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TOM TAT: Mang TiO; dwoc ché tao bing phwong phdp phiin xa dc, va mang SiO,
dirge ché tao bang phwong phdp phin xa rf voi cac nong do oxy khac nhau: 30%, 15%,
12% va 6%. Tinh chat quang ciia mang dwoc xdc dinh qua phép do truyén qua UV-Vis, cdu
triuc mang dwoc xdc dinh qua phép do AFM. Mang duwoc ché tao véi nong do oxy 6%,
ching to thich hop nhdt dé ché tao mang 2 Iép chong phan xa trong ving kha kién. Mang
chong phdn xa AR ¢6 thé gia tang dwoce dd truyén qua thém 4.5% so véi dé khi chira phi
mang.

1. GIOI THIEU

Thong thudng cac loai kinh thay tinh c6 chiét suat khoang 1.52. Khi chim anh séng
chiéu téi vudbng géc voi bé mat cua ching, thi mdi bé mit ciia kinh s& gay ra phan xa
khoang 4-5%, nén anh sang sau khi truyén qua kinh (qua 2 bé mat kinh) s& bj giam di
khoang 8-9%, diéu nay khong dap tng dugc yéu cau trong cac tmg dung quang. Dé gia ting
t6i da do truyen qua khi anh sang truyén qua kinh, nguoi ta thuong ding mang mong phu
1én kinh, ching han nhu ‘mang phu cho thlet bi thu nhan anh sang trong té bao quang mat
troi (solar cell), mang chdng phan xa trong ng tia catdt (cathode ray tubes) ..

Mang moéng mét 16p co thé duge sir dung dé tao ra d6 phan xa biang khong, trong diéu

kién chiét suat cia mang phai bang cin cta chiét suat dé [2], n, = (n de )“2 . Trudng hop

mang
dé c6 chiét suat 1a 1.52, vay chiét suit ciia mang phai khoang 1.23. Trong thuc té rit hiém
c6 vt liéu tao mang thoa man dugc diéu kién chiét suat nay, chat MgF, thudng dugc ding
c6 chiét suat khoang 1.37 (tai budc séng 550 nm). Trudng hop dé Si (100), chiét suat cua nd
kha cao khoang 3.85, thi viéc chon vat liéu mang véi chiét suét thich hop c6 nhiéu thuan loi
hon. Tuy vdy, mang mét 16p duoc danh gia 1a khong hiéu qua dé ché tao mang chéng phan
xa AR.

Mang 2 16p voi chiét suét cao va thap duogc sip xép xen k¢ gitra cac lop dung dé tao
mang AR rat c6 hiéu qua. Ching cé thé tao duoc do phan xa gan bang khéng tai mot hodc
nhiéu budc song. Dé mé rong vung bude song cd d6 phan xa bang khong, nguoi ta thuong
ding mang 3-4 16p, hodc nhiéu hon. Céc vat liéu dé ché tao mang da 16p thuong 14 cac chit
dién moi hodc ban dan nhu : Ta,Os, PbTe; Ge; CdTe; ZnSe; ZnS; YbF;; YF;; MgF,,; CaF,,
BaF,... Trong nghién ctru nay, ching t6i chi trong vao 2 chét dién mdi TiO; va SiO; vi cac
ly do sau day: Mang TiO, c6 d6 rong vung cam 16n, chiét suat cao, ching thudng duoc
ding dé ché tao cac thiét bi quang dién (photovoltaic), thiét bi quang xuc tac
(photocatalysts) hodc chat dién méi trong mang tu dién. Ngoai ra, mang TiO, trong sudt
trong ving kha kién va hong ngoai, hap thu trong ving tir ngoai, nén ching con duoc sir
dung cho cac img dung quang hoc nhu dan soéng (waveguides), kinh loc filter hay ché tao
mang AR. Mang SiO, c6 chiét suat thip, chung ciing thuong dugc su dung dé ché tao mang
da 16p quang, dung lam 16p bao vé cac thiét bi silic, chdng triy sudc trong cac loai kinh deo
mat va cac ung dung trong céac thiét bi dién.

Ngoai ra, mang TiO, va SiO, rat bén v&i sy tac dong ctia moi truong, chung lai la nhimg
vat lidu kha phd bién, viéc san xuat chang c6 gia thanh kha re. Khi két hop 2 mang SiO, va
TiO, v6i nhau, ching c6 dd bam dinh rat tuyét voi.
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V6i nhitng uu diém vuot trdi ciia 2 mang TiO, va SiO, nhu da ké trén, trong bai bao
nay, ching t6i nghién ctru ché tao mang TiO, va SiO; trén dé thiry tinh va xac dinh cac
thong s6 toi wu vé tinh chat quang va cau trac ctia chung. Pong thoi, cung voi sy hd tro cta
chuong trinh mé phong mang AR (chung t6i da trinh bay trong [7], [8]) chung t6i tién hanh
ché tao mang AR 2 16p.

