58305BUD-11A (1-04)
U. S. DEPARTMENT OF ENERGY
Page 1
FIELD WORK PROPOSAL
	1.  WORK PACKAGE NO.:

	1a.  WORK PROPOSAL NO.:

	2.  REVISION NO.:

	3.  DATE PREPARED
04-15-04
	3a.  CONTRACTOR NO.:
58305

	4.  WORK PACKAGE TITLE:
Materials Science
	4a.  WORK PROPOSAL TITLE:
Ceramic Epitaxial Films

	5.  BUDGET & REPORTING CODE:
KC-02-02-02
	6.  WORK PROPOSAL TERM:

Begin:
End:



	7.
IS THIS WORK PACKAGE IN-

CLUDED IN THE INST. PLAN?

 FORMCHECKBOX 
  YES
 FORMCHECKBOX 
  NO
	7a.  PRINCIPAL INVESTIGATORS:
Eastman, J.



	8.  HEADQUARTERS/OPERATIONS OFC PROGRAM MANAGER:
 Dehmer, P. M. 
301-903-3081
	11.  HEADQUARTERS ORGANIZATION:

BES/Materials Science
	14.  DOE ORG. CODE:

SC

	9.  OPERATIONS OFFICE WORK PROPOSAL REVIEWER:

	12.  OPERATIONS OFFICE:
Chicago
	15.  DOE ORG. CODE:

CH

	10.  CONTRACTOR WORK PROPOSAL MANAGER:
 Crabtree, G. W.  630-252-5509
	13.  CONTRACTOR NAME:

University of Chicago/ANL
	16.  CODE:

12

	

	17.  IS THIS PROPOSAL TO DO WORK THAT INCLUDES A SECURITY INTEREST?
	 
	YES
	X
	NO

	

	18.  WORK PROPOSAL DESCRIPTION (Approach, anticipated benefit in 200 words or less):

This program seeks to elucidate the processing-structure-properties relationships of complex-oxide thin films and layered heterostructures prepared by MOCVD, sputter deposition and chemical solution deposition. Our emphasis is on ferroelectric, high-dielectric-constant and low-loss perovskite oxides, and other oxides with nonlinear optical properties or large electronic dielectric responses. The goal is to use thin-film microstructure in well-defined model systems to manipulate film dielectric, ferroelectric, pyroelectric, electro-optic and acousto-optic behavior. We explore properties as a function of crystallographic orientation and film microstructure, from epitaxial single-crystalline to columnar or random poly- or nanocrystalline. Results from these studies, combined with comparison of film response to that of bulk single crystals, enables us to gain fundamental understanding of the effects of interfaces on the physics of complex oxides.

To check or uncheck boxes, highlight an appropriate box, copy it, and paste over existing box.


	19.  CONTRACTOR WORK PROPOSAL MANAGER:


	20.  OPERATIONS OFFICE REVIEW OFFICIAL:


	IF YOU NEED TWO LINES FOR SIGNATURE ADD BORDERS TO TOP OF THIS AND DATE CELL
	
	04-15-04
	
	
	04-15-04

	SIGNATURE
	
	DATE
	SIGNATURE
	
	DATE

	21.  DETAIL ATTACHMENTS: (See instructions.)  Task Proposals Attached.

 FORMCHECKBOX 

a.
Facility requirements
 FORMCHECKBOX 

d.
Background
 FORMCHECKBOX 

g.
Future accomplishments
 FORMCHECKBOX 

j.
Explanation of milestones
 FORMCHECKBOX 

b.
Publications
 FORMCHECKBOX 

e.
Approach
 FORMCHECKBOX 

h.
Relationships to other projects
 FORMCHECKBOX 

k.
Human or Animal Subjects Activities

 FORMCHECKBOX 

c.
Purpose
 FORMCHECKBOX 

f.
Technical progress
 FORMCHECKBOX 

i.
Environmental assessment
 FORMCHECKBOX 

l.
Other


BUD-11B (1-04)
WORK PROPOSAL REQUIREMENTS FOR OPERATING/EQUIPMENT
Page 2
OBLIGATIONS AND COSTS
	CONTRACTOR NAME
University of Chicago/ANL
	WORK PROPOSAL NO.

	REVISION NO.

