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Materials and methods

Extremely flat (roughness well below 0.1 nm) DLC-films grown to a thickness of roughly 100
nm on a highly doped Si-wafer were kindly provided by T. Wittke and B. Schultrich, from the
IWS in Dresden, FRG [49] and H. Hofsaess group, Univ. Géttingen [50]. Conductive AFM
probe tips (boron doped diamond film on a single crystalline silicon cantilever with integrated
tip) came from Nanosensors, Wetzlar, FRG [51]. Elasticity effects/artifacts should be
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material deposition [45] or simple voltage breakthroughs through a thin film. Arcing through
the thin film — as observed in some irradiated polymers [53] or local currents along ion tracks
could not be reproduced (noise floor ~ 10 picoamperes) at all anywhere on 4-6 um thick PI
and PET foils [45] up to 300V applied tip voltage. The foils were Au or Au/Cr coated on back
side before and/or after the (same kind as above) irradiation — here, in air, as opposed to water
or alcohol [43,44], the tracks weren’t directly visible to the AFM however.
Other DLC-substrates of same kind and similar fabrication (Hofsia3 group Géttingen) showed
the same kind of protrusions, a factor of 4 higher though (~ 4nm), ([45], data not shown).
Here, the resistance went down to order 10 MOhms and light sensitivity (the 670 nm AFM
detection laser diode) throughout the I-V curve was found (Fig. 16). Even around zero-voltage
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Figs. 18 and 19 now show I-V curves measured on single ion tracks, clearly demonstrating
“steps”, i.e. discrete current levels at room temperature in ambient atmosphere — see also
[33,34]. The typical staircase is very pronounced only for the first one or two steps usually
and then appears “fuzzy” mainly because here only a few of consecutive instantancous I-V
cycles can be recorded at satisfactorily precisely the same sample location within the nm-scale
track diameter — (lateral tip-drift of order nm/minute while recording the I-V-curves at a cycle
rate of about 50 Hz). The first step (at about O~100 mV) appears flat, the higher steps show
pronounced negative differential resistance presumably just like in Esaki tunnelling, i.e. “hot”
electrons arriving at the target electrode above the Fermi level and then relaxing via electron-
phonon scattering. Exceeding tip voltages above 1V mostly resulted in severe degradation
effects.
I-V curves have been recorded using the same tips on conducting diamond films - the
cantilever chip with conducting diamond coating itself as a sample [45] and the currents were
about 3 orders of magnitude higher (and “jumping around” by more than one order of
magnitude) at same applied voltages and “steps” - although did occur - were observed in a
very erratic and inconsistent way, sometimes even large accounting for very small grains at
the tip (Fig. 17). In Figs. 18, 19 — although the characteristic shape of the staircase curves
switched back and forth significantly over time (due to slow tip drift) — the overall slope
(resistance) reproduced well as long as the tip was on the track as did the step widths and
positions on one and the same track termination. The negative differential resistance regions
in Fig. 18 can most likely not be caused by the tip grains as in Fig. 17, since if a GigaOhms
ohmic wire resistance were simply in series with the IV-curve of the tip material itself, those
“peaks” of Fig. 17 would disappear in the noise. Thus there must be two Coulomb blockade
“islands” in series here.
The inset in Fig. 19 (enlarged view presented in Fig. 20) shows around zero voltage (within
the Coulomb current suppression) extremely sharp current peaks (see also [55]) of order a few
0.1 nA to 0.5 nA, even up to InA with a spacing of roughly about 2 mV on the horizontal
voltage axis, which were occasionally observed. It is noted that I(V) is displayed, not
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(R>h/e?=25,8kQ) at all is met by the high gain impedance (10°Q) and wire capacitance
(represented by the step width in Figs. 18, 19). For seeing the sharp conductance peaks, the
minimum contact resistance to the quantum wire may have to be scaled up to R>6.45MQ. At
voltages applied larger than the energy spread of one wire’s quantum levels, the current
cannot be flowing within one level but has to cascade down between two or more levels - like
in Esaki tunnelling, but here passing through quantized levels - inelastic electron-phonon
scattering in an quasi-continuous energy band should not really exist in a nanowire (ballistic
and true 1-dim), thus these current peaks should in fact be very sharp, if the tip’s Fermi level
weren’t broadened by Egq ~25meV here at room temperature. On the tip side, however, a small
conducting nanoparticle or a thin (local) 2DEG will form a resonant tunnelling diode whose
first energy state could be above 25 meV (if the effective size << 5 nm), which could be
possible according to the Coulomb blockade observed with the tip material only (Fig. 17)
Such a “nanoparticle RTD” would act as an energy filter allowing the spectroscopic resolution
of <<0.1-1mV at room temperature, which may have been the case here incidentally, but
should result in a widely applicable concept. A simple energy band model for this
experimental observation of such sharp conductance/current peaks in the I-V-curve along
such a quantum wire as shown in Fig.19-inset (Fig. 20) is proposed in Fig. 21:
The energy band model in Fig. 21 hence describes the physical situation as to why
measurements of the quantum wires' energy level states can be accessed and resolved in the
mV-regime at room temperature in a simple I-V-curve: The tip carries a quantum dot or the
hillock shaped ion track terminations serve as quantum dots by means of which a double
resonant tunnelling electronic link/bridge is constructed and is thus filtering/"funnelling”" the
quantum wires' energy levels which usually (when using direct ohmic tunnelling contacts to
and from the quantum wires) would be smeared out by the thermal energies (of 25meV). Thus
the electrons tunnel from the (conductive) tip material into the (first) quantum dot with its
energy levels between tip and quantum wire which leads to a first resonant tunnelling "diode”
and to a first energy gap (shown in Figs. 6, 17 and schematically in Fig. 21-upper part) as
usually seen at room temperature when using mere ohmic contacts to and from the quantum
dot) and then this first sharp energy level state (its HOMO/LUMO) which is not visible
"alone" at room temperature in an I-V curve (again see Figs. 6, 17 and schematically in Fig.
21) scans (the voltage scan while recording the I-V curve) the evenly spaced sharp energy
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vol t agédiode”, these 2mV-spaced sharp energy levels of the quantum wire become visible even at
room temperature in this double resonant tunnelling I-V-curve, while higher states of the
quantum dot are far away (in energy) as the small quantum dot's energy levels are roughly
spaced by roughly order eV, not meV, but they are also intrinsically extremely sharp as meV,
just not visible alone (using ohmic contacts to and from the quantum dot) in an I-V-curve at
room temperature. It is again emphasized that this is made possible by the intrinsic quantum
mechanical energy levels in the quantum dot and/or the quantum wire respectively; mere
Coulomb blockade/charging effects cannot explain the situation.
From those large current peaks (up to 0.5nA or 10%per sec, even up to 1nA) within the
current suppression plateau around 0 volts it is further speculated that the electronic charge is
“invisible” for the electrons to each other while the electrons are in the quantum wire
“tunnel”.
Fig. 22 shows sharp and distinct (probably only time dependent, not voltage dependent)
current oscillations symmetrically around or enveloped by the typical “staircase” I-V curve
(Figs. 18, 19) with oscillations down the horizontal axis to I=0 even, which often occurred
spontaneously but could also be acoustically excited. A gentle oscillation of the AFM’s force
feedback which could result in contact resistance variation is involved but: 1) If it is a contact
resistance/capacitance effect, then the staircase shape cannot be caused by a such trivial effect
as the step width and height remains roughly constant during that current oscillation around or
enveloped by the constant I-V staircase; which is roughly the same as in Fig. 8. 2) The current
oscillation is perhaps caused by a very subtle physical origin — like quantum interference
effects where phases are acoustically modulated [56] most likely involving B-fields from the
relatively strong sample holder magnet, reminiscent of DC-Josephson effect - see also [25] —
or involving electric fields from the scanner piezo.
From the Igource-drain VErSUS Usource-drain Characteristics measurements performed through these
quantum conductive latent ion tracks, it may be concluded, that true quantum wires have
formed, possibly in form of SWCNTs or even clongated, light-ray straight poly-acetylene-
reminiscent molecules of the cumulene form ..=C=C=C=C=C=C=...and its mesomeric
states.
Outlook and applications
The observed light sensitivity could lead to very small CCD-pixels as well as to super-
efficient solar cells, a quantum wire’s ballistic conduction’s sensitive dependence on magnetic
fields or electric fields could lead to ultra high density data storage (in form of quantum-
mechanical field effect transistors) when combined with e.g. microscopically writable
ferromagnetic or ferroelectric substrates. Also fast and practically loss-less power electronics
applications such as magnetically or light triggered switches and transistors can be envisioned
for the case that all billions of parallel quantum wires on a cm* chip are connected electrically
parallel and perhaps even in (quantum-) phase. Another, conceptually very simple, but
fabrication-wise difficult application would be the construction of a logical network from
quantum interference rings see also [34] as similarly proposed for SQUIDS e.g. in [57]),
perhaps even with inherently incorporated ADC — the pulse train behaviour shown in Fig. 19-
inset demonstrates an instantancous accurate digitizer just by counting the 2mV-evenly
spaced sharp current peaks along the voltage axis to be digitized - using the behaviour in Fig.
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computer connected (via a tunnelling barrier) to the 1nput and output-51de of the ¢ chlp” may
simply generate and store basically a giant input-output look-up table of bit sequences or even
decimals depending on how many quantum levels can be resolved. It could maybe be tuned a
little by adding more ring-connections later, conceptually reminiscent of an FPGA and could
ideally be able to process information instantancously without heat losses.

