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Introduction Lateral Resolution

Focused helium and neon beams created with the ZEISS ORION NanoFab Gas Field lon Source (GFIS) have been used in several semiconductor applications including patterning, nanofabrication, and
characterization'. The helium beam is ideal for high resolution imaging with its < 0.5 nm probe size3. The neon beam, with a probe size < 2 nm and sputter rate of around 20 times that of helium, is well suited
for precise material modification at the nanoscale.*

Resolution Standard: To establish the lateral resolution achievable

by the NanoFab SIMS instrument, a recognized international

standard, the BAM-L200 was chosen

* This sample is a cross section of a stack grown of alternating
layers of GaAs and Al, ,Ga, 5As

 All layers were grown by metalorganic vapor phase epitaxy, and
each layer has had it's thickness measured and certified by TEM
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The precise nature of the focused beam makes the GFIS an attractive option for use in high-resolution dynamic SIMS. Conventional dynamic SIMS instruments have demonstrated ultimate lateral resolution of ~50
nm. This resolution is primarily limited by the focused probe size of the primary beam. In contrast, with a Ne* probe size of 1.9 nm, the resolution of the SIMS information produced by the ZEISS ORION NanoFab is
limited only by beam-sample interactions. As such, the chemical characterization of nanomaterials has the potential to be performed at an unprecedented level. Here we introduce a magnetic spectrometer for
semiconductor characterization.
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is performed using a focused energetic ion beam The combination of SIMS analysis on a high resolution imaging platform allows for many
e The bombarding primary beam will sputter capabilities that can be executed in a variety of sequences or “workflows” depending on the 3.5nm 23 nm * SIMS Image generated with a

10 keV Ne* beam and the
spectrometer configured to
detect aluminum

application at hand. The basic capabilities are described herein for an sample which is a partly de-
processed finFET device.
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e J rastering the primary (neon) beam across the sample,
S with the detector at a location corresponding to the
mass of interest. In this case, the count rate reported
by the detector is used to assign a grey level, or color
intensity, to each pixel in the image.
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Where: P, Umaw @, @nd C, are material constants based on the dopant type (B or As in this case).
N is the estimated concentration of the dopant. For n-type silicon, electron mobility dominate and
for p-type silicon, hole mobility dominates.

 In our case, all dopants were detectable in silicon using a primary ion current of 10 pA witha 5 pm
field of view showing a upper limit of better than 75 ppm for boron in silicon and better than 188
ppm for arsenic in silicon

Four detectors can be assigned to individual Semiconductor Analysis

masses and used simultaneously, enabling
the creation of composite images with
different elements assigned to different colors
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Sample: 22 nm FinFET Device which was de-processed with an Art beam exposing multiple layers.
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Sample for enhanced visualization.
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Notable Specifications: _ _
« Fully retractable extractor Repeated SIMS imaging over a selected area
» Double focusing magnetic sector (Mattauch-Herzog design) will progressively reveal deeper layers through iy
e Bipolar fields for detecting both positive and negative ions with minimal re-alignment the sputtering process, thereby providing
* Transmission efficiency: 40% three-dimensional elemental information. The

1 TIC detector, 1 fixed detector, and 3 moveable detectors
e Mass resolution (M/AM) is 400
e m/zratiois 1 to 500
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e Multi element images reveal the relationship
between different materials

 SIMS imaging resolves even small features 50
such as tungsten plugs 0 200 700 500

Distance (nm)
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