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Abstract:

Some recent developments and results in the •fabrication technology 
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 fabrication methods and costs.

A comparative table shows the present methods of fabrication for niob 
superconducti ng cavi t.i. e s „ 11 is based on a desi gn of a 1 Ghz /9ce 11 
st r u.c t ur e with r ec t ang u 1 ar waveg u i d e couplings. The cor r esp on ding 
prices (kDM) for manufacturing one structure are real if not shown in 
parenthesis. The manpower costs are based on a wage rate of 50.-dm/hr. 
The tooling and fixture costs have been prorated for a production of 
10 c omp1ete cavities.

Nbl Nb2 Nbl/2 
galv.coat

Cu-Nb
sputter

Materi al 18 36 18/36 (3)
Tooling for deep-drawing 5 5 5 (5)
18 half-cells" " & CP 4 4 4 (4)
9-cell structure,
mech.preparation & EB-weld 27 27 27 (27)
RF-tuning,tumb1ing & CP 6 6 6 (6)

Sputtering of Cu on N b ,
i ncl. fixture ( )

1-cell galvanic coating Ag 4
9-cell (50)
Waveguides " " " (20)
1-cell brazing of coolg.tubes . 2
Cavity compl." " (15)
Temperature mapping fixture 5 5 5 (5)
RF cold-test(1300 1 LHe) 27 27 27* (27)
First repair if defects,
i ncl. fixture 3 3 3 ( )

Tumbling and CP 6 6 6 ( )
Repair sputtering of Nb ( )
2nd.RF cold-test 27 27 27* (27)
Material waveguide couplers 12 24 12/24 (2)
Waveguide couplers, mechanical
prep., EB-welding and CP 58 58 58 ( )

9-cell struct.with waveguides,
mechanical prep, and EB-weld 7 7 7 ( )

Complete cavity, tumbl . & CP 6 6 6 ( )
Cryostat manufacture (without
waveguides & RF-window) 120 120 (60) ( )

Safety equipment 10 10 (2) (2)
Cavity instl. in cryostat 15 15 (5) ( )
Vacuum test, room temperature 2 jL.
Vacuum test, cold .11 u (3) (3)

Total costs

Cost per meter structure

369

273

399

296

372/402

276/298

Footnotes:
Nbl = Reactor grade Niobium, deep-draw quality.
Nb2 = High-thermal-conductivity Niobium, deep-draw quality. 
* : Test before galvanic coating.
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2 » J oi n i ng methods

2. 1 . N i ob i u.m E 1 ec t r on -beam we 1 d i n g «

The normal EB-welding procedure (inside and outside weld-bead) has 
shown to be a very reliable method of joining Niobium structures.
Welds of this type have been made reliably at several places
(ref.1,2 ,3,4,5).In places where it was not possible to make an inside
we 1 d the under bead was pur pose 1 y made 1 arger to a.void ho 1 es .i n the
weld zone after the required grinding. The welds show no loss of
therma 1 conduct i v.i t v or superconduct i ng proper t i e s .

A onesi ded weld with smooth underbead was also produced by using 
different welding parameters. This should eliminate the necessity of 
grinding the inside surface to obtain the required smoothness.
One 9 - cell,lGhz s t r u. c t u. r e w a s m a n u f a c t u r e d i n t h is manner (r e f . 6) a n d 
test e d ( r e f .7). There was no performance difference compared with the 
t wo-si d ed weld s T h  e we 1 d i n g p ar ameter s ar e un k n own , b u t the wide we 1 d 
is the ditinct feature compared to the classical EB-welds.
A 1so i n vi ew of obtai ning a si n g 1e s i d e d , smooth underbead weld, a 
weld i ng techni que called "Rhombi c Welding" (r e f .S )was d e v e l o p e d » The 
TIG—welding parameters were taken as the basis for determining the 
en erg y , en er g y d i str i b ut ion and w e 1d i ng s p e e d . Th i s way it is possible 
to work without a defocussed beam. A defocussed beam is more difficult 
to reproduce and tends to produce small holes in the weld.
Th e " r h omb i c we Id" p r od uc es a 1 so an ex t r erne 1 y wide wel d .. Typ i c a 1 
welding parameters for 1.5mm material ares 50 K V , 35 mA, 7.5mm/s 
welding speed, 3mm max. traverse deflection, and 1.5mm max 
1o n g .d e f 1e c t i o n . The resultant weld is about 5mm wide at the top and 
4mm at the bottom.
M o r e d e t a i 1 s a n d reco m m e n d a t .i o n s o n E B - W elding in (r e f . 1) t h i s 
war kshop

2.2. N i o b i u m T IG - W e 1 d i n g

It is used presently only for repairs and weldings in zones 
inaccessible to the EB. Not recommended because of poor reliability.