Appendix end

Drawings:

Fig.1: Experimental set-up for proving quantized conductivity in the nano wires (generated by

latent particle tracks, caused by single swift heavy ions). The tip of a combined AFM/STM

is line by line raster-scanned across the surface, and locally the current through the

quantum wires at their terminals recorded - see also Figs. 15-left and 15-right. For measuring

the Ig-Usg-characteristics the scan is stopped on top of one QW's upper (hillock-shaped)

termination and the drift at room temperature allows a stable measurement of the I-V-

characteristics for about 10 seconds, before the electrically conducting probe tip has to be

readjusted. Claimed here in this Fig.1 is the protective resistor Rpyotection (8) between function
generator (Usg) and STM/AFM tip and the double resonant tunnelling set-up allowing

measurements of quantum effects at room temperature, see also Fig. 21.

Fig. 2:Double bonded straight ideally conductive poly carbon molecule of the form

.=C=C=C=C=C=C=...or of the mesomeric form ...-C=C-C=C-C=C-C=C-... which
(hypothesm) was generated by the passage of single swift heavy ions through an
insulating DLC-layer because of the high energy density of the energy deposition. It is
hereby emphasized that it is not a regular polyethene/polyacetylene molecule, as in the
latter only every second C-C-bond is a (electrically conductive) double bond and
additionally many H-atoms are attached on the latter molecules, which are practically
not present in pure (electrically insulating) DLC.

Fig. 3: I-Ug-characteristics (“steps”) of single quantum wires at room temperature: The
Fermi level of the (semi-) conducting tip scans (scanning of Ugg !) the quantum states
of the quantum wire, the little steps in [1] in the Ugg-Ig-characteristics, the large steps
are supposedly the scanning states of a tiny grain at the end of the probe tip or the
hillock-like ion track on the DLC-surface as a quantum dot (order 0.5 nm), which are
necessary to make the thin needle-like peaks in Iy in Fig. 5 visible at room
temperature, where Ugg simultaneously shifts the quantum dot levels, i.e. represents the
gate voltage Uy, for the quantum dot at the same time.

Fig. 4: Field-modulated I4-Ugg-characteristics of single quantum wires at room temperature —
the enveloping curve is again the staircase characteristics and it is remarked, that the
current modulation goes down all the way to zero nA (noise floor of order pA).

Fig. 5: Cut-out section of Iy-Usg-characteristics in the current suppression plateau near
Us=0V at room temperature. Exactly vertical quantum conductance current peaks,
here manifested by needle-like current peaks in the drain current Iyg; they occur with a
“height” of up to 1 nA at Uyu<50mV. (It is remarked, that the tunnelling contact
resistances between the substrate and the quantum wire as well as between the
AFM/STM probe tip and the quantum wire are still unknown/undetermined). These
current peaks manifest electronically measurably the physics of the wave mechanical
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with or without the ferromagnetic nanoparticles) via the inductance of that meander
shaped lead, which can itself be formed also using the said array of quantum wires, but
not  necessarily, the concept can be using more conventional vertical and horizontal
leads also. Only 1 dimension is shown - cross section view.

Embodiements 3a and 3b: analogous to as shown in Figs. 7 and 8, 9, 10, 11: non-volatile and

(re-) writable memory cell element, consisting only of one single or up to very few
parallel connected quantum wires.

Fig. 11: Meander-shaped gate lead with an interconnect - via a protective resistor - to the
outside at each "upper" turn- realized as in a Flash-Ram - to address each separately
wired quantum wire memory cell via the inductance (or the electric charge) of each
"lower" turn - otherwise as in Fig. 10. Only one dimension is shown - cross section
view.

Embodiement 4: Optically modulated power transistor, photo detector, solar cell

Fig. 12: Scheme

Fig. 13: I,g-Ugg-characteristics “illuminated” and “dark”™ at room temperature.

Fig. 14: Embodiement 5: el.-magn. field-controllable/"gate-able" power transistor, photo
detector, solar cell with drastically optimized sensitivity by introducing ideally
conducting (R=0) layers as source drain electrodes, ¢.g. crystalline metals or
superconductors at low temperatures, especially however 2-DEGs at room temperature
at the hetero junction between the DLC-film and source drain electrodes. Model
system for a 1-dimensional (1-directional) (pseudo-)superconductor at room
temperature.

