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Structural and morphologic evolution of Pt /Bag ;Srg 3TiO3/Pt capacitors with
annealing processes
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The microstructure and chemistry of the as-grown, the postannealed and the
forming-gas-atmosphere-treated PYB3r, sTiO3;/Pt capacitors are studied by means of
high-resolution transmission electron microscopy and energy-disperse x-ray spectroscopy. It is
found that the annealed B#r,3TiO; films have larger grain size and more smooth top
film-electrode interfaces. High-resolution images reveal the presence of disordered or amorphous
regions at the interfaces in the B&r, sTiO; film heated in the forming-gas atmosphere. These
regions show a higher Ti/(B&aSr) ratio than the grain matrix. The effects of these amorphous
regions on the electrical properties of B8r,;TiO5 films are discussed. @002 American
Institute of Physics.[DOI: 10.1063/1.1469683

Thin films of BaSr; _, TiO3 (BST) are promising candi- by cutting the film-covered substrate wafers into slices. Two
dates as high permittivity dielectrics for dynamic randomslices were glued together face to face. After conventional
access memories and other integrated capacitdrslow-  grinding and dimpling, these specimens were ion milled to
ever, in the technology of integration processes in traditionaperforation on a stage cooled by liquid nitrogen. Electron
semiconductor circuits and devices, Pt/BST/Pt ferroelectriegnicroscopy was performed with a Philips CM20 field-
capacitors often suffer from, in particular, a large increase oemission transmission electron microscope, operating at 200
the leakage current by more than four orders of magnitud&V. Chemical compositions of microregions were analyzed
after annealing in a strongly reducing atmospHere,g., in by energy dispersive x-ray spectrosca@DX) using a spot
a typical forming-gas annedéN, 95% and H 5%). In order  size of about 5 nm.
to understand the underlying mechanism, we previously Electron diffraction and high-resolution electron micros-
studied the electric properties of Pt/BST/Rtetal-insulator-  copy (HREM) revealed that the bottom electrode Pt films are
meta) (MIM) structures before and after annealing in atmo-highly textured with the(111)p, directions preferentially
spheres containing hydrogen or carbon monoxide by meargligned parallel to the surface normal, whereas the BST films
of admittance spectroscofy.The leakage current of the ca- are not well oriented and t{&00], [110], and[111] orienta-
pacitors can be interpreted with respect to Schottky condudions in the growth direction of the films are all present in the
tion. A decrease of Schottky barrier height by 0.4 eV afterthree samples. Examination of the cross-sectional specimens
annealing in a reducing atmosphere was found. In this lettedf sample AlFig.1(a)] shows that the BST film is composed
we report on a microstructural study of the PBST/Pt ferro-0f columnar grains with widths in the range of 30—-50 nm,
electric capacitors by means of transmission electron microgxtending through the entire film thickness. The top Pt elec-
copy (TEM). The emphasis is on the structure evolution oftrode layer has a similar columnar structure, but the sizes and
Pt/Ba, -S1y.sTiO3 /Pt capacitors with annealing processes inorientations of grains have no relation to those of BST. The
order to understand the possible structure origin of the largéterface between the top Pt electrode and the BST film is
increase of the leakage current. quite rough, whereas the bottom interface is rather flat. The

The 130 nm Bg-Sr, 5TiO; films with a Ti/(Ba+ Sr) ra- annealed BST films exhibit larger grains as shown in Fig.
tio of 1.02 were deposited on PYTj@8IO, /Si substrates by 1(b) (for sample B and Fig. 1c) (for sample G, compared
chemical solution depositich® The 100 nm Pt top elec- with the as-grown ongFig. 1(a)]. The top interfaces become
trodes were deposited by rf magnetron sputtefirichree smooth upon the annealing processes. No second phase or
samples were investigatet®), the as-grown capacito(B), amorphous interlayer was observed at both interfaces in the
the postannealed capacitor under an oxygen atmosphere it two samples. However, disordered or even amorphous-
T=550-600°C for 30 min; andC), the capacitor after ad- like regions were frequently_ found. at both interfaces in
ditional annealing afl =450 °C under a forming-gas atmo- sample C, which show a relatively bright contrast at both top

sphere(FGA). Cross-section TEM specimens were preparednd bottom BST-Pt interfaces in Fig(cl. The thickness of
these amorphous regions varies from place to place along the

_ interfaces and is in the order of several nanometers. The
dAuthor to whom correspondence should be addressed; electronic ma'{hicker amorphous region was usua”y found at the junctions
y.qin@fz-juelich.de . . . .
balso at: Institut fur Festkoperforschung, Forschungszentrunilicu  Of the grain boundaries and mterf_ace,_ and also in the areas of
GmbH D-52425 Jlich, Germany. small grains. In the area shown in Figc), the amorphous
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FIG. 2. Cross-sectional HREM images at low magnification of the BST/Pt
100 nm bottom interfaces fota) sample A;(b) sample B; andc) sample C. Arrows
e denote the interfaces between the BST layer and the bottom electrode. An
arrowhead marks an amorphous area at the interface in sample C.

