Surface observation of Scanning Field Emission Microscope and Cu/Mo, Cu/S.S Clad-material Cell Development for High Gradient X-band Structure
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Abstract
The fabrication technologies for X-band high gradient accelerating structures have been studied at KEK with SLAC, INFN and CERN. A scanning field emission microscope has been developed at KEK for the observation of the microscopic surface defects which may be related to the breakdown trigger. It is theoretically discussed and experimentally shown that the surface damages due to the pulse surface heating may cause the breakdowns. We propose accelerating structure cells which are composed of clad material with the hard copper in the high pulse surface heating area (to mitigate pulse heating damage) and the high melting point material (Mo, Stainless Steel) in the high electric field area (to mitigate breakdown damage) . Such cells are being prepared for the studies of fundamental breakdown phenomena.　 We present the experimental results of a field emission characteristic at the arbitrary points and scanning with 0.5mm by 0.5mm area on the OFHC copper surface employed developed scanning field emission microscope. And describe about investigation of molybdenum, stainless steel/copper disc iris in 11.424 GHz rf accelerating structure to achieve enhanced gradient operation at future linear colliders/compact accelerator.  
1. INTRODUCTION
  Since 1990, KEK has been studying the X-band accelerating structure fabrication technologies and has been strongly collaborating with SLAC. So far high gradient and wake field performance tests were carried out with both laboratories. Currently such items are being studied as various materials, surface preparation and assembly technologies in order to understand what determines breakdown performance and pulse heating damage. Especially the microscopic study on materials and surface preparations are experimentally performed. After realization of the high gradient accelerating structure, an order of a few ten thousands structure sections must be manufactured with cost effectively for the construction of a TeV energy range accelerator. Measurements of field emission current at each point on the surface and field emission distribution on the surface area are very important because the there is possible to the field emission enchantment is caused due to the surface defects. So Scanning field emission measurement is the one of the tool for seeking field enhanced region and point on the surface which is same surface treatment as a high gradient rf structure materials are present in this paper. Copper is obviously interesting for rf application due to its high electric conductivity and thermal conductivity, also possible precision machining. Copper has been investigated, since the fabrication techniques of a HIP stainless steel/copper and Molybdenum/copper disc iris are described in order to achieve extremely high gradient operation at 11.424GHz rf structure. In this presentation we will present a summary of the fabrication efforts for the high gradient structures and a future perspective of accelerating disk fabrication technologies.
2. EXPERIMENTAL SETUP OF SCANNING FIELD EMISSION MICROSCOPE
Figure 1 shows a schematic view of the scanning field emission microscope setup. A tungsten tip is used as an point anode which made by electro polished, OFHC (oxygen free high conductivity) copper was used as cathode which is plane configuration with two kind of surface treatment at the same sample, one is a diamond turned surface another one is chemical etched surface. They are located in an ultra vacuum chamber at a typical pressure of 10-7 Pa. The anode tip is a less than 1m in diameter, and cathode (sample) is a 10mm x 40mm rectangular plane. The sample is treated with 600 degC with 2oures period in vacuum. The vertical position of the tip is enabled to control utilizing the precise screw and PIEZO actuator which determines absolutely 0.1 m level gaps. The tow axis linear stages are installed and pulse motors are mounted outside the chamber, the stages movement is capable feed through axis which has 0.1 m positioning accuracy. The zero distance is found by bringing the electrodes into contact by PIEZO actuator. The gap distance is set to 1 m, it is necessary to reach field of 200MV/m with available 200V power supply. Firstly attempt to measure field emission at arbitrary points with keeping 1 m gap and change applied voltage from 0 to 200V with 10V step. Secondary is to be measured one dimensional scanning with keeping 1 m gap and 1 mm traveling each on the mirror surface and chemical etched surface. Finally 2mm x 2mm area scanning with same gap of previous measurement with applied voltage of 200V.　　
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FIG. 1. Schematic drawing of the experimental setup.