Fig. 15: Insulating DLC film - (100nm thick) on an highly doped Si-wafer (from IWS

Dresden, [49]) irradiated by M. Toulemonde at GANIL, CIRIL, Caen, France with single

high-energy (4.1 MeV/nucleon) heavy ions. The protrusions in the AFM images Fig. 15-left

(topography) clearly indicate the locations of the ion impact and the simultaneous current

image Fig. 15-right) clearly demonstrates electrical conductivity through these tracks; about

in the middle of the frame in Fig. 15-right the voltage (about 0.6V) polarity was reversed for
better illustration purposes. The surrounding grey level corresponds to zero current.

Fig. 16: I-V curve with the tip resting on one of these track terminations on the DLC-film

surface. On this wafer substrate piece from University of Gottingen [50] the latent track

resistance was always relatively low (10 Mohms). The I-V curve is clearly light sensitive and

especially shows non-zero current at zero voltage under illumination (inset). Quantized

current levels were not clearly observed on these samples.
25

SUBSTITUTE SHEET (RULE 26)



28 SUBSTI TUTE SHEET (RULE 26) WO 2011/033438PCT/ 1B2010/ 054110 [25] e.g.
"Mesoscopi ¢ Physics and El ectronics" eds. T. Ando, Y. Arakawa, K. Furuya,
S. Kom yawe,20H/03BsRashi na, Nanosci ence and Technol ogy SeciraB201Gps4iriger
1998. [26] MH. Devoret, D Esteve C Ur bi na, Nature 360, 547 (1992).

27 d b 2 825 (.20 28
hoct e, PRIOERD (Sives ool it lerBle s B SOVGInT0 Hyaroudsly S0 S
252- 254ve¢rageh yhrogeh iearteglsy (ssbstmpte gigiBes rrgEugnIS)eett regm tenpREMBS, (vehgder 410991) ;
H.  Nej @igd\Nab-2reoddébm@étt 1{V1 9963, oudilNatapearadssd is Gon(dR9d ¥ cartbra Nepssura .
Vac. S‘Hme”i gﬁ?l “Né%{a:h)m QTSJ éuﬁ'r%’ Q/Xth sn{é@g]théa saﬁe t%étbﬂél 3:;'%1 "1170‘13’1Tntahz1n

Bando I ence Joachim

DK GBS RF TGS T T 2681uS 3 g ipogognitid 1o obiY s c
Bae, Ciragks webyers, unytadlegin Kagitude n{{osemn(&eul,@gﬂo s@@@selgmoa)alread[ysxz;lbk D.
C:(Ji : hé Hd?llikBEH{ @E)FIQJ 18: tHeicANce c2B4s dn’ah 1oAARALK, jus] B&] Figast Fig. i19: jusRecord
L
(2000) B SAP FRAITES RGN VeriClon aish 60 4PIiRy rORELG, Hieht EagcNen
991216@1@n$)ty Qﬁstﬂt@g (BOSY»f the conduction channels through a true 1-dimensional quantum
wire - inset just like Fig. 5. Fig. 20: Inset of Fig. 19 merely displayed enlarged.
Fig. 21: Experimental situation for measuring at room temperature the sharp and evenly
spaced conductance/current peaks in Fig. 19-inset and the therefore proposed energy band
model for this double resonant tunnelling setup (quantum dot plus quantum wire): The energy
states of the small grain quantum dot at the probe tip and/or the QW's upper hillock-shaped
termination (e.g. a small asperity on the tip-end, here schematically drawn as an isolated
grain/nanoparticle) scan (in energy) the energy levels of the true 1-dimensional quantum wire,
which always has a floating gate here.
Fig. 22: Often spontancously excited, an I-V curve with drastic oscillations was observed,
which could be acoustically excited (even by weak “whisteling”), but did not alter the mean
staircase shape. Cause is most likely the very sensitive modulation of the quantum mechanical
current through the thus acoustically excited sample holder magnet resulting in oscillating B-
fields and/or oscillating E-fields from the scanner piezo and/or phonons interacting with the
QWs.
Fig. 23: A "crossed comb" structure of conducting leads is microfabricated into the
atomically flat (insulating pure) Si- (or else) substrate - DLC-layer sandwich structure (one
linear array of conducting leads below and a crossed one above the DLC-layer) and the
crossings are chosen at a density slightly lower than the surface density of swift heavy ion
hits, such that the statistically distributed conducting ion tracks (quantum wires) each
interconnect one crossing on average. The densities can also be chosen such that on average
several parallel ion track quantum wires will simultaneously interconnect on crossing of such
conducting leads in the crossed "comb" structure.

Legend of the numbering in the figures:

1. Quantum wires generated by the through-passage of single high energy ions
through an electrically insulating DLC-layer (2).

1a. Quantum wires generated by the through-passage of single high energy ions (1), which
make electrical contact to a conducting lead on both sides of the DLC-layer (2).

1b. Quantum wires generated by the through-passage of single high energy ions (1), that
do not make electrical contact to a conducting lead on both sides of the DLC-layer (2)
("missed hits").

2. Electrically insulating matrix which is embedding the quantum wires and in which
they were generated, e.g. DLC (resistivity 10'* Ohms x cm), SiC, polymer, see [1],
approximately atomically flat.
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R L. Fleischer, P.B. Price, RM Walker, Nuclear Tracks in Solids,

Uni ver si twoab11@aB43Bor ni a Press, CA, USA 1975. [37] K. Schaszone/p54Ci0
Trautmann, T. Steckenreiter, 0. Ceiss, I\/l Kraener, PRB 58, 11232- 11240

(1998). 3 S.

Bi ol . Let E%ﬂca@%l%d@‘f@%@lmost[ WY q’?)N Hﬁﬁrag%e&%ggﬁwopgg mann D.
Dobr ev, ffann, R _Scholz, |. Schuchert, J. Vetter, Adv. Materials 13
(1), 62- 65 3pgblestricalty inpeltieg almpst ajemgcatly fi SW@@P@ 2 PRUrNSirWafes, or DLC-

El ect rochi mlaysepBela®( 9) , 3117-3125 (2000). [40] B. Fischer, J. Barak, E.
Adl er, S. 41\/@{@@@rqbeMaMﬂBVdrétﬁl,‘ryﬁlg?m&%tr(cﬁgg8&)611 copdllqting/lprdhmipe(lﬁ)d@tmd Ch.

Duf our, A. Nidni@hl). E. Paumier, NIM B 166-167, 903-912 (2000); F. Paw ak,
Ch. Duf ousb. Midgnatic tifNotVh Bizd Sdalabld@ith 4% dcbREPYompdrdal sikd/cdpabisiad Svhigh daviat e
communi cati Qo be[s&g,]l 1{}CMr shasssseRically, Neumann, Europhysics Lett. 50(6),
742- 748 (20Q0Q), rce- dg | %@ﬁ&@%f%ell%on&d&ltlhgﬁlatéﬁalww ﬁhl}lugtjbe N M B

166- 167, 93 ) u, P% URRYUS ok to be

E)l:lj_glgls)Shed[ 1a At( a Fﬁ 1nsg91 ceﬁ]\%nﬂfdﬁ%r%}l @ g% 69 239

(1999) NIMBlSl 42(1 99) A Ml | er C I\/UIer R
Wgse 88 e ﬁﬁ galisg)grellggar _pzt optlcaf transistor control /

of the solar cell, e.g. extremely thin metal films, at best crystalhne or for instance
ITO-glass (amorphous), or highly doped electrically conducting DLC, transparent for
IR.

