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Summary
Characteristics have heen measured for the \mperen

56 TVE 42 mm Jdrtameter photomultiplier. Some tvpical nho*o
P Ve

multiplier characteristios such as gan, dark current,
transit and rise tines are compa ed with Jata provided
by the manutacturer. Photomultaplier characteristics gencrally

not available from the manutfacturer, <uch as the =ingle photo
ciectron time spread, the relative collection efficrenoy, the
relative anode nulse amplitude as a function of the voltage
hetween the nhotocathode and feocusiag clectrode, and the post
tion ot the photocathode sensing area were neasured and are
discussed for *we 56 TVP's. The -ingle photoelectron time spread,
the relative collection efficiency, and the transit time dif
cerence as a fanction of the v itage hetween photocathode and
focusing electrode were also measured and are discussed,
particularly with respect to the optimization of photomultiplier
operating conditions for tinming applications.

‘ntroduction

Amperex 50 TV 1s a fourteer-stage photomultiplier having

4 520 photocathode with a peak response at 420 ¢ 30 am.  The
iscful diameter of the photocathode 1s approximately 42 mm,

1s photomultiplier has been used :n the receiver subsvstem
“or t s NASA satellite laser ranging work at the Goddard Space

Flight Center The photomultiplier combhines a number of

characteristacs useful in ranging applications, such as high
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waing, high output curvent capabthity, ,ating capabality, and

low cost, ALl measurements Jdescrabed an this repost were made

with the NASA moditied manutacturer’s voltage Jivider, <hown

o Fig. 1, with an applied voltage ol *20 vV hetween the photo

cathode and the focusing clectrode. 1t was tound experimental by
that at this potential the photomultiplhicr paramcters, ~uch a
the single photocicctron taime spread and the relative collection

ctirciency, have thear optaimun value .. In the case ol the X
vamm and dark current measurements, the voltave divider wa
daghtly moditiced to allow the focusing cicctrode voltave to
have a value that was approxiestely cqual to 0,05 times the
voltage between the photocathode and the first dvnode.  Thre

was done so that the measurcd photomultiplier charactenristi

can be more casily compared with the manutacturer' s
pectiications,

Gatnand Dark Current Measurcement -

- — -

Mcasurements ol gamn and dark carrent were made with the
vetem descorabed an Ret. 20 Faguare 2 shows the gamn and dark
current characteristics ol the photomaltiplicr as function. ol

voltage applicd between cathode and anode.  KRoth photowmult)
pliers have very similar Jde gawmn characteristics.  The measuired
8 »
amn was L X 100 at 2500 V. The measured dark carrents at
’ 8 . 8 :
N were 3.5 & e and 5.5 X 1o \ for scrial numbers
0o and 31223, respectaively.,  The dark current ol the 31273

photomaltaplier showed a strong anternal Jdo leakage current

component , particularly at lower appliced voltages. An external

te



cleaning of the photomultiplicr did not decrease the do
leakage current component.  The Amperex data under these
voltage conditions and at an ambient temperature of 25°

for the gain and dark current are 1 X lo’ and 5 x 10°°

A
(maximum value), respectively.

Single Photoclectron lime Spread and Relative Collection

Lfticiency Measurements

The amount of electron transit time spread of a photo-
multiplier depends :pon photomultiplier geometric characterastics,
1ts operating conditions, and the number of pheioelectrons
released fiom the photocathode. Since the *ime snread varies
approximately inversely as the square root of i(he nueher of
photoelectrons, the time-behavior information of single photo-
clectrons is particularly helpful in predicting the tran=it
time -, read for an arbitrary number of photoelectrons.
Furthermore, 1t 1s also helpful in the cvaluation, selection,
and comparison of photomultipliers, as well as in determining
the optimum operating conditions 1n critical timing appllcatlons.3

In addition to the single photoclectron time spread, the
relative collection efficiency also is an important photomulci -
plicr parameter. Relative collection efficiency 1s the ratio
hetween the efficiency of counting light pulses at a given
potential between the photacathode and the focusing electrode
and the efficiency of counting light pulses at optimum potential

between the photocathode and the focusing electrode. The



collection efficiency veries with the voltage between the
photocathode and focusing electrode, and i1ts value can be
optimized for a photomultiplier. lowever, the voltage value
which maximizes relative collectior efficiency does not neces
sarily minimize the single photoeclectron tice spread. To
determine the optimum nhotomultiplies operating conditions,
including the effect of the voltage between the photocathode
and the focusing electrode, mecsurements were made by using
the system described in Ref. 3. Single photoclectron time
spread, relative collection efficiency, and transit time
Jdifference were measured as functions of the voltage value
between the photocathode and the focusing electrode. Results
uf the measurements are shown in Figs. 3A and 3B for the

50 TVP photomultipliers serial numbers 31216 and 31223, respec-
tively. The effects of the focusing electrode voltage on the
single photoelectron time spread and the relative coliection
cificiency are shown as so!id curves, and the dasacd curves
represent typical transit time Jdifferences. All measurcments
were made with full photocathode i1llumination.

