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MOSFET basicsMOSFET basics

LECTURE 18

• MOSFET fabrication

• Depletion of the semiconductor surface

• Formation of inversion layer

• Band diagrams galore

• Surface potential model (towards I-V characteristic)
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Sec. 13.1
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PhotolithographyPhotolithography

- 26 masks

- 1E9 FETs per chip

- mask set: $1M
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Sec. 10.1 Si MOSFET featuresSi MOSFET features

• 4 terminals

• 2D-device

• "The most abundant 
object made by 
mankind"
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Sec. 
10.2.1 Energy band diagram in yEnergy band diagram in y--directiondirection

Note depletion of semiconductor surface in equilibrium (in this case)
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NPNP--junctions and transistor actionjunctions and transistor action

HBT, BJT MOSFET
B G

What happens                                    ?
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Sec. 
10.1 Depletion of Si surfaceDepletion of Si surface

Note: presently we have 
VDS=VGS=0

But there is Vbi ≠ 0
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• Depletion layer forms
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Sec. 
10.1 Inversion of Si surfaceInversion of Si surface
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VDS
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Note: we have kept VDS=0,

but now VGS>0

•Depletion layer widens

Where do the 
electrons come from?

Count the charges.
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Sec. 
10.2 Depletion and inversion of Si surfaceDepletion and inversion of Si surface

Note: 
- notation for the channel and bulk charges
- uniformity of the channel and bulk charges when VDS = 0.
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Band diagrams for depletion and Band diagrams for depletion and 
strong inversion of Si surfacestrong inversion of Si surface

Sec. 
10.2.1

Onset of strong inversion:

n(y=0) = NA
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Band diagrams for moderateBand diagrams for moderate-- and and 
strongstrong-- inversion of Si surfaceinversion of Si surface

Sec. 
10.2.1
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Onset of strong inversion:

n(y=0) = NA
Onset of moderate inversion:

n(y=0) = ni
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Sec. 
10.2.2 Now allow VNow allow VDSDS>0>0

Note: 
- presence of VCB(x)
- non-uniformity of the channel and bulk charges when VDS > 0 (IN STRONG INVERSION).
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Now allow VNow allow VDSDS>0 >0 (STRONG INVERSION)(STRONG INVERSION)

• More voltage drop across body (IN STRONG INVERSION)

• Oxide field reduced
• Less charge in channel

Sec. 
10.2.2

Strong inversion 
when VDS=0
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Secs. 
10.1, 
10.2

Si MOSFET summarySi MOSFET summary

yj

• Ey due to VGB causes 
depletion and 
inversion

• Ex due to VDS causes 
reduction in inversion 
(effect is greatest near 
the drain)

• VDS gives rise to a 
channel voltageVCB(x)


