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(Bai nhdn ngay 30 thdang 12 ndm 2004, hoan chinh sita chita ngay 28 thdng 02 ném 2005)

TOM TAT: Pé ddp iing dugc nhu cdu ché 1ao ra cdc loai mang quang hoc vdi cdc chiét
sudt khdc nhau, ching t6i da nghién citu va tgo ra cdc logi mang hop chdt TiOy/SiO; . Trong dé
tai ndy, chiing t6i nghién citu ché tao bia gém (ceramic target) tit bt hgp chat TiOy/SiO,. Tit
cdc bia nay chiing t6i tién hanh ché tao mang bdng phuong phdp phiin xa RF . Qua dé | ta c6
thé nhan thdy cdc thong s6 quang hoc ciia mang nhu chiét sudt, dj rong ving cdm E, thay déi
theo néng dé ciia mang hop chat.

GIGI THIEU

Ngay nay viéc ing dung ciia cic mang mdng trong cdc thi€t bi quang vi quang dién rét to 16n
va ngdy cang duge md rong. Tuy nhién dé€ ch& tao ra thi€t bj trén, ching han 12 cdc loai mang quang
da 16p thi viéc sif dung cdc vt liéu ché tao mang véi chiét sud't thich hgp con rit nhiéu han ché, chi cé
mot s§ it cdc cha' c6 thé ddp ng dé sit sung ché tao mang. Do viy, dé gidi quy&t vin dé trén, cic nha
khoa hoc hién dang chi trong vao viéc tao ra cdc loai mang hén hgp (hgp chit) giita cdc chdt v6i
nhau, di€u ndy sé tao ra cdc loai mang c6 c4c tinh ch4t méi nhu sy thay ddi vé chiét sudt, hé s& tit, vi
c4u tric, tng sudt mang, dd nhim bé mit ...

C6 nhiéu k§ thuit dé tao mang hop chét [1]:

Feldman diing k§y thudt chim electron 2 ngudn doc 14p d€ tao mang hgp chit ZrO,/SiO, va nhin
thdy ngoai tinh chit quang ctia mang bi thay ddi thi cdu tric cda mang ciing bi thay d&i theo. Mang véi
ndng db silic cao trén 20% 1a vd dinh hinh, cdn ndng db silic dudi 20% thi mang chuyén sang ciu tric
tinh thé.

Sankur, Gunning va Gluck st dung k¥ thuét 1dng dong chiim electron dé tao mang TiO,/Si0; va
nghién ctu sy thay d6i cdu triic clia mang.

Kobayashi va Terui ding ky thuit phin xa diode RF d€ tao mang Ta,05/Si0,. Ong st dung 5
loai bia (target) v6i cdc ndng dd khdc nhau: 0, 25, 50, 75 va 100% mol Ta,Os. Hé s6 tt ciia mang khd
thap va chi€t sudt cia mang thay ddi tuy&n tinh theo ndng d6 mol clia Ta,0s ...

Trong nghién citu nay, ching ti ch€ tao mang hgp chit TiOy/ SiO, bing phuong phép phiin xa
magnetron RF, tif bia gm v&i cdc ndng dd khdc nhau. Chiing t8i ciing nghién cifu k§ thu4t ché tao bia
gbm dé€ thay th& bia ngoai nhép.

A. QUI TRINH VE CHE TAO BIA GOM Ti0, VA Si0,
1. Mé ddu

Theo [2], g6m sif (ceramic) 1A nhitng sén phdm dugc tao hinh tit nguyén liéu dang bét, khi nung
& nhiét dd cao, chiing k&t kh&i v6i nhau rdn nhu d4 va cé nhiéu tinh quy: cudng dd cd hoc cao, bén
nhiét, bén hod, bén dién. Mot s6 loai gém k¥ thudt cdn c6 cdc tinh chit dic bidt nhu tinh 4p dién, tinh
bdn din hodc c6 dd citng dic biét (ngang kim cuong).

V6i cdc tinh chdt nhu da k€ trén, sién phdm gém st dudc sit dung ti c4c linh virc ddn dung dén
cdc nganh c6ng nghiép hién dai nhu k¥ thuit dién - dién ti, v6 tuyén dién ti, tw ddng hod va k¥ thuit
diéu khién ...

