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The following roadmap should be considered a guide for future development for Quantum 

Cascade (QC) laser based sensors for trace gas spectroscopy. The purpose for this guide is two-

fold. First, it is in the interest of the MIRTHE Center to have a document detailing its future 

plans in creating successful and useful QC laser sensors that are ready for real-world applications; 

second, this report should serve as a resource for individuals or organizations which require a 

further understanding of the field of mid-infrared sensing. 

This report was made possible through a series of interviews, meetings and conferences 

involving over one hundred people. The information was initially compiled by Kelsey Berry and 

Peter Schram, and the report was written by Peter Schram under the guidance of MIRTHE 

Director Claire Gmachl. While writing the Roadmap, we aimed at answering the question 

initially proposed by Director Gmachl, namely “how can MIRTHE develop its technology to 

make QC laser based sensors widely and commercially available?” And, through our research, 

we present an answer to this question. 
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1.1. Background 
A quantum cascade laser (or QC laser) is a semiconductor injection laser which emits light within a 

narrow band of mid-infrared (mid-IR) wavelengths. Using these lasers in systems for trace gas 

spectroscopy is promising as many species of gases possess strong absorption lines in the mid-IR region, 

as shown in Figure 1; while it is possible to detect gases outside of the mid-IR spectrum, it is more 

difficult to do so. And, while there are other non-optical techniques, optical methods have certain 

advantages which will be discussed.  

 
 
Figure 1. Absorption lines for several common gases in the mid-IR range. The longer the lines, the stronger the 
absorption, and therefore the easier it is to detect for those gases.  
 

The supporting technology behind quantum cascade laser spectroscopy is still relatively new; 1994 

marked the first successful demonstration of a QC laser, and while the technology has advanced 

considerably over the past sixteen years, QC laser sensors, or sensors which detect for trace gases using 
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QC lasers as a light source, with few exceptions have not operated outside the laboratory. Therefore, 

MIRTHE and the organizations interested in commercializing QC laser spectroscopy face an essential 

question: what is the best method for transforming QC laser based sensors from laboratory research 

equipment into deployable field sensing systems? Some of these applications include: 

1) Networked sensors which can monitor anthropomorphic CO2 emissions. 

2) Breath analysis devices which can measure ammonia concentrations for diagnosis of liver or 

kidney disease. 

3) Sensors which can measure benzene leaks in industrial processing plants to prevent on-site 

damage to workers. 

4) Portable devices which can detect U-235 and U-238 ratios to aid efforts in non-proliferation. 

5) Devices which can detect for explosives to aid in protecting infrastructure and public 

transportation systems. 

In this report we present a solution to getting QC laser sensors out of the laboratory and into the field. We 

detail an aggressive research and development effort towards designing highly relevant sensors for 

compelling applications. The applications listed above were selected not only because there is an interest 

in having devices which can carry out the tasks, but also because there does not currently exist 

exceptional methods for carrying out the sensing which these tasks require. The Roadmap is written to 

identify these needs, and also to direct the research towards creating sensors which can fulfill these needs. 

The format of the report is as follows: in the first chapter, we will highlight the strengths of QC lasers, 

and characterize the current mid-IR sensing market; in the second chapter, we will highlight the 

applications for which QC laser sensing is possible; in the third chapter, we will discuss the technological 

challenges these applications face, and what the solutions are to overcoming these challenges; in the 

fourth chapter, we will present the Roadmap, and describe the projects and technological thrusts which 

MIRTHE will be exploring. 
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1.2. Current Market Assessment 
In this section, we describe the characteristics of the existing technologies used in trace gas sensing. It is 

these technologies which occupy a similar market space of the proposed QC laser sensors, and for that 

reason it is essential we highlight their market niches. 

NDIR: 

The NDIR, or Non-Dispersive InfraRed, system operates by using a heat coil coupled with optical 

lenses to emit specific wavelengths in the infrared range. This simple setup allows the device to 

be relatively inexpensive, simple and effective, meaning they are able to measure at parts per 

million (ppm) levels for gases like water vapor, carbon dioxide, and methane, for prices ranging 

from $5,000-$15,000. Currently Li-Cor, ABB, Siemens, and many other companies manufacture 

NDIRs. 

The NDIR has had success as a point-sensor for the gases listed above. The NDIR operates at 12 

watts when it is taking measurements, requiring a substantial battery. But still, these devices have 

successfully been used in sensor networks and are therefore able to monitor large geospatial areas 

with good resolution. 

Overall, the NDIR is a reliable, well tested device which can measure several gases of interest at 

parts per million levels of sensitivity. However, because it is a large system, its size is restrictive 

for some types of atmospheric sensing (like putting the devices on a plane), and for several types 

of sensor network applications due to size and power considerations. A final shortcoming of the 

NDIR should be listed: while measuring CO2 is important, being able to measure 

anthropomorphic CO2 is orders of magnitude more important, and the NDIR lacks the sensitivity 

to do so. This one example demonstrates a common issue in NDIR spectroscopy, in that the 

devices are unable to achieve the sensitivity needed to measure many trace gases. But, for a 

higher price, there are more sensitive devices in the market. 

FTIR:  

The FTIR, or the Fourier Transform Infrared Spectrometer, senses by using a thermal source and 

guiding the light through an interferometer to achieve a wide range of mid-IR wavelengths. 

Doing so allows the device to detect the absorption lines of a gas sample, thereby testing for a 

range of gases. The device is reliable and can achieve high degrees of sensitivity (within the 

parts-per-billion range for many gases). The FTIR is used in a number of fields, including 

industrial processing, environmental sensing, and breath analysis. These devices can achieve 
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higher degrees of sensitivity than NDIRs, and are therefore used in applications where ppm levels 

of sensitivity are not adequate. However, because the hardware for scanning is more complicated, 

they are more expensive with each unit costing around $40,000.  Additionally scanning takes 

more time due to the interferometer, meaning these devices are at a constant tradeoff between 

sampling frequency and sensitivity. FTIR devices are built by a number of companies including 

The Horiba Group and Thermo Fisher Scientific. 

In the market for trace gas sensing devices, FTIRs occupy a niche between NDIRs (as FTIRs are 

both more sensitive and more expensive than these devices) and mass spectrometers (as FTIRs 

are cheaper and less sensitive than these devices). However, the market niche of FTIRs will be 

challenged by QC laser based sensors for several reasons. First, the optical setup within FTIR 

devices are more complicated than that of QC laser sensors; while the FTIR can be of a portable 

size, QC laser sensors can be much smaller, will have less hardware, and will be easier to use. 

Also, while FTIRs can reach high degrees of sensitivity with many gases, they cannot reach the 

same degrees of sensitivity which QC laser based sensors can achieve, as the FTIR uses indirect 

light generated from a heat coil rather than a single mode laser (the greater brightness allows for 

longer path lengths and greater sensitivity). Finally, QC lasers are able to take faster 

measurements than FTIRs, which is relevant to applications like industrial processing and breath 

analysis. For example, in the case of breath analysis, the FTIR is not able to take multiple highly 

sensitive measurements within the exhalation, meaning the sample may be tainted by gases 

produced in the sinuses or in the mouth. In industrial processing, production facilities currently 

lack the ability to respond and modify processes based on chemical sensing at speeds less than 

one second. 

Electrochemical sensing:  

Electrochemical sensors are able to detect by measuring electrical impulses generated from the 

sample interacting with the chemicals within the detector. Some examples of these devices are 

carbon monoxide detectors, smoke alarms, or portable breath alcohol analyzers. These devices 

are generally inexpensive, fairly accurate and effective. 

However, there are several shortcomings to these kinds of sensors. First, the devices generally 

have a lifespan of around one to three years. Furthermore, generally the sensing takes longer to 

operate compared to that of optical sensors. Finally, electrochemical sensors are sensitive to 

changes in temperature, meaning putting them in many environments places high demands on 

their cooling capacities. For the most part, these devices are low end sensors which do not 

typically compete with MIRTHE’s preferred market space. 
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Chemiluminescent sensing: 

The major chemiluminescent sensor we want to highlight in this report is the Aerocrine NIOX 

MINO® sensor, which can effectively test for nitric oxide on a patient’s breath as a marker for 

inflammation in asthma patients. The device itself costs $2,500, is portable, easy to use, and is 

constructed so each test only costs around $10. This device is accurate within the parts per billion 

range, and is one of the first devices for trace gas sensing on a patient’s breath. 

It should be noted that chemiluminescent sensors, while effective, lack some of the strengths 

optical based sensors have. Namely, chemiluminescent sensors require time for the chemical 

reaction to take place, as the sensors need to be adequately exposed to the sample. This hinders 

the sensors in their ability to take measurements within an exhalation, which differentiates them 

from QC laser sensors. However, the NIOX MINO® sensor is one of the first highly successful 

breath analysis devices, and MIRTHE has looked to its success as a model for its prototype 

development. 

Near IR Laser Sensors: 

Near infrared laser sensors are similar to QC laser sensors in that they use semiconductor lasers. 

Unlike QC lasers, these sensors can operate on low battery power (around 50 mW) and have a 

significant tuning range (20-30 nm) using electrical current. Also, the lasing devices are relatively 

cheap ($3,000 per unit) and are well established for uses in atmospheric sensing and industrial 

process monitoring. 

However, laser diodes cannot emit light in the mid-IR range. Because these devices are missing 

many of the strongest absorption lines for gases, QC lasers have a competitive advantage over 

other systems currently used in sensing trace gases. For a near-IR sensor to achieve comparable 

levels of sensitivity, it would require a very long path length or a multipass cell, which would 

make the device more complicated, larger and even then in most cases would not have the same 

degree of sensitivity as a QC laser.  

