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1. Introduction

The photomultiplier tube (PMT) 1s an extremely
sensitive, fast, and versatile radiant energy detec-
tor (ref 1) These characteristics are essential n
meeting detector requirements of lidar systems for
remote measurements of backscattered hght from
gases and aerosols 1 the atmosphere (refs 2 and 3).
As high-altitude measurement platforms—such as
the U-2 aircraft, space shuttle, and space station—
become available for lidar atmospheric research, re-
quirements for high gain and signal linearity 1n hdar
detectors become more stringent (ref 4) However,
the same nherent high gain and fast response sig-
nal characteristics that make the PMT 1deal for lidar
applications also make 1t vulnerable to extraneous
nose from relatively high-intensity hght levels and
transients 1mduced by gate pulses used for switch-
ing photomultipliers “on” and “off ” Photomultiplier
tubes are subjected to incident hight levels that can
span a wide dynamic range and may exceed current
limits of the tube A method to decrease PMT gain
by altering the voltage applied to the focus grid or
selected dynodes can minimize saturation effects and
signal induced gain changes within the PMT and sub-
sequent electronics This method of gating the PMT
can also affect gain stabiity Thus, a characterization
of PMT’s for their performance properties 1s neces-
sary for an accurate and confident interpretation of
hdar data

A detector test facility (DTF) has been developed
and applied to characterize detector systems, which
mclude PMT’s, voltage-divider networks (bases), and
associated electronics The DTF has been used 1n
support of the multipurpose airborne differential ab-
sorption hidar (DIAL) system developed at the Lan-
gley Research Center (LaRC) The objective of this
paper 1s to report on the DTF and 1ts use 1n detector
characterization studies and to obtain a data base
for selecting optimum PMT and base configurations
for DIAL applications For these applications, detec-
tors should produce anode output signals with the
following characteristics good gain stability, signal
rise times of less than 1 us after the leading edge of
a switching pulse, and “hold-off” (the ability to pre-
vent secondary photon emission) sufficient to avoid
signal response problems associated with unwanted
high light levels during minimum gain conditions

A brief description of the DIAL system 1s in-
cluded to give better insight into test conditions
and the characteristics critical to radiant energy de-
tectors The following sections present (1) a de-
scription of the DTF and data acquisition system
used 1n detector-package evaluations, (2) description
of detector packages tested, (3) discussion of tests

performed, (4) measurement techmques employed;
and (5) observed detector signal characteristics The
discussion of test results also includes a brief descrip-
tion and explanation of operation principles of the
voltage-divider networks and PMT’s investigated

2. DIAL System and Technique

The LaRC airborne lidar system uses the DIAL
(dafferential absorption hdar) techmque for the re-
mote measurement of gas profiles in the atmosphere
Only a general overview 1s presented here since both
the DIAL system and measurement technique have
been widely discussed (refs 2, 3, and 5) The DIAL
technique determines the average gas concentration
over some selected range interval by analyzing the
differences between two backscattered laser signals
which are tuned on and off a molecular absorption
line of the gas under investigation The value of the
average gas concentration N(Rj, Re) between two
range powmnts R; and Ry can be determined from the
ratio of the hdar signals and 1s given by

N(Ry,Rp) = 2 1 In [Poff(Rz) Pon(Rl):l

(R2 — R1)(0on ~oogg) | Pog(R1) Pon(R2)

In this relationship, oon — 0o 18 the difference be-
tween the absorption cross sections at the on and off
wavelengths, and Pon(R) and P,g(R) are the hdar
signals received from range R at the on and off wave-
lengths, respectively This analysis assumes that
atmospheric backscattering parameters are equal at
both wavelengths If there 1s an interfering gas which
has a different absorption coefficient at these wave-
lengths, 1ts concentration must be determined by an
independent method The airborne DIAL system
uses two frequency-doubled Nd YAG lasers to opti-
cally pump two tunable dye lasers which emit the
desired on and off laser wavelengths These outputs
are time separated to mimimize receiver hardware
requirements The time separation (approximately
100 ps) 1s a function of maximum aircraft altitude
and 1s minimized to avoid DIAL concentration errors
resulting from changes 1n atmospheric structure The
dye laser output beams are directed out of the air-
craft through a quartz window and are aligned coax-
1ally wath the receiver telescope The backscattered
laser signals are then collected by the receiving tele-
scope and directed onto the gated photomultiplier
detectors Narrow band-pass interference filters are
used to reject background hight and any simultaneous
returns at undesired wavelengths Each photomulti-
plier tube (PMT) 1s selected for optimum gain at the
wavelength of interest, maximum linearity, and for
minimal distortion related to electronic-tube gating




