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EVALUATION OF THE C-70045A HIGH-SPEED PHOTOMULTIPLIER

Meir Birk, * Quentin A. Kerns, and Robert F. Tusting

Lawrence Radiation Laboratory
University of California
Berkeley, California

I. Introduction

The C-70045A is a high-speed 14-stage pho-
tomultiplier developed primarily for scintillation
and Cerenkov radiation detection. The tubes were
developed by the Radio Corporation of America
under contract No. AT(30-1)-3032 to the Division
of Biology and Medicine of the U.S. Atomic Energy
Commission. !

A photograph of the C-70045A is given in
Fig. 1. The fully-curved transmission-type pho-
tocathode is located on the side of the metal en-
velope. The electron-lens system is designed to
focus electrons from the cathode into the multi-
plier section with a small time spread. Accelera-
ting electrodes are located between succezsive
dynodes to reduce time spread within the electron-
multiplier structure. The anode circuit of the
tube has been incorporated into a 50-Q transmis-~
sion systermn with the center conductor of a coaxial
connector as the output terminal.

Since the C-70045A was developed for high-
speed timing application, measurements were
made primarily to determine time spread, pulse
response, and other characteristics important to
its time-resolving capabilities. Measurements
were made using the divider network suggested by
RCA. A schematic diagram of the divider and
tube is given in Fig. 2. The operating voltage of
the tube is the voltage applied between the cathode
and the output connector shell and does not include
voltage between the anode and the output connector
shell. All tubes were degaussed before testing;
previous experience has shown this to be a neces-~
sary precaution.

II. Photocathode and Electron~Lens System.

The C-70045A photomultiplier has a fully-
curved transmission-type side~window cathode
with extended S-11 response. The specified min-
imum useful diameter is 1-1/4 in. and the radius
of curvature of the spherical faceplate is 2. 56
inches. Average photocathode quantum efficien-
cies (at 4200 1) of the eight tubes tested range
from 14 to 23% with a mean of 19.5%. Connection
to the cathode is made by way of the metal en-
velope of the tube.

The three-element electron-lens system has
circular geometry. Since the entry region to the
first dynode is more nearly rectangular than cir-
cular, additional electrodes are needed to focus
electrons into the multiplier. A cross-sectional
view of the electron optical system and the firat
few dynodes is given in Fig. 3. Focusing elec-
trodes 1 and 3 and the shield are normally operat-
ed at dynode 5 potential, and focusing electrode 2

is internally connected to the cathode. Internally
connected to the dynode: 5 are the two wires
marked F4 and F2. It was necessary to adjust
the deflector voltage for each tube individually in
order to optimize collection efficiency. The op-
timum value of deflector voltage was found to be
within approximately 200 V of dynode 5 potential.

With the recommended divider and an op-
erating voltage of 4.5 kV, electrons are first ac-
celerated to 1500 eV as they pass through the lens
system and then are decelerated to 900 eV before
striking the first dynode. The resulting mean
cathode -to-first-dynode transit time at 4.5 kV is
7 nsec. (See Section VII for a discussion of tran-
git time. )

A. Quantum and Collection Efficiency Uniformity.

Curves showing the uniformity of the prod-
uct of quantum efficiency and collection efficiency
across the tube face are given in Fig. 4 for a typ-
ical tube {No. 22). The solid line shows the rela-
tive pulse amplitude obtained when the tube is
scanned with a small light apot in a direction par-
allel to the long direction of dynode 1, through the
center of the photocathode. The dashed curve is
the result of scanning in a direction perpendicular
to dynode 1. It is seen from the figure that the
most efficient region of the photocathode is a
roughly rectangular area 1-1/2 by 3/4 in. in size.
This area may be considered to be the image of
the sensitive region of dynode 1 projected onto the
photocathode. The fall-off of the dashed curve is
due primarily to reduced collection efficiency
rather than a reduced quantum efficiency. A trig-
gered }‘ight source was used for this measures.
ment. 2% The operating phototube voultage was
4.4 kV, with the voltage distribution given by the
RCA divider. The deflector voltage was set for
maximum average photoelectron collection over
a 1-1/4-in. -diameter circle.

