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— Gold junctions
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« Miscellaneous
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In single-molecule junctions
— A current-driven single-atom memory
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Visions of molecular electronics Konstanz
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Single-molecule transistor

* Limits of miniaturization of electrical [J. Park et al., Nature 2002]

circuits

o
(4]
|

* Functional and possibly cheap devices
at the smallest scale

« Understanding of interface-related or
Interface-dominated electronic behavior
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Atomistic modeling of charge transport
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Real system

Electron reservoir |Scattering region| Electron reservoir

Goals
« Understand charge transport mechanisms at the molecular scale
« Quantitative description/prediction of charge transport properties

Challenges
* Material- and molecule-specific ab-initio description of the electronic structure;
choice (large system size): DFT (TURBOMOLE)
« Determination of stable contact geometries (geometry optimization, TURBOMOLE)
« Consideration of electrodes and their coupling to the central scattering region
— infinite, nonperiodic system
« Description of electric transport
(Nonequilibrium due to finite bias/current, excitation of vibrations, ...)
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Landauer scattering theory and Green'’s functions m

T

Green’s function

Conductance
G =G,r(E.) =G,Trtt"] = GOZTi Gee = ( EScc —Hee —ZL -2 )_l
Transmission matrix ! Self energies (X=L,R)
t(E) = /T, (E)Gl (E)T& (E) =X =(Hex —EScx )9xx (Hxc —ESxc)
Conductance quantum G, = 2e2 [ h Linewidth broadening matrixI', = -2 Im[z;]
Cluster-based ansatz [F. Pauly et al., New J. Phys. 10, 125019 (2008)]

SECC, HECC TURBOMOLE@work

“DFT+NEGF”
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Level alignment at metal-molecule contact Konstanz

Energy level diagram

vacuum

- LUMO
Affinity Level

XX

Fermi Energy

Metal . HOMO

lonization Level

_ _ _ On surface  Gas phase
Physical effects influencing level

alignment _
Spectral adjustment: “DFT+Z*

* Interfacial charge rearrangement
S. Y. Quek et al., Nano Lett. 7, 3477 (2007)

* Quantum mechanical coupling
» Nonlocal surface polarization GW quasiparticle methods

M. Strange et al., PRB 83, 115108 (2011).
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Why thermopower?

Seebeck effect Landauer-Bittiker formalism

T T+AT Thermopower (electronic contribution):
2
s__AV| 7k T oIn(z(E))
AT |, 3e OE  [eg,

» Sign of S distinguishes “electron type”
and ,hole type® conduction; hint to
position of E¢ with respect to HOMO and
LUMO

Experiments (Segalman/Majumdar, Berkeley)
P. Reddy et al., Science 315, 1568 (2007)
J. A. Malen et al., Nano Lett. 9, 1164 (2009)

Recently also other groups
J. R. Widawsky et al., Nano Lett. 12, 354 (2012)
C. Evangeli et al., Nano Lett. 13, 2141 (2013)
S. Guo et al., Nano Lett. 13, 4326 (2013)

M. Paulsson et al., PRB 2003



Cold Au STM Tip (T

ambient)
100%29 %®
)

Tip
Movement

HOMO- vs. LUMO-Transport

HOMO dominated

0268
Hot Au Substrate
[K. Baheti et al., Nano Lett. 2008] / (T ambient*AT)

HS—@—SH s N - 7.050.2uvK

Count (AU)

AT=~0K
AT=5K NC—@—CN
AT~10K
AT 7K
AT~22K S =-1.3+0.5uV/IK
AT~30K

: -100

0 200 400 0 10 20 30

Vo, (uV) . AT (K)
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Theoretical studies of the thermopower
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¢ (deg)

Length dependence
7(E) = a(E)exp(-S(E)N)

S=5@ 150N

P. Reddy et al., Science 2007
F. Pauly et al., PRB 2008

Exp.:
Theory:

Influence of conjugation Cgqojunctions

S. Bilan et al., PRB 2012

F. Pauly et al., PRB 2008
M. Burkle et al., PRB 2012
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Towards thermoelectrics
s B

Thermoelectric elements

 Conversion of waste heat into
electrical energy
« Nanorefrigerators

Figure of merit: ZT=S2GT/x Phonon transport

Thermopower S
Tem '
pgrature T < €S
Electric conductance G °
Thermal conductance

R. A. Segalman (UC Berkeley):

R.Y. Wang et al., Nano Lett. 2008

=) Ultimate Goal: Enhancement of ZT through appropriate nanostructuring
Here: Study of Gand S
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Heat dissipation and thermopower
In atomic-scale junctions

