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NGHIEN CUU CAC THONG SO TOI UU CUA MANG TiO, VA SiO; BE
CHE TAO MANG CHONG PHAN XA (AR)
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(Bai nhdn ngay 13 thdng 04 ndm 2006, hoan chinh sita chita ngay 25 thang 09 nam 2006)

TOM TAT: Mang TiO; dwgc ché tao bang phmmg phdp phiin xa dc, va mang SiO;
dwge ché tao bang phuwong phdp phun xa rf véi cdc nong dj oxy khdc nhau: 30%, 15%,
12% va 6%. Tinh chadt quang cia mang dieoc xdc dinh qua Pphép do truyen qua UV-Vis, cdu
triic mang diwgc xdc dinh qua phép do AFM. Mang dugc ché tao véi nong do oxy 6%,
chitng t6 thich hop nhdt dé ché tao mang 2 lép chong phan xa trong ving kha kién. Mang
chéng phan xa AR cé thé gia ting duwgc dp truyén qua thém 4.5% so véi dé khi chua phil
mang. : .

1. GIOI THIEU

Thong thuémg céc loai kinh thuy tinh c6 chiét suat khoang 1.52. Khi chim anh sing
chiéu téi vudng goc véi bé mit cla chung, thi mdi bé mat cua kinh s& giy ra phan xa
khoang 4-5%, nén anh sang sau khi truyén qua kinh (qua 2 bé mat kinh) s& bi giam di
khoang 8-9%, diéu nay khong dap (g dugc yéu ciu trong céc (g dung quang. Dé gia ting
t6i da do truyen qua khi anh sang truyén qua kinh, nguoi ta thuong ding mang méng phi
1én kinh, ching han nhu ‘mang phu cho thlet bi thu nhan anh sang trong té bao quang mat
troi (solar cell), mang chong phan xa trong ng tia catdt (cathode ray tubes) ..

Mang mong mot 16p c6 thé dugc sir dung dé tao ra do phan xa bing khong, trong diéu
kién chiét suit cia mang phai bing cén cta chiét suét dé [2], n,,,,, =(n,)"*. Trudng hop -
dé co chiét suét 1a 1.52, vy chiét suat clia mang phai khoang 1.23. Trong thuc té rat hiém
c6 vt liéu tao mang thoéa man dugc didu kién chiét suét nay, chat MgF, thuong dugc ding
c6 chiét sudt khoang 1.37 (tai budc séng 550 nm). Tru'fmg hop dé Si (100), chiét suit cua nd
khé cao khoang 3.85, thi viéc chon vat liéu mang v6i chiét suét thich hop c6 nhiéu thuén loi
hon. Tuy vdy, mang mdt 16p dugc danh gia 1a khong hiéu qua dé ché tao mang chéng phén
xa AR.

Mang 2 16p v6i chiét suét cao va thap duoc sip xép xen ke giira cac 16p dung dé tao
mang AR rét c6 hiéu qua. Chiing c6 thé tao dugc d¢ phan xa gan bing khéng tai mot hoiic
nhiéu buéc séng. Dé mo rong ving budc séng c6 d6 phan xa bing khéng, ngudi ta thudng
dung mang 3-4 16p, hodc nhiéu hon. Céc vt liéu dé ché tao mang da 16p thudng 13 céc chat
dién méi hodc ban din nhu : Ta,Os, PbTe; Ge; CdTe; ZnSe; ZnS; YbF;; YFs; MgF,,; CaF,,
BaF,... Trong nghién ciru nay, ching tdi chi trong vao 2 chit dién mdi TiO, va SiO; vi cac
ly do sau day Mang TiO; c6 do rong ving cdm I6n, chiét suit cao, chiing thudng dugc
ding d& ché tao cac thiét bj quang dién (photovoltaic), thiét bi quang xiic tac
(photocatalysts) hodc chat dién moi trong mang tu dién. Ngoai ra, mang TiO, trong subt
trong vung kha kién va hdng ngoai, hip thu trong ving tir ngoai, nén ching con duge sir
dung cho cdc ung dung quang hoc nhu ddn séng (waveguides), kinh loc filter hay ché tao
mang AR. Mang SiO; c6 chiét suét thép, ching ciing thudng dugc sir dung dé ché tao mang
da 16p quang, dung lam 16p béo vc; céc thiét bj silic, chbng triy sudc trong céc loai kinh deo
mét va cac iing dung trong cac thiét bj dién.

