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Abs t r ac t  

We r e p o r t  on the   app l i ca t ion   o f  a Kaufman ion   sou rce  
t o   t h e   d e p o s i t i o n   o f  Nb and T a  t h i n   f i l m s .  We f i n d  
t h a t   h i g h   q u a l i t y  Nb f i l m s  (Tc = 9.1 K) can  be  produced 
by th i s   t echn ique   unde r   t o l e ran t   depos i t i on   cond i t ions .  
I n   a d d i t i o n ,   s u b s t a n t i a l ,   s y s t e m a t i c  improvement i n   t h e  
I-V c h a r a c t e r i s t i c s   o f  Nb t u n n e l   j u n c t i o n s  kas been 
r e a l i z e d  by d e p o s i t i n g ,   i n   s i t u ,   t h i n  (210 A) Ta 
l a y e r s   o n   t h e  Nb f i l m   s u r f a c e .  

In t roduc t ion  

I n   t h i s   p a p e r  we r e p o r t   o n   t h e  ion-beam d e p o s i t i o n  
of Nb and Ta f i lms .  The depos i t i on   o f   r e f r ac to ry   me ta l  
f i l m s  i s  o f   c o n s i d e r a b l e   i n t e r e s t   b e c a u s e   o f   t h e i r  de- 
s i rab le   superconduct ing   and   mater ia l   p roper t ies .   In  
p a r t i c u l a r ,  Nb h a s   t h e   h i g h e s t  Tc of   the  e lemental  
superconductors  and i s  favored  for   superconduct ing de- 
v i ce   app l i ca t ions   because   o f  i t s  p h y s i c a l   i n t e g r i t y .  
However, it is  w e l l  known t h a t   p u r e  Nb t u n n e l   j u n c t i o n s  
charac te r i s t ica l ly   exhib i t   non- idea l   behavior   which   has  
been   a t t r i bu ted   t o   subox ide   g rowth  a t  t h e  Nb/Nb205 in- 

t e r f ace . '  A very  promising  approach  to   ameliorat ing 
t h i s   s i t u a t i o n  is  t o   c o v e r   t h e   s u r f a c e   o f   t h e  Nb f i lm ,  
i n   s i t u ,   w i t h  a t h i n   o v e r l a y e r  of another   metal   which 
can  "cap"  the Nb surface  and  form  an  improved  tunnel- 
ing   ox ide .   Rare-ear th   meta ls ,2  A l 3  and, more r e c e n t l y ,  
Z r  sur face   l ayers   have   been  employed f o r   t h i s   p u r p o s e .  
In  a d d i t i o n ,   t h e  use of S i  b a r r i e r s ,   i n   c o n j u n c t i o n  
wi th  SNAP, h a s   p r o v e n   q u i t e   s u c ~ e s s f u l . ~  

Our approach  to   the  problem  of   obtaining  high-  
q u a l i t y  Nb-based j u n c t i o n s  is t o   d e p o s i t   t h i n  T a  l a y e r s  
on Nb. Ta was chosen f o r   t h i s   s t u d y   b e c a u s e   o f  i t s  
demons t r a t ed   ab i l i t y   t o   p roduce   ve ry   h igh   qua l i t y  
t u n n e l i n g   c h a r a c t e r i s t i c s . 6  I n  a d d i t i o n ,  Ta i s  q u i t e  
s i m i l a r   t o  Nb i n  i t s  chemica l ,   c rys ta l lographic ,   and  
no rma l - s t a t e   p rope r t i e s .   The re fo re   t he   ove ra l l   cha r -  
a c t e r   o f  Nb j u n c t i o n s   w i t h   t h i n  Ta ove r l aye r s  is  n o t  
expec ted   t o   dev ia t e   f a r   f rom  those   o f   pu re  Nb except  
w i th   r ega rd   t o   an  improvement i n   t u n n e l - b a r r i e r  forma- 
t ion .   This  may b e   p a r t i c u l a r l y   i m p o r t a n t   i n   o b t a i n i n g  
devices   wi th   bo th   h igh-qual i ty  I-V c h a r a c t e r i s t i c s   a n d  
l a r g e   a n d / o r   r e p r o d u c i b l e   c r i t i c a l - c u r r e n t   d e n s i t i e s .  

