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In this article, we present data on the properties of La-based kidjblectric films prepared by
oxidation of La deposited by physical vapor deposition on silicon. Films are characterized by x-ray
photoelectron spectroscopy, infrared absorption, and capacitance versus voltage analysis. We find
that when we oxidize La metal sputter deposited on Si substrates, it reacts with the silicon substrate
to form La silicate. La films as thick as 300 A will react completely with Si under moderate
oxidation conditiong900 °C for 10 min suggesting a very rapid silicidation reaction between La

and Si. Under some processing conditions the as-deposited films contain a sy@alicomponent

that reduces to La silicate upon anneal at high temperatures. La-silicate films do not phase separate
into La,O5 and SiQ upon annealing at 1050 °C, and their resistance 0 khcorporation depends
critically on the oxidation temperature. Electrical measurements show a high concentration of
positive fixed charge. €2003 American Institute of Physic§DOI: 10.1063/1.153181]8

I. INTRODUCTION Il. EXPERIMENT

Continuing miniaturization of the complimentary metal We have prepared La-based higliilms by plasma as-
oxide semiconductofCMOS) devices has resulted in the sisted dc sputtering of La metal on H-terminated(800)
need for a new higher dielectric constant material to replacgubstrates anéx situfurnace oxidation in the presence of
SiO, as the gate dielectricSeveral such higk-materials, N,O as described by Chambers and Parsons and Chambers
mainly oxides and silicates of group Ill and IV metals, areet al>° The H-terminated S{100) substrates were prepared
currently under investigatio?ﬁ Most of the attention has by a J T Baker 100 Clean dip for 5 min, deionized water
focused on materials that are reported to be stable in contagihse for 5 min, and buffered oxide etch dip for 1 min. They
with silicon® These thermodynamic calculations apply were subsequently blown dry with dry nitrogen and placed in
strictly to the metal oxide and silicon in contact at equilib- the loadlock of the deposition system. Nitrided Si substrates
rium conditions. In reality, physical and chemical depositionwere prepared bin situ exposure of the H-terminated Si to
processes are inherently nonequilibrium and involve many, plasma at 300 °C and 50 mTorr for 20 min. This proce-
potential reactions that are not taken into account by purelyyre results inr~10 A of nitride.
thermodynamic considerations. Interaction between deposi- The La metal target was purchased from ESPI metals
tion precursors, reaction intermediates, and/or the substratashland, Oregonand was 99.9% pure. The films described
can lead to the formation of interfacial layers, which may bej, sec. 111C were deposited in a different PVD system
Si0,, a silicate, or both. For dielectrics derived from Y, a equipped with magnetron sputtering and a La target from
group Il metal, it has been found that a rapid silicidation Target MaterialgColumbus, Ohipwith a purity of 99.9%:
reaction competes with the oxidation process and leads to thgjdation was performed in dry air in a rapid thermal anneal-
formation of multiple layer stacks consisting of SI9SIO/  jng (RTA) furnace.

Y,0; in both physical vapor depositior(PVD)° and Metal film thickness was calculated from a calibration
chemical-vapor depositidrdielectrics. The oxide of La, an- cyrve obtained byex situ step height measurements per-
other group Ill metal, is predicted to be stable in contact withfoymed with a Tencor S profilometer. Steps were prepared by
Si. However, several recent studies report preferential formgsartially covering Si substrates with a glass slide during
tion of La-silicate materials over the oxide due to a Verygeposition. This calibration should be regarded as an upper
efficient mechanism for Si diffusion in La metal and/or La |ymjt to the metal film thickness since La undergoes oxida-
oxide. In this article, we report the composition, stability, tjon when exposed to moisture and oxygen. Films exposed to
and electrical properties of La-based higtmaterials pre-  ir for over a day gained significafat least 50%thickness
pared by oxidation of thin La films sputter deposited on Sijyicating that they were only partially oxidized during the
surfaces. We study the effect of substrate pretreatment on Ligisi) step height measurements.

and Si reactivity and, additionally, we investigate the role of  ~p5racterization of the film composition was performed
the oxidation temp_erature on the film’'s propensity to absortby x-ray photoelectron spectroscofPS and infrared
H,0 from the ambient. spectroscopy(IR). A Riber LAS3000 instrument equipped
with a single-pass, cylindrical mirrdMAC?2) analyzer and a
dElectronic mail: tgougou@unity.ncsu.edu Mg Ka (hv=1253.6 €V}, nonmonochromatic x-ray source

