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Figure S1. The dielectric constant — electric field curves of HZO films with various
composition (Zr/[Zr+Hf]=0.00, 0.19, 0.43, 0.70, 1.00) and thickness (~9.2, 14.2, 19.2, 24.2,

and 29.2 nm).
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Figure S2. Plan-view scanning electron microscopy images of 9.1 nm-thick Hfj 4371 5,0,
film annealed using (a) post-deposition-annealing (PDA) and (b) post-metallization-annealing
(PMA). TiN top electrode was removed by wet etching. (¢) Grain size distribution of the 9.1

nm-thick PDA and PMA Hfj 4371, 5,0, films (extracted from figures S2a and b).
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Figure S3. Changes in relative phase fractions estimated based on surface energy model in
(a) HfOz, (b) Hfo.gIZro_sz, (C) Hf0.57Zro.4302, Hf0.3()ZI'()‘7()02, and (C) ZI'OQ thin films with
varying film thickness. (t: tetragonal; o: orthorhombic; m: monoclinic)
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Figure S4. Changes in relative phase fractions estimated based on surface energy model with
an assumption of interfacial energy = 0.33 surface energy in (a) HfO,, (b) Hfyg,Zro.190,, (¢)
Hfy 57710.430,, Hfy30Z19700,, and (e) ZrO, thin films with varying film thickness. (t:
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Figure S5. Changes in relative phase fractions estimated based on surface energy model with
assumptions of interfacial energy = 0.33 surface energy and TiN capping effect for
suppression of phase transition from tetragonal to monoclinic phase in (a) HfO,, (b)
Hfy §1Z10.190,, (¢) Hfy 5772104305, Hfy30Z10700,, and (e) ZrO, thin films with varying film
thickness. (t: tetragonal; o: orthorhombic; m: monoclinic)
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Figure S6. Exemplary polarization-electric field (P-E) curves for electrical performance
diagram in figure 7 of the main text. Experimentally measured P-E curves of (a) 9.2 nm-thick
HfO,, (b) 9.2 nm-thick Hfj70Zry300,, (¢) 9.2 nm-thick Hfj50Zrg500,, (d) 9.2 nm-thick
Hfy 202108002, (€) 29.2 nm-thick Hf} 30Zr 700, and (f) 9.2 nm-thick Hfy 49Z1( 60O, films. (DE:
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