü, âíî-
ñèìûå ∆L è r (ñì. ðèñ. 2, à);
êðóãîâàÿ ÷àñòîòà;
èíäóêòèâíîå ñîïðîòèâëåíèå.

L0
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ñ óïðàâëÿåìîé ýëåêòðè÷åñêèì ïîëåì n—i—p—
i—n-ñòðóêòóðîé
L′0=L0–N′L′,                                        (1)
è äëÿ ïîëíîãî ñîïðîòèâëåíèÿ ïîòåðü
R′0=R0+∆R+K′R′,                                (2)
îïðåäåëÿþùåãî äîáðîòíîñòü èíäóêòèâíîãî ýëå-
ìåíòà. (Çäåñü N′ è K′ — áåçðàçìåðíûå êîýôôè-
öèåíòû ïðîïîðöèîíàëüíîñòè.)

Ñîïðîòèâëåíèå i-ñëîÿ p—i—n-ñòðóêòóðû â ðå-
æèìå ïðÿìîãî òîêà õîðîøî îïèñûâàåòñÿ âûðà-
æåíèåì [8]

Ri = w2/(2µτI0),

Äëÿ äèîäîâ ñ òîëñòîé áàçîé, ïðåäíàçíà÷åí-
íûõ äëÿ êîììóòàöèè ÑÂ×-êîëåáàíèé ñ áîëüøèì
óðîâíåì ìîùíîñòè, âðåìÿ æèçíè îáû÷íî ñîñòàâ-
ëÿåò îêîëî 5•10–6 ñ [8].

Äëÿ êîëåáàòåëüíîãî êîíòóðà, â ñîñòàâ êîòî-
ðîãî âõîäÿò ïàðàëëåëüíî ñîåäèíåííûå C è L′0,
à òàêæå ñîïðîòèâëåíèå ïîòåðü R′0, âêëþ÷åííîå
ïîñëåäîâàòåëüíî ñ èíäóêòèâíîñòüþ L′0, ñïðàâåä-
ëèâî ñëåäóþùåå ðàâåíñòâî, îïðåäåëÿþùåå äîá-
ðîòíîñòü êîíòóðà:

 
′

= 0

0

1 L
Q

R C
.                                        (3)

Ôîðìóëû (1)—(3) àïïðîêñèìèðóþò ýêñïå-
ðèìåíòàëüíûå çàâèñèìîñòè [3—5] ñ òî÷íîñòüþ
äî êîíñòàíò, çíà÷åíèÿ êîòîðûõ îïðåäåëÿþòñÿ
ýêñïåðèìåíòàëüíî â êàæäîì îòäåëüíîì ñëó÷àå.
Ñ ó÷åòîì êîíñòàíò ôîðìóëû ïðèîáðåòàþò ñëå-
äóþùèé âèä:

L′0=L0+N′L′–LÑ;                                  (4)

⎛ ⎞′
= −⎜ ⎟⎜ ⎟′ ′+ ∆ +⎝ ⎠

0

0

1
,C

L
Q P Q

R R K R C
               (5)

Äëÿ ðàñ÷åòîâ çíà÷åíèÿ òîêà è ïàäåíèÿ íà-
ïðÿæåíèÿ èçìåðÿëèñü íåïîñðåäñòâåííî íà äèî-
äàõ n—i—p—i—n-ñòðóêòóðû, îñòàëüíûå ïàðà-
ìåòðû èìåëè ñëåäóþùèå çíà÷åíèÿ:

L0=1,24.10–7 Ãí; R0+∆R=2,2.10–2 Îì;
∆L=2.10–10 Ãí; C=25,85.10–12 Ô;
LC=1,27.10–7 Ãí; QC=70,2; ω=565,5.106;
N′=8,6; K=1,1; P=1,85.

Ïîëó÷åííûå ðàñ÷åòíûå çàâèñèìîñòè äîáðîò-
íîñòè è èíäóêòèâíîñòè êîëåáàòåëüíîãî êîíòóðà
(ñì. ðèñ. 1) îò íàïðÿæåíèÿ ïðÿìîãî ñìåùåíèÿ
n—i—p—i—n-ñòðóêòóðû ïðåäñòàâëåíû íà
ðèñ. 3, ãäå âèäíî õîðîøåå êîëè÷åñòâåííîå è êà-

÷åñòâåííîå ñîîòâåòñòâèå ïðåäëîæåííîé òåîðåòè-
÷åñêîé ìîäåëè ýêñïåðèìåíòàëüíûì äàííûì.

***
Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ

ïîêàçàëè, ÷òî êàòóøêà, âûïîëíåííàÿ íà ñåðäå÷-
íèêå, êîòîðûé ÿâëÿåòñÿ n—i—p—i—n-ñòðóêòó-
ðîé ñ òîëñòîé áàçîé, ïðåäñòàâëÿåò ñîáîé èíäóê-
òèâíûé ýëåìåíò, îáëàäàþùèé ñïîñîáíîñòüþ ê ïå-
ðåñòðîéêå ïîä âîçäåéñòâèåì ïîòåíöèàëà, ïðèëî-
æåííîãî ê âûâîäàì n—i—p—i—n-ñòðóêòóðû.
Ðàçðàáîòàííàÿ ìîäåëü, îïèñûâàþùàÿ ïîâåäåíèå
òàêîãî ýëåìåíòà, ïîçâîëÿåò ïðîâîäèòü àíàëèç
ýëåêòðîííûõ öåïåé, ñîäåðæàùèõ êàòóøêó èí-
äóêòèâíîñòè ïðåäëîæåííîé êîíñòðóêöèè, ñ äî-
ñòàòî÷íîé äëÿ èíæåíåðíîãî ðàñ÷åòà òî÷íîñòüþ.

Ïåðåñòðàèâàåìûå ýëåêòðè÷åñêèì ïîëåì êàòóø-
êè èíäóêòèâíîñòè óäîáíû äëÿ èçãîòîâëåíèÿ â
ïëàíàðíûõ èíòåãðàëüíûõ ñõåìàõ, êîãäà âèòêè
ôîðìèðóþòñÿ íàïûëåíèåì èëè òðàâëåíèåì ìà-
òåðèàëà ïîâåðõíîñòè âîêðóã p—i—n-ñòðóêòóðû,
ðàñïîëîæåííîé â îáúåìå êàòóøêè.
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Inductance, electrically adjusted by semiconductor
structure.

Keywords: electrically controlled inductance, n—i—
p—i—n-structure, electric field-adjustóâ core.

A theoretical model of a passive flat inductor with
electronic control is offered. Design charts of tank
inductance and Q factor dependence on the forward
bias voltage of n—i—p—i—n-structure, used as a

specific core, the characteristics of which are regulated
under the influence of an applied electric field, are
presented. The comparison of design values with
experimental features has shown their good corres-
pondence with each other.

Russia, Saratov, Saratov State University by N. G.
Chernyshevskij.

___________________

Cåìåíîâ À. À., Óñàíîâ Ä. Î., Êîëîê³í Î. À. ²íäóê-
òèâí³ñòü, ùî åëåêòðè÷íî ïåðåñòðîþºòüñÿ íàï³âïðî-
â³äíèêîâîþ ñòðóêòóðîþ.

Êëþ÷îâ³ ñëîâà: åëåêòðè÷íî ïåðåíàñòðîþâàíà
³íäóêòèâí³ñòü, n—i—p—i—n-ñòðóêòóðà, ðåãóëü-
îâàíå åëåêòðè÷íèì ïîëåì îñåðäÿ.
Çàïðîïîíîâàíî òåîðåòè÷íó ìîäåëü ïëîñêî¿ ïàñèâíî¿
êîòóøêè ³íäóêòèâíîñò³ ç åëåêòðîííèì óïðàâë³ííÿì.
Íàâåäåíî ðîçðàõóíêîâ³ ãðàô³êè çàëåæíîñò³ äîáðîò-
íîñò³ òà ³íäóêòèâíîñò³ êîëèâàëüíîãî êîíòóðó â³ä
íàïðóãè ïðÿìîãî çì³ùåííÿ n—i—p—i—n-ñòðóêòó-
ðè, ùî âèêîðèñòîâóºòüñÿ ÿê ñïåöèô³÷íå îñåðäÿ, âëà-
ñòèâîñò³ ÿêîãî çì³íþþòüñÿ ï³ä ä³ºþ ïðèêëàäåíîãî
åëåêòðè÷íîãî ïîëÿ. Ïîð³âíÿííÿ ðîçðàõîâàíèõ çíà-
÷åíü ç åêñïåðèìåíòàëüíèìè ïîêàçàëî ¿õ äîáðó
â³äïîâ³äí³ñòü îäíå îäíîìó.

