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Our Data Handbook System is a comprehensive source of information on electronic components, sub-
assemblies and materials; it is made up of three series of handbooks each comprising several parts.
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SEMICONDUCTORS AND INTEGRATED CIRCUITS RED
COMPONENTS AND MATERIALS GREEN

The several parts contain all pertinent data available at the time of publication, and each is revised and
reissued periodically.

Where ratings or specifications differ from those published in the preceding edition they are pointed
out by arrows. Where application information is given it is advisory and does not form part of the
product specification.

If you need confirmation that the published data about any of our products are the latest available,
please contact our representative. He is at your service and will be glad to answer your inquiries.

This information is furnished for guidance, and with no guarantee as to its accuracy or completeness; its publication conveys no licence
under any patent or other right, nor does the publisher assume liability for any consequence of its use; specifications and availability of
goods mentioned in it are subject to change without notice; it is not to be reproduced in any way, in whole or in part without the
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Part 1a December 1975

Part 1b August 1977

Part 2 May 1976

Part 2a November 1977

Part 3 January 1975
Part 4 March 1975

Part 5a March 1978

Part 5b May 1975

Part 6 January 1977

Part 7a March 1977

Part 7b March 1977

Part 8 May 1977

Part @ March 1978

ELECTRON TUBES (BLUE SERIES)

ET1a 12-75

ET1b 08-77

ET2 05-76

ET2a 1177

ET3 01-75

ET4 03-75

ET5a 03-78

ET5b 05-75

ET6 01-77

ET7a 03-77

ET7b 03-77

ET8 05-77

ET9 03-78

Transmitting tubes for communication, tubes for r.f. heating
Types PE05/25 to TBW15/25

Transmitting tubes for communication, tubes for r.f. heating,
amplifier circuit assemblies

Microwave products
(This book is vaiid until Part 2b becomes available.)

Microwave tubes

Communication magnetrons, magnetrons for microwave
heating, klystrons, travelling-wave tubes, diodes, triodes
T-R switches

Special Quality tubes, miscellaneous devices

Receiving tubes

Cathode-ray tubes

Instrument tubes, monitor and display tubes, C.R. tubes
for special applications

Camera tubes, image intensifier tubes

Products for nuclear technology

Channel electron multipliers, neutron tubes, Geiger-Mdiller
tubes

Gas-filled tubes

Thyratrons, industrial rectifying tubes, ignitrons,
high-voltage rectifying tubes

Gas-filled tubes

Segment indicator tubes, indicator tubes, switching diodes,
dry reed contact units

TV picture tubes

Photomultiplier tubes; phototubes
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SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES)

Part 1a March 1976

Part 1b May 1977

Part 2 November 1977
Part 3 January 1978

Part 4a June 1976

Part 4b July 1976

Part 5a November 1976

Part 5b March 1977

Part 6 October 1977

SC1a 03-76

SC1b 05-77

SC2 11-77
SC3 01-78

SC4a 06-76

SC4b 07-76

SCb5a 11-76

SC5b 03-77

SC6 10-77

Signetics integrated circuits 1976

Rectifier diodes, thyristors, triacs
Rectifier diodes, voltage regulator diodes (> 1,5 W),
transient suppressor diodes, rectifier stacks, thyristors, triacs

Diodes

Small signal germanium diodes, small signal silicon diodes,
special diodes, voltage regulator diodes (< 1,5 W), voltage
reference diodes, tuner diodes

Low-frequency and dual transistors

High-frequency, switching and field-effect transistors
Special semiconductors

Transmitting transistors, field-effect transistors, dual
transistors, microminiature devices for thick and thin-film
circuits

Devices for optoeiectronics

Photosensitive diodes and transistors, iight emitting diodes,
displays, photocouplers, infrared sensitive devices,
photoconductive devices

Professional analogue integrated circuits

Consumer integrated circuits
Radio-audio, television

Digital integrated circuits
LOCMOS HE4000B family

Logic, Memories, Interface, Analogue, Microprocessor, Milrel
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COMPONENTS AND MATERIALS (GREEN SERIES)

Part 1 June 1977 CM1 06-77

Part 2a October 1977 CM2a 10-77

Part 2b February 1978 CM2b 02-78

Part 3 January 1977 CM3 01-77

Part 4a October 1976 CM4a 10-76

Part 4b December 1976  CM4b 12-76

Part5 July 1975 CM5 07-75

Part 6 April 1977 CM6 04-77

Part7 September 1971 CM7 09-71

Part 8 February 1977 CM8 02-77

Part 9 March 1976 CM9 03-76

Part 10 November 1975 CM10 11-75

Assemblies for industrial use

High noise immunity logic FZ/30-series, counter modules
50-series, NORbits 60-series, 61-series, circuit blocks
90-series, circuit block CSA70(L), PLC modules, input/
output devices, hybrid circuits, peripheral devices, ferrite
core memory products

Resistors

Fixed resistors, variable resistors, voltage dependent resistors
(VDR), light dependent resistors (LDR), negative tempera-
ture coefficient thermistors (NTC), positive temperature
coefficient thermistors (PTC), test switches

Capacitors
Electrolytic and solid capacitors, film capacitors, ceramic
capacitors, variable capacitors

Radio, audio, television

FM tuners, loudspeakers, television tuners and aerial input
assemblies, components for black and white television,
components for colour television

Soft ferrites

Ferrites for radio, audio and television, beads and chokes,
Ferroxcube potcores and square cores, Ferroxcube trans-
former cores

Piezoelectric ceramics, permanent magnet materials

Ferrite core memory products

Ferroxcube memory cores, matrix planes and stacks, core
memory systems

Electric motors and accessories

Small synchronous motors, stepper motors, miniature
direct current motors

Circuit blocks

Circuit blocks 100 kHz-series, circuit blocks 1-series, circuit
blocks 10-series, circuit blocks for ferrite core memory drive
Variable mains transformers

Piezoelectric quartz devices

Connectors
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PHOTOMULTIPLIER

TUBES
SURVEY OF TYPES

photo- tube spectral response

cathode | type S1 S20R S11 | S13 | S20 socket

dia. super

mm A (C) (A) (U) (T) | TU D |DU

14 |PM1910 X FE1004
PM1918 X FE1004
PM1920 X FE1004 =
XP1116 X FE1004 —]
XP1117 X FE1004 =

23 | PM1980 X FE1114

32 PM2012B X FE1012
PM2013B X FE1012
PM2018B X FE1012
PM2060B X FE1012
XP1011 X FE1012
XP1017 X FE1012
XP2008 X FE1012
XP2010 X FE1012
150CVP X FE1012

44 | PM2202 X FE2019
PM2232 X FE2019
PM2232B X FE1020
XP1002 X FE1014
XP2000 X FE1014
XP2020 X FE1020
XP2020Q x| FE1020
XP2230 X FE2021
XP22308 X FE1020
SGAVP X FE1020
56CVP X FE1020
56DvP X FE1020
56TUVP X FE1020
S6TVP X FE1020

61 PM2402 X FE2019

68 | PM2312 X FE2019
PM2312B X FE1020

Replacement list at the back.
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Typical spectral sensitivity characteristics.

PHOTOMULTIPLIER
TUBES )
photo- tube spectral response
cathode type S1 S20R S11 S13 | S20 socket
dia. super
mm A (C) (A) (U) (T) |TU D | DU
70 | XP2030 X FE1014
110 | XP2040 X FE1020
XP2040Q X FE1020
XP2041 X FE1020
XP2041Q X FE1020
XP2050 X FE1014
200 |60DVP X FE1020
60DVP/H X FE1020
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LIST OF SYMBOLS

PHOTOMULTIPLIER
TUBES
LIST OF SYMBOLS

Photocathode k

Secondary emission electrode (dynode) n Sn
Anode a

Accelerating electrode acc

Grid g ——
Cathode luminous sensitivity Nk E
Cathode spectral sensitivity Ngr -
Luminous anode sensitivity Ny

Anode spectral sensitivity Nay

Current amplification (gain) G

Secondary emission factor of the dynodes 8

Total supply voltage Vb

Anode current Iy

Anode dark current la0

Cathode current Ix

Efficiency n

Wavelength A

Internal connection (do not use) L.c.

External conductive coating m
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GENERAL

PHOTOMULTIPLIER

TUBES

1.1

1.2

1.3

1.4

GENERAL OPERATIONAL RECOMMENDATIONS
PHOTOMULTIPLIER TUBES

GENERAL *

A’ photomultiplier tube is a photosensitive vacuum device comprising a photo-
emissive cathode, a photoelectron optical collection system, and one or more
stages of electron multiplication using secondary emission electrodes (dynodes)
between cathode and anode.

A photoemissive cathode consists of a light-sensitive film (the emission layer)
deposited on a substrate.
Two types of cathode may be distinguished:

a. the opaque photocathode;
b. the semi-transparent photocathode.

In the first type. the emission is deposited on a metal surface. In the second,
the photocathode is deposited on the inside of the glass window. Although opaque
photocathodes can be made more easily, semi-transparent photocathodes are
mostly used, since they are mainly placed in.front of the tube, which has many
advantages for the construction and use of the photomultiplier tubes.

The photoelectron optical collection system (electron-optical input system) is that
part of the photomultiplier tube which focuses the photoelectrons onto the first
dynode. The quality of the input optics can be measured by the spread in the
electron transit times, and by the collection efficiency, i.e. the percentage of
electrons emitted by the photocathode that land on the first dynode.

In most tubes the electron-optical input system consists of the photocathode
itself and a focusing electrode, connected internally to the first dynode or exter-
nally to a suitable voltage between those of the photocathode and the first dynode.
In some photomultiplier tubes. such as XP2020, XP2040, XP2041, 56- type family
and 60 DVP, an improvement in time characteristics has been obtained by using
additional electrodes.

Several dynode system constructions are possible such as linear focused or venetian
blind structures.

Examples of materials used for dynodes are Ag-Mg and Cu-Be, of which the
latter offers the better stability.

Assuming that all dynodes have the same secondary emission factor, 6, the
amplification of the tube is given by:

G =60

where n is the number of dynodes.

*) Where applicable reference is made to IEC Publication 306.

| I ‘
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Spectral response

The materials used for the photocathode are of great importance to the spectral
response. Many substances show photoemission, but often differ greatly in their
spectral sensitivity and quantum yield.

The S11 (A-type) and Super A-type tubes are equipped with a semi-transparent
caesium antimony photocathode on an MnOj layer, evaporated on the inside of a
glass window. These types are sensitive to radiation in the visible region of the
spectrum and have their maximum sensitivity at approximately 420 nm.

The S13 (U-type) tubes have the same photocathodes as the S11 tubes, but are
provided with a fused silica (quartz) window, giving them a sensitivity that
extends into the ultraviolet region of the spectrum.

The S1 (C-type) tubes have a semi—transparent‘ caesium-on-silver-oxide photo-
cathode on a gTass window.

The sensitivity lies mainly in the red and near infrared regions of the spectrum,
with a maximum at approximately 800 nm.

The 520 (T -type) tubes have a tri-alkaline (Sb-Na-K-Cs) semi-transparent photo-
cathode on a glass window. This photocathode has a good sensitivity from the
ultraviolet to the near infrared part of the spectrum, with a maximum at approxi-
mately 420 nm.

The S20R tubes have a tri-alkaline (Sb-Na-K-Cs) semi-transparent photocathode
on a_g_ﬁ?s window.

The sensitivity extends from the visible into the near infrared part of the
spectrum, with a maximum at approximately 550 nm.

The TU-type tubes have the same photocathode as the S20 tubes but are provided
with a fused silica (quartz) window, giving them a sensitivity that extends into
the ultraviolet region of the spectrum.

The D-type tubes have a bi-alkaline (Sb-K-Cs) semi-transparent photocathode

on a glass window,

This photocathode has a high quantum efficiency in the blue region of the
spectrum and a low thermionic emission. The maximum sensitivity is at approxi-
mately 400 nm.

The DU-type tubes have the same photocathode as the D-type tubes but are
provided with a fused silica (quartz) window, giving them a sensitivity that
extends into the ultraviolet region of the spectrum.

INTERPRETATION OF CHARACTERISTICS

In general the characteristics given in the data sheets are typical values. The
"typical value" of a parameter is the median of the frequency distribution of the
parameter measured on a large number of tubes.

In some cases maximum or minimum values are stated, These values are defined
on test-limits carried out on each tube. Approximate values are given when these
values are obtained from batch sample data.

Each tube is accompanied by a test card stating its test results.

The more important parameters are discussed below.

ll . H March 107A
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2.5

* Cathode luminous sensitivity

The cathode Iuminous sensitivity is defined (IEC) as the quotient of the photo-
current of the cathode by the incident luminous flux, expressed in amperes per
lumen.
For this measurement the photomultiplier tube is connected as a diode. The
cathode current, Ik, (corrected for dark current) is about 100 nA.
The voltage used should be sufficient to ensure saturation.

I
The sensitivity is given by: Ny =-£(-
where ¢ is the luminous flux, in lumen, of a tungsten filament lamp having a
colour temperature of 2856 K.

Cathode spectral sensitivity

The cathode spectral sensitivity is the quotient of the photocurrent of the cathode
by the value of the incident monochromatic radiant flux (IEC).

Absolute spectral sensitivity

The absolute spectral sensitivity is the radiant sensitivity for monochromatic
radiation of a stated wavelength (IEC).

Measurements of this parameter are carried out with a tungsten filament lamp
with a colour temperature of 2856 K and spectral filters. Tolerances of the
spectral filters are stated in the tube data. The measuring equipment is cali-
brated by comparison with substandard light sources.

Quantum efficiency

The quantum efficiency (QE) is the ratio of the number of emitted photoelectrons
to the number of incident photons (IEC) and is usually expressed in percent at a
given wavelength.

At any given wavelength QE can be easily calculated from the following formula :

1,24
QE =N - =5 - 100 (%)

where Ny is the cathode radiant sensitivity in mA /W at wavelength X, and X is
the wavelength in nm. '

In general the radiant sensitivity is given at the wavelength of maximumresponse.

For other wavelengths the quantum efficiency may be calculated referring to the
absolute spectral sensitivity characteristic. This is the relation, usually shown
by a graph, between wavelength and absolute spectral sensitivity. Lines of
constant quantum efficiency are shown in Fig. 1, page 10.

Current amplification (gain) and anode luminous sensitivity

The current amplification, G, is the ratio of the anode signal current, I, to the
cathode signal current, Iy, at stated electrode voltages (IEC).
la
G ‘I—k_ :
Since the gain is usually very high (> 106), it is difficult to make this measure-
ment because the cathode signal current has to be made extremely low to prevent
the anode current exceeding the stated maximum.
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2.6.1

Anode luminous sensitivity

The anode luminous sensitivity, Ny, can be obtained from the cathode luminous
sensitivity, N, and the gain, G, by:

Ny =G+ Ni (A/Im).

Gain and anode luminous sensitivity measurements are usually taken at several
values of applied voltage.

Dark current and noise

Dark current is the current flowing in a photoelectric device in the absence of
irradiation (IEC).

The major component of the dark current is generally due to thermionic emission
of the cathode and depends on the type of cathode and the temperature roughly
according to the following table.

type of cathode dark current activation lowest useful
emission at 20 9C energy temperature
(electrons - s~ 1- cm~2) (eV) (°C)
Ag-0-Cs 1) 5. 100 1 ‘ -100
Sb-Nay-K-Cs (S20R) 103 1,3 -40
Sb-Naj-K-Cs (520) 300 1,3 -40
Sb-Cs3 (S11) 100 1,3 -20
Sb-K-Cs o) 10 1,2 0

At the lowest useful temperature the emission approaches the practical limit of
approximately 1 electron.s™l.cm™2, due - at least partly - to ambient radioac-
tivity. )

When measured at the anode this current increases proportionally with the gain-
and can also be recorded with an adequate pulse amplifier as random pulses, each
corresponding to 1 electron leaving the photocathode; this is then known as the
background noise or dark noise count rate. )

For a given charge threshold, there is generally a certain range of voltage, Vi,
where this count rate is more or less constant.

Occasionally, and especially at high voltages, it may be observed that the dark
current increases more rapidly than the gain and becomes unstable. Simul-
taneously the dark noise count rate increases strongly with the applied voltage.
This is due to complex field emission phenomena associated with light emission,
and related photoelectric emission by the cathode. This behaviour generally tends
to improve when the voltage is applied for a long period (some hours).

Another cause for anomalous dark current is retarded fluorescence of the glass

if the tube has been exposed (even without voltage applied) to ambient light,
especially with blue and UV radiation.

After such an exposure the time required for stabilization can reach 12 h.

At very low Vp, the major component of the dark current is the - ohmic - leakage
current between the pins; this component is proportional to the voltage and
increases with dust and high relative humidity.

H ” Marech 107A
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2.6.2 Shot noise or Schottky effect

2.7

If a photocathode under constant illumination gives a photocurrent, Iy, this
current will show fluctuations the r. m.s. value of which is given by :

Ikz = Z‘G'Ik" Af

in whiche = 1,6 x 1019 ¢, ‘Af is the bandwidth of the equipment connected to the
anode and I and Iy are expressed in amperes. These fluctuations are directly
related to the statistical fluctuations in the emission of photoelectrons.

Ik

7273792

time
Noise in photomultipliers.

When the photocurrent and the noise current are amplified by a factor G in the
multiplier part of the tube, the anode current will be:
) Ip=G. I,

and the noise: T35 _ 5
1,2 =2:Ge'ly Af{1+61(6_1)}

The term accounts for a noise contribution in the multiplier part due to

)
51(6-1)
statistical fluctuations in the secondary emission, 6 being the average electron
multiplication per stage and 6 ] being the electron multiplication of the first
dynode.

The signal-to-noise ratio of the anode current is given by:

v :
- —
2-G-e-Af{1+ }

With typical values of 6 = 4 and 61 = 6 the noise contribution of the multiplier is
about 10% on the signal-to-noise ratio.

Z| »
& I

Linearity and saturation

The cathode and dynode currents should always be in the region of saturation,
i.e. all electrons emitted by an electrode are collected by the next one, so as to
guarantee the proportionality between the current and the cathode illumination
over the whole operating range. When the tube is operated with a voltage Vg1 /ks
within the limiting values, saturation of the cathode is generally assured for
cathode currents in the range of 10~8 A at room temperature.
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Nevertheless for type-D photocathodes, departure from linearity can be observed
for cathode currents in the range of 1010 A, especially when operating at low
temperatures.

The saturation current of the dynodes is generally reached under normal oper-
ating conditions even at the highest permissible luminous flux.

The saturation of the anode is different. The anode current causes a voltage drop
across the load resistor. If the anode voltage decreases below a certain value

‘this results in 2 non-linearity. Moreover, the current may be limited by space

charge effects at the highest permissible anode currents.

That limit is reached for anode currents of 10 to 300 mA depending on the type

of photomultiplier and on the voltage divider. The electrode currents should never
be so high as to be detrimental to the tube's life, or cause excessive fatigue or
aging.

Time characteristics (IEC)

The signal transit time of a photomultiplier tube is defined as the time interval
between the arrival of a delta function light pulse of a stated amplitude at the
entrance window of the device and the time at which the output pulse reaches a
stated value.

Values given in the data sheet are obtained by measuring the instant at which the
illuminating pulse at the cathode becomes maximum and the instant at which the
anode pulse attains its maximum.

A delta function light pulse is a pulse having finite integrated light flux and infini-
tesimal duration (width).

The anode pulse rise time of a photomultiplier tube is defined as the time required
for the amplitude to rise from a stated low percentage to a stated higher percent-
age of maximum value when a steady state of radiation is instantaneously applied.
Normally the 10% and 90% levels are considered.

The anode puise duration at half height (response pulse duration, FWHM) is defined
as the time duration between the half amplitude points of the output current pulse
when the photocathode receives a delta function light pulse giving rise to a large

number of photoelectrons.

The transit time difference expresses a systematic relationship between transit
time and position of illumination on the photocathode. The reference position is
usually the centre of the photocathode.

The transit time fluctuation is the standard deviation of the transit time distribution
of single electrons leaving the photocathode.

Remark: Rise time, pulse duration, and transit time vary as a function of high-
tension supply voltage, Vp, approximately as Vb'l/z.

Stability

The concept of stability refers to different behaviour of the gain of photomultipliers
which may change as a function of current, voltage, time, temperature, and history.
For anode currents between 10 pA and absolute limiting value - which ranges from
100 to 500 pA - slow, irreversible changes of gain are observed. As an indication,
for an anode current of 30 pA, a change of gain by a factor of 2 can be observed
after about 5000 h for most tube types.

l ‘ ] ' Nearamhar 1077
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In the specific case of the S1 photocathode there is also a decrease in cathode
sensitivity due to caesium desorption effect in the last stages, which requires a
lower mean anode current. For anode currents below 1 pA, only reversible
changes of gain are generally observed, but these changes may exhibit hysteresis
effects with time constants ranging from some seconds to some hours, depending
on the anode current. Achange of gain in applications such as scintillation
counting is very cumbersome because it is associated by a shift of the total
absorption peak, strongly degrading the resolution.

According to ANSI-N42-9-1972 of IEEE there are two types of pulse amplitude
(height) stability tests :

1. A test of long term drift in pulse amplitude measured at a constant count rate.
2. A measure of short-term pulse amplitude shift with change in count rate.

In the time stability test, a pulse amplitude analyser, a 137¢s source, and an
Nal (T1) crystal are employed to measure the pulse amplitude. The 137Cs source
is located along the major axis of the tube and crystal so that a count rate of
about 104 ¢/s is obtained. The entire system is allowed to warm up under
operating conditions for a period of 30 minutes to one hour before readings are
recorded. Following this period of stabilization, the pulse amplitude is recorded
at 1h intervals for a period of 16 h. The drift rate, Dg, is then calculated, in %,
as the mean gain deviation, MGD, of the series of pulse amplitude measurements

as follows : .

i=n

i=1 l TR ] 100

1=

Pg== 7 "%

where p is the mean pulse amplitude averaged over n readings; pj is the pulse
amplitude at the ith reading; and n is the total number of readings.
Typical maximum MGD values for photomultiplier tubes with high-stability Cu-
Be dynodes are usually less than 1% when measured under the conditions specified
above. Gain stability becomes particularly important when photopeaks produced
by nuclear disintegrations of nearly equal energy are being differentiated.

In the count-rate stability test, the photomultiplier tube is first operated at about
104 ¢ /s. The count rate is then decreased to approximately 1000 c/s by increasing
the source-to-crystal distance. The photopeak position is measured and com-
pared with the last measurement made at a count rate of approximately 104 ¢ /s.
The count-rate stability is expressed as the % gain shift for the count-rate change.
The average anode currents corresponding to a count rate of 104 ¢/s and 103 ¢/s
respectively are stated in the notes given with each type. ’

OPERATING NOTES

The overall supply voltage should be well stabilized, since the gain of a photomulti-
plier tube is strongly dependent on the voltage, expressed by the following
relation:
d
EIE =n- Vb
G Vb
The percentage change in gain is approximately ten times the percentage change

in supply voltage. Thus to hold the gain stable within 1%, the power supply must
be stabilized to within approximately 0, 1%.
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When the radiant flux to be measured causes high anode currents, it is possible
to replace the resistors of the last 3 or 4 stages in the voltage divider by voltage
regulator diodes.

3.2 The voltage divider of a photomultiplier tube must be so designed that it does not
cause an impermissible shift in the dynode voltage due to variation in incident
radiation. The divider current (bleeder current), Ip], must, therefore, be high
compared to the anode current.

If this condition is not fulfilled, a high dynode current, accompanied by a high
anode current, will seriously decrease the dynode voltages between the last
stages. In any case, such variations of the dynode voltages introduce non-lin-
earity of the photomultiplier tube.

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

AG Ik [ sn. pn+ 1 la - &
G Tpil  (@r)GE-D Lbl{ \n+1 @rD-G-0

Thus the relative change in gain is approximately proportional to the ratio be-
tween the anode current and divider current. For example, to keep the gain stable
within 1% when measuring a continuously luminous flux, the divider current
should be at least 100 times the anode current.

3.2.2 In pulsed operation, as in scintillation counting, two calculations have to be made :
- The divider current should be at least 100 times the averaged integrated anode
current Ia This is given by:

I,=Ia-N-T

where: I is the anode current pulse amplitude;
N is the anode pulse rate;
T is the anode pulse duration.

- The gain deviation caused by the current pulses must be restricted by decoupling
at least the last four divider resistors. Calculations on capacitively stabilized
voltage dividers are very complex and will not be dealt with here.

The minimum capacitance needed depends on the peak anode current and the pulse
duration.

The value of Cppy 1 can be approximated when assuming that the charge Q¢ which
Cp+1 should supply during the anode current pulse is much greater than the charge
Q4 carried by the pulse

a= [ 14T
If the voltage across the last stage must be stable within 1%, that is AV/VS(H) =
0,01, and if the influence of the voltage divider resistor across the capacitor is
neglected, then Q. = 100 Q,, whence:

Q¢ 100Q4 100

Cy1 = - - aT.
"Vsm T Vsm Vs [ Taat

8 H ‘ March 107A
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As the current through the preceding stage is a factor 6 lower, its bypass
capacitance can be a factor 6 smaller:

Cn+1

Cp =——.

The use of bypass capacitors gives the high voltage divider current a high time
constant. When bursts of pulses occur, that is with short intervals between
succeeding pulses, the capacitors will not fully recharge and the pulse effects
will add up until the amplitude of the voltage fluctuations has become quite ap-
preciable. In that case the voltage divider current has to be increased.

3.3 General remarks

On no account should the tube be exposed to ambient light when the supply voltage
is applied. A luminous flux of less than 10~5 Im is sufficient to cause the maxi-
mum permissible anode current to be exceeded. To obtain maximum life from
the photocathode, the tube should be protected from light as far as possible even
when not in use.

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

The dark current may be further reduced by cooling the photocathode.

It is very important to ensure that no condensation occurs on the base or socket
of the tube if air cooling is adopted.

ANMavnnl 1074 ll H 9
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Fig.1 Typical spectral sensitivity characteristics

The specific curve for each tube type is given in the data sheets.
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RATING SYSTEM

As defined by IEC Publication 134

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.

| | ,






DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available
for evaluation. It does not form part of our data handbook system and
does not necessarily imply that the device will go into production

PM1910
replaces XP1110

10-STAGE PHOTOMULTIPUER TUBE

The PM1910 is a 14 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent S11 (type A) photocathode. The tube is intended for use in applications such as scintilla-
tion counting under limited dimensional conditions, optical measurements, etc.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode spectral sensitivity at 437 nm
Supply voltage

for anode spectral sensitivity = 60 kA/W
Anode pulse rise time
Linearity

with voltage divider A (Fig. 2)

with voltage divider B (Fig. 3)

S11 (type A)
> 14 mm
60 mA/W

1400 V
~ 2,5 ns

~ 30 mA
~ 80 mA

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS

Window

Material

Shape

Refractive index at 550 nm

Photocathode
Semi-transparent, head-on
Material

Useful diameter

Maximum spectral sensitivity at
Spectral sensitivity at 437 = 5nm (Fig. 5)

Data based on pre-production tubes.

lime glass
plano-concave
1,52

Sb —Cs

> 14 mm
S11 (type A)
420 =30 nm

typ. 60 mA/W
> 40 mA/W

\ (December 1977
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PM1910

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be

Capacitances
anode to final dynode ~
anode to all ~  4pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at Vp = 1200V, voltage
divider A) at a magnetic flux density of: 0,3 mT perpendicular to axis a; 0,2 mT parallel to axis a;

see Fig. 1.

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding 15 mm beyond the photocathode.

7275576

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube PM1910

IMIVIE . MM

U VEL\UIMIVILIN |

'RECOMMENDED CIRCUITS

acc
k 1 S1 S2 S3 S4 S5 S6 S7 S8 S9 510 a -
1 '.__-‘Y T q’ " -q/ - - T T — amplifier
R
2 1,5 0,75
[ Vs>V BV eV [V g D[4V P4V PV bV eV Pla-Vs >

L(:)—"—f:—*(:-‘ P':}"'-(:l"H:h——L
PR =

< Vp=12,25Vg >

_HT 7270513.2 +HT

Fig. 2 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode;
Sp, = dynode no.; a = anode; R|_= load resistor.

acc
k 1 S1 S2 S3 s S5 S6 S7 S8 59 S10, \a -
14 T n T —\F -\F U(_ T T T —» amplifier
Re
2 1,5 1,25 225 | 225 | 25 3
[ Vg—la-Vs |4Vl VgP[aV [V B[4 V|V Dla-Vs >V g ->ie-V s>

L

< Vp =19,5 Vs >
[¢) 72705142 Q
-HT +HT

Fig. 3 Voltage divider B. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode;
Sj, = dynode no.; a = anode; R} = load resistor.
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PM1910

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 2)

Supply voltage for an anode spectral
sensitivity Ny, = 60 kA/W at 437 nm (Fig. 7)

Anode dark current at Nay = 60 kA/W (Fig. 7)

Pulse amplitude resolution for '3 Cs at Ny, = 12 kA/W
Anode current linear within 2% at Vp, = 1600 V

With voltage divider B (Fig. 3)

Anode spectral sensitivity at Vi, = 1700 V (Fig. 7)
Anode pulse rise time at V, = 1700 V

Anode pulse duration at half height at Vi, = 1700 V
Signal transit time at Vi, = 1700 V

Anode current linear within 2% at V|, = 1700 V

LIMITING VALUES (absolute maximum rating system)

Supply voltage
Continuous anode current

Voitage between first dynode and photocathode
Voltage between consecutive dynodes

Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

Notes see page 5.

note

2,3

up to

up to

typ.

typ.

Q

Q

Q

Q

max.
max.

max.

min.

max.

max.

min.

max.

max.
min.

1700 V
1400 vV

20 nA
2nA

7.6 %
30 mA

40 KA/W
2,5ns
4 ns
23 ns
80 mA

1900 V

0,2 mA
350V
100 vV
250 V
300V

30V
+80 °C
-300C
+50 °C
-300C
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10-stage photomultiplier tube PM1910

DEVELOPMENT SAMPLE UAIA

Notes

1. To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to
increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a
“progressive’’ divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a factor of 2.

2. Wherever possible, the power supply should be arranged so that the cathode is earthed and the
anode is at +HT, however, it is sometimes necessary to supply the tube with the anode earthed
and the cathode at —HT. Under these circumstances, erratic noise and dark current are generally
increased and unstable, particularly after application of voltage. The glass envelope of the tube
should be supported only by isolators having an insulation resistance of > 10"® ohm.

3. Dark current is measured at ambient temperature, after a stabilization period of the tube in
darkness (~% h).

4.  Pulse amplitude resolution for 37 Cs and ®7Co is measured with an Nal(T1) cylindrical
scintillator (Quartz et Silice serial no. 1118 or equivalent) with a diameter of 12 mm and a height
of 12 mm. The count rate used is & 10* c/s.

5. Measured with a pulsed light source, with a pulse duration (FWHM) of < 1 ns: the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage Vp, approximately as Vi, Y,

6. Total HT supply voltage, or the voltage at which the tube has an anode spectral sensitivity of
~ 600 kA/W, whichever is lower.

7. Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

I (December 1977
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PM1910

MECHANICAL DATA

Dimensions in mm

@19,21)
max F_
— 214 -
I min ‘ |
photocathode —y
[e— 87
— 1 100
[ S10 S8 max
’ y
‘ ‘ 7275574
- e
25,5 max
7270509.1
(1) The tube can be inserted into a cylindrical gauge of 19,3 +g’1 mm
diameter and a length of 90 = 1 mm. -
Base 12-pin all glass Fig. 4.
Netmass 21g
ACCESSORIES
Socket type FE1004
Mu-metal shield type 56134
6
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10-stage photomultiplier tube

PM1910

DANIFLE UALTA

UEVELUFMVEN!1

102 7277483
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Fig. 5 Spectral sensitivity characteristic. 1 \
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Fig. 6 Relative gain as a function of the voltage ——5-5’—55
s

between Sg and Sg, normalized to Vg. Vg7/g5 constant.

\ l December 1977

7



PM1910
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Fig. 7 Anode spectral sensitivity Nar, and anode dark current I
as a function of the supply voltage Vp.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available - PM1918
for evaluation. It does not form part of our data handbook system and

does not necessarily imply that the device will go into production rep'aces Xpﬁ18

10-STAGE PHOTOMULTIPLIER TUBE

The PM1918 is a 14 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent S13 (type U) photocathode. The tube is intended for use in applications such as scintilla-
tion counting under limited dimensional conditions, optical measurements, etc.

QUICK REFERENCE DATA

Spectral sensitivity characteristic S13 (type U)
Useful diameter of the photocathode > 14 mm
Cathode spectral sensitivity at 437 nm 60 mA/W
Supply voltage

for an anode spectral sensitivity = 60 kA/W at 437 nm 1400 V
Anode pulse rise time ~ 2,7ns
Linearity

with voltage divider A ~ 30mA

with voltage divider B ~ 80mA

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS

Window
Material fused silica
Shape ’ plano-plano
Refractive index

at 250 nm 1,50

at 400 nm 1,47
Photocathode
Semi-transparent head-on
Material Sb-Cs
Useful diameter ) > 14 mm
Spectral sensitivity characteristic (Fig. 5) S13 (type U)
Maximum spectral sensitivity at 420 + 30 nm
Luminous sensitivity ~ 60 uA/Im
Spectral sensitivity at 437 = 5 nm (Fig. 5) typ. 60 mA/W

> 40 mA/W

W ﬂecember 1977



PM1918

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be

Capacitances
anode to final dynode ~
anode to all ~ 4 pF

Magnetic field

When the photocathode is illuminated uniformly, the anode current is halved (at Vp =1200V,
voltage divider A) at a magnetic flux density of : 0,3 mT perpendicular to axis a; 0,2 mT parallel to
axis a, see Fig. 1.

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding 15 mm beyond the photocathode.

7275576

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube PM1918

RECOMMENDED CIRCUITS

LE;' T 3 T —3 T -\F _F T T amplifier

1,5

2 s o
[ Vg —P|e-VsDla-Vs»|4 VB4V DleVs PV Dla-v >

g o N o B
R R I H_—L;

L | Vy=12,25Vs > =
§ -HT 7270513.2 +HT =
u
ﬂ Fig. 2 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode;
5 Sp = dynode no.; a = anode; R L = load resistor.
L
n
Z
E acc
>
= k
L : %j— S2 %3 amplifier
3 f—
i R
> 2 1,5
1 [~ Vg—b |-V ->leVs >
2 —{__H ‘1
< Vp =19,5 Vs >

fo) . . 72708162 QO

-HT . +HT

Fig. 3 Voltage divider B. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode;

Sp = dynode no.; a = anode; R|_ = load resistor.
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PM1918

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 2)

Supply voltage for an anode spectral
sensitivity Na, = 60 kA/W at 437 nm (Fig. 7)

Anode dark current at N, = 60 kA/W (Fig. 7)

Anode current linear within 2% at Vy, = 1600 V

With voltage divider B (Fig. 3)

Anode spectral sensitivity at Vi, = 1700 V (Fig. 7)
Anode pulse rise time at V, = 1700 V

Anode pulse duration at half height at Vi, = 1700 V
Signal transit time at Vi, = 1700 V

Anode current linear within 2% at Vi, = 1700 V

LIMITING VALUES (absolute maximum rating system)
Supply voltage
Continuous anode current

Voltage between first dynode and photocathode
Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range

operational (for short periods of time)

continuous operation and storage

Notes see page 5.

note

2,3

up to

up to

<
typ.
<
typ.

~

Q

Q

Q

Q

min.

max.
min.
max.
min,

1700 vV
1400 V

20 nA
2nA

30 mA

40 kKA/W
2,7 ns
4,5 ns

25 ns

80 mA

.1900 V
0,2 mA

350 V
100 vV

250 V

300 V
30V

+80 °C
-30°C
+50 °C
-300C
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10-stage photomultiplier tube

PM1918

OANMFLE UAILA

DUEVELUFIVIEIN |

Notes

N o

. To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to

increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a
“progressive’’ divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a faetor of 2.

. Wherever possible, the power supply should be arranged so that the cathode is earthed and the

anode is at +HT, however, it is sometimes necessary to supply the tube with the anode earthed
and the cathode at —HT. Under these circumstances, erratic noise and dark current are generally
increased and unstable, particularly after application of voltage. The glass envelope of the tube
should be supported only by isolators having an insulation resistance of >10'® ohm.

. Dark current is measured at ambient temperature, after a stabilization period of the tube in

darkness (=% h).

Measured with a pulsed light source, with a pulse duration (FWHM) of < 1 ns: the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage Vy,, approximately as V, %,

Total HT supply voltage, or the voltage at which the tube has an anode spectral sensitivity of

=~ 600 kA/W, whichever is lower.

Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into

.account.
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PM1918

MECHANICAL DATA Dimensions in mm

— @20 max <

s

|

P o
min [ |

15

photocathode /]

A

88
3 105
max
i "
| a
7270509.1 st.,ace ﬂ5ys max 7269774

Base

Net mass

ACCESSORIES
Socket

Mu-metal shield

12-pin all-glass
209

type FE1004
type 56134

Fig. 4.
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10-stage photomultiplier tube

PM1918

SAMPFLE DAILA

VDEVELUOFPMENI

Fig. b Spectral sensitivity characteristic.

Fig. 6 Relative gain as a function of the voltage
between S6 and S5, normalized to Vg.
Vg7/s6 constant.
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PM1918
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Fig. 7 Anode spectral sensitivity N, and anode dark current
I30 as a function of the supply voltage Vp,
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available
for evaluation. It does not form part of our data handbook system and
does not necessarily imply that the device will go into production

)

6-STAGE PHOTOMULTIPLIER TUBE

PM1920
replaces XP1113

The PM1920 is a 14 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent S11 (type A) photocathode. The tube is intended for use in optical measurements with
relatively high luminous fluxes where it offers a good sensitivity combined with a wide bandwidth and
a good signal to noise ratio. Its construction makes it particularly suitable for industrial applications

under limited dimensional conditions.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode spectral sensitivity at 437 nm
Supply voltage for an anode spectral
sensitivity = 0,2 kA/W
Anode pulse rise time (with voltage divider B)
Linearity
with voltage divider A
with voltage divider B

S11 (type A)

> . 14 mm
60 mA/W
700 V
~ 2 ns
up to & 30 mA
up to & 80 mA

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERIS'I:ICS

Window

Material

Shape

Refractive index at 550 nm

Photocathode

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 5)
Maximum spectral sensitivity at

Luminous sensitivity

Spectral sensitivity at 437+ 5 nm

lime glass
plano-concave
1,52

Sb-Cs
> 14 mm
S11 (type A)
420 + 30 nm

~ 60 uA/lm

typ. 60 mA/W
> 40 mA/W
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PM1920

Multiplier system

Number of stages 6
Dynode structure linear focused
Dynode material Cu-Be

Capacitances
anode to final dynode ~ 2 pF
anode to all ~ 4 pF

Magnetic field
When the photocathode is illuminated uniformly the anode current is halved (at Vp = 1200V, voltage
divider A) at a magnetic flux of:

0,3 mT perpendicular to axis a,

0,2 mT parallel to axis a; see Fig. 1.
It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield. protruding 15 mm beyond the photocathode.

7275576

Fig. 1 Axis a with respect to base pins (bottom view).
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6-stage photomultiplier tube PM1920

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

acc
] I

, | R,
2

[
TD“T
o

- Vb= 8,5VS
o 72734190 Q
—HT +HT

Fig. 2 Voltage divider A. Typical values of capacitors: 10 nF;
k = cathode; acc = accelerating electrode; Sy, = dynode no.;

a =anode; R|_= load resistor.

acc
k€|s1 S2 S3 S4 S5  SB a i
N amplifier
e 2 2 2 7
R
2 1,75

+— Vg —»le Vg >4 Vg »|e Vg >l Vg | Vs >

2
Vg >
4
1
—
i

- \/,=11,25 Vs
o 72734201 J)
-HT +HT

Fig. 3 Voltage divider B. Typical value of capacitors: 10 nF;
k = cathode; acc = accelerating electrode; S, = dynode no.;
a=anode; R|_= load resistor.
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PM1920

TYPICAL CHARACTERISTICS

With voitage divider A (Fig. 2)

Supply voltage for anode spectral
sensitivity Nar = 0,2 kA/W (Fig. 6)

Anode dark current at Ng, = 0,2 kA/W (Fig. 6)

Anode current linear within 2% at Vp, = 1100 V

With voitage divider B (Fig. 3)

Anode spectral sensitivity at Vj, = 1200 V (Fig. 6)
Anode pulse rise time at V, = 1200 V

Anode pulse duration at half height at VV, = 1200 V
Signal transit time at Vi, = 1200 V

Anode current linear within 2% at V}, = 1200 V

LIMITING VALUES (absclute maximum rating system)
Supply voitage
Continuous anode current

Voltage between first dynode and photocathode

Voltage between anode and final dynode

Voltage between consecutive dynodes

Ambient temperature range

operational (for short periods of time)

continuous operation and storage

Notes see page 5.

note
1
< 1200V
typ. 700V
< 5 nA
23 typ.  0,5nA
up to ~ 30 mA
1
~ 0,5 kA/W
4 ~ 2ns
4 ~ 3,2 ns
~ ’.S ns
up to & 80 mA
max. 1300 V
max. 0,2 mA
5 max. 350V
min. 100V
6 max. 300V
min. 30V
max. 250V

max. +80°C

min. —300C
max. +500C
min. —30°C
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6-stage photomultiplier tube

PM1920

DEVELOPMENT SAMPLE DAITA

Notes

. To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to

increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a
“progressive’’ divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the increase in
voltage’'between one stage and the next be kept less than a factor of 2.

