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Double Nanowires for Hybrid Quantum Devices
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Szabolcs Csonka, Kasper Grove-Rasmussen, and Jesper Nygård*

Parallel 1D semiconductor channels connected by a superconducting strip 
constitute the core platform in several recent quantum device proposals that 
rely, for example, on Andreev processes or topological effects. In order to 
realize these proposals, the actual material systems must have high crys-
talline purity, and the coupling between the different elements should be 
controllable in terms of their interfaces and geometry. A strategy for synthe-
sizing double InAs nanowires by the vapor-liquid-solid mechanism using III-V 
molecular beam epitaxy is presented. A superconducting layer is deposited 
onto nanowires without breaking the vacuum, ensuring pristine interfaces 
between the superconductor and the two semiconductor nanowires. The 
method allows for a high yield of merged as well as separate parallel nano-
wires with full or half-shell superconductor coatings. Their utility in complex 
quantum devices by electron transport measurements is demonstrated.
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act as topologically protected qubits.[5,6] A 
number of recent proposals are based on 
multiple coupled nanowires, not yet real-
ized experimentally. For example, pairs of 
parallel nanowires are at the core of the 
setup for fractional Majorana fermions 
that require the one-dimensionality of the 
individual nanowires combined with inter-
wire coupling by crossed Andreev reflec-
tions.[7] The resulting “parafermions” are 
expected to enable topological protection 
on a wider set of operations than Majo-
rana mode qubits thanks to their richer 
topological structure. Another interesting 
scenario is the topological Kondo effect[8,9] 
that could be realized by joining two NWs 
in the topological regime by a common 
superconducting island.

Similar double nanowire geometries could lead to tuning of 
Majorana regimes,[10] Majorana box qubits with projection con-
trol,[11] and other coupled bound state systems, including Andreev 
bound state molecules.[12,13] These proposals all serve to show 
that building double nanowires (DNWs) could be key for dem-
onstrating a suite of exotic phenomena and testing hypotheses 
not accessible with only individual superconducting hybrid NWs.

Harnessing the material properties of DNWs would be essen-
tial since all the proposals require extremely well-defined wire 
geometries and interfaces, including control of the inter-wire 
spacing, ranging from direct contact and tunneling between the 
semiconductors to purely electrostatic coupling. Most single 
nanowire studies have been based on bottom-up synthesized 
III-V semiconductor nanowires, for example, InAs and InSb, 
normally grown by the vapor-liquid-solid (VLS) mechanism that 
yields single-crystal, 1D semiconductors with diameters around 
100 nm. By coating these with epitaxial superconducting shells, 
the base materials for the single nanowire qubit schemes were 
formed.[2,14,15] However, assembling such nanostructures in 
pairs or even more complex circuits is a challenge. The incentive 
to grow VLS nanowires in coupled configurations has recently 
led to X-junction and “hashtag” devices[16–18] as well as demon-
strations of 3D branched “tree” structures,[19,20] the latter not 
being compatible with conventional planar device manufacture.

Until now pairs of parallel, identical nanowires coupled 
by a superconducting layer have not been rationally synthe-
sized. Such hybrid double nanowires would directly fit in 
standard device fabrication schemes, (see Figure  1g–i for 
example). However, so far, realization of DNWs has only been  
possible by randomly depositing NWs on a substrate and local-
izing pairs that stick together,[21] or by identifying nanowires 

The ORCID identification number(s) for the author(s) of this article 
can be found under https://doi.org/10.1002/adfm.202107926.

1. Introduction

The current progress in quantum technology goes hand-in-
hand with advances in materials science.[1] Within solid state 
devices, hybrid semiconductor nanowires (NWs) have attracted 
attention as experimental model systems for quantum com-
puting approaches, including gate-tunable superconducting 
qubits[2–4] and devices for studies of Majorana modes that may 
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that accrete during VLS growth by accident. The first approach 
has recently been used for devices showing Cooper pair split-
ting in superconductor-DNW junctions,[22,23] but these tech-
niques do not allow for the crucial controlled in situ deposition 
of an epitaxial superconducting shell.[2,15] Conversely, in situ 
formation of hybrid DNWs would allow for the clean, uniform 
superconductor–semiconductor interface needed to reach the 
new regimes discussed above. In this work, we show highly 
reliable methods for producing DNWs based on pairs of InAs 
nanowires positioned next to each other during VLS growth. To 
grow nanowires spaced from each other in a “train track” geom-
etry (denoted type I), the growth parameters are set to yield rigid 
nanowires, ensuring that the separation between the nanowires 
remains constant from top to bottom. These structures are real-
ized with a superconductor (Al) half-shell and full-shell con-
figuration while still retaining a separation between the nano-
wires; see a cross section in Figure 1a. In a different approach 
(denoted type II), the growth parameters are set to yield longer 