3. Detector Test Facility (DTF) Description
3.1. PMT Test Setup

Photomultiplier (PMT) evaluation and perfor-
mance tests are accomplished by exposing PMT’s to
a pulsed light emitting diode (LED) mounted in a
lighttight enclosure Both the PMT and base are at-
tached to the enclosure in a manual-shuttered hous-
ing directly across from the LED The manual shut-
ter protects the PMT from high hght levels during
test setup modifications The LED can be operated
In various timing sequences with a variety of sig-
nal shapes LED current 1s varied by altering mput
voltage and in-line resistance PMT anode signals
are held to approximately 400 mV or less through
50 ohms 1mmpedance to ensure that tube current him-
1ts are not exceeded

Precise timing signals are required to coordinate
LED pulses with PMT gating sequences Overall
timing and control signals of the DTF are supphed by
the master control umit (MCU) Eleven gate pulses
with 100-us separation are provided at a 1-, 5-, or
10-Hz repetition rate by the MCU to a pulse genera-
tor which produces the desired PMT gating sequence
pattern The pulse generator output signals are then
amplified by a focus-gate driver board to voltage lev-
els (< 300 V) sufficient for gating a PMT by using
the focus electrode or a dynode A PMT gate signal
generator 1s optional and can be substituted for the
pulse generator for added flexibility 1n gate sequence
patterns Note that the purpose of multiple gate sig-
nals 1s to allow operational flexibility 1n selecting the
on- and off-line signals in DIAL calculations Con-
trol signals are provided by the MCU to a Bioma-
tion 8100 Transient Digitizer for synchromzation of
data acquisition with LED pulses and PMT gating
sequences A block diagram of the present test sys-
tem configuration 1s shown 1n figure 1 A functional
timing diagram for the master control unit 1s shown
in figure 2

3.2. Data Acquisition System

The data acquisition system offers several modes
of operation for processing and displaying the PMT
analog signal output An oscilloscope 1s used to
observe PMT signal levels to approximately 5 per-
cent External video amphfiers are used to increase
scope sensitivity, and video filters (50, 20, 10, 05,
and 0 1 MHz) are available for the removal of high-
frequency noise in PMT anode signals Further data
processing capability 1s made possible by a Digi-
tal Equipment Corporation (DEC) PDP-11/10 mini-
computer with 28K words of 16-bit RAM memory
The PMT analog signal 1s digitized by a Biomation
8100 Transient Digitizer (8 bit) at an event sampling
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rate of 5 or 10 Hz Each event provides 2048 sequen-
tial samples at a rate of 10 MHz The digitized result
1s held 1n buffer memory and subsequently passed to
the PDP-11/10 for processing and storage by means
of a 16-bit parallel interface (DR11-C)

Processing capabilities available in the present
software package for plotting PMT output signals
individually or cumulatively include the following
options signal averaging, background subtraction,
variable X-Y scales, and signal offset subtraction
DIAL concentration calculations can also be plotted
to simulate the effects of a range-dependent gas ab-
sorption coefficient on the DIAL measurement Sig-
nal measurement accuracy of < 1 percent can be ob-
tamned by using these data processing capabihities
Only a brief description of the data processing sys-
tem and capabilities was presented since a detailed
discussion 1s mncluded 1n the literature (ref 3)

