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DATA HANDBOOK SYSTEM

To provide you with a comprehensive source of information on electronic compo-
nents, subassemblies and materials, our Data Handbook System is made up of three
series of handbooks, each comprising several parts.

The three series, identified by the colours noted, are:

ELECTRON TUBES (9 parts) BLUE
SEMICONDUCTORS AND INTEGRATED CIRCUITS (5 parts) RED

COMPONENTS AND MATERIALS (5 parts) GREEN

The several parts contain all pertinent data available at the time of publication,
and each is revised and reissued annually; the contents of each series are summa-
rized on the following pages.

We have made every effort to ensure that each series is as accurate, comprehen-
sive and up-to-date as possible, and we hope you will find it to be a valuable source
of reference. You will understand that we can not guarantee that all products listed
in any one edition of the handbook will remain available, or that their specifications
will not be changed, before the next edition is published. If you need confirmation
that the published data about any of our products are the latest available, may we
ask that you contact our representative. He is at your service and will be glad to
answer your inquiries.
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ELECTRON TUBES (BLUE SERIES)

This series consists of the following parts, issued on the dates indicated.

Part 1

Transmitting tubes (Tetrodes, Pentodes)

Part 2

Tubes for microwave equipment

Part 3

Special Quality tubes

Part 4

Receiving tubes

Part 5

Cathode -ray tubes
Photo tubes
Camera tubes

Part 6

Photomultiplier tubes
Scintillators
Photoscintillators

Part 7

Voltage stabilizing and reference tubes
Counter, selector, and indicator tubes

Trigger tubes
Switching diodes

Part 9

Transmitting tubes (Triodes)
Tubes for R.F. heating (Triodes)

Part 8

T.V. Picture tubes

December 1968

Associated accessories

February 1969

March 1969

Miscellaneous devices

April 1969

May 1969

Photoconductive devices
Associated accessories

June 1969

Radiation counter tubes
Semiconductor radiation detectors
Neutron generator tubes

July 1969

Thyratrons

Ignitrons

Industrial rectifying tubes
High-voltage rectifying tubes

December 1968

Associated accessories

will be issued in August 1969
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SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES)

This series consists of the following parts, issued on the dates indicated.

Part 1

General section

Signal diodes

Variable capacitance diodes
Voltage regulator diodes

Part 2

General section
Germanium transistors

Part 3-4

General section
Silicon transistors
Accessories and heatsinks

Part 5

General section
Digital integrated circuits
Linear integrated circuits

September 1968

Rectifier diodes
Thyristors

Rectifier stacks
Accessories and heatsinks

October 1968

Photo devices
Accessories and heatsinks

November 1968

January 1969
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COMPONENTS AND MATERIALS (GREEN SERIES)

This series consists of the following parts, issued on the dates indicated.

Part 1 Circuit Blocks, Input/Output Devices September 1968
Circuit blocks: Circuit blocks for ferrite core

100 kHz Series memory drive

1 -Series Input/output devices

10-Series Accessories for circuit blocks:

20-Series Power supplies

40-Series Mounting chassis )

Norbits (60-Series) Printed -wiring boards 2)
Part 2 Resistors, Capacitors November 1968
Fixed resistors Polycarbonate, paper, mica, polystyrene
Variable resistors capacitors
Non-linear resistors Electrolytic capacitors
Ceramic capacitors Variable capacitors
Part 3 Radio, Audio, Television January 1969
FM tuners Television tuners
Coils and resonators Components for black and white television
Audio and mains transformers Components for colour television
Loudspeakers Deflection assemblies for camera tubes

Electronic organ assemblies

Part 4 Magnetic Materials, White Ceramics March 1969
Ferrites for radio, audio Ferroxcube transformer cores

and television Piezoxide
Ferroxcube potcores Insulating and dielectric materials
Microchokes Permanent magnet materials

Part 5 Memory Products, Magnetic Heads, Quartz Crystals, June 1969
Microwave Devices, Variable Transformers,

Electro-mechanical Components

Ferrite memory cores Quartz crystal units, crystal filters
Matrix planes, matrix stacks Isolators, circulators

Complete memories Variable mains transformers
Magnetic heads Electro-mechanical components

1) As from June, 1969, this subsection forms part of Part 5, section Electro-mechan-
ical components.
2) See also Part 5, section Electro-mechanical components 772 9296
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LIST OF SYMBOLS

Photocathode

Secondary emission electrode (dynode) No.n

Anode

Accelerating electrode
Luminous cathode sensitivity
Luminous anode sensitivity
Current amplification (Gain)
Secondary emission factor of the dynodes
Total supply voltage

Anode current

Anode dark current

Cathode current

Efficiency

Wavelength

Internal connection. Do not use.

March 1968 ’ I






GENERAL OPERATIONAL RECOMMENDATIONS
PHOTOMULTIPLIER TUBES

1. GENERAL

1.1

12

1.3

A photomultiplier is a photosensitive vacuum device comprising a photo-
emissive cathode, a photo-electron collection system and one or more
stages of current multiplication utilizing secondary emission electrodes
(dynodes), plus an anode.

A photocathode consists of a light-sensitive film (the emission layer) and
a supporting layer on which the emission layer is deposited.
Two types of cathode may be distinguished:

a. the opaque photocathode

b. the semi-transparent photocathode.

In the first type, the emission layer is deposited on a metal surface. In the
second type the light quanta must pass through the wall of the tube and the
transparent carrier layer before penetrating the photosensitive film. Al-
though opaque photocathodes can be made more easily, semi-transparent
photocathodes are most widely used, since they can be placed in the front
of the tube, which has many advantages for the construction and use of the
photomultipliers.

The photo-electron collection system (electron-optical input system)is that
part of the photomultiplier which focuses the photo-electronson to the first
dynode, thus mainly determining the spread in the electron transit times.
The quality of the input optics can be measured not only by the spread in
the electron transit times, but also by the collection efficiency, i.e. the
percentage of electrons emitted by the photocathode which land on the first
dynode.

Because of the variation in magnitude and direction of the initial velocity of
the electrons, each point on the cathode corresponds to a small image area
on the dynode. In practice, it is sufficient to ensure that the first dynode is
large enough to capture all electrons.

