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Z meto� vivqenn� mehan�zmu �viwa elektronno{stimul~ovanogo dihroÝzmu (ESD) v amorf-

nomu As

2

S

3

detal~no dosl�d�eno (vikoristovu�qi metod Fur'{spektroskop�Ý) spektral~n�

harakteristiki v�dbivann� sklopod�bnogo kubika As

2

S

3

v�d dvoh plowin| oprom�nenoÝ elek-

tronami � sum��noÝ, perpendikul�rnoÝ. Zg�dno z otrimanimi diferenc�al~nimi spektrami

navedenogo v�dbivann� v�d oboh plowin zrazka p�sl� r�znih temperatur v�dpal�vann� poka-

zano, wo p�d qas elektronnogo oprom�nenn� v�dbuva�t~s� procesi formuvann� koordinac��-

nih defekt�v.

Kl�qov� slova: sklopod�bni� nap�vprov�dnik, pol�rizac��, hal~kogen�d, an�zotrop��, di-

hroÝzm, elektronne oprom�nenn�.

PACS number(s): 71.55 Jv

Sklopod�bni� As

2

S

3

ma un�kal~nu zdatn�st~ zm�-

n�vati svoÝ f�ziko{hem�qn� vlastivost� p�d vpli-

vom sv�tlovih kvant�v z energ��, b�l~xo� v�d ener-

g�Ý Ýh zaboronenoÝ zoni [1, 2], a tako� visokoenerge-

tiqnogo gama- ta elektronnogo oprom�nenn� [3]. Na�-

b�l~x vivqen� foto�ndukovan� zm�ni � Ýhn� relaksac��

p�d qas temperaturnogo v�dpal�vann�, wo dalo zmogu

zaproponuvati model� fotostimul~ovanogo defekto-

utvorenn� (transformac�� gomo- � geteropol�rnih

hem�qnih zv'�zk�v) [3, 4]. �ndukovan� zm�ni, �k� vinika-

�t~ p�d qas oprom�nenn� sklopod�bnogo As

2

S

3

gama{

kvantami � visokoenergetiqnimim elektronami, ma-

�t~ bagato sp�l~nogo z foto�nduktivnimi zm�nami,

odnak  � suttv� v�dm�nnost�, �k� stosu�t~s� nasam-

pered mehan�zmu �ndukovanih vektornih �viw (l�n��-

ni� � krugovi� dihroÝzm, dvozalomlenn�, g�rotrop��)

[5, 7].

P�d qas oprom�nenn� elektronami z energ�� E =

2:8 MeB, � > 10

6

sm

�2

sklopod�bnogo As

2

S

3

sposter�-

gat~s� zsuv kra� fundamental~nogo poglinann�

c~ogo mater�alu v b�k b�l~xih energ�� (skal�rni�

efekt elektronno{�ndukovanogo oprom�nenn�) � ESD

[8], tobto r�zn� znaqenn� koef�c�nt�v poglinann�

sv�tla, plowina pol�rizac�Ý �kogo bula paralel~no�

(�

k

) � perpendikul�rno� (�

?

) do potoku elektron�v.

L�n��ni� dihroÝzm (znaqenn� �kogo dos�galo 0.30{

0.35, xo praktiqno na por�dok b�l~xe, n�� u vipadku

v�domogo foto�ndukovanogo efektu [5, 7]), oc�n�vali,

�k � u vipadku foto�ndukovanoÝ an�zotrop�Ý, parame-

trom � [8], priqomu

� = ��d = (�

k

� �

?

)d;

de d | tovwina zrazka.

Dl� z'�suvann� prirodi ESD buli dosl�d�en�

spektral~n� harakteristiki v�dbivann� sklopod�b-

nogo As

2

S

3

(zrazok u form� kubika z dov�ino� rebra

8 mm) v�d plowini, oprom�nenoÝ elektronami (nor-

mal~noÝ), | R

k

(�) � sum��noÝ perpendikul�rnoÝ plo-

wini (bokovoÝ) | R

?

(�) (geometr�� restrac�Ý � re-

�im oprom�nenn� analog�qn� do navedenih u [8] dl�

spostere�enn� ESD).

