MOS Capacitances
Dynamic Behavior




Dynamic Behavior of MOS Transistor
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The Gate Capacitance
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Gate Capacitance
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Most important regions in digital design: saturation and cut-off



Gate Capacitance
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Measuring the Gate Cap

3 10216
10 1 T T T T ]
Vs Eg— N
s 8 M=
/ % vdl _
I S 6 -
o
. (4v]
— O 5 \J ]
Q
S 4 7
3_ —
[ I I I R
22221.52120.50 05 1 15 2

Vies (V)




Diffusion Capacitance
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Junction Capacitance
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o C;‘U m = 0.5: abrupt junction
J (1- VDMU)M m = 0.33: linear junction



Linearizing the Junction Capacitance

Replace non-linear capacitance by
large-signal equivalent linear capacitance
which displaces equal charge
over voltage swing of interest
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Capacitances in 0.25 um CMOS

process

0% ; i ; i ¢'E:- stw mj.s d)b.sw

(F/um?*) | ({F/um) | EF/pm’) &) (fF/um) )
NMOS 6 0.31 2 0.5 0.9 0.28 0.44 0.9
PMOS 6 0.27 1.9 0.48 0.9 0.22 0.32 0.9




The Sub-Micron MOS Transistor

Q Threshold Variations
2 Subthreshold Conduction
0 Parasitic Resistances



Threshold Variations
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Sub-Threshold Conduction
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Sub-Threshold | vs Vg
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Subthreshold M0S Characteristics - EEL4I 0.25u process

Late/Pime run: OL/31702 0D:33:59 Temperature: 27.0
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Sub-Threshold 1, vs Ve
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Subthreshold MOS Characteristics — EEL4I 0.2%u process
Date/Time run: OL/30/02 1l&:26:16 Temperature: 27.0
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Summary of MOSFET Operating
Regions

a Strong Inversion V¢ > V;
= Linear (Resistive) Vg <Vpgar
» Saturated (Constant Current) Vs > Vpoar

a Weak Inversion (Sub-Threshold) V5 < V7
= Exponential in V;5with linear V5 dependence



Parasitic Resistances
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Future Perspectives

25 nm FINFET MOS transistor



