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Abstract: Nowadays, MOSFET modules have already become the
main element of power electronic inverter systems, and their reliability
is an important factor to guarantee the safe operation of the system.
An analytic model for the channel potential and the sub threshold
swing of the dual-material double-gate MOSFET (DMDG MOSFET) is
presented. In order to get the analytic description of the channel
potential, we have solved Poisson Equation (PE) along the entire
channel region and calculated the subthreshold swing by the potential
model. It enables us to avoid the complication in the calculation.
Results of model are in accord well with Medici simulation results. The

are credited. Publishedby5“Dimension Research Publication | results will also give some reference for the design of integrated

circuit.
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1. Introduction

With the scaling down to the nanometers of MOSFETS, some problems such as gate induced drain leakage (GIDL),
short channel effect (SCE) etc. will affect the characteristics of the device. The adaptation of a double-gate (DG) in MOSFETSs
can improve the SCE and GIDL can be alleviated by a structure of dual materials. DMDG MOSFETSs have been proposed and
studied in some aspects [1, 2, 3].

An analytic model of the dual-material double-gate MOSFET (DMDG MOSFET) is introduced in this paper. Various
models have been studied before [4.5], and these models divide the region of different materials into two parts. Thus Poisson
equation (PE) should be solved in two regions respectively [6.7]. This results in intricacy of calculations. Here the model for
potential distribution and subthreshold swing are presented through the entire channel. Model results and numeric simulation
agree well with each other. Furthermore, the method could be applied to more complex cases, for instance, the case that three
different work-functions is used in considering the gate structure [8, 9]. But in this case the calculation gets more complicated.

2. Model of Potential

The diagram of the DMDG MOSFET is shown in Figure 1. The middle part of the body is silicon and the impurities of
the channel is adapted as P-type, otherwise the source and the drain as N-type [10, 11]. The structure of the gates is asymmetric,
materials that have different work-functions are used in top gate, and one kind of material is used in bottom gate [12].
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Figurel. The schematic of a DMDG MOSFET
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2.1 Potential

For the abrupt potential profile, material M2 is assumed as high doped N-type that has a small work-function(4.17eV),
and material M1 is assumed as P-type one that has a large work-function(5.25eV). Both materials are poly-silicon. The same
voltage is applied to top and bottom gates. The parameters of the structure are as follows.

L ; the entire channel
L,, L,; the channel length corresponding to material M1 and M2
t.1» Lo ; the thickness of the gate oxides
t; ; the thickness of the channel
The 2-D Poisson equation is described as follows in the silicon.
O*p(%.y) , O*p(%y) _ AN,
OX? oy? £
where Q is the electric charge, N, the impurity concentration of the channel, & the dielectric constant, and ¢( X, y)

the channel potential. We assume that the electric field is continuously applied over the channel-oxide interface. Then the
boundary conditions are as follows:
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The effective gate voltage is defined as Vg =Vgg —Vege . Where Vg is flat-band voltage. Because Vg
represents the different values along the two material region, VGFF in Eq.(4) should be different with the region. If the flat-band

voltage for two material regions are defined as Vg, and Vg, respectively, then V- can be described as

Veerr =Vas —Vesrr (0<X<Ly), Varr, =Ves VFBF2 (L1 <X<L). Vege, and Vpge, can be calculated from the

material work-functions. For simplicity notation is used : I, =Vges Vgee and T, =C,,,/C,,, . the boundary condition(5)

can be modified as
g, O¢
¢(X’ y :tsi) =WVorr ————
rZcoxl 8y y=tg

The solution expression of Eq.(1) can be described with boundary conditions (2) and (3) [8]:
V - . NzX
B(%,Y)=Vs + =2 X+ A ()sin = 0
n=1

where N is integer. When Eq.(7) is substituted in Eq.(1), it results in Eq.(8).

CAY —k," A (y) = f, ®)
dy”
where k, =nz/L, f,=(2qN,/nze, )[1—(—1)”] o The solution expression for A, (y) is
A (y)=C e +De™ —f, /K o
Substituting Eq.(9) in the boundary condition (4) and (6) ,the coefficients C,and D, can be obtained.
_C.lle.k, —r.C Xf, —G,k?)+r,(C,, +gs|kn)(f CH k2t ]
" ke, ek @ )(1+e2“5') (rc? +e2k? Xl—ez“si)J

ox1“si n si 'n

(6)

(10)

Published By: Fifth Dimension Research Publication https://fdrpjournals.org/ 117|Page



Analysis for some characteristics of the Dual-Material Double-Gate MOSFET

o ek e (F — GRS -y Oxl—gk)(f —H,k?)]
D, =Gt e (r2C2 Ry ey I

where G, and H, are given as

Gn = i{vs - (_l)n) _VGFFl (1_ Cos %j _VGFFZ (COS L -(= 1) j B (_1)nVDS } (12)
nz L

si' n

2 n n
H n— E[(Vs - r1VGFF )(1_ (-1) )_ (-1 VDS ] (13)

Now we’ve got the expression for the channel potential of DMDG MOSFET.
The equations above mentioned are similar to ones for the single- material double-gate MOSFET (SMDG MOSFET)’s,
different one is only Eq.(12). When

Vise: =Vese, =Vege  EQ.(12) changes into the expression for SMDG MOSFET. Although we use more materials
that have different work-functions, the solution can be obtained using the similar method.

