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MANG GUONG NONG TRUYEN QUA QUANG XUC TAC TiO,/TiN/TiO,

Lé Tran®, Nguyén Duy Nhuan®, Ngé Hung Cuwong @, Nguyén Hitu Chi®
Tran Tuan®
(1) Truwong Dai hoc Khoa Hoc Ty Nhién, PHQG-HCM
(2)Truwong PTTH Tran Khai Nguyén
(Bai nhan ngay 12 thang 12 nam 2007, hoan chinh stra chita ngay 05 thang 03 nam 2009)

TOM TAT: Mang guong néng truyén qua,cé do truyén qua cao trong viing kha kién va
phan xa cao trong vung hong ngoai. Mang TiO)/TiN/TiO duwoc ché tao bang phwong phap
phln xa phan (ng Magnetron D.C trén dé thdy tinh Corning va thly tinh kiém, déng vai tro
nhw mang guong néng truyén qua. Ngoai ra I¢p TiO; trén cung c6 tinh chat quang xuc tac.
Tuy nhién,su phu thudc dang ké cta dac tinh quang xtc tac vao bé day mang cua lép TiOg
trén cting lai 1a mot tré ngai. Thuc nghiém cho thay do day t6t nhat dé cd tinh quang xuc tac
tot thdng thwong la tr 300nm tré 1én.

Trong cong trinh nay,chiing téi tim ra dwoc mai lién hé gilra cac bé day mang qua tinh
toan Iy thuyét va thuc nghiém kiém chirng. Mang tao duoc vira cé tinh quang xuc téc tot , vira
c6 tinh chét gwong ndng truyén qua voi bé day 16p TiO, trong ~40-300nm, 16p TiN ~16-35nm
va lop TiO, ngoai cung tir 300nm trd [én.

1.GIOI THIEU

Tinh chat quang hoc clia gwong néng truyén qua [1,2,3] la truyén qua cao trong viing kha
kién (buéc séng: 380nm< A <760nm) va phan xa cao vung hdng ngoai (bwéc séng: A =760nm).
Mang guong néng truyén qua co thé ché tao theo ba huéng [4] :

(@) Mang da 16p “dién mdi/kim loai” hoac “dién mbi/kim loai/dién moi”.

(b) Mang kim loai c6 d6 phan xa hong ngoai cao nhv mang kim loai Ag, Au, Cu...

(c) Mang vat liéu ban dan c6 déc tinh phan xa hdng ngoai cao nhu ZnO; SiN; PhO; BipOsg;
SnOy; InyO3  Hodc nhitng chét ban dan pha tap nhw SnOy:F; SnO,:Sh; AZO; GZO; ITO...

Tuy nhién,mang kim loai thudng khong bén vé nhiét, co va hda hoc. Mang ban dan phén
Xa cao 0 vung buwdc séng | > 2000 nm,rat xa so véi cuc dai phd blrc xa nang lvong mét troi.
Mang da 16p c6 kha nang khic phuc dwoc nhugc diém cla mang ban dan pha tap 1a c6 ving
buéc séng phan xa rong | > 760 nm nhwng bén hon mang kim loai vé co, nhiét va héa hoc.
MOt s6 cong trinh dd nghién clu mang da I6p “dién modi/kim loai/dién mdi” nhuw
TiO,/AUITIO,; TiO,/AQITIO,[S]. SiO/AI/SIO,[6]... Tuy nhién, I6p kim loai gitta van con
nhugc diém vé do bén nhw da néi trén va vi thé lam tinh chéat quang clia mang thay doi theo
thoi gian. Vi vay, cong trinh nay thay thé I6p gitta bang 16p TiN- c6 tinh chét quang hoc nhw
vang va bén vé co, nhiét va hda hoc. Mang da I6p TiO,/TiN/TiO, c6 tinh chat quang hoc on
dinh va qui trinh ché tao mang don gidn vi chi can dung duy nhat mét ngudn phin xa v6i bia
Ti.

