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1. Introduction

1.1 Overview

The TDL Wintel data acquisition program is a Windows program designed to frequency
scan a tunable laser, acquire the resulting absorption spectrum and analyze it by performing an
advanced type of sweep integration. In this method, we sweep over the full spectral transition or
group of transitions, then we integrate the area under the transitions using nonlinear least squares
fitting to the known spectral line shapes and positions. We do not use frequency modulation
(FM) techniques. At the beginning of each scan the software turns the laser on and its frequency
1s swept across the desired transition frequency using a software generated voltage ramp. At the
end of the scan the laser current is dropped below threshold to determine the detector voltage
corresponding to the absence of laser light. The sweep rate can be as fast as 20 kHz for a 150
point spectrum. This sweep rate is fast enough to strongly suppress the effects of 1/f noise.
Spectra are co-averaged in a background process while maintaining a 100% duty cycle. The
resultant spectrum is fit to a set of Voigt line shape functions which are determined by the
pressure and temperature. The baseline is treated as a slowly varying polynomial, typically of
third order.

There are several advantages to this approach. First, absolute species concentrations are
returned from the nonlinear least squares fits. Calibration is not required. The species
concentrations are tied to absolute spectroscopic data such as the HITRAN data base. Second,
since the line shape functions are known from theory, they may be calculated given the pressure
and temperature of the sample. This is particularly important for applications where the ambient
pressure and temperature may vary rapidly, for example, in airborne instruments. Finally, direct
absorption spectra are not degraded in spectral resolution (like FM spectra) which is quite
important to the analysis of complex or overlapping spectra.

This data acquisition software has become a central component of all of our tunable laser
spectrometers. Since the software is Windows based, remote operation of our instruments is
quite feasible. The TDLWintel program acquires absorption spectra with 100% duty cycle.
Absolute species concentrations are determined through spectral curve fitting which is
conveniently interfaced to the HITRAN spectral data base. The program has several convenient
frequency locking options as well as methods for suppressing background interference. The time
resolution for continuous concentration measurements can be as small as 10 milliseconds. The
time resolution for triggered data bursts can be as small as 10 microseconds allowing chemical
kinetic measurements to be performed during transient events initiated by flash photolysis or
electric discharge.

Although this program was developed for the operation of cw lead salt diode lasers, it is
fully capable of performing high resolution spectroscopic analysis using any light source which
can be scanned with an external voltage. The generality of the data acquisition and analysis
methods implies that this software can be used from the microwave region into the visible as
long as high spectral resolution is provided.



1.2 Hardware Requirements
For the software to run properly, certain electronic hardware requirements must be
satisfied. The following two components are required:

* A desktop computer (PC compatible, running Windows 2000 or Windows XP, CPU speed of
at least 400 MHz, at least 256 MB RAM, at least one PCI bus slot), which runs the laser control
and data processing program (TDLWintel). It is the primary means of user interaction with the
instrument.

* A fast data acquisition board (National Instruments, www.ni.com, PN: PCI-6110E or PCI-
6111E or PCI-6115E or USB-6251 or USB-6361), which digitizes the detected laser signals and
sends analog ramp and shutoff signals to the laser.

The fast data acquisition board is primarily used to control the laser(s) and
monitor the detector(s). There are a variety of slower processes that the software can control or
monitor with other devices. The monitoring options include monitoring the sample temperature,
the sample pressure, and the laser temperature, voltage or current. The control functions include
controlling the laser temperature, current or voltage, controlling the sample pressure, and
controlling various valves and switches. The software supports a variety of hardware
configurations to accomplish these functions. For most of these hardware configurations, a key
element is a second National Instruments data acquisition board. Typically this board is the PCI-
6024E or USB-6221 or USB-6229. The measurement of temperature and pressure are
particularly important since these parameters are necessary for proper spectroscopic analysis. If
temperature and pressure are not measured, they can be set to appropriate values in the software.
This is acceptable for use in a stable environment like a laboratory.

2. Getting Started

2.1 Installation
This section describes how to install the TDLWintel software and the associated NI data
acquisition boards for the case of legacy PCI cards.