Like the NDIR, near infrared laser sensors are effective and useful for sensing gases like H20 and 

CO2, but cannot be considered for many species of trace gases. And, while they can be 

miniaturized in ways NDIR and FTIR devices cannot (allowing their use in industrial processing 

and several environmental sensing applications), they will always possess a tradeoff between 

sensitivity and size, which does not occur when considering QC laser sensors.  

Finally, it should be noted these devices have found success in the marketplace occupying an area 

between NDIRs and FTIRs based almost entirely on their size, measurement frequency, and cost 
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(notably, not sensitivity). This is significant for the QC laser based sensor because while it will 

cost more, it will be several orders of magnitude more sensitive, and will be able to take rapid 

measurements and be miniaturized. 

Mass Spectroscopy: 

The mass spectrometer is the most secure and one of the most established methods for analyzing 

trace gas samples. But while it is able to achieve very high degrees of sensitivity, the device itself 

is very complex, expensive, and large. Also, because they are non-portable, they demand that a 

sample must be brought to a test facility, and then the sample is often destroyed in the process of 

testing. Also, the testing takes a significant amount of time to carry out. These devices are used 

for several applications like isotopic uranium hexafluoride detection, which we will discuss later 

in this report.  
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To summarize, we have the following: 

 

 

Figure 2. The current market assessment for the field of trace gas sensing. We designate three areas of market space, 
namely undesirable space (the upper left corner), the current trade-offs in the market (i.e. where optical, mass 
spectrometry, and electrochemical sensors currently stand on the cost-to-sensitivity trade-offs) and the highly-
desirable market space in the bottom right, where there is room for new sensor development. We note that 
Aerodyne’s chemiluminescent sensor occupies this last market space, as it is a new technology offering a previously 
unattainable cost-to-sensitivity trade-off. 
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1.3. Strengths of QC Laser Sensors 
In this section, we will highlight the strengths of using QC lasers in trace gas sensing. 

Sub-ppb Sensing Capabilities:  

By using lasers which operate in the mid-IR, QC laser sensors can achieve sub-ppb sensitivity for 

a number of relevant gases. A QC laser sensor is able to outperform FTIRs, NDIRs, 

electrochemical sensors and VCSELS in terms of sensitivity, and is closer to being on par with 

mass spectrometry. This means if QC laser sensors can be cheaper than mass spectrometry 

systems, they will possess a significant market advantage. 

Compactness: 

QC laser based sensors have the ability to be miniaturized in ways that mass spectrometers, 

NDIRs, tunable diode laser sensors, and FTIRs do not. The QC laser sensor consists of a laser, a 

detector, a power supply, a cooling system, a path for the laser to travel, and some sort of 

communication and processing hardware. While this may seem like a lot, all these components 

are very small or can be miniaturized in a way that a cell phone sized QC laser sensor is possible. 

If we consider other technologies, FTIRs require a more complicated interferometer setup, mass 

spectrometers require many very complicated parts and will never be laptop sized, and NDIRs 

and tunable diode laser sensors cannot provide comparable sensitivity at almost any size. Simply, 

no optical devices are able to be miniaturized in ways QC laser sensors can while achieving 

comparable sensitivity. 

Wide Tuning Range: 

What distinguishes QC lasers from other mid-IR lasers (such as solid fixed wavelength lasers, 

which we do not discuss in this report) is their ability to tune, or to shift from one wavelength to 

another. Currently, external cavity QC lasers (or EC-QC lasers) that use mirrors to lock into 

specific wavelengths are able to scan across 300 wavenumbers. The ability to scan across many 

wavelengths gives QC lasers the ability to eliminate interference caused by other gases present in 

the sample, and in some cases measure for several gases using the same laser. For example, in the 

case of breath analysis, water vapor is a significant source of interference, as it has strong 

absorption lines across nearly the entire IR spectrum; thus, by tuning the laser in and out of the 

strongest absorption line for a gas like ammonia, the detector is also able to measure the levels of  
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Figure 3. This image shows the scanning ability of an EC-QC Laser as indicated by the boxed area. This shows how 
it is able to hit several key wavelengths for multiple trace gases. 

 

humidity allowing for more accurate readings of ammonia (by being able to accurately cancel the 

water vapor interference). Also, for single-gas spectroscopy or lasers operating in controlled 

environments, if QC lasers only need to scan across a few wavenumbers, they are able to do so 

electrically or thermally. 

Sampling Frequency:  

QC laser sensors are able to take readings at a high rate, which is something very few 

spectroscopy devices can accomplish. For example, while FTIR devices can be very accurate, it 

takes time to achieve very high levels of sensitivity. A properly designed QC laser sensor can 

make measurements with frequency into 10 Hz, if not faster (the limitations on speed are 

restricted by the detectors and their components). This ability gives QC lasers a competitive 

advantage in applications like breath analysis, where the ability to profile within a single breath is 

relevant, in industrial processing where fast processes are occurring, and in environmental 

sensing where high sampling frequency is needed to measure turbulent fluxes of gases such as 

CO2 or CH4 from the surface. 

DARPA Countermeasure Funding: 

Recently, the Defense Advanced Research Projects Agency, or DARPA, gave QC laser growers 

funding to create high power, high efficiency QC lasers. While the use of QC laser 

countermeasures (which is what DARPA is funding) is not directly beneficial to QC laser 
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spectroscopy, DARPA is providing funding to create cheaper, higher efficiency lasers. This will 

help MIRTHE as there is funding to develop cheaper and better lasers, which can then in turn be 

used for spectroscopy. 

Telecom infrastructure: 

Within the telecommunications infrastructure, there is extensive experience with the materials 

required to grow QC lasers. Techniques using metalorganic chemical vapour deposition 

(MOCVD) and molecular beam epitaxy (MBE) with indium gallium arsenide have already been 

developed to create useful nanostructures. This means much of the work has been done in 

developing the tools for mass producing QC lasers.  

Ease of operation: 

While other devices can achieve similar degrees of sensitivity, they lack the ease of operation that 

QC lasers sensors can have. Most mass spectrometry and FTIR devices require extensive 

technical background to operate and calibrate. Meanwhile, QC laser sensors can achieve high 

levels of sensitivity while operating as turnkey systems with little to no need for human 

intervention. This allows the devices to be used in settings outside of labs and in the home, the 

industrial plant, or in locations where there would be minimal human interaction.  

Low-cost: 

Unlike many devices listed in the previous section, QC laser sensors are not intrinsically 

expensive. If mass produced, lasers could become several hundred dollars in price, and in many 

applications the current photodetectors could be replaced with devices which are significantly 

cheaper. More on this will be discussed in the following section, but we suggest referring to 

Appendix 1 for a discussion of Quartz Enhanced Photoacoustic Spectroscopy (or QEPAS), a 

spectroscopy method which uses common quartz tuning forks. 

1.4. Challenges to QC Laser Sensors 
The two major issues keeping QC laser sensors from being commercially available today are the high 

costs of materials, and the technological hurdles preventing desirable QC laser sensors from being 

produced. In other words, the prototype QC laser based sensors which have been developed to this date 

are not able to compete with commercially available sensors in terms of costs, or are unable to meet the 
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specifications to carry out some of the desirable applications. But, because the technology is so new, these 

issues will not last.  

With successful commercialization, costs of lasers will decrease. Designing and building a single-mode 

QC laser of specific wavelengths is a complicated task which requires PhD level professionals. But, after 

the wafer is designed and produced, in terms of material alone each laser only costs around $10; the 

reason QC lasers are as expensive as they are today is there is not a demand for five hundred lasers 

(generally how many lasers which come from a wafer), but rather only a few from each wafer. Also, once 

the lasers are cut, they need to be tested to insure the light wavelength emitted is correct and that the 

lasers function. This process is done by hand, which is time consuming and must be carried out by trained 

individuals. And this is only for the laser. For a basic sensor to operate, it needs packaging for the laser, a 

detector, a temperature controller, a cell or space to hold the gas which is to be sampled, and a system to 

interpret the data collected by the detector. Also, the device may need wireless communication devices, 

an independent power source (like a photovoltaic cell), and/or a system for storing the data. Currently, 

these devices for use in laboratories can cost anywhere from $40,000-$100,000. 

However, the price can be reduced if the devices were built in bulk. With a higher demand, the assembly 

process, wafer-growing, and laser testing process could be automated, and more functional lasers could be 

cut from a wafer, all bringing the costs down to a more acceptable level. Therefore, to get the costs of QC 

laser sensors down, there must be a high demand for the instruments. This report will in the next section 

discuss the applications which QC laser sensors should be applied to, and will discuss the technology 

needed to create those applications. 

1.5. Where MIRTHE Stands 
The MIRTHE Center develops and designs QC lasers, develops new kinds of sensors for QC lasers, and 

tests and deploys the new systems. We will discuss the technology hurdles which different applications 

present at a later point, but for now, we want to highlight the success that the MIRTHE Center has had in 

designing and developing sensors. 

The strongest successful and high profile deployment of QC laser based sensors were the systems 

deployed at the Beijing Olympics in 2008. There a QC Laser Open Path System (QCLOPS) was deployed 

to test for ozone, ammonia and carbon dioxide, and an external-cavity QC laser using Faraday Rotation 

Spectroscopy (FRS) was deployed to measure NOx concentrations. The systems were deployed near other 
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systems already in place to monitor air pollution in the Olympic City.  Both QC laser systems proved 

themselves comparable to the existing technology, and in some cases, were able to provide better data by 

taking more frequent measurements. 

 
 
Figure 4. Field deployment of QCLOPS at the Institute for Atmospheric Physics, Chinese Academy of Sciences. 
(Photo Credit: Anna Michel, Princeton University) 
 

However, the sensors were large and each cost around $100,000, a figure far too high for commercial 

deployment. MIRTHE has recognized this, and now in development are ozone sensors at Rice University 

and carbon dioxide sensors at Princeton University which are roughly shoebox sized. This is an important 

step towards further miniaturization of these devices, and an essential step towards creating commercially 

viable QC laser based sensors. 

