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THE NATIONAL BUREAU OF STANDARDS 

The National Bureau of Standards’ provides measurement and technical information services 
essential to the efficiency and effectiveness of the work of the Nation’s scientists and engineers. The 
Bureau serves also as a focal point in the Federal Government for assuring maximum application of 
the physical and engineering sciences to the advancement of technology in industry and commerce. TO 
accomplish this mission, the Bureau is organized into three institutes covering broad program areas of 
research and services: 

THE INSTITUTE FOR BASIC STANDARDS . . . provides the central basis within the United 
States for a complete and consistent system of physical measurements, coordinates that system with the 
measurement systems of other nations, and furnishes essential services leading to accurate and uniform 
physical measurements throughout the Nation’s scientific community, industry, and commerce. This 
Institute comprises a series of divisions, each serving a classical subject matter area: 

-Applied Mathematics-Electricity-Metrology-Mechanic~-Heat-Atomic Physics-Physical 
Chemistry-Radiation Physics--Laboratory Astrophysics2-Radio Standards Laboratory,2 which 
includes Radio Standards Physics and Radio Standards Engineering-Office of Standard Refer- 
ence Data. 

THE INSTITUTE FOR MATERIALS RESEARCH . . . conducts materials research and provides 
associated materials services including mainly reference materials and data on the properties of ma- 
terials. Beyond its direct interest to the Nation’s scientists and engineers, this Institute yields services 
which are essential to the advancement of technology in industry and commerce. This Institute is or- 
ganized primarily by technical fields: 

-Analytical Chemistry-Metallurgy-Reactor Radiations-Polymers-Inorganic Materials-Cry- 
ogenics*-Materials Evaluation Laboratory-Office of Standard Reference Materials. 

THE INSTITUTE FOR APPLIED TECHNOLOGY . . . provides technical services to promote the 
use of available technology and to facilitate technological innovation in industry and government. The 
principal elements of this Institute are: 

-Building Research-Electronic Instrumentation-Textile and Apparel Technology Center- 
Technical AnalysEs-Center for Computer Sciences and Technology-Office of Weights and Meas- 
ures-Office of Engineering Standards Services-Office of Invention and Innovation-Clearing 
house for Federal Scientific and Technical Inf~rmat ion .~  

1 Headquarters and Laboratories at Gaithersburg, Maryland, unless otherwise noted; mailing address Washington, D. C., 

2 Located at Boulder, Colorado, 80302. 
3 Located at  5285 Port Royal Road, Springfield, Virginia, 22151. 

20234. 
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ABSTRACT 

The effort on superconducting thin fi lms fo r  the past  year  

has  been pr imar i ly  concerned with the production of good quality 

Niobium films. Deposition parameters  were  varied,  resulting in 

different values fo r  the c r i t i ca l  temperatures .  The highest value 

was 8.8"K (as compared with 9.0°K for  the high purity start ing 

material). 

We have made preliminary tunneling measurements  on P b  

f i lms in a magnetic field; for magnetic field and cr i t i ca l  t emper -  

a t u r e  measurements ,  a cryostat  was built which is stable (in a 

changing magnetic field) to . 00 1 K in the range 5 - 10 OK. 

We have a l so  done some high vacuum annealing of la rge  

Niobium single c rys ta l s .  

Deliveries were  made t o  the contractor  of 

(1) One sample of vacuum annealed Niobium crys ta l  

(2) Sever i l  Lead fi lms 

(3)  High purity Niobium films 
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INTRODUCTION 

Our point of view in making good Niobium films has  been to  

deposit Niobium at a comparatively slow ra te  while keeping the back- 

ground p r e s s u r e  very  low. 

lization of the Niobium as it condenses on the substrate  and at the 

same time have a slow gettering rate of the background gases.  

film quality is determined by the  impurit ies in the film and the mode 

of recrystall ization on the substrate. The film purity is usually im- 

proved by increasing the evaporation ra te  while the recrystall ization 

is  usually improved (depending on the subs t ra te  temperature)  by de-  

c reas ing  the evaporation rate .  

mum rate  relying on the low background p r e s s u r e  ( l o - @ -  1 0 - l o t o r r )  

t o  reduce impurit ies.  

film quality: 

of the  mode of recrystall ization and the surface morphology. 

measurement  of the cr i t ical  temperature  Tc is a very sensitive t e s t  

nf chemical purity particularly fcr Nb, V, Ta. 3 )  The zieasurement  

of the  Ginzburg-Landau parameter ,  K , indicates the electr ical  purity 

(which includes impurity, grain boundary, and surface scattering).  

