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A tunnel diode or Esaki diode is a type of semiconductor that is capable of very fast opmrat
well into the microwave frequency region, made possiblehaytse of the quantum mechanical
effect called tunneling.

Tunnel diode

It was invented in August 1957 by Leo Esaki when he was withybdksushin Kogyo, now
known as Sony. In 1973 he received the Nobel Prize in Phyjsicgly with Brian Josephson,
for discovering the electron tunneling effect used in thatisdes. Robert Noyce independently
came up with the idea of a tunnel diode while working for VEith Shockley, but was

discouraged from pursuing[i't].

These diodes have a heavily doped p—n junction only somenl (180 A) wide. The heavy
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doping results in a broken bandgap, where conduction baudreh states on the n-side are unnel diode (wi Jumper for scale)

more or less aligned with valence band hole states on thdep-si Type Passive

Working Quantum mechanical effect
Tunnel diodes were first manufactured by Sony in 1953llowed by General Electric and principle called tunneling
other companies from about 1960, and are still made in Iowmeltoda)}?] Tunnel diodes are | Invented Leo Esaki

usually made from germanium, but can also be made from gabitsenide and silicon First production Sony

materials. They are used in frequency converters and dmﬁé‘ﬂtThey have negative Pin
differential resistance in part of their operating range therefore are also used as oscillators
amplifiers, and in switching circuits using hysteresis.

anode and cathode
‘configuration

Electronic symbol

In 1977, the Intelsat V satellite receiver used a microgstripmel diode amplifier (TDA) front- - .
end in the 14 to 15.5 GHz band. Such amplifiers were consitistate-of-the-art, with better —ﬁ—

performance at high frequencies than any transistor-biasetiend(®)
The highest frequency room-temperature solid-statelatmis are based on the resonant-tunneling diode

(RTD) !

There is another type of tunnel diode called a metal-insttatetal (MIM) diode, but present application

appears restricted to research environments due to inreesitivitied”! There is also a metal-insulator—
insulator—-metal MIIM diode which has an additional insatdfyer. The additional insulator layer allonsep
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Forward bias operation

Under normal forward bias operation, as voltage beginsaesse, electrons at first tunnel through the very narrowjprction barrier, filled
electron states in the conduction band on the n-side bechigmed with empty valence band hole states on the p-sidesopth junction. As
voltage increases further these states become more misdland the current drops. This is callesjative resistance because current decreases
with increasing voltage. As voltage increases yet furttier diode begins to operate as a normal diode, where elsdtarel by conduction across
the p—n junction, and no longer by tunneling through the prgtion barrier. The most important operating region farranel diode is the
negative resistance region. Its graph is different fromm@dip-n junction diode.

Rever se bias operation

Main article: Backward diode
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When used in the reverse direction, tunnel diodes are chlekl diodes (or backward diodes) and can act as fast rectifiers with zero offset
voltage and extreme linearity for power signals (they havaacurate square law characteristic in the reverse dw@ctunder reverse bias, filled
states on the p-side become increasingly aligned with estatgs on the n-side and electrons now tunnel through thenmtign barrier in
reverse direction.

Technical comparisons

In a conventional semiconductor diode, conduction takasepWvhile the p—n junction is forward biased and blocks
current flow when the junction is reverse biased. This ceaprto a point known as the “reverse breakdown I
voltage” when conduction begins (often accompanied byrdetson of the device). In the tunnel diode, the dopant
concentrations in the p and n layers are increased to thé whire ther ever se breakdown voltage becomes !
zero and the diode conducts in the reverse direction. Howeveenvirward-biased, an odd effect occurs called
qguantum mechanical tunnelling which gives rise to a regibeng arincrease in forward voltage is accompanied
by adecrease in forward current. This negative resistance region carxipioéed in a solid state version of the i,
dynatron oscillator which normally uses a tetrode thericioalve (or tube). ‘ = v
1 2

The tunnel diode showed great promise as an oscillator @dfhequency threshold (trigger) device since it

operated at frequencies far greater than the tetrode cealtiinto the microwave bands. Applications for tunnel IV curve similar to a tunnel
diodes included local oscillators for UHF television tusidrigger circuits in oscilloscopes, high-speed counter  diode characteristic curve. It
circuits, and very fast-rise time pulse generator circlitee tunnel diode can also be used as low-noise microwavieas negative resistance in the

amplifier®) However, since its discovery, more conventional semicotatudevices have surpassed its shaded voltage region,

performance using conventional oscillator techniques nf@ny purposes, a three-terminal device, such as a fieldbetweenv; andv,.
effect transistor, is more flexible than a device with omptterminals. Practical tunnel diodes operate at a few

milliamperes and a few tenths of a volt, making them Iow-podm/iceé.lol The Gunn diode has similar high
frequency capability and can handle more power.

Tunnel diodes are also more resistant to nuclear radiatieom dther diodes. This makes them well suited to highe
radiation environments such as those found in space.

L ongevity e
I-V curve of 10mA
Tunnel diodes are notable for their longevity, with devioede in the 1960s still functioning. Writing Mature, germanium tunnel diode,
Esaki and coauthors state that semiconductor devices ergleare extremely stable, and suggest that their shelf taken on a Tektronix model
life should be "infinite" if kept at room temperature. Thay on to report that a small-scale test of 50-year-old 571 curve tracer.

devices revealed a "gratifying confirmation of the diodefgevity". As noticed on some samples of Esaki diodes,

the gold plated iron pins can in fact corrode and short outgéocase. This can usually be diagnosed, and the diode

inside normally still worksH

However, these components are susceptible to damage byeatirg, and thus special care is needed when soldering them

See also

= Lambda diode
= Resonant tunnelling diode
= Tunnel junction

= Avalanche diode
= Gunn diode
= IMPATT diode

= Zener diode
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