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Abstract—Zinc oxide thin films have been prepared on Si(100), Al/Si and SiO./Al/Si substrates by radio-
frequency magnetron sputtering method under various deposition conditions. We have investigated the growth
rate, crystal structure, morphology, chemical state and composition of the zinc oxide thin films. First of all,
we investigated these properties at various sputtering pressures, O./Ar gas ratios and with different substra-
tes. The growth rate strongly depends on the sputtering pressure and O,/Ar gas ratio, and also depends
a little on the kinds of substrates. C-axis orientations were obtained under all the deposition conditions
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for sputtering pressures above 5X107% Torr. Contrary to our expectations, the stoichiometry of the zinc
oxide films does not depend on the O./Ar gas ratio, but depends strongly on the sputtering pressure. Thus,
the oxygen mole fraction in the chamber affects the growth rate and crystallinity, but not the stoichiometry
of the zinc oxide films. On the other hand, the sputtering pressure strongly affects the stoichiometry as
well as the growth rate and crystallinity. Finally, the growth rate, crystallinity and stoichiometry of the zinc
oxide thin films changed slightly with the different substrates. Under a substrate temperature of 250C and
RF power of 200W, we could obtain the stoichiometric zinc oxide films at sputtering pressure of 5X102

Torr for all of the substrates.
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Fig. 1. Radio-frequency magnetron sputtering system.
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Table 1. Sputtering conditions of ZnO thin films

Deposition parameters Conditions

RF power 200, 300, 400(W)

Substrate R.T., 250, 400(C)
temperature(T;)

Target-substrate 40(mm)
distance

O./Ar gas ratio 0/100, 25/75, 50/50, 75/25, 100/0

Sputtering 5X1073, 1X1072 5X 1072
pressure(P;) 1X 10~ Y(Torr)
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Fig. 2. Growth rate of ZnO films on various substrates
as a function of deposition parameters at RF power
of 200W and T, of 250°C.

(O: ZnO/SiO/Al/SI, T: ZnO/AYSI, Aa: ZnO/Si)
(a) various oxygen gas ratios at constant P, of 5X
103 Torr, (b) various sputtering pressures at con-
stant gas ratio of Qo/Ar=25/75.
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power of 200W, T, of 250°C, P, of §X 10 * Torr
and Oy/Ar=25/75.

(a) cross section of ZnO film on SiOy/Al/Si, (b)
surface of ZnO/Si0./Al/Si, (¢) ZnO/Al/Si, (d) ZnO
/Si.
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Fig. 4. XRD patterns around the (002) peak for ZnO films
deposited on various substrates at RF power of
300W, T, of 400°C, P, of 5X 10~ Torr and O,
/Ar=25/75.

A. ZnO/Si, B. ZnO/Al/Si, C. ZnQ/SiOy/Al/Si.
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Table 2. Deposition conditions of samples analysed by
XPS, AES and RBS

T, P Poy
(t) (Torr) Oo/Ar (mTorr) Structure

Sample

A 250 5X107* 0/100 0 ZnO/SiO./Al/Si
B 250 5X107% 25/75 125 ZnO/SiO»/Al/Si
C 250 5X107° 100/0 500 ZnO/SiO./Al/Si
D 250 5x107% 25/75 125 ZnO/SiO./Al/Si
E 250 1x10°! 25/75 25  ZnO/SiOy/Al/Si
F 250 5X107% 0/100 0 Zn0/Si
G 250 5X107% 25/75 1.25 ZnO/Si
H 250 5X107% 50/50 2.50 ZnO/Si
I 250 5X107% 75/25 3.75 ZnO/Si
J 250 5X107% 100/0 5.00 ZnO/Si
K 250 5X107% 25/75 125 ZnO/Si
L 250 1X107! 25/75 25 ZnO/Si

Table 3. Results of XPS surface analysis of each structure
(after etching of 1 minute)

InZpsyy ., Adsorbed
Ols 0'/Zn O/In oxygen(%)
1021.47 491.62 1.22 091 14.06
1020.82 491.39 1.17 0.92 11.28
1022.82 491.68 1.49 0.74 30.19
1020.87 491.58 1.24 1.00 10.57
1019.69 491.66 1.22 0.93 13.26
102392 49164 1.16 0.94 10.35
1022.39 49160 1.26 099 1167
1021.78 491.59 1.17 0.90 12.42
1021.57 491.58 1.24 0.98 1145
1021.25 49157 1.21 0.93 12.50

Sample Zn2ps.
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Fig. 5. XPS spectra of Ols and Zn2p;; from ZnO film
on SiO,/Al/Si deposited at RF power of 200W,
T, of 250°C, P, of 5X 10 * Torr and O)/Ar=0/
100.
(a) as-received, (b) after etching of 1 minute.
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Fig. 6. Montage display of Auger depth profile from ZnO
film on SiO/Al/Si deposited at RF power of 200
W, T, of 250°C, P, of 5x 10~ * Torr and O,/Ar=0
/100.

