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Basic Configuration of a MOSFET
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Background
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Sources: 
IBM J.  Res.  Dev.
Google Images
Intel website
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MOSFET (off)
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MOSFET (on)
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MOSFET and MOS C
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oxide scaling: reaching its limits
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how can we understand MOSFET performance?

 What characterizes its performance?

 How can we calculate it?

 What is the closest analogue that we’ve 

already seen?
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Recall the MS junction
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built-in potential
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example:
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Aluminum metal and p-type Si

NA = 1016 cm-3

p0 = NVe
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the band diagram
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MOS e-band diagram
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MOS e-band diagram
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1) Built-in potential is exactly the same.

2) But part of the voltage drop occurs across the 
semiconductor and part across the oxide.
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Electrostatics of MOS Capacitor in Equilibrium
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potential vs. position
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equilibrium e-band diagram
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equilibrium e-band diagram
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equilibrium e-band diagram

27

EC

EV

Ei

EF

metal

DVS

DVOX

Vbi

 
E S =E 0+( )

 E ox

 Koxe0E ox = KSe0E S

 

E ox =
KS

KOX

E S

 E ox » 3E S

Dox = DS

3/27/2018
Bermel ECE 305 S18



MOS capacitor

28

VG

p-Si

‘metal’/
heavily doped 

polysilicon

SiO2

tox » 1- 2 nm

Bermel ECE 305 S18

1) MOSFET and MOS capacitors
2) E-bands and work functions
3) Band-bending in ideal MOS-C’s
4) Accumulation, depletion, inversion
5) Depletion approximation

3/27/2018



MOS capacitor (flat band)
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MOS capacitor (accumulation)
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MOS capacitor (depletion)
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MOS capacitor (inversion)

32

¢VG > ¢VT

p-Si 

r » -qNA p0 << NA
-

WT

electrons

¢VG > ¢VT

Bermel ECE 305 S183/27/2018



band bending in an MOS device
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Fig. 16.6, Semiconductor Device Fundamentals, R.F. Pierret

Flat band Accumulation Depletion Inversion



what if we had an N-type MOS-C?

34

¢VG

n-Si

Bermel ECE 305 S183/27/2018

‘metal’/
heavily doped 

polysilicon

SiO2

tox » 1- 2 nm

1) Can we still achieve the same operating regimes?
2) What similarities should occur across devices in 

common regimes?
3) What might be different about them?



hole density in the bulk
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electron density at the surface
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onset of inversion
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accumulation, depletion, inversion
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MOS electrostatics: depletion
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space charge density vs. position
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electric field (semiconductor)
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surface electric field (semiconductor)
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final answers (semiconductor)
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gate voltage and surface potential
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voltage drop across a capacitor
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relation to gate voltage
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conclusions
 Introducing an oxide layer between a metal and semiconductor 

creates a new type of band structure
 This also allows for a new type of device, known as a metal-oxide-

semiconductor field effect transistor (MOSFET)
 Discussed the primary MOS operational regimes: flat band, 

accumulation, depletion, and inversion
 The depletion approximation allows us to calculate the charge 

distribution and surface potentials of each regime
 This can then be translated into gate voltage thresholds
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