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Äîñëiäæåíî âïëèâ ðåæèìiâ ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi ó âîäíîìó ðîç÷èíi Na2S íà
âîëüò-àìïåðíi õàðàêòåðèñòèêè p�n ïåðåõîäiâ íà îñíîâi GaAs. Óñòàíîâëåíî, ùî êîðîòêîòðè-
âàëà îáðîáêà çìåíøó¹ ïðÿìi òà îáåðíåíi ñòðóìè â ïåðåäïðîáiéíié äiëÿíöi, ùî ¹ ðåçóëüòàòîì
çìåíøåííÿ ãóñòèíè ïîâåðõíåâèõ ñòàíiâ ìåæi ðîçäiëó p- òà n-äiëÿíîê. Çáiëüøåííÿ òðèâàëîñòi
îáðîáêè ñóïðîâîäæóâàëîñÿ çìåíøåííÿì åôåêòó ïîêðàùåííÿ ÂÀÕ. Íà çàëåæíîñòi âåëè÷èíè
çìåíøåííÿ ñòðóìiâ âiä òðèâàëîñòi ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi ñïîñòåðiãàâñÿ ìàêñèìóì,
ïiñëÿ ÿêîãî ïî÷èíàëîñÿ çìåíøåííÿ çìií ñòðóìiâ. Öå ìîæíà ïîÿñíèòè çðîñòàííÿì ãóñòèíè ïî-
âåðõíåâèõ ñòàíiâ p�n-ïåðåõîäiâ óíàñëiäîê çáiëüøåííÿ ìåõàíi÷íèõ íàïðóæåíü ïiä ÷àñ óòâîðåííÿ
íà ïîâåðõíi øàðó ñóëüôiäó ãàëiþ çà òðèâàëî¨ ñóëüôiäíî¨ îáðîáêè.
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ìè, ïîâåðõíåâi ñòàíè.
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I. ÂÑÒÓÏ

Àðñåíiä ãàëiþ � îäèí iç íàéáiëüø ïîøèðåíèõ íàïiâ-
ïðîâiäíèêîâèõ ìàòåðiàëiâ ñó÷àñíî¨ åëåêòðîíiêè. Ñâi-
òîâîþ òåõíîëîãi÷íîþ òåíäåíöi¹þ ¹ ïîñòiéíå çìåíøåí-
íÿ ôiçè÷íèõ ðîçìiðiâ åëåêòðîííèõ ïðèëàäiâ íà îñíîâi
GaAs, à îòæå i çìåíøåííÿ òîâùèíè íàïiâïðîâiäíè-
êîâèõ øàðiâ, ùî âèêîðèñòîâóþòüñÿ. Ïðè öüîìó åôå-
êòè, ïîâ'ÿçàíi ç ïîâåðõíåâèìè ÿâèùàìè, ñòàþòü áiëüø
âèðàæåíèìè. Çàçâè÷àé ìiíiìiçàöiÿ ¨õíüîãî íåãàòèâíî-
ãî âïëèâó íà õàðàêòåðèñòèêè åëåêòðîííèõ ïðèñòðî¨â
äîñÿãà¹òüñÿ çà äîïîìîãîþ ïàñèâàöi¨ [1, 2]. Îäíi¹þ ç
ïåðñïåêòèâíèõ ìåòîäèê ó öüîìó íàïðÿìêó ¹ ñóëüôi-
äíà ìîäèôiêàöiÿ ïîâåðõíi [3, 4]. Íà âiäìiíó âiä iíøèõ
âèäiâ ïàñèâàöi¨ ïîâåðõíi GaAs òàêà îáðîáêà ïî¹äíó¹
ÿê õiìi÷íó, òàê i åëåêòðîííó ïàñèâàöiþ. �¨ íàñëiäêîì
¹ ïîâíå àáî ÷àñòêîâå âèäàëåííÿ ïîâåðõíåâèõ îêñèäiâ,
ðåêîíñòðóêöiÿ ïîâåðõíi òà øâèäêiñòü óòâîðåííÿ ïàñè-
âóâàëüíîãî øàðó Ga2S3 [3�5].
Ñóëüôiäíó ìîäèôiêàöiþ ïîâåðõíi çàçâè÷àé ïðîâî-

