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Development of Nano-Fabricated Composites for Superconducting RF   
 
 Recent progress with ILC structure development has shown that the 
standard method of producing rf cavities (forming, baking, cleaning, etc.) 
does not reliably produce the gradients required by the ILC design. 
(Current averages are 25 +- 4 MV/m produced, and >35 required).  The 
failure modes of these structure are becoming better known, in part because 
of work in the Neutrino Factory / Muon Collider.  
 
 M. Pellin, ANL/MSD, has proposed the use of Atomic Layer Deposition 
(ALD) to produce surfaces that could be better and cheaper than producing 
superconductors the standard way.  Structures fail due to: 1) field 
emission, 2) critical field limits, 3) high field Q slope, and 4) 
multipacting.  It seems possible to fabricate inexpensively structures 
which: 1) coat the substrate with thick Nb layers that increase local 
radii, decreasing local fields below field emission thresholds, 2) are 
layered, so critical fields are filtered (A. Gurevich), 3) are pure enough 
so that models of high field Q slope are invalid, and, 4) can be covered 
with monolayers of TiN to quench multipacting.  It is important to 
emphasize that this technology seems to be able to remove all known 
constraints on SCRF gradients and also significantly reduce the cost of 
these structures. 
  

Although the technology of ALD is fairly well advanced, the 
requirements of high gradient accelerators are unexplored.  It will be 
necessary to learn how to deposit pure Nb, Al2O3, MgB2, TiN, NbN and other 
materials in acceptable surfaces and test these surfaces.  The present plan 
is the following: 

• Phase I, Understand the required chemistry:  This will involve 
primarily surface science technology, with measurements using 
ellipsometry, Atom Probe Tomography, SIMS, and other techniques (all 
of which are presently available at Argonne, Northwestern, and the 
University of Chicago).  In addition a small theoretical effort 
(perhaps within A. Abrikosov’s group at Argonne) would be very 
helpful.  This effort must be accompanied with an active SRF 
materials program aimed at understanding superconducting surfaces. 

• Phase II, Test coatings in cavities:  This work will require the 
construction of a larger deposition chamber, the use of a variety of 
cavities (1 and 9 cell), and test equipment, including cryogenics and 
supplies for high power testing.  

 
a) FY 2007 Accomplishments:  We have begun preliminary experiments aimed 
at growing niobium and Al2O3.  These tests will be measured with existing 
instrumentation at ANL and Northwestern. 
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b) FY2008 Plans:  In order to fully exploit this method it will be 
necessary to demonstrate the capability to deposit layered composites, 
(perhaps MgB2 on Al2O3 on Nb on Cu) using technology appropriate to 
cavities.  We will construct a deposition chamber for larger cavities. 
 
c)    FY2009/10 Plans:  The program will do iterative studies looking at 
how the properties of the deposited surfaces determine the high gradient 
cavity performance, coordinating this work with the ILC program. 

 