4. Detector Description
4.1. Photomultiplier Tubes (PMT)

The photomultiphier tubes that were evaluated
are histed 1n table 1 All the tubes tested were n-
line dynode structured Data on the various PMT’s
are summarized from literature and technical data
supplied by the tube manufacturers There are ba-
sically two categories of PMT’s commonly used in
lidar applications those with multialkaline photo-
cathodes and those with bialkaline photocathodes
Both tube types exhibit low noise characteristics
and high quantum efficiencies 1n wavelength regions
(290, 600, and 720 nm) desired in lhdar apphca-
tions The multialkaline photocathode tubes typ-
1cally exhibit a higher quantum efficiency 1 the
visible portion of the spectrum, while the bialka-
line tubes perform more efficiently in the ultravi-
olet (UV) wavelength region Performance evalua-
tions for these tubes were conducted with particular
attention to variable gain characteristics seen 1n bial-
kaline cathode tubes used for UV detection in DIAL
applications

4.2, Voltage-Divider Networks

Voltage-divider networks (bases) play a sigmifi-
cant role in determining the performance charac-
teristics of PMT’s Presently, focus-grid-gated and
dynode-gated bases are available for use with the
DIAL system Focus-grid-gated bases mclude the
voltage-divider networks (bases) designated “2,” “4,”
and “6” A circutt diagram of these bases 1s shown
in figure 3 These circuits provide a positive high
voltage pulse (= 200 to 300 V) to the focus grid
located between the cathode and dynode 1. This
positive pulse allows photoelectrons to be focused




on dynode 1 for amphfication An RCA AJ2132
adapter plug 1s used to accommodate 12-stage tubes
1n bases 2 and 4

In two additional bases, designated “A1” and
“L-100-G,” an alternative method using dynodes as
the gating element 1s employed This method 1s
similar to focus-grid gating with the exception that
upper-stage dynode-emitted electrons are blocked
by a negative dynode potential during the gate-off
condition A dynode near the middle of the string
should be used for this purpose (ref 1) Both the
L-100-G and Al bases use dynode 4, as shown n
figures 4 and 5, respectively The dynode-gated bases
are designed for 12-stage tubes and have not been
adapted to the 14-stage tubes

Measured voltage distributions of available bases
and the PMT manufacturers-recommended distribu-
tions are listed 1n table 2 with appropriate distribu-
tion codes for each type PMT listed 1n table 1

5. Measurements
5.1. Definitions

Photomultiplier characteristics that have a major
impact on hidar detector operations include gain sta-
bility, hold-off, and rise time Reference to gain sta-
bility 1n this report refers to the ability of PMT out-
put signals to exhibit minimum gain change during
time periods of maximum gain conditions (< 200 us)
typical to hdar applications Hold-off, sometimes re-
ferred to as the “switching ratio,” 1s defined to be the
ability of a PMT to block relatively high-intensity
hght levels when gated “off” in order to avoid pos-
sible nonlinear signal effects following such events
Rise time 1s defined as the time difference between
10- and 90-percent amphtude points of the leading
edge of an anode signal after bemng gated on The
development of the PMT test facility makes 1t possi-
ble to determine these characteristics quantitatively
A rectangular LED pulse 1s predominantly used be-
cause gain-change, hold-off, and rise-time measure-
ments are easily interpreted The tests performed to
make the quantitative measurements necessary for
performance evaluations are described 1n section 5 2
A discussion of tube characteristics and performance
1s discussed 1n section 6

5.2. Test Method

Hold-off and rise-time measurements for a wide
selection of PMT’s and bases have been made by ex-
posing the selected detector package combination to a
wider hght pulse in time than the signal used to gate
the PMT “on” By using sequence control signals
from the master control unmit to a pulse generator,
a 40-ps-wide gate signal was produced every 100 us

for 11 pulses at a repetition rate of 1, 5, or 10 Hz
Thus timing sequence 1s llustrated 1n figure 6(a) The
master control unit also provides, 1n synchronization
with the gate signal, a continuous 10-kHz clock pulse
to a pulse generator which then supphes 80-us-wide
pulses to the LED as shown in figure 6(b) Red and
green LED’s, with wavelengths of approximately 640
and 488 nm, respectively, are interchangeable and
selected with reference to the spectral response char-
acteristics of the PMT beimng tested A green LED
was used with the bialkaline cathode tubes and a red
LED with the multialkaline tubes The 10-kHz clock
1s used to pulse the LED continuously to ensure equi-
librium of the LED radiation output as seen by the
PMT

