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TOM TAT: Céng trinh nay nghién citu va ché tao mang dén dién trong sudt ZnO bdng
phutong phdp phiin xa phdn ing tit bia kim loai Zn trong hon hgp khi Ox+Ar. Cdc két qud cho
thdy su bdn phd ciia cdc hat oxygen ndng lugng cao va ion Ar® dnh hudng rdt lon dén cdu
triic va tinh chdt ciia mang.

1. MG PAU

Mang mdng ZnO bdn din dudc nghién cifu rong rii trong thdi gian vira qua vi né cé
céc dic diém ndi bat nhu dd truyén qua cao trong viing dnh sdng kha ki€n, d§ din dién cao
va gid thanh sdn xuit thap. Ngoai ra, ZnO hgp thitc con c6 tinh dp dién cao. V8i nhiing dic
diém trén, mang méng ZnO dudc diing 1am dién cuc trong sudt, man chdng tinh dién ciing
nhu duge ding 1am mang din séng SAW..v.v. Muc dich clia cong trinh nay 1a ch€ tao ming
din dién trong sudt ZnO bing phudng phdp phin xa phdn tng dc tif bia kim loai Zn trong
hdn hgp khi O, + Ar.

IL. THUC NGHIEM

Mang dudc ché tao bing hé phin xa magnetron khéng cin bing nhim tip trung su
bin phé clia cdc hat ning lugng cao vao mdt dién tich nhd. Bia kim loai Zn (99,95%) cé kich
thude 10x10x0.3 cm. D& 1a thdy tinh (Slide — China — dd truyén qua 91%) dudc tdy sach
biing plasma phdng dién khi trudc khi phid mang. Hon hgp khi Ox+Ar dugc trdn trong binh
thép khong ri theo cédc ti 1€ mol 0y/Ar: 20%, 10%, 5%, 1%, 0% dugc dua vao buﬁng chédn
khong qua hé van kim.

Mang dugc phit v6i céc thong s& khdng ddi nhu: dong phéng dién I = 0.28-0.3 (A),
thé 4p V =450 — 480 (V), 4p suat tdng cong p =2.10" torr, khodng cdch giita d€ va bia L =
4cm va thdi gian phi mang t = 90 phuit.

Cau triic mang dudc nghién ciu biing phd nhi€u xa tia X - khodng cdch mit mang d
tit dinh ludt Bragg, dng sudt mang o va kich thudc hat vi tinh thé b dudc x4c dinh ti cdc biéu
thitc:

2dsin® = mA (1)
- (J d6, m, d, A 12 bac nhidu xa, khodng cdch mit mang va d dai séng tia X tudng wng.
0'=£A—9 véi A8=60-6, (2)
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3d6, 6,6, -gdcnhidu xa tuong wng vdi dinh phd clia mang va mang khoi.
v,E - hé s& Poisson va sudt Young tudng dng.
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A (26) - d0 rOng tai nita cyc dai ctia phd nhiu xa.

Chi€t sudt n, d§ truyén qua T, bé day mang 1, hé s& tit k dudc xac dinh tir phd truyén
qua theo phudng phdp hinh bao Swanepoel. B§ hip thu Ao dudec ngoai suy tir dudng cong
phd truyén qua khi T% = 0. Dién trd sudt cia mang dugc xdc dinh bing phuong phdp bon
miii do. :

Hé magnetron khong cin bing c6 thé ndi V¢ 16n gin bé mit d€ cdch dién

A
Vp= KL, ln(ﬁ’—J (4)

e m

e

g do, mj, e, me- khdi lugng ion, dién tich va kh6i lugng dién ti tuong tng.
K, Te - hing s& Boltzman va nhiét d6 cla dién ti tuong tng.

1L KET QUA VA BAN LUAN

Chiing t6i nhin thdy mdt dic tinh ctia phdn xa bia kira loai Zn trong hdn hgp khi
phén tng Ox+Ar 12 mang ZnO & vi tri dat tai tim ciia hé magnetron ¢6 dién trd sudt rat 16n
(p =00-12.10°Qcm ) tudng ttng vdi céc ti 1€ mol tr 20% dén 0%. Piéu nay c6 thé 1a do su
bdn ph4 mang cia céc hat oxygen niang ludng cao nhu & bia ZnO [1].

