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I. INTRODUCTION 

If we attempt to categorize the useful or promising superconductors, we find that 

The pure metals are low critical field 
they fit into three distinct groups. 
the ductile metal alloys, and the pure metals. 
superconductors, several of which are important for..rf cavities. 
have critical magnetic fields and critical temperatures almost twice as high as the 
best known alloys. 
ed mainly with Nb3Sn, the only compound available in useful form, in preference to the 

. alloys. This paper will review our knowledge of the superconducting (hereafter SC) 
compounds and their properties, and who is developing each type. A review will also 
be made of our experiences with several conductors and of a technique 'for testing a 
complete conductor prior to using it in a device. 

These are the brittle intermetallic compounds, 

The best compounds 

For this reason the superconductivity group at Brookhaven has work- 

To show where the compounds fit into superconductivity, Table I gives comparative 
data about a few of the compounds, alloys, and elements. The difference in ductility 
of alloys vs compounds is stressed because it determines the geometry in which a mate- 
rial is useful. The compounds may be imagined to be like a ceramic. If they are 
strained appreciably, they fracture and the SC path is damaged. Therefore the comer- 
cially successful compound, Nb3Sn, has been made in ribbon formwherein the thickness 
of substrate plus SC is no more than 0.004 in. This theoretically allows the conduc- 
tor to be wound about a diameter of 1 in. without damage. In actual practice, conduc- 
tors with a 0.003 in. over-all thickness for the substrate and Nb3Sn have operated well 
when wound about a 0.25 in. diam post. 

The alloys, by comparison, are ductile, and therefore they are practical and low- 
est in cost when manufactured as round wires. The cross-sectional shape of the alloy 
and compound conductors has had considerable effect on the winding design of magnets, 
particularly the paraxial conductor radial field beam. magnets which have been recently 
constructed. 

11. THE SUPERCONDUCTIVE COMPOUNDS 

Looking now at the compounds, the mos,t unusual type of compound conductor is 
fabricated by the multiwire process, Fig. 1, developed by.Professor Saur of the Uni- 
verscty of Giessen, West Germany. The wire starts as a tube about 0.5 in. in diameter 
into which fine tin-coated wires of niobium are inserted. Up to 900 wires are used in 
one conductor. The composite is then drawi.1 to an over-all. diameter of around 0.020 in. 
after which it is heat-treated at 900-1200°K to form NbgSn by a diffusion process at 
all interfaces between the Nb wires and the Sn matrix. The small size of the SC 
strands raises the critical field, He, to about 250 kG and results in an over-all cur- 
rent density of 20 000 A/cm2 at 210 kG. 
relatively flat over a wide field range so that at fields below 150 kG it is surpassed 
by that of the Nb3Sn ribbons. With the 0.020 in. diam, this conductor must be used on 

The current density of this conductor is 

* 
Work performed under the auspices of the U.S. Atomic Energy Commission. 
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* TABLE I 
Britt le Critical Critical 

