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Abstract—Nowdays semiconductor manufacturing technology quantummechanicalfiects do not play a significant role, a
approaches its limit of miniaturization. There is a need for simpler model can be used.
devices with low impact of miniaturization on its functionality. We The model used is the drift-ilusion model. Under the

present here simulation results of double-gate MOSFET decies . . . .
with variable silicon channel width. We simulated devices ging assumption of Boltzmann statistics, the time-dependsiftt dr

drift-di flusion model to analyze the results of segmentation. We diffusion model consists on electromagnetics (1) and conti-
also present some results of curved channel transistor. nuity equations of electrons (2) and holes (3) that count for

~ Index Terms—semiconductor device modeling, nonlinear equa- transport of charges. Transport equations represent dyhigh
tions, double-gate FETs, MOSFETs nonlinear problem.
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Miniaturization is the driving force of microelectronics. on _ 1y av (o - k_TIO LA oy @
Today it reached the regime of decananometers and quantum ot q GV @ q 9 n; Tn
mechanical ffects begin to play an important role in function-
ality of devices changing device characteristics dramédyic op _ EV(qy pv ((p+ KT Iog(B) —y )) —r ()
[1]. There are some devices that can be manufactured using a q P q P
the same technology but they are ndieeted by minia-  \here ¢ is the electrostatic potentiah and p are the

turization caused féects [2]. One of them is double-gateg|ectron and hole densities, is the electric permittivity,q

conventional MOSFETs DGMOSFETSs have two gates whigRe apsolute temperatur@,is the ionized impurity densityy

controls the channel between them [4] shown on Fig. 1. s the intrinsic density, and is the recombination termun
Because of some reasons the channel width can be mongﬂp are mobilities of electrons and holeg, andy, are

|ated Wh||e the tOtal thiCkneSS Of the deVice remains Cqmlstathe quantum potentia's of e|ectr0ns and ho'es' In th|s case W

Modulation can be caused intentionally by design or rangomlip not need quantummechanicéeets taken into account so

by manufacturing failure. Internal investigation can't per- ,, -0 andy, = 0.

formed so we have to analyze characteristics measurable on

contacts of the device. We showed earlier [4], [5] that clednn gate #1

segmentation causes measurabi®edénces in characteristics.

Here we examinefiects of benting channel introducing spe-

cial features in device characteristics. oxide
]
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A. Physical model
p-type sc.

Simulation of semiconductor devices means solution of (channel)
an electromagnetic problem that decsribes driving force of metal
charge carriers and solurion of a transport model that descr

transport of charge carriers through the force [6]. In cases )
when quantummechanicalfects needed to be taken intg-igure 1: General idea of segmented double gate MOSFETSs.

account we have to solve Boltzmann Transport Equation. fh3-ségment segmented-DGMOSFET is shown with p-type
our case of exotic devices that means not so simply georsgtrfehannel doping.

gate#2



The DD-model describes devices at a designer level as usesthg results of series of simulations. We use charadesist
since decades [7]. We will use results of DD simulations as &m extract small signal equivalent circuits of devices. On
initial solution for more precious models [8] such as Monterig. 3. shown a transconductance characteristics of setgahen
Carlo based particle method or Scattering Matrix Approaahannel DGMOSFETS.

(SMA). We show éects of geometrical parameters of bented chan-

Approximating no change in time means a steady-statel MOSFETs on the device characteristics and small-signal
solution of problem. In case of steady-state problem trarispequivalent circuits.
equations (2) and (3) become a nonlinear Poisson-equations
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Figure 3: Transconductance as a function of gate voltage
for different total gate-length in case of 50%-50% channel
n-type sc. segmentation at channel lengths of 80, 90 and 98 nm.

drain

Figure 2: A special case of channel benting is a 90 degree V. ConcLuston

curved DG MOSFET. Channel is made of p-type semicon- We step over the classical DGMOSFETSs and show results of
ductor, attached at the ends by n-type semiconductor. Gatkit-diffusion model simulations of these layouts. Using these
are attached on an oxide layer onto the surface of channekesults a more accurate analysis of small-signal paraseser

be performed.
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Ill. REesuLts

Direct results of simulations are concentration distiitiut
of electrons and holes inside devices. We calculate clgrent
measurable on contacts using them. Characteristics aga tak



