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DATA HANDBOOK SYSTEM

Our Data Handbook System is a comprehensive source of information on electronic components, sub-
assemblies and materials; it is made up of four series of handbooks each comprising several parts.

ELECTRON TUBES BLUE
SEMICONDUCTORS B RED
INTEGRATED CIRCUITS PURPLE
COMPONENTS AND MATERlALS~ 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

written consent of the publisher.
W ﬂ/lay 1980



ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks is comprised of the following parts:

T1 Tubes for r.f. heating

T2 Transmitting tubes for communications

T3 Klystrons, travelling-wave tubes, microwave diodes

ET3  Special Quality tubes, miscellaneous devices (will not be reprinted)
T4 Magnetrons

T5 Cathode-ray tubes
Instrument tubes, monitor and display tubes, C.R. tubes for special applications

T6 Geiger-Miller tubes

T7 Gas-filled tubes
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories

T8 Picture tubes and components
Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data
graphic display, monochrome monitor tubes for data graphic display, components for colour
television, components for black and white television and monochrome data graphic display

T9 Photo and electron multipliers
Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron
multiplier plates

T10  Camera tubes and accessories, image intensifiers

T11*  Microwave components and assemblies
. \m‘}

* Will become available in the course of 1982.
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SEMICONDUCTORS (RED SERIES)

The red series of data handbooks is comprised of the following parts:

S1

S2

S3

sS4

S9

S10

Diodes

Small-signal germanium diodes, small-signal silicon diodes, voitage regulator dy)des(< 1,5W),
voltage reference diodes, tuner diodes, rectifier diodes ie

Power diodes, thyristors, triacs .

Rectifier diodes, voltage regulator diodes (> 1,5 W), rectifier stacks, thyns?ors triacs
Small-signal transistors

Low-frequency power transistors and hybrid IC modules

Field-effect transistors

R.F. power transistors and modules

circuits

Devices for optoelectronics
Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared
sensitive devices, photoconductive devices.

Taken into handbook T11 of the blue series

Wideband transistors and wideband hybrid IC modules

\ (January 1982



INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks is comprised of the following parts:
IC1 Bipolar ICs for radio and audio equipment

IC2 Bipolar ICs for videé equipment

IC3* Digital ICs for radio, audio and vidéo equipment

IC4 Digital integrated circuits
LOCMOS HE4000B family

IC5 Digital integrated circuits — ECL
ECL10000 (GX family), ECL100000 (HX family), dedicated designs

IC6* Professional analogue integrated circuits
IC7 Signetics bipolar memories
IC8 Signetics analogue circuits

IC9* Signetics TTL circuits

* These handbooks will be available in the course of 1982.

January 1982



COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks is comprised of the following parts:

C1 Assemblies for industrial use
PLC modules, PC20 modules, HNIL-FZ/30 series, NORbits 60-, 61-, 90-series, input devices,
hybrid ICs, peripheral devices

Cc2 FM tuners, television tuners, video modulators, surface acoustic wave filters

C3 Loudspeakers

C4 Ferroxcube potcores, square cores and cross cores
C5 Ferroxcube for power, audio/video and accelerators
Cc6 Electric motors and accessories

Permanent magnet synchronous motors, steppmg motors, direct current motors

CM7a Ac:n.n;\hllnc (will not be reprinted)

185V 0g repr G/

Circuit blocks 40-series and CSA70(L), counter modules 50-series, input/output devices
c8 Variable mains transformers
Cc9 Piezoelectric quartz devices
Quartz crystal units, temperature compensated crystal oscnllators compact integrated oscillators,
quartz crystal cuts for temperature measurements
C10 Connectors
C11  Non-linear resistors
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC)
C12  Variable resistors and test switches
C13  Fixed resistors
C14  Electrolytic and solid capacitors

C15  Film capacitors, ceramic capacitors, variable capacitors

C16 Piezoelectric ceramics, permanent magnet materials

‘ ﬁanuary 1982
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PHOTOMULTIPLIER

TUBES
SURVEY OF TYPES
photo spectral response
cathode |  tube S1 |S20R [S11 | $13 | S20

dia. type status super socket

mm A (@ (A | W | M |Tu |b by YPe

14 PM1911 N X FE1004
XP1117 M X FE1004
XP1920 M X FE1004 —

23 PM2962 N X FE1114 E
PM2982 N X FE1114 —
XP2972 N X FE1114

32 PM2018B N X ' FE1012
XP1017 M X FE1012
XP2008 D X FE1012
XP2008UB D X FE1112
XP2010 M X FE1012
XP2012 D X FE1112
XP2012B D X FE1012
XP2013B D X FE1012
XP2060 D X FE1112
XP2060B D X FE1012
150CVP M X FE1012

44 PM2242B N X FE1020
PM2254B N X FE1020
XP2020 D X FE1020
XP2020Q D X FE1020
XP2202 D X FE2019
XP2202B D" X FE1014
XP2203B N X FE1014
XP2212 D X FE2019
XP2212B D X FE1020
XP2230 D X FE2021
XP2230B D X FE1020
XP2233B D X FE1020
XP2262 N X FE2019
XP2262B N X FE1020

46 PM2102 N X FE2019
PM2102B N X FE1014

56 PM2432 N X FE2019
PM2432B N X FE1014

56* PM2422 N X FE2019
PM2422B N X FE1014

* Hexagonal shape; dimension across flats.

| (April 1982



PHOTOMULTIPLIER
TUBES /
photo spectral response
cathode | tube S1 | S20R [S11 | S13 | 520
dia. type status super socket
mm A () (A) | (u) | (M | Tu|D|DU |™P®
59 | PM2402 N X FE2019
PM2402B N X FE1014
68 | PM2312 N X FE2019
PM23128 | N X FE1020
70 | PM2412 N X FE2019
PM2412B | N X FE1014
70* | PM2442 N X FE2019
PM24428 | N X FE1014
_ 110 | XP2040 M X FE1020
= XP2040Q | M X FE1020
e XP2041 D X FE1020
XP2041Q | D X FE1020
XP2050 D X FE1014

* Hexagonal shape; dimension across flats.

Status code

N = New design type. Recommended for new equipment design; production quantities available after

date of publication.

D = Design type. Recommended for equipment design; production quantities available at date of

publication.

M = Maintenance type. No longer recommended for equipment production; available for maintenance

of existing equipment.

7271372
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LIST OF SYMBOLS

PHOTOMULTIPLIER
TUBES
LIST OF SYMBOLS
*

Photocathode k
Secondary emission electrode (dynode) n Sp dn
Anode a
Accelerating electrode acc g
Grid g —
Cathode luminous sensitivity Nk sky _=_
Cathode spectral sensitivity Nkr  ske(n) =
Luminous anode sensitivity Ng say
Anode spectral sensitivity Nar  sag(p)
Anode blue sensitivity saf -—
Current amplification (gain) G
Total supply voltage Vp Vht
Anode current Ia
Anode dark current lao  ida
Cathode current 1%
Wavelength A
Internal connection (do not use) i.c.
Non-connected pin (may be used) n.c. -
External conductive coating m

* The symbols in the left-hand column are gradually being replaced by those in the right-hand column.

\ (June 1982






GENERAL
PHOTOMULTIPLIER
TUBES

GENERAL OPERATIONAL RECOMMENDATIONS
PHOTOMULTIPLIER TUBES

1. GENERAL *

1.1 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.

1.2 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.

1.3 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,

an improvement in time characteristics has been obtained by using
additional electrodes.

1.4 Several dynode system constructions are possible such as linear focused or venetian
blind structures.
Examples of materials used for dynodes are AgMg and CuBe, of which the
latter offers the better stability.
Assuming that all dynodes have the same secondary emission factor, &, the
amplification of the tube is given by :

G =6"

where n is the number of dynodes.

4

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

T Alamee ccaee 100N || H 1
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PHOTOMULTIPLIER
TUBES

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 MnOjy 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 glass window,

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

The S20 (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 glass 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 ' ” March 1976
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PHOTOMULTIPLIER

TUBES

2.2

2.3

2.4

2.5

Cathode luminous sensitivity

The cathode luminous 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, Iy, (corrected for dark current) is about 100 nA.
The voltage used should be sufficient to ensure saturation.

I
The sensitivity is given by: Ny =—k-
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 = Nyr - —5— - 100 (%)
where Ny, is the cathode radiant sensitivity in mA /W at wavelength A, and X is
the wavelength in nm.

In general the radiant sensitivity is given at the wavelength of maximum response.

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
Tk
Since the gain is usually very high (> 100y, 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.




GENERAL
PHOTOMULTIPLIER
TUBES

2.6
2.6.1

Anode luminous sensitivity

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

N, =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 °C energy temperature
(electrons - s~1. cm'z) (eV) (°C)
AgOCs (S 5. 100 1 -100
SbNaoKCs  (S20R) 103 Y13 i -40
SbNagKCs (520) 300 1,3 -40
SbCs (S11) 100 1,3 -20
SbKCs D) 10 1,2 0

At the lowest useful temperature the emission approaches the practical limit of
approximately 1 electron. s”lcm™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, Vy,
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 supply voltage (Vp) the major component of the dark current is
the - ohmic - leakage current between the pins; this component is proport-
ional to the voltage and increases with dust and high relative humidity.

H ” TN Aliasesmaavs 1TAON
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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 :

Ez =2-e I Af

in which e= 1,6 x 10~ 19 ¢, 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. Ik,
and the noise: T35 _ . L 5
1,2 =2:Ge'l, Af{1+51(6_1)}
The term-(qg-_—l) accounts for a noise contribution in the multiplier part due to

statistical fluctuations in the secondary emission, & 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:

s 1 M N
NI, 2~G-e-Af{l+

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

©

—t

)
51(6—1)}

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 Vg /k,
within the limiting values, saturation of the cathode is generally assured for
cathode currents in the range of 10-8 A at room temperature.

o | :
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2.8
2.8.1

Nevertheless for type-D photocathodes, departure from linearity can be observed
for cathode currents in the range of 10710 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 a 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 the photocathode receives a delta function light pulse.

‘Normally the 10% and 90% levels are considered.

The anode pulse 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.

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. fa g
tension supply voltage, Vi, approximately as Vi~

”:.x;r;.:yvﬂﬁ a__fuggtion of hlgh'

/2,

Stability A

The concept of stability refers to different behaviour of the gain of photomultipliers
which may change as a function of current, voltage, time, temperature, andhistory.
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.

April 1982
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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, stfongly 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 1 h 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

. | p-pi |

i 100

Pe=——7 "%
where p is the mean pulse amplitude averaged over n readings; p; is the pulse
ainplitude 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.

Mo

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 c/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 (Vb) should be well stabilized, since the gain of a photo-

multiplier tube is strongly dependent on the voltage, expressed by the following

relation:

g0y

E— = 0,75 n - 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%.

Hii
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3.2

3.2.1

3.2.2

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.

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), lp], must, therefore, be high
compared to the anode current.

1f 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.

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

A6 e fgn_ ot a8
G Ipl (n+1)-(5—l)}~lb1{ (m+ 1)-(6-1)

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.

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 I,. This is given by:
I =14 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 Cp 1 can be approx1mated when assuming that the charge Q. which
Cpy1 should supply during the anode current pulse is much greater than the charge
Q, carried by the pulse

Qa = [ 1,dT.
If the voltage across the last stage must be stable within 1%, that is AV/VS(m =

0,01, and if the influence of the voltage divider resistor across the capacitor is
neglecred then Q¢ = 100 Q4, whence:

Qe 100Qq 100
Vsmy Vsm) Vs

Cnyl = ‘ LdT.

H H March 1976



GENERAL

PHOTOMULTIPLIER

TUBES

3.3

As the current through the preceding stage is a factor § lower, its bypass.
capacitance can be a factor 6 smaller:
Cnt1
n= 5

The use of bypass capacitors gives the high voltage divider current a high time
constant. When bursts of pulses occur, that is witli 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.

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. -
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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 ) PM1911
made available for evaluation. It does not necessarily .
imply that the device will go into regular production. rep'aces XP1910

10-STAGE PHOTOMULTIPLIER TUBE

14 mm useful diameter head-on type

Flat window

Semi-transparent bi-alkaline type D photocathode

For high-energy physics, scintillation counting under limited dimensional conditions.

QUICK REFERENCE DATA *

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 14 mm )
Cathode blue sensitivity ) 10 uA/ImF note 1
Supply voltage .

for anode blue sensitivity = 10 A/ImF (note 1) 1250 V
Anode pulse rise time (with voltage divider B) ~2,4ns
Linearity )

with voltage divider A (Fig. 2) ~20 mA_

with voltage divider B (Fig. 3) ~ 80 mA.

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

GENERAL CHARACTERISTICS *

Window

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

Photocathode (note 2)

Semi-transparent, head-on

Material Sb K Cs

Useful diameter > 14 mm

Spectral sensitivity characteristic (Fig. 5) type D

Maximum spectral sensitivity 400 £ 30 nm

Luminous sensitivity ~ 60 uA/lm note 3

typ. 10 uA/ImF
> 8,0 uA/ImF note 1

Spectral sensitivity at 400 nm ~ 70 mA/W note 4

Blue sensitivity

* Notes are given on page 5.
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PM1911

Mulitiplier system

Number of stages 10
Dynode structure linear focused
Dynode material . CuBe
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 Vht=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 from 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 photomuitiplier tube

PM1911

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

9
k 1 d1 d2 d3 d4 45 d6 21 d

L}:— _‘w T T ¥ T \ \47 3

2 15
le— Vg —> -V, Bla-V, BV DlaVy BleVy >V, -Blav, Ble-v; ple-v, >lev, >
— g T o BN o N "f:}"‘c}‘"f:“"{:‘j_
*

< vht=12,25Vd

O
~HT

8 d9 d10,; \a -
- = - amplifier
Ry
0,76 T.

>

P

o}

7Z70513.
33 +HT

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

g
k } di d2 d3 dé4 d5 d d7 d8 d9 d10 a L
'@n T - 3T v 7Y T T T T amplifier
RL
2 1,5 1,25 1,25 15 2,25 | 2,25 25 3
[e— Vg —>la-Vy Dy Dl >lev, Blev, >l PV >l DV DV

<

-

- H

ST

|

O
-HT

Vht=19,5 Vq

>
>
72705143  Q

+HT

Fig. 3 Voltage divider B. Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode;
dn = dynode no.; a = anode; R_ = load resistor.
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PM1911

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

Supply voltage for an anode blue
sensitivity of 10 A/ImF

_ Anode radiant sensitivity at 400 nm

and V= 1260 V
Gain at V= 1250 V (Fig. 7)
Anode dark current at an anode blue
sensitivity of 10 A/imF
after 30 min. of stabilization

Pulse amplitude resolution for '37Cs at an anode
blue sensitivity of 10 A/ImF

Anode current linear within 2% at V¢ = 1500 V

Mean anode sensitivity deviation
long term (16 h)
after change of count rate

Anode pulse rise time at Vi = 1500 V
Anode pulse duration at half height at V¢ = 1600 V
Signal transit time at V= 1500 V

With voltage divider B (Fig. 3)

Gain at V¢ = 1700V (Fig. 7)

Anode pulse rise time at Vi, = 1700 V

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

Signal transit time difference between the
centre of the photocathode and 7 mm
from the centre at V= 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 are given on page 5.

up to

up to

<
typ.

1600 V
1250 V

~ 70 KA/W

~1

<
typ.

7

Q

3

1
1

R

x 108
10 nA

2 nA
0,3 nA

5%

20 mA

5%
5%

~ 2,3ns
~ 3,6ns
~ 272ns

~ 3,5x 106
~ 24ns
~ 3,8ns
~ 22ns

~ 1

,5ns

~ 80 mA

max.

max.
min.

min.

.1900 V
0,2 mA

. 360V
100 vV

. 250V

300 V
30V

+80°C
-300C

. +500C
-300¢C

notes 1,5

notes 1,6,7

notes 1,8

note 9

note 10
note 10
note 10

note 10
note 10
note 10

note 11
note 12

note 13

note 14
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10-stage photomultiplier tube ' PM1911

DEVELOPMENT SAMPLE DATA

Notes

1.

11.
12.
13.
14.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transmitted through a blue filter (Corning CS no. 5-58, polished
to half stock thickness).

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from linearity. In applications with short pulse times the photocathode is
able to deliver pulses containing 10 to 107 photoelectrons without disturbance.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7 x 103 for this type of tube.

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 voltage differ-
ence between one stage and the next is 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 insulators with an insulation resistance of > 10! ohm. :

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.

1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min).

Pulse amplitude resolution for 137 Cs 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.

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*c/s corresponding to an anode current of ~ 300 nA.

Mean pulse amplitude deviation after change of count rate is measured with a 137 Cs source at a
distance of the scintillator such that the count rate can be changed from 10%c/s to 103 ¢/s corre-
sponding to an anode current of ~ 1 uA and ~0,1 uA respectively.

Both tests are carried out according to ANSI—-N42—9—1972 of |EEE recommendations.
Measured with a pulsed light source, witha 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 attalns its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage Vh¢, approximately as Vit te

Total HT supply voltage, or the voltage at which the tube has a gain of 1 x 107, whichever is lower.
A value of < 10 uA is recommended for applications requiring high stability.

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. .
| (July 1981



PM1911 —

MECHANICAL DATA Dimensions in mm

(=2~~~ " A
di0  d8 /

photocathode vy

d3 di, g
7Z270509.2
y
13 max
¥
‘ 7275574 1
| -

25,5 max

Pin positions equal to those of tube XP1910.

&

Fig. 4.

Base 12-pin all glass
Net mass 21g

ACCESSORIES
Socket type FE1004
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10-stage photomultiplier tube

DEVELOPMENT SAMPLE DATA

Fig. 5 Spectral sensitivity characteristic.

Fig. 6 Relative gain as a function of the voltage
between dg and dg, normalized to Vq; V47/d5
constant.

Note: Gain regulation by changing the voltage
between d6 and d5 may cause a degradation
of other parameters such as stability and
linearity.

PM1911
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PM1911
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Fig. 7 Gain G and anode dark current lgq, as a function of the
supply voltage V.

I4a is given as a dotted line to indicate its principle behaviour
only.
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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

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
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 (with voltage divider B)
Linearity
with voltage divider A
with voltage divider B

S13 (type U)
> 32 mm
75 mA/W
1350 V
~ 2,5ns
up to =~ 100 mA
up to ~ 200 mA

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

GENERAL CHARACTERISTICS

Window
Material
Shape

Refractive index
at 2560 nm
at 400 nm

Photocathode

Semi-transparent, head-on

Material

Useful diameter

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

Spectral sensitivity at 437 £ 5 nm

Luminous sensitivity

fused silica

plano-plano

Sb-Cs
> 32 mm
S13 (type U)

400 * 30 nm
typ. 75 mA/W
> 40 mA/W
~ 85 uA/Im

W (January 1978



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

QR

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at Vp = 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 agamst the influence of magnetic flelds 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 ) PM2018B

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

acc
k 1 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 a .
L}r- q’- —+— —+— _\F -:F ? T T —\;— amplifier
. i R
2 0,75
+— Vg —»le= Vg +|4- Vg »le Vg »le Vg >le- Vg e Vg |« Vg >l Vg >l Vg »|e Vg |
*I:l**!:l*»—!:)—‘j-
A T
- Vp=11,75 Vg
o j
-HT 7273495.2 +HT

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

acc
k€,51 S2 S3 sS4 S5 S6 S7 S8 S3  S10 a
N

J q;' T T :F T T " N amplifier

2,25

<+ Vg >
1

—

i

< V,=18,25 Vg

(@)
—-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.

W (December 1977
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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 Ny = 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 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

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

< 1600V
typ. 1350 V
< 50 nA
typ. 5nA
~ 100 mA
~ 50 kA/W
~ 2,5ns
6 ns
~ 26 ns
~ 200 mA
max. 1800 V
max. 0,2 mA
max. 500V
min.. 150 V
max. 300V
max. 300V
min 30V
max. +80 °C
min. —300°C
max. +500C
min. —300°C
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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 Vp,, 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.

. A value of <10 A is recommended for applications requiring good stability.
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PM20188

MECHANICAL DATA

Base

7273507

Net mass

ACCESSGRIES

Socket

12-pin (JEDEC B12-43)
78 g

type FE1012

Fig. 4.

|

photocathode —/

Dimensions in mm

$39,5max

-+ B32min |<
! i—+_ =

<

“—

|

4

109

max

U

¥

7269772
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10-stage photomultiplier tube

PM2018B

DEVELOPMENT SAMPLE DATA

102 7275528
P
AN
/ A
Nkr A \
(mA/W) //
10
|
| \
] Al
i \
e . 1
Fig. 5 Spectral sensitivity characteristic. 100 300 500 700
A (nm)
100 — 7272524
v,
\
\
£ \
5 / \
3
s [TTT7]
o
2
10
I 1
/ \
/
Fig. 6 Relative gain as a function of the voltage
between Sg and Sg, normalized to Vg. Vgg/s4 \
constant.
Note: Gain regulation by changing the voltage 1
between S5 and S4 may cause a degradation 0 1 Vss/si 2
of other parameters such as stability and Vs
linearity.

w (February 1980
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PM2018B

7277487

0° —
—]
Nar
N volt.div. A
ar
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// // volt.div.B
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Fig. 7 Anode spectral sensitivity N5, and anode dark current

l30 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 necessarily
imply that the device will go into regular production,

PM2102
PM2102B

46 mm useful diameter head-on type
Flat window

Very good pulse amplitude resolution
Very low dark current
Very good stability

QUICK REFERENCE DATA*

Semi-transparent bi-alkaline type D photocathode
High cathode sensitivity; excellent collection from the entire cathode

For scintillation detection applications, e.g. gamma cameras

PM2102 replaces XP2000UB
PM2102B replaces XP2000

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBES

Spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode blue sensitivity

Supply voltage

for anode blue sensitivity = 1,5 A/ImF (note 1)

Anade dark current

at anode.blue sensitivity = 1,5 A/ImF (note 1)

Pulse amplitude resolution (7 Co)
Mean anode sensitivity deviation (30 days)

type D
> 46 mm
11,5 uA/lmF

1250 V
0,5 nA

~ 9,5%
~ 1%

note 1

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

GENERAL CHARACTERISTICS *
Window

Material
Shape
Refractive index at 550 nm

Photocathode (note 2)

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 4)
Maximum spectral sensitivity

Luminous sensitivity

Blue sensitivity

Spectral sensitivity at 400 nm

* Notes are given on page 4.

lime glass
plano-plano
1,52

Sb KCs

> 46 mm

type D

400 + 30 nm

~ 70 pA/lm

typ. 11,5 uA/ImF
>9,0 uA/ImF

~ 85 mA/W

note 3

note 1

note 4

w (March 1982



PM2102
PM2102B

Multiplier system

Number of stages
Dynode structure
Dynode material
Capacitances
anode to final dynode
anode to all

10
venetian blind
CuBe

~ 7 pF
~ 8,5 pF

Magnetic field

When the photocathode is uniformly illuminated the anode current is halved (at Vi = 1500 V) at a
magnetic flux density of 0,4 mT perpendicular to the tube axis.

A mu-metal shield extending more than 15 mm beyond the cathode is recommended for magnetic
screening.

RECOMMENDED CIRCUIT

) d1 d2
WSk

|
|
4
05 5
Va d
¢ ¢l¢ >la-Vy —pje Vg —pleVy >l Vy -l V4 >l Vg >V |

d3 db dS dé d7

2 2 2 2 2

<.

< Vit =12 Vg

-HT 7286382 +HT

Fig. 1 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode;
dp = dynode no.; a = anode; R|_ = load resistor.

Note

For optimum pulse amplitude resolution, the accelerating-electrode potential should be between the
cathode and first dynode potentials. If the tube is used in a socket wired for the XP2000UB or
XP2000 with the accelerating electrode connected to the first dynode, the pulse amplitude resolution
for °7 Co is about 9,7%.
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10-stage venetian blind photomultiplier tubes \ L

PM2102
PM2102B
TYPICAL CHARACTERISTICS *
With voltage divider A (Fig. 1) note 5
. e . <1450 V
Supply voltage for an anode blue sensitivity of 1,5 A/ImF (Fig. 5) typ. 1250 V note 1
Anode radiant sensitivity at 400 nm and V¢ = 1250 V ~ 12 KA/W
Gain at Vpy = 1250 V ~ 1,3 x 10°
Anode dark t at de bl itivity of 1,5 A/ImF (Fig. 5) <5nA notes 1, 6
node ar‘ current at an anode blue sensitivity of 1, m ig. typ. 0,5 nA ,
Pulse amplitude resolution for 37 Cs at an anode blue
sensitivity of 1,5 A/ImF ~ 7% notes 1,7
Pulse amplitude resolution for 57 Co at an anode blue
sensitivity of 1,5 A/ImF ~9,5% notes 1, 7
Pulse amplitude resolution for 5% Fe at an anode blue E
sensitivity of 7,5 A/ImF ~ 38% notes 1, 8 _—
Peak-to-valley ratio for 5°Fe at an anode blue -
sensitivity of 7,5 A/ImF ~ 40 notes 1,8
< Mean anode sensitivity deviation note 9
% longterm (16 h) ‘ ~0,5%
S long term (30 days) ~ 1%
| after change of count rate ~ 0,8%
% versus temperature between 20 and 60 ©C at 450 nm ~ 0,1% per °C
&%  Anode pulse rise timé at Vi,; = 1500 V ~10 ns note 10
E Anode pulse duration at half height at V; = 1500 V ~20ns note 10
w
= Signal transit time at V¢ = 1500 V ~ 46 ns note 10
3 Anode current linear within 2% at V¢ = 1500 V ‘ up to &~ 10 mA note 11
w
E LIMITING VALUES (absolute maximum rating system)
Supply voltage max. 2000 V note 12
Continuous anode current max. 0,2 mA note 13
. max. 500V
Voltage between first dynode and photocathode » min. 150 V note 14
Voltage between accelerating electrode and photocathode max. 500V
Voltage between consecutive dynodes max. 300V
Voltage between anode and final dynode max. 300V note 15
An:)bfrr:cit;r:?lm(efrca)lt'z:}ozng:r'od ) max. +80°9C note 16 -
P periods min. —30°0C °
. . max. +50°C
continuous operation and storage min. —309C

* Notes are given on page 4.
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PM2102
PM2102B

Notes

1.

10.

11.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 * 5K. Light is transmitted through a blue filter (Corning CS no. 5-58, polished
to half stock thickness).

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from linearity.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 * 5K. Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7,7 x 102 for this type of tube.

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 insulators with an insulation resistance of > 10'® ohm.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min).

Pulse amplitude resolution for '*” Cs and 57 Co is measured with an Nal(Tl) cylindrical scintillator
(Quartz et Silice serial no. 4856 or equivalent) with a diameter of 50 mm and a height of 50 mm
(2’ x-2""). The count rate used is ~ 10 c/s.

Pulse amplitude resolution for 5% 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~2x 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 '3’ 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 '*’ Cs source
at a distance of the scintillator such that the count rate can be changed from 10*c/s to 103¢/s
corresponding to an average anode current of =~ 1 uA and ~ 0,1 uA 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 Vht%-

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

(continued on page 6)
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10-stage venetian blind photomultiplier tubes PM2102

PM2102B
MECHANICAL DATA . Dimensions in mm
< 352,5max | < $52,5max -+
EDAG min-ﬂl ‘ < P46 r:in >
> T
photocathode ‘ photocathode
12
+2 124
5 g
max =
LU LS i
< Ny Nl
< 29,5 max 7285571 R
a < @58max —a-| 7206385
w
-
a
=
<
%)
-
2
w
= e
o
(e}
=
w
>
w
[a]
k 72692161 d1 k
g 7275580.1
Fig. 2 PM2102. Fig. 3 PM2102B.
Base 19-pin all-glass Base 14-pin IEC67-1-16a (JEDEC B14-38)
Netmass 120¢g Net mass 163 g
ACCESSORIES
Socket

for PM2102 type FE2019
for PM2102B type FE1014
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PM2102

PM2102B
100 7277410.1
/
N\
i \
ske(n) |
(mA/W) \
10
\
\
\\
| |
200 400 600 800
X\ (nm)

Fig. 4 Spectral sensitivity characteristic.

Notes (continued)

12. Total HT supply voltage, or the voltage at which the tube has an anode blue sensitivity of 40 A/ImF,
whichever is lower.

13. A value of < 10 uA is recommended for applications requiring good stability.
14. Minimum value to obtain good collection in the input optics.

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

16. For type PM2102B 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.
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Fig. 5 Anode blue sensitivity sag, and anode dark current
ida as a function of supply voltage Vpt.

ida is given as a dotted line to indicate its principle behaviour only.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PM2242B

6-STAGE PHOTOMULTIPLIER TUBE

44 mm useful diameter head-on type
plano-concave window

high cathode sensitivity
low gain

QUICK REFERENCE DATA*

semi-transparent bi-alkaline type D photocathode

very good pulse linearity and time characteristics of high amplitude pulses at high count rates

Spectral sensitivity characteristic type D
Useful diameter of the photocathode: > 44 mm
Quantum efficiency at 400 nm 25 %
Cathode blue sensitivity 10,5 uA/ImF note 1 =e—
Supply voltage for a gain of 2 x 10* 2000 V
Anode pulse rise time (with: voltage divider B) ~1,6ns
Linearity (with voltage divider B) up to 350 mA
To be read in conjunction with General Operational Recommendations Photomultiplier Tubes.
GENERAL CHARACTERISTICS *
Window
Material lime-glass
Shape plano-concave
Refractive index at 550 nm 1,62
Photocathode (note 2)
Semi-transparent, head-on
Material Sb K Cs
Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 5) type D
Maximum spectral sensitivity 400 + 30 nm
Luminous sensitivity ~ 70 uA/lm note 3
L typ. 10,5 pA/ImF 1
Blue sensitivity > 8.0 uA/ImF note
Spectral sensitivity at 400 nm ~ 80 mA/W note 4
Quantum efficiency at 400 nm 25%
* Notes are given on page 5. )
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PM2242B

Multiplier system

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

anode to final dynode ~ 3 pF

anode to all ~5pF

Magnetic field

When the photocathode is illuminated uniformly, the anode current is halved at V= 1100V, 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.

7275600

Fig. 1 Axis a with respect to base pins (bottom view).
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6-stage photomultiplier tube PM2242B

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

K g
) 4 d2 d3 d4
LY ¥ ¥ 3

10MQ]
3
e Vy —>feVy Vg -l Vy—
) Vhte=9Vy
=HT 7284768 +HT
Fig. 2 Voltage divider A.

K 9
! 31 ampl
[ '

10M0 Ry
Vg —>|
Ve =14,75 Vg ’
o o
—HT 7zewr67  +HT
Fig. 3 Voltage divider B.
k = cathode; Typical values of capacitors 1 nF
g = accelerating electrode;

dn =dynode no.;
R| = load resistor;
a = anode.

The cathode resistor of 10 M2 limits the current should there be unintentional contact between t!
coating and earth when the anode is earthed.
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PM2242B

TYPICAL CHARACTERISTICS *

With voltage divider A (Fig. 2) note 5
. . <1600V
S f; 4 .
Supply voltage for a gain of 1 x 10* (Fig. 6) typ. 1100 V
Anode dark current at a gain of 1 x 10* (Fig. 6) <5nA notes 6, 7
typ. 1 nA
With voltage divider B (Fig. 3) note 5
Supply voltage for a gain of 2 x 10* {Fig. 6) ~ 2000 V
Anode pulse rise time at V¢ = 2000 V ~ 1,6 ns note 8
Anode pulse duration at half height at Vij; = 2000 V ~2,4ns note 8
Signal transit time at Vi = 2000 V ~ 16,5 ns note 8
Anode current linear within 2% at V¢ = 2000 V up to ~ 350 mA
LIMITING VALUES (absolute maximum rating systerm) *
Supply voltage ) max. 2200 V
Continuous anode current . max. 0,2 mA note 9
- max. 800 V
Voltage between first dynode and photocathode min. 300 V note 10
Voltage between consecutive dynodes max. 400 V
] ) max. 600 V
e 1
Voltage between anode and final dynode min. 80 V note 11
Ambient temperature range max. +80 °C
. . . fax. note 12
operational (for short periods of time) - min. -30 °C
continuous operation and storage max. . +E0 9C
' pe g min. —30 °C

* Notes are given on page 5.
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6-stage photomultiplier tube

PM2242B

DEVELOPMENT SAMPLE DATA

NOTES

1.

10.
1.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5 K. Light is transmitted through a blue filter (Corning CS no. 5-58,
polished to half stock thickness).

The bialkaline phctocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed to light of too great an
intensity; the cathode current should be limited, for example, to 10 nA at room temperature or
0,1 nA at —100 OC. If too high a photocurrent is passed, the cathode can no longer be considered
an equipotential surface, and the focusing of electrons onto the first dynode Wlh be affected,
resulting in departure from linearity.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5 K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 £ 5 K. Light is transmitted through an interferential filter. Spectral sensitivity at 460 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7,6 x 103 for this type of tube.

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 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 photocathode potential. This implies safety precautions to
protect the user. The glass envelope of the tube should be supported only by insulators with an
insulation resistance of > 105 Q.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx.

30 min).

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

For applications which require good stability a value of < 10 pA is recommended. Use:of high
anode currents limits tube life; see also General Operatlonai Recommendations-Photomultiplier
Tubes.-

Minimum value to obtain good collection in the iriput 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.
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PM2242B

MECHANICAL DATA P . Dimensions in mm

< @53,5max->|

<@ 4L min-»

photocathode —

=+
~

147
max

coating“’ —— ]

nec ko
coating  7zear70

R

7284769

Fig. 4.

Note: Both anode contacts (pins 10 and 13) must be connected to prevent ringing of the anode pulse
signal.

Base 20-pin (IEC67-1-42a, JEDEC B20-102)
Net mass 15149

ACCESSORIES )
Socket type FE1020

(1) Warning:

The envelope of the tube is covered with a conductive coating, connected to the cathode. On top
~ of this a black paint is applied which is neither guaranteed to be light tight nor isolating.
Care should be taken to avoid hazard due to electric shock.
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6-stage photomultiplier tube

PM2242B

DEVELOPMENT SAMPLE DATA

102 7275625.1
/
AN
/ \ |
Ske()\) I \
(mA/W) I’ \
10
\
\
" \
200 400 600 800
A (nm)

Fig. 5 Spectral sensitivity characteristic.
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PM2242B

106 — 7284771 103
G ida
(nA)
G
105 volt. div, xA//K 102
an
A
P
/// G
/
/] volt. div. B
/ //
104 = o o 10
A Z
A A P
/| // -
/ / // 'da
P P2 volt. div. A
// // |
// /,/ I
103 1
,I
Pl
102 107
800 900 1000 1500 2000 2500

Vht (V)

Fig. 6 Gain G and anode dark current, iq,, as a function

of supply voltage V.

l4a is given as a dotted line to indicate its principle behaviour
only.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples PM 22548
made available for evaluation. It does not necessarily -
imply that the device wiil go into rer:lar production, rep|aces EGTUVP

12-STAGE PHOTOMULTIPLIER TUBE

The PM22548 is a 44 mm useful diameter head-on photomultiplier tube with a plano-concave fused
silica 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 PM22548B is
unilaterally interchangeable with 56 AVP-family tubes.

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 2300 V
Anode pulse rise time (with voltage divider B’) ~ 1,5 ns
Linearity, with voltage divider B upto =~ 280 mA

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

GENERAL CHARACTERISTICS

Window
Material fused silica
Shape . plano-concave
Refractive index

at 400 nm 1,47

at 250 nm 1,50
Photocathode
Semi-transparent, head-on
Material Sb Na K Cs
Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 6) type TU
Maximum spectral sensitivity at 420 + 30 nm
Spectral sensitivity at 698 + 7 nm 21 P- 1;’ 22;%
Luminous sensitivity ~ 150 pA/Im
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PM2254B

k3

Multiplier system

Number of stages 12
Dynode structure linear focused
Dynode material CuBe
Capacitances

Grid 1Ttok +Sq +acc+gy +Sg ~ 20 pF
Anode to final dynode ~ 4 pF
Anode to all ~ 7 pF

Magnetic field
See Fig. 9.

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.

7273510

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

PM2254B

RECOMMENDED CIRCUITS

- a
Sg Eé §_5_ S6 S7 S8 S9 S10 S‘L1 513
Y Vv N g v q/- ql- ? -? -\:J ‘:V ampl
Ry
Vg [« Vgl Vs
1 - H
Vb
17 Vg
b 5
RT Fig. 2 Voltage divider type A. nzeresss  HHT
-—
s sn s =
T n n ampl.
Ry
E 1,75 2,5 35 4.5 8 10
» <Q( |+~ Vg —>le— Vg -»le= Vg |4 Vg »le— Vg —>|e— Vg e Vg —>le- Vs |
w o I o o I o o W
=
o
1L
<§( 1t
%)
1 1 |
E |} {H |}
= b
= -~ 46,5 Vs
(@] fe) .
d -HT A . 7262687.1 +HT
S Fig. 3 Voltage divider type B.
w
[a] K 94924cc a
3 sS4 S5 S6 ST S8 S0 sn s
Y Vv N4 -\F ? \F Y \F AV
R
1,5 3 2,5
Vg e Vg —+|e— Vg »|e= Vg »le- Vg | [+ Vg —>|e-Vg—»|e-Vg—»|
o B o I H
1}
]
1 1 11
ikt | e | e |
Vb
21,5Vg
o
~HT Fig. 4 Voltage divider type B'. 72626851 +HT
k = cathode R = This resistor connects the anode when the output cable
g1. 92 = focusing electrodes is not terminated. Recommended value: 10 k2.
acc = accelerating electrode The cathode resistor of 1 MQ limits the current in case of
Sn = dynode no. n unintentional contact between the conductive coating and
a = anode earth when the anode is earthed.
RL = load resistor Typical value of capacitors: 1 nF.
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PM2254B

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)

Supply v%ltage for a gain of 3 x 107 (Fig. 10)

Anode dark current at a gain of 3 x 107 (Fig. 10)

Anode pulse rise time at Vi, = 2000 V

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

Anode current linear within 2% at Vy, = 2000 V
Obtainable peak anode current

With voltage divider B (Fig. 3)

Gain at Vy, = 2800 V (Fig. 10)

Anode pulse rise time at Vi, = 2800 V

Anode pulse duration at half height at Vi, = 2800 V
Signal transit time at Vp, = 2800 V

Signal transit time difference between the
centre of the photocathode and 18 mm
from the centre at Vi, = 2800 V

Anode current linear within 2% at V, = 2800 V

Obtainable peak anode current

With voltage divider B’ (Fig. 4)

Gain at Vy, = 2500 V (Fig. 10)

Anode pulse rise time at V}, = 25600 V

Anode pulse duration at half height at V}, = 2500 V
Signal transit time at Vi, = 2500 V

Signal transit time distribution at V|, = 2500 V

Signal transit time difference between the centre
of the photocathode and 18 mm from the
centre at Vi, = 2600 V

Anode current linear within 2% at V, = 2500 V
Obtainable peak anode current

Notes see page 6.

note

2,3

4,5
4,5
4,5

4,5
4,5
4,5

4,5
4,5
4,5
5,6

up to

up to

up to

typ.

typ.

