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Abstract

In this article, a cylindrical MOSFET with Dual Material and Double Gate is designed, which has two gates
with two different Gate materials. The proposed structure is named as Dual Material Double Gate-Cylindrical
Gate All Around (DMDG-CGAA) MOSFET structure. In this structure tubular channel is controlled by the
inner gate and the outer gate. The inner gate enhances charge control in the channel region because the inner
gate is surrounded by the oxide layer. And the outer gate is similar to the GAA devices. Both the inner gate and
the outer gate have two different materials with different work functions. These two materials are from source to
drain are: Aurum Au (¢m; = 4.8eV), Titanium Ti (¢m, = 4.4eV). The ratio of the channel length L;:L; is 1:1.
The channel region of the device is lightly doped with the acceptor concentration (N4 = 1x10* cm-3) and the
source and drain regions are highly doped with the donor concentration (Np = 2x 1020 cm-3). 3D ATLAS tool
from SILVACO is used for all the device simulation. Threshold voltage, trans conductance and DIBL
calculations is done and compared with SG-CGAA MOSFET, DG-CGAA MOSFET, DMDG-CGAA MOSFET.
By comparing all these structures, it can be concluded that the immunity of SCE is enhanced in the proposed
structure.
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I. INTRODUCTION

MOSFET has been the main interest of research in semiconductor industries because of its low power
dissipation, greater package density, and superior performance. But the thrust of decreasing dimensions of chips
leads to various undesirable effects which are known as short channel effect. DIBL, punch through, channel
width modulation, velocity saturation is some of these affects which degrade the device performance [1-4].

A promising solution of these issues are addressed by some alternative non-conventional devices.
Multiple gate devices are one of the solutions among them for nanoscale technology. Multiple gate devices are a
strong candidate for scaled devices in the nanometer regime because of its excellent immunity to the short
channel effect (SCE), decreases the leakage current, device driving controllability increases and also the output
resistance of the device becomes high. Threshold voltage roll-off and Drain Induced Barrier Lowering(DIBL)
are two main short channel effects, due to these effects the off current enhances in the off state of the transistor,
which leads to a decrease in the on-off current ratio. In the multiple gate devices, the electrostatic control of the
channel by gate electrode increases by which the SCEs are reduces and the mobility problem decreases by using
the lightly doped channel region. SCE can be controlled in the multigate 3D transistors by controlling the
effective channel length [5-8]. Many multigate devices like a double gate, triple gate and Gate All around
(GAA) structures are used to further reduce the SCE in the nanometer regime. Among all these proposed
structures the GAA devices have better gate control because in the GAA structure the gate is wrapped from its
all sides [9-10]. For further downscaling the Cylindrical Gate All Around (CGAA) MOSFET is one of the most
promising devices. In this design, the channel is completely surrounded by the gate so gate control increases
which reduce the SCEs. When the material engineering is combined with the gate engineering the performance
of the CGAA increases. In this article a cylindrical MOSFET structure is proposed, in this cylindrical MOSFET,
two gates are wrapped around the channel region with two materials. This design shows better electrical
characteristics like drain current, threshold voltage, trans conductance as drain current, threshold voltage, trans
conductance as compared to planar MOSFET and other CGAA MOSFET.
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I1. DEVICE STRUCTURE
Fig.1. (a), (b), (c) represents the simulated structure of different type of cylindrical MOSFETS i.e.
cylindrical Gate All Around MOSFET (CGAA), Double Gate-Cylindrical Gate All Around (DG-CGAA) and
Dual Material Double Gate-Cylindrical Gate All Around (DMDG-CGAA). These MOSFETS structures are also
having source, drain, channel, oxide and gate region similar to conventional MOSFET.
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Figure 1: (a) Simulated structure of CGAA MOSFET (b) Simulated structure of DG-CGAA MOSFET (c)
Simulated structure of DMDG-CGAA MOSFET

In CGAA structures a single gate of Molybdenum which is of cylindrical shape is covering the tubular
channel from all around. Whereas in DG-CGAA two cylindrical gates are used. The internal gate acts as a
backbone to the whole structure on which inner gate oxide, channel, outer gate oxide, outer gate are wrapped
respectively. This device is having symmetrical structure and inner and outer gate terminals are supplied the
same gate voltage. In addition to these features, in DMDG structure two dissimilar material is used for both
inner and outer gate. These two materials from source to drain is: Aurum Au (om; = 4.8eV), Titanium Ti (o =
4.4eV). The ratio of the channel length L;:L, isl:1. The channel region of the device is lightly doped with the
acceptor concentration (N5 = 10*®cm?) and the source and drain regions are highly doped with the donor
concentration (Np = 2x 10 cm™). The SiO, is used as the gate oxide.
Table | indicates the design parameters for the DMDG-CGAA MOSFET. Si thickness is taken as 5nm for all the
CGAA design structures. The gate oxide thickness (t.x) is 1nm. The Sio, is used as the gate oxide with the
dielectric constant equal to 3.9.
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TABLE I. List of design parameters of TMDG -CGAA MOSFET

