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BOHE:

In this 3-year project, we propose to study the transport properties in nano scale junctions. This project
can be casted into two categories: spin-unpolarized transport and spin-polarized transport. For spin
degenerate case we plan to continue our previous works on the transport properties in nano scale junctions.

We will investigate the properties of electron transport in atomic/molecular bimetal junction, including the
effect of gate field and many-body effects occurred in this system. We will study the fundamental physical
phenomena happened in nano junction, such as effects of local heating, inelastic current, shot noise, and
current induced force. All these basic research can contribute to understand the fundamental physics in
nanojunction and directed towards the design of new form of electronics devices based on atom/molecule
system.

In addition, we will extend our research to the transport properties of spin-polarized electrons in nano
scale junction. We propose to develop new theories and new codes in the framework of density functional
theory to study possible molecular spintronics devices.” Molecular spintronics” is a brand new field and we
expect that it is the way for us to stay in the frontier researches. We plan to investigate the role of spin
electrons played in the molecular junction. For example, we plan to replace the metal eletrodes by
ferromagnets and study tunneling magnetoresistans (TMR). Due to the nature of tunneling and small size of
this system, spin is easy to preserve and large magnetoresitance can be anticipated. As a result, molecular
system may be a good candidate for spin field effect transistor (SFET). In the long run, we will devote to
probe the possibility of new form of spin electronic devices at atomic/molecule scale based on our
researches.
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APPLIED PHYSICS LETTERS 93, 222111 (2008)

Alkanethiol-based single-molecule transistors

Chun-Lan Ma, Diu Nghiem, and Yu-Chang Chen®

Department of Electrophysics, National Chiao Tung University, 1001 Ta Hsueh Road,
Hsinchu 30010, Taiwan

(Received 14 August 2008; accepted 16 November 2008; published online 5 December 2008)

We have investigated the transport properties of alkanethiol molecules in the two-terminal and
three-terminal junctions by using first-principles approaches. We observe that states around the
Fermi levels are introduced in the amino-substituted butanethiol junction. It leads to a sharp increase
in the current, which is credited to the resonant tunneling. The current-voltage characteristics
suggest that the amino-substituted butanethiol molecular junction may be a promising candidate for
field-effect transistors. © 2008 American Institute of Physics. [DOI: 10.1063/1.3043438]

2. Counting statistics in nanoscale junctions
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PHYSICAL REVIEW B 83, 035401 (2011)
Counting statistics in nanoscale junctions

Yu-Shen Liu and Yu-Chang Chen’
Department of Electrophysics, National Chiao Tung University, 1001 Ta Hush Road, Hsinchu 30010, Taiwan
(Received 22 September 2010; revised manuscript received 16 November 2010; published 3 January 2011)

We present first-principles calculations for moments of the current up to the third order in atomic-scale
junctions. The quantum correlations of the current are calculated using the current operator in terms of the wave
functions obtained self-consistently within the static density-functional theory. We investigate the relationships
of the conductance, the second, and the third moment of the current for carbon atom chains of various lengths
bridging two metal electrodes in the linear and nonlinear regimes. The conductance, the second-, and the
third-order Fano factors exhibit odd-even oscillation with the number of carbon atoms due to the full and half
filled * orbital near the Fermi levels. The third-order Fano factor and the conductance are positively correlated.

DOI: 10.1103/PhysRevB.83.035401 PACS number(s): 73.63.Rt, 72.10.Bg. 73.21.Hb, 74.40.De
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3. Thermoelectric Efficiency in Nanojunctions: A Comparison between Atomic

Junctions and Molecular Junctions
B* % RIEIE > FERE 2 FEREGRF £ EHRE Alkanethiol(Cn) ##t 2 »c ¥ (thermoelectric

figure of merit ZT) A 3 - BT AR > 5 8 AR MY EACE R > 7 F vl < 2083
TR Tend = 5 B R 3G R 55 m%?n%;< W FRE S IT AR - LB - FER
WEPRF > RIS ZTH 4 L FRDITHF @ °

Yu-Shen Liu, Yi-Ren Chen and Yu-Chang Chen*

ACS Nano, 3, 3497-3504 (20009).