1.5.1. A Note on the Roadmap 
There is talk within the QC laser community about the “killer application” which will take QC lasers from 

being laboratory/research equipment and bring them into the field, the home, the factory, the doctor’s 

office, etc. The killer application must be technologically feasible and have high market value, as to 

justify mass production which in turn significantly reduces production costs. In the following sections, we 

will identify several applications with high potential to be the killer application, and we will highlight 
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MIRTHE’s aggressive push towards developing these devices. Before this begins, two elements must be 

considered: 

1) With the development of the first killer application, the price tag of all sensors will drop 

significantly. Once a widely used QC laser based sensor is brought to fruition, things will become 

much easier in every imaginable sense: it will become easier to secure funding for new kinds of 

devices (as MIRTHE is already beginning to see), laser costs will decrease, and there will be 

more interest in the field by researchers and product developers.  

2) This report will highlight MIRTHE’s efforts to start aggressively pursuing applications for QC 

laser sensors. While there are a number of areas which MIRTHE should continue looking into, 

we have established a ranking to develop some type of QC laser devices faster than others. 

The most promising aspect of QC laser based sensors is when they operate in a new market space. They 

are able to achieve high degrees of sensitivity, and have the ability to be low cost. While this allows them 

to compete with devices like mass spectrometers, the NDIR or the FTIR, QC laser sensors are also able to 

open the door for new kinds of sensing which are currently not possible, and will be discussed in the 

following chapter. 

 



 



2. Applications for QC  
Laser Spectroscopy
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2.1. Introduction 
This section will highlight the major applications for which QC laser based sensors can excel. Doing so 

requires not only an understanding of the current demands for trace gas sensing, but also some projection 

into the sensing needs of the future. Therefore, each section discusses how to tailor QC laser sensors to be 

as effective as possible in the world today, as well as in the world of tomorrow. 

The following chapters should not be viewed as the entirety of QC laser sensor applications, as we expect 

the capabilities of QC laser sensors will expand in the future, thereby allowing them into new markets. 

Also, there will likely be future applications for these sensors which we currently are not predicting, 

because the problems or facilities which demand them have yet to be determined. 

2.2. Environmental and Urban Sensor Networks 
It is within this section we will discuss the possibility of linking QC laser based sensors into networks, 

and distributing them to measure air quality, environmental gas fluxes, and global GHG (greenhouse gas) 

distributions and emissions. 

2.2.1. Introduction 
Each year, humans release billions of tons of air pollutants into the earth’s atmosphere. The impacts of 

these gases range from subtle effects like shifts in the earth’s climate that carbon dioxide and other GHGs 

generate, to sudden and devastating instances like the deadly smog in London in 1952, or in the Bhopal 

disaster in India. Finally, humans are beginning to understand the impact they are having on their 

atmosphere, and they are taking steps to clean and restore the air they breathe. 

The issues stemming from pollution become more important each year. As the developing world becomes 

further industrialized, more countries around the world struggle to deal with the pollution their industries 

create. Whether the pollution manifests itself on the micro-level as local instances of air pollution causing 

disease or death, or on the macro-level where GHGs change weather patterns in turn endangering crops 

and food supplies, the byproducts of pollution will only become more apparent as time progresses. And, 

global population trends are putting humans at greater risk; beyond the growth in global populations 

putting strain on the planet’s food resources, the past few decades have demonstrated a great rise in cities 

and shantytowns surrounding cities in the developing world. By gravitating towards more densely 
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populated industrial centers, larger groups of humans are being exposed to emissions and chemicals from 

industrialized life. And as cities are dependent upon the agrarian world for its food supply, changes in 

weather patterns caused by GHGs will disrupt crop growth and food networks, which in turn destabilize 

urban areas and create unrest. The time has come to better understand our impact on the climate, and to 

start the change towards a healthier and better world. 

To fix the problems we described above, change must stem from new legislation and policies. To create 

this, there must be effective ways to monitor and model what is happening in the atmosphere. While there 

are currently methods for monitoring air pollution emissions, they are not being widely used, meaning 

scientists and policy makers lack a fundamental understanding of how pollutants interact with different 

ecosystems and with our atmosphere. However, this is changing. As this knowledge is essential to 

keeping the planet and its human population healthy, and as the global culture becomes more aware of the 

importance of keeping the ecosystem healthy, there will be an increased demand for understanding global 

pollution systems. MIRTHE sees this change as an opportunity, and is proposing a new kind of low-cost, 

easily deployable environmental sensors that will provide scientists and policy makers with the 

information they need to create the most effective legislation. 
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Figures 6. One of the great discoveries of the 20th Century was that human beings are impacting atmospheric 
carbon dioxide concentrations through the combustion of fossil fuels, and that this change is generating global 
climate changes. This figure demonstrates some of the effects increasing concentrations of CO2 over time has 
had on the earth’s ice caps and arctic regions. 
Credits: Both figures taken from IPCC Report on Climate Change for Policy Makers 

2.2.2. Sensor Networks 

A sensor network consists of a series of point sensors scattered across a large geospatial area which 

individually collect data. This is not a new idea, nor is it an unexplored venue; the United States has 

distributed weather stations which collectively act as a tool in forecasting the weather through 

measurements in temperature, humidity, pressure and rainfall. However, there has yet to be a large scale, 

high resolution sensor network distributed in urban or natural environments to measure pollutants. There 

Figure 5. Rising concentrations of CO2 prior 
to 2005 



26 
 

has been some success in using NDIR devices as sensors for carbon dioxide or water vapor sampling, but 

these devices are too large, too expensive to maintain, and lack the ability to measure many key pollutants. 

MIRTHE is developing prototype QC laser based sensors to be the instruments used in the next 

generation of sensor networks. 

Regardless of the application, environmental sensor networks possess similar characteristics: 

Small Size: 

In virtually all cases, we believe laptop sized (or smaller) QC laser sensors are ideal. By creating 

compact devices, the sensors can be put virtually anywhere, face minimal resistance from 

environmental factors, and will be subtle enough as to not draw attention. 

Capabilities for Wireless Communication: 

For the sensor network to operate, the nodes must be able to wirelessly communicate with the 

central hub without consuming excess power. This becomes complicated when the nodes are 

either very far apart, when one or more nodes fail (this is a concern when information is relayed 

from one node to another), or when the nodes are placed in urban environments, where there is a 

level of noise which can interfere with the data communication. Furthermore, the communication 

must be secure; if the information being gathered is subject to hacking or manipulation, the 

measurements may not be valid. 

Ability to Withstand Variable Environments:  

An effective environmental sensor needs to be able to function under a variety of temperatures 

and pressures. In order for the monitors to be put in New York City (for example) for a full year 

of monitoring, they would need to tolerate sub-zero temperatures to temperatures well above one-

hundred degrees Fahrenheit.  

Ability to Withstand Sample Variance: 

By placing sensors in an open environment, the sensors will be testing for one or a few gases in 

the presence of an ever changing composition of air. As many gases have overlapping absorption 

spectra, this creates design challenges to accurately carry out the sensing applications. 

Self Calibration:  

As manually calibrating the lasers requires time and human interaction (which may be difficult in 

remote locations), installing a self calibrating mechanism is essential to networked sensors. 
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2.2.3. Environmental Sensor Network 
Environmental sensor networks can provide scientists with a better understanding of how natural 

environments impact pollution and GHG levels, and can provide insight into the effectiveness of public 

policies to mitigate pollutants. For example, a distributed network across the arctic tundra could monitor 

methane emissions as the soil thaws, or the networks could be put in forested regions outside industrial 

areas to identify the extent of carbon sinks. To make sensors which are more desirable than the current 

devices, MIRTHE must work to minimize the cost, size, and power consumption of the sensors.  

The issue of powering these sensors is a significant challenge, as the prospect of frequently changing the 

batteries of the sensors is not an option. And, aside from sensing frequencies (number of samples taken 

per hour, the higher of which drains the batteries more), wireless communication between the nodes 

demands a lot of power, especially when the nodes are far apart. This is why for any kind of long term 

experimentation to take place, the use of renewable energy sources like wind or solar would play an 

important role in keeping the sensors in operation. The exact type of hardware to be added to the devices 

will be determined taking into account how and where the sensors operate. 

There is also the consideration of sensor distribution. We have previously discussed monitoring CO2 as a 

potential project, but we have not detailed as to what a CO2 sensor network would look like. Melinda 

Marquis and Pieter Tans, two researchers at NOAA, suggest a global sensor network of 1,000 sensors. 1 

While such a network would provide excellent data on global carbon patterns, it would not provide 

climate scientists with a micro-level understanding of how CO2 interacts within ecosystems, or for 

measuring fluxes of carbon over small geographic areas. And, this example would mean the sensors 

would have to use different modes of communication, different measurement frequencies, and different 

ways of handling power constraints. Therefore, we would like to emphasize the variety of forms these 

sensors take. This means it is likely at the beginning of commercial expansion that the companies making 

the sensors be highly responsive to the demands of researchers, and must understand the potential and 

constrains of the systems which they can build.  

2.2.4. Urban Sensor Networks 
Understanding how pollution arises and is distributed in cities is necessary to preventing harm on those 

living in and around urban areas. Thus, a sensor network similar to that discussed in the previous section 

could be distributed in cities. Studies conducted using the network could assist in the creation of effective 
                                                 
1 Marquis, Melinda and Tans Pieter. Climate Change: Carbon Crucible. Science 25, April 2008. Vol. 320, no. 5875, 
pp. 460-461. < http://www.sciencemag.org/cgi/content/short/320/5875/460> 
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legislation to limit pollution emissions and in understanding how to plan and adapt cities to improve the 

health of its inhabitants. This kind of monitoring is highly important, thought there are some challenges 

which the sensors face. 

