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Motivation and Objectives of Research 

The aim of the microscopic material investigation is the determination of the 

main characteristic parameters which define the material properties. The 

development of the microscopic methods used for this purpose is continuous. The 

resolution and precision of these methods are developing side by side with the 

technologies which utilize the gathered new information for the creation of 

materials and devices with advanced properties. Through the spread of microscopic 

methods capable of imaging in the atomic scale (such as transmission electron 

microscope (TEM) and the scanning probe microscope (SPM) family) the center of 

interest shifted to the nanometer scale both in the field of investigation 

(nanometrology) and the manipulation of matter (nanotechnology). Besides the 

improvement of the resolution there is a continuous need to develop novel methods 

which yield new information regarding the investigated materials. It is also 

important to decrease the cost and measurement time of microscopic investigations 

by optimizing already existing methods or by developing new techniques.    

Figure 1 compares the estimated measurement time – cost requirements of 

microscopic methods utilized frequently for the investigation of metallic micro- and 

nanostructures.  

 

 
Figure 1. The estimated measurement time – cost requirements of widespread microscopic methods 

(redrawn based on [1]). 

 

In my dissertation I present novel microscopic methods for the investigation of 

two different metallic systems.  



 

2 
 

1. Gold thin films 

Gold thin films are frequently used as transducer elements in various chemical, 

electrochemical or optical sensor applications due to their several favorable 

electrical, technological or chemical properties. The surface micro- and 

nanostructure of the gold thin films (e.g. the shape and distribution of the grains) is 

strongly depending on the technological parameters of the thin film deposition 

process. This varying surface morphology can affect the potential applications e. g. 

the response and behavior of the electrochemical or capacitive sensor elements [2]. 

The aim of my work was to investigate the possible application of SPM methods 

and surface describing parameters for the quantitative characterization of gold thin 

film surface nanostructures. The standard parameters for the quantitative 

characterization of the 3D topographical images are defined by the most recent ISO 

25178-2 (2012) standard.  By the critical evaluation of all the 30 parameters listed in 

the standard I found that none of them can unambiguously characterize the shape of 

the grains. Thus my aim was to introduce a novel parameter for the quantitative 

characterization of the surface nanostructures which focuses on the shape of the 

surface features.  

2. Ferritic steel 

Alloys based on ferrite (such as steel or cast iron) have a quite wide range of 

application areas in nearly every aspect of our life. The fabricability and the 

mechanical properties of these materials are strongly depending on the 

microstructure, including the crystallographic orientation of the ferrite grains. When 

a certain crystallographic orientation is more frequent among the grains the surface 

has crystallographic texture. In some cases it is desired to increase a specific 

orientation density of the texture with thermal or mechanical processing in the 

material. For example the deep-drawability of a cold rolled steel sheet is influenced 

by the crystallographic texture. (Deep drawing is a is a sheet metal forming process 

in which a sheet metal blank is radially drawn to form cylindrical objects.) For the 

optimal deep-drawabilty of ferritic steel sheets the ideal crystallographic texture is 

the 111, where the textured surface is perpendicular to the drawing direction [3]. 

To determine the crystallographic orientation of the steel sheets transmission 

electron microscopy (TEM) or electron backscatter diffraction (EBSD) are commonly 

used in practice. Both microscopic methods are considered expensive and also slow 

due to the elaborate sample preparation. My aim in this field is to develop a novel 

method which utilizes a common sample preparation method called color etching, 

http://en.wikipedia.org/wiki/Sheet_metal
http://en.wikipedia.org/wiki/Metal_forming
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which with the help of simple optical microscopy would enable the determination of 

the crystallographic orientation in ferritic steel samples without the need of the 

more expensive TEM or SEM-EBSD methods.  

Background of Research 

The first part of my dissertation – the investigation of gold thin film micro- and 

nanostructures – fits well within the competences of BME-ETT. The Sensors and 

Microfluidics Laboratory had four FP-6 European Union projects between 2007 and 

2010, in which I participated with my research. All four projects (DINAMICS, DVT-

IMP, RaSP és -Builder) utilized gold thin films to realize various functions (such as 

transducer elements in biosensors). During my participation in these international 

projects I got to know the most important parameters considering the application of 

gold thin films and I experienced that the surface quality of the gold thin films has a 

significant influence on most of the applications, especially in electrochemistry. In 

2008 BME-ETT purchased a Veeco diInnova type SPM and I received professional 

training as an SPM operator. In order to learn advanced SPM techniques I spent two 

weeks in the Biochemical Department at the University of Bologna in September 

2008. Combining my expertise in the different areas (electrochemistry and SPM 

surface characterization) I focused my research on the investigation of the 

connection between gold thin film nanostructure and electrochemical behavior, 

which became my primary research area as a PhD student in 2009.  

