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A Study of Etching Characteristics of the ZnO Thin Film Using a
SFe¢/Ar Inductively Coupled Plasma
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Abstract: The etching characteristics of ZnO and etch selectivities of ZnO to SiO: in SF¢/Ar plasma
were investigated using Inductively-coupled-plasma (ICP). The maximum etch rates of ZnO were 6.5
nm/min at SFs(50%)/Ar(50%), Source power (700 W), Bias power (250 W), Working pressure(8 mTorr).
The etch rate of ZnO showed a non-monotonic behavior with increasing from 0% to 50% Ar fraction in
SFe/ Ar plasma. The plasma diagnostic were characterized using Optical Emission Spectroscopy (OES)

analysis measurements,
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1.ME

ZnO (zinc oxide)= YWt o2 336 eV HE Wl
=g A, B4az, 2oy, AEAdE &
A 9 FHA2A Foll o] €Y [1]. £ ZnOe 7HA
99 % IR (infrared) ¥FANA +58 FHAH4E 7}
AY, =3 A71F HAo 3t [2]. <lddd=
ZnOE f2FHco] Al glo, AL FF % low
cost® 7MsA gt 53|, ZnO7t TFTs (thin-film
transistors) o4 84 99 (active layer) 22 2:9]
£ microelectronics®] $&%of2 #4E ZA HE
A, ZnO ¥tete] A X 2zt ojo] @& miAAF of
3 2 AEgxed fEo ¥ ojWA Az g 4
ZHEAo] Pa 2 A HAUG [3l. FFAHAA, H
A2EZg oy FALANA AF T& A4 UAA
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T840 g, dvtxos A Az AF Fo
£ CF,, CHF;, BCLEol Bo] 2cld $th [4]. 3%
9k SFe& o] &3 AZuAYF g 42 A7
] o] 3}o},

£ AFolAE ZnO 2E SFy/Ar =28 £
zulE o] &3tq AP n, IAUFY SF/ArY
7}2=H], source power, bias power, 18|31 ¥4 ¥4H
o dig A&z Wstel Mo WstE AN
b B3 A7 fAYEFE 7E38H7] $138 OES (optical
emission spectroscopy)E ©|&3t Fet=ul U9 3}
AYA S} gz AsES ZAEAS

2. &Y ¥H

2 dFdAME ZnO B2 Si (1000 99l ZnO &
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7l (99.99%)2 RF-magnetron 2HE YL o] &3}y
°% 200 nmFAZ FEFHHJG. FFL Ar 20 sccmol
A4 10 sceme A5 AFE 40 mTorrol A 100
WE Q71ste 35U ZnO Breke 4 7hsr] ¢
3 nYF oA ndE EFH20E FAd= ICP
(inductively coupled plasma) 2]z} #H]|E A48
t} [5). Base pressure: 5x107° Torro|®, %7] 4
Z7AL source power (500 W), bias power (150 W),
F 7t %3S 40 scem, 2332 FAHUYHL 6 mTorr
2 3139 A %27 FHE A3 [6]. 4
Z} A ZALE 93t AR dt=rk2F9l SIoE A
Z& (Si)¥el PECVD (plasma-enhanced chemical vapor
deposition)E °]-€3 200 nmz FFHeH, Az
Zn0 ¥t 9 Si0°] 2ZHEE a-step surface profiler
(alpha-step 500, KLA-Tencor)Z ©]&3le] Zg=Ach
SFy/Ar Eet2vt UelA 3559 §4E 4317 S8l
OES (FC-UVB00-2, AVANTES)E o]-&3le] BA319ick
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Fig. 1. ZnO etch rate as function of (a) variable of
SF6/Ar gas flow rate, (b) variables of source power, (c)
variables of bias power, (d) variables of pressure.

¥ 1& 779 source power, bias power,
process pressure, 12|31 gas flow rated] @& etch
rate] W¥ 54L& Jepd adold. 19 1(a)e SFe
plasmacll Are] ¥]&o] Folx|HA Wlsl= A4EL B

£ 3dE B8 & F UKo] SFe(50%)/Ar(50%)
A Hd 42Z+E< 35 nm/ming YERATE O o) =
= A #ade 4% Boln, de bias voltage:
ol E & F Utk &2 Ar Eu|oAN AzZE
ZAE self bias Z2d) 7|38 Ao Algdr)

o] ¥ Z A¥TL M ¥ 4ZEo ZAHEA
9, SFe(50%)/Ar(50%) 7F2ZZoA AYHJUG. 2
¥ 1(b)T source power 719 W& AztE wW3}o|
t}. Source power’} F7t¥4E, gL 7l
FY38A DC bias®] THAE op7|3t} ol Ea=n}
el 8434 dE F71E F3ld A Eo A
g0 AlR €Y. 19 1(c)E bias power7t 7+l



A7) A A 288 =82, A247 A1235 pp. 935-938, 20113 12¥4: ZA A F 937

1200 ;
s (a) ; —a— Ar
1000 |- o F |
—Ah— AP
it v F
El 4§
£
5 600f A
z < f
E 200 L v
E - i
200 |- % e .
@ A, __l‘-’.__. W
0 - __———_'.“_’.__' el ————_" — 4
L A L " 1 A i " ' A L
0 20 40 1] B0 100

