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Quality prediction method by using ZnO thin film deposition process modeling
Keun-Young Lim, Doo-Yeon Chung, Sang-Keuk Lee’, Choon-Bae Park

Wonkwang Univ. Schoo! of Electrical Electronic and Information Engineering, Kwangwoon university‘

Abstract : ZnO deposition parameters are not independent and have a nonlinear and complex properties respectively.
Therefore, finding optimal process conditions are very difficult and need to do many experiments. To predict ZnO
deposition result, neural network was used. To gather training data, Si, GaAs, and Glass were used for substrates, and
substrate temperature, work pressure, RF power were 50-500°C, 15 mTorr, and 180-210 W respectively, and the purity
of target was ZnO 4N. For predicting the result of ZnO deposition process exactly, sensitivity analysis and drawing a
response surface was added. The temperature of substrate was evaluated as a most important variable. As a result, neural
network could verify the nonlinear and complex relations of variables and find the optimal process condition for good
quality ZnO thin films.

Key Words : ZnO thin films, RF sputtering, Neural network,

1. Al B 3101 QO Zn0 HUE IS BE MISIHEE S

Zn0= S48 FJIN, B 12D 98 =802 g 4 US JlwE Hehli 2
A & Al S0 e o)} $3ED Us HEEM
Crash SOMA S®IHSA0l ICHI). Zn0 Ot DE 2. 4 &
2 HIARS QA8 X H26tD 52 SXED K StOrEAE I8 JJEE n-type Si(100), GaAs(100), Glass
X SHO0| JHs6il, a8 UBA(E RUHEE Z= o 3 ERE M B=H SFO AMSHD U= MEE
OIElo] U2 AZ 4 QUD, SCEHD XUs 9g o= MENSIACE AP PUE 9F SSCOIHE =&t
£ Qe HEHES JIND Us AHEHYHO %0l AIRED Il SI8H JIBREE 50 ~ 500C2 BISAIHIID &G
AUCH AHEZ Y2 0188 ZnOE OI83I0 Z2ANE ¢ ChoOl W %) XBEY MY VUBEE 3x10°Tork
£ Qo0 ZnO SE HAN (12 Poto BIMHE =X 15SmTorrZ 3t 2, RF powers= 210W, Ar JtAZH 0, Jt
AME LRI} UCH SEHAZ = NHAY IS JIA A9 HIEE 100 : 0 (%)E OtRALCL RF powerll 218 ZnO
EBH, DT targetS H2l, RF power, IS E2 @0 ZRE AHEI] R BT SOCHA Ar DtA%
S0l 2 % UL AHE BFA K B4 2250 0; JtA2 HIEZ2 100 : 0 (%)Z 2EGL, RF powers
OIS9 S&B ASHBO ot HIHESAHE 2022 180, 210 W2 BISIAIFIDIH 2 JIBEZ MEBIACE A
ZME WSS O T2 WES UIEOE A EXMOZR Ar JtA% 0, JtA2 HIEE 100 : 0 (%), 80 :
3 RO LMK YO MRtN MO SUHE A 20 (%), 60 : 40 (%)E XAZR BIAISID JHELE S
e B9 U GISAARO LRSIH E ACH2-6]. 0C, RF powers 210W, XJ| H3xg XY ASEE

H20Me XY WEIEAl (molecular beam epitaxy)E & 3x10%Torr® 1SmTorr2 SXAIBIH HBS THB0 ItA
OlL} PLDZ2XEOo QE@alg] AU 0|2FIH 01X E3H|Dt Zn0 B2 22X BH4L2M HENH HZot=XE
AOH, BIEH THIBHO HE SHQ LT uIE TABI BSCEOIEEZ  AIBSIRCL 2 SHE  pre-
Al QA O I WO XM FE =2A0U sputtering AlZI2 1022 &t 1, BEANLE AL2Z
PL(photolummescence)at% EHUXZ SSHOI0 g2 Z gt PRACH B0 AEEAHS HAIGHRALT
S w2 A B o UATH2) M8 B XM 8B BHYXRD)S OI85IH Zn0 =Y

TetM = omouxa THEIOIAIL OIS BIE R ALBH o ZBHS ZABIA20I SEME OIS0 =xel SMH
U S HHE SAHS JXE K 2OHIAM 228 2 OIMTE 2HS +HO0 %Ro SEE BIGHAS
JIHOR 243 HNES BHFED U MAJZYES O O, 33 piHASE XNTE IFARIE AHAM2H =
50 OIOUEE AHEHE IHOZE Zn0 HUMZEA JIEHOl THSHO! n-type Si(100), GaAs(100), Glass= 212t 0.5,
DN MetHE X80 o8t ZnOo 2o =48 29y 0.75, 12 &350 ABLC SHU0HE AIZEHAT



H 1. ZnO 2% S&E {8 RF AHEHEY XA,

Parameters Process conditions

substrate n-type Si(100), GaAs(100), Glass
target 2 inch ZnO (4N)

base pressure 3x10-6 Torr

work pressure 15 mTorr

RF Power 180, 210 W

pre-sputtering time 10 min

deposition time 3 hr

substrate temperature 50 ~ 500 C

ambient gas 4N high purity Ar, 02

Ar/O, gas ratio 100/0 ~ 60/40 (%)

target-substrate distance 178 mm
3. 284 % 0NE
H 2= Fo|= &SOO0IEN 28t SS5UEMAML 22Xt
L+HZIUE L0HFD UCHL EFSE 022 ZUE 0.600A
NEES +EKTE JIXMH RMS errorgtlil 2I5H S48
mees BUE IS BHENL

E2 AFY Ha HEAES AR HSFD

No. leaming momentum | epoch | RMS Error tme
rate (sec)
1 0.1 0.5 80,000 0.01729 16
2 0.2 0.6 80,000 0.01321 12
3 0.3 0.5 280,000 | 0.03139 56
4 0.3 0.6 440,000 | 0.11840 66
5 0.4 0.6 - divergence -

H 30l= ZnO0 B B2 D2 T(sensitivity)E &3 Y
S0 A BAB Z2UE LIEIHD EHY E 88X
2@ 2 XRD (0002) peak ZEE 0ISoIALL SHZU0A
rank= I120&0t =2 =ME °2I0IELL Error 8i0] 22 &
SFU OtE 250 HEd &, error JF ALE A2 MZ
2ol Helol AUAM 2okl JtE 2 GEE N A
Ol Z2UE2=Z X XNl ‘UM I 2 HISE &

KotH &= 2102 HEE o~ AL Ratio= error?t base

line error(network® Ofici)2 HIEO0ICH

H 3 MBI DU 2F B3 Qs 24,
JtAH]
nER T2
Jms®s | | & | RF power (Ar ratio)
Rank 2 1 4 3
Error 0.237352 0.265688 0.15912 0.174237
Ratio 6.898583 7.722176 4.62479 5.06416
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