It is possible to improve the input optics by adding other electrodes, or by
making an accelerating electrode separate from the first dynode, and one
or more focusing electrodes separate from the cathode, but the improve-
ment is only noticeable in very high-quality fast tubes such as the S6AVP,
XP1020, etc.
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1.4 The dynode system consists of a number of secondary-emission elec-
trodes (dynodes). Several dynode constructions are possible. All tubes
mentioned in this book have a dynode structure of the linear-focused type
built up from dynodes of caesium-coated silver magnesium, excepted the
windowless types which are equipped with copper-beryllium dynodes. Every
electron which lands on a dynode does not produce the same number of sec-
ondary electrons: this number depends on the angle of incidence and velocity
of the electron. Usually, however, it is sufficient to consider the mean
secondary-emission factor 6p of the p[h dynode, which is equal to the total
number of secondary electrons emitted by that dynode divided by the num-
ber of electrons falling on it. As a rule it is also permissible to assume
that all dynodes have the same value of this factor, 6, so that the amplifi-
cation produced by the tube is given by

G=68"
where n is the number of dynodes.

1.4.1. Damping resistor in the dynode circuit

A 30 ohm resistor is fitted in the base of the following tyvpes of fastphoto-

multiplier tube

- 56AVP, 56CVP, 56DVP, etc. from serial number 31000 onwards

- 538AVP, 538DVP, 538UVP, XP1040, XP1041, from serial number 3677 on-
wards;

- 60AVP, from serial number 144 onwards.

This resistor is part of the circuit of the final dynode; since the tube
worksas a current generator the insertion of the resistor does not modify
the amplitude of the signal.

The reason for including the resistor is the following:

At light pulses shorter than the tube's response time the anode current
showed ringing. See Fig.1.4.1.a. These oscillations were set up in the
resonant circuit comprising the wiring inductance of the final dynode and
the interelectrode capacitance. The resistor sufficiently damps the os-

cillations (Fig.1.4.1.b).
. . 7209701

} \/: : ' X/:::e :

Fig.1.4.1,a Fig.1.4.1.b

1.5 The anode is usually made of wire mesh in order to ensure a low anode ca-

pacitance, and is placed directly in front of the last dynode. Although the
secondary-emission factor of the anode material is very small, it cannot
be ignored completely, since the number and velocity of the electrons land-
ing on the anode is relatively large.
Such ions as are formed in the anode space, are mainly attracted to the
last dynode. Since the distance between the anode and this dynode is rela-
tively small, the ions do not acquire enough energy to give rise to any sec-
ondary electrons.

+

+

-+
<+

e
H-++

April 1969




2.

2

o

(3]

o

INTERPRETATION OF CHARACTERISTICS

The characteristics given in the Data section are typical values which indi-
cate the performance of an average tube under certain operating conditions;
individual tubes may have characteristics that deviate from the values given
in the characteristic curves. All tubes are accompanied by a test-card in-
dicating the test conditions.

The more important characteristics for photomultipliers are discussed below.

1 Spectral response

The materials employved to make the photocathode are of great importance
to the response. Many substances show photo-cmission, but often differ
greatly in their spectral sensitivity and quantum yield.

Usually the spectral response of a photosensitive device is given as a func-
tion of wavelength in per cent of the maximum response.

As to the spectral response our range of photomultipliers can be subdivided
into the following categories:

=

.1 The A-types (S11) are equipped with a semi-transparent caesiumantimony
photocathode precipitated on the inner side of a polished B40-glass window;
these types are sensitive tolight in the visible region, and have their max-
imum sensitivity in the blue region (see Fig.1).

—

.2 The U-types (S13) having the same photocathodes as the A-types but are
provided with a polished optical quartz window, which gives them a sensi-
tivity that extends into the ultraviolet region (see Fig.2) and guarantees
the absence of 40K radiation.

—

.3 The C-types (S1). which have a semi-transparent caesium-on-silver oxide
photocathode on a polished B40-glass window. The sensitivity lies mainly
in the red and near-infrared region, with a maximum at about 8000 & (see
Fig.3).

—

.4 The T-types (S20). which have a tri-alkali semi-transparent photocathode
on a polished B40-glass window. This photocathode is the most sensitive
known for the region from the ultraviolet to the red end of the spectrum
(sce Fig.4).

=)

.5 The TU-types. which have the same photocathode as the T-types but are
provided with a polished optical quartz window, giving them a sensitivity
that extends into the ultraviolet region (see Fig.5).

f—

.6 The D-types. which have a bi-alkali semi-transparent photocathode on a
polished Pyrex 7740 window. This photocathode has a high quantum effi-
ciency in the blue region and a low parasitic emission.

Anvril 10A0 H ” 2



2.1.7 the DU-types, which have the same photocathode as the D-types but are

provided with a polished optical quartz window, giving them a sensitivi-
ty extending into the ultra-violet region and guaranteing the absence of
40K radiation.

2.1.8 The SBU (solarblind)-types,which are provided with a semi-transparent

caesium-tellurium photocathode on a polished optical quartz window.
These types have an ultraviolet response but are insensitive to light in
the visible region (see Fig.6).

2.2 Cathode luminous sensitivity

2.3

2.4

The cathode luminous sensitivity is defined as the photocurrent emitted per
lumen of incident light flux, generally expressed in uA/Ilm. For the meas-
urement the multiplier is connected as a diode. The cathode current (cor -
rected for dark current) I is of the order of 100 nano amperes. The volt-
age must be chosen so high that the tube is surely operating in the satu-
ration range. The sensitivity is given by

Nk = Ik/fp;
where ¢ is the luminous flux in lumens of a tungsten ribbon lamp having a
colour temperature of 2854 0K,

Cathode radiant sensitivity

The cathode radiant sensitivity is defined as the photocurrent emitted per
watt of incident light flux, generally expressed in mA/W at the wavelength
of maximum response. For the measurement the same procedure is used
as for the luminous sensitivity. The value of incident light flux is meas-
ured by a thermocouple.

Cathode quantum efficiency

The cathode quantum efficiency (n) is defined as the number of photo-elec-
trons per incident light photon, usually expressed in per cent at a certain
wavelength.

