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Â ïîñëåäíåå âðåìÿ øèðîêîå ðàñïðîñòðàíåíèå 
ïîëó÷èëè îïòè÷åñêèå ñèñòåìû ïåðåäà÷è è ïðèå-
ìà ñèãíàëîâ. Ïðèåì îïòè÷åñêîãî ñèãíàëà â òàêèõ 
ñèñòåìàõ îñóùåñòâëÿåòñÿ ìîäóëÿìè, îñíîâó êî-
òîðûõ ñîñòàâëÿåò ôîòîïðèåìíèê, çàäàþùèé êà-
÷åñòâî ïðèíèìàåìîãî ñèãíàëà, äàëüíîñòü ñâÿçè 
è áûñòðîäåéñòâèå âñåé ñèñòåìû. Ïðè ýòîì, èñ-
ïîëüçóåìûå ðàíåå â îïòðîííûõ ñõåìàõ ïðîñòûå 
ôîòîðåçèñòîðû ñòàëè ïðàêòè÷åñêè ïîëíîñòüþ 
âûòåñíÿòüñÿ ðàçëè÷íûìè ïîëóïðîâîäíèêîâûìè 
ôîòîïðèåìíèêàìè íà îñíîâå p—n-ïåðåõîäà, â 
÷àñòíîñòè áûñòðîäåéñòâóþùèìè ëàâèííûìè ôî-
òîäèîäàìè, ôîòîäèîäàìè p—i—n-òèïà, à òàêæå 
ôîòîïðèåìíèêàìè ñ âíóòðåííèì óñèëåíèåì òèïà 
áèïîëÿðíîãî è ïîëåâîãî òðàíçèñòîðîâ. Îäíàêî 
èõ øèðîêîå ïðèìåíåíèå òðåáóåò ðåøåíèÿ ñîîò-
âåòñòâóþùèõ ïðîáëåì. 

Äëÿ ëàâèííûõ ôîòîäèîäîâ õàðàêòåðíûì ÿâ-
ëÿåòñÿ «óõîä» ðàáî÷åé òî÷êè êàê èç-çà èõ ðàçî-
ãðåâà âñëåäñòâèå ïðîòåêàíèÿ òîêà, òàê è îò íå-
çíà÷èòåëüíîãî êîëåáàíèÿ ðàáî÷åãî íàïðÿæåíèÿ, 
ïîñêîëüêó ìàêñèìàëüíûé êîýôôèöèåíò óìíîæå-
íèÿ íàáëþäàåòñÿ â ïðåäïðîáîéíîé îáëàñòè ïðè 
Vðàá ≈ Vïðîá. Â ýòîì ðåæèìå ïðè áîëüøîé èí-
òåíñèâíîñòè îñâåùåíèÿ êîíöåíòðàöèÿ íîñèòåëåé 
ñèëüíî âîçðàñòàåò, è îíè ýêðàíèðóþò îáëàñòü 
îáúåìíîãî çàðÿäà ð—n-ïåðåõîäà, âñëåäñòâèå 
÷åãî ñíèæàåòñÿ íàïðÿæåííîñòü ýëåêòðè÷åñêîãî 
ïîëÿ â íåì, ÷òî ïðèâîäèò ê óìåíüøåíèþ êîýô-
ôèöèåíòà óìíîæåíèÿ. Ïðîáëåìîé òàêæå ÿâëÿ-
åòñÿ íåîáõîäèìîñòü óìåíüøåíèÿ òóííåëüíûõ òî-
êîâ äî ïðèåìëåìûõ çíà÷åíèé [1].

Â ôîòîäèîäàõ p—i—n-òèïà äëÿ ïîëó÷åíèÿ 
âûñîêîé ôîòî÷óâñòâèòåëüíîñòè òîëùèíó ñëîÿ 
îáúåìíîãî çàðÿäà íåîáõîäèìî óâåëè÷èòü, à äëÿ 
îáåñïå÷åíèÿ ìàêñèìàëüíîãî áûñòðîäåéñòâèÿ — 

Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ òîíêîáàçîâîé ãåðìàíèåâîé ð+—n—p-ñòðóêòóðû ñ ýôôåêòîì 
ñìûêàíèÿ ïðè ðàçëè÷íûõ ðåæèìàõ âêëþ÷åíèÿ. Ýêñïåðèìåíòàëüíî ïîêàçàíî, ÷òî â ðåæèìå çàïèðà-
íèÿ ð+—n-ïåðåõîäà èç-çà ïîëíîãî îáåäíåíèÿ áàçîâîé îáëàñòè ñòðóêòóðà ñòàíîâèòñÿ àíàëîãîì îãðà-
íè÷èòåëÿ íàïðÿæåíèÿ, à â àêòèâíîì ðåæèìå ïðè ïîäñâåòêå áàçîâîé îáëàñòè ïðèîáðåòàåò ñâîéñòâà 
ôîòîòðàíçèñòîðà. 

Êëþ÷åâûå ñëîâà: ôîòîïðèåìíèê, îáðàòíûé òîê, ýôôåêò ñìûêàíèÿ, òîíêàÿ áàçà, îáëàñòü îáúåìíî-
ãî çàðÿäà, ôîòî÷óâñòâèòåëüíîñòü, îãðàíè÷èòåëü íàïðÿæåíèÿ.

óìåíüøèòü, ò. å. íåîáõîäèì ïîèñê êîìïðîìèñ-
ñíîãî âàðèàíòà. Â ýòîì àñïåêòå, êàê îòìå÷åíî â 
[2], ïåðñïåêòèâíûìè ÿâëÿþòñÿ èññëåäîâàíèÿ, 
íàïðàâëåííûå íà îïòèìèçàöèþ ïàðàìåòðîâ áà-
çîâîé îáëàñòè è âûáîð ðåæèìîâ âêëþ÷åíèÿ ôî-
òî÷óâñòâèòåëüíûõ ìíîãîáàðüåðíûõ ñòðóêòóð [3].

Òàêèì îáðàçîì, îñíîâíûì òðåáîâàíèåì, 
ïðåäúÿâëÿåìûì ê èñïîëüçóåìûì â îïòè÷åñêèõ 
ñèñòåìàõ ñâÿçè ôîòîïðèåìíèêàì, ÿâëÿåòñÿ âîç-
ìîæíîñòü ïðèåìà îïòè÷åñêèõ ñèãíàëîâ ìàëîé 
èíòåíñèâíîñòè, ìèíèìàëüíûé óðîâåíü êîòîðûõ 
îïðåäåëÿåòñÿ ôîòî÷óâñòâèòåëüíîñòüþ ôîòîïðè-
åìíèêà è òåìíîâûìè òîêàìè. Ê ÷èñëó òàêèõ ôî-
òîïðèåìíèêîâ ìîæíî îòíåñòè áèïîëÿðíûå ôî-
òîòðàíçèñòîðû, óñèëåíèå òîêà êîòîðûõ áîëüøå, 
÷åì ó îáû÷íûõ ôîòîäèîäîâ,  à èíòåãðàëüíàÿ ÷óâ-
ñòâèòåëüíîñòü ðàâíà [4; 5, ñ. 109—112]

Sô = Sôäb, (1)
òîêîâàÿ ÷óâñòâèòåëüíîñòü êîëëåêòîðíî-
ãî ïåðåõîäà òðàíçèñòîðà; 
êîýôôèöèåíò óñèëåíèÿ òðàíçèñòîðà. 

ãäå Sôä —

b —

Â áèïîëÿðíûõ òðàíçèñòîðàõ ïëîùàäü êîë-
ëåêòîðíîãî ïåðåõîäà çíà÷èòåëüíî áîëüøå ïëî-
ùàäè ýìèòòåðíîãî ïåðåõîäà, ïðè ýòîì äëÿ ïî-
ëó÷åíèÿ áîëüøåãî íàïðÿæåíèÿ ïðîáîÿ êîíöåí-
òðàöèÿ íîñèòåëåé â íåì äîëæíà áûòü ìåíüøå. 
Òàêàÿ àñèììåòðèÿ ñóùåñòâåííî âëèÿåò íà ôî-
òîóñèëèòåëüíûå ñâîéñòâà òðàíçèñòîðà, êîòî-
ðûå çàâèñÿò îò ñõåìû âêëþ÷åíèÿ è ôèçè÷åñêîé 
ñòðóêòóðû òðàíçèñòîðà, ÷òî îñòàåòñÿ ìàëîèçó-
÷åííûì [6].

