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Perspective:
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Information

Ultra fast signal processing “Time is money”

Massive data transmission
Space Science

Cosmology

Planetary, cometary

Cosmochemistry
Environment

Atmospheric sensing
Defense
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S. Verghese et al., Appl. Phys. Lett. 71, 2743 (1997).
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Concept:

Terahertz Gain and Loss In a

Miniband Superlattice
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Concept
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THz Transmission Cavity
Spectrometer

From FEL To detector

Measure DT/T vs
Bias Voltage
vs THz Frequency
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UCSB -
- Tunable terahertz radiation Free-el eCtrO n La'sers

120 GHz to 4.8THz ( P 10THz) &
25mm to 60mm (P 30mm ) @@

- Kilowatts, 500 W - 5 kW

-1- 20 nmsecs, 1 Hz repetition rate (“Quasi - CW”)
== 1 picosec to 4 nanosecond Pulse Slicer
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Critical issue: Electric Field Domains
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Measure the Change in
THz Conductance under Electrical Bias
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Critical issue: Contact resistance
Modeling:
Domain formation and contact resistance

Superlattice in
capacitive grid
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Model: Refection Gain, GaAs/AlGaAs Superlattice Array
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InGaAs/AlAs:
Domain suppression with THz fields

-V: InGaAs/AlAs
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InGaAs Superlattices in Quasi-Optical Arrays

Millimeter Scale Confocal Resonator

Superlattice in
capacitive grid

InSb
Hot electron bolometer
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Current, A

INnGaAs/AlAs

Voltage Modulated Transmission, 513 GHz
(Terahertz Electric Field Dependence, InGaAs/AlAS)

See: H. Kroemer, “Large-amplitude oscillation dynamics and
domain suppression in a superlattice Bloch oscillator”, cond-mat/0009311
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INnGaAs/AlAs

Voltage Modulated Transmission, 513 GHz
(Terahertz Electric Field Dependence, InGaAs/AlAS)

See: H. Kroemer, “Large-amplitude oscillation dynamics and
domain suppression in a superlattice Bloch oscillator”, cond-mat/0009311
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Current, A

&
L

INnGaAs/AlAs

Voltage Modulated Transmission, 513 GHz
(Terahertz Electric Field Dependence, InGaAs/AlAS)

See: H. Kroemer, “Large-amplitude oscillation dynamics and
domain suppression in a superlattice Bloch oscillator”, cond-mat/0009311
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INnGaAs/AlAs

Voltage Modulated Transmission, 513 GHz
(Terahertz Electric Field Dependence, InGaAs/AlAS)

See: H. Kroemer, “Large-amplitude oscillation dynamics and
domain suppression in a superlattice Bloch oscillator”, cond-mat/0009311
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INnGaAs/AlAs

Voltage Modulated Transmission, 513 GHz
(Terahertz Electric Field Dependence, InGaAs/AlAS)

See: H. Kroemer, “Large-amplitude oscillation dynamics and
domain suppression in a superlattice Bloch oscillator”, cond-mat/0009311
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Stabilization by Microshunt (Edge Regrowth)

SIMULATED VOLTAGE DISTRIBUTION OF BLOCH OSCILLATOR DEVICE

(VIN = 2.0 Volts, Down Sweep; 2 x5 micron Device, 80 nm Edge Resistor;

HSPICE Transient Simulations Performed by Mayo in Collaboration with
UCSE Under the DARPA Terahertz Technology Program )

Voltage Difference (E-Field) Distribution

Nodal Voltage Distribution
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“Funky” Edge Regrowth: In-situ etching/regrowth

= Superlattice wafer

= . . i Orphan trolley

i CAIBE, Ar, Cl, I l
-E- Cl, soak Etch

A MBE growth
MBE chamber:

Heat and
Reflow surface in As,Sb flux

=
- Heated substrate
UHV
» - No atmospheric intervention
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“Funky” edge regrowth: In progress

= Superlattice wafer

% Ti mask

i CAIBE, Ar, Cl,
E- Cl, soak

MBE chamber:
Heat and
Reflow surface in As,Sb flux
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“Funky” edge regrowth: In progress

= Superlattice wafer

% Ti mask

i CAIBE, Ar, Cl,
E- Cl, soak

MBE chamber:
Heat and

Reflow surface in As,Sb flux
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“Funky” edge regrowth: In progress

= Superlattice wafer

I | mask Test element of the QOA
% CAIBE, Ar, Cl,

L
E- Cl, soak

L

MBE chamber:
Heat and

: Continue:
Reflow surface in As,Sb flux :
Integrate Iin antenna .
) =158 @8B73 BESkV 200um
— -V's
] THz photon assisted transport
L ]
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INAS/AISb Mini-bandstructure

Rk % 60
5 i =
Lm < 40 mL InAs well
T 40}
T zb zb %
.. . k c
Miniband width, D S 0l Target
T | e
= MBE Lab Parameters

Target 20 meV 0— 5 ; :

AISb Barrier thickness, mL

» H. Kroemer et al., J. Vac. Sci. Technol., B10, 1769 (1992).
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InAs / AISb superlattices

Early Breakdown (Reversible)

3nmMm X 3 nmMm

4 Zener breakdown?
Scaled qua5|-oE-t|caI array Super lattice b
(2 mm x 1)y Super-super lattice
g 1l
= Hole impact ionization?
0
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INAS/AISb Mini-bandstructure

Rk % 60
5 i =
Lm < 40 mL InAs well
T 40}
T zb zb %
.. . k c
Miniband width, D S 0l Target
T | e
= MBE Lab Parameters

Target 20 meV 0— 5 ; :

AISb Barrier thickness, mL

» H. Kroemer et al., J. Vac. Sci. Technol., B10, 1769 (1992).
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INAS/AISb Mini-bandstructure

>
N O 60
| =
I - o
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T 40t
T zb zb %
niband width, S Target
arge
Miniband width, D S 20} 9 —
I= . M. Flalte
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O I I I I
Target 20 meV 5 5 X :
AISb Barrier thickness, mL
» H. Kroemer et al., J. Vac. Sci. Technol., B10, 1769 (1992).
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INAS/AISb Mini-bandstructure
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Cyclotron Resonance in the Miniband
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Cyclotron Resonance in the Miniband
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INAS/AISb Mini-bandstructure
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Zener Breakdown

|
Zener breakdown
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Zener Breakdown

|
Zener breakdown
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Zener Breakdown ?
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Zener Breakdown ?
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Model Refection Gain, InAs/AISb Superlattice Array
- With measured miniband parameters -
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Refection Gain, InAs/AlSb Superlattice Array
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UCSB

Where are we?

® GaAs/ AlGaAs

Dynamical response of biased superlattices 300 GHz — 2.5 THz

Quantitative model
R’'sand C’'s

Domain formation / Zener breakdown

® InGaAs/AlAs

Modulated transmission thru quasi-optical arrays
Domain suppression by strong THz fields

® InAs/AISb superlattices

Miniband structure — measured
Oscillator projected
Microshunts “working on it”
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UCSB

>
Plans
InAs / AlSb
Continue new process for sidewall shunt.
Path
Process <
c I-V’s
c Terahertz photon assisted transport —
c Response of quasi-optical arrays
Continue measurements of terahertz loss and gain
Large signal response
¢ Domain suppression
InGaAs / AlAs ¢ InAs / AlSb superlattices.
¢ Oscillator
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