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TOM TAT: Mang méng trong suét dén di¢n oxyt kém (ZnO) pha tap Ga (Gallium) dugc
ché tao bling phutong phdp phiin xg magnetron rf (radio frequency) & nhigt dg phong tix bia gom
qua dung két & nhigt dg 1500°C hdn hyp bot ZnO (99.5%) va bjt Gay0s3 (99.99%) nén v dp hec
1400kg/cm®. Mang méng ZnO-Ga thu dwgc cd d§ truyén qua trung binh 85% trong ving dnh
sdng khd kién (400 - 700 nm) va dign trd sudt p~4 -5 x 1 0* Qcm. Mang thu dugc cd cdu tric
tinh thé 161, dinh hudng manh theo mdt (002).

L. GIGI THIEU

Hién nay trén th€ gi6i nhiéu nghién cfu dang tép trung theo hudng ch& tao mang din dién trong
subt ZnO pha tap nhim thay th& ITO (Oxyt In pha tap Sn) do gid thanh vat liéu cda ZnO thdp hon rdt
nhidu so v6i ITO. Mang ZnO pha tap Al dugc ché tao va nghién cifu trong nhiéu bai bdo va cho thdy
d truyén qua va do din dién t8t, gin x4p xi v4i ITO. Tuy nhi€n, mdt van de 16n thudng gip clia mang
ZnO pha tap Al 1a su gidm do dén dién khi xit 1y trong mdi trudng nhiét do cao (> 200°C) [11. Vi ly do
nidy ma viéc (ng dung mang mong ZnO pha tap Al bi gi6i han trong mdt s6 @ng dung. Trong khi dé,
ngoai dd din dién va truyén qua twdng dudng véi ZnO pha tap Al, mang ZnO pha tap Ga c6 khd nidng
chiu dugc nhiét dd x Iy cao hdn trong mdi trudng khong khi. Cung trén vat liéu nén 12 ZnO, gidi thich
viéc pha tap Al vi Ga din t6i nhitng khd ning chiu nhiét khdc nhau ciing 1a vin dé can thiét-cho
nghién citu v& pha tap trong vét liéu ban din oxyt. '

IL. THUC NGHIEM
Ché tao cic bia gdm ZnO pha tap Ga,0; (3.5%, 4.4% va 5% nguyén tit Ga) qua cdc budc sau:
- Nghién bt ZnO (99.5%) bing m4y nghién bi ly tim vdi thdi gian hon 15 gid bing phuong
phép nghién w6t véi nudc cat. Siy khé bdt ZnO trong chan khong & nhiét do 200°C véi thdi gian
hon 10 gid.
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- Tron hdn hdp ZnO sdy khé vdi bdt Ga,0; theo ti 1€ bing cin phén tich ¢cé do chinh xdc

10 mg, sau d6 tron véi aceton trong 5 gid bing mdy nghién bi d€ ddm bdo sy ddng nhit. Sau

khi tron, hdn hop dudc siy khé trong chin khdng & nhiét do 200°C véi thdi gian hon 10 gid. Hon

hop dudc tén nhé qua riy va trdn vdi keo PVA trudc khi d8 vao khudn ép dé tao sy két dinh ban

diu cho cédc hat bdt, 1am cho mAu bia sau khi ép ¢6 d cng vira di d€ khéng b niit. Lugng keo

phdi dugc chon vira di, néu du qua s& 4nh hudng d€n d6 chit cla bia.

- Hbn hdp sau khi tron keo duge dd vao khudn va ép vdi dp luc 1400kg/cm®. Qué trinh ép

phéi ti€n hanh thit chim d€ dim bdo sy x&p chit va dong nhit cla miu. Sau khi ép, miu dugc

dwa vio nung theo chu trinh nhiét nhu hinh 1, thdi gian 4 nhiét 12 2 gid & nhiét dd cyc dai la

1500°C. Piém nhiét do nay dudc chon tif thuc nghiém trén nhi€u miu nung khéc nhau.