Pé€ tranh su bin ph4 mang cda hat oxygen nang lugng cao chiing t6i dat dé tai vi tri
ngoai tim ciia hé. Dya vao dudng cong phan b6 ciia céc hat phiin xa, ching ta c6 thé dit d&
I&ch khdi tim ciia bé mit bia mot géc >30°hay dit vudng gée vdi bia nhung nim ngoai
viing @n mon ctia bia [2]. Trong cong trinh nay ching t6i chon céch thi hai - d& dugc dit
vudng géc va cdch bé mat bia 4cm.

IIL1. CAu tric mang
Bang 1 trinh bay céc théng s§ vé ciu tric va tinh chat ciia mang ZnO dudc
xéc dinh t¥ phd nhiéu xa tia X.

(002) (002)
1
1
1
1
i
I
— 4 20
20=33.8" 20 20 = 34.15"
Hinh 1: Phé nhifu xa tia X cia mang ZnO Hinh 2: Phé nhidu xa tia X ciia mang -
c6 ti 1€ mol OyAr =20%. - Zn0 c6 ti 18 mol 02/Ar =1%
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Tir hinh 1, 2 va bang 1 cho thay:
1. Cac mang theo ti 1& mol Oy/Ar khdc nhau déu xuit hién mot vach phd duy nhat

tuong Wng v4i mit (002) ciia ZnO. Piéu d6 chitng td ring, mang c6 dinh hudng cao theo truc
C ctia tinh thé luc gidc bé chit ZnO.
Khi ti 1& mol Oy/Ar giam:

2. Cudng do vach phd cang cao va do rong vach cang hep Tir cong thite (3) cho thdy
kich thudc hat vi tinh thé b ting phi hdp vdi md hinh viing c4u tric sdi b6 chit cia Thorton
khi ¢ su bdn phd cia cdc hat ndng lu’dng cao.

3. Pinh phd ¢6 xu hudng ti€n vé vi tri clia gc 26, = 34.45° (miu chudn) din dén ting
suit nén cda mang gidm (khodng céch d giita hai mit mang cang nhd).

P=2.10"torr I=0.28-03A V=450V —-480V P=120W ©.=17.225(d%)
Ti 1& mol Oy/Ar 20(d6) D(A®) b(A°) ofMpa)
20% 33.8 2.6498 7351 -1.0483
10% 34.1 2.6286 151.15 -0.5645
5% 34.13 2.6249 17322 -0.5160
1% 34.15 2.6234 184.77 -0.4838
0.5% 34.12 2.6256 180.74 -0.5322

Bang 1: K&t qua tinh khodng cdch mit mang d theo mat (002), kich thude hat b va ng suat
o cia mang ZnO
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II1.2. Tinh chat dién
Bang 2 trinh bay dién trd mat, dién trd suit ctia mang ZnO theo ti 1€ mol 0o/Ar do
biing phudng phdp bdn miii do. :

P=120W 1=28A-30A V=450V -480V t=90 phit p =2.10"torr |

Ti 1& mol 0y/Ar R(Q/0) o(Qcm)
0% 70 2,7x107°
0.5% 31.8 2,3%107°
1% 238 1,7x107°
5% © 381 22x107
10% 1617 8.6x107

Bing 2: Dién trd mit, dién trd sudt cia mang ZnO theo t 1€ mol O/Ar
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Hinh 5: Pién trd suit clia mang
ZnO theo ti 1€ mol O,/Ar

I11.3. Tinh chdt Quang

1. V@i ti 1€ mol Oy/Ar = 20%, mang ZnO
khong dan dién va ¢6 dinh hudng cao theo truc
C. Biéu d6 ching td riing Vy trong trudng hop
nay di 16n dé€ gia t3c ion Ar* bin phd mang.
Nhitng mang c6 tinh chat trén rat phii hgp trong
vi€c ing dung lam mang din séng SAW [2].

2. Tir bdng 2 va hinh 5 cho thdy khi ti 1&
mol Oy/Ar gidm thi dién trd suat gidm, vi kha
ning gidm thi€u cation Zn™ thap. Trong cong
trinh nay, mang c6 dién trd sudt thdp nhat
tuong wng vdi ti 1€ mol 0,/Ar=1%.

