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Absh-act-A systematic study of the etch characteristics of SrBi2Ta209 (SBT) thin films in inductively coupled plasmas 
(ICPs) has bee:: perfomled with various chemishies of CIJA:; ClJOJA:; C1SNFJAI; and C1JNFJOJAI: Etch rate was 
dependent on plasma chemish-ies and parameters. Addition of O2 stabilized the perovskite shuctm-e of SBT film and 
suppressed the etch rate, but NF3 enhanced the etch rate substm:tially mainIy due to reactive fluorine radicals. Maxmlm:a 
etch rates obtained were: 740/~/min with CIJAr, 320/~/mm with CIJOJAr, 1,500/~/mm with ClJNFJAr, and 1,600 
:::in with C1JNFJOJAr at 5 retort\ 700 W ICP power and 150 W rf chuck power. Electrical properties of the SBT 
films were quite dependent on plasma chemisaies employed; ClJNFJOJAr showed the least damage m the fiIms and 
resulted in the best P-E hysteresis loop having renmant polarization (25) = 12.3 IxC/cm 2 and coercive field (E~)=41.9 V/ 
OWl1. 
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INTRODUCTION 

Recently, a ferrceleca4c random access memory (FRAivl) device, 
called a non-voIatile memory for next generation, has received nmch 
attention because it retains information when power is interrupted. 
Tile FRAM devices require low operating voltage, fast switctmlg 
speed, wide operating temperature range, and high radiation hard- 
ness [Lee et al., 1996, 1999; Park et al., 1999]. For the FRAMs ap- 
plication, fenoelecaic materials such as Pb(Zt; Ti)O3 and Bi-Iayered 
s~ucture oxides have been studied intemively. Among these, the 
Bi-Iayered perovskite SrBi2Ta2Q (SBT) is known as a promising 
candidate for FRAIvl appIications due to its excellent propetties such 
as a high f~gue resistance against polarization switching up to 10 n 
cycles [Bu et aI., 1999; Park et aI., 1999]. Dry etdfing of the fer- 
roelech-ic thin f:h:ls ks an important issue for pattern transfer in tile 
fabrication of FRAM devices. 

In recent years, the most significant a&ancement in dry etching 
of semiconductor materials has been the utilization of high-density 
plasmas. The majority of tile high-density plasma etching has been 
peffo:med by using inductively coupled plasma (ICP) etch sys- 
tems because of their superior uniformity, cona-oI, and lower cost 
of o~:ale:~hip [Shul et aI., 1997; Hahn et al., 1999; Hahn and Pear- 
ton. 2000]. There are a few studies reported on the etch character- 
istics of SBT films, but Iittie work has been done in terms of plas- 
ma chemistries. 

Desu and Pan in 1996 reported the etcl-mg characteristics of SBT 
and SIBi2Ta)%2_~O9 films using SFa and CHCIFCF3 in a capaci- 
tively coupled plasma reactive ion etching (PIE) system, and ob- 
tained an etch rate of <200A/mitt Lee et al. in 1999 investigated 
etching behavior and damage recovery of SBT fffms in a magne- 
h-on-entranced reactive ion etching system using Ar/CFJOJC12 plas- 
mas. They also reported relatively slow etch rate (<280/IJmin) at 
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about 65 ~ and substantial damage of etched sampIes, resulting in 
poor eleca-icaI properties. Im et al. in 2001 fn'st reported an etch 
rote of 1,500/g,/min with CI2/NF3/Ar at 55 ~ and moderate ICP 
conditions. 

In this article, we report the etch characteristics of SrBi2Ta20~ 
if:in films with different plasma chemistries of CIJA:; ClJQ/A:; 
CI2/NF3/A:; and ClJNFJQ/A:; canied out in a planar-type induc- 
tively coupIed plasma etcher The influences of plasma chemistries 
and plasma l:~-amete:~ have been analyzed in temls of the etch :-ate, 
the surface roughness, and tile polarization-eleca-ic field (P-E) loops. 
CI2/NF3/OJAr was found to be a very promising chemishy that aI- 
lows practical etch :-ate, smooth surface, and good elech-ical property. 