Intermetallic Temperatures Fields 
a t B = O  at 4'K Comments Compounds 

Nb3 (A1O. BGeO .2) 
Nb3Sn 
Nb3A1 
NbN 
NbgGa 
NbC 
V3Si 
V3 Ga 
MoN 
MoGa4 

20.7'K 
18;2 
17.5 
1516 
.14.5 
14.0 
17.1 
16.8 
12.0 
9.8 

245 kG 

153 

235 
210 

Only available compound 

Ductile Alloys 

Nb -42Ti-6Ta 
Nb -48Ti 
Nb-33Zr 
Nb-25Zr 
Pb-56Bi 
Mo-50Re 

Bi50, Pb25, Cd12.5, 
Sn12.5 = Wood's metal 

Pure. Metals 

. Sn 
Re 
Ga 
Zr 
Ti 

10 - 11 
9.5 
10.7 
11.0 
8.8 - 10.0 

- 8.0 

9.25 
8.22 
6.3 
5 . 3  

4.48 
7.19 

3.72 
1.698 
1.09 
0.546 
0.39 

140 kG 
122 
80 
70 

15 - 15 
12 

1985 G 
- 

1600 
1020 
830 . 
803 

309 
198 
51 
47 
100 

Japanese development 
Best available alloy 
Becoming obsolete 
Becoming obsolute 

Used as fine wire for low 
fields 

Rf cavities 

Rf cavities and suggested 
€or ac cables 
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a form of a t  least 2.5 t o  3 in .  diam or the SC filaments w i l l  be f rac tured .  It would 
appear that  f l a t t e n i n g  t h i s  conductor i n t o  a ribbon pr ior  t o  heat treatment would make 
i t  more f l e x i b l e  and useful f o r  bending around' small diametgrs. I f  this mater ia l  can 
be developed t o  withstand a small bending radius,  i t  should find immediate use f o r  t h e  
cores of high f i e l d  solenoids. Since the Nb3Sn i s  formed by d i f fus ion ,  one could un- 
doubtedly form other  SC compounds such a s  V3Ga by the same process. 

T h e  most popular type of Nb3Sn ribbon i s  the  diffusion-formed material i l l u s t r a -  
ted in  Fig. 2.  The manufacture begins with.a  niobium ribbon which i s  coated with t i n ,  
heat-treated a t  900-1200°K f o r  severa l  hours, and then e i t h e r  clad o r  plated with a 
normal conductor such as copper o r  s i l v e r .  

from the National Research Corporation and l a t e r  from Supercon,l a d i v i s i o n  of t h e  
same company. 
well  i n  the f i r s t  Panofsky-type quadrupoles a t  Brookhaven. 
30 000 A/cm2 were obtained a t  a peak f i e l d  i n  the corners of about 20 kG. 
plated form of t h i s  ribbon 0.5 in .  w i d e  X 0.0013 in .  thick next became ava i lab le  from 
CSF2 i n  1965. 

6.4, 10, 12.7, and 20 mm. In the United States ,  CSF superconductors are now d i s t r i b -  
uted by Kawecki. 

The ribbon i n  bare and copper-plated form w a s  f i r s t  avai lable  i n  1964 as Niostan 

The copper-plated mater ia l  0.25 in .  wide  by 0.0025 in .  t h i c k  performed 
Current d e n s i t i e s  of about 

The copper- 

CSF now o f f e r s  s ing le  and double ribbon substrates  with Cu p la t ing  o r  
~ cladding i n  var ious t o t a l  thicknesses from 0.0012 t o  0.011 in .  Standard widths a r e  

3 

A diffusion-type Nb3Sn ribbon with copper cladding (Cryotape) w a s  offered next by 
GE4 i n  November of 1965. Their commercial ribbons have typ ica l ly  been 0.5 in.  wide 
by 0.0032 .and 0.0037 in .  thick with ra t ings-of  150 and 300 A respec t ive ly  a t  100 kG. 
Ribbons with th icker  copper - up t o  0.010 in .  t o t a l  thickness - as w e l l  as more Nb-jSri - up t o  600 A r a t i n g  - are avai lable  on special  order. Figures 3, 4,  and 5 a r e  micro- 
photographs of cross  sections of GE 150, 300, and 600 ribbons. GE can a l s o  produce 
several  of t h e i r  ribbons with e i t h e r  a single or  double substrate ,  a s  i s  observable by 
comparing Figs.  3 and 4 with Fig. 5. They a l s o  of fe r  s t a i n l e s s  steel cladding f o r  use  
i n  solenoids where the product of radius  times current times f i e l d  y i e l d s  a force 
which exceeds t h e  yield strength of s o f t  or hard copper cladding. 

In  March of 1968, Plessey5 introduced a diffusion type Nb3Sn ribbon (Super 
Magloy 1) which i s  avai lable  copper clad on one or  both sides with a thickness of 
0.002 or 0.003 in .  Standard width a t  present is 0.25 in .  

past  year and was tes ted t o  current dens i t ies  of about 20 000 A/cm2 a t  200 kG. 
c r i t i c a l  f i e l d  is above 200 kG. The process includes t inning a V ribbon with Ga, 

A V3Ga ribbon of the diffusion type has been developed by Tachikawa6 during the 
The 

1. 

2. 

3. 

4. 

5. 

6 .  

Supercon Division of National Research Corporation, 
9 E r i e  Drive, Natick, Massachusetts 01762. 