We f i n d   t h a t   t h e  ion-beam technique i s  p a r t i c u l a r l y  
a d a p t a b l e   t o   s t u d i e s  of t h i s   k ind   because   o f   t he   ea se  
of  implementation  of a m u l t i p l e   t a r g e t   c a p a b i l i t y .   I n  
our   sys tem,   any   one   o f   four   t a rge ts   can ,   in   rap id   suc-  
cess ion ,   be   p resented   to   the   ion  beam f o r   d e p o s i t i o n .  
Many of  the  unique  and  promising  applications  of  the 
ion-beam t e c h n i q u e   t o   t h i n - f i l m   s t u d i e s  - s u c h   a s  
e t ch ing ,   ox ida t ion ,   and   s t r e s s   mod i f i ca t ion  - have re- 
cently  been  comprehensively  reviewed. 7- 

Experimental  

A s  i l l u s t r a t e d   i n   F i g .  1, an   ion  gun i s  employed t o  
spu t t e r   ma te r i a l   f rom a t a rge t   on to   s ample   subs t r a t e s .  
We use an Ion Tech8 2.5 cm ion  source  and a modified 
wa te r - coo led   t a rge t   ho lde r   cons i s t ing   o f  a copper 
c a r o u s e l  on which  four 4" s p u t t e r   t a r g e t s   c a n   b e  mount- 
ed. A d i f f e r e n t   t a r g e t   c a n   b e   r o t a t e d   i n t o   p l a c e   u n d e r  
t h e  beam w i t h i n  2.1-2 sec  where i t  i s  15  cm from  and 
i n c l i n e d  45" t o   t h e   s o u r c e .   I n   t h i s   e x p e r i m e n t  we use 
99.9+% Nb and  99.95+% T a  t a r g e t s .  The s u b s t r a t e   h o l d e r  
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Fig.  1. Schematic  of  the  deposit ion  system,  comprising 
a 2.5 cm Kaufman ion   sou rce ,   mu l t ip l e   t a rge t   ho lde r   ac -  
commodating fou r  4 i n .   t a r g e t s ,  and s u b s t r a t e   h o l d e r .  
Not shown i s  t h e  main  sample s h u t t e r .  Also n o t  de- 
p i c t e d  is  a liquid-nitrogen-cooled  copper  shroud  which 
surrounds  the  above  components .   (Figures   not   to   scale . )  

u s e d   f o r   t h i n - f i l m   s t u d i e s  is  cons t ruc ted   o f  Nb and Mo 
to   a l low  fo r   fu tu re   s tud ie s   employ ing   hea t ed   subs t r a t e s .  
It ho lds  up t o  8 p a i r   o f   i n d i v i d u a l l y   s e l e c t a b l e  sub- 
strates and is  10  cm from t h e   c e n t e r   o f   a n d   p a r a l l e l   t o  
t h e   t a r g e t .  A similar h o l d e r ,   f o r   d e p o s i t i n g   t h i n  
s t r i p s   o f   m e t a l  on a number o f   s u b s t r a t e s ,  is  employed 
i n   t u n n e l   j u n c t i o n   f a b r i c a t i o n .  Not  shown i n   t h e   f i g -  
u r e  i s  a shu t t e r   wh ich   can   be   ro t a t ed   i n   f ron t   o f   t he  
samples ,   which   typ ica l ly   a re   po l i shed   s i l i con   sub-  
s t r a t e s .   D u r i n g   d e p o s i t i o n   t h e   t a r g e t   a n d   s u b s t r a t e  
t e m p e r a t u r e s   r i s e   t o  no more than 55°C and 65OC, re- 
s p e c t i v e l y .  