 
Figure 7.A proposed ozone monitoring network in Houston. This kind of network resolution has never been strongly 
considered for trace gases prior to QC Laser based sensors, which are small and affordable enough for this 
application. 

Cities are problematic in that the chemical composition of the air is highly variable (much more so than 

with environmental sensors); if someone is smoking under a sensor, or using chemical cleaners near 

another, the sensors must still be able to still take accurate measurements. This requires consideration of 

the laser’s wavelengths and tuning properties, creating effective algorithms for dealing with unusual data, 

and developing simple and effective methods of autonomous calibration. 

In the urban environment, a major issue previously unmentioned is the aesthetics of the sensor. For any 

city to agree to put a network in place, the devices must not appear threatening or obstructive. If the 

sensors are small enough, they can be put out of sight from street level, but even then the devices should 

look as harmless as possible. Also, the devices should not look as expensive as they actually are, 

otherwise they would be a target of theft. 
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As a final logistical complication, the question arises as to where to put the sensors. Ultimately, this is a 

big question for urban monitoring; to minimize issues pertaining to the power usage of these devices, 

having the sensors able to run off a wall plug or tap into the existing energy infrastructure would be ideal. 

We propose the best possible solution would be attaching them to lampposts; lampposts have the 

necessary power to take the measurements, are close enough to the ground level to understand what city-

dwellers are being exposed to, and will allow for easy, non-disruptive installation.  

A note on Suburban Sensor Networks: 

Just as putting sensors in cities is important, planning on using them to study the suburbs is also an 

important step. Because this kind of sensor network would resemble urban sensor networks, we will not 

expand upon this. 

2.2.5. Indoor Sensor Networks 
Another area which QC laser sensor networks could be used in is in monitoring indoor air quality. If we 

consider a building like the Sears Tower (or the Willis Tower, as it has been renamed) where there are 

roughly one-hundred and four acres of office space, it becomes necessary to understand what the 

thousands of employees working in the facility are being exposed to on a daily basis. This becomes more 

important when considering smart buildings, where often times there is less exchange occurring between 

the outside and inside air. While smart buildings require less energy and reduce the building’s carbon 

footprint, there needs to be some method for monitoring many common indoor pollutants (like 

formaldehyde, ammonia, SOx, NOx, etc) to keep the indoor environment safe. 

These sensors will be a challenging to commercialize for several reasons; first, they must offer high 

degrees of sensitivity for a range of gases, while at the same time be low cost enough to justify their 

installation into office buildings. Also, there is likely very little commercial demand for these sensors in 

existing buildings, as any information the sensors yield would likely demand changes which must be 

made to the buildings. Until there is legislation requiring the buildings to be monitored, this may be 

unlikely. However, until some of this monitoring is done, the need for this sensing may never actually 

come to be; thus, it is still an important kind of sensing which MIRTHE should consider. 
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2.3. LIDAR 
2.3.1. Introduction 
Light detection and ranging, or LIDAR, is a remote sensing technology which measures properties of 

backscatter from a high power laser to determine information (generally concerning range or composition) 

about a target. This technique currently uses lasers in the ultraviolet, visible, or near-IR, and is currently 

being used for certain types of atmospheric sensing. In the near future MIRTHE hopes to develop a QCL-

LIDAR for improved atmospheric sensing of gases and aerosols. 

While sensor networks are able to cover a large area, they are not able to take measurements in areas 

where the sensors are not. LIDAR is different in that it adds a new territory to where QC laser sensors can 

make measurements: the atmosphere. And, just as taking ground based measurements is essential to 

understanding climate, pollution and ecology, the LIDAR is a tool which atmospheric scientists can and 

will use to further the knowledge of these same subjects.  

2.3.2. QC Laser Based LIDAR 
MIRTHE is interested in developing a QC laser-LIDAR for two reasons. First, it coincides with 

MIRTHE’s vision for developing highly demanded sensors. Because there are no LIDARs which emit in 

the mid-IR range, no current methods are able to achieve the levels of sensitivity in atmospheric sensing 

which a QCL-LIDAR could achieve. Second, a QCL-LIDAR would be a significant step towards the 

development of uncooperative sensors; an uncooperative sensor operates by having the laser and detector 

in the same general area, and relies on measuring backscatter from the laser. For example, when the laser 

is pointed at the sky, the system is absorbing the photons being reflected back (the backscatter). The 

backscatter is then analyzed to determine gas concentrations. The concept of an uncooperative laser is 

further discussed in section 2.7.3, as a tool in explosives detection. A QCL-LIDAR would be very similar 

to the uncooperative explosives sensor, only the explosives sensor would need higher degrees of 

sensitivity, to be more portable, and be able to detect large molecules. Thus, the QCL-LIDAR could be 

seen as the intermediate step between where MIRTHE currently stands and the uncooperative explosives 

detector. For this reason, and due to its inherent usefulness in atmospheric sensing, MIRTHE will develop 

these devices. 
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Figure 8. The cooperative sensor is a controlled system which has the laser beam pass through a gas sample, and is 
measured by a detector on the other side. Similarly, there could be a reflector on the opposite side, and the detector 
is housed with the laser. In either situation, the area surrounding the gas sample is designed for sensing. In the 
uncooperative sensor, the detector is measuring backscatter from the laser. This system is different in that it could 
sense in an uncontrolled environment; such a device could be taken anywhere (including, for example, into a 
battlefield), and still function. LIDAR is an uncooperative sensor. 

The major challenge to such a device is the high power output it demands. Because measuring backscatter 

is inherently tricky (as only a small number of photons actually make it back to the detector), and because 

many of the trace gases MIRTHE would want to detect with the LIDAR exist in the ppm-ppb range, the 

laser must be powerful enough or else it will not create enough backscatter.  
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2.4. Industrial Process Monitoring and Leak Detection 
2.4.1. Introduction 
We live in a chemical world. Virtually every object we experience exists because it was itself 

manufactured or synthesized, or because it was created naturally with the assistance of manufactured 

products. Fertilizer, medicine, petrochemical products, food, metal alloys and computer chips are just a 

few products modern processes play a tremendous role in creating, and because of this people are able to 

enjoy a higher standard of living, people are living longer, and the globe is able to sustain a population 

that was never before possible. In many cases, the manufacturing of products requires high degrees of 

sensitivity to insure the process goes as planned. This is already a booming market which NDIRs, near-IR 

tunable diode lasers and FTIRs play an active role in, but the market is by no means saturated. Therefore, 

MIRTHE will look to the fields of synthesized and manufactured products, as there is tremendous 

promise in this market. 

In the field of industrial chemical production, there are two types of sensors; there are process sensors, 

which monitor the process of creating the chemicals and provide feedback on the inputs, and chemical 

detectors which measure leaks in the facilities.  

2.4.2. Process Sensors 
Today, industrial centers use NDIR, near IR-tunable diode sensors, or industrial FTIR devices to carry out 

their sensing needs. These devices generally provide adequate levels of sensitivity at an acceptable speed. 

However, they also have some shortcomings. These devices are not able to operate in high heat, as it 

interferes with their detector systems. Also, all devices listed above can achieve high degrees of 

sensitivity, but they are not as sensitive as a QC laser sensor could be; while this may be tolerable for 

many processes, the capabilities of QC laser based sensors could allow for new types of chemical 

manufacturing to take place. In addition, FTIRs and NDIRs are larger than QC laser sensors, and the 

industrial FTIR has lines feeding gas into its sampling cell rather than having the sensors inhabit the space 

where the reaction is taking place (demanding a significant hardware investment). Finally, a QC laser 

sensor is able to take more rapid measurements than a FTIR device. For all these reasons, the QC laser 

sensor possesses several competitive advantages with these existing technologies.  

The major issue for industrial process detection is determining which gases to sense. On one hand, QC 

laser sensors using QEPAS occupy a new market space in that they are able to take measurements in areas 

of high heat which the other sensors cannot do. But, FTIRs and NDIRs are much more established in a 
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field where mistakes could be very expensive, very dangerous, or both. Thus, many industries would 

choose first to go with the established technologies. Therefore MIRTHE must choose a path for sensing 

which is not currently being explored, and which also demonstrates the devices unique capabilities in a 

field with established competitors. 

2.4.3. Leak detectors 
The ability to detect for leaks in the industrial process is highly relevant. Leaks decrease the efficiency of 

the process, indicate structural weaknesses, and can cause harm to individuals working in and around the 

processing plant. Therefore, having cheap, highly sensitive systems for early detection are in high demand. 

Because QC laser based sensors have the ability to be miniaturized, these detectors can take several forms. 

First, establishing a network of these sensors like those described in the previous section on 

environmental and urban sensor networks (only naturally on a micro-scale) would be an effective tool. If 

made to be the size of a PDA, they could be scattered throughout the plant, and communicate with a 

command station if a leak existed. Or, to minimize the required number of sensors, the sensors could be 

mobilized, and put on vehicles which travel around the facilities (on something like a remote controlled 

car). By having a moving sensor network, the facilities could minimize the number of sensors needed. As 

a final form, the leak detectors could, like the LIDAR devices, use backscatter to target leaks. This system 

is currently being used for methane gas using near-IR tunable diode lasers. 

2.4.4. Special Note 
The technology behind sensors which could be used in industrial processes is very similar to that of the 

environmental sensors, and in some aspects, easier to create. Therefore, in the roadmapping section 

(Chapter 4), we place a stronger emphasis on creating environmental sensors, as we feel the development 

of environmental sensors needs more support from MIRTHE’s resources. Also, there is the issue of 

reliability. Simply because QC laser sensors are not established in the field, there will be doubts about 

their reliability when compared to the established sensors. For this reason, at least initially, QC laser 

sensors will not be able to compete with established sensors on cost alone; because the processes generate 

products worth millions (if not billions for petrochemical reactions), a sensor that is a few thousand 

dollars cheaper would not be worth the associated risk. Therefore, QC laser sensors will need to enter the 

market space due to their sampling frequency, their ability to operate in-situ, and for their high sensitivity. 
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2.5. Uranium Hexafluoride Detection 

This section will discuss using QC laser spectroscopy to replace mass spectrometry as the tool of choice 

for nuclear inspectors examining isotopic uranium hexafluoride ratios. 