Parameters Symbols Values
Combined Channel Length Lg 30 nm
Metal Channel Length M1 &M2 Le1, La2 15 nm
Doping Concentration of channel Na 1x 10% cm®
Doping Concentration of Source and Drain No 2% 10 om®
Molybdenum work function (AU) Om1 4.8eV
Titanium Work function (Ti) Om2 4.4eV
Oxides thickness tox 1nm
Channel thickness tsi 5nm
Core Radius R 5nm
Length of Source/Drain Ls/Lp 10 nm

I1l. RESULTS AND DISCUSSIONS

Fig.2.shows the voltage current characteristics where drain current is plotted w.r.t. gate voltage for SG
CGAA MOSFET, DG CGAA MOSFET and DMDG CGAA MOSFET. Characteristics are obtained when the
gate to source voltage is varied between the 0V to 1V and drain to source voltage is kept constant Vps = 1V. It is
observed from the characteristics that value of drain current is maximum in case of DMDG CGAA MOSFET
because In the double gate structure the value of the drain current increases due to both inner gate and outer gate
[11-17]. The channel region is controlled by both the gates and also two different gate material are used so the
drain current enhances.
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Figure 2: Transfer characteristics of CGAA, DG CGAA MOSFET, and DMDG CGAA MOSFET at 30nm
channel length

To calculate Threshold Voltage, DIBL, Transconductance logarithmic version of the above graph followed by
constant current method can be used [18-19] or threshold voltage can be extracted by simulation also. Channel
length for all three structures is kept 30nm.

DIBL is known as the Vy, variation at Vps= 0.1v and Vps= 1.0 to the Vpg variation Vps= 1v and Vps= 0.1v.

AV Vendvgg=01v = (Vendv go=1v

DIBL = =
AVps  (Vgs = 1v) = (Vg = 0.1v)

The unit of the DIBL is mV/V.

Transconductance is determined by the ratio of change in I to the change in Vgs. gm is the symbol and
the unit is mA/V for the transconductance. In other words, higher transconductance gives higher amplifications.
Transconductance can be calculated by the transfer characteristic of the device. The formula used for the
transconductance is given as follows

Alp (ID)VgS=11; - (ID)VgS=0.8v

T WV (Vs = 10) — (Vg5 = 0.80)

Im
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Table I, shows a comparison between the above mentioned three structure for the parameters like
DIBL, threshold voltage, transconductance and maximum drain current. It is observed from the table that in case
of DMDG CGAA MOSFET drain current is having maximum value, DIBL is having lowest value as
3.33mV/V, threshold voltage is 0.363V which indicates a better control on channel region, trans conductance is
4.90 mA/V which is highest among all three structures taken. So as it is clear from the results obtained that the
DMDG CGAA MOSFET structures is having better immunity to SCE. Thus, by comparing and analyzing the
results we can clearly say that DMDG CGAA MOSFET shows better characteristics in all aspects as compared
to SG CGAA MOSFET and DG CGAA MOSFET devices.

TABLE II: Threshold voltage, drain current, DIBL and trans conductance of SG-CGAA MOSFET, DG
CGAA MOSFET and DMDG-CGAA MOSFET

MOSFET structure Vin (V) Drain current (mA) DIBL (mV/V) Transiﬁg):/d\y)ctance

SG-CGAA MOSFET 0.262 0.1628 5.55 03

DG-CGAA MOSFET 0.336 0.3052 4.45 0.715
DMDG-CGAA MOSFET 0.363 19 3.33 490

V. CONCLUSION

In the proposed structure we aimed to get a MOSFET device which can have better control on SCE
without compromising with maximum drain current and by obtained result in this work, it can be concluded that
the proposed structure is achieving all these requirements. It has better DIBL (3.33 mv/V), superior
transconductance (4.90 mA/V) better control over channel (Threshold voltage =0.36 V) with a higher (1.90 mA)
maximum drain current than other conventional MOSFET at the same channel length of 30nm. This device
combines the benefits of both the double gate structure and dual gate material. This device shows better gate
electrostatic control over the channel region because of the Double gate and cylindrical structure.

REFERENCES

[1]. Nader Shehatal, Abdel-Rahman Gaber, AhmedNaguib, Ayman E. Selmy, Hossam Hassan, Ibrahim Shoeer, Omar Ahmadien, and
Rewan Nabeel,” 3D Multi-Gate Transistors: Concept, Operation, and Fabrication”, Journal of Electrical Engineering, vol.- 3, pp.- 1-
14, 2015.

[2]. Song, Jae Young, et al. "Design optimization of gate-all-around (GAA) MOSFETSs." IEEE Transactions on Nanotechnology, Vol.-5.
No.-3, pp.-186-191, 2006.

