
Document 

Swept Sensor™ - A Novel Portable Battery-operated Gas Sensing 
Solution 

Revision 

3 

Document Number 

D0268 
Author 

Peter Buerki 
Miles Weida 

Effective Date 

November 16, 2009
Page 

Page 1 of 13 

 

 
 
© 2009, Daylight Solutions, Inc., all rights reserved. Daylight Solutions confidential and proprietary 
information—may not be copied, disclosed, re-published, used or modified without the express written 
consent of Daylight Solutions, Inc. 

Swept Sensor™ - A Novel Portable Battery-operated Gas Sensing Solution 
 

Peter R. Buerki, Miles Weida, Daylight Solutions, Inc. 
 
 
Background 
For decades, FTIR spectroscopy has been the method of choice for detecting, identifying, and 
establishing the purity of chemical compounds based on their infrared absorption properties. The 
method typically employs a thermal radiation source emitting in the 2.5 to 25 µm spectral range 
(e.g., Globar™ ). The light emitted by the source is split into two beams, one of them passing 
through a sample cell. The sample beam and reference beam are re-combined in a Michelson 
interferometer, where they create an interference signal. The interference signal is subjected to a 
Fourier transformation, which allows extracting the absorption spectrum of the sample. While 
being a widely used technology that cannot be missing in any modern analytical laboratory, 
FTIR spectroscopy has a number of limitations including cost, foot-print, and speed. 
 
A typical research-grade FTIR spectrometer costs of the order of $75,000 to $100,000. It is a 
large desktop instrument requiring a sturdy workbench to sit on with access to a 115 or 240 VAC 
wall outlet and dry nitrogen gas for purging the instrument to keep it free of moisture. These 
infrastructure requirements severely limit the use of FTIR spectroscopy in field applications, 
requiring a thermally controlled instrumentation shed or van with power generator and nitrogen 
gas cylinders. The identification and quantification of individual components in sample mixtures 
is usually a manual interactive process involving searching and fitting spectra from large 
commercial FTIR databases. (To some extent, this procedure can be automated by macros 
written by the user.) 
 
A Globar™ source (also spelled glow bar) is essentially a filament in a ceramic housing heated 
to temperatures around 1500 °C. Due to the thermal and non-coherent nature of the Globar™ 
emission, and the presence of a slit in the beam path to achieve the required resolution, the light 
signal used by the FTIR spectrometer is very weak requiring sensitive and often cryogenically 
cooled detectors, in combination with long data acquisition times. A standard 4 cm-1 resolution 
spectrum requires of the order of 30 minutes to acquire. High resolution spectra may require 
many hours of data acquisition time to obtain useful signal-to-noise-ratios. This demands that the 
sample does not change during the measurement. This limits the usability of FTIR spectrometers 
for process and site monitoring applications, where the composition of a sample often changes 
on a time scale of milliseconds to minutes. 
 



Document 

Swept Sensor™ - A Novel Portable Battery-operated Gas Sensing 
Solution 

Revision 

3 

Document Number 

D0268 
Author 

Peter Buerki 
Miles Weida 

Effective Date 

November 16, 2009
Page 

Page 2 of 13 

 

 
 
© 2009, Daylight Solutions, Inc., all rights reserved. Daylight Solutions confidential and proprietary 
information—may not be copied, disclosed, re-published, used or modified without the express written 
consent of Daylight Solutions, Inc. 

 
Introducing Swept Sensor™ 
Daylight Solutions has recently developed a light-weight, battery-operated, portable sensor that 
allows recording infrared spectra of comparable quality as those of high-end FTIR spectrometers  
within seconds. In combination with powerful software and an application-specific database of 
infrared spectra permanently stored in the on-board memory, the Swept Sensor™ is particularly 
suited for identifying and quantifying complex mixtures of organic vapors. The present 
application note includes a description of the Swept Sensor™ functionality. Future application 
notes will be focused on selected applications of the Swept Sensor™ technology. 
 
