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|\ characteristics of MOSFETSs

Goal: To understand: 1,,(V,.7..V,.7;)
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MOSFET: IV (re-cap)
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We have developed a 2-piece approximation to the MOSFET IV

characteristic. 3
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Piecewise model for I5(Vss, Vps)

s /W = _Qn(VGS)<U(VDS)>

7
Vas 2V Qn(VGS) = _Cox(VGS - VT) Vis < Vpsar - <U(VDs)> = (”ﬂ ﬂ)

If we can make the average velocity go smoothly from the

low Vg to high Vg limits, then we will have a smooth model
for 15(Vgs, Vpg) — above threshold.
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From low Vg to high V¢
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<U(VDS)>:ES‘AT(VDS‘)Usat F:S‘AT(VDS):

The extra parameter, B, is empirically adjusted to fit the
IV characteristic. Typically, f~14-1.8 for both N-
MOSFETSs and for P-MOSFETSs.
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Empirical saturation function

<U(VDS )> = gy (VDS‘)Usat
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Saturation function: Fgat(Vp)

<U(VDS)> = Fgyr (VDS')USQI

P:S‘AT (VDS) _ VDS/VDSAT p 75
1+ (Vs Vs ) |

Although this is just an empirical method to produce smooth
curve that properly goes between the small and large V, limits,

it works very well in practice, which suggests that it captures
something important about MOSFETSs.
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MOSFET: IV (re-cap)

14
]DS / Iy = f/—‘nlcox (VGS - V})VDS
/
//
// [DSAT = Wcox Usat (VGS _ I/T)
- _/7
/
//
// I /W =-0, (VGS)ES‘AT (VDS)Usat
VDS

VDSAT — UsarL/ Jun

Lundstrom: Nanotransistors 2015



Output resistance
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Intrinsic vs. extrinsic voltages

Vp A T (VGS Vs )
Ry llm V=V,
D '
Ve="V, | A VD:VD_]DS(VGBVSDVD)RD
G o—\ L Ve Ve=Vi+ (Vi Ve V) R
X VGS\ S
7 R Vs = VD'S_]DS(VGaVs*aVD)(RS‘l'RD)
GS s
VGS - V(;S - [DS(VGaVS:VD)RS
Vs 10

Lundstrom: Nanotransistors 2015



Effect of series resistances
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Simple (Level 0) VS model

1) 16/W = _Qn(VGS)<U(VDS)>

2) QH(VGs) = _Cox(VGS - VT) (VGS > V}) There are only 8 device-
specific parameters in

Vi =Vig=0Vps this model:
3) <U(VDS)>:P.;'AT(VH9)Usat Coxﬂl/}ﬂé‘ﬂusat’/unﬂl‘
w Ry, =R+ Ry, B
4) ES'AT DS DSAT —
DS/VDSAT :|
5) VDSAT
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The MIT VS Model

IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 56, NO. 8, AUGUST 2009

1674

A Simple Semiempirical Short-Channel MOSFET
Current—Voltage Model Continuous Across All
Regions of Operation and Employing
Only Physical Parameters

Ali Khakifirooz, Member, IEEE, Osama M. Nayfeh, Member, IEEE, and Dimitri Antoniadis. Fellow. IEEE
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Summary

1674 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 56, NO. 8, AUGUST 2009

A Simple Semiempirical Short-Channel MOSFET
Current—Voltage Model Continuous Across All
Regions of Operation and Employing
Only Physical Parameters

Ali Khakifirooz, Member, IEEE, Osama M. Nayfeh, Member, IEEE, and Dimitri Antoniadis, Fellow, IEEE
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U d— “apparent mobility”
ﬂn ﬂapp pp y
Uy = U,y “Injection velocity”
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