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Abstract

Thin films of barium strontium titanate with composition (&1 5) TiO3 were prepared by a sol-gel method using Ba-, Sr-hydroxides,
titanium(lV) isopropoxide as source materials and 2-methoxyethanol as the solvent. Well-crystallised films were obtained at relatively
low temperatures. We observed grain growth accompanied with increase in the dielectric constant as the annealing temperature increase
The films prepared from this method and annealed af80€howed high dielectric constant of 650. Typical leakage current density of
the film annealed at 70 is 0.8 x 105 at 75kV cm™L. The change in electrical characteristics of the films has been correlated to their
microstructure, which revealed that the concentration change affected the film porosity and grain size distribution. The results indicate tha
the microstructure could be tailored by changing the precursor solution concentration.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction liability of BST films depend heavily upon the composition,

thin film deposition method and post-deposition process-

Thin films of high dielectric constant materials such as ing, base electrodes, microstructure, film thickness, surface

barium strontium titanate (BST) have been widely inves- roughness, oxygen content and homogeneity of the film [4].
tigated for their feaS|b|I|ty in thin film integrated storage BST thin films have been prepared by Variety of meth-
capacitors in giga bit dynamic random access memory ods [15-21]. Among these methods, sol-gel processing
(DRAM).ThiS is mainly due to their hlgh dielectric constant, offers some advantages over other methods in terms of
low dielectric loss, low Ieakage current, Iow-temperature |OW_temperature preparation, Compositiona| homogeneity,
coefficient of dielectric constant and the composition de- apijlity to coat large area and complex-shaped substrates,
pendent Curie temperature. In the DRAM operating tem- purity (because of the liquid form of precursors which can
perature BST should be in paraelectric form to avoid fatigue pe easily purified by distillation), cost effective and simple.
and ageing due to the ferroelectric domain switching [1-6].  |n the present study, we investigated the electrical and di-
In addition to the DRAM applications BST thin films have electric properties of the B@Sro_sTio3 thin films prepared
been identified for a variety of other applications [7-12]. by a sol-gel method using hydroxide—alkoxide precursors.
Each application has its own material property requirement. |t is highly economical to use cheaper hydroxides of the
Interestingly, BST thin films can be used in a variety of Ba and Sr as the Ba- and Sr-sources instead of expensive
applications because of their composition-dependent proper-and unstable alkoxide precursors. Not much work has been
ties. Simply by changing Ba/Sr ratio and also by doping iso- done on the sol-gel preparation of BST thin films using the
valent or aliovalent dopants, properties can be modified to fit hydroxide—alkoxide method and the study of their electrical
into a given application. However, whether or not BST thin and dielectric properties. Burhanuddin et al. [18] prepared
films can be successfully applied largely depends on more Ba, 5Sry 5TiO3 using Ba- and Sr-hydroxide as the source
thorough understanding the material’s properties. The depo-of Ba and Sr by chemical solution deposition method and
sition techniques and electrical properties of BST films have studied thel-V characteristics of MIS-type device which
received increasing interest [12-15]. According to those showed a diode-like character. Hayashi et al. [20] prepared
investigations, the electrical and dielectric properties and re- By, 7Sr, 3TiO3 thin films by sol-gel method using hydrox-

ides as the Ba-, Sr-source and methanol as the solvent. How-
"+ Corresponding author. Fax:886-35-724-361. ever, in both studies detailed investigation of electrical and
E-mail addressiseng@cc.nctu.edu.tw (T.-Y. Tseng). dielectric properties has not been carried out.
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2. Experimental details 3. Results and discussion