FIG. 1. Cross-section TEM bright-field images of Pt/BST/Pt capacitajs:
as-depositedsample A; (b) after optimized annealing at 600 °Gample  comparison with the film interior. In Fig. 3, the ratio of

B); (c) additional annealing under the forming gaample . Note that  Ti/(Ba4 Sy) at the interface area and in the BST film interior
there are amorphous layers at the film-electrode interfaces of sample C, . . . .
which show a relatively bright contrast. 15 shown. It is evident that the interface areas with amor-
phous phase have a higher Ti content than the BST film
matrix, whereas those without amorphous phase have nearly
region at the bottom interface is thicker than that at the tORhe same Ti content as the films. Therefore, the amorphous
interface. We could also find the areas where the amorphousgeas have a considerable amount of excess titanium.
region at the top interface is thicker than that at the bottom |t should be noted that the BST films studied are nons-
interface. Figure 2 shows the images of the bottom interfaces
(indicated by arrowsof the three samples at a higher mag-
nification. The interfaces of samples A and B are flat and
clean, whereas disordered afezarked by an arrow headt
the interface with amorphous contrast can be well recognized
in sample JFig. 2(c)].

To identify this amorphous phase, EDX analysis was
performed on sample C. Due to the difficulty in determining
the absolute concentration of individual composition compo-
nents, we investigated the changes in atomic ratio of Ti to
(Ba+ Sr) in the interface areas with respect to the crystalline
film matrix. During the investigation, the EDX spectra from
both BST film interior and the interface areas were acquired. 6o 1+ 2 3 4 35 6 7 8
Quantitative analysis averaging over several locations re- Positions
S.UIted ina TI/(Bai— Sn) atqmlc ra_ltlo of 1.17. Th.e Sam.e analy- FIG. 3. The relative ratio of Ti/(B& Sr) between the interface and the film
sis was also carried out in the interface locations without th&yerior of sample C at different locations witaquare and without(circle)

amorphous phase. No detectable difference was found iamorphous region.
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toichiometric with a small titanium excedsTi/(Ba+Sr)  modification of the interface changes the Schottky barrier
=1.02]. The mechanism for accommodation of excess Ti inheight. Two effects can be considered. First, the increase of
the BST films with an average Ti/(BaSr) ratio greater than the concentration of oxygen vacancies due to the annealing
unity has been studied recently by means of HREM andreatment in a reducing atmosphere, which are double
high-spatial resolution electron energy loss spectroséopy. charged donors, increases the internal electrical field at the
It has been reported that the excess Ti in BST films is acPt/BST interface. This will lower the Schottky barrier height
commodated through an increase in the concentration of Bdue to the Schottky barrier lowering mechanism and the
vacancies near and at the grain boundaries. As the Ti/(Bkakage current increasEsA strong accumulation of oxygen
+ Sr) ratio increases, a Ti-rich amorphous phase evolves atacancies at the electrodes might result in the observed
some of the grain boundaries and multiple grain junctionsamorphization of the BST crystal lattice. Second, it is sup-
Analysis of structure images revealed that the volume fracposable that the electrical properties of the amorphous phase
tion of the amorphous phase increases from about 1% tdiffer from the crystalline BST phase, and that further con-
5%—6% with an increase in Ti content from 52 to 53.4 at. %.duction mechanisms than the electron transport above a
The samples with less Ti<52 at. % contained no detect- Schottky barrier-like tunneling or hopping in the amorphous
able amorphous phase. In addition, a systematic increase phase might contribute to the total current flow.
the Ti/O ratio at the grain boundaries was found in a film In summary, the as-grown, the postannealed and the
containing 53.4 at. % Ti, while no such increase was detecteBGA treated Pt/BST/Pt capacitors are studied by means of
for the specimen with 50.7 at. % $iOur TEM observations HREM and energy dispersive x-ray spectroscopy. The post-
of the as-grown and oxygen-postannealed BST film are corannealing treatment leads to an increased grain size of the
sistent with the above results: no formation of Ti-rich amor-Ba, Sy 3TiO3 films and a smoothness of the top film-
phous regions at grain boundaries, triple junctions and thelectrode interfaces. The addition FGA treatment applied to
interfaces between BST and Pt electrodes, since the studig¢de postannealing capacitors introduces the disordered or
BST films only have 50.5 at.% Ti. However, amorphousamorphous regions at the interfaces, which show a higher
regions were frequently observed at the interfaces in thdi/(Ba+ Sr) ratio than the grain matrix. These amorphous
FGA treated BST films. The mechanism of the formation ofregions are believed to be responsible for the increase of the
such amorphous phases can be explained as follows. Durirlgakage current.
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