äÿòü ó âîäíèõ àáî ó ñïèðòîâèõ ðîç÷èíàõ ðiçíèõ ñóëü-
ôiäíèõ ñïîëóê [3�7]. Ïðè öüîìó øâèäêiñòü ïàñèâó-
âàëüíîãî ïîêðèòòÿ åêñïîíåíöiàëüíî çáiëüøó¹òüñÿ çi
çìåíøåííÿì âåëè÷èíè äiåëåêòðè÷íî¨ ñòàëî¨ ðîç÷èí-
íèêà, ÿêèé âèêîðèñòîâó¹òüñÿ [3, 4, 8�10]. Çìiíèòè
øâèäêiñòü ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi ìîæíà ÿê
çà ðàõóíîê âèáîðó ðîç÷èííèêà, òàê i çà ðàõóíîê çìiíè
éîãî êîíöåíòðàöi¨ [11, 12]. Ïðè öüîìó çìiíà øâèäêî-
ñòi íå âïëèâà¹ íà çàãàëüíó êiëüêiñòü õiìi÷íèõ çâ'ÿçêiâ
ñiðêè ç ïîâåðõíåâèìè àòîìàìè íàïiâïðîâiäíèêà [3�5].
Ñóëüôiäíà ìîäèôiêàöiÿ ïîâåðõíi GaAs äîçâîëÿ¹

çìåíøèòè ãóñòèíó ïîâåðõíåâèõ ñòàíiâ, çíèçèòè øâèä-
êiñòü ïîâåðõíåâî¨ ðåêîìáiíàöi¨, à òàêîæ çàãàëüìóâàòè
øâèäêiñòü óòâîðåííÿ ïîâåðõíåâèõ îêñèäiâ [3�5]. Öå
ïðèâîäèòü äî ñóòò¹âîãî ïîêðàùåííÿ õàðàêòåðèñòèê

íàïiâïðîâiäíèêîâèõ ïðèëàäiâ íà îñíîâi àðñåíiäó ãà-
ëiþ. Çîêðåìà, ñïîñòåðiãàëîñÿ ðiçêå çáiëüøåííÿ êîåôi-
öi¹íòà ïiäñèëåííÿ ñòðóìó â áiïîëÿðíèõ òðàíçèñòîðàõ
íà îñíîâi GaAs /AlGaAs, cóòò¹âå çáiëüøåííÿ ôîòî÷ó-
òëèâîñòi GaAs � ãîìîñòðóêòóðíèõ ñîíÿ÷íèõ åëåìåí-
òiâ, çìåíøåííÿ ïîðîãîâîãî ñòðóìó ãåòåðîëàçåðiâ íà
îñíîâi GaAs /AlGaAs [3, 4]. Íàÿâíi åêñïåðèìåíòàëüíi
ðåçóëüòàòè áóëè îòðèìàíi ïiñëÿ ñóëüôiäíî¨ ìîäèôi-
êàöi¨ ïîâåðõíi çà ðiçíèõ óìîâ. Âiäñóòíiñòü äîñëiäæåíü
âïëèâó òðèâàëîñòi òà óìîâ ïðîâåäåííÿ ñóëüôiäíî¨ ìî-
äèôiêàöi¨ ïîâåðõíi íà ¨¨ åôåêòèâíiñòü çâóæó¹ ìîæëè-
âîñòi âèêîðèñòàííÿ öi¹¨ îáðîáêè äëÿ ïîêðàùåííÿ õà-
ðàêòåðèñòèê GaAs òà íàïiâïðîâiäíèêîâèõ ïðèëàäiâ íà
éîãî îñíîâi.
Ó ðîáîòi äîñëiäæåíî âïëèâ òðèâàëîñòi ñóëüôiäíî¨

ìîäèôiêàöi¨ ïîâåðõíi ó âîäíîìó ðîç÷èíi Na2S íà ìå-
õàíiçìè ïðîõîäæåííÿ ïðÿìèõ òà çâîðîòíèõ ñòðóìiâ ó
p�n ïåðåõîäàõ íà îñíîâi GaAs.

II. ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ×ÀÑÒÈÍÀ

Äëÿ äîñëiäæåíü âèêîðèñòàíî äiîäè íà îñíîâi GaAs,
îòðèìàíi åïiòàêñiàëüíèì íàðîùóâàííÿì GaAs (Si) íà
ïiäêëàäêó GaAs (Te). Êîíöåíòðàöiÿ òåëóðó â ïiäêëàä-
öi íå ïåðåâèùóâàëà 5 · 1017 ñì−3. Êîíöåíòðàöiÿ êðåì-
íiþ ó åïiòàêñiàëüíîìó øàði äîõîäèëà äî 5 · 1018 ñì−3.
Äëÿ àðñåíiäó ãàëiþ êðåìíié ¹ àìôîòåðíîþ äîìiøêîþ.
Öå äîçâîëèëî ñòâîðþâàòè p�n ïåðåõîäè çìiíîþ òåì-
ïåðàòóðè åïiòàêñi¨ [13]. Ó äîñëiäæåíèõ ñòðóêòóðàõ p�
n-ïåðåõiä áóâ ïàðàëåëüíèì ïëîùèíi (100).
Âèìiðþâàëè (ÂÀÕ) ïðÿìi òà çâîðîòíi ñòðóìè p�n-

ïåðåõîäiâ íà îñíîâi GaAs ó ïîâiòði äî òà ïiñëÿ ñóëü-
ôiäíî¨ ìîäèôiêàöi¨ ç ðiçíîþ òðèâàëiñòþ.

Öþ ïðàöþ ìîæíà âèêîðèñòîâóâàòè íà óìîâàõ Ìiæíàðîäíî¨ Ïóáëi÷íî¨ Ëiöåíçi¨ Creative Commons 4.0 �Iç Çàçíà÷åííÿì
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Äëÿ ïiäâèùåííÿ ìîæëèâîñòi êîíòðîëþ çìií ÂÀÕ
âèêîðèñòàíî âîäíèé ðîç÷èí ñóëüôiäó íàòðiþ, ó ÿêîìó
øâèäêiñòü óòâîðåííÿ ïàñèâóâàëüíîãî ïîêðèòòÿ ìåí-
øà, íiæ ó ñïèðòîâèõ ðîç÷èíàõ [3�5, 10]. Äîäàòêîâå
ñïîâiëüíåííÿ ïðîöåñó ñóëüôiäíî¨ ïàñèâàöi¨ äîñÿãàëî-
ñÿ çà ðàõóíîê çìåíøåííÿ êîíöåíòðàöi¨ ñóëüôiä-éîíiâ
ó ðîç÷èíi. Ïðåäñòàâëåíi ðåçóëüòàòè áóëè îòðèìàíi ïi-
ñëÿ ìîäèôiêàöi¨ ïîâåðõíi àòîìàìè ñiðêè â 30% âîäíî-
ìó ðîç÷èíi ñóëüôiäó íàòðiþ çà îñâiòëåíÿ ñôîêóñîâà-
íèì ñâiòëîì âiä ëàìïè ðîçæàðþâàííÿ. Ïiñëÿ îáðîáêè
äiîäè ïðîìèâàëè â äèñòèëüîâàíié âîäi òà âèñóøóâàëè
â ïîòîöi ïîâiòðÿ äëÿ âèäàëåííÿ âîäè ç ïîâåðõíi.

III. ÎÁÃÎÂÎÐÅÍÍß ÐÅÇÓËÜÒÀÒIÂ

Íà ðèñ. 1 çîáðàæåíi ÂÀÕ ïðÿìîãî ñòðóìó p�n ïåðå-
õîäó íà îñíîâi GaAs, âèìiðÿíi â ïîâiòði äî (êðèâà 1)
òà ïiñëÿ ïðîâåäåííÿ ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi
(êðèâà 2) òðèâàëiñòþ 40 ñ.

