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Konstrukcja diagraméw pasmowych

(iv) depletion accumulation
layer \ layer (2DEG)
e - EE

A = e

EA—_/ heterojunction

Przesuwamy tymczasowe linie E4 w EZ i Ef w EZ, a nastepnie taczymy ze sobg w miejscu
heteroztacza. Pojawiajace sie nieciagtosci dopetniaja szkic heteroztgcza.
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FIGURE 1.5. Current carried by countes-propagating decaying waves. (a) An infinitely thick
barrier contains a single decaying exponential that carries no current. (h) A finite barrier contains
hoth growing and decaying exponentials and passes current. (The wave function is complex. so the
figure is only a rough guide.)
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FIGURE 5.3. Transmission coefticient T(£) as a function of the energy £ of the incident electron
for a step 0.3 eV high in GaAs. The broken line is the classical result.
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FIGURE 5.10. (a) A finite square potential well with a true bound state. (b) The same well but
with barriers of finite thickness, where the bound state becomes resonant or quasi-bound.
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Figure 1.5: Electron How in planar (a) and vertical (b) QD setup.
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Resonant tunneling
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TOPICAL REVIEW

Effects of electron—vibration coupling in
transport through single molecules

Tunelowanie

Cyg/CU{110) CyelPB{111) CeglAu{111)

Figure 2. Large scale STM images and zoomed regions enhancing the ular of Cn islands grown on ({al,
(3} Corl 110, i), (ol PBOLEDD anal i), 000 Aui FLLE Tnall cases, the STM images were obtained with positive sample bias, hence
corresponding 1o the unoceupied density of states. In this way, the lobed structure observed in some molecules can be identified with the
spatial shape of unoccupied orbitals. Reproduced with permission from | 108). Copyright 2011 Pan Stanford Pul i
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Measurements of discrete electronic states in a gold nanoparticle

using tunnel junctions fi d from self- yers
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FIG. 2. {a) I-F curve for a device confaining an Au nanoparticle wi

1, 8-octanedithiol barriers. (b) df/d ¥~ ¥ determined by numerical differes
i regularly spaced peaks in dl/d ¥V indicate mnneling though

TOPICAL III:\'.I.l:\\.'
Effects of electron—vibration coupling in
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Figure 1. Molecalar stroctare of 3 Cgy molecule. When the molecule is sdsorbed on a surface. there are three outstanding high-symmetry
oremations. The mokecule may expose (a) a hexagon on top, (b a pentagon on top, o (¢) o C-C double bond on top. The LUMO isosurface
is mainly located on the carbon pentagons, giving rise 1o the ypical symmctrics sccn vages for the three orientations (compan:
figure 2]
0

2013-02-27



TR T T T e

TOPICAL REVIEW

Effects of electron—vibration coupling in
transport through single molecules

Batharina J Fraske ssd Juse Ignack Pascual
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Figure 4. (a) Model potential tunneling barrier with a molecule
placed in the barrier. The molecular vibrations are represented as a
simple harmonic oscillator. When the energy of the tunneling
= electrons is below any molecular excitation they can only tunnel
elastically. When the electron energy exceeds the energy threshold
for molecular excitation an additional tunneling path is opened,
where the electrons tunnel inelastically off the molecule. (b) The
effect of the inelastic channels is ideally a small step-wise increase
~ in the differential tunneling conductance (d/ /dv-V). This induces a
J peak in the d*//dv2-V spectrum.
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Figure 3. Differemial conductance spectrn of Cgg on the different surf: shown in figure 2. Arrows mark the fined positions of HOMO,
LUMCO and LUMO <+ 1. The spectra were measured by positioning the STM tip on top of a single molecule and rumping the bias vollage V)
whike keeping the tip-molecule distance constant (feedback loop open). Arrows identify the molecular states, df /dV data were oblained by
using a lock-in amplifier with an rmis modulation amplitude Ve, (Cu: Busa = 1.1 GE2, Ve = 20 mV: P Buna = 0.7 GE2 Ve = SmV:
Au: Rygney = 0.3 G2, Vye = 30 mV.) Reproduced with permission from [108]. Copyright 2011 Pan Stanford Publishing.
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State-of-the-Art: Electronic Circuits

Kees Hummelen - University of Groningen

From macroscopic to nanoscale electronics
COppEr (~ 1 um) organic molecules (~0.3- 3 nm)

transistor:

(FET) . CHZ

et

barrier: - cH,- -cH,CH,-

i... >4-terminal complex logic elements

- >3- and 4-terminal junction Jaszowiec 060605

Nanoprzetgczniki

REPORT OF THE INVESTIGATION COMMITTEE
ON THE POSSIBILITY OF SCIENTIFIC
MISCONDUCT IN THE WORK OF HENDRIK

SCHON AND COAUTHORS Fisure 3 Orgal g doo from Figre |
http://www.lucent.com/news_events/pdf/researchreview.pdf i
September 2002 present )
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field-effect transistors 2 : : . ;