2.2 Calculation of Subthreshold swing
The definition of subthreshold swing is

S = L (14)

010, I
The source to drain current can be approximately expressed as follows under the sub threshold region [6].

tg; -V,

n.. DS

s ~ [aD, —”‘I”_(y) (1-e "y (15)
0 e

Where L. is the effective length of channel, N, (y) given by
2 i /KT
Noin (Y) = (ni / NAkqmn(y) (16)

(y) is the minimum value of the electric potential in the x-direction.
Substituting eq.(16) in eq.(15), we can change the expression of the subthreshold swing as follows:

S 2 3\/ a¢(XO1 y)
NVgs

Where V, =kT /q, K is Boltzmann constant, T is temperature.

Where ¢

min

(A7)

When Egs.(9)-(13) are substituted into Eq.(17), the analytic relation of subthreshold swing for DMDG MOSFET is
obtained:

S:2'3\/t Z : (nﬂxo)(l ( )n\ COXl[e " Esi n Coxl)-l'ek (- y)(85|kn+r2C0xl)]

—sin
n= N7 L /C0x185|k (1+ r.2)(1"' eZk tSI) - (rZCfxl + €y kn )(l_ e2knt5i )
(18)

In the calculation we set Y = Y4 , where Y is the effective induction path of the channel, that is, the position of the

-1

charge centroid. It could be expressed as

Lsi Lsi
Yerr = [ Yn(%, Y)Y /' [n(Xo, y)dy (19)
0 0
2 #(X0,¥) V4 e : : ,
Where n(xO, y) = (ni /' N A)e ’ , N; isintrinsic carrier concentration. Eq.(19) can be rewritten as
Lsi Lsi
(*o0,Y)V (X0,Y) IV
Yer = | yeUo" dy / Je?erMdy 20)
0 0
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3. Results and Discussions
The electric potential of a DMDG MOSFET is shown in Figure 2. Here it is noticed that the potential characteristics
appears to be different according to the kind of material. The size of the channel potential is relatively large and the potential

values change slowly in the part corresponding to material M2(L1 <X< L), otherwise in the part corresponding to material

M; (0 <X< L1) , the channel potential curve is similar to a parabola.
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Figure2. Surface potential versus channel length

And it can also be shown that the potential rapidly increases on some positions (X = L, and the pot close to drain). So

alarge electric field is produced in the place (X = L, ). Electrons are accelerated and their mean velocity in the channel increases.
Thus, the time necessary for passing over the channel can be decreased.
The potential in the part close to the drain rapidly increases from the minimum to one whose value is VS +VDS in the

SMDG-MOSFET. In the DMDG-MOSFET structure, we adapted the structure using two gate materials that have the different
work-function. It enables the potential to increase through two steps so that the potential change rate may be decreased. Thus,

the electric field on the position close to the drain can get lower. This feature is useful for improving electron mobility and
decreasing the hot electron generation.

When VGS is relatively small, the simulation and the results for the model agree well. But as the applied bias is increased,
the deviation occurs. It is because our model adapted the depletion approximation that only accounts for the ion concentration.
When VGS is relatively small, the carrier concentration is low, so the influence of neglecting this term is not so significant. But

VGS reaches an extent, the influence of the gate voltage on the channel potential is eliminated by the inversed charge so that it

may result in deviation. Especially under the double-material gate configuration the latter band voltage of part M2 is relatively
small and the effective gate voltage is also big, thus the inversed charge can be generated more easily. Thus though both models
(the double-material gate model and the single-material gate model) are obtained through the same method, the accuracy is
different, that is, the accuracy of the DMDG-MOSFET model may be less than SMDG-MOSFET’s.

The result comparison for the subthreshold swing variation along the channel length between our proposition and Te-
Kuang Chiang’s simulation are shown in Figure 3 and Figure 4 respectively. The figures indicate that the sub threshold swing
increases with the decrease of the channel length like the general DG MOSFET’s.

We can also see that the subthreshold feature become deteriorated with the increase of thickness of the gate oxide and
the channel. When the length of the channel is 60 nm, it has apparently appeared that the subthreshold swing tends to increase.

So far we described the model for electric potential and the subthreshold swing of DMDG MOSFET. The results of calculation
were compared with numeric simulations.
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Figure3. Sub threshold swing against channel length (different body thickness)
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Figured. Subthreshold swing against channel length (different oxide thickness)
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