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ABSTRACT 
 
 The paper contain a report on proposal to use a single atom sensor for biological application, we are 
reporting a possibility of creating interatomic interaction between sensor and biological species through strong, 
fundamental and natural force of attraction that exist between the protons of the sensing element and ionic 
properties of biological species could be used as a source for introduction of natural binding chemistry of 
electrostatic attraction of the particles to bind biological species on a sensing element.  
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Introduction  
 
 In fabrication of Nanowire alignment and exposure are the most critical steps in photolithography process, 
the resolution requirements and precise alignment are vital, each mask needs to be precisely aligned with 
original alignment mark. Otherwise, it can’t successfully transfer the original pattern to the wafer surface 
causing device and circuit failure. Precise transfer of pattern transfer means guarantee in high repeatability and 
reliability, high throughput and low cost of ownership. By improving this resolution and alignment precision the 
minimum size can be further reduced to 1nm and beyond. The other important aspect of achieving minimum 
precised size is, the photo resist must be very sensitive to the exposure light to achieve reasonable throughput. 
However, if the sensitivity is too high, other photoresist characteristics can be affected, including the resolution. 
Thus, the paper present a novel study on fundamentals of resist exposure and development mechanisms for 
fabrication of Nanowire, We demonstrated significance of considering process parameters such as quality of 
resist, soft bake, exposure time and intensity, and development time 
 With high aspect ratio and unique electronic and optical properties, Nanowire have a large potential for 
applications in Biomedical-electronic Nano devices, including using as sensor for life science examination, 
microwave amplifier driving circuits for active matrix liquid crystal displays (Cui JB, Gibson UJ, 2005) low 
energy consumption of Nanowire light emitting diode displays (Wang X et al, 2005) and field emission 
transistors (Duan X et al, 2001) Besides, Nanowire also have an ideal shape to act as the probes of atomic force 
microscopes or scanning tunneling microscopes (Parthangal PM  et al, 2006). Therefore, to fit the demand of 
practical applications, more techniques for controlling the shape, sizes  and qualities of Nanowire efficiently 
thus become very important.Nanowire formed by various mechanisms are often randomly oriented(Xua CL et 
al, 2004;  Yao BD et al, 2002) Although, vertical alignment of as-grown Nanowire has been demonstrated 
(Wang X et al, 2005; Zhang Y et al, 2009) only limited material systems can be applied. Practical devices 
require having wires parallel to each other and possibly parallel or perpendicular to the substrate surface. The 
common way of fabricating aligned wires by photolithography and need to carefully design. The Nanowire 
fabrication needs more 15 patterning process steps; each one must be precisely align with previous requirements 
such as alignment which confirm with the critical dimensions to achieve successful pattern transfer for the 
whole device design. For technology of device with nano size, misalignment must be controlled to operate 
within tolerable error limit or total elimination of misalignment but in most cases, such precision needs 
automatic alignment systems. This is a very challenging, since not every researcher in this field can afford such 
device but with careful design procedure, researchers can eliminate error dimension and yet maintain low cost of 
fabrication (Uda Hashim et al, 2008; Bien DCS et al , 2009). Hence, in this study,  we demonstrated a good 
designed and fabrication method for realization of a minimum possible nano sizes wires, we have carried out the 
design of four wires of size 1nm, 2nm, 3nm, and 5nm which we were successfully established not only the 
design and fabrication parameters but we went further to establish some critical parameters such as resist 
coating, soft bake, exposure time and intensity, and development time used in realization of nano structures.    
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Materials and Methods 
 
