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-- -_ ABSTRACT 

We r e p o r t   t h e   f a b r i c a t i o n   o f   a l l - r e f r a c t o r y   s u p e r -  
c o n d u c t o r - i n s u l a t o r - s u p e r c o n d u c t o r   t u n n e l   j u n c t i o n s  
of t h e   f o r m  NbN/MgO/NbN. The MgO i n s u l a t i n g   b a r r i e r  
was depos i ted  by  e-beam e v a p o r a t i o n .   H i g h   q u a l i t y  
j u n c t i o n s   w e r e   f a b r i c a t e d  wi th sum gaps o f  5.2 meV, 
and a smal 1 subgap  leakage  parameter (Vm=30 mV, mea- 
s u r e d   a t  3mV). These dev i ces   a re   f o r   even tua l   use   as  
q u a s i p a r t i c l e   m i x e r   e l e m e n t s   i n   m i l l i m e t e r / s u b m i l t i -  
meter  wave he terodyne  rece ivers .   Fabr ica t ion   tech-  
n i q u e s   a n d   c u r r e n t - v o l t a g e   c h a r a c t e r i s t i c s   a r e   d i s -  
cussed. We a lso  propose a new growth mode f o r  MgU 
f i l m s  on NbN. 

INTRODUCTION 

Superconductor - Insu la to r -Superconductor  ( S I S )  t unne l  
j u n c t i o n s  have  proven t o  be  t h e   m o s t   s e n s i t i v e   m i x e r  
e l e m e n t s   f o r   m i l l i m e t e r  wave heterodyne  receivers  and 
a r e   c u r r e n t l y   i n  use i n   s e v e r a l   r a d i o   f r e q u e n c y   a s t r o n -  
omy observa to r ies .   (Rev iews   o f  S I S  m i x e r   a p p l i c a t i o n s ,  
s ta tus ,   and   t heo ry   can  be found i n   r e f s . ( 1 , 2 , 3 ) .  More 
r e c e n t l y ,   t h e   s e n s i t i v i t y   o f  S I S  t u n n e l   j u n c t i o n s  has 
been  demonstrated i n   t h e   s u b m i l l i m e t e r  wave range 
t o   4 5 0  GHz ( 4 )  and  have t h e   p o t e n t i a l   o f   b e i n g   u s e f u l  
up t o  1500 GHz. The re fo re ,  S I S  mixer   e lements   a re  
be ing   deve l  oped f o r   f u t u r e   s u b m i l   l i m e t e r  wave astroncmy 
f a c i l i t i e s ,   i n c l u d i n g  NASA's proposed  space  based t e l e -  
scope  (e.g., t he   La rge   Uep loyab le   Re f lec to r ) .  The 
e x c e p t i o n a l   m i x i n g   p r o p e r t i e s   o f  S I S  t u n n e l   j u n c t i o n s  
a r e  due t o   t h e   s t r o n g   n o n l i n e a r i t y   i n   t h e   t u n n e l i n g  
c u r r e n t   v o l t a g e   c h a r a c t e r i s t i c s   w h i c h   a r i s e s   f r o m   t h e  
singularity i n   t h e   q u a s i p a r t i c l e   d e n s i t y   o f   s t a t e s .  
I d e a l l y ,   t h e   w i d t h   o f   t h e   c u r r e n t   o n s e t   a t   t h e   s u p e r -  
conduct ing   energy  gap (AV) i s  s u c h   t h a t   t h e   c o n d i t i o n  
f o r  quantum d e t e c t i o n   ( A V < h u / e )   i s   s a t i s f i e d   i n   t h e  
i n i l   l i m e t e r   a n d   s u b m i l l i m e t e r  wave range. As a r e s u l t ,  
e x t r e m e l y   s e n s i t i v e   r e c e i v e r s   w i t h   l o w   l o c a l   o s c i l l a t o r  
power requ i rements  become feas ib le .  The respons iv i  t y  
o f  S I S  quantum d e t e c t o r s   i s   d e t e r m i n e d   b y   t h e   r e l a t i v e  
,nagn i tudes   o f   the   photon   ass is ted   fo rward   and  reverse  
t u n n e l i n g   c u r r e n t s ,   w i t h   t h e  maximum r e s p o n s i v i t y   o c -  
c u r r i n g  when t h e   r e v e r s e   t u n n e l i n g   c u r r e n t   i s  a min- 
imum. For S I S  j u n c t i o n s   b i a s e d   i n   t h e  gap o f   t h e  
q u a s i p a r t i c l e   d e n s i t y   o f   s t a t e s ,   t h e   r e v e r s e   t u n n e l i n g  
C u r r e n t   i s   d e t e r m i n e d   b y   t h e  subgap  leakage  res is tance 
which i s   h i s t o r i c a l l y   e x p r e s s e d  as V = I R where I 
I S  t h e   J o s e p h s o n   c r i t i c a l   c u r r e n t  and R s g  ::?he subgap 