Bdng 3 trinh bay két qud cdc hing s§ quang hoc cla mang dugc xdc dinh bing
phudng phép hinh bao Swanepoel va ngoai suy tit phd truyén qua.

Tir hinh 6 va bdng 3 cho thdy:

Mang c6 d truyén qua cao trong viing kha khi€n va ca hdong ngoai gin.
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Pho truyén qua ctia cdc mang ZnO (a), (b), (c) tuong tng vdi

Oy/Ar 1a 1%, 10% va 20%

So Sdnh phé truyeén qua ctia mang din dién a va b vdi mang khong din dién c cho thiy:

1. Mic du mang a c6 dién trd sudt thip nhat nhung d6 truyén qua trong
viing hdng ngoai gin vin khong ddi. Diéu nay c6 thé gidi thich ring ndng do dién ti tr do
trong mang a chua i 16n d€ hap thu dnh sdng trong viing hdng ngoai gin dudc qui dinh bdi
tan s6 Plasma. Céc gidi thich trén k&t hgp vdi bé day mang 1 khd 16n ¢6 thé suy ra ring do
linh dgng ctda hat tdi ty do khd cao do tdn xa bién hat thap.
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P=120W I=28A-30A V=450V -480V t=90phit p=2.10"torr i
Ti 1&€ mol Tsso (%) Ns50 I(nm) K Np(nm) Eg(CV)
0% 87.5 1..93 0.3889 | 0.0095 | 353.475 3.508
0.5% 86.8 1.9078 | 0.7349 | 0.005 356.15 3.482
1% 87 1.9098 | 0.7334 | 0.0068 | 353.476 3.508
5% 87 1.9856 | 0.5754 | 0.0065 | 366.31 3.385
10% 87.4 1.975 0.5307 0.007 361.5 3.43

Bang 3: Cdc gid tri T, n, 1, K, Ny, Eg cla cdc mang ZnO theo ti 1& mol Oy/Ar

2. BJ hdp thy ddi v& budc séng ngdn tuong wng véi do rong viing cAm cao
(hiéu ng Brustein - Moss). Piéu nay chiing td mifc fecmi khong niim giita vling cAm nifa ma
ndm trong viing dn vi hat tdi khong nhitng da chi€m ddy céc trang théi trong viing hod tri
ma con chi€m cdc trang thdi thdp nhit ciia viing din.

IV. KET LUAN

Béng phuong phdp phiin xa phan ting dc magnetron ti bia kim loai Zn trong hdn hgp
khi 0o/Ar, cong trinh ndy da tdng hgp duge mang din dién trong sudt ZnO c6 dién trd suit
thip p ~1,7.107Qcm, db truyén qua trung binh trong viing kha kién T = 86% va mang cé
dinh hudng cao theo truc C vudng géc vdi bé mit mang.

Loi cdm on :Cong trinh nay duge su hd trg mot phan bdi chuong trinh nghién cttu khoa hoc
cd bdn cdp nha nudc.
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TRANSPARENT CONDUCTING ZnO FILMS DEPOSITED BY REACTIVE DC
MAGNETRON SPUTTERING FROM METALLIC TARGET Zn

Tran Tuan, Nguyen Huu Chi, Phan Bach Thang, Tran Cao Vinh, Le Van Ngoc
University of Natural Sciences, Vietnam National University HoChiMinh City
(Received 08 March 2002, Revised 29 March 2002)

ABSTRACT: Transparent conducting ZnO films are prepared on glass substrates by
reactive dc magnetron sputtering from metallic target Zn in an Ar — O, mixture gases. During
deposition, the sputtering power was controlled at P = 120W, the total pressure was
maintained at p = 2.107 torr, the deposition time t = 90 minutes. The substrate was not
intentionally heated and no bias was applied. Transmission T%, band gap E;, refraction
index n and extinction coefficient k can be obtained from Swanepoel method. The structure
properties of ZnO films were determined from XRD and the films resistivity was measured
by a four — point probe method.

When the gas ratio of O,/Ar is 1%, the best films resistivity is 1.3x 102 Qem and the
average transmission of the films is 86% in the wavelength range of the visible spectrum.
The c — axis of all films is highly oriented perpendicular to the plane of substrate.
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