At any given wavelength it can be easily calculated from the following for-
mula:

12.4
X )

n = Nkr . y(x) - (

where Ny = the cathode radiant sensitivity at max. response in mA/W.

y(Ax) = the relative spectral response in % at Ax

Xy = wavelengthin 8
In the case where Ay = wavelength of maximum response (published value),
Ax = 100.

For other wavelengths see relative spectral response curves.
Lines of constant quantum efficiency are shown in Fig.7.
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2:5

2.6

Current amplification (gain) and anode sensitivity

The current amplification (G) is the ratio of the anode signal current to the
cathode signal current at stated electrode voltages.

The anode sensitivity (Ng) is related to the gain (G) and the cathode sensi-
tivity (Ng) by the formula

N, =G.Ng.

Since the gain is so high (> 106), it is not possible to measure both the
anode and the cathode currents under the same conditions. The anode cur-
rent is normally below 1 mA, so the cathode current is a few tenths of a
nano amp.
Since the cathode current, dynode currents and anode current are practi-
cally proportional to the incident luminous flux, the following method can
be used to get over this difficulty:
First the photomultiplier is connected as a diode, and the cathode is illu-
minated so strongly that it gives a cathode current of about 0.1 uA. This
current is measured, and then the luminous flux falling on the photocathode
is reduced to a fraction (1/ay) of its original value by meansof, e.g., a neu-
tral filter of known transmittance. Next the appropriate voltage is applied to
the photomultiplier, and the anode current measured. The gain is then given
by I
= —a __

ap . Ik
The attenuation factor aj can also be measured, with the aid of the tube, as
the ratio of the currents flowing to one dynode after and before the reduc-
tion of the luminous flux. If the gain is very high it is advisable to meas-
ure it in a number of steps:e.g., from the cathode to the pth dynode and
from the pth dynode to the anode.

Dark current

Even when the cathode is not illuminated, a certain current flows through
the anode lead. This is known as the anode dark current (Iao).

Anode dark current is measured at stated electrode voltages, or at elec-
trode voltages required to provide a stated anode luminous sensitivity.
Possible causes of anode dark current are electrical leakage, thermionic
emission, field emission, residual gas ionization and tube fluorescence. At
low operating voltages its major components are normally electrical leak-
age and thermionic emission. Thermionic emission can be recognized by
its temperature dependence. At high values of applied voltage the other
dark current components may become an appreciable part of the total dark
current.
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2.7 Linearity and saturation

The cathode and dynode currents should always be in the region of satu-
ration so as to guarantee the proportionality between the current and the
cathode illumination over the whole operating range. Fig.A shows the cath-
ode current as a function of the voltage for a number of different luminous
fluxes. The resistance of the photocathode plays an important role in de-
termining these characteristics. Even if the transparent, conductive sup-
porting layer is applied with great care the cathode resistance will be of
the order of some hundreds of kilo-ohms. The voltage between the cathode
and the first dynode must therefore be chosen higher than the voltage be-
tween successive dynodes if the current is to be saturating throughout the
working range.
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The saturation current of the dynodes, on the other hand, is always reached
under normal operating conditions even at the highest permissible luminous
flux, so there is no need to take any special measures about them.

The situation at the anode is once again different. The anode current causes
a voltage drop across the resistance in series with the tube, so that the
anode voltage decreases as the anode current increases. Moreover, care
must be taken that the current is not limited by space-charge effects even
at the largest permissible anode currents in order to ensure an undistorted
output signal.

The electrode currents should never be so high as to be detrimental to the
tube's life, or cause excessive fatigue or aging.

2.8 Time characteristics

2.8.1 The transit time of a photomultiplier tube is defined as the time interval
between the arrival of a delta-function light pulse (a pulse having finite
light flux and infinitesimal width) at the entrance window of the tube and
the moment the output pulse at the anode terminal reaches peak ampli-
tude.
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2.8.2 The anode pulse rise time indicates the time required for the amplitude
to rise from 10 % to 90 % of the peak amplitude. For this measurement
the incident light usually illuminates the entire photocathode.

2.8.3 Transit-time difference expresses a systematic relationship between
transit time and position of illumination on the photocathode. The refer -
ence position is mostly the centre of the photocathode.

3. OPERATING NOTES

3.1 The overall supply voltage should be well stabilized, since the gain of a
photomultiplier is critically dependent on the voltage as expressed by the
following relation

dG _  dVp
E =n W .

So the percentage change in gain is approximately ten times the percentage
change in supply voltage. Thus. to hold the gain stable within 1Y, the
power supply must be stabilized to within approximately 0. 1Y.

When the counting rate is to be high or a continuous luminous flux is to be
measured it is possible to employ a high-current source of comparatively
low voltage for the last three or four stages only, and a low-current high-
voltage source for the remaining stages. If it is undesirable to maintain
one power supply terminal at the sum of the two voltages with respect to
earth. the common terminal may be earthed.

3.2 The voltage divider of a photomultiplier tube must be so designed that it
docs not cause any troublesome changes in the dynode voltages when the
tube starts operating. To this end the divider current I (current flowing
through the voltage divider) must be large compared to the anode current.
If this condition is not fulfilled the dynode voltages, especially in the last
stages, will be found to decrease exessively when the tube starts to operate.
This effect is more noticeable as the dynode currents (and hence the anode
current) are larger.

3.2.1 In continuous operation, a first approximation for the relative variation
of the gain with a varying illumination of the cathode is:

é_(_;~li 611 = __én-l_l ~£i 1 - _.—6
G Ipyg (m+1)(6-1)|  Ibe (n+1) (6-1)

So the relative change in gain is approximately proportional to the ratio
of the anode current to the divider current. For example, to maintain
the gain stable within 1% when measuring continuous luminous flux, the
divider current should be at least 100 times the anode current.
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3.2.2 In pulsed operation, as in scintillation counting, the fluctuations in gain

can be restricted without the need for a high divider current by shunting
each resistor in the divider chain with a capacitor. Since the first few
dynodes carry a very much lower current than following ones, it is
sufficient in practice to bypass the last three or four stages only.

The capacitors should be chosen according to the following relationship:

Gy = & Cn=i
Cp-1 = & Cp-2 etc.
where C,, = capacitor across resistor feeding last dynode

Cp-1 = capacitor across resistor feeding last dynode but one etc.

