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A PULSER FOR THE DUO PLASMATRON ION SOURCE

C. D. Moak™* R. F. King
H. E. Banta J. W. Johnson

A pulser has been developed for use with the duo plasmatron® ion
source. The precepts used in the pulser for the r-f ion source are in
general extended to this service. Oscillographic deflection of the ion
beam across an aperture produces proton pulses with an estimated width
at half height of 5 x 10”° sec. Peak current at Present is about 2 ma.
Comparable figures for the r-f ion source are 400 pa and 7 x 1079 gec.
The 33-kev ion energy, about ten times the output energy of the r-f ion
source, requires longer deflector plates and r-f deflector voltage on
the lower plates of about 10 kv Peak-to-peak at about 800 kec. The low
duty cycle of the output heats the pulser assembly with more than 99% of
the beam power. Forced cooling must be added to the assembly for con-
tinuous and/or higher current operation.

Figure 1 shows the pulser assembly. The ion beam diverges below
the extractor electrode and is focused on the exit aperture by the cen-
tral Einzel lens. This lens® was suggested by the work of Liebman.®* The
tungsten grids reduce lens aberrations. They are each 93%% transparent,
so that approximately 87% of the ion current goes through the lens. 1In
operation these grids run at red heat and cool themselves by radiation.
At the exit aperture the ion beam is approximately 0.10 in. in diameter.
The beam is swept across, perpendicular to the long axis, a 0.,10-in.-wide
slit. The short bursts of ions which get through the slit twice per cycle
of r-f deflector voltage are stopped in a Faraday cup of 50 ohms charac-
teristic impedance. The transmission line continues to an oscilloscope,
where it is terminated.

Figure 2 shows the pulse as displayed on an Edgerton, Germeshausen
& Grier oscilloscope. This is a distributed deflection oscilloscope
with no amplifier, and hence low deflection sensitivity. Its rise time
is about 0.5 x 107° sec. Here the bias on the Faraday cup is reversed
50 as to collect the secondary electrons. This signal increases the
pulse height but adds the electron collection time onto the rise and fall
of the pulse. The ion source makes protons, mass 2, and mass 3; hence
the three pulses shown here. The sweep 1s from right to left, and the
time between the first two pulses is about 13 x 10™° sec,.

Figure 3 chows the Edgerton, Germeshausen & Grier oscilloscope pre-
sentation with no assistance from secondary electrons. The pulse width
was estimated from such an oscilloscope presentation.

lPhysics Division.

2C. D. Moak et al., "A Duo Plasmatron Ion Source for Use in Accel-
erators,” to be published in Rev. Sci. Instr,

SDesigned by C. D. Moak.
*G. Liebman, Proc, Phys. Soc. (London) B62, 213-28 (1959).
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20L8-CHANNEL NEUTRON TIME-OF-FLIGHT ANALYZER
N. W. Hill J. B. Davidson

A neutron time-of-flight snalyzer having the following specifica-

tions has been designed and built for use with the fast chopper and
180-m neutron flight path at the Oak Ridge Research Reactor:

lOo

11.
12.

Type of storage: magnetic core (General Ceramic 0.080-in.-dia S-u
material).

Number of channels: 20L8.
Capacity per channel: 65,535 counts.

Channel widths: 0.25, 0.5, 1, 2, L, and 8 psec selected by panel
switch. Greater channel widths may be obtained by changing oscilla-
tor crystal.

Storage time: 16 usec.
Multiple storage per neutron burst.
A maximum delay of 8192 channel widths in blocks of 256.

Memory separation into two or four parts corresponding to 1024 or
512 channels each.

Up to four detector inputs with counts from each stored in separate
parts of the memory.

Automatic operation with sample changer and up to two detector in-
puts in which the "in" and "out" runs are stored in separate parts
of the memory.

Data display on a 5-in. cathode ray tube.

Punched tape output of data for processing by a digital computer
(Oracle).

1

The analyzer is based upon the designs of Schumann™ and of Emmer

et 25.2 It consists, basically, of a clock and a storage register or
memory. The clock is started when a light beam is allowed to pass through
the neutron chopper onto a photomultiplier tube at the instant the neutron
beam starts through. The clock is stopped by a pulse from a neutron de-
tector signaling the arrival of a neutron at the end of the flight path.