Figures 3A and 3B show that the single photor lectron
time spread has a value, FWHM, of 720 psec and 780 psec for
photomultiplier serial numbers 31216 and 312.3, respectively,
with 20 V between the photocathode and the focusing electrode.
ihe time spread amounts can be only slightly decreased by

increasing this voltage. Furthermore, the rclative collection



cificiency has a maximum value for a voltage of 20 V between
the photocathode and the focusing electrode. Consequently,
for hoth photomultipliers, the photoclectron time spread can
he castly optimized without a sagnitficant deterioration ol
collection efficiency.

Using the same measuring system, the s ngle photoelectron
time spread was measured as a function of the position of the
light flash on the photocathode. A licht -emitting diode, the
Ferranta XPP-23, driven by an avalanche transistor pulse
pencrator, was used as a light source. A positioning disc
with everlapping 5-mm holes spaced 4.5 m= apart was attached
to the photowultiplier window,along lines parallel to and
perpendicular to the long axis of the first dynode.

To prevent the clectromagnetic field of the light pulser
from interfering with phoromultiplier operation, a 12-inch-long
Amerscan Optical LG 3 'ight guide <25 used to guide the light
pulse to the photocathode. Whenever a particular areca of the
photocathode was to be illuminated, the light guide was placed
in a corresponding ho ¢ of the positioning disc. Successive
scanning was done along X and Y axes, with the longer side nl
the rectangular first d/node as the X axis. Lxact position
designacions of the first dvnode are given in Figs. 4A and 48,
he 1lluminated arca of the photocathode was no larger than
1.0 mm 10 diameter. Figures 4A and 4B show photoelectron time
spread as a function of the position of the photocathode sensing

arca along the X and Y axis for the 56 TVP photomultiplicr,



serial numbers 31210 and 31223, These figures show that the

single photoelectren time spread variation is less than

0,023 . «0, 035 P :
0. 08y MseC and 0. ngg HSEC, respective'v, within 18 mm of the

center of the photocathode. ‘turthermore, these figures show

N, 172
-0,.N85

nsec, respectively, within 22.5 mm of the center of

that the tine spread variation i1s less than asec and

o, 0002
-U.GSS

the photocathode.

Relative collection efficiency was also measured as a
function of the position of the photocsthode sensing
area by using the sarme svstem. The light pulser, the
fiher optics light guide, and ihe pesitioning disc were the
same as for the transit time spread measurcwments. Results of
the measurements are s own in Figs. SA and 5B for photomulti -
rlicr serial numbers 31216 and 31223, These figures show that
the relative collection efficiency variation is less than
0"!? nsec and fg:;i nsec, respectively, with.n 22.5 mm of the

center of the photocathode.

Relative Anode Pulse Amplitude Measurements

These measuremen*s give information on the product of
quantum efficiency aad collection efficiency at various 1llu-
minated arcas of the photocathode. A description and a block

cagram of the system for measuring the relative anode pulse
i=plitude are given in Ref. 3. The same light pulser, fiber
optics light guide, and positioning disc were used as 1n the
case of the transit 'ime spread measurements. Results of

the e measur:ments are given in Figs 6A and 6B for photomultiplier



sertal numbers 31210 and 31223, respectavely. The solid curves
show the relative pulse amplitude obtained when the photumulta
plice . were ~canned with a light spot 'n a \rection perpen
Jdicuiar to the farst dvnode a:Jd through the center o the
vhotocathode. Light pulse amplitude was kept constant Juring
the measurements.  The dashed curves are a result of scanning
ioa Jirection paraller to the first dyvnode. Dagures 6A and
6 show that the relative pulse amplitode varies less than

to 1 tor a distance *22.5 mm, mcasured trom the center of
the photocathode of photomultiplicr serial numbers 51210 and
31223, The largest anode pulse variations occurred at the
cdge ot the photocathode, primarily because of reduced cellection
cificiency.

In addition to the relative ancde pulse zmplitude
measurements, the transit time dependence on anode pulse
wiplitude was also measured. Tre anode output pulse of the
photomultiplicrs was adjusted to have an amplitude of 5 V.

