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ABSTRACT

Recently, semiconductor doped glasses have attracted attention as nonlinear optical materials because of
their large third order nonlinear optical properties. The transparent and homogeneous CdS-doped Si0; glass
thin films were obtained by the dip-coating process of the sol-gel method. Thin films were consisted of glasses
containing CdS microcrystallites which were formed by dissolved Cd®* and $*~ ions in a 5i0: matrix solutions.
A subsequent thermal treatment of this samples led the formation of colloidal agglomerates and finally of
microcrystallites. The size of CdS microcrystallites was about 4 to 15 nm after thermal treatments at various
heating conditions. From the optical absorption spectra of the CdS-doped Si0. glass thin films, it was found
that the absorption edge was blue-shifted compared with that of the bulk CdS crystal {(~24 eV), and that
the amount of energy shift was inversely proportional to the crystal size. And the band gap energy increased
with the decrease in crystallite size, indicating that the guantum size effects occured.
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Table 1. Compositions of Si(}; Coating Sclutions.

Fo]utions : Composition (mole ratio) Reaction
Si(0OCH:), R0 T C,H:OH DMF HNO, time (l)

A 1 8 8 - 0.024 2

B 1 8 7 1 0.024 2

C 1 6 8 - 0.024 2

D 1 4 8 - 0.024 2

E 1 4 4 B* - 0.024 2

F 1 4 4 “4r — (.024 22

G 1 | 2 4 &) - 0.024 2

*Amount of addition for dilution after reaction at 40
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Table 2. Appearence of CdS-doped 5i0s Glass Thin
Films Having Various Compositions.

Redipping Goad
coatin wettin;
Solution (‘ e Remark . &
times) (coating
| times}
— I— p p
A 3 nonuniformity 2
B 4 nonwetting 3
C 4 nonuniformmty 3
D 4 nonuniformity 3
E a good wetting 5
F 1 nonwetting -
G 4 opaque 3
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Table 3. Appearence of CdS-doped 5i0; Glass Thin Films Prepared from Coating Solution E.

Withdrawal Drying time Number of Thickness Refractive
speed (cm/min) (min) coating times (pum) index
15 ] 5 2 — nonuniformity
3 5] 4 0.52 1.392 homaogeneous
& 5 4 Q.55 1.375 cracking
6* 5 4 0.55 1.383 cracking

*Ultrasonic washing only at ethanol for 3 min
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Fig. 2. Thermal gravimetric analysis and differential
thermal analysis curves (TG and DTA) after
gelation of coating solufion.
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Table 4. Experimental Data of CdS-doped Si0; Glass
Thin Films Obtained by TEM, UV-visible
Spectrophotometer and X-ray Diffractometer.

Heat- Average | Absorp-
treatment crystal tion Crystal
Temp. | Time | diameter | edge structure
L@ | | m | (V)
as-prepared 3.3 2.88 unidentified
n.a 4.0 2.88 unidentified
sr0 2.5 5.7 2.87 "
24 6.2 287 "
a2 7.6 287 "
05 6.5 263 | unidentified
2.5 9.8 2.63 "
650 8 113 263 "
24 12.1 243 hex.+cub
32 151 243 hex., c-Quartz
’— 0.5 9.0 2.59 unidentified
700 25 10.0 244 "
8 - 243 hex, + cub
0.5 99 243 hex,+cub
750 2.5 10.5 2.43 “
b3 142 242 hex
500 Q.5 10.7 243 hex. a-Quartz
25 114 242 »

7 Fig. 49 (A)e} #o) as-prepared A|E7} < 33
nm=EA YAEEF) FYsldy, A= =1 o
o} 4nmollAFE 15nm #xel #Heoba] Aabsigch
T D= 2 (08 9434 patterne. 24 o]t
rings] HA 2|3 Al27) ) A A edg Jepdl 3 gich
=% Fig. 5% Fig. 48] (0488 EDAX 29 E# 0 24
m&tatAl Si0. matrix glasse] CdS w|gAlzp B4
P22 gl = g2t Fig 6L Ada|z] 222} 4
Zhe] W2 TEMAMAIL 24 (A)e] 550T, 254]7R2 o
57nm AEeliw (B2 750T, 25417+ ¢k 10nm A
zZH AdAde 2xrt FolFel mu HAel AXX
siew, =& (C) 650T, 0.547ke oF 6.5nm ANe]2
M2 60T, 324718 <F 15nm AE 2 A od 2] A 7te]
FVETE YA AAR WUEE o = etk
o)ZAy] Ar)e Adxe] 2xs) Ate A
= glem, TEjan aAe Ax|E Afhe] 1734 w9
gl Zrlglche B3 AR Sy o224 Lifshitz-Slyo-
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Fig. 4. TEM photographs and electron diffraction pattern of the CdS-doped Si0s glass thin films.
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Fig. 5. EDAX spectrum of CdS-doped Si0, glass thin
film heat-treated for 8 hrs. at 650TC.
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(A) B50T, 2.5 hrs

(C) 650, 0.5 hr.
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o ! 2 3 4
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Fig. 7. Linear relationship hetween average radius of
CdS crystal and cube roat of time for CdS-do-
ped glass thin films heated at various tempera-
tures.
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Fig. 6. TEM photographs of the CdS-doped 5i0; glass thin films heated at various heating conditions.
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Table 5. Comparsion of the Crystallite Sizes and Cry-
stal Diameers Obtained by X-ray Line Broa-
dening Method and TEM, Respectively.

Heat- Crystallite size Crystal
treatment by X-ray diameter
Temp. Time diffraction by TEM
(©) (hr) {na) (nm)
24 9.7 12.1
650
32 17.6 151
750 2.5 125 105
0.5 125 10.7
800
2.5 17.6 114
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Fig. 9. Optical absorption spectra of the CdS-doped
Si0, glass thin films heated at various heating
conditions.
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