m C 

r e s i s t a n c e   m e a s u r e d   a t   a p p r o x i m a t e l y   h a l f   t h e   y a p   ( i n  
our  case 3 mV). The t h e o r e t i c a l .  limit t o   t h e   h i g h  
f requency  response  o f  S I S  j u n c t i o n s  i s  a m a t t e r   o f  
con jec ture ,   however ,   an   upper  limit o c c u r s   a t   p h o t o n  
e n e r g l e s   f o r   w h i c h   t u n n e l i n g   c a n   o c c u r   i n t o   t h e  empty 
q u a s i p a r t i c l e  band i n   t h e   r e v e r s e   d i r e c t i o n .  The 
maximum cu to f f   f r equency   occu rs  when t h e   j u n c t i o n - i s  
b i a s e d   j u s t   b e l o w   t h e   c u r r e n t   o n s e t   a n d   i s   g i v e n  by 
f, =ZAz /h .  A more  immediate limit t o   h i g h   f r e q u e n c y  
response 1s t h e  capacitive r o l l o f f  due t o   t h e   j u n c -  
t i o n s   p a r a l l e l   c a p a c i t a n c e  ( C )  and   normal   tunne l ing  
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res is tance,   (Rn) .  The t u n n e l i n g   p a r a m e t e r s   o f   i n t e r e s t  
i n c l u d e   t h e  sumgap (Az), t h e  subgap r e s l s t a n c e   - p a r a -  
meter Vm, t h e   w i d t h   o f   t h e   q u a s i p a r t i c l e   t u n n e l i n g  
onset  (AV) , a n d   t h e  RnC product.  

Cur ren t  S I S  mixer   technology  based on l ead   and  
l e a d   a l l o y   t u n n e l   j u n c t i o n s   s u f f e r s   f r o m   m a t e r i a l s  
p rob lems  assoc ia ted   w i th   so f t   superconductors .   These 
p rob lems   i nc lude   poo r   t he rma l   cyc l i ng   cha rac te r i s t i cs ,  
smal l   superconduct ing  energy  gap,  and  low  superconduc- 
i n g   t r a n s i t i o n   t e m p e r a t u r e  (TC=6-7"K) . Tunne l   junc-  
t i o n s  based on a l l   r e f r a c t o r y ,   h i g h   t r a n s i t i o n  tem- 
p e r a t u r e   s u p e r c o n d u c t o r s   p r o m i s e   t o   p r o v i d e   s o l u t i o n s  
to   t hese   p rob lems .  In t he   pas t   seve ra l   yea rs ,  
NbN/MgO/NbN, S I S  t u n n e l   j u n c t i o n s  have  emerged  as t h e  
m o s t   p r o m i s i n g   c a n d i d a t e s   t o   f u l f i l l   t h e   r e q u i r e -  
ments f o r   p r a c t i c a l   r e c e i v e r s   i n   t h e   s u b m i l l i m e t e r  
wave range. 