B. Cathode-to-First-Dynode Transit-Time

Difference.

Cathode-to-first~dynode transit-time differ-
ence was measured by successively illuminating
3/16-in. -diameter areas of the photocathode,
with a mercury switch light source, along lines
parallel to and perpendicular to the long axis of
dynode 1. The time of arrival of the anode pulse
was measured (using the leading-edge half-height
point of the pulse) with a sampling oscilloscope
triggered by an electrical pulse from the light-
flash generator.* Figure 5 is the transit-time-
difference curve for tube No. 22 with an operating
voltage of 4.4 kV.



The variation in transit time correlated
with position of illumination is seen to be 150 psec
or less within 5/8 in. of the center of the photo-
cathode. Other C-70045A tubes have similarly
small position-dependent transit-time variations
over a 1-1/4-in, -diameter area of the cathode.
The magnitude of the measured cathode-to-first-
dynode transit-time difference is in good agree-
ment with the predictions of Matheson of RCA. 5
It is interesting to note, however, that the shapes
of the cathode transit-time-difference curves ' -:-
tained from several tubes are not similar, indicat-
ing that these position-dependent time variations
could be reduced by closer mechanical tolerances
in the lens system, but even if these position-
dependent effects were entirely eliminated, over-
all timing accuracy would not be markedly chang-
ed.

The cathode-to-first-dynode transit-time
difference is a systematic effect. In addition to
this effect one must consider variations in cath-
ode ~to-first-dynode transit time due to the initial
velocity spread of emitted electrons. With an
estimated electric field at the cathode of 100V/cm
{operating voltage 4.5 kV) the time variation due
to initial velocity is calculated to be about 200
psec. 6. 7 The time variation with initial velocity
follows a relation of the form

Vo

E(e/m)

At

1}

where
v, = initial velocity,
E = electric field,
e/m: charge-to-mass ratio.

HI. Multiplier Section

The 14-stage multiplier section of the ,
C-70045A uses the central-potential design devel-
oped by Dr. George Morton of RCA. 8,9 The cen-
tral-potential multiplier structure differs from a
conventional electron nuultiplier in that it has an
additional set of electrodes located between the
dynodes (refer to Figs. 3 and 6). These acceler~
ating electrodes are operated at a high voltage
with respect to the adjacent dynodes to produce an
acceleration-deceleration effect for each multi-
plier stage. With the recommended voltage divid-
er network and a tube operating voltage of 4.5 kV,
the interdynode voltage is 150 V, while the voltage
between the first dynode {D1) and accelerating
electrode 1 (A4), D2 and A2, etc. is 1.5 kV {refer
to Fig. 2). This arrangement provides a high
electric field at the surface of the dynodes, reduc-
ing interdynode transit-time variations due to the
spread in secondary emission velocities. The
transit time through the multiplier structure,
however, is similar to that of conventional 14-
stage multipliers since the interdynode spacing
has been made larger to provide room for the ac-
celerating electrodes.

1IV. Output Structure

In order that the bandwidth of the C-70045A
not be limited by the output structure, the anode
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has been formed into a transmission system of
approximately constant impedance. Connection
to the anode is made by way of the BNC connector
(refer to Figs. 1 and 6). The outer conductor of
the BNC is connected within the tube to two taper-
ed metal strips (the anode shields of Fig. 6.)
which are the outer conductors of a strip trans-
mission line of 50 O characteristic impedance.
Accelerating electrodes 15 and 16 and the grid
are connected to the ends of the anode shields to
make the anode surroundings electrically con-
tinuous. The grid screens the anode from ap-
proaching electrons until the electrons are about
3 mum from the anode. With a voltage between Dy4
and the anode of 2 kV, the time of flight of elec~
trons between the grid and anode is approximately
100 psec.

