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Effect of Mo substitution on ferroelectric properties of Bi3.6Ho0.4Ti3O12 thin films prepared by sol-gel method Dongyun Guo,1 Chuanbin Wang,1 Qiang Shen,1 Lianmeng Zhang,1,a兲 Meiya Li,2 and Jun Liu2 1
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共Received 1 September 2008; accepted 9 December 2008; published online 31 December 2008兲 The series of 共Bi0.9Ho0.1兲4−2x/3Ti3−xMoxO12 共BHTM兲 共x = 0, 0.9%, 1.5%, 3.0%, and 6.0%兲 thin films on Pt/ Ti/ SiO2 / Si substrates is prepared by sol-gel method, and the effect of Mo content on the microstructure and ferroelectric properties of these films are investigated. When the Mo content is not excessive, the BHTM films consisted of the single phase of Bi-layered Aurivillius phase. The B-site substitution with high-valent cation of Mo6+, in Bi3.6Ho0.4Ti3O12 films, enhanced the 2Pr 共remanent polarization兲 and reduced the 2Ec 共coercive field兲 of these films. The BHTM thin film with x = 1.5% exhibited the best electrical properties with 2Pr of 48.4 C / cm2, 2Ec of 263.5 kV/cm, dielectric constant of 391 共at 1 MHz兲, good insulting behavior, as well as the fatigue-free characteristic. © 2008 American Institute of Physics. 关DOI: 10.1063/1.3063121兴 Ferroelectric thin films have been extensively investigated for applications in ferroelectric random access memory 共FeRAM兲.1–3 Bismuth layer-structured ferroelectrics 共BLSF兲 are recognized as promising film materials for FeRAM applications due to the fatigue-free behavior.4–6 Among these ferroelectrics, Bi4Ti3O12 共BTO兲-based films are the typical members of the BLSF family. It was reported that some A-site or B-site substitution in BTO crystal showed large remanent polarizations 共Pr兲.2,7–12 It was also found that the coercive field 共Ec兲 in the A-site and B-site substituted BTO films became larger.13–15 Our group reported a remarkable improvement of 2Pr in the BTO films by adding Ho3+ ions to the A-site.16,17 But the 2Ec of the Bi3.6Ho0.4Ti3O12 共BHT兲 films became abnormally large. It was suggested that the A-site and B-site cosubstitution in BTO films could balance the Pr and Ec.18–20 In selection of species for substitution, one of the important factors is the ionic radius, which must satisfy a tolerant factor for the formation of perovskite phase. In this case, the ionic radius of Mo6+ 共0.059 nm兲 is compatible with that of Ti4+ 共0.0605 nm兲.21 In this letter, we report on the result of the B-site substitution in BHT films with higher valence cation Mo6+ for the purpose of achieving large Pr and small Ec. The effect of Mo content on the microstructure and ferroelectric properties is investigated. The series of 共Bi0.9Ho0.1兲4−2x/3Ti3−xMoxO12 共x = 0, 0.9%, 1.5%, 3.0%, and 6.0%, the samples are abbreviated to BHTM, followed by 0, 09, 15, 30, and 60, respectively兲 thin films were prepared on Pt/ Ti/ SiO2 / Si substrates by sol-gel method. Bi共NO3兲3, Ho共NO3兲3, 共NH4兲2MoO4, and titanium butoxide 关Ti共OC4H9兲4兴 were used as the precursors for Bi3+, Ho3+, Mo6+, and Ti4+ ions, respectively. All chemical agents used were analytic purity. The desired amounts of Bi共NO3兲3 共with 10 mol % excess兲, Ho共NO3兲3, Ti共OC4H9兲4, and 共NH4兲2MoO4 corresponding to 共Bi3.6Ho0.4兲4−2x/3Ti3−xMoxO12 composition were dissolved in acetic acid and pure water, a兲
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respectively. After they were fully dissolved, the solutions were put together, and then acetylacetone was added to the BHTM solutions as a stabilizing agent. The concentration of all the precursors was 0.3 mol/l. The BHTM thin films were coated on Pt/ Ti/ SiO2 / Si substrates using a spin coater, model KW-4A, at 3000 rpm for 30 s. The as-coated films were heated at 350 ° C for evaporation of the solvent and decomposition of the residual organics for 15 min. In order to obtain the films with desired thickness, the above process was repeated for several times. The films’ thickness in the present work was measured by scanning electron microscopy 共SEM兲. Finally, the samples were crystallized at 700 ° C for 60 min in oxygen atmosphere. X-ray diffraction 共XRD兲 measurements were performed using a RiGaKu D/MAX-IIIA x-ray diffractometer with Cu K␣ radiation. The scanning rate was 4 deg/min. The cross-sectional microstructures were characterized by SEM 共JSM-5610LV兲. Top electrode with the area of 1.0 ⫻ 10−3 cm2 was fabricated by sputtering Pt. The ferroelectric properties, fatigue, and leakage current were measured by a precision workstation ferroelectric tester system 共Radiant Technologies兲. Dielectric property was measured by an Agilent 4294A precision impedance analyzer. All measurements of electrical properties were carried out at room temperature. Figure 1 shows the microstructure of BHTM thin films. According to the XRD patterns, although the BHTM60 film shows a little amount of Bi2O3 phase, all the other crystal structures of BHTM thin films consist of the Bi-layered Aurivillius phase, which indicates that the Mo6+ ions in the films do not form minority phases or segregate from the interior grain. This implied that Mo6+ ions have entered into the pseudoperovskite unit cell and substituted for the Ti4+ ions maintaining the Bi-layered Aurivillius structure. MoOx is so evaporative that the Mo content in these films is likely to be less than the nominal content in the precursors. When the Mo content is higher, more Mo volatilize, which leads to the Bi content exceeding the optimal value. So there is a
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FIG. 1. 共Color online兲 XRD patterns of the BHTM thin films. The insets show the cross-sectional images: 共a兲 BHT, 共b兲 BHTM09, 共c兲 BHTM15, 共d兲 BHTM30, and 共e兲 BHTM60.



