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Abstract 

In this paper, we study the impact of body bias, gate length, and spacer length on various performance parameters of n-type 

dopingless Silicon on Insulator transistor (DL-SOI). On-off current ratio (Ion/Ioff) increases with increase in negative body bias 

voltage. Simulation study shows that subthreshold swing (SS), drain induced barrier lowering (DIBL) are also improved with 

negative body bias. A comparative study is also performed between junctionless SOI transistor (JL-SOI) and DL-SOI with respect 

to body bias voltage. Performance parameters such as SS, DIBL, Ion/Ioff are improved in both the devices with negative body bias 

voltage, but DL-SOI shows higher improvement in Ion/Ioff than JL-SOI with negative body bias voltage. DL-SOI also shows lower 

threshold voltage variation in comparison to JL-SOI device with body bias voltage. 
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1. Introduction 

Scaling of conventional MOS device puts severe challenges 

such as short channel effects (SCEs) below 30 nm technology 

node [1]. Fabrication of p-n junctions with very high doping 

concentration gradients is another challenging issue below 

20 nm technology node. Junctionless transistor addresses 

above mentioned requirement of formation of ultra sharp 

junctions in conventional MOSFET. JL-SOI transistor 

contains uniformly doped source, channel, and drain regions 

with doping concentration of 10-19 cm-3 [3]. JL-SOI device 

gives full CMOS functionally and reduction in short channel 

effects (SCEs), however, high doping creates the problem of 

random doping fluctuation (RDF) [4]. Another issue with 

junctionless device is the requirement of high gate 

workfunction material to turn-off the device [3, 5]. 

To address the problems associated with JL-SOI device, 

dopingless transistor is proposed by [6]. In DL-SOI device, 

doping concentration is very low almost intrinsic (Nd=1015 cm-

3) and uniform distributed throughout the device. In DL-SOI 

device, source and drain regions are fabricated by using 

charge plasma concept. Charge plasma concept was 

introduced by [6] for p-n diode. Fabrication of n+ regions by 

charge plasma concept does not require any ion implantation 
[1, 2, 6, 7]. 

Highly doped devices show higher sensitivity of threshold 

voltage and SS with respect to the device parameters in 

comparison to the lightly doped channel [4, 8]. Lightly doped 

devices show no variation in threshold voltage, SS, and ON 

current for 10% variation of doping concentration [1]. Both of 

the devices show equal variation in ON current with respect to 

the device thickness variations because the characteristics of 

junctionless device are controlled by depletion region of 

channel [9]. 

In this paper, we have reported the comparative study of the 

effects of body bias on DL-SOI and JL-SOI through 2D 

TCAD simulations [10]. Sensitivity analysis of performance 

parameters of DL-SOI with variation of device parameters is 

also reported in this paper. 

 

2. Device structure and simulations 

Fig 1(a)-(b) show the device structure of DL-SOI transistor 

and JL-SOI transistor. The simulation parameters for DL- 

SOI transistor are same as JL-SOI transistor except intrinsic 

silicon body with carrier concentration of Nd =1015 cm-3. 

Threshold voltage is kept constant for both devices. In DL-

SOI transistor source and drain regions are induced by using 

charge plasma concept [1]. In order to induce electron 

concentration at source and drain regions, the following two 

conditions must be satisfied: 

1 Workfunction of source and drain electrode (φm) should be 

less than “χSi + (EG/2q)”; where χSi is the electron affinity 

of Silicon, Eg is the band-gap of silicon, q is the charge of 

electron [1]. 

2 Silicon film thickness should be less than the Debye 

length LD =√((εVth)/qN), where Vth is threshold voltage, ε 

is the dielectric constant of silicon [1]. 

In DL-SOI device, metal with workfunction of 3.9 eV is used 

as source and drain electrode to induce n+ regions [1]. The 

other parameters of both devices are given in the table below. 

