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TOM TAT: Bén canh viéc nghién citu tinh chdt quang ciia mang hén hgp Ti0,.5i0;
(nhu trong bdo cdo trudc ddy ciia ching 16i), viéc xdc dinh cdu triic cia chiing ciing rdt
quan trong. Thic nghigm cho thdy, vig¢c phdt trién cdu tric tinh thé ciing nhu d¢ map mo
ciia bé mdt Rms ciia mang hén hop TiOy-SiO; phu thugc rdt nhiéu vao néng d¢ SiO; va
TiO, ciing nhu nhigt dj ii nhiét. Viéc phdt trién cdu tric ciia mang hén hgp cd thé gay ra su
ran mit va phd hiiy mang néu khong dugc kiém sodt. Do vdy, chiing 16i dd nghién citu sy
thay déi cdu tric clia chiing dita trén phiong phdp do AFM va phuong phdp nhiéu xa tia X.
Ngoai ra, chiing t6i ciing xdc dinh dugc sy chuyén pha ciia mang hén hop tit dang vé dinh
hinh sang dang tinh thé phu thu¢c vao nhiét dg i & 600°C trong 3h.

1. GIGI THIEU

Ming TiO; va SiO; 13 nhitng mang dugc s dung phd bi€n trong cdc dng dung
quang hoc nhu cdc kinh loc filter hay cdc mang chong phdn xa trong ving khd ki€n va
hdng ngoai gan. Khi tron hai chit TiO; va SiO, v6i nhau d€ ch€ tao ra mang hén hgp giita
ching , ching ta c6 thé thu dugc hang loat mang mdng c6 cdc chi€t sudt trung gian khdc
nhau va viéc nghién ciu ndy da dugc nhém ching t6i cdng bd trong [1].

Tuy nhién theo [2], 2 chdt TiO, va SiO; 12 hai chat khé tron 1an v8i nhau, mang cé
thé khong déng nhit, do viy khi mang hdp cha't phat trién & dang tinh thé héa c6 thé giy
ra sy ran nit mang va 1am gidm tinh chdt quang cla mang. 3 nhiét d6 cao, mang thudng
c6 khuynh hudng chuyén tt dang v6 dinh hinh sang antatase, tf dang anatase sang dang
rutile cang lam gia ting cdc v€t ran clia mang va dnh hudng t6i do bén cd hoc clia mang.
Trudc ddy, viéc nghién cifu cdu tric mang va bé mit clia ming véi kich thube
khodng nano mét ddi hdi phai c6 cc thi€t bi quang phd hién dai va ddt ti€n, ching han
nhv phuong phdp do TEM, FE-SEM.....Nén viéc nghién cifu ciu tric ciia cdc loai mang
hdu nhu khong thé ti€n hanh dudc tai Viét Nam. Hién nay do sy phdt trién ciia khoa hoc k¥
thuit, phuong phdp mdi AFM da dudc skt dung khé phd bi€n do su don gidn va d6 phan
gidi cao cia n6. Do vy, trong nghién citu ndy chiing t6i da khdo sit nhitng 4nh hudng cia
su chuyén pha tinh thé ciia mang theo ndng dd TiO, va SiO;, cling nhu d6 chuyén pha phu
thudc vao nhiét dd & nhiét bing phuong phdp do AFM va nhiéu Xa tia X. '

2. THUC NGHIEM

Mang hop chit TiO,/SiO; dugce tao trén d€ thly tinh trong hé Univex bing phudng
phép phiin xa magnetron rf tif bia g&m do chiing t6i tw ché tao [1], v6i cdc théng s6 cd ban
sau day :

Khodng cich bia — € 1a 4.5 cm , d€ dugc dit song song vdi bia. Ap sudt nén la 4
x10°¢ torr, dp sudt 1am viéc 1a ~3 x 107 torr v6i 96% khi Ar (99.999%) va 4% khi O,
(99.99%). Cong sudt phiin xa rf 180-200 W.

Mang hop chit dugc ché tao véi cdc ndng d6 SiO; 0%, 11%, 22%, 33%, va
50%.Mang dudc tao trén d€ thiy tinh khong nung néng, nhung do sy va cham ctia cdc hat
ning lugng cao nhiét 4 d€ dugc duy tri § 145°C trong su6t qué trinh 14ng dong.
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Sau khi dudc tao, miang dugc mang di G nhiét § nhiét do 600° C trong khéng khi
trong 3h. Sy thay d6i cau tric clia chiing dugc ki€m tra qua phuong phdp do nhiéu xa tia X
(DXR)- Rigaku UD03273, d6 mdp md clia bé mit Rms va hinh dang ciia hat tinh thé dugc
quan sdt qua dnh bé mit mang AFM (atomic force microscop) Themomicroscopes
AutoProbe Electric.

Viéc tao bia gdm va mang dudc ti€n hanh tai phong thi nghiém K§ Thuit Cao
trudng PHKHTN, viéc do dac ciu triic va bé mit mang dugc thyc hién tai cdc phong thi
nghiém trudng dai hoc SunKyunKwan — Han Quéc.