Ðîñ³ÿ, Ñàðàòîâñüêèé äåðæàâíèé óí³âåðñèòåò ³ì. Ì. Ã.
×åðíèøåâñüêîãî.
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Áåëîóñ À.Áåëîóñ À.Áåëîóñ À.Áåëîóñ À.Áåëîóñ À.     È., Åìåëüÿíîâ Â.È., Åìåëüÿíîâ Â.È., Åìåëüÿíîâ Â.È., Åìåëüÿíîâ Â.È., Åìåëüÿíîâ Â.     À., Òóðöåâè÷ À.À., Òóðöåâè÷ À.À., Òóðöåâè÷ À.À., Òóðöåâè÷ À.À., Òóðöåâè÷ À.     Ñ.Ñ.Ñ.Ñ.Ñ.
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Â êíèãå ïðåäñòàâëåí àíàëèç îñîáåííîñòåé ðàáîòû, ìå-
òîäû ïðîåêòèðîâàíèÿ è îñíîâû ïðàêòè÷åñêîãî ïðèìå-
íåíèÿ öèôðîâûõ ìèêðîñõåì â ñîñòàâå ñîâðåìåííûõ ìèê-
ðîýëåêòðîííûõ óñòðîéñòâ, ïðåäëîæåí áîëüøîé íàáîð
ýôôåêòèâíûõ ñõåìîòåõíè÷åñêèõ ðåøåíèé áàçîâûõ ýëå-
ìåíòîâ äëÿ ðåàëèçàöèè òðåáîâàíèé, ïðåäúÿâëÿåìûõ ê
ìèêðîýëåêòðîííûì óñòðîéñòâàì, ïðèâåäåíî äåòàëüíîå
îïèñàíèå ïðèíöèïîâ ðàáîòû è ïðàâèë ïðèìåíåíèÿ ñî-
âðåìåííûõ áàçîâûõ ýëåìåíòîâ â ñîñòàâå ìèêðîýëåêò-
ðîííûõ óñòðîéñòâ. Èçäàíèå îðèåíòèðîâàíî íà øèðî-
êèé êðóã èíæåíåðíî-òåõíè÷åñêèõ ðàáîòíèêîâ, ó÷åíûõ,
ñòóäåíòîâ è àñïèðàíòîâ, ñïåöèàëèçèðóþùèõñÿ â îáëàñòè ðàçðàáîòêè, îðãàíèçà-
öèè ïðîèçâîäñòâà è ýêñïëóàòàöèè ðàäèîýëåêòðîííîé áûòîâîé, ïðîìûøëåííîé
è ñïåöèàëüíîé òåõíèêè, èíôîðìàöèîííî-êîììóíèêàöèîííûõ, òåëåêîììóíèêà-
öèîííûõ è íàâèãàöèîííûõ ïðèìåíåíèé, èñïîëüçóþùèõ ñîâðåìåííûå ìèêðî-
ýëåêòðîííûå óñòðîéñòâà.
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Â íàñòîÿùåé ðàáîòå ðàññìîòðåíû âîïðîñû ñõå-
ìîòåõíè÷åñêîé ðåàëèçàöèè ÑÁÈÑ ÓÁ5709ÈÊ01-
2.11 [1]. Â ñîñòàâå ìèêðîýëåêòðîííîãî êîîðäè-
íàòíî-÷óâñòâèòåëüíîãî äåòåêòîðà (ÌÊ×Ä) [2]
ðàçðàáîòàííàÿ ÑÁÈÑ îáåñïå÷èâàåò îäíîâðåìåí-
íîå äåòåêòèðîâàíèå ðàçäåëåííîãî â ïðîñòðàíñòâå
ñïåêòðà èîíîâ, ïðèíèìàÿ è îáðàáàòûâàÿ èíôîð-
ìàöèþ îá èíòåíñèâíîñòè ïîòîêîâ ÷àñòèö ðàçëè÷-
íîé ìàññû.

Â ñîñòàâå ÌÊ×Ä ÑÁÈÑ èñïîëüçóåòñÿ âìåñòå
ñ óìíîæèòåëåì ýëåêòðîíîâ, âûïîëíåííîì â âèäå
äâóõ ìèêðîêàíàëüíûõ ïëàñòèí (ÌÊÏ) â øåâ-
ðîííîé ñáîðêå è îáåñïå÷èâàþùèì êîýôôèöèåíò
óìíîæåíèÿ ýëåêòðîíîâ íå ìåíåå 106, ò. å. êàæ-
äûé èîí íà âõîäå ÌÊÏ îáåñïå÷èâàåò ïîïàäàíèå
íà ñîîòâåòñòâóþùèé âõîäíîé ýëåêòðîä ÑÁÈÑ 106

Ðàçðàáîòàíà, èçãîòîâëåíà è èñïûòàíà ÑÁÈÑ, ïîçâîëÿþùàÿ â ñîñòàâå ìèêðîýëåêòðîííîãî êîîðäè-
íàòíî-÷óâñòâèòåëüíîãî äåòåêòîðà ïðîâîäèòü îäíîâðåìåííûé àíàëèç âñåãî ýëåìåíòíîãî ñîñòàâà ìà-
òåðèàëà. Ñõåìà îáåñïå÷èâàåò ñðàáàòûâàíèå óñèëèòåëÿ-ïðåîáðàçîâàòåëÿ ïðè ïîñòóïëåíèè íà åãî âõîä
îòðèöàòåëüíîãî çàðÿäà âåëè÷èíîé 1,6.10–13 Êë. Áûñòðîäåéñòâèå ìèêðîñõåìû â ðåæèìå ñ÷åòà ñîñòàâ-
ëÿåò íå ìåíåå 3 ÌÃö, â ðåæèìå ñ÷èòûâàíèÿ èíôîðìàöèè ñî ñ÷åò÷èêîâ — áîëåå 4 ÌÃö, òîê ïîòðåáëå-
íèÿ — íå áîëåå 7 ìÀ.

Êëþ÷åâûå ñëîâà: ÑÁÈÑ, ÊÌÎÏ-òåõíîëîãèÿ, ìèêðîýëåêòðîííûé êîîðäèíàòíî-÷óâñòâèòåëüíûé äåòåê-
òîð, ýëåìåíòíûé àíàëèç, óñèëèòåëè-ïðåîáðàçîâàòåëè, 10-ðàçðÿäíûå ñ÷åò÷èêè.

ýëåêòðîíîâ, ñîîáùàÿ åìó îòðèöàòåëüíûé çàðÿä,
ðàâíûé 1,6.10–13 Êë, êîòîðûé äîëæåí îáåñïå-
÷èòü ñðàáàòûâàíèå ïîäêëþ÷åííîãî ê íåìó âõîä-
íîãî óñèëèòåëÿ-ïðåîáðàçîâàòåëÿ «çàðÿä — èì-
ïóëüñ».

ÑÁÈÑ âûïîëíåíà ïî ÊÌÎÏ-òåõíîëîãèè è
ñîäåðæèò 143489 ýëåìåíòîâ, â òîì ÷èñëå 142322
ÌÎÏ-òðàíçèñòîðà, ðàçìåùåííûõ íà êðèñòàëëå
ðàçìåðîì 10,05×10,2 ìì.

Íà ðèñ. 1 ïðèâåäåíà ýëåêòðè÷åñêàÿ ôóíêöè-
îíàëüíàÿ ñõåìà ÑÁÈÑ. Ìèêðîñõåìà ñîäåðæèò
384 êàíàëà ïðèåìà è îáðàáîòêè èíôîðìàöèè,
êîíñòðóêòèâíî âûïîëíåííûõ â âèäå øåñòè áëî-
êîâ STSH_1…STSH_6 ïî 64 êàíàëà â êàæäîì
(ðèñ. 2). Êàæäûé êàíàë âêëþ÷àåò âõîäíîé ýëåê-
òðîä EL1…EL64 äëÿ ïðèåìà çàðÿäà, âõîäíîé

Ðèñ. 1. Ýëåêòðè÷åñêàÿ ôóíêöèîíàëüíàÿ
ñõåìà ÑÁÈÑ äëÿ ÌÊ×Ä
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Ðèñ. 2.
Ýëåêòðè÷åñêàÿ ôóíêöèîíàëüíàÿ ñõåìà áëîêà ñ÷åò÷èêîâ
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óñèëèòåëü-ïðåîáðàçîâàòåëü DIF_1…DIF_64 è 10-
ðàçðÿäíûé ñ÷åò÷èê èìïóëüñîâ SH_1…SH_64.
Ìèêðîñõåìà òàêæå ñîäåðæèò óñèëèòåëè-ôîðìè-
ðîâàòåëè âõîäíûõ è âûõîäíûõ ñèãíàëîâ FREAD,
FCLK, FSTOP, FBREK, FQE, FQ1…FQ10,
FEREK, FPP (ðèñ. 1) è ñõåìû óïðàâëåíèÿ ðå-
æèìàìè ðàáîòû ìèêðîñõåìû, êîòîðûå îáåñïå÷è-
âàþò ñ÷åò èìïóëüñîâ ñ÷åò÷èêàìè, ñ÷èòûâàíèå
èíôîðìàöèè ñî ñ÷åò÷èêîâ, îáíóëåíèå ñ÷åò÷èêîâ,
âêëþ÷åíèå è âûêëþ÷åíèå âûõîäíûõ óñèëèòåëåé,
ðàáîòó â òåñòîâîì ðåæèìå.

Âðåìåííàÿ äèàãðàììà ðàáîòû ìèêðîñõåìû â
ðåæèìàõ «Ñ÷åò», «Ñ÷èòûâàíèå» è «Òåñòèðîâà-
íèå» ïîêàçàíà íà ðèñ. 3.

Âõîäíûå óñèëèòåëè-ïðåîáðàçîâàòåëè
Íà ðèñ. 4 ïðèâåäåíà ýëåêòðè÷åñêàÿ ïðèíöè-

ïèàëüíàÿ ñõåìà âõîäíîãî óñèëèòåëÿ-ïðåîáðàçî-
âàòåëÿ DIF, êîòîðûé îáåñïå÷èâàåò ïðåîáðàçîâà-
íèå «çàðÿä — èìïóëüñ». Èñïîëüçîâàíèå òàêîé
ñõåìû ÿâëÿåòñÿ îòëè÷èòåëüíîé ÷åðòîé çàïàòåí-
òîâàííîãî ÌÊ×Ä [2].

