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NGHIE N\CI’J’U CHE TAO MANG DAN PIEN TRONG SUOT ZnO:Al
BANG PHUONG PHAP PHUN XA MAGNETRON DC

Lé Tran, Nguyén Hitu Chi, Tran Tu&n, H6 Vin Binh
Trudng Pai hoc Khoa hoc Ty nhién - PHQG-HCM
(Bai nhdn ngay 05 thdng 11 nam 2003)

TOM TAT: Mang dén dign trong sudt (Zn0O:Al) dugc ldng dong trén dé thily tinh
biing phutong phdp phiin xa magnetron dc tit bia gém (ZnO + 2%wt Al;05). Tinh chdt di¢n,
quang va cdu triic tinh thé ciia mang dugce khdo sdt chi tiét theo nhigt dg d€ Ty, dp sudt
phiin xa Ar, va vi tri dé x. Ba nhdn dugc két qud 161 wu ciia mang la dién trd sudt
p=3,7.10 *(): do truyén qua ving khd kién T >85%, va dj phdn xa hong ngoai R 2 85.%.
Piéu kién ché tao mang t6i uu trén la: (a) mdu dugc ddt truc giao vdi bia, cdch bién ngoai
viing dn mon cia nd 2,5 cmva, (b) & Py, = 1 03torrva T, = 160°C.

I. M§ dau
Mang (ZnO:Al) 12 bén dén loai n ¢6 d6 rOng ving cdm 16n. N6 duge dung lam dién cuc
ong sudt cho Pin mit trdi, cc loai mang hién hinh, cita sG phdt xa thip, clta s6 dién sic, clta
s6 chong nhiu xa dién ti trong mdi trudng v.v.. Do vét ligu ré so véi mang ITO, cho nén
‘nhu’ng nim gin day, nhiéu phong thi nghiém trén thé gidi da tap trung nghlen cifu ching,
nhim ha thdp dién trd suit p ngang bing vdi ITO, ddng thdsi bdo ddm dod truyén qua T 285%
viing kh4 kién.

Mot kho khiin 16n trong cong nghé tao mang ZnO bing phuong phdp phiin xa magnetron
1a phai loai bd sy bin phd mang bing ion dm va
nguyén ¥ trung hoa ning lugng cao. Nhiéu thyc
nghiém da khing dinh ring, chinh sy bin phd dé iu
lam ting dién trd sudt p cda mang 1én gip hang | &
tram lan [1,2]. Bing 1y thuyét, cong trinh [3] did | &
chitng minh dude ring, nguyén nhin cla sy thanh 1.
1ap ion 4m trén bé mat bia ZnO 12 ion héa bé mat.
Vi vdy dong ion 4m s& phét xa chil y€u tif ving &n
mon, & d6 ¢6 nhiét do 16n nhat. PE trdnh sy bdn phé
clia dong ion Am va hat trung hoa ndng lugng cao, Bia
cong trinh nay di ding bién phdp dit d€ tryc giao
vdi bé mit bia, dong thoi tim céc thdng s& ché tao t0i
tfu clia bién phép nay: nhiét do d&€ T, dp sudt cda khi
1am viéc Pa,, va khodng cdch x tinh tif bién ngoai viing &n mon (hinh 1). LY do cia viéc chon
bién phdp nay 13; a) sy phan bd van t6c 1dng dong mang theo géc khong théa dinh ludt Cosin,
ma theo ham f(0) = cos(8) + a.cos3(9) (a = -0.8), tfc ¢6 hudng phiin xa cuc dai theo goc 30-
40° [4]; b)dé trién khai & qui mo cdng nghiép, vdi kich thudc mang 16n.

ing dn mon

Hinh 1: So do hé tao mang

Trang 11




Science & Technology Development, Vol. 7, No. 8-2004

I1. Thuc nghiém
Mang dugc ché tao tir phuong phdp phin xa magnetron v6i bia gdm. Bia gém 1a mot
hén hgp bot 98 % wt ZnO (dd tinh khiét >99,5%) va 2 % wt Al,03 (99.9%) dudc nén vdi luc
6000 Kg/cm?, sau d6 nung trong khéng khi &
1500°C trong 2 gi®. Qué trinh 14ng dong dudc R
thyc hién trong khi Ar(99.99%) v6i 4p suat FT(%) —1
phin xa tr 9.10* dén 10” torr, va cong suat  190-
phin xa w = 60 watt, cui‘mg dd dong phin xa

