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Section 1

INTRODUCTION

Electron-gun technology encompasses a variety of widely varying parameters
such as electron energy, beam quality, beam brightness, and beam size. In the
measurement of these parameters, painstaking procedures are often required

for obtaining repeatable, reliable results--especially as voltages and currents
become large and gun operation readily interferes with the performance of
diagnostic systems. Often, the diagnostics must be custom made for the device
since commercial equipment is either unavailable or physically unadaptable.
For voltages exceeding - 50 kV, the attainment of accurate results can indeed

be challenging.

The development of wide-area electron beams has played an important role in

the advancement of laser technology.1 Improvements in RF and photocathode-
based gun systems have made significant contributions to current development
efforts on free-electron lasers.2-4 The operation of these laser systems is limited
by available cathode materials. The wide-area guns typically required by laser
systems must operate with uniform, large-area electron emitters; thermionic
cathodes appear to be the most suitable emitter for this application. On the other
hand, a promising technique for RF-accelerated free-electron lasers requires a

burst of very short electron bunches of uniform energy and of good beam
quality; photocathodes are showing great promise in this application.

Development of cathode materials presents even greater challenges in obtain-
ing accurate measurements of beam parameters since the physical environ-
ment plays an important role in operating characteristics. That is, bombardment

of the emitting surface by gases before, during, and after operation can seri-
ously affect interpretation of experimental data. The diagnostics must, therefore,
be compatible with a high-vacuum environment.

This report describes two test facilities constructed at Wright Laboratory for the
purpose of advancing the state of the art of vacuum-diode technology, with pri-
mary emphasis on cathode-material development. One facility includes a small



ultrahigh vacuum test chamber, power sources, and diagnostics for operation of
a 1-in-diameter electron-beam diode at voltages up to 60 kV. The small size of
this diode allows sufficient flexibility for rapid reconfiguration; this system is,
therefore, most suitable for obtaining preliminary information and identifying the
most interesting parameter space of a material under test. This facility is
described in Section 2.

The second facility includes a large ultrahigh vacuum chamber, power sources,
and diagnostics suitable for operation of a 5-in-diameter electron-beam diode at
voltages up to 500 kV. A voltage of this magnitude allows a relatively large gap
spacing and high currents; however, reconfiguration is difficult and time-
consuming because of the large size of the components. Section 3 contains a
description of the equipment available in this facility.

Initially, emphasis in this effort was placed on construction of vacuum and diag-
nostic equipment for evaluation of thermionic cathodes. However, after con-
struction was underway, interest became focused on photocathode and ther-
mally assisted photoemitting materials. Unfortunately, budgetary constraints
forced termination of the effort before significant scientific results could be
obtained. Section 4 contains a brief description of the experimental setup
intended for measurement of the photoelectric work function.

This report is intended as a synopsis of the work performed and the resulting
capabilities of the facilities constructed. More detailed descriptions of the
equipment and facilities are contained in the construction drawings and operat-
irg and service manuals which are being delivered under separate cover.
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Section 2

THE 60-kV DIODE TEST FACILITY

2-1. GENERAL DESCRIPTION

Figure 2-1 is a block diagram of the major components of the 60-kV Diode Test
Facility, and Fig. 2-2 is a simplified electrical schematic of the basic diode cir-
cuit. The diode is contained within a stainless-steel vacuum chamber. The
diode cathode is connected to earth ground (chamber) through a current-
viewing resistor, and the diode anode is connected to the positive output of a
60-kV pulse power supply.

The data-acquisition instrumentation, such as a digitizing oscilloscope and a
desk-top computer system, is housed in a double-wall, RF-shielding screen
room; the walls are constructed of transparent screen material, rather than solid
metal sheet, to facilitate visual observation of the test area. The signal lines
penetrating the screen room are either coaxial--with appropriate terminations--
or fiber optic; thus, the shielding integrity of the enclosure is maintained.

The main test chamber has a total volume of - 45 liters; the chamber is con-
structed primarily of ultrahigh vacuum materials, and only cryogenic pumping is
utilized. Bakeout temperature is limited to 150cC by the Kalrez 5 o-rings used for
sealing various valve seats.

The 60-kV pulse power supply utilizes a lumped-element Blumlein 6 configura-
tion switched with a pressurized spark gap. The voltage level is controlled
through adjustment of the DC charging level. The pulse length is not adjust-
able; however, different lengths and impedances may be obtained by replacing
the type-E lumped-element lines. The pulse-forming lines are designed for
operation with a load impedance of 620 U.

Presently, the cathode configuration consists of a 1-in-diameter commercial
BaO 2 dispenser cathode mounted within a uniform-field-electrode (UFE)
shaped ring. This ring, in turn, is mounted onto a bellows-sealed translation

3
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mechanism; this allows rapid and easy adjustment of the anode-cathode gap.
The cathode heater is electrically isolated from the cathode and is powered by a
custom-made, adjustable AC power supply. The cathode current--assumed to
be the same as the gap current--is measured with a precision current-viewing
resistor (CVR) and is typically monitored with a fast digitizing oscilloscope.

The system is configured with the anode as the pulsed electrode. The voltage
monitor is an arrangement of high-voltage capacitors integral with the anode
mounting insulators. The low-voltage leg of the capacitive divider is contained
partly within the vacuum chamber and partly within an external amplifier/line-
driver circuit; a high-vacuum BNC feedthrough is utilized to preserve vacuum
integrity. High-input-impedance, high-speed integrated circuits are utilized to
condition the signal for transmission over a 50-Q coaxial line.

The current-density monitoring system consists of a thin molybdenum foil cover-
ing a multicrystalline BaF 2 window and a CID camera having a gated image
intensifier and narrow-band optical filters. The electrons which penetrate the
foil cause UV scintillation of the BaF 2. These narrow-band optical filters allow
selection of the fluorescence band--one band is slow but of high conversion
efficiency, suitable for setup, while the other is very fast but exhibits relatively
low optical intensity. By proper adjustment of the image intensifier and syn-
chronization electronics, a two-dimensional "picture" of the scintillation--and,
therefore, the electron density--can be obtained for a selected time during a
diode pulse. The picture is captured by a frame grabber and entered into the
desk-top computer for subsequent processing.

2-2. A 60-kV DIODE VACUUM SYSTEM

The vacuum system was constructed primarily from commercially available
hardware and equipment. A diagram of the main chamber is shown in Fig. 2-3.
This custom-welded assembly is constructed from two 8-in stainless-steel four-
way crosses (with 10-in flanges) connected by 6-in-diameter tubing oriented at
right angles to the plane of each cross. At each end, 6-in-diameter viewports
have been added on-axis with the connecting tubing. The resulting chamber
has eight 8-in ports (10-in flanges) and two 6-in ports (8-in flanges). All port
flanges are ultrahigh vacuum (Varian ConFlat style) compatible. One plane of

6
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10-in ports is utilized for pumping equipment and vacuum instrumentation and
the other contains the diode gap and associated power supply and feed-
throughs for the diagnostic instrumentation.