3. KET QUA VA BAN LUAN

Khi mang chua dugc @ nhiét ta nhidn thdy cdu tric cia ming ciing bi 4nh hudng
ddng k€ bdi ndng d6 hdn hgp cdc chi't TiO; va SiO,.

Qua dnh chup bé mit mang AFM, ta nhin thdy d6 m4p md bé mit Rms clia mang
s& gidm din khi ndng d6 SiO; gia ting trong mang, nhu hinh duéi,

(250,226) x:391 pm y:3.531 pm z 0008139 pm

==

5.0 nvDiv

Hinh 1b.Ti0,-Si0; (22.22 % Si0O;) : Rms Rough: 3.017 nm;
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(13,137 x 0102 pm y: 1039 pm 7 0004398 pmu

0.00 100 200 pm

Hinh 1c. Ti0»-Si03 (50 % Si0;) : Rms Rough: 0.4431 nm;

(254,255) x 397 pm ¥ 3984 um x 0002215 pm

Hinh 1d. SiO, (100 % SiO,) : Rms Rough: 0.3286 nm;

Mang TiO, (0% thanh phin SiO,) bit diu c6 dang da tinh thé anatas, véi cdc hat
phét trién theo dang chép — needle shape (hinh 1a) . Nhung khi ta pha SiO; vao thi mang
chuyén qua dang vé dinh hinh va d6 map mé bé mat Rms cla ching gidm rdt nhi€u theo
ndng do SiO, (hinh 1b va 1c). Mang SiO; (100%) thi t6n tai & dang v6 dinh hinh véi dd
m4p md bé mit Rms rat thap khodng 0.3286 nm (hinh 1d). Thuc vdy, SiO, dugc biét 1a vat
liéu dang kinh (glass) v6 dinh hinh , nén né s& dnh hudng truc ti€p dén cdu tric ciia T102
khi ndng d6 cia né trong hén hgp cao.

Nhin chung di véi cic mang diing d€ ch€ tao cdc iing dung quang hoc, th1 ching ta
cin dang v6 dinh hinh hon, vi d&i v6i dang v6 dinh hinh, bé mit mang bing phdng hon nén
it lam mat mat quang hoc (chdng han hién tugng tdn xa) nhu d8i v6i mang c6 cdu tric tinh
thé. ‘

Ngoai ra khi nhin b& mit mang hén hgp (hinh 1b) ta thdy ciu tric mang c6 nhitng
hat phat trién ba't thudng do bdi sy khong déng nhat vé cdu tric cia mang hgp chit giita 2
chdt TiO; va SiO,.

Khi ta @ nhiét cdc mang & nhiét d6 600°C trong 3h, chiing ta cing nhén thdy sy khdc
biét ciia ciu triic mang va bé mit cla ching theo ndng d6, nhu cdc hinh dudi day:
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Hinh 2.Anh AFM ciia cdc mang dudc § & nhiét d6 600°C trong 3h.

2a: 11% SiO,
2b: 22% Si0,
2¢: 33% Si0,

~ 2d: 50% SiO,

Qua hinh 2, ta thdy 13 dugc su thay d6i vé cfu triic ciia cdc mang hdn hdp, ti¥ dang
tinh thé v6i cdc hat hinh chép nhu hinh 2a, chuyén sang dang v6 dinh hinh nhu hinh 2d.
Ngoai ra, qua hinh chup AFM ta ciing nhdn dugc sy chuyén pha clia mang theo su thay ddi
cla nhiét d6 & nhy trudng hgp mang hdn hop 11% SiO; trong hinh 3 dusi day:

Hinh 3a

Hinh 3b

Trang 20



TAP CHi PHAT TRIEN KH&CN, TAP 8, 80 1-2008

Hinh 3.Anh AFM ciia mang h8n hop 11% SiO,
3a: mang chua G nhiét :
3b: mang G & nhiét d6 600°C trong 3h.
Hinh 3 cho ta thdy mang c6 su chuyén pha ti¥ v6 dinh hinh sang cu tric da tinh thé
anatase khi dudc 0 @ nhiét d6 cao thich hgp.
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Hinh 4.Ph8 nhiu xa tia X — d8i véi ming TiO; (0% SiO,)

