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LiNbO3 is a ferroelectric crystal at room temperature belonging to the R3c space group, and has a Curie 
temperature of 1140oC [1]. The spontaneous electrical polarization of LiNbO3 is 71 µC/cm2 [2] while 
it’s piezoelectric modulus, the d33 value, is 31.5pm/V [3]. The combination of high Curie temperature, 
electrical polarization and d33 has led to applications as diverse as pyroelectric sensors, ferroelectric 
memory, quasi-phase matched second harmonic generators, optical switching etc. A multitude of these 
applications depend on the precise manipulation and control of domain walls in LiNbO3. The exact 
structure of the domain wall is however a subject of ongoing controversy on whether it is a pure Ising 
wall, or has a mixed Ising-Neel-Bloch nature [4]. In this work, for the first time we image domain walls 
with atomic resolution to measure displacements across them. 
 
The origin of ferroelectricity in classical ferroelectrics like LiNbO3 is due to second order Jahn-Teller 
distortions where the B-site atom, which is niobium for LiNbO3, is displaced from the center of the 
oxygen cage [5], as shown in Fig 1a. This work focusses on probing the structural distortions and 
relaxation effects resulting from Jahn-Teller effect across the domain walls in LiNbO3 using aberration-
corrected scanning transmission electron microscopy, by imaging both oxygen and B-site atoms. A 
periodically poled congruent LiNbO3 (PPLN) crystal with 6.7µm wide y-wall 180o domains were chosen 
for this study.  The domain walls were imaged at a beam voltage of 200kV from the [010] pseudocubic 
orientation using annular dark field (ADF) and annular bright field (ABF) detectors simultaneously. 
 
The ABF image (Fig. 1b) shows both the niobium and the oxygen atoms, with the niobium rows marked 
in yellow, and the oxygen positions marked in green in inset.  The simultaneously obtained ADF image 
(Fig. 1c) shows just the niobium atoms from the same region. The domain wall becomes visible due to 
diffraction contrast in both the image sets. The niobium atom positions obtained from the ABF and the 
ADF images are cross-referenced with each other, while the oxygen atom positions are obtained from 
the ABF image. The combined atom positions are then used to measure the Jahn-Teller distortions and 
the spatial extent of the domain wall, which is compared with density functional theory simulations [6]. 
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Figure 1. a) Schematic of second-order Jahn-Teller distortion, showing distortion of oxygen cages, with 
the arrows marking displacement of the niobium atoms from the center of the cage. b) ABF image of the 
domain wall, with the wall marked with white lines. The inset shows how the niobium rows marked in 
yellow bend across the wall (marked by the white dashed line), while the oxygen rows marked in green 
do not. The blue arrows refer to the polarization directions in the respective domains. c) ADF image 
showing the Niobium atoms across the domain wall. As in the ABF image, the blue arrows refer to the 
polarization directions in the domains. 
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