Sb. Insulating support layer (e.g. SiO,-foil, SiC-foil, polymer foil, DLC-foil etc., pure Si-
wafer/foil etc.).

Sc. (Preferably) ideally conducting electrical interconnect bridges (e.g. crystalline metal).

Sd. Wiring matrix to address the single memory cells for read out, similar as in a Nand- or
Nor Flash-Ram, e.g. as conceptually suggested in Fig. 23.

6. polarized / magnetized ferroelectric / ferromagnetic dipoles (‘“‘elementary magnets”),
deposited as a thin film on the source electrode.

7. 7. (Preferably) bias-voltage-less 2-DEGs, proposed for the hetero junction between

DLC-film and the source electrode (7a) and between DLC-layer and the drain

electrode (7b), where a suitable highly doped semiconductor material for source and

drain electrode has still to be found such that the 2-DEGs are formed on both sides of

the DLC-layer.

protective resistor 100 Ohm — 1M Ohm respectively 1 M Ohm - 10 G Ohm.

9. Stair case source drain current Iy versus source drain voltage Ugg curve, eventually
with Esaki tunnelling

10. modulation of the Iy3-Ugg-stair case characteristics by a modulated gate field

11. quantum conductance peaks seen as sharp peaks in the current Iy

12. light sensitive I4-Ugq characteristics

13. conducting leads microfabricated e.g. by local ion implantation or standard Si-
processing on or into the atomically flat insulating substrate (3a - e.g. pure Si-wafer or
a second DLC-layer below the "working DLC-layer" (2)).
(13b) conducting leads microfabricated on top of the DLC-layer (2) (the "working
DLC-layer" containing the vertical quantum wires), perpendicular to the conducting
leads underneath (13b) that "working DLC-layer" (2).

Neumann,

&

Abbreviations:

AFM - atomic force microscope

CNT — carbon nano tube

DLC - diamond like carbon

DRAM - dynamic random access memory
FET - field effect transistor

GMR - giant magneto resistance

I-V curve - current voltage characteristic curve
Isq — (source -) drain current
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[49] J. Berthold, C.F. Meyer, T. Schuel ke, B. Schultrich, T.Wtke, Surface
and coatings technol ogy 116-119, 609-613 (1999). [50] H Hofsaess, H.
Bi nder, T™WOKbumsp438E. Recknagel, Diam Relat. Material sPBI/IRBT0/0H984); H.
Hofsaess C. Ronni ng in Proc. 2'd in conf. on beamproc. of adv. mat." eds.
. Sin e Mazund . 29-56, ASMInt. Materials Park,
1996 ﬁ‘gﬁ‘ﬁ‘@m@ﬁ B%%#]%WS?@NSM coated Si-tips, Nanosensors,
Wt z| arlQD Frnatupséqt 3 vetter, G H Mchler, J. Naumann, Rad. Eff. and Def.
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(2001) .SET 57%ingBuddcsdon tSupstat ei t ung, Wley Verlag. [58] DE102009031481A1,
DE1020M3007Hl{&n Cardad®1011618. 4. 29 SUBSTI TUTE SHEET ( RULE 26) WO
2011/ OFHBAPCH JBHHUE@RAdubAtum interference device

SWCNT - single walled carbon nano tube

Ugate — gate voltage versus arbitrary ground

U,q — source-drain voltage

Usource-gate — VOltage between source and gate

2-DEG - 2 dimensional electron gas
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where the true quantumwres, in particular, are light ray straight, where

the true quantumw res are fabricated by |ight ray strai ght passage of from

several MOkeM/a3343800MeV/ n swift |ight to heavy ions of paTpB3Il0/H3e10char ge

state of in particular 1+ up to 60+ or negative through an electrically

insulating |ayer of DLC or SiC or polyner, where these true quantumw res

are SV\!BM%“(S W¥aphiti zed carbon chains in particular of the cumul ene form
CCCCCC ...or_of the nmesoneric pol yacetyl ene-rem ni scent form

.. . - CEMyjprxlaingl: Electropiesaspanest napa st r 8 dipdg; :iMisshe AATansipipstagguagtum

verti cadlelddffdcgrbnsitan di pogvee ldtgas poweotshsiston @ phiotediol€ acbairasll,and/ or al so
m xed wth jnsulating nolecule chains is fabricated by Langnuir-Bl odgett
and Lan ir-Schaf er techni que reaching an area density of up to 1015/cm 2,
wher e tCRBWESINE ghleastgpestuyegiughivirefia 2 Bneirnalior @y OEBWﬁﬁ@tVQH'qathﬁ?@F%WI el

exhi bi twireeal 1- di mensi onal ideal conductivity in formof a 1-dinensional

quant “%%Eﬁﬁ%&ﬁlt g{tq:]gf roni ¢ transm ssion current, wherein these true
guantum wi res exhi Blt al so at roomtenperature a stair case with in

par ti cdPafuaBuigvisisstasiantially lighfy gy siraighsour ce- drain current 1sd versus

sour ce-thé guantuel wiag R alddahgaWfd 0RdH 33ASBRETK ER200d4 dhdldborals@ng t he quant um
wre - iQtiohUst as a function of a gate voltage Ugate - by neans of

whi ch current can be switched in steps, further that these true quantum
Wi res é%?ﬁrﬁﬁtthﬁﬁwtﬁrr‘?\"&'%ﬂm%ﬁ%@déﬁ?'F‘éﬁ% ”%Bk%ard“lll‘)h,ar%ﬁ?r&ﬁ'c%\re in

particul ar extrenely sharp peaks in the current Isd in this Isd versus Usd

char act\aipselpigr 25 legitpniteonpanenteeeetding W major claifg Lnsbeeiist as a functi on of

a gat e NehtAgemMUWgIRd Ras subktaRtiAlytdnerd cuvredtl husksSn fHiddR@uspp&bReFEak | nont he

Coul on‘imbl 3_c\%<_ade current suppression hat eau around 0 Volts +/ - E_Orrv, whi ch
here is additTonal %arﬁﬁ‘b%rrvé@@@g %yO%Sﬁ GEPRINRE HRant T at(On"et§ et s, where
t hese d@liraanignat anditmanedapisakaleciraniatranshissian curenithrepglediatingtaudnienm o a

doubl e |sREUFARE gliaHtoglwing structure constructed here for nmeasurement of the
|-V curve. 4. Electronic conponent in formof a switch, a transistor,

