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FET-prototype

"‘J,n!#nirr 3
4 tllfi‘ l‘
ol e

Self-assembled monolayer gate?

Gate:  (7,3)CNT @ polyG-DNA Continuous wire/tube gate?
Contact: Ti/Au electrodes
Field:  BaTiO, surface polarisation Switching?

...............................................................................................................................................................................................................................................................

Institute of lon Beam Physics and Materials Research e FZ Dresden-Rossendorf e Sibylle Gemming ® www.fzd.de @ Slide 2



z’ [ } Structure of Matter
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Structure of Matter
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Self-assembled monolayer gate
Thiophenes
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Classical transport T soueanane

Field sensitivity of oligothiophenes
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Modelling ferroic functional elements
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Classical transport T soueanane

Transport mechanisms
Self-organized QT layer
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Classical transport T soueanane

Self-assembly — Burton-Cabrera-Franck
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Classical transport T soueanane

Growth modes on structured surfaces
Island — layer-growth

PTCDA on
KBr|Ag

layer

(f, = 155.926 kHz, k = 40 N/m,
At =34 Hz, A, =1,7 nm)
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(T= 400K, D=3.2 x 105 8.2/8, Nanotechnology 17 (2006) 1568-1573

F =3MUms, 7 = 10%s) Adsorption of PTCDA on a partially KBr

Radke, Kundin, Emmerich, Gemming, covered Ag(111) substrate
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Physica D 238 (2009) 117-125. C Olbrich”, K Morawetz’ and M Schreiber’
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Classical transport T soueanane

Classical hopping

recomblnatlon
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Classical transport @

Structure of Matter

Hopping transport

Ferroelectric domain: AE Majority carrier: holes
_ -3.3 B -\ LUMO = 4 —g::gate;i
] = f— gate
© -39 _ electrons % 54 ”(gate)!
S S 6|
GCJ -4.5 ] > Q ﬂ
L g holes Gold 5 ! \
5.1 o
° tL_,___.-’v.—_-;:-___J HOMO S -8
9 —
Aul/Ag . Aul/Ag
SAM | 0 50 100
' | gate length|[nm]
accumulation
b e o A A4 4 oo i) increased mobility

.........................................................................................................................................................................................................................

Institute of lon Beam Physics and Materials Research ® FZ Dresden-Rossendorf  Sibylle Gemming ® www.fzd.de e Slide 10

......................................



Classical transport T soueanane

Hopping transport - Modifications

Contact metal Anchoring group
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Classical transport T soueanane

Hopping transport - Modifications

Contact metal Anchoring group
I~ — - LUMO r = ) LUMO
electrons M2 | electrons

holes holes Gold
N fmsEm JHOMO [ 2 S

two-level transport
diode effect

Nikolai B Zhitenev'-, Artur Erbe'*, Zhenan Bao'*,
Weirong Jiang'? and Eric Garfunkel?

Nanotechnology 16 (2005) 495-500
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Classical transport T soueanane

Hopping transport - Modifications

Contact metal Anchoring group
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Nanoscale electronics — conductance T soueanane

Mechanically controlled break junctions

bending by &x

!

lateral stretching: du = r dx
(r~10%-10°)
= atomic resolution
with “simple” mechanics
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Nanoscale electronics — conductance T soueanane

Mechanically controlled break junctions

bending by dx

!

lateral stretching: du = r dx
(r~10%-10°)
= atomic resolution
with “simple” mechanics
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Nanoscale electronics — conductance T soueanane

Transport through DNA quadruplexes

;‘ DNA: helix 36° nucleosides:
' G = guanosine

Base pairs (o
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Sugar phosphate
backbone
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Angewandte Direct Measurement of Electrical Transport Through G-Quadruplex
memationatediion CHEMie  DNA with Mechanically Controllable Break Junction Electrodes™*

