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We investigate quantum dots on semiconductor wafers using a novel technique proposed by Alwan M. Alwan and A.M. Suhail.
  Quantum dots are typically created on semiconductor materials using femto-second lasers.  Our proposed technique only requires a green cw laser with about 5W output and HF acid, such reducing fabrication costs.  A signal-to-noise study is also be essential for this evaluating this new type of detector.  Furthermore, we will investigate applications for other electronic devices.

Background

The inexpensive production of quantum dots on a silicon wafer has proven to display the characteristics of ultra fast semiconductor detectors such as Ge:GaAs hetrojunction IR detectors.  Quantum dots on GaAs have shown to be useful in achieving a shortening of the detector rise time.

Fast detectors, are required by a number of agencies and fields.  Studies of biological and medical events require ultra fast detectors that allow for studies that do not alter the events like laser studies do.
  Air Force and NASA require fast detectors for atmospheric tomography as well as telescopes.  In these instances, fast detectors can be used to record “movies” of atmospheric and celestial events.
  Also, molecular events can only be recorded using one or several fast lasers could be recorded using ultra-fast detectors.  Certainly, any ultra fast phenomenon such as femto-second and even atto-second optics will require ultra fast detectors.

Experiment
Theory

A pure silicon surface tends to form a hydrogen layer on the surface.  The hydrogen layer tends to prevent other chemical reactions.  Exposing the silicon wafer to light creates electron holes in the H-Si bonds and allows for the fluorine of the HF layer, which has been created on top of the Si wafer, to remove Si from the wafer.  The Si then forms pits and columns of nano-sized dimensions.  The changed geometry results in a changed surface energy of the material leading to an energy gap between the nano-structure layer and the silicone.  The energy gap allows for optical sensing.  It is not clear what governs the size of the nano-structures and the physical mechanism is also not clear.  


Experimental Set-up




The current setup consists of a Coherent Verdi 5W laser, mirrors to direct the laser beam, lens(es) to control beamsize, as well as Si wafers and HF acid.  The laser beam is directed onto the Si wafer with a layer of HF acid.

Results and Discussion

The height of the nano dots vary between 1 and 2.5 nm.  The width is around 20 nm.
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The figures below show no nano features except some impurities.
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Future Direction 

We would like to study the mechanism of the nano formations varying concentrations and light intensities.  Furthermore we would like to explore the associated optical and spectroscopic properties.
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