Spektral~n� harakteristiki v�dbivann� zapisu-

vali na Fur'{spektrometr� IFS{113V f�rmi \Bro-

ker" (roboqi� d�apazon qastot | 450{150 sm

�1

,

rozd�l~na zdatn�st~ | 0.5 sm

�1

).

Ris. 1. Spektral~n� harakteristiki v�dbivann� opro-

m�nenogo potokom priskorenih elektron�v kubika As

2

S

3

dl� normal~noÝ (1) � perpendikul�rnoÝ do neÝ bokovoÝ

gran� (2).

Sp�l~nim dl� R

k

(�) � R

?

(�) spektr�v  na�vn�st~

dosit~ rozmitih maksimum�v v oblast� qastot 360 �

300 sm

�1

, v�dm�nn�st~| u fonovomu znaqenn�, �ke dl�

R

?

(�)  ma��e vdv�q� b�l~xim, n�� dl� R

k

(�) (ris. 1).

U spektr� v�dbivann� R

?

(�) proste�ut~s� b�l~x �n-

tensivno vira�ena (por�vn�no z R

k

(�)) smuga pri 420

sm

�1

� menx q�tko vira�ena grupa smug v oblast� 335{

285 sm

�1

. C� v�dm�nnost� zumovlen� utvorenn�m na bo-

kov�� gran� oksidnogo xaru As

4

O

6

. U de�kih prac�h

[3, 9] pokazano, wo neobh�dn� dan� pro zm�ni atomnoÝ

stukturi amorfnih reqovin z dostatn~o� toqn�st�

mo�na otrimati xl�hom pobudovi krivih termona-

vedenogo v�dbivann� v oblast� fundamental~nih ko-

livnih smug poglinann� (400{150 sm

�1

). Dl� c~ogo
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na EOM v�dn�ma�t~ poperedn~o p�dsileni� spektr

v�dbivann� oprom�nenogo zrazka � spektr v�dpalenogo

zrazka, takim qinom otrimu�qi spektri termona-

vedenogo v�dbivann� | �R(�) (tak zvan� diferen-

c�al~n� spektri v�dbivann�) v�d oboh nazvanih viwe

grane� (normal~noÝ | �R

k

(�) � bokovoÝ | �R

?

(�)).

Termov�dpal�vann� oprom�nenogo zrazka pri T

B

=

333 K (v�dpal�vann� vikonuvali na pov�tr� prot�-

gom 30 hv) privodit~ do suttvih zm�n lixe u spek-

tr� v�dbivann� �R

?

(�), u spektr� v�dbivann� �R

k

(�)

Ýh nema. Na kriv�� zale�nost� si�nalu termonavede-

nogo v�dbivann� �R

?

(�) sposter�ga�t~s� q�tk� mak-

simumi pri 380, 324, 308, 301, 288, 246, 220, 208, 185,

160, 140 sm

�1

(ris. 2). Zb�l~xenn� temperaturi v�d-

pal�vann� do 383 K privodit~ do po�vi si�nalu

termonavedenogo v�dbivann� v�d normal~noÝ gran� |

�R

k

(�) (ris. 3). �k vidno z ris. 3, na kriv�� zale�-

nost� �R

k

(�) z'�vl��t~s� maksimumi pri 420, 324,

308, 301, 288, 243, 186 sm

�1

ta m�n�mumi pri 377,

230, 185, 140 sm

�1

. Ce po�sn�t~s� [3] viniknenn�m

(maksimumi) odnih � ru�nuvann�m (m�n�mumi) �nxih

zv'�zk�v. Napriklad, smuga pri � = 308{310 zumo-

vlena po�vo� p�ram�dal~nih zv'�zk�v AsS

3

, a smuga

pri � = 230 sm

�1

| ru�nuvann�m gomopol�rnih

zv'�zk�v As{As [3].

Ris. 2. Si�nal termonavedenogo (T=323 K) v�dbivann�

v�d bokovoÝ gran� kubika As

2

S

3

.

Ris. 3. Si�nal termonavedenogo (T=383 K) v�dbivann�

v�d normal~noÝ gran� kubika As

2

S

3

.