Examples of an anode signal during a tube-gating
sequence and an individual gate pulse are shown 1n
figures 7(a) and (c), respectively The focus-gate
signal 1s shown 1n figure 7(b) Initial observations of
gamn stability characteristics are made from frames of
this type More precise signal measurements require
the anode signal to be digitized and averaged by
the data acqusition system Figure 8 depicts a
digitized 200-shot average of an inverted anode signal
during a single 40-us-wide gate pulse A listing of
each digitized pomnt up to a 0 l-us sampling rate
and averaged over 1 to 200 shots, each with 8-bit
accuracy, was used for determining the degree of gain
stability during gate pulses

Hold-off measurements were made by comparing
a 200- to 400-mV anode signal produced when 1llu-
minated by the LED during the gate-on period to the
area of the anode signal with the gate off An exam-
ple of the anode signal used for comparison 1s shown
in figure 9(a) The gate-on condition, represented by
the 200- to 400-mV portion of the anode signal, 1s
bordered by a substantially lower signal representing
the gate-off condition In figure 9(b), the tube was
gated off and the oscilloscope sensitivity increased to
2 mV/ecm This allowed the output signal with the
tube 1n the off condition, sometimes referred to as
“bleedthrough,” to be more accurately measured

The rise-time measurement, as defined, 1s accom-
plished by increasing the oscilloscope sweep speed to
1 us/cm to expand the leading edge of the anode sig-
nal as the tube 1s gated on as shown 1n figure 10 The
LED output 1s stabihized before the tube 1s gated on
to ensure that the rise-time measurement 1s repre-
sentative of the detector configuration

6. Test Results

Measured values for PMT signal rise time, hold-
off ratio, gate voltage, LED voltage input level, and
respective apphed cathode voltage are reported in
table 3




6.1. Bialkaline Photocathode Tubes

Photomultipliers with bialkaline photocathodes
previously used in DIAL applications have charac-
teristically produced a ramped anode signal This
ramping effect or change 1n output signal gain can
be observed during a single 40-us-wide gate pulse or
each sequential gate pulse of a sequence control cycle
at 1, 5, or 10 Hz Figure 11 illustrates this character-
1stic produced by an RCA C7268 tube with standard
focus-grid base Although gain change in PMT’s
can sometimes be associated with tube current, the
signal gain of the RCA C7268 1s predominantly af-
fected during the focus-grid-gating sequence Evi-
dence of this effect from gating the gnid 1s shown n
the anode-signal behavior when the leading edge of
a wide LED pulse (> 1 ms) 1s moved from the begin-
ning of a focus-gate sequence nto the sequence {See
figs 12(a) and (b) ) The respective anode responses
shown 1 figure 12(c) indicate that gain change over
the focus-gate sequence 1s affected by grid gating and
not LED signal changes or PMT current effects Fur-
ther tests were conducted 1n an effort to determine
the cause of the output signal variation in gated bial-
kaline tubes These tests included heating a bial-
kaline tube to reduce photocathode resistivity and
varying LED duty cycles with PMT gating Gain
stability increased with the photocathode tempera-
ture but remained the same during tests which varied
LED duty cycles with tube gating Although these
tests were not conclusive, they did indicate possible
correlation of gain stability to photocathode cesium
mugration (ref 6) and/or charge redistribution on the
photocathode due to rapid changes in the focus-grid
potential

