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Photocrystallization in Amorphous Films of Ga-Se-Te System
and Application to Optical Memory
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Reversible structural change has been studied in a thin film system of parylene/
Ga-Se-Te/parylene structure in order to find a range of conditions for the crystalli-
zation, a crytical initialization for as-deposited film to become erasable optical memories.
The influence of the illumination by a xenon lamp (photocrystallization) and the heat
treatment(thermal crystallization) were analyzed mainly for the compositions Te. (Gao. o5
Seo.95)1-2(0.03=2=0.8), using XMA and SEM.

Crystallized area with retaining a especially surface smoothness at the composition
of z=0.25 in the region 1(0.05=2=0.28) grew from the scratch-line formed by needle
in the stripe-like specimen when treated at 210C for | min under the illumination of
100 mW/cnf. The local stress caused by the scratch may be responsible for the growing
of crystalline film with a fine surface smoothness. Column-like microcrystallines of dia-
meter about 300 A and height about 500 A were obtained by the photocrystallization in a
range of compositions of region II(0.6=z=0.8). It is thought that the element with the
film of region II provide a recording track on the surface with better S/N ratios since

an excellent erasable property.
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the experiment of the optical memory effect.

¥k ZOBROERIIEIVFE] QMK THEEEL —FIL L3 HERAL BRI THRTH S & AHMAL /2

—110—



S EIS0CIZIEAL B/ v —1LF 2 3, £/ v —HAIEBE(650C) IcEsh, R 7 —1
FHEN3, K7 IEREEEL B EEEAES N AEERBE DM/ L v EH T
N3, BREEIIERETH B, /S L VIEOSIE405C TH %,) KIZa$ & ) 1208 100
)um(I)Z b5 4 FRIZEET 3OEHRBOL —F12 & 3B XRAOBEOMLBERD \AFHETH 5

2UE100m < SV THNEFIR 2 i & L 2EMEA BT VLS5 ThH B, s TIND&L
) f;mmlOO#mO)Z k54 FIRDGa-Se-TeED LA b & 5123) Ly 22FL. /YL v- &
— XYLy DH Y FA oy FHEEOERFEERT 2,08 L Y EOE S IZN1mTH 5,)

2.2 R#ERIL

PIEDE I L TR L 2EFD EHr 55
ROV CRAMER IC TBIR L 2 2 55| -1
it (LA Z 59 FEWRR) AN,
DAT Ty FDO¥TEFIg3IRT AT Ty
FOR S0, 1pmll @13 10#mL) ETH 3,

(A7 7 9 FOhfil s & UHRIETICEH
PRELTVWSLD LM bR A, Zhidk
BOXMAWLEZBEL»SBRT 6N 5,)

X TFig.4% photocrystallization FDECE
LHWT210C 1ML 2k y b 7L -+ L
ICERF 2 EE, XeX(100mw/cend) 0.5~ 3%
&+ 3, 20 & E100#mD A + 54 7
ILAZ T 9y FDdBGE EVHAETIIRE ML
DTFHELBLEAZZENbD5,Fig. 1D
wUt T OMAHER G L Ty Ter (Gaocos  pig 3 SEM observation of seratch line formed by
Seo.95)1-2 \2BWVT, 2=0.05, 2=0.1, 2= needle.

A)Photocrystallization Mirror

Xenon Lamp I
(05KW)Visible

He-Ne LASER, P

tter ND Filter
(B)Memory(Write «Erase) m Prism
(30mW) 63283.

[
[i] - IR Absorption
W-Lamp Filter

. ND Filter i | ens
C)Transmitiance ﬂ Prism AN
He-Ne LASER, P~ b S oeoPe
(1.5mwW) 63284 wor20) ¥ _sample

