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Abstract

In this work, the etch characteristics of VOq thin films were investigated using inductively coupled
plasma (ICP) of ClyAr gas mixtures. To analyze the plasma characteristics, a quadrupole mass
spectrometer (QMS), an optical emission spectroscopy (OES), and a Langmuir probe measuring system
were used. The surface reaction of the VQO: thin films was investigated using X-ray photoelectron
spectroscopy (XPS). It was found that an increase in Ar fraction in the Cly/Ar plasma at fixed gas
pressure, input power, and bias power resulted in increasing VO: etch rate which reached a maximum
value of 87.6 nm/min at 70-75 % Ar, It was confirmed that the etch rate of the VO films was mainly
controlled by the ion flux. On the basis of measuring results, we will discuss possible etching
mechanism of VO film in the Cl/Ar plasma.

Key Words : VOy, ICP, Efching, QMS, XPS

1.4 B VO ¥rehg ANZbetm 1 AxE RRSFET6]. o)

. o men = ) ) B2 A d5o o 47 g AP o
Hed 4w £ SHE I8 optical yo, wure) g2t sUFe A9 WY gD
switch, light modulator, micro bolometer %ol 2§ %L} VO, HHate] é}z} s _g_ &V* sa17] A

r-?L'

dioxide (VO2)= &Xof wzt H]”Ei% -2&o08 A %-?6}31, o}A old) W AT AFAE= AL BE
MSHE She delFd 42 de 9UA A9 gy a5 g cdd wete A2 A7E 4
u}

(L], VOr= 68 © ‘°} WA GHE EAd g5 gade wA Fhac g g4 84
B 8l F333, 68 T o] I ¥4 4HE zo mRiol BT},
EAQsH &2 W }%% 7HA oA 54 E o] waty B AFolME WA HIDEN AMe] HPR-
€3 infrared sensor{2], thermal sensor, Z1&}m 30 quadrupole mass spectrometer (QMS)S+ 1% €]
photosensor{3}ll -85t 2853 Utk 3 Ak} FC-UV600-2 optical emission spectroscopy
VO, #retel S&d #@ste] A7t go] 13 (OES)° olgstel ETazul we] F¥AHE TA
Ha JerH4s]l, VO, #rehe] Az dig dF 2o AT £ Azt vee B987] 95kl
dse AgHes AU H Buhays K. J. ’537—-}%1 AlE S EWE XPS (X-ray photoelectron
Kogler® 2 7h2=2 SFy/COp 7h28 AHE3h, spectroscopy) B4 £3 st ol F A
Reactive Ton Etching (RIE) 42 #H|E 83l ¥ 292 wgoz Cl/Ar 7k Se=xvle] o

VO, ¥te) 424 7178 M.
1. DT JH!OM! =&
(8" 7|2 =xiglg ME2] 208)

2. o stw T pr—_m
2.4 ¥

a. Corresponding Author : kwonkh@korea.ac.kr =
X 2 2008, 5. 8
MALREE © 2008. 7. 14 B odpele VO, g AzvEy] f8 a3

727



J. of KIEEME(in Korean), Vol. 21, No. 8, August 2008.

oAl mdE EZIRulE A= Inductively
Coupled Plasma (ICP) 47 Zu]& A& TH7].
Egzvt AHE A FY AF fFxE ZYUo
#AAA glen, 1356 MHz9} RF @A) Q7€)
AR R S5 Hx % e 1356 MHzY
RF #4o] QI7tHe] S@H o2 27ty uiulef] 4
o Z JAlFH = o292 duyRE zHT.

VO, gt AEE 7]# $l9 plasma enhanced
atomic layer deposition (PEALD) ®¥ol 93 =
Qo ol 7]ge =& 150 T °l&&Z #
A ACHE]. VO, ¥t A7t 722 % Ch9 Ar
9 E¥IIAE ol&3HT A7 ASHE Che
Ar 7}29 F FFL 40 sccm 82 nAHFF I,
Ar 7b2=9] EFHE 0 %A 100 %7 W EHA
Atk olwf fFEFIAd AZtEHE 22 AE, I
Ho A7tEe vlololA~ HEH 3 ¢EL 47
600 W, 50 W, 6 mTorr® 2A3Yct Zag=vt
ATE H94 QMSE AHE38t9 Cly/Ar 7t~ &%
Hlo mE ZZ=2nt e Cl 2 Cl 9 #& o4F
2 ZA3YY. FH olE FHAE FHUAF Y] Y3l
OESE ol &3td, Zt 9439 A71& A3 ol
o W3E QMS £4 A9 vust P

