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TOM TAT: Mang ITO don huéng tinh thé [222] dwoc ché tao bing phuong phdp phin
xa magnetron dc trén !o;o dém mong ITO. Khao sdt nhiéu xa tia X cho thdy mang phat trién
gan don huomg [222] véi dé day lén dén 750nm. Pién tré sudt, nong do va d‘o linh d‘ong cua
dién tir tw do cua mang ITO trén 1op dém lan heot la 1.2 x 107 Qem, 107 em™ va 50 em’V's
D¢ truyén qua trung binh trong ving kha kién 400 — 700 nm la 80%. Cdc théng sé quang hoc
cua mang ITO dugc xac dinh bang cdch dia trén ham dién méi Drude mo rong va Lorentz,
mé hinh héa phé truyén qua do thuc nghiém. Chiét sudt tinh todn cia mang ITO & bude song
0.55 pm la 1.8, trong khi bo hap thu la 4.3 eV. Khoi leong hiéu dung cia dién tir trong vimg
dan duoc xdc dinh la ~ 0.33m, — 0.35m,..

Tir khoa: mang ITO, phiin xa magnetron, tinh thé [222].

1. GIOI THIEU

Nhirng nim gin day, sy phat trién manh cac (mg dung ctia ITO trong cong nghé cao nhu
linh kién phat quang, linh kién dién tir trong subt, doi hoi mét su quan tdm sdu va déy du hon
vé vt liéu ITO nhim t6i uu héa higu sudt va d6 bén cua linh kién. Ngoai cdc dic tinh wu viét
ctia mang ITO la dan dién tot va truyén qua cao trong ving kha kién, cac tinh chat khac nhu
tinh chét tinh thé, trang thai bé mat c6 anh hudng 16n 1én tinh nang hoat dong cua céc thiét bi
quang dién c6 str dung ITO: dién cyc phun 15 trong trong diét phat quang hiru co (OLED) [,
cc tiép xuc ban dE‘in khéng dong chat trong pin mat troi Pl Nghién ctru tmg dung ITO trong
OLED cua Nakaya [ cho thdy v6i ITO ¢6 dinh hudng tinh thé wu tién (texture) [222] ding
lam dién cyc trong sudt thi it bi ldo héa hon & tiép gidp véi 16p mang hitu co, lam tang hiu
suat phat sang va thoi gian song cua linh kién. Trong nghién clru nay tac gia ciing két ludn
rang trong nhitng diéu kién ché tao ITO thong thudng bang phuong phép phun xa magnetron,
rat kho dé co huérng [222] phat trién wu tién. Hon nira, theo tac gia dé dat dién tro suat téi wu
vé6i cac diéu kién vé nhiét do dé, cong suat phin xa, d6 day thich hop, mang ludn ting trudng
theo hudng [400] B] Trong mét béo cao trude , ching 61 da dé cap viéc giai quyét van dé
trén bing cich tao mang ITO trén 1ép dém Zn0O theo kiéu heteroepitaxy. Trong bao céo nay,
chiing t6i trinh bay mét cach thic khac dé ché tao mang ITO [222] bc’mg cach tao mang ITO
trén chinh lb‘p dém ITO giau 6xi theo kiéu homoepltaxy Két qua cho thay khong nhimg mang
ITO phat trién manh dinh huorng [222] ma d6 dan dién va d¢ trong sudt hoan toan tuong tu
nhu trong céc diéu kién ché tao t6i wu v6i dinh huéng [400].

