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3.3 Photomultiplier Tube

A Photomultiplier Tube (PMT) is a highly sensitive device used for the detection of
light in various applications such as spectroscopy, medical imaging, and particle physics.
It is particularly useful in situations where low-intensity light needs to be detected and

amplified. Fig 3.3.1 shows the construction of a photomultiplier tube.
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Fig. 3.3.1 Construction of a photomultiplier tube

Construction of Photomultiplier Tube (PMT):
A window

» To admit light
» The most commonly used window materials are lime glasses, borosilicate

glasses (hard glasses), UV-transparent borosilicate glasses
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Photocathode:

> Located at one end of the PMT.

> It's a photosensitive material that emits electrons when exposed to light.

» Two types; semi-transparent cathodes and opaque cathodes.

Focusing Electrodes:

One or more electrodes that accelerate and focus the emitted photoelectrons
onto the first dynode of the tube.

Dynodes:

> A series of electrodes (typically made of metal) arranged in a chain.

> Positioned between the photocathode and the anode.

» Electrons emitted from the photocathode are accelerated towards the first
dynode.

» At the dynode, the electrons are multiplied by secondary emission.
Anode:

» Located at the end of the dynode chain.

» Collects the multiplied electrons and generates an output signal.

Working of Photomultiplier Tube:

Photon Detection: Photons strike the photocathode, causing it to emit electrons through

the photoelectric effect.

Electron Multiplication: The emitted electrons are accelerated towards the first dynode
by an electric field. When an electron strikes a dynode, it releases several secondary

electrons.

Cascade Effect: The secondary electrons are then accelerated towards the next dynode,
causing further emission of electrons. This process repeats through multiple dynodes,

resulting in a cascade or chain reaction.
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Amplification: The number of electrons multiplies exponentially with each dynode,

leading to a significant amplification of the initial signal.

Anode Collection: The multiplied electrons are collected at the anode, generating a

measurable current or voltage signal.

Advantages of PMTs:

High Sensitivity: PMTs are extremely sensitive to low levels of light, making
them ideal for applications where weak signals need to be detected.

Wide Spectral Range: PMTs can detect light over a broad range of
wavelengths, from ultraviolet to near-infrared.

Fast Response Time: They can respond quickly to changes in light intensity.
Low Noise: PMTs can offer low noise characteristics, especially in applications

requiring high precision.

Disadvantages of Photomultiplier Tubes:

i.
ii.
iii.
iv.

V.

Size and Bulkiness

High Voltage Requirements

Fragility

Temperature Sensitivity

PMTs can be relatively expensive compared to some other types of light

detectors.

Applications of Photomultiplier Tubes:

Medical Applications:

PMTs are often employed in PET scanners to detect the gamma rays emitted by
positron-emitting radionuclides.
PMTs are used in conjunction with scintillation detectors for various medical

applications, including radiation detection and gamma spectroscopy

In ophthalmology, PMTs can be utilized in devices like scanning laser

ophthalmoscopes for imaging the retina.
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Other Applications:

Scientific research: PMTs are extensively used in fields like astronomy, particle
physics, and biophotonics for detecting faint light signals or measuring extremely
low light levels.

Environmental monitoring: PMTs can be used to analyze water quality, air
pollution, and other environmental parameters by detecting trace amounts of
luminescent or fluorescent substances.

Industrial process control: PMTs can be utilized in quality control systems for
detecting low levels of light emitted or reflected by materials during
manufacturing processes.

Lidar (Light Detection and Ranging): In lidar systems, PMTs can be used to
detect the backscattered light from a laser pulse

*kkkkkkkkk

97



