Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title

PERFORMANCE STUDIES OF THE NEW GENERATION AMPEREX XP2020
PHOTOMULTIPLIER

Permalink

https://escholarship.org/uc/item/7df6r7id

Author
Lo, C.C.

Publication Date
1980-11-01

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/7df6r7jg
https://escholarship.org
http://www.cdlib.org/

LBL-10824

~

’ G
,,rr/__ S

Lawrence Berkeley Laboratory ]

UNIVERSITY OF CALIFORNIA

Engineering & Technical
Services Division

To be presented at the 1980 Nuclear Science Symposium,
Orlando, FL, November 5-7, 1980

PERFORMANCE STUDIES OF THE NEW GENERATION
AMPEREX XP2020 PHOTOMULTIPLIER

C.C. Lo and B. Leskovar

November 1980 MASTER

Prepared for the U.S. Department of Energy under Contract W-7405-ENG-48



PERFGRMANCE STUDIES OF THE NEW GENERATION AMPEREX XP2020 PHUTUMULIIPLIER

DISCLABMER - " -

Thes Lioe o prEpared o1 4 &iount of warh wonsated by a0 wpmcy of the Linited Staies Government,
Hesther the e dest States Soprnaent nor any agency Ihereat, R any of thet emGioyees, makel sy
ST, Erear 0 ebe) G etfes amy K3 iy or resoonubibly for The ecouracy,
rorulaenen o uteluingss of any miOTMALGN, ADParais. DMOdLCT, or DroCess didowd, of
rerruents that 15 ukc woukd ngt infringe Lenately Owneg Tty Folerence harcin (0 any tpeciliy
TR o AT, W, O Sefve by trade fae, frateman | mamstactutes, o otherwie, doe
U recenly QURRtute Of imply (1 SAQOtmmEnT. fecOmmEncation, of tvoring By the Unied
States Guernment or any sgency theregt, The views and Goimons of authors exretsed hcrem db nat
ety st O 1etber) 1o OF the Umited States Government ar any #ency thereof.

(. C. Lo and B. Leskovar
Lawrence Berkeley Laboratory
University of California

Berkeley, California

Abstract

Characteristics have been measured for the rnew
generation Amperex XP2020 45 mm-diameter photomulti-
plier. Some typical photomultiplier characteristics--
such as gain, dark current, transit and rise times--
are compared with data provided by the manufacturer.
Photomultiplier characteristics gererally not available
from the manufacturer, such as the single photoelectron
time spread for the full photocathode illumination, the
relative collection efficiency as a function of the
voltage between photocathode and focusing electrode,
were measured and are discussed, particularly with re-
spect to the optimization of photomultiplier opera*ing
conditions for timing applications. Measurements were
also made on the photomultiplier's high repetition
rate counting performance a; well as the rate dependent
photomultiplier gain.

Introduction

The new generation Amperex XP2020 is a 12 stage
head-on type phutomultiplier having a semi-transparent
bialkali {S24) photocathode with a useful diameter of
45 mm. The tube is intended to be used in applications
such as high time resolution meac.rements, fast coin-
cidences, time-of-flight measurements, and detecting
very lou luminous fluxes. The five tubes evaluated
have copper berillium dynodes instead of AgMgOCs dy-
nodrs.  The peak spectral response is at 4000 R with
a quantum efficiency of 26% at this wavelength.

A11 measurements except those for high repetition
rates were made with the three dividers shown in Fig.
1. The performance of all three dividers are given and
the results ar2 the average data on five tubes.

Gain and Dark Current Measurements

Measurements of gain and dark current were made
with the system described in Ref. V. Figure 2 shows
the gain and dark current characteristics of the photo-
multiplier as functions of voltage applied between
cathode and anode. Al1 photomultipliers have very sim-
jlar dc gain characteristics. For divider A, the meas-
ured gain was 1 x 108 at 2200 V and the dark current
was 2 x 10_8 amps. For divider B (the high current
divider) the gain at 3000 V was 1.2 x 107 while the
dark current was 5 x 10'9 amps. Divider B' is an opti-
mized divider which provides good timing characteris-

tics as well as a higher current output as shown in the
measurements,

Peak Anode Qutput Current Measurements

The peak anode output current measurements were
made with the system described in Ref. 1. A light
pulse generator capable of producing high 1ight inten-
sity pulses was used as the Tight source and calibrated
neutral density filters were used to accuratiely atten-
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uate the light. As shown in Fig. 3, the high current
divider, B, made possible a maximum 1inear anode out-
put current of 590 mA where as divider B' and A gave

210 mA and 80 mA, respectively. {ivider B, however,

could yield a nonlinear peak current over 800 mA.