and comparably less rigid nanowires. Here, the nanowire pairs 
connect in their upper segments before the metal deposition 
as van der Waals forces clamp the two nanowires together in 
an “Eiffel tower” configuration, yielding directly connected 
NWs (Figure 1b,c). The DNW geometry can be easily tuned by 
change of growth parameters and adjustment of the initial Au 
particle dimensions and inter-particle separation. Below, we 
describe in more detail the synthesis and design criteria behind 
these structures and demonstrate that they can be readily 
implemented in selected quantum devices (Figures  1d–f). 
We note that these materials have recently been exploited for 
studies of Andreev molecular states,[24] double quantum dot 
Josephson junctions[25] (Figure 1d), and Little–Parks oscillations 
using full-shell DNWs[26] (Figure 1f), demonstrating that ready-
made DNWs are useful in functional quantum devices. Finally, 
we show designs that extend beyond the double-wire configu-
rations and may enable experiments that can by no means be 
realized by serendipitous DNW formation.

Figure 1. Double-nanowire configurations and device layouts. a–c) Transmission electron micrographs of nanowire cross sections, where pairs of 
parallel InAs nanowires in three different configurations are coated with an Al film, either on one side (a,b) or around the entire pair as a full shell (c).  
d–f) Scanning electron microscopy images of devices; gated normal nanowire-superconductor junction (d), superconducting island with four inde-
pendent contacts and several gates (e), and full shell double nanowire with a full shell superconducting coating (f). g–i) Schematics reflecting 
the geometry of the devices in panel (d–f); with InAs nanowires (red), aluminum coatings (blue), and gold contacts and gate electrodes (yellow).  
For (g), the two nanowires are separated (type I) while they are directly connected in (h) and (i) (type II).
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2. Growth of Parallel Nanowires

Molecular beam epitaxy (MBE) is used to grow double InAs 
nanowires with a Wurtzite crystal structure along the [0001]
B direction on InAs (111)B substrates. The double nanowires 
are grown via the VLS mechanism and catalyzed by a pair of 
electron-beam lithography (EBL)-defined Au particles. To facili-
tate growth of pairs of nanowires in very close proximity, the 
Au particles are engineered and patterned according to the 
intended inter-nanowire geometry (type I/II), while the MBE 
growth procedure itself is similar to one used for conventional 
single nanowires. To have precise control of the Au catalyst 
particles (disc radius rD) and their separation (DAu), multiple 
electron beam dot exposures (“single shots”) are positioned in a 
pre-defined pattern with a dot separation of 20 nm. The typical 
disc thickness and radius is around 20 and 25–50 nm, respec-
tively (see Supporting Information for details on Au particle for-
mation and growth procedures). Growth of double nanowires 
follows largely the single nanowire growth dynamics; however, 
the close proximity of the nanowires reduces the contribution 
of adatoms to the liquid due to the shared adatom collection 
area on the substrate.[27] In InAs nanowire growth, the main 
adatom contribution consists of In atoms and thus a higher 
effective V/III flux ratio is attained for double nanowires. 
With the current growth parameters, this causes the double 
nanowires to be thinner compared to single nanowires. 
This effect can readily be counteracted in MBE by change of 
nominal fluxes.

Growth parameters and a comparative analysis of single 
and double nanowire growth are presented in Section S4, Sup-
porting Information. After VLS growth of the semiconductor 
nanowires, an aluminum layer is deposited onto nanowires 
by electron beam evaporation in a separate metal deposition 
chamber connected directly to the MBE system. The evaporation 

of the aluminum film follows the procedure outlined in  
ref. [28] where a low substrate temperature (Tsub  ≈ 120  K) and 
high rate (3 Å  s-1) are found to ensure a pristine bi-crystal inter-
face while maintaining a flat and continuous morphology.[14,28] 
The visible grain structure in the Al layers coating the double 
nanowires (Figure  1a–c) is similar to what is found for single 
nanowires[14].

