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The Formation of Holographic Data Grating on Amorphous Chalcogenide
Ag/Asi0Ge0SesSss Thin Films with Various Thickness

& BB
(Chul-Ho Yeo - Hong-Bay Chung)

Abstract — The Ag photodoping effect in amorphous Ass«GewSesSss chalcogenide thin films for holographic recording
has been investigated using a He-Ne laser (A=632.8 nm). The chalcogenide films thickness prepared in the present work
were thinner in comparison with the penetration depth of recording light (dy,=1.66 um). It exhibits a tendency of the
variation of the diffraction efficiency (1) in amorphous chalcogende films, independently of the Ag photodoping. That is,
n increases rapidly at the beginning of the recording process and reaches the maximum (nmax) and slowly decreases
slowly with the exposed time. In addition, the value of nmsx depends strongly on chalcogenide film thickness(d) and its
maximum peak among the films with d = 40, 80, 150, 300, and 633 nm is observed 0.083% at d = 150 nm
(approximately 1/2 An), where An is the refractive index of chalcogenide thin film (An=2.0). The n is largely enhanced
by Ag photodoping into the chalcogenides. In particular, the value of nmax in a bilayer of 10-nm-thick Ag/150-nm-~thick
AsyGenSesSss film is about 1.6%, which corresponds to ~ 20 times larger than that of the single-layer AsuGenSeisSss
thin film (without Ag). And we obtained the diffraction pattern according to the formation of (P:P) polarization
holographic grating using Mask pattern and SLM.

Key Words : Chalcogenide Thin Film, Polarization Holographic Data Grating, Diffraction Efficiency, Q Factor
A 2 2 ujdo] Yo x&¥E A$ FHEo] €A F2H &
o} Fele)l HY Wake] upe} 43 FH oy EA
ZENS B]EG FA ddz2 FaAQe FPGAII 25 & Yehle 222 239 ¥ [6-8], 219y djAzH
o A3 APJAIHE DAFoZA A Fa9] i 7te0 tish 2& A7t AdHo] steny, FAws} 4
374, dART A7) =AAE 339 TVS AR olg st wetsl, e AAEA, A Rol4d & 4A
Zte) FAY AR g7 mE} oI S8FE FHAFY) Aol st AAY F71F WAZ A ZidEHz Qo
9% ARAAV|E, 2UEY ARAZAR 9 NZE 7 T3 As-Ge-Se-S 2% $jo] Ag, Cu, In 59 F&4E
Zo] astA =HAUcoh ole EFe] ARE AFsi o AN F FE ZAA7E 5E 94 B o]2o] g 4
°oJHE A ste =0 UM ZEY WYPo R A 2 =9, $iHol 723, F5HH, A7 54 W) o9
1o} holographic storagezts= A 22 39 F 71E w2 2483t E94 #eH ¥stE de7|n 7 E AR 58
S =8 HAU1-4]1. olHF NEUYL ojgHorw S AT dr¥ e ZR oY AAe E2aYy
1Thit o4 7]2o] 7158 Aoz ¢&=="Hu ). oz FAo] wel 22 (thin phase diffraction) @ A& & (thick
718 UL NZE F7E oFd #EH A=59 AL phase diffraction) 22 F&Hc AAY £Z2ahe] A¢+=
278A HAaH, ?’Uﬂ ARZAY] Aol Ese FEe S AR 49EE A3 gloy FEOYY FHA 9% =
el AgR g& & rga a2y 2FZAY A9 3 o2 Z A7} B st dlojE 9 ¥ A Fo] oL FA

FAL Hount % =7t dejAs Bl o, FEE AL FEkA "

me] ALE AA e we FEFAY A3t EAdez B =8dxs E2add dolg Y E wA2AM A3}

A=) ol TAA ML H 77 JAsm Yot A
mpA ol wel s R AMEE AR el AF E HAA2E BT Y5t 7)1 SR age] wuh g
g At & 4 ek (5] A" As-Ge-Se-S A #at AEZolng gre ZIAUel w9t 7|29 e
d=X, A2, AM/4, M8 B A/169] FAR A FAsle vy &
ZaPd e T2aHdyg AR 49 FFE #FUsle ®
T Ag(linm)3& 713 o}FF w5 Ao, E29