W. Lee, K. Kim, W. Jeong, L. A. Zotti, F. Pauly, J. C. Cuevas,
and P. Reddy, Nature 498, 209 (2013)

L. A. Zotti, M. Burkle, F. Pauly, W. Lee, K. Kim, W. Jeong, Y.
Asai, P. Reddy, J. C. Cuevas, arXiv:1307.8336
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Why heat dissipation at the nanoscale? SIS

Stability and efficiency E. Pop, Nano Research
of novel nanoscale energy 3, 147 (2010)
conversion devices

Related Peltier Heat dissipation is
effect important for - _Hea_t | closely linked to heat
electronic cooling of dissipation at ({ transport, a main

nanocircuits etc. the nanoscale open problem in

nanoscience.

F. Giazotto et al., Rev. Mod.
Phys. 78, 217 (2006)
J.T. Muhonen et al., Rep.
Prog. Phys. 75, 046501
(2012)

Y. Dubi, Y. & M. Di Ventra, Rev.
Mod. Phys. 83, 131 (2011)
N. B. Li et al., Rev. Mod. Phys.
84, 1045 (2012).

This work.
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Heat dissipation in atomic-scale junctions

« Dimensions of the contact region in atomic-scale junctions are much

smaller than the inelastic scattering length.
— Transport is elastic and heat dissipation takes place inside the

electrodes.
QL Qg

<

Where is the heat dissipated?
Is it equally dissipated in both electrodes?
What is the relation between the dissipated heat and the electronic
structure of the atomic-scale contact?
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Recent experimental efforts: Au atomic chains ST E
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Asymmetric heating: Hot electrons create hotspots downstream of electron flow? I
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Scanning probes with integrated thermocouple Ry

Schematic Fabricated probe

Au-Cr Thermocouple

Outer Au

Thick Si cantilever

Outer Au + Au-Cr TC

LI T T T O T A |

20.0KV 7.9mm L-x160k 500nm
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Strategy for probing heat dissipation g

AVie = =870 X AT,

/ Voo

Thermovoltage Thermopower  Temperature

Tamb rise
RProbe _
Rjunction: 1 hermal resistance
Te ¢4 Qprone of the junction
RJunction

RJunction » RProbe’ RSubstrate
TS <= QSubstrate

RSubstrate

TAmb

QProbe (V) — ATTC / RProbe

_ Power dissipation:
Reone - Thermal resistance of probe

QProbe(V) + QSubstmte(V) = QTotal (V)=1IxV

Ry, =72800+500 K/W and S,.=163+0.2 uV/K

O
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Key experimental details Konstanz

The fabricated probes are much stiffer than traditional scanning thermal

microscopy probes so as to enable stable formation of atomic and
molecular junctions.

K. Kim, W.H. Jeong, W.C. Lee & P. Reddy, ACS Nano 6, 4248 (2012).

The expected temperature changes in the thermocouple for the studied
AMJs (< 100 mK) are smaller than the electrically-induced temperature
noise (~ 200 mK). For this reason, a modulation scheme is used to
reduce the bandwidth and the electrical noise (see next slides).

« A small thermal time constant (~ 10 us) of the thermocouple enables high
fidelity tracking of temperature changes.

« With the modulation scheme the noise equivalent temperature is well
below 1 mK for all the cases studied in our work.
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BDNC single-molecule junctions Konstanz

CN-@-NC 1,4-benzenediisonitrile

BDNC
Conductance traces and histogram - |-V characteristics
'510'2- ' ' ' 3 E
—_ [} — . 1
° g < 1
= &0} - e E
o 2 e Of--------ooes SRR
et S [ '
c 104 S NN S - :
S 0 05 1 15 2 5 .
o Displacement (nm) U-0.3 |
O :
_0.6 o [ " [ : [

35 1 05 0 05 1 15

0.005 0.010 0.015 0.020 .
Bias (V)

Conductance (Gop)

Conductance peak at 0.002G, compatible with M. Kiguchi et al., APL 89, 213104 (2006).
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BDNC junctions: Representative raw data and Universitat |
modulation scheme

Here, a positive (negative) bias corresponds to a scenario where the probe is
grounded, while the substrate is at a higher (lower) potential.

