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Domain structures of (l-x)Pb(Mg113Nb213)0rxPbTi03 (x=0.27, 0.32 and 0.34, abbreviated as 

PMN-27%PT, 32%PT and 34%PT, respectively) single crystals were observed at the same area at room 

temperature after 240°C thermal treatments with various cooling rates. Contact Resonance Pie­

zoresponse Microscope was utilized to observe domain structures for the sake of obtaining mi­

crodomain images nondestructively. The average domain size of PMN-34%PT and 32%PT sin­

gle crystals decreased as cooling rate i.ncreased. However, the average domain size of 

PMN-27%PT was independent of cooling rates. 
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1. INTRODUCTION 

The physical properties of the relaxor ferro­

electrics depend on its domain structures strongly. 

The domain structures of relaxor ferroelcctrics, 

however, are too complicated to clarify as a 

whole. Principally, the relaxor characteristics are 

discussed and mostly understood in terms of 

microdomains (polarized microclusters). 

Therefore, local polarization information (i.e., 

real-space microscopic domain structure images) 

is helpful for understanding the complicated 

relaxor characteristics. 

Recently, Yan et al. found that the dielectric 

constant of relaxor ferroelectric 

0. 67Pb(Mg113Nb213)0r0.33PbTi03 (PMN-3 3 %PT) 

in the ferroelectric phase increased with decreas­

ing cooling rate across the temperature of the 

Relaxor-Ferroelectric phase transition ( T R-F)· [I J 
They assumed that the average size of domains 

depended on the cooling rate across T R-r and af­

fected the dielectric properties of PMN-33%PT in 

the ferroclectric phase. On the basis of the 

grain-size effect on the properties of ferroelectric 
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ceramics[2], they predicted that the average size 

of domains increased with decreasing the cooling 

rate across TR-F· 

We have investigated the domain structures of 

relaxor fcrroelectric single crystals by piezorc­

sponse force microscopy (PFM) [3-5] to under­

stand the relationship between real-space domain 

structures and relaxor characteristics.[6-8] In this 

study, we investigated relationship between the 

domain structures and the cooling rate as a func­

tion of PT-composition x (.x=0.27, 0.32 and 0.34). 

The domain structures of these single crystals 

were observed after thermal treatment with vari­

ous cooling rates. Contact Resonance Piezore­

sponse Microscope (CR-PFM)[?-9] was utilized 

to observe domain structures for the sake of ob­

taining microdomain images nondcstructively. 

2. EXPERIMENTAL 

Piezoelectric force microscopy, which bases on the 

principle of atomic force microscopy, is the technique 

for domain structure observation. The domain structures 

were visualized by detecting inverse piezoelectric oscil-
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lations caused by a modulation sinusoidal voltage ap­

plied between a conducting tip and an electrode on the 

back of the samplc.[4] These vibrations resulted in the 

deflection of the cantilever due to the tip being in con­

tact with the ferroelcctric sample surface. This modu­

lated cantilever deflection was acquired and amplified 

using lock-in amplifier. Accordingly, it was possible to 

detennine the projection of the polarization vector onto 

the vertical direction. 

The fundamental difference between PFM and 

CR-PFM is the fi·equency of modulation signal. The 

experimental set-up ofCR-PFM was almost the same as 

conventional PFM set-up. In the contact-resonance 

mode, the frequency of modulation signal was main­

tained at the resonance frequency of the cantilever de­

flection when in contact with a sample surface. Utilizing 

contact-resonance, we were able to improve the sig­

nal-to-noise (SIN) ratio of piezoresponse signal and to 

operate PFM imaging with a reduced amplitude of the 

modulation signaL Due to the reduced amplitude of the 

modulation signal, microdomain structures with a lower 

coercive field could be observed non-destructively. The 

details of the CR-PFM imaging principle are described 

elsewhere. [7 ,8] 

PMN-xPT single crystals were grown by the Bridg­

man method. The obtained PMN-xPT ingot was sliced 

into about 0.4mm thick (lOO) plates. To observe domain 

structures, the surface of the PMN-xPT plates were pol­

ished with diamond p<L<.;tc (0.25pm) and the 

root-mean-square surface roughness was less than 5nm. 

Ta/Pt top and bottom electrodes were deposited using 

rf-sputtering. The diameter of the top electrode was 

l.Omm. 

In order to approach to the same scanning area after 

each them1al treatment, checkercd pattern Pt/Ta thin 

ftlms were fabricated by photolithographic technique. 

Thermal treatments were performed using electric 

furnace with the following procedure: (l)heat from room 

temperature to peak temperature (Tp) at a heating rate of 

6D°C/h, (2)maintain at TP for 1 hours, (3)cool to 

room temperature at cooling rates ranging from 

30°C/h to quenching (approximately a cooling 

rate of l 000°C/h ). The experimental procedure 

described above was illustrated in Fig. 1. 

photolithography polishing 

CR-PFM thermal treatment 
(am! Br & mn8 measurement) 

Figure I A schematic diagram of experimental 

procedure. 