Hu gl ZIAYIE AsiGeSesSs EHH9-10]0]
S

t RAAR, EE€H : Xmk T EFHEIEH 382 - T
E-mail : hbchung@kw.ackr

TE g B ERK T BTHRLIEN R
B HTF : 20066 5H 22H
5T @ 2006 7H 19H

% A7 54¢ BFAR BIAYE wete) Frsh A
23 ulel Q HE(Q factor) (11101 ols) Sttt dejel &
2agelxe) $4¢ $48a @k E@ vz} SLM

Flof wWE BjHA ZARAUOIZ Ag/AsnGenSesSs Hotel EZa2 T ool AXiEM 387



BRPEWRNE 55CH B8R 20065 8A

AH&3te] Ag/AsGeSeS HHEto] HlojE] o|n|A & ] E3}
2oy 71 o2 2 a2 Az $848 22
g},

L 8 o

2.4 ¥

+ A7 AgE vAE ZI3Advelz gue
AspGernSesn-xSx(x= 0, 25, 35 at.%) & Ao 7192z
HY3lE ZE AspGeoSersSse g Adslgo [10].
As-Ge-Se-SAl HARA Hae AT BYsd A7 =AM
253 g3 =2 3 & Water quenching'tdS AF&-3td
AFstRot [11]. Z3ZAvel= vret&3 AgZ2 corning
glass 9ol AAFFH7E ol &) o 2x107° torrd) AT
T AswGenSesSs BT AspGenSesSis/Ag  (10nm)
°o]F % Buhg Azsgich olwl 7| EE U0 2 He-Ne o
A (633 nm, Exp=~1.94 €V) & ol&3lF e 7|E99 7
FAGel = wtute] AEBZol7) d, =166 mo)B2, ¥ 2¥
M AFZQoRr gre ZIA el utuhg | E w9
3] d =A, M2, M4, M8 2 A169) FAR AFsEs] §
slo], YA AEZO] (d, = 1.66mmE 23t Ztz d
= 40, 80, 150, 300, and 633 nm # Ag & 10nme F7
2 webs Ak v FAe 4 2 HAAz

% FA 54712 s

He-Ne laser(632.8nm)

Chart
recorder

ag . HEgEszau HA HAHS 9t AT
Fig 1. Schematic diagram of polarization holography setup

AR YA Ast] AEAAAM AAEG. (PP) BRLHR
A2tz #87] A8 F e polarizerg AHE3E AT AR
Ao gste] 2AHE HEYY AV B FEVE oF
o Aoz &, IS BE WU Arle +lst
o A AZE FASAT. F 1EWe] dE FAMA
o|F& Z+e 20=20°% H#AISHA siyen, HjAA e
FAHE A2 F71€ 4 D9 st & F A

388

A=)\/2sin(©) 1

S|IHEES olgt 22 AANAHE PP AAlo] 23
Z27] YA (T ©1 31 Hof YeluA €t o3 3 W
A 3" FHol et W A7 (Lisroer) B SRS 4 (2)
o o] Yeld # glon, AP Tz addoNe. HA §
Aol o3 3" F-& (diffraction efficiencyn) < L}epdTh

1

n = ——Ld=erder .19 @
Iinput

olgf 712 W] A7) 25 mW/em® H ok

3. 2%

%a
gt

a

a3 2v ZIaAYE AswGenSesSss ool A T E

0.10 ’ . . — . .
L As GeSe S flms
. bps - ‘*'v ® 40rm 1
» v - o BOrm
= i v 150mm | ]
i v 300nm
= = v
é"‘ 008 v = 633mm 7]
£ w
.5 L v i
2 v T
S ooel i S anig |
& . T
§ | . v. W’w o
B v
&g ooy v .
(]

0 1000 2000 3000 4000 5000
Exposure time (s)
(a) Chalcogenide AssGeinSeisSss single-layer thin film

18 S — —
15 - - As GeSe S JAg fims
v .
T LA ® 401msAg10wm |
\E‘ v Yy o0  80rm/ag 10rm
= 12 v w» 1501 /Ag 10rm 1
g y v 300mnfAg 10rm
o 10F - - m  633rm/Ag10mm |
g
& o3
(=]
-8 os
g
B 04
(o]
02
oDy

