= Wafer-Level Functionalization of Integrated
Carbon Nanomaterials with Metal Nanoparticles
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( Motivation \ f Functionalization of Carbon Nanotubes \
Semiconducting single-walled carbon nanotubes Plasmonic interaction Technological approach
(s-SWCNTs) are a key material for nanometer-scale with SWCNT

* Protocols for primary functionalization of the SWCNTSs are expanded from literature

. hv (Holzinger, Hirsch et al.) [1]

» The precursor molecules for primary functionalization of the SWCNTSs are synthesized in
K _ a multi-step procedure, with the ethylene glycol chains designed towards an effective

interaction with metal nanoparticles

The primary functionalization of the SWCNTs (attachment of oxycarbonylnitrenes) is

integrated sensors and actuators (for instance,
MEMS/NEMS). For these applications, scalable
technological solutions for the integration of the
SWCNTs on wafer level are challenging. For
sensoric  applications, a suitable chemical
functionalization  of the SWCNTs keeping the

electronic band structure intact is another key issue Molecular linker obtained by a thermally induced 1,3-dipolar cycloaddition of the SWCNTSs directly on the
; ; : ) ! wafer [2, 3]

likewise compatible to wafer processing. x » The secondary functionalization of the SWCNTs is done with gold nanoparticles

In this contribution, we report on attempts towards o—| Drain A LT source synthesized according to published procedures developed previously [4]

SWCNTs that are functionalized with metallic Gate .

nanoparticles on wafer level. The target application F_'rlma_ry . Sef‘cond_ary_

is a plasmonic sensor based on a SWCNT field functionalization functionalization
effect transistor, with the gold nanoparticles CNTs on wafer [2, 3] 0  Hirsch [1] l AuNPs [4] I +I]
expected to yield a tunability of the response Target application: |
properties. Optical sensor based on CNT-FET s

We employ a primary functionalization with ethylene glycol chains, inducing only few
additional defects to the CNT. The functionalization is done via two approaches: liquid
immersion of the wafer (Approach 1 ) and application of a microfluidic flow on the wafer

Qpproach 2 ). The results for SWCNTs are compared with graphene. )
( Wafer-Level Integration & Functionalization of Carbo n Nanomaterials
4 Wafer-level deposition \( SswcNTs: Morphological characterization A8 Graphene: Morphological characterization )
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Principle

« Aqueous dispersion of SWCNTs
with sodium lauryl sulfate (SDS)

« Electrokinetic alignment of
SWCNTs in an electric field
between Pd electrodes [2, 3] CNT-FET configuration )
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Approach 1: D 1+11 5
Primary and secondary s
functionalization

by liquid immersion of 14
the wafer Tool: Wafer on heating plate
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AFM images (left, éenter) and SEM images (right) of graphene sheets after different
inati of primary (1) and/or secondary (1l) functionalization. The inset in the SEM
images represent transformations of the contrast image to identical greyscales.

SEM images of several CNT-FET junctions after primary and/or secondary ful
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rApproach 2 : Primary and secondary functionalization |

in microfluidic flow on the wafer Results

« For SWCNTs, a successful adsorption  of nanoparticles

Principle Tool: Reactor on heated wafer 3 : i i e sl s e i i f il b
\ 3 Optical microscope images AFM image of a CNT ... after primary ... after secondary 0w presence © oxycar ony i CEln o proven.
of CNT-FET junctions after  junction after primary  and secondary without primary *The density of nanopar[ides on the CNTs can be varied
\_ primary functionlization functionalization functionalization functionalization ) by concentration and temperature of the dispersion
P - - - ~ . - .
SWCNTs: Electrical characterization « After th_e _functlonallzatlon process, the current-voltage
%0 - characteristics of the CNT-FETs stay intact.
TGO G S e TR
et 0 st 1+ « For graphene, a successful adsorption of nanoparticles
Z 20 zl|onf at the boundaries of the sheets can be observed both in
8 s ) presence and absence of oxycarbonylnitrenes. However,
-a0n 40n in the latter case, the aggregation of the particles is
-60n VG =10V 60N vG=-10v Stronger.
-80n — 80n
7 N\ 010005 200 0 0% 010005 0y O 0 * Raman spectra indicate that SWCNT sidewalls do not
SWCNTs: Raman characterization carry more defects as they show no raised D peak.
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o - o [ — Conclusions
o a . . . .
i 2 2, « Electrokinetic integration of carbon nanotubes  and
n n . . X . .
D b o e . subsequent functionalization ~ with gold nanoparticles via
4on 4o oxycarbonylnitrenes on wafer scale is possible.
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«The most promising results are obtained by a
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\ Raman shit [cm] Raman shift fcm”] JAR Current-voltage characteristics of CNT-FET junction before and after functionalization ) microfluidic approach,
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