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Abstract

SrZrG; thin films were deposited on PH/Ti/Si3i and Pt/TiQ/SiO,/Si substrates by the metal-organic decomposition technology followed
by post-annealing at different temperatures ranging from 550 t6@@® flowing oxygen atmosphere. The microstructure characteristics of
these films were investigated using X-ray diffraction, Fourier transform infrared reflectivity spectroscopy and scanning electron microscopy.
Their dielectric and leakage current characteristics were evaluated by a HP-4284A precision LCR meter and a HP-4155B semiconductor
parameter analyzer, respectively. The phase transformation and crystallinity results indicate that the film has amorphous structure with
carbonate existing when annealed at S50however when annealed at 6@D and above, the carbonate is decomposed and those films
crystallize into the Perovskite phase. The dielectric constant of Srigr@bove 22 with little dispersion in a frequency range from 100 Hz
to 1 MHz. The results also indicate that when annealed above@36e films using Pt/Ti@SiO,/Si show much better leakage properties
compared with those using Pt/Ti/Si(Si. And even annealed at 800, the films deposited on Pt/Ti5i0,/Si substrate still have good
leakage properties.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction ing. That is why platinum is one of the mostly used electrode
material for electroceramic devicfs. In addition, in order
Perovskite materials are important materials for various to ensure good adhesion of this metallization and prevent
functional devices. SrZr@based perovskite oxides have the formation of Pt silicides at high temperature, a bonding
been studied because of the interest in their high-temperaturgayer of titanium is often deposited between the Pt and sili-
protonic conductivity1,2], promising use in MHD genera-  con substratf9]. However, the interdiffusion of Ti into Pt at
tors[3,4]. Besides these, SrZg3till has many characteris-  high temperature is a well-known phenomerjin@], which
tics which are suitable for high-voltage and high-reliability causes rapid oxidation of the Ti layer, followed by the mi-
capacitor applications. Recently, SrZ®as been inves-  gration of Ti into the Pt film. Hence, the high-temperature
tigated as a possible candidate material for Hglgate  behavior of Pt/Ti bottom electrode is crucial for the depo-
dielectrics[5]. sition of dielectric thin films on top of such metal films.
In order to determine the performance of a dielectric thin  An interesting phenomenon is that the interdiffusion of
film capacitor, bottom electrode is very important because Tj into Pt caused the formation of TiQ, in the Pt-grain
the structural and electrical properties such as leakage curhoundaries, encapsulating the Pt surface with an insulating
rent, dielectric properties, surface roughness, and thermalTiO, layer[11]. Hence, in this work, in order to protect the
stability are strongly related to the nature and state of the pt electrode from the interdiffusion of Ti, we have prepared
bottom electrod¢6,7]. And the best electrode metallization p/TiO, bottom electrode on silicon substrate and investi-
needs to preserve the low resistivity during oxygen anneal- gated the structural and electrical properties of SgZit@n
films deposited on this substrate by the sol-gel method.
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2. Experimental 20 to 70 at a sweep rate°Zmin. Surface morphology was
studied using field-emission scanning electron microscopy
(FE-SEM). The dielectric and leakage current character-
istics were evaluated by a HP-4284A precision LCR me-
ter and a HP-4155B semiconductor parameter analyzer,
respectively.

2.1. Film preparation

Strontium acetate (Sr(G34COOQ)) and zirconium acety-
lacetonate ([CH—COCH-COCHs]4Zr) were chosen as the
precursors, which were separately and thoroughly dissolved
in glacial acetic acid (CECOOH) by stirring at a tem-
perature of 60C for 1 h followed by mixing and stirring
at room temperature to get a clear and transparent solu-
tion with desired mole ratio of Sr:Ze= 1:1. The result-
ing solution with a concentration of 0.2 M was continuously

stirred for 1 h and prepared for thin film deposition. The pre-  Fig. 1 shows the crystalline structure of the SrZrO
cursor solution was first spin-coated onto the substrates atthin films which were deposited on two different kinds

4000 rpm and then baked at 230 and 4Q0for 2min, re-  of pt-coated silicon substrates and annealed at different
spectively, in air to remove most organics in the film. After temperatures.

this procedure was repeated three times, the dried films were |t is clearly shown fronFig. 1(a)that the film annealed
post-annealed in the furnace at the temperature ranging fromat 550°C has amorphous structure; while the film annealed
550 to 800°C for 30 min in G atmosphere. Top electrodes at 600°C, crystallizes into the perovskite phase of SrZrO
of Pt with a diameter of 0.3 mm were sputtered for electrical with polycrystalline structure. It reveals that the Pt surface

3. Results and discussion

3.1. Structural properties

measurement.