2. THU'C NGHIEM

Mang 2 16p AR dugc ché tao trong hé chan khong Univex c6 3 ngudn phun xa: 2 ngudn
phun xa dc va 1 nguon phiin xa RF. Mang SiO, tao bang _phuong phap phin xa rf tir bia
gdm SiO, (d6 tinh khiét 1a 99 ,99%) va mang TiO, duge ché tao bang phuong phap phin xa
dc tir bia kim loai Ti (d6 tinh khiét 1a 98%). T4t ca cac mang dugc tao trén dé thuy tinh. Ap
sudt nén 1a 3x10° torr, 4p sudt lam viée 1a 1x107 torr. Mang dugc tao trong hdn hop khi Ar
va Oy, v6i ti 1& oxy 1a khac nhau. Khoang cach giita dé va bia 1a 45 mm. D& khong nung
nhung do su va cham cua cac hat ning lugng cao nén dugc duy tri & nhiét do 1a 105°C.
Cong sudt phun xa 1a 90W.

Tinh chit quang cua mang duoc xac dinh qua phép do phé truyén qua trén may UV-
VIS-NIR. Ciu tric va bé mit mang duge xac dinh bang phwong phap AFM (atomic force
microscope).

3. KET QUA VA BAN LUAN

Véi phuwong phap phun xa magnetron dc khi st dung khi phan tng oxy thi diéu kién
bén pha va trang thai plasma ctia hé s& anh hudng rat nhidu 1én cu trac va tinh chét cua
mang [3]. Do vay, trude tién ching t61 khao sat sy anh hudng cia ndng do khi phan tng
oxy lén tinh chat quang va ciu tric ciia mang TiO, véi ti 18 khi oxy dugc thay ddi 1a 30%,
15%, 12% va 6%.

Chung t6i khong tao mang & ti 1é khi oxy nhé hon 6% la dé dam bao day du hop thic
oxy trong mang, va ché tao dugc mang trong sudt. Néu mang TiO, vé6i hop thirc oxy yéu,
thi mang co tinh chat giau kim loai Ti va c6 do hap thu 16n. Ta c6 thé dang gia so b hop
thirc oxy ctia mang qua mau sic nhu trong bang 1 [4].

Bang 1. Tinh chét quang ciia mang TiO,

Oxit Trang thai Mau sic Chiét suat
TiO | Pon tinh thé Vang (golden yellow)

Ti,O; | Datinh thé Tim dam

Ti;Os | Da tinh thé Xanh

Ti0O, Pa tinh thé Tréng, do, nau do, nau den va trong subt

TiO, | Anatase Trong sudt 2.554
TiO, | Brookite Trong sudt 2.616
TiO, Rutile Trong subt 2.616
TiO, | Rutile, 1000°C Trong sudt 2.5

Mang do chung t6i ché tao trong sudt, khi so sanh vdi cac s liéu trong bang 1 chimg t6
chung day du hop thirc oxy. Viéc mang trong subt cang dugc thé hién trong phd do truyén
qua nhu trong hinh 1.
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Hinh 1. Phé truyén qua cua cac mang TiO, dugc tao 6 cac nong d6 oxy khéc nhau.

Qua hinh 1, ta nhan thay tit ca cac mang déu c6 do truyen qua kha cao khoang 90%.
Tuy nhién do chenh léch giita dinh phd cuc dai va cuc tiéu cua chung khac nhau, do chénh
léch nho nhit ¢ mang (1) véi 0, 30% va tang dan to1 mang (4) voi O, 6%. Néu dung
phuong phap Swanepole ta c6 thé tinh dugc chiét suét cia chiing va ta ¢6 mdi quan hé giita
chiét suit ciia mang véi nong d6 khi phan tmg oxy nhu hinh dudi,
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Hinh 2. Sy thay ddi chiét suat mang theo ti 18 khi oxy

Chiét suat mang TiO, s& giam nhe khi ting ti 16 oxy tir 2.43 d6i vi mang co ti 1¢ oxy la
6% giam xudng 2.31 d6i v6i mang cé ti 16 oxy 1a 30%. Viéc giam chiét sut ciia mang , theo
[3] 1a do khi ti 16 oxy cao, mat do mang s& giam va dé dang hinh thanh cac 16 xdp.

