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Background - Ferromac

= Ferromagnetic materials
» Materials retain their magnetic j

= Curie-Weiss law (susceptibilit
on Curie temperature)




Non-polar phase










Background = Multiferroics

= Hans Schmid (1990):

“ A material that combines two (or more) of
primary ferroic orders in one phase”

ME = Ferromagnetic

Multiferroic

+ Ferromagnetic Ferroelectric

Ferroelectric

= In practice often:

. . : Magnetically Electrically
Multiferroic = Magnetoelectric Polarizable Polarizable

Magnetoelectric

L. W. Martin et al. Mater. Sci. E



Device Level Applications

Tunable resonator Tunable filter Tunable phas

Magnetoelectric memories

o
= Magneto-mechanical actuators
= Tunable microwave device

E Sensors

Adapted from: Ce-Wen Na



Background =EiEE@%

= Bismuth ferrite - BiFeO, (BE
= High Curie temperature, T¢ (-8
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BiFeO;: Crystal structire’

Distorted Rhombohedral Perovskite Oxyge
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Objective
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Outline

o
= Design & modeling

= Design configurations
o Grain structure of BiFeO; fi
o Parallel plate configuratic
o Co-planar configuration
o Co-planar configurati

= Permittivity mode
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Grain structure of BIEEQHINTE:

RF sputtering
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Design & modelingior
dielectric response
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arallel plate configuration

E-Fiel
Multiferroic film

\ Top electrode E

Bottom electrode

Interfacial | :
Ca I Cor | Cai Coi Con
IR g g 4= IR , g § === ==k~




Co-planar configuration

Multiferroic film ,
E-Field

\ / . Electrode
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electrodes

Adhesion layer E-Field Crain bo

/ Electrode
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Outline

ectric response

» Patterning of IDC electr
= BFO thin film growth
= Contact pads depos

& Analysis

nture outlook
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BiFeO; thin filmi¢

= Pulsed Laser Deposition (P

Parameters Comments
Laser source KrF
Laser wavelength 248 nm
Energy 1.5 mJ/cm?
Target Bi, ;FeO;,
Oxygen pressure 1 x 102 mbar
Repetition rate 10 Hz
Substrate Au/Ti/SiO,
l Substrate-target distance 6cm




Contact pad de ;)J,]:Lm 5/

E-beam evaporator

Ti: 50 nm
Au: 500 nm

ID finger
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Outline

ctric response

m Characterization & Ana
s Microstructure of depc
» Dielectric response

= Magnetoelectric
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Microstructure
As-deposited HImMs
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Stoichiometry

As—-deposited f11ms
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Dielectric Response

As - deposited BFO thin fil
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C(V) response

Epitaxial BiFeO, thin
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Dielectric Response

Ex - situ annealed (700°C) BFO thin fi
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Dielectric Response

Dielectric constant (Farnell’s model)

Bulk BiFeO, cer
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Magnetoelectric response
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Conclusion

Outline

ielectric response
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Conclusions

= Effect of T, on BFO films grow

» Strong dependence on film's mic
stoichiometry

= BFO films grown over A
» Improved microstructure
» Reduced parasitics/les

= Permittivity (2
0.21% by 0.2 T @
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Conclusion:

= Post deposition ex-situ anneals

permittivity than as-deposite
» Improved microstructure/Inc
» Simultaneously preserving
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Journal Publicatic

= Taimur Ahmed, A. Vorobiev, S. Ge
temperature dependent dielectric prop

films deposited on silica glass substrt
520 (13) pp. 4470-4474 (2012).

= A. Vorobiev, Taimur Ahme
response of BiFeO3 films in
Integrated Ferroelectri
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PLD: Film nucleation andigrowe

Ys = ¥t ¥
With masfit

= .
Layer-by-layer 3D islanding Layer-by-layer

(Frank-Van der Merwe)  (Volmer-Weber)  followed by 3D islanding
(Stranski-Krastanov)

y.: surface energy of substrate
7 surface energy of film

Vs interface energy of substrate-film
by Dietrich R. T. Zahn




Permittivity model



Permittivity. model

m Farnell’s model

Parameters
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