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Goals for this meeting:


The goals for this meeting were to review recent R&D efforts towards EP quality control, collect perspectives from industrial partners on the current process techniques and process quality assurance, review the progress on eliminating problem areas effecting performance, reviewing the current R&D results towards reducing performance spreads and to brain storm on process and system improvements. 

· These goals were ambitious but were achieved by extending the meeting times and it is the convener’s recommendation to increase the allotted meeting time in additional meeting on electropolish development to allow for increasing the depth of the discussions.  

Electropolish Process Quality Control:


The leading concerns for the electropolish process are currently focused on the understanding of the final cavity surface conditions due to the nature of the electropolish process that leaves sulfur and other contaminants on the niobium surface and the ability to measure and control the quality of the electrolyte used for this process.   During this meeting several presentations were given on electrolyte quality control.  During this meeting the following methods of analyzing the standard EP electrolyte mixture (HF+ H2SO4) were introduced and discussed: 

· Titration (Henkel Co.)

·  Inductively coupled plasma optical emission spectroscopy (Henkel Co.)

·  Ionic- chromatography (Henkel Co.)

·  Total organic carbon (Henkel Co.)

·  Nuclear magnetic resonance (Henkel Co.)

·  Fourier transformation infrared spectroscopy- attenuated total reflection (Henkel Co.)

·  Ion selective electrode method (FNAL)

·  Capillary Electrophoresis method (Nomura Plating Co./KEK)
· Online Reference cells (DESY/JLAB)

Results from discussions on electrolyte QA:

1. There has been much activity in investigating what methods are available for electrolyte analysis with heavy input from industry (Nomura Plating and Henkel Co)

2. It is clear that no single method can fully analyze the electrolyte (mixture and content) and all methods are expensive, sensitive to errors and are difficult to interpret results. It is therefore extremely important to determine what aspect of these available methods can lead to better control of the process and improved cavity performance and reproducibility. These efforts are focused on the determination of how much HF and its associated ions, are in the electrolyte mixture at various stages of use and should remain a priority.  

3. There is clearly not enough expertise and/or experience with these methods to implement any as an online QA method. Focus should be to continue using the industrial partners to develop more understanding of these methods, identify and choose key parameters to measure and use external resources (outside measurement labs) where possible to perform measurements until additional expertise is gained within the labs and in industry to determine if online monitoring is necessary and possible.

4. The inline IV reference cell implemented at DESY and JLAB is a less expensive approach to understanding how the electrolyte is changing over time.  The DESY reference cell should be implemented at all electropolishing facilities to standardize measurement techniques, speedup understanding of how the process is changing and to be able to directly compare these facilities.  

5. Analysis experiments were carried out by the Henkel Co with control mixtures using various analysis techniques. Two control mixtures were used both were diluted electrolyte solutions, one by adding DI water under low temperature controlled conditions (cool) and the second using city water with no additional temperature control (warm). The summary of results from these measurement are as follows:

a. Slightly less fluorine concentration (F and FSO3H) was measured with the warm than the cooled sample? One would have expected a stronger difference given the volatility of HF with temperature.  ??? This test should be repeated to verify results.

b. The warm sample had slightly more iron impurities in the solution and was most likely due to the difference in impurity content difference from the waters used to dilute the electrolyte.  The other impurity concentrations seemed more consistent with the two mixtures. 

6. Nomura Plating company/KEK performed several analysis experiments using capillary electrophoresis method.  Here samples were procured to first develop calibration curves and then measurements were made on several electrolyte mixtures containing increasing amounts of Nb in solution as well as measuring HF concentrations of their production baths.  The following are their results from these measurements:

a. Measurements from control samples differed in results than that of the actual production baths for F- concentrations.  In control samples the fluorine ion concentrations stayed constant during electropolishing up to 17 g/L of niobium generated in the process.  The actual production baths however showed strong drops in fluorine ion concentrations with increasing levels of niobium concentration.  This could be due to evaporation of HF from the baths due to the need for exhaust over the baths or removal of hydrogen gas during the processing.  
The result on the control sample indicates that CE method can catches the total F- ion in the EP electrolyte. As the chemical reaction equation in the EP process is well known, how much F- was consumed is calculated. Therefore,  how much active F- ion still remained in the electrolyte is determined by the CP method. This is an important finding.
b. The electrophoresis method looks promising and additional studies needed for this method and should be supported and continued. 

7. Additional methods such as Ion selective electrode analysis have been started but additional efforts are needed to understand the impact of this method.

Electropolishing R&D results


KEK has performed several single cell process studies towards a better understanding of performance spread using several process variations using tightly controlled  and repeatable procedures.  The following is the results from the discussions on these results:

1. In a pilot study with newly fabricated cavities a large spread in performance (39.1MV/m ±  8.2 MV/m) resulted from the first process cycle using standard KEK procedures.  These procedures use CBP (100m)as a baseline procedure to generate a uniform starting surface finish followed by a light BCP(10m) to clean the cavity. Field emission onset was the main reason for the spread in performance.

2. An additional chemistry: EP(20m)+EP(3,fresh acid) was performed on these cavities with a final chemistry with fresh acid on a closed cavity as the final processing followed by an additional HF rinse to remove chemical surface contamination.  Results from this run showed a much improved performance curve (45.8MV/m ± 1.9MVm).

