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Self-aligned fabrication

polysilicon
gate

p-Si



Spacer

PECVD SiN,

S1IN

polysilicon
gate

p-Si



Spacer

Etch back to
leave only
sidewalls SiN
polysilicon
gate

p-Si



Implant

v v v v v v v v v v v v v v

polysilicon
gate




Salicide (Self-aligned silicide)

Transition metal (T1, Co,W) 1s
deposited (CVD). During a high

temperature step is reacts to a T1S1, (metal)
silicide (T1S1,). No silicide 1s

formed on nitride or oxide.
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Accumulation

no depletion layer
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Flat band voltage

no depletion layer
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If ¢, = ¢, , the flatband voltage 1s the zero bias voltage



Depletion

band energies (V)

densities {(1/cm*3)
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Zero bias

==l
e L1 LI
g 2 —Ea
g —Ev
. . = —Ec
metal oxide | semiconductor 2
14
E
[I_
-EEI-I]ﬁ l -1EI-l]ﬁ I l.ll I 1E-II]ﬁ
'tox 0 ¥ {em)
e 1 ¥ —
[1x]
< 1e+18 - —
ed,, g
Al4.1eV 8
ﬁ He+17 -
p+ poly 4.05 eV 3
n+ poly 5.05 eV N
-EEI-I]ﬁ -1EI-I]E [II 1E-II]ﬁ

¥ {cm)

Can be 1n accumulation or depletion depending on workfunctions



Weak Inversion

Majority carriers at x = 0 change from p to n
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Threshold voltage
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Strong inversion: n = N, at x = 0, the semiconductor-oxide interface
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Inversion

n > N, atx = 0, the semiconductor-oxide interface
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MOS capacitor

In inversion, the charge in the inversion layer is:

mobile charge

O fixed charge
Q=-Cox(Vg-Vp-Vyp) / W
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charge density (depletion)
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electric field (depletion)

E 1s decreased by gg= 12
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electrostatic potential
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Band bending at strong inversion

n = N, at threshold
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Strong inversion

n, = N, at the semiconductor-oxide interface
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The depletion width remains constant in inversion.



Depletion width in strong inversion
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Depletion width
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Electric field at semi-oxide
interface at strong inversion
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Threshold voltage

V, = E, (strong inversion)¢, +V,, (strong inversion)+7V,,
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CCD devices
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Gradual channel approximation

n, 1s the sheet charge at the interface.
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Gradual channel approximation
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Valid in the linear regime (until pinch-off occurs at the drain).



MOSFET Gradual Channel Approximation
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MOSFET-saturation voltage
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A MOSFET in saturation is a voltage controlled current source.



MOSFET - saturation current

Use the saturation voltage at
pinch-off to determine the
saturation current
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MOSFET (linear regime)

Channel conductance 1n the
linear regime. For small 7,
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MOSFET (saturation regime)
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A MOSFET in the saturation regime acts like a voltage controlled current source.



MOSFET (saturation regime)
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