Lens rism

LASER DIODE, [~ 1 oc anp || PhotoTr
(3mW) 7800A

Hotplate

Temperature
Controller

Optical
Output < and DC Power Microscope
(Transmittance T) | Analyzer Supply

Fig.4 Measurement system to observe the photocrystallization effect and the optical memory effect.
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Fig.5 (a) Photocrystallization and (b) enhanced F'ig.6 (a) Photocrystallization and (b) enhanced
photocrystallization emergimg from the scratch photocrystallization emerging from the scratch
line for the treatment(210C +100mW /cif) x 3min line for the treatment (210C +100mW /cnf) x 2.5
in the case of z=0.05. min in the case of z=0.1.
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Fig.7 (a) Photocrystallization and (b) enhanced Fig.8 (a) Photocrystallization and (b) enhanced
photocrystallization emerging from the scratch photocrystallization emerging from the scratch
line for the treatment(210C +100mW /cnf) x 2 min line for the treatment (210C +100mW/ci) x 1.5
in the case of z=0.15. min in the case of z=0.2.
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Fig.9 (a) Photocrystallization and (b) enhanced Fig.10 (a) Photocrystallization and (b) enhanced
photocrystallization emerging from the scratch photocrystallization emerging from the scratch
line for the treatment(210C +100mW /cnf) x 1 min line for the treatment (210C +100mW/cf) x 1 min
in the case of z—0.25. in the case of z - 0.3.
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Fig.11 Photocrystallization generating from the dot formed by needle for the treatment(210C +100mW /cnf) x
15 sec in the case of z=0.25.
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Fig.12 Enhanced photocrystallization perpendicularly growing from the scratch line formed by needle for the
treatment(210C +100mW /cnf) x 15 sec in the case of z=0.25.
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Fig.13 XMA observation of a distribution of Se and Te compositions in the stripe-like specimen crystallized
from the scratch line(210C +100mW /cnf) x 1.5 min.
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Fig.14 XMA observation of a distribution of Se and Te compositions in the ;;ripe-like specimen (210C +100
mW/erf) x 1 min in the case of z=0.25.
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Fig.15 XMA observation of a distribution of Se and Te compositions in the stripe-like specimen crystallized
from the scratch 1ine(210°C +100mW /crf) x 1 min in the case of z=0.25.
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Fig.16 Writing and erasing characteristics of the element with z—0.25 for He-Ne focused laser-beam.
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Fig.17 Laser power dependency of the writing characteristics in the element with z=0.25 for He-Ne focused
laser-beam.

—118—



DB, (ZhERDBIIEWAREERE L B
NIELE 52 VD TROERIZES,)
ZZTFig9IcB8# L T2. 28 TR L —
FRATLIRAAI L BEHREISELC T Ty 7
DV THBNE, WE 2=0.25DFEIZD% 2
o4 7TIRTH S TEREEICES L TEKX
LAEFET k&Mt ¢ 3 LFigllhb s b
PBEIXep B E NG EsdLE LT
RLLARICE SR ET 2, Z 08 MEEIZE
EIRL — 4 (0.83xm) 24T HA L L (10mW,
lus), Fig18 1277 & 5 IC OSSs8I D
EDEHIZL —HR 2R L THLHOFLA
5759 I HARBZZENbh o7, £7-Ab
TATIROZEFDAT 5 9 FDENEETYE
Fig18¢[RIU LK. £¥Z2HhD—dEddbr LA
DHRLTHDE LK) ICBHERIZZ S v
HAo70 TOEIIZL—HFHRDITHIRAZIZ
L BEBIIEHIIKREVLDTH B2 LY
BAL 76

L2331 LANSA THIZRY 5 9 Fh

BAUEL —FHFT BAB I E BUEEAR 7 T o . S0um
s FES TRIBHE N, 7557 HA5 % (b)
WD EBbhn 3, (2 Zﬁﬁ;;jﬂﬁ) ChEED 3 Fig.18 Crack caused in the crystallized region of

z=0.25 film when laser diode shoots a pulsed

f:&’)x Vavi ‘7?"5’}\th7\ }\ 7 /f 7°>H(0)H§& beam.

RS E . FEEL —FOITHAHREM £ Fig. 180 2 ~20f% & U CRMEO KR AT % -
7209 B EFIGIIRT £ 9 1210mW, 20usecD /¥ 7 — 4 A& LB X ABRDORGTCLE
MOIRT LIRS 759 2 HAAS Aok, CHEVANSL FHIZAY T 9 F 5 AN
BILARTAAIXE)ELTCOAERFAT 3BEEB SRS L BREAET 22 & 25
Bahr,

Teg25(Gagos Seggs)o7s Tegzs(Gagos Se )

o S0um . S0um

(a) Scratch (b) 10mW  Scratch
20usec.

