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TOM TAT: Mang mdng ITO trén dé thity tinh c6 lop dé¢m ZnO dwgc phii bing phuong
phdp phiin xa magnetron. Tinh chat dinh hudng tinh thé ct'ic{ mang phu thudc theo tinh chdt tinh
thé ciia I6p ZnO. Mang ITO trén ZnOfthiy tinh thu dugc c6 cdu tric tinh thé 161, dinh hudng chii
y&u theo huong <111> vudng géc voi bé mdt mang. Pign tré sudt dat dugc ciia mang ITO la 1.6
x 10* Qcm & nhigt dg aé 350°C, voi do truyén qua trung binh trong viang khd kién la 85% (0.4 —
0.7 pm) va d¢ phdn xa trén 85% & budce s6ng lén hon 2 pm.

L GIGI THIEU

Mang dén dién trong sudt Indium Tin Oxide (ITO) 1a mang ban din suy bi€n loai n c6 ving cim
1ong, dugc st dung rong rdi trong trong cong nghé sdn xuat thi€t bi quang dién t& nhy man hién hinh
phing [1,2,3], pin mat trdi [4,5], guong phdn xa nhiét [6,7}, do ¢6 nhitng tinh chat dac trung nhv dién
trd sudt thap (1 ~ 2.10* Q.cm), 4nh séng truyén qua cao trong viing-kha ki€n (80 - 90% & vang budc
s6ng ~ 550nm) va phan xa manh trong viing hdng ngoai (80 -90% & budc séng trén 2 um), d6 bdm dinh
cao va tuong ddi bén héa hoc trong moi trudng lam viéc thong thudng. Ngoai c4c dic tinh din dién t6t
va truyén qua cao trong ving kha ki&n, cdc tinh chit khac ciia mang ITO nhy tinh chit tinh thé, trang
thdi bé mit c6 dnh hudng 16n 1&n hidu néng hoat dong cla céc thiét bi quang dién c6 si dung ITO, nhi
dién cyc phun 13 trdng trong didt phat quang hitu cd (OLED) [8,9,10], cdc ti€p xiic bdn din khong déng
chat trong pin mat tri [11].

C6 nhiéu bai bdo da nghién citu sy phat trién cia mang ITO trén d&€ don tinh thé YSZ (yttria
stabilised zirconia hay Y,0; - Zr0,) bing phiin xa magnetron, bay hdi biing chim dién ti¥ [12], epitaxy
chum phan t& (MBE) [13], ky thuat xung laser [14,15]. Mang thu dugc dat do tinh thé, tinh chat quang
dién t6t, nguyén nhan chi y&u do sy tuong ty v& ciu tric tinh thé gitta ITO va YSZ. Su sai khdc vé&
kich thudc gitfa 1 6 don vi cda ITO (10.118 ) va 2 6 don vi cila YSZ (2 x 5.139 &) 1a 1.6%. Tuy nhién,
viéc st dung d€ don tinh thé chua dp dung dugc rong rdi do gia thanh cao khi tao mang & kich thudc
16n. Noi dung cia bai bdo nay la nghién citu s phat trién tinh thé cda mang méng ITO khi dudc tao
trén thdy tinh thong dung véi 16p dém ZnO bing phuong phép phiin xa magnetron. ZnO dugc chon lam
16p dém vi khodng cdch lién k&€t O - O trén mit x&p chat (222) cda ITO va trén mit (002) cia ZnO chi
sai khdc khodng 3% [16], thich hgp cho sy phit trién heteroepitaxy cia ITO trén ZnO. Véi phuong
phdp phiin xa magnetron, ngoi cic dic diém nhu mang ZnO bam dinh t5t v4i thily tinh, trong suét,
rat d& dinh hu6ng tinh thé duy nhat theo truc c, phudng phip nay d€ trién khai trong cong nghiép véi
dé€ c6 kich thudc 16n, nén thich hop véi ITO trén cing ddy chuyén ché tao.