Arrays of double nanowires are defined by the lithographic 
patterning of Au particles prior to the growth. In order to obtain 
various double nanowire configurations, we define fields where 
the separation between the centers of the Au particles DAu is 
varied from, for example, 50 to 300  nm at intervals of 10  nm 
while also varying the Au disc radius. With this strategy, we 
find nanowires that are too far apart and therefore stand as 
single nanowires as well as Au particles that are too close and 
combine to nucleate a single nanowire. However, importantly, 
we ensure the formation of extended arrays of parallel nano-
wires with appropriate inter-nanowire spacings, independent 
of fluctuations between growths and minor adjustments of 
growth parameters.
Figure 2 shows InAs nanowires grown with varied Au par-

ticle radii and a constant initial Au-droplet center-center separa-
tion of 160  nm. To close the gap between the nanowire pairs, 
a thick layer (≈100  nm) of Al was deposited with an angle of 
≈ 20° with respect to the normal of the gap between the nano-
wires. The scanning electron microscopy (SEM) micrographs 
in Figure 2c are obtained at an angle opposite to the Al deposi-
tion direction in order to highlight the morphology of the nano-
wires. The top row focuses on the base of the nanowires, while 
the bottom row reveals the shading effects on the substrate. 
From Figure  2, pronounced thickness-dependent bending 
of the nanowires is observed as seen also for single nano-
wires.[14,29] By examining the metal deposited on the  substrate, 
it appears that all semiconductor nanowires grow separately 

Figure 2. InAs nanowire pairs grown utilizing the type I approach. a) Initial Au particle configuration. b) Schematic of double nanowire with a constant 
inter-nanowire separation. c) SEM micrographs of nanowires grown with a center to center Au particle separation of DAu = 160 nm and different Au 
disc radii rD. Top-row micrographs show the bottom part of the nanowire pairs and the lower row shows the full nanowire system and shadows cast 
on the substrate during metal evaporation.
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and in a later stage  connect via the Al film, in accordance with 
transmission electron microscopy (TEM) studies of cross sec-
tions such as Figure 1a. For the specific conditions used for the 
growths in Figure 2, diameters greater than 80 nm yield a uni-
form nanowire separation, that is, type I double nanowires.

We also observe from Figure 2c that longer nanowires with 
smaller diameters merge near the top. These flexible nano-
wires[30] are accidentally clamped by van der Waals forces when 
vibrating in the growth chamber.

To further enhance this behavior and thus facilitate predomi-
nantly type II merged nanowires, the growth parameters are 
adjusted to form thinner and longer nanowires. To decrease the 
average nanowire diameter for the growth shown in Figure 3d, 
we increased the V/III flux ratio (≈20) by increasing the As4 
flux during the axial growth step (see Sections S4 and S5, Sup-
porting Information, for details). This yielded nanowires with 
diameters of ≈ 50  nm for Au droplets with rD  ≈ 24  nm and 
≈130 nm for rD ≈ 100 nm. To fully cover the nanowires by Al, 
six depositions of ≈ 5  nm were performed with 60° rotations 
between each evaporation, as schematically shown in Figure 3c. 

Single directional evaporations are equally feasibly as shown 
later in Figure 5. In Figure 3d, SEM micrographs of nanowires 
are shown for facet-to-facet and corner-to-corner configura-
tions (see blue and red schematics, respectively, in Figure  3c) 
with center-to-center Au particle separation varied from 50 to 
160 nm and rD = 24 nm. The initial Au particles are positioned 
according to the underlying crystallographic basis of the sub-
strate to achieve the different configurations. For all separations 
above 50  nm, the images show consistent parallel nanowires 
in both configurations. A TEM micrograph of a full-shell type 
II cross section is shown in Figure  1c. Occasionally, inter-
nanowire spacings and nanowire dimensions are observed 
to differ from the intended range, and some Au particles are 
found missing in post-growth SEM characterization. In rare 
cases, the nanowires do not grow along the intended [0001]B 
direction. With these aberrations, we find a yield of 50–60% for 
type II merged nanowires as documented in Section S3, Sup-
porting Information. For these growths, hundreds of identical 
double nanowires are found in numerous arrays across the 
growth substrates. We believe that most of the mishaps can be 