Open Symbols: Fig 2 ("Molecule 27
Jan Hendrik Schon, Hong Meng & Zhenan Bao Closed Symbols: Fig. 3 ("Molecule 67)
20} Cuments divided by 2.0000
Nature 413, 713-716 (2001); correction Nature 414, 470 (2001), Da ploned o 7, = IV

This manuscript was, in part, the subject of an indcpendent
investigation' conducted at the behest of Bell Laboratories, Lucent
Technologics. The independent committee revicwed concerns
related to the validity of data associated with the device measure-
ments describedin the paper. Asa result of the committee’s findings,
we are issuing a retraction of the paper. We note nevertheless
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that this paper may also contain some legitimate ideas and S N
contributions. [ 05 ol
T, Bandey, M. K. D //
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Nanoprzetgczniki

Self-assembled monolayer organic m@w w%w
field-effect transistors ace J/’\jam

\ /
Jan Hendrik Schon, Hong Meng & Zhenan Bao

— [\
Bell Lab , Lucent Technologies, Mo Avenue, Murray Hill, cH ¢ Yne “5\{5%5 \ SP/SM
New Jersey 07974, USA ? B b

Figure a, Molecutr structure of
the invesligated materiak; b, SAMFET structure: a highly doped Si-substrate i used as
the gats slactrode, a thermally gown S0, lyer acts as gats insulatar, the gold saurce
‘electrode is deposted by theanal evaparation, the active samiconducting malerialis 3

soif-assombied monokayer (SAM) of e of he sxmolacules (1-6), and the drain cortact

2013-02-27 is defines by shallow-angle shadaw evaporation of gaid. The active region of the device is
magnified

State-of-the-Art: Electronic Circuits

Kees Hummelen - University of Groningen

From macroscopic to nanoscale electronics
copper (~ 1 um) organic molecules (~0.3- 3 nm)

wire: = = =
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X
CHz =

diode: o= CHy ;3
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transistor:
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State-of-the-Art: Electronic Circuits

Kees Hummelen - University of Groningen

3-terminal junctions: ‘Tour’ wires!"
M.A. Ratner et. al.[2l
-1— “...failure to measure transport

when built on meta-positions...”

>4-terminal: junctions ... no examples
+ logic elements, AND-gate:

AND circuit diagram

Ain_Bin_Cout
1 1 1
L] 1 L]
1 [ ]
o 0 0
A
c
B
C. Joachim et. al.B] R v.
“...molecules remain based on 3-branch molecules...”
[3] Chem. Phys. Lett., 2003, 367, 662.
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Hwang Woo-Suk

RETRACTION post it 12 vy 200

The final repeet fram the knvestigation Committes of Seoul National Untversity (SNU (1) has
concluded that the authors of two papers published In Science L2, J) have engaged I ressarch
miscomduet and that the papers contain labricated data. With regard 1o Pwang ef o, 2004 47,
the Investigation Committes reported that the data sh thi A from b

stem cell line NT-1 s identical 1o that of the donor are imvalid because they ane the result of
fabrication, as s the evidence that NT-1 & a bona fide stem cell line. Furihes, the commitiee
Toured that the caém in Hwang et al, 2005 U) that 11 patient-specific embryonic stem cells

5 based on {abricat the report

ol the kmvestigation Commiittes, the laboratory “does not possess patient-specific wam cell linsi

o any bastks for claiming to h: d one.” B the final report of the SNU
indicated that a significant amount of the data presented in both papers 5 fabd

cated, the editors of Science feel that an immediate and unconditional retraction of both
papers b needed, We therefore retract these e papers and advise the sciemtific community
that the rewlts reported in them are desmed 1o be invalid.

As we pest this retraction, seven of the 15 authers of Hwang of al., 2004 (1 have agreed
o retract thedr paper. AN of the authors of Hwang et al., 2005 (3) have agreed to retract
thedr paper.

