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RATING SYSTEM

(in accordance with 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 conditions.

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 variation, equipment component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in characteristics of the device
under consideration and of all other electronic devices in the equipment.

Dimensional drawings are in mm unless otherwise indicated.



GENERAL

PHOTOMULTIPLIER

photocathode useful |type number |photocathode spectral | anode sensitivity rise anode page

dia of sensitivity, ske()\) 1) A/lm time | pulse
stages 2) A/ImF  attotal linearity
3) kA/W voltage|

mm mA/W A (nm) |4) gain V |ns mA

bialkaline SbKCs |44 XP2020/Q |12 80 400 4) 3x 107 2200 | 15| 280 75

on quartz window

bialkaline SbRbCs |32 XP20188 |10 75 440 3) 60 1350 | 25| 200 67

on quartz window

bialkaline SbKCs 110 |XP2041 14 85 400 4)3x107 2200 | 2,0 | 280 97

on UV-glass window

bialkaline SbKCs 14 XP1911 10 80 400 2) 10 1200 | 2,3 80 27
23 XP2962 8 75 400 2)1 1100 | 1,8 80 241
23 XP2972+ |10 75 400 2) 10 1300 | 1,9 80 257
23 XP2982 1 75 400 2) 30 1350 | 1.9 80 265
32 XP2012* 10 90 400 3) 60 1350 | 2,5 | 200 51
34 XP2062* 10 85 400 2)75 1300 | 2,5 | 200 115
34 XP2071* 10 90 400 2)75 1250 | 2,5 | 200 123
34 XP2072* 10 95 400 2)75 1230 | 2,5 | 200 131
44 XP2020 12 85 400 4)3x107 2200 |15 | 280 75
46 XP2102*+ | 10VB 85 400 2)15 1250 (10 10 139
44 XP2202* 10 75 400 3) 60 1400 | 35 | 200 147
44 XP2212*+ |12 75 400 4)3x107 1900 | 4,0 | 250 163
44 XP2242B 6 80 400 4) 10% 1100 | 1,6 | 350 179
44 XP2252* 12 80 400 4)3x107 1850 | 2,0 | 250 187
44 XP2262* 12 80 400 4) 3x107 1850 | 2,0 | 250 207
46 XP3102*+ | 8 90 400 2)15 950 | 3,0 | 100 273
46 XP3202*+ | 8 75 400 2)15 950 | 30| 100 281
56 XP2432*+ | 10VB 90 400 2)15 1250 |10 10 233
56H |XP3422*+ | 8 95 400 2) 15 950 | 3,0 | 100 289
68 XP2312* 12 85 400 (4) 3x 107 2000 |25 | 250 217
70 XP2412*+ | 10VB |[105 400 2)15 1250 {11 10 225
110 |XP2050 10VB 95 400 3) 12 1270 |16 10 107

bialkaline SbRbCs |32 XP2011* 10 85 440 2)75 1300 | 2,5 | 200 43

bialkaline SbNaKCs |14 XP1117 + 9 13 700 1) 30 1520 | 35 30 19
23 XP2963 8 20 700 1) 6 1120 | 1.8 80 241
32 XP2023B 8 20 700 1) 6 1120 | 2,5 | 200 89
44 XP2203B |10 16 700 1) 60 1350 | 3,5 | 200 155
44 XP2233B |12 15 700 4) 3x107 2050 | 2,0 | 250 171

trialkaline SbNaKCs|44 XP2254B |12 15 700 4)3x107 2700 |15 | 280 197

on quartz window

trialkaline SbNaKCs|34 XP2017B |10 6,5 860 1) 60 1200 | 2,5 | 200 59

(S20R)

bialkaline SbRbCs |20 AV29 diode 80 440 Cak =6 pF 1-1000{ 30 | 15 x 103{313

bialkaline SbKCs  |20x20|XP4702 10 40 400 4) 10° 1400 |48 | ** 307

H = hexagonal shape, dimensions between flats; for other hexagonal tubes please contact us.

VB = venetian blind multiplier

* also available with plastic base by adding B to the type number

+ = can be supplied with standard or customized integral PC-board voltage divider.
** = 64 channel photomultiplier.

March 1987 5
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REPLACEMENT LIST

The previous type reference PM (as e.g. in PM2412) has been replaced by XP (so: XP2412), due to a
change in the type number system.
A number of photomultiplier tubes are no longer available and relevant device data are not given in

this book any more.

The list below gives possible replacements. In case of doubt, please contact your supplier.

old type replaced by old type replaced by
PM1980 XP2972 XP1180 XP2972
PM1982 XP2982 XP1910 XP1911
XP1000 XP2202B XP2000 XP2102B or XP3102B
XP1001 XP2202B XP2000UB XP2102 or XP3102
XP1002 XP2203B XP2030 XP2412B
XP1003 XP2254B XP2030UB XP2412
XP1006 XP2202B XP2040 XP2041
XP1010 XP2012B XP2061 XP2062
XP1016 XP2023B XP2061B XP2062B
XP1017 XP2017B XP2230 XP2252
XP1020 XP2020 XP2230B XP2252B
XP1021 XP2020 XP2232 XP2262 or XP2252
XP1023 XP2020/Q XP2232B XP2262B or XP2252B
XP1030 XP2412B or XP2312B 54AVP XP2050
XP1031 XP2412B or XP2312B 54DVP XP2050
XP1034 XP2412B or XP2312B b6AVP* XP2262B or XP2252B
XP1040 XP2041 56DUVP* XP2020/Q
XP1041 XP2041 56DVP* XP2262B or XP2252B
XP1110 XP1911 56TUVP* XP2254B
XP1113 XP1920 56TVP* XP2233B
XP2008 XP2071B 56UVP* XP2020/Q
XP2008UB XP2071 58AVP XP2041
XP2010 XP2072B 58DVP XP2041
58UVP XP2041/Q

* See next page for obsolete types 56 AVP family.

6 March 1987 w (




OBSOLETE TYPES 56AVP family

56AVP  56DVP
56CVP 56TUVP
56DUVP 56TVP

Our well known 56AVP 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
XP2252B D 12 152
XP2262B D 12 145
56CVP S1(C) 10 152 no replacement
56DUVP DU 14 170 XP2020/Q DU 12 170
56DVP D 14 170 XP2020 D 12 170
XP2252B D 12 152
XP2262B D 12 145
56TUVP TU 14 170 XP2254B 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 S4 to pins 15 and 16 of the plastic base, the resistors between
S4-Sg and between Sg-Sg are short-circuited in bleeders wired for the 56AVP family tubes as indicated
in figures below.

outer conductive
coating

7283428

14-stage.

7262689.2

i.c. k

12-stage.

a1

outer conductive
coating

October 1986 7
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PHOTOMULTIPLIER

TUBES
LIST OF SYMBOLS

Photocathode k
Secondary emission electrode (dynode) n Sn dn
Anode a
Accelerating electrode : . acc g
Grid g
Cathode iuminous sensitivity Nk sky
Cathode spectral sensitivity Nkr  ske(n)
Anode luminous sensitivity N, say
Anode spectral sensitivity Nar  sag(p)
Anode blue sensitivity saf
Current amplification (gain) G
Total supply voltage Vp Vht
Anode current la
Anode dark current lao ida
Cathode current R Ik
Wavelength X
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.

8 June 1982
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TUBES

GENERAL DESCRIPTION

A photomultiplier is a non-thermionic vacuum tube
which converts light into an electrical signal and
internally amplifies that signal to a useful level. As
shown in Fig.1, a photomultiplier normally consists of

— a window to admit light

— a photocathode which emits electrons in response
to light

— an electron-optical input system which focuses the
emitted electrons

— a series of electrodes, called dynodes, which
multiply the electrons by secondary emission

— an anode which collects the multiplied electrons.

An external voltage divider provides the potentials
that accelerate the electrons from the photocathode to
the first dynode, from dynode to dynode, and from
the last dynode to the anode. Depending on the
number of dynodes and the applied voltage, one
electron emitted from the cathode may give rise to as
many as 10® electrons at the anode.

The photocathode, consisting of a layer of photo-
emissive material deposited on a substrate, may be
opaque or semitransparent. Opaque cathodes, deposited
on a metal plate inside the tube, are generally easier to
manufacture; semitransparent cathodes, deposited on the
inside of the window, are more versatile. All the photo-
multipliers listed in this book have semitransparent
cathodes.

The materials of the window and the photocathode
together determine the spectral response of the tube;
see Table 1 and Fig.2. Type S1(C) and S20R spectral
response characteristics extend usefully into the near-
infrared. Types S13(U), DU and TU extend usefully
into the ultraviolet. Type S20(T) spans the range from
near-infrared to ultraviolet, with a peak at a about
420 nm.

photocathode

electron optical
input system
focusing

electrode

first dynode

nualtipﬁer—-<<_‘_<“_

anode

7258096

Fig.1 Photomultiplier tube

TABLE 1. COMPOSITION AND SPECTRAL RESPONSE CHARACTERISTICS OF PHOTOCATHODES
WAVELENGTH RADIANT QUANTUM
SPECTRAL | COMPOSITION | WINDOW PHOTO- AT MAXIMUM | SENSITIVITY | EFFICIENCY
RESPONSE EMISSION SENSITIVITY AT AT
TYPE THRESHOLD Amax Amax Amax
(nm) (nm) (mA/W) (%)
S1(C) AgOCs glass 1100 800 23 0,36
S4 SbCs glass 680 400 50 16
S11(A) SbCs glass 680 440 60 17
Super A SbCs glass 700 440 80 22
S13(U) SbCs fused silica 680 440 60 17
S20(T) SbNaKCs glass 850 420 70 20
S20R SbNaKCs glass ‘900 550 35 8
TU SbNaKCs fused silica 850 420 70 20
bialkali SbRbCs glass 700 420 85 25
bialkali SbKCs glass 630 400 85 26
bialkali SbKCs fused silica 630 400 85 26
SB CsTe fused silica 340 235 20 10

w (Ianuary 1987
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TUBES

The response speed and other time characteristics Materials commonly used for dynodes include AgMg,

of the tube depend mainly on the electron-optical NiA1 and CuBe. All the photomultipliers listed here

input system and the electron-multiplier dynode have CuBe dynodes; although this does not give so
structure. Of the several types of dynode structure high a secondary emission coefficient as some other
in use, two predominate among the tubes listed here: materials, its stability is superior.

— linear focused dynodes, which progressively focus If all the dynodes have the same secondary emission
the electron paths as they advance through the coefficient & (as is usually the case) the gain of the
multiplier. This minimizes electron transit time electron multiplier is proportional to 8™, where n is
variations between stages and makes for very fast the number of dynodes.
response.

— venetian blind dynodes, in which each dynode PHOTOMULTIPLIER CHARACTERISTICS

consists of numerous parallel strips slanted with
respect to the tube axis. The large surface area the
first dynode presents to the photocathode enables
good collection efficiency to be obtained with a
fairly simple electron-optical input system. Gain

The characteristics described in photomultiplier data
sheets relate to sensitivity, gain, response time, dark
current, linearity and stability; and, for tubes intended
for such applications as scintillation counting, energy

e . resolution.
stability is good, but response is slow compared
with linear focused dynodes.
7291635
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Fig.2(a) Spectral sensitivity curves of standard photocathodes, with
lines of constant quantum efficiency, q, overlaid for reference. Some
characteristics laser wavelengths are indicated along the wavelength axis
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SENSITIVITY CHARACTERISTICS

Sensitivity can be referred to the photocathode or the
anode and can be expressed in photometric units or
radiometric units. Sensitivities expressed in photo-
metric units are called luminous sensitivities; the units
are amperes per lumen. Sensitivities expressed in
radiometric units are called radiant sensitivities; the
units are amperes per watt.

Photocathode sensitivity

Photocathode luminous sensitivity is the ratio Ix/¢,
where Ik is the cathode photocurrent due to an
incident flux ¢ measured in lumens. In the data sheets
it is given under the heading General Characteristics,
subheading Photocathode, and called simply luminous
sensitivity. For most photomultipliers it is of the order
of several tens of microamperes per lumen. The light
with which it is measured is from a tungsten-filament

lamp with a colour temperature of 2856 K. The
symbol for photocathode luminous sensitivity is sky
(formerly N).

A measure of cathode sensitivity that has particular
relevance to scintillation counting is cathode blue
sensitivity (also called simply blue sensitivity in the
data sheets). This is the cathode luminous sensitivity
measured with 2856 K tungsten light filtered through

a Corning CS5-58 filter ground to half stock thickness.

The symbol for cathode blue sensitivity is skp (the F
standing for filtered).

Photocathode radiant sensitivity is the ratio Iy/¢,
where ¢ is the radiant power measured in watts.
Photocathode radiant sensitivity measured at a
specific wavelength is called photocathode spectral
sensitivity at that wavelength. Most of the data sheets
state spectral sensitivity at one or more wavelengths
and also state the wavelength at which spectral

7291536

ske(n)

P~
(mA/W) g
N /,,‘,/“ q=3%
\ ~. [
NS —1
— ] ~
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I L S ey g N
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Fig.2(b) Photocathode spectral sensitivity curves in the 600ns to
1200 nm ranged expanded on semi-logarithmic coordinates.
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sensitivity is maximum. Photocathode spectral
sensitivities are commonly of the order of several tens
of milliamperes per watt. The symbol for photo-
cathode spectral sensitivity is ske(x) (formerly Nkr).

Besides stating the photocathode luminous sensitivity
and one or more values of spectral sensitivity, each
data sheet includes a graph of the spectral sensitivity
characteristic: the variation of spectral sensitivity
with wavelength.

Another measure of photocathode sensitivity is
quantum efficiency, which is the ratio of the number
of photoelectrons emitted to the number of incident
photons, usually expressed in percent. In the data
sheets it is given for a specified wavelength, usually
400 nm or 440 nm, under the heading Quick Reference
Data.

Quantum efficiency is related to spectral sensitivity by
the equation

hy hc
QE = ske()) i ske(n) Y

where e is the electron charge, h is Planck’s constant,
and c is the speed of light in vacuum. Taking hc/e =
1,24 x 10°° Wm/A,

QE = 124 ske(p) /A

where ske()) is expressed in milliamperes per watt
and X\ in nanometres. The lines of constant quantum
efficiency in Fig.2 help visualize the quantum effi-
ciency variation with wavelength of standard
photocathodes.

Anode sensitivity

Anode luminous sensitivity is the ratio I3/¢, where Iy

is the anode current due to an incident flux ¢ on the
photocathode measured in lumens. Anode luminous
sensitivity is a function of the cathode luminous
sensitivity and the gain, which itself is a function of the

high voltage applied and the voltage divider configuration.

When anode luminous sensitivity is given in the data
sheets, under the heading Typical Characteristics, it is
therefore always stated in conjunction with a specific
high voltage and voltage divider configuration. It is
generally of the order of several amperes per lumen to
several tens of amperes per lumen. The symbol for
anode luminous sensitivity is say (formerly Nj).

Blue sensitivity is sometimes referred to the anode
instead of the cathode and is then called anode blue
sensitivity. It is generally of the order of several
amperes per lumen; the symbol is saF.

Anode radiant sensitivity is the ratio Ip/$, with the
radiant power ¢ measured in watts. Anode radiant
sensitivity measured at a specific wavelength is called
anode spectral sensitivity at that wavelength. (In this
book the terms anode radiant sensitivity and anode
spectral sensitivity are in some places used inter-
changeably.) Anode spectral sensitivity is a function
of the cathode spectral sensitivity and the gain; there-
fore it too is always stated in conjunction with a
specific high voltage and voltage divider configuration,
also under the heading Typical Characteristics. Anode
spectral sensitivity is generally of the order of tens to
hundreds of kiloamperes per watt. The symbol for it
is sag(n) (formerly Ngr).

Many of the data sheets include a graph of anode
spectral sensitivity as a function of applied voltage.
Unless otherwise stated, the plotted sensitivity is that
measured at 400 nm or at the anode or cathode
sensitivity wavelength (e.g. 440 nm) mentioned in the
Quick Reference Data.

Sensitivity characteristics measured at the anode
correspond closely but not exactly to those measured
at the cathode. Differences are due mainly to the
different energies with which photoelectrons excited
by different wavelengths are emitted by the cathode,
and the different efficiencies with which they are
consequently collected by the first dynode.

GAIN

The gain or current amplification of a photomultiplier

is the ratio Ia/Ik, where I is the anode current due to

a cathode photocurrent Ix. Within practical limits it
varies as a power (usually >5) of the high voltage

applied and depends also on how that voltage is
distributed among the dynodes. When gain is given in the
data sheets therefore it is always in conjunction with a
specified high voltage and voltage divider configuration.
Many of the data sheets also include a graph of gain as

a function of applied voltage (Vht, formerly Vp).

Gain and anode sensitivity graphs in the data sheets
are typical for each tube type but not representative
of every specimen of the type; small differences

occur from tube to tube. For that reason every tube is
accompanied by a certificate stating the gain or anode
sensitivity measured at one or more specified voltages
and with one or more voltage dividers. To find the
actual gain or anode sensitivity curves for the tube,
transfer the measured points to the data sheet graph
and shift the published curves up or down so that they
pass through the transferred points. For most tube
types the published curves are straight lines on log-log
paper, so this is a simple matter of redrawing the lines
at the same slope through the transferred points.

12

January 1987



GENERAL
PHOTOMULTIPLIER
TUBES

Within limits gain can be adjusted by adjusting
individual dynode voltages. In addition to diagrams of
recommended voltage dividers, therefore, some data
sheets include a graph of the effect on gain of changes
in certain dynode voltage ratios.

For the same reason that sensitivity characteristics at
the anode do not correspond exactly to those at the
cathode, gain also varies somewhat with wavelength.

TIME CHARACTERISTICS

Signal transit time is the interval between the arrival
of a delta-function light pulse at the photomultiplier
window and the time at which the corresponding
output pulse reaches a stated value. Signal transit time
values given in the data sheets are based on the interval
separating the respective maxima of the light pulse and
the anode pulse. The measurement is made using light
pulses with a duration <1 ns (FWHM) to simulate
delta-function pulses.

Signal transit time varies as Vh(% and is always
stated in conjunction with a specific Vpt value.

Transit time also depends on the part of the photo-
cathode from which a photoelectron originates.

In the data sheets this dependence is described in
terms of the transit time difference between pulses
originating from the centre of the photocathode and
from a point at a specified distance from the centre.

Transit time jitter is the variation of signal transit
time from pulse to pulse when each output pulse
results from the emission of a single photoelectron.
In the data sheets transit time jitter is specified in
terms of o, the standard deviation of the signal transit
time distribution, at a specified Vit value.

Signal transit time distribution varies as Nk‘l’ﬁ, where
Nk is the number of photoelectrons per pulse. The
single-photoelectron value is therefore a worst-case
value.

Anode pulse rise time, as given in the data sheets, is
the 10% to 90% rise time measured using simulated
delta-function (<1 ns) light pulses.

Anode pulse duration at half height (FWHM) is the
interval separating the half-amplitude points of the anode
current pulse in response to a simulated delta-function
light pulse at the photocathode.

Time characteristics are given in the data sheets under
the heading Typical Characteristics. Anode pulse rise
time is in many cases also given in the Quick Reference
Data.

DARK CURRENT AND NOISE

Dark current is the current measurable at the anode of
a photomultiplier operating in total darkness. It
comprises a d.c. component and a component consisting
of very short duration (nanosecond range) random
pulses (‘dark pulses’).

A significant part of the pulse component is due to
thermionic emission of single electrons from the
photocathode (see Table 2). This can be reduced by
operating the tube at reduced temperature. At the
lowest useful temperature the photocathode emission
approaches a practical limit of about 1 electron/cm?
due at least partly to background radiation.

The number of dark pulses per second is called the
dark noise count rate or simply background noise.

It is more or less constant over a fairly wide range of
Vht; however, the amplitude of the dark pulses varies
as the gain setting of the tube; that is, as a power

of Vht.

TABLE 2. THERMIONIC BEHAVIOUR OF COMMON PHOTOCATHODES
TEMPERATURE
CATHODE TYPE THERMIONIC RISE FOR WHICH LOWEST
EMISSION THERMIONIC USEFUL
AT20°C CURRENT DOUBLES TEMPERATURE
(A/em?) X) o)
AgOCs  (S1) 108 10 5-17 —100
SbCs (S11) 106 — 10715 6—15 —20
SbKCs (D) 10° — 107 4-5 —20
SbRbCs 10° — 107¢ 5-10 -20
SbNaKCs (S20) 10— 10" 4 —40
SbNaKCs (S20R) 10717 - 10™% 4 —40

January 1987 13
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The d.c. component of the dark current is due to
leakage currents on the glass and insulating surfaces of
the tube. It varies directly as Vht and is not signifi-
cantly temperature dependent. When a photomulti-
plier is operated at low gain or low temperature the
d.c. component of the dark current is therefore the
predominant one.

The data sheets do not distinguish the pulse and d.c.

components of the dark current. The values given under

Quick Reference Data and Typical Characteristics

and in graphs are total dark current values measured
with an integration time constant which is long
compared with the dark pulse durations. However, a
typical level of noise count rate is often given for
high-gain tubes and, especially, for fast-response tubes.