Q

Q

Q

2

Q

Q

Q

Q

Q

2300
2700

60
1500

1.6
3,7
28
25
100

1,5 x 108
1,7
2,7
31

0,25
280
05to1

1,56 x 107
1,5

2,4

30

0,25

0,25
70
250

\%
\%

nA
nA

ns
ns
ns
mA
mA

ns
ns

ns

ns
mA

ns
ns
ns
ns

ns
mA
mA
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12-stage photomultiplier tube

PM2254B

DEVELOPMENT SAMPLE DATA

LlMlTING VALUES (Absolute maximum rating system)
Supply voltage
Continuous anode current
Voltage between focusing electrode, g1 and
photocathode
Voltage between first dynode and photocathode
Voltage between consecutive dynodes
(except S11 and S12)
Voltage between dynodes Sq1 and Sq2

Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

W

Notes see page 6.

note
7 max. 3000 V
8 max 0,2 mA
max. 300 V
9 max. 800 V
min. 210 Vv
max. 400 V
5 max. 600 V
10 max. 700 Vv
min. 80 V
" max. +80 °C
min. -30 °C
max. +50 °C
min. -30 °C
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PM2254B

Notes to pages 4 and 5

1.

2 ©®N

ey
—_

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.

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 tube is provided
with a conductive coating connected to the cathode. It is recommended that, if a metal shield is
used, this should be kept at cathode potential. This implies safety precautions to protect the user.
The 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).

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.

Non-inductive resistors of 51 £ are incorporated in the base connected to S1 and Sq2.

See also General Operational Recommendations Photomultiplier Tubes.

Transit time fluctuations of single electrons leaving the photocathode result in a transit time
distribution at the anode. This distribution is characterized by its standard deviation (o).

Total HT supply voltage, or the voltage at which the tube has a gain of 2 x 108, whichever is lower.
A value of < 10 uA is recommended for applications requiring good stability.

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.
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12-stage photomultiplier tube J ‘ PM2254B

DEVELOPMENT SAMPLE DATA

MECHANICAL DATA Dimensions in mm

(1)Warning: The envelope of the tube is
covered with a conductive coating,
connected to the cathode. Care should

be taken to avoid hazard due to
electric shock. ~<-@53,5max-+

‘¢44_min->

/ ~J A

photocathode -/
outer conductive
coatingV T > _170
+5
192
max

0

'

7273328.2

.
7262689.2 outer conductive
coating

Fig. 5.
The base connections of the PM2254B 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
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PM2254B

Fig. 6
Spectral sensitivity characteristic.

Fig. 7
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12-stage photomultiplier tube PM2254B
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PM2254B
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Fig. 10 Gain, G, and anode dark current, I, as a function of supply voltage Vp,.
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DEVELOPMENT SAMPLE DATA

This information is derivad from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PM2312
PM2312B

12-STAGE PHOTOMULTIPLIER TUBE

The PM2312 and PM2312B are 68 mm useful diameter head-on photomultiplier tubes with a plano-
concave window and a semi-transparant bialkaline type D photocathode. The tubes are 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. The PM2312 has a 19-pin all-glass 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 '3’ 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
8,0 %
2,5 ns

Q

2

upto =~ 100 mA
upto ~ 2560 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

SbKCs

> 68 mm

type D

400 + 30 nm
26 %

typ. 85 mA/W
> 65 mA/W
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PM2312
PM2312B

Muitiplier system

Number of stages 12

Dynode structure . ) linear focused
Dynode material Cu-Be

Capacitances
anode to final dynode ~ .3 pF
anode to all ~

Magnetic field

When the photocathode is illuminated uniformly, the anode current is halved (at Vp = 1500 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.

7275606 7275607

PM2312 PM2312B

Fig. 1 Axis a with respect to base pins {(bottom view).
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12-sfage photomultiplier tube PM 2312
PM2312B

RECOMMENDED CIRCUITS

« g1 52
i(S1 S22 's3 s4 S5 s6 ST S8 s9 sl s” s1
1 \F \{/_ R U N -? T.F :F T ke N
t ;
4 w08 | »vi1
f#—Vg —>i4-Vg—|e= Vg —le- Vg >|e Vg —>le= Vg »la— Vg -»|e— Vg >l Vg >[4 Vg le- Vg —»|€ Vs>
L — o S e B W D B B — o —
P
16 Vs
o
-HT 72756091 ——
< —_—
- —_—
< . . .
=) Fig. 2 Voltage divider A. Typical value of capacitors: 1 nF; k = cathode; 1,99 = accelerating electrodes;
W Sj = dynode no.; a = anode; R|_= load resistor.
-
o
E gl g2
< {S1 S2 s3 s4 S5 S6 ST S8 S§ SN
(D L!_\‘J T \ 7 N -\;J q: T ':F Vv
L
- A 209 | v 125 225
Z [¢— Vg ——>le- Vg {4 Vg —ple— Vg >le Vg —>le- Vg »le— Vg >l Vg »la- V5>l Vg
A
[T —{ 1 ™ I o I o o B
=
o
C_;J J,** 22,25Vs
IJJ —HT ' 12756081
>
i . . .
0 Fig. 3 Voltage divider B. Typical value of capacitors: 1 nF; k = cathode; g1,9 = accelerating electrodes;
S;y = dynode no.; a = anode; R|_ = load resistor.
w (January 1978 3



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 '*’Cs at an
anode spectral sensitivity of 12 kA/W

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

With voltage divider B (Fig. 3)
Gain at V, = 2000 V (Fig. 7)
Anode pulse rise time at Vp = 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 V|, = 1800 V

Anode current linear within 2% at Vi, = 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 g9 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

12

10

1

typ.

typ.

Q

Q

Q

max.
max.

max.
min.
max.

max.

max.

max.

min.

max.

min.

2000
2500

25
250

2000

8,0
100

6 x 10°
2,5
3,5
35

0,7
250

2500
0,2

700
300

400

1500

600
80

+80
-30
+50
-30

nA
nA

c/s

mA

ns
ns
ns

ns
mA

mA

<<

oc
oc

oc
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12-stage photomuitiplier tube PM2312

PM2312B

DEVELOPMENT SAMPLE DATA

= © ®

Notes

1.

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 shouid 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 ionger 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'S 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 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 1,4 x 107'2C (corresponding to 0,3 photoelectron) are recorded (Fig. 7).

Pulse amplitude resolution for 37 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 (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'1 2,

Non-inductive resistors of 51 are connected in the base of type PM2312B to S11 and Sq2.
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, 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.

For type PM2312B 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.
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PM2312
PM2312B

MECHANICAL DATA Dimensions in mm

© e—— @ 77,5max———* <—— @775max ——*

<+—— @68 min —>

’ [41 268 riin W”f’

|
[

B —
=T P T
photocathode R19 63 | ’ photocathode R19 63
—f——— 3 ( — %3
‘/% b f | / [}
2:3 \ ‘ ] z+a l
o P
R1g-A P 0 | R1g— -
RE7+2 £2 159 Re7+z 164
‘ max +4
| | ~7 185
‘ | max
n
|7
o
LU l
' “‘ ‘} 7275611 -
—Q)’Qm’ux m” ”“ }UUJ
le- (52 5max-—# - EEE
- 3#52 5max --J
S12» S10 s8
Stg! ic. k 7275610 S1,g1 ic. k ©o7z7%612
Fig. 4 PM2312. Fig. 5 PM2312B.
Base 19-pin all-glass Base* 20-pin |IEC67-1-42a, Jedec B20-102
Net mass 2169 Net mass 252 ¢

ACCESSORIES

Socket
for PM 2312 type FE2019
for PM 23128 type FE1020

* This tube can be inserted in sockets, wired for type XP2020 or 56AVP-family tubes.
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12-stage photomultiplier tube PM 2312

DEVELOPMENT SAMPLE DATA

PM2312B
102 7277565
7/
/
A\
Nkr [ \
(mA/W) I
10 \
\ =
\\ =
Fig. 6 Spectral sensitivity characteristic. \ —_—
1
200 400 600 800
A (nm)
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PM2312

PM2312B
_‘09 7275622
G lao
A
G (nA)
/| volt.div. A
108 103
7
G
A 7 volt.div. B
T
lao 1
/ /] volt.div. A
107 A 102
4
v
7
// /
A ‘/ //
, A 4
106 / 10
V4 7~
/
4 7
A |
105 |14 1
II
'I
104 10—-1
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Fig. 7 Gain G, and anode dark current I5q 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 necessarily
imply that the device will go into regular production.

PM2402
PM2402B

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBES

59 mm useful diameter head-on type
Flat window

Very good pulse amplitude resolution
Very low dark current
Very good stability

QUICK REFERENCE DATA *

Semi-transparent bi-alkaline type D photocathode
High cathode sensitivity; excellent collection from the entire cathode

For nuclear medicine applications, e.g. gamma cameras

Spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode blue sensitivity

Supply voltage

for anode blue sensitivity = 1,5 A/ImF (note 1)

Anode dark current

at anode blue sensitivity = 1,5 A/ImF (note 1)

Pulse amplitude resolution (°” Co)
Mean anode sensitivity deviation (30 days)

type D
> 59 mm
12,5 uA/ImF note 1

1250 V
0,5 nA

~9,2%
~ 1%

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

GENERAL CHARACTERISTICS *

Window

Material

Shape

Refractive index at 550 nm

Photocathode (note 2)

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 4)
Maximum spectral sensitivity

Luminous sensitivity

Blue sensitivity

Spectral sensitivity at 400 nm

* Notes are given on page 4.

lime glass
plano-plano
1,562

Sb K Cs

> 59 mm

type D

400 + 30 nm

~ 75 uA/lm note 3
typ. 12,56 uA/ImF
> 9,5 uA/ImF

~ 90 mA/W note 4

note 1

\ (March 1982



PM2402

PM2402B

Multiplier system
Number of stages 10
Dynode structure venetian blind
Dynode material v CuBe
Capacitances

anode to final dynode ~ 7 pF

anode to all ~ 8,6 pF
Magnetic field

When the photocathode is uniformly illuminated the anode current is halved (at V¢ = 15600 V) at a
magnetic flux density of 0,3 mT perpendicular to the tube axis.

A mu-metal shield extending more than 15 mm beyond the cathode is recommended for magnetic
screening.

RECOMMENDED CIRCUIT

K [¢]
] 41 d2 d3  d4 d5 d6 d7 d8 ds d10 N
I 2 2 2 2 2 2 A A A7) e
05 r1,5 Ry
Jd ,LA d~LVd—><—Vd—><—Vd—><—Vd—><—Vd—>4—Vd—><—Vd—><—Vd—»<-Vd—><—Vd—>
p— o o B .
b T
- , Vie= 12V, -
O ht d 6
—-HT 7286382 +HT

Fig. 1 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode;
dp = dynode no.; a= anode; R = load resistor.

Note

For optimum pulse amplitude resolution, the accelerating-electrode potential should be between the
cathode and first dynode potentials. If the tube is used in a socket wired for a previous type PM2402
or PM2402B with the accelerating electrode connected the first dynode, the pulse amplitude
resolution for ®7 Co is about 9,4%.
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10-stage venetian blind photomultiplier tubes

PM2402

* Notes are given on page 4.

PM2402B
TYPICAL CHARACTERISTICS *
With voltage divider A {Fig. 1) note 5
Supply voltage for an anode blue sensitivity of 1,5 A/ImF < 1415(2)5\6 v note 1
(Fig. 5) tve.
Anode radiant sensitivity at 400 nm and Vpt = 1250 V ~ 11 kA/W
Gain at Vi = 1260 V ~1,3x10°
L <5nA
Anode dark current at an anode blue sensitivity of 1,5 A/ImF 05 nA notes 1,6
(Fig. 5) typ.05n
Pulse amplitude resolution for '3’ Cs at an anode blue ~ 7% tes 1 7
sensitivity of 1,5 A/ImF = notes t, 1
Pulse amplitude resolution for 57 Co at an anode blue ~9,2% notes 1,7
sensitivity of 1,56 A/ImF ~11,5% notes 1, 17
Pulse amplitude resolution for 5Fe at an anode blue a0 -
sensitivity of 7,5 A/ImF ~ 38% notes 1,8 =
Peak to valley ratio for **Fe at an anode blue - -
sensitivity of 7,5 A/ImF ~40 notes 1,8
E- Mean anode sensitivity deviation note 9
g long term (16 h) ~0,5%
w long term (30 days) ~ 1%
& after change of count rate ~0,8%
5 versus temperature between 20 and 60 °C at 450 nm ~ 0,1% per °C
ﬂ Anode pulse rise time at V¢ = 15600 V ~ 10 ns note 10
& Anode pulse duration at half height at Vj = 1500 V ~ 20 ns note 10
§ Signal transit time at V¢ = 15600 V ~ 46 ns note 10
o  Anode current linear within 2% at V¢ = 1500 V up to =~ 10 mA note 11
> .
MQJ LIMITING VALUES (absolute maximum rating system)
Supply voltage max. 2000 V note 12
Continuous anode current max. 0,2 mA note 13
Voltage between first dynode and photocathod max. 500 V note 14
oltage between first dynode and photocathode min. 150 V.
Voltage between accelerating electrode and photocathode max. 500 V
Voltage between consecutive dynodes max. 300 V
Voltage between anode and final dynode max. 300 V note 15
Ambient temperature range o
operational (for short periods) max. +80 °C note 16
min. —30 °C
o]
continuous operation and storage 2?: igg og
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PM2402
PM2402B

Notes

1.

11.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transmitted through a blue filter (Corning CS no. 5-58, polished
to haif stock thickness).

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from linearity.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K, Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7,7 x 103 for this type of tube.

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 insulators with an insulation resistance of > 10'® ohm.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min).

Pulse amplitude resolution for 37 Cs and 57 Co is measured with an Nal(TI) cylindrical
scintillator (Quartz et Silice serial no. 4856 or equivalent) with a diameter of 50 mm and a height
of 50 mm (2" x 2"") . The count rate used is ~ 10* c/s.

Pulse amplitude resolution for **Fe is measured with an Nal(T1) cylindrical scintillator with a
diameter of 25 mm and a height of 1 mm provided with a beryllium window. The count rate used
is~2x 10° c/s.

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 '*” Cs source at a
distance from the scintillator such that the count rate is &~ 10* ¢/s corresponding to an average
anode current of &~ 300 nA. Anode sensitivity deviation after change of count rate is measured
with a *7 Cs 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 ~ 1 uA and ~ 0,1 uA 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

compietely 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 duratiop and transit time vary as a function of high tension supply
voltage V¢, approximately as Vht'/%

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

fcontinued on page 6)
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10-stage venetian blind photomultiplier tubes

PM2402

PM2402B

DEVELOPMENT SAMPLE DATA

MECHANICAL DATA

<— 064,25 max —»
f—ﬂSQmin—»
___________ o T
photocathode R16 y 4b
‘/‘;—' +2
19
Ri6 i '
120
*2
Ny
wuyopomr 15
max
— - +
29,5 max

<~@525max—| 726557

k
g 72755801

Fig. 2 PM2402.
Base 19-pin all-glass
Netmass 150 g

ACCESSORIES

Socket
for PM2402 type FE2019.
for PM2402B type FE1014

Dimensions in mm

(e~ 064,25 max —|

’<—Z59min--—j
photocathode R16 Lb
— *2
19 l
R16-" ¥
c 132
+
~— Coar —* 5 s
max
«— @ 58max—l 7285573

72692161 d1 k

Fig. 3 PM2402B.

Base 14-pin IEC67-1-

16a

(JEDEC B14-38)

Net mass 193¢
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PM2402

PM2402B
102 7277488.1
/ N\
Ske(>\) I \
(mA/W) I \
10
= I
= |
‘\
1
200 400 600 800
A (nm)
Fig. 4 Spectral sensitivity characteristic.
12.

13.

14

16.

Total HT supply voltage, or the voltage at which the tube has an anode blué sensitivity of 40 A/ImF,
whichever is lower.

A value of < 10 pA is recommended for applications requiring good stability.

. Minimum value to obtain good collection in the input optics.
15.

When calculating the anode voltage the voltage drop acroés the load resistor should be taken into
account,
For type PM2402B 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.

. Pulse amplitude resolution is measured with an Nal(T!) cylindrical scintillator (Quartz et Silice serial

no. 4186 or equivalent) with a diameter of 76 mm and a height of 76 mm (3" x 3'’). The count
rate used is ~ 10* c/s.
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10-stage venetian blind photomultiplier tubes PM2402
' J PM2402B
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Fig. 5 Anode blue sensitivity saf,
and anode dark current iy, as a function of supply
voltage V. !

ida is given as a dotted line to indicate its principle
behaviour only.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PM2412

PM2412B

PM2412 replaces XP2030UB
PM2412B replaces XP2030

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBES

70 mm useful diameter head-on type
Flat window

Very good pulse amplitude resolution
Very low dark current
Very good stability

QUICK REFERENCE DATA*

Semi-transparent bi-alkaline type D photocathode
High cathode sensitivity; excellent collection from the entire cathode

For scintillation detection applications, e.g. gamma cameras, high energy physws experlments

Spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode blue sensitivity

Supply voltage

for anode blue sensitivity = 1,5 A/ImF (note 1)

Anode dark current

PP Py 1 canoitl A

[

H IV lommntn 1
at anode blue )K‘.‘II)IUVILY =1 J AN (Note

Puise amplitude resolution (°*7 Co)

Mean anode sensitivity deviation {30 days)

type D
>70 mm
13 nA/ImF note 1

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

GENERAL CHARACTERISTICS*
Window

Material
Shape
Refractive index at 550 nm

Photocathode (note 2)

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 4)
Maximum spectral sensitivity

Luminous sensitivity

Blue sensitivity

Spectral sensitivity at 400 nm

* Notes are given on page 4.

lime glass
plano-plano
1,62

Sb K Cs

>70 mm

type D

400 = 30 nm

~ 78 uA/lm note 3
typ. 13 pA/ImF
> 10 pA/ImF
~ 105 mA/W note 4

note 1
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PM2412
PM2412B

Multiplier system

Number of stages 10
Dynode structure ) venetian blind
Dynode material CuBe
Capacitances

anode to final dynode ~ 7 pF

anode to all ~ 8,5 pF

Magnetic field

When the photocathode is uniformly illuminated the anode current is halved (at Vi = 1500 V) at a
magnetic flux density of 0,3 mT perpendicular to the tube axis.

A mu-metal shield extending more than 15 mm beyond the cathode is recommended for magnetic
screening.

RECOMMENDED CIRCUIT

d3 dé d5 d6 d7 d8 d9 d10

LS $$$$5$$ % T

< -r >4 Vy e Vgl Vgl Vy e Vg e Vgl Vg >la- VeV >

—{ T H
SR
e)‘ Vht=12Vy4 =
—HT 7286382 +HT

Fig. 1 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode;
dp, = dynode no.; a = anode; R|_ = load resistor.

Note

For optimum pulse-amplitude resolution, the accelerating-electrode potential should be between the
cathode and first dynode potentials. If the tube is used in a socket wired for an XP2030UB or XP2030
with the accelerating electrode connected to the first dynode, the pulse amplitude resolution for ®’Co
is about 10,2%.
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10-stage venetian blind photomultiplier tubes

PM2412

PM2412B
TYPICAL CHARACTERISTICS*
With voltage divider A (Fig. 1) . note 5
s X <1450 V
Supply voltage for an anode blue sensitivity of 1,5 A/imF (Fig. 5) typ. 1250 V note 1
Anode radiant sensitivity at 400 nm and Vi = 1250 V ~ 12 kAW
Gain at Vpy = 1250 V ~1,2x10°
Anode dark current at an anode blue <BnA
sensitivity of 1,5 A/ImF (Fig. 5) typ. 0,5 nA notes 1,6
Pulse amplitude resolution for '3’ Cs at an anode blue
sensitivity of 1,5 A/ImF ~ 7% notes 1,7
Pulse amplitude resolution for 57 Co at an anode blue
sensitivity of 1,5 A/ImF ~ 10% notes 1,7 -
Pulse amplitude resolution for ®5Fe at an anode blue E
sensitivity of 7,5 A/ImF ~ 38% “notes 1,8 -
Peak to valley ratio for 5°Fe at an anode blue o
< sensitivity of 7,5 A/ImF ~ 40 notes 1, 8
E Mean anode sensitivity deviation note 9
o long term (16 h) ~0,5%
u long term (30 days) ~ 1%
E after change of count rate ~0,8%
g versus temperature between 20 and 60 ©C at 450 nm ~0,1% per °C
£ Anode pulse rise time at V¢ = 1500 V ~11ns note 10
E Anode pulse duration at half height at V¢ = 1500 V ~22ns note 10
&  Signal transit time at Vjy; = 1500 V ~ 54 ns note 10
-
u>J Anode current linear within 2% at V¢ = 1500 V up to ~ 10 mA note: 11
w
a LIMITING VALUES (absolute maximum rating system)
Supply voltage max. 2000 V note 12
Continuous anode current max. 0,2 mA note 13
. max. 500V
Voltage between first dynode and photocathode min. 150 V note 14
Voltage between accelerating electrode and photocathode max. 500V
Voltage between consecutive dynodes max. 300V
Voltage between anode and final dynode max. 300V note 15
Ambmn’;temrt(e;atu;e :nge. 0 max. +80 9OC 16
operational (for short periods min. —300C note
" " d st max. +500°C
continuous operation and storage min. —309C

* Notes are given on page 4.

| ﬂarch 1982



PM2412
PM2412B

Notes

1.

10.

1.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K, Light is transmitted through a blue filter (Corning CS No. 5-58, polished
to half stock thickness).

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from iinearity.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transimitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensrthlty, expressed in A/ImF, by
7.7 x 10 for this type of tube.

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 generally
increased and unstable, particularly after application of voltage. The glass envelope of the tube
should be supported only by insulators with an insulation resistance of > 10'® ohm.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min).

Pulse amplitude resolution for '*”Cs and 37 Co is measured with an Nal{Tl) cylindrical scintillator
(Quartz et Silice serial no. 4186 or equivalent) with a diameter of 76 mm and a height of 76 mm
(3" x 3"). The count rate used is = 10* ¢/s.

Pulse amplitude resolution for ®5Fe 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~2x10%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 '3’ 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 '*” Cs source
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 ~ 1 uA and =~ 0,1 uA respectively. Both tests are
carried out according to ANSI—N42—-9-—-1972 of |EEE recommendations.

Measured with a pulsed light source, with a puise 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, puise duration and transit time vary as a function of high tension supply
voltage Vp¢, approximately as Vht_‘/z-

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

(continued on page 6)
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DEVELOPMENT SAMPLE DATA

10-stage venetian blind photomultiplier tubes . J L PM2412

PM2412B
MECHANICAL DATA Dimensions in mm
<~—— B 775max — ——@775max ——
‘4——-— @70 min ~—>' r— @70 min —>!
PhUtOCﬂthOde‘/(//*LRw—j iaz photocathode J?ﬁ——j i%
\ 28 l 28 l
o v . v
R19-—7 1225 R19-—7
*2 132
~— T — T
i g 8
4»’ - *
29,5 max
@52 5max - 125 e 58max—» 12685054
72692161 d1 k
g k 727556801
Fig. 2 PM2412. Fig. 3 PM2412B.
Base 19-pin all-glass ) Base 14-pin IEC67-1-16a (JEDEC B14-38)
Net mass 163 g Net mass 206 g
ACCESSORIES
Socket
for PM2412 type FE2019
for PM2412B type FE1014
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PM2412

PM2412B
103 7277478.1
Ske()\)
(mA/W)
102 —t
II
VA N\

-
L

200 400 600 00

8
A (nm)
Fig. 4 Spectral sensitivity characteristic.

Notes (continued)

12. Total HT supply voltage, or the voltage at which the tube has an anode blue sensitivity of 40 A/ImF,

whichever is lower.
13. A value of < 10 A is recommended for applications requiring good stability.
14. Minimum value to obtain good collection in the input optics.

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

16. For type PM2412B 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.
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10-stage venetian blind photomultiplier tubes PM2412
) PM2412B
7286383
102
sap
(A/ImF) V4
v
SaF/
10 y.a
7
W.i
/
ida
(nA) / #
y
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7/ -
1 /. z -
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4 7
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= / V4
g 7 ¥
o +1ida
w 7/
T / )2
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Fig. 5 Anode blue sensitivity saF, and anode dark current

ida as a function of supply voltage V.

iga is given as a dotted line to indicate its principle behaviour only.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples PM2422
made available for evaluation. It does not necessarily .
imply that the device will go into regular production, - . PM 24228

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBES

Hexagonal head-on type; useful size 56 mm across flats

Flat window

Semi-transparent bi-alkaline type D photocathode

High cathode sensitivity; excellent collection from the entire cathode

Very good pulse amplitude resolution
Very low dark current
Very good stability

QUICK REFERENCE DATA *

For nuclear medicine applications, e.g. gamma cameras

Spectral sensitivity characteristic type D
Useful size of the photocathode > 56 mm across flats
Cathode blue sensitivity 12 uA/ImF note 1
Supply voltage
for anode blue sensitivity = 1,5 A/ImF (note 1) 1250 V
Anode dark current
at anode blue sensitivity = 1,56 A/ImF (note 1) 0,5 nA
Pulse amplitude resolution (57 Co) =~ ~9,2%
Mean anode sensitivity deviation (30 days) ~ 1%

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

GENERAL CHARACTERISTICS *
Window

Material
Shape
Refractive index at 550 nm

Photocathode (note 2)
Semi-transparent, head-on

lime glass
hexagonal, plano-plano
1,62

Material Sb K Cs

Useful size > 56 mm across flats
Spectral sensitivity characteristic (Fig. 4) type D

Maximum spectral sensitivity 400 + 30 nm

Luminous sensitivity ~ 72 uA/lm note 3
Blue sensitivity 2/3’(; iKﬁQ?F note 1
Spectral sensitivity at 400 nm ~ 90 mA/W note 4

* Notes are given on page 4.

\ Garch 1982



PM2422
PM2422B

Multiplier system

Number of stages 10
Dynode structure } venetian blind
Dynode material CuBe
Capacitances

anode to final dynode ~ 7 pF

anode to all ~ 8,5 pF
Magnetic field

When the photocathode is uniformly illuminated the anode current is halved (at V¢ = 1500 V) at a
magnetic flux density of 0,35 mT perpendicular to the tube axis.

A mu-metal shield extending more than 15 mm beyond the cathode is recommended for magnetic
screening.

RECOMMENDED CIRCUIT

K 9
€ | 41 d2  d3 db d5  d6 a7 d
2 2 2 2 2
05 15
V4 V4
f bV —ple Vg >l Vy >l Vgl V, »le- V>l V >
—
i Vht=12 V4
—-HT 7286382 +HT

Fig. 1 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode;
dp = dynode no.; a = anode; R|_ = load resistor.

Note

For optimum pulse-amplitude resolution, the accelerating-electrode potential should be between the
cathode and first dynode potentials. If the accelerating electrode is connected to the first dynode, the
pulse-amplitude resolution for 57 Co is about 9,4%.
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10-stage venetian blind photomultiplier tubes

PM2422

PM2422B
TYPICAL CHARACTERISTICS *
With voltage divider A (Fig. 1) note 5
Supply voltage for an anode blue sensitivity of 1,5 A/ImF (Fig. 5) <1450 v note 1
4 ' typ. 1250 V
Anode radiant sensitivity at 400 nm and
Vht = 1250 V ~ 11 kA/W
Gain at V¢ = 1250 V ~13x10°
Anode dark-current at an anode blue sensitivity of 1,5 A/ImF (Fig. 5) t<y§ %’?‘5 nA notes 1,6
Pulse amplitude resolution for 37 Cs at an anode blue
sensitivity of 1,5 A/ImF ~ 7% notes 1,7
Pulse amplitude resolution for % Co at an anode blue ~9,2% notes 1,7
sensitivity of 1,5 A/ImF ~11,5% notes 1,17
Pulse amplitude resolution for **Fe at an anode blue
sensitivity of 7,5 A/ImF ~ 38% notes 1,8 -
Peak to valley ratio for 5°Fe at an anode blue . ey
sensitivity of 7,5 A/ImF ~ 40 notes 1,8 E
Mean anode sensitivity deviation note 9
<« long term (16 h) ~0,5%
':[ long term (30 days) ~ 1%
[a) after change of count rate ~0,8%
w versus temperature between 20 and 60 ©C at 450 nm ~ 0,1% per °C
% Anode pulse rise time at V¢ = 1500 V ~ 10 ns note 10
<  Anode pulse duration at half height at V= 1500 V ~ 20 ns note 10
:f Signal transit time at Vpy = 1500 V ~ 46 ns note 10
E Anode current linear within 2% at Vp = 1500 V upto~ 10 mA . note 11
=
8 LIMITING VALUES (absolute maximum rating system)
ﬁ Supply voltage max. 2000 V note 12
E‘ Continuous anode current max. 0,2 mA note 13
[a] Vol . max. 500 V 14
oltage between first dynode and photocathode min. 150 V note
Voltage between accelerating electrode and photocathode max. 500 V
Voltage between consecutive dynodes max. 300 V
Voltage between anode and final dynode max. 300 V note 15
Ambient temperature range +80 O
operational (for short periods) m?: _gg og note 16
. . max. +50 °C
continuous operation and storage min. —30 OC

* Notes are given on page 4.
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PM2422
PM2422B

Notes

1.

10.

Blue sensitivity, expressed in pA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transmitted through a blue filter (Corning CS no. 5-58, polished
to half stock thickness).

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from linearity.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7.7 x 10° for this type of tube.

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 insulators with an insulation resistance of > 10'° ohm.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min)!

Pulse amplitude resolution for '*7 Cs and ¥ Co is measured with an Nal(T1) cylindrical
scintillator (Quartz et Silice serial no. 4856 or equivalent) with a diameter of 50 mm and a height
of 50 mm (2" x 2*'). The count rate used is ~ 10* c/s.

Pulse amplitude resolution for 5°Fe is measured with an Nal(T1) cylindrical scintillator with a
diameter of 25 mm and a height of 1 mm provided with a beryllium window. The count rate used
is~2x 10° c/s.

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 '*7 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 '37 Cs source at a distance of the scintillator such that the count rate can be changed from
10* c/s to 10® ¢/s corresponding to an average anode current of ~ 1 uA and ~ 0,1 pA 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 Vht‘yz.

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

(continued on page 6)
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10-stage venetian blind photomultiplier tubes

PM2422

PM2422B

DEVELOPMENT SAMPLE DATA

MECHANICAL DATA

<——56 min —>|

photocathode h i

,4— 59,5%0,5 —»1

LU
max

T
?9,5max
< @52,5max >
68
max

7285600

g K
Fig. 2 PM2422
Base 19-pin all-glass
Netmass =~ 148¢g

ACCESSORIES

Socket
for PM2422 type FE2019
for PM2422B type FE1014

Dimensions in mm

‘<— 59,5+0,5 -———»l

|-7 56 min —-—-»1
1

photocathode
134
+
<-@52,5max—=> *h 157
max
e— @ 58 max—
68
max

7285599

7269216 di k

Fig. 3 PM2422B

Base 14-pin IEC67-1-16a
(JEDEC B14-38)
Netmass 191g
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PM2422
PM2422B
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\\
1
200 400 600 . . 800

Fig. 4 Spectral sensitivity characteristic.

12. Total HT supply voltage, or the voltage at which the tube has an anode blue sensitivity of 40 A/ImF,
whichever is lower.
13. A value of <10 A is recommended for applications requiring good stability.
14. Minimum value to obtain good collection in the input optics.
15. When caicuiating the anode voitage the volitage drop across the load resistor should be taken into
account,
16. For type PM2422B 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.
17. Pulse amplitude resolution is measured with an Nal(T1) cylindrical scintillator (Quartz et Silice serial
no. 4186 or equivalent) with a diameter of 76 mm and a height of 76 mm (3"’ x 3”’). The count rate
used is ~ 10* cfs.
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10-stage venetian blind photomultiplier tubes PM2422

DEVELOPMENT SAMPLE DATA

PM2422B
7286383
102
saF )
(A/ImF)
///
saF /
10 e
.
A
7
ida
(nA) 4 ]
/ /
ya
V4
/)
/
1 -
VA 7
— >
P4 7
/ /]
7 7
‘f
/// PARFEN
/ i
74 7
Ve
/ s
10~1 I/ Z
1072
800 900 1000 1200 1500 v, (v) 2000

Fig. 5 Anode spectral sensitivity saf,

and anode dark current igq as a function of supply
voltage Vht.

iga is given as a dotted line to indicate its principle
behaviour only.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
' made available for evaluation. It does not necessarily
imply that the device will go into regular production.

PM2432
PM2432B

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBES

Flat window

Very low dark current
Very good stability

QUICK REFERENCE DATA *

56 mm useful diameter head-on type
Semi-transparent bi-alkaline type D photocathode

High cathode sensitivity; excellent collection from the entire cathode
Very good pulse amplitude resolution

For nuclear medicine applications, e.g. gamma cameras

Spectral sensitivity characteristic
Useful diameter of the photocathode

Cathode blue sensitivity
Supply voltage

for anode blue sensitivity = 1,5 A/ImF (note 1)

Anode dark current

at anode blue sensitivity = 1,5 A/ImF (note 1)
Pulse amplitude resolution (57 Co)
Mean anode sensitivity deviation (30 days)

type D
>56 mm
12 uA/ImF note 1

1250 V
0,5 nA

~9,2%
~ 1%

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

GENERAL CHARACTERISTICS *

Window

Material
Shape

Refractive index at 550 nm

Photocathode (note 2)

Semi-transparent, head-on
Material
Useful diameter

Spectral sensitivity characteristic (Fig. 4)
Maximum spectral sensitivity

Luminous sensitivity

Blue sensitivity

Spectral sensitivity at 400 nm

* Notes are given on page 4.

lime glass
plano-plano
1,52

Sb K Cs

>56 mm

type D

400 = 30 nm

~ 72 uA/im note 3
typ. 12 uA/ImF
>9,0 uA/ImF
~ 90 mA/W note 4

note 1
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PM2432
PM2432B

Multiplier system

Number of stages 10
Dynode structure venetian blind
Dynode material ' CuBe
Capacitances

anode to final dynode ~ 7 pF

anode to all ~ 8,6 pF

Magnetic field

When the photocathode is uniformly illuminated the anode current is halved (at Vi, = 1500 V) at a
magnetic flux density of 0,35 mT perpendicular to the tube axis.

A mu-metal shield extending more than 15 mm beyond the cathode is recommended for magnetic
screening.

E RECOMMENDED CIRCUIT
— " g
1 E’]_ d2 d3 d4 d5 d6 d7
KT $ 8% %%
05 [ 15
" Vd
l‘ »ia- Vg —>la— Vg bl Vy —ja= Vy -l Vy e Vg |V |
—
o)
=HT 7286382 . +HT
Fig. 1 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode;
dp = dynode no.; a=anode; R|_= load resistor.
Note
For optimum pulse amplitude resolution, the accelerating-electrode potential should be between the
cathode and first dynode potentials. If the accelerating electrode is connected to the first dynode, the
pulse amplitude resolution for 57 Co is about 9,4%.
2 June 1982



10-stage venetian blind photomultiplier tubes

PM2432

* Notes are given on page 4.

PM2432B
TYPICAL CHARACTERISTICS *
With voltage divider A (Fig. 1) note 5
Supply voltage for an anode blue sPnsiiivity of 1,5-A/ImF (Fig.5) <1450V note 1
’ ! ) typ. 1250 V
Anode radiant sensitivity at 400 nm and V¢ = 1250 V ~ 12 kA/W
Gain at Vi = 1250 V ~1,3x10°
5
Anode dark current at an anode blue sensitivity of 1,5 A/ImF (Fig. 5) ;; %’?‘5 nA notes 1,6
Pulse amplitude resolution for '*7 Csat an anode blue
sensitivity of 1,5 A/ImF ~ 7% notes 1,7
Pulse amplitude resolution for 3’ Co at an anode blue
sensitivity of 1,5 A/ImF ~9,2% notes 1,7
Pulse amplitude resolution for 5®Fe at an anode blue
sensitivity of 7,6 A/ImF ~ 38% notes 1,8 )
Peak to valley ratio for 5°Fe at an anode blue —
sensitivity of 7,56 A/ImF ~ 40 notes 1,8 _—
Mean anode sensitivity deviation note 9 E
long term (16 h) ~0,5%
< long term (30 days) ~ 1%
E after change of count rate ) ~0,8%
o versus temperature between 20 and 60 ©C at 450 nm ~ 0,1% per °C
w Anode pulse rise time at Vpt = 1500 V ~ 10 ns note 10
o Anode pulse duration at half height at Vi, = 1500 V ~ 20 ns note 10
3 Signal transit time at V¢ = 1500 V ~ 46 ns note 10
‘: Anode current linear within 2% at V¢ = 1500 V upto~ 10mA note 11
=z
"'E‘ LIMITING VALUES (absolute maximum rating system)
% Supply voltage max. 2000 V note 12
o  Continuous anode current max. 0,2 mA note 13
E Voltage between first dynode and photocathode m?: 15&?\\// note 14
Voltage between accelerating electrode and photocathode max. 500 V
Voltage between consecutive dynodes max. 300 V
Voltage between anode and final dynode max. 300 V note 15
Ambient temperature range
0
operational (for short periods) 2?: igg og note 16
. . max. +50 °C
continuous operation and storage min. —30 0C
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PM2432
PM2432B

Notes

1.

10.

1.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transmitted through a blue filter (Corning CS no. 5-58, polished
to half stock thickness).

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode wiil be affected,
resulting in departure from linearity.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 * 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/lImF, by
7,7 x 10° for this type of tube.

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 insulators with an insulation resistance of > 10'® ohm.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min).

Puise amplitude resolution for '*7 Cs and 7 Co is measured with an Nal(TI) cylindrical
scintillator (Quartz et Silice serial no. 4856 or equivalent) with a diameter of 50 mm and a height
of 50 mm (2" x 2"). The count rate used is ~ 10* c/s.

Pulse amplitude resolution for *°*Fe is measured with an Nai(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~2x 10% c/s.

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 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 37 Cs source at a distance of the scintillator such that the count rate can be changed from
10* ¢/s to 10° ¢/s corresponding te an average anode current of =~ 1 uA and ~ 0,1 uA 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 iliuminating
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 Vht'Vz

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

{continued on page 6)
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10-§tage venetian blind photomulitiplier tubes

PM2432
PM2432B

DEVELOPMENT SAMPLE DATA

MECHANICAL DATA

photocathode
17,5
+

§ 15
. max

[

@95max
«-@52,5 max-» 72855%

k
g 72755601

Fig. 2 PM2432.
Base 19-pin all-glass
Net mass: 146 g

ACCESSORIES

Socket
for PM2432 type FE2019
for PM2432B type FE1014

Dimensions in mm
<~— @60 max —>'

;.__ @56 min—>l

photocathode

~@525max—~ *4 1525

@58max—> 7285597

72692161 d1 k

Fig. 3 PM2432B.

Base 14-pin IEC67-1-16a
(JEDEC B14-38)
Net mass 189¢g
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PM2432

PM2432B
7286384
100
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1
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Fig. 4 Spectral sensitivity characteristic.
12. Total HT supply voitage, or the voltage at which the tube has an anode blue sensitivity of 40 A/l

whichever is lower.