A block diagram of the vacuum system is shown in Fig. 2-4 Rough-pumping
from atmospheric pressure to < 100 mTorr is accomplished with 76,000-Torr-
liter Varian VacSorb units operated with liquid nitrogen (LN2). Two pumps are
connected to the main chamber through independent, manually operated right-
angle valves. These stainless-steel valves utilize metal gaskets and metal bel-
lows for sealing to the atmosphere but contain Kalrez5 poppet o-rings. Bakeout
temperature with the valve closed is, therefore, limited to 1500C. Two pumps,
rather than one, are utilized to prevent the noncondensable gases entrapped in
the initial air rush from diffusing back to the chamber during pumping at lower
pressures. Thus, the typical procedure for rough pumping of the chamber is to
open one pump valve, listening to the initial rush of gas into the pump; when the
rushing sound ceases, the valve is closed and the second pump valve is
opened for pumping of the remaining gases.

The main high-vacuum pump is a Varian Cryostack 8 helium-based, two-stage
cryogenic pump with a remotely located compressor. Water cooling of the com-
pressor is accomplished with a 1 -kW closed-cycle chiller (air exchange),
supplemented with a low flow of laboratory water through a water-water heat-
exchanger coil pair. Because of the excessive noise and vibration, the chiller
and cryopump compressor are located in the basement, below the laboratory,
and remotely operated via the System Vacuum Control Panel. Internal sensors
and cutoffs prevent the compressor from exceeding safe operating limits of tem-
perature and pressure.

The Cryostack 8 pump is rough pumped through its roughing port via a third
Varian VacSorb pump and right-angle valve combination. Only one pump is
utilized because of the relatively small volume. The vacuum control system
includes a provision for semiautomatic operation of a room-temperature N2

purge of the cryopump. Electrical interlocks prevent opening of the purge
solenoid valve when the cryopump gate valve is open.

8
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The System Vacuum Control Panel is custom made, with electrical circuitry for
coordination and control of the commercial vacuum pumps and valves. The
logic and control circuits are shown in the electrical schematic of Fig. 2-5.
Go/no-go operation of the cryogenic vacuum pump is determined by the
temperature-monitoring circuit through the factory-installed temperature-
detection diode mounted on the second stage of the Varian Cryostack 8.

The theory of operation of the System Vacuum Control Panel is relatively
straightforward. This panel controls the following components: 1) a Neslab
water chiller via a contactor, 2) a water solenoid which controls an auxiliary
water-water heat exchanger, 3) the Cryostack compressor (and, therefore, the
cryogenic pump), 4) the main high-vacuum gate valve, and 5) the N2 purge
valve of the Cryostack 8.

The Cryostack diode-control circuit consists of a precision current regulator (op
amp A2 of Fig. 2-5), a buffer amplifier (Al), a comparator (A3), and an open-
circuit fault detector (A4). The outputs of the comparator and fault detector con-
trol a relay via a logic gate (and inverter) and a transistor driver; the relay
provides compatibility between the low-voltage circuitry and the 115-VAC logic
of the interlock and control circuits.

A 60-liter/sec triode ion pump is intended for use as a high-vacuum holding
pump during periods of shutdown of the cryopump. The ion pump, isolated from
the system by a bakeable metal-seal pneumatic valve, has sufficient capacity to
maintain a chamber vacuum of better thar 10-7 Torr during purging of the cryo-
genic pump and in the event that the cryogenic pump becomes inoperative
during unattended periods, provided the cryopump gate valve is closed (closure
is automatic if a cryopump fault is sensed). The ion pump is not capable of
operating as the main pump during initial chamber pumpdown or in periods of
high outgassing such as those which occur during operation of certain ther-
mionic cathodes.

10
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2-3. A 60-kV LUMPED-ELEMENT BLUMLEIN PULSER

The basic operating principle of the pulse power supply is shown in the block
diagram of Fig. 2-6. The capacitors of the switched, type-E6 lumped-element
transmission line (left side of diagram) are charged to the level of the adjustable
DC power supply through RCH. The second lumped-element line (right side of
diagram) is charged to the same level through RCH and the path consisting of
the impedance-matching resistor (RM) and the external load. This path must be
present for proper performance of the power supply.

Closure of the fast, low-impedance spark-gap switch results in a time-
dependent reversal of the voltage on the connected line. This reverse voltage
appears at the load end of the line a period of time after the switch is closed;
this period is determined by the characteristics of the line and is presently equal
to - 3 Isec. The time delay is especially advantageous since it allows the RFI
energy resulting from the spark-gap closure to dissipate within the diagnostic
circuits before the appearance of high voltage at the load.

Appearance of the reverse voltage at the load end of the switched line causes
the entire second, floating, type-E line to swing to this voltage. Consequently,
this reverse voltage is observed at the load. The current path for the load now
consists of the two type-E lines connected in series with one leg at earth-ground
potential. Because of the series connection of the lines, a "matched" load is one
which has an effective impedance equal to the sum of the two lines. Essentially
all of the stored energy of the lines will be transferred to the load if the effective
impedance of the two lines is identical and the impedance of the total load is
twice that of a single line.

If the impedance-matching conditions are not met, some energy (quantity
determined by extent of mismatch) will be reflected back into the lines and
appear after a time period equal to twice the line length. This reflected energy
may appear as either a positive or a negative pulse--depending upon the mis-
match--but is almost always an unwanted pulse. The purpose of the internal
matching resistor RM, therefore, is to set the effective resistance of the power-
supply load to the proper impedance value. Presently, the matching resistor is
600 a, suitable for high-impedance external loads. Resistance values can be

12
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Figure 2-6. Block Diagram of 60-kV Lumped-Element
Blumlein Power Supply.

13



changed by removing the cover of the high-voltage tank, replacing the resistor,
reinstalling the cover, and purging the tank with insulating gas.

A schematic of the high-voltage lumped lines, spark-gap switch, and associated
electronics is shown in Fig. 2-7. These components are installed in a metal tank
which is sealed with an acrylic lid. This arrangement allows operation of the
high-voltage components within an atmosphere of SF6 insulating gas. The tank
construction limits SF 6 pressures to 0.5 psig; the typical operating pressure is
< 20-in H20. Corona-free operation was achieved for voltages up to 80 kV.