Compagnie &n&ale de T6l;graphie Sans F i l  (CSF) , 
12 Rue de  l a  R&publique, 92 Puteaux, France. 

Kawecki Chemical Company, 
220 East 42nd Street ,  New York, N.Y. 10017. 

General E l e c t r i c  Vacuum Products, 
1 River Road, Schenectady, New York 12305. 

The Plessey Company, Ltd., Preformations Division, 
Cheney Manor Swindon, Wil tshire ,  England. 

Kyoj i Tachikawa, Satoshi Fukuda, and Yoshiaki Tanada, 
National Research I n s t i t u t e  f o r  Metals, Mogiiro-Ku, Tokyo, Japan. 



p la t ing  the Ga with Cu, and then h e a t - t r e a t i n g  a t  around 980°K f o r  10 hours. 
ribbon is not a v a i l a b l e  commercially. 

This 

The vapor depos i t i on  process has  been equal ly  successful fo r  forming Nb3Sn ribbon 
as i l l u s t r a t e d  i n  Fig.  6. The leader i n  development and so le  commercial producer of 
t h i s  mater ia l  s i n c e  t h e  summer of 1963 h a s  been RCA.7 
nace heated t o  970°K, which is  f e d  with SnC12, NbCl4, HC1, Ha,  and H e  gases, through 
which the heated r ibbon (127OOK) passes. 
s u f f i c i e n t  t o  cause decamposition of the molecular gases on contact such that  Sn and 
Nb appear at  the su r face  i n  the  proper proportions t o  form superconductive NbSn com- 
pounds. The large number of va r i ab le s  i n  t h i s  process as compared with the d i f fus ion  
process allows a g r e a t e r  degree of opt imizat ion to  be at ta ined.  There apparently a r e  
differences i n  the f i n a l  products s ince  t h e  vapor-deposited ribbon has a c r i t i c a l  t e m -  
perature around lS°K compared w i t h  18'K f o r  t h e  diffusion process material. 

The process uses  a quartz fur-  

The high thermal energy of the ribbon is  

Following the  depos i t i on  of SC, t he  ribbon i s  e lectroplated with a t h i n  layer  of 
N i  and then i t  i s  e i t h e r  p l a t ed  with 0.0005 t o  0.0015 in.  og pure Ag o r  clad with. 
0.001 t o  0.004 in .  of pure copper. Var i a t ions  i n  thickness which o r i g i n a l l y  occurred 
i n  the  Ag-plated ribbon have now been reduced by a machining process t h a t  should hold 
the thickness folerance t o  f 0.0001 in .  

RCA'S commercial production has  mainly been of 0.'090 in .  wide ribbon i n  at  l e a s t  
three current  r a t i n g s  - 60, 110 and 210 A a t  100 kG - with Ag p l a t i n g  or  Cu cladding 
t o  order.  
recent addi t ion t o  t h e i r  productibn has .been 0.500 in .  wide ribbon, developed under 
contract  from Brookhaven. The wide r ibbon is avai lable  i n  300, 600, 900, and 1200 A 
r a t ings  at 100 kG with e i t h e r  Ag p la t ing  o r  Cu cladding fo r  e l e c t r i c a l  s t ab i l i za t ion .  
Figures 7, 8, and 9 i l l u s t r a t e  developmental ribbons with current r a t i n g s  of 800, 1200, 
and 1100 A. The 800 and 1200 photos show d e f e c t s  t h a t  seem to be r e l a t e d  t o  lo s s  i n  
s t a b i l i t y  of these r ibbons -namely, delamination within the SC l a y e r  and porosity of 
the SC layer .  Both of these  ribbons were l imi t ed  t o  around 35 000 A/cm2 when tes ted 
i n  p i e  windings of around 200 m length.  The 1100 sample which contains  a dense SC 

ever achieved i n  a solenoid a t  Brookhaven. The "1100" was obtained by extrapolation 
from 68 kG a t  which f i e l d  t h i s  0.005 in .  t h i c k  ribbon carr ied 1600 A.  

