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Abstract 

The electron transport properties of ultrathin Cu nanowires (NWs) with diameter of 0.2-1.0 nm 

under different bending stresses are reported for the future application in flexible displays and 

flexible solar cell. The density functional theory (DFT) and density-functional-based tight-binding 

(DFTB) approaches have been combined to systematically discover the ballistic transport and 

diffusive transport of ultrathin Cu NWs in the nanoscale. Our DFT calculations show that with the 

increasing of bending stress (f), the structures of both nonhelical and helical wires become disorder, 

then exhibit phase transition and eventually collapse. Therefore, the quantum conduction(G) are 

reduced. In addition, as the size of nanowires increases, the maximum bearable bending stress (fc) 

reduces. fc of a helical atomic strand is decided by its diameter, while fc of a nonhelical atomic 

strand is decided by the area of the cross section. Our DFTB calculations reveal that the 

intermediary atoms are the highlight to form the loop between two electrodes and implement 

diffusion transport. Among the seven structures, the 6-1b exhibits the best properties by 

comprehensively considering the results of quantum transport, diffusive transport and 

collapse-resistant. 
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1. Introduction 

Indium Tin Oxide (ITO) is preferred to be used as the transparent conductor displays. The 

brittleness, inefficient processing, and high cost of ITO films have motivated a series of search for 

alternatives. Recently, copper NWs (Cu NWs) have attracted considerable interest due to great 

possible applications for a high-performance transparent conductor, which is inexpensive, flexible, 

can be deposited at low temperatures.1 Moreover, copper exhibit unique structural and electrical 

properties as nanosized interconnects in microelectronics, which is one of the important 

characteristics for future microelectronic applications.2-9 Therefore, Cu NWs are low cost, flexible 

and have been extensively explored as an outstanding alternative, which will remove a significant 

barrier to the development of low-cost flexible displays, lighting, and solar cells. 

After the realization of the fabrication NWs, the physical properties of Cu NWs are measured 

and calculated, especially their electron transport properties. Moreover, the bending effect on 

electronic transport in NWs is one of the important characteristics for its applications.6-9 When the 

length and width of Cu NWs are decreased to the mean free path of electrons, the mechanism of 

electronic transport changes to ballistic instead of diffusive. It is now known that the electric 

conductance is independent on the length of the NWs. The quantum conduction (G) is obtained 

from the Landauer formula and quantized in units of G0=2e
2/h where e denotes the electronic 

amount and h is the Planck constant.10,11 The ballistic transport properties of Cu NWs are influenced 

by atomic structures, size and stress.12-15 G of the pentagonal Cu NWs with [110] orientated 

structure is about 4.5G0 without bending stresses.
10 When Cu NW is thin enough, it can turn into 

exotic structure rather than usual structure,16 which should be realized in nature.17 The quantum 

conductance of metallic nanowires is an exciting emerging field of both fundamental and applied 

relevance18-20 since nanowires are building blocks for nanoelectronics21,22 and 
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nanoelectromechanical systems (NEMS).23,24 The stability and quantum conduction of both 

nonhelical and helical atomic Cu NW strands are reduced by applying a bending stress in our 

previous paper.25,26 In the service condition, the interconnect wire will be fixed on certain substrates, 

which may also induce strong stress field to the NWs. As we know, flexible displays and flexible 

solar cells frequently work in the circumstance of bending stress. Therefore, the effect of bending 

stress on G with different sizes, which is the precondition of the electronic transport in flexible 

displays and flexible solar cell, which is desirable to clarify systemically up to now.  

In this contribution, we report an evolution of atomic, electronic structures and conduction 

properties of ultrathin Cu NWs under the coupling effect of size and bending stress. By the density 

functional theory (DFT) calculations, two different kind of atomic structures of Cu NWs with 

diameter from 0.2-1.0 nm are used. The density of states (DOS), G(f) function and the electronic 

distribution are performed to determine changes of atomic and electronic structures of Cu NWs 

under bending stresses. It is found that the stability and quantum conduction of both nonhelical and 

helical atomic strands are reduced by applying a bending stress f. Moreover, as size of nanowires 

increases, the maximum bearable bending stress(fc) decreases.  

Based on DFT method, we have performed a systematic theoretical study of quantum 

conduction properties for seven kinds of different structure of copper nanowires. Furthermore, the 

electronic transport properties of Cu NWs between positive and negative electrodes could be 

implemented by means of DFTB method, which could not been achieved by DFT method. 

