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. electronics devices. Capacitance determines thedspéahe IC. Every
Trigate MO.SFET . engineer in this section should know capacitandeifmplementing device
Wave_functlon Penetratlon MOSFET to get exact result from this device. Whemave deal with 10X10
Classical Mechanics nm scale or less device of MOSFET. We must contfeeneffect of wave
function penetration into device in this stage silead mechanics fails to
describe exact result of the system because etecttn move in only one
direction (x), in 3 Dimension, it cannot move imet two direction (y, z). i.e.
confined in two direction which is not predictalidg classical mechanics
here quantum mechanics (QM) gives better solutibnthis problem.
Therefore we consider QM in our study. Here we gmé=d how wave
function play vital role considering small areatifjlate MOSFET. It is the
analytical approach of QM and highly recommendatioruse QM rather
than CM to get accuracy. This result will be helpfar determining
capacitance of trigate MOSFET
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1. INTRODUCTION

Trigate is a new technology which controls gateenir using three wing around silicon dioxide of
MOSFET. This device is called nanowire becausegéte length is less than 100nm. Wave function
penetration becomes vital role when cross sectiea af silicon of MOSFET becomes less than 10x10nm.
We will consider 7x7 nm cross section area of ailiand channel length is 20 nm. Which is shownign F
We also considéi0, as insulator and Aluminum as electrode in our &tmn. It is necessary to know the
capacitance-voltage characteristics of trigate MEBRhenever we implement this type of MOSFET. As
transistor per chip is reducing day by day so wesha consider quantum mechanics not classical aréch
because quantum mechanics give actual probabfliy-¥ characteristics than classical mechanicsgéb
actual result from quantum mechanics we use selfsistent of Schrédinger-Poisson’s solver. Capacéa
has mainly three region namely accumulation regidepletion region and inversion region. Actyal
inversion layer becomes volume inversion in ouesteld area this is cause of quantum effect.
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2. THEORY

The I-V model is adequate only for describing the Behaviour but for transient description the
capacitances are absolutely essential. The intrioapacitances of the transistor are derived from t
terminal charges. The charge on the top and bogat® electrodes is equal to total charge in theybblde
total charge is computed by integrating the chaxigmg the channel since the two gates are eleltyrica
interconnected, we have [1]
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Figure 1. Cross section area of nanowire trigate
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Where
Q4= the charge on the electrically interconnectee.gat

Y, (y)=surface potential as a function of the positjadong the length of the transistor.

The inversion charge in the body is divided betwd#ensource and drain terminals using the Ward-
Dutton charge partition approach [2].
The charge on source termin@})is:
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Where (2)
V, = the gate voltage.
Qpuix = bulk Charge\/zggsiff\'r_ﬁffpm:r
Ypere = perturbation potential.
Vsp=the flat band voltage.

Using charge conservation, the charge on drainiteln@,) can be expressed as:
/' 5
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The surface potential as a function of the positjoalong the length of the transistd¥(y)) is
obtained using current continuity. Current contingtates that the current is conserved all altvegléngth
of the transistor.
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Y. (y)can be related t¥; and ¥, by
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Y, =the surface potential at the drained .
Y= Surface potential at source terminal.
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Where

Veneyy = the channel potential.
%oy~ = the potential at the center of the body.

The terminal charges are obtained by substituijgy) in Egs. (1-3) and evaluating the integrals
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The expressions for terminal charges are contin@mas are valid over sub-threshold, linear and
saturation regimes of operation. The terminal char@re used as state variables in the circuit sitonl All

the capacitances are derived from the terminalggsato ensure charge conservation. The capacitanees
defined as:

a9,
<=y
T (5)
Where, i and j denote the multi-gate FET terminkiiste thatC;; satisfies
>C,=3¢,=0
! J (6)

Effect of Quantum mechanics on capacitances

Using a self-consistent Schrodinger—Poisson solwer,can analyze the effect of wave function
penetration on the capacitance. The study revlatsaccounting for wave function penetration ifite gate
dielectric causes carrier profile to be shiftedseloto the gate dielectric reducing the electrioaide
thickness. This shift increases with increasing gaitage. This shifting results in an increasegbc#tance.

It is well known that direct tunneling currents bewe significant in this regime and that the
penetration of the wave function cannot be negte¢®-[4], the capacitance of NMOS capacitors ie th
inversion region accounting for wave function peadn into the gate dielectric. The physical bdss
been presented in [5] and [6].

In this work, the Schrodinger and Poisson equatamesused self consistently assuming that the
wave function penetrates the gate dielectric. Theenfunction is assumed to go to zero at some pi@ep
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inside the substrate, while a travelling wave bagdcondition is imposed at the gate dielectricegat
electrode interface. The wave function inside thgglielectric is connected to the asymptotic wametion
in the gate electrode using the quantum transmitimundary method [7].