The exact calculation of the capacitively stabilized voltage divider is ex-
tremely tedious, because of the large number of parameters involved.
However, with the aid of some approximations it can be shown that the
relative variation of the gain is approximately:

AG _ 7.lamax et/T -e~t/RCn

G Ipg ' T -RCp
where T = time constant of the scintillator
Iamax = peak value of the anode current
RCp = time constant of the last stage of the voltage divider.

It follows that a peak value of the anode current of 1 mA causes a rela-
tive variation of the gain of less than 1% when the time constant RCy, is
greater than 100 T and the current in the voltage divider is at least 1 mA.
The voltage fluctuations occurring in this arrangement are small but of long
duration, so that whenthe count rate is high the fluctuations due to successive
pulses maybe partially superimposed, resulting in an error which is a func-
tion of the count rate. In the example just given, the duration of each fluc-
tuation would be approximately 470 T and if overlapping does not occur, the
count rate could not exceed 1/470T p.p.s. For a time constant of 1 us this
corresponds to a rate of approximately 2200 p.p.s.

3.3 On no accountshould the tube be exposed to ambient light when the supply volt-

age is applied. A luminous flux of less than 10-5 1m is sufficient to cause the
maximum permissible anode current to be exceeded. To obtain the maximum
useful life from the photocathode the tube should be protected from light as far
as possible even when not in use.

The dark current takes approximately 15 to 30 minutes after the application of
the supply voltage to fall to a stable value. For this reason it is recommended
that the equipment should be switched on half an hour before making any mea-
surements requiring a high degree of accuracy.

The dark current may be further reduced by applying to the photocathode a jet
of dry air cooled by being passed through, for example, a spiral immersed in
liquid nitrogen. It is very important to ensure that no condensation occurs on
the base or socket of the tube if air-cooling is adopted.
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4, RUGGEDIZED PHOTOMULTIPLIERS

4.1 Tubes having a rugged construction, intended for application under severe
operating conditions (e.g. geophysical and astronomical missile experiments),
can be divided in two classes.

4,2

Class I

Class II:

: Conventional cylindrical tubes with a reinforced construction such as

well fixed cathode connectors, rigid structure, flying leads, etc.

These tubes are tested according to the test conditions for space ve-
hicles like ""Véronique', "Bélier", "Centaure", "Dragon", "Rubis",
etc.

Specially designed extremely rugged tubes, potted or not potted (e.g.
the rectangular XP1220).

The connections are made to the sides of the tubes to prevent long
connections inside, thus preventing mechanical vibrations.

These tubes are tested according to the test conditions for experi-
ments like "Diamant' .

It is not possible to give exact, complete test conditions because these condi-
tions can differ very much from one application to the other. Therefore it is
necessary to state these conditions for each specific application for which the
tubes are needed.

The following conditions are only given to indicate some tests done for both
classes, without indicating the upper limits.

Class I

Class II:

: Shock 30 g, half wave sinusoidal, duration 11 ms, 3 shocks in each of

3 orthogonal axes.

Vibration 5 to 20 g, frequency 20 to 2000 Hz, duration 30 min. in each
of 3 orthogonal axes.

Shock up to 100 g, duration 11 ms, 3 shocks in each of 3 orthogonal
axes.

Vibration up to 30 g, frequency 20 to 2000 Hz duration 20 s, in each
of 3 orthogonal axes.

Constant acceleration 45 g during 30 s in each of 3 orthogonal axes.

5. SPECIALLY SELECTED PHOTOMULTIPLIERS

For several applications it can be of importance to use specially selected tubes
or a special version of a standard type photomultiplier.
The following selected tubes and versions exist:

Selection 01: Tubes specially selected to have a high gain.

Example:

The XP1110/01, used in photoscintillator type PS1520 and selected

for a gain of 107.

April 1969
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Selection 02: Tubes specially selected for X-ray spectrometry.
The selection is performed with the photomultiplier mounted in a scintillator
probe with a thin NaI(T1) scintillator with Be window. .
The count rate as a function of high voltage is measured with an °°Fe source
(MnKa line 5.9 keV) with a fixed discriminator bias and at a count rate inthe
middle of the plateau of about 2500 Hz. After the plateau curve has been deter-
mined the background noise of the tube is measured in the middle of the pla-
teau. Selected tubes are guaranteed to have a minimum stated plateau length,
a maximum stated plateau slope and a maximum stated background noise.
Available types: 53AVP/02 and XP1010 (02-selection of tvpe 130 AVP).

Selection 03: Tubes specially selected to have a low background noise.
These tubes have a guaranteed maximum background at a stated Vp.
Available types: 56DVP/03 and 56DUVP/03.

Selection 04: Tubes specially selected to have a good stability as a function of

time and count rate.

1. Measuring conditions:
The drift of the gain isgiven by the drift of the channel number for the 137¢s
photopeak.
Each tube remains in the measuring probe for 24 hours with HT applied:
- 23 hours 20 minutes for measurement at a count rate of 1000 ¢/s.
- 40 minutes for measurement at a count rate of 10.000 ¢/ s.
The change from 1000 ¢/s to 10.000 c/s is made within some seconds by
moving the radioactive source towards the Nal(Tl) crystal.
To observe the drift caused by the change of count rate one measurement is
made at the low count rate, just before the source is moved towards the
probe and another measurement just after at the high count rate.
The measuring time is about 1.5 min.
Use is made of a 100-channel analyzer and a stabilized HT supply with the
negative terminal grounded.
The HT at the voltage divider of the multiplier is about 900 to 1000 V.
The 137Cs photopeak is positioned in the neighbourhood of channel 75 by
means of the amplifier gain adjustment. The ambient temperature is sta-
bilized within £ 0.5 9C. The dimensions of the Nal(Tl) scintillator are
matched to the photomultiplier tube to be measured.

2. Selection requirements:
2.1 Stability as a function of time

After three hourswith HT applied and at a count rate of 1000 c/s for the
photopeak; the position of this peak is observed each hour.
10 H . o H April 1969



The mean value of the drift during 24 hours is calculated as follows:

i=1 100 -
Dy = =———3 )

In which: Pj = ith measurement of the series of n peaks measured at
1000 ¢/ s.
P = arithmetical average of the series.

