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The Focused lon Beam (FIB) has been a vauable tool for those working a semiconduc-
tor industry. A FB is cgpable of milling (machining) materid as well as deposting meterid via
the sputtering of ions. FIBs have been used to repair masks used in integrated circuit production,
repair individual wires on integrated circuits, or even dope semiconductors.  Microstructures of
vaious geometries, including microtools (eg., used for machining cantilevers for scanning probe
microscopy), micro-springs, and micro-gears made from dainless steds, have been successfully
fabricated using a FIB.

In the present research, the capability of usng FIB for paterning/milling of microchan
nels is evaluated. Microchannel structures have been widdy used for many MEMS devices, i+
cluding micro heat pipes, sensors, and fluidic devices. Figure 1 shows an optical imagine of sev-
erd patens in a gold thin film milled by a FIB. The equipment used was the Nanofab 150 FIB
facility. The arsenic 2+ ions were used as the source with a beam spot sze of 50 nm. The pat-
terning was conducted a a dwel time of 50 ms a a pixd spacing of 14.5 nm. The faclity was
operated at a voltage potentia of 90 keV and a current of 5 pA.

The gold film was deposted by a high vacuum evaporation sysem with an ion-pumped

glass belljar capable of ~ 10°® torr. The gold was melted at to 1132 °C to attain a proper vapor



pressure suitable for depostion. System pressures were monitored by ion and therma conductiv-
ity gauges. The corresponding image by an atomic force microscope for the smalest pattern
shown in Fg. 1 isdepicted in Fg. 2.

The atomic force microscope was dso used to quantify the relaionships between the d-
mengordl characteristics of the milled channels and the magor operating parameters used in FIB
milling and thin film depogtion. Before FIB milling, the surface roughness of the thin films that
were deposited a various speeds and substrate temperatures is first studied. At the subdtrate
temperature equa to 25 °C, the typicd aithmetic-mean surface-roughness (Ry) is 1.66 nm and
showed no sgnificant change for the deposition speed increasing from 0.02 to 0.06 nm/s. How-
ever, for the substrate temperature eevating from 25 °C to 360 °C, R, increases more than five
folds a 0.02-nnV/s depostion rate.  The dimensons of microchannels were adso quantified. For
substrates deposited at 0.02 nm/s rate a the room temperature, the depths of the FIB milled
channds are 22 (4), 28 (5), and 37 (8) nm for the dwell time, respectively, a 10, 20, and 50 ms,
while the corresponding mouth widths are 146 (21), 158 (21), and 189 (33) nm. The correspond-
ing sandard deviations are the numbersin parentheses.

In summary, as expected, the results show that the size of FIB milled micro-channels -
creases with dwel time. However, the Sze of certain features with respect to dwell time is not
linear. As the dwell time is increased past 40 ms, the feature Size does not significantly ncrease.
This drop in sputter yield may be attributed to redepostion effects. As the micro-channd be-
comes deeper, it becomes harder for the gected gold atoms to leave the vicinity of the ion beam,
and some atoms deposit back to the surface. Findly future research directions on improving the
FIB-milling recipe and on andyzing microchannd applications in MEMS and NEMS are dso

included.



Fig. 1. Optica images of three patterns milled at 50-ms dwell time by FIB

Fig. 2. Topography of FIB milled pattern by atomic force microscope (Each verticd divisonis
400 nm)