The construction of the lumped-element lines is shown in Fig. 2-8; only one line
is shown since the two lines are identical. The inductors consist of a continuous
length of No. 12-AWG varnished transformer wire wound on a polyvinylchloride
form (machined PVC tubing). The interwinding spacing is controlled by the
screw threads machined into the form, and the intercoil spacing is determined
by skipping an integral number of screw threads. The commercially available
capacitors utilize SrTiO3 as the dielectric medium and exhibit low dissipation
losses and a relatively low-voltage coefficient. The lumped-line time and
impedance characteristics can be properly altered only through construction of
entirely new lines; finding a practical combination of wire size, form diameter,
screw spacing, and commercially available capacitor values presents a signifi-
cant challenge.

The spark-gap switch was designed and constructed by government laboratory
personnel and is shown in Fig. 2-9. It consists of two 1.5-in-diameter spheres
separated by - 1 in. A 1.5-in-diameter loop, constructed of 1/8-in Cu tubing
which serves as the trigger electrode is located between the spheres. This
arrangement is contained within an acrylic cylindrical housing and affords a
gas-tight environment. Dry laboratory air enters the housing through the tubing
of the trigger ring and exits through the cylinder wall. Switching characteristics
may be modified by changing the gap spacing, the relative position of the elec-
trodes and trigger ring, and the gas content and pressure.

In order to minimize timing jitter, a commercial miniature Marx-style pulse
source (Varadyne MiniMarx) was utilized as the spark-gap trigger source (see
Fig. 2-7). It supplies a short, fast low-energy pulse of - 120 kV. A low-current

14
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commercial 15-kV power source supplies the MiniMarx charging voltage; and a
commercial trigger-generator, requiring a trigger pulse of - 15-V peak ampli-
tude, is used to trigger the Marx unit. The MiniMarx, however, requires internal
pressures > 20 psig for operation at high voltages.

Although the system is presently configured for a positive output pulse, the
polarity can be changed with little effort. To accomplish this the polarity of the
PFN charging supply must be reversed, and the polarity of the spark-gap trigger
should be reversed. Some adjustment of the spark-gap parameters of gas
pressure and trigger voltage may be necessary for optimal operation.

Figure 2-10 is a block diagram of the power sources and interlocking control cir-
cuits. The 11 5-VAC line power to the entire power-supply system is engaged
by a latching circuit which is disabled by opening any portion of the interlock
line. A safety "kill" switch, locateo at the main entrance of the laboratory, is
included in this line; other safety-related switches can be easily added. Also,
additional equipment may be interlocked with the power supply by employing
the unused receptacles in the plug-strip.

2-4. CATHODE ASSEMBLY

The cathode assembly consists primarily of commercially available compo-
nents. Figures 2-11 and 2-12 show two views of the assembly. The compo-
nents making up the stainle,s-steel tubular structure between the high-current
feedthrough and the cathode module are custom made, and the uniform-field-
electrode (UFE) ring is custom machined. A thin tubular structure was used to
minimize the heat conduction between the cathode and the vacuum feed-
through. Also, conductive heat loss by the cathode was minimized through use
of three tapered screws for mounting the cathode module. A circular arrange-
ment of stainless-steel wires carries most of the cathode current to the stainless-
steel tube without significant heat being conducted.

The cathode assembly is mounted within a ring machined from pure moly5de-
num stock into a UFE shape. The profile was calculated from the technique of
Stappaerts.7 From the calculations a uniform electric-field distribution should
exist at the electrode midplane over a diameter of 3.16 cm; the active cathode
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surface is 2.54 cm in diameter. For design purposes a gap dimension of 2 cm
was chosen. The electrode holder was fabricated from molybdenum since the
cathode manufacturer stated that Mo and Cu are the only materials which will
not poison the emitting surface and Cu cannot survive the high temperatures.
The holder was fabricated by a local machine shop. To preserve vacuum com-
patibility, only water-based aluminum-oxide polishing compounds were used
and no cutting fluids were allowed.

The stainless-steel tubular structure is connected to the high-current vacuum
feedthrough and isolated from the chamber by high-purity alumina. This
feedthrough was chosen primarily because of its ruggedness; it is mounted to a
linear translation mechanism, allowing a total travel of 5 cm. Electrically, the
cathode is connected to the chamber only through the low-inductance CVR via
the stainless-steel bellows and flanges of the linear transfer mechanism. The
vacuum chamber provides the return current path for the diode gap.

The heater AC supply is connected to the isolated heater coil via nickel leads
connected to the high-vacuum feedthrough pair; loops were added in the lines
to allow for translation of the cathode. Nickel was used to facilitate the TIG-weld
connection to the tungsten heater.

An electrical schematic of the AC heater supply is shown in Fig. 2-13. The cir-
cuit is relatively straightforward. Voltage and current capacity may be altered by
replacing the appropriate components. No provision exists for active regulation.

2-5. ANODE ASSEMBLY

The anode assembly consists primarily of custom components. Figures 2-14
and 2-15 are diagrams of the assembly; the complete set of mechanical draw-
ings may be consulted for details. The central 3-in-diameter portion of the
anode is covered with thin (0.0002-in-thick) Mo foil which is held in place by a
machined ring inserted into a 4.5-in-OD copper ring. The center 2-in-diameter
portion of the disc contains a BaF 2 window. When installed into the diode
vacuum chamber, this arrangement of the anode assembly allows the 1-in-
diameter electron beam of the gap to strike the Mo foil, with a significant number
of electrons penetrating the foil and impinging onto the BaF2 window surface.
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The foil is positioned against the window material in order to minimize the
effects of electron scattering.

A mirror, positioned at a 45-degree angle, is located below the BaF 2 window.
When the mirror is properly aligned in the diode vacuum chamber, the scintilla-
tion of the BaF 2 which results from the electron beam striking the surface can be
viewed outside of the chamber. Typically, a sapphire window is used as a
vacuum window in order to view the fast 225-nm scintillation band. The mirror
and mount are enclosed within a copper cylinder in order to prevent high-
voltage corona and the arcing problems usually associated with sharp corners.

The anode cylinder is mounted on 1-in-diameter Macor8 rods. In addition to
physical support, the insulator configuration--including the voltage tap-off ring
and lower spacers--forms a capacitive voltage divider with a division ratio of
- 9:1. When assembled into the diode system, the tap-off ring is connected to
an additional capacitance and a buffer/amplifier, resulting in an 8000:1 voltage

monitoring system (see below).

A high-voltage, ultrahigh vacuum ceramic feedthrough is used for transmission
of the anode voltage pulse. The center conductor is passed through a
machined guard ring to minimize interference with the voltage divider. Although
the commercially available feedthrough is rated only for 45 kV, the atmosphere
side is contained within an SF 6 environment during diode operation. High-
voltage breakdown has not been observed at pulsed voltages up to 80 kV.

