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TOM TAT: Mang ZnO:Ti duoc ché tao trén d@é thuy tinh tir cdc bia gom ZnO pha tap
véi nong do Ti khdac nhau va bing phwcong phdp phiin xa magnetron DC. Két qua thuc nghiém
cho thdy ddy la cac mang trong sudt dan dién voi do truyén qua khd cao. Voi néng dé pha tap
Ti thich hop (~1.5% Ti), ta co thé lam gia ting do dan dién cua mang. Dy truyén qua ciia
mang va do réng vung cdm Eg cua mang co thé xdc dinh bang phwong phap do truyén qua

UV-Vis, cau triic mang duogc xdc dinh bang nhié’u‘ xa tia X, dp dan dién cua mang duwoc xdc
dinh béng phwong phdp 4 dau do, va dé map mo bé mat cia mang dugc xdc dinh bang phuong
phap do AFM.

Tir khéa: nong dé, do dan dién, bia.

1. GIOI THIEU:

Mang ZnO loai n dugc xem 1a loai mang oxide dan dién trong sudt (TCO) va thuong dugc
dung dé thay thé mang ITO. N6 c6 d¢ rong vang cém 16n khoéang 3.3 eV, dién tr& ciia mang
kha thép khoang 10°Qm, hé s6 hép thy cia mang trong ving kha kién khoang 5x10° cm™ [1].
Tuy vay, mang ZnO pha tap van con 1a linh vyc nghién ctru méi mé va con dang tiép tuc phat
trién. C4c mang pha tap thudng tap trung vao cac nguyén t pha tap nhom IIIA nhu la Al, Ga,
In, va cic nguyén t6 nhom IA nhu Li, Ni.

Trong béo céo ndy chung t6i chd trong vao nguyén t pha tap Ti. Do khi pha tap Ti vao
mang ZnO, ion Ti*" sé thay thé cho ion Zn>" din dén lam gia ting nong d hat tai tu do trong
mang va tinh chét din dién cua mang dugc cai thién nhiéu hon. Ngoai ra, mang ZnO:Ti dugc
tao trén dé thuy tinh c6 nhiéu (mg dung trong té bao quang dién, chat lan quang xanh, céc loai
cam bién khi, mang hinh hién thi phang...

2. THU'C NGHIEM:

Bia gém dugc ché tao tir bot ZnO va TiO,, trén véi céc ty 1¢ khdc nhau, sau dé nghién
trong 4h voi nude cét, va dugc ép trong khudn vudng canh 8.5cm véi ap luc 400 kg/cm®. Mau
ép dugc nung & nhigt do 1350°C u nhiét trong 3 gio s€ thiéu két lai va cho san pham bia gém
ZnO - TiO, (ZnO:Ti). Miu bia thu duoc ¢ do nén chat kha tét khoang 91% dat yéu ciu dé
ché tao mang (d6 nén chat cua bia 1a ty s6 giita khéi lugng riéng cua bia véi khéi luong riéng
clia vat liéu khoi).

Pé thuy tinh duge xir ly bang axit HF 10% @& loai bo céc chat bén, sau d6 dugc rira qua
Vi axeton va nuéc ct, shy khd véi khong khi. Xir Ii bé mit dé bing plasma phéng dién khi.

Chung téi tao cac mang ZnO:Ti trén dé thiy tinh bang phuong phap phun xa magnetron
d.c tir bia gdm ZnO:Ti, véi cling cdc thong sb ché tao toi wu. Tinh chét quang clia mang dugc
khao sat bang phuong phép do UV-VIS, cau triic mang duge xac dinh bang nhiéu xa X-Ray,
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d6 map m6 bé mat (RMS) xdc dinh bing phuong phép AFM, d9 dan dién cua mang duogc xéc
dinh bang phuong phép bon dau do, bé day cua mang dugc do bang phuong phap stylus.

