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Introduction

PhD degree in Physics in 2012 with thesis title “Study of the electrical and
magnetic properties of single phase and composite multiferroic systems”,

Supervisor Prof.Dr.Liliana Mitoseriu

» Magnetoelectrics multiferroics _ =Co-existance of both
ferro/ferri/antiferroelectric and ferro/ferri/antif erromagnetic order in a certain
range of temperatures and coupling between them (ME effect).
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Why multiferroic materials?

Magnetoelectric Multiferroics:
— trends in the microelectronic industry:
» Miniaturized components with multifunctional
properties

Applications:
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> ME sensors, transducers, etc.

Photographs of MeRAM

» Multiple state memory elements memory bits developed by the UCLAtearn
(writing/reading/deleting with E, H fields and opti cally)

» Spintronics
Requirement: —

> ME materials must exhibit high ME coefficients atr  oom temperature
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1. Electrical characterisation of BiFeO ;-based multiferroic

system by impedance spectroscopy (IS)

> Precision LCR Meter Direct, measuzSii tl
- ——  Calculated: €, tgd, €”, M’,M”, ¢
Frequency: 20Hz — 2MHz

Agilent E4980A Precision LCR Meter controlledviaL AN
with a computer  (from AMON-CXRRFHDAT A& ttom))

» Impedance/Gain-Phase Analyzer
= Direct measured: v, €,€”, 0, R,X, Sample type

| — Calculated: M’,M”, tgd
w - . Frequency: 1Hz — 1MHz

Sample
thickness

Silver
electrodes

Solartron |npeedercedzan- FrizaseMrzdyyaer moakdd|
1260A from the “DidildetiosS;Emwekdetioss anand

Multiferroics” Labbarainrybfitae “Alétaxaindru loam Sample disc
Cuza” University

»The electrical measurements were performed
on parallel-plate capacitor configuration, by
applying Ag electrodes onto the polished surfaces
of the sintered ceramic disks with diameters in
the range of 9-10 mm and 1- 2 mm thickness.

Direct measured: R, X,C, L
Calculated: €, tgd, €”, M’,M”, o,p
Frequency: 20Hz — 20MHz

Wayne Kerr 6500P LCR Meter frioomt hiecRRAMT HEEH
Centre of the “Afdraaddru loan CGzaa” University



Investigated multiferroic systems

»BiFeO, based single-phase multiferroic systems

4 N
Pure BiFeO;
ceramics
~ / (1-x)BiFeO ;-xBaTiO 5
4 N
BiFeO;-based _
solid solution BiFe ; ,Mn, O,
L 4

Bi, LaFe; Mn,O,

Unsolved problems:

»>To explain the macroscopic properties in relation with microstructure and composition of the single-
phase BiFeO4 compounds

»'To understand the mechanisms of conduction and dielectric relaxation



Conductivity anomaly
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Dielectric characteristics
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= Presence of BaTiOg in solid solution results in:
- elimination of conduction mechanisms,

- stabilization £’=(180-240) and

- reduction of dielectric losses below 3% at room
temperature.
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2. Preparation of BiFeO ; micro/nanostructures
» Hydrothermal synthesis

Advantages:

= low temperatures (< 200°C);

Univ. of Genoa & Institute of Energetics and Interphases
IENI-CNR, Genoa, Italia

= reaction takes place in a closed system under a high pressure as an additional parameter

(besides temperature, precursors, solution pH, reaction time)

Starting reagents:
Bi(NO;)-5H,0, Fe(NO,;)-9H,0

il

Weight, dissolving in distilled
water, mixing under stirring at
room temperature

Preparation of NaOH solution
(Weight NaOH, dissolving in
distilled water, mixing under
stirring at room temperature)