80 M.
cd 0.2 Ampe, kich thudc bia 7x7cm. Mang chi \
dugc ling dong sau khi bia dugc phin xa 60+

khodng 15 phiit d€ tdy sach hoi nude va va
khi hdp phu trén bé mat bia. D thdy tinh 40
thudng vdi dién tich 2x7 cm dudc gin trén d€

nhiét, va d&€ nhiét nay dugc dat vudng géc "

véi bia nhu hinh 1. MAu dugc dit & dd cao 0 P

khong ddi h = 3.5 cm so vdi bia, chiu ngang e . e e R—

x thay d6i tir 0 d€n 4 cm tinh tir bién ngoai 05 14 1‘5 20 25 30 35 40
ving dn mon. Téc dd ling dong cd 20 + 30 ) Mpm)

nm/phit. Nhiét d6 d&€ dugc thay ddi tir 120
d€n 280 d6 C. Khi chua d6t néng, bé mit d&
da dat dugc 120°C trong sudt qué trinh ling
dong. Cau triic tinh thé mang dugc xdc dinh
bing phd nhi€u xa tia X. P$ truyén qua quang hoc dugc do bing may UV vis véi budc séng
tir 300 d€n 1100 nm. P$ phdn xa hdéng ngoai dudc do bing mdy Uquinox véi budc séng tiY
660 dén 25000 nm. B& day mang dudc xdc dinh biing phuong phap Swanaepol [5]. Dién trd
mit mang dugc do bing phuong phap bdn mili dd. Néng d6 hat tdi dudc x4c dinh bing budc
séng plasma ctia ndng dd dién tk A, [6,9,10].

Hinh 2: Ph8 phén xa, truyén qua ciia mang
(ZnO:Al) & Ts=160°C, P=3.107 tor,
khodng cdch x = 2.5 cm.

III. K&t qua va ban ludn

1. Céu triic tinh thé mang : " M et —— 5
T4t cd cdc mang chi xuit hién mot peak ey —— 020
(002) cia ZnO véi cudng dd 16n, dinh huéng 24 RS g {0.18
16n nha't theo truc C tryc giao véi bé mat dé. 2 > lo42
Ung sudt mang dugc x4c dinh theo cong thifc: Ko i NS
'Y 86 ' A S :
By G s {]) [
2v tgb 15 -
& d6, Y 1a sudt Young; v 12 hé s6 Poisson; 860 : : R o
=0 - 0,, v4i 6 12 g6c nhiéu xa tuong @ng vai X(cm)

dinh phd cia mang; 6, twong @ng véi miu  Hinh 3a) Cic mé3ng dude tao &
‘chudn bot. Hinh 3a trinh bay sy phu thudc cia  T+=120°C, P = 3.10° tor, véi khodng
66 theo khodng cdch x, va hinh 3b trinh bay sy sagh hac iy,

phu thudc ciia 68 theo P4, Tir hinh v& thdy ring, ¥ng sudt mang 1a nén va rat bé. Pinh
phd clia mang gan véi dinh phd (002) ciia miu bt chudn ZnO nhu hinh 4. Kich thudc
hat b clia mang dugc xdc dinh theo cong thic:
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0,9A

" A(20) cos(®) ) Sty mor= D
3 46, % = 0,15418 nm — d6 dai séng tia X; ko v el P4 ey
A(20) 12 db rong tai V2 cuc dai cia dudng cong 251 N '
phd; 0 1a géc Bragg. ) R I o
Hinh 3a) trinh béy kich thudc hat thay ddi e '\.\_ A 10.05
theo khoang cdch x. T hinh vé cho thay, 151 "‘\,, i
kich thudc hat khéng thay d6i 16n va dat " il

gié tri cuc dai trong khodng x =2,5 + 3cm.

Pidu d6 chitng t6 ring trong khodng x
trén, sy bdn phd ion duong 12 16n nhat, Sy
bdn phd d6 cang I6n khi dp sudt p cang
thap nhv trinh bay trong hinh 3b. Do kich

2.0%10°4.0%40° 6,010 8.0¢10° 1.6x10°

pitorr}

Hinh 3b) Cdc mang dudc tao § nhiét
ds dé€ T, = 120°C, x = 2,5 cm, vdi 4p
sudt khdc nhau

thu6c hat khong thay ddi 16n, nén tdn xa bién hat khong dnh hudng nhi€u dén tinh

chit dién clia mang.
. 1t
2. Tinh chdt quang va dién
Hinh 2 trinh bay d6 truyén qua T
va d6 phdn xa R theo budc séng A ciia
mot miu (ZnO:Al). T hinh vé ta
thdy, T > 85% trong ving kha kién,
va R > 85% trong viing hong ngoai.
Néng d6 hat tdi dién dudc xédc

A(20) = 0.28°

dinh bing budc séng A, [6]:
g, nc’m” 1
= o .
e X (3)

& d6, hing s6 dién moi g, = 4,5; va kh6i
lwgng hiéu dung cila dién tf m'=
0,35m, [7].

