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ABSTRACT 

BEAMOS,   fo r   Beam  Addres sed   Me ta l  
Ox ide   Semiconduc to r ,   i s  a new  technology  for  
a u x i l i a r y   m e m o r i e s   b a s e d   o n   a n   e l e c t r o n  
b e a m   w h i c h   r e a d s   a n d   w r i t e s   d a t a   o n  a s i m p l e  
uns t ruc tu red   MOS  ch ip .   I t s   pe r fo rmance  
f ea tu res   i nc lude   l a rge   b i t   c apac i ty  0 3 0  x 10 6 

b i t s / m o d u l e ) ,   r a p i d   a c c e s s   t i m e   ( ( 3 0   m i c r o -  
s econds ) ,   h igh   da t a   t r ans fe r   r a t e s ,   nonvo la t i l e  
s to rage   and   l ow  cos t   i n   compar i son   w i th  
m e m o r i e s  of c o m p a r a b l e   p e r f o r m a n c e .   T h e  
m e m o r y   c o m p o n e n t   i s   r u g g e d ,  all e l e c t r o n i c ,  
a n d   r e l a t i v e l y   i n s e n s i t i v e   t o   t e m p e r a t u r e   a n d  
v ib ra t ion ,   mak ing   i t   e spec ia l ly   a t t r ac t ive   fo r  
mi l i t a ry   app l i ca t ions .  Its f a s t   a c c e s s   t i m e  
shou ld   p rov ide   cons ide rab le   pe r fo rmance   im-  
p r o v e m e n t   i n   b o t h   c o m m e r c i a l   a n d   m i l i t a r y  
c o m p u t e r   s y s t e m s .  

INTRODUCTION 

M o s t   c o m m e r c i a l   c o m p u t e r   s y s t e m s   e m -  
p l o y   d i s c s   o r   d r u m s  as  a u x i l i a r y   m e m o r i e s .  
T h e s e   p r o v i d e   r e a s o n a b l y   q u i c k   a c c e s s   t o   l a r g e  
quant i t ies  of information  and  provide a m o r e  
cos t   e f fec t ive   sys tem  than   would   be   ach ieved  
if a m o r e   e x p e n s i v e   h i g h   s p e e d   m e m o r y   w e r e  
u s e d .   T h e   a c c e s s   t i m e   f o r   r o t a t i n g   m a g n e t i c  
m e m o r i e s   i s   l i m i t e d   b y   t h e   m e c h a n i c a l   m o t i o n  
t o   m a n y   m i l l i s e c o n d s ,   w h i c h   i s  at least 10, 000 
t i m e s   l o n g e r   t h a n   f o r   m o s t   m a i n   m e m o r y .  
M a n y   c o m p u t e r   s y s t e m s  a re  p e r f o r m a n c e   l i m -  
i ted   because  of t h i s   l o n g   a c c e s s   t i m e .   I n  
m i l i t a r y   s y s t e m s ,   w h e r e   t h e   d a t a   b a s e   m u s t  
be   nonvo la t i l e ,   t he reby   ru l ing   ou t   mos t   s emi -  
c o n d u c t o r   m e m o r i e s ,   d i s c s   a n d   d r u m s   h a v e   t h e  
addi t iona l   d i sadvantage  of being  unsui ted  for  
app l i ca t ion   i n   veh icu la r   env i ronmen t s .  