A count is then stored in the memory channel assigned to the time of
flight indicated by the clock.

1R. W. Schumenn, Rev. Sci. Instr. 27, 686 (1956).

27, L. Emmer, N. W. Hill, and J. B. Davidson, Instrumentation and

Controls Ann. Prog. Rep. July 1, 1957, ORNL-2480, p 17.




In the present instrument the clock is a crystal-controlled oscilla-
tor operating at L Mc. Pulses from this oscillator can be gated on by
the arrival of the photomultiplier pulse and gated off by the arrival of
a neutron detector pulse. While the oscillator is on, pulses are being
fed to an ll-stage binary "address" scaler. When the oscillator pulses
are shut off by the detector pulse, the number of these pulses counted
by the address scaler is a measure of the time of flight of the neutron.
The number also designates the channel in the coincident-current ferrite
core memorys in which a count is to be stored. The voltages representing
the states of the address-scaler stages are combined in coincidence cir-
cuits and cause the memory driving circuits to be connected to the lines
in the memory appropriate to this channel number. Upon a "read" command
the number in binary form already in the channel is brought out of the
memory and stored in the l6-stage "add-1" scaler. One count is added to
this scaler, and on "write" the new number is returned to the memory .
Sixteen microseconds is required to store a count after the arrival of a
detector pulse. At the end of this memory storage cycle the clock pulses
are again allowed to advance the address scaler until another detector
pulse is received or until a "carry" pulse is obtained from the last stage.
This carry pulse causes the oscillator to be shut off until the chopper
opens again, giving another neutron burst and another light pulse.

The block diagram in Fig. 4 shows the main divisions of the instru-
ment., The memory controls include the switches for selecting the mode of
operation, for starting and stopping, clearing the memory, etc. There
are five modes of operation: "Accumulate," "Static," "Test," "Complement,"
and "Punch."

"Accumulate" is the data-collecting mode. In this mode the time-of-
flight control unit is used to accomplish two main functions: (1) The
oscillator and its associated frequency dividers are turned on by the
light pulse from the neutron chopper. This sends address advance pulses
to the address scaler at a frequency determined by the channel width
selected. (2) These address advance Pulses are turned off by the neutron
detector pulse arriving at one of the four detector inputs. The position
of the "memory sections" switch indicates whether one, two, or four de-
tectors are being used and determines the corresponding division of the
memoxy .

It is frequently desirable to delay the start of the portion of the
chopper cycle during which the analyzer is open to receive detector
pulses. This delay is obtained by counting a predetermined number of the
address advance pulses, using the address and delay scaler., The delay
scaler consists of five stages which count the carry pulses from the 27
address stage.

°R. V. Schumann and J. P. McMshon, Rev. Sci. Instr. 27, 67587 (1956),



The analyzer is able to store multiple counts per neutron burst as
long as they do not occur within the 16-usec memory storage cycle. After
each storage the number in the address scaler must be corrected for the
address pulses lost during the storage time. This is done by accurately
setting the storage time at 16 psec and by adding to the count in the ad-
dress scaler after each storage a number equal to 16 divided by the channel
width in microseconds.

"atatic" is the display mode in which the data contained in the
memory are brought out channel by channel at 10 ke and displayed on the
oscilloscope. The display is accomplished by deriving voltages from the
address and add-1 scalers which are proportional to the numbers contained
in each. The address-scaler-derived voltage is used for the horizontal
deflection, and the voltage from the add-1 scaler is used for the vertical
deflection. The contents of the memory are thus continuously displayed in
a series of horizontally and vertically displaced dots. By means of the
vertical display switch and a base-2-to-base-8 converter the eight blocks
of 256 channels may be observed one block at a time. Alternatively, the
full 2048 channels may be viewed with eight channels allotted to each
horizontal position. The vertical position of the individual channel is
unchanged. For convenience in visual counting, alternate groups of eight
channels are shown with the dots intensified.

The "Test" mode is similar to "Static Display." The contents of the
memory are displayed at 10 kc. In "Test," however, unlike "Static" where
the contents of the memory remain unchanged, one count is added to each
channel in the process of displaying it. Hence, the content of the memory
increases as in the "Accumulate" mode. The "Test" mode is, therefore, use-
ful in checking the operation of the memory in the absence of photocell
or detector inputs.

