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Choice of emission of a fully coherent electron beam [1] or a high-brightness gas field ion beam [2] can 
be achieved easily with a single-atom tip (SAT) by switching the polarity of  the emitter. The gas field 
ion beams emitting from Ir/W(111) SATs are not limited to helium and neon. They also include reactive 
gases such as hydrogen, oxygen and nitrogen [3-4]. Thus, the functions of scanning ion microscopy, 
secondary-ion mass spectrometry (SIMS), electron microscopy and nano-fabrication may be integrated 
within one single instrument, as shown in Fig. 1.

We have demonstrated hydrogen, helium, argon, and oxygen ion beams emitting from a Ir/W SAT and
characterized these ion sources. Fig.2 shows the current stability of three different gas ion beams emitted 
from a Ir/W SAT. Clearly, they are very stable with instability (standard deviation/mean current) of 3% 
for the He+ ion beam, 5% for the H2+ ion beam, and 7.7% for the O2+ ion beam [3]. Hydrogen and 
helium ions provide the lowest sputtering rates, which is beneficial for scanning ion microscopy as well
as for fabrication of nanostructures of high aspect ratios. The argon ion has a large mass and can provide 
a high sputtering rate, suitable for ion milling. Due to the high secondary ion yields, an oxygen ion beam 
may be applied to nano-SIMS. The ion beam profiles indicate that the half opening angle is ~0.5° or 
smaller. This single spot indicates that emission occurs only from the topmost atom. The smallest source 
size and the small opening angle are particularly favorable for achieving high angular intensity, high 
brightness, and low spherical aberration, which are important characteristics for a focused ion beam 
system. The GFIS emitted from a single-atom tip is also highly coherent and may make possible 
precision measurements such as ion interferometry [5]. The current of these gas ion beams are very 
stable and the tip does not show any degradation under fields above 5 V/Å after a total operation time of 
80 hours. Since the SAT can be regenerated by annealing for more than 50 times, therefore its lifetime is 
long enough for most practical applications.

In addition, we have also prepared a pure iridium SAT based on oxygen-induced crystal faceting of the 
Ir(210). Fig. 3 shows the current stability of four different gas ion beams emitted from an Ir-SAT. 
Obviously, they are very stable with instability below 5% [4]. Thus the Ir-SAT can be a good field ion 
emitter, capable of emitting a variety of gas ion beams, including He+, H2 +, N2+, and O2+, with high 
brightness. In particular, nitrogen is a very corrosive gas for most metal tips, including pure tungsten tips,
under strong positive electric fields. This suggests that many other gas field ion beams may also be 
emitted from this Ir-SAT and can greatly broaden the application of focused ion beam technology.
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Figure 1. Schematic diagram of a pyramidal single-atom tip. It can field emit not only coherent electron 
beam but also various ion beams for different applications.

Figure 2. Current stability of three different gas ion beams emitted from a Ir/W SAT.

Figure 3. Current stability of four different gas ion beams emitted from an Ir-SAT
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