Shou-Peng Liu, Samuel H. Weisbrod, Zhuo Tang, Andreas Marx, Elke Scheer, and Artur Erbe™
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Nanoscale electronics — conductance

Transport through DNA quadruplexes HO HO
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Nanoscale electronics — conductance T soueanane

Transport through DNA quadruplexes

Resistance-distance dependence
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Nanoscale electronics — conductance T soueanane

Transport through DNA quadruplexes
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Nanoscale electronics — conductance T soueanane

Transport through DNA quadruplexes

2
-
o

Resistance-distance dependence o™
. 05?
10" — _ region c) /"‘\ 0.05—
region b) T - i /
5 ,/ - I:;) 30 = 1000
10° _ 20
RIQ | " E
105 - [ I/ nA " is
-10
- region a) 2 -
104 gonalyaya el ey sy el eppa vyl _39 T T I T T - l 10410
00 05 10 15 20 25 30 [ % e g8 BB :

d/nm

a) direct tunneling electrode-electrode
b) quadruplex unfolding

...............................................................................................................................................................................................................................................................

Institute of lon Beam Physics and Materials Research ® FZ Dresden-Rossendorf  Sibylle Gemming ® www.fzd.de e Slide 20



Nanoscale electronics — conductance T soueanane

Transport through DNA quadruplexes
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Thermal transpo rt EI‘ Structure of Matter

Shuttling transport

recombination + vibrations (DFT-w,)

Tunnel- Tunnel-
injection injection
electrons holes
+ bending
continuum x(f) = Z,@,;[(ccosw.t+ dsinw.l) +
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transport equation QI,nee = qi,old + Aqmrans + AC]i,tunn _ AC]i,rec
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Thermal transpo rt EI‘ Structure of Matter

Shuttling transport — diode effect
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Structure of Matter
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Continuous wire/tube gate
CNT@DNA
Mo0gSg)..
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CO nti n uous gate EI‘ Structure of Matter

CNT@DNA as Gate?
DNA: helix 36°

Base pairs [ e—

Adenine Thymine

—

Guanine Cytosina
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DNA-wrapped carbon nanotubes
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CO nti n uous gate EI‘ Structure of Matter

Formation energy of CNT@DNA aggregates
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CO nti n uous gate EI‘ Structure of Matter

Classical interaction model
first-principles E..ts Eqors Eint

(DFT, HF-MP2) U

AEf = E oh T NEdef + NbaseEint

C

analytic form I (Nyaee: NUMber of
bases)

Ecoh =a VRCNT
Esi =a+ b/(Rpya)® + CRpna + dRpys°

Rona = Aent + haw + o
(R: radius, N: number of DNA strands)
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CO nti n uous gate EI‘ Structure of Matter

Validation vs. quantum mechanics: DFTB/disp
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CO nti n uous gate EI‘ Structure of Matter

DF-TB — Charge transfer in CNT@DNA

CNT  DNA electron transfer
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CO nti n uous gate EI‘ Structure of Matter

MoS, — based nanowires: S-deficient Mo S,

2 wires 3 wires 4 wires
L] L] L]

0.6 1.2 1.8
Wire width (nm)

Atomic-Scale Structure of MogSs

. NANO
Nanowires LETTERS

Jakob Kibsgaard,! Anders Tuxen,! Martin Levisen,! Erik Laegsgaard,’

Sibylle Gemming,* Gotthard Seifert,$ Jeppe V. Lauritsen,*t
and Flemming Besenbacher*t (Nano Lett. 8 (2008) 3928-3931)
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CO nti n uous gate EI‘ Structure of Matter

Mo,Sg nanowires: STM - structure

Connolly sphere on experiment simulation
4 — 10 A DFT density contour

maxima at S o o
distances 4.4 A, 10.2 A

o

wire height 9.4(+0.1)A
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CO nti n uous gate EI‘ Structure of Matter

Mo,Sg nanowires: STS - conductivity
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CO nti n uous gate EI‘ Structure of Matter

