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lon-beam etching of sputtered @&b,, Ti;_,)O5; (PZT) thin films with x equal to 0.54 grown on
Pt/TiO,/SiO,/Si substrates has been performed using pure Ar gas and a varying/ @Hgas

mixing ratio. The etch rate dependence on the process parar(gdsrsomposition, current density,

and acceleration voltagdas been investigated. PZT etch rate under 40% OHFRr can reach

100 nm/min with an acceleration voltage of 900 V and a current density of 0.7 nA(iom
comparison to 35 nm/min in pure AIA selectivity ratio of 8 has been obtained between PZT and
photoresist(1.3 in pure A). We have evaluated the PZT surface damage by contact mode atomic
force microscopy. It appears that the roughness increases less under a gas mixture than under a pure
argon beam, and that the preferential etching observed at the grain boundaries under a pure argon
beam disappears when we increase the proportion of;GiHEhe gas mixture. For some etching
parameterscurrent density, acceleration voltage, and gas mixing xatie have observed electrical
damageC(V) and hysteresis loog3(E) measurements before and after etching have demonstrated
these degradations. We have noted a large decrease of the permittivity after the etching process,
independently of the current density and the acceleration voltage. The ferroelectric damage was
illustrated by a large increase of the average coercive field after etching in pure argon. The presence
of CHF; in the plasma partially reduces the damage2@5 American Institute of Physics

[DOI: 10.1063/1.1923589

I. INTRODUCTION ment is necessary to eliminate the compounds formed and
present on the surface of the etched material.

Ferroelectric thin films have generated a great interest The choice of reactive gas is not easy. The vapor pres-
for their applications in memory devicgdynamic random sures of zirconium and titanium chlorides are higher than
access memoryDRAM) and ferroelectric random access those of fluorides, which encouraged some teams to use
memory (FeERAM)| and in microelectromechanical systems chlorinated gases. However, it is essential to heat the sample
(MEMSs). PWZr,,Ti;_ )O3 (PZT) is one of the most used if one really wishes to obtain appreciable etch rates. Fluorine
materials because of their interesting electrical properties, aasmas of gases such as L C,Fg are also currently
well ferroelectric as piezoelectric. Patterning of PZT filmsemployed, as well for the etching of silicon as for the etching
has become an essential element of device fabrication. Se9f the PZT. However, the coexistence of fluorine and hydro-
eral techniques have been developed for etching: wet chem@en (for example, CHE) is recognized as being favorable to

. .10 - .
cal etching’ ion-beam etchingIBE) 2 reactive ion etching the oxides etching? In addition, the CHE is also a less
(RIE),* electron cyclotron resonand&CR) etching? and hazardous gas compared with chlorine containing gases
inductively coupled plasméCP) etching? Moreover, contrary to other fluorinated gases, the plasma of

The RIE is widely used because it provides, in Somequorinated hydrocarbons does not attack the photoresist

etching conditions, high etch rate and selectivity, and also guickly. Indeed the etching process is replaced by a polymer-

high degree of anisotropy. But we have chosen to use thgatlon due to the hydrogen preseﬁclalnder these condi-

reactive ion-beam etchin@RIBE) because this technique al- tlrr?an:k the photoresist can become a very effective etching

lows us to separate more easily the two contributions: the The influence of etching parameters on the electrical
sputtering OT the elements, and t_he ch_emical. reactions% Varidamage evolution has not been studied sufficiently. It is cur-
ous ga}ss mixtures ha8ve been mvegstlgatedzl CFe/ A, rently assumed that particles bombardment is primarily re-
Cla/Ar, CF‘_‘/CCL"/Ar’ an<_j Cb/BCls. ) sponsible for the etching damage whatever the proéess.

