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Dynode voltage adjustment

This is often used when it is not practical to adjust the high 
voltage supply to each tube. Gain can be altered by altering 
the voltage of any dynode, but an intermediate one is always 
chosen to avoid interfering with the collection efficiency of 
the electron-optical input system or the output stage. Of the 
two adjustment circuits (shown in Fig.34), the (b) version is 
preferable if the divider current is high; it makes it possible to 
use a high-value potentiometer (about 1 MW) with a low power 
rating (≤ 0.75 W). In both the (a) and (b) versions, resistors 
should be connected on both sides of the potentiometer to limit 
its working voltage; in practice, the range of control variation 
required is usually far less than the maximum possible. As all 
terminals of the potentiometer are at a fairly high voltage, the 
potentiometer must be well insulated.
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Fig.34 Alternative circuits for adjusting gain by adjusting 
the voltage of one dynode.

Dynode voltage adjustment is more effective with focusing 
than with venetian-blind or foil dynodes. A disadvantage of 
it is that it can impair stability and increase susceptibility to 
magnetic fields; on the other hand, time characteristics are 
relatively unaffected.

Supply for multiple tubes

When many photomultipliers are used together, the high 
voltage can be supplied either separately to each or by a 
single supply common to all.

Separate supplies

Separate supplies are preferable. They prevent any reaction 
between tubes and, if they are adjustable, facilitate individual 
gain adjustment. Compact, adjustable and non-adjustable, 
individual supply modules are marketed, as well as supplies 
with several, separately adjustable output channels. The 
latter, though, are usually bulky and expensive.

Common supply

Common supply to a number of tubes is often used when the 
current required from each is low. Each then has its own voltage 
divider to minimize reaction between tubes and its own provision 
for gain adjustment, which may be a potentiometer either

• in series with the divider (Fig.35);

• or controlling the voltage of one of the dynodes (Fig.36).
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Fig.35 High-voltage supply for photomultipliers in parallel.
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Fig.36 High voltage supply for photomultipliers in parallel.

Placing a potentiometer in series with the resistor chain is a 
good solution particularly for tubes operated with the cathode 
at ground potential. For tubes operated with the anode at 
ground potential, the cathodes of each tube are at different 
potentials, so the tubes must be insulated from each other to 
prevent electrolysis phenomena (from voltages across tube 
walls) which may shorten tube life.

If a potentiometer is connected between the (i+1)th and (i-1)th 
dynodes to move the potential of the ith dynode away from 
its normal value, check that collection efficiency in the input 
stage is not degraded (which can happen when d

5
 is used) 

and that the linearity, and hence the dynamic range, remains 
at an acceptable level when the last dynodes are involved.

 Magnetic fields

Magnetic fields even as weak as the earth’s affect 
photomultiplier performances. This can be demonstrated by 
rotating a horizontally mounted tube about its main axis. The 
resulting variation of anode sensitivity is due to the varying 
effect of the earth’s field on the electron trajectories, and the 
corresponding variation of collection efficiency in all stages. 
Highly focused tubes, in which the electron impact areas on 
the dynodes are small, are the most sensitive to magnetic 
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Fig.39 	Relative gain variation as a function of magnetic field for a tube with:  
	 (a) linear-focusing dynodes, and (b) with venetian-blind dynodes. 

Curve 1: field aligned with y-axis (Fig.37). 
Curve 2: field aligned with x-axis. 
Curve 3: field aligned with z-axis.

effects; a transverse flux density of a few tenths of a millitesla 
can reduce gain by 50%. In a tube with venetian-blind 
dynodes, the field required to produce the same effect would 
be up to three times as large.

Magnetic influence is greatest in the electron-optical input 
system, where electron trajectories are longest. Increasing 
the voltage across the input system increases the energy of 
the electrons and decreases the sensitivity to magnetic fields. 
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Fig.37 Axes used in measuring magnetic sensitivity.

Tubes with linear-focusing dynodes are most sensitive to 
magnetic influence when the field is parallel to thedynodes 
(axis Y in Fig.37). Tubes with venetian-blind dynodes are least 
sensitive when the field is parallel to the axis of the tube.

Magnetic sensitivity is measured relative to three perpendicular 
axes (Figs 37 and 39). 

Data sheets give either the measured sensitivity curves or the 
values of magnetic flux density parallel to each axis at which 
gain is halved. The data are for optimum operating conditions. 
Magnetic sensitivity is greater when electrode potentials 
are not optimum, as is the case when gain is deliberately 
decreased by defocusing a dynode or the accelerating 
electrode.