Department of Electrophysics, National Chiao Tung University, 1001 Ta Hsueh Road, Hsinchu 30010,

Taiwan

Abstract

Using first-principles approaches, we investigate the thermoelectric efficiency, characterized by the figure
of merit ZT, in metallic atomic junctions and insulating molecular junctions. To gain insight into the
properties of ZT, an analytical theory is also developed to study the dependence of ZT on lengths ({) and
temperatures (T). The theory considers the combined heat current carried by electrons and phonons. We
observe a characteristic temperature: T, = (B/y(l))"%. When T «T,, the electronic heat current dominates
the combined heat current and ZT «T2. When T =T,, the phononic heat current dominates the combined
heat current and ZT tends to a saturation value. Moreover, the metallic atomic junctions and the insulating
molecular junctions have opposite trend for the dependence of ZT on lengths, that is, ZT increases as the

length increases for aluminum atomic junctions, while ZT decreases as the length increases for alkanethiol

4. Seebeck coefficient of thermoelectric molecular junctions: First-principles
calculations
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PHYSICAL REVIEW B 79, 193101 (2009)

Seebeck coefficient of thermoelectric molecular junctions: First-principles calculations

Yu-Shen Liu and Yu-Chang Chen™
Department of Electrophysics, National Chiao Tung University, 1001 Ta Hsueh Road, Hsinchu 30010, Taiwan
(Received 28 January 2009; published 6 May 2009; corrected 13 May 2009)

A first-principles approach is presented for the thermoelectricity in molecular junctions formed by a single
molecule contact. The study investigates the Seebeck coefficient considering the source-drain electrodes with
distinct temperatures and chemical potentials in a three-terminal geometry junction. We compare the Seebeck
coefficient in the amino-substituted and unsubstituted butanethiol junctions and observe interesting thermo-
electric properties in the amino-substituted junction. Due to the novel states around the Fermi levels introduced
by the amino substitution, the Seebeck coefficient could be easily modulated by using gate voltages and biases.
When the temperature in one of the electrodes is fixed, the Seebeck coefficient varies significantly with the
temperature in the other electrode and such dependence could be modulated by varying the gate voltages. As
the biases increase, richer features in the Seebeck coefficient are observed, which are closely related to the
transmission functions in the vicinity of the left and right Fermi levels.

DOI: 10.1103/PhysRevB.79.193101 PACS number(s): 73.50.Lw, 68.43.Pq, 73.40.Jn, 81.07.Nb

5. Atomic-Scale Field-Effect Transistor as a Thermoelectric Power Generator
and Self-Powered Device

Yu-Shen Liu, Hsuan-Te Yao, and Yu-Chang Chen*

J. Phys. Chem. C 115,14988 (2011).
APy - RIEIE 2 37T R3O RFT 4] A P 3 12 metal-Br-Al-Al-Br-metal
BRI He AT RFICRDRTETE -

(a)

AP=(Dar —(UDa

25 (o) PR - 5 i T AW e (b) BT EHBAIT A -

=
I% \*—:«

| ¥ F‘,}\

FRAEs BT R A LR 3 RT L ATk
R ﬁﬂﬁ:}féézac B FTE %o F PRy
AR TP RS A s EET T R BT
BALERL ARG FLOAT LIRS AL g

B

S AT SRR L Al

LR S S R T o A
1’/J~—wuﬁs¥ W A i B e
kT o ek R T
AU RS B h AT
fq’:o&@f‘_’“ﬁ— B3 e iﬁd}’?ﬁ