Like gain or anode sensitivity graphs, dark current
graphs are typical of the tube type but not represen-
tative of every specimen. Each tube is therefore
accompanied by a certificate stating the dark current
measured on that tube under stated conditions. The
actual dark current characteristic of the tube can be
found by transferring the measured value to the data
sheet graph and drawing a line through it parallel to
the published line.

After long stabilization the actual dark current can
become several times smaller than the value stated on
the test certificate.

The dark current values given are for normal operating
conditions. Under other conditions other causes of
dark current come into play. At very high applied
voltages, for instance, dark current is likely to
increase out of proportion to the gain and become
unstable. This is mainly due to primary and secondary
effects of field emission from the dynodes and usually
subsides after the high voltage has been applied for
some hours. Another cause of anomalous dark current
is persistent phosphorescence of the glass following
exposure of the tube to ambient light; this too subsides
after a time, though if the exposure has been long or
the light intense the time may be as long as 48 hours.
If an application necessitates operating the tube with
the anode grounded and the cathode at high negative
potential, the dark current will initially be many
times its normal value and may take more than half an
hour to settle down. Dust and high relative humidity
increase the d.c. component of the dark current, the
more so when the tube is operated at lower than
ambient temperature.

Dark current is always present, whether or not the
tube is in total darkness; the spurious signal it provides
must be taken into account in many photomultiplier
applications.

SHOT NOISE

Another effect to be taken into account is shot noise:
the random fluctuation of the cathode photocurrent
about a mean value Ty under conditions of constant
illumination. If Af is the bandwidth of the measuring
equipment connected to a photomultiplier, the mean
square value of this fluctuation is

i =2 elkAf
where e is the electron charge, 1,6 x 107° C.
At a gain G the mean square value of the correspond-

ing fluctuation of the anode current about its mean
value I is

- = [
T2 _ 9
B2 =2GelyAf {1+ 61(6—1);

and the signal-to-noise ratio at the anode is
I T,

fa _A/ZGeAf A
5§16 - 1)

The term 6/81(5 — 1), in which § is the average
electron multiplication per stage and 61 the multipli-
cation at the first dynode, takes account of additional
noise due to random fluctuations in secondary
emission. With typical values of §1 =6 and 6 =4,
these fluctuations decrease the signal-to-noise ratio
by about 10%.

LINEARITY

As used in connection with photomultipliers, the
term linearity refers to the direct proportionality
between input illumination and output current under
pulsed operating conditions. In the data sheets linearity
is specified in terms of the maximum anode pulse
current for which such a proportionality still applies
within 2% (which is about the practical limit of
accuracy with which it can be measured). The
measurement is made using illumination pulses much
longer (100 — 200 ns) than the pulse response of the
tube; for pulses whose duration is comparable to the
pulse response of the tube the linearity limit can be
considerably higher than the value stated in the

data sheets.

An important factor determining the linearity limit is
the development of space charge in the last stages of
the electron multiplier, which depends very much on
the voltage division ratio there. Ratios which yield
maximum linearity do not as a rule yield maximum
gain, and vice versa; moreover, adjusting the ratio to
raise the linearity limit generally entails a disproport-
ionate sacrifice of gain. Under the heading Typical

14
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Characteristics linearity limits are usually given for at
least two Vht values and voltage divider configurations,
and graphs are given of the gain or anode sensitivity
obtainable with those voltage dividers. With a given
voltage divider the linearity limit varies approximately
as V2 t, where a is between 2 and 3.

STABILITY

The term ‘stability’ refers to the constancy of anode
sensitivity as a function of time, temperature, or mean
anode current. Departures from stability are of two
types: long-term drift under conditions of constant
temperature and mean anode current; and short-term
shift due to changes of temperature or mean anode
current.

The 16-hour drift tests reported in the data sheets are
made according to a widely recognized procedure
recommended in ANSI N42.9-1972. An Nal(T1)
scintillator is coupled to the photomultiplier window
and a *"Cs source is spaced in front of it so as to
produce a count rate of about 10* counts per second;
the tube is adjusted to give a mean anode current of
about 300 nA at that count rate. After allowing the
system to warm up for half-an-hour to an hour the
amplitude of the *7Cs 662 keV peak is recorded, and
again measured and recorded every hour thereafter
for 16 hours. The mean anode sensitivity deviation,
in per cent, as reported in the data sheets is then
calculated from

17
Z |lp—npjl
i=1

17p + 100

where p is the mean pulse amplitude averaged over
the 17 readings, and pj the amplitude of the ith
reading.

Short-term shift due to mean anode current change is
also measured according to an ANSI 42.9-1972 pro-
cedure using a 37Cs source and Nal(T1) scintillator.
The distance from the source to the scintillator is first
adjusted to give a count rate of about 10* counts per
second and the amplitude of the 662 keV peak is recorded.
After increasing the source distance sufficiently to
reduce the count rate to about 103 per second the
amplitude of the 662 keV peak is again measured.

The percentage shift reported in the data sheets is
(Ap/p)100, where p is the larger of the two amplitudes
and Ap the difference between them. For the measure-
ment the photomultiplier is usually adjusted to give a
mean anode current of about 1 uA at 10* counts per
second and 0,1 uA at 10® counts per second.

v

(Nowadays, stability tests are usually performed using
light-emitting diodes instead of scintillators, for
convenience.)

Anode sensitivity changes are particularly trouble-
some in scintillation counting, for they degrade
resolution by shifting the total absorption peaks.
However, when the mean anode current is less then
about 10 A, as is usually the case, the anode sensitivity
usually stabilizes sufficiently after 10 or 15 minutes

for its long-term drift to be disregarded. Short-term
shift, whether due to temperature or mean anode
current changes, are usually reversible, though often
with some hysteresis which may be slow to disappear.

An anode sensitivity change which is not reversible is
that due to the length of time the tube has been in
service. At high mean anode currents this appears to be a
function of the total charge handled during the history
of the tube. At a mean anode current of 30 A, for
instance, the gain of most photomultipliers will be halved
after about 5000 hours of oper«tion. At low anode
currents (a few microamperes or less) the total charge
handled does not appear to be relevant. Other effects,
such as helium migration through the glass or internal
migration and diffusion balances, then determine the
end of useful life, which is measured in years and is
independent of the mode of operation. Some users

in fact have reported that uninterrupted low-current
operation appears to result in better long-term stability
of the operating characteristics than storage.

ENERGY RESOLUTION

Two energy resolution criteria commonly referred to
in scintillation counting are pulse amplitude resolution
and peak-to-valley ratio. Both are defined with refer-
ence to the pulse amplitude distribution curve ob-
tained with a multi-channel pulse-height analyser for
radiation of a known energy:

— pulse amplitude resolution is the ratio, expressed in
percent, of the FWHM of the curve to the ampli-
tude corresponding to its peak

— peak-to-valley ratio is the ratio of the peak value of
the curve to the minimum value of the valley to the left
of the peak.

January 1987 15
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Energy resolution is a characteristic of a scintillation
counter as a whole, not of a photomultiplier alone;
the contributions of the scintillator and the photo-
multiplier are not statistically independent and cannot
be treated separately. In the data sheets therefore,
when pulse amplitude resolutions or peak-to-valley
ratios are given, under the heading Typical Character-
istics, the particulars of the scintillator with which
they were measured are also specified. The photo-
multiplier adjustment at which the measurements were
made is also stated, usually in terms of a specified anode
blue sensitivity. Radiation sources used for the measure-
ments include *¥Cs (662 keV), 7Co (122 keV) and
S5Fe (5,9 keV). At the higher energies the scintillator
statistics, and at the lower energies the photomulti-
plier statistics, tend to be the dominant factor of
energy resolution.

Operating notes
VOLTAGE SUPPLY

Gain varies as Vhtﬁ , where 3> 1; a well stabilized supply
is therefore essential. For, say, =7, which is typical

for a 10-stage tube, a supply voltage variation of little
more than 0,1% will cause a 1% gain variation.

The configuration of the voltage divider depends on
the tube and its application. Four types of configura-
tion are illustrated in the data sheets:

— type A, in which the interdynode voltages are all
equal; this yields maximum gain for a given supply
voltage and is particularly suitable for photometry
and nuclear spectrometry applications

— type A1, in which, at some expense to the gain, a
higher cathode/first-dynode voltage ensures good
collection efficiency even at low supply voltages

— type B, in which the interdynode voltages increase
progressively toward the anode, in some cases
becoming as much as ten times as high in the last
stages as in the first; gain is much lower than with
type A division, but anode pulse linearity remains
good up to much larger peak currents

— type B', in which the interdynode voltages increase
only in the last stages; with fast photomultipliers
this gives good time characteristics together with
satisfactory gain and pulse linearity.

Whichever type is used it must be designed so that
variations of cathode illumination do not cause
dynode voltage variations, otherwise non-linearities
will occur. To satisfy this requirement the divider
current must always be much larger than the mean
anode current.

When input illumination varies continuously the
relative gain variation AG/G due to varying illumina-
tion is roughly proportional to the ratio of the mean
anode current I to the divider current Ip:

A_G=’L<{5n __b‘il__}
G pl° T@rDe-D
I

~t| 1~ eroe )

Here, n is the number of dynodes and § their second-
ary emission coefficient. A good rule is to design for a
nominal divider current Ip at least a hundred times the
anticipated peak anode current I.

Example. An 8-stage photomultiplier is supplied at
Vht=1500V via a type B voltage divider with a
progressive division ratio such that Vi1t =18,25Vyg,
where V{ is the basic interdynode voltage in-
crement. The maximum anticipated mean anode
current I3 = 10 uA; therefore assume a divider current
Ip=100I; = I mA. The total divider resistance is

then 1500V/10™® A=1,5MS and the incremental
resistance value 1,5 x 10918,25=82kS2.

The rule I > 100T, is a minimum for good linearity.
The maximum practical value of I, depends on two
other considerations:

— if the tube and the divider are closely coupled
thermally, dissipation in the divider (Ip’R) can
increase the thermionic component of the dark
current

— low divider current affords a measure of protection
against accidental glare; as soon as glare increases
the anode current to a level comparable with the
divider current, the resulting decrease of gain
automatically prevents the anode current from
becoming excessive.

ZENER DIODES

Zener diodes can be substituted for some of the
resistors in the divider to keep critical interdynode
voltages constant.

They can be used between the first dynode and
cathode to keep the collection efficiency constant
regardless of supply voltage and gain setting, and
between the dynodes of the first two multiplier
stages to keep the gains of those stages constant. This
is useful in nuclear spectrometry, where certain
minimum voltages are necessary in the first stages but
the overall gain need not be high. Note, however, that

16
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it cannot be done with fast-response tubes (e.g. XP2020)
that incorporate an accelerating electrode internally
connected to one of the higher-ranking dynodes;

the potential of such an electrode must be kept in
constant proportion to the voltage between the

cathode and first dynode.

Zener dynodes in the last stages of the divider can
stabilize the voltages there throughout a wider range
of anode current variation and make it practical to
design for a smaller Ip/Ta ratio than with a purely
resistive divider.

In certain applications a drawback of using zener
diodes is that they limit the freedom of gain
adjustment. Altering the supply voltage to adjust the
gain would also alter the overall voltage division ratio,
for it would alter the voltages across the resistor
stages but not the zener-stabilized ones. As linearity
is dependent on the overall voltage distribution, a
divider with zener diodes should be designed for a
specific value of Vit and that value should be closely
adhered to. Departure from it invites the risk of over-
linearity (increase of the proportionality factor between
input illumination and anode current) or premature
saturation (decreaese of the proportionality factor).
The risk is considerably less if only the last stage is
zener stabilized.

Whether zener diodes are used in the higher or lower
stages of the divider, they should be shunted by
resistors to protect those stages from being exposed

to the full supply voltage in the event of a diode

going open-circuit. The resistance values should be

2 to 3 times what they would be in a purely resistive
divider.

Bear in mind that the temperature coefficients of zener
diodes can cause significant variations of gain with
temperature.

RESERVOIR CAPACITORS

When the input illumination is not continuous but
pulsed, as in scintillation counting, design the voltage
divider on the basis of the anticipated mean anode
current Iy = IgNt, where I, is the peak amplitude of
the anode pulses, N their repetition rate, and t their
duration. Again, a good rule is to assume Ip > 100T,.

To supply the instantaneous current for individual
pulses exceeding the mean value I it is now necessary
to provide reservoir capacitors. These may be con-
nected from dynode to dynode, shunting the
individual divider resistors, or from each dynode to
anode potential; the former arrangement is often
preferable as it enables capacitors with lower voltage
ratings to be used.

The capacitance required is largest between the last
dynode and anode, where the pulse amplitudes are
largest, and decreases from stage to stage in proportion
to the gain per stage. If q =I5t is the maximum pulse
charge to be delivered by the last dynode, and AV the
maximum voltage change that can be tolerated at that
dynode, the capacitance required between the last
dynode and anode is C=q/AV.

Example. The anode pulses expected in a given
scintillation counting application have a maximum
amplitude of 1 mA and a full width at half maxi-
mum of 0,3 us; therefore,
q=10%Ax0,3x10%5=0,3 x 10° coulomb.

If the voltage difference between the last dynode
and anode is 100 V and its maximum tolerable
change is 1%, the required capacitances is then
Cp=1Vx0,3x10°C=0,3nF.

Assuming a stage-to-stage gain of 3, the capaci-
tances needed in the preceding stages are

Cn.] = 0,1 nF

Cp2 =33 pF.

Stages in which the capacitance required is less
than about 20 pF do not require reservoir capaci-
tors; the stage-to-stage stray capacitance is usually
sufficient.

If pulses occur in bursts there may be insufficient
time between individual pulses to allow the reservoir
capacitances to recharge fully. The effect of successive
pulses is then cumulative and dynode voltages may
change appreciably between the beginning and end of
a burst, even though the long-term mean anode
current is substantially less than I,/100. In that case,
the voltage divider will have to be redesigned for a
larger value of Ip.
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GENERAL RECOMMENDATIONS

Never expose a photomultiplier to ambient light with
the high voltage applied. As little as 107 1m is sufficient
to cause the anode current to exceed its permissible
limit.

To allow time for the dark current to stabilize, apply
the high voltage at least half an hour before making
measurements requiring any degree of accuracy. If the
tube is cooled to minimize dark current, take care
that no condensation can occur on the base or socket.

Take precautions against electric-shock hazards; some
tubes use voltages as high as 3kV and some power
supplies can deliver more than 10 mA. If electrostatic
or magnetic shields are fitted they must be kept at
cathode potential. This creates an extra shock hazard
when a tube is operated in negative polarity (anode
earthed, cathode at high negative potential); connect
the shields to the negative high voltage via a 10 MQ
safety resistor.

If you make connections direct to the pins instead of
using a socket, electric weld the connections, do not
solder them; soldering heat can crack the glass. Never
make connections to pins marked ‘i.c.’ or ‘n.c.” in the
data sheets; they are used only during manufacture of
the tube or to facilitate interchangeability of similar
tubes.

Where very short pulses are to be measured, observe
good high-frequency wiring practice to avoid
distorting the pulse shapes. Decouple the last two
dynodes by connecting their reservoir capacitors
direct to the sheath of the output coaxial cable; keep
the capacitor leads as short as possible to minimize
stray inductance and prevent ringing.

Many tubes intended for high-frequency pulse work
have integral damping resistors in the base connected
to the last one or two dynodes. If the tube you are
using does not, connect non-inductive 51  resistors
externally between the last two dynodes and their
Ieservoir capacitors.

Always handle photomultipliers with due regard for

the fact that they contain a high vacuum, glass is

fragile, and the flat input window is highly stressed.
Take especial care with large-diameter tubes (=100 mm);
implosion due to breakage can be dangerous.

For maximum life and preservation of sensitivity

keep photomultipliers in the dark even when they
are not in use.
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MAINTENANCE TYPE

XP1117

9-STAGE PHOTOMULTIPLIER TUBE

14 mm useful diameter head-on type
Flat window

o0 000

Rugged construction

QUICK REFERENCE DATA

Semi-transparent S20 type T photocathode
For optical measurements in the entire visible spectrum; industrial applications

Spectral sensitivity characteristic
Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 700 nm
Supply voltage for anode luminous sensitivity = 30 A/Im
Anode pulse rise time (with voltage divider B)

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

S20, type T
> 14 mm
13 mA/W
1520 V

~ 3,6 ns

up to ~# 10 mA
up to = 30 mA

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

GENERAL CHARACTERISTICS notes
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 > 14 mm
Spectral sensitivity characteristic (Fig. 6) S20, type T
Maximum spectral sensitivity 420+ 30 nm
Luminous sensitivity 2’ ':02)4‘?&':\4 Im 1 -
Spectral sensitivity at 700 nm 13 mA/W 2
w F)ctober 1986 19



XP1117

Multiplier system

Number of stages 9
Dynode structure linear focused
Dynode material CuBe
Capacitances
anode to final dynode ~ 1,9 pF
anode to all ~ 3 pF
Magnetic field

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

— 0,3 mT perpendicular to axis a (Fig. 1);

— 0,2 mT parallel with axis a.

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

7272193

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

XP1117

RECOMMENDED CIRCUITS
g
k 1 d1 d2 d3 d4 d5 dé d7 d8 d9 a
1 N d TF \,7 \7 y Y -QJ b J output
RL
1,5 15 ,
[ Vg—>[¢ Vg ¢ Vg Vy e Ve Ve Vg eV e Ve VP
b 1 D e O T T P B
1»—1
- Vht= 10,75 Vy >
fo) O 72734251
—HT +HT
Fig. 2 Voltage divider A.
2 C
k 141 2 d3 44 ds d6 d7 ds d9 a @
LY ¥ ¥ ¥ ¥ T T T 7T b= output
RL
2 15 1,2 1,5 2 3,3 3
—— V[ Ve Vg [ Vg =1 Vg > Vg Vg = Vg > Vg Vg
—{ | B N o N o S S S i — S —
- Vhe= 17.5Vy —b ’
O  7z73426.1
—HT +HT
Fig. 3 Voltage divider B.
k = cathode a =anode
g = accelerating electrode R|_ = load resistor
dn =dynode Typical value of capacitors : 10 nF

April 1984
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XP1117

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 2)

Supply voltage for an anode luminous
sensitivity of 30 A/Im (Fig. 8)

Anode dark current at an anode luminous
sensitivity of 30 A/Im (Fig. 8)

Anode current linear within 2% at V¢ = 1800 V

With voltage divider B (Fig. 3)

Anode luminous sensitivity at V¢ = 1800 V (Fig. 8)
Anode pulse rise time at V¢ = 1800 V

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

Anode 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

< 1800V
typ. 1520 V

< 100 nA
typ. 10nA
up to~ 10 mA

~ 15 A/lm

~ 3,6 ns

~ 6 ns

~ 28 ns

up to ~ 30 mA

max. 1900 V
max. 0,2mA

max. 350V
min. 100V

max. 200V

max. 300V
min. 30V

max. +70°C
min. —50°C

max. +50°C
min. —-50°C

notes

2,3

H
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9-stage photomultiplier tube XP1117

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 > 105Q.

Dark current is measured at ambient temperature, after the tube has been in darkness for approx.
15 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 duratiop and transit time vary as a function of high tension supply
voltage V¢, approximately as Vht'/z.

Total HT supply voltage, or the voltage at which the tube has an anode sensitivity of 500 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.

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

April 1984
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XP1117

MECHANICAL DATA

I+ ®
w ™

shrink sleeve —»

_DIN
-

k (flexible lead @ 0,6)

7269771

|
l —> H ‘*—GbS,Srn(:x

Fig. 4.

PIN CONNECTIONS

Base 12-pin all-glass
Net mass 25¢g
7273505.1
Fig. 5.
ACCESSORIES

Socket: type FE 1004
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XP117

9-stage photomultiplier tube
\

100 7273424.1
ske(n)
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Fig. 6 Spectral sensitivity characteristic.
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Fig. 7 Relative gain as a function of the voltage between
d6 and d5, normalized to V; V47/d5 constant.

Note: Gain regulation by changing the voltage between d6 and d5 may cause a degradation of other
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parameters such as stability and linearity.
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XP1117
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Anode luminous sensitivity, sa,, and anode dark current,
ida. as a function of supply voltage V.
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XP1911

10-STAGE PHOTOMULTIPLIER TUBE

14 mm useful diameter head-on type
Flat window

QUICK REFERENCE DATA

Semi-transparent bi-alkaline type D photocathode
For high-energy physics, scintillation counting under limited dimensional conditions.

Spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode blue sensitivity

Supply voltage for anode blue sensitivity = 10 A/ImF
Anode pulse rise time (with voltage divider B)

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

type D

> 14 mm
10 uA/ImF
1200 V
~24ns

~ 20 mA
~ 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 400 nm 1,54
Photocathode (note 2)
Semi-transparent, head-on
Material Sb K Cs -—
Useful diameter > 14 mm
Spectral sensitivity characteristic (Fig. 5) type D
Maxirnum spectral sensitivity 400 = 30 nm -—
Luminous sensitivity ~ 85 uA/Im note 3
. typ. 10 uA/ImF

Blue sensitivit

ue sensttivity >80 uA/ImMF  note 1
Spectral sensitivity at 400 nm ~ 80 mA/W note 4 w—

| (October 1986 27



XP1911

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode .material CuBe
Capacitances
anode to final dynode ~ 2 pF
anode tc all ~ 4 pF
Magnetic field

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

— 0,3 mT perpendicular to axis a (Fig. 1);

— 0,2 mT parallel with axis a.