Installing the National Instruments Cards — Legacy PCI Cards

1) Begin by installing National Instruments software. We are using version 6.92 - otherwise
known as NIDAQ legacy - not NIDAQ-mx. Be sure to choose Visual Basic under "Select
Development Platform" near the end of the installation. It is not good enough to highlight the
choice — you must see a check mark appear to left of the VB entry.

2) Now, shut down the computer and physically install the NI boards.

3) Run NI test panel - verify that boards work and note board device numbers. Any values can
be used, although our convention is 6111 board = 1, first 6024 =2, second 6024 (if used) =3. If
the system has either one or two lasers, then only one 6024 card is needed. If it has three or four
lasers, then two 6024 cards are required.



Installing TDLWintel

If TDLWintel is not already installed on your computer, it can be installed by running the

installer. The installer files are located on the Aerodyne FTP site at:

ftp://ftp.aerodyne.com/users/nelson/DropBox/TDLWintel/Wintel Installer 775/

After obtaining the installer files, run the setup.exe program to complete the installation.
TDLWintel can be installed in any folder but we recommend installing it in C:\TDLWintel.

The installer will install the current support files but it will install an old version of the
TDLWintel executable. So it is important that you download the latest executable

(TDLWintel13.18.exe at the time of this writing). The latest executable can also be found on the

FTP site at:

ftp://ftp.aerodyne.com/users/nelson/DropBox/TDLWintel/

You are encouraged to update TDLWintel as new versions become available. Simply go
to the FTP site and download the latest executable. Updates to TDLWintel are accomplished
simply by copying the new TDLWintel executable. It is not necessary (or recommended) to

reinstall the entire software package.

IMPORTANT NOTE:

Both the installer and the latest executable reside in password protected folders. To
access these files you will need the current user name and password.

2.2 Running TDLWintel

The TDLWintel program resides
in the TDLWintel folder (C:\TDLWintel
in most cases). Double click on the latest
executable: TDLWintel13.18.exe at the
time of this writing. The first screen that
you will see is the hardware configuration
screen (see Figure 1). The purpose of this
screen is to define the hardware
parameters for your system. First, you
should choose an interface style from the
top section of the menu. Each style has
an associated set of hardware parameters
which are selected in the lower section of
the menu. These parameters include the
number of lasers, the laser type (cw diode
or pulsed qc), the types of data acquisition
boards used and the ID numbers for these
boards. The ID number for the boards
can be determined using the software that
comes with the boards.

=10 ]
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Figure 1. Hardware configuration screen.




The two “Board number..” parameters are usually as shown in the figure: 1 for the fast
board and 2 for the slow board. However, the requirement is that they match the board numbers
that were selected when the boards were installed (see discussion above). When you are happy
with the selected parameters, click OK and TDLWintel will begin.

The standard TDLWintel

window should appear and will display
a green trace that looks like a noisy . E p

B3 File Edit Command Window Help

oscilloscope trace. This is normal

. . . | A/D Gain Poly Data Port
since no analog input signals have yet ﬂfﬂsplay Mada [Finld 1 = r— — usm
been connected. If no trace is evident, Display F1,d anm
it may be off scale. Click on the ﬂ Current Signal Fl,c
Frame button to the right of the [ Signalaverage L
window to zoom in on the signal. If [ Steam data e
there is still no trace or if the trace does 10000 FLEHELE
not vary with time, the program may Playback data stream

be in Display mode. The state of the
program (or mode) is displayed in a
yellow box on the left of the screen,
near the top. It should read Current
Signal. If it does not read Current
Signal, then click on it. A popup menu | Figure 2. Control for selecting operating mode.
will appear. Select Current Signal as

shown in Figure 2.

To verify that TDLWintel is operating properly, connect a BNC cable between the first
analog output (AOO) and the first analog input (AIO) if this is possible with your hardware. A
sawtooth wave form should now be visible on the screen. Again, you may need to click on the
Frame button to center the wave form in the window. The wave form should be clean with no
apparent noise and should be fixed in the display. It should not float vertically or scroll
horizontally. If the waveform is floating, please verify that the program is monitoring input
channel 0. This is displayed in a box just below the menu tabs. The box is labeled A/D. If it is
not set to 0, click on the box until it reads 0.

