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California, nor any of their employees, makes any warranty, express or implied, or
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ABSTRACT

This mercury-capsule light-pulse generator was developed to test and
evaluate the high-speed features of multiplier phototubes and low-level image
tubes. Light pulses and electrical trigger pulses are generated simultaneocusly
in an arc discharge at a usual repetition rate of 60 per second. The electrical
pulse is used as a time reference for the light pulse. The time required for
both the light end the electrical pulse to rise from 10%to 90% of peak amplitude
is less than 5X 10710 gec. The light pulse risss to a maximum and falls to
50% peak amplitude in less than 1.5 X 10°7 sec. The electrical pulse power
available is large. Time resolution of lO'w sec {s typical of measurements
made with conventional fast oscilloscopes, while elaboration of technique permits
relative time measurements that are better in some cases by at least three orders
of magnitude. The light is emitted from a region 2 few mils in diameter, and
thus may often be considered to come from a point source., An 84 photosurface
subtending 0.1 sterad at the light source emits photoelectrically about 107 electrone
per sterad per pulse. For convenience, three decoupled electrical output channels
are provided, together with a polaroid attenuator for the light pulse,
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Quentin A. Kerans, Frederick A. Kirsten, and Gerald €. Cox

Radietion Laboratory
University of California
Berkeley, Califorania

August 1, 1958
INTRODUCTION

The light-pulse generator described in this paper was developed for
testing the high-speed characteristics of light-sensitive devicea, These devices
include multiplier phototubes used in scintillation and Cherenkov counters and in
coincidence detectors, and low-light~level image tubes. With this pulser, tests
and measurements have been made of afterpulsing, transit time, multiplier transit-
time spread, cathode transit-time spread, multiplier current saturation, and
certain other features. ! Information of this detail {s ordinarily unavailable from
manufacturers. However, when designing instrumentation for use in particle
detectors it is desirable to know the constants involved in a designated tube,
Once a particular experiment is in progress, it is convenient to have replace-
ment tubes available for which these values are known, so that time will not
be lost in recalibrating or redesigning equipment after installing a new tube.

This paper is a summary presentation; for a more detailed discussion

see UCRL-8277. %
TyL)

*Work was done under the auspices of the U.5. Atomic Energy Commission.
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ELECTRICAL AND MECHANIC AL ASSEMBLY

Atr,angemem

Figure ] shows the external arrangement of the light pulser. Figure 2
indicates the electrical and mechanical assembly, The light pulses and the
electrical trigger pulses are produced simultanecusly in a mercury-wetted contact
relay capsule §-1, This capsule is contained in a metal shell that forms the
outer conductor of a coaxial circuit; the contacts MC and SC form the inner
conductor of the circuit, The source of light {5 the arc formed at these contacts.
The light is emitted through an aperture located in the Tear of the base plate into
a lighttight box containing the phototube being tested. A polaroid attenuator,
consisting of a stationary and & rotatable diac of Polarocid film, provides a simple
means of adjusting the light amplitude without disturbing any electrical setting.

The magnetic field of the driving loop alternates at low frequency, usually
60 cps, and penotrates the metal shell with negligible attenuation, The driving
loop ie a single-turn copper strap which surrounds the metal shell and is the
secondary of T-1., The multiturn primary widting ithe driving coil) of T-1
transforms the driving-loop impedance to a convenient valus, The small
permanent magnet bucks out a part of the bullt-in spring tension in the moving .
contact MC,

Poweyr Supplies

Two basic power supplies are required for operation of the nght'opulse
generator. One, the regulated’high-voltage supply, is connected to PG-6. It
is adjuetable from 100 to 5000 & dc. Current drain is less than 20 yamp. Either
high-plus or high-minus operation i{s permissible, although the data in this paper
refer only to the high~plus connection, for which the resulting electrical output
trigger pulses at PG-1, PG.-23, and PG-4¢ are positive. The other required power
supply is an adjustable source of about 3 v at 1/2 amp at 60 cps for the driving coil
of T-1, connected to PG-3, The pulser will operate at any lower repetition rate
by putting in 2 15-msec pulse of the required volt-sec product at the terminals
of the driving coil. A suitable supply will have provision for adjusting the
amplitude, It {s found that a slight readjustment of driving current for each
high-voltage setting may be required for maximum amplitude stability.
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FORMATION OF LIGHT AND
ELECTRICAL PULSES

