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PRINCIPLES O F  A THREE DIMENSIONAL MOLECULM? 
ELECTRONIC MEMORY 

E. G. WILSON 
Physics Department, Queen Mary College, London E l ,  
England 

Abstract The principles of using an electronically 
highly anisotropic insulator a s  a memory are 
described. A 5  an example a Langmuir Elodgett (LE) 
multilayer film of polydiacetylene (FDA) , of repeat 
unit. C=RC-CZC-CR = I  , i5 considered. Excess 
injected electrons in a PDALB film reside in the 
high mobility conduction bands along the PDA 
backbones which are in the plane of the layer. 
Diffusion within the layer planes is rapid. The 
electrons occasionally hop t o  the nei:t layer plane. 
N layers can store one N bit word, the presence or 
absence of electrons in the n th layer denoting a 1 
or 0 of the n th bit.Means fop writing in the 
charge, controlling its motion between the layers 
with fields, and reading out the charge are 
described. Layers of alternating high and low 
electron affinity are discussed; they give a much 
longer storage time in zero field, the electrons 
then being confined tn the high affinity layers. 
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Figure 1 illustrates a Langmuir Blodgett (LB) 
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212 E. G. WILSON 

a l te rna t ing  mul t i layer  f i l m .  Successive monomolecular 
layers, index n, o f  organic molecules a and €3, can be 
b u i l t  up by the LR technique. The molecules have a 
conjugated p a r t  of  width c )  and a non conjugated par t .  
The distance between adjacent conjugated p a r t s  i s  b, 
less  than the layer  per iod a. A n  ex t ra  e lect ron i n jec ted  
i n t o  the f i l m  p re fe rs  t o  l i v e  i n  the conjugated p a r t s  o f  
the molecules, and a lso p re fe rs  molecule A t o  R. Figure 
1 denotes e lec t ron  a f f i n i t i e s  A and R r e l a t i v e  t o  the 
a f f i n i t y  of the  non conjugated region. The molecules are 
such tha t  the e lect ron m o b i l i t y  i n  the  f i l m  plane w i th in  
one layer  i s  greater than tha t  between layers. Thus 
excess e lect rons are d i s t r i b u t e d  uni formly i n  the f i l m  
p lane i n  the conjugated regians, and occasional ly hop 
between layers. The enormous va r ie t y  of  organic 
molecules al lows la rge  v a r i a t i o n  of the  layer  parameters 
a, b, c, A and E. Figure 2 shows a polydiacetylene LB 
film.These have been character ised f o r  a range of 
parameters m and n 1  . The monolryer i s  i n i t i a l l y  made o f ,  
monomer. UV 1 i ght causes po l  ymeri sat  i on. The mono1 dyer 
i s  retained. Excess e lect rons on the conjugated polymer 
backbone are h igh l y  mobile2 3 .  
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Figure 4 i l l u s t r a t e s  the  motion and spread of a 
charge sheet i n  an i d e n t i c a l  layer  f i l m .  The vol tage V 
and f i e l d  E cause the  charge sheet t o  d r i f t  across the 
layers w i th  v e l o c i t y  v. The width Ax o f  the  sheet 
increases w i t h  t ime t due t o  d i f f u s i o n  according t o  

The E ins te in  r e l a t i o n  between the  d r i f t  v e l o c i t y  v and 
d i f f u s i o n  c o e f f i c i e n t  D i s i  
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PRINCIPLES OF A THREE DIMENSIONAL MOLECULAR ELECTRONIC MEMORY 273 

v /E = ( k  T/e) D. B 

From these assumptions alone, a d e l t a  f u n c t i o n  charge 
sheet can t r a v e l  a d i s t a n c e  o f  N l a y e r s  and spread by 
l e s s  than one l a y e r  spacing prov ided t h a t  

2 V >. VI = N ( k  T/e) .  D 
Consider an i d e n t i c a l  l a y e r  f i l m .  There i s  a 
c h a r a c t e r i s t i c  t ime I ( o r  p r o b a b i l i t y  112 per u n i t  
t ime)  f o r  e l e c t r o n  hopping between laye rs .  Then by 
arguments due t o  Matt 5 , 

l/y = VexpC-2 I:: b19 

Here V i s  a hopping at tempt r a t e ,  taken as a phonon 
frequency of  1014 Hz. k measures t h e  s p a t i a l  decay r a t e  
o f  t he  e l e c t r o n  wavefunctinn through t h e  non conjciqated 
r e g i o n  of forb idden energy A; A i s  taken as 3 e V .  For- b 
= 1 nm then = 0.5 ps; f o r  b = 0.7 nm then = 2.6 ns. 
A t  low f i e l d s  v i s  l i n e a r  i n  E; t h e  m o b i l i t y  i s  

A t  h igh  f i e l d s  t h e  d r i f t  v e l o c i t y  saturates,  

v = a / y  V :> N (kBT/e).  

