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Abstract 
In this paper, we systematically investigate the binding-induced changes in transport 7 
properties of silicon on insulator devices by combining a tight-binding model and the 
nonequilib- 8 rium Green’s Function theory. When a thin device of 1.00-nm thickness is 
bent with a curvature of 9 0.24 nm-1, its ON and OFF currents are changed less than 20%. 
However, further bending with a 10 curvature of 0.48 nm-1 will dramatically reduce its 
currents and affect its functionality. When the 11 device is thicker, even a smaller 
bending curvature of 0.10 nm-1 may change its currents for more 12 than 20%. Our 
results provide a theoretical guide for the design and fabrication of flexible electronic 13 
devices based on silicon on insulator structures. 
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1. Introduction 

The silicon on insulator (SOI) structures can well suppress the short channel effect in nanochips, and 
at the same time, the SOI technology can realize the dielectric isolation of  the components in the 
chips [1-5]. SOI-based chips and electronic devices have broad application prospects. Chips made of 
SOI materials are superior to bulk silicon materials in terms of speed, integration density, production 
efficiency and electronic performance gain[6], and fully utilization of the silicon integration 
technology, making SOI components one of the best candidates for nanochip technology [7]. 

The rise of fields such as the Internet of Things, robotics, and digital healthcare has led to an 
increasing demand for flexible electronic devices.In flexible electronic devices, chips not only have 
strict requirements on integration, but also meet the needs of device deformation [8,9].The 
deformation of the device will cause strain and stress in the chip and its electronic components. It has 
become an urgent task to study the influence of strain and stress on the electronic transport of 
components and the overall performance of the chip.Lin et al. [10] studied the effect of stress on the 
gate leakage current of SOI devices with different thicknesses (50, 70 and 90 nm) of contact hole etch 
barrier process.The results show that thinner devices exhibit higher gate oxide reliability under high 
stress, while thicker devices exhibit lower gate oxide reliability and larger gate oxides although 
exhibiting excellent drive capability and leakage current.Bianchi et al. [11] proposed a model to 
simulate the effects of mechanical strain affecting the electrical behavior of electronic devices. The 
model successfully incorporates the mechanical stress effect into the standard simulation model by 
adjusting the change in device mobility by taking the mechanical stress as a function of the geometry 
of the electronic device.Alam et al. [12] studied an analytical model to estimate the induced stress in 
the delay process and compared it with a TCAD-calibrated HSPICE simulation setup using a 45nm 
technology model.Ojha et al. [13] proposed a compact model to study the longitudinaland lateral 
stress distribution in transistors.Using the established stress distribution model, they calculated the 
average stress and the threshold voltage of the response under different conditions and verified the 
accuracy of the reported model by comparing with the measured data of the 28nm device 
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fabricated.However, the effectiveness of the compact model based on empirical formulas is limited 
to components of a specific size. With the improvement of chip integration, the size of chip 
components has reached sub-10 nanometers. Therefore, it is necessary to study the effect of 
deformation on the electronic performance of chip components from the atomic scale. 

In this paper, based on the non-equilibrium Green's function method, the electronic transport 
characteristics of SOI components under different bending deformations are calculated from the 
atomic scale, aiming to reveal the influence of bending deformation on the electronic transport 
characteristics of the devices, and to provide a theoretical basis for the design and fabrication of 
flexible electronic devices based on SOI structures. 

2. Model and Calculation Method 

To study the effect of bending deformation on the electrical properties of SOI devices,we first 
calculate the electron transport properties of devices with a thickness (D) of 1nm under different 
bending deformations, and then, we also study the electron transport properties of devices with 
different thicknesses under bending deformations.The device model with a thickness of 1nm is a 
supercell composed of silicon primitive cells as shown in Figure 1(a) and (b).The model along the x-
directionis a periodic expansion of the silicon primitive cell, and its thickness along the y-direction is 
finite of 2 silicon primitive cells.The structure of the supercell is optimized, and 44 units are 
periodically expanded along the transmission direction (z-direction).One unit on the left/right is 
selected as the periodic unit of the semi-infinite electrode, and 42 units in the middle are selected as 
the scattering region to form an SOI device, as shown in Figure 1(c).The doping specifications of 

each region on the device are: left and right electrodes (n-type, 3.55 × ), the junction between 

the electrode and the central region (14 units on the left and right, n-type, 3.55 × ), buffer area 