. Wherever possible, the power supply should be arranged so that the cathode is earthed and the

anode is at +HT, however, it is sometimes necessary to supply the tube with the anode earthed
and the cathode at —HT. Under these circumstances, erratic noise and dark current are generally
increased and unstable, particularly after application of voltage. The glass envelope of the tube
should be supported only by isolators having an insulation resistance of >10"® ohm.

. Dark current is measured at ambient temperature, after a stabilization period of the tube in

darkness (=% h).

. Measured with a pulsed light source, with a pulse duration (FWHM) of < 1 ns: the cathode being

completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage Vy,, approximately as Vb'yz.

. Minimum value to obtain good collection in'the input optics.
. When calculating the anode voltage the voltage drop across the load resistor should be taken into

account.
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PM1920

MECHANICAL DATA

Base 12-pin all glass
Netmass 16g

ACCESSORIES
Socket FE 1004
Mu-metal shield type 56134

Dimensions in mm

219,2
™ ‘max [
D14
_"l min [T
photocathode—]
62
+2 75
max
15
max y
| ¥
- e

25,5 max 7275578

Fig. 4.
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6-stage photomultiplier tube

PM1920

DEVELOPMENT SAMPLE DATA

Fig. 5 Spectral sensitivity characteristic.
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,/
Nkr
(mA/W) \
10 \
\
1 \
200 400 600 800
A (nm)

\ ﬁanuary 1978



PM1920
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Fig. 6 Anode spectral sensitivity N5y, and anode dark current
l5o s a function of the supply voltage V.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available
for evaluation. It does not form part of our data handbook system and
does not necessarily imply that the device will go into production

PM1980

10-STAGE PHOTOMULTIPLIER TUBE

The PM1980 is a 23 mm useful diameter head-on photomultipiier tube with a plano-concave window
and a semi-transparant S11 (type A) photocathode. The tube is intended for use in applications such as
high energy physics, scintillation counting and laboratory and industrial photometry.

QUICK REFERENCE DATA

Spectral sensitivity characteristic

Useful diameter of the photocathode

Cathode spectral sensitivity at 437 nm

Supply voltage for an anode spectral sensitivity of 60 kA/W at 437 nm
Anode pulse rise time

Pulse amplitude resolution for '*7 Cs

Linearity
with voltage divider A
with voltage divider B

St1 (type A)

> 23 mm
70 mAM

1400 V
2,5 ns
76 %

Q

30 mA
80 mA

QR

To be read in conjunction with General Operationa/ Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS
Window

Material

Shape

Refractive index at 550 nm

Photocathode

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 5)
Maximum sensitivity at

Luminous sensitivity

Spectral sensitivity at 437 + 5 nm (Fig. 5)

lime glass
plano-concave
1,52

Sb-Cs
> 23 mm
S11 (type A)

420 £ 30 nm
75 pA/im

typ. 70 mA/W
> 40 mA/W
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PM1980

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be

Capacitances
anode to final dynode ~
anode to all ~ 4 pF

Magnetic field

When the photocathode is illuminated uniformly, the anode current is halved (at Vy, = 1200 V, voltage
divider A) at a magnetic flux density of: ’

0,15 mT perpendicular to axis a;

0,1 mT parallel to axis a (see Fig. 1).

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding 15 mm beyond the photocathode.

7275605

Fig. 1 Axis a with respect to base pins (hottom view).
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10-stage photomultiplier tube PM1980

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

acc
k 1 S1 S2 S S4 S5 S6. S7 S8 S9 S10 a (ifi
1 T T L [ T 2 R amplitier
| R
2 1,5 0,75
— Vg |V eV |V lV PV PV DV >l eV Dle-Vs>leVs >
, &
« Vp=12,25Vs >
o
SHT 7270513.2 +HT

Fig. 2 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode;
Sp = dynode no.; a = anode; R|_ = load resistor.

acc
-k 1 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 a .
I 2 2 2 2 2 2 amplifier
Re
2 1,5 1,25 1,25 15 2,25 | 2,25 25 3
4= Vs> {@-Vs PV PV PlaV P[4Vl 4-V DV >la-Vla-Vs-Dle-Vs >
Rl
%
Vb=19,5V5 >
éb 7270514.2  Q
-HT +HT

Fig. 3 Voltage divider B. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode;
Sp, = dynode no.; a = anode; R|_ = load resistor.
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PM1980

||III||

TYPICAL CHARACTERISTICS*
With voltage divider A (Fig. 2)

Supply voltage for an anode spectral sensitivity
of 60 kA/W (Fig. 7)

Anode dark current at 60 kA/W (Fig. 7)

Pulse amplitude resolution for '3’ Cs.at 12 kA/W
Anode current linear within 2% at Vi, = 1600 V

With voltage divider B (Fig. 3)

Anode spectral sensitivity at Vp, = 1700 V (Fig. 7)
Anode pulse rise time at Vp, = 1700 V

Anode pulse duration at half height at Vy, = 1700 v
Signal transit time at Vi, = 1700 V

Anode current linear within 2% at V, = 1700 V

LIMITING VALUES (Absolute maximum rating system)
Supply voltage
Continuous anode current

Voltage between first dynode and photocathode
Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

storage and continuous operation

* All spectral sensitivities refer to a wavelength of 437 nm.

Notes see page 5.

notes

up to

=

2,3

T O o1 o1 o1 =

<
typ.
<
typ.

Q

Q

max.
max.
max.

min.

max.
max.

max.
min.

min.

1700
1400

20
2

7.6
30

40
2,5
3,5

24

80

1900
0,2

350
100

250

300
30

+80
-30
+50
-30

\
\

nA
nA

%
mA

kA/W
ns

ns
mA

<

<< <K< <<

oC

oC
e
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10-stage photomultiplier tube

PM1980

DEVELOPMENT SAMPLE DATA

Notes

1.

To obtain a peak pulse current greater than that obtainable with divider A it is necessary to
increase the inter dynode voltage of the stages progressively. Divider circuit-B is an example of a
""progressive’’ divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a factor of 2. )
Wherever possible, the photomultiplier power supply should be arranged so that the cathode is
earthed and the anode is at +HT, however, it is sometimes necessary to supply the tube with the
anode earthed and the cathode at —HT. Under these circumstances, erratic noise and dark current
are generally increased and unstable, particularly immediately after application of voltage. The
glass envelope of the tube should be supported only by isolators having an insulation resistance of
> 10" Q.

Dark current is measured at ambient temperature, after a stabilization of the tube in darkness

(= % h).

Pulse amplitude resolution for '3’ Cs is measured with a Nal(TI) cylindrical scintillator (Quartz et
Silice ser.no.1162 or equivalent) with a diameter of 22 mm and a height of 6 mm. The count
rate used is ~ 10 ¢/s.

Measured with a pulsed light source, with a pulse duration (FWHM) of < 1 ns, the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage V,, approximately as Vb'yz.

Total HT supply voltage or the voltage at which the tube has an anode spectral sensitivity of

600 kA/W, whichever is lower.

Minimum value to obtain gocd collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.
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PM1980

MECHANICAL DATA Dimensions in mm

Base

Net mass

ACCESSORIES
Socket
Mu-metal shield

—»P29max <

223

- Y4
min

P ) l \

photocathode —

H+w
N
=
w

'

ic. S1,acc 7275603 P9Imax 7275604

Fig. 4.

14-pin all-glass
36g

type FE1114
type 56127
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10-stage photomultiplier tube

PM1980

DEVELOPMENT SAMPLE DAI1A

102 7275624
/]
4 \
Nkr \
(mA/W) \
10
\
|
|
Fig. 5 Spectral sensitivity characteristic.
1
200 400 600 800
A (nm)
100 — 7272194
V4 \
3 4 \
o \
¢ TR
N \
: \
2z
o
R}
E \
10 t
\
! 1 2
0 Vse/ss
Vs

Fig. 6 Relative gain as a function of the voltage
between Sg and Sg, normalized to Vs. Vg7/g5 constant.
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PM1980

277482.
103 7 74411
1
Nar
Ny volt.div. A
(KA/W) 7
/|
4
102 '
y 7+ Nar
7 voit.div.B
lao //
(nA) A /
/ /

i LA i

4 )I
7 7 7
4 7 4
/ P, A
/ /
)4
LA AR
7
7
4
4
,/ /
/ /
/// //
1077
800 900 1000 1200 1500 Vp (V) 2000

Fig. 7 Anode luminous sensitivity N,; and anode dark
current Iyq as a function of the supply voltage Vy,.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available
for evaluation. It does not form part of our data handbook system and
does not necessarily imply that the device will go into production

PM2012B

10-STAGE PHOTOMULTIPLIER TUBE

The PM2012B is a 32 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent bialkaline type D photocathode. The tube is intended for use in X-ray and y-spectrometry
and for all applications requiring a low background noise and/or dark current. Its Cu-Be dynode system

offers a high stability.

QUICK REFERENCE DATA

Spéctral sensitivity characteristic

Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 401 nm
Supply voltage for an anode spectral sensitivity = 60 kA/W

Pulse amplitude resolution for 57Co at Ny = 10 KA/W
,for 55 Fe at N, = 60 kA/W

Peak-to-valley ratio for 5 Fe at N, = 60 kA/W
Anode pulse rise time (with voltage divider B)
Mean anode sensitivity deviation

Linearity
with voltage divider A
with voltage divider B

type D
> 32 mm
77 mA/W
1350 V

11,2 %
42 %

34
2,5 ns

X R

Q

upto = 100 mA
upto =~ 200 mA

To be read in conjunction with “General Operational Recommendations Photomultiplier Tubes".

GENERAL CHARACTERISTICS

Window
Shape
Material

Refractive index at 550 nm

Photocathode (note 1)
Semi-transparent, head-on

Useful diameter

Spectral sensitivity characteristic (Fig.3)
Maximum sensitivity at

Spectral sensitivity at 401 = 3 nm

plano-plano
lime glass
1,52

Sb-K-Cs
> 32 mm
type D

400 £ 30 nm

typ 77 mA/W
> 60 mA/W
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PM2012B

Electron optical input system

This system consists of: the photocathode, k; a metallized part of the glass envelope, internally connec-
ted to the photocathode; an accelerating electrode, acc, internally connected to S1.

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be
Capacitances
Anode to all ~ 5 pF
Anode to final dynode | ™ 3 pF
Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at Vi, = 1200 V, voltage
divider A):

— at a magnetic flux density of 0,6 mT in the direction of the longitudinal axis;

— at a magnetic flux density of 0,35 mT perpendicular to axis a (see Fig. below);

— at a magnetic flux density of 0,15 mT parallel to axis a.

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathode.

7273512

Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube PM2012B

SAMFLE DAITA

DEVELUFPMEN I

RECOMMENDED CIRCUITS

i

1) O III

- Vp=11,75 Vg -
o )

-HT 72734954 +HT

Fig. 1 Voltage divider A (note 6).

acc

k S1 S3 YA S5 s9  S10 Gci‘__’qmpl.
i 2 2 2 2 2 A A A
R
2 1,25 | 1,25 | 15 i , 2,5 |2,25 '

‘_'_VS_"‘VS""‘VS"“VS "‘"VS"“VS”“VS"“VS”’"VS""VS"“VS"

-HT 72734944 +HT

- 18,25 Vs

Fig.2 Voltage divider B.

k = cathode Typical values of capacitors: 10 nF
acc = accelerating electrode

Sp =dynode no.n

a =anode

R = load resistor

W ﬁune 1977



PM2012B

TYPICAL CHARACTERISTICS

note
With voltage divider A (Fig.1) 2
Supply voltage for an anode spectral < 1600 V
sensitivity of 60 kA/W at 401 £ 3 nm (Fig.5) typ 1350 V
for an anode spectral sensitivity
of 300 kA/W at 401 £ 3 nm (Fig.5) A2 1650 V
Anode dark current at an anode spectral
sensitivity of 60 kA/W 34 < 20 nA
typ 1T nA
Pulse amplitude resolution for 37 Cs
at Ny = 10 kA/W 5,6 ~ 72 %
Puise amplitudz resolution for 57 Co
— at Ny = 10 kA/W 5,6 ~ 1,2 %
—— Pulse amplitude resolution for 35 Fe
s e at Ny = 60 kA/W 8,7 42 %
Peak-to-valley ratio for 5% Fe at Ny = 60 kA/W 6,7 34
Ancde current linear within 2% at Vi, = 1700 V upto =~ 100 mA
Mean anode sensitivity deviation 6,13
long term (16 h) ~ 1%
after change of count rate ~ 1%
With voitage divider B (Fig.2) 2
Anode spectral sensitivity at Vi, = 1700 V (Fig.5) ~~ 50 kA/W
Anode pulse rise time at Vi, = 1700 V 8 ~ 25 ns
Anode pulse duration at half-height at V}, = 1700 V 8 ~ 6 ns
Signal transit time at Vi, = 1700 V 8 = 26 ns
Anode current linear within 2% at V}, = 1700 V upto =~ 200 mA
LIMITING VALUES (Absolute maximum rating system)
Supply voltage 9 max 1800 V-
Continuous anode current . max 0,2 mA
: max 500 V
Voltage between first dynode and photocathode 10 min 150 V
Voltage between consecutive dynodes max 300 V
. max 300 V
Voltage between anode and final dynode 11 min 30 V
Ambient temperature range
. . . max +80 OC
Operational (for short periods of time) 12 min 30 OC
. . max +50 OC
Continuous operation and storage min  -30 OC
Notes see page 5.
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10-stage photomultiplier tube PM2012B
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Notes

1.

10.
11.

12.

13.

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is thus recommended that it should not be subjected to light of too great an
intensity; the cathode current should be limited, for example, to 1 nA at room temperature or
0,1 nA at —30 OC. If too high a photocurrent is passed, the cathode can no longer be con-
sidered to be.an equipotential surface, and the focusing of electrons onto the first dynode will
be affected, resulting in departures of linearity .

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to
increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a
"progressive” divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a factor of 2.

Wherever possible, the photomultiplier power supply should be arranged so that the cathode is
earthed and the anode is at +HT, however, it is sometimes necessary to supply the tube with the
anode earthed and the cathode at —HT. Under these circumstances, erratic noise and dark

current are generally increased and unstable, particularly immediately after application of voltage.
The glass envelope of the tube should be supported only by isolators having an insulation resist-
ance of > 10!5 Q.

Dark current is measured at ambient temperature, after a stabilization period of the tube in
darkness (=~ 1/4 h).

Pulse amplitude resolution for 37 Cs and 7 Co is measured with an Nal (TI) cylindrical scintil-
lator with a diameter of 32 mm and a height of 32 mm. The count rate used is ~ 10° c/s.

For optimum peak amplitude resolution it is recommended that the voltage between the first
dynode and the photocathode be rmaintained at ~ 200 V, e.g. by means of a voltage regulator
diode.

Pulse amplitude resolution for 5% Fe is measured with an Nal (T1) cylindrical scintillator with a
diameter of 256 mm and a height of 1 mm provided with a beryllium window. The count rate used
is ~ 2 x 10° c/s, see also note 6.

Measured with a pulsed-light source, with a pulse duration (FWHM) of <1 ns, the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage Vy,, approximately as Vb—1/2.

Total HT supply voltage or the voltage at which the tube has an anode spectral sensitivity of
600 kA/W, whichever is lower.

Minimum value to obtain good collecticn in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

This range of temperatures is limited principally by stresses in the sealing layer of the base to the
glass bulb.

The mean pulse amplitude deviation is measured by coupling an Nal (T1) scintillator to the
window of the tube. Long term (16 h) deviation is measured by placing a * 37 Cs source at a
distance from the scintillator such that the count rate is ~ 10% ¢/s corresponding to an anode
current of ~ 300 nA.

Mean pulse amplitude deviation after change of count rate is measured with a 37 Cs source at a
distance of the scintillator such that the count rate can be changed from 10% c¢/s to 103 c¢/s
corresponding to an anode current of ~ 300 nA and ~ 30 nA respectively. See also note 6.
Both tests are carried out according to ANSI—N42-9—1972 of |EEE recommendations.
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PM2012B

MECHANICAL DATA

cc,S1 k

7273507

Net mass: 80g

Dimensions in mm

-» $395max

-

A

photocathode —/

25 427

109

max

QUL

Base: 12-pin (JEDEC B12-43)

ACCESSORIES
Socket: type FE1012
Mu-metal shield: type 56127

v

7269772
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10-stage photomultiplier tube

PM2012B

DANFLE DAIA

DEVELUFIVIEN I

102 7277214
. / N
= /
3 // \\
£ \
2z
=
=10 %
'é’ A |
]
g
I \
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1
Fig.3
Spectral sensitivity characteristic.
107!
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Fig.4 \
Relative gain as a function of the
voltage between Sg and S4, normalized 1
to Vg, Vgg/s4 constant. 0 1 Vss/su 2
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PM2012B

103 7277215
Nar y
(kA/W) volt. 14
div. A/V
74
lao ,/
(nA) //
102 //
,/
// volt. /’
div. B/’
,/ A
/ /
Nar
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//
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10 //
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1
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Fig.5
Anode spectral sensitivity, N4y, and anode dark current,
lao. @s a function of supply voltage Vy,.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available
for evaluation. It does not form part of our data handbook system and
does not necessarily imply that the device will go into production

PM2013B
replaces XP1016

10-STAGE PHOTOMULTIPLIER TUBE

The PM2013B is a 32 mm useful diameter head-on photomultiplier tube with a flat window and a
semi-transparent trialkaline S20 (type T) photocathode. The tube is intended for use in low light

level measurements in the entire part of the visible spectrum. Its Cu-Be dynode multiplier system
offers a high stability which makes it especially suitable for industrial applications, such as laser

reading.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode spectral sensitivity at 698 nm
Supply voltage

for an ‘anode luminous sensitivity of 60 A/Im
Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A
with voltage divider B

S20 (type T)
> 32 mm
20 mA/W
1250 V
~ 2,5 ns

up to = ' 100 mA
up to ~ 200 mA

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS
Window (frosted)

Material

Shape

Refractive index at 550 nm

Photocathode
Semi-transparent, head-on
Material

Useful diameter

Spectral sensitivity characteristic (Fig. 5) .

Maximum spectral sensitivity at

Data based on pre-production tubes.

borosilicate
plano-plano
1,48

Sh-Na-K-Cs

> 32 mm
S20 (type T)
420 + 30 nm
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PM2013B

Photocathode (continued)

Luminous sensitivity ~ 200 pA/lm
Spectral sensitivity
typ. 20 mA/W
+

at 698 £ 7 nm > 10 mA/W

at 629 = 3nm ~ 40 mA/W
Multiplier system
Number of stages i 10
Dynode structure linear focused
Dynode material Cu-Be
Capacitances

— anode to final dynode ~ 3 pF
e anode to all ~ 5 pF
Magnetic field
When the photocathode is illuminated uniformly the anode current is halved (at V, = 1200 V, voltage
divider A) at a magnetic flux density of:
0,6 mT in the direction of the longitudinal axis;
0,35 mT perpendicular to axis a (see Fig. 1);
0,15 mT parallel to axis a.
It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathode.
7273512
Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube PM2013B

RECOMMENDED CIRCUITS

acc
K | 51 S2 S3 Sk S6 S8 s9 S10 1\ @ .
KT T35 T3 5 3 F Yhr—ewn
R
2 0,75 :

+— Vg —»|¢- Vg >« Vg |+ Vg »|e Vg >l Vg »[¢ Vg >l Vg >l Vg >l Vg >l Vg >

-— Vp=1.75Vg -
o) 0 —
L -HT ' 7273495.2 +HT —
L  Fig. 2 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode; <— —_—
Q S, =dynode no.; a = anode; R_= load resistor. -—
u
- acc
Loy
s ﬁ l S3 sS4 S5 S6 S7 S8 S9  SI0 ampiii
= - - - ifier
N NS 2 2 2 2 2
N
- s , y , , 2,5 |22
Z ”VS - <—V5 -
5 »1—_—&-»4:«-—_\
b — =
3 %
-
u -— Vp=18,25 Vg
> Ie) o
g -HT 72734942 +HT ‘
Fig. 3 Voltage divider B. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode; «—
Sy = dynode no.; a = anode; R|_ = load resistor. -—
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PM2013B

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)

Supply voltage for an anode luminous
sensitivity Ny = 60 A/Im (Fig. 7)

Anode dark current at Ny = 60 A/Im (Fig. 7)

Anode current linear within 2% at Vi, = 1700 V up to

Mean anode sensitivity deviation at Vi, = 1000 V
long term (16 h)

With voltage divider B (Fig. 3)

Anode luminous sensitivity at Vi, = 1700 V (Fig. 7)
Anode pulse rise time at V, = 1700 V

Anode pulse duration at half height at Vi, = 1700 V
Signal transit time at V, = 1700 V

Anode current linear within 2% at Vi, = 1700 V up to

LIMITING VALUES (absolute maximum rating system)

Supply voltage
Continuous anode current

Voltage between first dynode and photocathode
Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

Notes see page 5.

note

2,3

typ. 1250
< 1600
typ. 2
< 50
~ 100
~ 1
~ 90
~ 2,5
~ 6
~ 26
~ 200
max. 1800
max. 0,2
max. 500
min. 150
max. 300
max. 300
min. 30
max. +80
min. -30
max. +50
min. -30

\

nA
nA

mA

%

A/lm
ns

ns

ns
mA
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10-stage photomultiplier tube

PM2013B

DEVELOPMENT SAMPLE DAITA

Notes

1.

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to
increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a
““progressive”’ divider, giving a compromise between gain, speed, and linearity. Other dividers can be
conceived to achieve other compromises. [t is generally recommended that the increase in voltage
between one stage and the next be kept less than a factor of 2.

. Wherever possible, the power supply should be arranged so that the cathode is earthed and the

anode is at +HT, however, it is sometimes necessary to supply the tube with the anode earthed and
the cathode at —HT. Under these circumstances, erratic noise and dark current are generally
increased and unstable, particularly after application of voltage. The glass envelope of the tube
should be supported only by isolators having an insulation resistance of > 10'® ohm.

. Dark current is measured at ambient temperature, after a stabilization period of the tube in darkness

(=% h).

. The mean anode sensitivity deviation measurement is carried out with light pulses at a count rate of

~10% ¢/s, resulting in an average anode current of 0,3 uA. See also General Operational Recommen-
dations Photomultiplier Tubes.

. Measured with a pulsed light source, with a pulse duration (FWHM) of <1 ns: the cathode being

completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duratipn and transit time vary as a function of high tension supply
voltage Vp,, approximately as Vb'/z.

. Total HT supply voltage, or the voltage at which the tube has an anode luminous sensitivity of

~ 600 A/Im, whichever is lower.

.- Minimum value to obtain good collection in the input optics.

8. When calculating the anode voltage the voltage drop across the load resistor should be taken into

account.

. This range of temperatures is limited by stresses in the sealing layer of the base to the glass bulb.
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PM2013B

MECHANICAL DATA Dimensions in mm

-+ $395max |«

- 332min |+
2%L32 l

(—— —— A

>

photocathode

106
3 429

v
7275577

7273507

Fig. 4.

Remark

In order to improve the anode sensitivity over the entire cathode area the external surface of the
window has been frosted.

Base 12-pin (JEDEC B12-43)

Net mass 81g

ACCESSORIES
Socket type FE1012
Mu-metal shield type 56127
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10-stage photomultiplier tube

OANVIFLE UATA

UL VELUMIiviCIN g

Fig. 5 Spectral sensitivity characteristic.

Fig. 6 Relative gain as a function of the voltage
between Sg and Sg, normalized to Vg. Vsg/s4
constant.
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PM2013B
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Fig. 7 Anode luminous sensitivity N, and anode dark
current |54 as a function of the supply voltage Vp,.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made avaitable
for evaluation. It does not form part of our data handbook system and
Hoes not necessarily imply that the device will go into production

PM2018B
replaces 150UVP

10-STAGE PHOTOMULTIPLIER TUBE

The PM2018 B is a 32 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent S13 (type U) photocathode. The tube is intended for use in applications where a high sensi-
tivity in the ultraviolet region of the spectrum is required, such as spectrophotometry.

QUICK REFERENCE DATA

Spectral sensitivity characteristic S13 (type U)

Useful diameter of the photocathode > 32 mm —

Cathode spectral sensitivity at 437 nm 75 mA/W E

Supply voltage —_—
for an anode spectral sensitivity of 60 kA/W at 437 nm 1350 V -

Anode pulse rise time (with voltage divider B) ~ 2,5ns

Linearity :
with voltage divider A up to = 100 mA
with voltage divider B up to & 200 mA

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS

Window

Material fused silica

Shape plano-plano

" Refractive index
at 250 nm 1,50
at 400 nm 1,47

Photocathode

Semi-transparent, head-on

Material Sb-Cs

Useful diameter > 32 mm

Spectral sensitivity characteristic (Fig. 5) $13 (type U)

Maximum spectral sensitivity at 400 + 30 nm

Spectral sensitivity at 437 £ 5 nm gp. Zg zﬁja

Luminous sensitivity ~ 85 uA/Im
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PM2018B

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be

Capacitances
anode to final dynode
anode to all

3 pF
5 pF

Qo

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at Vi, = 1200 V, voltage
divider A) at a magnetic flux density of:

0,6 mT in the direction of the longitudinal axis;

0,35 mT perpendicular to axis a (see Fig. 1);

0,15 mT parallel to axis a.

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 156 mm beyond the photocathede.

7273512

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube

FM2018B

RECOMMENDED CIRCUITS

acc
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il Fig. 2 Voitage divider A. Typical value of capacitors: 10 nF, k = cathode, acc = accelerating electrode,

i Sp = dynode no., a = anode, R|_ = load resistor.
=
<
’p)
— acc
JZJ k_@ 1S1 S2 Ss3 s4 S5 s6 ST s8 s9 S0 a amplifier
O\ 2 2 2 2 A 2 A 2
2 Ry
D) 2,5 12,25
- Vg e+ Vg >
S S S -
0 1
3 - T

&‘ - Vb =18,25 VS —>

~-HT 72734942 +HT

Fig. 3 Voltage divider B. Typical values of capacitors: 10 nF, k = cathode, acc = accelerating electrode,

Sp = dynode no., a = anode, R|_ = load resistor.

\ (December 1977 3



PM2018B

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 2)
Supply voltage for an anode spectral

—»  sensitivity Ngr = 60 kA/W at 437 nm (Fig. 7)

Anode dark current at an anode spectral
sensitivity Na, = 60 KA/W

Anode current linear within 2% at Vi, = 1700 V

With voltage divider B (Fig. 3)

Anode spectral sensitivity at Vi, = 1700 V (Fig. 7)
Anode pulse rise time at Vi, = 1700 V

Anode pulse duration at half-height at V|, = 1700 V
Signal transit time at Vi, = 1700 V

Anode current linear within 2% at Vi, = 1700 V

LIMITING VALUES (absolute maximum rating system)
Supply voltage
Continuous anode current

Voltage between first dynode and photocathode
Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range

operational (for short periods of time)

continuous operation and storage

Notes see page 5.

note

2,3

up to

up to

<
typ.
<

typ.

Q

Q

Q

Q

Q

max.

max.

min.

max.
min.
max.
min.

1600 V
1350 V

50 nA
5 nA

100 mA

50 kA/W
2,5ns
6 ns
26 ns
200 mA

. 1800 V
0,2 mA

500 V
150 vV

300 Vv

300 V
30V

+80 °C
—-30°C
+50 °C
—-300C
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10-stage photomultiplier tube

PM2018B

DEVELOPMENT SAMPLE DATA

Notes

1.

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to increase

the inter-dynode voltage of the stages progressively. Divider circuit B is an-example of a “’progressive”

divider, giving a compromise between gain, speed, and linearity. Other dividers can be conceived to
achieve other compromises. It is generally recommended that the increase in voltage between one
stage and the next be kept less than a factor of 2.

. Wherever possible, the photomultiplier power supply should be arranged so that the cathode is

earthed and the anode is at +HT, however, it is sometimes necessary to supply the tube with the
anode earthed and the cathode at —HT. Under these circumstances, erratic noise and dark current
are generally increased and unstable, particularly immediately after application of voltage. The glass
envelope of the tube should be supported only by isolators having an insulation resistance of

> 10" Q. ‘

. Dark current is measured at ambient temperature, after a stabilization period of the tube in

darkness (=~ 1/4 h).

. Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the cathode being

completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage V|, approximately as Vi, %,

. Total HT supply voltage or the voltage at which the tube has an anode spectral sensitivity of

600 kA/W, whichever is lower.

6. Minimum value to obtain good collection in the input optics.

. When calculating the anode voltage the voltage drop across the load resistor should be taken into

account.

. This range of temperature is limited principally by stresses in the sealing layer of the base to the

glass bulb. Where low temperature operation is contemplated, the supplier should be consulted.

\ [December 1977
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PM2018B

MECHANICAL DATA

acc,S1

7273507

Base
Net mass

ACCESSORIES
Socket
Mu-metal shield

12-pin (JEDEC B12-43)
78 g

type FE1012
type 56127

Dimensions in mm

- $395max |=-

<

@32 min

&

K|

A | A 3

4

photocathode ]

5 127
max

T ‘

7269772

Fig. 4.
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10-stage photomultiplier tube PM2018B

DEVELOPMENT SAMPLE DATA
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PM2018B
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Fig. 7 Anode spectral sensitivity Ny, and anode dark current
lao as a function of the supply voltage Vp,.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available
for evaluation. It does not form part of our data handbook system and
does not necessarily imply that the device will go into production

PM2060B

10-STAGE PHOTOMULTIPLIER TUBE

The PM2060B is a 32 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent Super A photocathode. The tube is intended for use in applications such as scintillation
counting, laboratory and industrial photometry. its Cu-Be dynode system offers a high stability.

QUICK REFERENCE DATA

Spectral sensitivity characteristic

Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 437 nm
Supply voltage for luminous sensitivity Ny = 60 A/lm
Pulse amplitude resolution for ! 37Cs

Mean anode sensitivity deviation

Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A up to
with voltage divider B up to

Super A

14

Q

x

32 mm
70 mA/W
1180 V.
8 %
1%
2,5 ns

100 mA
200 mA

To be read in conjunction with 'General Operational Recommendations Photomultiplier Tubes'".

GENERAL CHARACTERISTICS

Window

Shape

Material

Refractive index at 550 nm

Photocathode

Semi-transparent, head-on

plano-plano
lime glass

1,62

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 3)
Maximum sensitivity at

Luminous sensitivity

Spectral sensitivity at 437 + 5 nm

Sb-Cs

> 32 mm
type Super A
420 =30 nm

typ 80 pA/lm
> 40 pA/lm

~ 70 mA/W

\ (Deqember 1977



PM2060B

Electron optical input system

This system consists of: the photocathode, k; a metallized part of the glass envelope, internally
connected to the photocathode; an accelerating electrode, acc, internally connected to S1.

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be
Capacitances
Anode to all ~ 5 pF
Anode to final dynode ~ 3 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at Vi, = 1200 V, voltage
divider A):

— at a magnetic flux density of 0,6 mT in the direction of the longitudinal axis;

— at a magnetic flux density of 0,356 mT perpendicular to axis a (see Fig. below);

— at a magnetic flux density of 0,15 mT parallel to axis a.

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathode.

7273512

Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube PM2060B

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

S9 S10 a

WE $FTIFTFTITTIE FO—em

0,75

+— Vg —+{«¢ Vg |« Vg »le Vg +je Vg »le Vg >l Vg »le- Vg »le- Vg e Vg »le- Vg >

e

o) II1

- Vp=11.75 Vg

o
=-HT ' 72734952 +HT

Fig. 1 Voltage-divider A (note 4).

acc

S8 S9 S10 a

T I3 FFTTIIF Form

-HT ' 72734942 +HT
Fig. 2 Voltage divider B.

- Vp = 18,25 Vg

k = cathode Tybical values of capacitors: 10 nF
acc = accelerating electrode

Sp =dynodeno. n

a =anode

R = load resistor
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PM2060B

TYPICAL CHARACTERISTICS notes
(see page 5)
With voltage divider A (Fig. 1) 1
Supply voltage for an anode luminous < 1500 V
sensitivity N = 60 A/lm (Fig. 5) . typ 1180 V
Anode dark current.at an anode luminous
e - - < 50 nA
sensitivity N5 = 60 A/Im (Fig. 5) 2,3 typ 5 nA
Pulse amplitude resolution for 137 Cs at Ny = 10 A/Im ~ 8 %
Mean anode sensitivity deviation at Vp, = 1200 V 5
long term ~ 1%
after change of count rate ~ 1%
Anode current linear within 2% at Vp=1700 V up to = 100 mA
With voltage divider B (Fig. 2)
Anode luminous sensitivity at Vi, = 1700 V (Fig. 5) ~ 150 A/lm
Anode pulse rise time at V|, = 1700 V 6 ~ 2,5 ns
Anode pulse duration at half height at V}, = 1700 V 6 ~ 6 ns
Signal transit time at Vi, = 1700 V 6 ~ 26 ns
Anode current linear within 2% at V}, = 1700 V up to ~ 200 mA
LIMITING VALUES (Absolute maximum rating system)
Supply voltage 7 max 1800 V
Continuous anode current max 0,2 mA
500 V
Voltage between first dynode and photocathode 8 z'a: 150 V
Voltage between consecutive dynodes max 300 V
Voltage between anode and final dynode 9 ::?: 328 \\;
Ambient temperature range + oc
Operational (for short periods of time) 10 g?: _gg oc
max +50 OC

Continuous operating and storage -
perating 8 min  —30 OC

December 1977\ (



10-stage photomultiplier tube PM2OGOB

DEVELOPMENT SAMPLE DATA

Notes

1.

10.

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to

.increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a

"progressive’’ divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a factor of 2.

Wherever possible, the photomultiplier power supply should be arranged so that the cathode is
earthed and the anode is at +HT, however, it is sometimes necessary to supply the tube with the
anode earthed and the cathode at —HT. Under these circumstances, erratic noise and dark current
are generally increased and unstable, particularly immediately after application of voltage. The
glass envelope of the tube should be supported only by isolators having an insulation resistance of
>10'% Q.

Dark current is measured at ambient temperature, after a stabilization period of the tube in
darkness (= 1/4 h).

Pulse amplitude resolution for ' 37 Cs is measured with an Nal (T1) cylindrical scintillator with a
diameter of 32 mm and a height of 32 mm. The count rate used is ~ 10% c/s,

For optimum peak amplitude resolution it is recommended that the voltage between first dynode
and photocathode be maintained at ~ 200 V, e.g. by means of a voltage regulator diode.

The mean anode sensitivity deviation is measured by coupling an Nal (T1) scintillator to the
window of the tube. Long term (16 h) deviation is measured by placing a ! 37 Cs source at a
distance from the scintillator such that the scintillator count rate is ~ 10* ¢/s corresponding to an
average anode current of = 100 nA.

Mean pulse amplitude deviation after change of count rate is measured with a ' 37 Cs source at a
distance of the scintillator such that the count rate can be changed from 10* c¢/s to 10® c¢/s
corresponding to an average anode current of =300 nA and ~ 30 nA respectively.

Both tests are carried out according to ANSI—N42—9—-1972 of IEEE recommendations.

Measured with a pulsed-light source, with a pulse duration (FWHM) of <1 ns, the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating

.pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its

maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage Vp, approximately as Vi, 2,

Total HT supply voltage or the voltage at which the tube has an anode luminous sensitivity of
600 A/Im, whichever is lower.

Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

This range of temperatures is limited principally by stresses in the sealing layer of the base to the
glass bulb. Where low temperature operation is contemplated, the supplier should be consultzad.
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PM2060B

MECHANICAL DATA

Dimensions in mm

The standard type PM2060B is dimensioned as per drawing below. A special version, PM2060FLB,
features flying leads of Ni wire 0,5 mm ¢ soldered to a 12-pin base (JEDEC B12-43); base connections

are identical to PM2060B.

PM2060B
—+| 39,5 max [«
—-1 @32min
photocathode—]
101
2 116
max
4
QALY
—J Y
7275450
Net mass: 75¢g
Base: 12-pin (JEDEC B12-43)
ACCESSORIES
Socket: type FE1012

Mu-metal shield: type 56127

PM2060F LB

*’ E_39,5max'<—

*>J @32min ’<—

photocathode —]

l UUMUU s

ce,S1 K

7273507
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10-stage photomultiplier tube

DEVELOPMENT SAMPLE DATA

Fig. 3 Spectral sensitivity characteristic.

Fig. 4 Relative gain as a function of the
voltage between S5 and S4, normalized
to Vg, Vgg/s4 constant.
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PM2060B
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available PM2202
for evaluation. It does not form part of our data handbook system and
does not necessarily imply that the device will go into production

10-STAGE PHOTOMULTIPLIER TUBE

The PM2202 is a 44 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent bialkaline type D photocathode. The tube is intended for use in applications such as
scintillation counting, laboratory and industrial photometry. Its Cu-Be dynode system offers a high
stability. :

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 44 mm
Cathode spectral sensitivity at 401 nm 75 mA/W
Supply voltage for an anode spectral

sensitivity of 60 kA/W at 401 nm 1400 V
Anode pulse rise time = 3,5 ns
Pulse amplitude resolution ('3”Cs) ‘ ~ 7.4 %
Linearity

with voltage divider A upto =~ 100 mA

with voltage divider B upto =~ 200 mA

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS .

Window

Material . lime-glass
Shape - plano-plano
Refractive index at 550 nm . 1,52

Photocathode *
Semi-transparent, head-on

Material Sb-K-Cs
Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 8) type D
Maximum spectral sensitivity at 400 £ 30 nm
e typ. 75 mA/W
+
Spectral sensitivity at 401 £ 3 nm N 60 mA/W

* The bialkaline photocathode has a significant resistance which increases rapidly with reducing tem-
perature. It is thus recommended that it should not be subjected to light of too great an intensity;
the cathode current should be limited, for example, to 1 nA at room temperature or 0,1 nA at —30 ©C.

. If too high a photocurrent is passed, the cathode can no longer be considered to be an equipotential
surface, and the focusing of electrons onto the first dynode will be affected, resulting in departures

of linearity.
\ ‘ January 1978



PM2202

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be
Capacitances
anode to final dynode ~ 3 pF
anode to all ~ 5 pF

Magnetic field

When the photocathode is illuminated uniformly, the anode current is halved (at Vi, = 1200 V, voltage
divider A) at a magnetic flux density of:

0,2 mT perpendicuiar to axis a (see Fig. 1);

0,1 mT parallel with axis a.

It is recommended that the tube be screened against the influence of magnetic flelds by a mu-metal
shield protruding more than 15 mm beyond the photocathode.

7275616

7275617

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage phofomultiplier tube PM2202

RECOMMENDED CIRCUITS
acc

k S5 S6 S7 S8 S9  S10 a .
¥ ¥ T 53§ § 3 3 §hr—eme

2

+— Vg —»|4- Vg »le- Vg +le Vg »|e Vg -»le Vg —»|e Vg -»|e Vg >

[« Vg »|e-Vg >l Vg >

- Vp=11,75 Vg

o} o —
< -HT 72734952 +HT —
z Fig. 2 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; acc = acceleratlng electrode; -
) Sp = dynode no.; a = anode; R|_= load resistor.
ﬂ acc
L k.@ S3 S8 S7 EE 32 21-9 . amplifier
RN 2 2 A 2 2 A A
n Ry
_— { 4 \ { Vg -
Z
4 11
D) Z
J—J’ - V,=18,25 Vg
S o : (o]
7 -HT 7273494.2 +HT
= Fig. 3 Voltage divider B. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode;

Sp = dynode no.; a = anode; R|_ = load resistor.
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PM2202

TYPICAL CHARACTERISTICS *
With voltage divider A (Fig. 2)

Supply voltage for an anode spectral
sensitivity of 60 kA/W (Fig. 10)

Anode dark current at an anode spectral
sensitivity of 60 kA/W

Pulse amplitude resolution for '*’Cs at an anode
spectral sensitivity of 12 kA/W

Anode current linear within 2% at V, = 1700 V

Mean anode sensitivity deviation
long term (16 h)
after change of count rate
versus temp. between 0 and + 40 OC at 450 nm

With voltage divider B (Fig. 3)

Anode spectral sensitivity at Vi, = 1700 V (Fig. 10)
Anode pulse rise time at Vi, = 1700 V

Anode pulse duration at half-height at Vi, = 1700 V
Signal transit time at Vi, = 1700 V

Anode current linear within 2% at Vi, = 1700 V

LIMITING VALUES (absolute maximum rating system)

Supply voltage
Continuous anode current

Voltage between first dynode and photocathode
Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

notes

2,3

(61062 BaNe) |

*All spectral sensitivities refer to a wavelength of 401 nm.

Notes see page 5.

up to

up to

<
typ.

<
typ.

Q

R

X R

Q

max.
max.
max.
min.
max.
“max.
min.
max.
min.
max.
min.

1700
1400

30
3

7.4
100

40
35

35
200

1800
0,2

600
150

300

300
30

+80
-30
+50
-30
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mA
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10-stage photomultiplier tube / PM2202

QANIFLED VAL A

pDEVELUFIVIEIN I

Notes

1.

