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Effect of Ge Addition on Ga—Se—Te System Erasable Optical
Recording Media
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Tanehiro Nakau, Tatsuhiko Matsushita and Akio Suzuki

A reversible optical storage medium more than 10* write/erase cycles has been realized
using Tepg (Gagis Seoss)oz +5 wt% Ge film (~ 1500 A). The erase time 0.12 us was
obtained for this composition. The peak temperature of an exothermic curve 162°C and the
activation energy from Kissinger’s plot 2.16 eV were obtained by using a differential scan-
ning calorimeter.

In this film, peaks of Te (100), GeSe, GeTe4, Te (101) crysta.lllines were identified using
X-ray diffrction. The erase time 0.25 us was obtained at the composition of Teg7 (Geoss

Sege7)0.3. Crystallization kinetics were discussed by the Avrami equation.
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Fig. 1 Compositional region used for optical recording media and schematic
illustration of the sample.
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Fig. 2 Block—diagram for measurements of the optical recording media.
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Fig. 3 Dependence of the erase time tg on the amount of wt% Ge added in the
sample Te, (Ga,Seq1—,) 1—: (z=0.7, 0.8, x=0.05~0.15).
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Fig. 4 Activation energy determined by Kissinger’s plot of peak temperature T, of
the exothermic curves of the Teg; (Gag 15S€0s5) 0.3 + 5Wt% Ge thin films.
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Fig. 9 Relations of logio vV versus E, in the Avrami equation (13) for crystallization
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Fig. 11 Dependence of values of E, on the added wt% Ge in the film sample and
the powder one for the Te,(Gag1sS€0.85h—z (2z=0.6~0.8) composition.
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Fig. 10 Values of Tg, T, T, and T; determined from exothermic curves on the
powder sample Teo7(Gag 155€0s5)5s + 10 wt% Ge.
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Fig. 12 X-ray diffraction patterns of the Teqs(Gao.15S€0ss) + Ge(wt %) films in
as—deposited states and crystallized ones.
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Fig. 13 Activation energy determined by Kissinger’s plot peak temperatures T, of
the exothermic curves of the GeSe films and the GeTe, films.
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—_— Te

Fig. 14 The non-photocrystallization (stable glass) region and the photocrystalliza-
tion region in the Ge—Se—Te system, and Te,(Geo33Seoe7)1—x System.

3. 2 HEERESLUDSCRIERR

Fig. 21IRLAFEICE DHERM g 2WET S L Fig. 15128 ) R 2B, Te 2D
BN & I EREO T D ERIEBRRlRL T L0 b2 D, TP, FERA HED
HFAINDOEYELEBMNOR L, ThEVx=0.70LDF Y Te DEFHA0.7U LD &
X HERER AT 15=0.25~0.36 s £V L WEDB S NE VR LEIKROWKRT BT Lhatbh b,
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Te, (G&y335€5¢6,),_,  (-15004)
20 — N=10

tA:0.1 [
- PA:35 mW

1.5 |—
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3— 1.0 —
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e

05 |—

01 02 03 04 05 06 07 08 09
X

Fig. 15 Dependence of the erase time tg on the increasing amount of Te
component, x.

Z D tg DfEld Fig. 3D 2=0.7~0.8, x=0.150& & D t5=0.12~0.23 ps (21T FPCET 518
Thbo LEAHICE)ELEHKIFICETH LD, Fig. 3D 2z=0.7~0.8, x=0.150RE®
10°E L BT IR LA S WETH 0 20 X 9 24 )8 LEIKN O4#it. Fig 3 &
Fig. 15 DRBOMBICB VT Ga BOFHEICHFET A2 bbb, v T Fig. 16 (21,
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Te,,(Ga,Se,_,) ,+ 5wt%Ge

100
I (~1500 A + Si0,(-8004) )
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o

20 +

0 | | | 1 ! | 1

0 1 3 6
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Fig. 16 Retention effect at the room temperature environment, obtained by the
addition of Ga component on the sample Tegg(Ga,Sei1—x)o2 + 5 wt% Ge.

Teo.s(GaSe1—y) 0.2+ 5wt¥%Ge (x=0~0.15) DO (~1500A) IZ Si0,(~800A) % I —
FLAZRBIIOEZORHMEROZRRET A POKRERT, ChE ) GaEdx=0.150D¢&
& 6 HE#&ZEA% S KHRORIA %, RELHRAMTHL I tdbh o7 2% Gaik
iz & REEEBTIEIZ13x=0. 15l EOBRMARETH 5 T Lhbir o7z, LA 5T Fig. 812
BLTiE (z=0.8bF LM TH 52%) GaikMENx=0.21C% 5L E, b T, b/h&< %50
T, CaifNE L Fig. 16 DHERE L AL Tx=0. 150 RBETHH I LV THEINS,

&T, Fig. 171213 Te,(Geo.33 Sep.67)1-x (x=0.1~0.9) DFHF¥ D DSC BIEHER 2R T,
I D Te EOIIIAEN T, BHEAISHD L E, bBAEBICHL T HEHEAR S,
Fig. 15 Tx=0.7~0.9I BV TH XA A, HEDKR D ELEIKN A Ga—Se-Te-Ge H &L h b
1HFLLERA S 2 Dit, S0 Fig. 17 DR 61 EMILT 2V F— Ea Ofd Ga—Se—Te—
Ge RICHRTHEVRLTHHLELNAED, TORICEALTId Fig. 9D Avrami DR L Y
e L7oRER L LSBT 5,