Not shown in Fig. 6 are the internal cap-
acitors which bypass the last few dynodes. The
drawing is not quite right in showing the grid
position: the grid is actually located closer to
A 45 than indicated.

V. Direct Current Gain and Dark Current

The dc gain and anode dark-current charac-
teristics were measured using the recommended
voltage divider (see Fig. 2). In addition, the
anode of the tube was biased 300 V positive with
respect to the output connector shell to ensure
that electrons leaving D4 would be collected pri-
marily by the anode rather than by the electrodes
which form a shield surrounding the anode. The
potential of the deflector was adjusted for maxi-
mum dc gain. Figure 7 is the curve of de¢ gain
and anode dark current of tube No. 1-7-64 as a
function of the voltage applied between the photo-
cathode and the output connector shell. (One
notes in Fig. 7 that the anode dark current is
nearly constant at the low tube voltage. The 35
PA of anode current at zero applied voltage is due
to ohmic leakage from the anode of the tube.)
Several of the photomultipliers tested had similar
gain and dark-current characteristics, although
others had larger dark current. Few further
measurements were made on tubes of high dark
current since we felt that they were not repre-
sentative of production tubes of this type.

Both the gain and dark-current characteris-
tics are dependent on whether the tube is operated
with the anode biased positive with respect to its
surroundings (see Fig. 6). With positive bias, the
dc gain and anode dark current of these tubes are
typically 40 to 100 times higher and the pulse gain
approximately 5 times higher than with zero bias,
The effect of the bias on the pulse shape is mark-
ed, and will be discussed more fully later in this
report, We did not specifically measure the bias-
related gain shift and fatigue effects which might
exist in the C-70045A at various counting rates
but we believe that the effect of anode bias should
be considered if one wished to use the tube in an
application where stability of gain is important, 10

V1. Pulse Tests of the C-70045A

Pulse tests were made using the voltage



divider network suggested by RCA. The deflector
potential was adjusted to obtain the best average

collection efficiency over the central 1-1/4 in. of -

the photocathode. {(The deflector potential when
adjusted this way is not significantly different
from that which gives maximum dc gain.) A mi-
' nor misadjiistment of the voltage on the deflector
has the expected effect of shifting the peak collec-
tion efficiency area of the cathode perpendicular
to the axis of D4, (refer to the dashed curve of
Fig. 4).

Tests were made to determine the effects of
anode bias on the output pulse shape, amplitude,
and the current-saturation characteristics. A
mercury switch light-pulse generator4 was used
for many of the measurements. We also used a
Cerenkov radiator light source for time measure-
ments.

A. Impulse Response

The impulse response of the C-70045A was
measured using a 1 Ge/sec oscilloscope and light
flashes from cosmic ray Cerenkov radiation.

(We used a Tektronix type 519 traveling-wave o~
scilloscope with a vertical sensitivity of 10 V/em
and sweep speeds to 2 nsec/cm.) The Cerenkov
radiator was a {-in. -long lucite rod {index of re-
fraction = 1.5) 1'in. in diameter, in direct optical
contact with the photocathode, and liberated ap-
proximately 25 photoelectrons. Typical output
pulses are shown in the oscillogram of Fig. 8; the
time scale is 4 nsec per division. The lower
trace was obtained with the anode biased +300 V
with respect to the output connector shell and the
upper trace with zero volts bias. As can be seen,
the rise time of the tube is approximately 0.5
nsec. OQutput pulses produced by single-electrons
from the photocathode have a similar shape {ex-
cept for a slightly faster rise time), indicating

" that the fall time (v ® 3 nsec) of the pulse does not
depend upon the number of photoelectrons leaving
the photocathode. The fall time therefore is re-
lated to effects within the multiplier and the out-
put section of the tube.