	CONTRACTOR NO.
«FWP_CONTR_NUM»
	DATE PREPARED
04-15-04

	22.
STAFFING (in staff years)
	
PRIOR
	
	
FY «Y1»
	
FY «Y2»
	
	
	 TOTAL TO

	
	
YEARS
	
FY «Y0»
	ESTIMATE
	
REVISED
	
 REQUEST
	 AUTHORIZED
	 
FY «Y3»
	FY «Y4»
	 COMPLETE

	a.
SCIENTIFIC


b.
OTHER DIRECT


c.
TECHNICAL SERVICES*


d.
TOTAL DIRECT

	
	«SCI_RY0»
«OTH_RY0»
«TSL_RY0»
«DIR_RY0»
	«SCI_EY1»
«OTH_EY1»
«TSL_EY1»
«DIR_EY1»

	«SCI_RY1»
«OTH_RY1»
«TSL_RY1»
«DIR_RY1»

	«SCI_QY2»
«OTH_QY2»
«TSL_QY2»
«DIR_QY2»

	
	«SCI_EY3»
«OTH_EY3»
«TSL_EY3»
«DIR_EY3»

	«SCI_EY4»
«OTH_EY4»
«TSL_EY4»
«DIR_EY4»

	

	23.
OBLIGATIONS AND COSTS


(in thousands)

a.
TOTAL OBLIGATIONS


b.
TOTAL COSTS

	
	«OBA_RY0»
«OBO_RY0»

	«OBA_EY1»
«OBO_EY1»

	«OBA_RY1»
«OBO_RY1»

	«OBA_QY2»
«OBO_QY2»

	
	«OBA_EY3»
«OBO_EY3»

	«OBA_EY4»
«OBO_EY4»

	

	24.
EQUIPMENT (in thousands)

a.
EQUIPMENT OBLIGATIONS


b.
EQUIPMENT COSTS

	
	«EBA_RY0»
«EBO_RY0»

	«EBA_EY1»
«EBO_EY1»

	«EBA_RY1»
«EBO_RY1»
	«EBA_QY2»
«EBO_QY2»

	
	«EBA_EY3»
«EBO_EY3»

	«EBA_EY4»
«EBO_EY4»

	

	25.  MILESTONE SCHEDULE (Tasks)
	
FY «Y2» DOLLARS
	
PROPOSED
	
AUTHORIZED

	
	
PROPOSED
	
AUTHORIZED
	
SCHEDULE
	
SCHEDULE

	
	
	
	
	

	26.  REPORTING REQUIREMENTS




*Technical services staffing includes ANL support divisions' scientific effort.
	BUD-10 (1-04)
	
	

	CONTRACTOR NAME

University of Chicago/ANL
	CONTRACTOR CODE


12
	CONTRACTOR NUMBER


58305

	WORK PACKAGE NUMBER



	WORK PROPOSAL NUMBER



	DATE PREPARED

04-15-04
	REVISION NUMBER




	21.  DETAIL ATTACHMENTS: (See instructions.)  Task Proposals Attached.
 FORMCHECKBOX 

a.
Facility requirements
 FORMCHECKBOX 

d.
Background
 FORMCHECKBOX 

g.
Future accomplishments
 FORMCHECKBOX 

j.
Explanation of milestones
 FORMCHECKBOX 

b.
Publications
 FORMCHECKBOX 

e.
Approach
 FORMCHECKBOX 

h.
Relationships to other projects
 FORMCHECKBOX 

k.
Human or Animal Subjects Activities

 FORMCHECKBOX 

c.
Purpose
 FORMCHECKBOX 

f.
Technical progress
 FORMCHECKBOX 

i.
Environmental assessment
 FORMCHECKBOX 

l.
Other


	b.  Publications

DNA-Modified Nanocrystalline Diamond Thin-Films as Stable, Biologically Active Substrates

          W. S. Yang (Univ. Wisconsin, Madison), O. Auciello, J. E. Butler   (Naval    Res. Lab.., Washington, 
          DC), W. Cai (Univ. Wisconsin, 
Madison), J. A. Carlisle, J. E. Gerbi, D. M. Gruen, T., Knickerbocker  

          Univ. Wisconsin, Madison), T. L. Lasseter (Univ. Wisconsin, Madison), 
J. N. Russell, Jr. (Naval Res. 