2.2 Stability as a function of count rate

After the n™ measurement at a count rate of 1000 c/ s the 137Cs source
is moved towards the scintillator of the probe to obtain a count rate of
10.000 ¢/ s for the photopeak.

Four measurements are made during a period of 40 minutes. The mean
value of the drift is given by:

n+4
Pj - Pp
l=n+1 100
Der = 7 T (%)

in which Py is the last measurement at 1000 ¢/s.

2.3 Requirements for approval

A tube is considered as being stable if both Dt and D¢y < 1%.

Available type: XP1031/04.

Selection 05: Tubeswith a special construction, e.g. type S6AVP/05 having a thin
convex window instead of a thicker window with plane outside as used with type
S56AVP.

Sclection 08: Tubes specially selected to have a good stability as a function of
count rate.

1. Measuring conditions:

A 137Cs source is placed in front of the photomultiplier with HT applied at
such a distance that the count rate is 1000 ¢/s for the photopeak and with a
mean current of 10 nA (adjusted by means of the HT).

- First measurement during 1 minute, the abscissa corresponding to a peak
Ads

- A 4-minute waiting period under these conditions.

- Second measurement during 1 minute, the abscissa corresponding to a
peak A2.

- Fast change from 1000 ¢/s to 10.000 c¢/s in the photopeak, corresponding
to a mean current of 100 nA.

- A 10 minute waiting period under these conditions.

- Third measurement during 1 minute, the abscissa corresponding to A3.

- A 4 minute waiting period under these conditions.

- Fourth measurement during 1 minute, the abscissa corresponding to Ay.
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The anode is connected to a charge-sensitive pre-amplifier with a feed-back
capacitor of 51 pF.

Under these conditions the given values of the mean current correspond with
a photomultiplier gain of about 15.000 to 20.000 and a HT < 1000 V.

2. Selection requirements:

2.1 Stability as a function of count rate

The mean value of the shift is given by:

g = (A3+Ag) - (A1+A)
o Al +A2

x 100%,

2.2 Requirement for approval

Ser = 1%

Available types: XP1101/08, XP1031/08, 54AVP/08, 150AVP/08 and 153AVP/08.

Selection Sp: Tubes specially selected for y-spectrometry, having a guaranteed

resolution,
The energy is measured with an Nal(Tl) scintillator.
The resolution is stated for 137Cs (0.661 MeV).

Available types: XP1001 (Sp selection of type XP1000)
XP1031 (Sp selection of type XP1030)
34AVP/Sp. 56AVP/Sp. 150AVP/Sp and 153AVP (Sp-selection of
tvpe 33AVP).

Selections of other types than mentioned above can be made available on request.
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Comparison of the various spectral response curves

700 RS 04 53 R T T (5 S D =2 18 ; T 1 ) o)
1 20 3 ) A 1 T ‘ 1 T 5 } =] gl nc 1T (5! T TN
Mo [ TUotype o PP s quantan S R
T e V.AV< L CE T W
(mA/m»__U—tyIDG | ' A | tk‘ I t
PP | | \\\ \‘\\ | ‘ ‘ | ) ‘
\ [
//’ T-typel| A-type; N ‘\§ | 1] o ‘
10 i 5 \: 1% quantul efficiency ]
i 17 T —ﬁ—r‘ i o T
] , | | -t 1 o 1 4+
type il ‘ § Ly
LA \ W LA \Jr ]
| - I N i
// . | |, | ‘ Ny 1
// \ ed \ \i | \ |
f L § i "’*‘L‘
: r 1 —
| N InN \ \
1 | I B [
| TN
T T ' T j ‘ Y | " 1
C—type | L Y]
o1 LEd L I | I | l
) 2000 4000 6000 8000 10000 X (A) 12000
[N NN N [ [T I [T a1 1 1% 7777777777
ultra-violet | blue] green\orange red infra—red

violet blue-green 'yellow

For the typical sensitivity of each type see relevant characteristics

Fig.7

oo (-



RATING SYSTEM

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable
serviceability of the device, taking no responsibility for equipment variations,
environmental variations, and the effects of changes in operating conditions due
to variations in the characteristics of the device under consideration and of all
other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout
life, no absolute maximum value for the intended service is exceeded with any
device under the worst probable operating conditions with respect to supply
voltage variation, equipment component variation, equipment control adjust-
ment, load variations, signal variation, environmental conditions, and varia-
tions in characteristics of the device under consideration and of all other elec-
tronic devices in the equipment.
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XP1000

10 STAGE PHOTOMULTIPLIER TUBE

The tube is intended for use in applications such as scintillation counting of

alpha, beta, gamma, neutron radiation and X-rays and different kinds of optical
instruments.

QUICK REFERENCE DATA

Spectral response type A (S11)
Useful diameter of the photocathode 44 mm
Anode sensitivity (at 1800 V) 700 A/lm

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: 14 -pin (Jedec B14-38)

incident rodiation
< Max52.5%
Jn442
k
- §—— QCC
# & O VA
53‘ 3 N
‘ (5 .
i ) (2=
2|
s
Y oy
TUUve WY
S1 Kk rzoms2 G 56"— 7203653 7203650
ACCESSORIES
Socket type FE1001
Mu-metal shield type 56128
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XP1000

GENERAL

Photocathode

Description semi-transparent, head-on, flat surface
Cathode material Cs-Sb
Minimum useful diameter 44 mm
Spectral response curve 1) type A (S11)
Wavelength at maximum response 4200 + 300 s
Luminous sensitivity 2) Nk ;:m Zg Zﬁﬁz
Radiant sensitivity at 4200 ) 60 mA/W
Multiplier system

Number of stages 10

Dynode material Ag-Mg-0-Cs
Capacitances

Anode to final dynode Ca/sio 3 pF
Anode to all other electrodes Ca 5 pF

TYPICAL CHARACTERISTICS
With voltage divider A

av. 700 A/lm

Anode sensitivity at Vi = 1800 V Na gt 250 A/Im
Anode dark current at Ny = 100 A/lm 3) Ia, :ax ggég Zf:

Linearity between anode pulse amplitude
and input light pulse up to 30 mA

1y see spectral response curve in front of this section
2) Measured with a tungsten ribbon lamp having a colour temperature of 2854 °K

3) At an ambient temperature of 25 °C

2 H H April 1969



XP1000

TYPICAL CHARACTERISTICS (continued)
With voltage divider B

Linearity between anode pulse amplitude

and input light pulse up to 100
Anode pulse rise time at Vi = 1500 V 1y 4.1079
Anode pulse width at half height at V = 1500 V 1y 12.1079
Transit time difference between the

the centre of the photocathode and the

edge at Vi, = 1500 V 4.107°
Total transit time at Vp = 1500 V1) 40.107°
LIMITING VALUES (Absolute max. rating system)

Supply voltage Vp max. 1800
Continuous anode current I, max. 1
. max. 500

Voltage between cathode and first dynode Vk/Sl sl 1803
Voltage between consecutive dynodes Vsn /Snt1 rmnf: 328
v - 2 max. 300
oltage between anode and final dynode 4) Va/le min 80

RECOMMENDED CIRCUITS

ace
k a

<

1.5Vs s | B ||kl |k|k|k| Kk

y
& AMAMA AAA AAA AA AA AAA AAA AAA AAA A
Wv W vV VYV VY vV vy vV \Ad W M
B

V= 11.25Vs Ab+1ke
7203655 =

O-HT +HT O
Voltage divider type A

0.752R.

I § 2 o s % % T 50 s SO omplifier
L SR “ R PN PN P J I T :‘; I r’

1) For an infinitely short light pulse, fully illuminating the photocathode.

mA

<

<< << <<

2) When calculating the anode voltage, the voltage drop in the load resistance

should not be overlooked.

April 1969 “ H
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XP1000

RECOMMENDED CIRCUITS (continued)

k acc a

| o 2 5 ¢ 5 % 7 51 9 SO amplifir
- A \L 4 \; ~ \P ~ - o

125 1511751 2 SR

2Vs sl |b ||| k|k|k|kz
> R >
S ’_JM WV AVAVA AVAVA .-NVAV VAVAVA AVAVA '.WW" W AVA'A AVAVA AVW P
Vp =14.5Vs glasingle
e 7203654 )
O-HT +HTO
Voltage divider type B
k = cathode Sp = dynode No.n
acc = accelerating electrode a = anode

OPERATIONAL CONSIDERATIONS

To achieve a stability of about 1% the ratio of the current through the voltage-
divider bridge to that through the heaviest loaded stage of the tube should be
approx. 100.

For moderate intensities of radiation a bridge current of approx. 0.5 mA will
be sufficient.

Different kinds of voltage dividers are possible. A circuit of type A results in
the highest gain of the tube at a given total voltage; a circuit of type B gives a
higher current output with better time characteristics, but the total gain is less
at the same total voltage.

The accelerating electrode has a separate external connection to allow adjust-
ment for optimum photoelectron collection on the first dynode.

When pulses with high amplitudes are taken from the anode, it is useful to de-
couple the last stages as indicated in the circuit by means of capacitors of a few
hundred pF, to avoid a voltage drop between these stages.

When the tube has been exposed to full daylight just before mounting, it will
probably show an increased dark current, which will be back at its normal value
after several hours of operation.

It is advisable to screen the tube with a mu-metal cylinder against the influence
of magnetic fields.

4 “ H March 1968



XP1000
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XP1001

10 STAGE PHOTOMULTIPLIER TUBE

The tube is intended for use in applications such as gamma-ray spectrometry.

QUICK REFERENCE DATA

Spectral response

Useful diameter of the photocathode

Anode sensitivity (at 1800 V)

Energy resolution for 137¢cs (0.661 MeV) 4)

type A (S11)
44 mm
700 A/lm
8.5 %

DIMENSIONS AND CONNECTIONS
Base: 14-pin (Jedec B14-38)

incident radiation

ey
min
.
____7_.’ 4 |
k
0l
ik
8
o
%
TUEe |,
S’ k 7203652 max58f 7203653
ACCESSORIES
Socket type FE1001
Mu-metal shield type 56128

S1

Dimensions in mm

i N]
\(’/L s10

7203650
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XP1001

GENERAL

Photocathode

Description » semi-transparent, head-on, flat surface
Cathode material Cs-Sb
Minimum useful diameter 44 mm
Spectral response curve 1y type A (S11)
Wavelength at maximum response 4200 + 300 )
Luminous sensitivity 2) Nk :i;n 38 Zﬁﬁg
Radiant sensitivity at 4200 § 65 mA/W
Multiplier system

Number of stages 10

Dynode material Ag-Mg-0-Cs
Capacitances

Anode to final dynode Ca/slo 3 pF
Anode to all other electrodes Cy 5 pF

TYPICAL CHARACTERISTICS
With voltage divider A

av. 700 A/Im

Anode sensitivity at Vi, = 1800 V Na o 400 A/Im
Anode dark current at N, = 100 A/lm 3) lag :a.x 88;8 Zﬁ

av. 8.5 %

Energy resolution for 137Cs (0.661 MeV) %) e, 9.0
- . (o]

Linearity between anode pulse amplitude
and input light pulse up to 30 mA

1y See spectral response curve in front of this section
2) Measured with a tungsten ribbonlamp having a colour temperature of 2854 °K
3) At an ambient temperature of 25 °C

4) Measured with a 1.5" x 1" Nal(Tl)crystal
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XP1001

TYPICAL CHARACTERISTICS (continued)

With voltage divider B

Linearity between anode pulse amplitude

and input light pulse up to 100 mA
Anode pulse rise time at Vi = 1500 V l) 4.1079 s
Anode pulse width at half height at Vi = 1500 V Ly 12.1079 s

Transit time difference between the
centre of the photocathode and the
edge at V, = 1500 V 4.107 s

Total transit time at Vi, = 1500 V1) 40.1079 s

LIMITING VALUES (Absolute max. rating system)

Supply voltage Vb max. 1800 V
Continuous anode current I, max. 1 mA
. 500 V
Voltage between cathode and first dynode Vk/s 1 2?; Tgo v
. 300 V
Voltage between consecutive dynodes VSn/Sn+1 Ef: 80 V
Voltage between anode and final dynode 2) Va/S1o :i’: 338 X

RECOMMENDED CIRCUITS

k acc
| S 2 3 5% % 56 I sp 5o SO\ amplifier
\P -~ ~ ~ ~ ~ \; ~ -~ ~
R
2'4‘/5 | Vs VS VS VS; Vs VS Vs VS VS Vs >
AVAVA AVAV AVAVA AVAVA MMI""\AM/*"WW"W AVAVA AVAVA IVW-‘P
Vo =12-14 Vs g
Bl 7203656 ¥
= Voltage divider type A THTO
k = cathode Sp = dynode No.n
acc = accelerating electrode a = anode

l) For an infintely short light pulse, fully illuminating the photocathode.