0021-8979/2003/93(3)/1691/6/$20.00 1691 © 2003 American Institute of Physics

Downloaded 03 May 2007 to 152.14.69.182. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



1692 J. Appl. Phys., Vol. 93, No. 3, 1 February 2003 Gougousi et al.

was used at a 75° takeoff angle with 0.1 eV step size to La,0,. 50 ~ LaSiO
obtain the XP spectra. Charge compensation was performer .. %43 ¥ S0 y 4 3120
by setting the adventitious Cspeak to a binding energy of sz AN o | o1s /\
286.0 eV. Fourier-transform infrare(FTIR) transmission E /\/ . 5 ﬁ//\\b\
spectra were obtained using a Magna-IR System 750 from 3 /\/ N———330ALa & / /\\_
ThermoNicolet(Madison, Wisconsin All spectra were cor- ] /\// A\ P Z _// |
rected by subtracting the FTIR spectrum of a plain Si sub- £ 7\ :ggﬁt{j 8 J/ E
strate. High-resistivity, double-polished Si substrates were PN ATTAL S J _—
used for that part of the study. il 2 oo Lo S — o
. i . 1100 1050  100.0 5400 5350 5300 5250

Metal-insulator-semiconductofMIS) capacitors were Binding Energy (eV) Binding Energy (eV)
fabricated via shadow mask deposition of evaporated Al
(2000 A). The electrical properties of the films were investi- LaSiO] - 1 La,0,

[e]

T T
" jLa3d

\_\ 330A La
k 170A La
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gated by capacitance versus voltd@eV) measurements us-
ing an HP4284 LCR. AlIC-V measurements, unless other-
wise stated, were performed at a frequency of 1 MHz and
scanned from depletion to accumulation. A Nikon Eclipse
Optical Microscope equipped with a digital camera was used
to photograph selected capacitors. The digital images were
then processed using Imad®do obtain the capacitor area, . 15A La

which was typically 3.5 10”4 cn?. Capacitors with small 8450 Bi?fdoi',?g E,fzf;;, (e\?)wo

areas were selected for the measurements so as to avoid in-

strumental errors associated with measuring large capac'i:—'G- 1. Siz/La4d, Ols, and Ladl spectra for a series of La metal films with

. thickness ranging from 15 to 330 A, oxidized at 900 °C isCN Interfacial
tances. The capacitance versus VOlt@e/) data were ana SiO, was detected for the thinnest films. Based on the position of the O1

. l . -
lyzed using thexcsu c-v progrant® to obtain the equivalent ang the Laa peaks, we conclude that the material is La silicate for all
oxide thicknesgEOT), and flatband voltage. thicknesses studied.

Intensity (a.u.)
]C; (3

I1l. RESULTS AND DISCUSSION
marginally shifted to a higher-binding energy indicating the

presence of a more Si-rich silicate layer close to the inter-
face. The Lad and La3 spectra in Figs. (& and Xc) are
La-metal films with thicknesses from 15 to 330 A were also consistent with the silicate composition for all thick-
deposited on H terminated $100) substrates and oxidized nesses studied. The Laand La4l features shift slightly to a
ex situat 900 °C in NO (5 slpm) at atmospheric pressure for lower-binding energy as the film thickness increases suggest-
times ranging from 30 s to 10 min and equal to the duratioring a higher-La fraction in the thicker films. However, this
of the deposition. X-ray photoelectron spectroscopy was theshift is very slight with the largest changes occurring be-
used to analyze the surface composititop ~50 A) of the  tween 15 and 25 A.
films, and the spectral regions containing the pBi24d, The Ok and La3dl peak positions remain practically un-
Ols, and La3l peaks are displayed on Fig. 1. The thick- changed with film thickness implying that the diffusion of Si
nesses given correspond to the original thickness of the metatoms into the La metal film proceeds very rapidly at the
deposited. The resulting dielectric film thickness is approxitemperatures studied and the silicidation reaction may pro-
mately twice the original metal thickness. For the thinnerceed at a faster rate than the oxidation. Mixing of La with Si
films, we were able to probe the Si- dielectric interface andprobably occurs even during the metal film deposition at
detect the substrate’Speak? at 99.3 V in the Sip spectra. room temperature, and exposure to the oxidizing ambient at
The absence of silicide peaks is consistent with the selectduigh temperature increases the La and Si mobility. These
oxidation conditions. The spectral region around thepSi2 results are consistent with a mechanism in which La silicide
peaks[Fig. 1(a)] also contains contributions from the Lch4 is formed, and subsequently as oxidants diffuse through the
peaks® at 101.9 and 105.5 eV that overlap with the $iO film it oxidizes to form La silicate, and interfacial SjO
peak expected at 103.3 é¥/No attempts were made to de- Such a mechanism is consistent with previous stddiigs
convolve the peaks. that report a fairly rapid intermixing of Si and La layers even
For the OF spectra in Fig. (b) we can observe a clear at temperatures as low as 150 °C. However, we acknowledge
transition from a double to a single peak as the film thicknesshat our results could also be explained by rapid Si diffusion
increases. The shoulder at533.0 eV is clearly visible for in La,Osfilms as observed recently both for metal-organic
the thinnest(15 A of La meta) film and indicates the pres- chemical-vapor depositidnand e-beam evaporated oxide
ence of a SiQ interfacial layef? As the film thickness in-  films®
creases and we lose the ability to probe the interface, tlee O1  These findings share some common features with previ-
spectra exhibit a single peak at531.8 eV. This peak lies ous observations regarding Y-based films formed in similar
between the SiQand LaO5; peaks at 533.3 and 529.9 ¥/ manner. Chambers and Parsbfeund that competition be-
respectively, consistent with the formation o&-+O-Sisili- tween two reactions, silicidation at the bottom of the depos-
cate bonding units. For the thinnest film, the peak position isted metal and oxidation at the top, resulted in two regimes