0 1000 2000 3000 4000 5000
Exposure time (s)

(b) Chalcogenide AswpGerSeisSss/AgliOnm)double-layer thin film

¥ 2. E2OeE AKX HYo uE 5|¥aE

Fig. 2. Diffraction efficiency with the formation of holographic
grating



AELY EAL vz gtk I¥ 2@ = vd
AsgGenSe;sSss Bl A F 7|5 Wo] (PP) H3F ey 9
A Zbel] @& - F8&L2 FA el g3 ez el
Un ok @Y AseGewSesSs #EHe] A9 Fr7F 150
nmd = Hd FHF& 0083 % 2 JElgoy ¢ gt
FAAME ARAPAe] BolstA HA HIU old Hu
A-EEAA =22 Fws AL F 500xRer, AA
o2 89l A 30 oo AArt A JEldS 39
g £ AR, £33 k) F77F 300 nmet 633 nmej 7
£ 150 nme] ¥y gE nud v AFE U 01~
05 % rIovt vuzd dAHY TS JeldGdz,
A7 33 9%F2 40 nme} 80 nme] A= FHEE Fhol
001 % wge] A2 e VeERAUT

1% 2(b)= AgZ S 713 AsyGepSesSxs/Ag (10 nm) B
o] A 3dage EAE vehlz ok Ag FAE
10 nmZ 3 3E A olw HFESS Y 20 vmE o
AspGenSesSys ZIAVOlE dd watng 43 3|38
£S5 29E gAd 8 F AR olw AspGenSesSs (150
nm)/Ag (10 nm) Bt5te] ¢ A 3jd g go] oF 16 %=
4T FA ZIAUYIE AspGenSesSys ©F 2
&ty 1 8] 20071 SHEE AT 4+ ASG =
g drake] FA7F 300 nmet 633 nme ASE EHI A
E AspGeoSesSys Y wahd vjwd o e FrEA4S
HERID 53 28 2@9X B vid Zo] Z3A}o]
E AsgGenSe;sSs T vhatel A F77F 40 nmeb 80 nme)

A9E AAEE @l 001 % rivelglort Badvols
AsuGewSesSs/Ag(10 nm) BHetel M= z2kzb 01~02 % 7}
A HAxgel Frhsk g £ BEYE B o4

S 200 T Y Y 7 T 1 7
R A Arorphous 835,,Ce 50,5, films
3 I R{M A2 B nxa)~ 20 7
N afot 6325 mw- 5x 107 om® ]
g‘ ’ i penctation depth « 1.66 2 |

%1 i

o= "
® 0t -
5 K —Cr~ Chilioganids anly E
g . el Bt 33 xmoy Rhadcogenide J
<] ! ' ]
£ - -
E | :

‘g -
rg 0.0 - i 4 1 1. s Q 7

o o0 300 300 am 0 600 700

Film thickness (am)

JE 3 El‘%ké._)‘ $'MI °| AS40G8103615835 Hoe“—:’—.":—]“' ?—J AQ/AS40
GeoSeisSxs OlFE S Wute| sl sgEwsl

Fig. 3 Variations of the diffraction efficiency for single Ass
GeioSersSss and Ag/AswGernSesSs double layer films
as a function of the film thickness.

ATe F A B Azl Al me 4795 29 @
of AWM Agrt §71% F olUAE FFstel wu
W2 ERsn EWY Agrh HehiRoA AR A @_
o Agol &S] AMATHAAA Agelet 2IALIE A

Trans. KIEE. Vol. 55C, No. 8, AUG, 2006

o] wrAlEe] MEZE HEe VAP's/F A4F whatuie
SHE& W3yt ¥4 5o o2 AF FAage) HA F
HA He Rz HHE + o

a¥ 3 & Z3AVels g v ZaAvel=/Ag
(10 nm) Fg5FA o HESS vin EAY F3o]
o a9 39A4 7MY L HELES JYehle w2 Z
FAYelE E2ade FAZ 150 nmd 9 7 BA U
Bhton), olgd ATE FA d =M2n, ANA EA Yehg
S ¢ 7 AHh

