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PERSONAL DATA

Name: David 

Surname: Muñoz Ramo

Date of birth: 04-04-1976

Born in: Barcelona, Spain

Nationality: Spanish

Languages: Spanish (native), Catalan (native), English (fluent)

PROFESSIONAL EXPERIENCE

· Research Associate (September 2011-Now) in the department of Materials Science and Metalurgy of the University of Cambridge, in the group of Paul D. Bristowe.

· Research Assistant (February 2009-September 2011) in the deparment of Earth Sciences of the University College London, in the group of Prof. Lars Stixrude.

· Guest researcher (April-July 2008), University of Uppsala, Uppsala, Sweden

· Research Assistant (December 2004-February 2009) in the deparment of Physics & Astronomy of the University College London, in the group of Prof. Alex Shluger.

ACADEMIC INFORMATION

· Doctor of Philosophy (Ph. D.) in Chemistry in the University of Barcelona (2004) with the thesis “ab initio study of the magnetic coupling in cuprate superconductors and manganites”

· Master in Computational Chemistry in the University of Barcelona (1999)

· Degree in Chemistry in the University of Barcelona (1998)

RESEARCH INTERESTS

During my Ph. D. in Barcelona, I worked on the characterization of magnetic coupling interactions in narrow-band insulators and their relation to properties of technological interest. Several studies suggest the possibility of an interplay between the apparition of phenomena like the High-Tc superconductivity found in several cuprates or the colossal magnetoresistance observed in manganese oxides and the magnetic ordering present in these materials. In order to obtain accurate models for explaining these phenomena, a detailed knowledge of the magnetic couplings between the different cation sites in these materials is needed. We applied a combined embedded cluster-periodic model scheme to investigate these interactions and obtain reliable values of the magnetic coupling constant for a series of cuprate superconductor parent compounds and manganese perovskites. Details of these works can be obtained in papers 13-19 in the Publication List.

Since my appointment as research assistant in the group of Prof. Alex Shluger, mi work has been oriented towards the study of defects in oxides. In first place, I have investigated the effect of the creation of oxygen vacancies with different charge states on the electronic structure and properties of the high dielectric constant oxides HfO2 and ZrO2.  As these oxides are being explored as possible substitutes for the SiO2 gate dielectric, it is necessary to understand the effect of vacancies on the reliability of new devices incorporating these materials. The results of this work are shown in more detail in papers 6 and 9-12 in the Publication List. I have also extended this research to the characterization of the electronic structure and spectroscopic properties of polarons and excitons in these oxides. The relevance of this investigation is twofold; on one hand, the presence of polarons and excitons may modify the performance of new devices. On the other hand, the results obtained suggest that the presence of polarons could be more extended in oxides than expected. In addition, I’m exploring mechanisms of radiation damage induced by the presence of excitons on these materials. (see papers 4 and 5 for more detail). As a complement to this research, I have also studied several phases of HfO2 doped with Ti ions. Incorporation of Ti into the matrix of HfO2 has been reported to significantly increase the dielectric constant of this material, although the mechanisms that trigger this increase are still nonclarified. The focus of my research in this area has been mainly to investigate these mechanisms and analyze the impact of Ti doping in the electron/hole trapping properties of HfO2. This work is explained in detail in paper 2 of the Publication List.

In parallel to this investigation, I’m currently working on the development and testing of embedded cluster methods and classical interatomic potentials for the study of defects in HfO2 and ZrO2, which can incorporate in a self-consistent way the relaxation induced by the presence of a defect in the crystal lattice. The purpose of this research is to get a cheap and reliable way of analyzing the electronic structure and optical properties of defects avoiding the high computational effort present in periodic models. This model has been successfully used to study the spectroscopy of the compound 12CaO.7Al2O3 with different dopants incorporated in its structure (see papers 7 and 8 in the publication list), and in the study of the electronic structure and spectroscopic properties of oxygen vacancy defects in ZrO2 nanocrystallites and yttrium-doped cubic ZrO2 (see papers 1 and 3).

TEACHING

· Tutor for Year 1 Physics students in University College London (2006-2008)

· Professor in Problem Classes for Year 1 Physics students in University College London (2005)

· Assistant professor in Computer Labs for Year 1 Chemistry students in University of Barcelona (2002-2004)

PROFESSIONAL SKILLS

· Ab initio calculation and analysis of the electronic structure of molecules and solids.

· Ab initio simulation and analysis of spectroscopic properties (optical absorption, EPR).

· Development of classical interatomic potentials.

· Static and molecular dynamics calculations using classical interatomic potentials.

· Interpretation of experimental data in relation with ab initio simulations.

· Writing of peer-reviewed articles.

· Design and execution of oral and poster presentations for conferences.