A. Composition of La containing dielectrics formed
on clean H-terminated Si  (100)
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FIG. 3. Ok and La3l XP spectra for 170 Aiii) and 1000 A(iv) La metal
FIG. 2. Ok and La3i XP spectra for three identical film@70 A La metal, ~ deposited on 1000 A of thermal Sj@nd oxidized at 900 °C in O for 5

5 min, 900 °C, NO oxidation) deposited or(i) H-terminated S(100), (i) min. Both films have primarily silicate composition with a small fraction of
plasma nitrided S{100), and(iii) 1000 A of thermal Si@. Films (i) and(ii) ~ -2Qs- The thicker film exhibits a higher L&, content.

have practically identical composition as measured by XPS, while(fiiin

is also a silicate but has a small i@ content as evidenced by the shoulder
of the Ok peak at~530eV and the shift of the [3al peak towards lower-

bindi : To gain further insight into the reactions of La metal on
|nd|ng energies.

thick SiO,, a very thick La film(1000 A) was deposited on
SiO, for comparison with sampléii). Figure 3 shows XPS

. ' , . . data for samples formed by depositing 170 A of La on 1000
for growth. For thin Y films, the Si/Y mixing was sufficiently g Si0, (sample i), and 1000 A La on 1000 A SiQ(sample
fast to form a single layer having silicate composition aSj). Film stacks were oxidized at 900 °C for 5 min. ThesO1

observed in our lanthanum studies. However, a second reg : ) o :
. . . ; ; o X P spectrd Fig. 3 (a)] for both films exhibit a primary peak
gime was identified for relatively thicker filmg>80 A) in at ~531.5 eV, and a secondary peak-e530 eV consistent

which competition between silicidation and oxidation re- with the presence of some 4@, in a mainly silicate film
sulted n the formatloq of a S@{S|O/\_(203 _Igyergd SUUC-  The thicker La layer results in a more pronounced and nar-
ture. This second regime was never identified in our work, .. La,0, feature. The broadening of the LchBeakgFig

and the difference is quite interesting since both Y and La ar8 1)1 for samplesiii) and (iv) towards the low-binding en-

ngUp lll metals and may be e?pﬁctgd tothv? similar chemig, ie s compared with filmé) andi(ii) is also consistent with
cal properties. An IR study of the interfacial reactions be'the existence of Lz in films (iii) and (iv).

tween rare-earth-metal oxides and Si substrates by Ono and \y« how discuss differences in reactions on plasma ni-