2. THUC NGHIEM

‘Mang ITO dugc tao bing phuong phép phun xa magnetron dc tir bia gbém ITO véi thanh
phan kh01 lm;rng In703 SnO, = 9:1, d6 tinh khiét 99.99%, trong hé tao mang Univex 450, véi
ap suat nén 6 x 10 torr, khoang céch bia dé 5 cm. Phin xa dugc thuc hién véi khi Ar
(99. 999%) va 0,(99.999%). Bé phii 1a thiy tinh soda-lime Marienfeld (Germany). Qua trinh
tao mang ITO chia lam hai g1a1 doan. Giai doan thir nhat mang ITO duoc phu trong didu kién
nhiét d6 dé 350°C, trong méi trudng Ar + O, v6i ap suét riéng phin 6xi ~10* torr, do day lép
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dém ~ 15 nm. Giai doan thir hai, nguf‘m ox1 duoc ngét, qué trinh tao mang tam ding, buéng
duoc hit chan khong sdu dén ap suit nén 6 x 10 torr. Sau d6 mang ITO tiép tuc duge phu trén
16p ITO ban dau voi didu kién cong suat 50 W, trong mdi truong Ar 4 x 10" torr, nhiét do dé
350°C. Nong do va do linh dong cua dién tir tw do dugc x4c dinh bang phép do hiéu tmg Hall
trén mady HMS3000. Pinh huéng tinh thé cua mang dugc xdc dinh béng nhiéu xa tia X véi
phuong phép 0 - 26 (budce song Cu K, 1.5406 A) trén méay Siemens DS. Ph truyén qua trong
ving tir 0.2 — 1.8 um dugc do bang may UV-Vis Jasco V-530 va FTIR Bruker Equinox 55. P9
day mang duoc xac dinh bing phuong phap Stylus véi may Dektak 6M.

3. KET QUA VA BAN LUAN

3.1 Pinh hwéng tinh thé:

Hinh 1 14 gian dé nhiéu xa tia X cia mang ITO theo do day tir 300 nm dén 700 nm trén dé
thuy tinh. Quan sat cho thiy méang c6 céu tric da tinh thé, nhléu dinh huéng va tang tru'(mg
manh theo hudng [400] khi ting d§ day. Trong khi d6, gidn @6 nhidu xa trén hinh 2 cta céc
mang ITO theo d§ day trén cing 16p dém (O-ITO) va trong cung diéu kién ché tao cho thdy
mang ITO phat trién manh huéng [222] trong khoang d6 day dén hon 750 nm.
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Hinh 1. Gian d6 nhiu xa ciia mang ITO theo d¢ day khi khong c6 16p dém

M5 hinh phat trién homoepitaxy dugc dua ra dé giai thich cho su phat trién ciia mang ITO
trén lé'p dém. Khi tang trudng trén dé thiy tinh trong diéu kién nhiét d§ cao va dj day té’m%
ITO c6 khuynh huéng phat trién hudng [400] do thudn lgi vé mat nang luong. Nghién ctru
cho théy nang lugng bién dang tich lily trong qua trinh téng trudng mang co vai tro quyét dinh
dén sy phat tnen dinh huéng wu tién ciia cdc mit tinh thé. Ning lugng toan phén trong mang
chi yéu bao gdm nang luong riéng bé mat va ning luong bién dang. Trong qua trinh ting
trudng mang, mat tinh thé cé nang lugng toan phan thép s& uu tién phat trlen Trong trudng
hop ITO véi céu tric lap phucng bixbyte, mét (222) 1a mat xép chit nén suét Young Y3, 1én
hon so véi mit (400) va cac mat khac. Biéu thirc cho nang lwong bién dang dan hdi c6 dang .

Trang 6



TAP CHi PHAT TRIEN KH&EN, TAP 12, 80 12 - 2009

Y
U, =[_] e h (1)
© =V

v6i v - hé s6 Poisson, & - d6 bién dang song song bé mét mang, h - d¢ day mang. Biéu
thirc (1) cho thdy trong diéu kién ting truéng trén thiy tinh v6 dinh hinh, mat (222) khoé phat
trién vi co bién dang va sudt Young 16n. Khi cé 16p dém O-ITO (222), su tang trudng
homoepitaxy gitip giam thiéu i da d¢ bién dang ciia mang trén mt (222) nén ning luong
bién dang tich lily 13 thdp, diéu d6 giip mang phat trién mat (222) dé dang hon so v&i cdc mét
khéc. Diéu nay giai thich cho sy phat trién huéng [222] rat manh cua ITO/O-ITO.