.
St i

e W oed L
&
R

ExS

&
—_

-rﬂ qa
5

=t
4
Al
i

o~
~
N
\
=



BAA S TR T 10 NW 24 o R R R3S ol F 8 G IC chip - §8 > %35 § SR T Ba
PER VR ERE R TSN IR T FRUEE R L S

Abstract

(@)

rAI AI Br

(b)

o
s

o
Qo

S
X}

Temperature-induced Current (pA)
o
[

5 0

Ve (V)
Using first-principles approaches, we have investigated the thermoelectric properties and energy conversion
efficiency of the paired metal-Br-Al junction. Owing to the narrow states in the vicinity of the chemical
potential, the nanojunction has large Seebeck coefficients such that it can be considered an efficient
thermoelectric power generator. We also consider the nanojunction in a three-terminal geometry, where
the current, voltage, power, and efficiency can be efficiently modulated by the gate voltages. Such
current-voltage characteristics could be useful in the design of nanoscale electronic devices such as a
transistor or switch. Notably, the nanojunction as a transistor with a fixed finite temperature difference

between electrodes can power itself using the Seebeck effect.

5. Single-molecule refrigerators: Substitution and gate effects
APPLIED PHYSICS LETTERS 98, 213103 (2011)

Single-molecule refrigerators: Substitution and gate effects
Yu-Shen Liu"® and Yu-Chang Chen®"

J.rangsu Laboratory of Advanced Functional Materials, College of Physics and Engineering,
Changshu Institute of Technology, Suzhou 215500, People’s Republic of China

2Deparmmm:‘ of Electrophysics, National Chiao Tung University, 1001 Ta Hush Road,
Hsinchu 30010, Taiwan

(Received 17 December 2010; accepted 28 April 2011; published online 24 May 2011)

Using a first-principles approach, we investigate the quantum cooling effects in single-molecule
junctions. In comparison with the unsubstituted butanethiol single-molecule junction as a
refrigerator, the amino-substituted butanethiol single-molecule junction shows significant
enhancement in the coefficient of performance (COP). The enhancement is attributed to the
appearance of new states in the neighborhood of chemical potentials due to amino substitution. The
COP of butanethiol refrigerator can be improved further by the gate voltages. © 2011 American
Institute of Physics. [doi:10.1063/1.3593379]

6. Effect of Thermoelectric Cooling in Nanoscale Junctions
Yu-Shen Liu, Bailey C. Hsu, and Yu-Chang Chen*

Department of Electrophysics, National Chiao Tung University, 1001 Ta Hsueh Road, Hsinchu 30010, Taiwan
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J. Phys. Chem. C, 2011, 115 (13), pp 6111-6125
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We propose a thermoelectric cooling device based on an atomic-sized junction. Using first-principles
approaches, we investigate the working conditions and the coefficient of performance (COP) of an
atomic-scale electronic refrigerator where the effects of the phonon’s thermal current and local heating are
included. It is observed that the functioning of the thermoelectric nanorefrigerator is restricted to a narrow
range of driving voltages. Compared with the bulk thermoelectric system with the overwhelmingly
irreversible Joule heating, the 4-Al atomic refrigerator has a higher efficiency than a bulk thermoelectric
refrigerator with the same thermoelectric figure of merit (ZT) due to suppressed local heating via the
quasi-ballistic electron transport and small driving voltages. Quantum nature due to the size minimization
offered by atomic-level control of properties facilitates electron cooling beyond the expectation of the

conventional thermoelectric device theory.
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8. Seebeck coefficients in nanoscale junctions: Effects of electron-vibration
scattering and local heating
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PHYSICAL REVIEW B 83, 041404(R) (2011)

Seebeck coefficients in nanoscale junctions: Effects of electron-vibration scattering and local heating

Bailey C. Hsu,! Yu-Shen Liu,'* Sheng Hsien Lin,> and Yu-Chang Chen'-'

! Department of Electrophysics, National Chiao Tung University, 1001 Ta Hsueh Road, Hsinchu 30010, Taiwan
XDepartment of Applied Chemistry, National Chiao Tung University, 1001 Ta Hsueh Road, Hsinchu 30010, Taiwan
Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei 106, Taiwan
*College of Physics and Engineering, Changshu Institute of Technology, Suzhou 215500, China
(Received 29 September 2010; revised manuscript received 16 December 2010; published 25 January 2011)

‘We report first-principles calculations of inelastic Seebeck coefficients in an aluminum monatomic junction.
We compare the elastic and inelastic Seebeck coefficients with and without local heating. In the low-temperature
regime, the signature of normal modes in the profiles of the inelastic Seebeck effects is salient. The inelastic
Seebeck effects are enhanced by the normal modes and further magnified by local heating. In the high-temperature
regime, the inelastic Seebeck effects are weakly suppressed due to the quasiballistic transport.