Hinh 5 trinh bay dién trd sudt va
ndng d6 hat tii theo khodng cich x, tai Ts=120°C,
va P = 3.107 torr, w = 60 watt. Ta nhin thdy ring,
néng d6 hat tai gidm nhanh t¥ vi tri x = 0 cm dén x
= 2.5 cm. Piéu d6 dugc gidi thich biing sy bin phd
cla ion 4m 1én mang. Tai vi tri x = 2.5 cm, p dat
duge t61 wu 1a 4,3.10* Q.cm. Tuy nhién, khi ting
khodng cich x = 2,544 cm, ndng d6 hat tdi gidm
chiit it, do d6 linh d6ng hat tdi gidm.

Hinh 6 trinh biy ming dudc-ling dong &
diéu kién P = 3.10” torr, x = 2.5 cm, Ts thay d&i ti
120 dén 280 °C. T hinh vé ta thdy p va n dat dén

gi tri t6i wu tai Ts = 160°C. Khi ting Ts, do néng dd hat

p (Qcm)

5.0x40” T

26,=34.45

28

Hinh 4: Mang (ZnO:Al) dudc tao & P = 10 torr,
Ts = 1600(:
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Hinh 5: dién trd suit va ndéng do
hat tdi theo khodng cdch x

Trang 13



Science & Technology Development, Vol. 7, No. 8-2004

gidm nén p ting. Biéu d6 dugc gidi thich bdi cong trinh [8]: sy hip phu nguyén ti O & trén
bé mit mang va & trén bién hat ting, dic biét tir 170°C. Nhu vy mdi nguyén tlf oxy s& giif
18y 2 dién t d4n dién, 1am cho ndng d6 hat tdi gidm.

Hinh 7 trinh bay su thay ddi ndng d6 hat tai khi thay d8i P, tit 102 + 10 torr v6i Ts =
160°C, khodng cdch x = 2.5 cm. Ti hinh v& ta thy, khi P ting, tin xa cla ion O vdi khi IAm
vi€c ting, nén p ting 1én ro rét, dic biét P>8.10" torr. Nhu vdy mang tao G Pa, = 107 torr, Tg
= 160°C, x = 2,5 cm, ¢6 dién trd sudt bé nhat ¢d 3,7.10°Q.cm, ¢6 b = 30 nm, ndng dd hat tdi
¢39.10° cm™ 12 mang ¢6 tinh chat dién (3t nhat.

LR ol
—B—p ~u—p
2.0x107 T T T T ™ 1.0x10™ 3.0x10° T 1.0x10"
Ao o, 3 .\'\
. 5
1.6x107 1 \ {soae® 207 " 18.0x10%
——— \\\
5 b 2.0x10° § B
E‘-W“ i -6.0x10 g \\.\ 18.0x10”
3 5 g 1.54d0° T~ =
12 4 a
o 8.0x10 /n/ / 4 4.0x10% S / 14.010%
//,a
40x10°{
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Hinh 6: Nong dé hat tdi va dién trd suit Hinh 7: Nong d6 hat tai va dién trd
thay ddi theo nhiét do d&. sudt thay ddi theo 4p suat.
IV. Két luan

Mang ZnO:Al dugc ché€ tao bang phudng phip magnetron dc, v6i miu dit theo huéng
vudng géc vdi bia, d khodng cach x = 2,5 cm, nhiét d d&€ 160°C, dp suat phin xa 10 torr, ¢6
dién trd suat thap cd 3,7.10*Q.cm, vdi ndng dd hat tdi ¢3 9.10%° cm™, d6 truyén qua T> 85%
trong viing kha ki€n, va d6 phdn xa R 285% trong ving héng ngoai. K&t qud vé do din dién
1a t6t hon so v6i nhiéu cdng trinh da dugc cong bd. Nguyén nhan chi y&u clia van dé 1a da
tranh dugc sy bin phé clia ion 4m, phat xa bing ion héa bé mat tir bia. So véi phiong phép
trinh ion 4m bing dit d€ giita tdm cida bia [11], thi p cda cbng trinh nay c6 gi4 tri tuong
duong, nhung dé trién khai & qui mé céng nghiép.

STUDYING AND MAKING TRANSPARENT CONDUCTING ZnO:Al
THIN FILMS BY MAGNETRON DC SPUTTERING

Le Tran, Nguyen Huu Chi, Tran Tuan, Ho Van Binh

ABSTRACT: Transparent conducting aluminium—doped Zinc oxide (ZnO:Al) have
been deposited on glass substrates by magnetron dc sputtering using a powder target (
ZnO + 2%wt Al;O3) .Electrical and optical properties of these films were investigated
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substrate temperature, sputtering pressure Ar and location of substrates in detail.
Obtained the optimized results of film with resistivity of 3,7.1 0*Q.cm, the average
transmission in the visible range (300-800 nm) being greater than 85% and the reflection
in the infrared range being greater than 85%. Above optimized conditions are (a)
substrate set in perpendicularity to target, being 2,5 cm from the outside of erosion area,
at substrate temperature of 160 degree Celsius, sputtering pressure of 1 07 torr.
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