4500 — (222)
]
3000 -
1500 | (400) 700nm
| {211) l (440) H
0 - A A A
] 1 T | ] 1
S 20 0 40 50 60 70
£ 3000
a
=]
L 500nm
o A X
1 1 T | ] 1
pron 20 30 40 50 60 70
3000
1500 300nm
d A
1 % ¥ 1 s 1 1
20 30 40 50 60 70

20

Hinh 2. Gian dd nhiu xa ciia mang ITO theo d¢ day khi co6 16p d¢ém O-ITO

3.2 Tinh chit quang hoc:
Tinh chat quang hoc ciia ITO dugec mé ta boi ham dién mdi € =€, + Yec + Aye PhU
thudc vao tin sb clia anh séng (trudng dién tir véi tan sb ©) va dugc dong gop tir 3 thanh phan:
Dién tur tu do:

2 2
o Wy ¢ Wy

=— S AL
la do cam dién gay boi dién tir tu do tir 1y thuyét Drude ™. Pai lugng ndy déng vai tro
quan trong cho su hap thy manh trong ving hong ngoai gan. Tan s6 Drude

Ne?
Oy =1’s = (2)

phu thudc vao ndng d6 dién tir tw do N trong mang, m. 13 khéi luong hiéu dung cia dién
tir trong vung dan, €, va e 14n lugt 12 do dién thim cta chan khong va dién tich cia dién tir. y
1 tin s6 va cham, dic trung cho sy tdn xa cua dién tir trong ving dan. V6i mé hinh ly thuyét
Drude m rong, tin sé va cham y ciia dién tir tw do phu thudc vao tan s6 kich thich o, dugc
biéu dién theo biéu thirc *'%:
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Ao 2
Trong d6 y. va yy lan lum la gla tri i & tan sb thap (© << Werss) VA & tan s cao (o) >>
Ocross)s Ocross dUQC goi 12 tan sb chuyen tlep, d6 12 tan s6 ma & d6 ¥ chuyen gia tri tir y. xuong

Yu (yL > vy4) va Ao 1a d6 rong clia ving chuyén tiép. Biéu thirc (3) biéu dién su giam ctia tan so
va cham dién tir y theo tin sb o cta truong kich thich.
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Budc séng (um)
Hinh 3. Phd truyén qua tinh todn va thuc nghiém cia mang ITO vé&i d§ day 330 nm khi cé 16p
Dién tir lién két:
g O
XvE 0)2 i .ch

la dé cam dién gy boi cac dién tir lién két tir 1y thuyét dién tir Lorentz '), 13 dong gop
cha yeu cho ham dlen mm gan bo hap thy trong ving tir ngoai. @, Te va oy 14n 11191 1a tan sé
dao dong riéng, h¢ s6 tit va cudomg dé dao dong cua dién tir lién két trong vung héa tri. M6
hinh ndy xem sy hap thu quang hoc cua ITO 1a sy hép thy cong huong véi tan sé o, cia dién
tir lién két.
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Hinh 4. Phan thuc va phén ao cta ham dién méi cua ITO

L6i dién moi €. la hang s6, bleu dién cho dong gop cia tat ca cac ion va dién tir con lai
trong mang tinh thé & ving tan s6 khao sat tir vung hdng ngoai gn dén ving tir ngoai gan,

T mo hinh dién méi & trén, chiét suét va hé sb tat duoc tinh toan theo biéu thic:
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Hinh 5. Chiét suft va hé s tat cia ITO/O-1TO/glass
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Dé xéc dinh cac thong sé quang hoc clia mang ITO tir mé hinh ham dién méi, phdn mém
Scout " duogc sir dung dé tinh toan. Phd truyén qua tinh toan tir ham dién médi duoc khép voi
pho thue nghiém dé tim ra c4c théng sé quang hoc nhu chiét suit n, hé sb tht k va hé s hap
thy a. Céc thong s6 bién doi ciia mo hinh 1a Oy, 11, Vi, Ocress, AD, Oc, Oxe Ve, va dd day mang
d. Pho tinh toén va phé thuc nghiém trén hinh 3 réat tring khép cho méu ITO 330 nm trén l6p
dém O-ITO. Hinh 4 biéu dién ham dién méi cua ITO thu duge tir viée khép pho tinh toén voi
phd thuc nghiém trong viing bude séng tir 0.3 dén 1.8 um. Phan thuc &g, giam nhanh khi tang
budc séng va bang khong & budc song plasma A, ~ 1.24 pm. Trong khi d6 phan 40 &, ~ 0 &
vung kha kién va tang cham theo bude séng. O gan ving bo hap thy, phéan thuce va phin 4o cia
ham dién moéi ting nhanh. Khi A > Ap, €k < 0 thé hién dic tinh phéan xa manh cua ITO trong
vung héng ngoai tuong tu kim loai. V&i A < Ap, &, ~ 0, ITO thé hién tinh trong subt trong
vung kha kién. Hinh 5 trinh bay sy thay déi ciia chiét suét n, hé s6 tat k theo budc song tinh tur
ham dién méi thu dugc nhu trén hinh 4. Chiét suit & budc song 0.55um x4p xi 1.8 va giam
manh vé phia hong ngoai. Trong viing hong ngoai khi A > Ap, hé s6 tat k >> n, thé hién tinh
phan xa manh. Hinh 6 trinh bay ket qua tinh todn binh phuong hé s6 hap thu theo budc séng
cho viéc xdc dinh d6 rong viing cam quang hoc. ITO 14 vat lidu c6 dich chuyén thang cho phép
nén ¢6 thé xac dinh E, tir ngoai suy ving tuyén tinh cia dudng cong o trén hinh 6. Gié trj ciia
bo héap thu caa ITO thu duge 16n hon 4.2 eV. Gia tri vﬁpg cdm co ban E, cua 6xit In,O; khéng
pha tap 13 3.75 V. Gid trj cao hon (~ 0.5 eV) ciia by hap thy quang hoc ciia ITO so v&i gié trj
E, cua 0xit In,Os 1a do hiéu (g Burstein-Moss.

