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Ferroelectric Memories

ferroelectric, orthorhombic HfO, phase
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In this work: focus on simple capacitor structures
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Doping of HfO, Induces Ferroelectricity
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Doping of HfO, Induces Ferroelectricity
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P-E and Small-Signal C-V Measurements (after preconditioning)
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Grazing Incidence X-ray Diffraction
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Basic Characterization
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¥ = Etot i thon ST Fsurf

free energy total energy phonon energy surface energy
min(F) = stable m <o <t f(T) t<m
t<o<m
simulation: T = 0K

Some Remarks
at low T, E, . with main effect > m favored
high T always favors high symmetry phases - t favored

due to F_ . t-phase observable in thin films even at low T
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F = Etot i thon ik Fsurf

free energy total energy phonon energy surface energy
min(F) = stable m <o <t f(T) t<o<m
t<o<m
simulation: T = 0 K

Some Remarks
at low T, E, . with main effect > m favored
high T always favors high symmetry phases - t favored

due to F_ . t-phase observable in thin films even at low T

Idea Behind Doping
change E,,; Fynon @and Fg - are left unaffected

opening a T window between m and t for a stable o-phase
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Sketch of the Idea

phase with minimal F(T) is stable at this temperature
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Comparison with Si:HfO, as the Mostly Studied System
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Memory Characteristics

Conditioning Behavior
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Memory Characterlstlcs
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Memory Charactenstlcs
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Memory Characteristics
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switching in ns range
retention proven up to ~ 60 hours

endurance: 80% of P, still retained after 10° cycles
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Functional Principle of a FeFET

bit line
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Functional Principle of a FeFET
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Reasons for the Claim of a Ferroelectric Phase
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P-E hystereses exhibit concave areas
k-V hystereses with peaks and according to P-E hystereses

hystereses and maximum in k value at transition from
monoclinic to tetragonal/cubic

films exhibit piezoelectricity
GIXRD: triplet between 26 = 82° and 87° - further phase(s)
FeFET - shift in of V,, not to be explained by trapping

remarkable retention for a film stack that was not designed
like a flash stack

typical wake up and fatigue behavior
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