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Thickness of the depletion layerThickness of the depletion layer

Definition of the potential, φfp: ⎟⎟
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Work function differenceWork function difference
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Work function differenceWork function difference

00 2 sfp
g

oxm ee
E

eVe φφχφ −++=+From the band diagram follows:

Rewriting this gives: mssoxV φφ −=+ 00

The same result is found using the definition for φ'm and χ' in the book.
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Flat-band voltageFlat-band voltage
⇒ That applied gate voltage at which the bands in the 

semiconductor are flat

Seen before: accumulation, depletion, or inversion, dependent 
on the applied voltage.
Flat band: in between.
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Applying a bias on a MOS-capacitor
...taking into account the voltage drop over the oxide...

Applying a bias on a MOS-capacitor
...taking into account the voltage drop over the oxide...

In case no bias is applied: mssoxV φφ −=+ 00

We now apply a bias and compare the new situation with the 
situation in which no bias was applied:
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In the case of the flat-band condition the surface potential, φs, is
equal to zero, so: 

msoxGFB VVV φ+==
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Charge in the oxideCharge in the oxide

– Thus far it appeared that for flat-band 
condition the drop over the oxide was 
equal to zero.

– In practice on fixed charge (usually 
positive) is present on the 
semiconductor-oxide interface due to 
broken or dangling bonds.
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Influence charge in oxide on VFB
Influence charge in oxide on VFB
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Threshold voltageThreshold voltage

Definition threshold voltage: the bias required to get the MOS-
capacitor in strong inversion, φs = 2φfp for a p-type semiconductor.
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G B
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N-channel enhancement mode device: MOSFET not in inversion
for Vg = 0 V, in other words, transistor is switched off.
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G B

S

D

N-channel depletion mode device: MOSFET in inversion for
Vg = 0 , in other words, transistor in switched on.
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Channel conductance, gd
Channel conductance, gd
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Here, Q'n is the surface charge density in the inversion layer
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TransconductanceTransconductance
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Note that the transconductance is dependent on the geometry
of the device
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ID

VDS

VDS(sat) = VGS − VT

VGS1 > VT = 0

VGS2 > VGS1

VGS4 > VGS3

VGS3 > VGS2

VGS5 > VGS6
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Bias on the substrateBias on the substrate

– Note that the source-body junction is reverse biased, thus 
that VSB = VS – VB is positive!!! (with respect to the n-type 
region).

– A large reverse bias across the source-body junction 
induces a larger depletion region (compare with a one-
sided diode).

The charge difference, ΔQ'SD, to achieve inversion becomes:
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The threshold voltage becomes:
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Charge distribution with a bias on the substrateCharge distribution with a bias on the substrate
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Equivalent circuitEquivalent circuit
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Frequency limiting factorsFrequency limiting factors

– Transit time: time required to drift across the channel. 
This time is determined by the saturation drift velocity and 
this is not the limiting process.

– Charging time of the gate.
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Charging time of the gateCharging time of the gate
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In saturation Cgd = 0 (channel near the drain) and the capacitance
(and thus the frequency response of the device) is determined by
the overlap capacitance Cgdp.
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Cut-off frequencyCut-off frequency

Cut-off frequency defined
by |Id/Ii| = 1, so:
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In case the MOSFET is in saturation and there are no overlap
capacitances, then: CM = 0 and CgsT = CoxWL and thus:
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