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TOM TAT: Mang TiO: dwoc cac nha khoa hoc quan tam do kha nang vng dung cua no
rdt to lém trong cugc song. Trong nhitng nam vira qua, co kha nhiéu cdc cong trinh khoa hoc
nghién ciru ché tao mang bang cdc phwong phap khac nhau. Phong thi nghiém Ky Thudt Cao
thugc truwong PH KHTN — PHQG Tp.HCM, lan dau tién nghlen citu ché tao mang TiO; bang
phwong phap phin xq magnetron rf. Tinh chat quang ciia mang dwgc xdc dinh bang phép do
UV-VIS. Cdu triic mang va bé mdt mang dwoc xdc dinh bangphep do nhiéu xa tia X va phép do
AFM. Cdc két qua nay ciing dwoc so sanh voi cdc két qua twong ung khi tao mang bang
phirong phdp magnetron dc. Pong thoi cau triic mang thay doi khi mang dwoc i 6 nhiét dg cao
ciing dwoc ghi nhdn qua phé nhiéu xa tia X va AFM.

1. GIOI THIEU:

Mang TiO, dugc sy quan tdm rat 16n boi cac nha khoa hoc trén thé gi6i do kha niang tng
dung cua nd rat phong phu trong khoa hoc ciing nhu trong doi song Mang TiO, ¢6 d6 rong
ving cAm 16n, chiét suat cao, ching thuong duoc dung dé ché tao cac thiét bi quang dién
(photovoltaic), thiét bi quang xtc tac (photocatalysts) hoac chat dién moi trong mang tu dién
[1]. Ngoai ra, mang TiO, trong sudt trong ving kha kién va hong ngoai, hap thu trong vung kha
kién, nén chung con dugc sir dung cho cac tmg dung quang hoc nhu dan séng (waveguides),
kinh loc filter hay mang chéng phan xa.

C6 nhidu phuong phap khac nhau dé ché tao mang TiO, nhu phuong phap sol-gel, cic
phuong phap héa hoc, phuong phap ling dong xung laser PLD...Trong nhiing nim qua, phong
thi nghiém chuyén dé quang va chan khong thuoc Khoa Vat Ly truong PH KHTN Tp.HCM-
DHQG Tp.HCM di ché tao thanh céng mang TiO, tir phwong phap phun xa magnetron phan
tmg DC. Trong bdo cdo nay, chung t6i nghién ciru mang TiO, dugc ché tao bang phuong phap
phiin xa magnetron rf. Sau d6 so sanh cac tinh chét quang va cdu tric cia chiung v6i cac mang
TiO; tao bang phuong phap phun xa magnetron dc.

Phuong phap rf c¢6 nhimng diém khéc biét so véi phuong phép dc. Theo [2], phwong phéap
phun xa dc dugc su dung ddi véi cac loai bia dan dién cha'ing han nhu bia kim loai. Cac hat khi
ion dugc gia tdc téi va va cham véi cic nguyén tir trén bé mit cia bia, 1am cho chung phun xa
va bay dén dé, lang dong hinh thanh nén 16p mang.

Tuy nhién, ta khong thé sir dung phwong phap phiin xa dc trong trudng hop mang hodc dé
1a chét cach dién. Do béi:

e Néu bia cach dién, n6 s& can tro dong dc va gay ra can trd sy hinh thanh cia cac hat
khi di¢n tich.

e Néu dé cach dién, no s& gay ra sy tich dién trén dé va dan toi sy phong dién hd quang.

e Néu mang cach dién, mang s& hinh thanh trén dé va ving anode ciing bi tich dién va
phong dién hd quang.

Ngoai ra, khi phii mang anode ciing dan chuyén sang cach dién theo thoi gian, tao ra hiéu
(g triét tiéu anode. Diéu nay ciing gdy ra nhiéu van dé trong phun xa.

Pé khic phuc nhitng han ché trong phuong phap phin xa dc, ngay nay nguoi ta thuong sir
dung phuong phap phun xa rf. So d6 hoat dong theo so do:
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Hinh 1. So d6 phun xa Rf

Nguon phat sinh tan s cao dugc st dung dé tao truong dién tir , thuong 13 13.56 MHz. Khi
tin hiéu xoay chiéu dugc ap vao cathode, plasma hoat dong nhu bd phan chinh luu va sinh ra
muirc thé am trung binh nhé hon 2 dién cyc. Thé am nay dugc goi la thé tu hiéu dich hay thé
VDC cua cathode rf, nhu hinh:

A

/\ /\\ /\\ .
\/ \/ \ VDC

Hinh 2. Thé Rf tai cathode

Dé tao dugc thé ty hiéu dich VDC, cathode phai hoat dong giéng nhu tu dién dé ngan dong
dién mot chiéu dc. Bia cach dién nhu truong hop bia gbm ma ching tdi sir dung hoat dong
gidng nhu tu dién do vay n6 dap ung dugc yéu cau trén. Tuy nhién, trong hau hét hé thong
phun xa rf, nguoi ta déu mic thém tu dién diéu ndy cho phép hé thong c6 thé hoat dong véi ca
bia dan dién. Céc hat ion chiu su tac dung cua thé tu hiéu dich VDC sé& duoc gia tdc tGi bia va
tao phun xa.