2. Computational details 

The first principles calculations have been performed within the framework of electronic 

density functional theory (DFT), as implemented in the DMOL3 model.27 The generalized gradient 

approximation (GGA) functional with Perdew - Burke - Ernzerhof correlation gradient correction 

PBE method28,29 is employed to calculate transport properties of Cu NWs. The all-electron 
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relativistic30,31 is used for the core treatment. Our outlines of the used structures are directly 

obtained from the results of Wang et. al.32 The length of Cu NWs (L) is determined by the distance 

of the projection of mean locations of atom centers in the 1st and 20th layers along the axis. Brillouin 

zones (BZ) are sampled by a set of k-points grid (5×5×1) according to the Monkhorst-Pack scheme, 

which result in the convergence tolerance of energy of 2.0×10-5 Ha (1 Ha = 27.2114 eV), maximum 

force of 0.004 Ha/Å, and maximum displacement of 0.005 Å. V is directly applied along the axis of 

copper NW with values of 0.5 and 1 V/Å. The magnitude of G(f) function of Cu NWs are decided 

by Landauer formula,5 which is reasonably valid in evaluating quantum transport for metallic wires. 

Based on the formalism, at zero Kelvin, G is given by 

G = G0 ∑
=

N

i

iT
1

,                                   (1) 

where Ti is the transmission probability of the ith channel and N is the number of propagating 

modes crossing Fermi energy (Ef). In case of perfect transmission in ballistic transport, no scattering 

is considered, namely, Ti is always unity. The layer electronic distributions within NWs are revealed 

by the Mulliken charge population.25 

The diffusive transport property of the Cu NWs are studied using the density-functional-based 

tight-binding (DFTB).33-35 DFTB is an approximation to DFT based on a second-order expansion of 

the DFT total energy around a reference electron density with significantly reduced computational 

cost. The matsci functional for Slater-Koster library method36 is employed to calculate transport 

properties of Cu NWs. And the electrodes are considered to discover the different structures and 

diffusive transport properties of ultrathin Cu NWs by the effects of size and bending stress. 

Moreover, DFTB method would provide us a good opportunity to reveal the properties of 

large-scale nanowires in the future. 

3. Results and discussion 
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Seven typical structures of Cu NWs obtained by the calculations are shown in Fig. 1. To 

characterize the structures of Cu nanowire, the notation n1-n2-n3-n4 (n1 > n2 > n3 > n4, from 

outer to inner) is introduced to describe a multi-shell nanowire consisting of coaxial tubes n1, n2, n3, 

n4 atomic rows on each shell. n shows the atomic number of one atomic layer in the surface cell. 

Division as category, there are two different structures of Cu NWs where a represents a nonhelical 

strand and b is a helical one. Thus, the structures in Fig. 1(A) is defined as 3a, 3b, 4a, 4b and Fig. 

1(B) is 6-1a, 6-1b, and 12-6-1, where 12 shows the atomic number of one atomic layer in the 

surface cell, 6 is in second-surface cell and 1 represents that in the core.32 The average stress 

strength f is obtained by averaging stress strength F of each layer according to our previous work.37 

According to the results of a genetic algorithm (GA) global search, there could be four possible 

structures of Cu NWs, non-compact nonhelical, compact nonhelical, left helical, and right helical, 

respectively.32 There is no difference on G(f) functions is found in our simulation. Thus, the left 

helical direction is neglected in our simulation. Among these four structure, the non-compact 

nonhelical nanowire has higher energy than compact nonhelical wire, and the helical nanowire has 

the lowest energy. So In this contribution, the non-compact nonhelical is defined as a and right 

helical is defined as b, and the middle energy structures are neglected. These energy results are in 

good agreement with other computation results, which shows that the computation method is 

reliable.17 In general, the stable structure of Cu NWs is multi-shell packing composed of coaxial 

cylindrical shells or tubes. Each shell is formed by atom rows winding up helically side-by-side 

with different pitches of the helices, which have been theoretically predicted for Al and Pb NWs 

38-40 and experimentally observed in Au NWs.41  

L(f) results of seven structures are determined from Fig. 1 and showed in Table 1. When f = 0, 

the distance between two neighboring layers at central axis (D) is always equals to 0.24 nm for 3a, 

3b, 4a, 4b. Because the structures of 6-1a, 6-1b, 12-6-1 have the central axis atom, the value of 

L(f=0) is different. Thus, D ≡ 0.18 nm for 6-1a, 6-1b, 12-6-1 in every layers. Once bending stress f 

is increasingly applied to Cu NWs, it is apparent that the length of the top layer atoms (Ltop) for all 
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seven structures increases sharply, while the length of the down layer atoms (Ldown) of nonhelical 

NWs decreases sharply in the same range. For example, when f > 3 nN, Ltop of 3a decreases, while 

Ldown of 3a keep constant. The reasons are as follows: Firstly, during the bending process, the top 

layer atoms are under tensile stress, while the down layer atoms are under compressive stress. 

