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Abstract

Ferroelectric YMnOs thin films were etched with Ar/Clz and CF4+/Cly inductively coupled plasma

(ICP).

The maximum etch rate of YMnOs thin film was 300 A/min at a Ar/Cl: gas mixing ratio of

2/8, a RF power of 800 W, a DC bias of 200 V, a chamber pressure of 15 mTorr, and a substrate
temperature of 30 °C. From the X-ray photoelectron spectroscopy (XPS) analysis, yttrium etched by
chemical reactions with Cl radicals assisted by Ar ion bombardments in Ar/Cl; plasma. In CF4/Cls

plasma, yttrium are remained on the etched surface of YMnOsz

and formed of nonvolatile YFx

compounds manganese etched effectively by chemical reactions with ClI and F radicals. From the
X-ray diffraction (XRD) analysis, the (0004) diffraction peak intensity of the YMnO;z thin film etched
in Ar/Cl; plasma shows lower value than that in CF4/Cl: plasma. It indicates that the crystallinty of
YMnO3 thin film is more easily damaged by the Ar ion bombardment than the changes of

stoichiometry due to nonvolatile etch by-products.

Weel el
NDRO-FRAM 472 CER

A9z ol Ad FAANAE %
oor sy FA ez
AREA o] S5dlor @k EE
gell sisie v
et 2. VM0,

EE]

Bluol oo
=

&% o

Tadalo

91
HLU]—Q,]

o ME X ox 2 B
L o 2 o 2 %k

A 7}

=

Key Words : Ferroelectric, YMnQOs, ICP, Damage, Etching
.M &8

Z & TFRAM (ferroelectric random access
memory)e] A AAA ALEE Exdoz 93k
aHeE FAE4d DRAMT w2E £Ee
4 A%, A3 §ol4 ol FHon AAu)
HEeE AR F5E dn 9 o] FRAMS
AelE HaAHoez ZHHAE <]&3% NDRO

(nondestructive-readout) MFS(metal-ferroelectric
-semiconducter) FRAMS ®Z9Hd] wE d=

1

Aol gl EEe AHMAEMN o gl Hd
F22 THH0 Yol YUES FYNY F UL
¥k oyl radiation hardness?}  §-423ho]
abel AAEAA FEANL Foglo] A
w1 okl ek AR)}AH ] FekE

1 &A FHT F4T 221

Fax: 02-812-9651

Corresponding Author : cikim@cau.ac.kr)
2002 109 2843 4= 2002 12€ 6 13 AASE,
20039 249 79 22 AARbE, 20033 249 Y #HEF dAgs

449

e MR

el rlo
__>‘.l_|“
i Ho

- ) N
e o N oo o

Fabd S I RN
YMnO; gtehe] siede] ojst
=

] Aol M= ICP (inductively coupled
plasma)& o]g8] Cl, 7F2e] Ar @ CF; 712&

242 HARE W YMnO; #etel 448

Z oo R R (1 de 12 K
% 3 T oMo T
o &9 o
i

£
2o
N

2.2 R o 5 L ooy 1T

> I

A
=

2 42



J. of KIEEME(in Korean), Vol. 16, No. 6, June 2003.

27e) s

zAshaT

HAYES nmay Z7 A
3

21 7kA1 8] damage &

tlo

it

2. A
1o
R

A4¥8e 943 YMnO; &
ALgs Fulst e
(inductively coupled plasma)E o) &3te] 2z
stk ICP T4 AW Ao f4xe Hd T
FY 1356 MHzS RF A2 395 A7tglon,
DC vwpoloj 22 zA&r] 98ty BEe 1356
MHz RF &2 39 & sppd=o) Q73

Clz Ezb=vtoll o3 Ard} CFy 7} H7bE %

sol-gel WM<

FulE YMpO; ek ICP

5 gorRy #3349 YMnOs 9%e Ar/Ch
CF/Clz Edt2utE o] &8t A2t st ofufg

TR WFE RF 42 99+ 800 W, DC #lo]of
2 A9 -200 V, AW ¢4E 15 mTorr, 7189 2
== 30 t® uAII a-step
surface profiler (KLA TENCOR)& A}&-3}o] =
gatgon, CFy 72~ 7t Hlo] g g8 A
¢te] Cl, F &tt)z3 Ar o299 AfHel v=E &
olrz] 98 OES (NANOTEK- NTSU101)Z A}
&5tk 2 k2 EfxC 2 YMnOs
o] FHoAe A Az HHE @Esy
o] XPS (ESCALAB 220 XL)& o]&38tgrt. 44
# dhEo]l morphologyE ZAet7] 95ted AFM
(PSI, Autoprobe CP)& o]-&3}glth. 3 YMnOs
dhabo) A7} 3 odA Ao WEE 24517 ¢35l
XRD (Rigaku D/Max)& ©|-&3}ch.