Thuc véy, do electron c6 khéi lwong nhé hon nhiéu so véi ion duong, nén dong xoay chiéu
nay chi lam dich chuyén electron, con ion duong khong bi anh hudng nhiéu. Electron di chuyén
s& va cham v&i Ar trung hoa va sinh ra ion Ar’. Do cong suat rf 16n nén ion Ar’ va electron
dugc sinh ra lién tuc, tao moi trudng plasma gitta 2 dién cuc.

Ca electron va Ar™ déu hudéng dén bia, nhung do khdi lugng electron nhé hon khdi lugng
Ar" nén electron s& bay dén bia vé6i thoi gian it hon nhiéu so v6i ion va lam cho bia luén tich
dién am, cho nén dién thé cua bia s& luén 4m hon dién thé cta 2 cuc . Sau d6 Ar” s& bay dén
dap vao bia va gay ra hién tugng phun xa.

Mang TiO, tao bang phuong phap rf trén dé thuy tinh (lam Burc) khong nung thuong thé
hién cdu triic vo dinh hinh. Sau d6 s& chuyén sang dang céu triic tinh thé anatase va rutile khi
mang dugc nung ¢ nhi¢t do cao.
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2. THUC NGHIEM

Mang TiO, dugc tao bing phuong phap phin xa rf, tir bia gom TiO, (d6 tinh khiét khoang
99%), bia gbm do chinh ching t6i che tao tir bot TiO, tinh khiét va nung t6i nhiét do 1400°C
trong vong 3 gid. Viée ché tao bia gdm TiO, dd duoc chung t6i trinh bay trong cac bao cao
trude day. Mang dugc tao trong hdn hop khi O»/Ar (ti 1€ khi O, 1a 2%) dé bd sung hop thire O,
cho mang, 4p suit khi phin xa 1a 3x10 torr pé khong nung nhung do sy bén pha cua cac hat
¢6 nang luong cao nén giir & nhiét d6 145°C trong sudt qua trinh ling dong. Cong sut phiin xa
la 120W.

Sau khi duogc tao, mang dugce dem di 0 nhiét trong mdi trudng khong khi trong vong 1 tiéng
v6i nhiét do cao 600°C.

Tinh chit quang cua mang nhu do truyén qua, do phan xa duoc xac dinh boi phép do trén
méay UV-VIS. Tir pho truyén qua giao thoa cua mang, ta co thé xac dinh be day va chiét suat
cua mang. Céu tric ciia mang dugc xac dinh boi nhiéu xa tia X (RXD), ciu triic bé mit va do
map mb ciia bé mit mang duoc xac dinh bai phwong phap AFM (atomic force microscopy).

Céc tinh chat quang va céu tric clia mang ciing dugc so sanh véi mang TiO, dugc tao bang
phuong phédp phiin xa magnetron phan tng dc.

3. KET QUA VA BAN LUAN

Mang TiO, trong sudt, ching té mang tao ra c6 hop thirc O, cao nhit.
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Hinh 3. Phé truyén qua ctia mang TiO, .

Do truyén qua ctia mang kha cao, khoang 90%. Tir phd truyen qua giao thoa cua mang,
ding phuong phap Swanapole ta c6 thé tinh dugc bé day va chiét suat ciia mang.

Bang 1. Bang tinh chiét suat va do day cia mang TiO,

A (nm) Tmax Tmin Bic giao thoa | Chiét suat | Po day
trung binh (nm)
810 88.598 58.732
686 89.212 59.361 3 2.3982
598 87.564 59.811 3.5 2.4390
534 86.365 58.475 4 2.489 429
484 82.781 57.431 4.5 2.538
448 80.201 53.861 5 2.6103
418 73.057 50.886 5.5 2.6791

Chiét suit tai bude song 550 nm 13 2.48.
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Hinh 4. Phd truyén qua cta mang TiO, dugc tao tir phuong phap phin xa magnetron rf (1) va phun xa

magnetron dc (2).