The mid-infrared spectral range is very important for chemical detection and identification, as 
nearly every molecule has characteristic strong absorptions in this wavelength range leading to 
high sensitivities. (The only molecules that do not absorb in the mid-infrared are diatomic 
molecules that do not change their dipole moment as a result of their vibration, such as O2, N2, 
and H2. A change in the dipole moment is the prerequisite for interacting with an electromagnetic 
field.) Examples of molecules that can be detected with infrared spectroscopy are illustrated in 
Figure 1 below. Furthermore, the characteristic molecule-specific absorptions lead to enhanced 
degrees of specificity when simultaneously monitoring many different compounds in a mixture. 
 

 
 

Figure 1. Example molecules of interest for chemical sensing in the mid-infrared. 
 
 
The development of lasers with the ability to emit radiation in the 3-12 µm regime has advanced 
dramatically with the development of the quantum cascade (QC) and interband cascade (IC) 
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lasers1. These semiconductor laser gain mediums are typically manufactured using indium 
phosphide (InP) semiconductor processes, and as a result, benefit from the existing infrastructure 
associated with the manufacture of photonic devices for the telecom industry. Like the InP diode 
laser in the near-infrared, QC and IC-QC lasers are all-solid-state lasers. They operate with the 
direct emission of photons due to the injection of electrons through the semiconductor medium. 
Unlike the near-infrared diode laser, QC and IC-QC lasers can be grown on InP substrates with a 
wide variety of epitaxial recipes that provide center wavelengths throughout the entire 3-12 µm 
range. Furthermore, the QC and IC-QC technologies lend themselves to providing more than one 
photon for each injected electron, leading to very high efficiency lasers. 
 
The ability to tune a semiconductor laser has been demonstrated by many groups2. In fact, 
tunable near-infrared diode lasers are commercially manufactured by several suppliers. In a 
tunable semiconductor (or diode) laser, the semiconductor medium serves as the gain medium 
and tunable wavelengths are realized by either using a distributed feedback (DFB) grating 
embedded into the medium, or by using an external wavelength-selective cavity. DFBs typically 
have very narrow tuning ranges and are not suitable for broad spectral coverage. In contrast, 
external cavity geometries lend themselves to very wide tuning ranges, typically limited only by 
the gain bandwidth of the semiconductor gain medium employed. Daylight Solutions has 
pioneered the development of External Cavity Quantum Cascade Lasers (ECqcL™) in the mid-
infrared. This patented approach has yielded commercially available lasers that can tune greater 
than 10 % of their central wavelength. More recently, Daylight has demonstrated more than 24 
% (i.e., in excess of 300 cm-1) tuning range using the same product platform, as demonstrated in 
Figure 2. 
 
Coverage of the entire mid-infrared range from 3-12 µm will require >2500 cm-1 of tuning range. 
Therefore, the development of broad tuning QC gain media and EC-QCL™s employing such 
devices is an imperative. Present tuning ranges of ≥300cm-1 can be improved to achieve nearly 
1000 cm-1 3. The result of placing such QC gain media into Daylight Solutions’ patented 
ECqcL™ cavities will enable the development of spectrometers covering the 3-12 µm spectral 
range using 

                                            
1 Faist, Jerome; Federico Capasso, Deborah L. Sivco, Carlo Sirtori, Albert L. Hutchinson, and Alfred Y. Cho, 
"Quantum Cascade Laser", Science 264 (5158): 553-556, April 1994. 
http://www.sciencemag.org/cgi/content/abstract/264/5158/553 
2 Zorabedian, Paul; Tunable External Cavity Semiconductor Lasers; Tunable Lasers Handbook; ed. F. J. Duarte; 
Chapter 8 (349 - 442), Academic Press, San Diego (1995) 
3 C. Gmachl, D. L. Sivco, R. Colombelli, F. Capasso, and A. Y. Cho “Ultra-broadband semiconductor laser” Nature 
415, pp. 883 – 887 (2002)  
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Figure 2: Spectrum of approximately 900 ppm ethanol in air (blue line) recorded with Daylight 
Solutions’ newest Swept Sensor™ featuring a tuning range of over 300 cm-1. For comparison, 
the ethanol reference spectrum from the PNNL spectral database is shown in green. (For ease of 
comparison, the absorbance scale of the PNNL spectrum has been inverted.) 
 
 
less than five small, match-box sized compact tunable laser sources. 
 