Energy for both the light pulse and the electrical trigger pulse ie
stored in the capacitance of the stationary contact.5C, of the capsule and the
short lead of the 500-meg resistor, R-13, as indicated by DE in Fig., 2. When
the contacts are open, this capacitance ie recharged through R-13, which
aleo isolates the high-voltage charging supply and cable from the discharge
circuit., The energy-storage circuit DE has a capacitance of 2.8 puf and thus
a charging RC time-constant of 500 meg X 2.8 upf, or about 1.5 msec.
When the contacts are driven toward the closed position with voitage applied,
 an arc forms when some critical potential gradient {which depends upon
pressure in the capsule) is reached. The resulting electrical pulse is
propagated down the transmission line GH to the resistive attenuators at
PG-1, PG-2 )and PG-4. Because the light output can be modulated by electri-
cal reflections, the conditions have been chosen to minimige these, although
the geomietyy of 8-1 permits only an approximation to the ideal impedance-
matched configuration. The mercury-wetted contact is, however, nearly
ideal from the standpoint of slectrode erosion; the liquid mercury is re-
formed to a reasonably smooth surface before sach pulse, This process
favors the attainment of a high gradient just prior to breakdown and a
corresponding high rate of rise of curreat. Comparable dry-contact gaps
have been observed to develop surface irregularities with time, whereas
mercury light pulsers of the type described here have been in service for
more than two years with no apparent deterioration.

PERFORMANCE
Monitor Signal

The signal at PG-5 {s the cutput of a capacity divider. The divider
consists of the 0,002-uf capacitor C-1 and the capacity (approximately 0.1 ppf)
between the unshielded end of the cable attached to PG-5 and the energy storage
circuit, DE, which {s not accessible otherwise (Fig. 2). The ratio of the
divider is thus about 0.1 puf divided by 0.002 uf, or 1:20,000 for an open circuit
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at PG-5. An amplifier of l-meg input impedance shunting PG-5 modifies the
picture appreciably, but the actual wave shape can be inferred to sufficient
accuracy for monitoring purposes. An amplifier of purely capacitive input
impedance will give about the correct wave shape except for dc level.
Figure 3 shows the wave form as seen on a scope of 1 meg and 40-puf input
impedance. The hv -supply setting is 2 kv. Point B occurs about 3 to 5
meec after the rise of the driving-current pulse, 'dependlng'on its amplitude,

Pulse Groups

As suggested in the logend of Fig. 3, there is a structure associated
with point B in the figure. Microscopic observation of the arc showe that
it occurs at a contact separation roughly proportional to voltage; the estimated
oﬁtica&grndlent ie 200 kv/cm, (The hydrogen pressure in the capsule S-1 is
perhap: 10 atmospheres, Capsules hold off from 8 to 10 kv at maximum contact
separation, and experimental pulsers have operated satisfactorily at this level.)
The arc thus occurs well before the mercury surfaces are close enough to form
a metallic bridge. Becauese the mechanical motion of the moving electrode is
relatively slow, the electrodes may be considered stationary on the time scale
of the arc (nanosec). Oscillographic observation of the voltage on DE (Fig. 2)
shows that the arc that first occurs does not completely discharge the energy-
storage circuit DE, Instead, following the first arc, the contacts continue to
move toward each other, at reduced voltage, ‘and eventually a second arc occurs,
and so on until the mercury forme a metallic bridge; the entire procese may
take 100 usec. The voltage on DE thus decays in a series of steps of decreasing
size, and a group of light and electrical pulses is produced oneachmechanical cycle. The
nature of the group depends both on the hv asetting and on the driving current
(see Fig. 4). The pulses are well geparated (the second pulse is delayed
2 ysec or more after the first pulse) and may be used to trigger separate
oscilloscope sweeps. The groups have been used in various ways in con-
junction with auxiliary circuits to form gates and control signals. Alternatively
all signals after thoee derived from the first pulee may be gated out,

The pulse data given for both light and electrical pulses in the remaining
pagee refer to the first or primary pulse in the group. Below about 1 kv, usually
only the primary pulse occurs.
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Gate Signals

It is sometimes desired to pulse various equipment on in advance of the
light pulse, which occurs at point B(Fig. 3) of the monitor-signal wave form,
Si;xce the precise time of the pulee is not predictable, there will be a jitter time
associated with such a gate signal. The magnitude of the jitter and the method of
obtaining the gate depend upon the required advance in time.