Other bialkaline cathode tubes which exhibit sim-
ilar gain change characteristics include the RCA
4501/V4 and the QUANTACON PMT’s, namely
the RCA 8850 and C31000M QUANTACON PMT’s
employ an extremely high-gain galllum phosphide
(GaP) first dynode This type dynode provides an
increase of up to an order of magnitude 1n secondary-
emission ratio over conventional dynode materials
QUANTACON tubes are also designed to operate
with a high potential (= 600 to 1000 V) between the
cathode and first dynode Due to a gating-voltage
hmitation of approximately 300 V, these tubes are
operated at a lower cathode to dynode 1 potential
No abnormal tube behavior was noted from this volt-
age limitation

The Hamamatsu R1332 PMT with a GaP first
dynode exhibited considerable improvement in gain
stability when used with the same bases as other
bialkaline tubes Due to the increased gain sta-
bility, signal averaging using the DEC PDP-11/10
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minicomputer and data processing software was re-
quired to detect the change in gan of the R1332 over
an individual focus gate and the focus-gate sequence
A 2- to 3-percent change i the anode output sig-
nal was measured from the first through the tenth
focus gate over a 1000-shot average Less than a
2-percent change in the signal was measured over a
single 40-us-wide focus gate, compared with approx-
imately 15 percent for the RCA C7268 tube It must
be noted that the R1332 1s a QUANTACON type
PMT and has been tested 1n voltage-divider networks
with less than optimum voltage distributions

Dynode-gated bases L-100-G and Al demon-
strated better gan stability when configured with
bialkaline tubes as compared with the focus-grid-
gated bases but only over a narrow range of oper-
ating parameters Any changes in gate voltage, sup-
ply voltage, and light input that vary tube current
also affect the gain characteristics of the PMT The
gate voltage 1s varied to demonstrate gain change
as Influenced by gate voltage while the LED output
1s held constant as shown n figure 13 Figure 14
demonstrates gain change as a function of light in-
put and tube current These characteristics limit
the operation of the dynode-gated bases tested to
a specific gate voltage, supply voltage, and tube cur-
rent Lack of flexibility in tube operation parame-
ters makes the dynode-gated bases poor candidates
for DIAL applications

Hold-off ratios for the bialkaline tubes tested 1n
focus-grid bases ranged from a ratio of 2 x 10° 1 to
better than 10* 1 Hold-off ratios for the dynode-
gated bases were less 1n all cases and ranged from
2x 102 1 for the RCA 8850 tube to 8 x 10 1 for the
RCA C31000M tube

The Hamamatsu R1332 PMT with the focus-grid
base produced a rise time of 0 5 us, whereas the rise
times measured for the RCA C31000M and 4501/V4
tubes 1n the focus-grid bases were between 0 8 and
16 us However, the characteristic ramp on the
RCA C7268 anode signal prevented an accurate rise-
time measurement The rise times exhibited by all
bialkaline tubes with the dynode-gated base were
between 0 8 and 1 2 us

6.2. Multialkaline Photocathode Tubes

The EMI 9817QB, RCA 7265, and RCA 8852
PMT’s possess a multialkaline (NaKCsSb) photo-
cathode which has been predominantly used in DIAL
aerosol mapping applications The EMI 9817QB
tube, however, with the quartz window and S-20
cathode coating has a spectral response that extends
into the UV energy region with a quantum efficiency
peak around 290 nm These tubes did not exhibit the
high degree of gain change previously shown to be




charactenistic of bialkaline tubes 1n the gated-focus-
grid configurations A comparison of multialkaline
PMT output signals (figs 15, 16, and 17) with a typ-
ical bralkaline tube signal (fig 11(c)) illustrates the
significant 1mprovement 1n gain stability

The EMI 9817QB tube was tested in a dedicated
12-stage focus-grid-gated base (base 6) similar to the
14-stage bases used with the RCA tubes The change
mn signal gain of this detector configuration stayed
within 2 to 3 percent over a complete gating sequence
(fig 15(a)) and under 1 percent during a single 40-us
gate pulse (fig 15(b)) The tube also exhibited the
fastest rise time at 0 4 us and a hold-off ratio of bet-
ter than 10 1 These performance characteristics
combined with the ability of the 9817QB to detect 1n
the UV energy region make 1t an excellent replace-
ment tube for the hialkaline tubes and a candidate
for UV apphcations