A majority of thle chlorides or quorldeslof the metal el- Both effects, the physical damage and the presence of chemi-
ements formed during the etching of PZT films are not vola-c4| residual species on the PZT film surface, have not been
tile in the range of pressure and temperature at which we cagy,gied, in particular, through electrical measurements.
work. It thus appears that the assistance of an ionic bombard- |5 this work, we examine the effect of pure-Ar and
CHF;/ Ar (with various ratiogion-beam etching on the dam-
¥Electronic mail: caroline.soyer@univ-valenciennes.fr age created in PZT thin films. Etch rate and selectivity are
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investigated in terms of current density, acceleration voltage, 100 < PZT
and etching gas. The etching of PZT, without an etching  _
; . = 80 APt

mask, has been performed with the aim to observe the evo- £ " .

lution of the surface roughness and of the electridalec- E 60t P i’;‘"es's‘

tric and ferroelectrig properties. g <
E 40 Iy pE

Il. EXPERIMENTAL PROCEDURE S 20 \ Y
@ I

A. Thin-films growth and etching method Y +—4—4

0
PZT thin films were deposited on Pt/Ti/Si(5i sub- 0 10 20 30 40 50

strates by rf magnetron sputtering with a thickness in the CHF, (%)

range of 0.9-1.2um. Pt and TiQ layers of 100 and 20 nm, FiG. 1. Etch rate of PZT, Pt, and photoresist according to the percentage of
respectively, were deposited on SiQi substrates by dc CHF; ranging from 0% to 50%(The curves represent the best fits.
sputtering. The PZT sputtering conditions are given

4 ; ° . . . .
elsewheré. The PZT films were annealed at 625 °C for 30 annea“ng performed at 500 °C. This heatmg treatment in-

min to form the perovskite phase. All the samples W@f)  creases the permittivity valu@round 10%in the case of an
preferentially oriented, without pyrochlore phase appearanceinetched material. It also allows us to obtain a more sym-

The average grain size is aboufun. metrical ferroelectric hysteresis loop, which results from a
lon-beam etching of PZT, Pt, and photoresist was invessmall increase of the average coercive field.

tigated by using Veeco Microetch 3 inches. This system was

equipped with a Kaufman-type source. It incorporates a fila-

ment electron-emitting cathode and an electromagnelt”' RESULTS AND DISCUSSION

mounted at the outside of the ion source chamber. The ioA. Etch rate, selectivity, and surface morphology

extraction and acceleration system consist of a three-grid as-

sembly. Argon ions were extracted by an acceleration VOltach

[a”.?'”g frpmd0.6lto 1ka. Thde. cutrren';hdensny Catf‘ b]f ideUSte uantity of fluorinated compounds formed and the efficiency
0 1ts desired vaiue by readjusting the magnetic Tield, Presge A p+ hompardment. Figure 1 shows the evolution of the

sure, arc-power, and cathode emission. A filament aIIow%tch rate of PZT, platinum, and photoresist for a GléBn-
neutralizing the positive charge of the ion beam. The sampl?em ranging frorr; 0% to 50'% Pressure, acceleration voltage
holder ig wa_ter cooled and .the temperature is stabilized afteé{‘d current density are mairﬁained at ’0.026 Pa, 800 V ané
an etching .t|me above 5 min. We have taken care to exceg .7 mA/cn?, respectively. These two last values were taken
this delay time for ea.ch.process performed. . in the central part of the acceleration voltage and the current-
To test the possibility of the use of photoresist as an ensity ranges which can be covered by the ion source. The

etching mask, several films were coated with convention . .
. : . ZT etch rate increases quickly beyond 10% of GHiRd
photoresist Microposh S1813 from Shipleythat was pat- reaches a maximum close to 95 nm/min for 40% of GHF

terned by exposure in a mask aligner. After the process thF

4 . comparison, when the etching mechanism is purely physi-
photoresist was remov_e_d by acetone, without the need O(Fal (pure An the etch rate is of 2.5 times lower than the
oxygen plasma or specific remover.

maximum value reached in the presence of GHFome au-
thors show similar trends for the etch rate of the PZT thin
films, with other reactive gases incorporated with argon. For

