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MESFET 
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• fast transistors can be realized in n-channel GaAs
• however GaAs has a low hole mobility making p-channel devices slower

Metal-Semiconductor Field Effect Transistors
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JFET 

There is a long derivation to determine how the current depends on VG and VD. 

We will find a relatively simple formula (probably familiar to electrical engineers).

Understanding the derivation is important for knowing when this formula is valid.
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VG is a forward bias
V(y) is a reverse bias.

depletion width is a function of position

differentiate 
( )ndx y

dV
=

( ( ))D n D nI dy e N Z h x y dV= −



JFET 

( )

( ( )) ( )

n D

D
n D n n

dx y I

eNdy
e N Z h x y x y



=

−

( ( ))D n D nI dy e N Z h x y dV= −

D n
n

eN x
dV dx


=

from last slide

If ID is known, this can be solved for xn(y).
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JFET - drain current 
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JFET - Linear regime

In the linear regime VD << Vsat. 
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JFET - Linear regime

In the linear regime VD << Vsat. 
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variable resistor
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At Pinch-off, E in gradual channel approximation diverges 



JFET - Saturation regime
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set dID/dVD = 0 to find Vsat

Substitute Vsat into the equation at the top to find Isat
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JFET - Saturation regime
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Voltage controlled current source

No VD dependence



JFET - transconductance
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JFET 





High frequencies 
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For velocity saturation, vs = const.
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JFET/MESFET

JFET:  

▪  small gate current (reverse leakage of the gate-to-channel junction)

▪  more gate leakage than MOSFET, less than bipolar

▪  has higher transconductance than the MOSFET

▪  used in low-noise, high input-impedance op-amps and sometimes used in switching applications  

MESFET:  

▪ usually constructed in compound semiconductor technologies lacking high quality surface passivation 

(such as GaAs, InP, or SiC)

▪ are faster but more expensive than silicon-based JFETs or MOSFETs 

▪ Production MESFETs are operated up to approximately 45 GHz[1]

▪ commonly used for microwave frequency communications and radar 

▪ majority carrier device (like Schottky diode)

[1] DOI: 10.1109/SOI.2009.5318754



MODFET (HEMT) 
Modulation doped field effect transistor
High electron mobility transistor

VT = Threshold voltage = voltage where charge is depleted

Modulation doped field effect transistor (MODFET)
High electron mobility transistor (HEMT)

high mobility channel 



Heterostructure 
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MODFET (HEMT) 
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MODFET (HEMT) 
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MODFET (HEMT) 
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MODFET (HEMT) 
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Substitute the saturation voltage into the formula at the top to find saturation current





MODFET/HEMT 

HEMT: HEMT devices are found in many types of equipment ranging from 
cell phones and DBS receivers to electronic warfare systems, microwave 
and millimeter wave communications, radar, and radio astronomy. 600 GHz 
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