SCIENCE TEgrets TN (M hat the po8r Teviewers and others spent evaluating these papers
a5 well as the time and resources that the scientific community may have spent trying to

sreplicate these results
Donald Kennedy
[ R
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Hwang Woo-Suk
SCIENCE WOL 308 17 JUNE 2005

Patient-Specific Embryonic
Stem Cells Derived from
Human SCNT Blastocysts

‘Weoo Suk Hwang."™ Sung Il Roh.® Byeong Chun Lee,’

Sung Keun Kang, Dae Kee Kwon," Sue Kim," Sun jong Kim,”
Sun Woo Park, Hee Sun Kwon,! Chang Kyu Lee,? Jung Bok Lee,
Jin Moa Kim,” Curle Ahn,* Sun Ha Pask,* Sang Sik Chang®
Jung Jin Koo,” Hyun Soo Yoon,® Jung Hye Hwang.®
Youn Young Hwang,* Ye Soo Park,® Sun Kyung Oh,* Hee Sun Kim*
Jong Hyuk Park,” Shin Yong Moon,* Gerald Schatten™

Patient-specific, immune-matched human embryonic stem cells hESCH) are
anticipated 1o be of grem biomedical impontance for studies of diseate and
developmant and to sdvance clinical Seliberations regarding stem cell trans-
plantation. Eleven hESC lines were sstablished by somatic cell ruclear transfer
(SCNT) of skin cells o injury ¥
These lines, nuclear transfer (MT)-hESCs, grown on human feeders from the
wame NT donar or fram genetically unrelated individuals, were established
at high rates, regardiess of NT donor sex or age. NT-hESCs were pluripotent,
ehveenosomally mormmal, and matched the NT patient’s DNA. The major histocm.
patibility complex identity of each NT-hESC when compared 1o the patient's
own showed immunclogical compatibility, which is important for eventual
transplantation. With the generation of these MT-HISCs, evalustions of ge-
et and epigenetic stability can be made. Additional work remaing 1o be
done regarding the development of reliable directed differentistion and the
elimination of remalning anbmal components. Before clinical use of these cells
can occur, preclinical evidence is required to prove that transplantation of
dfforentiated NT-hESCs can be safe, effective, and tolerated.
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SCIENCE VOL 303 12 MARCH 2004

Evidence of a Pluripotent Human
Embryonic Stem Cell Line
Derived from a Cloned Blastocyst

Woo Suk Hwang."?* Young Ju
1 1

exclude the possibility that the cells had
support a SCHT origin of the derived human ES cells.
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Studnia trojkatna

Metoda przyblizona WKB (Wentzel — Krammers — Brillouin) — dla potencjatu wolnozmiennego

2DEG
conduction band
fermi level

z-direction
http://www.phys.unsw.edu.au/QED/research/2D_scattering.htm

FRE 1\ 172 [(eFm)2]"*
=n(-3)] [

2013-02-27 37

Kwant przewodnictwa

2
dl  2e? [*Of(E,p) 2e? e
G=—=— | ——LT(E)E ~——T(u) = GoT —=387uS
@™, or TEME X TG = GoTG) .
15 7 o
1 o~
< ~ 1
i 1 —y }
ERU) & S
w ‘ Ve
2 -
z J e .
&5 e 1
b S |
# — 1
b~ i
o El 186 4 2 1
2 <18 -16 -1.4 -1.2 -1 -0B8 -06 BATE VOLTAGE
GATE WOLTAGE (v] FIG. 2. P.ninlml.sﬂ mnduc(ung.e as a function U! gate
woltage, obtained from the data of Fig. | after subtraction of
FIG. 1. Point-contact resistance as a function of gate volt- the lead resistance. The conductance shows plateaus at multi-
age at 0.6 K. Inset: Point-contact layout, ples of &'fxh.
B.J. van Wees et al. Quantized conductance of point contacts in a two-dimensional electron gas
Phys. Rev. Lett. 60, 848-850 (1988)
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FIG. 6. Breakdown of the conductance quantization due t

_ temperature averaging, The curves have been offset for clarity.
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Charged
SPM tip

ﬂﬁiillllrwqﬂﬂﬂggg?”

2DEG

Fig. 1. Schematic diagram showing a negatively charged SPM
tip positioned above a quantum paint contact {QPC) formed in
a twoedimensional electron gas (2DEG) by electrostatic gates.
Simulations of electron flow in the diagram show how electron
waves are scattered by the depleted disc bencath the tip
Topinka et al. [16].

A 4”-/
’umqu

Simulatons of
electron flow

Fig. 2. Experimental images (outside) and theoretical simula-
inside) of the flow of electron waves through a quantum
point contact for the first three modes (a)-{c). Fringes spaced by
half the Fermi wavelength demonstrate coherence in the flow
Topinka et al. [6].

