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Abstract 

MOSFETs have been used in integrated circuits for a long time. These were replaced 

by FinFET’s in 2011. But for short-channel devices, FinFET’s have low performance due to 

various effects like velocity saturation, hot carrier effect, drain-induced barrier lowering, 

channel length modulation, fringing field effect, sub-threshold conduction, threshold voltage 

roll-off, etc. Gate All Around FET (GAA FET) is the best device that will replace the FinFET’s.  

Therefore, during the fabrication process, it is crucial to investigate the effects of process 

variations caused by changes in device dimensions. This research discusses the performance 

of the proposed device due to process variations. The effect of changes in radius, gate oxide 

thickness, gate length, and channel doping on GAA FET has been discussed in detail.   
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 Introduction  

There are many design challenges for ultra scale devices. The biggest challenge is the 

short channel effects (SCE) [1-6]. FinFET’s have replaced the conventional MOSFET’s for the 

last few years, but their performance is compromised for highly scaled devices [7-9]. Gate All 

Around FET (GAA FET) will replace FinFET in the near future, as they have excellent DC 
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and AC characteristics as well as superior short channel performance [10-13]. Unlike FinFET, 

where the gate covers the channel from only three sides, GAA FETs have gates on all four 

sides [14-18]. So, GAA FET has better gate control which results in high drive current, high 

ION/IOFF, and improved sub threshold performance [19-24]. So, it is necessary to study the 

effects of process variation on GAA FET. Fabrication process of multi gate transistors like 

FinFET and GAA FET is very complex. For example, it is difficult to control the height, width 

and angle of inclination of the fin precisely. Similarly, it is difficult to maintain uniformity 

while etching the gate oxide. Surface roughness of oxide and channel interface is another issue 

as it can cause scattering [25].  

Random placement of dopant is another serious issue which can degrade the electrical 

characteristics of the device. For small gate length, numbers of dopants are very less in numbers 

which are not easy to control during the fabrication. Variation of dopant concentration over 

different area of the channel degrades the device performance. The concentration of dopant can 

be very high near the edges and low around the centre. This is because dopant atoms have 

discrete nature and for very small gate length values, the average dopant concentration can 

vary. So, it is necessary to study the effects of process variations for better device performance 

and high yield and efficiency.  

This paper consists of following sections – Proposed device is shown in section 2. 

Changes in the radius, oxide thickness, gate length and channel doping of GAA FET are 

discussed in section 3,4,5,6, respectively. Variation in current and threshold voltage has been 

shown for each variation.   Finally, percentage variation in drive current and threshold voltage 

has been discussed in section 7. Conclusion is given in section 8.  

 Proposed Device  

The Fig. 1. 3-D provides the schematic and 2D view of TMDG CGAA is shown in Fig. 

2. In contrast to Triple Material Single Gate (TMSG) CGAA, which has an outer gate around 

the channel and no inner gate. This improves the ION of the device and helps to achieve high 

transconductance and better device performance. This is because; both the inner coaxial gate 

and outer gate are doing the channel inversion which results in increased number of charge 

carriers. Device parameters are shown in Table 1 
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Figure 1. Structure of TMDG CGAA 

 

Figure 2. (a) 3Dimensional view of TMDG CGAA, (b) 2Dimensional view of TMDG 

CGAA 
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Table 1. Device Parameters 

Symbol Parameter Value 

Lg  (nm) Length of Gate 10 

LS/D (nm) Length of Source/Drain 10 

R (nm) Gate Radius 5 

EOT (nm) Effective Oxide Thickness 1 

LSp (nm) Spacer Length 5 

LCor_Sp (nm) Corner/Inner Spacer Length 2.5 

 

 Variation in Radius of Gate All Around FET 

3.1 Variation of Current with Gate All Around FET Radius 

ION and leakage current values are strongly dependent on device physical dimensions 

like radius, gate length, oxide thickness etc. Radius is the most sensitive parameter which 

effects device current most even due to a small variation. Variation in ION is shown in Fig. 

3(a) and Fig. 3(b) whereas variation in OFF current is shown in Fig. 3(c). Variation in ION for 

TMDG CGAA   is found to be 1.6% which is less than variation in ION for TMSG CGAA 

device.  So, TMDG CGAA device structure should be preferred over TMSG CGAA device. 

3.2 Variation of Threshold Voltage with Gate All Around FET Radius 

The impact of variation in radius of GAA FET on threshold voltage has been studied in 

this work. As seen from Fig. 3(d), there is less variation in threshold voltage as radius is varied. 

Threshold voltage variation for TMDG CGAA   is found to be 3.7%. This is one of the reason 

for transitioning of FinFET to GAA FET technology. As expected, the variation in threshold 

voltage for TMDG CGAA device structure is less than as compared to variation in TMSG 

CGAA device structure. 
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Figure 3. (a) Transfer Characteristics, (b) Drive Current, (c) Leakage Current, (d) 

Threshold Voltage 

 Variation in Oxide Thickness of Gate All Around FET 

4.1 Variation of current with Oxide Thickness 

Oxide thickness effects both ION and IOFF of the device. Fig. 4(a) reveals that drive 

current is decreasing as oxide thickness is increasing. However, the variation in TMDG CGAA 

device structure is less than as compared to variation in TMSG CGAA device structure. This 

is because of the better gate control of TMDG CGAA device structure. Variation in drain 

current for TMDG CGAA device is found to be 0.54%. 