Evaluation tests of the RCA 7265, as for the RCA
C7268, were restricted to focus-grid-gated bases 2
and 4, because of PMT and base dimensions Gain
stability and rise-time results were slightly better for
the RCA 7265 and 8852 PMT’s with base 4 than
in similar tests performed with base 2 Rise times 1n
both tubes increased from approximately 0 5 ps when
configured with base 4 to between 1 0 and 2 0 us with
base 2 Gain stability also varied between bases The
anode output of an RCA 7265 PMT with bases 2
and 4, with identical test parameters, 1s shown in
figures 16 and 17 The mcreased gamn stability shown
with base 4 can largely be explamned by the larger
capacitors connected 1 parallel 1n the later dynode
stages The larger capacitors provide base 4 with a
higher current capacity in the latter stages and better
stabilize the voltage distribution between dynodes
which, 1n turn, stabilize the gamn for better pulse
response Hold-off, however, 1s not affected by the
difference 1n capacitor values and remains essentially
the same for both focus-grid bases Both the RCA
7265 and 8852 tubes exhibited hold-off ratios of
better than 4 x 103 1

Performance of the RCA 8852 PMT in the
dynode-gated bases, Al and L-100-G, closely fol-
lowed the same characteristic trends displayed by the
bialkaline tubes but with a hold-off switching ratio
between 5 x 102 1 and 6 x 102 1

7. Concluding Remarks

A detector test system has been developed and as-
sembled for evaluating photodetector packages used
in support of the DIAL lidar system at the Langley
Research Center A study using this facility to simu-
late lidar conditions was conducted to determine se-
lected photomultiplier tube (PMT) signal character-
1stics Detector packages tested consisted of PMT’s

with multialkaline and bialkaline photocathodes and
gatable voltage-divider networks using the focus-grid
or dynodes as the gating element The characteris-
tics mmvestigated to determine optimal detector per-
formance were hold-off or switching ratios, signal rise
time, and gain stability A summary of results and
parameters for each detector package examined in
this study has been tabulated

The dynode-gated bases failed to show the flexi-
bility 1n operating parameters required for hdar ap-
plication QOutput signal gain of all the dynode-gated
detectors tested was affected by any change in gate
voltage and output signal levels Switching ratios
were also found to be poor (< 8 x 102 1) when these
bases were used with the bialkaline tubes Rise time,
however, was not found to be a major factor in de-
tector selection since all base and PMT combinations
produced rise times of approximately 1 us

The voltage-divider networks using the focus grid
for tube gating produced acceptable hdar signal char-
acteristics with multialkaline tubes These detector
packages 1llustrated performance characteristics suf-
ficient for lidar aerosol applications in the visible por-
tion of the spectrum In addition, the performance of
the EMI 9817QB tube makes 1t a viable multialkaline
PMT for hidar applications 1n the ultraviolet (UV)
wavelength region With the exception of the Hama-
matsu R1332, the bialkaline tubes with the focus-
grid bases showed a 5- to 15-percent change 1n signal
level over the constant portion of a pulsed hght 1n-
put signal The Hamamatsu R1332, however, showed
less than a 2-percent change 1n signal over the same
portion of mnput signal A borosilicate glass window
restricts the R1332 from presently being used for UV
Iidar applications This restriction can be corrected
with a factory-installed quartz window

This study has been 1instrumental 1n the selection
of improved photo detector packages for the DIAL
system The change 1n gain noticed in DIAL de-
tectors has been investigated and minimized by the
use of select detectors and bases This optimiza-
tion increases the accuracy and confidence levels of
hdar data and interpretation of results Detector
configurations using the EMI 9817QB and Hama-
matsu R1332 tubes exhibited increased gain stability
over previously used bialkaline cathode tubes, there-
fore, alternative and improved UV DIAL detectors
are provided As a result, the EMI 9817QB PMT
was selected and has since been used successfully 1n
a detector package for DIAL flight experiments It
has been further concluded that the development of
viable gatable voltage-divider networks for bialkaline
photocathode PMT’s 1s needed and the cause of gain
mstability should be pursued and determined
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TABLE 1 SUMMARY OF PMT DATA

