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I. ÂÑÒÓÏ

Óïðîâàäæåííÿ âîäíþ ç âèñîêîþ äèôóçiéíîþ ðó-
õëèâiñòþ â øàðóâàòi íàïiâïðîâiäíèêè InSe (GaSe) äî-
çâîëÿ¹ óòâîðþâàòè íåñòåõiîìåòðè÷íi âîäíåâi ôàçè òè-
ïó HxInSe (x � êiëüêiñòü àòîìiâ âîäíþ íà îäíó ôîð-
ìóëüíó îäèíèöþ êðèñòàëà InSe). Êðiì òîãî, øàðóâà-
òi ìàòåðiàëè, ùî ìîæóòü åôåêòèâíî àêóìóëþâàòè âî-
äåíü, ïðèâàáëèâi ç ïîãëÿäó âîäíåâî¨ åíåð åòèêè [1, 2].
Äëÿ äîñëiäæåííÿ ãiäðîãåíiçîâàíèõ êðèñòàëiâ ìîíîñå-
ëåíiäó iíäiþ âàæëèâî çíàòè, â ÿêîìó çàðÿäîâîìó ñòàíi
ïåðåáóâà¹ àòîì âîäíþ â êðèñòàëi, ÿê âçà¹ìîäi¹ ç âëà-
ñíèìè òî÷êîâèìè äåôåêòàìè InSe, ÿê ðîçïîäiëÿþòüñÿ
àòîìè âîäíþ: ñòàòèñòè÷íî ÷è óòâîðþþòü êëàñòåðè.
Óêàçàíi äîñëiäæåííÿ àêòóàëüíi äëÿ ñó÷àñíî¨ íàíîåëå-
êòðîíiêè, îñêiëüêè InSe ìà¹ âèñîêó ðóõëèâiñòü íîñi¨â
çàðÿäó òà ôîòî÷óòëèâiñòü ó áëèæíié iíôðà÷åðâîíié
äiëÿíöi ñïåêòðà [3].

Øàðóâàòèé õàðàêòåð êðèñòàëi÷íî¨ ñòðóêòóðè InSe,
à òàêîæ íàÿâíiñòü äâîâèìiðíèõ äåôåêòiâ (äåôåêòè
óïàêîâêè, ãðàíèöi äâiéíèêiâ) âèçíà÷à¹ àíiçîòðîïiþ
ôiçè÷íèõ âëàñòèâîñòåé êðèñòàëà, çîêðåìà åëåêòðè-
÷íèõ. Òàê, ó äiëÿíöi òåìïåðàòóð 80÷300Ê àíiçîòðîïiÿ
åëåêòðîïðîâiäíîñòi çóìîâëåíà íàÿâíiñòþ óêàçàíèõ äå-
ôåêòiâ [4]. Çà íèæ÷èõ òåìïåðàòóð åëåêòðîííèé ãàç â
InSe ìà¹ äâîâèìiðíèé õàðàêòåð. Ó äiëÿíöi T < 50 K
âèíèêàþòü õâèëi çàðÿäîâî¨ ãóñòèíè [5], ùî âëàñòèâi
äâîâèìiðíèì ñòðóêòóðàì ïåðåõiäíèõ ìåòàëiâ TiSe2.

Ó ïîïåðåäíiõ ïðàöÿõ [6, 7] âèâ÷åíî âïðîâàäæåí-
íÿ âîäíþ ç ãàçîâî¨ ôàçè â øàðóâàòi êðèñòàëè InSe,
GaSe, ïðîâåäåíî åêñïåðèìåíòàëüíi äîñëiäæåííÿ åëå-
êòðè÷íèõ é îïòè÷íèõ âëàñòèâîñòåé. Óïðîâàäæåííÿ
âîäíþ âèâ÷åíî îá'¹ìíî ìàíîìåòðè÷íèì ìåòîäîì íà
óñòàíîâöi òèïó Ñiâåðñà, âèçíà÷åíi çíà÷åííÿ x ñòàíî-
âèëè âiä 0 äî 2.22 äëÿ GaSe.

