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or very low current. Several methods suggested to conquer these problems, such as high κ 
dielectrics [1-2], metal gate electrodes [3], and new transistor architectures based on silicon-
on-insulator (SOI), such as FinFETs [4], multigate FETs [5] or gate-all-around FETs [6]. 
Junction less transistors (JLTs) can be a reliable alternative for the conventional scaled 
MOSFETs. The JLTs have a constant doping concentration through the source, channel and 
drain. From the first JLT [7] until recent alternatives for SOI-JLT [8-9], high doping 
concentration have always been recommended, in order to compensate the low number of 
charge carriers in the channel. But high doping always gives rise to strong unavoidable 
scattering effect and also increases subthreshold swing (SS) fluctuation. JLTs appeared to be 
the new and promising alternative for new generation of transistors [7, 10]. In the last two 
years, the research in JLTs focused to design and property [9, 11-12], simulation [13-14], 
high temperature performance [15], new fabrication method of the device with higher 
mobility and better performance [16-17]. 

The principle of AFM nanolithography, using Local anodic oxidation (LAO) on SOI, 
has been described for the first time by Snow and Campbell et al. [18-19]. Ionica et al. [20] 
have remarkably reported the electrical characteristics of the devices made by AFM 
nanolithography. Also some recent works were performed to improve the method  of AFM 
nanolithography [21-22]. However, the lack of sufficient explanation for the behaviour of 
these structures is still an interesting issue. It was already reported that the fabrication of the 
p-type side gate JLT device with simple structure, low doping concentration and no gate 
oxide layer [23-24]. The conventional MOSFETs functions are strongly dependent on the 
oxide layer and capacitance of the gate oxide layer, but for JLSNWTs, capacitance 
dependence does not have a strong effect [25-26]. Therefore, in our JLTs devices, lacking of 
the gate oxide layer could be acceptable. Moreover, it can eliminate the difficulty of the gate 
oxide layer stacking into the structure. In this work, the experimental method and 
investigation of the experimental of the side gate JLT device was improved with optimized 
geometry. The pinch-off effect for positive gate voltage and the effect of negative gate 
voltage on channel will be investigated as well. The numerical origin of double gate (DG) 
and single gate (SG) JLSNWT structure’s characteristic in on state at low and high drain 
voltages were explored according to JLT principles. 

 

2. Methodology 
 

The process of fabrication of double gate (DG) and single gate (SG) JLSNWT by 
means of AFM-LAO nanolithography on SOI substrate will be elaborately expressed. The 
fabrication process is divided into three separate and major steps which are shown in Fig. 1. 
The important contributing parameters or factors in fabrication process can be mentioned as 
the cleaning and preparation procedures, AFM instrument parameters, relative humidity, 
KOH etching parameters, etching optimization.  

 
2.1 Cleaning and Preparation 

 
The first step of fabrication is the cleaning process, which was applied by modifying 

the standard RCA method. During optimization of the cleaning process, the ratio of 
chemical concentration, temperature and time are the major parameters. The standard 
method and other researchers suggested that the ratio of chemical 1:50 for HF:DIW. 
However, in our case this ratio caused some roughness on the surface of the samples. The 
best ratio found for our condition was 1:100 for HF:DIW. The temperature and temperature 
interval are also important. Any change more than 3oC in temperature interval, exceeding 
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4. Conclusion 
 
Simple structures as the side gate Junctionless Si transistor fabricated on low-doped 

SOI by improved AFM nanolithography. Sample preparation and cleaning process were 
modified RCA method. The AFM-LAO parameters were optimized to achieve the devices. 
Two wet etching process implemented to extract the structure after LAO process. First, the 
KOH etching to remove the uncovered Silicon and then, the HF etching for Silicon oxide 
removal were used. The output and transfer characteristic of the device investigated showing 
the device is in on state for zero gate voltage. The pinch off effect observed for positive gate 
voltage 
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