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

7275576

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

XP1911

RECOMMENDED CIRCUITS

9
k 141 d2 d3 d4 ds d6 d7 d8 d9 d10

1 J T T 'q, T T 2 A

2 1,5 0,75
[ Vg —P |4V, DV, DV, DV, DV D[V eV DV, eV, DYy
— 3 S o N ) ) ) N S R o

-HT

< Vhe =12,25V,

SR TR TR

».

i

0

7 X
270513.4 +HT

output

Fig. 2 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode;

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

]
k(141 d2 d3 du d5 d6 d7 d8 d9  di0 \a
] 1/ T J T J 7 \F -\‘.F T [
Ry
2 1,5 1,25 1,25 1,5 2,25 | 2,25 25 3
€— Vy —>|-Vy ->leVy Dlevy DleVy PleVy Dle- VDl Vydle-Vy PleVy dlevy >
<+ Vht=19,5 V4 >
o 72708164 Q
-HT +HT

output

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

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

w (April 1984
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XP1911

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)
Supply voltage for an anode blue
sensitivity of 10 A/ImF
Anode radiant sensitivity at 440 nm
and V= 1200 V
Gain at V¢ = 1200 V (Fig. 7)
Anode dark current at an anode blue
sensitivity of 10 A/ImF
after 30 min. of stabilization

Pulse amplitude resolution for !3’Cs 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 Vit = 1500 V
Anode pulse duration at half height at V¢ = 1500 V
Signal transit time at V¢ = 1600 V

With voltage divider B (Fig. 3)

Gain at V¢ = 1700 V (Fig. 7)

Anode pulse rise time at Vit = 1700 V

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

LIMITING VALUES (Absolute maximum rating system)

Supply voltage
Continuous anode current

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

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

up to

up to

2

<

1500 V

typ. 1200 V

~ 80 kA/W
~ 1 x 106

<
typ.

~

10 nA
2 nA

0,3 nA

~ 75%

Q

QR

Q

Q

X

Q

20 mA

1.5%
1,5%
2,3 ns
3,6ns
22 ns

4,5 x 108
24ns
3,8 ns

22 ns

~ 1,6ns

Q

80 mA

max.1900 V

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

0,2 mA

350 V
100V

250 V

300V
30V

+800C
-300C

+50°C
-30°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 XP1911

Notes

1.

10.

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
8 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!'5 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 (Tl) 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 (Tl) 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 137Cs source at a
distance of the scintillator such that the count rate can be changed from 10%c/s to 10° c¢/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 IEEE 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 attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply

)
voltage V¢, approximately as Vit %,
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.
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XP1911

MECHANICAL DATA

di0 ds

d3 di,g

7270509.2

Pin positions equal to those of
tubes XP1910 and PM1911.

Base 12-pin all glass
Net mass 21g
ACCESSORIES

Socket type FE1004

Fig. 4.

2
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A

photocathode —/

I+ o
-

—;|<—

25,5 max

M-

Y
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7275574 4
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10-stage photomultiplier tube XP1911
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Fig. 5 Spectral sensitivity characteristic.

10 7272194.2
0 7z N
V4 AN
—_ y 4 \
= 7
£ A\
5 \
10 f \
]
J i
I
1
/ \
/ \
/ \
1
0 1 Vd6/ds5 2

Vd

Fig. 6 Relative gain as a function of the voltage between d6 and d5,
normalized to Vg; 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.
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XP1911
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Fig. 7 Gain G and anode dark current ig, as a function of the supply voltage V.

ida is given as a dotted line to indicate its principle behaviour only.
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XP1918

10-STAGE PHOTOMULTIPLIER TUBE

14 mm useful diameter head-on type

Flat window

Semi-transparent bi-alkaline Sb Rb Cs photocathode deposited on a fused silica window
For high-energy physics and positron scanners

Time of flight applications with BaF 5 scintillators under limited dimensional conditions

QUICK REFERENCE DATA

Spectral sensitivity characteristic Sb Rb Cs on fused silica
Useful diameter of the photocathode > 14 mm
Cathode blue sensitivity 10 uA/ImF
Supply voltage for anode blue sensitivity = 10 A/ImF 1250 V
Anode pulse rise time (with voltage divider B) ~3ns
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 fused silica
Shape plano-plano
Refractive index at 400 nm 1,47

at 250 nm 1,50

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

Material Sb Rb Cs

Useful diameter > 14 mm

Spectral sensitivity characteristic see Fig. 5

Maximum spectral sensitivity 440 + 30 nm

Luminous sensitivity ~ 85 uA/lm note 3
Blue sensitivity ">V g', 3 2 ﬁ%:?F oo 1
Spectral sensitivity at 440 nm ~ 80 mA/W note 4

* Notes are given on page 5.
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XP1918

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material CuBe
Capacitances
anode to final dynode. ~ 2pF
anode to all ~ 4 pF
Magnetic field

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

— 0,3 mT perpendicular to axis a (Fig. 1);

— 0,2 mT parallel with axis a.

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

7275576

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube XP1918

RECOMMENDED CIRCUITS

0, \a
d8  d9  di output

pa -8
~E
o
\Iu‘
o
~1
a
\]\]
<l
~1
’l
~
L

2 1,5 0,75
€V, —>la-V, >V, dlev, >lev, > -V, >V, DV, Py iy,

<V, >
QGDD*{:J*%LD*GH:*GQ

I

i

< Vht =12,25Vd >
—HT 7270513.4 +3T

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

|

1
pa [-8
Ay B

1,25 | 15 | 225 | 2,25 | 25 | 3
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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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XP1918

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 2)

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

Anode radiant sensitivity at 440 nm
and Vi = 1250V

Gain at Vi, = 1250 V (Fig. 7)

Anode dark current at an anode blue
sensitivity of 10 A/imF

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 Vj; = 1500 V
Signal transit time at Vpy = 1500 V

With voltage divider B (Fig. 3)

Gain at Ve = 1700 V (Fig. 7)

Anode pulse rise time at Vp = 1700 V

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

< 1500V
typ. 1250 V

~ 80 kA/W
~1x 108

< 25 nA
typ. 3 nA

Q

7.5 %
20 mA

Q

1.5%
1.5%

3ns

QR

Q

Q

5ns
22 ns

Q

3x 108
2,4 ns
3,8 ns
23 ns
80 mA

q

Q

Q

Q

Q

max. 1900 V
max. 0,2 mA

max. 350V
min. 100V

max. 250V

max. 300V
min. 30V

max. +80°C
min. —30°C
max. +50 °C
min. —30°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 XP1918

Notes

1.

10.

1.
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 440 nm,
expressed in A/W, can be estimated by multiplying the blue sensitivity, expressed in A/ImF, by
8 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. 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 > 10'5 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 (Tl) 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(Tl) 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 37 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 pA respectively.

Both tests are carried out according to ANSI—N42—-9—1972 of IEEE 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 attains its
maximum. Rise time, pulse duratiqn and transit time vary as a function of high tension supply
voltage Vht, approximately as Vhe .

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 A 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.
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XP1918

MECHANICAL DATA

'8

A4
B
=

photocathode vy

87
. +1

7270509.2 !
13 'm

Pin positions equal to XP1911. W

Fig. 4.

Base 12-pin all glass
Net mass 21¢
ACCESSORIES

Socket type FE1004
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10-stage photomultiplier tube XP1918
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Fig. 5 Spectral sensitivity characteristic.
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Fig. 6 Relative gain as a function of the voltage between d6 and d5,
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.
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XP1918
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Fig. 7 Gain G and anode dark current iy, as a function of the supply voltage Vp+.
ida is given as a dotted line to indicate its principle behaviour only.
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OBSOLESCENT TYPE

XP2011
XP2011B

being replaced by XP2071, XP2071B
in preparation for green sensitivity applications: XP2081, XP2081B

10-STAGE PHOTOMULTIPLIER TUBE

flat window

high stability
good linearity

QUICK REFERENCE DATA

32 mm useful diameter head-on type

semi-transparent bi-alkaline photocathode

for high-energy physics experiments, scintillation counting, laboratory and industrial photometry
XP2011B has a 12-pin plastic base; XP2011 has a 14-pin all-glass base

Spectral sensitivity characteristic Fig. 6

Useful diameter of the photocathode > 32 mm
Cathode blue sensitivity 11 uA/ImF
Supply voltage for anode blue sensitivity = 7,5 A/ImF 1300 V

Pulse amplitude resolution for 137 Cs =~ 72 %

Pulse amplitude resolution for 55 Fe ~ 43 %

Mean anode sensitivity deviation ~ 1%
Anode pulse rise time =~ 2,5 ns
Linearity (with voltage divider B) upto = 200 mA

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

GENERAL CHARACTERISTICS
Window

Material

Shape

Refractive index at 400 nm
Photocathode

Semi-transparent, head-on
Material

Useful diameter

Spectral sensitivity characteristic
Maximum spectral sensitivity
Luminous sensitivity

Blue sensitivity

Spectral sensitivity at 440 nm

lime glass
plano-plano

1,54
SbRbCs
> 32 mm
see Fig. 6

440 £ 30 nm

110 pA/lm
typ. 11 uA/ImF
> 8,5 uA/ImF
~ 85 mA/W

2
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XP2011
XP2011B

Electron optical input system

This system consists of: the photocathode (k), a metallized part of the glass envelope, internally
connected to the photocathode and the accelerating electrode (g), internally connected to d1.

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 uniformly illuminated the anode current is halved (at Vht = 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 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.

7275853

7273512

XP2011B XP2011

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube XP2011
XP2011B

RECOMMENDED CIRCUITS

9
k 1 di  d2 d3 d4 d5 d6 d7 d8 d9 d10 \° .
Ky $ Y59 § %9 ¢
2

0,75

Vg —>(« Vg —+le-Vg |-V sl Vg sleVg >l Vg »leVio|eVd |-V —+leVi—>
——1— S — )
| )
-Gn)- LII—HF—IF«%
- V,;=11,75V -
6 ht d &
—-HT 7278725.2 +HT
Fig. 2 Voltage divider A*.
g
k 1 91 d2 d3 d4 d5 d6 d7 d8 d9 dio \? oo
I 2 2 2 2 . 2 2 2 A7)
R
2 225 (225 25 |225L] L
e—Vd —>|«Vd eV -+l Vo[-V |V »le-Vg >l Vi |Vl Vi-s|eVg—>
»—:}J H—H T H T
- Vi, =18,25V - ’
) ht d y
—HT 72734945 +HT

Fig. 3 Voltage divider B.

Typical values of capacitors: 10 nF
k = cathode;

g = accelerating electrode;
dn =dynode no.;

a = anode;

RL = 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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XP2011

XP2011B
TYPICAL CHARACTERISTICS notes
With voltage divider A (Fig. 2) 4

Supply voltage for an anode blue

. . < 1600 V
R 1
sensitivity of 7,5 A/ImF (Fig.8) typ. 1300 V
Gain at Vht = 1300 V (Fig. 9) ~ - 7x10°
Anode dark current at an anode blue
. . < 20 nA
sensitivity of 7,6 A/ImF (Fig. 8) typ. 15 nA 5,6
Pulse amplitude resolution for 37 Cs at an
anode blue sensitivity of 1,56 A/ImF ~ 72 % 7

Pulse amplitude resolution for 3% Fe at an
. anode blue sensitivity of 7,5 A/ImF ~ 43 % 8

Peak-to-valley ratio for 55 Fe at an

anode blue sensitivity of 7,56 A/ImF = 34
Mean anode sensitivity deviation ’/ 9
long term (16 h) ~ 1%
after change of count rate =~ 1%
Anode pulse rise time at Vh¢ = 1300 V ~ 2,5 ns 10
Anode pulse duration at half height at Vit = 1300 V ~ 6 ns 10
Signal transit time at Vht = 1300 V ~ 30 ns 10
Anode current linear within 2% at Vht = 1300 V up to ~ 40 mA
With voltage divider B (Fig. 3) 4
Gain at Vht = 1700 V (Fig. 9) & 7 x 108
Anode pulse rise time at Vht = 1700 V ~ 2,5 ns 10
Anode pulse duration at half height at Vht = 1700 V ~ 6 ns 10
Signal transit time at Vot = 1700 V ~ 26 ns 10
Anode current linear within 2% at Vht= 1700 V up to ~ 200 mA
LIMITING VALUES (Absolute maximum rating system)
Supply voltage max. 1800 V 1
Continuous anode current max. 0,2 mA 12
Voltage between first dynode and photocathode ':r':: ?gg x 13
Voltage between consecutive dynodes max. 300 Vv
Voltage between anode and final dynode 2?: 338 x 14
Ambient temperature range
OperationaFI) (for short geriods of time) $?: igg g((:; 15
Continuous operating and storage 2?: jgg gg
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10-stage photomultiplier tube XP2011

XP2011B

NOTES

1.

10.

1.

12.
13.

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).

. 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 + 5K. Light is transmitted through an interferential filter. Spectral sensitivity at 440 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.

. 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 in-
creased 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 > 10!5£2.

. 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. 2470 or equivalent) with a diameter of 32 mm and a height of 32 mm. 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 =2 x 103¢/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 cur-
rent 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 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 Vht, approximately as Vh 2.

Total HT supply voltage or the voltage at which the tube has an anode blue sensitivity of 75 A/ImF
(voltage given on test certificate for an anode blue sensitivity of 7,5 A/ImF, multiplied by 1,4),
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.
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XP2011
XP2011B

NOTES (continued)

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

15. For type XP2011B 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
— @39,5max [« - #395max |«
> @32min [+ -l>l @32min rl—
v ( +
7--; 7— — T 3
photocathode photocathode
92
*2 109
5 427
max
Y
5
) 15
max Y
SO T
29 max Y
72697721
q—gsz—n 7275855
Base 14-pin all glass Base 12-pin (JEDEC B12-43)

Netmass 54g¢g Netmass 72¢g

PIN CONNECTIONS

d5
a3{ @ @ |d6
d1,g
short pin
7275854.1 k shortpin d1,g k 7273507.1
Fig. 4 XP2011. Fig. 5 XP2011B.
ACCESSORIES

Socket:
for XP2011 : FE1112
for XP2011B : FE1012
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XP2011

10-stage photomultiplier tube
XP2011B
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Fig. 6 Spectral sensitivity characteristic.
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Fig. 7 Relative gain as a function of the
voltage between d5 and d4, normalized
to Vd; Vdg/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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as a dotted line to indicate its principle behaviour only.
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MAINTENANCE TYPE

XP2012

XP2012B

replaced by XP2072, XP2072B

10-STAGE PHOTOMULTIPLIER TUBES

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

XP20128B is provided with a 12-pin plastic base.

QUICK REFERENCE DATA

Spectral sensitivity characteristic

Useful diameter of the photocathode

Spectral sensitivity of the photocathode at 400 nm

Supply voltage for an anode spectral sensitivity = 60 kA/W

Pulse amplitude resolution
for 57Co at say = 10 KA/W
for Fe at say = 60 KA/W

Peak-to-valley ratio for 55 Fe at say = 60 kA/W
Anode pulse rise time (with voltage divider B)
Mean anode sensitivity deviation

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

type D
> 32 mm
90 mA/W
1350 V

11,2 %
42 %

34
2,5 ns
1%

QR

Q

Q

100 mA
200 mA

QR

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

GENERAL CHARACTERISTICS

Window

Shape

Material

Refractive index at 400 nm

Photocathode (note 1)

Semi-transparant , head-on

Useful diameter

Spectral sensitivity characteristic (Fig. 6)
Maximum sensitivity at

Spectral sensitivity at 400 nm

plano-plano
lime glass
1,54

SbKCs
> 32 mm
type D

400 +30 nm

typ. 90 mA/W
> 60 mA/W

October 1986 51



XP2012
XP2012B

Multiplier system

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

Capacitances
Anode to all
Anode to final dynode

5 pF
3 pF

QR

Magnetic field

When the photocathode is illuminated uniformly the anode current is halved (at Vit = 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.1);

— 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

XP2012 XP20128B

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tubes XP2012

XP2012B
RECOMMENDED CIRCUITS
g
“Cc 1 81 d2 d3 da d5 d6 d7 d8 d9 di0 N\? o
LY ¥ ¥ ¥ ¥ ¥ ¥ ¥ 7 9 P
2 075L1RL
4—-—Vd—><—Vd—><—Vd—><—Vd—-><—-Vd-><—Vd—»<—Vd-—><~Vd—><—Vd—><—Vd-»<-Vd—>
(1 L—«:«»—:ﬁ»—:ﬁ@
| )
‘P@J e - ;1
-— Vp,=11,75V, . ’
6 ht d Py
—HT 7278725.2 + HT

Fig. 2 Voltage divider A.

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.

[¢]
“fc v 4l d2d3 a4 dsd6 d7 d8 d9 dlo NNE
I 2 2 A 2 2 2 2
2,25 | 2,5 |225L]FL
Vg —|eVy—>leVd—>
g T o I o B )
g
O‘ Vht= 18,25 Vd VO
—HT 72734945 +HT
Fig. 3 Voltage divider B.
k  =cathode Typical values of capacitors: 10 nF
g = accelerating electrode

dn =dynode no
a = anode
RL =load resistor
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XP2012
XP2012B

TYPICAL CHARACTERISTICS *

With voltage divider A (Fig. 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)

Pulse amplitude resolution for 37Cs
atsag()) = 10 KA/W

Pulse amplitude resolution for 57 Co
at sag()) = 10 KA/W

Pulse amplitude resolution for %5 Fe
at sag()) = 60 KA/W

Peak-to-valley ratio for 55 Fe at sag()) =60 kA/W
Anode current linear within 2% at Vht = 1700 V

Mean anode sensitivity deviation
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)

Anode spectral sensitivity at Vht = 1700 V (Fig. 8)
Anode pulse rise time at Vht = 1700 V

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

Anode current linear within 2% at V= 1700 V

LIMITING VALUES (Absolute maximum rating system)
Supply voltage

Continuous anode current

Voltage between first dynode and photocathode
Voltage between consecutive dynodes

Voltage between anode and final dynode

Ambient temperature range
Operational (for short periods of time)

Continuous operation and storage

* All spectral sensitivities refer to a wavelength of 400 nm.

up to

up to

<
typ.

Q

QR

Qou R

2

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

max.
min.
max.
min.

1600
1350

1650

20
1

7,2

11,2

42
34
100

50
25

26
200

1800
0,2

500
150

300

300
30

+80
-30
+50
-30

notes
2
\
\
\
nA
nA 3,4
% 5
% 5
% 6
6
mA
13
%
%
%/K
2
kA/W
ns
ns
ns
mA
\) 8
mA 9
\
1
v 0
\
\Y)
1
\Y)
oC
oC 12
oC
oC
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10-stage photomultiplier tubes ")_(P2012

XP2012B

Notes

1.

10.
1.

12.

13.

The bialkaline photocathode has a significant resistance which increases rapidly with reducing
temperature. It is thus recommended that it should not be subjected to light of too great an
intensity; the cathode current should be limited, for example, to 1 nA at room temperature or
0,1 nA at —30 OC. If too high a photocurrent is passed, the cathode can no longer be 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
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 insulators having an insulation resistan-
ce of > 10% Q.

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

Pulse amplitude resolution for 137 Cs and 57 Co 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 = 103¢/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 2 x 103 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 Vit —%,

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 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.

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 37 Cs source at a
distance from the scintillator such that the count rate is =~ 10 ¢/s corresponding to an anode
current of ~ 300 nA.

Mean pulse amplitude deviation after change of count rate is measured with a 137 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 anode current of ~ 1 uA and ~ 0,1 uA respectively.

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

w (April 1984
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XP2012

XP2012B
MECHANICAL DATA Dimensions in mm
—= #39,5max | - $395max |«
> @32min < - $32min <+
7‘“" 7— == I
photocathode — photocathode
92
*2 109
15 427
max
v
5
yow UW NER |
LT o |
@9 max S |
72697721
- 32| 7275855
Fig. 4 XP2012 XP2012B
Base: 14-pin all-glass Base: 12-pin (JEDEC B12-43)
Net mass: 54 g Net mass: 72¢

PIN CONNECTIONS

a d10

7273507.2

7275854.1

XP2012 XP20128B

ACCESSORIES

Socket:
for XP2012 type FE1112
for XP2012B type FE1012
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10-stage photomultiplier tubes XP2012

XP2012B
72772141
100
I, \\
A
ske(n) / \
(mA/W) / \
10 \\
\
1
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Fig. 6 Spectral sensitivity characteristic.