Here bacl: hops against  t h e  f i e l d  become r a r e  as t h e  
e l e c t r o s t a t i c  e l e c t r o n  energy d i f f e r e n c e  between l a y e r s  
i s  greater  than t h e  thermal energy. 

w r i t i n g .  I f  
1) a temporal sequence o f  l i g h t  pu l ses  of p e r i o d y i s  
used t o  p h o t o i n j e c t  e l e c t r o n s  from t h e  e lect rode,  
2 )  t h e  vo l tage  across N l a y e r s  i s  g rea te r  than V1,  then 
3) a s p a t i a l  sequence o f  charge sheets moving a t  
v e l o c i t y  v i s  created, 
4) t h e  s p a t i a l  p e r i o d  i s  t h e  l a y e r  spacing, a, 
5 )  t he  seperate sheets do n o t  d i f f u s e  toge the r  w h i l e  i n  
t r a n s i t  through N l aye rs .  
I f  t h e  presence or absence of a l i g h t  p u l s e  denotes a 1 
o r  0 b i t ,  then temporal b i t s  a re  converted i n t o  s p a t i a l  
b i t s .  F igu re  5 shows w r i t i n g  t h e  sequence 10101. This  i s  
a method o f  w r i t i n g  b i t s  i n t o  a m u l t i l a y e r  f i l m .  
Consider, as an example o f  t y p i c a l  energy l e v e l s  of t h e  
organic l a y e r  and o f  metal and semiconductor electrodes, 

F igu re  5 i l l u s t r a t e s  temporal s p a t i  a1 coherence and 
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214 E. 0. W U O N  

the case of polydiacetylene, shown i n  Figure 4. The 
energy l eve l s  of the  polydiacetylene conjugated chain6 7 
are such tha t  the layers  a re  e s s e n t i a l l y  transparent 
below 2 eV. The Fermi l e v e l  of a number of metals, and 
the work funct ion o f  a number o f  semiconductors, l i e  i n  
the gap. So these a re  su i tab le  photo in jec t ing  electrodes. 

’ A  

‘ B  

FIG 6 

slectm energy - 

distance 1 
E =lAAllsb 
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STORE N BITS 

iwrsion Iopr 

EPROM STORE 1 B I T  
FIG 10 

Reading, i l l u s t r a t e d  i n  F igure 7, i s  the  process o f  
converting a moving s p a t i a l  sequence o f  charge sheets 
a r r i v i n g  a t  an electrode i n t o  a temporal sequence. A p 
type d i r e c t  gap semiconductor substrate,  of  energy 
leve ls  r e l a t i v e  t o  the f i l m  as i n  f i g u r e  6, w i l l  
f luoresce on a r r i v a l  o f  a m ino r i t y  c a r r i e r  e lect ron 
charqe sheet from the f i l m .  The subst rate funct inns as 
an LED. This op t i ca l  read out has been considered 
elsewhere8 ; there i t  i s  shown t h a t  charge i n  the f i l m  
less  than the space charge l i m i t  can g i ve  a usable 
amount of  l i g h t  on read out. E l e c t r i c a l  read out can be 
obtained using the gate of  an FET as subst rate 
electrode. This i s  sens i t i ve  t o  the  t o t a l  charge i n  the  
f i l m .  The t ime de r i va t i ve  of t he  FET response i s  due t o  
the a r r i v a l  o f  the charge sheets a t  t he  electrode. This  
has been discussed elsewhere9 . 

The a l te rna t i ng  layer  s t ruc tu re  o f  F igure 1 i s  
drawn i n  F igure 8 a t  a c r i t i c a l  vo l tage 

V =VA = N (AfVe) (a/b) 

a t  which tunne l l ing  from A t o  B can occur wi thout 
thermal act ivat ion.  For V > VA , then charge sheets 
behave as described f o r  t he  i d e n t i c a l  layer  f i l m .  This 
s ta te  i s  used i n  the  read and w r i t e  modes. For V = 0 t he  
charges are s tored in the  A layers.  The s p a t i a l  
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PRINCIPLES OF A THREE DIMENSIONAL MOLECULAR ELECTRONIC MEMORY 275 

coherence of  a s to red  s e t  o f  charge sheets i s  destroyed 
by d i f f u s i o n  i n  t h e  s h o r t e s t  o f  t h e  t i m e s r ( t h e r m )  o r  

% long) .  These a re  i l l u s t r a t e d  i n  F i g u r e  9. I f  A A  = 0.5 
eV, then t h e  prev ious numerical  example g ives,  a t  room 
temperature: - 

b nm a nm (therm) ( l ong )  -------__---------__------_-__----- 
1 .?l ",5ps 250s >25s 

0.7 >X1.7 2.6n5 1.35 >O. 7ms __-_----___________________________ 
%therm) can be lengthened by i n c r e a s i n g  A o r  l ower ing  
t h e  temperature.%long) can be lengthened by  us ing 2 B 
l a y e r s  between each A l a y e r  as shown i n  F i g u r e  10. 

The F i g u r e  10 makes an analogy between t h e  
molecular memory and an EPROM. Also t h e r e  a r e  two low 
a f f i n i t y  B l a y e r s  between each h i g h  a f f i n i t y  A l a y e r .  
Suppose (M-1 )  E l a y e r s  a l t e r n a t e  w i t h  each A l aye r .  
Associate one b i t  w i t h  M l a y e r s  and use NM l a y e r s  t o  
h o l d  N b i t s .  The c lock  t ime  i s  now M Y .  I n  t h e  read and 
w r i t e  modes t h e  c r i t e r i a  f o r  t h e  b i t s  t o  d i f f u s e  l e s s  
than a d is tance Ma w h i l e  d r i f t i n g  a d i s tance  NMa across 
t h e  f i l m  i s  again 

V :> V, = N 2 ( kgT/e). 

The c r i t i c a l  vo l tage f o r  t u n n e l l i n g  w i thou t  thermal 
a c t i v a t i o n  i s  now 

V ';. VA = N M ( A M e )  (a /b ) .  

Together these are t h e  c o n d i t i o n  f o r  r e t a i n i n g  t h e  
s p a t i a l  coherence o f  t h e  s t o r e  i n  t h e  read and w r i t e  
modes. 
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