
    
SLIP – Multi-sensor Field Deployments 

350

400

450

500

550

600

650

700

C
O

2 [p
pm

v]

0

500

1000

1500

2000

2500

C
O

 [p
pb

v]

1.8

1.9

2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

C
H

4 [p
pm

v]

0 0.5 1 1.5
10

20

30

40

50

60

70

80

90

100

110

North-South distance [km]

N
H 3 [p

pb
v]

 

 
NH

3

CO
2

CO
CH

4

Tunnel 
entranc
 

Tunnel 
exit 

Mobile platform  
measurements in 
Houston testbed 

62 hours, 2500 km mobile 
measurements 

Tunnel measurements 
in Houston 

NH3 
sensor 
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Urban Emissions of Greenhouse Gases and 
Air Pollutants 

Ammonia distributions along 
freeways in Beijing (top) and 
Houston (bottom).  

Diurnal variations of trace 
gases in Beijing. 
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Fugitive Methane Sensing 

 

 

 

 

 

 

  

 

 

 

 

 

 

Sampling of fracking pads in 
the Marcellus Shale by drive-by 
surveys.  

Measurements of CH4 
near two fracking pads.  
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Breath Analyses of Ammonia for Disease 
Detection 
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to Glucose Control vs High Protein/Lactulose 
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-Mid Infrared QCL / QEPAS 
-Two day study with 30 
healthy volunteers 
-Mean breath NH3 peak 
was temporally 
associated with mean H2 
peak, consistent with a 
gut-derived and 
systemic source of 
exhaled NH3 
-This  physiology is not 
measureable by any 
other method. 
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 Thermally chirped laser tuning to retrieve multiple gases in < 10 ms 
 Long term data collection & validations with FTIR 
 High retrievals sensitivities <1% 
  Unsupervised measurements (~32 hours) have been performed 

Long Path Quantum Cascade Laser Based Sensor 
for Urban Monitoring of CH4 and N2O 
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QCLOPS
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Span:  5 min
Start Time: 9:00pm, (Jul 31)
End Time: 6:00pm (Jul 31) 

CCNY Campus 
New York City 
500m Roundtrip 07/31/2013 

sampler at NY Botanical Gardens (7 km)  

5 min ave data 9am to 6pm EDT 
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Chalcogenide Waveguide Devices for Mid-IR 
Sensing 

Four Wave Mixing for Improved 
Detection SNR 
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Transmittance of a 3 mm 
cavity. 

Fabricated sidewall 
gratings on 
Ti:LiNbO3. 

Measured and 
theoretical coupling 
coefficients vs. grating 
depth ΔW. 

Novel grating- assisted 
devices for Mid-IR 

Integrated sidewall gratings with linear 
tapers for low-loss input/output coupling.  

Mode intensity 
profile of TE0 
mode at 2.05 µm, 
~35% confinment 

Simulated Conversion 

Waveguide dispersion 
measurement in mid-IR 
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Optical low coherence interferometer: 
amplitude and group delay response. 
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Near-Infrared Pulse Induced Ultrafast Optical 
Modulation of Quantum Cascade Lasers 

100 ns pulsed bias on the 
QCL @ 250 kHz 

  120 fs mid-IR probe 
   pulse  λ = 4.72 µm SYNC. 

Room temperature ultrafast optical modulation of an active QCL using a fs near-IR 
pump/mid-IR probe technique. We observed ns and ps modulation recovery times 
depending upon whether the excitation involved interband or intersubband 
transitions, respectively. 

UMBC, Princeton 

4.72 µm InGaAs/InAlAs QCL 

InGaAs QW 

Room Temperature 
Operation 

Near-IR modulation above the QW bandgap (Interband) 

    Near-IR modulation below the QW bandgap (Intersubband) 

Recovery time ~ 3.3 ns 

•   Recovery time ~ 3 ps (52GHz) 
•   Zero TE transmission consistent with 
      forbidden intersubband transition  

 λpump = 1.38 µm 

        λpump = 1.95 µm  
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STM  MEASUREMENT  OF  INTERFACE  ROUGHNESS  IN  QCL  MATERIALS 

Texas  A & M  and  Princeton  University 
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Research

www.mirthecenter.org

Engineering Research Center on Mid-Infrared 
Technologies for Health and the Environment (MIRTHE)

This material is based upon work supported by the National 
Science Foundation under Cooperative Agreement EEC-0540832

developing mid-infrared sources and ultra-sensitive sensor systems for environmental, medical, and security 
applicationsfocusing on technological innovation, afforadability, and widespread commercialization

    

Non-invasive, in-vivo glucose sensing 

Collaboration with Daylight Solutions Inc., and OKSI, Inc. 

Expected concentration (mg/dL) 
Measured w/ conventional electrochemical method  
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Demonstrated possibility of in-vivo, non-invasive 
glucose sensing with near clinical accuracy  

Tunable QC laser around 9 – 10 µm 
scattered off palm 
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High performance QC lasers – spectra / applications 

Monolithic, non-grating 
single-mode QC lasers 
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•  20 – fold increase in absolute tuning range  
•  3 – fold increase in tuning rate; d.c. current tuning 

Asymmetric Mach-Zehnder 
interferometric QC laser cavity with 
separately biased arms. 
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Intersubband devices in III-Nitrides 

Intersubband Absorption in III-Nitride Multiple QWs grown by MOCVD 
 P.U. Collaboration with Corning Inc.  

III-Nitrides QC Detector grown by MOCVD; design of emitter structures in III-Nitrides 

Full quantitative model including interface roughness  excellent agreement btw. design and intersubband absorption 

1000 2000 3000 4000 5000

P
ho

to
V

ol
ta

ic
 S

ig
na

l (
a.

 u
.)

