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NGHIEN CUJU CHE TAO MANG MONG Al,O; BANG PHUONG PHAP PHUN
XA MAGNETRON RF

Giang V&n Phac®, Lé Vi Tuan Hung®, Ngé Thi Kim Hoa®, Lé Van Hiéu @
Huynh Thanh Pat ©
(1) Trudng Bai Hoc An Giang
(2) Truong Bai hoc Khoa hgc Ty nhién, PHQG-HCM; (3) PHQG-HCM
(Bai nhan ngay 09 thang 07 nam 2007, hoan chinh stra chita ngay 27 thang 02 nam 2009)

TOM TAT: AlLO, duoc (ng dung rong réi nhd cac tinh chét cach dién cao, bén co,
nhiét va hda.

Hop chét nay duoc nhidu nha khoa hoc quan tdm nghién ctru bang cac phuong phap
khac nhau. Phang thi nghiém ky thuat cao thudc truong BH KHTN - DHQG Tp H6 Chi Minh
lan dau tién nghién ctu ché tao thanh cong mang Al,O; bang phuong phap phin xa
magnetron rf. Tinh chat quang clia mang duoc xac dinh bang phép do UV-VIS. Thanh phan
mang dwoc nghién ctu bang quang phd hap thu hdng ngoai (IR absorption), quang pho phan
xa tdan phan tat dan (ATR) va quang phé Raman. Cau trdc mang duoc nghién ctru bang phd
tan xa tia X (XRD), anh chup AFM. Dong thoi qua trinh chuyén pha do nhiét do cling duoc
tién hanh va duoc do bang phé hap thu hdng ngoai va phd XRD.

1.GIOI THIEU

Mang Al,O; (Corundum, alumina) dwoc quan tam nghién ctru béi cac (’ng dung hét stic
quan trong clia nd. Tiéu biéu nhw I6p phl bao vé tau vi tru, 16p phl cac dung cu quang hoc
chiu tac dung clia cAc tia vii tru hodc lam viéc trong méi truéng hda hoc, cac 16p ngan cach
dién cao,...chéng han dién hinh la 16p pha cach dién vira chiu tc dong co hoc vira chiu tac
dong héa hoc (hinh 01) cho cac cAm bién ddu van tay dang va sé dwgc (ng dung rong rai. Do
vay Al,O; dang dugc quan tdm nghién clru. D€ tao mang cdé nhiéu phuong phap nhw phin xa
phéan (rng, 1ang dong tr phin xa bang chum laser (PLD), ngwng tu dung dich (sol gel),... trong
do, k¥ thuat phin xa dwgc ap dung rong rdi nho vao kha nang tao dugc rat nhiéu loai mang.
Da4c biét 1a viéc tao mang ran Al,Os.

Hinh 1. Mang Al,O; dung lam I¢p phd ngoai cAm bién dau van tay (fingerprint sensor)
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Bai viét nay trinh bay viéc nghién ctru ché tao mang méng Al,O; bang phwong phép phin
xa magnetron rf va chuyén pha bang xt Iy nhiét sau d6. Mang dugc phin xa phan tng tir bia
nhém kim loai trong mai trudng hdn hop khi 1am viéc Argon va khi phan (rng Oxy. Vat liéu dé
dwoc chon la dé thay tinh va Si, phiin xa déng thdi, nhdm c6 thé do dac duoc san phdm bang
ca phuwong phap truyén qua kha kién tr ngoai (dé thay tinh) va hap thu hong ngoai (d€ Si).

DEé phuin xa Al,O; ¢6 thé ding ca bia gdm 1an bia kim loai. Tuy nhién, trong diéu kién hién
tai 6 trvong DH KHTN - BHQG Tp HO6 Chi Minh, viéc ché tao bia gém Al,Os gap nhiéu khé
khan do nhiét d6 st héa cla bia rat cao va do nén chat clia vat liéu twong doi thap. Bia gdm tao
ra khdng dat yéu cau vé mat do khdi nén cd thé gay ra cac tén hai cho hé hit chan khdng
turbo. Do d6, bia dugc dung & day la bia nhdém kim loai v6i d6 tinh khiét 99.9%. Viéc ding
bia kim loai trong ché dd rf con nham thich ¢ng véi hién twong oxyt hoa bé mat bia lam bia
dan tré nén cach dién trong qua trinh phin xa do phan ting v&i Oxy c6 trong hdn hop khi moi
truong.