          Lab., Washington, DC), L. M. Smith (Univ. Wisconsin, Madison), R. J. Hamers (Univ. Wisconsin, 

          Madison)
              
Nature 1, 253-257 (2002)

Layered Cu-Based Electrode for High-Dielectric Constant Oxide Thin Film-Based Devices

          W. Fan, S. Saha, J. A. Carlisle, O. Auciello,  R. P. H. Chang  (Northwestern Univ.,  Evanston, IL), R.
          Ramesh (Univ. Maryland,  College Park)



Appl. Phys. Lett. 82,(9), 1452 (2003)

Bonding Structure in Nitrogen Doped Ultrananocrystalline Diamond


J. Birrell (Univ. Illinois, Urbana), J. E. Gerbi, O. Auciello, J. M. 
Gibson (ANL-APS), D. M. Gruen,
             J. A. Carlisle



J. Appl. Phys. 93,(9), 5606 (2003)

Dynamics of Ferroelastic Domains in Ferroelectric Thin Films


V. Nagarajan, A. Roytburd, A. Stanishevsky, S. Prasertchoung, T. Zhao, L. Chen, J. Melngailis, O. 
             Auciello, R. Ramesh



Nature Mater. 2,(1), 43-47 (2003)

Evaluation of Intrinsic and Extrinsic Contributions to the Piezoelectric Properties of PB(Zr1-xTx)O3 Thin Films as a Functions of Composition


D.-J. Kim (North Carolina State Univ.), J.-P. Maria (North Carolina State Univ.), A. I. Kingon (North
             Carolina State Univ.), S. K. Streiffer



J. Appl. Phys. 93,(9), 5568 (2003)

Bismuth Volatility Effects on the Perfection of SrBi2Nb2O9 and SrBi2Ta2O9 Films


M. A. Zurbuchen (Pennsylvania State Univ.), J. Lettieri (Pennsylvania 
State Univ.), S. J. Fulk 
            (Pennsylvania State Univ.), Y. Jia (Pennsylvania State Univ.), A. H. Carim (Pennsylvania State Univ.), 
D. G. Schlom (Pennsylvania State Univ.), S. K. Streiffer



Appl. Phys. Lett. 82,(26), 4711 (2003)

Development of Materials Integration Strategies for Electroceramic Film-Based Devices via complementary In Situ and Ex Situ Studies of Film Growth and Interface Processes


O. Auciello, A. M. Dhote, R. Ramesh (Univ. Maryland), B. T. Liu, S. Aggarwal, A. H. Mueller, N. A.
             Suvarova, E. A. Irene



Proc. 1st Int. Symp. on Ferroelectric Random Access Memories, 
Nara, Japan, Nov. 19-21, 
                         2001, Integrated Ferroelectrics, Vol. 46 (2003) pp. 295-306

In Situ X-Ray Studies of Vapor Phase Epitaxy of PbTiO3 (Invited)


G. B. Stephenson, D. D. Fong, M. V. R. Murty, S. K. Streiffer, J. A. Eastman, O. Auciello, P. H. Fuoss,
             A. Munkholm (Lumileds, Lighting, 
California), M. E. M. Aanerud (NIU), C. Thompson (NIU)



Proc. 7th Int. Conf. on Surface X-Ray and Neutron Scattering, Lake Tahoe, CA, Sep. 23-27,
                          2002, Physica B Vol. 336 (2003), pg. 81-89

In-Situ Studies of PbTiO3 Thin Films (Plenary)


S. K. Streiffer, G. B. Stephenson, J. A. Eastman, C. Thompson 
(Northern Illinois Univ. and ANL-
            MSD), D. D. Fong, O. Auciello, P. H. Fuoss



Proc. of the 11th US-Japan Seminar on Dielectric & Piezoelectric Ceramics, Sapporo, Japan, 
                          Sep. 9-12, 2003, pp. 171-178

c.  Purpose

In this program, experiments are combined with computer simulations (supported through FWP 58307) to elucidate the processing-structure-properties relationship of epitaxially grown ceramic thin films and layered heterostructures prepared by MOCVD, sputter deposition, and chemical solution deposition, and to compare and contrast the behavior of such films with their polycrystalline counterparts.  Our main emphasis is on electro-ceramic materials, with emphasis on ferroelectric, high-dielectric-constant and low-loss perovskites. The main goal is to understand the interrelationship between thin-film microstructure and dielectric, ferroelectric, pyroelectric, electro-optic and acousto-optic properties, with a principal focus on the understanding of interfacial phenomena. Through our ability, in both experiments and computer simulations, to control the orientation and microstructure of such films, significant optimization of materials properties relevant to device performance can also be achieved. This can be expected to have substantial impact on the design and fabrication of non-volatile ferroelectric random-access memories (NVFRAMs), next generation field-effect devices, new dynamic random-access memories (DRAMs) based on high-dielectric-constant films, electric-field tunable high-frequency devices, piezoelectric actuators and sensors, and pyroelectric detectors, among many other applications.  