Strong fields may permanently magnetize some parts of a 
photomultiplier, lastingly affecting its performance. If that 
happens, the tube can be demagnetized with a coil producing 
a flux density of about 10 mT, at 50 Hz.
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Fig.38 Comparative effectiveness of mu-metal and soft 
iron magnetic shields.

Since fields as weak as the earth’s can affect sensitivity, a 
mu-metal shield is always desirable. At flux densities of 
more than a few milliteslas, however, such a shield saturates 
and becomes ineffective. It must then be surrounded by a 
supplementary shield, usually of soft iron. 
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Shielding effectiveness, based on material and dimensions, 
can be determined from Fig.38. For example, a mild-steel 
shield 70 mm in diameter and 5 mm thick (r

in
/r

ext
 = 0.875) in 

a flux density of 100 mT gives an attenuation of about 30. An 
inner mu-metal shield 57 mm in diameter and 0.8 mm thick 
(r

in
/r

ext
 = 0.973) gives an additional attenuation of about 300, 

leaving a residual flux density that is well below the 0.05 mT 
to 0.1 mT sensitivity threshold of most tubes.

Magnetic shields should extend about one diameter beyond 
the cathode plane, especially if the flux density is high. If the 
tube is operated in negative polarity, the shielding must be 
completely insulated from the glass or connected to the cathode 
potential via a protective resistor to prevent potential gradients 
across the glass wall causing electrolysis phenomena and 
permanent damage to the PMT photocathode.

 Environmental  
     considerations

Environmental factors - chiefly temperature, magnetic fields, 
background radiation, and atmosphere - can affect the 
operation of a photomultiplier in varying degrees, temporarily 
or permanently. To a large extent the effects can be guarded 
against or compensated.

Temperature
By the nature of their photoemissive and secondary emissive 
materials, photomultipliers are also sensitive to temperature 
variations. These affect three of the main characteristics:
•	spectral response (the shape of the curve);
•	dark current (the thermionic component);
•	anode sensitivity and gain (secondary emission 

coefficients).

Changes in characteristics due to temperature variations within 
the permissible limits are usually reversible, though there may 
be some hysteresis that disappears only gradually.

Effects of temperature on the photoemission and secondary-
emission surfaces are complex. They depend not only on 
the composition of the surfaces but also, to some extent, on 
the type of tube; and even between tubes of the same type 
there are appreciable differences. However, tendencies and 
average values can be identified. In storage as well as in use, 
photomultipliers must be kept within the temperature limits 
specified in their data sheets, usually -30°C to 80°C. Beyond 
those limits effects such as sublimation of the cathode or 
stresses in the glass may occur. 

Specific tubes for high temperature are available (XP85051 
and XP83092 families).

Always consult PHOTONIS before considering operation of 
a photomultiplier outside its published temperature limits.

Effect on spectral sensitivity

The spectral sensitivity characteristic does not vary much 
with temperature. The greatest relative variation is usually 
observed close to the photoemission threshold. For a given 
application, therefore, it is advisable to choose a tube with a 
type of cathode that makes it possible to operate far from the 
threshold.

Bialkali SbKCs cathode. The temperature coefficient is 
very low in the wavelength range 400 nm to 500 nm where 
sensitivity is maximum, and may go to zero there or change 
sign. For temperature intervals -20°C to 20°C, and 20°C to 
60°C, it is nowhere greater than 0.15% in the range 400 nm 
to 500 nm. Furthermore, its variation with temperature is very 
small at short wavelengths.

Multialkali cathodes. These are characterized by a negative 
temperature coefficient throughout most of the useful 
spectrum. Note that the ERMA type, whose response extends 
farther into the red, has a larger temperature coefficient than 
the standard multialkali type.

Effect on cathode resistivity

The resistivity of photocathodes varies inversely with 
temperature. This can limit the minimum operating 
temperature, especially of bialkali SbKCs cathodes which, 
at room temperature, have a resistivity a hundred to a 
thousand times greater than that of multialkali cathodes 
(Fig.40). The practical minimum for bialkali cathodes 
is -20°C (if the cathode current is more than 0.1 nA).
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Fig.40 Surface resistivities of two photoemissive 
materials as functions of temperature.