Â èñõîäíîì ñîñòîÿíèè íàïðÿæåíèÿ íà âõî-
äàõ óñèëèòåëÿ-ïðåîáðàçîâàòåëÿ EL, ò. å. íà çà-
òâîðàõ òðàíçèñòîðîâ VT6 è VT7, îäèíàêîâû çà
ñ÷åò îáðàòíîé ñâÿçè ÷åðåç òðàíçèñòîðû VT1, VT2
è ðàâíû íàïðÿæåíèþ UOP íà âõîäå OP. Ïî-
ñêîëüêó çàòâîð òðàíçèñòîðà VT8 ñîåäèíåí ñî ñòî-
êîì, îí âñåãäà íàõîäèòñÿ â íàñûùåíèè. Çàòâîð

Ðèñ. 3. Âðåìåííàÿ äèàãðàììà ðàáîòû ÑÁÈÑ
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è èñòîê òðàíçèñòîðà VT8 ñîåäèíåíû, ñîîòâåòñòâåí-
íî, ñ çàòâîðîì è èñòîêîì òðàíçèñòîðà VT9, ïî-
ýòîìó êîãäà òðàíçèñòîð VT9 íàõîäèòñÿ â íàñû-
ùåíèè, îí ðàáîòàåò â ðåæèìå «òîêîâîãî çåðêà-
ëà» òðàíçèñòîðà VT8. Òàê êàê èñòîêè òðàíçèñ-
òîðîâ VT6 è VT7 ñîåäèíåíû, à íà èõ çàòâîðàõ â
èñõîäíîì ñîñòîÿíèè ïîòåíöèàëû îäèíàêîâû, îíè
èìåþò îäèíàêîâîå óïðàâëÿþùåå íàïðÿæåíèå,
ðàâíîå ðàçíîñòè ïîòåíöèàëîâ çàòâîðîâ è èñòî-
êîâ ýòèõ òðàíçèñòîðîâ (Uç–Uè). Äëèíà êàíà-
ëîâ ýòèõ òðàíçèñòîðîâ îäèíàêîâà (ìèíèìàëüíàÿ)
L6 = L7, à ïîñêîëüêó øèðèíà êàíàëà W6 òðàí-
çèñòîðà VT6 áîëüøå øèðèíû êàíàëà W7 òðàí-
çèñòîðà VT7, òî è òîê I6, ïðîòåêàþùèé ÷åðåç
òðàíçèñòîð VT6, áîëüøå òîêà I7 òðàíçèñòîðà VT7.
Òîêè â òðàíçèñòîðàõ VT9 è VT8 ðàâíû, ñîîòâåò-
ñòâåííî, òîêàì òðàíçèñòîðîâ VT6 è VT7, à ò. ê.
òðàíçèñòîðû VT8 è VT9 êîíñòðóêòèâíî îäèíà-
êîâû è òðàíçèñòîð VT8 íàõîäèòñÿ â íàñûùåíèè,
òðàíçèñòîð VT9 â ýòîì ñëó÷àå áóäåò íàõîäèòüñÿ
â òðèîäíîé îáëàñòè è èìåòü íèçêîå íàïðÿæåíèå
ñòîê — èñòîê Uñè. Ñëåäîâàòåëüíî, íàïðÿæåíèå
â óçëå u1 áóäåò èìåòü çíà÷åíèå, áëèçêîå ê íà-
ïðÿæåíèþ ïèòàíèÿ Vcc (+5 Â), òðàíçèñòîð VT10
áóäåò çàêðûò è â óçëå u3 áóäåò íàïðÿæåíèå,
áëèçêîå ê íóëþ. Ïðè ýòîì âûõîäíîé òðàíçèñòîð
VT12 óñèëèòåëÿ-ïðåîáðàçîâàòåëÿ áóäåò çàêðûò,
à VT13 — îòêðûò, à âûõîäíîé âûâîä óñèëèòåëÿ-
ïðåîáðàçîâàòåëÿ OUT ÷åðåç òðàíçèñòîð VT13 áó-
äåò ïîäêëþ÷åí ê øèíå ïèòàíèÿ Vcc. Ïîýòîìó â
èñõîäíîì ñîñòîÿíèè íà âûõîäå óñèëèòåëÿ-ïðåîá-
ðàçîâàòåëÿ óñòàíàâëèâàåòñÿ íàïðÿæåíèå âûñîêî-
ãî óðîâíÿ, áëèçêîå ê íàïðÿæåíèþ ïèòàíèÿ Vcc.

Ñõåìà äîëæíà îáåñïå÷èòü ñðàáàòûâàíèå óñè-
ëèòåëÿ-ïðåîáðàçîâàòåëÿ è ôîðìèðîâàíèå îäèíî÷-
íîãî èìïóëüñà ïðè ïîñòóïëåíèè íà åãî âõîä EL
îòðèöàòåëüíîãî çàðÿäà ∆Qâõ ≥ |–1,6.10–13|  Êë,
âûçûâàþùåãî íà âõîäå îòðèöàòåëüíûé ïåðåïàä
íàïðÿæåíèÿ
∆Uâõ≥∆Qâõ/Ñâõ,
ãäå Ñâõ — åìêîñòü âõîäíîãî óçëà EL.

Ïîñêîëüêó òðàíçèñòîð VT9 èìååò ìàêñèìàëü-
íûé òîê â íàñûùåíèè, ðàáîòàÿ ïðè ýòîì â ðåæè-
ìå «òîêîâîãî çåðêàëà» òðàíçèñòîðà VT8, åãî ìàê-
ñèìàëüíàÿ âåëè÷èíà îïðåäåëÿåòñÿ òîêîì â öåïè

òðàíçèñòîðîâ VT6 è VT8, êîòîðûé çàâèñèò îò
íàïðÿæåíèÿ íà çàòâîðå òðàíçèñòîðà VT6. Ïðè
ïîñòóïëåíèè íà âõîäíîé ýëåêòðîä EL, ê êîòîðî-
ìó ïîäêëþ÷åí çàòâîð òðàíçèñòîðà VT6, îòðèöà-
òåëüíîãî çàðÿäà ∆Qâõ òîê â öåïè òðàíçèñòîðîâ
VT6 è VT8 óìåíüøàåòñÿ.

Äëÿ ïåðåêëþ÷åíèÿ ñõåìû íåîáõîäèìî, ÷òîáû
òîê íàñûùåíèÿ I7 òðàíçèñòîðà VT7 ïðåâûñèë òîê
íàñûùåíèÿ I6 òðàíçèñòîðà VT6 [3]. Ïðè ýòîì
òîê I7 òðàíçèñòîðà VT7 ñòàíåò áîëüøå òîêà I9
òðàíçèñòîðà VT9 è íà÷íåòñÿ ðàçðÿä óçëà u1, êî-
òîðûé áóäåò ïðîäîëæàòüñÿ äî òåõ ïîð, ïîêà òðàí-
çèñòîð VT7 íå âûéäåò èç íàñûùåíèÿ è òîêè I7 è
I9 íå ñðàâíÿþòñÿ.

Ïðè ýòîì â óçëå u1 óñòàíàâëèâàåòñÿ íèçêèé
ïîòåíöèàë, ÷òî îáåñïå÷èâàåò âûñîêîå îòïèðàþ-
ùåå íàïðÿæåíèå òðàíçèñòîðà VT10 è ïðèâîäèò
ê ïîâûøåíèþ ïîòåíöèàëà â óçëå u3, çàïèðàíèþ
òðàíçèñòîðà VT13 è îòïèðàíèþ òðàíçèñòîðà
VT12. Âûõîäíîé âûâîä óñèëèòåëÿ OUT ÷åðåç
òðàíçèñòîð VT12 ïîäêëþ÷àåòñÿ ê øèíå êîðïóñà.

Â èñõîäíîå ñîñòîÿíèå ñõåìà âîçâðàùàåòñÿ çà
ñ÷åò îáðàòíîé ñâÿçè ÷åðåç òðàíçèñòîð VT2: êîã-
äà ïîòåíöèàë â óçëå u3 ïðåâûñèò UOP íà âåëè-
÷èíó, ïðåâûøàþùóþ ïîðîãîâîå íàïðÿæåíèå
òðàíçèñòîðà VT2, òðàíçèñòîð îòêðûâàåòñÿ, ïðî-
èñõîäèò çàðÿä âõîäíîãî óçëà óñèëèòåëÿ-ïðåîá-
ðàçîâàòåëÿ EL äî íàïðÿæåíèÿ UOP, íà âõîäå EL
óñèëèòåëÿ-ïðåîáðàçîâàòåëÿ âîññòàíàâëèâàåòñÿ íà-
ïðÿæåíèå, ðàâíîå UOP, è ñõåìà âîçâðàùàåòñÿ â
èñõîäíîå ñîñòîÿíèå, çàâåðøèâ ôîðìèðîâàíèå îò-
ðèöàòåëüíîãî èìïóëüñà.

Äåëèòåëü íàïðÿæåíèÿ íà òðàíçèñòîðàõ VT11,
VT5 ôîðìèðóåò íàïðÿæåíèå íà çàòâîðàõ òðàí-
çèñòîðîâ VT3, VT4, ðàáîòàþùèõ â ðåæèìå «òî-
êîâîãî çåðêàëà», îïðåäåëÿÿ âåëè÷èíó èõ òîêà.