2.3 Setting Up a Frequency Scan

The observation of a stable waveform demonstrates that the data acquisition system is
creating a modulation waveform and measuring it synchronously. The next step is to use the
modulation waveform to frequency scan the laser. Before doing this the user MUST verify
that the modulation waveform will not damage the laser! The board is capable of delivering
up to =10V at the analog output, so proceed with caution.

The modulation waveform can be displayed and modified by choosing Modulation
waveform... under the Edit menu. The adjustable waveform parameters are on the left of the
form and a graph of the selected waveform is on the right. The Y axis of the graph ranges from —



Current Ramp Parameters

Laser 1 I

Number of points in the current ramp “

Ramp range (0 to 20v) 0.9613
Central DfAvalue (-10to +10V) 0.5002

Ramp slope (DAC steps per channel): I 21

Number of points during ramp shutoff | 10

v Invert spectrato reverse frequency scale

Total number of ramp points = 160. Ny n

Clicking the Implement button generally
changes the laser tuning rate!

|Editing : |
Field 1 Share Edits

Reset Quit

)
Figure 3. Modulation waveform menu for pulsed laser case.

10V to +10V (for cw lasers) or from 0 to +10V for pulsed lasers, corresponding to the available
output range of the DAC. The Y axis will also have current labels, showing the range of laser
current that results from the minimum and maximum DAC voltages. It is the user’s
responsibility to be sure that the selected modulation waveform does not exceed the
acceptable range of input voltage for the laser. It is safest to begin with a small amplitude
waveform centered at 0 V and to increase the modulation gradually. To create a voltage ramp
that begins at —0.5 V and ends at +0.5 V, the user should set Central D/A Step to 0 V and the
Ramp Range to +1.0 V. These two parameters determine the ramp DC offset (0 in this case)
and its range ( 1 V). Click implement to update the values. You should see the changes
reflected in the graph at the right of the modulation waveform window. If you then click quit,
you should also see the changes in the waveform being displayed in the Absorption Spectrum
window.

If the software is configured to multiplex two or more lasers, then there will be a tabbed
page for each laser. Make sure that the modulation values for each laser are acceptable before
connecting the modulation signals to the lasers.

In order to measure the spectral transmission, the laser should be turned off for a portion
of the scan. This provides a measure of the detector signal in the absence of laser light which is
required to calculate fractional transmission. For cw lasers, this is accomplished by applying a



negative bias to the laser current at the end of each scan in order to drop the laser below
threshold. For pulsed lasers, TDLWintel supplies a separate gate waveform that can be used to
suppress the laser pulses during the shutoff period. We refer to the negative bias region at the
end of the modulation waveform as a shutoff pulse. The shutoff pulse is controlled by two
parameters. The Number of points during ramp shutoff determines how long the laser is
suppressed. Usually, 10 is a good choice. The D/A value during ramp shutoff controls the
voltage level during the shutoff pulse. Ideally, one should choose a negative value whose
magnitude is equal to the extent that the laser is being driven above threshold. Enter parameters

appropriate to your system. Click implement. Verify that the ramp drawn on the right hand side
is correct. Then click quit.

2.4 Acquiring Spectra

You are now ready to acquire spectra using TDLWintel. Apply the modulation
waveform to the laser by removing the test BNC cable and connecting the analog output (DACO
OUT) to the frequency modulation input for the laser. Next, connect the analog input channel
(ACHO) to the output of the laser detector amplifier. Turn on the laser. If the optical system is
properly aligned a waveform should appear in the Absorption Spectrum window. Be sure that
the program is in Current Signal mode (see Section 2.2). Click on Frame, if necessary, to

-l
File Edit Command Window Help

A/D Gan Poly Data Port
CurrentSig  |Field 1 [T [H0 [2 EF »
e

=

¥ Absorption Spectrum
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[581.3]
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Figure 4. TDLWintel main window showing frequency sweeps and absorption lines for two
lasers.
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center the waveform. An example spectrum is shown in Figure 4 for an instrument with two
lasers.