Ó öié ñòàòòi íàâåäåíî ðåçóëüòàòè äîñëiäæåíü òåì-
ïåðàòóðíèõ çàëåæíîñòåé åëåêòðîïðîâiäíîñòi, ðóõëè-
âîñòi òà êîíöåíòðàöi¨ íîñi¨â çàðÿäó ãiäðîãåíiçîâàíîãî,
íåëå îâàíîãî òà âiäïàëåíîãî êðèñòàëiâ InSe. Ðîçãëÿ-

íóòî ìîäåëü äîìiøêîâî¨ ïðîâiäíîñòi, âèçíà÷åíî îñíîâ-
íi ìåõàíiçìè ðîçñiþâàííÿ íîñi¨â çàðÿäó.

II. ÏÐÎÂÅÄÅÍI ÄÎÑËIÄÆÅÍÍß

I ÎÁÃÎÂÎÐÅÍÍß

Òåõíîëîãiÿ âèðîùóâàííÿ ãiäðîãåíiçîâàíèõ êðèñòà-
ëiâ InSe òà ìåòîäèêà åêñïåðèìåíòó äåòàëüíî îïèñàíi â
ïðàöi [6]. Òåìïåðàòóðíi çàëåæíîñòi åëåêòðîïðîâiäíî-
ñòi óçäîâæ øàðiâ (σ⊥c), õîëëiâñüêî¨ ðóõëèâîñòi (µ⊥c)
òà êîíöåíòðàöi¨ âiëüíèõ íîñi¨â çàðÿäó (n) äîñëiäæó-
âàíèõ çðàçêiâ ïîêàçàíi íà ðèñ. 1�3. Äëÿ ðîçäiëüíîãî
âèçíà÷åííÿ âïëèâó ãiäðóâàííÿ i çâè÷àéíîãî âiäïàëó
ïðîâîäèëè àíàëiç ïàðàìåòðiâ òåðìîîáðîáëåíèõ ó âà-
êóóìi çà àíàëîãi÷íèõ óìîâ êðèñòàëiâ (T = 673K, ÷àñ
âiäïàëó � 84 ãîä). Âiäîìî, ùî âiäïàë InSe çà òàêèõ
òåìïåðàòóð ïîâèíåí ïðèâîäèòè äî çáiëüøåííÿ êîí-
öåíòðàöi¨ âiëüíèõ åëåêòðîíiâ [8]. Ïðîòå â íàøié ðîáîòi
éäåòüñÿ ïðî äîâãîòðèâàëèé âiäïàë. Íàïåâíî, ó öüîìó
ðàçi, êðèñòàë ïî÷èíà¹ äåùî äå ðàäóâàòè, íiâåëþþ÷è
ïîçèòèâíi çìiíè â n, ùî âiäáóâàþòüñÿ ïðîòÿãîì ïåð-
øèõ äåêiëüêîõ ãîäèí âiäïàëó (ðèñ. 3).
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Ðèñ. 1. Òåìïåðàòóðíi çàëåæíîñòi åëåêòðîïðîâiäíîñòi: 1 �
InSe, 2 � HxInSe, 3 � âiäïàëåíèé InSe

Fig. 1. Temperature dependences of electrical conductivity: 1
� InSe, 2 � HxInSe, 3 � annealed InSe
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Òåìïåðàòóðíi çàëåæíîñòi åëåêòðîïðîâiäíîñòi σ⊥c
äîñëiäæóâàíèõ êðèñòàëiâ çà T < 300 ìàþòü ìåòàëi-
÷íèé õàðàêòåð (ðèñ. 1), ùî ïîâ'ÿçàíî ç ïåðåâàæàííÿì
ñïàäó ðóõëèâîñòi íàä çðîñòàííÿì êîíöåíòðàöi¨ âiëü-
íèõ åëåêòðîíiâ.
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Ðèñ. 2. Òåìïåðàòóðíi çàëåæíîñòi ðóõëèâîñòi: 1 � InSe, 2
� HxInSe, 3 � âiäïàëåíèé InSe. Òî÷êè âiäïîâiäàþòü åêñ-
ïåðèìåíòàëüíèì çíà÷åííÿì, ñóöiëüíi êðèâi � òåîðåòè÷íi

ðîçðàõóíêè çãiäíî ôîðìóëè (1)

Fig. 2. Temperature dependences of mobility: 1 � InSe, 2
� HxInSe, 3 � annealed InSe. The points correspond to
the experimental data, the solid curves � the theoretical

calculations according to Eq. (1)

100 200 300 400

2

4

20

40

 