With standard Ag p la t ing  t h e  thicknesses  are 0.0044 and 0.0052 in. A 

layer ,  is from a r ibbon l eng th  which carries 72 000 A / c m  E , the  highest  cu r ren t  densi ty  

In  making c o i l s  f o r  use with pulsed c u r r e n t s  or  60 Hz cur ren t ,  i t  is e s sen t i a l  
t o  avoid e l e c t r i c a l  s h o r t s  between turns .  To do t h i s  without g r e a t l y  reducing the 
turn densi ty  is  easiest when redundancy is used i n  the  insulat ion.  This has been ac- 
complished by using i n s u l a t e d  ribbon i n  combination with 0.0005 t o  0.002 in.  Mylar 
inter leaving f o r  a t o t a l  i n su la t ion  of no more than 0.001 t o  0.003 in. per turn. When 
bare ribbon i s  -used, Mylar of 0.005 t o  0.010 i n .  is usual ly  required t o  avoid shorting 
by burrs  on the edges. 

A l l  of t he  commercial diffusion-type ribbons a r e  offered either bare or  insulated 
with varnish about-0.0003 in. thick per s i d e .  . The vapor-deposited ribbon has not yet 
been offered with i n s u l a t i o n .  

A comparison between most of these superconductors may be seen i n  Fig. 10 where 
useful current densi ty ,  Jc, taken from manufacturers'  curves has been plot ted against 
B, the magnetic f i e l d  perpendicular t o  t h e  length of the conductor and p a r a l l e l  with 
i t s  surface.  "Useful" is used here t o  i n d i c a t e  tha t  the current d e n s i t i e s  have been 
based on the area per t u r n  i n  a eypical winding r a the r  than the area of a bare conduc- 
t o r .  

7. Marketing Department, RCA Superconductive Products, 
Building 18-3, Harrison, New Jersey 07029. 
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It must a l s o  be understood t h a t  the currents  a re  based on shor t  sample measure- 
ments, and in ac tua l  use  i n  an inductive c o i l ,  i n s t a b i l i t i e s  w i l l  occur which.tend t o  
prevent current d e n s i t i e s  a t  low f i e l d s  from exceeding those usua l ly  obtainable a t  
80 t o  100 kG. When c o i l s  are  used as i n s e r t s  and operated i n  high background f i e l d s ,  
the  i n s t a b i l i t i e s  tend t o  disappear and s t r a i g h t  sample performances a r e  .more l i k e l y  
t o  be obtained. 

A t  f i e l d s  above 140 kG, i t  may be seen tha t  V3Ga ribbon and NbgSn m u l t i w i r e  
promise large current  densi ty  gains over the  present commercial products. 

2 A t  f i e l d s  below 140 kG, i t  i s  painfully c l e a r  tha t  t h e  20 000. A / c m  recommended 
by RCA as proper design f o r  solenoids is f a r  below the  current  d e n s i t i e s  obtainable  
i n  noninductive samples .  

111. STABILITY 

The question now a r i s e s  as t o  why a solenoid or  inductive sample of SC has a lower 
quench current than a noninductive SC. There i s  no concise answer a t  the present time, 
but a few'facts a r e  considered t o  be relevant.  F i r s t ,  no SC is  a t  present used alone 

. as a high f i e l d  magnet conductor, mainly because the spontaneous occurrence of a nor- 
mal (and therefore highly r e s i s t i v e )  region i n  the  conductor can cause a sudden b u r s t  
of joule heating which exceeds the heat t ransfer  c a p a b i l i t y  t o  the He bath. 
s u l t  i s  a rapid l o c a l  temperature rise and associated increase i n  t h e  length of t h e  
normal region, with an ensuing r a d i a l  spread of the normal region throughout t h e  so le -  
noid, more commonly referred to  as a "quench." The universa l ly  accepted method f o r  
reducing t h i s  "quench" problem is  t o  combine a normal conductor (NC) i n  p a r a l l e l  with 
the SC. Now the NC (high purity Ag or Cu) can have a very low res i s tance  i n  comparison 
with the normal SC, i n  f a c t  perhaps only l / Z O O O  t o  1/10 000 a s  much f o r  an equal thick-  
ness. This 1 w res i s tance  material  i n  p a r a l l e l  with the  SC apparently serves t o  reduce 
great ly  the I R joule  heating and a l so  t o  canduct t h i s  heat  edgewise so t h a t  it may 
t ransfer  t o  the H e  bath. The r e s u l t  is  a composite conductor which i s  capable of much 
higher current d e n s i t i e s  before t h e  onset of i n s t a b i l i t y ,  o r  i n a b i l i t y  t o  recover from 
a normal spot. 
0.001 in .  of copper per 0.00025 in .  of Nb3Sn SC. I n  ac tua l  f a c t ,  the  s t a b i l i t y  of the 
composite i s  affected by many parameters, including dB,/dI and B a t  the posi t ioh of 
the conductor and the exposure of the edges and faces of t h e  conductor t o  l i q u i d  helium. 
dBL/dI, i n  t h i s  case,  is the change i n  f i e l d  perpendicular t o  the ribbon face per  un i t  
change i n  ribbon t ransport  current.  B i s  the background f i e l d  surrounding the conduc- 
t o r  i n  which the c o i l  is  s i tuated.  

