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Project Objectives

Goal: To engineer ferroelectric HfO2 solely at RIT by:
1. Developing a recipe for atomic layer deposition of aluminum

doped HfO2

2. Fabricating capacitor structures with ALD of doped HfO2 as
the dielectric

3. Conducting polarization and current testing on capacitors to
observe and verify ferroelectric properties

Ferroelectricity - electrically induced polarization in the crystal 
lattice - is a promising candidate for non-charge based memory.
• Ferroelectricity in HfO2 is stronger than ceramic films

(1MV/cm vs 50 kV/cm), enabling reduction in gate height. [1]

• Doping of HfO2 makes the ferroelectric phase more favorable.
Ferroelectricity reported in ALD HfO2 with Al, Y, or Si dopants.
Results also seen with Y and Hf reactive co-sputtering. [3, 4]

• TiN or SiOxNy used as an interfacial layer between ferroelectric
capacitor and substrate [1]

• TiN layer used above ferroelectric gate to help coerce the
HfO2 layer into a ferroelectric (FE) phase [2]

Previous Work at RIT

Process Development
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Background

• The Savannah ALD system at RIT is equipped with the hafnium
precursor TDMAHf - Tetrakis(dimethylamido)hafnium(IV)

• HfO2 is deposited in a cyclical fashion by alternating pulses of
the hafnium precursor and water

• In both cases, a self limiting reaction occurs with the surface
• To introduce aluminum dopant to the film, the Al precursor

TMA – trimethyl aluminum is pulsed every “X” cycles instead
of the Hf precursor where X is calculated based on the desired
percentage of Al in the HfO2 film

• After the entire film is deposited, a capping TiN is sputter
deposited and a rapid thermal anneal is performed at high
temperature

Ferroelectric Testing

ALD of Al:HfO2

Conclusions

• HfO2 and Al:HfO2 have both been successfully deposited by
ALD at RIT

• Capacitors with the deposited materials were fabricated and
tested. Low breakdown voltage as well as high leakage current
was observed.

Future Work

• Fabrication variations will be considered to possibly limit
interfacial oxide that could be lowering capacitance

• A study of annealing conditions will be done to achieve the
proper orthorhombic crystal phase

• XRD on samples will be done to calculate crystal structure

• Ferroelectric transistors have been fabricated at RIT by Joe
McGlone with collaboration and ferroelectric Si:HfO2

depositions from NaMLaB

[1] [2]

• Capacitors were fabricated using the Al:HfO2 and tested
• It can be seen that at small applied voltages, only dielectric

behavior is observed and breakdown occurs before a
voltage is reached where ferroelectric behavior can be seen

SiHfO2Al

• TEM and EELS of HfO2

samples demonstrated
that the new Savannah
ALD system at RIT is
capable of depositing
the desired material as
well as the desired
thickness (target was
10nm)

• Possible grains in the
HfO2 layer can be seen
from the TEM image

• The current annealing
conditions may be
causing partial
crystallization, but may
not be fully inducing the
orthorhombic crystal
phase desired for
ferroelectric behavior