N i o b i u m   n i t r i d e  i n  t h e  €51 ( N a C l )   c r y s t a l   s t r u c t u r e  
has a Tc o f   approx imate ly   16-17  K i s  r e f r a c t o r y ,  
mechan ica l l y   robus t ,   chemica l l y   s tab le   and   w i ths tands  
t h e r m a l   c y c l i n g  we1 1 .  The h i g h  Tc pFase o f  NbN can 
be depos i ted  by dc m a g n e t r o n   s p u t t e r l n g   a t   s u b s t r a t e  
tempera tures  as low as room tempera ture  ( 5 ) .  The 
r e f r a c t o r y   i n s u l a t o r ,  magnesium o x i d e  (MgO) , i s   a l s o  
a B 1  s t r u c t u r e   m a t e r i a l  with a l a t t i c e  mismatch  wi th  
NbN o f  approx imate ly   four   per   cen t .   There   a re   con-  
f l i c t i n g   r e p o r t s   i n   t h e   l i t e r a t u r e   c o n c e r n i n g   t h e  
g rowth  mode o f   t h e  MgO i n s u l a t o r  on NbN, w i t h  Shoji 
e t   a l .   ( 6 )   r e p o r t i n g  amorphous f i l m s  and  Talvacchio 
e t   a l .  (7,) r e p o r t i n g   e p i t a x i a l   g r o w t h .  In  e i t h e r  
case ,   t he re   appears   t o   be   exce l   l en t   ma te r ia l s   compa t -  
i b i l i t y  between NbN and MgO. Both  groups  used r f -  
m a g n e t r o n   s p u t t e r i n g   t o   d e p o s i t   t h e  MgO b a r r i e r ,   w h i l e  
i n   o u r  work we have i n v e s t i g a t e d   t h e   p o s s i b i l i t y   o f  
d e p o s i t i n g  MgO b y   e l e c t r o n  beam evaporat ion.   S ince 
e l e c t r o n  beam evapora t lon  i s  a lower  energy  process 
t h a n   r f - s p u t t e r i n g ,  one might   expec t   to   p roduce  less  
s u r f a c e  damage and h i g h e r   q u a l i t y   i n s u l a t i n g   f i l m s .  
Our  work  has  concentrated  mainly on the  development 
o f   t e c h n i q u e s   t o   f a b r i c a t e   h i g h   q u a l i t y  STS t unne l  
j u n c t i o n s   s u i t a b l e   f o r   s u b m i l l i m e t e r  wave m i x e r   e l e -  
ments. I n   t h i s  paper we r e p o r t   o u r   p r o g r e s s   i n   t h i s  
a r e a ,   i n c l u d i n g   t h e   f a b r i c a t i o n   t e c h n i q u e s   a n d   t h e  
c u r r e n t - v o l t a g e   c h a r a c t e r i s t i c s   o f  NbN/MgO/NbN t u n -  
n e l   j u n c t i o n s   w i t h  MgO d e p o s i t e d   b y   e l e c t r o n  beam 
evapora t ion . ,  I n  a d d i t i o n ,   i n   t h e   c o u r s e   o f   o u r   w o r k ,  
we h a v e   o b t a i n e d   i n d i r e c t   e v i d e n c e   f o r  a p o s s i b l e  
g rowth  mode f o r  My0 on NbN, and will d i s c u s s   t h e  
i m p l i c a t i o n s   o f   t h i s  mode f o r   t h e   f a b r i c a t i o n   o f  S I S  
j u n c t i o n s   f o r   h i g h   f r e q u e n c y   m i x e r   a p p l i c a t i o n s .  