The "Complement" mode allows background subtraction and is also use-
ful for testing the operation of the memory. By "Complement" is meant
the changing of the binary number, N, such that N = (2'® - 1) - C. This is
accomplished by bringing out, at a 10-kc rate, the number stored in a
channel and putting it in the add-1 scaler. The states of each scaler
stage are changed from "ones" to "zeros" and vice versa with the carrys
between stages being prevented by raising the "carry bias.'" The number,
N, is then written back into the memory.

On the "Punch" mode the information in the memory is called out channel
by channel at an eight-channel-per-second rate, and the channel number and
storage are punched on paper tape by a Teletype punch at the rate of 60
characters per second. A code word which indicates the switch positions
on the time-of-flight control chassis, that is, the delay, the channel
width, and the number of detectors, is automatically punched at the begin-
ning of the tape.

The analyzer requires approximately 2000 w of power. All supplies
are regulated within O.l%, and, with the exception of the 300-v supply,
employ transistors in the regulating circuitry. Avalanche diodes are
used as reference elements and (in 10-w types) as protective devices for




e o SO ot e

the series regulator transistors. Large etched circuit boards and 21-
conductor tape cable are used to advantage in organizing the memory cir-
cultry and in distributing the address and add-l scaler digits. The in-
strument is cooled by three fans mounted on top which pull air from the
floor level through filters and over the circuitry.

The analyzer has been used successfully for five months with only
minor adjustments after the initial checkout. Figure 5 shows the com-
Pleted instrument. Figure 6 is a photograph of the oscilloscope presenta-
tion of a typical run.

The punch control unit was designed by C. H. Schalbe of the Computer
Engineering Group.
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FISSION FRAGMENT TIME-OF-FLIGHT SPECTROMETER
W. H. White, Jr.

A system for measurement of time of flight of fission fragments has
been under development at ORNL. The daughter products of a figssion event
are collimated by two flight paths at 180° to each other. One flight
path contains an energy-selecting magnet. The L4-m flight path provides
a maximun expected time of flight of 500 mpsec for either daughter pro-
duct. Both daughter products are to be timed, and the data will be pre-
sented on two 100-channel displays. The channel width is therefore 5
musec, which necessitates a system resolution of 3 musec or better.

In the system shown in Fig. 7 there are three detectors. An RCA
6810A photomultiplier is used to provide a zero time reference by de-
tecting secondary electrons produced by interaction of one of the daughter
products with a thin nickel plate. At the end of each flight path are RCA
7046 photomultipliers with thin plastic scintillators to detect the fission
fragments.

A fast-slow system for analysis of fission events is used; that is,
analysis is not started until a triple coincidence signal is provided
through the slow-rise-time tenth dynode outputs from all three detectors.
Noise rejection in the slow circuits is accomplished by using the pulse
height selector outputs of the linear amplifiers.

The fast outputs from the anodes of the detectors are applied to
time-to-pulse-height converter circuits. The time-to-pulse-height con-
verters are similar to Neiler's circuit® and they operate in the follow-
ing manner. The detector at the end of the flight path provides a fast
rise pulse which is amplified, limited, and clipped and then applied to
a diode stretcher. The stretched voltage is applied to the grid of a
constant current tube, gating it on. The constant current tube begins
charging the capacitance at the input of a linear amplifier. The arrival
of the zero time pulse, which has been delayed by 600 musec, discharges
the stretcher line and returns the constant current tube to cutoff. The
integrated charge on the amplifier input capacitor determines the pulse
height of the output pulse. The two time-proportional pulse heights are
available for analysis by the time the slow coincidence signal has started
the analyzers. The analyzers digitize the time signals in the following
manner. The time-proportional pulse is stretched, and this voltage is
then compared with a linear ramp voltage. The start of the analyzer and
the ramp is provided by the coincidence signal, and the analyzer is stopped
when the ramp reaches the time-proportional voltage of the stretched pulse.

The analyzer operates in a conventional manner: a 2-Mc oscillator
is gated, divided, and counted using two decades of scalers for each
channel. The scaler outputs are then printed out using conventional coded
1-2-2-4 outputs.

