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Abstract

(Ba,Sr)TiOs thin films have attracted great interest as new dielectric materials of capacitors for
ultra-large-scale integrated dynamic random access memories (ULSI-DRAMs) such as 1 Gbit or 4
Gbit. In this study, inductively coupled BCls/Clo/Ar plasmas was used to etch (Ba,Sr)TiOs thin filins.
RF power/dc bias voltage= 600 W/—250 V and chamber pressure was 10 mTorr. The Cly/(Cla+Ar)
was fixed at 0.2, the (Ba,Sr)TiOs thin films were etched adding BCls. The highest (Ba,Sr)TiOs etch
rate is 480A/min at 10 % BCls adding to Cl/Ar. The change of Cl, B radical density measured by
optical emission spectroscopy(OES) as a function of BClz percentage in Cl/Ar. The highest CI
radical density was shown at the addition of 102 BCls to Cly/Ar. To study on the surface reaction
of (Ba, Sr)TiOs thin films was investigated by XPS analysis. Ion bombardment etching is necessary
to break Ba-O bond and to remove BaClo. There is a little chemical reaction between Sr and Cl,
but Sr is removed by physical sputtering. There is a chemical reaction between Ti and Cl, and TiCls
is removed with ease. The cross—sectional of (Ba,Sr)TiOs thin film was investigated by scanning
electron microscopy (SEM), the etch slope is about 65~70°.
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Table 1.
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Ar) gas mixing ratio.(coil f power : 600
W, dc-bias voltage: —250V, chamber
pressure : 10 mTorr.)

770

Fig. 3(a).

a% 3(h)e Cl/(Ch+Ar) 7k~ &) wet 4
7 (Ba, SoTiOs ¥ ¥H9] Sr3d 9329 narrow
scan ~MEZS B9l FHolckh a3 3(b)ellA] Sr 3d



narrow scan ~HEZL Sro SrO, Sr-Cl® Hsje
4 9]7, element Sr& 1345eVel 136.3eVe)
binding energyellx] ZF} Sr3dset Sr 3dse] I
Z7), 135eVe} 136.8eVe] binding energyoll# Sr
3ds2 0% Sr 3dse -0 =7l FA=Ye}) 13
302 (2)~(6)8] ¥elxe] Sr 3ds.9] Izl =
717F (DellMRe} zZA velged, (Ba,
Sr)TiO; Hhe] Alzbgl= Eob EHol|A Ba-Ti-O
22 Sr-Ti-02] ZAe] #eIAL Ba, Tiwe Sr &
the wlad Al AAS] bl Srodavt A
o7 wol o} o] el Aoz sk oy
3(b)2] (2)~(B)elA 1345eV FolA F=9] =7
7} 24 veRdsd], ol Sr-09 H=v) Axle A
o] oljeg} Sr 3dse-Cl # =%} Sr 3dse ¥z AF
22 qlal] 13456V 3old Hze] =Pt AR
Ao wedglcl 1354eVe binding energyoli+] Sr
3dso-Cl =7} &A8cka A=) w3 13726V
9] binding energyolld] H=7b golzl A& & ¢
e, o HZolA Sr 3dse-Cle] ZHe] &g}
I A & 5 2ok

Sr 3d|

Sr3d,,

Sr3d,,-0 ——l

Sr3d,, - Cl

ol

(1) as-deposited

(2) Cl, only

(3)CL7Ar=2/8

(#) BC), [CT,TAF
=272/8

(5)BCl,/Ar=2/8

(6) BCI, only
145

140 135 130
Binding Energy [eV]

23 3(b). BCl/(Clz+Ar) 7kxnlel we} Az BST
whtk o412l Sr 3d XPS narrow scan
spectra

Sr 3d XPS narrow scan specrta of BST
surface etched under BCly/(Clz+Ar) gas
mixing ratio.(coil rf power: 600W, dc-
bias voltage : —250V, chamber pressure
: 10 mTorr.)

125

Fig. 3(b).

