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Important Questions

How long does it take to tunnel through
a double barrier?

Which potential barrier controls tunneling?
Is low-dimensionality tunneling possible?

Is resonant tunneling coherent or sequential?
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Negative Resistance from Single-Barrier

Negative Resistance from Single-Barrier
Heterostructures

Heterostructures

* When valence-band discontinuity is small, tunneling proba-
bility decreases with increasing bias.

* Single-barrier NR observed in HgCdTe-CdTe at low tem-

* Negative resistance is a consequence of two effects: increas-
" ing density of states available and decreasing tunneling

probability.
peratures
* Tunneling time is smaller than in double-barrier structures | By mmm == \
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® Which barrier controls:

¢ tunneling current?

® energy levels?
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® Hydrostatic pressure applied to direct-gap ® °
system makes Potential barriers indirect. E " s
® Direct-and indirect-gap barriers have very § & %‘ '
different pressure coefficients s [ g \
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Tunneling through Indirect-Gap Barriers

VOLTAGE (V)
. . o o o o .
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Resonant Tunneling via X-point States

«00r o
-——Gal-.Al,M GoAs  Goy., AL Ay
[oi0)
9 .
!' [ ]
C= B,
/ X
X
(ooi]

® Momentum parallel to interfaces is conserved for one
of the three X-point ellipsoids

® Tunneling mass is heavy

®
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® Consequences:

1. The X-point level can become the ground state
2. It is possible to tunnel resonantly through a single

AlAs barrier

Relative Band Alignment

e Total energy: E, = E, +E,
® Momentum parallel to the layers k,
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Band Alignment in a Magnetic Field
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® Magnetic field quantizes motion in both the
electrode and the well

® Quantities conserved
o Total energy
® Quantum number

Effect of a Magnetic Field
] Meqmtic tield arallel to current direction

e Effect is observed in all

and excited states)
® Effect is independent of temperature (4K-0.5K)
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Resonant Tunneling between Two-Dimensional Systems

Fan Chart
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Currea: (Lea)

- Observation of resonant tunneling in AlGaAs/GaAs triple barrier diodeg

T. Nahagavaa, 11, bnamolo, T. Kojima, and K. Ohia
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-V CHARACTERISTICS AT HIGH PRESSURES
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RESPONSIVITY R {A/w)

Coherent Tunneling in a Double-Barrier Superlattice

Photoexcited electrons tunnel resonantly when E, and E’} are aligned

® Photocurrent is different whether the process is sequential or coherent. .
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o ldeal values of 100A-40A-100A heterostructure

®  Maximum Current: ~30 A/cmz

®  Maximum Charge: ~7x1011cmz

® Lifetime:~4x10-9sec

o Experimental values:

®  Maximum Current; ~10-3 Alcmz2
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Stark Localization in Superiattices
o —————<dlion In Superlattices

® At zero field, electrons are itinerant. (Minibands result
from coupling among states of individual wells.)

®  With field, coupling is limited to adjacent wells.

® At high fields (e€D>A), coupling disappears and
electrons become localized in isolated welis,

® Optical transition experience *blye” shift ~A, + A,/2
~plica) transitions ¢ ==ER_blue” shift
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Stark Localization in Superlattices under an Electric Field

J_ﬂ T=4.7K # (k¥/em)

PHOTOCURRENT
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e “Blue” shift of band-edge interband transition
» Additional Stark-ladder transitions
e Enhancement of exciton binding energy