B r a z i n g  N i o b i u m  t o  S t a i n l e s s  S t e e l «

V e r y  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  80Au--20Cu b r a z i n g  m a t e r i a l  
( r e f . 9 ) .  A good p r e p a r a t i o n  o f  t h e  p i e c e s  t o  be j o i n e d  i s  e s s e n t i a l .  
The b r a z i n g  f u r n a c e  m us t  h o l d  a vacuum b e t t e r  t h a n  10--4 rnbar a t  960C 
and h a s  t o  be e q u i p p e d  w i t h  a LN2 o r  F r e o n  b a f f l e  t o  t r a p  t h e  w a t e r  
v a p o r .  F i g . l  shows a t y p i c a l  m e c h a n i c a l  p r e p a r a t i o n  f o r  a t u b e — 
f 1 ange  b r a z i n g .
O n l y  t h e  f i r s t  b r a z i n g s  w e re  m e c h a n i c a l l y  t e s t e d  r e p e a t e d l y  a t  LN2 
t e m p e r a t u r e  w i t h  s u b s e q u e n t  H e - l e a k  t e s t s  ( r e f . 10) and t h e y  showed no 
f  a i  1 L ire .
The p r i c e  o f  t h e  b r a z i n g  m a t e r i a l  i s  a p p r o x ,  e q u a l  t o  t h e  g o l d  p r i c e .

2 . 4 .  E x p l o s i v e  B o n d in g  o f  N i o b i u m  t o  S t a i n l e s s  S t e e l .

To a v o i d  c l a m p s  a t  f l a n g e s  i t  i s  u s e f u l  t o  h a v e  a m a t e r i a l  w i t h  h i g h e r  
s t r e n g t h  t o  b a c k  up t h e  N i o b i u m .  T h i s  can i n  some c a s e s  s i m p l i f y  t h e  
d e s i g n  and  p r o v i d e  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  g a s k e t s .
A f t e r  a t r i a l  t e s t ,  some 22mmSS/3mmNb p l a t e s  w e re  p r o d u c e d  ( r e 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  w a v e - g u i d e  f l a n g e s  f o r  1GHz 
s t r u c t u r e s .  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 r e m a i n e d  
v  a c u u m t  h i  g h t  a f  t  e r  s e v e r  a 1 LN2 c y c 1es  b e f  o r e  and a f  t  e r  we1d i  n g t  o 
c o n n e c t i n g  p i e c e s .  F i g , 2 show s  a c u t  t h r u  t h e  bonded  s u r f a c e .  1 he 
s m a l l  b r i t t l e  s p l a s h e s  o f  S S t e e l  m ix e d  w i t h  N i o b i u m  can be e a s i l y  
a v  o i  c! e d b y  c h a n g i  n g so  m e m a n u f a c t  u r i n g  pa r  a m e t e r s .

3 .  H y d r  o f  o r  m i  n g

I n  o r d e r  t o  r e d u c e  t h e  w e l d i n g  c o s t s  and t o  a v o i d  u n c e r t a i n t i e s  i n  t h e  
w e l d s  t h e r e  was a g r e a t  d e a l  o f  w o rk  done  t o  f a b r i c a t e  h y d r o f o r m e d  
N i o b i u m  s t r u c t u r e s .  A l t h o u g h  i t  h a s  been d e m o n s t r a t e d  ( r e f „ 8 , 1 2 , 1 3 )  
t h a t  t h i s  me thod  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  n o t  t h e  m os t  
e c o n o m i c a l  a l 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 h e  p r e s e n t .  The 
d i f f i c u l t y  i n  o b t a i n i n g  N i o b i u m  t u b e  s h a p e s  i n  d e e p - d r a w  q u a l i t y ,  t h e  
many i n t e r m e d i a t e  a n n e a l i n g  c y c l e s  r e q u i r e d  and t h e  r a t h e r  r o u g h  
i  n s i d e  f  i  n i  sh a r  e t h e  m a in  neg  a t  i ve  f  ac t o r s .
T h e a d v a n t  ag es  o f  t  he  hyd  r o f  o r m i  n g t  ec h n i  que a r  e n o t  ob v i  o u s  s i  nc e i  n 
t h e  m e a n t im e  t h e  p r o b l e m s  w i t h  t h e  E B - w e ld s  h a v e  been r e d u c e d  t o  a 
m in imum „
F o r  t h e s e  r e a s o n s  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  p r e s e n t .  O n l y  one  l a b o r a t o r y  ( r e f . 4 )  w i l l  a c t i v e l y  c o n t i n u e  t h i s  
w o r  k