The materials of the anode assembly are ultrahigh vacuum compatible, and
custom machining was performed without oil. In addition, the surfaces in the
line-of-sight of the cathode are compatible with thermic iic emitters. That is,
only Mo and Cu are used on the anode surface, and the Cu parts are machined

from OFHC copper stock.

2-6. PULSE CURRENT AND VOLTAGE MONITORS

Total diode current is monitored with a current-viewing resistor (CVR) installed
between the cathode and chamber ground. A coaxial 0.05-a commercial unit
is used. This technique provides an accurate measure of cathode current for
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the anticipated parameters of a 3.2-1sec, < 200-A pulse. Because the CVR is
located in the low-voltage leg, connection to a monitor (such as an oscilloscope
or a transient digitizer) is straightforward. Also, the CVR will measure only the
cathode current--not stray currents which are often present at high-voltage elec-

trodes. Here, the cathode current is of prime importance.

A voltage divider which is adequate for monitoring fast pulses of 80-kV ampli-
tude and compatible with an ultrahigh vacuum environment is not commercially
available. Since high speed is required at high voltages and since only pulse
widths of < 50 Igsec are of interest, a capacitive divider scheme was chosen. In
order to minimize vacuum problems, the divider was designed to be an integral
part of the anode-mounting arrangement.

The anode-mounting structure was discussed above (see Figs. 2-14 and 2-15
for details). The mounting rods are 5 inches in length and 1 inch in diameter,
constructed of Macor, and supported by a conductive ring which, in turn, is sup-
ported by 3/8-in-long, 3/4-in-diameter Macor spacers. This forms a capacitive
divider, with the capacitance of the long-rod leg being - 0.6 pF. The conductive
ring is connected to the center conductor of an ultrahigh vacuum, BNC-style
coaxial feedthrough.

External to the vacuum environment, the BNC conductor is connected to a high-
speed disc capacitor which, in combination with the capacitance of the
conductive ring and other stray capacitances, makes up the low-voltage leg of
the voltage divider. The final division ratio is - 8000:1. The disc capacitor and
operational amplifiers and associated electronics are contained within a
shielding-metal box mounted at the BNC connector. The short connection
length aids in minimizing both RFI and ground-loop problems.

A circuit schematic is shown in Fig. 2-16. The circuit output is capable of driv-
ing a 50-a coaxial-cable system. Extreme measures were taken during
construction to achieve a very fast but stable amplifier/driver circuit. The
arrangement and final value of the disc capacitor were determined empirically.
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2-7. CURRENT-DENSITY MONITOR

The block diagram of Fig. 2-1 shows the layout of the image-capture system
within the total diode configuration. The external lens is employed to image the

optical output of the 2-in-diameter scintillator onto the - 0.3-in-square active

area of the intensifier. A narrow-band filter is used to select the wavelength

band of interest--228-nm bandpass for fast measurements and 313-nm band-

pass for higher scintillation efficiency but lower time resolution.9

Figure 2-17 is a more-detailed block diagram of the camera system and asso-
ciated electronics. The Camera Control module supplies power to the CID
camera. The rising edge of an ARM signal, or depression of the MAN TRIG

pushbutton on the Camera Control front panel, initiates a sequence of events
which prepares the camera for an optical signal. No light, however, can reach

the camera CID sensor while the intensifier is off. A SHUTTER OPEN signal at
the input of the Intensifier Control box activates the intensifier, which effectively
opens the shutter. The intensifier will remain on for the time set on the Intensi-
fier Control front panel, regardless of the duration of the SHUTTER OPEN sig-
nal. The Camera Control also signals the Frame Grabber, via the REMOTE

input of the Colorado Video Model 491, to store the next video frame. This

frame will contain the video information c-oileted while the intensifier was on.

The details of the Camera Control electronics are contained in the schematic of
Fig. 2-18. The circuit was designed as a "slave" to the main diode. That is,

although the camera circuits contain independent timing sequences, an "arm"
signal from the diode circuits causes an interruption of normal camera-scanning
sequences and a rapid resetting of specific circuits. A time-window is issued by
the camera circuits when conditions are proper for acceptance of a video frame.
The diode synchronizing circuits are then free to trigger a diode pulse anytime
within this window. Details of intensified camera operation can be found in the
operating and service manuals.
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Section 3

THE 500-kV DIODE TEST FACILITY

3-1. GENERAL DESCRIPTION

Figure 3-1 is a block diagram of the major components of the 500-kV Diode Test
Facility. The vacuum system and 500-kV pulse power supply are operational.
Anode and cathode assemblies, however, were never constructed due to
changing requirements and an eventual decision to terminate the effort due to
budgetary constraints. Original plans were to pulse the anode with the positive
output of the power supply and connect the cathode to earth ground (chamber
potential). This would facilitate the operation of thermionic cathodes and
gridded cathode systems. The design of the vacuum chamber and high-voltage
bushing, however, also allows a grounded-anode, pulsed-cathode configura-
tion.

The facility consists of 1) a 36-in-diameter, 43-in-long ultrahigh vacuum cham-
ber, 2) a 250-nsec water-Blumlein pulse power source with selectable output
voltage of 125 - 500 kV, 3) a low-inductance, variable-resistance load-matching
resistor for dissipation of excess Blumlein energy, and 4) vacuum control and
monitoring equipment, including a residual-gas analyzer, for maintaining and
monitoring the vacuum environment. Provisions have been made for installa-
tion of the camera system, desktop processor, and electronic instrumentation
(items presently installed in the 60-kV Diode Test Facility, see Section 2).

The separation distances required for accommodation of the 500-kV voltage
peaks dictate that a number of system components be physically large. Other
system requirements limit the choice of materials. These constraints result in
the components being much too heavy for easy handling. Consequently, the
structures have been separated into four major subassemblies which are
mechanically independent of each other. Each subassembly includes grooved
casters which match a floor-mounted V-rail system. The subassemblies can be
separated for performing maintenance and reconnected without the need for
realignment. In addition, each subassembly can be removed from the rail
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system and moved about the room with little effort. The subassembly break-
down is shown in Fig. 3-2. Figure 3-3 is a photograph of the system with the
electrode mounting flanges attached to the vacuum chamber but separated
from the power supply; the rail stand for the low-voltage electrode assembly is
not shown in this photo.