1E T : T . l_=
V\, = amplitude of the 05k
modulation voltage. V(V) oF d

osf Vu=127V

Substrate Vic (V) o '
. -5 B =
Tp = 80 ms period of the T
voltage pulses. 0 1 2 3 4

Time (seconds)



BDNC junctions: Representative raw data and Universitit |-SS5-
modulation scheme

Konstanz

1.27 =
\

— V(V) of |
Vy, =127V 127/ | | \ .

= 0.35 mW i —
QTotaI | (“A) O.(3) :—l—)—w-v—._\\ i

03f | | | L
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BDNC single-molecule junctions Konstanz

s

A positive (negative) bias corresponds to a scenario where the probe is grounded,
while the substrate is at a higher (lower) potential.

15} o +bias to substrate 4 - 0.2 151 o +bias to substrate i 10.2
| a —biasto sybstrate ) | & —biasto spbstrate
> - symmetric case a7 ] < - symmetric case a ] 015
£ 10} , e 178 Eof N e
[ p > & < >
3 0 lo.1 & 5 {01 &
S 2" SN e 5
||__ o o Current 1 E ||: 5 O —Current 10.05 g
A 0.05= < A N-@-N
IR = eklE
O [ TP TP SR S TP | 0 O s 1 . 1 . 1 N N N N 0
0.7 0809 1 1.1 12 13 0O 0.07 0.14 0.21 0.28 0.35
Bias (V) Qrotal, Avg (LW)

« Heat dissipation in the electrodes of Au-BDNC-Au junctions is
bias-polarity-dependent and unequal.

* Why is the heat dissipation in the electrodes unequal in spite of
the symmetric geometry of the molecular junctions? i
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Landauer theory of heat dissipation

Heat current from a reservoir with potential p

I,=1,-£1,
/ ¢, e \ Probe (P)
Heat current  Energy current Charge current
Charge and energy currents

L= % CE V)L Es i)~ f(Es i) dE

—00

1) = [ BBV (B, tt) — fo(Es i)V

Substrate (S)

Power dissipated in the electrodes

QP(V)— [ (4p — BN (B VLS (B 1) — f5(E ) WE

B
0.0/~ [ (E = ) BV . )~ fo(Es i HE

—00

oO.MN+o,V)=1V=0,,V) [energy conservation]



General conclusions Konstanz
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Is the heat equally dissipated in both electrodes?

[electron-hole

[QP(V) =0.(V) if «(E,V)=1(-FE, V)} symmetry implies equal

dissipation]

Does the power dissipation depend on the bias polarity?
[in general, the power

[QP(V) =0,(-V) if ©(E,V)= z'(—E,—V)} dissipated in the probe

depends on bias polarity]

f

t

General conclusion: the heat dissipation in the electrodes of an atomic-scale
contact is, in general, asymmetric and it depends on both the bias polarity and

e —

~

he nature of the majority carriers (electrons vs. holes).

Low-bias expansions to illustrate the statements above

QP (V) _QP (_V) =2TGSV + O(\/3) < T = temperature

, G = linear conductance
Qe (V)= Qs (V) =2TGSV +O(V) | S = thermopower
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Asymmetric heat dissipation: a simple argument Konstanz | | |

« Acelectron flows elastically through
the contact with energy E leaving
behind a hole.

« The electron thermalizes and
dissipates an energy (E-lg) in the
substrate.

» The hole left in the probe is filled by
an electron releasing an energy (Ue-
E) in the probe.

 Power balance

0nV) =2 [ (= EYI(EV LSy~ FiVIE

.
1 O()=7 j (E = p)e(E V) f, — [ HE
0N+ Q51 =1V

— An energy-dependent transmission
leads to asymmetric heating.




Lessons from a toy model

orbital. Those situations can be described with
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Often the transport through a molecular junction is dominated by a single molecular

in the single-level model.

2(E,V)= R
LUMO—_| R [E—g,(N] +[T, +1;]" /4
1_‘L l_‘R Breit-Wigner formula
Er

—

DO O O O OO OO

gum—

&, = level position
[ + I} =level width

|

Metal Molecule Metal

—



Single-level model: LUMO-dominated transport

=+1eV; T=300K; I, =T, =1"=40 meV (symmetnc contact)

lE‘u

0.1

0.01

0.001

Transmission

|||||I1T| ||||||||| ||||||I'I'| T 11T

Universitit =

Konstanz

05 0

vV (V)

' I I
—— positive bias
— negative bias

T QTL‘.-[uI.'IIIE

0.1 0.2

0.3

QTntal (“W)




Single-level model: HOMO-dominated transport

=—1eV; T = 300 KI' === 40 rneV (symmetnc contact)

1E‘|

0.1

||||||IT| INLILL

0.01

Transmission

0.001 F
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05 0 .
V (V)

' [ I
—— positive bias
—— negative bias

T (Q"l"l.‘zn[alIlllz

0.1 0.2 0.3

QTntal (“W)




Single-level model

g |
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In off-resonant situations, the relation between Qp and Q-+, IS Not very sensitive to
the level alignment.