13. A value of < 10 pA is recommended for applications requiring good stability.

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

15. When caicuiating the anode voitage the voitage drop across the ioad resistor shouid be taken into
account, .

16. For type PM2432B 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.
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10-stage venetian blind photomultiplier tubes PM2432

DEVELCPMENT SAMPLE DATA

) PM2432B
102 7286383
saF P
(A/ImF) ///
SaF /
10 I/
VA
ida / p

(nA) - / 1/7

1 A
7 7
— /
l' 7
/7 7
/ /
4 P
// /'/ 'da
/| y
v /
Vs
/ ’
10-1 I/ 2
1072
800 900 1000 1200 1500 Vht(v) 2000

Fig.’5 Anode spectral sensitivity saf,
and anode dark current ig, as a function of supply
voltage Vpy.

ida is given as a dotted line to indicate its principle
behaviour only,
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples PM 244 2
made available for evaluation. It does not necessarily »
imply that the device will go into regular production. PM2442B

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBES

Hexagonal head-on type; useful size 70 mm across flats

Flat window

Semi-transparent bi-alkaline type D photocathode

High cathode sensitivity; excellent collection from the entire cathode
Very good pulse amplitude resolution

Very low dark current

Very good stability

For nuclear medicine applications, e.g. gamma cameras

QUICK REFERENCE DATA*

Spectral sensitivity characteristic type D
Useful size of the photocathode > 70 mm across flats
Cathode blue sensitivity . 13 pA/ImF note 1
Supply voltage
" for anode blue sensitivity = 1,5 A/ImF (note 1) 1250 V
Anode dark current
at anode blue sensitivity = 1,5 A/ImF (note 1) 0,5nA
Pulse amplitude resolution (7 Co) ~ 10%
Mean anode sensitivity deviation (30 days) ~ 1%

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

GENERAL CHARACTERISTICS*

Window

Material lime glass

Shape hexagonal, plano-plano
Refractive index at 550 nm 1,62

Photocathode (note 2)
Semi-transparent, head-on

Material - Sb K Cs

Useful size ' > 70 mm across flats
Spectral sensitivity characteristic (Fig. 4) type D

Maximum spectral sensitivity 400 + 30 nm

Luminous sensitivity : ~ 78 uA/lm note 3
Blue sensitivity 22013,5':\4? F note 1
Spectral sensitivity at 400 nm ~ 1056 mA/W note 4

* Notes are given on page 4.
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PM2442

PM2442B

Multiplier system
Number of stages 10
Dynode structure venetian blind
Dynode material CuBe
Capacitances

anode to final dynode ~ 7 pF

anode to all ~ 8,5 pF
Magnetic field

When the photocathode is uniformly illuminated the anode current is halved (at V¢ = 1500 V) at a
magnetic flux density of 0,3 mT perpendicular to the tube axis.

A mu-metal shield extending more than 15 mm beyond the cathode is recommended for magnetic
screening.

RECOMMENDED CIRCUIT

g
k a
1 41 d2 d3 d4 d5 d6 d7 a8 d9 d_1_0 |
I 2 2 A 2 2 2 A A A7) at
erw R
Va ,14 Va >l Vy —ple= Vg e Vg >l Vg ol Vg le-Vj >le- Vol Vi le-Vy»la- Vg >
—{ +—{ "} o B
Ly T
- Vie=12Vy »> -
o !
—-HT 7286382 +HT

Fig. 1 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode;
dp = dynode no.; a = anode; R = load resistor.

Note

For optimum pulse amplitude resolution, the accelerating-electrode potential should be between the
cathode and first dynode potentials. If the accelerating electrode is connected to the first dynode, the
pulse amplitude resolution for ®7Co is about 10,2%.
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10-stage venetian blind photomultiplier tubes

PM2442

DEVELOPMENT SAMPLE DATA

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

Supply voltage for an anode blue sensitivity of 1,5 A/ImF (Fig. 5)

Anode radiant sensitivity at 400 nm and Vp; = 1250 V
Gainat V= 1250V

Anode dark current at an anode blue sensitivity of 1,5 A/ImF (Fig. 5)

Pulse amplitude resolution for '3’ Cs at an anode blue
sensitivity of 1,5 A/ImF

Pulse amplitude resolution for 37 Co at an anode blue
sensitivity of 1,5 A/ImF

Pulse amplitude resolution for °*Fe at an anode blue
sensitivity of 7,6 A/ImF

Peak to valley ratio for 3®Fe at an anode blue
sensitivity of 7,5 A/ImF

Mean anode sensitivity deviation
long term (16 h)
long term (30 days)
after change of count rate
versus temperature between 20 and 60 °C at 450 nm

Anode pulse rise time at V¢ = 1500 V

Anode pulse duration at half height at V¢ = 1500 V
Signal transit time at V¢ = 1500 V

Anode current linear within 2% at Vj = 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
Voitage between anode and final dynode

Ambient temperature range
operational (for short periods)

continuous operation and storage

* Notes are given on page 4.

PM2442B

: note 5
<1450 V note 1
typ. 1250 V
~ 12 kKA/W
~1,2 x 10°
<5nA )
typ. 0,5 nA notes 1, 6
~ 7% notes 1,7
~ 10% notes 1,7
~ 38% notes 1, 8 =
~ 40 notes 1,8

note 9

=~ 0,5%
~ 1%
~0,8%
~0,1% per °C
~11ns note 10
~22ns note 10
~ b4 ns note 10
up to ~ 10 mA note 11
max. 2000 V note 12
max. 0,2mA note 13
max. 500V
min. 150 V note 14
max. 500V
max. 300V
max. 300V note 15
ma)/<. +80°C
min. —300c  nowe16
max. +50 9C
min. —30°C
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PM2442
PM2442B

Notes

1.

11.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transmitted through a blue filter (Corning CS no. 5-568, polished
to half stock thickness).

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from linearity.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 * 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7.7 x 103 for this type of tube.

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 insulators with an insulation resistance of > 10'® ohm.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min).

Pulse amplitude resolution for. 137 Cs and 57 Co is measured with an Nal(T1) cylindrical scintillator
(Quartz et Silice serial no. 4186 or equivalent) with a diameter of 76 mm and a height of 76 mm
(3" x 3"). The count rate used is ~ 10* c/s.

Pulse amplitude resolution for ®Fe is measured with an Nal(Tl) 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°% ¢/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 '3’ 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 '3’ Cs source
at a distance of the scintillator such that the count rate can be changed from 10* ¢c/s to 10° ¢/s
corresponding to an average anode current of ~ 1 uA and ~ 0,1 uA 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 Vi, approximately as Vi /2.

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

fcontinued on page 6)
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10-stage venetian blind photomultiplier tubes

PM2442
PM2442B

DEVELOPMENT SAMPLE DATA

MECHANICAL DATA
76,205

r— 70 min —*‘

125
+2
M.
15
max
)
e
@9,5max
@525 max—

N

87
max

7285601

k
g 72755801

Fig. 2 PM2442.

Base 19-pin all-glass
Net mass 165 ¢

ACCESSORIES

Socket
for PM2442 type FE2019
for PM24428B type FE1014

Dimensions in mm

~——76,2+05
——70min —»l

photocathode

9
~@525max—>| T4 162

’ —@58max—>

8
max

TT7zese0z

7269216.1 d1 k

Fig. 3 PM2442B.

Base 14-pin IEC67-1-16a (JEDEC B14-38)
Net mass 228 g
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PM2442
PM2442B

103 7277478.1

ske(a)
(mA/W)

Y
Lt

I
\
\
|
|

1 \

200 400 60

0 800
A (nm)

Fig. 4 Spectral sensitivity characteristic.

Notes (continued)

12. Total HT supply voltage, or the voltage at which the tube has an anode blue sensitivity of 40 A/ImF,
whichever is lower.

13. A value of < 10 pA is recommended for applications requiring good stability.
14. Minimum value to obtain good collection in the input optics.

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

16. For type PM2442B 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.
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10-stage venetian blind photomultiplier tubes

PM2442

DEVELOPMENT SAMPLE DATA

PM2442B
72
102 86383
SBF
(A/ImF)
///
saF /
10 -4
V4
7
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4
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. Fig. 5 Anode blue sensitivity sap, and anode dark current
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DEVELOPMENT SAMPLE DATA
This information is derived from development samples PM 2962
made available for evaluation. It does not necessarily !
imply that the device will go into regular production. B
A A

8-STAGE PHOTOMULTIPLIER TUBE

23 mm useful diameter-head-on type

Flat window ‘

Semi-transparent bi-alkaline type D photocathode
Very good time characteristics :

For e.g. high-energy physics, scintillation counting.

QUICK REFERENCE DATA *

Spectral sensitivity characteristic . . type D
Useful diameter of the photocathode > 23 mm
Cathode blue sensitivity 10,8 uA/ImF note 1
Supply voltage for anode blue sensitivity = 1 A/ImF (note 1) 1100 vV
Anode pulse rise time (with voltage divider B) ~1,8ns
Linearity
with voltage divider A (Fig. 2) ~ 20 mA
with voltage divider B (Fig. 3) ~ 80 mA

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

GENERAL CHARACTERISTICS *

Window

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

Photocathode (note 2)
Semi-transparent, head-on

Material . Sb K Cs

Useful diameter >23 mm

Spectral sensitivity characteristic (Fig. B) type D

Maximum spectral sensitivity 400 = 30 nm

Luminous sensitivity ~ 65 uA/Im note 3
Blue sensitivity 2’%’01 2’§/7:ng note 1
Spectral sensitivity at 400 nm ~ 75 mA/W note 4

* Notes are given on page 5.
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PM2962

Multiplier system

Number of stages 8
Dynode structure ) s . linear focused
Dynode material ! ' ’ " Cu Be
Capacitances

anode to final dynode ~2pF

anode to all ~ 4 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: i ' )

0,4 mT perpendicular to axis a (Fig. 1);
0,2 mT parallel to axis a.

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

short N
pin 7278743

Fig. 1 Axis with respect to base pins (bottom view).
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- PM2962

8-stage photomultiplier tube

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

¢ Vg —ple-Vy -l Vg i Vg —le-V, ]

Vhe=10,25 Vg

, : 7286065  +HT'
Fig. 2 Voltage divider A.

d2 d3 dA A d5 d
b

oMQ
3 1,8 1,25 | 1,25

— Vy —>leVy —><—Vd "‘—Vd""‘vd I“Vd —la— Vg bl V4>l V>

6 .
" T N T ‘ampl.

- L
u.

Vi = 18,25 V) '

T
507

7286066 g HT -
Fig. 3 Voltage divider B. )

k  =cathode ‘ Typical value of capacitors: 1 nF
g = accelerating electrode S e e
dn =dynode no.

a = anode

R =load resistor

The cathode resistor of 10 MS limits the current should there be unintentional contact between the
coating and earth when the anode is earthed.
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PM2962

TYPICAL CHARACTERISTICS *

With voltage divider A (Fig. 2) note 5
Supply voltage for an anode blue sensitivity of 1 A/ImF <1500 v note 1
4 typ. 1100 V
Anode radiant sensitivity at 400 nm and Vj¢ = 1100 V ~7 kA/W
Gain at V¢ = 1100 V (Fig. 6) ' ~9,23x 10*
Anode dark current at an anode blue sensitivity of 1 A/ImF (Fig. 6) ;s "1/':1A notes 1,6,7
Anode pulse ‘risye‘ time at Vg = 1300 V ~2ns note 8
Anode pulse duration at half height at V4 = 1300 V ~3ns note 8
Signal transit time at V¢ = 1300 V ~ 20 ns note 8
— Anode current linear within 2% at Vip¢ = 1300 V up to ~ 20 mA
_=_ With voltage divider B (Fig. 3) note 5
- Gain at Vjy = 1500 V (Fig. 6) ~2x10°
Anode pulse rise time at V.= 1500 V ~ 1,8 ns note 8
Anode pulse duration at half height at V¢ = 1500 V ~2,8ns note 8
Signal transit time at V= 1600 V ~ 20 ns note 8
Anode current linear within 2% at V¢ = 1600 V up to ~ 80 mA
LIMITING VALUES (Absolute maximum rating system)*
Supply voltage . max. 1800 V
Continuous anode current max. 0,2mA
: max. 350V
Voltage between first dynode and photocathode min. 150 V note 9
Voltage between consecutive dynodes max. 250V
. max. 300V
1
Voltage between anode and final dynode min. 30V note 10
Ambient temperature range
. . . max. +80°C
operational (for short periods of time) min. —300C
. . max. +50°C
continuous operation and storage min. —300C
* Notes are given on page 5.
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8-stage photomultiplier tube P M 2962

DEVELOPMENT SAMPLE DATA

Notes

1.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transmitted through a blue filter (Corning CS no. 5-58,
polished to half stock thickness).

The bi-alkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from linearity. In applications with short pulse times the photocathode is
able to deliver pulses containing 10¢ to 107 photoelectrons without disturbance.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transmitted through an interferential filter. Spéctral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7 x 103 for this type of tube.

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 after consulting the supplier.

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 envelope of the tube

should be supported only by insulators with an insulation resistance of > 1015 Q.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx.

30 min).

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 Vi, approximately as Vp¢ ™

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.

w (September 1981
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PM2962

MECHANICAL DATA Dimensions in mm

Base

Net mass

ACCESSORIES

Socket

—»1029max <

923 |
min

71

photocathode ~]

—

+ w0
N

,

T 14 max
<

- |- 4
P9Imax 7286063

Fig. 4.

14-pin all-glass
34g

type FE1114
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8-stage photomultiplier tube

PM2962

DEVELOPMENT SAMPLE DATA

102 72787421
7T
\
Ske()\)
(mA/W) I
10
\
\
\
‘\
1
200 400 600 800
A (nm)

Fig. 5 Spectral sensitivity characteristic.
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PM2962

107 ‘ 7286060 103
G ida
G (nA)
volt. div. A
108 102
7z
V.
//
e y
volt. div. B
105 / / 10
7 7
/ 3
o .
yd id
A Ry
/ 7
/ pa
V // A 'da
volt. div. A
104 L — - , 1
7 Z
- 7
103 107!
800 900 1000 1200 1500 V,, (V) 2000
ht

Fig. 6 Gain G and anode dark current |y, as a function of the
supply voltage Vpyt.
Ida is given as a dotted line to indicate its principle behaviour only.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily.
imply that the device will go into regular production.

PM2982

replaces PM1982

11-STAGE PHOTOMULTIPLIER TUBE

23 mm useful diameter head-on type
Flat window

® Pin-compatible with PM1982

QUICK REFERENCE DATA*

Semi-transparent bi-alkaline type D photocathode
For high-energy physics and scintillation counting where good time characteristics are required, e.g.
coincidence measurements and Cerenkov light detection. )

Spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode blue sensitivity

Supply voltage

for anode blue sensitivity = 30 A/ImF (note 1) -

Pulse amplitude resolution for '3’Cs

Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A (Fig. 2)
with voitage divider B (Fig. 3)

type D
> 23 mm
10,8 uA/ImF note 1

1350 V
~7,7%
~19ns

~ 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 (note 2)

Semi-transparent, head-on

Material '

Useful diameter

Spectral sensitivity characteristic (Fig. 5)
Maximum spectral sensitivity

Luminous sensitivity

Blue sensitivity

Spectral sensitivity at 400 nm

* Notes are given on page 5.

lime glass
plano-concave
1,562

Sb K Cs

>23 mm

type D

400 + 30 nm

~ 65 uA/lm note 3

typ. 10,8 pA/ImF
> 8,0 nA/ImF

~ 75 mA/W note 4

note 1

w ﬁeptember 1981



PM2982

Multiplier system

Number of stages 11
Dynode structure linear focused
Dynode material Cu Be
Capacitances
anode to final dynode ~ 2 pF
anode to all ~4pF
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:

0,4 mT perpendicular to axis a (see Fig. 1);

0,2 mT parallel to axis a.

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

short '

pin 7278743

Fig. 1 Axis a with respect to base pins (bottom view).
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11-stage photomultiplier tube PM2982

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

g
y 1 d1 d2 d3 du d5 d6 d7 d8 d
LY Y ¥ ¥ ¥ 3

oMe 5

Vg —le—Vy —la— Vg sl Vy le=Vy ol Vg >le- Vg >l Vi

Vhe=13,25Vy
-HT 72787472 4 HT

Fig. 2 Voltage divider A.

a
4t d2 d3 da d5 d6 d7 d8 Ei d_‘IO 111 ampl
S 2 2 2 2 2 2 2 2 2
R
g Lras ] e | | s L
Vg ooy -
‘ Vit = 21,5 Vy ’
6 7286062
~HT HT
Fig. 3 Voltage divider B.
k = cathode Typical value of capacitors: 1 nF
g = accelerating electrode
dy =dynode no.
a  =anode

R =load resistor

The cathode resistor of 10 MS2 limits the current should there be unintentional contact between the
coating and earth when the anode is earthed.
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PM2982

TYPICAL CHARACTERISTICS*
With voltage divider A (Fig. 2)
Supply voltage for an anode blue sensitivity of 30 A/ImF

Anode radiant sensitivity at 400 nm and V¢ = 1350 V
Gain at Vit = 1350 V (Fig. 7)

Anode dark current at an anode blue sensitivity of 30 A/ImF

Pulse amplitude resolution for '*’Cs at an anode
blue sensitivity of 10 A/ImF

Anode pulse rise time at V¢ = 1500 V

Anode pulse duration at half height at V,¢ = 1500 V
Signal transit time at Vpt = 1500 V

Anode current linear within 2% at Vp,¢ = 1500 V

With voltage divider B (Fig. 3)

Gain at V¢ = 1800 V (Fig. 7)

Anode pulse rise time at V¢ = 1800 V

Anode pulse duration at half height at V¢ = 1800 V
Signal transit time at V¢ = 1800 V

Signal transit time difference between the centre of
the photocathode and 11 mm from the centre at
Vht = 1800 V

Signal transit time distribution at V,y = 1800 V
Anode current linear within 2% at V¢ = 1800 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 are given on page 5.

<

1650 V

typ. 1350 V
~ 210 KA/W .
~2,7x 108

<

25 nA -

typ. 2,5 nA

~7,7%

~22ns
~ 3,7 ns
~ 25 ns

up to ~ 30 mA

~ 6,5 x 10°
~1,9ns
~ 3,3 ns
~ 25 ns

~ 0,8 ns
~0,3ns
up to ~ 80 mA

max.
max.
max.
min.
max.
max.
min.
max.
min.
max.
min.

2000 V
0,2 mA

350V
150 vV

250V

300 V
30V

+80°C
-300C
+500C
-30°C

note 5
note 1

notes 1,6,7
notes 1,8
note 9

note 9
note 9

note 5

note 9
note 9
note 9

note 9
notes 9,10

note 11

note 12

note 13
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11-stage photomultiplier tube

PM2982

DEVELOPMENT SAMPLE DATA

Notes

1.

10.

11
12

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transmitted through a blue filter (Corning CS no. 5-58, polished
to half stock thickness).

The bi-alkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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 an
equipotential surface, and the focusing of electrons onto the first dynode will be affected, resulting
in departure from linearity. In applications with short pulse times the photocathode.is able to
deliver pulses containing 10° to 107 photoelectrons without disturbance.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7 x 10%for this type of tube.

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 after consulting the supplier.

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

anocde 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 photocathode potential. This implies safety precautions to protect the user.
The envelope of the tube should be supported only by insulators with an insulation resistance of
>10'° Q.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.

1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min).

Pulse amplitude resolution for '3” Cs is measured with an Nal (T1) cylindrical scintillator (Quartz et
Silice serial no. 1162 or equivalent) with a diameter of 22 mm and a height of 6 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 Vht'y2

Transit time fluctuations of single electrons leaving the photocathode result in a transit time
distribution at the anode. This distribution is characterized by its standard deviation o.

. Total HT supply voltage, or the voltage at which the tube has a gain of 3 x 107, whichever is lower.
. Minimum value to obtain good collection in the input optics.
13.

When calculating the anode voltage the voltage drop across the load resistor should be taken into
account.
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PM2982

MECHANICAL DATA

Dimensions in mm

- 029max <
— 92.3 e
min
photocathode ]
coati ngm—>
112
+2
E v Sh?nrt an 7278744 N J L
=] P mw U 14 max
T
P9max 72787451
Fig. 4.

Base 14-pin all-glass
Net mass 37¢g
ACCESSORIES
Socket type FE1114
(1) Warning:

The envelope of the tube is covered with a conductive coating, connected to the cathode. On top

of this a black paint is applied which is neither guaranteed to be light tight nor isolating.

Care should be taken to avoid hazard due to electrical shock.

6 April 1982



11-stage photomultiplier tube

J L PM2982

DEVELOPMENT SAMPLE DATA

Fig. 5 Spectral sensitivity characteristic.

Fig. 6 Relative gain as a function of the voltage
between dg and dg, normalized to Vq. V47/d5
constant.

Note: Gain regulation by changing the voltage
between dg and dg may cause a degradation
of other parameters such as stability and
linearity

102 7278742.1
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Vg

\ (September 1981
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108 7286061 103
G G 'da

volt. div. A (nA)
107 ! ,,/ 102

//IG—
// volt. div. B
/ /
/| /
108 / / 10
V4 y4 £
/I 4 ,‘
/ / y)
/ V 4
/ 4
7/
Z-
¥ 'da
. /| volt. div. A
10° 7 2 1
y4 4
7 717
7 17
4
/|
/

104 107!

800 900 1000 1200 1500 V. (V) 2000

Fig. 7 Gain G and anode dark current 14, as a function of the
supply voltage V.

Ida is given as a dotted line to indicate its principle behaviour only.

September 1981



MAINTENANCE TYPE 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) i 3,5 us
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




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
. - typ. 210 pA/lm
Luminous sensitivity 2 150 pA/Im
e typ. 6,5 mA/W
+
Spectral sensitivity at 858 + 8 nm 2 1S mA/W
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

Dynode structure

Dynode material

Capacitances
Anode to all Ca
Anode to final dynode Ca/s10

u o

Magnetic field See fig. 4.

linear focused

10
Cu-Be
5 pF
3 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.

7273812

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

. ll

December 1977



XP1017

RECOMMENDED CIRCUITS
acc g

k_@ S1 S2 S3 A S6 s9  S10 a ampl
Tl A 2 2 2 2 2 2 |

1,5

-HT . 7273495 +HT

- Vp=11.75 Vg

Fig. 1 Voltage divider A

1,5 i » 1v5 , 2

«— Vg —#|e Vg »|¢ Vg »le Vg "“VS"""VS""‘VS""VS"“VS"“VS""VS"

- 15 Vs
Ie) (o]
-HT 7273694 +HT

Fig.2 Voltage divider B

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

Ry, = load resistor

WE T I FFTITTTF §orbem

k = cathode Typical values of capacitors; 10 nF




XP1017

TYPICAL CHARACTERISTICS

With voltage divider A (Fig.1) Ly
Supply voltage for' an anode luminous - ' - 1650 V

sensitivity N, = 60 A/Im (Fig.5) typ 1470V
Supply voltage for a gain G = 100 = 1800 . V

< 5 A

Anode dark current at Ny = 60 A/lm (Fig.5) 2) 3) typ 2 EA
Anode current linear within 2% at Vi, = 1700 V up to = 30 mA
With voltage divider B (Fig. 2)‘ 1)
Supply voltage for an anode luminous

sensitivity N, = 60 A/lm (Fig.5) = 1730 'V
Anode pulse rise time at Vi, = 1700 V 4) = 3,5 ns
Anode pulse duration at half height at Vi, =1700V 4) = 6 ns
Signal transit time at V}, = 1700 V 4) = 34 ns
Anode current linear within 2% at Vi, = 1700 V up to = 100  mA
LIMITING VALUES (Absolute max. rating system)
Supply voltage 5). max. 1900 V
Continuous anode current 9) max. 0,2 mA

‘ . 5
Voltage between first dynode and photocathode 6) ?113;1( 128 X
Voltage between consecutive dynodes max. 300 V
Voltage between anode and final dynode 7) 2?:: 3(3)8 \\;
Ambient temperature range
0,
Operational (for short periods of time) 8) Iri?r): j—gg og .

max. +50 °C

Continuous operation and storage .
p g min. -30 °c

Notes see page 5.

4 I I | ‘ February 1980
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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 increascd 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~1/2.

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
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.

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.

9) A value of < 10 pA is recommended for applications requiring good stability.

Februarv 1980 l ’ ’ ' 5



XP1017

MECHANICAL DATA

Dimensions in mm

- $395max <
-+ 332 min [+
l
2 i
' /
photocathode
109

£5 427
max

ace,S1 k Y
7273507 7269772
Net mass : 80 g
Base 12-pin (JEDEC B12-43)
ACCESSORIES
Socket type FE1012
6

April 1982



Fig.3
Spectral sensitivity characteristic

Fig.4 .
Relative anode current as a function of the
magnetic flux density B

1. B tube axis, //axis a

2. Bltube axis, | axis a

3. B/ tube axis
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XP1017
103 7272528
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Fig.5

Anode luminous sensitivity, Na, and anode dark current,
I3, as a function of supply voltage Vj

January 1976



MAINTENANCE TYPE XPM7

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 520 (type T)
Useful diameter of the photocathode > 14 mm
Spectral sensitivity of the photocathode at 698 nm 13 mA/W
Supply voltage for an anode luminous

sensitivity N, = 30 A/Ilm ) 1520 V
Anode pulse rise time (with voltage divider B) = 3,5 ns
Linearity

with voltage divider A up to = 10 mA

with voltage divider B up to = 30 mA

To be read in conjunctiorrwith "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 SbNaKCs

Useful diameter i > 14 mm
Spectral sensitivity characteristic (Fig.3) SZO (type T)
Maximum spectral sensitivity at v 420 £ 30 nm
Luminous sensitivity l) (see page 2) t>yp. iég ﬁiﬁz
Spectral sensitivity at 698 +7 nm 2) (see page 2) 13 mA/W

ot 1n0n H . II 1



XPmy7 H

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
toS1.

Multiplier system

Number of stages 9
Dynode structure linear focused
Dynode material CuBe
Capacitances
Anode to all = 3 pF
Anode to final dynode = 1,9 pF

Magnetic field
When the photocathode is illuminated uniformly the anode current is halved
(at Vp = 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).

2 ] ' H February 1980
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RECOMMENDED CIRCUITS

acc
k_@,y S2 S3 Sk S5 S6 S7 S8

2 A 2 2 A 2 L

1,5 1,5 0,75

[¢— Vg —>le- Vg »|e- Vg »le- Vg ""VS"“VS"“VS"“VS"“VS »|eVg >l

III

7273425

—HT +HT

- Vp=10,75Vs

Fig.1 Voltage divider A.

acc

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

7273426  Q

—HT +HT

Vp=17,5 Vg

Fig.2 Voltage divider B

k = cathode Typical value of capacitors: 10 nF
acc = accelerating electrode
Sp = dynode no. n

anode

©
I

load resistor

oo
=
1t




XPmz

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

Supply voltage for an anode luminous
sensitivity Na = 30 A/lm.(Fig.5)

Anode dark current at Ng = 30 A/Ilm (Fig. 5) 2)3)
Anode current linear within 2% at Vi, = 1800 V up to

With voltage divider B (Fig.2) 1y

Anode luminous sensitivity at Vi, = 1800 V (Fig.5)
Anode pulse rise time at Vj = 1800 V 4
Anode pulse duration at half height at Vp, = 1800 V. 4)
Signal transit time at V = 1800 V 4

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

LIMITING VALUES (Absolute max. rating system)

Supply \{oltage 5)
Continuous anode current 8)
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)

Continuous operation and storage

Notes see page 5.

typ. 1520
< 1800
typ. 10
< 100
= 10
= 15
= 3,5
= 6
= 28
= 30
max. 1900

max. 0,2

max. 350
min. 100
max. 200
max. 300
min. 30

max. +70

min. =50
max. +50
min. =50

nA
nA

mA

A/lm

I l February 1980



XPmz

Notes to page 4

1) 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 voltage between one stage and the
next be kept less than a factor of 2.

N
~

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 @,

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

4

~

Measured w1th apulsed-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™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.

~

8) A value of < 10 pA is recommended for applications requiring good stability.
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MECHANICAL DATA Dimensions in mm
+‘(b20,5max’<—
1.5 > 014 (=
oY ¥ } min
1TE A
e T
photocathode—/]| :: I
| 1
A
| I |
| 1 |
| 1 |
I :I : 88
f— shrink sleeve —»| |: | %3 408
— [T max
— | I |
Jrmm— o
— S8 S8 ol
| /| I
I
|
¥ I
1
4 \
60 |
1 >[le055max
v k (flexible lead @ 0,6)
7273505 ’ 7269771
Net mass: 25 g
Base 12-pin all glass
ACCESSORIES
Socket : type FE1004
A | t l | Ansil 1099
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MAINTENANCE TYPE

XP1920
replaces XP1113

6-STAGE PHOTOMULTIPLIER TUBE

The XP1920 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

up to ~

S11 (type A)
> 14 mm
60 mA/W
700 V
~ 2ns
30 mA
up to = 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

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

Luminous sensitivity

Spectral sensitivity at 437 £ 5 nm

lime glass

plano-concave

1,562

SbCs

> 14 mm
S11 (type A)

420 + 30 nm
60 uA/lm

typ. 60 mA/W
>

40 mA/W

\ | February 1980



XP1920

Multiplier system

Number of stages 6
Dynode structure linear focused
Dynode material CuBe

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

Magnetic field
When the photocathode is illuminated uniformly the anode current is halved (at V}, = 800 V, 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).

February 1980



6-stage photomultiplier tube . XP1920

RECOMMENDED CIRCUITS

acc -
S1 S2 S3 S4 S5 S6 a

wE ¥ 3573

2 y

le— Vg —>le- Vg »|e Vg >l Vg »[e Vg e Vg >« Vg »

amplifier

Re

T 4

- Vp=85Vs -
o) 72730101 Q
~HT +HT

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

acc
k 1S1 S2 S3 sS4 S5  S6 a 5
e 2 2 2 A7)
RL
2 1,75 2
[«— Vg —»|e= Vg »[e- Vg >]e Vg »le Vg -»[¢ Vg | Vg >

I
T
i

— V,=11,25Vs
d) 72734204 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.

w (February 1980



XP1920

TYPICAL CHARACTERISTICS*

With voltage divider A (Fig. 2)

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

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

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

With voltage divider B (Fig. 3)

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

Anode pulse duraticn at half height at Vy, = 1200 V
Signal transit time at V, = 1200 V

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

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

Voitage between first dynode and photocathode

Voltage between anode and finaldynode

Voltage between consecutive dynodes

Ambient temperature range

operational (for short periods of time)

continuous operation and storage

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

Notes see page 5.

note
1
< 1200V
typ. 700V
< 5nA
23 typ.  0,5nA
up to ~ 30 mA
1
0,5 kA/W
4 ~ 2ns
4 ~ 3,2 ns
4 ~ 16 ns
up to ~ 80 mA
max. 1300 V
7 max. 0,2 mA
max. 350V
5 min. 100V
6 max. 300V
min. 30V
max. 250V

max. +80°C

min. —309°C
max. +500C
min. —30 °C,

February 1980w (



6-stage photomultiplier tube XP1920

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. 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, %,

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

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

7. A value of < 10 pA is recommended for applications requiring good stability.

\ (rFebruary 1980



XP1920

MECHANICAL DATA

Base 12-pin all glass
Netmass 16g

ACCESSORIES
Socket FE 1004

Fig. 4.

Dimensions in mm

photocuthode%

62
+2

15
. max ¢

—p <
Q5,5 max 7275578

3
o
x

April 1982



6-stage photomultiplier tube

XP1920

102 7277483
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Fig. 5 Spectral sensitivity characteristic. ] \
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XP1920
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Fig. 6 Anode spectral sensitivity Ngr, and anode dark current

lao @s a function of the supply voltage V.
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XP2008

XP2008UB

10-STAGE PHOTOMULTIPLIER TUBES

The XP2008 and XP2008UB are 32 mm useful diameter head-on photomultiplier tubes with a flat
window and a semi-transparent Super A photocathode. The tubes are intended for use in applications
such as scintillation counting, laboratory and industrial photometry and large volume calorimeter
experiments. Their CuBe dynode system offers a high stability. The XP2008 is provided with a 12-pin
plastic base; the XP2008UB has a 14-pin all-glass base.

QUICK REFERENCE DATA

Spectral sensitivity characteristic Super A
Useful diameter of the photocathode > 32 mm
Spectral sensitivity of the photocathode at 437 nm ~ 70 mA/W
Supply voltage for luminous sensitivity N, = 60 A/Im ‘ 1180 V
Pulse amplitude resolution for 137Cs ~ 8 %
Mean anode sensitivity deviation ~ 1%
Anode pulse rise time (with voltage divider B) ~ 25 ns
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

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

Luminous sensitivity typ. 80 pA/Im
' > 40 pA/lm

Spectral sensitivity at 437 £ 5 nm ~ 70 mA/W

For BBQ light the typical integral quantum efficiency is 13% and can be measured on request.

\ (February 1980



XP2008
XP2008UB

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
Dyndde - material Cu-Be
Capacitances
Anode to all ~5pF
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.

7275853

7273512

XP2008 XP2008UB

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tubes XP2008

XP2008UB
RECOMMENDED CIRCUITS
acc
k 1 St S2 S3 S4 S5 S6 S7 S8 S9 S10 a lifi
= = 2
1 y T T ? T T \”- N J ampiirtier
RL
0,75
[+ Vg -»]
-1

1
— ;
- Vp=11,75 Vg > I

o
-HT 7278725 +HT

Fig. 1 Voltage divider A.

Note: 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.

acc .
k 1 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 a e
!J T -\F T T T —\47 - -\./- qmpllfler

2,25

l¢— Vg —»le- Vg |4 Vg »|e Vg >l Vg »e- Vg -»le- Vg [« Vg |

2,25 | 2,5 (2,25

- Vp=18,25 Vg -
o o
-HT 7273494.2 +HT

Fig. 2 Voltage divider B.

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

Sp =dynodeno.n

a  =anode

R = load resistor
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XP2008
XP2008UB

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 1)

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

Anode dark current at an anode luminous
sensitivity Ny = 60 A/Im (Fig. 5)

Pulse amplitude resolution for !*7Cs at N; = 10 A/Im

Mean anode sensitivity deviation at Vi, = 1200 V
long term
after change of count rate

" 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 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 operating and storage

Notes see page 5.

note

10

up to

up to

< 1500
typ. 1180
< 50
typ. 5
~ 8
~ 1
~ 1
~ 100
~ 150
& 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 tubes XP2008

XP2008UB

Notes

1.

10.

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 after consulting the supplier.

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
>10'5 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 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.

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 ~ 300 nA.

Mean pulse amplitude deviation after change of cuunt 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 ~ 1 uA and ~ 0,1 uArespectively.

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 Vp ~ 72 )
Total HT supply voltage or the voltage at which the tube has an anode luminous sensitivity of
600 A/Irn, 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:

For type XP2008 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.

A value of < 10 uA is recommended for applications requiring good stability.
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XP2008

XP2008UB
MECHANICAL DATA Dimensions in mm
XP2008 XP2008UB
-» #395max |« —>[ @39,5max <
-+ B32min = —l> 232min [«
photocathode —/ photocathode /|

92

109 +2
5 427
max

i

72697721

short pin

k  short pin  ,;5ce5

7273507

Base: 12-pin (JEDEC B12-43) Base: 14-pin all-glass
Net mass: 72 g Net mass: 54 g

ACCESSORIES

Socket:
for XP2008 type FE1012
for XP2008UB type FE1112
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10-stage photomultiplier tubes XP2008

XP2008UB
102 7272696.1
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Fig. 3 Spectral sensitivity characteristic. \
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Fig. 4 Relative gain as a function of the voltage
between S5 and 84, normalized to Vg. Vgg/s4 \
constant.
Note: Gain regulation by changing the voltage
between S5 and S4 may cause a degradation 10 1 Vss/ss 2
of other parameters such as stability and v
linearity. s
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XP2008

XP2008UB
103 7272591.2
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Na
A volt. div. A—
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Fig. 5 Anode luminous sensitivity, Nj, and anode dark

current, 1o, as a function of supply voltage Vi,
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10-stage photomultiplier tubes XP2008

XP2008UB
107 : 7{275][858
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Fig. 6 Gain G as a function of supply voltage V},.
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MAINTENANCE TYPE XP2010
replaced by XP2012B

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 CuBe 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 Ny = 60 A/lm 1180 V
Pulse amplitude resolution for 5% Fe at N; = 60 A/lm ~ 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 voltage 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 SbCs

Useful diameter > 32 mm
Spectral sensitivity characteristic (Fig.3) type Super A
Maximum sensitivity at 420 £ 30 nm
Luminous sensitivity gp 38 ﬁﬁ:;:z
Spectral sensitivity at 437 + 5 nm ~ 80 mA/W

\ ﬁebruary 1980 1



XP2010

MECHANICAL DATA

7273507

Net mass: 724
Base: 12-pin (JEDEC B12—43)

ACCESSORIES
Socket: type FE1012

Dimensions in mm

-» #395max |

<

—>I @32min

== Y

7

photocathode

|

7269772
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XP2012
XP2012B replaces XP2010 XP2012B

10-STAGE PHOTOMULTIPLIER TUBES

The XP2012 and XP2012B are 32 mm useful diameter head-on photomultiplier tubes with a flat
window and a semitransparant bialkaline type D photocathode. The tubes are intended for use in
X-ray and y-spectrometry and for all applications requiring a low background noise and/or dark
current. Their Cu-Be dynode system offers a high stability. The XP2012B is provided with a 12-pin
plastic base, the XP2012 has a 14-pin all-glass base.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D E
Useful diameter of the photocathode > 32 mm E
Spectral sensitivity of the photocathode at 401 nm 77 mA/W
Supply voltage for an anode spectral sensitivity = 60 kA/W 1350 Vv
Pulse amplitude resolution

for 57 Co at N, = 10 kA/W = 11,2 %

for 5% Fe at Na = 60 kA/W ~ 42 %
Peak-to-valley ratio for °° Fe at Na = 60 kA/W ~ 34
Anode pulse rise time (with voltage divider B) ~ 2,5 ns
Mean anode sensitivity deviation ~ 1%
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
Shape plano-plano
Material lime glass
Refractive index at 550 nm 1,62
Photocathode (note 1)
Semi-transparent, head-on SbKCs
Useful diameter > 32 mm
Spectral sensitivity characteristic (Fig. 6) type D
Maximum sensitivity at 400 £ 30 nm
Spectral sensitivity at 401 = 3 nm t>yp. (73; :ﬁjm
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XP2012
XP2012B

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
Ancde to final dynode A 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 chotocathode.

o~ @)

7273512

XP2012B . XP2012

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

XP2012
XP2012B

RECOMMENDED CIRCUITS

acc

Ky ¥ ¥

S4 S5

S6 S7
T YT ¥

Y ¥

Vp= 11,75 Vg

i

Fig. 2 Voltage divider A.

(o]
+HT

7278725

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

acc
k S1 S2 S3 S4 S5 S6 S7 S8 SE S10 .
—@ ::‘F -q;- T -:F -"F T T T By amplifier
2 1,25 1,25 2,25 | 2,25 2,5
+— Vg —»l« Vg - Vg —»le Vg —><—VS—><-V5—><—VS—><—VS—b<—V5—><—V5—>
1 o I o B

-HT

k =cathode

acc = accelerating electrode
Spn =dynode no.n

a =anode

R = load resistor

V,=18,25 Vg

Fig. 3 Voltage divider B.