Ðèñ. 1. ÂÀÕ ïðÿìîãî ñòðóìó p�n-ïåðåõîäó íà îñíîâi GaAs
äî (1) òà ïiñëÿ ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi (2) òðèâà-

ëiñòþ 40 ñ
Fig. 1. I�V characteristic of the forward current of GaAs p�n
junction before (1) and after (2) the sulphide modi�cation of

the surface for 40 s

Íà ÂÀÕ íåîáðîáëåíèõ p�n-ïåðåõîäiâ ó äiëÿíöi ïðÿ-
ìèõ ñòðóìiâ I < 10−8 A ñïîñòåðiãàëèñÿ ñòðóìè çàêî-
ðîòîê, ÿêi ïîâ'ÿçóþòü iç ïîâåðõíåâèìè ðåêîìáiíàöié-
íèìè öåíòðàìè [14].
Ó äiëÿíöi ñòðóìiâ 10−5 À > I > 10−8 A ÂÀÕ äiîäiâ

ìàëè âèãëÿä:

Ir = Ir0 exp

(
qU

nkT

)
, (1)

äå Ir0 � êîíñòàíòà, q � çàðÿä åëåêòðîíà, U � ïðè-
êëàäåíà íàïðóãà, n � êîåôiöi¹íò íåiäåàëüíîñòi, k �
ñòàëà Áîëüöìàíà, T � òåìïåðàòóðà â êåëüâiíàõ.
Äëÿ âñiõ ÂÀÕ çà êiìíàòíî¨ òåìïåðàòóðè âåëè÷èíè

êîåôiöi¹íòiâ íåiäåàëüíîñòi n ñòàíîâèëè 2.1�2.4 i çðî-

ñòàëè çi çíèæåííÿì òåìïåðàòóðè. Ñòðóìè âèäó (1),
äëÿ ÿêèõ n > 2, ìàþòü òóíåëüíî-ðåêîìáiíàöiéíó ïðè-
ðîäó é çóìîâëåíi ðåêîìáiíàöi¹þ íîñi¨â çàðÿäó â çái-
äíåíîìó øàði òà (àáî) íà ïîâåðõíi äiîäiâ [14�17].
Ïîðiâíÿííÿ êðèâèõ 1 i 2 íà ðèñ. 1 ïîêàçó¹, ùî ïi-

ñëÿ ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi ïðÿìi ñòðóìè çà
íèçüêèõ ðiâíiâ iíæåêöi¨ çìåíøóþòüñÿ. Òàêi ïåðåòâî-
ðþâàííÿ ÂÀÕ ìîæíà ïîÿñíèòè çìåíøåííÿì ãóñòèíè
ïîâåðõíåâèõ ñòàíiâ (ÏÑ) ìåæi ðîçäiëó p- òà n-äiëÿíîê
óíàñëiäîê îáðîáêè, ÿêå âiäáóâà¹òüñÿ ïiñëÿ âèäàëåííÿ
ïîâåðõíåâèõ îêñèäiâ òà óòâîðåííÿ çâ'ÿçêiâ ñiðêà-ãàëié
[3�5].
Íà ðèñ. 2 ïîêàçàíî ÂÀÕ îáåðíåíîãî ñòðóìó p�n-

ïåðåõîäó íà îñíîâi GaAs, ÿêi áóëè âèìiðÿíi â ïîâi-
òði äî (êðèâà 1) òà ïiñëÿ (êðèâà 2) ïðîâåäåííÿ ñóëü-
ôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi òðèâàëiñòþ 40 ñ. Ïîðiâ-
íÿííÿ êðèâèõ 1 i 2 ïîêàçó¹, ùî îáåðíåíi ñòðóìè â
ïåðåäïðîáiéíié äiëÿíöi ïiñëÿ ñóëüôiäíî¨ îáðîáêè òà-
êîæ çìåíøóþòüñÿ. Çìåíøåííÿ îáåðíåíèõ ñòðóìiâ ïi-
ñëÿ ìîäèôiêàöi¨ ïîâåðõíi àòîìàìè ñiðêè òàêîæ ìîæíà
ïîÿñíèòè çìåíøåííÿì ãóñòèíè ÏÑ p�n-ïåðåõîäiâ.

