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Abstract

CrossMark

The realization of high-yield, stable molecular junctions has been a long-standing challenge in
the field of molecular electronics research, and it is an essential prerequisite for characterizing
and understanding the charge transport properties of molecular junctions prior to their device
applications. Here, we introduce a new approach for obtaining high-yield, vertically structured
metal-molecule-metal junctions in which the top metal electrodes are formed on alkanethiolate
self-assembled monolayers by a direct metal transfer method without the use of any additional
protecting interlayers in the junctions. The fabricated alkanethiolate molecular devices exhibited
considerably improved device yields (~70%) in comparison to the typical low device yields (less
than a few %) of molecular junctions in which the top metal electrodes are fabricated using the
conventional evaporation method. We compared our method with other molecular device
fabrication methods in terms of charge transport parameters. This study suggests a potential new
device platform for realizing robust, high-yield molecular junctions and investigating the
electronic properties of devices.

Online supplementary data available from stacks.iop.org/NANO/26/025601/mmedia

Keywords: molecular electronics, self-assembled monolayer, metal-molecule—metal junction,
alkanethiolates, direct metal transfer

(Some figures may appear in colour only in the online journal)

1. Introduction

The field of molecular electronics, which utilizes molecules as
an electronic device component, has recently received con-
siderable attention as a potential alternative for silicon-based
electronics [1-10]. To investigate the mechanism and char-
acteristics of charge transport through molecular junctions, a
variety of approaches for constructing molecular junctions,
such as mechanically controllable break junction techniques,
scanning probe microscopy-based techniques, and solid-state

0957-4484/15/025601+10$33.00

device-based methods, have been demonstrated [3, 5-6, 10—
24]. Specifically, the simple vertically structured, solid-state
device-based metal-molecule—metal junctions were con-
sidered to be a general testbed for studying the charge
transport characteristics of molecular junctions and their
device applications [11, 15, 17, 19, 22-23]. However, one of
the typical obstacles that may be encountered when forming
molecular junctions using this method is that conducting
filamentary paths may be formed through the molecules by
the metal electrode evaporated on the molecular layers, which

© 2015 I0OP Publishing Ltd  Printed in the UK
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results in a very low device yield of molecular junctions and
renders them inappropriate as a reliable testbed platform of
molecular junctions [14-15, 25-29]. To overcome this
obstacle, methods that utilize an intermediate protecting layer
between the molecular layer and the top electrode have been
reported. For example, a conducting polymer of poly(3,4-
ethylenedioxythiophene) polystyrene sulfonate (known as
PEDOT:PSS), graphene, and reduced graphene oxide (rGO)
have been adopted as the interlayer to improve the device
yield of molecular junctions by prohibiting the formation of
conducting filamentary paths [11, 19, 22, 30-33, 60, 61].
Despite this improvement, these methods also have some
drawbacks: (1) the device fabrication procedure may be more
complicated because of the introduction of an additional
interlayer, (2) the molecular layer can be damaged or con-
taminated by the additional interlayer, (3) the interlayer limits
the potential choices of top electrodes that can enrich the
functionality of molecular junctions through interactions
between the molecular layer and top electrode, (4) the for-
mation of symmetric molecular junctions is generally
impossible, and (5) the junction conductivity is relatively
poor compared to metal-molecule-metal junctions without
interlayers. For these reasons, pure metal-molecule—metal
junctions without any additional interlayers are generally
more desirable.

In this study, we propose a new approach for creating
high-yield molecular devices as a vertical metal-molecule—
metal junction. We fabricated the top metal electrodes using a
direct metal transfer (DMT) method in which the top elec-
trodes are formed on a different substrate and then transferred
to the molecular junctions, similar to the well-known gra-
phene transfer method [34-36]. Using this method, we were
able to fabricate highly stable and reliable metal-molecule—
metal junctions without the use of any additional interlayers,
and the resulting junctions exhibited considerably improved
device yields (~70%) compared to those (typically less than a
few %) of the molecular junctions in which the top electrodes
are formed using the conventional metal-evaporation method
[15, 37]. We compared this method with other molecular
device fabrication methods in terms of characteristic charge
transport parameters, especially the electronic coupling
interaction between the molecular layer and electrodes. Also
we summarized the strengths and weaknesses of our method
in comparison with other methods.

