SLAC—PUB—7209June 1996HIGH-POWER TESTING OF PEP-II RF CAVITY WINDOWS*M. Neubauer, M. Allen, K. Fant, A. Hill, M. Hoyt, J. Judkins, H. Schwarz,Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309, USAR. A. RimmerLawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USAAbstractWe describe the high-power testing of RF cavity windows for the PEP-II B-factory. The window is designed for continuous operation at 476 MHz with up to500 kW throughput and has been tested to full power using a modified PEPklystron. The windows use an anti-multipactor coating on the vacuum side and theapplication and processing of this layer is discussed. The high-power testconfiguration, RF processing history and high-power performance are described.Contributed to the 5th European Particle Accelerator Conference (EPAC 96)Sitges, Barcelona , SpainJune 10-14, 1996

* Work supported by Department of Energy contract DE—AC03—76SF00515 (SLAC), DE-AC03-76SF00098 (LBNL).

2HIGH-POWER TESTING OF PEP-II RF CAVITY WINDOWSM. Neubauer, M. Allen, K. Fant, A. Hill, M. Hoyt, J. Judkins, H. Schwarz,Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309, USAR. A. Rimmer Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USAAbstract We describe the high-power testing of RF cavitywindows for the PEP-II B-factory. The window isdesigned for continuous operation at 476 MHz with upto 500 kW throughput and has been tested to full powerusing a modified PEP klystron. The windows use ananti-multipactor coating on the vacuum side and theapplication and processing of this layer is discussed.The high-power test configuration, RF processinghistory and high-power performance are described.1. INTRODUCTIONThe RF design of a self-matched RF window using a10 inch (254 mm) alumina disk in a WR2100 sizewaveguide and its mechanical realization are described inearlier papers [1,2]. To counteract tensile stress on theperimeter of the disk when heated by RF fields, astainless steel ring is shrunk onto the ceramic duringthe brazing process. The stainless steel ring puts theceramic disk into compression and thus results in arugged window design capable of handling the 500 kWof RF power. To remove heat from the window, acooling channel is included in the stainless steel ring.Post-braze machining steps fine-tune and match thewindow at the desired frequency (see Figure 1). A knife-edge seal with a copper gasket is used to make avacuum joint. To reduce multipactor each window iscoated with titanium nitride. Two windows areassembled back-to-back onto a waveguide test chamberbuilt to be evacuated, baked out and operated with up to500 kW throughput power into a matched load.Thirteen windows have been built, eight have beenbaked out and tested.We created a testing program to optimize thethickness and stability of the Titanium Nitride (TiN)coating. Too little coating may result in multipactor,too much and the ohmic losses may generatetemperatures beyond our operating limits. It has alsobeen reported [3] that TiN coatings can vary inresistivity due to exposure to various atmospheres, andwe report on our experiments which confirm thisobservation.2˚˚TITANIUM NITRIDE COATINGTitanium nitride (TiN) coating is applied by asputtering process with a 203 mm target. The targetis smaller than the window (248 mm), two sputteringruns are required to coat the window. The first runcoats the center and the second run (with the center________________________*This work was supported by the US. Department ofEnergy under contracts and DE-AC03-76SF00515 (SLAC),DE-AC03-76SF00098 (LBNL).masked) coats the outer perimeter of the window inapproximately a 25 mm band. This flexibility allowsus to preferentially coat the perimeter of the windowwith different coatings than the center.The thickness of TiN is not directly measured.Rutherford backscattering (RBS) techniques are used tomeasure the number of TiN atoms per unit area on atest sample sputtered under the same conditions asthe window. Thickness can be estimated based onlattice constants for TiN assuming a uniform coatingdensity, but this method is inaccurate due to the surfaceroughness of the alumina window which has a peak-to-valley variation on the order of 100� and coatingthicknesses are, in general, much below this value. Asa result, we characterize our coatings by the direct RBSmeasurement.

3side. Flow meters and thermistors were used toestimate total power loss in the individual windows.Data collection was done through Labview¤ on aMacintosh platform.3.1 Coating of 6x1015 atoms/cm2, nobakeoutOur first windows were coated with the "standard"SLAC coating thickness in the center used on theSLAC LINAC pulsed klystrons. The coating thicknesstapered off towards the edge to about half that in thecenter. These first windows were operated without abakeout. The test results are shown in Figure 2.

input power, kW

DT, C�051015202530354045500100200300400500testing invacuumtesting innitrogenFigure 2. Windows #3 and #4 coated with 6x1015atoms/cm2 in the center.Blue multipactor-induced glow on the alumina wasobserved above 200 kW and the temperature increasedrapidly as shown. The vacuum test was terminated andthe test chamber vented to nitrogen.In order to estimate the temperature rise from justohmic losses, the windows were operated up to 500 kWin an atmosphere of pure nitrogen. This test wasrepeated for various coating thicknesses on the aluminawindows and the results are summarized in Table 1.TiN coatingDT @ 250 kWDT @ 500 kW