COMPUTATIONAL CODES

· Operating systems: Windows98/XP, Linux

· Quantum mechanical codes (molecular calculations): GAUSSIAN, MOLCAS

· Quantum mechanical codes (solid state calculations): VASP, CRYSTAL

· Codes using classical interatomic potentials & molecular dynamics: GULP

· Programming: Fortran, Perl

THREE MOST RELLEVANT PUBLICATIONS

1.-  D. Muñoz, F. Illas, and I. de P. R. Moreira, “Accurate prediction of large antiferromagnetic interactions in high-Tc HgBa2Can-1CunO2n+2+ (n=2,3) superconductor parent compounds”, PHYSICAL REVIEW LETTERS 84 (7): 1579-1582 (2000) 

This was the first paper written during my Ph.D. Its relevance comes from the relationship obtained between the predicted magnetic ordering obtained for a series of cuprate compounds and their superconducting properties observed experimentally upon doping. In this paper, I calculated the strength of the magnetic interactions (represented by the so-called magnetic coupling constant, J) through ab initio methods for a series of parent compounds of cuprates which develop superconducting properties after doping with cations. These calculations involved creating embedded cluster models for each cuprate and calculating the energy of different spin states of the system, which would be related later to the value of J between copper centers through an effective Hamiltonian. Comparison of the obtained magnetic coupling constant values with the maximum critical temperature of superconductivity (Tc) for each compound showed a link between these two magnitudes; large values of J were associated to large values of Tc, thus suggesting a link between the magnetic ordering and the mechanisms responsible for the presence of a superconducting phase in these materials.

2.- D. Muñoz Ramo, J. L. Gavartin, A. L. Shluger, and G. Bersuker, “Spectroscopic properties of oxygen vacancies in monoclinic HfO2 calculated with periodic and embedded cluster density functional theory”, PHYSICAL REVIEW B 75 (20): Art. No. 205336 (2007)

I highlighted this paper because of the comprehensive study performed to characterize one of the most important defects in the oxide HfO2, the oxygen vacancy, which involved the use of several techniques. Oxygen vacancies may be present in this material in different charge states, including two in which the charge of the defect is negative; these two states are uncommon in oxides. In order to prepare HfO2 for its use in new semiconductor devices, it is necessary to understand which charge states are predominant during the different modes of operation of the device, as some of them may produce an increase in the leakage current or may induce device breakdown. Spectroscopic and electrical measurements provide information about the character of the oxygen vacancy, but this information requires interpretation through theoretical modeling. In this paper, I modeled the different charge states of the oxygen vacancy through a combination of periodic models and embedded cluster models, obtaining information about their electronic structure and predicting their thermal de-trapping activation energy, optical absorption spectrum and EPR g-tensor in order to provide guidance for the interpretation of experimental data. 

3.- D. Muñoz Ramo, J. L. Gavartin, A. L. Shluger, and G. Bersuker, “Theoretical prediction of intrinsic self-trapping of electrons and holes in monoclinic HfO2”, PHYSICAL REVIEW LETTERS 99, 155504 (2007). 

This paper is an extension of the concepts explored in the previous paper to the case of a perfect lattice. In this case, the objective was to investigate if the presence of negatively charged oxygen vacancies observed in HfO2 was a sign of the capability of this material to self-trap electrons or holes in the perfect system through a polaron mechanism. We applied a similar combined approach to that used in the previous paper to study the stability of self-trapped holes and electrons in the system. We observed that both electron and hole polaron self-trapping are possible in HfO2; this result is surprising, as there are many examples of oxides that may self-trap electrons (TiO2, NiO…) or holes (amorphous SiO2, for example), but no oxide has been found to be able to self-trap both charges so far. We believe that this behavior is related to a combination of a high dielectric constant and the anisotropy of the monoclinic HfO2 structure. As with oxygen vacancies in the previous paper, I performed a calculation of the spectroscopic properties of these polaronic states, as well as an estimation of the diffusion barriers for polaron motion, in order to provide information for their experimental detection.
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LIST OF PUBLICATIONS

Peer-reviewed articles

1. D. Muñoz Ramo, A. L. Shluger, and G. Bersuker, “Ab initio study of charge trapping and dielectric properties of Ti-doped HfO2”, PHYSICAL REVIEW B 79, 035306 (2009).

2. D. Muñoz Ramo, P. V. Sushko, J. L. Gavartin, and A. L. Shluger, “Oxygen vacancies in cubic ZrO2 nanocrystals studied by an ab initio embedded cluster method”, PHYSICAL REVIEW B 78, 235432 (2008). 

3. D. Muñoz Ramo and A. L. Shluger, “Structure and spectroscopic properties of oxygen divacancy in yttrium-stabilized zirconia”, JOURNAL OF PHYSICS: CONFERENCE SERIES 117, 012022 (2008).

