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Tém tit

Bai bao nay trinh bay mot s6 két qua nghién ciru ché tao mang mong trong sudt Zn0: Ag (0% - 4%) trén dé thuy tinh
hodc Si, bang phuong phap phun xa r.f. magnetron. Anh huong cua 3 muc cong sudt phun xa 1a 125W, 150W, 175W
1én tinh chat ctia mang mong ché tao trong moi truong Ar ¢ ap sut cd dinh 1 Pa di duogc khao sat. CAu trac cia mang

mong dugc nghién clru bang cac phuong phap nhidu xa tia X va tan xa Raman. Két qua cho thiy mang thu dugc c6 do
ket tinh tot, c6 thé ing dung trong linh vuc dién tir hodc quang dién tur.

Tir khoa: ZnO pha tap Ag; phtn xa; Raman; nhiéu xa tia X.
Abstract

In this paper, we report the results of preparation of transparent ZnO:Ag (0% - 4%) on sodalime glass or silic substrate
by r.f magnetron sputtering method. The effect of sputtering power (125, 150 and 175W) on the as-prepared thin films
was studied while pressure of Ar gas was kept constant at 1 Pa. Structure of the ZnO: Ag thin films wasstudied by Xray
diffraction and Raman scattering. The results showed that the as prepared thin films were well crystalized and potential
of applications in electronics and optoelectronics fields.
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1. Gioi thiéu

Phuong phap phun xa dong xoay chiéu c6
thé sir dung dé ché tao cac mang mong ban dan
hodc kim loai c¢6 chit luong cao. Phuong phép
phun xa sit dung mot ngudn dién xoay chiéu
v6i cong suat 16n giup tao trang thai plasma cua
khi tro nhu Ar, He. Cac ion khi nay cO nang
luong cao nén khi va cham véi cac nguyén tir
vat liéu trén bia thé ran lam bat cic nguyén tir
nay va lang dong chung trén dé. Thong thudng,
nang luong cla cac nguyén tir bat ra tir bia khi
dén dé con khoang 1+2eV, cao hon ning lugng
clia qua trinh bc bay khoang hai bac. Nang
lugng nay da lon giip cho cic nguyén tor tu
dong sap xép va bam vao dé mau chac hon. Céc
ion hodc nguyén tu, dudi tic dung cua khi
mang c6 trong budng mau va lyc tir cia nam
cham di¢n, s€ bay 1én va hinh thanh mang tinh
thé trén bé mat dé duoc dit ¢ phia trén. Chan
khong trong h¢ phin xa RF duoc dat kha cao
cd 10%-10°Pa. Do @6, cac mang mong dugc
ché tao bang phuong phap phin xa thudng co
d6 dong déu cao. Cong suat cua hé phun xa c6
thé thay doi gitip tao cac mang mong ¢ cac diéu
kién khac nhau.

Phuong phap phiin xa dong xoay chiéu RF
rat hiéu qua trong viéc ché tao cic mang mong
ban dan oxit pha tap nhu ZnO [1-3], SnO;
[4,5], TiO2 [6,7], ITO [8].,... v&i dién tich rong
va do dong nhét cao [9]. Phuong phap phin xa
duoc dung nhiéu hon phuong phép béc bay
nhiét trong cong nghé ché tao mang mong vi
cac vat liéu c6 nhié¢t do nong chay cao hodc vat
liéu cach dién véi tan sd cao co thé duoc phan
xa tr cac bia dang rén, déng thot qua trinh ban
pha nhung nhiét 6 bia khong cao, san pham
mang tao thanh tuwong tmg vai ciu trac cua bia.
Tuy vay, do viéc phin xa phu thudc vao nhiéu
yéu to (ap suat chan khong, ap suat khi hiém,...)
nén kho khéng ché thanh phan khi tao ra mang
chtra nhiéu nguyén to.

Bai b4o nay trinh bay cac két qua nghién ctru
ciu tric cla cac mang mong ZnO: Ag bang
phuong phap phtn xa r.f. magnetron. Cac mang
ZnO pha tap Ag & cac ndng do khac nhau (0, 1,
2, 4%) da dugc ché tao vdi cac cong suat phin
xa khac nhau. CAu trdc cua cac mang thu dugc
d3 duoc nghién ctru chi tiét bang cac phép do
nhu nhiéu xa tia X, tan xa Raman. Két qua cho
thdy mang thu dugc c6 do két tinh tot dé c6 thé
ung dung trong linh vuc dién tr hodc quang
dién tr.

2. Thyc nghiém

Trong bai b4o nay, cac mang mong ZnO: Ag
(0%, 1%, 2%, 4%) duoc ché tao trén thiét bi
phun xa mini Sputter cia haing ULVAC (Nhat).
Trude khi phan xa, ca budng miu s& dugc hut
chan khong lam sach & ap suit 10*Pa. Sau do,
khi hiém Ar dugc nap vao budng véi ap suit
thap c& 1Pa dé dung cho qua trinh phin xa. Cac
mang dugc ling dong trén dé thuy tinh hodc Si
v6i cong suat khac nhau: 125W, 150W, 175W
trong thoi gian ¢ dinh 20 phut, khong gia nhiét
dé trong qua trinh ché tao. Cu trac ciia cac
mang d3 ché tao dugc nghién ciru bang nhidu
xa ké tia X Bruker D5005, phd ké tan xa
Raman HR 800 LabRam, Horiba Jobin Yvon.