The etched thickness was determined using Tencor suexample, Chungt al’® observed a maximum PZT etch rate
face profilometer. The surface microstructure of unetchedbetween 40% and 60% dfl,+C,Fs) added to Ar, as was
and etched PZT was characterized by atomic force microsdone by Ting-Aoet al*® which uses an Ar/SfFmixture, and
copy (AFM). Images in the contact mode AFM were ob- also Baborowskiet al® with the addition of Ckor Cl, to
tained using a Park Scientific Instruments Autoprobe CP. argon. In our work, the small amount of Cklfbetween 0%

In order to determine the electrical damage induced byand 10%, is too weak to react sufficiently with the PZT sur-
the etching treatment, PZT thin films were etched without &ace. When the content of CHRncreases, the etch rate in-
mask. Pt top electrodes were sputtered through a shadogveases. This change results from several processes schemes.
mask on etched PZT for electrical properties measurement3he quantity of radicals and reactive ions increases. These
The etched and unetched samples were then compared $pecies react with the different components of the PZT to
evaluate the extent of IBE and RIBE effects. Capacitancdorm fluorides: Pbk,ZrF,, TiF,,..., which are not volatile
and tané measurements were performed using an impedancender our working conditions. The quantity of the com-
analyzer(HP4192A at a frequency of 10 kHz and a voltage pounds formed grows with the concentration of GHifrthe
V=100 mV. The ferroelectric loop®(E) were measured gas mixture. However, the bombardment of thé ians, and
using a standardized Radiant RT6000 system. The chargdso of the ions obtained by dissociation of the GHFe-
option was used; the top electrode was always connected tooves these fluorinated compounds by physical sputtering.
the drive terminal of the test equipment, while the bottomMoreover, the energy of the incident ions also allows a local
electrode was connected to the return terminal. Measureactivation of the radicals at the surface of the PZT. Conse-
ments were made before and after a top electrode contaguently, for a proportion of CHflower than 40%, we are in

By altering the gas mixing ratio CHFAr in the cham-
er, a change in the etch rates is observed according to the

B. Characterization
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FIG. 2. Dependence of selectivity ratios on the percentage ofsCHRe £ 3. pzT etch rate according to the CHEontent and the acceleration
curves represent the best fits. voltage.(The curves represent the best jits.

a phase where the sputtering rate of the fluorinated com- h Its of he i
pounds is higher than the speed of formation of these same These results of course depend on the ion energy, and

compounds. Beyond 40%, the PZT etch rate decreases. It {8US the acceleration voltage. For example, Fig. 3 shows the
an opposite situation: indeed we have simultaneously in€volution of the PZT etch rate with the ChiEontent and for

creased the concentration of reactive species, as well asdifferentacceleration voltage ranging from 600 to 1000 V. At
reduction of the ionic bombardment effectiveness. The ioni®00 V, we observe that the maximum PZT etch is obtained

bombardment does not manage any more to eliminate effed¥ith @ CHF; content between 30% and 40%: it reaches
tively the fluorinated compounds layer. 65 nm/min. At 1000 V, a CHE content superior to 50% is
The etch rate of platinum decreases linearly with thel€cessary to achieve the maximum PZT etch rate. So, during

increase of CHE percentage. The progressive reduction ofRIBE, the increase of the acceleration is not sufficient to
platinum etch rate shows that the CHI absolutely un- obtain a very high PZT etch rate. The CHtontent has to be