Poier 808 S amBBRL g el gllnd ol e, L3 shatsctar 2o 1 s

that it COIT%I’.I s(fs t |l east one of
2- di meflrghterizy 't“alﬁatt her eof respectively which exhibit |-V curves
char acttbatiizisdn partichler § diotle ohpvwehdisde tadpriensasaidsdofcuantsn eamsbe

sensi tiywelry 2 PRfikAtissh BirafBPLOCH XY SirRBliac Rt 18! l\/iamaaI%bi%e}(ttiiélllgéar'aIIeI
magnetic or electric or e}ectro-acoustic a] corcuen%[tto the field nodyl at ed
ISEEiGR Ity RAgRted

st ai r c4%¥ QUATHTMIES PROTMHE COPRTLET © HEOMGHPE S/HET #%e 1-V

curve (dt@h contacts of said quantum wire field effect transistor,
where the quantum wires can be tilted up to 90 degrees, in particular up to 45 degrees, also
in groups,
where the true quantum wires, in particular, are light ray straight,
where the true quantum wires are fabricated by light ray straight passage of from several
100keV to 100MeV/n swift light to heavy ions of a positive charge state of in particular 1" up
to 60" or negative through an electrically insulating layer of DLC or SiC or polymer,
where these true quantum wires are SWCNTSs or graphitized carbon chains in particular of
the cumulene form ...=C=C=C=C=C=C=...or of the mesomeric polyacetylene-reminiscent form
...-C=EC-C=C-C=C-...,
where alternatively a 2-dimensional crystal of vertical upright standing elongated conductive
molecule chains and/or also mixed with insulating molecule chains is fabricated by
Langmuir-Blodgett and Langmuir-Schafer technique reaching an area density of up to
10%%/cm?,
where these light ray straight true quantum wires connected in parallel exhibit real 1-
dimensional ideal conductivity in form of a 1-dimensional quantum mechanical electronic
transmission current,
wherein these true quantum wires exhibit also at room temperature a stair case with in
particular up to 16 steps |-V curve (9) source-drain current ls4 versus source-drain voltage Ugy
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that the presently invented power transistor consists of many parallel true
quantumwi res, in particular 109-1012/cnR2 - that are identical such that
the |-V oNenrattmsi3sti cs of the single true quantum w r epCnaBzbioostiict ati vel y
also for the entity of the electri cal I y parallel connected quantum wires,
wher e s urcg and drain ele trode é are ideal electric conductors as

wel |, § dYarPEEWise - ﬂ‘?ttlé?ﬁ@ Paﬁ‘ @n(ofagﬂﬁv P88 Hpreer QYMORACESF s at | ow
tenperathm:fe&we@urrehtcrandzreyssxlrahbdrmstem,al or sem conductor at roomtenperature
or ModeyRh&! thal GWE ﬁ«qeh@aﬁmaw.vésee&h.bnmranmﬁcaﬁcﬁﬁ%bycumw@aéa% paver

transi stor's tranS|stor haracteristics can be tail UStI ng the

st r engtighei '?\H%rﬁ'ﬁﬁéhﬁ’ftf‘if“%’f’ sh3fR pgafsdn thesuirenite it &l'a’df"ée/séﬁpllidy strong and
di f f er ehtdaytedistiecied thateefquahtisn e -laod abt jusoas & fvectdorf dfer gane veltazgl e

quant urg i r\ﬁﬁhuﬁrthQW‘éQﬁ/ets t@élfs’ 'Zﬁ@ﬂ{% Qluloh Bbcgbgaddrrl%hf\‘/ﬁlcpﬁrr%gi%ﬂt um

wire or ever mvmres
resul t .%e?#@%ﬁﬁ%ﬁé##@ RN e B it P chrpBEssre DS ULCEREE ot al of
t he powerntizadinsieffeds, 5. Power transistor according to patent clains 1-4

char act@dr& afbsk Guér‘%l?n éJﬁ%u@t@HE&ﬁ‘eaﬁlE @ie’MﬁME ra?FBon@Eané@tdre MuEbRs aslmei stics
in the quantum wi res and ntumwire arra Qﬂl\%gwg eratlonal node

is contr?%nla%t%yeléﬂg%%Wﬁé‘l’”%}”’é €8 PRt <E t@lf by neans of a

variable current in an inductance surrounding an soft-nagnetic iron core
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t he ”E%'P@F‘erctr&*lﬂ%l?&tr%o&%&ﬁd aor ﬁ?gﬂe o'thé ﬂ?lg dadidiEd gtléﬂ’ WJr\?eS(C])()H \/%r here

al so conventional nanow res an I nt erconnecti ng ges
2011/ 03BHeYPe9rdiBg0a theoieht sonsitiver & qunee ddbrent | sd thr ough the quantum
W res ahst ths @rdsendy invbrmted gbweherapgsver cdrfsafssnfsmanry paadllebaue qnamtah wided, n
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enerate acro S the
quant urf Y& qu@nEp Wes\Wﬁ‘dcch‘a{'w&'é‘e'é)@ﬁpg‘?rtt@e&r‘ﬁﬂj Qféf‘%ﬁ\eétrlcﬁ'%‘??d@éeﬂﬁ?rﬂr}FCFGH’at can
be changedtudveires,iwrerasslrtdarsd alairosscttadel (855) age: idéalteheetricadoabduttord swaltle of

the pr %ﬁ?ﬁ‘ééé’ D\i@léﬁt”rto%ﬂm t%?ﬁ’iﬁrrathF@('?ﬁ%g ﬁng stupeﬁcongﬁ)%lrs ' d&gférﬁﬁé%uﬁ&&&rr ding to

pat ent acterized I'h urce In current and its
| - v chdPiacrstaling reexahowémwmham% teARErEHEe Ei[jﬁ‘r‘?fjﬁrrﬁt%’ fawespd ay is
cont r oltbege@tureyi t ched by an externally applied magnetic field by neans of

deposi t, N0, aRebaHY @%Nte@g%f-‘c%hﬁﬁoﬂsfrgﬁﬁﬁmﬁéﬁ&usk?#% n BhilOR tb9|0 of the

quantum wire array a magnetic t m)unte to a
scanni ﬁSJLFBP%H‘erﬁ”@PS ”mm%%”r‘ﬂ@gm‘erﬁ@éﬁﬁ%'? structured circuitry of
cl ai m SvHeos d‘éﬁérémly(sloongladd dbferentihireetddmatd Beldoamdowatly on iy diffefed} siaglesi st s

of Fe ua%rﬂ;w orgé_n @%rm Wm@ads%%hu&{exﬁeﬁf&ﬁ%%ﬁvﬁthﬁm \Pﬁé‘BP@\fetr' cles of

Fe or wher e non-vo
transi ${OP WPH@“ WHeﬁbeé‘Hﬁ aYiereqt-¥cunredps! i'%‘ﬂé‘d%‘?fé?&&a@rtP?ﬂ I }{s is

achi evedrve |y toral Versus Uy toral Of the power transistor.