4. D. Muñoz Ramo, J. L. Gavartin, A. L. Shluger, and G. Bersuker, “Theoretical prediction of intrinsic self-trapping of electrons and holes in monoclinic HfO2”, PHYSICAL REVIEW LETTERS 99, 155504 (2007).

5. D. Muñoz Ramo, J. L. Gavartin, A. L. Shluger, and G. Bersuker, “Intrinsic and defect-assisted      trapping of electrons and holes in HfO2: an ab initio study”, MICROELECTRONIC ENGINEERING 84 (9-10): 2362-2365 (2007)

6. D. Muñoz Ramo, J. L. Gavartin, A. L. Shluger, and G. Bersuker, “Spectroscopic properties of oxygen vacancies in monoclinic HfO2 calculated with periodic and embedded cluster density functional theory”, PHYSICAL REVIEW B 75 (20): Art. No. 205336 (2007)

7. K. Hayashi, P. V. Sushko, D. Muñoz Ramo, A. L. Shluger, S. Watauchi, I. Tanaka, S. Matsuishi, M. Hirano, and H. Hosono, “Nanoporous crystal 12CaO.7Al2O3: A playground for studies of ultraviolet optical absorption of negative ions”, JOURNAL OF PHYSICAL CHEMISTRY B 111 (8): 1946-1956 (2007) 

8. P. V. Sushko, D. Muñoz Ramo, and A. L. Shluger, “Electronic structure and spectroscopic properties of interstitial anions in the nanoporous complex oxide 12CaO .7Al2O3”, PHYSICA STATUS SOLIDI A-APPLICATIONS AND MATERIALS SCIENCE 204 (3): 663-669 (2007)

9. A. M. Stoneham, J. L. Gavartin, A. L. Shluger, A. V. Kimmel, D. Muñoz Ramo, H. M. Ronnow, G. Aeppli, and C. Renner, “Trapping, self-trapping and the polaron family”, JOURNAL OF PHYSICS-CONDENSED MATTER 19 (25): Art. No. 255208 (2007)

10. A. M. Stoneham, J. L. Gavartin, D. Muñoz Ramo, and A. L. Shluger, “The vulnerable nanoscale dielectric”, PHYSICA STATUS SOLIDI A-APPLICATIONS AND MATERIALS SCIENCE 204 (3): 653-662 (2007)

11. J. L. Gavartin, D. Muñoz Ramo, A. L. Shluger, and G. Bersuker, “Polaron-like charge trapping in oxygen deficient and disordered HfO2: theoretical insight”, ECS TRANSACTIONS, 3(3) 277 (2006)

12. J. L. Gavartin, D. Muñoz Ramo, A. L. Shluger, G. Bersuker, and B. H. Lee, “Negative oxygen vacancies in HfO2 as charge traps in high-k stacks”, APPLIED PHYSICS LETTERS 89 (8): Art. No. 082908 (2006)

13. D. Muñoz, I. de P. R. Moreira, and F. Illas, “Magnitude of interplane effective parameters in multilayered high-T-c cuprate superconductors”, PHYSICAL REVIEW B 71 (17): Art. No. 172505 (2005) 

14. D. Muñoz, C. de Graaf, and F. Illas, “Putting error bars on the ab initio theoretical estimates of the magnetic coupling constants: The parent compounds of superconducting cuprates as a case study”, JOURNAL OF COMPUTATIONAL CHEMISTRY 25 (10): 1234-1241 (2004)

15. D. Muñoz, N. M. Harrison, and F. Illas, “Electronic and magnetic structure of LaMnO3 from hybrid periodic density-functional theory”, PHYSICAL REVIEW B 69 (8): Art. No. 085115 (2004)

16. F. Illas, D. Muñoz, C. de Graaf C, and I. de P. R. Moreira, “Unexpected role of Madelung potential in monoplanar high-T-c cuprate superconductors”, CHEMICAL PHYSICS LETTERS 379 (3-4): 291-296 (2003) 

17. D. Muñoz, I. de P. R. Moreira, and F. Illas, “Effective t-J model Hamiltonian parameters of monolayered cuprate superconductors from ab initio electronic structure calculations”, PHYSICAL REVIEW B 65 (22): Art. No. 224521 (2002) 

18. I. de P. R. Moreira, D. Muñoz, F. Illas, C. de Graaf, and M. A. Garcia-Bach, “A relationship between electronic structure effective parameters and Tc in monolayered cuprate superconductors”, CHEMICAL PHYSICS LETTERS 345 (1-2): 183-188 (2001)

19. D. Muñoz, F. Illas, and I. de P. R. Moreira, “Accurate prediction of large antiferromagnetic interactions in high-Tc HgBa2Can-1CunO2n+2+ (n=2,3) superconductor parent compounds”, PHYSICAL REVIEW LETTERS 84 (7): 1579-1582 (2000) 

Thesis work

1. D. Muñoz Ramo, “Ab initio models for the study of magnetic coupling in cuprate superconductors and manganites”, Ph. D.  Tesis, group of Prof. F. Illas, Dept. of Physical Chemistry, University of Barcelona, 2004.