72734864.2

Typical values of capacitors: 10 nF
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XP2012
XP2012B

TYPICAL CHARACTERISTICS*

note

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

sensitivity of 60 kA/W (Fig. 8)

for an anode spectral sensitivity

of 300 kA/W (Fig. 8)
Anode dark current at an anode spectral

sensitivity of 60 kA/W (Fig. 8) 3,4
Pulse amplitude resolution for '*7 Cs

at Nar = 10 KA/W 5
Pulse amplitude resolution for ® 7 Co

at Ng, = 10 kA/W 5
Pulse amplitude resolution for °° Fe

at Ny =60 kA/W 6
Peak-to-valley ratio for ®° Fe at Ny, = 60 kA/W 6
Anode current linear within 2% at V|, = 1700 V
Mean anode sensitivity deviation 13

long term (16 h)
after change of count rate
versus temperature between 0 and + 40 °C at 450 nm

With voltage divider B (Fig. 2) 2
Anode spectral sensitivity at Vi, = 1700 V (Fig. 8)
Anode pulse rise time at V, = 1700 V 7
Anode pulse duration at half-height at Vi, = 1700 V 7
Signal transit time at Vi, = 1700 V 7
Anode current linear within 2% at Vi, = 1700 V
LIMITING VALUES (Absolute maximum rating system)
Supply voltage 8
Continuous anode current 9
Voltage between first dynode and photocathode 10
Voltage between consecutive dynodes
Voltage between anode and final dynode 11
Ambient temperature range

Operational (for short periods of time) 12

Continuous operation and storage

* All spectral sensitivities refer to a wavelength of 401 nm.
Notes see page 5.

up to

up to
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10-stage photomultiplier tubes - XP2012

XP2012B

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 ©C. 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'% 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 (T1) cylindrical scintil-
lator with a diameter of 32 mm and a height of 32 mm. The count rate used is ~ 103 c/s.

Pulse amplitude resolution for 55 Fe is measured with an Nal (TI) 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.

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—'/z.

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

A value of <10 pA is recommended for applications requiring high stability.

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.

For type XP2012B 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 ! *7 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.

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 ~ 1 pA and ~ 0,1 uA respectively.

Both tests are carried out according to ANSI—-N42—9—1972 of |EEE recommendations.
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XP2012

XP2012B
MECHANICAL DATA Dimensions in mm
-» $395max = - 339,5max |<+
- @32min = = @32min <
photocathode photocathode
92
109 12
5 927
max

UUWUU

'

72697721

acc
7273507

,51 k

Fig. 4 XP2012B.

Base: 12-pin (JEDEC B12-43)
Net mass: 72 g

ACCESSORIES

Socket:
for XP2012B type FE1012
for XP2012 type FE1112

<« 32! 7275855

short pin
k short pin ;5645
Fig. 5 XP2012.
Base: 14-pin all-glass

* Net mass: 54 g
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10-stage photomultiplier tubes XP2012

XP2012B
7277214
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Spectral sensitivity characteristic.
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XP2012
XP2012B
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XP2013B
replaces XP1016

10-STAGE PHOTOMULTIPLIER TUBE

The XP2013B 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 CuBe 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

Q

100 mA
200 mA

up to
up to

X

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

borosilicate
plano-plano
1,48

SbNaKCs

> 32 mm
S20 (type T)
420 + 30 nm
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XP2013B

Photocathode (continued)
Luminous sensitivity ~ 200 'uA/Im

Spectral sensitivity

typ. 20 mA/W
.

at698 + 7 nm > 10 mA/W
at629 =3 nm ~ 40 mA/W

Multiplier system -

Number of stages ) 10
Dynode structure linear focused
Dynode material CuBe
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:

0,6 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 XP2013B

RECOMMENDED CIRCUITS
acc
k S1 S5 S8  s9  S10 N\¢ .
lj’_ -‘F T’F :F -:F -‘F -:F T q/- 'q;- amplifier
R
0,75 '
Vg >
L
T
- Vp=11.75 Vg — -
o) o)
-HT 7273495.2 +HT

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

acc
k S1 S3 sS4 S5  S6 s8 S3  S10 a
!_-\U T -:F- T -\-‘F T -;F T T —\1 amplifier

2,5 (2,25

<—Vs—>4—V5~>

H—
—HE r«_i.-

- Vp=18,25 Vg
o o
-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.
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XP2013B

TYPICAL CHARACTERISTICS note
With voltage divider A (Fig. 2) 1

Supply voltage for an anode luminous

sensitivity N, =60 A/Im (Fig. 7) typ 1250 v

< 1600 V
_ . typ. 2 nA
Anode dark current at N; = 60 A/Im (Fig. 7) 2,3 < 50 nA
Anode current linear within 2% at Vi, = 1700 V up to ~ 100 mA
Mean anode sensitivity deviation at Vi, = 1000 V
long term (16 h) 4 ~ 1%
With voltage divider B (Fig. 3) 1
Anode luminous sensitivity at V, = 1700 V (Fig. 7) & 90 A/Im
Anode pulse rise time at Vi, = 1700 V 5 ~ 2,5 ns
Anode pulse duration at half height at Vi, = 1700 V 5 ~ 6 ns
Signal transit time at V, = 1700 V 5 ~~ 26 ns
Anode current linear within 2% at V= 1700 V up to ~ 200 mA
LIMITING VALUES (absolute maximum rating system)
Supply voltage 6 max. 1800 V
Continuous anode current : 10 max. 0,2 mA
) max. 500 V
Voltage between first dynode and photocathode 7 min. 150 v
Voltage between consecutive dynodes max. 300 Vv
. max. 300 Vv
Voltage between anode and final dynode 8 min. 30 V
A";b:err;ttif:;lp?frg:ifo:ng:riods of time) ° max. +80 °C
P P min. =30 oC
continuous operation and storage max. *50 °C
P 9 min. 30 °C

Notes see page 5.
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10-stage photomultiplier tube XP2013B

Notes

1.

9.

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).

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

~10* c/s, resulting in an average anode current of 0,3 nA. 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 duration and transit time vary as a function of high tension supply
voltage Vy,, 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.
. 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.

10. A value of <10 A is recommended for applications requiring good stability.
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XP2013B

MECHANICAL DATA Dimensions in mm

-» B39 5max <

-

. -!>J B32min

2?‘“‘/"‘ - *
photocathode -

106
3 9

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

April 1982



10-stage photomuitiplier tube

XP2013B

Fig. 5 Spectral sensitivity‘ characteristic.

Fig. 6 Relative gain as a function of the voltage
between S5 and S4, normalized to Vg. Vgg/54
constant.

Note: Gain regulation by changing the voltage
between S5 and S4 may cause a degradation
of other parameters such as stability and
linearity.
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XP2013B
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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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XP2020
XP2020Q

12-STAGE PHOTOMULTIPLIER TUBE

The XP2020 and XP2020Q are 44 mm useful diameter head-on photomultiplier tubes with a plano-
concave window and a semi-transparent type D photocathode. The tubes are intended for use in nuclear
physics where the number of photons to be detected is very low. The tubes feature a high cathode
sensitivity and a good linearity combined with very low background noise and extremely good time
characteristics. They are especially useful in high-energy physics experiments where ultimate time
characteristics are needed, such as coincidence measurements, Cerenkov detection, etc. The XP2020Q
has a fused silica window enabling transmission at a wavelength of 160 nm and higher.

QUICK REFERENCE DATA

Spectral sensitivity characteristic XP2020 type D
XP2020Q type DU

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 voltage for a gain of 3 x 107 2200 Vv
Pulse amplitude resolution for '*’Cs ~ 75 %

_ Anode pulse rise time (with voltage divider B’) A 1,5 ns

Linearity, with voltage divider B : upto =~ 280 mA
Signal transit time distribution [ ~ 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 SbKCs

Useful diameter ; > 44 mm

Note, see page 6.

w (February 1980



XP2020
XP2020Q

Spectral sensitivity characteristic
Maximum spectral sensitivity at
Quantum efficiency at 401 nm

Spectral sensitivity at 401 = 3 nm

Mutltiplier system

Number of stages

Dynode structure

Dynode material

Capacitances
Grid 1to k + S1 +acc +gp + Sg
Anode to final dynode
Anode to all

Magnetic field
See Fig. 13.

XP2020
type D {Fig. 6)
400 + 30

26

typ. 85
> 60

XP2020Q

type DU (Fig. 7)

400 £30 nm
25 %

typ. 80 mA/W
> 60 mA/W

12
linear focused
CuBe_
~ 20 pF
~ 4 pF
A7 7 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.

Fig. 1 Axis a with respect to base pins (bottom view).

February 1980



12-stage photomultipiier tube XP2020

XP2020Q

RECOMMENDED CIRCUITS

S3 sS4 S5 S6 S7 S8 S9 S10 SN S12
N

v J0 JR N N N 2N 2N V) S
Ry
4= Vg —le— Vg >4~ Vg >{4- Vg »le- Vg |- Vg —»le— Vg —pla— Vg —»|e- Vg |4 V5|
I g N T H
.
Vb

17 Vg
S

7262686.1 +HT

Fig. 2 Voltage divider type A. =
K 9,9, acc a -
f1(SL Sz §3 sk S5 6 ST 8 s3 s0 sn sz =
! [R IR b v J N q; q/- T W v v 7 ampl. -
IMO| | ~ Ry
! 12 |18 1,25 | 1,5 175 | 25 | 35 | 45 8 10
Vs> <—VS~><—VS—»<—V5—>4—-V5—>4—V5—><—V5+<—V5—><—V5-o4—V5—»¢—Vs~><—Vs—><~VS—>
— —a— {1 g o S o o o R o B
[+—6Vg—» "[ H
i i I
Vb
44,5 Vs
o e}
~HT * 72626871 +HT
Fig. 3 Voltage divider type B.
a
S5 S6 sS7 S8 s9  SI0 sM si2
2 2 2 2 A 2
R
¢~ Vg {4~ Vg —»le— Vg e Vg -
{14
Vb
21,5 Vg
& &
-HT 7262685.1 +HT
Fig. 4 Voltage divider type B’".
k = cathode R = This resistor connects the anode when the output.cable
g1, 92 = focusing electrodes is not terminated. Recommended value: 10 k2.
acc = accelerating electrode The cathode resistor of 1 M2 limits the current in case of
Sn = dynode no. n unintentional contact between the conductive coating and
a =anode earth when the anode is earthed.
RL = load resistor Typical value of capacitors: 1 nF.
W ﬂanuary 1978 3



XP2020

XP2020Q
TYPICAL CHARACTERISTICS note
With voltage divider A (Fig. 2) 2

Supply voltage for a gain of 3 x 107 (Fig. 8) typ. 2200 vV

< 2600 VvV
Anode dark current at a gain of 3 x 107 (Fig. 8) 3,4 2’0. 10(7) ::
Background noise at a gain of 3 x 107 (Fig. 11) 5 t<yp. 2238 z;:
Pulse amplitude resolution for 5°Fe at a gain of 3 x 107 6 ~ 43 %
Peak to valley ratio for **Fe at a gain of 3 x 107 ~ 34
Pulse amplitude resolution for '*’Cs at Vi, = 1500 V 6 ~ 75 %
Anode pulse rise time at Vp = 2000 V 7,13 ~ 16 ns
Anode pulse duration at half height at Vi, = 2000 V 713 ~ 3,7 ns
Signal transit time at V|, = 2000 V 7,13 ~ 28 ns
Anode current linear within 2% at Vi, = 2000 V upto = 25 mA
Obtainable peak anode current ~ 100 mA
With voltage divider B (Fig. 3) : 2
Gain at Vp, = 2800 V ~ 2 x 108
- Anode pulse rise time at V, = 2800 V 7,13 ~ 1,7 ns
Anode pulse duration at half height at V, = 2800 V 7,13 ~ 2,7 ns
Signal transit time at V, = 2800 V 713 ~ 31 ns
Signal transit time difference between the
centre of the photocathode and 18 mm
from the centre at V|, = 2800 V ~ 0,25 ns
Anode current linear within 2% at V|, = 2800 V upto = 280 mA
Obtainable peak anode current ~ 05to1 A
With voltage divider B’ (Fig. 4) 2
Gain at Vp, = 2500 V ~  2x107
Anode pulse rise time at V|, = 2500 V 7,13 ~ 1,6 ns
Anode pulse duration at half height at V, = 2500 V 7,13 ~ 24 ns
Signal transit time at V|, = 2500 V 7,13 ~ 30 ns
Signal transit time distribution at Vp = 2500 V 12,13 o ~ 0,25 ns
Signal transit time difference between the centre
of the photocathode and 18 mm from the
centre at Vp, = 2500 V ~ 0,25 ns
Anode current linear within 2% at Vi, = 2500 V upto =~ 70 mA
Obtainable peak anode current ~ 250 mA

Notes see page 6.
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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 14 max. 0,2 mA
Voltage between focusing electrode, g1 and
photocathode max. 300 VvV
It . max. 800 V
Voltage between first dynode and photocathode 9 min. 300 V
Voltage between consecutive dynodes
(except Sq1 and Sq9) max. 400 V
Voltage between dynodes S11 and S12 13 max. 600 V
. max. 700 Vv
Voltage between anode and final dynode 10 min. 80 V
Ambient temperature range 1 =
. . . 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

Notes to pages 1,4 and 5

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 departure of linearity.

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.

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 tube is provided
with a conductive coating connected to the cathode. It is recommended that, if a metal shield is
used, this should be kept at cathode potential. This implies safety precautions to protect the user.
The 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 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 10°*3 C (corresponding to 0,1 photoelectron) are recorded (Fig. 9).

Pulse amplitude resolution for °°Fe is measured with a Nal (TI) cylindrical scint 'lator with a
diameter of 19 mm and a height of 3 mm. The count rate is ~ 10%c/s. Pulse amplitude resolution
for '37Cs is measured with a Nal (TI) cylindrical scintillator with a diameter of 44 mm and a height
of 50 mm. The count rate is &~ 104c/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 Vp,, approximately as Vb"/Z.

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 consulted.
Transit time fluctuations of single electrons leaving the photocathode result in a transit time
distribution at the anode. This distribution is characterized by its standard deviation o.
Non-inductive resistors'of 51 & are incorporated in the base connected to S11 and S12.

- See also General Operational Recommendations Photomultiplier Tubes.

A value of <10 uA is recommended for applications requiring good stability.
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12-stage photomultiplier tube XP2020
XP2020Q

MECHANICAL DATA ‘ Dimensions in mm
(1) Warning:

The envelope of the tube is covered
with a conductive coating, connected

to the cathode. <+ @53,5max->
Care should be taken to avoid hazard .
|-t
due to electric shock. Bid min->
,/v_ < A
~N
photocathode —
outer conductive (1 170
. —
coating +5
192
max
I I ’
T —
4
i.c. k, 7273328.1
7262689.2 outer conductive
coating

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 240 g

ACCESSORIES
Socket type FE1020

\ (April 1982



XP2020

XP2020Q
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Fig. 6 Spectral sensitivity characteristic XP2020. 107 \
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Fig. 7 Spectral sensitivity characteristic. XP2020Q. 1
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12-stage photomultiplier tube XP2020

XP2020Q
109 7277568
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Fig. 8 Gain, G, and anode dark current, l50,
as a function of supply voltage V.
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XP2020
XP2020Q

Fig. 9 Relative gain as a function of the
voltage between grid 1 and cathode,
normalized to Vg. Vg1/ constant.

Fig. 10 Relative gain as a function of the
voltage between Sy and S, normalized
to Vg. Vg3/51 constant.
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12-stage photomultiplier 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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Fig. 12 Time resolution for 2 tubes I
XP2020 in coincidence. Measuring
conditions:
Number of photoelectrons ~ 1500
Supply voltage 2500 V
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MAINTENANCE TYPE | 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 fused silica 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 2000 \
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.

s 1 s1Ann ” 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
Dynode structure
Dynode material
Capacitances
Grid no. 1 to k+go+acc+S1
Anode to final dynode

Anode to all

Magnetic field

> 110 mm
S11 (type A)
extended ultraviolet
Sb-Cs

420 + 30 nm
typ. 70 pA/Im
> 45 HA/lm
= 70 mA/W

14

linear focused

Cu-Be
Cgl/k, g2, acc,S1 7 70 pF
Ca/s14 = 5 PR
Ca ~ 7 oF

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.

7272188

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

.
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XP2040
© XP2040Q

RECOMMENDED CIRCUITS

a
tpi S s2 S3 st S5 86 ST S8 53 S st si2 s Sik ampl,
11 T T g 3 X
wal| 9 t— R
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Fig. 1 Voltage divider A

5 Vp = 455 Vg

Fig. 2 Voltage divider B
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272128 )

Fig. 3 Voltage divider B'

k = cathode

g1, g2 = focusing electrodes
acc = accelerating electrode
Sn = dynode no. n

a = anode

Ry, = load resistor

The voltage between k and gl should be

adjusted a
A and B' o

t about 1,7 Vg for voltage dividers
r 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 kQ.

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 Sp should
be adjusted at about 0,7 Vg.
Typical value of capacitors: 1 nF.

Teee = 1O




XP2040
XP2040Q

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1)

Supply voltage for a gain G of 3x 107, Fig.6 ) :YP 3388 X
Anode dark current at G = 3x 107, Fig.6 Iy 2y t<yp. Oé ﬁ
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 Vi = 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 Vi, = 2800 V, Fig. 6 ~ 1x 107
Anode pulse rise time at Vp = 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 Vi;=2800 V = 1 ns
Anode current linear within 2%, at Vp = 2800 V

up to = 280 mA
Obtainable peak anode current ~ 0,5t0 1,0 A
With voltage divider B' (Fig. 3) 5)
Gain at Vp, = 2500 V, Fig. 6 ~ 5x107
Anode pulse rise time at V = 2500 V 3) 4) = 2 ns
Anode pulse width at half height at Vi, = 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 V,=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
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 gircum-
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).

3

~

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 widt:hi and transit time vary as a function of the HT supply
voltage Vy,, approximately as Vi~ / .

4

~

A non-inductive resistor of 50 Q is incorporated in the base, connected to S14.
See also "General Operational Recommendations Photomultiplier tubes".

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.

5) Divider circuits B and B' are examples of "progressive dividers", each giving a




XP2040

. XP2040Q

1

LIMITING VALUES (Absolute max. rating system)

1
Supply voltage ) max. 3000 v
Continuous anode current 5) max. 0,2 ‘ mA

max. 800 vV

2
Voltage between hj:s*T dynode and photocathode ) min. 400 v

Voltage between focusing electrode g

and photocathode max. 300 \

Voltage between accelerating electrode max. 18 Vg
and photocathode min. 14 Vg
Voltage between consecutive dynodes max. 500 A%
. 3. max. 500 \4
Voltage between anofie and f}nal dynode ) min. 80 v
Ambient temperature range 4)

. " 0,
Operational (for short periods of time) max. +80 C

min. -30 oC
Continuous operation and storage max. +50 °c
0 pera b & min. -30 °c

) Total HT supply voltage, or the voltage 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.

) 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.

5) For applications requiring a high stability a value of < 10 pA is recommended.
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14-stage photomultiplier tube XP204O
XP2040Q

MECHANICAL DATA Dimensions in mm

(1) Warning:
The envelqpe of the tub_e is #1365 max
covered with a conductive
coating connected to the <+—— @110 min ——*> aluminium
cathode. lano.c !
Care should be taken to D apter - — Ve Z Fr g
avoid hazard due to electric i
shock. See also note 1
on page 5. v photocathode
a -~ F13021 ——» H
outer conductive 174
coating +5
259
+5 281
max
o =
N 7/
r~Zadll B 4
+1
232, \
* \
7269204.1 outer < 98518 |
conductive = max
coating @91 max — 7269206
CAUTION
Base: 20-pin (JEDEC B20-102) Care should be taken in handling
Net mass: 1340 g this larger diameter tube because
of the risk of implosion.
ACCESSORIES
Socket type FE1020

The XP2040 may be used with the base assembly S5630/03, 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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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 fused silica 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 A%
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

LARAS

Glass : Ultraviolet transmitting (type Schott 8337 or equivalent) L

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



XP2041
XP2041Q

Photocathode _
Semi-transparent, head-on
Useful diameter

Spectral sensitivity characteristic (Fig. 4)

Material

Maximum spectral sensitiviﬁy at

Spectral sensitivity at 401 = 3 nm

Multiplier system

Number of stages

Dynode structure

Dynode material

Capacitances
Grid no. 1 to k+gotacc+S1
Anode to final dynode
Anode to all

Magget‘xc field

> 110 mm

type D
extended ultraviolet

bi-alkaline Sb-K -Cs
400 + 30 nm

typ. 85 mA/W
> 65 mA/W

14

linear focused

Cu-Be
Cgl/k, g2,acc,S1 = 70 pF
Ca/s14 = 5  pF
Ca . 7

When the photocathode is illuminated uniformly the anode current is halved

(at V, = 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.

7272188

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

l l December 1977



XP2041
XP2041Q

RECOMMENDED CIRCUITS

S2 S3 sS4 S5
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Fig. 1 Voltage divider A
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k = cathode

21,82 = focusing electrodes
acc = accelerating electrode
Sn = dynode no.n

a = anode

Ry, = load resistor

The voltage between k and gy should be
adjusted at about 1,7 Vg for voltage dividers
A and B' or at about 2Vg for voltage divider B

Vb =235Vs Vp

Fig. 3 Voltage divider B’

22721284

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: 1nF.

I |
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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 1)

Anode dark current at G = 3x 107, Fig.6 1y 2
Anode pulse rise time at Vp =2200V 3) 4)
Anode pulse width at half height

at Vi, = 2200 V 3)
Signal transit time at Vp = 2200 V 3)

Anode current linear within 2%, at V=2200 V
up to

Obtainable peak anode current

With voltage divider B (Fig.2) 5y
Gain at V, = 2800 V. Fig.6
Anode pulse rise time at Vp = 2800 V 3) 4)

Anode pulse width at half height

at Vp, = 2800 V 3)
Signal transit time at Vy, = 2800 V 3

Signal transit time difference between the centre of the
photocathode and 50 mm from the centre at Vj,=2800V

Anode current linear within 2%, at Vp = 2800 V
up to

Obtainable peak anode current

With voltage divider B' (Fig. 3) 5)
Gain at Vp = 2500 V, Fig.6
Anode pulse rise time at V = 2500 V 3 4
Anode pulse width at half height

at Vb = 2500 V 3)
Signal transit time at Vi, = 2500 V 3)

Signal transit time difference between the centre of the
photocathode and 50 mm from the centre at Vi, =2500V

Anode current linear within 2%, at Vp, = 2500 V
up to

Obtainable peak anode current

Notes see page 5,

< 2700
typ. 2200
< 600
typ. 30
= 2,5
= 5
= 46
= 30
= 200
~ 4x 100
= 2,1
= 3
= 49
= 1
= 280
=0,5to 1,0
~ 2x 107
= 2
= 3
= 46
= 1
= 80
= 500

nA
nA

ns

ns

ns

mA

ns

ns

ns

>

ns

ns

ns

ns
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XP2041
XP2041Q

Notes to page 4

D)

2

~

w
~

4)

w
~

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 cathode becomes maximum, and the instant at which the anode pulse attains its
maximum. Rise time, pulse w1dth and transit time vary as a function of the HT supply
voltage Vi, approximately as Vb

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.




XP2041
XP2041Q

LIMITING VALUES (Absolute max. rating system)

Supply voltage L max. 3000 v
Continuous anode current 5) max. 0,2 mA
. 2 max. 800 A
Voltage between first dynode and photocathode ) min, 400 v
Voltage between focusing electrode g
and photocathode max. 300 A%
Voltage between accelerating electrode max. 18 Vg
and photocathode min, 14 Vg
Voltage between consecutive dynodes max. 500 A%
. 3 max. 500 A%
Voltage between anode and final dynode ) min. 80 v
Ambient temperature range 4
; : : max., +80 oC
Operational (for short periods of}tlme) min. -30 oc
continuous operation and storage max, 430 C
auous operation and storag mia, -3 9C

| —

1y 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.

]

Fn

ot
3
4
D
’]
]
3
+

e O

[¢]

4y This rang

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 < 10pA is recommended.

A Il ” Trremn 1078



14-stage photomultiplier tube ‘ XP2041
XP2041Q

MECHANICAL DATA Dimensions in mm
(1) Warning:
The envelope of the tube is
covered with a conductive £1365 max
coating connected to the P in ——|
cathodge. ' #7110 min aluminium
Care should be taken to plano-concave P
avoid hazard due to electric adapter
shock. See also note 1 on
page 5. photocathode
) - F 1301 ———
outer conductive 174
coating +5
259
+5 281
max
6
T1qH
Bt v
\
S1,g2 . gt
ic k,
7269204.1 outer "?7-211;(8"’
conducti
coating ve «— @91 max — 7269208
CAUTION
Base: 20-pin (JEDEC B20-102) Care should be taken in handling
Net mass: 1340 ¢ this larger diameter tube because
of the risk of implosion.
ACCESSORIES
Socket : type FE1020

The XP2041 may be used with the base assembly $S5630/03, 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-photomultiplier interface before operation.

w ( April 1982
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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 v
Pulse amplitude resolution ('3’ 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.
W ( March 1980



XP2050

Photocathode (continued)

Maximum spectral sensitivity at 400 + 30 nm
Quantum efficiency at 401 + 3 nm 29 %

. typ. 95 mA/W
Spectral sensitivity at 401 = 3 nm Nir > 65 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 cathode is illuminated 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 recommended that the tube be screened against the influence of magnetic fields by a mu-metal
shield protruding > 15 mm beyond the photocathode.

RECOMMENDED CIRCUITS

acc

k 151 S2 S3 S& S5 S6 S7 S8 S9 S10 a -

(B3 T _\F D T 7T ’+‘ 3 T N amplifier
Ry
2
l¢-Vs Vs>V D4V PV B[V gD V[V oDV D|e-Vs iV g
g N L *‘1:}-"-1:-‘*':?‘1
< Vp=12Vg >
72692171 o)

-HT +HT

Fig. 1 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; acc = accelerating electrode;
Sp = dynode no.; a = anode; R|_ = load resistor.
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10-stage venetian blind photomultiplier tube

XP2050

acc
k 1 S_]_ S2 S3. S4 SE S6 S7 S8 S9 S10
1 T R J ¥
L
3
1€ Vs 4"V3~> 4V P
< Vp=13Vs

-HT

amplifier

+ HT 7262635.2

Fig. 2 Voltage divider A1. 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
With voltage divider A (Fig. 1)
Supply voltage for an anode sp_gctral

sensitivity Ngr = 12 kA/W at401 nm (Fig. 5)
Anode spectral sensitivity at V|, = 1600 V
Anode dark current at Ngr = 12 kA/W at 401 nm

Anode current linear within 2% at Vy, = 15600 V

With voltage divider Aq (Fig. 2)

Anode spectral sensitivity at Vi, = 1500 V and 401 nm (Fig. 5)
Pulse amplitude resolution for '37 Cs at Ngy = 12 KA/W

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

Mean anode sensitivity deviation
long term (16 h)
after change of count rate

Anode pulse rise time at V|, = 1500 V
Anode pulse width at half height at Vi = 1500 V
Signal transit time at Vi, = 1500 V

Notes see page 4.

note
1
< 1500
typ. 1270
~ 35
< 5
2 typ. 0,5
upto ~ 10
~ 25
3 75
upto = 10
4
~ 1
~ 1
16
~ 40
920

kA/W

nA
nA

mA

kA/W
%
mA

%
%

ns
ns

ns
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XP2050

LIMITING VALUES (absolute maximum rating system) : note
Supply voltage 6 max. 2000 V
Continuous anode current 10 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
Voltage between consecutive dynodes max. 300 V
Voltage between anode and final dynode 8 max.. 300 V
An;b:;tti?mffgattf r:nge' ds of time) ? max. +80 °C
p nal (for short periods min.  —30 SC
contin ti d st - max. +50 9C
uous operation and storage 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.

. 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 (TI) cylindrical scintillator

(Quartz et Silice serial no. 4170 or equivalent) with a diameter of 756 mm and a height of 76 mm.
The count rate used is ~ 10* c/s.

. 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 '*7 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* c¢/s to ~ 10° ¢/s,
corresponding to anode currents of ~ 1 uA and ~ 0,1 uA respectively. Both tests are carried out
according to ANSI-N42-9-1972 of IEEE recommendations.

Measured with a puised 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 Vyp,
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.
. When calculating the anode voltage the voltage drop across the load resistor should be taken into

account.

This rénge 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.

10. A value of < 10 uA is recommended for applications requiring good stability.
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10-stage venetian blind photomultiplier tube

XP2050

MECHANICAL DATA . Dimensions in mm

Warning

Care should be taken in handling
this larger diameter tube because

of the risk of implosion. .
[——— @130 max ——»|

photocathode —| |<—— @110 min —»

'\ao°
A
@51
157"
s1 Kk —| P58max 'e—

7269216

Fig. 3.

Base: IEC 67—1—16a (Jedec B14—-38)
Net mass: 460 g

ACCESSORIES
Socket type FE1014

Al

5 195
‘ max

7269215
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10-stage venetian blind photomultiplier tube XP2050

103 7277480.1
Nar Nar
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Fig. 5 Anode spectral sensitivity N5y, and anode dark current I5q as a function of the
supply voltage V},.
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Fig. 6 Relative gain as a function of the voltage
between Sg and Sg, normalized to Vs. Vs7/55
constant.

Note: Gain regulation by changing the voltage
between S6 and S5 may cause a degradation

of other parameters such as stability and
linearity.

Fig. 7 Relative anode current as a
function of the voltage between
anode and final dynode.
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XP2060

XP2060B

10-STAGE PHOTOMULTIPLIER TUBE

The XP2060 and XP2060B are 32 mm useful diameter head-on photomultiplier tubes with a flat
window and a semitransparent Super A photocathode. The tubes are intended for use in applications
such as scintillation counting, laboratory and industrial photometry. Its Cu Be dynode system offers

a high stability.

The XP2080B is provided with a 12-pin plastic base; the XP2060 has a 14-pin all-glass base.

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/Ilm

Pulse amplitude resolution for ! 37Cs
Mean anode sensitivity deviation

Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A
with voltage divider B

up to
up to

Super A
> 32 mm
~ 70 mA/W
1180 V
8 %
1 %
25 ns

¢U

¢

14

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

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

S

D'

Cs

> 32 mm
type Super A
420 + 30 nm

typ 80 pA/lm
> 40 pA/lm

~ 70 mA/W

W ( February 1980



XP2060
XP2060B

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 0,35 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.

7275853

7273512

XP2060B XP2060

Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube XP2060

XP2060B
RECOMMENDED CIRCUITS
acc
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G- | S T

- Vp=11,75 Vg >
o
-HT ) 7278725 +HT

Fié. 1 Voltage divider A*,
acc
k(1 81 S5 S6 S7 s8 59 sS10 N\@ .
T T Y YV TTVY Bﬁ‘
R

2,25 | 2,5 2,25

+ Vg »[¢ Vg »le-Vg >

2

e e 1o
b H_-L;

- Vp=18,25 Vg —>>
(¢] o
-HT 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

* 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.
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XP2060

XP2060B
TYPICAL CHARACTERISTICS notes
(see page 5)
With voltage divider A (Fig. 1) 1
Supply voltage for an anode luminous < 1500 V
sensitivity Ny = 60 A/lm (Fig. 5) typ 1180 V
Anode dark current at an anode luminous
s -z - < 50 nA
sensitivity Ny = 60 A/Im (Fig. 5) 2,3 typ 5 nA
Pulse amplitude resolution for ' *7Cs at Ny = 10 A/Im ~ 8 %
Mean anode sensitivity deviation at Vi, = 1200 V '
long term o 1%
after change of count rate ~ 1%
Anode current linear within 2% at Vy, = 1700 V upto ~ 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 Vi, = 1700 V 6 ~ 2,5 ns
Anode pulse duration at half height at V, = 1700 V A 6 ns
Signal transit time at Vi, = 1700 V ) 6 o 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 nr:?: 150 V
Voltage between consecutive dynodes max 300 V
Voltage between anode and final dynode 9 max 300 V
min 30
Ambient temperature range +80 °C
Operational (for short periods of time) 10 :?: ._:8;3 oc
. . max +50 °C
Continuous operating and storage min  —30 00
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10-stage photomultiplier tube XP2 060

XP2060B

Notes

1.

10.

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).

Pulse amplitude resolution for '37 Cs is measured with an Nal (T!) cylindrical scintillator with a
diameter of 32 mm and a height of 32 mm. The count rate used is ~ 10° c/s.

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 ' *7 Cs source at a
distance from the scintillator such that the scintillator count rate is ~ 10* ¢/s corresponding to an
average 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* ¢/s to 10% ¢/s
corresponding to an average anode current of ~ 1 uA and = 0,1 uA 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 Vy,, approximately as Vb_/”.

Total HT supply voltage or the voitage 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.

For type XP2060B 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 contempliated, the supplier should
be consulted.

A value of < 10 pA is recommended for applications requiring good ‘stability.

February 1980
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XP2060
XP2060B

MECHANICAL DATA

XP2060B

| @395 max <

¢

-

'J @32min

photocathode—]

101
2 116
max

UULUEWUU

1275450

acc,S1 k
7273507
Net mass: 69 g
Base: 12-pin (JEDEC B12-43)

ACCESSORIES

Socket:
for XP2060B type FE1012
for XP2060  type FE1112

Dimensions in mm

XP2060

-+ & 39,5max <+

- @#32min

photocathode —1

-—

——————— a

84

%3 402
max

short pin

short pin

72754511

7275854
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10-stage photomultiplier tube

XP2060

XP2060B
102 7272696.1
Nkr
(mA/W) l
10
\
\ =
Fig. 3 Spectral sensitivity characteristic. \
\ 1
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100 7272524
q
= \
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5
o
®
10
[ \
/ \
/
Fig. 4 Relative gain as a function of the voltage
between S5 and S4, normalized to Vg. Vsg/s4
constant.
Note: Gain regulation by changing the voltage
between S5 and S4 may cause a degradation 10 Ves/sa 2
of other parameters such as stability and —~
linearity. s
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XP2202
XP2202B

10-STAGE PHOTOMULTIPLIER TUBE

44 mm useful diameter head-on type

plano-plano window

semi-transparent bi-alkaline type D photocathode

high stability . .

tubes, from serial number 9500 onwards, are provided with high gain first dynode
for scintillation counting, laboratory and industrial photometry

QUICK REFERENCE DATA

XP2202 has a 19-pin all-glass base; XP2202B has a 14-pin plastic base.

type D

Spectral sensitivity characteristic

Useful diameter of the photocathode >44 mm
Cathode spectral sensitivity at 400 nm 75 mA/W
Supply voltage for an anode spectral sensitivity of 60 kA/W at 400 nm 1400 V
Anode pulse rise time ~ 3,6 ns
Pulse amplitude resolution (!37Cs) ~7,2%
Puise ampiitude resoiution (*° Fe) ~42%

Linearity
with voltage divider A
with voltage divider B

up to =~ 100 mA
up to =~ 200 mA

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

GENERAL CHARACTERISTICS *

* Notes are given on pages 4 and 5.

-Window
Material lime-glass
Shape plano-plano
Refractive index at 550 nm 1,62
Photocathode (note 1)
Semi-transparent, head-on
Material Sb K Cs
Useful diameter >44 mm
Spectral sensitivity characteristic (Fig. 6) type D
Maximum spectral sensitivity 400 + 30 nm
Spectral sensitivity at 400 nm t>yp. (75(5) 2%\\% note 2
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XP2202
XP2202B

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 fieid

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

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

0,1 mT parallel to axis a.

It is recommended that the tube be screened from magnetic fields by a mu-metal shield protruding
more than 15 mm beyond the photocathode.

3) S I
o0/
7275616

XP2202 XP2202B

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube XP2202

XP2202B
RECOMMENDED CIRCUITS
9
kKfr1d1 d2 d3 ds d5  d6 d7 d8 dg  d10 )¢ amolifier
Y Y Y Y Y YYY VY o
Ry
2 0,75

le— Vg —sle- Vg »]e= Vg e Vg »le= Vg le- Vg >l Vy >l Vg >le-V, >leVy >l Vy +>
1 *{:!-'H:}"H:}*j-

- Vpe=1,75Vq > =
o) o —
-HT 7273495.3 +HT —

Fig. 2 Voltage divider A.
g
kKfr1dl d2 d3  d4 d5 d6 d7 d8 d9  di0 \d amplifier
Y Y Y Y Y YYYY Y

- Vpt=18,25 Vy4 >
o S
-HT 7273494.3 +HT

Fig. 3 Voltage divider B.
k = cathode Typical values of capacitors: 10 nF
g = accelerating electrode (internally
connected to d1)
dy = dynode no.
a = anode
R = load resistor
\ ﬂovember 1981 3



XP2202
XP22028B

TYPICAL CHARACTERISTICS
Note: All spectral sensitivities refer to a wavelength of 400 nm.

With voltage divider A (Fig. 2)
Supply voltage for an anode spectral sensitivity of 60 kA/W (Fig. 8)

Anode dark current at an anode spectral sensitivity of 60 kA/W (Fig. 8)
Pulse amplitude resolution for !37 Cs at an anode spectral
sensitivity of 12 kA/W

Pulse amplitude resolution for 55 Fe at an anode spectral
sensitivity of 70 kA/W

Mean anode sensitivity deviation

With voltage divider B (Fig. 3)

Anode spectral sensitivity at V¢ = 1700 V (Fig. 8)
Anode pulse rise time at Vj,; = 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 V¢ = 1700 V

LIMITING VALUES (Absolute maximum rating system)

long term (16 h)

after change of count rate
versus temperature between 0 and +40 °C at 450 nm

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

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

1.

<1700 vV
typ. 1400 V

< 30nA
typ. 3 nA

~7,2%

~ 42%

~1%

~1%
~0,2%/°C

up to ~ 100 mA

~ 60 kA/W
~3,5ns

~7ns

~ 35 ns

up to-~ 200 mA

max. 1800 V
max. 0,2 mA
max. 600V
min. 150 V
max. 300V
max. 300V
min. 30V
max. +809°C
min. —309°C
max. +500C
min. —30°C

note 3

notes 4,5

note 6

note 7
note 8

note 3
note 9

note 9
note 9

note 10
note 11

note 12

note 13

note 14

The bi-alkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from linearity. In applications with short pulse times the photocathode is
able to deliver pulses containing 106 to 107 photoelectrons without disturbance.
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10-stage photomultiplier tube XP2202

XP2202B

Notes (continued)

2.

10.

11.
12.
13.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transmitted through an interferential filter.

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 voltage differ-
ence between one stage and the next is 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 insulators with an insulation resistance of > 105 ohm.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min).

Pulse amplitude resolution for 37 Cs is measured with an.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.

Pulse amplitude resolution for 5 Fe is measured with a 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 103 c/s.

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 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 137 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 average anode current of ~ 1 uA and ~ 0,1 uA respective-
ly. 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 Vht"/’ .

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

A value of < 10 yA is recommended for applications requiring good stability.
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.

For type XP2202B 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.
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XP2202
XP2202B

MECHANICAL DATA Dimensions in mm

<«-(525max-—»

I*Q)AAmin*I

photocathode —

12

d1,g nec. k 7275618.1 ' ¥
| LY L,
) P

29,5 max 72862571

Fig. 4 XP2202.

Base 19-pin all-glass
Net mass 110¢g
ACCESSORIES

Socket type FE2019

April 1982\ (
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10-stage photomultiplier tube XP2202
XP2202B
<-052,5 max-»
I‘Z'AA min-»{
o A
photocathode —1
123
+4
| 146
max —
—
—
4

Base 14-pin (JEDEC B14-38)
Net mass 153 g

ACCESSORIES
Socket type FE1014

Fig. 5 XP2202B.