Vacuum system monitors and controls are located in the System Instrumenta-
tion Rack (Fig. 3-1). The pulse power supply is controlled by a separate con-
sole, located within the RFI-shielding screen room and connected to the power-
handling components via fiber-optic cables. The walls of the room housing the
vacuum system and power supply are constructed of poured concrete with a
minimum thickness of 24 inches which provides the necessary radiation shield-
ing for high-voltage diode operation.

Since final anode and cathode configurations were never determined, the volt-
age and current monitors were not constructed. Conceptual designs, however,
have been completed. Plans were to utilize a Rogowski-style10 coil on the
cathode assembly for current measurements and a water-capacitor voltage
probe on the anode. Commercially available current and voltage probes are
not compatible with the required high-vacuum environment, and accuracy
would be seriously compromised if external probes were used.

3-2. A 500-kV DIODE VACUUM SYSTEM

The diode vacuum chamber is custom made; however, most of the other com-
ponents of the vacuum system are commercially available. Figure 3-4 is a dia-
gram of the chamber. The inside diameter is 36 i'ches and the length is 43
inches between the two wire-qeal flanges. Stainle ., steel was used exclusively
in chamber construction; the gaskets are OFHC copper. Clamp-type wire-seal
flanges were used to facilitate angular alignment.

The system design calls for the anode-cathode gap to be aligned with the plane
of ports nearest the 18-in wire-seal flange. This plane (designated the gap
plane in Fig. 3-4) contains four 8-in vacuum-flange ports and four 4.5-in
vacuum-flange ports, equally spaced around the outside of the chamber. These
afford mechanical and optical access to the gap. A second plane of ports (four
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4.5-in flanges) is located a short distance from the gap plane, providing limited
access to the gap and floating electrodes. A third plane of ports (three 4.5-in
vacuum flanges and one 6-in flange) surrounds an area - 16 inches behind the
floating electrode. This plane is intended to be used for diagnostics on the
floating electrode, including a voltage probe and optical diagnostics such as a
scintillator/camera arrangement similar to the current-density measurement
apparatus presently installed in the 60-kV diode system (see Section 2). A
fourth plane of vacuum ports is intended to be used for vacuum control and
instrumentation and currently includes a 12-in cryopump, a 230-liter/sec ion
pump, a nude ionization gauge, and a quadrupole residual-gas-analyzer head.

The 36-in wire-seal flange provides full access to the inside of the chamber.
Although the flange is flat, the more than 2-in thickness of the 304 stainless
steel is sufficient to prevent significant flexing as the chamber pressure is var-
ied. This thickness also provides sufficient strength for support of the high-
voltage vacuum feedthrough and the floating electrode assembly. A 22-in-
diameter opening was machined into the wire-seal flange to accommodate the
feedthrough. Maintenance on the feedthrough and floating electrode can be
performed by removal of the feedthrough and assembly from the opening or by
removal of the wire-seal clamps and separation of the chamber and flange, uti-
lizing the V-groove caster system. The high-voltage, high-vacuum feedthrough
(bushing) is discussed in more detail below.

The 18-in wire-seal flange is intended for mounting of the "grounded" electrode
system. That is, the low-potential electrode is to be electrically connected to this
flange which is directly connected to the chamber. Although a low-inductance
shunt may be installed between the electrode and the flange, a Rogowski-style
probe is the technique of choice for current monitoring because of the relatively
high currents and fast risetimes expected. Figure 3-5 shows a suggested
arrangement for mounting the low-voltage electrode. An e-beam-welded bel-
lows provides vacuum isolation for the linear translation of the electrode system,
and the ceramic spacer allows access of the Rogowski-style probe to the
current-induced magnetic field of the electrode mounting tube. An approxi-
mately coaxial geometry and resulting low inductance are maintained within the
extension as well as the 36-in-diameter chamber. Impedance mismatch pre-
sents only a minor problem because the length of the mismatched portion
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represents < 15 nsec (< 7.5 ft). The components shown in Fig. 3-5, with the
exception of the mounting tube, are commercially available. The configuration
of this tube will be dependent upon the type of electrode to be used.

3-3. A 500-kV VACUUM BUSHING

A 500-kV ultrahigh vacuum feedthrough (bushing) is not commercially available
except on a custom basis. Only a few manufacturers possess both high-voltage
and high-vacuum expertise. The high costs indicated by the few known suppli-
ers of similar equipment precipitated a search for alternative materials and
fabrication techniques. The major limitation was found to be the unavailability
of large pieces (> 12 inches in diameter) of vacuum-compatible insulating
materials.

One approach involved modifying commercial high-voltage bushings to make
them vacuum-compatible. Such techniques as sealing the bushing material
from the vacuum environment and modifying the material composition or manu-
facturing procedures were considered. The eventually successful approach
involved a modification of the constituents of a 550-kV bushing manufactured by
Westinghouse Corporation. 11 After initial consultation with personnel at the
Massachusetts facility, a standard high-voltage bushing composed primarily of
silica and alumina with aluminum inserts was supplied to us for testing.

A small high-vacuum test chamber was constructed using standard 2.5-in- and
1.5-in-diameter stainless-steel UHV plumbing. This chamber was then con-
nected to the roughing port of the low-voltage diode cryopump through a 1.5-in-
diameter gate valve. The result was a clean, high-vacuum system suitable for
testing of small material samples. The lower pump port was used to minimize
the potential of contaminating the gun chamber in the event of excessive out-
gassing from the test chamber. Although the pumping speed was restricted by
the relatively small diameter of the vacuum plumbing and the location of the
cryopump port, the speed was adequate for outgassing tests. Most importantly,
the pump and system were oil free and bakeable.

The test procedure involved first thoroughly cleaning the empty test chamber
and then vacuum baking to 2000C until the residual gas was at an acceptably
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low background level. With the chamber at room temperature, the material
sample was installed and pumped for 24 hours. The mass spectra were then
recorded as the temperature was varied. A quadrupole residual gas analyzer
(RGA) recorded the gas constituents. Total background pressure of the empty
chamber was typically < 10-7 Torr at room temperature and < 10-6 Torr at
1500C.

Figure 3-6 shows representative mass spectra recorded at room temperature for
the test chamber with and without a sample of the standard bushing material
installed. These spectra were taken after several bake cycles (up to 1500C) to
ensure that atmospheric and solvent residues were removed. Figure 3-6(a)
indicates that outgassing of the chamber components (walls, valves, etc.) con-
sisted primarily of a low level of water vapor (mass 18 and resulting H, H2, 0,
and OH). Impurity lines are also seen at mass numbers 27, 43, 44, 94, 96, 129,
and 131; but the total partial pressure of these was < 2 x 10-8 Torr. With the
sample installed, the water content increased by an order of magnitude, as did
the hydrocarbon impurities (indicated by mass 43). Several other impurities
also increased.