Fig.19 Observation of the protection of crack-generation when the scratch-line acts as a shock absorber in
the case of 2=0.25.
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Fig.23 Observation of polygon-like graines formed Fig.24 Observation of polygon-like grains formed
by the photocrystallization in the element of by the photocrystallization in the specimen of
Teo. 4(Gao. 2S€o~ a)o~ 6- Teo. s(Gao- 155€0. 85) 0. 5.
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L ®7-#%. SEM(scanning electron micro-scopy)i- & W EE L - #ER #Fig.2512R ¥, X(a)
BHED ETFoss) L v, S L VEERAL 2 2L LK D EOWTR AR T ST &
Ao KNEIEDUTR % 1 HEICHEAL 26 DERT, RO I SEDRTFD S 5D—>
RESUIS HECHRLAZLDTH S, RDEZh 2 S 5110 /EICHLAL 72 & X D& MLIE
DBERERTH 50 Zh & DILAHHIE00ATH 32 5., EFE300ATES &500A0 F1H# K 0 #
GERAHBUCEREHAIERL TV B L) 2 EMEOEFLEEZ 32 & plikr, (. #
15 1T DREI2500~1000A & JEH TN D TH v b 7L — b OEE %120C & L Xe o I4H1ER
£10~20Fb & L THESIL & 4 720)

6. FRBIDFRICETI AT R

SEITIHEIH I DX T RHRIC DN TN A Z hidFE 12 He-Nel — 4 (A=0.63m)

* P OWIE LML HRIE, A7 Ty FIITHTH 3, 20F F THRO THEL, TilRsHsME
rEoN b,
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Teo.s(G Qy050€095 Doz

(a) x2000

(c) x 50000 (d) x100000

formed by the photocrystallization in the speci-
men of Teo. s(Gao. 05Seo. 05)0. 2.
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RHELABETH oo LA BICHIKT DML 2 & 21X Teo. +(Gao. 05Se€o. 05) 0. 3 DAL
TIIRIUFEE aD FUE 2 5 (ahy)" vs hoD PR & DR 2 HFM T AL F— ¥ x » TEg™E
n=4%0& &Eg™=1.18ev(A=1.054m), n=%0N & XEg™=1.29ev(A=0.96¢m), n=1D &
X Eg™=1.43ev(A=0.86u4m) & % 3, fE> T
HERERYUR AN S DE LD PP kE ST

LASER DIODE(830nm 10mW) Scope

S e . SN w Pul
ILF A ETEOT (D% VMR Gk gp{Puse
IR L — 4(A=0.83umE & U10.784m) 12 & 3 Lens
DC.Power
BEXAAIIEL TR LA bA B, y L Supply(CW)
WEFig. 4 DECEXF D (B)MemoryD ¥R XY.Z |e> T
. . . Stage I W-Lamp
%8R L —47(0.83pm) 12 L TFig.26127R - /[J;]\(
&9 % F#ETTeo. olGao. 0sSeos. 5)o. 2% & F Object
WAERFIIEIAS RITS - 4R 4 Fig. 27 Lens = Sibstrate
R T. 2 &N 10mw, 2usec DT TH Memor§ Fiim 4—/?4?ct:g:::ope
$AAFERIEEmw, Susect BRHBT (0% Lens
NIy — %/ s LEEM 2R T5%) T&h T
WIZHHEINB3Z X bHI B ° Fig.26 Measurement system to observe the writ-

ing and erasing charaeteristics for laser diode

& T Fig. 4 DERERD(c)EAFRE % ¥ focused beam.

HRL —4(0.78um) TTez(Gao. 05Se€o. 95)1-2 o

(0<250.8) DMV TH B -7 & 2 5, 120C+Xe d=800A
# XA HIRKE (bleached state © EWLIREE) ¥ \
K U FEIREE (darkened state | BALIREE) 12
DEFig8D L) R EB/, (HUBEIR
#11000ATH 3,) Zh k£ 1 bleached state &
darkened state |2 23 BEDZEAT=Tp-
Tpid2=0.250 & $ Kb K(AT=65%) Tk
5ZEhbh 3. LA LT M0.6<2<0.8
DK TE AT=20~30% H D ¥kF7 4 A
7 AEYNOERELTH525S/NeThd  (A) WRITE (10mW 2useq)
b, % L THEBI DEOKEMMLIZIZERK T ©
JREESTRI Ty FATIATH 358, EF
ERO T2 ETEIHFa»HELE X
3,

ZOEBI OB 2 1E2 =0. 7128 T . Gank
SFOHEMBRE, AT R+ (HRES0TC, 8
ET0% &\ S 1ERIEEE T 1238 XA HIREED
ETEREL, 2082 AREEAWIEH T o 0um
Wk LEERIECR S 2 4574 1) 12 (b) ERASE (5mW, spseq)
P& 517 T\ Teo. /(GaxSei-x)o.7 (0 =x= Fig.27 Writing and erasing characteristics of the
0.3)7% ZHREPIC THE L -, o LY x = specimen with z=0.8 for laser diode focused

beam.

