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The Properties of Photoinduced Birefringence in Chalcogenide
Thin Films by the Electric Field Effects
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Abstract

We have investigated the photoinduced birefringence by the electric field effects in chalcogenide thin
films. The electric field effects have investigated the various applied bias voltages(forward and reverse)

in chalcogenide thin films. A pumping (inducing) and a probing beam were using a linearly polarized

He-Ne laser light (633nm) and semiconductor laser light (780nm), respectively. The result was shown

that the birefringence had a higher value in DC +2V than the others.

Also, we obtained the

birefringence in the electric field effects by various voltages. In addition, we have discussed the

anisotropy property of chalcogenide thin films by the electric field effects.

Key Words : photoinduced anisotropy, VAPs (valence afternation pairs), electric field effects
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Fig. 3 The ratio of transmission intensity (I, /Io)
with the time and various applied voltages

Blulof
=

(forward bias) on the thin films

A8 o e e e e e B A e e et

AnIx10 *]

O
0 500

1500
Time(sec)
O3 4 3% vtojo] = AAC 3 AA A7FA

ko M9 #Fr) EEE(an)
Fig. 4 The photomduced birefringence(An) with
the time and various applied voltages
(forward bias) on the thin films

2000 2500

K—l
E

o2 31

A7tk gie

32 AAust utolol A FHAlof 23t 5
ey d83s 499 FAnE
ITOE ¥d5o= AWk wiolo]x

=)
SA=

B
=



A7 ARA e OVE Ao Fol 1V £
ZANFIEA 5VAR S o, 1Y 58 #e
AnE 4S F YA SH/FY AVE BEF OVE
o gasgon, oA wuF vhololxe Fgs)
wrjEE dado s f71#3e AT E o) D
o wgem @Al BADL A BAH I
2200 gadE A8 ¢ & Uk oB ARe
FrAHDe) QdAbgakel s WAhe sFe] W W

0-5I|Il|1III|IlIl|lIrI|KIIl|IIII_‘

—— ]

oWV

04 :;‘gx N

- 4V ]

—0-- 5V u

OW

a3

fislo

0.2

oL A D B B S A

0.1

1)
T T

0 500 1000 1500 2000 3000
Time(sec)
28 59U upolola A o WA AAA

ghafo] A AlZbe] whE T g Al71u(L/lo)

Fig. 5 The ratio of transmission intensity(I./lo)
with the time and various applied voltages

(reverse bias) on the thin films

LS ut e et e et e S it B I A A

—e— OV
o IV
—y—2v

11 %

An[x10 "]

—_ n
T
§ |
T O O T A r

0(1111|I|||1[1|1|1|1L|l|1|1ll|1|
0 500 1000 1500 2000 2500

Time(sec)
a3 6. 9 ulelo)x AA A% HA LI
wrabo M 8] Fi7] EZA(An)
Fig. 6. The photoinduced birefringence(An) with
the time and various applied voltages

3000

(reverse bias) on the thin films

61

EOJNrEmrNHJJ

ANAAA B EH =84 Vol. 14, No. 1, January 2001.