3. 3 XEEFICLIBBEDORE

Fig. 18 1213, Te,(Geo.33 Seo.67)1-x (x=0.1~0.9) DZHEHE (~1500A) D XEF 1
Ty A= FICEBERY — 7 OBERERT. Fig. 12 D4 & FHIC Fig. 18 (214 as-
deposited DE &k RfL S/ fE (200C DEIREH T205MME) OERTRHBELTH 5,
ZN & D as-deposited DIEIZx=0.9DHMBICBNTDOAKEGHE — 7 255D 5N 5 H M DMK
IERETH B, ST, crystallized DIEIZx=0.1D & X GeSe,. GeTey DY — 7 HE0D
HENb, x=0.2~03Tid GeTey DA TH BHA%x=0.4~0.5127% 5% & Te(100) DY — 2 hFEst
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Te, (G&) 555y O

Faz2.06¢ (~15004)
200 — ‘ Ejz1.38ev
- } Eaz0.87 eV
B i E;=0.65ev
- ‘ E3=089 eV
£,=0.55 eV
150 }— l : ‘ E::o.57ev
9 -
° B
- 5
100 [ Ea: 2.582V
50 |— o 20°C/min.
» e 10 °C/min.
B a 5°C/min,
1 I T T N N I N A B

0.1 02 03 04 05 0.6 0.7 0.8 09
| X

Fig. 17 Dependence of peak temperatures T, and activation energies E, on the
amount of increasing Te component, x.

T 5o x=0.6TIZZDTe (101) DY — 2 2sFbH SN, x=0.7~0.8TiZZ 512 Te(102) Te
(110) DY -2 H5HES 5, 2L Tx=0.9Tit Te(110) DY —r H Kk X L HET 5,
DEDWML xDfES % b b Te EHEDOHMIZAEY GeTey~Te (100) = Te (101) — Te (110)
DE) LHEREROEN DL LN THENL, 22T Fig. 15 & Fig. 18 #lb#¥+ 5 &,
2=0.4~0.5 (GeTeqs Te(100), tg= 2 ~0.85 us) =>x=0.6 (GeTeyy Te(100). Te(101).
tg=0.5 #s) »x=0.7 (Te(100), Te(101)., Te(102). Te(110), tg=0.25 us) —=x=0.8~0.9
(Te(100), Te(101), Te(110). Te(200). Te(201), tg=0.34~0.36 us) EZfbT 2, S h
£ GeTe, #BAHET HE E tg HAVNE Y, LT Te(200), Te(201) AS5AEF 2 &
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Fig. 18 X—ray diffraction patterns of the Te,(Geo.13Seo.67)1—x films in as—deposited
states and crystallized ones.
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Fotg BKELL BB ENDY S, ZOMFEMIE Fig. 3. Fig. 12 £ ) GeTe, DIFFHH LIHD
HEtgBWREL LB L ELIAHIET 5,

4. &% 8§

DEIDBONIZEERIIRDOBEY) TH 5D,

(1) Ga—Se-Te—Ge &IV Tt Te, (GaSe1—y) 1—,+Ge (wt%) IZBWTz=0.8, x=
0.15, 5 wt%Ge DK THEHEMIIBR/D0.12us TH o7 (Fig. 3)o

2) REEEHENE (DSC) 2L Y Teo.s(Gao.15Seo.85) 0.2+ 5 wt% Ge DFEIZD X, &K
KiERILEE T, 2KkDB &, 20C/ min DRBEEDN & 2162CTH -7 T D& X Kissin-
ger’s plot IZ& ) RO EMALT AV F— E, DfEI32.16ev Th 72 (Fig. 5)o

(3) Avrami OXOKREFTH 6. HEHALLZ F NV F— Ea DESKE VI, HERMBICBEERT S
FICEEEBDOMEAIKEL 2D, o THEIRAAIIIRBEROR. REIIIRHMEROR)
RoHBHIENbHh o7 (Fig.9)o

4) BERAFIOVWTODSCHEN»HKE o4z Ea DfEIZ, Kb, HEXBLFEL LD %
Ge BEKHEMMH B Z L b o7z (Fig. 11),

(5) Tep.s(Gao.155€0.85) 0.2+ Ge (wt%) IZBWVT, Ge 10wt% D & & GeSe A%, Ge 15wt % Ll
Enl 5t GeTesD#ERE — 75N (Fig. 12)o Sh 6D E, DfEIZFNFN2.15ev,
0.50ev T& - 7= (Fig. 13), Zhid Fig. 3D tg DIED Ge BAKIFICEIRT 5 2 L AR X
h/: (Fig. 9),

(6) Ge—Se—Te RIZDWWTidTe, (Geo.33Se0.67) 1—x 2BV Tx=0.7~0.9DHLEK Tl B
7%0.25~0.36 usTdh -7z (Fig. 15),

(7) Ge-Se-Te % & W b Ga %ML 7-Ga—Se—Te—Ge ZDH IR L DR D B
T EMbhoiz (Fig. 16).

(8) Te,(Geo.335€0.67) 1—xRICBWVTid x DML I\ T OMEAERFITHS L (Fig. 17),

4%, Ge—Se—Te ZDMDFRF7z & % iXTe, (Geo.2Seo.8) 1 - 122 X FEBEDKRET 21T %2\,
EH I FEHEID Se, (Geo.sTeo.5) 1 - RICOWVT L HETATFETH D, £ LT Avrami
ORXFOEER k., v) OEBREEROLI LD, HRALOBBLEAES T TIT)FETH
bo

I

B L FTTHIIH/CD . KRR KRESIFREEERICITEL RS L8 A, BoM
BEZHBD I Lz, -BFRBEFHRASHPRIEAFTOME, ILE, HH, X%, EL0K
RiCiflE, amEomnrBn Lz, SRR HELERLT T,
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