P: 50W; Nhiét do & khi phi 350°C
0.  DodayITO (222): —— 330 nm

o (lomcm'z)

3.6 38 4.0 4.2 4.4

E (eV)
Hinh 6. Dang ctia bo hdp thu quang hoc ctia ITO/O-ITO/glass

Véi hiéu img nay, nong dé dién tir dan cao cita ITO tao ra sy suy bién tai lan can ddy viing
dan ciia 6xit In;Os, cac mire donor mé rong séu vao ving din. Luc ndy céc trang thdi & day
ving dan khong con tréng. Céc dién tir & vung hoa tri myén chuyén 1én ving dan phai hap thy
cac pl[mg]ton 0 nang luong cao hon E; cta 6xit In,Os. Biéu thirc dich chuyén Burstein-Moss ¢6
dang "'
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AE =—¢ 4
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Trong d6 / 1a hiing s6 Planck va ks la vécto séng Fermi cho boi cong thire ke = (37°N)”

3\ * x A A r ’ - e ‘A ’ 1 1 Fiw . .
va m, 1a khoi luong hi¢u dung rit gon, dugc tinh bdi bieu thtc —=—+— vO1 m, Vd
m,Z m m

m’ 14n luot 12 khdi luong hi¢u dung ciia dién tir trong ving din va ving hoa tri. Biéu thic (4)
cho thy su dich chuyén ting theo ndng d¢ dién tir trong ving din AE, ~ N®. C6 thé thiy m.,’
<m,’, néu thay céc gi trj bang s6 vao trong bicu thirc (4) ta cd:
N??(cm™)

m, /m,

Véi gid tri cia N ~ 10%' cm™ va m,” ~ (0.33 = 0.35) me cho ITO, thi AE, > 1 eV. Gia trj
ctia AE, thu dugc trong thuc nghiém nay 1a 0.5 eV — 0.6 eV, nho hon gid tri wéc tinh, nguyén
nhén 1 do ngoai sy m& rong bo hap thu do hi¢u ung Burstein-Moss con c6 sy thu hep bo hap
thu boi su tan xa cua dién tir - dién tir va dién tir - tap ion hoa. O ndng do pha tap twong doi lon
nhu trong ITO, sy tan xa lam mé rdng ddy ving dan va dinh ving héa tri vao trong vung cam,
lam giam tac dong cua hi¢u (mg Burstein-Moss 4],

3.3 Cic tinh chat khac:

Céc tinh chét dién ciia mang ITO 12 dién tro mat R, dién trg suat p, mat dd N va do linh
déng p cla dién tir tw do duoc xdc dinh bang phép do hiéu img Hall. Bang 1 liét ké céc gia tri
R, p, N va p ctia mang ITO trén 16p dém O-ITO vé6i céc d6 day khac nhau va cho thay tinh
chét dién N va p thay dbi khong dang ké theo do day mang. Sy két hop giita phép do Hall va
phan tich phd bang md hinh ham dién moi cho phép xac dinh khdi lugng hiéu dung ctia dién tur
trong ving dan trong mang ITO/O-ITO tir biéu thire (2):

m, N(cm™)

m. 1.12x10° o’ (cm™)