Single Photoelectron Time Spread Measurements

The time spread of a photomultiplier output pulse
depends upon photomultiplier geometric characteristics,
and its operating conditions. Since the timing accuracy
varies approximately inversely as the square rcot of
the number of photoelectrons, the time-behavior infor-
mation of single photoelectrons is particulariy helpful
in predicting the transit time spread for an arbitrary
number of photoelectrons. Furthermore, it is also help-
ful in the evaluation, selection, and comparison of
photomultipliers, as well as in determining the opti-
mum operating conditions incritical timing applica-

tions.2

The system as described in Ref. 3 was used for
single photoelectron measurements. For all five tubes,
the full photocathode illumination was used. The
measuring system has a time resolution of 25 ps. Divi-
der A only was used for this measurement. Figure 4
shows the single photoelectron pulse response of XP202Q.
Figure 5 shows two single photoelectron time spectra
spaced 4 ns apart.

Since the input electron optics has a profound in-
fluence on single photoelectron time resolution, the
focus electrode voltage was varied and the single photo-
electron time resolutior was measured as a function of
this voltage which is expressed as the photocathode-
focusing electrode to photocathode - first dynode vol-
tage ratio. Figure 6 and 7 are the results of these
measurements. Using divider A and B, the photomulti-
pliers had a minimum time spread at raties of 0.25 and
0.3, respectively, although the peak collection effici-
ency for divider A occured at a ratio of 0.275. The
minimum single photoelectron time spread for divider
A and B' were 500 ps and 520 ps, respectively. With
the high current divider B, the photomultipliers had
a minimum time spread of 880 ps at the ratio of D.27.
Hence, in a particular application if good time resolu-
tion is desired, divider A should be used, but if high
current is desired, B should be used. For critical
applications calling for the best performance, the
optimum voltage ratio should be determined and applied.
The results presented here are the average data of five
tubes; it was found that the variations between the
tubes are within 257.

Dark-Pulse Specirum Measurements

Dark-pulse spectrum measurements were made by
using the system described in Ref. 1. The spectrum is
shown in Fig. 8. The photomultiplier pulse height
resylution is not good enough to show one, two, and
three photoelectron peaks in the measured spectrum.

The dark-pulse summation, taken from 1/8 photoelectron
to 16 photoelectrons, was measured at a photomultiplier
temperature of 24°C. Calibration of the 1/8-photo-
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electron point was made wjth an RCA 8850, whose excel-
lent pulse height resolution made the calibration pos-

sible.q The average dark-pulse count for the photo-
multiplier was found to be

16 photoelectrons
—
= 450 counts per second

1/8 photoelectron

Multiphotoelectron Time Resolution

It is generally agreed that the variance, o2, of
the photoelectron time spread of a photomultiplier is
inversely proportional to the number of photoelectrons
per pulse. This measurement was made using the mer-
cury light pulse generator which was capable of pro-
ducing thousands of photoelectrons per pulse from the
photocathode of the photomultipliers. The system used
was similar to the system in Ref. 5. The number of
photoelectrons per pulse was calculated using the
measured output pulse width and amplitude and knowing
the gain of the photomultiplier at the operating vol-
tage. Fig. 9 shows the plot of the time resolutions
as a function of the number of photoelectrons per
pulse from one photoelectron up to thousands of photo-
electrons. The time resolution of the single photo-
electron pulses was 2.2 nsec, FWHM, indicating the
light pulse was very close to 2.2 nsec wide; the time
resolution improved to approximately 120 psec, FWHM,
with 2500 - photoelectron per pulse using divider B.

Fatigue Measurements

The loss of anade sensitivity, i.e. tube fatigue,
depends on operating output current level, dynode
materials and previous operating history. The average
current a tube can withstand varies widely from tube
to tube even of the same type, hence the results will

only represent the behavior of the tube being mcasured.

Loss of sensitivity normally occured rapidly at the
beginning of operation, especially at high ovtput
current levels. The degradation then slowed down and
some tubes would recover after given a resting period.
A1l three tubes measured actually experienced increase
in sensitivity for a period of time whije in operation.
The XP2020 has a maximum rated continuous anode output
current of 0.2 mA, however, measurements were made
operating two tubes at current levels twice as high as
specified. The light source used in this measurement

was one mCi of Cs]37 smeared on the back of a pilot
F scintillator whose disdance from the tube could be
changed to adjust the output current,

In Figure 10, tube S/N 9275 was operated at
0.2 mA initially, the output current gradually de-
creases in the first minute and then took a dip in the
second minute, From then on it recovered and the out-
put current went up to 0.27 mA at the end of 400 min-
utes. Tubes S/N 9266 and S/N 9274, although were not
tested as long at this output current level, they did
indicate in Fig. 11 and 12 that they would perform
well up to and beyond the 9000-minute mark,

