REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour 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 information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and
Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Adington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person

shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB contro! 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)
28-02-2000 Final 12 Aug 99 ~ 25 Feb 00
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
F6256299M9213

Dielectric Properties of PMN-PZ-PT System

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Professor Ki Hyun Yoon

Se. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Yonsei University, Department of Ceramic Engineering REPORT NUMBER
134 Shinchondong, Sudaemunku N/A

Seoul 120-749
Korea (South)

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
AOARD AOARD
UNIT 45002 ;
APO AP 96337-5002 |1~1 BMs;&rg)OR/MONlTOR S REPORT

AOARD-994005

12. DISTRIBUTUION/AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited.

13 SUPPLEMENTARY NOTES

14. ABSTRACT

Recently, there has been considerable scientific and technological interest in ferroelectric thin films for
numerous potential applications that utilize their dielectric, piezoelectric, pyroelectric and electro-optic properties.’
Among them, lead zirconate titanate (PZT) and PZT-Pb(Mg;;Nb,;)O; systems at compositions near their
morphotrophic phase boundaries, have been investigated because of their excellent piezoelectric and dielectric
properties for actuator and semiconducting memory devices."™ In this study, ferroelectric thin films with
0.1Pb(Mg;3Nb,/3)05-0.9Pb(Zr, T1;.,)O0; (0.3 < x < 0.9) composition have been prepared by chemical soultion
deposition with corresponding metal alkoxides partially stabilized with triethanolamine and acetylacetone.
0.1Pb(Mg;,5Nb,3)03-0.9Pb(Zr,Ti; )05 thin films were deposited on Pt-coated substrate by spin—coating and
crystallized at 700 °C in air. And then their dielectric properties were investigated

15. SUBJECT TERMS

Electronic Ceramic, Materials Processing

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF | 18. NUMBE | 19a. NAME OF RESPONSIBLE PERSON
a. REPORT | b. ABSTRACT | c. THIS PAGE ABSTRACT OF Koto White, Ph.D.
PAGES
U U U uu 7 19b. TELEPHONE NUMBER (Include area code)
+81-3-5410-4409




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

' G. H. Haertling, “Ferroelectric Ceramics: History and Technology,” J. Am. Ceram. Soc., 82[4] 797-818 (1999).

" H. Ouchi, K. Nagase, and S. Hayakawa, “Piezoelectric Properties of Pb(Mg;3Nb,3)0;-PbTiO3-PbZrO; Solid Solution
Ceramics,” J. Am. Ceram. Soc., 48 [12] 630-35 (1965).

" B. Jaffe, W. R. Cook, and H. Jaffe, Piezoelectric Ceramics, Academic Press, London and New York, 1971

¥ K. Sumi, H. Qiu, M. Shimada, and T. Nishiwaki, “Structure and Piezoelectric Properties of 0.9Pb(Zr,T1)Os-
0.1Pb(Mg,Nb)O; Films Prepared by Metalorganic Deposition Process,” Jpn. J. Appl. Phys. 38, 886-89 (1999).



FINAL REPORT

Dielectric Properties of PMN-PT-PZ System

Ki Hyun Yoon
Research Institute of Advanced Materials
Yonsei University, Seoul 120-749
Korea

20000314 065




Dielectric Properties of PMN-PZ-PT System

Introduction

Recently, there has been considerable scientific and technological interest in ferroelectric thin
films for numerous potential applications that utilize their dielectric, piezoelectric, pyroelectric and
electro-optic properties." Among them, lead zirconate titanate (PZT) and PZT-Pb(Mg,;Nb,3)0;
systems at compositions near their morphotrophic phase boundaries, have been investigated because
of their excellent piezoelectric and dielectric properties for actuator and semiconducting memory
devices.>>*In this study, ferroelectric thin films with 0.1Pb(Mg; ;Nb,;)0,-0.9Pb(Zr, Ti,,)0; (0.3 < x <
0.9) composition have been prepared by chemical soultion deposition with corresponding metal
alkoxides partially stabilized with triethanolamine and acetylacetone. 0.1Pb(Mg;;Nb,;)0;-
0.9Pb(Zr,Ti, )0, thin films were deposited on Pt-coated substrate by spin—coating and crystallized at
700 °C in air. And then their dielectric properties were investigated