Lép truyén qua TiO2 trén cung dong vai trd nhu mang khir phan xa nham tang do truyén
qua & vung kha kién ctia gvong néng va c6 do bén vé mét co, hoa va nhiét cling nhu dac tinh
quang Xuc tac rat tot ctia nd. Dac biét, thuy tinh dugc pht Iép TiO2 ¢ dac tinh tw lam sach va
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chéng dong nuéc da bwéc dau dugc (ng dung trong nganh kién tric xay dwng va cong nghiép
oto.

Tuy nhién,nhw da gi¢i thiéu, kha nang quang xdc tac cling nhv tinh kh* phan xa phu
thudc rat 16n vao do day mang [7,8]. Vi vay, muc dich cla dé tai nay la dva vao bai toan téng
quat hé mang da 16p duoc xay dung tir ly thuyét Fresnel va phuong phap ma tran [8], két hop
Vi céc thong s6 chiét sudt va hé s6 tat cla TiN, TiO, duoc khéo sat tir thirc nghiém dé xay
dwng hé mang da I6p Iy thuyét, va dung két qua dé dinh huéng cho thic nghiém déi véi cac
treong hop cu thé.

2. THUC NGHIEM

Mang da l6p TiO/TiN/TiO, duoc thuc hién bang phuong phap phin xa Magnetron D.C.
DEé 1a thuy tinh Corning va thly tinh kiém. Bia lam bang vat liéu Titan do tinh khiét (99.6%),
mang TiO, duoc ché tao trong hdn hop khi Argon nguyén chat (99.999%) va khi hoat tinh
oxygen (99.99%) theo ti 18 Oo/Ar=8%, mang TiN duogc ché tao trong hon hgp khi Argon
nguyén chét (99.999%) va Nito (99.99%) theo ti 1& No/Ar=10%. Hon hop khi dugc tron 1an
trong binh thép khdng ri theo ti 18 cho trudc va duoc dua vao budng chan khéng bang hé van
kim. Khoadng cach t6i wu gitra bia va dé la 4.5 cm, diéu nay da dwoc nghién ctu trong [9].

Lép TiO, trong cung dwoc ché tao & ap sudt 10 Torr dé bé mat clia mang min va khir
phan xa t6t do chiét suit mang cao. Lép TiO, ngodi cliing duoc tao & &p sut 1,3.10° Torr dé
bé mat mang go ghé va nhu thé mang tao dwgc co tinh chat quang xtc tac tét, Ca hai 16p TiO;
duoc ché tao & nhiét d6 300°C dé mang cé cau trdc tinh thé. Lop TiN dwoc tao & 4p sudt 3.10°
Torr & nhiét do 200°C cho mang cd do phan xa cao & vliing hdng ngoai, co chiét suat bé, hé s
tat 16n va nhu thé thich hop 1am I6p gitta cho hé mang da 16p nhu da néu trén [9] .

Tinh chét clia gwong néng dwoc xac dinh qua pho truyén qua UV-Vis va pho phan xa héng
ngoai. Tinh chét quang xUc tac clia mang duoc xac dinh bang phuong phap do sy phan hiy clia
Metylen Blue (MB) duwéi digu kién anh sang Hg. Do dd truyén qua clia mau (d4 ngam trong
dung dich MB néng d& 1mM/I trong mot gio) trwéc (T,) va sau (T) khi chiéu dén thay
ngan® kha nang phan hily DABS=In(T/T,). B& day mang, chiét sudt TiO, duoc xac dinh bang
phuong phap Swanapoel[10], bé day, chiét sudt va hé s tit I6p TiN duoc xac dinh béng
phuong phap Elippsometer, cu tric mang duoc xac dinh bang phé nhiéu xa tia X.

