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Abstract: In view of the 2-Dimensional game plan of Poisson's
condition, a material science-based model of Double Gate Dual
Material Junction less (DGDMJNL) Metal-Oxide-Semiconductor
Field Effect Transistor (MOSFET) is made. The advantages of
different work capacities connected to the metals in DMDGJINL
MOSFET are exhibited and the potential at the inside and
qualities of the electric field is uncovered. The proposed model
exhibits explicitly demonstrates the effect of the work in
electrostatic potential and electric field. It is exhibited that the
execution of DMDGJINL MOSFET can be changed by adjusting
the channel length extents of control door and shield entryway.
The model is assessed by its figured results and those got from a
3D TCAD test system for numerical outcomes.
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. INTRODUCTION

I n nano scale Integrated Circuits (1Cs) Junction less metal

oxide transistor assumes a predominant job in view of its
electrical attributes and its basic handling instruments with
intersection-based metal oxide semiconductors. In these
gadgets the entire substrate is of same doping, because of this
the arrangement of P-N intersection is jumped out [1]. The
subthershold properties can be improved by utilizing changes
entryway types, for example, front and base door, al around
doors, trigate and triple doors [2-4]. This diverse structure
offers better authority over the door and the scientists
demonstrate an unmistakable fascination for Junction less
Double Gate MOSFET [5-7].
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Regardless, junction less gadget depends upon the mass
technique for conduction, the huge doping center in the
silicon channel diminishes bearer transportability, achieving
the corruption in the effectiveness of transporter transport.

Furthermore, Drain Induced Barrier Lowering (DIBL),
because of short channel sway, turns out to be increasingly
genuine with the contracting of the silicon channel length
[8-9]. To overcome these issues, an entryway with double
material (DM G) structure has been acquainted and associated
with improve the execution of junction less MOSFET.
Starting late, anovel structure called Dual material with front
and base entryways (DMDGJNL) MOSFET has been
proposed, and its electrical qualities have been investigated
with the assistance of (3D) recreations for numerical results.
What's more, poly-Si entryways have been superseded by the
metal doorswhen the gadget estimation has been scaled down
to nanometer. The displacing with metal entryways is an
immediate consequence of the effect of poly-Si door
exhaustion with high-k entryway dielectrics and Vth
fluctuations of slender body gadgets.

In this paper, the metal entryway work towards the gadget
execution has been inquired about and the reproduced yields
were plotted for different metal work capacity esteems. In
spite of the fact that, the presentation can be assessed for
dielectrics with high k esteems as entryway oxide material.
The work basically considers the focal potential favorable
circumstances offered by the DMDG JNL MOSFET by using
the estimate of illustrative methods. The investigative model
is made using two-dimensional course of action of Poisson
condition. The models that had been fused into these
reenactments  were  Auger recombination and
Shockley-Read-Hall recombination models. This paper is
sorted as: Section Il exhibits a deduction model of this work.
Area Il holds the outcomes and exchange and segment IV
contains finishes of thiswork.

II. MODEL DERIVATION

The DMDGJINL MOSFET and itsdirectionsis appeared in
figurel. The entryways with various kind of metals M1 and
M2 called the control door and Shield entryway. The source
side metal work (M1) islower than the channel side entryway
metal (M2). The length L1 and L2 speak to the length of the
entryway close to source side (M1) and shield door close to
deplete area (M2).
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Dismissing the effect of the charges which is fixed in the
oxide district on the electrostatics of the channel, the channel
is believed to be totally depleted in the system of
subthreshold. The whole utilization charge is totaly
overwhelmed by the door with this presumption.
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Fig. 1 Schematic view of DMDGJINL-M OSFET

A. Central Potential
The 2D Poisson’s equation of DMDGJNL MOSFET is

2?9(xy) , 2%0(xy) _aNg )
ox2 8y2 Esi

Where q is the electronic charge, Ny is the donor
concentration of the semiconductor, ¢4 is the permittivity of
the silicon body respectively.
The 2D channel potential using a parabolic potential method
[15] can be expressed as

(6 Y)=A1x + Aoy +Az(y > 2
The electrostatic potential under metal gate M1 and M2 with
different work functions are
01(x Y)=A1109 + A21(0y +Ag1(9y ?; 0<x<Ly ®3)

02(% Y)=A1209 + Aoy + A3y % Ly<x<Li+Lls (4)

The channel boundary conditions are
(i) The symmetry nature of the potential in the silicon channel
along y direction, the field (electric) at y=0 must be zero
under the gate M 1.

S, -0 (5)
(ii) Under gate M1, the junction point between top/bottom
gate oxide and channel electric flux is continuous

Where 4 is the electron affinity, ¢ is the metal gate M1
work function, egjicon 1S the work function of silicon, silicon

band gap Eg, n; istheintrinsic concentration of carriersand V;
isthe Voltage due to temperature (thermal).
The values of A11(%), Ax1(¥andAs;(¥) are obtained from the

boundary conditions (5) — (7) in equation (3).