3. KET QUA VA BAN LUAN:

3.1 Khdo sit tinh chit quang clia mang:

Céc mang ZnO:Ti duge ché tao véi cac thong §<‘3 nhu nhau. Ap suat lam viéc P=10" torr;
dong phin xa: I= 0.2A; khoang céch gitra bia va dé: h = Scm; khi Ar = 100%, thoi gian phiin
Xa t=21phut; hi¢u dién thé U= 310-350 V, nhiét d6 dé Ts =170°C.
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Hinh 1. Pho truyén qua ctia cac mang ZnO:Ti véi ndng d¢ pha tap 1% wt TiO,, 1.5% wi TiO,, 2% wt
" Tiq;, 2.5% wt Tio;, 3% wt TIOZ . .
Tir hinh 1, ta nhan thay d truyén qua cta cic mang kha cao géan 90% trong ving kha kién

2
A

va hong ngoai gan. Céc mang dugc ché tao déu trong suét.

Ching t6i da dung phuong phap do bé day Stylus dé x4c dinh bé day cta cdc mang, dong
thoi ding phuong phap Swanepole dé xac dinh chiét sudt ciing nhu bé day cua chung nhu trinh
bay trong bang 1.

Béng 1. Do day, chiét sudt va dd rong viing cam cua cdc mang ZnO:Ti

y Zn0O ZnO:Ti ZnO:Ti ZnO:Ti ZnO:Ti Zn0O:Ti
Méy 0%Ti 19%Ti 1.5%Ti | 2%Ti 2.5% 3%Ti
D¢ day mang 700 750 740 700 720 600
d(nm)
Chiét suat 1.79 1.81 1.89 1.85 1.87 1.78
mang (n)
Niang lup’ng 3.34 333 3.30 3.31 3.34 3.40
vung cam
Eg(eV)

Tir bang 1, Ta nhan thiy d6 rong ving cdm ciia mang ZnO:Ti (1.5%) 1a nhé nhét, hién
tuong nay cac nha khoa hoc goi 1a dich chuyén dé. Theo tac gia Jeng-Lin Chung [8], do sy
khac biét ve cau hinh dién tir gitta Ti [Ar]3d*4s’ va Zn [Ar]3d'"%s?, nguyén tir Ti thay thé Zn
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trong mang tinh thé, 1am cho cdc dién tir lién két yéu véi nguyén tr, lam gia ting mat do

~ 4
=

electron ty do, din dén ving ndng lugng bi pha tap va md rong ra, tién téi bo ving dan.
3.2 Khio sit cAu trisc mang ZnO:Ti:

Chung toi tién hanh chup nhiéu xa tia X cic mau da tao ra & trén, két qua dugc trinh bay
duoi day:

3%Ti
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Hinh 2. Phd nhidu xa tia X ctia mang ZnO va cac mang ZnO:Ti, phin xa cung diéu kién & trén.

Qua hinh phé nhiéu xa tia X trén hinh 2, ta nhan thdy cau tric tht ca cac mang déu dinh
huéng theo mit mang (002) va co6 cdu tric hexagonal wurtzite va khong xudt hién dinh phé
cua TiO, hay Zn,TiOj . Diéu nay ching t6 nguyén tir Ti d& dugc thay thé hoan toan nguyén tir
Zn trong mang nguyén tir. Tuy vdy néu ndng d6 Ti trong mang qud cao, co thé lam giam ciu
truc cua mang. Két qué thu duogc ciing phu hgp voi cac két qua nghién ctru cua tac gia J.J.Lu
[17].

Ta c6 thé nhan thy sy thay ddi cdu tric mang mdt cach tryc quan hon qua phép do d6
méAp mé bé mit AFM nhu trong hinh 3 va hinh 4 sau day

Hinh 3. Anh AFM ctia mang ZnO - 6 mip mé bé mét khoang 9.7 nm,
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khodng 4.5 nm

Tir céc hinh 3 va hinh 4, ta nhn thdy d mdp mé bé mit ciing nhu kich thuée hat cia
mang pha tap (3%) giam rd rét khi so v6i mang ZnO khéng pha tap. Dicu nay cling kha phu
hop véi két qua chup nhiéu xa tia X d4 trinh bay ¢ trén.

