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Abstract: By contributing to the system enhancement, the integration of Nano systems for 

nanosensors with biomaterials proves to be a unique element in the development of novel 

innovative systems. The techniques by which manipulation, handling, and preparation of the 

device are accomplished with respect to industrial use are a critical component that must be 

considered before the system is developed. The approach must be able to be used in a 

scanning electron microscope (SEM), resistant to environmental changes, and designed to be 

automated. Based on this deduction, the main objective of this research work is to develop a 

novel design of Nano electronic parts, which address the issue of packaging at a nanoscale. 

The proposed research work has used wood fibres and DNA as the bio material to develop 

nanoscale packaging. The use of a certain atomic force microscope (ATM) for handling DNA 

in dry circumstances is demonstrated with SCM wood fibrils/fibers manipulation in a 

scanning electron microscope (SEM).Keywords: Nano electronics, bioelectronics, scanning 

electron microscope (SEM), packaging, atomic force microscope (ATM) 

1. Introduction 

  The proposed research work presents a nano packaging using automatic bio-nanowires. 

The major goal involves handling and manipulation of materials like fibrils and fibres of 

cellulose or DNA [1]. To execute this methodology, this research work has designed a 

combination of multiple self-assembling strategies by using the automation that has been 
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built on the utilization of microgrippers [2] for atomic force microscope. Here, this research 

work has presented a methodology to address the issue of nanoscale electronic packaging by 

properly handling the immobilized DNA along with cellulose fibrils and fibres under dry 

conditions. In recent years, there has been a lot of focus on the potential uses of nano 

electronics. It has been identified to be a crucial part of industrial development and it has also 

found its way into the road maps of industrial growth [3]. Dimensional change plays a vital 

role in next-generation electronic technologies like molecular electronics and single electron 

transistor. Hence packaging is highly important to determine the failure or success of the 

technology. As a result, in addition to fundamental nano electrical device technologies, 

packaging strategies must be established in order to make various critical decisions based on 

their commercial viability [4, 5]. To address the issues involved in miniaturization in 

microelectronics, biomolecules like DNA [6] as well as nano electronics like carbon 

nanotubes play a crucial part in the future of nano electronics [7].  

 Based on previous research, it has been determined that the nano wires created by selective 

metallization are the future of nano electrical devices. As a result, DNA may be identified as 

the fundamental building component [8] of nano electronics. . Authors in [9] have found that 

DNA nanoscopic wires with less than 10 nm diameter will serve as the ideal configuration for 

capitalization [10]. Moreover, the ability of DNA strands to functionalize with other linker 

molecules paves way to DNA integration with nanostructured [11] or micro-structured 

electronic circuits. It is also possible to fabricate and metalize the complex DNA structures at 

a later stage. A number of approaches have been analyzed to design nano electronics with 

DNA. In the recent years, there has been much research attention and drive towards different 

ways in which DNA can be handled [12]. Nanotweezers [13], dielectrophoresis [14], laser 

based detection methods [15], microfluidic handling system [16], magnetic tweezers [17], 

optical tweezers [18] and glitter graphic structuring [19] are some of the methodologies used 

for manipulation and handling DNA [20]. These methodologies have been used over the 

years to address a number of research problems. However in the field of industrial processing 

cellulose fibre has not been used as a material, since nano bonding is not possible. However it 

is not possible to automate all of the steps [21]. Moreover the self-assembling technologies 

can also be utilized to construct the nanostructures with DNA. When considering these 

techniques and their potential outcomes, it is important to remember that automation is not 
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achievable with present methodologies, which is a critical factor for industrial applications. 

Hence the main purpose of our work is to establish a DNA that can be used as a conductor in 

the field of industry as a future prospective [22]. Organic materials such as microfibril from 

wood fibres have gained much attention in the recent years when compared with DNA. Based 

on the experimental results of authors in [23], it has been identified that organic cellulose can 

be used for metallization experiments, which makes it possible for Nano and micro systems 

in order to establish pure metallic bronze with a diameter of over 20 micrometers or even 

bigger. It is also possible to obtain these cellulose based building blocks from other sources 

such as bacteria. Some other sources are wood fibres and algae. Technically manufactured 

cellulose fibres [24] are widely utilized in the textile industry. For huge bundles of wood 

fibres, the bacterial cell size ranges from 20 nm to hundreds of micrometres. In general 

industrial fibres are found to be in the size of hundreds of micrometres and can be accessed 

easily [25]. 

