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New Progress in Molecular Electronics
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Abstract Molecular-scale electronics studies the charge transport properties across molecules by constructing “elec-
trode-molecule-electrode” junctions based on the molecular electrodes and single molecule or small amounts of molecular
aggregates. It examines the structure-property relationship between the physical and chemical properties of the molecule and
the charge transport by combining the intrinsic chemical properties of molecule with device architecture, reveals the mi-
cro-scale quantum transport mechanics principle, and explores molecular-based functional electronic devices. It is a research
field that integrates chemistry, physics and microelectronics. In this review, we summarize some of the representative pro-
gress of molecular electronics in basic research (device preparation, transport mechanism) and applications in recent years.
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Figure 1 (a) Conductance of a gold contact formed between a gold
STM tip and a gold substrate decreases in quantum steps near multiples of
Gy (2e%/h) as the tip is pulled away from the substrate. (b) A correspond-
ing conductance histogram constructed as shown in (a) shows
well-defined peaks near 1 Gy, 2 Gy, and 3 Gy due to conductance quanti-
zation. (c) A new series of conductance steps appears if molecules such as
4,4-bipyridine are present in the solution. These steps are due to the for-
mation of the stable molecular junction between the tip and the substrate
electrodes. (d) (c) Corresponding conductance histogram, peaks near 1 X,
2X, and 3X0.01 Gy that are ascribed to one, two, and three molecules,
respectively. (e and f) In the absence of molecules, no such steps or peaks
are observed within the same conductance range®”!
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Figure 2 (a) Schematic diagram of STM-BJ technology for alkyl dithiol
molecules. (b) Statistical analysis of TVS of alkyldithiols and biphenyl-
dithiols®”!
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Figure 3 (a) Schematic of a 4,4'- bipyridine junction formed between a
gold-coated AFM tip and a gold substrate by CP-AFM. (b) Typical cur-
rent-voltage and conductance-voltage curves and changes in conductance
and force during molecular junction formation. (c) The shaded areas
represent high-conductance molecular regimes. The shaded areas in the
low panel represent structural rearrangements within the high-
conductance regime. The dashed lines indicate a complete rupture of the
molecular junctions™”
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Figure 4 (a) AFM-BJ technology diagram. (b) Diagram of the relation-
ship between the conductance of dithiol molecules and the modulation
force and amplitude of piezoelectric elements™"*")
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Plot of the log-average value J-¥ of junctions with molecular junction!*’
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protective layer. (b) Effect of different sizes of gold nanoparticles on the
electrical properties of molecular junctions!®”!
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Figure 25 (a) Molecular bridge between the ends of a single SWNT
electrode and switching between conjugated and non-conjugated molecu-
lar structures. (b) Schematic diagram of a separate open-state SWNT
device and the device becomes off after UV illumination!'®®!
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Figure 26 (a) Switching of graphene-diarylethene junctions and molec-
ular structure. (b) /-V characteristics of open (red line) and closed (dark

line) states at V=0 V. The inset shows the enlarged /-7 curve for the
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Figure 27 (a) Schematic of a graphene-diarylethene-graphene junction
that highlights the expansion of the molecular bridge by methylene
groups. (b) I-V characteristics of individual diarylethenes in open (black
line) and closed (red line) format gate voltage V=0 V. V' is drain volt-
age; Ip is drain current!'"”!

43 HTF@RHE

W RN A (FET) A& — i o A AR 1 425 5 BRI s
BRI ()2 R IR T 1) = o e . fE 40 7 L2440,
WIR Z B FLE A T X 7 144, 2811, 1% FET
XFEI =0 o T A AR SERR TP AR ) TR B, IS
T AR R B T AR O B WA B oK A DS R g oK
LRUOTRER] T 288l FET 470, BBABA TN T 5
ANy 1L RT DO I E L FET M 8 2 >k iz,

Xu SR H AR AR, TR T B AR
& AR TR AR 4% T n-B oy TR, FEEIRTT
A g R R A AR PR =N R R R,
28 7. Lee S5 H S LR B £ 1) 6 A iR
ML, FHESAE MR B IR LB 1 = g ] 25 43 1 i R
AT SEIAE 4.2 K ARG T30 ok i 1 3% 2 7 0 5 IR s
LB L HRAR A R R R 7 AR s L], anfE 29 By
AN, RUUJE LT 2R I BT B T BRI T AR S L SR A
T2%, iz R ARG T A 0T S ik 2 1)
1EH.

Zant ZEUBWE TSRS i % T2 Bl T A,
TE A 2 RN BA R FELIAT )3T T v & LR A AR I
TR 707 B, AR & SRR, Wil 30 F
7N, SRR E e EE N B AR e, (R B A s B i
W AR 2 T 45 S, T SR A G 1R U i

http://sioc-journal.cn 495



L

% F F R

a b o
50
Gate 40
| Source . . Drain s 30

Bada Vi N \
lLBS -0 Oﬂ}n 20
S ) 10
0

07 -05 03 -01 01

VIV

B 28 () RAHMAFMBKES TREEHRER. b 24
PTCDI 43 b A48 BRIR AR - L (L) SR U (V) IR R, AAHL
T ELTT PRI i B PAS A  T B, SEa A S RN P B DI B
LSRRI LA S

Figure 28 (a) Schematic of a single molecule transistor with an elec-
trochemical gate. (b) Source-drain current (/) versus gate voltage (V)
for a single PTCDI molecule transistor. The open squares were obtained
from the peak position of the conductance histograms. The solid lines
were obtained by directly recording the sourcedrain current while sweep-
ing the gate voltage!'"
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Figure 29 (a) Representative /-J curves measured at 4.2 K for different
values of V5. Inset, the device structure and schematic. S, source; D,
drain; G, gate. Scale bar, 100 nm. (b) Two-dimensional colour map of
din(I/¥?)/d(1/V) (from Fowler-Nordheim plots). Energy-band diagrams
corresponding to four different regions (points A~D) are also shown.
F-N tunnelling; DT, direct tunneling!"'?
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Figure 30 (a) Schematic of the feedback-controlled electroburning
process, before (top) and after (bottom), the formation of nanometer sized
gaps in few-layer graphite flakes. and Current-voltage (I-V) traces of the
evolution (green arrow) of the feedback-controlled electroburning. The
first /-V trace is displayed in red. (b) Conductance as a function of the
applied back-gate voltage of the nanogapped electrodes bridged by
9Accm molecules at 10 K. While the empty nanogap electrodes show no
dependence of the applied back-gate voltage, a clear conductance modu-
lation as a function of V, is observed after deposition of 9Accm
molecules'"'?!
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Figure 31 (a) Schematic diagram of preparation of molecular junction
devices by MCBJ. (b) Conductance histogram of a certain number of
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Figure 32 (a) Schematic diagram of real-time measurement setup with a
home-made microchannel for single-molecule dynamics characterization.
(b) Corresponding histogram of current values, showing a bimodal cur-
rent distribution"!
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Figure 33 (a) Photograph of the molecular junctions fabricated using a
SIM-card pin-out to simplify testing and integration into analog circuits,
as shown at right. (b) Schematic diagram of applying a molecular junction
device to an amplifier component of an electric guitar. (c¢) -V characteris-
tics of molecular junction devices and conventional diode devices. (d)
Odd and even harmonic distribution of conventional diode and molecular
junction limiting components at different frequencies'''*'"”!
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