10' T T T lllll' T LELELEL lll' T T T Illlll L] LB Ill-
Q = 2madmn’ ]
- ~ 23234 1
8 = thinphase Edium-phase | 3
g -"holographic recordin ]
o 107 thick-phate 3
102 =
0.129 1m 4305 pm3
£ 1 111t 1 |||||n|* 31 1 ranml 1 ll'l'l_L i

10 10 10+ 10° 1w

Film thickness (pm)

g 4 Z3A|Lol= uketel Fo| wE QHERl 374X
EROY S BAHZ

Fig. 4. Three types of holographic recordings divided by Q
factor with the thickness of chalcogenide thin film

a¥ 45 ZRAVel= wEte] o) wE Z2aYs
QAE e} FAAE Jehdch dwrdoz Q>10 ol® thick-
phase €23 Holg} 3o, Q<03°]H thin-phase &2 19
olg} slx, E 0.3<Q<10 °]¥ medium-phase T2 1 o}z}
gk B Ao Ahgd e A4 150 nmE 7)FEeR
d>150 nm & Q<03 °] = H‘“L?ﬂ Ezade EX

& vehgon], o] 3% 0BARY YAol vmA oYY
Age 7% B4E dehiglth W BIAGes wy
9 $AE AFHl dp=166 mo] Y wrere] H9x

Q>102 #o2M AHY EF=aPe 545 JeEhyden,
o] 49 3 HELL FFIAATN VER A dojgst M2
FHH o]z o] HdYErt dojxjs EAL yehy
Ao}, =T B AYoM AEE d=150~633 nm F7¢ q
e 0.3<Q<10 4} E medium phase EE2I1Y EXNE
Rt o] BFe HE ARY FaPuog FEL W
A 3 ol 3oy $8HAME vz & JPaegd
eBdigieon, 53 3EF2 FddME w02 SiE 1%
3 548 e

Y 5% wt23%F SLME AHEste] Ag/AswGenSesSs
dhatel dlo)E) o]mjRA) & 7] &3 Abzle)ty,

Hr

Mol w2 oA ZIAIZ Ag/AswGeSersSs Btete] ER2Iaal dlojs AxiyM 389



BRABFIHRNE S5CH 8 20065 8A

(a) Oth nta3 & EH A (b) 1st order otA3 P A

(c) Oth SLM & H Y4

w2
02
i

(d) 1st order SLM 3|

2zl s (PP) HE ERI0%E AXE Mol ost vtaetol 3
bRt s

Fig. 5. Diffraction pattern according to the formation of (P:P)
polarization holographic grating

28 5 (a)e vl2A #H"o] He-Ne #lo]A(A=633 nm)
e zAg AeidA CCD 7hvetE o] &3t #9443 Al
ojtt, g 71EA AEW AZle 04 mW/arol s
on 71E9e M7l 05 mW/er olith. 13 5(b)e vk
2 JdHE 07 715 £ AAE o9 AE CCDE F3tdo
299 olnz ojty. ¥ 5(c)9 (A HFEHOAM AAH
AZE SLMol AgstmzA SLMe] A #HES CCD
ghujetg o] &3t} Y3 ojmA|r} ojw ALSd ZIA
oj= utgte Adl 8L Holx YAT ¢tAE medium
phase E23 82 Ho|lt AspGenSesSs (300 nm)/Ag (10
nm)et S Algsta. Edd AEE SLME XGAFeold
786,432 BAZ FAH it olEd FAEL 2oy
Wz o]48 A$ CDAY watog A FUF
HAo A oF 05 byte?] RIS AFY = & Aoz H
SE QAA ARAFE gAYstst AP E2adY
B dAd doly A7 (Holographic Digital Data
Storage, HDDS)[12]& ©]43td o £2 44L AT
Qoget ArzErh

4.2 E

N ool

= e B2 58S 47 A4 A 2
&g =RFezA FRHr] oiA e HUdel H
VAPsE ZF7HAA o2 Jd3l 2 3Hass 42

o} AsGeSeS @2 ¥EH(d=150nm)elA Ho HPEE
0.083%, Ag/AsGeSeS ®tH(d=150nm, Ag=10nm)E 1.6%2]