2.5.1. Introduction 
A major political problem in the world today is distinguishing a nuclear weapons program from a nuclear 

power program. Nuclear power is a viable alternative to fossil fuel based power and is widely used in 

countries like Japan, Argentina and Mexico, all of which do not possess a nuclear arsenal, nor are in 

pursuit of a nuclear weapons program. For nuclear power, uranium must be mined and enriched (most 

commonly through the use of centrifuges to increase the amount of U-235 in the sample) in order to 

create a material capable of fission. The uranium used in power plants is referred to as “low-enriched 

uranium,” and generally contains around 5% U-235. However, if a country was to further enrich the 

uranium and increases the U-235 concentrations above the 20% mark, the material is then considered 

“high-enriched uranium” and could be used for in a nuclear weapon. “Weapons grade uranium” is a label 

given to material with U-235 concentrations over 85%, as typically most fission devices function around 

this level, though lower levels of enriched uranium are considered “weapon usable,” as they could still 

function in a nuclear weapon. 

 
Figure 9. A summary of uranium processing and its applications.  
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Currently, the IAEA and the US Department of Energy determine uranium isotope ratios by using mass 

spectrometry, a time consuming process which requires transporting radioactive samples across borders to 

testing facilities. However, the IAEA has expressed interest in possessing a device which could on-site 

and in real-time determine the isotopic ratios of the uranium. Therefore, MIRTHE is currently working to 

develop such a sensor. 

2.5.2. UF6 Detection 
MIRTHE is currently working to develop a uranium hexafluoride detector for determining U-235/U-238 

ratios for the purpose of distinguishing nuclear weapon programs from nuclear power programs. The 

major challenge to this project is creating a device which will be sensitive enough. The IAEA demands 

the device detect at the 0.1% level and to be failsafe. Other than the required sensitivity and making the 

device portable, there are no notable challenges: the device can be manually calibrated, it does not need to 

be particularly user-friendly (as scientists will be operating it), it does not have any real power restrictions, 

and it will be testing in a very controlled environment in terms of temperature, pressure, and other gases. 

Also, as such a device would be very valuable to possess, insuring the devices are low cost is not an issue. 

Arriving at the desired level of sensitivity is difficult. Rice University is working to develop prototypes 

for these devices, but they expect to receive the best results using a laser which operates at 16 microns, 

where there is a strong absorption line for the uranium isotope. Currently, MIRTHE has been unable to 

create QC lasers which can emit at this wavenumber. While this will take time to develop, once the lasers 

become feasible and the sensor becomes sensitive enough, we predict this device will become a common 

tool of inspectors. 

At this point, we should mention that we do not believe this is the “killer application” discussed in the 

previous section. There are currently 30 countries with operational nuclear facilities, and while that 

number is growing due to the interest in carbon-free energy, we do not expect every country to require 

one of these devices. This application will support a small but necessary market, and therefore should be 

considered as a project which MIRTHE develops. 
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2.6. Breath Analysis  
In the following section, we will discuss using QC laser based sensors for analyzing breath in human 

patients. 

2.6.1. Introduction 
Medicine is an ever changing field. As time goes on, tools for diagnoses get better, procedures are 

invented and refined, and even the illnesses and conditions people face are changing. As a center 

dedicated to creating tools for helping people, MIRTHE highlights two major trends which present new 

challenges for human health in the modern age. First, people are living longer than ever before. Every day, 

due to better health and food security, the average global lifespan is increasing. Second, global obesity 

rates are increasing, with an estimated 2.3 billion individuals overweight by 2015.2 To fulfill MIRTHE’s 

goals to create the most effective tools for diagnosis and treatment, we must consider what these trends 

mean for the future of medicine. 

Ultimately, both these trends create new types of problems. Age and obesity both put tremendous strain 

on our bodies, increasing risks of organ failure and developing psychiatric disorders. Also, age is 

particularly difficult when we consider people living in polluted environments, as a longer lifespan means 

each person is exposed to more pollutants and carcinogens in their lifetime, leading to new sets of 

potential problems. Thus, at MIRTHE, we develop sensors for breath analysis keeping these trends in 

mind to one day better assist medical practices by providing them with the tools they need. 

2.6.2. Breath Analysis 
Breath analysis is the sampling of exhalation to provide a non-invasive and real-time window into a 

patient’s health or well being. Breath analysis has the potential to be used as an alternative to blood or 

urine analysis, giving doctors the ability to quickly and easily evaluate a patient’s health. And, QC laser 

based sensors hold great promise within the field of breath analysis for their ability to take rapid 

measurements, for their sensitivity to trace gases, and for their ability to scan across many wavelengths. 

                                                 
2 Obesity: in Statistics. BBC News on a WHO Report. Jan 2, 2008. <http://news.bbc.co.uk/2/hi/health/7151813.stm> 
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COMPOUND 
VIBRATIONAL 
ABSORPTION 

(µm) 

CONCENTRATION 
(v/v) PHYSIOLOGICAL BASIS 

Acetaldehyde  9.8 – 9.2 ppb ethanol metabolism 

Acetone 7.3 ppm decarboxylation of acetoacetate 

Ammonia 10.3 ppb protein metabolism/bacterial metabolism 

Carbon Dioxide 4.3 % respiration 

Carbon Monoxide 4.7 ppm heme catabolism catalyzed by heme oxygenases 

Carbonyl Sulfide 4.8 ppb gutbacterial oxidation of reduced sulfur species 

Ethane 6.8 ppb lipid peroxidation 

Ethanol 9.8 – 9.2 ppb gutbacterial metabolism of sugars 

Ethylene 10.6 ppb lipid peroxidation 

Hydrogen - ppm carbohydrate metabolism 

Hydrogen Sulfide 1.6 ppb anerobic bacterial metabolism of thiol proteins 

Isoprene 11.1 ppb cholesterol biosynthesis  

Methane 3.3 ppm gutbacterial metabolism of carbohydrates 

Methanethiol 3.45 – 3.28 ppb methionine metabolism 

Methylamine 12.2 ppb protein metabolism 

Nitric Oxide 5.3 ppb involved in vasodilatation, or neurotransmission 
production catalyzed by nitric oxide synthases 

1-Pentane 6.8 ppb lipid peroxidation 

Water - % respiration 
 

Figure 10. Common examples of trace gases and their associated disease or conditions connected to them.  

Courtesy Terrence H. Risby, Ph.D. 

In measuring the breath for irregularities, QC laser based sensors can assist in making diagnoses or can 

tailor medical treatments where such monitoring would be beneficial. For example, biomarkers like nitric 

oxide are more prevalent in the breath of patients suffering from asthma, and ammonia concentrations 

spike in patients suffering from renal failure. For treatment, QC laser based sensors could be coupled with 

currently existing devices (like a dialysis machine for kidney failure) to make treatment more efficient 

and more effective.  

As understanding how these devices can be used for disease detection is fairly straightforward, we expand 

on coupling sensors with other forms of treatments. For example, a common treatment for kidney failure 

is putting a patient on dialysis. This means a patient will be connected to a dialysis machine for a set 

amount of time each day, which is prescribed by the doctor at an earlier date. As blood toxins vary from 
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day to day based on a number of factors, the system inevitably leads to the patient either receiving too 

little dialysis, making the treatment less effective than it might otherwise be, or too much dialysis, making 

the patient uncomfortable and subject to the health risks associated with excess dialysis. By monitoring 

toxin levels in the blood in real time, these sensors could be coupled with other forms of treatments to 

provide personalized monitoring and administration. Taking the case of kidney failure, in 2010 there will 

be an estimated 650,000 people requiring dialysis.3 And, assuming a continued rise in obesity worldwide, 

kidney and liver diseases will become more commonplace and will need the kinds of treatments that trace 

gas analyzers excel at being coupled with. 

Despite the promise of the field, there are few devices which are conducting breath analysis for disease 

diagnosis or treatment in hospitals today. There are four reasons for this: 

Difficult Sensing Measuring for biomarkers in human breath is essentially picking out one or a few gases 
in ppb levels amidst five hundred other biomarkers. 

Limited background 
research 

To this date, there have not been enough reports to document what biomarkers are to be 
expected in human breath, how biomarker concentrations vary based on patient activity, 
and how illness affects the concentrations. This creates problems when determining 
which gases to sense for. However, this is quickly changing.  

High-speed 
measurements 

Breath analysis is challenging because biomarker concentrations vary within a single 
exhalation; the breath in a patient’s mouth contains a different concentration of gases 
than the air he or she breathes out from their lower lungs. This means sensors which are 
not able to distinguish within the exhalation may encounter problems with diagnoses.  

Clinical trials Finally, there are several devices which are being developed, but are still in the process 
of preparing for – or going through – clinical trials.   

Figure 11. Difficulties associated with breath analysis. 

There has been some success in the field for trace gas sensing, using a chemoluminescent sensor for nitric 

oxide on the breath. This device is manufactured by Aerocrine, has been used in several case studies, and 

is generally accepted as an adequate tool for measuring nitric oxide. However, chemoluminescence does 

not work for all molecules, and optical devices have certain advantages chemoluminescent sensors do not. 

What is most exciting about QC laser based sensors is that they would be able to sense of a wide range of 

gases (possibly within the same device) and sample within the breath. 