GOm sif hiay cu thé 12 bia g&m (target) con dugc st dung rong rdi trong Iinh vue mang méng.
Hién tai, trong kj thudt tao cdc loai mang quang dién moi bing phuong phdp phiin xa, ta thudng phai
sit dung cdc loai bia bing kim loai hay céc bia gdm clia nwdc ngodi. Vi gid thanh cla céc loai bia nay
thudng khd cao va khé mua. Hon nifa, v6i cdc bia nay, ching ta thudng chi c6 thé san xuit cic loai
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miang don chit. Do vdy, trong nghién cifu nay, chiing t6i da nghién cifu quy trinh dé sdn xudt bia TiO,
va bia hgp chét TiO,/ SiO, dé tao ra cic loai mang dién moi hgp chat TiO, - SiO, c6 cdc chiét sudt
khac nhau.

P& sin xuit dudc bia gdm TiO, va bia hgp chit TiOy/ SiO,, chiing tdi ding bdt tinh chdt TiO, va
Si0; (>99%).
2. Quy trinh sdn xui't bia gom TiO2 va bia hgp chit TiO2 - Si02

Mot cdch tdng qudt, ta cb thé md td quy trifth ché tao bia theo s d6 kh&i nhu sau:

Nguyén liéu
(bdt TiO, - Si0,)

B
Lo

Nghién - trdn
(phudng phdp udt)

Sdy - sang

Pl

Tao hinh

Sin phim

Hinh 1: Quy trinh sdn xud't bia gdm
Chiing ta 14n lugt di€m qua cdc cong doan trong quy trinh sdn xudt bia .

2.1. Qud trinh chudn bj phoi ligu

3 diy chiing t6i ding bdt TiO, kho vdi do tinh khi&t 16n hon 99% va bot SiO, c6 dd tinh khiét
12 99.98%. P& tao bia hgp chit, ta c6 2 cdch xdc dinh ndng do cla bia, d6 1a xdc dinh theo s8 mol va
x4c dinh theo khéi lugng bot. Trong phin sdn xudt nay, ching t6i xdc dinh theo ty 1& khdi lugng ciia 2
chit TiO; - SiO, (wt). Chiing t6i cdn ching bing cin phén tich c6 d6 chinh xdc 10% mg.

2.2. Qiia trinh nghién - trén
Theo [2], qui trinh nay khé quan trong do d§ min cang cao thi bé mit riéng cla phdi liéu cang
16n, khi nung cdc phdn ng giita cdc hat xdy ra d& dang hon vi s6 di€ém va dién tich ti€p xiic cdc hat
18n va hon nifa khi nghién min s& tao ra mot s6 cdc khuyé&t tat trén bé mit cdc tinh thé vit chit nhiéu
hon. Piéu nay dic biét quan trong d6i vdi qua trinh k&t khi clia mot pha rin. Hon nifa, néu kich thudc
hat dat do min t6t, ta c6 thé ha thdp nhiét d6 nung cyc dai ti 20 - 35 °C.
Ky thuit nghién thudng chia ra 1am 3 giai doan: nghién thd, nghién trung binh va nghién min.
Do ta tao bia tif dang bot min nén § diy ta chi quan tdim dén ky thuit nghién min. Nguyen liéu nap
vio mdy nghién min hat phdi khong qui Imm, sau qud trinh nghién, kich thu6c ciia hat da s& phdi dat
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t 1 - 10 pm.
Chiing t6i ding m4y nghién bi ly tim va sif dung phuong phdp uét.
Maiy nghién bi trong cong nghé g&m sif thudng diing bi bing s, bing dd cudi do né cé i 1& hao
mon trong qué trinh nghién it.
Ti 18 dwa vao c6i nghién nhy sau:
Nguyénliéu:bi:nudc=1:2:1hodc1:1:0.5

2.3. Sdy- Sang

Bot TiOy/ SiO; sau qud trinh nghién, dugc mang di si'y kho & nhiét do 70°C trong thdi gian T>10
gid va sang qua riy véi kich thudc 18 < 45um va sau d6 dugec mang di x4c dinh kich thudc hat qua hé
SEM JEOL JSM5500.