3. Két qua va thao luin

Hinh 1 trinh bay gidan d6 nhidu xa tia X
(XRD) dic trung cta cac mang ZnO pha 4%
Ag khi phun xa vdi cc cong suat khac nhau
(a: 125W, b: 150W, c: 175W). Gian d6 XRD
trén tit cd cac mang mong cho thiy su xuét
hién dinh cuc dai nhidu xa & hudng tinh thé
[002] va [103] dac trung cua vat liéu ZnO cé
cdu trac lyc giac wurzite [1]. Cuong d6 dinh
cuc dai nhiu xa ung véi mit (103) 16n hon so
véi cuong do dinh nhiu xa tmg v6i mit (002),
cho thiy cac mang moéng ZnO: Ag da tinh thé
¢6 dinh hudng phat trién wu tién theo hai huéng
tinh thé trén. Mic du han ché cua thiét b phun
xa 1a khong c6 kha ning gia nhiét ¢é ¢ nhiét do
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cao khi phun xa tao mang, nhung nhiét d¢ noi
tai do chum plasma tao ra trén dé lang dong khi
dién ra qua trinh phin xa da giap cho su két
tinh ZnO dinh hudng xay ra. Cong suét phiin xa
cang cao thi nhié¢t d6 chum plasma tao ra trén
dé cao hon lam cho sy két tinh cta ZnO ciing
tot hon. Diéu d6 thé hién rd trén Hinh 1 khi
duong nén cua gian d6 XRD dang cao & phia
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Hinh 1. Gian d6 nhiéu xa tia X (hinh bén trai) va phong dai dinh (002) (hinh bén phai) cua cac mang ZnO pha 4% Ag
khi phtin xa véi cac cong suat khac nhau (a: 125W, b: 150W, c¢: 175W)

Tinh thé ZnO c6 8 mode phonon quang tai
diém I cta vung Brillouin [10]:

I'=1A:1+2B1+ 1E1 + 2E;

Trong d6: Ai, Ei phé@n thanh cac nhénh
quang doc (longitudinal optical- LO) va quang
ngang (transversal optical- TO) v&i cac tan sd
khéac nhau. Cac mode E; v6i ché do tan sb thap
(E2L) lién quan dén ion Zn?* va mode tan sb cao
(Ez4) lién quan dén dao dong cia ion Oxi%
quanh vi tri nit mang.

Theo mdt s6 cong trinh dd cong bd vé phd
Raman cua vat li¢u ZnO [10-13], vat li¢u nay
c6 4 dinh Raman dic trung tai cac vi tri 100cm™,
380cm, 437cm™, 580cm™ tuwong tmg v6i Eau,
A(TO), E2n, A(LO). Pay la cac mode dao
dong phonon co ban cua ZnO. Ngoai ra con co
cac dinh tai 331cm™, 508cm™, 664cm™, 822cm’
1 twong tng vai mode: 3Eok- Eor, E1(TO)+ EoL,
2( E2n- E2v), Ay(TO)+ 2EaL.
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Hinh 2. Phé Raman ctia mang ZnO phiin xa & cong suit
150W.

Chung t6i da do phd Raman ciia mang ZnO
va ZnO: Ag dé so sanh véi pho Raman chuan
ctia vat liéu ZnO. Hinh 2 trinh bay két qua do
phd Raman trén mau mang ZnO phin xa &
cong suat RF 150W trén dé Si, ta thiy mang
ZnO chi c6 mot sb dinh dic trung cho dao dong
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trong mang ZnO: Ea, Eon, 2(E2H - EoL), A1(TO)
+ E2L. Ngoai ra, mang con c6 dinh tai 302cm™
va 520cm™ day 1a cac dinh Raman tir dé Si gay
ra [14].
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Hinh 3. Phé Raman ctia miu mang ZnO (a) va ZnO
pha tap Ag: 1% (b); 2% (c) va 4% (d) phun xa &
cong suat 150W.

Hinh 3 trinh bay pho Raman ctia mang ZnO:
Ag véi cac néng d6 khac nhau phun xa &
150W. Hai mode Ez. (~100cm™) va mode Ez
(~437cm™) dic trung ctia ZnO [15]. Tuy nhién,
ta quan sat thay co sy dich dinh phd nho cua
mode Ez.. Mode E xuat hién tai sd song
~99,94cm™ clia mang ZnO va tai s song
98,43cm™ ciia mang ZnO: Ag (4%) khi cong
sut phun xa tao mang la 150W. B¢ dich dinh
phd nhé cho thay tap Ag khuéch tan vao mang
tinh thé ZnO nhung khong lam thay ddi nhiéu
kich thudc mang nén ZnO nhur di chi ra véi cac
két qua do nhiéu xa tia X. Ngoai cic vach phd
Raman dic trung cho tinh thé ZnO va dé Si,
chung t6i khong phat hién thay phé Raman dic
trung cho pha tinh thé khac trong pham vi d6
nhay cua thiét bi do.

4. Két luan

Mang moéng ZnO pha tap Ag da duge ché
tao thanh cong bang phuwong phap phiin xa. Két
quéa nhidu xa tia X cho thay cong suat phun xa
16n hon 150W cho mang c6 do Kkét tinh cao. Su
thay thé thanh cong cua Ag vao vi tri ciia Zn
duoc ching minh béng su dich dinh cua tan xa

Raman. C4c mang ZnO: Ag da ché tao c6 kha
nang ung dung lam céc linh kién dién tir dang
mang méng nhu transitor hay cira s6 cua pin
mat troi.
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