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Abstract. 

Some recent developments and results in the fabrication technolug~ 
of Niobium cavities at different laboratories and companies are 
presented in this report. It reviews mainly some present material 
selection possibilities, their joining techniques and costs. 
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1.Review of  f a b r i c a t i o n  methods and costs. 

A comparative t a b l e  shows the  present methods o f  f a b r i c a t i o n  f o r  n i o b  
superconducting c a v i t i e s .  I t  i s  based on a design of a  lGhz/9cel l  
s t r u c t u r e  w i t h  rectangular  waveguide coup1 ings. The corresponding 
p r i c e s  ( k D M )  f o r  manufacturing one s t r u c t u r e  a re  r e a l  i f  no t  shown i n  
parenthesis. The manpower cos ts  a re  based on a wage r a t e  o f  5 0 . - d m / h r .  
The t o o l i n g  and f i x t u r e  cos ts  have been prora ted  f o r  a  product ion ot 
10 complete c a v i t i e s .  

Mater i  a1 
Tool ing f o r  deep-drawing 
l 8  h a l f  - c e l l s u  11 & CP 
9-cel l s t r u c t u r e ,  

mech. p repara t i on  & EB-weld 
RF-tuning,tumbling & CP 

Sput te r ing  o f  Cu on Nb, 
i n c l .  f i x t u r e  

1 -ce l l  ga lvan ic  coa t ing  Ag 
9-cel l 41 11 l 1  

Waveguides " II 
11 

l - ce l  l bra2 i n g  o f  coolg. tubes 
Cav i t y  compl." " a) IS 

Temperature mapping f i x t u r e  
kF co ld - tes t  (1300 1 LHe) 
F i r s t  r e p a i r  i f  defects ,  

i n c l .  f i x t u r e  
Tumbling and CP 
Repair s p u t t e r i n g  of Nb 
2nd. RF c o l  d - tes t  
Mater i  a1 wavequi de coup lers  
Waveguide couplers,  mechanical 

prep., EB-welding and CP 
9-ce l l  s t r u c t . w i t h  waveguides, 

mechanical prep. and EB-weld 
Complete c a v i t y ,  tumbl. & CP 

Cryostat  manufacture (wi thout  
waveguides & kF-window) 

Safety equipment 
Cavi ty  i n s t l .  i n  c r y o s t a t  
Vacuum t e s t ,  room temperature 
Vacuum t e s t ,  c o l  d 

.. Cu-Nb 
spu t te r  

Footnotes: 
Nbl  = Reactor grade Niobium, deep-draw q u a l i t y .  
Nb2 = Hi gh-thermal -conducti  v i  t y  Niobium, deep-draw qual i t y .  
w a Test be fore  ga lvan ic  coat ing.  

. Nb1/2 
galv.  coa t  

Nb l 

Tota l  cos ts  

Cost per meter s t r u c t u r e  

Nb2 

369  

273  

39 9 

296  

3721402 

2761298 

Proceedings of SRF Workshop 1984, Geneva, Switzerland SRF84-32



2.1. Niot j i  Ltm E l  ectron-beam welding. 

The normal Eb-welding procedure ( i n s i d e  and ou ts ide  weld-bead) has 
shown t o  be a  vsry  r e l i a b l e  method of  j o i n i n g  Niobium s t ruc tu res .  
Welds o f  t h i s  type have been made r e l i a b l y  a t  several  p laces 
( r e f .  1,2,3,4,5). I n  places where i t  was not  poss ib le  t o  make an i ns i de  
weld the  underbzad was purposely made l a rge r  t o  avoid holes i n  the  
weld z o n e  a f t e r  the  requ i red  gr ind ing .  The welds show no l o s s  of 
thermal cc~nduct i  v i  t y  or  superconducting p roper t i es .  