100 7272524.2
7
7 \
\
relative \
gain I A\
(%) / \
10
]
1 \
7/ \
/ \
/ \
1
0 1 Vds/d4 2
Vd

Fig. 7 Relative gain as a function of the voltage between d5 and d4,
normalized to V(; Vd6/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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XP2017B

10-STAGE PHOTOMULTIPLIER TUBE

® 34 mm useful diameter head-on type

® Flat window

® Semi-transparent tri-alkaline S20R extended red photocathode
® For the red and near-infrared part of the spectrum

QUICK REFERENCE DATA

replaces XP1017

Spectral sensitivity characteristic
Useful diameter of the photocathode

Spectral sensitivity of the photocathode
at 550 nm
at 700 nm
at 860 nm
Supply voltage for anode luminous sensitivity = 60 A/lm

Anode pulse rise time (with voltage divider B)

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

type S20R
34 mm

\Y

35 mA/W
23 mA/W
6,56 mA/W

1200 VvV
25 ns

Qo

Q

50 mA
200 mA

Qo

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 860 nm

at 550 nm
at 700 nm
at 900 nm

borosilicate
plano-concave
1,48

Sb Na K Cs
> 34 mm
type S20R
550 + 50 nm

typ. 210 pA/lm
> 150 uA/Im

typ. 6,5 mA/W
1,5 mA/W
35 mA/W
23 mA/W
1,2 mA/W

eV
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XP2017B

Electron optical input system

This system consists of: the photocathode (k), a metallized part of the glass envelope, internally
connected to the photocathode and the accelerating electrode (g), internally connected to d1.

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 uniformly illuminated the anode current is halved (at Vi = 1200 V, voltage
divider A) at a magnetic flux density of: :
— 0,25 mT perpendicular to axis a (Fig. 1);

— 0,15 mT parallel with axis a.

It is recommended that the tube be screened from magnetic fields by a mu-metal shield protruding
min. 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

XP2017B

RECOMMENDED CIRCUITS

e—V4 —>{«Vq-—+leVg—=«Vd—+|

—{ 1+

*@J

O
—HT

F

«Vd >V Vd+{eVg+leVd-s|eVgsleVy—»
o T o I o o N o R

AH—H—L{HHHE

9
K | di d2 d3 d4 d5 d6 d7 d8 d9 d10 \? o
LY ¥ ¥ 3 F 7 ¥ 7 7 outpu

2 075]RL

Vhe=1175Vy

7278725.2

ig. 2 Voltage divider A.

o
+HT

When operating at low voltage 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.

9
k 1 41 d2 d3 d4 d5 d6  d7 d8  d9 dI0 NG
I 20 2 2 2 2 2 2
2 15 | 225|225 | 25 |225L1°L
eV —»le-Vq +le-Vg>|eVg -+l Vi-s|eV sl V3| Vg »[eVd >+ V4> «Vg—+
o T o R o o B o B
- V},=18,25V -
6 ht d N
—HT 72734945 +HT
Fig. 3 Voltage divider B.
k = cathode Typical values of capacitors: 10 nF
g = accelerating electrode
dn =dynode no
a = anode

RL =load resistor
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XP2017B

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 2)

Supply voltage for an anode luminous
sensitivity of 60 A/Im, (Fig. 6)

Gain at V¢ = 1400 V

Anode dark current at an anode luminous
sensitivity of 60 A/Im

Anode current linear within 2% at Vi, = 1400 V up to

With voltage divider B (Fig. 3)

Supply voltage for an anode luminous
sensitivity at 60 A/Im

Anode pulse rise time at V¢ = 1700 V

Anode pulse duration at half height at Vi, = 1700 V

Signal transit time at Ve = 1700 V

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

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

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

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

Q

Q

Q

Q

max.
max.

max.

min.

max.
max.
min.
max.
min.

max.
min.

1500
1200

1x 108
20

50

1500
25

26
200

1800
0,2

500
150

300

300
30

+80
-30

+50
-30

nA
nA

mA

ns
ns
ns
mA

notes

2,3

62
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10-stage photomultiplier tube

XP2017B

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 difference 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'® .

. 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 V¢, approximately as Vht'y’.

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

600 A/Im whichever is lower.

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

account.

