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MOSFETs
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Salicide (Self-aligned silicide)

Transition metal (Ti, Co,W) is
deposited (CVD). During a high

temperature step is reacts to a T'S'z (metal)
silicide (TiSi,). No silicide is

formed on nitride or oxide.
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CMOS Complementary Metal Oxide Semiconductor

is n- - i _ NMOS PMOS
NMOS is n-channel so it should be in a p-well gate oxide

silicide S

\ redeliliy R
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n-well ) engineered
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Figure 26.11 Deep submicron CMOS: 200nm gate
length, 5nm gate oxide, 70 nm junction depth; n* poly for
NMOS and p* poly for PMOS. Shallow trench isolation

on epitaxial nT/pT wafer

Source: Fransila
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Flat band voltage

no depletion layer

25
| E.
2.0 — m E,
m Ep
1.5
l 1.0
eVy, 05
__T_J;ug ___________
0.5
-1.0
-1.5
-0.02 -0.01 0.00 0.01 0.02 0.03
120
T
100 - T _|
- o
80
pxlﬂ_lj S0
40
[C/em?]
20
(8]
20
-0 02 -0.01 (e e n ] 0,01 02 003
x [um]

If o, = ¢,,,, the flatband voltage is the zero bias voltage
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Zero bias

metal oxide | semiconductor

Al 4.1 eV
p+ poly 4.05 eV
n+ poly 5.05 eV

Can be in accumulation or depletion depending on workfunctions
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Weak Inversion

Majority carriers at x = 0 change from p to n
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Strong inversion: n = N, at x = 0, the semiconductor-oxide interface
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MOS capacitor
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MOS Capacitor - Depletion approximation
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MOS Capacitor - Solving the Poisson Equation

The app below solves the Poisson equation to determine the band bending, the charge distribution, and the electric field in a MOS capacitor with a p-type substrate.
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at the interface, n=N,

Er—E
N,y = N, exp( FkBT C)
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strong inversion
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Depletion width in inversion
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Electric field at semi-oxide interface at strong inversion

el (strong inversion) = ZkBTln<
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Threshold voltage
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High-k dielectrics

12.7 nm

http://nano.boisestate.edu/research-areas/gate-oxide-studies/
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MOS Capacitor - Capacitance voltage

In capacitance-voltage profiling, the capacitance of a MOS capacitor 15 measured as a function of the bias voltage. The app below solves the Poisson
equation to determine the charge-voltage and capacitance voltage characteristics of a MOS capacitor with a p-type substrate. This 15 the low-frequency
result. At high frequencies, the charge at the oxide interface does not change fast enough and the characteristics take on another form.
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CCD devices
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https://en.wikipedia.org/wiki/Charge-coupled_device#/media/File:CCD_charge_transfer_animation.gif
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