U si�nal� termonavedenogo v�dbivann� �R

?

(�) p�-

sl� v�dpal�vann� pri 383 K suttvih zm�n ne spo-

ster�gat~s�.Lixe slabo zb�l~xut~s� �ntensivn�st~

smug 340, 230 � 140 sm

�1

.

Termov�dpal pri 423 K privodit~ do zb�l~xenn�

�ntensivnost� termonavedenogo si�nalu �R

k

(�)

(por�vn�no z �ntensivn�st� p�sl� v�dpal�vann� pri

temperatur� 383 K) u seredn~omu na 20%, forma

si�nalu praktiqno ne zm�n�t~s�.

Na kriv�� si�nalu termonavedenogo v�dbivann�

R

?

(�) p�sl� v�dpal�vann� pri temperatur� 423 K

z'�vl��t~s� q�tk� smugi pri 420, 342 sm

�1

� suttvo

zm�n��t~s� smugi pri 382, 324, 308, 288, 243, 230, 220,

208, 188, 165, 140 sm

�1

(ris. 4).

Ris. 4. Si�nal termonavedenogo (T = 423 K) v�dbi-

vann� v�d bokovoÝ gran� kubika As

2

S

3

.

Ris. 5. Spektral~n� harakteristiki v�dbivann� opro-

m�nenogo potokom priskorenih elektron�v kubika As

2

S

3

dl� normal~noÝ (1) � perpendikul�rnoÝ do neÝ bokovoÝ

gran� (2) p�sl� zaverxenn� vs�h termov�dpal�v.

Na ris. 5 pokazan� spektral~n� harakteristiki

v�dbivann� v�d normal~noÝ R

k

(�) � bokovoÝ do neÝ

R

?

(�) grane� p�sl� vs�h termov�dpal�van~. C� spek-

tri por�vn�no z poqatkovimi (nev�dpalenimi) ma�t~

b�l~x smugastu strukturu, osoblivo v oblast� 420,

320{190 sm

�1

.

Zg�dno z [10{13], v �Q{spektr� amorfnogoAs

2

S

3

pro-

�vl��t~s� smugi rozt�gu�qoÝ modi p�ram�di AsS

3

(310 sm

�1

), kompleksu As

4

S

4

(379 � 340 sm

�1

), koli-

van~ molekul�rnih produkt�v As{As (231, 210, 168

sm

�1

) � S{S (243 � 188 sm

�1

). V oblast� 335{285 sm

�1

dl� kristala As

2

S

3

proste�u�t~s� qotiri aktivn�

modi kolivan~ zv'�zku As{S, a smugu pri 420 sm

�1

pov'�zu�t~ z okislami mix'�ku [13].

Ot�e, z anal�zu spektr�v v�dbivann� mo�na zro-

biti visnovok, wo p�d qas elektronnogo oprom�nenn�

amorfnogo As

2

S

3

v ostann~omu vinika znaqna k�l~-

k�st~ ner�vnova�nih defekt�v, wo zumovlene trans-

formac�� molekul�rnih klaster�v.K�netika trans-

formac�Ý molekul�rnih klaster�v p�d qas v�dpal�-

vann�  r�zno� dl� normal~noÝ � bokovoÝ grane�.

�kwo p�sl� v�dpal�vann� pri temperatur� 323 K

zb�l~xut~s� �ntensivn�st~ navedenogo v�dbivann�

pri qastotah, wo v�dpov�da�t~ kolivnim modam

As

4

S

4

, As

2

S

3

, AsS

3

v�d bokovoÝ gran�, to dl� nor-

mal~noÝ gran� tak� zm�ni ne f�ksu�t~s�. Zb�l~xenn�

temperaturi v�dpal�vann� do 383 K malo zm�n�

119



V. O. BALIC^KA

formu si�nalu termonavedenogo v�dbivann� v�d bo-

kovoÝ gran�, vodnoqas sposter�ga�t~s� suttv� zm�ni v

kriv�� si�nalu termonavedenogo v�dbivann� dl� nor-

mal~noÝ gran�, nasampered z'�vl�t~s� smuga pri qa-

stot� 420 sm

�1

, �ka v�dpov�da okislam mix'�ku �

�koÝ nema v oprom�nenomu, ale nev�dpalenomu zrazku.