5. Power transistor according to patent claims 1-4 characterized in that

the source drain current and its |-V characteristics in the quantum wires and in the quantum
wire array in this operational mode is controlled by an externally applied magnetic field,
where by means of a variable current in an inductance surrounding an soft-magnetic iron
core (4b), spatially closely above the quantum wire array and by means of its separation
from the quantum wire array the magnetic field in the quantum wire array is controlled,
where by means of a variable current strength Iz, through a meander shaped circuitry
(formed by (1) and (5c¢) in Fig.3b-I) enveloping/around/above the single quantum wire
terminations the controlling magnetic gate field is adjusted by said Ig,te, driven through the
meander-shaped conductive lead formed by the quantum wires (1) or here also
conventional nanowires and the interconnecting bridges (5c),
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further characterized in that the transistor's source drain |-V
characteristics can be tailored by mcrostructurally magnetizing the

f err omagrwOi2011ga888f i el d generating | ayer, by neans of whiraBoao/o&fioned
inhormgenuity of the gate field across the quantumwi re array i s achieved.

. Power, transistor a qbﬁh‘g atent claim1-6, characterized in that
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or sw tcehédchytralledéntsepnal |y applied electric field by neans of a
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ol ar | FEABEOTSaN T RN Lo o e By ST aBEs e Bd ying a
| at er aladjustabdagiahwmbpemuitylibdt qaolberchziedddeovieatime, antdhibug allemsitsitarmgwd thkd ng poi nt
and t hgogPUY eErERtHE 6@%&@%@?&%@6&#&&%&8&&3” be tailored with

non-vol atile nmenory ef fect anal ogous to claim6, where the source drain

-V Ch%r GBI IrSidi &GS &t tb%a'té?{t%% rﬁé’ 1@5‘ ?ria‘??cééh‘iéh% flatPol arizing of the

ferrorelectric or ant | oelectric eneratlng | ayer, whereby a
def i nedn¢ W%@@Hﬁ?%gﬂ%ﬁ”‘f* He!- aah@rarreérwr 'aéh%gga THE \ﬁua%ﬁr@rrhwqr@mam ay is
gener atveick arvdyes eorithetletier swatiest by an dbagrenll\cappiied hagaétiafidld guintbans gt al | ayer

of pol e Egpe%éﬂoeﬁnt%ly%é@%%nggf&? égr{%@rg%@g Bh‘?épiamgrq%aﬁpu?nw

nmeander - urtr so b sed to supply
an el e@fﬁaVé’Vﬁ’YréI”@ on vgith Eﬂ@éf‘?ti'fct'% HWé‘HFedaFQ@oﬁcélﬂm@g foscamiaressepe 8hWithf  t he
pr eceedaidgnedraienstrdcturedpartitrg off alalny Scbraned By, (1paad el eri zed in that that it

IS in Wtré%@Froﬂwa@ﬂ%@{lﬁ%ﬁ@fégﬁgg{s of Fe 8?&‘.‘8%&%4%0%8%?% ePBpt odi ode

accordi ng to patent e source drain’'current and its
| -V curf¢Eomasnaiis rauarﬁrurﬂﬁwr%sormrtméréwﬁﬁn wire array is nodul ated or
cont r olwtede ahoswotatiketleimpresffert nbthei traradiatwarkingfporit @nd tlensgnet drainriadi at i on

such ag), '&Tar t@r‘?’stﬂ Is\élcﬁllepéda or ultra-violett or x-ray onto the
2-di mensi ona gquantumwi re ay, where the quantumw re array then acts as

a phot éerréh%rccrrara%ea@ H W@t ’Eht? tf"ﬂ*é'-‘*WDS?G?ETP@S%B{%FW%B’ZGH@/C@BMR' qu@]ht
sensi t ibyenikMdstructueally h2ggnefiziag gefglremagastiogataficld gahenenplayareanmeahs af quasi

Const anyy il L 8 NATH A Rir) BAAEIBROHLIE Yk 118 Lh el Wi LRSI Sehieved.

di stribution across the quant re array t aracteristics of this

opti Ca|7l ¥?\gg}tggn ns' 8r1d0 gt%% t?ﬁ aam 106 %Harac L& R){h ocal I'y obscuring

parts of SRt T UMW re>” array 57 PHEYsai d irradiation, the
kV chartbittee iseyrice §raph currgns aasﬂtis&:é(lqhyragbﬁrétjcqqaarbgrcgﬂtrpllw wétched ppped. 9.

El ectr Q&te&nmmmnaﬂélea@@ﬁérdr BYInéahsaff aleRasticaly enddged ft@nfihgbravelisd
charact%rlléggls N majt that it is in particular a power quantumwre array
sol ar Paa o jOUS” i n desi gn and construction to patent clains 3,4 and 8§,
char actw:,heirgémmeﬁnrﬁfarieproelhlagpbﬁaﬂlberﬂ@ag lite therguantyd aviresrysindguitebly i ght at OV
sour ce pdiaRizihg\0pbtf@@6electNOBr FRTFOrrsEIUEEie IayeAbMbyCAPPIEIE a (1) Voitagetvedired and

| i ght gﬁgtr;)%(arlngl%%]y f t{wggrahggt%r ﬁ/oﬂgﬁéré(?ﬁ‘l (ﬁ% %Xurcy@ifar 6najuc%grarc9eer|st| S

el ect r ode ‘consi ent el Ive naterial,
can be tailored with non-volatile memory effect, analogous to cIa|m

where the source drain |-V characteristics can be tailored by mlcrostructural polarizing of the
ferrorelectric or antiferroelectric gate field generating layer, whereby a defined
inhomogenuity of the gate field across the quantum wire array is generated,

where the ferroelectric layer consists of a liquid crystal layer of polar molecules or a layer of
polar nanoparticles, where the meander-shaped circuitry formed by (1) and (5c) can also be
used to supply an electric field.

8. Electric component according to at least one of the preceeding claims 1-7, particularly
claim 4, characterized in that that it is in particular a power transistor or power switch or
power photodiode according to patent claim 3 and 4,

wherein the source drain current and its |-V curve in the quantum wires and the quantum
wire array is modulated or controlled or switched by external irradiation of electromagnetic
radiation such as infrared or visible or ultra-violett or x-ray onto the 2-dimensional quantum
wire array, where the quantum wire array then acts as a photodetector according to the
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where this said material is indiumtin oxide or a fewnmto a few 10 nm
thin electrically conductive netal or sem conductor |ayer which are ideally
form ng avecou/@3DBEG (7a, 7Tb) with the dianond |i ke car beaTiBioro/05410.

