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Recently, the integration of nanostructured graphit
carbon based materials into microfabricated FEaevi
structures has received a great deal of attentiohne
literature. In particular, microscale electron guising
carbon nanotubes (CNT) and carbon nanofibers (G¥F)
FE cathodes have been investigated by a number of
groups and shown to possess operating charaatsristi
highly desirable of any FE electron source. These
properties include low threshold field for the iaiton of
electron emission, the ability to operate for esttsh
periods of time in moderate vacuum and high emissio
current density. However, of this class of materaaly
the vertically aligned CNF (VACNF) may find
application in electron sources where the formatiba
highly focused beam is required. This arises fthenfact
that single VACNF emitters can be synthesized
completely deterministically (1-3). While CNT-base
devices have been demonstrated that operate at lowe
voltages and higher currents than similar VACNFeoas
structures (4,5), precise control over the location
density of the emission sites within the electran g
structure has yet to be demonstrated.

In our previous work, we have shown that it is jluesto
realize microfabricated FE device structures wiitlyle
VACNF cathodes (4,5). These devices can be faedca
using wafer scale techniques compatible with lascme
manufacturing. In this work we present results on
microfabricated VACNF FE sources with integrated
focusing electrodes (Fig. 1). These devices wpezaied
at pressures of 10Torr for extended periods of time
without experiencing a degradation of performarce.
typical FE current-voltagd+V) curve is shown in Fig. 2.
Although the operating voltage may appear somewhat
high for these devices when compared to similar CNT
based devices, it is in reasonable agreement héth t
values expected from the VACNF aspect ratid the
geometry of the gun structure. The focusing efféct
these devices was investigated using a phospheerscr
By changing the voltage on the focus electrodeavhil
keeping constant voltages on the cathode and patesi
possible to change the diameter of the emitted &agn
3). These results fit well to simulations of thevite
performance and demonstrate that VACNF-based FE
devices are quite promising for applications tleafuire
well-focused microscale electron sources.

REFERENCES

1. Merkulov et al., Appl. Phys. LetiZ6, 3555 (2000).
2. Merkulov et al., Appl. Phys. LetZ9, 1178 (2001).
3. Merkulov, et al, Chem. Phys. Le®30, 381 (2001)
4.Guillorn et al., Appl. Phys. Lett79, 3506 (2001).
5.Guillorn et al., Appl. Phys. Lett81, 3660 (2002).

—

Mo Focus Electrode

o> PEX-3 m\g;%“‘

Mo Gate Electrode

Figure 1. Scanning electron micrograph of a coreplet
triode electron gun with a single VACNF cathodectalat
30° from normal incidence.
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Figure 2. FE I-V curve of a single VACNF triode scel
obtained with the cathode at 0V, the gate and fewept
together positively and a Cu anode placed 2 mm away
from the device at 1kV. INSET: Fowler-Nordheim tplo
of the I-V data showing a reasonable linear fiteTh
current collected at the gate and focus electrogle bess
than 1 % of the total emitted current measuretiat t
cathode. The anode collects ~99% of this current
demonstrating the efficiency of these devices.

Figure 3. Images obtained during device testingfeo
phosphor coated conductive glass anode. Both isnage
were obtained at the same magnification with —-90 V
applied to the cathode, 0 V applied to the gateldnd
applied to the phosphor. The image on the left was
obtained with —30 V on the focus electrode whil @as
applied to this node during acquisition of the imamn the
right.