2. Experimental details

Figure 1(a) presents a schematic illustration of the process for
fabricating the molecular junctions using the DMT method. In
this study, we selected alkanethiolate (HS(CH,),,_;CHj3) self-
assembled monolayers (SAMs) for the molecular junctions
because alkanethiolates, which have a structure composed of
repetitively connected alkyl chains with thiol end groups, are
one of the most widely studied molecules for use in a variety
of junction fabrication techniques. Many research groups
have reported the charge transport properties of alkanethio-
lates in molecular junctions based on the use of various

techniques, such as scanning tunneling microscopy [24],
mechanically controllable break junction [10, 38, 63], con-
ducting-probe atomic force microscopy [39], nanopores [23],
electromigration nanogap [20, 40] and solid-state device
testbeds [11, 15, 19, 22]. Therefore, the alkanethiolates can be
considered as reference molecules for evaluating the char-
acteristics of the newly proposed molecular junction testbeds.
Here, we used three different lengths of alkanethiolate
molecules: octanethiol (HS(CH,);,CHj, denoted as C8),
dodecanethiol (HS(CH,);;CHj;, denoted as C12), and hex-
adecanethiol (HS(CH,);5CH3, denoted as C16). The reasons
for choosing these three molecules are because (1) sufficient
difference in alkane lengths is necessary for definite distinc-
tion in electrical properties especially current density. This
definite distinction of current density enables the statistical
analysis to be quite distinguishable, and (2) similar alkane
lengths of molecules should be chosen as previous works for
proper comparison of each method [11, 22, 32, 58-60]. The
chemical structures of these molecules are presented in
figure 1(c).

To form the molecular junctions, we employed a fabri-
cation procedure that was previously reported by our group
[15, 19, 22]. Briefly, conventional optical lithography was
first used to pattern the bottom electrodes on Si/SiO, sub-
strates. After the evaporation of the bottom electrodes (50 nm
thick Au/5 nm thick Ti), the residual photoresist was removed
using the lift-off technique, and the SiO, insulating walls
were generated by plasma-enhanced chemical vapor deposi-
tion. Then, circular holes with radii of 2, 3, 4, and 5 ym were
created on the insulating wall through optical lithography to
expose the Au top surface which is used as bottom electrodes.
Because the bottom gold electrode is the top surface of the
evaporated gold, it is necessary to investigate roughness of
the gold surfaces for the molecular junction. For this, we have
included surface morphology image of the bottom gold
electrodes, obtained with an atomic force microscope in the
supplementary data (figure S2). Alkanethiolate SAMs were
formed on the exposed Au surfaces by immersing the sub-
strates in an ethanolic solution of alkanethiolate molecules.
After the alkanethiolates were self-assembled on the Au
surface, the top electrodes were generated. Generally, when
one creates vertical metal-molecule-metal junctions, the
device yield is very poor (less than a few %) because of the
formation of conducting filamentary paths through the
molecular layer during the evaporation of the top metal
electrode [14-15, 25-29]. To prevent this problem, methods
for inserting an intermediate layer between the top electrode
and molecular layer have been demonstrated, in which the
interlayer acts as the electrode to contact molecules and as the
blocking layer for the Au top electrode [11, 19, 22, 30—
33, 60, 61]. These interlayer-electrode molecular junctions
exhibited considerably higher device yields, but at the same
time, they may complicate the interpretation of the molecular
junction’s properties because of the additional interfaces
resulting from the introduction of the interlayer [41].

