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Solid-State Microdosimetry:

Solid-state microdosimetric techniques play a crucial role in accurately assessing
the radiation dose at this level. These techniques are especially important in areas such
as radiation therapy, radiation protection, and radiation biology, where understanding
energy deposition at small scales is essential for minimizing side effects and improving

treatment efficacy.

1. Principles of Solid-State Microdosimetry:

The primary principle behind these techniques is that when ionizing radiation
interacts with matter, it transfers energy to the medium, which can then be detected by
the solid-state detector. The detector’s response is proportional to the amount of
energy deposited in the small volume, which provides information on the dose

distribution and the potential biological effects.

2. Methods of Solid-State Microdosimetry:

There are several methods through which solid-state detectors are employed in

microdosimetry. These include:

i) Semiconductor Detectors:

Semiconductor materials like silicon or germanium are widely used in solid-state
microdosimeters. When radiation interacts with the semiconductor, it generates
charge carriers (electrons and holes) that can be collected and measured to

quantify the energy deposition.

Operation: The semiconductor detectors typically operate in reverse bias, where

the voltage causes charge separation when radiation interacts with the material.
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The amount of charge collected gives an estimate of the energy deposited by the

radiation.

ii) Scintillation Detectors:

Scintillators are solid-state materials (often crystals like Nal or organic
compounds) that emit light when they interact with ionizing radiation. The
emitted light is detected by photodetectors (like photomultiplier tubes), and the

intensity of the light is proportional to the energy deposited.

Operation: These detectors measure the light output, which is then calibrated to

yield microdosimetric quantities such as lineal energy.

iii) Track Etching Detectors:

Track etching detectors involve solid materials (such as polycarbonate or
CR-39 plastic) that develop tracks when exposed to ionizing radiation. These
tracks can be chemically etched and measured to determine the energy

deposited by radiation.

Operation: The density and characteristics of the tracks provide information on

the type of radiation, energy deposition, and other microdosimetric parameters.

3. Materials Used in Solid-State Microdosimetry:

Several materials are used in solid-state microdosimetric detectors, each offering
specific advantages for different applications.
Silicon (Si):
Silicon is one of the most common materials for solid-state
microdosimetry due to its high spatial resolution and compatibility with

integrated circuit technology.
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Silicon Carbide (SiC):
SiC detectors have been explored for use in high-dose environments like
space radiation and high-energy particle beams.

Organic Scintillators (e.g., Plastic Scintillators):
Organic scintillators such as polystyrene and other plastic-based materials
are used in solid-state detectors. They have the advantage of being light
and inexpensive

Polycarbonate (CR-39):
Polycarbonate is used in track etching detectors due to its ability to record

tracks of charged particles at a microscopic scale.

5. Applications of Solid-State Microdosimetry:

o Radiation Therapy: Solid-state microdosimetry plays a significant role in
optimizing radiation therapy. By measuring the energy deposition at a
microscopic scale, clinicians can design treatment plans that maximize the dose
to cancer cells while minimizing the impact on surrounding healthy tissues. For
example, in proton therapy, solid-state microdosimeters can help to accurately
measure the Bragg peak and assess the dose distribution.

o Radiation Protection: In radiation protection, solid-state microdosimeters are
used to measure occupational radiation exposure and ensure that workers are
not exposed to harmful levels of ionizing radiation. They provide detailed
information about energy deposition in tissues, which is critical for developing
safety standards.

e Space Radiation: Solid-state detectors are used to monitor space radiation,

which includes cosmic rays and solar particle events. Space agencies use these
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detectors to assess the radiation environment in space and protect astronauts
from harmful exposures.

« Environmental Monitoring: Solid-state microdosimetry is used for environmental
radiation monitoring, helping to assess the levels of naturally occurring radiation

(such as radon) and its potential biological effects.