The BasSrpsTiO3 thin films were prepared following ~ 3.1. Thin film deposition
a procedure similar to Burhanuddin’s method [18]. Multi-
Component BST precursor solution was prepared using h|gh The stabilisation of the precursor solution was a diffi-
purity Ba(OHY-8H,0O, Sr(OHY-8H,O and titanium(IV) cult step during the preparation of BST films because of
isopropoxide (Ti(OGH7)4) as the starting materials and the molecular water associated with Ba- and Sr-hydroxides
2-methoxy ethanol as the solvent. The required amountsreleased to the solvent during the refluxing step resulted in
of Ba-, Sr-hydroxides were separately mixed in 2-methoxy Preferential precipitation of the Ti by rigorous hydrolysis.
ethanol and refluxed at 12C for 3—4h. Extensive re-  This problem was overcome by individually reacting the
fluxing is very essential to evaporate the water present in Starting materials with 2-methoxy ethanol and evaporating
each solution from the source materials and also for the the water content in the Ba- and Sr-solution by refluxing
completion of the complexation reaction between starting for 3—4 h before mixing to form BST complex sol. The so-
material and the solvent to form complex sol. Similarly, lution once stabilised can be stored for months without any
stoichiometric amount of Ti-isopropoxide was mixed with precipitation. The individual precursor solution obtained by
2-methoxy ethanol separately and refluxed at K2Gor reacting the Ba-, Sr-hydroxides and Ti-isopropoxide with
3h. These three solutions after cooling to room temperature 2-methoxy ethanol were filtered and analysed by static
were then mixed and refluxed at 120 for 3h to form a  gravimetry (by solvent evaporation of a small quantity of the
homogeneous mixture of BST-precursor and concentratedsolution and decomposing the resultant precursor at @90
by solvent evaporation which forms the stock solution. Prior to mixing them together to confirm the composition
Thin films were prepared by spin coating using this stock Of the solution.
solution after appropriate dilution (0.28, 0.15, 0.08 M) us-  1he BST film deposited on the Si/SiPPt substrate peeled
ing 2-methoxy ethanol. The solution was syringed through Off very often on pyrolysis at the interface between bottom
0.2pm filter on to P/SiQ/Si, PU/Ti/SiQ/Si substrates and Pt-electrode and the Si/SjQ@ubstrate. This is mainly due to
Spin coated at 5000 rpm for 30s. As deposited films were the poor adhesion of Pt-thin film on the Sl/Sl@JbStrate
then dried in an oven at 14€ for solvent evaporation for ~ The adhesion of bottom Pt-electrode on the SifSilbstrate
10 min and then pyrolysed at 506G for 30 min. Films of ~ Was greatly improved by depositing a 100 nm Ti buffer layer
thickness 150-650 nm were deposited by repeating the spinPetween Si/Si@and Ptlayer. However, Ti buffer layer incor-
coating—solvent evaporation—pyrolysis steps several timespPoration lead to added complexities by way of Ti-migration
(10-50 layers). After obtaining the films of sufficient thick- onto the surface of bottom Pt-electrode on annealing.
ness the films were post-annealed at different temperatures Fig. 1 shows the thickness variation of the 5@pyrol-
in the range 500—80TC. The substrates were prepared by ysed thin film as a function of annealing temperature de-
depositing 1000A Pt by d.c. sputtering over a 1000A Ti termined from the SEM cross-sectional image. The thick-
buffer layer on a Si-wafer with 932 A thermal Si®arrier ness of the sample increased initially up to an annealing

layer. temperature of 700C and thereafter showed a decrease.
The crystallinity of the films was probed by X-ray

diffraction (XRD, Shimadzu XD-5) using Ni-filtered CucK 250 — : : . : : :

radiation source. Film thickness and microstructure were :

characterised by Hitachi S4700 scanning electron micro- 240~ lnorease nthe tickness s ig:::;s'f’;f"t‘;;“"k"ess-

scope (SEM). High resolution X-ray photoelectron spec- 1  decomposition product associated | elemination T

troscopy (XPS) was performed using Physical Electronics T 230'_ ::2 f‘gfr:f;;ifgfﬁ:f:::c;;’fg;:jss :;’{ﬁ:ﬁj‘ymm )

ESCA PHI 1600. The XPS system was equipped with AIMg £ 5o n ]

dual anode and multichannel detector. The system operated $ ] |

at a base pressure 06&10~1% Torr. For the electrical char- £ 2101 E .

acterisation, a metal-insulator-metal (MIM) type of struc- 2 T ] : 1

ture was formed by depositing 50 nm thick top Pt electrode ‘é 200'_ / ! _—

with diameters of 150, 250 and 3p®n by d.c. sputtering T 1904 ! |

through a shadow mask. The capacitance—voltage/) | =

characteristics were measured by using Hewlett-Packard 180+ .

(HP) HP4194A impedance/gain phase analyser at 100 kHz 170' 1

as a function of sweeping voltage from positive to nega- 560 660 700 860

tive voltage d.c.-bias. Dielectric constant of the films was
calculated using the measured capacitance, thickness and
electrode area. The current-voltage\) measurements Fig. 1. Variation of the thickness of the 500 pyrolysed film after

were pe_rformed by using HP4156A under both negative annealing at different temperatures determined using SEM cross-sectional
and positive voltage sweeps. image.