In this study, we transferred a patterned top metal sheet
as the top electrode onto the molecular layers. Figure 2
presents photographic images of the preparation procedure
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Figure 1. (a) Schematic illustration of the molecular junction formation procedure; (1) bottom electrode and insulating wall are generated by
following procedures depicted in the section 2. The small red dots represent the SAM on the Au top surface of bottom electrode. (2) The
transfer film is placed on the molecular junction area. (3) The molecular junction fabrication is finished by removing residual PMMA on the
transfer film. (b) SEM and optical microscopy images of the fabricated molecular devices. (c) The three types of alkanethiolates along with
their chemical structures: C8 (octanethiol), C12 (dodecanethiol) and C16 (hexadecanethiol).
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Figure 2. Optical and schematic images of the preparation procedure for transferring the Au film. (a) Patterned top Au electrode deposited on
a dummy substrate. (b) PMMA was spin-coated on the dummy substrate. (c) A support tape was applied to support the substrate. (d) To
detach the substrate, the film was immersed in a KOH solution. (e) Residual film was removed by rinsing the substrate. (f) Drying the
residual film.
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Table 1. Summary of the statistical analysis results for the molecular devices fabricated using the DMT method in this study.

Molecules  Number of fabricated devices Fab. failure  Short Open Non-working  Working  Device yield
C8 128 0 25 0 1 102
(100.0%) (0.0%) (19.5%)  (0.0%) (0.8%) (79.7%)
C12 128 3 14 0 19 92 272 (70.8%)
(100.0%) (2.3%) (10.9%)  (0.0%) (14.8%) (71.9%)
Cl6 128 11 12 26 1 78
(100.0%) (8.6%) (9.4%) (20.3%) (0.8%) (60.9%)

steps for transferring the top Au electrodes. As the first step
for preparing the transfer film, we deposited the patterned
top Au electrodes onto a dummy substrate (SiO,/Si) with an
electron beam evaporator using a shadow mask, as shown in
figure 2(a). The inset of figure 2(a) presents a schematic
image of the Au electrodes on the dummy substrate. Then,
poly(methyl methacrylate) (PMMA) was spin-coated onto
the dummy substrate to support the Au electrodes while the
film was detached from the substrate (figure 2(b)). After
coating, we applied a support tape to the top of the substrate
(figure 2(c)). Because the tape is used for immersing the
substrate in the etching solution, we attached a dummy
sample on one end of the tape. Additionally, to prevent
mechanical damage to the Au electrodes while handling the
film, we removed the part of the tape above the substrate.
Then, the top Au electrodes with a thin PMMA layer were
detached from the dummy substrate by immersing the film
into a potassium hydroxide (KOH) solution (~25%) for
approximately one hour. Because the SiO, layer on the
substrate will be etched by this etching solution, the Au
electrode can be detached. Finally, the detached transfer film
was gently rinsed several times with deionized water and
gently dried with a N, stream (see figures 2(e) and (f)). By
applying this film on the molecular monolayer, vertical
metal-molecule-metal junctions were generated. To facil-
itate fine contact between the Au electrodes and the mole-
cular layer, we added a couple of drops of isopropyl alcohol
(IPA) to the molecular junction substrate before making
contact with the transfer PMMA film. The capillary action
resulting from the surface tension of IPA during vaporiza-
tion enables the transfer film to make a fine contact with the
molecular layer. Also we granted very low aspect ratio i.e.
isolation wall height to junction width of the maximum
1:200 (see the supplementary data). With this low aspect
ratio, at least it is possible to make fine contact around the
center of the junction except the edge of the isolation wall.
Finally, the remaining PMMA was removed by dipping the
samples in acetone. Figure 1(b) presents optical and scan-
ning electron microscopy (SEM) images of the molecular
junctions fabricated using this method. Details of the fabri-
cation procedure are provided in the supplementary data.
Through the use of this method, we were able to con-
siderably improve the device yield (~70%) with a pure
metal-molecular  monolayer—metal structure
(table 1).