2) When calculating the anode voltage, the voltage drop in the load resistance
should not be overlooked.
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XP1001

RECOMMENDED CIRCUITS (continued)

k acc a
| 5! S2 S3 S4 S5 S6 S7 S8 S9 SION amplifier
QL ~ i; [ \Ff ~ \F Q; m: <[_>
125[ 15175 2 SR
2Vs s |||k |b|b|k|k|kT
A'A'A "V‘V‘ 'l'A'A A'A'A ‘V‘v‘v vA'A'A' 'AVAVA A'A'A A'A'A A'A'A A'A" A'A'A
W =14.5Vs -{t-{F-+{}4
7203654 =‘
O=HT +HT O
Voltage divider type B
k = cathode Sn = dynode No.n

acc = accelerating electrode a = anode

OPERATIONAL CONSIDERATIONS

To achieve a stability of about 1% the ratio of the current through the voltage-
divider bridge to that through the heaviest loaded stage of the tube should be
approx. 100.

For moderate intensities of radiation a bridge current of approx. 0.5 mA will
be a practical value.

The best results in v -ray spectrometry will be achieved with a voltage of 4-times
"Vg" between the cathode and the first dynode; however, the limiting values
must not be exceeded. At a high tension of about 1100 V the tube will work most
favourably.

The accelerating electrode has a separate external connection to allow adjust-
ment for optimum photoelectron collection on the first dynode.

At high pulse amplitudes it is useful to decouple the last stages.

When the tube has been exposed to full daylight just before mounting it will prob-
ably show an increased dark current, which will be back at its normal value
after several hours of operation.

It is advisable to screen the tube with a mu-metal cylinder against the influence
of magnetic fields.
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XP1002

10 STAGE PHOTOMULTIPLIER TUBE

The tube is intended for use in laser technics, working in the orange and green
range and for photometry where a high sensitivity in the whole visible region is
required.

QUICK REFERENCE DATA
Spectral response type T (S20)
Useful diameter of the photocathode 44 mm
Anode sensitivity (at 1800 V) 400 A/lm
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: 14 -pin (Jedec 14-38)

incident radiation

max52.5#
min 442
___.__7__' A 7
P k
I_‘ d- +—— @CC
0l w S ;(\‘ s2
H N
a3 (\
(A2
—\f S10
T
in
[15]
el
AR | W
S1 k7052 lT)GXSBT‘ T2,
ACCESSORIES
Socket type FE1001
Mu-metal shield type 56128
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XP1002

GENERAL

Photocathode

Description semi-transparent, head-on, flat surface

Cathode material Sb-K-Na-Cs

Minimum useful diameter 44 mm

Spectral response curve 1) type T (S20)

Wavelength at maximum response 4200 + 300 £

Luminous sensitivity 2y Ny i:'m ﬁ'g ﬁﬁﬁz

Radiant sensitivity at 4200 & 70 mA/W
at 7000 & 12 mA/W

Multiplier system

Number of stages 10

Dynode material Ag-Mg-0-Cs

Capacitances

Anode to final dynode Ca/s‘10 3 pF

Anode to all other electrodes C, 5 pF

TYPICAL CHARACTERISTICS
With voltage divider A

av. 400 A/lm

Anode sensitivity at Vp = 1800 V N, e 100 A/lm
Anode dark current at Ny = 60 A/lm 3) Iao fr:’a;x 88;8 Zﬁ

Linearity between anode pulse amplitude
and input light pulse up to 30 mA

1) See spectral response curve in front of this section
2) Measured with a tungsten ribbon lamp having a colour temperature of 2854 °K

3) At an ambient temperature of 25 °C

2 I | I ‘ April 1969



XP1002

TYPICAL CHARACTERISTICS (continued)
With voltgge divider B

Linearity between anode pulse amplitude

and input light pulse upto 100 mA
Anode pulse rise time at V}, = 1500 V 1) 4.1079 s
Anode pulse width at half height at V = 1500 V 1y 12.1079 s

Transit time difference between the
centre of the photocathode and the
edge at Vi, = 1500 V 4.1079 s

Total transit time at Vp = 1500 V1) 40.1079 s

LIMITING VALUES (Absolute max. rating system)

Supply voltage Vb max. 1800 V
Continuous anode current Iy max. 1 mA
z max. 500 V
Voltage between cathode and first dynode Vk/Sl min. 180 V
max. 300 V
1 :
Voltage between consecutive dynodes VSn JEn s, 80 V
. 2 max. 300 V
Voltage between anode and final dynode 2) Va/SlO min. 80 V
RECOMMENDED CIRCUITS
k acc a
| S 92 33 s& s % 7 51 9 SO\ amplifier
~ i; :p N N N \L ~; gt ~: ‘[_b
0752 R
S| || |||k |klk|k|kZ
AAA ’AAA AAA. AAA lAA' AAA AAA AAAV AAA AAA AAA, AAA
W =11.25Vs ulngly
e 7203655 >
O-HT +HT S

Voltage divider type A

1y For an infinitely short light pulse, fully illuminating the photocathode.

2) When calculating the anode voltage, the voltage drop in the load resistance
should not be overlooked.