Our cooperation with Dr. Peter János Szabó – associate professor at the 

Department of Materials Science and Engineering (BME-ATT) and a recognized 

expert in the field of electron backscatter diffraction (EBSD) analysis – started in 

2011.  BME-ATT had a previous cooperation with the University of Miskolc 

regarding the microstructure investigation of gray cast iron with color etching. Dr. 

Ibolya Kardos from University of Miskolc defended her PhD in this field in 2009. The 

aim of my joining to the project was to extend and combine the investigations with 

SPM surface characterization.   
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New scientific results (Theses) 

Thesis I. I introduced a novel parameter called localization factor for the 

characterization of images made by atomic force microscopy (AFM). 

The localization factor () can be derived from the generalized 

localization of an AFM image – which is the function pair of the 

structural entropy and the spatial filling factor – and it yields 

quantitative information regarding the shape of the surface structures. 

Localization factor is the value  which has the smallest square error 

between the generalized localization of an AFM image and the 

generalized localization of the exp(-x) probe function.  

a) I determined the interpretation domain of the localization factor 

parameter for AFM images made on grainy surfaces. I showed that the 

determination of the localization factor is influenced by the following 

parameters: 1) the average grain size and its distribution; 2) the scan size 

of the image; 3) the resolution of the image and 4) the number of 

sampling windows. In the defined parameter space an AFM image should 

meet the following two criteria for the optimal determination of the 

localization factor:  

i. The number of pixels per grain diameter (Mg), which is defined by 

the scan size (       , and for simplicity        ), the image 

resolution (     , where M is the number of pixels per 

row/column and N the total number of pixels) and the grain 

diameter (dg) should be higher or equal with 30, as defined by (1).  

        
     

 
                                                        

ii. The permitted number of sample windows per row/column (K) in 

the function of the scan size and grain diameter is defined by (2). 
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Thesis II. I showed that the localization factor can be applied for the 

quantitative characterization of the grain shape of four technologically 

different gold thin films, based on AFM images.  

a) I showed that the localization factor yields identical values and thus can 

be applied for the characterization of the grain shape of the four 

different gold thin films when the scan size of the AFM images are inside 

the interpretation domain  (1 m2 – 9 m2) which I defined in Thesis I. 

The localization factor values obtained on the four different thin films 

are the following (with standard deviations for 15 images): 4.9 (6.3 %); 

2.8 (8.7 %); 3.2 (5 %); 2.4 (10 %). 

b) I showed that the localization factor is less influenced by the background 

subtraction and filtering of the AMF images due to its determination 

method compared to other surface describing parameters defined by the 

ISO 25178-2 (2012) standard. The maximal effect of the unfiltered 

background in the images (e. g. the bow which could originate from the 

scanner movement) on the determined localization factor was a relative 

-9.5 % in the 1 m2 – 9 m2 scan range. 

Thesis III. I showed that the localization factor can be applied to quantitatively 

describe the changes in the surface nanostructure of gold thin films 

which occur during thermal annealing. 

a) The localization factor showed an average decrease of 12 % after 

thermally annealing the gold thin film for 5 minutes at 250 oC, while it 

decreased with an average of 22 % after 1 minute at 300 oC, based on the 

AFM images in the 1 m2 – 4 m2 scan range. 

b) The measured decrease in the localization factor describes the changes in 

the grain shape which was observed during thermal annealing (e. g. the 

decreased steepness of the slopes and the merging of the grains with each 

other). I found that the other surface describing parameters which are 

defined by the ISO 25178-2 (2012) standard were unable to 

quantitatively describe the observed changes in the grain shape and 

structure. 