Uo vy

e— & 58 max —|

7286258.1
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XP2202

XP2202B
7275626.1
102
V.
/
ske(x) [
(mA/W) I
I \
10
\
= \
Fig. 6 Spectral sensitivity characteristic. 1 \
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100 72725241
y.
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\
\
Fig. 7 Relative gain as a function of the voltage
between d5 and d4, normalized to Vq; Vq6/d4
constant. \
Note: Gain regulation by changing the voltage 10 \ Y 2
between db and d4 ray cause a degradation of T
other parameters such as stability and linearity.
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10-stage photomultiplier tube XP2 202‘

XP2202B
103 7286068
sa Sag(\)
(k:;)v\v)) volt. div. A
/
/|
v
102 : Sag(n)
y A volt. div. B
ida »
(nA) / 7
/ //
'da
10 ,/ 4 volt. div. A
V4 4
/ 7 7
'/
ya
4 7/ 7
1/ // /
/ / //'
1 / A .
yd
7/ 7
I’
,/
A
va
10—
800 900 1000 1200 1500y, (y) 2000

Fig. 8 Anode spectral sensitivity sag()) at A = 400 nm,
and anode dark current iga as a function of supply
voitage Vht.

iga is given as a dotted line to indicate its principle
behaviour only.
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XP2202
XP2202B
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Fig. 9 Gain G as a function of supply voltage V.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

XP2203B
replaces XP1002

10-STAGE PHOTOMULTIPLIER TUBE

44 mm useful diameter head-on type
plano-plano window

high stability

0o e 0 960

QUICK REFERENCE DATA

semi-transparent tri-alkaline S20 (type T) photocathode

for industrial applications, e.g. lasers and flying spot scanners
unilaterally interchangeable with XP1002

Spectral sensitivity characteristic
Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 698 nm
Supply voltage for an anode luminous sensitivity = 60 A/lm
Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A
with voitage divider B

S20 (type T)
> 44 mm

16 mA/W
1350 V

~ 3,5 ns

up to =~ 100 mA
up to ~ 200 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. 5)
Maximum spectral sensitivity
Luminous sensitivity
Spectral sensitivity
at 698 nm

at 629 nm

borosilicate
plano-plano
1,48

Sb Na K Cs

> 44 mm

S20 (type T)
420 £+ 30 nm
~ 165 uA/lm
typ. 16 mA/W

>7mAW '
~ 30'mA/W
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XP2203B

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 V,+ = 1200 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 from magnetic fields by a mu-metal shield protruding

> 15 mm beyond the photocathode.

7275616

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

XP2203B

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

g

cla
Yo

clo

<o

-~ - amplifier

Ve =11.75 Vg

[— Vg —>|e= Vg >l Vy »le- Vg »fe- Vg »le Vg >l Vg »le Vg »le-Vy oleVy »ie-V, =)

SIS

0,75

Fig. 2 Voltage divider A.

ge)

7273495.3 +HT

a
C”IQ BI—‘ amplifier
Ry
2,25

eV, |
g -
L
|
%

< Vht=18,25 '

Fig. 3 Voltage divider B.

k = cathode

g = accelerating electrode (internally
connected to d1)

dp =dynode no.

a = anode

R = load resistor

o)
7273494.3 +HT

Typical values of capacitors: 10 nF
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XP2203B

TYPICAL CHARACTERISTICS *

With voltage divider A (Fig. 2)

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

Anode dark current at an anode luminous sensitivity = 60 A/im
(Fig. 7)

Mean anode sensitivity deviation at V¢ = 1200 V, long term (16 h)

Anode current linear within 2% at Vit = 1700 V

With voltage divider B (Fig. 3)

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

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

Anode current linear within 2% at Vg = 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 are given on page 5.

< 1550V
typ. 1350 V

< 50 nA
typ. 3nA

~ 1%
up to 100 mA

255 A/lm
~3,5ns

~7ns

~ 35 ns

up to =~ 200 mA

max. 1800 V
max. 0,2mA

max. 600V
min. 150V

max. 300V

max. 300V
min. 30V

max. +80°C
min. —309C
max. +50 0C
min. —300C

note 1

notes 2,3
note 4
note 1
note 5

note 5
note 5

note 6
note 7

note 8

note 9

note 10
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10-stage photomultiplier tube

XP2203B

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 voltage differ-
ence between one stage and the next is 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 insulators with an insulation resistance of > 10> ohm.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. Lower values can be obtained after a longer stabilization period in darkness (approx.

30 min).

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

rate of 10% c/s resulting in an average anode current of 0,5 uA. 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 tension supply
voltage Vp¢, approximately as Vht% .

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

A value of < 10 uA is recommended for applications requiring good stability.
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.

W (November 1981
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XP2203B

MECHANICAL DATA

Dimensions in mm

=-052,5 max -

<+ @4bmin-s
v |l |

37:7 _______ N
photocathode —1 T
123
+4
148
s f max
d1,g k 72756151 [f TU"U’U’ ‘U ‘U’m
; v 72756141
<— 58 max —!
Fig. 4.
Base 14-pin (JEDEC B14-38)
Net mass 144 g
ACCESSORIES
Socket type FE1014
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10-stage photomultiplier tube

XP2203B

DEVELOPMENT SAMPLE DATA

Fig. 5 Spectral sensitivity characteristic.

Fig. 6 Relative gain as a function of the voltage
between d5 and d4 normalized to Vq; Vye/d4
constant.

Note: Gain regulation by changing the voltage
between d5 and d4 may cause a degradation of
other parameters such as stability and linearity.
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XP2203B

sav

(A/Im)

10~!
8

7286067.1
T ]
=
sa,,
7| voit. div. A
Al
A
/ sa,
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. ~ volt. div. B
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Fig. 7 Anode luminous sensitivity, say, and anode dark
current igg as a function of supply voltage Vpy.

ida is given as a dotted line to indicate its principle behaviour

only.
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XP2212
XP2212B

12-STAGE PHOTOMULTIPLIER TUBE

44 mm useful diameter head-on types
plano-plano window

7000 onwards)

semi-transparent bi-alkaline type D photocathode
high gain and very good pulse linearity
good single electron spectrum resolution, for tubes with high gain first dynode (from serial number

For high energy physics experiments and industrial applications

© XP2212 (with 19-pin base) is pin-compatible with XP2232 and XP2262;
XP2212B (with 20-pin base) is pin-compatible with XP2232B and XP2262B, and unilaterally pin-

compatible with 56 AVP-family tubes.

QUICK REFERENCE DATA

Spectral sensitivity characteristic
Useful diameter of the photocathode
Quantum efficiency at 400 nm
Cathode spectral sensitivity at 400 nm
Supply voltage for a gain of 3 x 107
Pulse amplitude resolution for 37 Cs

Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A (Fig. 2)
with voltage divider B (Fig. 3)

type D
>44 mm
23%

75 mA/W
1900 V
~7,2%
~4 ns

up to ~ 100 mA
up to =~ 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 A

Useful diameter

Spectral sensitivity characteristic (Fig. 6)
Maximum spectral sensitivity

Quantum efficiency at 400 nm

Spectral sensitivity at 400 nm

* Notes are given on page 5.

lime glass
plano-plano
1,52

Sb K Cs

> 44 mm

type D

400 + 30 nm

23%

typ. 75 mA/W

> 60 mA/W note 2

W (September 1981



XP2212
XP2212B

Multiplier system

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

Magnetic field

When the photocathode is illuminated uniformly, the anode current is halved (at Vht = 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 to axis a.

It is recommended that the tube be screened from magnetic fields by a mu-metal shield protrudingl
> 15 mm beyond the photocathode.

7275599 7275600

XP2212 XP2212B

Fig. 1 Axis a with respect to base pins (bottom view).
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12-stage photomultiplier tube XP2212

XP2212B

RECOMMENDED CIRCUITS

9
k
1 41 d3. d4 d5 d6 d7 d8 dg
T A 2 2 2 A
omal|
4
le—— Vg —>le= Vg —ple= Vg —ple= Vg >l Vg —le- Vg le- Vg -ple= Vg e Vg -l Vg

Vie=16 Vg
& 7278753.2 é
~HT : . +HT

Fig. 2 Voltage divider A.

a
~N

d3 da ds dé d7 d8 ds d10

T I T I IFTTE N

— X"}

clo
Ay B

0oMO

T

¢ Vy —>leVy >l Vg sl Vy >l Vg >l Vy >l Vg |-V, >l Vy | V|

- Vi =22,25V,
ht ’ d
7278752.2

-HT : +HT

Fig. 3 Voltage divider B.

k  =cathode Typical values of capacitors: 1 nF
g

= = accelerating electrode (internally
connected to d1 in XP2212B).
dn, =dynode no.
a  =anode
Ry = load resistor

The cathode resistor of 10 MS2 limits the current should there be unintentional contact between the
coating and earth when the anode is earthed.
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XP2212
XP2212B

TYPICAL CHARACTERISTICS *
Note: All spectral sensitivities refer to a wavelength of 400 nm.

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

Pulse amplitude resolution for '37Cs at an anode spectral
sensitivity of 70 kA/W

Anode current linear within 2% at V¢ = 1900 V

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

Single electron spectrum, peak to valley ratio, at a gain of 3 x 107

With voltage divider B (Fig. 3)

Gain at V¢ = 2000 V (Fig. 8)

Anode pulse rise time at Vj,+ = 2000 V

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

Signal transit time difference between the centre of the photo-
cathode and 18 mm from the centre at Vi = 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

* Netes are given on pages 5 and 6.

< 2400V
typ. 1900 V

~ 156 nA

typ. 1500 c/s
< 10%*c¢/s

~7,2%
up to = 100 mA

~1%
~ 1%
~ 0,2 %/°C

‘a2

~ 7 x 108
~4ns
~8ns
~ 36 ns

~ b5 ns
up to ~ 250 mA

max. 2500 V
max. 0,2 mA
max. 800V

~ min. 300V
max. 400V
max. 600V
min. 80V

max. +80°C

min. —30°C
max. +509°C
min. —=300°C

note 3

note 4

notes 4,5

note 6

note 7

note 8
note 3
note 9

note 9
note 9

note 10
note 11

note 12

note 13

note 14
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12-stage photomultiplier tube XP2212
XpP2212B

Notes

1. Thebi-alkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from linearity. In applications with short pulse times the photocathode is
able to deliver pulses containing 10° to 107 phatoelectrons without disturbance.

2." Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transmitted through an interferential filter.

3. 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 after consulting the supplier.

4. 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 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 photocathode potential..This implies safety precautions to protect the user. The
envelope of the tube should be supported only by insulators with an insulation resistance of
>10% Q.

5. Noise is measured at ambient temperature. 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 5 min.
stabilization period noise pulses with a threshold of 1 pC (corresponding to 0,2 photoelectron)
are recorded. Lower values can be obtained after a longer stabilization period.

6. Pulse amplitude resolution for 37 Cs is measured with a Nal (Tl) 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.

7. 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 count rate is = 10* ¢/s corresponding to an average anode current of
~ 300 nA. Anode sensitivity 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* ¢/s to 10% ¢/s
corresponding to an average anode current of ~ 1 uA and ~ 0,1 uA respectively. Both tests are
carried out according to ANSI—N42—-9—1972 of |EEE recommendations.

8. Peak to valley ratio is defined as the singie electron peak value divided by the minimum value to
the left of the peak.

9. 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 0% 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 Vht% .

Non-inductive resistors of 51  are connected in the base of type XP2212B to d11 and d12. See
also General Operational Recommendations Photomultiplier Tubes.

10. Total HT supply voltage, or the voltage at which the tube has a gain of 2 x 108, whichever is lower.
11. A value of < 10 uA is recommended for applications requiring good stability.

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

W (September 1981
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XP2212
XP2212B

Notes (continued)

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

14. For type XP2212B 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.

MECHANICAL DATA Dimensions in mm
<352 5max-+ < @52,5max—+>
r—(?)l;l;min—> *Q)Ahmin—>‘

7 _____ M 7"_““’
photocqthodeJ photocathode —/
1)
couting(” 120 coating ———|
+2
145
4 466
max
.
15 max
T

P9max  7z787511 MUU U U UUU]

7278750

d12 d10

d9 da
d7 d2
ds i.c.
d3 i.c.
d1 k, d1, . n.c.
72787491 I.c. coating I i K .
7278748.1 coating
Fig. 4 XP2212. Fig. 5 XP2212B.
Base 19-pin all glass Base 20-pin (IEC 67-1-42a, JEDEC B20-102)
Net mass 111g Net mass 148 g
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12-stage photomultiplier tube XP2 212
- XP2212B

(1) Warning

The envelope of the tube is covered with a conductive coating, connected to the cathode. On top
of this a black paint is applied which is neither guaranteed to be light tight nor isolating. Care should
be taken to avoid hazard due to electric shock.

/

ACCESSORIES

Socket
for XP2212 type FE2019
for XP2212B type FE1020

102 7275626.1 100 — 72725241
7
/ —
4 N 2 \
ske(n) [ e ‘
mamwy || ] \ g [ \
] \ |
\ 3
' e
10 10
\ ] \
\
\\ \
1 1 v )
200 400 600 800 0 ! ¢5/di
A (nm) Vg
Fig. 6 Spectral sensitivity characteristic. Fig. 7 Relative gain as a function of the voltage

nd d4 normalized to Vi, Van/aa
G G4 normaiized 10 Vg. Vdo/

hatwoan dB
Go rmaiz d4

oeTween

constant.

Note: Gain regulation by changing the voltage
between d5 and d4 may cause a degradation of
other parameters such as stability and linearity.

w (April 1982



XP2212

XP2212B
109 7277566.2 104
ida
G TG (nA)
// voit. div. A
8 3
7
.
P& N
_— / // volt, div. B
— 7 2
E 10 = A 10
— —
7 4
/' '/
/] / Ida
/ /f volt. div. A
106 £ 10
4 7
7 7
y 4
7
7
/
/V
105 Vi 1
104 10-1
1200 1500 2000 2500 3000
! vht (V)
Fig. 8 Gain G and anode dark current, Iy, as a function
of supply voltage Vpy.
lda s given as a dotted line to indicate its principle
behaviour only.
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XP2230
XP2230B

12-STAGE PHOTOMULTIPLIER TUBE

The XP2230 and XP2230B are 44 mm useful diameter head-on photomultiplier tubes with
a plano-concave window and a semi-transparent bialkaline type D photocathode.

The tubes are intended for use in nuclear physics where the number of photons to be
detected is very low. The tubes feature a high cathode sensitivity and a good linearity
combined witH very low background noise and very good time characteristics. They are
especially useful in high-energy physics experiments such as coincidence measurements,
Cerenkov detection etc. The XP2230 has a 21-pin all-glass base.

The XP2230B is provided with a 20-pin plastic base. This version is unilaterally inter-
changeable with the 56 AVP-family tubes. ‘

QUICK REFERENCE DATA
Spectrél 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 85 mA/W
Supply voltage for a gain G = 3 x 107 v 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 distribution at Vi = 2500 V o = 0,35 ns

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
XP22308B

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. 85 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 material
Capacitances
Anode to all

Anode to final dynode

Magnetic field
See Fig.9

12

linear focused

CuBe
a ~ 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

XP2230B

Axis a with respect to base pins (bottom view)

H v 1 1nnn



XP2230
XP2230B

RECOMMENDED CIRCUITS

S7 S8 S9 S10

T I T3

s —

«— 4 Vg —>L————2,5 Vg —»|

16,5 Vs
[e)
-HT Fig. 1 Voltage divider A 7zsesez HHT
acc
k a
_@ 1 St S2 S3 S4 S5 S6 S7 S8 S10 SN S12 |
] - N h C T ampl.
I 2 2 A 2 2 2 F T Y P
L Ru
5 | 175 45 8 | 10
<+ Vg —»je— Vg e~ Vg —»le= Vg >l Vg [+~ Vg—|4-Vg—»|e-Vg—>
— e 3 I o N o o B
+—6Vg —»le— 25Vg—> 1
Ll
- il
- i 1 1
L4Vg o Vo
. L. 7268440.2 é
Fig. 2 Voltage divider B +HT

1 _’1_ S2 s3 S4 S5 S6 S7 S8 S9 S10 s
Y T ¥ 2 A A 2
l < Vg —»je— Vg —>le— Vg —dle— Vg e Vg —
— T
+— L4 Vg -—»'4—— 25Vg—>

. 211 Vs | Ve
o . L 72684.41.2 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 k&2

Ry, = load resistor

a = anode

Typical value of capacitors: 1 nF

ampl




XP2230

XP2230B
TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 1) 3,)
. - 07 s typ. 2300 V
Supply voltage for a gain G = 3 x'10/ (Fig. 6) - 9600V
_ 7 . 45 typ. 7 nA
Anode dark current at G = 3 x 10 (Fig. 6) ) °) 2 25 nA
Background noise at G = 3 x 107 (Fig.5) 6) = 600 ¢Ys
Pulse amplitude resolution for 137Cs
at Vi, = 1200 V 7y = 7,5 %
Anode pulse rise time at Vy, = 2000 V 8) = 1,8 ns
Anode pulse duration at half height at V, = 2000 V 8) = 3,8 ns
Signal transit time at Vj, = 2000 V 8 ~ 28 ns
Signal transit time difference between the centre
of the photocathode and 18 mm from the centre
at Vi, = 2000 V 8) ~ 0,6 ns
Anode current linear within 2% at V}, = 2000 V up to = 25 mA
Obtainable peak anode current i 100 mA
. 9 N
With voltage divider B (Fig.2) )
Gain G at V, = 3000 V (Fig. 6) = 5x10°
Anode pulse rise time at Vi = 3000 V 8) = 1,6 ns
Anode pulse duration at half height at Vi = 3000 V ‘8) = 3 ns
Signal transit time at Vp = 3000 V 8) ~ 31 ns
Signal transit time difference-between the centre
of the photocathode and 18 mm from the centre
at Vy, = 3000 V 8) ~ 0,65 ns
Anode current linear within 2% at Vi, = 3000 V up to = 280 mA
Obtainable peak anode current = 0,5to1 A
With voltage divider B' (Fig.3) 3)
Gain G at Vp, = 2500 V (Fig.6) =~ 2x107
Anode pulse rise timé at Vi, = 2500 V 8) = 1,6 ns
Anode pulse duration at half height at Vi, = 2500 V 8) = 2,7 ns
Signal transit time at Vy, = 2500 V 8) = 28 ns
Signal transit time distribution at Vy, = 2500 V 9) o = 0,35 ns
Signal transit time difference between the centre
of the photocathode and 18 mm from the centre
at Vp, = 2500 V 8) ~ 0,6 ns

4 ’ ' I I Marech 1980



XP2230
XP2230B

Anode current linear within 2% at Vi = 2500 V up to

70 mA

ll

Obtainable peak anode current : = 250 mA

1

2
3

4

5

6

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 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.

Measuring equipment is calibrated by comparison with a Schwartz thermocouple.

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
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.

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. .

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
Vb 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 ¢
(corresponding to 0, 1 photoelectron) are recorded. (See Fig.5).

Pulse amplitude resolution for 137¢s is measured with a Nal (T1) cylindrical scintil-
1

hoicht of 50 Th mt ia = 1N3 4 /0

i i £ 4 o mm e oot rata
with a diameter of 44 anG a neigat of ou min. i14a¢ count rate is = iv2 'c/s.

ator mm
1at0y wil a Giaind Oi a4 ININL all

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 Vb-%,

Transit time fluctuations of single electrons leavingthe photocathode result in a transit time
distribution at the anode. This distribution is characterized by its standard deviation o.

NMar~h 108N
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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

)
2)

4)

5)

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

A%
mA

1y Total supply voltage, or the voltage at which the tube has a gain of 2 x 108, whichever

is lower.

2) A value of < 10 pA is recommended for applications requiring good stability.

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

4) When calculating the anode voltage the voltage drop across the load resistor should be

taken into account.

5) For type XP2230B this rangeof temperatures is limited principally by stresses in the

sealing layer of the base to the glass bulb.

When low temperature operation is contemplated, the supplier should be consulted.
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12-stage photomultiplier tube

XP2230
XP2230B

MECHANICAL DATA

XP2230
< @535 max -+
J<— D44 min =
photocathode
126
*2 145
max
9+05
\ m I_/_*_
I )
A max
)

72684351

72664361 S1 k

Base 21-pin all-glass

Net mass 160 g

ACCESSORIES

Socket for XP2230 type FE2021

photocathode—1

Dimensions in mm
XP2230B

< (P535 max |
[+ @LLmin »

7266438.2

152
4 172
max.
1
72684372

Base: 20-pin (IEC67-1-42a, JEDEC B20-102)

190 g

for XP2230B

type FE1020

W (April 1982



XP2230
XP2230B

Fig. 4 Spectral sensitivity characteristic.

Fig. 5 Typical background spectrum from
0,1 to 10 equivalent photoelectrons, at a
gain of 3 x 107, voltage divider A.

72725321
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XP2230
XP22308B
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XP2230
XP22308B

7272531
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Fig.7
Relative gain as a function of the
veltage between dynodes S and Sj,
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Note: Gain regulation by changing the voltage
between S5 and S4 may cause a degradation 1
of other parameters such as stability and "0 Vss/sa 2

linearity.
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XP2233B
replaces 56 TVP

12-STAGE PHOTOMULTIPLIER TUBE

The XP2233B is a 44 mm useful diameter head-on photomultiplier tube with a plano-concave window
and a semi-transparent trialkaline S20 (type T) photocathode. The tube is intended for use in low light
level physics 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 XP2233B is unilaterally interchangeable with 56 AVP-family tubes.

QUICK REFERENCE DATA

Spectral sensitivity characteristic S20 (type T)
Useful diameter of the photocathode > 44 mm
Cathode spectral sensitivity 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) ~ 2,0 ns
Linearity )
with voltage divider A upto =~ 100 mA
with voltage divider B upto =~ 250 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
Photocathode
Semi-transparent, head-on
Material Sb Na K Cs
Useful diameter > 44 mm
Spectral sensitivity characteristic (Fig. 5) S20 (type T)
Maximum spectral sensitivity at 420 £ 30 nm
Spectral sensitivity
at 698 £ 7 nm typ. 15 mA/W
> 7 mA/W
at629+3nm ~ 30 mA/W
Luminous sensitivity ~ 150 mA/tm
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XP2233B

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

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

Magnetic field

When the cathode is illuminated uniformly, the anode current is halved (at Vi, = 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.

7278757

Fig. 1 Axis a with respect to base pins (bottom view).
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12-stage photomultiplier tube XP2233B

RECOMMENDED CIRCUITS

9
K
1 41 d2 d3  d&  d5  db 98 d9  di0  dn  d12 N ol
T 2 A A A 2 2 2 2 2
10MQ |- [ ] R
3 09| 1,1
Vg ——p|e= Vg —>le= Vg e Vg —»le= Vg eV eV ple-Vy —le Vg ol Vg (e Vg la-V >[4V, )
S — 3 oS S —
-
e =
. =
V=15V, L —
72787591
—~HT +HT

Fig. 2 Voltage divider A.

=1

k

a
p d1 d2 d3 di d7 d9  d10  d11 d12
B A 2 2 2 A A 2 A 2 L)
oMa - R
4 09 |1, 1,25 | 1, 5 1225 1,75 | 2,75 | 2,5
la—— Vg —>{a= Vg —| <-vd-.«vd»+vd»«vd-»«vd-«»<-Vd-.<_vd++vd»evd->+vd-.<-vd—>
— " I o
1
- =l L
T ,
5 Vy=22,25 Vg ’
72787581
—HT ‘ +HT
Fig. 3 Voitage divider B.
k = cathode Typical values of capacitors 1 nF.

g = accelerating electrode
dn = dynode no.:

R = load resistor

a =anode

The cathode resistor of 10 M£2 limits the current should there be unintentional contact between the
coating and earth when the anode is earthed.
The voltage, V42.41, to be adjusted for maximum signal.
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XP2233B

TYPICAL CHARACTERISTICS ' notes
With voltage divider A (Fig. 2) 1
Supply voltage for a gain of 3 x 107 (Fig. 7)

Anode dark current at a gain of 3 x 107 (Fig. 7) 2,3
Anode pulse rise time at Vi, = 2050 V 4
Anode pulSe duration at half-height

at Vp =2050 V

Signal transit time at Vy, = 2050 V
Anode current linear within 2%

at Vp = 2050 V up to
With voltage divider B (Fig. 3) 1
Gain at Vi, = 2400 V (Fig. 7)
Anode pulse rise time at Vi, = 2400 V 4
Anode pulse duration at half-height
at Vi, =2400 V 4
Signal transit time at. Vi, = 2400 V 4

Signal transit time difference between
the centre of the photocathode and
18 mm from the centre at V|, = 2400 V 4

Anode current linear within 2%
at Vi, =2400 V up to

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

Voltage between accelerating electrode,
g, and photocathode

Voltage between first dynode and photocathode 6

Voltage between consecutive dynodes
Voltage between anode and final dynode 7

Ambient temperature range 8
operational (for short periods of time)

continuous operation and storage

14

2

max.

max.

max.

max.
min.
max.

min.

2500
2050

1500
60

2,2

3,6
30

100

2 x 107
2,0

3.2
30

0,7

250

2500
0,2

800

800
300
400

600

+80
-30
+50
-30

nA
nA
ns

ns

ns

mA

ns

ns

ns

ns

mA

<K K <K<K <

oc
oc
oC
oC
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12-stage photomultiplier tube

XP2233B

Notes

1.

To obtain a peak pulse current greater than that obtainable with voltage divider A, it is necessary to
increase the inter-dynode voltages 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 after consulting the supplier.

. 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 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 photocathode potential. This implies safety precautions to protect the user. The envelope
of the tube should be supported only by isolators having an insulation resistance of > 10'°

. 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 Vi~ ", Non-inductive resistors of 51 £ are connected in the base of the tube to
dq1 and d12. See also General Operational Recommendations Photomultiplier Tubes.

. Total high tension 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 consulted.

9. A value of < 10 uA is recommended for applications requiring good stability.

\ (February 1980
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XP2233B

MECHANICAL DATA

{1) Warning:

The envelope of the tube is covered
with a conductive coating, connected
to the cathode. On top of thisa
black paint is applied which is
neither guaranteed to be light tight
nor isolating.

Care should be taken to avoid hazard
due to electric shock.

KON

d3 N\ &~ n.c.

d1\_)(9‘2’
i.c.

k,coating

©)

7278756

Dimensions in mm

<-753,5max -+

r@hb min -+

photocathode R50+2
(1 |

coating ——|

I+
~

LR

y

(2) Grid is connected to pin 19 starting from serial no. 1606.

Base

Net mass 176 g

ACCESSORIES

Socket type FE1020

20-pin (IEC67-1-42a, JEDEC B20-102)

7278755
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12-stage photomultiplier tube

XP2233B

102 7282197
/
Nkl’ N
(mA/W) \\
\\
10 \ -
\
i \
\
Fig. 5 Spectral sensitivity characteristic.
1
250 500 750 1000
A (nm)
100 — 72725240
y,
\
\
£ \
g / \
[
p /
o
[
1.
10
]
| \
I \
/
Fig. 6 Relative gain as a function of the voltage
between S5 and S4, normalized to Vs. Vgg/s4
constant.
Note: Gain regulation by changing the voltage 1
between S5 and S4 may cause a degradation 0 1 Vas/dn 2

of other parameters such as stability and
linearity.

Vg

\ ﬁebruary 1980
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XP2233B

109 7278754
G G I{:IO
3
volt. div. | | (nA)
108 / 104
4
G
volt. div. BT]
7
//
107 / / 103
Il 7 I -
y, ao.
7 volt. div. A[]
Y P
/ yd 4
/ // /
100 A 102
Z P > -
y4 rd
4 Vi
/|
y
4
Al
10° A 7 10
2
,I
4
V4
/
4
1ot Ll ! : 1
1200 1500 2000 2500 3000
Vi (V)

Fig. 7 Gain G, and anode dark current |,
as a function of supply veltage V.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples XP2 2 62

made available for evaluation. It does not necessarily

imply that the device will go into regular production. XP22628
The XP2262 replaces XP2232 -

The XP2262B replaces XP2232B, 56 AVP and 56DVP

12-STAGE PHOTOMULTIPLIER TUBE

44 mm useful diameter head-on type

plano-concave window

semi-transparent bi-alkaline type D photocathode

high cathode sensitivity

very good linearity and time characteristics

good single electron spectrum resolution

for high-energy physics experiments

XP2262 (with 19-pin base) is interchangeable with XP2232;

XP2262B (WIth 20-pin base) is: interchangeable with XP2232B;
pin-compatible with XP2020 and XP2230B;
unilaterally pin-compatible with 56 AVP-family tubes.

QUICK REFERENCE DATA *

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 44 mm
Quantum efficiency at 400 nm 25%
Cathode blue sensitivity 10,5 uA/ImF note 1
Single electron spectrum resolution 70%
Supply voltage for a gain of 3 x 107 1850 V
Pulse amplitude resolution for 37 Cs ~ 7,2%
Anode pulse rise time (with voltage divider B) ~ 2,0ns
Linearity '
with voltage divider A (Fig. 2) . up to = 100 mA
with voltage divider B (Fig. 3) ‘ up to = 250 mA

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

GENERAL CHARACTERISTICS *

Window

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

* Notes are given on page 5.

‘ (June 1982 1



XP2262
XP2262B

Photocathode (note 2)
Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 6)
Maximum spectral sensistivity

Luminous sensitivity
Blue sensitivity

Spectral sensitivity at 400 nm
Quantum efficiency at 400 nm

Multiplier system
Number of stages
Dynode structure
Dynode material

Capacitances
anode to final dynode
anode to all

Magnetic field

Sb K Cs

> 44 mm

type D

400 £ 30 nm

~ 70 uA/lm note 3

typ. 10,5 uA/ImF
> 9,0 uA/ImF

~ 80 mA/W note 4
25%

note 1

12
linear focused
Cu Be

~ 3 pF
~5pF

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

XP2262

7275600

XP2262B

Fig. 1 Axis a with respect to base pins (bottom view).
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12-stage photemuitiplier tube ‘ XP2262
XP2262B

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

4
N

2 d
\

K :
i
2

10MO :
4 11 | ~09
eV j ——> eV —sle—Vy |

"1

Vi =16 Vg
~HT 7zeatse  +HT
Fig. 2 Voltage divider A.

a
d1 d2 d3 d4 d7 d8 d9 d10 din d12 ampl.

n TTT[T%F'%?'\F\I'TVT_

Vg —>le-Vy -

L
L

Ve = 22,25 Vy

O
72067651 +HT

Fig. 3 Voltage divider B.

k = cathode; Typical values of capacitors 1 nF.
g = accelerating electrode;

dy, =dynode no.;

R = load resistor;

a = anode.

The cathode resistor of 10 M2 limits the current should there be unintentional contact between the
coating and earth when the anode is earthed.

The voltage, V42.41. to be adjusted for maximum signal and optimum singie electron spectrum resolu-
tion.

Resistor R (Fig. 3) connects the anode if the output cable is not terminated. Recommended value of -
R: 10 k2. ‘
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XP2262
XP2262B

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

. . <2400 V note 5
for 7 .
Supply voltage for a gain of 3 x 107 (Fig. 8) typ. 1850 V
Anode dark current at a gain of 3 x 107 (Fig. 8) ~ 10 nA note 6
N3 -~
Background noise at a gain of 3 x 107 typ. 1x10° c/s
) ! : <6x 10° c/s note 7
Single electron spectrum at a gain of 3 x 107 (Fig. 7)
resolution ~ 70% note 8
peak to valley ratio ~3 note 9
Anode pulse rise time at V¢ = 1900 V ~23ns note 10
Anode pulse duration at half height at Vp,y = 1900 V ~3,7ns note 10
— Signal transit time at V¢ = 1900 V ~ 31ns note 10
E Pulse amplitude resolution for 37 Cs at an
o anode blue sensitivity of 10 A/ImF ~ 7,2% notes 1,11
Anode current linear within 2% at V¢ = 1900 V up to &~ 100 mA
Mean anode sensitivity deviation note 12
long term (16 h) ~ 1%
after change of count rate ~ 1%
versus temp. between 0 9C and 40 9C at 450 nm ~ (0,2 %/°C
With voltage divider B (Fig. 3) note 5
Gain at V= 2400 V (Fig. 8) ~6x 107
Anode pulse rise time at V¢ = 2200 V ~ 2,0ns note 10
Anode pulse duration at half height at V¢ = 2200 V ~ 3ns note 10
Signal transit time at Vp, = 2200 V ~ 30ns note 10
Signal transit time difference between the centre of the
photocathode and 18 mm from the centre at Vit = 2200 V ~ 0,7 ns
Anode current linear within 2% at V¢ = 2000 V up to = 250 mA
LIMITING VALUES (absolute maximum rating system) *
Supply voltage max. 2500V note 13
Continuous anode current max. 0,2mA note 14
. max. 800V
' note 15
Voltage between first dynode and photocathode min. 300V e
Voltage between consecutive dynodes max. 400V
Voltage between anode and final dynode max. 600V note 16
min. 80V
Ambient temperature range
. . . max. +80°C
operational (for short periods of time) min.  —300¢C note 17
. tion and st max. +50°0°C
continuous operation and storage min.  —300C
* Notes are given on page 5.
4 July 1981



12-stage photomultiplier tube

XP2262
XP2262B

DEVELOPMENT SAMPLE DATA

NOTES

1.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transmitted through a blue filter (Corning CS no. 5-58,
polished to half stock thickness).

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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
an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departure from-linearity.

Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5 K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5 K. Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7,6 x 103 for this type of tube.

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 immediately after application of voltage. The glass envelope
of the tube should be supported only by insulators with an insulation resistance of > 1015 Q.

Noise is measured at ambient temperature. 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 x107. After a 5 min.
stabilization period noise pulses with a threshold of 1 pC (corresponding to 0,2 photoelectron)
are recorded. Lower values can be obtained after a longer stabilization period.

The single electron spectrum resolution to be optimized by adjusting the dynode 2 voltage.

Peak to valley ratio is defined as the single electron peak value divided by the minimum value to
the left of the peak.

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 Vpt, approximately as Vht"/z,

Non-inductive resistors of 51 £2 are connected in the base of type XP2262B to dq1 and dq9. See
also General Operational Recommendations Photomultiplier Tubes.

Pulse amplitude resolution for 137 Cs is measured with a Nal (T!) 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* ¢/s.

\ (July 1981



XP2262
XP2262B

12.

13.
14.
15.
16.

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 37 Cs source at a
distance from the scintillator such that the count rate is ~ 10* ¢/s corresponding to an average
anode current of ~ 300 nA. Anode sensitivity deviation after change of count rate is measured
with a 137 Cs source at a distance of the scintillator such that the count rate can be changed from
10* ¢/s to 103 c/s corresponding to an average anode current of ~1 uA and ~ 0,1 uA respect-
ively. Both tests are carried out according to ANSI—N42—9--1972 of IEEE recommendations.

Total HT supply voltage, or the voltage at which the tube has a gain of 2 x 10%, whichever is lower.
A value of < 10 uA is recommended for applications requiring good stability.
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.

For type XP22628B this range of temperatures is limited principaily 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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12-stage photemultiplier tube

XP2262
XP2262B

-

DEVELOPMENT SAMPLE DATA

MECHANICAL DATA

*thmin*]'

< (3#525max—>

photocathode -/

coating M —

D9max

- @#52,5max—»
<@ LbLmin-»
\,x"“‘f\-\! P
A / /
: /
photocathode — R50+2
120
+2 coutingmh—> 1_f_‘5
T4 466
max
\ 4
15 max ¥
—————— — T
g P IR
7275598.1 y

d12 d10

J

Dimensions in mm

7275596.1

72755971 Lc CéQtihg
Fig. 4 XP2262
Base 19-pin all glass Base 20-pin (IEC67-1-42a,
Net mass 125g JEDEC B20-102)
Net mass 162¢g
ACCESSORIES (1) Warning:

Socket
for XP2262  type FE2019
for XP2262B type FE 1020

The envelope of the tube is covered with a conductive
coating, connected to the cathode. On top of this a black
paint is applied which is neither guaranteed to be light
tight nor isolating.

Care should be taken to avoid hazard due to electric shock.
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XP2262
XP2262B

102 7275625.1

Ske())

/
|
(mA/W) I \
l

Fig. 6 Spectral sensitivity characteristic.

200 400 600 800
A (nm)

Fig. 7 Single electron spectrum obtained with an XP2262 tube.
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12-stage photomultiplier tube XP2262

XP2262B
109 7284766 104
ida
G (nA)
G 7
volt. div. A
108 ,/ 103
,I Z
A G
volt. div. B 1T
pd /|
ALY
107 /. ; 102
V4
7 7 >
4
A 7 da
Y volt. div. A
< 4 7
g 6 /A
g 10 ~ / 10
u_|J ,/ 2
o .
s 7
g
(%) /
£ P
w
= 108 4 1
o
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urt V4
w
>
w
[a]
104 10—1
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w

Fig. 8 Gain G and anode dark current, lqg,, as a function
of supply voltage Vpy. '

behaviour only.
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DEVELOPMENT SAMPLE DATA

This information is derivad from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

XP2972
replaces PM1980

10-STAGE PHOTOMULTIPLIER TUBE

® 23 mm useful diameter head-on type
©® Flat window
°
e

Semi-transparent bi-alkaline type D photocathode

For high-energy physics and scintillation counting where good time characteristics are required, e.g.

coincidence measurements and Cerenkov light detection

® Pin-compatible with PM1980

QUICK REFERENCE DATA*

Spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode blue sensitivity

Supply voltage

for anode blue sensitivity = 10 A/imF (note 1)

Pulse amplitude resolution for '3’ Cs
Anode pulse rise time (with voitage divider B)
Linearity

with voltage divider A (Fig. 2)

with voltage divider B (Fig. 3)

type D
> 23 mm
10,8 uA/ImF note 1

1300 V
~7,7%

~19ns

=~ 30 mA
~ 80 mA

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

GENERAL CHARACTERISTICS*
Window

Material

Shape

Refractive index at 400 nm

Photocathode (note 2)

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 5)
Wavelength for maximum spectral sensitivity

Luminous sensitivity
Blue sensitivity’

Spectral sensitivity at 400 nm

* Notes are given on page 5.

lime glass
plano-concave
1,54

Sb K Cs

> 23 mm

type D

400 + 30 nm

~ 65 uA/lm note 3

typ. 10,8 uA/ImF
> 8,0 uA/ImF

~ 75 mA/W note 4

note 1
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XP2972

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material Cu Be
Capacitances
anode to final dynode ~2pF
anode to all ’ ~ 4 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:

0,4 mT perpendicular to axis a (see Fig. 1);
0,2 mT parallel to axis a.

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

short
pin 7278743

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube XP2972

DEVELOPMENT SAMPLE DATA

RECOMMENDED CIRCUITS

e]
K7 1+ di d2 d3 d4 d5 d6 d7 dg8 d
A A 2 2 2 2
10 M2 5
4——Vd—»«Vd»«vd—»q—Vd»«Vd—»q—Vd—»q—Vd—>4—-Vd—><-Vd—>
-
L Vhe=12,5 Vg
—HT 7286557 +HT
Fig. 2 Voltage divider A.
]
k(7 v 4. d2 d3 d4 d5 d6  d7 d8 d9  dl
A A A A 2 A A
10MQ
2 22512251 25
<—Vd—~*<~Vd—><*Vd»<—Vd—>«Vd»<—Vd+<-Vd»<—Vd+<~Vd++Vd—>
HH T
L Vhe=19,5 Vy
—HT ’ 7286558 +HT

Fig. 3 Voltage divider B.

k cathode Typical value of capacitors: 1 nF
g accelerating electrode
. dp = dynode no.
a anode
R = load resistor

It

The cathode resistor of 10 M limits the current should there be unintentional contact between an outer
coating and earth when the anode is earthed.
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XP2972

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

Supply voltage for an anode blue sensitivity of 10 A/ImF

Anode radiant sensitivity at 400 nm and V¢ = 1300 V
Gain at Ve = 1300 V (Fig. 7)
Anode dark current at an anode blue sensitivity of 10 A/ImF
Pulse amplitude resolution for '*’ Cs at an anode
blue sensitivity of 10 A/ImF
Anode pulse rise time at Vi = 1500 V
Anode pulse duration at half height at Vp; = 1500 V
Signal transit time at Vi = 1500 V
Anode current-linear within 2% at V¢ = 15600 V

With voltage divider B (Fig. 3)

Gain at Viy¢ = 1800 V (Fig. 7)

Anode pulse rise time at Viyy = 1800 V

Anode pulse duration at half height at Ve = 1800 V
Signal transit time at V¢ = 1800 V

Signal transit time difference between the centre of

the photocathode and 11 mm from the centre at
Vht = 1800 V

Anade current linear within 2% at Vi = 1800 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 are given cn page 5.