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

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

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

September 1986
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XP2017B

MECHANICAL DATA
> $395max |<

- @34min [+
~~~~~~ 3 1
a d10 /
photocathode —/
109
15 427
max

7273507.2 UUWU

v
7269772.2
Fig. 4.

Net mass 80g
Base 12-pin (JEDEC B12-43)

ACCESSORIES
Socket type FE1012
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10-stage photomultiplier tube XP2017B
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Fig. 5 Spectral sensitivity characteristic.
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XP2017B

7295757
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Sév
V volt. div. A
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/
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volt. div. B
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Fig. 6 Anode luminous sensitivity say and anode dark current igg as a function of the supply voltage Vht.
ida is given as a dotted line to indicate its principle behaviour only.
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- XP2018B
replaces 150UVP

10-STAGE PHOTOMULTIPLIER TUBE

The XP2018 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 440 nm

Supply voltage

for an anode spectral sensitivity of 60 kA/W at 440 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 -
2,5 ns

Q

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 250 nm
at 400 nm

Photocathode

Semi-transparent, head-on
Material

Useful diameter

Spectral sensitivity characteristic
Maximum spectral sensitivity at

Spectral sensitivity at 440 nm

Luminous sensitivity

fused silica

plano-plano

1,60
1,47

Sb Rb Cs
> 32 mm

See fig. 5

400 + 30 nm

typ. 75 mA/W
> 40 mA/W

~ 85 uA/Im
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XP2018B

Multiplier system

Number of stages 10
Dynode structure linear focused
Dynode material CuBe

Capacitances

anode to final dynode ~ 3pF
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

XP2018B
RECOMMENDED CIRCUITS
g
Kf,1dl d2 d3 du d5 d6 d7 d8 d3  di0 )¢ outout
e 20 2 2 N 2 O . 20 g
R
o7s L
Vg4 »le-Vy >V, >
»«:H»—t:m—:}o—l
- T
-+ Vht=11,7SVd >
o o
-HT

7273495.3 +HT

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

g
k di_ d2 d3 d4 db d6 d7 d8 d9 dio N\?
e $ $ ¢ 999§ ¢ Fhrow
R
2 156 | 225|225| 25 |22501"L
Vg —»|e-Vg -+l Vg oleVgo|eVi-»leVg sl Vil Vg «Vd—>|eVg—=|eVy—>
- S S —
(5 Vht=18’25Vd >
—HT 7273494.5 +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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XP2018B

TYPICAL CHARACTERISTICS

With voltage divider A Fig. 2)

Supply voltage for an anode spectral
sensitivity of 60 kA/W at 440 nm (Fig. 7)

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

Anode current linear within 2% at V= 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 Vit = 1700 V
Signal transit time at Vi, = 1700 V

Anode current linear within 2% at V= 1700 V

LIMITING VALUES (absolute maximum rating system)
Supply voltage

Continuous anode current

Voltage between first dynode and photocathode

Voltage between consecutive dynodes
Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

< 1600
typ. 1350
< 50
typ. 5
up to = 100
~ 50
~ 25
~ 6
~ 26
up to=x 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

kA/W
ns

ns

ns
mA

<

<< < <<

oC
oc
oC
oC

notes

23

»H
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10-stage photomultiplier tube XP20188

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 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.

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 attains its
maximum. Rise time, pulse duration and transit time vary as a function of high tension supply
voltage V¢, approximately as Vht—yz.

5. 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.

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

8. 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.

9. A value of < 10 pA is recommended for applications requiring good stability.
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XP2018B

MECHANICAL DATA

Base

a d10

7273507.2

12-pin (JEDEC B12-43)

Net mass 78 g

ACCESSORIES

Socket

type FE1012

Fig. 4.
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10-stage photomultiplier tube

XP2018B
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Fig. 5 Spectral sensitivity characteristic.
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Fig. 6 Relative gain as a function of the voltage between
d5 and d4, normalized to Vq; Vgg/q4 constant.

parameters such as stability and linearity.

Note: Gain regulation by changing the voltage between d5 and d4 may cause a degradation of other
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XP2018B
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' XP2020
XP2020/Q

12-STAGE PHOTOMULTIPLIER TUBE

The XP2020 and XP2020/Q are 44mm useful diameter head-on photomultiplier tubes with a plano- ~ <—
concave window and a semi-transparent type D photocathode and a high gain 1st dynode from

SN 14007 onwards. 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 sensivity, a good linearity combined with

a very low background noise, extremely good time characteristics and good single electron spectrum
resolution. They are especially useful in high-energy physics experiments where ultimate time

characteristics are needed, such as coincidence measurements, Cerenkov detection, etc. The XP2020/Q

has a fused silica window enabling transmission at a wavelength of 160 nm and higher.

QUICK REFERENCE DATA

Spectral sensitivity characteristic XP2020 type D
XP2020/Q type DU
Useful diameter of the photocathode > 44 mm
Quantum efficiency at 400 nm
XP2020 26 %
XP2020/Q 25 %
Spectral sensitivity of the photocathode at 400 nm
XP2020 85 mA/W
XP2020/Q 80 mA/W
Single electron spectrum resolution 70 % -
Supply voltage for a gain of 3 x 10’ 2200 V
Pulse amplitude resolution for '*’Cs ~ 72 % -~
Anode pulse rise time (with voltage divider B’) ~~ 1,5 ns
Linearity, with voltage divider B upto =~ 280 mA
Signal transit time distribution o ~ 0,25 ns

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

GENERAL CHARACTERISTICS

Window
Material
XP2020 borosilicate
XP2020/Q fused silica
Shape plano-concave
Refractive index
XP2020, at 550 nm 1,48
XP2020/Qat 400 nm 1,47
XP2020/Qat 250 nm 1,50

Photocathode (note 1)

Semi-transparent, head-on

Material SbKCs

Useful diameter > 44 mm
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XP2020

XP2020/Q
XP2020 XP2020/Q
Spectral sensitivity characteristic type D (Fig. 6) type DU (Fig. 7)
Maximum spectral sensitivity at 400 + 30 400+ 30 nm
Quantum efficiency at 400 nm 26 25 %
. typ. 85 typ. 80 mA/W

Spectral sensitivity at 400 nm > 60 > 60 mA/W
Multiplier system
Number of stages 12
Dynode structure linear focused
Dynode material CuBe
Capacitances

Grid 1tok +Sq +acc + g2 + Sg ~ 20 pF

Anode to final dynode ~ 4 pF

Anode to all ~ 7 pF
Magnetic field
See Fig. 13.

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

7273510

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

XP2020
XP2020/Q

RECOMMENDED CIRCUITS

« 949, acc a
S3 S4 S5 s6 S7 S8 S3  SI0 SU s12 ampl
o e A 2 2 2 A -
Ry
Vgl Vg —le- Vg +le— Vg »le- Vg —le— Vgl Vg —»le— Vg >[4 Vg—>le- Vg |
T H
Vb
17 Vg $
7262686.1 +HT
Fig. 2 Voltage divider type A.
a
S1 s s12 \
T T J ampl.
Ry
35 | 45 8 10
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Fig. 3 Voltage divider type B.
a
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) o)
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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. unintentional contact between the conductive coating and
a =anode earth when the anode is earthed.
RL = load resistor Typical value of capacitors: 1 nF.

| ( January 1978 77



XP2020

- XP2020/Q

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)

Supply voltage for a gain of 3 x 10”7 (Fig. 8)
Anode dark current at a gain of 3 x 10”7 (Fig. 8)

Background noise at a gain of 3 x 107 (Fig. 11-14)

—= Single electron spectrum at a gain of 3 x 107 (Fig. 15)

resolution

peak to valley ratio

— Pulse amplitude resolution for *5Fe at a gain of 3 x 107

Peak to valley ratio for °°Fe at a gain of 3 x 107

—» Pulse amplitude resolution for '*’Cs at V}, = 1500 V

Anode pulse rise time at Vp = 2000 V

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

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

With voltage divider B (Fig. 3)

Gain at Vi, = 2800 V

Anode pulse rise time at V}, = 2800 V

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

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

Anode current linear within 2% at V}, = 2800 V
Obtainable peak anode current

With voltage divider B’ (Fig. 4)

Gain at V, = 25600 V

Anode pulse rise time at Vj, = 2500 V

Anode pulse duration at half height at Vi, = 2500 V
Signal transit time at Vp, = 25600 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 V, = 2500 V

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

note
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12-stage photomultiplier tube

XP2020

XP2020/Q
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 V
. max. 800 V
Voltage between first dynode and photocathode 9 min. 300 V
Voltage between consecutive dynodes
(except Sq1 and S19) max. 400 Vv
Voltage between dynodes S11 and Sq2 13 max. 600 V
. max. 700 V
Voltage between anode and final dynode 10 min. 80 V
An;bfrr;i?:;r?;g:usforring:riods of time) " max. R
P p min. —-30 °C
continuous operation and storage max. +50 °C
P 9 min.  —30 OC

April 1982
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XP2020
XP2020/Q

Notes

1.

S0®

11.
12.
13.
14,

15.
16.

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°"*C (corresponding to 0,1 photoelectron) are recorded (Fig. 9).

Pulse amplitude resolution for 5°Fe is measured with a Nal (TI) cylindrical scintillator with a
diameter of 19 mm and a height of 3 mm. The count rate is ~ 10°c/s. Pulse amplitude resolution
for '¥7Cs is measured with a Nal (TI) cylindrical scintillator with a diameter of 44 mm and a height
of 50 mm. The count rate is ~ 10%c/s.

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

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

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

This range of temperatures is limited principally by stresses in the sealing layer of the base to the
glass bulb. Where low temperature operation is contemplated, the supplier should be consulted.
Transit time fluctuations of single electrons leaving the photocathode result in a transit time
distribution at the anode. This distribution is characterized by its standard deviation .
Non-inductive resistors of 51 £ are incorporated in the base connected to S11 and S19.

See also General Operational Recommendations Photomultiplier Tubes.

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

XP2020
XP2020/Q

MECHANICAL DATA

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

Care should be taken to avoid electric <353 5max->
shock.

< (Bll min>

photocathode vy

outer conductive (1

ti 170
coatin +
9 5 192
max
y
.c. I
Y 1 IO DRI
g<, i.c. k, g {’
outer 72733280
conductive

7262689.3

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
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XP2020
XP2020/Q
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12-stage photomultiplier tube XP2020

XP2020/Q
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XP2020

XP2020/Q
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12-stage photomultiplier tube XP2020

XP2020/Q
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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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XP2020
XP2020/Q

Fig. 12 Time resolution for 2 tubes
XP2020 in coincidence. Measuring
conditions:

Number of photoelectrons =~ 1500
Supply voltage 2500 V

Constant fraction operation
Dynamic energy region 20%.

Fig. 13 Relative anode current as a

function of the magnetic flux density B.
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12-stage photomultiplier tube XP2020
XP2020/Q

0 : IS A airaae ST S
s i ~ fins
1 1 1 1 1 1 et S L

Fig. 14 Background noise spectrum, obtained with an XP2020 tube, series no. 13246. Gain: 3 x 107.

Fig. 15 Single electron spectrum obtained with an XP2020 tube, series no. 13246. Gain: 3 x 107.
Resolution 67%. Peak to valley ratio: 2,8 (see Note 16).
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XP2023B
replaces XP2013B

8-STAGE PHOTOMULTIPLIER TUBE

32 mm useful diameter head-on type

Flat window

Semi-transparent tri-alkaline S20 (type T) photocathode
Good time characteristics

Good linearity

For industrial applications, e.g. laser reading

QUICK REFERENCE DATA

Spectral sensitivity characteristic

Useful diameter of the photocathode

Cathode spectral sensitivity at 700 nm

Supply voltage for anode luminous sensitivity of 6 A/lm
Anode pulse rise time (with voltage divider B)

Linearity, with voltage divider B

S20 (type T)
>32mm

20 mA/W
1120V
~2,5ns

up to = 200 mA

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

GENERAL CHARACTERISTICS
Window (frosted)

Material

Shape

Refractive index at 550 nm

Photocathode

Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 5)
Maximum spectral sensitivity

Luminous sensitivity

Spectral sensitivity at 700 nm

Spectral sensitivity at 630 nm

borosilicate
plano-plano
1,48

SbNaKCs

>32 mm

S20 (type T)

420 + 30 nm

~ 200 uA/Im note 1

typ. 20 mA/W
> 10 mA/W

~ 40 mA/W note 2

note 2
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XP2023B

Mulitplier system

Number of stages 8
Dynode structure linear focused
Dynode material CuBe
Capacitances '

anode to final dynode ~ 3 pF

anode to all ~5pF
Magnetic field

When the photocathode is uniformly illuminated 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 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.

7273512

Fig. 1 Axis a with respect to base pins (bottom view).
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8-stage photomultiplier tube J L XP2023B

RECOMMENDED CIRCUITS

k@'gl’ d2 d3 d4 d5 d6 d7
Yy Y Y T Y YN

a [=%
a3

output

R
075l L
« Vg

- Vhi=9,75Vy
—ST 7286941.1 +HT
Fig. 2 Voltage divider A.
- a

- V:=16,75V,
é ht d )
-HT 7286942.1 +HT

Fig. 3 Voltage divider B.

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

dn =dynode no.

a = anode

R = load resistor

August 1984
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XP2023B

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 2)

Supply voltage for an anode luminous
sensitivity of 6 A/Im (Fig. 7)

Anode dark current at an anode luminous
sensitivity of 6 A/Im (Fig. 7)

Mean anode sensitivity deviation at Vi, = 1000 V,
long term (16 h)
Anode current linear within 2% at V= 1300 V

With voltage divider B (Fig. 3)

Anode luminous sensitivity at Vi, = 1500 V (Fig. 7)
Anode pulse rise time at V¢ = 1500 V

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

Anode current linear within 2% at V¢ = 15600 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

typ. 1120
< 1300
typ. 1
< 5
~ 1
upto=~ 80
~ 7
~ 25

6
~ 24
up to~ 200
max. 1800
max. 0,2
max. 500
min. 150
max. 300
max. 350
min. 30
max. +80
min. =30
max. + 50
min. —-30

\"
\

nA
nA

%
mA

A/lm

ns
ns
mA

<< < <<

oc

oc
oc

note 3

note 1

notes 4,5

note 6

note 3

note 7
note 7
note 7

note 8
note 9

note 10

note 11

note 12
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8-stage photomultiplier XP2023B

NOTES

1.

9.
10.
1.

12.

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.

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 insulators having 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).

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 uA. See also General Operational Recommen-
dations Photomultiplier Tubes.

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

Total HT supply voltage or the voltage at which the tube has an anode luminous sensitivity of
~ 120 A/Im (test certificate voltage multiplied by 1,65), 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.

When calculating the anode voltage the voltage drop across the ioad 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.

August 1984

93



XP2023B

MECHANICAL DATA

-> 9395max [=

-+ @32min |+

N == - A A

photocathode ]

U0

7286945.1

A
7275577

Fig. 4.
Base 12-pin (JEDEC B12-43)
Net mass 754 -
Socket* FE1012

Note: To improve the anode sensitivity over the entire cathode area the external surface of the window
has been frosted.

* To be ordered separately.
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8-stage photomultiplier tube XP2023B
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Fig. 5 Spectral sensitivity characteristic.
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Fig. 6 Relative gain as a function of the voltage between d5 and d4, normalized to Vq;V 4g/q4 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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XP2023B
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Fig. 7 Anode luminous sensitivity sa,, and anode dark current ida as a function of the supply voltage
Vht: ida is given as a dotted line to indicate its principle behaviour only.
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XP2041
XP2041/Q

XP2041 replaces XP2040
XP2041/Q replaces XP2040/Q

14-STAGE PHOTOMULTIPLIER TUBES

® 110 mm useful diameter head-on type

® Concave-convex window

® Semi-transparent bi-alkaline type D photocathode

® For nuclear physics where the number of photons to be detected is very low, ¢.q. where very good
time characteristics are required, e.g. coincidence measurements and Cerenkov light detection
XP2041 is supplied with a plano-concave plastic adapter (300 nm and up)

XP2041/Q is supplied with a plano-concave fused silica adapter {200 nm and up)

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D, extended ultra violet
Useful diameter of the photocathode > 110 mm
Quantum efficiency at 400 nm 26 %
Cathode spectral sensitivity at 400 nm 85 mA/W
Supply voltage for a gain of 3 x 107 2200 Vv
Anode pulse rise time (with voltage divider B) ~ 2 ns
Linearity

with voltage divider A (Fig. 2) upto ~ 30 mA

with voltage divider B (Fig. 3) upto =~ 220 mA

with voltage divider B’ (Fig. 4) upto ~ 80 mA

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

GENERAL CHARACTERISTICS

Window *

Material u.v. transmitting glass
Shape concave-convex
Radius of curvature 183 £ 5 mm
Refractive index at 550 nm 1,48

* This glass window (type Schott 8337 or equivalent) must be protected from humidity.
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XP2041

XP2041/Q
Photocathode
Semi-transparent, head-on
Material Sb K Cs
Useful diameter > 110 mm
Spectral sensitivity characteristic (Fig. 6) type D, extended ultraviolet
Maximum spectral sensitivity 400 +30 nm
Quantum efficiency at 400 nm 26 %
Spectral sensitivity at 400 nm typ. 85 mA/W
> 656 mA/W
Multiplier system
Number of stages 14
Dynode structure linear focused
Dynode material CuBe
Capacitances
anode to final dynode ~ 5 pF
anode to all A~ 7 pF
grid1 to k + grid2 + grid3 + d1 ~ 70 pF

Magnetic field

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;

0,13 mT perpendicular to axis a (see Fig. 1);

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

Fig. 1 Axis with respect to base pins (bottom view).
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14-stage photomultiplier tubes XP2041

RECOMMENDED CIRCUITS
k a2 a
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le-Vg 4= Vg —>fe= Vg —>fe= Vg —sfe= Vg —|e= Vg e Vg ola-Vy -sle=Vy le-Vy —sle= Vg ple— Vg —sle- Vg sl Vg >l Vy |
5 m 1
le— Vg —>l It ||__""‘
Vhe=19 Vg
O 7272124.2 le)
—HT + HT
Fig. 2 Voltage divider A.
K 9
11 81 d2 d3  du& ds d6  d output
1 : T T 3 J R g 3 )
Maf| o L
~2| 93|~o7 |3 1,25
leVy 4 Vy —»le-Vy | Vg —le- Vg —|e- Vg »fe-Vy =
——CI—*-:H—!:FL(:FE‘
6
«— Vg —>
Vhe= 45,5 Vg
o) 7272126.2 o)
~HT +HT
Fig. 3 Voltage divider B.
K 32
tir 4 dz  d3  ds  d5 de6 d7 4
!I : 1/ 7 -\‘ 1 J [\ \
wa|] 9 L R
7] 97 ~07 [~13
le-Vy [4= Vg —>1e=Vy —sa= Vg —fe—Vy e Vg le Vg >l Vg
le— Vqg —>
Vo= 23,5 Vg
O 7272125.2 o
—HT +HT

Fig. 4 Voltage div‘ider B'.

k = cathode; g1, g2 = focusing electrodes; g3 = accelerating electrode; dn = dynode no.; a = anode

R\ = load resistor. The voltage between k and g1 should be adjusted at about 1,7 V4 for voltage
dividers A and B’ or about 2 V¢ for voltage divider B.

R = This resistor serves to connect the anode when the output cable is not terminated. Recommended
value: 10 k2. The cathode resistor of 1 MS2 limits the current in case of unintentional contact
between the conductive coating and earth when the anode is earthed. The voltage between d1 and

d2 should be adjusted at about 0,7 V4. Typical value of capacitors: 1 nF,
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XP2041
XP2041/Q

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)
Supply voltage 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 V¢ = 2200 V

Anode pulse duration at half height at V¢ = 2200 V
Signal transit time at Vi = 2200 V

Anode current linear within 2% at V¢ = 2200 V
Obtainable peak anode current

With voltage divider B (Fig. 3)

Gain at V¢ = 2800 V (Fig. 10)

Anode pulse rise time at V¢ = 2800 V

Anode pulse duration at half height at V¢ = 2800 V-

Signal transmit time at V¢ = 2800 V

Signal transmit time difference between the centre of the
photocathode and 50 mm from the centre at V¢ = 2800 V

Anode current linear within 2% at V¢ = 2800 V
Obtainable peak anode current

With voltage divider B’ (Fig. 4)

Gain at V¢ = 2500 V (Fig. 10)

Anode pulse rise time at Vpyy =2500 V

Anode pulse duration at half height at V¢ =2500 V
Signal transit time at Vjjy =2500 V

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

—* Anode current linear within 2% at V¢ = 25600 V

Obtainable peak anode current

up to

up to

up to

typ.

typ.

~

L R S

Q

Q e Q

Q

Q

Q

2200 V
2700 V

30 nA
600 nA

25 ns
5 ns
46 ns
30 mA
200 mA

4x10°
2,1 ns
3 ns
49 ns

1 ns
280 mA
05to1 A

2x 107
2 ns
3 ns
46 ns

80 mA
500 mA
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14-stage photomultiplier tubes

XP2041

XP2041/Q
LIMITING VALUES (Absolute maximum rating system) notes
Supply voltage max. 3000 VvV 6
Continuous anode current max. 0,2 mA 7
Voltage between focusing electrode, g1 and photocathode max. 300 VvV
Voltage between first dynode and photocathode max. 800 V 8
min. 400 V
Voltage between accelerating electrode and photocathode max. 18 V4
min. 14 Vg4
Voltage between consecutive dynodes max. 500 V
Voltage between anode and final dynode max. 500 V 9
min. 80 Vv
Ambient temperature range
operational (for short periods of time) max. +80 °C 10
min. -30 °C
continuous operation and storage max. +50 OC
min —-30 °C

April 1984
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XP2041
XP2041/Q

Notes

1.

10.

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
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 dark-
ness (= 15 min).
Measured with a pulsed light source with a pulse duration of <1 ns; the cathode being complete-
ly 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 V¢, approxi-

1
mately as Vht‘/z.
A non-inductive resistor of 51 £2 is incorporated in the base, connected to d14.
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.
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.

For applications requiring a high stability a value of <10uA is recommended.
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 lower temperature operation is contemplated, the supplier should be consulted.
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14-stage photomultiplier tube XP2041
XP2041/Q

MECHANICAL DATA

<+—— @136,5 max ——
8110 min aluminium
plano-concave
adapter /_r__,ﬁ‘_/._\\ A 2 1
photocathode
1) «—— @ 130%1 —>
outer conductive 174
coating : +5
259
*5 281
max
2 )
A+
23
—4 v
J '

?518
~max "~
outer
conductive «— @91 max —» 7269206
7269204.2 coqting

Fig. 5 Care should be taken in handling this
larger diameter tube because of the risk
Base: 20-pin (JEDEC B20-102) of implosion.

Net mass: 1340 g

Optical coupling silicone grease is supplied with each tube. The grease should be applied to the
adapter-photomultiplier interface before operation.

ACCESSORIES
Socket type FE1020

The XP2041 may be used with the base assembly S563, see separate data sheet.

(1) The envelope of the tube is covered with a conductive coating, connected to the cathode. Take
care to avoid electric shock. See also note 1.
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XP2041

XP2041/Q
100 7272133.2 100 72721211
7z N V4
y N\, V4 \
N 7 X
ske) ||/ \\ “in \\
(mA/W) \ ?::,r; [ \
10 ,/ \‘\ 10 I/ \\
_ v
\ AN
\
! 800 !
200 400 600 , 0 1 2 3 4 vgy 5
Vd
Fig. 6 Fig. 7

Spectral sensitivity characteristic
(without adapter or with fused silica

adapter).

100 7272119.1
7 Ny
VA AN
J 4 AN
N
relative
gain \
(%) ‘\
10 4
7 \
I \
7 \
V4 \\
1
0 1 Vd2/d1 2
Vd
Fig. 8

Relative gain as a function of the voltage
between d2 and d1, normalized to V4.

V43/d1 constant.

Relative gain as a function of the voltage
between focusing electrode g1 and photo-
cathode, normalized to V.

100 - - 7272120.1
X
relative ]’ ‘\
gain
(%) /
o / \
7 Y
7
Vi
VA \
] \
L/ \
= N
—~ AN
4
0,1
0 1 Vds/da 2
Vd
Fig. 9

Relative gain as a function of the voltage between
d5 and d4, normalized to V4 ; Vdg/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.

104 April 1984



14-stage photomultiplier tube XP2041
XP2041/Q

7Z77569.1

10° T 04
1I
G .
6 volt.div.A| Ida
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/ /| volt.div.A
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Fig. 10.

Gain, G, and anode dark current, iq5, as a function of supply voltage V.
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XP2050

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBE

® 110 mm useful diameter head-on type

o flat window