4.2 Variation of Threshold Voltage with Oxide Thickness 

 Fig. 4(b) shows that the threshold voltage is increased on increasing the oxide 

thickness. Variation in threshold voltage for TMDG CGAA is found to be 4.8%. The variation 

in threshold voltage for TMDG CGAA device structure is less than as compared to variation 

in TMSG CGAA device structure. 
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Figure 4. (a) Drain Current and (b) Threshold Voltage Versus Effective Oxide Thickness 

 Variation in gate length of Gate All Around FET 

5.1 Variation of Current with Gate Length 

Precise control of gate length during the fabrication process is very essential. The 

impact of gate length on drive current of Gate All Around FET has been shown in Fig. 5(a). 

Variation in ION for TMDG CGAA is found to be very less – 0.4%. This variation is very less 

due to superior gate control. Similarly, the variation in IOFF was found to be much less. The 

variation in current for TMDG CGAA device structure is less than as compared to variation in 

TMSG CGAA device structure because of better gate control in TMDG CGAA device. 

5.2 Variation of Threshold Voltage with Gate Length 

The impact of gate length variation on threshold voltage has been analyzed in this work. 

Threshold voltage roll off is a SCE which can be seen in the simulation results. As seen from 

Fig. 5(b), there is less variation in threshold voltage ass gate length is varied. Threshold voltage 

variation for TMDG CGAA is found to be 4%. This is one of the reasons for transitioning of 

FinFET to Gate All Around FET technology. As expected, the variation in threshold voltage 

for TMDG CGAA device structure is less than as compared to variation in TMSG CGAA 

device structure. 
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Figure 5. (a) Drain Current and (b) Threshold Voltage Versus Gate Length 

 Variation in Channel Doping of Gate All Around FET 

6.1 Variation of Current with Channel Doping 

Channel doping has impact on both ION and leakage current of the device. It should be 

maintained precisely to achieve desired electrical characteristics of device. Fig. 6(a) shows that 

the drain current is decreasing as channel doping concentration is increasing. However, the 

variation in TMDG CGAA device structure is less than as compared to variation in TMSG 

CGAA device structure. This is because of the better gate control of TMDG CGAA device 

structure. Variation in drain current for TMDG CGAA device is found to be 2.81%. 

6.2 Variation of Threshold Voltage with Channel Doping 

Fig. 6(b) shows the changes in threshold voltage due to change in channel doping. 

Variation in threshold voltage for TMDG CGAA is found to be 9.5%. This change for TMDG 

CGAA device structure is less than as compared to change in TMSG CGAA device structure. 

 

Figure .6 (a) Drain Current and (b) Threshold Voltage Versus Channel Doping 
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 Percentage variations 

Table 2 shows percentage variation in device parameters. Sensitivity of proposed 

device is somewhat higher to variations in radius of GAA FET. However, the sensitivity is 

much less to variations in other parameters like gate length, oxide thickness and channel 

doping.  

Table 2. Percentage Variation 

Parameter %Variation per nm 

Variation in I
ON

 with oxide thickness 0.54% 

Variation in V
th 

with oxide thickness 4.8% 

Variation in I
ON

 with gate Length 0.4% 

Variation in V
th 

with gate Length 4% 

Variation in I
ON 

with channel doping 2.81% 

Variation in V
th 

with channel doping 9.5% 

Variation in I
ON

 with radius 1.6% 

Variation in V
th 

with radius 3.7% 

 

Changes in drain current due to change in the radius of GAA FET is found to be 1.6% 

whereas threshold voltage variation due to change in radius of GAA FET is 3.7%. So, radius 

of GAA FET must be precisely controlled during fabrication of Gate All Around FET in order 

to avoid unnecessary deviation from desired characteristics. ION variation due to change in the 

gate length of GAA FET is found to be 0.4% whereas threshold voltage variation due to change 

in radius of GAA FET is 4%. Gate length sensitivity is much less than as compared to 

sensitivity to radius of GAA FET. Oxide thickness variation sensitivity analysis has also been 

done. Change in ION due to change in oxide thickness of GAA FET is found to be 0.54% 

whereas threshold voltage variation is 4.8%. 
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Finally, sensitivity due to change in channel doping was examined. It was found that 

variation in ION is 2.81% and variation in threshold voltage is 9.5%. In all cases, sensitivity of 

TMDG CGAA was found to be better than sensitivity of TMSG CGAA. This is because of the 

better gate control in TMDG CGAA. 

 Conclusion 

Fabrication process of multi gate transistors like FinFET and GAA FET is very 

complex. For example, it is difficult to control the height, width and angle of inclination of the 

FinFET precisely. Similarly, it is difficult to maintain uniformity while etching the gate oxide. 

Surface roughness of oxide and channel interface is another issue as it can cause scattering. So, 

it is necessary to analyze the effects of process variation on GAA FET.  The variation in device 

parameters due to change in dimensions, channel doping, nanowire radius and oxide thickness 

is within acceptable limits. So, the proposed device structure is suitable for applications which 

require high immunity to process variations. 
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