Wavenumber (cm-1)

 80K TM
 80K TE
 300K TM

CO2

×2000

Active 
Layers 

Light 
Incidence 

36 

    
Intersubband devices in II-VI materials 

First II-VI QC Detector! 
 

• Demonstrated the first II-VI based QC Detector with 
high detectivity of    ~2x1010 cm√Hz/W at 80 K. 

• Extractor doping to reduce back scattering and 
increase RoA product at room temperature. 

 

II-VI Quantum Well Infrared Photo-detector - QWIP 
 CCNY  and P.U. Collaboration 

100 110 120 130 140
-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

 

 

Po
te

nt
ia

l (
V)

Width (nm)

QCD at 50 kV/cm applied bias

E1

E2

E21 = 270 meV

1000 2000 3000 4000 5000
0.0

0.5

1.0

1.5

2.0

2.5

3.0

Wavenumber (cm-1)

 

 

In
te

ns
ity

 (a
.u

.)

 80 K
 100 K
 120 K InP 

epilayer 

signal 
ground 

ZnCdSe nCl = 3X1017 cm-3 1000 Å 
InGaAs  nSi = 1X1017 cm-3 1500 Å 

ZnCdSe nCl = 3X1018 cm-3 4000 Å  

Active Region Lp = 37.2 nm 

InP substrate  

x40 

48
5 

µm
 

310 µm 

37 

    

Hybrid Faraday Rotation Spectroscopic Sensor 
System  

Wysocki@ Princeton 

Hybrid-FRS setup 

• New hybrid-FRS technique uses simple and reliable 
optical set-up 

• Conventional balanced-detection FRS is usually 
limited by the detector saturation  

• Hybrid-FRS: P0  shot-noise limited enhancement 
w/o saturation and intensity-noise limitations 

• The experimental results fully agree with the 
theoretical modelling of FRS signals 
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Broadband Multi-heterodyne Spectroscopy  
with Fabry-Perot QCLs 

Wysocki@ Princeton 

• Two free-running conventional FP-QCLs  
• Spectral resolution ~ 0.0005 cm-1 

• Broadband, high-resolution spectrometer 
• No-moving parts, all electronic tuning 
• All solid-state spectrometer design 

 
 
 

Multimode spectral sampling 

High-resolution spectrum 
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Industry
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MIRTHE industry members & practitioners 2014 

1 

PHYSICAL SCIENCES INC.  

Partners: 

General 
Members: 

ELI 
Epitaxial Laboratory 

Affiliates: 

Non-profit/Gov:  

Media Affiliates: 

Total: 48 Total: 48 Total: 49 

MIRTHE 
Start-Ups:

Sentinel Photonics 
showcases their new 
product, an ultra-
compoact multi-pass 
cell at CLEO 2013.

left: Primis founders, and former MIRTHE 
graduate students, Scott Howard, Anthony 
Hoffman, and Kale Franz (l-r). 

Yan Zhang, CEO  of  Scinovation, with 
Rafal Lewicki, MIRTHE former post-doc, 
showcase jointly developed sensor  at 
MIRTHE booth at CLEO 2012.

... see more at our Graduate Student Highlights poster!

Deployment of a new remote sensor for atmospheric 
methane detection, a collaboration between MIRTHE 
and Physical Sciences, Inc.

Deployment 
of a QEPAS-
based sensor on 
the Aerodyne 
Research, Inc. 
mobile air quality 
laboratory to 
investigate 
methane and 
nitrous oxide 
near landfills and 
similar emissions 
sources.

REU students visit Trumpf.

MIRTHE IFG at SPIE Defense, Security 
and Sensing 2012.

IFG Workshop 2011.

Investment 
Focus Group

Students demonstrate the latest innovations 
at the MIRTHE booth at CLEO 2013.

Collaboration 
with Industry
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MIRTHE Student Future Plans
(students may have reported in more than one category)

Other (non‐EGR)
Other (EGR/Sci)
Entrepreneur/Start‐up
Education (non‐higher)
Government or Nat'l Lab
Industry (STEM, inc'l EGR consulting)
Academia
Business
Further Schooling (inc'l post‐doc fellowship)

REU students out sight-seeing.

A high school 
intern conducts 
research.

Poster session during the 2009 Summer Workshop at The City 
College of New York.

* REU / RET / High School Internships
- Research in Labs
- Field Trips
- Short Courses
- Social Events

* Week-long Workshop (2014 stats)
- All MIRTHE Participants (120)
- Present Research (48 posters, 

26 oral presentations)
- Invited Tutorials & Workshops (14)
- Network with Industry

Summer 
Program

* Research & Training
- Undergradate / Graduate / Post-doctroal
- Cross-disciplinary, Cross-institutional

* Student Leadership Council
- Organized talks
- Retreat

* Interaction with Industry
- Networking at Conferences
- Internships
- Joint Testbeds

University-level 
Programs

from the top, moving clockwise: Yamac (right), a post-doctoral fellow, chatting with his faculty advisor at the 
Summer Workshop; Mobile air-sensing team on deployment in China; Industry internship panel at the 2013 
Summer Workshop; Students having fun at the 2008 SLC retreat.

* Maximum Breadth Outreach
- Young Science Achievers Program
- Fairs / Festivals / Expos
- Open Houses / Lab Tours
- School Visits

* Recruiting Underrespresented Groups

Outreach

Prof. Johnson shows a demonstration to the local 
high school students visiting his lab.

IR camera demo at the SEExpo.

Prof. Zondlo talks to students during the YSAP Science Day.

Recruiting at SACNAS 2010.


