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Abgract: The field-effect transistor is inherently bipolar, having simultaneously
electron and hole surface and volume channels and currents. The currents are controlled
by one or more externally applied transverse electric fields. It has been known as the
unipolar field-effect transistor for 55-years since Shockley's 1952 invention, because the
electron theory neglected the hole current, resulting in erroneous solutions of the
internal and terminal electrical characteristics from the electron channel current alone,
which are inaccurate when the neglected hole channel current becomes comparable to
the electron channel current, both in subthreshold and strong inversion. This
presentation describes the general theory, that includes both electron and hole channels
and currents. The rectangular (x,y,z) parallelepiped transistors, with one or two MOS
gates on thin and thick, pure and impure base, and with uniformity in width (z-axis), are
used to illustrate the two-dimensional effects and the correct internal and boundary
conditions for the electric and the electron and hole electrochemical potentials. Four
common MOS transistor structures are analytically described: the 1-gate on semi-
infinite-thick impure-base (the classical bulk transistor), the 1-gate on thin impure-
silicon layer over oxide-insulated silicon bulk (SOI), the 1-gate on thin impure-silicon
layer deposited on insulating glass (SOI TFT), and the 2-gates on thin pure-base and
impure-base (FinFET).
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