The apparatus   descr ibed  above  and  pictured  in   Fig.  1 
is conta ined   in   an   18"   v i ton-sea led   pyrex   cy l inder .  

Table I: Optimum beam c o n d i t i o n   f o r  Nb f i lm   depos i t i on .  

Gas Pressurea Beam Beam Deposi t ion Tc 

- _. 

b 

Voltage  Current Rate 
(Torr) (V) ( d  (Qsec)  (K) 

A r  1 x 1300  57  2.2  8.3 

Xe 1 . 7  x l o e 4  1500 35 

b. 2000 A f i lmg 
a .  Uncomgensated  ion-gauge  reading 

c. a = 3.335 A 

2.4  9. lC 
- 
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Pumping is accomplished  with a s t anda rd  6" d i f f u s i o n  
pump and a l iquid-ni t rogen-cooled  copper   shield  which 
f i t s   j u s t   i n s i d e   t h e   g l a s s   c y l i n d e r  and  reduces  the 

base   p ressure   f rom 6 t o  3 x 10-7T when cold.  The p r i -  
mary contaminant i s  water vapor.   Research-purity  gas 
was used  .for a l l  depos i t i ons .  

Thin  Fi lm  Resul ts  

A f a i r l y   l e n g t h y   o p t i m i z a t i o n   p r o c e s s  was followed 
t o   o b t a i n   t h e   h i g h e s t   q u a l i t y  Nb f i l m s ,   a s   p r e v i o u s l y  
r epor t ed .9   F i lm   qua l i t y  was judged-by   bo th  Tc and low- 

t e m p e r a t u r e   r e s i s t i v i t y .  The r e s u l t   o f   t h i s   i n v e s t i -  
g a t i o n  was f i r s t   t h a t  X e  as opposed  to Ar gave  consis- 
t e n t l y   b e t t e r   f i l m s .  We n o t e   t h a t   t h i s   t r e n d  i s  con- 
s i s t e n t   w i t h   t h e   e a r l i e r  work  of  SchmidtlO i n  which a 
hollow-anode ion   sou rce  was used. The new r e s u l t   h e r e  
is t h a t  ion-beam-deposited Nb f i lms   have  now been  pro- 
duced wi th  T ' s  approaching  the  bulk  value.  We n o t e  

t h a t  Bouchie;," u s ing  a duoplasmatron  source,   has 
quo ted   comparab le   r e su l t s   fo r  N b T i  deposi ted  on  heated 
s u b s t r a t e s .  We have  found  that   with  both A r  and X e  t h e  
proper  beam cond i t ions  are important   in   maximizing T . 
These optimum c o n d i t i o n s   a r e   l i s t e d   i n   T a b l e  I. To ob- 
t a i n  high-T m a t e r i a l  we f i n d  i t  n e c e s s a r y   t o   s t a y  

w i t h i n  %?lo% o f   t h e   l i s t e d  beam power and  to  minimize 
the acce le ra to r   cu r ren t   and   d i scha rge   vo l t age  a t  a 
g iven   pressure .  We note   tha t   once   de te rmined ,   the  de- 
pos i t i on   pa rame te r s   l i s t ed   were   fu l ly   r ep roduc ib le   f rom 
run   t o   run .  

Fig.  2. E lec t rof !   d i f f rac t ion   pa t te r :   and  TEM photo- 
graph  of a 300 A Nb f i lms  on a 300 A c a r b o n   s u b s t r a t e  
u s ing   t he  X e  depos i t i on   cond i t ions   i n   Tab le  I. Resu l t s  
f o r   b c c  Ta f i l m s  (see t e x t )  are s i m i l a r .  