Cly/Ar 7t2 ZetZuld] 9§ VO, ¥rahel 47}
EH &S gl Aste Al5e] ¥HE XPS
43tk XPS 4 FAHEE VG scientificd]
ESCALAB 220-IXL& A}8-3t902™ X-ray source
2ZE Al Ka 14866 eVE ol &3t3th Ao &g
H VO, AE0A Cl & 37 Tl =2=d 44
Ju=uz Cl o B4 F3E A8 Hs 4
ZF o NEE JF AHAAM Rasg.

Light modulator®] TZo]A Si0: £ VO, %t
o] &2 522 AMgH I, L A7 vtaa
AzZ ALgET oY A7 HAHu|E FE3I7)
$3ste, 2 cm x 2 em 2719 VO, Si0; € PR
ANBE A 47 dgew, 47td VO, uhub
F7A%E Tencor Instrument® Alpha step 500
surface profilerg o] &3l A3 A

3.28 A HE

ag 12 Cl/Ar EF4)d & VO, SiOz ¥
PRe A7} £%Z el Aot VO, vtdte 2

&5 F, A7 72 FA Ar 29 Fol ¥
AGFE A7t £ F/8lg en, vl Si0.9
A7 &%= Ar 7F29] o] F7tE oE i
3t th VO, Bt Ar &3t 0.7 - 0.75¢ o,
87.6 nm/min® . Si0x9 A $ol= AR £x7]

N

728

PR

_. 1oot+ 125

£ —_
c

£ o} 20 €

£ 2 IS
c

;g 60 15 o

5 [

% 40 10 §

x ®

o 20f é 15 ¢

o 2

> 0 1 I I 1 o

0.0 0.2 0.4 0.6 0.8
Ar fraction in CL/Ar
ad 1. 7tz EFHA @& VO, #Y, Si0,, 32

o A3 A7 &,
Etch rates of VO2 thin film, SiOz and
PR as a function of Cle/Ar mixing ratio.

Fig. 1.

Ar 307} 718l uhet Aste AT A
o}, Atziatel Az Adule Ar EFHEI7F 0%
o wzg} Frhge &9 ¢ gtk o Si0p de
e & 4z Agulg d7] M E B2 Ar
Egu7 fEgs on g AshtE Ar 3]
7} 0759 Ao, oF 30 o9 #& Az HdHEH|
7} QojAE wrA, Z3ute) A7k MeEne 1 o3}
2 atgute) "jste F3] EEE HAF0

VO, utate] 7hx E3)o wg E2 A &9
7} A7 &xd "X e 4FE dotrr] sy
o] % 2 gelf-bias voltageE F&3te] 1F 29
et 28-S A9 EdE, Ar E3|7F F71s
o] we} self-bias voltage?7} &AL A3t
o]& ion bombardment energy’} ZA¥-& o|v]d
o, &9 sta Egdle mE oL dxe ¥Es

£of s
£ {-30 S
28 g
0 [=]
c 40 8
[

24 : 3
s, 1-50 %
5 4 7]
5]

c

S ol— : : : -60

0.0 0.2 0.4 0.6 0.8
Ar fraction in Cl/Ar
ad 2. Ar 7}2& %9 w2 jon current density

2 dc bias voltage ¥ 3}
Fig. 2. Ion current density and dc bias voltage

as a function of a Ar fraction.



FHBEHE Ar TV F01E0 we, el g
e F7HEE #2908 4 st oy ZAdEs o
g 19 Ve VO, 9ete) A7 &x Wste)l v
Bt BHY, A9 FAE AgE RY$ HUAF &
Att ole Ar vt EFu|UL ¥stg] uE, &9
2t Yo gA4HE o9 dmyt F/FHE, o
Z3 A89 ®E¥Y EE38E ion flux 7} F71F
o] AZt&ert ZrlEE 9 ugic)

r
6.0x10° } A
5
£ 4.0x10°F
(0]
2 _Cl,
2 2.0x10°F
Cl
ﬁ \ﬂ
0.0}
0 20 40 60 80
Mass (amu)
(a)
§ 9.0x10° 5 /{texie’ o
L o
-
3 6oxto°] Jooxto” g
g~ cl, H
& -6.0x1o"§
g 3.0010%) e
5 13.0x107 &
> / §
< L Py
R S T L -
© 00 02 04 06 08 10