BEAMOS' i s  a new  technology  which   of fe rs  
i m p r o v e d   p e r f o r m a n c e   i n  all of t h e s e   r e s p e c t s .  
It i s   m u c h   f a s t e r   t h a n   r o t a t i n g   m e c h a n i c a l  
m e m o r i e s ,   r u g g e d   e n o u g h   f o r   m i l i t a r y   a p p l i c a -  
t i o n s ,   a n d   l e s s   e x p e n s i v e   t h a n   c o r e   o r   s e m i -  

conductor .   The   BEAMOS  module   descr ibed  
h e r e  has a c a p a c i t y  of 32 x l o 6  b i t s   and   can   be  
c o m b i n e d   i n t o   s y s t e m s   w i t h   c a p a c i t i e s   l a r g e r  
t han   600  x l o 6  b i t s .   T h e   s y s t e m   a c c e s s   t i m e  
i s  less  t h a n  30 m i c r o s e c o n d s   a n d   t h e   d a t a  
t r a n s f e r   r a t e   i s   f r o m  10 t o   m o r e   t h a n  2 0 0  m e g a -  
b i t s / second  depending   upon  the   number  of 
modu les   and   sys t em  o rgan iza t ion .  

THE  BEAMOS  COMPONENT 

The   BEAMOS  memory   modu le   (F igu re  1) 
has t w o   m a j o r   p a r t s ,   a n   u n s t r u c t u r e d   M O S  
m e m o r y   p l a n e ,   i n   w h i c h   t h e   d a t a   i s   s t o r e d  
a s  small i s l a n d s  of pos i t i ve   cha rge ,   and   an  
e l e c t r o n   b e a m   a c c e s s i n g   s y s t e m   f o r   s t o r a g e  
and   r e t r iva l .  

M e m o r y   P l a n e  

The   BEAMOS  memory  plane'! ( F i g u r e  2 )  
c o n s i s t s  of a r e v e r s e   b i a s e d  n on p junc t ion  
wi th   an   ove r ly ing   MOS  capac i to r .   The   t o t a l  
ox ide   and   a luminum  l aye r   t h i ckness  of 0. 35 
mic rons   i s   t h in   enough   t o   a l l ow  the  10 keV 
a d d r e s s i n g   e l e c t r o n   b e a m   t o   p e n e t r a t e   t h r o u g h  
into the n l a y e r .   T h e  p s u b s t r a t e   i s   l i g h t l y  
doped  and  the n l a y e r   i s   a p p r o x i m a t e l y  2 
m i c r o n s   t h i c k ,  1 ohm-cm  phosphorous   doped .  

Da ta   i s   s to red   by   b i a s ing   t he   a luminum 
l a y e r   p o s i t i v e   w i t h   r e s p e c t   t o   t h e  n l a y e r  
a n d   d i r e c t i n g   t h e   e l e c t r o n   b e a m   t o   a r e a s  
w h e r e   o n e s   a r e   t o   b e   r e c o r d e d .   H o t   e l e c t r o n s  
gene ra t ed   by   t he   beam  in   t he   ox ide  a re  r e -  
moved   by   t he   pos i t i ve   b i a s   l eav ing  a t r a p p e d  
l a y e r  of pos i t i ve   cha rge   nea r   t he   s i l i con  
e l e c t r o d e .   O x i d e   f i e l d s   a s   l a r g e  as  5 x lo6 
v o l t s / c m   c a n   b e   w r i t t e n   b y  this method.  
Wri t ing  with  the same beam  vo l t age   w i th  0 o r  
n e g a t i v e   b i a s   e r a s e s   t h e   t r a p p e d   c h a r g e .  