10.

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to
increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a
""progressive”’ divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a factor of 2.

Wherever possible, the photomultiplier power supply should be arranged so that the cathode is
earthed and the anode is at + HT, however, it is sometimes necessary to supply the tube with the -
anode earthed and the cathode at —HT. Under these circumstances, erratic noise and dark current
are generally increased and unstable, particularly immediately after application of voltage.

The glass envelope of the tube should be supported only by isolators having an insulation resist-
ance of > 10'% Q.

Dark current is measured at ambient temperature, after a stabilization period of the tube in
darkness (= % h).

Pulse amplitude resolution for '’Cs is measured with an Nal (T!) cylindrical scintillator (Quartz
et Silice ser. no. 7256 or equivalent) with a dlameter of 44 mm and a height of 50 mm. The count
rate used is ~ 10* c/s.

Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage Vy,, approximately as Vi~ e,

Total HT supply voltage or the voltage at which the tube has an anode spectral sensitivity of

600 kA/W, whichever is iower.

Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

This range of temperatures is limited principally by stresses in the sealing layer of the base to the
glass bulb.

The mean anode sensitivity deviation is measured by coupling an Nal (T!) scintillator to the
window of the tube. Long term (16 h) deviation is measured by placing a **’Cs source at a
distance from the scintillator such that the count rate is &~ 10* c/s corresponding to an average
anode current of ~ 300 nA. Anode sensitivity deviation after change of count rate is measured
with a '3Cs source at a distance of the scintillator such that the count rate can be changed from
10“ ¢/s to 10° c/s corresponding to an average anode current of ~ 300 nA and ~ 30 nA respect-
ively. Both tests are carried out according to ANSI—N42—9—1972 of |EEE recommendations.
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PM2202

MECHANICAL DATA Dimensions in mm

<(?525max-—»

‘*(Mhmin*’

photocathode —]

max

S1G6C 7T K “nm@mrj
?

T 7275619
<2

Fig. 4 PM2202.
Base 19-pin all-glass
Net mass 110¢g
ACCESSORIES
Socket type FE2019

Mu-metal shield type 56130
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10-stage photomultiplier tube

PM2202

MECHANICAL DATA (continued)

Type PM2202B is dimensioned as per Fig. 5. A special version, PM2202F LB (Fig. 6) features flying
leads of Ni wire 0,5 mm ¢ soldered to a 14-pin base (JEDEC B14-38); base connections are for both
types according to Fig. 7.

Dimensions in mm

<0525 max-—+|

'+®zmmin+1

<3525 max -+ 7 ““““
l‘w“‘ mi“"l photocathode —]
S — ) A
photocathode—// 12
+2 127 —
max —
t =
c 123
d b 148
u max -1
d A
L = .
= 305__, < —T——
s ()
T .
5 ' 65
min
. TV 7D .
z , WO vy
E 7275614 * 7275620
L la— @ 58,1 max—+
D] <— 58,1 max —*
|
u
> Fig. 5 PM22028B. Fig. 6 PM2202FLB.
u
d  Base 14-pin (JEDEC B14-38)
Net mass 163 ¢
ACCESSORIES
Socket type FE1014
Mu-metal shield type 56130
S1,ace k 7275615
| Fig. 7 Base connections.
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PM2202
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10-stage photomultiplier tube PM2202

OANIFLE UATA

UEVELUFIVIEIN |

103 7275623
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Fig. 10 Anode luminous sensitivity N, and anode dark
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available
for evaluation. It does not form part of our data handbook system and
does not necessarily imply that the device will go into production

PM2232
PM2232B

12-STAGE PHOTOMULTIPLIER TUBE

The PM2232 is a 44 mm useful diameter head-on photomultiplier tube with a plano-concave window
and a semi-transparent bialkaline type D photocathode. The tube features a high cathode sensitivity
and a good linearity combined with good time characteristics. It is intended for use in high energy
physics experiments where a large number of tubes is needed. The PM22328B is provided with a 20-pin
plastic base and is plug-in interchangeable with type XP2230B, and unilaterally interchangeable with

the 56 AVP-family tubes.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode
Quantum efficiency at 401 nm
Cathode spectral sensitivity at 401 nm
Supply voltage for a gain of 3 x 107
Pulse amplitude resolution for '*’Cs

Anode pulse rise time (with voltage divider B)

Linearity
-with voltage divider A
with voltage divider B

type D
> 44 mm
25 %
80 mA/W
1900 V
73 %
22 ns

Q

Q

100 mA
250 mA

up to
up to

Q

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS
Window

Material

Shape

Refractive index at 550 nm

Photocathode (note 1)

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 6)
Maximum spectral sensitivity at
Quantum efficiency at 401 nm

Spectral sensitivity at 401 + 3 nm

Note see page 4.

lime-glass
plano-concave
1,52

Sb-K-Cs
> 44 mm
type D
400 £ 30 nm
25 %

typ. 80 mA/W
> 65 mA/W

[

W | January 1978



PM2232

PM2232B
Multiplier system
Number of stages 12
Dynode structure linear focused
Dynode material Cu-Be
Capacitances
anode to final dynode ~ 3 pF
anode to all ' ~ 5 pF

Magnetic field

When the photocathode is illuminated uniformly, the anode current is halved (at V}, = 1400 V, voltage
divider A) at a magnetic flux density of:

0,2 mT perpendicular to axis a (see Fig. 1);

0,1 mT parallel with axis a.

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathode.

7275599 7275600

PM2232 PM22328

Fig. 1 Axis a with respect to base pins (bottom view).
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12-stage photomultiplier tube PM2232
PM2232B

RECOMMENDED CIRCUITS

acc

y 1 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 s
o 2 A A 2 A A A 2
3 ~09 | =11
[«— Vg —>i4- Vg —>le Vg |

— +——1 %

o
-HT 7275601 +HT —
< =
—  Fig. 2 Voltage divider A. Typical values of capacitors: 1 nF; k = cathode; acc = accelerating electrode;
<DE Sp = dynode no.; a = anode; R|_= load resistor.
Ll
-
o
2 K acc
< _@ 1 S 2 S3 sS4 S5 S6 S7 S8 s9 s10 sn
5 T Y VY Y VYV
—
Z
LLi
=
o
9 21,25Vg
L -HT 7275602 +HT
o
0O Fig. 3 Voltage divider B. Typical values of capacitors: 1 nF; k = cathode; acc = accelerating electrode;
Sp = dynode no.; a = anode; R|_= load.resistor.
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PM2232
PM2232B

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)

Supply voltage for a gain of 3 x 107 (Fig. 7) -

Anode dark current at a gain of 3 x 107 (Fig. 7)

Background noise at a gain of 3 x 107

Pulse amplitude resclution for '3’Cs at an
anode spectral sensitivity of 12 kA/W at 401 nm

Anode current linear within 2% at Vi, = 1900 V

With voltage divider B (Fig. 3)

Gain at Vi, = 2000 V (Fig. 7)

Anode pulse rise time at V}, = 2000 V

Anode pulse duration at half height at Vy, = 2000 V
Signal transit time at V|, = 2000 V

Signal transit time difference between the
centre of the photocathode and 18 mm
from the centre at V, = 2000 V

Anode current linear within 2% at V, = 2000 V

LIMITING VALUES (absolute maximum rating system)
Supply voltage
Continuous anode current

Voltage between first dynode and photocathode
Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

Notes see page 5.

notes

3.4

NN N

10

11

up to

up to

Q

R

R

14

max.
max.
max.

min.

max.
max.

min.

max. .
min.
max.
min.

2400
1900

40
10

1200

7.3
100

7 x 108
2,2
35
35

0,7
250

2500
0,2

800
300

400

" 600
80

+80
-30
+50
-30

\
\

nA
nA

c/s

%
mA

ns
ns
ns

ns
mA
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12-stage photomultiplier tube PM2232

PM2232B

SAMFLE DAIA

VEVELUFMEN I

Notes

1.

= ©

11.

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is thus recommended that it should not be subjected to light of too great an
intensity; the cathode current should be limited to, for example, 1 nA at room temperature or
0,1 nA at —30 OC. If too high a photocurrent is passed, the cathode can no longer be considered
to be an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departures of linearity.

To obtain a peak pulse current greater than that obtalnable Wlth divider A, it is necessary to
increase the inter-dynode voltages of the stages progressively. Dividers B and B’ are examples of
"progressive’ dividers, each giving a compromise between gain, speed, and linearity. Other dividers
can be conceived to achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a factor of 2.

Wherever possible, the power supply should be arranged so that the cathode is earthed and the
anode is at + HT, however, it is sometimes necessary to supply the tube with the anode earthed
and the cathode at —HT. Under these circumstances, erratic noise and dark current are generally
increased and unstable, particularly immediately after application of voltage. The glass envelope of
the tube should be supported only. by isolators having an insulation resistance of > 10'® Q.

Dark current is measured at ambient temperature, after a stabilization period of the tube in
darkness (~ % h).

After having been stored with its protective hood, the tube is placed in darkness with Vp, set to a
value to give a gain of 3 x 107. After a 30 min. stabilization period noise pulses with a threshold
of 4,8 x 10"*C (corresponding to 0,1 photoelectron) are recorded.

Pulse amplitude resolution for '3’Cs is measured with a Nal (T1) cylindrical scintillator (Quartz et
Silice ser. no.: 7256 or equivalent) with a diameter of 44 mm and a height of 50 mm. The count-
rate used is ~ 10* c/s.

Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage V|, approximately as Vb‘yz.

Non-inductive resistors of 50 £ are connected in the base of type PM2232B to Sq1 and S12. See
also General Operational Recommendations Photomultiplier Tubes.

Total HT supply voltage, or the voltage at which the tube has a gain of 2 x 10%, whichever is lower.
Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

This range of temperatures is limited principally by stresses in the sealing layer of the base to the
glass bulb. Where low temperature operation is contemplated, the supplier should be consuited.
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PM2232
PM2232B

A

MECHANICAL DATA

<7525 max-+|

@44 min-»
Lo g~ J A2
photocathode —/| R50%2
/
i 120
+2 135
max

EE \
‘ 7275598
el

P9max

$12 S10

LC. 7275597

Fig. 4 PM2232.
Base 19-pin all glass Base
Net mass 125¢ Net mass

ACCESSORIES

Socket
for PM2232
for PM2232B

Mu-metal shield

type FE2019
type FE1020

type 56130

Dimensions in mm

< (52,5max -+

<@ 4L min—»

photocathode —/

I+

~
-
=]
go

7275596

ic. k
Fig. 5 PM2232B.

7275595

20-pin (IEC67-1-42a, JEDEC B20-102)
- 162g¢g
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12-stage photomultiplier tube

PM2232

PM2232B
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PM2232

PM2232B
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available
for evaluation. It does not form part of our data handbook system a'nd
does not necessarily imply that the device will go into production

PM2312
PM2312B

12-STAGE PHOTOMULTIPLIER TUBE

The PM2312 is a 68 mm useful diameter head-on photomultiplier tube with a plano-concave window
and a semi-transparant bialkaline type D photocathode. The tube is intended for use in nuclear physics
where the number of photons to be detected is very low and where good time characteristics and a
good linearity are required (coincidence measurements, Cerenkov counters).

The PM2312B is provided with a 20-pin plastic base.

QUICK REFERENCE DATA

Spectral sensitivity characteristic

Useful diameter of the photocathode
Quantum efficiency at 401 nm

Cathode spectral sensitivity at 401 nm
Supply voltage for a gain of 3 x 107

Pulse amplitude resolution for ¥’ Cs

Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A
with voltage divider B

type D
> 68 mm
26 %
85 mA/W
2000 Vv
85 %
2,5 ns

upto =~ 100 mA
upto =~ 250 mA

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS
Window

Material

Shape

Refractive index at 550 nm

Photocathode (note 1)
Semi-transparent, head on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 6)
Maximum spectral sensitivity at
Quantum efficiency at 401 nm

Spectral sensitivity at 401 = 3 nm

Note
See page 5.

borosilicate

plano-concave

1,48
Sb-K-Cs
> 68 mm
type D
400 =+ 30 nm
26 %
typ. 85 mA/W
> 65 mA/W
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PM2312

PM2312B
Multiplier system
Number of stages 12
Dynode structure . linear focused
Dynode material Cu-Be

Capacitances
anode to final dynode ~
anode to all ~ 5 pF

Magnetic field

When the photocathode is illuminated uniformly, the anode current is halved (at Vp, = 1600 V, voltage
divider A) at a magnetic flux density of:

0,2 mT perpendicular to axis a (see Fig. 1);

0,1 mT parallel with axis a )

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathode.

7275607

PM2312 PM2312B

Fig. 1 Axis a with respect to base pins (bottom view).
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12-stage photomultiplier tube

PM2312

PM2312B
RECOMMENDED CIRCUITS
k 9'1 92 a
Y S2. S$3 sS4 S5 S6 S7 S8 S9 S0 sn o s12 ol
nwvgy v 9 ¥ v T Vv v ¥ ¥ 7 7 ampl.
L RL
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—{ 1 i o i — T H
~—I|——H—T
vb;];
16Vs 1 77
—&iT 72756091 +HT —
< —_—
: s
) Fig. 2 Voltage divider A. Typical value of capacitors: 1 nF; k =cathode; 91,92 = accelerating electrodes;
w Sp = dynode no.; a = anode; Ry_ = load resistor.
4 .
% gl g2 . 0
= Y S2 83 s4 S s6 S7 S8 S3  S10 S1U SN2 '
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= .
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O. — 22,25V L7
o
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L . .
) Fig. 3 Voltage divider B. Typical value of capacitors: 1 nF; k =cathode; g1,92 = accelerating electrodes;
Sy, = dynode no.; a = anode; R|_ = load resistor.
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PM2312
PM2312B

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)
Supply voltage for a gain of 3 x 107 (Fig. 7)

Anode dark current at a gain of 3 x 107 (Fig. 7)

Background noise at a gain of 3 x 107 (Fig. 7)

Pulse amplitude resolution for '3’ Cs at an
anode spectral sensitivity of 12 kKA/W

Anode current linear within 2% at Vp =2000 V

With voltage divider B (Fig. 3)

Gain at Vi, = 2000 V (Fig. 7)

Anode pulse rise time at V, = 2000 V

Anode pulse duration at half height at V, = 2000 V
Signal transit time at Vp, = 2000 V

Signal transit time difference between the
centre of the photocathode and 30 mm
from the centre at Vi, = 1800 V

Anode current linear within 2% at V, = 2000 V

Supply voltage
Continuous anode current

Voltage between first dynode and photocathode

Voltage between consecutive dynodes

Voltage between go and photocathode
(g2 normally connected to S6)

Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

Notes see page 5.

up to

up to

10

typ.

typ.

~

Q

Q

max.
max.
max.

max.

max.

min.

max.

min.

max.

2000
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12-stage photomultiplier tube ) PM2312

PM2312B

DEVELOPMENT SAMPLE DAIA

Notes

1.

3©®

11.

The bialkaline photocathode has a sngmﬂcant resistance which increases rapidly with reducing
temperature. It is thus recommended that it should not be subjected to light of too great an
intensity; the cathode current should be limited to, for example, 1 nA at room temperature or
0,1 nA at —30 OC. If too high a photocurrent is passed, the cathode can no longer be considered
to be an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departures of linearity.

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to in-
crease the inter-dynode voltages of the stages progressively. Dividers B and B’ are examples of
"progressive’’ dividers, each giving a compromise between gain, speed, and linearity.

Other dividers can be conceived to achieve other compromises. It is generally recommended that
the increase in voltage between one stage and the next be kept less than a factor of 2.

Wherever possible, the power supply should be arranged so that the cathode is earthed and the
anode is at + HT, however, it is sometimes necessary to supply the tube with the anode earthed
and the cathode at —HT. Under these circumstances, erratic noise and dark current are generally

increased and unstable, particularly immediately after application of voltage. The glass envelope of

the tube should be supported only by isolators having an insulation resistance of > 10'° Q.
Dark current is measured at ambient temperature, after a stabilization period of the tube in
darkness (=~ 1/4 h).

After having been stored with its protective hood, the tube is placed in darkness with V, set to a
value to give a gain of 3 x 107 . After a 30 min stabilization period noise pulses with a threshold
of 4,8 x 107" C (corresponding to 0,1 photoelectron) are recorded (Fig. 7).

Pulse amplitude resolution for '3” Cs is measured with a Nal(TI) cylindrical scintillator (Quartz et’
Silice ser. no. 4170 or equivalent) with a diameter of 75 mm and a height of 75 mm. The count
rate used is ~ 10* c/s.

Measured with a pulsed-light source, with a pulse duration (FWHNI) of <1 ns, the cathode being
completely illuminated.

The rise time is determined between 10% and 90% of the amplltude of the anode pulse.

The signal transit time is measured between the instant at which the illuminating pulse at the
cathode becomes maximum, and the instant at which the anode pulse attains its maximum. Rise
time, pulse duration and transit time vary as a function of high tension supply voltage Vp,
approximately as Vb‘1/2

Non-inductive resistors of 50 2 are connected in the base of type PM2312B to Sq1 and 812.

See also General Operational Recommendations Photomultiplier Tubes.

Total HT supply voltage, or the voltage at which the tube has a gain of 2 x 108, whlchever is lower.
Minimum value to obtain good collection in the input optics.

When calculating the anode voltage, the voltage drop across the load resistor should be taken into
account.

This range of temperaturesis limited principally by stresses in the sealing layer of the base to the
glass bulb. Where low temperature operation is contemplated, the supplier should be consulted.
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PM2312
PM2312B

MECHANICAL DATA

B77.5max—
’4—‘ @68 min ~—->‘

photocathode —1

R19-""
R67+2

-
a
@

—>I |
@9 max

< $52,5max -

S12 S10

Stg! ic. k 7275610
Fig. 4 PM2312.
Base 19-pin all-glass
Net mass 215¢g
. ACCESSORIES
Socket
for PM 2312 type FE2019
for PM 2312B type FE1020
Mu-metal shield type 56135

7275611

Dimensions in|, mm

l<—@77,5max —

i

photocathode —~
R19-"
R67+2 164
4 g5
max
U 7275613
e-@52,5max—+
¢ 1275612
Fig. 5 PM2312B.
Base* 20-pin IEC 67-1-42a, Jedec B20-102

Netmass 252¢g

* This tube can be inserted in sockets, wired for type XP2020 or 56 AVP-family tubes.
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12-stage photomultiplier tube

PM2312

DEVELOPMENT SAMPLE DAIA
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PM2312

PM2312B
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Fig. 7 Gain G, and anode dark current Iao as a function of the supply voltage V.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available PM2402

for evaluation. It does not form part of our data handbook system and
does not necessarily imply that the device will go into production

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBE

The PM2402 is a 61 mm useful diameter head-on photomultiplier tube with a flat window and a semi-

transparent bialkaline type D photocathode. The tube is intended for use in nuclear physics where a
very good pulse amplitude resolution is required. The tube offers a high cathode sensitivity and,
combined with a very low dark current and high stability, its excellent collection from each point of
the photocathode makes it very suitable for scintillation detection in nuclear medicine, e.g. gamma
cameras.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode >61 mm
Cathode spectral sensitivity at 401 nm 90 mA/W
Supply voltage .

for an anode spectral sensitivity of 12 kA/W 1250 V
Anode dark current

at an anode spectral sensitivity of 12 kA/W 0,5 nA
Pulse amplitude resolution ('*’Cs) ~7 %
Mean anode sensitivity deviation ~1 %

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS

Window

Material lime glass
Shape plano-plano
Refractive index at 550 nm 1,62

Photocathode *
Semi-transparent, head-on

Material Sb-K-Cs
Useful diameter >61 mm
Spectral sensitivity characteristic (Fig. 3) type D

* The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. 1t is thus recommended that it should not be subjected to light of too great an
intensity; the cathode current shouid be limited, for example, to 1 nA at room temperature or
0,1 nA at —30 ©C. If too high a photocurrent is passed, the cathode can no longer be considered to
be an equipotential surface, and the focusing of electrons onto the first dynode will be affected,

resulting in departure of linearity.
l (January 1978



PM2402

Photocathode (continued)

Maximum spectral sensitivity at 400 £ 30 nm
Quantum efficiency at 401 nm 28 %
s typ. 90 mA/W
1 +
Spectral sensitivity at 401 = 3 nm N 65 mA/W
Multiplier system '
Number of stages 10
Dynode structure venetian blind
Dynode material Cu-Be
Capacitances
anode to final dynode A 7 pF
——— anode to all ~ 856 pF
—— Magnetic field
When the photocathode is illuminated uniformly the anode current is halved (at Vi, = 1500 V) at a
magnetic flux density of 0,35 mT perpendicular to the tube axis.
It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding >15 mm beyond the photocathode.
RECOMMENDED CIRCUIT
acc
k_{c 1$1 82 3 su S5 S6 S7 S8 89 S0 NG
2 2 2 2 2 2 2 2
Ry
< Vp=12Vg >
o} O 72769964
-HT +HT
Fig. 1 Voltage divider type A. For obtaining the best energy resolution the accelerating electrode
should be connected to S1. Typical values of capacitors; 10 nF, k = cathode; acc = accelerating
electrode; Sn = dynode no.; a = anode; R|_ = load resistor.
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10-stage venetian blind photomultiplier tube PM2402

DEVELOPMENT SAMPLE DATA

TYPICAL CHARACTERISTICS (with voltage divider A, Fig. 1), see also note 1

note
Supply voltage for an anode spectral < 1450 V
sensitivity Ng, = 12 kA/W at 401 nm (Fig. 4) typ. 1250 V
Anode spectral sensitivity at Vg, = 1500 V and 401 nm (Fig. 4) ~ 40 kA/W
Anode dark current at an anode spectral sensitivity 2 < 5 nA

Nar = 12 kA/W at 401 nm (Fig. 4) . typ. 0,5 nA

Pulse amplitude resolution for *’Cs at Ny = 12 kKA/W 3 ~ 7 %*
Pulse amplitude resolution for ¥Co at Nap = 12 kKA/W 3 . ~ 97 %*
Pulse amplitude resolution for 5*Fe at Nar = 60 KA/W 4 =~ 42 %
Peak to valley ratio for 5 Fe at N, = 60 kKA/W 4 ~ 35
Mean anode sensitivity deviation -5
long term (16 h) ~ 1%
after change of count rate ~ 1%
versus temperature between 20 ©C and 60 ©C at 450 nm ~ 0,1% per °C
Anode current linear within 2% at Vj = 1600V . up'to~ 10 mA
Anode pulse rise time at Vi, = 1500 V 6 =~ 10 ns
Anode pulse duration at half height at Vi, = 1500 V 6 ~ 20 ns
Signal transit at Vi, = 1500 V 6 A 46 ns
LIMITING VALUES (absolute maximum rating system)
Supply voltage 7 max. 2000 V
Continuous anode current max. 0,2 mA
Voltage between first dynode and photocathode 8 max. 500 V
min. 160 V
Voltage between accelerating electrode and photocathode max. 500 V
Voltage between consecutive dynodes : max. 300 V
Voltage between anode and final dynode 9 max. 300 V
Ambient temperature range max. +80 °C
operational (for short periods of time) min. -30 °C
continuous operation and st max. +50 °C
P and storage min. -30 °C

* Measured with a $44 x 50 mm Nal (T1) scintillator.
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PM2402

Notes

1.

ot

Whenever possible, the power supply should be arranged so that the cathode is earthed and the
anode is at +HT, however, it is sometimes necessary to supply the tube with the anode earthed
and the cathode at —HT. Under these circumstances, erratic noise and dark current are generally
increased and unstable, particularly after application of voltage. The glass envelope of the tube
should be supported only by isolators having an insulation resistance of >10'% ohm.

Dark current is measured at ambient temperature, after a stabilization period of the tube in
darkness {~% h).

Pulse amplitude resolution for '*’Cs and 57 Co is measured with an Nal(T1) cylindrical scintillator
{Quartz et Silice serial no. 7256 or equivalent) with a diameter of 44 mm and a height of 50 mm.
The count rate used is ~ 10* c/s.

Pulse amplitude resolution for **Fe is measured with an Nal(TI) cylindrical scintillator with a
diameter of 25 mm and a height of 1 mm provided with a beryllium window. The count rate used
is ~ 2 x 10° c/s.

The mean anode sensitivity deviation is measured by coupling an Nal(Tl) scintillator to the
window of the tube. Long-term (16 h) deviation is measured by placing a'*’ Cs source at a
distance from the scintillator such that the count rate is ~ 10* c/s, corresponding to an anode
current of ~ 300 nA. Anode sensitivity deviation after change of count rate is measured with
a'®’ Cs source at a distance from the scintillator such that the count rate can be changed from

~ 10* c¢/s to =~ 10® ¢/s, corresponding to anode currents of =~ 300 nA and = 30 nA respectively.
Both tests are carried out according to ANSI-N42-9-1972 of |EEE recommendations.

Measured with a pulsed light source, with a pulse duration (FWHM) of < 1 ns; the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage Vp, approximately as Vb‘V?.

Total HT supply voltage, or the voltage at which the tube has an anode spectral sensitivity of

~ 300 kA/W, whichever is lower.

Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

January 1978



10-stage venetian blind photomultiplier tube PM2402

DEVELOPMENT SAMPLE DATA

MECHANICAL DATA ) Dimensions in mm

<— @ 64,25 max —
<— @61min —»|
3$ y
s Y
photocathode — R16 y 44
S 22
19 ¢
\/
R16—" i
120
+15 138
max
\ Y
UJUL@JU[IF
’ | \
—p I¢
D 9max
acc k 7275580 -— P51+ —> 7275573
Fig. 2.
Base 19-pin all-glass
Net mass 150 ¢
ACCESSORIES
Socket type FE2019
Mu-metal shield type 56131

The PM2402B is supplied with a plastic base on request. This version fits the socket FE1014.
Base connections of the PM2402B are identical to those of the XP2030.

January 1978
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10-stage venetian blind photomultiplier tube

PM2402

DEVELOPMENT SAMPLE DATA -

102

|a0
(nA)

10

10~1
8

7277489
Nar
//
/
>
/ Alao
— a4
/ B
/7 4
"4
7
/
/ /
= F
4 7
vV A
/
7
//
//
00 900 1000 1200 1500 Vb(V) 2000

Fig. 4 Anode spectral sensitivity Ny, and anode dark current

lao as a function of the supply voltage Vy,.

w l January 1978
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XP1002

10-STAGE PHOTOMULTIPLIER TUBE

The XP1002 is a 44 mm useful diameter head-on photomultiplier tube with a flat window
and a semi-transparent trialkaline S20 (type T) photocathode. The tube is intended for
use in low light level measurements in the entire visible part of the spectrum. Its Cu-Be
dynode multiplier system offers a high stability which makes it especially suitable for

industrial applications, such as laser reading.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode:

Spectral sensitivity of the photocathode at 698. nm
’ at 632, 8 nm

Supply voltage for an anode luminous
sensitivity = 60 A/lm

Mean anode sensitivity deviation
Anode pulse rise time (with voltage divider B)

Linearity, with voltage divider A up to
with voltage divider B up to

520 (type T)
> 44

16
30

2?

1460
= 1
4

= 30
100

Q

Q

mA/W
mA/W

v
%
ns

mA
mA

To be read in conjunction with "General Operational Recommendations Photomultiplier

Tubes".

GENERAL CHARACTERISTICS
Window

Shape

Photocathode

Semi-transparent head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 3)
Maximum spectral sensitivity at

Luminous sensitivity

Spectral sensitivity at 698 * 7 nm
: at 629 = 3nm

plano-plano

Sb-Na-K-Cs
> 44
S20 (type T)
420 = 30
typ. 165
> 110
16
= 30

nm

HA/Im
HA/lm
mA/W
mA/W

|



XP1002 ll

Electron optical input system

This system consists of : the photocathode, k; a metallized part of the glass envelope
internally connected to the photocathode ; an accelerating electrode, acc.

Multiplier system

Number of stages . 10
Dynode structure linear focused
Dynode material Cu-Be
Capacitances
Anode to all = 5. PF
Anode to final dynode = 3 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at V=1200V,
voltage divider A):

- at a magnetic flux density of 0,2 mT perpendicular to axis a);

- at a magnetic flux density of 0,1 mT parallel to axis a). (see Fig. below.)

It is recommended that the tube be screened against the influence of magnetic fields by a
mu-metal shield protruding > 15 mm beyond the photocathode.

7273551

Axis a) with respect to base pins (bottom view).
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XP1002

RECOMMENDED CIRCUITS

acc
k_@‘ S1 S7 S8 59 510 ;N\ ¢ .
R A 2 A A 2 A A A
x R.
0,6 0,75
+Vs "‘VS""VS""‘VS"‘“VS"*'VS"“VS""VS"""VS"”"VS""VS"
2 | 1
T It
_ 11’75\/5 7 4 4 4 R 2
—HT 1273554 +3T
Fig.1 Voltage divider A
acc .
k 1 S1 S2 S3  S4 S7 S9  S10 a Ca |
R 2 A 2 2 A A A7) et
x Ry

06

s LIl |Z

- 14,5 Vg
0 7273553 [e)

Fig.2 Voltage divider B

k = cathode Typical value of capacitors: iO nF
acc = accelerating electrode

Sp = dynode no. n

a = anode

Ry, = load resistor




XP1002

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1) 1y

Supply voltage for an anode luminous
sensitivity Ny = 60 A/lm (Fig. 5)

Anode dark current at Na = 60 A/lm (Fig. 5) 2)3)
Anode current linear within 2% at Vi, = 1700 V

up to
Mean anode sensitivity deviation at Vi, = 1200 V,

long term (16 h) 4)
With voltage divider B (Fig.2) 1)
Anode luminous sensitivity at Vi, = 1700 V (Fig. 5)
Anode pulse rise time at Vi, = 1700 V 5)

Anode pulse duration at half height at V}, = 1700 V 5)
Signal transit time at Vp = 1700 V 5)
Anode current linear within 2% at Vi, = 1700 V

up to

LIMITING VALUES (Absolute max. rating system)

Supply voltage 6)
Continuous anode current

Voltage between first dynode and photocathode 7)
Voltage between consecutive dynodes

Voltage between anode and final dynode 8)
Ambient temperature range 9)

Operational (for short periods of time)

Continuous operation and storage

Notes see page 5.

typ.

typ.

max.
max.

max.
min.

max.

max.
min.

1460
1650

50

30

75

12
38

100

1800
0,2

500
120

300

300
30

+80
-30

+50

ToU

-30

nA
nA

mA

%

A/lm

ns

ns

ns

mA

.



XP1002

Notes to page 4

1y To obtain a peak pulse current greater than that obtainable with divider A, it is neces-

2

3

4

5

6

7
8

9

sary to increase the inter-dynode voltages of the stages progressively.

Divider circuit B is an example of a ""progressive" divider, giving a compromise be-
tween gain, speed, and linearity. Other.dividers can be conceived to achieve other
compromises. It is generally recommended that the increase in voltage between one
stage and the next be kept less than a factor of 2.

~

Wherever possible, the photomultiplier power supply should be arranged so that the
cathode is earthed and the anode is at +HT, however, it is sometimes necessary to
supply the tube with the anode earthed and the cathode at ~HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable, parti-
cularly immediately after application of voltage. The glass envelope of the tube should
be supported only by isolators having an insulation resistance > 10 15g

~

Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (%1/4 h).

~

The mean anode sensitivity deviation measurement is carried out with light pulses at a
count rate of 104 ¢/s resulting in an average anode current of 0,1 pA. See also
"General Operational Recommendations Photomultiplier Tubes™.

~

Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the
cathode being completely illuminated.

The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating pulse
at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high ten-
sion supply voltage Vp, approximately as Vi, -1/2.

~

Total HT supply voltage, or the voltage at which the tube has an anode luminous sen-
sitivity of 600 A/lm, whichever is lower.

~

Minimum value to obtain good collection in the input optics.

) When calculating the anode voltage the voltage drop across the load resistor should be
taken into account.

~

This range of temperatures is limited principally by stresses in the sealing layer of
the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.




XP100G2

MECHEANICAL DATA . Dimensions in mm

< $525max -+
‘4 @ 4bmin *l

photocathode -

7269216 ~ k

bl

< @58max —| 7z73513

A

Net mass: 150 g

Base : 14-pin (IEC 67-1-16a; JEDEC B14-38)
ACCESSORIES
— Socket : type FE1014

Mu-metal shield: type 56128

; H I
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Fig.3

Spectral sensitivity characteristic

Fig.4

Relative gain as a function of the voltage
between S5 and S4, normalized to Vg
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MAINTENANCE TYPE XPiOM

10-STAGE PHOTOMULTIPLIER TUBE

The XP1011 is a 32 mm useful diameter head-on photomultiplier tube with a flat window
and a semi-transparent Super A photocathode. The rugged construction of the tube makes
it particularly suitable for applications such as scintillation counting and optical measure-
ments under severe operating conditions.

QUICK REFERENCE DATA

Spectral sensitivity characteristic Super A
Useful diameter of the photocathode > 32 mm
Spectral sensitivity of the photocathode at 437 nm 80 mA/W
Supply voltage for a luminous sensitivity = 60 A/Im 1500 \%
Pulse amplitude resolution for 137cs = 8 %
Anode pulse rise time (with voltage divider B) = 3,5 ns
Linearity

with voltage divider A up to = 30 mA

with voltage divider B up to = 100 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier
Tubes"

GENERAL CHARACTERISTICS

Window

Shape plano-plano
Material borosilicate
Refractive index at 550 nm 1,48
Photocathode

Semi-transparent, head-on

Material ' Sb-Cs

Useful diameter > 32 mm
Spectral sensitivity characteristic (Fig. 3) type Super A
Maximum spectral sensitivity at 420 +30 nm
Luminous sensitivity 1) typ. 90 nA/lm

> 40 pA/lm

Note see page 2.

Mannmhnaw 1077 ‘l I ‘ ‘ 1



XP1011

Spectral sensitivity at 437 = 5 nm ) 80 mA/W

Electron optical input system

This system consists of: the photocathode, k; a metallized part of the glass envelope,
internally connected to the photocathode; an accelerating electrode, acc ; internally
connected to S1.

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Ag-Mg
Capacitances
Anode to all Cy ~ 5 pF
Anode to final dynode Ca/s10 =~ 3 pF

Magnetic field see Fig. 4

It is fecommended that the tube be screened against the influence of magnetic fields by
a mu-metal shield protruding > 15 mm beyond the photocathode.

7273512

Dynode axis with respect to base pins (bottom view).

1y Cathode luminous sensitivity is measured with a tungsten filament lamp of colour

temperature 2856 + 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

2 ’ l 7 H February 1976
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RECOMMENDED CIRCUITS

' 7273730 O
—HT +HT

- Vp=11,25 Vs

Fig. 1 Voltage divider A

acc . 14

GTEEEREERERD =

o)
-HT 7273731 +HT

< 14.5Vs

Fig.2 Voltage divider B

o~
1

cathode Typical value of capacitors: 10 nF
acc = accelerating electrode

Sp = dynode no. n

a = anode

Ry =load resistor

GEEEREREREEED




XP101

TYPICAL CHARACTERISTICS
With voltage divider A (Fig.1) Ly
Supply voltage for an anode luminous - 1700 v
sensitivity Ng = 60 A/lm (Fig.5) typ 1500 v
Anode dark current at an anode luminous - 50 nA
sensitivity Ny = 60 A/lm (Fig. 5) 2) 3y typ s .
Pulse amplitude resolution for 137¢s at Vp= 1200V 4') = 8 %
Anode current linear within 2% at V= 1700 V up to = 30 mA
With voltage divider B (Fig.2) 1y
Anode luminous sensitivity at V= 1700 V (Fig. 4) o= 45 A/lm
Anode pulse rise time at Vi, = 1700 V 5) = 3,5 ns
Anode pulse duration at half height at V,=1700V ) = 6 ns
Signal transit time at Vi, = 1700 V 5) = 34 ns
Anode current linear within 2% at Vi, = 1700 V up to = 100 mA
LIMITING VALUES (Absolute max. rating system)
Supply voltage 6) max. 1800 \4
Continuous anode current max. 0,2 mA
Voltage between first dynode and photocathode 7) 2?;( ?28 \\;
Voltage between consecutive dynodes max. 300 \4
Voltage between anode and final dynode 8) 2?;( 328 g
Ambient temperature range 10 ) or
Operational (for short periods of time) ) Elar): jgg OC‘
o
Continuous operation and storage rn;f:f jzg 08

Notes see page 5.

¢ [ ‘ ‘ ' Fehruarv 1974
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Notes to page 4

1y To obtain a peak pulse current greater than that obtainable with divider A, it is neces-
sary to increase the inter-dynode voltage of the stages progressively.
Divider circuit B is an example of a "progressive” divider, giving a compromise be-
tween gain, speed, and linearity. Other dividers can be conceived to achieve other
compromises. It is generally recommended that the increase in voltage between one
stage and the next be kept less than a factor of 2.

2

~

Wherever possible, the photomultiplier power supply should be arranged so that the
cathode is earthed and the anode is at +HT, however, it is sometimes necessary to
supply the tube with the anode earthed and the cathode at ~HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable, parti-
cularly immediately after application of voltage. The tube is provided with a conduc-
tive strip connected to the cathode. It is recommended that, if a metal shield is
used, this be kept at cathode potential. This implies safety precautions to protect
the user. The glass envelope of the tube should be supported only by isolators having
an insulation resistance of > 1015 Q.

Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (<1/4 h).

3

~

4) pulse amplitude resolution for 137Cs is measured with an Nal(Tl) cylindrical scintil -

lator with a diameter of 32 mm and a height of 32 mm.

~

The count rate used is 104 ¢/s. -

5

~

Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the
cathode being completely illuminated.

The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse at-
tains its maximum. Rise time, pulse duration and transit time vary as a function of
high tension supply voltage Vp, approximately as Vi~ 12,

6

~

Total HT supply voltage or the voltage at which the tube has an anode luminous sensi-
tivity of 600 A/lm, whichever is lower.

7
8

~

Minimum value to obtain good collection in the input optics.

~

When calculating the anode voltage the voltage drop across the load resistor should be
taken into account.

9) This range of temperatures is limited principally by stresses in the sealing layer of
the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.




XPiom

MECHANICAL DATA Dimensions in mm

-+ $395max [«

-+ @32min |<+
S ) —
' /' T
photocathode — ®
109
conductive‘{,/—v 35 427
strip max

|

7273729

Net mass : approx. 80 g

Base : 12-pin (JEDEC B12-43)
ACCESSORIES
— Socket : type FE1012

Mu-metal shield : type 56127

6 b 1 ‘ , Neramher 1077
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Fig.3
Spectral sensitivity characteristic

Fig. 4

Relative anode current as a function of
the flux density B

1. B_Ltube axis, #/ axis a)

2. B.Ltube axis, | axis a)

3. B/ tube axis
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Fig.5
Anode luminous sensitivity, Ny, and anode dark current,
Iao, as a function of supply voltage Vy,.
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XP1017

10-STAGE PHOTOMULTIPLIER TUBE

The XP1017 is a 32 mm useful diameter head-on photomultiplier tube with a flat window
and a semi-transparent trialkaline S20R (extended red) photocathode.

The tube is intended for use in applications where a high sensitivity in the red and near-
infrared part of the spectrum is needed.

QUICK REFERENCE DATA
Spectral sensitivity characteristics S20R
Useful diameter of the photocathode > 32 mm
Spectral sensitivity of the photocathode at 550 nm = 35 mA/W
at 698 nm = 23 mA/W
at 858 nm 6,5 mA/W
Supply voltage for anode luminous sensitivity = 60 A/lm 1470 'V
Anode pulse rise time (with voltage divider B) = 3,5 ns
Linearity
with voltage divider A up to ® 30 mA
with voltage divider B up to ® 100 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier
Tubes''.

GENERAL CHARACTERISTICS

Window (frosted)

Material ' borosilicate

Shape plano-plano

Refractive index at 550 nm 1,48




XP1017

Photocathode

Semi-transparent, head-on

Material Sb-Na-K-Cs
Useful diameter > 32 mm
Spectral sensitivity characteristic (Fig. 3) S20R
Maximum sensitivity at 550+ 50. nm
. e typ. 210 pA/lm
Luminous sensitivity 2 150 pA/Im
Spectral sensitivity at 858 + 8 nm t>y'p ?’g EAA;VWV
at 550 nm = 35 mA/W
at 698 nm = 23 mA/W
at 903 nm = 1,2 mA/W

Electron optical input system

This system consists of: the photocathode, k; a metallized part of the glass envelope,
internally connected to the photocathode; an accelerating electrode, acc, internally
connected to S1.

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be
Capacitances
Anode to all Ca = 5 pF
Anode to final dynode Ca/s10 = : 3 pF

Magnetic field See fig. 4.

It is recommended that the tube be screened against the influence of magnetic fields by
a mu-metal shield protruding > 15 mm beyond the photocathode.

7273512

Axis a) with respect to base pins (bottom view).

