REPORT DOCUMENTATION PAGE Form Approved OMB NO. 0704-0188

[The public reporting burden for this collection of information is estimated fo average 1 houwr per response, including the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of inforrmation.  Send comments
regarding this burden estimate or any other aspect of this collection of information, including suggesstions for reducing this burden, to “Washington
Headguarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington “Wa, 22202-4302.
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any cenalty for failing fo comply with a collection
of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
New Reprint -

4. TITLE AND SUBTITLE Sa. CONTRACT NUMBER

Phase and Texture Evolution in Chemically Derived PZT Thin WOI11NF-09-1-0435

Films on Pt Substrates 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER
611103
6. AUTHORS 5d. PROJECT NUMBER

Sungwook Mhin, Krishna Nittala, Jinhyung Lee, Douglas S. Robinson,
Jon F. Thlefeld, Geoff L. Brennecka, Luz M. Sanchez, Ronald G. se. TASK NUMRER

Polcawich, Jacob L. Jones

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAMES AND ADDRESSES 8. PERFORMING ORGANIZATION REPORT
University of Florida Office of Engineering NUMBER

339 Weil Hall

Gainesville, FL 32611 -6550
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS 10. SPONSOR/MONITOR'S ACRONYM(S)
(ES) ARO

U.8. Amy Research Office 11. SPONSOR/MONITOR'S REPORT
P.O.Box 12211 NUMBER(S)

Research Triangle Park, NC 27709-2211 54169-MS-PCS .43

12. DISTRIBUTION AVAILIBILITY STATEMENT
Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES
The views, opinions and/or findings contained in this report are those of the author{s) and should not contrued as an official Department

of the Army position, policy or decision, unless so designated by other documentation.

14. ABSTRACT
The crystallization of lead zirconate titanate (PZT) thin films was evaluated on two different platinum coated Si

substrates. One substrate consisted of a Pt coating on a T1 adhesion layer while the other consisted of a Pt coating
on a Ti02 adhesion layer. The Pt deposited on TiO2 exhibited a higher degree of preferred orientation than the Pt
deposited on Ti (as measured by the FWHM of the 111 peak about the sample normal). PZT thin films with a

nominal Z1/T1 ratio of 52/48 were deposited on the substrates using the inverted mixing order (IMO) route. Phase

P I e T e e S e e et B s Sl L I e T e s L o A e o

15. SUBJECT TERMS
ferroelectric, thin film, PZT, in situ characterization

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF |15. NUMBER [19a. NAME OF RESPONSIBLE PERSON
a REPORT [b. ABSTRACT |c. THIS PAGE |ABSTRACT OFPAGES  |Jacob Jones

uu uu uu uu 19b. TELEPHONE NUMBER
919-515-4557

Standard Form 298 (Rev 8/98)
Prescribed by ANSI Std. Z39.18



Report Title
Phase and Texture Evolution in Chemically Derived PZT Thin Films on Pt Substrates

ABSTRACT

The crystallization of lead zirconate titanate (PZT) thin films was evaluated on two different platinum coated Si
substrates. One substrate consisted of a Pt coating on a Ti adhesion layer while the other consisted of a Pt coating on
a Ti02 adhesion layer. The Pt deposited on TiO2 exhibited a higher degree of preferred orientation than the Pt
deposited on Ti (as measured by the FWHM of the 111 peak about the sample normal). PZT thin films with a
nominal Zr/T1 ratio of 52/48 were deposited on the substrates using the inverted mixing order (IMO) route. Phase and
texture evolution of the thin films were monitored during crystallization using in situ X-ray diffraction at a
synchrotron source. The intensity of the Pt3Pb phase indicated that deposition on a highly oriented Pt/TiO2 substrate
resulted in less diffusion of Pb into the substrate relative to films deposited on Pt/Ti. There was also no evidence of
the pyrochlore phase influencing texture evolution. The results suggest that PZT nucleates directly on Pt, which
explains the observation of a more highly oriented 111 texture of PZT on the Pt/TiO2 substrate than on the Pt/Ti
substrate.



REPORT DOCUMENTATION PAGE (SF298)
(Continuation Sheet)

Continuation for Block 13

ARO Report Number 54169.43-MS-PCS
Phase and Texture Evolution in Chemically Deri...

Block 13: Supplementary Note

© 2014 . Published in Journal of the American Ceramic Society, Vol. Ed. 0 97, (9) (2014), (, (9). DoD Components reserve a
royalty-free, nonexclusive and irrevocable right to reproduce, publish, or otherwise use the work for Federal purposes, and to
authroize others to do so (DODGARS §32.36). The views, opinions and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army position, policy or decision, unless so designated by
other documentation.

Approved for public release; distribution is unlimited.



