SAND2011- 7477C

Sl L g -..uni-l‘\»l-hﬂ'vu‘\a ‘:; »

P

LABORATORY DIRECTED RESEARCH & DEVELOPMENT

Sandia
National
Laboratories

1 VWA =%
L



7’
. ' Supporting Cast

Michael C. Wanke Sandia National Laboratories
Mark Lee

Christopher D. Nordquist

Michael J. Cich

Chuck T. Fuller

Eric A. Shaner

John L. Reno
Erik W. Young™* Now at Lumileds
Albert D. Grine LMATA Government Services

With Support From:

Sandia
National
IRMMW-THz 2011 LABORATORY DIRECTED RESEARCH & DEVELOPMENT Slide 2 Laboratories



il The “Shrinking” THz Gap

Solid-State THz Sources (CW)
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The THz Gap

Solid-State-FHz-Saurces (CW)

Integration
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Integration examples

Antenna Coupling Integrate(:ilx?vegulde

(IEMN/CNRS)

Femtosecond laser pulse

vQCL

plunger

Modulator
(U. Paris 7) Mechanical Tuning
Terahertz probe pulse . (MIT)
Pulse Amplifier o
(Ecole Normale Sup.) National
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L
}'Coherent Detector: THz receiver

Mirror/optics
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Outline

7‘ 1 '
* Monolithically Integrated Transceiver Description

* Demonstration of Receiver Operation

e Laser Characterization
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onolithically Integrated Transciever

Insert diode directly into laser core

Benefits
— Reduces size
— Eliminate components
— Ensures constant ‘alignment’
— Enhances laser/diode coupling
— Bonus : laser diagnostic tool

Sandia
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de placement relative to internal field

Mode intensity
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}'Completed QCL/Schottky THz IC
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Diode and Laser DC Properties

Typicial Diode DC I-V Properties
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V
m Diode Rectified Response
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_
L ’ Integrated Diode THz Mixer
: Laser output to FTIR
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* Purposely built a multimoded QCL centered

on 2.81 THz
— QCL emission (FTIR) spectra show
Fabry-Perot modes spaced by ~13 GHz
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' Integrated Diode THz Mixer

. ‘ E_- Laser output to FTIR
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}_'IF dependence on laser power
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Outline

* Monolithically Integrated Transceiver Description

* Demonstration of Receiver Operation

e Laser Characterization
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i
' Integrated THz Receiver

3mm x 1.5 mm
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' Integrated THz Recelver
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r’
' 'External Coupling to Receiver
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Outline

* Monolithically Integrated Transceiver Description

* Demonstration of Receiver Operation

 Laser Characterization
- Current Tuning / Temperature Tuning
- Injection/Phase Locking
- Feedback Sensitivity
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Amplitude (a.u.)
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' Current Tuning

~13 GHz—»{ = [ 13 GHz
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Current Tuning
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Current Tuning
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Current Tuning

}7

~13 GHz— |

Current

Sandia
National
IRMMW-THz 2011 Slide 25 Laboratories



7

\
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Selected Fabry-Perot Mode Frequencies
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e 4 ' Current Tuning

QCL Mode Spacing
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Outline

* Monolithically Integrated Transceiver Description

* Demonstration of Receiver Operation

 Laser Characterization
- Current Tuning / Temperature Tuning
- Injection/Phase Locking
- Feedback Sensitivity
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Injection Locking

* For 6 < 23 MHz, the lasers lock.
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7
} ‘ Frequency/Phase Locked THz IC

* Use integrated diode’s IF output as
feedback to lock the QCL modes
against differential fluctuations®

Mwave
synthesizer

I/ 1 Mwave freq
counter

Spectrum
Analyzer

N\ 1 /QCL/diode
h . —
/ y\\ DC
power amp

*Following Betz, Opt. Lett. 30, 1837, (2005)
Baryshev, APL, 89, 031115, (2006)
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* Use integrated diode’s IF output as
feedback to lock the QCL modes
against differential fluctuations®

* Locked IF linewidth ~1 Hz

« Extremely stable IF frequency and
amplitude

Time

Spectrum Hwave
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*Following Betz, Opt. Lett. 30, 1837, (2005) L
Baryshev, APL, 89, 031115, (2006) .70 - '
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Phase

Averaged Intermediate Frequency
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Locking Bandwidth
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Absolute Frequency not
Simultaneously Locked

Internal F-P DF Spectrum
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Outline

* Monolithically Integrated Transceiver Description

* Demonstration of Receiver Operation

 Laser Characterization
- Current Tuning / Temperature Tuning
- Injection/Phase Locking
- Feedback Sensitivity
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Feedback Sensitivity
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Some of the QCL emission retroreflects
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Feedback Sensitivity
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et

Some of the QCL emission retroreflects

- Another laser facet
- Window or lens
- External mixers
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Cavity Length Sensitivity
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Path Length Imaging

... can 1mage the topography
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Amplitude (dBm)
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“Stable” Mirror
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Amplitude (dBm)
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Mirror Freugency (Hz)

Vibration Sensitivity

With an oscillating mirror
- FM sidebands occur
- Spacing = mirror frequency

FM sidebands
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Laser Characterization Vibrometry
Injection Locking

y Summary

THz Integrated
Transceiver
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