junction

3. Results and discussion

One of the most remarkable advantages of fabricating mole-
cular junctions using a solid-state device structure is the
capability of mass production because the fabrication can be
performed using conventional manufacturing processes. Mass
production provides a statistically sufficient number of
molecular devices to be analyzed. Additionally, the statistical
analysis enables us to distinguish the genuine transport
characteristics of molecular junctions from uncertainly col-
lected electrical information [15, 22, 29, 42]. In this study, we
fabricated a statistically meaningful number of molecular
junctions. Specifically, 128 molecular junctions for each C8,
C12 and C16 molecule were fabricated and analyzed (a total
of 384 molecular junctions). Additionally, we found that the
device yields were ~70%, indicating that approximately 70%
of the molecular junctions fabricated using this method
exhibited molecularly determined charge transport properties
(see table 1). We defined ‘molecularly working’ devices
based on the previously reported statistical criteria [15] and
observed that the device yield remarkably improved com-
pared to that (less than a few %) for the same device structure
of metal-molecule—metal junctions in which the top electro-
des were created using conventional evaporation
[15, 25, 27, 29]. For a brief explanation of the criteria,
figure 3(b) presents the histograms of log;y (current density
(J)) values measured at 1.0V for each ‘candidate’ C8, C12
and C16 molecular device. The candidate devices represent
the molecular junctions that exhibit non-linear current—vol-
tage characteristics, with the exception of obvious electrical
shorts or open and fabrication failure. Then, we performed
Gaussian fittings using the least squares method on the his-
tograms using normal distribution functions,

where p is the Gaussian average, and o is the Gaussian
standard deviation. Finally, we limited the range of working
devices such that the log;q (/) value lies within the arbitrarily
chosen 30 range corresponding to p — 36 and u + 30.
Through these criteria, we were able to select 99.7% of the
working devices from the entire population of candidates and
determined the device yield to be ~70%.

Figure 3(a) shows the representative current density—
voltage (J-V) characteristics of the working molecular devi-
ces in this study. Here, the error bars indicate the previously

= p?
262

Fl) = —2 exp[ (1)
2762
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Figure 3. (a) Statistical J-V data for all C8, C12, and C16 working devices. (b) Histogram of the logarithmic current densities at 1 V for all
‘candidate’ molecular devices. Solid curves represent the Gaussian fitting results. (c) A semi-log plot of the current densities measured at
different biases as a function of the molecular length. Solid lines represent the exponential fitting results, in which the slope is related to the
decay coefficient 3. The inset shows the values of f deduced from the plot versus the applied bias. (d) Arrhenius plot of the logarithmic

current densities for C8, C12 and C16 molecular devices at different biases from 0.2V to 1.0 V in 0.2 V increments. The temperature was

varied from 80 K to 295 K in 40 K increments.

obtained Gaussian standard deviations of working molecular
devices. According to a number of studies, the primary con-
duction mechanism through alkanethiolates is known as off-
resonant tunneling [15, 43-45]. Therefore, the exponential
dependence of the current density on the molecular length
(i.e., J = Jy exp (—pd), where f is the decay coefficient and d
is the molecular length) can be evidence for the actual reali-
zation of alkanethiolate molecular junctions
[11, 15, 19, 22, 29, 43-44]. We found that the current density
was exponentially dependent on the molecular length, as
shown in figure 3(c). Figure 3(c) displays the semi-log plot of
the current densities versus the molecular length from 0.1 V to
1.0V in increments of 0.1 V. From the magnitude of each
linear fitting slope, which corresponds to the decay coeffi-
cient, we could determine f for each bias. The determined
values of f for each bias are shown in the inset of figure 3(c).
The average value of /# was determined to be 1.07+0.03 A™',
which is in agreement with many previously reported studies
on alkanethiolate molecular junctions [43, 46-51]. To verify
the off-resonant tunneling transport mechanism through
alkanethiolates, we investigated the relationship between the
current density and temperature (7). Figure 3(d) shows the
Arrhenius plots (i.e., In (J) as a function of 1/7T) at different
biases ranging from 0.2V to 1.0V in increments of 0.2 V.
Additionally, the temperature was changed from 80K to

295K in increments of 40 K. As shown in this figure, the
molecular devices exhibited almost temperature-independent
current density characteristics, providing direct evidence of
tunneling transport properties. Through these fundamental
electrical characterizations of the molecular junctions
(figures 3(a)—(d)), we were able to confirm the feasibility of
the proposed method as a high-yield testbed with metal—
molecule—metal junctions.