U

@

Mixing of the two solutions

1

Stirring 30 min at room temperature

Il

Checking the pH

I

The hydrothermal treatments

2 mL H,0, addition were conducted in the

Il

temperature range 180-220°C

for 4-48h.
Hydrothermal synthesis

Il

Filtration, washing, drying

The reaction furnace and
hydrothermal vessel



Microstructural characterization

BiFeO, powders

ag= 300X 'El'pm EHT=2000kV  Detector = CENT 4 PhotoNe. =837 Mag= 1.00 KX 10Um

Felicia Gemgliiiu , Radu Tanasa, Mana Teresa Buscayla, Witeszoo BiseEglia,
Cristina G. Hestteanzamu, Enatiimee FRopowiidi ssved Liliana NHitsssiiu, ,FPepaasdidonodf
Bii ,Fe,O4 particles by hydrothermal synthesis and functional properties, FPlagse
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RAMTECH Centre: powders and ceramic

reparation
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Analytical Balance
GH-252-EC

Complex impedance
investigation

Auto Precision
Polishing Machine

Carbolite Furnace



3. PZT —based multiferroic thin films

»RF magnetron Sputtering

Vacuum chamber

| Gas system

substrate

plasma

target Cathode
shield
Gun

Pumping

shutter

RF power
supply

Schematic representation of a
sputtering system

Substrate positioning

KDeposition conditions: \

(S

Ceramic target : Co-doped Pb(Zr 5,4Tip46)O5
(Kurt J. Lesker Company)

Diameter: 3.00"

Substrate: Au/Al ,04

Discharge in Ar

Basic pressure: 2 x10 mbar

The target after deposition
(broken)

Working pressure: 1.5 x10- mbar
Substrate temperature: 300°C /

Sample preparation for electrical measurements:

as-deposited films
e

Top electrode

PZT

electrical
contacts

Au
Bottom electrode



Co-doped PZT thin films
characterization
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Advantages of RF Sputtering:
1. It works well with insulating targets -0.75 — - . ————
2. High efficiency: easier to keep plasma going -150 -100  -50 0 50 100 150
which can operate at lower Ar pressures (1-15 Electric field [kV/Cm]

mTorr)

1. Raluca Fumza,, Deam Ricinschi, Felicia Gheorghiu , Radu Apetirei, Mumittu Luozg, Willmama NMitsssru, Méssaioori QRayana |
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RAMTECH Centre -thin films deposition

Magnetron sputtering system type Pulsed Laser Deposition (PLD)

Q150T S/E/ES

Principle Principle
Substrate @ ground

Substrate

) —
Material-of-interest " holder BT
film growth : o
. : . - ] laser radiation
E E 4 .."'- Fipne i - plasmal

Pulsed laser 2 ‘ vapour
source ;

Rotating
target stage

f To vacuum
Target @ —(0-1000) eV pump



4. Fabrication of PPLN samples
» e-field poling method

High Voltage Unit Poling-cell
7 _-_—mEmEmEmEmEmsms== -~ \ 7 _-_—mEmEmEmEmEmsms= -~ \
| Generator - J ; I : E'f].e].d pOllng Setup
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- | |

1 Ogcillogcope 1 —3 _ . . .
\ ! \ Flotorei = | PPLN=Periodically Poled LINDO
~ ,, ~ Maslk LiNbOy sample ,,

E-field poling method steps:

Photoresist mask

‘ Electrodes

T TR
Voltage

E =21 kViinm

Single domain

ferroelectric substrate Inversion of ferroelectrics
domains by application of
an electric field

Substrate after
removing the

external electric
field

RAMTECH Project PN-II-ID-JRP-2014:
“INtegrated Quantum Circuits based on non-linear waveguide Arrays”

Parteners:

Research Center on Advanced Materials and Technologies (RAMTECH) Sciences Department, "Alexandru loan Cuza” University of lasi,
Laboratoire de Physique de la Matiére Condensée (LPMC), Université de Nice — Sophia Antipolis, Nice, France

Laboratoire de Photonique et Nanostructures (LPN), Centre National de la Recherche Scientifique (CNRS), Paris, France



Conclusions

» Electrical characterisation of ceramics by Impedance
spectroscopy (I1S)
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» Fabrication of PPLN samples by e-field poling method

I Inversion of ferroelectrics
T Il I:Ilgh domains by application of
T Voltage an electric field

Electrodes

E =21 LkVinmn






