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TOM TAT: 41,0; duoc ung dung rdng rai nho cdc tinh chit edch dién cao, bén co,
nhiét va hoa.

Hop chdt niy dugc nhiéu nha khoa hoc quan tdm nghién cieu bdng cdc phuong phdp
khac nhau. Phong thi nghiém ky thuat cao thugc trm:ing DH KHTN - PHQG Tp H6 Chi Minh
lan dau tién nghién ciu ché tao thanh cong méng ALO; bang phwong phdp phim xa
magnetron rf. Tinh chdt quang ciua mang dwgc xdc dinh béng phép do UV-VIS. Thanh phan
mang duwgc nghién ciru bang quang phé hap thu hong ngoai (IR absorption), quang pho phan
xq toan phan tdt dan (ATR) va quang pho Raman. Cdu triic mang dwgc nghién cuu bang pho
tdn xq tia X (XRD), anh chup AFM. Dong thoi qud trinh chuyén pha do nhiét d¢ ciing duoc
tién hanh va dwoc do bang phé hdp thu hong ngogi va phé XRD.

1.GIOI THIEU _

Mang Al,0; (Corundum, alumina) duoc quan tim nghién ctru béi céc tng dung hét sirc
quan trong ctia nd. Tiéu biéu nhu 16p phii bao vé tau vil try, 16p phi cac dung cu quang hoc
chiu tic dung cia céc tia vii try hodc lam viéc trong moi trudng héa hoc, cac 16p ngin céach
dién cao,...ching han dién hinh 12 16p phii cich dién vira chiu tac dong co hoc vira chiu tac
dong hoa hoc (hinh 01) cho cic cam bién diu van tay dang va s€ dugc (g dung rong rdi. Do
viy ALOs; dang dugc quan tdm nghién ciru. Pé tao mang cé nhiéu phuong phap nhu phin xa
phan g, ling dong tir phiin xa bing chiim laser (PLD), ngung tu dung dich (sol gel),... trong
dad, k¥ thuit phun xa dugc ap dung rong réi nhd vao kha ning tao dugc rit nhiéu loai mang.
Dic biét 12 viéc tao ntang rén AlOs. ;

Hinh 1. Ming AlL,O; diing 1am 16p phii ngodi cdm bién déu van tay (fingerprint sensor)
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Bai viét nay trinh bay viée nghién ciru ché tao mang mong Al,O; bing phwong phap phin
xa magnetron rf va chuyén pha bang xir ly nhiét sau d6. Mang duoc phiin xa phan ing tir bia
nhém kim loai trong méi trudng hdn hop khi lam vi€éc Argon va khi phan ing Oxy. Vat liéu dé
dugc chon 1a dé thiy tinh va Si, phin xa ddng thoi, nham c6 thé do dac duge san pham bang
ca phu'cmg phap truyén qua kha kién tir ngoa1 (dé thuy tinh) va hip thu hdng ngoai (de Si).

Dé phiin xa AL,O; c6 thé ding ca bia gbm I4n bia kim loai. Tuy nhién, trong diéu kién hién
tai & truong DPH KHTN — DHQG Tp H& Chi Minh, viéc ché tao bia gém ALO; gip nhleu khé
khan do nhiét d6 sir hoa cta bia rit cao va do nén chit cia vt liéu tuong dbi thap. Bia gbm tao
ra khong dat yéu ciu vé mat do khdi nén cé thé gy ra cac ton hai cho hé hit chan khéng
turbo. Do d6, bia duqc dung & déy 1a bia nhém kim loai v6i do tinh khiét 99.9%. Viéc ding
bia kim loai trong ché d6 rf con nhim thich ing véi hién tuo'ng oxyt héa bé mit bia lam b'a
dén tré nén cach dién trong qua trinh phin xa do phan ung véi Oxy c6 trong hén hop khi muii
truong.

Maing AL,O; tao ra trén d@é thuy tinh va trén dé Si thudng c6 chu tao gan nhu vé dinh hinh
twong tu nhu két qua cong bd trong [12], céc chuyén pha do u nhiét dwgc tién hanh sau d6 va
ghi nhan bing phd hap thu hdng ngoai IR ciing nhu phd tan xa tia X.