Secondly, when f > 3 nN, the distances between certain atoms of the down layer are close to the 

critical value (0.23nm), and repulsive forces dominates the lattice distance. Ldown of 3a has to keep 

constant because of insufficient space for the movement of atoms. In detail, with the increasing of 

bending stresses, the helical wire becomes disorder, suffering a phase transition to similar 

nonhelical one and collapsing eventually. The only difference between them is the critical value of 

3b is 3.3nN while the value of 3a is 3nN. Moreover, when f > 3 nN for 3a and f > 3.3 nN for 3b, the 

stability of structure of Cu nanowire is broken and positions of atoms are out of order, and Ldown(f) 

keeps constant. The other structures have the similar situation. The multi-shell nanowire consisting 

of coaxial tubes, like as 6-1a, 6-1b and 12-6-1, exhibit comparative lower collapse-resistant fc than 

other structures. For 3a, 3b, 4a, 4b, there is no atom in the core, which is difficult to move into other 

layers, and the distance between every layer reduces hardly. Thus, the collapse-resistant fc are 3nN, 

3.3 nN, 2.8 nN, 3.1nN, 2.5nN, 3nN and 2 nN for 3a, 3b, 4a, 4b, 6-1a, 6-1b and 12-6-1, respectively.  

As f increases, the corresponding results of D are shown in Table 1. For example, for 4b, when 

f=3.1 nN, D2-3 = 0.28 nm, D17-18 = 0.28 nm. When f=3.3 nN, D2-3 = 0.39 nm, D17-18 = 0.42 nm, 

where the subscript numbers denote the corresponding layer numbers. As D4-6 increases, due to the 

nature of ballistic transport, the probability of electron jump between the two layers decreases and 

thus G decreases. The atoms in the odd layer move toward the directions of both tips of the 

structure. Thus, D2-3(f=3.1 nN) is about 1.17 times of that for 4b at f = 0. Moreover, there are 

similar situation for the other structures, the value of Dc (fc) for all seven structures are about 

1.10-1.25 times of that at f = 0, which is only dependent on f but independent on the nanowire 

diameter (d). The larger value of D2-3 is induced by the atomic movement of the atom in the 3
th 

layer putting into the 4th layer. 
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The magnitude of G or the conduction channels is decided by the number of bands crossing 

Fermi level Ef on the basis of the Landauer formula.
9 The calculated G(f) values of seven structures 

with all conductional channels are shown in Fig. 2 and Table 2. For NWs with the same size, the 

energy bands at the vicinity of Fermi level and the number of conduction bands crossing the Fermi 

level are determined by the atomic configuration of different isomers. Namely, G(f) sensitively 

depends on the atomic structures of the wires. 4a Cu NWs has four ballistic conduction channels, 

whereas 4b has three channels. Thus, G(f = 0) = 3 for 4a, which agrees with other results.17 As f 

increases to 2.8nN, G(f = 2.5nN)/G(f = 0) = 1 for 4a, which means the structure still stable under 

relatively week bending stress. However, G(f = 2.8nN) /G(f = 0) = 0.6667, the structure is unstable 

under relatively large bending stress. On the other hand, 4b Cu NWs has the similar situation. 

Hence, G(f) functions of the structures indeed have opposite tendencies on Ltop(f) before their 

structures collapse. It is because that the atom accumulation becomes weaker when the distance 

among some atoms increases.19 For 4a, Ltop(f = 2.5nN) reaches the maximum value where the 

atomic structure varies and distance between layers (D) in the middle of 4a increases. As D18-19 

increases, due to the nature of ballistic transport, the probability of electron jump between the two 

layers decreases and thus G decreases.  

Similar to 4a, when 0 <f < 3.1nN, Ldown(f) functions of 4b drop monotonously, while D (f) of 

the middle layers increase a little. Because of the evident deceasing of Ddown1-8 and Ddown13-20, Ldown 

drops from 4.56 to 4.18 nm at f = 3.1 nN. When f = 3.3 nN, the structure collapses and G decreases 

to zero while Ldown(f) keeps constant. It means that the critical collapse-resistant fc of 4b is higher 

than fc = 2.8 nN of 4a. 4b could stand higher bending stress than 4a and would collapse under higher 

force intensity. These results are in agreement with the results of structures analyses.  