Figure 3. Parallel InAs nanowires utilizing the type II growth approach with a full shell of Al. a) The initial Au particle disk separation (DAu). b) The type II  
merging scheme. c) Top-view schematic of a corner-to-corner (red) and a facet-to-facet (blue) configurations with an ≈27 nm full Al shell resulting from 
six depositions perpendicular to nanowire facets. d) SEM micrographs of nanowire pairs in the corner-to-corner and facet-to-facet configurations for 
Au particles formed by one single electron beam exposure and a center to center particle separation according to the text above the micrographs. The 
scales are all the same and noted in the first micrograph.
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related to variations in the Au nanoparticle lithography process. 
The present work is not focused on optimization of the large 
scale yield; however, based on the demonstrated results we 
expect that near unity yield for double nanowire growth can 
be reached with optimization of the substrate preparation.  
The growth dynamics for paired InAs nanowires practically 
follows that of conventional single nanowires; thus, modifi-
cations of growth parameters can readily be used to control 
the crystal quality and nanowire dimensions, which is impor-
tant for fulfilling the requirements in the proposed device 
designs. We find that it is easier to achieve a high yield of 
type II merged nanowires compared to type I. For the latter 
type, it is a challenge to define Au particles that can cata-
lyze large (thick) nanowires whose rigidity prevents type II 
merging and yet are spaced close enough that the subsequent 
metal deposition can fill the gap between the vertical wires. 
One can overcome this by radially overgrowing nanowires 
that are nucleated by Au particles with a large height/diam-
eter aspect ratio. Such particles show smaller displacement 
when they acquire the shape of a spherical cap at the growth 
temperatures. This approach is demonstrated in Section S2, 
Supporting Information.

3. Electrical Transport Characterization

We now turn to electrical transport characterization of the 
hybrid double nanowire system, focusing here on low-
temperature transport measurements of two different types 
of devices in the quantum regime. The objective is to dem-
onstrate that decoupled double nanowires and multi-terminal 
device functionalities can be achieved (more advanced function-
alities are demonstrated in dedicated publications[24–26]). Prior 
transport experiments on parallel nanowires have been based 
on individual nanowires that were accidentally merged during 
deposition.[22,23]

In contrast, we transferred ready-made DNWs from the 
growth substrate to pre-patterned device substrates using a 
micromanipulator under an optical microscope.

The first example is a parallel double quantum dot device 
formed between the superconducting in situ deposited 100 nm 
Al and an ex situ evaporated normal metal (Ti/Au) covering 
both wires (Figure 1d). Prior to deposition of the normal metal, 
the Al on part of the nanowires has been partly removed by 
etching (Al etchant Transene D). Figure 4a shows a conceptual 
schematic of the resulting device, where side (g1, g2) and back 
gate voltage are appropriately tuned to make a superconductor 
(S)-parallel double quantum dot (DQD)-normal (N) device 
(see also Figure  1g for device schematics).[21,31] The conduct-
ance versus side gate voltage map plotted in Figure  4b shows 
two slopes of conductance resonances (nearly horizontal/ver-
tical), consistent with transport through two parallel quantum 
dots. To address the superconducting properties of the in situ 
deposited Al segment, we perform bias spectroscopy along 
the dashed traces in Figure 4b to independently tune the occu-
pation of each quantum dot. For both QDs, we observe clear 
signs of tunneling via the superconducting coherence peaks 
at eVsd ∼ ±200 μV shown in Figure 4c,d in agreement with the  
expected superconducting energy gap of an Al film. Impor-

tantly, the two QDs appear only weakly coupled, with an upper 
bound given by the width of the resonances (Figure  4b),[32] 
in accordance with the separated “train track” nanowire geo-
metry (type I). Moreover, the behavior in particular for QD1 
seems to reflect Yu–Shiba–Rusinov states in different coupling 
regimes.[33–35] The superconductor-DQD-normal metal device 
geometry is easily extended to S-parallel DQD-S Josephson 
junctions, where supercurrent and bound states behavior can 
be addressed.[24,25]

