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Assumptions

-Gradual Channel Approximation

- Charge Sheet Model




* As there is a voltage difference occur in the channel. So, at any point
X, the charge density can be defined as-

Q(x)=WC_, [V -V, -V(X)]

where V(x) is the channel potential at point x.

* Therefore, current is given by-
I =-WC_, [VGS -V, -V(x)]v

where v=pE=p(-dV(x)/dx). u is the mobility of the carrier and for
simplicity we use the symbol p,, for electrons, present in the channel.




dV(x)
dx
with applying the proper boundary conditions as V(0)=0 and V(L)=V

,=WC [VGS Vi, -V(x)] K,

L Vbs
[ 1,0x= [ WC, [V, Vi, -V(X)lu, dV
x=0 V=0

Since the current is constant throughout the channel region.
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The peak value of the parabolas can be calculated by dl,/ 0V,

We have found that the peak occurs at Vp=V-Vqp.
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Source: B. Razavi, “Design of Analog CMOS Integrated Circuit,” McGraw-Hill Education Pvt. Ltd., 2002.
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4
Transfer Characteristics

* We define the inversion in three parts-

1. Weak Inversion - O < <2®;

2. Moderate Inversion - =20, Lon
3. Strong Inversion - .= AD+2O,

where ) is the surface potential, @ is
the difference between intrinsic level | v
and Fermi level, AO=60, (O, is kT/q). e R '/

Source: Y. Tsividis and C. McAndrew, “The MOS Transistor,” Oxford University Press, 2013.




I
Sub-threshold Slope

log /py ,All-region model
e The slope of transfer characteristics Y
/|
determines how well a transistor can s s T
. I |
be turned off by reducing Vg, for o
digital applications. ]
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e The conventional limit of S for MOSFET
is 60mV/decade.

Source: Y. Tsividis and C. McAndrew, “The MOS Transistor,” Oxford University Press, 2013.
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B
Basic Equations to be remembered

* |n Saturation Region, the drain current is given by-

W 2
| =I"lnCox Z (VGS -VTH)

D,max
* The Saturation takes place when- [V_-V_ ] <V

, , W 2
* Inlinear region- ID:““TCOX[(VGS-VTH)VDS-%

* If Vps<<2(Vg-Vop), then the ON resistance offered by MOSFET is

W
Ron =1/|J'n T Cox (VGS Vi )




I
Recapitulation

 MOS transistor can be used as a Voltage Controlled Switch (VCS) as
well as Voltage Variable Resistor (VVR)

* N-MOS and P-MOS can be fabricated in a single wafer and these are
basic blocks of all Digital /Analog circuits.

* |n linear region, transistor acts as a resistor while in saturation it
acts as a current source.

» Steepness of Sub-threshold Slope decides the speed of transitions
between its OFF and ON states.
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