A11(9 = Pcen1(® (11)
A21(®) =0 (12)
__ Eox 9519 - (Vgs — Vib1)
Az1(¥) = E Tox (13)
The 2D channel potential
0100 Y)= poem) - o 2P0 Ve “VibD) oy
egly tox
itox + by -V,
05100 = 49cen1(Wegtox +tgeox (Vgs — Vip1) (15)

degtox +igeox

Substituting the equations (14) & (15) in equation (1)

The semi 2D scaling equation for L DMDG MOSFET
2%pcen1(®

6)(2
Where . isthe scalelength and under the metal gate M1, ¢

isthelong channel potential for centre.
1 82 ox

= (0cem® ~9c1) =0 (16)
A

= Pox 17
Xz Atgeglox +80Xt9'2 ( )
Pc1=Vgs — 01 (18)
_ aNgtstox  ANgtg? 1
01 =Vip + 26 ox + Beg (19)
By differential condition eguation (2)
1 1
—X ——X
o Y=0)=0cen1(® =ize* +jre * +ycy; 0<x<Lg (20)
1 1

—X —X

006 Y=0)=pcen1(¥) =ige* +joe * +ycp Ly<x<li+Lly (21)

From the following boundary conditionsthe valuesof iy, ji, i,
joarefound out.

1. Zero electrostatic potential at source end
Pcen1i(x=0)=0 (22)
2. At the junction of two dissimilar gate material the potential
isin the form of continuous nature
Pcen1(X =L1) =@cen2(x=L1) (23)
3. At the junction of two different material gates the electric
flux is continuous

0p1(% y)  Eox Pgp1(¥ - (Vgs — V1) dpca(® , _ dpcen2(® |
le%ﬁg tox (6) rranlbt! axxh (24)
(iii) The central potential ¢eny(¥ is the function of 4. At the drain end Vds the potential is
9cent( =010 ) P2cl lx=t1+l2=Vas (25)
Where ty isthe silicon film thickness, tox is the gate oxide The coeff|E| ents of iy, ju, iz, J Can be expressed as
thickness, eqy IS the relative permlttlvllty of s.|I.| con dioxide, 6% 9oy + Vets — Pcenz + (9cenz - wcenl)cosh(LTZ)
o1 isthe surface potential of silicon channel. i1= T (26)
g 2 2sinh()
9sp1() = 0106 Y)l, 15 =A12() +A2109 -+ A31() = (8) L L
— 5 2 —
Under meta gate M1, the channel flat band voltageis denoted o e 9 centds ~ @cen2(Pen2 - ‘Pcenl)COSh%)e § 27
bnybL - 25inh(£)
Vip1 = ®ms1 =®m1 ~ Psilicon ) A
E N
(Ps'licon:XJr?g*Vt-IOg_d) (10)
nj
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B. Electric Field

If we differentiate the central potential the required electric
field distribution for the device is obtained. The electric field

can be expressed as
1 1

Eoent® =— 21 212" _jye M y0sx<ly  (30)

1 1
d X 1, X =X
E(:en2(><)=*[pc+2()=*x('297L ~jo(e * yLi<x<lg+lz  (31)

1. RESULTSAND DISCUSSIONS

To check the exactness of the scientific model, 2D device
simulations have been performed by TCAD Sentaurus tool.
The DMDGINL MOSFET anayticd model has been
evaluated with software simulation results.

Solid Line- Analytical Model
Symbol: Simulation
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Fig.2 Potential profilesof DMDGJNL MOSFET of
channel length L,=30nm and L ,=60nm with different gate
voltages.

The Figure 2. Demonstrate the central potential profile for
various gate voltages for DMDGJINL MOSFET with various
length ratios of gate (L,:L,=1:2). Inthe figure 2 there isa step
central potential for L DMDG MOSFET with high work
function for metal M1 the minimum channel central potential
occurs beneath M1 and there are no such variation in case of
electrostatic potential under the material (M2) for adrain side
bias. In view of the fact that, top gate material (M2) with less
work function value, prevents the variation arise due to drain
voltage caused by (DIBL) and reduce SCE’s.
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Fig. 3 potential for various metal work functionsof M 1
and M2

Figure 3 depict the calculated electrostatic potential of
various metal work function values for ¢mp,emy- It is evident
from the figure that junctionless transistors are faster to
achieve the full depletion comparable to that of junction
transistors at the same work function.

Figure 4 represents the changes in the lateral field (electric)
distribution of DMDGJINL MOSFET of channel length ratio
2:1 for different metal work function values. The electric field
is present on the device at any drain voltage
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Fig.4 Electric field characteristics of
DMDGJNL-MOSFET for channel length L1=30nm and
L2=60nm with different metal work functions

Figure 5 plotted the central electric field for various drain
voltages V4. The DMG structure having metal M2 (Ilow work
function) can adequately preclude the base focal potential
from being dragged by expanding channel varies 0.1V to 0.6
V. Subsequently, the potential below M2 is prepared to ingest
the electric field initiated by the change in drain bias and
attainably control the DIBL.
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Fig.5 Electric field characteristics of DM DGJNL
MOSFET with different Vps voltages

IV. CONCLUSION

In this paper we evaluated the DMDGJINL MOSFET
structure based on anaytica and simulation results. The
analytical model depends on 2D- Poisson's condition solved
using a parabolic approximation.

The investigative articulations of central potential and
electric field (lateral) are inferred. Further, different metal
gate work function combinations have been proposed to
evauate the electrostatic potential and electric field of
JLDMDG MOSFET. We noted that the metal gates reduced
the short channel effects also perfectly work with high-k gate
dielectrics compared to poly-Si gate.
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