When the wire diameter of Cu NWs (d) is constant, G(f) of helical NWs and nonhelical NWs 

decrease. As f = 0, G (in unit of G0) approximately fit into a quadratic function of d (in unit of Å) 

as:32 

G(f = 0) = 2.0 + 0.12 × d2.                           (2). 
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This is easily understandable since d2 gives the area of the cross section of the NWs. As shown in 

Table 2, when f > 0, G could be also approximately fitted into the following function, and we also 

can find the relationship between G(fc) vs d as: 

G(fc) = 5.55 - 14.73 × d+17.36× d
2   for nonhelical NWs  (3) 

G(fc) = 3.67 - 1.755× d               for helical NWs    (4) 

This means that the bending stress effect of nonhelical NWs on G(fc) is decided by the cross 

section area while the bending stress effect of helical NWs on G(fc) is decided by the diameter. 

DOS of the seven structures observed by DFT are present in Fig. 2. For all the seven structures, 

once f is applied, the position of largest peak shifts rightward. When Cu nanowire collapses, the 

largest peak obviously shifts left, and the largest peak of DOS below Ef is located between -1.89 

and 0.67 eV under f = 0, while -2.27 and -0.09 eV under f = 2.8 nN. The case is similar for other 

structures, which implies the energy of all structures increase. It implies that the energy of all the 

structures are separated into two or three pieces. Considering the movement of the maximum peak, 

the energy of all the structures increases firstly, and then goes down when the collapse occurs. It is 

because that the original stable structures will be transferred to unstable structures when the bending 

stress is considered. When Cu nanowire collapses, the effect of collapse-resistant disappears, which 

results in the decrease of energy. For 4a, the magnitude of DOS at Ef under f = 2.8 nN decreases to 

0.5 times of that under f = 0. As f further increased to 3 nN, with the collapse of the structure, the 

magnitude of DOS at Ef decreases to 0. Under f = 3.1 nN, the value for 4b is 0.5 times of that under 

f = 0. In the same way, the above results of DOS ratios at Ef confirm the calculated results G(fc) 

from Landauer formula42 shown in Figs. 2(a), (b), (c), and (d), where the corresponding G(fc) ratios 

are about 0.5 for seven structures. 

Mullikan charge e(f) functions of all structures are shown in Fig. 3. And the indexed layer is 

the same as in Fig. 1. Under f = 0, the sum total of e of all layers is 0 for all seven structures. e(f) 

functions of 6-1a and 6-1b are shown in Figs. 3(a) and (b). In Fig. 3(a), as f = 1.5nN, although the 

charge distribution of 6-1a has been a little different with under f = 0, the positive and negative 
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charges are still in sequence. There is no influence on the electronic transport. However, when f 

increases to 2.5nN, the distribution of charge is totally changed, which leads to the electron 

accumulation. This accumulation could induce the decrease of G and then affect the electronic 

transport properties of Cu NWs. While f further increases to 2.8 nN, the distribution of charge is no 

longer symmetric and in disorder.18 The electrons transport is destroyed and the electron is 

accumulated in the 6th and 14th layers. 

In the case of 6-1b, electrons are equably distributed in all layers when f = 0. the positive and 

negative charges are alternately distributed and have the same absolute value. However, when 0 < f 

< 3nN, the distribution of charges along the axes are inhomogeneous and has been obviously 

changed. But absolute value of all layers is no longer consistent. And the positive and negative 

charges are still alternately distributed, which is no influence on the electronic transport. Moreover, 

as f further increases, the inhomogeneous distribution of the charge is more obvious. Once f is equal 

to 3nN, a new layer consisting of seven Cu atoms is combined and formed by some of the odd and 

even layers. Thus, the channel numbers of ballistic transport are increased by the new layer. At the 

same time, the channel numbers of the neighboring layer have been decreases. When f further 

increases to 3.2 nN, the total energy decreases and the structure trends to be more stable. The above 

so-called new layer further generates, which it is unfavorable to electronic transport. The 

distribution of charge is dissymmetric and disorder. The electrons transport is broken off and the 

electron also accumulates in the 12th layers, just like the results of 6-1a under f =2.8 nN.  