As the monitor-signal wave form shows, time advances of the order of
milliseconds are obtained by generating a gate timed with respect to the driving-
current wave form. In this way the time of the flash can be predicted milli-
seconds in advance. There is a probable error of 20 psec with optimum driving-
current settings.

Gate signals required to occur a few microseconde or less in advance of the
light pulse can be generated from the monitor signal with more accuracy than
from the driving signal. In this case, the timing prediction consists in measuring
the capacitance increase between the contacts as they wmechanically approach each
other prior to the breakdown, Figure 5 shows wave formse obtained in a circuit
designed to utilize this capacitance change to form a gate signal. When the
monitor signal is used for this purpose, the capacitor C-1 in Fig. 2 is disconnected
at point X to give the maximum sigaal to the amplifier, The resulting gate signal
can be adjusted to turn on from zero to 10 psec ahead of the light pulse, with a
probable error of about 0,2 usec. (Similar anticipator circuits have been applied
to the mercury-switch electrical pulser.)

Trigger Pulse

Figure 6 showe the trigger pulse available at PG-1, PG-2,0r PG-4 as
viewed on a 5XP11 cathode-ray tube adapted for coaxial-cable connections direct
to the vertical plates. The actual trigger pulse is shorter than Fig., 6 would indicate.
Figure 7 gives the measured peak voltage of the trigger pulse as a function of the hv
power-supply setting. The actual peak pulse voltage for Fig. 6 is about 41 v,
whereas the scope picture (which is almost the impulse response of the scope)
indicates about one-fifth this amplitude and a broader pulse. Figure 8 represents the
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peak voltage available when the various attenuating resistors are disconnected
from point H in Fig. 2 and a single 50-ohm coax line is connected, This output is
termed the high-level pulse. It is sufficiently energetic (approximately 100-kw peak
power at S-kv setting) to provide sweep and unblanking wave forms directly, and
has been used in this way to make sweeps of 3 X 10”1 sec/cm synchronized with
the light pulse. In this way, small time variations in the optical path can be
measgured down to 10'13 sec. The trigger pulse is short enough so that its
amplitude decays to about 1/2 the initial amplitude after traveraing 100 ft of RG-9/u
coaxial cable. 3

Light Output

Figure § shows the light output in terms of the response of an S-11
photocathode as a function of the high voltage for several units of the present
design. For this curve, the polaroid attenuator is set for minimum attenuation.
The light output increases approximately as the fifth power of the voltage at low
voltages, and approximately as the square of the voltage at high voltages. The
photoelectron yield is that integrated over a time of 5 nanosec and depends on the
choice of driving current. Figure 10 shows the approximate light-pulse wave
shape as measured by a special phototube with control grid gated by the high-level
pulsc.‘ The trigger pulse is as observed on an oscilloscope employing the Dumont
K1421 traveling-wave cathode~ray tube, 5

The light pulse and the trigger pulse are generated simultaneously at the arc.
The timing between the light and electrical pulses depends on the relative optical
and electrical path lengths in a given case, Figure 10 indicates the approximate
time relation between light arriving at a surface 3 in. from the arc, and the trigger
pulse on PG-2. The gitter time between the light and electrical pulses is known
to be quite small, and allows measure ments in the lO'la-soc region when the high-
level pulse is used directly to generate the oscilloscope sweep.

Observed under a medium-power microscope, the arc has an interesting and
complicated structure in apace and time. However, for the purposes of this paper,
one may consider the arc to have an effective diameter of a few thousandths of an
inch, and for mé,ny purposes it may be considered a point source. The useful light
output from the light-pulse generator is confined to an irregular cone of half angle
approximately 10 degrees., When the mercury capsule is mounted, the attempt is
to make the axis of this "cone of best vieibility'" normal to the base plate. For a
given unit this is approximately true, but often a somewhat better axis may be
chosen by experiment. For best stability of the light-pulse amplitude the photo-
tube should be located somewhere on this empirically determined axis. In view
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of the approximately point-source optics, lenses and mirrors may be used to
obtain high light intensity; photoelectron current densities of several amp/cmz
are attainable.