suited to etch this inert material. A strong decrease in thdncreased at the same time. Indeed, with increasing £HF
etch rate from 60 to 35 nm/min, proportional to CHatio, ~concentration, 'Fhe quantity of fluorinated compoupds formed
is observed. The addition of fluorinated or chlorinated gase§n the surface increases also. At the same time, if the energy
causes the same reduction of the Pt etch YatéMoreover,  Of Ar ions increases, they are more efficient to etch these
several studies based on Auger analyses carried out on re§empounds.
dues present on the etched surfdc@reveal the absence of Figure 4 shows the AFM images of the PZT surface
PtF, radicals, and show that there is no reaction between th@btained after etching for various gas mixtutasceleration
two elements. voltage and current density are fixed, respectively, to 800 V
The etch rate of the photoresist decreases initially an@nd 0.7 mA/crfy). Before etching, the root-mean-square
tends to stabilize from 30% of CHFLoh et all* showed (rms) roughness measured on the surfaces ok 20 um?
that contrary to §, CF,, and Sk plasmas, which react with ranges between 60 and 80 A. The average grain size lies
polymers, CHE plasma induces the deposit of a fluorocar-Petween 4 and m. When the proportion of CHfis about
bonated film on the surface. In the process of the photoresid0%—20%, we have observed that the grain boundaries are
etching, the CEradicals(x=0, 1, or 2 are at the origin of preferentially etchedrms=123 A, as we obtained under
surface polymerization, while the fluorine atoms are the acpure argorf." This behavior is probably the result of two
tive species for etching. Plasmas of CHfare more rich in  combined phenomena. The first is a difference of the com-
CF, radicals than the other fluorinated plasmas, hence theosition between the grain surface and the grain boundary; in
domination of a polymerization process. In spite of this supfarticular, a lead excess at the grain boundafiee lead
posed photoresist surface polymerization, we did not hav@xide etch rate is higher than titanium or zirconium oxide
difficulties to remove it in acetone. etch ratescould explain a deeper etching in these zones. The
Figure 2 gives the evolution of PZT to Pt and PZT to second is a well-known trenching effect inducing the grain
photoresist selectivity ratios with increasing CHgoncen-  boundaries widening by the ion rebound on the cavity walls
tration. The highest selectivity ratios are obtained for aformed by two adjacent grains. In both cases it is the physi-
CHF;/Ar gas mixing ratio equal to 40/60. As the PZT/ cal action of the etching process which dominates. When the
photoresist selectivity ratio is between 7 and 8, the photorecontent of CHFE reaches 40%(rms=140 A, the grain
sist proves to be an effective etching mask. The selectivitppoundaries are manifested in extra thickness compared to the
between the PZT and platinum is close to 3, and makes ajrain surface, making the effect of preferential etching at the
this latter a less useful mask. However, if the thickness of thgrain boundaries disappear. Figure 5 compares a surface of
PZT etched is not too great, it can be possible to use the top5x 15 um? for etched(under 40% CHE) and unetched
electrode as a mask. But, in the case of MEMSs application®ZT films. We clearly observed that the majority of the grain
for example, the PZT thickness can be several micrometerdoundaries are etched less quickly than the grains themselves
The magnification of selectivity ratios compared to an etch{Fig. 5(b)] and that before etching the grain boundaries do
ing under pure argon is significant: indeed the PZT/not appear in reliefFig. 5a)].
photoresist and PZT/Pt selectivities were, respectively, 1.3 To our knowledge, the team of Baborowsd al. ob-
and 0.5. served this characteristic at the grain boundaries of PZT after
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etching under an ECR-fluorinated plas?hﬁhey carried out

8/:0_ etchings under CFand noted the appearance of zones in
relief, for which the height could range between 170 and 230
600= nm. They did not observe the same phenomenon under
400- plasma of argon, of GJ nor even under a GFCCI, mixture.
200 For our samples, the relief observed in the zones of the grain
o boundaries is flattethe height reaches about 10—-30 nm, and
locally 50 nm. The difference with the results of
Ar/CHE;= 800/ Baborowskiet al. can be due to the etching method used.
During ion-beam technique, the energy of the ions is greater
0 5 10 15 20 pm than during ECR plasma. So, our technique is probably more
Rms =72A efficient to etch the relief formed. In our work, the presence
of a lead excess at the grain boundaries can explain the to-
pography observed at this location after RIBE. Indeed, when
A the CHF; content increases, the quantity of the lead fluoride
1600 = formed increases, especially since the lead is in excess.
1200 - We note for our samples that the porosities on the grains
800 = surface are less marked under GJH&r mixture than during
400 - an etching with pure Ar. We think that these porosities are
- also related to the preferential sputtering of lead on the grains