We have used two kinds of substrate in this study. Pt
(150 nm)/Ti (150 nm)/Si@ (500 nm)/Si substrate was com-
mercially purchased. And we obtained Pt (180 nm)ATiO
(120 nm)/SiQ (500 nm)/Si substrate by r.f. sputtering. The
Pt/TiO, bilayer was fabricated by a two step deposition pro-
cess. A 110 nm TiQwas first deposited on the silicon sub-
strate followed by the sputtering of a 180 nm-thick Pt layer.

2.2. Film characterization

The organic residuals in thin films were monitored by
a Perkin-Elmer 2000 FT-IR spectrometer. The structural
development of the SrzZrOfilms was investigated using
a Siemens D5005 X-ray diffractometer with grazing angle
2°.The light source was X-ray 1.54056 A of CuxKadia-
tion at 40kV and 40 mA. The scan range of ®as from
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can enhance the nucleation of the SrZifiim, and the phe-
nomenon is observed for other materials annealing on Pt
coating[12]. With further increase in annealing tempera-
ture, XRD results from those films annealed at 650, 700 and
750°C indicate that these films have polycrystalline struc-
ture. The peaks from SrZgQhin films are indexed to be the
orthorhombic (Pnma) perovskite structure with the lattice
constant ofa = 5.814A, b = 8.196 A, andc = 5.792A.
Meanwhile, it is worth to note that with the increase of an-
nealing temperature higher than 6@) the diffraction peaks

of TiO,, caused by the interdiffusion of the Pt/Ti bottom
electrodg13,14] appear which indicates that Ti@xists at

the Pt polycrystalline surface.

On the contrary as shown idrig. 1(b) by using
Pt/TiO,/SiO,/Si substrate, even after 808 annealing,
there is no TiQ peaks existed, which indicates that no FiO
exists at the Pt polycrystalline surface. Hence the2TiO
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Fig. 1. X-ray diffraction patterns of SrZrdfilms on (a) Pt/Ti/SiQ/Si substrate; and (b) Pt/T{BIO,/Si substrate.
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Fig. 2. FT-IR reflectivity spectra for (a) ZgDand annealed films deposited on Pt/7i8i0,/Si substrate and post-annealed in & (b) 550°C; (c)
600°C; (d) 650°C; (e) 700°C; (f)750°C, and (g) 800C.

bonding layer effectively protects the bottom electrode from structure is developed. The spectral peaks at 72Z'cis
the interdiffusion of Pt/Ti. attributable to Zr@ octahedral stretching vibration, which

Fig. 2 shows the FT-IR reflectivity spectra of those can be confirmed by the ZeOspectral peak at 723 crh.
annealed SrZr® films on PUTIGQ/SiO/Si substrate at  And the band at 520cmt is also attributable to Zr®
1800-1200 and 1000-400 cth stretching vibratiorf15].

There are three interesting bands for determining the  Surface morphology of the films deposited on the
phase transformation from the carbonate decomposi- PyTiO,/SiO,/Si substrate was investigated by scanning
tion to the grOWth of the perovskite phase in the films. electron microscopy (SEM) As shown ﬁ]g 3, films an-
One is focused on the modes of metal oxygen vibrat- nealed at 600C were consisted of tiny vague crystal grains
ing at 400-800cm!, and the others are the modes of and were smooth and compact. And with the increase of the
carbon—oxygen (C-O) vibrating at 1300-1600¢cand annealing temperature, the crystallinity of films is improved
approximately at 870 cnt. In Fig. 2, referring to the thin  and the grain sizes increase greatly. Furthermore, the amor-
film annealed at 550C, a shoulder band at 1440 cfand phous phase defection still exists even after annealed in the
a sharp band at 866 cth associated with carbonate are ob- fyrnace at 800C.
served. This fact indicates that the residual carbonate exists
in the film annealed at 55; therefore, further increase in 3.2, Electrical properties
annealing temperature is necessary to make the carbonate
completely decomposed and to develop the crystallinity of  Fig. 4shows thd-V curves of the SrZrgthin films. It can
the perovskite phase in these films. When the films were be clearly seen that the films deposited on the Pt/T#S0
annealed at higher temperatures, the corresponding resultsubstrate show much poorer current properties compared
shown inFig. 2 indicate that only a very small spectral to the films deposited on Pt/THIBIO,/Si substrate when
activity from these bands associated with the carbonate.annealed above 65C. The possible reason which has been
And it was found that when annealed at above 850 discussed before is because the interdiffusion of the Pt/Ti
the carbonate was completely decomposed. Meanwhile, asbottom electrode. By using Tgas the bonding layer, we
the increase of the annealing temperature, the perovskitecan effectively reduce the interdiffusion.