1J. H. Neiler et al., Phys. Semiann. Prog. Rep. Sept. 10, 1955,
ORNL-1975, p 66.
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The fast outputs of all three detectors are coupled to the time-to-
pulse-height circuits using Andrews type HO transmission cables. This
cable was selected for its low attenuation at high frequencies, 1.6 db
per 100 ft at 1000 Mc. Some sacrifice of signal is caused by the low
(50—ohm) impedance of this cable, but the fast rise time which can be
obtained is needed to provide good resolution. The two fragment de-
tectors are coupled with 25-ft lengths to the time-to-pulse-height con-
verters, and the 600-musec delay to the converters is accomplished by
using 540 ft of this cable.

Because of the rather small solid angle subtended by the fragment
detectors and the presence of the energy selection magnet, the counting
rate of the system is low enough that the printer is satisfactory as a
readout device. Data reduction is a problem, however, and the possi-
bility of a Teletype paper punch which will provide data for computer
reduction is being considered. A cathode-ray-tube—camera system for
data presentation is also being considered. This will use X and Y de-
flection from the stretched time-proportional voltages. Intensity modu-
lation from the triple coincidence circuits would allow photographic re-
cording of each event.
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SUPERHETERODYNE ELECTRON PARAMAGNETIC
RESONANCE SPECTROMETER

J. L. Lovvorn

Introduction

The r-f generation part of a superheterodyne electron paramagnetic
resonance spectrometer was designed for the Biology Divisiont utilizing
commercially available 10-cm-band microwave components, 60-Mc i-f ampli-
fiers, and d-c power supplies. The control panels, phase detector, and
four-terminal d-c amplifiers were developed and fabricated. Frequency
stabilization of the local oscillator is obtained by a conventional FM-
type discriminator whose output is amplified and fed back to the local
oscillator klystron reflector. The signal oscillator frequency is locked
to the resonant frequency of the specimen cavity; thus automatic compen-
sation is provided for the effects of paramagnetic dispersion.?®

The output of the spectrometer is presented as a pattern on an os-
cilloscope of paramagnetic resonance absorption vs magnetic field. Pro-
vision is also made for presentation on a strip chart recorder as a graph
of absorption vs magnetic field or the derivative of the absorption vs
magnetic field.

Description

Microwave Components. — The microwave components are shown on Fig.
8. Care was taken that the attenuators should be of a type that gives
minimum leakage of r-f energy from the wave guide. One high~quality
calibrated attenuator with extremely small phase shift was obtained so
that the power could be varied without upsetting the phase balance of
the system. Ferrite load isolators were employed to prevent loading
variations from affecting the klystron operation.

The signal oscillator feeds into the magic tee, where its power is
split between arms 2 and 3. Arm 2 contains the reflection cavity with
the sample, the reflected wave being bucked out with the aid of arm 3.

For this purpose arm % has a phase shifter and attenuator. The desired
signal appears in arm 4 and is fed into the balanced mixer, which receives
the local oscillator power from the frequency-stabilized oscillator. The
reflection cavity has modulation coils built in the walls. The output of
the balanced mixer is fed through the i-f amplifier-detector to the os-
cilloscope.

tJ. L. Lovvorn, Instrumentation and Controls Ann. Prog. Rep.
July 1, 1957, ORNL-2480, p 28-30. '

?J. M. Hirshon and G. K. Fraenkel, Rev. Sci. Instr. 26, 34 (1955).
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Electronic Panels. — By using Varian low-voltage klystrons, a com-
mercial laboratory power supply with a bias supply bulilt in was employed
as the klystron power supply. The filament supplies for the klystrons
and the i-f amplifier were regulated by using semiconductors. Figure 9
shows a typical regulator circuit.