3. TENTATIVE RESULTS AND DISCUSSION

A. Reproducibility of field emission current measurement
 Figure 2 shows the reducibility of the field emission current measurement due to the bias voltage change. The repeat of the five times measurement were attempted in order to confirm reliability of the experimental setup. The measuring conditions and procedure is as follows; Brig the anode tip to the sample surface by screw till about 50 m, then soft touch the tip to the surface by 0.1 mm step feed using the PIEZO actuator, then placed distance to the 1 m. The bias voltage is given from zero to 210 V with 10 V steps, after reach top voltage, goes to down by zero voltage mediatory. These procedures are five times repeated. The measurement results are good reproducibility with 4.3% repeat error. The validity of the field emission measuring system can be conformed.  
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FIG. 2.  Reproducibility test results of bias voltage change vs. field emission current.
B. Comparison of the F-N plots at any random points on the copper surface.  
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  Figure 3 shows F-N plots at any random point on the sample of the copper surface. The copper surface has treated at 600 degC. in the vacuum furnace after tuned by single crystal diamond tool which has 20nm P-V roughness and Oxygen free high conductivity copper material (HITACHI class 1: purity 99.996%) was employed. The distance between the anode tip and measured surface selected 1 m and the same measuring procedure of the above test is applied. The reason is considering sophisticated above test results which have good reproducibility of data taking procedure. The 35 arbitral points were measured. In the seven boxes graph, the five point measurement results are included at each one box graph. From these data, the all F-N plots have deviated from a linear function can be found. The applied voltage of 210 V at each points, value of I/E2 is around number of -52. The E value is calculated according to Poison’s equation. It is difficult to understanding curve which is bump around 1x10-8 (1/E) was found. The some F-N plots do not appear such kind curve. They can not understand in theologically of the crystal material surface. From the bellow graphs, F-N plot profile seems to be depended on surface conditions such contaminations, crystal defects, grain boundary, copper oxide layer, surface roughness and so on. A future test program, a single crystal with conformed crystal orientated surface without copper oxide layer with having atomic level surface roughness must be employed as a reference surface.  
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FIG. 3.  F-N plots at arbitral 35 points. One box includes five data each. 

C.  A One and a two dimensional scanning field emission measurement.

A one dimensional scanning field emission measurement has been carried out. The anode tip is traveled on the mirror surface and chemical etched surface individually. The roughness of the mirror surface and chemical etched surface are 20 nm P-V and 50 nm P-V respectively. The traveling distance is 2 mm length each. The data sampling pitch is 2.5 m and the 0.1mm/sec scanning speed is selected. Figure 4 shows the scanning field emission profile of the each surface. The characteristics of the both data profile are very similar which has several field enhanced positions and flat top data explain the over flow of the current acquisition device. The field change of bellow anode tip due to surface roughness of 20, 50nm P-V is 2%, 5% respectively. Therefore measured field empanelment might be cased by surface contamination, crystal degradation.    
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FIG. 4.  One dimensional scanning field emission measured profile. (a) Mirror surface. (b) Chemical etched surface.
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A tow dimensional scanning field emission measurement has been demonstrated which is capable of the 0.5 square mm region with 2 m step field emission data taking. Figure 5 shows field emission strength distribution in the 0.5 square mm of the tow deferent area. These fields strength topography, the filed enhanced region explains blue cooler, both data, filed enhanced region is appeared from the top to down in linear line. The maximum field enhancement factor is times 7. The surface characteristics of such enhanced region might be due to the diamond cutter tool mark. Because the field enhanced figure is slightly linear. Another possibility, the tool feed mark might be contained a thick copper oxide, gas and tremendously destroyed crystal formation compare to the normal place. In order to conform these predictions, needs to check by XPS, SEM and X-ray diffraction.
FIG. 5. Two dimensional scanning field emission measurement results. The both graphs are arbitrary selecting area.