® semi-transparent bialkaline type D photocathode

o for high-energy physics, e.g. large dimensional Cerenkov counters, leadglass walls, etc.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 110 mm
Quantum efficiency at 400 nm 95 mA/W
Supply voltage for an anode spectral

sensitivity of 12 kA/W at 400 nm 1270 V
Pulse amplitude resolution (37 Cs) ~ 75 %
Mean anode sensitivity deviation ~ 1%

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

GENERAL CHARACTERISTICS

Window

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

Photocathode *

Semi-transparent, head-on

Material Sb K Cs

Useful diameter > 110 mm
Spectral sensitivity characteristic (Fig. 4) type D
Maximum spectral sensitivity at 400 £ 30 nm
Quantum efficiency at 400 nm 29 %
Spectral sensitivity at 400 nm t>yp. 22 mﬁjvwv

* 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 intensi-
ty; 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.

Aprii 1984

107



XP2050

Multiplier system

Number of stages 10
Dynode structure venetian blind
Dynode material Cu Be
Capacitances
anode to final dynode ~ 7 pF
anode to all ~ 8,5 pF

Magnetic field

When the cathode is illuminated uniformly the anode current is halved (at Vht = 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.

108
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10-stage venetian blind photomultiplier tube XP2050

RECOMMENDED CIRCUITS

g9
k 1 d1 d2 d3 d4 d5 d6 a7 ds d9 cEIO a outout
1 1/ T T T T 1/’- I nn ?7 T pu
1
Ry
2
Vg Vg PV DV PV PV PV DV DV DV DV
UQEGGGGDGG_J_
i
< Vht=12Vy4 >
(o] 7269217.2 lo)
-HT +HT
Fig. 1 Voltage divider A.
9

rJQ.
\‘N
lo
Qw
ya [-%
s
%
~lwn
Ay )

i

1

]

<la
\I—l

d6  d7  d8  d3  di0, \e cout
—\J -‘\.I- -\ y \J'- ou PU
R
3
4V eV, >

fvd Vg PV PV DV DV DV DV DV P
EGGDD@GGGU_J-
A T
< Vht=13Vy4 &
-HT +HT 72626353

Fig. 2 Voltage divider A1.

Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode; d,, = dynode no.;
= anode; R|_ = load resistor.

The accelerating electrode potential should be adiusted for optimum pulse amplitude resolution.
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XP2050

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

With voltage divider A (Fig. 1) 1
. . < 1500 V
Supply voltage for an anode spectral sensitivity of 12 kA/W (Fig. 7) typ. 1270 V
— Anode spectral sensitivity at Vht= 1500 V ~ 40 kA/W
L < 5 nA
2
Anode dark current at an anode spectral sensitivity of 12 kA/W typ. 05 nA
Anode current linear within 2 % at Vit = 1500 V up to ~ 10 mA
With voltage divider Aq (Fig. 2)
Anode spectral sensitivity at Vht = 1500 V (Fig. 7) ~ 25 kA/W
Pulse amplitude resolution for B7Cs at 12 KA/W ~ 75 % 3
Anode current linear within 2% at V¢ = 1500 V up to ~ 10 mA
Mean anode sensitivity deviation 4
long term (16 h) ~ 1 %
after change of count rate ~ 1%
Anode pulse rise time at Vh¢ = 1500 V ~ 16 ns 5
Anode pulse width at half height at Vht = 1500 V ~ 40 ns 5
Signal transit time at V¢ = 1500 V ~ 90 ns 5
LIMITING VALUES (absolute maximum rating system)
Supply voltage max. 2000 V 6
Continuous anode current max. 0,2 mA 10
- max. 500 VvV
7
Voltage 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 VvV 8
Ambient temperature range 9
. . . max. +80 °oC
operational (for short periods of time) min. _30 oC
o
continuous operation and storage m‘;": igg og
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10-stage venetian blind photomultiplier tube XP2050

Notes

1.

10.

Wherever possible, the power supply should be arranged so that the cathode is earthed and the anode
is at + HT, however, it is sometimes necessary to supply the tube with the anode earthed and the
cathode at —HT. Under these circumstances, erratic noise and dark current are generally increased
and unstable, particularly after application of voltage. The glass envelope of the tube should be
supported only by insulators having an insulation resistance of > 10!5 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 %7 Co is measured with an Nal (T1) cylindrical scintillator

(Quartz et Silice serial no. 4170 or equivalent) with a diameter of 75 mm and a height of 75 mm.
The count rate used is =~ 10%c/s.

. 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 anode current of ~ 300 nA.
Mean anode sensitivity deviation after change of count rate is measured with a_!3? Cs source at a
distance from the scintillator such that the count rate can be changed from =~ 10%c/s to =~ 103¢/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 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 Vht
approximately as Vht'1/2.

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

Where low temperature operation is contemplated, the supplier should be consulted.
A value of <10 uA is recommended for applications requiring good stability.
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XP2050 L

MECHANICAL DATA

<+——— G130 max ——>

photocathode —|
T b
89
+5 |
50
{ 17
5 195
max

WOy

ki )

d1 k 7269215
—! @58max Ie—

72692161

Fig. 3.

Base: IEC 67—1—16a (Jedec B14—38) Care should be taken in handling
this larger diameter tube because

Net mass: 460
9 of the risk of implosion.

ACCESSORIES
Socket type FE1014
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10-stage venetian blind photomultiplier tube

XP2050

7277479.1
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Fig. 4 Spectral sensitivity characteristic.
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Fig. 5 Relative gain as a function of the voltage
between d6 and d5 normalized to Vg - Vd7/d5
constant. Vg =90 V.

Note: Gain regulation by changing the voltage
between d6 and d5 may cause a degradation
of other parameters such as stability and
linearity.
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Fig. 6 Relative anode current as a
function of the voltage between

anode and final dynode. Vg =90 V.
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XP2050
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Fig. 7 Anode spectral sensitivity sag()) and anode dark current ida as a function of the
supply voltage Vht.
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I
| XP2062
l XP2062B

XP2062 replaces XP2061
XP2062B replaces XP2061B

10-STAGE PHOTOMULTIPLIER TUBE

® 34 mm useful diameter head-on type

® flat window

® semi-transparent bi-alkaline photocathode

® high stability
® good linearity

® for high-energy physics experiments, scintillation counting, laboratory and industrial photometry
® XP2062B has a 12-pin plastic base; XP2062 has a 14-pin all-glass base

QUICK REFERENCE DATA

- Spectral sensitivity characteristic
Useful diameter of the photocathode

Cathode blue sensitivity

Supply voltage for anode blue sensitivity = 7,5 A/ImF
Pulse amplitude resolution for 137Cs
Pulse amplitude resolution for 5°Fe

Mean anode sensitivity deviation

Anode pulse rise time (with voltage divider B)
Linearity (with voltage divider B)

Fig. 6
> 34 mm
11,5 pA/ImF
1350 V
~7,2%
~ 42%
~1%
~25ns
up to ~ 200 mA

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

GENERAL CHARACTERISTICS

Window

Material

Shape

Refractive index at 400 nm

Photocathode

Semi-transparent, head-on
Material

Useful diameter

Spectral sensitivity characteristic
Maximum spectral sensitivity
Luminous sensitivity

Blue sensitivity

Spectral sensitivity at 400 nm

lime glass
plano-piano
1,54

SbKCs
>34 mm
see Fig. 6
400 = 30 nm
70 uA/Im note 2

typ. 11,5 pA/ImF
> 8,6 uA/ImF

~ 90 mA/W note 3

note 1
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XP2062
XP2062B

Electron optical input system

This system consists of: the photocathode (k), a metallized part of the glass envelope, internally
connected to the photocathode and the accelerating electrode (g), internally connected to d1.

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

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

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

— 0,15 mT parallel with axis a.

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

7275853

7273512

XP20628B XP2062

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube XP2062
XP2062B

RECOMMENDED CIRCUITS

9
k 1 1 d2° d3 d4 d5 d6  d7  d8  d9 d10 \? o
LY ¥ ¥ 7T ¥ 7 7T 7T T 7 outpu

2 0751]"L

+—Vd —>[+ V|V sleVisleVg+|eVq sl Vg Vd—+leVd—+|eVy—>|«Vi—>

—{

(1)~ —IHHFJL%I—L—IF&

- Vihe=11.75Vy >
O
—HT 7278725.2 +HT
Fig. 2 Voltage divider A*.
g
“(c v 9L 42 d3 dad5 d6 47 d8  d9 dl0 NG
I 2 2 2 2 2 2 2k
2 15 |225|225]| 25 |2251/°RL
+—Vd —>|«Vd | Vq eVl Vg>leVd sl Vg« Vgo|eVd—+|eVg—>|«Vg—>
—{ S o R S )
- V= 18,25V -
6 ht d Py
—HT 72734945 +HT
Fig. 3 Voltage divider B.
k = cathode; Typical values of capacitors: 10 nF
g = accelerating electrode;
dn = dynode no.;
a = anode;
Ry = 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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XP2062
XP2062B

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)

Supply voltage for an anode blue
sensitivity of 7,6 A/ImF (Fig. 8)

Gain at V¢t = 1350 V (Fig. 9)

Anode dark current at an anode blue
sensitivity of 7,5 A/ImF (Fig. 8)

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

Pulse amplitude resolution for 55Fe at an
anode blue sensitivity of 7,5 A/ImF

Mean anode sensitivity deviation
long term
after change of count rate

Anode current linear within 2% at V¢ = 1350 V

With voltage divider B (Fig. 3)

Gain at Vi = 1700 V (Fig. 9)

Anode pulse rise time at Vi, = 1700 V

Anode pulse duration at half height at Vi, = 1700 V
Signal transit time at Vi3 = 1700 V

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

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

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

Ambient temperature range
Operational (for short periods of time)

Continuous operating and storage

< 1600
typ. 1350
~ 8x10°
< 20
typ. 1

~ 7.2
~ 42
~ 1
x 1
upto= 40
~ 7x10°
~ 2,5
~ 6
~ 26
up to ~ 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

ns
ns
ns
mA

<

<< < <<

oc
oC
oc
oc

note 4

note 1

notes 5, 6

note 7

note 8

note 9

note 4
note 10

note 10
note 10

note 11
note 12

note 13

note 14

note 15
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10-stage photomultiplier tube XP2062

XP2062B

NOTES

1.

10.

11.

12.
13.

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).

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.

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 in-
creased 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 > 10'5Q.

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

Pulse amplitude resolution for 137 Cs is measured with an Nal (T1) cylindrical scintillator (Quartz et
Silice serial no. 2470 or equivalent) with a diameter of 32 mm and a height of 32 mm. The count
rate used is ~ 10%c/s.

Pulse amplitude resolution for 5Fe is measured with an Nal (T1) cylindrical scintillator with a
diameter of 256 mm and a height of 1 mm provided with a beryllium window. The count rate used
is~2x10%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 137 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 ¢/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—%-

Total HT supply voltage or the voltage at which the tube has an anode blue sensitivity of 756 A/ImF
(voltage given on test certificate for an anode blue sensitivity of 7,5 A/ImF, multiplied by 1,4),
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.
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XP2062
XP2062B

NOTES (continued)

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

account.

15. For type XP2062B 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

-+ £ 39,5max [+

—

—'>! @ 34min

photocathode —

» -

@9 max

32> 72754512

Fig. 4 XP2062

Base 14-pin all glass
Net mass 51g

PIN CONNECTIONS

7275854.1 k short pin
XP2062
ACCESSORIES
Socket
for XP2062 type FE1112
for XP2062B type FE1012

- §39,5 max |«

v

>

@34min

|~

A

photocathode—]

UU%UU

v
72754504

Fig. 5 XP2062B

Base 12-pin (JEDEC B12-43)
Net mass 69g

di, g k 7273507.1

XP2062B
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XP2062

10-stage photomultiplier tube

XP2062B
7292825
100
V4 AN
N
/ N\
ske() | \
(mA/W) 1 \
10
\
\
\
1
200 400 600 800

Fig. 6 Spectral sensitivity characteristic.

7272524.2
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\
i / \
gain
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f \
7 \
\
1
0 1 Vds/d4 2

Vd

Fig. 7 Relative gain as a function of the voltage
between d5 and d4, normalized to Vq; Vd6/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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Fig. 8 Anode blue sensitivity, saf, and anode dark
current iga, as a function of supply voltage Vp; igs is given
as a dotted line to indicate its principle behaviour only.
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DEVELOPMENT DATA

This data sheet contains advance information and XP2071

specifications are subject to change without notice. XP2071B

XP2071 replaces XP2011
XP2071B replaces XP2011B
in preparation for green sensitivity applications: XP2081, XP2081B

10-STAGE PHOTOMULTIPLIER TUBES

34 mm useful diameter head-on type

flat window

semi-transparent bi-alkaline photocathode

high stability

good linearity

for high-energy physics experiments, scintillation counting, laboratory and industrial photometry
XP2071B has a 12-pin plastic base; XP2071 has a 14-pin all-glass base

QUICK REFERENCE DATA

Spectral sensitivity characteristic Fig. 6

Useful diameter of the photocathode >34 mm
Cathode blue sensitivity 11,5 uA/ImF
Supply voltage for anode blue sensitivity = 7,5 A/ImF 1250 V

Pulse amplitude resolution for 137Cs ~7,2%

Pulse amplitude resolution for 5 Fe ~ 43%

Mean anode sensitivity deviation ~ 1%

Anode pulse rise time ~25ns
Linearity (with voltage divider B) up to = 200 mA

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

GENERAL CHARACTERISTICS

Window notes
Material lime glass

Shape plano-plano

Refractive index at 400 nm 1,54

Photocathode 1
Semi-transparent, head-on

Material SbKCs

Useful diameter >34 mm

Spectral sensitivity characteristic see Fig. 6

Maximum spectral sensitivity 400 £ 30 nm

Luminous sensitivity ~ 70 uA/Im 3
Blue sensitivity gg,; Li/;ﬁg mF
Spectral sensitivity at 400 nm ~ 90 mA/W 4
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XP2071
XP2071B

Electron optical input system

This system consists of: the photocathode (k), a metallized part of the glass envelope, internally
connected to the photocathode and the accelerating electrode (g), internally connected to d1.

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 uniformly illuminated the anode current is halved (at Vht = 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 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.

7273512

7275853

XP2071B XP2071

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

124

July 1986



10-stage photomultiplier tube XP2071

DEVELOPMENT DATA

XP2071B

RECOMMENDED CIRCUITS

g
k_@ ) o4l d2 d3 dad5  d6 d7 d8 49 dio N

2 2 2 2 2, 2 2 2 2

2 0,75 LIRL
Vg —> «Vyg—+|eVi—>
— — o I S

' H

»@_: - %
6< Vht=11’75Vd —>
—HT 7278725.2 +HT

Fig. 2 Voltage divider A.

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.

g
k . d
Ly
2 15 |225|225| 25 |225

+Vd —+leVq»l«VidsleVg-»leVd—leVy->

d2 d3 d4 d5 d6 d
\

Yy ¥y ¥ ¥ ¥

Ny B

—Vq —>

- Vht= 18,25 Vd

—HT 7273494.5 +HT

Fig. 3 Voltage divider B.

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

dn =dynode no.;

a = anode;

RL = load resistor.
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XP2071

XP2071B
TYPICAL CHARACTERISTICS notes
With voltage divider A (Fig. 2) 5
Supply voltage for an anode blue
e . < 1600 V
sensitivity of 7,5 A/ImF (Fig. 8) typ. 1250 V 2
Gain at Vht = 1250 V (Fig. 9) ~  7x10°
Anode dark current at an anode blue
e . . < 20 nA
sensitivity of 7,5 A/ImF (Fig. 8) typ. 15 nA 6,7
Pulse amplitude resolution for !37Cs at an
anode blue sensitivity of 1,5 A/ImF ~ 72 % 8

Pulse amplitude resolution for %5 Fe at an
anode blue sensitivity of 7,5 A/ImF ~ 43 % 9

Peak-to-valley ratio for 55 Fe at an

anode blue sensitivity of 7,5 A/ImF ~ 34
Mean anode sensitivity deviation 10

long term (16 h) ~ 1%

after change of count rate ~ 1%
Anode pulse rise time at Vht = 1250 V ~ 25 ns 11
Anode pulse duration at half height at Vht = 1250 V ~ 6 ns 11
Signal transit time at V¢t = 1250 V ~ 30 ns 1
Anode current linear within 2% at Vit = 1600 V upto = 90 mA
With voltage divider B (Fig. 3) 5
Gain at Vht = 1700 V (Fig. 9) ~ 1x 108
Anode pulse rise time at Vht = 1700 V ~ 25 ns 1
Anode pulse duration at half height at V= 1700 V ~ 6 ns 11
Signal transit time at Vht = 1700 V ~ 26 ns 1
Anode current linear within 2% at Vht = 1700 V upto = 200 mA
LIMITING VALUES (Absolute maximum rating system)
Supply voltage max. 1800 V 12
Continuous anode current max. 0,2 mA 13
Voltage between first dynode and photocathode 2?: ’ ?(5)8 :// 14
Voltage between consecutive dynodes max. 300 Vv
Voltage between anode and final dynode 2?: 3gg x 15
Ambient temperature range

Operationa‘I) (for short geriods of time) :?: jgg gg 16

Continuous operating and storage max. +50 °C

min. -30 oC
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10-stage photomultiplier tubes Xp2071

XP2071B

DEVELOPMENT DATA

Notes

1.

10.

1.

The bi-alkaline 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 departures of linearity.

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).

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.

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 in-
creased 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 > 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 137Cs is measured with an Nal (T1) cylindrical scintillator (Quartz
et Silice serial no. 2470 or equivalent) with a diameter of 32 mm and a height of 32 mm. The
count rate used is =~ 10%c/s.

Pulse amplitude resolution for 55 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 =~ 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 !37Cs 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 !37Cs source at a
distance of the scintillator such that the count rate can be changed from 10%c/sto 103 c/s
corresponding to an average anode current of = 1 u A 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 Vht, approximately as Vpy—72.

July 1986

127



XpP2071
XP2071B

Notes (continued)

12. Total HT supply voltage or the voltage at which the tube has an anode blue sensitivity of 75 A/ImF
(voltage given on test certificate for an anode blue sensitivity of 7,5 A/ImF, multiplied by 1,4),
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 XP2071B 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

1 @39 5max [« -+ $395max |«
— @ 34Lmin - -+ J 34ming<
7___ '—/—— == A A
photocathode photocathode
92
12 109
£5 427
max
v
g 15
t max
*
AT Ul
29 max R |
7296303
<—ﬁ32—’ 7296302
Base 14-pin all glass Base 12-pin (JEDEC B12-43)
Net mass b4g Net mass 72 g
PIN CONNECTIONS
"REC ® | d6
7275854.1 g,d1 K 7273607.2
Fig. 4 XP2071. Fig. 5 XP2071B.
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10-stage photomultiplier tube

XP2071

DEVELOPMENT DATA

XP2071B
ACCESSORIES
Socket:
for XP2071 : FE1112
for XP2071B : FE1012
100 7292825 100 7272524.2
VA
AN 7 N\
N \
I \ lati
ske(n) | gain /
(mA/W) I \ (%) / \
10 \ 10
ll \
\ / \
\ A \
\ \
\ /
1 1
200 400 600 (\m 800 0 1 Vd3/d4 2
d

Fig. 6 Spectral sensitivity characteristic.

Fig. 7 Relative gain as a function of the
voltage between d5 and d4, normalized to Vg;
Vd6/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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current ida, as a function of supply voltage Vht; ida is given
as a dotted line to indicate its principle behaviour only.
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DEVELOPMENT DATA
This' c'iata' sheet contjains advance inf?rmation ?nd XP2072
specifications are subject to change without notice. XP2072B

XP2072 replaces XP2012
XP2072B replaces XP2012B

10-STAGE PHOTOMULTIPLIER TUBE

34 mm useful diameter head-on type

flat window

semi-transparent bi-alkaline photocathode

high stability

good linearity

for high-energy physics experiments, scintillation counting, laboratory and industrial photometry
XP2072B has a 12-pin plastic base; XP2072 has a 14-pin all-glass base

QUICK REFERENCE DATA

Spectral sensitivity characteristic Fig. 6

Useful diameter of the photocathode >34 mm
Cathode blue sensitivity 12,5 uA/ImF
Supply voltage for anode blue sensitivity = 7,5 A/ImF 1250 vV
Pulse amplitude resolution for 137Cs ~7,.2%
Pulse amplitude resolution for 5°Fe ~ 39%

Mean anode sensitivity deviation ~ 1%

Anode pulse rise time ~25ns

Linearity (with voltage divider B)

up to ~ 200 mA

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

GENERAL CHARACTERISTICS

Window

Material

Shape

Refractive index at 400 nm

Photocathode

Semi-transparent, head-on
Material

Useful diameter

Spectral sensitivity characteristic
Maximum spectral sensitivity

Luminous sensitivity
Blue sensitivity

Spectral sensitivity at 400 nm

notes

lime glass
plano-plano
1,54

SbKCs

>34 mm

see Fig. 6

400 = 30 nm

~ 80 uA/Im 3

typ. 12,6 uA/ImF
> 10 uA/ImF

~ 95 mA/W 4
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XP2072
XP2072B

Electron optical input system

This system consists of: the photocathode (k), a metallized part of the glass envelope, internally
connected to the photocathode and the accelerating electrode (g), internally connected to d1.

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.uniformly illuminated the anode current is halved (at Vit = 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 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.

7273812 7275853

XP20728B XP2072

Fig. 1 Axis a with respect to base pins (bottom view).
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10-stage photomultiplier tube XP2072

DEVELOPMENT DATA

XP2072B
RECOMMENDED CIRCUITS
9J
k 1 41 d2 d3 d4a d5 d6 d7 d8 d9 dio \? o
2 2 2 2 2 2 2 2 A7) R
2 07517t
Vg —> Vi —+|eVg—>|{eVyi—
i S '® S— S—
| _
(1) - H—%—HH—%«%
- V= 11,75V -
O (@]
—HT 7278725.2 +HT

Fig. 2 Voltage divider A.

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.

g
k 1 di  d2 d3 d4 d5 d6 d7 d8 d9 di0 . \°
Y $§ 55§ § § § §hroe
2 25 | 225
«Vy—+|eVd—»

-

—

- Vht= 18,25Vd -

e—Vq—>

]

—HT 7273494.5 +HT

Fig. 3 Voltage divider B.

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

dn =dynode no.;

a = anode;

RL = load resistor.
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XP2072
XP2072B

TYPICAL CHARACTERISTICS

With voltage divider A (Fig. 2)

Supply voltage for an anode blue
sensitivity of 7,5 A/ImF (Fig. 8)

Gain at Vht = 1230 V (Fig. 9)

Anode dark current at an anode blue
sensitivity of 7,5 A/ImF (Fig. 8)

Pulse amplitude resolution for *7Co at
an anode blue sensitivity of 1,5 A/ImF

Pulse amplitude resolution for 137Cs at an
anode blue sensitivity of 1,56 A/ImF

Pulse amplitude resolution for 5% Fe at an
anode blue sensitivity of 7,5 A/ImF

Peak-to-valley ratio for 5°Fe at an
anode blue sensitivity of 7,56 A/ImF

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

Anode pulse rise time at Vit = 1250 V

Anode pulse duration at half height at V¢ = 1250 V
Signal transit time at Vht = 1250 V

Anode current linear within 2% at V= 1600 V

With voltage divider B (Fig. 3)

Gain at Vht = 1700 V (Fig. 9)

Anode pulse rise time at Vht = 1700 V

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

Anode current linear within 2% at V= 1700 V

LIMITING VALUES (Absolute maximum rating system)

Supply voltage
Continuous anode current

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

Ambient temperature range
Operational (for short periods of time)

Continuous operating and storage

up to

up to

< 1500
typ 1230
~ 7 x 10°%
< 10
typ. 1
1,2

~ 72
~ 39
~ 43
~ 1
A 1
~ 0,2
25

~ 6
30

~ 90
~ 1x 108
~ 25
~ 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

%

%

%
%
%/ K

ns
ns
ns
mA

ns
ns
ns
mA

<

<< < <<

oC
oC
oC
oC

notes

6,7

10

1"
11
1

1
1
1

12
13

14

15

16
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10-stage photomultiplier tubes XP2072
XP2072B

DEVELOPMENT DATA

Notes

1.

The bi-alkaline 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 departures of linearity.

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).

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.

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 > 10'5 .

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. 2470 or equivalent) with a diameter of 32 mm and a height of 32 mm.
The count rate used is ~ 10%c/s.

Pulse amplitude resolution for 3° Fe is measured with an Nal (TI) cylindrical scintillator with a
diameter of 25 mm and a height of 1 mm provided with a beryllium window. The count rate
used is = 2 x 103c/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 37Cs 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 '37Cs 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 V¢, approximately as Vht-Vz.
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XP2072
XP2072B

Notes (continued)

12. Total HT supply voltage or the voltage at which the tube has an anode blue sensitivity of 75 A/ImF
(voltage given on test certificate for an anode blue sensitivity of 7,5 A/ImF, multiplied by 1,4),
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 XP2072B 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

—| §39,5max | > $395max |<
—l>]03hmin - -+ J 34minj-
photocathode -/ photocathode ]
92
12 109
5 427
max
5*
15
W,

< 32w 7296302

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

PIN CONNECTIONS

a d10

7275854.1 7273507.2

Fig. 4 XP2072. Fig. 5 XP2072B.
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10-stage photomultiplier tube

XP2072

DEVELOPMENT DATA

XP2072B
ACCESSORIES
Socket:
for XP2072 : FE1112
for XP20728B : FE1012
100 S 7296294 100 7272524.2
- ~ II N\
I \ \\
ske(x) | \ "win / \
(mA/W) \ (%) / \
10 \ 10
]
/
\ A \
\ / \
\ / \
/
1 \ 1
200 400 600 800 0 1 Vds/d4 2

X (nm)

Fig. 6 Spectral sensitivity characteristic.

Vd

Fig. 7 Relative gain as a function of the
voltage between d5 and d4, normalized to Vq;