 The study comprises of device design and fabrication the design comprises of two masks; one is the wire 
mask, the second is the gold pad electrode mask, after the design was performed using AutoCAD soft and 
subsequently transferred on the commercial chrome (fig.1). the device fabrication process  follows which 
consists of Nanowire fabrication where the fabrication comprises of 12 photoligraphy processes, it begins with 
wafer preparation and this is done by cleaning the wafer with acetone first to remove all unwanted particle 
might sticked to  the wafer surface,  this process followed by depositing silicon nitride to isolate the silicon 
substrate from subsequent structures to be built thereafter. The nano structure formation was started by 
depositing polysilicon on the insulated substrate which is also followed by positive photoresist coating for 
pattern transfer process and after the photoresist coating, alignment exposure follows to realise the polysilicon 
microwire, after the microwire formation, the wire trimming process follows and this is done through plasma 
oxidation process.  The Specific process is as follows, polysilicon Nanowire fabrication consist of five major 
photoligraphy processes: Insulation layer deposition, Photoresist coating, alignment and exposure, photoresist 
development, and etching and trimming process . First the wafer is cleaned and coated with insulating material 
in this case we used silicon nitride (Si3N4) because silicon nitride is such a good barrier layer for moisture and 
mobile ions that it is used in insulation layer  after the insulation process we deposited polysilicon on  the 
insulated layer by low-pressure CVD(LPCVD) process using Silane (SiH4). The polysilicon is used for the 
material of Nanowire fabrication and after the polysilicon deposition we coated with a thin layer of positive 
photoresist (+PR), which we exposed to ultraviolet light through a mask after the exposure, the exposed part’s 
cross-link broke down become softened due to the photochemical reaction called photosolubilization and later 
dissolved by developer while un exposed part remained on the wafer surface, processes are as  follow,  we used 
samples with same viscosity through out the experiments with different set of the resist exposure and 
development. The resist was spin coated on polysilicon wafers with thicknesses of 0.3μm. The resist coated 
wafers were baked at 75 °C for 3 minutes on a hotplate. The exposure process is shown in figure8. Developing 
time was chosen at least twice the clearing time. Standard values were 20 s, 25 s and 30s, corresponding to the 
suitable exposure time. The exposure and development characteristics were measured using High power 
microscope. Before the sample subjected to hard bake, the exposed resist needs a certain time depending on the 
resist type and thickness and for purpose of this study we are using positive photoresist with thickness of 1µm 
and allowed it to stay for 3mins to outgas nitrogen (N2) formed during exposure. This will avoid bubbling 
(irregular developed structures and foaming of the resist by thermally activated N2. Nitrogen preferentially 
accumulates near locations with inferior resist adhesion to the substrate, which can also be optimised with 
substrate pre-treatment by a sufficient soft bake.Photo mask and resist: Reflection causes number of problems 
for photo resist pertaining, reflection from the under laying substrate can cause standing wave in the photoresist 
or scattering from the under laying substrate   may lead to photoresist exposure in undesired area. The Gap 
between Photo mask and resist surface extends the diffraction pattern and therefore deteriorates the resolution 
therefore, the exposure process was done with the photo mask tightly closed with substrate to avoid 
possible(i)Particles in the resist caused by either insufficient clean room conditions, contaminated substrates, or 
expired photoresist(ii) bubbles in the resist film caused during dispensing, or an insufficient delay time after 
refilling/diluting/moving the resist(ii) mask contamination by particles, or resist from previous exposure steps  
and is as , the process followed by etching to remove the unwanted part of polysilicon  on the wafer surface to 
form polysilicon micro wire with the sizes of 1µm to confirm with our designed after the micro wire formation 
the trimming process follows by using plasma processes to obtained the required nano sizes this is done by 
growing oxide on the surface of micro size wire which consumed polysilicon to form silicon oxide and later 
etched away the oxide. The thickness of the polysilicon consumed depends on the total penetration of the oxide 
and this is controlled and limited by movement of the oxygen through the oxide-silicon interface (fig.2). 
 

  
 

Fig. 1: Wire chrome mask for pattern transfer. 
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Fig. 2: Fabrication process flow of Polysilicon Nanowire (1) silicon wafer (2) wafer insulation (Si3N4 ) (3) 

polysilicon deposition (4) Photo resist coating (5) Alignment and exposure (6) Resist development (7) 
Resist striping (8) polysilicon microwire (1µm) (9) Trimming process by plasma oxidation first step (10) 
Trimming process by plasma oxidation second  step (11) Trimming process by plasma oxidation third  
step (12) one Nano meter wire. 

 
Results and Discussions 
 
A. Experimental Findings on coating and exposure:  
 
 A preliminary study based on high power microscope measurements on fundamental resist exposure and 
development mechanisms are presented: When the exposure time is too low, the development time of positive 
resists is high which increases the total dark erosion and If the exposure time is too low, the development time 
increase too high exposure time values cause light scattering and diffraction in the resist film which deteriorates 
the resolution., while resists show an increased erosion of the exposed areas due too a weak cross-linking figure, 
the thickness of the resist is a very important factor be considered because “thick” resist means a film thickness 
much higher than the penetration depth of the exposure light this will cause Nonuniform exposure and irregular. 
Too high exposure time cause an undesired exposure by scattering, diffraction and reflection of the part of the 
resist which should not be exposed. As a consequence, too much resist is cleared during development. On 
different substrate, the resist film will show a different colour, especially in case of thin resist films, a change of 
the resist film thickness of only few 10 nm will cause an interference-based colour change of the resist film. 
Such a thickness change can be induced by solvent loss, resist ageing, changed temperature or air humidity, or 
modified coating equipment or parameters, A show big lumps and coating failures occurred may due to either 
expired resists or resists stored under the wrong (temperature) conditions, as well as resists diluted too strongly 
or diluted with unsuitable solvents, may form particles and we think from preliminary study this assumption 
cannot be excluded, in the next experiment we discovered that the ageing of the resist due to elevated 
temperature and high resist dilution ratio are caused of the failure. In early stage averaging, the coated resist 
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