Figure 6 shows the one of the data of PMT (Photo Multiplayer Tube) signal when scanned a field enhanced point on the surface. The signal strength of PMT dos not calibrate yet. We cool breakdown site in this point. In the scope picture, the yellow line corresponds to PMT signal and the blue line corresponds to field emission strength.  The small scattered signal of the field emission before PMT signal appears might be seeds for breakdown trigger. Anyway precise observation of the surface characteristics is need in order to understand breakdown and breakdown trigger physics. 
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FIG. 6.  Observation of a field emission enhancement and photo emission in a breakdown activity. The arrow place signal might be a breakdown trigger signal. Yellow line: photo emission, Blue line: field emission.
4. CU/MO, CU/SS CLAD-MATERIAL CELL DEVELOPMENT FOR HIGH GRADIENT X-BAND STRUCTURE
For enhanced gradient operation of the X-band accelerating structure, We propose accelerating structure cells which are composed of clad material with the hard copper (Cu) in the high pulse surface heating area (to mitigate pulse heating damage) and the high melting point material (Mo, SS/Stainless Steel) in the high electric field area (to mitigate breakdown damage) . Such cells are being prepared for the studies of fundamental breakdown phenomena. Material fatigue due to the pulse heating is of importance for high gradient structure design.  A HIP is employed for the Cu and Mo, SS bonding, because the thermal expansion coefficient of the Cu, Mo and SS is quite deferent such 1.6x10-5, 1.0x10-5 and 0.6x10-5 respectively. So for obtaining a good junction between them needs not only high temperature but also high pressure. The table 1 shows HIP conditions for Cu/Mo and Cu/SS clad-material producing.
Table 1. HIP conditions for Cu/Mo and Cu/SS clad-material producing.
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Temperature: 100 Mpa
Pressure: 1073 K
Time period: 2 hours
Between gap at room temperature: Cu/Mo 50m, Cu/Mo* ~100m
Envelopment: Ar gas

Vacuum can: SS 2 mm thick covered sample with inside vacuum 

Material grade: Cu OFHC class 1, Mo 5N melted, SS SUS316L

* Coated silver 30mm on the Mo before HIP 

The results of HIP processing, Cu/SS and Cu/Mo clad material is covered by SS cylinder which Cu is keeping the high hardness such 80 Hv compare to normal hardness of ~30 Hv. The mirror surface tuning (machinavility) of Mo and SS is very difficult, therefore diamond polishing is applied after figuring by tungsten carbide tool. Figure 5 shows the single cell SW structure designed by V. Dolgashev (SLAC). The obtaining good rf contact and vacuum titer between cell to cell without high temperature bonding, the SS ring with sharp edge such coon flat vacuum flange is employed for escape hardness reducing due to high temperature bonding processing. It test already done with good performance.

[image: image2.emf]
FIG. 6. Cartoon of the single cell SW structure for enhanced gradient operation.
Figure 7 shows the picture of the fabrication finished cells for Cu/Mo single cell structure. The surface of Mo is mirror surface and tuning error is less than 2 m. Figure 8 shows the whole of the single cell SW structure which is tested stacking of the cells. Whole cells and ports have processing of light etching, purer water rinsing and super sonic alcohol rinsing with 50 degC. Then assemble them in the clean room (class 100). 300 degC annealing with 2days time period is employs as final surface treatment.
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FIG. 7.  (a) HIP Cu/Mo cells. (b) whole single cell SW structure test assembly.

5. SUMMARY

 The scanning field emission microscope can easily provide measurement of field enhanced region. Even if these quantities depend on the specific features of surface treatment and setup, these experiment could help selecting surface treatments. 
acknowldgment
This work was partially supported by Grant-in-Aid for Science Research (B), 19206019, 2010 and Japan Science and Technology Corporation from the Ministry of Education, Science, Sports and Culture, Japan. The authors wish to thank the High Energy Accelerator Research Organization for its continual help.
Reference






_1359197602.pdf