Íàñòîÿùàÿ ðàáîòà ïîñâÿùåíà èññëåäîâàíèþ 
ôîòîýëåêòðè÷åñêèõ õàðàêòåðèñòèê ïîëóïðîâîä-
íèêîâîé òîíêîáàçîâîé òðàíçèñòîðíîé ñòðóêòóðû 
íà îñíîâå ãåðìàíèÿ.
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Ýêñïåðèìåíòàëüíûå îáðàçöû è ìåòîäèêà 
ýêñïåðèìåíòà

Êîíñòðóêöèÿ èññëåäóåìîé òðàíçèñòîðíîé 
ñòðóêòóðû íà îñíîâå ãåðìàíèÿ ïðèâåäåíà íà 
ðèñ. 1. Áàçîâàÿ îáëàñòü n-òèïà òîëùèíîé 1 ìêì 
è ïëîùàäüþ 1 ìì2, îáðàçóþùàÿ êîëëåêòîðíûé 
ïåðåõîä, ïîëó÷åíà äèôôóçèåé ñóðüìû. Íà ÷à-
ñòè åå ïîâåðõíîñòè ñïëàâëåíèåì èíäèÿ, ñîçäàþ-
ùåãî äèôôóçèîííûé ñëîé ð-òèïà, ñôîðìèðîâà-
íà ñèëüíîëåãèðîâàííàÿ ýìèòòåðíàÿ îáëàñòü òîë-
ùèíîé 0,5 ìêì. 

Èññëåäîâàíèÿ ôîòîýëåêòðè÷åñêèõ õàðàêòå-
ðèñòèê ïðîâîäèëè íà îñíîâå ñòàòè÷åñêèõ âîëüò-
àìïåðíûõ õàðàêòåðèñòèê (ÂÀÕ), èçìåðåííûõ 
ïî ñõåìå ñ îáùèì êîëëåêòîðîì. Â ÷àñòíîñòè, íà 
ïåðåõîä «êîëëåêòîð — áàçà» ïîäàâàëè ïðÿìîå 
ñìåùàþùåå íàïðÿæåíèå îò îòäåëüíîãî èñòî÷íèêà 
âåëè÷èíîé 0,10 è 0,15 Â. ÂÀÕ èçìåðÿëè ëàìïî-
âûì âîëüòìåòðîì ÂÊ 7-21À. Ïîäñâåòêó êîëëåê-
òîðíîãî ïåðåõîäà îñóùåñòâëÿëè ýëåêòðè÷åñêîé 
ëàìïîé íàêàëèâàíèÿ (ñ ÿðêîñòíîé òåìïåðàòóðîé 
íèòè íàêàëèâàíèÿ Ò = 2850 Ê). Èíòåíñèâíîñòü 
îñâåùåíèÿ èçìåðÿëè ëþêñìåòðîì Þ116, à âîëüò-
ôàðàäíûå õàðàêòåðèñòèêè (ÂÔÕ) — ñ ïîìîùüþ 
èçìåðèòåëÿ åìêîñòè Ë2-28.
Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå
Êàê âèäíî èç ðèñ. 2, â ðåæèìå çàïèðàíèÿ îò-

äåëüíî âçÿòîãî p+—n-ïåðåõîäà «áàçà — ýìèòòåð» 
ïðè óâåëè÷åíèè íàïðÿæåíèÿ íàáëþäàåòñÿ ñðàâíè-
òåëüíî ïëàâíûé ðîñò îáðàòíîãî òîêà (êðèâàÿ 1). 
Â òî æå âðåìÿ, äëÿ ïîñëåäîâàòåëüíî ñîåäèíåííîãî 

