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The oxide l a y e r  has been thought t o  cont r ibu te  t o  the res idual  res is tance 
2 o f  Niobium f o r  a long time.' I n  1963,De Sorbo observed t h a t  d issolved 

oxygen decreased the c r i t i c a l  temperature o f  Niobium by about l0 per atomic 
3 percent. I n  1975, the  Stanford group studied reentrant  c a v i t i e s  whice 

had been f i r e d  a t  1800°C and then tested w i thout  exposure t o  a i r .  They 

observed t h a t  t he  q u a l i t y  fac tors ,  Qo, o f  these c a v i t i e s  degraded from about 
9 10 l0  t o  10 i f  the  c a v i t y  vacuum was allowed t o  degrade. I n  1981, a group 

4 a t  B e l l  Labs improved the  l oss  cha rac te r i s t i cs  o f  Nb tunnel junct ions by 

reducing the  Niobium Oxide l a y e r  w i t h  Aluminum. 

There i s  a vas t  l i t e r a t u r e  on the  behavior o f  Oxygen i n  o r  on Niobium. 

Only a few d e t a i l s  can be mentioned here. Surface oxides are always absorbed 

i n t o  the  bu lk  a t  temperatures o f  1600°C o r  more; however, i f  the d issolved 

Oxygen i n  the  bulk  exceeds 1% atomic, oxides w i l l  p r e c i p i t a t e  t o  the  surface 

as the  sample cools. I n  1972, the Brookhaven grouB, using Auger spectroscopy, 

observed t h a t  l ess  than one monolayer o f  Oxygen p rec ip i t a ted  t o  the  surface 

of a sample conta in ing 0.12 atomic% Oxygen. (This  concentrat ion corresponds 

t o  a res idua l  res is tance r a t i o ,  RRR, o f  27.) We have done a s i m i l a r  Auger 

study on 0 .5m t h i c k  samples w i t h  RRR o f  150 and 1000. These samples 

p r e c i p i t a t e  about 1/3 and 1/10 o f  a monolayer respect ive ly  when cooled down 

from f i r i n g  a t  1050°C. (The sample w i t h  RRR=150 developed a few monolayers 

o f  s u l f u r  upon heat ing, bu t  t h i s  was permanently removed by heat ing t o  1400°C.) 
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Niobium w i t h  low bu lk  Oxygen concentrat ion has usua l l y  been obtained by UHV 

f i r i n g  a t  temperatures greater  than 1900°C, bu t  the  a v a i l a b i l i t y  o f  l a rge  

amounts o f  very pure Niobium seems t o  have made t h i s  step unnecessary. 

I n  the present syudy, X-band e l l i p t i c a l  c a v i t i e s  are drawn from 0.5rrm , 

Nb. and f i r e d  a t  l l O O ° C  f o r  1 hour by d i r e c t  res is tance heat ing i n  a furnace 

w i t h  separate vacuum systems fo r  the i n t e r i o r  and e x t e r i o r  o f  t he  cav i t y .  

A s i n g l e  RF probe w i t h  ex terna l  Q o f  about 10 l0  i s  attached t o  the  c a v i t y  before 

f i r i n g .  A f t e r  f i r i n g ,  t he  c a v i t y  i s  sealed o f f  from i t s  vacuum pump w i t h  

an a l l -meta l  valve, and tes ted i n  a dewar. The RF system pulses the c a v i t y  

w i t h  about 1 wa t t  f o r  1 msec a t  a frequency near the c a v i t y  resonance. The 

decay curve i s  then observed w i t h  a s e n s i t i v e  a m p l i f i e r  which was protected 

dur ing  the  pulse. This technique al lows measurement o f  Q0 values l ess  than 
7 10 . Higher Q. values are measured i n  the  conventional manner. 

Thus far,  one c a v i t y  (RRR = 100) has been f i r e d  and tes ted 3 times. The 

second 2 f i r i n g s  produced some usefu l  data. Both o f  these f i r i n g s  y ie lded  Q O ' S  

of a t  l e a s t  10 l0  (surface res is tance = 25 n ohm). Preparat ion w i t h  chem-polish 
9 and so lvent  r inses  y i e l d e d  no more than 4x10 . A f t e r  the t h i r d  tes t ,  the  

c a v i t y  was exposed t o  0.1 t o r r  of O2 f o r  1 hour. This degraded the  Q. t o  5x109 

These data are s u f f i c i e n t  t o  pre jud ice  the author t o  be l ieve t h a t  oxide layers  

can con t r i bu te  on the  order  o f  10'~ohms t o  res idua l  resistance, bu t  t h i s  study 

i s  no t  complete. 
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Oxygen coverage on t h e  s u r f a c e  of  Niobium a s  a f u n c t i o n  of  t ime f o r  m a t e r i a l s  
o f  va r ious  p u r i t y  a f t e r  cool down from var ious  temperatures .  Gradual i ncrease  
is probably d l e  t o  ambient CO. Monolayers were c a l i b r a t e d  by exposing a c lean  
sample t o  10- t o r r  o f  O2 
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