Ngoai ra, mang TiO, va SiO; rat bén v6i su tdc dong ciia moi truémg, ching lai la nhimng
vt liéu kha phd bién, viéc san xudt ching c6 gid thanh kha re. Khi két hop 2 mang SiO; va
TiO; vé6i nhau, chiing ¢6 d6 bam dinh rét tuyét voi.
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V6i nhiing wu diém vuot trdi ciia 2 mang TiO, va SiO, nhu da ké trén, trong bai bdo
nay, ching t8i nghién ctu ché tao mang TiO, va SiO, trén dé thay tinh va xac dinh céc
théng s6 t&i wu vé tinh chit quang va ciu tric ciia ching. Pbng thai, cing vé&i sy hd tro cua
chuong trinh md phong mang AR (chung t6i da trinh bay trong [7], [8]) chiing tdi tién hanh
ché tao mang AR 2 16p.

2. THUC NGHIEM

Mang 2 16p AR duoc ché tao trong h¢ chén khong Univex ¢6 3 ngudn phin xa: 2 ngudn
phin xa dc va 1 ngudn phin xa RF. Mang SiO; tao bing phuong phép phiin xa rf tir bia
gom SiO; (46 tinh khiét 1a 99,99%) va mang TiO; duoc ché tao béng phuong phép phiin xa
de tir bia kim loai Ti (d tinh khiét 12 98%). Tt ca cic mang dugc tao trén dé thiy tinh. Ap
sudt nén la 3x10°® torr, 4p suét lam viéc 14 1x10° torr. Mang dugc tao trong hdn hop khi Ar
va Oy, v6i ti 1¢ oxy 12 khéc nhau. Khoang cach giira dé va bia la 45 mm. Dé khéng nung
nhung do su va cham cua cac hat nang lugng cao nén dugc duy tri & nhiét do 1a 105°C.
Cong suat phin xa 1a 90W. :

Tinh chét quang cila mang duoc xéc dinh qua phép do phd truyén qua trén méy UV-
VIS-NIR. Cdu tric va bé mat mang dugc xic dinh bing phuong phap AFM (atomic force
microscope).

3. KET QUA VA BAN LUAN

Véi phuong phap phin xa magnetron dc khi sir dung khi phan ng oxy thi diéu kién
bén phé va trang thai plasma cia hé s& anh hudng rat nhidu 16n cAu tric va tinh chét cua
mang [3]. Do vay, trude tién ching t6i khao st sy anh huéng cua ndng do khi phan tng
oxy lén tinh chét quang va cdu tric cia mang TiO; véi ti 16 khi oxy dugc thay déi la 30%,
15%, 12% va 6%.

Ching t6i khong tao mang & ti I¢ khi oxy nho hon 6% 1a dé dam bao diy du hop thic
oxy trong mang, va ché tao dugc mang 'trong sudt. Néu mang TiO; v6i hgp thirc oxy yéu,
thi mang c6 tinh chét giau kim loai Ti va c6 d6 hip thu I6n. Ta c6 thé dang gié so bd hop
thirc oxy ciia mang qua mau séc nhu trong bang 1 [4].