EXPERIMENTAL - 

The SIS t r l l a y e r   i s   d e p o s i t e d   c o m p l e t e l y  i n  s i t u  
i n  an o i l   f r e e   u l t r a - h i g h  vacuum  system  (base  pres- 
sure   approx imate ly  8 X 10-7  Pa). The NbN base  and 
c o u n t e r   e l e c t r o d e s   a r e   d e p o s i t e d   b y   d c   r e a c t i v e  mag- 
n e t r o n   S p u t t e r i n g   f r o m  a n i o b i u m   t a r g e t   i n  an  argon- 
n i t rogen  a tmosphere .   Typ ica l   spu t te r ing   parameters  
a re :  10 cm t a r g e t   t o   s u b s t r a t e   d i s t a n c e ,  140  Watts 
s p u t t e r i n g  power, 1.7 Pa a r g o n   p a r t i a l   p r e s s u r e ,   a n d  
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0.23 Pa n i t r o g e n   p a r t i a l   p r e s s u r e .  The base  and 
coun te r   e lec t rode   t h i ckneses   a re   app rox ima te l y  350 
and 200 nm r e s p e c t i v e l y .   F o l l o w i n g   t h e   b a s e   e l e c t r o d e  
d e p o s i t i o n ,   t h e  vacuum  chamber i s  evacuated i n   l e s s  
t h a n   t h r e e   m i n u t e s   t o  7 X 10-6 Pa and a MgO i n s u l a t o r  
b a r r i e r   i s   d e p o s i t e d   b y   e l e c t r o n  beam evapora t ion .  
B a r r i e r   t h i c k n e s s e s   a r e  measured d u r i n g   d e p o s i t i o n   b y  
a q u a r t z   c r y s t a l   t h i c k n e s s   m o n i t o r ,  An oxygen  plasma 
was used  as a p o s t   b a r r i e r   d e p o s i t i o n   s t e p   t o   o x i d i z e  
p i n h o l e s   i n   t h e   b a r r i e r .  Two s u b s t r a t e   h e a t i n g  modes 
were i n v e s t i g a t e d .   I n   t h e   f i r s t  mode t h e   s u b s t r a t e  
tempera ture  was main ta ined  cons tan t   th roughout   the  
depos i t i on   p rocess .   I n   t he   second  mode, t h e   f i r s t  50 
t o  100 nm o f   t h e  base e lec t rode   were   depos i ted   a t  a 
h igh   subs t ra te   t empera tu re   f o l l owed   by  a gradual   cool  
down t o  a l o w e r   t e m p e r a t u r e   f o r   t h e   r e m a i n d e r   o f   t h e  
d e p o s i t i o n .   I n   a l l   c a s e s  a f i n a l   l a y e r   o f   g o l d  was 
d e p o s i t e d   b y   e l e c t r o n  beam e v a p o r a t i o n   t o   p r o v i d e  
a c o n t a c t   s u r f a c e ,   t h u s   a l l e v i a t i n g   t h e   n e e d   f o r  
spec ia l   pos t   p rocess   su r face   c lean ing .  

S I S  t u n n e l   j u n c t i o n s  were f a b r i c a t e d   b y  a method 
s i m i l a r   i n   d e t a i l   t o   t h a t   d e s c r i b e d   b y   S h o j i   e t   a l .  
(8) .  The f a b r i c a t i o n   s t e p s   a r e  shown s c h e m a t i c a l l y   i n  
f i g u r e   ( 1 ) .  The j u n c t i o n   a r e a   i s  masked u s i n g  A24330 
p h o t o r e s i s t   a n d   s t a n d a r d   p h o t o l i t h o g r a p h y .  The dev i ce  
i s   d e l i n e a t e d   b y   e t c h i n g   t h e   c o n t a c t   l a y e r  and  counter 
e l e c t r o d e   u s i n g   r e a c t i v e   i o n   e t c h i n g   t o   f o r m  a mesa 
s t r u c t u r e   w h i c h   d e f i n e s   t h e   d e v i c e   a r e a .  The base 
e l e c t r o d e   i s   t h e n   e l e c t r i c a l l y   i s o l a t e d   a n d   t h e  mesa 
p l a n a r i z e d   b y   t h e r m a l l y   e v a p o r a t i n g  an S i 0   l a y e r .  
F i n a l l y ,   t h e   r e s i s t  mask i s   l i f t e d   o f f  and   con tac ts  
t h e r m a l l y   e v a p o r a t e d   t o   c o m p l e t e   t h e   s t r u c t u r e .  The 
pr imary  d i f ference  between  our   method  and  that  of 
S h o j i   e t  d l ,  i s   t h e   a d d i t i o n   o f  a d r y   e t c h   s t e p   f o r  
t h e   g o l d   c o n t a c t   l a y e r   f o r   w h i c h  CC1F3  was used.  Tun- 
n e l i n g   c h a r a c t e r i s t i c s  were  determined  f rom  current -  
vo l tage  ( I -V)   measurements   taken  a t  4.2 K. 

!a1 DEPOSITION 

ilW (200 nml- 
Wd (350 nml- 

~ A u  (30 nm) 
MgO (1.5-3.5 nn 

SUBSTRATE 

(b )  DELINEATION (RIE) , , R P H 0 T ; R E S l S T  

(cl PLANARIZATION 

( d )  LIFT OFF AND CONTACT 

I CONTACT 

F i g u r e  ( 1 )  Process ing   s teps  for  SIS t u n n e l   j u n c t i o n s .  

