
Schlüsseltechnologien / Key Technologies
Band / Volume 245
ISBN 978-3-95806-571-0

Schlüsseltechnologien / Key Technologies
Band / Volume 245
ISBN 978-3-95806-571-0

Surface Acoustic Waves in Strain-Engineered Thin (K,Na)
NbO3 Films: From Basic Research to Application in Molecular 
Sensing
Sijia Liang

245

Sc
hl

üs
se

lte
ch

no
lo

gi
en

  
Ke

y 
Te

ch
no

lo
gi

es
Su

rf
ac

e 
A

co
us

tic
 W

av
es

 in
 S

tr
ai

n-
En

gi
ne

er
ed

 T
hi

n 
(K

,N
a)

N
bO

3 F
ilm

s
Si

jia
 L

ia
ng



Forschungszentrum Jülich GmbH
Institute of Biological Information Processing
Bioelectronics (IBI-3)

Surface Acoustic Waves in Strain-Engineered 
Thin (K,Na)NbO3 Films: From Basic Research to 
Application in Molecular Sensing

Sijia Liang

Schriften des Forschungszentrums Jülich
Reihe Schlüsseltechnologien / Key Technologies Band / Volume 245

ISSN 1866-1807  ISBN 978-3-95806-571-0



 
 

V 
 

Contents 

Zusammenfassung .................................................................................................................. I 

Abstract .................................................................................................................................III 

1 Introduction ........................................................................................................................1 

2 Theoretical background .......................................................................................................4 

2.1 Fundamentals of ferroelectrics ......................................................................................4 

2.1.1 Dielectricity ............................................................................................................5 

2.1.2 Ferroelectricity .......................................................................................................8 

2.1.3 Ferroelectric phase transition ...............................................................................10 

2.1.4 Piezoelectricity .....................................................................................................11 

2.2 Engineering of ferroelectricity .....................................................................................12 

2.2.1 Doping .................................................................................................................12 

2.2.2 Strain ...................................................................................................................14 

2.2.3 Relaxor .................................................................................................................16 

2.3 Surface acoustic waves................................................................................................19 

2.3.1 Surface acoustic wave modes ...............................................................................19 

2.3.2 Generation and detection of surface acoustic waves ............................................21 

2.3.3 Surface acoustic waves sensors ............................................................................25 

2.4 Introduction to KxNa1-xNbO3 ........................................................................................28 

3 Sample preparation and experimental techniques .............................................................30 

3.1 Sample preparation.....................................................................................................30 

3.1.1 Metal organic chemical vapor deposition .............................................................30 

3.1.2 Pulsed laser deposition ........................................................................................31 

3.1.3 Evaporation deposition ........................................................................................32 

3.1.4 Molecular layer deposition ...................................................................................32 

3.2 Film characterization ...................................................................................................33 

3.2.1 High resolution X-ray diffraction ...........................................................................34 

3.2.2 Reciprocal space mapping ....................................................................................35 

3.2.3 Atomic force microscopy ......................................................................................37 

3.2.4 Time-of-flight secondary ion mass spectroscopy ..................................................38 

3.3 Electrodes fabrication .................................................................................................40 

3.4 Electronic characterization ..........................................................................................42 

3.4.1 Temperature control.............................................................................................43 

3.4.2 Permittivity measurement ....................................................................................44 

3.4.3 Surface acoustic wave measurement ....................................................................46 

3.4.4 Surface acoustic wave sensor ...............................................................................47 

4 Strain engineering of the ferroelectric properties of KxNa1-xNbO3 films ..............................51 

4.1 Structure, strain, and stoichiometry ............................................................................51 



 
 

VI 
 

4.2 Strain engineering of TC ...............................................................................................56 

4.3 Strained conventional and relaxor-type ferroelectrics .................................................62 

4.4 Summary ....................................................................................................................66 

5 SAW properties in conventional ferroelectric (K,Na)NbO3 ..................................................67 

5.1 SAW properties at room temperature .........................................................................67 

5.2 Impact of strain on SAW properties .............................................................................75 

5.3 Temperature dependence of permittivity and SAW signal ...........................................78 

5.4 Summary ....................................................................................................................81 

6 Tunable SAW properties of relaxor-type ferroelectric (K,Na)NbO3 .....................................83 

6.1 SAW properties without dc bias ..................................................................................83 

6.2 DC bias tuning of the SAW...........................................................................................88 

6.3 PNR-model for DC bias tuning .....................................................................................92 

6.4 Summary ....................................................................................................................96 

7 KNN thin film gas-phase SAW sensor .................................................................................97 

7.1 MLD sensor system .....................................................................................................97 

7.2 SAW sensor operation at elevated MLD temperature ................................................ 106 

7.3 Summary .................................................................................................................. 110 

8 Conclusion ....................................................................................................................... 111 

References ......................................................................................................................... 114 

Appendix ............................................................................................................................ 121 

Sample list ...................................................................................................................... 121 

E-beam lithography and lift-off recipe ............................................................................. 123 

Acknowledgement .............................................................................................................. 125 

 

 



Schlüsseltechnologien / Key Technologies
Band / Volume 245
ISBN 978-3-95806-571-0

Schlüsseltechnologien / Key Technologies
Band / Volume 245
ISBN 978-3-95806-571-0

Surface Acoustic Waves in Strain-Engineered Thin (K,Na)
NbO3 Films: From Basic Research to Application in Molecular 
Sensing
Sijia Liang

245

Sc
hl

üs
se

lte
ch

no
lo

gi
en

  
Ke

y 
Te

ch
no

lo
gi

es
Su

rf
ac

e 
A

co
us

tic
 W

av
es

 in
 S

tr
ai

n-
En

gi
ne

er
ed

 T
hi

n 
(K

,N
a)

N
bO

3 F
ilm

s
Si

jia
 L

ia
ng


	Leere Seite
	Leere Seite
	Leere Seite
	Leere Seite