2.4. Ep

Hdn hgp bot TiO, - SiO, dudc trdn v6i keo PVA trude khi d§ vao khudn ép dé tao su két dinh
ban diu cho cdc hat . Lugng keo phdi dugc chon vira di d€ khong dnh hudng d&€n do chit ciia bia.

Sau khi tron keo, hén hgp dugc d6 vao khudn ép vdi ap luc la 25-35 kg/u::m2 tuy theo thanh phan
hdn hgp, chiang han khi néng dd bot SiO, cang ting thi ta lai cang gidm 4p luc ép va cang ting ludng
keo PVA. Trong qui trinh ép, ta ti€n hanh that chim d€ ddm bao tinh dong nhi't ciia miu.

2.5. Sdy

Khi s&y, hoi 4m sé& thodt ra. Ta phdi siy cho nhi&t d6 ting chim d€ hdi nudc thodt ra tir tir. Néu
hdi nudc thodt ra qud nhanh va dot ngdt thi phan nudc & trén bé mit hay sdt bé mit sé thodt ra dé
dang trong khi hoi &m trong 10ng miu s& khé tho4t ra ngoai. Do d6 4p suédt riéng phdn clia né & nhitng
vi tri nuGc tap trung s& ting dot ngdt, n€u 4p sudt dé vudt qua lyc lién k&t gilta cdc hat s& giy ra hién
tugng nd sdn phim ngay lic siy.

Tém lai, viéc sy 12 mot cbng doan ciing khd quan trong trong cong viéc ché€ tao bia. Khi siy
tuy chua khit hét todn bd nudc nhung sdn phim dd c6 mot cudng d6 nhat dinh, gidp né khong bi bién
dang khi nung.

2.4. Nung
San phdm bia g&m TiO, chi nung dén k&t khéi, qud trinh nung 12 khong thudn nghich va hiu nhu
khong dat dudc sy cin bing pha (khdng thyc hién dén cling).
Khi k&t kh6i, bia gébm TiO, c6 nhitng hién tugng sau diy:
- Gidm thé tich, d&i v6i bia TiO,, thé tich gidm chi con khodng 72% so véi kich thudc
ban d4u. D&i véi bia hgp chét, thé tich c6 thé gidm tir 72-75% tuy theo ndng dd SiO,.
- Sdn phim rdn chic lai, ting dd bén cd trong d6 moédun din hdi 12 mét trong nhitng
théng sd dic trung nhat.
M3 u duge nung theo chu trinh nhiét nhu hinh 2,
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Hinh 2: Thdi gian nung nhiét cla bia TiO,.
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Chu trinh nung miu TiO,, thdi gian ning nhiét d6 1a 8 gid va 0 nhiét 3 nhiét do cuc dai 1400°C
trong 3 gid, sau d6 ta ha din nhiét d khodng 15 gid.

P6i véi hdn hgp TiO,/ SiO, nhiét d¢ cuc dai khi nung thay ddi theo nong dd clda hdn hgp nhu
bing sau:

H&n hop (% khdi lugng)
TiO, SiO; Nhiét d6 cuc dai | Thdi gian ning | Thdi gian 1
nhiét (gid) nhiét (gid)

100 0 1400 °C 8 3

88.9 11.1 1410°C 8 3

TiB 2.2 1420°C 8 3

66.7 33.3 1440 °C 8.5 3

55.6 44.4 1460 °C 8.5 3

50 50 1480 °C 9 3

44.5 55.5 1490 °C 9 3

33.3 66.7 1500 °C 10 3

20 80 1530 °C 10 3

0 100 1550 °C 10 4

Bang 1: Nhiét d6 nung va 1 clia cdc loai bia.

Céc thong s& trén 1a cdc théng s6 chiing t8i nhan thdy t5t nha't trong qud trinh sdn xuft bia gdm.
Theo cdc cdng trinh thuc nghi€ém dé san xuit bia gbm, thi nhiét dd nung cuc dai clia vat liéu phdi dat
khodng 2/3 nhiét dd néng chdy ciia vét ligu. Theo [4], Nhiét do ndng chdy cia bot TiO, ~ 1830-1850
°C ; $i0, ~ 1800 °C.

