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Properties of ZnO thin films by the ultrasonic spray pyrolysis technique
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Abstract

We have designed an ultrasonic spray pvrolysis system for deposition of ZnO thin films and determined
the optimal conditions for deposition of the films.  Thiough experiments to check the effect of various
deposition conditions, we have found that the zinc acetate solution can provide good ZnO f{ilms at the
substrate temperature of 420[€], the zinc acetate solution of 0.05 mole doped by 20 atomic percent of
[LiICL Further, the resistivity of ZnO f(ilms has also increased to 100 Q - cm] through the anncaling under
the oxygen environment, Optimal substrate rotation rate and nozzle tilting angle have also been deter-
mined to improve the uniformity of the film.  ZnO thin films deposited with the conditions show good
thickness uniformity over 47 wafer, and good c-axis orientation,
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Table 1. Deposition parameters throughout
the experiments

Deposition parameter value
Solution flow rate 2 ml/min

Vacuum degree 3 Torr
Nozzle power 8.5 watt

Distance from nozzle to substrate 60 cm
Si0, thickness 5000 A

i Deposition time i 2 hours
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Table 2. Variation of the thickness and c-
axig orientation ratio (I) of the
ZnO film in relation to the change
of deposition temperature
Condition Thickness I
Temp.{T) | Sol. Concen.(at.%) (A) (%)
360 0.05 1500 12.12
380 0.05 1600 87.20
400 0.05 1460 81.80
420 0.05 1442 99.90
360 0.03 1390 99.70
380 0.03 1200 94.07
400 i 0.03 1400 99 .54
420 0.03 1350 99.37 |
360 0.01 500 99.90
380 o.or 570 80
400 | 0.01 550 99 9
.fﬂ_. S — — —
40| 0.01 Lh00 | 999
. where
= C-axis peak value

I of all the peak values in the XRD graph

AHe ¢ H2EH7] F4E B8 Zn0 el
A 7k AYe e PHE ol sz,
$H wHF 3 ALTF 47, GAY T A4
o3 oon w

o]
32 W7 F Abne) ARAHe] met 2t

oY T

Aol dsted ¥ APsigrt. FEF e A
7] A v Mg Fobe]l & AnE v Ao
2 /1A A" ddets v dEde] vetded o
FYUE A7 A2RYNE 27RO R
7N AHAe KAE Waistd, 5 m ARl
g3k vl utute] FMo o3 JENE 0|3

© Aol 7EE Aoz oA, dAxy % A
A7 o viKg a4 A% A3 oy 13



43 % 500[SCCM] 9] x84 2 &5 27A
g Aol MAG F7h L we C-F e Y

hiRlen] v Age 1000 - m] AX F7HHg
L FE E2E Folll Ak BeJE s ot
Falo] vl & oAb RV H A A¥H 3089
FRe R E S 3 & AAYAA 7 A7 A4
AR el BAEyLe el 1 9] uherdt 2
NG 7S § 30 VERFWCT
SOOOT
AOOOL |
! H]
23000} o
g i 4°Ou
L 2000, 400 C*
= i 380 ¢
10001 . 360 C°
0 L,, . N 340 ¢’
20 30 40 50 60

24

121 4. 0.05[mole] 9} zinc acetate % 3]
Faendslel divt ZnO o] XRD #¥

4. XRD patterns of the ZnO film deposited
at various substrate temperatures with
.05[mole] zinc acetate solution

Fig.

vpAjeto 2 vlgbel B4 Y 55 7be) WEE B
Helwt Al #dAdE vhASs ZnO vrie SRS
R R Ry uLnL‘Anﬂ,} w = 'l‘f} 39} o] 7]
Aol 6ol DA ARl & AANN S
EACE \ﬂ.g] 5] > 14)17. AR ‘J)\‘J vf]o]\‘/} FUA
1? venfdrh 1/30pmlog A

dati 7bg EAAQ =548 A7) 9

2ol 374l YAZ Bel ez oA
sz Asgth. 49 MM WF
FF7E @R A0 slo) 24 vhabol

g
3719
o wush s Lebom R WA UALE |
£4% 49 7% Holwror! 6%)] olatsl FAL
45 hEhRglet.