 This paper can be organized such that the following session gives an outline of the initial 

concepts of packaging with wood fibrils and DNA at nanoscale [26]. Section 3 involves 

handling, preparation and manipulation of the material in order to make it suitable for 

packaging it in an automated manner. Experimental analysis is described in section 4 along 

with graphical output. Finally, Section 5 concludes the work for determining the efficiency of 

the proposed automated packaging for nano materials. 

2. Methodology  

The proposed research work has incorporated the use of two biomaterials. The first material 

is DNA, which is extremely difficult to manipulate mechanically by utilizing AFM-based or 

grasping algorithms. They can, however, be utilized to create flexible nanowires with 

semiconducting properties. Similarly, the usage of wood fibres through cellulose fibrils [27], 

which are believed to be stiff when compared to DNA but have the disadvantage of having no 

useful electric characteristics.  Metallization is important to utilize them as nanowires. It is 

also crucial to observe the difference in the materials’ raw form. DNA is utilized as lengthy 

macromolecules that are coiled in liquid solutions, whereas fibrils are used as wooden fibres 

https://www.irojournals.com/iroei/
https://doi.org/10.36548/jei.2021.2.004


Journal of Electronics and Informatics (2021) 

Vol.03/ No.02 

Pages: 114-125 

https://www.irojournals.com/iroei/ 

DOI: https://doi.org/10.36548/jei.2021.2.004 

 

 

117 

ISSN: 2582-3825 (online) 

Submitted: 21.05.2021 

Revised: 13.06.2021 

Accepted: 28.06.2021 

Published: 08.07.2021 
 

 

that must be separated before usage. The steps for using the two biomaterials as bonding 

wires in nanopackaging are described in this section [28].  

2.1. Cellulose Fibrils 

The steps required for utilizing the cellulose fibrils of wood fibers are as follows: 

1. The useful portion is separated from the fibre in this phase. According to our research 

on gripper-based applications, strong bonding pressures have necessitated the use of 

specialized methods [29]. Accordingly, the fiber is held in place with the help of 

metal tips, when it is pulled at different angles. After separating the fibril, it will be 

kept in the contact pads. 

2. The next step is the handling procedure, where fabril and its different properties are 

taken into account. Symbols are not similar to that of other organic material but they 

exhibit anisotropic behaviour with mechanical characteristics such as bending 

stiffness. In order to incorporate automation, proper planned actions along with 

calculated model are required. Characterizing the fibrils at the early stages of 

development is required for this sort of nano packing. 

3. In the orientation positioning, a fixation step is required and further it can be executed 

by using electrostatic measures. 

4. The final process is metalization, which involves converting the fabric into a 

nanowire. 

2.2 DNA 

The DNA is considered to be a primary material used for packaging and bonding at 

nanoscale. DNA's electrical and physical characteristics make it similar to traditional bonding 

wires in terms of the ease of use and handling. However, there are a number of processes and 

procedures that must be followed to get to this stage. This is possible through immobilization, 

stretching and preparation of the DNA wires. The first step is stretching of DNA, which is 

https://www.irojournals.com/iroei/
https://doi.org/10.36548/jei.2021.2.004


Journal of Electronics and Informatics (2021) 

Vol.03/ No.02 

Pages: 114-125 

https://www.irojournals.com/iroei/ 

DOI: https://doi.org/10.36548/jei.2021.2.004 

 

 

118 

ISSN: 2582-3825 (online) 

Submitted: 21.05.2021 

Revised: 13.06.2021 

Accepted: 28.06.2021 

Published: 08.07.2021 
 

 

possible through a number of procedures. The next step involves immobilization of DNA in 

liquid and dry environment on substrates like Mica and Silicon. Last step involves nanowire 

preparation, which can be done in two methods namely mechanical cutting and enzymatic 

cutting of the DNA strand. Here, the enzymatic methodology requires a special step to 

prepare and hence cannot be fully automated. On the other hand, it is possible to fully 

automate the mechanical methodology. However, the disadvantage is that the AFM-based 

approaches require more time and enzymatic cutting requires only a short span of time. 

However the drawback with this method is that it requires an additional gel electrophoresis 

step along with splitting of DNA. nanowires need to be sorted using this electrophoresis. Dry 

conditions in the AFM based approaches are used for handling when the wires are ready to 

use in the immobilized state. Transportation to the bonding had is the next step in the process 

and requires binding of DNA with special proteins as an additional function. The nanowire is 

stretched using the air FM to the contact pad. Now the DNA is kept on the binding site which 

involves different binding forces depending on the characteristics of the cantilever tip and the 

contact pads. Negative voltages can be added on the cantilever in order to support DNA 

removal from the cantilever. Based on the electric circuits, it can either be used as a 

semiconductor or can be metallized. 