Thermionic emission characteristics 
of common photocathodes

type of 
cathode

thermionic 
emission at 

20°C (A/cm2)

temperature 
rise for which 

thermionic 
current 

doubles (K)

minimum 
useful 
cooling 

temp. (°C)

AgOCs 10-13 - 10-11 5 - 7 -100

SbKCs 10-19 - 10-17 4 - 5 -20

SbNa
2
KCs 10-19 - 10-15 4 -40

SbNa
2
KCs 

(ERMA)
10-17 - 10-15 4 -40
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Effect on the dark current

The thermionic component of the dark current obeys 
Richardson’s law, therefore, both dark current and dark 
pulse rate increase strongly with temperature. The rate of 
increase depends mainly on the cathode material but may 
differ considerably from one tube to another of the same type. 
This is because some components of the dark current, such 
as thermionic emission, field emission and leakage current 
have different temperature coefficients and differ in relative 
importance from tube to tube. For the same reason, the dark 
current and dark pulse rate do not usually continue to decrease 
below a certain temperature, and in some cases may even 
increase, particularly in tubes with multialkali cathodes.

Effect on gain and anode sensitivity

Dynode secondary emission also varies with temperature 
(though less so than cathode thermionic emission) and 
correspondingly affects gain.

The temperature coefficient of gain is usually negative 
and depends not only upon the composition of the dynode 
surfaces, but also upon that of the cathode and, to some 
extent, the structure of the multiplier. For CuBe dynodes the 
coefficient is about -0.1% per degree with bialkali and trialkali 
cathodes. It is smaller in tubes with venetian-blind and foil 
dynodes than in those with focusing dynodes.

Variations in anode sensitivity reflect variations in both cathode 
sensitivity and multiplier gain. At certain temperatures and 
wavelengths these may be equal and opposite, cancelling 
each other.

Atmosphere

Humidity

Because of the high voltages used, operation in a damp 
atmosphere can lead to insulation problems. Condensation 
gives rise to leakage currents which increase the dark current. 
Local insulation breakdowns may also occur. Take particular 
care to avoid condensation on the glass, at the pins, and 
especially inside the plastic base. If moisture does get into 
the base, it will be necessary to drill a hole in the base key to 
enable it to escape.

Ambient pressure

Photomultipliers can operate satisfactorily at low ambient 
pressure, but precautions against flashover at the pins are 
necessary at pressures below 10 kPa (l 75 torr). For operation 
or storage at high ambient pressure, consult PHOTONIS; 
permissible pressures differ from type to type and are not 
usually given in the data sheets.

Helium partial pressure

Glass is permeable to helium, the rate of penetration being 
proportional to the helium partial pressure. Of the glasses 
used in photomultipliers, lime glass (soft glass) is the least 
permeable; borosilicate glass and fused silica (hard glasses) 
are, respectively, about 100 and 1000 times more permeable. 
Helium intrusion increases the afterpulse factor and shortens 
the life: a tube with a fused silica window in a helium partial 
pressure of 100 kPa has a useful life of only a few days; this is 
a hazard to be guarded against in helium-cooled high-energy 
physics experiments. The partial pressure of atmospheric 
helium is normally about 0.7 Pa, which is low enough to allow 
an average useful life of some ten years. Finally, note that 
helium penetration increases with temperature.

Mechanical stress
Like all electron tubes, photomultipliers should be protected 
against undue mechanical and temperature stress. Vibration 
or shock transmitted to the dynodes can modulate the gain 
(microphony).

Radiation
Permanent loss of gain and sensitivity is a serious risk 
only in very high radiation environments, such as parts of 
extraterrestrial space where electron flux can reach 1010 
electrons per square centimetre per second, and in high- 
energy physics experiments. Under those conditions the 
emissive properties of the dynodes change and the input 
window darkens, affecting the transmission at shorter 
wavelengths. Lime glass windows are more sensitive than 
others to prolonged radiation. The thin photoemissive layer 
is relatively unaffected, probably because its absorption 
coefficient for ionizing radiation is low.

In case photomultiplier tubes are used in a high radiation 
environment, this may lead to a degradation of the transmision 
coefficient of the window. Some studies have been made (K.W. 
Bell & al. NIM section A469 (2001) 29-46 The development 
of vacuum phototriode for the CMS electromagnetic 
calorimeter) and shown that UV-transparent borosilicate is a 
suitable glass for this purpose.

Permanent alteration of gain and sensitivity becomes 
noticeable only after exposure doses of about 104 rad.

 Reference

Photomultiplier tubes: Principle & Applications, 
Photonis, 2002, PHOTONIS ordering code D-PMT-AB2002.

(Available from PHOTONIS and representatives.)
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Notes 