                                                 
3 USRDS 2003 Annual Data Report: Atlas of End Stage Renal Disease in the United States, Bethesda, National 
Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, 2003 
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2.6.3. Breath Analysis Devices 
We propose exploring two types of QC laser based breath analyzers, for use in home use, and for hospital 

use.  

The hospital QC laser based sensor would be used as a diagnostics tool for patients. These devices should 

aim to serve as a replacement for blood or urine analysis. To be useful, the devices would need to detect 

variations in multiple types of trace gases. Also, the devices would need to be small; a shoebox sized 

breath analyzer would be a tremendous success. Ideally, the device would eventually become the size of a 

handheld blood-alcohol breathalyzer, but at this point because the sensors would be such an important 

tool to have, a device of almost any size (within reason) would suffice. Finally, for the devices to be 

considered, a system which could measure several trace gases and provide an adequate replacement for 

blood analysis should have a price tag from $10,000-$20,000. 

If a person is using a breath analysis device at home, his condition has likely been diagnosed, and 

therefore the number of gases which need to be detected is less. In the home, these devices are more 

likely to be coupled with some other form treatment (like in the dialysis example) to detect how much 

treatment should be administered. This means the home device could use a less complicated laser (or 

lasers), as the setup requires less tuning and fewer wavelengths need to be accessed. Also, the at-home 

device could be larger than one in a hospital; because the home has more free space than that of a hospital, 

a setup the size of a desktop computer could easily be setup in the home for monitoring. This means the 

home setup could be less complicated, as developing a system that would be very compact would be less 

of an issue.  

2.6.4. Author’s note 
Overall, breath analysis holds a promising future for QC laser based sensors. The most significant 

challenge to the development of these devices is finding the correct application. For example, nitric oxide 

levels in exhalation spike when a patient is having an asthma attack, and MIRTHE could develop 

sophisticated methods for measuring nitric oxide concentrations in breath at parts per billion levels; 

however, as mentioned before, electrochemical sensors are currently cheaper and can effectively do the 

job. But at the same time, having an even more sensitive and dynamic device than those on the market 

opens new doors in treating asthma as well as in detecting other types of metabolic disorders. Therefore, 

in the roadmap section, we highlight a few gases which tie in to MIRTHE’s vision of developing high 

demand sensors, but there must be periodic reassessments made to insure MIRTHE is exploring sensors 

which are relevant and in high demand for use in the field. 
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Also, a quick note should be made on the prices listed above. Due to the need for development plus 

clinical trials, these devices will not come into existence for quite some time. What this means is that 

while today these prices seem unreasonable, prices for the hardware will decline in the future. Also, the 

prices above should not be considered the only price at which the devices could be successful, but rather a 

pricing goal to allow for the widespread use of a very important tool. 

2.7. Explosives and Chemical Detection 
In this section, we will discuss the possibility of using QC laser based sensors as a means to screen for 

explosives or dangerous chemicals. 

2.7.1. Introduction 
Terrorism is an attack carried out by an agent or agency against non-combatants with the intent to disrupt 

everyday life and create fear. What makes the task of preventing terrorism so difficult is that the attacks 

are carried out by agents who do not appear to be soldiers, in the landscape of ordinary life. Therefore, 

there is no real way to prevent these attacks without finding a way to monitor people in their everyday life.  

The United States spends billions of dollars per year to prevent terrorism. Furthermore, it has developed 

methods for doing so which, while effective, are not as effective as they could be, and negatively impact 

the lives of their citizens (like protocols involving liquids in carry-on luggage). Thus, we highlight the 

possibility for using QC laser based sensors in detecting explosives or dangerous chemicals. Because the 

molecular forms of many toxic and explosive chemicals have strong absorption lines in the mid-IR region, 

QC laser based sensors would be able to detect at very high levels of sensitivity. Therefore, MIRTHE is 

developing monitoring technology which is minimally invasive, safe, and highly effective, and can detect 

if individuals possess dangerous materials or explosive weapons.  

In defining the prototypes which can carry out this application, we must consider a wide range of devices 

ranging from sensors that are stationary to handheld sensors which can be carried by a trained individual. 

Based on their design requirements, we divide these types of sensors into two categories, cooperative and 

uncooperative sensors. We describe both in sections 2.7.2 and 2.7.3 of the roadmap. 
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2.7.2. Cooperative Sensors 

A cooperative sensor detects explosives or toxic chemicals by sensing the airspace around an object. 

Excluding the LIDAR device discussed earlier, all previously proposed sensors are cooperative. For this 

kind of sensing, it should be noted that such devices are limited in that they must have an object pass 

through some structure that houses the beam. This means they could be installed in any area that is 

contained and controlled, including public transportation centers or entrances to important structures 

(buildings, bridges, etc). However, these would need to be sophisticated devices, as this kind of detecting 

is highly difficult; for the sensor to be effective, the devices would need to measure into the parts per 

billion to parts per trillion range, and must be able to accurately characterize a variety of large molecules. 

The sensors must also operate with virtually zero margins for error. However, major facing other sensors 

are not significant issues with this type of devices, as size, cost and power consumption can all be 

accommodated.  

2.7.3. Uncooperative Sensors 
An uncooperative sensor has the laser and detector housed in the same package, and uses backscatter to 

measure the amount of light which is absorbed. This method requires a high power pulsed QC laser, 

packaging designed to capture the backscatter, and a photodetector. Unlike the proposed cooperative 

sensor for detecting explosives or dangerous chemicals, so long as the device is transportable, the 

uncooperative sensor could be used virtually anywhere; a primary application would be for military 

operations, where the laser could be pointed at a pile of debris to determine if there is an explosive device 

buried within. Such a device would be invaluable to military troops conducting action in areas of the 

world where IEDs (improvised explosive devices) are being used by enemy forces. Naturally, these 

sensors are not simple to create. For such a device to be used in the field, it would need to be portable and 

achieve parts per trillion levels of sensitivity. But, unlike the cooperative detector, a detector which was 

able to only detect for explosives would be a tremendous breakthrough for an uncooperative sensor, as 

there are no competitors for these devices other than bomb-sniffing dogs. And finally, the device needs to 

be free from error- confusing molecules like fertilizer and TNT could have deadly consequences.  



42 
 

2.7.4. Conclusion 
The biggest issues facing both cooperative and uncooperative sensors are their ability to detect large 

molecules with high degrees of sensitivity. Of all the proposed applications, this uncooperative explosives 

detection is likely the most difficult and will take the longest time to perfect. However, the benefit from 

these sensors would be great, the intermediates developed along the way would benefit climatologists (the 

QCL-LIDAR) and therefore these are sensors worth pursuing. 



3. Challenges to QC  
Laser Spectroscopy
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3.1. Introduction 

This section is an overview of the challenges each proposed application presents for QC laser based 

sensors.  

3.2. Challenges 
3.2.1. QC Lasers with Wavelengths Greater Than 10 Microns (λ > 10) 
Larger molecules generally require wavelengths greater than 10 microns to hit the strongest absorption 

lines. As an example, uranium hexafluoride has a very strong absorption line at 16 microns. To deal with 

this issue, progress must be made in laser design and fabrication. Also, MIRTHE is working with 

nonlinear media as a possibility to achieve these wavelengths. 

3.2.2. QC Lasers with Wavelengths Less Than 4 Microns (λ < 4) 
The carbon-hydrogen bond resonates at 3.2 microns. Therefore, creating a QC laser which can emit at this 

wavelength would increase QC laser sensor sensitivity for many hydrocarbons. However, for indium 

gallium arsenic and indium aluminum arsenic based QC lasers, it is difficult to achieve these wavelengths. 

Thus, new efforts in laser design and materials are required. Also, MIRTHE is working with nonlinear 

media as a possibility to achieve these wavelengths. 

3.2.3. Noise Reduction 
Where QC lasers operate outside of enclosed environments, they carry out their sensing in the presence of 

many gases of variable concentrations. To take an example, water vapor is highly variable in the 

environment (consider a humid summer day versus a cold and dry winter day); as water vapor has strong 

absorption lines across the mid-IR spectrum, the concentration of water in the air must be taken into 

account with each measurement, lest the measurements of the targeted gases with intersecting absorption 

spectra will be skewed. This is less of an issue for industrial processing and uranium hexafluoride 

detection, as in these cases, there is much less variability amongst the gases being tested, and the sample 

gas compositions are generally very well known. But, this challenge is highly significant for urban 

pollution sensing, as cities are home to thousands of airborne chemicals which have the potential to skew 

the measurements being conducted. MIRTHE is exploring solutions to this such as using low-pressure 

testing chambers, EC-QC lasers, faraday rotational spectroscopy, or using multiple lasers in a device. 
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3.2.4. Environmental Sensitivity 

This category refers to challenges the sensing environment presents which may interfere with sampling 

and analysis. This encompasses everything from differing temperatures and pressures to wind, soot, and 

designs to prevent damaging animal and human interactions. Essentially, in any application where sensors 

are put into an open environment, they face circumstances which may affect their ability to sense. 

Because there are so many things which could happen to the sensors, MIRTHE must consider the ways to 

properly equip the sensors. For issues concerning heat or pressure fluctuations, using detectors which can 

withstand this (like a QEPAS device) may be ideal, but in turn requires higher power QC lasers. For most 

sensing applications, prototype testing and development is often the answer for learning how to create 

effective sensors.  

3.2.5. Large Molecule Detection 

Sensing large molecules presents two problems for QC laser based sensors. First, because there are more 

chemical bonds in large molecules, the sensors need to reach a larger number of wavelengths in order to 

accurately characterize the molecules. For example, due to the similar chemical structures of TNT and 

common fertilizer, the lasers must be able to hit a number of key wavelengths in order to differentiate the 

two molecules. The second problem is large molecules are generally less likely to be airborne, making 

them present in very low concentrations in the airspace surrounding the objects (the space where the 

testing happens). Therefore, the devices need to be very well engineered in order to conduct the sensing 

required. 