The second example is a superconducting island defined 
across the two nanowires, a geometry relevant for sev-
eral device proposals in the topological and non-topological 
regimes.[8,9,36,37] The SEM picture in Figure 1d shows a “Tetris” 
island geometry (potentially relevant to decrease the overlap of 
Majorana end states on the island if it were in the topological 
regime), while the data discussed below were obtained on a rec-
tangular island of length 330 nm. The superconducting island 
is defined by lithographic patterning and an etching step of the 
17 nm thick Al film. Subsequently, normal metal electrodes are 
defined on each nanowire following standard EBL and metal 
deposition recipes. The device schematics is shown in Figure 4e 
(see also Figure 1h), where the superconducting island—in con-
trast to a single nanowire device—has contact to four leads. 
In Figure  4f,g, we show the two-terminal linear conductance 
of two combinations of leads (1-2, 4-1) versus side gate voltage 
with the other terminals floating. The traces clearly display 
Coulomb blockade behavior in the weakly coupled regime. This 
phenomenon is further confirmed by the bias spectroscopy 
measurements shown in Figure 4h for one of the combinations 
revealing Coulomb blockade diamonds. The superconducting 
properties cannot be deduced from this data alone, but addi-
tional measurements in a different coupling regime reveal the 
superconducting properties in the even–odd regime via finite 
bias negative differential conductance features[38] facing the odd 
occupation of the island (to be reported in a separate work). 
The demonstration of Coulomb blockade via different leads to 
the same superconducting island is promising for investiga-
tions of the topological Kondo effect, Majorana box qubits[11] 
and specific proposals based on the hybrid double nanowire 
geometry.[8–10,36,37,39–48] Yet other experiments addressing the 
transport properties of the same double nanowire materials 
demonstrate coupled Andreev states[24] and Yu–Shiba–Rusinov 
physics[25] emerging in the double nanowire Josephson junction 
geometry. Furthermore, the full-shell double nanowire devices 
such as the one represented by Figure  1c,f show Little–Parks 
oscillations in low-temperature transport measurements under 
a parallel magnetic field,[26] underlining that a broad range of 
quantum transport phenomena can be addressed in these par-
allel nanowire systems.

4. Beyond Double Nanowires

Growth substrate preparation by EBL allows the controlled fab-
rication of several different nanowire structures as shown in 
Figure 5. Here in situ nanowire shadowing of the subsequently 
deposited superconductor was furthermore implemented to 
allow for fabrication of hybrid devices without metal etching 
steps.[49] By fine tuning catalyst size and positioning via the EBL 
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step, it is possible to obtain a range of nanowire dimensions 
(Figure  5a) and also to realize more complex heterostructures 
such as the shadowed triplet structure seen in Figure 5d,e. In 
Figure  5c, we show that variations of the Au particle volume 
may be used to form nanowires with different dimensions 
and with that determine the overall morphology of the pairs. 
In turn, this can be a way to provide different transport char-
acteristics of the two nanowires, for example, different num-
bers of 1D subbands in DNWs with two different diameters. 
In Figure  5e, the triplet structure is shifted slightly to one 
side so that one of the three nanowires is fully coated and the 
remaining two are half shadowed. Finally, Figure 5f showcases 

the feasibility of more complex structures, here exemplified by 
ten nanowires in a row.

5. Conclusions

In conclusion, the required DNW-superconductor hybrids have 
been successfully developed and can be grown with a high yield. 
The electrical transport has elucidated the inter-wire couplings 
and the properties of the DNW-superconductor hybrids. Focus 
has so far been on realizing Al/InAs-based DNWs by MBE, 
but the concepts can be transferred to other III-V methods and 

Figure 4. Electrical transport measurements of two hybrid double nanowire (DNW) devices. a) Schematic of a gated superconductor (S)-parallel 
double quantum dot (QD)-normal (N) device defined in a DNW (see also Figure 1d,g). b) Linear conductance G versus side gate voltages Vg1 and 
Vg2. The nearly horizontal and vertical conductance lines reveal the transport resonance conditions for the two QDs controlled by the respective gates.  
c,d) Differential conductance dI/dVsd versus bias Vsd and gate Vg of QD1 (QD2) along the horizontal (vertical) dashed lines in (b). The asterisks in 
(c,d) indicate, that the gate sweeps involve combinations of g1 and g2 according to the traces in (a). The maps show that both quantum dots are 
coupled to a common superconducting lead (gap Δ ≈ 0.2 meV). A small gate shift has occurred between measurement (b) and (c,d). e) Schematic of 
a S-DNW island with independent NW leads. The device geometry is similar to Figure 1e,h). f,g) Linear conductance G versus plunger gate Vgate. The 
plots show Coulomb blockade behavior for two pairs of electrodes, that is, upper nanowire (1-2) and interwire (4-1) hybrid nanowire transport. h) Bias 
spectroscopy showing Coulomb blockade diamonds related to transport through the S-island via leads 4-1. All measurements were performed at 30 mK.
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materials that maintain an epitaxial relationship between the 
nanowires and the growth substrate, such as, for example, InSb 
and InP wires, as well as other growth systems that are also uti-
lizing the VLS mechanism for nanowire growth, for example, 
metalorganic vapour phase epitaxy or chemical beam epitaxy. 
Likewise, the in situ approach used here will also allow for several 
different metal (superconductor) coatings and other in situ depo-
sitions, for example, of dielectrics or magnetic materials. Finally, 
DNWs can also be formed from NWs with axial heterostructures.

