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Overview of JFETs and MOSFETSs

 Realistic fabrication (process flow example)
« The FET Family Tree

 FET Structures

 JFET Modelling

« MOSFET Modelling
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Unipolar FETs’ Family Free
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Remarks on FETS

Essentially unipolar devices — the current flow (either holes or
electrons) between two electrodes (source and drain) is controlled by
the potential difference to a third electrode (gate).

Close (closer) to ohmic behaviour. Linear or square law. Lower total
harmonic distortion and intermodulation distortion.

Much higher input impedance. Lower input currents. Simpler
matching to microwave circuits.

Negative temperature coefficient. Self-limiting, with a much lower
probability for a thermal runaway or breakdown.

No minority carrier storage effects — higher switching speeds and
higher cutoff frequencies.

Conceptually simpler, with close to equilibrium carrier
concentrations, virtually no carrier injection or extraction.

Could have been the first ones to be realized...



Jan. 28, 1930. ). E LILIENFELD 1,?45,??5 . The Fl rSt One

METHOD AND APFARATUS FOR CONTROLLIMO ELECTRIC CURRENTS
Filed Oct. B, 1926 )

Part of Lilienfeld’s first
patent. This resembles
a modern MESFET, but
was unrealisable
without semiconductors.

Shockley et al ~ 1948
worked on similar

concepts, but had to
abandon patenting them
because of Lilienfeld’s

_ ,44\ ; | work. Reproposed by
NG
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N8 Mead et al ~1966

Most semiconductor

helires EdgorLilien fold transistors are now
HriAHLLonsdy unipolar.
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MEtal Semiconductor - MESFET
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- * Grow an epilayer
e Oxidize

e Open windows

e Implant

e Metalize

|Semiconductor base| N
_ e Building block

Relatively simple — can work with « Provides gain
compound semiconductors (Schottky gate)

Fast — can use high mobility channels
Can be done in SOI version, as well

 Voltage-control device
« Unipolar device



Junction Field Effect Transistor - JFET
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* Grow an epilayer
e Oxidize

e Open windows
 Diffuse junction
* Metalize

|Semiconductor base| N
_ e Building block

« Low noise — finite gate current * Provides gain

* Very flexible intermediate frequencies « Voltage-control device
amplifier (used widely in preamps)
* Enhancement and depletion modes

« Unipolar device



Metal Oxide Semiconductor - MOSFET

Very low gate current, but somewhat noisy
Can use both bias signs at the gate contact
Enhancement and depletion modes

Buried channel devices possible

—

Recipe

* Grow an epilayer
e Oxidize

e Open windows
e Form gate oxide
* Metalize

Features

e Building block

* Provides gain
 Voltage-control device
« Unipolar device
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Fig. 1—Schematic diagram of field-effect transistor.




Potential Distribution - JFET
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Drain Current - JFET




Saturation Current - JFET
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Transconductance and Drain Current
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Ve=Vp

Vp, (small)

[ The MOSFET
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Fig. 15 Operations of the MOSFET and output I-V characteristics. (a) Low drain voltage. (b)
Onset of saturation. Point P indicates the pinch-off point. (¢} Beyond saturation.




Conductivity — MOSFET case




Charge Distribution In the Channel
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