3. Additional CBP and similar chemistry ;EP(80)+EP(3, fresh acid) was performed resulting in a spread larger than the second test and smaller than the first process cycle with a 42.5 .0 MV/m ± 3.4  MV/m.  
4. The difference of the spread between the first and the second could be understood by the contamination. The difference of the spread between the second and the third is interpreted that the heavy EP(80m) could produce a persisting contamination.
5. The fresh acid on a closed cavity  could make perfect sense that the surface should be cleaner with fresh acid than the typical process procedures.  Additionally field emission is the cause for most of the spread and additional rinsing after chemistry seems to help produce less field emission.  
6. The effects of the CBP are still unclear but it also makes sense that to get reproducible results starting with surfaces that are more uniform should lead to polishing that is more uniform and surfaces that are more reproducible.  

7. The conveners recommend using CBP for further studies on nine cell cavities as a means to understand its impact in comparison with performance limits from the standard process and as a means to recover cavity performances from early quenches.

Results from Discussions on System and Process Improvements


During this meeting many times the discussions turned to what in this process should be changed to improve it in both method and hardware.  The following is a summary of these discussions:

1. Most importantly all systems in current use have significant differences in both process used as well as hardware design.  These differences are in some cases subtle and in other cases dramatic but all may have an effect in the end results for the process performance.  Much of the discussions are aimed at flushing out these differences and trying to understand them.  

2. One of the main areas of concern is the small volume of electrolyte used at DESY as well as JLAB.  With increasing concern for precipitation of sulfur due to heating, excess niobium concentrations, contamination and loss of HF in the electrolyte, a small volume of electrolyte should make the process more sensitive to any of these problems.  The result
 of these discussions is that all agreed that a larger volume of electrolyte would be better for consistent results and current system are difficult to change this feature but future designs should take this into consideration. 

3. Current system designs have all produced good results and should be adequate to understand and improve the current process.  Any major changes to the current process could reset the learning curve.

4. All agreed that constant current control should be implemented for S0 studies but first demonstrated on single cell test cycles to ensure compatibility then be scaled to nine cell cavities.

Progress since last TTC meeting


During this meeting, a careful review of the list generated for the possible causes for performance spread was performed and resulted in removing the following items that were listed:

Scatter resulting from subtleties of EP process? 

1. Process parameters: non-reproducibility, non-uniformity of material removal, Set-up: acid level, cathode bag, cathode shielding, current leads, T-control
2. Reproducibility in acid composition (DESY), Draining and rinsing: overheating? for multi-cell cavities

Scatter caused by “environmental” problems? 

3. Malfunction of system, 
4. Vacuum problems, 
5. Problems during testing
Reasons for removal of these items:

1. DESY has done such a great job at controlling and documenting each production process cycle that significant evidence exist to be able to remove these possible problems due to the tight control of their procedures and processes.  Data from these procedures shows that they were reproducible and indicates that the spread in performance was not due to variations from these items listed but most likely some other variable that is not directly measured or controlled as of yet.  
Items left on the list:

1. Problems during rinsing and/or assembly

2. Human errors

3. Q-disease: unpredictable material?

These items were left on the list due to no strong evidence supporting their removal.  There are currently two spreads in performance that are forming the large distribution of performances, early field emission onset and early quenches.  There is strong evidence that early field emission is mainly due to generic surface contamination and can be easily modified by additional cleaning steps.  

After the electropolish process step the cavity surface is in its most contaminated state and there is concern that additional cleaning steps are not currently adequate to produce consistent results. The major concern is sulfur contamination which is non soluble and extremely difficult to remove and that the HPR cleaning may not be reproducible between labs or effective in covering all surfaces of the cavity interior.  

Both of these topics are subjects of TTC studies currently and need to be addressed for S0/S1 efforts to be successful.  Human errors are still problematic but results can be successfully identified and separated from study results. Q-disease is less of a problem today with very few cases during DESY production cycles and with none identified this year?

This is still not understood It has already been determined that the S0 testing shall include Q-disease tests until evidence supports removing this additional step from the testing process.

Additional topics discussed:

· Field emission must be solved at each lab due to the differences in facilities, system hardware and procedures in use, there can be no single cure for all facilities.  What is important is to discuss and share results from investigations performed and to develop a better understanding of the differences of each system and procedures used.  What would help this process would be to start implementing the same measurements at each location where possible, record the same parameters and openly share data from processes and cavity test results, there is already good progress in this area.

· Large grain single cell cavity tests have shown excellent results even without EP and more studies should be carried out to determine the spread in performance from this material in comparison with small grain structures.

Recommendations to TTC Board

1. DESY needs to document evidence to remove said items from the Frascati list (Reschke)

2. TTC board needs to manage efforts on reducing field emission (Coordination of resources and direction)

3. DESY must provide EP I/V cell design to be implemented at other labs, this is the easiest way to compare system performance (Matheisen)

4. Labs working on tight loop must identify an electrolyte QA program and provide details and an implementation schedule by end of this year

KEK (Saito), Jlab (Mammosser), DESY (Matheisen)

5. Need to complete EP operational specifications by end of this year, (Tajima)

6. At next TTC meeting:

1. DESY will provide analysis of the next 30 RF tests (Matheisen)

2. JLAb will provide analysis of all tight loop RF tests (Mammosser)

3. KEK will provide analysis of all tight loop RF tests (Furuta)

4. JLab will implement and provide field emission data from witness samples from tight loop (Mammosser)

7. TTC board in collaboration with ILC S0/S1 group must determine what and how data is going to be managed for this R&D effort 

8. Saito (KEK) will coordinate efforts towards resolving correct method for removal of sulfur and  be implemented by end of March 07

9. TTC board should review or assign task to review field emission reduction plans at each lab 

10. Labs must provide their detailed plans for reduction in their performance spread by the end of this year 