Êðóòèçíà ñòîêîâî-çàòâîðíîé õàðàêòåðèñòèêè
òðàíçèñòîðà VT1 íèçêàÿ è ïîýòîìó íå âëèÿåò íà
ïðîöåññ ôîðìèðîâàíèÿ èìïóëüñîâ, íî ïðåäîõ-
ðàíÿåò îò âîçìîæíîãî íàòåêàíèÿ ïîëîæèòåëüíûõ
çàðÿäîâ íà âõîä EL óñèëèòåëÿ-ïðåîáðàçîâàòåëÿ.

Ðàçìåðû òðàíçèñòîðîâ VT12, VT13 âûáðàíû
èç óñëîâèÿ îáåñïå÷åíèÿ ïåðåçàðÿäà íàãðóçî÷íîé
åìêîñòè äî 1,5 ïÔ íà ÷àñòîòå 5 ÌÃö è îïðåäåëÿ-
þò âåëè÷èíó åìêîñòè óçëà u3. Ñêîðîñòü ïåðåçà-
ðÿäà óçëà u3 îïðåäåëÿåò áûñòðîäåéñòâèå óñèëè-
òåëÿ-ïðåîáðàçîâàòåëÿ. Âåëè÷èíà òîêîâ I3 è I4
òðàíçèñòîðîâ VT3 è VT4 âûáèðàåòñÿ èç êîìïðî-
ìèññà ìåæäó áûñòðîäåéñòâèåì è ìîùíîñòüþ ïî-
òðåáëåíèÿ è äîëæíà îáåñïå÷èòü ðàáîòó óñèëèòå-
ëÿ-ïðåîáðàçîâàòåëÿ íà ÷àñòîòå íå ìåíåå 5 ÌÃö.

Ïîñêîëüêó äëèíà êàíàëîâ òðàíçèñòîðîâ VT6,
VT7 è øèðèíà êàíàëà òðàíçèñòîðà VT7 âûïîë-
íåíû ìèíèìàëüíî äîïóñòèìûìè äëÿ èñïîëüçóå-
ìîé òåõíîëîãèè, øèðèíà òðàíçèñòîðà VT6 âû-
áèðàåòñÿ â k ðàç áîëüøå ìèíèìàëüíîé äëÿ îáåñ-
ïå÷åíèÿ òðåáóåìîé ÷óâñòâèòåëüíîñòè, òî åñòü
L6=L7=Lmin; W7=Wmin; W6=kWmin.

Òîêè òðàíçèñòîðîâ VT6 è VT7 ðàâíû ñîîò-
âåòñòâåííî
I6=0,5β6(UOP–U2–Vò–∆Uâõ)

2;

Ðèñ. 4. Ýëåêòðè÷åñêàÿ ïðèíöèïèàëüíàÿ ñõåìà âõîä-
íîãî óñèëèòåëÿ-ïðåîáðàçîâàòåëÿ «çàðÿä — èìïóëüñ»
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Ðèñ. 5. Ýëåêòðè÷åñêàÿ ôóíêöèîíàëüíàÿ ñõåìà 10-ðàçðÿäíîãî ñ÷åò÷èêà

I7=0,5β7(UOP–U2–Vò)
2,

Ïîñêîëüêó I6+I7=Iç, â òî÷êå ïåðåêëþ÷åíèÿ
I6=I7=0,5 Iç.

Îáîçíà÷èì UOP–U2–Vò=Ve7 (ýôôåêòèâíîå
óïðàâëÿþùåå íàïðÿæåíèå òðàíçèñòîðà VT7) è
òîãäà ñìîæåì çàïèñàòü

Îòñþäà øèðèíà êàíàëà òðàíçèñòîðà VT6,
ñîîòâåòñòâóþùàÿ ÷óâñòâèòåëüíîñòè óñèëèòåëÿ-
ïðåîáðàçîâàòåëÿ ∆Qâõ, ðàâíà

3 min
6 min 2

0 7 âõ âõ( / )n e

I L
W kW

C V Q C
= =

µ − ∆ .

Ðàáîòà ñ÷åò÷èêîâ â ðåæèìàõ «Ñ÷åò»
è «Ñ÷èòûâàíèå»

Äëÿ ïîäñ÷åòà èìïóëüñîâ, ïîñòóïàþùèõ ñ âû-
õîäîâ óñèëèòåëåé-ïðåîáðàçîâàòåëåé, â ìèêðîñõå-
ìå èñïîëüçóþòñÿ 384 10-ðàçðÿäíûõ ñ÷åò÷èêà, êî-
òîðûå â ðåæèìå «Ñ÷åò» ðàáîòàþò ïàðàëëåëüíî,
à â ðåæèìå «Ñ÷èòûâàíèå» — ïîñëåäîâàòåëüíî.

Ñ öåëüþ îïòèìèçàöèè íàãðóçêè äëÿ óçëîâ,
ôîðìèðóþùèõ ñèãíàëû óïðàâëåíèÿ ñ÷åò÷èêàìè,
ïîñëåäíèå äåëÿòñÿ íà øåñòü áëîêîâ (STSH_1…
STSH_6 íà ðèñ. 1) ïî 64 ñ÷åò÷èêà â êàæäîì
(SH_1…SH_64 íà ðèñ. 2).

ãäå β6, β7 —
β6 =
 β7 =

VT —
U2 —
µn —

Ñ0 —

êðóòèçíà òðàíçèñòîðîâ VT6 è VT7,
µnC0kWmin /Lmin,
µnC0Wmin /Lmin;
ïîðîãîâîå íàïðÿæåíèå ýòèõ òðàíçèñòîðîâ;
ïîòåíöèàë óçëà u2;
ïîäâèæíîñòü íîñèòåëåé â n-êàíàëüíûõ ÌÎÏ-
òðàíçèñòîðàõ;
óäåëüíàÿ åìêîñòü çàòâîðà ÌÎÏ-òðàíçèñòî-
ðîâ.

2min
6 0 7 âõ 3

min

0,5 ( ) 0,5n e

kW
I C V U I

L
= µ − ∆ =
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Íà ðèñ. 2 ïðèâåäåíà ýëåêòðè÷åñêàÿ ôóíêöè-
îíàëüíàÿ ñõåìà òàêîãî áëîêà, à íà ðèñ. 5 —
ýëåêòðè÷åñêàÿ ôóíêöèîíàëüíàÿ ñõåìà 10-ðàçðÿä-
íîãî ñ÷åò÷èêà, ðåàëèçîâàííîãî íà D-òðèããåðàõ.
Ðàçðÿäû ñ÷åò÷èêà (SHB_1…SHB_10 íà ðèñ. 5)
èìåþò ñ÷åòíûé âõîä IN, âõîä íà÷àëüíîé óñòà-
íîâêè S12 è äâà êîìïëåìåíòàðíûõ âûõîäà —
ïðÿìîé B è èíâåðñíûé — NÂ. Ïðÿìîé âûõîä Â
â ðåæèìå «Ñ÷åò» íàõîäèòñÿ â òðåòüåì ñîñòîÿíèè.

Íà âõîäû IN ñ÷åò÷èêîâ SH_1…SH_64 (ðèñ. 2)
ïîñòóïàþò èìïóëüñû ñ âûõîäîâ OUT óñèëèòå-
ëåé-ïðåîáðàçîâàòåëåé DIF_1…DIF_64 è ïîäàþò-
ñÿ íà âõîä IN 1-ãî ðàçðÿäà SHB_1 ñ÷åò÷èêà ÷åðåç
ñõåìó íà òðàíçèñòîðàõ VT1…VT10 (ðèñ. 5), ðàç-
ðåøàþùóþ ñ÷åò è áëîêèðóþùóþ ïîäà÷ó èìïóëü-
ñîâ ïðè ïåðåïîëíåíèè ñ÷åò÷èêà, ïðè ñ÷èòûâà-
íèè èíôîðìàöèè ñ äàííîãî ñ÷åò÷èêà èëè ïî ñèã-
íàëó STOP (ðèñ. 2, 3).

×òîáû èçáåæàòü ïåðåïîëíåíèÿ ñ÷åò÷èêà 1024-ì
èìïóëüñîì, ÷òî ïðèâåëî áû ê îáíóëåíèþ 10-
ðàçðÿäíîãî ñ÷åò÷èêà è óòåðå èíôîðìàöèè, îñòà-
íîâêà ñ÷åòà ïðîèçâîäèòñÿ ïîñëå 1020-ãî èìïóëü-
ñà. Ýòó îïåðàöèþ âûïîëíÿåò ñõåìà ñîâïàäåíèÿ
íà òðàíçèñòîðàõ VT11…VT27 (ðèñ. 5), íà êîòî-
ðóþ ïîäàþòñÿ ñèãíàëû ñ èíâåðñíûõ âûõîäîâ NÂ
âîñüìè ñòàðøèõ ðàçðÿäîâ ñ÷åò÷èêà. Íàïðÿæå-
íèå âûñîêîãî óðîâíÿ ñ âûõîäà ýòîé ñõåìû áëî-
êèðóåò âõîä ïåðâîãî ðàçðÿäà ñ÷åò÷èêà, à ñèãíàë
ñ âûõîäà SU1 ÷åðåç èíâåðòîð íà òðàíçèñòîðàõ
VT38 è VT39 (ðèñ. 2) ïîñòóïàåò íà áëîê âûõîä-
íîãî ôîðìèðîâàòåëÿ VÐÐ (ðèñ. 1), è íà âíåøíåé
êîíòàêòíîé ïëîùàäêå ÐÐ ôîðìèðóåòñÿ íàïðÿ-
æåíèå íèçêîãî óðîâíÿ (ïðèçíàê ïåðåïîëíåíèÿ).
Äðóãèå (íå ïåðåïîëíåííûå) ñ÷åò÷èêè ïðè ýòîì
ìîãóò ïðîäîëæàòü ñ÷åò. Òàêèì îáðàçîì ðåàëè-
çóåòñÿ âàðèàíò ñ÷èòûâàíèÿ áåç îñòàíîâêè ñ÷åòà.

