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Beam chemistry within scanning electron microscopes (SEMs), where the 
electron beam decomposes a gaseous precursor to form a either a non-volatile 
deposit and a volatile residual fragment, or chemically enhances an etching 
reaction, is a well-established research field [1,2,3]. Promising new chemistries 
are currently being developed [4], but the playing field for chemistry selection is 
limited to precursors which exhibit adequate vapor pressures at chamber vacuum 
operating conditions. 
 
In this paper we open up a new range of possibilities by demonstrating novel 
manipulation of liquids in vacuum. Previously, liquid precursors have been 
limited to either reliance on adequate vapor pressure for gas phase delivery, pre-
spun films across entire wafers [5], or enclosed, membrane-covered cells, where 
the beam interaction takes place at the liquid-membrane interface [6]. Our 
system does not suffer from some of the disadvantages to these approaches, as 
we are able to work without pressure-separating membranes, and we may freely 
position the fluid locally at any time during the experiment.  
 
Using our Liquid Injector System (LIS), consisting of coated borosilicate 
nanocapillaries, we are able to selectively deliver fluids and maintain liquid 
drops in systems operating in either environmental SEM mode (pressures 
between 0.1 and 10 mbar) [7] or high vacuum mode (lower than 1×10-4 mbar).  
The LIS tip can be positioned inside a vacuum chamber at the sample working 
area and provides good flow control. Droplet size can be controlled reproducibly 
by varying the LIS tip diameter, chamber pressure and/or substrate temperature. 
This arrangement allows research into novel liquid nanochemistry applications, 
and observation of dynamic processes in situ, such as real-time electrodeposition 
and corrosion studies. Various fluids including salt solutions have been 
successfully tested. In this contribution we demonstrate our current in situ fluid 
manipulation capabilities.  
 
We also demonstrate localized electrochemical deposition as an application of 
the novel technique. The electrolyte (aqueous CuSO4) is injected at the desired 
position using the LIS, which also serves as the anode. The electron beam is used 
as a virtual cathode, allowing an electrochemical reaction to be performed at an 
arbitrary location on an insulating substrate. The advantages of electrochemical 
deposition are the extremely high material purity obtainable for a great 
abundance of precursors. 
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Figure 1: Tip of LIS touching down on sample (inclined at 45 degree tilt for 
better viewing), demonstrating delivery of pure water. The delivered, stable drop 
can be small (10-20 µm diameter, left) or significantly larger (right). 
 

   
Figure 2: (a) Schematic illustrating principle of using the electron beam as a 
virtual cathode to electrochemically reduce delivered CuSO4(aq) to Cu(s). (b) A 
square of pure Cu metal after reduction from CuSO4 by the electron beam. The 
beam was scanned in a square pattern which directly yielded the shape of the 
resulting deposit. 