B
B A e

LOJE
Qg

329 2 g

Cl &3 Zulo] i§ Ar @ CFs A7} YMnOs
27t mAE 9 ARy 98 OESE A&
3tol Ar 2 CFy #7F 5% w& Ar (7504 nm)
ol2 % (] (436 nm), F (703.7 nm) #}t]jze 4
35 AHpdg a9 1& Clh Z@=nld Ard
CFy 7}2=9] vl& Z7} AFHS "9 Ar o]& ¥
ClL F #&ttjze 4did ®ists Jgdz o o
g 1ol Hi= ulel o] Ar/Cly &Eefz&vloAl=
A7bE Arel FE7F 20 %2 WA Cl ezl
Z7tele] Ardl FE7F 20 % olded Fr1Ed
Cl gtvjzhe ZHastch Ar #H7MA9 Cl g2y
Z7H= Ar ol #3 l 2] %t transparency effect

&oln Ard ¥ F7hE 5 1A e JdHe

450

o
o
T

CI (436 nm) : CF, addition

=4
=)
T

C1 (436 nm) : Ar addition

<
>
—T

/””‘A

et F (703.7 nm)

Emission Intensity(Arb. Units)

02} S
% Ar (750.4 nm)
00}
0 10 20 30
Ar and CF 4 Concentrations | % |
a8 1. Ar/Clo @ CFy/Cly 7F2& )0 wlE Ar
o], Cl #dlZ, F gejze] 3 & A7,
Fig. 1. Optical emission intensities of Ar, Cl,
and F as functions of Ar/Clz and
CF4/Cl; gas mixing ratios.
320
300 F
20 /\
— 260}
E / Ar/Cl,
E 2ot
=
© ot
i
= 200 |-
= 180
160 |
140 |- \
120 - CF,/Cl
100 | i | 1
0 10 20 30
Ar and CF concentration [ % ]
ad 2. Ar/Ch ¥ CFJ/Cl; 7t2E%e) wE
YMnOs #hate] AzH4E.
Fig. 2. Etch rates of YMnOs; as functions of
Ar/Cls and CF4/Cl; gas mixing ratios.
A otoz ‘ﬂ_ChT4”€‘4UiAﬂl
20 % ol ZAAME Cl grlztol Fadtes A

o7 #HdAt. CF/Clh %a}éu}fﬂlHA Cl



278 YMnOs
Relative atomic percentages of surfaces
of etched YMnOs thin films.
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X-ray diffraction patterns
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EEEB CIE L
of etched

Sell A HE
c-%9  (0004)

AAG 2zt YMnOs
a2zt ZEA JEhda
oE 2xbdel #|EHX P Ar/Ch
ol Al 2zbd A9 (0004) HAE
Aol (0004) A=zBRYG X Z2E] c-=
°] ¢lv WkH CF/Cly oA

(0004) H3ZY MA7} Eol=
= wEgAAE FAslE dE A
olgldt A} ZHE YMnO; vF
PAEE S 9%

oot N oo 2 U
ooz 2 N 2 ro

o Z Ix wH ¥ T

e}
I

o

£

o
ro N,
=

o

119

z,

i
N

453

A7 AR A 883 =57, Vol. 16, No. 6, June 2003

HstEel Ar ol2e % E¥ FZd o
A0 4A £3EE ez dvdd
4. 2 2

Ar/Clz 2 CF/Cl; Z&=vlE o] £3 YMnOs
stekel Hol A4EES Ar/Ch 9 Wb 289
ZZeA 300 A/min o]tk Ch o Arg #A71g
A% YMnOs =ere] Az4ge Frtekelal, v
CF:9] #7Fe YMnO3 4tetel 2ztg& #a
ARG gigve] Hshige XPSE o &ahd
SR Cl, Eehzule] Arg Aztee] utuhg
A7kg AL Y o Mg Cl djze] 9 354
Azb @ Ar o2 9% ByF Azoe=m
#3808 AAHAYG 2zt CRE  Chel
Azbstel AZe A WALy AR FaEs
YF7F Zdol Hobdl s #edstdvt. AFMT
XRD9 AM2HRE Ar/Cl; ZetEvlaAa Azt

YMnO; o] CFy/Cle ZEgzvulelr  4ztd
watEt w2 47 damage®: WeE AL
gelstgdor. ol YMnQs; 29 AL

MY 47 RaEe] 9@ wWu gwoAo

sel ekl wWano Ar olfd @ welw
F4) 28 42 £4HE Ao wud
Hn 23l

(1] &22, A4, 234, PEY, PYSBT/
YMnO/SiMFIS)-FET T%% 93 YMnOs
sterel gl g, A AAARRHN LR, 129, 6
&, p. bl7, 1999.

2] A%, ARE, AW, AEE, 24,
“Y/Mn f B SE YMrO; Aehe)
27 2 K459, AR
A, 139, 2&, p. 137, 2000.

(3] 239, B 7, WE “FEdY

o[-&3 YMnOs; ®buhe] z4 Alzh B4 o7
A7|HAA BT =T A, 144, 2%, p. 93, 2001
[4] Jin-Ki Jung and Won-Jong Lee, “Dry
etching  characteristics of Pb(Zr,Ti)Os
films in CFs and CI/CFs inductively
coupled plasmas”, Jpn. J. Appl. Phys.,, Vol

40, No. 3A, p. 1408, 2001.

[5] Handbook of Chemistry and Physics,
edited by D. R. Lide (CRC Press,
Raton, 1998).

Boca



