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Today’s Discussion

 MOS Capacitor (ideal model)
— Flat band Voltage
— Threshold Voltage
— Capacitance
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ldeal MOSFET Capacitor (Equilibrium)
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ldeal MOSFET Capacitor (Accumulation)
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ldeal MOSFET Capacitor (Accumulation)

Ei o EFS)
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ldeal MOSFET Capacitor (Accumulation)

In accumulation:

« The MOS capacitor is charged with electrons on
the metal side and holes at the Interface
between p-type semiconductor and oxide.

« The capacitance is related to the oxide layer

Oxide capacitance (unit area)
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d,, = thickness of oxide layer




ldeal MOSFET Capacitor (Depletion)

Positive potential repels
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ldeal MOSFET Capacitor (Inversion)

Even higher positive
potential repels most
holes and starts to
attract electrons
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ldeal MOSFET Capacitor (Inversion)

Deep In strong inversion:

« The depletion layer no longer responds to
changes in the potential because of screening
due to the strong electron layer at the interface

« The capacitance is again due only to the oxide

Oxide capacitance (unit area)

EOX
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d,, = thickness of oxide layer
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More detailed capacitance analysis

The MOS capacitance is the series of a fixed oxide (insulator)
parallel plate capacitance, independent of voltage

Ek?kf
C, =2
Cicxx

and of a voltage-dependent semiconductor depletion layer
capacitance
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More detailed capacitance analysis

Depletion capacitance model is approximate

gS
w

(it has highest error near flat band condition)

A better model for flat band condition indicates:

where Lp, is the Debye length 1, =, 5 N



MQOS Capacitance Measurement
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MQOS Capacitance Measurement
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Potential energy system of reference
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Potential energy system of reference
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Potential energy system of reference

0 <qd(x) < qgdr depletion
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Strong inversion condition (definition)
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Strong inversion condition (definition)

N Threshold for strong inversion:
~ surface potential at onset of strong inversion

ksT N,
= = 20p = 2——In—
(I)s (I)F CI I ni y

Oxide | Semiconductor




Strong inversion condition

k. Ei _ EF
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Analytical model for n(x)

away from interface
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Analytical model for p(x)

away from interface
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Analytical model for &(x)

We do not know the exact behavior of ¢(x) but we know the
relationship between charge and potential

¢ p(x)
dx? €

Poisson equation

with charge density

p(x) = q[Ny — Ny +p(x) —n(x)]
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dx
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Analytical model for &(x)

boundary
conditions

¢(0) = o5 gz_a_
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Analytical model for &(x)
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Analytical model for &(x)

Solution result:
o2l [exp( q¢ J+ q¢ l}nﬂ[exp[ q¢ ] q9 IJ
& B kﬁT kﬁT p 0 kﬁT kHT B
At the surface where x = 0, @, &,
5. = Y2kl [exp{ 4, }L ads _ I}Lﬁ[ﬁp( 4, J ads _ IJ
qL!.J kHT kﬁT p 0 kHT kHT

where Ln =

IS the Debye Length

26



1074

p-type Si (300 K)
N.= 4 x 10 em™
1073
~exp (gb, 12kT)
(Strong
INVErsion)
~exp (—qd, 12kT) =
1076 F (Accumulation) 5
Absolute &S
value
lonized acceptors
10-"F ————— 2y —— P
P = N“ ng = 'o,“.'”
ng < N,
I{]_H = . ”‘. > -P.'i
Ps = Nu Weak
Depletion Inversion
E, Ei E.
by =
10-9 1 1 1 | 1 I
—0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0



Analytical model for &(x)

Gauss Law at the Surface o
flux of the Electric Field
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Charge density distribution
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Charge density distribution

T o) d = thickness of oxide
Oxide capacitance (unit area)
Ci —_ T
d
Q M Qs Voltage across oxide
| — > V. — —0Qs . —Qsd
< . > X l Cvl gl
—gqN , W
Applied voltage
Q, V="V + ¢

30



Depletion Layer Width

Similar to result for n¥-p junction

 [2e50s
W = \ o, Os < 20F

At strong inversion, depletion region no longer
grows, due to screening of interface electrons

strong inversion N
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Depletion charge at threshold

W _ ZESZ(I)F strong inversion limit
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Threshold Voltage (ideal case)

maximum
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Voltage drop  Strong inversion
across oxide condition

(Assuming that depletion charge dominates (@ at threshold)
Above, —Qp represents Q,,, to give the potential drop across
the oxide. 2



Potential drop across the oxide

unit area
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Voltage drop across oxide
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Electric Field distribution
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Electric Potential distribution




Summary of conditions — surface potential

accumulation

os <0

flat-band
os =0
depletion
0 < o5 < dF
Intrinsic
bs = O
weak inversion
20F > &5 > OF

Oxide | Semiconductor strong inversion
Os = 20
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