Katsumata® found that the fraction of silicate bonding in- iyeq ang thermally oxidized substrates. Comparing data
creases with the ionic radius of the rare-earth element. Larggf, ., samples(i) and (i), the presence of an ultra-thin layer

atoms, ‘][‘ Ql?”era][' leave more free space dfor SLd‘ff“;ido_”-l The nitrided Si in sampldii) does not impede significantly the
extent of silicate formation for PVD Y- and La- based dielec- it sion of Si atoms into the La-metal film. This result is in

trics corroborates the conclusion that enhanced Si diﬁuswi%ontrast to that obtained from studies of Y on nitrided’Si

in the I_anthangm system is a key factor that c_ontrols whethef here the presence of10 A of nitrided Si did impede re-
the oxide or silicate of the metal is preferentially formed. action of Y and Si. The larger ionic radius of the La atom
compared to that of Y may account for this difference. It is
also conceivable that in both cases, metal nitride layers
(La—N or Y-=N) are formed at the interface. The lattice con-
We analyzed the composition of thick filmd70 A  stants for La—N is expected to be5.33 A (Ref. 18 which is
meta) deposited on various substrates, and results are shovaignificantly larger than the 4.88 ARef. 18§ expected for
in Fig. 2. Figures 2a) and 2b) show Ok and La3l XP  Y-N, thus facilitating the diffusion of the Si atoms through
spectra, respectively, for the following three films: 170 A of the La—N layer.
La metal oxidized at 900 °C for 5 min inJ® deposited on The XPS detection of Si near the top of filrfig) and
(i) H-terminated Si(100); (i) in situ plasma nitrided Si (iv), which were deposited on 1000 A of thermal $jO
(100); and(iii) 1000 A of thermal SiQ@. The Ok spectra for shows the remarkable ability of La metal to reduce SiO
samples(i) and (i) are practically identical and are consis- during thermal treatment likely by breaking Si—O bonds. It
tent with La-silicate formation. Sampl@i ), formed on 1000 was shown above that Si atoms are highly mobile in La and
A thermal SiQ, shows a primary feature at531.5 eV and La oxide and diffuse through-1000 A of deposited metal to
a significantly smaller one at 529.9 eV, indicating thatform La—O-Siunits at the sample surface. In the case of
LaO-Si with a small fraction of La; bonding are present La-SiO, reactivity, the silicidation reaction requires addi-
in the film. The La8 spectrum for samplédiii) is shifted tionally the breaking of fairly stron¢4.85 e\j Si—O bonds.
towards the low-binding energies compared to those foAs a result, one expects thicker metal films would be more
sampleqi) and(ii), consistent with the presence of Gy in likely to have LaOj3 at the surface. The data in Fig. 3 sup-
sample(iii), and with our interpretation of the @kpectra ports this idea. The intensity of the 4@; peak in the Lad
for this film. The peak broadening may be due to a gradedpectrum is significantly larger for the film prepared from the
composition in sampléiii ). thicker (1000 A) original La metal. The Odpeak for sample

B. Effect of substrate on the film composition
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FIG. 4. Ok XP spectra for a 150 A metal film oxidized for 5 min at 900 or
600 °C in dry air. Samplév) is as deposited. Samp(ei) was annealed at 8 0.020
1050 °C in Ar for 10 s, and sampleii) was annealed at 1050 °C in Ar for c
30 s. The La silicate can withstand 30 s inert anneal at 1050 °C without S 0.015
phase separation. The small amount ofQa present in the as-deposited 5
films is reduced to silicate upon anneal. 2 0.010

©

0.005
(iv) in Fig. 3(a) is narrower than that of sampl&/) consis- 0.000
tent with a more homogeneous composition for santple 0.005 ) ) ,
Neither sample spectra show evidence for a,300s feature 4000 3000 2000 1000
at 533.3 eV consistent with a La-rich top layer. energy (cm”)

The broadening of the Glspectra for sampléiii) to- G 5 ETIR e for two dielectric fims taken about 10 min at
ih_hindi ; : . 5. spectra for two dielectric films taken abou min after
wards high-binding energies may be ascribed to the presen§ idation (solid black ling and after 10 days of air exposu(solid gray

of more SiQ in the film as compared to sampl@ (i), and  jine). The films were formed by oxidizing 330 A La-metal films at either
(iv). This result is consistent with a large amount of SiO 900 °C (a) or 600 °C(b) for 10 min in NO. The film oxidized at 900 °C

initially under the deposited metal. As discussed below jnexhibits features consistent with the presence of,Si0d La—O-Si. No

; : jgnificant reaction with KO or CO, is detected even after a 10-day expo-
Sec. llIC, we do not see evidence for phase separation of I‘zjtre to ambient air. The film oxidized at 600 °C is chemically unstable in

silicate into LaO3/SiO, even after annealing for 30 s at contact with air, and its spectrum exhibits features consistent with the for-
1050°C. Thus, we believe that the presence ofQain  mation of a La hydrocarbonate. Air exposure intensifies those features.