2.THU'C NGHIEM

Hé phun xa dugc dung 12 may Univex 450. Mang AL,O; dugc phin xa tir bia nhém kim
loai. Diéu kién tién hanh dugc tinh téan trudc bang phuong phap mé phong dung thuét téan
Monte Carlo (MC) va mé hinh dugc trinh bay trong [9].

Hinh 2. H¢ phan xa Univex 450

Cac tham s6 m6 phong v thuc nghiém bao gom:

Pudng kinh bia: 75 mm

Bé rong mién An mon: 20 mm
Dong phin xa: 1A

Céng suit: 100 — 250W

Ap suét khi gas: 0.1+0.5Pa

Khoang céch bia dé: 50 mm

Trang 6



TAP CHi PHAT TRIEN KH&EN, TAP 12, S0 03 - 2008

Pé khong gia nhiét.

Qua trinh phin xa tién hanh trong mdi trudng khi 1am viéc Ar va khi phan tng Oxy véi ti
16 O:Ar 1a 1:10. Cong suét thay d6i trong khoang tir 100 + 250W, ap suat thay doi trong
khoang 0.1 + 0.5 Pa.

Mang tao ra trén aé thiy tinh (microscope slide) ciia hang Marielfeld c6 d¢ truyén sudt rat
cao, chiét sudt gan bang chiét sudt dé thuy tinh. Pay chinh la vu diém quang hoc ciia mang
trong cac ung dung phu 16p bao vé quang hoc cho céc quang cu chiu tac dong co hoc, héa hoc
va nhét 12 cdc quang cu hoat dong véi bire xa laser tir ngoai. Song song do, mang ciing dugc
phti trén dé Silicon Wafer loai p ¢6 huéng mang (111) dé do phé hap thu hong ngoai va phuc
vu cho qua trinh & nhiét chuyén pha.

3.KET QUA VA BAN LUAN
3.1. Tinh chit quang ciia mang Al,O;

Mang tao du‘o‘c c6 d6 truyen qua rét cao c¢& 93%. Tir phd truyén qua UV-VIS cua mang
thu dugce, xtr ly bang phin mém Jasco version 1.53.00 (hinh 03), d6 day va chiét suét dugc
tinh theo ly thuyet Swanepoel sir dung phuong phap giai tich so ddng thoi ¢ so sanh voi ket
qua tinh dugc bing phdn mém mé phong do nhém nghién ciru cua ching t6i bién soan. Phin
mém ndy dugc soan thio trong mdi trudng Matlab 6.5 nhim thiét lap anh phé truyén qua
UV-Vis ly thuyét rdi so sanh vé&i anh phd truyén qua thuc nghiém dé giai doan cac tham sb
quang cia mang (hinh 09).

Két qua tinh d6 day va chiét suat: (chlet suat trinh bay & day dugc tinh & 550 nm).

Miu FlZ.(Do thi c¢6 danh diu dinh) d~ 864 + 30 nm; nsso = 1.69 +0.02
Miu FO08 : d=~ 595 +30 nm; nsso ~ 1.67 + 0.02
M3u F06 : (Db thj nét thua) d~ 404 +30 nm; nsso ~ 1.66 + 0.02

Cac méu c6 do day khac nhau thi c6 chiét sudt khéc nhau. Trong pham vi d6 day nhd hon
1000 nm, chiét suit c6 khuynh hudng ting theo do day. Chiét suat trung binh cla hau hét cac
mau vao ¢& n ~ 1.677.

So sanh vai chlet suat mang mong thuc hién véi cac phucmg phap khac ta thay c6 su phu
hop tét. Chiét sudt mang cao hon mang bdc bay phan {ing va thip hon cac phuong phap FCVA
Technique va Bulk (bang 01).

Bang 1. Chiét suat mang Al,O; vdicac phuong phap tao mang khac nhau. [26 ]

Phwong phap .Chm sl:': ¢330 ! Phwong phip 1 Chxet sut & 550 nm
Boc bay 1.5 _ Phun xa phan zmg ’1 68
Phun xa chim ion ‘ 1.65 Ky thuat FCVA |
= : === (Filtered Cathodic |1.68 —1.69
Hai chum tiaion | 1.62 | Vacuum Arc) |
- B bay phin g 163 | Teokhbi (Bulk) 11.755-1.77
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Hinh 3. Phd UV-VIS ciia mang Al,0; trén dé thity tinh do tai DH KHTN Tp HCM
3.2. Phé IR ciia mang AlLO;

Phé héng ngoai dugc do & trudng PH KHTN Tp HCM. Mang trén aé thiy tinh dugc do
bang phuong phép ATR, vién nén KBr dugc do bang phucmg phép hap thu hong ngoal ca hai
duge xir ly bang phdn mém Jasco version 1.53.00. va cé so sanh véi xir ly bang phan mém
Origin version 5.0.