From the device application perspective, not only the
device yield but also the stability and durability are crucial
aspects of molecular junctions [5, 52—-53]. These aspects also
reflect the reliability and reproducibility of the characteristics
of molecular junctions. Therefore, the stability and durability
should be considered one of the most important factors for
verifying the validity of junction testbeds. Figure 4(a) pre-
sents the J—V characteristics of C8, C12 and C16 molecular
junctions. Additionally, the inset of figure 4(a) shows J-V
curves of a representative C12 molecular junction. In this
inset, we plotted the results that were measured immediately
after the device was fabricated along with the results that were
re-measured after 180 days after the device was exposed to
ambient atmosphere. Although the molecular junction was
exposed to oxygen and water vapor, no significant degrada-
tion in the transport characteristics was observed. Figure 4(b)
presents the operational stability test results, in which the
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Figure 4. (a) J-V characteristics for representative C8, C12 and C16 molecular devices. The inset shows the J-V characteristics of a C12
molecular device measured immediately after fabrication (open circles) and after 180 days of exposure to ambient atmosphere (solid line). (b)
Endurance characteristics of the molecular devices characterized by the current densities measured at 1.0 V for 10* s (measurement interval
Ar=100 s). (c) Retention characteristics of a C12 molecular device. The current densities were measured at positive bias (+0.8 V) and

negative bias (—0.8 V) for 10* s with an interval Ar=10s.

current densities were measured at 0.8 V (black arrows in
figure 4(a)) for each molecular junction as a function of time.
The current density measurements were repeated every 100 s
(Ar=100s) until 10*s, and it was observed that the current
density characteristics were well maintained without sig-
nificant degradation for 10%s. Furthermore, our molecular
devices exhibited good retention properties, as indicated by
the results shown in figure 4(c). Even under repeated voltage
stress conditions that varied from —0.8 V to 0.8 V every 5s
for 10* s, the current densities measured at each bias did not
notably change. These results reflect the excellent stability
and durability of the molecular junctions fabricated using the
DMT method in this study.

Now, we compare our method with other molecular
device fabrication methods in terms of charge transport
parameters. Among these parameters, junction conductivity
(resistance) can be considered the main parameter for com-
paring each method. This parameter is related to the electronic
coupling interaction between the molecular layer and top
electrode [8, 21, 54-55]. Strong electronic coupling is

generally preferable because it can facilitate the observation
of a variety of unique molecular transport properties via
interactions between the molecular layer and -electrode
[8, 21, 54-55]. Figure 5 presents a semi-log plot of repre-
sentative current densities (at a bias of —0.5 V) as a function
of the number of carbon bonds for alkanethiolate molecular
junctions fabricated using various methods that have been
previously reported to be high-yield fabrication methods
(device yield > 50%; see table 2). The solid lines represent the
linear fits of the current densities in the semi-log plot. The
magnitude of each slope is related to the decay coefficient f,
and the intercepts are equal to J,, which gives to the inverse
of the contact resistance. Each parameter determined from
figure 5 is summarized in table 2. In figure 5, each symbol
from (1) to (7) represents a molecular junction fabrication
method that has been previously reported by various research
groups [15, 19, 22, 32, 41, 56-58]. These fabrication methods
are briefly explained in table 2. The symbol (8) represents the
molecular junctions fabricated using the DMT method in this
study. The estimated value of f from our method was
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Figure 5. (a) A semi-log plot of the current densities at 0.5 V as a
function of the number of carbon bonds for various fabrication
methods. Solid lines represent the exponential fitting results, in
which the slope is related to the decay coefficient f and the y-
intercept equals Jy. The symbols represent different device
fabrication methods ((1)—(8); method (8) is the method proposed in
this study), and the deduced parameters and detailed descriptions for
the methods are presented in table 2.