Mang ZnO-Ga dugc tao trong hé Univex 450 bing phudng phdp phin xa magnetron RF it bia
g6m dugc ch€ tao & phin trén vdi cdc thdng s6 cd ban nhu sau:

" Tir trudng trén bé mat bia B ~ 450 G

- Khodng cdch bia — d&€ 13 4.5 cm, d€ dugc dit song song véi bia

- Apsuitnénla 4 x 10° torr, 4p sudt 1am viéc 1a 4.5 x 10 torr khi Ar (99.999%)

- Cong suit phiin xa 200W, mat do trung binh trén bé mit bia la 4.4 W/cm2

- D& phii mang la thiy tinh, dugc Ay rita biing héa hoc va bing plasma phéng dién 20 phit

trong chan khong & nhiét d6 150°C. P& phi mang & nhiét do phong.

Pién trd mit ciia mang dudc do bing phidng phdp 4 miii do. P truyén qua dugce x4c dinh bing
mdy quang ph8 UV-Vis trong viing hudc séng tir 190 — 1100 nm. B$ day mang dudc xdc dinh bing
mdy do dao dong thach anh va két hgp vdi tinh todn tif cdc dinh giao thoa trong phd truyén qua 3 viing
kha ki&n [2). Tinh chil tinh thé cda bia vAd mang dudc khdo sit bing phS niiéu xa tia X 0 -20, budc
séng Cu -K, 1.5406 A .

1. KET QUA VA BAN LUAN

Vi céc cong doan ché tao diige md td trong phin thuc nghiém, mAiu bia thu dugc v6i ndng do
pha tap 4.4% nguyén ti Ga cho mang c6 dién trd thip nhit va c6 cdc cdc dic di€m nhu khSi lugng
rieng d = 5.3 g/em’, so véi vat liéu <hdi ZnO (d = 5.6 g/em®) dd nén chit clia sén phdm bia 1a khodng
94%. Pién trd khéi clia bia 1a 2.8 «¢ 10? Q.cm . Kich thudc bia 12 tron ® = 7.6 cm, day 2.5 mm. Phd
nhiéu xa tia X cla bia dugc cho treng hinh 2.
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Hinh 2. Phé nhiéu xa tia X cda bia Zn0-Ga

Ph8 nhiéu xa cla bia ZnO pha tap cho thiy cic dinh dic trung ciia cdc mit tinh thé cia ZnO,
phdl hop véi sy phin b& dic trung trong nhiu xa bt chudn cla ZnO. Ngoai ra, phd con cho thiy sy
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xuit hién cla dinh mdi, dic trung pha cia Ga hoa tan rin trong ZnO, thé hién bdi dinh phd gan véi
dinh (002) ciia ZnO va c6 khodng cdch mdt mang nhd hon, nhu chi thich trong hinh vé. Ti s6 cudng do
dinh phd nay vei dinh phé ZnO (002) c6 thé 12 mot thong s8 gidp xdc dinh mic do hda tan cia oxyt
Ga trong bia sau khi dung k&t [3].

Véi bia ZnO pha tap Ga,0s;, mang moéng ZnO pha tap G dudc tao trén d& thdy tinh bing
phuong phdp phiin xa magnetron Rf & nhiét dd phong. D€ dudc bd tri song song v6i bia phin xa. Dién
tr8 sui't cic mang thu duge phu thude vao thdi gian phi mang nhu trong bédng 1. Mang ciang day dién
trd suit c6 xu hudng cang gidm. Gid tri dign trd suat thip cho thiy trong qud trinh phd, mang ZnO-Ga
it bj tic dong clia bin ph4 ion 4m khi so v&i mang ZnO-Al & ciing céch sip x€p bia-d€. B&i vdi ZnO-
Al dién tr& suit c6 thé ting 1&n nhiéu bic d6 16n. Bing 1 va hinh 3 cho thi'y cic mang tudng d6i trong
sudt trong viing kha kién.
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Hinh 3. Phé truyén qua UV-Vis clia mang ZnO-Ga

Phé nhi&u xa cia mang ZnO-Ga dudc cho trén hinh 4. Chi c6 dinh phd duy nhdt ¥ng véi mat tinh
thé (002) ciia ZnO chifng td khéng c6 pha clia cic tap chit khdc. Mang c6 ciu tric tinh thé t3t, mic du
phat trién & nhiét d6 thdp. Piéu nay cho thiy ning lugng cla cdc hat trong phuong phdp phin xa
magnetron c6 vai trd tuong dudng viéc nung & nhiét dd cao trong qué trinh tinh thé. Diéu nay cé thé
Jam cho cong doan tao mang trd nén don gidn hon, nhat 13 khi trién khai tao mang trén d&€ c6 kich
thudc 16n.
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Hinh 4. Phd nhiu xa cia mang ZnO-Ga tao & nhiét d¢ phong.