Vd6/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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Fig. 8 Anode blue sensitivity, saf, and anode dark
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XP2102
XP2102B

XP2102 replaces XP2000UB
XP2102B replaces XP2000

10-STAGE VENETIAN BLIND PHOTOMULTIPLIER TUBES

46 mm useful diameter head-on type

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 scintillation detection applications, e.g. gamma cameras, high energy physics experiments

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 46 mm
Cathode blue sensitivity 11,5 uA/ImF
Supply voltage

for anode blue sensitivity = 1,5 A/ImF 1250 V
Anode dark current

at anode blue sensitivity = 1,5 A/ImF 0,5nA
Pulse amplitude resolution (57 Co) ~ 9,5%
Mean anode sensitivity deviation (30 days) ~ 1%

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

GENERAL CHARACTERISTICS notes

Window

Material lime glass

Shape plano-plano

Refractive index at 400 nm 1,54

Photocathode 2

Semi-transparent, head-on

Material Sb K Cs

Useful diameter > 46 mm

Spectral sensitivity characteristic (Fig. 2) type D

Maximum spectral sensitivity 400 + 30 nm

Luminous sensitivity ~ 70 uA/lm 3
. typ. 11,5 uA/ImF

Blue sensitivity > 9,0 uA/ImF

Spectral sensitivity at 400 nm ~ 85 mA/W 4
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XP2102
XP2102B

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 0,4 mT perpendicular to the tube axis.

A mu-metal shield extending more than 15 mm beyond the cathode is recommended for magnetic
screening.
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10-stage venetian blind photomultiplier tubes XP 2102

XP2102B

RECOMMENDED CIRCUIT

1 d2 d3 d4 d5 dé d7 d8 dg d10

A A A 2 A 2 2 2 A ) at

[ Vy >l V4>l V4>

H T

I

- Vie= 12 Vg >
(] O
—-HT 72863821 +HT

]

Fig. 1 Voltage divider A. Typical values of capacitors: 10 nF; k = cathode; g = accelerating electrode;
dn = 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 57 Co is about 9,7%.
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XP2102

XP2102B
TYPICAL CHARACTERISTICS notes
With voltage divider A (Fig. 1) 5
L . <1450 V
Supply voltage for an anode blue sensitivity of 1,5 A/ImF (Fig. 5) typ. 1250 V 1
Anode radiant sensitivity at 400 nm and V¢ = 1250 V ~ 12 kKA/W
Gain at V= 1250 V ~ 1,3 x 10°
Anode dark de bl itivity of 1,5 A/ImF (Fig.5) —2 A 1,6
node dark 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% 1,7
Pulse amplitude resolution for ®7 Co at an anode blue
sensitivity of 1,5 A/ImF ~9,5% 1,7
Pulse amplitude resolution for % Fe at an anode blue
sensitivity of 7,5 A/ImF ~ 38% 1,8
Peak-to-valley ratio for °Fe at an anode blue
sensitivity of 7,56 A/ImF ~ 40 1,8
Mean anode sensitivity deviation 9
long term (16 h) ~0,5%
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 K
Anode pulse rise time at V¢ = 1500 V ~ 10 ns 10
Anode pulse duration at half height at Vi, = 1500 V ~ 20 ns 10
Signal transit time at V= 1500 V ~ 46 ns 10
Anode current linear within 2% at V¢ = 1500 V up to =~ 10 mA 11
LIMITING VALUES (absolute maximum rating system)
Supply voltage max. 2000 V 12
Continuous anode current max. 0,2 mA 13
Voltage between first dynode and photocathod max. 500 V 14
oltag ween first dynode and photocathode min. 150 V
Voltage between accelerating electrode and photocathode max. 500V
Voltage between consecutive dynodes max. 300V
Voltage between anode and final dynode max. 300V 15
Ambient temperature range
. . max. +80°C
operational (for short periods) min. —300C 16
continuo eration and st max. + 50 9C
us operation and storage min. —300C
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10-stage venetian blind photomultiplier tubes XP2102

XP2102B

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 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 ®7 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 ®° 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~ 2 x 10%c/s.

The mean anode sensitivity deviation is measured by coupling an Nal(Tl) scintillator to the window
of the tube. Long term (16 h) deviation is measured by placing a '3’ 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 '*’ 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 Vp¢, 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.
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XP2102
XP2102B

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 XP2102B 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.

100 7277410.1
/A
\
\
/ \
ske(n) |
(mA/W) ' \
10
‘\

1
200 400 600 800

A (nm)

Fig. 2 Spectral sensitivity characteristic.
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10-stage venetian blind photomultiplier tubes XP2102
XP2102B

MECHANICAL DATA Dimensions in mm
< 352 5max < $52,5max
lq-gz.s mm_’t IG(MG min »I
photocathode — photocathode - / T
12
*2 124
5 g
max
9

g T

29,5max 7285571

l«— B#58max —»| 7286385

Fig. 3 XP2102. Fig. 4 XP2102B.
Base 19-pin all-glass Base 14-pin IEC67-1-16a (JEDEC B14-38)
Netmass 120g Net mass 163 g

PIN CONNECTIONS

7269216.1 d1 k
k
g 7275580.1
XP2102 XP2102B
ACCESSORIES
Socket
for XP2102 type FE2019
for XP2102B type FE1014
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XP2102
XP2102B \
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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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L

XP2202
XP2202B

See also XP3202

10-STAGE PHOTOMULTIPLIER TUBE

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

high stability

QUICK REFERENCE DATA

semi-transparent bi-alkaline type D photocathode

tubes, from serial number 9500 onwards, are provided with high gain first dynode
for scintillation counting, laboratory and industrial photometry
XP2202 has a 19-pin all-glass base; XP2202B has a 14-pin plastic base.

XP3202B

spectral sensitivity characteristic
Useful diameter of the photocathode
Cathode spectral sensitivity at 400 nm

Supply voltage for an anode spectral sensitivity of 60 kA/W at 400 nm

Anode pulse rise time
Pulse amplitude resolution (37 Cs)
Pulse amplitude resolution (55 Fe)

Linearity
with voltage divider A
with voltage divider B

type D
> 44
75
1400
3,5
7,2
42

2

~ 100
~ 200

mm

mA/W

mA
mA

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

GENERAL CHARACTERISTICS
Window

Material

Shape

Refractive index at 400 nm
Photocathode (note 1)
Semi-transparent, head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 6)

Maximum spectral sensitivity

Spectral sensitivity at 400 nm

lime-glass
plano-plano
1,64

Sb K Cs
> 44
type D

400 = 30

typ. 75
> 60

note
mm
nm
mA/W 2
mA/W
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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 field

When the photocathode is illuminated uniformly, the anode current is halved (at Vh¢ = 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.

7275617 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
g
Kfr1dl d2 d3 du d5 d6 d7 d8 d9  di10 O output
T A 2 2 A 2 2
Re
0,75
V4 >V,
"E:I"H:H‘—l
-+ Vht=11,75Vd -
o o
-HT 7273495.3 +HT

Fig. 2 Voltage divider A.

9
“(c 1 81 d2 d3 g4 d5 de d7 d8  d9 dio N
F Y Y YT Y Y Y YY
2 225|225 | 25 |2250]RL

eV —>|e Vg -»le-Vg>leVioleVgsle-Vg -+l V> Visle V| Vil V>

—( . — —

- Vhe= 18,25V -

(0]
—HT 7273494.5 +HT

Fig. 3 Voltage divider B.
Typical values of capacitors: 10 nF

k  =cathode
g = accelerating electrode (internally connected to d1)

dn = dynode no.
a = anode
RL = load resistor
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XP2202
XP2202B

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 137 Cs at an anode spectral
sensitivity of 12 kA/W

Pulse amplitude resolution for 5° Fe at an anode spectral
sensitivity of 70 kA/W

Mean anode sensitivity deviation
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 Vht = 1700 V up to

With voltage divider B (Fig. 3)

Anode spectral sensitivity at Vh¢ = 1700 V (Fig. 8)

Anode pulse rise time at Vi = 1700 V

Anode pulse duration at half-height at Vit = 1700 V

Signal transit time at Vht = 1700 V

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

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

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

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

Notes

typ.

typ.

2

QX

2

2

2

max.
max.

max.
min.
max.

max.

min.

max.
min.
max.
min.

1700
1400

30

7,2

42

0.2
100

60
3,5

35
200

1800
0,2

600
150

300

300
30

+80
—30
+50
-30

nA
nA

%

%

%
%
%/ K
mA

kA/W
ns

ns

ns
mA

<

<< < <<

oC
oC
oC
oC

notes

4,5

10
1

12

13

14

1. 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.

150

November 1981\ (



10-stage photomultiplier tube XP2202

XP2202B

Notes (continued)

2.

10.

1.
12.
13.

14.

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 > 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 !37Cs 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 (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 2 x 103 c/s.

The mean anode sensitivity deviation is measured by coupling an Nal (T!) scintillator to the
window of the tube. Long term (16 h) deviation is measured by placing a '*7 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% c/s to 10° 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 Vht, approximately as Vht“1/2.

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

A value of <10 uA is recommended for application 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

<525 max—|
r—ﬁhhmin—»
7——— —-= A
photocathode—/
12
+2
‘,
mm m !]!I m 15 max
B P
29,5 max 72862571
Fig. 4 XP2202. ‘
Base 19-pin all-glass

Net mass 110g
PIN CONNECTIONS

d8 d9 d10

nc. 7275618.1

ACCESSORIES

Socket:
for XP2202 type FE2019
for XP2202B type FE1014

<0525 max-—»

photocathode —1

LRI

«— Z 58 max —»

y

7286258.1

Fig. 5 XP22028B.

Base 14-pin (JEDEC B14-38)
Net mass 153 g
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10-stage photomultiplier tube

XP2202

XP2202B
7275626.1
102
/
ske(n) [
(mA/W) !I
10
\
\
\\
. 1
Fig. 6 Spectral sensitivity characteristic. 200 400 600 800
X (nm)
100 72725241
N\
° \
(=)
z \
=]
(=]
2
5
L
10
| \
\
/
Fig. 7 Relative gain as a function of the voltage
between db5 and d4, normalized to V{; Vd6/d4 \
constant.
Note: gain regulation by changing the voltage 10 Vs aa 2
ds/d

between d5 and d4 may cause a degradation of
other parameters such as stability and linearity.
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Fig. 8 Anode spectral sensitivity sag(x) at A = 400 nm,
and anode dark current iga as a function of supply
voltage Vht.

ida is given as a dotted line to indicate its principle
behaviour only.
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XP2203B

10-STAGE PHOTOMULTIPLIER TUBE

® 44 mm useful diameter head-on type

® plano-plano window

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

® high stability

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

QUICK REFERENCE DATA

Spectral sensitivity characteristic S20 (type T)
Useful diameter of the photocathode > 44 mm
Spectral sensitivity of the photocathode at 700 nm 16 mA/W
Supply voltage for an anode luminous sensitivity = 60 A/Im 1350 V
Anode pulse rise time (with voltage divider B) ~ 3,5 ns
Linearity
with voltage divider A up to = 100 mA
with voltage divider B up to = 200 mA

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

GENERAL CHARACTERISTICS

Window

Material borosilicate

Shape plano-plano

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 420 + 30 nm

Luminous sensitivity ~ 165 uA/lm

szzt;glosir::itivity typ. 16 MA/W

>7 mA/W

at 630 nm ~ 30 mA/W

| (April 1984
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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 ~5pF
Magnetic field

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

0,2 mT 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 _XP22038

RECOMMENDED CIRCUITS

g
k 141 d2 d3  d4 d5 d6 d7 d8 d3 d10 | \¢ tput
e 2N N 2 2 0 2 2 2
RL
0,75
«Vy >
ol
—} 1 T
- Vit =175 Vy >
-HT 7273495.3 +HT

Fig. 2 Voltage divider A.

g9
k 1 d1 d2 d3 d4 d5 d6 d7 d8 d9 d10 \?
v A 2 A 2 2 2 2k ) ki
2 15 | 225|225 | 25 |225]FL
+—Vg —> |« Vg Vg »leVgsle-Vgs|e-Vd Vg > Vgs|e-Vi |« Vg—+|eVi—>
o I o o I o = N o o B )
L= V= 18,25V gl
—HT 7273494.5 +HT
Fig. 3 Voltage divider B.
k = cathode Typical values of capacitors: 10 nF

g = accelerating electrode (internally
connected to d1)

dn = dynode no.

a = anode

Rp = load resistor
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XP2203B

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)
Supply voltage for an anode luminous sensitivity = 60 A/Im (Fig. 7)

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

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

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

With voltage divider B (Fig. 3)

Anode luminous sensitivity at V¢ = 1700 V (Fig. 7)
Anode pulse rise time at Vi1 = 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 Ve = 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

< 1550 Vv
typ. 1350 V

< 50 nA
typ. 3nA

~ 1%
up to 100 mA

~55 A/lm

~ 3,5 ns

~7ns

~ 35 ns

up to =~ 200 mA

max. 1800 V
max. 0,2mA

max. 600V
min. 150 V

max. 300V

max. 300V
min. 30V

max. +80°C
min. —30°C
max. +50 °C
min. —309°C

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

158

April 1984



10-stage photomultiplier tube

XP2203B

Notes

1.

10.

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to
increase the inter-dynode voltage of the stages progressively. Divider circuit B is an example of a
"progressive’’ divider, giving a compromise between gain, speed, and linearity. Other dividers can
be conceived to achieve other compromises. It is generally recommended that the 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!S 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* ¢/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 V¢, approximately as Vi ™.

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 pA 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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XP2203B

MECHANICAL DATA

<3525 max -
<+@LLmin->
v
3 _—pr———————
I} / A A
photocathode —]

Fig. 4.
Base 14-pin (JEDEC B14-38)
Net mass 144 ¢
ACCESSORIES
Socket type FE1014

LR

v

<— @58 max —»!

72756140
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10-stage photomultiplier tube

XP2203B

Fig. 5 Spectral sensitivity characteristic.

Fig. 6 Relative gain as a function of the voltage
between d5 and d4 normalized to Vq; Vd6/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

103 72860(137.%
I 1
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sa, 7| volt. div. A
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Fig. 7 Anode luminous sensitivity, say,. 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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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 137 Cs

Anode pulse rise time (with voltage divider B)

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

type D
> a4
23
75
1900
7,2
4

Q

~ 100
~ 250

mm
%
mA/W

%
ns

mA
mA

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

GENERAL CHARACTERISTICS notes

Window

Material lime glass

Shape plano-plano

Refractive index at 400 nm 1,54

Photocathode 1

Semi-transparent, head-on

Material Sb K Cs

Useful diameter > 44 mm

Spectral sensitivity characteristic (Fig. 4) type D

Maximum spectral sensitivity 400 £ 30 nm

Quantum efficiency at 400 nm 23 %

Spectral sensitivity at 400 nm 'g/p. 57;8 mﬁm’/ 2
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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 ~

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 protruding

> 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

Vie=16Vy -
7278753.3 6

—HT +HT

Fig. 2 Voltage divider A.

K 9
1
]
10MQ
Vi =22,25 Vy
6 n 7278752.3 6
—HT +HT
Fig. 3 Voltage divider B.
Typical values of capacitors: 1 nF
k = cathode
g = accelerating electrode (internally

connected to d1 in XP2212B).
dn = dynode no.
a = anode

RL = load resistor
The cathode resistor of 10 M2 limits the current should there be unintentional contact between the
coating and earth when the anode is earthed.

April 1984
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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 37 Cs at an anode spectral
sensitivity of 70 kA/W

Anode current linear within 2% at Vit = 1900 V up to

Mean anode sensitivity deviation
long term (16 h)
after change of count rate
versus temperature between 0 and + 40 OC 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 Vht = 2000 V (Fig. 8)

Anode pulse rise time at Vht = 2000 V

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

Signal transit time difference between the centre of the photo-
cathode and 18 mm from the centre at Vht = 2000 V

Anode current linear within 2% at Vit = 2000 V up to

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

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

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

< 2400
typ. 1900
~ 15
typ. 1500
< 104
7,2

~ 100
~ 1
~ 1
~ 0,2
~ 2
~ 7x10°¢
4

8

~ 36
~ 5
~ 250
max. 2500
max. 0,2
max. 800
min. 300
max. 400
max. 600
min. 80
max. +80
min. —30
max. +50
min. —-30

nA

c/s
c/s

%
mA

%
%
%/ K

ns
ns

ns

ns
mA

<< < <<

oC
oC
oC
oC

notes

10
1

12

13

14
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12-stage photomultiplier tube XP2 212
XP2212B

Notes

1. 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.

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 currentgreater than that obtainable with divider A, it is necessary to
increase the inter-dynode voltage of the stages propressively. 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 V¢ 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 (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.

7. The mean anode sensitivity deviation is measured by coupling an Nal (T1) scintillator to the win-
dow 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* to
103 ¢/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 IEEE recommendations.

8. Peak to valley ratio is defined as the single 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 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 Vht, approximately as Vht'y’-

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

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

7275626.1

102 100 - 727252644
7 \
4 2 \
ske(n) / 2
(mA/W) ] \ §, \
INNRS 11
\ :
e

10 10

\ ] \
\ \
\\
\ /

1 1

200 400 600 800 0 1 Vas/du 2

A (nm) Vg
Fig. 4 Spectral sensitivity characteristic. Fig. 5 Relative gain as a function of the

voltage between d5 and d4 normalized to
Vd. Vde/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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12-stage photomultiplier tube XP2212
XP2212B

MECHANICAL DATA <+ $52,5max—>

@525 max—» ‘Q“‘min—’i

BLbmin—
=g 1 /
/ photocathode
photocathode —/| 1)
coating ——»|
couting“ | 120 145
+2
4 166
max
v
15 max )
N — IO
P9max 72787514 {y
7278750
Fig. 6 XP2212, Fig. 7 XP2212B.
Base 19-pin all glass Base 20-pin (IEC 67-1-42a, JEDEC B20-102)
Netmass 111g Net mass 148g

PIN CONNECTIONS
d12 d10

a1 , d1,g . K e
72787491 i.c. coating 12787684 Ic. céating
XP2212 XP22128B.
ACCESSORIES

Socket: for XP2212 type FE2019
for XP2212B type FE1020

(1) 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 electric shock.
W ﬁpril 1984
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XP2212

XP2212B
109 7277566.2 104 '
ida
G G 1] (nA)
// volt. div. A
108 103
V4
V.
/’
[ G 1
/ { volt. div. B
107 —f ,/ 102
IJ y A
4
7 yd
/f
4
4 // Ida
/ volt. div. A
106 / y4 10
7 7
V 4
'/
/
10° = /| 1
104 1071
1200 1500 2000 2500 3000
Vht (V)

Fig. 8 Gain G and anode dark current, iga, as a function of supply
voltage Vht.

iga is given as a dotted line to indicate its principle behaviour only.
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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
Useful diameter of the photocathode
Cathode spectral sensitivity at 700 nm
Supply voltage for a gain of 3 x 107

Anode pulse rise time (with voltage divider B)

Linearity
with voltage divider A
with voltage divider B

S20 (type T)
> 44 mm
15 mA/W
2050 V
20 ns

R

100 mA
250 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

Spectral sensitivity
at 700 nm

at 630 nm
Luminous sensitivity

borosilicate
plano-concave

1,48

Sb Na K Cs
> 44 mm
S20 (type T)

420 + 30 nm
typ. 15 mMA/W <—
> 7 mA/W
=~ 30 mMA/W <=—

Q

150 uA/lm

l (October 1986
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XP2233B

Multiplier system

Number of stages 12
Dynode structure linear focused
Dynode material Cu Be

Capacitances
anode to final dynode
anode to all

Magnetic field

When the cathode 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.

7278757

Fig. 1 Axis a with respect to base pins (bottom view).
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12-stage photomultiplier tube XP2233B

RECOMMENDED CIRCUITS

a

g
1 41 d2 d3 d& d5 d6 d7 d8 d3 di0 dn  di2 |
| 7 2 2 2 2 2 2 2 . 2 A7) i
10MA L R
3 09 (=1,
Vg —|¢ Vg le-Vy sl Vg sl Vg sle-Vy dle-Vy eV ole V4| Vg ole- Ve Vi —o|e-V4 )
— }— o N o o B
Vp = 15V, ’
72787591 6
—HT +HT
Fig. 2 Voltage divider A.
k g a
1 41 d2 d3  d4 d5 d6 d7 d8 d3 d1I0 dn  dn
2 2 2 2 2 2 2 2 2 2 2 ) e
10MQ
Vp=22,25 Vy
6 72787581 [0}
—-HT +HT
Fig. 3 Voltage divider B.
k =cathode Typical values of capacitors 1 nF.
Yy

g = accelerating electrode

dp, =dynode no.:

R = load resistor

a «=anode

The cathode resistor of 10 MS2 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.

February 1980
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XP2233B

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)

Anode pulse rise time at V, = 2050 V

Anode pulse duration at half-height
at Vi, = 2050 V ‘

Signal transit time at Vi, = 2050 V

Anode current linear within 2%
at Vp = 2050 V

With voltage divider B (Fig. 3)

Gain at V, = 2400 V (Fig. 7)

Anode pulse rise time at V, = 2400 V

Anode pulse duration at half-height
at Vp = 2400 V

Signal transit time at Vp = 2400 V

Signal transit time difference between

the centre of the photocathode and
18 mm from the centre at Vi, = 2400 V

Anode current linear within 2%
at Vi, =2400 V

LIMITING VALUES (absolute maximum rating system)

Supply voltage
Continuous anode current

Voltage between accelerating electrode,
g, and photocathode )

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

23

up to

up to

<
typ.
<
typ.

7

Q

Q

max.
max.

max.

max.

min.

max.
max.

min.

max.
min.
max.
min.

2500
2050

1500
60

2,2

3,6
30

100

2x 107
2,0

3,2
30

0,7

250

2500
0,2

800
800
300
400

600
80

+80
-30
+50
-30

nA
nA
ns

ns
ns

mA

ns

ns

ns

ns

mA
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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'® 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 Vp,
approximately as V" %, Non-inductive resistors of 51 2 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 102, 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.

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

February 1980
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XP2233B

MECHANICAL DATA Dimensions in mm

(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. < 053,5max—+

l*ﬂahmin*[
~J

L= ‘/1

photocathode R50+2
(1) ][

coating ——»

+

~
3 -
23

i.c. .
7278756 k,coating

\

7278755

(2) Grid is connected to pin 19 starting from serial no. 1606.
Fig. 4.

Base 20-pin (IEC 67-1-42a, JEDEC B20-102)
Net mass 176 g

ACCESSORIES
Socket type FE1020

176 April 1982



12-stage photomultiplier tube

XP2233B

102 7282197
Nkr \
(mA/W)
\
\\
10 \
\
\
Fig. 5 Spectral sensitivity characteristic.
1
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A (nm)
100 — 72725244
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2
5
e
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1
\
Fig. 6 Relative gain as a function of the voltage
between S5 and S4, normalized to Vs. Vsg/s4
constant.
Note: Gain regulation by changing the voltage 1
between S5 and S4 may cause a degradation 0 1 Vis/dn 2
of other parameters such as stability and Vg

linearity.
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XP2233B

109 7278754
G G 'ao
volt. div. A (nA)
108 // 104
y4
G
volt. div. BT
//
/
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I, V4 |
y. ao-
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1/ 7 Z
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Fig. 7 Gain G, and anode dark current I35,
as a function of supply voltage Vy,.
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

XP2242B

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
Useful diameter of the photocathode
Quantum efficiency at 400 nm
Cathode blue sensitivity

Supply voltage for a gain of 2 x 10*

Anode pulse rise time (with voltage divider B)

Linearity (with voltage divider B)

type D
> 44 mm
25 %
10,5 puA/lmF
2000 V
16 ns
350 mA

Q

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

GENERAL CHARACTERISTICS
Window

Material

Shape

Refractive index at 400 nm

Photocathode

Semi-transparent head-on

Material

Useful diameter

Spectral sensitivity characteristic (Fig. 5)
Maximum spectral sensitivity

Luminous sensitivity

Blue sensitivity

Spectral sensitivity at 400 nm
Quantum efficiency at 400 nm

lime-glass
plano-concave
1,54

Sb K Cs
> 44 mm
type D

400 £ 30 nm
~ 70 pAllm
typ. 10,5 uA/ImF
> 8,0 pA/lmF
= 80 mA/W

25 %

notes

W (April 1984
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XP2242B

Multiplier system

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

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

Magnetic field

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

7275600

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

XP2242B

DEVELOPMENT DATA

RECOMMENDED CIRCUITS

k 8 a
41 d2  d3 di d5 d6 |
1 ! :F \F -QF T,J -'V ampt.
10MQ , Ry
— Vg —>|eVy Vg > Vgl V>l V>l V >
—{ HH
- Vhe =9 Vy > i
o]
-HT 7284768 +HT
Fig. 2 Voltage divider A.
k 9 a
| & g2 g3 at g5 g .
'Y ¥ ¥ ¥ T 7 amet
