Nanoscale domain growth dynamics of lead-free ferroelectric BST thin films
M. S. Afanasiev1, G.V. Chucheva1, D.A.Kiselev1,2
1. Fryazino branch of the Kotel’nikov Institute of Radioengineering and Electronics of Russian Academy of Sciences, Vvedensky Square 1, Fryazino, Moscow region, Russia 

2. Department of Materials Science of Semiconductors and Dielectrics, NUST “MISiS”, 

Leninskiy pr. 4, Moscow, Russia (dm.kiselev@gmail.com)
Previous and today’s dynamic random access memories (DRAMs) have been advanced by mainly focusing on how to make memory cells small to realize high density DRAMs. The most critical challenges in gigabit density DRAMs are yield loss due to large die size and small feature size, standby current failure caused by large chip size and small data retention times owing to reduced charge packet in the memory cell. In the recent years thin film perovskite materials with high dielectric constant such as PZT, SrTiO3 and (Ba,Sr)TiO3 (BST) have been investigated as dielectric materials for future DRAMs [1].

In this work, we report a voltage-induced domain growth kinetics in ferroelectric BST 80/20 films  (thickness 150 nm) fabricated by RF magnetron sputtering measured via piezoresponse force microscopy (PFM) [2]. The surface of the sample shows small grains which diameter ranges from 50 nm to 75 nm and roughness is less than 5 nm. Using the PFM mode to detect the out-of-plane polarization, the domain sizes were measured as a function of the applied writing voltage and the pulse time. As example Figure 1 show the result the local polarization effect via PFM. For the investigation of written domains on as-grown surface of the BST film the negative voltage pulses were applied to fixed locations within this area, thus we have an array of 23 stable domains created by applying voltage pulses of fixed height (Vtip=-20 V ÷ -60 V with step 10V) and various durations ranging from 1 to 100 s. The dynamics of domain growth is analyzed experimentally taking into account the strong inhomogeneity of the external electric field in the film. Using the approximation, we can calculate the coercive field (EC) and natural curvature radius of the cantilever used in the experiment. Therefore, we have obtained the value EC = 3 kV/cm and d = 75 nm [2]. The obtained results point to the fact that the BST ferroelectric thin films are promising materials for using as the memory elements.
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	Figure 1. PFM image of dot patterned domains formed by negative voltage pulses to tip on as-grown BST 80/20 film.
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