DOI: 10.1103/PhysRevB.83.041404 PACS number(s): 73.63.Nm, 71.15.Mb, 73.63 Rt
e = -
w LORBY Bl oCEs B e S
3

60
(a) co |
. 40
= 30]
= 20]
10
0 7
b) 16— F—F—————F—————————

1.24 —relastic
Qﬂ — — Inelastictlocal Heatin
o) 0.8
0.4 d*I/dv?
0.0 . /
o] 60 80 100

FIG. 2. (Color online) (a) Local temperature T, as a function of
Vg for T, =0, 4, 10, 50 K. (b) The differential conductance and
the absolute value of dG/dV due the electron-vibration interaction
without [solid (black) line] and with [dashed (red) line] local heating
as a function of bias for T, = 12 K. The schematic shows the normal
modes that contribute to the jumps in the local temperature and

inelastic current profiles.
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FIG. 3. (Color online) Elastic Seebeck coefficient [solid (black)
line]. inelastic Seebeck coefficient without local heating [dashed (red)
line]. and that with local heating [triangle (blue) line] (a) as a function
of bias Vp for T, = 4, 8, 12 K (top panel) and T, = 50 K (bottom
panel); and (b) as a function of T, for Vz = 0 K (top panel) and and
Vg = 30 K (bottom panel.)
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Phys. Rev. B 79, 193101 (2009).
Y. S. Liuand Y.-C. Chen*

(IF:3.772)

“Alkanethiol-based single-molecule transistors.”
Appl. Phys. Lett. 93, 222111 (2008).
Chun-Lan Ma, Diu Nghiem, and Y-.C. Chen*

(IF:3.820)
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€k LA 2009 American Physical Society March meeting

(1) Abstract: L11.00002 : Electron Transport and Thermoelectricity
in Alkanethiol Molecular Junctions

F R AP : . : .
® R R (2) S1.00128 : Generation of spin polarized currentin a

semiconductor by an ohmic contact containing ferromagnetic
particles

- Rk GRS

= H16-20H 2 NEEYHFE g 2009 APS March Meeting: Monday - Friday, March 16-20, 2009; Pittsburgh,
Pennsylvania
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Abstract: L11.00002 : Electron Transport and Thermoelectricity in Alkanethiol
Molecular Junctions

3:06 PM-3:18 PM

Authors:

Yu-Chang Chen

(Department of Electrophysics, National Chiao Tung University, Taiwan)

Chun-Lan Ma

(Department of Electrophysics, National Chiao Tung University, Taiwan)

Diu Nghiem

(Department of Electrophysics, National Chiao Tung University, Taiwan)

Yu-Shen Liu

(Department of Electrophysics, National Chiao Tung University, Taiwan)

We investigate the electron transport properties of alkanethiol molecules in the two- and three-terminal junctions by using
first-principles approaches. We observe that novel states around the Fermi levels are introduced in the aminosubstituted
butanethiol junction. It leads to a sharp increase of the current owing to the resonant tunneling. We also describe a
field-theoretic theory combined with first principles approaches to calculate the thermoelectricity. The dependence of the
Seebeck coefficient on the biases, gate voltages, and temperatures is systematically investigated Due to the novel states
introduced by the amino-substituted butanethiol junction, the Seebeck coefficient could be easily controlled by using gate
voltages and biases. When the temperature in one of the electrodes is set to zero, the Seebeck coefficient could vary