II. THUC NGHIEM

Céc mau thi nghiém dugc tao bing phuong phép phiin xa magnetron trong hé mdy Leybold
Univex 450. Ap suit nén dat dugc 1a p < 3.10° torr v6i bom turbo phén tf. Mang ZnQ trén thiy tinh
dudgc tao bing phiin xa RF magnetron. Bia ZnO dudc tyf ch€ tao bing phuong phdp dung két véi 4p luc
ép 500 kg/em’ va nung & nhiét do cao 1500°C trong 2 gid. Mang ITO dugc tao ti bia In,0; 90% - SnO,
10% v6i dd tinh khi€t 99.99% tir hing Leybold v6i nguén phiin xa DC magnetron. CuSng d6 tir trudng
trén b& mat cla cdc bia la 500 G. Pudng kinh c4c bia phiin xa 13 76mm. Khodng céch giita d&€ va bia
12 50mm. D& dudc chon 1a thiy tinh, dudc 1am sach bling x& Iy héa hoc, sdy & nhiét d§ 200°C trong
khong khi, tdy biing plasma phéng dién 2 kV va siy § 350°C & dp sudt 107 torr Ar tru6c khi phit mang.

Nhiét do d€ 1a 350°C dudgc giif trong sudt qué trinh phi. Mdi trudng khi 1am viéc 1a khi Ar 99.999% &
4p suit 3.10° torr.
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C#u triic tinh thé, sy dinh hudng ciia cdc mat tinh thé va ¢8 hat ca cdc mang duge khdo sit dua
trén phd nhidu xa tia X 0 -26, budc séng Cu -K, 1.5406 A. Phd truyén qua dugc do bing mdy quang
ph6 Uv-Vis-Nir trong viing tif 200 — 1100 nm, truyén qua va phdn xa trong vang hdng ngoai dudc do
bing mdy quang phd Equinox 55, cé ving budc séng tir 1 — 25 um. P9 day cdc mang dudc xac dinh
bing mdy do dao dong thach anh, sau d6 dugc hiéu chinh lai bing phuong phdp giao thoa trong ving
kha ki€n [17]. Pién trd mat dudc do bing phudng phdp 4 miii do.

IIL KET QUA - BAN LUAN

D& x4c dinh tinh chat phat trién tinh thé ciia mang ITO trén ZnO, trudc hét tinh chdl tinh thé cia
mang ZnO trén d€ thly tinh dugc khdo sdt. Cdc mdu ZnO dugc phi trén d€ thdy tinh v6i do day khic
nhau tir 30, 60, 80 va 110 nm dudc tao trong cing mdt diéu kign. Phd nhiéu xa trén hinh 1 cho thdy
mang ZnO cing day, sy dinh hudng theo mit (002) ciia ZnO cang manh. Mang qué méng dudi 30nm
¢6 triic vo dinh hinh mic di & nhiét do d€ 350°C.
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Hinh 1. Ph8 nhiéu xa ctia ZnO trén thiy tinh vdi cdc 46 day khdc nhau
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Hinh 2. Phd nhi&u xa cia cdc mang ITO/ZnO vdi cuing dd day ITO

Sy dnh hudng cia dd day ZnO 1€n su phét trién tinh thé cia ITO dudc khdo st trén 4 miu ITO
c6 cing dd day 320 nm, dudc tao cing diéu kién trén 4 d€ ZnO/thiy tinh c6 d6 day ZnO khic nhau
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wong dng nhy hinh 1 & wrén. Phd nhidu xa trén hinh 2 cho thdy mang ITO phét trién cang manh theo
mat (222) khi do day cla ZnO cang tang. Mang 1TO trén ZnO 30 nm vd dinh hinh dinh hu’(’ing theo ca
hai mat (222) va (400) I4n lugt & cdc vi tri gin 30° va 35°. Theo tiéu chudn vé phin b8 ngiu nhién
trong dinh hudng clia cdc mat tinh thé cda In,O; bot [18] thi ti s6 cudng do cla 2 dinh phd chi y&u
1(400)/1(222) 1a 0.33. Khi d6 day ciia 16p ZnO ting thi (i s6 cudng dd nay gidm tir 0.75 dén 0.14. Nhu
viy su thay d8i vé& i s& cudng dd cho thiy su phét trién tinh thé ciia ITO da chuyén tir huéng [100)
(v6i 1(400)/1(222) > 0.33) sang [111] (v6i 1(400)/1(222) < 0.33) khi tang do day cda 16p dém ZnO. C6
thé Iy gidi diéu nay, vi mang ZnO cang day thi sy dinh hudng theo mat (002) cang manh va chit lugng
tinh thé ZnO cang t6t. Nguyén nhin cia sy lién hé heteroepitaxy giita cic mat (222) cia ITO va (002)
ciia ZnO theo Yi [16] 1a do su sai 1&éch nhd ¢ 3% vé d6 dai lién k&€t O — O trong mit x€p chat (222)
clia ITO 1ap phuong tdm khdi va trong mit (002) cia ZnO luc gidc x&p chat.
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Hinh 3. Ph8 nhi&u xa ctia ITO (320 nm)/ ZnO (300 nm)

