6.  TESTING OF THE 6.5” CATHODE AT LBNL
6.1  The Motivation
The Relativistic Two-Beam Accelerator (RTA) test stand at LBNL was modified to accept the full-size (6.5”) DARHT-II cathode in an effort to assist the cathode development and commissioning for DARHT-II.  The original idea was that by testing the cathode off-line from DARHT-II, we can save time and money for the project.  The cost of running the RTA test stand was many times less than running DARHT-II.  Furthermore, the RTA test stand may provide better controls and diagnostics in testing the cathode than what can be done on DARHT-II.  
The dispenser type cathodes usually require an “activation” process before they can emit full current density.  The process involves slowly bringing up the cathode temperature while keeping the vacuum in check.  Chemical reactions occur during this phase and eventually the cathode surface will reach an equilibrium condition with the proper work function for electron emission.  It was thought that the RTA test stand can be used to pre-activate the cathode before shipping it to mount on the DARHT-II injector, thus minimizing DARHT-II’s down-time.
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Fig. 6.1.  Exploded view of the RTA test stand with a 6.5” cathode.
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Fig. 6.2.  Schematic diagram of the 6.5” cathode mounted in RTA.

6.2  Experimental Set Up
Figure 6.1 is an exploded view of the RTA test stand with a 6.5” cathode and Fig 6.2 is a schematic diagram of the set up.  The window downstream provided access for optical pyrometry to measure the cathode surface temperature.  Figure 6.3 (a, b, c, d) are photographs of the components.

In planning this experiment, we assumed that once the cathode was activated, the work function could be measured and that the value of the measured work function would remain constant during operation in DARHT-II.   Furthermore, it was assumed that the work function () remains a constant independent of the operating temperature.  The electron emission would be described by the Richardson-Dushman equation:
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where Js = saturated emission current density, and A0 =  Richardson’s constant. 
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Fig. 6.3.  Photographs of the RTA test stand with a 6.5” cathode.

From equation (6.1), the effective work function can be determined by measuring the current density and the temperature.  In the emission limited regime, the beam current will be determined by the temperature, not by the voltage applied across the extraction diode (between the cathode and the anode).  Computer simulation indicated that a beam current of 16A can be extracted when 50 kV diode gap voltage was applied.  Beam optics was not essential in this case as long as all the beam current was collected (without losing secondary electrons).   Our task was to measure the required temperature in order to reach 16A of beam current.  The setting of 50 kV, with a pulse width of 200 ns, was chosen in order to limit the x-ray radiation hazard (to get approval for radiation safety).  The test stand was capable of much higher voltage and we could revise the administrative limit, if necessary, after we have done initial survey of the radiation level. We initially started with a DC supply (Lambda EMI TCR100T120-4, 100V, 120A) for the heater filament, but it was later replaced by a 60Hz AC power supply (variac, Superior Electric Powerstat 60MB1156D-2P, 120VAC, 100A) to avoid reactions which may deposit conductive material on the Alumina potting (see SpectraMat bulletin).
6.3  Activation Procedures and Handling Guideline
The guidelines for activation of dispenser cathodes from SpectraMat can be found in their company technical bulletin TB-147–C 12/04.  These guidelines were written mainly for small cathodes in vacuum tubes that can be baked-out to achieve good vacuum down to below 10-8 Torr range.  But DARHT-II can not be baked and the 6.5” cathode is massive, so it is necessary to modify the activation procedure accordingly.  Furthermore, the vacuum gauges in DARHT-II are at a considerable distance from the cathode, therefore one has to make an educated guess of the true pressure in front of the cathode surface.   

The ETA-II has a 12.5 cm diameter cathode and their system is also not baked.  Therefore the ETA-II experience may be more relevant to DARHT-II than that prescribed in the SpectraMat bulletin.  The main difference is in the length of time used in accordance with the size of the cathode.  For ETA-II, after installation of the cathode, they allow their system to pump overnight without heating the cathode to establish a baseline vacuum condition.  If the weather has been moist or the injector has been open for several days, the pumping may take as long as a few days.  After an initial heating to about 1/5 of nominal operating power (1750 watts at 70 amps and 25 volts), the cathode is soaked at this medium temperature overnight (i.e. minimum twelve hours).  Then in the next step, the cathode is slowly brought to the nominal operating temperature (1061 (C) and is soaked again overnight at that temperature.  Finally, the cathode temperature is raised to the “red-line” level and held there for 8 hours before returning to the standby power level (1/5 nominal power).  

Based on the SpectraMat bulletin and the ETA-II experience, we have written the following procedure to be used for activating a new cathode in the DARHT-II injector.  The complete technical note can be found in the attachment section at the end of this report.

· Before starting, make sure that the vacuum is good.  Lower vacuum is always better and it should be at least in the low 10-7 Torr range. 

· Increase the Cathode Heater Power in small increments (typically 0.05 kW per step) while keeping the injector vacuum stabilized below 3x10-7 Torr. 

· When the Cathode Heater Power set point reaches 0.4 kW, hold this Power setting   for 12 hours (overnight). The vacuum must be stabilized before resuming Heater Power ramp and pressure control.

· Ensure the FAR Pyrometer is on when Heater Power reaches 1 kW.

· When the Far Pyrometer reads a stable temperature of 875+25oC, hold the Cathode Heater Power constant for 8 hours. The vacuum must be stabilized before resuming Heater Power ramp and pressure control.

· When Far Pyrometer temperature reaches 1025oC (nominal operating temperature) hold this power setting and temperature for 8 hours (overnight).  The vacuum must be stabilized before resuming Heater Power ramp and pressure control.