Ar fraction in Ci,/Ar

b)

a8 3. e E¥ElY gE Cl, Cl, 283 Ard
R2U4¥ : (@) Cl, C, 183 Ar 2¥HE
2t (Ar fraction = 75 %) (b) 7}= &g
ulo} w& peak area?} W3

Partial pressure of Clp, Cl, and Ar as
variations of Cly/Ar mixing ratio : (a)
Cly, Cl, and Ar spectra {Ar fraction =
75 %) (b) Change of peak area.

Fig. 3.

Ar 7bz B3 st mE Fehxoh oA
49% 2 74 29 FE 9Y ¥sE 24
s, 2 A%E 29 39 vehidch WA Ea
Zoh T4 928 FUHY] Asted, massel we

729

A7V ARA RS =T, A219 A8E, 20083 34

ool WgE F&3d 29 39 (@ e
.28 39 (a)e Ar EFHIF 5 %Y FE=
vl FEE AT 29 AHRY, 35 amudlA
Cl, 40 amuel A Ar, 70 amuel s Cl, &l #HE
4 398 ¢ 9ol 29 39 e ke
Hlo we 7t 949 REYY ¥WsE vEd A
ole}, e vield vie} o] Ar 7h29 fr o
F7Mge] wi Ch 9 ¥ 4¥€He #AdL, Ar
o REQEE s e, Cl 94 Ar E97t
Z718ko] whEl REtEel TAFE Btk ol
# A4 Cl gujze JR3en Ch 47 8
sislo] A7 wEo|}

T8 Zg=ul Yo gAHE 84 YA FH
g g9sty] Yol gutdgoew OESYF A"
(10]. ¥ @FAAXE 29 39 ehd 4xe EF
& 937] o] OFS #4& dAsia 1 4
#E 29 49 Jdeggid 29E AHEY Ar
E3dv7t 7ol et Clp (257.9 nm), Cl #t]
Z (436 nm)e] AVE gadtE ¢y Ar (7504
nm) ¥ Z7v8e AEgE 2AdH1ll 29 39 )
S} o9 48 Wade 29, Ar EFuU S04
o mwzt Cl Sy RE Ea Ay ¥sist A
o YRS BoFEu gebd 2y 39 (el o
Bd 928 Ch, €, € Ard S 898 5 gt
b EGHIZE VO vhebe] B9 kg uiX s o
#2267 $8ke] XPS 48 HAsg

a8 58 (e V 2p H¥MEHE deconvolution
# Aolth ol Ar 7t29] EFHT 10 %Y =
oA AzZd A B F5T V 2p 2HNEFE o]
{8

3 o
)

" {ax10’
- 450+ -
E 13x10° 3
> | B
k2 300 {2x10° 2
g 2
= B
5 180 11x10° E
s <
[$]
R
06 02 04 06 08 1.0

Ar fraction in CI/Ar

O 4, 7k EF¥Y) @& Cl, C, 283 Ar
A7) Wz

Fig. 4. Intensity of Cl, Cl, and Ar as variations
of Cly/Ar mixing ratio.



J. of KIEEME(in Korean), Vol. 21, No. 8, August 2008.

3x10°t
3
& 2x10°}
2
B
S 3
2 1x10°}
E .
oL
524 520 516 512 508
Binding Energy (eV)
(a)
6.00x10°
~— Cl,(0sccm)
As deposited
S 4.50x10°t
ki Cl,(40sccm)
=
g 3.00)(103_ Cl,(10sccm)
£
1.50x10°}
520 518 516 514 512
Ar fraction in CI2/Ar
(b)
a8 5. (a) V 2p spectra deconvolution (Ar 10
%A E$).
(b) V2p ~9EH
Fig. 5. (a) V 2p spectra deconvolution (Ar