(@) o3

0.2

Qp (W)

0.1

0

0.3

0.2

0.1

0

0

T =300 K
| : | : | P

..... =20 meV;T(E,) = 0.00040 negative bias " .~ ,:-/",'

~ I'=30 meV;u(E) = 0.00090 o . -
—— I'=40 meV;7(E) = 0.00159
______ I'=50 meV:T(E,) = 0.00249 e A
-—-- ['=60 meV;1(E) = 0.00358 ]

0.4

Low-power expansion in the off-resonant situation (|g| >>T and T =0 K)

Op(Ororar) = 3

: . | (b)
..... g, = 1.4 eV; t(E,) = 0.00086
ive bias -
g, = 1.2eV: 7(E) = 0.00111 negative blas -
—— g,=L0eV; (E) = 0.00159 o
———— g,=0.8eV; (E,) =0.00249
I g,=0.6eV; (E) =0.00442 /,7 o
..... - g,=04eV;UE)=0.00990 7 7 ;
S - ~
- "”’ (o
, o
p ":/'/ e e T positive bias
' | | |
0 0.1 0.2 0.3 0.4
QTotal (MW)
lQ +sgn(s,) ¢ 1w
2 Total g 0 6 172 F Total
0

5 Oror — 8EN(E,)

1 e 1

3/2

6G1/2 F Total
0

(for negative bias)

(for positive bias)



BDNC single-molecule junctions:
Comparison between theory & experiment
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DFT + NEGF

—
(S o
- =)

Tr_qnsmission
=
N

L]

—_)
<
w

1
E-Ef (eV)

Approximation: Use zero-bias transmission

Y
(92

—
o

ATTC, Avg (MK)

(9
T

Power Dissipation

" o + bias to substrate

[ -- symmetric case

A — bias to substrate

computed power
dissipation

il Current
—_— -
N-@-NC

T0.07 0.14 0.21 0.28 0.35
Qrotal, Avg (W)

(V) =% [ 2(Ev —0)[f, - f,JAE= Q. (V)= I(V)xV

Q) =2 [ (s ~E)e(EV =01, ~ 1,E
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Comparison between theory & experiment T

BDNC-TT1 BDNC-TT12

(d)

T T T T T T T T T T | T | T T
1 E- 0 _ = ]. E —— DFT — T
s HE= ] 5 L EE N
i | |I A | E - .
2 o0af | 42 g / .
= = \ / : = - " s .
ZF o\ , 1 2 B / :
= ool \ S i g 001k O\ N\ / 3
E TR - 1 E T O\ s
E O\ - 1 geothe el ]
0.001 7———>— | 3 000l ——"——1 0 1 2 3
E- E (EE') E-E_ (eV)
e
(€) [ | — DFT (- hiss) | | I ® [ — DFT (- bias) | ' ]
—— DFT (+bias) = —— DFT (+bias) o

02| DFI—L-:-L:asj f,f’.'.f'. . 0.2 DFT-E (- bias) f_,ff’ﬁ "
—~ - | e CFT-E (+ bias) Pt . ) = | e DFT+E (+ hias) o .
; [] 15 | - . |:- thE:I .f___.-.-"'- - — ; 015 — | EXp. l:'blﬂﬁ-} ___.-'_"F.-' - ]
= | | & =xp. (+bias) e ) 2 3 L | ® expi+hiz) | 7w ~ =
N __H"-':J - ~ I:' 1 | = ' L . ]

01 T ' — a v e
C‘)’; i P | o L e e i
0.05 P i 005~ o7 % —
. i ___,.-{ L | L ..-':"'-f# . .
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BDA single-molecule junctions

107

=
o
S

‘0 04 08 1.2
Displacement (nm)

Current(pA)
o

=
N

L i L i '}

'ﬂ i A
0.005 0.010 0.015 0.020 -1 -0.5 0 0.5 1
Conductance (Go) Bias (V)

Conductance peak at 0.005G, compatible with L. Venkataraman et al., Nano Lett. 6, 458 (2006).
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BDA single-molecule junctions Konstanz

151 o +bias to substrate o 10.2
a —bias to substrate e
< - symmetric case 2
o 10.15

&10} A :€D
- 5 ‘ >

o <
2 3 .-"A “ 001 LE\

~ =

H 5¢ _Current E
= ‘ = 0 05 ~—
< | g zN@N“

oL 0
0 0 07 0. 14 0. 21 0 28 0. 35
QTotaI, Avg (LW)

The BDA junctions show larger power dissipation in the probe for a positive bias
than for a negative one in contrast to the observations in BDNC junctions.