The parallel nanowire configurations demonstrated in this 
work matches the requirements for several proposals within 
hybrid superconductor-semiconductor devices, in particular 
experiments within the topological regime that cannot be per-
formed with single hybrid nanowires. Moreover, DNWs could 
enable experiments on Coulomb drag induced supercurrents[50] 

in a system with low screening. Finally, bare multiwire arrange-
ments with several parallel wires, based on structures shown in 
Figure 5f, mimic the setup proposed for studying the fractional 
quantum Hall effect in a quantum wire array.[51]

6. Experimental Section

EBL Defined Au Particles: To fabricate the initial Au catalyst particles 
used to grow nanowires in close proximity El6/A4 resist was spun 
onto epi-ready InAs (111)B wafers. Precise openings in the resist were 
defined by making multiple electron beam exposures (shots), using a 
100 keV Elionix ELS-7000 EBL system with a beam current of 500 pA 
and a dwell time of 200 μs/shot. After development (MIPK/IPA) and 
plasma ashing, the wafer was rinsed in a buffered HF solution for  
≈20s. An Au thinfilm was deposited by an AJA electron beam evaporation 

Figure 5. SEM micrographs of parallel nanowires in complex configurations. All nanowires were grown on the same wafer and all with ≈ 20 nm Al 
(except panel f). a) In situ shadowed parallel nanowires with varied dimensionality formed by different Au particle sizes. b) Zoom on the second panel 
in (a). The sharp shadow junction is visible as well as the rounded nanowires obtained by tuning the growth parameters. c) Parallel nanowire pair with 
different diameters. d) Three nanowires merged around the center nanowire that has an increasing diameter. e) Three nanowire bundle similar to (d), 
however shifted to ensure that one nanowire is not shadowed. f) Linear array of 10 parallel nanowires without metal coating.
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system at a rate of ≈1 Å  s-1 and then lifted off in room temperature 
acetone. For more information about the EBL procedure, see Section S1, 
Supporting Information.

Nanowire Growth: Au catalyzed InAs nanowires were grown in a 
solid-source Varian GEN-II MBE system. To ensure a consistent growth 
environment, ≈1 μm of GaAs was grown on a GaAs calibration wafer 
before the wafers intended for nanowire growth were loaded in the MBE 
chamber. This ensured formation of type-I facets ({1100}) in case of 
sixfold symmetric nanowires. Different initial Au volumes and growth 
parameters were used to tune the dimensions of the InAs nanowires  
for the intended merging scheme. The effective V/III flux ratio used to 
grow the InAs nanowires shown in Figure 2 was ≈10 and for Figures 3 
and 5, the ratio was ≈20. All nanowires were grown vertically using 
As4 with a substrate thermocouple temperature of 447 °C. For more 
information, see Section S5, Supporting Information.

After growth of the InAs nanowires, the wafers were transferred 
through vacuum (≈ 10-10 Torr) to an attached metal deposition chamber. 
Here, the wafers were cooled to ∼ –150 °C for ∼ 3 h and aligned according 
to the electron beam evaporation source (see specifics in the main text). 
Al was evaporated as outlined in the main text with a rate of ≈3 Å s-1.

Device Fabrication: Double nanowires with the desired geometries 
were identified by SEM microscopy and thereafter transferred to 
prepatterned device substrates using a micromanipulator under an 
optical microscope. It has been emphasized that in the case of type-II 
merged nanowires with a higher yield compared to type-I nanowires, the 
SEM step could be omitted. A standard EBL method was used to define 
Ti/Au contacts and gates (see Figure 1). Ar-ion milling was used prior to 
metal deposition to ensure Ohmic contact to the nanowires.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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