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CapacitanceCapacitance

LECTURE 14

• charge balance

• steady state, dielectric relaxation time, and transit time

• definition of capacitance

• equivalent circuits for charging current

• MOSFET capacitance

• non-reciprocity
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TimeTime--dependent equationsdependent equationsSec. 5.2

e.g., Hydrodynamic 
Equations for electrons
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Sec. 5.2 Continuity of chargeContinuity of charge

This is a prelude to our study of capacitance and RF transistors

This equation expresses the universal truth regarding the conservation of charge.

The fundamentality of this relation can be further appreciated by deriving it from Maxwell’s 
Equations.

Now, we use it as a basis for defining capacitance.
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Example of charging C Example of charging C 

wire gap wire

S1
S2 S3

Apply charge continuity to surfaces S1 and S2.

What does this say about displacement current?

Apply charge continuity to surfaces S1 and S3.

What does this say about currents in steady-state?

What happens in the transient case?
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Dielectric Relaxation TimeDielectric Relaxation TimeSec. 6.3.2

Apparent charge motion due to charge neutralization.

View the situation as RC-charging and define the time constant.

Electrons 
injected from 
n-region

What is the comparable situation in the channel of a FET?
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MOSFET Transit TimeMOSFET Transit TimeSec. 12.1

How long before the Drain “experiences” the electron?
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SteadySteady--statestateSec. 12.1

Steady state

Generic 
transistor

Using Terminal 
1 as reference.

What is another name for the LH sides?
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Defining capacitanceDefining capacitanceSec. 12.1

Hold V21 constant:

What is the interpretation of the double-subscripted notation?

The notation gives:
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Equivalent circuit representationEquivalent circuit representationSec. 12.1
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MOSFET capacitanceMOSFET capacitanceSec. 12.2
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MOSFET equivalent circuitMOSFET equivalent circuitSec. 
12.2.1

How many independent C’s?

Equivalent circuit representation

What is Cm ?
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TranscapacitanceTranscapacitanceSec. 12.2.1

Consider 2 cases to 
illustrate the meaning of 
transcapacitance:

What does each circuit represent?
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NonNon--reciprocityreciprocitySec. 12.2.1

Capacitances are not necessarily reciprocal.

Do board-note example of CGD and CDG
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Intrinsic capacitances and CIntrinsic capacitances and Coxox
Sec. 12.2.1

What are the reasons for these trends?
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Extrinsic MOSFET capacitanceExtrinsic MOSFET capacitanceSec. 12.3.1

Are the extrinsic capacitances reciprocal?