BDA single-molecule junctions: Universicdt Eie
Comparison between theory and experiment

-
DFT + NEGF Power Dissipation
100k : 15F cr + l::ias t.n sulhst;ate o 10.2
E OMO | LUMO A - bias to substrate
c [ ! — [ -- symmetric case
0 ) x computed power 0.15
v i _ €10} E| dissipation :9
i . — A >
510'1 : : : > o @
c g . ] < _—
G \ ] JU sl = o o
; ! ] = (L Current - :E
: | = : E? —'@ {0.05=
oY) | < | O
10_2 . i " L N :- i i " L i 0 . i . i ; i i i i ] n
-3 2 - 0 1 2 3 0 007 0.14 0.21 0.28 0.35
E-Ef (eV) QTﬂtaL Avg (LW)

The BDA junctions show larger power dissipation in the probe for a
positive bias because the transport is dominated by the HOMO,
which leads to positive Seebeck coefficient.




BDA single-molecule junctions: Universitat P e
Comparison between theory and experiment

BDA-TT2

@ o )

(C) (d) - ' T T T T | T | T =
= | 1E i [— prrT
g ' g F i — DFT-X IP\/E
.G 5 [= I -
Rl Z01E ! =
= = E l =
o ] C i =
E § 0.0l . : /_
= — = N R 3
C A i
0.001 1 | 1 | | I | 1 | 1
-3 -2 -1 0 1 2 3
E-E, (eV)
e
(© | — DFT (- bias) | | | I ] O —— DFT (- bias) | ' I T
0.2FH1— prFT (+ hias) o ] 0.2|— DFT (+ bias) ’f_‘ff _
L | - DFT+I (- bias) - 4 L |-~~~ DFT+Z (- bias) /,/-';_..---" -
—~ - DFT+E (+ bias) g - ||~ DFT+E (+ bias) T _
'3 0.151- m  exp. (-bias) /’”’”'ﬁ/ N a 013 m  exp. (- bias) e
=. F | ® exp.(+bias) - 7 =. | ® exp. (=bias) i 7]
= o1f - 4 = o1t —
! -~ LA
Q o 1T ST ]
0.05- — 0.05— —
0 1 | | | 1 0 l
0 0.1 0.3 0.4 0 0.1 0.2 0.3 0.4
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Gold single-atom contacts Konstanz

T T T T T T T T T h 3 T T !
15r 4 + Bias to substrate . 0.2
a - Bias to substrate ‘
-- Symmetric case
10.15
10f - p 3
b W
= =
# & 1 0.1 = E
% 100 el
5t o F‘E% & = =
=T By 140.05
L '
rd I:I'I:J'JI 12 3
D ' . 1 . 1 . 1 . GTDT.’E‘"MQ. I:}'llllllllnr':l. D 0 . 1 . 1 . 1 .
0 0.07 014 021 028 0.35 -2 -1 0 1 2
OTutal_. Avg LW E-E_(eV)

In Au atomic junctions the heat is equally dissipated in both electrodes
irrespective of the magnitude or polarity of the bias voltage. This is due to the
weak energy dependence of the transmission around the Fermi energy.
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Conclusions Konstanz | | |

_ o

* Novel scanning tunnelling probes with integrated thermocouples allow to probe heat
dissipation in the electrodes of atomic and molecular junctions.

« The good agreement between measured and computed asymmetries in the heat
dissipation confirms that heat dissipation is intimately related to the transmission
characteristics of the junctions, as predicted by the Landauer theory.

 Our results contradict recent claims of asymmetric heat dissipation in Au atomic
junctions, which are not in agreement with theoretical predictions.

« The insights obtained here regarding heat dissipation should hold for any mesoscopic
system where charge transport is predominantly elastic. Such systems include
semiconductor nanowires, two-dimensional electron gases, semiconductor
heterostructures, carbon nanotubes, graphene, etc.

Perspectives

» Peltier cooling & heat transport in atomic-scale junctions may be explored by extension of
the developed techniques.