B. The Effect of Anode Bias upon a Train of

Light Flashes

The response of the C-70045A to a burst of
pulses was investigated by illuminating the cath-
ode with a train of flashes frgrrs four coronalamps
separated in time by 5 nsec. ¢’ The peak light
intensity from each lamp was adjusted to a com-
mon value. Oscillograms of the output pulse
burst are given in Fig. 9 for the cases of 0 and
+300 V anode bias. The vertical scale is 100 mV
per major division. Operating voltage of the tube

<is 4600 V, and the light level is the same for both
oscillograms.

C. Current Saturation

The pulse current saturation character-
istics of C-70045A No. 1-7-64 operated at 4:8 kV
are given in Fig. 10. With the anode biased
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+300 V with respect to the output connector the
saturation current is 250 mA, about 2-1/2 times
greater than with zero bias.

When the tube is operated within ite linear
range, the output current pulse due to a short
light flash (= 1 nsec or less) is about half the am~-
plitude and half the width with zero bias as with
positive anode bias. For progressively longer
pulses, the main effect of positive anode bias is
to increase the gain about a factor of 5 without
changing the pulse shape. s o

From a gain-bandwidth point of view, it ap-
pears reasonable to state that varying the
anode bias has the effect of changing the gain
without changing the gain-bandwidth product. Ad-
ditional work needs to be done to clarify the ob~

) served -effects.

VII. Transit Time

The total transit time as a function of op~
erating voltage is given in Table I for tube No. 6,
and was measured from the half-height point on
the leading edge of the light flash reaching the
photocathode to the half-height point of the leading
edge of the anode pulse arriving at the BNC con-
nector.

Table I. Toté.l transit time as a function of op-
ating voltage.

Operating Voltage, V Total Transit Time, T

{kV) {nsec)
3.00 40.33
3.50 37.12
4.00 34.79
4.50 32.74
5.00 31.03
5.50 29.49
6.00 28.11

- —— s—

The electrons move within the phototube at
sufficiently low velocity that relativistic effects
are small and the speed v of the electrons can be
expressed as v = ’52Ve7m. where V is the ap-
propriate fraction of the operating voltage. One
then expects transit time to obey a relation of the

form
T d-’% + T,

The numbers in Table I do fit such a relation,
with a standard deviation of about 50 psec. The
transit time of the electron cascade from dynode
1 to the output connector was measured by direct-
ly illuminating dynode 1 with a focused spot of
light from the light flasher. The time so obtained
is multiplier transit time. By subtracting the
multiplier transit time from the total transit
time, one finds the cathode-to-first-dynode tran-
sit time to be 7 nsec at 4.5 kV operating voltage.

The dimensions of the photomultiplier tube



-4 .

are such that there is a flight path of the electron
cascade as it moves from cathode to Dy, Dy to
D2, etc., which totals about 21 inches. There is
an additional 3 in. of electromagneiic aignal flight
path on the transmission line between the anode
and the BNC output connector. At 4.5 kV opera-
ting voltage, where the interdynode voltage is 150
V per stage, the mean electron velocity in the
multiplier is 0.058 ¢ (where c is the velocity of
light), which corresponds to the velocity of an
860-eV electron. , Without the central potential
electrodes, the mean velocity would have been
that of a 37.5-eV electron; on the other hand, a
closer dynode spacing would then be appropriate.

In the photocathode and électron-lens sys~-
tem, the mean velocity of electrons is 0.045 ¢
when the tube operates at 4.5 kV.

Slight dimensional differences from one
phototube to another will cause individual differ-
ences in total transit time, but the trend of Table
1 appears in all C-70045A photomultipliers.

