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Antiferroelectricity in ZrO,
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ALD grown ZrO, at Georgia Tech shows robust antiferroelectricity

at a thickness as low as 5.4 nm. &
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Antiferroelectricity in ZrO,

Structure Hysteresis Loops

ZrO, (5.4 nm)
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HAADF STEM
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Unstable phase transition states in antiferroelectrics observed!

Tasneem et al. (in prep) Ge?r'éc'ﬁ
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Logic and memory applications.

Thickness scalability:
Ferroelectrics convert to
antiferroelectrics at scaled
thicknesses.
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Effects of doping on Antiferroelectricity
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Increase in %La leads to
1. Narrowing of AFE
Double Hysteresis

2. Increase in Critical
Voltage or Electric
Field required for
AFE—2>FE transition.
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Results: Scaling of AFE ZrO,

* ZrO, ALD recipe and anneal condition optimized.
— ALD tool: Cambridge NanoTech Plasma ALD Fiji-F202 at Georgia Tech.

* Robust AFE double hysteresis loop obtained for thickness as low as 5.4
nm Zr0O,.
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Results: Scaling of AFE ZrO, (5.4 nm)

* Robust AFE double hysteresis loop obtained for thickness as low as 5.4

nm ZrO,.

» Capacitance-voltage characteristics show AFE type double butterfly loops.
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Results: Scaling of AFE ZrO, (4 nm)

* 4 nm ZrO,: Capacitance-voltage characteristics show AFE type double
butterfly loops, but polarization vs. voltage hysteresis could not be
measured due to high leakage.
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Electric Field at Capacitance Peak (MV/cm)

Results: Scaling of AFE ZrO,

(Electrical properties)

* Coercive Electric Field, Ec decreases as we increase the thickness of ZrO, layer.
* Change in Electric Field with ZrO, layer thickness seems to follow the J-K-D Law:
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Electric Field at Capacitance Peak (MV/cm)

Results: Scaling of AFE ZrO,

(Electrical properties)

* Coercive Electric Field, Ec decreases as we increase the thickness of ZrO, layer.
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Results: Scaling of AFE ZrO,
(Electrical properties)

Voltage Width of the hysteresis window changes linearly with the thickness.
Electric field width of the hysteresis window stays constant with thickness.
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Results: Scaling of AFE ZrO,
(Electrical properties)
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Results: Scaling of AFE ZrO,
(Structural properties)
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Iog(Intensity) (a.u.)

Results: Scaling of AFE ZrO,

(Structural properties)
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Results: Scaling of AFE ZrO,
(Grain size evolution)
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Results: Scaling of AFE ZrO,

(Residual stress)
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Comparison to our prior work (Pre-

GRC)
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Comparison to our prior work (Pre-
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Atomic resolution STEM Imaging of
5.4 nm ZrO,

High Angle Annual Dark Field (HAADF) STEM done at Georgia Tech
Done by co-Pl: Joshua Kacher group

If the d-spacings and angle match perfectly, the reflection points in FFT (white dots) MUST
match the simulated diffraction patterns (black dots) perfectly.



Atomic resolution STEM Imaging of
5.4 nm ZrO,

~Graint "5}  Zr0,

High Angle Annual Dark Field (HAADF) STEM done at Georgia Tech
Done by co-Pl: Joshua Kacher group



Atomic resolution STEM Imaging of
5.4 nm ZrO,

frequencies
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All the grains were observed to be tetragonal.



Why are we doing Atomic Scale
Microscopy?

* Because the crystal structure of ferroelectric HfO, and
antiferroelectric ZrO, is not known yet in a AFE/DE

heterostructure.

* Depolarization field.

e Stabilized negative capacitance.
 Micro-Strain and grain boundary effects.

e Andsoon...