little amount of Bi2O3 phase in BHTM60 film. All BHTM thin films show the strong peaks of 共00l兲, 共117兲, and 共200兲, which indicates these films are all randomly oriented. It is found that the Mo content shows little effect on orientation of the grains, but affects the grain size obviously. The relative intensity of peaks is affected by the Mo content. The peaks of BHTM15 film show the strongest relative intensity. With increasing Mo content over 1.5%, the relative intensity of peaks decreases. This implies that the optimal value of Mo content is in favor of grain growth. When Mo content exceeds this value, the integrity of the crystal structure can be undermined. It can be proved by the XRD result of BHTM60 film. The insets in Fig. 1 show the thickness of the BHTM films. The thicknesses are about 741, 794, 767, 728, and 741 nm, respectively. These values are important to calculate the dielectric permittivity and Ec of these films. Figure 2 shows the dielectric properties of BHTM thin films as a function of frequency from 40 Hz to 1 MHz, and the inset shows the dielectric constant and loss measured at 1 MHz as a function of Mo content. It can be seen that the dielectric constant decreases rather slowly with increasing the frequency from 40 Hz to 1 MHz. The dielectric constant of BHTM15 film reaches the maximum value of 391 measured at 1 MHz. The variation in the dielectric loss with Mo content is the similar trend as that of the dielectric constant. Figures 3共a兲–3共e兲 show the polarization-electric 共P-E兲 field hysteresis loops of the BHTM films, and the inset in Fig. 3共c兲 shows the fatigue behavior of BHTM15 film. It is obviously observed that the Mo content results in a remarkable change in ferroelectric properties. The BHTM60 film



FIG. 2. 共Color online兲 Dielectric properties of BHTM thin films as a function of frequency, and the inset shows the dielectric constant and loss at 1 MHz as a function of Mo content.
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FIG. 3. P-E hysteresis loops of BHTM thin films: 共a兲 BHT, 共b兲 BHTM09, 共c兲 BHTM15, 共d兲 BHTM30, and 共e兲 BHTM60 films. The inset in 共c兲 shows the fatigue behavior of the BHTM15 film.