B. QUA TRINH TAO MANG HGP CHAT Ti0,/Si0, TU BIA cOM

Ming hgp chit TiO2/SiO, dudc tao trong hé Univex bing phuong phédp phin xa magnetron RF i
bia g&m dudc ch& tao nhu da n6i phin trén , v6i cdc thong s8 cd bin sau day :

Tir trudng trén bé mat bia B~450 G

Khoing cich bia — d€ 1a 4.5 cm , d€ dugc dit song song Vi bia.

Ap sudt nén 1a 4 x 10° torr, 4p sut lam viéc 1a ~3 x 10” torr v6i 96% khi Ar (99.999%) va 4%
khi O, (99.99%).

Cong suit phiin xa RF 180-200 W , mit do cong suat trung binh trén b& mat bia 1a ~ 4.4W/cm” .

D6 day va chiét sudt cla mang dudce x4c dinh tir cdc dinh phd giao thoa trong phd truyén qua .

KET QUA VA BAN LUAN

Hinh 3: Kich thudc hat bdt SiO, dudc
xdc dinh qua hé¢ SEM JEOL JSM5500.
Kich thudc trung binh cla hat khodng
10 pm.
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Vi cdc cong doan ché tao dugc md (3 trong phin thuc nghiém ché& tao bia, miu bia thu dugc c6
dd nén chit khd t8t. Ching han véi miu bia TiO, (0% wt SiO,), khéi lugng riéng tinh dugc 1a 4.07
g/em®. N€u ta so sdnh v6i khdi lugng riéng clia vat lidu khéi 1a 4.22 - 4.26 g/em’ (Rutile theo [4]), thi

Hinh 4: Kich thudc hat bt TiO, dudgc
xdc dinh qua hé SEM JEOL
JSM5500. Kich thudc trung binh cia
hat khodng 1 pm.

Hinh 5: Bia (target) sau khi hodn
thanh. Pudng kinh 12 76 mm, bé day
1a 2.5 mm.

dd nén chit clia bia khodng 96 %.

Chiing toi ch& tao mang tif bia gdm v6i cac ty 1& khéi lugng (Wt) SiO; ting din tir 0% - 80%, tuy
nhién trong qu4 trinh tao mang ching t6i nhan thdy véi cdc mang hgp chi't c6 ndng d6 SiO; cang 16n
thi t6c d phin xa cing chdim vA mang tao ra khd méng nén ching t6i cdn gap khé khin khi xdc dinh
thong s8 mang cdc loai mang ndy. (Do diéu kién thiét bj do dic tai phong thi nghiém, chiing tdi xdc

- dinh cdc thong sd quang hoc clia mang bing mdy do truyén qua, va phuong phdp nay chi xdc dinh 5t
véi bé day khd day tir 200 3000 nm). Vi cdc 1§ do trén, trong bdo cdo nay chiing tdi chi trinh bay cdc

mang c6 Ty 1& SiO, ti 0% .wt (tuodng tng TiO,:100% .wt) dén 50%.wt (twdng dng TiO;:50%.wt)
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Hinh 6: Phé truyén qua ciia cdc mang hop chit TiOy/Si0,. Cdc mang dugc ché tao & cong sudt
180w-200w — thdi gian phiin xa khodng 30 phiit, néng d6 O, 1 2-4%, dugc & nhiét trong khoéng khi &

220°C trong 5h.
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Qua hinh 6, ching t6i nhin thy trong cing mdt didu kién ch€ tao mang nhung khi nbng do
SiO, ting 1én miic do dao dong giita dinh cyc dai va cuc ti€u ciia do truyén qua T% cang gidm tif mau
1 t6i miu 4, didu nay do su gidm din cla chiét suit trong mang hdp chat, viéc gidm chiét suit nay
dudc trinh bay tai hinh s& 7. Ngodi ra, ta con nhén thdy dd truyén qua c6 khuynh huéng cao hon &
nhitng phé c6 chiét suit cao.

Theo Iy thuyét, dd rong viing cdm Eg dudc tinh theo cdng thic:

1.24
E, (ev) " (pm)

Trong d6 - Ay dd dai séng tdi han, dudc ngoai suy tif dudng cong phd truyén qua khi T% = 0.

