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TOM TAT: Mang guong nong truyén qua,cé do truyén qua cao trong vung kha kién va
phan xa cao trong vimg hong ngoai. Mang TiOy/TiN/TiOy duoc ché tao bang phuong phdp

phin xa phan 1mg Magnetron D.C trén dé thuy tinh Corning va thity tinh kiém, dong vai tro
nhu méng guoag néng truyén qua. Ngodi ra l6p TiOy trén cing c6 tinh chdt quang xiic tdc.
Tuy nhién,sw phu thuéc dang ké cua ddc tinh quang xic tdc vao bé day mang cia lop TiOy -
Irén cing lai la mot tro ngai. Thuc nghiém cho thd'y do day 16t nhét dé cé tinh quang xuc tdc
10t thong thuong la tur 300nm tro lén.

Trong cong trinh nay,ching t6i tim ra dugc moi lién hé gru-a cdc bé day mang qua tinh
toan ly thuyet va thuc nghiém_ kiém chu'ng Méng tao duwgc vira c6 tinh quang xiic tdc tot , vira
c6 tinh chat guwong nong truyén qua véi bé day I6p TiO) trong ~40-300nm, I6p TiN ~16-35nm
va lop TiOj ngoai cimg tir 300nm tro lén.

1.GIOT THIEU

Tinh chit quang hoc clia guong néng truyén qua [1,2 3] 1a truyén gua cao trong ving kha
kién (budc séng: 380nm=A <760nm) va phan xa cao ving héng ngoai (budc séng: X >760nm).
Mang guong nong truyén qua c6 thé ché tao theo ba huéng [4] :

(a) Mang da lgp “dién moi/kim loai” hogc “dién moi/kim loai/dién moi”.

(b) Mang kim loai ¢6 d§ phan xa hdng ngoai cao nhu mang kim loai Ag, Au, Cu...

(c) Mang vit liéu ban din c6 dac tinh phan xa hong ngoai cao nhu ZnO; SiN; PbO; BipO3;
SnO»; Iny0O3  Hodc nhitg chét ban dan pha tap nhu SnOy:F; Sn07:Sb; AZO; GZO; ITO...

Tuy nhién,mang kim loai thudng khong bén vé nhiét, co va héa hoc. Mang ban dan phéan
xa cao & ving bude séng A> 2000 nm,rit xa so v&i cuc dai phd bic xa L nang luong mat troi.
Mang da 16p c6 kha nang khic phuc dugc nhuge diém ciia mang ban dan pha tap 1a cé ving
budc song phan xa rong A> 760 nm nhung bén hon mang kim loai vé co, nhiét va héa hoc.
Mot sb cong trinh da nghién ciru mang da 16p “dién méi/kim loai/dién moi” nhu
TiOy/Auw/T iOQ; TiOzlAgfI' iOz[S]; Si0,/Al/Si0,[6]... Tuy nhién, 16p kim loai giita vin con
nhuge diém vé dé bén nhur da ndi trén va vi thé 1am tinh chét quang clia mang thay ddi theo
thoi glan Vi vay, cong trinh nay thay thé 16p giita bing 16p TiN- c6 tinh chét quang hoc nhu
vang va bén vé co, nhiét va héa hoc. Mang da 16p TiOo/TiN/TiO; c6 tinh chat quang hoc én
dinh va qui trinh ché tao mang don gian vi chi can ding duy nhit mot ngudn phiin xa véi bia
i

L0'p truyén qua TiO2 trén cing dong vai tro nhu mang khir phan xa nham tang do truyén
qua ¢ ving kha k:en cla guong néng va c6 do bén vé mit co, hoa va nhiét ciing nhu dic tinh
quang xiic tac rét tot cia né. Pac biét, thuy tinh duge phi 16p TiO2 c6 dic tinh tr lam sach va
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chéng dong nuéc da buéc ddu dugc ing dung trong nganh kién tric xdy dung va cong nghiép
0to.

Tuy nhién,nhu da gioi thiéu, kha ning quang xtc tic cling nhu tinh khir phan xa phu
thudc rat 1én vao do day mang [7,8]. Vi vdy, muc dich cia dé tai nay 1a dwa vao bai todn tong
quat hé¢ mang da l6p ducrc xéy dyng tir ly thuyét Fresnel va phuong phap ma tréan [8], két hop
v6i céc thong sb chiét suét va hé sd tit cia TiN, TiO, duoc khao sat tir thuc nghiém dé xay
dung hé mang da l6p ly thuyét, va ding két qua d6 dinh hudng cho thuc nghiém déi voi cac
trorong hop cu thé.