2 H || -~ ' N
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RECOMMENDED CIRCUITS

acc

S2 S3 S6 S7 S8 S10 a

WE $FTFFIFTTII For—em

1,5 0,75

[«— Vg —>|¢ Vg |+ Vg -»le- Vg +|e- Vg »le Vg #|e Vg -+« Vg +je- Vg »|e- Vg »|e- Vg |

i

- Vp=11,75 Vg
o o
-HT " 7273495 +HT

Fig. 1 Voltage divider A

acc

e ¥y 3 ¥ FFFFF Fooim

1,5 , 15

¢— Vg —»|e- Vg »le- Vg >l Vg -><-Vs—><—Vs->4—V5—><-Vs—><-—V5—>4—VS-><-V5—>

11111

o
-HT 7273494 +HT

- 15 Vg

Fig.2 Voltage divider B

k = cathode ‘ Typical values of capacitors; 10 nF
acc = accelerating electrode

Sp = dynode no.n

a = anode

Ry, = load resistor




XP1017

TYPICAL CHARACTERISTICS
With voltage divider A (Fig.1) L

Supply voltage for an anode luminous
sensitivity N, = 60 A/Im (Fig.5)

Supply voltage for a gain G = 106
Anode dark current at Ny = 60 A/lm (Fig.5) 2) 3)
Anode current linear within 2% at V= 1700 V up to

With voltage divider B (Fig.2) Ly

Supply voltage for an anode luminous
sensitivity N, = 60 A/Ilm (Fig.5) )
4
)
Anode pulse duration at half height at Vi, = 1700V %)

Anode pulse rise time at Vi, = 1700 V

Signal transit time at Vp = 1700 V 4)

Anode current linear within 2% at Vi, = 1700 V up to

LIMITING VALUES (Absolute max. rating system)
Supply voltage 5)

Continuous anode current

Voltage between first dynode and photocathode 6)
Voltage between consecutive dynodes

Voltage between anode and final dynode 7)

Ambient temperature range

Operational (for short periods of time) 8)

Continuous operation and storage

Notes see page 5.

max.
max.

max.
min.

max.

max.
min.

max.
min.
max.
min.

1650
1470

1800
50

30 .

1730
3,5

34
100

1900
0,2

500
120

300

300
30

+80
-30
+50
-30

E;;<§<<ﬁ

ns

_ns

g &

<1<2<<1<1?><
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Notes to page 4

1) To obtain a peak pulse current greater than that obtainable with divider A, it is
necessary to increase the inter-dynode voltage of the stages progressively.
Divider circuit B is an example of a "progressive" divider, giving a compromise
between gain, speed, and linearity. Other dividers can be conceived to achieve other
compromises. It is generally recommended that the increase in voltage between one
stage and the next be kept less than a factor of 2.

2) Wherever possible, the photomultiplier power supply should be arranged so that the
cathode is earthed and the anode is at +HT, however, it is sometimes necessary to
supply the tube with the anode earthed and the cathode at ~HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable, par-
ticularly immediately after application of voltage. The glass envelope of the tube
should be supported only by isolators having an insulation resistance of > 1015 Q.

3

~

Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (=1/4 h).

4

~

Measured with a pulsed-light source, with a pulse duration (FWHM) of <1 ns, the
cathode being completely illuminated.

The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
- The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse at-
tains its maximum. Rise time, pulse duration and transit time vary as a function of
high tension supply voltage Vy, approximately as Vb—l/z.

5

~

Total HT supply voltage or the voltage at which the tube has an anode luminous sensi-
tivity of 600 A/lm, whichever is lower.

6) Minimum value to obtain good collection in the input optics.

7) When calculating the anode voltage the voltage drop across the load resistor should be
taken into account.

8) This range of temperatures is limited principally by stresses in the sealing layer of
the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.

Bl I
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MECHANICAL DATA

cc,S1 k
7273507
Net mass : 80 g
Base : 12-pin (JEDEC B12-43)
ACCESSORIES
— Socket : type FE1012

Mu-metal shield: type 56127

-» $395max

l¢32min

Dimensions in mm
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Fig.3
Spectral sensitivity characteristic

Fig.4

Relative anode current as a function of the
magnetic flux density B
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Anode luminous sensitivity, Na, and anode dark current,
Iao, as a function of supply voltage Vi,




MAINTENANCE TYPE

XP1116

10-STAGE PHOTOMULTIPLIER TUBE

The XP1116 is a 14 mm useful diameter head-on photomultiplier tube with a flat window

and a semi-transparent S1 (type C) photocathode.

The tube is intended for use in optical measurements where a good sensitivity in the
visible and near-infrared part of the spectrum is needed. Its rugged construction makes
it particularly suitable for industrial applications under limited dimensional conditions.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode
Spectral sensitivity of the photocathode at 903 nm

Supply voltage for an anode luminous sensitivity

Ny = 10 A/Im

Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A up to
with voltage divider B up to

S1 (type C)
> 14 mm
1,6 mA/W
1650 V
=~ 3,5 ns
= 10 mA
= 30 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier

Tubes".

GENERAL CHARACTERISTICS
Window

Material

Shape

Refractive index at 550 nm

Photocathode

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 3)

Maximum spectral sensitivity at

borosilicate

plano-plano

1,48
Ag-0-Cs
> 14 mm
S1 (type C)
800+ 100 nm

i



XP116

. e typ. 20 /lm
Luminous sensitivity Iy >YP 15 ppi/lm
Spectral sensitivity at 903 = 8 nm 2y 1,6 mA/W

at 1060 + 10 nm = 0,12 mA/W

Electron optical input system

This consists of : the photocathode, k; a metallized part of the glass envelope
internally connected to the photocathode; an accelerating electrode, acc, internally
connected to S1.

Multiplier system

Number of stages ‘ 10
Dynode structure linear focused
Dynode material Ag-Mg
Capacitances
Anode to all ’ Ca = 3 pF
Anode to final dynode ) Ca/s10 = 1,9 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (atVp=1200V,
voltage divider A):

- at a magnetic flux density of 0,3 mT perpendicular to axis a);

- at a magnetic flux density of 0,2 mT parallel to axis a). (See Fig. below)

It is recommended that the tube be screened against the influence of magnetic fields by a
mu-metal shield protruding > 15 mm beyond the photocathode.

7272193

Dynode plane with respect to base pins (bottom view).

1y Cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 + 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

2 " II | ] in"c
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RECOMMENDED CIRCUITS
acc .
kfF1S1 S2 S3 Sa S5 s6 S7 S8 sS§  sS10,\a |
LSF -:F- J T.V J :I- \F v T -\.F ampt.
Ry
1,5 1,5 0,75
4— Vs —P{4-Vs D1V DlaV D@V |V PV DieV la-V Pl s »leV s>

ﬂ@ﬂ@@@@@@@ﬂj
%

L L L

A\

< Vp=11,75Vg >
o)
-HT 72705134 +HT

Fig. 1 Voltage divider A

acc
k(F1SL sz s3 Sk S5 S8 57 SE S5 SO\ i |
' T o 2 2 2 2 2 A 2 f> amel.
Re
2 1,5 N 1,2 1,5 2 3,3 3
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— I — P—CZH-[:}-‘*{:HH:I-“—-L
_L — ke —e
« V, =185 Vs >
0 72705140 Q
-HT +HT
Fig.2 Voltage divider B
k = cathode Typical values of capacitors: 10 nF

acc = accelerating electrode
Sp =dynode no.n
a =anode

Ry, =load resistance




XP1116

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1) )

Supply voltage for an anode luminous
sensitivity N3 = 10 A/Im (Fig. 5)

Anode dark current at N, = 10 A/Im (Fig. 5) 2)3)

Anode current linear within 2% at Vi, = 1800 V up to

With voltage divider B (Fig. 2) I
Anode luminous sensitivity at Vi, = 1800 V
Anode pulse rise time at Vi = 1800 V 4)
Anode pulse duration at half height at

Vp = 1800 V B
Signal transit time at Vi, = 1800 V 4

Anode current linear within 2% at Vi, = 1800 V up to

LIMITING VALUES (Absolute max. rating system)

Supply voltage 5)
Continuous anode current 6)
Voltage between first dynode and photocathode 7y

Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range
Operational (for short periods of time)

Continuous operation and storage

Notes see page 5.

typ.
<

typ.
<

max.
max.

max.
min.

max.

max.
min.

max.
min.
max.
min.

1650
1800

5
10

10

2,5
3,5

30
30

1900
10

350
100

200

300
30

+50
-30
+50
-30

\%
\%
pA
pA

oC
oC
oC
oC

T

A
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Notes to page 4

1) To obtain a peak pulse current greater than that obtainable with divider A, it is
necessary to increase the inter-dynode voltage of the stages progressively.
Divider circuit B is an example of a "progressive' divider giving a compromise
between gain, speed, and linearity. Other dividers can be conceived to achieve other
compromises. It is generally recommended that the increase in voltage between one
stage and the next be kept less than a factor of 2.

2) Wherever possible, the power supply should be arranged so that the cathode is earthed
and the anode is at + HT, however, it is sometimes necessary to supply the tube with
the anode earthed and the cathode at —HT. Under these circumstances, erratic noise
and dark current are generally increased and unstable, particularly immediately after
application of voltage. The shrink sleeve or the mu-metal shield around the tube should
be supported only by isolators having an insulation resistance of > 1015 Q.

3) Dark current for S1 (type C) photocathodes is measured at a temperature of 20 °C.
The dark current varies sharply with temperature. See also note 6.

4) Measured with a pulsed-light source, with a pulse duration of < 1 ns; the cathode being
completely illuminated.
The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating pulse
at the cathode becomes maximum and the instant at which the anode pulse attains its

maximum. Rise time, pulse duration, andtransittime vary asafunction ofthe HT supply

voltage Vy, approximately at Vi~ 172,

S) Total HT supply voitage, or the voltage at which the tube has an anode luminous
sensitivity of 30 A/lm, whichever is lower.

6) As the dark current increases by a factor of 2 for every 7 OC increase in temperature, -

the anode sensitivity should be limited so that the continuous anode current limit is
not exceeded.

7y Minimum value to obtain good collection in the input optics.

8) When calculating the anode voltage the voltage drop across the load resistor should
be taken into account.
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MECHANICAL DATA . Dimensions in mm

-

~>]¢20,5 max

2+ 1,+5 —>1 D14

14+|

photocathode—/]

3
3
=

I+
w

|
|
|
|
|
|
|
shrink sleeve —9{ I
|
|
|
|
|
|
|
|

v i
7273506 %: _‘
T | Y
]
m . <—(5,5max
l k (flexible lead @0,6)

7269771

Net mass: 25 g

Base : 12-pin all-glass
ACCESSORIES
Socket : type FE 1004

Mu-metal shield: type 56134
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Fig.3

Spectral sensitivity characteristic

Fig.4

Relative gain as a function of the
voltage between S6 and S5,
normalized to Vg

Vs7/s5 constant
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9-STAGE PHOTOMULTIPLIER TUBE

The XP1117 is a 14 mm useful diameter head-on photomultiplier tube with a flat window

and a semi-transparent S20 (type T) photocathode.

The tube is intended for use in optical measurements where a good sensitivity in the

entire visible spectrum is needed.

Its rugged construction makes it particularly suitable for industrial applications under

limited dimensional conditions.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode
Spectral sensitivity of the photocathode at 698 nm

Supply voltage for an anode luminous
sensitivity Ny = 30 A/lm

Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A up to
with voltage divider B up to

520 (type T)

> 14 mm
13 mA/W
1520 V
= 3,5 ns
= 10 mA
i 30 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier

Tubes".

GENERAL CHARACTERISTICS
Window

Material

Shape

Refractive index at 550 nm

Photocathode

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig.3)

Maximum spectral sensitivity at

Luminous sensitivity

Spectral sensitivity at 698 £+ 7 nm

borosilicate

plano-plano

1,48
Sb-Na-K-Cs
> 14 mm
S20 (type T)
420 + 30 nm
typ. 140 pA/lm
> 100 pA/lm
13 mA/W \

N
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Electron optical input system

This consists of: the photocathode, k; a metallized part of the envelope internally
connected to the photocathode; an accelerating electrode, acc, internally connected
to S1.

Multiplier system

Number of stages 9
Dynode structure . - linear focused
Dynode material Ag-Mg
Capacitances
Anode to all = 3 PpF
Anode to final dynode = 1,9 pF

Magnetic field
When the photocathode is illuminated uniformly the anode current is halved
(at Vi = 1200 V, voltage divider A):

~ at a magnetic flux density of 0,3 mT perpendicular to axis a);

- at a magnetic flux density of 0,2 mT parallel to axis a). (see Fig. below.)

It is recommended that the tube be screened against the influence of magnetic fields by
a mu-metal shield protruding > 15 mm beyond the photocathode.

7272193

Axis a) with respect to base pins (bottom view).
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RECOMMENDED CIRCUITS
acc -
k_@.m S2 S3 sS4 S5 S6 ST S8 S9 ¢ amol
e 2 2 2 2 2 2 2 2 2 g
‘ R
15 g5t

[e— Vg —>le- Vg »>|e Vg e Vg ""VS"‘_VS"“VS""‘VS""VS""VS"

-

Vp=10,75Vg
o) 7273425
-HT +HT

Fig.1 Voltage divider A

k u:cs1 S2 S3 s4 S5 S6 S7 S8  S9 o
KT $ 3T F 3T I T Fobem

1,5 12 |15 2 | 33| 3

«— Vg —>le- Vg -»le- Vg »le- Vg ++VS+«V5++V5++VS++VS++VS->

V=175 Vs
(e} 7273426 QO
-HT +HT

Fig.2 Voltage divider B .

k = cathode Typical value of capacitors: 10 nF
acc = accelerating electrode

Spn = dynode no. n

a = anode

R;, = load resistor

-l I
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TYPICAL CHARACTERISTICS

With voltage divider A (Fig.1) )
Supply voltage for an anode luminous
sensitivity Na = 30 A/Im (Fig. 5) P izgg
Anode dark current at Ng = 30 A/Ilm (Fig. 5) 2)3) t<yp 158
Anode current linear within 2% at Vi, = 1800 V up to = 10
With voltage divider B (Fig.2) 1y
Anode luminous sensitivity at Vi = 1800 V (Fig. 5) = 15
Anode pulse rise time at Vp = 1800 V 4y = 3,5
Anode pulse duration at half height at Vi, = 1800 V 4y a4 6
Signal transit time at V} = 1800 V 4 = 28
Anode current linear within 2% at V= 1800 V up to = 30
LIMITING VALUES (Absolute max. rating system) '
Supply voltage 5) max. 1900
Continuous anode current max. 0,2
. 6 max. 350
Voltage between first dynode and photocathode ) min 100
Voltage between consecutive dynodes max. 200
Voltage between anode and final dynode 7y ;Eif Sgg
Ambient temperature range
Operational (for short periods of time) Ei{;{ j;g
. . max. +50
Continuous operation and storage min -50

Notes see page 5.

nA
nA

mA

A/lm

ns

; [ [
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Notes to page 4

1y To obtain a peak pulse current greater than that obtainable with divider A, it is neces-
sary to increase the inter-dynode voltage of the stages progressively. Divider cir-
cuit B is an example of a "progressive" divider, giving a compromise between gain,
speed, and linearity. Other dividers can be conceived to achieve other compromises.
It is generally recommended that the increase in voltagé between one stage and the
next be kept less than a factor of 2.

Wherever possible, the power supply should be arranged so that the cathodeisearthed
and the anode is at +HT, however, it is sometimes necessary to supply the tube with
the anode earthed and the cathode at —HT. Under these circumstances, erratic noise
and dark current are generally increased and unstable, particularly immediately after
- application of voltage. The shrink sleeve or the mu-metal shield around the tube
should be supported only by isolators having an insulation resistance of > 1015 @,

N
~

3

~

Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (*1/4 h). '

4

~

Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the
cathode being completely illuminated.
The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse at-
tains its maximum. Rise time, pulse duration and transit time vary as a function of

~r =1

high tension supply voltage V},, approximately as Vp 1/2,
5

~

Total HT supply voltage, or the voltage at which the tube has an anode sensitivity of
500 A/lm, whichever is lower.

6
7

~

Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be
taken into account.

~
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MECHANICAL DATA

7273505

photocathode—/

shrink sleeve —»

Dimensions in mm

—>I(D20,5 maxr—

15 -» 0146 =
b ¥ min

i
|
|
|
|
|
|

<—(5,5max

l k (flexible lead ®0,6)

7269771

Net mass : 25 g
Base : 12-pin all glass
ACCESSORIES
Socket : type FE1004
Mu-metal shield s type 56134
6 l l | [ Tannarv 1976
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Fig.3

Spectral sensitivity characteristic

Fig.4

Relative gain as a function of the voltage
between Sg and Sg, normalized to Vg
Vs7/S5 constant
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XP2000

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBE

The XP2000 is a 44 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent bialkaline type D photocathode. The tube is intended for use in nuclear physics where a
very good pulse amplitude resolution is required. The tube offers a high cathode sensitivity and,
combined with a very low dark current and high stability, its excellent collection from each point of
the photocathode makes it very suitable for scintillation detection in nuclear medicine, e.g. gamma
cameras.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 44 mm
Cathode spectral sensitivity at 401 nm 85 mA/W
Supply voltage

for an anode spectral sensitivity of 12 kA/W 1250 V
Anode dark current .

at an anode spectral sensitivity of 12 kA/W ‘ 0,5 nA
Pulse amplitude resolution (37 Cs) ~ 7%
Mean anode sensitivity deviation ~ 1%

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS

Window

Material lime glass
Shape plano-plano
Refractive index at 550 nm 1,62

Photocathode *

Semi-transparent, head-on

Material ’ Sb-K-Cs
Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 4) . type D

* The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is thus recommended that it should not be subjected to light of too great an
intensity; the cathode current should be limited, for example, to 1 nA at room temperature or
0,1 nA at —30 ©C. If too high a photocurrent is passed, the cathode can no longer be considered to
be an equipotential surface, and the focusing of electrons onto the first dynode will be affected,

resulting in departure of linearity.
w (January 1978
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Photocathode (continued)

Maximum spectral sensitivity at 400 +30 nm
Quantum efficiency at 401 nm 26,5 %
o typ. 85 mA/W
S +
Spectral sensitivity at 401 £ 3 nm N 60 mA/W

Multiplier system

Number of stages 10
Dynode structure venetian blind
Dynode material Cu-Be
Capacitances
anode to final dynode ~ 7 pF
— anode to all ~ 85 pF
—— Magnetic field
When the photocathode is illuminated uniformly the anode current is halved (at Vi, = 1500 V) at a
magnetic flux density of 0,4 mT perpendicular to the tube axis.
It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathode.
RECOMMENDED CIRCUIT
acc
k 1 St S2 S3 SL S5 S6 S7 S8 S9 S10 a (ifi
! T g T T T J T T T amplitier
RL
142V Vg4V B4V B|€V PlaV g -Ple-VgDle-V s ble-V|e-VsDle-Vg
L:H*-{:}—'":)J'-:}-' o o N o o B o
Ch Cc3 c2 C1
< Vp=12Vs >
o é)Vb
...HT +HT 72626361
Fig. 1 Voltage divider type A. For obtaining the best energy resolution the accelerating electrode
should be connected to S1. Typical values of capacitors: 10 nF, k = cathode; acc = accelerating
- electrode; Sn = dynode no.; a = anode; R|_= load resistor.
2 January 1978



10-stage venetian blind photomultiplier tube

XP2000

TYPICAL CHARACTERISTICS (with voltage divider A, Fig. 1), see also note 1

Supply voltage for an anode spectral
sensitivity Nar = 12 kA/W at 401 nm (Fig. 5)

Anode spectral sensitivity at Vi, = 1500 V, at 401 nm (Fig. 5)

Anode dark current at an anode spectral sensitivity
Ngr = 12 kA/W at 401 nm (Fig. 5)

Pulse amplitude resolution for '3Cs at Ng, = 12 kKA/W
Pulse amplitude resolution for 5’Co at Ny, = 12 kA/W
Pulse amplitude resolution for 5°Fe at Ny, = 60 kA/W
Peak to valley ratio for ®°Fe at N, = 60 kA/W

Mean anode sensitivity deviation
long term (16 h)
after change of count rate
versus temperature between 20 ©C and 60 °C at 450 nm

Anode current linear within 2% at V, = 1500 V
Anode pulse rise time at Vi, = 1500 V

Anode pulse duration at half height at V|, = 1500 V
Signal transit time at V}, = 1500 V

LIMITING VALUES (absolute maximum rating system)
Supply voltage
Continuous anode current

Voltage between first dynode and photocathode

Voltage between accelerating electrode and photocathode
Voltage between consecutive dynodes
Voltage between anode and final dynode
Ambient temperature range
operational (for short periods of time)

continuous operation and storage

Notes see page 4.

note
< 1450 V
typ. 1250 V
~ 40 kKA/W
9 < 5 nA
typ. 0,5 nA
3 ~ 7%
3 ~ 99 %
4 ~ 42 %
4 ~ 35
5
~ 1%
~ 1%
~ 0,1% per °C
up to = 10 mA
6 = 10 ns
6 ~ 20 ns
6 ~ 46 ns
7 max. 2000 V
max. 0,2 mA
8 max. 500 V
min. 150 V
max. 500 V
max. 300V
9 max. 300 V
10 max. +80 °C
min. =30 °C
max. +50 OC
min. =30 °C

\ (Jan‘uary 1978
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Notes

1.

10.

Wherever possible, the power supply should be arranged so that the cathode is earthed and the
anode is at +HT, however, it is sometimes necessary to supply the tube with the anode earthed
and the cathode at —HT. Under these circumstances, erratic noise and dark current are generally
increased and unstable, particularly after application of voltage. The glass envelope of the tube
should be supported only by isolators having an insulation resistance of >10' ohm.

Dark current is measured at ambient temperature, after a stabilization period of the tube in
darkness (=% h).

Pulse amplitude resolution for '*” Cs and °7 Co is measured with an Nal(Tl) cylindrical
scintillator (Quartz et Silice serial no. 7256 or equivalent) with a diameter of 44 mm and a height
of 50 mm. The count rate used is ~ 10* c¢/s.

Pulse amplitude resolution for °Fe is measured with an Nal(Ti) cylindrical scintillator with a
diameter of 25 mm and a height of 1 mm provided with a beryilium window. The count rate used
is~ 2 x 10° ¢/s.

The mean anode sensitivity deviation is measured by coupling art Nal(Tl) scintillator to the
window of the tube. Long-term {16 h) deviation is measured by placing a '¥Cs source at a
distanice from the scintillator such that the count rate is = 10* ¢/s, corresponding to an anode
current of =~ 300 nA. Anode sensitivity deviation after change of count rate is measured with

a ' Cs source at a distance from the scintillator such that the count rate can be changed from

~ 10* ¢/s to &~ 10° c¢/s, corresponding to ariode currents of = 300 nA and ~ 30 nA respectively.
Both tests are carried out according to ANSI-N42-9-1972 of IEEE recommendations.

Measured with a pulsed light source, with a pulse duration (FWHM) of <1 ns: the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage V}, approximately as Vi, %,

Total HT supply voltage, or the voltage at which the tube has an anode spectral sensitivity of

~ 300 kA/W, whichever is lower.

Minimum value to obtain good collection in the input optics.
When calculating the anode voltage the vcltage drop across the load resistor should be taken into
account.

This range of temperatures is limited by stresses in the sealing layer of the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.

January 1978



10-stage venetian blind photomultiplier tube XP2000

MECHANICAL DATA Dimensions in mm
< $52,5max »
= 052 5max > |4 B4 min -»-I
F—Q)l‘hmin*; 3+ . I & 1
3L7 ; t ¢ /
*“*‘——7 ——————— A A /
/ ) photocathode
photocathode —~
123
12
2 127 5 us
max max
y B

UL g TIIOT
B S
Amax 7275581 e B E8max —» 7273513

A

from series no.
10001 on

72692186 31 k

Fig. 2 Fig. 3.

Fig. 2.
Base 19-pin ali-glass . Base 14-pin IEC 67-1-16a (Jedec B14-38)
Net mass 130¢g Net mass 173 g
To be ordered under type no. XP2000 UB To be ordered under type no. XP20G0

ACCESSORIES

Socket
for version of Fig. 2 type FE2019
for version of Fig. 3 type FE1014

Mu-metal shield type 56130

N
] January 1978
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Fig. 4 Spectral sensitivity characteristic.
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10-stage venetian blind photomultiplier tube XP2000
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Fig. 5 Anode spectral sensitivity Ngp, and anode dark current
lq0 as a function of the supply voltage Vy,.
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XP2008

10-STAGE PHOTOMULTIPLIER TUBE

The XP2008 is a 32 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent Super A photocathode. The tube is intended for use in applications such as scintillation
counting, laboratory and industrial photometry. Its Cu-Be dynode system offers a high stability.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 437 nm
Supply voltage for luminous sensitivity N, = 60 A/lm

Pulse amplitude resolution for 137Cs
Mean anode sensitivity deviation

Anode pulse rise time {with voltage divider B)

Linearity
with voltage divider A
with voitage divider B

up to

Super A

> 32 mm

~ 70 mA/W
1180 VvV

A 8 %

A 1 %

~ 25 ns.

~ 200 mA

To be read in conjunction with "’General Operational Recommendations Photomultiplier Tubes”’.

GENERAL CHARACTERISTICS

Window

Shape

Material

Refractive index at 550 nm

Photocathode

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 3)
Maximum sensitivity at

Luminous sensitivity

Spectral sensitivity at 437 £ 5 nm

plano-plano
lime glass
1,52

Sb-Cs

> 32 mm
type Super A

420 + 30 nm

typ 80 pA/Im
> 40 pA/lm

A 70 mA/W

\\ ﬁecember 1977



XP2008

Electron optical input system

This system consists of: the photocathode, k; a metallized part of the glass envelope, internally
connected to the photocathode; an accelerating electrode, acc, internally connected to S 1.

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode : material Cu-Be
Capacitances
Anode to all ~ 5 pF
Anode to final dynode ~ 3 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at V}, = 1200 V, voltage
divider A):

— at a magnetic flux density of 0,6 mT in the direction of the longitudinal axis;

— at a magnetic flux density of 0,35 mT perpendicular to axis a (see Fig. below);

— at a magnetic flux density of 0,15 mT parallel to axis a.

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathode.

7273512

Axisa with respect to base pins (bottom view).
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10-stage photomultiplier tube XP2008

RECOMMENDED CIRCUITS

acc

S7 S8 59 510 @

Ky ¥F ¥ FFF3FTFF For—em

0,75

+— Vg —»[e Vg »le- Vg >l Vg "“VS""‘VS"“VS"‘“VS"“VS"‘“VS"“VS"

i

1S} III

- Vp=11,75 Vg
[e] ' o
-HT 727349521 +HT

Fig. 1 Voltage-divider A (note 4)

acc

- Vp =18,26 Vg
o) o
AT 72734942 +HT

Fig. 2 Voltage divider B.

k = cathode Typical values of capacitors: 10 nF
acc = accelerating electrode

Sn =dynodeno. n

a =anode

R = load resistor

\ KApril 1977
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XP2008

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 1)

Supply voltage for an anode luminous
© sensitivity Ng = 60 A/Im (Fig. 5)

Anode dark current at an anode luminous
sensitivity N = 60 A/Im (Fig. 5)
Pulse amplitude resolution for !37Cs at Ny =10 A/lm

Mean anode sensitivity deviation at Vi, = 1200 V
long term
after change of count rate

Anode current linear within 2% at V= 1700 V

With voltage divider B (Fig. 2)

Ancde luminous sensitivity at Vi, = 1700 V (Fig. 5)
Anode pulse rise time at Vi, = 1700 V

Anode pulise duration at half height at Vi, = 1700 V
Signal transit time at Vi, = 1700 V

Anode current finear within 2% at Vi, = 1700 V

LIMITING VALUES (Absolute maximum rating system)

Supply voltage
Continuous anode current

Voltage between first dynode and photocathode
Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range
Operational (for short periods of time)

Continuous operating and storage

Notes see page 5.

note

10

up to

up to

typ

typ

X

Qo

2

A

Q

max
min
max
min

1500
1180

100

150
2,5

26
200

1800
0,2
500
150
300
300
30

+80
-30
+50
-20

nA
nA

RN K

Allm
ns

ns

ns
mA
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10-stage photomultiplier tube XP2008

.

Notes

1.

[\

w

10.

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to
increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a
"“progressive” divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a factor of 2.

Wherever possible, the photomultiplier power supply should be arranged so that the cathode is
earthed and the anode is at +HT, however, it is sometimes necessary to supply the tube with the
anode earthed and the cathode at —HT. Under these circumstances, erratic noise and dark current
are generally increased and unstable, particularly immediately after application of voltage. The
glass envelope of the tube should be supported only by isolators having an insulation resistance of
> 1015 Q. i

Dark current is measured at ambient temperature, after a stabilization period of the tube in
darkness (~ 1/4 h).

Puise amplitude resoiution for 137 Cs is measured with an Nal (T1) cylindrical scintillator with a
diameter of 32 mm and a height of 32 mm. The count rate used is ~ 10* c/s.

For optimum peak amplitude resolution it is recommended that the voltage between first dynode
and photocathode be maintained at =~ 200 V, e.g. by means of a voltage regulator diode.

The mean anode sensitivity deviation is measured by coupling an Nal {T1) scintillator to the
window of the tube. Long term (16 h) deviation is measured by placing a ! 37 Cs source at a
distance from the scintillator such that the scintillator count rate is =~ 10* ¢/s corresponding to an
average anode current of ~ 100 nA.

Mean pulse amplitude deviation after change of count rate is measured with a 37 Cs scurce at a
distance of the scintillator such that the count rate can be changed from 10* ¢/s to 10° ¢/s
corresponding to an average anode current of =~ 100 nA and = 10 nA respectively.

Both tests are carried out according to ANSI-—-N42-9—1972 of |EEE recommendations.

Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the cathode being
cempletely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duratio1n and transit time vary as a function of high tension supply
veoltage Vp, approximately as Vi, ~%

Total HT supply voltage or the voltage at which the tube has an anode iuminous sensitivity of
600 A/Im, whichever is lower.

Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

This range of temperatures is limited principally by stresses in the sealing layer of the base to the
glass bulb. Where low temperature operation is contemplated, the supplier should be consulted.

\ (December 1877



XP2008

MECHANICAL DATA Dimensions in mm

-+ $395max |«
- @32min |+
]
) . 4
photocathode v
109
£5 439
max
acc,S1 k
7273507
o |
7269772
Net mass: 80g
Base: 12-pin (JEDEC B12-43)
ACCESSORIES
— Socket: type FE1012

Mu-metal shield: type 56127
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10-stage photomultiplier tube

XP2008

Fig. 3 Spectral sensitivity characteristic.

Fig. 4 Relative gain as a function of the
voltage between Sg and S4, normalized
to Vg, Vgg/s4 constant.
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XP2008

7272591.1

10° .
I
1
SN
Na // voit.
(A/lm) // div. A
/
Tas 4
(nA) volt. /]
div. B/
102 Nu[/ /
A 7 A
i P4 '
JI ’1
/- . £
/ // r/'volt.
/// // 1/ div. A
/ /
// Ngq /
7 7
/|
Vi
/ /
A Tao
/
y
y,
t 0
800 1000 1200 1400 160 1800
20 0 0 Vy (V)

Fig. 5 Anode luminous sensitivity, Ng, and anode dark

current, i,q, as a function of supply voltage Vy,.
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XP2010

10-STAGE PHOTOMULTIPLIER TUBE

The XP2010 is a 32 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent Super A photocathode. The tube is intended for use in X-ray and y-spectrometry.

Its Cu-Be dynode system offers a high stability.

QUICK REFERENCE DATA

Spectral sensitivity characteristic - Super A
Useful diameter of the photocathode > 32 mm -
Spectral sensitivity of the photocathode at 437 nm ~ 80 mA/W ':'
Supply voltage for anode luminous sensitivity N, = 60 A/im 1180 Vv -
Pulse amplitude resolution for 55 Fe at N; = 60 A/Im ~ 45 %
Mean anode sensitivity deviation ] 1%
Anode pulse rise time (with voltage divider B) ~ 2,5 ns
Linearity ‘

with voltage divider A upto =~ 100 mA

with veltage divider B upto ~ 200 mA
To be read in conjunction with "General Operational Recommendations Photomultiplier Tubes”.
GENERAL CHARACTERISTICS
Window
Shape plano-plano
Material lime glass
Refractive index at 550 nm 1,62
Photocathode
Semi-transparent, head-on
Material Sb-Cs.
Useful diameter > 32 mm
Spectral sensitivity characteristic (Fig.3) type Super A
Maximum sensitivity at 420 £ 30 nm

. P typ 90 pA/lm
Luminous sensitivity > 70 uA/im
Spectral sensitivity at 437 £ 5 nm ~ 80 mA/W
W (December 1977 1



XP2010

Electron optical input system

This system consists of: the photocathode, k; a metallized part of the glass envelope, internally connec-
ted to the photocathode; an accelerating electrode, acc, internally connected to S1.

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be
Capacitances
Anode to all ~ 5 pF
Anode to final dynode ~ 3 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at Vi, = 1200 V, voltage
divider A):

— at a magnetic flux density of 0,6 mT in the direction of the longitudinal axis;

— at a magnetic flux density of 0,35 mT perpendicular to axis a (see Fig. below);

— at a magnetic flux density of 0,15 mT parallel to axis a.

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathode.

7273512

Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube XP2010

RECOMMENDED CIRCUITS

S8 S9 S10 a

(CEEREREEREL o

@& IIZ|I

-~ Vp=11,75 Vg

o o
-HT \ 72734951 +HT

Fig.1 Voltage divider A. (note 5)

acc

kr@'51 S2 S3 sS4 S5 S S7 S8 S§ S0 qcf-»am|
Y Y ¥y Y Y Y YYY ¥ P
1,25.| 1,25 | 15 | 2,25 | 2,25 2,25

«— Vg —»|e- Vg »|e Vg »le- Vg -><—Vs—><—VS—><—VS—><—VS—><—VS—><—VS—>4—VS~>

- Vp = 18,25 Vg
o
-HT 72734941 +HT
Fig.2 Voltage divider B.
k =cathode Typical values of capacitors: 10 nF

acc = accelerating electrode
Sp =dynode no.n

a =anode

R = load resistor

‘ (April 1977



XP2010

TYPICAL CHARACTERISTICS

note
With voltage divider A (Fig.1) 1
Supply voltage for an anode luminous < 1500 V
sensitivity Ny = 60 A/Im (Fig.5) 1\./p 1180 V
Anode dark current at an anode luminous "
e . A
sensitivity Ny = 60 A/Im (Fig.5) 2,3 ;;/p 22 :A
Pulse amplitude resolution for *5 Fe at an anode
luminous sensitivity Ng = 60 A/Im 4 45 %
Peak to valley ratio for 5 Fe at Ny = 60 A/Im 4 ~ 30
Pulse amplitude resolution for 137 Cs at Ny = 10 A/Im 5 75 %
Mean anode sensitivity deviation at Vp, = 1200 V 6
long term A2 T %
after change of count rate =~ 1 %
Anode current linear within 2% at V = 1700 V upto = 100 mA
With voltage divider B (Fig.2) 1
Anode luminous sensitivity at V, = 1700 V (Fig.5) ~ 150 A/lm
Anode pulse rise time at Vi, = 1700 V 7 A 2,5 ns
Anode pulse duration at half height at V, = 1700 V 7 ~ 6 ns
Signal transit time at Vi, = 1700 V 7 ~ 26 ns
Anode current linear within 2% at Vi = 1700 V upto =~ 200 mA
LIMITING VALUES (Absoclute maximum rating system)
Suppiy voltage 8 max 1800 V
Continuous anode current max 0,2 mA
. ) max 500 V
Voltage between first dynode and photocathode 9 min 150 V
Voltage between consecutive dynodes max 300 V
. max 300 V
Voltage between anode and final dynode 10 min 30 v
Arr:)bier.\tt‘_tem;l)e(n;atu r,e range s of timel y max  +80 OC
perational (tor short periods of time min -30 oC
Conti . dst max 150 OC
ontinuous operation and sterage min  -30 ©C

Notes see page 5.
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10-stage photomultipiier tube

XP2010

Notes

1.

11,

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to
increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a
"progressive” divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the inicrease in
voltage between one stage and the next be kept less than a factor of 2.

Wherever possible, the photomultiplier power supply should be arranged so that the cathode is
earthed and the anode is at +HT, however, it is sometimes necessary to supply the tube with the
anode earthed and the cathode at —HT. Under these circumstances, erratic noise and dark current
are generally increased and unstable, particularly immediately after application of voltage.

The glass envelope of the tube should be supported only by isolators having an insulation resist-
ance of > 1015 Q.

Dark current is measured at ambient temiperature, after a stabilization period of the tube in
darkness (~ 1/4 h).

Pulse amplitude resolution for 55 Fe is measured with an Nal (T} cylindrical scintillator with a
diameter of 25 mm and a height of 1 mm provided with a beryllium window.
The count rate used is &~ 2 x 10% c/s.

Pulse amplitude resolution for ! 37 Cs is measured with an Nal {Tl) cylindrical scintillator with a
diameter of 32 mm and a height of 32 mm. The count rate used is ~ 10* c/s.

For optimum peak amplitude resolution it is recommended that the voltage between first dynode
and photocathode be maintained at ~ 200 V, e.g. by means of a voltage regulator diode.

The mean anode sensitivity deviation is measured by coupling an Nal (T!) scintillator to the win-

dow of the tuba. | ong term (18 h) deviation is measured by nlacing 21 37Cs source at a distance
aow of the tube. Long term (16 h) deviation is measurea by placing a Cs source at a distance

from the scintillator such that the scintillator count rate is & 10* ¢/s corresponding to an average
anode current of ~ 100 nA. Mean pulse amplitude deviation after change of count rate is
measured with a ! 37 Cs source at a distance of the scintiliator such that the count rate can be
changed from 10% c/s to 103 c¢/s corresponding to an average anode current of ~ 100 nA and

~ 10 nA respectively. Both tests are carried out according to ANSI—-N42-9-1972 of IEEE
recommendations.

Measured with a pulsed-light source, with a pulse duration (FWHM) of <1 ns, the cathode being
completely iluminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage V}, approximately as Vb_yz".

Total HT supply voltage or the voltage at which the tube has an anode luminous sensitivity of
600 A/Im, whichever is lower.

Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

This range of temperatures is limited principally by stresses in the sealing layer of the base to the
giass bulb. Where low temperature operation is contemplated, the supplier should be consulted.

December 1977
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XP2010

MECHANICAL DATA Dimensions in mm

> #395max |«

-+ 332 min |+
i
' 7_ ot
photocathode —]
109
*5 427
max

7273507

o |

7269772

Net mass: 80g
Base: 12-pin (JEDEC B12-43)

ACCESSORIES
— Socket: type FE1012
Mu-metal shield: type 56127

December 1977



10-stage photomultiplier tube

Fig.3 Spectral sensitivity characteristic.

Fig. 4 Relative gain as a function of the
voltage between Sg and S4, normalized
to Vg, Vgp/s4 constant.
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XP2010
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Fig.5 Anode luminous sensitivity, N, and anode dark current,
l30. as a function of supply voltage Vi,
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XP2020
XP2020Q

12-STAGE PHOTOMULTIPLIER TUBE

The XP2020 is a 44 mm useful diameter head-on photomultiplier tube with a plano-concave window
and a semi-transparent type D photocathode. The tube is intended for use in nuclear physics where the
number of photons to be detected is very low. The tube features a high cathode sensitivity and a good
linearity combined with very low background noise and extremely good time characteristics. It is es-
pecially useful in high-energy physics experiments where ultimate time characteristics are needed, such
as coincidence measurements, Cerenkov detection, etc.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 44 mm
Quantum efficiency at 401 nm
XP2020 26 %
XP2020Q 25 %
Spectral sensitivity of the photocathode at 401 nm :
XP2020 85 mA/W
XP2020Q 80 mA/W
Supply voitage for a gain of 3 x 107 2200 V
Pulse amplitude resolution for *’Cs ~ 75 %
Anode pulse rise time (with voltage divider B') = 1,6 ns
Linearity, with voltage divider B upto ~ 280 mA
Signal transit time fluctuation ~ 0,25 ns

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS

Window
Material
XP2020 borosilicate
XP2020Q fused silica
Shape plano-concave
Refractive index
XP2020, at 550 nm 1,48
XP2020Q, at 400 nm 1,47
XP2020Q, at 250 nm 1,50

Photocathode (note 1)

Semi-transparent, head-on

Material ' Sb-K-Cs

Useful diameter > 44 mm

Note, see page 6.
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XP2020
XP2020Q

XP2020 XP2020Q
Spectral sensitivity characteristic type D (Fig. 6) type DU (Fig. 7)
Maximum spectral sensitivity at 400 + 30 400 £30 nm
Quantum efficiency at 401 nm 26 25 %
L typ. 85 typ. 80 mA/W

Spectral sensitivity at 401 + 3 nm N 60 > 60 mA/W
Multiplier system
Number of stages 12
Dynode structure linear focused
Dynode material Ag-Mg
Capacitances

— Grid1tok+S1+acc+g2+S5 ~ 20 pF

— Anode to final dynode ~ 4 pF

Anode to all ~ 7 pF
Magnetic field
See Fig. 13.
It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photo
Fig. 1 Axis a with respect to base pins (bottom view).
2 January 1978
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12-stage photomultiplier tube XP2020
XP2020Q
RECOMMENDED CIRCUITS
L S_S_ S6 S7 S8 S9 S10 SN S12 ;'
e 2 e 2 2 ) s
| RL

Vg —ple— Vg »je- Vg »le- Vg e Vg »je Vg e V5[4 Vg —>ie- V5]

HH
A
Vb
17 Vg é
72626861 +HT

Fig. 2 Voltage divider type A.
o _Sr192acc . a
11151 Sz 53 Sk S5 S5 ST S8 S8 sl su sz 1)/O
1L g R N 7 U q: q: N T.F ' v T ampl.
ma| | ~ : ¢ Sl R
18 ~1,2 [ ~1,8 1,25 1,5 1,5 1,75 8 10 V1
+-Vs-> 4=V g sl Vg —sle— Vg —|e= Vg —»le— Vg —le Vg ->je Vg | <+ Vg—»|eVg—>|

Lt

[«— 6Vg—>

— +——{

o
~HT
Fig. 3

44,5 Vg

7262687.1 +HT

Voltage divider type B.