Ngoai ra, két qua tinh toan cho thdy, chiét sut ciia cac mang trong hinh 3 tai budc song
550 nm, thay ddi khong dang ké va xap xi khoang 2.42. Chiét suat cia chung hau nhu
khéng phu thudc vao thoi gian phun xa. Khi so sanh két qua nay véi cac tac gia khac [5] ta
thdy chung tuong ddi phu hop.
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Hinh 3. Phé truyén qua ciia cic mang TiO, — oxy 6% vdi cac thoi gian phun xa khac nhau.

Trang 57



Science & Technology Development, Vol 9, No.9- 2006

(178,256) % 272 pm 3 4000 pm z 0005064 e

=
z
E
H
=
o

Hinh 4a. Anh AFM ctia mang TiO, c¢6 ndng d6 oxy 1a 15% — Pd mip mo Rms 1a 1,086 nm.
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Hinh 4b. Anh AFM ciia mang TiO, ¢6 ndng d6 oxy 1 12% — Do map md Rms 1a 1,505 nm.
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Hinh 4¢. Anh AFM cia mang TiO, c6 ndng dd oxy 13 6% — Do mip md Rms 1 2,826 nm.

Ta nhan thdy, d0 mdp mo bé mit Rms cua cac mang ting nhe (40 min giam) va kich
thudc hat tang khi ti 1¢ oxy giam tir 15% xudng 6% (hinh 4). Tuy vy, ta nhan thay cau tric
ctia chiing hau nhu 13 v6 dinh hinh va d6 map mé bé mat Rms kha thép, thich hop cho viéc
ché tao mang quang hoc.

Ngoai ra khi so sanh clu tric mang tu hinh 4a,4b va 4c, ta nhan tha‘iy 6 néng do 6%
mang phat trién cdu trac dic trung cua tinh thé TiO, (hat hinh chép) va mat d6 mang 1on
hon cac néng d6 khac. Dé giai thich hién twong nay, theo [4] 1a xudt phat tir ban chét cua
qué trinh phin xa khi phan tmg. Néu ti 16 oxy gia ting, kéo theo su gia ting 16p oxit bao
phti bé mit bia kim loai v6i mdi lién két Ti-O, lam gia ting viéc cach dién. Do vay, thé ap
vao dé gia toc cac hat ion va electron s€ bi giam tac dung, cac hat phin xa ra tir bia khong
du nang luong dé phat tr1en tinh thé trén dé. Vi nhiing 1y do trén, mang duoc ché tao voi
ndng d6 oxy 16n thudong ton tai dudi dang Vo dinh hinh. Ta c6 thé theo ddi sy thay ddi céu
tric ctia mang rd hon nita, néu ta tao mang & cong suat phin xa cao tir 200 — 250W. Tuy
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nhién, dé tao mang vo dinh hinh ¢ dic tinh thich hop cho tng dung quang hoc, nén trong
béo c4o nay ching toi chi tao mang & cong suat 1a 9OW.

Dbi v61 mang Si0; tuy dugc ché tao bang phuong phap rf tir bia gbém SiO,, nhung dé
tranh mat mat oxy trong hop thire mang ching ta cling can phai bd sung thém oxy trong qué
trinh phun xa. Theo [6], chiét suat SiO, it bj anh huéng bdi ndng d6 oxy, nén trong bao cao
nay chung t6i khao sat ché tao mang c6 ndng do oxy 1a 4% va 6%.
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Hinh 5. Phé truyén qua ciia mang SiO, dugc tao & ndng do oxy 13 6% .

Do truyén qua ciia mang trong ving kha kién kha cao khoang 91%.
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Hinh 6. Anh chup AFM cta mang méng SiO, trén dé thuy tinh khong nung nhiét, néng do oxy la
4%.
D6 mip mo bé mit cua mang rat thap, Rms khoang 1,086 nm. Cau tric cua mang 1a
hoan toan v6 dinh hinh.
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Hinh 7. Anh chup AFM ciia mang mong SiO, trén dé thily tinh khong nung nhiét, ndng do oxy 1a
6%. Rms Rough: 0,3286 nm;
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Su v6 dinh hinh trong cAu tric cla mang TiO, va SiO; lai 1a mdt thuén loi cho chung ta
khi diing chtng dé ché tao mang da 16p chong phan xa AR. Do boi mang vo dinh hinh s& c6
bé mit phang hon va Rms thap hon rat nhiéu so v6i mang c6 cau tric tinh thé (diéu nay da
dugc chung t6i trinh bay trong cac béo cdo trudc day), nén mang vo dinh hinh s& c6 do mat
mat quang hoc nhu d6 tan xa rat thip. Ngoai ra, khi ché tao mang da 16p véi yéu cau
nghiém ngit vé d6 chinh xac ctia do day cac 16p mang, thi mang v6 dinh hinh c6 bé mat

bang phang ciing 1a mot 191 the rat lon.
(25364) X494 pn ¥ 1250 pn 2 0009493 s

i
0013

10.0 nmyDiv

Hinh 8. Anh chup AFM dbi véi dé tran chua phi mang.