Annealing temperature (°C)
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Thickness increased from 186 nm for 5@ annealed sam-
ple to 224 nm at 700C and decreased to 196 nm after an-
nealing at 800C. The initial increase in the thickness is
due to two reasons. First reason is, swelling or increase in
surface roughness due to the escape of embedded pyrol-
ysed decomposition products from the film and the second
reason is due to the formation of an additional interfacial
layer on the surface of bottom Pt-electrode by Ti-migration
through the grain boundaries and on the surface which re-
acts with oxygen to form TiQ [21-23]. This additional
ill-defined interfacial layer contributes to the film thickness.
Ti-migration rate and formation of interfacial layer are very
marginal at lower temperatures but is very severe as the
annealing temperature is increased because of the fact that
Ti-diffusion is activated process. Hence, the contribution to
film thickness from this layer at lower temperature such
as 500C is negligible. As the annealing temperature in-
creased, the interfacial layer grows in thickness contribut-
ing more and more to the film thickness. The decrease in
the thickness of the film annealed above 7QG0is due to
the fact that, above this temperature the film is free of de-
composition products and sintering process dominates to
form denser film by way of grain growth and eliminating
porosity. Thus, over all thickness is reduced compared to
the film annealed at 70 but thickness is hlgher .than the wafer after annealing at 80C for 2 h showing the Ti@ islands on the
sample annealed at 500 because of the contribution from surface of Pt film formed by the migration of Ti through the Pt-grain
the interfacial layer formed by annealing the film at higher poundaries. The thickness of the interfacial layer formed is about 128 nm.
temperatures.

Formation of interfacial layer of TiQ on top of bot-
tom Pt-electrode after annealing at higher temperatures was
further confirmed by SEM and X-ray photoelectron spec- of the film with (110) as the major peak. Crystallinity of
troscopy (XPS). Fig. 2 shows the surface and cross-sectionalthe thin films improved with increase in the annealing tem-
image of 800C per 2h annealed Pt/Ti/S¥5i wafer. Sur- perature, indicated by the increase in intensity of the X-ray
face image shows the formation of random islands on the Ptdiffraction peaks. The average grain size was calculated by
surface due to the Ti-migration. The cross-sectional image using the full width at half maximum of the dominant (1 1 0)
shows that the thickness of each island is around 128 nm,peak using Scherrer's equation [24]. The 5@annealed
which contributes to BST film thickness. The composition sample showed an average grain size of 20 nm, which in-
of this surface discontinuous layer has been determined us-creased to 32 nm on annealing above 800The grain size
ing XPS. Fig. 3 shows the strong line spectra of the surface of the films increased with increasing annealing tempera-
of PUTI/SIO,/Si wafer after annealing at 500 and 8D ture. Increase in grain size with increasing annealing tem-
respectively. The surface analysis of the wafer annealed atperature is expected because of the sintering wherein the
500°C did not show any XPS signal (Fig. 3a) related to the small grains coalesce to form larger grains. Lattice param-
Ti or oxygen. Only signal detected is of Pt. However, the eter of the thin films annealed in the temperature range
same wafer after annealing at 8@D per 2h showed sig- 500-700C remained almost constant (Table 1). However,
nals corresponding to Ti and oxygen along with that of Pt when annealed at temperatures above °“t)0a small de-
(Fig. 3b). The XPS results confirm the formation of interfa- crease is observed. Film annealed at 80&howed 0.02 A
cial TiO, layer on the surface of bottom Pt-electrode after contraction in lattice parameter with respect to the film an-

Py s
|

a N

Fig. 2. SEM (a) surface and (b) cross-sectional image of Pt/THSiO

annealing at higher temperatures such as°800 nealed at 500C. This type of lattice shrinkage was also
observed in sputtered BaTi@nd BST, which has been at-
3.2. Phase formation characteristics tributed to non-equilibrium and highly distorted states within

the films [25]. This indicates that the low-temperature an-
X-ray diffraction study of the films post-annealed at differ- nealed films are in more strained form and the atomic enti-
ent temperatures indicated that reasonably well-crystallisedties must have been in the non-equilibrium positions which
films were obtained at a temperature as low as“&0rhe relaxes to the equilibrium position when annealed at higher
XRD pattern showed all major X-ray reflection peaks of temperatures, hence a contraction in lattice parameter is
perovskite BST phase indicating the polycrystalline nature obvious.
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Fig. 3. XPS strong line spectra of Pt/Ti/SiSi wafer after annealing at: (a) 50C and (b) 800C for 2h.