S4 S5 S6 S7 S8 S9 s10 sn S12

l¢)
-HT
Fig. 4
k = cathode
g1, 92 = focusing electrodes
acc = accelerating electrode
Sn = dynode no. n
a = anode
RL = load resistor

2 2 2 2 A 2 7
R

25

4+~ Vg —|e— Vg ale- Vg -»le= Vg > Vg —»|
HH

S E S S HS TS
Vh

21,5 Vs

[o}
72626851 +HT

Voltage divider type B’.

R = This resistor connects the anode when the output cable
is not terminated. Recommended value: 10 kS2.

The cathode resistor of 1 M2 limits the current in case of
unintentional contact between the conductive coating and
earth when the anode is earthed.

Typical value of capacitors: 1 nF.
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XP2020
XP2020Q

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)

Supply voltage for a gain of 3 x 107 (Fig. 8)

Anode dark current at a gain of 3 x 107 (Fig. 8)

Background noise at a gain of 3 x 107 {Fig. 11)

Pulse amplitude resolution for %5Fe at Vp = 1500 V
Peai to valley ratio for %5Fe at G = 3 x 107

Pulse amplitude resolution for "7Cs at V}, = 1500 V
Anode pulse rise time at Vp, = 2000 V

Anode puise duration at half height at Vy = 2000 vV
Signal transit time at Vp, = 2000 V

Anode current linear within 2% at V= 2000 V
Obtainabie peak anode current

With voltage divider B (Fig. 3)

Gain at Vi, = 2800 V

Anode pulse rise time at V}, = 2800 V

Anode pulse duration at half height at Vp = 2800 V
Signal transit time at V|, = 2800 V

Signal transit time difference between the
centre of the photocathode and 18 mm
from the centre at VV, = 2800 vV

Anode current linear within 2% at V|, = 2800 V
Obtainable peak anode current

With voltage divider B’ {Fig. 4)

Gain at Vp = 2500 V

Anode pulse rise time at Vp, = 2500 \4

Anode pulse duration at half height at Vp = 2500 vV
Signal transit time at V|, = 2500 V

Signal transit time fluctuation at Vg = 2500 vV

Signal transit time difference between the centre
of the photocathode and 18 mm from the
centre at Vi, = 2500 V

Anode current linear within 2% at Vp = 2500 v
Obtainable peak anode current

Notes see page 8.

note
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12-stage photomultiplier tube XP2020

XP2020Q
LIMITING VALUES (Absolute maximum rating system) note
Supply voltage 8 max. 3000 V
Continuous anode current max. 0,2 mA
Voltage between focusing electrode, g1 and
photocathode 9 max. . 300 V
. ) max. 800 V
Voltage between first dynode and photocathode min. - 300 V
Voltage between consqcutive dynodes
 (except Sq4 and S12) max. 400 Vv
Voltage between dynodes S11 and S12 13, max. 600 V
] 1 max. 700 V
Voltage between anode and final dynode 0 min. 80 V
Ambient temperature range 11 e
. } . e max. +80 °C ———
operational {for short periods of time) min, 30 oC —
o —
continuous operation and storage max. +50 °C

min. -30 °C

Notes see page 6.
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XP2020
XP2020Q

e

SRR

Notes to pages 1, 4 and 5

1.

7.

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is thus recommended that it should not be subjected to light of too great an
intensity; the'vathode current should be limited to, for example, 1 nA at room temperature or
0,1 nA at—30 ©°C. If too" ﬁwgh a'photocurrent is passed, the cathode can no. longer be considered
to be an equotentlal surfhce and the focusing of electrons onto the first dynode will be affected,
resulting:in departure of Illjearlty
To obtajfn a peak pulse curkent greater than that obtainable with divider A, it is necessary to
increase;the inter-dynode \i:oltages of the stages progressively. Dividers B and B’ are examples of
‘progressive” dividers, each giving a compromise between gain, speed, and linearity. Other dividers
can be cpncelved to achleve oth&r compromises. It is generally recommended that the increase in
voltage l@etween one stageand tH‘e next be kept less than a factor of 2.
Wherevgr possible, the powver supply should be arranged so that the cathode is earthed and the
anode is at + HT, however, it is sometimes necessary to supply the tube with the anode earthed
and the cathode at —HT. Under ﬂ')ese circumstances, erratic noise and dark current are generally
lncreased and unstable, particulafly, immediately after application of voltage. The tube is provided
with a 9onducttve coating connegted to the cathode. It is recommended that, if a metal shield is
used, this should be kepi at cathode potential. This implies safety precautions to protect the user.
The envelope of the tubg: should be supported only by isolators having an insulation resistance of
> 10" - A
Dark current, is measurpd at ambient temperature, after a stabilization period of the tube in
darkness ¢< %),
After having been stored with its protective hood, the tube is placed in darkness with V, set to a

"%, value to give a gain:of 3 x 107..After a 30 min. stabilization period noise pulses with a threshold

“of 4,25 x 107 Bg (correspondmg to 0,1 photoelectron) are recorded (Fig. 9).
Puise amplitude resoiution For 55Fe is measured with a Nal (Ti) cylindricai scintiilator with a
qdlameter of 19 mm and a height of 3 mm. The count rate is ~ 10%c/s. Pulse amplitude resolution

- ~for "3’Cs is meagured with a Nal (TI) cylindrical scintillator with a diameter of 44 mm and a height

.. of 50 mm. The count rate is ~ 10%c/s.

Measured with a pulsed light source, with a pulse duration (FWHM) of < 1 ns, the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage V|, approximately as V" %,

Total HT supply voltage, or the voltage at which the tube has a gain of 2 x 108, whichever is lower.
Minimum value to obtain good collection in the input optics.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

This range of temperatures is limited principally by stresses in the sealing layer of the base to the
glass bulb. Where low temperature operation is contemplated, the supplier should be consulted.
Transit time fluctuation is defined as the standard deviation of the transit time distribution of
single electrons leaving the photocathode.

Non-inductive resistors of 50 £ are incorporated in the base connected to S11 and Sq5.

See also General Operational Recommendations Photomultiplier Tubes.
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12-stage photomultiplier tube ‘ XP 2020

XP2020Q
MECHANICAL DATA Dimensions in mm
<@53.5max-»|
<@ 4L min->
v
2+ / 3] 4 4
photocathode—/
outer conductive 170 —_—
coating +5
192
max
i.c. 3) () S2
S3 & ® i.c. .
g2,51 . gl I
i.c. Kk,
7262689.1 outer conductive l““ “ ﬂ .U”m
coating ' '

72733281

Fig. 5.

The base connections of the XP2020 are such that the tube is unilaterally interchangeable with the
56AVP-family tubes.

Base 20-pin (JEDEC B20-102)

Net mass 240g¢g

ACCESSORIES

Socket type FE1020 ‘ -

Mu-metal shield type 56130

\ ﬁanuary 1978



XP2020

XP2020Q
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12-stage photomuitiplier tube XP2020

XP2020Q
109 7277568
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XP2020Q
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12-stage photomultipiier tube XP2020

XP2020Q
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Fig. 11 Typical background spectrum from 0,1 to 18 equivalent
photoelectrons, at a gain of 3 x 107 with voltage divider A.
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XP2020Q
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XP2030

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBE

The XP2030 is a 70 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent bialkaline type D photocathode. The tube is intended for use in nuclear physics where a
very good pulse amplitude resolution is required. The tube offers a high cathode sensitivity and,
combined with a very low dark current and high stability, its excellent collection from each point of
the photocathode makes it very suitable for scintillation detection in nuclear medicine, e.g. gamma
cameras. :

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 70 mm
Cathode spectral sensitivity at 401 nm 105 mA/W
Supply voltage :

for an anode spectral sensitivity = 12 kA/W : 1250 V
Anode dark current

at an anode spectral sensitivity = 12 kA/W ’ 0,5 nA
Pulse amplitude resolution ('37 Cs) ~ 72 %

Mean anode sensitivity deviation ~ 1%

To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.

GENERAL CHARACTERISTICS

Window
Material ] lime glass
Shape plano-plano

Refractive index at 550 nm 1,62

Photocathode *
Semi-transparent, head-on

Material Sb-K-Cs
Useful diameter > 70 mm
Spectral sensitivity characteristic (Fig. 4) type D

* The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is thus recommended that it should not be subjected to light of too great an
intensity; the cathode current should be limited, for example, to 1 nA at room temperature or
0,1 nA at —30 ©C. If too high a photocurrent is passed, the cathode can no longer be considered to-
be an equipotential surface, and the focusing of electrons onto the first dynode will be affected,

resulting in departure of linearity.
W (January 1978



XP2030

Photocathode {continued)

Maximum spectral sensitivity at 400 + 30 nm
Quantum efficiencv at 401 nm 32 %
Spectral sensitivity at 401 + 3 nm t>yp. 122 nmwﬁxvv
Muitiplier system
Number of stages 10
Dynode structure venetian blind
Dynode ma‘te;ia! ' Cu-Be
Capacitances
anode to final dynode ~ 7 pF
anode to all a2 8,6 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is haived (at Vi, = 1500 V) at a
magnetic flux density of 0,3 mT perpendicuiar to the tube axis.

It is recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photccmhode

RECOMMENDED CIRCUIT

» amplifier

kg,sx .5 3 Ss4 S5 56 S7 S8
ik B2 2 2]

- — Vp=12Vg oy
O O z7esses

—HT +HT

Fig. 1 Voltage divider 1:ype A. For obtaining the best energy resolution the accelerating electrode
should be connected to $1. Typical values of capacitors: 10 nF, k = cathode; acc = accelerating
electrode; Sy, = dynode no.; a = anode; R|_ = load resistor.
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10-stage venetian blind photomultiplier tube

XP2030

TYPICAL CHARACTERISTICS (with voltage divider A, Fig. 1), see also note 1

note
Supply voltage for an anode spectral <
sensitivity Ngr = 12 kA/W at 401 nm (Fig. 5) typ
Anode spectral sensitivity at Vi, = 1500 V and 401 nm (Fig. b) &
Anode dark current at an anode spectra! sensitivity <
Nar = 12 kKA/W at 401 nm (Fig. 5) 2
typ.
Puise amplitude resolution for '*7 Cs at Ny, = 12 kKA/W 3 ~
Pulse amplitude resolution for ®” Co at Ny, = 12 KA/W 3 ~
Mean anode sensitivity deviation 4
long term (16 h) ~
after change of count rate . ~
versus temperature between 20 ©C and 60 °C at 450 nm ~~
Anode current linear within 2% at Vi, = 1500 V up to
Anode pulse rise time at Vp = 1500 V 5 A
Anaode pulse duration at half height at Vi, = 1500 V 5 A
Signal transit time at Vi = 15600 V 5 ~
LIMITING VALUES (absolute maximum rating system) .
Supply voltage 6" ‘ max.
Continuous anode current max.
Voitage between first dynode and photocathode 7 :?:
Voltage between accelerating electrode and photocathode max.
Voltage between consecutive dynodes max.
Voltage between anode and final dynode 8 max.
Ambient femperature range 9 max
operational {for short periods of time) min.
. . max.
continuous operation and storage min

Notes see page 4.
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5
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XP2030

Notes

1.

Wherever possible, the power supply should be arranged so that the cathode is earthed and the anode
isat + HT, however, it is sometimes necessary to supply the tube with the anode earthed and the
cathode at —HT. Under these circumstances, erratic noise and dark current are generally increased
and unstable, particularly after application of voltage. The glass envelope of the tube should be
supported only by isolators having an insulation resistance of > 10'® ohm.

. Dark current is measured at ambient temperature, after a stabilization period of the tube in darkness

(=% h).

. Pulse amplitude resolution for "7 Cs and %7 Co is measured with an Nal(TI) cylindrical scintillator

(Quartz et Silice serial no. 4170 or equivalent) with a diameter of 75 mm and a height of 75 mm.
The count rate used is ~ 10%c/s.

. The mean anode sensitivity deviation is measured by coupling an Nal(TI) scintillator to the window

of the tube. Long-term (16 h) deviation is measured by placing a '*” Cs source at a distance from the
scintillator such that the count rate is ~ 10*c/s, corresponding to an anode current of ~ 300 nA.
Anode sensitivity deviation after change of count rate is measured with a '*? Cs source at a

distance from the scintillator such that the count rate can be changed from ~ 10%c/s to ~ 10° c/s,
corresponding to-anode currents of ~ 300 nA and =~ 30 nA respectively. Both tests are carried out
according to ANSI-N42-9-1972 of |EEE recommendations.

Measured with a pulsed light source, with a pulse duration (FWHM) of < 1 ns; the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of
the anode pulse. The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage V, approximately as Vb‘%.

. Total HT supply voltage, or the voltage at which the tube has an anode spectral sensitivity of

~ 300 kA/W, whichever is lower.

. Minimum value to obtain good collection in the input optics.

8. When calculating the anode voltage the voltage drop across the load resistor.should be taken into

account.

. This range of temperatures is limited by stresses in the sealing layer of the base to the glass bulb.

Where low temperature operation is contemplated, the supplier should be consulted.
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10-stage venetian blind photomultiplier tube

XP2030

MECHANICAL DATA

<—— @775max —
‘ ‘4— @70 min —1
3:4.5 _____________ -
photocathode — /;45_19_*_ 53
A2
/28 l
i v
R19 1225
+2 1375
max
v
L m
max
L *
ngux 7275582
«P525_5¢>

from series no.
10001 on

k
acc 7275580

Fig. 2.
Base 19-pin all-glass
Net mass 165 g

To be ordered under type no. XP2030 UB

ACCESSORIES

Socket
for versions of Fig. 2
for versions of Fig. 3

Mu-metal shield

type FE2019
type FE1014

type 56135

Dimensions in mm

<——@775max ——|

‘l: @70 min —1
yas

31—77‘ e — = T
/ R19
A o 53
photocathode * »

R19-7

136

<— @58max—|

St k

7269216

Fig. 3.

Base 14-pin IEC 67-1-16a (Jedec B14-38)
Net mass 208 g
To be ordered under type no. XP2030

v

72665653
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10-stage venetian blind photomultipiier tube XP203O

103 7277477
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Fig. 5 Anode spectral sensitivity Ny, and anode dark current
lao as a function of the supply voltage Vi,

\ (January 1978



XP2030
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XP2040
XP2040Q

14-STAGE PHOTOMULTIPLIER TUBE

The XP2040 (XP2040Q) is a 110 mm (useful diameter) head-on photomultiplier tube with
a concave-convex window and a semi-transparent S11 (type A) photocathode.

The tube is intended for use in nuclear physics where the number of photons to be
detected is very low or where good time characteristics are required (coincidence
measurements, Cerenkov counters).

A plano-concave plastic adapter supplied with tube type XP2040 enables transmission
from 300 nm. The XP2040Q is supplied with a plano-concave quartz adapter enabling
transmission at a wavelength of 200 nm and higher.

QUICK REFERENCE DATA
Spectral sensitivity characteristic S11 (type A)
extended ultraviolet

Useful diameter of the photocathode ) > 110 mm
Supply voltage for a gain of 3 x 107 3 2000 v
Cathode spectral sensitivity at 437 nm 70 mA /W
Anode pulse rise time (with voltage divider B') = 2 ns
Linearity,

with voltage divider A up to = 30 mA

with voltage divider B up to = 280 mA

with voltage divider B' up to = 80 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier
Tubes''.

GENERAL CHARACTERISTICS

Window

Glass: Ultraviolet transmitting (type Schott 8337 or equivalent) 1y

Shape concave-convex
Radius of curvature 183 £5 mm
Refractive index at 550 nm 1,48

1y This glass window must be protected from humidity.

— .1 .. . 1A H H 1



XP2040
XP2040Q

Photocathode
Semi-transparent, head on
Useful diameter

Spectral sensitivity characteristic (Fig.4)

Material
Maximum spectral sensitivity at

Luminous sensitivity

Spectral sensitivity at 437 £ 5 nm

Multiplier system
Number of stages
Dymode structure
Dynode material
Capacitances
Grid no. 1 to k+g2+acc+Si
Anode to final dynode

Anode to all

Magnetic field

> 110 mm

S11 (type A)
extended ultraviolet

Sb-Cs
420 + 30 nm
typ. 70 HA/Im

> 45 pA/lm
= 70 mA/W
14

linear focused

Cu-Be
Cgl/k, g2, acc,S1 ™ 70 pF
Ca/s14 f 5 pF
Ca & 7 pF

When the photocathode is illuminated uniformly the anode current is halved

(at Vi, = 1900 V, voltage divider A):

- at a magnetic flux density of 0, 15 mT in the direction of the longitudinal axis;
- at a magnetic flux density of 0, 13 mT perpendicular to axis a) (see Fig. below).
- at a magnetic flux density of 0, 05 mT parallel to axis a)

It is'recommended that the tube be screened against the influence of magnetic fields
by a mu-metal shield protruding > 15 mm beyond the photocathode.

h—g

Y ®

7272188

Axis a) with respect to base pins (bottom view).

2 : ‘ '
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XP2040
XP2040Q

RECOMMENDED CIRCUITS
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Fig. 2 Voltage divider B

Ve

72721261
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Fig. 3 Voltage divider B'

cathode

focusing electrodes
accelerating electrode
dynode no. n

anode

load resistor

The voltage between k and gl should be
adjusted at about 1,7 Vg for voltage dividers
A and B' or at about 2 Vg for voltage divider B.

R =

This resistor serves to connect the
anode when the output cable is not
terminated. Recommended value 10 k€.

The cathode resistor of 1 MQ limits
the current in case of unintentional
contact between the conductive coa -
ting and earth when the anode is
earthed.

The voltage between S; and Sy should
be adjusted at about 0, 7 Vs.
Typical value of capacitors: 1 nF.

|
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XP2040
XP2040Q

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1)

Supply voltage for a gain G of 3x 107, Fig. 6 ) t<yp 3388 X
Anode dark current at G = 3x 107, Fig. 6 Iy 2y t<yp. Oé Lj‘i
Anode pulse rise time at Vi, = 2200 V 3) 4) = 2,5 ns
Anode pulse width at half height at V}, = 2200 V 3) ~ 5 ns
Signal transit time at V}, = 2200 V 3) = 46 ns
Anode current linear within 2%, at Vp = 2200 V
up to = 30 mA
Obtainable peak anode current : = 200 mA
With voltage divider B (Fig.2) &)
Gain at Vp, = 2800 V, Fig. 6 ~ 1x 107
Anode pulse rise time at Vi = 2800 V 3) 4 = 2,1 ns
Anode pulse width at half height at Vi, = 2800 V 3) = 3 ns
Signal transit time at Vj, = 2800 V 3) ~ 49 ns
Signal transit time difference between the centre of the
photocathode and 50 mm from the centre, at Vp=2800V = 1 ns
Anode current linear within 2%, at Vp = 2800 V
up to = 280 mA
Obtainable peak anode current =~ 0,5to0 1,0 A
With voltage divider B' (Fig. 3) 5)
Gain at Vi, = 2500 V, Fig. 6 ~ 5x107
Anode pulse rise time at Vi, = 2500 V 3) 4 ~ 2 ns
Anode pulse width at half height at V}, = 2500 V 3) = 3 ns
Signal transit time at Vp = 2500 V 3) = 46 ns
Signal transit time difference between the centre of the
photocathode and 50 mm from the centre, at Vi,=2500V = 1 ns
Anode current linear within 2%, at Vi, = 2500 V
up to = 80 mA
Obtainable peak anode current = 500 mA

Notes see page 5.
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XP2040
XP2040Q

Notes to page 4

1) Wherever possible, the photomultiplier power supply should be arranged so that the

SN
~

3

~

4

~

5

~

cathode is earthed and the anode is at +HT, however, it is sometimes neces<ary to
supply the tube with the anode earthed and the cathode at -HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable,
particularly immediately after application of voltage. The tube is provided with

a conductive coating connected to the cathode. It is recommended to keep the metal
envelope at cathode potential. This implies safety precautions to protect the user.

Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (®1/4 h).

Measured with a pulsed light source with a pulse duration of < 1 ns ;
completely illuminated. )

The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating pulse
at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse width, and transit time vary as a function of the HT supply
voltage V},, approximately as Vb'l/z.

the cathode being

A non-inductive resistor of 50 2 is incorporated in the base, connected to S14.
See also "General Operational Recommendations Photomultiplier tubes'.

Divider circuits B and B' are examples of "progressive dividers", each giving a
compromise between gain, speed, and linearity. Other dividers can be conceived to
achieve other compromises. It is generally advisable to keep the increase in voltage
between one stage and the next to less than a factor 2.




XP2040
XP2040Q

LIMITING YVALUES (Absolute max. rating system)

. 1 : o -
Supply voltage ) max. 3000 V
Continuous aunode current . 5y max. 0,2 mA
2 max. 800 %
Voltage between first dynode and photocathode ) . !
g St ey P 4 min, 400V
Voltage between focusing electrod
ltage betw focusing electrode gy max. 300 v
and photocathode
Voltage between accelerating electrode max., 18 Vg
and photocathode . min. 14 Vg
Voltage between consecutive dynodes max. 500 Vv
L, 3 3 max., 500 \%
Voltage between anode and final dynode ) o
N min. 80 \%
. 4
Ambient temperature range ) '
max.  +80 oC
Operational (for short periods of time )
pera ( P ne) min. -30 oC
max. +50 o°c

Continuous operation and storage .
F 8 min, -30 e

) Total HT supply voltage, or the voitage at which the tube circuited in voltage
divider "A" has a gain of 3 x 108 , whichever is lower.
) Minimum value to obtain good collection in the input optics
3 . . ;
) When calculating the anode voltage the voltage drop across the load resistor should
be taken into account.
4
) This range of temperatures is limited principally by stresses in the sealing layer
of the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.
5) For applications requiring a high stability a value of <10 pA is recommended.
6 ;i ' ” Tine 1078



- XP2040
XP2040Q

MECHANICAL DATA

Net mass
ACCESSORIES

Socket

Mu -metal shieid

1340 g

outer conductive —pjt—-
coating

7263204

plano concave.

adapter 4 éx%‘f%::;“;@é )
photocathode '

20-pin (JEDEC B20-102)

type
type

Dimensions in mm

< B136,5 max —

a—— G110 min ——*

atuminium

= 3 b
l

|

|

@518
“*“max *

<+— @9t may —»!

FE1020
56133

7269206

The XP2040 may be used with the base assembly $5630/03, consisting of two magnetic
shields, a voltage divider, a mechanical system with provisions for mounting the
photomultiplier tube and a scintillator. Details available on request.

Optical coupling silicone grease is supplied with each tube. This grease should be applied
to the adapter - photomultiplier interface before operation.

i
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XP2040Q
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XP2041
XP2041Q

14-STAGE PHOTOMULTIPLIER TUBE

The XP2041 (XP2041Q) is a 110 mm (useful diameter) head-on photomultiplier tube with
a concave~-convex window and a semi-transparent bialkaline type D photocathode.

The tube is intended for use in nuclear physics where the number of photons to be
detected is very low or where good time characteristics are required (coincidence
measurements, Cerenkov counters).

A plano-concave plastic adapter supplied with tube type XP2041 enables transmission
from 300 nm. The XP2041Q is supplied with a plano-concave quartz adapter enabling
transmission at a wavelength of 200 nm and higher.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
extended ultraviolet

Useful diameter of the photocathode > 110 mm
Supply voltage for a gain of 3 x 107 2200 v
Quantum efficiency at 401 nm ‘ 26 %
Cathode spectral sensitivity at 401 nm 85 mA/W
Anode pulse rise time (with voltage divider B') = 2 ns
Linearity .

with voltage divider A up to = 30 mA

with voltage divider B up to = 220 mA

with voltage divider B’ up to = 80 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier
tubes",

GENERAL CHARACTERISTICS
Window

Glass : Ultraviolet transmitting (type Schott 8337 or equivalent) 1 ~

Shape concave-convex
Radius of curvature 183 £5 mm
Refractive index at 550 nm ' 1, 48

1y This glass window must be protected from humidity.

T Alvsssaswrrs 1TOT4L | l ’l l
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XP2041Q

Photocathode
Semi-transparent, head-on
Useful diameter

Spectral sensitivity characteristic (Fig.4)

Material

Maximum spectral sensitivity at

Spectral sensitivity at 401 + 3 nm

Multiplier system
Number of stages
Dynode structure
Dynode material
Capacitances
Grid no. 1 to k+ga+acc+S1
Anode to final dynode

Anode to ail

Magnetic field

Cgl1/k, g2, acc, S1
Ca/sie
Ca

110 mm

type D
extended ultraviolet

bi-alkaline Sb-K -Cs

400 + 30 om
typ. 85 mA /W
> 65 mA/W

14

linear focused

Cu-Be

70 pF
5 pF
7 pF

When the photocathode is illuminated uniformly the anode current is halved

(at Vi, = 1900 V, voltage divider A):

- at a magnetic flux density of 0, 15 mT in the direction of the longitudinal axis;
- at a magnetic flux density of 0, 13 mT perpendicular to axis a);
- at a magnetic flux density of 0,05 mT parallel to axis a) (see Fig. below)

It is recommended that the tube be screened against the influence of magnetic fields
by a mu-metal shield protruding >15 mm beyond the photocathode.

N
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XP2041Q

RECOMMENDED CIRCUITS

81,82
acc

Sn.
a
Ry,

jo»
e

S7 S8 EPE S0 St sz s Sk

~13

R
L= Vig > Vg |a= Vg 4= Vg - Vg -o|4=Vg -pla= Vg vla=Vg -l Vg sl Vg -sle— Vg o Vg ->|e-Vg
I S S S S o S S S — ) o

Vb =19 Vs Vp
Fig.1 Voltage divider A +HT
a
S2 S3 Sk S5 S6 S7 S8 SS9 S10 St S12 S13 Sia
2 s s 3 S5 ST S8 53w Sz 53 s ampl.
Ru
~13 125 15 15 175 25 3,5 45 8 10
4= Vg = 4= Vg 4= Vg —|a= Vg ol Vg o=V —dla= Vg | Vg 4= Vg |4~ Vg —s| 4= Vg |4~ Vg o |4~ Vg —»|
—{ L{:H - H

V= 455 Vg Vo
72721261 [e)

Fig. 2 Voltage divider B

S4 S

2 0% 3

S6

S5 s so s sz o
r 3 g

5
192

|+~ Vg —+le- Vg -]

e~ Vg |

—HT

cathode
focusing electrodes

Fig. 3 Voltage divider B’

accelerating electrode

dynode no.n
anode
load resistor

The voltage between k and g7 should be

adjusted at about 1,7 Vg for voltage dividers
A and B' or at about 2Vg for voltage divider B.

4= Vg~ = Vg e Vg e Vg —s{a- Vg v 4= Vg —»a— Vg |- Vg -»le- Vg |

g N gy R N B o R ) Ny O

L f—

Vp =235 Vg e

rznanasa )

‘R=This resistor serves to connect the anode
when the output cable is not terminated.
Recommended value : 10 kQ.

The cathode resistor of 1 MQ limits the
current in case of unintentional contact
between the conductive coating and earth
when the anode is earthed.

The voltage between S1 and S2 should be
adjusted at about 0,7 Vg.
Typical value of capacitors: 1 nF.

|
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XP2041
XP2041Q

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1)

Supply voltage for a gain G of 3x 107, Fig.6 9

Anode davk current at G = 3x 107, Fig.6 1) 2)
Anode pulse rise time at Vi, = 2200 V 3) 4
Anode pulse width at half height

at Vi = 2200 V )
Signal transit time at Vp = 2200V 3

Anode current linear within 2%, at V=2200 V
up to.

Obtainable peak anode current

With voltage divider B (Fig. 2) 5)
Gain at Vy, = 2800 V. Fig.6
Anode pulse rise time at Vi = 2800 V 3) 4)
Anode pulse width at half height

at Vi = 2800 V 3
Signal transit time at Vi, = 2800 V 3

Signal transit time difference between the centre of the
photocathode and 50 mm from the centre at V5 =2800V

Anode current linear within 2%, at Vp = 2800 V
up to

Obtainable peak anode current

With voltage divider B' (Fig. 3) 9)
Gain at Vy, = 2500 V, Fig.6
Anode pulse rise time at Vi = 2500 V 3 4
Anode pulse width at haif height

at Vb = 2500 V 3
Signal transit time at Vp = 2500 V 3

Signal transit time difference between the centre of the
photocathode and 50 mm from the centre at V},=2500V

Anode current linear within 2%, at Vi, = 2500 V
up to
Obtainable peak anode current

Notes see-p')age 5.

<

2700

typ. 2200

-

<

600

typ. 30
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Notes to page 4

].)

2

~

4

~

wn
~

‘Wherever possible, the photomultiplier power supply should be arranged so that the
cathode is earthed and the anode is at +HT, however, it is sometimes necessary to
supply the tube with the anode earthed and the cathode at -HT. Under these circum -
stances, erratic noise and dark current are generally increased and unstable,
particularly immediately after application of voltage. The tube is provided with

a conductive coating connected to the cathode. It is recommended to keep the metal
envelope at cathode potential. This implies safety precautions to protect the user.

Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness ( = 1/4 h).

Measured with a pulsed light source with a pulse duration of <1 ns; the cathode being
completely illuminated.

The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating pulse
at the ca.thodebecpmes maximum, and the instant at which the anode pulse attains its )
maximum. Rise time, pulse width, and transit time vary as a function of the HT supply
voltage Vy,, approximately as Vb"l/Zy

A non-inductive resistor of 50 Q is incorporated in the base, connected to Si4.

See also "General Operational Recommendations Photomultiplier tubes"

Divider circuits B and B* are examples of "progressive dividers"”, each giving a
compromise between gain, speed, and linearity. Other dividers can be conceived to
achieve other compromises. It is generally advisable to keep the increase in voltage
between one stage and the next to less than a factor 2.




XP2041
XP2041Q

LIMITING VALUES (Absolute max. rating system)

Supply voltage

Continuous anode current

Voltage between first dynode and photocathode

Voltage between focusing electrode g
and photocathode

Voltage between accelerating electrode
and photocathode

Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range

Operational (for short periods of time)

continuous operation and storage

|

D)
5)

2y

max.

max.
min.

max.
min.

max.

min.

min.
max.
min.

3000
0,2

800
400

300

18
14

500

500
80

+80
-30
+50
-30

oC
o°C
oC
oC

1) Total HT supply voltage, or the voltage at which the tube circuited in voltage

divider "A" has a gain of 3x 10°, whichever is lower.

2) Minimum value to obtain good collection in the input optics.

3) When calculating the anode voltage the voltage drop across the load resistor should

be taken into account.

4) This range of temperatures is limited principally by stresses in the sealing layer

of the base to the glass bulb.

Where lowtemperature operation is contemplated, the supplier should be consulted.

5) For applications requiring a high stability a value of < 10pA is recommended.
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XP2041
XP2041Q

MECHANICAL DATA

Dimensions in mm

<—— @136,5 max ——
210 min aluminium
plano-concave _
adapter T § %‘f‘ ~~~~~ 2 b4
photocathode
-« #1301 —»
outer conductive 174
coating 5
259
5 281
max
b
At
232, v
e '
7518
“*max ~
<— @91 max — 7269206

72692064

Base : 20-pin (JEDEC B20-102)

Net mass : 1340 g

ACCESSORIES

Socket type FE1020
Mu-metal shield type 56133

The XP2041 may be used with the base assembly $5630/03, consisting of two magnetic

shields, a voltage divider, a mechanical system with provisions for mounting the
photomultiplier tube and a scintillator. Details are available on request.

Optical coupling silicone grease is supplied with each tube. The grease should be applied

to the adapter-photf)multiplier interface before operation.

I I
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100 72721331
AT
T
\\
Nkr \
AmA/W) / \
/ \
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Spectral sensitivity characteristic
(without adapter or with quartz adapter).
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XP2041Q
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XP2050

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBE

The XP2050 is a 110 mm useful diameter head-on photomultiplier tube with a flat window and a semi-
transparent bialkaline type D photocathode. The tube is intended especially for scintillation counting
in different fields, such as gamma spectrometry or high energy physics (large dimensional Cerenkov
counters).

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 110 mm
Quantum efficiency at 401 nm 95 mA/W
Supply voltage for an anode spectral

sensitivity of 12 kA/W at 401 nm 1270 Vv
Pulse amplitude resolution ('37 Cs) ~ 75 %
Mean anode sensitivity deviation ~ 1%

To be read in conjunction with General Operational Recommendations Photomultiplier tubes.

GENERAL CHARACTERISTICS

Window

Material borosilicate
Shape plano-plano
Refractive index at 550 nm 1,48

Photocathode *
Semi-transparent, head-on

Material Sb-K-Cs
Useful diameter > 110 mm
Spectral sensitivity characteristic (Fig. 4) type D

* The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is thus recommended that it should not be subjected to light of too great an intensity;
the cathode current should be limited, for example, to 1 nA at room temperature or 0,1 nA at
—30 OC. If too high a photocurrent is passed, the cathode can no longer be considered to be an
equipotential surface, and the focusing of electrons onto the first dynode will be affected, resulting

in departure of linearity.
\ ﬁecerﬁber 1977



XP2050

Photaocathode {continued)

Maximum spectral sensitivity at 400 = 30 nm

Cuantum efficiency at 4071 = 3 nm 29 %
typ. 95 mA/W

Spectral sensitivity at 401 + 3 nm Nicr \/yp 5 EA;W

Multiplier system

Number of stages 10
Dynode Structure venetian blind
Dynode material Cu-Be
Capacitances
anode to final dynode p I~ 7 pF
anode to all ~ 85 pF

Magnetic field

When the cathode is iliuminated uniformly the anode current is halved (at Vi, = 1500 V) at a magnetic
flux density of 0,2 mT perpendicular to the tube axis.

It is recommenided that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathede.

RECOMMENDED CIRCUITS

acce

‘:@lél 2 s3 Sk S5 S8 ST SS9
T2 2 A A 2 2

amplifier

2
-V D B Y B S Y R DR
S I s NN o N B e “‘"(:"‘"f:}""“:]"hl
A
< Vb =12 V5 P
e} 72692174 le)
-7 +HT

Fig. 1 Voltage divider A, Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode;
Sp = dynode no.; a = anode; Ry = load resistor.
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10-stage venetian blind photomultiplier tube XP2050

acc
k 1 S1 S2 S3 sS4 S5 S6 S7 S8 S9 S10 a Jifi
!1, 7{7 T 3 Jy T T N ampfitier
Re
3 .
[ Vg VgDV PV P4V PV PV PV DV g PV gDV gD
g T o B @D’-{:ﬁ@"j
< Vp=13Vg >
o
-HT +HT 72626352

Fig. 2 Voltage divider A—1. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating elec-
trode; Sy, = dynode no.; a = anode; R|_= load resistor.

The accelerating electrode potential should be adjusted for optimum pulse amplitude resolution.

TYPICAL CHARACTERISTICS note
With voltage divider A (Fig. 1) 1
Supply voltage for an anode spectral ’

sensitivity Ngr = 12 kA/W at 401 nm (Fig. 5) Ep }ggg \\;
Anode spectral sensitivity at V = 1500 V ~ 35 kA/W

< 5 nA

Anode dark current at Ng, =12 kA/W at 401 nm 2 typ. 05 nA
Anode current linear within 2% at V, = 1500 V upto =~ 10 mA
With voltage divider A—1 (Fig. 2)
Anode spectral sensitivity at V, = 1500 V and 401 nm (Fig. 5) ~ 25 kA/W
Pulse amplitude resolution for '*’Cs at Ng, = 12 kA/W 3 ~ 75 %
Anode current linear within 2% at Vi, = 1500 V upto ~ 10 mA
Mean anode sensitivity deviation 4

long term (16 h) ~ 1%

after change of count rate ~ 1 %
Anode pulse rise time at Vi, = 1500 V 5 ~ 16 ns
Anode pulse width at half height at Vi = 1500 V 5 ~ 40 ns
Signal transit time at V}, = 1500 V 5 ~ 90 ns

Notes see page 4.
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XP2050

LIMITING VALUES (absoiute maximum rating system) note
Supply voltage 6 max. 2000 V
Continuous anode current max. 0,2 mA
' max. 500 V
Voltage between first dynode and photocathode 7 min. 150 V
Voltage between accelerating electrode and photocathode max. 500 V
Volitage between consecutive dynodes ' max. 300 V
Voltage between anode and final dynode 8 max. 300 V
0 st e © o
perational (for short periods of time) min.  —30 OC

continuous operation and stora max. +50 9C
P 9e min. —30 9C

Notes

1. Wherever possible, the power supply should be arranged so that the cathode is earthed and the anode
is at + HT, however, it is sometimes necessary to supply the tube with the anode earthed and the
cathode at —HT. Under these circumstances, erratic noise and dark current are generally increased
and unstable, particularly after application of voltage. The glass envelope of the tube should be
supported only by isolators having an insulation resistance of > 10'® ohm.

2. Dark current is measured at ambient temperature, after a stabilization period of the tube in darkness
(=% h).

3. Pulse amplitude resolution for 37 Cs and ®7 Co is measured with an Nal (T1). cylindrical scintillator
(Quartz et Silice serial no. 4170 or equivalent) with a diameter of 75 mm and a height of 75 mm.
The count rate used is ~ 10* c/s.

4. The mean anode sensitivity deviatior is measured by coupling an Nal (TI) scintillator to the window
of the tube. Long-term (16 h) deviation is measured by placing a '*’ Cs source at a distance from the
scintillator such that the count rate is = 10* ¢/s, corresponding to an anode current of ~ 300 nA.
Mean anode sensitivity deviation after change of count rate is measured with a '*” Cs source at a
distance from the scintillator such that the count rate can be changed from ~ 10* ¢/s to ~ 10° ¢/s,
corresponding to anode currents of ~ 300 nA and ~ 30 nA respectively. Both tests are carried out
according to ANSI-N42-9-1972 of IEEE recommendations. .

5. Measured with a pulsed light source, with a pulse duration (FWHM) of < 1 ns: the cathode being
completely illuminated. The rise time is determined between 10% and 90% of the amplitude of the
anode pulse. The signal transit time is measured between the’instant at which the illuminating puise
at the cathode becomes maximum, and the instant at which the anode pulse attains its maximum.
Rise time, pulse duration and transit time vary as a function of high tension supply voltage Vp,
approximately as Vb'Vz. .

6. Total HT supply voltage, or the voltage at which the tube has an anode spectral sensitivity of
~ 300 kA/W, whichever is lower.

7. Minimum value to obtain good coliection in the input optics.

8. When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.

9. This range of temperatures is limited by stresses in the sealing layer of the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.

December 1977w (



‘10-stage venetian blind photomultiplier tube XP2050

MECHANICAL DATA Dimensions in mm

[¢— P130 max ——»
photocathode <—— #110 min ~—>]
T === = [ A
R17
89—t
+5 1
50
| '\'h0° 171
——/4’ “ x5 195
R19 251 max
157
\
v
7269215
) K —| @58max le—

7269216

Fig. 3.

Base: IEC 67—1—16a (Jedec B14—38) .
Net mass: 460 g

ACCESSORIES
Socket type FE1014
Mu-metal shield type 56133
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102 7277479
/
4
Nkr
(mA/W)
10
\ =
\
Fig. 4 Spectral sensitivity characteristic. ) 1
200 400 600 800
A (nm)
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10-stage venetian blind photomultiplier tube XP2050

103 7277480
Nar Nar
(kA/W) volt.div. A
Nar

/ volt.div. A-1

'ao

(nA) v

A/ lao
10 7 Y volt.div. A

b 7
44
/ 1/
/ A
A/ /
// //
/ /
// 4 7
1 A ,/
7 7 4
A 4 ya
/1 7/
7
/ /
4 pd
10~
800 900 1000 1200 1500y (y) 2000

Fig. 5 Anode spectral sensitivity N, and anode dark current 154 as a function of the
supply voltage Vp,
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7262625.1
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I
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Fig. 6 Relative anode current as a
function of the voltage between
dynodes S6 and S5, normalized
to Vg. Vg7/55 constant,

Fig. 7 Relative anode current as a
function of the voltage between
anode and final dynode.
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XP2230
XP2230B

12-STAGE PHOTOMULTIPLIER TUBE

The XP2230 is a 44mm useful diameter head-on photomultiplier tube with a plano-concave
window and a semi-transparent bialkaline type D photocathode.

The tube is intended for use in nuclear physics where the number of photons to be
detected is very low. The tube features a high cathode sensitivity and a good linearity
combined with very low background noise and very good time characteristics. It is
especially useful in high-energy physics experiments such as coincidence measurements,
Cerenkov detection etc. )

The XP2230B is provided with a 20-pin plastic base. This version may be used as a plug-
in replacement for the 56DVP.