Experimental Procedure

All of the starting solutions for 0.1Pb(Mg;,sNb.,;)05-0.9Pb(Zr,Ti; )05 (0.3 < x < 0.9, hereafter
PMN-PZT) were made to a concentration of 0.33 M. The detailed solution preparation method was
similar to that used recently for PZ-BT chemical solution®. Schematic diagram of the experimental
procedure for PZ and PT precursors are seen in Fig. 1. The 0.35 um thick PMN-PZT films were
produced by spin-coating on Pt(111)-passivated substrates at 2500 rpm for 30 sec. Each layer was
pyrolyzed at 380 °C for 3 min and the deposited films were crystallized at 700 °C for 10 min.
Structure and crystallinity of the films were characterized by XRD. The morphology and interfacial
properties of films observed by SEM and AES. Low-field dielectric properties and high-field
hysteresis properties were characterized by an impedance/gain phase analyzer and a modified
computer-controlled Sawyer-Tower circuit, respectively. A fatigue test was conducted by applying
bipolar square wave (V,,=20 V, 100 kHz) from a function generator.

Titanium tetra 2
P e Mg ethoxide | | Nb ethoside Pb-acetate . @irconfum) |-
ydra ) trihydrate ) isopropoxide 4

in 2-methoxyethan
alcohol

After refluxing for 24h

y (R=1) add
Propylenglycol |'. Mg-Nb Propylenglycol : Acetylacetone
> water (13:44) |- complex water(13:44) =1) add
solution precursor solution ®=Da
Reflux at 70 °C for 6hrs IReflux at 110 °C for 6hrs Reflux at 70 °C for 6hrs Reflux at R.T.
and cooling to R.T. and cooling to R.T. and cooling to R.T. for 3hrs.

Chelated Mg-Nb |-

L 4

precursor

AcAc chelated
Ti (Zr) complex |
precursor

R

.
Pb precursor | . Pb precursor |-
solution dropwise to solution =
- mixing F
aged for 24hrs.
| ' PbTiO , (PbZrO Jcoatin I
PMN coating solution * .g:km'on) %

Figure 1 Schematic diagram for the chemical solution processing of PMN, PT, and PZ precursors.




Results and Discussion

Figure 2 shows XRD pattemns of the PMN-PZT
(0.3 < x £ 0.6) thin films crystallized at 700 °C for 10
min. There are no secondary phases, such as the
pyrochlore phase, and films were preferentially (111)-
oriented. The grain size of thin films gradually
decreased from ~250 nm to ~100 nm with increased Zr
concentration (x). SEM analysis revealed that the

microstructure was dense and rosette-free. “)'Lw»_._.ibl
AES was performed to characterize the ] F
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distribution of various elements through the film. As
shown in Fig. 3, it represented little tendency for each
element of thin film to diffuse into the platinum and
form any complex alloy.
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Figure 4 shows the small signal dielectric . XRD .
constant and dissipation factor as a function of Figu re? ) patterns fo.r .the PMN_PZT
films with various compositions, (a) x=0.3,

frequency for 9:35 um thick PMN-PZT films of (b) x=0.4, (c) x=0.5, and (d) x=0.6.
various compositions.

The dielectric constant showed no dispersion with frequency up to about 100 kHz indicating that
measured values were not masked by surface layer effects or electrode barrier effects in the measured
frequency range. The dielectric constant of the thin films with various compositions showed a
maximum value at x = 0.5 and were ~1500, as shown in Fig. 3. Through the composition range (0.3 <
x < 0.6), dielectric loss was below 0.03, at 1 kHz.
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Figure 3. Auger depth profiles for the PMN-PZT thin Figure 4. Frequency dependence of dielectric
film with composition of x = 0.5. properties for the PMN-PZT films with
various compositions.