pronouncedly with the temperature in the other electrode, and such dependence could be enhanced by varying gate voltages.
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At finite biases, we also find richer features in the Seebeck coefficient related the density of states in the vicinity of the left and
right Fermi levels.
Abstract: S1.00128 : Generation of spin polarized current in a semiconductor
by an ohmic contact containing ferromagnetic particles
Authors:
Leonardo Castelano
(Department of Physics, University of California, San Diego)
Yu-Chang Chen
(Department of Electrophysics, National Chiao Tung University)
S.-R. Eric Yang
(Physics Department, Korea University)
Lu Sham
(Department of Physics, University of California, San Diego)
We investigate the possibility of injection of spin polarized current into a semiconductor from an ohmic contact containing
ferromagnetic metal (FM) nanodots. The polarization is created by the spin-dependent scattering of the current carriers with the FM
dots with aligned magnetizations. The usually inefficient polarization generation due to the resistance mismatch between the metal
electrode and the semiconductor is mitigated by the reduction of the mismatch between the FM dots and the heavily doped electrode.
When the paramagnetic semiconductor is connected by two such electrodes containing FM dots forming a spin valve system, the
magnetoresistance is calculated to be sizable. We report the calculation results for two examples: (i) silicon connected to electrodes of
poly-silicon contain the FM dots and (ii) the heavily doped region of InAs as contact.
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(1) 2010 APS March Meeting

Monday-Friday, March 15-19, 2010; Portland, Oregon, USA

g R & B 1(2)The 12th Asian Workshop on First-Principles Electronic Structure
Calculations (ASIAN12)

Institute of Physics, Chinese Academy of Sciences, Beijing, China on Oct. 26-28, 2009

¢ %4 |2010 American Physical Society March meeting

(3)
())H14.00004 “Atomic-Scale Thermoelectric Refrigerator”
(1)K1.00147 “The Third Order and the Second Order Shot Noise
wEhwme AP in Nanoscale Junctions from First Principles”
(2) “Thermoelectricity in atomic and molecular junctions”
Yu-Chang Chen ( Invited talk )

BT
= H15-19H & hZEBEYEEFEe 2010 APS March Meeting: Monday - Friday, March 15- 19, 2010; Portland, Oregon
P P Ay

Session H14: Focus Session: Transport Properties of Nanostructures IIT: Theory and Computation I
8:00 AM-11:00 AM, Tuesday, March 16, 2010

Room: B113

Sponsoring Unit: DMP

Chair: Jeffrey Neaton, Lawrence Berkeley National Laboratory

Abstract ID: BAPS.2010.MAR.H14.4

H14.00004 : Atomic-Scale Thermoelectric Refrigerator

9:00 AM-9:12 AM

Authors:
Yu-Chang Chen
(Department of Electrophysics, National Chiao Tung University, Taiwan)

Yu-Shen Liu
(Department of Electrophysics, National Chiao Tung University)

We propose a thermoelectric cooling device based on an atomic-sized junction. Using first-principles
approaches, we investigate the working conditions and the coefficient of performance (COP) of an atomic
junction as an electronic refrigerator. Our research reveals that the absence of local heating and the
suppression of the tunneling barrier by the bridging atoms are favorable for the operation of atomistic
refrigerators. From the self-consistent DFT calculations, we show that the atomistic refrigerator may operate
at temperatures below 100 K. This is a great improvement in comparison with the vacuum diode. We also
investigate the impact of the phononic heat current on the capability of refrigeration in the nano-refrigerator.
To minimize the adverse effects of the phononic heat current, we suggest creating a poor mechanical link

between the nano-structured object and the electrodes while still allowing electrons to tunnel.
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Session K1: Poster Session II (2:00 pm - 5:00 pm)

2:00 PM-2:00 PM, Tuesday, March 16, 2010

Room: Exhibit CD

Abstract ID: BAPS.2010.MAR.K1.147

Abstract: K1.00147 : The Third Order and the Second Order Shot Noise in Nanoscale Junctions from
First Principles

Authors:
Yu-Chang Chen
(Department of Electrophysics, National Chiao Tung University, Taiwan)

Yu-Shen Liu
(Department of Electrophysics, National Chiao Tung University, Taiwan)

We propose a field-theoretic theory allied to first principles calculations to study the third order cumulant of
guantum shot noise in nanoscale junctions. Our starting point is the second-quantized field operator in terms
of the effective single-particle wave-functions obtained self-consistently within the density-functional theory.
The approach is valid in both linear and nonlinear response regime and is particularly suitable in studying the
third order quantum shot noise in atomic-scale junctions. As an example, we investigate the conductance, the
second order shot noise, and the third order shot noises in the carbon atomic wires connected between two
metal electrodes. We observe that all these physical quantities display an oscillatory behavior for even and
odd number of carbon atoms.

