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Trudng Pai hoc Khoa hoc Ty nhién
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TOM TAT : Cdng trinh nay nghién citu dnh hudng ciia dp sudt téng cong,ty I¢ mole oxygen va
dong phdng dién lén cdu triic va tinh chdt quang hoc ciia mang TiO» duac 16ng hop bdng
phuong phdp phiin xa Magnetron DC-ma ion. Néu ha dp sudt téng céng(10°torr), ty 1 mole
oxygen(20%) va tdng dong phdng dién(0.6+0.7A) thi cé thé nhan dugc mang vdi cdu tric tinh

thé (A+R) & nhtgr dj dé thdp. Tinh chét quang hoc ciia cdc mang ndy la : nssp=2.51+2.52;hé s6
hdp thu k ~107;b& hdp thu A9=350nm.

1. MG PAU

Trong nhitng ndm gin ddy,mang mdng TiO, dugc dung lam cdc mang quang hoc va
16p bdo v€ dGi v6i cdc mach tich phdn,vi n6 c6 chiét suat va hé s6 truyén qua I6n trong ving
kha ki€n va hdng ngoai gin,sy mat mat do hdp thu va tén xa thdp,cdch dién t6t va dit biét
né 12 mang citng c6 d6 bén cd,nhiét va hda hoc cao.

Nhu d3 biét,vat liéu khdi TiO; ¢6 2 pha:Rutile va Anatase. Rutile 12 pha bén & nhiét
d6 cao,dugc thanh lap tit 900°C c6 chiét suit & budc séng A=550nm 13 nssp ~2.66;coOn
Anatase dugc thanh l14p & nhiét do thap hon- bit ddu tir 600°C va nssp~2.35. Ca 2 pha & dang
don tinh thé c¢6 bd hap thu Ay=350nm.

Tinh chdt cia mang méng TiO, thy thuoc vao phuong phdp ch€ tao né. Trong [1] da
trinh bay chi€t suit nsso cia mang TiO, dugc ché tao biing nhiéu phudng phdp khédc nhau.
Bing phuong phdp bay hdi phdn tng (RE) trong moi trudng oxy trung hda,mang TiO, cb
dang vd dinh hinh,nhung trong moi trudng oxy bi ion héa-c6 dang Anatase khi nhiét d6 dé€
T,=225+250°C '\. Biing phuong phdp phtin xa manetron phan tng-mang c6 chi€t suit nss
=2.42 Pl. Trong khi d6 bing phudng phdp ma-ion phin ung & thé thap (RLVIP),nss
~2.43+2.49 1Y), Sy khdc biét vé chiét suat néu trén la k&t qua cla sy khac biét vé vi c&u triic
clia mang. Vi cu tric clia mang dugc ché tao biing phudng phap PVD théng thuding la dang
try,6 d6 mét d6 b6 chit thdp va do d6 chi€t sui't cia mang thdp. N&u c6 sy bdn phd ion
trong qué trinh phi mang bing phudng phép IP,thi ming cé ciu tric sgi b6 chit,khong con
16 x6p va vom cia cdu tric try. Tuy nhién phuong phép IP khong thuc hién dudc véi dién
tich d&€ 16n,trong khi d6 phudng phdp phin xa magnetron dc thi diéu d6 lai d& dang. Bi
vdy,muc dich ctia cong trinh nay 1a nghién ciu dnh hudng cla cdc thdng s§ phid mang 1én
cfu triic va tinh chdt quang hoc clia mang méng TiO, dugc ché tao bing phuong phép phin
xa magnetron dc khong can bing (an unbalanced magnetron). Hé nay vira gia ting su bin
phé cila ion trén d€ do th€ ndi V;- clia hé magnetron phin xa-ma-ion (MSIP),vira tao mdi
trudng ion héa oxygen va kim loai dé tdng hgp mang c6 cha't lugng cao.
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ILTHUC NGHIEM

Mang dugc ch€ tao bang hé phiin xa magnetron khéng cin biing vdi bia Ti (99.9%) c6
kich thudc 20x10x0.6 cm. Khodng cdch L gitta bia va d€ dudc cd dinh & 4cm. D€ 1a thiy tinh
kinh dnh,dugc tdy sach biing plasma phéng dién khi trude khi phii mang. Khi Ar va O, dudc
tron 1an trong binh thép khéng i theo ty 1& cho trudc va dua vao budng chan khéng bing hé
van kim.

Mang dudc phii véi 4p sudt tdng cdng P~10"torr (P=Par+Poxy);dong phéng dién J, tir
0.2A dén 0.9A;ty 18 mole(O,/Ar) 12 10%,20%,30%.