3. Manipulation and Handling 

Over the past few years, a number of experiments have been conducted to manipulate the 

DNA strands with AFM. This takes place in a liquid condition and shows extremely good 

results when incorporating the moving of DNA strands. A higher binding force is possible as 

the environment gets dryer resulting in better interaction between the surface and the DNA. 

In order for a proper and reliable design of DNA for nano packaging and nano electronics 

circuits with DNA, there is need to develop an automated handling in vaccum or at air, which 

is possible through immobilization of DNA. There are two ways in which it is possible to 

manipulate DNA given that its takes place in a dry environment. 
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Fig.1. Nano-packaging with DNA as Bonding Wire 

1) Sigma Aldrich, Germany have introduced a Double helix λ-DNA with a length of 

about 16 µm, extracted from Escherichia coli bacteria. It is said to be preserved in a 1 

µg DNA / 1 µl water concentration of ultra-pure water substance. AA/MgCl2- buffer 

(5 mM magnesium chloride with 20 mM ammonium acetate) and TE/MgCl2-Buffer 

(1 mM EDTA, 10 mM TRIS, with magnesium chloride) with a pH of value near 7. 

Commercial APTES and mica slices were used for surface modification. To prepare 

the substances, ethanol and 2-propanol (isopropyl alcohol) was used to clean the 

silicon surface while the mica substrate was cleaved fresh before every time it was 

used.  

2) TE-MgCl2-buffer (1 µl/1000 µl) was used to dilute the DNA solution. This 

mixture/buffer was placed on a silicon sheet and allowed to rest for a period of eight 

minutes. During this period, the DNA strands begin to immobilize on the surface of 

the silicon. The remaining buffer/ spare DNA solution is removed with the help of a 

cellulose tissue. Using this process, it is possible to absorb the buffer/DNA mixture 

from the substrate and using capillary forces, the silicon surface and the DNA are 

aligned to each other. However, dehydration of the substrate is not required due to 
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silicon hydrophobicity. Thus the substrate is properly cleaned on exposure to clear 

water and nitrogen.   

3) To incorporate this proposed work, a NanoWizard II AFM is used. In contact mode 

cuts and manipulation was established while in the intermittent contact mode, 

visualization of the substrate is possible. A non-contact, standard, calibrated silicon 

cantilever is used for this experiment and it is worth noting that it was carried out at 

dry conditions with 15% humidity and maintaining of temperature between 22 and 30 

°C 

4. Results and Discussion  

The ability of DNA and cellulose fiber to perform as an absorbant is analyzed in Fig.2. It is 

observed that the Cellulose fiber biomaterial is able to serve as a better absorbant for the 

wavelength of 600 nm while DNA falls short by few ‘nm’ variations from 600.  

 

Fig.2. Absorbance in DNA and Cellulose Fibre 
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Fig.3 shows the impact of thermal disturbance on the DNA and cellulose fibre. It is found 

that, DNA offers higher resistance to thermal disturbance when compared to that of cellulose 

fibre. The use of Cellulose fiber provides a better binding factor and is hence a popular 

choice of biomaterial for the purpose of nanopackaging.  

 

Fig.3. Thermal Disturbance in DNA and Cellulose Fiber 

5. Conclusion  

This paper has introduced a novel methodology for handling the biomaterials. This 

paves way to the implementation of such methodology in various scientific as well as 

industrial researches. Substrate handling is concerned the experimental results indicate that it 

in dry ambient conditions it is possible to manipulate DNA as per the requirement. Clean 

silicone surface as well as modified maker substrate provide good opportunity to ensure DNA 

manipulation in a proper manner. Removing, pushing and cutting DNA strands from the 

substrate surface is possible. Using this experimental observation along with nanorobots and 
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AFM, it is possible to automate Nano packaging. Taking this into consideration future work 

ok will involve immobilization of the removed DNA and also incorporation of the proposed 

work along with nanorobots and AFM. When checking into consideration cellulose fibres 

there is need for a more proficient analysis of the fibril-fibre structure that's will result in in 

better comprehension of the proposed work in future applications. At this point it is also 

prominent that cellulose fibres of goods and similar sources we require manipulation test and 

characterization in order to determine the required changes in manipulating systems and 

tools. It is also possible to properly fixate the fibre by prior integration of the metal ore 

additional gripper within the chamber which can hold the wood fibre. This will also remove 

the impact of combined blending of fibril bundle or fibril with the fibre. DNA proves an 

inexhaustible and economic source of bio-nanowires which is proven by the experimental 

analysis. This establishes the fact that DNA serves as an excellent technology for nano-

handling. Moreover, some of the applications that might use this material include biomass 

recalcitrance and polymer nanocomposites, which play a crucial role in biofuel production. 
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