MOSFET Operation (Vgg < V7)
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N, = density of acceptors in p-type substrate
g = electron charge (1.6 x 10'1° C)
€ = permittivity of Si (1.04 x 10?2 F/cm)
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MOSFET Operation (Vgg = V1)

Vps = 0, Vgg increasing and = V;

Depletion region becomes
deeper; almost as deep as
that under the N+ regions

= Surface is as attractive for /4 - —/Induced
electrons as N+ regions Depletion Channel P-type
— Electrons can enter from Region Substrate

the N+ regions B

The induced n-region under the gate is of n-type
= Surface is inverted and the electron layer is called the
inversion layer

The inversion layer forms a channel for current flow when Vg > 0

MOSFET Operation (Vgg > V;)

Vbs =0, Vgs >V

Once surface is inverted
electrons can easily enter
from the N+ regions

= All additional gate charge
is balanced by electrons in Depletion Channel P-type
the inversion layer Region Substrate
= Depletion layer depth and B
surface potential are fixed
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V,, = thermal voltage = 26 mV @ 300°K
n, = intrinsic carrier conc. (undoped Si) (1.5 x 101° cm-3)
¢ = Fermi level

The gate voltage required to produce the inversion layer is called the
threshold voltage V;

The Threshold Voltage V;

. = |2EPs x4 = depletion layer depth
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0., =work function difference between gate material and Si
Qg = surface charge at Si — SiO, interface (interface charge)
C., = capacitance per unit area of the gate oxide

C,, = 22 =3 45fF/um? for t,, = 10 nm = oxide thickness
Vi, =R, + @, - 252 Quero|, Quep ~ Qepo Quepo = Quep(Vse =0)
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V; Calculation
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10%/cms3, t, =10 nm
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V; adjust implant
(increase surface doping)

Drain Current for Vg > 0 but Small

Vps >0, Vs >> Vq

V.o >> V.
The charge induced in the channel is 1 _|_ Vo >0=0
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The inversion layer forms a channel for current flow when V5> 0

Drain Current in Nonsaturation

Vs > 0, Vs >> Vi, Vpg < Vg - Vy
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Integrate from Oto L

Drain Current in Saturation

Vps = Vgs - V.
Ves >> Vi, Vps 2 Vgs - Vy R
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e., there is no mobile charge, which can not be true since
current flows = only an approximate relation
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Subthreshold Conduction

square law

subthreshold
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Velocity Saturation

Vz%
1+/EC

Ec =1 x10°V/cm for Si

sat

Slope =u

For a 1um device with Vg > 2 V, the electron

velocity is saturated

Ip o< (Ves—Vt)

Velocity Saturation

saturation

without velocity
saturation

no longer a square law in

Small Geometry Effects on V5 and y

Channel Length

—

L

TO

* V;o decreases as L
decreases because more of
depletion region controlled
by source and drain

» ydecreases because
substrate has less effect

Channel Width

N

w

* V;o increases as W
decreases because field
under gate weakened by
fringing effects

» yincreases because more
charge controlled by body

TO




Drain Induced Barier Lowering (DIBL)

The drain acts as a second gate and modulates
the depletion charge = shift in V4
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Vio'=Vio = AV (L) - AV, (Vps) + AV, (W)

Hot Electron Effects

« High field in drain region give enough energy
for carriers to enter oxide

« Changes V5 over time
» Leads to significant substrate currents
= Iy, Parasitic resistance

Avalanche Breakdown

Electron-hole pairs create additional e-h pairs
at high V4
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Punch Through

 The drain source depletion regions reach
one another resulting in current below
surface

— Halo or pocket implants used