Direct absorption spectroscopy using a tunable laser in the mid-infrared can be used as the 
detection technique for a large variety of molecules4. Here, the gas phase molecule of interest is 
sampled with the laser beam and the laser energy is monitored directly before and after passing 

                                            
4 Hollas, J. Michael; High Resolution Spectroscopy, John Wiley and Sons Ltd., England (1998) 
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through the gas sample with two photodetectors (see Figure 3). In the systems described here, the 
gas is passed through a gas cell that allows for an interaction length between the gas and laser 
light that can be optimized to yield a significant and measurable light attenuation with high 
sensitivity. The gas cell can be configured to provide either a single pass or multiple passes of 
the laser beam through the gas sample to increase the interaction length (and corresponding 
absorption) while maintaining a small footprint. Direct absorption laser spectroscopy can be 
accomplished with both pulsed and continuous wave lasers and is only limited by the spectral 
resolution of the laser, and detection noise in the system at low frequencies. Infrared laser 
spectroscopy is well suited for detecting molecules with broad absorption features (typically 
“heavy” molecules consisting of many atoms). A pulsed laser with a broad tuning range can be 
used effectively to interrogate and identify the full spectrum of the molecule. 
 

 
 
Figure 3: Direct absorption method for detecting gas phase molecules using a tunable laser and 
photodetector. 
 
 
Advantages of Swept Sensor™ over FTIR 
In addition to those mentioned above, the Swept Sensor™ technology platform has several 
distinct advantages over FTIR spectrometers. 
 
Fast data acquisition 
A complete spectrum can be obtained in 10 milliseconds. Averaging over multiple complete 
spectra leads to dramatic improvements in the signal-to-noise ratio. A spectrum of comparable 
quality to an FTIR spectrum can be recorded in a matter of seconds, i.e., an improvement over 
FTIR by three orders of magnitude. Swept Sensor™ is thus ideally suited for monitoring gas 
streams with rapidly changing composition or transient signals. (A gas flow can virtually be 
“frozen in time” to collect spectra with sub-second temporal resolution.) 
 
Intrinsic high resolution 
The resolution of laser spectroscopic measurements is mainly determined by the laser linewidth, 
which for the pulsed lasers used in the Swept Sensors™ is typically in the range of 0.2 to 0.3 cm-
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1. Therefore, Swept Sensor™ provides high-resolution spectra by default with no need for 
additional data acquisition time. For spectra of comparable resolution, the improvement in data 
acquisition time is four orders of magnitude over FTIR spectroscopy. (Note that Swept Sensor™ 
is not suited for ultra-high resolution applications requiring linewidths below the Swept 
Sensor™’s laser linewidth.) 
 
Low-energy consumption 
Due to the use of pulsed ECqcL™ lasers, the power consumption of the Swept Sensor™ is 
minimal. The existing prototypes can be battery-operated for more than two hours on a single re-
chargeable battery pack. The battery pack can be re-charged from a car battery. 
 
Truly portable sensor 
Many sensors marketed as “portable” still require heavy lifting and are not really suited for field 
work. On the other hand, with only 9 kg and a footprint of 0.46 x 0.25 m2, Daylight Solutions’ 
prototype  Swept Sensors™ are already truly portable instruments that have been successfully 
tested in the field many times. A next generation Swept Sensor™, which is currently under 
development, will bring substantial reductions in size and footprint. For comparison, a research-
grade FTIR has a footprint of 0.7 x 0.66 m2, and weighs ~70 kg. 
 