The disturbing characteristics of the sample, however, were the continual
excessive outgassing at elevated temperatures and the failure to reduce the
source of water vapor by baking. After 4 days of baking at 1500C (7 - 8
hours/day), the room-temperature pressure was 5.5 x 10-5 Torr which repre-
sents only a 30% reduction in outgassing rate. In contrast, the reduction in
pressure of an empty chamber under similar conditions was 3 orders of magni-
tude.

In addition, pressure bursts were observed as the temperature was varied. As
shown in Fig. 3-7, a jump in pressure was observed as the temperature
decreased. This jump consisted primarily of water vapor although several other
impurities were also recorded. The amplitude of masses 36 - 41 and 49 upward
decreased with temperature--the expected behavior of clean vacuum systems.
The fact that the pressures associated with the remaining mass numbers
increased with decreasing temperature seemed to indicate that some physical
change had occurred in the sample. A leak to the atmosphere was ruled out
because little change in 02 amplitude was observed and a leak check using He
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indicated no leak. Probably some fissures appeared as the temperature
changed, causing a release of trapped gases from the sample.

In addition to water, the impurities which increased at the pressure burst
included carbon (C but not C2) and remnants of simple hydrocarbons which

probably resulted from manufacturing and/or cleaning processes. The pres-

ence of SiH 4 is also indicated (by masses 29 - 34) and may result from a signifi-
cant portion of the material composition being silica, although the partial pres-
sure of > 10-7 Torr is surprisingly high. Lines at masses 11 and 19 are particu-
larly perplexing. According to the manufacturer, the composition contains no
boron or fluorine, nor did the manufacturing process introduce these elements.
Although acetone causes a peak in mass spectra at 19, it also causes a signifi-

cant peak at mass 58; however, no evidence of mass 58 is observed for the 3
orders of magnitude of Fig. 3-7. The most plausible explanation is that cleaning
solutions had been absorbed into pits and fissures on the sample and alu-
minum surfaces. The history of the test bushing is, for the most part, unknown
although Dynasoap 105S (Heat Systems-Ultrasonics Inc.), trichloroethylene,
methanol, and acetone were used in cleaning operations.

Consultation with the manufacturer led to the suspicion that the source of the
water is a hydrated form of one of the compounds used in the mixture. If this
were the case, it would be unlikely that the outgassing could ever be reduced to

an acceptable level. However, an unhydrated form of the compound was sup-
plied to the manufacturer, and a small sample bushing was cast.

Vacuum-compatibility tests of the modified compound showed marked

improvement in the vacuum characteristics. After 2 weeks in a vacuum envi-
ronment, including seven heating cycles to 1200C, the sample exhibited no
measurable outgassing. The ultimate pressure measured with and without the
sample installed was 2 x 10-9 Tor. The only contaminants observed were
traces of N, N2, C02, CO, and water residuals (H, H2, 0, 02, OH, and H20). The
very low levels, however, made measurements with the present RGA unreliable.
A more practical indication of ultrahigh vacuum compatibility is the leakup rate,
i.e., the rate of increase in pressure due to outgassing measured with the

pumps closed off. A leakup rate of < 10-8 Torr liter/sec was measured with the
sample installed. Although this rate may vary with the chamber pumping and

44



baking history, little difference was observed between leakup rates measured
with and without the sample installed. Therefore, it was concluded that the
altered bushing-material composition is compatible with the cleanliness
requirements of the e-beam diode vacuum system; several bushings were then
cast.

A diagram of the bushing is shown in Fig. 3-8 along with the stainless-steel cap.
This cap serves two main purposes: 1) it isolates the aluminum center conduc-
tor of the bushing from the vacuum environment (a Viton 12 o-ring facilitates the
seal), and 2) its shape helps prevent the formation of surface arcing at the insu-
lator/conductor interface (typically referred to as the triple-point). The cap also
serves as the mounting platform for the floating-electrode assembly.

Viton o-rings are used for vacuum sealing to the insulator material. Minor diffi-
culty was encountered in obtaining an acceptable seal, presumably due to the
microscopically rough texture of the material. However, use of a slightly larger
cross section than that specified by normal design guidelines alleviated this
problem.

The main limitation imposed by the use of the cast alumina/sil;ca compound is
the inability of the material to withstand a high-temperature vacuum bakeout.
According to the manufacturer, the material begins to soften at 1500C. The
large size of the bushing means that high force is present across the bushing
when the chamber is under vacuum. Therefore, no softening or other weaken-
ing of the bushing can be tolerated; the recommended temperature limitation is
1201C. Although this temperature would be helpful for removal of adsorbed
water and volatile compounds, an extended low-temperature vacuum bakeout
may be necessary for attainment of ultrahigh vacuum. In operations to date,
however, pressures < 10-8 Torr have been reached in the vacuum chamber
without elevating the temperature above 220C.

3-4. A 500-kV PULSE POWER SOURCE AND LOAD-MATCHING RESISTOR

The 500-kV pulse power supply was manufactured by Impulse Engineering. 13

It is a pulse-charged, spark-gap-switched, coaxial water-Blumlein capable of
operation at voltages up to 500 kV and supplying up to 6 kJ of energy in a
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250-nsec (FWHM) trapezoidal-shaped pulse. The operating characteristics of
a Blumlein dictate that the pulser load be "matched" to the characteristics of the
transmission lines of the pulser. That is, if the load dissipates power at a rate
differing from the designed delivery rate of the lines, a portion of the line energy
will be reflected back and will reappear at the output at a later time. Obtaining
the proper load-dissipation rate is generally referred to as impedance matching.

Since the impedance of the vacuum diode may vary by several orders of magni-
tude, depending upon such factors as gap voltage, gap spacing, and cathode
emission characteristics, some method of providing the power supply with a
matched impedance must be found. For this purpose a disc-shaped, liquid
resistor was mounted directly onto the power supply and in parallel with the
output and the diode gap. The disc shape helps to maintain a low inductance,
and the CuSO4/water solution provides sufficient heat capacity for the large
pulse energies available.

Although solid resistors were previously considered to be more desirable than
the liquid type, consultations with resistor manufacturers and others in the field
have indicated that the solid materials available could not withstand the very
high peak currents needed. That is, the specified maximum current densities of
available materials would be exceeded by more than a factor of 2 (at maximum
pulser output). Furthermore, the physical mounting requirements of the solid
resistors as well as their relative inflexibility with regard to changing resistance
values resulted in liquid resistors becoming the most attractive option. Also, the
time response of a CuSO4 resistor was measured and found to be acceptable
for the expected pulse risetimes of > 20 nsec.