fraction = 10 %).
(b) V 2p spectrum

9L AHRY V 2p AHMEHL 5156 eV
516.1 eV 4% duyR oA 29 Hag YyolF
S ¢ F Utk o=V 2p -0 (VO H3 % V 2p
- O/Cl Bz &2hacH12l. V ¢ 0 E& (I 9
AFHE O 9 Cl 9 AVIgATI vkdA 9=z
7t A9 fARE AF duX M AEEc webA
516.1 eV XA AEHE HAaE V-0, T&
VO, 288t o 2 A7 28de 2 4%
AU AN AEHE HIA(VOy, xy > 22 4
b3h=3

a8 (e 712 Y BE V 2p A¥HEH
£ Hug Aelth, I¥E A¥ R, 5161 eVllA
AEHE H3rt 445HA gL A5dME g9
Hlth ol AZEHA ¢ ABJAME VO, 9%

730

o B At A¥EHY A #3FE (VO
x/y > 2) Bo] ¥ FEI}L UL HAE
TP Ar EFHUF 243 we, & Ck £
Z715te wet 5161 eV 2H 9 WAL FIHE
g% 4 Qi ol V-O/Cl1 & 71d& o
Azt Z7kHo et 43498 ¢ F Atk

a3 3 ~ 59 AA2RY FF=vt dd 34
HE Cl gz dx d3e 4z £xd 2A
4L vAx £FgL & F Uk FH VO: 37
22 Clh 7t2 EEZvE o439 AHZse F
< VOCL Bp = 152 °C), VOCI3 (Bp = 1272
°C)13] Fol FHLEe] FAE Aoz oiFHn, o
E9) boiling pointeE Aoz Y, ol olE
32 270 ¥S Aoz wudg. oE o
E 3320 AR ZHAA A ogE ALz
gadd. a3y Ch 7t2=9 EFH|7E F7hE
ge Cl gy sEE FAFdAE EFE,
VO 47 £ Zasdth ol Ch 7129 &
Fojd wE Az &£xo HIE VOCL &
VOCl 4oz 498 4 ¢S v s oz
A a3 19 Jebd A7 £x §sie) 49 &
gzu WolA FAHE gGride sx Wi o
£ chemical reaction 2 volatile product®] &3l
7198k Ao] opa, ZEt=wl oA FAEHE
ion bombardment effectoll A} 2 191§ oo} &
Ao wudrh YduwbA o= jon bombardment
effects ©]29 7t% YR 2 jon fluxel 7113t
Aoz d#A gtk 19 28 HWRW, Ar 7}
&3 7F Z71gel wet ion density 7¢ F7Hd
gelslgd e, ol AR EWel Z¥3E ion
flux7} F7+H§HE owudic} oleld ARE 17 1
I vBlaste] B A Ago] AFE HAFETH
ol Ar 7tx9] &7l FtE o AR9
¥ =23 jon flux’t F7betx, 1 a4
Z+ 257} Z7lstE Aoz RorEd §¥ a9 2
o Jebd uist Zo] Ar 7k EFH7L F71El
w2} de self bias voltage: #48E& 13t
weld 2F 144 velde Az $E9 9]ld
2 jon fluxg] F7td 7S & F Ak ol
 jon flux® F7t= VO, EWd &A%+ V-0
A%S #Agstn, 1 dHERE FAHE oxidized
vanadium¥ Cl 947} A%s9d VOCL &2
VOCl 5€ A&, o FEL Aoz
2 Z7I¢LR A3t AR HHAA A o
gro] Azte] APHE Aoz wurdAn wEhiA
VO, 8tete] A7 £% 3+ jon fluxdl 9% V-0 4

wo (> rir



o #ie o8 AAHE Aoy oAk @7
Ar 7t o] 83t AZbsie A 474 &2k
af 5 ‘5%%}‘4 ol& Ar 7}* Eg}=ute] oAM=
F71%0l ¥& VOCl, £& VOCh 3§Ee A
HA @1, 2 Az VO, wde Ar oL
sputtering ol o3} A zZto] AFYH Y] wEOZ
#Aggch o, Ed=v ol F4HE ol
o] ol& BB FEsA oF HIE AB

EHAA A olgHE Reow sMdn

4. & E

Hees 7he EFEE EIAIEAN VO, ‘i}"ﬂ
ARG 3, Z4zre) Az 2@ Bl quadrupole
mass spectrometer (QMS)$} optical emission
spectroscopy (QOES) & Ab&sle #ojzd w9 g
F&shqr,