4 .  Sur f a c e  Co a t  i  n g s

The r e a d i l y  f o r m e d  N b - o x i d e s  make i t  d i f f i c u l t  t o  a p p l y  m e t a l l i c  
c o a t  i  ngs  on Ni o b i  urn o r  v i  c e v e r s a . F ' r e v i  ous  w o r  k ( r e f  . 14) show t h e  
g r e a t  a d v a n t a g e  t h a t  can  be  o b t a i n e d  by  i n c r e a s i n g  t h e  t h e r m a l  
c o n d u c t i v i t y  o f  t h e  m a t e r i a l  w h i c h  c a r r i e s  t h e  h e a t  t o  t h e  LHe.  T h i s  
i  mp r o v e d  t  h e r  ma1 c ond uc  t  i  v  i t  y  c an b e ob t  a i  n ed bye
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4 . 1 .  Ni  ob iu rn  S p u t t e r i  ng on C oppe r
By s p u t t e r i n g  a. t h i n  s u p e r c o n d u c t i n g  N io b  c o a t  on a m a t e r i a l  w i t h  h i g h  
t h e r m a l  c o n d u c t i v i t y ,  e . g  OFHC-Cu .T h e  d e t a i l s  on t h i s  w o rk  w i l l  be 
r e p o r t e d  i n  t h e  n e x t  t a l k  ( r e f . 15)

4 . 2 .  G a l v a n i c  c o a t i n g  o f  N i o b i u m
The g a l v a n i c  c o a t i n g  ha s  t o  h a v e  a h i g h  t h e r m a l  c o n d u c t i v i t y  a t  LHe-  
t e m p e r a t u r e , e „ g . v e r y . p u r e  s i l v e r  o r  C o p p e r .
A N io b iu m  1 - c e l l ,  1 Ghz c a v i t y  was c o a t e d  w i t h  a 0.3mm l a y e r  o f  p u r e  
s i l v e r  w i t h  a s p e c i a l l y  d e v e l o p e d  method  ( r e f . 5 ) . The c e l l  was t h e n  
t e m p e r e d  a t  740  C a t  5 * 1 OE-6 mbar  t o  im p r o v e  i t s  t h e r m a l  c o n d u c t i v i t y  
a l  lo w  t e m p e r a t u r e s , c h e m i c a l  1y  c l e a n e d  and t h e n  t e s t e d  i n  a n o r m a l  LHe 
c r y o s t a t .  R e s u l t s  on f i g . 3 .
The o b v i o u s  n e x t  s t e p  was t o  a t t a c h  c o o l i n g  t u b e s  on t h e  s t r u c t u r e  f o r  