Similarly, XRD patterns were obtained for the films pre- 3.3. Microstructural analysis
pared from different concentration solutions (0.08, 0.15 and

0.28 M) on to platinised Si-wafer, which showed phase pure

The SEM surface micrographs of the films annealed at

BST thin films. The average grain size calculated using 500 and 600C showed crack-free uniform and smooth mi-
crostructure composed of ultrafine grainslQ nm). How-

Scherrer’s equation was approximately 32 nm.

Table 1

Lattice parameter after annealing the thin film at different temperatures
calculated using (110) reflection and Pt (111) peak as the standard

Annealing temperature’C)

Lattice parameter (A)

500
600
700
800

3.9421
3.9399
3.9389
3.9217

ever, the micrograph of the 60C annealed film showed
slightly larger grain size than the 500 annealed film along

with some locally crystallised sites with higher grain size,

which acted as the nucleation sites for further grain growth
as the annealing temperature increased. These preferential
nucleation centres might be originating from the Ti3-
lands formed on the bottom electrode at this temperature.
Further increase in annealing temperature resulted in spread-
ing of these nucleation sites and the surface image of €00
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annealed sample shows uniform spherical grains of 40— 10° y—1————1— e e T
70 nm size along with nanosized porosity formed because ] ]
of the growth of ultrafine grains formed at low temperatures

and also due to the escape of carbonatious decomposition .~
products trapped in the film. Annealing of the sample at
800°C further increased the grain size and the majority of
the pores are eliminated by sintering of the film at this tem-
perature. Also, the surface roughness has increased mani-
folds and the grain size distribution is large ranging from
25 to 100 nm. This type of wider-sized grain distribution
reduces the film porosity. SEM analysis of the samples an-
nealed at various temperatures revealed an increase in grain
size with the increase in annealing temperature.

The SEM micrographs of the films prepared using three
different concentration precursor solutions and annealed
at 700°C, showed varied microstructure with change in
concentration. Film prepared from 0.08 M solution showed
more spherical and platy grains of size 40—70 nm, whereasrig. 4.3-E plot of BST thin films post-annealed at different temperatures
0.15M solution derived film showed agglomerated spheri- for 2h in air.
cal grains in the same size range and that of 0.28 M solution
shows more platy elongated grains. The remarkable dif-
ference between these films is in the grain morphology, show three different regions indicating the contribution from
extent of agglomeration and the porosity. Film prepared three different types of conduction mechanisms at low, in-
from 0.08 M precursor solution is less porous and the film termediate and high field regions. At lower voltage the film
prepared from 0.28 M solution is highly porous with ag- shows ohmic behavioui/ « E) and deviates at intermedi-
glomerated grains. Results indicate that, the porosity in the ate and higher fields. The turn-on electric field from ohmic
film increases with increase in precursor solution concen- to hon-ohmic region decreased as the annealing temperature
tration. The lower porosity in the film deposited using dilute increased. The turn-on electric field for the sample annealed
solution is due to the fact that individual layers are thin and at 500 and 600C is around 300 kV cm* and that of film
hence will be thermally cycled more times which results annealed at 700 and 80G is around 200 and 150 kV ¢rh,
in effective pyrolysing of the organics than film prepared respectively.
from the concentrated solution. In sol-gel preparation, the The leakage current characteristics of the thin film capac-
individual layer on pyrolysis leaves behind pores in the itor depends upon several factors such as the top and bot-
film, which will be covered by subsequent layers. More tom electrode interface, surface roughness, the integrity of
the number of layers the pore density will be lower. Also, the electrodes, formation of interfacial low impedance layer
the individual layers of the films prepared from the con- or presence of any impurity second phase in the dielec-
centrated solution are thicker than the film prepared from tric film which provides an easy path for electrons which
dilute solution, hence require less number of layers to at- can dramatically increase the leakage current. Formation of
tain required thickness and incorporates more carbonatioushillocks on the bottom Pt-electrode due to repeated thermal
decomposition products in the film. On annealing at @0  cycling is another reason for the increased leakage current
these embedded impurities burn-off leaving behind pores in in sol-gel derived films. High leakage current observed in
the film and in the process changes the microstructure. the case of 500C annealed samples might be due to the

presence of embedded pyrolysed decomposition products in

Current density (A/cm

10

T T T T T T T T T T T T T
-450 -300 -150 0 150 300 450
Electric field (kV/cm)