2~HE]F 9H, sba/ota o) v ), V| He) EFE
@ejsto] A zpgl wpute] 24 B3 9 7 w3le) el
ARHA, =, AHe A 5& dolrr] f]slA AES
AL it Alstoldd F9f o}xde] Auger peak+
ohe} Zatz7d o V)] SR/l BAlgle] Aol YT
R2okS = victh Fig. 62] depth profileo] wt& Zn0/Si0,
/Al/Si F22] Auger peak®] W3}-5 B Ab49] peak&
0] o2& ol we} Absjolale] peak’l 508eVE
55 502eVe] SiO, peakZ °]&FE & & AUtk =,
Ae)Z2] peak 7)) A& peakstE vl E w.9k9]
peak7} Si0; FollA Jeltz gle AE o4 5 ok
Fig. 72 %€] < 5= 9l%o0], depth profile 23}, F3%
Abstotad ghe] odHelx= oldw} 4bAe) A wuhe]
Zo] wpsko 2 i A2 #d )}t ZnO-Si0,, Si0.-Al Al-
Sizte] Ald-E #EsE 2w Zn0-Si0,, SiO-Al9] AH-e-
ALSi9] AMEL FA7} gk Ao eyl o=
uto] Zatwiglo] Anje]alqly} AFFA7} s A
zkake] EA(Zn0O%} Si0 = A HE{8) Z3kel vy AlS
53, e Aol A 2 A lae] A 7]
Qlsh= Zle g AQzbglc) £ 5X 1073 Torre] AHE| g
el Me £ T AlLs 89 Svlel uet
2HEgog Fag A A7t F713e] #aH
olch =3, depth profiling2]2] o]2 d|A)e] A|71e)
ZAAZ5E vISFo] & o, A o2 kS 243l
Z35 A$E A9suE ZnO/AlSI 22 Z23%
xkz}oted ulo} ZnOQ/SiO./Al/SI ¥+ ZnO/Si FE=
Z235 Avcd AAEEs) wggom o= 9hA(3-1-D)
AFe He= A3k

o] AfEel =4S Faird 250T 9 7y,
200Wsl 275t 2ol 5X10 > Torrs) 276
o stoll A F2kd Abslolad wbate] 797 stoichio-

|

[

P

SI5t2% M33A H2E 199544 4%

A - HAY - olHT - A

Atomic %

Alomic %

Atlomic %

" [N ’,
A AN PR AP TR LI AT AT

0 5 10 15 20 8 30 a3

Spurter Time(min.)
©
Fig. 7. Auger depth profile of ZnO thin films on (a) SiO;
/AV/Si, (b) Al/Si and (c) Si. Each film was deposi-
ted at RF power of 200W, T, of 250°C, P, of 5%
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AUAR7E Aba zleta Baste gled, 10 2 Torr
9] gt slell = 2ol #] /) A= Ak T4 /1R}e] L,
10 * Torr dl 9 &l M= 2 Il =] =7} AbA
sol &3 A FARAEA EAs Ucfix B sln
At 19].

%25 wtate] stoichiometryo} 3afale)e] F43-2
8 XPS, AES, RBS 52 #4e] o]Folzich A=
5} 9] stoichiometry= XPS, AES 5-9] 7} % & e ¢]3)
AXd g gled 53], 438 7 fol 1ei3 A
XPS £ ~#e]s} ¢ Abstte ol 248 AA s
dlef} slejx wie Fag g9&& 3oh G T
Akstold B olad 3gHEe] oigt XPS 5o HzE-F
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Ao A7} qlo $AuH21-24] FAAPAE 2~
H3 2718 2eiste] Az Atslolad ool oi3t o
T Zotr7] ofg et 2 olf=, Atstoldnt e
gt 2802 #2149 3M§HE-8 peak®] 33HA o] F9
zpo)7} = ovlst 28] A7) ool 249 Heolx T3
wlu]8}7] w-Foletr A zh=ic). we}Al, AES, RBS 53
2o o2 ¥4 Aol AsnghdoR 1 st &
#) A8} 3L stoichiometryd ZAA 3= o) YAastA 3
Ak