Bing 1. Tinh chat quang ciia mang TiO,

Oxit Trang théi Mau sic Chiét sudt
TiO | Pon tinh thé Vang (golden yellow)

Ti;0; | Da tinh thé Tim d4m

Ti;Os | Da tinh thé Xanh

TiO, | Patinh thé Tring, 46, ndu dé, nau den va trong sudt

TiO, | Anatase Trong subt 2.554
TiO, | Brookite Trong subt 2616
TiO; | Rutile Trong sudt 2616
TiO, | Rutile, 1000°C Trong sudt 2.5

Mang do chiing t6i ché tao trong sudt, khi so sanh véi céc ) liéu trong bang 1 chimg 10
ching day du hop thirc oxy. Viéc mang trong sudt cang dugc thé hién trong phd do truyén
qua nhu trong hinh 1.
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Hinh 1. Phd truyén qua ctia cdc mang TiO, dugc tao & cac nong d6 oxy khac nhau.

Qua hinh 1, ta nhin thdy tit ca céc mang déu c6 do truyen qua kha cao khoang 90%.
Tuy nhién dd chénh léch giita dinh phé cuc dai va cuc tiéu cua ching khac nhau, d6 chénh
[éch nho nhat & mang (1) véi 0; 30% va ting dan toi mang (4) véi O, 6%. Néu ding
phuong phap Swanepole ta co thé tinh duoc chiét sut ciia ching va ta 6 mdi quan hé giita
chiét suit cia mang véi ndng do khi phan tng oxy nhu hinh dudi,
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Hinh 2. Su thay dbi chiét sudt mang theo ti 18 khi oxy

Chiét suat mang TiO; s& giam nhe khi tang ti 1€ oxy  tir 2.43 dbi vGi mang ¢ ti 1€ oxy la
6% giam xudng 2.31 ddi véi mang c6 ti 1& oxy 1a 30%. Viéc giam chiét suit cla mang , theo
[3] 1a do khi ti & oxy cao, méat d) mang s€ giam va d& dang hinh thanh cac 13 x5p.

Ngoai ra, két qua tinh ton cho thay, chiét suit ca céc mang trong hinh 3 tai budc séng
550 nm, thay di khéng dang ké va xép xi khoang 2.42. Chiét suét cta chung hau nhu
khéng phu thude vao thoi gian phiin xa. Khi so sanh két qua nay véi céc tac gia khéc [5] ta
thdy chiing tuong dbi phu hop.
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Hinh 3. Phd truyén qua ciia cdc mang TiO, — oxy 6% véi céc thoi gian phiin xa khac nhau,
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Hinh 4¢. Anh AFM ciia mang TiO, c6 ndng dd oxy 12 6% — Do mAp m6 Rms 12 2,826 nm.

Ta nhan thiy, d6 mip mo bé mat Rms cua cic mang ting nhe (d6 min giam) va kich
thudc hat tang khi ti 1€ oxy giam tir 15% xudng 6% (hinh 4). Tuy vdy, ta nhan thiy cdu tric
ctia chiing hau nhu 1 v6 dinh hinh va 46 map m6 bé mat Rms khé thép, thich hop cho viéc
ché tao mang quang hoc.

Ngoai ra khi so sanh cdu tric mang tir hinh 4a,4b va 4c, ta nhan thiy ¢ ndng do 6%
mang phat trién cdu tric ddc trung cia tinh thé TiO, (hat hinh chép) va mat do mang 16n
hon céc ndng do khac. Dé giai thich hién tuong nay, theo [4] la xuAt phét tir ban chét cia
qua trinh phin xa khi phan @mg. Néu ti 1& oxy gia ting, kéo theo sy gia ting 16p oxit bao
pht bé mit bia kim loai véi méi lién két Ti-O, 1am gia tang viéc cach dién. Do véy, thé 4p
vio dé gia toc cac hat ion va electron s& bj giam tac dung, cdc hat phin xa ra tir bia khong
du nang lugng dé phat trién tinh thé trén dé. Vi nhiing 1y do trén, mang duoc ché tao véi
ndng dd oxy I6n thudng tdn tai dudi dang v dinh hinh. Ta c6 thé theo dai su thay déi chu
triic clia mang rd hon nira, néu ta tyo mang & cong suat phin xa cao tir 200 — 250W. Tuy
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nhién, dé tao mang v6 dinh hinh c6 dac tinh thich hop cho (ng dung quang hoc, nén trong
bdo c4o nay chiing t6i chi tao mang & cong suét 1a 90W.