Âî âòîðîì âàðèàíòå ñ÷èòûâàíèÿ ïî êîìàíäå
STOP áëîêèðóåòñÿ ñ÷åò âî âñåõ ñ÷åò÷èêàõ è âû-
ïîëíÿåòñÿ ïîñëåäîâàòåëüíîå ñ÷èòûâàíèå èíôîð-
ìàöèè ñî âñåõ ñ÷åò÷èêîâ ñ ïîñëåäóþùèì èõ îá-
íóëåíèåì. Ïîñëå îêîí÷àíèÿ ñ÷èòûâàíèÿ ñíèìà-
åòñÿ áëîêèðîâêà è âîçîáíîâëÿåòñÿ ñ÷åò.

Ñèãíàëîì STOP îäíîâðåìåííî áëîêèðóåòñÿ
ñ÷åò âî âñåõ ñ÷åò÷èêàõ ìèêðîñõåìû, ïðè ýòîì
íà âõîäû SU2 âñåõ ñ÷åò÷èêîâ SH_1…SH_64
(ðèñ. 2, 5) ïîäàåòñÿ íàïðÿæåíèå âûñîêîãî óðîâíÿ.

Äëÿ îáåñïå÷åíèÿ ïîñëåäîâàòåëüíîãî ñ÷èòûâà-
íèÿ èíôîðìàöèè èç ñ÷åò÷èêîâ èñïîëüçóåòñÿ 384-
ðàçðÿäíûé ïîñëåäîâàòåëüíûé ðåãèñòð ñäâèãà (íà
ðèñ. 2, ñõåìû RS_1…RS_64), êîòîðûé âûïîëíÿ-
åò ðîëü äåøèôðàòîðà ñ÷åò÷èêîâ. Ðåãèñòð ðåàëèçî-
âàí íà D-òðèããåðàõ. Ðàçðÿäû ðåãèñòðîâ èìåþò èí-
ôîðìàöèîííûé âõîä SU5, òàêòîâûé âõîä SU4,
âõîä íà÷àëüíîé óñòàíîâêè SU3 è äâà êîìïëåìåí-
òàðíûõ âûõîäà — ïðÿìîé S11 è èíâåðñíûé S2
(ðèñ. 2). Ïî òàêòîâîìó èìïóëüñó CLK (ðèñ. 1, 3)
äàííûå ñ èíôîðìàöèîííîãî âõîäà SU5 ðàçðÿäà
ðåãèñòðà ïåðåíîñÿòñÿ íà åãî âûõîä S11.

Âõîä SU3, íà êîòîðûé ïîñòóïàåò ñèãíàë ñ
âõîäíîãî ôîðìèðîâàòåëÿ FREAD (ðèñ. 1), ñëó-
æèò äëÿ îáíóëåíèÿ ñîäåðæèìîãî ðåãèñòðîâ (ïðè
âûñîêîì óðîâíå íàïðÿæåíèÿ íà âõîäå) è îáåñ-
ïå÷èâàåò âêëþ÷åíèå ðåãèñòðîâ â ðåæèìå ñ÷èòû-
âàíèÿ (ïðè íèçêîì óðîâíå).

Íà÷àëî ñ÷èòûâàíèÿ çàäàåòñÿ ïîäà÷åé íà âõîä
ìèêðîñõåìû ñèãíàëà BREK (ðèñ. 1, 3), êîòî-
ðûé ïîñëå âõîäíîãî ôîðìèðîâàòåëÿ FBREK ïî-
ñòóïàåò íà âõîä BRE ïåðâîãî áëîêà ñ÷åò÷èêîâ
STSH_1 (ðèñ. 1) è ÷åðåç èíâåðòîðû íà òðàíçèñ-
òîðàõ VT27…VT30 (ðèñ. 2) íà âõîä SU5 ïåðâî-
ãî ðàçðÿäà RS_1 ðåãèñòðà ñäâèãà.

Îäíîâðåìåííî ñèãíàë BRE ÷åðåç èíâåðòîð íà
òðàíçèñòîðàõ VT27 è VT28 è ñõåìó íà òðàíçèñ-
òîðàõ VT31…VT36 ïîäàåòñÿ íà âõîä SU5 ðåãèñ-
òðà RS_66, è íà âûõîäå S11 ýòîãî ðåãèñòðà óñòà-
íàâëèâàåòñÿ âûñîêèé ïîòåíöèàë, êîòîðûé âêëþ-
÷àåò âûõîäíûå óñèëèòåëè áëîêà ñ÷åò÷èêîâ (òðàí-
çèñòîðû VT1…VT24 íà ðèñ. 2) íà âðåìÿ ñ÷èòû-
âàíèÿ èíôîðìàöèè ñ ýòîãî áëîêà.

Èìïóëüñ BRE, ïîñëåäîâàòåëüíî ñäâèãàÿñü
âäîëü ñäâèãîâîãî ðåãèñòðà òàêòîâûìè èìïóëü-
ñàìè CLK, ïîî÷åðåäíî ïîäêëþ÷àåò ê ñ÷èòûâà-
íèþ 384 ñ÷åò÷èêà. Ïî ïåðåäíåìó ôðîíòó òàêòî-
âîãî èìïóëüñà CLK ñèãíàë BRE ïðèíèìàåòñÿ
ðåãèñòðîì, à ïî çàäíåìó ôðîíòó íà âûõîäàõ S11
è S2 ðàçðÿäà ðåãèñòðà óñòàíàâëèâàþòñÿ, ñîîò-
âåòñòâåííî, âûñîêèé è íèçêèé óðîâíè íàïðÿæå-
íèÿ, êîòîðûå ïîäàþòñÿ íà ñîîòâåòñòâóþùèå âõî-
äû ñ÷åò÷èêà è ïîäêëþ÷àþò âûõîäû Â1…Â10
(ðèñ. 2) ñ÷èòûâàåìîãî ñ÷åò÷èêà ê ñîîòâåòñòâóþ-
ùèì øèíàì äàííûõ, è èíôîðìàöèÿ ñî ñ÷èòûâà-
åìîãî ñ÷åò÷èêà ÷åðåç âûõîäíûå óñèëèòåëè áëîêà
è âûõîäíûå ôîðìèðîâàòåëè FQ1…FQ10 ïîñòó-
ïàåò íà âûõîäû ìèêðîñõåìû Q1…Q10 (ðèñ. 1).
Ïðè ýòîì âûõîäû Â1… Â10 (ðèñ. 2) íåâûáðàí-
íûõ ñ÷åò÷èêîâ íàõîäÿòñÿ â òðåòüåì ñîñòîÿíèè.

Ñèãíàë ñ âûõîäà S11 ñ÷èòûâàåìîãî ðàçðÿäà
ðåãèñòðà ïîäàåòñÿ òàêæå íà âõîä S12 (ðèñ. 2)
ïðåäûäóùåãî (óæå ñ÷èòàííîãî) ñ÷åò÷èêà, ÷òî
âîçâðàùàåò ïîñëåäíèé â èñõîäíîå ñîñòîÿíèå.

Ïîñëå îêîí÷àíèÿ ñ÷èòûâàíèÿ ñ÷åò÷èêà âûõîä
S11 (ðèñ. 2, 5) ýòîãî ðàçðÿäà ðåãèñòðà âîçâðà-
ùàåòñÿ â ñîñòîÿíèå íèçêîãî óðîâíÿ íàïðÿæåíèÿ,
êîòîðîå, ïîñòóïàÿ íà ñîîòâåòñòâóþùèé âõîä S11
(ðèñ. 5) ñ÷åò÷èêà, ñíèìàåò â íåì áëîêèðîâêó
ñ÷åòà è îòêðûâàåò âõîä ñ÷èòàííîãî ñ÷åò÷èêà äëÿ
ïðèåìà íîâîé èíôîðìàöèè ñ âûõîäà óñèëèòåëÿ-
ïðåîáðàçîâàòåëÿ.

Äëÿ îáíóëåíèÿ 64-ãî ñ÷åò÷èêà áëîêà ñ÷åò÷è-
êîâ ñëóæèò äîïîëíèòåëüíûé, 65-é ðàçðÿä ðåãè-
ñòðà (RS_65 íà ðèñ. 2) â êàæäîì áëîêå, êîòî-
ðûé ðàáîòàåò ïàðàëëåëüíî ñ ïåðâûì ðàçðÿäîì
ðåãèñòðà ñëåäóþùåãî áëîêà ñ÷åò÷èêîâ, íî ïðè
ýòîì âûïîëíÿåò òîëüêî îäíó ôóíêöèþ — îáíó-
ëåíèå 64-ãî ñ÷åò÷èêà áëîêà. Ýòî ñäåëàíî äëÿ
óïðîùåíèÿ êîíñòðóêöèè òîïîëîãèè êðèñòàëëà.

