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Gate-all-around (GAA) structure has already been proven as one of best options to restrain short 

channel effects (SCEs) [1-2]. In addition when it is combined with III-V channel material and high-k gate 

dielectric, GAA device holds the potential to be used in future ultra-high performance devices with  all-

around on and off state performance. On that note, III-V high-k GAA with rectangular cross section has 

been demonstrated experimentally by Gu et al. [3], which shows excellent transport performances as 

expected. Recently we have reported the electrostatics of that rectangular GAA device through rigorous 

self-consistent Schrodinger-Poisson simulation [4]. In this paper, we extend our work by solving the 

electrostatics of a cylindrical channel III-V GAA FET along with transport study in ballistic regime. 

 

The device under study (Fig. 1a) has a cylindrical InxGa1-xAs p-doped channel surrounded by a 

10nm thick Al2O3 oxide layer. The cross sectional area of the channel was kept equal to the area of the 

rectangular GAA device channel examined earlier [4]. 

 

A 2-D self-consistent numerical model based on finite element method is developed, which 

solves Schrodinger-Poisson in a coupled manner for a vertical cross section of the device at the source 

end (Fig. 1b), in polar co-ordinate system. Upon convergence the model provides Eigen energies, carrier 

density, capacitance-voltage and other electrostatic characteristics. Figure 2 demonstrates the C-V 

characteristics along with ATLAS verification, which confirms the validity of the simulator developed. It 

is to be mentioned that, the C-V characteristics from the cylindrical (this work) and rectangular channel 

[4] cross section GAA is found to be almost identical, as expected [5].  

 

The electron concentration profile (Fig. 3) at strong inversion region reveals that for cylindrical 

channel, the inversion layer forms uniformly just beneath the oxide interface, unlike the rectangular 

channel GAA device where the peaks of electron concentration is at the corners [4]. Large electron 

concentration at corner means large voltage drop and band bending at the corners, which implies that 

rectangular channel FET will have more gate leakage than the cylindrical counterpart through the corners. 

 

The obtained Eigen energies from the self-consistent model are used to calculate the drain current 

using the well-known Landauer-Buttiker formula- 

 

                                                      (1) 

 

Here, the transmission coefficient T(E) is assumed to be step-like, meaning the resultant current is 

for ballistic regime. Figure 4 and 5 respectively shows the output and transfer characteristics of this 

cylindrical channel GAA device. Because of the 2–D simulation, which does not take account of the drain 

voltage effect, the effect of DIBL is not visible in the Id-Vds curve of the device. Finally, Table 1 

summarizes few performance parameters extracted from the transport study. The device shows excellent 

sub-threshold slope (SS) and on/off current ratio. On the other hand, peak saturation current and trans-

conductance are also quite satisfactory. 
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In summary, this work reports a self-consistent physical model to investigate the electrostatics 

and transport properties of a cylindrical channel GAAFET, revealing the fact that although the carrier 

concentration profile is completely different for cylindrical and rectangular channel GAAFET, there is 

only subtle variation in capacitance and magnitude of drain current. In addition, various performance 

parameters are extracted which indicates promising on and off state performance of the cylindrical 

channel GAAFET. 
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(a)                              (b)           

Figure 1. (a) Device under study with outer oxide 

thickness of 10nm and channel radius of 16.93nm (b) 

cross section considered for simulation taken at source 

end to avoid drain voltage effect.  
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Figure 2. Capacitance-voltage characteristics of the 

device along with ATLAS verification. The capacitance is 

for per unit channel length since only 2-D cross section is 

considered. 

 
Figure 3. Electron concentration (m-3) in the device at 

Vgs=1V, revealing an all-around channel formation 

just beneath the oxide-semiconductor interface. 
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Figure 4. Id-Vds curve for the device with gate voltage 

range from -1.5V to 1V with 0.1V interval.    
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Figure 5. Transfer characteristics of the device under 

different drain bias. 

TABLE 1. Transport Performance Parameters 
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