390

AN HELE 2009 £& BES AT EQ vhaaY
SLM& o83t Q4e ARs myTh Ged AR
49 Ag £9 EHE olgete oh$ e WENE
Wzd AEe) wAT e A% A 2 FaAA
g0 745¢ Aole Az,

A 2

B APE 20059E FREAR Gs [TRC S4.
2 BAYIITA-2005-C1090-0502-0038) <] 3DRC <
FAYLE oFoR AFEA, BARA ZAc=Y
Y},

1]

X 2 #

[11S. ] 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”, KIEEME, Vol. 13(6), pp. 533-537, 2000

[21 T. Todorov, N. Tomova and L. Nikolova, "High
sensitivity material with reversible photoinduced
anisotropy”, Opt. Commun, Vol. 47, pp. 123-127, 1983

[31 C. H. Yeo, S. I Jang, J. L Park, H Y. Lee, and H. B.
Chung, “The measurement on diffraction efficiency in
polarization holography using amorphous chalcogenide
thin films” , KIEEME., Vol. 12, pp. 1192-1197, 1999.

f4] L. Nikolova, T. Tbdorov, M. lvanov, F. Andruzzi, S.
Hvilsted, and P. S.
holographic  gratings in
polyesters with linear and circular photoanisotropy”,
Appl. Opt., Vol. 35(20), pp. 3835-3840, 1996

[5] H. Fritzsche,
anisotropies in chalcogenide glasses” , J. Non-Cryst.
Solids, Vol. 164-166, pp. 1169-1172 1993.

(6] H. Y. Lee, ]J. K. Kim and H. B. Chung, “On Ag-
doping in amorphous Sb2S3 thin film by He-Ne and
He-Cd laser exposures and its optical characteristics
" J. Non-Cryst. Solid, Vol. 279, pp. 209-214, 2001.

[71H. B. Chung, H. Y. Lee, S. H. Park, J. Y. Chun,
"Structural and optical properties of obliquely
deposited amorphous As40Gel0Sel5S35 thin films as
an anisotropic materials” The International conference

Ramanujam, “Polarization

side-chain  azobenzene

“The origin of photo-induced optical

on electrical engineering (ICEE'98), Vol. 2, pp.
927-930, July 21-25, 1998

{81 H. Fritzsche, “Toward understanding the photoinduced
change in chalcogenide glasses” , Semiconductors,
Vol. 32, No. 8, pp .850-854, 1998.

[91 H. Y. Lee, M. S. Kim, and H. B. Chung, "The
analysis of Ag doping mechanism by photo—
exposure” J. of KIEEME.,, Vol. 8 No. 4, pp. 472-471,
2000



{101 H. B. Chung, H. Y. Lee, and S. H. Park, "Vectoral
photo-induced effects in amorphous (Se, S)-based
thin film" Proceedings of the 3rd Pacific Rim
International Conference on Advanced Materials and
Processing, (PRICM-3), Vol. 2, pp. 2701-2706, 1998

(111 J. Teteris, “Holographic recording in amorphous
chalcogenide thin films”, Current Opinions in Solid
state & Material Science. Vol. 7. pp. 127-134. 2003

[12] C. Poga, P. M. Lundquist, V. Lee, R. M. Shelby, R.
J. Twieg, and D. M. Burland, "Polysiloxane-based
photorefractive polymers for digital holographic data
‘storage” Appl. Phys. Lett. Vol. 69, No. 19, pp.
1047-1049, 1996

Trans. KIEE. Vol. 55C, No. 8, AUG, 2006

of 3 5 (% & &)
1973 2¢ 18YA. 19983 Feo] AHAA
238 £4. 20053 5 g AxAR
T (3
Tel : 02-940-5165
Fax @ 02-943-3590
E-mail : sam75@kw.ac kr

o = oo (3 B 1)
1951 149 19¢4A4. 19733 QA #A7F
3 29 19809 5 ol Wr)2sw
2Q(3W). 19784~ AA B ANA=
T3t we
Tel : 02-940-5165
Fax @ 02-943-3590
E-mail : hbchung@kw.ac kr

FHol wE oY ZIALI0IE Ag/AseGenSesSs wote| B2 I)u oloje AXIHA 391