EXPERIMENTAL 

The SBT films were prepared on Pt(1,500_~)/Ti(500 •)/SiOJSi 
subsh-ates by using a radio fiequency (rf') sputtering system equipped 
with a planar magnea-on sputtering source. A planar-type Vacuum 
Science ICP system (VSICP-1250A), in which tile ICP source op- 
erated at 13.56 lvff-Iz, was used to etch as-g:own SBT films. The 
ICP etcher was ptmped out by a turbomolectflar pump up to 10 -7 
Tot: and the Ol:erati:g pressure (ranged 5 to 50reTort-) was con- 

h-oiled by a ff:-otfle valve at fLxed gas flow rates. Tile temperature 
of the SBT stfosa-ate in the ICP etcher, sitting on the backside-cooled 
sample chuck (or tile l:ottom elech-ode), was held at about 55 ~ 
The etch gas was injected into the ICP etcher through eledxomc 
mass flow conh-olle:~ (MFCs). The ion energy was conh-olled by 
tile applied rf chuck power at 13.56 M:H_z. For tile etch :-ate experi- 
ments, samples (4 mm• mm) were masked with Aplezon wax. 
Etch depths were obtained from stylus profilometry measurements 
of tile etched samples after removal of the wax. The crystalline s~uc- 
ture and surface morphology were analyzed using x-my diffraction 
(XRD) patterns and atomic force microscope (AFIV0, respectively. 

Electrical characterization of the films was performed by using 
a Pt/SBT/Pt capacitor sa-ucture in terms of the polarization-electric 
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Fig. 1. Effects of (a) CI~ concentration, (b) pressm'e, (c) ICP som-ce power, and (d) rf chuck power on the etch late of SBT rdm in C1/Ar 
plasma. 

(P-E) field hysteresis loop. For the Pt/SBT/Pt capacitor, platinum 
top electrode (1 nun in diameter) was deposited by a dc magnelron 
sputteiing system. The Pt top layer was also used as a mask layer 
for the fabrication of the Pt/SBT/Pt capacitor. 

RESULTS A N D  DISCUSSION 

Fig. 1 shows the effects of C12 concenlration, Vessure, ICP source 
power, and radio fi-equency (rf') chuck power on the etch rate of SBT 
film in C1/Ar discharges. Tile etch rate showed a maxhnu~n value 
(740/Vmin) at 50% C12 and decreased beyond 50% [Fig. 1 (a)]. The 
decrease in etch rate at higher chlorine contents can be athibuted to 
the fact that a&titional collisional energy losses are present with 
increasing C12 concentration. Comtmred to pure Ar discharges, C1/ 
Ar chemistry induces a decrease in ion flux at higher CI2 concen- 
Iration because additional energy losses are caused by excitation of 
vibrational and rotational energy levels, molecular dissociation and 
negative ion formation [Liebennan and Lichtenbezg, 1994]. Tt~ 
energy loss results in less formation of ions in bulk plasma and thus 
decrease in etch rate at higher CI2 concentration. 

The etch rate was decreased at 10 mTon- and remained almost 
constant beyond 10 mTorr [Fig. 1 (b)]. It is known that concentra- 
tion of ne~a-als increases with increasing pressure, but at the same 
hme the recombination rate of ions and eledrons in the bulk plasma 
also increases with pressure [Lieberman and Lichtenberg, 1994]. 
The increase in recombination rate then produces less incident ions 
onto the wafer surface, resulting m less effect of physical sputtering 

on removal of etch products. Hence, one may conclude that the dry 
etctm~g of the SBT film is dominated by physical spulteiing at lower 
pressures mainly due to less recombination of ions and longer mean 
fi-ee path of ions. 