films (i) and(iv) is likely due to a slower reaction between

La and SiQ, compared to the reaction between La metal ] o

and H-terminated Si or nitrided Si substrates in samfiles dized at 900 and 600 °C. With longer annealing time, the O1

and (ii). peak position shifts margmglly towards lower-binding ener-

The conclusions of this work regarding the ability of La 9i€S, but phase separation is not observed.

metal to reduce thick layers of Sj@uring thermal treatment _ Additionally, both 900 and 600 °C as-deposited films ex-

corroborate previous observations by Cogehl® who dem- hibit a small LgO5 _content as evidenced by the low-binding

onstrated that reoxidation of a 23 A La20 A thermal Sig ~ €nergy shoulders in the @knd Ladi (not shown peaks.

structure at 850 °C resulted in the complete reduction of thd NiS 0xide is not present in the,® oxidized films and is

Si0, and the formation of LaO—Si. Stemmeet al'® also probably due to the dn‘fer_ent OX|dat|qn environment or the

reports some silicate formation for @,/SiO,/Si structures, ~faster temperature ramp in the RTA instrument than in the

annealed at 800 °C. conventional furnace used for samples discussed in previous
sections. The oxide is reduced to silicate upon thermal an-
neal, and this silicate exhibits remarkable thermal stability

C. Thermal stability of La-silicate films even upon a 30 s thermal excursion at 1050 °C which ex-

) . ) ceeds the thermal budget currently experienced by the
The propensity of the La-silicate films to phase separatg:\10g gate dielectric during dopant activation.
into the LgO; and SiQ components was investigated by

subjecting the films to extended thermal treatment at 1050
in a rapid thermal annedalRTA) instrument in Ar atmo-
sphere. For this purpose, La metab0 A) was deposited via The hygroscopic nature of the silicate films was investi-
magnetron sputtering on H-terminated Si and RTA oxidizedgated by FTIR. Thick La film$330 A meta) were deposited

ex situat either 600 or 900 °C in dry air for 5 min. Each on high resistivity Si substrates and oxidized for 10 min at
dielectric film was cleaved into three pieces and subjected teither 600 or 900 °C. The IR spectrum of each sample was
a different thermal treatment. Samle received no further recorded within 10 min of the oxidation. The films were left
annealing beyond the oxidation step. Samflg was an- in ambient air, and the IR spectrum between 4000 and 400
nealed in Ar at 1050 °C for 10 s, and samléi) was an- cm™ ! was recorded periodically.

nealed at the same temperature for 30 s. Figure 4 shows the Figure 5 shows spectra recorded immediatelithin 10

O1s XP spectra for samplew) through (vii) for films oxi- min after oxidation and after 10 days of ambient exposure

%. Atmospheric H ,0 absorption of La-silicate films
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for films oxidized at 900 Fig. 5a)] or 600 °C[Fig. 5b)].
The 900 °C film oxidized exhibits an absorption feature at 600

1100 cm! corresponding to the SiD-Si asymmetric g
stretch in SiQ.%° The peak due to the SD-Si bending g
mode located at 810 ¢ is superimposed onto a broader " 400
set of peaks located between 780-1020 énand indic- 5
ative of La-silicate structur®. The LaO, featuré' at L 300
450 cm ! 2 could not be investigated due to instrument %700

limitations. The IR spectrum of the film oxidized at 900 °C
remains practically unchanged after ten days of air exposure.
The film oxidized at 600 °C exhibits a far richer absorp-
tion spectrum. Following oxidation, interfacial SiGorma-
tion is revealed by the SIO—Siasymmetric stretching mode
71 . . e
at 1100 cm '_1T_he .Int(_%ITISIty of the Slllcate_ peaks between FIG. 6. Representativ€-V data for a dielectric film prepared by oxidizing
780—1020 cm~ is significantly reduced while several other 10 A La metal in a 900 °C, ND atmosphere for 5 s. The low-frequer(dp0
peaks appear in the spectrum. Significant reaction with moiskHz) curve tracks quite well the high-frequen¢y MHz) one. The stretch
ture is revealed by the hydroxyl group Stretching mode peakgut of the curve along th¥ axis is indicative of a significant concentration
3440 cmit for OH in L OH d th Il should of interface traps distributed throughout the band gap. Analysis of the 1
at cm lOI’ in LaQ ; ) and the small shoulder MHz curve yields an EO¥15.3 A. The flatband voltagé—1.08 eV is
near 3600 cm™ caused by OH in L&H);. The broad fea-  shifted by approximately-1.1 eV revealing the presence of a positive fixed
ture between 1500 and 1300 él’nsuggests the presence of charge. No attempt was made to distinguish the oxide trapped and interface
P trapped charge. The gate material is Al and the area of the capacitor is
hydrocarbonate phases, A@H)s s (CO3)y, possibly from 3.52210_4 Cn%_z' 9 P
reaction with atmospheric 0 and CQ. Infrared spectros-
copy has been used previously to observe reactions between
. : 2-24
a_ltmoispherlc CQ, moisture, and LD, powders?** and g Ejectrical measurements on La-silicate films
films.“> After ten days of ambient exposure, the peaks be- . ] - ]
come more intense, and three peaks at 3610, 1580, and 640 The electrical properties of the La—smcate_ fllms.were
cm ! appear in the spectrum. The very strong features gvaluated byC-V measurements on MIS capacitors with Al