(ASIAN12)

Title: Thermoelectric Properties in Nanojunctions

ABSTRACT

The miniaturization of thermoelectric nanojunctions raises a fundamental question: do the
thermoelectric quantities of the bridging materials in nanojunctions remain to display material
properties or show junction properties? In order to answer this question, we investigate the Seebeck
coefficient S and the thermoelectric figure of merit ZT especially in relation to the length characteristics
of the junctions from the first principles approaches. For S, the metallic atomic chains reveal strong
length characteristics related to strong hybridization in the electronic structures between the atoms
and electrodes, while the insulating molecular wires display strong material properties due to the
cancellation of exponential scalings in the DOSs. For ZT, the atomic wire remains to show strong

junction properties. However, the length chrematistics of the insulation molecular wires depend on a
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characteristic temperature T, = ,/ B/y(1) around 10 K. When T <T,, where the electron transport

dominates the thermal current, the molecular junctions remain to show material properties. When
T >T,, where the phonon transport dominates the thermal current, the molecular junctions display

junction properties.
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(1) 2011 APS March Meeting:
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(1) 2011 APS March Meeting
(1) T24.00002 “Seebeck Coefficients in Nanoscale Junctions:
Effects of Electron-Vibration Scattering and Local Heating”
(1)K1.00147 *“Counting Statistics in Nanoscale Junctions from
First Principles”
(2) EFuEEmTYCRE T 2EERET
(i) “Current Streamline Flow on Current-induced Effects in
Highly Asymmetric Molecular Junctions” (30 mins)
(ii) “Quantum Transport and Thermoelectric Properties of
Nanoscale Junctions and their Device Applications” (90 mins)
Yu-Chang Chen ( Invited talk )

® A AP

I~ Fh RS
(1) 2011 March Meeting

Aot L sF AL W A - B TS AT

Session T24: Focus Session: Quantum Transport Simulations and Computational Electronics --
Disorder

2:30 PM-5:06 PM, Wednesday, March 23, 2011

Room: D167

Sponsoring Unit: DCOMP

Chair: Massimo Fischetti, University of Texas at Dallas

Abstract ID: BAPS.2011.MAR.T24.2

Abstract: T24.00002 : Seebeck Coefficients in Nanoscale Junctions: Effects of Electron-Vibration
Scattering and Local Heating

3:06 PM-3:18 PM

Preview Abstract

Authors:

Bailey C. Hsu

(Department of Electrophysics, National Chiao Tung University, Taiwan)

Yu-Shen Liu

(College of Physics and Engineering, Changshu Institute of Technology, China)

Shen Hsien Lin

(Institute of Atomic and Molecular Sciences, Academia Sinica, Taiwan. Department of Applied Chemistry,
National Chiao Tung University, Taiwan)

Yu-Chang Chen

(Department of Electrophysics, National Chiao Tung University, Taiwan)

We report first-principles calculations of inelastic Seebeck coefficients in an aluminum monatomic junction.
We compare the elastic and inelastic Seebeck coefficients with and without local heating. In the low
temperature regime, the signature of normal modes in the profiles of the inelastic Seebeck effects is salient.
The inelastic Seebeck effects are enhanced by the normal modes, and further magnified by local heating. In
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the high temperature regime, the inelastic Seebeck effects are weakly suppressed due to the quasi-ballistic
transport.