k onesldrd weld w i t h  smooth underbead was a l s o  produced by us ing 
d i f  f er-end.:. welding parameters. Th is  should e l im ina te  t he  necessi ty  o f  
g r ind ing  the  i n s i d e  sur face t o  ob ta in  the  requ i red  smoothness. 
One 9-.ce11,1Ghz s t r u c t u r e  was manufactured i n  t h i s  manner ( ref .6)and 
tes ted ! re f .7 ) .  There was no performance d i f f e rence  compared w i t h  the  
two-sided welds.The welding parameters a re  unknown, bu t  the  wide weld 
i s  the d i t i n c t  , feature compared t o  the  c l a s s i c a l  EH-welds. 
Also i n  view of ob ta in ing  a  s i n g l e  sided, smooth underbead weld, a 
welding techni  que c a l l e d  "Rhombic Welding" ( r e f  .8) was developed. The 
TIG-weldj.ng parameters were taken as the  bas i s  f o r  determining the  
energy, energy d i s t r i b u t i o n  and welding speed. Th is  way i t  i s  poss ib le  
t o  work: wi thout  a defocussed beam. fi defocussed beam i s  more d i f f i c u l t  
t o  repraduce and tends t o  produce small ho les  i n  the  weld. 
The "rhombic weld" produces a l s o  an extremely wide weld. Typical  
we ld i n j  parameters f o r  1.5mm mate r ia l  are: 50 KV, 35 mA, 7 . 5 m m / s  
welding spked, ::mm max. t rave rse  de f lec t i on ,  and 1.5mm max 
1ong.def l e c t i o n .  The r e s u l t a n t  weld i s  about 5mm wide a t  t he  top and 
4mm a t  t t ie b o t t ~ ~ i n .  
More d e t = t i  1s and recommendations on Eb-Welding i n  ( r e f .  l )  t h i s  
wor k sh i ~ p  

It i s  used presen t l y  on ly  f o r  r e p a i r s  and weldings i n  zones 
inaccecisi b l e  t o  the  EB. Not recommended because o f  poor re1  i a b i  l i t y .  
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2.3. E r a z  in,g Niobium t o  S t a i n l e s s  Steel .  

Very r e l i a b l e  j o i n t s  a r e  made w i t h  t h e  BOAu-2OCu braz ing  m a t e r i a l  
( r e f  .9). A good p repara t i on  o f  t h e  p ieces t o  be jo ined I S  e ~ j s e n t i a l .  
The braz ing furnace must h o l d  a vacuum b e t t e r  than 10-4 mbat- a t  960C 
and has t o  be equipped w i t h  a CN2 o r  Freon b a f f l e  t o  t r a p  the  water 
vapor. F ig .  l shows a t y p i c a l  mechanical p repara t i on  f o r  a t!tbe- 
f lange brazing. 
Only the  f i r s t  b raz ings  were mechanical ly t e s t e d  repeated ly  a t  LN2 
temperature w i t h  subsequent He-leak t e s t s  ( re f .10)  and they showed no 
f a i l u r e .  
The p r i c e  of t h e  b raz ing  m a t e r i a l  is approx. equal t o  the  qr~lct p r ice .  

2.4. Exp los ive  Bonding o f  Niobium t o  S t a i n l e s s  Steel .  

To avoid clamps a t  f l anges  i t  i s  u s e f u l  t o  have a ma te r ia l  w i t h  higher 
s t reng th  t o  back: up t h e  Niobium. Th is  can i n  some cases s i m p l i f y  the  
design and p rov lde  t h e  r e q u i r e d  r i g i d i t y  f o r  t h e  gaskets. 
A f t e r  a t r i a l  t e s t ,  some 22mmSS/3mmNb p l a t e s  were produced ( re f .11 )  
and used i n  t h e  f a b r i c a t i o n  o f  t h e  wave-guide f langes  f r 3 r  l!.;H;r 
s t ruc tu res .  The q u a l i t y  o f  t h e  bond seems e x c e l l e n t  and remained 
vacuum t h i g h t  af t e r  severa l  LN2 c y c l e s  be fore  and a f t e r  welding t o  
connecting pieces. Fig.2 shows a c u t  t h r u  t h e  bonded surface. The 
smal l  b r i t t l e  splashes o f  SSteel mixed w i t h  Niobium can be ~ a s i  l v  
avoided by changing some manufactur ing parameters. . 