Gas-based microdosimetric techniques

Gas-based microdosimetric techniques are crucial for studying the energy
deposition of ionizing radiation at microscopic scales, which is vital for applications in
radiation therapy, radiation protection, and environmental radiation monitoring. These
techniques typically involve using gas-filled chambers, where ionization produced by
radiation is measured to estimate the radiation dose and its distribution in small

volumes, often at the cellular or sub-cellular level.

Principles of Gas-Based Microdosimetry:

Gas-based microdosimetry relies on the principle of ionization in gases. When
ionizing radiation passes through a gas, it causes ionization, generating electron-ion
pairs. The amount of energy deposited in the gas is proportional to the number of ion
pairs produced, which can be measured to determine the dose and other

microdosimetric quantities, such as specific energy and lineal energy.

Working Mechanisms of Gas-Based Microdosimeters:

Gas-based microdosimeters typically operate in an environment where a gas,
usually air or a noble gas, is contained within a small chamber. The working mechanisms

can be described as follows:

1. lonization Chambers:
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The most common type of gas-based microdosimeter is an ionization
chamber, which consists of a small chamber filled with gas. When ionizing
radiation passes through the chamber, it ionizes the gas, generating electron-ion
pairs. These ion pairs are collected by electrodes, and the resulting current is

proportional to the energy deposited by the radiation.

Mechanism: The ionization process is typically proportional to the energy
deposited by the radiation, and the chamber’s response is calibrated to yield
microdosimetric quantities such as dose, specific energy, or lineal energy. The
response of the chamber depends on the volume of the chamber, allowing for

the measurement of energy deposition in small volumes.

Gas-Filled Proportional Counters:

Another gas-based microdosimeter is the proportional counter, which
operates similarly to an ionization chamber but is optimized to measure low
levels of ionization. In these counters, the ion pairs produced by radiation are
amplified by applying a high voltage, resulting in a measurable output signal. This
mechanism is sensitive to the energy and type of radiation, allowing for detailed

microdosimetric measurements.

Mechanism: The gas inside the proportional counter amplifies the ionization
signal through a process called Townsend avalanche, which is then collected and

measured to calculate the radiation dose at the microscopic level.

Materials Used in Gas-Based Microdosimeters:

The material used in the gas chamber plays a crucial role in determining the

performance of a gas-based microdosimeter. Common gases used include:
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Air:

Air is the most widely used gas for microdosimetry due to its simplicity,
availability, and similarity to human tissue composition. It provides an
approximation of how radiation interacts with biological tissues, making it useful

for radiation protection and therapy applications.

Noble Gases (e.g., Argon, Neon):

Noble gases are sometimes used in gas-based microdosimeters to improve
sensitivity and energy resolution. For example, argon is often used in specialized

detectors due to its stability and favorable ionization properties.

Carbon Dioxide (CO,):

CO; can also be used in microdosimetric studies, especially in contexts where the
ionization characteristics need to be adjusted for certain types of radiation or to

simulate different environmental conditions.

Applications of Gas-Based Microdosimetry:

Gas-based microdosimeters are widely used in several fields, including:

Radiation Therapy:

In radiation therapy, gas-based microdosimeters are used to measure the dose
distribution at microscopic scales, helping to optimize treatment plans and
ensure accurate delivery of radiation to tumor cells while minimizing exposure to

healthy tissues.



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

Example: Gas-filled ionization chambers are used to measure the dose
delivered by proton beams, helping to study the Bragg peak and assess its

precise localization within tumor tissues.

Radiation Protection:

Gas-based detectors are used in radiation protection to monitor occupational
exposure and environmental radiation levels. They provide essential information

on the radiation dose that could potentially affect workers and the public.

Example: Gas-based microdosimeters are used to measure radiation exposure in
nuclear power plants, hospitals, and other environments with elevated radiation

levels.

Space Radiation Monitoring:

Gas-based microdosimeters are used to monitor space radiation, which includes
cosmic rays and solar particle events. These detectors help assess the radiation

environment in space and protect astronauts from harmful radiation exposure.

Example: The use of gas-filled detectors onboard spacecraft to monitor cosmic

ray exposure during space missions.