Ðèñ. 2. ÂÀÕ îáåðíåíîãî ñòðóìó p�n ïåðåõîäó íà îñíîâi
GaAs äî (1) òà ïiñëÿ (2) ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi

òðèâàëiñòþ 40 ñ
Fig. 2. I�V characteristic of the reverse current of p�n juncti-
on based on GaAs before (1) and after (2) the sulphide modi-

�cation of the surface for 40 s

Âåëè÷èíó çìåíøåííÿ ñòðóìó ïiñëÿ ñóëüôiäíî¨ ìî-
äèôiêàöi¨ ïîâåðõíi ðîçðàõîâóâàëè ïðè ôiêñîâàíié íà-
ïðóçi çà ôîðìóëîþ

∆I = I1 − I2, (2)

äå I1 � ïî÷àòêîâà âåëè÷èíà ñòðóìó, I2 � âåëè÷èíà
ñòðóìó ïiñëÿ îáðîáêè ïîâåðõíi.
Íà ðèñ. 3 ïîêàçàíî çàëåæíiñòü âåëè÷èíè çìåíøåííÿ

ïðÿìîãî ñòðóìó ∆I çà íàïðóãè U = 0.3 Â âiä òðèâà-
ëîñòi ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi p�n-ïåðåõîäiâ
íà îñíîâi GaAs. Êðèâó îòðèìàíî ïiñëÿ óñåðåäíåííÿ
çìií ïðÿìèõ ñòðóìiâ 5 çðàçêiâ äëÿ êîæíîãî ðåæèìó
îáðîáêè.
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Çàëåæíiñòü âåëè÷èíè çìåíøåííÿ çâîðîòíîãî ñòðó-
ìó âiä òðèâàëîñòi ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi ìà-
ëà àíàëîãi÷íèé âèãëÿä.

Ðèñ. 3. Çàëåæíiñòü âåëè÷èíè çìåíøåííÿ ïðÿìîãî ñòðóìó
çà íàïðóãè U = 0, 3 Â âiä òðèâàëîñòi ñóëüôiäíî¨ ìîäèôi-

êàöi¨ ïîâåðõíi
Fig. 3. Dependence of the magnitude of the decrease in the
forward current at a voltage of U = 0.3V on the time of the

sulphide modi�cation of the surface

Àíàëiç çìií ïðÿìèõ òà çâîðîòíèõ ñòðóìiâ ïîêà-
çàâ, ùî çi çáiëüøåííÿì òðèâàëîñòi îáðîáêè âåëè÷èíè
∆I çðîñòàëè, àëå äîâãîòðèâàëà îáðîáêà çìåíøóâàëà
åôåêò ïîêðàùåííÿ ÂÀÕ.
Äëÿ ïîÿñíåííÿ òàêèõ çìií ∆I íåîáõiäíî âðàõóâà-

òè, ùî çáiëüøåííÿ òðèâàëîñòi ñóëüôiäíî¨ ìîäèôiêàöi¨
ïîâåðõíi ïðèâîäèòü íå òiëüêè äî ïîâíiøîãî âèäàëå-
ííÿ ïîâåðõíåâèõ îêñèäiâ, à é äî óòâîðåííÿ é ñóòò¹-
âîãî çðîñòàííÿ òîâùèíè øàðó Ga2S3 [3�5, 8, 12], ùî
ñóïðîâîäæó¹òüñÿ çìiíàìè ñïåêòðà é ãóñòèíè ÏÑ p�n-
ïåðåõîäiâ.
Ó p�n-ïåðåõîäàõ çðîñòàííÿ òîâùèíè äiåëåêòðè÷íî-

ãî øàðó íà ïîâåðõíi ìîæå ïðèâåñòè äî çáiëüøåííÿ ïî-
ñëiäîâíîãî îïîðó êâàçiíåéòðàëüíèõ äiëÿíîê. Íà ÂÀÕ
ïðÿìîãî ñòðóìó öå ïîâèííî ïðîÿâèòèñÿ çà âèñîêèõ
ðiâíiâ iíæåêöi¨, êîëè çíà÷íà ÷àñòèíà ïðèêëàäåíî¨ ïðÿ-
ìî¨ íàïðóãè ïî÷èíà¹ ñïàäàòè íà ïîñëiäîâíîìó îïîði.
Ïðîâåäåíi äîñëiäæåííÿ ïîêàçàëè, ùî çà âèêîðèñòàíèõ
òðèâàëîñòåé ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi âåëè÷è-
íè ïîñëiäîâíîãî îïîðó p�n-ïåðåõîäiâ íà îñíîâi GaAs
íå çìiíþâàëèñÿ.