[3]. Jean-Pierre Colinge,” The SOI MOSFET: From a single gate to multigate. In FinFETs and Other Multi Gate Transistors”, ISBN-
978-0-387-69166-4, Springer Boston, MA, pp.1-48, 2008.

[4]. B. S. Doyle, S. Datta, M. Doczy, S. Hareland, B. Jin, J. Kavalieros et al., “High performance fully-depleted tri-gate CMOS
transistors”, IEEE Electron Device Lett., vol. 2, pp. 263-265, 2003.

[5]. P. Colinge,” Multiple-gate SOl MOSFETs,” Solid-State Electronics, vol. 48, no. 6, pp. 897-905, 2004.

[6]. Sarvesh Dubey, Abirmoya Santra, Gopikrishna Saramekala, Mirgender Kumar, and Pramod Kumar Tiwari,” An Analytical
Threshold Voltage Model for Triple-Material Cylindrical Gate-All-Around (TM-CGAA) MOSFETs”, IEEE Transactions On
Nanotechnology, Vol. 12, No. 5, pp.766-774 , 2013.

[7]. Kumar, Arun, Shiv Bhushan, and Pramod Kumar Tiwari. "A threshold voltage model of silicon-nanotube-based ultrathin double
gate-all-around (DGAA) MOSFETS incorporating quantum confinement effects.” IEEE Transactions on Nanotechnology, Vol,-16,
no. 5 pp. 868-875, 2017.

[8]. Razavi, Pedram, and Ali A. Orouji. "Nanoscale triple material double gate (TM-DG) MOSFET for improving short channel
effects.” In 2008 International conference on advances in electronics and micro-electronics, Vol.-29, no,-04, pp. 11-14, 2008.

[9]. Behzad Razavi”, Design of Analog CMOS Integrated Circuits”, ISBN 12-5925-5093-X, McGraw-Hill Education, 2016

[10]. Ayhan A. Mutlu, and Mahmud Rahman,” Two-Dimensional Analytical Model for Drain Induced Barrier Lowering (DIBL) in Short
Channel MOSFETSs,” In proceedings of the IEEE SoutheastCon2000, pp. 340-344, 2000.

[11]. Kessi, M., A. Benfdila, and A. Lakhlef. “Investigation on cylindrical gate-all-around (GAA) tunnel FETS scaling." IEEE 30th
International Conference on Microelectronics (MIEL) IEEE, pp. 199-202., 2017.

[12]. Reddy, G. Venkateshwar, and M. Jagadesh Kumar. "A new dual-material double-gate (DMDG) nanoscale SOl MOSFET-two-
dimensional analytical modeling and simulation.” IEEE Transactions on Nanotechnology, Vol-4, no. 2, pp. 260-268, 2005.

[13]. M. Srivastava. "Scaling effect of cylindrical surrounding double-gate MOSFET: A device beyond 22 nm technology." 4th
International Conference on Advanced Computing and Communication Systems (ICACCS) IEEE, pp. 1-5, 2017.

[14].  Srivastava, Viranjay M., G. Singh, and K. S. Yadav. "An approach for the design of Cylindrical Surrounding Double-

[15]. Gate MOSFET.", 4th IEEE International Symposium on Microwave, Antenna, Propagation and EMC Technologies for Wireless
Communications IEEE, pp. 313-316, 2011.

[16]. Verma, Jay Hind K., Yogesh Pratap, Mridula Gupta, Subhasis Haldar, and R. S. Gupta. "CSDG MOSFET: An Advanced novel
architecture for CMOS technology." Annual IEEE India Conference (INDICON), pp. 1-5, 2015.

[17].  Jouri, M., and M. H. ShahrokhAbadi. "Analytical investigation of triple-material cylindrical gate surrounded (TM-CGS) MOSFETs
with High-K material oxide." Physics journal, Vol. - 1, no. 3 pp. - 325-330, 2015.

[18].  biswajit Jenal, Kumar Prasannajit Pradhan, Prasanna Kumar Sahu, Sidharth Dashl, Guru Prasad Mishral, Sushanta Kumar
Mobhapatra,” Investigation On Cylindrical Gate All Around (GAA) To Nanowire MOSFET for Circuit Application”, Electronics and
Energetics, Vol. 28, No 4, pp. 637 — 643, 2015.

WWW.ijres.org 46 | Page



Effective control of short channel effect in Multimaterial cylindrical all around MOSFET

[19].  Ortiz-Conde and Adelmo,” A review of recent MOSFET threshold voltage extraction methods”, Microelectronics Reliability, vol.-
42, no. 4, pp.583-596, 2002

[20].  Pramod Kumar Tiwari, Visweswara Rao Samoju, Thandva Sunkara, Sarvesh Dubey, and Satyabrata Jit. "Analytical modeling of
threshold voltage for symmetrical silicon Nano-tube field-effect-transistors (Si-NT FETSs)." Journal of Computational Electronics,
Vol. - 15, no. 2, pp. 516-524, 2016.

WWW.ijres.org 47 | Page



