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Original Objectives

«  Monte Carlo simulation of nanocluster array formation in confined geometries
« nanocluster array formation and characterization using I11-V materials
+ tunable nanomask development

Status of Effort

Among the more notable accomplishments during the course of this contract we identify
the following results:

e Nanopattern Transfer from Solvent-Annealed Diblock Copolymers

We have used the techniques we’ve developed for self-assembled biological templates
and applied them to diblock copolymers to transfer nanoscale periodic patterns to
substrates. The nanopatterns have been transferred, using inductively coupled plasma
(ICP) etching, both in the form of etched holes and in arrays of metal dots (using electron
beam evaporation). As distinct from other published work, this has been performed
without the need for silicon nitride layers or multi-layered resists.

Block copolymers consist of two chemically distinct polymer chains that are covalently
linked. When dissolved in a solvent and spun onto a substrate, the polymer chains phase
separate to form chemically distinct nanometer-scale domains. The size and morphology
of these domains is determined by the size and composition of the polymer chains. Upon
annealing above the glass transition temperature of the polymers, the nanometer-scale
domains spontaneously rearrange to form micron-scale grains with local nanoscale
periodicity. These micrograins can have a variety of symmetries (i.e., lamellae, cylinder,
or spheres) depending upon the copolymer system used and the thickness of the thin film.




However, once a polymer system and a film thickness are chosen. thermal annealing
always produces the same morphology. In contrast, by annealing in solvent vapors.
we’ve demonstrated a method of annealing that allows us to create different
morphologies from the same choice of polymer and film characteristics. The
morphology of the resulting film depends only upon the solvent used for annealing. For
the work shown here, we used a polystyrene-b-polyisoprene (PS-b-PI) diblock

copolymer.

The figure shows a 35 nm thick film of polyisoprene-b-polystyrene (PI-b-PS) which
phase separates into an hexagonal array of polyisoprene cylinders in a polystyrene matrix
after annealing in MEK vapors.

We’ve transferred this pattern into a Si substrate by ICP etching until the film is
completely removed. Because the etch rates of the two polymers are similar, the surface
relief of the etched substrate is only a few nanometers. To improve on this, we have
selectively removed one of the polymers before etching by exposing the copolymer film
to ozone in an aqueous environment. The ozone treatment makes the polyisoprene water-
soluble and cross-links the polystyrene, leaving an array of cylindrical holes in the
polystyrene film. Etching of this film, produces a nanoscale array of holes in the substrate
with improved aspect ratio.

At present, two issues limit the depth of etched holes created with diblock copolymer
masks. The first is the etch rate of the copolymer. As one etches the substrate through
the holes in the copolymer mask, the copolymer is also being etched. When the
copolymer is completely etched away, the depth of the holes stops increasing. The
second limitation arises from lateral etching. Once the lateral etching widens the holes
and they bridge together, the depth of the etched holes cannot be increased.

In our continuing work, we plan to eliminate the first limitation by coating the copolymer
with a thin layer of Cr as we do with our biological/protein crystal masks. Initial
experiments have shown that a 2 nm thick layer of Cr deposited on a copolymer film will
allow us to etch 500 nm or more into a Si substrate with no visible signs of mask
degradation. We plan to address the issue of lateral undercutting using sidewall
passivation. We will etch the substrate with a fluroine-based chemistry and will protect
the sidewalls with a thin layer of a fluorocarbon polymer and block the thermal etching of
the fluorine. On the horizontal surfaces, energetic ions will remove the fluorocarbon




polymer and allow the surface to be etched. We will cycle back and forth between
etching and passivation, etching deeper during each cycle. This technique is used very
successfully for micron-scale MEMs work. however. this has not been accomplished at
the 10-nm length scale. The difficulty will lie in depositing the correct amount of
passivation to protect the sidewalls without filling up the holes and with etching for the
correct amount of time to preserve anisotropic etching.

e Ultrahigh Resolution Scanning Probe Microscope Gratings for Moiré
Interferometry

As previously discussed in a progress report, the goal of this effort is to use coated
protein crystals as ultrahigh resolution gratings in conjunction with a scanning probe
microscope (SPM) to generate Moiré interferometry patterns for ultrahigh resolution
measurement of parameters such as thermal coefficients of expansion. This technique
could be used to examine interconnects, vias, and other features which can become
vulnerable to fatigue failures due to materials’ properties and compatibility. The
microelectronics industry requires techniques that can measure displacements, identify
failure locations and mechanisms, and provide thermomechanical data to models at
submicron size scales to optimize design. The techniques that have been developed
include electron-beam moiré, moiré interferometry, digital image correlation, and speckle
interferometry. However, none of these techniques is presently able to measure
displacements as small as 5 to 10 nm, as is required to calculate strains in on-chip vias
and interconnects, or in chip-on-glass packages.

Since our last report, we have conducted extensive experiments using a closed-loop
Thermomicroscope AFM at NIST to measure the coefficient of thermal expansion (CTE)
of a reference material (typically either gold or silicon). These experiments are necessary
to evaluate the piezo non-linearity, drift, creep, and hysteresis of the instrument.

Our results clearly indicate that we have a systematic error that is over-shadowing any
real expansion data from the samples. The problem lies in the specifications for the
Thermomicroscope AFM, specifically, the scanner non-linearity which is 0.2 %. When
scanning a 100 nm pitch grating at 256 lines/scan, one must scan a 25.6 pm x 25.6 um
area to generate the proper moiré fringes. A non-linearity of 0.2 % over a 25.6 pm
distance yields an error of ~ 50 nm or a half of a fringe. Assuming that the sample is
cycled over a 75 C range, this half of a fringe error gives a CTE error of ~ 30 ppm which
is unacceptably large for metrologic work.

We have now placed a purchase order for a new closed-loop AFM that incorporates a
flexure-based scanner which is quoted to have a nonlinearity of 0.05 %. We have also
placed a purchase order for an optical interferometer with a resolution of 0.3 nm to
maintain the calibration of the closed-loop flexure stage scanner. We expect that the new
instrumentation will allow us to overcome the piezo non-linearity difficulties and this will
be determined by an acceptable measurement of the CTE of a reference material. Once
this is accomplished, we will return to the focus of this work, which is to use coated
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