surface: the formation of Phfprevents the excessive porosi-
ties on the surface under CHFAr mixture. However, the
presence of Phjfcould be damaging for the electrical prop-
erties. We did not observe changes of roughness with the
acceleration voltage and current density, contrary to the re-
sult obtained under pure At.Moreover the roughness mea-
sured after reactive etching is always lower than the one after
pure argon bombardment, whatever the etching parameters
are(but it remains higher than the roughness of the unetched
PZT film).
Figure 6 shows scanning electron microscqiBEM)
micrographs of etched PZT profile under purefhig. 6a)]
2 : and under Ar/CHE(60/40 gas mixture[Fig. 6b)]. In the
" two cases, a photoresist mask was used. We observe that the
“‘"(Hﬂé‘“"’?" slope of the profile is slightly higher under pure-Ar etching.
A < 1 s 20 The profilel is over 85°. For the EZT etched by reactivg ion-
Rms = 140 A beam etchindRIBE), the profile is over 75°. So, the aniso-
tropy is better after IBE. This result can be explained by the
FIG. 4. Observation by AFM of the topography and roughries® =root  shape of the photoresist mask: the mask does not evolve in
mean squapeof PZT films: (a) before etching,(b) etched at Ar/CHE . . L . .
=80/20, and(c) etched at Ar/CHE=60/40. the same way during etching with inert or reactive gas. It is
important to note the absence of redeposition along the side-
walls of the patterns on SEM micrographs.

o

$ >

A
1200
800 .
FIG. 5. Comparison of the topography
466 for unetched and etched surfaces

(Ar/CHF5=60/40.
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FIG. 6. Observation by SEM of the PZT etching profile obtairegiunder
pure Ar, and(b) under Ar/CHR=60/40.

B. Electric measurements of etched PZT films

All the electrical results of RIBE films were obtained by
using a CHRE/Ar mixing ratio equal to 40/60 and were com-

J. Appl. Phys. 97, 114110 (2005)
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FIG. 8. Evolution of the permittivity with increasing current dengiagcel-
eration voltage fixed at 800)Y with regard to the permittivity of the un-
etched film:(<©) after IBE, before contact annealing;]) after IBE, after
contact annealing,4) after RIBE (40% CHF), before contact annealing;
(M) after RIBE (40% CHF;), after contact annealing. The arrows represent
the change due to contact annealififhe curves represent the best fits.

etched film oneksis on the average of 35%—-40%. The differ-
ences measured between the two ways of etcfiiBg and
BIBE) are too weak to be significant. We also observed small
differences when we changed the acceleration voltage for a
fixed current density.

A remarkable point must be noted concerning the role of
the contact annealingig. 8). We observe that the degrada-
tion of the permittivity, before contact annealing, is larger for
PZT etched by RIBE than for PZT etched by IBE: the gap is
around 20%. After IBE, the contact annealing increases con-
siderably the fall of the permittivity. This is not the case in
reactive etching: on the contrary, the permittivity increases
slightly after contact annealing.

Figure 9 visualizes the ferroelectric hysteresis loops ob-
tained before and after etching under Ar and GH%, and
after contact annealing. The films are etched under accelera-
tion voltage of 800 V and current density of 0.5 mA/Zm

pared to the sample etched in pure Ar. The thickness of thThe remarkable part of the hysteresis loops after etching un-

films after etching(IBE and RIBB ranges between 0.5 and

er pure argoitand after top electrode annealjng the large

0.6 um. For greater clarity, our electrical results are pre_lncrease of the average coercive fiéld (Fig. 9. E, is de-

sented as the percentage of decre@seor percentage of

increasg+) relative to the properties of unetched PZT.

Figure 7 shows the evolution of the permittivity with
increasing current density. The acceleration voltage is fixe
to 800 V. The decrease of permittivifigompared to the un-

-10 -

-20

=30

-40

change of permittivity (%)

04 05 06 07 08 09 1 L1
current density (mA/cm?)