shows a distorted loop at high electric field. It can be attributed to the large leakage current. With increasing the Mo concentration, the 2Pr increases first and then decreases, and the 2Ec shows the opposite trend. The BHTM15 thin film shows the maximum value of 2Pr, 48.4 C / cm2, and the minimum values of 2Ec, 263.5 kV/cm. The widely accepted explanations are listed below. First, the ionic radius of Mo6+ is smaller than that of Ti4+, thus the displacement of the polar ions in BHTM becomes easier.18 Second, since the valency of the substituted cation 共Mo6+兲 is higher than the parent cation 共Ti4+兲, the substitution can be effective to decrease oxygen vacancy by considering the charge neutrality, and the contribution of the high-valence cation substitution to the large Pr is explained by a decrease in defect concentration 共mainly oxygen vacancy兲 that considerably pins the domain motion.11,12,20 These factors lead to the increase in Pr and the decrease in Ec. Furthermore, ferroelectric properties are dependent on both grain orientation and grain size. Since all the films in this work show random orientation, the variation in ferroelectric properties can be explained in terms of grain size. The number of domain variants will increase with increasing grain size.22 This is because increasing grain size reduces the volume fraction of grain boundaries. The coupling between the grain boundaries and the domain wall, which makes domain reorientation more difficult and severely constrains the domain wall motion, will decrease. This then translates to an increase in the achievable domain alignment corresponding to an increase in the values of Pr and a decrease in the values of Ec. It can be proved by the XRD results 共Fig. 1兲 that the grain size is affected by Mo content. So when Mo content exceeds 1.5%, the ferroelectric properties become worse. The polarization fatigue test is carried out by applying bipolar pulses of 1 MHz on the BHTM15 thin film at 300 kV/cm. The Pr values are normalized by their initial values. After the switching of 4.46⫻ 109 cycles, the BHTM15 thin film shows good fatigue-free characteristic. Figure 4 displays the leakage current density-electric 共J-E兲 field characteristics of the BHTM thin films. When Mo content increases from 0% to 1.5%, the values of J decrease, and the curves are symmetric. This phenomenon can also be explained by oxygen vacancy, which is regarded as charge carrier in the ferroelectric films.23–25 It is well known that the BTO-based thin films are not perfectly stoichiometric but contain a certain amount of inherent defects 共e.g., oxygen vacancies兲 resulting from the volatilization of Bi2O3 at high temperatures. As mentioned above, the appropriate Mo content can decrease the concentration of oxygen vacancy by
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FIG. 4. 共Color online兲 J-E characteristics of the BHTM thin films.



considering the charge neutrality. When Mo content exceeds 1.5%, the curves are not symmetric and show an abrupt increase in the leakage current at high electric field region 共approximately above 200 kV/cm兲. When Mo content exceeds the optimum value, the second phase will appear, and the integrity of crystal structure can be undermined due to the volatilization of MoOx during heat treatment. This result can also explain why the BHTM60 film shows distorted hysteresis loop. In summary, the B-site substitution in BHT films with Mo6+ can effectively decrease oxygen vacancy by considering the charge neutrality, which is important to enhance the Pr and reduce the Ec. Also, there is an optimal value of the Mo doping. The BHTM15 thin film exhibits the best electrical properties with 2Pr of 48.4 C / cm2, 2Ec of 263.5 kV/ cm, dielectric constant of 391 共at 1 MHz兲, good insulting behavior, as well as the fatigue-free characteristic. It is suggested that Mo-substituted BHT could be an alternative material for FeRAM applications. The authors would like to thank Mr. Gao Ming, Chen Fei, and Miss Chen Jun for their help. This work was fi-



Downloaded 06 Jan 2009 to 117.32.153.167. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp



























[image: MO, Columbia - DPIL Effect of DPIL on caregiver-child literacy ...]
MO, Columbia - DPIL Effect of DPIL on caregiver-child literacy ...












[image: Effect of fiber length on thermal properties of PALF reinforced ...]
Effect of fiber length on thermal properties of PALF reinforced ...












[image: 04 Effect of torrefaction temperature on properties of Patula pine.pdf ...]
04 Effect of torrefaction temperature on properties of Patula pine.pdf ...












[image: Characterization of ferroelectric material properties of ...]
Characterization of ferroelectric material properties of ...