T h e   e l e c t r o n   b e a m   i s   a l s o   u s e d   f o r   r e a d o u t .  
The   back   b iased   d iode  of t h e   m e m o r y   p l a n e   a c t s  
as  a c u r r e n t   a m p l i f i e r   f o r   t h e   r e a d i n g   b e a m ,  
providing a c u r r e n t   g a i n   w h i c h   v a r i e s   w i t h   t h e  
a m o u n t  of c h a r g e   s t o r e d   a t   t h e   a d d r e s s e d   s i t e .  
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Gain   occu r s   because   each   e l ec t ron   pene t r a t ing  
in to   t he  n l a y e r   p r o d u c e s  an e l e c t r o n   h o l e   p a i r  
f o r  each 3 . 5   e l e c t r o n   v o l t s  of b e a m   e n e r g y ,   o r  
a p p r o x i m a t e l y   1 4 0 0   p a i r s l p r i m a r y   a f t e r   e n e r g y  
lo s s   i n   t he   ox ide .  If n o   c h a r g e   i s   s t o r e d   i n   t h e  
o x i d e ,   m o s t  of t h e   m i n o r i t y   c a r r i e r s   r e c o m b i n e  
w i t h   e l e c t r o n s  at the   s i l i con   d iox ide   i n t e r f ace .  
U n d e r   r e g i o n s   w h e r e   p o s i t i v e   c h a r g e   i s   s t o r e d ,  
t h e   s u r f a c e   r e c o m b i n a t i o n   v e l o c i t y   i s   g r e a t l y  
r e d u c e d   a n d   m o s t  of t h e   c a r r i e r s   r e a c h   t h e   j u n c -  
t i on .   The   ga in   va r i e s   f rom  approx ima te ly  100 
w h e r e   n o   c h a r g e   i s   s t o r e d   t o   a b o u t   1 4 0 0   w h e r e  
t h e r e   i s   c h a r g e .  Each r e a d o p e r a t i o n   r e m o v e s  
s o m e  of t h e   c h a r g e ,   b u t   a b o u t   2 0   r e a d s   a r e  
p o s s i b l e   b e f o r e   r e w r i t e   i s   n e c e s s a r y .  

The   wr i t i ng   da t a  rate of t h e   m e m o r y   p l a n e  
i s   l imi t ed   by   t he   ava i l ab le   wr i t i ng   cu r ren t   i n   t he  
d e v i c e .   F o r   p r e s e n t   m o d u l e s ,  the w r i t i n g  
c u r r e n t  i s  0.2  pA  into a 2p   spot   which   g ives  a 
w r i t i n g   r a t e  of  10 M b i t s l s e c .   T h e   f r e q u e n c y  
r e s p o n s e  of t h e   t a r g e t   d u r i n g   r e a d   i s   n o t  lim- 
i ted  by  the 1 MHz R C  r e s p o n s e  of t he   d iode  
capac i t ance   and  n l a y e r   r e s i s t a n c e ,  a s  might   be  
expec ted   because  at about  1 MHz the i m p e d a n c e  
of t h e   o x i d e   c a p a c i t a n c e   b e c o m e s  small and  the 
s igna l   i s   coup led   ou t  of t h e   t o p  metal l a y e r   c o n -  
nec t ion  as d i s p l a c e m e n t   c u r r e n t .   F i g u r e  3 
s h o w s   t h e   c a l c u l a t e d   f r e q u e n c y   r e s p o n s e   b a s e d  
o n   t h e   d i s t r i b u t e d   R C   n e t w o r k   s h o w n   i n   t h e  
f igu re .   The   s igna l   t o   no i se   ob ta inab le   f rom 
s u c h  a s t r u c t u r e   u s i n g  a vol tage   coupled   amp-  
l i f i e r  can be  shown  to  be:  