VIII. Transit-Time Spread

Single-electron transit-time spread of the
C-70045A was measured in the following way:
The photocathode was exposed to flashes from a
high-speed light source that has such low inten-
sity that most of the flashes produce no photoelec-
trons. 11 Then the probability of a given light
flash producing r photoelectron is given by the
Poisson equation: P, - e¢Te~¢/r', where € is
the expected number of photoelectrons per light
flash. For sufficiently small e, Py = ¢  and the
probability of more than a single electron per
flash is very small. The time of emission of the
electrons from the photocathode (neglecting time
delay in photoemission) has a probability distri-
bution that has the same shape as the curve of ift-.
tensity as a function of time for tie light flasht1,12

The difference is measured between the
time of arrival of a photomultiplier anode pulse
(resulting from a single photoelectron) and time
of occurrence of the light flash. A large number
of such measurements is made and the results are
plotted as a histogram of the number of anode
pulses having a particular delay with respect to
the light flash. The shape of the histogram ap-
proaches the convolution of the functions repre-
senting the transit-time spread of the photomulti-
plier and the form of the light flash.

It is found in the present measurements that
the C-70045A photomultiplier and the mercury
switch light source have time distributions of
similar durations but different shapes. A practi-
cal problem in making measurements is that pho-
tomultiplier pulses resulting from single elec-
trons have a wide range of amplitudes. We have
chosen to include pulses within an amplitude range
of 25:1, to minimize the possibility of an error
from a correlation between amplitude and timing.

The measurement of the time between the
light flash and a phototube anode pulse can be per-
formed in a variety of ways. We chose the rela-
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tively simple method of photographing traces on
an oscilloscope and measuring the pictures with a
micrometer-stage-equipped microscope. The o-
scilloscope sweep is triggered by the light-flash
generator. A small marker pulse from the light
source is introduced on the trace several nano-
seconds in advance of the expected photomultiplier
pulse. The oscilloscope sweeps once for each
light flash. Most traces contain only the marker
pulse since the expected number of photoelectrons
per flash is much less than one, but a few traces
have both the marker and a phototube pulse. Fig-
ure 11 is an oscillogram of typical traces used for
the measurement. The traces without pulses are
used to calculate ¢ and predict the contamination
of the data by multiple-electron pulses.

We estimate P,, the probability of obtaining
no output pulse for a given light flash: :

_ Number of traces with a pulse e €~ 0.80.

Py=1
Total number of traces
It follows that: ¢ = 0.224,
Py = 0.18,
Py ¢=0.02.

In this case, the psrcent of pulses that are due to
more than a single eiectron leaving the cathode
per light flash is:

. P

>1 0.02
100X -2
T-5, .

A 10% contamination of the data by multiple-elec~

tron pulses has a relatively minor effect on the
time-spread distribution.

Figure 12 shows a histogram of the time
distribution of pulses from tube No. 6 operated at
6.0 kV and measured in the above way. The anode
of the tube is operated at +300 V with respect to
the output connector, and only the center 1-in.
diameter of the photocathode is illuminated. Time
of the phototube pulse was measured by using the
leading-edge half-height point. The full width at
half maximum {(fwhm) of the distribution is approx-
imately 360 psec. As mentioned earlier, the ob-
sexrved time distribution of the output pulses de-
pends on both the light-flash shape and the time
spread of the tube.

The technique described by Koechlin was
used to unfold the distribution of Fig. 12.13 With
the assumption (which gives a reasonably good fit
to the data) that the light flash from the mercury
switch light source has an exponential decay, we
calculate the fwhm of the photomultiplier single-
electron time distribution to be 320 psec. From
our calculations, the light-flash decay time con-
stant is approximately 300 psec, and its rise time
is short compared to 300 psec.

