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ANH HUONG CUA SU PHA TAP Ga LEN TINH CHAT PIEN CUA MANG ZnO
TAO BANG PHUONG PHAP PHUN XA MAGNETRON

Cao Thi My Dung, Trin Cao Vinh, Nguyén Hitu Chi
Trudng Pai hoc Khoa Hoc Tu Nhién, DHQG — HCM
(Bai nhdn ngay 14 thdng 04 ndm 2006, hoan chinh sita chita ngay 25 thang 01 nam 2007)

TOM TAT: Mang ZnO-Ga duoc tgo tir bia ZnO pha tap 4.4% nguyén ur (at.) Ga véi bé
day khodng 600nm, bing phwong phdp phin xa magnetron RF ¢ nhiét dé phong, co dién trér
sudt p~4.6 x 107 Qem va do truyén qua T ~ 85% trong viing phé kha kién. Tai nhiét dg phong,
Phd nhiéu xa cho thdy méang c6 tinh tinh thé 16t véi dinh huong (002) manh.

Cdch b6 tri bia-dé song song trong qud trinh phin xa cho thdy tinh chét mang it bi anh
hitong boi sy bin phd cia cdc hat ion ém ndng luong cao, mang cé do bén nhiét khi trong maéi
trucng khong khi so véi mang ZnO pha tap Al (ZnO-Al), diéu nay cé thé duwge giai thich dua
trén su sai khdc cia bdn kinh ion cdc nguyén tw tap chat anh hidng dén qud trinh hoa tan rin
thay thé trong bia.

1. GIOI THIEU

Mang oxyt trong sudt dan dién (TCO) c6 nhiéu ing dung trong linh vuc quang-dién tir do
dién tré sudt thip va do truyén qua cao. Ching dugc ung dyng trong ché tao guong nong, man
hinh hién thj phang dién tich 16n (LCD, OLED), pin mit trdi, cira sb thong minh (mang dién
sic), ... Mang TCO chii yéu sir dung rong réi Ia mang ITO (In,O; pha tap SnOs) duoc tao bang
phuong phép phtin xa magnetron, va hién nay mang ZnO pha tap nguyén t6 nhom III (nhu Al,
Ga, In, Sc,...) dang duoc nghién ciru dé thay thé cho vat liéu mang ITO do tinh kinh té ctia n6.

Nhiéu c6ng trinh nghién ciu cho thdy mang ZnO-Al phin xa bang phuong phép magnetron
dat duoc tinh cht cao vé d dan dién ciing nhu d§ truyén qua, tuy nhién do céch bd tri bia-dé
(dé tranh sy ban pha cta ion 4m) nén vén tdc phin xa tha“’lp, tiéu tén vat lidu nhiéu, ciing nhu
khéng c6 d6 bén nhiét khi xir ly nhiét d6 cao trong mdi trudng khong khi [, do do mang ZnO-
Ga dang duoc nghién ctu dé khic phuc cic nhuoc diém trén.

2. THU'C NGHIEM

Maing ZnO-Ga dugc phin xa trén dé thuy tinh tir bia thiéu két (ZnO + 4.4% at. Ga) ¢ nhiét
dd 1500°C trong khong khi. Bia tron ¢ duong kinh 7.6 cm, day 2.5 mm, da duogc che tao tai
phong thi nghiém™, H¢ tao mang 12 h¢ chan khéng UNIVEX 450 (Dirc), 4p suat nén 3x10°° torr,
ap suat lam viéc 3x107 torr, luu lugng khi 1am viée Ar (99.999%) 1a 25scem, nhiét do dé tir nhiét
d6 phong dén 300°C, cong suét phiin xa RF 200W.

Truée khi phii mang, dé thiy tinh dugc tiy rira bang phong dién plasma trong chén khong
véi dong 15mA, thé 2000V trong thdi gian khoang 10 phit. Bia va d¢ dugc b6 tri song song
nhau v6i khoang cach 4.5 cm ). Tinh chit dién dugc xé4c dinh bing phuong phap 4 mii do, tinh
chat quang dugc xac dinh bing phd truyén qua UV-Vis, cu tric mang dwoc phan tich bang pho
nhiéu xa tia X (XRD).