· When Far Pyrometer temperature reaches 1050oC hold this power setting and temperature for 2-4 hours or more until the temperature stabilized. 

· The activation is done when the vacuum is also stabilized. 

· Either lower temperature to nominal operating temperature for beam extraction, or turn down to standby mode at 875+25oC. 

Another issue is related to the handling of the cathode during storage and transportation.  There was uncertainty regarding what kind of gas (or vacuum) should the cathode be stored inside a canister.  Another question is when the cathode is removed from the canister, how long can it stay in air before pumping down.  To be sure, moisture can be damaging to a BaO dispenser cathode.   In the end, we have decided to store the cathode in nitrogen, and limit the exposure to 8 hours.  That means the cathode should be installed within a working shift and not left in air overnight.  One must follow normal clean room procedure during handling.  Good record keeping is essential to track the life history of a cathode.  We wrote a note to provide guidelines for the handling and storage (see attachment section).  
6.4  Experimental Results

As mentioned in sections 6.1 and 6.2, our main goal was to activate (or re-activate in the case of a used cathode sent back from DARHT-II) a 6.5” cathode and to measure its work function.  The first problem we found was that even though the base pressure in room temperature was in the low 10-8 Torr range, the vacuum pumping (using 2 turbo pumps and 2 cryo-pumps) was not good enough to keep the system below the mid 10-8 Torr range when the cathode was hot.  Test data later found in the quarter-inch cathode test stand (see chapter 7) confirmed that our cathode should operate in the low 10-8 torr or below in order to have good emission.  Thus we were not able to activate the cathodes in the desired fashion.  It took up to 7 days of continuously monitored heating and pumping to reach the activation temperature of 1050(C.  The situation was complicated by the fact that we were trying to recycle used cathodes that were taken from the DARHT-II injector.  One of these cathodes had experienced vacuum accident (exposed to air while hot) and the others were stored in air under uncontrolled environment.  Thus it was possible that these cathodes can not be revived at all regardless of the vacuum condition during activation in the RTA test stand. 
In the activation run for the Os-W coated 311-XW cathode, the filament power was 43.86V, 66.81A, (2930W, 0.66 ohm) and pressure at 2.114E-7 Torr.  Temperature measured with a 2-color pyrometer indicated the cathode surface at 1050(C.  The temp vs. power was closely repeating the result previously obtained at DARHT-II, see Fig. 6.4. After raised the temperature to 1071(C (3084W, 45.5V, 67.7A, 3.0E-7 Torr), the heater power suddenly dropped to 27.34V, 67.7A and we saw the left half of cathode significantly darker than the right half. All things indicated that the heater filament (bifilar winding) failed and was shorted near the mid point, thus stopping power flow to the left side.  Since both Os-W coated 311X cathodes (one at DARHT-II and one at LBNL) failed before reaching the desirable operating temperature, we concluded that this was not the suitable type of cathode for DARHT-II (under the existing 6.5” diameter design).  The 311-XW was acceptable for ETA-II because that cathode was smaller and consequently required less heating power, so the filament temperature was lower.  In chapter 7, we showed that the Os-W coating has a higher emissivity and therefore higher heat loss.  Changing to a Os-Ru coating (M coating) can reduce the heat loss and the 311-XM type cathode was later proved to be successful in producing 2 kA of emission at DARHT-II. 
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Fig. 6.4.  Heating characteristic of the Os-W coated 311-X cathode (data obtained at DARHT-II).

We encountered another issue due to the long cooling time of the cathode.  As we shall see in the quarter-inch size cathode test results, discussed in chapter 7, the work function did not stay constant when the system has less than ideal vacuum condition.  In other words, the work function was a result of the surface condition that was dynamically balanced between the diffusion rate of the impregnated material (BaO), and the poisoning effect from impurities in the vacuum.  Thus measuring the work function at a lower temperature when the cathode is only emitting 16A will not reveal the work function that we are interested to know when the cathode is required to emit 2 kA at a higher temperature.  Furthermore, we measured J and T to derive the work function according to Richardson’s equation (Eq. 6.1).  The measurement must be done rapidly in order to prevent the work function from changing over time.  Usually the heater power was turn down to allow the cathode to cool, thus giving simultaneously the readings for J and T.  Unfortunately, this condition could not be achieve because the cooling time of the cathode was very long.  Figure 6.5 shows the cooling characteristic after the heater power was turned off.  More useful data was eventually obtained from the quarter-inch size cathode, which cools much more rapidly to allow a valid work function measurement. 
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Fig. 6.5.  Cooling characteristic of the Os-W coated 311-X cathode (data obtained at LBNL).


































CATHODE





STANDOFFS





VESSEL


END


PLATE





WINDOW





ROGOWSKI


COIL





WATER COOLING


LINES TO ANODE





CATHODE


MOUNTING


PLATE





SS SHROUD


SPOOL





EXISTING


WATER COOLED


HEADER





COPPER


MOUNTING


PLATE





SS CATHODE


SPOOL





MOLY


HEAT


SHIELDS





SS CATHODE


SHROUD





VESSEL PORTS





COPPER ANODE


PLATE





















































[image: image1][image: image9.png]


[image: image10.wmf]311-X Pyrometer Temperature [°C] vs Power

800.000

900.000

1000.000

1100.000

1200.000

1.000

1.500

2.000

2.500

3.000

3.500

4.000

4.500

Power (kW)

Temperature (C)

311-X #1 Pyrometer

Temperature [°C]

_1251715541.unknown