If you do not see a waveform on the screen, the most likely explanation is that the optical
system is misaligned or malfunctioning in some other manner. Monitor the output of the infrared
detector with an oscilloscope and adjust the optical system until a periodic waveform is
observed. The frequency of the waveform should be controlled by TDLWintel and should be
equal to the Sweep Rate which is reported at the bottom of TDLWintel window under the Status
frame. You can identify the Sweep Rate parameter by holding the cursor over the boxes in the
Status frame. A label will appear. The Sweep Rate is reported in the center of the third row.
Once you observe a periodic waveform with the right frequency on the oscilloscope, you are sure
to also see it on the computer screen.

The optical waveform should be similar in shape to the ramp waveform though not
identical. Although the modulation ramp is intended to vary the laser frequency only, it is
usually the case that the amplitude is also modulated. Also, if you are using the shutoff pulse
option, the laser signal should sharply diminish at the end of the scan, where the laser current is
dropped below threshold. Of course, there may be other frequency dependent features in the
optical waveform like absorption lines or etalon interference fringes. If an etalon is available it
would be quite useful to insert it in the optical path and use it to measure the size of the
frequency modulation.

This is a good place to explore the basic data acquisition modes. The system should
currently be in Current Signal mode. In this mode, individual waveforms are averaged together
and displayed repetitively. The display looks like an oscilloscope in that new data automatically
replaces old data. The time between data updates is controlled under Edit\Timing. The Data
Update Time controls the number of waveforms which are acquired before averaging is
complete. If each waveform is one millisecond in duration and the update time is set to 1
second, then one thousand waveforms or sweeps will be averaged together to form one result.
Usually, this will be accomplished in 1 second, but if it may take longer if the computer is busy
with another task. The Display Time controls how often the display is updated. This is usually
set equal to the update time for times greater than 1 second. However, it is sometimes desirable
to acquire data very rapidly but to display it relatively infrequently.

Both the Data Update Time and the Display Time are probably set to one second at this
point. Try changing them both to 0.1 seconds. Remember to exit the menu window by clicking
Implement and then Quit. The display should be updating very rapidly now. If you block the
laser beam, the waveform should disappear immediately rather than after one or two seconds.
This is an excellent setting to use when aligning the optical system since the time response is
very fast.

Some of the Status parameters should have changed. For example, the parameter in the
middle of the left column reports the Accumulation Time — the amount of data which is being
reported expressed as an amount of time. This should be approximately 0.1 seconds. However,
it may not be exactly 0.1 seconds. For various reasons, the amount of data collected is usually
not exactly the amount requested. Another important Status parameter is the Duty Cycle which



is reported in the middle of the third column. This parameter informs you what fraction of the
available waveforms are actually being acquired and processed. The goal is to achieve a Duty
Cycle between 90 and 100% while acquiring and fitting spectra.

To stop the data acquisition process and examine one spectrum, go to the popup menu
under the Data Acq. State window and select Display. The screen should freeze, displaying the
last spectrum. To return to Current Signal, go to the popup menu and select Current Signal.
If you wish to improve the signal to noise ratio in the spectrum, you could choose the Signal
Average mode. In this mode, the screen is still updated every 0.1 second, but the old data is not
discarded. Instead, each new acquisition is averaged with the earlier acquisitions. As you watch
the screen, you will see random noise in the spectrum fade away as the signal becomes clearer
and clearer. Random noise should decrease in inverse proportion to the square root of the time
spent signal averaging. The Signal Average mode is not used very often but is sometimes used
when acquiring etalon spectra to define the frequency scale.

2.5 Summary

You should now be confident that the TDLWintel software is properly installed, that the
data acquisition hardware is properly configured and that you can acquire spectra using the
Current Signal and Signal Average modes. The interpretation of these spectra through
nonlinear least squares fitting is a more complex task which requires more familiarity with the
TDLWintel program. Therefore, before we explain spectral fitting, we will take some time to
explore the TDLWintel interface and the structure of its operating environment.

