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Stanford, at which point Professor Joseph Lyding took over as Illinois PI. Professor Lyding helped manage the Pop group remaining at
Illinois after Professor Pop left, and he engaged in a collaborative effort with the Pop group to develop a selective thermal treatment process
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Solution-Mediated Selective Nanosoldering of Carbon Nanotube Junctions for Improved Device Per-
formance

J-W. Do, N.N. Chang’ (a) (b) Channel and Contact
D. Estrada, F. Lian H.
Cha X.J. Duan, R.T.
Haasch, E. Pop, G.S.
Girolami, J.W. Lyding ,
ACS Nano vol. 9, p.
4806 (2015).

The specific na-
ture of the nanosolder-

Patterning

CVD Growth of CNTs

ing process is to use N (© ‘
joule heating to drive lo- [ ) =T x c
cal CVD reactions at the ! Vacuum  Metals Forming 2 Spincoating of

.I._" at Hot Junctions Precursor Layer _
p—

hot nanotube-nanotube
junctions. During metal
deposition the junction
resistance drops, which
causes the junctions to
cool, thus stopping fur-
ther metal deposition.
The nice simplicity
about the nanosoldering
process 1is it’s self- | Figure 1. Schematic diagrams of (a) carbon nanotube (CNT) network
aligned, self-limiting be- | growth on a SiO»/Si substrate by chemical vapor deposition (CVD), (b) de-
havior. vice fabrication using standard photolithography and e-beam evaporation for
channel and contact patterning with Ti/Pd (0.5/40 nm) electrodes, (c) solu-
tion-mediated application of the Pd»(dba); precursor onto CNT networks by
spincoating, and (d) selective Pd deposition triggered by resistive heating at
CNT junctions under device operation in vacuum probe station.

____________

Initial studies per-
formed in a vacuum
CVD system achieved

(b)

, 2
x10% Befare Before| 2 = Control (Precurser, no bias)
—— After | 2 (C) = Confrol (Bias, no precursor)
ax10® -—% =  Bias with Precursor
n s < 10
< 10" =
8 =
%10 8
—
=
_8

45 0 5 0 5 10 15 15 40 5 0 5 10 15
Vs (V) Vgs (V)
Figure 2. (a) Linear, and (b) log transfer characteristics of a CNT network device before and after Pd
deposition in (left) linear and (right) log scales with V'ps =1 V. The arrows indicate Vs sweep direction.
Channel length and width are L = 150 um and W = 50 pum, respectively for both devices. (¢) Summaries
of improvement in Ion/Iorr ratios upon control experiment with precursor but no bias (black), with bias
but no precursor (red), and upon Pd deposition with precursor and bias (blue).

Devices

up to a factor of ~8 improvement in CNT array FET performance, using palladium metallization. An im-
portant development in this work was to replace the vacuum CVD process with one based on a spin coated
layer of CVD precursor. This is depicted in figure 1 for CNTs grown by CVD on SiO,. After CNT growth,
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Pd source and drain contacts are fabricated, followed by deposition of a Pd precursor. The specific precursor
that we used is Pdx(dba)s, where dba stands for dibenzoylacetone. This precursor is frequently used as a Pd
CVD source, however it is also soluble in common solvents such as chloroform, thus making it suitable for
spin coating applications.

Control experiments were performed in which it was observed that the device transfercharacteristics
we not changed by the spin coated Pd,(dba)s layer. In the control experiment the coated device substrate
was transferred into the vacuum probe station where nanosoldering is performed and then removed without
performing the nanosoldering step. The spin coated layer was then removed and the device transfer char-
acteristics measured.

Figure 2 shows the resultant change in the transfer characteristics when the nanosoldering step is in-
serted. Approximately a factor of 5 improvement in Ion is observed after nanosoldering. Figure 2¢ shows
the changes in the Ion/Iorr ratio for six devices subjected to nanosoldering. Control experiment results are
also presented where no significant change is observed.

In addition to electrical characterization, SEM imaging and energy dispersive x-ray spectroscopy (EDS)
experiments were performed. Figure 3 shows SEM images of a nanosoldered and control devices. In the
nanosoldered device, white deposits are observed at some of the nanotube junctions. Figure 3j shows EDS
spectra that indicate that the deposits are Pd metal.
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Figure 3. (a) A scanning electron microscope (SEM) image of a CNT network after Pd deposition.
Scale bar is 5 pm. (b) An SEM image of a control device where precursor was applied without any
current flow, showing no noticeable Pd particles or residues. Scale bar is 5 um. (c-i) Zoomed-in SEM
images of CNT network showing CNT junctions nanosoldered with Pd particles. The scale bar is 1 pm.
(j) EDS spectrum from a CNT network after Pd deposition. The red curve is collected from spot
1 and the blue curve is collected from spot 2 in the inset SEM image, corresponding to bright
particles at carbon nanotube junctions and on bare SiO surface, respectively. The EDS data
indicate that the deposited material is Pd.