3.4. Leakage current characteristics the film. The decrease in the leakage current with increase
in annealing temperature is because of the burn-off of these
The leakage current density vs. electric fieldH) plot embedded decomposition products. Increase in leakage cur-

of the BST thin films annealed at different temperatures rent for the film annealed at 80C is due to the increase

is shown in Fig. 4, which shows variation with anneal- in the grain size, as observed by SEM analysis, which con-
ing temperature. In the positive voltage regionJeE plot, tributes to surface roughness. The grain size of the film could
film annealed at 500C shows larger leakage current than play an important role in deciding the surface roughness;
that annealed at higher temperatures. Lowest leakage curthe small grain size films usually have smooth surface and
rent (106 Acm—2 in the electric field range:100 kV cnit) low leakage current. SEM surface analysis of the 500 and
is observed for the film annealed at 600 and 700 The 600°C annealed samples show smooth fine grain surface, of
800°C annealed film shows slightly higher leakage current which a low leakage current is expected. But the experimen-
than 600 and 700C annealed films but is lower than 500 tal result of 500C annealed film is contrary, which shows
annealed film. Thel-E characteristics of all the samples higher leakage current indicating the presence of embedded
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decomposition products. On annealing above @D@hese activation energy from the heat energy. XPS results proved
decomposition products are completely burnt-off and the that the film annealed at 50C did not have Ti on the sur-
film is in the more pure form than the 50C annealed film face. As the annealing temperature increases the diffusion
and show the lowest leakage current. On further increas-rate also increases and more and more Ti migrates to the sur-
ing the annealing temperature, the film sinters resulting in face of Pt through grain boundaries and reacts with oxygen
higher grain size associated with higher roughness. Henceto form TiO, [21-23] as also proved by XPS results. This
a higher leakage current is expected from the film annealedreaction is more severe at temperatures higher thari®00
at 800°C than the 700C annealed film as observed experi- At 800°C, all Ti must have been diffused to the surface and
mentally. The surface roughness of the film is also affected formed TiQ, islands as shown in the SEM image of the
by incorporation of a bottom adhesive layer such as Ti. The wafer annealed in air at 80C for 2 h in Fig. 2. This implies
Ti-migration onto the surface of the bottom Pt-electrode that each temperature-annealed sample will have a differ-
makes the surface rough by forming islands as shown in ent bottom electrode interface effectively changing 3hE
Fig. 2. This will increase the roughness of the film and also characteristics of the thin films annealed at different tem-
increases the leakage current. peratures. The minimum leakage current (positive voltage
The grain size effect on the leakage current characteris-region) in the case of 600-70CQ annealed film indicates
tics is more prominently reflected in the turn-on voltage. It ideal interfacial characteristics for this sample.
is reported that in BST films turn-on voltage increases as the The leakage current of the samples prepared by the present
grain size decreases [15]. The films with smaller grain size method is comparable to that reported in literature for thin
similar to the films annealed at 500 and 6@is expected to films of Bay 7Srp.3TiO3 prepared by using acetate precursors
show higher turn-on voltage and as the grain size increasesand spin coated on Pt/Ti/SiBi substrate [19]. The 60@C
the turn-on voltage is also expected to shift to the lower annealed sample in the present study at 75 kvVtshowed
voltages. The smaller grain size produces more grain bound-leakage current of 8 x 10 Acm=2, in comparison to the
aries which are highly resistive, hence requires higher field reported value for the film prepared from acetate precursors
to achieve turn-on from ohmic to non-ohmic region [15].  0.17 x 10~ Acm~2 [19]. However, the solution concentra-
The leakage current characteristics are distinctly different tion, deposition conditions and post-deposition processing
in the positive and negative voltage region. Thé& char- differed.
acteristic of MIM-type device is expected to be symmetric.
However, Fig. 4 shows thatE characteristics are not sym-
metric. In the negative voltage region, maximum leakage

