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A High-electron-mobility transistor (HEMT), also known afeter ostructure FET (HFET) or _—
modulation-doped FET (MODFET), is a field-effect transistor incorporating a junctiortyeen G

two materials with different band gaps (i.e. a heterojwmgtias the channel instead of a doped
region (as is generally the case for MOSFET). A commonly usatérial combination is GaAs _
with AlGaAs, though there is wide variation, dependent andpplication of the device. Devices | capringlavere——

sSpacer m;er
incorporating more indium generally show better high-freiacy performance, while in recent ETQCEiE‘n:SE‘S?‘z‘LEG-.. _substate
years, gallium nitride HEMTs have attracted attention dughéir high-power performance. Cross section of a GaAs/AlGaAs/InGaAs

HEMT transistors are able to operate at higher frequenhges ordinary transistors, up to

. . L HEMT
millimeter wave frequencies, and are used in high-frequenaducts such as cell phones, P
satellite television receivers, voltage converters, auhr equipment.
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| nvention

The invention of the HEMT is usually attributed to TakashinMira (44 &7&) (Fujitsu, Japan§1.] In America, Ray Dingle and his co-workers in
Bell Laboratories also played an important role in the iri@mof the HEMT. Daniel Delagebeaudeuf and Trong Linh Nufrem Thomson-CSF

(France) filed for a patent of this device in March 18¥9

Explanation

To allow conduction, semiconductors are doped with immsitvhich donate either mobile electrons or holes. Howehese electrons are
slowed down through collisions with the impurities (dopgnised to generate them in the first place. HEMTs avoid kiiugh the use of high
mobility electrons generated using the heterojunction luifyaly doped wide-bandgap n-type donor-supply layer (A&& our example) and a
non-doped narrow-bandgap channel layer with no dopantritigsi(GaAs in this case).

The electrons generated in the thin n-type AlGaAs layer dappletely into the GaAs layer to form a depleted AlGaAs tapecause the
heterojunction created by different band-gap materialm$oca quantum well (a steep canyon) in the conduction banHeGaAs side where the
electrons can move quickly without colliding with any imfies because the GaAs layer is undoped, and from which theyat escape. The
effect of this is to create a very thin layer of highly mobitenducting electrons with very high concentration, giving thannel very low
resistivity (or to put it another way, "high electron motyi!). This layer is called a two-dimensional electron gas wth all the other types of
FETSs, a voltage applied to the gate alters the conducti¥itiis layer.

Electrostatic mechanism
Main article: Heterojunction

Since GaAs has higher electron affinity, free electronbiAlGaAs layer are transferred to the undoped GaAs layeravhey form a two
dimensional high mobility electron gas within 100 angsti@i® nm) of the interface. The n-type AlGaAs layer of the HEMTepleted
completely through two depletion mechanisms:

= Trapping of free electrons by surface states causes thaecgudepletion.
= Transfer of electrons into the undoped GaAs layer bringsiethe interface depletion.
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The Fermi level of the gate metal is matched to the pinningtpaihich is 1.2 eV below the conduction band. With the redugtSaAs layer
thickness, the electrons supplied by donors in the AlGayerlare insufficient to pin the layer. As a result, band begds moving upward and
the two-dimensional electrons gas does not appear. Whesitivporoltage greater than the threshold voltage is agptehe gate, electrons
accumulate at the interface and form a two-dimensionat@iegas.

Versonsof HEMTs

pPHEMT

Ideally, the two different materials used for a heterojiorctvould have the same lattice constant (spacing betweeatthms). In practice, e.g.
AlGaAs on GaAs, the lattice constants are typically slighifferent, resulting in crystal defects. As an analogyagime pushing together two
plastic combs with a slightly different spacing. At reguilaervals, you'll see two teeth clump together. In semicmhors, these discontinuities
form deep-level traps, and greatly reduce device perfocenaf HEMT where this rule is violated is calledp®lEM T or pseudomorphic HEMT.
This is achieved by using an extremely thin layer of one ofrtfagerials — so thin that the crystal lattice simply stregctuefit the other material.
This technique allows the construction of transistors \etiger bandgap differences than otherwise possible, gitviem better performance.

MHEMT

Another way to use materials of different lattice constaste place a buffer layer between them. This is done imEM T or metamorphic
HEMT, an advancement of the pHEMT. The buffer layer is madalbfAs, with the indium concentration graded so that it caztoh the lattice
constant of both the GaAs substrate and the GalnAs chanhisl bfings the advantage that practically any Indium cotreéion in the channel
can be realized, so the devices can be optimized for diffeqgplications (low indium concentration provides low mgikigh indium
concentration gives high gain).

Induced HEMT

In contrast to a modulation-doped HEMT, an induced hightedecmobility transistor provides the flexibility to tunéférent electron densities
with a top gate, since the charge carriers are "induced"@#@IDEG plane rather than created by dopants. The absenceoptd thyer enhances
the electron mobility significantly when compared to thmindulation-doped counterparts. This level of cleanlingssides opportunities to
perform research into the field of Quantum Billiard for qtuem chaos studies, or applications in ultra stable and séreitive electronic devices.

Applications

Applications are similar to those of MESFETSs — microwave anilimeter wave communications, imaging, radar, and radiwonomy — any
application where high gain and low noise at high frequenaie required. HEMTs have shown current gain to frequengester than 600 GHz

and power gain to frequencies greater than 1 ﬁlleHeterojunction bipolar transistors were demonstratezieient gain frequencies over

600 GHz in April 2005.) Numerous companies worldwide depeind manufacture HEMT-based devices. These can be dismasistors but
are more usually in the form of a 'monolithic microwave intggd circuit' (MMIC). HEMTSs are found in many types of equignt ranging from
cellphones and DBS receivers to electronic warfare sysgeitis as radar and for radio astronomy. Furthermore, galiitmde HEMTSs on silicon
substrates are used as power switching transistors fagettonverter applications. Compared to silicon powesststors gallium nitride HEMTs
feature low on-state resistances, and low switching lodaego the wide bandgap properties. Gallium nitride poweWVHE are commercially
available up to voltages of 200 V-600 V.

See also

= Heterojunction bipolar transistor
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