J. Am. Ceram. Soc., 97 [9] 2973 2979 (2014)
DOI: 10.1111/jace.13007
© 2014 The American Ceramic Society

Journal

Phase and Texture Evolution in Chemically Derived PZT Thin Films on

Pt Substrates

Sungwook Mhin,* Krishna Nittala,* Jinhyung Lee,* Douglas S. Robinson,® Jon F. Ihlefeld,’ Geoff
L. Brennecka,’ Luz M. Sanchez,! Ronald G. Polcawich,! and Jacob L. Jones™'

iDepartment of Materials Science and Engineering, University of Florida, Gainesville, Florida 32611

YAdvanced Photon Source, Argonne National Laboratory, Argonne, Illinosis 60439

TElectronic, Optical, and Nano Materials Department, Sandia National Laboratories, Albuquerque, New Mexico 87185

IRF MEMS & mm Scale Robotics, U.S. Army Research Laboratory, Adelphi, Maryland 20783

J:J:Department of Materials Science and Engineering, North Carolina State University, Raleigh, North Carolina 27695

The crystallization of lead zirconate titanate (PZT) thin films
was evaluated on two different platinum-coated Si substrates.
One substrate consisted of a Pt coating on a Ti adhesion layer,
whereas the other consisted of a Pt coating on a TiO, adhesion
layer. The Pt deposited on TiO, exhibited a higher degree of
preferred orientation than the Pt deposited on Ti (as measured
by the Full Width at Half Maximum of the 111 peak about
the sample normal). PZT thin films with a nominal Zr/Ti ratio
of 52/48 were deposited on the substrates using the inverted
mixing order (IMO) route. Phase and texture evolution of the
thin films were monitored during crystallization using in situ
X-ray diffraction at a synchrotron source. The intensity of the
Pt;Pb phase indicated that deposition on a highly oriented Pt/
TiO, substrate resulted in less diffusion of Pb into the sub-
strate relative to films deposited on Pt/Ti. There was also no
evidence of the pyrochlore phase influencing texture evolution.
The results suggest that PZT nucleates directly on Pt, which
explains the observation of a more highly oriented 111 texture
of PZT on the Pt/TiO, substrate than on the Pt/Ti substrate.

L

L EAD zirconate titanate (PZT) thin films are useful in a
number of applications, including microelectromechani
cal systems (MEMS) and decoupling capacitors.”™ PZT com
positions near the morphotropic phase boundary (MPB, Zr/
Ti 52/48) are widely used because these compositions exhi
bit higher piezoelectric coefficients than those further from
the MPB.> Texture is an important feature of thin films and
is defined as a nonrandom distribution of crystallographic
orientations.® For the purposes of describing different charac
teristics of the texture in samples used in prior and present
work, the following nomenclature is adopted. The texture
component is described by planes that are dominantly ori
ented parallel to the film using the Miller indices in the for
mat hkl. A certain fraction of the crystallites in the material
may have such an orientation, and this fraction is referred to
as the texture fraction. The distribution of these crystallites
about the sample normal direction describes the strength or
degree of orientation of a particular texture component.
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Control of the final texture can allow tailoring of the pie
zoelectric properties of the thin films.” For thin film process
ing, chemical solution deposition (CSD) has proven effective
in being able to control the texture of the film.® The sub
strates selected for use in CSD are an important factor for
controlling texture of PZT thin films. For instance, it is
reported that Pt thin film coated Si substrates with higher
density and stronger 111 texture can provide enhanced 111
textured PZT, thereby improving ferroelectric characteris
tics.” It has also been suggested that improved ferroelectric
characteristics result from a decrease in Pb diffusion at the
film/Pt interface and templated PZT growth from enhanced
111 textured Pt.°

Texture of PZT thin films can also be influenced by alter
ing the processing conditions during crystallization, such as
heating rate.'®'? For example, fast heating rates may result
in 111 texture of the thin films on 111 textured Pt sub
strates.'?> In contrast, slow heating rates for crystallization
have been shown to promote 100 texture and/or random ori
entation in the thin films.'? Observations such as these sug
gest that heterogeneous nucleation occurs at the film/
substrate interface during crystallization at fast heating rates,
while slow heating rates may promote more homogeneous or
randomly oriented nucleation during crystallization.

To explain the texture evolution of PZT thin films on 111
Pt substrates, several mechanisms for the nucleation of 111
texture in the thin films have been proposed.!'™® Based on
the hypothesis that similar lattice parameters between Pt and
PZT decrease the activation energy for the formation of
PZT, Nittala et al. suggested that 111 textured Pt substrates
nucleate 111 PZT thin films.'”'® However, Huang e7 al. sug
gested that transient 111 Pt;Pb nucleates 111 PZT during
crystallization because the lattice of Pt;Pb better matches
PZT than Pt.'”?° An alternative theory is that the other
common transient phase during crystallization, a pyrochlore/
fluorite phase, transfers its 111 texture to the 111 texture of
PZT during crystallization.?' These results suggest a lack of
consensus concerning the proposed mechanism(s) for the
nucleation of 111 texture in thin films.

To evaluate the nucleation mechanisms of PZT thin films,
it is important to understand the orientation relationship
between the resultant PZT and the transient phases that
occur during crystallization. The formation of phases and
their orientation relationships during crystallization of thin
films can be examined using in situ X ray diffraction
(XRD).""'® In the current study, phase and texture evolution
of PZT thin films are investigated using in situ XRD on two
different Pt coated silicon substrates: a commercial Pt/Ti/
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