D6 day mang d>350nm. Vi d6 day nay chiét sudt va cdu tric mang khong phu thude
vao d. Chiét sudt n,hé s hdp thu k ,bd hap thu Ay va d6 diy mang d dudc x4c dinh tit phd
truyén qua theo phuong phap hinh bao Swanepole. ©

C#u tric mang dudc nghién cttu bing phd nhidu xa tia X. Ung sudt mang c6 cdu tric
tinh thé dugc x4c dinh tir biéu thic:

Y(a—a|
G| = )

2V q

& d6, a,-hing s6 mang trong mang chifa Wng suat, ap-trong mang khdi, Y- suat
Young va v -hé s& Poisson.

Thudn 1¢i co bin magnetron khéng cn bling 12 d€ ty d6t néng biing dong ion bin phd.
Vi hé nam chdm khong cin bing,nén mot s§ dudng siic tir s& udén cong hudng 1én d€. Pién
tif s& chuyén ddng doc theo duding sic tif nay va kéo theo ion duong bing qud trinh khuyé&ch
tdn ludng cyc. Néu d€ 1a v4t liéu cdch dién hay bi c6 14p,thi gin bé mit clia né s& t tai thé
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& d6,m; -khdi lugng ion;e,me, T, -dién tich,khdi lugng va nhiét d§ tuong tng ;K-hding s6
Boltzmann.

Trong thi nghiém nay,véi 4p suit Pa, ~107torr thi Vi~-100volt,con Poxy ~107torr thi V¢
~-40volt. Thé nay sé gia tdc ion bdn phd d€,do dé nhiét do d€ T; ting (hinh 1).

Tédng dong phong dién s€ lam ting mit do dong ion trén dé,nén T, ting. Tang ti 1€
mole oxygen trong hén hop khi (Ar+0;) s& 1am gidm th€ ndi Venén T, gidm. Ting 4p suit
toan phin,thé ndi V; gidm (do Te gidm) nén T cling gidm.
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Hinh 1
IILKET QUA BAN LUAN

Béng 1 trinh bay c4u triic,chi€t suit nsso,va b hip thu Ay clia mang TiO, trén d€ thiy
tinh phu thudc vao dong phéng dién,ti 1& mole Oo/Ar va 4p suit tdng cong P.

Bang 1:
J: i 02 |03 0.4 0.5 0.6 0.7 0.8 0.9
P=10"torr | Cau o |a o a (A+R)" | a o
0, /Ar=10 | tric 227 {2335 |236 2257 |2403 |2287 |2.19
% Nisso 330 | 325 330 330 340 360 362
Ao(nm)

P=10%torr [Cdu |A | (A+R) | (A+R) |(A+R) |(A+R) |(A+R) |(A+R) |(A+R)
0,/Ar=20 | tric 246 |25 2483 [2459 |2.506 |2.522 |2466 |2.457

% Nisso 325 |340 |350 350 350 350 360 425
Ao(nm)
P=10torr | C4u o o &
0,/Ar=20 | triic 2.30 2.292 2.362
% Nisso 330 330 340
Ao(nm)
P=10"torr | Ciu o o o (A+R) | (A+R) |(A+R) |(A+R) |(A+R)
0,/Ar=30 | tric 229 (2446 |2377 |2452 |2426 |2422 |2514 |2.395
% Nsso |4 340 | 345 345 350 350 355 360
Ao(nm) | 330
“a-v0 dinh hinh;A-Anatase;(A+R) -h6n hgp Anatase+Rutile.
Tit bdng 1 ta thdy:

a) Mang TiO, c¢6 3 dang cdu tric: vO dinh hinh(a),Anatase(A),va hén hgp
Anatase+rutile(A+R).

b) Su thanh l4p pha tinh thé va tinh chit quang hoc ciia né khdng phu thude nhiéu vao
nhiét d6 d€ T, ma phu thudc chi y&€u vio dp sudt téng cong Pt 1& mole Oy/Ar va dong
phéng dién J,.
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Hinh 2 trinh bay phd nhiéu xa tia X cla mang TiO, dudc ché tao vdi J,=0.8A,3 4p sudt
P=10"torr (hinh 2a) va P=10"torr (hinh 2b) tuong wng.