 

n,
 1

015
 

-3

, 

1

2

3

Ðèñ. 3. Òåìïåðàòóðíi çàëåæíîñòi êîíöåíòðàöi¨ åëåêòðîíiâ:
1 � InSe, 2 � HxInSe, 3 � âiäïàëåíèé InSe. Òî÷êè âiäïî-
âiäàþòü åêñïåðèìåíòàëüíèì çíà÷åííÿì, ñóöiëüíi êðèâi �

òåîðåòè÷íi ðîçðàõóíêè çãiäíî ôîðìóëè (3)

Fig. 3. Temperature dependences of electron concentrati-
on: 1 � InSe, 2 � HxInSe, 3 � annealed InSe. The points
correspond to the experimental data, the solid curves � the

theoretical calculations according to Eq. (3)

Çà T > 100 K ðóõëèâiñòü íåëå îâàíîãî êðèñòà-
ëà InSe çìåíøóþòüñÿ ç ïiäâèùåííÿì òåìïåðàòóðè i,
çãiäíî ç ëiòåðàòóðíèìè äàíèìè [9, 10], âèçíà÷à¹òüñÿ
âçà¹ìîäi¹þ íîñi¨â çàðÿäó ç ãîìîïîëÿðíèìè îïòè÷íè-
ìè ôîíîíàìè. Çà T < 100 Ê õàðàêòåð çàëåæíîñòåé
µ⊥c(T ) çìiíþ¹òüñÿ é áà÷èìî òåíäåíöiþ äî óòâîðåí-
íÿ ìàêñèìóìó. Öå ïîâ'ÿçàíî ç ðîçñiþâàííÿì åëåêòðî-
íiâ íà éîíiçîâàíèõ äîìiøêàõ, ùî ïåðåâàæà¹ çà íèçü-
êèõ òåìïåðàòóð. Òåìïåðàòóðíà çàëåæíiñòü ðóõëèâî-
ñòè ïiä ÷àñ ðîçñiþâàííÿ íà éîíiçîâàíèõ äîìiøêàõ
ç äîñòàòíüîþ òî÷íiñòþ îïèñó¹òüñÿ âèðàçîì µi(T ) ∼
T 3/2 [11]. Âðàõîâóþ÷è, ùî â äîñëiäæóâàíèõ êðèñòà-
ëàõ óêàçàíi âèùå ìåõàíiçìè ðîçñiþâàííÿ äîìiíóþòü,
òåìïåðàòóðíó çàëåæíiñòü ðóõëèâîñòi ìîæíà çàïèñàòè

â òàêîìó âèãëÿäi:

1/µ(T ) = 1/µi(T ) + 1/µph(T ). (1)

Çàëåæíiñòü µph(T ) âèçíà÷à¹òüñÿ ôîðìóëîþ [10]:

µph =
4e

3
√
πm∗

∞∫
0

τ(U)U3/2 exp(−U)dU, (2)

äå U = E/kT � áåçðîçìiðíà åíåð iÿ, τ � ÷àñ ðåëàêñà-
öi¨.
Ó âèðàç äëÿ τ(U) [10] âõîäèòü ñòàëà åëåêòðîí-

ôîíîííî¨ âçà¹ìîäi¨ g, ÿêà âèçíà÷à¹òüñÿ äåôîðìàöié-
íèì ïîòåíöiàëîì ε∗ òà åíåð i¹þ ôîíîíiâ ~ω. Ðîçãëÿ-
äàþ÷è äåôîðìàöiéíèé ïîòåíöiàë ε∗ â InSe, ïîòðiáíî
âðàõîâóâàòè äåôîðìàöiþ  ðàòêè ðîñòîâèìè äåôåêòà-
ìè (äèñëîêàöi¨, äåôåêòè óïàêîâêè, ìiêðîâêëþ÷åííÿ),
à òàêîæ äåôîðìàöiþ çãèíó êðèñòàëîãðàôi÷íèõ ïëî-
ùèí óíàñëiäîê ïðåïàðàöi¨ çðàçêiâ. Îòæå ðiçíi çíà÷å-
ííÿ ïàðàìåòðà g (0.015÷ 0.5) [12], ùî ïîäàþòü â ëiòå-
ðàòóði, ïîâ'ÿçàíi ç ñòðóêòóðíîþ äîñêîíàëiñòþ äîñëi-
äæóâàíèõ çðàçêiâ.
Äëÿ ðîçðàõóíêó µ(T ) çà ôîðìóëîþ (1) ÿê âèõiäíèé