The spectrum of the light emitted from the pulser i{s shown in Fig. 11.
The wave shape of the light pulse shown in Fig, 10 is that obtained using the
spectrum of Fig. 11b. By selecting and using narrower spectral regions, some
changes in waveshape can be obtained, particularly in regard to the decay of
the light pulse.
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LEGENDS

Fig. 1. The light puleer. A, permanent magnet; B, polaroid-attenuator
adjustment handle; C, removable cap for high-level coaxial connection;
T-1: primary driving coil, driving loop, and Hypersail core; Plugs:

PG-1, 125-ohm trigger output; PG-2, 51-ohm trigger output; PG-3,
driving-coll input; PCG-4, 5l-ohm trigger output; PG-5, monitor signal

‘ output; PG-6, high-voltage input, :

Fig. 2. Electrical and mechanical arrangemaent of the light pulser. (Values not
shown: R-1=24f1, R-2110Q, R-3=240, R-4=240, R-5239Q, R-62240,
R-7=240, R-8239R, R-9=224%Q.)

Fig. 3. Monitor-signal wave form with 60 cps driving current as observed on
an oscilloscope with lemeg 40-ppuf input termination. Point B is the time
at which the arc occurs. The detalled strucfure following B is best observed
on a shorter time base. On this basis, one may say that the contacts are
closed from B to C; they open again at C, and remain open until the time
corresponding to B on the next cycle. ABC Is a complete cycle.

Fig. 4. Pulse groups vs hv setting and driving-coil current for the light
pulser, Pulses occur within - -~} tending toward the position associated
with the driving current (in ma at 60 ¢ps) written beneath. Pulsee may
be made to occur within - - -, by forcing the driving current outside the
range where stable pulses occur,

Fig. 5. Wave forms of light-pulse anticipator: (a) monitor signal from PG-5
of light pulser; (b) amplified monitor signal applied to PG-1 of pulse
shaper; (c) output from PG-2 of pulss shaper to gated equipment; (d) stretched
pulse from PG-2 of light pulser on a scope trace triggered by the anticipator
output. ,

Fig. 6. Trigger-pulse wave form as observed on a 5XP11 cathode-ray tube.
Light-pulser hv-supply setting 2400 v dc. Signal delayed through 125
nanosec of RG 63U cable. Signal amplitude at both the 50-chm and the
125-0hm connectors is the same when cosx lines of the appropriate
{mpedance are connected. Signal wave form at the 50-ohm and the 125-0hm
outputs is also the same. The arrival time of the electrical pulse at a
particular connector is slightly delayed with respect to the arrival time of
the light pulse at the aperture in the base plate. The electrical pulse arrives
firat at PG-2, and about 0.1 nanossc later at PG-1 and PG-4. The electrical
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pulee arriving at PG-2 may be considered to ke delayed by about 0.3
nanosec with respect to the arrival time of the light pulse at the aperture
in the base plate.

Fig. 7. Trigger-pulse output voltage ve light-pulser hv setting measured
at PG-1, PG-2, or PG-4.

Fig. 8. High-level output pulse vs light-pulser hv supply setting. The
high-level pulse is obtained by removing the .attéauating resistors associated
with PG-1, PG-2, and PG-4 and connecting instead a 50-obm coax.

Fig. 9. The yield of photocelectrons per pulee from an 5-11 cathode subtending
0.005 sterad at the light source. The polaroid attenuator is set for minimum
attenuation. :

Fig. 10. (Upper) Wave shape of the light pulse ns measured with special
gated phototube,

(Lower) Wave shape of the trigger pulse as observed on an oscilloscope
utilizing a K142p% traveling-wave deflection cathode-ray tube.

 Fig. 11. (a) The spectrum of the light {rom the pulser as photographed on a

Kodak type F-1 spectrographic plate, which is most sensitive between
4500 and 6900 A. A spectrograph with a 4 1/2-inch transmisesion grating
was used. The two views are identical except for the contrast, which was
changed in order to reproduce both ends of the apectrum more clearly.

. The polaroid attenuators were removed for this exposure, The calibrating

marke are mercury lines at (left to right) 4358, 5461, and 5791 A,

(b) The response of an $-11 photocathode is shown on the same scale.
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