BCl/Cly/Ar 213 & F2tzvte] 98 (Ba, SrTIO; #ehe) A2t

(906)

HAUE A7 L&

% 3(0)E BC/(Cl+Arn 7ks &3 et
A7k (Ba, SITiOs ¥t 4ol Ti2p a9
narrow scan S#EZS Ba)l Flo|ch 18] 3(c)el
A, TiO; ¥a= 33pH dhgell &Jsle] gy (=06
eV) Ax9 ¥ bhinding energy® shiftElgich ©
Tt TiOx9t TiCly7} 4585eV ~458.7eVola] %
=)7] wEol] o] ojgict”

Ti2p]

Ti2p,,-0,Ti2p,,-Cl
A

Ti2p,,-0, | Y
Ti2p,,-Cl

_>§l<—,5y

(1) as-deposited

(2) Cl, only

(3)Cl,/Ar=21/8

() BCI, I CI, 1 Ar
=212/8

(5)BCl,/Ar=278

{8) BCI, only
1

I [

475 470 465 460

Binding Energy [eV]

22 3(c). BCly/(Cla+Ar) 7k2ulel w2} A2k BST
ulak gmel)x]9] Ti 2p XPS narrow scan
spectra

Ti 2p XPS narrow scan spectra of BST
surface etched under BCly/(Clz+Ar) gas
mixing ratio.(coil rf power:600 W, dc-
bias voltage: -250 V, chamber pressure
:10 mTorr.)

455 450

Fig. 3(c).

a8 3(d)¥ BClI/(Cl+Ar) 7k~ Ejwld| ule}
AR (Ba, So)TiOs ¥ ¥9e] Cl 2p =9
narrow scan Z~#HEHS Bl Aorh 23 3(d)¢
Cl 2p H=9 narrow scan 2HEHL (Cl-C]
TiCls, BaClz ¥ SrCl, gzt 22 ) 71x] 2% 3§
B2 Rejd 4 oloh ez ubgalA ok ()
2p narrow scan 2~#HEH-2 ZkzZF 1987 eVl 200.4
eV binding energy® Z+ Cl 2p32 9 Cl 2p 1y
A F 09 H=E Feld 4 qoh 23 3(d)elA 4
HEW, Ba, Sr, Ti ¥ Cl 2psz elZ Aol 3}
el vhgo 2 Zh7t 202.5eV, 199.85eV 2 198 eV
2] binding energy % z+: BaCk A¥, TiCly 2t
aela SrCh AgdeEls e Aol sl =3



20004 118 EFLEEHH

BaCl, (Ci2p,,)

Cl2p I cizp,,
Ci2p,,
F

TiCl, (Ci2p,,)

(3)Cl,/Ar=218

TiCl, (Cl2p,,)

S S

(4)BC, I C1, I Ar
= 21218

J

(T

(5)BCL/Ar=218

(6) BCI, only

Nt

(1) as-deposited H

210 205 200 195 1
Binding Energy [eV]

33 3(d). BCly/(Cl+Ar) 7kxvlddl el Alzs

BST ®teh gHolAe] Cl 2p XPS narrow

scan spectra.

Cl 2p XPS narrow scan spectra of

BST surface etched under BCly/(Clz+

Ar) gas mixing ratio. (coil f power :

600W, dc-bias voltage : —250V, cham-

ber pressure : 10 mTorr.)

©

0

Fig. 3(d).

18} 4. BCL/ClyAr=05/2/822 Az BST whake
SEM i kAl

Fig. 4. The cross sectional SEM photograph of
etched BST film etched by BCly/Cl/Ar =
0.5/2/8.(coil rf power : 600W, dc-bias voltage
=250V, chamber pressure : 10 mTorr.)