c íèì êîëëåêòîðíîãî p—n-ïåðåõîäà â ðåæèìå ïðÿ-
ìîãî ñìåùåíèÿ òîê ðàñòåò áîëåå ðåçêî (êðèâàÿ 2), 
÷òî ìîæíî îáúÿñíèòü ýôôåêòîì äèíàìè÷åñêîãî 
ñìûêàíèÿ îáëàñòè îáúåìíîãî çàðÿäà ýìèòòåðíîãî 
ïåðåõîäà ñ îáëàñòüþ îáúåìíîãî çàðÿäà êîëëåêòîð-
íîãî ïåðåõîäà, êîãäà ðåàëèçóþòñÿ óñëîâèÿ äâîé-
íîé èíæåêöèè íîñèòåëåé â ïîëíîñòüþ îáåäíåííóþ 
(áåçáàçîâóþ) îáëàñòü òðàíçèñòîðà [7]. Â äàííîì 
ðåæèìå ýòîò òðàíçèñòîð ìîæíî èñïîëüçîâàòü â êà-
÷åñòâå íèçêîâîëüòíîãî îãðàíè÷èòåëÿ — «ñòàáèëè-
çàòîðà» íàïðÿæåíèÿ [8], êîýôôèöèåíò îãðàíè÷å-
íèÿ êîòîðîãî ìîæíî îïðåäåëèòü êàê

max max ln / ln /
ln ln

D DR R R R
Z

I I
 

max max ln /
,

ln /

R R

I I

 

 
(2)

 ñîïðîòèâëåíèå ïî ïîñòîÿííîìó òîêó;
ìàêñèìàëüíîå ñîïðîòèâëåíèå îãðàíè-
÷åíèÿ; 
ìàêñèìàëüíîå ñîïðîòèâëåíèå ïðè ïðîáîå; 
çíà÷åíèÿ òîêà îãðàíè÷åíèÿ è òîêà ïðè 
ïðîáîå.

ãäå     RD —
Rmax îãð —

Rmax ïðîá —
Iîãð, Iïðîá — 

Ïðîöåññ ñìûêàíèÿ ïåðåõîäîâ ïîäòâåðæäà-
åòñÿ èçìåðåíèÿìè âîëüò-ôàðàäíîé õàðàêòåðè-
ñòèêè (ðèñ. 3), à èìåííî: â ðåæèìå çàïèðàíèÿ 
ýìèòòåðíîãî ïåðåõîäà îáùàÿ åìêîñòü óìåíüøà-
åòñÿ äî íåêîòîðîãî ìèíèìàëüíîãî çíà÷åíèÿ ïðè 
íàïðÿæåíèè 2 Â, êîòîðîå ñîõðàíÿåòñÿ âïëîòü 
äî 3,5 Â, à çàòåì íàáëþäàåòñÿ åå ïîñòåïåííûé 
ðîñò. Ïðè èçìåíåíèè íàïðÿæåíèÿ â äèàïàçîíå 

Ðèñ. 1. Äèôôóçèîííî-ñïëàâíàÿ òðàíçèñòîðíàÿ 
p+—n—p-ñòðóêòóðà íà îñíîâå ãåðìàíèÿ

Ðèñ. 2. ÂÀÕ ïåðåõîäîâ «áàçà — ýìèòòåð» (1) è «êîë-
ëåêòîð — ýìèòòåð» (2)

I, 104 ìêÀ
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0         2         4        6        U, Â

Ðèñ. 3. ÂÔÕ p+—n—p-ñòðóêòóðû â ðåæèìå çàïèðàíèÿ 
ýìèòòåðíîãî ïåðåõîäà
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Ðèñ. 4. ÂÀÕ p+—n—p-ñòðóêòóðû â ðåæèìå çàïèðà-
íèÿ ýìèòòåðíîãî ïåðåõîäà ïðè ðàçëè÷íûõ çíà÷åíèÿõ 

íàïðÿæåíèÿ íà ïåðåõîäå «êîëëåêòîð—áàçà»:
1 — 0 Â; 2 — 0,10 Â; 3 — 0,15 Â

12
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2,0—3,5 Â åìêîñòü, îáóñëîâëåííàÿ ñìûêàíèåì 
îáëàñòåé îáúåìíîãî çàðÿäà, îñòàåòñÿ ïðàêòè÷å-
ñêè íåèçìåííîé, à â äàëüíåéøåì çà ñ÷åò âîçíèê-
íîâåíèÿ äèôôóçèîííîé åìêîñòè ýìèòòåðíîãî ïå-
ðåõîäà íàáëþäàåòñÿ åå óâåëè÷åíèå.