Shown i n   F i g .  2 is a? e l e c t r o n   d i f f r a c t i o n   p a t t e r n  
and TEM photo  of a 300 A Nb f i lm   depos i t ed   on  a 300 
ca rbon   f i lm   u s ing   t he  Xe d e p o s i t i o n   c o n d i t i o n s   l i s t e d  
i n   T a b l e  I. This  photo is rep resen ta t ive   o f   f i lms  made 
under a v a r i e t y   o f   c o n d i t i o n s .  Based  on  standard  x-ray 
d i f f r a c t i o n   s c a n s ,  we see that  our  ion-beam-deposited 
Nb i s  bcc,  (110) t e x t u r e d  and h a s  %150 A g r a i n s   w i t h  a 
random in-p lane   o r ien ta t ion .  The f i l m s   a l s o   a p p e a r   t o  
b e  homogeneous  and f r ee   o f   vo ids .  We no te   t ha t   p re -  
l imina ry   i nves t iga t ions   o f   t he   impur i ty   con ten t   o f   ou r  
h i g h e s t   q u a l i t y   f i l m s  by  Auger ana lys i s   and  SIMS show 
the   con ten t   o f  C ,  N ,  and 0 t o   b e  20.1 at.%. Also, 

e lectron  microprobe  and  Auger   analysis ,   wi th  a 0.5 
at .% s e n s i t i v i t y ,   f o u n d  no d e t e c t a b l e  levels of A r  o r  
X e  i n   f i lms   depos i t ed   w i th   t hose   gases .  

W e  have   a l so   examined   the   t ranspor t   p roper t ies   o f  a 
number of f i lms .  Shown i n   F i g s .  3 and 4 a r e   p l o t s   o f  
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Fig.  3. Superconduct ing   t rans i t ion   t empera ture  of Nb as 
a func t ion   o f   l ow  t empera tu re   r e s i s t i v i ty .   Resu l t s   fo r  
Nb-0 from  Ref .   12  and  for   i r radiated Nb from  Ref. 13. 

T as a func t ion   o f   l ow  t empera tu re   r e s i s t i v i ty  (ploK) 

a n d   r e s i d u a l   r e s i s t a n c e   r a t i o  (RRR Z p300K/PloK), f o r  

<ZOO0 A t h i c k  Nb fi lms,  These  data  were  accumulated 
dur ing   our   op t imiza t ion   of  beam parameters .  We no te  
t h a t   t h e r e  i s  a wel l -def ined,   monotonic   decrease  in  T 

w i t h   i n c r e a s i n g   r e s i s t i v i t y   w i t h   a n   i n i t i a l  rate, 
ATc/Ap, of % -0.1 K/vncm. For  comparison, we show re- 

s u l t s   f o r  oxygen-doped  and i r r a d i a t e d  Nb. For   the  Nb-0 

sys  tem 3 % -0.2 K/pC2cm near  9.2 K whereas   both  the 

4He- i r rad ia ted   sput te red  Nb f i lms   o f   Tes t a rd i  e t  al .  
1 3  

( a s  shown) and t h e   r e l a t e d  work of  Ischenko e t   a l . I 4  
on oxygen- i r r ad ia t ed   bu lk   c rys t a l l i ne  Nb show 
ATc/AP ,$ -0.07 K/pncm. We have   a l so   no ted9   t ha t   t he  

r a t e   o f   d e c r e a s e   o f  T w i t h   l a t t i c e   p a r a m e t e r ,  ATciAao, 

i s  cons iderably   s lower   for   our  ion-beam Nb as compared 
t o   t h e  Nb-0 system  which show s lopes   nea r   9 .2  K of 
0.05 K / d  and  0.25 K / d  r e s p e c t i v e l y .  These d i f f e ren -  
c e s   i n   b e h a v i o r   a r e   a l s o   m a n i f e s t   i n  a comparison  of 
T ve r sus  RRR where i t  is  c l e a r   t h a t  T can  vary  widely 

f o r  a given RRR, depending   on   the   par t icu lar   sys tem of 
i n t e r e s t .   T h e s e   r e s u l t s   i l l u s t r a t e   t h e   n o n - u n i v e r s a l  
na ture   o f   the   depress ion   of  Tc i n  Nb and   sugges t   tha t  

s p e c i f i c  mechanisms,  such  as i n t e r s t i t i a l   g a s   i n c o r -  
p o r a t i o n   i n   t h e  Nb-0 system as compared t o   r a d i a t i o n -  
i n d u c e d   l a t t i c e  damage,  must  be  considered. 