3. KET QUA VA BAN LUAN

3.1.Tinh chat quang xuc tac ctia mang TiO,

Mang TiO, c6 tinh chét quang xUc tac rat t6t, dd va dang dugc nhiéu tac gia trong va ngoai
nuéc nghién ctu, toi thoi diém nay, dé tai nay van con nhiéu van dé moi la va van hap dan déi
V@i cac nha khoa hoc. Trong cong trinh nay, chiing tdi chi tim bé day t6i vu clia mang TiO, dé
mang c6 tinh quang xUc tac t6t nhét theo diéu kién tao mang : cuong dd dong phin xa 0,45A,
ap sudt phn xa 13mTorr, & khodng cach bia dé 4.5 cm, nhiét do dé 350°C nhuw cong trinh [9]
da dé cap. Chang t6i da khao sat si phan hly clia MB phu thudc vao bé day mang va tim ra
két qua nhu trong bang 1.

Tu bang 1 ta nhan thdy, mang c6 bé day khoang 360nm c6 do phan hlly MB cao nhat. Két
hop phd nhiéu xa Tia X-hinh 1, va anh AFM hinh 2, ta rit ra két luan rdng, mang c6 bac tinh
thé anatase thap (ng véi bé day ngwdng ~360nm cd tinh quang xdc tac tot nhat. Diéu nay giai
thich réng: mang c6 cdu tric tinh thé vé dinh hinh khi bé day nhé hon bé day ngudng, khi do
dién tich hiéu dung bé mat nhd nén quang xuc tac kém. Khi bé day Ién hon bé day ngudng,
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dién tir va 16 tréng khong c6 co hdi tdi bé mat tredc khi bi tai hop do chidu dai khuéch tan ctia
ching nhd hon bé day mang va dong thoi dién tich hiéu dung bé mat mang gidm nén tinh
quang xdc tac giam. Vi vay, mang dat dwoc bé day ngudng, sé giam tdi da s6 dién ti, 16 tréng
bi tai hop trudc khi khuéch tan dén bé mat. Ngoai ra, bé day ngudng dd 16n dé mang hinh
thanh nén tinh thé Anatase va c6 dién tich hiéu dung bé mét Ién nhat.

Bang 1
Bé day Kich thwéc | RMS | DABS
(nm) hat (nm) (nm)
200 Vo dinhhinh | 1.32 | 0.03
335 0.140, A(101) | 1.94 | 0.16
360 0.138, A(101) | 3.17 0.2
450 0.178, A(101) 2.6 0.12
600 A(004),A(101) | 1.53 | 0.09
160 =
A[101) —IN18 140 &

Cwss
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Hinh 1. Phé nhiéu xa tia X clia mang TiO2 v&i cac bé day khéac nhau.
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Mau M37: RMS = Méu M35: RMS =

Hinh 2. Anh AFM clia cac mang TiO, thay d6i theo bé day

3.2.Thong s6 quang cla mang TiO,, TiN

3.2.1.X4c dinh do day va chiét suat cia mang TiO,

PhG truygn qua UV-vis clia cac mang TiO, dugc do bang may quang phd V350 clia phong
Vat ly k¥ thuat cao trvong dai hog: Khoa hoc Tw nhién Tp.HCM. Dva vao phé truyén qua, (inh
do day va chiét suat clia mang bang phurong phap Swanapoel [10] va dugc kiém tra lai bang
phan mém Scout , tir d6 hiéu chuén chiét suat cua mang theo bugc song ¢ dang Cosi nhu
hinh 3. Phuvong phép tinh Swanapoel dugc I1&p trinh bang ngdn ngl* Matlab.
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Chiét sut ciia TiO,
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Hinh 4. Chiét sut n, hé s6 tt k clia TiN thay ddi theo budc song.

3.2.2. X&c dinh d6 day mang TiN
Do day, chiét sudt n va hé s6 tit k clia mang TiN dugc xac dinh bang phuong phép
Ellipsometer. K&t qua duoc trinh bay trong hinh 4.

