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Outline

*Device Desigh:

*Materials Considerations.
*Frequiéney mixing experiments.
*THz laser Fesults:

*All-optical switching.

*Concluding Remarks.
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Device Désign

*Standard (-ish) QCL with
window in top contact
* Needs cladding layers

transparent to bandgap
radiation

. * Needs DBR for reflective
-mode experiments.

Incoming Radiation
Waveguiding layers

1.45 um Al ,Ga, gAs Contact Layer 0.3 ym GaAs

7 A | 1 Al A
TiAu contact ‘ r_llxurﬂ"\ Graded layer 1 ym Al, Ga, 4As

SiN dielectric
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Materials'Issues

Incoming Radiation
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*Lots of Al, but electrically stable.

* JTh indistinguishable fromsdevices
without holes or DBR's"

Mode intensity
O=DNWHLOOIO O

*'DBR-logks-much like
cladding.te.the’QCL mode. -
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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.

Wavelength (um)

N Owschinikow et al. PRL,

*Designable dispersion for .. 90 (4) 0439021 (2003). Shew-
nergy (meV)

phase.matching. S5 Dhillon et al. APL 87
—LM o 071101 (2005). .
Polarisation P response at
o+ 2m

K'L-Vodopyanov et al. APL
72(21),:2654(1998).
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W Ti:sapphire NIR laser

- Earlier FELExpeiments.
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THz radiation from FEL
(~1KW, 2usec, 1 Hz)
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1w sideband intensity
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Incident 2.5 THz power (normalized)

*Easy phase-matching.

)2

“*Polarisation
insensitive.

*Broad bandwidth.

Measured sideband intensity and calculated |y

*telecomms:2’s

1.56 1565
NIR energy (eV)
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-Sideba nd spectra.

Pulsed Window in top contact

*Gated measurement.
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JTHz. lasers

*AM Ane-1% i

*Cleser to DWFM
applications.

*Tunes over wide ,
freq uency ra nge- " R apertures in top metal

Lithographically defined dry- etched facets to
control phase of reflection at the facets
Challenging fabrication

Challenging design — higher order lateral

X Pola rlsatlon i 3 modes need to be avoided
insensitive. -
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Sideband-generation in TH-z:--:-'-'f'Ias'_ér's

*AK/X ~-1% ; Ti saph 743 1Khz chopping QCL 10 sec accumulation time

=== Difference (ON gate)*correction ratio- Off gate

*Sideband has right
polarisation
dependenee

*Tunes over wide
frequency range.
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Sideband tracks with incident .
..wavelength. '

*A?\,/K e 10/0 . Position of Sideband feature with respect to incident Ti

*Sideband has right? ===«

energy dependence

*Tunes over wide
frequency range.
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' A"'OpticalSWitching--;

*Seen .only in"25% Al
samples.._ |

(o°]

»

NIR off

*QCL 1, fewers when o= ®

Bandgap radiation’is
applied.

N e

0

0
6 18 20 22 24 26 28
Current (A)

QCL: Output (arb. units)

*100% modulation
depth possible @ ~
50% of Max QCL o/p
POWET. ey
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_Spectral Dépendence.

*Follows same spectral
sensitivity as Active
region PLE '

-
o

o

switched QCL output (arb. units)

*QCL 1, fewers when
Bandgap radiation’is
applied.

Pl signal (arb. units)
H (-2}

N

740 760 780

Implies switching Excitation wavelength (nm)

effect originates with
photoexcitationin AR.
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SW|tch|ng dynamlcs

*Even with PRF'down to 200Hz, switching intensityis-
independent of pulse timings (!)

- -

*Applying.10_nsec / 120 mW asynchronous pulses, need 13 to Switch==s
device for'PRF’s 10Hz-> 10kHz (!)

*Current pulse “resets” memory of NIR illumination.

*Re-timing function for-telecomms. @

iy 0 T
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Switching 'M'echanismﬁ?

*Switching fluence 6 x 10 0 photons, i.e ~ 2 x electrons-flowing
in the-100 nsec J pulse.

* Could be J enhanc'e'm'ent, but how come the long-memory?

*0f:0,-10, 20, 25% Al clad devices , only 25% ones
switched.

*Everything was:below ~120K anyway
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DX centres in AlGaAs

* ~10 °donors under
window

* Could. hold ~ 3% of switching
charge
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* Would be field ionised by J
pulse, with long recapture time?....
: CONFIGURATION
OORDINA

* Known to appear only at low. T
andx»> 22%
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Charge separation at’
-.heterojunction

* Barrier-only present for Active ; W
: ave

YO0 _ Wave :
X~ 20%'in ;lad | guide  region

guide
* Needs “giant ambipolar”

diffusion:mechanism* to spreac

charge. -

* Would work at high T and.in
InGaAs. ="

* Watch this space....

* See K H Gulden et al. PRL 66, 373 (1991).
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Concluding remarks

* NL frequéncy mixingdemonstrated

*Electronically modulatable two-terminal device for a variety 6f
teleecems functions.“(add-drop, -packet switching, high bandwidth, data
transparent conversion etc.) |

'r ;!

* Principles transferable to-telecomms wavelengths.

* That elusive “killer-application” for QCL's?
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