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Dynamic random-access memory (DRAM) is one of the basic units used in most
electronic devices including laptops, smart phones, personal computers, etc.. The
crucial elements of such devices are capacitors and transistors. The FET transistor
creates an access (based on gate contact signal) to the capacitor unit which is charged
and the bit information is stored. The charge on the capacitor drains slowly, so, the
information needs to be refreshed periodically, hence, this memory is called dynamic.

FIB-preparation of thin TEM specimens from semiconductor
devices is an essential step in the physical failure analysis
workflow that is implemented daily in semiconductor fabs.
The lamellae need to be thinned to electron-transparency,
with thicknesses that are compatible with the critical
dimensions of the device to be analysed. Thus, nanosized
structures such as transistors can be clearly resolved in the
TEM. Minimal amorphous lateral damage on the prepared
lamella is also a crucial requirement for TEM imaging.
Although low-kV FIB polishing is an effective technique for
minimizing amorphous layers, it can introduce the risk of
unwanted ion implantation which can limit or interfere
with TEM analysis.

Xe plasma source FIB is an alternative for high quality
sample preparation that offers important advantages
over conventional Ga ion source FIBs. Such advantages
include lessionimplantation and less induced amorphous
damage at 30 keV when compared with that induced
by Ga source FIBs. In addition, Xe is an inert gas which
prevents the formation of metallic compounds, a feature
that is especially valuable when it is crucial for analysis
that the physical properties of the sample are unchanged
locally as a result of the FIB milling.

TESCAN SOLARIS X is a plasma FIB-SEM system fitted
with the iFIB+™ Xe plasma FIB column and the next
generation of Triglav™, TESCAN's UHR SEM column
technology. The iFIB+™ Xe plasma FIB column is a truly
versatile sample preparation tool because of its a wide
range of ion beam currents. Its high beam currents enable
fast sputtering rates for rapid large-volume bulk material
removal, while low currents can be used for preparing
delicate thin TEM samples. Optimal FIB performance at dif-
ferent currents is delivered by two iFIB+ column features:

TESCAN SOLARIS X is based on the S9000 platform.

a precise piezo-driven beam aperture changer, for fast
switching between FIB presets, and a semi-automated spot
optimization wizard which allows the user to easily select
the best spot size, then optimizes the FIB milling conditions
for the particular application.

The advantage to using Xe ions is that their relatively large
ion mass results in less ion implantation (when compared
to Ga at 30 keV) while the inert nature of Xe prevents
formation of metallic compounds that locally change
physical properties of the sample.

A Fig. 1: Overview STEM-BF image of a final
lamella prepared from a SDRAM sample and
polished to a final thickness of 80 nm.
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TESCAN SOLARIS X is also a highly capable TEM sample preparation
solution, including preparing samples for standard lift-out techniques. When
milling at low ion beam energies (< 5 keV), lamellae can be thinned to reach
electron transparency and thicknesses of a few tens of nanometers while
keeping amorphous lateral damage to a minimum on the lamella walls. This
shows that it is indeed possible to prepare high quality TEM specimens
with the Xe plasma FIB. Furthermore, TESCAN SOLARIS X is designed to be
compatible with diverse in-situ analyses; which is an advantage in terms of
workflow optimization and preventing sample contamination.

TESCAN SOLARIS X can be fitted with EDS detectors and a proprietary
HADF STEM detector to extend its capabilities. EDS mapping of the
prepared lamella allows identification and location of different materials in
the sample. EDS as a metrology tool is a technique that allows measuring
the thickness of lamellae and thus determining whether the prepared
specimens are thin enough for HR-TEM analysis. Because this evaluation
can be handled within the FIB-SEM, any samples that require further
thinning can be addressed quickly by resuming FIB milling for TEM sample
preparation, without breaking vacuum or transfer to other instruments. This
not only simplifies failure analysis workflows but also prevents sample
contamination and potential sample damage during transfer. In-situ low-
kV STEM imaging provide an preliminary information from transmitted
electrons prior a more robust TEM analysis at much higher energies.
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A Fig. 2: STEM-BF image in
which 5 nm thick layers
are well-resolved.

In this application example we present the preparation of a TEM specimen
using the standard lift-out technique from a SDRAM memory chip based on
66 nm technology. The sample was thinned at low-kV to a final thickness
of 80 nm (Fig. 1). After this process, a layer of gate contacts was exposed.
In-situ STEM images show 5 nm thick layers (Fig. 2). EDS mapping
subsequently was used to identify the location and elemental composition
of the structures in the chip (Fig. 3). Apart from common materials present
in semiconductor devices such as tungsten, silicon and oxides, the thin
titanium features were also well-identified. The thickness of the lamella A Fig. 3: EDS maps showing

was measured based on the EDS spectrum, revealing an estimated thick- location and composition of
ness of 80 nm (Fig.4). different elements in the chip.

Analysis: Sample Summary ¥

8080 nm Si

< Fig. 4: EDS spectrum from
which a lamella thickness
of 80 nm is estimated.
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