~1.07 A™!, which is slightly larger than the values from other
methods but in the range of previously reported values
[43, 46-51]. Comparison of this § value with other methods
has been well established already can be an indirect and
simple tool for judging whether the molecular junction is
formed properly or not. In this respect, we can carefully
conclude that our molecular junctions are appropriately gen-
erated by our new method. More importantly, the J, value
using our method was determined to be ~2.2 x 10° Acm_2,
which is noticeably higher than the values obtained using
other methods. In particular, most of the methods that adopt
an intermediate layer exhibited relatively poor values of J,
compared to our technique. This result suggests that the
molecular junctions fabricated using our method possess good
contact properties and strong coupling between the molecular
layer and top electrodes. However, the J, value in our method
is less than that obtained in method (1) which directly eva-
porates the Au top electrode, mainly because of the trans-
ferring process to create top Au electrodes in our method, but
method (1) typically exhibits a very low device yield (less
than a few %). Here, we suppose that damage to the SAM,
nonconformal contact, and defects on the top Au film
resulting from physical nature of our fabrication process may
lead to degradation of electrical properties of our molecular
junctions (see the supplementary data). Therefore, consider-
ing all these results, our DMT method can be considered a
good molecular junction platform to provide a strong and

stable electronic coupling between the top electrode and
molecular layer with a high device yield.

Finally, we discuss in details the advantages and dis-
advantages of our method in comparison with other methods.
To this end, we carefully selected five different methods
which received the intensive attention of different research
groups in this field and compared their advantages and dis-
advantages each other as summarized in table 3. Based on the
comparison, our new method has several strengths compared
to other methods, for example: (1) the structure of our
molecular junction is familiar and comfortably conservative
system because the two electrodes are made of common
metals. This familiarity provides convenience in utilization
that enables to reproduce the molecular junctions easily. (2)
Because of the usage of the common metals for the electro-
des, the molecular junctions can be diversified simply by
choosing the kind of metals to one’s preference. Generally, it
is known that various common metals have peculiar effects on
molecules such as different energy band alignment, packing
density, and magnetic effects. Therefore by choosing various
kinds of metal electrodes for molecular junctions, we can also
diversify the functionality of molecular junctions. (3) The
capability of mass production with high-yield junctions
enables us to distinguish the genuine transport characteristics
of molecular junctions from uncertainly collected electrical
information. Because of its very small size of molecules,
generally it is very difficult to generate the perfectly same
molecular junctions among each fabrication. This brings
variation in experimental data among each molecular junction
that makes it hard to investigate the genuine properties of
molecular junctions. Therefore, statistical analysis being
available by the mass production of molecular junctions
makes it possible to overcome this problem. Together with
these advantages, however, there are limits to our method. (1)
Because of its physical nature of establishing the top electrode
contact with the SAM, it might not be possible to achieve
ideal conformal contact. While preparing thin gold film, there
were several physical processes which can bring defects on
the surface of the thin gold film such as etching, rinsing,
drying the film that will eventually damage the SAM (see the
supplementary data). This damage and irregular contact can
result in unexpected errors in the experimental data. (2) The
electrical data of our molecular junctions show relatively
large dispersion which implies the molecular junction lacks
homogeneity. We suspect that this large dispersion originates
from the physical nature of our fabrication process which
results in damage to the SAM and irregular contact properties
as mentioned above. Also, the dispersion can be influenced by
roughness of gold surface of bottom electrode. (3) Our fab-
rication method is not trivial and demands a hard effort to
produce the molecular junctions because the fabrication pro-
cess should be handled carefully. Therefore, this method may
not be suitable for practical applications of molecular elec-
tronic devices. Based on these strengths and weaknesses,
there are some cases where these junctions can be applicable,
for example, (1) when the statistical analysis should be
applied to distinguish the genuine transport characteristics of
molecular junctions especially with metal-SAM-metal
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Table 2. Comparison of the experimental data between the DMT method of this study with other previously reported molecular device

fabrication methods.