KCsSb bialkaline cathode,
NaKCsSb multialkaline cathode

PMT Photo- Recommended|Number| Wavelength of [Wavelength] Maximum
manufacturer | cathode | Window voltage of |maximum response| range, voltage Remarks
and type |materal | material |distribution! | stages (£50 nm) nm (K to P)!, Vv
RCA 7265 [NaKCsSb|Borosilicate w 14 420 300 to 820 3000
glass
RCA C7268 [ KCsSb Fused w 14 420 180 to 660 3000 UV vanant of
silica RCA 7265 PMT
RCA C31000M| KCsSb Fused T 12 400 180 to 660 3000 UV varant of
silica RCA 8850 PMT
QUANTACON type
(Dyl GaAsP)
RCA 4501/V4} KCsSb Fused S 12 400 180 to 660 2500
silica
RCA 8852 |NaKCsSb| Pyrex T 12 575 260 to 920 2500 Variant of 8850 PMT
ERMA III photocathode
RCA 8850 | KCsSb Pyrex T 12 385 260 to 660 3000 QUANTACON type
(Dy1 GaAsP)
Hamamatsu | KCsSb }Borosilicate T 12 420 300 to 650 2700 8850 replacement tube
R1332 glass (Dy1 GaAsP)
EMI 9817QB (NaKCsSb( Fused R 12 280 and 420 180 to 800 2800 S-20 photocathode coating
silica with quartz window
lgee table 2
TABLE 2 VOLTAGE DISTRIBUTIONS
[Adapter, RCA AJ2132, K, cathode, Dy, dynode, and P, anode]
No of Base/distribution Voltage distribution
stages code K, Dyl, Dy2, Dy3, , P
12 R 2,1,1,1,1,1,1,1,1,1,1,2,and 1
S 4,1,14,1,1,1,1,1,1,1,1,1, and 1
T 6,1,14,1,1,1,1,1,1,1,1,1,and 1
Base 2 with adapter 3,1,1,1,1,1,1,1,1,1,11,125,and 14
Base 4 with adapter 3,1,1,1,1,1,1,1,1,12,15, 2, and 2
Base L-100-G 6,1,15,1,1,1,1,1,1,12,15,18, and 2
Base Al 7,1,14,1,1,1,1,1,1,1,1,1,and 1
Base 6 24,1,1,1,1,1,1,1,1,125,14,175,and 25
14 W 2,1,1,1,1,1,1,1,1,1,1,125,15,175,and 2
Base 2 3,1,1,1,1,1,1,1,1,1,1,11,125,and 1 4
Base 4 3,1,1,1,1,1,1,1,1,1,12,15, 2, and 2




TABLE 3 PMT PERFORMANCE DATA

Gain stability measurements made during rectangular LED pulses of 40 us and PMT signals
of 200 mV, all detector configurations with L-100-G and A1l bases exhibited gain-stability
dependence on gate voltage and tube current

Cathode Gate Anode Bleed- Rise
PMT voltage, voltage, | output, through, Hold-off time,
type Base \'% ' mV mV ratio us
Bialkaline photocathode
RCA 2 —1800 200 400 <005 >10% 1 15
4501/V4®
4 —1800 210 400 < 05 >104 1 8
L-100-G —1800 185 200 5 4%x10% 1 12
RCA 2 —1800 290 400 01 4x10% 1 16
C31000M¢
4 —~1800 270 400 1 4x10% 1 12
Al —1800 210 400 5 8x10% 1 10
L-100-G —1800 190 200 25 8 %102 1 8
RCA 2 —2200 285 200 <01 >2x10% 1 N/A
C72682
—2200 290 200 <1 >2x103 1 N/A
RCA 2 —1800 250 400 02 2x103 1 20
88500
4 —1800 270 400 2 2% 103 1 20
Al —1800 200 400 10 4x102 1 10
L-100-G —1800 185 200 10 2x10% 1 10
Hamamatsu 2 —1800 260 400 <005 >10% 1 15
R1332¢
4 —1800 260 400 < 05 >10% 1 5
Al —1800 190 200 5 4x102 1 10
L-100-G —1800 200 200 5 4% 102 1 10
Multialkaline photocathode
RCA 2 —1800 275 400 01 4x108 1 10
88520
4 —1800 260 400 1 4%x103 1 5
Al —1800 200 400 8 5% 102 1 2
L-100-G —~1800 190 150 25 6x102 1
RCA 2 —1800 300 400 01 4x103 1 19
7265b
4 —1800 300 400 1 4x103 1 6
EMI 6 —1800 220 400 <005 >10% 1 04
9817QB¢