Lombardi mobility model along with Shockley- Read-Hall 

(SRH) and Auger recombination model is used for 

simulations. Lombardi’s mobility model shows the effect of 

mobility degradation due to surface acoustic phonon and 

surface roughness scattering. SRH model introduced the effect 

of defects on recombination of electrons, holes and trapped 

carriers [10].  
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Table 1: Device parameters for simulation 
 

Parameters JL-SOI DL-SOI 

Silicon thickness 10 nm 10 nm 

Effective oxide thickness (EOT) 1 nm 1 nm 

Gate workfunction 4.7 ev 5.5 ev 

S/D Extension 10 nm 10 nm 

Gate length 20 nm 20 nm 

Buried Oxide thickness (tbox) 10 nm 10 nm 

 

   
(a)    (b) 

 

Fig 1: (a) DL SOI Structure (b) JL SOI Structure 
 

3. Body bias variation 

Fig. 2 and Fig.3 show the effects of body bias on both of the 

devices. On current decreases with negative body bias voltage 

in both of the devices as shown in Fig.2 (a)-(b). Negative body 

bias voltage accumulates negative charge density in depletion 

region under gate which increases the threshold voltage [8]. 

Fig.3 (a) shows the variation of threshold voltage with respect 

to body bias voltage. Negative body bias voltage increases the 

control of gate over channel that increases the Ion/Ioff ratio and 

improves SS, DIBL as shown in Fig. 3 (b)-(d).  

JL-SOI shows higher variation in threshold voltage than DL-

SOI. DL-SOI shows higher improvement in SS, DIBL, Ion/Ioff 

with negative body bias voltage than JL-SOI. 

 

  
 (a) (b) 

 

Fig 2: Transfer characteristics of (a) DL-SOI (b) JL-SOI with respect to body bias voltage 
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 (a) (b) 

 

   
 (c) (d)  

 

Fig 3: Variation of (a) Vth (b) Ion/Ioff (c) Subthreshold Slope (d) DIBL with respect to body bias voltage. 

 

4. Gate length variation 

Fig.4 (a)-(d) shows the variation of Vth, SS, Ion/Ioff ratio and 

DIBL. As the gate length increases SS, Ion and Ioff decrease, 

while Ion/Ioff and Vth increase. The lateral electric field 

influences the electrostatic of the channel due to which 

threshold voltage reduces. This reduction in Vth is known as 

Vth roll-off. 

 

  
 (a) (b) 

  
 (c) (d) 

 

Fig 4: Variation of (a) Threshold voltage (b) DIBL (c) Ion/Ioff (d) Subthreshold Slope with gate length of DL-SOI. 

 

5. Gate oxide thickness variation 

Vth variation is negligible with change in gate oxide thickness, 

but on current increases with decreasing oxide thickness. 

Variation in subthreshold swing and Ion/Ioff ratio of is shown in 

the Fig. 5 (a)-(b).  
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 (a) (b) 

 

Fig 5: Variation of (a) Subthreshold Slope (b) Ion/Ioff with respect to oxide thickness of DL-SOI. 
 

6. Spacer length variation 

Larger spacer length increases the effective gate length, which 

increases the control of gate over channel and reduces the Ioff. 

SS and DIBL are improved with increasing spacer length. 

Effect of variation of spacer length on performance 

parameters is shown in Fig.6 (a)-(c). 

 

     
 (a) (b) (c) 

 

Fig 6: Variation of (a) Ioff (c) Subthreshold Slope (c) DIBL with respect to spacer length of DL-SOI 

 

7. Conclusion 

Effects of negative body bias voltage on DL-SOI and JL-SOI 

devices are reported in this paper. It is concluded that JL-SOI 

shows higher variation in threshold voltage with body bias 

than DL-SOI. DL-SOI and JL-SOI device show variation of 

threshold voltage by 6% and 20% respectively at body bias of 

-0.3V. Both of the devices shows reduction in Ioff and increase 

in Ion /Ioff ratio with negative body bias voltage. However, DL-

SOI shows higher improvement in (Ion/Ioff) ratio than JL-SOI. 

Ion/Ioff ratio is 103 times higher in DL-SOI in comparison to 

JL-SOI device at body bias of -0.3V. Other performance 

parameters such as DIBL, SS are also improved with negative 

body bias voltage, but DL-SOI shows higher improvement in 

performance parameters in comparison to JL-SOI. DL-SOI 

and JL-SOI devices show reduction in DIBL by 71% and 12% 

at body bias of -0.3V, respectively.  
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