3. KET QUA VA BAN LUAN

Mang ZnO-Ga la mang ban dén loai n, do su pha tap donor Ga hay sy hinh thanh 15 trong
oxy. Chung t6i tién hanh tao mang ZnO-Ga tai nhiét do phong, cong suat phin xa RF 200 W véi
cach bo tri bia-d¢ song song céch nhau 4.5cm (bang 1).
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Bang 1.Mang tao ¢ cong suit phin xa RF 200W

] Tl_neri Do diy Nhiét do dé R
Mau gian (nm) sau kohi phu Dién trd mat () % 10 (Q.cm) T (%)
(phut) 4] '
tai tim bia cach tim 2 cm | tai tAm bia | cdchtim 2 cm
GRS 3 350 62 14.5 16 5.0 5.6 ~85
GR7 5 600 65 7.6 8.6 4.6 5.2 ~85
GR9 850 75 49 59 4.2 5.0 ~85

Cong trinh [5] cho kﬁt qua thuc nghiém v&i khoang cach bia-dé 9cm (bang 2, hinh 1). T
bang 2 thay rang, vi tri toi wu dé dat dién tro thap 1a vi tri e. O vi tri do6 s& tranh su ban phé cua

ion 4m ning lugng cao nhung van toc phin xa thip (v=3.8 A /s).

Bing 2
Mau Vitria d e
Bé day (nm) 760 1900 1400
- 4
o (Q.cm) 53 )l( 100 | 8x 10 41(9)}

Hinh 1. Céch bb tri thi nghiém bia -dé trong hé
phin xa I,

Ta c6 thé noi su khac nhau trong cach b6 tri thi nghiém gitra hai mang ZnO-Al va ZnO-Ga la
do su khac nhau trong ban kinh ion tap chét (Ga®" 0.062nm, AP 0.057nm™!). Ton Ga khi thay
thé Zn frong mang ZnO s& lam mang c6 xu huéng co lai (Zn* 0.083nm™), thé hién trén pho
nhiéu xa hinh 2. Néu cudng dd tich phan cua dinh (002) ctia pha ZnO hoa tan réan Ga 1a I,, cudng
dé tich phan ctia dinh (002) ctia pha ZnO 1a I, thi ti 1& I;/I, trong cong trinh nay 1a 1.51, so véi tai

lidu ¥ ta thdy thoa didu kién c6 sw hoa tan rén. Do su hoa tan t&t nén khong dé dang tao thanh

nut tréng Shottky, dong thoi Ga kho khuéch t4n ra mit ngoai tinh thé, nhu vdy bé mit bia cé thé
xem nhu ddng nhat hoa hoc, cong thodt dién tir trung binh hau nhu khéng d6i khap bé mat bia.

Chéng t6i ciing chup phd nhidu xa bia ZnO + 3.15% at. Al thi khong thay xuét hién vach phd I,
chimg t6 khong c6 su hoa tan ctia Al trong mang tinh thé ZnO (hinh 3).
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Hinh 2. Phd nhiéu xa ctia bia ZnO-Ga.
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Hinh 3. Phd nhidu xa cia bia ZnO-Al.

Ngoai ra, tinh toén cho thay TAVTzo0 = 0.057/0.1625 = 0.35, ti s6 nay nhé hon 0.414 tire 1a Al
chi hoa tan xen k& vao 16 héng 8 mat "' . Do dé, trong bia ZnO-Al khéng c6 su hoa tan ran thay
thé tét ciia Al, phin 16n ching két tha xen k& gifta cac nut mang hodc trén bién hat. Dudi tac
dung nhiét, chung khuéch tan ra mat ngoai, tich ty & mit ngoai bia dudi dang hap thu nén bé mt
bia khong ddng nhit héa hoc, ching tao thanh vét co cong thoat @, khac nhau, trén dién tich vét
twong ddi f,. Néu cong thodt trén bé mit Katbt co gia tri khac nhau va thoa diéu kién (Qumn - S -
\JeE ) >> kT, thi mat d6 dong ion Am phat xa vét c6 dang [

i =echp{c S+\l£eT_E—(p }
(1)

—_— e o —
A= NAZ fk exp M
Y kT
trong do: S: ai lyc dién tir cia nguyén tir Oxygen; ¢ : cdng thoat dién tir trung binh ctia bia; E:
dién trudng trén bé mit catdt
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Hinh 4. D) thi biéu dién su thay ddi dién tré sudt cia mang ZnO-Sc (*) va ZnO Al (0) theo khoang céch
trén dé twong tmg vé6i vi tri trén bia trong cong trinh
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Dong phat xa ion 4m s& 16n tai ving an mon cia bia do nhiét do T lon. Co thé gia thuyét
rang tai vét phét xa ion 4m, cong thodt clia bia chinh bang céng thoat ciia chinh vét chét héap phu
(néu hat hap phu ¢6 hai 16p don nguyén t). Thyc nghiém trong cong trinh ] (hinh 4) cho thiy
bia ZnO-Sc cho dong phat xa ion am 16n hon bia ZnO-Al D¢ am dién ctia Sc nh6 ()sc = 1.365)
s0 v6i O (1o = 3.44")) nén chiing dé thanh 14p hop chét, ngan can kha ning thay thé cia Sc vao
mang ZnO, dudi tic dung nhiét, Sc dé dang khuéch tan ra mat ngoai bia, va do céng thoat thip
hon (a1 = 4.28eV, @isc = 3.5eV™) nén ZnO-Sc cho dong phét xa ion am lon hon, thoa cong
thie (1). Cong thire (1) cling phu hop & 1y giai cho céc trudng hop bia BaTiO; hogc bia YBCO
(Y-Ba-Cu oxide) co su xuét hién ctia dong ion 4m ning luong cao phat xa tir bia, anh huong dén
tinh chit mang. Didu d6 1a do cc kim loai c6 d6 4m dién y nho so v6i O va cong thodt ¢ thép
nhu Ba (1p. = 0.89, @, = 2.7eV) trong bia BaTiO; hodc Ba, Y (v = 1.22, ¢y = 3.1) trong bia
YBCO.