Automated and immediate Identification and Quantification of Complex Gas Mixtures 
The hardwired application-specific spectral databases of Swept Sensor™ provide instant 
information about the composition and concentrations of complex gas mixtures, immediately 
after completion of the data acquisition. No interactive searching, identifying and fitting of 
spectra are needed. The Swept Sensor™ software can be configured to directly provide a log of 
varying concentrations of multiple chemical species, as well as issuing alarms or initiating 
external actions (e.g., providing signal to close a valve) based on user-defined threshold 
concentrations. 
 
Reconfigurable Platform for Gas, Liquid and Solid-phase Sensing 
The Swept Sensor™ platform consists of a modular design. While the first prototypes were 
developed for gas sensing applications, the Swept Sensor™ technology can be re-configured 
with different types of front ends for application-specific spectroscopy of liquid and solid 
samples, including transmission, attenuated total reflection (ATR), and diffuse reflectance 
spectroscopy. 
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Swept Sensor™ Hardware 
Daylight Solutions has developed and characterized several prototypes of the Swept Sensor™. 
These prototypes are currently used in field tests, customer demonstrations, and applications 
development. The Swept Sensor™ device integrates several building block technologies that 
Daylight has developed, including broadly tunable mid-infrared laser sources with rapid tuning, 
opto-electronic detectors, system control and digital signal processing electronics, multi-pass 
cell, gas handling, and opto-mechanics. The integrated platform has been designed to minimize 
power consumption, enabling its operation from conventional battery sources. It also utilizes 
software/firmware code to obtain and analyze absorption data and provide molecule-specific 
concentrations with high accuracy. The Swept Sensor technology platform is shown in Figure 4, 
and sample data in Figure 5. 
 

 
Figure 4: Swept Sensor™ technology demonstrator from Daylight Solutions, Inc. 
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a) b) 
 
Figure 5: Sample data taken with one of the current Swept Sensor™ prototypes. Mid-infrared 
spectral data are collected (a), and concentrations plotted in real-time for display purposes (b). 

 
The Swept Sensor™ can be switched between two filling modes using a three-way changeover 
valve, i.e., 
 

1. Flow-Through Mode for monitoring chemical compounds in an existing gas stream. The 
gas stream or a fraction thereof is connected to the inlet port, passed through the sample 
cell, and vented through the outlet port. 

 
2. Extraction Mode for measuring gases from a stagnant gas volume (e.g., ambient air). An 

aliquot of the gas is extracted by a small vacuum pump inside the sensor, passed through 
the multipass cell, and vented through the exhaust on the back of the unit. 

 
Currently, the sensitivity of the Swept Sensor™ is 10-3 absorbance units for a 1 second 
measurement. The sensitivity is directly related to the detection limit. For example, 10-3 
absorbance units correspond to a detection limit of 3 ppm ethanol or 30 ppb CO2 for a path 
length of 1 m. 
 
 
Detection Method 
Daylight has developed a proprietary software package named ChemDetect. The ChemDetect 
program uses proprietary algorithms to determine concentrations of chemical species from 
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spectra based on first principles. The algorithm is a generalized version of the Beer-Lambert law 
that is traditionally used for determining chemical concentrations. The Beer-Lambert law states 
that for a particular wavelength, the transmission of a chemical compound is related to the 
concentration of the compound and the path length via the equation: 
 

T = I/I0 = 10–αLC, 
 
where T is the transmission, I and I0 are the signal intensities before and after passing through the 
sample, α is the absorption coefficient, L is the path length, and C is the concentration. The 
absorbance A of the sample is related to the transmission as follows: 
 

A = -log10 T 
 
The absorption coefficient α is determined by measuring the absorbance of a reference sample at 
a known concentration. Customarily (in order to maximize the sensitivity), this is done at the 
absorption maximum of a strong absorption band. The absorbance is directly proportional to the 
concentration. A calibration curve can be generated by measuring a minimum of three different 
concentrations of the chemical compound of interest and graphing the results against each other, 
as shown in Figure 6. By comparing the absorbance of a sample with unknown concentration to 
the calibration curve, the unknown concentration can be determined. 
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Figure 6: Hypothetical calibration curve relating concentration to absorbance based on Beer-
Lambert’s law. 
 
