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Outline

*What are ISBT’6? _
*What's good'(and bad) about them?

*New wrinkles to'try for improved devices.

*New.bits ef science to_ trys-just for the sake.offiiss
it. —
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Confinement Energies
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| et *AE, ~ few 100 meV.

*Much wider range of
material-possibilities than
s=interband-based devices.
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Transition strengths

*An-odd selection rule (in
~ principle).

* 2,5, ~2-3 nm. i.e. big! @

* Highly anisotropic
absorption (dichroism) and
dispersion (birefringence).

*.Optical response has
unusual:quasi-cylindrical point
group.symmetry.

' .
.-
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Tunable ISBT oscillatorstrengths.

*ISBT transition energy (almost)
independent of kII

* ISBT absorptlon is peaked @ @

* Absorption. oc electron
density

Absorption Doping
coefficient T Absorption Doping

" coefficient
J_ Low
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Interband Absorption, | Too High High

. | Too High
~1-3 ev\\‘ ’
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Dipole selection rules.

*ISBT oscillator, is, z<polarised-*

* Normally no absorption at

normal incidence, Q

* No vertical laser cavities

*.Can'be dodged with e.g VB and non-I" CB
material. In principle.

*.Makes for.easy absorption spectroscopy

.. thought !
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DeS|gnabIe dispersion.
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*ISBTspeak is surrounded by’ transparent
regions.

* Can add oscillators to-waveguide to
design-in desired dispersion
.characteristics.

* Useful for coherent optical
experiments.

* Electro-optical control
possible through QCSE.

Absorption
coefficient

Refractive
index

Photon energy (hw)
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Broadening mechanisms (1).

*m¥-increases with energy (non-
parabalicity), broadens transition.

* Exchange correlation effeets:... -
counteract this broadening effect.

* Often a good fit to
Lorentzian lineshape.

With just the

non- Low doping
parabolicity i i
effects High doping

Including
many-body
interactions
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Broadening mechanisms (2).

300k Linewidth ~10 meV; Z<kT: o ;

Energy

5 Interface roughness and: phonon
scattering W~ 1/g2

+* Low-q acoustic Phonons do
the:damage it seems.

* Scattering respects dipole
selection rules.

* Temperature insensitivity
VERY good for laser Jy's

GAIN Intersubband
laser Low Temp

High Temp

Interband
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Cascaded Electron TransportIdea . .-

Injection F = 39kV/cm
barrier
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®-Majority carriers, insensitivéto femp and
Materials quality:; ’

* Very versatile cf pn junctions:

+* Resonant tunnelling can
help keep everything aligned.

* Suited to wide cavities
needed for IR.

* Important “transformer”
side effect.
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Thermal Transport .

*-Jt's-rubbish. Frankly. Q

* GaAs Phonon mfp’s 1000 nm{(50K)
to ~40nm (375K)

Injection F = 39kV/cm
barrier

* Heterostructures scatter
phonons on nm length scales

*QCL conductivities ~ 10 x
_worse than bulk

* Comparatively few
systematic studies.

(,)1,Br) ““o Jeay oy1oa

40 60 80 100

Temperature () * CRITICAL for. 300K CW

A J Borak et al. APL 82'(23), 4020.(2003). devices. £
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Intersubband dynamics .

~*45aAs O phonon scatterlng in @
~100fsec.

* Faster than a very fast thing. g

*.Poor spontaneous radiative
efficiency.

sample A |
E,,=248 meV |

1, =97 MWicr?|

AN * High J, in lasers Q
ampec ] I * High saturation intensities in g

Ey,=254 meV E,,= 138 meV

T 2 10, .
I,,.=6.8 MWicrr? | ¢ lia=0.67 MWien? | o SW'tCheS .

1.2 psec & BN '
R *Poon bottleneck” failed. (@)
ST to appear.

100 yea living science
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Half time summary .

Ay |

* Intersubband-transitions are-....