Electronic transmission properties for the seven structures are observed by DFTB and 

presented in Fig. 4. When f = 0, the electronic transmission properties for 6-1a, 6-1b and 12-6-1 are 

almost symmetrical, while the electronic transmission properties for 3a, 3b, 4a and 4b are 

completely asymmetric. The asymmetric transmission properties are not beneficial to the diffusive 

transport properties. Once the electrode reverses, only symmetric system could achieve favorable 

conduction properties. There are no intermediary atoms for the structure of 3a, 3b, 4a and 4b, which 

induce that the positive ions can't pass through in the middle layer under the effect of electrodes, 
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and the asymmetry of transmission properties. For 3a and 3b, when f >0, there are still no 

intermediary atoms appearing in the bending process, and thus, the asymmetry of transmission 

properties still are unchanged. For 4a and 4b, when f = 2.8 nN for 4a and f = 3.1 nN for 4b, the 

symmetry of transmission performances are apparently improved, which are induced by some 

intermediary atoms appearing in the bending process. Furthermore, for 6-1a, 6-1b and 12-6-1, when 

f >0, the symmetry of transmission performances fall slightly down. When f = fc for seven structures, 

the symmetry of transmission performances are completely disappeared, which means that the 

diffusive transport properties for the three structures of 6-1a, 6-1b and 12-6-1 vanished as the 

structures collapse. It is in reasonable agreement with the DFT results above in the bending process. 

Electron potential results of the seven structures are observed by DFTB and presented in Fig. 5. 

When f = 0, taking 12-6-1as an example according to the figure of electron potential, the negative 

potential (red) on the surface of Cu nanowire, the positive potential (blue) in the central region, a 

loop is formed between two electrodes. Therefore, the intermediary atoms are the highlight to form 

the loop and implement diffusion transport. Similarly for all the seven structures, when f =0, 6-1a, 

6-1b and 12-6-1 have the positive potential (blue) in Fig. 5, while 3a, 3b, 4a and 4b don’t have the 

positive potential. Combination with Fig. 4, we can come to the conclusion that due to no 

intermediary atoms, there are no diffusive properties for 3a, 3b ,4a ,4b when f = 0. When f = 2.8 nN 

for 4a and f = 3.1 nN for 4b, there are some intermediary atoms in the bending process, and then the 

loops for the systems have formed. But a lot of the potential energy are gathering in the middle 

region of nanowire leading to the decrease of the diffusive transport properties. When f >0, for 6-1a, 

6-1b and 12-6-1, the positive potentials slightly fall down. When f = fc for seven structures, the 

positive potentials are all disappeared when the structures collapse. Excellent agreements are 

observed among the electron potential results, DFT results and electronic transmission properties 

above. It can easily come to the result that 6-1a, 6-1b and 12-6-1 express better diffusive transport 

properties than other structures (3a, 3b, 4a and 4b). 6-1b ultrathin Cu NWs exhibits the best 

properties by comprehensively considering the results of quantum transport, diffusive transport and 
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collapse-resistant. 

4. Conclusion 

In summary, the first-principle calculations are performed to investigate the effect of bending 

stress on the stability and ballistic transport properties of Cu NWs with diameter from 0.2-1.0 nm. 

From the details that mentioned above, we can to the following conclusions. (1) Without bending 

stress, the conduction of Cu NWs generally increases with the increasing of its diameter. (2) When 

the bending stress is considered, all of nonhelical and helical structures are more unstable; the 

helical atomic strands are more stable than the nonhelical ones since the former owns higher 

collapse-resistant fc. (3) G(fc) is decided by the area of the cross section of nonhelical NWs, while 

decided by the diameter of helical NWs. G(f) function decreases as f increases when 0 < f < fc. 

When f is above fc, G(f) is decreased to zero for all seven structures. (4) The intermediary atoms are 

the highlight to form the loop between two electrodes and implement diffusion transport for the 

ultrathin Cu NWs. (5) 6-1a, 6-1b and 12-6-1 have better diffusive transport properties than 3a, 3b, 

4a and 4b according to the results of DFTB. Among the seven structures, 6-1b exhibits the best 

properties by comprehensively considering the results of quantum transport, diffusive transport and 

collapse-resistant. 
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TABLE 1. Part critical data of length (L) and the distance between two neighboring layers at 

central axis (D) in the calculations under f. When f = 0, L≡ 4.56nm and D ≡ 0.24 nm for 3a, 3b, 4b, 

while L≡ 3.42nm and D ≡ 0.18 nm for 6-1a, 6-1b, 12-6-1 in every layers. 