3. RESULTS AND DISCUSSION 

Figure 2-4 shows CR-PFM images of (001) 

plate PMN-xPT single crystals obtained after 

240°C thermal treatment at various cooling rates. 

Figure 2 shows CR-PFM images of PMN-34%PT. 

All images were obtained at the same area. It was 

found that average size of domains decreased as 

cooling rate increased. Note that smaller circular 

domains were observed in quenched sample. The 

diameter of these domains was less than I OOnm, 

which agrees with the diameter of circular do­

mains observed at temperatures above the Curie 

temperature in our previous work[8]. 

Figure 3 shows CR-PFM images of 

PMN-32%PT. It was found that average size of 

domains also decreased as cooling rate increased. 

Smaller circular domains were observed in 

quenched sample too, but the number of these 

domains was less than observed in quenched 

sample of PMN-34%PT. 
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( d)Quenching 

Figure 2 CR-PFM images of 

PMN-34%PT (3J1m x 3J1.m). 

Cooling rate is (a)before ther­

mal treatment, (b )30°C/h, 

(c)60°C/h and (d)quenching. 

(d)Quenching 

Figure 3 CR-PFM images of 

PMN-32%PT (3J1m x 3J1m). 

Cooling rate is (a)before ther· 

mal treatment, (b )30°C/h, 

(c)60°C/h and (d)quenching. 

(a )Before thermal treatment 

( d)Quenching 

Figure 4 CR-PFM images of 

PMN-27%PT (3~tm x 3Jlm). 

Cooling rate is (a)before ther· 

mal treatment, (b )30°C/h, 

( c )60°C/h and ( d)quenching. 
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Figure 4 shows CR-PFM images of 

PMN-27%PT. ft was elearly observed that the 

average size of domains was independent of the 

cooling rates for PMN-27%PT. 

PMN-32%PT and PMN-34%PT single crystals 

undergoes a relaxor-ferroel~ctric phase transition 

from the Tetragonal phase to. the Cubic phase. On 

the other hand, PMN-27%PT single crystals un­

dergoes a relaxor-ferroelectric phase transition 

from the Rhombohedral phase to the Cubic 

phase.[! 0] We assume that this difference of the 

relaxor-ferroelectrie phase transition behaviour 

affected the cooling-rate dependence of the do­

main structures of PMN-xPT. 

4. CONCLUSIONS 

Domain structures of PMN-27%PT, 32%PT and 

34%PT single crystals were observed at room tempera­

ture after 240°C thermal treatment with various 

cooling rate using Contact Resonance Piezore­

sponse Microscope. The average domain size 

of PMN-34%PT and 32%PT single crystals 

decreased as the cooling rate increased. 

However, the average domain size of 

PMN-27%PT was independent of cooling 

rates. We assume that difference of re~ 

laxor-ferroelectric phase transition form affected 

cooling rate-dependent domain structures. 

Acknowledgements 

We are pleased to express our gratitude to Dr. 

Y. Yamashita and Dr. M. Matsushita for provid­

ing excellent PMN-PT single crystals. We also 

would like to thank Dr. H. Moritake and Mr. L. K. 

Kim for their help in photolithographic process. 

This work was partly supported by the Nissan 

Science Foundation. 

REFERENCES 

[1] F. Yan, P. Bao, Y. Wang, H. L. W. Chan and C. L. Choy. 

Appl. Phys. Lctt. 81, 4580 (2002). 

[2] G. Arlt. D. Hennings and G. d. With, J. Appl. Phys. 58. 

1619 (1985). 

[3] R. Luthi, H. Haefke, K. P. Meyer, L. Howald and H . .T. 

Guntherodt, J. Appl. Phys. 74, 7461 (1993). 

[4] K. Takata, K. Kushida, K. Torii and H. Miki, Jpn. J. Appl. 

Phys. 33, 3193 (1994). 

[5] S. V. Kalinin and D. A Bonnell, Phys. Rev. B 65, 125408 

(2002). 

[6] H. Okino, T. Ida. H. Ebihara and T. Yamamoto, 

Ferroelcctrics 268, 119 (2002). 

[7] H. Okino, K. Yuzawa, K. Matsushige and T. Yamamoto, 

Trans. Mater. Res. Soc. Jpn. 27, 239 (2002). 

[8] H. Okino, 1. Sakamoto and T. Yamamoto, Jpn. J. Appl. 

Phys. 42, 6209 (2003). 

[9] C. Harnagea, M. Alexc, D. Hcsse and A Pignolet, Appl. 

Phys. Lett, 83, 338 (2003). 

[1 0] B. Noheda. D. E. Cox, and G. Shirane, Phys. Rev. B 66, 

054104 (2002). 

(Received December 23, 2004; Accepted January 31, 2005) 