P&i v6i mang SiO; tuy duge ché tao bing phuong phép rf tir bia gbm SiOy, nhung dé
tranh mAt mét oxy trong hop thirc mang chiing ta ciing can phéi bo sung thém oxy trong qué
trinh phan xa. Theo [6], chiét suit SiO; it bi anh huong bai ndng d§ oxy, nén trong bao céo
ndy chiing t6i khao sat ché tao mang ¢c6 ndng dd oxy 1a 4% va 6%.
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Hinh 5. Phé truyén qua clia mang SiO, dugc tao & ndng dd oxy 12 6% .
D6 truy2n qua cia mang trong viing kha kién khé cao khoang 91%.

(210,7) x 328 pam w0 1094 pow 7 B04523 pm

v

200 nmi0a

Hinh 6. Anh chup AFM ctia mang méng SiO; trén dé thuy tinh khong nung nhiét, ndng do oxy la
4%.
P6 mip md bé mit ciia mang rat thap, Rms khoang 1,086 nm. Ciu tric cua mang la
hoan toan vo dinh hinh.
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Hinh 7. Anh chup AFM ctia mang mong SiO; trén dé thay tinh khéng nung nhiét, ndng do oxy la
6%. Rms Rough: 0,3286 nm;
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Su v6 dinh hinh trong cu tric cua mang TiO; va SiO; lai 1a mot thuén lgi cho chiing ta
khi dung chang dé ché tao mang da Iop chdng phan xa AR. Do boi mang v dinh hinh s& c6
bé mat phing hon va Rms thdp hon rat nhiéu so véi mang c6 cau tric tinh thé (diéu nay da
dugc ching téi trinh bay trong cic bio cdo trude day), nén mang vo dinh hinh s& c6 do mét
mat quang hoc nhu do tan xa rét thdp. Ngoai ra, khi ché tao mang da 16p véi yéu céu
nghiém ngat vé& do chinh xac cia do day cdc 16p mang, thi mang vo dinh hinh c6 bé mat
bing phing ciing 1a mét loi thé rt 16n.

(25564 w494 pm v 1250 pm 20009493 pm
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Hinh 8. Anh chup AFM dbi vé6i dé tran chua phu mang.

D6 mép mb ciia bé mt Rms cia dé thily tinh trin 12 0,945 nm. Khi ta so sanh Rms ciia
dé thuy tinh trdn v&i Rms ciia mang Si0, (0,3286 nm) ta nhan thiy Rms cia mang SiO, hoi
thdp hon cia dé trin, diéu nay cho théy lic ban diu ling dong trén dé, SiO, da ldp diy va
lam phang nhiing chd mép md bé mit dé. Tir day ta c6 thé két luan 1a do map mo cia bé
mit mang khong bi anh hudng bai dé.

Tu nhitng khao sét céc dic tinh quang va cu triic mang theo ndng do oxy, chiing t6i da
tao mang chong phéan xa 2 16p (Double AR) véi ndng do oxy 1a 6%. Ddng thoi véi chuong
trinh md phong tinh toin mang AR (chiing t6i da trinh bay & céc bao trude day [71.[8)),
chiing tdi chon bé day ciia m3i 16p nhu sau: Dé — TiO, — SiO; — khéng khi 13 dé-15 nm —
120 nm — khéng khi. Chiét sut tai buéc song 500nm ctia mang TiO, khoang 2.42, mang
Si0, 1a 1.46 va ctia dé 1a 1.54. Két qua ché tao duoc trinh bay & hinh 9,
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Hinh 9. Phé truyén qua cia mang chéng phan xa 2 16p.