The re- 

s 
The optimum amount of NC f o r  0.5 in .  wide ribbon appears t o  be about 

. .  I V .  EXPERIMENTAL RESULTS 

A few r e s u l t s  which have been obtained i n  Sampson's laboratory with devices made 
A2 is  a 1.25 in .  bore solenoid made i n  
A 1  is  a 1.0 in .  solenoid made i n  1966 

This same c o i l ,  operated by i t s e l f  

from Nb3Sn are  shown by the points on Fig. 10. 
1964 which operates at 43 000 A / c m 2  and 83 kG. 
which operates a t  39 000 A/cm2 and 103 kG. 
inser t  which operates a t  51 000 A / c m 2  and 119 kG. 
i n  superfluid H e ,  produced 48 kG a t  a J of 71 000 A / c m 2 .  
of 0.090 in .  wide vapor-deposited, s i lver-plated ribbon wound i n  layers .  

A3 is  a 0.62 i n .  i .d.  X 1.25. in .  0.d. 

The preceding,coi ls  were made 

Various c o i l s  of 0.500 in.  wide ribbon are  shown by A4, a 1.5 in .  bore p i e  which 
produced 69 kG a t  71 000 A/cm2, 115, which i s  a 5.0 in .  bore p i e  winding tha t  produces 
50 kG a t  41 000 A / c m 2 ,  and Ab, a quadrupole of 4.0 in .  bore X 24 i n .  length which car-  
r i e s  26 000 A/c& a t  20 kG. 

A7 shows, for  comparison purposes, a Nb25Zr solenoid which operates s tab ly  a t  
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26 000 A/cm2 and 53 kG. 
the same load l ine.  

Since the c o i l  forms are ident ica l , .  &'and A7 would l i e  on 

One charac te r i s t ic  of NbgSn ribbon which is  closely re la ted  t o  s t a b i l i t y  i s  f lux  
jumping i n  inductive solenoids .  Flux jumping i s  observed as voltage spikes  tha t  over- 
r i d e  the emf seen across a c o i l  when the current  level i s  being swept up o r  down. The 
s i z e  and frequency of f l u x  jumps are always small i n  c o i l s  which a re  capable of reach- 
ing IC (where the load l i n e  crosses  the B - I  curve f o r  the  conductor), while jumps are  
la rge  and numerous i n  uns tab le  c o i l s  tha t  quench pr ior  t o  reaching I,. 

When a l l  other condi t ions  are  held equal, f lux  jumping is  probably dependent on 
I n  other words, a conductor with a the r a t i o  of superconductor t o  normal conductor. 

very t h i c k  Nb3Sn layer  (say 0.000S.in. or  greater)  and an Ag o r  Cu layer  less than 
0.001 in .  thick would make a jumpy or unstable c o i l .  

S t a b i l i t y  i n  c o i l s  has  been shown by Morgan and Dah18 t o  be re la ted  t o  inductance 
and, therefore ,  presumably t o  dB/dI, by a test of an inductively wound vs a noninduc- 
t i v e l y  wound pie of i d e n t i c a l  geometry and ribbon length. A current  of 1350 A was not 
s u f f i c i e n t  t o  drive the noninductive c o i l  normal while the inductive c o i l  had an i n s t a -  
b i l i t y  l i m i t  around 800 A.  