Mo,S, : Electromechanic switch

DFPT: Transmission

-10 -05 00 05 10 15 20
energy [eV]

Electromechanical Switch Based on
MosSs Nanowires LETTERS

NANO

lgor Popov,*t Sibylle Gemming,} Shinya Okano,! Nitesh Ranjan,}
and Gotthard Seifertf (Nano Lett. 8 (2008) 4093-4097)
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CO nti n uous gate EI‘ Structure of Matter

Mo,S, : Electromechanic switch

DFPT: Transmission

torsion [¥nm]
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Electromechanical Switch Based on
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MosSs Nanowires LETTERS

lgor Popov,*t Sibylle Gemming,} Shinya Okano,! Nitesh Ranjan,}
and Gotthard Seifertf (Nano Lett. 8 (2008) 4093-4097)
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Continuous gate
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Structure of Matter
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Switching — Electrostatic field on interfaces

Domain walls in BiFeO,

186000000000 000000000000000000000000000000000000000000000000606600000000060066060000600000600080000000006000000000000600600600000000060006060000000000006000600000000000000000000000000000000000000000000000000000000000000000000000000000s0000s0soscssssssss

Institute of lon Beam Physics and Materials Research ® FZ Dresden-Rossendorf  Sibylle Gemming ® www.fzd.de e Slide 36



z’ [ } Structure of Matter

Electrostatic field at domain boundaries

BiFeO,

tilted
FeO,
octahedra

orthorhombic
unit cell

near-cubic
Bi arrangement

stereoactive
Bi lone pair

nature Conduction at domain walls in oxide multiferroics
J. Seidel"2*7T, L, W. Martin®3*, Q. He', Q. Zhan?, Y.-H. Chu?3*#, A. Rother®, M. E. Hawkridge?,

'
m‘-lterla S P. Maksymovych®, P. Yu!, M. Gajek’, N. Balke', S. V. Kalinin®, S. Gemming’, F. Wang', G. Catalan®,
J. F. Scott®, N. A. Spaldin®, J. Orenstein*? and R. Ramesh'?3
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z’ [ } Structure of Matter

Electrostatic field at domain boundaries

BiFeO, § antiferromagnet

orthorhombic D tilted Ty~ 650K

unit cell FeO, |
octahedra s rhombohedral ferroelectric

T.~ 1103 K

g?zrr-r(;unblgment S spontaneous polarization
J P ~90 C cm?

stereoactive along pseudocubic <111>
Bi lone pair

nature Conduction at domain walls in oxide multiferroics
mat 1‘11:1 ). Seidel"2*T, L. W. Martin?3*, Q. He', Q. Zhan?, Y.-H. Chu?34, A. Rother®, M. E. Hawkridge?,

e S P. Maksymovych®, P. Yu!, M. Gajek’, N. Balke', S. V. Kalinin®, S. Gemming’, F. Wang', G. Catalan®,
J. F. Scott®, N. A. Spaldin®, J. Orenstein*? and R. Ramesh'?3
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z’ [ } Structure of Matter

Relative domain orientations

+ /1 °wall
,\’\'\7 \
\\L

R

+ | [ 109° wall

ferroelectric
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+ 180° wall
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z’ [ } Structure of Matter

Observed domain walls

topography piezo force [ R
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z’ [ } Structure of Matter

Domain wall structures

71 °wall
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z’ [ } Structure of Matter

Domain wall structures — electronic structure

71°wall E,= 0.36 J/m?
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z’ [ } Structure of Matter

Conclusions

§ Hopping transport
S Parameter transfer first-principle to classical transport
§ Transport without bias by shuttling

S Ballistic transport
S Model derivation from first-principles data
§ Elastomechanic metal-insulator transition

§ Transport at defects in the bulk
§ Existence of strong surface/interface polarizations
S Origin of conductivity at domain walls
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