Hinh 9 cho ta thiy mang 2 16p AR da gia tang déng ké d6 truyén qua tir khoang 92%
cho dé thuy tinh trén chua phu mang 1én dén khoang 96.4% (tai budc séng truyén qua cuc
dai 500 nm). Vay chung ta da gia tang do truyén qua dugc khoang 4.4%.

Cung véi viéc do do hép thu cia dé thiy tinh lam irc 1a khoang 2.2%, chiing ta c6 thé
xac dinh duogc d§ phan xa ciia mang AR nhu sau:
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Hinh 10. Phd phan xa cia mang 2 16p AR - so sénh giira md phong va thyc nghiém.

So sanh phd phan xa clia mang 2 16p AR giita mé phong va thuc nghiém, ta thdy ching
¢6 dang gibng nhau cung la dang V-shape va c6 dinh phd & budc séng 500 nm. Tuy nhién,
d6 phan xa cuc tiéu ciia mang thuc nghiém hoi cao hon so v6i mang md phong, mang thuc
nghiém 13 1.7% so véi mang mé phong la 0%. Do nhﬁ‘ng kho khan khéach quan trong qua
trinh tao mang nhu sau:

1. Saisb vé do day gitra cac 16p mang, do hé phun xa cia chung t6i khong c6 bd phan

do va khéng ché do day tryc tiép trong qué tinh tao mang.

2. Do su tan xa cua dé, do dé 1a lam Dirc khong phai la dé thay tinh thach anh quang
hoc véi céc thong sb I)’/ tudng nhu trong chuong trinh mo phong.

3. Do su khéng tinh khiét cia mang TiO,, do mang chiing t6i tao tir target Ti c6 df tinh
khiét 12 98% - 99%, nén mang ciing c6 do hép thu nhit dinh trong viing kha kién.

Tuy con gap nhiéu khé khan trong qué trinh tao mang, nhung ching t6i da co ban tao
duoc mang chdng phan xa AR véi do truyén qua dugc cai thién kha cao khoang 4.5%. Cung
vGi chuong trinh md phong méng, viéc nghién ctru mang da 16p c6 rat nhiéu thuan loi. Cac
ket qua dat duoc nay la co s¢ dé chang t6i nghién ciru tiép theo vé mang AR voi cc két qua
t6t hon.

4. KET LUAN

Qua nghlen clru ndy, ching ta nhin thay mang TiO; va SiO; duoc ché tao & cong suit
thip 90 W va ndng do oxy 6% co do truyén qua cao, c6 chiét sudt va cau tric phu hop nhat
Vi viéc ché tao mang chong phan xa AR. Mang 2 lcrp AR da gia tang dang ké do truyen
qua tir khoang 92% cho dé tran chua phi mang Ién dén khoang 96.4%. Két qua ché tao
mang AR dat dugc con han ché do nhiéu nguyén nhan khach quan khi nghién ciru. Tuy

nhien tir céc két qua dat dugc trén, s& 1a co s cho ching toi tlep tuc cai tién dé nang cao
chét lugng ctia mang chdng phan xa 2 16p, ciing nhu md rong ché tao mang 3-4 16p sau nay.

STUDYING OPTIMAL PARAMETERS OF TiO, AND SiO, THIN FILMS
TO PREPARE FOR ANTI-REFLECTION COATING

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

ABSTRACT: TiO; thin film was fabricated by dc sputtering, SiO; was made by rf
sputtering with various ratio of O; / Ar+0; = 30%, 15%, 12% and 6%. The optical
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characteristics of films were determined by transmittance spectra UV-Vis. The structure
and roughness surface Rms were investigated by AFM method. The ratio of O; of 6% is the
best condition to prepare for anti-reflection coating (AR) — double layers. It can increase
about 4.5 % the transmittance if comparing with bare substrate.
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