Figure 3-9 is a cross-sectional view of the disc-resistor construction. Essentially,
the unit is a 1-in-thick disc resistor made up of copper-sulphate resistive solution
(CuSO4+H20) sandwiched between two acrylic plates. The pulser output--center
conductor of the Blumlein--is connected to a 5-in-diameter copper disc via
threaded rod. A 16-in-ID, 23-in-OD copper ring constitutes the ground termina-
tion of the resistor; a copper sheet with beryllium-copper contact fingers (not
shown) connects the ring (outer electrode) to the "ground" potential of the
Blumlein mounting flange and the cylindrical aluminum housing. That is, the
path of the load current is between the inner disc and outer ring. The diode load
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Figure 3-9. Cross-Sectional Diagram of 500-kV Copper-Sulphate Disc Resistor.
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is also connected to the center conductor. In this manner, the CuSO4 resistor
and diode are in parallel. Ideally, the parallel combination of the two loads
would represent a matched impedance to the Blumlein.

The main advantages of the load-resistor arrangement are the low inductance
and the ease with which the resistance value can be changed. Also, since the
resistor is primarily water, high voltages and high energies can be safely
accommodated. The main disadvantage of liquid resistors is the increased
complexity resulting from the mixing and handling of a liquid which is often cor-
rosive. For the present arrangement, Cu electrodes were used in order to
minimize electrode effects. Also, chemically inert materials were utilized
throughout the liquid-handling system.

A small aquarium-style pump and reservoir were included in the system to pro-
vide a continuous flow and facilitate mixing. The resistance of the solution can
be varied with little effort by adjusting the proportion of a saturated CuSO4/water
mixture and deionized water. The resistance of the disc resistor is continually
displayed by a unique pulsed monitor inserted in the liquid line just upstream of
the resistor.

A schematic diagram of the resistance monitor is shown in Fig. 3-10. The circuit
is essentially a sample-and-hold circuit synchronized to a pulsed 1 -psec, 1 0-mA
current source. The "resistor" is a 0.75-in-diameter, - 1-in-long chamber
inserted into the liquid line immediately upstream of the large disc resistor.
Scaling circuits cause the digital display to indicate the approximate ohmage
value of the disc resistor. Presently, the displayed resistance value is only
approximate; the shape of the high-voltage pulse is used as the final determi-
nation of the suitability of the solution resistivity. A more accurate display can
be obtained, however, by calibration of the circuit against an accurate pulse
monitor connected to the disc resistor after removal from the Blumlein.

The 500-kV pulse power supply is not operational at this time. Two situations
must be changed before the system can be used. First, a defective thyratron
tube (EEV CX1622) must be replaced; this tube is one of the six arranged in
parallel which constitute the resonant charge switch. Second, the timing of
the thyratron and spark-gap trigger must be adjusted to accommodate the
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reconfiguration of the Blumlein, i.e., when the 3-n/6.7-a Blumlein arrangement
was changed to the 3-W3-0 symmetric configuration, the capacitance of the line

increased sufficiently that the original synchronization timing was no longer
correct. However, the loss of the thyratron precluded adjustment at the time of

the reconfiguration.

It is recommended that the symmetric configuration of the Blumlein line be

maintained. Because of the operating characteristics of a Blumlein, reflections

at the output will occur unless both transmission lines which constitute the
Blumlein arrangement are of equal length and impedance and the load
impedance is equal to the sum of the two lines. To date, the system has been

successfully operated only with the unsymmetrical 3-!/6.7-a arrangement.
Operation without reflections was not possible, although adjustment of the
matching resistor to - 38 1 resulted in a pulse shape having a 115-nsec rise-
time, a 144-nsec flat (< 5% variation) top, and a 100-nsec fall time. The rela-
tively high load impedance was needed to obtain the proper voltage level and
prevent overshoot and undershoot. Subsequent reflections contained < 25% of

the energy of each previous pulse. That is, adjustment of the load impedance

for the most ideal pulse shape resulted in a string of pulses separated by the
Blumlein line length, with each successive pulse having an amplitude less than

one-half that of the previous pulse. The manufacturer's operating and service

manuals should be consulted for more details.

3-5. PULSE CURRENT AND VOLTAGE MONITORS

As mentioned previously, the current and voltage monitors must be built in situ

because of the demanding requirements of measuring high-speed, high-
voltage pulses within a high-vacuum environment. Since the final configura-

tions for anode and cathode mounts were never determined, the monitor
designs were not completed. However, detailed conceptual designs were for-

mulated.

The pulsed current measurements are expected to be relatively straightforward.

A Rogowski-style coil can be commercially manufactured to approximately

encircle the ceramic spacer shown in Fig. 3-5. For high accuracies at fast rise-

times, it may be necessary to compensate for the finite frequency response of
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commercial probes, but the current signal is typically recorded as a digitized
waveform which can be readily corrected within the system processor.

In contrast to the current monitor, no suitable voltage monitor is available com-
mercially. Although sophisticated techniques such as fiber-optic and Kerr-effect
electric-field sensors were considered, a capacitive-divider scheme is much
simpler, more reliable, and easier to construct within a high-voltage, high-
vacuum environment. Although the high voltage limits the choice of suitable
dielectrics, a recirculating deionized-water supply is readily available since
water is the dielectric medium of the power-supply Blumlein. Therefore, a
water-dielectric capacitive divider is the technique of choice.

Figure 3-11 shows the recommended voltage-divider design. The parts are
commercially available except for the glass tubing, the divider disc, and the
divideriamplifier electronics. The electronics, however, may be the same (with
the exception of the low-voltage capacitor) as those used in the 60-kV capaci-
tive divider of Section 2 (shown in Fig. 2-16). The divider disc may be readily
machined from stainless-steel stock or other suitable conductive material
(aluminum and copper are not recommended for long-term use in water).
Although the glass tubing (26- to 35-mm-OD Pyrex) can be purchased, the
availability of glass-to-metal transitions will determine the practical diameter.
Figure 3-11 is a scale drawing using 35-mm tubing. Utilizing the dimensions
represented in Fig. 3-11, the capacitance of the high-voltage leg is calculated to
be - 1 pF which is suitable for use, provided the leakage current at the input of
the divider/amplifier circuit is not too large.
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Figure 3-11. Conceptual Design of High-Vacuum 500-ky Capacitive
Voltage Divider.
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Section 4

PHOTOCATHODE MEASUREMENTS

As a result of renewed interest in photocathode operation,2-4 the low-voltage
diode was reconfigured for operation with a photocathode, and conceptual
designs for modification of the high-voltage diode system were formulated.
Shortly after the initiation of preliminary measurements, however, the effort was
terminated due to budgetary constraints. The discussion here briefly summa-
rizes the planned approach.