Publications connected with Theses I-III: [L1], [L2], [K1]  
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Thesis IV. I determined the working principles of the corrosive chemical 

etching with 3 % nital etchant and the color etching with Beraha-I 

etchant in the cases of gray cast iron and cold rolled steel with the 

combined application of atomic force microscopy,  electron backscatter 

diffraction and optical microscopy.  

a) The etching speed of the 3 % nital chemical etchant is depending on the 

crystallographic orientation of the ferrite grains in gray cast iron. I found 

that the etching speed and the gradient of the etching speed along one 

grain correlate with the angle difference between the surface normal of 

the grain and the [001] crystallographic direction.  If the angle between 

the specimen normal and the [001] direction of the ferrite grain is small, 

then the speed of the etching is low, but the lateral variation of the 

etching speed within the grain is larger. The etching speed and the 

gradient of the etching speed are defined in (1), where z is the height of 

the sample in the direction of the etching, while xe and ye are the unit 

vectors of the surface. 

       
  

  
                       

       

  
   

       

  
                        

b) I showed that the speed of interference layer formation above the ferrite 

grains with Beraha-I type color etchant is also depending on the 

crystallographic orientation of the ferrite grains. I found that the surface 

of the interfering layer is not smooth as was presumed by previous 

theories. The etching speed of the Beraha-I type color etchant was found 

to be just the opposite as the 3 % nital chemical etchant. If the angle 

between the specimen normal and the [001] direction of the ferrite grain 

is high, then the formation speed of the interference layer is low. 

c) I found that after over-etching the cold rolled steel specimens with 

Beraha-I color etchant, a striped pattern appears on the surface of the 

etched ferrite grains, which correlates to the crystallographic orientation 

of the grains. I showed, however, that ferrite grains with a surface 

normal close to the [111] direction would not become striped during the 

etching process and furthermore the etching speed is also smaller in the 

direction of these grains.   
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Thesis V. I developed a novel method to determine the number of ferrite grains 

close to the {111} crystallographic orientation in cold rolled steel 

specimens with the combined application of color etching with Beraha-I 

type etchant, optical microscopy and digital image processing.  

a) The method is based on the working principles of color etching which I 

determined, as presented in Thesis IV. 

b) I showed that after color etching the cold rolled steel sample for 7 

minutes with Beraha-I type etchant the resulting color and pattern of the 

grains make possible the determination of the grains close to the {111} 

orientation based on two properties. 1)  The grains which are close to the 

{111} orientation will lack the definite striped pattern which is present in 

the other grains, their surface is smooth. 2) Since the etching speed (and 

thus the formation speed of the interference layer) is the slowest in the 

[111] direction it is possible to stop the etching at a time when only the 

grains close to the {111} orientation have color (usually blue) while all 

the other grains are already gray due to the too thick and thus 

transparent interference layer.  

c) I demonstrated that it is possible to fit a suitable digital image post 

processing algorithm to the optical microscopic images made on the color 

over-etched cold rolled steel specimens in order to determine the number 

of ferrit grains which are close to the {111} orientation.   

d) The deep-drawability of a cold rolled steel sheet is influenced by the 

number of grains close to the {111} crystallographic orientation. My 

novel method makes possible the determination of this property of the 

steel sheets without the application of more expensive methods such as 

transmission electron microscopy or electron backscatter diffraction. 

Publications connected with Theses IV-V: [L3], [L4] 
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Practical Applications of Theses 

The localization factor parameter, which I introduced in Theses I-III. could be 

widely applied in the field of SPM analysis of grainy surfaces. It would be practical to 

investigate its possible application in other areas where macroscopic material 

properties are related to the surface micro- and nanostructure of the materials.  

My results concerning the surface characterization of gold thin films were 

continuously applied and implemented in the four FP-6 EU project of our 

Laboratory. Three of these were aiming to develop biosensors based on gold thin 

film transducers (DINAMICS, DVT-IMP, RaSP), while one aimed to fabricate complex 

microfluidic systems by combining gold thin films a PDMS microfluidics.  

My expertise in the field of atomic force microscopy, electrochemistry and gold 

thin films were implemented in M.Sc. faculty courses of the department in the form 

of 3 laboratory lectures (in Physical, Chemical and Nanotechnologies Laboratory) 

and several standard lectures (in Nanoscience and in Physical, Chemical and 

Nanotechnologies). 