0 

AP 

These r e s u l t s   f u r t h e r   s u g g e s t  a con t r ibu t ion   and /o r  
compet i t ion   o f   these   and   perhaps   o ther   mechanisms  in  
the  decrease  of  T i n   ou r   f i lms .   Indeed ,  as d i scussed  

i n   t h e  work  of Heim and  Kay,15 f a c t o r s   c o r r e l a t e d   w i t h  
T i n   s p u t t e r - d e p o s i t e d   t h i n   f i l m s   i n c l u d e   t h e   e n e r g y  



962 

'Or--'------l 

9 -  

8 -  

7 -  

6 -  - 
Y - 5 -  
FV 

4 -  

3 -  

2 -  

I -  

ip I 

d 
l 
I 
I 

0 Testardi et a1 , 
Radiation-Damaged Nb 1 

* 
A Ar } This Work 

Koch et  a l . ,Nb-0 

01 I I 
I I I 

0 I 2 3 4 
RRR 

Fig. 4. Superconduct ing  t ransi t ion  temperature   of  Nb 
a s  a f u n c t i o n   o f   r e s i d u a l   r e s i s t a n c e   r a t i o  
(RRR 2 p 3ooK/ploK). References   for   o ther   workers   as  

i n   F ig .   3 .  

and spec ie s   o f   spu t t e r ing   gas ,   r e s idua l   gas   con ten t ,  
s p u t t e r i n g   r a t e ,   l a t t i c e   c o n s t a n t ,   c r y s t a l l o g r a p h i c  
d i so rde r ,   subs t r a t e   t empera tu re   and   o the r   quan t i t i e s  
which   a re   typ ica l ly   in te rdependent .  We no te ,  however, 
tha t   because   o f   the   independent   cont ro l   over  a number 
of   deposi t ion  parameters   afforded by ion-beam s p u t t e r -  
i ng ,  a deconvolution  of some p a r t i c i p a t i n g   f a c t o r s  may 
u l t ima te ly   be   poss ib l e .  

Notwi ths tanding   these   de ta i led   cons idera t ions ,  how- 
eve r ,  we n o t e   t h a t  Nb of   ove ra l l   h igh   qua l i t y   can   be  
deposi ted by ion-beam sput ter ing  under   condi t ions  which 
are r e l a t i v e l y   " r e l a x e d " :  a moderate  background, 
p r e s s u r e   ( 3  x 10-7 T),  low d e p o s i t i o n   r a t e  (2.4  A/sec) 
and  low (c65'C) subs t r a t e   t empera tu re .  

Using Xe gas and the   cor responding   depos i t ion   para-  
m e t e r s   l i s t e d   i n   T a b l e  I, t h i c k   f i l m s  o f  Ta were  a lso 
i n v e s t ' g a t e d .  A s  p r e v i o u s l y   r e p o r t e d   i n   d e t a i l   e l s e -  
where,$ i t  was i n i t i a l l y  found   t ha t   on   v i rg in  sub- 
s t r a t e s  Ta grows in   the   B- te t ragonal   phase ,   which  i s  
undes i rab le   due   to  i t s  low T (0.5 K) and  high  res is-  

t i v i t y  (>150uQcm). It was subsequent ly   discovered 
t h a t  by ' f i r s t   d e p o s i t i n g ,   i n   s i t u ,   t h i n   l a y e r s  
(-30-100 1) o f  Nb on   t he   subs t r a t e s ,   s ing le -phase ,  
(110) tex tured ,   bcc  Ta (a = 3.324 1) could  be grown 

w i t h  Tc = 4.3  K and plOK 1, 5uQcm. I t  i s  l i k e l y ,   t h e r e -  

f o r e ,   t h a t   t h i n  Ta layers   depos i ted  on t h i c k  Nb f i lms  
w i l l  be   s t rongly   p red isposed   to   bcc   g rowth .  