Figure 4-1 shows the optical arrangement for wavelength-threshold and
photoelectron-yield measurements. A Xe light source and 1/4-m scanning
monochromator constitute the narrow-band source. The output of the mono-
chromator passes through a Suprasil lens and a sapphire window into the
vacuum system and is directed through a hole in the anode foil to the cathode
by a UV front-surface mirror. The wavelength-selective light also passes
through the BaF2 scintillator (used for physical support in this case) and a mask.
This mask minimizes photoemission from the molybdenum anode.

For calibration, the cathode is replaced with a UDT Sensors, Inc., silicon pho-
todiode calibrated in the wavelength range 200 - 1100 nm. Calibration of this
detector is traceable to NBS and was utilized to determine the absolute intensity
of the light reaching the cathode surface. Figure 4-2 shows the measured opti-
cal intensity utilizing the available monochromator grating and optics which
were most sensitive to the ultraviolet spectral region. No correction was made
for the - 1-nm linewidth of the monochromator since the change of intensity as a
function of source wavelength was relatively gradual. The maximum error
caused by this is estimated to be < 2.5% and primarily causes an understate-
ment of the photon yield in the vicinity of the cutoff wavelength of a photocath-
ode.

The setup in Fig. 4-1 was to be used for evaluation of photoelectric yield and
wavelength characteristics of selected materials. For the present purposes, the
yield is defined as the number of electrons emitted per incident photon. The
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Figure 4-1. Cutaway View of Optical Setup Used for Photoemission
Measurements.
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apparatus did not possess the capability to determine the absorption or reflec-
tion characteristics.

Although it is desirable to determine the "work function" of a photocathode, this
term is often misused. That is, the work function is generally considered to be
the minimum energy of a photon which results in emission of an electron.
Unfortunately, the start of photoemission as a function of wavelength is gener-
ally not an abrupt transition, except possibly at zero degrees Kelvin. Also, the
physical process of photoemission is different for a metal and a semiconductor.

Within a metal, the energy of the readily available conduction electrons is gov-
erned rather well by Fermi-Dirac1 4-16 statistics; therefore, photon emission can
be described mathematically by modification of the statistical electron-energy-
distribution function. That is, the process is essentially photoexcitation of a free
electron (free-free transition). Fowler 14 combined Fermi-Dirac statistics with the
assumption that the number of emitted electrons is proportional to the number of
electrons with sufficient energy in the direction perpendicular to the surface to
penetrate the surface barrier after addition of a quanta of photon energy and
redistribution by electron-electron collision. This approach did not fit experi-
mental data. However, modification of the assumption for immediate ejection of
a photoelectron (before the occurrence of energy redistribution) yielded excel-
lent agreement with experimental data. That is, the successful assumption was
that the number of ejected electrons is proportional to the number of electrons
which, when augmented by a quanta of optical energy, have sufficient energy in
the direction perpendicular to the surface to escape.

As a result of Fowler's work, a fit of the Fowler function to experimental data will
yield a temperature-independent photoelectric threshhold for a metal. This
threshhold may be considered the photoelectric work function and is related to
the thermionic work function. Since Fowler's method does not require extrapo-
lation of an asymptotically approaching value, it is much more desirable than
mere extrapolation of photocurrent-vs.-wavelength data.

In contrast to photoemission of a metal, that of a semiconductor arises from the
photon energy being used to move an electron from the valence band into the
conduction band (bound-free transition) with sufficient excess kinetic energy to
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overcome the surface barrier. 16-17 Formulation of a universal mathematical
model for semiconductors is not possible because 1) photons are absorbed into

energy levels which are quantized and cannot be described by a continuous
statistical function, 2) the statistical distribution of valence band levels is strongly
influenced by impurities within the semiconductor, 3) each semiconductor mate-
rial has different valence-level to conduction-level (band gap) energies and

vacuum-level (electron affinity) energies, and 4) photons generally penetrate a

significant distance into a semiconductor; therefore, photoelectron scattering

(both elastic and inelastic) must also be considered.

Determination of a semiconductor photoemission threshhold is generally limited
to extrapolation of photocurrent-vs.-wavelength data. A Fowler function will
typically not be a good fit to the data. The inability of the Fowler function to fit

the data is considered an indication of a semiconductor photoemitter rather than
a metal. That is, although the photocathode bulk may be a pure metal, the
actual emitting surface may be a semiconducting metal oxide.

The results of preliminary photoelectric measurements of a barium-oxide dis-

penser cathode are shown in Fig. 4-3. The experimental data were collected at

three different times: 1) as the cathode was being heated, 2) - I hour after the
heat had been removed, and 3) - 3 hours after the heat had been removed.

Fowler-function fits yielded only general agreement. The main point demon-

strated by the data is the change in wavelength threshold with cathode "aging."
That is, the photoelectric work function increased by over 30%, even though it
was maintained within a UHV environment (< 10- 8 -Torr pressure). This phe-

nomenon is repeatable and has been observed previously. 18

The measurement results of Fig. 4-3 are only preliminary. The slope of the data

is biased by an estimate of the current-offset value made necessary by the very
low currents observed. Refinement efforts were discontinued when the work

was terminated.
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Section 5

CONCLUSION

Two vacuum-diode facilities have been constructed at Wright Laboratory, Aero
Propulsion and Power Directorate, Wright-Patterson Air Force Base, Ohio. One
facility has been operated in a pulsed-anode configuration at voltages up to 80
kV with a 1-in-diameter beam. The facility is relatively small, simple to operate,
and, in most applications, relatively easy tc ,nodify for accommodating changing
experimental requirements. The diode chamber and all instrumentation within it
are designed and constructed for extremely low outgassing, greatly minimizing
the influence of environmental contaminants on diode operation.

The second facility was designed and ,' onstructed for a 5-in-diameter beam in
pulsed operation at voltages up to 500 kV. As part of the design effort, an inex-
pensive high-vacuum, high-voltage bushing was developed. The large vacuum
system and the pulse power supply have been checked out, but no anode or
cathode has yet been installed. The high ,,oltage allows a much higher beam
current and larger gap spacing than possible in the low-voltage facility, but
components having large physical sizes are required to prevent undesired
high-voltage effects such as corona and arc-over. These large sizes often result
in modification being an expensive and time-consuming process.

For the 60-kV facility, high-speed current and voltage monitors are in place and
the capability of viewing the current distribution at the anode is available. The
voltage and current monitors of the 500-kV system were not constructed
because final electrode configurations are undetermined. The vacuum systems
of both facilities are fully operational, including residual gas monitoring. The
facilities are not presently in use because budgetary constraints forced termina-
tion of the effort. A
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