Anh hudng ciia 16p ZnO tiép tuc dudc khing dinh khi xem xét ph8 nhiéu xa cia mang ITO (320
nm) trén 16p ZnO c¢6 do diay 16n 300 nm, nhu trong hinh 3. M&u ITO chi con dinh huéng chi y&u theo
mit (222) & vi tri 26 gin 30°, dinh & vi tri gdn 34° twdng dng v6i mat (002) cda ZnO. Dinh (400) gén
nhu khong thay, 1i s& cudng do dinh phd 1(400)/1(222) << 1, cdc dinh khéc cling c6 cudng dé thip. Piéu
nay cho thd'y mang thu dudc gin don hudng, theo phuong vudng géc v6i bé mat mang.

T ph8 nhidu xa, kich thudc hat tinh thé ITO dugc ubc tinh theo cong thic Sherrer

094

Bcosé

2 cudng d6 cuc dai, giy ra bdi kich thudc hat tinh thé, khi kich thudc hat nhd hon 100nm. P rong B
tir phd nhiu xa trén hinh 3 ¢8 0.25° vi tri dinh phd cho mat (222) 6~ 15°. K&t qui kich thudc hat tinh
thé cia ITO trén ZnO d ~ 30 nm.

Tuy nhién, v6i mot dd day mang ZnO x4c dinh, sy dinh huéng cla cdc mit tinh thé ciia mang
ITO sé& phu thudc vao do day cda ITO. N&u d6 day mang ITO twdng dSi 16n thi mang ITO ¢6 xu hudng
trd lai voi nhiéu dinh hu6ng trong cu tric tinh thé, nhy k&€t qui nhiu xa trén hinh 4 cia 3 mang ITO
c6 do day 1an lugt 1a 350nm, 700nm va 900nm trén mang ZnO day 150 nm. Trong miu ITO 350 nm,
khéng c6 mat dinh ph6 (400), con trong 2 miu c6 do day ITO 16n hon thi dinh (400) xudt hién lai, hon
nita cac dinh phu nhu (211) va (622) ciing pht tri€n manh hon. Diéu nay cho thiy 16p dém ZnO chi c6
4nh hudng trong mot khodng do day ITO gidi han. Sy xdc dinh chinh xdc giéi han nay phu thudc vao
nhiéu y&u t8 nhu chit lugng tinh thé cla 16p dém ZnO, c4c diéu kién tao mang cda ITO trong d6 vin
dé nang lugng phat trién ciia cdc mat tinh thé cin dugc nghién citu siu.

[19] véi A = 1.5406 A1a busc séng cla tia X, B 12 d6 md rdng vach nhi€u xa 8 vi tri

Trang 23



Science & Technology Development, Vol. 8, No. 4-2005

g NP I R, A% O A
g (222) 11O
¥
5211) ITO (622) ITO
900 nm ITO
700 nm ITO (102) ZnO  (400) ITO s
y A (440) ITO
350nmITO||  #\:v/ ¢ i p ® g
it e ’RK,, —— ‘