FIG. 7. Evolution of the permittivity according to the current densgég-

celeration voltage fixed at 800)Vwith regard to the permittivity of the
unetched filmy(J) after IBE, and(M) after RIBE(40% CHFR). The results
were obtained after contact annealiifhe curves represent the best fits.

fined asE,=(|E,"|+|E,|)/2. Similar loops widening, with
various magnitudes, were observed for all etched sarﬁbles.
The coercive field measured after contact annealing can be
i(idoubled in some pure Ar etching conditions. During a reac-
Ive etching this widening of the loop is largely attenuated
while remaining about 60% under any etching parameters.

40
—before etching
— -after IBE

- - -after RIBE /
/7

- N W
]

polarization (nC/cm?)
S o

-150 -50 50 150
electrical field applied (kV/cm)

250

FIG. 9. Comparison of the ferroelectric hysteresis loop obtained before
etching, after IBE, and after RIBE40% CHF;). (Acceleration voltage
=800 V, current density =0.5 mA/cin
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180 surface layer is the smallest. On the other hand, it is very

150 - e possible that the fluorinated compounds are present on the
surface of the PZT. This layer can constitute a nonferroelec-
tric film, of unknown thickness. For example, Le¢ al?®
showed that after having etched 50 nm of PZT by an induc-
tive coupling plasmdICP) technique using a Ar—G+C,Fg
gas mixture, they had formed a layer of 10 nm thick contain-
ing fluorine compounds, and not having the perovskite struc-
0 , ‘ \ ture. During IBE, we can consider that the defects formed are
04 0.6 0.8 1 1.2 . . . . )
current density (mA/cm?) “physical,” while during RIBE they are “physical and chemi-
cal.” The thickness and the electrical properties of the dam-
FIG. 10. Ev_olution ofE, with increasing current_densi(yicceleration fixed aged Iayer present at the surface are unknown, but differ
at 800 V), with regard to theE, of the unetched film( ) after IBE, before . . . .
contact annealing((J) after IBE, after contact annealing#) after RIBE certainly with the e.tChmg teChmqu? l.JS.ed.. We. h‘f’lve pbserved
(40% CHR), before contact annealingll) after RIBE (40% CHRy), after ~ that the degradation of the permittivity is similar in both
contact annealing. The arrows represent the change due to contact annealiggaseIBE and RIBB. We can conclude that the presence of
(The curves represent the best fits. a damaged layer is not the only parameter to take into ac-
count. Another mechanism of degradation has to be consid-
As for the permittivity, the coercive field is more influenced ered to explain the results observed.
by contact annealing for films etched by IBE than for films A reduction in the mobility of the domains and domain
etched by RIBEFig. 10. walls is also a possible explanation for the permittivity de-
crease. After etching, the various defe@kectric or elastig
born from the interaction of the atoms with the surface of the
film, are distributed randomly. The free charges injected are
Whereas the microstructural defects are rather differen@ittracted in the areas of polarization discontinuity, in particu-
for the ion-beam and reactive ion-beam etchiRay. 4), the  lar, in the domains walls. If the charges are trapped, they then
evolution of the permittivity with acceleration voltage and make obstruction to the walls motion. In addition, the grain
current density follows the same trefféigs. 7 and & While  boundaries preferentially etched under pure Ar let suppose
the effects are the same, the causes can differ. In both cas#t they form favorable zones to the accumulation of de-
we can think that the presence on the film surface of a layefects. Indeed, a reduction in the maximum polarization and
with a permittivity lower than the one of the bulk film de- an increase in the average coercive field generally give evi-
creases the total permittivity. This surface layer is modifieddence to a clamping of the domain-wall motion.
by defects induced by the bombardment. These defects can When the films are etched under C{iRr, the grain
be of different nature: formation of vacancies by a preferenboundaries are not preferentially etched; on the contrary they
tial sputtering of lead, occupation of interstitial sites by ar-appear in extra- thickness. So, the nature of the defects lo-
gon, the destruction of the structural arrangement of the masated at the grain boundaries is probably different according
terial, modification of the stress and surface composition, etdo the etching technique used. As a consequence, the mecha-
A simple model consists of considering PZT films as beingnism of domain-wall pinning and the influence of a thin layer
composed of several series capacitors. However, the thickwith a low permittivity) located at the surface are not the
ness of this damaged layer is unknown, and it is difficult tosame after IBE or RIBE.
assess it: it depends on the existing forces of repulsion be- In addition, the effect of the contact annealing on the
tween the atoms of the target and the ion beam, of the energyermittivity brings another information. We think that the
of the atom source, the localization of the impact on thestrong permittivity decrease of the films etched under Ar,
surface, the potential energy of deformation of the latticepobserved after the contact annealing, results from a migration
and so orf> The roughness of the films surface after etchingof the surface defects towards the bulk of the film. On one
can be an indication on deterioration zones, supposed havirftand, this increases the depth on which the layer is damaged.
a low permittivity. However, we have shown elsewlféthat ~ On the other hand, the defects, initially distributed randomly,
the roughness is not the associated factor in the modificatiooan migrate towards the domain walls to reduce their mobil-
of the permittivity. Indeed the decrease of the permittivity isity more. On the contrary, the contact annealing of a film
not proportional to the increase of the roughness of PZTetched under reactive gas improves the permittivity of the
films etched under pure argon. Moreover, after RIBE, thefilm as we usually observe it for an unetched film. We thus
roughness varies a littlems=7.5 nm with the current den- think that the etching with a CHFAr mixture does not gen-
sity and the acceleration voltage parameters, while at therate mobile defects that are able to increase the pinning of
same time the permittivity is strongly affected as shown onthe domain-wall motion. In this case the fall of the permit-
Fig. 7. In addition, we observe here that in spite of an im-tivity is explained mainly by the formation of a surface layer
portant difference in the roughness of the surface after IBEvith a low permittivity.
and RIBE(Fig. 4), the decrease of the permittivity is similar. These results are corroborated by the evolution of the
While having changed the gas ratio, we change the nature abercive field observed in Fig. 10. Indeed the strong increase
the generated defects. When the proportion of argon den the average coercive field after contact annealing for films
creases by 40%, the quantity of crystalline defects in theetched under pure argon is well explained by a strong pin-
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C. Discussion of the damage mechanism
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ning of the domain-wall motion. This phenomenon is muchetching mask. We have established that the surface roughness
weaker in the case of a film etched under GH® (Figs. 9 increases after etching: this increase is larger after IBE. The
and 10 where we limit the phenomenon of the domain-wall topographical defects are different: after IBE, we observe a