The control panel provides means for controlling the gain of the i-f
amplifiers, monitoring the mixer crystal currents, and balancing the out-
put of the lock-in mixer to ground for feeding the four-terminal d-c am-
plifier. The four-terminal d-c amplifier is a semiconductor modulated-
carrier type® shown in Fig. 10. It employs a matched diode quad chopper
excited by a transistor oscillator. The presence of an error signal from
the receiver discriminator unbalances the net to pass the error signal to
the transistor amplifier. The sign of the error signal determines whether
the unbalance signal will be positive or negative phase. The error signal
is amplified in a two-stage transistor amplifier. This amplified error
signal is fed to the transistor phase discriminator. The transistors are
used on a half-wave basis. The two transistors are powered, collector to
emitter, on alternate half cycles at the carrier frequency from the tran-
sistor carrier oscillator. The amplified error signal gates the two tran-
sistors, base to emitter, on alternate half cycles. One or the other of
the transistors will conduct, depending upon the error signal phase. The
conduction current flows through the common load resistor, with the direc-
tion of the current in the load reversing for a reversal of signal phase.
The entire circuit is iscolated from ground potential. This permits in-
serting the output of the automatic frequency control (AFC) amplifier in
series with the reflector supply to add or subtract the necessary correc-
tion voltage.

The equipment is in the final stages of checkout. Although no fre-
quency checks have been made, the frequency control loop has been designed
to keep the local oscillator in tune to an accuracy better than *0.3 Mc at
the receiver i-f regardless of transmitter and receiver arift.2

Two of the 60-Mc center frequency i-f amplifiers are commercial units
selected for this application. One has 120-db gain with an amplitude de~-
tector in the output. The second has an FM-type discriminator in the out-
put. These units were modified to provide a 60-Mc takeout point in each
to feed additional amplifier stages for a lock-in-mixer-type phase detector.

Provision is made for disabling the AFC in testing, for modulating
the signal oscillator and for metering the error signal. Care in layout
and shielding were required to prevent carrier signal and 60-Mc signal
leakage.

Although equipment shakedown tests have not been completed so as to
allow complete evaluation, it is expected that the superheterodyne electron
paramagnetic resonance spectrometer will have a sensitivity approaching
10'® spins with l-diphenyl-2-picrylhydrazyl.

®M. C. Harp, Electronics %2, 68-70 (1959).
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A VERSATILE INSTRUMENT CAMERA WITH A
MICROSECOND ELECTRONIC SHUTTER

C. H. Schalbe

Introduction

The camera to be described was developed for the study of high-cur-
rent, low-pressure arcs such as are encountered in controlled nuclear
fusion experiments. This type of arc is characterized by a relatively
low level of energy output in the visible region and by the presence of
strong magnetic fields. Because of these factors, and because exposures
in the microsecond range were desired, mechanical shutters and cameras
using kerr cells were not feasible.

Within the limitations outlined above, an attempt was made to pro-
duce as versatile an instrument as possible. In general, the problem
was to design a medium-speed camera adapted for nonlaboratory environ-
ments. The operating parameters had to be easily adjusted over a fairly
wide range, and mobility was important.

Description of Camera

The camera constructed to satisfy these requirements uses an image
converter tube which provides high-speed shutter action and also light
amplification under the proper operating conditions. Figure 11 is a view
and representative diagram of this tube, which is manufactured on a de-
velopmental basis by Radio Corporation of America. It features a semi-
transparent photocathode (Sll), a control grid for gating the electron
beam, an electrostatic lens system, and a pair of deflection plates for
positioning a series of time-sequential images side by side on the phosphor
screen (Pll). Exposures as short as 108 sec are possible, and, with an
incident light of about 4L4LOO A and an accelerating potential of 15,000 v,
a conversion gain of 12 minimum is obtained.

A simplified block diagram of the electronic control is shown in
Fig. 1l2. Timing pulses for exposures and for the interval between ex-
bosures are generated by two phantastrons. Controls on the operating
panel permit selection of exposure times from 0.6 to 10C psec and inter-
vals between successive exposures from 1 to 1000 psec, A three-stage
counter is used to properly sequence the selected number (either 1, 2,
L, or 8) of images and also to position these images in steps vertically
down the phosphor screen. Vacuum tubes rather than thyratrons were used
throughout because of their advantages in making a flexible system.

Exposures are obtained by application of a 500-v pulse to the cathode
of the image converter tube, which is normally cut off by a bias of 100 wv.
Since the image will be in focus at only one particular voltage configura-
tion, the shutter pulse must be flat-topped and rise and fall rapidly.
Figure 13 is a schematic diagram of the screen-coupled positive-feedback
circuit devised to obtain the desired pulse. This circuit generates a
pulse which has a total rise and fall time of 0.45 psec, and it is flat-
topped to within 0.5%.
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Photographs of the phosphor screen are taken with a 35-mm oscillo-
scope camera using Linagraph ortho film, which has a maximum sensi-
tivity in the blue region. A 50-mm f/l.5 lens and a 50-mm f/l.O lens
are available for use with this camera. The film transport and shutter
are electrically operated, and both single-frame and continuous film
movement types of operation can be performed.