Mang Al,O; tao ra trén dé thay tinh va trén dé Si thuong c6 cau tao gan nhu vo dinh hinh
trong tw nhu két qua cdng bd trong [12], cac chuyén pha do U nhiét duoc tién hanh sau dé va
ghi nhan bang phé hap thu hdng ngoai IR ciing nhw phd tan xa tia X.

2.THUC NGHIEM

Hé phin xa duoc ding la may Univex 450. Mang Al,O; duoc phin xa tir bia nhom kim
loai. Diéu kién tién hanh dugc tinh téan truéc bang phuong phap md phéng dung thuat téan
Monte Carlo (MC) va mé hinh dugc trinh bay trong [9].

Hinh 2. Hé phin xa Univex 450

Cac tham s6 mo phéng va thuc nghiém bao gom:

Puong kinh bia: 75 mm

Bé réng mién an mon: 20 mm
Dong phin xa: 1A

Cong suat: 100 - 250W

Ap suét khi gas: 0.1+05Pa

Khoang cach bia dé: 50 mm
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DéE khong gia nhiét.

Quaé trinh phan xa tién hanh trong moi truong khi lam viéc Ar va khi phan (rng Oxy véi ti
Ié O:Ar la 1:10. Cong suat thay ddi trong khdang tlr 100 + 250W, ap suét thay doi trong
khéang 0.1 + 0.5 Pa.

Mang tao ra trén dé thiy tinh (microscope slide) ctia hdng Marielfeld c6 do truyén sudt rat
cao, chiét sudt gan bang chiét suét dé thay tinh. Day chinh 1a wu diém quang hoc clia mang
trong cac (rng dung pha 16p bdo vé quang hoc cho cac quang cu chiu tac dong co hoc, héa hoc
va nhat la cac quang cu hoat ddng véi bic xa laser tr ngoai. Song song d6, mang ciing dugc
phu trén dé Silicon Wafer loai p c6 hwéng mang (111) dé do phd hdp thu hdng ngoai va phuc
vu cho qué trinh U nhiét chuyén pha.

3.KET QUA VA BAN LUAN
3.1. Tinh chét quang ctia mang Al,Os

Mang tao dwoc cé dd truyén qua rat cao cd 93%. Tl pho truyén qua UV- VIS clia mang
thu dugc, xt ly bang phan mém Jasco version 1.53.00 (hinh 03), dd day va chiét suat duoc
tinh theo ly thuyét Swanepoel st dung phwong phap gidi tich s6 dong thoi c6 so sanh voi két
qua tinh dwoc bang phan mém moé phéng do nhém nghién ctu clia chiing tdi bién soan. Phan
mém nay duoc soan thao trong mdi truong Matlab 6.5 nham thiét 1ap anh phé truyén qua
UV- Vis ly thuyét roi so sanh voi anh pho truyén qua thic nghiém dé giai doan cac tham so
quang ctia mang (hinh 09).

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

Méau F12:(Db thi c6 danh dau dinh) d» 864 + 30 nm; Nsso » 1.69 + 0.02
Mau F08 : d» 595 +30 nm; Nsso » 1.67 + 0.02
Mau F06 : (D0 thi nét thua) d» 404 +30 nm; Nsso » 1.66 + 0.02

Cac mau c6 do day khac nhau thi c6 chiét sudt khac nhau. Trong pham vi dd day nhé hon
1000 nm, chiét suat c6 khuynh hwéng tang theo do day. Chiét suat trung binh clia hau hét cac
Mau vao ¢ n » 1.677.

So sanh voi chiét suat mang méng thuc hién voi cac phuong phap khac ta thdy c6 sw phu
hop t6t. Chiét suat mang cao hon mang bdc bay phan tng va thap hon cac phuong phap FCVA
Technique va Bulk (bang 01).