4-T i 
S I N  = - - 2rrfC <E> 

w h e r e  f i s   the   bandwidth ,  <E> t h e   t o t a l  rms 
vol tage   no ise  of t h e   a m p l i f i e r ,  G t he   t o t a l   d iode  
capac i t ance ,   and  i the s i g n a l   c u r r e n t   g e n e r a t e d  
b y   t h e   t a r g e t .   T h i s   i l l u s t r a t e s   a n   i m p o r t a n t  
advantage of t he   BEAMOS  t a rge t ,  that t h e  
s i g n a l   i s   d e v e l o p e d   a c r o s s  a small c a p a c i t a n c e  
( the   d iode   capac i t ance )   i n s t ead  of the l a r g e  
ox ide   capac i t ance   i n   wh ich   t he   i n fo rma t ion   i s  
r e c o r d e d ,   P r e s e n t   d e v i c e s   o p e r a t e  at 10 M b i t s l  
sec .   wi th  a s i g n a l   t o   n o i s e   r a t i o  of 15:l at  a 
r e a d i n g   b e a m   c u r r e n t  of 12 nA. As c a n   b e  
s e e n   f r o m   t h e   e q u a t i o n ,  small d iode   capac i t ance  
o r   h i g h e r   s i g n a l   c u r r e n t   i n c r e a s e s   t h e   s i g n a l  
t o   n o i s e   r a t i o .   L a r g e r   s i g n a l   c u r r e n t   c a n   b e  
obtained  by  using a h i g h e r   r e a d i n g   e u r r e n t .  
Reading   cur ren ts   up   to   100   nA  can   be   used   wi th  
a propor t iona te   reduct ion   in  the n u m b e r  of 
r e a d s   b e f o r e   r e f r e s h .   L o w e r   d i o d e   c a p a c i t a n c e  
can  be  obtained  by  using small a r e a   t a r g e t s   o r  
improving   d iode   qua l i ty .  

E l e c t r o n   B e a m   A c c e s s  

The   BEAMOS  memory   p l ane   i s   accessed  
b y   m e a n s  of a n   e l e c t r o n   b e a m   w h i c h   i s   f o r m e d  
and   cont ro l led   by  a unique   e lec t ron   op t ica l   sys-  
t e m 3   ( F i g u r e  4). The   mos t   impor t an t   compon-  
e n t   i n   d e t e r m i n i n g   a d d r e s s i n g   a c c u r a c y   i s   t h e  
matrix l e n s   ( F i g u r e   5 ) ,   w h i c h   i s   a n   a r r a y  of 
e l ec t ron   l ens /de f l ec t ion   sys t ems .   The   i nd iv id -  
u a l   l e n s e s   a r e   s e l e c t i v e l y   i l l u m i n a t e d   f r o m  a 
s i n g l e   e l e c t r o n   s o u r c e   b y   m e a n s  of a n   e l e c t r o -  
s t a t i c   de f l ec t ion   dev ice   ca l l ed   t he   l ens l e t   s e l ec -  
t o r .   T h e   e l e c t r o s t a t i c   d e f l e c t i o n   b a r s   a s s o c i a -  
t e d   w i t h   t h e   i l l u m i n a t e d   l e n s l e t   t h e n   a d d r e s s  a 
p a r t i c u l a r   d a t a   s i t e   w i t h i n   t h e   l e n s l e t .   B e c a u s e  
t h e   o p t i c a l   s y s t e m  has h igh   demagni f ica t ion   the  
t w o   s t a g e s  of de f l ec t ion   a r e   decoup led ,   t he reby  
g r e a t l y   r e d u c i n g   t h e   s t a b i l i t y   r e q u i r e m e n t s   f o r  
e l e c t r o n i c   d e f l e c t i o n   c i r c u i t s .   I t   h a s   b e e n  
d e m o n s t r a t e d   t h a t   s u c h  a m a t r i x   l e n s   s y s t e m  
c a n   a c c e s s   m o r e   t h a n  3 x lo7  b i t s   i n  a 1 inch 
s q u a r e   a r e a   u s i n g   c o n v e n t i o n a l   e l e c t r o n i c s .  
No s e r v o i n g   t o   t h e   d e s i r e d   d a t a   s i t e   i s   r e q u i r e d .  
A s y s t e m   w i t h   c o m p a r a b l e   e l e c t r o n i c   a c c u r a c y ,  
but   using  convent ional   s ingle   s tage  def lect ion 
wou ld   be   l imi t ed   t o   l e s s   t han  lo6 bi ts .  