QUICK REFERENCE DATA
Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 44 mm
Quantum efficiency at 401 nm 28 %
Spectral sensitivity of the photocathode at 401 nm 90 mA/W
Supply voltage for a gain G = 3 x 107 2300 V
Background noise = 600 c/s
Pulse amplitude resolution for 137Cs = 7,5 %
Anode pulse rise time (with voltage divider B') ‘ = 1,6 ns
Linearity (with voltage divider B) - up to = 280 mA
Signal transit time fluctuation at Vi, = 2500 V ~ 0,35 m&s

To be read in conjunction with "General Operational Recommendations Photomultiplier
tubes".

GENERAL CHARACTERISTICS

Window
Material. borosilicate
Shape plano-concave

Refractive index at 550 nm 1,48




XP2230
XP2230B

Photocathode 1y

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 4)
Maximum spectral sensitivity at

Quantum efficiency at 401 nm

%)

Spectral sensitivity at 401 = 3 nm

Electron optical input system

Sb-K-Cs
> 44 mm
type D
400 £ 30 nm
28 %
typ. 90 mA/W
> 65 mA/W

This consists of : the photocathode, k, and the accelerating electrode, acc, for type

XP2230B internally connected to S1.

Multiplier system

Number of stages
Dynode structure
Dynode matexrial
Capacitances
Anode to all

Anode to final dynode

Magnetic field
See Fig.9

12

linear focused

Ag-Mg
= 6 pF
Ca/si12 ~ 4 pF

It is recommended that the tube be screened against the influence of magnetic fields by
a mu-metal shield protruding > 15 mm beyond the photocathode.

7273509

XP2230

Notes see page 5.

7273510

XP22308B

Axis a) with respect to base pins (bottom view)
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XP2230

XP2230B
RECOMMENDED CIRCUITS
K acc
_@ s S2 §‘1 S4 S5 S6 S7 S8 S9 S10
\ T Y T Y YT

- 16,5 Vg
o
“HT Fig. 1 Voltage divider A 7268439.2  +HT

S7 S8 S9 $10 SN S12

‘_. RL
, 3,5 4,5 8 10
-+ Vg —»|e- Vg »le- Vg »le— Vg >le- Vg e Vg > Vg »|e Vg >l Vg >l Vs>
—{ "t g >-{:_]-‘LI:-"-:H
+— 6Vg —le— 25Vg—> ”
e L e |
L4V AT
o . - 7268440.2 o)
-HT Fig. 2 Voltage divider B +HT
K acc
_@ 1 _S_‘l S2 Sr3_ S4 S5 S6 S7 §8 S9 §_10 2‘1_1' S12
2 2 2 2 2 2 2 2 2 2
R
16 3 2,5
) 4 Vg—le— Vg >le-Vg »le- Vg »|e- Vs> Vg Vg—>|e-Vg—»
T S —
¢—-4VS—>L— 2,5Vg—> It
1r
——L— b= i
211 Vs Yo
o X _ 7268641.2 o
-HT Fig. 3 Voltage divider B’ +HT
k = cathode R = This resistor serves to connect the
. anode when the output cable is not
acc = accelerating electrode .
terminated.
Sp = dynode no. n Recommended value : 10 k2
Rp, = load resistor Typical value of capacitors: 1 nF
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I
1

K 1 S1 S2 S3 S4 S5 S6 ’
WEEEEEEEEEEREED L.

ampl.




XP2230
XP2230B

TYPICAL CHARACTERISTICS
With voltage divider A (Fig.1)

Supply voltage for a gain G = 3 x 107 (Fig. 6)
Anode dark current at G = 3 x 107 (Fig. 6)

Background noise at G= 3 x 107 (Fig.5)

Pulse amplitude resolution for 137Cs
at Vi = 1200 V

Anode pulse rise time at Vj, = 2000 V
Anode pulse duration at half height at Vi, = 2000 V
Signal transit time at Vy, = 2000V

Signal transit time difference between the centre
of the photocathode and 18 mm from the centre
at Vp = 2000 V

Anode current linear within 2% at Vi, = 2000 V up to

Obtainable peak anode current

With voltage divider B (Fig.2)

Gain G at Vi, = 3000 V (Fig. 6)

Anode pulse rise time at Vi, = 3000 V

Anode pulse duration at half height at V, = 3000 V
Signal transit time at Vp = 3000 V

Signal transit time difference between the centre
of the photocathode and 18 mm from the centre
at Vi, = 3000 V

Anode current linear within 2% at Vi, = 3000 V up to

Obtainable peak anode current

With voltage divider B' (Fig.3)
Gain G at Vi, = 2500 V (Fig.6)

Anode pulse rise time at Vi, = 2500 V

Anode pulse duration at half height at Vi, = 2500 V
Signal transit time at Vi, = 2500 V

Signal transit time fluctuation at Vi = 2500 V

Signal transit time difference between the centre
of the photocathode and 18 mm from the centre
at Vi, = 2500 V

4) 5)

6)

3)

8)

8)
9)

8)

typ. 2300
< 2600

typ. 7
< 25

= 600

= 7,5
= 1,8
= 3,8
= 28

= 0,6
= 25
= 100

Y

0,65
= 280

Q

0,5 to 1

~ 2x107
= 1,6
= 2,7
= 28
= 0,35

nA

c/s

%
ns
ns

ns

ns
mA
mA

ns
ns

ns

ns

mA

ns
ns
ns

ns

ns
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XP2230

XP2230B

Anode current linear within 2% at Vi = 2500 V up to = 70 mA

Obtainable peak anode current } = 250 mA

l) The bialkaline photocathode has a significant resistance which increases rapidly with
reducing temperature. It is thus recommended that it should not be subjected to light
of too great an intensity; the cathode current should be limited to, for example, 1 nA
at room temperature or 0,01 nA at -80 °C.

If too high a photocurrent is passed, the cathode can no longer be considered to be an
equipotential surface, and the focusing of electrons onto the first dynode will be affec-
ted, resulting in departures of linearity.

2
3

~

Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

~

B and B' are examples of progressive dividers, each giving a compromise between
gain, speed, and linearity. Other dividers can be conceived to achieve other compro-

mises. It is generally recommended that the increase in voltage between one stage and

the next be kept less than a factor of 2.
4

~

Wherever possible, the photomultiplier power supply should be arranged so that the
photocathode is earthed and the anode is at +HT, however, it is sometimes necessary

to supply the tube with the anode earthed and the cathode at ~HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable, particu-

larly immediately after application of voltage. It is recommended that, if a metal
shield is used, this be kept at cathode potential. This implies safety precautious to
protect the user. The glass envelope of the tube should be supported only by isolators
having an insulation resistance of > 1015 Q.

5

~

Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (% 1/4 h).

6

~

After having been stored with its protective hood, the tube is placed in darkness with
Vi, set to a value to give a gain of 3 x 107.

After a 30 min stabilization period noise pulses with a threshold of 4,25 x 10713 C
(corresponding to 0, 1 photoelectron) are recorded. (See Fig.5).

7y Pulse amplitude resolution for 137¢s is measured with a Nal (T1) cylindrical scintil-

lator with a diameter of 44 mm and a height of 50 mm. The count rate is = 103 ¢/s.

~—

o]
~

- Measured with a pulsed-light source with a pulse duration of < 1 ns; the cathode being
completely illuminated.
The rise time is determined between 10% and 90% of the amplitude of the anode pulse.

The signal transit time is measured between the instant at which the illuminating pulse

at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum.

Rise time, pulse duration, and transit time vary as a function of the HT supply voltage,

Vp, approximately as Vp-3.

9) Transit time fluctuation is defined as the standard deviation of the transit time distri-
bution of single electrons leaving the photocathode.

To obtain a peak pulse current greater than that obtainable with divider A, itisnecess-
ary to increase the inter-dynode voltages of the stages progressively. Divider circuits

I Il



XP2230
XP2230B

LIMITING VALUES (Absolute max. rating system)
Supply voltage
Continuous anode current

Voltage between first dynode and photocathode

Voltage between consecutive dynodes
(except S12 and S11)

Voltage between dynode S12 and dynode S11
Voltage between anode and final dynode
Ambient temperature range

XP2230

Operational (for short periods of time)

Continuous operation and storage

XP2230B
Operational (for short periods of time)

Continuous operation and storage

10y

12)

max.
max.

max.
min.

max.
max.

max.
min.

max.
min.
max.
min.

max.
min.
max.
min.

3000
0,2

800
300

400
600

700
80

+80
-80
+50
-80

+80
-30
+50
-30

<<

<< < <

10) Total supply voltage, or the voltage at which the tube has.a gain of 2 x 108, whichever

is lower. |

11y Minimum value to obtain good collection in the input optics.

12) When calculating the anode voltage the voltage drop across the load resistor should be

taken into account.

13) This range oftemperatures is limited principally by stresses in the sealing layer of the

base to the glass bulb.

Where low temperature operation is contemplated, the supplier should be consulted.

A ’ '
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XP2230
XP2230B

MECHANICAL DATA

polished

XP2230

< @535 max >
< BL4 min >

surface

photocathode—

9+05
L

g

A

max

v

17
max y

rzesusss S k
Base: 21-pin all-glass
Net mass: 160 g
ACCESSORIES

Socket: for XP2230 type FE2021

Mu-metal shield: type 56128 or type 56130

)

72684351

polished

< (@53,5 max—»|

Dimensions in mm

XP22308B

< DLLmin

surface

photocathode—

7268438

for XP2230B type FE1020

+ &5

o
33
SN

190 g

y

7268437.2

Base: 20-pin (IEC 67-1-42a, JEDEC B20-102)

Tanniar
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XP2230B
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XP2230B
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MAINTENANCE TYPE 56AVP

14-STAGE PHOTOMULTIPLIER TUBE

The 56AVP is a 44 mm (useful diameter) head-on photomultiplier tube with a plano-concave
window and a semi-transparent S11 (type A) photocathode. The tube is intended for use in
nuclear physics where good time characteristics are required(coincidence measurements,
Cerenkov counters, etc).

The 56AVP can be used in a special mounting assembly S5630/01 consisting of two mag-
netic shields, scintillator holder, voltage divider and mechanical housing.

QUICK REFERENCE DATA

Spectral sensitivity characteristic S11 (type A)
Useful diameter of photocathode > 44 mm
Spectral sensitivity of the photocathode at 437 nm 60 mA/W
Supply voltage for a gain of 3 x 107 1800 A%
Anode pulse rise time (with voltage divider B') = 2,1 ns
Linearity

with voltage divider A up to = 30 mA

with voltage divider B up to = 280 mA

with voltage divider B' up to = 80 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier
Tubes".

GENERAL CHARACTERISTICS

Window

Material ) borosilicate B
Shape plano-concave
Refractive index at 550 nm 1,48

i B 1



56AVP

Photocathode

Semi-transparent, head-on

Material ‘ SbCs

Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 4) S11 (type A)
Maximum sensitivity at 420 £ 30 nm
Luminous sensitivity t>yp Zg Eiﬁiﬁ
Spectral sensitivity at 437 5 nm 60 mA/W

Electron optical input system

This system consists of : the photocathode; the focusing electrode gy; the accelerating
electrode acc, internally connected to Sy.

Multiplier system

Number of stages 14
Dynode structure linear focused
Dynode material Ag-Mg
Capacitances
Grid no.1 to k+ St + acc Cgl/k, S1, acc =~ 25 pF
Anode to all Ca ~ 9,5 pF
Anode to final dynode Ca/s14 = 7 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at V= 1800V,
voltage divider A):

- at a magnetic flux density of 0,2 mT in the direction of the longitudinal axis;

- at a magnetic flux density of 0, I mT perpendicular to axis 2) (see Fig. below);

- at a magnetic flux density of 0,05 mT parallel to axis 2).

It is recommended that the tube be screened against the influence of magnetic fields by
a mu-metal shield protruding > 15 mm beyond the photocathode.

7273207

Axis a) with respect to base pins (bottom view).

2 \ l ‘ ’ December 1977



56AVP

RECOMMENDED CIRCUITS
a
S2 S3 s4 S5 s6. ST S8 S9 S0 SN S12 S13 Sl4
r2 A 2 A 2 2 2 2 ¥ brem
Ry
~1 ~15
[+ Vg —>le= Vg e Vg —le- Vg e Vg »le= Vg >le- Vg +le Vg |4 Vg —»le- Vg |4 Vg |4 V5|4 Vg —>le Vg |
-
Fig.1 Voltage divider A
Vp=17,5 Vg Vb
7273198 $
+HT
a
S2 s3 sS4 S5 s6 ST S8 S3  SI0 S13 S14
p2 2 2 2 2 A 2 F ¢ ¥ brew
R
1 | w15 . , R 8 10
4+~ Vg —le— Vg —|e Vg —p{a- Vg e Vg (e~ Vg e Vg —le- Vg »le- Vg | < Vg |+ Vg —»|
{1 g S
1
1
Fig.2 Voltage divider B
g g ! e
V=445 Vg Vb
: 72731991 1)
+HT
a
S2 s3 s4 S5 s6 S7 S8 S S0 s” s12  S13 Stk
T T Y Y YV VY v Y
R
~15 1,5 | 16 3 25
(= Vg e Vg —>le Vg (e Vg »(e= Vg > [a= Vg /e Vg > (¢ Vg —»[¢ Vg >[4 Vg—>[¢ Vg —|e Vg (e Vg
— }— *:*D—**ED—NZH—:I—*
L 1
| 1
Fig. 3 Voltage divider B' I f -
Vp=22,1Vs Vi
7273200 o]
-HT +HT
k  =cathode R = This resistor connects the anode
g1 = focusing electrode when the output cable is not termin-

acc = accelerating electrode
S, =dynode no. n

a = anode

R1, =load resistor

ated. Recommended value: 10 k<.

The cathode resistor of 1 MQ
limits the current in case of
unintentional contact between the
conductive coating and earth when
the anode is earthed.

Typical value of capacitors: 1 nF.

| :



56AVP

TYPICAL CHARACTERISTICS
With voltage divider A (Fig.1)

Supply voltage for a gain of 3 x 107 —(Fig. 6)

Anode dark current at G = 3x 107 (Fig. 6)

Anode pulse rise time at Vp = 1800 V

Anode pulse duration at half height at Vi, = 1800 V
Signal transit time at Vi = 1800 V :

Anode current linear within 2%, at Vi, = 1800 V up to

Obtainable peak anode current

With voltage divider B (Fig. 2)
Gain at Vi, = 2500 V (Fig. 6)

Anode pulse rise time at Vi, = 2500 V
Anode pulse duration at half height at Vi) = 2500 V
Signal transit time at Vi = 2500 V

Signal transit time difference between the centre
of the photocathode and 18 mm from the centre,
at Vi = 2500 V

Anode current linear within 2%, at Vi = 2500 V up to

Obtainable peak anode current

With voltage divider B' (Fig. 3)
Gain at Vi, = 2200 V (Fig. 6)

Anode pulse rise time at Vi = 2200 V

Anode pulse duration at half height at V, = 2200 V
Signal transit time at Vi, = 2200 V

Signal transit time fluctuation at Vp = 2200 V

Signal transit time difference between the centre
of the photocathode and 18 mm from the centre,
at Vi, = 2200V

Anode current linear within 2%, at Vi, = 2200 V up to

Obtainable peak anode current

Notes see page 5.

1y

2)3y
4)35)
45)
4)3)

4)3)
45)
4)5)

43)
4)3)
4)5)

u

Q

1

2300
1800

1500

20

2,3
4,5
46
30
100

1,2x 107
2,6
3,9
48

0,8
280
0,5t0 1,0

8 x 107
2,1
3,5

44
0,5

0,5
80
300

v
v

nA
nA

ns
ns
ns
mA
mA

ns

-ns

ns

ns

mA

ns
ns
ns

ns

ns
mA
mA

.
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S56AVP

Notes to page 4

1) To obtain a peak pulse current greater than that obtainable with divider A , it is

2

3

4

5

6

)

~

~

~

~

necessary to increase the inter -dynode voltages of the stages progressively.

Divider circuits B and B' are examples of "progressive" dividers, each giving a com-
promise between gain, speed, and linearity. Other dividers can be conceived to
achieve other compromises. It is generally recommended to keep the increase in
voltage between one stage and the next less than a factor of 2,

Wherever possible, the photomultiplier power supply should be arranged so that the
cathode is earthed and the anode is at + HT, however, it is sometimes necessary to
supply the tube with the anode earthed and the cathode at = HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable, particu-
larly immediately after application of voltage. The tube is provided with a conductive
coating connected to the cathode. It is recommended that, if a metal shield is

used, this be kept at cathode potential. This implies safety precautions to protect the
user. The glass envelope of the tube should be supported only by isolators having an
insulation resistance of > 101°Q.

Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (= 1/4 h).

Measured with a pulsed-light source, with a pulse duration (FWHM) of <1 ns, the cathode
being completely illuminated. '

The rise time is determined between 10% and 90% of the amplitude of the anode pulse,
The signal transit time is measured between the instant at which the illuminating

pulse at the cathode becomes maximum, and the instant at which the anode pulse at-
tains its maximum. Rise time, pulse duration and transit time vary as a function of high
tension supply voltage Vi, approximately as Vb—1/2

A non-inductive resistor of 50 2 is incorporated in the base, connected to S14. See
also "General Operational Recommendations Photomultiplier Tubes".

Transit time fluctuation is defined as the standard deviation of the transit time distri-
bution of single electrons leaving the photocathode. '




56AVP “

LIMITING VALUES (Absolute max. rating system)

Supply voltage Ly ‘ max. 2500 V
Continuous anode current 5) max. 0,2 mA
. 2 max. 800 V
Voltage between first dynode and photocathode ) min, 250 V
Voltage between focusing electrode gy and photocathode max. 100 V
Voltage between consecutive dynodes max. 500 V
. 3 max. 500 V
Voltage between anode and final dynode ) min, 80 V
Ambient temperature range 4)

max. +80 °C

Operational (for short periods of time) min. =30 OC

max. +50 °C

Continuous operation and storage min. =30 °C

1) Total HT supply voltage or the voltage at which the tube has a gain of 2x 108,

whichever is lower.

2) Minimum value to obtain good collection in the input optics

3) When calculating the anode voltage the voltage drop across the load resistor should be
taken into account.

4y This range of temperatures is limited principally by stresses in the sealing layer of
the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.

5) For applications requiring a high stability a value of < 10 pA is recommended.

6 ' ) I ‘ Neremhar 107K



56AVP

<-@52,5max-+

Dimensions in mm

‘Woh min—*

I+
(3]

MECHANICAL DATA
)
photocathode -/
a St
ic S12
outer conductive
SN S8 coating
S7 sS4
S5 s2

outer copductive
Slacc g1 coating

7269591 l.c. k

Net mass: 235 g

Base: 20-pin (JEDEC B20-102)
ACCESSORIES

Socket type FE1020
Mu-metal shield type 56130

72695901

|
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Fig. 4

Spectral sensitivity characteristic

Fig. 5

Relative gain as a function of the voltage
between S2 and S1, normalized to Vg
Vs3/S1 constant
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Fig. 7

Relative gain as a function of the voltage
between S5 and S4 normalized to Vg
Vs6/S4 constant
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MAINTENANCE TYPE

56CVP

10-STAGE PHOTOMULTIPLIER TUBE

The 56CVP is a 44 mm (useful diameter) head-on photomultiplier tube with a plano-
concave window and a semi-transparent S1 (type C) photocathode. The tube is intended
for use in optical experiments such as laser detection and pollution monitoring, where
a high sensitivity in the red and infrared region is required combined with good time

characteristics.

QUICK REFERENCE DATA

Spectral sensitivity characteristic

Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 903 nm
Cathode luminous sensitivity

Supply voltage for an anode sensitivity of 10 A/Im

Anode pulse rise time (with voltage divider B')

Linearity
with voltage divider A up to
with voltage divider B up to
with voltage divider B' up to

S1 (type C)
> 44
1,4

20
1800
2,1

ll

30
280
= 80

H

mm

mA /W
HA/Im

<

=
m

mA
mA
mA

To be read in conjunction with "General Operational Recommendations Photomultiplier

Tubes",

GENERAL CHARACTERISTICS
Window

Material

Shape

Refractive index at 550 nm

borosilicate

plano-concave

1,48




56CVP

Photocathode
Semi-transparent, head-on
Material Ag-0-Cs
Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 4) S1 (type C)
Maximum spectral sensitivity at "800 £ 100 nm

. - typ. 20 pA/lm
Luminous sensitivity < 15 uA/Im
Spectral sensitivity at 903 * 8 nm 1,4 mA/W

at 1060 + 10 nm = 0,1 mA /W

Electron optical input system

This system consists of: the photocathode; the focusing electrode g1 the accelerating
electrode acc, internally connected to Sj.

Multiplier system

Number of stages : 10
Dynode structure linear focused
Dynode material Ag-Mg
Capacitances
Grid no.1 to k + Sy + acc Cgl/k,Sl,acc = 25 pF
Anode to all Ca = 9,5 pF
Anode to final dynode Ca/s10 = 7 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at Vp = 1800 V,
voltage divider A):

- at a magnetic field density 0,2 mT in the direction of the longitudinal axis;

- at a magnetic field density 0,1 mT perpendicular to axis a) (see Fig. below);

- at a magnetic field density 0,05 mT parallel to axis a).

It is recommended that the tube be screened against the influence of magnetic fields by
a mu-metal shield protruding > 15 mm beyond the photocathode.

7293297

Axis a) with respect to base pins (bottom view).

2 l } H December 1977



- 56CVP

RECOMMENDED CIRCUITS

g1 acc

ra [}
<i—

S2 S3

0,15 1
Vg >

~15
4—V5—>

—1
Lt

Vp=135 Vg vy
7273197 [o]
-HT . - +HT
Fig.1 Voltage divider A
K gl acc a
11 El S2 Ez S4 S5 §§ 27 §8 _9 210 \
! !_\.l T.F 7 qa_ . qJ- v \{'— 9 .7 U amp
Mol | ~ Ry
0,22 1 21,5 1,5 1,75 2,5 3,5 45 8 10
<+ Vg 4—V5~><—V5—><—V5—>4—V3—>«V5—>4—V5-><—VS~><—V5->4—VS—><—V5—>
—{__1 —{— 1 H— e
' 45
Vi it i
_— 11 I Jl_J
L1} L 1
Vp=40,25 Vg
é . .. 7273196 o
—HT Fig. 2 Voltage divider B +HT
K gl acc a
1 1 1 S2 S3 S4 S5 S8 S7 2_3_ §2_ S10
4
11y T q/_ g N7 [\

Q| &~ R
0,15 ~15 I 25
[V <—Vs <—Vs—><—V5—>4—V5—><-V3—> Vg —»|
] H—H

3
+—— Vg —>|
Vp=18,1 Vg
le) . 7273195 [e]
“HT Fig.3 Voltage divider B' +HT

kK =
gr =
acc =
Sn

RL

cathode

focusing electrode
accelerating electrode
dynode no. n

anode

load resistor

R = This resistor connects the anode when the
output cable is not terminated.
Recommended value: 10 k @

The cathode resistor of 1 M Q limits the
current in case of unintentional contact
between the conductive coating and earth
when the anode is earthed.

Typical value of capacitors: 1 nF.

I
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56CVP

TYPICAL CHARACTERISTICS

With voltage divider A (Fig.1) 1)
Supply voltage for an anode sensitivity Ny = 10 A/lm t<yp. éggg X
Anode dark current at N, = 10 A/lm (Fig. 6) 2)3) o 23 ;‘j:
Anode pulse rise time at Vy, =1800 V 4)5) = 2,3 ns
Anode pulse duration at half height at Vp=1800 V 4)5) o= 4,2 ns
Signal transit time at Vy, = 1800 V 4)S) = 32 ns
Anode current linear within 2% at Vi, = 1800 V

up to = 30 mA
Obtainable peak anode current = 100 mA
With voltage divider B (Fig. 2) 1)
Anode sensitivity at Vi, = 2500 V = 1,5 A/lm
Anode pulse rise time at Vi, = 2500 V 4)5) = 2,4 ns
Anode pulse duration at half height at Vi, = 2500 V 4)5) = 3,3 ns
Signal transit time at Vi, = 2500 V 4)5) = 34 ns
Signal transit time difference between the centre

of the photocathode and 18 mm from the centre,

at Vi, = 2500 vV 4)5) = 0,8 ns
Anode current linear within 2%, at Vp = 2500 V

up to = 280 mA
Obtainable peak anode current 0,5to 1 A
With voltage divider B' (Fig. 3) 1)
Anode sensitivity at Vi = 2200 V = 12 A/lm
Anode pulse rise time at Vi = 2200 V 4)5) = 2,1 ns
Anode pulse duration at half height at Vi = 2200 V 4)5) = 3 ns
Signal transit time at V}, = 2200 V ) 4)5) = 32 ns
Signal transit time fluctuation at Vi = 2200 V = 0,5 ns
Signal transit time difference between the centre 6)

of the photocathode and 18 mm from the centre,

at Vi = 2200V 4)S) = 0,5 ns
Anode current linear within 2%, at Vi = 2200 V .

up to = 80 mA
Obtainable peak anode current = 300 mA

Notes see page 5.
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56CVP

Notes to page 4

)

2)

3)

N
=

To obtain a peak pulse current greater than that obtainable with divider A, it is
necessary to increase the inter -dynode voltage of the stages progressively.
Divider circuits B and B' are examples of "progressive" dividers, each giving a
compromise between gain, speed, and linearity. Other dividers can be conceived
to achieve other compromises. It is generally recommended to keep the increase
in voltage between one stage and the next less than a factor 2. '

Wherever possible, the photomultiplier power supply should be arranged so that the
cathode is earthed and the anode is at + HT, however, it is sometimes necessary to
supply the tube with the anode earthed and the cathode at =HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable,
particularly immediately after application of voltage. The tube is provided with

a conductive coating connected to the cathode. It is recommended that, if a metal
shield is used, this be kept at cathode potential. This implies safety precautions
to protect the user.

The glass envelope of the tube should be supported only by isolators having an
insulation resistance of > 1015 Q.

Dark current of S1 (type C) cathodes is measured at a temperature of 20 OC. The
dark current varies sharply with temperature. See also note 5 on page 6.

Measured with a pulsed light source with a pulse duration (FWHM) of < 1 ns; the
cathode being completely illuminated.

The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating

pulse at the cathode becomes maximum and the instant at which the anode pulse attains
its maximum. Rise time, pulse duration and transit time vary as a functxon of the

HT supply voltage Vp, approximately as Vi,

A non-inductive resistor of 50 Q is incorporated in the base, connected to S10.
See also "General Operational Recommendations Photomultiplier tubes".

6) Transit time fluctuation is defined as the standard deviation of the transit time

distribution of single electrons leaving the photocathode.
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LIMITING VALUES (Absolute max. rating system)
Supply voltage 1)

Continuous anode current 5)
Voltage between first dynode and photocathode 2)

Voltage between focusing electrode gj
and photocathode

Voltage between consecutive dynodes
Voltage between anode and final dynode 3)

Ambient temperature range 4)5)

Operational (for short periods of time)

Continuous operation and storage

max.
max.

max,
min.

max,
max.

max.
min.

max.
min.
max,
min.

3000
20

800
250

100
600

750
80

+50
-30
+50
=30

1y Total HT supply voltage, or the voltage at which the tube has an anode sensitivity of

60 A/lm, whichever is lower.

2) Minimum value to obtain good collection in the input optics.

3

~

taken into account.
4

~

glass bulb.

When low temperature operation is contemplated the manufacturer should be

consulted.
5

~

When calculating the anode voltage the voltage drop across the load resistor should be

The lower temperature limit is set by stresses in the sealing layer of the base to the

As the dark current increases by a factor 2 for every 7 °C increase in temperature,

the anode sensitivity should be limited so that the continuous anode current limit is

not exceeded.

|
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Dimensions in mm

<+ (052 5max—>|

<@ Lb min—

MECHANICAL DATA
R
*
photocathode—/
a ic
L 1 outer conductive
coating
i.c. S8
S9 S6
S7 S4
S5 S2
outer conductive
coating
S1,acc 1
7269592 I.C. k g
Net mass : 210g
Base : 20-pin (JEDEC B20-102)
ACCESSORIES
Socket type FE1020
Mu-metal shield type 56130

v

7269589.1

Il
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MAINTENANCE TYPE 56DVP

14-STAGE PHOTOMULTIPLIER TUBE

The 56DVP is a 44 mm (useful diameter) head-on photomultiplier tube with a plano-
concave window and a semi-transparent bialkaline type D photocathode. The tube

is intended for use in nuclear physics where the number of photons to be detected is
very low. The tube features a high cathode sensitivity and a very good collection
efficiency combined with low background noise and good time characteristics, and is
especially useful in experimerits such as coincidence measurements, Cerenkov
counting etc. A special version, the 56DVP/03, features a background noise level
below 1000 c/s. For coincidence measurements, pairs of tubes with equal anode
sensitivity at a voltage difference of less than 10% can be ordered under type number
56DVP/A or 56DVP/03/A respectively.

The 56DVP (and its versions) can be used in a special mounting assembly S5630/01
consisting of two magnetic shields, scintillator holder, voltage divider and mechanical
housing.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type.D
Useful diameter of the photocathode > 44 mm
Quantum efficiency at 401 nm 26~ %
Spectral sensitivity of the photocathode at 401 nm 80 mA/W
Supply voltage for a gain of 3 x 107 1900 V
Anode pulse rise time (with voltage divider B') = 2,1 ns
Linearity
with voltage divider A up to = 30 mA
with voltage divider B up to = 280 mA
with voltage divider B’ up to = 80 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier
Tubes"
GENERAL CHARACTERISTICS

"~ Window
Material borosilicate
Shape - plano-concave

Refractive index‘at 550 nm 1,48

o | ,



56DVP

Photocathode 1)
Semi-transparent, head-on
Material Sh-K-Cs
Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 4) type D
Maximum spectral sensitivity at 400 + 30 nm
Quantum efficiency at 401 nm 26 %

s typ. 80 mA/W

+

Spectral sensitivity at 401 = 3 nm 2) J 60 mA/W

Electron optical input system

This system consists of: the photocathode ; the focusing electrode g1; the accelerating
electrode acc, internally connected to Sj.

Multiplier system

Number of stages 14
Dynode structure linear focused
Dynode material Ag-Mg
Capacitances
Gridno. 1 to k +S1 + acc Cg1/k, S1, ace = 25 pF
Anode to all Ca ~ 9,5 pF
Anode to final dynode Ca/S14 = 7 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved

(at V}, = 1800 V, voltage divider A):

-at a magnetic flux density of 0,2 mT in the direction of the longitudinal axis;
-at a magnetic flux density of 0,1 mT perpendicular to axis a) (see Fig. below);
-at a magnetic flux density of 0,05 mT parallel to axis a).

It is recommended that the tube be screened against the influence of magnetic fields
by a mu-metal shield protruding > 15 mm beyond the photocathode.

6. @
oliCP
i

1) The bialkaline photocathode has a significant resistance which increases rapidly with
reducing temperature. It is thus recommended that it should not be subjected to light
of too great an intensity; the cathode current should be limited to, for example, 1 nA
at room temperature or 0,1 nA at - 30 °C. .

If too high a photocurrent is passed, the cathode can no longer be considered to be an
equipotential surface, and the focusing of electrons onto the first dynode will be
affected, resulting in departures of linearity.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

2 ’ ' ’ | March 1976



56DVP

RECOMMENDED CIRCUITS
K g1 acc a
(118 S2 83 sS4 S5 s S7 - S8 S Si0 sM s12 S13 Stk
| LT S 2 2 2 20 2 2 2 2 2 27 e
M| ~ Ry
015 15
[+-Vg-> <—V5 4—V5—>¢—V5«><—Vs—><—vs—><—vs-«><—V5—>¢—Vs—><—V5—>4—VS»<—VS—><—V5A»4—VS—><—VS—>
— b} H——
3
Ve -
Vp=175 Vg Vp
7273198 [e}
~-HT . i +HT
Fig 1 Voltage divider A
K g1 acc a
e S2 s3 s4 S5 s S7 S8 s9 S0 SM s12 S13 Si4 amol
Y Y Y Y Y Y Y YYYYY ¥ "
IMQ[ ] ~ 0 Ry
0,22 15 X )
Vg -»| «V —fe Vg —»|e- Vg e Vg —sle- Vg ple— Vg -»la- Vg e Vg | Vg -, Vg |
S Cind S S S S S S S S
—  —— 1+ -
45 R
4—\/s—b
V=445 Vs Vb
[o] 72731991 le]
- . . T
HT Fig 2 Voltage divider B H
K g1 acc
118 S2 S3 sS4 S5 S6 ST S8 S§ SO0 SM sz S13 S
| L:J'- q/- WV -\F -\‘F q/_ ? q;- q; v q \ T \F
MmOl | =~ R
0,5 ~15 15 | 18 3 25
[« Vg, 4—Vs <—V5—><-VS-><—V5—><—V5-><—Vs—>o—VS—»q—Vs-;<—V5—>¢—V5—>¢—Vs—><—vs—><—vs—><—vs—o
oo I S S o o B
3
Ve - 4
1 |
- H II 1"““
< Vp=22,1 Vg = Vp
b 7273200 (5
-HT . - , +HT
Fig 3 Voltage divider B
k = cathode R= This resistor connects the anode when
g1 = focusing electrode the output cable is not terminated.
acc = accelerating electrode Recommended value: 10 k €,
S = dynode no. n )
an B anyf)lde The cathode resistor of 1 M Q limits
. the current in case of unintentional
RL. = load resistor

contact between the conductive coating
and earth when the anode is earthed.

Typical value of capacitors: 1 nF,

Il

Il



56DVP

TYPICAL CHARACTERISTICS

With voltage divider A  (Fig. 1) 1
Supply voltage for a gain of 3 x 107 (Fig. 6)
Anode dark current at a gain of 3 x 107 (Fig. 6) 2) 3)
56DVP
56DVP/03
Background noise at a gain of 3 x 107 (Fig. 8) 4)
56DVP
56DVP/03
Anode pulse rise time at Vp, = 1800 V 5) 6)
Anode pulse duration at half height at V,=1800V °) ©)
Signal transit time at Vi = 1800 V 5y 6)
Anode current linear within 2% at Vy, = 1800 V
up to
Obtainable peak anode current
With floltage divider B (Fig. 2) 1)
Gain at Vy, = 2500 V (Fig. 6)
Anode pulse rise time at Vy, = 2500 V 5) 6)
Anode pulse duration at half height at Vp=2500V ©°) ©)
Signal transit time at Vi, = 2500 V 5) 6)

Signal transit time difference between the
centre of the photo cathode and 18 mm
from the centre at Vi, = 2500 V

Anode current linear within 2% at Vb = 2500 V
up to

Obtainable peak anode current

Notes see page 6.

typ.

typ.

2300
1900

60
50

3000
1000
500

2,3
4,5
46

30
100

8 x 100
2,6
3,9

48

0,8

280
0,5to 1

nA
nA

nA
nA

c/s
c/s

c/s
ns
ns

ns

mA

ns
ns
ns

ns

mA

T annmahaw 107



56DVP

With voltage divider B' (Fig. 3) 1y
Gain at V, = 2200 V (Fig. 6) ~ 4 x 107
Anode pulse rise time at Vi, = 2200 V 5) 6y = 2,1 ns
Anode pulse duration at half height at V=2200V 5) 6) = 3,5 ns
Signal transit time at Vy, = 2200 V 5) 6) ~ 4 ns
Signal transit time fluctuation at Vp = 2200V 7) = 0,5 s
Signal transit time difference between the centre
of the photocathode and 18 mm from the
centre at Vi, = 2200 V = 0,5 ns
"Anode current linear within 2% at Vj = 2200 V .
up to = 80 mA
Obtainable peak anode current = 300 mA
LIMITING VALUES (Absolute max. rating system)
Supply voltage 8) max. 2500 V
Continuous anode current max. 0,2 mA
. 9 max. 800 A\
Voltage between first dynode and photocathode ) min. 250 v
Voltage between focusing electrode, g,
and photocathode max. 100 \
Voltage between consecutive dynodes max. 500 \%
. 10 max. .500 \%
Voltage between anode and final dynode 11) min. P
g o o mas. a0 O
peration or short periods i min,  -30 oG
Continuous operation and storage max. +50 OC

min. -30 oC

Notes see pages 6 and 7.

P ll H S



56DVP

Notes to pages 4 and 5

1y To obtain a peak pulse current greater than that obtainable with divider A, it is
necessary to increase the inter-dynode voltages of the stages progressively.
Dividers B and B' are examples of "progressive' dividers, each giving a compromise
between gain, speed, and linearity.
Other dividers can be conceived to achieve other compromises. It is generally
recommended that the increase in voltage between one stage and the next be kept less
than a factor of 2.

2

~

Wherever possible, the power supply should be arraged so that the cathode is earthed
and the anode is at +HT, however, it is sometimes necessary to supply the tube with
the anode earthed and the cathode at —-HT. Under these circumstances, erratic noise
and dark current are generally increased and unstable, particularly immediately after
application of voltage. The tube is provided with a conductive coating connected to the
cathode. It is recommended that, if a metal shield is used, this be kept at cathode
potential. This implies safety precautions to protect the user. The glass envelope of
the tube should be supported only by isolators having an insulation resistance

of > 1015 @,

3) Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (=1/4 h). '
4

~

After having been stored with its protective hood, the tube is placed in darkness with
Vp, set to a value to give a gain of 3x 107.

After a 30 min stabilization period noise pulses with a threshold of 4,25x 10~ B¢
(corresponding to 0, 1 photoelectron) are recorded.

5

~

Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the
cathode being completely illuminated. . !

The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse
attains its maximum. Rise time, pulse duration and pi:}asit time vary as a function of
high tension supply voltage Vy,, approximately as V,

6) A non-inductive resistor of 50 Q is incorporated in the base, connected to S14.

See also "General Operational Recommendations Photomultiplier Tubes'.

~

7y Transit time fluctuation is defined as the standard deviation of the transit time

distribution of single electrons leaving the photocathode.

~

8) Total HT supply voltage, or the voltage at which the tube has a gain of 2x 108,

whichever is lower.

~

9) Minimum value to obtain good collection in the input optics.

10yWhen calculating the anode voltage the voltage drop across the load resistor should
be taken into account, '
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56DVP

11y This range of temperatures in limited principally by stresses in the sealing layer
of the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.

MECHANICAL DATA Dimensions in mm

@535 max-+
< @44 min—>
\
2 —
' / ~) f 4
photocathode vy
a St
e 512 outer conductive 170
coating +5
) 192
SN S8 max
S9 @ S6
S7 S4
S5 S2
outer conductive "
S1,acc gt coating “” U “ UU
7769591 Lc. k v
72733281
Net mass: 250 g
Base : 20 pin (JEDEC B20-102)
ACCESSORIES
Socket type FE1020 ‘ -

Mu-metal shield fype 56130

Nanamhar 1077 ' ’ l ) 7
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MAINTENANCE TYPE 56TUVP

14-STAGE PHOTOMULTIPLIER TUBE

The 56TUVP is a 44 mm (useful diameter) head-on photomultiplier tube with a plano-
concave quartz window and a semi-transparent trialkaline type TU photocathode.
The tube is intended for use in optical applications where a high sensitivity in the region

from ultraviolet to the near infrared is required combined with good time characteristics.

The 56TUVP can be used in a special mounting assembly S5630/01 consisting of two
magnetic shields, scintillator holder, voltage divider, and mechanical housing.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type TU
Useful diameter of the photocathode > 44 mm
Spectral sensitivity of the photocathode at 698 nm 15 mA/W
Supply voltage for a gain of 3 x 107 2050 V
Anode pulse rise time (with voltage divider B') = 2,1 ns
Linearity

with voltage divider A up to = 30 mA

with voltage divider B up to = 280 mA

with voltage divider B' upto = 80 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier
Tubes".

GENERAL CHARACTERISTICS

Window
Material fused silica
Shape . plano-concave

Refractive index at 550 nm 1,46




56TUVP

Photocathode
Semi-transparent, head-on
Material Sb-Na-K-Cs
Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 4) type TU
Maximum spectral sensitivity at : 420 * 30 nm

. - typ. 150 HA/lm
Luminous sensitivity 1) = 90 uA/lm
Spectral sensitivity at 698 + 7 nm 2) 15 mA /W

Electron optical input system

This system consists of: the photocathode; the focusing electrode gy; the accelerating
electrode acc, internally connected to Sy.

Multiplier system

Number of stages 14
Dynode structure linear focused
Dynode material Ag-Mg
Capacitances
Grid no. 1to k+S1 +acc Cgl/k, S1, acc ad 25 pF
Anode to all Ca = 9,5 pF
Anode to final dynode Ca/s14 ~ 7 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at V = 1800 V,
voltage divider A):

- at a magnetic flux density of 0,2 mT in the direction of the longitudinal axis;

- at a magnetic flux density of 0,1 mT perpendicular to axis a) (see Fig. below);

- at a magnetic flux density of 0,05 mT parallel to axis a).

It is recommended that the tube be screened against the influence of magnetic fields
by a mu-metal shield protruding > 15 mm beyond the photocathode.