Khi 4p sudt P nhd (~10'3torr),khoéng dudng tu do trung binh cia hat khi ¢d ~5cm,1én
hon khodng cdch bia va d€. Nhu vay,phan 16n hat phin xa c6 thé dat tdi d€ véi ning ludng
ban dau(1+10ev). Mit khdc ion dugc gia toc bdi the ndi Vi ,lién tuc bin ph4 d€ trong qua
trinh phi mang. Sy bin phé d€ bing céc hat ning lugng cao nhu vay sé 1am mang phat trién
theo huéng tinh thé,trong d6 c6 nhitng hat c6 nang lugng cao tuwdng dudng vdi nhiét dd thanh
14p pha Rutile.(Hinh 2b),

Khi 4p suft ting téng cong P~10torr,thi ning lugng clia cdc hat 1ing dong trén d€ s&
gidm(do chiing bi va cham nhiéu 14n) va ning lugng ion ciing gidm(do V; gidm). Mang dudc
ché tao & dp sudt nay s& cé cdu triic vd dinh hinh hoic Anatase.(Hinh 2a)

Nhitng di€u vira ban ludn trén con dugc minh hoa bing ng suit mang o;. Mang cing
b6 chit do ting nhiét dd thi @ng sudt cing clia mang cang 16n.Tuy nhién n€u bé mit dugc
bdn phd bing cdc hat ning lugng cao trong qud trinh phii mang thi s& khi¥ @ng suit cing
hodc tao Wng sudt nén,tdy theo ning lugng hat bdn phd ). Nguyén tir Ar s& 1a trung tim clia
qud trinh bi&n ddi Ung suit. Vi thé tich cda nguyén ti¥ Ar 1dn 24.2A° chiing chen vao gifta
cdc nit mang,ép budc cdc nguyén ti 1an cin phdi don ép ra ngoai va k&t qui cudi ciing 12
mang nd rdng. Vi viy,mang phi § dp sudt thap phdi cé ing sudt o bé hon khi 4p suit Idn.
Diing dinh ludt Bragg,c6 thé viét biéu thic (1) dudi dang:

Y (AQJ )
o, =—|—|
2v\tgl
& d6,A8=(00-8) v6i géc Bp-gbe nhiu xa tudng tng vdi dinh phd clia mang, O-tuong

Ung véi mang khdi. V§i tinh thé Anatase(101),0=12.64°%& day budc song dudc dung la
Acuko=1.5406A). Vi TiO, khdi Y=215GPa va v=0.27. Tt hinh 2b tinh dugc 6=310 MPa
khi P=10"torr (gi4 tri nay phil hgp vdi tng suit cia mang TiO, dudc ché tao bing phuong
phap IP khi nssp=2.5 ). Nhung khi P=10"torr, ciing tinh twong tu ta c6 or=1.86 GPa.

Hiéu tng ti 16 mole O/Ar c6 lién quan d€n ban chdt clia qud trinh phiin xa phin itng.
Tir bdng 1 ta thdy ring,ty 1€ mole 20% 12 t6i wu. N&u ti€p tuc ting ty 1&é mole O,/Ar,sé la
ting dién tich ddu doc bia,do d6 ning sudt phiin xa gidm va vén téc 1dng dong gidm manh.
Tang ti 1& mole oxygen s& din dén V¢ gidm,do d6 ndng luong ion bdn phd mang ciing gidm.
Diéu d6 1am cho mang s& phét trién theo hudng vo dinh hinh khi ddong phéng dién thap.

Hinh 3 trinh bay phd nhiéu xa tia X ciia mang TiO, dugc ché tao & dong phéng dién
J,=0.7A véi 6 1& mole 10%(hinh3a),20%(hinh3b), 30%(hinh 3c) . T hinh v& thdy
ring,cudng d6 vach A(101) va R(110) 6 20% 1a 18n nhat. Sy ting trudng clia cdc pha tinh
thé nhu vy ciing dugc biéu hién bing chiét suit cao nhat(xem bang 1).
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Hinh 2 - Hinh 3

Khi ting dong phéng dién J, ,thi hiéu ung ddu doc bia gidm. Tt d6 s6 lugng va ning
lugng hat phin xa ting. Bac ion héa nguyén ti Ar,Ti,O, ciing ting. Dit biét d&i véi Ti va
O,. Néu ion Ti* bdn phd mang dang ting trudng thay cho Ar* thi xdc sudt hdp nhit ion vao
mang rit I16n do hé s& phdn xa clia Ti* sau khi va cham biing khong va do luc hit ion-
nguyén tit ®, Sy 14ng dong O, 1én mang gidm khi nhiét d6 d€ ting,nhung néu thay ching
biing O," dugc gia toc bdi thé ndi Vi ,thi van tdc 1ing dong s& ting 1én rat 16n . Do d6
mang s& phat trién tif cAu tric vo dinh hinh sang c&u triic tinh thé chiét suat n ting va by hap
thu Ao ting din d€n 350nm-bd hdp thu ciia don tinh thé TiO,. Vi 4p sudt P~107torr,t 16
mole 20%,dong phéng dién J, ~ 0.6+0.7A,mang c6 tinh chdt quang hoc t&i wu: Cu tric
(A+R); nssp 16n nhat(2.51+2.52) va by hdp tu Ap=350nm.