It is appropriate here to point out that the
width of the light flash from the mercury switch
pulse generator depends strongly upon its opera-
ting voltage. To achieve the short pulses we de-
scribe here, it is necessary to keep the voltage
below 200 V. {The wave shape described in the
literature has been measured at approximately



1000 V. )4

IX. Scintillator Measurements

The fast response of the C-70045A photo-
multiplier enabled us to measure the scintillation
decay time of plastic scintillators. The scintil-
lators tested were Lawrence Radiation Laboratory
plastic scintillator {polystyrene = 97.5%, p-ter-
phenyl 2.5%, tetraphenylbutadiene 0.03% and zinc
tetrate 0.01%) and *Naton 136" (Nash and Thomp-
son, Ltd., Hook Rise, Tolworth, Surrey,
England.) Both scintillators were machined to fit
the cathode surface of the tube and had the shape
of a cylinder 1 in. in diameter and 4 in. long.
Also an identical Cerenkov radiator was prepared
to serve as a prompt source of light. The three
cylinders were placed in turn on tube No: 6, and
the anode current pulses caused by cosmic rays
were recorded on a Tektronix 519 oscilloscope
{rise time = 0.3 nsec). In each of the taree cases,
several pulses were photographed, normalized to
the same height, and a mean pulse shape was
drawn.

An anode current pulse caused by a scintil-
lator is the convolution of the scintillation function
over the response function of the systam to adelta
function of light. This system function was ob-
tained by using the Cerenkov radiator. We were
thus able to try various scintillation functions and
see whether the results of their convolutions over
the known system function fitted the anode pulse
shapes obtained experimentally.

Using a digital computer to numerically e~
valuate the required convolutions, it was found
that in the two scintillators tested, the assumption
of a pure exponential decay gave a reasonably
good fit. The decay-time constants were found to
be 3. 8 nsec for the LRL plastic scintillator and
2. 1 nsec for "Naton 136'". The estimated accu-~
racy of these figures is £15%.

A comparison of the light efficiencies of the
two scintillators was made, using gamma rays
from Cs137 and from Na22, The comparison was
made by integrating the first 10 nsec of the anode
current pulse. It was concluded that the efficien-
ces of the two scintillators were equal to within
10% in total number of photoelectrons emitted.
One may therefore conclude that '""Naton 136" has
a considerable advantage over the LRL scintil-
lator for timing purposes.

X. Summary and Conclusions

0 Some of the more important timing param-
eters of the tube are summarized below.
A. Rise Time

One should consider two cases for rise
time: '
1. Impulse response {&-function light input),
and

2. Step response {step-function light input).

1. Impulse Response. We have approximated a
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light impulse in two different ways: (a) by reg-
istering single-photoelectron events, and (b) by
employing a 1-in. -diameter Cerenkov radiator to
excite the photocathode. The output current
pulses due to Cerenkov input (see Fig. 8) are not
appreciably broader than those due to single-elec-
tron events. Under conditions of zero anode bias
and 4.8 kV operating voltage, the output pulse has
a fwhm of 0.84 nsec after correction for the cable
and oscillograph system. The pulse shape is
roughly Gaussian, although on close inspection it
appears blunted somewhat like a cosine-squared
pulse. The 10 to 90% rise time is 450 psec; this
is the result for a Cerenkov light-flash input.

2. Step Response. The rise time to a step func-
tion of ;igﬁt 1Es Ionger than the rise to an impulse.
If the tube behaved as a linear system, one would
anticipate the step-response to be the time inte-
gral of the impulse-response, leading to a value
of approximately 1.45 nsec for the 10 to 90% rise
time. Photographs of the output current pulse due
to the plastic scintillator excited by electrons
show a mean rise time of 1.53 nsec at 4.8 kV op-
erating voltage. The scintillator rise time of
0.65 nsec imposes a small correction; within the

. experimental error of the measurement one can

say that the step-function rise time of the tube is
approximately 1.5 nsec, 10 to 90%.

B. Time Jitter

The single-photoelectron time distribution
of the tube at 6 kV operating voltage has been
measured. It is approximately Gaussian in form,
with a fwhm of 320 psec. (The rms deviation
from the mean=4 = 320/2.355 = 136 psec.) A cor-
rection for oscilloscope bandwidth is not required
in this measurement. It is useful to consider sep-
arately the various sources of time jitter and
their magnitudes in the present tube:

Quantity Cause Magnitude

1. Multiplier Geometrical imper- 257 psec,
time spread fections and finite fwhm
T4 initial velocity of-

) secondary electrons.