Fig. 3. SEM images of the films annealed at different temperatures: (£)@0®) 700°C and (c) 800C.
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Fig. 4. 1-V curves of SrZr@ thin films deposited on (a) Pt/Ti/SiI5i and (b) PU/TiQ/SiO,/Si substrate annealed at different temperatures.

As seen in botH-V curves inFig. 4, when annealed at The dielectric properties of SrZgdhin films annealed at
550 and 600C, the thin films achieve very low leakage different temperatures, as a function of sweeping frequency
current density at a level of 18 A/lcm? and high break-  were measured at room temperature. During the measure-
down strength. The poorest current property in the films us- ment, the applied dc bias was zero and oscillation level was
ing Pt/Ti/SiG)/Si substrate annealed above 68Dis due to 50 mV. Fig. 5 shows the results. The very flat curves, de-
the breakdown of the bottom electrode during the annealing scribing the sweeping frequency dependence of the calcu-
process. Thus it cannot be used to study the electric propertylated dielectric constants, exhibit very little dispersion of
of the crystalline SrZr@ the dielectric constants for these thin films in a frequency

Meanwhile, if using P/TiQ/SiO,/Si as the substrate, the range from 100 Hz to 1 MHz. With the structure changing
bottom electrode can survive even after annealed at800 from amorphous to polycrystalline, the dielectric constant
The leakage current density of these thin films annealed also increases from 23 to 49, indicating that crystallization
at 800°C is 4 x 107 Alcm? at a high electrical field of  can greatly affect the value of the dielectric constant.

1 MV/cm?. In Fig. 4(b), with the increase of annealing tem- The change of dielectric constant at room temperature,
perature, the current property first deteriorates which can berelative to the applied dc bias, was also measured using a HP
attributed to the increase of the undeveloped electrical de-4284A LCR Meter. During the measurement, the oscillation
fects as the films change from amorphous to polycrystalline level was 50 mV and the frequency was 100 kHig. 6
structure. However, the thin films annealed at 80Gshow shows the dielectric constants dependence on the applied dc
much better current property compared to those annealedbiases for the samples annealed at different temperatures.
at 650, 700, and 75CC. The possible reason is that such a The flat curves with no significant changes in the dielectric
high-temperature treatment can greatly eliminate the elec-constants indicate that the thin films have their dielectric
trical defects caused by the phase change after annealing. constant nearly independent of the applied dc bias. Thus, in
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Fig. 5. Dielectric constant and dielectric loss dependence on frequency of the;Siltn® annealed at different temperatures in @eposited on (a)
PUTi/SIG,/Si substrate and (b) Pt/THBIO,/Si substrate.



YK. Lu et al./Ceramics International 30 (2004) 1547-1551 1551

32
50 b
30 ¢ TR —
£ z
8 28 —A—550°C E 40 |
s —o—600°C ! S —
o 26} o— 850°C = —o— 550°C —o—600°C
g ——700°C ﬁ 30l +ssn:c —v—fnn:c
g 24_ o —}—-150C —%—300C
3 -
Ol o
20
20 P U S S T S . —— — — T
6 -4 -2 0 2 4 6 A0 5 0 5 10
(a) Applied Bias (V) (b) Applied Bias (V)

Fig. 6. Dielectric constant dependence on applied bias of the griil@s annealed at different temperatures in @eposited on (a) PUTi/SiKISI
substrate and (b) Pt/TigIBiO,/Si substrate.
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