a7

A7 A4 B8 A

12, No. 5. May

1994,

Fe kX E3Ie 011w

(b) 400 T

143

1 el 3@

Bw oo H330,
(d) 440 ©
212t 5.0.05 moled zinc acetate § o) sl 2

—?_—E‘ﬁi}«’ﬂ o2 ZnO ¥heke] A #E R 7 AR
Fig. 5. SEM morphology of ZnO thin films

deposited with 0.05[mole] zinc acetate

solution at different temperatures



259 dPAHE 18T Zn0 WA B4

™

| 00.E+02

e 5 6O B T

- 1 76 E+01 n ZHAE+D]
g
5 1woEs0r TZE00
=
=
=l
= 1 U0 E+00
:Ex
2
2
2100 E-01
]
=2
1
| 06 E-02 - K

3 s 7 1o 15 220 25 30 35 4

Dopant concentration by at. % of the solution

% 6. LICl 2589 %ol gidh vjAge] M3}

Fig. 6. Resistivity changes in relation to the
amount of the LiCl dopant.
Temp. (C)*

i
|
|

420 T

' Annealing \\Qooling
“inoxygen in W
Room temp. N
T >
Deposition > Time
done

a7 B HY A2 24
Fig. 7. Optimal time-temperature history of
the annealing process

4 " B

x. O
E =

g FFdEH Y (Ultrasonic Spray
Pyrolysis)& o] &% ZnO Hdters 54387 9
stod 2 &3 5 @i WA AAE A, A
etk o7 AguSged o FAENE 4HR
ton, 53 Faufe 259 F89] 5 W3}
of F A¥E T8 A=A St £ )
A& F7HA717] A8 Li £ 2 93¢ BaF
9] AAaEHY), 7IH2E 9 A 2HE B8 Zn0
ubatol B A ehg FrhAE 4 v 1 AR 420
[cle] 7182 A, 20[at%]9] Liol ¥7Hd 0.05
[mole] @] zinc acetate £ Y& ol&3t3, Fat¥

448

olgA, ey, Y, oIy, A, =g

¥ 3 uege 94y 2235 A4aEH7) dig Zn0
utete] B4

Table 3. Properties of the ZnO thin films

deposited under various annealing

conditions and O; atmospheres

) 0, flow 0, flow
Deposition Am?ealmg rate during | rate during | Resistivity
fime, ) N 1(%)
temp. () it cooling | deposition § (0 cm)

(sceu) (SCCH)
400 0 0 5 29E+0 | 855
400 ) 0 50 1.76E+0 | 74.2
400 0 0 500 L70E+Q | 73.0
400 | 0 0 500 | L16E+0 | 73.0
400 30 0 500 9.22E+4 | 804
400 120 0 500 3.33E+2 | 190
400 30 500 500 86.0
400 60 500 500 p> 10 | 757
400 120 500 500 54.4
370 30 500 500 83.8
430 30 500 500 p> 10" | 878
460 30 500 500 - 413
9 | 3 | 500 | 500 392
400 30 500 64.0
420 30 500 0 > 100 | 100
40 30 500 100
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Variation of film thickness at the 6
points in relation to the change of
nozzle tilting angle(Notation of I, [

and I means each tilting screw).
unit (A)

Table 4.

Measurement

- point | 1 2 3 4 51 6

Tilting angle ‘

0.5 1032 1113 {1240 | 1398 | 1377 | 1281
-1.0° 1498 | 1451 | 1542 | 1420 | 1523 | 1607
1-0.5 1143 11201 | 1327 | 1402 | 1396 | 1250
1-1.0° 997 | 1024 [ 1105 | 1365 | 1413 | 1464
i-0.5 1298 | 1304 | 1348 | 1379 | 1409 | 1387
1-1.0° 1074 11104 11250 | 1267 | 1307 | 1371
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