Tuy nhién,néu ti€p tuc ting J, thi n bit dau gidm va dit biét A ting (Xem bing 1).
Nhu da biét, Ao phu thudc rat 16n vio hdp thitfc mang. Sy kién A¢>350nm,chiing té hgp thiic

mang O/Ti#2. Piéu dé dudc gidi thich ringkhi J,>0.8A van tdc dong hat Ti 14ng dong trén
d€ qu4 16n.
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Hinh 4 trinh bay phd truyén qua cla mang dude phi & P=10"torr,tj 1& mole oxygen
30% v6i J,=0.2A(hinh 4a) va 0.7A(hinh 4b).
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Hinh 4 : P=10'3t0rr;02/Ar=30%;4a-Ja=0.2A;4b—J 2=0.7A;4c-D€ thily tinh chua phd mang.
So sdnh giita 2 dudng cong ta thay :

a.Hiéu sd giita hai dudng bao cilia cdc cuc tri(Ty-Tm) & mang b 16n hon,chiing td h(?\.)
ctia né 16n hon;

b.B& hip thu Ao 8 mang b bing 350nm,chiing t6 hgp thitc mang O/Ti=2;

c.Hiéu s6 gitia T, (d truyén qua cda d€ da phit mang) dugc tinh tit hinh bao ciia ching
¢ mang b 1a 16n hon. Tinh todn cu thé cho th&y,hé s6 hap thu k clia mang a biing 3.10* con
mang b -2.10”. C6 thé gidi thich k&t qui sau ciing néu ta chu ¥ ring ,mang b ¢ ciu tric
tinh th€ Rutile nén chiing bi mt mat do tdn xa rt 16n so v6i mang TiO, v6 dinh hinh. Vi
vy hé s8 hdp thu k clia mang tinh thé (A+R) phéi 16n hon.

IV.KET LUAN

Nhitng két qué nhan dugc va ban luan trén ching td ring,mang TiO, dugc ché tao
biang phuong phdp MSIP c6 tinh chat quang hoc t3i wu: C&u triic tinh thé (A+R):chiét suat
16n ,ns50=2.52;hé s6 hap thu rit nhd k ~10;bd hip thu Ag =350nm-triing vdi by hap thu cia
don tinh th€ TiO,. D€ mang c6 tinh cha't quang hoc t6i wu cin ché tao né véi cc thong s§ t3i
uu: 4p suat téngedng P~10"torr;ti 1& mole oxygen :20% va dong phéng dién J,: 0.6A+0.7A.
Ban chit ciia c4c thong s6 nay c6 thé qui tu v& ning Iugng va dong hat ling dong t6i wu.
Mang s€ c6 hdp thic ding va bé chit tai 2 gid trj t8i wu d6. N&u 16n hon hay bé hon dong
hat ling dong t6i uu do sy phiin xa qui mifc hay thira oxygen trong mang thi hgp thic s& bi
1éch 16n. N&u ning lugng dong hat thap hon hay 16n hon ning lugng t6i wu thi mang hodc
khong b6 chit hodc bi hu hai. Nhitng di€u d6 1am mang c6 chi€t suat nhé va hé s8 hap thu
ting.

Cong trinh nay dugc thyc hién trong khudn khd dé tai nghién cifu cd ban thudc ma s&

4.3.6/98.
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PREPARATION OF THIN FILM TiO, BY SPUTTER-ION-PLATING
Vo Thi Kim Chung -Truong Van Minh Duy - Nguyen Huu Chi

ABSTRACT : TiO, film were deposited on glass by a DC “Sputter Managtron —Ion Plating”
(SMIP). The influence of total pressure , oxygen mole fraction , discharge current on the
structural properties were studied. By lowering the total pressurc~10'3torr) ; oxygen mole
fraction (20%) and raising the diacharge current (0.6A+0.7A) , we found that the anatase —
rutile phase can be obtained at low substrate temperature. Optical properties of these film
were:the refractive index nsso = 2.5+2.52;the extinction coefficent k = 10%cm’" ; the absorption
edge Ao=350nm. '
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