3610 and 640 cm! are assigned to the O—H stretching angdates. No forming gas anneal was performed. Figure 6 shows
La—OH bending modes of (&H);.2223 The peak at 1580 a representative curve taken at 1 MHz and 100 KHz for 10 A

cm™! is probably due to the formation of another La La me_tal oxidized at 900 °C fb s ir14NZO. The area of the
hydrocarbonaté®24:26 capacitor was measured at 3:580 * cn? optically. The
' ransition from depletion to accumulation appears to stretch

The oxidation temperature appears to affect significantl . : - .
o o ! . over 1 V. This voltage stretchout is characteristic of the in-
the film’s reactivity with atmospheric components such as

moisture and CQ. Rare-earth oxides and @, powderd® terface trap charge th_at is uniformly dlstrlbuteq throughout

. . he band gap. Analysis of the 1 MHz curve with tkesu
are known to react with atmospheric components. Rosyne -V proaram? that corrects for quantum-mechanical effects
and Magnusoff demonstrated that prolonggd-40 h an- prog q

. . . iel ival ide thick f15.3 A. Th
nealing of La hydrocarbonate in vacuum leads to a first stagﬁIe ds an equivalent oxide thickne$SOT) of 15.3 ©

! A . atband voltage was 1.08 V, shifted by about-1.1 V from
dehydration at 200°C and complete dehydration at aroun S expected position, in agreement with previous findings by

400 °C. The carbonate decomposes between 400 and 800 °*Suhaet al?’” and Copelket al® The direction and magnitude

XPS analysis of films oxidized at 600 and 900 °C and kept iny¢ ¢he flathand voltage shift indicates the presence of a posi-

the controlled atmosphere of a dessicator reveals that both, fixed charge with a density of about<1L0"® cm™2

materials have similar silicate compositions. Thus, we beyich is unacceptably high for CMOS technology. The ori-
lieve that oxidation at either 600 or 900 °C is sufficient to gin of the charge is not yet understood, and no attempt was
desorb all the impurities that form within the 1-2 min air j15¢e to distinguish oxide trapped and interface trapped
exposure prior to oxidation. The oxidation temperature Wagharge in this work. However, Copet al® report that the
the only step in the preparation of these samples that wagharge appears to be an intrinsic material feature rather than
varied. It is ||ke|y that oxidation at 900 °C results in a more being due to oxygen deficiency of the film. Phys|ca||y thin-
densely packed film structure than oxidation at 600 °C. Aner films exhibited unacceptably high-leakage currents. The
higher porosity would facilitate the diffusion of atmospheric frequency dispersion of th€-V curve is relatively small.
elements in the 600 °C silicate film and allow hydrocarbon-Qverall, the electrical results are reasonable and consistent
ate formation within minutes of air exposure. with previous reports. It is not clear whether forming gas
Nieminen et al®® have reported IR results for ba anneal would reduce the number of interface traps. Figure 7
Osfilms grown on Si. The as-deposited films exhibit presents hysteresis of the same film on the first and fifth
LaO(OH) and carbonate features that disappear following &ycle. The insert graph shows a magnified portion of the
30 min N, anneal at 800 °C. However, these reappear andurves around the flatband voltage. The hysteresis is about
strong L4OH); features develop after subsequent exposur@5 mV, corresponding to a mobile charge density of about
to air. The chemical stability exhibited by the 900°C La 2x 10" cm 2. The C-V curve shifts marginally towards
silicate in this study is quite remarkable and noteworthy. more positive voltages as the voltage is scanned from deple-

—_
<
<
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