RESULTS AND OISCUSSION 

F igu re  ( 2 )  shows t h e  I-V curves   f o r  S I S  t unne l  
j u n c t i o n s  using t w o   d i f f e r e n t   s u b s t r a t e   h e a t i n g   s e -  
quences. I n   F i g u r e   ( 2 a )   t h e  NbN/MgO/NbN t r i l a y e r  
was d e p o s i t e d   w i t h   t h e   s u b s t r a t e s   h e l d   a t  210 C f o r  
t h e   e n t i r e   d e p o s i t i o n .  The ave rage   ba r r l e r   t h i ckness  
i s  approx imate ly  2 nm and t h e   j u n c t i o n   a r e a   i s  6 x 8 
pm2. The sum gap i s  A,= 5.2 meV, t h e   w i d t h   o f   t h e  
c u r r e n t   o n s e t   a t   t h e  gap i s  AV .8 meV, t h e  subgap 
res is tance  parameter  Vm=20mV, and t h e   c r i t i c a l   c u r r e n t  

d e n s i t y   i s  Jc=l.0kA/cm2.  Because o f   t h e   b r o a d   o n s e t  

t h i s   j u n c t i o n   w o u l d  be u n s a t i s f a c t o r y   f o r   o p e r a t i o n  
as a quantum  mixer  below  approximately  190 GHz. It 
i s  c l e a r   t h a t   t h e  RnC proauct  must be smal l e r ,   o r  V 
Sma l le r   o r   bo th   be fo re   t he   quan tum  m ix ing   p roper t i es  
o f   these  dev ices   can   be   tes ted .  A l a r g e   c o n t r i b u t i o n  
t o   t h e  gap w i d t h   a r i s e s   f r o m   a v e r a g i n g   o v e r   l a t e r a l  
i nhomogene i t i es   i n   t he   superconduc t ing   f l lms ,   such  
as m i x e d   p h a s e s   o r   t h e   e f f e c t s   o f   c r y s t a l   g r a i n  bound- 
a r i e s .   D e p o s i t i n g   t h e  SIS t r i l a y e r s   a t   h i g h e r  sub- 
s t ra te   t empera tu res  may p roduce   l a rge r   g ra in   s i zes  
and  reduce t h e  gap smearing.  Attempts t o   d e p o s i t  t r i -  
l a y e r s   a t   h i g h e r   t e m p e r a t u r e s   y i e l d e d   p o o r  S I S  j u n c -  
t i o n s ,   w i t h   g e n e r a l l y   l o w e r  sum gaps  and l o s s   o f   b a r -  
r i e r   i n t e g r i t y .  The source o f  these  problems  appears 
t o  be a s s o c i a t e d   w i t h   h i g h   s u b s t r a t e   t e m p e r a t u r e s  
d u r i n g   t h e   b a r r i e r   d e p o s i t i o n  and   pos t   ba r r i e r   depos i -  
t i o n  oxygen p i n h o l e   c u r e .   I n   f i g u r e   ( 2 b )   i s  shown an 
S I S  t u n n e l   j u n c t i o n   f o r   w h i c h   t h e  base NbN e l e c t r o d e  
was d e p o s i t e d   a t  500 C f o r   t h e   f i r s t  100 nm, a t  which 
p o i n t   t h e   t e m p e r a t u r e  was g r a d u a l l y   l o w e r e d   t o  250 C 
f o r   t h e   r e m a i n d e r  of t he   depos i t i on .   Th i s   p rocedure  
was m o t i v a t e d   i n   p a r t   b y   t h e   w o r k   o f   G a v a l e r   e t   a l .  
( 9 )   i n  which i t  was shown t h a t  NbN homoepitaxy  could 
t a k e   p l a c e   a t   t e m p e r a t u r e s  as low  as 90 C. The i n i t i a l  
h i g h   s u b s t r a t e   t e m p e r a t u r e  was i n t r o d u c e d   t o   n u c l e a t e  
l a r g e   c r y t a l l i t e s   w h i c h   c o u l d   t h e n  be p r o p a g a t e d   a t  
lower   tempera tures  by  homoepitaxy. The ave rage   ba r r i e r  
t h i c k n e s s   i s  2.5 nm and t h e   d e v i c e   a r e a   i s  6 x 8 pm2. 
The sum gap, gap Width,  subgap leakage  (Vm), and 
c r i t i c a l   c u r r e  t d e n s i t y   a r e  5.1 meV, 0.4 mV, 30 mV, 
and 0.7 kAjcm’ r e s p e c t i v e l y .  The l a r g e r  V, ,and na r -  
rower  gap rep resen t   s ign i f i can t   improvemen ts   1n   dev i ce  
q u a l i t y .  Shown i n   f i g u r e  ( 3 )  i s   t h e   t e m p e r a t u r e  
dependance o f   t h e   t u n n e l i n g  I-V c h a r a c t e r i s t i c s   f o r  
t h i s   j u n c t i o n .   L i t t l e   d e g r a d a t i o n   i n   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 r e   o b s e r v e d   a t  8 K and t h e   c r i t i c a l  
c u r r e n t   i s   f i n i t e  up t o  1 5  K. 

