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Modeling & Analysis of Surface Potential
and Threshold Voltage for Narrow channel
3D FDSOI MOSFET
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Abstract : This paper represents the analysis of surface potential and Threshold voltage for Narrow width
channd effect in fully depleted SO MOSFET. The effect of ultrathin narrow width of channe on device
parameters like gate to source voltage and varying doping profile considered while the other device parameters
were same .The device shows better in case of higher density IC’s requirement .
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1. INTRODUCTION

The scding of the device today reaches beyond thelimit of regime wherethe parasitic effect raisesbadly in
MOSFETSs. To prevent the degradation of the device the SOI technology plays akey role and resultsof SOI
technology are asper expectation. The Fully Depleted SOl MOSFET isamost widely used in Modern electronics
system.The SOl MOSFET s are advantageous over their bulk-slicon counterpartsin termsof short channel-
induced threshold voltagereduction [ 1]. Short Channd Effect and Draininduced Barrier Lowering, Hot electron
Effect, Threshold roll off are some problemsthat to be addressed. The solution came in the form of various
modeling developedin aprocess of Device Development. The analytical model for the channel potential and the
threshold voltage of aslicon-on-insulator MOSFET with shallow source/drain (S/D) junctionsdueto eectrically
induced was discussed to investigate the short-channel effects (SCES) [2]. The modd was developed by using a
two-dimensiond (2-D) Poisson’sequation, and consdering the source/drain resstance and the salf-heating effect
[3]. Further anew complete short channd SOl MOSFET -V mode for circuit smulation developed. Thisunified
model is applicablefor Fully Depleted, Partially Depleted, and mixed-mode SOl MOSFET’s[4]. Thevarious
methodsto solve 1D, 2D analysisof SOl MOSFET were very interesting areas for work [5]-[11]. In present
model, Ultrathin 3D SOI MOSFET’sthereduction inthreshold voltage due to the suppression of Short-Channel
Effect (SCE) by decreasing silicon filmthickness (ty). The analytical modelsfor short-channel SOl MOSFETSs
discussed taking into account the scaling of the channel length and SOI film thickness but unable to takeinto
account the narrow width effects, which become effect less asthewidth of the transistor isreduced. [12]

2.MODEL FORMATION

Thefig. 1 representsthe channel width of MOSFET isW, thesdewall thicknessisrepresented by toxw. The
sidewadll interfacejunction located at z=0and z=W. Weare considering effect of narrow channel width effect
inthe fully Depleted SOl MOSFET. Thechannel width of MOSFET isW, the side wal thicknessisrepresented
by toxw.Thesdewall interfacejunctionlocated at z= 0 and z=W. Analyss of theMOSFET. We are consdering
the Narrow channel fully Depleted SOl MOSFET. The 3D poisson’s equation for FDSOI MOSFET isgiven by
equation.
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Fig. 1. The cross section of (x-2) Narrow channel FDSOl MOSFET

The solution of 3D poisson’s equationiscaculated by solving it by the method of separation of variable. The
separation of variable method the 3D Poisson's explained inthree steps.

1. Convert 3D poisson’sequationinto 1D Poisson'sequation.

2. Three3D Laplacetransform

3. 2D Laplacetransform

Solution of aboveall added and the outcome of addition of solutions representsthe solution of 3D poisson’s
eguation.

Asinour previousresearch work the calculation of surface potentia equation [1] for channel length done. We
extend our work in calculation of surfacepotentia with normalized channel width in case of narrow channel FD
SOI MOSFET.

3. MODELLINGOFSURFACEPOTENTIALAND THRESHOLD VOLTAGE FOR NARROW
CHANNEL FD SOl MOSFET

Solution of 3D possion’'sequation calculated asdescribed above. Thesolution of 1D poisson’sfor gppropriate
boundary condition’sgiven as

Lo del (x)
(P'(X)—S—OX[SQ & koo =Qic | = Vg =V

Loxt dol(x) b
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The solution of 2D laplace equationwith appropriate boundary condition given as
, toxf d(P’(X! y) :|
o'(xy) 6 [gsi ™ lk-o| =0

t do'(X,
(P’(X! y)+o_m[gd%lx—tsjl = 0
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Thesolution of 3D laplace equation with appropriate boundary condition’sgiven as.
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The combination of al solution givesthe overal solution of 3D poison’sequation.
o(% Y, 2 = ¢l(¥) +o'(X ) +¢"(X ¥, 2 ©)
Thethreshold voltage of Narrow channel FD SOl MOSFET iscalculated asgiven below :

Inthissection modeling of threshold voltageis represented for narrow width FD SOl MOSFET .Thefront
gate Threshold voltage (V ;) of narrow width SOl MOSFET isdefined as

Ve =V Wheno(0, vy, , W) = 2¢, here y,, isthe position of surface potential in lateral direction.
By differentiating the equation (5) with respect toy at x =0and z=W/2 . Solving the equation, the solution
cameinform.
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4.RESULTS& DISCUSSION

Fig. 2 representsthe surface potential changeswith channel length. At source sidethe surface potential starts
increaseat drainto sourcevoltage 1.0(V) and increase just double at the drain side dueto reduced DIBL of the
device. Between the sourceand draini.e. the mid of channel the constant value of surface potential increasing
towardsdrain sde. Our results better matchwith smulated data Fg. 3 showsthe surface potential variationwith
mid position along the channd length. In the mid of the channel the surfacepotentia at the source sideincreases
dightly and in the drain side abruptly. The drain to source voltage kept samein previouscase.
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Fig. 2. Channel potential variation with various positions along the channel length.
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Fig. 3. Change in mid of Channel potential with mid position along the Channel Length.
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Fig. 4. Channd potential changes with various position along the channel width.
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Fig. 4 showsthe surface potential changeswith various positionsaong the channel width. At w=0.01 and
w = 0.05the surface potential calculated. Surface potential at z=0and z=0.01 and z= 0.05 samewe got. But
decreased and increased near the device end. The surface potential at the mid of channel in zdirection found

constant and minimum.
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Fig.5 Showsthefront channel threshold voltage aong the channel length at varying drainto sourcevoltage.

Fig. 5. Comparison of Front channel Threshold Voltage with V =0.1Vand V = 15V.
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Fig. 6. Threshold voltage Variation along the channel width with L _ = 0.03 um, V =15V for varying doping prdfile.
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Fig.6 showsthethreshold voltage variation dong the channd width.Asthe doping profile reduced thethreshold
voltage increase and in case of narrow channel at N ,=1E18, 5E18, 5E16. So in case of narrow channel the
negative threshold voltage wefound in case of doping profile.

5.CONCLUSION

Theproposed mode  hasbeen accurately matched by theresults achieved by ATLAS 3-D device smulator.
The MOSFET having gatelength 30nmand narrow channel width 25 nmand 50 nm have been simulated, while
congdering dl other device parametersremain unchanged. The other various device parameters areasfollows:
t,=15nm,t_=3nm N,=1x18 cm?. Theout comeof surface potential shows the changes of channel potential
with the various channel position for channel length 30 nmandV .= 0.5 v. The Short Channel Effects suppressed
and dueto thisthe channel barrier isdecreased. The effect of varying channel widthin suppression of SCE in
device. Thethreshold voltage of the narrow channel devicereduced asthe channel length of the devicereduced at
Nano scalei.e. L =30 nm. Thethickness of thewidth also plays akey rolein reduction of threshold voltage.
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