The main objectives of this program are:
· To enhance our fundamental understanding of the processing-structure-properties relationship of thin ceramic films and multilayers synthesized by MOCVD, sputter deposition, and chemical solution deposition;

· To explore the fundamental physics of nanosized ferroelectrics, and to determine the impact of nanoconfinement on the ferroelectric collective response;

· To address basic-science issues concerning the synthesis of ceramic oxide thin films on nominally oxidizable substrates, such as silicon;

· To understand and control the mechanisms of strain accommodation through dislocation and twin formation in epitaxial and polycrystalline ceramic thin films;

· To determine the role of the atomic-scale structure of grain boundaries and heterophase interfaces in altering phase-transformation behavior and electronic properties as compared to those of bulk materials.

The ability to synthesize oriented, high-quality single-crystal films enables us to explore the behavior of these materials in well-defined model systems. Complementary to the experiments, computer simulations (funded under FWP 58307) permit a systematic approach towards elucidating the interrelation between microstructure and physical properties. This is important since in many cases, polycrystalline films are ultimately of most interest. However, for such microstructurally complex systems it may be difficult experimentally to determine the correlation between particular microstructural features and specific contributions to an observed physical behavior.

e.   Approach

O. Auciello (40%), S. Streiffer (40%).

The program is organized into two major project areas:

In-situ Studies of Complex Oxide Synthesis and Properties at the APS

In collaboration with MSD's Synchrotron Radiation Studies Group and in close coordination with FWP 58307, a facility for in-situ x-ray studies of MOCVD thin-film growth, post-growth thin-film processing and environmental effects has been developed at the APS-BESSRC beam line 12ID-D. In-situ growth studies at the APS enable the identification of growth modes and growth phases, surface structure and chemistry and interface roughness. We have also developed experimental techniques to synchronize electrical characterization of an insulating oxide film with synchrotron x-ray scattering data collection. This allows determination of electric-field-dependent film structure under dynamic conditions, of interest for instance in non-equilibrium space-charge segregation to interfaces.

Thin Film Electroceramics

This project focuses on the relationship between microstructure and properties of electroceramic thin films and heterostructures prepared by metal-organic chemical vapor deposition (MOCVD), sputter deposition, and chemical solution deposition. Our ability to manipulate the film microstructure, from single-crystalline to columnar or random poly- and nanocrystalline, enables us to elucidate the response of these materials both from the basic-science and device-application points of view. This is important since most current devices rely on polycrystalline films. Particular emphasis is placed on characterizing the atomic structure of film-substrate interfaces, grain boundaries, and domain walls, including domain-switching dynamics; solid-solution behavior and its effects on interfacial strains, phase behavior and dielectric properties; off-stoichiometry accommodation, segregation, space-charge and screening; with emphasis on correlating controlled changes in microstructure with properties.

f. Technical Progress

In-situ Studies of Complex Oxide Growth and Structure in the Metalorganic Chemical Vapor Deposition Environment

In collaboration with MSD's Synchrotron Radiation Studies Group and in close coordination with FWP 58307, a facility for in-situ x-ray studies of MOCVD thin-film growth, post-growth thin-film processing and environmental effects has been developed at the APS-BESSRC beam line 12ID-D. Major highlights for 2002-2003 include exploration of synthesis of ferroelectric films with B-site substitution so as to control the misfit strain with the SrTiO3 growth substrate, and synthesis of ferroelectric films on conductive substrates, so as to explore the effect of electrical boundary conditions on the phase diagram of these systems.

Study of Ferroelectric Phenomena at the Nanoscale

In collaboration with Prof. Ramesh (Univ. of Maryland) we demonstrated that ferroelectric nanostructures exhibit unique behavior. We used an AFM piezoresponse imaging technique to image domains at the nanoscale. We demonstrated that 90˚ domains move when a laterally unconstrained nanostructure is produced, freeing the ferroelectric film from the constraint of a planar film. We have also developed direct-write electron-beam lithography methods for producing nanoscale ferroelectric structures using a chemical-solution-deposited layer. Because an etching process is not used in this route for nanostructuring, we were able to use structures produced through this method to avoid processing-induced damage that is known to degrade the ferroelectric response. We imaged the polarization in dot of 120 nm and 70 nm diameter using the AFM piezoresponse imaging technique, which demonstrated that structures with these lateral dimensions exhibit good ferroelectric behavior.