Bang 1.Chiét suat mang Al,Os v6i cac phuong phap tao mang khac nhau. [26 ]

Phuong phap Chiét snun‘:t 0550 Phuong phap | Chiét suat & 550 nm
Bdc bay 1.5 Phln xa phan ¢ng |1.68
Phin xa chiim ion 1.65 Ky thuat FCVA
(Filtered Cathodic |1.68 - 1.69
Hai chum tia ion 1.62 Vacuum Arc)
Boc bay phantng  [1.63 Tao khoi (Bulk) |1.755- 1.77
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Hinh 3. Phé UV- VIS clia mang Al,Os trén dé thy tinh do tai DPH KHTN Tp HCM

3.2. Phd IR clia mang Al,Os

Phd hong ngoai dugc do & truong DH KHTN Tp HCM. Mang trén dé thly tinh duoc do
bang phuong phap ATR, vién nén KBr dugc do bang phrong phép hép thu hdng ngoai , ca hai
duoc xt ly bang phan mém Jasco version 1.53.00. va c6 so sanh véi xi ly bang phan mém
Origin version 5.0.

Khéo sét phd XRD ctia Al,O3dang bt rén dong vién KBr cho cau tric tinh thé a- Al,Os.

So sanh phd hdng ngoai (hinh 04) cta Al,O; dang bot ran dong vién KBr (dd thi trén) va
clia mang Al,O; (A0 thi dudi) phan xa tir bia nhém kim loai trong méi trudng hén hop Argon
va Oxigen ta thady mang Al,Os da duoc thanh Iap. Pho clia mang phikc tap hon, két hop véi cac
khao sat trén phd Raman va XRD clia mang ching td cau trdc clia mang thu dwoc la vo dinh
hinh.

Song song d6, mang thuc hién trén dé Si cling duoc nghién ctru bang phé hdng ngoai cho
thdy c6 su khac biét so v&i mang tao trén dé thay tinh (hinh 05). Cau trdc clia mang gém nhiéu
dang nhung chd yéu ctia mang nay la gAl,Oz. Xem xét phd XRD clia mang trén dé Si cho thdy
mang c¢6 mot phan nhd cu tric da tinh thé, d6 la do cac I6p 1ang dong dau tién ké thira cau
tric tinh thé cta dé Si, sau dé phat trién dan thanh cau tric vo dinh hinh. Két qua nay phu hop
voi cac cong bd cla cac tac giad khac [13].
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Hinh 04. Phé hap thu hdng ngoai IR clia Al,O3 b6t rén trong vién nén KBr (trén) va Al,Osdang mang
méng trén dé thdy tinh (dudi)

Bang 2. So sanh cac pho thu dugc véi cac pho tu liéu

1 I . R . Alpha Gamma Oxyt Quadng
cm Al,O; Bot ran Mang Cuwong do dinh ALO, ALO; Ahom nhom
300

416
412
e 440
437
400 445
255 450 433
460 - 452 450
497
509
520
500 518 545 Manh
582 580
609 604
607
611
600 622 683 612
651 655
669 669 660 850
700 778 740
810
819 N
oar Trung binh
800 819 831 Trung binh
841 825
850
956
900 980 980
1000 1035 Rat yéu 1050 1075
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Hinh 5. Phé IR clia mang trén dé Si (do thi trén) va clia mang trén dé thay tinh (do thi dudi).

3.3. Phd IR clia mang qua xt Ii U nhiét

Tién hanh nghién ctu bang cach do phd IR clia mang Al,Os phu trén dé Si trong cac tinh
trang binh thudrng, G nhiét qua cac nhiét dd tréi dai tir 600 - 1100°C véi budc ting 50°C. Trong
d6 khoang nhiét dd G 800 - 900°C duoc khao sat chi tiét véi budc tang nhiét 20°C. (hinh 08)

Xem xét ph6 chuyén pha buéc tang 50°C cho thdy cdu tric Al,O; bt dau bién d6i tir
700°C va rd nét & 800°C. O nhiét dd G 840°C xay ra sw chuyén pha hoan thanh va dat dén ciu
tric da tinh thé & 860°C. O nhiét do 0 880°C xay ra su chuyén pha tiép theo va chuyén dan dén
don tinh thé corundum & 1000 °C.