10MO Ry
3 1,5 2,25 | 175 2,75 25
[— Vg4 —>jeVy Vg —»le- Vg >l Vg ie— V4 e V4>
—{ o S S S — S —
J— I 1
a | w ir [ F‘j;”-
- Vnt =14,75 Vg -
O
-HT 7280767 +HT
Fig. 3 Voltage divider B.
k = cathode; Typical values of capacitors 1 nF.
g = accelerating electrode;

dn =dynode no.;
RL = load resistor;
a = anode.

The cathode resistor of 10 M limits: the current should there be unintentional contact between the

coating and earth when the anode is earthed.

I (April 1984
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XP2242B

TYPICAL CHARACTERISTICS
With voltage divider A (Fig. 2)

Supply voltage for a gain of 1 x 10* (Fig. 6)

Anode dark current at a gain of 1 x 10* (Fig. 6)

With voltage divider B (Fig. 3)

Supply voltage for a gain of 2 x 10* (Fig. 6)

Anode pulse rise time at Vh¢ = 2000 V

Anode pulse duration at half height at Vj,+ = 2000 V

Signal transit time at Vht = 2000 V

Anode current linear within 2% at V¢ = 2000 V up to

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

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

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

typ.

typ.

Q

Q

max.
max.

max.

min.

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

1600
1100

2000
1,6
2,4

16,5
350

2200
0.2

800
300

400

600
80

+80
-30

+50
-30

nA
nA

ns
ns
ns
mA

<

<< < <<

oC
oC
oC
oC

notes

6,7

(o]

10

1

12
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6-stage photomultiplier tube

XP2242B

DEVELOPMENT 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 + 5 K. 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 10 nA at room temperature or
0,1 nA at —100 ©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 + 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 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. 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 Vht, approximately as Vht'Vz.

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

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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XP2242B

MECHANICAL DATA

<+353,5max—+

r—@hhmin-»l
a nc .
n.c. n.c. 7 == [\
n.c. ® dé photocathode —]
n.c d4
d5 d4 127
+
coutingm——+ T
n.c d2 max
d1g nc k, n.c.
coating  7zss770
/

|

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 151 g

ACCESSORIES
socket type FE1020

(1) 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 electric shock.
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6-stage photomultiplier tube XP2242B
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XP2242B

106 7284771403
G ida
(nA)
G e
volt. div. A
108 eyl 102
P
/'
//
/// G
L1
///// volt. div. B
L1
»
104 ] 4 10
7z 4
7
Wyl
A A P
pd P » "
pd P /1 da |
/7 P2 volt. div. A
A R
e 7
103 1
,/
/1
102 107"
800 900 1000 1500 2000 2500
Vht (V)

Fig. 6 Gain G and anode dark current, igg, as a function
of supply voltage Vht.

ida is given as a dotted line to indicate its principle behaviour
only.
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XP2252
XP2252B

The XP2252 replaces XP2230
The XP2252B replaces XP2230B

12-STAGE PHOTOMULTIPLIER TUBE

45 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

XP2252 (with 21-pin base) is interchangeable with XP2230;

XP2252B (with 20-pin base) is: interchangeable with XP2230B and XP22628B;
pin-compatible with XP2020;
unilaterally pin-compatible with 56 AVP-family tubes.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 45 mm
Quantum efficiency at 400 nm 25 %
Cathode blue sensitivity 10,5 pA/ImF
Single electron spectrum resolution 70 %
Supply voltage for a gain of 3 x 107 1850 V
Pulse amplitude resolution for 37 Cs ~ 72 %
Anode pulse rise time (with voltage divider B) ~ 20 ns
Linearity
with voltage divider A (Fig. 2) upto =~ 100 mA
with voltage divider B (Fig. 3) 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
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XP2252

XP2252B
notes
Photocathode 2
Semi-transparent, head-on
Material SbKCs
Useful diameter > 45 mm
Spectral sensitivity characteristic (Fig. 4) type D
Maximum spectral sensitivity 400 £ 30 nm
Luminous sensitivity =~ 70 pA/lm 3
i . ImF
Blue sensitivity t>yp 18:‘5) ZZI : F 1
Spectral sensitivity at 400 nm ~ 80 mA/W 4
Quantum efficiency at 400 nm 25 %
Multiplier system
Number of stages 12
Dynode structure linear focused
Dynode material CuBe
Capacitance
anode to final dynode =~ 3 pF
anode to all ~ 5 pF
Magnetic field

When the photocathode is uniformly illuminated, 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 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.

7273509 7273510
XP2252 XP2252B

Fig. 1 Axis a with respect to base pins (bottom view).
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12-stage photomultiplier tube XP22 52

XP2252B

RECOMMENDED CIRCUITS

ols

Vht=16Vq

AT 72847640 +HT

Fig. 2 Voltage divider A.

]
k tput
1 &1 d2 93 d4 d5 d6 47 d8 d9  d1I0 dn  dne U
[ 2 2 A 2 2 2 2 2 2 2.
10MO R
175 | 275 | 25
[ Vgl V4 —>le-V, -]
g T o o N
5 Vi =22,25 Vg - ;
—=HT 72847652 +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 the
coating and earth when the anode is earthed.

The voltage, Vd2-41, to be adjusted for maximum signal and optimum single electron spectrum resolu-

tion.

Resistor R (Fig. 3) connects the anode if the output cable is not terminated. Recommended value of
R: 10 kQ.
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XP2252

XP2252B
TYPICAL CHARACTERISTICS notes
With voltage divider A (Fig. 2)
. . < 2400 V
Suppl | 7 .
upply voltage for a gain of 3 x 107 (Fig. 7) typ. 1850 V 5
Anode dark current at a gain of 3 x 107 (Fig. 7) ~ 10nA 6
3
Background noise at a gain of 3 x 107 t<yp. é i 183 z;: 7
Single electron spectrum at a gain of 3 x 107 (Fig. 9)
resolution ~ 70 % 8
peak to valley ratio = 3 9
Anode pulse rise time at V¢ = 1900 V ~ 23 ns 10
Anode pulse duration at half height at V¢t = 1900 V ~ 3,7 ns 10
Signal transit time at Vht = 1900 V ~ 31 ns 10
Pulse amplitude resolution for 137 Cs at an
anode blue sensitivity of 10 A/ImF ~ 72 % 1,11
Anode current linear within 2% at Vit = 1900 V upto =~ 100 mA
Mean anode sensitivity deviation 12
long term (16 h) ~ 1%
after change of count rate A 1%
versus temperature between 0 ©C and 40 0C at 450 nm ~ 0,2 %/K
With voltage divider B (Fig. 3) 5
Gain at Vht = 2400 V (Fig. 7) ~ 6x 107
Anode pulse rise time at V¢ = 2200 V ~ 2,0 ns 10
Anode pulse duration at half height at V¢ = 2200 V A 3 ns 10
Signal transit time at V¢ = 2200 V ~ 30 ns 10
Signal transit time difference between the centre of the
photocathode and 18 mm from the centre at Vi, = 2200 V ~ 0,7 ns
Anode current linear within 2% at V¢ = 2000 V upto = 250 mA
LIMITING VALUES (absolute maximum rating system)
Supply voltage max. 2500 V 13
Continuous anode current max. 02 mA 14
Voltage between first dynode and photocathode :?: ggg x 15
Voltage between consecutive dynodes max. 400 V
Voltage between anode and final dynode max. 600 Vv 16
min. 80 V
Ambient temperature range
. . . max. +80 oC
operational (for short periods of time) min. _30 oC 17
. . max. +50 oC
continuous operation and storage min. _30 0C
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12stage photomultiplier tube

XP2252
XP2252B

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 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
7,6 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 x 107. After a5 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 V}¢, approximately as Vht"/z-

Non-inductive resistors of 51 £2 are connected in the base of type XP2252B to d11 and d12. See
also General Operational Recommendations Photomultiplier Tubes.

Pulse amplitude resolution for 137 Cs is measured with a Nal (TI) 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.
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XP2252
XP2252B

12.

13.
14.
15.
16.

17.

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 10%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 108, 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.

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

For type XP2252B 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.

100 7286943
N
Y N
/ N
/ AN
ske(n)
(mA/W) \
10 .l \
I

\
\

1

200 400 600 800

X (nm)

Fig. 4 Spectral sensitivity characteristic.
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12-stage photomultiplier tube

XP2252

XP2252B
MECHANICAL DATA
<0535 max—>
BL45 min-|
< @535 max > l‘
<« 45min-»
‘ =5~ ~J A A
L=< 3 A /
/ photocathode—
photocathode
126 coating " 152
*2 s 4 972
coating!’ max max
9+05
vy
17
UD i max y v
}
72901891 V
72901901
Fig. 5 XP2252, Fig. 6 XP2252B.
Base 21-pin all glass Base 20-pin (IEC 67-1-42a,
Net mass 160 g JEDEC B20-102)
Netmass 190¢g
PIN CONNECTIONS
d4
d2
[*)
i.c.
7268436.2 ne. k  7268438.3A

ACCESSORIES

Socket for XP2252  type FE2021
Socket for XP 2252B type FE1020

(1) The envelope of the tube is covered with a conductiye
coating, connected to the cathode. On the top of this
a black paint is applied which is neither guaranteed to

be light tight nor isolating.
Care should be taken to avoid electric shock.
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XP2252
XP2252B

109 7284766 104
ida
G (nA)
G /
volt. div. A
108 ,/ 103
,I y4
G
volt. div. B 1
)4 /|
4 /
107 / 1/ 102
—/ 7
4 V4 7
4
A 7 da
Y volt. div. A
¢ /
e
108 £ 10
V4 7
» 4
/
%
/
108 4 1
7
104 10-1
1200 1500 2000 2500 3000

Fig. 7 Gain G and anode dark current, ida, as a function
of supply voltage Vht; ida is given as a dotted line to
indicate its principle behaviour only.
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12-stage photomultiplier tube XP2252
XP2252B

& , 1
L - . 4
r_ - -
! * 1

Fig. 9 Single electron spectrum obtained with an XP2252 tube, series no. 9956. Gain: 3 x 107.
Resolution 64,4%. Peak to valley ratio: 2,9 (see Note 9).
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DEVELOPMENT DATA

This data sheet contains advance information and XP2254B

specifications are subject to change without notice.

replaces 56 TUVP

12-STAGE PHOTOMULTIPLIER TUBE

The XP2254B 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 XP22548B 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 700 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 ~ 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 700 nm 3 P 1? :ﬁjw

Luminous sensitivity

~ 150 pA/Im

April 1984
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XP2254B

Multiplier system

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

Grid 1 to k +d1 +acc + g2+db ~ 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 XP2254B

DEVELOPMENT DATA

RECOMMENDED CIRCUITS

da d5 d6 d7 d8 d9 d10 di d12
\

- -‘F -\F T‘F -\F T r In output

R

Vg >l Vg »le-Vy >l Vg je= V4>l Vg e Vy >V, >V, |

H—H
-

17 V4

7262686.2 +HT

Fig. 2 Voltage divider type A.

K T T output

Ry
4.5 8 10
Vg >l Vy |V, ]

|+ Vg >l Vy |

I L
- 44.5Vy >
o o
-HT 7262687.2 +HT

Fig. 3 Voltage divider type B.

a
dS d6 d7 48 43 d10 dan d1z
U \F T T -ql Y
R
1,5 1.5 3 25
[~ Vg —>le= Vg >la-Vy —sla— Vg e Vg —>le— Vg e Vy >l V4 ]
H T
_____IL 11
I LL]
-l -
21,5 Vy
-HT 7262685.2 +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 kS2.

acc = accelerating electrode The cathode resistor of 1 MS2 limits the current in case of
dn = dynode no. 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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XP2254B

TYPICAL CHARACTERISTICS notes

With voltage divider A (Fig. 2) 1
Supply voltage for a gain of 3 x 107 (Fig. 10) Zp' gggg \\;
Anode dark current at a gain of 3 x 107 (Fig. 10) t<yp. 1533 :2 2,3
Anode pulse rise time at V¢ = 2000 V ~ 16 ns 4,5
Anode pulse duration at half height at Vi, = 2000 V ~ 3,7 ns 4,5
Signal transit time at V¢ = 2000 V ~ 28 ns 4,5
Anode current linear within 2% at V¢ = 2000 V upto =~ 25 mA
Obtainable peak anode current =~ 100 mA
With voltage divider B (Fig. 3) 1
Gain at V4 = 2800 V (Fig. 10) ~ 15x10°
Anode pulse rise time at V¢ = 2800 V =~ 1,7 ns 4,5
Anode pulse duration at half height at Vi, = 2800 V ~ 2,7 ns 4,5
Signal transit time at V¢ = 2800 V ~ 31 ns 4,5
Signal transit time difference between the

centre of the photocathode and 18 mm

from the centre at V¢ = 2800 V =~ 0,25 ns
Anaode current linear within 2% at V¢ = 2800 V upto =~ 280 mA
Obtainable peak anode current ~ 05to1 A
With voltage divider B’ (Fig. 4) ' 1
Gain at V¢ = 2500 V (Fig. 10) ~ 156x107
Anode pulse rise time at Vi = 2500 V ~ 1,5 ns 4,5
Anode pulse duration at half height at Vi, = 2500 V ~ 24 ns 4,5
Signal transit time at V¢ = 25600 V ~ 30 ns 4,5

Signal transit time distribution at V¢ = 25600 V o ~ 025 ns 5,6

Signal transit time difference between the centre
of the photocathode and 18 mm from the

centre at V¢ = 2500 V ~ 0,25 ns
Anode current linear with 2% at V¢ = 2500 V upto ~ 70 mA
Obtainable peak anode current =~ 250 mA
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12-stage photomultiplier tube

XP2254B

DEVELOPMENT DATA

LIMITING 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 consequtive dynodes
{except d11 and d12)

Voltage between dynodes d11 and d12
Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

max.
max.

max.

max.
min.

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

3000 V
0,2 mA

300 V

800 V
210 V

400 V
600 V
700 Vv

80 V
+80 °C
-30 °C

+50 °C
-30 °C

notes

©

1"
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XP2254B

Notes

1.

1.

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to
increase the inter-dynode voltages of the stages progressively. 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 insulators having an insulation resistance of
> 1058,

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 Vi, approximately as Vpi .

Non-inductive resistors of 51 §2 are incorporated in the base connected to d11 and d12.
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 (a).

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 inputs 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 XP2254B

DEVELOPMENT DATA

MECHANICAL DATA

(1) The envelope of the tube is
covered with a conductive coating,
connected to the cathode. Care
should be taken to avoid electric
shock.

<353 5max-»|

< @44 min>

photocathode —

outer conductive

coating (" :1_7,2 02
max
outer L
conductive U”J “ ”U”
7262689.3 coating Y

7273328.2

Fig. 5.
The base connections of the XP2254B are such that the tube is unilaterally interchangeable with the
56AVP-family tubes.

Base 20-pin (JEDEC B20-102)
Net mass 240 ¢

ACCESSORIES
Socket type FE1020

| (April 1984
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XP2254B

100 7269441.1
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Fig. 6 Spectral sensitivity characteristic.
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Fig. 8 Relative gain as a function of the
voltage between grid 1 and cathode,
normalized to V4. V1 constant.
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Fig. 7 Relative gain as a function of the
voltage between d2 and d1, normalized to V4
Vd43/d1 constant.
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Fig. 9 Relative anode current as a function
of the magnetic flux density B.

1.1 axisa

2.// axis a
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12-stage photomultiplier tube

XP2254B

DEVELOPMENT DATA

109 7283388.1
ida
G (nA)
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108 104
/
- /1G
G volt. div. B’
volt. div. A
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Fig. 10 Gain, G, and anode dark current, ig,, as a function of supply voltage Vht
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XP2262
XP2262B

The XP2262 replaces XP2232

The XP2262B replaces XP2232B, 56AVP and 56DVP

12-STAGE PHOTOMULTIPLIER TUBE

44 mm useful diameter head-on type

plano-concave window i

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
Single electron spectrum resolution 70%
Supply voltage for a gain of 3 x 107 1850 V
Pulse amplitude resolution for '3’ 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 400 nm 1,54

w April 1984
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XP2262

XP2262B
Photocathode notes
Semi-transparent, head-on 2
Material Sb K Cs
Useful diameter >44 mm
Spectral sensitivity characteristic (Fig. 6) type D
Maximum spectral sensitivity ' 400 + 30 nm
Luminous sensitivity ~ 70 uA/lm 3
Blue sensitivity ;"g', 01 zf /‘I‘:]‘,/;'"‘F 1
Spectral sensitivity at 400 nm ~ 80 mA/W 4
Quantum efficiency at 400 nm 25%
Multiplier system
Number of stages 12
Dynode structure linear focused
Dynode material Cu Be
Capacitances
anode to final dynode ~ 3 pF
anode to all ~ 5 pF

magnetic field

When the photocathode is illuminated uniformly, the anode current is halved at V¢ = 1400 V, voltage

divider A at a magnetic flux density of:

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

0,1 mT parallel with axis a.

It is recommended that the tube is screened against the influence of magnetic fields by a mu-metal

shield protruding > 15 mm beyond the photocathode.

7275599

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

7275600

208

April 1984



12-stage photomultiplier tube XP2262
XP2262B

RECOMMENDED CIRCUITS

k
d10 5'.11
\
10MQO
V4|
6 Vht =16 Vqy
—HT 72847660 +HT
Fig. 2 Voltage divider A.
k a output

d2 d3 d4 d5 d6 d7 d8 d9 d10 211 d12

S A A A A A A A A

175 | 275 | 25
Vg —>leVy—>leVy >

31
R

e

Vhe=22,25 Vy
0 I
HT 7ze4765.2 +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 MS2 limits the current should there be unintentional contact between the
coating and earth when the anode is earthed.

The voltage, V4o.41, to be adjusted for maximum signal and optimum single 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 notes
With voltage divider A (Fig. 2)
Supply voltage for a gain of 3 x 107 (Fig. 8) t<yp2>4?£(3)5\(; Vv 5
Anode dark current at a gain of 3 x 107 (Fig. 8) ~ 10 nA 6
Background noise at a gain of 3 x 107 2/%)(1 ;(Ol(f/sc/s 7
Single electron spectrum at a gain of 3 x 107 (Fig. 7)

resolution ~ 70% 8

peak to valley ratio ~3 9
Anode pulse rise time at Vi, = 1900 V ~2,3ns 10
Anode pulse duration at half height at V¢ = 1900 V ~ 3,7 ns 10
Signal transit time at Vp = 1900 V ~31ns 10
Pulse amplitude resolution for '3 Cs at an

anode blue sensitivity of 10 A/ImF ~7,2% 1, 11
Anode current linear within 2% at V¢ = 1900 V up to ~ 100 mA
Mean anode sensitivity deviation 12

long term (16 h) ~ 1%

after change of count rate ~ 1%

versus temp. between 0 ©C and 40 ©C at 450 nm ~ 0,2%/K
With voltage divider B (Fig. 3) 5
Gain at Vp = 2400 V (Fig. 8) ~6x 10’
Anode pulse rise time at Vi, = 2200 V ~ 2,0 ns 10
Anode pulse duration at half height at Vp,; = 2200 V ~ 3 ns 10
Signal transit time at V¢ = 2200 V ~ 30ns 10
Signal transit time difference between the centre of the

photocathode and 18 mm from the centre at V,y = 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. 2500 V 13
Continuous anode current max. 0,2 mA 14
Voltage between first dynode and photocathode zla: ggg \\; 15
Voltage between consecutive dynodes max. 400V
Voltage between anode and final dynode rr:?: ng x 16
Ambient temperature range

operationa:)(for short ;?eriods of time) rn;?: igg gg 17

continuous operation and storage mfxx. +509C

min. —300C
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12-stage photomultiplier tube

XP2262
XP2262B

NOTES

1.

10.

11.

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 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 102 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 > 10'5 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 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.

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 vary as a function of high tension supply voltage
Vht, approximately as Vht'yz.

Non-inductive resistors of 51 £ are connected in the base of type XP2262B to d11 and d12. See
also General Operational Recommendations Photomultiplier Tubes.

Pulse amplitude resolution for '3’Cs is measured with a Nal (T1) cylindrical scintillator (Quartz et
Silice ser. no.: 7256 or equivalent) with a diameter of 44 mm and a height of 50 mm. The count-
rate used is ~ 10* c/s.
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XP2262
XP2262B

12.

13.
14.
15.
16.

17.

The mean anode sensitivity deviation is measured by coupling an Nal (TI) scintillator to the
window of the tube. Long term (16 h) deviation is measured by placing a ' Cs source at a
distance from the scintillator such that the count rate is ~ 10* ¢/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 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 108, 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.

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

For type XP2262B 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 supplied
should be consulted.

212
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12-stage photomultiplier tube

XP2262
XP2262B

MECHANICAL DATA
<-052,5max—*

< BLLmin-»

photocathode —/ R50£2

I 120
+2

coating s

mm w q]ﬂ Imﬂ 15 max

I

P9max 7275598.1

Fig. 4 XP2262.
Base 19-pin all glass
Net mass 125¢g

PIN CONNECTIONS
di2 d10

K k,
7275597.1 L.c. coating

XP2262

ACCESSORIES

Socket
for XP2262 type FE2019
for XP2262B  type FE1020

< (52 5max -
}*Q) Lbmin >
o= 7\ T 'y
photocathode R50+2
couting“’——» 145
4 166
max
\
72755961
Fig. 5 XP2262B.
Base 20-pin (IEC 67-1-42a,
JEDEC B20-102)

Net mass 162g

7275595.1 ’ cdating
XP2262B

(1) 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 electric shock.
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XP2262

XP2262B
102 7275625.1
N
N\
/ \
Ske()\) I \
(mA/W) [’
10
\
\
‘\
1
200 400 600 800
A (nm)

Fig. 6 Spectral sensitivity characteristic.

Fig. 7 Single electron spectrum obtained with an XP2262 tube.
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12-stage photomultiplier tube XP2262

XP2262B
109 7284766\ 14
ida
G (nA)
G /
volt. div. A /
8 3
10 > 10
A6
4 volt. div. B 1
/
48%
107 / i 102
~ 7
7 7 P
4
4 4 da
'/ volt. div. A
4 /
4
A
108 £ 10
w4 y.4
L yd
i
/
//
10° 2 1
Vi
7
104 10—1
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Vht (V)

Fig. 8 Gain G and anode dark current, iq,, as a function
of supply voltage Vpt.

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

April 1984 215






MAINTENANCE TYPE XP2312
XP2312B

12-STAGE PHOTOMULTIPLIER TUBE

The XP2312 and XP2312B 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 XP2312B is provided with a 20-pin plastic base. The XP2312 has a 19-pin all-glass base.

QUICK REFERENCE DATA

Spectral sensitivity characteristic type D
Useful diameter of the photocathode > 68 mm
Quantum efficiency at 400 nm 26 %
Cathode spectral sensitivity at 400 nm 85 mA/W
Supply voltage for a gain of 3 x 107 2000 V
Pulse amplitude resolution for 137Cs ~ 80%
Anode pulse rise time (with voltage divider B) ~ 25 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 (note 1)

Semi-transparent, head-on

Material SbKCs

Useful diameter > 68 mm
Spectral sensitivity characteristic (Fig. 6) type D
Maximum spectral sensitivity at 400 £ 30 nm
Quantum efficiency at 400 nm 26 %
Spectral sensitivity at 400 nm 2’ P- gg 22//&/\/
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XP2312
XP2312B

Multiplier system

Number of stages 12
Dynode structure linear focused
Dynode material Cu Be

Capacitances
anode to final dynode
anode to all

QR

5 pF

Magnetic field

When the photocathode is illuminated uniformly, the anode current is halved (at Vht= 1500V, 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

XP2312 XP2312B

Fig. 1 Axis a with respect to base pins (bottom view).
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12-stage photomultiplier tube XP2312
XP2312B

RECOMMENDED CIRCUITS

g1 g2

y{dl d2 d3 d4 d5 d6 d7 d8  d9  d10

ny I T T T T '\F T

L

4 w09 | ¥
Vg —>le- Vg >l Vg sl Vg >le Vg ol Vy >l Vy »le-Vy >l Vy -l Vy—>

v
—{1 - e
d Vhe=16 Vg
o
-HT 7275609.2 +HT
Fig. 2 Voltage divider A.

gl g2

jfd d2 43 d&  d5  d6  d7  d8  d3  diO

11y N \.F o 2 [0 T -\F ? \

|

4 w09 | v\ 1,25 2,25
¢ Vg —>1e Vg e Vg |4 Vy le- Vg sl Vy >l Vg e Vg le= Vg | Vg -

A4
—{ 1 3 :’-‘L‘:l"’—l:)-‘
Vht=22,25Vy —>$ ;

-HT 7275608.2 +HT

Fig. 3 Voltage divider B.

Typical value of capacitors: 1 nF; k = cathode; g1,92 = accelerating electrodes; dn = dynode no.;
a=anode; R|_= load resistor.
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XP2312
XP2312B

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 13’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 V¢ = 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 photocathode and 30 mm
from the centre at V¢ = 1800 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 g2 and photocathode
(g2 normally connected to d6)

Voltage between anode and final dynode

Ambient temperature range
operational (for short periods of time)

continuous operation and storage

up to

up to

typ.
<

typ.
<

Q

Q

Q

Q

Q

max.
max.
max.
min.
max.

max.
max.
min,
max.
min.
max.
min.

2000
2500

25
250

2000

8,0
100

6 x 10°
25
35
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

oc
oC
oc
oc

notes

10

1
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12-stage photomultiplier tube

XP2312
XP2312B

Notes

1.

8.
9.

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

0,1 nA at —30 OC. If too high a photocurrent is passed, the cathode can no longer be considered
to be an equipotential surface, and the focusing of electrons onto the first dynode will be affected,
resulting in departures of linearity.

To obtain a peak pulse current greater than that obtainable with divider A, it is necessary to in-
crease 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. 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 having an insulation resistance of > 1015 2.

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 1,4 x 10-!2 C (corresponding to 0,3 photoelectron) are recorded (Fig. 7).

Pulse amplitude resolution for 137 Cs is measured with a Nal(T1) cylindrical scintillator (Quartz et
Silice ser. no. 4170 equivalent) with a diameter of 75 mm and a height of 75 mm. The count
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