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Abstract: In this paper we propose an improved nano scaled Surrounding gate MOSFET utilizing 

Silvaco TCAD software. When the channel length of the bulk planer MOSFET is scaling down, a planer 

MOSFET experiences short channel effects and reduce the device performance. The different parameter 

like drain characteristics are extracted for Surrounding gate MOSFET. The analytical results are verified 

with the help of 3D TCAD Silvaco device Simulator. The results represent the greater performance is 

acquired for surrounding gate MOSFET. Surrounding Gate MOSFET current drivability is high as 

compared with bulk planer MOSFET. Surrounding gate MOSFET attains great possibility to become a 

future device as bulk planer MOSFETs for creation of upcoming generation with low power, high speed 

devices. 
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Introduction: In present fast technological advancements and scaling down device dimensions up to 

deep sub-micron level over the last decades have made this realizable to achieve high speed integrated 

circuits with less power consumption. When shrink down dimensions of the device up to deep micro 

meter region, some effects like threshold voltage issue, DIBL (drain induced barrier lowering) and 

quantum mechanical effects be predominant and major effects on device performance. However, 

shrinking down the device width will reduce the gate controllability and current driving capability by 

disturbing the voltage distribution. These effects degrade the device performance and develop challenge 

for further down scaling the MOS technology [1]. Today’s technology demands the reduction of threshold 

voltage for very high speed devices. The device reaches to minimize channel width and channel length for 

the bulk planer MOSFET attains enhance packing density [4, 5]. 

Surrounding Gate MOSFET (SG MOSFET) is a unique device which provides considerably surprising 

results in the technologically application areas. The solution for overcome the scaling limitations of bulk 

planer MOS devices and to achieve enhance packing density for upcoming device analysis. Changes in 

device geometry from its planer traditional shape may improve device performance and reduce the 

limitations. The device shows less power dissipation, increase energy efficiency and increase speed of 

operation [2]. 

SG MOSFET is characterized under non planer device in which channel lies in vertical direction. In 

SG MOSFET gate is surrounded with silicon pillars and decreases MOS transistor area. SGMOSFET 

shows the better control on Short channel effects, can be shrink down for minimum length of channel and 

oxide thickness [3, 5]. 

SG MOSFET produces extra advantages as improved current and enhanced transconductance. SG 

MOSFET device geometry is different with bulk planer MOSFET [1]. Here physical device design 

enhances the Gate control over channel voltage that improves threshold affection, increase packing 

density and enhances short channel immunity [5, 10]. 

Device Structure: SG MOSFET is a device where gate electrode is surrounded from all sides, where gate 

is in cylindric style structure. The source and drain areas lies between two edges of MOS. Now increase 
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the gate control over the channel conduction that impacted decrease in drain voltage inside the channel 

too [5]. SG MOSFET produces best control over the gate voltage when formation of channel achieved. 

The Surrounding Gate MOSFET increases current drivability more than bulk planer MOSFET [6, 20]. 

 

Fig.1:Surrounding Gate (SG) MOSFET 

The produced device structure is as the characteristics L = 40nm, R = 15nm, Cox = 1.3, µ = 0.48, D = 

0.10, S = .05. 

The Surrounding Gate MOSFET required lesser on voltage instead of bulk planer MOSFET. Surrounding 

gate MOSFET device performance ratio Ion/Ioff is high as compared to bulk planer MOS which means the 

leakage current will be very small and it also reduces power dissipation. 

  

DEVICE MODELING: Here we obtained the simulated IDS(VGS, VDS) characteristics of SG MOSFET. 

We explored the drain current performance for various regions of the device operations in different areas 

[5]. 

For drain current calculation, the drain current is evaluated in drain and source ends and obtained an 

expression. The inversion region drain current is expressed as [5, 10] 

2
1 1

ds n

sat

( dV( z ) / dz )
I ( z ) RQ ( z )

( / E )( dV( z ) / dz )





                (1) 

Where, R is radius and device width is 2πR.  V(z) = channel voltage in z direction, dV(z)/dz = electric 

field in z direction. Critical field is Esat= 2Vsat/µ, saturation velocity is Vsat and mobility isµ. 