The gate capacitance under strong-inversion camditcan be described by the equivalent circuit
shown in Fig. 3 consisting of the oxide capacitaifggand the inversion-layer capacitar@g, [8], [9]. The
latter includes the contributions of both the elestatic capacitanc€,ss; and the quantum capacitance
C4[10] of the inversion layer. Whil€, g; is related to the average distance of the chaneefrens from the
Si/Sioz interface,C, is related to the Density of States (DOS) in theision layer.
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Fig. 3 Equivalent circuit for the gate capacitaimcsilicon MOS structures.

Where

Cq=quantum capacitance.

C.ssi = electrostatic capacitance.
C,, = oxide capacitance .

Ciny = inversion-layer capacitance.

3. RESULTSAND ANALYSIS

In the literature [3], Schrodinger’s equation hag solved by forcing the wave function to zero at
the dielectric-gate electrode boundary.

The C-V characteristics have come by solving Sdhget-Poisson equation. The following figures
indicate that how wave function penetration platalviole in the case of small thickness of oxide.olr
simulation we present wave function penetratiothengate electrode.

The C—Vcalculated assuming such a border condition diffean immaterial quantity from the C—
V calculated by letting the wave function penetrate the gate electrode.

0.9

08~

0.7~

0.5nm oxide
0.6

QM wavefunction penetration
GOM without penetration
Classical

0.5

04

Capacitance {Normalized)

0.3

0.2

0.1

|
0.5 1] 0.5 1 1.5 2 2.5 3
Gate Voltage (V)

Fig. 4 Normalized classical and quantum mechamigpacitance obtained with and without wave fumctio
penetration for 0.5 nm oxide capacitor.

The classical and quantum-mechanical Ciadividuality with and without wave function
penetration for a metal- &j —Si system of gate oxide thicknesses 0.5 nm ahei®. are exposed in Fig. 4
and 5 correspondingly. The capacitances are naraethtd the strong inversion.
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Fig. 5 Normalized classical and quantum mechamigphacitance obtained with and without wave fumctio
penetration for 3 nm oxide capacitor.

Classical capacitance values help for comprehenttiagmpact of accounting for wave function
penetration. It can be undoubtedly seen that thmaatis larger for the 0.5 nm gate oxide case. d hee two
effects that contribute to the considerably supenmpact for the 0.5 nm case. Firstly the fieldass the 3
nm gate oxide device is weaker than the field actios 0.5 nm device. Secondly the percentageibatitm
of the shift of the wave function closer to theeifiaice is larger for the 0.5 nm gate oxide devheecimpact of
this shift would be larger for the thinner oxidesea
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Fig. 6 Capacitance values for a 1.0 nm gate oxigecitor with different doping with and without veav
function penetration.

The C-Vsimulations discussed thus far were performed oncds with a metal gate. However,
despite detrimental effects, poly silicon is dtifling used as the gate electrode. Hence, simusatiene also
performed with poly silicon replacing the metalthe gate electrode. The simulation results (Figsh&w
that the wave function shift by the wave functiofiiences the C-V significantly only for poly dopgimof
greater thanl x 102°cm. This seems to indicate that the poly-depletifiect dominates over the shift effect
due to wave function penetration and the modelsldped so far seem sufficient. It must, however, be
pointed out that as the devices are scaled downlie20 nm gate lengths, metal gate electrodeshanle to
be used to obtain lower effective oxide thicknessed higher capacitance values. Thus when metal gat
electrodes are used the effect of wave functiorefration will have to be considered.
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Accounting for wave function penetration into tretegelectrode causes a shift in the wave function
closer to the interface, the more so the greatervibitage. This bias dependent shift results imwel
electrical oxide thickness and hence higher gapaaitance. The poly depletion effect is dominargrahe
wave function penetration effect. However, thieeffis significant when highly doped poly silicoatgs are
used and will become significant when metal gatetebdes are used and the oxide thickness is rdduce
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Fig. 7 gate capacitance normalized to e of trigate MOS structures as a function of thesil
cross section. (continuous line) Quantum—mechanicdl(dash line) classical results are compared.

Fig. 7 the gate capacitance is shown normalizeg) to i.e., the maximum achievable capacitance
value for every structure, as a function of th&ail size. We have linked this to quantum effeatses no
increase inCg /Cyx has been observed from classical calculations. Jgdie capacitance of trigate MOS
structures is affected by quantum effects are coatpdrom Fig. 7 a continuous increase in@RéC,, ratio
can be observed as the channel cross sectionleddoalow 7 nm x 7 nm. We have actually observed an
increase in th€ /C, ratio mainly via the spatial electron distributidrhe quantum effects afy have been
found to be less important for the gate capacitaxoept for very small cross sections in the oafe2 nm
%2 nm.

4. CONCLUSION

A comprehensive analysis of the effects of wavection penetration on the capacitance of NMOS
capacitors has been observed. The study revedla¢haunting for wave function penetration into thage
dielectric causes carrier profile shifted closeithe gate dielectric reducing the electrical oxidiekness.
This shift increases with increasing the gate gdtaln this work we present analytical solution of
Capacitance-Voltage characteristics of Trigate MBBFonsidering wave function penetration which is
essential to consider QM rather than CM when davigee small in size. We hope it will be helpful
instrument for working in practical condition.
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