2. Photocathode - Depends on initial 175 psec,
to~Dy time emission velocity fwhm
spread spread of photo-

T electrons and is
2 therefore sensitive.
to color of illumin-
ation.

3. Photocathode Geometrical-—depends 80 psec,

transit-time on path-length differ- fwhm
difference ences and electric-
T, field nonuniformity.

primarily at the photo-

cathode



It is not possible to find precise time distribu-
tions for the various causes of jitter without:great
effort. For simplicity, we assume Gaussian er-
rors and add them in-rms fashion:’

Overall time jitter = N 7.2 + 722 7 =320
psec, fwhm,

e

It is cleai t if 730 the overall time
jitter would not
a limitation at present. One should remémber
that the 320-psec value refers to the single-elec-
tron time spread. If a light flash evokes N coin-
cident electrons, the tube time spread shrinks by
AN and other effects may dominate in determmmg
system time spread. We found, for a pair of

" C-70045A photomultipliers’ viewing a Cerenkov

radiator in coincidence, a time spread which could' -

be almost entirely accounted for by optical-path-
lengtn differences related to the position of arriv-
ing particles. {A3s a matter of interest, ‘a plane
optical wavefront arriving at the curved photo-
cathode strikes the center first and the edges ap-
proximately 30 psec later.)

The capability of the C-70045A in resolving
closely apaced pulses appears superior to that of
any other phototube of equal gain. Evidently
Cerenkov pulses as close as 2 nsec can be counted
‘separately if one uses the proper circuits. To
takeé full advantage of these capabilities requires
high-gain. It is to be hoped thaf with further pro-
duction of this tube type, the gain can be increas-
ed and dark current 1mproved.
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Figure Captions
The C-70045A photomultiplier.

Schematic diagram of the C-70045A and
voltage divider network.

Cathode-to-firat-dynode electron-lens
system and firet few multiplier stages
of the C-70045A.

Curves showing the product of quantum
efficiency and collection efficiency
across the photocathode of C-70045A
No. 22Z. The solid curve is the result
of scanning along a line parallel to the
long axis of the first dynode. The dash-
ed curve is the result of scanning per-
pendicular to the first dynode.

Cathode transit-time-difference curves
for C-70045A No. 22, The solid curve
was obtained by successively illumi-
nating 3/16-in, -diameter areas of the
photocathode along a line parallel to the
long axis of the first dynode. The dash-
ed curve is the result of a measurement
in the perpendicular direction.

Output structure and last few multiplier
stages of the C-70045A.

Gain and dark-current characteristics

of tube No. 1-7-64 with the voltage dis-
tribution provided by the divider network
of Fig. 2. The anode was biased +300 V .
with respect to the output connector.

Qutput pulses from tube No. 1-7-64
operated at 4.8 kV due to impulse light
flashes from a Cerenkov radiator. The
lower trace was obtained with +300.V
anode bias and the upper waveform with
zero anode bias. The time scale is 4
nsec per division. :

Output current waveform from the
C-70045A resulting from a burst of four
light flaghes separated in time by 5 nsec.
The vertical scale is 2 mA per major
division and the time scale i¢ 5 nsec per
major division. The lower waveform
was obtained with +300-V anode bias and
the upper with zero bias.

Pulse current-saturation characteristics
of tube No. 1-7-64 operated at 4.8 kV.

Single-photoelectron pulses from

C-70045A No. 6 operated at 6 kV. The
small positive pulses are the time ref-
erence marks used in the measurement

" of single-electron time spread. The pre-

cursor or 'front-porch' noted here has
been eliminated in production tubes
{compare with Fig. 8).

Fig. 12.
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Transit-time-difference histogram for
single <photoelectron pulses from tube
No. 6 operated at 6.0 kV.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his ‘employment with such contractor.