% 

Tunnel   Junct ion  Preparat ion 

F i lms   for   tunnel   junc t ions   were   depos i ted   us ing   the  
opt imized  parameters   for  Xe gas  (see  Table I ) .  Af te r  
a s t anda rd  2-3 hour   presput ter   of  Nb t o   g e t t e r   t h e  
chamber, t he  Ta t a r g e t   ( i f   u s e d )  was ro t a t ed   unde r   t he  
beam for   15   minutes   o f   sur face   c leaning .  The Bb t a r g e t  
was ngx t   ro t a t ed   i n to   p l ace ,   t he   shu t t e r   opened ,   and  
2000 A of Nb was depos i t ed  on t h e   s u b s t r a t e s .  Im- 
med ia t e ly   fo l lowing   t h i s ,   t he  Ta t a r g e t  was simply  ro- 

ta ted   back   under   the  beam wi th in  $1 s e c   t o   d e p o s i t   a n  
ove r l aye r   o f   t he   des i r ed   t h i ckness .   Af t e r   depos i t i on ,  
t h e  xenon  flow w a s  terminated  and  dry  gas  run  through 
t h e   c o l d   s h i e l d  which r e t u r n e d   t o  room tempera ture   in  
1-2 hours.   Nitrogen  gas w a s  n e x t   b l e d   i n t o   t h e  
chamber  and  samples  were  oxidized at  room temperature 
by exposure   t o   a i r .  Composite  base  electrode  edges 
were masked  by p a i n t i n g  them wi th   h igh ly   d i lu$ed  
r e s in ,   p reced ing   t he   evapora t ion   o f   an  %ZOO0 A t h i c k  
Pb 71Bi.29 counter-electrode.  We n o t e   t h a t   o n l y   w i t h  

the   t h innes t   mask ing   l aye r s   d id   t he   coun te re l ec t rode  
remain   a f f ixed  upon thermal   cycl ing.  

I I I I -* OXIDE 

Room Air Oxidation 

4 . 2 K  

0 I 2 3 
VOLTAGE (mV) 

Fig.  5. Curren t -vol tage   charac te r i s t ics   o f  Nb-oxide- 
Pb.71Bi.29  (top  curve)  and  Nb/Ta-oxide-Pb 

t u n n e l   j u n c t i o n s   a t  4 . 2  K. I nd ica t ed  is  
APbBi = 1.75 meV. 

. 71Bi.  29 

Resu l t s  on Tunnel Junc t ions  

P lac ing  Ta l a y e r s   o v e r   t h e  Nb base-e lec t rode   f i lms  
changed the i r   t unne l ing   p rope r t i e s   cons ide rab ly .  
Shown i n   F i g .  5 a re   junc t ions   pgepared   wi th   pure  Nb 
base   e l ec t rodes  and r\ib wi th  1 0  A and 20 T a  s u r f a c e  
layers .   There i s  c l e a r l y  a sys t ema t i c   dec rease   i n   t he  
conductance  below  the sum gap as the   t h i ckness   o f   t he  
Ta s u r f a c e   l a y e r  i s  increased.  There i s  a l s o  a s t r o n g  
suppression  of  a conduc tance   i nc rease   a t  A 

DTa 1. 10 which   sugges ts   the   inh ib i t ion   o f   undes i rab le  

no rma l   ma te r i a l   fo rma t ion   i n   t he   v i c in i ty  of the   base  
e l e c t r o d e   s u r f a c e .  We n o t e   t h a t   f o r  DTa = 0 the  sum 

gap is  -3.2 meV compared t o   t h e   t h e o r e t i c a l   v a l u e  of 
3.3 m e V  (ApbBi = 1.75 m e V , I 6  ANb = 1.55 meV3). For 

DTa = 10 A t h e  sum gap increases   perceptab ly   to   3 .25  

meV and then  decreases  back  to  3.2 meV f o r  DTa = 20 A. 

