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Disclaimer

This document was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor the University
of California nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or the
University of California. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or the University
of California, and shall not be used for advertising or product endorsement purposes.
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Abstract

We have demonstrated that it is possible to enhance current radiation
detection capability by manipulating the materials at the nano level.

Introduction/Background

Fabrication of three-dimensional (3-D) nanomaterial composite for radiation
detection has great potential benefits over current semiconductor- and scintillation-
based technologies because of the precise control of material-radiation interaction
and modulation of signal output. It is also a significant leap beyond current 2-D
nanotechnology. Moreover, since we are building the materials using a combination
of top-down and bottom-up approaches, this strategy to make radiation detection
materials can provide significant improvement to radiation-detection technologies,
which are currently based on difficult-to-control bulk crystal growth techniques.

We are applying this strategy to tackle two important areas in radiation
detection: gamma-rays and neutrons. In gamma-ray detection, our first goal is to
employ nanomaterials in the form of quantum-dot-based mixed matrices or
nanoporous semiconductors to achieve scintillation output several times over that
from NaI(Tl) crystals. In neutron detection, we are constructing a 3-D structure
using a doped nanowire "forest" supported by a boron matrix and evaluating the
detection efficiency of different device geometry with simulation.

Research Activities/Results/Technical Outcome (for gamma-ray detection)

We first decided to use nanoporous silica as supporting the matrix and to
infilter it with quantum dots and laser dyes. This material, appears to constitute a
matrix of choice: it is sturdy, inert, transparent, and, more importantly, the size of
the nano-cavities can be tailored to the size of the host laser dye molecules and
quantum dots by performing a slow HF (hydrofluoric acid) etch. We demonstrated
that the matrix, once etched, cleaned and dried, was transparent in the visible
range. We infiltered the prepared nanoporous glass with quantum dots and also with
laser dyes and we characterized the emission and absorption properties of the new
composite materials (see Figure 1). Such materials enable the study of the radiation
interactions with the nanomaterials as well as of the effect of the Stokes Shift
(wavelength shift between absorption and emission). The visible wavelength output
is crucial in improving the resolution of the detector since there is a factor of 3 in the
quantum efficiency of photomultipler tube (for UV output of most scintillators) and
photodiode that operate in the visible range. We also studied alpha particle
interaction with dyes and CdSe quantum dots embedded in nanoporous silica
matrices.

We also studied alpha particle interaction with dyes and CdSe quantum dots
embedded in nanoporous silica matrices. We found that though the absorption and
emission spectra of rhodamine B dye-filled and quantum dots-filled silica are similar



(Figure 1), the energy spectra (Figure 2) recorded using a photomultiplier-based
system show very different behavior upon ?****Cm alpha source irradiation. We are
currently combining Monte Carlo simulation codes, TRIMY, and DETECT 20002 to
understand the photon transport property of these systems.
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Figure 1. Emisson and absorption spectra for nano-porous glass filled with (a) CdSe
quantum dots and (b) rhodamine B dye.
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Figure 2. Detection counts versus “Energy” (channels) plots using a photomultiplier-
based system with ?**>**Cm alpha source on nano-porous glass filled with (a) CdSe
quantum dots and (b) rhodamine B dye. Background is shown in black.

Research Activities/Results/Technical Outcome (for neutron detection)

We investigated a 3D semiconductor pillar structures embedded with neutron
converter materials (}°B) for thermal neutron detection. (Figure 3a) We
accomplished two tasks: First, we combined TRIM codes and Monte Carlo simulation
to simulate the relation of detector geometry to its neutron detection efficiency. We
found that the pillar semiconductor structured neutron detector can perform 3x to
20x better than planar structured detector (2-5% efficiency). Our simulation results
also verify that detectors with nanometer sized pillars could have 30% detection
efficiency than its micron sized counter part. (Figure 3b) Second, we have
successfully demonstrated the fabrication of 3D nanometer sized pillar system of
various diameters using deep reactive ion etching® and nanosphere lithography
(Figure 4). Moreover, we can fabricate pillars with sub micron size and 1:10 aspect
ratio in this regime. (Figure 5.)
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Figure 3. (@) Schematic of solid state neutron detector with proposed pillar
semiconductor platform embedded with °B. (b) Graph of simulated neutron
detection efficiency versus etch depth of silicon pillar structures for evaluating
proposed neutron detector geometry in the micron and nanometer sized regime.
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Figure 4. Scanning electron mlcrographs of sub micron silicon pillars of different
diameters made on silicon wafer using polystyrene sphere masks tailored by oxygen
reactive ion etching and deep reactive ion etching “"Bosch process” technique. The
top views and cross-sections of resulting samples with 30, 60, 90, 120 and 150 secs
of oxygen etching time are: (a) & (f), (b) & (g), (c) & (h), (d) & (i), and (e) & (j)
respectively. The scale bars are 750nm. Processing done in Center for Micro and
Nano Technology (CMNT, LLNL).

Figure 5. Scanning electron micrograph of
silicon nanopillars of ca. 200nm with 1:9.5
aspect ratio made by nanosphere lithography
and deep reactive ion etching technique.
Processing done in Center for Micro and Nano
Technology (CMNT, LLNL).




Exit Plan

We are seeking support from NNSA, NA-22 and DHS through a) strengthening
effort in radiation detection technology development; b) enabling technology for
fieldable and affordable radiation detectors.
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