
D3.1.2 Design of complex logic units based on solid-state molecules 
 
In the 2nd period of WP3 P4 focused on complex experimental logic implementations 
using donors in silicon. The envisioned molecular logic blocks, developed in 
collaboration with WP1, are tri-gated atomic devices. The geometry of the device 
layouts is based on a model developed in task T3.2 to predict the electronic properties 
of donor molecules. 
A detailed description of the experiment is showed and their operation is simulated 
within WP1. Two schemes, shown in Fig.1, are proposed which are based on the 
same physical system, i.e. a multi-donor molecule. The logic input comes from pulsed 
gates in the vicinity of the system, which subsequently defined the state of the system. 
While the logic output is always the average current extracted at the tip of the STM 
setup, the donor system is either open, tunnel-coupled or closed, capacitively-coupled 
to the tip drain. In the first case, the current tunnels through the donor system, while 
in the latest case the charge on the system is probed through the electrostatic quantum 
dot formed below the tip (similar to a single electron transistor).  

 
Experimental implementation of essential parts of these devices has been achieved in 
parallel with their theoretical development and model. This delivers D3.1.2 and 
combines two world unique capabilities: the deterministic fabrication of solid-state 
molecules and the fabrication of nanoscale electrodes suitable for in-situ UHV LT-
STM experiments. 
First donor based, P:Si, complex molecular structures has been demonstrated in task 
T3.1 and indicates the passage of MS2 at month 26. The complex fabrication of these 
molecules included their vertical positioning. As illustrated in Fig.2, this represents a 

Figure	  1:	  Top	  panel:	  schematic	  side	  view	  of	  the	  direct	  tunneling	  
experiment.	  Bottom	  panel:	  schematic	  side	  view	  of	  the	  charge	  sensing	  
experiment.	  



direct control of the tunneling rate in and out of the physical donor system as required 
in the design. This new system allows for atomic precision dopant placement. This is 
a prerequisite for the engineering of electronic structure of these solid-states 
molecules. Furthermore, it allows us to extract key characteristics of the physical 
system, which shows the implementation of MS1 at month 26.  
Second, the micro fabrication of implanted gates for the electrical addressing of the 
molecules has started. Their in-situ STM characterization, shown in Fig.3 is a step 
forwards the independent control of their electrochemical potential and electric fields. 
In summary, the establishment of schemes for experimental logic implementations 
using donors in silicon, the fabrication of P:Si based molecules in a controlled 
environment, and the first steps towards additional in-situ gates fall under deliverable 
D3.1.2. 
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Figure	  3:	  a)	  Mask	  fabricated	  by	  electron	  beam	  lithography	  defining	  electrodes.	  b)	  Spatially	  resolved	  
I-‐V	  spectroscopy	  data	  taken	  across	  the	  implanted	  pattern. 
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Figure	  2:	  	  a)	  Layout	  of	  samples	  grown	  epitaxially	  as	  described	  in	  the	  main	  text.	  b)	  Band	  diagram	  in	  
the	   resonant	   tunneling	   conditions.	   The	   donor	   structures	   are	   found	   between	   two	   tunnel	   barriers	  
with	  rates	  Γin	  	  and	  Γout	  	  which	  can	  be	  engineered.	  