Ciing tir hinh 6, ta nhin thi'y b hap thu ciia phd (gid tri cin bin cia do rong ving cdm) ciing
thay ddi theo ndng do SiO, ndng d6 SiO; cang cao thi by hdp thu cang ti€n vé ving budc séng tif
ngoai, theo cong thitc tinh E trén thi mang tudng dng v6i dd réng viing cAm cao. Theo [1], diéu nay
tao nhiéu thuin 1gi trong viéc ché& tao cdc kinh loc tai budc séng cut-off trong viing tif ngoai.

Tir phd truyén qua trén, 4p dung phuong phdp Swanepoel ta c6 thé xdc dinh dugc do day cia
mang. Pd day clia cdc miu 1,2,3,4 dugc trinh bay & bang 2

MAU Ndng d6 SiO, (wt %) D6 diy (nm)
1 0 501
2 11 619
3 22 384
4 33 376

Béing 2: P6 diy ciia cic mang theo ndng do SiO, (wt %).

Qua badng 2, ta nhin thdy d&i vdi cdc mang cang day thi s6 dinh ph8 cang nhiéu, ching han nhu
mang miu 2 day nhit nén xuét hién nhiéu dinh phd nhit. Ngugc lai cic mang cang méng thi cang it
dinh phé. Do vay, phuong phip do phd truyén qua giao thoa chi c6 th€ xdc dinh dugc cdc mang véi be
day trung binh tir 200nm — 3000 nm.

Ciing tir phd truyén qua giao thoa, 4p dung phuong phdp Swanepoel ta c6 thé x4c dinh dudc gid
tri chi€t sudt cia mang.
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Hinh 7 : Su thay d&i cla chiét suit clia cdc loai mang theo budc séng
Qua hinh 8, ta nhin thiy chiét suit cia mang thay d8i tuy&n tinh theo ndng dd Si0,, diy la cd sd

dé chiing ta c6 thé ché tao bt cif ming nio c6 chiét suit trung gian thay d&i tit chiét sud't cao nrip; téi
chiét sudt thip ngon.
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Hinh 8: Sy thay dGi clia chiét suit tai budc séng 550 nm ciia cdc loai mang theo ty 1& SiO,

MAU Néng dd SiO, (Wt %) | Chiét sudt (tai A = 550 nm)
1 0 248 +0.12
2 11 2.15+0.11
3 22 2.05 £0.10
4 33 1.84 + 0.09
5 50 1.68 + 0.08

Bing 3: Chiét sudt clia cdc ming theo ndng dd SiO, (wt %).

KET LUAN

Viéc ch€ tao thanh cdng bia g&m TiO, ciing nhy bia hdp chat TiO,/SiO, di tao didu kién thuin
1gi cho ta chi dong ché€ tao mang c6 chiét sudt mong mudn. Gi4 thanh ché tao bia rit thip so v6i bia
nhép tit nuéc ngoai. Cdc két qud ch€ tao mang biing phuong phdp phiin xa RF tir bia trén kh4 t6t va
phil hop véi 1y thuy&t. Pay 1a cd s& dé ching t6i ti€p tuc nghién cifu sdu thém tinh chit cda cdc ming
hgp chét, chdng han nhu nghién cu cdu tric mang, va sy thay ddi chiét suit theo nhiét do & mang...
Ngoai ra ta c6 thé md rong d€ nghién citu cic loai mang hdp chit khdc nhv Ta,05/Si0,; ALOYTIO,...

OPTICAL PROPERTIES OF (TiO,), - (Si0,);.x COMPOSITE THIN FILMS BY
RF SPUTTERING

Le Vu Tuan Hung, Nguyen Van Den, Huynh Thanh Dat, Cao Thi My Dung
Faculty of Physics, University of Natural Sciences — VNU-HCM

ABSTRACT: To overcome the limit of number of available materials with suitable refractive
index for optical thin films, we studied (TiO;); — (5i03),.; composite thin films by rf sputtering. In this
research, we fabricated TiO; and (TiO;), — (Si0;),.x composite target from powder then fabricated thin
Jilms by rf sputtering method. Optical properties of thin films — refractive index, optical energy band
gap E, were determined as a function of composition ratio x/(1-x).
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