R.M. Westervelt, M. A. Topinka et al.
Physica E 24 (2004) 63-69
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Experiment

Modeling
M. A. Topinka et al.
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V=0V

Fig. 4. Experimental images that show that fringes are created
Fig. 3 Schematic diagram showing how o V-shaped eeciron in the interferometer of Fig. 3, when the reflector mirror is
interferometer was consirucied wing o QPC and a reflecting turned on by depleting the electron gas below, Only weak
gate (gates in pokl color), The SPM tip was scanned over the frimges are obsarved in the left panel when the reflector mirror is
amall Blue area al approximately the same distance from the Off (Vrea =0V}, while strong fringes are observed in the right
QPC s ihe reflector gate. Eleciroms passing from the QPC panel when the reflector mirror is on (Ve = -0.8V)
travel along both kegs of the inlerferometer m once (paths
shown in red, with arrows), and interfere when ihey return to
ther starting poink.

R.M. Westervelt, M. A. Topinka et al.
Physica E 24 (2004) 63-69

2013-02-27 a7
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Figure 6. Simulations of electron flow. {a) Parallel electron trajectories, going from left to right, fom a Y-shaped cusp due to
focusing by a potential-energy dip caused by a charged donor atom (not seen) above a two-dimensional electron gas. (by A
realistic 2DEG simulation that includes many ionized donors forms several generations of cusps. The electrons travel here
from upper left to lower right. (¢} Ray-tracing simulations of electron flux emerging from a small opening into a region of ran-
dom porentlal reflect the features seen In experdmental Images of 2DFC quantum polnt contact samples. The potental s
shown groen In the valleys and white on the peaks. The electron flux Is coded by helght and color, with blue corresponding
1o regions of kow flux; still lower flux is transparent, The “shadow™ of the fux on the potential plot shows where the flux lies
Nralative to the hills and valleys; no guiding valleys are seen. A slight change of the position of the opening changes the leca-
Nt { ki hes. [S. E. |. Shaw, PhD thesis, Harvard Uriversity, 2002}

Fig. 6. Image of fringes in an electron interferometer that show
how the fringe intensity varies with distance from the QPC - the
ringes are strongest at the same distance from the QPC as the
cflector mirror. An ensemble average over the thermal
Histribunon of clectron energies tends to wash out fringes at
ther distances.

Fig. 4. Experimental images that show that fringes are created
in the interferometer of Fig. 3, when the reflector mirror is
turned on by depleting the clectron gas below, Only weak
frimges are observed in the left panel when the reflector mirror is
Off (Vea =0V}, while strong fringes are observed in the right
panel when the reflector mirror is on (Ve = ~0.8V).

R.M. Westervelt, M. A. Topinka et al.
Physica E 24 (2004) 63-69
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Figure 6.6 A stability diagram for a SET. The hlue shaded regions are the
Conlomb diamonds, where the mumber of electrons on the dot 1s fixed at n
and transport through the dot is blocked, Red lives indicate voltages where
the pumber of addition energles within the transport window changes by
one. We have st ¢ = 1 here for comvenience,
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Excitation Spectra of Circular,
Few-Electron Quantum Dots. -1.0

. T. H. MW 5.
M. Eto, D. G. Austing, T. Honda, S, Tarucha
SCIENCE » VOL. 276 » 5 DECEMBER 1997
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Fig. 2. Differential concuctanca a,_, plottad in
color scala in the V, -V, plane at B = 0. In the
white diamond-shaped regons, W, = Dasa
result of Coulomb blockada. N s fixed in each of
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maonds, running paralisl 10 the sidas, dentdy -
cited states.
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Figure 1 : The differential conductance, calculated in the regime of sequential
tunneling through a one-dimensional quantum dot, as a function of the gate
voltage (to the left) and the transport voltage. Green and red: Positive
values. Blue: Close to zero. Pink: Negative differential conductance. The
Coulomb blockade diamonds are aligned along the gate voltage axis. In
parallel, one observes structures which are due to excited states of the dot.
Electronic correlations combined with spin selection rules lead to the regions
of negative differential conductance.
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Fig. 1. (A) Scanning electron micrograph of a sample identical to the one measured, consisting of
electrostatic gates on the surface of a two-dimensional electron gas. Voltages on gates L and R
control the number of electrons in the left and right dots. Gate T is used to adjust the interdot
tunnel coupling. The quantum point contact conductance g, is sensitive primarily to the number of
electrons in the right dot. (B) g, measured as a function of V, and V,, reflects the double-dot charge
stability diagram (a background slope has been subtracted). Charge states are labeled (m.n), where
m is the number of electrons in the left dot and n is the number of electrons in the right dot. Each
charge state gives a distinct reading of g,.
Coherent Manipulation of Coupled Electron Spins in Semiconductor Quantum Dots
1. R. Petta, et al. Science 30 September 2005: 2180-2184.
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Figure 5.2: Charge stability diagrams of upper (a) and lower (b) double dots, measured
using the charge sensors as a function of their respective plunger gate voltages. Both double
dots can be tuned into the few-electron regime. The two broad near-vertical lines in (a) are

resonances of the charge sensor.
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