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          ABSTRACT--In this work the impact of spacer in InGaAs/InP hetero stepped double gate MOS 

transistor is investigated by a 2D TCAD device simulator. To minimize the short channel effects (SCEs), 

underlap technique is used symmetrically in either side of the gate. However, it considerably decreases the 

On current due to enhanced channel resistance. Thus the spacers on underlap region are one of the solutions 

to overwhelm these problems. Therefore, difficulties associated with conventional underlap DG MOSFET 

can be eliminated with significant improvement in On current and intrinsic gain. Further, to reduce the 

punch-through effect, stepped gate concept is integrated in the double gate MOSFET to attain a better 

control on the channel carriers that eventually reduces the leakage current. So this paper presents a 

comparison made between symmetric spacer underlap hetero stepped double gate (SSUHS-DG) MOSFET 

and hetero stepped double gate (HS-DG) MOSFET; so far SSUHS-DG MOSFET offers better device 

performance. 

         Keywords--Spacer, Short channel effect ,InGa0As/InP,On resistance, stepped gate. 

 

I. INTRODUCTION 

The advancement of CMOS technology demands the devices with low power dissipation, which needs the 

device dimension in nano-meter scale [1]. Therefore the short channel effects (SCEs) are more noticeable in scaled 

devices [2]. Investigation on novel and different MOS architecture has become very important to satisfy the above 

requirement. Nano scale multi-gate MOS structures are suitable for suppressing the short channel effects (SCEs) 

where DGMOSFET is one of those for enhancing the subthreshold performances.  

The compound semiconductors mainly group III-V materials are very prevalent for its superior thermal 

conductivity, high saturation velocity and mobility [4-5]. The most desired hetero structure offers large CBO/VBO, 

which affords a necessary obstruction at the middle of the narrow-band channel, thus supports the carriers to restrict 

inside the channel [7]. However, In0.53Ga0.47As/InP is the most usable III-V material for its outstanding mobility 

and saturation velocity [8-11].  

In a scaled device, decrease in gate length provides more impact of drain bias resulting in drain induced barrier 

lowering (DIBL) [12].Thus underlap technique is considered to decrease the effect of the drain bias on the device 

performance. This technique also provides the protection against the fringing capacitance and the drain leakage 
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[13-14]. But due to increased effective channel resistance, the double gate (DG) MOSFETs with underlap reduces 

the On current (Ion) [15-19].Thus for enhancement of the Ion, the use of spacer with underlap in conventional DG 

devices decrease the divergence of the fringing fields at underlap region and resulting in improved analog 

performances [20]. 

Further, the substrate doping concentration beyond 1x1017cm-3 provides more parasitic capacitance and 

junction leakage [21-23]. Therefor a stepped gate MOSFET can achieve a better control upon the carriers in the 

channel region and the leakage current also reduces due to lower junction capacitance.Further, asymmetric oxide 

thickness in gate region delivers higher transconductance, lower power dissipation and switching delays for which 

MOSFET with stepped gate is suitable for low power and high speed solicitations [24]. 

In this work the effect of spacer on the electrostatic performance of SSUHS-DG MOSFET has been analyzed. 

The objective of this work is to compare the analog performance of proposed device with HS-DG MOSFET in 

order to validate SSUHS-DG MOSFET with respect to On current, threshold voltage and switching ratio. All the 

device characteristics have been achieved using 2D TCAD platform and SSUHS-DG MOSFET gives better 

performance as compared to HS-DG MOSFET. 

 

II. 2DEVICE STRUCTURALDESCRIPTIONS: 

The schematic of HS-DG MOSFET and SSUHS-DG MOSFET are shown in Fig.1. (a) and (b) respectively 

[25]. In the suggested structure the channel region consists of InGaAs/InP material and three stepped gate with 

increased oxide thickness from source side to drain side. Further for performance enhancement a symmetrical 

spacer material air, in either side of the gate is introduced in the proposed device. The drain and source extension 

of proposed structure is 15nm each with doping profile of𝑁𝐷 = 1020 𝑐𝑚−3. The work function of the gate material 

is considered as 5.1eV. Two wideband InP barrier layers are implanted in either side of the undoped narrow band 

In0.53Ga0.47As channel. The device specification are listed in table I . 

 

Table 1:  The device dimensional specification: 

 

Device Parameters Stepped gate with spacer device 

t1 0.25nm 

t2 0.5nm 

t3 1.5nm 

Lg1 4nm 

Lg2 7nm 

Lg3 4nm 

Lsp 10nm 

Channel length(Lg) 15nm 
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Narrow band layer thickness 3nm 

Wide band layer thickness 3nm 

 

 

 

Figure 1: Schematic structures of (a) HS-DG MOSFETand (b) SSUHS-DG MOSFET. 

 

III. RESULTS DISCUSSION  

The variation of transfer characteristics and transconductance (𝑔𝑚) against gate voltage for SSUHS-DG 

MOSFET and HS-DG MOSFET at  𝑉𝑑𝑠 = 1.0 𝑉illustrates in fig 2 (a) and (b). From the figure it is shown that, 

SSUS-DG MOSFET gives better On current and higher transconductance as compared to HS-DG MOSFET.  In 

fact the introduction of symmetrical spacer near the gate region supports to extra charge carrier in the channel. 

This further helps to improve the current and transconductance.  

 

 

Figure 2: Variation  (a) drain current and (b) trasconductance with gate voltage for Vds =0.1 V 
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The drain characteristic and conductance (𝑔𝑑𝑠) against drain voltage for SSUHS-DG MOSFET and HS-DG 

MOSFET at 𝑉𝑔𝑠 = 1.0 𝑉 is shown in figure 3 (a) and (b).  From the analysis it is interpreted that SSUHS-DG 

MOSFET gives better output current and lower output conductance due shorter channel length, which enforces the 

carriers to transporting along the channel with a high speed. The proposed device exhibits low peak electric field 

at the drain end, which ensures that the device gives lower output conductance. 

 

 

 

 

 

 

Figure 3 : Variation of (a) drain current and (b) output conductance with drain voltage for 𝑉𝑔𝑠 = 1.0 𝑉 . 

The variation of threshold voltage and switching ratio with respect to gate voltage for the two devices at 

constant 𝑉𝑑𝑠 = 0.5 𝑉 is shown in fig. 4 (a) and (b). From the graph it is noticeable that the threshold voltage reduces 

with increase in gate voltage and it is due to the impact of spacer in HS-DG MOSFET. Again in case of proposed 

device, switching ratio increases with increase in gate voltage. Switching ratio is the essential constraint in CMOS 

technology. The device gives larger switching ratio means it has lower static power dissipation. 
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Figure 4: Variation of (a) threshold voltage and (b) switching voltage with gate voltage for 𝑉𝑔𝑠 = 1.0 𝑉 . 

 

IV.    CONCLUSION 

This work introduce an air spacer in symmetrical underlap HS-DG MOSFET to establish SSUHS-DG 

MOSFET. The device characteristics are inspected through 2-D TCAD simulator and comparisons are made with 

SSUHS-DG MOSFET and HS-DG MOSFET. The simulation upshots of SSUHS-DG MOSFET provides a better 

characteristics with respect to On current, threshold voltage and switching ratio against HS-DG MOSFET thus 

appropriate for faster switching operation. 
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