High throughput scanning electron microscopes with M EM S-based multi-beam optics
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A combination of fast data processing, large mensimgs and high speed CMOS cameras is
enabling ever faster imaging and microscopy. Howetves is not leading to faster scanning
electron microscopy because in SEM the speed itelinby the primary beam current, similar
to the throughput limitation in electron beam Ignaphy. Yet, there would be important
applications of high throughput SEM, both in thengmnductor industry and in biological
imaging. We will present two approaches to fasteMSvith first experimental results.

The basic limitation to the beam current is in treghtnessB of the electron source: An
electron probe of diametérat acceleration voltagé, irradiated through an opening angte
can only contain a current:n2/4Bd2a2\/. The diameterd is limited by the required

resolution andx is limited by the lens aberrations. The only optieiio use multiple beams.
We can do this in two ways: separate beams that se&n part of the sample surface, or
multiple beams that all point from different dinects at the same sample position. The first
solution effectively increasabwithout loss of resolution, the second effectivielgreasesy.

Earlier, we developed a multi beam probe instrunbased on a regular FEI Nova-Nano 200
SEM. It contains a MEMS based multi-electron beamaree module [1,2] that delivers a
14x14 array of focused beams, which are all de-rifiagnby the optical column of the SEM
with a resolution and current per beam comparatbla state of the art single beam SEM.
However, in order to use this system as an imagysgem, either parallel detection of the
secondary electrons generated by the 196 beamegusred, or all beams have to be brought
back to a single focus.

For the multi beam detector, we designed a sydtatguides the 196 SE (secondary electron)
beams to a position sensitive detector in the ldgiaperture (VA) plane (see figure 1). In
this plane an image of the sample is formed, ugiegsecondary electrons. It is important to
focus the SE beams in the detection plane withicefit magnification because to get
separated images of different SE beams, the pitcleighboring SE beams should be larger
than the spot size of each beam in the detect@meplThe first images of the detection plane
with separated SE beams will be presented.

For bringing the 196 beams into a single focus,d@signed a novel, MEMS based multi
beam objective lens array (see figure 2). Althoagbh individual micro-lens will be of lower
guality than a single macro objective lens, we eipect to obtain a system with larger beam
current than the conventional SEM. Our goal isdout a total current of 200 nA within
50nm at a landing energy of 500eV.

When we compare the two solutions, the first onaime the original SEM resolution and can
in principle increase the throughput by a factauaddqo the number of beams. However, the
detection system is much more complicated andrbissure yet if a sufficiently efficient and
fast position sensitive detector can be found. $heond solution has a much simpler
detection system, but it will be impossible to tedlce original SEM resolution so it has to
compete with a SEM mode in which the single beaweadly has a high current.
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Figure 1. Schematic overview of the electrorFigure 2. Schematic overview of the electron

optical system for the multi-beam SEM with optical system with multi-beam, single probe
multi-beam detector. objective lens.
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