o
utl

E‘Pl'
i\

S ook

—= 1 ox

i

2

Jo

N

o

o

o

2,

ivd

2

N

s

=

2

>
S
N

18

H ooy e o
oZ
ot

LA
o

Bl

o

)
o
1o

4 (PAY
aste] =A
Hats

+ ATk

_04}_@._0_
st W o B

A

ke

o Ao
_?r

H. Frizsche: Z3ZA
S 5

| 2] &40l 5]“ O] uhg Wghe
o 23k ] A4 (microvolume)2] %
t= AR AFAe A4 (geminate recombi-
nation of electron—hole pairs) B4 2 HIEH
th[13] o9t & Azl Il g Adgel o
ZzAvele fEAWY AFA A5 RAE
7t [VAP's9) WgE dAstd o2 7t 3
Yol 2AEA A} webr] IVAP'sE zte 2
Artel= whake] FHFAbe] 2§ Ei=(phonon)
J219] A& &LE 1283 small polarond] E-E
labe] dwslamal o 14] o] Abarebye] 2lst
AEel FHe dAude] 73 HWA-ZE AT
Fa-of ol FlEels EEe FE(doud)2E HE
LA Q‘ﬂ, o Az &A7)-EW A H(self-trapped
. BFREE o] mdo] g E]r”'
< W3t gk wpetA olsh 2
Esto] Agt Q7kAl FRoled 93 dEhE 84
2 7o o237 Hoz olFd & o
WE Ao FxejAel ol AIAL
ol uigto] HIL MEYR FRIZ FAstd AF
A (de voltage)& QA/TEES W, o FEY FoL
ANAERE AuAY A= fiﬁ%%ﬂﬂ %

oo B
N fo oy
nrﬁ

T

\_E.‘

ool

ol

mlm o

b

w1
fmal
jab)
ot
@
U)
)
o
2,
i,
nt
o2 ok o
ﬂl\i‘l tlo ox

[‘-BLO-‘-'

(hopping) A =7} gt} AU *%
¢k BAHY, ZAEHT
of o ZHFEAHY ATAE
1295 ZaAdvel=
VAP's7h ZH838te £ ot
"] /*LEiLHPr*Q] FEA 9 9 FRE
2 3o ASEE AAS HAF3A AyAY o
Yol ”"‘ﬂfﬂ'ﬁ} tEe] A7k dAstE L
# 5F(path)el 9% F2do) o3 x|
HOﬂH ARA Aze dxe Holsh LA

e17}
& 2 7]

;s



J. KIEEME Vol. 14, No. 1, January 2001,

glo] A{ F2Z7F A Ho WATH[14]
welA FH71A 1Ve Agaste 43
o i zlel] o)d whehy) FHole] o AdE A=A,
Aeae] AAgel Bsx Rt AA A8
qd8 A2 Ax, AFH ¥vbg3te] #BEhy VAP's
o] AL gAAEY. vt ¥ 49 YEhd
Artel Zo] BFAge v F71Fkd od ax
BT} O e Ang veldch 2vel e b4
7t 2 BZAgE Jvehied, ofRe f4d
MEE Az, AFo] f71Fd o aBREY o
aA zgsle gdgy M2 VAP'sE A4AM7IA
H3E 243 duAg fA35td, gehy FESE
274719, 2 A3 A & B4 veldoh
3ve A AsAE A3 dA4e 9Pz By
9 &30 A% X AFA=A AFA /7
ol & @A AR, AT Nz IS
B2ate], 9A F71%gd 9% aREG oS
EZ A vedth 4ve 5V At ¢17HA
9 ZE AAY FFoer §FUHd 49 &
Al-ﬂﬂ, AFxA At JFH A=
FQlo] BHAste] whuke HF TE o
a9 Z@AVel= vrurd 7wt
BolA it} olg Ze dy Fry U
19 F4% F77F s A 8 F 22
2 7‘*6}741 Elv} o|9} Z& Ax E
g 2747 2AEA
A
M
X7 FUbeiv, 9
Fgold = 9lth[15] ¢l
IMV/me] HA7} & oﬂ%,}
A=A gHdE FNE

o
AN

L

pu

q fo X

=

- _Ho_l

N
-

==
ST

Noox o fo
of\ mﬁo e

o o
> I —
‘1’; }ﬂ m\m

>
E.L\..

e

@

ot rﬂ.ﬁéﬂ:m&i:ﬁrlfximln
=

(>
1y
©
Y

ovel slgeh
CEREE R
F g,

z =

5.