Camera Performance

Figures 1L and 15 are views of the electronic camera. The large
rack houses all the d-c power supplies and regulators and also the power
control panel. The camera head 1is mounted on a standard black-and-white
television camera tripod and dolly. The front lens on the camera head
is a 180-mm £/1.5 lens. Three other lenses are available: an £/0.8 50-mm
lens, an £/1.5 90-mm lens, and an f/2.5 310-mm lens.

Figure 16 is a reproduction of a photograph taken with the image con-
verter camera. It is a view of a d-c arc taken in a series of 2.5-~usec
exposures with an interval between exposures of 3 pusec. The voltage of
the arc was 7 kv and it occurred in air at a pressure of about 90 mm Hg.
The frontal lens used to take this picture was the 180-mm f/1.5 lens
stopped down to £/8.0.

The performance characteristics of the camera are as follows:

Exposure time 0.6 to 100 usec
Exposure spacing 1.0 to 1000 usec
Number of exposures 1, 2, 4, or 8
Frontal lenses 50 mm £/0.8,
90 mm f/1.5,
180 mm f/1.5,
210 mm £/2.5
Rear lenses 50 mm f/l.O,
50 mm f/1.5
Synchronization External trigger or local control
Conversion gain Approximately 10 at 13 kv anode voltage

(measured) using photospot PSP2 as the light source
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SCALER RATE METER Q-174%-13

H. N. Wilson F. M. Glass
B. C. Behr G. A, Holt

A combination decade scaler and linear count-rate meter with a posi-
tive high-voltage supply has been developed for use at health Physics moni-
toring stations. The instrument is for use with G-M tubes or alpha scin-
tillation detectors.

Specifications for the meter are as follows:

Input sensitivity Lo-mv negative pulse

Scaler Scale of 100 composed of two glow-tube
decades and a four-digit Sodeco mechani-
cal register with electrical reset

Scaler resolving time 12 usec

Rate meter Linear duty cycle type with ranges of 500,
5000, and 50,000 counts/min

Aural monitor Variable volume "poppy" for use with low-
count-rate alpha monitoring

High-voltage supply Positive shunt-regulated suppiy continuously
variable from 700 to 1700 v

Recorder outputs Both 10-mv and 1l-ma outputs from the rate
meter for recorders

Panel size 7 %X 19 in. — suitable for rack mounting

This combination instrument is an outgrowth of the original Q-1T7hk3A-1
decade scaler which was designed on a semimodular construction basis.
This type of construction permits the easy alternations of modules to in-
clude the features desired. The original Schmitt trigger input and coup-
ling stage has been replaced with a two-stage cathode-coupled dual-triode
amplifier and a trigger pair which acts as a discriminator and pulse
shaper. The fast input decade of the original circuit, composed of &
beam switching tube and its associated drive circuit, has been removed
as it is of no value for Geiger counting or low-level alpha counting. 1In
its place physically has been substituted the shunt regulator circuit of
the high-voltage supply. The original Veeder-Root register and drive cir-
cuit have been replaced with a Sodeco four-digit register with electrical
reset and a simplified drive circuit. This change was made to conserve
space and for ease of operation. The rate-meter module has been added,
and the circuit used is basically the same as in instruments Q-1951 and
Q-1957, which are count-rate meters for area monitoring.t Recorder outputs

1F. M. Glass, Instrumentation and Controls Ann. Prog. Rep. July 1,
1958, ORNL-2647, p 2.
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have been made available so that the instrument may perform the function
of a background monitor when not being used for other purposes. Also,
the aural output has been included to act as an aid in monitoring for
alpha contamination.

Most of the circuitry consists of conventional vacuum tube elements;
however, there are a few pertinent design features that will be mentioned.
The input amplifier section, being of the dual-triode, cathode~coupled de-
sign, handles negative signals only and can gracefull