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Abstract: 
Building with atomic precision, atom by atom, represents an ultimate frontier in our ability to 
shape the world and serves as the basis for an emerging set of quantum technologies based on 
atomic-scale features. The Scanning Tunneling Microscope (STM) is the most powerful tool we 
have for manipulating atoms. Usually, it works by using a sharp metal tip to move atoms on a 
sample surface. This works well in many cases, particularly when the surface atoms are weakly 
bound, or physisorbed, but becomes more difficult for stronger covalent bonds. It contends 
with another longstanding challenge in STM: the configuration of atoms on the tip is generally 
hard to ascertain and hard to control, making reproducibility an issue. In this talk, I will 
present a new approach to STM that we call “Inverted-Mode” STM. It uses an engineered tip 
with a clean and flat atomic terrace at its apex, which serves as a build-site. This “apex 
terrace” can then be imaged by tailor-made tall, sharp molecules on the sample, inverting the 
usual paradigm of STM. The first advantage of this setup is that it allows unprecedented control 
of both sides of the tunnel junction. More importantly, it is a platform for controlled chemical 
reactions. The apex terrace and the protruding molecule can be thought of as 
reagents whose relative positions can be controlled with sub-angstrom precision to effect 
individual chemical reactions. I will show that these reactions give reproducible outcomes, can 
be applied sequentially to the same build site, and can be used to either add or remove atoms. 
In short, I will explain how this is the basis for a broad capability for atomically precise 
fabrication.  
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