3.2.3.Tinh toan ly thuyét phd truyén qua va phan xa ctia mang da l6p TiO2/TiN/TiO,

Tu két qua & phan 3.2.1 va 3.2.2, tim duoc chiét sudt n, k clia cac I6p mang TiO, trong,
I6p TiN va lép TiO, ngoai, & buéc song 550nm nhw dwgc trinh bay trong bang 2:

Dua vao két qua thuc nghiém tlr bang 1 va st dung ly thuyét ma tran O.S.HEAVENS [8],
tinh toan dé tim ra bé day thich hop cua tirng Iép sao cho truyén qua cao & buwdc song 550 nm
nhu trinh bay & bang 3, tlr d6 md phdng phé ly thuyét truyén qua va phan xa clia mang da l6p
theo buéc séng nhu trinh bay & hinh 5.
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Bang 2
Mang TiO, TiN TiO, trong
ngoai
n 2.3 1.13 2.5
k 0 2.18 0

Tl pho truyén qua, phd phan xa md phdng tlr ly thuyét ma tran nhuw trinh bay trong hinh 5,
cho thdy mang m3 va m4 cho hé s6 phan xa cao va c6 vung buéc séng phan xa rong bao trum
ca vung blrc xa nang lwvong mat troi dong thoi mang cé do truyén qua trén 40% trong vung anh
sang kha kién, bé day I6p TiN t6i wu nhé hon 35 nm,vi bé day I6p nay qua I6n lam cho do
truyén qua clia mang thdp hon 40%. Ca hai loai mang déu c6 bé day Iép TiO, trén clng
khoang 360 nm, thich hop cho (ing dung quang xuc tac nhw da néu trén. Tuy nhién, mang m4
cho dd truyén qua trén 50% cao hon so véi mang m3, mac du ving pho phan xa cho thdy
mang c6 hién tugng giao thoa, vi vay chon mang da I6p m4 la t6i wu véi bé day
364nm/26nm/257nm/thay tinh.

Bang 3
N T|02 . T|02 Tén
Mang ngoai TiN trong Timax mang

368 22 |38 58.49 | ml
Bé day | 367 24 | 37 56.43 | m2
(nm) | 365 35 |34 43.21 | m3
364 26 | 257 54.23 | m4

3.2.4.Ph0 truyén qua va phan xa ctia mang da lop TiO,/TiN/TiO, duwoc tao tir thuc
nghiém

TU két qud md phong & phan 3.2.3, ching t6i tién hanh thuc nghiém véi thong s6 nhu
mang m3 va m4. Mang nhan dugc co cd két qud kha phu hop véi két qua md phong tir ly
thuyét. Két qua nay dwoc thé hién rd trong hinh 5 va hinh 6.
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Hinh 5. Pho truyén qua va phan xa clia
mang da I6p md phong tir ly thuyét.
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Hinh 6. Pho phan xa va truyén qua ly thuyét va Hinh 7. Ph6 phan xa va truyén qua ly thuyét va
thuc nghiém ctia mang da lép m2 va DL71. thire nghiém clia mang da Iép m4 va DL85.

Mang DL71 va mang DL85 tir hinh 5 va hinh 6, c6 16p TiN déu duoc tao & thé phin xa
ngudng c& 550 V, &p suét phan xa toan phan p= 3.10° torr voi ti 1& khi No/Ar =10% nhu da dé
cap trong cong trinh [9], Mang TiO, ngoai duoc tao & cuong do dong phin xa ngudng |
=0,45A, &p suét p = 1,3.10 torr nhw d& cap & trén dé mang cd tinh quang xdc tac tét, trong khi
I6p TiO, trong dugc ché tao & cwdong do dong phin xa | =0,5A, ap sudt phun xa p = 107 torr
dé mang c6 chiét suét 16n va bé mat mang min nhdm tang kha ning phan xa va lam 16p dém
chéc chan. Ca hai I6p mang TiO, déu dwoc tao vdi ti 18 O,/Ar = 0,08.