current is observed for the sample annealed at’80and Concentration of the BST precursor solution showed pro-
minimum s for the 500C annealed sample. The turn-on g nced influence on the leakage current behaviour of the
voltage for the 6_?0 700 and 80Q annealed samples is as  hin films as it decides the microstructure of the film at a
low as 50_le cm™ and that of 500C annealed sample is  iven annealing temperature. BST films for this study were
250kvVem ™. ) . ) prepared using different concentration solutions (0.08, 0.15,
The asymmetry in positive and negative voltage part of g 2gM) and remaining conditions such as solvent evapo-
the J-E characteristics is normally brought in due to the dif- 4o (140°C), pyrolysis (500C), annealing temperature
ference in the top and bottom electrode work functions, the (700°C) and duration of these processes were fixed. Fig. 5
difference in two interfaces and also implies that the leakage gows thel-E characteristics of the BST thin films pre-
current is electrode-limited [17]. It is generally known that pareq using solutions of three different concentrations and

the leakage current of Pt/BST/Pt is controlled by Schottky ;nnealed at 700C for 2 h. Theld-E plot for thin films de-
barrier at the BST/electrode interface in which the leakage posited using each concentration is different. Important ob-

current is controlled by Schottky barrier heights at the top geryvations are:
BST/electrode and bottom BST/electrode interface [26,27].
If these potential barriers are not identical, then}He char-
acteristics would not be symmetric. In the present case, the
reason for the asymmetry in tdeE characteristics is due to the BST film prepared from 0.28 M solution is larger than
the difference in the top and bottom electrode interfaces. The those prepared from the low concentration solution.
difference in interface is brought about by Ti-migration to 2. The turn-on voltage is different for the film deposited
the surface of the bottom Pt-electrode as already discussed from different concentration solution: film prepared from

3.5. Effect of concentration on the J-E characteristics

1. Leakage current density increased with increase in pre-
cursor solution concentration. Leakage current density of

in the previous sections. It is also proved from XPS results
that on migration to the surface, Ti reacts with ambient oxy-
gen to form TiQ interfacial layer effectively modifying the
bottom electrode interface. The effect of Ti-diffusion on bot-

tom electrode also depends upon annealing temperature. AB.

lower temperatures, the Ti-diffusion rate is very slow, be-

cause the diffusion is an activated process which derives the

high concentration solution (0.28 M) showed turn-on
voltage of approximately 250 kV cm, that of film pre-
pared from 0.15 and 0.08 M solution is 200 kVchin

the positive voltage region.

The positive and negative fieldE behaviour is different
and asymmetric for the reason already described in the
previous section.
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BST thin films annealed at different temperatures. With the

increase in the annealing temperature the dielectric constanFig. 6. (a) Variation of the 100 kHz dielectric constant with applied electric

also increased. The 80C annealed thin film shows maxi- field for the BST thin films annealed at different temperatures for 2h in

mum dielectric consiant of around 650 and thal of the fim 3%, Varisen o e o st wih apyed st fl o e

annealed at 500C is the lowest, approximately 325 at zero

bias. The electric field at which the dielectric constant has

its maximum value is not located at the zero bias field in-

stead shifted towards the positive voltage region. Maximum which modifies the interface. The space charge capacitance

dielectric constant fieldH,) has shifted consistently from at the two interfaces is different because of the difference in

43kV cnmit for 500°C annealed film to 20 kV cit for the interface characteristics.

film annealed at 800C. The dielectric loss is maximum for film annealed at 3G0
The increase in dielectric constant with increasing an- (0.14 at zero bias). Lowest loss tangent is observed for the

nealing temperature is attributed to the increase in the grainBST films annealed at 600 and 70D (0.04). Also, these

size and crystallinity of the thin film. XRD and SEM results thin films show approximately similar behaviour under the

showed that with annealing temperature, crystallinity and bias field variation. Further increase in the annealing tem-

grain size increased, which in turn resulted in larger polari- perature to 800C resulted in the increase of loss tangent

sation density there by increasing the dielectric constant. It to higher value £0.06 at zero bias) than the film annealed

is well known that as the grain size increases the dielectric at 600 per 700C but much lower than the film annealed at

constant increases and as the porosity in the film increases500°C.