3.3 Khiio st d9 dan dién ciia mang hop chit ZnO:Ti :
Vi cac mang ZnO va ZnO:Ti ché tao & trén, chiing t6i khao sét dién trér suét cua chiing
béng phuong phép 4 dau do, két qua thu dugc nhu trong bang 2 duéi day:

Bing 2: Bang s ligu dién tror sudt va do day cac mang

i ZnO ZnO:Ti | ZnO:Ti | ZnO:Ti | ZnO:Ti | ZnO:Ti
M4iu 0%Ti 1% 1.5% 2% 2.5% 3%
Do day (nm) | 700 750 740 700 720 600
Dién tré suat
Qemx107 10.04 8.03 3.15 5.88 7.3 30.35

mang ZnO:Ti bin
at khi nong d¢ Ti pha tap 2.5%

Tir két qua bang 2, ta nhén thdy dién tré suit cia man
tap Ti 1a 1.5%, do nguyén tir Ti thay thé vj tri nguyén tir
s6 dién tir ty do va do d6 d6 dan dién cia mang dugc cai
Ti cao hon 1.5% thi dién tr¢ suit cia mang lai ¢6 khuyn
do s nguyén tir Ti du thira (khong két mang) gdy can tro

Két qua nay ciing kha phu h
Yang- Ming Lu [9], khi ché tao
(co-sputtering), mang dan dién tét nh
gia J.J. Lu [17], ché tao bing phuong phap phun xa r.f va d.c, két

g ZnO:Ti nho nhét khi ndng do pha
Zn trong cu tric mang lam gia ting
thién. Tuy nhién véi nong o pha tap
h huéng gia ting (46 dan dién giam)
sy phat trién tinh thé va d6 dan dién.
op V6i két qua ciia cac tac gia khac, ching han nhu tac gia
g phuong phap phiin xa magnetron dong thoi
la 3.78x10°Qcm. Hay tac
qua thu duge 14 mang dén

dién tot nhit c6 dién tré suat 12 3.82x10°Qem véi ndng d6 Ti pha tap 14 1.3%.

4. KET QUA VA BAN LUAN:

Sau qué trinh thye nghigm ché tao mang ZnO:Ti din dién trong suét tir bia gbm tu tao,
ching t6i nhan thiy:

- Cdc mang ZnO:Ti deu trong sudt, c6 d¢ truyén qua kha cao trong viing kha kién
va héng ngoai gin khoang 90%. V¢i néng do pha tap Ti la 1.5%, d6 rong ving
cdm cua mang gidm xudng con 3.3 eV.

- Cac mang déu c6 cdu tric hexagonal wurtzite, dinh huéng manh (002). Khi nong
do tap Ti gia tang, cau tric tinh thé s& giam dan.
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- Do su thay thé Ti** cho Zn** trong mang lam gia tdng cac hat tai ty do, cdc mang
pha tap c6 ndng d thich hop da cai thign dang ké tinh chit din dién cua mang. Cu
thé trong nghién ctru ndy, mang ZnO:Ti v6i nong do Ti 1a 1.5% la thich hop nhat.

Cac két qua thu dugc kha phu hop véi céc cong trinh nghién ctru & nude ngoai, nd co thé
lam co s& dé ching t3i tiép tuc nghién ctru céc tinh chét dan dién ciia mang ZnO pha tap ban
dan loai n va loai p.

STUDYING THE TRANSPARENT AND ELECTRICAL PROPERTIES OF
ZnO:Ti THIN FILM WHICH IS PREPARED BY DC MAGNETRON
SPUTTERING

Ho Van Binh®”, Le Vu Tuan Hung"”, Nguyen Thi Ngoc Nhien”, Huynh Thanh Pat?,
Duong Ai Phuong®, Le Van Hieu™

(1) University of Science, VNU-HCM
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ABSTRACT:The Ti-doped ZnO films were deposited onto glass substrates from
ceramic targets ZnO with various Ti concentrations using a DC magnetron sputtering. The
experimental results show that all thin films are transparent and conductive oxide films. with
the appropriate Ti concentration (~ 1.5% Ti), the conductance of films can be improved.
Optical characteristics of thin films was determined by UV-Vis spectroscopy. The thickness of
thin films was measured by Stylus method. The electrical resistivity was measured by four-
point probe, and the roughness of films was determined by AFM.

Keywords: doped, concentration, conductance, target.
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