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Research Results (Including Purpose, Results, Figures, etc.)

X-ray is a key imaging modality but there is risk of cancer from
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such ionizing radiation. A possible solution is to reduce the —— n-type Si under negative bias
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dosage while maintaining the image quality. This requires image 10°
detectors with higher sensitivity than currently available. A
possible highly sensitive detector is based on amorphous 1071 F
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to form a Separate Absorption and Multiplication (SAM) 101} A S

i 1 A i
5 1
structure detector. 0 20 4\5{,"3“ (\(}(,) 50 100

We evaporated alternating layers of Se and As;Se; onto n-type

Figure 1. The [-V characteristics of

Si substrates using rotational evaporation. A study of the . ) T
superlattice Se, with oscillations indicating

multilayer structure using Time of Flight Secondary lon Mass
Spectroscopy (TOF-SIMS) confirmed the multilayer structure
and revealed that the thickness of each layer was about 8 nm. This qualified the structure as a superlattice, and it is

regions of negative dynamic resistance.

expected to show quantum features such as formation of energy sub-bands, negative dynamic resistance (NDR)
and resonant tunneling. The energy structure of the multilayer superlattice was investigated using Deep Level
Transient Spectroscopy (DLTS). The results confirmed the existence of two sub-bands at 0.533 eV from the
conduction band and 0.269 eV from the valence band. The transport features of the structure were investigated
using current-voltage (I-V) measurements. The results, shown in Figure 1, show oscillation in the characteristics,
indication regions of NDR.
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Research plan for the next year (from April 1, 2020 to March 31, 2021), if the collaboration research is continued.

We will investigate the effect of the superlattice film on conventional X-ray absorber materials Si or Ge. The
superlattice structure will be deposited on to the Si or Ge substrate using rotational evaporation. The structure will
then be characterized using current-voltage (I-V) measurements at room temperature under dark conditions and
with the substrate illuminated using visible, ultra-violet and X-ray photons. The experiment will be controlled by
measuring in the same way. unprocessed Si or Ge.

The superlattice is expected to improve the dark current noise performance due to its high resistivity which acts
as a blocking layer. The superlattice structure is also expected to improve the signal current due to the
photomultiplication effect in the structure. Overall it is expected that the Si or Ge with superlattice structure will
show a significantly higher signal-to-noise ratio at room temperature compared to just the Si or Ge.