54 &

Erka Fo] Ab4 RE&9] Wishe Abstotd 9
AAEzel AHAel Jag vz =ut, g FA
opad : Aba o] AW Soll e 2ohA] o3k A 3tk
a8y, A~5EE shye] Wi o] AySee 2
AL EE 49 stoichiometry?] A= g
A 7S & F Ukt F AL FL& 3k
27 g 7] felHe gt B Akie] %S
Helg) ot g 2A slo] a4 ol P 2
Az FAURL] ZTHAE oAk o) =,
A5 ddFoer =98l oFulgs S0, 233
AelE 59 713 TRl depe S, 244
2 stoichiometry Soll 4] <fzhe} wisir} Fa=gich

250C 9] 7|92, 200 W] 253} Y9 7oA
£ 7lRe] 7ol #BAgle]l 5X10 2 Torrd] AHE
dHslol 4] gtetefEA Abstoldd, Zn0 g g
st

l

<

w oy >

Zola

=

ARBY|Z

Po, : oxygen partial pressure
T, :substrate temperature
P, :sputtering pressure

EHDEH

1. Smits, J. G., Tilmans, H. A. C., Hoen, K., Mulder,
H., Vuuren, J. Van and Boom, G.: Sens. Actuators,
4, 565(1983).

2. Blom, F.R., Bouwstra, S., Fluitman, J. H. J. and El-
wenspoek, M.: Sens. Actuators, 17, 513(1989).

si3t2E H333 H2S 1995 43

S e - HAY - o)

10.

11.

12.
13.
14.
15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

SR L L

CFEARER Loz kF 372, THE p.

11(1994).

. Hickernell, F.S.: J. Appl. Phys., 44, 1061(1973).
. Ambersley, M. D. and Pitt, C. W.: Thin Solid Films,

80, 183(1981).

. Yamamoto, T. Shiosaki, T. and Kawabata, A.: J.

Appl. Phys, 51, 3113(1980).

. Horsthuis, W. H. G.: Thin Solid Films, 137, 185

(1986).

. Igasaki, Y. and Saito, H.: | Appl. Phys, 70, 3613
(1991).

. Shiosaki, T. and Kawabata, A.: Ferroelectrics, 42,
219(1982).

Van De Pol, F. C. M., Blom, F.R and Popma, Th. J.
A.: Thin Solid Films, 204, 349(1991).

Chen, P. L., Muller, R. S, White, R. M. and Joll,
R.: “Thin Film ZnO-MOS Transducer with Virtual-
ly D. C. Response”, Proc. IEEE Ultrasonics Symp.,
Boston, MA, US.A., Nov., 945(1980).
Krupanidhi, S. B. and Sayer M.: J. Appl. Phys., 56,
3308(1984).

Hashimoto, S., Hirokawa, K., Fukuda, Y., Suzuki,
K., Usaki, N., Gennai, N., Yoshida, S. and Koda,
M.: Surf Interface Anal, 18, 799(1992).

Kelly, R.: Surface Sci, 100, 85(1980).

Kelly, R.: Material Sci. Eng, Al15, 11(1989).
NIST: “X-ray Photoelectron Spectroscopy Data-
base”, 1989.

Sigmund, P.: Phys. Rev, 184, 383(1969).
Tominaga, K., Ueshiba, N., Shintani, Y. and Tada,
O.: Jpn. ] Appl. Phys., 20, 519(1981).
Tominaga, K., Iwamura, S., Shintani, Y. and Tada,
O.: Jpn. J. Appl. Phys, 21, 688(1982).
Tominaga, K., Sueyoshi, Y., Munfei, C. and Shin-
tani, Y.: Jpn. J. Appl. Phys, 32, 4131(1993).
Gaarenstroom, S.W. and Winograd, W.: J. Chem.
Phys., 67, 3500(1977).

Wagner, C.D., Gale, L. H. and Raymond, R. H.:
Anal. Chem., 51, 446(1979).

Dake, L.S., Baer, D.R and Zachara, J. M.: Surf
Interface Anal, 14, 71(1989).

Deroubaix, G. and Marcus, P.: Swrf. Interface Anal.,
18, 39(1992).