<1600 v
typ. 1300 V

~ 70 KA/W
~ 0,9 x 10°
<20 nA
typ. 1 nA

= 7,7%
~2,1ns

~ 35 ns
~23ns

up to = 30 mA

~ 3 x 108
~19ns
=~ 3,0 ns
~ 23 ns

~ 0,8 ns
up to = 80 mA

max. 1900 V
max. 0,2 mA

max. 350 V
min. 15Q V

max. 250 V

max. 300 V
min. 30V

max. + 80 °C
min. =30 °C
max. + 50 °C
min. —30 0C

note b
note 1

notes 1,6,7

notes 1,8
note 9
note 9
note 9

note 5

note 9
note 9
note 9

note 9

note 10

note 11

note 12
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10-stage photomultiplier tube

XP2972

DEVELOPMENT SAMPLE DATA

Notes

1.

10.
11.
12.

Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transrmtted through a blue filter (Corning CS no. 5-568, polished
to half stock thickness).

The bi-alkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is therefore recommended that it should not be exposed 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 an
equipotential surface, and the focusing of electrons onto the first dynode will be affected, resulting
in departure from linearity. In applications with short pulse times the photocathode is able to
deliver pulses containing 10° to 107 photoelectrons without disturbance.

Luminous sensitivity is measured with a tungsten filament lamp with a cclour temperature of
2856 + 5K.

Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K, Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7 x 10® for this type of tube.

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 acompromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises after consulting the supplier.

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 envelope of the tube should be supported only by insulators with an insulation resistance of
> 10" Q.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.

1 min. Lower values can be obtained after a longer stabilization period in darkness (approx. 30 min).

Pulse amplitude resolution for ' Cs is measured with an Nal (T1) cylindrical scintillator (Quartz et
Silice serial 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 V-2 Y,

Total HT supply voltage, or the voltage at which the tube has a gain of 2 x 107, 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.

\ ﬁune 1982



XP2972

MECHANICAL DATA Dimensions in mm

Base

P29 max <

d6 photocathode—|
47 @ @ | d& 98
o +2
® @ @ "k
ng
short !
pin 7286555 lll[@ m 14 max

Net mass

ACCESSORIES

Socket

P9max 7286063
Fig. 4.

14-pin all-glass
34g

type FE1114

June 1982



10-stage photomultiplier tube

XP2972

DEVELOPMENT SAMPLE DATA

Fig. 5 Spectral sensitivity characteristic.

Fig. 6 Relative gain as a function of the voltage
between dg and dg, normalized to V. Vd7/d5
constant.

Note: Gain regulation by changing the voltage
between dg and d may cause a degradation
of other parameters such as stability and
linearity.
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XP2972

108 7286556 3
G ida
(nA)
G
volt. div. A/
10’ — 102
/
A /[
/
A
4
// /G
106 ,’/ volt. div. B 10
4 yd
~ y
/ /
e
/ / 7ida
volt. div. A
105 ,,/ / 1
7 7
7 7
/ y.d
/ /
4
104 10‘1
800 900 1000 1200

1500 Vhe (V) 2000

Fig. 7 Gain G and anode dark current |4, as a function of the
supply voltage V.

lda is given as a dotted line to indicate its principle behaviour only.
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56AVP 56DVP
OBSOLETE TYPES 56AVP family 56CVP 56TUVP
56DUVP 56TVP

Our well known 56 AVP family photomultiplier tubes with 44 mm photocathode diameter are
replaced by more modern tubes with improved characteristics.

obsolete photo- dynodes seated replacement photo- dynodes seated
type cathode length type cathode length
mm mm
56AVP S11 (A) 14 170 XP2020 D " 12 170
XP2230B D 12 152
XP2262B D 12 145 -
56CVP S1(C) 10 152 no replacement
56DUVP DU 14 170 XP2020Q DU 12 170
56DVP D 14 170 XP2020 D 12 170
XP2230B D 12 152
XP2262B D 12 145 -
56TUVP TU 14 170 PM22548 TU 12 170
56TVP S20 (T) 14 170 XP2233B S20 (T) 12 145

All replacement types have 12 stage multipliers and are unilaterally interchangeable with the 56 AVP
family tubes. By connection of dynode Sy4 to pins 15 and 16 of the plastic base, the resistors between
S4-Sp and between Sg-Sg are short-circuited in bleeders wired for the 56AVP family tubes as indicated
in figures below.

outer conductive
coating

7283428

7262689.2 outer conductive
coating

14-stage. ' 12-stage.

W (April 1982 1






MAINTENANCE TYPE 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 characteristic 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 /Im 1600 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

Material ' borosilicate

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

Semi-transparent, head-on

Material Ag O Cs

Useful diameter > 32 mm
Spectral sensitivity characteristic (Fig. 3) S1 (type C)
Maximum spectral sensitivity at 800 + 100 nm

Fehrnarv 1080 ] | . | \ 1



150CVP

. e typ. 20
Luminous sensitivity ’ > 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 Ca = 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)

December 1977



150CVP

RECOMMENDED CIRCUITS

WY T 353353 F ¥or—em

1,5 0,75

+— Vg —>j¢ Vg »|e- Vg e Vg »|e- Vg »le Vg +le- Vg »|e- Vg »le Vg *“VS"“VS_’

- Vo=11.75 Vg -
o) (o)
-HT 7273495 +HT

Fig. 1 Voltage divider A

@5,;%??%?%7%%’“#%

< 15 Vg
o 6
—HT 7273494 +HT

Fig.2 Voltage divider B

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

Sn = dynode no.n

a =anode

R1, = load resistor




150CVP

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

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

Anode dark current at N, = 10 A/lm (Fig. 5) 2)3)
Anode current linear within 2% at Vp = 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 Vi = 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

typ.

typ.

u

1700
1600

10

30

3,5

34
100

1800
20

500
120

300

300
30

+50
-30
+50
-30

v
A

A/lm
ns

ns

‘ns

HA

<< < <<

oC
oC
oC

Tannaswr 1074



150CVP

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 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 (FWHM) of < 1 ns, the
cathode being completely illuminated.
The rise time is determined between 10% and 90% of the amphtude of the anode pulse.
The signal transit time is measured between the instant at which the illuminating
pulse at the cathode becomes maximium, 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 voltagé or the voltage at which the tube has an anode luminous sensi-
tivity of 60 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.

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 Dimensions in mm

-» 395 max =

- @32min [+
T
[ A A
Y17 o
photocathode —/
109
15 127
max

Jooy

7269772

Net mass : 80 g

Base : 12-pin (JEDEC B12-43)
ACCESSORIES

Socket : type FE1012
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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

2. B 1 tube axis, 1 axis a

3. B // tube axis
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150CVP
102 7272595
NCI
(A/Lm)
1 volt.
(p“z) div.A
10 volt.
/diV.B
volt.
/ div.A
/ 4
7 %04
/
A1 A
1 / NoAtA
V4 7/
D ARV4
y V.
/
/ /V Iuo
10_51!00 1100 1300 1500 1700 1900
Vp (V)
Fig. 5

Anode luminous sensitivity, Na, and anode dark
current, I59, as a function of supply voltage Vp.
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150CVP

100

relative gain (/o)

ury

0

Fig.6

Relative gain as a function of the voltage
between S5 and S4, normalized to Vs.

VS6,/54 constant. 1
Note: Gain regulation by changing the

voltage between Sg and S4 may cause a
degradation of other parameters such as
stability and linearity.
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PHOTOTUBES

SURVEY OF TYPES

photocathode spectral response
dimensions tube type status S11 S1 sS4 S20 bi-alkaline
mm (A) (€ (T Sb Rb Cs
¢ 20 AV29 N X
XA1002 D X
XA1003 D X
¢ 30 150AV D X
¢ 40 TVHC40 M X
¢ 102 AVHC201 M X
22 x 11 92AG [0} X -
92AV 0 X -
90CG [0} X -
90CV 0 X
Status code
N = New design type. Recommended for new equipment design; production quantities available after
date of publication.
D = Design type. Recommended for equipment design; production quantities available at date of
publication.
M = Maintenance type. No longer recommended for equipment production; available for maintenance
of existing equipment.
O = Obsolescent type. Available until present stocks are exhausted. Abridged data are included in this
Handbook.
\ ( April 1982 1






LIST OF SYMBOLS

Supply voltage

Cathode current

Anode series resistance
Sensitivity

Capacitance, anode to cathode
Ambient temperature

Envelope temperature

Cak
tamb

teny
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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 phototubes,
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.

1.2.1 The S11 (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.

(o]

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.

w

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. :




GENERAL
PHOTOTUBES

1.2.5 The S4 tubes have a Sb-Cs emission layer deposited on an opaque substrate. This

2.2

2.3

2.4

2.5
2.5.1

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, Iy, (corrected for dark current) is about 100 nA.

The voltage used should be sufficient to ensure saturation.
I
The sensitivity is given by: Ny :—di

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 the photocathode receives a delta function light pulse.
Normally the 10% and 90% levels are considered.‘

3%

March 1976
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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
\
\
AY
50
0 2 3 4L
0 10 10 10% fmog (Hz) 105

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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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.

4 ‘ ‘ ‘ l March 1976



DEVE LOPMENT SAMPLE DATA

This information is derived from development samples AV29
made available for evaluation, It does'not necessarily
imply that the device will go into regular producxion.
PHOTOTUBE
® Head-on type vacuum diode with 20 mm useful diameter photocathode
® Flat window
® Semi-transparent bi-alkaline photocathode
® Fast, large-area detector for medium and high light levels
® For precision photometry and for detection in high-magnetic fields (high energy physics)
QUICK REFERENCE DATA*
Spectral sensitivity characteristié Fig. 2
Useful diameter of the photocathode > 20 mm
Blue sensitivity of the photocathode 10,5 uA/ImF note 1 —_—
Spectral sensitivity of the photocathode at 400 nm 80 mA/W E
Anode voltage <1500 V —
Pulse rise time ~ 3 ns
Capacitance, anode to cathode ~6 pF

To be read in conjunction with General Operational Recommendations Phototubes

GENERAL CHARACTERISTICS*
Window

Material

Shape

Refractive index at 400 nm

Photocathode

Type

Material

Useful diameter

Spectral sensitivity characteristic

Wavelength for maximum spectral sensitivity
Spectral sensitivity at 400 nm

Luminous sensitivity

Blue sensitivity

* Notes are on page 3.

lime glass
plano-plano
1,54

semi-transparent, head-on

Sb Rb Cs
>20 mm
see Fig. 2
420 + 30 nm
~ 80 mA/W
~ 100 uA/lm

typ. 10,5 uA/ImF
>7,0 uA/lmF

note 2
note 3

note 1

W may 1982



AV29

Operating characteristics

Operating voltage, d.c. 1 to 1000 V
Saturation voltage for anode current = 100 nA ~10V
- } o typ. 10 pA
Dark current at V¢ =350 V and R.H. 50 to 60% <100 pA note 4
Anode pulse rise time at Vi, = 350 V ~3ns
Capacitance, anode to cathode ~ 6 pF
Recommended angle between magnetic flux
density and tube axis <700
Anode sensitivity drop at a magnetic flux
density of 0,3 T, at an angle of 700
with respect to the tube axis, and
Vht =300 V (see also-Fig. 4) ~ 10%
LIMITING VALUES (Absolute maximum rating system)*
Anode voltage, d.c. max. 15600 V
Cathode current
peak max. 50 nA/mm?
mean, averaging time 1's max. 70 pA/mm?
Total cathode current
peak, at Vpt = 1000 V max. 15 uA notes 5 6
mean, averaging time 1s max. 20 nA !
Ambleni.temf)((e;aturr]e range s of time) max. +809C
operational (for short periods of time min. —300C

max. +500C

continuous operation and storage X
P 9 min. —300C

STABILITY

For most tubes, the decrease of anode sensitivity after 72 h, at a cathode current of 20 nA, Vhxt=350V,
is anticipated to be less than 2%.

For maximum stability it is recommended that the cathode current be minimized.

Warnings
1. After an idle period of more than 8 days a high voltage level should be applied in steps.

2. The cathode should not be exposed to direct sunlight.
3. The cathode is connected to the external conductive coating of the tube. Take care to avoid electric

shock.

* Notes are on page 3.

May 1982



Phototube AV29

DEVELOPMENT SAMPLE DATA

Notes

1. Blue sensitivity, expressed in uA/ImF, is measured with a tungsten filament lamp with a colour
temperature of 2856 + 5K. Light is transmitted through a blue filter (Corning CS no. 5-58, polished
to half stock thickness).

2. Spectral sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K. Light is transmitted through an interferential filter. Spectral sensitivity at 400 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
7,7 x 10° for this type of tube.

3. Luminous sensitivity is measured with a tungsten filament lamp with a colour temperature of
2856 + 5K.

4. Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
1 min. As the dark current is a leakage current, it is approximately proportional to the applied
voltage. It can be minimized by operating the tube in a dry atmosphere (R.H. < 10%).

5. Cathode uniformly illuminated.

6. The relationship between the incident luminous flux and the cathode current is linear (within
measuring errors) when the anode voltage is higher than the saturation voltage.

MECHANICAL DATA Dimensions in mm

<@ 29 max—>|

S

-->‘ @20min

photocathode ]

conductive |
coating (1)

pin -C. 7285622 ‘ " IU! " rgé‘x
1t

7285623

—

@95 =
max

Fig. 1.

Base 14-pin all-glass
Netmass 25¢g

(1) The envelope of the tube is covered with a conductive coating, connected to the cathode. Take care
to avoid electric shock.

ACCESSORIES
Socket: type FE1114

Note: If minimum leakage current is required it is advised to use separate anode and cathode connections

instead of a socket.
\ (May 1982
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7285624

100
AN
7
ske(n) /
(mA/W) \
10 1 Y
f \
1 \
. . . ‘ \
Fig. 2 Spectral sensitivity characteristic. 200 400 800 (om 800
] 7288479
—— Curves of Figs 3 and 4 are typical results
— from measurements performed at CERN _ 6-0
— Experiment R808. & 100
2 (8=03T at 70°
2
50 ~
® s L
Fig. 3 Relative anode current as a function of 760
supply voltage; typical curves. Tube is in a mag- \
netic field with flux densitiesB=00r 0,3 T; - T
angle between flux density and tube axis is 700°. 1 ‘ |
(Curves by courtesy of CERN, Geneva.) 0
0 200 400 600 800
Vit (V)
100 7288480
&
/| X
8 N
° A
2 e
£ 90
Fig. 4 Relative anode current as a function of ® =
tube rotation angle; typical curve. Tube isin a 8 o
magnetic field with flux density B =0,3 T: 70
angle between flux density and tube axis is 70 ©; _€" -
Vht =300 V. (Curve by courtesy of CERN, l 1 I } T
Geneva.) 80
0° 90° 180° 270° 360°
4 May 1982



MAINTENANCE TYPE AVHC201

PHOTOTUBE

The AVHC201 is a 102 mm useful diameter head-on phbtotube 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 i > 102 mm
Spectral sensitivity characteristié Fig. 1 S4

Maximum spectral sensitivity at 400 £ 50 nm
Luminous sensitivity l) t>yp. ;g pp:ﬁnml
Spectral sensitivity at 437 £ 5nm 2y = 40 mA/W

Notes see page 3.




AVHC201

Operating characteristics

: typ. 1 nA
Dark nt at Vp = 2,5 k 3
ark current at Vi vV ) Z 10 nA
Saturation voltage see note 4
Rise time 5 ~ 1 ns
. s 6 = 30 A
Anode current linear within 10% at Vi, =2,5 kV up to ) - 20 A
Capacitance, anode to cathode Cak < 25 pF
LIMITING VALUES (Absolute max. rating system)
Anode voltage, d.c. max. 5 kv
Total cathode current, 8)
peak max. 100 A
mean, averaging time 1s max. 10 pA
. max. 60 oc 7)
Ambient temperatur
mbient temperature min. _40 oC

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.

MEASURING CIRCUIT

_to
oscilloscope

7261358
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AVHC201

MECHANICAL DATA Dimensions in mm
Net mass : 530 g

[ 2127£0,3 -

< 8102
|
a —
)’ 4
J
Ntz {
' 50
‘ max 55,5
. max
photocathode [
]
k T 1
<—— @#516+03 —» 72613631
Distance anode - cathode 4,6 mm

Notes

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

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

3y 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.

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.

7y During not more than some hours.

8) Cathode completely illuminated.

April 1976 ‘ ' | l 2
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Relative anode current as a function of anode voltage; wavelength as parameter.
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"MAINTENANCE TYPE

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
Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 420 nm

at 698 nm
Anode voltage up to
Rise time
Linearity up to

520 (type T)
40

70
10

5
0,4
6

mm

mA /W
mA /W

kV
ns

A

To.be read in conjunction with "General Operational Recommendations Phototubes".

CHARACTERISTICS

Photocathode

Opaque head-on

Material

Useful diameter

Spectral sensitivity characteristic Fig. 1

Maximum spectral sensitivity at

Luminous sensitivity )

Spectral sensitivity at 437 = 5 nm 2)
at 698 £ 7 nm

Notes see page 3.

Sb K Na Cs
> 40
S20 (type T)
450 + 100
= 150
= 70
= 10
2 5

nm

pA /Im
mA /W

mA /W

T Al



TVHC40

Operating characteristics

Dark current at Vj = 2,5 kV 3 t<yp
Saturation voltage 4
Rise time 5) =

\ARY

Anode current linear within 10% at Vi, = 2,5 kV up to

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

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

_to
oscilloscope
v

0,4.uF
500 I(ﬁkV)
7
025kVO
L
7 7261358

April 1976



TVHC40

MECHANICAL DATA Dimensions in mm

Net mass : 85 ¢

757
BLIS
a @40
iy e / e !
. ns
{ ; H l
I | 1]
| ] {
/ r ™
! 46
photocathode —} |
| N
| ]
k
ol
26,35
g57 . B
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 < 1 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.

7y During not more than some hours.

8) Cathode completely illuminated.
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XA1002

PHOTOTUBE

The XA1002 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

Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 437 + 5 nm
Anode voltage

Rise time

Linearity

S4
20
35
up to 4
~ 0,2
up to 8

mm
mA /W
kv

ns

A

To be read in conjunction with "General Operational Recommendations Phototubes".

CHARACTERISTICS

Photocathode

Opaque head-on, flat surface

Material

Useful diameter

Spectral sensitivity characteristic Fig. 1

Maximum spectral sensitivity at
Luminous sensitivity )

Spectral sensitivity at 437 = 5 nm 2y

Notes see page 3.

Sb-Cs
> 20
54

400 + 50
typ. 30
> 20

= 35

mm

nm

pA /lm
pA /lm

A il 1077L ||



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 6y7y
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.
< 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

1%

HA

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
v

500

J;ns kV)
z

0,4pF

O 4kVO
% © 7272620

Notes see pages 3 and 4.

_
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XA1002

MECHANICAL DATA Dimensions in mm
Net mass : 300 g

I #35max >

23085 -
3?'55 glass window

! L/ o
103 27 Z
N |
245 I
33
max i
i .1 1—glass envelope
N ! L/ '
VTR
. i 7
| k
< LT
g —o min 4—'
- 220 >
|+—————— @30, 5max ———————~
- ﬂ%g'g & 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 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 (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 pC. 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).

eI I h



XA1002

The value can be calculated with:
Vg =Vp - AV =Vp -—é— At

in which : Va >2kV
I = peak current
At = pulse duration

7y 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 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.

~
Ul

7272612

relative anode current (%/o)
o
(=]

A=600nm 4]
520 nm
4£10nmSA]
25 /\ —
/ / | et
—
0 |
10 102 Vp (V)
Fig. 1

103

Relative anode current as a function of anode voltage; wavelength as parameter.
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Fig.2

Spectral sensitivity curve

spectral sensitivity (mA /W)
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XA1003

PHOTOTUBE

The XA 1003 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 apphcatlons with relatively high

illumination especially for use as LASER detector.

QUICK REFERENCE DATA

Spectral sensitivity characteristic

Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 800 nm
Anode voltage

Rise time

Linearity

S1 (type C)
20
2,5
up to 2,5
0,2
up to 1

mm
mA /W
kv
ns

A

To be read in conjunction with "General Operational Recommendations Phototubes".

CHARACTERISTICS

Photocathode

Opaque head-on, flat surface

Material

Useful diameter

Spectral sensitivity characteristic Fig. 1

Maximum spectral sensitivity at
Luminous sensitivity

Spectral semnsitivity at 903 + 8nm 2)
1060 + 10 nm

- Notes see page 3.

AgO-Cs
> 20
S1 (type C)
800 = 100
typ. 20
> 15
~ 1,4
= 0,12

mm

nm

pA /Im
pA /Im
mA /W
mA /W

|



XA1003

Operating characteristics

Dark current at Vb =2,5kV 3)

Saturation voltage

Rise time 5)
Anode current linear within 5% at Vi = 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

1%

pA

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
v

500

Notes see pages 3 and 4.

J/;ns kV)
i/

0,4 pF

7261358

o
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XA1003

MECHANICAL DATA Dimensions in mm

Net mass : 33 g

- @35max -
- 23085 -
3?'55 glass window |
y
! /7.
103 r4 AL LLZLLIY J
N )

3w
ow
x

—qglass envelope

|
|
| L
I
|

“ 220 >
—————— @#305max ————|

< ggg:g > 72613640

Transmission of anode grid 85%
Distance anode-cathode 3,5 mm

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 °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.




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:

Va=Vp - AV =V -?I:- At

in which : Va > 2kV
1 = 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.

4 H ) H Anril 1074



XA1003

7272619
10

spectral sensitivity (mA /W)

Fig.1 1
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With this type of cathode the
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OBSOLESCENT TYPES 90CG  90oCv
92AG 92AV
PHOTOTUBES
gasfilled tubes vacuum tubes
90CG 92AG 90CcVv 92AV
Maximum anode supply voltage 90V 0V 250 V 100 vV
Luminous sensitivity 125 pAflm 130 uA/lm 20 pA/lm 45 uA/im
Spectral sensitivity characteristic S1 (type C) | S11 (type A) | S1 (type C) | S11 (type A)
Projected sensitive area 3,0cm? 2,1 cm? 3,0 cm? 2,1 cm?

Maximum outline dimensions

¢ 19 mm x 54 mm

These phototubes are available until present stocks are exhausted.

l (April 1982 1






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 S11 (type A)
Useful diameter of the photocathode 30 mm
Speétral sensitivity of the photocathode at 437 nm 60 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 S11 (type A)

Maximum spectral sensitivity at ’ : 420+ 30 nm
Luminous sensitivity ) t>yp ;g ]:ﬁﬁg
Spectral sensitivity at 437 £ 5 nm 2y : = 60 mA/W

Notes see page 3.

Aot vamc H H 1



150AV ”

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
Dark current at Vp = 1V 3) typ. 1 pA
< 2 pA
Rise time at Vi =50V 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 mrnz, :
peak max. 50 nA/mm2
mean, averaging time 1s max. 70 pA/mm?2
Total cathode current, 4)5)
peak max, 35  pA
mean, averaging time 1s max. 500 mnA
. 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 April 1976



150AV

MECHANICAL DATA Dimensions in mm

Net mass : 60 g

85max
6842

©9,09£0,05

?6,35+0,05 — rH]‘l]‘
> 7 |- *] -2
N

-
7269869

9 L_ 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

1y cathode luminous sensitivity is measured by means of a tungsten filament lamp of
colour temperature 2856 * K.

2) 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.

I — -



150AV

Fig.3

Spectral sensitivity characteristic

spectrai sensitivity (mA /W)
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SINGLE CHANNEL ELECTRON MULTIPLIERS






SINGLE CHANNEL

ELECTRON
MULTIPLIERS
SURVEY OF TYPES -—
output
type status shape input open closed
ended

B310AL/01* M spiral circular ¢ 1,25 mm X

B310BL/01* M spiral circular ¢ 1,25 mm - X
B312AL/01* M spiral rectangular 2 mm x 8 mm X

B312BL/01* M spiral rectangular 2mm x 8 mm X
B314AL/01* M spiral rectangular 2 mm x 8 mm X

B314BL/01* ] spiral rectangular 2 mm x 8 mm X
B318AL/01* M spiral conical ¢ 5mm X

B318BL/01* M spiral conical ¢ 5mm X
B330AL/01* M C-shaped circular ¢ 1,25 mm X

B330BL/01* M C-shaped circular ¢ 1,25 mm X -
B419AL/01 M spiral conical ¢ 10 mm X =
B419BL/01 M spiral conical ¢ 1Cmm X E
X910AL D spiral circular ¢ 2,2mm X -
X910BL D spiral circular ¢ 2,2mm X

X913AL D spiral rectangular 3,5 mm x 15,56 mm X

X913BL D spiral rectangular 3,6 mm x 15,5 mm X

X914AL D spiral rectangular 3,6 mm x 15,5 mm X

X914BL D spiral rectangular 3,56 mm x 15,5 mm X

X919AL D spiral conical ¢ 10 mm X

X919BL D spiral conical ¢ 10 mm X

X959AL D spiral conical ¢ 15 mm X

X959BL D spiral conical ¢ 15 mm X

Status code

N = New design type. Recommended for new equipment design; production quantities available after
date of publication.

D = Design type. Recommended for equipment design; production quantities available at date of

publication.

M = Maintenance type. No longer recommended for equipment production; available for maintenance

of existing equipment.

* Will be replaced by channel electron multipliers of X800 series, which are in development.

W ﬁune 1982






GENERAL
EXPLANATORY
NOTES

SINGLE CHANNEL ELECTRON MULTIPLIERS

PRINCIPLES OF OPERATION

A single channel electron multiplier is a small, curved, glass tube, the inside wall of
which is coated with high-resistance material. If a potential is applied between the ends
of the tube, the resistive surface becomes a continuous dynode, electrically analogous to
the separate dynodes of a conventional photomultiplier together with the resistive chain
used to establish the separate dynode potentials.

The channel electron multiplier operates in vacuum. For space research, the environ-
mental vacuum is sufficient, and there is then no window separating the multiplier from
the radiation source. In the laboratory, the multiplier must be used in a vacuum cham-
ber.

An electron entering the low-potential end of the channel multiplier generates secondary
electrons on collision with the wall of the tube. These are accelerated along the tube
until they strike the wall again, where they generate further secondary electrons. This
avalanching process produces a large number of electrons at the positive end of the tube.
This is illustrated in Fig. 1. ;

Primary ~ :
radiation 191/1 07122

Fig. 1. Illustration of electron multiplication

A channel multiplier thus responds to an input of one electron by producing an output
pulse of charge. This pulse may contain up to about 108 electrons and its duration (full
width at half height) is about 10 nanoseconds. The amplitude of the resulting voltage
pulse depends of course upon the values of resistance and capacitance in the anode cir-
cuit of the multiplier. The gain (Fig. 2Z) is an exponential and very steep function of
voltage for values below 107. Above 107, saturation effects are observed which will be

discussed later.
\\ (April 1980 1



GENERAL
EXPLANATORY
NOTES

Single electron gain

~
|

0 1 2 3 4 5
Applied voltage (kV) 191/2 07123
Fig. 2. Variation of gain with applied voltage

The multiplier will respond to ions, 8 particles, X-rays, or any other sufficiently ener-
getic radiation. The detection efficiency of a channel multiplier is different for different
forms and energies of excitation, but any particle or quantum capable of exciting an elec-
tron from the dynode surface has a finite probability of detection, (see Figs 7 and 8),
Since the resistive coating is continuous, many electron paths are possible, and the num-
ber of stages of multiplication is thus indeterminate. The electron trajectories are
scaled in proportion to the dimensions of the channel for a given applied voltage. Thus,
if the length-to-diameter ratio is preserved, the same multiplication processes go on,
and the same gain is achieved, irrespective of the absolute length of the channel. In
practice, it is necessary for the length-to-diameter ratio to exceed about 30: 1. Channels
are almost invariably curved, and the gain is then less critically dependent on the length-
to-diameter ratio. The ratios actually used are between 50: 1 and 100: 1,

IONIC FEEDBACK

The tube forming the channel multiplier is curved because the gain of a straight tube
would be sensitive to changes in ambient pressure. When the first cloud of electrons
nears the output end of the multiplier, it is sufficiently dense to ionise a considerable
number of the residual gas atoms in the tube. These positive ions drift under the influ-
ence of the applied field towards the more negative potential at the input end of the
channel.

If the channel is straight, the ions may acquire considerable energy before they collide
with the wall of the tube. Consequently they may release from the wall electrons which

2 April 1980



| ‘ GENERAL
Single channel electron multipliers EXPLANATORY
NOTES

initiate a further process of multiplicationthrough the tube, resulting in a spurious output
pulse. This process is repeated, and thus a sequence of "afterpulses" may be observed.
This pulse train lasts typically for about a microsecond, until the capacity of the channel
is exhausted and the pulse train dies out.

In a curved tube, the ions strike the wall of the tube before they have acquired sufficient
energy to release secondary electrons. Electron multiplication is unaffected however,
since electrons need acquire an energy of only about 50 eVto release secondary electrons
from the wall. The output of the curved multiplier is therefore independent of the ambient
pressure, provided it does not exceed 50 mN/mZ*. Above this pressure, spurious pulses
occur, and effects similar to those seen with straight channels are observed.

SATURATION DUE TO SPACE CHARGE

One of the more significant aspects of the behaviour of a channel multiplier is the satur-
ation effect caused by.space-charge limitation. When the total amount of charge in the
electron cloud in a channel multiplier reaches nearly 109 electrons, the gain cannot
increase further. The space charge repels the emitted secondary electrons so that they
strike the wall before acquiring sufficient energy from the field to make useful multiply -
ing collisions. The space-charge limit is unaffected by the channel diameter. Increasing
the applied voltage increases the amplitude of those pulses which would not otherwise
have reached ~ 109 electrons, butas the maximum charge output cannot exceed this level,
the amplitude of all pulses tends to the same value. The multiplier thus has a narrow
pulse-height distribution. When it is operated in the saturated mode, it is analogous to a
Geiger counter, producing a pulse of a given amplitude irrespective of the manner of its
excitation. It is unable in this condition to give information about the number of particles
simultaneously striking the input or about their energy.

When the multiplier is not operated in its saturated mode, that is when the gain is less
than 107, there is some proportionality between input and output. However, thereis a
spread of pulseamplitudes because of the many possible electron paths through the multi-
plier. The pulse-amplitude distributionis exponential: smaller pulsesaremore probable
than larger ones by an,amount exponentially dependent on the amplitude.

SATURATION DUE TO FIELD DISTORTION

In a straight channel, ionic feedback gives rise to a pulse train about 1 microsecond in
duration which may contain a total charge of more than 109 electrons. The pulse train
dies out only when the field inside the channel is distorted by wall-charging to such an
extent that the multiplication process can no longer sustain feedback.

The field is restored during a "dead time", after which an output pulse can again be
observed. The dead time depends on the resistance of the channel and may be some tens
of microseconds.

The dead-time effect may be caused by a single event in a straight channel. This is not
possible, however, in curved channels because the probability of ionic feedback is very
low, and the pulse train is replaced by a single pulse of about 10 nanoseconds duration
which is space-charge limited to about 109 electrons. Consequently, the curved channel
may produce two pulses of the same amplitude separated in time only by the pulse dura-
tion. However, if the mean pulse repetition rate is high, the field inside the channel is

*approximately 5 x 1074 torr
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EXPLANATORY

NOTES

SATURATION DUE TO FIELD DISTORTION  (Contd.)

distorted. A state of dynamic equilibrium is achieved: the mean gain is reduced so that
the average rate of flow of charge in the output puises is less than the current flowing in
the channel wall.

The same considerations apply when a channel multiplier is used as a current amplifier.
The amplification is linear only so long as the output current is less than about 1% of the
standing current in the wall of the multiplier. For example, a channel of resistance 107Q
operated at 1.5 kV cannot produce an output current of more than 1.5 x 10"°A while
maintaining a linear current-transfer characteristic.

RESISTANCE
The resistance of a channel electron multiplier is measured between input and output
terminals atatmospheric pressure. i.e. at room temperature withno space current flow.

BACKGROUND OR SPONTANEOUS PULSE COUNT RATE

The background or spontaneous pulse count rate is the number of pulses detected per
second above a specified equivalent threshold when the input end of the multiplier is
closed. The equivalent threshold is the amount of charge produced by the multiplier
which, when amplified, just appears above the threshold of the discriminator used for
pulse counting. The count is made with a multiplier voltage and equivalent threshold as
specified in the data sheets.

STARTING VOLTAGE

As the voltage applied to the channel is increased, the gain rises and the output pulses
become larger. The pulses are not all the same size, but as the gain increases, more
of them exceed the equivalent threshold. This process continues until all the pulses are
above the threshold. The observed count rate is plotted against voltage in Fig. 3 and this
graph shows a steeply rising portion followed by a plateau.

Count rate

Maximum
Starting voltage ~ OPerating

/ voltuge\}

Vs

|
|
i
i
l
i
|
|
|
|
1
1
|

I
I
|
|
|
|
l
I

Applied voltage 191/3 DM

Fig. 3 Definition of starting voltage
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Single channel electron multipliers EXPLANATORY
; NOTES

The starting voltage is the voltage at which the pulse count rate is 90%.of the plateau
counting rate, where the plateau is defined as the region over which the count rate changes
by less than 10% for each applied kilovolt.

For the purposes of determining the starting voltage, the plateau counting rate is taken
at the midpoint of the plateau. The midpoint is either halfway between the lower and
upper voltages or between the lower voltage and the maximum permissible operating
voltage, whichever is the less.

The starting voltage is measured using an input source adjusted to give afixed count rate
at a high applied voltage. The count rate and voltage, together with the equivalent thresh-
hold, are given in the data sheets.

GAIN

The output pulse corresponding to one input electron will show a statistical spread. Due
to saturation effects in the multiplier this spread is approximately Gaussian and the gain
is defined as its median value.

For a gain of 1,0 X 108 a single input electron will produce an output of 16 picocoulombs.

Charge in the output pulse
Input charge

Gain =

The gain is constant up to a count rate of 1000 pulses per second. Above this the gain
falls by approximately 3 dB per octave. In specifying gain, it is necessary to stipulate the
applied voltage and the count rate. These are given in the data sheets. ‘

OUTPUT

The output pulse corresponding to one input electron will consist of G electrons. The
corresponding charge in the output pulse will thus be G X 1.6 X 10-19 coulombs, where
1.6 x 10~12 coulombs is the electron charge. The charge in the output pulse raises
the potential across the input capacitance of a pulse amplifier, and this voltage change is
referred to as the pulse height (usually in millivolts).

This expression of output as a voltage is commen practice, but the capacitance to be
charged must also be known.

When a channel multiplier is used for direct current amplification, the output current thust
be collected at a separate electrode. If it is used for pulse counting, the output can be
detected at the positive terminal of the multiplier; in this case, the multiplier is a two-
terminal device.

PULSE. HEIGHT DISTRIBUTION

The nominal gain of a channel multiplier will not be achieved every time an electron
produces an output pulse: there is a variation in gain because of the statistical nature
of the multiplication process. However, the spread is not usually very great at high
values of gain, and it is expressed in terms of the resolution of the pulse height distribu-
tion,

A typical distribution showing pulse height as abscissa and the frequency of occurrence of
that pulse height as ordinate is given in Fig. 4. The distribution is seen to be Gaussian.
The resolution is defined as the ratio of the full width of the distribution at half maximum
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PULSE HEIGHT DISTRIBUTION (Contd. )

frequency to the modal pulse height. The resolution depends on applied voltage and gain.
Values for various multipliers are quoted in the data sheets.

Maximum |
frequency | : a
8 l Resolution = Y
c
® I
2 |
o
o |
S S ﬁ‘r 0
> Yemaximum /) | |
§ frequency | | |
g ' | J
frd | | |
| 1 |
|
b J Pulse height
D e 191/4 D725

Fig. 4. Definition of resolution of pulse distribution height.

INPUT APERTURE

Larger input apertures can be achieved without increasing the overall dimensions of the
multiplier by fitting a cone-shaped flared end. Because the response of a channel multi-
plier depends on the angle of incidence of the input flux, it is not practicable to quote
dimensions of effective apertures which are valid in all situations. The effective aper-
ture of standard multipliers is not necessarily the same as the geometrical aperture, but

may be smaller.

MODE OF OPERATION

The multiplier is most commonly used with pulse counting circuits to detect individual
particles or quanta. For this application closed end multipliers are recommended. A
typical circuit is shown in Figure 5. The output pulse is capacitively coupled into a suit-
able charge sensitive pulse amplifier and discriminator. Under certain circumstances
the multiplier may be used as a current amplifier. In this case an open-ended multiplier
is necessary, the output being collected at a separate electrode as shown in Figure 6.
The collector electrode is biased positively to ensure collection of all output electrons.
For satisfactory linearity the multiplier should be operated with a gain of less than 105
and the output current should not exceed 1% of the standing current.
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Fig.5 Fig. 6

.

OPERATIONAL NOTES

Mounting

It is recommended that, in general, the leads are not used for mounting the device as
sustained vibration may result in fracture of the electrical connections.

The outer surface of the device is also a conductor, and supports applied to the glass
must be insulated to avoid unwanted circuits.

Vacuum environment

Normal vacuum precautions should be observed. In particular gross contamination with
hydrocarbon vapours will cause rapid loss of gain and should be avoided. If necessary
the device may be cleaned in iso-propyl alcohol and air dried at a temperature not ex-
ceeding 70 °C.

The device is stable in air and may be vacuum cycled repeatedly without damage, but if
it has to be stored in air for several months it is good practice to use a desiccator.

Baking conditions

The specified baking conditions apply when the device is under vacuum. The temperature
must not exceed the specified maximum operating and storage temperature unless the
pressure is less than 50 mN/m2 (3.7 x 1074 torr). No voltage should be applied to the
device during bake-out.
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OPERATIONAL NOTES (Contd. )
Thermal stability

Due to the negative temperature coefficient of resistance of the devices, thermal runaway
is possible. Operation below the maximum voltage and temperature limits specified will ~
ensure that this does not occur.

Choice of operating voltage

Use of an operating voltage approximately 500 volts greater than the starting voltage will
ensure that all output pulses exceed the threshold and are recorded. If, as a result of
prolonged use the median gain of the multiplier falls, the operating voltage may be in-
reased in order to restore the gain to its original value.

To avoid contamination, these devices should be haudled only with gloved hands or
tweezers.,

8 April 1980
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Fig.7 Typical detection efficiencies for electrons, protons and positive ions*.
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Fig. 8 Typical detection efficiency for ultraviolet radiation*.
*With acknowledgements to TIMOTHY, A.F., and TIMOTHY, J.G., ' Space applications
of single channel electron multipliers' , Acta Electronica, Vol. 14, No. 2 pp- 159 to 179,
April 1971,
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109 7289780
gain
~
108
107 5 5 ,{, 1 12
10 10 10 10 accumulated counts 0

T T

0,01 0,06 05 5 accumulated charge (C)

Fig. 9 Typical gain as a function of accumulated counts and accumulated charge for single channel
electron multipliers of X900 series.