D6 mip mo cua bé mat Rms cua dé thuy tinh tran 1a 0,945 nm. Khi ta so sanh Rms cta
dé thiy tinh tran voi Rms ctia mang SiO, (0,3286 nm) ta nhan thdy Rms ctia mang SiO, hoi
thip hon cta dé tran, diéu nay cho thiy luc ban dau ling dong trén dé, SiO, di lap day va
lam phang nhitng chd mip md bé mat dé. Tur day ta c6 thé két luan 1a d6 map mo cia bé
mit mang khong bi anh hudng boi dé.

Tir nhitng khao sat cac dic tinh quang va cdu trac mang theo ndng do oxy, chung t6i di
tao mang chong phan xa 2 16p (Double AR) v6i ndng d¢ oxy 1a 6%. Ddng thoi voi chuong
trinh m6 phong tinh toan mang AR (chung 61 da trinh bay & cac bao trude day [7],[8]),
chung t6i chon bé day cua moi 16p nhu sau: Pé — TiO, — SiO, — khong khi 1a dé-15 nm —
120 nm — khong khi. Chiét suét tai budc song 500nm cua mang TiO, khoang 2.42, mang
Si0, 14 1.46 va ctia dé 1a 1.54. Két qua ché tao dugc trinh bay & hinh 9,
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Hinh 9. Phé truyén qua ciia mang chdng phéan xa 2 16p.

Hinh 9 cho ta thay mang 2 16p AR da gia tang dang ké do truyén qua tir khoang 92%
cho dé thuy tinh tran chwa phi mang 1én dén Kkhoang 96.4% (tai budc song truyén qua cuc
dai 500 nm). Véay chung ta da gia ting do truyén qua dugc khoang 4.4%.

Cung v6i viée do do hap thu cia dé thuy tinh lam Pt 13 khoang 2.2%, chiing ta c6 thé
xac dinh dugc do phan xa ciia mang AR nhu sau:
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Hinh 10. Phd phan xa ciia mang 2 16p AR — so sanh giira mé phong va thyc nghiém.

So sanh phd phan xa ctia mang 2 16p AR giira mo phong va thyc nghiém, ta thdy chiing
c¢6 dang gidng nhau, cung la dang V-shape va c6 dinh phé & budc séng 500 nm. Tuy nhién,
d6 phan xa cuc tiéu cia mang thyc nghiém hoi cao hon so v6i mang mé phong, mang thuc
nghiém la 1.7% so v&éi mang mo phong 1a 0%. Do nhiing kho khan khach quan trong qua
trinh tao méng nhu sau:

1. Saisb vé do day gilta cac 16p mang, do h¢ phin xa cua chung t61 khong c6 bo phan

do va khdng ché do day truc tiép trong qué tinh tao mang.

2. Do sy tan xa cua dé, do dé 1a lam Pirc khong phai 13 dé thuy tinh thach anh quang

hoc v6i cac thong sb 1y tudong nhu trong chwong trinh mé phong.

3. Do sy khong tinh khiét ciia mang TiO,, do mang chiing t6i tao tir target Ti c6 d tinh

khiét 13 98% - 99%, nén mang ciing c6 do hap thu nhat dinh trong ving kha kién.

Tuy con gip nhiéu kho khin trong qua trinh tao mang, nhung ching t6i dd co ban tao
dugc mang chdng phan xa AR véi d6 truyén qua dugc cai thién kha cao khoang 4.5%. Cling
v6i chuong trinh mé phong mang, viéc nghién ciru mang da 16p c6 rat nhiéu thuan loi. Cac
két qué dat dugc nay 1a co s¢ dé chung t6i nghién ctru tiép theo vé mang AR véi cac két qua
tot hon.

4. KET LUAN

Qua nghién ciru nay, chiing ta nhan thay mang TiO, va SiO, dugc ché tao & cong suat
thip 90 W va ndng do oxy 6% co6 do truyén qua cao, c¢6 chiét suit va cu trac pht hop nhit
v6i viée ché tao mang chdng phan xa AR. Mang 2 16p AR da gia ting dang ké do truyén
qua tir khoang 92% cho dé tran chua phu mang 1én dén khoang 96.4%. Két qua ché tao
mang AR dat dugc con han ché do nhiéu nguyén nhan khach quan khi nghién céu. Tuy
nhién, tir cac két qua dat duoc trén, s€ 1a co s¢ cho ching t6i tiép tuc cai tién dé nang cao
chat luong cia mang chdng phan xa 2 16p, ciing nhu mé 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 Oz / 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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