0

1 A ref A( [ N /( N ( N / S ))])


 

 
      (2) 

Mobility of electron is µ0= 677cm
2
/Vs.  Nref  = 3x10

22
 m

-3
, S = 350 

NA is p – type doping concentration [5]. Surface charge density is Qn(z) at any point z is expressed as 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 3, 2021, Pages. 2102 - 2110 

Received 16 February 2021; Accepted 08 March 2021.  

2104 http://annalsofrscb.ro 

 

n ox gs thQ ( z ) C (V V V( z ))  
   (3) 

Oxide capacitance - gate (Cox) is,         

ox
ox

ox

C
t
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The drain current eq. (linear region), simplified eq. (1) and substitute the above equations in equation no. 

(1) and integrating the eq. is obtained as: 

2
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V
R C (V V ( ))

I

L( )
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                          (6)

 

The drain current eq. (saturation region) is given by [1]       

2dsat sat nsatI RV Q
                                         (7) 

Where, Idsat  is drain current (saturation) and is Qnsat  is inversion charge obtained on Vds = Vdsat is 

expressed as 

nsat ox gs th dsatQ C (V V V )  
                                (8) 

Put Qnsat value in equation (7) given by 

2dsat sat ox gs th dsatI RV C (V V V )  
                      (9) 

Threshold voltage Vth, Drain saturation voltage Vdsat obtained by  

1

gs th

dsat

gs th

(V V )
V

(V V ) / LE




 
                             (10) 

When channel length (device) decreases, effects (short channel) like DIBL, punch through effects take 

into the account then these impacts the action of the future device. As a consequence of DIBL the short 

channeled device’s charge inside the channel is controlled by the drain voltage instead of gate voltage [3, 

6]. So DIBL effects can incorporate in our SG MOSFET structure [10, 11]. 

The drain current (replacing by threshold voltage -Vth) in equation (6) by Vth”
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We know that Vds is more than Vdsat, means pinch off point act close to source and difference in voltages 

(Vds – Vdsat) is dropped with length 1d. This provides results in produces drain current enhancement [3]. 

Here we obtain channel length (modulation) effects saturation current with term replacing L by (L - ld) [8, 

11] 

2
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Where ld = velocity saturation length and Vsat = saturation velocity is in the saturation region [5]. 

 

Result and Discussion: SG MOSFET operation is showed in fig. 1. Here we investigated simulated and 

analytical region operations with different applied potential at gate [5]. Here voltage (drain to source - 

Vds) varies within the range 0 to 5V, figure shows when voltage (drain to source - Vds) increases simulated 

drain current increases rapidly as compared to analytical drain current values. When gate voltage (Vgs) 

increases, then the amount of charge carriers emits from source side also increases [5, 9]. DIBL of SG 

MOSFET also observed.   

 

Fig.2: Device structure of Surrounding Gate MOSFET 
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Fig.3:Simulated IDvs VDS characteristic of Surrounding Gate MOSFET 

 

Fig.4: IDvs VGS characteristic of Surrounding Gate MOSFET 
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Fig.5: DIBL of Surrounding Gate MOSFET 

 

 

 

Fig.6: ID – VDS characteristic of Surrounding Gate MOSFETat VGS = 1.5V 
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Fig.7:  ID – VDS characteristic of Surrounding Gate MOSFET at VGS = 2V 

 

 

 

Fig.8:  ID – VDS characteristic of Surrounding Gate MOSFETat VGS = 2.5V 
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Conclusion:The Surrounding gate (SG) MOSFET behavior investigated in different operating conditions. 

Surrounding Gate MOSFET has been adopted for developing future devices, which minimize the power 

dissipation and reduce the occupied area. Here channel is surrounded by the gate so we receive better 

electrical control compare to conventional MOSFETs. 
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