3.3.Mot s6 mang da l6p khac da thyc hién

Ph6 nhiéu xa tia X va do phan hly MB ctia mdt s6 mang da |6p duoc trinh bay trén Hinh 8
va bang 4. C6 thé thay rang cac mau tao duoc co tinh 13p lai cao vé kha nang quang xuc tac,va
tinh qui ludt nhw da dé cap trong phan (I11.1). Twong (ng v6i pha anatase la mat mang
A(101). & vi tri nay, dinh ph6 cang thap cac mang cang c6 tinh quang xtc tac cang I6n. Ngoai
ra, do 16p TiO, ngoai phat trién trén 16p TiN, t6t hon 1a nd phat trién trén thiy tinh vi thly tinh
la vo dinh hinh. Vi vay, mang da I6p TiO»/TiN/TiO, cé ciu tric tinh thé tot hon so v&i mang
don 16p TiO, trén dé thly tinh, diéu nay duoc biéu hién ro qua s suat hién mat A(004) clia
mot s6 mang da 16p.

Bang 4. D6 phan hdy MB clia cAc mang da 16p

Ma&u DABS
DL87 0.17
DL89 0.19
DL90 0.25
DL71 0.23
DL66 0.18
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Hinh 8. Phé nhiéu xa tia X clia cac mang da 16p.

4. KET LUAN

Tim dwoc bé day nguwdng ~360nm clia Iép TiO, ngoai, vira c6 duwoc tinh chat quang xlc
tac tot,vlra thod man tinh gwong néng truyén qua.

Xay dung dugc bai toan ly thuyét ma tran d6i véi mang da I6p, cu thé la 3 I6p
TiO,/TiN/TiO, két hop véi s6 liéu thirc nghiém chiét sudt n, hé s tt k cla tirng 16p. Cling tir
ly thuyét ma tran, mé phéng dang pho truyén qua ctia guong ndng TiO,/TiN/TiO,.

Phd phan xa va truyén qua cla gwong nong TiO»/TiN/TiO, tir thuc nghiém, kha triing
khép véi pho md phong tir ly thuyét, va do 1ap lai trong thi nghiém kha cao.

Mang gwong ndng TiO,/TiN/TiO, tao dwoc vira dap (ng dwgc tinh chat clia mang gwong
néng truyén qua vira co tinh chat quang xdc tac ngang bang véi mang don 16p TiO, d4 néu.

5. HUONG PHAT TRIEN

Thay thé mang TiN béng mang ZrN dé nang do truyén qua & ving kha kién va nang cao
dd phan xa & vung hong ngoai. B&i vi mang ZrN c6 tinh chat quang dién nhv mang kim loai
Ag

Thay 16p ngoai cting TiO, bang Iép TiO, pha tap N, dé tang tinh quang xuc tac clia mang &
vuing anh sang kha kién.
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PHOTO-CATALYTIC TRANSPARENT HEAT MIRROR FILM TiO2/TiN/TiO,

Le Tran®, Nguyen Duy Nhuan®, Ngo Hung Cuong®, Nguyen Huu Chi®, Tran Tuan®
(2)University of Natural Sciences, VNU-HCM,
(2) Tran Khai Nguyen High School.

ABSTRACT: Transparenet heat mirror thin films, having high transmittance in the
visible region and high reflectance in the infrared region. TiO,/TiN/TiO; films prepared D.C
reactive magnetron sputtering method on glass substrates, play role as transparent heat
mirror. Besides, the top TiO, layer has both photo-catalytic and anti-reflective properties.
However, strong thickness dependence of top layer on catalytic properties is a problem need
to solve. The experiment shows optimum thickness in order to have good catalytic properties is
above 350 nm.

This report, we found relationship among thicknesses of films through calculating and
experiment. Films prepared, have both catalytic and transparent heat mirror properties with
the bottom TiO, layer thickness of 40-300 nm, the middle TiN layer thickness of 16-22 nm and
the top TiO, layer of above 350 nm.
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