Silicon Nanowire Single Hole Transistor with Boron
Quantum Dot Fabricated by Electron Beam and Focused
Ion Beam Lithography Technologies.
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ABSTRACT
Single-hole transistors have been identified as promising semiconductor devices for quantum computation. The fabrication of miniaturised
nanoelectronics based on silicon sub-10 nm gate is still challenging and opens the possibility to build quantum devices.
In previous works we demonstrated the single-charge effect characteristics in the I/V curves at low temperature in similar devices [1,2]. In this
work we designed single-hole transistors made of p-type silicon nanowires, which incorporates doped silicon quantum dots. The transistor
fabrication method uses rapid, high resolution, scalable and reproducible processes, based on electron beam and focused gallium ion beam
lithography techniques, ion implantation, anisotropic wet etching, and thermal processes.

FABRICATION APPROACH

CHALLENGES
● Boron doping characterization after the diffusion process.
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● Control the boron doping diffusion in the middle of the SiNW to get a QD.
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● Integrate the device as a scallable methodology
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MATERIAL Modeling and Characterization
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Optical microcopy top-view after the PMMA
developement.
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Si substrate

● PMMA development
● Boron implantation
● PMMA strip
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Montecarlo simulations to study
ion implantation across the layers.

RESULTS

EDX analysis before and after the thermal
annealing. It is seen the out-diffusion of
Ga after annealing process.
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Top-view SEM image of SiNW and
contacting pads after FIB implantation.

I/V SiNW characterization
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Measurement of the electrical resistance
of the SiNW for different gate voltages at
room temperature.
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Contacting pads and SiNW after wet
etching. It is observed a 30nm thick SiNW.
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Boron doping
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Optical microscope image of the
final device

● SiO2 wet etching
● TMAH wet etching
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CONCLUSIONS AND FUTURE WORK
● Electrically conductive SiNW p-doped devices have been succesfully
fabricated.
● Next steps are oriented to study the boron dopping and diffusion after
the fabrication process.
● It remains to integrate the gate electrodes to enhance the gateability
of the device.
● Finally, low temperature (below 10K) electrical caracteristics will be
conducted to study the behaviour of the devices as single electron/hole
transistors.
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