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SUMMARY

I. Title

Simulation and Performance Test Technology Development for Semiconductor

Radiation Detection Instrument Fabrication

II. Objectives and Necessity of Research

Semiconductor detector is a equipment measuring the energy and spectrum of
incident radiation and consumes the energy lower than other radiation detectors in
order to produce the ion-pair (electron and hole). Also, this detector is in the
spotlight as the next generation detector because the output signal produced by
incident radiation is very high and pulse variation is lower than other detectors. In
this time, it is very important to obtain the core technology related with this field
because most institutes abroad do not release the research contents about this
detector.

This study accurately analyzes the radiation behavior in the semiconductor sensor,
manufactured by Korea Atomic Energy Research Institute (KAERI), characteristic
evaluation of a thin metal film, and wafer property transformation. As a result, the
method of radiation interaction simulation and physical characteristic evaluation to

design a semiconductor detector can be obtained in the Korea.

III. Scopes and Contents of the Project

This study is the first in a sequence of "Simulation and Performance Test
Technology Development for Semiconductor Radiation Detection Instrument
Fabrication” project which is composed of two particular parts. Hereafter, contents,

results, and the application plan of this study are described as following two subjects.

1. Development of the Radiation Transport Analysis System Based on the Monte

_Vi_



Carlo Code

a. 1 Year

— Characteristic Analysis on the Representative Radiation Simulation Code and
Simulator for the Electric Field

- Analysis on the Absorbed Dose and Electron Generation by Using MCNPX
Code

- Benchmark Simulation of Planar Semiconductor Sensor Developed in KAERI

— Characteristic Analysis on the Hecht and Drift Diffusion Models for
Investigating the Charge Collection Efficiency

b. 2" Year
- Analysis on the Change of Measured Energy Spectrum As a Function of
Bias Voltage Applied in Semiconductor Detector
- Selection of the Suitable Model to Analyze the Radiation Transport through
the Simulation of Electric Field Magnitude and Bias Potential in CZT Sensor
— Calculation of the Ion-pair Mobility-lifetime Product by Using Selected Model
- Determination of the Charge Collection Efficiency at Each Electrode
- Comparison of Monte Carlo Simulation Considering the Charge Collection

Efficiency and Experimental Result

c. 3 Year

- Development of Geometry Input Module Compatible with Monte Carlo Code

- Development of Radiation Source Input Module Definable from the User

- Development of Visualization Module

- Code Improvement for Reducing the Time of Calculation and Processing

Velocity

2. Development of evaluation method for physical properties of prototype
a. 1 Year
- Analysis on Depth Profile of Ion-implanted Semiconductor Wafer Surface and
Naturally Generated SiO» Insulating Layer Using Auger Electron
Spectroscopy

- Measurement of AFM Images and Roughness to Analyze Surface of

— vil —



Semiconductor Wafer with respect to Annealing and Cleaning Process

b. 2" Year
- Measurement of Physical Properties for Semiconductor Detector Surface after
CZT Passivation Process
— Evaluation of Crystal Structure and Specific Resistance of C(Z)T
- Measurement/Analysis on Band Structure of C(Z)T Crystal
- Evaluation of Neutron Convertor Layer with respect to Change in

Temperature

c. 3 Year
- Measurement/Evaluation of physical characteristics for lattice parameter,
specific resistance, and band structure of CZT crystal
- Measurement/Evaluation of lattice transition of SiC semiconductor detector
after radiation irradiation
- Measurement/Evaluation of performance of semiconductor detector with

respect to exposure in high temperature environment

IV. Results of Research

1. Development of the Radiation Transport Analysis System Based on the Monte

- Analysis on the Radiation Interaction, as a Function of Radiation Type and
Energy, by Using Monte Carlo Code

- Construction of the Basic Data for the Radiation Transport Analysis

- Construction of the Analytic Data through the Simulation of the Planar
Semiconductor Sensor Developed in KAERI

- Analysis on the Radiation Interaction as a Function of Radiation Type and
Energy by Using Various Gamma-ray Source (e, Rh'®™(39.75 keV),
Am™(59.5 keV), Cd'™(88.034 keV), Sc"(159.381 keV), Cr’'(320 keV), Cs'(662
keV)

- Validation of the Calculation Accuracy by the Comparison of the Simulation

and Experimental Results

— viil —



Analysis on the Change of Measured Energy Spectrum by Using 595 keV
Gamma-ray and 5.5 MeV Alpha Particle
Development of Semiconductor Sensor Design Code Based on the Graphic

User Interface (GUI)

. Development of evaluation method of physical characteristics for prototype

Analysis on ion density and depth profile of semiconductor wafer surface
implanted phosphorus and boron using Auger Electron Spectroscopy. Structure
of various doping layer in semiconductor can be analyzed based on data for
ion doping density and depth profile. Also, radiation response region of
semiconductor detector can be calculated from these data.

Measurement of SiO: insulating layer thickness of semiconductor sample
naturally generated in air conditions using Auger Electron Spectroscopy,
Data of insulating layer thickness is useful thin film analysis.

AFM 1image acquisition and roughness analysis to measure change of
semiconductor wafer surface with respect to various cleaning process.
Suggestion for manufacture conditions of stable thin film from effect data of
cleaning process.

Effect of passivation process 1s analyzed from current-voltage characteristics
curve and gamma response spectrum analysis. Apply of this process
produced leakage current decrease and gamma energy resolution improvement.
The lattice structure of CZT crystal was analyzed by using XRD method and
orientation of crystal was only (111)-type. It was found from the result that
quality of grown CZT crystal is excellent.

CZT crystal band structure is measured by photoluminescence. It was found
from the measured results that Defect area occurs in the Forbidden Band
region. The quality of grown crystal and error of detector signal can be
verified from the defect analysis results.

Neutron response of SLiF neutron convertor manufactured by sandwich
method is quite similar and noise and energy resolution of alpha response are
improved before and after 150 C annealing process. Exfoliation of neutron
convertor layer does not observe under high temperature environment and

stability of radiation response verified for hot effect.

_iX_



V. Application Plan of the Research Results

- Hecht and Drift Diffusion Models analyzed in this study can be applicable to
the assistant calculation data for constructing semiconductor sensor analysis
system

- Interaction data of incident radiation can be applicable to the basic data for
the radiation transport analysis

- Simulation result of the planar semiconductor sensor can be applicable to the
basic technology related with radiation detector

- GUI Semiconductor Sensor Design Code can be applicable to the previous
evaluation tool

- Acquisition images of annealing semiconductor sample under 100C, 300 T
heating condition using microscope and AFM device. These results can use
as analysis data for operating characteristics of semiconductor detector under

high temperature condition or thermal stress.
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Mobility-lifetime Calculation
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