[image: Effect of surface termination on the electronic properties ...]
Effect of surface termination on the electronic properties ...












[image: Effect of irrigation water on physico-chemical properties ...]
Effect of irrigation water on physico-chemical properties ...












[image: Post deposition annealing effect on the properties of ...]
Post deposition annealing effect on the properties of ...












[image: Portfolio Substitution Effect of Quantitative Easing]
Portfolio Substitution Effect of Quantitative Easing












[image: Effect of pH and sucrose on physical properties of ...]
Effect of pH and sucrose on physical properties of ...












[image: Effect of fiber length on the tensile properties of PALF reinforced ...]
Effect of fiber length on the tensile properties of PALF reinforced ...












[image: Fabrication of metallic nanowires on a ferroelectric ... - CiteSeerX]
Fabrication of metallic nanowires on a ferroelectric ... - CiteSeerX












[image: PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA ...]
PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA ...












[image: PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA ...]
PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA ...












[image: Surface properties of talc and their effect on the ...]
Surface properties of talc and their effect on the ...












[image: The Effect of Crossflow on Vortex Rings]
The Effect of Crossflow on Vortex Rings












[image: Nanoscale Electromechanics of Ferroelectric and ...]
Nanoscale Electromechanics of Ferroelectric and ...












[image: Coestimation of recombination, substitution and molecular ... - Nature]
Coestimation of recombination, substitution and molecular ... - Nature












[image: Effect of Salinity on Biduri.pdf]
Effect of Salinity on Biduri.pdf












[image: The Effect of Crossflow on Vortex Rings]
The Effect of Crossflow on Vortex Rings












[image: Influence of crystallographic orientation on dry etch properties of TiN]
Influence of crystallographic orientation on dry etch properties of TiN












[image: Piezoresponse force spectroscopy of ferroelectric ...]
Piezoresponse force spectroscopy of ferroelectric ...












[image: Effect of earthworms on the community structure of ...]
Effect of earthworms on the community structure of ...












[image: Effect of Dual Fullerenes on Lifetimes of Charge ...]
Effect of Dual Fullerenes on Lifetimes of Charge ...















Effect of Mo substitution on ferroelectric properties of ...






School of Materials Science and Engineering, Wuhan University of ... (Received 1 September 2008; accepted 9 December 2008; published online 31 December 2008) ..... Z. Simoes, C. S. Riccardi, L. S. Cavalcante, E. Longo, J. A. Varela, B. 






 Download PDF 



















 354KB Sizes
 4 Downloads
 269 Views








 Report























Recommend Documents







[image: alt]





MO, Columbia - DPIL Effect of DPIL on caregiver-child literacy ... 

Whoops! There was a problem loading this page. Retrying... Whoops! There was a problem loading this page. Retrying... MO, Columbia - DPIL Effect of DPIL on caregiver-chil ... d school readiness -Thompson Klemp Stinson 2016.pdf. MO, Columbia - DPIL Ef














[image: alt]





Effect of fiber length on thermal properties of PALF reinforced ... 

... the color of the resin changes from pale yellow to dark yellow with the addition of .... length on thermal properties of PALF reinforced bisphenol a composite.pdf.














[image: alt]





04 Effect of torrefaction temperature on properties of Patula pine.pdf ... 

Page 3 of 15. 04 Effect of torrefaction temperature on properties of Patula pine.pdf. 04 Effect of torrefaction temperature on properties of Patula pine.pdf. Open.














[image: alt]





Characterization of ferroelectric material properties of ... 

Jan 5, 2011 - as energy harvesting,1,4,7â€“10 energy storage,10â€“13 and nonvola- tile information .... (Color online) Structural characterization of sol-gel PZT. (a) SEM of metal ( ... mittivity of free space, and s11 is the lateral strain. In deduc














[image: alt]





Effect of surface termination on the electronic properties ... 

estimate the amount of accumulated charge for both terminations by computing the electron occupation of LÃ¶wdin atomic orbitals [6] on each atom in the fully ...














[image: alt]





Effect of irrigation water on physico-chemical properties ... 

sodium content of the irrigated surface soil, The total soluble salts of irrigation water were closely related with EC of SWE, soil suspension and also the sodium adsorption ratio (SAR) of irrigation water with SAR of the SWE, in all the samples anal














[image: alt]





Post deposition annealing effect on the properties of ... 

