
Other types of FETs



JFETs usually work in depletion mode (normally on).
Enhancement mode (normally off) devices are desired for switches.



GaN Die Model from manufacturer

For thermal simulation

IDS vs. VDS @ TJ = 25 ⁰C

IDS vs. VGS @ TJ = 25 ⁰C/ 90 ⁰C













2-dimensional electron gas (2DEG)

Recommended reading: Umesh & Singh, Semiconductor Device Physics & Design, p. 375 - 388



Evac

Electron transfer
Electron transfer

Space charge (ionized donors) 
in AlGaAs barrier layer 
resulting from electron transfer

Substrate



https://dbnst.nii.ac.jp/english/detail/317

2-dimensional electron gas (2DEG)

Evac

Work function 
of gate

Electrostatic potential 
distribution as a result 
of Poisson’s equation 
(Gauss’s law) and 
carrier statistics, 
similar to (but more 
complicated than in a 
simple Schottky or 
junction) 

Parasitic channel

We stopped here on Tue 10/12/2021



2-dimensional electron gas (2DEG)

VG = 0, Fermi levels line 
up

An undoped spacer layer is grown before 
the n doped AlGaAs layer, to separate 
ionized dopants from channel. 



spacer

(not to scale)



Can there be an inverted p channel in AlGaAs?

Now, VG < 0

Negative charge (electrons) partition 
between 2DEG and gate.



EV



To avoid “parasitic channel” in AlGaAs, can do “delta doping”



EV



To really understand MODFETs, we need to understand heterojunctions.

• Fabrication of heterostructures: epitaxy

(Epitaxy may be homoepitaxy, e.g., undoped GaAs 
on semi-insulating GaAs in our MODFET example)

https://www.tf.uni-kiel.de/matwis/amat/semitech_en/kap_3/backbone/r3_4_1.html

https://www.sciencedirect.com/science/article/pii/S0039602801015254
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Evac

• How do energy levels line up at interfaces?

There are no simple theories. 

Pretty much every interface (even the same pair of materials but opposite growth order) 
needs to be experimentally determined. 

Recently, first-principles calculations become able to predict. 

For simple descriptions, there are two “rules” that are not obeyed.

Details (chemistry) of interface ignored, 
therefore no interface dipoles  no 
discontinuity in electrostatic potential, 
or Evac. 

In this illustration, the horizontal dimension is not meaningful except 
marking the interface; charge transfer dictates band bending.  

We followed this rule when 
analyzing the MODFET example.
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Valence band max largely determined 
by anion atomic orbitals.

Both “rules” ignore interface dipoles.