clamping. preferential etching at the grain boundaries whereas after
Remnant polarization is only slightly reducédround RIBE, we observe an extra thickness at this location.
3%) in pure argon etchindgFig. 9), while during RIBE a We have also demonstrated that this degradation of the

decrease of 10% can be observed. This is explained by thezT surface is not directly responsible for the electrical dam-
following reason: initially, before applying an external field, ages. Two other phenomena can explain the electrical results:
the defectglinked to the lattice distortion, to the presence of the formation of a surface layer having poor properties, and a
gap or atoms in interstitial sites, et@resent in the material gomain-wall pinning phenomenon. The addition of GHF
are distributed at random. Progressively with the applicationyodifies the nature of the defects induced, particularly by the
of the field, these defects move in a favorable direction fromygrmation of fluorine compounds. Moreover, the influence of
a point of view of low energy, in relation with the orientation he ionic bombardment is also reduced after RIBE.

of spontangoug pol'arization or with the existing stress. Maxi- | is thus difficult to clearly identify the degradation pro-
mum polarization is then reached. Once these defects afgsses. We have actually various phenomena in competition.
aligned, it becomes very difficult to change the polarization qeems that the effect related to the presence on the surface
orientation or to move the domain walls. The switch of theof a layer containing fluorine is dominating when it concerns

d%r.zﬁ'r.]s dWcheesnatr:gla?'leeclmch'flﬁl(:er?]?\(;r??silsarl'sz;tngr?mcﬂﬂ%he evolution of the permittivity or average remnant polar-
which indu . IVely hign ant pofarization, . ization. Conversely, it is the loss of mobility of the domain
pared to the maximum polarization. It is said that the domain . . e
. walls which seems to dictate the coercive field.
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