ïàðàìåòð óçÿòî åíåð iþ ôîíîíiâ ~ω = 14.3ìåÂ [13].
Âîíà âiäïîâiäà¹ ìîäi A′1g (ω = 123.3Ãö) ôîíîííî-
ãî ñïåêòðà InSe. Íàÿâíiñòü öi¹¨ ìîäè ïiäòâåðäæåíî
òåîðåòèêî-ãðóïîâèì àíàëiçîì äëÿ β-InSe (ïðîñòîðîâî¨
ãðóïèD4

6h) [14], à òàêîæ óñòàíîâëåíî åêñïåðèìåíòàëü-
íî â ñïåêòðàõ êîìáiíàöiéíîãî ðîçñiþâàííÿ ñâiòëà äëÿ
γ-InSe [15]. Íàéêðàùèé çáiã åêñïåðèìåíòàëüíèõ òà òå-
îðåòè÷íèõ äàíèõ µ(T ) îòðèìàíî äëÿ òàêèõ çíà÷åíü g:
0.05 äëÿ InSe, 0.06 äëÿ âiäïàëåíîãî InSe òà 0.08 äëÿ
HxInSe. Ðåçóëüòàòè ðîçðàõóíêiâ ïîêàçàíi íà ðèñ. 2
ñóöiëüíèìè êðèâèìè. Äîêëàäíiøå ïðîöåäóðó ïiäãîí-
êè åêñïåðèìåíòàëüíèõ äàíèõ ðîçãëÿíóòî íà ïðèêëàäi
âiäïàëåíîãî êðèñòàëó InSe (ðèñ. 4).
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Ðèñ. 4. Òåìïåðàòóðíà çàëåæíiñòü ðóõëèâîñòi âiäïàëåíîãî
InSe: 1 � µi, 2 � µph, 3 � µ−1 = µ−1

i + µ−1
ph

Fig. 4. Temperature dependence of mobility for annealed
InSe: 1 � µi, 2 � µph, 3 � µ−1 = µ−1

i + µ−1
ph

Òåìïåðàòóðíó çàëåæíiñòü êîíöåíòðàöi¨ åëåêòðîíiâ
ïðîàíàëiçîâàíî â ìåæàõ ìîäåëi äîìiøêîâî¨ ïðîâiäíî-
ñòi. Âiäîìî, ùî â InSe ¹ äâà äîíîðíi ðiâíi [16]. Ìè ðîç-
ãëÿäà¹ìî ìîäåëü íàïiâïðîâiäíèêà ç òðüîìà äîìiøêî-
âèìè ðiâíÿìè: ìiëêèé äîíîðíèé, ãëèáîêèé äîíîðíèé
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òà àêöåïòîðíèé. Òîäi ç óìîâè åëåêòðîíåéòðàëüíîñòi
çíàõîäèìî [17]:

n =
Ndd

1 + (n/g0Nc) exp(Edd/kT )

+
Nds

1 + (n/g0Nc) exp(Eds/kT )
−Na, (3)

äå Ndd � êîíöåíòðàöiÿ ãëèáîêèõ äîíîðíèõ ðiâíiâ, Nds

� êîíöåíòðàöiÿ ìiëêèõ äîíîðíèõ ðiâíiâ,Na � êîíöåí-
òðàöiÿ àêöåïòîðíèõ ðiâíiâ, Edd � ãëèáèíà çàëÿãàí-
íÿ ãëèáîêèõ äîíîðíèõ ðiâíiâ, Eds � ãëèáèíà çàëÿãàí-

íÿ ìiëêèõ äîíîðíèõ ðiâíiâ, g0 � ôàêòîð âèðîäæåííÿ,
Nc � ãóñòèíà ñòàíiâ ó çîíi ïðîâiäíîñòi (äëÿ InSe ïðè
300 Ê Nc ≈ 1018 ñì−3).