I n  order t o  reduce t h e  welding c o s t s  and t o  avo id  u n c e r t a i n t i e s  I n  t h e  
welds t h e r e  was a g rea t  deal  o f  work done t o  f a b r i c a t e  hydroformed 
Niobium strctctures.  Although i t  has been demonstrated ( r - e f  .H, 1.2,13) 
t h a t  t h i s  method o f  f a b r i c a t i o n  i s  f e a s i b l e , i t  i s  no t  t he  most 
economical a1 t e r n a t i v e  f o r  t h e  q u a n t i t i e s  r e q u i r e d  a t  t he  p r  esent. The 
d i f f i c ~ t l t y  i n  ob ta in ing  Niobium tube shapes i n  deep-draw q u a l i t v ,  the  
many i ntermcdi a t e  anneal i n g  c y c l e s  requ i red  and t h e  r a t h e r  rough 
i n s i d e  f i n i s h  a r e  t h e  main nega t i ve  fac to rs .  
The advantaqes o f  t h e  hydroforming technique a r e  n o t  obvious s ince  i n  
t h e  meantime t h e  problems w i t h  t h e  EB-welds have been reduced t o  a 
minimum . 
For these reasons t h e r e  i s  n o t  much e f f o r t  made i n  t h i s  d i r e c t i o n  a t  
t h e  present.  Only one l a b o r a t o r y  ( re+  . 4 )  w i l l  a c t i v e l y  cont inue t h i s  
wor 1.: 

4. Surf ace Coatings 

The r e a d i l y  formed Nb-oxides make i t  d i f f i c u l t  t o  apply  m e t a l l i c  
coat ings on Niobium o r  viceversa. Previous work ( re f .14)  show the 
grea t  advantage t h a t  can be obta ined by  i nc reas ing  t h e  thermal 
c o n d u c t i v i t y  of t he  m a t e r i a l  which c a r r i e s  t h e  heat t o  t h e  LHe. This 
improved thermal c o n d u c t i v i t y  can be obtained by: 

Proceedings of SRF Workshop 1984, Geneva, Switzerland SRF84-32



4. 1. I \ l l  i i t i c ~ m  Sput ter ing on Copper 
By sputt6::ring a t h i n  superconducting Niob coat on a  mater ia l  w i th  high 
thermal c i _ ~ n d u c t ~ v i t y ,  e.g OFHC-Cu .The d e t a i l s  on t h i s  worl:: w i l l  be 
reported 11-1 t he  next t a l k  ( r e f .  15) 

4.2. G a l  va r~ i c  coat ing o f  Niobium 
The jalv, .>nic coat ing  has t o  have a  h igh  thermal conduc t i v i t y  a t  LHe- 
temperatc \ re ,e .g .very .pure  s i l v e r  o r  Copper. 
A Niobil-t~n l - c e l l ,  1  Ghz c a v i t y  was coated w i t h  a  0.3mm layer  of  pure 
s i l v e r  w i t h  a specia l  l y developed method ( r e f .  S ) .  The c e l l  was then 
tempered at 740 C a t  cJ*lOE-6 mbar t o  improve i t s  thermal conduc t i v i t y  
a1 low t i .~mperatures,chemical ly cleaned and then tested i n  a  normal LHe 
c ryos ta t .  Fesu l t s  on fig.;. 
The o b ~ i c x ( ~ - -  ne:.; t step was t o  a t tach  coo l ing  tubes on t he  s t r uc tu re  f o r  
forced 1-HE co l rng  t h r u  pipes. This would rep lace the  LHe bath cool ing 

used prLjs.erttl y  3nd e l im ina te  t he  cost1 y  LHe-bath c ryos ta t  w i t h  i t s  
inherent design compl icat ions and sa fe ty  problems. 
From the r e s u l t s  i n  f i g .3  i t  seemed t h a t  one p ipe  winding would be 
s u f f i c i e n t  t o  do t he  cool ing,  but  a redundant number of  tu rns  was 
brazed un the  s t r uc tu re  t o  account f o r  eventual braz ing defects and 
h igh  thermal re:sistance reg ions  i n  the  braz ing zones. Fig.5 shows a 
cu t  t h r u  a braz ing  sample. It i s  intended t o  disconnect l a t e r  s o m e  
windings t o  evaluate t h e i r  coo l ing  capaci ty  t h r u  comparison w i th  the  
f u l l y  wot-\no s t ruc tu re .  The r e s u l t s  f o r  t he  brazed s t r uc tu re  as seen i n  
f i g . 4  1s shown i n  Table 1. 
The ther~nal  i s o l a t i o n  o f  t he  s t r uc tu re  i n  t he  vacuum vessel was very 
poor due t o  the  small dimensions o f  the  ava i l ab l e  tank. 
The e:.:pected LHs-f low problems due t o  osc i  l l a t i o n s  i n  the  gas-l i quid 
phase were overcome i n  t h i s  t e s t  w i t h  an increased f l ow  r a t e  (up t o  30 
l / h r ) .  Thic f l o ~  r a t e  would be g r e a t l y  reduced w i t h  an adequate LHe- 
feed sSjstenl. Since there  was no obvious explanat ion f o r  t he  
discrepancy w i t h  t he  previous values, t he  s t r u c t u r e  was tes ted agaln 
I n  a LHe bs th  t o  narrow t he  choice o f  p o s s i b i l i t i e s .  Results on f ig.6.  
The discrepancy between both r e s u l t s  could poss ib l y  be removed by one 
or mars chi.nges i n  the  t e s t  procedure,e.g.: 
-slower coo l ing  r a t e  near t he  t r a n s i t i o n  temperature t o  avoid 
entrappea f i e l d s  due t o  d i f f e r e n t  mater ia l  layers.  
-bet ter  thermal i s o l a t i o n  between c a v i t y  and cryostat .  The t e s t s  were 
done w i  t h o ~ ~ t  a cooled r a d i a t i o n  shie ld.  
-improg.eil thermal c o n d ~ i c t i v i  t y  i n  t he  coo l ing  tube region. 
-The teiirper a t ~ t r s  sensors must a l so  prov ide more accurate readings t o  
permit t l  le meas~..trement o f  temperature grad ients  on the  sur f  ace between 
the  cool l r19 tubes. 
Table 2 ~_hc,ws t l ~ e  measured RRR-values ( ref .16)  f o r  the  mate r ia l s  used. 
They s h o w  t h a t  improvement i s  possible. 