Theo cac tai liéu nghién ctru tham khao thi anh hudng cua nhiét d6 dé va nhiét d6 0 mang
1én tinh chét dién phu thudc rat nhidu vao phuong phap tao mang cling nhu co ché dan dién
trong mang. Chung t6i da tao 3 mang ZnO-Ga c6 cung diéu kién tao mang chi khac nhau nhiét
d6 0 mang 1a: & nhiét do phong, 300°C trong chén khéng va ming u 0 300°C trong khong khi,
thuc nghiém 1 cho thay 3 mang c6 dién tro suét (~ 4.6 x 10" Qcm) va cuong do dinh (002) la
tuong duong nhau (ching té nhitng hat ngung tu bang phuong phap phin xa magnetron c6 nang
lwong cao). Tinh chét dién ciing nhu cAu tric ctia mang gﬁn nhu khong phu thudc vao nhigt do
xir ly. Co ché dan dién cua mang chi yéu 1a hat tai tu do sinh ra do su pha tap donor hoac do su
hinh thanh 13 tréng oxy. Mang ZnO-Ga dan dién chi yéu bing tap chat donor, nén khong bi anh
hudng boi nhiét d6 0 trong khong khi. Trong khi d6, mang ZnO-Al do khong hoa tan ran thay
thé t6t nén bién dang mang ting, sy hinh thanh 15 tréng oxy nhiéu, khi nung trong mdi truong
oxy hod, sb 16 trong oxy giam nén dién tr& suét ciia mang ting manh khi T > 200°C (hinh 6").
Dé kiém tra d6 bén & nhiét do cao, ta tién hanh tao mang ZnO-Ga trén dé Si, sau @6 dem nung
trong moi truong khong khi véi thoi gian G nhiét 12 20 phut ¥ (hinh 5). DO thi cho thdy dién tr&
mit ctia mang ZnO-Ga bét dAu thay dbi it khi nhiét d6 T > 400°C.
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Hinh 5. D& thi biéu didn su thay déi ctia dién trd Hinh 6. Db thj biéu dién su thay dbi cua dién tro
mit cia mang ZnO-Ga trén dé Si theo nhiét do xir  theo nhiét do xtr li trong Ip(")i trudng khong khi
ly trong méi trudmg khong khi. clia ZnO-Al (dudng cong s 4) (1]
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4. KET LUAN

Mang ZnO-Ga dugc tao bang phwong phép phiin xa magnetron c6 dién tré sut khoang 4-5
x 10 Qem , d6 truyén qua trung binh ving kha kién T ~ 85%. Mang cho tinh chit quang dién
t6t ngay ca khi dwoc phiin xa & nhiét d6 phong. Tinh chét dién ctia mang cho thdy mang it bi anh
huong boi sy ban phé ciia ion 4m, ciing nhu ¢6 do bén nhiét t5t khi xir Iy trong méi truong
khong khi, diéu ndy c6 thé 1i giai dwa trén ban kinh cia ion tap chat so véi ban kinh ciia ion
nguyén tir nén din dén sy hoa tan ran thay thé tét. Bia-dé dugc bé tri song song nén vén tc tao
méng cao, d6 dong déu dién tro tot, tiét kiém vat licu, d& diang ing dung trong céng nghiép.

THE INFLUENCE OF DOPING Ga ATOM ON CONDUCTIVE PROPERTIES
OF ZnO THIN FILM MADE BY MAGNETRON SPUTTERING

Cao Thi My Dung, Tran Cao Vinh, Nguyen Huu Chi
University of Natural Sciences, VNU-HCM

ABSTRACT: The transparent conductive thin films ZnO-Ga are rf magnetron sputtered
Jrom ZnO target doped 4.4% of Ga at a power of 200W. These films have resistivity as low as
4.6 x 107° Qcm and the optical transmittance of 85% (at 550nm). At room temperature, these
Jilms have good structure properties with very high orientation of (002) plane. The conductive
properties were less affected by the bombardment of high energetic negative ions due to low
surface ionization of the target. In addition, these films have high heat resistance in the
atmospheric air due to high solubility of Ga in ZnO lattice.
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