Anril 10A0 || || S



XP1002

RECOMMENDED CIRCUITS (continued)

k acc a
| S 2 3 St 8 % 7 S0 59 SON amplifier
~P \D N NN ~; N ~ i; N
125[ 15 (1751 2 2R
2Vs S AT R A IR N IR R R N
A"vA 'AVAVL A'AVA A'A'A AvA'v vA'A'A' 'A'AVA A'AvA A'A'A' 'A'A'A' V""‘ A'Avl
Vo =14.5Vs ~jhe-{1-1 1
o 7203654 >
O—HT +HTO
Voltage divider type B
k = cathode Sy = dynode No.n
n
acc = accelerating electrode a = anode

OPERATIONAL CONSIDERATIONS

To achieve a stability of about 1% the ratio of the current through the voltage-
divider bridge to that through the heaviest loaded stage of the tube should be
approx. 100.

For moderate intensities of radiation a bridge current of approx. 0.5 mA will
be sufficient.

Different kinds of voltage dividers are possible. A circuit of type A results in
the highest gain of the tube at a given total voltage; a circuit of type B gives a
higher current output with better time characteristics, but the total gain is less
at the same total voltage.

When pulses with high amplitudes are taken from the anode, it is useful to de-
couple the last stages as indicated in the circuit by means of capacitors of a few
hundred pF, to avoid a voltage drop between these stages.

When the tube has been exposed to full daylight just before mounting, it will
probably show an increased dark current, which will be back at its normal value
after several hours of operation.

It is advisable to screen the tube with a mu-metal cylinder against theinfluence
of magnetic fields.
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XP1002
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XP1003

10 STAGE PHOTOMULTIPLIER TUBE

The tube is intended for use in laser technics, and photometry where a high
sensitivity in the whole visible and ultraviolet region is required.

QUICK REFERENCE DATA

Spectral response type TU (extended S20)
Window material quartz

Useful diameter of the photocathode 44 mm
Anode sensitivity (at 1800 V) 400 A/lm

DIMENSIONS AND CONNECTIONS
Base: 14-pin (Jedec B14-38)

incident rodiation

< Max52.5¢
min 44*#
o
k

123+5
143+5

335

LA

max58#

7203653

ACCESSORIES
Socket type FE1001
Mu-metal shield type 56128

Dimensions in mm

I_‘ — ft— QCC

st /: ) s2

\(/— “s10

7203650
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XP1003

GENERAL

Photocathode

Description

Cathode material
Minimum useful diameter
Spectral response curve Ly

Wavelength at maximum response
Luminous sensitivity 2)

Radiant sensitivity at 4200 &
at 7000 &

Multiplier system

Number of stages

Dynode material

Capacitances
Anode to final dynode

Anode to all other electrodes

TYPICAL CHARACTERISTICS
With voltage divider A

Anode sensitivity at Vi = 1800 V

Anode dark current at N = 60 A/lm 3)

semi-transparent, head-on, flat surface

Nk

Ca/sio

Linearity between anode pulse amplitude

and input light pulse

1) See spectral response curve in front of this section

Sb-K-Na-Cs
44

type T (S20)
4200 + 300
av. 150
min. 110
70
12
10

Ag-Mg-0-Cs
3
5
av. 400
min. 100
av. 0.015
max. 0.050
up to 30

mm

|

uA/lm
uA/Im

mA/W
mA/W

pF
pF

A/lm
A/lm

HA
uA

mA

2) Measured with a tungsten ribbonlamp having a colour temperature of 2854 °K

3) At an ambient temperature of 25 °C
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XP1003

TYPICAL CHARACTERISTICS (continued)
With voltage divider B

Linearity between anode pulse amplitude

and input light pulse up to 100
Anode pulse rise time at Vi, = 1500 V l) 4.107°
Anode pulse width at height at Vi, = 1500 V 1) 12.10°9
Transit time difference between the centre

of the photocathode and the edge at

Vp = 1500 V 4,109
Total transit time at Vi, = 1500 V 1) 40.1077
LIMITING VALUES (Absolute max. rating system)

Supply voltage Vb max. 1800
Continuous anode current I3 max. 1
. max. 500
Voltage between cathode and first dynode Vk/Sl min. 180
: max. 300
Voltage between consecutive dynodes VSn/Sn+1 min 80
. 2 max, 300
Voltage between anode and final dynode ©) Va/S;g -y 80
RECOMMENDED CIRCUITS
k acc a
| S 2 o ¢ 2 %6 o S0 5o SO amplifier
FIITITITITITIFTITZI
0.752RL
1.5Vs Wl |k s | o=
A'AvA ’AVI'A VAV‘VA' ‘A'A'Av 'l'A'l' V"‘V‘ A'A'A A'A'A— AvA'A A'AVA A'A'A' AvA'A
Vp=11.25Vs -H+it4¢
7203655 >
O-HT +HFO

Voltage divider type A

l) For an infinitely short light pulse, fully illuminating the photocathode.

2) When calculating the anode voltage, the voltage drop in the load resistance

should not be overlooked.

T
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XP1003

RECOMMENDED CIRCUITS (continued)

k acc a
| 3 2 o o % % 7 38 59 SN ampliflr
~ :v N N N N ~ -~ ~ p
s
125| 1.5[175] 2 2R

2Vs s |V | |||l |k|lk|ks

AAAANA AAA AAA AAA AAA AAA AAA AAA AAA AAA AAA
vy vy vyvy vy yyv vy \Al \Ade s Al e vy vy vy

Yy =14.5Vs slaalasls

ad 7203654 >

O-HT +HTO

Voltage divider type B
k = cathode Sn = dynode No.n

acc = accelerating electrode a = anode

OPERATIONAL CONSIDERATIONS

To achieve a stability of about 1% the ratio of the current through the voltage-
divider bridge to that through the heaviest loaded stage of the tube should be
approx. 100,

For moderate intensities of radiation a bridge current of approx. 0.5 mA will
be sufficient.

Different kinds of voltage dividers are possible. A circuit of type A results in
the highest gain of the tube at a given total voltage; a circuit of type B gives a
higher current output with better time characteristics, but the total gain is less
at the same total voltage.

When pulses with high amplitudes are taken from the anode, it is useful to de-
couple the last stages as indicated in the circuit by means of capacitors of a few
hundred pF, to avoid a voltage drop between these stages.

When the tube has been exposed to full daylight just before mounting, it will
probably show an increased dark current, which will be back at its normal value
after several hours of operation.

It i