Investigation of Zinc oxide nanostructures:
Growth, microstructure and

photoluminescence properties

von

Peter Hef3

Diplomarbeit in Physik

angefertigt im

Institut fiir Materialphysik

vorgelegt der
Mathematisch-Naturwissenschaftlichen Fakultat
der
Westfalischen Wilhelms-Universitat

Miunster

im Juni 2012



Referent: Prof. Dr. G. Wilde, Institut fiir Materialphysik, Westfalische Wilhelms-Universitat Miinster

Korreferent: Prof. Dr. Y. Lei, Institut fiir Physik & ZIK MakroNano, Technische Universitit Ilmenau



Contents

T Motivation

|2 Theoretical

aspects|

2.1.1 CVDsetup| . . . . . . . .
[2.1.2  Growth mechanism in the CVD system| . . ... ... ... ... ...
2.1.3  Growth dependencies| . . .. ... ... ... ... ...
[2.1.4  Preferred growth directions| . . . . . .. ... ... o000

|3 Experimental methods|

[3.1 Scanning electron microscope (SEM)| . . . . . ... ... ... L.

BI1

opecial modes for FEI Nova NanoSEM|. . . . . . ... ... ... ...

[3.2  Transmission electron microscope (TEM)| . . ... ... ... ... ... ...

[3.3  Photoluminescence measuring system (PL)| . . .. ... ... ... .. ... ..

4 Growth of nanostructures|

4.1 Cu-TCNQ nanowires| . . . . . . . . . . . . . o it

A1l

21

Preparation of substrates and source material . . . . ... ... .. ..

[4.2.2  Chemical vapor deposition system (CVD): setup and procedure] . . . .

4.3 Discussion of achieved microstructures . . . . . . . . ... ... ... ... ..

3.1

Microstructures in dependence of the substrate and its surtace)

132

Investigation concerning the growth mechanism|. . . . . . . ... ...

A33

Influence of growth conditions|. . . . . . . ... ... ... ... ... .

A3

Sensitivity of parameters| . . . . . ... ..o oL

19 Microstructure and functional properties|

[.1  Microstructures according to conditions| . . . . . . . ... ... ... ...

o Ot = W W

21
21
22
24
28

33
33
34
39
39
42
45
45
47
50
54

59



ii

Contents

[5.2  Crystallographic investigation of grown nanostructures by TEM|

[.3  Photoluminescence properties| . . . . . . ... ... 0oL

[5.3.1 Photoluminescence signal of obtained samples|. . . . . . . ..

[5.3.2  Annealing experiments|. . . . . . ... .. ...

[5.3.3  Procedure for time resolved annealing| . . . .. .. ... ...

[.3.4  Time resolved annealing| . . . . . ... .. ... ... .....

[6 Future perspectives|




	Motivation
	Theoretical aspects
	Growth of zinc oxide nanostructures
	CVD setup
	Growth mechanism in the CVD system
	Growth dependencies
	Preferred growth directions

	PAMs and UTAMs as a tool for nanostructuring
	Production of PAMs and UTAMs

	Properties of ZnO nanostructures
	Photoluminescence
	Photoluminescence of zinc oxide


	Experimental methods
	Scanning electron microscope (SEM)
	Special modes for FEI Nova NanoSEM

	Transmission electron microscope (TEM)
	Photoluminescence measuring system (PL)

	Growth of nanostructures
	Cu-TCNQ nanowires
	Experimental procedure and results

	Growth of ZnO nanostructures
	Preparation of substrates and source material
	Chemical vapor deposition system (CVD): setup and procedure

	Discussion of achieved microstructures
	Microstructures in dependence of the substrate and its surface
	Investigation concerning the growth mechanism
	Influence of growth conditions
	Sensitivity of parameters


	Microstructure and functional properties
	Microstructures according to conditions
	Crystallographic investigation of grown nanostructures by TEM
	Photoluminescence properties
	Photoluminescence signal of obtained samples
	Annealing experiments
	Procedure for time resolved annealing
	Time resolved annealing
	Diffusion calculations


	Future perspectives
	Conclusion
	Bibliography