2.THU'C NGHIEM

Maing da 16p TiOo/TiN/TiO; dugc thuc hién bang phuong phap phin xa Magnetron ).C.
Dé 1a thuy tinh Corning va thiy tinh kiém. Bia lam bang vit liéu Titan dd tinh khiét (99.( %),
mang TiO, dugce ché tao trong hdn hop khi Argon nguyén chat (99. 999%) va khi hoat tinh
oxygen (99.99%) theo ti 1¢ O2/Ar=8%, mang TiN duoc ché tao trong hén hop khi Argon

nguyén chét (99.999%) va Nito (99.99%) theo ti 1§ Np/Ar=10%. Hén hop khi duge tron lan

trong binh thép khéng ri theo ti I cho trude va duge dua vio budng chin khéng bang hé van
kim. Khoang céch tdi wu giita bia va dé 1a 4.5 cm, diéu nay da dugc nghién ciru trong [9].

- Lép TiO, trong cung duoc ché tao & 4p suat 10° Torr dé bé mat cua mang mm va khur
phan xa t6t do chiet sudt mang cao. Lép TiO, ngoai cung dugce tao ¢ ap suat 1,3.107 Torr dé
bé mat mang gd ghé va nhu thé mang tao dugc co tinh chét quang xic tac tdt Ca hai 16p TlOg
duoc ché tao & nhiét d6 300°C dé mang c6 cAu triic tinh thé. Lép TiN duge tao & ap. suét 3. 10
Torr & nhiét d6 200°C cho mang c6 d§ phan xa cao & vung héng ngoal, c6 chiét sudt bé, hé sb
tét 16n va nhu thé thich hop lam 16p giita cho hé mang da lcrp nhu da néu trén [9] .

Tinh chit cia guong néng duoc xac dinh qua phd truyen qua UV-Vis va phd phan xa héng
ngoai. Tinh chét quang xiic téc cia mang dugc xéc dinh bing phuong phap do sy phan huy cua
Metylen Blue (MB) dudi didu kién anh sang Hg. Do do truyén qua ctia mau (da ngam trong
dung dich MB nong d6 1mM/l trong mdt glor) trude (T,) va sau (T) khi chiéu dén thuy
ngin—kha nang phén hiy AABS=In(T/T,). Bé day mang, chlet sut TiO, dugc xac dinh bang
phuong phap Swanapoel[10], bé day, chiét sudt va hé sb tat 16p TiN dugc xac dinh bing
phuong phéap Elippsometer, c4u triic mang dugc x4c dinh bang phd nhiéu xa tia X.

3. KET QUA VA BAN LUAN

3.1.Tinh chit quang xiic tic ciia mﬁng TiO,

Mang TiO, ¢6 tinh chit quang xlc tac rat tot da va dang duoc nhiéu tac gla trong va ngoai
nude nghién ciru, téi thoi diém nay, dé tai nay van con nhiéu van de morl la va van hap din déi
v6i céc nha khoa hoc. Trong cong trinh nay, ching t6i chi tim bé day t6i wu ciia mang TiO, dé
mang c6 tinh quang xtic tac tot nhét theo diéu kién tao mang : cudng d§ dong phun xa 0,45A,
ap suat phun xa 13mTorr, & khoang céch bia dé 4.5 cm, nhiét do dé 350°C nhu cong trinh [9]
da dé cap. Ching toi da khéo sat sy phan hiy cia MB phu thude vao bé diy mang va tim ra
két qua nhur trong béang 1.

Tir bang 1 ta nhén thdy, mang cé bé day khoang 360nm c6 d phan huy MB cao nhét. Két
hop phé nhiéu xa Tia X-hinh 1, va anh AFM hinh 2, ta rat ra két luan rang, mang co bac tinh
thé anatase thap ung vcn bé day nglrcmg ~360nm ¢4 tinh quang xic tic tot nhat, Diéu nay giai
thich ring: mang cé céu tric tinh thé v6 dinh hinh khi bé day nho hon bé day ngudng, khi do
dién tich hiéu dung bé mét nho nén quang xic tac kém. Khi bé day 16n hon bé diy ngudng,
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dién tir va 16 trong khéng c6 co hoi téi bé mat trude khi bj tai hop do chiéu dai khuéch tén cia
ching nho hon bé day mang va ddng thoi dién tich hiéu dung bé mat mang giam nén tinh
quang xuc tac giam. Vi vay, mang dat duoc bé day ngudng, s& giam t6i da sb dién t, 15 tréng
bi tai hop trudc khi khuéch tin dén bé mat. Ngoai ra, bé day ngudng du 1én dé mang hinh

thanh nén tinh thé Anatase va cé dién tich hiéu dung bé mit 16n nhat.