Wire, f D2-3  D3-4  D11-12
 
D14-15 D15-16 D17-18 D19-20

 
L 

3a, 3nN 0.24 0.24 0.24 0.26 0.30 0.24 0.32 4.52 

3a, 3.2nN 0.24 0.24 0.23 0.33 0.36 0.26 0.34 4.60 

3b, 3.3nN 0.25 0.26 0.23 0.25 0.25 0.24 0.26 4.48 

3b, 3.5nN 0.25 0.38 0.23 0.24 0.24 0.28 0.32 4.53 

4a, 2.8nN 0.26 0.24 0.23 0.25 0.24 0.25 0.26 4.42 

4a, 3nN 0.30 0.26 0.24 0.24 0.24 0.32 0.30 4.49 

4b, 3.1nN 0.28 0.25 0.23 0.24 0.24 0.28 0.26 4.45 

4b, 3.3nN 0.39 0.27 0.23 0.24 0.24 0.42 0.29 4.50 

6-1a, 2.5nN 0.19 0.19 0.17 0.22 0.23 0.20 0.18 3.36 

6-1a, 2.8nN 0.12 0.16 0.16 0.20 0.32 0.16 0.15 3.39 

6-1b, 3 nN 0.08 0.11 0.20 0.18 0.18 0.12 0.13 3.38 

6-1b, 3.2nN 0.18 0.18 0.38 0.26 0.16 0.12 0.13 3.39 

12-6-1, 2nN 0.17 0.16 0.16 0.15 0.16 0.17 0.16 3.41 

12-6-1, 2.2nN 0.16 0.22 0.16 0.15 0.24 0.36 0.16 3.44 
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TABLE 2. The diameter (d), G(f) function of Cu NWs obtained from DFT calculations. d in nm. G 

in G0. f in nN.  

Wire d  f=0 f=2.0 f=2.2 f=2.5 f=2.8 f=3 f=3.1 f=3.2 f=3.3 f=3.5 

3a 0.242 3 3 3 3 3 2 0 0 0 0 

3b 0.212 2 2 2 2 2 2 2 2 1 0 

4a 0.277 4 4 4 4 2 0 0 0 0 0 

4b 0.288 3 3 3 3 3 3 2 0 0 0 

6-1a 0.490 4 4 4 2 0 0 0 0 0 0 

6-1b 0.418 4 4 4 4 4 2 0 0 0 0 

12-6-1 0.942 12 4 0 0 0 0 0 0 0 0 
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Captions 

Fig. 1 Morphologies of Cu NWs as a function of f. The average stress strength f is obtained by 

averaging stress strength F of each layer. f in nN. 3a, 3b, 4a, 4b are shown in (A) and 6-1a, 6-1b, 

12-6-1 are shown in (B) can be shown as.  

Fig. 2 G, DOS of nonhelical NWs of 3a, 4a, 6-1a and helical NWs of 3b, 4b, 6-1b, 12-6-1 as a 

function of f. Ef = 0 (vertical dotted line) is taken. 

Fig. 3 The Mulliken charge population of nonhelical NWs of 3a, 4a, 6-1a and helical NWs of 3b, 4b, 

6-1b, 12-6-1. The charges show the sum of each layer and the layer number is defined in Fig. 1. 

Fig. 4 Electronic transmission properties of the seven structures observed by DFTB. 

Fig. 5 Electron potential of the seven structures observed by DFTB, where red is negative potential 

and blue is positive potential. 
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Fig. 1  
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Fig. 2  
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Fig. 3  
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Fig. 4 
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Fig. 5  

(A) 
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(B) 
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The electron transport properties of ultrathin Cu nanowires (NWs) with diameter 

of 0.2-1.0 nm under different bending stresses are reported for the future application 

in flexible displays and flexible solar cell. The density functional theory (DFT) and 

density-functional-based tight-binding (DFTB) approaches have been combined to 

systematically discover the ballistic transport and diffusive transport of ultrathin Cu 

NWs in the nanoscale. Our DFT calculations show that as the size of nanowires 

increases, the maximum bearable bending stress (fc) reduces. Our DFTB calculations 

reveal that the intermediary atoms are the highlight to form the loop between two 

electrodes and implement diffusion transport. Among the seven structures, the 6-1b 

exhibits the best properties by comprehensively considering the results of quantum 

transport, diffusive transport and collapse-resistant. 

Page 25 of 26 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Page 26 of 26RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