7213297

1) Cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 * 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

2 ‘ ' ’ ‘ Nanromhar 1078



56TUVP

RECOMMENDED CIRCUITS
« g1 acc a
1 |§’1_ S2 S3 S6 S9 S0 sn s12 s13 Si4
2 2 2 2 2 A A A AL
MO | ~ Ry
0,15 ~15
Vs> 4—\/5 <—VS+4.VS->4—VS—><—Vs—><-V5-»<—Vs—>«V5—><—VS—><—VS—><—VS—>¢—V5—><—VS—b<—V5—>
—{ 1 H - H
3
Ve S
Vp=175 Vg Vb
o 7273198 fe)
~-HT . - +HT
Fig.1 Voltage divider A
a
s1 S2 S3 S4 S5 S6 S9 S10  s1 s12 S13 Si4 )
A A A s A A A 2 A A A7) e
Ry

=1 ~15 5 - B
- Vg »a Vg —|4 Vg |4 Vg —sla— Vg —sle= Vg -4~ Vg -»l4~ Vg »|a— Vg —»|

] —

35 | 45 | 8 | 10

[« Vg |« Vg —»le- Vg —>|e Vg —le- Vg —|

b

Vy= b5 Vg Vb
72731991 o

Fig. 2 Voltage divider B +HT

1 S2 s3 Sk S5 S6 S7 S8 S9 s10 s11 s12 S13 sS4
7 vy ¥ ¥ ¥ ¥ _\F T T '
~1 215 1,5 1,6 3
4= Vgl Vg —la— Vg—ple Vg —le— Vg »le- Vg >ia— Vg —la— Vg >le— Vg e Vg —>le- Vg —>le- Vg >l Vg
- I o o N o
‘ . : _____IL il
I 1]
Vp=22,1Vg Vb
) 7273200 [e]
-HT Fig. 3 Voltage divider B' +HT

R = This resistor connects the anode when the
output cable is not terminated.
Recommended value: 10 k €.

k = cathode . o
¢ 0. The cathode resistor of 1 M Q limits the

g1 = focusing electrode . . ;
acc = accelerating electrode current in case of unintentional contact
S - dvnode i i ° between the conductive coating and earth

n =dyno o when the anode is earthed.
a = anode
R1, =load resistor Typical value of capacitors: 1 nF,

NAanammbhav 1078 l ' ‘ l 2



56TUVP

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1)

Supply voltage for a gain of 3 x 107

Anode dark current at a gain of 3x 107 (Fig. 6)

Anode pulse rise time at Vi, = 1800 V
Anode pulse duration at half height at Vi, = 1800 V
Signal transit time at Vi, = 1800 V

Anode current linear within 2% at Vi, 1800 V
up to

Obtainable peak anode current

With voltage divider B (Fig. 2)

Gain at V}, = 2500 V (Fig. 6)

Anode pulse rise time at Vi, = 2500 V

Anode pulse duration at half height at Vp =2500 V
Signal transit time at Vp = 2500 V

Signal transit time difference between the centre
of the photocathode and 18 mm from the centre
at Vi, = 2500 Vv

Anode current linear within 2%, at Vy = 2500 v
up to

Obtainable peak anode current

With voltage divider B' (Fig. 3)
Gain at Vi, = 2200 (Fig. 6)

Anode pulse rise time at Vi, = 2200 V

2)3)

4)5)
4)5)
4)5)

1)

4)5)

4)5)

1)

4)5)

Anode pulse duration at half height, at Vi =2200V  4)5)

Signal transit time at Vp = 2200 V
Signal transit time fluctuation at Vi, = 2200 V

Signal transit time difference between the centre
of the photocathode and 18 mm from the centre,
at Vp = 2200V '

Anode current linear within 2% at Vi, = 2200 V,
up to

Obtainable peak anode current

Notés see page 5.

4)5)
6)

2500
2050

1500
60

2,3
4,5
46

30
-100

3 x 100
2,6
3,9

48

0,8

280
0,5to 1

2 x 107
2,1
3,5

44
0,5

0,5

80
300

v

nA
nA
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mA
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ns

ns
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56TUVP

Notes to page 4

1) To obtain a peak pulse current greater than that obtainable with divider A, it is

2

3

4

5

6

)

~

~

)

~

necessary to increase the inter -dynode voltages of the stages progressively.

Divider circuits B and B' are examples of ""progressive" dividers, each giving a com~
promise between gain, speed, and linearity. Other dividers can be conceived to
achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a factor of 2.

Wherever possible, the photomultiplier power supply should be arranged so that the
cathode is earthed and the anode is at + HT, however, it is sometimes necessary to
supply the tube with the anode earthed and the cathode at ~HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable, particu-
larly immediately after application of voltage. The tube is provided with a conductive
coating connected to the cathode. It is recommended that, if a metal shield is used,
this be kept at cathode potential. This implies safety precautions to protect the user.

The glass envelope of the tube should be supported only by isolators having an insulation

resistance of > 1015 Q,

Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (= 1/4 h).

Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the
cathode being completely illuminated.

- The rise time is determined between 10% and 90% of the amplitude of the anode pulse.

The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse at-
tains its maximum. Rise time, pulse duration and transit time vary as a function of
high tension supply voltage Vp, approximately as Vp ~ 1/2

A non-inductive resistor of 50 Q is incorporated in the base, connected to S14. See
also "General Operational Recommendations Photomultiplier Tubes".

Transit time fluctuation is defined as the standard deviation of the transit time distri-
bution of single electrons leaving the photocathode.

T-lo- 1AM ]‘ H S



56TUVP

LIMITING VALUES (Absolute max. rating system)

Supply voltage 1) max. 2750 A%
Continuous anode current 5) max. 0,2 mA
. max. 800 A%
Voltage between first dynode and photocathode 2) min. 250 v
Voltage between focussing electrode g
and photocathode max. 100 A%
Voltage between consecutive dynodes max. 500 v
. max. 500 A%
Voltage between anode and final dynode 3) min. 80 v
e e ieotime mx. a0 o
P ot short p min. -30 oC
. . max. +50 °c
Continuous operation and storage min, -30 oG

Iy Total HT supply voltage, or the voltage at which the tube in voltage divider "A" has
" a gain of 2 x 108, whichever is lower.

2) Minimum value to obtain good collection in the input optics.

3) When calculating the anode voltage the voltage drop across the load resistor should be
taken into account.

4) This range of temperatures is limited principally by stresses in the sealing layer of
the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.

5) For applications requiring high stability a value of <10 pA is recommended.

6 - H7 H December 1975
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MECHANICAL DATA Dimensions in mm

< @53,5max-—+|

<+ @4L min->
v
2* ,/r ~J [
photocuthodej
outer conductive 170
a S tin
" 12 coating +5 192
max

: O

outer conductive
coating

51'OCC . 1 72733281
7269591 ic. k 8
Net mass : 225 g
Base : 20~-pin (JEDEC B20-102)
ACCESSORIES
Socket type FE1020 -

Mu-metal shield type 56130
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MAINTENANCE TYPE 56TVP

14-STAGE PHOTOMULTIPLIER TUBE

The S6TVP is a 44 mm (useful diameter) head-on photomultiplier tube with a plano-
concave window and a semi-transparent S20 (type T) photocathode. The tube is intended
for use in low light level physical experiments in the red and near infrared part of the
spectrum such as laser detection, pollution monitoring, life time measurements.

The tube also features good time characteristics.

The S6TVP can be used in a special mounting assembly S5630/01 consisting of two
magnetic shields, scintillator holder, voltage divider, and mechanical housing.

QUICK REFERENCE DATA

Spectral sensitivity characteristic . S20 (type T)
Useful diameter of the photocathode > 44 mm
Spectral sensitivity of the photocathode at 698 nm 15 mA/W
Supply voltage for a gain of 3 x 107 2050 V
Anode pulse rise time (with voltage divider B') = 2,1 ns
Linearity

with voltage divider A ~upto = 30 mA

with voltage divider B up to = 280 mA

with voltage divider B' up to = 80 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier
1 Tubes". :

GENERAL CHARACTERISTICS

Window
Material borosilicate
Shape ‘ plano-concave

Refractive index at 550 nm 1,48




56TVP

Photocathode
Semi-transparent, head-on
Material Sb-Na-K-Cs
Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 4) 520 (type T)
Maximum spectral sensitivity at 420 +30 nom

) L . typ. 150  pA/lm
Luminous sensitivity 1) = 90 uA/Im
Spectral sensitivity at 698 + 7 nm 2) 15 mA/W

Electron optical input system

This system consists of: the photocathode; the focusing electrode gy; the accelerating
electrode acc, internally connected to Si.

Multiplier system

Number of stages 14
Dynode structure linear focused
Dynode material Ag-Mg
Capacitances
Grid no.1 to k +S1 + acc Cgl/k, Sl,ace = 25 pF
Anode to all Ca = 9,5 pF
Anode to final dynode Ca/s14 = 7 pF

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at Vi, =1800 V,
voltage divider A):

- at a magnetic flux density of 0,2 mT in the direction of the longitudinal axis;

- at a magnetic flux density of 0,1 mT perpendicular to axis a) (see Fig. below);

- at a magnetic flux density of 0,05 mT parallel to axis a).

It is recommended that the tube be screened against the influence of magnetic fields
by a mu-metal shield protruding > 15 mm beyond the photocathode.

7273207

1) Cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 + 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

2 ‘H ” T ammmalawn 107E



56TVP

RECOMMENDED CIRCUITS
K g1 acc a
St S2 S3 S4 S5 S6 S7 S8 S9 S10 Sit S12 S13 si4 ampl
/ T T I T IITIITIYY -
Ry
~1 ~15
-V —»le- Vg —»le-Vg e Vg —le-Vg »le- Vg +|e- Vg »le- Vg »|¢ Vg =le- Vg |4 Vg le— Vg |e Vg |+ V-]
e, B H:]T'L:}*
Vp=17,5 Vg —| Vp
é ! 7273198
-HT +HT
Fig.1 Voltage divider A
a
1 S2 s3 Sk S5 S6  S7 S8 59 S0 sH sk s13 sik amol
A s 2 A 2 A 2 2 A A A7) a
Ry
~1 | A5 X 8 10
Vg -pla-Vg |4 Vg |+ Vg e~ Vg »la— Vg -»|e Vg —la- Vg |e Vg | 4 Vg > Vg —|
T+ H
] ’
i
——— 11 ]
r {——
Vp= L85 Vg - Vy
) L. 72731991 o
Fig. 2 Voltage divider B FHT
a
S4 S5 S6 S7 S8 S9 s10 sn s12 51_3 S_i&
2 2 2 A 2 2 A A A
) R
15 |16 | 3 | 25
(4= Vg —bla— Vg —»le— Vg —bla— Vg -p|a— Vg —le— Vg >[4 Vg -»[e= Vg >[4~ Vg > Vg >l Vg —»|e Vg |
o I o o N o o N
J— | 1l
L1
Vp=22,1Vg Vb
7273200 o -
+HT

k = cathode

g1 = focusing electrode

acc = accelerating electrode
Sn = dynode no. n

a  =anode

R1, =load resistor

Fig. 3 Voltage divider B’

R = This resistor connects the anode when the
output cable is not terminated.
Recommended value: 10 k Q.

The cathode resistor of 1 M @ limits the
current in case of unintentional contact
between the conductive coating and earth
when the anode is earthed.

Typical value of capacitors: 1 nF.

I
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56TVP

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1)

Supply voltage for a gain of 3 x 107
Anode dark current at a gain of 3x 107 (Fig. 6)

Anode pulse rise time at Vp = 1800 V
Anode pulse duration at half height at Vi, = 1800 V
Signal transit time at Vp = 1800 V

Anode current linear within 2% at Vp = 1800 V
up to

Obtainable peak anode current

With voltage divider B (Fig. 2)
Gain at Vi, = 2500 V (Fig. 6)

Anode pulse rise time at Vi, = 2500 V
Anode pulse duration at half height at Vi, = 2500 V
Signal transit time at V = 2500 V

Signal transit time difference between the centre
of the photocathode and 18 mm from the centre,
at Vp = 2500 V

Anode current linear within 2%, at Vi, = 2500 V
up to

Obtainable peak anode current

With voltage divider B' (Fig. 3)
Gain at Vi, = 2200 (Fig. 6)

Anode pulse rise time at Vp, = 2200 V

b

2)3)

4)5)
4)5)
4)5)

)

4)5)

4)5)

1

4)5)

Anode pulse duration at half height, at Vi = 2200 V. 4)5)

Signal transit time at Vi, = 2200 V
Signal transit time fluctuation at Vp = 2200 V

Signal transit time difference between the centre
of the photocathode and 18 mm from the centre,
at Vi = 2200V

Anode current linear within 2% at V}, = 2200 V,
up to

Obtainable peak anode current

Notes see page 5.

4)5)
6)

2500
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56TVP

Notes to page 4

1) To obtain a peak pulse current greater than that obtainable with divider A, it is
necessary to increase the inter-dynode voltages of the stages progressively.
Divider circuits B and B' are examples of "progressive" dividers, each giving a com-
promise between gain, speed, and linearity. Other dividers can be conceived to
achieve other compromises. It is generally recommended that the increase in
voltage between one stage and the next be kept less than a factor of 2.

2) Wherever possible, the photomultiplier power supply should be arranged so that the
cathode is earthed and the anode is at + HT, however, it is sometimes necessary to
supply the tube with the anode earthed and the cathode at =HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable, particu-
larly immediately after application of voltage. The tube is provided with a conductive
coating connected to the cathode. It is recommended that, if a metal shield is used,
this be kept at cathode potential. This implies safety precautions to protect the user.

The glass envelope of the tube should be supported only by isolators having an insulation

resistance of > 1015 Q,

3) Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (=1/4 h).

4) Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the
cathode being completely illuminated.
The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse at-
tains its maximum. Rise time, pulse duration and transit time vary as a function of
high tension supply voltage Vy, approximately as Vp = 172,

5) A non-inductive resistor of 50 Q is incorporated in the base, connected to S14. See
also "General Operational Recommendations Photomultiplier Tubes".

6) Transit time fluctuation is defined as the standard deviation of the transit time distri=
bution of single electrons leaving the photocathode.

Taaler 1078 ‘ ‘ H s



56TVP

LIMITING VALUES (Absolute max. rating system)

Supply voltage 1) max. 2750 A%
Continuous anode current 5) max. 0,2 mA
. max. 800 \%
Voltage between first dynode and photocathode  2) min. 250
Voltage between focussing electrode gy
and photocathode max. 100 A%
Voltage between consecutive dynodes max. 500 \4
. max. 500 v
Voltage between anode and final dynode 3) min, 80 v
N Operationat (for ahor poriods ot time) mex. 480 fc
P 0T Short perio min, -30 oC
. . max. +50 ()
Continuous operation and storage min, -30 oc

1) Total HT supply voltage, or the voltage at which the tube in voltage divider "A" has
a gain of 2 x 108, whichever is lower.

2) Minimum value to obtain good collection in the input optics.

3) When calculating the anode voltage the voltage drop across the load resistor should be
taken into account.

4) This range of temperatures is limited principally by stresses in the sealing layer of
the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.

5) For applications requiring high stability a value of <10 pA is recommended.

6 ‘ ’ ) l ’7 December 1975



56TVP

MECHANICAL DATA

outer conductive
coating

. 1
7269591 ic. k 9
Net mass: 225 g
Base . : 20-pin (JEDEC B20-102)
ACCESSORIES
Socket type FE1020

Mu-metal shield type 56130

Dimensions in mm

< @53,5max-+|
< @L4 min+>
\
2+ /_ B A
photocathode vy
outer conductive 170
coatin +
9 £5 192
max

7273328.1
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60DVP
60DVP/H

12-STAGE PHOTOMULTIPLIER TUBE

The 60DVP is a 200 mm useful diameter head-on photomultiplier tube with a concave-
convex window and a semi-transparent bialkaline type D photocathode. .
The tube is intended for use in physical applications where a high time resolution is

required and where the number of photons to be detected is low.

The tube can also be supplied with a plano-concave plastic adapter in a metal housing

under type number 60DVP /H.

QUICK REFERENCE DATA

Spectral sensitivity characteristic

Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 401 nm
Supply voltage for a gain of 3 x 107

Anode pulse rise time (with voltage divider B')

Linearity, with voltage divider A up to
with voltage divider B up to
with voltage divider B' up to

type D
> 200 mm
70 mA/W

3000 V

=~ 2,5 ns

= 30 mA

= 280 mA

= 80 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier

Tubes".

GENERAL CHARACTERISTICS
Window

Material

Radius of curvature (external)
Thickness

Shape

Refractive index at 550 nm

Photocathode 1)
Semi-transparent head-on
Material

Useful diameter

Note see page 2.

borosilicate
= 186 mm
~ 2 mm

concave-convex

1,48
Sb-K-Cs
> 200 mm

I A



60DVP
60DVP/H

Spectral sensitivity characteristic (Fig. 4) type D
Maximum spectral sensitivity at 400+ 30 nm
Luminous sensitivity . 65 pA/lm
- typ. 70 mA/W
+
Spectral sensitivity at 401 + 3 nm - 60 * mA /W

Electron optical input system

This consists of: the photocathode, k; a metallized part 'of the glass envelope internally
connected to the photocathode; an accelerating electrode, acc, internally connected to S1.

Multiplier system

Number of stages 12
Dynode structure linear focused
Dynode material Ag-Mg
Capacitances
Anode to all C, = 8 pF
Anode to final dynode Cajs12 = 7 pF

Magnetic field

A magnetic field will result in a decrease of anode sensitivity due to a decrease of the
collection of the photoelectrons leaving the photocathode.

It is recommended that the tube be screened against the influence of magnetic fields by
a mu-metal shield protruding well beyond the photocathode.

1y The bialkaline photocathode has a significant resistance, which increases rapidly with
reducing temperature. It is thus recommended that it should not be subjected to light
of too great an intensity; the cathode current should be limited, for example, to 1 nA
at room temperature or 0, 1 nA at -30 °C.
If too high a photocurrent is passed, the cathode can no longer be considered to be an
equipotential surface, and the focusing of electrons onto the first dynode will be
affected, resulting in departures of linearity.

2 ‘ I l I December 1977



60DVP
60DVP/H

RECOMMENDED CIRCUITS
K acc g
181 S2  s3 ss S5 S6 ST S8 sS9 s su s12 '
2 A O 2 20 2 2 2 A 2 T A7) e
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4 2 05 | 05
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1 11 1 I
i L1 L1
16 Vs
o
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Fig. 1 Voltage divider type A
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Fig.2 Voltage divider B
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le—Vg Vg e Vg —sle Vg —sia—Vg le- Vg sl Vg le— Vg »[e Vg —[e= Vg e Vg —»l¢- Vg —>|e Vg |
{4 ‘-C:Fr-{:l"-(:**(:-‘ T H
1t I I
1 it
I 1
it L 1
20,6 Vs
) o
—HT 7269848 +HT

k = cathode

acc = accelerating electrode
Sp = dynode no.n

R}, =load resistor

Fig. 3 Voltage divider B'

R This resistor serves to connect the anode
when the output cable is not terminated

Typical value of capacitors: 1nF

I
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60DVP

60DVP/H
TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1) 1
. _ 7 s typ. 3000 V
Supply voltage for a gain G = 3 x 10/ (Fig.5) - 3400 V
Anode dark current at G = 3 x 107 (Fig. 5) 2y3y typ. 6 nA
g < 40 nA -
Background noise at G = 3 x 107 4) = 1000 c¢/s
Anode current linear within 2% at Vi = 3000 V up to = 30 mA
With voltage divider B (Fig. 2) Ly
Gain G at Vi, = 3000 V = 3x 105
Anode current linear within 2% at Vi, = 3000 V up to = 280 mA
With voltage divider B' (Fig. 3) )
Gain G at Vi, = 3000 V = 107
Anode pulse rise time at Vi, = 3000 V 5)6) = 2,1 ns
Anode pulse duration at half height at Vp = 3000 V 5)6) = 3,5 mns
Signal transit time at V}, = 3000 V 5)6) = 48 s
Signal transit time difference between the
centre of the photocathode and 90 mm from
the centre, at Vi = 3000 V = 2 ns
Anode current linear within 2% at Vp = 3000 V up to = 250 mA
LIMITING VALUES (Absolute max. fating system)
Supply voltage 7y max, 3700 V
Continuous anode. curyent max. 0,2 mA
. 8 max. 1000 V
Voltage between first dynode and photocathode ) min. 300 v
Voltage between consecutive dynodes
(except S11 and S12) max. 400 V
Voltage between dynodes S11 and S12 max. 700 V
. 9 max. 700 V
Voltage between anode and final dynode ) min. 80 Vv
. 10 max. +50 ©oC
Ambient temperature range ) min -30 oC

Notes see page 5.

A ‘ I “ | Fohrnary 1074



60DVP
60DVP/H

Notes to page 4

1) To obtain a peak pulse current greater than that obtainable with divider A, it is necess-
ary to increase the inter-dynode voltage of the stages progressively. Divider circuits
B and B' are examples of progressive dividers, each giving a compromise between
gain, speed, and linearity. Other dividers can be conceived to achieve other compro-
mises. It is generally recommended that the increase in voltage between one stage and
the next be kept less than a factor of 2.

2) Wherever possible, the photomultiplier power supply should be arranged so that the
photocathode is earthed and the anode is at +HT, however, it is sometimes necessary
to supply the tube with the anode earthed and the cathode at ~HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable, particu-
larly immediately after application of voltage. It is recommended that, if a metal
shield is used, this be kept at cathode potential. This implies safety precautions to
protect the user, The glass envelope of the tube should be supported only by isolators
having an insulation resistance of > 1013 Q.

3) Dark current is measured at ambient temperature, after a stabilization period of the
tube in darkness (= 1/4 h).

4y After having been stored with its protective hood, the tube is placed in darkness with
Vp, set to a value to give a gain of 3 x 107.
After a 30 min stabilization period noise pulses with a threshold of 4,25 x 10~ 3¢
(corresponding to 0, 1 photoelectron) are recorded.

5) Measured with a pulsed-light source with a pulse duration (FWHM) of <1 ns; the cathode
being completely illuminated. :
The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating pulse
at the cathode becomes maximum, and the instant at which the anode pulse attains its
maximum.

Rise time, pulse duration, and transit time vary as a function of the HT supply voltage,
Vp, approximately as Vb_l/z

6) A non-inductive resistor of 50 Q is incorporated in the base, connected to S12. See
also "General Operational Recommendations Photomultiplier Tubes".

7y Total HT supply voltage, or the voltage at which the tube has a gain of 2 x 108,
whichever is lower.

8) Minimum value to obtain good collection in the input optics.

9) When calculating the anode voltage the voltage drop across the load resistor should be
taken into account.

10y This range of temperatures is limited principally by stresses in the sealing layer of
the base to the glass bulb. Where low-temperature operation is contemplated, the
supplier should be consulted.

I i



60DVP
60DVP/H

— Socket

MECHANICAL DATA

i.c. .
72627171 §f acc G-

Net mass: approx.

1 kg (60DVP)
approx. 2,5 kg (60DVP /H)

Base  :20-pin JEDEC B20-102)

ACCESSORIES
: type FE1020
Mu-metal shield: type 56132

Female plug for connecting the
photocathode : supplied with each tube

Optical silicone grease, supplied with
each tube, should be applied to the
adapter-photomultiplier interface
before operation.

Dimensions in mm

- 22315 max
je—————— @200 min
_ v
Nk
4 R=186 | 2

photocathode

N
w«
®

3w
]
S

60DVP

7269849

- @56 —

2236 max .—.I
TR \ J

60DVP/H

Lzm +0,

-
I ﬂsso 72627631
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150CVP

10-STAGE PHOTOMULTIPLIER TUBE

The 150CVP is a 32 mm useful diameter head-on photomultiplier tube with a flat window
and a semi-transparent S1 (type C) photocathode.

The tube is intended for use in applications where a good sensitivity in the red and near-
infrared part of the spectrum is required, such as laser detection and pollution monitoring.

QUICK REFERENCE DATA

Spectral sensitivity chaﬁ:acteristic S1 (type C)
Useful diameter of the photocathode > 32 mm
Spectral sensitivity of the photocathode at 903 nm 1,4 mA/W
Supply voltage for anode luminous

sensitivity = 10 A/lm 1600 V
Anode pulse rise time (with voltage divider B) = 3,5 mns
Linearity, with voltage divider A up to = 30 mA

with voltage divider B up to = 100 mA

To be read in conjunction with "General Operational Recommendations Photomultiplier
Tubes".

GENERAL CHARACTERISTICS

Window

Material borosilicate
Shape plano-plano
Refractive index at 550 nm ’ 1,48
Photocathode

Semi-transparent, head-on

Material Ag-0-Cs
Useful diameter > 32 mm
Spectral sensitivity characteristic (Fig. 3) ~S1 (type C)

Maximum spectral sensitivity at 800 + 100 nm




150CVP

Hi

. - typ. 20
Luminous sensitivity iy 15
Spectral sensitivity at 903 + 8 nm 1,4

at 1060 + 10 nm = 0, 12

Electron optical input system

pA /Im
PA /Im
mA /W
mA /W

This system consists of: the photocathode, k; a metallized part of the glass envelope
internally connected to the photocathode; an accelerating electrode, acc, internally

connected to S1.

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu-Be
Capacitance ‘
Anode to all Cy ~ 5 pF
Anode to final dynode Cass10 = 3 pF

Magnetic field
See Fig. 4

It is recommended that the tube be screened against the influence of magnetic fields by

a mu-metal shield protruding > 15 mm beyond the photocathode.

7273512

Axis a) with respect to base pins (bottom view)

Necemher 1077



150CVP

RECOMMENDED CIRCUITS

acc

S5 S6 S7 S10 a

ra 2 A A 2 e

1,5

[«— Vg —»le- Vg »|¢ Vg »le Vg "*‘VS""‘VS""VS"’"VS"“VS""VS"’"VS"

0,75

-

- Vp=11.75 Vg -
o) o
_HT‘ 7273495 +HT
Fig. 1 Voltage divider A
acc
k_@ | S S2  S3 S5 S9  S10 aCa
Y ¥ ¥ T Y ¥ ¥ ¥ ¥bhribew

-HT

k = cathode

acc = accelerating electrode
Sp  =dynode no.n

a =anode

Ry, =load resistor

15 Vg

7273494 +HT

Fig.2 Voltage divider B

Typical values of capacitors: 10 nF




150CVP

HITI

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1) 1

Supply voltage for an anode luminous
sensitivity Ny = 10 A/Im (Fig. 5)

Anode dark current at Ny = 10 A/lm (Fig. 5) 2)3)
Anode current linear within 2% at Vi = 1700 V

With voltage divider B (Fig.2)

Anode luminous sensitivity at Vi = 1700 V (Fig. 5)
Anode pulse rise time at Vi = 1700 V 4)
Anode pulse duration at half height at Vp, = 1700 V 4

~

Signal transit time at Vy, = 1700 V 4
Anode current linear within 2% at Vp = 1700 V

LIMITING VALUES (Absolute max. rating system)

Supply voltage 5)
Continuous anode current 6)
Voltage between first dynode and photocathode 7)

Voltage between consecutive dynodes

Voltage between anode and final dynode 8)

Ambient temperature range

Operational (for short periods of time) 6)9)

Continuous operation and storage

Notes see page 5.

up to

up to
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typ.
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150CVP

Notes to page 4

1y To obtain a peak pulse current greater than that obtainable with divider A, it is
necessary to increase the inter-dynode voltage of the stages progressively.
Divider circuit B is an example of a "progressive" divider, giving a compromise
between gain, speed, and linearity. Other dividers can be conceived to achieve other
compromises. It is generally recommended that the increase in voltage between one
stage and the next be kept less than a factor of 2.

2) Wherever possible, the photomultiplier power supply should be arranged so that the
cathode is earthed and the anode is at +HT, however, it is sometimes necessary to
supply the tube with the anode earthed and the cathode at ~HT. Under these circum-
stances, erratic noise and dark current are generally increased and unstable, par-
ticularly immediately after application of voltage. The glass envelope of the tube
should be supported only by isolators having an insulation resistance of > 1015 Q,

3) Dark current for S1(type C) photocathodes is measured at a temperature of 20 OC. The
dark current varies sharply with temperature. See also note 6.

4) Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the
cathode being completely illuminated.
The rise time is determined between 10% and 90% of the amplitude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximum, and the instant at which the anode pulse at-
tains its maximum. Rise time, pulse duration and transit time vary as a function of
high tension supply voltage V},, approximately as Vi,~1/2,

5) Total HT supply voltage or the voltage at which the tube has an anode luminous sensi-

tivity of 60 A/lm , whichever is lower.

0) As the dark current increases by a factor of 2 for every 7 0C increase in temperature,
the anode sensitivity should be limited so that the continuous anode current limit is
not exceeded.

7y Minimum value to obtain good collection in the input optics.

8) When calculating the anode voltage the voltage drop across the load resistor should be
taken into account.

9) This range of temperatures is limited principally by stresses in the sealing layer of
the base to the glass bulb.
Where low temperature operation is contemplated, the supplier should be consulted.




150CVP

MECHANICAL DATA

Net mass : 80 g
Base : 12-pin (JEDEC B12-43)
ACCESSORIES

— Socket . : type FE1012

Mu-metal shield : type 56127

Dimensions in mm

?39,5max
>| ?32min

<t

<

photocathode /]

109
5 427

o

7269772
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150CVP

Fig.3
Spectral sensitivity characteristic.

Fig. 4

Relative anode current as a function of
the magnetic flux density B

1. B L tube axis, // axis a
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150CVP
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Anode luminous sensitivity, Ng, and anode dark
current, Iap, as a function of supply voltage Vy,.
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150CVP

Fig.6

Relative gain as a function of the voltage
between S5 and S4, normalized to Vg
Vs6/54 constant.
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Phototubes

SURVEY OF TYPES

Photocathode Tube type Spectral response
dimensions A C S4 T U
(mm) S11) 1) (S20) S13)
200 XA 1002 X
XA 1003 X
260 150CV X
150TV X
309 150AV X
150UV X
40¢ TVHC40 . X
108¢ AVHC201 X
22 x 11 92AG X
92AV X
90CG X
90CV X

1 I ' ' l ' December 1977



LIST OF SYMBOLS

Supply voltage

Cathode current

Anode series resistance
Sensitivity

Capacitance, anode to cathode
Ambient temperature

Envelope temperature
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GENERAL
PHOTOTUBES

GENERAL OPERATIONAL RECOMMENDATIONS
PHOTOTUBES

1. GENERAL

1.1 Phototubes are photoelectric devices of the emissive type, as distinct from the
barrier-layer and photo-conductive cells. They may be divided into two groups :

1. Vacuum phototube‘s,
2. Gas-filled phototubes

For a vacuum phototube, the anode current for a fixed quantity of light, is constant
at anode voltages above a certain low value known as the "saturation voltage".

The gas-filled phototube contains a quantity of inert gas, the ionizing potential of
which is generally somewhat higher than the saturation voltage of an equivalent
vacuum phototube, so that the anode current is substantially constant between the
saturation voltage and the voltage at which ionization commences. Above this
voltage range, ionization increases, resulting in a progressive increase in anode
current.

Since a gas-filled phototube operates at a higher voltage than the ionizing potential
it will have a greater sensitivity than a similar vacuum phototube.

Within the operating ranges of both groups of phototubes the anode current is
directly proportional to the quantity of light incident on the cathode surface.

1.2 Spectral response

The materials used for the photocathode are of great importance to the spectral
response. Many substances show photoemission, but often differ greatly in their
spectral sensitivity and quantum yield.

1.2.1The S11 (A-type) tubes are equipped with a semi-transparent caesium antimony
photocathode on an MnQj layer, evaporated on the inside of a glass window.
These types are sensitive to radiation in the visible region of the spectrum and
“have their maximum sensitivity at approximately 420 nm.

1.2.2 The S13 (U-type) tubes have the same photocathodes as the S11 tubes, but are
provided with a fused silica (quartz) window, giving them a sensitivity that extends
into the ultraviolet region of the spectrum.

1.2.3 The S1 (C-type) tubes have a semi-transparent caesium-on-silver-oxide
photocathode on a glass window.
The sensitivity lies mainly in the red and near infrared regions of the spectrum,
with a maximum at approximately 800 nm.

1.2.4 The S20 (T -type) tubes have a tri-alkaline (Sb-Na-K-Cs) semi-transparent
photocathode on a glass window. This photocathode has a good sensitivity from the
ultraviolet to the near infrared part of the spectrum, with a maximum at approxi-
mately 420 nm.
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GENERAL
PHOTOTUBES

1.2.5 The 54 tubes have a Sb-Cs emission layer deposited on an opaque substrate. This

2.

[\

.1

2

.3

ds

—

photocathode is intended for use in applications with relatively high illumination
in the visible region of the spectrum.

Spectral response curves are given in the data sheets of each type.

INTERPRETATION OF CHARACTERISTICS

In general the characteristics given in the data sheets are typical values. The
"typical value" of a parameter is the median of the frequency distribution of the
parameter measured on a large number of tubes.

In some cases maximum or minimum values are stated. These values are defined
on test-limits carried out on each tube. Approximate values are given when these
values are obtained from batch sample data.

Cathode luminous sensitivity

The cathode luminous sensitivity is defined (IEC) as the quotient of the photocurrent
of the cathode by the incident luminous flux, expressed in amperes per lumen.
The cathode current, I, (corrected for dark current) is about 100 nA.

The voltage used should be sufficient to ensure saturation.
Ik
The sensitivity is given by: Nk = E

where ¢ is the luminous flux, in lumen, of a tungsten filament lamp having a colour
temperature of 2856 K.

Cathode radiant sensitivity

The cathode radiant sensitivity is the quotient of the photocurrent of the cathode by
the incident radiant power, expressed in amperes per watt (IEC).

Absolute spectral sensitivity

The absolute spectral sensitivity is the radiant sensitivity for monochromatic
radiation of a stated wavelength (IEC).

Measurements of this parameter are carried out with a tungsten filament lamp
with a colour temperature of 2856 K and spectral filters. Tolerances of the spectral
filters are stated in the tube data. The measuring equipment is calibrated by
comparison with a Schwartz thermocouple.

Dark current is the current flowing in a photoelectric device in the absence of
irradiation (IEC).

Possible causes of dark current are electrical leakage, thermionic emission, field
emission, residual gas ionization, and glass fluorescence.

Time characteristics

The anode pulse rise time of a phototube is defined as the time required for the
amplitude to rise from a stated low percentage to a stated higher percentage of
maximum value when a steady state of radiation is instantaniously applied.
Normally the 10% and 90% levels are considered.
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GENERAL
PHOTOTUBES

2.5.2 The sensitivity of gas-filled phototubes decreases with frequency. At a frequency
of 15000 Hz this decrease is about 3 dB; see Figure below.

150 7208844
N
(%)
100
™
N
AN
N\
\
AY
50
= -
10 102 103 10* fmod (Hz) 10°

Frequency response curve

3. THERMAL DATA

Ambient temperature . The temperature of the photocathode may not be too high
otherwise evaporation of the emissive cathode layer may result, with consequent
reduction in sensitivity and life. As it is difficult to measure this temperature a
limiting value for the ambient temperature is given in the published data sheets.

It must be considered, however, that even when the ambient temperature in the
immediate vicinity of the phototube is not beyond the limit, an excessive tempera-
ture rise of the photocathode can be caused, e.g. by infrared heat radiation. If the
possibility of this radiation exists, a suitable filter should be inserted in the optical
path to minimize this effect.

4. OPERATING NOTES

Stability during life. Where a gas-filled phototube is continuously operated at its
maximum rated voltage its sensitivity may fall by as much as 50%, during 500
hours.

Vacuum phototubes are inherently more stable.

The stability of both types of phototube will be improved if the current density of the
photocathode is reduced (e.g. by reducing the incident light or enlarging the illumi-
nated area of the photocathode). )

Particularly with gas-filled phototubes, reduction of the anode voltage will improve
the stability.
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GENERAL
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Phototubes must not be exposed to strong radiation, such as direct sunlight, even
during idle periods. :

A loss of sensitivity of both vacuum and gas-filled phototubes during operation
will be wholly or partially restored during idle periods.

Prevention of glow discharge. Gas-filled phototubes must not be operated above the
published maximum voltage since a glow discharge, indicated by a faint blue glow
in the bulb, may occur which adversely affects the good operation of the phototube,
and can even result in rapid destruction of the photocathode. If accidental over-
running can be expected, the anode resistance should have a value of at least
0,1 MQ.
Where it is necessary to use the maximum operating voltage a stabilized supply is
recommended.

5. MOUNTING

If no restrictions are made in the individual published data sheets, phototubes may
be mounted in any position.

6. STORAGE

It is necessary that phototubes always be stored in darkness.

7. LIMITING VALUES

The limiting values of phototubes are given in the absolute maximum rating system.

8. OUTLINE DIMENSIONS

The outline dimensions are given in mm.
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AVHC201

PHOTOTUBE

The AVHC201 is a 102 mm useful diameter head-on phototube with a flat window and an
opaque S4 photocathode. The tube is intended for use in applications with relatively high
illumination and features a short rise time and a high linearity.

QUICK REFERENCE DATA
Spectral sensitivity characteristic ‘ S4
Useful diameter of the photocathode 102 mm
Spectral sensitivity of the photocathode at 437 nm - 40 mA/W
Anode voltage up to 5 kv
Rise time 1 ns
Linearity up to 30 A

To be read in conjunction with "General Operational Recommendations Phototubes".

CHARACTERISTICS
Photocathode

Opaque head-on, flat

Material Sb-Cs
Useful diameter > - 102 mm

" Spectral sensitivity characteristic Fig. 1 S4
Maxirﬁum spectral sensitivity at 400+ 50 nm
Luminous sensitivity ) t>yp 2(5) ﬁﬁz
Spectral sensitivity at 437 + 5 nm 2) = 40 mA/W

Notes see page 3.
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AVHC201

Operating characteristics

Dark current at Vp, = 2,5 kV 3) tyP- !
< 10
Saturation voltage see note 4
Rise time 5) = 1
s s 6 = 30
Anode current linear within 10% at Vi, =2,5 kV up to  °) - 20
Capacitance, anode to cathode Cak < 25
LIMITING VALUES (Absolute max. rating system)
Anode voltage, d.c. max. 5
Total cathode current, 8)
peak max. 100
mean, averaging time 1 s . max. 10
max 60
Ambi .
mbient temperature min —40

REMARKS

nA
nA

ns

pF

14%

A

oC 7)
oC

After an idle period of more than 8 days, the dark current needs some hours to return

to its normal value.

The cathode should not be exposed to direct sunlight.

MEASURING CIRCUIT

4

_to
oscilloscope
Z

0,4 pF

Ins kV)
7

M
»/./ 7261358
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AVHC201

MECHANICAL DATA Dimensions in mm

Net mass : 530 g

[ 2127403 -
- 2102
|
a 7 ﬂ \ }
J
777777777777, 77
S A
5
/ max 555
X max
photocathode !
: S |
[ [ ¥
K ! l
- (3516403 — 72613631
Distance anode - cathode 4,6 mm

Notes

1y Ccathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 * 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

3) Dark current is measured at 25 OC after a stabilization period in darkness, with anode
voltage applied, of 0,5 h.

4) Due to the geometry of the device and the high electric field strength the anode current
increases with anode voltage and wavelength (see Fig.2).

5) Measured with a pulsed-light source, with a pulse duration of < 1 ns, the cathode
being completely illuminated.

6) The linearity is measured with a light pulse with:
pulse duration =1 ps
pulse energy =35] (2 Mlm)
pulse repetition frequency = 2 p.p.min
Blue filter inserted in light path.
The linearity is observed on a X - Y oscilloscope by comparison with a standard
phototube.
The cathode current may not exceed a peéak value of 100 A.

7 During not more than some hours.

8) Cathode completely illuminated.
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Relative anode current as a function of anode voltage; wavelength as parameter.
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TVHC40

PHOTOTUBE

The TVHC40 is a 40 mm useful diameter head-on phototube with a flat window and an
opaque S20 (type T) photocathode. The tube is intended for use in applications with a
relatively high illumination especially in LASER detectors and features a short rise time

and a high linearity.

QUICK REFERENCE DATA

Spectral sensitivity characteristic S20 (type T)
Useful diameter of the photocathode 40 mm
Spectral sensitivity of the photocathode at 420 nm 70 mA/W

at 698 nm 10 mA/W
Anode voltage up to 5 kV
Rise time ' 0,4 ns
Linearity up to 6 A

To be read in conjunction with "General Operational Recommendations Phototubes",

CHARACTERISTICS
Photocathode

Opaque head-on

Material Sb-K-Na-Cs
Useful diameter > 40

Spectral sensitivity characteristic Fig. 1 S20 (type T)
Maximum spectral sensitivity at 450 * 100
Luminous sensitivity 1 ~ 150
Spectral sensitivity at 437 + 5 nm 2y = 70
at 698 + 7 nm ~ 10
B 5

Notes see page 3.

mm

nm

HA /Im
mA /W
mA /W
mA /W

A a1 1AM,



TVHC40

Operating characteristics

typ.

Dark current at Vi, = 2,5 kV 3) <yp
Saturation voltage 4
Rise time 5) =
Anode current linear within 10% at Vp =2,5kV up to Z
Capacitance, anode to cathode
LIMITING VALUES (Absolute max. rating system)
Anode voltage, d.c. max.
Total cathode current,’

peak max.

mean, averaging time 1s max.

REMARKS

0,15

100
0,4

10
10

nA
nA

ns

pF
kv

A
LA

After an idle period of more than 8 days, the dark current needs some hours to return to

its normal value.

The cathode should not be exposed to direct sunlight.

