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1. Introduction

Single molecule electronics [1] are expected to super-
sede silicon electronics beyond their limitations, therefore
increasing number of scientists involve in synthesizing and
measuring single molecule characteristics in order to estab-
lish the new paradigm of information processing devices
10-15 years from now. Many experimental demonstrations
have been reported so far aiming for measuring the conduc-
tion characteristics of single molecule, however, all the
experiments have not been able to ascertain the actual
number of molecules and actual site of connection between
molecules and electrodes, became of the very ragged struc-
ture of the electrode [2]. The results are merely derived
from the two terminal 1-V measurement, which represent
indirect evidence of the characteristics. In order to ascertain
“single molecule measurement”, a planar nano-gap elec-
trode is essential, by which the molecule between the elec-
trodes can be directly observable by AFM, as schematically
shown in Fig. 1. The planar structure also avoids unsuitable
deformation and resulting deviation of characteristics of the
single molecules connected to the electrodes, as also de-
picted in Fig. 1. Relatively straight-forward way of fabri-
cating the planar electrodes use CMP (Chemical
Mechanical Polishing) to planarized the insulator/electrode
structures [3], however, polishing speed variation across the
wafer and “dishing” [4] prevent from reproducible fabrica-
tion. This paper reports on the advanced fabrication tech-
nology of planar nano-gap electrodes, which use wafer
bonding technologies.

Molecule

Fig. 1 Schematic illustration of molecule on electrodes. Step
type (a) and flat type (b).
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2. Experimental Procedures

Schematic cross section of the fabrication process of the
planar nano-gap electrodes is shown in Fig. 2. A 50nm
thick Ni layer was deposited on a Si (100) oriented
10ohm-cm wafer, followed by electrode pattern formation
by electron beam lithography technology. Then, Au layers
were evaporated to a thickness of 40nm, and lift-off process
formed nano-gap gold electrodes. Plasma TEOS (tetra eth-
oxy silane) SiO, layers were deposited to a thickness of
300nm, followed by a Cu gate electrode layer formation
(Fig. 2(a)). A 400um thick pyrex glass substrate was
anodically bonded on the electrode layer (Fig. 2(b)). Finally,
the Si substrate and the Ni layer were removed by etching
and the flat nano-electrode surface reveals (Fig. 2(c)).
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Fig. 2 Schematic cross section of the fabrication process.



3. Results and Discussion

An optical micrograph and an AFM image of the fabri-
cated planar nano-gap electrode are show in Fig3. They
clearly indicate that the surface raggedness and the step
height of the electrode-insulator interface are small enough,
in the order of nm, and that they almost fulfill the necessary
requirements to place the single molecule and to measure
their characteristics. In order to ascertain the flatness of the
electrodes, surface raggedness through line A-A’ in Fig. 3
was measured and the results are shown in Fig. 4. They
depict that the step height between electrode and insulator
is almost negligible and that the surface unevenness is
+2nm for a length of about 5um. Since the diameter of a
single molecule is around 1nm, and the length is around
10-20 nm, the surface flatness is almost suitable for single
molecule measurement. The present electrode separation
measures 200nm, however, combined with the 15nm gap
fabrication technology shown in Fig. 5, a 10-20 nm gap
electrode would be achievable. Further improvement of the
planarization process would realize less than lnm-flat
nano-gap electrodes.

Insulation characteristics of the fabricated electrodes
were evaluated and were in the order of 10 ohm, which
indicates that they are high enough for measuring conduc-
tion characteristics through single molecule.

Fig. 3 Optical micrograph (left) and AFM image (right) of planar
nano-gap electrodes.
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Fig. 4 AFM scan profile along the line A-A’ in Fig. 3.
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Fig. 5 SEM image of a 15nm gap electrodes fabricated by EB
Lithography.

4. Conclusions

This paper described the planar nano-gap electrode fab-
rication technology by anode bonding. Currently, the sur-
face raggedness measure about *2nm, and further im-
provement of planarization process would realize nm flat
electrodes for measuring single molecule characteristics.
The planar nano-gap electrode will become the milestone
for the new paradigm of information processing devices.
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