Tunable-in‘energy andss throughout IR and FIR:.

recombination channel)
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What next then?

* New.Materials possibilities.

* Plasmonics

* Non-linear opties fér new wavelengths.
*-Strongly coupled light-matter systems.
* Coherent-Quantum Optical effects.

* Phonon Engineering.

* Subbands for Science:-Artificial Atoms.
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New Materials.

*Shorter A's need larger AE-materials

*. Larger AE. goes with larger bandgap
and-m*, and higher bond strengths.

* This means higher temp growth and

doping problems.
2
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*e< 0 for c0<0)

*Field Concentration-
sensors '

*Shrinking Opto-

Electronlcs

Dielectric

Conductor '

* Metallic Optlcs s o]

X, Opportunities for
semiconductors!
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Plasmonics

Dielectric

Dielectric

*Already being used-for-QCL = s
cavities. Amreun ik o

k Com presses mode VOI umes. - Jonathan Plumridge and CCP.Phys.Rei/.
5 B 76, 075326 (Aug 2007).

Sirtori et al. APL 66 (24), 3242 (1995).

Way of guiding:FIR in
sensors?

* Quantum anisotropy means
new opportunities for
semiconductors!

* Negative refraction‘exotica

possi ble. - : ViA.Podolskiy and EE Narlmanov, PRB
71, 201101,(2005)
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Non-linear optics for new
wavelengths

Surface metal NIR Guide

*QCL cavities havethigh
radiation density and the
intrinsic y(2) of IlI-V’s.

Intensity (a.u.)

*Artificial resonances can be
designed-in.
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—LM o 071101 (2005). .
Polarisation P response at
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| Stron_gly coupled cavities

Absorption

*Einstein’s rules assume
matter and light only
perturbatively coupled:

Photon energy.

*Small mode volume, high'Q,
coupling energy dominates all
other terms::

*Good.for weakly absorbing
detectors.

*Non-Einsteinian-lasers?

ET Jeynes and FW Cummiings Proc, | '
IEEE, 51, (1), 89-109 (1963). TT100 120 140 180 180

Energy (meV)

*QCL’s uniquely suitableforthiS. 5 vin et a1 prL 90, 126407 G003)
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Generalised Rabi Frequency'
e (H;E)Z + (R

Dressing-and
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Matter-wave. interference

13>

12>

11>
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EIT was flrst seen.in atomlc vapours... &

LG """'F'q.lrr.-ur! I"|l| ZaAT
YERS RO Ceaii NS T s 1_ L
THiES ELSE o ||||-r|.|;_ T.

KJ BoIIer Almameglt@nd SE Harrig, PRL
- 66,2593 (1991); using Rubidium vapour
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GWI with subband transitions!
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1.3MW/cm?
1.5MW/cm?

—_—
c
Ig
0
IQ
£
)
c
©
N
c
_.I

170 175 180 185 190

M D Frogley et al, Nature Materials, Vol."5 .
. 175-178, March 2006) 155 160 165 170 175 180 185 190
Photon Energy (meV)

ITQW Ambleside Sept-2007.




Slow Light.
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Varoup = €/40 In"the regioh’ where the

ample is transparent/amplifying.
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~Phonon.Engineering?

*We already structure njecion F = 39kViom
electronics an optical aspects,
why not.-acoustic as well?

*Dephasing ‘Acoustic and
depopulating phonons both
have \~-15:nm.

*Phononic ‘SI's for improved-
thermal conductivity?:: ”

*Phononic anti-nodal cavities
for-decoupling-electrons from
crystal? i
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- Artificial-atoms for Science! -

*ISBT’s behave like
designable atoms

*New symmetries and energy
level juxtapositions possible.

*Cavities are easy
*They.stay. put!

*Cavity QED?
*Flying qubits?

Dielectric

FIALE s
Lt } /

p/s reflectivity ratio
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850 1350 1850 2350
wavenumber / cm™
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