W. Lee, K. Kim, W. Jeong, L. A. Zotti, F. Pauly, J. C. Cuevas, and P. Reddy, Nature 498, 209 (2013)
L. A. Zotti, M. Burkle, F. Pauly, W. Lee, K. Kim, W. Jeong, Y. Asai, P. Reddy, J. C. Cuevas, arXiv:1307.8336
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Inelastic electron tunneling spectra (IETS)

Energy of vibrational mode: 7o E;

Conductance changes if the voltage is
eVa~hw.

Second derivative of the current shows Vacuum/
changes clearly Tip  Molecule

Metal

dl/dV
Goal: o [
Determine vibrational modes and e-vib | |
couplings from first principles (DFT) ~“hw ho eV

2 2
d1/dV

See for instance: ~ho
J. K. Viljas et al., Phys. Rev. B 72, 245415 (2005)

J. C. Cuevas and E. Scheer, Molecular Electronics,
World Scientific Pub. Co. (2010)

ho eV
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Inelastic transport method

i,] «

H = H + Hwb + He vib He :ZdiTHijdj HV Zha) bT He :sz;rﬂ"?dj (b; +b"‘)
0]

— Implementation in TURBOMOLE
‘ > A by M. Burkle using density functional
“ perturbation theory (DFPT)
— “analytical” derivatives
— available in TURBOMOLE 6.6

Lowest-order expansion of current in electron-vibration coupling
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Transport theory: J. K. Viljas, J. C. Cuevas, F. Pauly, and M. Hafner, Phys. Rev. B 72, 245415 (2005)

M. Birkle, J. K. Viljas, T. J. Hellmuth, E. Scheer, F. Weigend, G. Schon, F. Pauly,
arXiv:1309.4552
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Elastic transport in gold junctions
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M. Burkle et al., Phys. Rev. B 85, 075417 (2012)
M. Burkle et al., arXiv:1309.4552
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Elastic transport in octane-based junctions
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Inelastic transport in octane-based junctions
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Plasmon-induced conductance enhancement _:

a) 2500_ 155110'3 T T T T ™
2
O,
2000— o 10+ i
C
....... 5
S 4 :
»n 1500 ©
fhe) =4
s 18, ™ '
Q Ly | 1 | | L]
© 1000 0 02 04 06 08 1
Time [sec]
500
R —
10° 10 10°
Laser Detector Conductance [Gol
‘ Conductance histogram of Au-DAF-Au
= paRTH B —  ho light o
A 1R m 781 nm, p-polarized light
2 s S 781 nm, s-polarized light
SN, At AR ——= , S-
R Ay« AT P g
=7 LY Vo —-—- pure solvent
P 5
ol o M. Vadai, N. Nachman, M. Burkle, F. Pauly, J. C. Cuevas, and

Y. Selzer, J. Phys. Chem. Lett. 4, 2811 (2013)
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Plasmon-induced conductance enhancement

Radiation creates oscillating bias
voltage V,. on top of V. due to
plasmonic response.

P. K. Tien and J. P. Gordon, Phys. Rev. 1963
J. K. Viljas et al., Phys. Rev. B 75, 075406 (2007)
N. Ittah et al., Nano Lett. 9, 1615 (2009)

Gy (@) =Gy Y 32(a)r(E, + o)

N=—o0

with a=¢eV_ /ho T
10 3
a<land 7(E;),7(E; + o) < 7(E; —hw) 8 10_1:_
g0
eVac — ZhC()\/GdC (C()) _Gdc (0) E E
GOT(EF _ha)) 10-25_ -
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M. Vadai, N. Nachman, M. Burkle, F. Pauly, J. C. Cuevas, and Y. Selzer, J. Phys. Chem. Lett. 4, 2811 (2013)
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A current-driven single-atom memory Ty
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C. Schirm, M. Matt, F. Pauly, J. C. Cuevas, P. Nielaba, and E. Scheer, Nature Nanotechnology 8, 645 (2013)
See also News & Views: S. J. van der Molen, Nature Nanotechnology 8, 622 (2013)
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Summary

 Heat dissipation and thermopower in atomic-scale junctions

« Influence of vibrations on electron transport
— Gold junctions
— Octane-based junctions

« Miscellaneous
— Plasmon-induced conductance enhancement
in single-molecule junctions
— A current-driven single-atom memory

— Improved understanding of charge transport at smallest scale by
measurement of several quantities: Conductance, IETS, thermopower,
heating, ...

Outlook

 Phonon transport
— Realistic ZT, including more than just electronic contributions




