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Ferroelectric SrBiTa,Nb,_,Og thin films were patterned using reactive ion etching. Considering the
environmental impact effect, CHCIFGFa special etching gas, known to be less environmentally
hazardous compared to the other hydrofluorocarbons, was employed in this study. The etch rates as
a function of etching parameters were investigated. An etch rate of 20 nm/min was obtained. Surface
compositional change during etching was monitored by x-ray photoelectron spectroscopy. Surface
residues were removed by a postetching cleaning procesd.9% American Institute of Physics.
[S0003-695(196)01504-9

Recently, there has been increasing interest in ferroeledivity of the reactive species with the films, the volatility of
tric thin films for semiconductor nonvolatile random accesspossible etch products, and finally the environmental impact
memory applications(FRAM).? Using ferroelectric thin of the gases. CHCIFGF(DuPont trade name HCFC-1p4
film capacitors, FRAMs display fast switching speed, lowwas selected for this particular study, because it has been
operating voltagé<5 V), wide operating temperature range, proven effective for complex metal oxides etching and is
and high radiation hardness. Furthermore, the manufacturingnown to be less environmentally hazardous compared to the
processes for ferroelectric thin films, electrodes, and passivather hydrofluorocarboré.
tion layers are quite compatible with existing silicon very  In this letter, the preliminary experimental results on re-
large scale integrate@LSI) processing. FRAMs are expect- active etching of SrBira,0y and SrBjNb,Og are presented.
ing eventually to replace static random access memoryhe dependence of etch rates on chamber pressure and rf
(SRAM9 in the cache memory, dynamic random accesgower are presented. The surface compositional change dur-
memory (DRAMS) in the main system memory, and mag- ing etching is monitored through x-ray photoelectron spec-
netic hard disk drive. Currently, F&r,Ti)O5 (PZT) is con-  troscopy(XPS) analysis.
sidered to be the primary candidate ferroelectric material for A SAMCO RIE-1C compact reactive ion etcher, with an
this application as a result of its excellent ferroelectric prop-€lectrode separation of 5 cm and a cathode area of 127
erties and high Curie temperaturé However, its commer- CT, was used for this work. The cathode and the etching
cial usage has been hindered by serious degradation proB@mples are water cooled during the etching process.
lems such as fatigue, imprint, and leakage current whicrP'Bl2T&0y and SrBjNb,Oq samples, 350 nm in thickness,
limit the lifetime of these devicek:® Research is being con- Were prepared by MOD, precursors were spin coated onto
ducted to improve the longevity by doping La or Nb donors2-1 in. PUTIG/SIO,/Si substrates, followed by a firing pro-

into the PZT films and by using conductive electrodes such §€SS 0 form the proper cr%/stal structure. Details of the pro-
Y—-Ba—Cu-O, Ru@ La-Sr—Co-O, etc., instead of cedure appear elsewhéfet® Changes in film thickness due

platinum®-1°An alternate approach is to find new ferroelec- tt?lletching were meas#red k;]y variablef{;\ngle spe;:trosco_pic
tric materials which do not have the degradation problems.eh,'pksometg(_\éAiEé' T ehefcc rates, de mzd das ¢ afnge mn

Recently, it has been found that ferroelectric Bi-Iayeredt f'c ness divide I i’)letc time, were rzecotr) edasa unctlc;nf
structure oxides such as SgBiaNb,_,)Oq thin films are 0 proceSss fcontro avle pt_arametelrs,_ chamber prgssutre, andr
very promising for degradation-free FRAM application on Pt Eovzer. ur aci ctomlpOfl 'on anaty3|s \f[vas q?hrrle out using a
electrodes’™3 We have manufactured these films by 2 0 X-fay PROIOEIECIron Spectrometer wi aidgx-ray

. o . source. Gold # peaks were used to calibrate the binding

metalorganic depositiofMOD) and pulsed laser ablation .
(PLD) on a platinum substrafé® These ferroelectric ca- © o 9'es: .

: . o . Figure 1 shows the etch rates of S/By,O4 and
pacitors show very good hysteresis characteristics with LB

. . i-Nb,Oq films as a function of reactive gas pressure at a
remnant polarization value of 1AC/cnt and no fatigue up fixed2 rf i)os\)/ver of 150 W. In general, the eg']rch Fr)ates of both
to 10 switching cycles. ) ’

) ' . . fil ith i [ . F llel
Patterning the SrBiTaNb,_)O, films is another im- ilms decrease with increasing gas pressure. For a paralle