Bfmg 1

Bé day Kich thwée | RMS | AABS
(nm) hat (nm) (nm)
200 V6 dinh hinh 1.32 | 0.03
335 0.140, A(101) | 1.94 | 0.16
360 0138, A(101) | 3.17 0.2
450 0.178, A(101) | 2.6 0.12
600 A(004),A(101) | 1.53 | 0.09
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Hinh 1. Phé nhiu xa tia X clia mang TiO7 v6i c4c bé day khac nhau.
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MAiu M45: RMS =

: —
Miu M37: RMS = Mau M35: RMS =

Hinh 2. Anh AFM ciia c4c mang TiO, thay déi theo bé day

3.2.Théng s6 quang ciia mang TiO,, TiN

3.2.1.Xdc dinh dp day va chiét sudt ciia mang TiO;

Phé truyén qua UV-vis cila cic mang TiO; dugc do bing méy quang phd V350 ciia phong
Vit ly k§ thuét cao truong dai hoc Khoa hoc Tu nhién Tp.HCM. Dua vao phd tg‘uyén qua, tinh
d6 day va chiét suat ciia mang bang phuong phép Swanapoel [10] va dugc kiém tra lai bang
phin mém Scout , tir d6 hiéu chuan chiét sudt cia mang theo budc séng c6 dang Cosi nhu
hinh 3. Phuong phap tinh Swanapoel dugc l4p trinh bang ngén ngit Matlab.
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Hinh 3. Chiét sut n clia TiO, thay déi theo buéc séng.
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3.2.2. Xac dinh d¢ day mang TiN

D6 day, chiét sudt n va hé sb tit k cua mang TiN dugc xéc dinh bing phwong phép

Ellipsometer. Két qua dwoc trinh bay trong hinh 4.

3.2.3.Tinh todn Iy thuyét phé truyén qua va phan xa cia mang da Iép TiOyTiN/TiO,

Tir két qua & phan 3.2.1 va 3.2.2, tim dwoc chiét suit n, k cia cac 16p mang TiO, trong,
I6p TiN va 16p TiO; ngoai, & buéc séng S50nm nhu duge trinh bay trong bang 2:

Dua vio két qua thuc nghiém tir bang 1 va sir dung ly thuyét ma trin O.S.HEAVENS (8],
tinh toan dé tim ra bé day thich hop cua ting 16p sao cho truyén qua cao & bude song 550 nm
nhu trinh by & béng 3, tir 46 m8 phong phd 1y thuyét truyén qua va phan xa cita mang da 16p

theo.,buéc soéng nhur trinh bay & hinh S.
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Bang 2
Mang TiO, TiN TiO; trong
ngoai
n 2.3 1.13 2.5
k 0 2.18 0

Tir phé truyén qua, phd phan xa md phong tir ly thuyet ma trdn nhu trinh bay trong hinh 5,
cho thiy mang m3 va m4 cho hé s& phén xa cao va cé ving budc song phan xa rong bao trum
ca vung buc xa nang luong mat troi ddng thoi mang cé do truyen qua trén 40% trong viing 4nh
sing kha kién, bé day 16p TiN t6i wu nho hon 35 nm,vi be day 16p nay qué 16n lam cho do
truyén qua cliia mang thap hon 40%. Ca hai loai mang déu c6 be day 16p TiO, trén clng
khoang 360 nm, thich hgp :ho img dung quang xic tic nhu da néu trén. Tuy nhién, mang m4

cho d3 truyén qua trén 50% cao hon so véi mang m3, mic du ving pho phéan xa cho thay
mang c6 hién tuong giao thoa, vi vdy chon mang da lép m4 la t6i wu véi be day
364nm/26nm/257nm/thay tinh.

Bang 3
- TiOz " TiOz Tén
g ngoai i trong Tos mang |

368 |22 |38 [58.49 |ml
Béday [367 [24 [37 5643 |m2
(nm) | 365 35 |34 43.21 | m3
364 [26 257 |54.23 [m4

3.2.4.Phé truyén qua va phin xg cia mang da lop TiOyTiN/TiO; dwgc tgo tir thuc
nghiém

Tir két qua md phong & phan 3.2.3, chung t8i tién hanh thyuc nghiém v&i thong s6 nhu
mang m3 va m4. Mang ° nhan duge c6 c6 két qua kha phi hop véi két qua md phong tir ly
thuyét. Két qua nay dugc thé hién rd trong hinh 5 va hinh 6.
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Hinh 5. Phd truyén qua va phan Xa cia
mang da 16p md phong tir Iy thuyét.
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Hinh 6. Phd phan xa va truyén qua Iy thuyét va Hinh 7. Phé phan xa va truyén qua ly thuyét va
thuc nghiém ctiia mang da l6p m2 va DL71. thuc nghiém cia mang da 16p m4 va DL85.