(atoms/cm2 )(C�)(C�) none715

6x10151637

9x10152752

Table 1. DT measured from the center of the window tothe input water temperature with RF power in anatmosphere of N2. (TiN coating is measured in thecenter of the window.)3.2 Coating of 9x1015 atoms/cm2, with abakeout to 150 C�The next windows tested were sputter coated with9x1015 atoms/cm2 in the center, again the thicknesstapered off towards the edge to about half that in thecenter. These were baked out to 150�C and RFconditioned up to 500 kW in one day. The maximumoperating DT was 105�C on window #6. Window #3operated 25� cooler. (see Figure 3.)

Power, kW

DT, C�0204060801001200100200300400500#6#3Figure 3. Window #3 and Window #6 operating invacuum up to 500 kW.The chamber was vented to nitrogen and ran with RFto 500 kW to determine the temperature due to ohmiclosses. The temperature of window #6 wassignificantly lower during this run, and it was decided togo to vacuum again without bakeout. (This sequenceof venting to nitrogen and going back to vacuumwithout bakeout is similar to what might beexperienced during installation.) Operation at 500 kWwas quite readily resumed, but surprisingly, thetemperature of window #6 at 500 kW was the same lowDT as during the nitrogen test. This suggestedadditional N2 was absorbed by the coating on thewindow and its resistivity altered.

Total time at 500 kW, hrs

DT, C�404550556065700.0050.00100.00150.00200.00Figure 4. Measurements of DT of window #6 vs.accumulated testing time at 500 kW in vacuum afterventing to N2As more hours were accumulated at 500 kW, thetemperature slowly increased. (see Figure 4.) Thisresult is most likely due to weakly-bonded nitrogen inthe crystal lattice vacancies of the sputtered TiN. It isknown, for example, the resistivity of TiNx varies from25-800 mW cm, depending on the value of x (.6<x<1.2in the face-centered-cubic d phase) and the grain size [3].These effects will be studied in further experiments tooptimize the TiN coating.

43.3 6x1015 atoms/cm2 at the center and edge,bakeout to 150C�In an effort to bring down the DT at operating powerlevels, the coating thickness was lowered in the centerof the window, yet increased at the very edge in thetriple junction region. As shown in Figure 6, theoperating temperature of these windows is half that ofthose shown in Figure 3.

Input Power, kW

DT, C�0510152025300100200300400500Figure 5. The DT (from the center of the window to theinput water temperature) of windows with 6x1015atoms/cm2 on windows #5 (o), #8(n), and #9('),operating in vacuum at the RF power levels noted.4. BAKEOUT4.1 Bakeout Temperatures

Bakeout Temperature, �C02040608010012014016017-May19-May21-May23-May25-May05001000150020002500 gas pressure, uawin #5 and #9tempgas

Figure 6. Bakeout temperatures and gas pressureachieved during the 5 day bakeoutThe processing time of the windows appears to bestrongly dependent on the maximum temperatureachieved during bake and the length of time at bake.Windows #5 and #8 were baked out to 135-140�C andtook two to three days to achieve 450 kW. Windows#3 and #6 were baked out to 150�C for less than eighthours and processed quickly to 500 kW in a day.Windows #5 and #9 were baked out from 145-155�C forover 12 hours and processed very fast to 300 kW inless than an hour without any signs of electronicactivity or outgassing.The most likely reason for the unusually easy, gas-free processing of windows #5 and #9 to 300 kW of RFpower is shown in Figure 6. Two outgassing peakswere observed above 100�C: one in the 120-130�Crange, and another in the 140-150�C range. The firstpeak is probably due to the outgassing of metalsurfaces, and the second peak probably due to theoutgassing of alumina surfaces resulting from the likelyhigher bonding energy of gasses in alumina.Figure 7 shows the response to the application of300 kW after the windows have already been run for 12hours at this power level. No pressures rise, gasbursts, or light emission was observed. is necessary togo through the second peak and remove gas from thesurface of the alumina ceramic.REFERENCES[1]M. Neubauer et al, "High-Power RF WindowDesign for the PEP-II B Factory," Proc EPAC 94,June 27-July 1 1994, London[2] M. Neubauer et al, "High-Power RF Window andCoupler Development for the PEP-II B Factory,"Proc PAC 95, May 1- May 5 1995, Dallas TX[3] B. Burrow et al, "A correlation of Auger electronspectroscopy, x-ray photoelectron spectroscopy,and Rutherford backscattering spectrometrymeasurements on sputter-deposited titanium nitridethin film," J. Vac. Sci. Technol. A 4 (6), Nov/Dec1986, p2463-2468