My results and the novel method I presented in the IV-V. Theses makes possible 

to exclude expensive methods such as transmission electron microscopy or electron 

backscatter diffraction in the determination of crystallographic orientation in steel 

sheets.  

So far I received 12 independent citations to my papers. 
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Publications connected to Theses 

Regular Papers 

[L1] A. Bonyár, L. M. Molnár, G. Harsányi, ”Localization factor: a new parameter 

for the quantitative characterization of surface structure with atomic force 

microscopy (AFM)”, MICRON, 43, (Elsevier), 2012, pp. 305-310. (IF: 1.527) 

[L2] A. Bonyár, L. M. Molnár, G. Harsányi, “Dependence of the surface roughness 

and localization factor parameters on the background correction of AFM 

images: a thin film characterization study”, MATERIALS SCIENCE FORUM, 

729, (Trans Tech Publications), 2013, pp. 193-198. 

[L3] P. J. Szabó, A. Bonyár, ”Effect of grain orientation on chemical etching”, 

MICRON, 43, (Elsevier), 2012, pp. 349-351. (IF: 1.527) 

[L4]  A. Bonyár, P. J. Szabó, ”Correlation between the grain orientation 

dependence of color etching and chemical etching”, MICROSCOPY AND 

MICROANALYSIS 18:(6), (Cambridge Jourals), 2012, pp. 1389-1392. (IF: 

3.007) 

Conference Proceedings 

[K1] A. Bonyár, P. Lehoczki, ”An AFM study regarding the effect of annealing on 

the microstructure of gold thin films”, In: Proc of the 36th International 

Spring Seminar on Electronics Technology. Alba-Iulia, Romania, 2013 

(IEEE) – megjelenés alatt 
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Publications not connected to Theses 

Regular Papers 

[L5] T. Hurtony, A. Bonyár, P. Gordon, G. Harsányi ”Investigation of 

intermetallic compounds (IMC) in electrochemically stripped solder joints 

with SEM”, MICROELECTRONICS RELIABILITY, 52, (Elsevier), 2012, pp. 

1138-1142. (IF: 1.167) 

[L6] S. Grishchuk, A. Bonyár, J. Elsäßer, A. Wolynski, J. Karger-Kocsis, B. Wetzel 

“Toward reliable morphology assessment of thermosets via physical 

etching: Vinyl ester resin as an example”, EXPRESS POLYMER LETTERS 

7:(5), 2013, pp. 407-415.  (IF: 1.769) 

[L7] A. Bonyár, H. Sántha, B. Ring, M. Varga, J. G. Kovács, G. Harsányi ”3D Rapid 

Prototyping Technology (RPT) as a powerful tool in microfluidic 

development” PROCEDIA ENGINEERING 5, (Elsevier), 2010, pp. 291-294. 

[L8] A. Bonyár, H. Sántha, M. Varga, B. Ring, G. Harsányi, ”Characterization of 

PDMS micromolding utilizing molding forms fabricated by 3D Rapid 

Prototyping Technology (RPT)”, INTERNATIONAL JOURNAL OF 

MATERIAL FORMING, (Springer), megjelenés alatt, DOI: 10.1007/s12289-

012-1119-2 

[L9]   T. Hurtony, A. Bonyár, P. Gordon “Microstructure comparison of soldered 

joints using electrochemical selective etching”, MATERIALS SCIENCE 

FORUM, 729, (Trans Tech Publications), 2013, pp. 367-372. 

[L10] L. M. Molnar, T. Hurtony, A. Bonyár, P. Gordon, G. Harsányi, JOURNAL OF 

ALLOYS AND COMPOUNDS (Elsevier) – bírálat alatt (IF: 2.289) 

Regular Paper (in Hungarian journal, written in English) 

[L11] H. Sántha, A. Bonyár, ”Modular Biosensor Reaction-Cell.” PERIODICA 

POLYTECHNICA-ELECTRICAL ENGINEERING 52:(1-2), (2008), pp. 95-

109. 