Két luan nay dugc minh hoa rd rang khi xét riéng cac anh pho IR clia Al,O; da tinh thé va
anh phé sau G nhiét & 900, 1000 °C.

3.4.Ph6 Raman ctia mang Al,O3

Phd Raman ctia mang trén dé Si dugc do & Phong Thi nghiém nano thudc Dai Hoc Qudc
Gia Tp HCM va xt ly bdng phan mém Origin version 5.0. Xem xét phd Raman clia mang trén
dé Si hwdng mang 111 (hinh 06), so sanh v&i phd Raman clia Si va phé tw liéu corundum
X050046 [16] ta thdy thanh phan mang la Al203 béi cac dinh dic treng 417 va 646 cm'?,
ngoai ra con thém dinh yéu 815 cm*. Pinh 285 cm* dugc cho 1a clia Diaspore AIO(OH), 1a
mot dang pha clia Al,O; [1]. Binh 518 cm* la dac trung phé Raman ctia Silic.
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Hinh 06. So sanh phd Raman gifra Silic 111(a), mang Al203 (b) va phé tw liéu Al,O; (c) [16]
(Phé duwgc xi Iy bang phan mém Origin 5.0)

3.5. Anh AFM

Hinh 7
(a) &nh AFM 2D: Kich thwéc hat ¢ 300 nm (b) anh AFM 3D: D0 go ghé c& 283.4nm/nm

Trang 11



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Science & Technology Development, Vol 12, No.03 - 2009

Anh AFM clia mang AI203 trén dé Si duoc ghi tai Phong Thi Nghiém Nano thudc Dai
Hoc Quéc Gia Tp HCM va duoc xt ly bang phan mém WSxM version 4.0. Xem xét anh cho
thdy kich thuwéc hat kha tho, ¢ 300nm. Mang cd dd dong déu thdp va do ghd ghé co
283.4nm/mm.

4.KET LUAN

Mang Al,Oj; tao ra bang phuong phép phdn xa magnetron rf trong sudt, c6 bé day vao c&
200 - 1000 nm c6 dd truyén qua kha cao, c& 93%. Chiét suat clia mang thap c& 1.67 phu hop
voi chiét suat clia cac tac gid khac. Chiét suat nay gan voi chiét suat thiy tinh lam cho mang
Al,O3 cd nhiéu kha nang (ing dung trong cac dung cu quang hoc.

Khao sat anh AFM clia mang cho thdy c& hat 1a 300 nm, d6 gé ghé 283.4nm/mm.

Céu trdc ctia mang trén dé thay tinh 1a vo dinh hinh, trong khi do trén dé Si mang c6 biéu
hién mot phan cdu tric tinh thé. Diéu nay duoc cho 1a do & cac 16p lang dong dau tién, mang
tang trwdng cd ké thira cau trdc tinh thé clia dé sau do tiép tuc phat trién vo dinh hinh. Théng
tin nay phu hop véi thong tin cong b6 trong [13].

Khéo sét qua trinh chuyén pha bang 0 nhiét trong khéng khi, ta thdy cac nét chinh sau: C4u
trdc mang bét dau thay déi tir 700°C. C4u tric thay d&i mot cach phong phl trong mién 800 -
900 °C, & 880 °C cAu tric da tinh thé rd nét. Tl 900 — 1000°C Mang chuyén dan sang c4u tric
don tinh thé corundum (dinh 1049 va 1087 cm'™%).

Tém lai, mang Al,Os duoc ché tao thanh cong tai phong thi nghiém K¢ Thuat Cao B6 mon
Vat Ly Ung Dung Khoa Vat Iy BH KHTN tp HCM, véi cac dic treng tvong tw nhu & cac don
vi nghién ctru khéc trong nuéc va trén thé gigi. Tiép theo, mang can dugc khao sat thém vé do
bén co va bén hoa dé co thé (ing dung vao cac quang cu.
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Hinh 8. Phé hdp thu hbng ngoai clia mang Al203 trén dé Silicon qua cac nhiét dd G (a) , (e).
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UV-¥Is TRANSMITTANCE SPECTROSCOPY SIMULATION FOR AL203 THIN FILM
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Hinh 9. Giao dién chrong trinh md phang pho 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 Bat ©

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

ABSTRACT: Al,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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