Mang DL71 va mang DL8S5 tir hinh 5 va hinh 6, c6 I6p TiN déu duogc tao & thé phin xa
ngucmg & 550 V, ap suét phin xa toan phén p=3.10 torr véi ti 16 khi Ny/Ar =10% nhu d dé
cép trong cong trinh [9], Mang TiO; ngoai duoc tao ¢ cu’ong do dong phun xa ngudng 1
=0,45A, ap suat p=1,3.107 torr nhur dé cép & trén dé mang co tinh quang xuc tac tét, trong khi
16p TiO, trong dugc ché tao & cuong do dong phin xa I =0,5A, ap suét phiin xa p = 10~ torr
dé mang c6 chiét sut 16m va bé mat mang min nhim ting kha ning phén xa va lam 16p dém
chéc chin. Ca hai 16p mang TiO; déu duge tao véi ti 16 O,/Ar = 0 ,08.

3.3.Mi{t s6 mang da l6p khac da thtrc hién

Phd nhiéu xa tia X va d§ phan hiy MB ctia mot sd mang da 16p dugc trinh bay trén Hinh 8
va bang 4. C6 thé thay rang cac mau tao dugc co tinh ldp lai cao vé kha ning quang xdc tac,va
tinh qui luit nhu da dé cép trong phan (IIL.1). Tuong Ung v&i pha anatase 1a mdt mang
A(101). O vi tri nay, dinh pho cang thap cac mang cang ¢ tinh quang xic tic cang lén. Ngoai
ra, do 1op TiO; ngoai phat trién trén 16p TiN, t6t hon 12 n6 phat trién trén  thuy tinh vi thuy tinh
la v6 dinh hinh. Vi vy, mang da 16p TiOo/TiN/TiO; ¢6 cau tric tinh the t6t hon so véi mang
don l6p TiO, trén dé thiy tinh, diéu nay dugc biéu hién rd qua sw sudt hién mat A(004) cia
mdt s6 mang da 16p.

Bing 4. D§ phan hity MB ciia cac mang da 16p

Maiu AABS
DL87 0.17
DL89 0.19
DL90 0.25
DL71 0.23
DL66 0.18
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Hinh 8. Phd nhifu xa tia X ciia cac mang da 16p.

4. KET LUAN

Tim duoc bé day ngudng ~360nm cua 16p TiO, ngoai, vira ¢6 dugc tinh chit quang xdc
tac tét,vira thoa man tinh guong néng truyén qua.

Xay dung duge bai toan 1y thuyét ma tran dbi véi mang da 16p, cu thé 1a 3 lop
TiOy/TiN/TiO, két hop v6i sé liéu thuc nghiém chiét suat n, hé sb tat k cia timg 16p. Ciing tir
Iy thuyét ma tran, mé phong dang phé truyén qua ctia guong néng TiOx/TiN/TiO,.

Ph6 phin xa va truyén qua clia guong néng TiO,/TiN/TiO; tir thyc nghiém, kha trung
khép v6i phd md phong tir Iy thuyét, va do lap lai trong thi nghiém kha cao.

Mang guong néng TiOo/TiN/TiO; tao dugce vira dap ing duoc tinh chét ciia mang gwong
néng truyén qua vira c6 tinh chét quang xtic tic ngang bang v6i mang don 16p TiO, dd néu.

5. HUONG PHAT TRIEN

Thay thé mang TiN bing mang ZrN dé ning 4o truyén qua & ving kha kién va nng cao
dd phéan xa & ving hong ngoai. Boi vi mang ZrN c6 tinh chat quang dién nhu mang kim loai
Ag '

Thay 16p ngoai cing TiO, bang lop TiO, pha tap N, dé ting tinh quang xtc tic cia mang &
ving anh sang kha kién.
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PHOTO-CATALYTIC TRANSPARENT HEAT MIRROR FILM TiO,/TiN/TiO,

Le Tran, Nguyen Duy Nhuan®, Ngo Hung Cuong®, Nguyen Huu Chi”, Tran Tuan”
(1)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. TiOy/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, st-ong 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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