Cl 2p1p9 74l 18eV AHE H& binding
energy F-2ll4] Cl 2psn b viehdo)h $9] Asujd
A Uepd wle} o] B eizd vhgshe 7S WA
37] ogel. 22 B 2heizke Az vhazgl PR
2 Si0® A7 £%F FH2A7IA PR ¥ Si0z9}]
A g Z7H7led =58 $vh =¥ BCh 7R

(907)

$£37% SDR B 11 % 23
£ 25 AR G e dES 3ol

(Ba,SHITIOs Hhete] A7bge Z7M71e A9E o
ehdick FebEich

1% 4% Cly/Ar=2/8 Ze}2vie] BCls 748 5%
W7ol Azksiede o (Ba, SrTIOs Mbete] whlg
e SEM ARlE vebdl Rolck Az 2w oF 65
~70° A epdrl AAZE GbitF Al A-43)
7] slaME 80" olae] AtEE et i
o2 A tl% we A7r) Wesiekn PiEc

V. &2 8

B A7 E Cly/Ar= 8/2 Zak=vte)) BCly7kad
37}3le] ICP A2 (Ba, Sr)TiO; 2F2he] Azt B4
S A3t f power7F 600 W, dc bias voltage
7F 250V, W2 3ol 10mTorrsl 34 Z7o
A (Ba,Sr)TiOz ®F-& AlZbsisict Cly/Ar=8/2 &
g}zulol] BCl7k~E 10% A7lslele Wl (Ba, Sr)
TiOs ¥bae] Alzbge 480 A/minelsli, Pt, SiO:
2 PR3] A=l Zht 066, 037 2 0.281%ck
OESE %3¢ Cl #t]zo] Cly/Ar = 8/2 Ze}=n}ol
BClL7k~E 10% 7S o 71 B, o) (Ba,
Sr)TiO; HFehe Azbshes] =88 Fohe 7L &l
stodeh A1l (Ba, SrITiO: 2hate] Fd  ukgo)
XPS #X4oz A=t o] bombardment 2VZ
o] Ba-O A% sk Bast Cl Alelol] 343haql
4h-& 3l¢] BaCl: 3 ez AA=E Sre Cl
o] bl whgol| ogt A7 vi$ Ha EelH
ol =3efol ojs) AR} B2 SrCLe ez
RS Fha 9)e-S ERIsI e ol Sr AlAC @
< Ego] FHX Yevthe Ae ek Tigk Cl
Aleloll= F3heql Hkbe-& sku TiCly 2% ez &
olatAl AAR}E AzFE SEM ARRleR gy Axt
A7y Zkwr) oF 65~70° Ak AAR Gbitd &
2ol g8l liAE 807 olte] AlAEE 8

sk glidl ol flshie ts we dTsh Bash
v 7l
Bae s
[1] K. One, T. Horikawa, T. Shibano, N.
Mikami, T. Kuroiwa, and T. Kawahara,



24

[2]

£31

BClL/Cly/Ar 2= Fe}=etof o3 (Ba, SHTiOs whe]

“(Ba, Sr)Ti03
Gbit-Scale DRAMs”, IEDM Tech. Digest,
pp. 803-806(1993).

T. Kuroiwa, Y. Tsunemine, T. Horikawa,
T'. Makita, J. Tanimura, N. Mikami, and K.
Sato, “Dielectric Properties of (BaxSri-«)
TiOs Thin Films Prepared by RF Sput-

For

Capacitor Technology

tering Dynamic Random  Access
Memory Application”, Jpn. J. Appl. Phys,,
Vol. 33, No. 3, Part 1, pp. 5187-5191(1994).
T. Kawakubo, K. Abe, S. Komatsu, K.

Sani, N. Tyanase, and H. Mochizuki, “Novel

£ % BOEER)

364 D H4W 2H

for

X A2 N

£ 8 BOE&R)

(908)

[41]

[51]

Al 7}
1

AAYE 47 SAE St

Ferroelectric Epitaxial (Ba, Sr)TiQs Capacitor
for Deep Sub-Micron Memory Applications”,
IEDM Tech. Digest, pp. 695-698(1996).
Seung-Bum Kim, Chang-II Kim, Eui-Goo
Chang, and Guen-Young Yeom, “Study on
surface reaction of (Ba, Sr)TiOs thin Films
by high density plasma etching”, J. Vac.
Sci. Tech. A 17(4), pp. 2156-2161(1999).
Hand Book of
Spectroscopy, edited by J. Chastain (Perkin
Elmer, 1992), p.72.

X-ray  Photoelectron

$37% SDiE Fi® 2R