V. TESTING TECHNIQUES 

Since work was begun a t  Brookhaven on Nb3Sn ribbon, there  has been a search f.or 
b e t t e r  methods t o  test materials prior t o  ac tua l ly  building a device with them. The 
f i r s t  method was t o  cu t  a s h o r t  (- 1.0 in .  long) sample from each end of each ribbon 
length,  clamp i t  between copper blocks, and measure i t s  c r i t i c a l  current as a function 
of magnetic f i e l d  perpendicular t o  the current flow. 
from t h i s  batch of ribbon, t h e  lengths would be wound such t h a t  the highest  current 
d e n s i t i e s  were on the ins ide .  The problem with short  sample tests i s  t h a t  they indi-  
c a t e  almost nothing about t h e  s t a b i l i t y  of a lotig length of ribbon, as  may be seen 
from t h e  high current d e n s i t i e s  obtainable a t  low f i e l d s  i n  short  samples compared 
with t h e  low current d e n s i t i e s  which a r e  ac tua l ly  possible in  c o i l s .  

Then i f  a solenoid were made 

. Once a solenoid i s  assembled, an obvious test  is t o  measure the current  l i m i t  of 
each length of ribbon i n  i t .  
var ious current  sweep rates and a t  several  levels of fixed background f i e l d  produced 
by the  outer  sections.  

This i s  most informative when tests a r e  performed a t  

Any length which operates poorly i n  the  c o i l  is then replaced. 

A t h i r d  method f o r  t e s t i n g  i s  t o  energize a complete solenoid i n  series and'put 
i t  i n t o  t h e  pers is tent  mode with a shorting switch. 
a r e  read across each s e c t i o n  t o  locate bad j o i n t s  and poor lengths of ribbon. 

After i t  has s t a b i l i z e d ,  emf's 

A continuous t e s t i n g  method for Nb3Sn ribbon has a l s o  been developed. The ribbon 
is  passed through a D e w a r  a t  a r a t e  up t o  0.5 m f s e c  and, en route ,  i t  passes through a 
magnetic f i e l d  of 50 kG. A t  the  entrance t o  and e x i t  from the f i e l d ,  co i l s .  encircle  
or  l i e  c lose  t o  the face of t h e  ribbon and produce an output which is  r e l a t e d  t o  the 
diamagnetic properties of t h e  SC ribbon and t o  the nature of the  NC bonded t o  it .  
With an integrator  dr iven by the  co i l s  connected i n  opposition, the diamagnetic 
s t rength  of the SC l ayer  has  been measured and defec ts  have been detected i n  the SC 
and i n  t h e  SC t o  NC bond. 

8. G.H. Morgan and P.F. Dahl, Brookhaven National Laboratory, pr ivate  communication. 
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Another test which has been used by Sampson recent ly  i s  measurement of the conduc- 
t i v i t y  of the normal conductor a t  c lose t o  SC temperatures. It has  been found t h a t  
Cu cladding used by manufacturers has around twice the conductivity of Ag plat ing.  
has a l s o  been found tha t  the Ag p la t ing  w i l l  increase i n  conduct ivi ty  by' a fac tor  of 
about two (becoming equal  t o  the Cu) when i t  is  properly annealed. 
ing, .  the  Ag plat ing i s  poor ( res i s tance  r a t i o  - 60) compared with commercial f ine  
s i l v e r  f o i l  ( res is tance r a t i o  - 200). 
as  w e l l  as pies made of 0.500 in .  ribbon, t h e r e  appears  t o  be a pos i t ive  cor re la t ion  
between conductivity of the plat ing and s t a b i l i t y  of the c o i l .  This has been shown 
with two coi ls  each containing approximately 1000 m of 0.090 i n .  ribbon which operated 
unstably and would only carry 60-70 A.  Af te r  annealing, the current  l i m i t s  were r a i s e d  
t o  around 95 A, which w a s  s t i l l  not a t  t h e  B-I  l i m i t .  