In this section, we must also highlight a shortcoming of optical spectroscopy. Mass spectroscopy is a 

useful tool in monitoring pollution because in a scenario where one does not know the chemicals within a 

sample, a mass spectrometer can identify them. Because a QC laser sensor operates by targeting specific 

wavelengths to identify chemical bonds, the devices are not able to identify an unknown composition. 

While widely tunable QC lasers are starting to allow to a wide spectral image (which would allow for 

multiple gas detection), QC laser based sensors will never beat mass spectrometers in this ability. 

3.2.6. Self-Calibration 

If sensors are deployed in areas where they are difficult to access, it is beneficial for them to have some 

sort of mechanism for self-calibration. Also, for medical devices, the systems should contain a 

mechanism for self calibration. 
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3.2.7. Network Communications 
In cases where sensor networks are being used, the sensor nodes should be able to communicate with the 

main hubs wirelessly. Further work needs to be done in making the communication secure, minimizing 

energy requirements for transmitting data, and creating algorithms dealing with node failure. In terms of 

security, if the sensors are monitoring GHG emissions or are taking measurements of toxic chemical leaks, 

there may be incentive to erase or manipulate the data. Therefore the devices must be secure against such 

an attack. Also, for remote environmental sensors, transmitting the data drains the most power in the 

operations of the device, meaning development in this area is essential. Finally, while there has been work 

done in communication networks, it has yet to be applied to QC laser based sensors. Once prototypes are 

created this will undoubtedly occur, but field testing the devices is important. 

3.2.8. Low Power Input 
In applications where sensors are used in remote locations or used for extended periods without access to 

a wall plug, the sensors must operate on little power. In terms of the remote environmental sensor 

networks, low power means less hardware required for powering the sensor, and less need to recharge the 

sensor. In terms of the uncooperative explosives sensor, creating the devices to be portable and able to 

operate in the field for extended hours is important to the effectiveness of the device. Therefore, having 

efficient devices would make the devices operable for longer periods. 

There are three techniques for creating lower-power systems. First, in networks (as mentioned in 3.2.7), 

designing new protocols for how the networks operate and transmit data in the most efficient way 

possible is a major step. Second, designing higher efficiency QC lasers reduces the energy requirements 

in operating the laser, as well as in cooling the laser. Finally, designing and testing prototypes is essential 

to understanding the devices and how to minimize the energy requirements. 

3.2.9. High Power Output 
Low power output with a QC laser based sensors is often acceptable; however, when using QC lasers as 

part of a LIDAR setup or as part of a sensor using QEPAS, higher power output means better readings. 

This is where high power, efficient QC lasers come into play once again, making their development 

essential. 
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3.2.10. High Sampling Frequency 

A major benefit of the QC laser is that it is able to take measurements very quickly; in theory, the only 

limiting factors of these devices are the detectors and the software. In both cases, prototype and QEPAS 

development will further push the bounds of measurement frequency in a variety of applications 

When considering the possible applications for QC laser sensors, we have the following: 

 



 

 

 Environmental 
Network LIDAR 

Urban/Indoor 
Network 

Industrial 
Leak 
Detection 

Industrial 
Process Control 

Uranium 
Hexafluoride 

Breath 
Analysis 

Cooperative 
Explosives/ 
Chemical 

Uncooperative 
Explosives 

λ > 10     ● ● ● ● ● 
λ < 5 ●   ● ●  ● ● ● 
Noise 
Reduction ● ● ● ●   ● ● ● 
Environmental 
Variability ●   ● ●   ● ● 
Large Molecule   ● ● ● ● ● ● ● 
Self-calibration ●  ● ● ●  ●  ● 
Network 
Communication ●  ●  ●     
Low Power 
Input ●        ● 
High Power 
Output  ●   ●   ● ● 
High 
Measurement 
Frequency     ●  ●   

Figure 12. A summary of challenges facing QC laser based sensors 
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3.3. Solutions 
MIRTHE has mapped out the solutions to the challenges of the prior section. In their entirety, they can be 

broken down into four technical categories, Sensor Prototype Development, Laser Development, QEPAS, 

and Mode-Locking. All these categories have been discussed (and will further be discussed in the next 

chapter), excluding prior discussion of Mode-Locking. Mode-Locking is a technique used to create higher 

power pulsed QC lasers. Such breakthroughs in this technology allow for their use in sensors using 

QEPAS, uncooperative sensors, and other sensors which need higher power output. Taken together, the 

applications, challenges and solutions can be displayed graphically, as illustrated on the next page: 
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4.1. Introduction 

Having listed the challenges which QC laser based sensors face, this section proposes the solutions to 

these problems, listing them as projects which MIRTHE will explore. The projects are either directed at 

further expanding the spectral range of the lasers, developing QEPAS for future use in sensors, creating 

higher power lasers, or in developing prototypes for high demand sensors.  

4.2. Environmental Sensing 
For developing environmental sensors, over the next five years MIRTHE will develop two generations of 

sensors.  

4.2.1. First Generation Environmental Sensors  
In the First Generation of environmental sensors, MIRTHE will create systems for some of the most 

important greenhouse gases. First, MIRTHE will build a highly sensitive CO2 sensor network. Such a 

system is highly practical in monitoring and identifying sources of GHG emissions, and different 

ecosystems’ roles in CO2 absorption. The nodes will be PDA-sized, self-powered devices (operating at 

under 5W) which can wirelessly communicate. Also, the nodes will cost under $30,000 each. The size 

and cost of these new devices would allow for the first time a high resolution sensor network; not only 

would this network be a tremendous tool for climatologists, but it would also be a high profile 

demonstration of MIRTHE’s technology in revolutionizing the tools for climate science.  

MIRTHE will also concurrently develop an ammonia sensor, a N2O sensor, and a NO sensor network. All 

of these gases are pollutants and greenhouse gases, and are therefore of great interest to climate scientists. 

The devices will be roughly shoebox sized, network capable, and possess sensing ranges in the low ppb 

levels to high ppt levels. In the case of the NO sensors, a network will be deployed, meaning the nodes 

must also operate at under 5W (when sensing), and will most likely be self calibrating. 

Within the next year, MIRTHE will be developing a QC Laser Radiometer, which is a device that can test 

for multiple species cumulatively in the atmosphere. Such a device will also be a valuable tool to 

climatologists, and will present a new method for radiometry, a technique which traditionally uses radio 

frequencies. 
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It is also within this generation MIRTHE will be developing a highly sensitive (< 100 ppt sensitivity) NO 

Faraday Rotational Spectroscopy/QC Laser sensor. Such a device will be used in environmental sensing, 

but will also have crossover into breath analysis. The degree of sensitivity described is currently not 

possible with an FTIR or a chemiluminescent sensor, making the MIRTHE device something entirely 

new to the field. 

4.2.2. Second Generation Environmental Sensors  
In the Second Generation, MIRTHE will develop new sensors for greenhouse gases and design systems 

for urban air pollution. We will continue developments on the CO2, NH3, N2O and NO sensors, but will 

also explore the potential for O3, C-13, and C-14 sensors. In the second generation, MIRTHE is targeting 

gases which are generated from the combustion of fossil fuels, which play a significant role in changing 

the earth’s climate (and in the case of ozone, plays a significant role on human health). These gases are 

likely candidates for analysis using sensor networks distributed in cities, meaning MIRTHE and its 

affiliates could use the data to understand how pollutant concentrations change when cities block off 

streets for marathons or create urban parks. This data would be good information to have, and would 

eventually assist policy makers in determining how to create healthier cities. Also, urban networked 

sensors may be able to utilize QEPAS. While QEPAS does require higher energy inputs for the laser, 

urban sensors are able to tap into the energy infrastructure of cities, making the use of QEPAS a 

reasonable proposition to lower costs and allow the sensors to operate in a wider temperature range. 

Because Second Generation Sensors will not come about for several years, MIRTHE will have periodic 

internal reassessments before the 2014 mark to determine where the demand for trace gas sensing lies. 

For example, it could be that indoor air pollution becomes a greater topic of concern and testing for 

formaldehyde or benzene becomes essential. Regardless, MIRTHE needs to be prepared to adapt and 

develop new kinds of sensors for use in networks in the upcoming years. 

4.3. Breath Analysis 
QC laser based sensors hold great promise for breath analysis. However, other technologies are 

attempting to also fill this promising market space. Therefore, we examine four gases for which there are 

no current sensors, for which other technologies struggle to have the sensitivity to detect, and for which, 

based on the trends discussed in the earlier chapter (the aging global population and the rise of obesity), 
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comply with MIRTHE’s forward-looking vision. We discuss two generations of devices, which are 

discussed below: 

4.3.1. First Generation Breath Analysis Sensors  
MIRTHE is developing a portable, self calibrating ammonia detector for use in diagnosing liver and 

kidney failure. Such a device needs to be able to detect in the 4 ppb range, effectively eliminate noise 

from other biomarkers in the breath, take rapid measurements (at a frequency higher than 1Hz) and 

should be roughly the size of a shoebox. The systems will use QEPAS and should be acceptable for 

clinical trials, meaning it must also be self calibrating. 

4.3.2. Second Generation Breath Analysis Sensors 

In the Second Generation MIRTHE will develop trace gas sensors for ethane, acetone, and isoprene. 

Ethane is a useful gas for detecting oxidative stress (which is indicative of Alzheimer’s and Parkinson’s 

patients) and lung cancer, acetone is useful in detecting ketosis, a condition indicative of diabetics even 

when blood sugar levels can appear normal, and isoprene is indicative of high cholesterol production 

levels in the body. The characteristics of the ammonia sensor should apply to these devices as well, and 

efforts should be made to further miniaturize these devices and to bring the costs down in any ways 

possible (possibly using QEPAS). In this generation, the sensors could be coupled as seen fit. The goal of 

creating a breath diagnosis machine which can scan across much of the spectrum should be taken into 

consideration in this generation. While it would likely not occur yet, the designs for these devices should 

take the universal sensor goal into consideration. 