Khi so sanh phd truyén qua cua mang TiO, duogc tao tir 2 phuong phép, ta nhan thiy do
truyén qua ciia 2 mang la twong dwong nhau va kha cao khoang 90%. Nhung khi tinh chiét suét
clia 2 mang tai budc song 550 nm, mang TiO, tao bing phuong phap phin xa rf ¢6 chiét suit 1a
2.48 con mang TiO, tao bang phuong phép phun xa dc c6 chiét suat thap hon khoang 2.42. Két

qua nay ciing twong ddi phu hop véi cac két qua cua cac tac gia trén thé g101[3]

(192,258 = 375 pm ¥ 4961 pm = 0.05822 pm

1.0 pydive

Hinh 5. Anh chup bé mit mang TiO, — d6 mép mo cta bé mit Rms: 7.408 nm

Mang TiO; tao trong truong hop khong nung dé co cau triic v dinh hinh, tuy vay cling da
bu6c dau chuyén qua dang da tinh thé anatase voi dang cAu triic ddc trung hinh chop (needle-
shape). Ching ta biét 1a mang TiO, thudng ton tai dudi dang v6 dinh hinh va da tinh thé anatas
, tuy vy 2 dang nay thuong khong bén va dang vo dinh hinh s& chuyén sang sang anatas hodc

rutil khi dugce ut & nhiét do cao.
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Khi so sanh hinh 5 va hinh 6 ta thdy cac hat tinh thé cua mang TiO; trong hinh 6 16n hon va
¢6 cau trac hinh choép ro hon , do vdy d0 map mo ctia bé mat cling cao hon Rms khoang 9.538

nm.

Ngoai ra, khi so sanh anh chup AFM cua mang TiO, tao bing phuong phap phun rf voi
mang tao bang phuong phép dc, ta nhan thay mang tao bang phuong phap dc ton tai dudi dang
v6 dinh nhiéu hon va Rms ciia n6 ciing thip hon.

Hinh 7.Anh AFM ctia mang TiO; : a/ tao bang phwong phap phiin xa dc

— nhiét do dé 1a 270°C;

b/ tap bang phuong phap phun xa rf — nhiét d6 dé khong u.
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Hinh 8. Phé nhidu xa tia X — d6i véi mang TiO, khong nung dé
Maing cé cdu triic da tinh thé anatase A(101) va mot phan dang tinh thé Rutile véi dinh
R(110). Sau khi nung mang véi nhiét 46 cao khoang 600°C trong vong 1h trong khong khi, cdu
tric tinh thé ciia mang cang phat trién, va dugc thé hién rd trong phd nhidu xa tia X.
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Hinh 9. Phé nhidu xa tia X ciia mang TiO, sau khi 0 ¢ nhiét d6 600°C trong vong 1h.
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Mang dugc t nhiét ¢6 dinh phd cao hon hén d6i v6i mang chua nung, dac biét la dinh
A(101) va R(110). Ta c6 thé nhan thay ciu triic mang bi anh huong rat nhidu dbi voi nhiét do o
mang. Két qua nay, ciing kha pht hop véi két qua ciia cac tac gia trong [4],[5]va [6].

4.KET LUAN

Mang tao bang phuong phap phun xa magnetron rf trong suot ¢ @6 truyén qua kha cao
khoang 90%. Chiét sut cia mang kha cao khoang 2.48 va chiét suat nay cao hon ddi voi mang
dugc tao bang phuong phap phun xa de. Ciu tric cia mang phan 16n 1a da tinh thé anatas véi
dinh cao nhat 1a A(101) va mét it 1a tinh thé rutile véi dinh R(110). Khi mang dugc u nhiét &
nhiét d6 cao thi cdu trac tinh thé ciia mang cang phat trién. Ngoai ra, d0 map mo cta mang
cling khéng 16n - Rms khoang 7.408 nm, thich hop cho viéc ing dung mang vao cac ing dung
quang hoc.

Loi cam on: Chan thanh cam on GS. Jaichan Lee — phong thi nghiém Semiconductor and Thin
Films — Sunkyunkwan University — Korea, va cdc dong nghiép thuéc phong thi nghiém Ky
Thuat Cao truong DH KHTN TP HCM, da giup do chung toi tao mang va do dac nghién cuu
trong thoi gian vira qua.

STUDY OF TITANIUM DIOXIDE THIN FILMS PREPARED BY RF
MAGNETRON SPUTTERING.

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

ABSTRACT : Titanium dioxide (TiO,) thin films have gained much attention because of
their applications in sciences and life. In recent years, many studies have focused to fabricate
TiO; films by various methods. At the first time, the high technology laboratory of the Natural
Sciences University fabricated TiO; thin film by rf sputtering. Optical characters of films were
investigated by UV-VIS. The structures and roughness of surfaces were determined by X-ray
diffraction (XRD) and Atomic force microscopy (AFM). The results were compared with these
of thin films fabricated by dc sputtering. Furthermore, the change in structure by annealing
was investigated by XRD and AFM.
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