 
The Beer-Lambert law only applies to dilute samples. At higher concentrations, the absorbance 
becomes saturated and deviates from a straight line (i.e., it flattens out). A highly concentrated 
sample may become optically black. Same as for the FTIR method, the Swept Sensor™ method 
will not work in direct absorption mode for measuring highly concentrated gas mixtures. 
 
 
Simulations 
While the traditional Beer-Lambert law uses a single wavelength for calibrating concentrations, 
Daylight Solutions’ algorithm expands this approach by performing a least-squares fit of the 
Beer-Lambert law over multiple (i.e., several hundred) wavelengths for each compound of 
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interest. The software uses quantitative high resolution infrared spectra from the HITRAN5 and 
PNNL6 databases as a reference. In a first step, the software generates a simulated spectrum for 
each compound that takes into account the experimentally determined instrument parameters of 
the Swept Sensor™ including line width, path length, pressure, temperature, and noise. A 
simulated spectrum that was calculated with the instrument parameters is stored internally in the 
Swept Sensor™ and is used for least-square fitting a measured spectrum of unknown 
concentration. 
 
The ChemDetect software is complemented with a software package named SpectraTool that 
allows accurately predicting the detection limits of the Swept Sensor™ for different compounds 
using experimentally determined instrument parameters. This is illustrated in Figure 7, which 
compares two carbon monoxide spectra measured with the Swept Sensor™ to the corresponding 
simulated spectra. The simulated spectra are in excellent agreement with the measured spectra 
(Figure 7a). Based on these simulations, Daylight predicted a detection limit of 2 to 3 ppm for 
CO, which was later confirmed experimentally (Figure 7b). 
 
 
Applications 
There are many different applications currently being explored for the Swept Sensor™ 
technology, only a few of which are listed below. Some of these applications will be the subject 
of future application notes. 
 
Environmental monitoring: Measure, identify, quantify, and monitor e.g., green house gases, 
emissions from wild fires, and in general air quality monitoring (including smog, odors). 
 
Site monitoring: Measure, identify, quantify, and monitor emissions from smoke stacks, exhaust 
pipes, superfund sites, in-house climate (e.g., sick building syndrome), etc. 
 
Personal exposure and workplace monitoring: Measure and monitor hazardous substances in the 
workplace to maintain and improve worker health and safety, benzene, CO, volatile organic 
compounds, toxic fumes from smelters, refineries, etc. 
 

                                            
5 Rothman, L.S., et al., The HITRAN 2004 Molecular Spectroscopic Database, Journal of Quantitative Spectroscopy 
& Radiative Transfer, 2005. 96: p. 139-204 
6 Sharpe, S. W., et al., Gas-Phase Databases for Quantitative Infrared Spectroscopy, Applied Spectroscopy 58/12, 
2004, p. 1452-1461 
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a) 
 

 
b) 
 
Figure 7. Comparison of CO spectra measured with Swept Sensor™ to spectra simulated with 
SpectraTool to predict the detection limit of the Swept Sensor™ for CO. a) Comparison of 
measured (red trace) and simulated (blue trace) spectrum of 167 ppm CO in nitrogen. 
Differences in some line intensities are due to the fixed Swept Sensor™ instrument line width 
and fixed instrument step (0.45 cm-1 and 0.3 cm-1, respectively), which are too broad and wide to 
accurately sample sharp absorptions like those of CO2. b) Comparison of measured (blue trace) 
and simulated (red trace) spectrum of 3 ppm CO in nitrogen. 
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Law enforcement: Sensors for breath alcohol detection, forensics 
 
Airport and homeland security: Monitor air in airports and public buildings to detect chemical 
fumes and improvised explosive devices. 
 
Quality control: Measure impurities in process gases, natural gas, etc. 
 
First responders, chemical accident mitigation: Identify and measure accidentally released gases 
and vapors at chemical plants, train accidents, etc. 
 


