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Intecraten TyT Approachis:

Put QCL transmitter & diode receiver together

 Infegrated T wll moimize QCL/diode oupling efficieny & minimize sie/veight
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butis esseffcient & compact
© Innovative monolithically integrated QCL/diode is most compact & efficient,
but very difficlt to moke work

Replace big fube technology: vith microelectronics:
! o Developed prcesss & rototypes ofmicromachine Tz woveguide components

im » Fabricated inifil prototype of monolithically integrated TyT
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© Compad, reliable, & scalable to high-volume, low marginal cost fabrication
© Mulidisciplinary team needed: device physics, spectroscopy, rf engineering, material science. ..
@ Resource intensive: state-of-art semiconductor growth & microfab, computational
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‘* Opens up major new capabiliies of interest to Sandia & Sandia customers

QL aosssection
. « ONLY sold-stote source capable of >> 1 mW average power above ~ 2 Thz
 Excellent spectral sharpness

“See=thru” Non-invasive, Non-Hazaroous Imacine:
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- « Requires high purity,high precisin IV MBE synthesis
« Reguires advanced micofab copabifies

Befter computer modelng & designtols dsied « Many materil, abrics opoque fo IRvsbleor miccowave are

=2 (semi)transparent in THz

Razor obscured by paking foom « Metals ar highly reflcive in THz

« THz wovelength enable < 1 mm imoge resoltion fo dear
object identification
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THz Soun-state Recivers:

Established & new defection technologies

Seedh
Mt 0 « Th radiaionenergy s non-onizing; o known healh hozards
o State-of-art Schottky mixer (partnered with NASA/JPL) using 29 THz QCL associated with mW exposures
 New Thz plosmon transistor detector Husinaton  Must have illumination power & detecor snsiiviy overcome

Thiz Schottky diode atmospheric atfenuation

 Explore sensitivity limits & new detection functionalifies

 Test compatibility with QCL sources ‘» Unobtrusive, non-hazardous concealed weapons defection
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Tz Plosmon FET

o Sealed package inspection
» Non-destructive parts & materials domage evaluation

Nanotecunotoey ror THz:
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Exploring tomorrow's potential THz technology Aduolrazor
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© Cost-effective directed self assembly

Cemicar Sensing & IDENTIFICATION:

Ammonia
© Fundamental electrodynamic properties sfill unknown

« Nony vl by G il o &
© Materials synthesis, quality issues need improvements

! | in Tz that are strong & distinclive
‘ | u © THz may be best spectrum for high-sensitvity, high-spedificity detection
% &identfication of molecolor speces in vopor
OO O ey (i 2% Tl chomical senor must b tuned foknownsinature frequencis
& overcome aftenuation
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Masor AcCOMPLISHMENTS
First study of QCL compatibility ith room-temperature monolithic Schottky diode mixer for

solid-state THz heterodyne receiver
Innovative designs & prototypes of waveguide &

Carbon Monoxide

integrated QCL-based TyTs  Real-time chemical vapor assay with very low probability of misidentification
 Point, portal, and (limited) remote chemical sensing

« Hozardousfxic chemical carly varning

‘® Advances in new THz QCL and defector devices

QCL - Scrorrey TyT Protoryeine:

Can o THz QCL function s local oscilator (LO) for o monolithic Schotky diode?

Absorption (Np)

o5 I
 Room-temperature Schottky most practical THz receiver Frequency (THz)
© Schottky needs > 5 mW LO power to work as radiometer: a stringent test of QCL capabilty

Heterodyne miing givs high-recs ination of CL frequency propertes

S S 0 b vt bl i fo o Sty

T to work os radiometer

EPL « iingof duol QCL modes work & showsvery sharp free unning OCL emisson fnewith

: QL frequency con be measured vith very high absolute precison by using Schotky fo
Dual-mode mixing with mix QCL agoinst known molecular gos laser fines
vry shorp linewidth

7 VAN =37 Sandia
9 National
Im”uonuvmummwsmm Laboratories