Hinh 4. Phd nhidu xa cla cdc mang ITO vdi d6 day khdc nhau trén ZnO 150 nm

Hinh 5 1a ph8 Uv-Vis-IR ciia miu ITO (350nm) trén ZnO (300nm). Hinh phd cho thiy o truyén
qua trong viing khd kién clia mdu & mic cao 80 — 90%. Trong viing héng ngoai, c6 thé thdy ngay kha
ning phén xa manh cia ITO v6i bude séng >2.0 pm. Trong viing héng ngoai khio sat, giao diém ciia
dudng cong phidn xa va truyén qua xic dinh budc song plasma. Py 1a thong s6 thyc nghiém gitp wéc
tinh ndng do dién t trong mang bing Iy thuy&t Drude. Miu giao thoa trong viing kha ki€n va héng
ngoai gdn cho thdy ITO va ZnO c6 su ddng nhat v& tinh chit quang hoc trong viing ndy. Pién trd mit
cla mang 1a ~ 4.5 Q/;, dién trd sut ~ 1.6x10™ Qcm. P6 din dién cao ciia hé mang 12 do sy din dién
6t clia ITO vi ZnO c6 dién trd suft rdt 16n khi khong pha tap. Dic trung ciia hé mang trong viing hng
ngoai chi y&u dugc xdc dinh bdi néng db dién t¥ ty do cao ciia ITO.,
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Hinh 5. Phd truyén qua va phan xa cdia ITO/ZnO
D€ u6c tinh dugc ndng do hat tdi ciia dién tif trong mang tir phé quang hoc, 1y thuy&t c§ dién
Drude dugc 4p dung [20]. Trong d6, hiing s6 dién m6i phitc cia vit liéu €, véi € = € + ig,, dudc xdc
dinh bdi c4c biéu thirc sau:
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€. 12 hing 58 dién moi & tAn s& cao ciia 16i In,0; va khong phu thudc vao ndng do pha tap, theo
[20] v6i ITO, thi gid tri thu dudc ti thyc nghiém £, =4. o la tdn s§ géc ciia viing séng dién tir khio
sét. fiy 1 ning lugng hdi phuc va duge xem mdt cich gdn diing 12 khong phu thudc vao o trong viing
tAn s6 khdo sdt va c6 lién quan dén sy tdn xa ciia hat tii tif do trong méi trudng.

Nong do hat tdi va khai lugng hiéu dung cla dién t& trong viing din sé& xdc dinh wy

y L nee2
Wy =

.
o.M

v8in.: ndng dd dién ti¥ tw do
€ : hiing s6 dién méi trong chin khong, g, = 8,854 x 102 AsV'm’!
m.": 12 kh&i lugng hiéu dung ciia dién tif trong ving din, v6i ITO m,” ~ 0.35m, [20]

Tai tAn s6 plasma @ = @, thig; = 0, t¥ (1) suy ra

2
[

o, ==yt @
£

@

2nc
V& thyc nghiém o, (hayd, = -m——) dugc xdc dinh bdi giao diém ciia dudng cong phdn xa va
P

truyén qua trong viing phd khio sit.

D&i v6i ITO, ndng do dién tit tw do 16n nén tin s8 plasma w, dich vé ving ning lugng cao tir 0.7
dén khodng 1 eV. Mot s8 gid tri thu dugc tif thyc nghiém cla mot s& tac gia cho thdy fiy nhd so véi
fiw, (fiy < 0.2 €V) [20,21,22] va trong thyc nghiém nay fiw, ~ 1 eV (Ap ~ 1.22um), nén ta cé thé xem
mpz >> yz 8

2 Dy
T (2) ta c6 W, = —
gQ
2
n,e
w0y = ~ 0.,
Eo-M
2
wh.£,.£5m,
na~ —LEeloe (3)
e
.. 27e
véi W, =
Al"

Ay bude séng plasma dudc x4c dinh ti giao diém clia dudng truyén qua va phan xa trong phd
hdng ngoai va ¢ 1a van tdc dnh sdng trong chan khong. Ti biéu thifc (3), ndng do dién tk ciia mang
ITO/ZnO ¢3 10*' cm”. K&t qua wdc tinh nay dugc so sénh v6i mdt s& k&t qua do bing hidu dng Hall
[23] dudc cho trong bang dudi. K&t qui cho thdy c6 sy phit hop v& bac d6 16n ciia phép tinh, cho phép
ta c6 th€ udc tinh ndng do dién tif tr phd truyén qua va phén xa trong viing tAn s& plasma.
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Miu Budc séng plasma (pm) Néng dd dién ti (10%° cm™)
ITO [23] 1 - 4.50 1.6
2 2.18 4.7
3 1.85 7.1
4 1.77 8.4
5 1.73 9.0
ITO/ZnO trong bdo cdo 1.22 10

IV. KET LUAN

Mang ITO trén ZnO/thdy tinh da dudc ch€ tao biing phuong phép phin xa magnetron. Mang thu
dudc dinh huéng manh theo mit (222) va sy dinh hu6ng phu thudc 1t 16n vao chit ligng tinh thé cia
16p dém ZnO, nghia 12 phu thudc vao diéu kién tao mang va dd day ciia ZnO. Mang ITO ddn huSng
c6 kh3 niang lam tang hiéu sud't hoat ddng cla cic thi€t bi dién phit quang (OLED) va thiét bi dua
trén ti€p xic bin din trong sudt (pin mat trdi). Ngom ra, 46 din dién va d6 truyén qua quang hoc cao

cia mang ITO/ZnO- thiy tinh dat téi nhitng gid tri gan t8i wu cho cédc ng dung quang dién khi so sénh
v6i ITO trén thly tinh.