Ðåçóëüòàòè òåîðåòè÷íèõ ðîçðàõóíêiâ iç âèêîðèñòàí-
íÿì ôîðìóëè (3) ïîêàçàíi íà ðèñ. 3 ñóöiëüíèìè êðèâè-
ìè. Çíàéäåíi ïàðàìåòðè íàâåäåíî â Òàáëèöi. Ðîçðàõî-
âàíi âåëè÷èíè Edd òà Eds ñïiââiäíîñÿòüñÿ ç äàíèìè ðî-
áîòè [18] (Edd = 0.012÷0.015 åÂ, Eds = 0.38÷0.40 åÂ).
Òåîðåòè÷íi êðèâi n(T ) óçãîäæóþòüñÿ ç åêñïåðèìåí-
òàëüíèìè, ùî ïiäòâåðäæó¹ âèáðàíó ìîäåëü åëåêòðî-
ïðîâiäíîñòi â äîñëiäæóâàíèõ çðàçêàõ.

Na, cì−3 Nds, cì−3 Ndd, cì−3 Edd, åÂ Eds, åÂ

InSe 1015 2.7 · 1015 3.1 · 1016 0.3 0.026

HxInSe 5.5 · 1015 2.1 · 1016 2.5 · 1018 0.3 0.005

InSe (âiäï.) 6 · 1015 7.6 · 1015 8.0 · 1015 0.3 0.018

Òàáëèöÿ. Ðîçðàõîâàíi ïàðàìåòðè äîìiøêîâèõ ðiâíiâ â InSe

Table. Calculated parameters of the impurity levels in InSe

Â InSe çâ'ÿçîê ìiæ àòîìàìè âñåðåäèíi øàðó ìà¹
éîííî-êîâàëåíòíèé õàðàêòåð, à ìiæ øàðàìè äi¹ ñëàá-
êèé çâ'ÿçîê òèïó Âàí-äåð-Âààëüñà. Ãiïîòåòè÷íî âïðî-
âàäæåííÿ âîäíþ ìîæå âiäáóâàòèñÿ â îêòàåäðè÷íi òà
òåòðàåäðè÷íi ïîðîæíèíè, ùî ðîçòàøîâàíi â ìiæøà-
ðîâîìó ïðîñòîði. Ñïiââiäíîøåííÿ ðàäióñiâ öèõ ïóñòîò
(∼ 0.79 i 0.42 �A âiäïîâiäíî) é àòîìíîãî ðàäióñà âîäíþ
(∼ 0.37 �A) ñâiä÷àòü íà êîðèñòü òàêîãî ïðèïóùåííÿ.
Çàëåæíî âiä åíåð i¨ çâ'ÿçêó âîäåíü ó ìåòàëàõ ïå-

ðåáóâà¹ â àòîìàðíîìó ñòàíi, ðiäøå â ñòàíi ïðîòîíà
H+ àáî éîíà H−. Ó íàïiâïðîâiäíèêàõ ÷åðåç íèçüêó
åíåð iþ çâ'ÿçêó âîäåíü ìîæå ëåãêî âçà¹ìîäiÿòè ç ðî-
çiðâàíèìè çâ'ÿçêàìè àáî ïåðåáóâàòè â ìîëåêóëÿðíîìó
ñòàíi [19]. Çîêðåìà, âîäåíü â Si, Ge ñèëüíî âçà¹ìîäi¹
ç òî÷êîâèìè äåôåêòàìè, ùî ïðèâîäèòü äî óòâîðåí-
íÿ íåéòðàëüíèõ êîìïëåêñiâ (âîäíåâà ïàñèâàöiÿ äåôå-
êòiâ), çìåíøóþ÷è ãóñòèíè åëåêòðè÷íèõ ñòàíiâ ó çà-
áîðîíåíié çîíi [20]. Içîëüîâàíèé àòîì âîäíþ, ðîçìi-
ùåíèé ó òåòðàåäðè÷íèõ Si-ïîðîæíèíàõ, åëåêòðè÷íî
íåéòðàëüíèé. Îäíàê ó ïðîöåñi äèôóçi¨ âií ìîæå ñòâî-
ðþâàòè ðiâåíü ó çàáîðîíåíié çîíi.
Ìîæíà ïðèïóñòèòè, ùî â êðèñòàëàõ HxInSe àòîìè

âîäíþ ñòâîðþþòü ìiëêi äîíîðíi ðiâíi â çàáîðîíåíié
çîíi. Çðîñòàííÿ êîíöåíòðàöi¨ åëåêòðîíiâ ó êðèñòàëàõ
HxInSe (ðèñ. 3) ïîâ'ÿçàíî ç àêòèâàöi¹þ äîíîðíèõ ðiâ-

íiâ çà òåìïåðàòóð T < 77 Ê. Òàêîæ ÷àñòèíà àòîìiâ âî-
äíþ ìîæå âçà¹ìîäiÿòè ç òî÷êîâèìè äåôåêòàìè, ïðè-
çâîäÿ÷è äî ¨õ ïàñèâàöi¨.

