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Abstract

A reversible photodarkenig phenomenon induced by band-gap illumination and
thermal annealing is widely observed in amorphous chalcogenide semiconductors. A
comparative study on the magnitudes of the photodarkening in several chalcogenides
reveals that the materials having high glass-transition temperatures and appropriate
rigidity exhibit a great photodarkening. These characteristics can be understood
through the use of a structural model, in which it is assumed that the shift of chalcogen
atoms from stable to quasistable positions results in strains of the van der Waals
bonding. The model can also account for the fact that the rigid materials show
considerable photodarkening, because the relaxation of the strains may be suppressed
in these rigid chalcogenides.

1. 7ELT 7 ZFEFIIB T 5 B[R

HWECAD ZZ KRB LDONITE - THEH»EILT 52 813, BRFCBWTHERKLTA
LNABRETHD, B2, MYOEFEICBITHHEAEEES, ABOBEOHEEICHL0 7
P IENABROBEE L EN T ) TH D, —H., EEMEICBWTEL, BE7 40412
MEZNTwS AgCl L bDA A VERICBT20% 213, SR CMLNTE BRI
BN—DOTHb, TRFATIE, BREGHO—FBE LT, SAENENRES 2AEBT R
BT TERBICHIRIN TS,

TENLT 7 AREEICBTLBLAOBNAZIET 22 85, BEOWIEICL » THL I
ToTERY, B2, Aasr ok (S, Se Xid Te & 0iE) 13 "“esELRL” 2R
FTZEATOFEICHRREIN TS L, FAKBERL CICHV LN TW 3 kFELa-Si (LT,
amorphous % a- £ B&ELT 5,) I2BWTE 2, Staebler-Wronski #15# & L IFN A HBHIZ L 5
M0 Zet, MR FRIC L 3 KBEBOREENEL, 245152 L r3eHa nERLHE
bl Twbd, 2L ) REBASIINEFICL I BETIHNFMRICLI > THFEREENDLNT
BoaWwZ EDHMLNTWEY, LaL, BRECL > TENL J elEEIIFEL THWEDRE
B, TREDEILEBBETENFEL I E Vo722 EDOFEMICOWTIE, THOETE W,

SRR 5 R



10 HAER - RI K- SEHBR 2

TENT 7 AFERTREEBREGLELIEALNLZDREL, BLLAWIZ EIZ, Siv
GaAs % P OORER RS TIIEBNEASEFET L2 Z LT LA, BIEREIET 272600
—DONPBEHEITICL > TEFHHRENDIZ L TH DY, ZOHIZDTUL, FERTH
NIFBHIFEIRZ AN — EATHRBORT ZANX 2L W eh b, EETLTELT 7
ATHLEEZ I THB, - CHIEIL, HEENLCEFOILANX—DETFD I 7 okl
ANESNCELE NP E I DI H B ZDETIE, BEsr—FIICHRESI N2 BN &R TS
BHHSITBEI VIS G RN EEDSME 254 L, SV b b S DERELSE
TETENT 7 AWEIEL, BHRHAREZEL BT TH 2, ZNLHIEZ B &, TENT 7 R
BTHRLNBEIEBRIZ, TENLT 7 ATH> THOREERTHE LV ZOOREEBEL b
boTWdLELD, o, 0L ) LBEOBELEAT L2 LiL, TENLT 7 ARD
Y& RS 5 E O TEETH b,

2. R EBAEBRR

Tz, ATV RTENT 7 AEERTAHLNLEABGEO—DTH 5 "HHIELHE
(Reversible Photodarkening 5, LIF, PDIRE L8 T.) oD\, FOREMRE & GHD
TR R RET T AR A AT% - T &7, PDBIR &I, BT & - TEHIFIR Egv/ S (2
D, BMBICL S TRICH E B BRTH D, ENE(LIINFEICE, KRR ED S 7 T
AE & LTHBRITHZ & TE S,

H1icaSi2WwTnFE2RT, 77 AERBIEE T, (=240K) THMABEL 2 a-SE (X1
a) ICIEEARSIE D & D2 HAHRE L, ZOMBTHRBELHET S L, M1 anbbak

100 v T T T
g c
]
.§1O" AE - < ]
= : :
c
o
1 ) 1 1 i
2 3 4

photon energy (eV)

Fig.1  Optical absorption edges of an evaporated
a-S film. Characteristics of annealed (a),
illuminated (b) and as-evaporated (c)
states are shown. The absorption edges
were measured at 80 K.
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Fig.2  The relationship between the photodarkening magni-
tude AE and T./T, of various amorphous chalcogen-
ides, where T, and T, denote the illuminated temper-
ature and the glass-transition temperature.
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Fig.3  Schematic representations of the bond twisting model. Atomic
structures of annealed (a), illuminated (b) and relaxed (c) states are
shown. In & and ¢, the configuration of « is traced for clarifying
the atomic displacements.
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Fig.4 Composition dependences of the photodarkening AE
and the glass-transition temperature T, of Ge-As-S
ternary systems. Dashed lines and solid circles show
the glassforming region and the compositions where the
properties were measured.
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