824 Microsc Microanal 11(Suppl 2), 2005
DOI: 10.1017/S1431927605508778 Copyright 2005 Microscopy Society of America

Feedback Control of Gas Chemistry Reactions in the FIB
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Gas chemistries in the Focused lon Beam (FIB) microscope play an important role in
semiconductor metrology and process control. Patterned ion and electron beam-assisted
chemical vapor deposition (CVD) of materials and etch removal of material have made
the FIB an efficient platform for design-edit, mask revision verification, fault isolation,
failure analysis and materials analysis. In the FIB in-situ lift-out process, gas-assisted
etching speeds the milling process. Beam-assisted CVD in the FIB is important for
attachment of lift-out samples to the probe tip and TEM sample holder, for the deposition
of protective layers on the surface prior to TEM lift-out, and for the deposition of gap-fill
materials, such as silicon dioxide, so that inspected wafers can be returned to the process
flow [1,2]. There is a need for accurate and rapid feedback control of these etch and
deposition processes to enable high-throughput TEM sample preparation in the FIB.
There is also a need for more efficient use of existing ports on commercial FIB vacuum
chambers due to the variety of gas chemistries in use and competition for port locations
from other accessories such as optical microscopes and x-ray detectors.

Gas injection systems mounted on the wall of the FIB vacuum chamber have become
preferred, especially for whole-wafer inspection. A novel multi-source gas injection
system with feedback control is shown in Fig. 2. The operational flowchart of this
system is shown in Fig. 1. This system contains three crucibles, a carrier/purge gas,
feedback from the vacuum chamber, and programmable process flows (“recipes”). The
individual sources are maintained at different temperatures to maintain the desired vapor
pressure in each tube, and computer-controlled metering valves determine the flow from
each crucible and a flow of the carrier/purge gas. The source gasses from the transfer
tubes are combined in the final mixing chamber before presenting the combination to the
sample surface through a single injection tube. An example of via obtained using an
automated etch and deposition routine with this system is shown in Fig.3. The importance
of using the carrier or purge gas to enhance the deposition or etch rate has been widely
discussed.[3,4]

The first level of feedback is sensitive pressure detection within the gas mixing chamber.
The second level of feedback involves detecting the byproducts of the beam-assisted
chemical reactions in the FIB vacuum chamber. Combined feedback signals are
monitored to adjust the flow rates of the source gases and carrier gas. A Residual Gas
Analyzer (RGA) is used to monitor reaction byproducts. The RGA consists of an ionizer,
quadrupole mass filter and a detector. Spectra of the residual components in the vacuum
chamber are gathered by the RGA and compared with reference spectra of known beam-
assisted reactions in the FIB. From this comparison the relative performance of the
reaction is determined, and adjustments to the flow rates and composition of the
combined source gas are made.
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Fig.1. The flowchart of OmniGIS™ operation. Fig.3. The via obtained
using OmniGIS™,
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