Perovskite Electroceramics

Synthesis and Characterization of Advanced Piezoelectric Thin Films: The dielectric response of a system is strongly influenced by complex cooperative interactions, as manifested for instance by ferroelectricity in perovskites. Introduction of chemical disorder clearly modifies these cooperative interactions; this in turn impacts the development of order and phase behavior. Although generic features of such effects are clear, the detailed physics occurring in real materials is not understood. This is exemplified in the so-called relaxor ferroelectrics, where crystallographic site disorder is implicated in a dipole-glass-like response. We investigated the behavior of thick (greater than 1 micron) x(Pb(Mg1/3Nb2/3)O3)-(1‑x)PbTiO3 relaxor ferroelectric films, which demonstrate piezoelectric coefficients approximately 50% higher than have been achieved in other film systems.

Material Science and Integration Strategies for a New Hybrid TixAl1-xOy Layer as Alternative Gate Oxide for Sub-100 nm MOSFET Devices

We performed fundamental science to understand the properties basis for a new TiXAl1-xOy (TAO) oxide layer with high dielectric constant (k), and explored materials integration strategies to effectively synthesize this material on the normally oxidizable substrate, Si. The new layer investigated and developed in our laboratory exhibits an intriguing combination of properties, namely: (a) a dielectric constant = 28-30 (higher than that of most amorphous dielectric oxides); (b) thermodynamic stability when integrated with Si (a SiO2 interface layer only 0.08 - 0.1 nm thick is formed when a TAO layer with a physical thickness of about 7 nm is grown on Si); (c) bandgap ~  4 eV; (d) leakage current ~ 10-5 A/cm2 at 1 V for a SiO2 equivalent thickness ~ 1.3 nm; and (e) relatively low density of electrically active defects at the oxide/Si interface (presently ~ 10-12/cm2, comparable to current frontrunner candidates such as HfO2).  Chemical analysis via x-ray photoelectron spectroscopy and near-edge synchrotron x-ray absorption spectroscopy, respectively, revealed a delicate equilibrium in oxygen binding to Ti and Al atoms, as well as Ti-Al bonding, resulting in an amorphous TiAlOx structure that inhibits a strong reaction of oxygen with Si. Cross-section high-resolution transmission electron microscopy and spectroscopic ellipsometry provide evidence for an atomically sharp TAO/Si interface.
g.  Future Accomplishments

In-Situ Characterization of Nanoscale Ferroelectric Films at the APS: We will continue to probe the nature of the phase transition in nanoscale PbTiO3 thin films, and will extend our studies to growth of PbZrxTi1-xO3 thin films by modifying the deposition system precursor delivery hardware. We will continue to probe the manner in which nanoscale confinement interacts with domain structure, as system size becomes comparable to equilibrium domain size. This is expected to profoundly impact the phase transition by modifying depolarization effects. We will also explore critical fluctuations as the ferroelectric films approach two-dimensional geometry. We hope to use these critical fluctuations to create a tailored cooperative dielectric response in nanoferroelectric structures. We will investigate bottom-up approaches to synthesize ferroelectric thin films, using the dip-pen method.

Perovskite Electroceramics

Synthesis and Characterization of Advanced Piezoelectric and High-Dielectric Constant Thin Films:  We will continue to synthesize relaxor ferroelectric thin films and heterostructures over a wide range of solid-solution compositions. The goal of this work is to better understand the impact of chemical disorder and thin-film constraints on the complex behavior found in such systems. We will link empirically determined coefficients, which we have used to develop phenomenological models of ferroelectric behavior, to recent advances made by our group on atomistic simulation of ferroelectrics. We will also investigate the nature of interface phenomena in high-dielectric constant and relaxor / substrate interfaces, to distinguish between various extrinsic and intrinsic mechanisms proposed for degradation of these dielectric film properties at interfaces.
Material Science and Integration Strategies for New Dielectric Oxides

We will continue to work to understand the fundamental science and materials integration strategies for a new TiXAl1-xOy (TAO) oxide layer with high dielectric constant (k). We will add to the sputter-deposition technique utilized in the past year, MBE and ALD methods to achieve atomic layer control of the growth process for the TiAlOx layer.

h.  Relationships to other Projects

This program has strong interactions and collaborations with MSD programs on Interfaces in Advanced Ceramics (FWP 58307), Molecular Control of Synthesis (57504), Synchrotron Radiation Science (58926), and with ANL’s Energy Technology Division. It also has strong collaborations with university programs at Northern Illinois Univ., Northwestern, U. Wisconsin-Madison, North Carolina State Univ., Penn State Univ., University of North Carolina-Chapel Hill, U. Maryland, and University of California-Santa Barbara; and with industry (Ionwerks, Symetrix, Ramtron, Texas Instruments, Agilent, Motorola). Lead laboratory and Co-Coordinator (with Sandia) for CESP Project “Nanoscale Phenomena in Perovskite Thin Films”.



	