f o r c e d  LHe c o l i n g  t h r u  p i p e s .  T h i s  w o u ld  r e p l a c e  t h e  LHe b a t h  c o o l i n g  
used  p r e s e n t l y  and e l i m i n a t e  t h e  c o s t l y  L H e - b a t h  c r y o s t a t  w i t h  i t s  
i n h e r e n t  d e s i g n  c o m p l i c a t i o n s  and s a f e t y  p r o b l e m s .
From t h e  r e s u l t s  i n  f i g . 3 i t  seemed t h a t  one p i p e  w i n d i n g  w o u ld  be 
s u f f i c i e n t  t o  do t h e  c o o l i n g ,  b u t  a r e d u n d a n t  number  o f  t u r n s  was 
b r a z e d  on t h e  s t r u c t u r e  t o  a c c o u n t  f o r  e v e n t u a l  b r a z i n g  d e f e c t s  and 
h i g h  t h e r m a l  r e s i s t a n c e  r e g i o n s  i n  t h e  b r a z i n g  z o n e s .  F i g . 5 show s  a 
c u t  t h r u  a b r a z i n g  s a m p le .  I t  i s  i n t e n d e d  t o  d i s c o n n e c t  l a t e r  some 
w i n d i n g s  t o  e v a l u a t e  t h e i r  c o o l i n g  c a p a c i t y  t h r u  c o m p a r i s o n  w i t h  t h e  
f  u 13. y w o u n d s t  r  li c t  u r  e . T hi e r e s u l t s  f o r  t h e  b r a  z e d s t  r  u c t  u. r  e a s  seen  i n  
f i g . 4 i  s shown i  n T a b 1e 1.
The t h e r m a l  i s o l a t i o n  o f  t h e  s t r u c t u r e  i n  t h e  vacuum v e s s e l  was v e r y  
p o o r  due  t o  t h e  s m a l l  d i m e n s i o n s  o f  t h e  a v a i l a b l e  t a n k .
The e x p e c t e d  L H e - f l o w  p r o b l e m s  due  t o  o s c i l l a t i o n s  i n  t h e  g a s —l i q u i d  
p h a s e  w e r e  o v e rc o m e  i n  t h i s  t e s t  w i t h  an i n c r e a s e d  f l o w  r a t e  Cup t o  30 
1 / h r ) .  T h i s  f l o w  r a t e  w o u ld  be  g r e a t l y  r e d u c e d  w i t h  an a d e q u a t e  LH e-  
f e e d  s y s t e m .  S i n c e  t h e r e  was no o b v i o u s  e x p l a n a t i o n  f o r  t h e  
d i  s c r e p a n c y  wi t h  t h e  p r e v i  ou s  v a 3. ues  , t h e  s t r u c t u r e  was t . e s t e d  a g a i  n 
i n  a LHe b a t h  t o  n a r r o w  t h e  c h o i c e  o f  p o s s i b i l i t i e s .  R e s u l t s  on f i g . 6.  
The d i  s c r e p a n c y  b e tw e e n  b o t h  r e s u I t s  c o u  1 d p o s s i  b 3. y be re rnoved by  one 
o r  more  c h a n g e s  i n  t h e  t e s t  p r o c e d u r e , e . g . s
- s l o w e r  c o o l i n g  r a t e  n e a r  t h e  t r a n s i t i o n  t e m p e r a t u r e  t o  a v o i d  
e n t r a p p e d  f i e l d s  due t o  d i f f e r e n t  m a t e r i a l  l a y e r s .
- b e t  t  e r  t  h e r  m a 3. i  s o 1 a t  i o n  b e t  wee n c a v i  t  y  a n d c r  y  o s t  a t  „ T h e t  e s  t  s  w e r  e 
d on e  wi t  h o u t  a c o o I e d  r  a d i  a t  i  on s h i e l d .
- i  mpr oved  t h e r  ma 1 c o n d u c  t  i  v i  t  y i  n t h e  co o  1 i  ng t u b e  reg ie *n  „
- T h e  t e m p e r a t u r e  s e n s o r s  m us t  a l s o  p r o v i d e  more  a c c u r a t e  r e a d i n g s  t o  
p e r  m i  t  t  h e rn e a s u r  e m e n t  o f  t  e m p e r  a t  u r  e g r  a d i  e n t  s  on t h e  s u r  f a c e  b e tw een  
t h e  c o o l i n g  t u b e s .
T a b l e  2 show s  t h e  m easu red  R R R - v a lu e s  ( r e f . 16) f o r  t h e  m a t e r i a l s  u s e d .  
Th ey  show t  h a t  i  mp r  o v e m e n t  i s  p o s s  i b 1e .