Method # Type of junction Technique s A ~Jopat 0.5V (Acm™)  Yield (%) Refs.
1) = Au-SAMs/Au Evporated Au/micropore  0.81-0.86  5.2x 10’ 1.2-1.75 15
2 e Au-SAMs/graphene-Au  Graphene/micropore 0.85 2.3%108 90 22
3) a Au-SAMs/rGO-Au Solution-processed rtGO  0.82 3.0x10* >99 32
4 v Au-SAMs/polymer-Au  PEDOT:PSS/micropore 0.61 52x10% 58 19, 41
S) « Au-SAMs/polymer-Au  Aedotron P/nanopore 0.44 9.4x10? 70-100 57
©6) » Au-SAMs/Au Wedging transfer 0.58 4.4%10% 38-50 56
T & Ag-SAMs/GaO,-EGaln  Thorugh-hole 0.80 2.5x%10° 78 58
® o Au-SAMs/Au Direct metal Transfer 1.07 2.2x10° 71 This work
Table 3. Comparison of the strengths and weaknesses between our method with other methods.
Type of junction Advantages Disadvantages Ref.
e Relatively good contact e Very low yield (~1-2%)
e Various choice of top electrodes e Physical damage to the SAM
e Capability of mass production e High dispersion in data
Au-SAMs/Au (evaporated) e Relatively easy fabrication e Waste of metals 15

Low depedency of
manufacturers

Low contact resistance

Nonvolatile, nontoxic

Au-SAMs/grapheme-Au

High yield (~80-100%)
Very stable over long period
Capacity of mass production
Low contact resistance

Nonvolatile, nontoxic

Physical contact of graphene (defects, damage to the SAM)

High dispersion in data

High dependecy of manufacturers
Restriction on choice of the top electrode

Fabrication is relatively difficult for practical applications

22

Au-SAMs/PEDOT:PSS-Au

High yield (~100%)

Very stable over long period
Capability of mass production
Relatively easy fabrication

High reproducibility

Physical contact of polymer (defects, damage to the SAM)
Ambiguous interface between top contact

Restriction on choice of the top electrode

11

Si-SAMs/Hg

Relatively good contact

High reproducibility

Restriction on choice of the top electrode

Damage to the SAM and bottom electrode

Low stability in time
Hg is toxic and volatile.

Relatively low yield (~25%)

62
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Table 3. (Continued.)

Type of junction Advantages Disadvantages Ref.
o High yield (~80-100%) e Restriction on choice of the top electrode
e Nonvolatile, nontoxic e Ambiguous interface between top contact

Ag-SAMs/GaO,-EGaln e High reproducibility e Relatively low stability for practical applications 58

e Relatively good contact

e Low damage to the SAM and
bottom electrode

o Relatively high yield (~70%) .

e Nonvolatile, nontoxic

Au-SAMs/Au (this work) e Various choice of top electrodes e
o Capability of mass production e

e Stable over long period

High dispersion in data

Physical contact of the top electrode (defects, damage to the SAM)

High dependecy of manufacturers

This work

Fabrication is relatively difficult for practical applications

structure from uncertainly collected electrical information,
and (2) when the various choices of metal electrodes that have
different contact properties with the SAM should be utilized
to enrich the functionalities of molecular junctions. These
cases are commonly necessary to investigate the intrinsic
properties of molecules from the scientific point of view.

4. Conclusion

In summary, we have demonstrated a new technique for
fabricating high-yield molecular junctions in a vertical metal—
molecule-metal structure in which the top metal electrodes
are formed on alkanethiolate molecules using a DMT method.
The molecular junctions fabricated using this method exhib-
ited the well-known tunneling transport characteristics of
alkanethiolates with good stability, durability, and device
lifetime properties, which are important factors for the prac-
tical application of molecular devices. Based on the com-
parison of our method with other previously reported
molecular device fabrication methods, our method appears to
provide stronger and more stable electronic coupling between
the top electrode and molecular layer, resulting in better
contact properties. Our new approach may be a probable way
to achieve a reliable platform for the precise characterization
and practical application of molecular electronic junctions.
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