Operating voltage = 2,8 kV; ambient pressure = 0,013 mPa; count rate = 10* counts/s;

source = electrons.

7289781
gain
| B—
P~
\‘1\\
™
108 NG
~
N
N
\\
\
N
\\
107 \\\
N
3 4 5 6 7
10 10 10 10 (counts/s) 0

Fig. 10 Typical gain as a function of count rate for single channel electron multipliers of X900 series.
Operating voltage = 2,5 kV; threshold = 2,8 x 10° electrons.

10 June 1982



MAINTENANCE TYPES

B310AL/01

B310BL/01
CHANNEL ELECTRON MULTIPLIER
Channel electron multiplier in the form of a glass planar spiral tube.
QUICK REFERENCE DATA
The B310AL /01 has an open-ended output.
The B310BL./01 has a closed output.
Typical gain at 3.0 kV 1.3 x 108
Typical resistance 3.0 x 109 Q
Maximum operating voltage 4.0 ‘ kv

Unless otherwise stated, data is applicable to both types

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - CHANNEL ELECTRON MULTIPLIERS

CHARACTERISTICS (measured at 3.0kV and 1000 pulse/s where applicable)

Resistance

Gain, see note 1)

Background above an equivalent threshold

of 2.0 x 107 electrons

Starting voltage with an equivalent

Min, Typ. Max.
2.0 3.0 50 x10°Q

1.0 1.3 - x 108

- 0.1, 0.2 pulse/s

AN

threshold of 2.0 x 107 electrons 2,0 2.5 2.6 ) 1%

Resolution (F.W.H.M.) at a

modal gain of 1.0 x 108 - 50 70 %

Effective input diameter 1.1 1.25 - mm

LIMITING VALUES (Absolute max. rating system)

Operating voltage max. 4.0 kv

Temperature, operating and storage max. 70 oc

Bake temperatures, see note 2) max. 400 o

Ambient pressure with high voltage applied max. 50 mN/ m?
) 3.7x 1074 torr

June 1982 1



B310AL/01
B310BL/01

MASS 1.0 g

MOUNTING POSITION
Any. In environments where vibration may be encountered the device should not be
supported by the leads alone.

NOTES

1y The gain of a typical multiplier will increase by a factor of 2 for an increase of
operating voltage of 500 V.

2) Baking will cause a permanent slight loss in gain and itis advisable to keep the
baking time to a2 minimum, for example, baking for 16 hours at 400 °C will re-
duce gain by approximately a factor of 2.

DIMENSIONS AND CONNECTIONS Dimensions in mm

Max. overall
electrode 93,0

20,25 CuNi wire (length 50)
/with conducting contact
’
AN ) 2200
A ] 1700
—e35 - Verp,
1,5 ‘/ \
18
15 \
>
AN
~4
N
15,5 0,5 le—
3,5 max.
25,5 . 1,0
24,5 max.

72608691
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MAINTENANCE TYPES B312AL/01

-
B312BL/01
CHANNEL ELECTRON MULTIPLIER
Channel electron multiplier in the form of a glass planar spiral tube with a rectan-
gular-section input cone 2.0 x 8.0mm.
QUICK REFERENCE DATA
The B312AL /01 has an open-ended output.
The B312BL /01 has a closed output.
Typical gain at 3.0kV 1.3 x 108
Typical resistance 3.0x 107 Q
Maximum operating voltage 4.0 kv
Unless otherwise stated, data is applicable to both types
This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - CHANNEL ELECTRON MULTIPLIERS
CHARACTERISTICS (measured at 3.0kV and 1000 pulse/s where applicable) E
Min. Typ. Max. —
Resistance 2.0 3.0 5.0 x10°0Q
8
Gain, see note 1) 1.0 1.3 - x10
Background above an equivalent
threshold of 2,0 x 107 electrons - 0.2 0.5 pulse/s
Starting voltage with an equivalent
threshold of 2,0 x 107 electrons 2.0 2.5 2.6 kV
Resolution (F.W.H.M.) at a
modal gain of 1.0 x 108 - 50 70 %
Effective input aperture : 1.7x 7.5 -2.0x8.0 - mm
LIMITING VALUES (Absolute max. rating system)
Operating voltage max. 4.0 kv
Temperature, operating and storage max. 70 °¢c
Bake temperatures, see note 2) max. 400 oC
Ambient pressure with high voltage applied max. 50 mN /m2
3.7x 1074 torr




B312AL/01
B312BL/01

MASS 1.0 g

MOUNTING POSITION

Any. In environments where vibration may be encountered the device shouldnot be
supported by the leads alone.

NOTES
1) The gain of a typical multiplier will increase by a factor of 2 for anincrease of
operating voltage of 500V,
2) Baking will cause a permanent slight lossin gain and it is advisable to keep the
baking time to a minimum, for example, baking for 16 hours at 400 °C will re-
ducg gain by approximately a factor of 2.

DIMENSIONS AND CONNECTIONS Dimensions in mm
S 3,5
@ 0,25 CuNi wire (length 50) —35
with conducting contact
77
10,0 J/
8,0
3 /
7
18 {
15 \ /
.y
N
0,5 max- —oy
25,5 +—»| |«——1,0max. 33 0D.
%3 4 1o.

72608701

~ H ]l An+il 100Nn



MAINTENANCE TYPES

B314AL/0l
B314BL/01

CHANNEL ELECTRON MULTIPLIER

Channel electron multiplier in the form of a glass planar spiral tube with a
gular -section input cone 2.0 x &.0mm.

rectan-

QUICK REFERENCE DATA

The B314AL /01 has an open-ended output.
The B314BL /01 has a closed output.

Typical gain at 3.0kV ‘ 1.3 x 108
Typical resistance 3.0x10° @
Maximum operating voltage 4,0 kV

Unless otherwise stated, data is applicable to both types

This data should be read in conjunction with

GENERAL EXPLANATORY NOTES - CHANNEL ELECTRON MULTIPLIERS

CHARACTERISTICS (measured at 3.0kV and 1000 pulse/s where applicable

)

Min. Typ. Max.

Resistance 2.0 3.0 5.0 x10°Q

Gain, see note 1) 1.0 1.3 - X 108

Background above an equivalent

threshold of 2.0 x 107 electrons - 0.2 0.5 pulse/s

Starting voltage with an equivalent }

threshold of 2,0 x 107 electrons 2.0 2.5 2.6 kv

Resolution (F.W.H.M.) at a

modal gain of 1.0 x 10 - 50 70 %

Effective input aperture 1.7x 7.5 2.0x8.0 - mm
LIMITING VALUES (Absolute max. rating system)

Operating voltage max, 4.0 kv

Temperature, operating and storage max. 70 °c

Bake temperatures, see note 2) max. 400 oC

Ambient pressure with high voltage applied max. 50 mN/ m2

3.7x107%  torr

June 1982 ” H 1



B314AL/01
B314BL/01

MASS i 109

MOUNTING POSITION
Any. In environments where vibration may be encountered the device should not be supported by the
leads alone.

NOTES

1. The gain of a typical multiplier will increase by a factor of 2 for an increase of operating voltage of
500 V.

2. Baking will cause a permanent slight loss in gain and it is advisable to keep the baking time to a
minimum, for example, baking for 16 hours at 400 ©C will reduce gain by approximately a factor
of 2.

DIMENSIONS AND CONNECTIONS Dimensions in mm

$0.25 CuNi wire (length 50) 10__ §
to conducting contact 8

I
18
15
15.5
13.5 0.5 max——* [+—
2.2 1.0 max
25.5 [} 17 ext.
24.5 @14 int,

1.1

D64T1LA
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MAINTENANCE TYPES B318AL/01
B318BL/01

-+

CHANNEL ELECTRON MULTIPLIER

Channel electron multiplier in the form of a glass planar spiral tube with a 5.0 mm
diameter input cone.

QUICK REFERENCE DATA

The B318AL /01 has an open-ended output.
The B318BL /01 has a closed output.

Typical gain at 3,0 kV 1.3 x 108
Typical resistance 3.0x 107 Q
Maximum operating voltage 4.0 kv

Unless otherwise stated, data is applicable to both types

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - CHANNEL ELECTRON MULTIPLIERS

CHARACTERISTICS (measured at 3.0kV and 1000 pulse/s where applicable)
Min. Typ. Max.

Resistance 2.0 3.0 5.0 X 109 Q
8

Gain, see note 1) 1.0 1.3 - x 10

Background above an equivalent threshold

of 2.0 x 107 electrons - 0.25 0.5 pulse/s

Starting voltage with equivalent

threshold of 2.0 x 107 electrons 2.0 2.5 2.6 kv

Resolution (F.W.H.M.) at a

modal gain 1,0 x 108 - 50 70 %

Effective cone diameter 4.0 5.0 - mm

LIMITING VALUES (Absolute max. rating system)

Operating voltage max. 4.0 kv
Temperature, operating and storage max. 70 e
Bake temperatures, see note 2) max. 400 oc
Ambient pressure with high voltage applied max. 50 mN/ m?2

3.7x1074 torr

June 1982 l ‘ H 1



B318AL/01
B318BL/O!

MASS 1.3 g

MOUNTING POSITION

Any. In environments where vibration maybe encountered the device should notbe
supported by the leads alone.

NOTES

1y The gain of a typical multiplier willincrease by a factor of 2 for an increase of
operating voltage of 500V,

2) Baking will cause a permanent slight loss in gain and itis advisable to keep the
baking time to a minimum, for example, baking for 16 hours at 400 °C will re- .
duce gain by approximately a factor of 2.

DIMENSIONS AND CONNECTIONS Dimensions in mm

20,25 CuNi wire (length 50)
with conducting contact Max. overall electrode

\
6,6 % A I
5,0 /&@
18
15
1,0 max. la——
-/
3,0
20 15,5 0,5 max. [
! 13,5
25,5 —_—
245 ——=»| j&——1,0max,

72606711
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MAINTENANCE TYPES B330AL/01

B330BL/0O1
CHANNEL ELECTRON MULTIPLIER
Channel electron multiplier in the form of a glass C-shaped tube.
QUICK REFERENCE DATA

The B330AL /01 has an open-ended output.
The B330BL/01 has a closed output.
Typical gain at 3.0kV 1.5x 108
Typical resistance 3.0 x 109 Q
Maximum operating voltage 4.0 kv

Unless otherwise stated, data is applicable to both types
This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - CHANNEL ELECTRON MULTIPLIERS
CHARACTERISTICS (measured at 3.0kV and 1000 pulse/s where applicable)
Min. Typ. Max,

Resistance 2.0 3.0 5.0 X 109 Q
8

Gain, see note 1) 1.0 1.5 - x 10

Background above an equivalent threshold

of 2.0 x 107 electrons R - 0.1 0.2 pulse/s

Starting voltage with an equivalent

threshold of 2.0 x 107 electrons 2.0 2.5 2.6 13%

Resolution (F.W.H.M.) at a

modal gain of 1.0 x 108 - 50 70 %

Effective input diameter 1.1 1.25 - mm

LIMITING VALUES (Absolute max. rating system)

Operating voltage max. 4 0 kv
Temperature, operating and storage max. 70 °c
Bake temperatures, see note 2) max. 400 °c
Ambient pressure with high voltage applied max. 50 mN/m2

3.7x107%  torr

June 1982 ! ' 1



B330AL/01
B330BL/01

MASS 13 g

MOUNTING POSITION

Any. In environments where vibration may be encountered the device should not be supported by the
leads alone.

NOTES
1. The gain of a typical multiplier will increase by a factor of 2 for an increase of operating voltage of 500 V.

2. Baking will cause a permanent slight loss in gain and it is advisable to keep the baking time to a
minimum, for example, baking for 16 hours at 400 °C will reduce gain by approximately a factor

of 2.
DIMENSIONS AND CONNECTIONS Dimensions in mm
Max. overall 20,25 CuNi wire {length 50)
electrode § 3,0 with conducting contact

4 90° £ 2°

40

7260872.1
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MAINTENANCE TYPE B419AL/01
B419BL/01

CHANNEL ELECTRON MULTIPLIER

Channel electron multiplier in the form of a glass planar spiral tube with a 10 mm
diameter input cone.

QUICK REFERENCE DATA

The B419AL /01 has an open-ended output.
The B419BL /01 has a closed output.

Typical gain at 2.5kV 1.7 x 108
Typical resistance 3.0 x 109 Q
Maximum operating voltage 3.5 kv

Unless otherwise stated, data is applicable to both types
This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - CHANNEL EL ECTRON MULTIPLIERS
CHARACTERISTICS (measured at 2. 5kV and 1000 pulse/s where applicable)
Min. Typ. Max.

Resistance 2.0 3.0 5.0 X lO9 Q
Gain, see note 1) 1.0 1.7 - X 108
Background above an equivalent threshold

of 2.0 x°107 electrons - 0.25 0.5  pulse/s
Starting voltage with an equivalent .

threshold of 2.0 x 107 electrons 1.7 2.0 2.2 13
Resolution (F. W.H.M.) at a

modal gain of 1.0 x 108 - 50 70 %
Effective input diameter 9.0 10.0 - mm

LIMITING VALUES (Absolute max. rating system)

Operating voltage max. 3.5 kv
Temperature, operating and storage max. 70 oc
Bake temperatures, see note 2) max. 400 °c
Ambient pressure with high voltage applied max. 50 mN/ m?

3.7 x 1074 torr




B419AL/01
B419BL/01

I

‘
R

MASS 4.0 g

MOUNTING POSITION

Any. In environments where vibration may be encountered the device should not be
supported by the leads alone.

NOTES

1) The gain of a typical multiplier will increase by a factor of 2 for anincrease of
operating voltage of 500V.

2 Baking will cause a permanent slight lossin gain and it'is advisable to keep the
baking time to a minimum, for example, baking for 16 hours at 400 °C will re-
duce gain by approximately a factor of 2.

DIMENSIONS AND CONNECTIONS Dimensions in mm

Max. overall electrode

20,25 CuNi wire {length 50)
with conducting contact

——

0,5 max le—

35,5 1,0 max, —=> |je—
5

7260874.1
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X910AL
X910BL

SINGLE CHANNEL ELECTRON MULTIPLIERS: .-~~~

Channel electron multipliers in the form of a glass planar spiral tube.

The X910AL has an open-ended output. To ensure efficient collection of electrons, a collector should
be used, biased at 100 to 200 V positive with respect to the multiplier output.

The X910BL has a closed output.

QUICK REFERENCE DATA

Typical gain at 2.5 kV 1.8.x 108
Typical resistance 6.0 x 108 T Q
Operating voltage max. 4.0 kv

Unless otherwise stated, data is applicable to both types.
This data should be read in conjunction with GENERAL EXPLANATQORY NOTES — SINGLE
CHANNEL ELECTRON MULTIPLIERS

CHARACTERISTICS (measured at 2.5 kV and 10 000 pulse/s where applicable) v

Min. Typ. Max.

Resistance 4.0 6.0 8.0 x 10% Q
Gain (note 1) 1.0 1.8 - x 108
Background above an equivalent threshold

of 2.0 x 107 electrons - 0.15 0.5 pulse/s
Starting voltage with an equivalent threshold

of 2.0 x 107 electrons 1.4 1.6 1.8 kv
Resolution (F.W.H.M.) at a modal gain’

of 2.0 x 108 - 50 70 %
Effective input diameter 2.0 2.2 - mm
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Operating voltage max. 4.0 kV
Temperature, operating and storage max. 70 oC
Bake temperature in vacuo (note 2) max. 400 ocC
Ambient pressure with high voltage applied max. 50 mN/m?

3.7x10* . torr

MASS 4.0 g

MOUNTING POSITION

Any. In environments where vibration may be encountered, the device should not be supported by the

leads alone.

NOTES

1. The gain of a typical multiplier will increase by a factor of approx. 2 for an increase of operating
voltage of 500 V.

2. Baking will cause a permanent slight loss of gain and it is advisable to keep the baking time to a
minimum, for example, baking for 16 hours at 400 ©C could reduce the gain by approximately

a factor of 2.
W’ (June 1982



X910AL
X910BL

MECHANICAL DATA X910AL Dimensions in mm

N

*
] /ouler layer removed
© 4.5 max &w
[ ©

e

29.0
26.0

max

0s v
—

27.5

« 10
24.5 3.65 max
03 32ext.
2.3 ; *
. s 1 efin

* 1.0 x 0.1 Inconel strip (length 50).

June 1 982\ (



Single channel electron multipliers . X910AL

X910BL
MECHANICAL DATA X910BL Dimensions in mm
/outer layer removed /(
©
J v
275 max 35
24.5 0%'%%*’“4 ™ ™ max
305 ‘@2.'3 i;;,l - M0330
- 295 2.

* 1.0 x 0.1 Inconel strip (length 50).

W ﬁune 1982






X913AL
X913BL

SINGLE CHANNEL ELECTRON MULTIPLIERS

Channel electron multipliers in the form of a glass planar spiral tube with a rectangular section input
cone 3.5 x 15.5 mm.

The X913AL has an open-ended output. To ensure efficient collection of electrons, a collector should
be used, biased at 100 to 200 V positive with respect to the multiplier output.

The X913BL has a closed output.

QUICK REFERENCE DATA

Typical gain at 2.5 kV ; 2.0 x 108
Typical resistance 6.0 x 108 Q
Operating voltage max. . 40 kV

Unless otherwise stated, data is applicable to both types.
This data should be read in conjunction with GENERAL EXPLANATORY NOTES — SINGLE
CHANNEL ELECTRON MULTIPLIERS

CHARACTERISTICS (measured at 2.5 kV and 10 000 pulse/s where applicable)

. Min. Typ. Max.
Resistance 4.0 6.0 80 x10%Q
Gain (note 1) 1.0 20 - x 108
Background above an equivalent threshold

of 2.0 x 107 -electrons - 0.15 0.5 pulse/s
Starting voltage with an equivalent threshold '

of 2.0 x 107 electrons 1.4 1.6 1.8 kv
Resolution (F.W.H.M.) at a modal gain

of 2.0 x 108 — 50 - 70 %
Effective input aperture 3.0x 14.5 3.5 x 15.§ 5x17 mm
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Operating voltage max. 4.0 kV
Temperature, operating and storage max. ) 70 oC
Bake temperature in vacuo (note 2) max. 400 oC
Ambient pressure with high voltage applied max. 50 mN/m?

3.7x10* torr

MASS 4.0 g

MOUNTING POSITION

Any. In environments where vibration may be encountered, the device should not be supported by the
leads alone.

NOTES

1. The gain of a typical multiplier will increase by a factor of approx. 2 for an increase of operating
voltage of 500 V.

2. Baking will cause a permanent slight loss of gain and it is advisable to keep the baking time to a
minimum, for example, baking for 16 hours at 400 OC could reduce the gain by approximately
a factor of 2. : ’
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X913AL
X913BL

MECHANICAL DATA X913AL

outer layer removed

o3
oo

27.5

355
34.5

* 1.0 x 0.1 Inconel strip (length 50).

24.5

Dimensions in mm

5,0
3,0

c

% |0
14,5

C

M0331

June 1982) (



Single channel electron multipliers X913AL
X913BL

MECHANICAL DATA X913BL Dimensions in mm

5,0

T

*
} ’/outer layer removed

(] L.TS max NN

1.8
™ ™ max

0
275 m 35
24.5 3. ~*max
3
2
2

355
345

M0332

* 1.0 x 0.1 Inconel strip (length 50).
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X914AL
X914BL

SINGLE CHANNEL ELECTRON MULTIPLIERS

Channel electron multipliers in the form of a glass planar spiral tube with a rectangular section input
cone 3.5 x 156,56 mm.

The X914AL has an open-ended output. To ensure efficient collection of electrons, a collector should
be used, biased at 100 to 200 V positive with respect to the multiplier output.

The X914BL has a closed output.

QUICK REFERENCE DATA

Typical gain at 2.5 kV 2.0x 108
Typical resistance - 6.0 x 108 Q

Operating voltage - . max. 4.0 kV

Unless otherwise stated, data is applicable to both types.
This data should be read in conjunction with GENERAL EXPLANATORY NOTES — SINGLE
CHANNEL ELECTRON MULTIPLIERS

CHARACTERISTICS (measured at 2.5 kV and 10 000 pulse/s where applicable)

Min. Typ. Max.

Resistance 4.0 6.0 8.0 x 108 Q
Gain (note 1) 1.0 2.0 - x 108
Backgrouﬁd above an equivalent threshold .

of 2.0 x 107 electrons - 0.15 0.5 pulse/s
Starting voltage with an equivalent threshold

of 2.0 x 107 electrons 1.4 1.6 1.8 kv
Resolution (F.W.H.M.) at a modal gain

of 2.0 x 108 - 50 70 %
Effective input 3x14.5 3.5x15.5 5x17 mm
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Operating voltage max. 4.0 kv
Temperature, operating and storage max. 70 oc
Bake temperature in vacuo (note 2) max. 400 ocC
Ambient pressure with high voltage applied max. 50 mN/m?

3.7x10* torr

MASS 4.0 g

MOUNTING POSITION

Any. In environments where vibration may be encountered, the device should not be supported by the
leads alone.

NOTES

1. The gain of a typical multiplier will increase by a factor of approx. 2 for an increase of operating
voltage of 500 V.

2. Baking will cause a permanent slight loss of gain and it is advisable to keep the baking time to a
minimum, for example, baking for 16 hours at 400 °C could reduce the galn by approximately

HHHI

a factor of 2.
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X914AL
X914BL

MECHANICAL DATA X914AL

/outer layer removed

Dimensions in mm
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Single channel electron multipliers

X914AL
X914BL

MECHANICAL DATA X914BL

/ou(er layer removed

Dimensions in mm

17.0

- s

(
O
=

26.0

35.5

345

* 1.0 x 0.1 Inconel strip (length 50).

[
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XO19AL
X919BL

SINGLE CHANNEL ELECTRON MULTIPLIERS

Channel electron multipliers in the form of a glass planar spiral tube with a 10 mm diameter input cone.
The X919AL hasan open-ended output. To ensure efficient collection of electrons, a collector should
be used, biased at 100 to 200 V positive with respect to the multiplier output.

The X919BL has a closed output.

QUICK REFERENCE DATA

Typical gain at 2.5 kV 2.0 x 108
Typical resistance ~ 6.0x 108 Q
Operating voltage max. 4.0 kV

Unless otherwise stated, data is applicable to both types.
This data should be read in conjunction with GENERAL EXPLANATORY NOTES — CHANNEL
ELECTRON MULTIPLIERS.

CHARACTERISTICS (measured at 2.5 kV and 10 000 pulse/s where applicable)

Min. Typ. Max.

Resistance 4.0 6.0 8.0 x 108 Q
Gain (note 1) 1.0 2.0 - x 108
Background above an equivalent threshold

of 2.0 x 107 electrons - 0.15 0.5 pulse/s
Starting voltage with an equivalent threshold

of 2.0 x 107 electrons 1.4 1.6 1.8 kV
Resolution (F.W.H.M.) at a modal gain

of 2.0 x 108 - 50 70 %
Effective input diameter 9.0 10 - mm
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Operating voltage max. 40 kV
Temperature, operating and storage max. 70 oC
Bake temperature in vacuo (note 2) : max. 400 oC
Ambient pressure with high voltage applied max. 50 mN/m?

3.7 x 104 torr

MASS ’ 4.0 g

MOUNTING POSITION

Any. In environments where vibration may be encountered, the device should not be supported by the
leads alone.

NOTES

1. The gain of a typical multiplier will increase by a factor of approx. 2 for an increase of operating
voltage of 500 V.

2. Baking will cause a permanent slight loss of gain and it is advisable to keep the baking time to a
minimum, for example, baking for 16 hours at 400 °C could reduce the gain by approximately

a factor of 2.
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X919AL

X919BL

MECHANICAL DATA X919AL

outer layer removed
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Single channel electron multipliers

X919AL
X919BL

MECHANICAL DATA X919BL

/outer layer removed

Dimensions in mm
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X959AL
X959BL

SINGLE CHANNEL ELECTRON MULTIPLIERS

Channel electron multipliers in the form of a glass planar spiral tube with a 15 mm diameter input cone.
The X959AL has an open-ended output. To ensure efficient coliection of electrons, a collector should

be used, biased at 100 to 200 V positive with respect to the multlpller output.
The X959BL has a closed output.

QUICK REFERENCE DATA

Typical gain at 2.5 kV 2.0 x 108
Typical resistance 6.0 x 108 Q
Operating voltage max. 4.0 kV
Unless otherwise stated, data is applicable to both types.
This data should be read in conjunction with GENERAL EXPLANATORY NOTES — SINGLE
CHANNEL ELECTRON MULTIPLIERS
CHARACTERISTICS (measured at 2.5 kV and 10 000 pulse/s where applicable)
Min. Typ. Max.

Resistance 4.0 6.0 8.0 x 108 Q
Gain (note 1) 1.0 2.0 - x 108
Background above an equivalent threshold

of 2.0 x 107 electrons - 0.15 0.5 pulse/s
Starting voltage with an equivalent threshold

of 2.0 x 107 electrons 1.4 1.6 1.8 kv
Resolution (F.W.H.M.) at a modal gain

of 2.0x 108 - 50 70 %
Effective input diameter 14 15 - mm
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134) )
Operating voltage max. 4.0 kV
Temperature, operating and storage max. 70 ocC
Bake temperature in vacuo (note 2) max. 400 oC
Ambient pressure with high voltage applied max. 50 mN/m?

: 3.7x 10* torr

MASS 4.0 g

MOUNTING POSITION

Any. In environments where vibration may be encountered, the device should not be supported by the

leads alone.

NOTES

1. The gain of a typical multiplier will increase by a factor of approx. 2 for an increase of operating

voltage of 500 V.

2. . Baking will cause a permanent slight loss of gain and it is advisable to keep the baking time to a
minimum, for example, baking for 16 hours at 400 °C could reduce the gain by approximately

a factor of 2.
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X959AL
X959BL

MECHANICAL DATA X959AL Dimensions in mm
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*
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Single channel electron multipliers

X959AL
X959BL

*

MECHANICAL DATA X9598L

Koutev layer removed

Dimensions in mm

——
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24.5
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1.0 x 0.1 Inconel strip (length 50).
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CHANNEL ELECTRON

MULTIPLIER PLATES

SURVEY OF TYPES

plate channel channel
type* status dimensions diameter angle
mm um degree

G12-25S5E N ¢ 25 12,5 13
G12-25SE/A N ¢ 25 12,5 13
G12-36 N ¢ 36 12,5 13
G12-36/A N ¢ 36 12,5 13
G12-36DT/0 N ¢ 36 12,6 0
G12-36DT/13 N ¢ 36 12,56 13
(G12-46 N ¢ 46 12,5 13
G12-46/A N ¢ 46 12,5 13
G12-46DT/0 N ¢ 46 12,5 0
G12-46DT/13 N & 46 12,6 13
G25-20x50 N 20 x 50 25 13
G25-25x90 N 25 x 90 25 13 -
G25-25 D ¢ 25 25 13
G25-25/A D ¢ 25 25 13
G25-50 M ¢ 50 25 13
G25-50/A M ¢ 50 25 13
G25-70 i ¢ 70 25 13
G25-70/A M ¢ 70 25 13

* SE = solid edge, DT = double thickness, A = matched pair of plates.

Status code

N = New design type. Recommended for new equipment design; production quantities available

after date of publication.

D = Design type. Recommended for equipment design; production quantities available at date of

publication.

M = Maintenance type. No longer recommended for equipment production; available for mainten-
ance of existing equipment.

{
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CHANNEL ELECTRON
MULTIPLIER PLATES

EXPLANATORY NOTES

PRINCIPLES OF OPERATION

Multi-channel plates depend on the same physical phenomenon as single channel electron multipliers.
They comprise a plate of special glass through which pass a large number of channels. The walls of the
holes are specially processed to coat them with a high resistance material which also has a coefficient
of secondary emission greater than 1. If a potential is applied between opposite faces of the plate each
channel becomes a continuous dynode analogous to the separate dynodes of a photomultiplier together
with its resistive chain.

As with single channel multipliers, the channel plate operates in a vacuum. It is important that the
vacuum should be better than 13,3 mPa (1 x 10" torr). An electron entering the low voltage end of
one of the channels will generate secondary electrons on striking the wall. These in turn will be
accelerated by the axial field and will again strike the wall, producing a further increase in the number
of secondaries and so on. The avalanching process produces a large burst of electrons at the output end
of the channel, corresponding to each input electron. As illustrated in Fig. 1 there is a statistical
variation in pulse size depending on several factors. The channels are set an angle to the face of the
plate to ensure that electrons approaching the plate normally will not fail to strike the wall. The
output contains about 10° electrons for each input electron. The gain is a steep function of applied
voltage and the supply should be well reqgulated for stability of operation.

The multiplier is usually used to amplify the electrons emitted from a photocathode placed close to
the input face, and excites a phosphor screen placed close to the output, preserving the spatial resolution
and making an amplified image of the information on the photocathode. The input of the channel is
also sensitive to ions, beta particles, X-rays, or any radiation of a suitable energy and this extends its
use to many other applications. Since the resistive path is continuous, many electron paths are possible
and the number of stages of amplification is indeterminate. The electron trajectories are scaled in
proportion to the dimensions of the channel for a given applied voltage. Thus if the length to diameter
ratio is kept constant the gain per channel remains constant, irrespective of the absolute length of the
channel. For most applications the spatial resolution is important and in order to achieve the highest
resclutions the channel diameters and the walls between channels are kept as small as possible.

l (April 1980 1



CHANNEL ELECTRON
MULTIPLIER PLATES

Secondary Resistive
electrons tube

e

Primary
radiaticn

Fig. 1.

IONIC FEEDBACK

The electron cloud at the output of the plate is sufficiently intense to generate an appreciable number
of ions and these drift towards the input of the channel and on striking the wall can produce a further
burst of secondary electrons. This pulse, starting near the output, will be smaller than the first pulse,
but-may also generate ions which will drift backwards, so that a train of pulses is generated. This train
of pulses alters the charge on the wall, which reduces the gain. This effect limits the voitage that can
be applied to the plate and thus the gain that can be achieved. By placing two plates in cascade with
the channels angled in opposite directions, ions fed back from the output plate cannot enter the input
plate and high gain can be achieved without excessive ion feedback and consequent loss of linearity.

SATURATION DUE TO SPACE CHARGE

If the charge in the output pulse reaches about 108 electrons the gain cannot increase further. The
space charge in the output end of the channel repels secondary electrons, causing them to return to
the wall without generating further electrons. When this occurs with an imaging application it will
cause poor highlights and loss of detail. Imaging plates usually operate at gains of around 10°.

SATURATION DUE TO FIELD DISTORTION

When the current in the output averages more than 10% of the total current, the voltage gradient in
the wall is no longer linear and the gain falls so that there is a loss of linearity between input and output
currents and a loss of highlights in the image.

O FIELD EMISSION

Itis important to keep channel plates scrupulously clean. Particles lodging in a channel can give rise

to field emission which is multiplied in the charinel and produces a permanently saturated condition.
This is knewn as a switched on channel and is'a condition extremely difficult to correct.

~
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Explanatory notes ‘ CHANNEL ELECTRON
MULTIPLIER PLATES

RESISTANCE

The resistance of a channel plate is the value measured in vacuum between electrodes applied to the
input and output faces.

DARK CURRENT
Dark current is generally very low, much less than 1 count/s/cm? of plate area.

OPEN AREA

Open area is the total cross-section of all the channels in the plate expressed as a percentage of the
total area of the plate.

GAIN

Gain in the linear region of operation is defined as the output current divided by the input current.
This is always better than 1000 for 1000 volt applied to the plate and increases one order for each

200 V increase in applied voltage. The recommended. operating voltage is 800 to 1200 V. Outside these
limits spatial non-uniformity can become a problem.

MOUNTING

The opposite faces of channel plates are ground flat and parallel during manufacture. As the devices are
fragile, care must be taken to ensure that they are not stressed unduly when mounting them in systems.
It is recommended that they are placed between perfectly flat polished stainless steel rings spring
loaded only sufficiently to ensure reliable connections to the metallized faces of the plate. A loading
of 3 N per cm of periphery has been found adequate. Care must be taken to minimize the possibility
of leakage or other currents between the contact rings when the working voltage is applied.

OPERATING TEMPERATURE AND OUTGASSING

The devices can be operated up to a maximum of 70 ©C and degassed up to a maximum of 300 ©C.
Further evoiution of gas may take place during operation. The pressure should never be allowed to

rise above 13,3 mPa (1 x 10°* torr) whilst the operating voltage is applied, but exposure tc atmosphere
for a few hours at a time does not cause any loss of performance. It is prudent to store devices in a well
desiccated container if they have to be removed from the vacuum environment for longer periods.

The devices may be damaged permanently if exposed to gross contamination by hydrocarbon vapours.

If the output is to be detected by means of a phosphor screen it is desirable to place it as close to the
channel plate as can be arranged, commensurate with voltage and mechanical considerations. The
electrons leave the outputs over a very wide angle, and detail can be lost if the spacing is excessive.
For similar reasons a photocathode input source should be placed close to the input face.

A suitable distance for the channel plate/screen gap is 1 mm, with a potential between screen and

channel piate output of about 5 kV. Either the screen distance or the screen potential may be
adjusted in order to optimize the resolution of the system.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples G12—258E

made available for evaluation. It does not necessarily ' *
imply that the device will go into regular production. G12—25SE/A

SOLID EDGE CHANNEL ELECTRON MULTIPLIER PLATES

Each plate consists of an array of channel electron multipliers fused into the shape of a disc with a solid
edge. The multipliers are electrically connected in parallel by means of nickel-chromium electrodes
evaporated on to the faces of the disc.

SPECIFICATION

Disc diameter ‘ 25 181 mm
Useful diameter min. 19 mm
Disc thickness 0.5 +0.02 mm
Channel diameter nom. 12.5 um
Channel pitch nom. 15.0 um
Open area approx. 60 %
Electrode material nickel-chromium
Electrical resistance between electrodes approx. 250 to 750 MQ
Current gain at 1.0 kV (see fig.1) > 1000

For a linear relationship between input and output, the output current must not exceed 0.1 of the
standing current.

The plates are cut such that the channel electron multipliers form an angle of 139 to the perpendicular
axis of the plate.

APPLICATIONS

These devices must operate in a vacuum and may be used to detect electrons, ions, soft X-rays and ultra-
violet photons falling on the input face of the disc by producing electron pulses from the output face

of the corresponding channel.

Such applications are fully discussed by P. Lecomte and V. Perez-Mendez in |.E.E.E. Transactions on
Nuclear Science, Vol. NS-25, No. 2 April 1978 — ‘Channel Electron Multipliers: Properties, Development
and Applications’. |

For space experiments, the environmental vacuum is adequate for their operation and they have consid-
erable potential in the field of X-ray and ultra-violet astronomy from rockets and satellites. In laboratory
use they must be incorporated in a vacuum chamber, where they will have important applications in
field ion microscopy, electron microscopy and allied areas of research.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)

Operating voltage max. 2.0 kV .
Temperature** (operating and storage) max. 70 oC
Bake temperature max. 300 oC
Ambient pressure with high voltage applied max. 13.3 mN/m?2

(1.0 x 10°* torr)

*  The suffix /A denotes a matched pair of G12—25SE plates which are resistance matched for

**  The plate should be stored in a dry or vacuum environment.

applications requiring two plates in cascade, (see fig.2).
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Fig.1 Typical current gain as a function of applied voltage.
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Channel electron multiplier plates G12—-25SE

j G12—25SE/A

DEVELOPMENT SAMPLE DATA

Cascaded channel plates

Source

Coltector
- +

Oto5 0to5

kV kV
+ -
+
72 : (D8556) 751 /12
Fig.2 Circuit for cascaded channel plates
MOUNTING

Channel plates are fragile and great care must be taken to ensure that they are not unduly stressed when
mounted in the vacuum system. |t is recommended that the plates are mounted between clean polished
brass or stainless steel rings, giving noise-free electrical contacts. The device will withstand a contact
pressure of at least 104 N/m? (corresponding to a load of ~1g per mm?) applied via screws pushing
against small helical springs. Polished brass annular shims, about 1.5 mm wide and 50 um thick, are
recommended for insertion between plates operating in cascade.

‘ ' December 1979
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples G12_36 i

made available for evaluation. It does not necessarily
i *
imply that the device will go into regular production. G12_36/A

CHANNEL ELECTRON MULTIPLIER PLATES

Each plate consists of an array of channel electron multipliers fused into the shape of a disc.
The multipliers are electrically connected in parallel by means of nickel-chromium electrodes evaporated
on to the faces of the disc.

SPECIFICATION

+0
Disc diameter 36 —0.1 mm
Useful diameter ' min. 325 mm
Disc thickness 0.5 £0.02 . mm
Channel diameter ' nom. 12.5 um
Channel pitch nom. 15 um
Open area . © ° approx. 60 %
Electrode material ) nickel-chromium
Electrical resistance between electrodes approx. 65 ‘ MQ
Current gain at 1.0 kV (see fig.1) > 1000

For a linear relationship between input and output, the output current must not exceed 0.1 of the
standing current. .

The plates are cut such that the channel electron multipliers form an angle of 139 to the perpendicular
axis of the plate.

APPLICATIONS

These devices must operate in a vacuum and may be used to detect electrons, ions, soft X-rays and ultra-
violet photons falling on the input face of the plate, by producing electron pulses from the output face
of the corresponding channel.

Such applications are fully discussed by P. Lecomte and V. Perez-Mendez in 1.E.E.E. Transactions on
Nuclear Science, Vol. NS—25, No.2 April 1978 — ‘Channel Electron Multipliers: Properties, Development
and Applications’. '

For space experiments, the environmental vacuum is adequate for their operation and they have consid-
erable potential in the field of X-ray and ultra-violet astronomy from rockets and satellites. In laboratory
use they must be incorporated in a vacuum chamber, where they will have important applications in
field ion microscopy, electron microscopy and allied areas of research.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Operating voltage max. 2.0 kV
Temperature** (operating and storage) max. 70- oC
Bake temperature ) max. 300 oC
Ambient pressure with high voltage applied max. 13.3 mN/m?
(1.0 x 10°* torr)
- Plate clamping rings internal diameter max. 33 mm

*  The suffix /A denotes a matched pair of G12—36 plates which are resistance matched for
applications requiring two plates in cascade, (see fig.2).
**  The plate should be stored in a dry or vacuum environment.

December 1979
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. . Fig.1 Typical current gain as a function of applied voltage.
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Channel electron multiplier plates ' G12—-36

G12—36/A
J

DEVELOPMENT SAMPLE DATA

Cascaded channel plates

Source Collector
- R2 R3 RL +
Oto5 R1 0to5
kV kV
+ -—
0to5
kV A A
i
;; . . . . {D8556) 751/12
Fig.2 Circuit for cascaded channel plates
MOUNTING

Channel plates are fragile and great care must be taken to ensure that they are not unduly stressed when
mounted in the vacuum system. It is recommended that the plates are mounted between clean polished
brass or stainless steel rings, giving noise-free electrical contacts. The devices will withstand a contact
pressure of at least 104 N/m? (corresponding to a load of ~1g per mm?) applied via screws pushing
against small helical springs. Polished brass annular shims, about 1.5 mm wide and 50 um thick,are
recommended for insertion between plates operating in cascade.

\ (December 1979
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples G12_36DT/0
made available for evaluation. It does not necessarily

imply that the device will go into rerilar production. G12_36DT/13

CHANNEL ELECTRON MULTIPLIER PLATES

Each plate consists of an array of channel electron multipliers fused into the shape of a disc. The
multipliers are electrically connected in parallel by means of nickel-chromium electrodes evaporated

on to the faces of the disc. These plates have been specially developed for use in pairs in the pulse
detection mode for X-rays and other types of radiation. The suffix DT indicates double thickness.