Â äàííîì ðåæèìå âêëþ÷åíèÿ ïðè íàãðóçî÷-
íîì ñîïðîòèâëåíèè â öåïè ïèòàíèÿ 200 Îì ïî-
ëó÷åíû âîëüò-àìïåðíûå õàðàêòåðèñòèêè ïðè îò-
ñóòñòâèè ïðÿìîãî íàïðÿæåíèÿ íà ïåðåõîäå «êîë-
ëåêòîð — áàçà» è ïðè åãî íàëè÷èè. Êàê âèäíî 
èç ðèñ. 4, ïðè äîñòèæåíèè íàïðÿæåíèÿ 4,8 Â 
âñå êðèâûå ñõîäÿòñÿ â îäíîé òî÷êå, ïðè÷åì â 
îòëè÷èå îò ðåæèìà âêëþ÷åíèÿ ñ îáùèì ýìèòòå-
ðîì òîêè èìåþò áîëåå íàñûùåííûé õàðàêòåð, à 
çíà÷èò, áîëüøåå âûõîäíîå ñîïðîòèâëåíèå. Ïðè 
ñìåíå ïîëÿðíîñòè ðàáî÷åãî íàïðÿæåíèÿ, ò. å. â 
ðåæèìå âêëþ÷åíèÿ ñ îáùèì ýìèòòåðîì, ïðè îò-
ñóòñòâèè íàïðÿæåíèÿ â áàçîâîé îáëàñòè ñòðóê-
òóðà îáëàäàåò âûñîêîé ôîòî÷óâñòâèòåëüíîñòüþ. 
Õàðàêòåð çàâèñèìîñòè òîêà îò íàïðÿæåíèÿ òàêîé 
æå, êàê è â ñëó÷àå ñìûêàíèÿ îáëàñòåé îáúåìíî-
ãî çàðÿäà êîëëåêòîðíîãî è ýìèòòåðíîãî ïåðåõî-
äîâ, ò. å. çàâåðøàåòñÿ ðåçêèì ðîñòîì. 

Õàðàêòåðíûì äëÿ èññëåäóåìîãî òðàíçèñòî-
ðà ÿâëÿåòñÿ òî, ÷òî ïðè ïîäñâåòêå áàçîâîé îá-
ëàñòè èíòåãðàëüíûì îñâåùåíèåì çàäàííîé èí-
òåíñèâíîñòè (50 è 3000 ëê) ãåíåðèðóåòñÿ ñâåòî-
âîé òîê, âåëè÷èíà êîòîðîãî ïî ìåðå óâåëè÷åíèÿ 
ðàáî÷åãî íàïðÿæåíèÿ ñóùåñòâåííî âîçðàñòàåò. 
Íà ðèñ. 5 âèäíî, ÷òî çàâèñèìîñòü òîêà îò íà-
ïðÿæåíèÿ ýêñïîíåíöèàëüíàÿ è ñîñòîèò èç äâóõ 
ó÷àñòêîâ: íà ïåðâîì ó÷àñòêå ïîêàçàòåëü ýêñïî-
íåíòû ðàâåí 4,25, íà âòîðîì — 10,8, êàê è â 
èíæåêöèîííî-ïîëåâîì ôîòîäèîäå [9]. Â èíòåð-
âàëå íàïðÿæåíèé îò 0 äî 1,7 Â òîêîâàÿ ÷óâñòâè-
òåëüíîñòü Si

ô=Iô/Ô (ãäå Iô — ôîòîòîê, Ô — ôî-
òî÷óâñòâèòåëüíîñòü) óâåëè÷èâàåòñÿ äî 17 ìêÀ/
ëê (ðèñ. 6), ÷òî â 17 ðàç áîëüøå ôîòî÷óâñòâè-
òåëüíîñòè ôîòîòðàíçèñòîðà ÔÒÃ-5 [10].

Çàêëþ÷åíèå
Ïðîâåäåííûå èññëåäîâàíèÿ âîëüò-àìïåðíûõ è 

ñâåòîâûõ õàðàêòåðèñòèê òîíêîáàçîâîé ð+—n—p-
ñòðóêòóðû ñ ýôôåêòîì ñìûêàíèÿ ïðè ðàçëè÷íûõ 
ðåæèìàõ âêëþ÷åíèÿ ïîêàçàëè, ÷òî â ðåæèìå çà-
ïèðàíèÿ ð+—n-ïåðåõîäà ñ ïîëíûì îáåäíåíèåì 
áàçîâîé îáëàñòè â òàêèõ ñòðóêòóðàõ òàê æå, êàê 

