Terahertz Microelectronics Transceiver
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= THz offers innovative and potentially disruptive capabilities in applications such as:
i ""Hdlih-rhml.lgh"' ilTl'!F.i"lE. fisr |1i-|.r|]'|-r||=\.-|:||ulii:|n o el 1_1l:i1=|_'r detection & identificalion

- Chemical detection & identification via highly distinctive THz absorption/
emisson signalures

- High spatial resolution radar / High data rate secure wireless telecommunication

& Uinlike microwasves & irpl'ril.n.-\rjll TH# lacks a solid-siale microelectronic h:q;iiru:l[-ugg,- hase
- Continuous wave THz sources of sufficient power tend to be hig, tube-based oscillators
— Strong atmospheric absorplion makes THz signal-to-noise requirements very difficult

= This projoct sought to build & foundational integrated microslectronic fechinology for TH

with microslacironics:

Raplace big tube tachnology:
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Firsd irtegrmnesd THz Rixer an & Ship

All Solid-State Approach

+ Compact, reliable, & scalable to high-volume, low marginal
cost fabrication
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| mechanical and process engineering, material science .,
- = Resource intensive: state-of-arl semiconiductor E."I.Iwih o8
| | | microfab, computational modeling & design, f &
optical test...

* [ncreased degree of integration throughout program
= discrete component system integralion
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Developed Unigue Device-modeling Codes
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= Developed o mulli-threaded, seli-seli consisient design code,
combining multiple sets of physics in same code.
* k.p bandstructure
* Poisson solver
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+ radiation fields

* Modeled THz QCL physics, novel structures for possible
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Quantum Cascade Laser Spectroscopy
i L, # Demonstrated high-resolution spectroscopy of molecular
3 l vapor using funable THE OCL.
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et ey * Explored laser tuning ranges and spectra-purity,
* Fimp i

* Produced 8% gain-bandwidih in THz QCLs, ofiering the

possibility to broadly fune QCLs for molecular
idenfification applications.
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LABORATORY DIRECTED RESEARCH & DEVELOPMENT

First Demonstration of Surface Metal Micromacfining

of THz Waveguide Components
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m 2 Ei : E-Iﬁ'ﬂ;i :i * Demonstrated THe components (waveguides, bends,
a =t j R EE e tees, and couplers) needed for TH2 integrated circuits. i
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# Achieved low propagation and bend losses.
- 1.4 +/- 015 dB/mm -
= {115 +/=- 015 dB
# Characterized THr antennas offering path bo spatial
outpui-beam mode conirol.
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The First Integrated QCL and Rectangular Waveguide
# Combines optical and microwave echnology,
opening the path for THz integrated circuits.
= [Hr CNengy 1-mirI|'nH from antenna demomsirales i can
be used for a quasi-optical transceiver local oscillator
¢ Pramiscs enbanced heam |{u.1!il'!.-l. imprimui i
applicability, amd pathway to broadly tunable THz lasers,
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Fhve First Intearated THz Mixer

Fundamental Goal of THz Grand Challenge
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f i = Enables robust, compact THz transcaivars
Scholiky .

Diode Mixer \ = Opens path 1o THz helerodyne imaging Breys
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= Ramoves coupling/alignment difficullies with
discreis componants
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Cascads Laser

Significance

# TUT will bea core technology making THz practical

THz image of concealed outside the laboratory

ohbject using QCLs
] ¢ All solid-state THz techpology will improve reliability,
reduce sizedweight, and reduce cost in future
THz systems

» Opens up major new capabilities of interest to
Sandia & Samdia customers

4 Sandia
National
Laboratories
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