Khio sét phd XRD ctia Al,O; dang bét rin déng vién KBr cho cau tric tinh thé 0—ALOs.

So sanh phd hong ngoai (hinh 04) ciia ALO; dang bdt ran déng vién KBr (do thi trén) va
clia mang A1203 (db thi dudi) phin xa tir bia nhém kim loai trong méi trudng hén hop Argon
va Oxigen ta thay mang AlL,O; di dugc thanh lap. Phd cua mang phirc tap hon, két hop véi cic

khéo sat trén phd Raman va XRD clia mang chimg t6 cAu tric clia mang thu duoc 1a vé dinh
hinh.

Song song d6, mang thuc hién trén aé Si cling dugc nghién cuu bing phd hng ngoai cho
thiy c6 su khac b:et so vO&i mang tao trén dé thuy tinh (hmh 05). Céu triic clia mang gdm nhiéu
dang nhu'ng chu yeu cua mang nay l1a yAI;,Og Xem xét pho XRD cua mang trén dé Si cho thay
mang c6 mét phan nhé céu tric da tinh thé, do 1a do cac 16p ling dong dau tién ké thira céu
tric tinh thé cua dé Si, sau d6 phét trién dan thanh cau tric vé dinh hinh. Két qua nay phu hop
v6i cac cong bb ciia cac tac gia khac [13).
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Hinh 04. Ph(‘) hép thu hdng ngoai IR ciia ALO; bot rén trong vién nén KBr (trén) va Al,O; dang mang
mong trén dé thiy tinh (dudi)

Bang 2. So sanh cac phd thu dugce véi cac phd tu ligu
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Hinh 5. Phé IR ciia mang trén dé Si (db thj trén) va cita mang trén dé thiy tinh (dd thi duéi).
3.3.Phé IR ciia mang qua xir Ii i nhiét

Tién hanh nghién cini bang céch do phd IR ciia mang Al,O; phi trén dé Si trong céc tinh
trang binh thudng, 1 nhiét qua céc nhiét d6 trai dai tir 600 — 1100°C véi budc tang 50°C. Trong
d6 khoang nhiét d6 1 800 — 900°C duoc khéo st chi tiét véi bude tang nhiét 20°C. (hinh 08)

Xem xét phd chuyén pha budc ting 50°C cho thdy céu tric Al,O; bt diu bién ddi tir
700°C va r5 nét & 800°C. O nhiét do i 840°C xdy ra sw chuyén pha hoan thanh va dat dén céu
tritc da tinh thé & 860°C. G nhiét d6 1 880°C xay ra sy chuyén pha tiép theo va chuyén din dén
don tinh thé corundum & 1000 °C.

Két lufin niy duoc minh hoa r3 rang khi xét riéng cac anh phd IR cia ALO; da tinh thé va
anh phd sau 0 nhiét & 900, 1000 °C. ' '

3.4.Phd Raman ciia mang AlL,O;

Phé Raman ciia mang trén dé Si dugc do & Phong Thi nghiém nano thuéc Pai Hoc Quéc
Gia Tp HCM va xur ly bang phan mém Origin version 5.0. Xem xét pho Raman cia mang trén
de Si huéng mang 111 (hinh 06), so sénh v6i phd Raman cua Si va pho tu liéu corundum
X050046 [16] ta thiy thanh phin mang 1a AI203 béi cic dinh dic trung 417 va 646 cm”,
ngodi ra con thém dinh yéu 815 cm™. Pinh 285 em™ dugc cho Ia ciia Diaspore AIO(OH), 1a
m§t dang pha ctia AL,O; [1]. Pinh 518 cm™ 1a dic trung phd Raman cua Silic.
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- a Si
- b Corundum:
- ¢ Corundum lib X050045
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Hinh 06. So sanh phd Raman giita Silic 111(a), mang A1203 (b) va phé tr liéu ALO; (c) [16]
(Phé duoc xir ly bang phan mém Origin 5.0)