(2 units left and right, n-type, 1.775 × ), central area (10 units, no doping).Figure 1(c) shows 

the flat device structure with zero bending curvature, in which a hydrogen-passivated 2D silicon wafer 
layer is in the middle, and two dielectric layers simulate a wrapping SiO  (ϵ = 3.9ϵ ) on the outside, 
and a metal gate in the center of the channel.We performed different bending deformations on the 
central region in our study.Figure1(d) shows the device structure when the bending curvature κ in 
the central region is 0.48 nm .Although Figure1 shows only the model of the device with thickness 
of 1nm, containing two silicon primitive cells in the y-direction, we also perform bending 
deformations for devices with 3silicon primitive cells in the y-direction,the corresponding device 
thickness is 1.55nm. 

In this paper, combining the non-equilibrium Green's function method and sp d s∗ tight-binding 
model[14], we use the QuantumATKsoftware[15] to calculate the electron transport properties of the 
above device structures. In the calculation, the cutoff energy used is 20 Hartree, the k point is set to 
17×1×134, the self-consistent convergence parameter of total energy is set to10 eV , periodic 
boundary condition is adopted in the x direction, Neumann boundary condition is adopted in the y 
direction, and Dirichlet boundary condition is adopted in the z direction. At the bias voltageV ,the 
current I can be obtained from equation (1)[16]. 

 

    I = ∫ T(E; Vb)[fL E; E − b − fR E; E + b ] dE              (1) 

 

in which,fL E; E − b , E  and fR E; E + b , E are the Fermi distribution functions and Fermi 

energies of the left and right electrodes at equilibrium, respectively, T(E; Vb) is theelectron 
transmission spectrum, expressed as the probability of electron transmission at different energies. 

 



International Core Journal of Engineering Volume 8 Issue 5, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202205_8(5).0063

 

495 

 
Figure 1. The model of deviceswith a thickness of 1.00nm:(a) and (b) cell structuresviewed 

fromcross planesyz and xz; (c) aflat device; (d) the central region of a device bent with a curvature 
of 0.48 nm . 

3. Results and Discussion 

We first study the influence of different bending deformations on the electrical properties of devices 
with the same thickness. We calculate the electron transport of the device with a thickness of 
1.00nmwhen the bending curvature κ in the central region is 0 , 0.24 nm  and 0.48 nm , 
respectively. Under a fixed bias voltage V = 0.4V, the device current-gate voltage (IDS-VG) curves 
with different bending curvatures are shown in Figure 2. If we define the threshold voltage VT as[17]. 

 

IDS(VG = VT, Vb = 0.4V) = 100nA,                      (2) 

 

the turn-on current of the device is: 

 

             ION = IDS(VG − VT = 1V, Vb = 0.4V),                     (3) 

 

it can be seen from Figure 2(a) that the threshold voltage of the flat device with a bending curvature 
of 0 is −0.94V, and the threshold voltage of a device with a bending curvature of 0.24 nm  is 
−1.145V, the threshold voltage of the device with a bending curvature of 0.48 nm  is −0.572V. 
Although the threshold voltage of the device changes with bending, it can be obtained from Figure 
2(b) that the ON currentsunder different bending aresimilar, resulting in little change of the ON/OFF 
current ratio withbending: the current switching ratio of the flat device is 16, that of device with 
curvature 0.24 nm  is 15.2, and that of device of curvature 0.48 nm is 13.5. However, we need 
consider the real situation, in which the flat device is bent during usage. If the device was designed 
to work in a flat state, the OFF and ON currents after bending should be calculated at the threshold 
and turn-on voltages in the flat state, as shown by the red dotted lines in Figure 2. 

In the flat state, the threshold voltage of the device is −0.94V. At this threshold voltage, the current 
of the deviceis 110nAwhen the bending curvature is 0.24 nm , which is 10% higher than that in 
the flat state;when the curvature is 0.48 nm , the current value is 10.2nA, which is 89.8% lower 
than that in the flat state. The turn-on voltage in the flat state is 0.06V, and the corresponding turn-
on current value is 1600nA, the switching current ratio is 16.At this turn-on voltage, when the 
bending curvature is 0.24 nm the current value is 1850nA, which is 16% higher than that in the 
straight state, and the switching current ratio is 16.9;when the bending curvature is0.48 nm , the 
current value is 750nA, which is 53% lower than that in the straight state, and the switching current 
ratio is 73.5. The analysis shows that during usage, a slight bending deformation will not affect the 
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performance of the device much; while further deformation may reduce greatly the current passing 
through the device, which will affect the usage of the device. 