Çðîñòàííÿ òîâùèíè äiåëåêòðè÷íîãî øàðó çà ñóëü-
ôiäíî¨ ìîäèôiêàöi¨ âiäáóâà¹òüñÿ ÿê íà ïîâåðõíÿõ, ÿêi
¹ êîìïëàíàðíèìè äî åïiòàêñiàëüíî¨ ïîâåðõíi, òàê i
íà òîðöÿõ. Íåçìiííiñòü âåëè÷èíè ïîñëiäîâíîãî îïî-
ðó îçíà÷à¹, ùî îñíîâíó ðîëü ó çìiíàõ ñòðóìiâ ïiä
÷àñ äîâãîòðèâàëî¨ îáðîáêè ìîæóòü âiäiãðàâàòè ïðî-
öåñè ñàìå íà òîðöåâèõ ïîâåðõíÿõ äiîäiâ. Çà ìàëèõ
òðèâàëîñòåé îáðîáêè âíàñëiäîê çìåíøåííÿ ãóñòèíè
ÏÑ ìåæi ðîçäiëó p- òà n-äiëÿíîê çàãàëüíèé ñòðóì
çìåíøóâàòèìåòüñÿ, ùî i ñïîñòåðiãàëîñÿ åêñïåðèìåí-
òàëüíî. Çi çáiëüøåííÿì òðèâàëîñòi ñóëüôiäíî¨ ìîäè-
ôiêàöi¨ òîâùèíà øàðó Ga2S3 ñóòò¹âî çðîñòà¹. Óíà-
ñëiäîê íåóçãîäæåíîñòi ïàðàìåòðiâ êðèñòàëi÷íèõ  ðà-
òîê Ga2S3 òà îá'¹ìíîãî GaAs çi çáiëüøåííÿì òîâùè-
íè øàðó Ga2S3 ç'ÿâëÿþòüñÿ äîäàòêîâi ìåõàíi÷íi íà-
ïðóæåííÿ. Öå ïðèâîäèòü äî çáiëüøåííÿ ãóñòèíè ÏÑ
p�n-ïåðåõîäiâ i áóäå ñóïðîâîäæóâàòèìåòüñÿ çðîñòàí-
íÿì ñòðóìiâ çàêîðîòîê. Òîìó çà çáiëüøåííÿ òðèâàëî-
ñòi ñóëüôiäíî¨ îáðîáêè ïîâåðõíi ïîäàëüøå ïîêðàùåí-
íÿ ÂÀÕ íå âiäáóâàòèìåòüñÿ, ùî é ñïîñòåðiãàëîñÿ íà
åêñïåðèìåíòi. Óíàñëiäîê öèõ ïðîöåñiâ íà çàëåæíîñòÿõ
âåëè÷èí çìåíøåííÿ ïðÿìèõ òà îáåðíåíèõ ñòðóìiâ âiä
òðèâàëîñòi ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi ñïîñòåði-
ãàâñÿ ìàêñèìóì, ïiñëÿ ÿêîãî ïî÷èíàëîñÿ çìåíøåííÿ
çìií ñòðóìiâ.

