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For the nanoelectronics industries, atom probe tomography (APT) offers the prospect of unique
capabilities for device characterization [1]. The advantages of APT for analysis of a 3D device
include; a) three-dimensional compositional mapping of a relevant volume (>10° nm?), b) high
detection efficiency (>50%), and c) high sensitivity (down to single atoms) for device analysis. The
technique also has potential to be utilized as a composition standard for metrology applications.
These advances have been made possible by recent major developments in instrumentation [2],
specimen preparation [3], and often by methods correlation with TEM [4,5] and/or SIMS [5,6].

However, atom probe analyses of actual devices have been few and not generally from a fully
packaged structure. This presentation will report progress made in APT analyses of individual
transistors in off-the-shelf logic chips. A commercial 32-nm technology node device, an Intel 15-650
chip, was purchased at a retail outlet. Following depackaging, focused-ion-beam preparation [3] was
used to create specimens. Fig. 1 shows a) trenches cut into the wafer, b&c) the extracted coupon
mounted on a microtip, d) a pre-tip cut from the coupon, and e-h) stages of focused ion beam annular
sharpening [7] of the tip. Fig. 2 shows the feasibility of APT analysis with regions of SiGe (red), Fig.
2b, on either side of a high-k gate oxide (orange) being clearly visible. The channel region contains
the dopant elements B, As, as well as C, Fig. 2b. Fig. 3 shows these elements as a concentration map
where red is the maximum concentration and blue is a minimum (zero). These maps show evidence
that the boron is spatially correlated to the Ge, the As in uniform and the carbon is clustering.

The field of view of the atom probe for this device is just adequate to observe portions of the source
and drain on either side of the channel. In future technology nodes, the transistor characteristic
lengths will be smaller and the present field of view achieved in this work will cover a larger portion
of the components outside the channel. Although atom probe analysis of packaged devices is not
currently routine, we expect that this approach to specimen preparation and analysis will mature
quickly.
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FIG. 1 Stages of focused ion beam specimen preparation from a) cutting trenches to h) final tip shape.
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FIG. 2 a) Schematic of th
transistor (from ref [8]) and b)
atom maps from a 20 nm thick o
segment of the transistor. \.
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FIG. 3 Concentration maps showing clustering of dopants. The listed concentrations correspond
to red in the colorman.

https://doi.org/10.1017/51431927611004636 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927611004636