 

 
Figure 2. The current-gate voltage curves of devices with a thickness of 1.00 nmat (a) semi-

logarithmic scale and (b) linear scale. The temperature is 300 K and the source-drain bias is 0.4V 

 

To further analyze the change in the current-gate voltage curves presented in Figure 2, we calculated 
the electron transmission spectrum of the device under the gate voltage value VG = −1.5V and 
0.5V while the bias voltage is fixed at0.4V. The electron transmission spectrum is shown in Figure3. 
Taking the Fermi level as the energy reference point, the current of the device can be obtained by 
integrating the transmission coefficient in the range of −0.2~0.2V  through the bias voltage 
window,as shown in Figure3.When the gate voltage is −1.5V, the transmission coefficients in the 
window near the Fermi level are all 0, while when the gate voltage is 0.5V, the transmission 
coefficient in the window near the Fermi level are not all 0. In Figure3(b), under different bending 
curvatures, the transmission coefficients near the Fermi level are different, and the larger the 
transmission coefficient, the higher the corresponding current value in Figure2(b). 

 

 
Figure 3. Electron Transmission Spectra of devices with a thickness of 1.00 nm under: (a)VG =

−1.5V and (b)VG = 0.5V 

 

To study the effect of bending deformation on the switching characteristics of devices with different 
thicknesses, we calculate the current-gate voltage curves of devices with thicknesses of 1.00nm 
and1.55nmrespectively. The results are presented in Figure4.In the flat state, the threshold voltage 
with a thickness of1.55nm is −1.17V , the turn-on voltage is −0.17V, the turn-on current value 
is 1350nA, and the switching current ratio is 13.5; the threshold voltage with a thickness of 1nm is 
−0.94V, the turn-on voltage is 0.06V, the turn-on current value is 1600nA, and the switching 
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current ratio is 16. As the thickness decreases, the switching current ratio of the device increases 
slightly. 

 

 
Figure 4. The current-gate voltage curves of flat devices with different thicknessesat (a) semi-

logarithmic scale and (b) linear scale 

 

When considering the bending deformation of the above devices during usage, the OFF and ON 
currents after bending should be calculated at the threshold and turn-on voltages in the flat state, as 
mentioned earlier. In the flat state, the threshold voltage of the device with a thickness of 1.55nm is 
−1.17V, as shown by the red dotted line in Figure5. At this threshold voltage, when the bending 
curvature is 0.10 nm , the current value is 70nA, which is 30% lower than that in the straight state. 
The turn-on voltage in the straight state is −0.17V, and the corresponding turn-on current value is 
1280nA, the switching current ratio is 12.8.At this turn-on voltage, the current value is 1010nA 
when the bending curvature is 0.10 nm , which is 21.1% lower than that in the straight state, the 
switching current ratio is 14.43, an increase of 12.7% compared to the flat state. The results show that 
bending-induced changes in currents are strongly dependent on thethickness of devices. Even a 
smaller bending curvature of 0.10 nm-1 may change its currents for more than 20% when the device 
is thicker (with a thickness of 1.55nm). 

 

 
Figure 5. The current-gate voltage curves of devices with a thickness of 1.55 nmat (a) semi-

logarithmic scale and (b) linear scale 

4. Conclusion 

Based on the combination of the non-equilibrium Green's function method and sp d s∗  tight-
binding model, we systematically study the bending induced change in current-voltage characteristics 
of SOI devices with different thicknesses. The results show that: the ON and OFF currents of a thin 
device of 1.00-nm thickness relatively stable under a small bending deformation with a curvature of 
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0.24 nm-1, while further bending with a curvature of 0.48 nm-1 will dramatically reduce its currents 
and affect its functionality. This bending-induced changes in currents are strongly dependent on 
thethickness of devices. Even a smaller bending curvature of 0.10 nm-1 may change the currents of 
a thicker device of 1.55-nm thickness for more than 20%.Our results provide a theoretical basis for 
the design and processing of flexible electronic devices and IoT sensor devices. 
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