B AgdA #7134 A
I gt HAe] FUHITE
gk wpoloj~E A7tYE W,
FouAA ZaAlvels ':-'}“4011/\1
sty AR
%%‘fﬂﬂ uloloj g ASME A
A (an) 2o} 2VelA oS
ol " MEE VAP'sH *@

FPoE B F 3

o 4R OIN

L

pis

LHRiE}
g 243 Ay

e 2@ AAe) g% AF 5858

A AL AT Foll Ak
o]4e] d¥gA#2 & 9 R
Kol As-Ge-Se-S "htol| A 1k
HP°]°1’“E °]7}§}°i’*] 2474] E_J%Oﬂ 9]
k=it
s EU%“ ﬂ—'uj— 7‘4741 °‘ 7t9]
ZHANEE FEANE F U 5
g FR7] BFH(Aan)y BEE
FEAEL, 3D G4 faEd
29X Zofel §&o] 7t

_g r

[1] V. K Tikhomirov and S. R. Elliott, "Vectoral
and scalar photoinduced effects in chalcogenide
glasses”, J. Non-Cryst. Solids, 669, pp.198-200
(1996)

[2] V. K. Tikhomirov, and S. R. Elliott, "Metast-
able optical anisotropy in chalcogenide glasses
induced by unpolarized light”, Phys. Rev. B, 49,
pp.17476-17479 (1994)

(3] H. Fritzsche, "Optical anisotropies in chalco—
genide glasses induced by band-gap light”,
Phys. Rev. B. 52, pp.15854-15861 (1995)

[4] V. M. Lyubin, and V. K. Tikhomirov, "Novel
photo-induced effects in chalcogenide glasses’,
J. Non—Cryst. Solids, Vol 135, pp.37-48 (1991)

[5] M. Kastner, D. Adler, H. Fritzsche, "Valence-
alternation model for localized gap states in
lone-pair semiconductors”, Phys. Rev. Lett, 37,
pp.1504-1296 (1976)

[6] V, Lyubin, M. Klebanov, "Potoinduced genera—
tion and redrientation of linear dichroism in
AsSe glassy films”, Phys. Rev. B 53(18),
pp.11924~11926 (1996)

[7]1 K, Tanaka, M. Notani, H. Hisakuni, "Optical

62.



A7 AA ARG =R Vol. 14, No. 1, January 2001.

anisotropy in As:S; glass induced with sub-
bandgap illumination”, Solid State Commun.,
Vol. 95(7), pp.461-464 (1995)

[8] S. J Jang, C. H. Yeo, J. L Park, H Y. Lee

and H. B. Chung, “The photoinduced anisotropy
(PA) by Ag polarized-photodoping in amorphous
chalcogenide thin films ”, J. of the Kor. Inst.
Electrical & Material Eng., Vol. 13, No. 6,
pp.533-537 (2000)

[9] J. Y. Chun, S. H Park, H. Y. Lee and H. B.
Chung, "Estimation of the anisotropy magnitude
in amorphous AssuGenSsSers thin films by an
interference method”, J. of the Xor. Inst.
Electrical & Material Eng., Vol. 11, No. 9,
pp.749-751 (1998)

[10] C. H. Yeo, S. J. Jang, J. I. Park et al, J.
Korean Institute of Electrical & Material Eng,
"The measurement on diffraction efficiency in
polarization holography using amorphous
chalcogenide thin films”, Vol. 12, No. 12,
pp.1192-1197, (1999 )

[11]1 8. J Jang, C. H. Yeo, J. L. Park and H. B
Chung, “The properties of diffraction efficiency
in polarization holography using the chalco-
genide thin films by the electric field effects” ,
J. of the Kor. Inst. Electrical & Material Eng.,
Vol. 13, Na. 9, pp.791-795. (2000)

{12] T. Todorov, L. Nikolava, and N. Tomova,
"Polarization holography in a new high

efficiency organic material with reversible
photoinduced birefringence”, Appl. Opt. Vol. 23.
pp.4309-4312 (1984)

[13] H. Fritzsche, "Toward understanding the
photoinduced change in chalcogenide glasses”,
Semiconductors, Vol. 32(8), pp.850-854, 1998

(14] S. R. Elliot," Physics of amorphous materials”,
Longman Scientific Tech.” second edition,
pp.318-324 & pp.425-445, 1990

[15] M. Quillec, "Materials for optecelectronics”,
Kluwer Academic Publishers, pp.114-118. (1996)

63