Ïîñëå ñ÷èòûâàíèÿ èíôîðìàöèè ñ ïîñëåäíåãî,
64-ãî ñ÷åò÷èêà áëîêà ñèãíàë ñ âûõîäà S11 ðàç-
ðÿäà RS_64 (ðèñ. 2) ñäâèãîâîãî ðåãèñòðà ïîäà-
åòñÿ íà âûõîä ERE áëîêà ñ÷åò÷èêîâ è ÿâëÿåòñÿ
èìïóëüñîì îêîí÷àíèÿ ñ÷èòûâàíèÿ áëîêà, êîòî-
ðûé èñïîëüçóåòñÿ â êà÷åñòâå èìïóëüñà BRE íà-
÷àëà ñ÷èòûâàíèÿ äëÿ ñëåäóþùåãî áëîêà. Êîãäà
èíôîðìàöèÿ ñ÷èòàíà èç âñåõ 384 ñ÷åò÷èêîâ, ðàñ-
ïîëîæåííûõ íà êðèñòàëëå, íà âíåøíåì âûâîäå
EREK (êîíåö ñ÷èòûâàíèÿ ñ êðèñòàëëà) ïîÿâëÿ-
åòñÿ èìïóëüñ âûñîêîãî óðîâíÿ, êîòîðûé ïðè ïðè-
ìåíåíèè â ïðèáîðå íåñêîëüêèõ êðèñòàëëîâ
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ÑÁÈÑ ìîæåò áûòü èñïîëüçîâàí â êà÷åñòâå èì-
ïóëüñà BREK (ðèñ. 1) äëÿ ñ÷èòûâàíèÿ èíôîð-
ìàöèè ñî ñëåäóþùåãî êðèñòàëëà.

Ñèãíàë ñ âûõîäà S11 ðàçðÿäà RS_64 ñäâèãî-
âîãî ðåãèñòðà â áëîêàõ ñ÷åò÷èêîâ ïîäàåòñÿ íà
òðàíçèñòîðû VT33, VT35 (ðèñ. 2), è ïîñëå ñ÷è-
òûâàíèÿ 64-ãî ñ÷åò÷èêà áëîêà íà âûõîäå ñõåìû
íà òðàíçèñòîðàõ VT31…VT36, ê êîòîðîìó ïîä-
êëþ÷åí âõîä SU5 ðåãèñòðà RS_66, óñòàíàâëèâà-
åòñÿ íèçêèé ïîòåíöèàë, ðåãèñòð RS_66 ïåðåêëþ-
÷àåòñÿ, è íà âûõîäå S11 ýòîãî ðåãèñòðà óñòàíàâ-
ëèâàåòñÿ íèçêèé ïîòåíöèàë, êîòîðûé áëîêèðóåò
âõîäû âûõîäíûõ óñèëèòåëåé ñîîòâåòñòâóþùåãî
áëîêà ñ÷åò÷èêîâ, è íà åãî âûõîäàõ DÂ1… DÂ10
(ðèñ. 1, 2) óñòàíàâëèâàåòñÿ òðåòüå (âûñîêîèì-
ïåäàíñíîå) ñîñòîÿíèå. Êðîìå òîãî, íèçêèé ïî-
òåíöèàë ñ âûõîäà S11 ðàçðÿäà RS_66 ñäâèãîâîãî
ðåãèñòðà ïîñòóïàåò íà âûâîä RE áëîêà ñ÷åò÷è-
êîâ. Ñèãíàëû RE ñ áëîêîâ ñ÷åò÷èêîâ
STSH_1…STSH_6 (ðèñ. 1) ïîäàþòñÿ íà ñîîò-
âåòñòâóþùèå âõîäû RE1…RE6 áëîêà FQE.

Ôîðìèðîâàòåëè âõîäíûõ è âûõîäíûõ
ñèãíàëîâ

Âñå âõîäíûå ôîðìèðîâàòåëè ðàáîòàþò ïðè
òèïîâûõ äëÿ ÊÌÎÏ ÈÑ óðîâíÿõ âõîäíûõ ñèã-
íàëîâ (íèçêèé ëîãè÷åñêèé óðîâåíü 0,3Vññ, âû-
ñîêèé ëîãè÷åñêèé óðîâåíü 0,7Vññ).

Âõîäíûå ôîðìèðîâàòåëè FBREK, FREAD,
FSTOP, FCLK (ðèñ. 1) óñèëèâàþò âõîäíûå ñèã-
íàëû ïî àìïëèòóäå äî Vcc è ôîðìèðóþò ñèãíà-
ëû ñ òðåáóåìûìè íàãðóçî÷íîé ñïîñîáíîñòüþ è
ôðîíòàìè.

Âõîäíîé ôîðìèðîâàòåëü FQE (ðèñ. 1) âûðà-
áàòûâàåò ñèãíàë QE, êîòîðûé ïðè íèçêîì óðîâ-
íå íàïðÿæåíèÿ íà âõîäå QÅ âêëþ÷àåò âûõîä-
íûå ôîðìèðîâàòåëè FQ1…FQ10, à ïðè âûñî-
êîì óðîâíå íàïðÿæåíèÿ íà âõîäå QÅ ïåðåâîäèò
âûõîäû Q1…Q10 â òðåòüå ñîñòîÿíèå  – âûñîêî-
èìïåäàíñíîå ñîñòîÿíèå âûõîäà, ïðè êîòîðîì îáà
âûõîäíûå òðàíçèñòîðû çàêðûòû, ÷òî ïðè èñïîëü-
çîâàíèè â ïðèáîðå ÌÊ×Ä íåñêîëüêèõ ÑÁÈÑ
ïîçâîëÿåò îáúåäèíÿòü ñîîòâåòñòâóþùèå âûõîäû
ìèêðîñõåì.

Âõîäíîé ôîðìèðîâàòåëü FQE (ðèñ. 1) âêëþ-
÷àåò äîïîëíèòåëüíóþ ñõåìó, êîòîðàÿ ðàçðåøàåò
âêëþ÷åíèå âûõîäíûõ ôîðìèðîâàòåëåé
FQ1…FQ10 òîëüêî âî âðåìÿ ñ÷èòûâàíèÿ èíôîð-
ìàöèè ñî ñ÷åò÷èêîâ SH1..SH384 (ðèñ. 2). Ïîñëå
ñ÷èòûâàíèÿ ñ ïîñëåäíåãî ñ÷åò÷èêà SH384 íà âñåõ
âõîäàõ RE1...RE6 óñòàíàâëèâàåòñÿ íàïðÿæåíèå
íèçêîãî óðîâíÿ, ïðè ýòîì ôîðìèðîâàòåëü FQE
áëîêèðóåò âêëþ÷åíèå âûõîäíûõ ôîðìèðîâàòå-
ëåé FQ1…FQ10, è íà âûõîäàõ Q1…Q10 óñòà-
íîâèòñÿ òðåòüå ñîñòîÿíèå. Âûõîäíûå ôîðìèðî-
âàòåëè FQ1…FQ10 (ðèñ. 1) îáåñïå÷èâàþò óñè-
ëåíèå ïî ìîùíîñòè ñèãíàëîâ, ïîñëåäîâàòåëüíî
ïîñòóïàþùèõ ñ 384 ñ÷åò÷èêîâ ÷åðåç âûõîäíûå
óñèëèòåëè áëîêà ñ÷åò÷èêîâ, äëÿ îáåñïå÷åíèÿ íà-
ãðóçî÷íîé ñïîñîáíîñòè âûõîäîâ ìèêðîñõåìû
Q1…Q10 äî 100 ïÔ.

Ôîðìèðîâàòåëü ñèãíàëà FPP (ðèñ. 1) âûïîë-
íåí ïî ñõåìå ñ îòêðûòûì ñòîêîì. Â ñëó÷àå ïåðå-

ïîëíåíèÿ êàêîãî-ëèáî ñ÷åò÷èêà âûõîäíîé òðàí-
çèñòîð ýòîãî ôîðìèðîâàòåëÿ îòêðûâàåòñÿ è ïîä-
êëþ÷àåò âûâîä PP ê øèíå êîðïóñà. Ýòî ñîñòîÿ-
íèå ñîõðàíÿåòñÿ íà âûâîäå PP äî îêîí÷àíèÿ ñ÷è-
òûâàíèÿ èíôîðìàöèè ñ ïåðåïîëíåííîãî ñ÷åò÷è-
êà (ðèñ. 3).

Ôîðìèðîâàòåëü ñèãíàëà çàâåðøåíèÿ ñ÷èòûâà-
íèÿ ìèêðîñõåìû FEREK óñèëèâàåò ïî ìîùíîñòè
ñèãíàë, ïîñòóïàþùèé ñ âûõîäà S11 384-ãî ðàçðÿ-
äà ðåãèñòðà ñäâèãà íà âíåøíèé âûâîä EREK
(ðèñ. 1), îáåñïå÷èâàÿ íåîáõîäèìóþ íàãðóçî÷-
íóþ ñïîñîáíîñòü.