Feb 12, 2018 - Post deposition in-situ annealing effect on the interfacial and electrical properties of Au/Al2O3/n-InP junctions were investigated. With increasing the annealing time, both the barrier height and ideality factor changed slightly but t














[image: alt]





Portfolio Substitution Effect of Quantitative Easing 

We estimate that an increase in non-borrowed reserves (NBR) at the Fed by $100 ...... the Federal Reserve's Large Scale Asset Purchase programs,â€�Technical ...














[image: alt]





Effect of pH and sucrose on physical properties of ... 

0-2697-6525 Fax. 0-2277-7007 E-mail address: [email protected]. Abstract. The influence of pH and sucrose on physical properties of drinking yoghurt was.














[image: alt]





Effect of fiber length on the tensile properties of PALF reinforced ... 

Effect of fiber length on the tensile properties of PALF reinforced bisphenol composites.pdf. Effect of fiber length on the tensile properties of PALF reinforced ...














[image: alt]





Fabrication of metallic nanowires on a ferroelectric ... - CiteSeerX 

Sep 15, 2006 - Fabrication of silver nanowires on a domain-patterned lithium niobate template by inducing a photochemical reaction in an aqueous solution is.














[image: alt]





PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA ... 

PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA AND ELLIPSE.pdf. PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA AND ...














[image: alt]





PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA ... 

PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA AND ELLIPSE COLOR.pdf. PROJECT ON PROPERTIES AND APPLICATION OF PARABOLA ...














[image: alt]





Surface properties of talc and their effect on the ... 

J.S. Laskowski. University of British Columbia, Vancouver, Canada. D.J. Bradshaw. University of Cape Town, Cape Town, South Africa. ABSTRACT: The rheological behaviour of aqueous suspensions of New York talc has been investigated as a function of pH 














[image: alt]





The Effect of Crossflow on Vortex Rings 

The trailing column enhances the entrainment significantly because of the high pressure gradient created by deformation of the column upon interacting with crossflow. It is shown that the crossflow reduces the stroke ratio beyond which the trailing c














[image: alt]





Nanoscale Electromechanics of Ferroelectric and ... 

Feb 26, 2007 - 2Department of Mathematics and Computer Science, Suffolk University, Boston, .... Table 1 Electromechanical coupling in crystals and molecules .... (c) Ferroelectric tunneling barriers allow an additional degree of .... on scanning pro














[image: alt]





Coestimation of recombination, substitution and molecular ... - Nature 

23 Oct 2013 - Finally, we applied our ABC method to co-estimate recombination, substitution and molecular ... MATERIALS AND METHODS. ABC approach based on rejection/regression .... We defined an initial pool of 26 summary statistics that were applied














[image: alt]





Effect of Salinity on Biduri.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Effect of Salinity ...














[image: alt]





The Effect of Crossflow on Vortex Rings 

University of Minnesota, Minneapolis, MN, 55414, USA. DNS is performed to study passive scalar mixing in vortex rings in the presence, and ... crossflow x y z wall. Square wave excitation. Figure 1. A Schematic of the problem along with the time hist














[image: alt]





Influence of crystallographic orientation on dry etch properties of TiN 

sions, there is a big challenge to find new materials coping with the demanded properties. ... However, only a limited amount of data is available when.














[image: alt]





Piezoresponse force spectroscopy of ferroelectric ... 

much attention for electronic device applications such as nonvolatile memories,1 ferroelectric data storage,2,3 or as a platform for nanofabrication.4 This has ...














[image: alt]





Effect of earthworms on the community structure of ... 

Nov 29, 2007 - Murrell et al., 2000). The development and application of suitable molecular tools have expanded our view of bacterial diversity in a wide range ...














[image: alt]





Effect of Dual Fullerenes on Lifetimes of Charge ... 

Compared with the SubPc-TPA dyad, a long-lived .... distance between the lowest unoccupied molecular orbital ... The nearest distance between the LUMO.


























×
Report Effect of Mo substitution on ferroelectric properties of ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