I n   o u r   s t u d y  we n o t i c e d  an anomalous  dependence 
o f   t h e   t u n n e l i n g   r e s i s t a n c e   w i t h   b a r r i e r   t h i c k n e s s .  
The t u n n e l i n g   r e s i s t a n c e s  vary with MgO ba r -  
r i e r   t h i c k n e s s   i n   o u r   s t u d y  slower t h a n   t h e   t h e o r e -  
t i c a l   e x p o n e n t i a l  dependence. I n   a d d i t i o n ,   o u r   t u n -  
n e l i n g   r e s i s t a n c e s   f o r  a g i v e n   b a r r i e r   t h i c k n e s s   a r e  
much sma l le r   t nan   t he  r f  s p u t t e r e d   b a r r i e r s   o f   S h o j i  
e t   a l .  (6 ) .  A p o s s i b l e   e x p l a n a t i o n   o f   t h i s   o b s e r v a t i o n  
i s   t h a t   t u n n e l i n g   i n  e-beam depos i ted  MgO b a r r i e r s   i s  
daninated  by  areas  which  are  th inner   than  the  average 
b a r r i e r   t h i c k n e s s  measured  by t h e   i n   s i t u   t h i c k n e s s  
mon i to r .  We propose a new growth mode f o r  MgO bar -  
r i e r s  on NbN. I n  c o n t r a s t   t o   t h e   l o w   s u b s t r a t e   t e m -  
p e r a t u r e   r f - s p u t t e r e d   b a r r i e r s  of Shoj i   which  are 
r e p o r t e d  t o  be  amorphous, we b e l   i e v e  we a r e   g e t t i n g  a 
p o l y e p i t a x i a l   g r o w t h   i n   w h i c h   t h e   f i r s t   m o n o l a y e r  
g rows   by   p lana r   ep i taxy   f o l   l owea   by   nuc lea ted   i s l and  
g r o w t h   o r   t h e  so c a l l e d   S t r a n s k i - K r a s t d n o v  mechanism 
f o r   e p i t a x y  (10). This   growth mode occurs  when t h e  
depos i t  (MgO) has a lower   sur face   energy   than  the  
s u b s t r a t e  (NbN) so t h a t   t h e   l o w e r i n g   o f   s u r f a c e   e n e r g y  
can  dominate   any   s t ra in   energy   induced  by   la t t i ce  
mismatch  (4  per  cent  mismatch  for  NbN/MgO).  The 
second  monolayer  cannot  lower  the  surface  energy  any 
f u r t h e r  and   nuc lea ted   i s l and   g rowth   occu rs   t o   m in im ize  
t h e   s t r a i n   e n e r g y .   T h i s  mode of   growth i s   s u p p o r t e d  
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Fi.gure ( 2 )  I-V c u r v e s   f o r   t w o  NbN./MgO/NbN tunne l  
j u n c t i o n s   p r e p a r e d   u s l n g   d i f f e r e n t   s u b s t r a t e   h e a t i n g  
sequences ( a ) (   s u b s t r a t e s   h e l d   a t  21OC throughout  
d e p o s i t i o n   ( b )   s u b s t r a t e s   h e l d   a t  500C f o r   f i r s t  10 nm 
o f   d e p o s t i o n  a n d   l o w e r e d   g r a d u a l l y   t o  250C f o r   t h e  
b a r r i e r  and   coun te r   e lec t rode   depos i t i on .  