So v6i hinh nhiéu xa cla bia ZnO pha tap trén hinh 2, hinh 4 cho thay,trén phudng vubng géc
v6i bé mit mang chi ¢6 1 miii nhidu xa duy nhit ing v4i mit (002). Nhu vy trén phudng niy cdc hat
sdp x€p theo ciing trat ty tinh thé vd ming dinh huéng manh theo mot mat tinh thé duy nh4t. Kich

094
——— [4] v6i A = 1.5406 A 1a budc
Bcosé
séng clia tia X, B 13 d6 m3 rong vach nhidu xa. Véi B ~ 0.27° nhy trén hinh 4, kich thudc trung binh
cia hat tinh th€ trong mang 12 30 nm. Hinh th4i b& mit clia mang dudc chup bing kinh hién vi luc
nguyén ti (AFM) trén hinh 5.

thudc hat tinh thé dugc udc tinh theo cong thic Sherrer d =

wmfdiv
0.020

Hinh 5. Anh AFM bé mit cia mang ZnO-Ga véi R,,,, ~ 6.7 nm va R, ~4nm

Hinh 6 12 phd nhi€u xa clia mang ZnO-Ga tao & nhiét d6 phong sau khi nung 20 phiit trong
khdng khi & 300°C va mang ZnO-Ga dudgc tao trong chan khdng & nhiét do d& 300°C. So sénh véi phd
cia mang ZnO-Ga tao & nhiét d6 phong trong hinh 4, chiing ta thdy khéng c6 su khdc biét ding k€& vé
cdu triic ph cling nhu cudng do dinh phd (002). Piéu nay da khing dinh mang tao & nhiét do phong
dd c6 cdu triic 8n dinh.

Ngoai ra két qud do cho thdy db din dién va d6 truydn qua quang hoc ciia cdc ming khong thay
ddi ddng ké. Bang 2 so sanh céc tinh chit quang dién ciia cdc mang ZnO-Ga khi thay d8i cdc thong s&,
twong ng v6i k&t qud nhi€u xa trén hinh 4 va 6. Trong bing 2, cdc gid tri dién trd suit va dd truyén
qua 12 gan nhu nhau d6i véi cdc mu dugc tao & céc diéu kién nhiét dd va mdi trudng xit Iy khdc nhau.
Diéu nay cho thiy cic sai héng mang trong mang tao & nhiét do phong 13 khong ddng ké.
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Miu | Nhiét do d& (°C) Nung trong ~ | D6 e p T (%)
Eigng B - fady | LR x10* (Q.cm)
mit (Q/0)
(nm)
GR1 | 300 — Chin khdng 560 8.6 4.8 ~ 85
GR7 | 25-->65 600 7.7 4.6 ~ 85
GR7N | 25 --> 65 300°C 600 8 4.8 ~ 85
Bang 2

P& danh gid su 8n dinh tinh chdt dién clia mang theo nhigt dd, mang ZnO-Ga trén dé& Si dudc
tao & nhiét 4o phong, sau d6 dem nung trong mdi trudng khong khi v@i thdi gian 4 nhiét 1a 20 phiit.
K&t qua dién tré khong thay ddi khi nhiét do 1én dén 400°C nhu dudc minh hoa trén hinh 7.