Cl/Ar 7v2o|A Ar E3u|7b Z7gte] obe}
Si0: o A7 £E& ZAast3, PRE Ar £%u)7}
7t weE A7 27 F7MEE Vo, B
o A9 Ar W7 FU1E) W A7 220t
F7hetglen, Ar EF497F 70-75 % A 2ANA
876 nm/min 2.8 7tF ¥L 47 £EE 49tk
VO, ¥tete] Az jon o] A8 TWa 253
o, V-0 A%< dd=Hm, 1 dy g4
oxidized vanadium ¥ Cl o] dgsA =1, oE
V-O/Cl1 JFEL &L FVIgez Astd 44
NEe RHA ojgHE Aoz dddr) oy
ion8] FE yx] RoE ion flux ol o3 A
E ZYoA dojye V-0 284 A7 95
= Aoz Ao

zate 2

B = e AYAAR Adste F7 @A
?3?_7 ‘Ut =R gr EH7] e 48 3A
i A4S ddvch

m% R
e
o
=
:.f:‘z
m

it

gl

Ho
I

{11 F. ]. Morin, “Oxides which show a
metal-to-insulator transition at the neel

A AAA B3 =8X, A21F A8E, 20083 8Y

temperature”, Phys. Rev. Lett, Vol. 3, p. 34,
1959.

21 B. J. Kim, Y. W. Lee, B. G. Chae, S. ].
Yun, S. Y. Oh, and H. T. Kim, "Temperature
dependence of the first-order metal-insulator
transition in VO: and programmable critical
temperature sensor”, Appl. Phys. Lett, Vol
90, p. 023515, 2007.

[3] E. Arcangeletti, L. Baldassarre, D. D. Castro,
S. Lupi, L. Malavasi, C. Marini, A. Perucchi,
and P. Postorino, "Evidence of a pressure-
induced metallization process in monoclinic
VO3, Phys. Rev. Lett, Vol. 98, p. 196406,
2007.

(4] M. B. Sahana, G. N. Subbanna, and S. A,
Shivashankar, "Phase transformation and
sermiconductor-metal transition in thin films
of VOz deposited by low-pressure
metalorganic chemical vapor deposition”, J.
Appl. Phys., Vol. 92, p. 6495, 2002,

[5] B. G. Chae, H- T. Kim, S. J. Yun, B. ].
Kim, Y. W. Lee, D. H. Youn, and K. Y.
Kang, "Highly oriented VO thin films
prepared by sol-gel depesition”, Electrochem.
Solid State Lett., Vol. 9, p. C12, 2008.

[6] H. Buhay, K. J. Kogler, B, J. Whitehead,
and R. C. Tiberio, "Summary abstract :
Reactive ion etching of vanadium dioxide
thin films”, J. Vac. Sci. Tech.,, Vol. A4, p.
440, 1986.

[7] M. S. Kim, N-K. Min, S. J. Yun, H W.
Lee, A. Efremov, and K.-H. Kwon, "On the
etching mechanism of ZrO; thin films in
inductively  coupled  BCly/Ar  plasma”,
Microelecton. Eng., Vol. 85, p. 348, 2008.

[8] S. J. Yun, J. W. Lim, and J. H. Lee, "Effect
of plasma on characteristics of zirconium
oxide films deposited by plasma-enhanced
atomic layer deposition”, Electrochem. Solid
State. Lett., Vol. 8, p. F47, 2005.

[9] R. March and J. Todd, "Quadrupocle ion trap
mass spectrometry”, John Wiley & Sons,
Inc., 2005.

{101 J. W. Cobum and M. Chen, "Optical emission
spectroscopy of reactive plasma @ A method



J. of KIEEME(in Korean), Vol. 21, No. 8, August 2008.

for correlating emission intensities to reactive [12] J. F. Moulder, W. F. Sticks, P. E. Sobol,

particle density”, J. Appl. Phys., Vol. 51, p. and K. K. Bomben, "Handbook of X-ray

3134, 1980. Photoelectron Spectroscopy”, Physical
[11] R. Payling and P. Lakins, "Optical Emission Electronics, Inc, 1995.

Lines of the Elements”, John Wiley & Sons {131 M. Kohler, "Etching in Microsystem

Ltd., 2002. Technology”, WILEY-VCH, 1999.

732