DEPOSITION OF ITO THIN FILM ON GLASS WITH ZnO BUFFER

Tran Cao Vinh, Nguyen Huu Chi, Cao Thi My Dung, Dinh Thi Mong Cam
Faculty of Physics, University of Natural Sciences - VNU-HCM

ITO thin films are deposited on glasses with ZnO buffer layers by magnetron sputtering. The
crystalline orientation and quality of the ITO films depend muinly on the texture of ZnO buffers.
ITO/ZnO/gluss systems have a good crystal structure and well oriented along <111> direction, normal
to substrate surfuce. The lowest resistivity of these films is 1.6 x 10* Q2 cm deposited at substrate
temparature of 350°C with the average transmittance of 85% (0.4 — 0.7 um) and reflectance of above
85% in the wavelength range of more than 2 um.

TAI LIEU THAM KHAO

[1] LCD Application Note, Reference Code SMT97012, ©1997 by SHARP Corporation

[2] W.E. Howard, O. F. Prache, IBM J. Res. & Dev. Vol. 45, 115 (2001)

(3] D.B. Mitzi, K. Chondroudis, C. R. Kagan, IBM J. Res. & Dev. Vol. 45, 29 (2001)

{4] H. Thomas, J. K. Luo, J. Appl. Phys. 73, 3055 (1993)

{5] H. Kobayashi, T. Ishida, Y. Nakato, H. Mori, J. Appl. Phys. 78,3931 (1995)

[6] Carl M. Lampert, Solar Energy Materials, 6, 1 (1981)

[7] G.L. Harding, 1. Hamberg, C. G. Grangyvist, Solar Energy Materials, 12,187 (1985)

[8] C.C.Wu,C. I Wuy, J. C. Sturm, A. Kahn, Appl. Phys. Lett. 70, 1348 (1997)

[9] S. M. Tadayyon, K. Griffiths, P. R. Norton, C. Tripp, Z. Popovic, J. Vac. Sci. Tech. A17, 1773

(1999).

[10] H. Kim, A. Piqué, J. S. Horwitz, H. Mattoussi, Z. H. Kafafi, D. B. Chrisey, Appl. Phys. Lett.
74, 3444 (1999)

[11] M. Losurdo, M Giangregorio, P. Capezzuto, G. Bruno, F. Varsano, M. Tucci, F. Roca
1. Appl. Phys. 90, 6505 (2001)

Trang 26



TAP CHi PHAT TRIEN KH&CN, TAP 8, S0 4/2005

[12] Naoaki Taga, Hidefumi Okada, Yuzo Shigesato, Itaru Yasui, Masayuki Kamei, T. E.
Haynes, J. Appl. Phys. 80, 978 (1996)

[13] Naoaki Taga, Yuzo Shigesato, Masayuki Kamei, J. Vac. Sci. Tech. A18, 1663 (2000)

{14] Hiromichi Ohta, Masahiro Orita, Masahiri Hirano, Hideo Hosono, J. Appl. Phys. 91, 3547
(2002) .

[15] H. Kim, J. S. Horwitz, W. H. Kim, Z. H. Kafafi, and D. B. Chrisey, J. Appl. Phys. Vol. 91,
5371 (2002)

[16] C.H.Yi, L Yasui, and Y. Shigesato, Jpn. J. Appl. Phys. 34, 1639 (1995).

[17] R. Swanepoe, J. Phys. E, Vol.16, 1214 (1983) .

[18] JCPDS - Joint Committee on Powder Diffraction Standards — card No. 06-0416

[19] B. D. Cullity, Elements of X-Ray Diffraction, Addison-Wesley Publishing Company, Inc. ,
Chapter 9, 284 (1978)

[20] I. Hamberg, C. G. Granqvist, J. Appl. Phys. 60, R123 (1986)

[21] S. Yoshida, Appl. Opt. 17, 145 (1978)

{221 J. C. C. Fan, F. J. Bachner, Appl. Opt. 15, 1012 (1976)

[23] H.Kim, C. M. Gilmore, A. Piqué, 1. S. Horwitz, H. Mattoussi, H. Murata, Z. H. Kafafi, D. B.
Chrisey, J. Appl. Phys. 86, 6451 (1999)

Trang 27