[

AE,(eV)>0.363 x107"

Gié trj tinh todn cha m, ~ (0.33— 0.35)m., xp xi gid tri 0.35 cia tdc gia Hamberg !,
Khao st ciia Ohhata !° ! dua ra két luan khéi lugng hiéu dung phu thude vao nf")ng do dién ti,
gié trj thay ddi tir (0.31 — 0.43)m. khi nong d§ ting tir 1.0 x 10" dén 8.2 x 10%° cm”. Sy khéic
nhau vé trj s6 cta khdi lugng hi¢u dung 1a do trong mdi trudong hop mang duge ché tao véi
phuong phap va diéu kién khac nhau. Ngoai ra, gia trj cla 161 dién moi €., cua ITO ciing dugc
xéc dinh trong khoang 3.5 — 3.7, so véi gid tri 3.95 duoc ché tao bing phuong phap bay hoi
chim dién tir cua tac gia Hamberg .

Bing 1. Tinh chét dién ciia mang ITO/ZnO/glass va ITO/O-ITO/glass

Cacchiss | - ITO/ZnO/glass'® ITO/O-ITO/glass
b¢ day (nm) 3.12 330 550 750
€ 3.58 3.63 3.53 3.67
Eg (eV) 3.94 4.25 4.27 435
R, (VD) 5 3.9 22 1.6
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p (10 Q.cm) 1.55 1.3 1.2 1.2
N (10% em™) 10.2 10.1 10.3 10.5
Hae (cm®V-'s™) 40 48.1 50.6 49.6
m, /m, 0.34 0.35 0.34 0.33

Bang 1 tong hop céc tinh chét dién cua mang ITO trén I6p dém O-ITO va so sanh vdi
mang ITO trén 16p dém ZnO ') véi cling diéu kién ché tao. Két qua cho thay ITO/O-ITO cho
tinh chét dién tt hon so vdi ITO/ZnO, dac biét 1a gia trji cao hon cia do linh dfng dién tir do
sur tang truong ITO trén O-ITO 12 homoepitaxy trong khi ITO trén ZnO 1a heteroepitaxy.

4. KET LUAN

Bai béo dua ra cach thic ché tao mang ITO don huéng [222] véi 16p dém mong ITO giau
6xi 15 nm. Co ché tang trudng homoepitaxy duoc dura ra dé gidi thich cach thirc ché tao. Mang
c6 d9 truyén qua trung binh trén 80% trong ving kha kién, dién tré suét c6 gid tri~ 1.2 x 10
Qcm v6i do day 1én dén 750 nm. Tinh chét quang hoc ctia mang ITO [222] dugc tinh todn tir
phén tich pho truyén qua bing mé hinh Drude mé rong va Lorentz cho ham dién moi.

OPTICAL AND ELECTRICAL PROPERTIES OF
HIGHLY [222] TEXTURED ITO ON GLASS

Tran Cao Vinh, Ta Thi Kieu Hanh, Cao Thi My Dung,
Le Thuy Thanh Giang, Pham Duy Phong

University of Sciences, VNU-HCM

ABSTRACT: Thin ITO films on glass having single crystalline direction [222] were
deposited by magnetron dc sputtering. The high-texture ITO films [222] were obtained by
using thin ITO buffers that were sputtered in oxygen-rich O+Ar mixture at early stage. X-ray
patterns showed that ITO films had single direction [222] with film thickness up to 750nm.
The resistivity, electron density and mobolity of ITO/buffer/glass films were 1.2 x 107 Qem,
10" em™ and 50 cm®V's”! » respectively. The average transmittance in visible region (400-
700nm) was 80%. The optical properties of the films were determined by using (extended
Drude + Lorentz) dielectric function as a base to model the measured transmission spectra.
The calculated refraction index at 0.55 ym was 1.8 and band gap was 4.3 eV. Furthermore,
the value of the electron effective mass in conduction band was also deduced and had value in
the range of 0.33m, — 0.35m,.

Keywords: ITO film, magnetron dc sputtering, direction [222].
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