4 . 3 .  Sp r  ay e d  c o a t  i  ngs  on N i  o b i  um„
P l a s m a - s p r a y e d  c o a t i n g s  w i t h  p u r e  c o p p e r  a r e  n o t  p o s s i b l e  due  t o  t h e  
f  o r  m a t  i  o n o f  o x i d e s  d u r  i  n g t  h e s p r a y i n g  p r  o c. e s s .
Vacuum P la s m a  S p r a y i n g  ( r e f . 17) h a s  a l s o  n o t  been s u c c e s s f u l  u n t i l  
now. The c o s t  o f  s a m p le s  i s  v e r y  h i g h  due  t o  t h e  i n v o l v e d  s e t - u p  
p r o c e d u r e  i n  t h e  vacuum t a n k .  P u re  c o p p e r  s u i t e d  f o r  s p r a y i n g  w o u ld  
c o s t  a p p r o x .  S t i m e s  as  much as  t h e  p r e s e n t  s i l v e r  p r i c e .  The t e s t s  
h a v e  n o t  been  c o m p le t e d  y e t ,  b u t  t h e y  a r e  n o t  e n c o u r a g i n g .

4 . 4 .  C h e m ic a l  d e p o s i t  i  on o f  Ni  o b i  urn on c o p p e r .
Two t e s t  p r o g r a m s  a t  d i f f e r e n t  f i r m s  ( r e f . 5 , 6 )  w i t h  d i f f e r e n t  m e th o d s  
( c h e m i c a l  and e l e c t r o c h e m i c a l ) g a v e  n e g a t i v e  r e s u l t s .
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T a b l e  1

1 - c e l  1 , lGhz c a v i t y LHe
c o o l i  ng

Q o * 1 0 - 8  Emax 
a t  Emax Mv/m

N b l ,  w /o  c o a t i n g b a t h 3 . 7  5 . 3

N b 1 , w i t h  . 3 m m A g -• 
c o a t , t e m p e re d  
7 4 0 C , d eg r  eased b a t h 1 . 5  2 . 3

a b o v e  b u t  new CP b a t h 6 . 8  5 . 4

a b o v e  w i t h  b r a z  ed 
c o o 1 i  ng t  u b e s  and 
new CP

t u b e s
b a t h

5 . 0  3 . 9  
ó . 7 4 .  5

T a b l e  2

P r o b e RRR b e f o r e  
a n n e a l i  ng

RRR a f t e r  
a n n e a l i  ng

r e m a r k s

A g - c o a t  L 19 42
( " S) 5 . 6 8 . 3 f o r  r e f . o n l y
( " " G) O O ~7 li li li

( S F - C o p p e r ) cr 5 . 4 n ll II

S E -C o p p e r 0*3 71
I n c u s i l  15 J —7In/

5.  Summary„

The r e p o r t e d  d e v e l o p m e n t s  w id e n  t h e  r a n g e  o f  p o s s i b i l i t i e s  i n  some 
f a b r i c a t i o n  m e th o d s .  The e l e c t r o n - b e a m  w e l d i n g ,  t h e  b r a z i n g ,  and  t h e  
ex p 1 os  i  v e b on cl i  n g t  ec h n i  que s  a r  e r  e 1 i  ab 1 e j o i n i n g  met h o d s .
The h y d r o f o r m i  ng o f  N i o b i  urn c e l l s ,  a l t h o u g h  p o s s i b 1e , ha s  been 
i  n a c t  i  v a t e c l , p e r  ha p s  as  a r  esu.3. t  o f  t h e  mor e r e  1 i  ab 1 e j o i n i n g  
t e c h n i  q u e s „
S u r f a c e  c o a t i n g s  h a v e  made g r e a t  p r o g r e s s  i n  t h e  l a s t  y e a r  and t h e  use  
o f  g a l v a n i c  o r  s p u t t e r e d  c o a t s  p r e s e n t  new p r a c t i c a l  d e s i g n  
p o s  s i  b i  1 .i. t i e s  f  o r  N i  o b i  u m s u. p e r  c o n cl u c t  i  n g c a v  i  t  i  e s
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6 . Ack n qw10 d g e m e n ts .

The i n f o r m a t i o n  p r e s e n t e d  h e r e i n  r e c a p i t u l a t e s  some o f  t h e  w o rk  done  
by  many p e o p l e  a t  d i f f e r e n t  l a b o r a t o r i e s  and c o m p a n i e s . T h e i r  
e n t h u s i a s t i c  s u p p o r t  and h e l p  made t h e  r e p o r t e d  d e v e lo p m e n t  p o s s i b l e .
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