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INTRODUCTION

Transistor sizes continue to shrink causing the critical dimensions in FinFET structures to become exceedingly small—only a few nanometers wide. The challenge with atom
probe tomography (APT) analysis of the smallest device structures is that the region of interest (ROI) must be placed within a specimen tip at sub-10-nm precision; a reliable
landmark, within perhaps 10-nm or less from the target must be resolved to assure the necessary precision for extraction; surrounding materials that are substantially different
in evaporation filed much be excluded; ion beam damage must be minimized through proper capping and cleaning processes. In this work, we provide an example of a specimen
preparation workflow that deals with small, complex device structures.

EXAMPLE PROCESS

Figure 1. a) A lift-out wedge with capping material on top. The ROI is exposed to the cross-sectional surfaces.
Ion-beam de-processing is illustrated in b), where the wedge has been rotated by 90o enabling milling
parallel to the original surface. After another 90o rotation, the bottom side is flipped to the top as shown in
c) enabling mounting specimen on a carrier substrate in the backside orientation.

• The example structure contains an embedded
ROI 100-500 nm below the surface.
• APT specimen preparation will be approached
in the inverted or backside direction [1].
• A ~2 µm tall prism-shaped protective layer is
applied to support the ROI in the backside
orientation (figure 1c)
• Ex-situ rotation by the ARM™ stage from
CAMECA [2].
• De-processed from the backside to the locate
the ROI (Figure 1b)

ACTUAL DEVICE
a)

b)

Figure 3. a) ROI in the middle row of the de-processed surface. b) ROI
close-up view showing W-gate in the vertical direction, and Si-fin in the
horizontal direction. ROI is at the crossing point between gates and fins .

Figure 2. A wedge that contains a ROI in a device sample is extracted from (1) then
transferred to a manipulator that allows uniaxial rotation. Deprocessed wedge viewed in
cross-section equivalent to Figure 1b. (4-6), De-processed surface from the backside
showing repeated blocks of a device structure at different depths. The ROI resides in the
middle row in (5).

•
•
•
•

An actual device with the finFET structure.
ROI is the fin between the gate materials.
~20 nm de-processing precision is possible to achieve.
After exposing the ROI, the wedge is capped then flipped
to the bottom side.

CONCLUSIONS
•
•
•
•

Testing and refining a workflow on a region with an identical structure to the real ROI is recommended.
Backside preparation allows high precision targeting on embedded structures.
Cross-sectional cuts in a “slice and view” fashion can be used to inform the location of ROI beneath the surface.
At the end of cleaning process, specimens self-evolve to end-forms depending on the differential milling rates of exposed features that
need to be considered to develop a successful and efficient specimen preparation method.

SHARPENING PROCESS
2 beams
• End-pointing a small
ROI during the
sharpening process is critical.
• Cross-sectional cuts on the mount
from orthogonal directions (Figure 4
b, c), is necessary to center the 100nm
annular milling patterns.
• To allow the best targeting precision,
the milling patterns are frequently
adjusted by confirming the ROI from
orthogonal directions during the
sharpening process (Figure 5).
• Low energy ion beam cleaning is the
last step in the procedure [3].

1 beam

Figure 4. Three images for structure layout
from a) the backside with corresponding crosssectional images in orthogonal directions, b
and c), with W, SiO and Si regions indicated.

Figure 5.
Sequential
images from
the sharpening
process.
Alternatively
switching the
viewing
direction
between X-Z
and X-Y to
center the ROI
on tip.

a)

b)

Figure 6. a) Specimen centered on
the gate/fin crossing point after
annular milling. b) After cleaning, ROI
is exposed to the tip apex.
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