Conference Proceedings 

[K2] A. Bonyár, G. Harsányi, ”CPE investigation of gold thin films”, Proc. of the 

17th International Symposium for Design and Technology of Electronics 

Packages. Timisoara, Románia, 2011 (IEEE), pp. 117-120. 

http://dx.doi.org/10.1007/s12289-012-1119-2
http://dx.doi.org/10.1007/s12289-012-1119-2
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[K3]  A. Bonyár, G. Harsányi, ”Typical Problems and Solutions in Electrochemical 

Measurement Cell Development.” In: Proc of the 33rd International Spring 

Seminar on Electronics Technology. Varsó, Lengyelország, 2010 (IEEE), pp. 

433-438. 

[K4]  A. Bonyár, T. Hurtony, G. Harsányi, ”Selective electrochemical etching for 

the investigation of solder joint microstructures”, Proc of the 35rd 

International Spring Seminar on Electronics Technology. Bad Ausse, 

Ausztria, 2012 (IEEE), pp. 89-94. 

[K5] A. Bonyár, T. Hurtony, Sz. Dávid, ”Investigation of the oxidation process at 

the copper-solder interface with atomic force microscopy (AFM)”, Proc. of 

the 18th International Symposium for Design and Technology of 

Electronics Packages. Alba-Julia, Románia, 2012 (IEEE), pp. 317-320. 

[K6] T. Hurtony, A. Bonyár, M. Müller, ”Determination of the Sn/IMC ratio in 

solder joints by combining electrochemistry and confocal microscopy”, 

Proc. of the 18th International Symposium for Design and Technology of 

Electronics Packages. Alba-Julia, Románia, 2012 (IEEE), pp. 81-84. 

[K7] A. Bonyár, I. Bosznai, H. Sántha and G. Harsányi, ”A custom-developed, 

handheld EIS measurement platform”, IFMBE PROCEEDINGS, Vol. 37. 2011 

Proceedings of the 5th EMBEC Conference, 2011 (Springer), pp. 1082-1085. 

[K8] A. Bonyár, H. Sántha, B. Ring, and G. Harsányi, ”A custom-developed SPRi 

instrument for biosensor research” , IFMBE PROCEEDINGS, Vol. 37. 2011 

Proceedings of the 5th EMBEC Conference, 2011 (Springer), pp. 1050-1053. 

[K9] A. Bonyár, G. Harsányi ”AFM nanoshaving: a novel prospect for the 

structural comparison of bioreceptor layers.” In: Proc of the 34th 

International Spring Seminar on Electronics Technology. Tatranska 

Lomnica, Szlovákia, 2011 (IEEE), pp. 519-524. 

[K10] A. Bonyár, H. Sántha, ”Novel Interdigitated Transducer Structures for 

Biosensoric Applications.” In: Proc of the 32nd International Spring 

Seminar on Electronics Technology. Brno, Csehország, 2009 (IEEE), pp. 1-7. 

[K11] A. Bonyár, H. Sántha, ”Electrochemical characterization of DNA covered 

gold thin film electrodes for biosensoric applications.” In: Proc. of the 31st 

International Spring Seminar on Electronics Technology, Budapest, 

Magyarország, 2008 (IEEE), pp. 189-194. 
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Regular Paper (in Hungarian journal, written in Hungarian) 

 [M1] Bonyár Attila, „Az atomerő mikroszkópia (AFM) alkalmazása a 

bioérzékelő- kutatásban.” ELEKTRONET XX.: (3) pp. 38-39. (2011) 

[M2] Bonyár Attila, „Az atomerő mikroszkópia (AFM) alkalmazása a 

bioérzékelő-kutatásban (2. rész).” ELEKTRONET XX.: (4) pp. 30-31. (2011) 

[M3] Bonyár Attila, Sántha Hunor, Varga Máté, Ring Balázs, Harsányi Gábor „A 

3D RPT (Rapid Prototyping Technology) alkalmazása mikrofluidikai 

eszközök fejlesztéséhez.” LABORATÓRIUMI INFORMÁCIÓS MAGAZIN 6: 

pp. 10-12. (2010) 

[M4] Hurtony Tamás, Bonyár Attila, Gordon Péter, „Ólommentes forrasz 

intermetallikus vegyületeinek karakterizálása.” ELEKTRONET XXI.: (6) pp. 

12-13. (2012) 

[M5] Hurtony Tamás, Bonyár Attila, Gordon Péter, „Ólommentes forrasz 

intermetallikus vegyületeinek karakterizálása. (2. rész)” ELEKTRONET 

XXI.: (7) pp. 39-40. (2012) 
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