4.3. Sprayed ccat ings  on Niobium. 
Plasma-spr~yed coat ings w i t h  pure copper are  not  poss ib le  due t o  t he  
format i on o f  ox i des d u r i  ng t h e  spraying process. 
Vacuum F'lac-ma Spraying (ref .17) has a l so  no t  been successful u n t i l  
now. Phi2 cost c f  samples i s  very h igh  due t o  the  involved set-up 
procedure ~n t ha  vacuum tank. Pure copper su i t ed  f o r  spraying would 
cost appro: . 8 t lmes as much as t he  present s i l v e r  p r ice .  The t e s t s  
have na t  tcan completed ye t ,  bu t  they are not  encouraging. 

4.4. C'ha,nlc a1 aspos i t ion  o f  Niobium on copper. 
Two tesst pr ogt-alns a t  d l f  f e ren t  f i rms  ( re+ .5,6) w i t h  different methods 
(chelnlcal end ~ l e c t r o c h e m i c a l  ) gave negat ive r esu l t s .  
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Table 1 
7- - I I 

l - c e l  l, lGhz c a v i t y  

Nbl, w/o coa t i ng  

LHe 
coo l  i ng 

ba th  3.7 5.3 l 
Nbl,  w i t h  .3mm fig- 

coat ,  tempered 
740C, degreased 

Table 2 

Qo* 10-8 Emaw 
a t  Emax Mv/m 

I 

above b u t  new CP 

above w i t h  brazed 
c o o l i n g  tubes and 
new CP 

ba th  

5. Summary. 

1.5- 

ba th  

tubes 
ba th  

. 

The repo r ted  developments widen t h e  range o f  p o s s i b i l i t i e s  i n  s o m e  
f a b r i c a t i o n  methods. The electron-beam welding, t h e  b raz ing ,  and t h e  
exp los ive  bonding techniques a r e  r e l i a b l e  j o i n i n g  methods. 
The hydrof  arming o f  Niobium c e l l s ,  a l though poss ib le ,  has been 
i nac t i va ted ,  perhaps as a r e s u l t  o f  t h e  more r e l i a b l e  j o i n i n g  
techniques. 
Surface coa t i ngs  have made g rea t  progress i n  t h e  l a s t  year and t h e  use 
o f  ga lvan ic  o r  spu t te red  coa ts  present  new p r a c t i c a l  design 
p o s s i b i l i t i e s  f o r  Niobium superconducting c a v i t i e s .  

6.8 5.4 

5.0 3.9 
6.7 4.5 

Probe 

Ag-coat L 
( I1 S )  
( "  " G )  
(SF-Copper) 
SE-Copper 
I n c u s i l  15 

RRR bef o r e  
anneal i n g  

19 
5.  6 
2.5 
5 

25 
1.7 

RRR a f  t e r  
anneal i ng 

42 
6.3 
2.7 
5.4 

71  

remarks 

f o r  r e f  .on ly  
1 s  0 1  1 1  

#l l# In 
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