In Figure 11 and 12 S/N 9266 and S/N 9274 were
tested at 0.5 mA and 0.4 mA respectively. At the end
of 300 minutes, operating at 0.5 mA, S/N 9266 was
given a long rest of 3700 minutes. It was then opera-
ted at 0.5 mA again, its output decreased to 0.37 mA in
1000 minutes. 1In Figure 12 tube S/N 9274 was operated

at 0.4 mA and was given three resting periods. It re-
covered in the first two rests but did not in the third.
The total charge extracted from S/H 9278 was approxi-
mately 51 Coulomb, solely from the fatique tests.
Assuming this was a new tube and another 4 Coulomb was
extracted during the previous tests, a total of 55
Coulomb was extracted from this tube before it showed
sign of permanent damagea.

High Repetition Rate Counting Measurements

More and more photomultiplier applications are for
high frequency counting. The important factors in such
applications are pulse response, high average output
current capability, and gain stability. The pulse re-
sponse determines the pulse pair resolution that can be
obtained with the tube. For example, a tube having an
output pulse of 5 ns, FWHM, would typically have a base
width of 15 ns, hence the highest counting frequency
of such a tube is approximately 66 MHz, assuming of
course the tube has the current capability and the
divider is properly designed to supply enough both
steady current and pulse current to sustain the high
counting rate. Oepending oan the application, if long
1ife of the tube is not an important factor, the tube
can be made to provide high average anode output cur-
rent for a short period of time as long as a proper
divider is used; however, if long tube life is impor-
tant, the operating condition should be such that the
output average current should not exceed a fraciion of
the maximum rating. This means a compromise between
the duty cycle, the 1ight source intensity, and the
output pulse amplitude. The fatigue measurement de-
scribed gives some insight of how the tube should be
used. Figure 13 and 14 shows the anode output pulses
at repetition freguencies of 1 MHz and 55 MHz, respec-
tively. The upper trace is the anode output pulse, the
lower trace is tne driving electrical pulse. The light
source was a 1ight emitting diode, type XP21, driven by
pulses with 3 ns width and approximat2ly 10 V in ampli-
tude. Tbe XP21 diode was operated in an avalanche

mode.3 The divider used in this measurement was similar
to the one described by C. R. Kerns in Ref. 6. The
difference in output pulse amplitude of the tube opera-
ting at repetition frequencies of 1 MHz and 55 MHz is
not readily noticeable. The average anode output cur-
rent was 0.18 mA using an input light pulse repetiticn
frequency of 55 MHz with a 2% duty cycle. Figure 15
and 16 shows a continuous counting (100% duty cycle)
operation but at a much lower repetition frequency.
Figure 16 is the output pulse at 5 Miz. The average
anode output current in the 5 MHz case was 0.8 mA,

four times higher than the maximum rating of XP2020.

Gain Variation Measurements Using Cs]37 Source

One mCi 05137 source was used to irradiate a piece

of pilot F scintillator which was attached to the phato-
cathode face plate of the photomultiplier. The distance
between the source and scintillator-photomultiplier
could be changed to obtain different counting rates.

In this particular case, the highest counting rate ob-
tainable was approximately 70 kHz with the source a
couple of inches away from the scintiilator. The

C5137 peak was observed at a count rate of 2 KHz and

60 KHz. The peak of the 05137 spectrum aescreased by
about 5% at 60 KHz although the average anode current
at this point was a mere 0.01 mA. It is not clear at
this time what was the principle contributing factor
for this behavior.



Conclusion

Our measurements have shown that basic character-
istics of the XP2020 photomultipliers agree closely
with those given by the manufacturers. The relatively
critical setting of the focus electrode potential of
all three dividers required to obtain the best perform-
ance in both single photoelectron time resolution and
collection efficiency must be observed especially in
applications which demand the most out of the device.

The fatigue measurements show that by operating
the tubes at 0.2 mA, the absolute maximum rating of
the manufacturer, all three tubes measured could supply
this current to at least 1000 minutes and up to
10,000 minutes. Tube S/N 9274 showed signs of some
permanent damage after approximately 55 Coulombs had
been extracted from the tube. An anode output current
of 0.4 mA was drawn from this tube prior to the per-
manent loss of sensitivity.

The high frequency counting measurements show
that the XP2020 can be operated beyond pulse repe-
tition frequency 55 MHz so long as the divider is cap-
able of providing the current needed for the operation
Depending on the importance of long term stability,
the XP2020 can provide anode output current many times
higher than the 0.2 mA rating for some period of time
with the consequence of eventual permanent loss in
sensitivity. The short term gain variation under high
frequency operation has not been investigated. Results
of future studies will be reported in due course.
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