a 
D I V  

F i g u r e  (3)  I-V c u r v e s   f o r   t h e  NbN/MgO/NbN tunne l  

J u n c t i o n   t e m p e r a t u r e s   ( a )  4.2K ( b )  8K ( c )  13K 
j u n c t i o n  shown i n   F i g u r e   ( l b )  measured a t   v a r i o u s  

(d )  15K 

i n d i r e c t l y   b y   t h e   w o r k   o f   T a l v a c c h i o   e t   a l .   ( 7 )  i n  
w h i c h   r f - s p u t t e r e d  MgO b a r r i e r s  on h igh   t empera tu re  
substrates  were  observed  by RHEED t o  be e p i t a x i a l ,  
however d i f f u s e   d i f f r a c t i o n   s p o t s   i n  LEED were 
o b s e r v e d   l e a d i n g   t h e   a u t n o r s   t o   c o n c l u d e   t h a t   t h e  MgO 
f i l m s  were  rough. The weak t h i c k n e s s  dependsnce o f  
t u n n e l i n g   r e s i s t a n c e   w o u l d   b e   e x p l a i n e d   i n   t h i s  model 

s ince   t he   mono laye r   reg ions   wou ld   dan ina te   t he   t un -  
n e l i n g   p r o p e r t i e s  and i n c r e a s i n g   t h e   b a r r i e r   t h i c k n e s s  
wou ld   mere ly   decrease  the   a rea   o f   these  reg ions .   Th is  
decrease i n  a r e a   w o u l d   l e a d   t o   a n   i n c r e a s e   i n   t u n n e l i n g  
res i s tance   wh ich   wou ld   have  a weaker  dependence  on  bar- 
r i e r   t h i c k n e s s   t h a n   t h e   e x p o n e n t i a l  dependence  expected 
f o r   u n i f o r m   b a r r i e r s .  The i m p l i c a t i o n s   f o r  S I S  dev i ce  
development i s  t h a t   u l t i m a t e l y   b a r r i e r s   a s   t h i n   a s  a 
monolayer may be p o s s i b l e   i n   t h e  NbN/MgO system  lead- 
i n g   t o   t u n n e l   j u n c t i o n s  wi th t h e   h i g h e s t  speed ( t h e  
s m a l l e s t  RnC p r o d u c t )   t h a t   c a n  be r e a l i z e d   w i t h   t h e s e  
m a t e r i a l s .  Work i s   c u r r e n t l y   i n   p r o g r e s s   t o   o b t a i n  
more d i r e c t   e v i d e n c e   f o r   t h i s   g r o w t h  mode. 

CONCULSIONS 

We h a v e   f a b r i c a t e d   h i g h   q u a l i t y  NbN/MgO/NbN, S I S  
t u n n e l   j u n c t i o n s   v i i t h  MgO depos i ted   by  e-beam evapora- 
t i o n .   T u n n e l i n g   c h a r a c t e r i s t i c s   i n c l u d e   l a r g e  sum 
gaps  (as  large a ~ A ~ ~ 5 . 2  meV), small   subgap  leakages 
(Vm=30mV), smal 1 q u a s i p a r t i c l e   o n s e t   w i d t h s  ( V4.4mV) 
and l a r g 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  (maximum Jc 3.0kA/ 
cm2). The temperature  aependence  of   the I-V charac te r -  
i s t i c s   i n d i c a t e   l i t t l e   d e g r a d a t i o n   u p   t o  8 K and 
d e f i n i t e  S I S  behav io r  up t o  15 K. F i n a l l y ,   d a t a  
s u g g e s t   t h a t   t h e   g r o w t h   o f  MgO on NbN i s  o c c u r r i n g  
acco rd ing   t o   t he   S t ransk i -K ras tbnov  mechanism. 
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