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In the frame work of the collaboration between 

ENEA-Frascati and IPJ- wierk, the Accelerator 

Physics and Techniques Department is responsible for

development, construction, manufacturing and RF

tuning of SCDTL (Side Coupled Drift Tube Linac)

section accelerating protons from 7 MeV up to 

17MeV. The section is composed of 3 subsection

containing 5 modules each. One module contains 5

drift tubes plus a coupling cavity. The successive

modules of sub-section are coupled by a “side” cell as 

shown in Fig. 1. As it is low  structure the successive

accelerating modules have increasing longitudinal

dimensions. Consequently to keep equal resonant

frequency of all modules there is quite a lot of 

gymnastics (2D and 3D rf simulations) with the

dimensions of drift tubes in each module.

Fig. 1 The RF “triplet” composed of 2 accelerating modules and

coupling cavity (on top).

In 2006, following the 2D (LANL SUPERFISH

code) and 3D (CST MWS code) radio frequency and

proton dynamics calculations, all the dimensions of

the middle subsection were fixed and design

documentation was made. In Fig. 2 the drawing of

part of this sub-section is shown. The technology of

manufacture (machining with accuracy better than 

30 µm and complicated brazing in H atmosphere) was

worked out successfully and some parts of the

subsection are already produced.

Fig. 2 Middle part of second sub-section of SCDTL linac (the part

of design drawing).

In Fig. 3 the photo of the water cooled drift tube

block ready for assembling in module body is shown.

Fig. 3 Drift tube assembly of SCDTL subsection. Ready for

brazing in module.
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10.6 Superconducting Nb Layers Generation Using Vacuum Arc Deposition Method
by J.Lorkiewicz , R.Russo1), D.Digiovenale2), A.Cianchi2), S.Tazzari3), P.Strzy ewski, V.Merlo3),

M.Salvato3), R.Polini3)

Work on optimisation of super-conducting

parameters of niobium layers reached on copper and

sapphire substrates by using a vacuum arc have been

continued in 2006 [1]. A series of tests has 

been performed  to determine thickness, RRR,  lattice

parameters and surface morphology of Nb surface

layers obtained in a planar arc at different substrate

bias values and different angular orientation of the

samples to the arc plasma propagation direction.
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Table 1 
Lattice parameters of a Nb layer on copper substrate reached at

different substrate bias values.

Table 2 
Lattice parameters, thickness and RRR values of a Nb layer

obtained on sapphire surface perpendicular to the plasma stream,

achieved at –40V substrate bias.

The obtained data (Table 1, 2) show that,

irrespective of the substrate bias value, the lattice

parameter of niobium layers reached on copper

samples does not differ from the lattice parameter of

bulk niobium, whereas for the layers obtained on

sapphire it is bigger by roughly 0.001 nm. This

indicates some stress within the layer. RRR values of

layers deposited on sapphire varied from ca. 30 to 50

for layer thickness value ranging from 0.7 to 3 m.

These values remain stable for the normal to substrate

surface rotated by 300 to the arc plasma propagation

direction. At the rotation angle of 750-900 RRR drops

to below 20. SEM studies have shown that for such

high rotation angles numerous surface irregularities

(extrusions of dimensions of ca. 100 nm) are present

in the surface layer which may result in an increased

field emission in the RF field.

A new planar arc stand with a “T-type” micro-

droplets filter has been installed in 2006, equipped

with a plasma beam magnetic scanning system at 

its exit. An ion current of nearly 500 mA has been

reached  upstream  of  the scanning  system  at  an  arc 

current of 130 A. This corresponds to an average ion

density of 7-8 mA/cm2 across a 0.71 dm2 substrate 

holder. The density of niobium micro-droplets (of

radius bigger than 200 nm) has been reduced by using

the filter, down to below 400/mm2 on most of the

substrate holder surface. Two circular, 95 mm in

diam. copper samples have been Nb-coated in 2006

using the “T-filter” and tested for Q value in Cornell

University using a perturbation method. The quality 

factor values were 108 and 2 108, respectively, at a Q-

value for the empty cavity equal 3.8 108.

Another planar arc system equipped with a

chamber shaped as a 1.3 GHz TESLA accelerating

cavity has been optimised for arc plasma transmission

and the surface layer distribution homogeneity. To this

end a series of measurements has been performed with

the “cavity” chamber equipped with a system of ion

current collectors and sapphire witness samples.

Fig. 1 “Cavity” chamber with a slant coil. 

The best layer uniformity has been reached using a

slant magnetic coil mounted on the chamber (Fig. 1).

With this magnetic field geometry a deposition rate of

ca 50 nm/min was achieved next to the cavity equator.
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a Cu (Å) a Nb (Å)

Pl06_08

Cu2 -23
3.610 3.301

Pl06_05

Cu2 -40
3.608 3.301

Pl06_04

Cu2 -60
3.610 3.301

Pl06_07

Cu2 -80
3.610 3.302