Session T24: Focus Session: Quantum Transport Simulations and Computational Electronics --

Disorder

2:30 PM-5:06 PM, Wednesday, March 23, 2011

Room: D167

Sponsoring Unit: DCOMP

Chair: Massimo Fischetti, University of Texas at Dallas

Abstract ID: BAPS.2011.MAR.T24.5

Abstract: T24.00005 : Counting Statistics in Nanoscale Junctions from First Principles

3:42 PM-3:54 PM

Authors:

Yu-Chang Chen

(Deparment of Electrophysics, National Chiao Tung University)

Yu-Shen Liu

(Deparment of Electrophysics, National Chiao Tung University)

We present first-principle calculations for moments of the current up to the third-order atomic-scale junctions.

The quantum correlations of the current calculated in terms of wave functions obtained self-consistently

within the static density functional theory are also demonstrated herein. Relationships between the

conductance, the second, and the third moment of the current for carbon atom chains of various lengths

bridging two metal electrodes in the linear and nonlinear regimes are investigated. The conductance, the

second-, and the third-order Fano factors exhibit odd-even oscillation with the number of carbon atoms. The

third-order Fano factor is positively correlates with conductance.

2 & +% ERAHfP AT FEERREAH (201187 10p £ 2011 # 8 7 19 p &P WA %
< F % ")

BRI R R S e S IR R o T BEE A2 £ Current Streamline

Flow on Current-induced Effects in Highly Asymmetric Molecular Junctions

Bailey C. Hsu (ZFf£/&), Allen Tseng(® E ff), and Yu-Chang Chen* ([§/53E)

Department of Electrophysics, National Chiao Tung University, Hshinchu 30010, Taiwan

[ B /Abstract:

Electron transport in a single-molecule molecular junction, where the molecule is sandwiched between two
electrodes, has been investigated extensively in the pursuit of extreme device miniaturization. A major
concern for single-molecule junctions is the fundamental properties of current-induced effects due to

nonequilibrium electron transport at finite biases. These effects are efficient tools to explore the
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single-molecule signatures from quantum mechanical perspectives, and thus are important and interesting
from theoretical and experimental points of view. From first-principles approaches, we illustrate that the
current-induced forces and the selection rule for inelastic effects are highly relevant to the current density in
an asymmetric molecular junction. The curved flow of current streamline around the asymmetric molecule
may induce a net torque, which tends to rotate the benzene molecule, similar to the way a stream of water
rotates a waterwheel. Thus, the Pt/benzene junction offers a practical system in the exploration of the
possibility of atomic-scale motors. We also enumerate examples to show that the use of selection rule can lead
to misjudgement of the importance of normal modes in the inelastic profiles when the detailed information

about the current density is not considered.

[ 2%378k]) / References:
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[2] Y. C. Chen, Phys. Rev. B 78, 233310 (2008).

[3] M. Di Ventra, Y. C. Chen, and T. N. Todorov, Phys. Rev. Lett. 92, 176803 (2004).
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Z5of BRI Y B (e M L M L [ (4 A FI/Quantum Transport and Thermoelectric Properties of

Nanoscale Junctions and their Device Applications

Yu-Chang Chen (f5fif&5%)

Department of Electrophysics, National Chiao Tung University, Hshinchu 30010, Taiwan
[ Y /Abstract:

Density-functional theory (DFT) combined with Lippmann-Schwinger equation (LS) has been widely applied to investigate
non-equilibrium electron transport and thermoelectric properties in the nanoscale junctions. In this talk, we will briefly
present an introduction for DFT+LS theory for the nanoscale junctions formed by atoms/molecule sandwiched between
bimetallic electrodes (modeled as electron jellium) with semi-infinite planar surface. We then focus on how we apply
LS+DFT to investigate the thermoelectric properties and the current-induced effects from first-principles approaches. We will
discuss the following subtopics: (1) nonlinear current-voltage characteristics; (2) gate-controllable current in single-molecule
transistors; (3) current-induced force; (4) shot noise; (5) counting statistics; (6) local heating; (7) inelastic electron tunneling
spectroscopy (IETS); (8) thermoelectricity and the energy-conversing mechanism between thermal and electric current; and
(9) atomic-scale thermoelectric devices, such and nano-refrigerators, power generators, and self-powered electronic

nano-devices.
[Z%37HR]) / References:
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