Fig. 1 also shows that the etch rate increases with increasing tile 
ICP source power (c) and the ff chuck power (d). This result is at- 
tributed to tile fact that etch rate is enhanced with an increase in in- 
cident ion flux onto the substrate with increasing the ICP source 
power, and with sputter desorphon of etch prcducts as the ion energy 
(orff  chuck power) increases. In a dry etctmg using a plasma, tile 
role of ions is critical for anisotropic etch profiles because physical 
bombarchnent (or sputtering) activates the wafer sta~face and thus 
enhances chemical etching, resulting m a vertical depth profile. Our 
results clearly showed that the etch rate of SBT films increased with 
the ff ctmck pawer and with the ICP source power. By contrast, 
we obtained a very slow etch rate with pure mgon plasma [Fig. 1 (a)] 
and no etch rate without applying the ff chuck power [Fig. l(d)]. 
These lead to file conclusion that an eneigetic ion-assisted chemi- 
cal etching is the dominant mechanism for SBT fffrns m the ICP 
etchez: It is also worttr~vhile to see that fast etch rates of 1,500/k/ 
rain and 1,300/~/min were obtained at 900 W ICP [Fig. 1 (c)] and 
at 200 W rf power [Fig. 1 (d)], respectively. However, they resulted 
in worse crystal smacmre and electrical la-operty became of plasma 
damage. 

Fig. 2 ilIustrates the effect of oxygen addition to C1/Ar on the 
etch rate of SBT in temls of O2 concentration (a), pressure (b), ICP 
source power (c), and rf chuck power (d). The most significant dif- 
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Fig. 2. Effect of (a) O2 concentration, (b) pl~ssure, (c) ICP somme power, and (d) rf chuck on the etch late of SBT film in CIJOJAr plasma. 

ference fiom the C1/Ar ICP etching ks that the etch rate (50-320 7k/ 
min) with CI/O/Ar is much slower than that with CI/Ar. This result 
indicates that the addition of oxygen may compensate oxygen de- 
ficiency and stabilize the fihn chemically by sustaitmg the perovs- 
kite layers, thus leading to a slow etch rate. 

In order to obtain higher etch rate at moderate etch conditions 
(700W, 150 W, and 5 mTorr), we examined fluorine-containing 
etch gases such as ClJi',TF3/Ar and CI/I,,TF,/�9 Fig. 3 shows the 
effect of addition of NF3 to C1/Ar plasma on the etch rate and the 
dc-bias voltage (or the ion enelgy). Coml:ared to the CI/Ar plas- 
ma, C1/NF3/A1- resulted in faster etch rate of 1,450-2,200 _fk/mitt de- 

pending on NF3 concentration. This is at~ibuted mainly to the in- 
trcduction of reactive fluorine radicals. It is also interesting to see 
that the dc bias somewhat increased with increasing the NF 3 per- 
centage, indicating less formation of ions. 

To undei~tand the effect of oxygen a&iition, C1/NF3/O jAr plas- 
ma was utilized and results are shown in Fig. 4. Coml:ered to the 
NF3/Q/Ar plasma, CI2/l',FF3/Oz/Ar showed much slower etch rates, 
but faster rates than those with CI/AI: This ks at~ibuted to the sane 
reason as in the case of oxygen addition to C1/AI: Hence, we con- 
clude that presences of fluorine and oxygen in CI2-based plasma 
are crucial for obtaining faster etch rate mad less damage of the etched 
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SBT films, respectively. 
Fig. 5 shows the effect of the TCP source power on etch rates of 

SBT films and dc bias in CI:/At; CI~TF3/Ar and CljNF]Q/Arplas- 
mas. During these experiments, the reactor pressure and the ff chuck 
power were held constant at 5 retort- and 150 W. Both chemistries 
showed almost the same trend, and maxmmm etch rates of 1,500- 
1,600 fk/min at 700 W. They also showed substantial decreases in 
the dc bias with increasing the ICP source power; maitfly due to 
the increased ion density at a higher ICP power: The increase in 

489 

Control 
Pt 

! 

10CI2/1502/5NFJ5Ar 

~ pt 
�9 ": :~ ~ - o ~  o 

"~ N~" 10CIJIONFJSAr 

Pt ~ o 
o 04 o 

10CI2/10Ar 
Lo 

Pt l ~ o o 

20 30 40 50 60 

2e (degree) 

Fig. 6. XRD patterns of control and SBT flints etched with differ- 
ent plasma chemis~'ies (700 W ICP, 150 W rf, anti 5 reTort). 

the etch rate is attnbuted to an ion-assisted etch mecharusm. How- 
eve1; the decrease in etch rate at higher ICP power (>700 \~0 could 
be expIamed by a combined effect of lower ion energy, redeposi- 
tion of etch products, and sputter desoiption of adspecies out of the 
surface prior to etch reaction [Hahn et aI., 1999; Hays et al., 1999]. 