We have used a stable temperature  c ryos ta t  to measu re  Tc, K, and 

the field dependence of the energy gap. 

By doing this  we control the recrys ta l -  

The 

Therefore,  we expect to find an opti- 

We have selected three  tests to  measu re  the 

1) The electron microscope to  give a qualitative picture  

2) The 

The sensing device of this  cryostat  i s  a helium gas bulb the r -  

momete r  which controls the balance between a thermal  leak from the 

sample to the liquid helium bath and a heater  connected to the sample.  

The absolute temperature  i s  measured by a Germanium resis tance 

thermometer  in zero  magnetic field at the same t ime that the gas  

thermometer  is locked into the system. 

tempera ture  stable to  bet ter  than 0.001"K with a 3 second time constant. 

This system maintains the 
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FILM DEPOSITION 

We have been able to evaporate Nb, Ta, and P b  films at back- 

ground pressures  approximately lO-' torr .  F o r  Nb and Ta  this r e -  

quires a 48-hour degassing of source  and surrounding shields which 

heat up by radiation. 

ma te r i a l  supplied by MRC. 

the source to  approx. 2000°C. 

ground pressure  even fur ther  by filling a built-in liquid He dewar. ) 

At lO-'torr the ra te  of gas accumulation on the substrate  is approx-  

imately 001 i / sec  (assuming a sticking coefficient of unity). The re -  

fore ,  t o  safely achieve be t te r  than 1% impurity the evaporation ra te  

must  be at least  . l i / s e c .  With the existing equipment this rate has  

been easily accomplished except for  Nb, where the re  is excessive 

heat l o s s  t o  the copper when the Niobium melts. This i s  because of 

an increase in heat conduction between the Niobium and its water  

cooled crucible a s  the molten Niobium increases  in temperature .  

ou r  main effort has  been concentrated in improving the crucible de-  

sign and increasing the efficiency of the electron beam power source.  

The source  is high puri ty  t r ip le  zone refined 

The degassing is accomplished by heating 

(If necessa ry  we can reduce the back- 

So 

F o r  our best  films (Tc = 8 . 8 " K )  we have used a water  cooled 

Tungsten pedestal which has been designed for  an optimum conduction 

heat loss.  We a lso  decreased the source  to  substrate  distance f rom 

10" to 4" (this increases  the deposition ra te  by a factor of 10). With 

these modifications, deposition ra tes  in the range 1 i / sec  to 10 i / s ec  

were  achieved. 

500°C. 

The substrate  tempera ture  ranges f rom 350°C to 

The vacuum system is shown in figure 1. 
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As a by-product of our  work on water  cooled pedestals we 

have developed a s ta inless  steel crucible for  evaporating Aluminum 

(Al i s  normally the reference film in tunneling measurements) .  This 

has  greatly enhanced the speed and reliability of Al deposition which, 

heretofore,  had been plagued by Al dissolving Tungsten and Carbon 

crucibles.  

As the evaporation ra te  for Niobium has  improved we have 

noticed that the oscillating quartz c rys t a l  normally used to monitor 

the deposition ra te  becomes less accurate ,  probably due to  a n  in-  

c r e a s e  in the concentration of f ree  Niobium ions. A similar be-  

havior of the oscillating quartz c rys ta l  is observed during a glow 

discharge.  

t empera ture  of the evaporating mater ia l .  

l o s s  to the optical detector are  referenced to  an  operating filament 

in the vacuum system, using the melting point of Niobium as a fixed 

point. 

the vapor p r e s s u r e  f rom the data of Honig 

tion ra te  is calculated as a function of temperature ,  the diameter  of 

the source,  and the distance from the source  to  the substrate .  

We have used an  optical pyrometer  for  monitoring the 

Corrections for  the energy 

The cor rec ted  monitored temperature  is used to  determine 
[I1 f rom which the deposi- 

F r o m  kinetic theory,  the deposition ra te  n is 

molecules p e r  unit a r e a  
r “ N P  

d2d%MT 
n =  

where N is Avagadro’s number, P the vapor p r e s s u r e  of the source,  

R the gas  constant, M the molecular weight and T the vapor t emper -  

a tu re ,  which we take to  be the same as  the source  temperature .  

radius of the ball o r  molten mater ia l  is r and its distance f rom the 

subs t ra te  is d, Table 1 shows the calculated relationship between 

temperature ,  vapor p r e s s u r e  and evaporation r a t e  in molecules p e r  

unit area. 