P&i véi cdc mang oxyt din dién trong sudt loai n (ITO, ZnO-Al, ZnO-Ga...), ndng do6 hat tai tu
do phu thudc vao céc y&u t& nhu ndng do va trang thdi hoat dong ciia cdc nguyén i pha tap (Sn, Al,

30

25

20

15 4

10

Pién tré mit ohm/sq.

o
e

—
200

T
250

)
300 350

—TT
400

T 1
450 500

Nhi¢t d6 nung ('C)
Hinh 7. Sy thay ddi ciia dién tré mit theo nhiét dd xi 1y trong khéng khi

| g
550 600

Trang 9




Science & Technology Development, Vol. 8, No. 3-2005

Ga), mit d6 18 tdng oxy, trang thdi oxy héa thip clia cdc nguyén ti kim loai nén (In, Zn), tinh chit
tinh th€ ... Su &n dinh cla dién trd theo nhiét dd cia mang sé phu thudc vao su n dinh clia cic y&u to
trén theo nhiét dd. Khi nung & nhiét do cao trong mdi trudng nhi€u oxy nhu trong khong khi thi mat do
16 tréng oxy sé& gidm, nguyén ti kim loai nén s& chuy&n 1én mifc oxy héa cao nén ndng dé dién i ty
do s& gidm lam dién r suit ting. C6 thé mot phan vi 1y do niy ma mang ZnO-Al khéng bé&n & nhiét
dd trén 200°C. Tuy nhién, thuc nghiém cho thdy dién trd mang ZnO-Ga khong d6i khi nhiét dd 1&n dén
trén 400°C. Piéu nay c6 thé 1y gidi 13 do c6 sy khic nhau vé kha niing hda tan rin thay th€ clia Al va
Ga vao mang nén ZnO. Piéu kién d& c6 hoa tan rin thay th€ t5t 1a cic ion phdi c6 ban kinh x4p xi. §
diy da c6 su khdc nhau vé& ban kinh nguyén tit va ban kinh ion ciia Al (Al 0.143nm, AI** 0.053nm), Zn
(Zn 0.137nm, Zn** 0.074nm) va Ga (Ga 0.135nm, Ga> 0.061nm). So véi Al, Ga c¢6 cdc diéu kién phi
hgp hon dé dé dang thay th& Zn trong mang ZnO. Va chinh sy hda tan clia Ga 1a ngudn dién ti¥ ty do
chii y&u quyé&t dinh dd din dién ciia marg.

IV. KET LUAN

Ming ZnO-Ga dudc tao bing bix gdbm ZnO-Ga thu dugc c6 dd truyén qua trung binh 85% trong
viing 4nh sdng kha ki€n (400 — 700 nm) va d6 din diénp~4 -5 x 10* Q.cm. Mang thu dudc c6 ciu
triic tinh thé t6t, dinh huéng manh va duy nhét theo mit (002). Mang ZnO-Ga thu dugc ¢6 dd bén nhiét
cao trong mdi trudng khdng khi (400 C), rit thich hdp cho cic tng dung yéu cdu nhiét dd xi 1y cao.
Ngoai ra, v8i cling phudng phdp phin xa magnetron, mang ZnO pha tap Ga dudc tao tir bia gdm chiu
anh hudng bdi bin ph4 clia ion Am trong qué trinh tao mang it hon so v8i mang ZnO pha tdp Al. D&i
vdi mang ZnO-Ga chiing ta c6 thé diit d&€ song song vdi bia nén vin tdc cao hdn, i€t kiém vit liéu cao
hon. Viéc gidi thich sy khdc biét trér lién quan dé&n hién tugng ion héa bé mit, tuy nhién khéng nim
trong ndi dung bdo cdo ndy. V& thuc :ién, viéc nghién cifu ché tao vit lidu bia gdm (ceramic target) s&
tao diéu kién thuén 10i cho viéc chi dong ch€ tao mang theo thanh phin mong muén, gi4 thinh ché
tao thip so vdi nhap tif nudc ngodi.

FORMING Ga - DOPED ZNO BY RF MAGNETRON SPUTTERING

Tran Cao Yinh, Nguyen Huu Chi, Nguyen Van Den
Cao Thi My Dung, Duong Quang Long
Faculty of Physics, University of Natural Sciences - VNU-HCM

ABSTRACT: Transparent conducting Gallium-doped Zinc oxide thin films were prepared by rf
magnetron sputtering using ceramic oxide target made from the mixture of Ga0;3 (99.99%) — ZnO
(99.5%) powders pressed at 1400kg/cm’ and sintered at 1500°C. The obtained thin films have the optical
transmission of 85% on average ii the wavelength range of 400 to 700 nm and the resistivity of 4 -5 x

10* Qcm. The films have a high tzxture and grow only along the ¢ axis (002 plane) of the hexagonal
Sstructure.
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