CONFERENCE TALKS & POSTERS

1. D. Muñoz Ramo, P. V. Sushko, and A. L. Shluger, “The electronic structure and properties of defects in cubic ZrO2”, poster presentation at “Accessing Large Length and Time Scales with Accurate Quantum Methods” workshop, London (UK), January 2009.

2. D. Muñoz Ramo, P. V. Sushko, and A. L. Shluger, “Embedded clusters or periodic  calculations? Example: ZrO2”, oral presentation at “Condensed Matter Calculations in Chemistry and Physics –Methods and Strategies Symposium”, Uppsala (Sweden), October 2008.

3.  D. Muñoz Ramo, J. L. Gavartin, A. L. Shluger, and G. Bersuker, “Ab initio study of electron and hole polarons and charged defects in HfO2”, oral presentation at ICDIM2008 conference, Aracaju (Brazil), august 2008.

4. D. Muñoz Ramo, P. V. Sushko, and A. L. Shluger, “The electronic structure and properties of defects in cubic ZrO2”, poster presentation at ICDIM2008 conference, Aracaju (Brazil), august 2008.

5. D. Muñoz Ramo, A. L. Shluger, and G. Bersuker, “Dielectric response and charge trapping properties in Ti doped HfO2”, poster presentation at ICDIM2008 conference, Aracaju (Brazil), august 2008.

6. D. Muñoz Ramo, A. L. Shluger, and G. Bersuker, “Dielectric response and charge trapping properties in Ti doped HfO2”, oral presentation in WODIM2008 workshop, Bad Saarow (Germany), June 2008.

7. D. Muñoz Ramo, J. L. Gavartin, A. L. Shluger, and G. Bersuker, “Electron and hole trapping in perfect and defective monoclinic HfO2”, poster presentation in WODIM2008 workshop, Bad Saarow (Germany), june 2008.

8. D. Muñoz Ramo, P. V. Sushko, and A. L. Shluger, “Embedded cluster model for the ab initio study of defects in Y-doped ZrO2”, poster presentation in “New Horizons in Modelling Surface Processes”, London (UK), April 2008

9. D. Muñoz Ramo, J. L. Gavartin, and A. L. Shluger, “Ab initio study of the electronic structure and properties of charged defects in HfO2”, oral presentation in MC8 conference, London (UK) July 2007

10. D. Muñoz Ramo, J. L. Gavartin, A. L. Shluger, and G. Bersuker, “Intrinsic and defect-assisted trapping of electrons and holes in HfO2: an ab initio study”, oral presentation in INFOS2007, Glyfada (Greece), June 2007

11. D. Muñoz Ramo, J. L. Gavartin, and A. L. Shluger, “Ab initio study of the electronic structure and properties of charged defects in ZrO2 and HfO2”, oral presentation in EURODIM conference, July 2006

12. D. Muñoz Ramo, J. L. Gavartin, P. V. Sushko, and A. L. Shluger, “Charged defects in HfO2/ZrO2: ab initio study of optical absorption and EPR properties”, poster presentation in E-MRS conference, Nice (France) May 2006

13. D. Muñoz Ramo, P. V. Sushko, J. L. Gavartin, and A. L. Shluger, “Role of V- and V2- defects in trapping/detrapping processes in HfO2”, oral presentation in E-MRS conference, Nice (France) May 2006

14. D. Muñoz Ramo, J. L. Gavartin, and A. L. Shluger, “Defect properties at the  HfO2/SiO2 interface from ab initio calculations”, poster presentation in TNT2005 conference, Oviedo (Spain) August 2005 

15. D. Muñoz Ramo, P. V. Sushko, J. L. Gavartin, and A. L. Shluger, “Embedded cluster model for the study of the HfO2/SiO2 interface”, poster presentation in ISSC15 conference, Cardiff (UK) June 2005

16. D. Muñoz Ramo, I. de P. R. Moreira, and F. Illas, “ab initio calculation of the magnetic coupling in high-Tc HgBa2Can-1CunO2n+2+ (n=2,3) superconductor parent compounds”, poster presentation in “Density Functional Theory of Complex Oxides” workshop, The Royal Institution of Great Britain, London, U.K., May - 2001

INVITED TALKS/SEMINARS

1. “Charge localization and dielectric enhancement in HfO2: ab initio study”, Department of Materials Chemistry, University of Uppsala, Sweden (June 2008)