: . : . ) . late reactor, increasing the discharge pressure will cause the
portant issue in the integration of the films into a RAM cell. gecreasing of sheath pgotential acro%s Ec)he catidBevhich
Reactlv_e on etchmijI_E) has been _chos<_en_ for patterning thereby reduces the kinetic energy of the bombarding ions.
the SrBi(Ta,Nb, ) O, films because it exhibits superior di- |3/ o 3117 stydied the dc self-biagsheath potential effect

rectignal etching, critical dimension control, apd compatibil—On etching rates in a parallel plate reactor. They found that
ity with the other dry processes such as chemical vapor depscing rates were related to the self-bias potential in the
sition (CVD), sputtering, molecular beam epitaxiIBE), following format:

etc., than wet chemical and ion beam etching. To select re-
active gases several factors should be considered; the reac- ER=vZ(Vg)[RSlexp —E,/RTy),
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Zgnlb'e:hfeif:réa;fzof{xseﬂ?OQ and ?ng‘k\’/@% films as afunction of ot hased on the relatively high melting and boiling
P powere ' points of strontium halide¥ However, the surface residues
can be easily removed by a postcleaning prote3he evi-
Z=1+0Vg, 0>0, dence of which is also showed in Fig(b5.

Furthermore, a reduction of the oxidation stafe from
wherev is a term that represents the effective rate of transyismuth oxide to bismuth metal has occurred during RIE,
port of reactive specie®RS) to the wafer surfaceZ(Vsp) i@ \yhich is shown in Fig. 6. Although this should not be a
dc self-bias factor that deals with the effect of the self-bias, opem for completely etched ferroelectric capacitors, it in-
potential on the etch|'ng react.|on rafR S| represents .the dicates that sidewall compositional damage to a ferroelectric
concen_trat!on of reactive species ‘_'ﬂ the wafer surfiigas capacitor may happen during RIE. Additional work must be
the activation energy for the reactioR,is the gas constant, done in order to find out whether there is a reduction on the

andTs IS the substrat_e temperatL_Jre. Obvpusly, the .etChm%idewall during RIE and, more importantly, what are the con-
rates will decrease with decreasing self-bias potentigl

Additionally, the increase in the gas pressure reduces the
mean-free path of the reactive species and further reduces
their concentration at the film surface. Figure 1 also indicates

that the etch rate of SrBia,Oq films is lower than that of = :: 2

SrBi;Nb,Oq films. This may be correlated to the lower melt- R PR

ing and boiling points of niobium halides than corresponding = T
3

tantalum compounds. From these results, it is reasonable
to expect that the etch rate of solid solution §
SrBix(TayNb,_,)Og films would lie between the rates of Mw MN’MAM
SIBi,Ta,0 o and SrBiNb,Os. et

The effect of rf power on the etch rates of SfBi,Oq o
and SrBjNb,Oq films at 30 mTorr is shown in Fig. 2. Etch
rates increased, in general, with increasing power density for

Bi 4f
£

= Taqd
= Au 4f
e Ta 4f

(b) Partially etched SrBi,Ta,Oy thin films
surface relative atomic concentration
Sr:Bi:Ta=0.68:0.15:0.17

Intensity

both films. It should be noted that the sheath voltage of the% & - ¥
cathode and discharge current increase with increasing rf< P 2 = i
power so that both physical and chemical etching effects (®) ss-deposited SBTaOy thinfims O © o
surface relative atomic concentration -

become enhanced. S¢Bi-Ta = 0.13:0.51:0 36 WLALR

Figures 3 and 4 show typical XPS surface survey scans Wi et I
of SrBi,TasOg and SrBjNb,Oy specimens before and after 4
partial etching at 30 mTorr chamber pressure, using 150 W rf T - \ T T *
power. The increase of strontium atomic concentration on the 1200 1000 800 600 400 200 0
etched surface was observed for both types of specimens. It Binding Energy (€V)

indicates that the removal of strontium oxides may be the
I|m|t|ng factor for RIE of SBT and SBN films. The surface FIG. 3. XPS surface scans and surface relative atomic concentration of a

residue of strontium was als_o dete_Cted by XPS on Fhe surfac&gi,ta,0, specimen(a) as-deposited filmsth) etched in CHCIFCE with
of completely etched specimenfig. 5@)], which is ex- 150 W and 30 mTorr for 5 min.
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FIG. 6. Reduction effects of BD; to (Bi:Bi,0;=0.45 upon reactive ion
etching.
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In summary, the layered structure Sy8a/Nb,_,)Oq
FIG. 4. XPS surface survey scans and surface relative atomic concentratiJﬁrroeleCtriC films were successfully etched with CHCIFCF
of a SrBpNb,O, specimen, (a) as-deposited films,(b) etched in @s a reactive gas. The dependence of etch rates on etching
CHCIFCF; with 150 W and 30 mTorr for 5 min. conditions, rf power, and gas pressure were investigated.
Surface compositional change as well as reduction effects

sequent effects of this damage on electric properties aftarpon etching were observed. Surface residues after etching
etching®? were removed by postetching cleaning solution.
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