T h e   e l e c t r o n   s o u r c e   m a k e s  use of a b a r i u m  
d i s p e n s e r   c a t h o d e   w i t h   a n   e x p e c t e d   l i f e  of 40 
t h o u s a n d   h o u r s  . 4 

BEAMOS  MEMORY  SYSTEMS 

B E A M O S   m e m o r y   s y s t e m s   c a n   b e   c o n f i g -  
ured   us ing   one   o r   more   BEAMOS  components  
t oge the r   w i th   t he   ana log   and   d ig i t a l   c i r cu i t ry  
ind ica t ed   i n   F igu re  6.  As shown   in   t he   f i gu re ,  
m u l t i p l e   t u b e   s y s t e m s   c a n   s h a r e   m u c h  of the  
c i r c u i t r y   r e s u l t i n g   i n  a d e c r e a s e   i n   c o s t l b i t  
f o r   l a r g e r   s y s t e m s .   T h e   s y s t e m   i l l u s t r a t e d   i n  
F i g u r e  6 addres ses   one   BEAMOS  modu le   a t  
a t i m e .   T h u s   t h e   d a t a   t r a n s f e r  rate i s  10 Mbi ts  
s e c .   F o r   h i g h e r   d a t a   r a t e s   t h e   s y s t e m   c a n  be 
c o n f i g u r e d   t o   a d d r e s s   a n d   r e a d   m u l t i p l e   m o d -  
u l e s   i n   pa ra l l e l   w i thou t   g rea t ly   i nc reas ing   t he  
e l e c t r o n i c s .  

T h e   a c c e s s   t i m e   t o  a d a t a   s i t e   i s   l i m i t e d  
only  by  the  speed of t h e   d e f l e c t i o n   a m p l i f i e r s  
and   can   be  a s  low as  a f ew  mic roseconds .  
T h i r t y   m i c r o s e c o n d s   m u s t   b e   a l l o w e d   f o r  a 
s w i t c h   i n   f u n c t i o n ,   f r o m   r e a d   t o   w r i t e   f o r  
e x a m p l e ,   t o   a l l o w   t i m e   f o r   t h e   o x i d e   c a p a c i -  
t a n c e   t o   b e   c h a r g e d   t h r o u g h   t h e  n l a y e r   r e -  
s i s t a n c e .  

DEVELOPMENT  STATUS 

BEAMOS  modu les   capab le  of s t o r i n g  32  
mil l ion   b i t s   and   ope ra t ing  at 10 M b i t s / s e c .  
t r a n s f e r   r a t e   a n d  30 m i c r o s e c o n d s   a c c e s s   t i m e  
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a r e   b e i n g   b u i l t   i n   p i l o t   q u a n t i t i e s   a n d   a r e   b e i n g  
o p e r a t e d   i n  a c o m p u t e r   c o n t r o l l e d   t e s t   s y s t e m .  
Modu les   capab le  of lo8 b i t s   a n d ' s i m i l a r   t r a n s f e r  
r a t e s   a n d   a c c e s s   t i m e s   h a v e   b e e n   o p e r a t e d   s u c -  
ces s fu l ly   i n   l imi t ed   t e s t   s i t ua t ions .  
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CURRENT  RESPONSE - BEAMOS TARGET 
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Fig.  3 C u r r e n t   R e s p o n s e  - -  BEAMOS  Targe t  

Fig.  2 C r o s s   s e c t i o n  of M O S   m e m o r y   c h i p  

307 



LENS ADDRESS LATA IN 

OXIDE 
BIAS 
DRIVER 

READ 
AMP 

L -SE~ECTOR 
MEMORY PLANE 

Fig.  4 BEAMOS  e l ec t ron   op t i ca l   sys t em 

Fig.  5 M a t r i x   l e n s   w i t h   t a r g e t   p l a n e   r e m o v e d  
showing   page   s e l ec to r   de f l ec t ion   ba r s  
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Fig.  6 C o n c e p t u a l   m u l t i m o d u l e   s y s t e m  - s e r i a l  
o p e r a t i o n  
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