500 L T L L
=4
(b)
wr v
3: 300 | ol
£
2 ¥
&
g}
£ —
5 N R
100 — —
t—————_—;t e o
f__.:—':"—"
e
[} L A L A i L
400 500 500 700
Source Power variable in SF (20)/Ar(20) (W)
T v — ‘lr
- s r 1
2w Y ——Ar
(c) -t
—A— AT
T 20 |- v F
. 5§
8 S
A
gm
£ : 0
- “ — e
- E
8}
| — . A " o —9

4 B 8 10
Pressure variable In SF,(20/Ar(20) (mTorr)

Fig. 2. Optical emission spectroscopy variables of (a)
gas flow rate, (b) source power, and (c) pressure.

mg AZHEo) F71EE BHAFn, FAlol self bias
voltage A F7HE BAEG. ol Fet=vul o
FAAHE iond £33 F5 &I (ion bombarding

effect) 2 13t} 4zy &7} F7tE e AS=E Als€t]

298 Ulde 4Este didtd ¥siss 2ZE
o 2ot Re AZQEqM e AREE} F
7Ht ey, 8 mTorrol A Hdl 4Z4EE YeEd F,
o)F AZEEE ZAAUG. ot ¥ dFAA
gol| F713el met E8=vl o] JAHE 4T
FE7F F7M8kd YEyE @402 A4 €. ZnOdl
g SFo/Ar Set=rt 42 fAYSE 4357 9
3 Zef=vl AgQl OES A4e AP3A

a9 2(a)x SFe¢/Ar gas M| &o w2t W3ls= 571
2 Fd peakd =Z7|E YEtdo. Z pure gas &3
oA w3ghel wel intensitye] A7)1= WalstA @
ok o] 2§ 1(a)oll A SFe(50%)/Ar(50%)Y = 7138
=& AZEo] Z=AIHUY. old] SFe¢/Ar Plasmacl
& ZnO9 Az} WAYSFTS o]REXE 4zt HAHY
Folgta Als€g. 18 2(b)E F3t9 source power
7t meEk 84FY dx7t Frkske AE g
dew, 8 B4 YAHAr'(73524 nm), Ar(653.14
nm). F'(682.66)), F'(760.59 nm), S'(791.91 nm))s %
7tell Wl ZnO A Z4go 9L vA= AL A3}
At [7]. =3 38 20§ B9, FAHALEH ¥
w2t GAFEY A7|7F ¥sst=d 8 mTorrdll A &
AEe F=7F HUAE 7te7IY olF TAagH. o
= T4 d¥ol F7el wel, HAE AFIR] 3
F& vH, 84 ddF ¢ o9 "Wrrt i
Aoz HHEd.

19 3& source power (700 W), bias power (250
W), 282 ¥43%4E 8 mTorrdlA A3 AZES
BAFEY Zn09 A ZEL 2v 715 F7HEAS S
A3tAtt. ZnOE €A 7 AFEo] Fol 2,000TY
w2 §4& 7HAG [8]. ol UM 7R3} wE
At g v %S w, 315, EF A Zo] od
ol2rZz AZ wAYUFeE HAHE F Uk Ardl
o) 2¥EHY " 93t Znd} OZAFLE YH
ol M, o] of WA= Az FAEEZE 7|A FH
£ 9t SOu SO:5S Z+Zt 1,180, 445T9 ¥ &
A& 7HAY FEEo A Zpo] WHFHAG, ZnSH
InF5 9 Z2vi7} A4 EHo HolA Ho=2H 47
go| Astdvta Ats€} [9,10].

Are] ZnO¥} A€ P o8t Y& Zndt O
S} Fn(n= 1-5)3 A#3to Zn(SO)E AA3te] 3}
2 AZto] AP, £ FAEE FHIHe] ¥ SO,
SOF, SOFs, SO:F; 5°] AA4=o vragdd {38
F e FPRE AANEG 1]
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Fig. 3. ZnO and SiO: etching rate as a function of gas
flow rate in optimized conditions.

&A%k ZnS (1 Torr at 1,900C)¢} ZnF; (1 Torr
at 1,243C)e & 5=3E Z2A 9&d o F9 4
z} 23] o] Ar 25 HY &7 Fo] 834, 3
4 A7+ Afeastn Algdd [12]

4. @ B
E dFE 53 ZnOd digd g s
source power (700 W), bias power (250 W),

pressure (8 mTorr), 18|11 gas mixing ratio SFs
(50%)/Ar(50%)ol 4] 6.5 nm/ming YERRAT. FH
Zg=vl SFA4AAE Ar+, Arx, F+, F¥, S+o|n Ar
o] A7}E4 %, self-bias voltage® #4344, source
power’t Z7hgtel meh, AYAE TS #QE
At

{19 27E EYE ZnO ¥9E SF¢/Ar Eet=n}
g o83 A7 WAUFL o2 EFXAZL WAYF
olg} 28 ¥t

ZnO vtute] SFe/Ar A2t A8 FHA Ardl 9
@ Zn-0 A3 #3) 2 sputterings] o3 AP =
Ao FHMHY, ZnS,, ZnFx E2 9 FFoz <3

of SF8 FZMe D Ar 27E o] Role] Re
NZge YEdga ARdr.

#ZAte =

B AFE AYAARE, AA7ed T qEAT
AFYl 492 “3D Printed AAAA7|EF O AnlE
7}= Platform 7]&” AFd ] Al o At
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