PbBi for  
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This   sugges ts   the   beginning   of  a proximity-effect  de- 
p re s s ion   o f   t he  Nb gap. We a l s o   n o t e ,   i n   t h i s   r e g a r d ,  

12. C.  C. Koch, J. 0. Scarbrough,  and D. M. Kroeger, 

a s y s t e m a t i c   i n c r e a s e   i n   t h e   s t r e n g t h   o f   t h e   " p r o x i -  
mi ty"   knee   s t ruc ture   jus t   above   the  Sum gap,  Suggestive 13. L. R. T e s t a r d i ,  J. M. Poate ,  H. J. Lev ins t e in ,  
o f   t h e   p r e s e n c e   o f   r e s i d u a l   m e t a l l i c  Ta.  Phys. Rev. B S ,  2570  (1977). 

Phys. Rev. Bp, 888  (1974). 

It was f o u n d   t h a t   t u n n e l i n g   c h a r a c t e r i s t i c s   a l s o  de- 14.  G. Ischenko, s. uamUnzer, H. ~ ~ ~ ~ ~ l l ~ ~ ,  H. 
pended  on  oxidation time. Pure Nb j u n c t i o n s  formed  Adrian  and P. Muller,  J. Nucl.  Mater. 72, 212 
wi th  a 24 hour   ox ida t ion  were of much p o o r e r   q u a l i t y  
than   t hose   ox id i zed   fo r  2 hours.   This  and similar re- 
s u l t s   f o r  Ta l aye r s   f avored  1-2 h r .   ox ida t ions .  A l -  15. G. H e i m  and E. Kay, J. Appl.  Phys. 4 6 ,  4006 

though  R-S f o r   t h e   p u r e  Nb junc t ions ,  %10-4Qcm 

(1978). 

2 (1975). 

(S % 5 x 10  cm ), i s  r e p r e s e n t a t i v e  of t h e   c h a r a c t e r -  
i s t i c a l l y   s l o w   o x i d a t i o n   o f  Nb,3 t h e   j u n c t i o n s   w i t h  
T a  ove r l aye r s   had  R*S v a l u e s  >lQcm2.  This  value 
appea r s   t o   be   r ep resen ta t ive   o f  a more r e a c t i v e  metal 
and may b e   r e l a t e d   t o   t h e   d e t a i l e d   p r o p e r t i e s   o f   t h e  
Ta s u r f a c e   l a y e r .   I n  any c a s e   t h i s   b e h a v i o r  demon- 
s t r a t e s   t h e   g e n e r a l   i n t e g r i t y   o f   t h e  Ta l a y e r .  A more 
c o m p l e t e   u n d e r s t a n d i n g   o f   t h i s   i n t e r e s t i n g   r e s u l t  will 
requ i re   t he   adop t ion   o f  improved  procedures f o r  
j u n c t i o n   d e f i n i t i o n .  

-3 2 

I n  summary, we have  produced  both  high-quality Nb 
and T a  on Nb f i l m s   u s i n g  ion-beam depos i t ion .   Also ,  
t h i n  T a  l a y e r s   o n  Nb are shown t o   e f f e c t  a s i g n i f i c a n t  
improvement i n   t u n n e l - j u n c t i o n   c h a r a c t e r i s t i c s .  

We wish  to  acknowledge many use fu l   d i scuss ions   w i th  
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