ACCESSORIES
Socket : type SC110

MEASURING CIRCUIT

4

. to
oscilloscope
d

0,4yF

lUS kv)’
7

25kv

500

+
7261358
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TVHC40

MECHANICAL DATA Dimensions in mm

Net mass : 85 g

857
B495
a o40
o/ e === !
§ ‘L l "f
N ]
NL | T
7z /
¢ |
% X 46
photocathode z !
| _J
! 7
K
‘ T
—~lgs3s
o57 1260087
Distance anode - cathode 6 mm

Notes

1y cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 * 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

3) Dark current is measured at 25 OC after a stabilization period in darkness, with anode
voltage applied, of 0,5 h. '

4) Due to the geometry of the device and the high electric field strength the anode current
is more or less dependent on the anode voltage and the wavelength of the irradiation.

5) Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1l ns, the
cathode being completely illuminated.
Tube mounted in socket SC110.

6y The linearity is measured with a light pulse with:
pulse duration =1ps
pulse energy =357 (2 Mlm)
pulse repetition frequency =2 p.p.min
Blue filter inserted in light path.
The linearity is observed on a X - Y oscilloscope by comparison with a standard

phototube.
The cathode current may not exceed a peak value of 100 A.

7) During not more than some hours.

8) Cathode completely illuminated.
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XA1002

PHOTOTUBE

The XA 1002 is a 20 mm useful diameter head-on phototube with a flat window and an
opaque S4 photocathode. The tube is intended for use in applications with relatively high

illumination and high peak currents.

QUICK REFERENCE DATA
Spectral sensitivity characteristic ' S4
Useful diameter of the photocathode 20 mm
Spectral sensitivity of the photocathode at 437 £ 5 nm 35 mA/W
Anode voltage ' up to 4 kv
Rise time =~ 0,2 ns
Linearity up to 8 A

To be read in conjunction with "General Operational Recommendations Phototubes".

CHARACTERISTICS
Photocathode

Opaque head-on, flat surface

Material Sb-Cs

Useful diameter > 20
Spectral sensitivity characteristic Fig. 1 S4

Maximum spectral sensitivity at 400 + 50
Luminous sensitivity 1y t>yp. 38
Spectral sensitivity at 437 + 5 nm 2y ~ 35

Notes see page 3.

mm

nm

pA/Im
pA /Im
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XA1002

Operating characteristics

Dark current at Vi, = 2,5 kV 3)
Saturation voltage

Rise time 5)
Anode current linear within 5% at Vi = 4 kV up to 6)7)
Capacitance, anode to cathode

LIMITING VALUES (Absolute max. rating system)

Anode voltage, d.c.

Total cathode current,
peak
mean, averaging time 1s

Ambient temperature

REMARKS

typ. 0,5
< 5
see note 4

= 0,2
= 8
2 5
Cak 2
max. 4
max. 10
max. 10
max. +60
min -40

nA
nA

ns

pF

kV

RA

oc 8
oC

After an idle period of more than 8 days, the dark current needs some hours to return to

its normal value.

The cathode should not be exposed to direct sunlight.

ACCESSORIES
Socket : type 56041

MEASURING CIRCUIT

. to
oscilloscope
7

500

Notes see pages 3 and 4.

lm’s kV)
2

LkV

0,4uF

+
7272620
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XA1002

MECHANICAL DATA Dimensions in mm
Net mass : 300 g

- @ 35max
ﬂ3085
3055 glass window
l
f ] o
103 4 JLLLL L
N |
245 I
33
max i
i —glass envelope
N | .:
YT
|
i —
T
—g 8 —
220
¢———— @30 5max — -
< ﬂggg | 77613644
Transmission of anode grid 85%
Distance anode - cathode 3,5 mm

Notes

1y Cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 + 5 K.

B

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

3\ Dark current is

voltage applied, o =O 5 h.

4) Due to the geometry of the device and the high electric field strength the anode current
increases with anode voltage and wavelength. See Fig. 2.

5) Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the
cathode being completely illuminated. Tube mounted in socket 56041,

6) When the tube is used with socket 56041 with a build-in capacitor of 500 pF this
linearity is obtained only if the electrical charge transported by the pulse - or pulse
train - does not exceed 1 uC. To prevent a considerable decrease in anode voltage
when measuring light pulses of high magnitude and/or long duration, an external
‘capacitor should be mounted between anode and earth (chassis).

R |



XA1002

The value can be calculated with:
Vga=Vp - AV =Vp --é— At

in which : Va > 2 kV
I = peak current
At = pulse duration

7y The linearity is measured with a light pulse with
pulse duration =1ups
pulse energy =357 (2 Mlm)
pulse repetition frequency = 2 p.p.min
Blue filter inserted in light path.
The linearity is observed on an X -Y oscilloscope by comparison with a standard
phototube.
The cathode current may not exceed a peak value of 10 A.

8) During not more than some hours.

7272612
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Fig. 1

Relative anode current as a function of anode voltage; waveléngth as parameter.
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XA1002

Fig.2

Spectral sensitivity curve

spectral sensitivity (mA /W)
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XA1003

PHOTOTUBE

The XA1003 is a 20 mm useful diameter head-on phototube with a flat window and an
opaque S1 photocathode. The tube is intended for use in applications with relatively high

illumination especially for use as LASER detector.

QUICK REFERENCE DATA
Spectral sensitivity characteristic S1 (type C)
Useful diameter of the photocathode 20 mm
Spectral sensitivity of the photocathode at 800 nm 2,5 mA/W
Anode voltage up to ‘ 2,5 kV
Rise time 0,2 ns
Linearity up to 1 A
To be reéd in conjunction with "General Operational Recommendations Phototubes™.
CHARACTERISTICS
Photocathode
Opaque head-on, flat surface
Material AgO-Cs
Useful diameter > 20 mm
Spectral sensitivity characteristic Fig. 1 S1 (type C)
Maximum spectral sensitivity at 800 £ 100 nm
Luminous sensitivity l) t>yp. zlg ﬁﬁi
Spectral sensitivity at 903 + 8nm 2) ~ 1,4 mA/W
1060 + 10 nm = 0,12 mA/W

Notes see page 3.
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XA1003 “

Operating characteristics

Dark current at Vi = 2,5 kV 3y

Saturation voltage

Rise time 5)
Anode current linear within 5% at Vp = 2,5 kV up to 6)7)
Capacitance, anode to cathode

LIMITING VALUES (Absolute max, rating system)
Anode voltage, d.c.

Total cathode current,
peak
mean, averaging time 1 s

Ambient temperature

REMARKS

typ. 5
< 10
see note 4

= 0,2
= 1
= 0,8
Cak 2
max. 2,5
max, 2
max. 1
max. 60
min -40

nA
nA

ns

pF

kV

HA

oc 8)
oc

After an idle period of more than 8 days, the dark current needs some hours to return
10

to its normal value.

The cathode should not be exposed to direct sunlight.

ACCESSORIES
Socket : type 56041

MEASURING CIRCUIT

a

_to
oscilloscope
72

0,4 pF
500 ;(‘BkV)
Z
02,5kVO— !
S
7 7261358

Notes see pages 3 and 4.

.
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XA1003

MECHANICAL DATA Dimensions in mm

Net mass : 33 g

j | @ 35max >

- 3085 .
3?'55 glass window[
L

!
+ . (4—a
103 &< AL ZZZ7LS 4
' )
245 |
33
max !

| +—glass envelope

-~ #305max ———»

- g Bk

> 4
33’0 72613641

Transmission of anode grid 85%
Distance anode-cathode 3,5 mm

Notes

1y Cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 + 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

3) Dark current is measured at 20 °C after a stabilization period in darkness, with anode
voltage applied, of = 0,5 h.

4) Due to the geometry of the device and the high electric field strength the anode current
is more or less dependent on the anode voltage and the wavelength of irradiation,

5) Measured with a pulsed-light source, with a pulse duration (FWHM) of < 1 ns, the
cathode being completely illuminated. Tube mounted in socket 56041.
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XA1003

6) When the tube is used with socket 56041, with a build-in capacitor of 500 pF, this
linearity is obtained only if the electrical charge transported by the pulse - or pulse
train - does not exceed 1 pC.

To prevent a considerable decrease in anode voltage when measuring pulses of high
magnitude and/or long duration an external capacitor should be mounted between anode
and earth (chassis).

The value can be calculated with:

I
Vg =Vp - AV =V e At
in which : Va > 2 kV
I = peak current
At = pulse duration

7y The linearity is measured with a light pulse with
pulse duration =1ups
pulse energy =357 (2 Mlm)
pulse repetition frequency =2 p.p. min

The linearity is observed on an X - Y oscilloscope by comparison with a standard
phototube.
The cathode current may not exceed a peak value of 2 A,

8) During not more than some hours.
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Spectral sensitivity characteristic,
With this type of cathode the
sensitivity of each individual tube U
can deviate considerably from the
curve shown : the maximum at
800 nm may be less pronounced
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90CG

GAS FILLED PHOTOTUBE

Gas filled phototube particularly sensitive to incandescent light sources, and to
near infra-red radiation. :

QUICK REFERENCE DATA
Anode supply voltage Vp max. 90 Vv
Luminous sensitivity N 125 wpA/lumen
Spectral response curve type C
Outline dirnensiohs max. 19 dia. x 54 mm
MECHANICAL DATA Dimensions in mm

Base: Miniature

min 30.5

72079481
7203526

The arrows show the direction of the incident radiation

The cathode connection may be made to pins 1, 2, 6 and 7 connected togeth-
er and the anode connection to pins 3, 4 and 5 connected together.

Photocathode

Surface Caesium on oxidized silver

Projected sensitive area ’ 3.0 cm?




90CG

ELECTRICAL DATA

Operating characteristics

Anode supply voltage Vb 90 Vv

Anode series resistor Ra 1 M@

Luminous sensitivity measured with
the whole cathode area illuminated
by a lamp of colour temperature 2700 °K N 125 pA/lumen

Dark current

Capacitance

Anode to cathode

Igark max. 0.1 pA

Cak 1.1 pF

LIMITING VALUES (Absolute max. rating system)

Anode supply voltage ‘ Vb max. 90 Vv
Cathode current Ik max. 2.0 uA
Ambient temperature tamp max. 100 °C
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90CV

VACUUM PHOTOTUBE

Vacuum phototube, particularly sensitive to incandescent light sources, and to
near infra-red radiation.

QUICK REFERENCE DATA
Aﬁode supply voltage Vb max. 250 VvV
Luminous sensitivity N 20 pA/lumen
Spectral response curve type C
Outline dimensions max. 19 dia. x 54 mm
MECHANICAL DATA Dimensions in mm

Base: Miniature

min 305

7203529.1

The arrows show the direction of the incident radiation.

The cathode connection may be made to pins 1, 2, 6 and 7 connected together
and the anode connection to pins 3, 4 and 5 connected together.

Photo cathode .

Surface Ceasium on oxidised silver

Projected sensitive area 3.0 cm?




90CV

ELECTRICAL DATA

Operating characteristics

Anode supply voltage Vb 0 Vv
Anode series resistor Ra 1 M@

Luminous sensitivity
measured with the whole cathode
area illuminated by a lamp of

colour temperature 2700 °K N 20 pA/lumen
Dark current (at V4 = 100 V) ) Igark max. 0.05 uA
Capacitance
Anode to cathode Cak 0.8 pF

LIMITING VALUES (Absolute max. rating system)

Anode supply voltage Vp max. 250 V
Cathode current Ik max. 10 uA
Ambient temperature tamp Mmax. 100 ©°C
I, 8
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92AG

GAS FILLED PHOTOTUBE

Gas-filled phototube particularly sensitive to daylight and to radiation having a
blue predominance.

QUICK REFERENCE DATA
Anode supply voltage ‘Vb max. 90 V
Luminous sensitivity N 130 uA/lumen
Spectral response curve type A
Outline dimensions max. 19 dia. x 54 mm
MECHANICAL DATA Dimensions in mm

Base: Miniature

min 30.5

[
E g 7203593

72079481 (SRt

EQ

The arrows show the direction of the incident radiation

The cathode connection may be made to pins 1, 2, 6 and 7 connected together
and the anode connection to pins 3, 4 and 5 connected together.

Photocathode
Surface Caesium antimony
Projected sensitive area 2.1 cm2




92AG

ELECTRICAL DATA

Operating characteristics

Anode supply voltage Vb 85 V
Anode series resistor Rgy 1 MQ

Luminous sensitivity measured with
the whole cathode area illuminated
by a lamp of colour temperature

2700 9K N 136 uA/lumen
Dark current Idark max. 0.1 uA
Capacitance
Anode to cathode Cak 0.9 pF

LIMITING VALUES (Absolute max. rating system)

Anode supply voltage Vb max. 90 V
Cathode current Ik max. 0.0125 uA/mm2
Ambient temperature tamb max. 70 ©°C
A 0025 tmH§
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92AV

VACUUM PHOTOTUBE

Vacuum phototube particularly sensitive to daylight and to light radiation with a
blue predominance.

QUICK REFERENCE DATA
Anode supply voltage Vp  max. 100 V

Luminous sensitivity N 45 uA/lumen

Spectral response curve ) type A

Outline dimensions

max. 19dia. x 54 mm

MECHANICAL DATA Dimensions in mm

Base: Miniature max 19
min 11
:?_‘T‘T
Ne
> i 1 L\\‘t\*
Dle: |11 5D
S fe L1183
K I 0 n E\
© g 3 calh
w | {
Q)u? 7203593
x o
7203529} E ’s
IS

The arrows show the direction of the incident radiation.

The cathode connection may be made to pins 1, 2, 6 and 7 connected together
and the anode connection to pins 3, 4 and 5 connected together.

Photocathode

Surface caesium antimony
Projected sensitive area 2.1 cm2

o |



92AV

ELECTRICAL DATA

Operating characteristics

Anode supply voltage v
Anode series resistor MQ
Luminous sensitivity measured with

the whole cathode area illuminated

by a lamp of colour temperature

2700 °K pA/lumen
Dark current max. HA
Capacitance
Anode to cathode pF

— LIMITING VALUES (Absolute max. rating system)

Anode supply voltage max. Vv
Cathode current max WA /mm?
Ambient temperature max. oC

5 SN 3 ]c: é: I -
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150AV

PHOTOTUBE

The 150AV is a 30 mm useful diameter head-on phototube with a flat window and a semi-
transparent S11 (type A) photocathode. The tube is intended for use in high precision
photometry and for measurement of quickly changing light phenomena and features a

high stability and linearity.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode
Spectral sensitivity of the photocathode at 437 nm

Anode voltage

S11 (type A)
30
60
1to 90

mm
mA /W
A\

To be read in conjunction with "General Operational Recommendations Phototubes".

CHARACTERISTICS

Photocathode

Semi-transparent head-on

Material .

Useful diameter

Spectral sensitivity characteristic Fig. 1

Maximum spectral sensitivity at
Luminous sensitivity D)

Spectral sensitivity at 437 £ 5 nm 2y

Notes see page 3.

Cs-Sb

> 30

S11 (type A)
420 % 30

typ. 70
> 35

= 60

nm

pA /lm
HA /Im

mA /W

a 1 1AM Ii



150AYV

Operating characteristics

Operating voltage, d.c. 1to90 V

Saturation voltage

for a luminous flux of 0,05 lm = 4,5 V
0,01 Im = 1 Vv
- 3 typ. 1 pA
Dark current at Vp, 1V ) < 2 pA
Rise time at Vp, =50V 14 ns
Capacitance, anode to cathode Cak 13 pF
LIMITING VALUES (Absolute max. rating system)
Anode voltage, d.c. max. 100V
Cathode current per mmz,
peak ‘ max. 50 nA/mm?2
mean, averaging time 1s max. 70  pA/mm?2
Total cathode current, 4)5)
peak max. 35  pA
mean, averaging time 1s max. 500 nA
) max. 60 oc 6
Ambient temperature min. 40 oC

LIFE EXPECTANCY

With a cathode current of 2 pA the decrease in sensitivity may be:
at 400 nm 0,4%/h
at 560 nm 0, 8%/h.

With an average cathode current of 50 nA the sensitivity will not decrease more than 10%
of its initial value between zero and 500 operating hours.

To attain high stability it is recommended that the cathode current be kept as low as
possible.

REMARKS
After an idle period of more than 8 days, the dark current needs some hours to return
to its normal value.

The cathode should not be exposed to direct sunlight.

2 ' I l ‘ Avpril 1976



150AV

MECHANICAL DATA Dimensions in mm

Net mass : 60 g

85max

68+2

$9,09+0,05
©6,35+005 --' l I

il

photocathode

An external guard ring significantly decreases the dark current (=10-14 A). This can be <—
obtained by applying a ring of silver paste.

Notes

1) Cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 * K.

2y Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

3) Dark current is measured at 25 °C after a stabilization period in darkness, with anode
voltage applied, of 0,5 h. The dark current is approximately proportional to the
applied voltage. ‘

An external guard ring, made of silver paste, may be put on the tube envelope when
the tube is used with very low cathode current.

4) Cathode uniformly illuminated.

5) The relation between the incident luminous flux and the cathode current is linear within
measuring errors provided the anode voltage is higher than the saturation voltage.

6) During not more than some hours.

o | |
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150CV

PHOTOTUBE

The 150CV is a 26 mm useful diameter head-on phototube with a flat window and a semi-
transparent S1 (type C) photocathode. The tube is intended for use in high precision
photometry and for measurement of quick changing light phenomena and features a high
stability and linearity.

QUICK REFERENCE DATA

Spectral sensitivity characteristic S1 (type C)

Useful diameter of the photocathode 26 mm
Spectral sensitivity of the photocathode at 800 nm 2,5 mA/W
Anode voltage ‘ 1t090 V

To be read in conjunction with "General Operational Recommendations Phototubes".

CHARACTERISTICS
Photocathode

Semi-transparent head-on

Material . AgO-Cs

Useful diameter > 26 mm

Spectral sensitivity characteristic Fig. 1 S1 (type C)

Maximum spectral sensitivity at 800 * 100 nm

Luminous sensitivity 1) t>yp. 212 ) L‘lﬁﬁnml

Spectral sensitivity at 903 + 8 nm 2) = 1,4 mA/W
1060 * 10 nm = 0,12 mA/W

Notes see page 3.




150CV

Operating characteristics

Operating voltage, d.c.

Saturation voltage
for a luminous flux of 0,05 Im

Qo

0,01 Im

Dark current at Vp = 1V 3 t<yp.
Rise time at Vp =50 V z
Capacitance, anode to cathode Cak
LIMITING VALUES (Absolute max. rating system)
Anode voltage, d.c. max,
Cathode current per mm2,

peak max.

mean, averaging time 1s max.
Total cathode current, 4)5)

peak max.

mean, averaging time 1s max.
P . max.
Ambient temperature .

min.

LIFE EXPECTANCY

1 to 90

4,5

10
20

14
13

100

50
70

25
500

50
-40

PA
PA
ns

pF

nA/mm?
PA/ mm?2

nA

oc )
oC

With an average cathode current of 35 nA the sensitivity will not decrease more than 10%

of its initial value between zero and 500 operating hours.

To attain high stability it is recommended that the cathode current be kept as low as

possible.

REMARKS

After an idle period of more than 8 days, the dark current needs some hours to return to

its normal value.

The cathode should not be exposed to direct sunlight.

April 1976



150CV

MECHANICAL DATA ‘ Dimensions in mm
Net mass : 60 g

85 max >
- 68+2 >

I<——30 —
<13 |

9,09+0,05 r

?6,35+0,05— | |+
i |
r 7 |- —-——)\ ' -
i 1

[— 19 —|

-

7
r 7 ’

52 ]
max
A \_

—-{ 9 |d—

photocathode
4_12" 7269865

Notes

1) Cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 * 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

3) Dark current is measured at 20 OC after a stabilization period in darkness, with anode
voltage applied, of =0,5 h. The dark current is approximately proportional to the
applied voltage.

An external guard ring, made of silver paste, may be put on the tube envelope when
the tube is used with very low cathode current.

4y Cathode uniformly illuminated.

5) The relation between the incident luminous flux and the cathode current is linear within
measuring errors provided the anode voltage is higher than the saturation voltage.

6) During not more than some hours.

A N ||



150CV

Fig.1

Spectral sensitivity characteristic
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150TV

PHOTOTUBE

The 150TV is a 26 mm useful diameter head-on phototube with a flat window and a semi-

transparent S20 (type T) photocathode. The tube is intended for use in high precision
photometry and for measurement of quick changing light phenomena and features a high

stability and linearity.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode
Spectral sensitivity of the photocathode at 698 nm

Anode voltage

$20 (type T)
26
13
1to 90

mm
mA /W
v

To be read in conjunction with "General Operational Recommendations Phototubes".

CHARACTERISTICS

Photocathode

Semi-transparent head-on

Material

Useful diameter

Spectral sensitivity characteristic Fig. 1

Maximum spectral sensitivity at
Luminous sensitivity 1

Spectral sensitivity at 698 + 7 nm 2)

Notes see page 3.

Sb-Na-K-Cs
> 26
520 (type T)
420 + 30
typ. 150
> 100
~ 13

mm

nm

pA /lm
pA /Im

mA /W

Anwil 1074 I I
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150TV

Operating characteristics

Operating voltage, d.c. 1to9 V
Saturation voltage
for a luminous flux of 0,05 Im = 4,5 V
0,01 Im = 1V
_ 3 typ. 2 pA
Dark current at Vp = 1V ) - 5 pA
Rise time at V[, =50 V =~ 14 ns,
Capacitance, anode to-cathode Cak 13 pF
LIMITING VALUES (Absolute max. rating system)
Anode voltage, d.c. max. 100 V
Cathode current per mm2,
peak max. 50 nA/mm?
mean, averaging time 1s max. 70  pA/mm?2
Total cathode current, 4,5)
peak max. 25  pA
mean, averaging time 1s max. 500 nA
- max. +60 oc 6
Ambient temperature min. -40 OC

LIFE EXPECTANCY

With a cathode current of 1 pA the decrease in sensitivity may be:
at 437 nm 0,2%/h
at 700 nm 0,4 %/h.

With an average cathode current of 1 x 10°7 A the sensitivity will not decrease more
than 10 % of its initial value between zero and 500 operating hours.

To attain high stability it is recommended that the cathode current be kept as low as
possible.

REMARKS

After an idle period of more than 8 days, the dark current needs some hours to return to

. T1iim

its normal value

The cathode should not be exposed to direct sunlight.

2 H , ” April 1976



150TV

Dimensions in mm

Net mass : 60 g

- 85max >

<+——68+2

—-> 1341 j=
5909*‘005—» '4—
a6, 35+005—> | |<—

e L

I
Bl /-

- 9]4—

photocathode
<12 . 7269866

Notes

l) Cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 + 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

3) Dark current is measured at 25 OC after a stabilization period in darkness, with anode
voltage applied, of =0,5 h. The dark current is approximately proportlonal to the
applied voltage.

An external guard ring, made of silver paste, may be put on the tube envelope when
the tube is used with very low cathode current.

4) Cathode uniformly illuminated.

5) The relation between the incident luminous flux and the cathode current is linear within
measuring errors provided the anode voltage is higher than the saturation voltage.

6) During not more than some hours.

Anril 1074 ” I[ -



150TV

Fig.1

Spectral sensitivity characteristic
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150UV

PHOTOTUBE

The 150UV is a 30 mm useful diameter head-on vacuum phototube with a flat window and
a semi-transparent S13 (type U) photocathode. The tube is intended for use in high pre-
cision photometry and features a high stability and linearity.

QUICK REFERENCE DATA
Spectral sensitivity characteristic S13 (type U)
Useful diameéter of the photocathode > 30 mm
/ Spectral sensitivity of the photocathode at 437 nm 50 mA/W
Anode voltage ' 1to90 V

To be read in conjunction with "General Operational Recommendations Phototubes'.

CHARACTERISTICS
Photocathode

Semi-transparent head-on

Material Cs-Sb

Useful diameter ' > 30 mm
Spectral sensitivity characteristic Fig. 1 S13 (type U)

Maximum spectral sensitivity at 400+ 30 nm
Luminous sensitivity L t>yp gg L‘?ﬁg
Spectral sensitivity at 437 + 5 nm 2) = 50 mA/W

Notes see page 3.

Al 10772 H II 1



150UV

Operating characteristics

Operating voltage, d.c. 1to90 V
Saturation voltage
for a luminous flux of 0,05 Im = 4,5 V
0,01 Im = 1 Vv
_ 3 typ. 1 pA
Dark current at Vi, = 1V ) 2 2 pA
Rise time at V, = 50 V = 14 ns
Capacitance, anode to cathode Cak 13 pF
LIMITING VALUES (Absolute max. rating system)
Anode voltage, d.c. . max. 100 V
Cathode current per mm?2
peak max. 50 nA /mm2
mean, averaging time 1 s max. 70 pA/mm2
Total cathode current
peak \ ' max. 35 pA
mean, averaging time 1s 4)5) max. 500 nA
. max, +60 OCc 6
Ambient temperature min. _40 oC

LIFE EXPECTANCY

With a cathode current of 2 pA the decrease in sensitivity may be:
at 400nm  0,4%/h
at 560nm  0,8%/h.

With an average cathode current of 50 nA the sensitivity will not decrease more than 10%
of its initial value between zero and 500 operating hours.

To attain high stability it is recommended that the cathode current be kept as low as
possible.
REMARKS

After an idle period of more than 8 days, the dark current needs some hours to return to
its normal value.

The cathode should not be exposed to direct sunlight.

2 ll H April 1976



150UV

MECHANICAL DATA Dimensions in mm

Net mass.: 60 g

110 max
9215

70
I 65
- 9,09£0,05
—>|| i !EGJS:O,OS

T

photocathode

Notes

;) Cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 * 5 K.

2) Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

3) Dark current is measured at 25 OC after a stabilization period in darkness, with anode

voltage applied, of 0,5 h.
An external guard ring, made of silver paste, may be put on the tube envelope when

the tube is used with very low cathode current.

4) Cathode uniformly illuminated.

5) The relation between the incident luminous flux and the cathode current is linear within
measuring errors provided the anode voltage is higher than the saturation voltage.

6) During not more than some hours.

v I .



150UV

Fig. 1

Spectral sensitivity curve.
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FE1004

SOCKET

DESCRIPTION

This socket consists of a plastic moulding with 12 gold-plated contacts. The connections to the socket
can be made by means of wire soldering. Mounting is done with two M3 screws.

ELECTRICAL DATA
Maximum working voltage

between two adjacent contacts 2000 V
Insulation resistance between two

adjacent contacts (at 500 V) > 10'MQ
Contact resistance < 10 mQ
Capacitance

between two adjacent contacts 0,8 pF

one contact to all 1.3 pF
Temperature range —55 to+ 100 °C

| (January 1978



FE1004

I

MECHANICAL DATA

Outlines
S
s’ QZ
?_i ¥ T
|
]
12,72
32 85 1268
T
LA Y
VX 722003
Mass 749

Mounting hole diameter 22,5 mm

The use of flexible leads is strongly recommended.

Dimensions in mm

January 1978



FE1012

DUODECAL SOCKET

DESCRIPTION

This socket consists of a diallylphthalate moulding with 12 silver-plated phosphor-bronze contacts,
spigot keyway in the centre hole and separate cadmium-plated saddle. The socket pins are suitable for
either wire soldering, or soldering into a printed-wiring board. The socket can be mounted with or
without the separate mounting ring by means of two M3 screws.

ELECTRICAL DATA
Maximum working voltage

between two adjacent contacts 2000 V
Maximum working voltage )

between any contact and saddle 3000 V
Insulation resistance between two

adjacent contacts (at 500 V) > 10°MQ
Contact resistance < 50 mQ
Temperature max. 80 OC

l (January 1978



FE1012 J l

MECHANICAL DATA

Outlines

Dimensions in mm

*PJ 18,8 |=—

—— 50,1 ——a=] VX722458

Mass

454

socket

15¢g

mounting ring

January 19a (




FE1014

DIHEPTAL SOCKET

DESCRIPTION

This socket consists of a diallylphthalate moulding with 14 silver-plated phosphor-bronze contacts,
spigot keyway in the centre hole and separate cadmium-plated saddle. The socket pins are suitable for
either wire soldering, or soldering into a printed-wiring board. The socket can be mounted with or
without the separate mounting ring by means of two M3 screws.

ELECTRICAL DATA
Maximum working voltage

between two adjacent contacts 2000 V
Maximum working voltage

between any contact and saddle 3000 V
Insulation resistance between two

adjacent contacts (at 500 V) > 10’ MQ
Contact resistance < 50 mQ
Temperature max. 80 °C

w (January 1978



FE1014

MECHANICAL DATA Dimensions in mm
Outlines
+ (=055
36 032
] 325— ",
) f
P A — J
' i A 7
K
’I 37wl
22,22 L
AN\
30° ]
. 365
{T\ P &
W @\e
559 &\ / \
6985 | N )2
778 71k
E —ml 223 lea— vx722459
Mass :
socket 4049
mountingring 15¢g
2 January 1978



FE1020

BIDECAL SOCKET

DESCRIPTION

This socket consists of a diallylphthalate moulding with 20 silver-plated phosphor-bronze contacts,
spigot keyway in the centre hole and separate cadmium-plated saddle. The socket pins are suitable for
either wire soldering, or soldering into a printed-wiring board. The socket can be mounted with or
without the separate mounting ring by means of three M4 or three M3 screws respectively.

ELECTRICAL DATA
Maximum working voltage

between two adjacent contacts 2000 V
Maximum working voltage

between any contact and saddie 4000 V
Insulation resistance between two

adjacent contacts (at 500 V) > 10" MQ
Contact resistance < 50 m§2
Temperature max. 80 ©C

I (January 1978



FE1020

MECHANICAL DATA

Dimensions in mm

Outlines
Ty
14,] 206
— #4,(3x)
— —}r
re———62,7
—— 82 ———>
Mass fe——— 90 ———— | vz 7255
socket 56 g
mountingring 44 ¢
2

January 1978w (



FE1114

SOCKET

DESCRIPTION

This socket consists of a plastic moulding with 14 gold-plated contacts. The connections to the socket
can be made by means of wire soldering. Mounting is done with two M3 screws.

ELECTRICAL DATA

Maximum working voltage
between two adjacent contacts

Insulation resistance between two

adjacent contacts (at 500 V) >
Contact resistance <
Temperature max.

2000 V

107 MQ
10 mQ
80 ©°C

| (January 1978



FEM4

MECHANICAL DATA Dimensions in mm
Outlines
@227 0 —»
1=0,1 ‘
1
53 4
oat o C : 1, 33y M
. T

7278134

The use of flexible leads is strongly recommended.

January 1978



FE2019

SOCKET

DESCRIPTION

This socket consists of a polytetrafluoraethylene moulding with 19 silver-plated phosphor-bronze
contacts and a separate cadmium-plated saddle. The socket pins are suitable for either wire soldering,
or soldering into a printed-wiring board. The socket can be mounted with the separate mounting ring
by means of two M3 screws.

ELECTRICAL DATA
Maximum working voitage

between two adjacent contacts 2000 V
Maximum working voltage )

between any contact and saddle 3000 V
Insulation resistance between two

adjacent contacts (at 500 V) > 10 MQ
Contact resistance < 50 mQ
Temperature ’ . max. 80 °C

W (January 1978



FE2019

MECHANICAL DATA Dimensions in mm
Outlines
5

ISP D \ 365+0,1

318

30°

lt———— 65 ———

l— T4 gaf VX722460

Mass
socket 18¢g
mountingring 15¢g

January 1978} (



FE2021

SOCKET

DESCRIPTION

This socket consists of a polytetrafluoraethylene moulding with 21 silver-plated phosphor bronze
contacts and a separate cadmium-plated saddle. The socket pins are suitable for either wire soldering,
or soldering into a printed-wiring board. The socket can be mounted with the separate mounting ring
by means of two M3 screws.

ELECTRICAL DATA
Maximum working voltage

between two adjacent contacts 2000 V
Maximum working voltage

between any contact and saddle 3000 V
Insulation resistance between two

adjacent contacts (at 500 V) > 107 MQ
Contact resistance < 50 mQ

Temperature max. 80 °C

w (January 1978



FE2021

MECHANICAL DATA

Outlines

8
v Y

b 14,5
bl ST 181 )
a0 | 3,45+0,05
$50,] —s=

Mass
socket 35g
mounting ring 15¢g

e 74 —

VX 722460.A

Dimensions in mm

January 197q (



56127

56138
MU - METAL CYLINDRICAL SHIELDS
-« B - -
AC
A
7207273
Dimensions
Type No. A (mm) B (mm) C (mm)
56127 42 41 90 +1 1 -
56128 57+ 1 90 + 1 1 =
56129 132 +1 150 + 1 1 =
56130 57 +1 110+1 1
56131 C75+1 110 +1 1
56132 240 + 1 300 +1 1
56133 145 +1 250 + 1 1
56134 21 +1 80 + 1 1
56135 78 +1 130 +1 1
56136 28 +1 110 +1 1
56138 28 4+ 1 80 +1 ' 1
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REPLACEMENT
LIST

OBSOLETE TYPES

type number replaced by type number replaced by
PM2007 XP1017 XP1110 PM1910
PM2054 XP2050 XP1113 PM1920
PM2203 XP2230 XP1114 —
XP1000 PM2202 XP1115 PM1910
XP1001 PM2202 XP1118 PM1918
XP1003 56TUVP XP1119 PM1910
XP1004 — XP1143 * -
XP1005 - XP1180 . PM1980
XP1006 PM2202 XP1210 XP2020
XP1010 XP2010 XP1220 -
XP1015 XP1011 XP1230 * -
XP1016 PM2013B 54AVP XP2050
XP1020 XP2020 54DVP XP2050
XP1021 XP2020 54UVP -
XP1023 XP2020Q 56DUVP XP2020Q
XP1030 XP2030 56SBUVP * —
XP1031 XP2030 56UVP XP2020Q
XP1032 - 58AVP XP2040
XP1034 XP2030 58DVP XP2041
XP1040 XP2040 58UVP XP2041Q
XP1041 XP2041 60AVP 60DVP

* Information available on request.

1 January 1978



REPLACEMENT

LIST

DEVELOPMENT SAMPLE DATA
type number replaces type number replaces
PM1910 XP1110 PM2060B -
PM1918 XP1118 PM2202 XP1000/XP1006
PM1920 XP1113 PM2232 —
PM1980 XP1180 PM2232B 56AVP/56DVP
PM20128B 150DVP PM2312 -
PM2013B XP1016 PM2312B -
PM20188B 150UVP PM2402 —
MAINTENANCE TYPES

type number replaced by

XP1011 -

XP1116 -

56AVP PM2232B

56CVP -

56DVP PM2232B

56TUVP -

56TVP -

Complete data on these types are included in this handbook.

\
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INDEX

INDEX OF TYPE NUMBERS
type number description type number description
AVHC201 phototube XP2000 photomultiplier tube
FE1004 socket XP2008
FE1012 XP2010
FE1014 XP2020
FE1020 XP2020Q
FE1114 XP2030
FE2019 XP2040
FE2021 XP2040Q
PM1910 photomultiplier tube XP2041
PM1918 XP2041Q
PM1920 XP2050 .
PM1980 XP2230
PM2012B XP2230B
PM2013B 56AVP
PM2018B 56CVP
PM2060B 56DVP
PM2202 56TUVP
PM2232 56TVP
- PM2232B 60DVP
PM2312 60DVP/H
PM2312B 90CG phototube
PM2402 9ocv
TVHC40 phototube 92AG
XA1002 92AV
XA1003 150AV.
XP1002 photomultiplier tube 150CV
XP1011 150CVP photomultiplier tube
XP1017 150TV phototube
XP1116 150UV
XP1117 56127-56138 mu-metal shields

W ﬁanuary 1978



Photomultiplier tubes

Phototubes

Associated accessories
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Argentina: FAPESALy.C., Av. Crovara 2550, Tal:_nlada, Prov. de BUENOS AIRES, Tel. 652-7438/7478.
Australia: PHILIPS INDUSTRIES HOLDINGS LTD., Elcoma Division, 67 Mars Road, LANE COVE, 2066, N.S.W., Tel. 427 08 88,
Austria: OSTERREICHISCHE PHILIPS BAUELEMENTE Industrie G.m.b.H., Triester Str. 64, A-1101 WIEN, Tel. 62 91 11.
Belgium: M.B.L.E., 80, rue des Deux Gares, B-1070 BRUXELLES, Tel 523 00 00.
Brazil: IBRAPE, Caixa Postal 7383, Av. Paulista 2073-S/Loja, SAO PAULO, SP, Tel. 284-4511.
Canada: PHILIPS ELECTRONICS LTD., Electron Devices Div., 601 Milner Ave., SCARBOROUGH, Ontario, M1B 1M8, Tel. 292-5161.
Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO, Tel. 39-4001.
Colombia: SADAPE S.A., P.O. Box 9805, Calle 13, No. 51 + 39, BOGOTA D.E. 1., Tel. 600 600.
Denmark: MINIWATT A/S, Emdrupvej 115A, DK-2400 KOBENHAVN NV, Tel. (01) 6916 22,
Finland: OY PHILIPS AB, Elcoma Division, Kaivokatu 8, SF-00100 HELSINKI 10, Tel. 17271.
France R.T.C. LA RADIOTECHNIQUE-COMPELEC, 130 Avenue Ledru Rollin, F-75540 PARIS 11, Tel. 355-44-99.
VALVO, UB der Philips G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, Tel. (040) 3296-1.
Greece: PHILIPS S.A. HELLENIQUE, Elcoma Division, 52, Av. Syngrou, ATHENS, Tel. 915311.
Hong Kong: PHILIPS HONG KONG LTD., Comp. Dept., Philips Ind. Bldg., Kung Yip St., K.C.T.L. 289, KWAI CHUNG, N.T. Tel. 12-24 51 21,
india: PHILIPS INDIA LTD., Elcoma Div., Band Box House, 254-D, Dr. Annie Besant Rd., Prabhadevi, BOMBAY-25-DD, Tel. 457 311-5.
Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Elcoma Division, ‘Timah’ Building, JI. Jen. Gatot Subroto, JAKARTA, Tel. 44 163.
Ireland: PHILIPS ELECTRICAL (IRELAND) LTD., Newstead, Clonskeagh, DUBLIN 14, Tel. 6933 55.
Italy: PHILIPS S.p.A., Sezione Elcoma, Piazza IV Novembre 3, 1-20124 MILANO, Tel. 2-6994.
‘Japan: NIHON PHILIPS CORP., Shuwa Shinagawa Bldg., 26-33 Takanawa 3-chome, Minato-ku, TOKYO (108), Tel. 448-5611.
(IC Products) SIGNETICS JAPAN, LTD., TOKYO, Tel. (03) 230-1521.
Korea: PHILIPS ELECTRONICS (KOREA) LTD., Philips House, 260-199 Itaewon-dong, Yongsan-ku, C.P.O. Box 3680, SEOUL, Tel. 44-4202,
Mexico: ELECTRONICA S.A. de C.V., Varsovia No. 36, MEXICO 6, D.F., Tel. 5-33-11-80.
Netherlands: PHILIPS NEDERLAND B.V., Afd. Elonco, Boschdijk 525, NL-4510 EINDHOVEN, Tel. (040) 79 3333.
New Zealand: Philips Electrical Ind. Ltd., Elcoma Division, 2 Wagener Place, St. Lukes, AUCKLAND, Tel. 867119,
Norway: ELECTRONICA A/S., Vitaminveien 11, P.O. Box 29, Grefsen, OSLO 4, Tel. (02) 1505 90.
Peru: CADESA, Jr. llo, No. 216, Apartado 10132, LIMA, Tel. 27 7317.
Philippines: ELDAC, Philips Industrial Dev. Inc., 2246 Pasong Tamo, MAKATI-RIZAL, Tel. 86-89-51 to 59.
Portugal PHILIPS PORTUGESA S.A.R.L., Av. Eng. Duharte Pacheco 6, LISBOA 1, Tel. 6831 21.
Singapore: PHILIPS SINGAPORE PTE LTD., Elcoma Div., POB 340, Toa Payoh CPO, Lorong 1, Toa Payoh, SINGAPORE 12, Tel. 5388 11.
South Africa: EDAC (Pty.) Ltd., South Park Lane, New Doornfontein, JOHANNESBURG 2001, Tel. 24/6701.
Spain: COPRESA S.A., Balmes 22, BARCELONA 7, Tel. 301 63 12.
Sweden: Al B. ELCOMA, Lidingévigen 50, S-10 250 STOCKHOLM 27, Tel. 08/67 97-80.
S\mlzerfand PHILIPS A.G., Elcoma Dept., Edenstrasse 20, CH-8027 ZURICH, Tel. 01/4422 11,
“Taiwan: PHILIPS TAIWAN LTD., 3rd Fl., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel. 5513101-5,
“Turkey: TURK PHILIPS TICARET A.S., EMET Department, Inonu Cad. No. 78-80, ISTANBUL, Tel. 4359 10.
United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E 7HD, Tel. 01-580 6633.
United States: (Active devices & Materials) AMPEREX SALES CORP., Providence Pike, SLATERSVILLE, R.I. 02876, Tel. (401) 762-9000.
(Passive devices) MEPCO/ELECTRA ING., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. (201) 539-2000.
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700.
Uruguay: LUZILECTRON S.A., Rondeau 1567, piso 5, MONTEVIDEO, Tel. 943 21.
Venezuela: IND. VENEZOLANAS PHILIPS S.A., Elcoma Dept., A. Ppal de los Ruices, Edif. Centro Colgate, Apdo 1167, CARACAS, Tel, 36 0511.

A6 ©1978 N.V. Philips’ Gloeilampenfabrieken
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