2Gain change measured to be & 15 percent with bases 2 and 4
bGan change measured to be < 5 percent with bases 2 and 4
¢Gain change measured to be < 2 percent with bases 2 and 4
dGam change measured to be < 1 percent
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200 us/cm 20 us/cm

(a) Gate pulses with 100-us separation intervals at 10-Hz repetition rate.

(b) Continuous LED pulses with 100-us intervals.

Figure 6. Timing sequences for gate and LED signals.

200 us/cm 5 us/cm

(a) Anode signal; 50 mV /cm. (¢) Anode signal during single gate pulse;

50 mV /cm.
(b) Focus-gate signal; 100 V/cm.

Figure 7. Anode signal from Hamamatsu R1332 PMT (bialkali) with base 4.
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LED "on"—s LED "on" LED "on" LED "on"
‘ Gate "off" Gate "off"

i

B e e

P I s

20 us/cm
(a) 400-mV anode signal from two 40-us (b) Anode signal (bleedthrough) from 80-us

gate signals during 80-us LED pulses; LED pulses with gate off; 2 mV /cm.
100 mV /cm.

Figure 9. Anode signal for hold-off measurements.
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Figure 10. Leading edge of inverted anode signal used for rise-time measurements. 50 mV /cm.

200 us/cm 5 us/cm

(a) Anode output; 50 mV/cm. (c) Anode output during fifth focus gate.
(b) Focus-gate signal; 100 V/cm.

Figure 11. Output signal from RCA C7268 PMT (bialkali) with base 4.




200 us/cm

(a)

(a) LED pulse; 2 V/cem.
(b) Focus-gate signal; 100 V/cm.

200 wps/cm

(¢) Anode signal; 50 mV/cm.

Figure 12. Gated-focus grid effect on anode signal from RCA C7268 PMT (bialkali) with base 2.
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Focus-gate signal, 160 V .Focus-gate signal, 170 V

Focus-gate signal, 180 V

(a) Anode signals; 50 mV /cm.

(b) Focus-gate signal; 100 V/cm.

Figure 13. Dynode-gating base characteristics from RCA C31000M PMT (bialkali) with base L-100-G for
varied focus-gate signals and constant LED pulse. 200 ps/cm.
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200 us/cm

Base-
Tine

(a) Anode signals; 50 mV /cm. (b) LED pulse; 1 mV/cm.

Figure 14. Dynode-gating base characteristics from RCA C31000M PMT (bialkali) with base L-100-G for
constant focus-gate signal level and varied LED pulse. 200 ps/cm.

(a) Anode signal during gating sequence. (b) Anode signal during single gate pulse.

Figure 15. Anode signal from EMI 9817QB (multialkali) with base 6. 100 mV /cm.
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200 ps/cm 5 us/cm
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(a) Anode signal; 50 mV /cm. (c) Anode. signal during fifth focus gate;
: 50 mV /cm. :
(b) Focus-gate signal; 100 V/cm.

Figure 16. Anode signal from RCA 7265 PMT (multialkali) with base 4.

200 ws/cm : | - 5 us/cm

(a) Anode signal; 50 mV/cm. (¢) Anode signal during fifth focus gate pulse;
, : ‘ 50 mV/cm.
(b) Focus-gate signal; 100 V/cm.

Figure 17. Anode signal from RCA 7265 PMT (multialkali) with base 2.
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