The 
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TABLE 1 

CALCULATED EVAPORATION RATES 

N P  
T e m p e r a t u r e  P r e s s u r e  

" K  t o r r  

1765 

1845 

1935 10 

203 5 l o - *  

2 140 

2260 l o - "  

2400 10 - :' 

2550 

2720 l o - 3  

2930 lo - ' ?  

3170 10-1  

2770 melting point 

3450 1 

Evaporation rate d 2 r R M T  
m o l e c u l e s / c m "  

8 . 6 9  X l o 8  
8. 52 X l o 9  
8 . 2 7  X lo1' 
8 . 0 9  X lo1 '  

7 .88  X 10'" 

7 .67  x l o i 3  

7 .46  x 
7 .22  X 10" 

7 .00  X 1 0 l 6  

6 .76  x 1017 

6 . 2 3  x io1"  
6 . 4 8  X 10'' 
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The precision of this method is l imited by tempera ture  va r i -  

ations of up to 150°C observed over the surface of the evaporating 

Niobium source. Despite this, however, the calculated deposition 

rate agreed with the observed rate within a factor 2. 

VACUUM ANNEALING 

A technique was developed for  heating a 3/811 diam. Nb rod 

Near to  a tempera ture  of 2200°C by electron beam bombardment. 

this annealing tempera ture  the sample tempera ture  had a tendency to 

rise catastrophically to  i t s  melting point. 

building in a feedback loop to limit the total input power to the sample. 

NASA sample B-3572 was then annealed at 2200°C. 

s u r e  of the system at this temperature  was 1 X 1 0 - l " t o r r .  

ple was annealed for  5 h r s .  a t  this p r e s s u r e  and then oxygen was 

leaked into the system a t  3 X lO- ' torr  for  2 h r s .  and then pumped 

back down to base p re s su re  for another five hours. 

ratio R R  = p 2 7 3 0 K / p g o K  was determined by measuring the t ime con- 

stant T of eddy cur ren t  decay in a pulsed magnetic field. 

received was 2.65 millisecond; after anneal, T 

7 

This was cor rec ted  by 

The base p r e s -  

The sam- 

The resis tance 

9 ° K  as 
T 

= 27 -30 millisecond. 
9 ° K  

= 22. 5 microsecond was calculated from the expression 
273°K 

sec;  2. 1 7 p r ' X  lo - '  r = k  
P 

p = permeabili ty,  r = radius in cm. ,  p = resist ivity in ohm-cm.,  and 

k is a 77'0 adjustment for  the short  length. Therefore  RR = 120 in the 

sample as received and RR = 1330 af te r  anneal with estimated accu-  

racy  fo r  these figures as *550/0. The sample was immersed  in liquid 

nitrogen to chemically de-activate it and was delivered to Mr. J. 

Simmons a t  NASA, Lewis Research Center.  
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TUNNELING MEASUREMENTS ON P b  FILMS 

Prel iminary tunneling experiments on lead films have extended 

the work which was done on tin films. 

g rea t e r  than 0. 5 and have taken us  into new regions of the theoret ical  

K vs. 2d phase diagram which was recently published. [ 2  1 Here,  the 

one dimensional G. L. equations predict  an  a s symet r i c  solution for  

the energy gap. 

Niobium films. Numerical solutions of the G. L. equations a r e  being 

studied to determine the nature  of the field transit ion from the symet- 

r ic  to the assymetr ic  form. 

tion of tunneling experiments on high K mater ia l s .  

The K values for  lead a r e  

This is the type of solution we expect for  a lmost  all 

Hopeful.ly, this  will give an  in te rpre ta -  

CONCLUSIONS AND RECOMMENDATIONS 

We have acquired the technique of making Niobium films with 

good chemical purity and well defined crys ta l  s t ruc ture  (as demon- 

s t ra ted  by the high cr i t ical  t empera ture) .  

g ram must be to develop a controllable insulating b a r r i e r  for tunneling 

junctions which i s  compatible with the high substrate  tempera ture  

during the deposition of the Niobium films. 

can be used for such a ba r r i e r .  

The next step in our  p ro -  

Probably Niobium oxide 
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