By using neutral density filters an front of the photocathode,
the output anode pulse anplitude was reduced to 500 av levels,
with the 50 IVE operating voltage fixed at 2500 V.  There was

no transit time depeadence observed as a fusction of the input
Light sagnal level. The small amount of time walk measured

as a tunction of the wnput light ampoitude was due entaircly to
the time walk and resolution characteristi:cs of the timing

constant -fraction discriminator uscd 1n the measuring system,



Single Photoelectre. Pulse Response

The single photoelectron pulse response of the Amperex
S50 TVE was measured by using the system Jescribed in Refs. 3V and 4.
[he photomultaplier was operated at 2500 V. RBetore the single
photoelectron pulse response measurement was made, the system
rise time vus measured and found tu be 400 nsec, with a 28 -psec
rise time tunnei diode pulse generator as the signal source.

-

Figure shows the single photoelectron pulse shape obtained

by using 200-psec light 1mpulse excitation from the Fercanti XP-23
clectroluminescent diode biased in the reverse direction. The
angle photoelectron pulse risetime and pulse width (FWHM) were

1.8 0.1 and 2 0.2 nsec, respectaively.

Dark Pulsce Spectrum Measurcments

Dark-pulsce spectrum amcasurements were made by using the
svstem described 1n Ref. 2. The spectrum is shewn in Fig. 8.
\s expected, the photomuluiplicr pulse height resolution is
not pood enough to show one, two, and three photoelectron
peaks an the measured spectrun.  The dark-pulse summation,
tohen from 1/8 photoelectron to 1o photeelectrons, was also
wasured, at a photomultiplier temperature of 24°C. Calibra-
tion of the 1/8-photoelactron poiat was made with an RCA 8850,
whose high pulse height resolution made the calibration
pn~~ihlc.h The dark-pulse count for the photomultiplicr
sertal number 31210 was found to be

1o photoelectrons

E * 40 x 10 counts per second.

/8 photoelectron



For the photomultiplier serial number 31223 the dark -pulse

ceunt was

lo photoelectrons
E = 12 x 103 counts per second.

1/8 photouclectron
fhroughout calibration and measurements both photomultipliers
were operated with «20 V between the photocatho ie and the
focusing electin ",

tonclusions

Our measurcuwents of single photoelectron time sr)rcad and
relative collection efficiency have shown that there is a strong
dependence for this type ¢t photomultiplier on the potential
between the photocathode and the focu<ing electrede. The
Ph lomultiplicr optimum cperating conditions that minimize
the photoelectron time spread and maximize the relative coilec-
tion efficiency were found to be at a voltage of approximately
*20 V between the phatocathode and the focusing electrode,
for the supplyv voltage of 2500 V. The average dark-pulsec count
tor the two photomultipliers was 20 X 103 counts per sccond at
4 temperature of 24°C.
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Figure Captions

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

l.
2.

3A.

3n.

4n.

48.

3A.

Schematic diagram of divider used i1n the measurcments.
Gain and dark current as a function of voltage hetween
anode and cathode.

Single photoclectron time spread, rclative collection
eificiency, and transit time difference as function: of
voltage b.tween photocathode and focusing 2lectrode lor
Amperex 56 TVP photomultiplier, serial number 312]0.
Single photoclectron time spread, relative collection
efficiency, and transit time Jdifference as functions of
voltage between photocathode and focusing clectrode for
Amperex 50 TVP photomultipglicer, serial number 31223,
Single photoelectron time spread as a function of the
position of the pnotocathode sersirg arca, for Amperex
56 TVP photomultiplicer, scrial nusber 31216.

Single photoelectron time spread as a function of the
position of the photocathode sensing arca for Amperex 50
TVP photomultiplicr, serial number 31223.

Relative collection efficiency as a function of the
position of the photocathode sensing arca for Amperex So
TVP photomultiplier, serial number 31210.

Relative co'lection efficiency as a function of the
position of the photocathode sensing arca for Ampercx S6

TVP photomultiplicer, serial number 31223,



Figure Captions (cont'd.)

Fig. 6A. Relative anode pulse amplitude as a function of the
position of the photocathoae sensing area for Amperex 50
TVP photomultiplier, serial number 31216.

Fig. 6B. Relative anode pulse amplitude as a function of the
position of the photocathode sensing area for Ampercex 50
TVP photomultiplier, serial number 31223.

Fig. 7. Singlc photoelectron pulses from an Amperex 56 TVP
operated at 2500 V, using 200-psec impulse excitation
from the Ferranti XP23 electroluminescent diode in
the reverse direction.

Fig. 8. Dark-pulse height spectrum.
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