Figure 5 shows polarization reversal properties for the thin films of various compositions. As
shown in Fig. 4, the maximum value of remnant polarization (Pr) was found to be about 18 nC/cm” at
x=0.5. The coercive field of the film (x=0.5) was about 41 kV/cm. The highest dielectric constant and
remnant polarization observed in this study might be due to the nearby morphotrophic phase boundary
in the thin film.
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Figure 6 shows decay the remnant polarization for the thin film compositions of x=0.4 and x=0.5
as a function of number of cycles. In PZT films, charged oxygen vacancies are known to be highly
mobile®. Brazier et al’ have noted that the movement and redistribution of these charged species with
field is responsible for the formation of a non-switching layer at the electrode. As far as loss of
polarization is concerned, the PMN-PZT thin films can be sustained up to 74-82% of their initial
remnant polarization values after 10'° cycles compared with that (about 50 % degradation after 10°
cycles) of unmodified PZT thin films as reported elsewhere®. It appears that Mg**, and/or Nb™
contribution in PZT decreases the drift mobility of oxygen vacancy, resulting in suppressed fatigue
rate in the PMN-PZT films. It is quite well known in perovskite oxides such as barium titanate that
some dopants in the position of Ti™ can bind oxygen vacancies through dipolar interaction’.
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Figure 5. Variations of the remnant polarization Figure 6. Decay in remnant polarization as a
(P,) and coercive field (E,) for the thin films as function of number of switching cycles for the
a function of Zr concentration. films with composition of x=0.4 and 0.5.

Figure 7. SEM photographs of 0.1PMN-0.9Pb(Zr,Ti,,)O; films with various
compositions, (a) x=0.6, (b) x=0.7, (¢) x=0.8, and (d) x=0.9.

Compositionally, a majority of the studies have focused on compositions in close proximity to
the thombohedral/tetragonal morphotropic boundary (52/48)° because of their excellent dielectric and



piezoelectric properties in the morphotropic composition and those to the tetragonal side. While,
softer hysteresis with lower coercive fields occurs for rhombohedral compositions. Therefore,
thombohedral compositions thus have the advantage of lower switching fields because the
spontanemols directions are well defined compared to the near morphotropic composition in <111>
direction.’

Figure 7 shows the microstructure of the surface of 0.1PMN-0.9Pb(Zr,Ti, ,)O; thin films with
composition of x=0.6, 0.7, 0.8, and 0.9 (Fig. 7(a) to 7(d)). The films exhibited a dense microstructure
with fine grain matrix. The grain size of thin films gradually decreased from ~150 nm to ~50 nm with
increased Zr concentration (x). While, with decreasing content of x, the film shows less developed
island microstructure compared to the clustered microstructure at the thin film composition of x=0.6

(Fig. 7(d)).
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Figure 8. Room temperature Figure 9. Hysteresis loops of the
dielectric constants for the PMN-PZT films with various
PMN-PZT films as a function compositions, (@) x=0.6, (b) x=0.7,
of x concentrations. (c) x=0.8, and (d) x=0.9.

The room temperature dielectric constant of the thin films with various compositions (x = 0.6,
0.7, 0.8, and 0.9), linearly decreased with increasing content of x. The values of dielectric constants
were ~1300, ~710, ~650, and ~500 at 1 kHz, respectively, as shown in Fig. 8.

The hysteresis loops of the PMN-PZT films of x = 0.6, 0.7, 0.8, and 0.9 were shown in Fig. 9(a),
9(b), 9(c), and 9(d), respectively. For the investigated compositions, it represented that well developed
and fairly symmetric hysteresis loops with field. The remanent polarizations and coercive field of the
films largely increased with increase of x and showed maximum values at the composition of x=0.8 in
Fig. 9(c). The value of remanent polarization (P,) and coercive field were ~28 uC/em?, 57 kV/em,
respectively, at the composition of x = 0.8.

Conclusion

0.1Pb(Mg, sNb,/;)0;-0.9Pb(ZrxTil-x)0; (0.3 < x < 0.9) thin films were fabricated by chemical
solution processing. The PMN-PZT thin films were dense and uniform. The dielectric constant of the
film showed maximum values of ~1500 at x = 0.5. The films maintained 74-82% of their virgin
remnant polarization after 10" cycles. Above x=0.6, the gain size of thin film with various
compositions was ranged from ~250 nm to ~50 nm with increasing x. The dielectric constants of the
films decreased with increasing x. While the remanent polarization (P,) of the films showed maximum

values, ~28 pC/cm’, at the composition of x = 0.8.
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From above results, two manuscripts entitled “Preparation and dielectric characteristics of
0.1Pb(Mg, ;Nb,;)O;-modified 0.9Pb(Zr,Ti,.)O; (0.3 < x < 0.6) thin films by chemical solution
processing” and “Dielectric and electrical properties of preferentially (111) oriented Zr- rich
0.1Pb(Mg, sNb,3)0;-0.9Pb(Zr,Ti; )05 (0.6 < x < 0.9) thin films by chemical solution deposition” will
be submitted to the Journal of Material Research for publicaltion.
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