It 

Even a f t e r  anneal- 

I n  tests of solenoids made of 0.090 in. r ibbon 

Another test which w e  have made on superconductors t o  understand t h e i r  perform- 
ance i s  to measure t h e i r  cri t ical  temperatures. A c o i l  containing approximately 1 f t  
of conductor with thermocouples and cur ren t  leads attached t o  each end is enclosed i n  
a copper sheet t o  provide a uniform temperature environment. With 10 A flowing through 
the c o i l ,  it is  slowly raised out of t h e  helium bath while thermocouple emf is  read 
from each end of the c o i l .  When t h e  emf across  the sample reaches 1 mV, it is  as- 
sum&d t o  be above Tc a t  the high temperature end. 
0.5OK apart. 
T, < 15OK while diffusion ribbon has a T, M 17.5'K. 

The two ends were never more than 
The only difference found t o  da te  i s  tha t  vapor-deposited ribbon has a 

A newly established method' by which w e  can test complete lengths  of 0.500 in .  
ribbon for  s t a b i l i t y  i s  the 5.0 in .  bore p i e  test .  The usual run of lengths is  from 
180 t o  500 m and over t h i s  range, the value of dBl/dI at  the inner turn i s  a very weak 
function of the amount of ribbon being t e s t e d .  These c o i l s  are very easy t o  construct  
and test compared with useful magnets, so i t  is  advantageous t o  test lengths of ribbon 
i n  t h i s  fashion pr ior  t o  winding them i n t o  a more complex design. A t  present, some 
20 pieces of ribbon (approximately 300 m each) have been tes ted  t h i s  way and current  
d e n s i t i e s  have varied from 22 000 t o  54 000 A/cn? a t  f ie lds .  t o  70 kG. 
with the p i e  test i s  large when you consider  tha t  four ribbon lengths  for  a quadrupole 
may be wound as  pies  and tes ted i n  two man days compared with e i g h t  man days r equ i r ed  
t o  perform the same experiments with t h e  quadrupole. 

The time saving.  

9 .  Specification for  Superconductive Ribbon, Brookhaven National Laboratory 
SPEC. AGS-481, June 18, 1968. 
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JACKET - PURE Nb 

Nb WIRES - TJP TO 900 STRANDS 

Nb3Sn ON SURFACE OF WIRES 

Sn MATRIX 

100 TO 1000 MILS b 

I’ 
-DIAMETER: 200 TO 500 MILS I N I T I A L  

20 MILS AFTER MULTIPLE DRAWING 

Fig.’l. Multiwire diffusion process. 

.One’or more ribbons of base metal - primarily Nb or V 
Superconductive Film - Nb3Sn or V3Ga 

Film of Sn or Pb-Sn solder 

Normal conductor - Cu foil or 
electroplate 

1 
T 1 

Fig .  2. Diffusion process - Nb Sn or V3Ga ribbon. 3 
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Fig .  3 .  Microphotograph of cross section - GE 150 ribbon. 
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Fig. 4 .  Microphotograph of cross section - GE 300, ribbon. 
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Fig. 3. Microphotograph of c r o s s  s e c t i o n  - GE 600 r ibbon.  

. I  
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UBSTRATE - HIGH STRENGTH ALLOY SUCH AS HASTELLOY B OR 
C ,  NIVAFLEX, OR A STAINLESS S T E E L  

. .  
XJPERCONDUCTOR - MAINLY NbgSn . 

THIN PLATED LAYER - USUALLY N i  
I 

NORMAL CONDUCTOR - A g  o r  CU - ELECTRO- 
PLATED OR CLAD 

90 TO 500 MILS 

2 . 2  TO 3.8 MILS, 

2.8 TO 6 M I L S  

Fig.  6 .  Vapor-deposition process - NbgSn ribbon. 
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F i g .  7. Microphotograph of cross section - RCA 800 developmental ribbon. 
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Fig. 8. Microphotograph of cross section - RCA 1200 developmental ribbon. 
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Fig. 9. Microphotograph of cross section - RCA "1100" developmental ribbon. 
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N 

5 

A 3 0.62"BORE SO 
A 4 1.5" BORE PIE 
A 5 5.0" BORE PIE . 

0 1.25"BORE SOLENOI 

KILOGAUSS 

Useful current density vs f i e l d  at 4.2'K F i g .  10. 

. .  
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