3.5. Anh AFM

- Hinh7

(a) anh AFM 2D: Kich thuéc hat ¢ 300 nm (b) inh AFM 3D: P gd ghé c& 283 .4nm/pm
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Anh AFM cua mang Al203 trén dé Si duoc ghi tai Phong Thi Nghiém Nano thudc Pai
Hoc Quéc Gia Tp HCM va duge xi Iy bing phin mém WSxM version 4.0. Xem xét anh cho
thdy kich thwéc hat khi th6, c¢& 300nm. Mang c6 d6 ddng déu thip va do ghd ghé c&
283.4nm/um.

4.KET LUAN

Mang ALOs tao ra bang phwong phép phiin xa magnetron rf trong subt, cé bé day vao c&
200 — 1000 nm c6 d6 truyén qua kha cao, c& 93%. Chiét sut ciia raang thip c& 1.67 pha hop
véi chiét suat cia cac téc gia khac. Chiét suét nay gin véi chiét suét thuy tinh lam cho mang
Al,Oj; ¢6 nhiéu kha nang img dung trong cac dung cu quang hoc.

Khio sét anh AFM ctia mang cho thdy c& hat 1a 300 nm, d6 gb ;thé 283.4nm/um.

Céu tric clia mang trén dé thuy tinh 1a v6 dinh hinh, trong khi 6 trén dé Si mang c6 biéu
hién mét phan cAu tric tinh thé. Diéu ndy dugc cho la do & céc 16p ling dong dau tién, mang
tang trudng c6 ké thira cu tric tinh thé cia dé sau d6 tiép tuc phat trién v6 dinh hinh. Théng
tin nay phi hop véi théng tin céng bé trong [13].

Khéo sat qué trinh chuyén pha bing 0 nhiét trong khéng khi, ta thiy cac nét chinh sau: Céu
tric mang bat ddu thay ddi tir 700°C. Cu tric thay déi mdt cach phong pht trong mién 800 -
900 °C, & 880 °C céu triic da tinh thé r& nét. Tir 900 1000°C Mang chuyén dan sang cau triic
don tinh thé corundum (dinh 1049 va 1087 cm™).

Tém lai, mang ALO; dugc ché tao thanh cong tai phong thi nghiém K§ Thuat Cao B6 mén
Vit Ly Ung Dung Khoa Vit ly PH KHTN tp HCM, véi cac dic trung twong tu nhu & cac don
vi nghién citru khac trong nudc va trén thé gidi. Tiép theo, mang cén duge khao sat thém vé do
bén co va bén héa dé co thé g dung vao cdc quang cu.
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Hinh 8. Phé hép thu héng ngoai clia mang A1203 trén dé Silicon qua céc nhiét 6 i (a) = (e).
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UV-VIs

IRANSMITTANCE SPECTROSCOPY SIMULATION FOR AL203 THIN FILM
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Hinh 9. Giao dién chuong trinh mé phong phd truyén qua giao thoa UV-Vis.

STUDY OF ALUMINIUM OXIDE THIN FILM PREPARED BY RF
MAGNETRON SPUTTERING

Giang Van Phuc® , Le Vu Tuan Hung® , Ngo Thi Kim Hoa?, Le Van Hieu @
Huynh Thanh Dat ©

(1) An Giang University
(2) University of Natural Sciences, VNU-HCM; (3) VNU-HCM

ABSTRACT: AlL,O; is used widely for their properties of high dielectric, anti— erosion
and anti— atomic oxygen effects.

This compound was investigated by scientists in various methods. At the first time, the
High Technology Laboratory of the Natural Sciences University  in Ho Chi Minh city
fabricated Al;O; thin film by rf sputtering method. Optical properties of the film were
investigated by UV— VIS spectroscopy. Its composition were determined by IR transmittance
and reflectance absorption (ATR) spectroscopy methods. The structures of thin film were
determined by X— ray diffraction (XRD) and AFM spectroscopies. Furthermore, the phase
changes by annealing was investigated by IR transmittance absorption spectroscopy and XRD
spectra.
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