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Abstract
Ferroelectric hafnia-based oxides are promising for ultra-low-power, CMOS-compatible devices due to robust ferro/antiferroelectric responses at nanometric thickness. Among them, Hf0.5Zr0.5O2 (HZO) can stabilize a polar orthorhombic phase enabling ferroelectricity, whereas ZrO2 can exhibit antiferroelectric behavior through field-induced transitions. Understanding how deposition route and composition control phase assemblages is essential to optimize device performance. 
We investigate 10-nm-thick HZO and ZrO2 capacitors (TiN/HfZrO/TiN or TiN/ZrO₂/TiN on Si) prepared by atomic layer deposition (ALD) and RF sputtering. Grazing-incidence synchrotron X-ray diffraction (GIXRD) with θ–2θ scans and reciprocal-space mapping enables phase-sensitive analysis despite ultrathin films, resolving monoclinic, tetragonal, and orthorhombic fluorite-derived structures. The grazing geometry and high reciprocal-space resolution further reveal microstructural signatures: texture/preferential orientation and grain-size trends, systematically dependent on growth method and chemistry.
Electrical measurements performed on the same test structures (Dynamic Hysteresis Measurements) establish quantitative links between structure and properties. In HZO, ALD tends to favor higher fractions of the polar orthorhombic phase with correspondingly stronger ferroelectric switching; sputtered HZO shows comparatively reduced polar content and weaker remanence. In ZrO2, both routes stabilize predominantly tetragonal, centrosymmetric character at rest, consistent with antiferroelectric-like double-loop behavior. The combined structural–electrical picture clarifies how processing parameters tune phase fractions, offering a practical pathway to engineer device-level metrics (coercive field, remanent polarization, and energy-storage figures) by targeted control of deposition conditions.
These results provide a comparative, probe-consistent map of phase stabilization across HZO and ZrO2 stacks, delivering guidance for integrating hafnia-based ferroelectrics and antiferroelectrics into next-generation memory and energy-efficient electronics. 
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