Smuga pri 420 sm

�1

dl� bokovoÝ gran� vinika v�drazu

p�sl� oprom�nenn� (na c�� gran� z'�vl�t~s� okisni�

xar, proces okislenn� na normal~n�� gran� bloku-

�t~ pada�q� elektroni, �nxih proces�v psuvann� po-

verhn� ne proste�uvalos�). Drugo� osobliv�st� ter-

monavedenogo v�dbivann� �R

k

(�) p�sl� temperaturi

v�dpal�vann� 383 K  te,wo r�zko zmenxut~s� �nten-

sivn�st~ smug pri 377, 230, 165 � 140 sm

�1

. Ce mo�na

pov'�zati z qastkovim rozpadom kompleks�v As

4

S

4

,

As{As, S{S � utvorenn�m p�d qas termov�dpal�vann�

b�l~x odnor�dnoÝ s�tki z geteropol�rnimi zv'�zkami

As{S.

Na p�dstav� c~ogo mo�na pripustiti, wo opro-

m�nenn� visokoenergetiqnimi elektronami spriqi-

n� viniknenn� defekt�v za rahunok peremikann�

zv'�zk�v � utvorenn� nedokoordinovanih defekt�v

p�d qas zm�wenn� atom�v. Za �viwe ESD v�dpov�da-

�t~, oqevidno, zv'�zki z poruxeno� koordinac��,

�k� p�d qas oprom�nenn� or�ntu�t~s� v napr�mku

potoku elektron�v (unasl�dok velikogo dipol~nogo

momentu). Utvorenn� zar�d�enih defekt�v p�d qas

elektronnogo oprom�nenn� mo�na opisati shemami:

u vipadku rozrivu gomopol�rnih zv'�zk�v

2S

0

2

! S

+

3

+ S

�

1

;

2As

0

3

! As

+

4

+ As

�

2

u vipadku rozrivu geteropol�rnih zv'�zk�v

As

0

3

+ S

0

2

! As

�

2

+ S

+

3

(dl� poznaqenn� defekt�v vikoristano simvol hem�q-

nogo elementa anomal~no koordinovanogo atoma z

verhn�m � ni�n�m �ndeksami, �k� vkazu�t~ na zar�do-

vi� stan � k�l~k�st~ na�bli�qih sus�d�v v�dpov�dno).

Mo�liv� dva mehan�zmi utvorenn� takih defekt�v

p�d qas oprom�nenn� elektronami: zm�wenn� atom�v

p�sl� destrukc�Ý zv'�zku ta destrukc�� zv'�zk�v, na-

pr�mlenih do potoku elektron�v.

Prirodu analog�qnih fotostimul~ovanih �viw

pov'�zu�t~ [5{7] z or�ntac�� vlasnih, tak zvanih

nativnih defekt�v.
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THE MECHANISM OF ELECTRON{INDUCED DICHROISM IN GLASSY As
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202 Stryiska Str., Lviv UA{290031, Ukraine

The e�ect of electron{induced dichroism was observed in amorphous chalcogenide glasses based on As

2

S

3

obtained by the traditional method of direct synthesis. For the investigation we used a cube of glass with the edge

nearing 8 mm irradiated by accelerated electrons (E = 2.8 MeV). A microstructural mechanism of the electron{

induced dichroism in the glassy As

2

S

3

was studied using the di�erential IR Fourier{spectroscopy techique. Plates

of the cubic sample with normal parallel unit (k) and perpendicular to the accelerated electron beams (?) were

chosen as the investigated ones in our experiment.

It was shown in accordance with the di�erential spectra (obtained at the termoannealing of temperature

di�erences of both the components of reectivity (�R

k

(�) and �R

?

(�)) that coordination defects were being

formed at the electron irradiation. A classi�cation of the investigated coordinating defects in the amorphous

chalcogenide glasses created by the accelerated electron is presented.
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