The effect of plasma chemistries on the crystal structttre of the 
etched SBT surface was examined by using XRD patteir~s of con- 
~-oI and etched samples (Fig. 5). The as-grown sample showed poly- 
crystalline s~ucture, displaying peaks of(115), (200), (220), (0010), 
(0012), and (2010). Although not illustrated, the SBT fffm etched 
m CIJQ/Ar plasma showed quite similar patterns to those of the 
control sample. Howevez; other chemistries showed different crys- 
talline s~uctures and no peaks of (200). It is also interesting to see 
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that ClJNFJOJAr showed new peaks of  (110), (111 ), and (008); 
while CI:/Ar and C12/NF3/Ar plasmas showed a slrong peak of(115). 

Fig. 7 shows the P-E hysteresis loops of conh-ol and etched SBT 
films. It ks seen that the as-grown or control s~nple exhibits typical 
ferroelectric hysteresis 1cop (remnant polarization (2P~)=18.1 gC/ 
cm 2, coercive field (E~)=33.5 V/cm). The SBT films etched in CIJ  
Ar and CIJNFJAr plasmas showed substamlaI degradation of elec- 
triced property, which may be athibuted to tile s/zuc~e change after 
the ICP etching However; CIJNFJOJAr showed the least degra- 
dation of P-E hysteresis loop ccrn1:ared to other chemistries, resulted 
in 2P712.3 ~C/cm 2, E~=41.9 V/cm. Tim result indicates that ad- 
dition of O2 compenzates oxygen deficiency, better maintaining tile 
perovsldte slruch0ae, and thus less plasma damage to the slruc~al 
and electrical properties of the SBT flh-n. All chemistries aIso showed 
a positive shift of the P-E hysteresis Ioops, compared to that of the 
control sm-nple. This voltage shift might be attributed to defects such 
as trapped charges at the interface between tile fen-oelectcics and 
elech-odes, an oxygen vacancy related defect dipole at the interface, 
and polar defects [Lee et aI., 1999]. 

S U M M A R Y  AND CONCLUSIONS 

Inductively coupIed plasma (ICP) chemistries of ClJAr, CIJOJ  
A~; NF3/CldA~; and NF3/O JCIJAr were examined to study the etch 
charactehstics of SrBi2Ta~O9 (SBT) thin f~ns. Etch rate was de- 
pendent of plasma chemistries and parameters such as ICP source 
powe, and ff chuck powea: Tile ICP etching of the SBT flhn is dora- 
mated by physical sputtering at lower pressures mainly due to less 
recombination of iotas and longer mean flee path of ions. Addition 
of O2 played an ~nportant role m compensating oxygen depletion 
as well as stabilizmg the SBT structure, and thus suppressed the 
etch rate. Howevea; NF3 enhanced the etch rate substantially mainly 
due to reactive fluomle radicaIs. Ivla~-num etch rates obtained were: 
740/?~/mm with CI:/A~; 320 ~k/min with ClJOJA~; 1,500/?~/mm 
with CIJNFJA~; and 1,600 K/rain with CIdNFJOJtXa at 5 mTon; 
700 W ICP power and 150 W rf chuck power. The SBT fflrns etched 
with CIJNFJOJAr showed new peaks of (110), (111), and (008), 
while ClJAr and ClJkrYjAr plasmas showed a strong peak of (115). 
Electrical properties of the SBT films were %~ite dependent on plas- 
ma chemistries employed. Tile SBT fihns etched in CIJNFJO2/Ar 
plasma showed the least degradation of elecMcaI property m terms 
of P-E hysteresis loop, having rermlaat polaization (2P,.) = 12.3 btC/ 
cm 2 and coercive field (E~)=41.9 V/cln and indicating the least plas- 
ma damage. 
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