Ïðèìåíåíèå â ïðèáîðå ÌÊ×Ä íåñêîëüêèõ
ÑÁÈÑ ïîçâîëèò óâåëè÷èòü äëèíó ôîêàëüíîé
ïëîñêîñòè äåòåêòîðà (äî 5 ñì ïðè èñïîëüçîâà-
íèè ïÿòè ÑÁÈÑ). Â ýòîì ñëó÷àå âûâîä EREK
ïðåäûäóùåé ìèêðîñõåìû ïîäêëþ÷àåòñÿ êî âõî-
äó BREK ïîñëåäóþùåé, ôîðìèðóÿ åäèíûé ïî-
ñëåäîâàòåëüíûé ñäâèãîâûé ðåãèñòð íà 1920 ðàç-
ðÿäîâ (ïðè ïÿòè ÑÁÈÑ). Ïðè ýòîì èìïóëüñ BRE
ïîäàåòñÿ íà âõîä BREK ïåðâîé ÑÁÈÑ è, ïîñëå-
äîâàòåëüíî ñäâèãàÿñü âäîëü ñäâèãîâîãî ðåãèñ-
òðà, ïîäêëþ÷àåò ê ñ÷èòûâàíèþ 1920 ñ÷åò÷èêîâ.
È õîòÿ ñîîòâåòñòâóþùèå âûõîäû Q1…Q10 âñåõ
ìèêðîñõåì ñîåäèíåíû, â àêòèâíîì ñîñòîÿíèè íà-
õîäÿòñÿ âûõîäû òîëüêî òîé ÑÁÈÑ, ñ êîòîðîé â
äàííûé ìîìåíò ïðîèçâîäèòñÿ ñ÷èòûâàíèå, à âû-
õîäû îñòàëüíûõ ÑÁÈÑ áóäóò íàõîäèòüñÿ â òðå-
òüåì ñîñòîÿíèè.

Ðåæèì «Òåñòèðîâàíèå»
Â ñâÿçè ñ òåì, ÷òî ðàáî÷èé ðåæèì ñõåìû ìîæíî

ðåàëèçîâàòü òîëüêî â ñîñòàâå êàêîãî-ëèáî óñòðîé-
ñòâà, íàïðèìåð ñïåêòðîìåòðà, äëÿ åå òåñòèðîâà-
íèÿ ïðåäóñìîòðåí ñïåöèàëüíûé òåñòîâûé ðåæèì.
Äëÿ ýòîãî â ñõåìó ââåäåíû ñïåöèàëüíûå òåñòî-
âûå âõîäû TEST1 è TEST2 (ðèñ. 1, 2), êîòîðûå
÷åðåç åìêîñòíóþ ñâÿçü ïîäêëþ÷åíû êî âõîäíûì
ýëåêòðîäàì EL: TEST1 — ê íå÷åòíûì, TEST2 —
ê ÷åòíûì.

Ïðè ïîäà÷å íà òåñòîâûå âõîäû TEST1 è TEST2
(ðèñ. 3) îòðèöàòåëüíûõ èìïóëüñîâ ïî ïåðåäíå-
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tèìï
tç
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Ðèñ. 6. Ïîñëåäîâàòåëüíîñòü òåñòîâûõ èìïóëüñîâ (à)
è èõ ôîðìà (á) ïðè ïðîâåðêå áûñòðîäåéñòâèÿ ñõåìû

â ðåæèìå ñ÷åòà
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ìó ôðîíòó èìïóëüñîâ íà âõîäíûõ ýëåêòðîäàõ
íàâîäèòñÿ îòðèöàòåëüíûé çàðÿä, âåëè÷èíà êîòî-
ðîãî îïðåäåëÿåòñÿ àìïëèòóäîé îòðèöàòåëüíîãî
èìïóëüñà è âåëè÷èíîé åìêîñòè ñâÿçè Ñ ìåæäó
òåñòîâûì ýëåêòðîäîì è âõîäîì EL óñèëèòåëÿ-
ïðåîáðàçîâàòåëÿ DIF. Ýòî ïîçâîëÿåò èìèòèðî-
âàòü ðàáîòó ìèêðîñõåìû â ðåæèìå óïðàâëåíèÿ
çàðÿäîì, ïðîâîäèòü ïðîâåðêó ôóíêöèîíèðîâà-
íèÿ è îöåíêó ÷óâñòâèòåëüíîñòè ìèêðîñõåìû.

Â ñâÿçè ñ òåì, ÷òî ïî çàäíåìó ôðîíòó òåñòîâî-
ãî èìïóëüñà íà âõîäå óñèëèòåëÿ-ïðåîáðàçîâàòåëÿ
íàâîäèòñÿ ïîëîæèòåëüíûé çàðÿä, êîòîðûé ñòåêà-
åò ÷åðåç âûñîêîîìíûé òðàíçèñòîð VT1 (ðèñ. 4) â
òå÷åíèå íåñêîëüêèõ ìèêðîñåêóíä, äëÿ ïðîâåðêè
áûñòðîäåéñòâèÿ ñõåìû â ðåæèìå ñ÷åòà èñïîëüçó-
þòñÿ èìïóëüñû ñïåöèàëüíîé ôîðìû (ðèñ. 6) ñ
ïåðèîäîì Ò ≥5 ìêñ. Â ýòîì ñëó÷àå ðàáî÷àÿ ÷àñ-
òîòà â ðåæèìå ñ÷åòà îïðåäåëÿåòñÿ ïî ôîðìóëå
Fèìï = 1/tç,
ãäå tç — äëèòåëüíîñòü çàäåðæêè ìåæäó ôðîí-
òàìè èìïóëüñà ñïåöèàëüíîé ôîðìû (ðèñ. 6, á).

Çàêëþ÷åíèå
Ðàçðàáîòàííàÿ ÑÁÈÑ âìåñòå ñ äâóìÿ ÌÊÏ

òèïà F2370-01 (ôèðìà Hamamatsu, ßïîíèÿ) â
øåâðîííîé ñáîðêå èñïîëüçîâàíû ïðè ðàçðàáîò-
êå ìèêðîêàíàëüíîãî êîîðäèíàòíî-÷óâñòâèòåëü-
íîãî äåòåêòîðà â ÍÈÈ ìèêðîïðèáîðîâ ÍÀÍÓ.
Ïðîâåäåííûå â Èíñòèòóòå ïðèêëàäíîé ôèçèêè
ÍÀÍÓ èññëåäîâàíèÿ ýêñïåðèìåíòàëüíûõ îáðàç-
öîâ ïðèáîðà â ñîñòàâå ëàçåðíîãî ìàññ-ñïåêòðî-
ìåòðà ÌÑ3103 (ïðîèçâîäñòâî ÀÎ «ÑÝËÌÈ»,
Óêðàèíà) ïîäòâåðäèëè åãî âûñîêóþ ÷óâñòâèòåëü-
íîñòü — çàôèêñèðîâàíû èçîòîïû ñóðüìû Sb121
è Sb123, àòîìíàÿ êîíöåíòðàöèÿ êîòîðûõ ñî-
ñòàâëÿëà ñîîòâåòñòâåííî âñåãî 0,0008 è 0,0006%.
Èñïîëüçîâàíèå òàêîãî äåòåêòîðà â ëàçåðíîì ìàññ-
ñïåêòðîìåòðå â êà÷åñòâå ïðèåìíèêà èîíîâ èçîòî-
ïîâ ïîçâîëÿåò ðåãèñòðèðîâàòü ðåçóëüòàòû àíàëè-
çà â ðåæèìå ðåàëüíîãî âðåìåíè è ïðîâîäèòü þñ-
òèðîâêó ìàññ-ñïåêòðîìåòðà ïî êîíêðåòíûì èçî-
òîïàì ïðèìåñíûõ ýëåìåíòîâ. Ýòî ïîçâîëèò çíà-
÷èòåëüíî ñîêðàòèòü âðåìÿ àíàëèçà, ïîâûñèòü åãî
òî÷íîñòü è ÷óâñòâèòåëüíîñòü ïðè ñíèæåíèè ðàñ-
õîäà ïðîá, ÷òî îñîáåííî âàæíî ïðè àíàëèçå íà-
íîìàòåðèàëîâ, à òàêæå îïåðàòèâíî óïðàâëÿòü
ïðîöåññàìè ñîçäàíèÿ ìàòåðèàëîâ.

Òàêèå äåòåêòîðû ìîãóò áûòü èñïîëüçîâàíû äëÿ
ìîäåðíèçàöèè ìàññ-ñïåêòðîìåòðîâ è äëÿ ñîçäà-
íèÿ äðóãèõ ñîâðåìåííûõ ïðèáîðîâ äëÿ ðåãèñòðà-
öèè ïðîôèëåé è ïðîñòðàíñòâåííîãî ðàñïîëîæå-
íèÿ ïó÷êîâ íåéòðàëüíûõ è çàðÿæåííûõ ÷àñòèö.
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Sidorenko V. P., Verbitskii V. G., Prokofiev Yu. V.
Circuit design of VLSI for microelectronic coordinate-
sensitive detector for material element analysis.

Keywords: VLSI, CMOS technology, microelec-
tronic coordinate-sensitive detector, elemental
analysis, convertor amplifier, 10-bit counters.

There has been designed, manufactured and tested
a VLSI providing as a part of the microelectronic
coordinate-sensitive detector the simultaneous
elemental analysis of all the principles of the
substance. VLSI ensures the amplifier-converter
response on receiving of 1,6.10–13 Ñ  negative charge
to its input. Response speed of the microcircuit is
at least 3 MHz in the counting mode and more
than 4 MHz in the counter information read-out
mode. The power consumption of the microcircuit
is no more than 7 mA.

Ukraine, Kiev, RI of Microdevices of NASU.

___________________________

Ñèäîðåíêî Â.Ï., Âåðáèöüêèé Â.Ã., Ïðîêîô’ºâ Þ. Â.
Ñõåìîòåõí³êà ÍÂ²Ñ äëÿ ì³êðîåëåêòðîííîãî êîîð-
äèíàòíî-÷óòëèâîãî äåòåêòîðà äëÿ åëåìåíòíîãî àíà-
ëèçó ìàòåð³àë³â.