IV. ÂÈÑÍÎÂÊÈ

Äëÿ ïîêðàùåííÿ ÂÀÕ p�n-ïåðåõîäiâ íà îñíîâi
GaAs ñóëüôiäíó ìîäèôiêàöiþ ïîâåðõíi íåîáõiäíî ïðî-
âîäèòè ç óðàõóâàííÿì äi¨ äâîõ ïðîöåñiâ. Çìåíøåííÿ
ãóñòèíè âèõiäíèõ ÏÑ p�n-ïåðåõîäiâ ïiñëÿ âèäàëåííÿ
øàðó ïîâåðõíåâèõ îêñèäiâ ïiä ÷àñ êîðîòêîòðèâàëî¨
îáðîáêè ïðèâîäèòü äî çìåíøåííÿ ïðÿìèõ é îáåðíå-
íèõ ñòðóìiâ ó ïåðåäïðîáiéíié äiëÿíöi. Çáiëüøåííÿ ãó-
ñòèíè íîâèõ ÏÑ p�n-ïåðåõîäiâ, ÿêi ç'ÿâëÿþòüñÿ ïiñëÿ
òðèâàëî¨ îáðîáêè âíàñëiäîê ïîÿâè ìåõàíi÷íèõ íàïðó-
æåíü ïiä ÷àñ óòâîðåííÿ òîâñòiøîãî ïàñèâóâàëüíîãî
øàðó Ga2S3 íà òîðöåâèõ ïîâåðõíÿõ, çìåíøó¹ åôåêò
ïîêðàùåííÿ ÂÀÕ. ×åðåç òàêi çìiíè ãóñòèíè òà ñêëà-
äó ÏÑ p�n-ïåðåõîäiâ íà çàëåæíîñòÿõ âåëè÷èí çìåí-
øåííÿ ïðÿìèõ òà îáåðíåíèõ ñòðóìiâ âiä òðèâàëîñòi
ñóëüôiäíî¨ ìîäèôiêàöi¨ ïîâåðõíi ñïîñòåðiãà¹òüñÿ ìà-
êñèìóì. Íàÿâíiñòü òàêîãî ìàêñèìóìó íåîáõiäíî âðà-
õîâóâàòè äëÿ îïòèìiçàöi¨ òðèâàëîñòi îáðîáêè, ùîá äî-
ñÿãíóòè íàéáiëüøîãî ïîêðàùåííÿ ÂÀÕ p�n-ïåðåõîäiâ
íà îñíîâi GaAs.
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THE INFLUENCE OF SULPHIDE SURFACE MODIFICATION REGIMES ON THE MECHANISM

OF CURRENTS IN p�n JUNCTIONS BASED ON GaAs
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Sulphide modi�cation of gallium arsenide involves both chemical and electronic passivation of the
surface. It results in a complete or partial removal of surface oxides, the surface reconstruction and the
formation of a passivating layer Ga2S3. Such treatment decreases the density of surface states, reduces
the speed of the surface recombination and slows down the speed of the surface oxides formation. It leads
to a signi�cant improvement in the characteristics of the semiconductor devices based on GaAs. The
lack of studies on the duration and conditions of sulphide surface modi�cation and its e�ciency narrows
possibilities for using this treatment to improve characteristics of GaAs as well as semiconductor devices
based on it.

This work studied the in�uence of sulphide surface modi�cation modes on the volt-ampere characteri-
stics of p�n junctions based on GaAs which were obtained by epitaxial extension of GaAs(Si) on the
substrate GaAs(Te). To increase the ability to control changes in the V�A characteristics, an aqueous
solution of sodium sulphide was used, in which a passivating coating forms slower than in alcohol solutions.
An additional slowdown of the sulphide passivation process was achieved by reducing the concentration
of sulphide ions in the solution. The given results were obtained after the modi�cation of the surface by
sulphur atoms in a 30%-aqueous solution of sodium sulphide under illumination with focused light from
an incandescent lamp.

It was found that a short-term treatment reduces direct and reverse currents in the pre-breakdown
area, which is the result of a decrease in the density of surface states at the edge of the division of
p- and n-areas. With an increase in the duration of the treatment, the e�ect of improving the V�A
characteristics decreased. At some point of the treatment, the changes in the currents reached their peak
and then started to decline. This can be explained by the increase in the density of surface states of the
p�n junctions, which occurs with an increase in the thickness of the passivating layer of gallium sulphide
during a long-term treatment. This process occurs both on the surfaces that are coplanar to the epitaxial
one and at the edges. Since the values of the series resistance of the studied diodes during such treatments
did not change, the main role in the changes of the currents during a long-term treatment was played
by the processes at the edge surfaces of the diodes. Due to a mismatch between the parameters of the
lattice Ga2S3 formed on the surface and large GaAs, additional mechanical tensions appear leading to
an increase in the density of the surface states of the p�n junctions. This is accompanied by an increase
in short-circuit currents. Therefore, with an increase in the duration of sulphide surface treatment, no
further improvement of the V�A characteristics occurs. The fact that the changes in the currents reach
their peak at a certain point during the sulphide modi�cation of the surface and then start to decline
must be taken into account to optimize the duration of the treatment in order to achieve the biggest
improvement in the V�A characteristics of p�n junctions based on GaAs.

Key words: p�n junction, gallium arsenide, sulphur atoms, surface modi�cation, surface oxide,
aqueous solution of sodium sulphide, direct and reverse current, surface states, surface reconstruction,
passivating layer of gallium sulphide.
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