Contents

Introducing Molecular Electronics: A Brief Overview

Gianaurelio Cuniberti, Giorgos Fagas, and Klaus Richter............. 1
1 A Passage Through Time: Past, Present and Future Challenges . 1
2 What You Find in the Book — a Passage Through Its Contents.. 4
3 What is not Included in the Book — Literature Hints........... 6
References . ... ... 8
Part I Theory
1 Foundations of Molecular Electronics — Charge Transport
in Molecular Conduction Junctions
Joshua Jortner, Abraham Nitzan, and Mark A. Ratner .............. 13
1.1 Prologue ... ... 13
1.2 Theoretical Approaches to Conductance ...................... 18
1.3 The Relationship Between Electron Transfer Rates

and Molecular Conduction........... ... ... .. ... ... ... .... 21
1.4 Interaction with Nuclear Degrees of Freedom.................. 22
1.5 Remarks and Generalities .......... ... ... .. . .. 32
References .. ... 45
2 AC-Driven Transport Through Molecular Wires
Peter Hinggi, Sigmund Kohler, Jorg Lehmann, and Michael Strass . ... 55
2.1 Introduction ........... .. ... 55
2.2 Basic Concepts. . ... 56
2.3 Floquet Approach to the Driven Transport Problem ........... 59
2.4 Weak-Coupling Approximations ............. ..., 65
2.5 Photon-Assisted Transport Across a Molecular Bridge.......... 70
2.6 ConcCluSIONS. . ..ottt 72
References .. ... ... 73
3 Electronic Structure Calculations
for Nanomolecular Systems
Rosa Di Felice, Arrigo Calzolari, Daniele Varsano, and Angel Rubio... 77
3.1  Electronic Structure of Nanomolecular Systems ............... 7



X Contents

3.2 Selected Applications of Ground-State Electronic Structure

Calculations by DFT ... . .
3.3  Linear Response by TDDFT ...... ... .. . .. . . .. . .. ..
3.4  Wannier Functions for Electronic

Structure Calculations ............. ... ... . .. .. . ...
References ... ... .. .

4 Ab-initio Non-Equilibrium Green’s Function Formalism for
Calculating Electron Transport in Molecular Devices

Kurt Stokbro, Jeremy Taylor, Mads Brandbyge, and Hong Guo . ......
4.1 Introduction ......... ...
4.2 Mean Field Electronic Structure Theory......................

4.3 Application of DFT to Modeling Molecular Electronics Devices .
4.4 Implementation: McDCAL, TranSIESTA, and Atomistix

Virtual NanoLab ......... ... ... .. ... .. . . . . . ...
4.5  Resistance of Molecular Wires .......... ... ... ... .........
4.6  Non-Equilibrium Forces ......... ... . ... .. ..
4.7 ConcluSion . ......... ..
References ... ... ... .

5 Tight-Binding DFT for Molecular Electronics (gDFTB)
Aldo Di Carlo, Alessandro Pecchia, Luca Latessa,

Thomas Frauenheim, and Gotthard Seifert .........................
5.1  Introduction ......... ... ..
5.2 The Self-Consistent Density-Functional Tight-Binding..........
5.3  Setup of the Transport Problem .............................
5.4  The Green’s Function Technique ............................
5.5 The Relationship with the Keldysh Green’s Functions..........
5.6  The Terminal Currents......... ... .. ...,
5.7  The Poisson Equation......... ... ... . . ...
5.8  Atomic Forces ....... ... ..
5.9 gDFTB Example Applications ............. ... ... ... .......
5.10 Incoherent Electron-Phonon Scattering.......................
5.11 Comments on DFT Applied to Transport.....................
512 ConclusionsS. . ..ottt
References . ... ...
6 Current-Induced Effects in Nanoscale Conductors

Neil Bushong and Massimiliano Di Ventra ........... ... ... .......
6.1  Current Through a Nanoscale Junction.......................
6.2  Current-Induced Forces ......... . .. . . . i .
6.3  Shot NoISe . ..ot
6.4 Local Heating....... ... ... i
6.5  Inelastic Conductance. ........... .. ... .. .. i,
6.6 Conclusions. . ...... ...
References .. ... ..o



Contents XI
7 Single Electron Tunneling in Small Molecules
Maarten R. Wegewijs, Matthias H. Hettler, Christian Romeike,
Azxel Thielmann, Katja Nowack, and Jirgen Konig .................. 207
7.1 Introduction ......... ... .. 207
7.2 Tunneling Transport ............ . .. .. i 208
7.3 Electronic Excitations of a Benzene Ring .................... 213
7.4  Spin Excitations of a [2 x 2] Grid Molecule .................. 215
7.5  Vibrational Excitations and Multiple Orbitals ................ 219
7.6 Cuwrrent Noise (Shot Noise) ............ ... ... ... ... 222
7.7 Conclusions . ........iiiri i e 225
References . ... ... 226
8 Transport through Intrinsic Quantum Dots in Interacting
Carbon Nanotubes
Michael Thorwart, Reinhold Egger, and Milena Grifoni.............. 229
8.1 Imtroduction ........ .. ... . 229
8.2  Electrical Transport in Individual SWNTs .................... 230
8.3  Markovian Master Equation Approach ....................... 236
8.4  Quantum Monte Carlo Simulations .......................... 242
8.5  Conclusions. . ... ... 246
References . ... ... 248
Part II Experiments
9 Contacting Individual Molecules Using Mechanically
Controllable Break Junctions
Jan van Ruitenbeek, Elke Scheer, and Heiko B. Weber ............... 253
9.1 Introduction ........... ... 253
9.2  Experimental Techniques ........... .. ... .. ... .. ... .... 255
9.3  Simple Molecules . ........ . 259
9.4  Molecules Bonded by Thiol Groups to Gold................... 266
9.5  Conclusions and Prospects. .............iiiiiiiii... 271
References . ... ... 271
10 Intrinsic Electronic Conduction Mechanisms in
Self-Assembled Monolayers
Wenyong Wang, Takhee Lee, and Mark A. Reed .................... 275
10.1 Imtroduction ........ ... i 275
10.2  Experiment .. ... ... 277
10.3 Theoretical Basis .. .....oii i 279
104 Resulbs. ..o 282
10.5 Conclusions. .. ... 295
References . ... 296



