Photomultiplier Tube (PMT)

Introduction

Photomultiplier tubes (PMTs) convert photons to an electrical signal. They have a high internal gain and are sensitive detectors for low-intensity applications such as fluorescence spectroscopy. 



Design

A PMT consists of a photocathode and a series of dynodes in an evacuated glass enclosure. When a photon of sufficient energy strikes the photocathode, it ejects a photoelectron due to the photoelectric effect. The photocathode material is usually a mixture of alkali metals, which make the PMT sensitive to photons throughout the visible region of the electromagnetic spectrum. The photocathode is at a high negative voltage, typically -500 to -1500 volts. The photoelectron is accelerated towards a series of additional electrodes called dynodes. These electrodes are each maintained at successively less negative potentials. Additional electrons are generated at each dynode. This cascading effect creates 105 to 107 electrons for each photoelectron that is ejected from the photocathode. The amplification depends on the number of dynodes and the accelerating voltage. This amplified electrical signal is collected at an anode at ground potential, which can be measured. 

Phototubes are similar to PMTs, but consist of only a photocathode and anode. Since phototubes do not have a dynode chain to provide internal amplification, they are used in less sensitive applications such as absorption spectrometers. 

Schematic of a PMT
[image: image1.png]photoelectron dynodes

Radiation / secondary
A ' —
e \ electrons

Photoemissive cathode anode
: ; to
high voltage (-} LA i | current-to-voltage
500-2000V N ] amplifier







Typical specifications

	Wavelength range:1 
	110-1100 nm

	Quantum efficiency (Q.E.):2 
	1-10%

	Response time: 
	1-20 ns


1 Wavelength sensitivity depends on wavelength. UV-sensitive PMTs must have UV-transmitting windows, see optical materials. 
2 The Q.E. is the (number of electrons ejected by the photocathode / number of incident photons).

In optical emission spectrometry, photomultipliers are commonly used as detectors. They are photocell detectors. The incident photons coming from the exit slit liberate electrons from the photocathode and the electron flow is then amplified by a set of dynodes. The final anode current is proportional to the incident photon signal received by the photocathode.
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The measurement dynamic range is very broad, i.e. 1015, and sensitivity is high, as the dark current is low. These detectors allow the detection of low intensities emitted by trace elements, as well as strong signals from major elements. They have very fast response times, typically 1-2 ns for a 10%-90% change in signal. The main inconvenience of photomultipliers is their cost.

There are several types of photomultipliers, which differ in the nature of the entrance window, either crystal or fluoride, and in the nature of the sensitive layer on the photocathode. Some are only sensitive in the far ultraviolet while others are more sensitive in the visible. The type of photomultiplier to be used is selected according to the wavelength of the line to be detected.

A fatigue lamp (a small incandescent light source) is often used with photomultipliers to keep the temperature of the tube and its associated electronics constant. The fatigue lamp is switched on when the emission source is off and switched off when the emission source is on.

A well-known company that manufactures PMTs is a British company called Electron Tubes.  Their website contains a wealth of information, as well as actual product profiles.  It can be reached at http://www.electron-tubes.co.uk
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