Teoa(Gaggs Sepgs)g
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0.1 £ U'x=0.152% Y Teo. 2(Gao.1Seo. o)
0.3 & U Teo.7(Gao. 15Seo. 85) 0.3 DHLM I
T BES0C IBAET0% D 524 T T 150 BFRIAERE
RUBEABREERDZ LA HIIIL 2o X
=02% Y Teo.7Seo. 3 TIL240ER], x=0.05
DF ) Teo. 7(Gao. 05Seo. 95) 0. 3 TII48HER L
PRThHh oo LHBIZx=0.2, x=0.3D
£ Teo.7 (Gao.2Seo.8)0.3 « Teo.7(Gao.s
Seo.7)0.3 TIINE A Ga L5 DI K 1) Hi
§5& %0, L—FRBEIZEVENFEET 5
fHEER L7y T4 bbERELSALTRRT
b3, ZDFER»S x=0.15 LU x=0.15%°
K74 A7 AE) ARSMSEE L TERBTA
MREETIZE b oo z2=0.8%
UV 2=0.623FTHLXIEN x=0.1&L
x=0.150 & XA T A b OFEREFII500ERT
EHaRiEliEl,
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/ T oo,
y Darkened TD/

Te (GagosSeqssh-2
2=78004 (LD)
d=0.1um

4

Fig.28 Dependence of Eransmi
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7. %

i

IV EGa-Se-Telfi# /%) L VETHALED K 2 £ ) BRIz > &ML, JEMLDO M
AT L 2. ZORRROERES.

(1) TedGao.05S€0.95)1-:542F5#FL &L THMEDRF I/ E L 241 1(0.05= 2=
0.28) L K (0.6<2<0.8) A HHET B L Abh o7, (Fig. 1)

(2) ST TIXR b 74 7IROIE S EBE(IE1004m, 5 X2000~3000A)124H2 & 322 5 v
FEAN, BEMEO KRG (2L0CHER v F 7L — b+ ETI00mw/cidXet 0.5~ 3 53Rl
BT, 222 6@ IRMEEMKEZITE2H LD, (Fig. 9)

(3) #M I DBETIEXMALKBREESL SR T v FI2 & BBhOEH B A RIRIES
SREDERTH B2 &P bh o7, (Fig.13, Fig.14, Fig.15)

4) I DOETIEL —HFRIIEDEERBEENTRETHY, 5IZRA7 Ty FIILD,
VBB IC L D RETAEHRLRINL 75 9 7 AABZZ L #BIEL TWwWBZ 0D
o7 (Fig.16, Fig.18, Fig.19)

(5) FEE I A 5 fEIS 0 ~DOBRBME Tld4t flgrainkd L VSRR ABEBIZZED s 7,
(Fig.23, Fig.24)

(6) FEIL I DEED kS ML L 7= B D &E S AR & WARR IZBIEE 3 2 & APk 72 1R 493004,
B X500 AD IR TH - 720 (Fig.26)

(7) SEI I O TIEFEIRL —4(0.83um) 12 L B3 EXAA HELERIZITI 2 & A HI*

72o(Fig.27)o F7-MtAT A MRESC., IBET0%)DER., Galiy DIEA x=0.1 L
X=0.15M#m D & & BIF 4 K5 ROVIS0EER G & 2 R4 2587,

SRITE LIRS, HEFHED/ ST —iER, SR UZNIIEEL AEMEOEL 7 0 Y
—ERATATETH 3,
WMEE

AMREEITT 21240, KBUFLAFHIFRHELZKI I~ fRE L C#ll s, Aol
BEEMHY & LA 2 HARMFHRASHIFRMOWEFRK % 5 UIZFEIEAKICIH
B EOHBEBVE L2, TTURESIHEEIRLES,
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