4.3.3. Breath Analysis Sensors, Author’s Note 

Because this field is constantly changing and because there is still much work being done in terms of 

establishing the important biomarkers to detect, MIRTHE will conduct reassessments of the goals of 

MIRTHE, and the market space for these sensors. 
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4.4. Homeland Security Sensors 
MIRTHE is currently developing a UF6 detector for uses in homeland security. While this application is a 

“boutique application,” meaning there will be very few actual sensors built, there is a critical need for 

these sensors. Furthermore, it would allow MIRTHE’s efforts to move into developing QC lasers above 

10 microns (a 16 micron QC laser is required for this kind of sensing).  

Also, as a crossover environmental/security sensor, MIRTHE is working towards developing a QC Laser 

LIDAR device, which can act as an uncooperative explosives sensor. This device can act as an 

environmental monitor for detecting gases in the lower atmosphere and in clouds, and a few years after 

that, may be able to detect for explosive substances in ppb levels emanating from objects or piles of 

debris. The later would prove an essential tool for military forces deployed in areas where IEDs are 

prevalent. 

4.5. Laser/Sensor Developments 
As discussed in the challenges section, creating lasers which are able to reach wavelengths beyond the 4-

10 micron region are highly important. This type of development requires MIRTHE to continue working 

with the material currently in use, as well as considering the possibility for using other materials for 

building QC lasers and using nonlinear optics. Also, higher efficiency and higher power lasers should 

always be in MIRTHE’s mission, as their creation would allow for better use in the various applications. 

Finally, MIRTHE will continue working towards making QEPAS a functional, cheap and useful detector 

to be used in mid-IR sensing. 
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Taken together, this is how MIRTHE’s Roadmap looks when considering the other technologies: 

 

Figure 14: MIRTHE’s future entrance into the QC laser sensor market space. 
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And for the actual Roadmap, we have the following: 

 

Figure 15. The MIRTHE Roadmap 
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The MIRTHE Roadmap Report details the Center’s agenda for developing QC laser based sensors for 

trace gas spectroscopy. QC laser sensors hold promise in a variety of applications due to low intrinsic 

costs, ability to be miniaturized, high sensitivity, and real-time capabilities in detecting important trace 

gases. It is MIRTHE’s goal to develop the technologies and prototypes needed to open and commercialize 

the field of trace gas sensing using QC lasers. This roadmap defines the path MIRTHE plans to take. 

For the following applications, QC laser based sensors possess a unique market niche due to their small 

size, high sensitivity, and low cost. QC laser based sensors will in the future operate as: 

 Sensors for urban and environmental sensor networks to monitor pollutants or GHGs 

 Point sensors which can handle high heat and pressure for petrochemical sensing or other 

industrial monitoring applications 

 Sensors for determining isotopic uranium hexafluoride ratios to monitor and run forensics on 

fissile materials 

 Sensors which can excel at breath analysis in human health monitoring 

 New, highly sensitive chemical detectors to be used in security screening 

 Uncooperative sensors for measuring trace gases in the atmosphere or on the ground as 

detectors for improvised explosive devices 

However, there are certain technological hurdles which must be overcome before creating effective QC 

laser based sensors for these applications. In the following areas, developments must be made: 

 Expanding the spectral range of QC lasers for hydrocarbon and large molecule detection 

 Sensing for select gases against a background of an ever changing composition 

 Creating sensors able to resist damaging environmental factors 

 Develop new hardware for large molecule detection 

 Developing self-calibrating sensors 

 Improving secure and low-power wireless communication between sensors 

 Developing highly efficient sensors 

 Creating high power QC lasers 

 Achieving high sampling frequencies 

Given these challenges, the MIRTHE center is taking a path to develop high-demand, useful sensor 

prototypes, and will later expand into more challenging sensing applications. Thus, MIRTHE will pursue 

the following: 
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 Environmental Sensing: In the First Generation, MIRTHE will create point sensors for CO2, 

NH3, NO and N2O. MIRTHE will also work to create a distributed NO sensor network. In the 

Second Generation MIRTHE will develop O3, C-13, and C-14 sensors. 

 Breath Analysis: In the First Generation, MIRTHE will develop an ammonia sensor. In the 

Second Generation, it will expand into ethane, acetone and isoprene sensors. 

 Laser/Sensor Development: MIRTHE will expand the spectral range of our lasers down to 

3.2 microns for the C-H stretch, and up to 16 microns for UF6 sensing, MIRTHE will also 

continue to develop high power, efficient QC lasers, as well as new detector technologies. 

 Homeland Security: MIRTHE will continue developing an isotopic UF6 detector, and will 

continue designing uncooperative QC laser systems, for eventual use in an explosives sensor. 

Graphically, our Roadmap is the following: 
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Appendix 1: What is QEPAS? 
QEPAS, or Quartz-Enhanced Photoacoustic Spectroscopy is an extractive (not standoff) method for 

detecting trace gas molecules by measuring optically generated sound by means of a quartz tuning fork. 

When properly tuned wavelengths of light hit molecules, bonds between atoms will vibrate; when this 

occurs, a sound wave is produced, which can be measured. Therefore, this device can be used as a 

replacement to a standard photo detector. 

 

There are two strengths to QEPAS detectors. First, they are able to operate without the need for cooling. 

VIGO detectors require a thermally controlled environment to ensure the devices function properly. 

Therefore, a lot of energy and space must go to the coolers needed to maintain the VIGO detectors to 

insure they are in a sensing environment under 120 degrees Celsius for short term exposures, and 80-90 

degrees for continuous operation. The quartz tuning forks do not have this problem, as they only pick up 

on the sound waves emitted from the particles. This means the sensors could operate in a wide variety of 

environments, including places like industrial processing plants or in blast furnaces, where the 

temperature is restrictive for many kinds of sensors. Second, Vigo detectors typically cost around $5,000, 

and there is little reason to expect these prices to go down. Meanwhile, the quartz tuning forks cost 

roughly a quarter each. While the tuning forks require other hardware to function, there is still a 

significant cost advantage to the QEPAS model. 

 

However, there are two current challenges facing QEPAS. First, it is a new technology and it still needs 

development. However, this is changing as Rice University does more work on these detectors. Second 

and more significant, QEPAS detectors require high laser power outputs to achieve high levels of 

sensitivity. This is problematic for RT-QC lasers, which are not known for their abilities to achieve high 

output, and especially problematic for remote environmental sensors, which use solar, wind and battery 

power. However, as we will discuss in the following appendices, there are efforts being made to create 

higher efficiency and higher power QC lasers. However, in the near future QEPAS will be restricted to 

devices which operate off of a wall plug or are able to be frequently recharged.  

 

The most important thing about QEPAS is it allows for sensing to be conducted in temperatures which 

currently are not possible. This will open the possibility for QC lasers to enter market spaces which do not 

currently exist, and will allow QC lasers to serve markets other trace gas sensors cannot. 
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Appendix 2: Roadmap FAQs 
In this section, we will address common questions about the Roadmap. 

 

What is MIRTHE? 

MIRTHE, or Mid-InfraRed Technologies for Health and the Environment, is an NSF Engineering 

Research Center headquartered at Princeton University, with academic partners City College of New 

York, Johns Hopkins University, Rice University, Texas A&M University, and the University of 

Maryland Baltimore County. It is a world-class interdisciplinary team of engineers, chemists, physicists, 

environmental and bioengineers, medical doctors and educators working together to develop mid-infrared 

optical trace gas sensing systems. MIRTHE, through its fundamental research in and prototype 

development of materials, sources, detectors, sensing systems, and applications testbeds, addresses a 

broad range of technologies and applications. Through close collaboration with industry and practitioner 

partners, MIRTHE transfers mid-infrared sensor system technology to important industry sectors creating 

profitable product lines, new revenue streams, and attractive investment opportunities for venture capital. 

 

What is the MIRTHE Center Roadmapping Report?  

In June 2009, MIRTHE began an internal project dedicated to finding the best ways to create useful and 

inexpensive QC laser based sensors for use in trace gas spectroscopy. Through a collaborative effort 

amongst MIRTHE researchers, faculty members and industry partners, we created a report to highlight 

the most compelling applications, and the technology required to develop effective sensors. 

 

What is in the report? 

The report contains an opportunity assessment of the trace gas sensing market, an extensive description of 

the applications where QC laser based sensors could be used, a summary of technological challenges each 

application presents for sensors, and details of MIRTHE’s goals for prototype and laser development in 

the next few years. 

 

What are some of the conclusions of the report? 

In brief, within the next few years, we conclude that MIRTHE should extend the spectral range of QC 

lasers to 3.2 through 16 microns QC laser systems, develop shoebox-sized sensors which can detect 

ammonia on exhaled breath, and prototype PDA-sized NO sensor with wireless networking capabilities. 
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How is this report to be used? 

Its primary purpose is to drive MIRTHE research, and expand upon what technology breakthroughs 

MIRTHE should be working towards in the future. This is important information for companies interested 

in QC laser based sensing, as the work MIRTHE is doing will undoubtedly have an impact on their 

futures. It is relevant for investors and individuals interested in investment opportunities related to mid-IR 

based sensors, and it goes into detail describing the sensors and applications. And finally, it is important 

for companies investing in trace gas sensors, as MIRTHE’s efforts will be transforming the market 

structure. 

 

How is this report being distributed? 

It is available to MIRTHE members, sponsors, collaborators, and contributors. For any questions about 

the roadmap, please contact roadmapping@mirthecenter.org. For more information about MIRTHE, 

please see our website at www.mirthecenter.org. 
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Appendix 3: Sensor Specifications 
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