è â îãðàíè÷èòåëÿõ íàïðÿæåíèÿ, ïðîèñõîäèò ðåç-
êèé ðîñò òîêà â óçêîì èíòåðâàëå ïðèðàùåíèÿ ðà-
áî÷åãî íàïðÿæåíèÿ. Ïðè ïîäñâåòêå áàçîâàÿ îá-
ëàñòü ãåíåðèðóåò ôîòîòîê, âåëè÷èíà êîòîðîãî íå-
ëèíåéíî óâåëè÷èâàåòñÿ ñ ïîâûøåíèåì ðàáî÷åãî 
íàïðÿæåíèÿ, ïðè÷åì ñ óâåëè÷åíèåì èíòåíñèâíî-
ñòè îñâåùåíèÿ êðèâàÿ ÂÀÕ ñìåùàåòñÿ â îáëàñòü 
ìåíüøèõ íàïðÿæåíèé. Ôîòî÷óâñòâèòåëüíîñòü 
òîíêîáàçîâîé ð+—n—p-ñòðóêòóðû áîëåå ÷åì íà 
ïîðÿäîê âûøå, ÷åì â ãåðìàíèåâîì áèïîëÿðíîì 
ôîòîòðàíçèñòîðå.
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Íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ òîíêîáàçîâî¿ ãåðìàí³ºâî¿ ð+—n—p-ñòðóêòóðè ç åôåêòîì çìèêàí-
íÿ ïðè ð³çíèõ ðåæèìàõ âêëþ÷åííÿ. Åêñïåðèìåíòàëüíî ïîêàçàíî, ùî â ðåæèì³ çàìèêàííÿ ð+—n-ïåðåõîäó 
÷åðåç ïîâíå çá³äí³ííÿ áàçîâ³é îáëàñò³ ñòðóêòóðà ñòàº àíàëîãîì îáìåæóâà÷à íàïðóãè, à â àêòèâíîìó 
ðåæèì³ ïðè ï³äñâ³÷óâàíí³ áàçîâî¿ îáëàñò³ íàáóâàº âëàñòèâîñò³ ôîòîòðàíçèñòîðà.
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HIGHLY SENSITIVE PHOTODETECTOR 
BASED ON Ge DOUBLE-BARRIER PUNCH-THROUGH STRUCTURE

In recent years, transmission and reception systems of optical signals are widely used. Receiving the optical 
signal in such systems is carried by photoreceiving modules based on a photodetector, which defines the 
quality of the received signal, the range and speed of the entire system. However, hitherto used p–i–n- and 
avalanche photodiodes do not fully meet the growing demands.
The present work is devoted to investigate the photovoltaic characteristics of semiconductor thin base transistor 
structure based on germanium, which is superior the silicon counterparts by speed and gain.

Investigated p+–n–p-structures were obtained by diffusion of antimony onto the substrate of p-type germanium 
to a depth of 1 micron and alloying of indium to the part of its surface which creates diffusion layer of ð+-type 
and with thickness of 0,5 microns.
Experiments have shown that the reverse biasing of a single p+-n-emitter-base junction leads to a smooth 
increase in reverse current, at the same time when it is connected in series to forward biased collector p-n-
junction there is a sharp increase in the current by voltage, giving properties of voltage surge suppressor. 
This behavior of the current-voltage characteristics can be explained by the punch-through effect when the 
space charge regions of the emitter junction and the space charge region of collector junction touch each other 
and the conditions are realized for double carrier injection into a fully depleted region of the transistor. 
At the same time giving small fixed voltages 0,1—0,15 V to the collector-base junction the output static 
characteristics can be received with an operating voltage of 3—3,5 V.
A characteristic feature of the investigated transistor is that when the base region under illumination by 
integrated light intensity (50 and 3000 lux) light current appears, whose magnitude with the increase of 
operating voltage (up to 1.7 V) increases nonlinearly, resulting in increased current photosensitivity up 
to 17 μA/lux, which is one and a half orders of magnitude greater than photosensitivity of germanium 
phototransistor “ÔÒÃ-5”.
Keywords: photodetector, reverse current, punch-through effect, thin base, space charge region, photosensitivity, 
voltage surge suppressor.
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