the dielectric constant decreases. The dielectric loss originates from two mechanisms: re-
The shift in electric field at which the dielectric constant sistive loss and relaxation loss [15]. Resistive loss mecha-

has its maximum is because of the same reason that change inism involves energy consumption by the mobile charges in

the interface characteristics brought in by annealing the film the film; whereas, in the case of relaxation loss mechanism,

at different temperature and associated Ti-migration problemit is relaxation of the dipole which dissipates the energy. If
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there is very few mobile charges in the film then the later 650 ———T————

mechanism is dominating. The resistive loss mechanism is q0.10

directly connected to the leakage current of the film: if the o ]

leakage current is higher the loss is also higher. Alterna- 600+ o0 o 1009

tively, if the dielectric constant of the film is larger, then an § '_/ Jo.0s

increase in the dielectric loss is obvious due to the contri- 2 550 o

bution from the second mechanism. Enhanced polarisation 8 ) a 1007

increases the energy dissipation during the relaxation. The f;’ — §

higher dielectric loss of 500C annealed film is due to the & 5001 g " 1008

higher leakage current of the film. Lowest leakage current %’ o~ ] 0.05

is observed for the films annealed at 600 and “@0hence 450 " I

a low dielectric loss. The increase in the loss tangent after /./ d0.04

annealing at 800C is due to the increased leakage current n ;

and also due to dipole relaxational loss because of the en- 400 —T T T T 0.03

hanced polarisation effect. 200 800 490 500 600 700
Thickness (nm)

3.7. Effect of concentration on the dielectric constant Fig. 8. Variation of 100kHz dielectric constant and loss tangent of the

BST thin film prepared from 0.28 M solution as a function of thickness.

The precursor solution concentration dependence of the
dielectric constant is studied by depositing approximately ~ Above results can be explained based on the microstruc-
same thickness films using different concentration precursorture as determined by SEM analysis. Films prepared from
solutions followed by post-deposition annealing at 700  three different concentration precursor solutions differed in
per 2 h. The results indicate that dielectric constant and thetheir microstructure, in particular porosity and morphology.
loss tangent varied with precursor solution concentration. The film prepared from the dilute solution showed lower
Fig. 7 shows the 100 kHz dielectric constant vs. electric filed porosity than the films from concentrated solution. This re-
plots of the thin films prepared from precursor solutions of duced porosity increases the polarisation density thereby in-
three different concentrations and annealed at?ger 2 h. creasing the dielectric constant of the film prepared from
The dielectric constant of the thin film prepared from the dilute solution.
dilute solution (0.08 M) is larger than that of films prepared
from 0.15 and 0.28 M solutions. At zero bias, the dielec- 3.8. Thickness dependence of the dielectric constant
tric constant of the BST film prepared from 0.08 M solution
is around 550, whereas that of 0.15 and 0.28 M solution is  Thickness dependence of the dielectric constant and the
approximately 475. The films prepared from both 0.15 and loss tangent of the BST thin films prepared from 0.28 M
0.28 M solutions showed almost similar variation of dielec- precursor solution is plotted in Fig. 8. As the thickness in-
tric constant and loss tangent with the bias d.c.-field. creased the dielectric constant also increases and saturates
above a thickness of 500 nm. The increase in the dielectric
constant with film thickness is due to the increase in grain
00T T ——T— size, film crystallinity and also the film density. In sol-gel
method of preparation, as the number of layers increases the
film porosity decreases because subsequent layers coated
on the former pyrolysed layer covers-up the pores and bulk
defects left behind by the organic burn-off. The saturation
in dielectric constant above a certain thickness is due to
the limitation in the grain size that can be achieved by this
method of preparation. Similar to dielectric constant, loss
tangent also increased with increase in film thickness. The
increase in loss tangent is due to the increased dipole relax-
ational loss because of the larger dipole density, which is
also a reason for increased dielectric constant.

500 +

400

300 -+

Dielectric constant

200

T T T T T T T T T T T
Electric field (kV/cm)

Fig. 7. Variation of the 100 kHz dielectric constant with applied electric Inhcor:bc?::_s./lg.n’ ;BS§5SI%5TI03 thin flllms can be deposr[e_d

field for the BST thin films prepared using precursor solutions of three on the PUTi/SIQ/Si substrate at a low-temperature using

different concentrations and annealed at T0Cfor 2 h in air. complex precursor solution prepared by using hydroxides
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