The G12-36DT/0 is cut so that the channels form an angle of 0 degrees to the perpendicular axis; in the
G12-36DT/13 the channels form an angle of 13° to the perpendicular axis.

SPECIFICATION

+0
Disc diameter 36 0.1 mm
Useful diameter min. 32.5 - mm
Disc thickness 1.0 £0.02 mm
Channel diameter nom. 12.5 um
Channel pitch nom. 15.0 um
Open area approx. 60 %
Electrode material nickel-chromium
Electrical resistance between electrodes approx. 125 M
Length to diameter ratio 80:1
Gain (pair of plates at 1.2 kV/plate) nom. >10°

APPLICATIONS

These devices must operate in a vacuum and may be used to detect electrons, ions, soft X-rays and
ultra-violet photons falling on the input face of the disc, by producing electron pulses from the output
face of the corresponding channel.

Such applications are fully discussed by P. Lecomte and V. Perez-Mendez in 1.E.E.E. Transactions on
Nuclear Science, Vol. NS—25, No. 2 April 1978 — ‘Channel Electron Multipliers: Properties, Development
and Applications’.

For space experiments, the environmental vacuum is adequate for their operation and they have consider-
able potential in the field of X-ray and ultra-violet astronomy from rockets and satellites. In laboratory
use they must be incorporated in a vacuum chamber, where they will have important applications in

field ion microscopy, electron microscopy and allied areas of research.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)

Operating voltage (pair of plates) max. 6.0 kV

Operating voltage (single plate) max. 3.0 kV

Temperature* (operating and storage) max. 70 oC

Bake temperature max. 300 oC

Ambient pressure with high voltage applied max. 13.3 mN/m?
(1.0 x 10 torr)

Plate clamping rings internal diameter max. 33 mm

* The plate should be stored in a dry or vacuum environment.
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G12—36DT/0
J G12—-36DT/13

Channel electron multiplier plates

DEVELOPMENT SAMPLE DATA

Cascaded channel plates

Source Collector
— R2 R3 Ré& +
Oto5 Oto5
KV Ri kv
+ -—
Oto5
kv A
I
7; Fig.2 Circuit for cascaded channel plates (eeseITE 2
MOUNTING

Channel plates are fragile and great care must be taken to ensure that they are not unduly stressed when
mounted in the vacuum system. It is recommended that the plates are mounted between clean polished
brass or stainless steel rings, giving noise-free electrical contacts. The devmes will withstand a contact
pressure of at least 10 N/m? {corresponding to a load of ~1g per mm 2) applied via screws pushing
against small helical springs. Polished brass annular shims, about 1.5 mm wide and 50 um thick, are

recommended for insertion between plates operating in cascade.

\ (December 1979
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples G12_46
made available for evaluation. It does not necessarily *
imply that the device will go into regular production. G12—46/A

CHANNEL ELECTRON MULTIPLIER PLATES

Each plate consists of an array of channel electron multipliers fused into the shape of a disc .
The multipliers are electrically connected in parallel by means of nickel-chromium electrodes evaporated
on to the faces of the disc.

SPECIFICATION

Disc diameter . 46jg 1 mm
Useful diameter min. 42 mm
Disc thickness 0.5 £0.02 mm
Channel diameter nom. 12.5 um
Channel pitch nom. 15.0 um
Open area approx. 60 %
Electrode material nickel-chromium
Electrical resistance between electrodes . approx. 45 M
Current gain at 1.0 kV (see fig.1) > 1000

For a linear relationship between input and output, the output current must not exceed 0.1 of the
standing current.

The plates are cut such that the channel electron multipliers form an angle of 13° to the perpendicular
axis of the plate.

APPLICATIONS

These devices must operate in a vacuum and may be used to detect electrons, ions, soft X-rays and ultra-
violet photons falling on the input face of the disc, by producing electron pulses from the output face

of the corresponding channel.

Such applications are fully discussed by P. Lecomte and V. Perez-Mendez in I.E.E.E. Transactions on
Nuclear Science, Vol. NS-25, No.2 April 1978 — ‘Channel Electron Multipliers: Properties, Development
and Applications’.

For space experiments, the environmental vacuum is adequate for their operation and they have consid-
erable potential in the field of X-ray and ultra-violet astronomy from rockets and satellites. In laboratory
use they must be incorporated in a vacuum chamber, where they will have important applications in
field ion microscopy, electron microscopy and allied areas of research.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)

Operating voltage max. 1.5 kV

Temperature** (operating and storage) max. 70 oC

Bake temperature max. 300 oC

Ambient pressure with high voltage applied 13.3 mN/m?
(1.0 x 10"% torr

Plate clamping rings internal diameter max. 42.5 mm

*  The suffix/A denotes a matched pair of G12—46 plates which are resistance matched for

**  The plate should be stored in a dry vacuum environment.

.applications requiring two plates in cascade, (see fig.2)
w | December 1979
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Fig.1 Typical current gain as a function of applied voltage
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DEVELOPMENT SAMPLE DATA

Channel electron multiplier plates G12—46
/) . G12—46/A
Cascaded channel plates
Source Collector
- R2 R3 Ré& +
Oto5 Oto5
kv o kv
+ . _
e :
0to5
O e (e
: + i
4 Fig.2 Circuit for cascaded channel plates (o8sserTo/
MOUNTING

Channel plates are fragile and dgreat care must be taken to ensure that they are not unduly stressed when
mounted in the vacuum system. It is recommended that the plates are mounted between clean polished
brass or stainless steel rings, giving noise-free electrical contacts. The devices will withstand a contact
pressure of at least 104 N/m? {corresponding to a load of ~1g per mm?) applied via screws pushing
against small helical springs. Polished brass annular shims, about 1.6 mm wide and 50 um thick, are

ron Aad £ H g, i
recommenaea Tor inse ween p#ates operating in

_‘\ (December 1979
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imply that the device will go into regular production.

DEVELOPMENT SAMPLE DATA
This information is derivad from development samples . G12—46DT/0
made available for evaluation. It does not necessarily G12—46DT/13

CHANNEL ELECTRON MULTIPLIER PLATES

Each plate consists of an array of channel electron multipliers fused into the shape of a disc. The multi-
pliers are electrically connected in parallel by means of nickel-chromium electrodes evaporated on to

the faces of the disc. These plates have been specially. developed for use in pairs in the pulse detection
mode for X-rays and other types of radiation. The suffix DT indicates double thickness. The G12-46DT/0
is cut so that the channels form an angle of O degrees to the perpendicular axis; in the G12-46DT/13 the
channels form an angle of 13° to the perpendicular axis.

SPECIFICATION

Disc diameter 46:3 1 mm
Useful diameter min. 42 mm
Disc thickness 1.0 £0.02 mm
Channel diameter nom. 12.5 um
Channel pitch nom. 15.0 um
Open area approx. 60 %
Electrode material nickel-chromium

Electrical resistance between electrodes approx. 75 MQ
Length to diameter ratio 80:1

Gain (pair of plates at 1.2 kV/plate) nom. >10°

APPLICATIONS

These devices must operate in a vacuum and may be used to detect electrons, ions, soft X-rays and
ultra-violet photons falling on the input face of the disc, by producing electron pulses from the output
face of the corresponding channel.

Such applications are fully discussed by P. Lecomte and V. Perez-Mendez in 1.E.E.E. Transactions on
Nuclear Science, Vol. NS—25, No.2 April 1978 — ‘Channel Electron Multipliers: Properties, Development
and Applications’.

For space experiments, the environmental vacuum is adequate for their operation and they have consider-
able potential in the field of X-ray and ultra-violet astronomy from rockets and satellites. In laboratory
use they must be incorparated in a vacuum chamber, where they will have important applications in

field ion microscopy, electron microscopy and allied areas of research.

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC134)

Operating voltage (pair of plates) max. 6.0 kV

Operating voltage (single plate) max. 3.0 kV

Temperature*® (operating and storage) max. 70 oC

Bake temperature max. 300 oC

Ambient preésure with high voltage applied max. 13.3 mN/m?
‘ (1.0 x 10™*torr)

Plate clamping rings internal diameter max. 42.5 mm

* The plate should be stored in a dry or vacuum environment.

w (December 1979
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Fig. 1 Typical universal gain curves
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Channel electron multiplier plates » G12—46DT/0
’ G12—46DT/13

DEVELOPMENT SAMPLE DATA

Cascaded channel plates

Source Collector
- R2 R3 Ré +
0to5 ’ Oto5
kV Ri kv
+ -
0to5 (J\
kV - A
I
7 (D8S56) 751/12
Fig.2 Circuit for cascaded channel plates
MOUNTING

Channel plates are fragile and great care must be taken to ensure that they are not unduly stressed when
mounted in the vacuum system. It is recommended that the plates are mounted between clean polished
brass or stainless steel rings, giving noise-free electrical contacts. The devices will withstand a contact
pressure of at least 104 N/m? (corresponding to a load of ~1g per mm?) applied via screws pushing
against small helical springs, Polished brass annular shims, about 1.5 mm wide and 50 um thick, are
recommended for insertion between plates operating in cascade.
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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

G25-20x50

' CHANNEL ELECTRON MULTIPLIER PLATE

An array of channel electron multipliers fused into the shape of a rectangular plate. The multipliers are
electrically connected in parallel by means of nickel-chromium electrodes evaporated on to the faces
of the plate.

SPECIFICATION

Area of plate 20i8,2 X 50:3,2 mm?

Useful area min. 18,8 x 48,8 mm?
Thickness of plate 1+0,1 mm
Channel diameter 25 um

Channel pitch 31 um

Open area approx. 60 %

Electrode material

nickel-chromium

Electrical resistance between electrodes approx. 35 MQ
Current gain at 1,0 kV min. 1000
Maximum output current at 1,0 kV 0,2 pA
Angle of channel to perpendicular axis of plate 130

For linear relationship between input and output, the output current must not exceed 0,1 of the
standing current.

APPLICATIONS

These devices must operate in a vacuum and may be used to detect electrons, ions, soft X-rays and
ultraviolet photons falling on the input face of the plate, by producing electron pulses from the output
face of the corresponding channel.

For space experiments the environmental vacuum is adequate for their operation.

In laboratory use they must be incorporated in a vacuum chamber, where they will have important
applications in the field of ion microscopy, electron microscopy and allied areas of work.

LIMITING VALUES (Absolute maximum rating system)

Operating voitage ) max. 2 kV
'Operating temperature max. 70 ©oC
Storage temperature* max. 70 °C
Bake temperature max. 300 °C
Ambient pressure with high voltage applied max. 13,3 mPa

(1x10™ torr)

* The plate should be stored in a dry or vacuum environment.

| (July 1978






DEVELOPMENT SAMPLE DATA

This-information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

G25 — 25X90

CHANNEL ELECTRON MULTIPLIER PLATE

An array of channel electron multipliers fused into the shape of a rectangle. The multipliers are
electrically connected in paralled by means of nickel-chromium electrodes evaporated on to the faces

of the plate.
SPECIFICATION
Area of plate 25i(())_2 X 901‘82 mm?
Useful area min. 23.8 x 88.8 mm?
Plate thickness 1+0.1 mm
Channel diameter 25 um
Channel pitch 31 um
Open area approx. 60 %
Electrode material nickel-chromium
Electrical resistance between electrodes nom. 10 M
Current gain at 1.0 kV ’ min. 103
Angle of channel to perpendicular axis of plate 13 degrees
APPLICATIONS E
These devices must operate in a vacuum and may be used to detect electrons, ions, soft X-rays and =
ultra-violet photons falling on the input face of the plate, by producing electron pulses from the
output face of the corresponding channel. )
For space experiments, the environmental vacuum is adequate for their operation and they have
considerable potential in the field of X-ray and ultra-violet astronomy from rockets and satellites. In
laboratory use they must be incorporated in a vacuum chamber, where they will have important
applications in field ion microscopy, electron microscopy and allied areas of research.
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Operating voltage max. 20 kV
Temperature* {operating and storage) max. 70 SC
Bake temperature (in vacuo) max. 300 oc
Ambient pressure with high voltage applied max. 13.3 mPa

1.0 x 104 torr
*The plate should be stored in a dry or vacuum environment.

w ( June 1982 1






G25-25
G25-25/A*

CHANNEL ELECTRON MULTIPLIER PLATE

An array of channel electron multipliers fused into the shape of a disc. The multipliers "
are electrically connected in parallel by means of nickel-chromium electrodes evaporated
on to the faces of the disc.

SPECIFICATION

Diameter of disc 27,1 +0,1 mm
Useful diameter min. - 26,5 mm
Thickness of disc ’ 1,0£0,1 mm
Channel diameter 25 pm
Channel pitch 31 pm
Open area approx. 60 %
Electrode material nickel -chromium
Electrical resistance between electrodes approx. 50 MQ
Current gain at 1 kV min. 1000

For linear relationship between input and output the output current must not exceed 0, 1
of the standing current.

The plates are cut such that the channel electron multipliers form an angle of 139 to the
perpendicular axis of the plate.

APPLICATIONS

These devices must operate in a vacuum, and may be used to detect electrons, iouns, soft
X-rays and ultra-violet photons falling on the input face of the disc, by producingelectron
pulses from the output face of the corresponding channel.

For space experiments the environmental vacuum is adequate for their operation.

In laboratory use they must be incorporated in a vacuum chamber, where they will have
important applications in field ion microscopy, electron microscopy and allied areas of
work.

* The "/A" suffix denotes a matched pair of G25-25 plates which are resistance
matched for applications requiring two plates in cascade. : .
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G25-25
G25-25/A

LIMITING VALUES (Absolute max. rating system)
Operating voltage

Temperature, operating and storage !)

Bake temperature

Ambient pressure Wiﬂ"\ high voltage applied

Diameter of plate clamping rings

1) The plate should be stored in a dry or vacuum environment.

max.
max.
max.

max.

2 kV
70 °C
300 °C

13,3 mPa
(10* torr)

26,6 mm

April 1980



MAINTENANCE TYPE G25-50
G25-50/A*

CHANNEL ELECTRON MULTIPLIER PLATE

An array of channel electron multipliers fused into the shape of a disc. The multipliers
are electrically connected in parallel by means of nickel-chromium electrodes evaporated
on to the faces of the disc. '

SPECIFICATION

Diameter of disc 53,0 j_(()) 9 mm
Useful diameter min. 51,8 mm
Thickness of disc 1,0£0,1 mm
Channel diameter 25 pm
Channel pitch 31 pm
Open area approx. 60 %
Electrode material nickel-chromium
Electrical resistance between electrodes approx. 10 M
Current gain at 1 kV min. 1000

For linear relationship between input and output the output current must not exceed 0, 1
of the standing current.

The plates are cut such that the channel electron multipliers form an angle of 13° to the
perpendicular axis of the plate.

APPLICATIONS

These devices must operate in a vacuum, and may be used to detect electrons, ions, soft
X-rays and ultra-violet photons falling on the input face of the disc, by producing electron
pulses from the output face of the corresponding channel.

For space experiments the environmental vacuum is adequate for their operation.

In laboratory use they must be incorporated in a vacuum chamber, where they will have
important applications in field ion microscopy, electron microscopy and allied areas of
work.

* The "/A" suffix denotes a matched pair of G25-50 plates which are resistance
matched for applications requiring two plates in cascade.

| |



G25-50
G25-50/A

LIMITING VALUES (Absolute max. rating system)

Operating voltage max. 2 kV
Temperature, operating and storage 1) - max. 70 oC
Bake temperature max. 300 °c
Ambient pressure with high voltage applied max. 13,3 mPa
(10'4 torr)

Diameter of plate clamping rings max. 52,4 mm

1) The plate should be stored in a dry or vacuum enviroment.

2 II “ April 1980



MAINTENANCE TYPE G25-70

G25-70/A*

CHANNEL ELECTRON MULTIPLIER PLATE

An array of channel electron multipliers fused into the shape of a disc. The multipliers
are electrically connected in parallel by means of nickel-chromium electrodes evaporated
on to the faces of the disc.

SPECIFICATION

Diameter of disc 70,0 j:g 9 mm
Useful diameter min. 68 mm
Thickness of disc 1,0+0,1 mm
Channel diameter 25 pm
Channel pitch 31 pm
Open area y approx. 60 %
Electrode material . nickel-chromium
Electrical resistanée between electrodes approx. 5 MQ
Current gain at 1 kV min. 1000

For linear relationship between input and output the output current must not exceed 0, 1
of the standing current.

The plates are cut such that the channel electron multipliers form an angle of 13° to the
perpendicular axis of the plate.

APPLICATIONS

These devices must operate in a vacuum, and may be used to detect electrons, ions, soft
X-rays and ultra-violet photons falling on the input face of the disc, by producingelectron
pulses from the output face of the corresponding channel.

For space experiments the environmental vacuum is adequate for their operation.

In laboratory use they must be incorporated in a vacuum chamber, where they will have
important applications in field ion microscopy, electron microscopy and allied areas of
work.

* The "/A" suffix denotes a matched pair of G25-70 plates which are resistance
matched for applications requiring two plates in cascade.




G25-70

G25-70/A

LIMITING VALUES (Absolute max. rating system)

Operating voltage max. 2 kv
Temperature, operating and storage l) max. 70 oc
Bake temperature max. 300 °c
Ambient pressure with high voltage applied max. 13,3 mPa

(10‘4 torr)

Diameter of plate clamping rings max. 68,5 mm

1) The plate should be stored in a dry or vacuum environment.

2 l | l | Anril 1080
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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 VvV
Insulation resistance between two

adjacent contacts (at 500 V) : > 10" Q
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

'
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FE1004

MECHANICAL DATA

Outlines
w o |
) 9'2
¥y 14
|
L
12,75
32 66 4965
VX 722003
Mass 79

Mounting hole diameter 22,5 mm

The use of flexibie connecting wires is strongiy recommended.

Dimensions in mm

March 1980



FE1012

DUODECAL SOCKET

DESCRIPTION

This socket consists of an epoxy moulding with 12 tin-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

Maximum working voltage
between any contact and saddle

Insulation resistance between two
adjacent contacts (at 500 V)

Contact resistance

Temperature

2000 VvV

3000 V

> 102 Q
< 50 m&Q

max.

80 oC

\ (April 1982



FE1012

MECHANICAL DATA
Outlines

Mass
socket 5049
mountingring  15g

- 188 =

o501 —

VX 722458

Dimensions in mm

February 1980



FE1014

DIHEPTAL SOCKET

DESCRIPTION

This socket consists of an epoxy moulding with 14 tin-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 mourniting ring by means of two M3 screws.

ELECTRICAL DATA
Maximum working voltage

between two adjacent contacts . -2000 VvV
Maximum working voltage

between any contact and saddle 3000 V
Insulation resistance between two

adjacent contacts (at 500 V) >10" Q
Contact resistance ‘ < 50 m&
Temperature max. 80 ©°C

_\ (April 1982



FE1014

MECHANICAL DATA

Outlines
- (55
36
325
T =N
ol ]
2]'4 = A&u- 0 -’\ 3 N
Mass
socket 459

mountingring  15¢g

Dimensions in mm

February 1980 r



FE1020

BIDECAL SOCKET

DESCRIPTION

This socket consists of an epoxy moulding with 20 tin-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 VvV
Maximum working voltage

between any contact and saddle 4000 V
Insulation resistance between two

adjacent contacts (at 500 V) > 102 Q
Contact resistance < 50 m
Temperature max. 80 °C

\ (April 1982



FE1020

MECHANICAL DATA Dimensions in mm
Outlines
qT 55
— 3,2
’; g lr m% N v %
T T LN\ 5 14
+ 1 3\.} L:l ‘\‘-“- 208
[} |
37 |
— 22,22
fa———3 656 ——»|

84, (3x)

T

|

= 215 e
—62,7 ———
g 82 ——»
Mass e 90— vz 722455

socket 64 g
mounting ring 44 g

N ~
March 1980 \l (



FE1112

SOCKET

DESCRIPTION

This socket has a plastic moulding with 12 tin-plated printed-wiring contacts.

ELECTRICAL DATA

Maximum working voltage

between two adjacent contacts ‘ 2000 Vv
Insulation resistance between two

adjacent contacts (at 500 V) ) > 10" Q
Contact resistance < 10 m&Q
Temperature max. 80 °C

HERREL

W (April 1982



MECHANICAL DATA
Outlines

l v
i 24 2l3 v ’
t 1 ‘ ¥ ~ 35 &
I ——
J| b 35
A




FE114

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 2000 Vv
Insulation resistance between two

adjacent contacts (at 500 V) > 108 Q
Contact resistance < 10 mQ
Temperature max. 80 °C

| (February 1980

1



FE1114

MECHANICAL DATA Dimensions in mm

Qutlines

72781341

May 1978

_/
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FE2019

SOCKET

DESCRIPTION

This socket consists of a polytetrafluoraethylene moulding with 19 tin-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 o : 2000 V
Maximum working voltage ‘

between any contact and saddle i : 3000 V
Insulation resistance between two

adjacent contacts (at 500 V) ) ¥ > 10" Q
Contact resistance : < 50 mQ
Temperature max. 80 ©C

\ (April 1982



FE2019

MECHANICAL DATA Dimensions in mm
Outlines

365+01

la— T4 gl VX722460

Mass
socket 18¢g
mounting ring 154

January 1978\ (



FE2021

SOCKET

DESCRIPTION

This socket consists of a polytetrafluoraethylene moulding with 21 tin-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

Maximum working voltage
between any contact and saddle

Insulation resistance between two

adjacent contacts (at 500 V) >
Contact resistance <
Temperature max.

2000 Vv

3000 V

10" Q
50 mQ
80 °C

\ (April 1982



FE2021

MECHANICAL DATA
Outlines ‘

Dimensions in mm

8
vy

Mass
socket 35g
mounting ring 15¢g

f—

i 1
# 411-01+ ?4

#5’0,1 ;—J k

f*l— S

L;g

o B —————pm]

b 14,5

3,45+0,05

i

365+0

Th — o

VX 722460.A

January 1978\ (



DEVELOPMENT SAMPLE DATA

This information is derivad from development samples B 85632
made available for evaluation. It does not necessarily |
imply that the device will go into regular production.

PHOTOMULTIPLIER BASE ASSEMBLY

This base assembly is for tubes used to detect very brief low-intensity light pulses in physics experiments
using coincidence measurements, Cerenkov light, high-speed scintillators, or the counting of single
photoelectrons.

QUICK REFERENCE DATA

H.T. supply see data sheet of relevant photomultiplier tube
Maximum current consumption 0,6 mA/kV
Outputs ‘ ' anode output, 50 £2, BNC

dynode output, 50 £2, BNC

The base assembly S5632 consists of two parts that screw together:
S5632/AV shielding part for fast photomultiplier tubes with a useful diameter of 44 mm;

S563 voltage divider part for fast photomultiplier tubes with a useful diameter of 44 mm or
110 mm, and a 20-pin plastic base.

The parts can also be used separately; see table below.

photomultiplier tube shielding ,
usefu! diameter + shielding voltage divider
of photocathode type voltage divider
XP2020(Q)
XP2230B
XP2232B
44 mm ' XP2262B : S5632 Sb632/AV S563
XP2233B '
PM2254B
56 AVP family
. P
110 mm ))Epggi?gg; information on request S563

l (April 1982



55632

MECHANICAL DATA

Outlines
2
S5632/AV [
thread M80 x 1,5
1 = Soft iron shield 4 = Fastening ring for light guide
2 = Mumetal shield 5 = Lock ring
3 = Foam plastic ring
thread
M80x 1,5
S563
Z) V(Y)Y \
AVAATY
WA,V
panel with
connectors
photomultiplier  voltage
socket FE1020  divider
Fig. 1 S5632 = S5632/AV + S563.
overall overall
assembly length diameter mass
mm mm g
S5632 334 90 4490
S5632/AV 240 80 4000
S563 108 90 490

April 1982 f



Photomultiplier base assembly

55632

DEVELOPMENT SAMPLE DATA

ELECTRICAL DATA
Maximum supply voltage : -3 kV

Maximum current consumption 0,6 mA/kV

130k ¢

fa300

AT
200k

XP 2040 XP 2040Q
XP 2041 XP2041Q

56AVP family

PM 22548
XP 2020
XP 2020Q

XP 2230B XP 22328
XP 2262B

XP 22338 (up to
serial number 1605)

XP 22338 (from serial
number 1606 onwards)

——’ﬁ—o Anode
2

- 1y

] 1xe

O
= —o Dynode

]1 k9

220k

S 563

47 nF’

10nF

3,3nF

Fig. 2.

3,3MQ

e s

-

April 1982



55632

Hitil

The voltage divider is wired for 12-stage and
14-stage tubes (see Fig. 2); in 12-stage tubes
two of the resistors are short-circuited by the
internal connection of dynode dg to pins 15
and 16.

The divider can be used as-is with any of the
listed 44 mm tubes except the XP2233B.
For use with the XP2233B, remove jumper
f-h and connect a new jumper f-g. (Tubes .
with serial numbers up to 1605 have this
connection provided internally.)

For use with 110 mm tubes XP2040(Q) and
XP2041(Q), remove jumpers a-b and c-e and
connect a new jumper c-d. :

Potentiometer P1 is for adjusting the input
optics; P2 is for gain adjustment. CAUTION:
Beware of high voltage when adjusting either
of these potentiometers.

The resistors of the last three stages (* in Fig. 3)

may be replaced by zener diodes with 100 k2
protection resistors in parallel.

Observe the limiting values given in the data sheet
of the tube used. Fig. 3.

CONNECTIONS

A: anode output, 50 {2 BNC

B: dynode output, 50 2 BNC
(to be terminated with 50
if not used)

C: H.T. supply input (socket SHV
R 317580; mating connector
R 317005* %)

: high-voltage indicator

: housing lock

m o

** Not supplied by the manufacturer of the base assembly.

Aprii 1982



Photomultiplier base assembly 85632

DEVELOPMENT SAMPLE DATA

ELECTRICAL PERFORMANCE
Pulse response
Figure 5 shows the anode pulse due to a very brief light pulse at the cathode. The peak amplitude

into a 50 § load is 200 mA; 10% — 90% rise time, t,, and full width at half maximum, t,y, are
tabulated below.

Gain

The voltage divider is of the semi-progressive type, similar to type B’ for tubes XP2G20(Q), XP2040(Q)
XP2041(Q), XP2230B, PM2254B, and 56 AVP family, type B for tubes XP2232B, XP2233B and
XP2262B. It combines very fast response with a good compromise between gain and pulse linearity.
Supply voltages for a gain of 107 are tabulated below.

Pulse response Gain
tube supply tr tw tube supply
voltage ns ns voltage for
\% G =107 (V)
XP2020(Q) 2800 1,6 2,5 XP2020(Q) 2230
XP2040(Q) 2200 2,4 3,3 XP2040(Q) 2150
XP2041(Q) 2200 2,4 3,3 XP2041(Q) 2350
XP2230B 2700 1,8 2,6 XP2230B 2330
XP2232B 2100 2,1 3,1 XP2232B 2050
XP2233B 2100 2,1 3,1 XP2233B 2200
XP2262B 2100 2,1 3,1 XP2262B 1950
PM2254B 2800 1,6 2,5 PM2254B 2350
56DVP 2400 21 3,5 56DVP 2060
I "
N =i 1
| N M.wf 3 A\
\ Vi ‘ 7
/ tw=2,55 Y
= =4, ns—» |
\ 4 tw=2,44ns o | \ ="
B \ W '
i \ n \
| f \
L | '
: A
e %2090 1 XP2230B
Tte=T O ‘ 1 l = 1]
+ *=1,61ns N B s *1,80ns ™
Fig. 5

\ (April 1982






SC110

COAXIAL SOCKET FOR PHOTOTUBE TVHC40

Dimensions in mm

phototube —

housing; |
silver-plated brass

R=560k1/05W

C=1nF/5KV—— i
|
l
r-— o L H.T coaxial socket
\_ (BNC)
il i
s — coaxial sockets
‘ | GENERAL RADIO 874BL
| ECD@ | Isignal output)
-« F 25,5 —>
40—
0o

signal output

B |

,J ,

77286539

Vht

H.T. supply

b

w ﬁprii 1982






56041

COAXIAL SOCKET FOR PHOTOTUBES XA1002 AND XA1003

Dimensions in mm

~——— @ 56,5 max —————

—— B30—>

silver-plated brass

locking device
500 pF
——H.T. cable, length 1m

phototube
\. plastic cover
1M0

\v §\\ §\\\\\\\\\\\§§n

“I//“<
EHRSS

ﬂ.,_m,//v\

L4

GENERAL RADIO 8748

coaxial socket;
(signal output)

7286541

<~ @30 —

91

125
max

g
7286538

H.T. supply

\ ﬁpril 1982







- REPLACEMENT LIST AND INDEX

Development types
Maintenance types
Obsoiete types



REPLACEMENT
LIST

OBSOLETE TYPES

type number replaced by
PM1980 XP2972

PM1982 PM2982

XP1000 XP2202B
XP1001 XP2202B
XP1002 XP2203B
XP1003 PM2254B
XP1004 _

XP1006 XP2202B
XP1010 XP2012B
XP1011 —

XP1016 XP2013B
XP1020 XP2020

XP1021 XP2020

XP1023 XP2020Q
XP1030 PM2412B or PM2312B
XP1031 PM2412B or PM2312B
XP1034 PM2412B or PM2312B
XP1040 XP2041

XP1041 XP2041

XP1110 PM1911

XP1113 XP1920

XP1116 —

XP1143* -

* Information available on request.

type number replaced by
XP1180 XP2972
XP1910 PM1911
XP2000 PM2102B
XP2000UB PM2102
XP2030 PM2412B
XP2030UB PM2412
XP2232 XP2262
XP2232B XP2262B
54AVP XP2050
54DVP XP2050
54UVP -
56AVP XP2262B
56CVP -
56DUVP XP2020Q
56DVP XP2262B
56 TUVP PM2254B
56TVP XP2233B
56UVP XP2020Q
58AVP XP2041
58DVP XP2041
58UVP XP2041Q
60AVP -
60DVP —
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REPLACEMENT

LIST
DEVELOPMENT TYPES MAINTENANCE TYPES
type number replaces type number replaced by
AV29 - AVHC201 -
G12-25SE - B310AL/01 -
G12-25SE/A — B310BL/01 -
G12-36 - B312AL/01 -
G12-36/A - B312BL/01 -
G12-36DT/0 - B314AL/01 -
G12-36DT/13 - B314BL/01 -
G12-46 - B318AL/01 -
G12-46/A — B318BL/01 -
G12-46DT/0 - B330AL/01 -
G12-46DT/13 - B330BL/01 -
G25-20x50 — B419AL/01 X919AL
G25-25x90 - B419BL/01 X919BL
PM1911 XP1910 G25-50 -
PM2018B 150UVP G25-50/A -
PM2102 XP2000UB G25-70 -
PM2102B XP2000 G25-70/A -
PM2242B - TVHC40 -
PM2254B 56TUVP XP1017 -
PM2312 - XP1117 -
PM2312B — XP1920 -
PM2402 - XP2010 XP2012B
PM2402B — XP2040 XP2041
PM2412 XP2030UB XP2040Q XP2041Q
PM2412B XP2030 150CVP -
PM2422 -
PM2422B -
PM2432 -
PM2432B -
PM2442 -
PM24428B - —
PM2962 = —
PM2982 PM1982 —
XP2203B XP1002 -
XP2262 XP2232
XP2262B XP2232B
-XP2972 PM1980

\ (June 1982






INDEX

INDEX OF TYPE NUMBERS

type number

description

type number

description

AV29
AVHC201
B310AL/01
B310BL/01
B312AL/01

B312BL/01
B314AL/01
B314BL/01
B318AL/01
B318BL/01

B330AL/01
B330BL/01
B419AL/01
B419BL/01
FE1004 -

FE1012
FE1014
FE1020
FE1112
FE1114

FE2019
FE2021
G12-25SE
G12-25SE/A
G12-36
G12-36/A
G12-36DT/0
G12-36D7/13
G12-46
G12-46/A

G12-46DT/0
G12-46DT/13
G25-20x50
G25-25
G25-25/A

G25-25x90
G25-50
G25-50/A
G25-70
G25-70/A

PM1911
PM2018B

phototube

single channel elec-
tron multiplier

socket

channel electron
multiplier plate

photomultiplier tube

PM2102
PM2102B
PM22428
PM2254B
PM2312

PM2312B
PM2402
PM2402B
PM2412
PM2412B

PNM2422
PM2422B
PM2432
PM24328
PM2442

PM2442B
PM2962
PM2982
S5632
SC110

TVHC40
X910AL
X910BL
X913AL
X913BL

X914AL
X914BL
X919AL
X919BL
X959AL

X959BL
XA1002
XA1003
XP1017
XP1117

XP1920
XP2008
XP2008UB
XP2010
XP2012

XP2012B

base assembly
coaxial socket

phototube
single channel
electron multiplier

phototube

photomultiplier tube

\' (Ju'ne 1982



INDEX

type number description type number description

XP2013B photomultiplier tube XP2233B photomultiplier tube
XP2020 XP2262

XP2020Q XP2262B

XP2040 XP2972

XP2040Q 56AVP

XP2041 56CVP

XP2041Q 56DUVP

XP2050 56DVP

XP2060 56 TUVP

XP2060B 56TVP

XP2202 90CG phototube

XP2202B 90Ccv

XP2203B 92AG

XP2212 92AV

XP2212B 150AV

XP2230 150CVP photomultiplier tube
XP2230B 56041 coaxial socket

June 1982


















PHOTO AND ELECTRON MULTIPLIERS

PHOTOMULTIPLIER TUBES

PHOTOTUBES

SINGLE CHANNEL ELECTRON MULTIPLIERS

CHANNEL ELECTRON MULTIPLIER PLATES

ASSOCIATED ACCESSORIES
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Argentina: PHILIPS ARGENTINA S.A., Div. Elcoma, Vedia 3892, 1430 BUENOS AIRES, Tel. 541-7141/7242/7343/7444/7545.
Australia: PHILIPS INDUSTRIES HOLDINGS LTD., Elcoma Division, 67 Mars Road, LANE COVE, 2066, N.S.W., Tel. 42708 88.
Austria: OSTERREICHISCHE PHILIPS BAUELEMENTE Industrie G.m.b.H., Triester Str. 64, A-1101 WIEN, Tel. 6291 11.
Belgium: N.V.PHILIPS & MBLE ASSOCIATED, 9, rue du Pavillon, B-1030 BRUXELLES, Tel. (02) 242 74 00.
Brazil: IBRAPE, Caixa Postal 7383, Av. Brigadeiro Faria Lima, 1735 SAO PAULO, SP, Tel. (011) 211-2600.
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. 600600.
Denmark: MINIWATT A/S, Emdrupvej 115A, DK-2400 KOBENHAVN NV, Tel. (01) 69 16 22.
Finland: OY PHILIPS AB, Elcoma Division, Kaivokatu 8,SF-00100 HELSINK| 10, Tel. 17271,
France: R.T.C. LA RADIOTECHNIQUE-COMPELEC, 130 Avenue Ledru Rollin, F-75540 PARIS 11, Tel. 3565-44-99.
Germany: VALVO, UB Bauelemente der Philips G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, Tel. (040) 3296-0.
Greece: PHILIPS S.A. HELLENIQUE, Elcoma Division, 52, Av. Syngrou, ATHENS, Tel. 9215111.
Hong Kong: PHILIPS HONG KONG LTD., Elcoma Div., 15/F Philips Ind. Bldg., 24-28 Kung Yip St.,, KWAI CHUNG, Tel. (0)-24 51 21.
India: PEICO ELECTRONICS & ELECTRICALS LTD., Elcoma Div., Ramon House, 169 Backbay Reclamation, BOMBAY 400020, Tel. 295144,
Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Elcoma Div., Panim Bank Building, 2nd FI., JI. Jend. Sudirman, P.O. Box 223, JAKARTA, Tel. 716 131.
Ireland: PHILIPS ELECTRICAL (IRELAND) LTD., Newstead, Clonskeagh, DUBLIN 14, Tel. 69 3355.
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., 8-7 Sanbancho Chiyoda-ku, TOKYO 102, Tel. (03)230-1521.
Korea: PHILIPS ELECTRONICS (KOREA) LTD., Elcoma Div., Philips House, 260-199 ltaewon-dong, Yongsan-ku, C.P.O. Box 3680, SEOUL, Tel. 794-4202.
Malaysia: PHILIPS MALAYSIA SDN. BERHAD, Lot 2, Jalan 222, Section 14, Petaling Jaya, P.O.B. 2163, KUALA LUMPUR, Selangor, Tel. 7744 11,
Mexico: ELECTRONICA S.A.de C.V., Varsovia No.36, MEXICO 6, D.F., Tel. 533-11-80.
Netherlands: PHILIPS NEDERLAND, Marktgroep Elonco, Postbus 90050, 5600 PB EINDHOVEN, Tel. (040) 79 33 33.
New Zealand: PHILIPS ELECTRICAL IND. LTD., Elcoma Division, 2 Wagener Place, St. Lukes, AUCKLAND, Tel. 894-160.
Norway: NORSK A/S PHILIPS, Electronica Dept., Sandstuveien 70, OSLO 6, Tel. 68 02 00.
Peru: CADESA, Av. Alfonso Ugarte 1268 , LIMA 5, Tel. 326070
Philippines: PHILIPS INDUSTRIAL DEV. INC., 2246 Pasong Tamo, P.O. Box 911, Makati Comm. Centre, MAKATI-RIZAL 3116, Tel. 86-89-51 to 5¢.
Portugal: PHILIPS PORTUEGESA S.A.R.L., Av. Eng. Duarte Pacheco 6, LISBOA 1, Tel. 683121,
Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., Elcoma Div., Lorong 1, Toa Payoh, SINGAPORE 1231, Tel. 2538 811.
South Africa: EDAC (Pty.) Ltd., 3rd Floor Rainer House, Upper Railway Rd. & Ove St., New Doornfontein, JOHANNESBURG 2001, Tel. 614-2362/9.
Spain: MINIWATT S.A., Balmes 22, BARCELONA 7, Tel. 30163 12.
Sweden: PHILIPS KOMPONENTER A.B., Lidingévagen 50, S-11584 STOCKHOLM 27, Tel. 08/67 97 80.
Switzerland: PHILIPS A.G., Elcoma Dept., Ailmendstrasse 140-142, CH-8027 ZURICH, Tel. 0148822 11.
Taiwan: PHILIPS TAIWAN LTD., 3rd Fl., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel. (02)-5631717.
Thailand: PHILIPS ELECTRICAL CO. CF THAILAND LTD., 283 Silom Road, P.O. Box 961, BANGKOK, Tel. 233-6330-9.
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.l. 02876, Tel. (401) 762-9000.
{Passive Devices) MEPCO/ELECTRA INC., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. {201)539-2000.
(Passive Devices & Electromechanical Devices) CENTRALAB INC., 5855 N. Glen Park Rd., MILWAUKEE, Wl 53201, Tel. (414)228-7380.
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700.
Uruguay: LUZILECTRON S.A., Avda Uruguay 1287, P.0. Box 907, MONTEVIDEQ, Tel. 914321.
Venezuela: IND. VENEZOLANAS PHILIPS S.A., Elcoma Dept., A. Ppal de los Ruices, Edif. Centro Colgate, CARACAS, Tel. 36 05 11.

For all other countries apply to: Philips Electronic Components and Materials Division, Corporate Relations & Projects, Building BAE3,
5600 MD EINDHOVEN, THE NETHERLANDS, Tel. (040) 7233 04, Telex 35000.
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