III. ÂÈÑÍÎÂÊÈ

Ïîêàçàíî, ùî â ãiäðîãåíiçîâàíèõ êðèñòàëàõ InSe
îñíîâíèìè ìåõàíiçìàìè ðîçñiþâàííÿ íîñi¨â çàðÿäó,
ÿêi âèçíà÷àþòü òåìïåðàòóðíó çàëåæíiñòü ðóõëèâîñòi
¹ ðîçñiþâàííÿ íà ãîìîïîëÿðíèõ îïòè÷íèõ ôîíîíàõ (çà
T > 100 Ê) òà ðîçñiþâàííÿ íà iîíiçîâàíèõ äîìiøêàõ
(çà T < 100 Ê). Ó äîñêîíàëèõ íåëå îâàíèõ êðèñòàëàõ
InSe, â äîñëiäæóâàíié äiëÿíöi òåìïåðàòóð, ìà¹ ìiñöå
îäèí ìåõàíiçì � ðîçñiþâàííÿ íà îïòè÷íèõ ôîíîíàõ.

Ó ìåæàõ ìîäåëi äîìiøêîâî¨ ïðîâiäíîñòi ç òðüîìà
òèïàìè äîìiøêîâèõ ñòàíiâ ó çàáîðîíåíié çîíi (ìiëêèé
äîíîðíèé, ãëèáîêèé äîíîðíèé, àêöåïòîðíèé) ïðîàíà-
ëiçîâàíî òåìïåðàòóðíó çàëåæíiñòü êîíöåíòðàöiþ åëå-
êòðîíiâ. Âèçíà÷åíî åíåð åòè÷íå ïîëîæåííÿ òà êîí-
öåíòðàöiÿ äîíîðíèõ ðiâíiâ. Çáiã åêñïåðèìåíòàëüíèõ
òà òåîðåòè÷íèõ ðåçóëüòàòiâ ïiäòâåðäæó¹ ñïðàâåäëè-
âiñòü âèáðàíî¨ ìîäåëi äëÿ íàøèõ ìàòåðiàëiâ.
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INFLUENCE OF HYDROGEN ON THE ELECTRICAL PROPERTIES OF n-InSe

V. M. Kaminskii1, Z. D. Kovalyuk1, M. V. Tovarnitskii1, V. I. Ivanov1, M. V. Zapolovskyi2
1Frantsevych Institute for Problems of Materials Science of NAS of Ukraine, Chernivtsi Branch,

5, I. Vilde St., UA�58001, Chernivtsi, Ukraine
2Yuriy Fedkovych Chernivtsi National University,

2, Kotsyubynsky St., UA�58012, Chernivtsi, Ukraine

The results of studies of the electrical properties of InSe layered crystals hydrogenated from the
gas phase are presented. Theoretical models for the description of the temperature dependences of the
mobility and electron concentration of hydrogenated, undoped and annealed InSe crystals are proposed.
In order to separately determine the e�ects of hydrogenation and conventional annealing, the studies of
a vacuum heat treated sample under similar conditions were carried out. The electrical characteristics of
single crystals were investigated in the temperature range 80÷ 400 K. It is established that the electrical
conductivity and free-electron concentration of hydrogenated InSe crystals signi�cantly increased, and the
electron mobility decreased. The increase in the conductivity and concentration is due to the ionization
of the hydrogen atoms. The decrease in the mobility for hydrogenated and annealed InSe is due to the
scattering of electrons by the localized hydrogen atoms as well as due to structural changes at annealing.
It is shown that the dominant mechanisms of charge-carrier scattering that determine the temperature
dependence of mobility are the scattering on homopolar optical phonons and the scattering on ionized
impurities. In perfect undoped InSe single crystals, only the scattering on optical phonons occurs in the
studied temperature range. The temperature dependence of the electron concentration is analyzed in the
framework of the model of impurity conduction. We considered three types of impurity states in the
band gap: the deep donor, shallow donor and acceptor. The energy and concentration of the levels were
determined. The good coincidence of experimental and theoretical results con�rms the validity of the
chosen model for our materials.

Key words: indium selenide, hydrogenation, electrical conductivity, mobility, electron concentration.
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