Ngay khi chua 4 nhiét mang TiO; (0% Si0,) ciing da th€ hién pha da tinh th€ anatase
va mot phan pha rutile. Tuy vdy viéc thé hién tinh th€ cla mang TiO, tinh khiét ciing it
gay bt 1gi vé mit quang hoc ciing nhu d§ bén co hoc clia mang do mang cé ciu tric khd
ddng nhat. Cac mang hdn hgp khdc thi thé hién tinh chdt v6 dinh hinh, nén chiing t6i khong
trinh bay & day.
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Hinh 5.Ph8 nhiZu xa tia X ctia cidc maug c6 ti 1€ Si0; khdc nhau dugc nung 3 nhiét
a6 600°C trong 3h.
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Qua hinh 5, ta thdy khi 4 ming & nhiét d6 600°C, mang hén hgp c6 ndng d6 SiO, 0%
thé hién rdt 16 céu tric tinh thé anatase A(101) va rutile R(110). Khi néng d6 SiO; ting 1én
11%, mang tit dang vd dinh hinh khi chua 4 nhiét chuyén sang dang tinh thé véi viéc xudt
hién dinh phd y&u A(101), va khi ndng d6 SiO; 12 22% mang c6 cdu tric hdu nhu 1a v6
dinh hinh va c4u tric vo dinh hinh nay ciing thé hién 8 cdc mang con lai c6 ndng do SiO,
16n hon 22%. Viéc chuyén pha clia cic mang hdn hgp tit v dinh hinh sang cdu tric da tinh
thé anatase s& 16n hon nita n€u ta ti€p tuc 4 ming & cdc nhiét dd cao hon 600°C chdng han
nht nhiét 46 900°C [2], hon nita mang ciing d& ding phdt trién dang tinh thé hon néu ta
thay d€ thiy tinh biing d€ tinh thé silic , tinh thé silic s& tao nén nhitng hat nhin trung tim
cho TiO, phit trién tinh th€ d& dang hon [3]. Tuy nhién do nhitng khé khén trong vit ligu
thuc nghiém véi d€ silic, ching t6i budc ddu tao mang hdn hgp trén d€ thly tinh nén chi
gi6i han & nhiét d6 600°C.

Tém lai, viéc tinh th€ héa chi x4y ra v6i nhitng mang c6 néng dé TiO, di 16n (hay
ndng dd SiO, bé) d€ tao nén cdc hat c6 kich thudc nha't dinh. Theo [3], khi mang hén hop
phét trién, s& ddn ddn 1am gidm kich thudc hat TiO, va “san phing” 1am cho bé mit mang
ngay cang phing hon, nhat 1a d&i véi cdc mang c6 ndng do SiO; cao, diéu nay din dén sy
ngung phét trién cdu tric tinh thé cda mang.

4KET LUAN

Qua khdo st cfu triic cia cdc mang hdn hop bing phuang phdp AFM va nhiéu xa tia
X, ta nhdn thdy cdu tric cla ching bi 4nh hudng rdt nhiéu vao tf 1& SiO, va TiO,. Mang
hdn hgp s& d€ dang phat trién dang cdu tric tinh thé khi ndng do SiO, trong mang nhd. Khi
gia ting ndng do SiO; , mang s& chuyén sang c4u tric vd dinh hinh va dong thdi d6 mép
md bé mit Rms s& gidm di rat 16n. Ngoai ra thyc nghiém con cho thay c6 st chuyén pha tir
dang v dinh hinh sang c4u triic tinh thé khi mang hdn hgp dudc @ & nhiét d6 cao thich hdp,
tuy viy khi ndng do SiO, trong mang cang 1dn viéc chuyén pha niy s& cang khé khin va
doi hdi nhiét dd 4 nhiét cang cao. Pay ciing 14 cdng viéc chiing t6i s& ti€n hanh nghién ciu
thém trong tudng lai.

Qua cdc k&t qua thu dudc tif bdo cdo nay ciing nhu cdc k&t qud nghién citu tinh chat
quang cia mang hdn hgp ma chiing t6i da cong bé trong [1], chiing ta c6 thé d& ding ché
tao ra hang loat cdc mang hdn hop v6i cdc tinh chdt quang va ciu tric mong mudn. Dong
thdi dya vao viéc G nhiét, ching ta c6 thé thic ddy hoic 1am triét tiéu su phat trién ciu
trdc tinh thé cia mang, theo yéu cdu cu thé cia tirng ing dung.

Loi cdm on: Chdn thanh cdm on GS. Jaichan Lee, anh Phan Bdch Thdng — phong thi
nghi¢m Semiconductor and Thin Film Devices — Sunkyunkwan University — Korea, va cdc
dong nghigp thuéc phong thi nghigm Ky Thudt Cao truong PH KHTN TP HCM, phong thi
nghi¢m nano DH QG TP HCM da givip dd chiing t6i tao mang va do dac nghién citu trong
thoi gian vira qua.
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DETERMINING THE CRYSTALLIZATION BEHAVIOR OF TiO,-5i0,
MIXED COMPOSITION FILMS

Le Vu Tuan Hung, Nguyen Van Den, Huynh Thanh Dat, Ta Thi Kieu Hanh
University of Natural Sciences, VNU-HCM

ABSTRACT: Studying the structure of TiO2-5i0O; composition thin films is very
important because the crystallization behavior and their surface roughness Rms depend very
much on their composition as well as annealing. Annealing composition thin film in a high
temperature such as 600°C causes changing in their structures from amorphous to anatase
and rutile structures. Because of an inhomogeneous in the TiO»-SiO> composition structures,
this changing can cause damage thin films. In this report, the changes of their structure were
studied by Atomic Force Microscope AFM and X-ray diffraction. Furthermore,” the

crystallization behavior of films depending on the high temperature 600°C in 3h was also
determined.
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