El ectroni C corrponent according to at |east one of the clainms 1-9,

particularly 3, 4 and 8, c)cogract rized in that that it is in particular a
light pB biensibike bY CH”’FAV RSHIBE HENEYBMIE cal |y connected quantum wires
accor diwtgere by tean$ amcquashalnsfamdbuv @meivghiable értintagentiyy off the fightgjotemsitym wi r es’
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separ at LEANGIstan §ap H%t‘?"io effect on the single source drain currents in the
si ngl e wheaabucally @scafing eats d@Be 2-0iAetstoral quemitmwive argayefior dye sagd read out

posi ti Ry dleRENIRILY cMitaERriths &ﬁﬁ%&ﬁ&ll&@&%é@ﬁahﬂ&o?f:aﬁ betafbhgl e quantum
wires should be realized as in a charge coupl ed device or a Fl ash- RAM

where g E@Hrc’n%g%hgnﬁ{t%é&%mg%gt |§.B§t‘6‘ﬁte‘6rf eegélau Oé"Pr‘ier&eP“Q(eréi‘?ﬁ aﬁ%ﬁﬁand
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sur f acét '(?Iéh@f”lrf'?u Gk B%"?rtq%éw Wil Arigyse| af §e al%f’éﬂ'”j d.?étg”é‘BS\F@”%tH&t'SPea
densi t yto phtenhelaihy B4 and 8 sihagsctariret in that funtianadifegereevery connecting wire

Crossi ng, u°hd F‘Eﬁdog%g%ﬁ%rﬂ%t%v sBHﬁ:e'd?é]nE&ﬁ{é&aagﬁlﬁ{‘{éﬂgkéﬁv\\ﬂér:'c?dﬁa%ﬁlurP X‘fgre the

surface I on_ hi
densi tys Qﬁteftﬁ'@ aﬁﬂéhtcernéﬁ%f 'Sh@%”@[?éﬂ”ttﬁ§{eCHfFab‘?féfrr&\géVh€é%WeéBHﬁ€@ﬂqcﬁ@ Rire
Cr 0ssi rgnsists bfitranspaname eteetrichily slewler @ndpaivelrhatkerialpn track quantum wires,

wher e tfigrd h@?§a|§%§érfal¥' ﬁ?‘gr‘ﬁftn{&@d%\%%rﬂ%Sfé}mb%n’i{rﬂ{‘él'e &k can be

t uned V|a t he externa ener at ed C|rCU|try

f or med BY l(CHVe&“r?da'(‘%é?m'COMUCtEI 'é&%rr%wftar@dﬁ%mé%ma%e'é?a.2 q Fagtd) Withst one
of t he thé diamondlik®carbbaffiiot eri zed in that that it is in particular a power
di ode, power switch, power transistor or solar cell according to patent

cl ai s 1b: Bectehiat asrh riemdcdomduhgied atSle4kt ©fe @NthetdlAMS 16), @aEICORES 3pPa1 §t of an
| deal | %h %P%lrllz (%lngchata%g{ it\IAS’hlﬁ grtma'a?a?lgbtyp f(éaf)égnso?g gxl?érﬁplpf n%C&X&?%‘m[' ne

netal s a Yures or
consi stcgnmct%@@rﬁ@mdw&smcgorétnglt@m tumpenal (rageredightgnsitivity of the

2011/ 03R4R&RCKire 82910/ &Melé&ofd?ﬁ@losﬁa%emfclaam@@ (7a,7b) at room

temper athergthls ogﬁrgtlgﬁ/alﬂ]u% |§Jc arac(fer‘fflzréld(f@lc Qhase shift effects of the
el ect r onl ¢ wave F anett ons Cih tum Wi res the sensitivity and

ef fi ci dhe§inge aupetunt wifss @rtedpn@&teni @ﬁh seppsated] ad tbelllghtﬁf@lcaon thesitgmced,

source drain currents in the single quantum wires of that 10°-10" /em? guantum wire array
is read out position dependent,

where the separate contacting of the single quantum wires should be realized as in a charge
coupled device or a Flash-RAM,

where a horizontally crossed comb structure of nanometric wires (13a and 13b) is prepared
on the upper and lower sides of DLC-layer (2) and the surface density of swift heavy ion hits
is adjusted just above the area density of the wire crossings such that on average every
connecting wire crossing is interconnected by one ion track quantum wire (1a) or where the
surface density of swift heavy ion hits is adjusted well above the area density of the wire
crossings such that on average each connecting wire crossing is interconnected by several
parallel ion track quantum wires,

where the light sensitivity of the quantum wire photo transistors can be tuned via the
external fields generated by the meander shaped circuitry formed by (1) and (5c).

11. Electronic component according to at least one of the claims 1-10, characterized in that
that it is in particular a power diode, power switch, power transistor or solar cell according
to patent claims 1-9,

characterized in that source and drain electrodes consist of an ideally conducting layer
where this said layer consists of crystalline metals at room temperature or moderately
lowered liquid N, temperatures or consists of superconductors at low temperatures or
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whi ch al so represents a nodel systemfor a 1-dinensional - direction
parallel to the quantumw res - pseudo superconductor at roomtenperature
or slightwg2ovessd tenperatures in formof a quantum i RCENBEN@NBIR10dEVi ce
collectively coupling billions of quantumw res. 12. El ectronic conponent
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sever aIW'Eec‘eﬁg q“WﬁéF’ecoinﬁu?tﬁﬂ%edF‘é[f%nt\Heéi‘srﬁCFWd&Tg tprpét%&laees ér?d'”oqarﬂﬁ“éﬁrn
t er m natairans$-40f the quantumwi res a ferromagnetic and or ferroelectric and
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ored In of that thelnanon vol ati|l e manner stored
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scanni M'e5¢ rpg @rasdumpyare ‘\?\ﬁé’PEageh@g'ﬁ'é%’ﬂder structure of claims 5 and 6
br oken were theoquwinngh éield effect tropsistadis atqaanesn fnechadcddyneqdgry aeithr(cbah bean be

used t%w%héogm%rr‘é {Qg Sslr ngl e quant umw re or quant um Wi re group
transi stors by eit er condfrol t he guantum W res conduct ance directly or

via madHse er@“fq?é*rﬁ'@ﬁrubfﬁﬁbwé?‘r‘ the seigdrue st uyiss of Bie iaWRAENehe quant um
Wi re tepnmetadd qusitumiveires chireesshersecoadaryatareadinfaechtenuiiaaleant 1 4 14 bits,
ferr Oelvﬂﬁegé L& k@Al fy%{gfr&‘?é (ﬁ'céledtﬁcﬁ Jff%% Bécﬁﬂsﬁéﬁéﬁ’ﬂ%r &.&%n"ﬂeﬁ&gét@?ﬂ% woul d

charge them el ectr) erromagneti c [ayer consfsts of Fe or
Co or uagiunsheldeffret %?”SﬁéﬁfﬁQrCPPHP'éQBTOdé‘l?é‘Prs Wstcérr?%ﬁ g1 thighigpdhe FAIQ
f er r oelteEtquacton wames bfsein ket bieps, | ayer consi sts of pol arizable

nanoparieeh R ki a?t@l/ild H%%%ﬁ{%ﬂré@%%l&/ HathehinBEs S ke ?AH t6f A&

currents I's roug % Ingle frue %u ntum w res _or sma mvvrre

gr oups REAMBRNGtE AT S Terssueatit and orantrroglsrtec V?rc(é?'tsrdﬁp%%teﬁnwg'c

NOR FI asimatfiMaoriedthe seang irdbrnoatndry means of clannhay priabeolstilpsnasnat storr:afry or
mount ey, &y, drc%ﬁéllsBgma%qn%féggﬂmaélnﬁﬁ%mﬂ@ﬂ{r& ﬂ?r@rdng%'ﬂffékwar%ﬁrssed comb