XII Contents

11 Making Contacts to Single Molecules: Are We There Yet?
John Tomfohr, Ganesh K. Ramachandran, Otto F. Sankey, and Stuart

M. Lindsay. .. ..o 301
11.1 Introduction ... ... ... 301
11.2 Contact Resistance in NP Contact Experiments . .............. 303
11.3 Changing the NP Size ...... ... .. .. i 307
11.4  Status of Single Molecule Measurements...................... 309
References . ... ... 310
12 Six Unimolecular Rectifiers and What Lies Ahead
Robert M. Metzger .. ... ... e 313
12.1 Introduction ........... ... 313
12.2 Metal Contacts . .......ooiiii e 318
12.3  The Aviram-Ratner Ansatz ......... ... .. ... ... ... ... 318
12.4 Three Processes for Rectification

by Organic Monolayers .................oiiiiiiniiaaon.. 320
12.5 Current and Resistance Across a Metal-Molecule-Metal System . 321
12.6  Assembly Techniques: Physisorption Versus Chemisorption .. ... 322
12.7  The “Organic Rectifier Project” ........ ... ... .. .. ... ... 323
12.8 Electrical Properties of Monolayers and Multilayers ............ 325
12.9 Rectification of C1gH33Q-3CNQ ........ ... i 325
12.10 Molecular Properties of C1gH33Q-3CNQ...................... 326
12.11 Film Properties of C1gH33Q-3CNQ . ....... ... ... ... 327
12.12 Metal — LB Film — Metal Sandwiches of C1gH33Q-3CNQ ....... 328
12.13 Unimolecular Rectification by C1gH33Q-3CNQ ................ 329
12.14 Chemisorbed Monolayer Rectifiers ............. ... .. ... .... 332
12.15 Three More Rectifiers . ......... ... ... i 335
12.16 Direction of “Forward Current” in Rectifiers .................. 338
12.17 Challenges for the Near Future......... ... ... .. .. ... ... 339
12.18 Conclusion . ..........iii 343
12,19 End-Notes . . ..o 343
References .. ..... ... 344
13 Quantum Transport in Carbon Nanotubes
Elsa Thune and Christoph Strunk ..... ... .. ... .. . .. 351
13.1 Introduction ........... ... 351
13.2 Synthesis ... ... 352
13.3 The Structure of Carbon Nanotubes ......................... 354
13.4  Electronic Structure of Nanotubes ........................... 358
13.5 Electron Transport Experiments........... ... .. .. .. .. .... 361
13.6 ConcluSionsS. .. ..ot 375

References . ... 375



Contents  XIII

14 Carbon Nanotube Electronics and Optoelectronics

Stefan Heinze, Jerry Tersoff, and Phaedon Avouris.................. 381
14.1 Introduction ........ ... .. i 381
14.2  Schottky Barrier Carbon Nanotube Transistors................ 382
14.3 Conclusions and Outlook . ......... ... ... ... ... ... ....... 406
References .. ... ... 407
15 Charge Transport in DN A-based Devices

Danny Porath, Noa Lapidot, and Julio Gomez-Herrero............... 411
15.1 Introduction ........ ... i 411
15.2  Direct Electrical Transport Measurements in DNA............. 415
15.3  Conclusions and Perspectives ....... ... ... ... .. ... ... 437
References .. ... ... 439

Part III Outlook

16 CMOL: Devices, Circuits, and Architectures

Konstantin K. Likharev and Dmitri B. Strukov ..................... 447
16.1 Introduction .......... ... ... . . 447
16.2  Devices . ... 449
16.3  CIrcuits ... ..ot 452
16.4 CMOL Memories . . . .. .o e 455
16.5 CMOL FPGA: Boolean Logic Circuits ....................... 460
16.6 CMOL CrossNets: Neuromorphic Networks ................... 467
16.7 ConcluSionsS. .. ..ot 474
References .. ... . 474

17 Architectures and Simulations

for Nanoprocessor Systems

Integrated on the Molecular Scale

Shamik Das, Garrett S. Rose, Matthew M. Ziegler, Carl A. Picconatto,

and James C. Ellenbogen . ........ ... ..o 479
17.1 Introduction ........ ... i 479
17.2 Starting at the Bottom: Molecular Scale Devices

in Device-Driven Architectures for Nanoprocessors............. 482
17.3 Challenges for Nanoelectronics

in Developing Nanoprocessors .. ... .. 485
17.4 A Brief Survey of Nanoprocessor System Architectures ......... 490
17.5 Principles of Nanoprocessor Architectures Based

on FPGAs and PLAS ... ... 496
17.6 Sample Simulation of a Circuit Architecture

for a Nanowire-Based Programmable Logic Array ............. 499
177 Conclusion . ..... ... 505
References ... ... 506



2 Springer
http://www.springer.com/978-3-540-27994-5

Introducing Molecular Electronics
Cuniberti, G.; Fagas, G.; Richter, K. (Eds.)
2005, XX, 517 p., Hardcover

ISBN: @78-3-540-27994-5