Êëþ÷îâ³ ñëîâà: ÍÂ²Ñ, ÊÌÎÏ-òåõíîëîã³ÿ, ì³êðî-
åëåêòðîííèé êîîðäèíàòíî-÷óòëèâèé äåòåêòîð, åëå-
ìåíòíèé àíàë³ç, ï³äñèëþâà÷³-ïåðåòâîðþâà÷³,
10-ðîçðÿäí³ ë³÷èëüíèêè.

Ðîçðîáëåíî, âèãîòîâëåíî òà âèïðîáóâàíî ÍÂ²Ñ, ùî
äîçâîëÿº â ñêëàä³ ì³êðîåëåêòðîííîãî êîîðäèíàòíî-
÷óòëèâîãî äåòåêòîðà ïðîâîäèòè îäíî÷àñíèé àíàë³ç
åëåìåíòíîãî ñêëàäó ðå÷îâèíè. Ñõåìà çàáåçïå÷óº ñïðà-
öüîâóâàííÿ ï³äñèëþâà÷à-ïåðåòâîðþâà÷à ïðè íàäõîä-
æåíí³ íà éîãî âõ³ä íåãàòèâíîãî çàðÿäó âåëè÷èíîþ
1,6.10–13 Êë. Øâèäêîä³ÿ ì³êðîñõåìè â ðåæèì³ ðà-
õóíêó ñòàíîâèòü íå ìåíøå 3 ÌÃö, â ðåæèì³ ç÷èòó-
âàííÿ ³íôîðìàö³¿ ç ë³÷èëüíèê³â — á³ëüøå 4 ÌÃö,
ñòðóì ñïîæèâàííÿ — íå á³ëüøå 7 ìÀ.

Óêðà¿íà, ì. Êè¿â, ÍÄ² ì³êðîïðèëàä³â ÍÀÍÓ.
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Òåõíîëîãèÿ è êîíñòðóèðîâàíèå â ýëåêòðîííîé àïïàðàòóðå, 2012, ¹ 452

ÏÀÌßÒÊÀ ÀÂÒÎÐÓ ÆÓÐÍÀËÀ «ÒÊÝÀ»

1. Ðóêîïèñü äîëæíà ñîîòâåòñòâîâàòü òåìàòèêå æóðíàëà è îòëè÷àòüñÿ ïðèêëàäíîé íàïðàâëåí-
íîñòüþ.

Åñëè ðåçóëüòàòû ïîëó÷åíû â ñìåæíûõ îáëàñòÿõ çíàíèé, íåîáõîäèìî ïîêàçàòü èõ ïðèìåíèìîñòü
â îáëàñòè èíòåðåñîâ æóðíàëà.

2. Ïðè îöåíêå ðóêîïèñè ðåäàêöèþ áóäóò èíòåðåñîâàòü ñëåäóþùèå àñïåêòû:
— àêòóàëüíîñòü òåìû;
— îáîñíîâàííîñòü ïîñòàíîâêè çàäà÷è;
— íîâèçíà èíôîðìàöèè (â ñðàâíåíèè ñ ðàáîòàìè ïðåäøåñòâåííèêîâ);
— óáåäèòåëüíîñòü äîêàçàòåëüñòâ;
— ïðàâîìåðíîñòü âûâîäîâ;
— âîçìîæíîñòü ïðàêòè÷åñêîãî ïðèìåíåíèÿ;
— öåëåñîîáðàçíîñòü (è àäåêâàòíîñòü òåêñòó) òàáëèö, èëëþñòðàöèé, ñïèñêà èñïîëüçîâàííûõ

èñòî÷íèêîâ;
— ñòðîãîñòü òåðìèíîëîãèè;
— êîìïîçèöèÿ ðóêîïèñè, â ò. ÷. îïðàâäàííîñòü îáúåìà.
3. Íàçâàíèå ðóêîïèñè äîëæíî áûòü êîíêðåòíûì è, â òî æå âðåìÿ, ïî âîçìîæíîñòè êðàòêèì.
4. Îáîçíà÷üòå ðàçäåëû ðóêîïèñè. Âûäåëèòå âûâîäû (ðåçþìå, çàêëþ÷åíèå). Êñòàòè, ïðîâåðüòå

ñåáÿ — íàñêîëüêî ñîãëàñóþòñÿ ìåæäó ñîáîé ïîñòàâëåííàÿ çàäà÷à, âûâîäû è íàçâàíèå ñòàòüè.
5. Åäèíèöû èçìåðåíèÿ âñåõ âåëè÷èí äîëæíû îòâå÷àòü ñîâðåìåííûì òðåáîâàíèÿì, à

èñïîëüçîâàííûå ñèìâîëû (è àááðåâèàòóðû) äîëæíû áûòü ïîÿñíåíû ïðè ïåðâîì èõ óïîòðåáëåíèè â
òåêñòå.

6. Ïðè ññûëêå â òåêñòå íà ÷èñëåííûå çíà÷åíèÿ, ôîðìóëû è èíûå ôàêòè÷åñêèå äàííûå,
çàèìñòâîâàííûå èç êíèã, ñëåäóåò (äëÿ óäîáñòâà ïîèñêà) óêàçûâàòü íå òîëüêî ñàìó êíèãó, íî è
ñòðàíèöó (íàïð., [2, ñ. 418]).

7. Ñïèñîê «Èñïîëüçîâàííûå èñòî÷íèêè» ôîðìèðóåòñÿ â ïîðÿäêå èõ óïîìèíàíèÿ â òåêñòå.
Æåëàòåëüíî èçáåãàòü ññûëîê íà òðóäíîäîñòóïíûå èñòî÷íèêè (íàïð., íà ìàòåðèàëû êîíôåðåíöèé)
èëè íà íåäîëãîâå÷íûå (íàïð., Èíòåðíåò). Ïðèíÿòîå â æóðíàëå îïèñàíèå èñòî÷íèêîâ ñì. íà ñàéòå
æóðíàëà.

8. Ñîïðîâîäèòå ðóêîïèñü áèáëèîãðàôè÷åñêîé êàðòî÷êîé íà ðóññêîì è àíãëèéñêîì ÿçûêàõ ñ
àííîòàöèåé äî 500 ïå÷àòíûõ çíàêîâ. Óêàæèòå êëþ÷åâûå ñëîâà, à òàêæå èíäåêñ ðóêîïèñè ïî
Óíèâåðñàëüíîé äåñÿòè÷íîé êëàññèôèêàöèè (ÓÄÊ).

9. Ìàòåðèàëû ñòàòüè íàïðàâëÿéòå ïî e-mail: tkea@optima.com.ua. Åñëè Âû íàïðàâëÿåòå
ðóêîïèñü ïî ïî÷òå, ïðèëîæèòå çàïèñü ñòàòüè íà CD.

Òåêñò ñòàòüè íàáèðàåòñÿ íà ðóññêîì èëè àíãëèéñêîì ÿçûêå â òåêñòîâîì ðåäàêòîðå Microsoft
Word ðàçìåðîì 12, áåç ïåðåíîñîâ, c îäíèì ïðîáåëîì ìåæäó ñëîâàìè, ñ ìåæäóñòðî÷íûì èíòåðâàëîì
íå ìåíåå 1,5. Ïðàâûé êðàé òåêñòà âûðàâíèâàòü íå îáÿçàòåëüíî.

Äîïóñêàåòñÿ èñïîëüçîâàíèå ïðîãðàììû Equation òîëüêî â òåõ ñëó÷àÿõ, êîãäà Word áåññèëåí,
íàïðèìåð ïðè íàáîðå ñïåöèàëüíûõ çíàêîâ íàä áóêâåííûìè îáîçíà÷åíèÿìè, ïîäêîðåííûõ âûðàæåíèé,
ïðåäåëîâ èíòåãðèðîâàíèÿ, ñóììèðîâàíèÿ è ò. ï.

Ñ òî÷êè çðåíèÿ óäîáñòâà âåðñòêè æåëàòåëüíî, ÷òîáû îáúåì èëëþñòðàöèé íå ïðåâûøàë 40%
îò îáùåãî îáúåìà ñòàòüè. Èëëþñòðàöèè äîëæíû áûòü ïðåäñòàâëåíû îòäåëüíûìè ôàéëàìè. Ãðàôèêè
è ÷åðòåæè ñëåäóåò âûïîëíÿòü â ÷åðíî-áåëîì (áèòîâîì) ðåæèìå.

Ïðè ïîäãîòîâêå öâåòíûõ èëëþñòðàöèé æåëàòåëüíî ôîòîãðàôèðîâàòü îáúåêòû íà îäíîòîííîì
ôîíå öèôðîâîé êàìåðîé. Åñëè ïðîâîäèòñÿ ñêàíèðîâàíèå èçîáðàæåíèé, òî åãî íåîáõîäèìî âûïîëíÿòü
ñ ðàçðåøåíèåì 300 ppi.

10. Ñíàáäèòå ðóêîïèñü ñâåäåíèÿìè îá àâòîðàõ (ôàìèëèÿ, èìÿ, îò÷åñòâî, ó÷åíàÿ ñòåïåíü,
ìåñòî ðàáîòû, äîëæíîñòíîå ïîëîæåíèå, äàòà ðîæäåíèÿ, ñëóæåáíûé è äîìàøíèé àäðåñà ñ óêàçàíèåì
ïî÷òîâîãî èíäåêñà, å-mail, òåëåôîí, òåëåôàêñ).

11. Åñëè ñ÷èòàåòå íåîáõîäèìûì, ñîïðîâîäèòå ñòàòüþ ýêñïåðòíûì çàêëþ÷åíèåì î âîçìîæíîñòè
åå ïóáëèêàöèè â îòêðûòîé ïå÷àòè.