structure o :T\ tric wres 13b)" I's prepared on the upper and
| oner Yigfsglirsethoprslaragath, (2) and the surface density of swift heavy ion
hits i sviedg tigs Exrqurm@ne'abonﬂérrtohk&c'arcen adéfessrdeyectﬁc layee (6)iis caliyonsgegizgeduch

t hat db i
a O%r%%'héwb»ﬁérﬁra agﬁla(}geer Al Pehisigld pace (4B) a,frzrs%?mnggrotbe y one ion

track quantumwre ere e sur ensrty 0 t heavy ion
hits i SNSPPERCed vveII above the area density of the wire crossings such
t hat omwlevettegeeaaish scocnectfiajmebraed Griosksemgp into singlemderoeinddctaycesever al

paral | %rn$ébPl§v 1‘))an‘§ ﬁ%?&%n%@u%%H%Wr&@ént@t% simgtel AN W& lor RafurPRRECT I Ng

| ead on eith h rr‘ﬂ uct ur
group tran5|stors y either controlling t e quantum wires conductance directly or via

magnetizing the ferromagnetic nanoparticles deposited above the quantum wire
terminations, where the same can be realized equivalently with ferroelectric
/antiferroelectric nanoparticles where the wire loops would charge them electrically,
where this ferromagnetic layer consists of Fe or Co or Ni or Sm or Nd or nanoparticles of
such materials,

where this ferroelectric or antiferroelectric layer consists of polarizable nanoparticles,
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13. Method for neasuring at roomtenperature an el ectroni c conponent
according to at least one of the clains 1-12, in particular in formof a
speci al | 280 208a88438nment set-up for characterizi ng and eramiB2myoHfi1 r ue
guantumwi res and their source drain current Isd versus source drain

vol tage Usd characteristics and for fabricatin rotot e deV| ces of the
above r.wfz%%Hz@osougceccﬁawafefrsmsﬂéahrOHg'aHéﬁsm jle UHH%PQ‘E%‘%W res QoA HEEE A nni ng
t unnel iwige grodpsaane negd bor eparately eBbepe, a dilveitey arin elNaots orcBOR YlasloRANEL | ve

probe 5By deahB8f 6Mothay Lahtihk BMYe tﬁﬁrs’cdﬁﬁngrym%&ﬁﬁe& £ &rotlilAgspsour ce

Usd is |n tial e\%/ aster-scanned across the 2 mensi onal vertlcal guant um
W res' ”5? Wit B¢a% al Iy for detecting the single quantum wires'
t er m natheoms hoetdreallywinosshd combistrstiere stramongtst epyped 3aiahth 18bjds prgpared

posi ti Qpafe App érodﬁ’]dq{)w@r“s,@d&t&ﬁ'ﬂﬁ_élﬁvéﬂr(ﬁ ah8hHR OatdcReRNd JrRGH hERy iGHniksd
curve of this gjtéa tum E"%?fse@'&@ nmeas t[]? across a pio ective resistor (8),

wher e tHAI5HEY ity Qft &’é@t“%'”gs e RBSV6be ti p
carryi rgngeajing mtitgmrossingiisintg rcdnreedjagdiyadylegoh track gunnteolverd (da) orowhateake

tunnel isNga &OMRR/Y OW,V@AH HeB@y iR MRS |sté%ﬂ5§‘té'@\rvél¢)5bc9/fe th@gréal&%l%f"i’hé eidefined as
source conf act V\:Ea he one or ter m nat |d<[%ns carry

quant urffHNES W8 td%ﬂPd’leéagFee%*h&?ﬂ”ePU%wlrFﬁbosa'eét?r'gt%‘é’ﬂ%%tﬁ Mée‘éﬁﬁiﬂntum
dot s ormpacalle! ich ot tradumantum wiinee (tag mekingtcootest tonalcardeiciugalredion wither aft sel f
enabl i REe LRORHBYREE@ELr € nmeasurenents of |-V curves on the nV scale
identifying very sharp and only nV—spaced energy levels in the quantum

W res gjr %}Hé’d #oPnie%ELmr%SaétrQ&n‘ié‘rﬂgé g%ﬂ%'ﬂe%tu%ﬂfﬁ%ogﬁ) Egﬁtta&? il t(ajajc) in the

| - V-curve é}d oubl e reson tunne hr ough t he
sharp dﬁPéhP%?‘T B¢ sledms & 112h'€ Rﬁﬁé%‘ﬂ"’lﬁ F’sOftahsé’ef'H'ézreHéTPeaﬁBreé%e”éPetZ'ﬁ?@(l gets
filteretauateriaing ahhexahmm aftasrtquantuew elires afid theer s@umtdmmwbrreat thenssl ves

become sMhr%blallrfn \Bitd GU §I¢ar!§r§gr|ﬁ|&\éﬁ kd fgtﬂfc%‘ciﬂé PFd%é‘{yBe Vi &%‘tﬂ@%e“ thin

the current at eaus, ‘even W thin t e zero current suppressi on -
pl at eaLProl%ﬁ*éijés Cthﬁé"‘CFetf%éﬁj in ki nati ons of the quantum wi res whi ch conpri ses
t he entit doysiefs o b@bmbar@adtsaarirsngtrudnelopenctseashing foacd hicgsseopel via a furt her

p[ Olt ethHé‘g aﬁ%éirﬁsllﬂ%dﬁ&ude PYoBORY §F Hfend 18 EntilRGeRpARE ES AN GBSt OF 1S
a easvo ltage source Ug is initially raster-scanned across the 2-dimensional vertical quantum

wires' array initially for detecting the single quantum wires' terminations, after which the
raster-scan is stopped with the tip positioned on top of one quantum wire termination and
then the l4-Ugg curve of this quantum wire is measured across a protective resistor (8),
where the protective resistor is at least 25,8 kQ,

where the probe tip carrying a quantum dot is with adjustable load in mechanical or weak
tunneling contact with the upper termination of the quantum wire defined as source
contact,

where the one or both quantum wire terminations carry a quantum dot,

where double resonant tunneling occurs between the quantum dots on one or both
guantum wire terminations and the quantum wire itself enabling room temperature
measurements of |-V curves on the mV scale identifying very sharp and only mV-spaced
energy levels in the quantum wires directly in form of the quantum conductance current
peaks (11) in the I-V-curves (lsg versus Ugg),

where by double resonant tunneling through the sharp quantum levels in the quantum dots
the thermal noise of 25meV gets filtered out and the sharp quantum levels of the quantum
wires themselves become visible in the I;4-Ugq curve in form of sharp current peaks within
the current plateaus, even within the zero current - Coulomb suppression - plateau,

where the lower terminations of the quantum wires which comprises the entity of drain
contacts are connected to earth ground via a further protective resistor and an |-V
converter,

where the protective resistor is at least 6,45MQ.
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