3. The TDLWintel Interface

3.1 Overview

The TDLWintel window can be divided into three sections. There is an upper section, a
middle section and a lower section. The upper and lower sections contain controls which allow
the user to manipulate TDLWintel. The middle section is used to display various subwindows
such as the absorption spectrum, a stripchart of mixing ratios vs. time and a history report. At
startup only the absorption spectrum is displayed.

In this chapter, we will identify the interface objects and describe their functions. The
pull down menus will only be briefly described here, since they are complex enough to warrant
their own chapter (see Chapter 4).

It is helpful to know that most objects in the TDLWintel interface are equipped with
Tooltip Help. This means that if you place the cursor on the object, a white box will appear
describing the object. Let’s begin with a description of the controls in the upper panel.

3.2 Upper Panel

The upper panel contains the pull down menus, the data acquisition mode control, the
field control, the input channel control, the polynomial order control, the data update LED, the
port control and the message window.

10
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Figure 5. Upper panel of TDLWintel interface.

The pull down menus are the most important set of controls. They are the primary
method for configuring TDLWintel. They will be described in great detail in Chapter 4 but only
briefly here. Most changes which are made using the pull down menus will be saved in a
configuration file and remembered. The File menu has options for saving various file types and
for loading saved spectra. The Edit menu allows the user to edit the current operating
parameters which control the function of the program. The Command menu allows the user to
execute various tasks. These include performing a nonlinear spectral fit, interpreting a
monochromator reading as a frequency and subtracting two spectra. Finally, the Window menu
allows the user to choose which of the available sub-windows are actually displayed in the
middle panel.

The data acquisition mode control (labeled Display Mode in the figure) has already been
discussed above. The current state is reported in the yellow box. To change the state or mode,
click on the yellow box and choose from the popup menu. The basic modes have already been
discussed: Display, Current Signal and Signal Average. These basic modes acquire and
display spectra but do not automatically analyze it. The advanced modes acquire data and
analyze it simultaneously.

Thus, in Stream mode, data is acquired and analyzed in a continuous stream and the
concentrations derived from the fit are also continuously reported. The reporting options include
a graphical display, writing the values to disk, sending the values to the serial port and producing
analog output voltages proportional to the concentrations. There is no limit on the length of a
data stream. Data can be acquired for a few seconds or for years. Depending on the complexity
of the fitting and the speed of the computer, data can be acquired in Stream mode with a time
resolution of approximately 0.02 to 0.2 seconds.

If greater time resolution is required, then Burst mode should be selected. In Burst
mode data acquisition and analysis are not performed simultaneously. Instead, data is acquired
in a buffer with the best possible time resolution and is analyzed afterwards. Since individual
spectra can be acquired in 10 to 30 microseconds, the time resolution can be this good. This
allows monitoring of fast chemical processes directly. Data can only be acquired for a few
seconds in Burst mode. Then the program stops acquiring data, analyzes the data in the buffer,
and transmits the results.

The Playback mode provides a powerful tool for reanalyzing previously acquired
spectra. This can be done spectrum by spectrum or using batch processing. The Playback mode
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can also be used for redisplaying spectra acquired during an event and playing them back at a
later time. This produces a spectroscopic movie which can be displayed during presentations or
at meetings.

To successfully use the advanced modes requires more than simply selecting them from
the data acquisition state control. The program needs to know how to fit the data, the desired
time resolution and how to trigger the start of data acquisition (in Burst mode). There are
additional optional parameters as well. All of these parameters are displayed and set in the Edit
menu and will be fully explained in that section of the manual.

Directly to the right of the data acquisition mode control is the Field control. To change
fields simply click on the yellow box. Right clicks increase the field number, left clicks decrease
it. Fields allow the program to keep track of up to four sets of operating parameters and spectra.
Fields are used in two distinct ways. They can be used independently or cooperatively.
Typically, the fields are used independently during setup and cooperatively during data
acquisition.

When used independently, fields are parallel independent work spaces. When you switch
between fields, TDLWintel loads a new set of menu parameters specific to that field and a new
spectrum which was last acquired with that field. This is convenient if you want to switch
between two sets of operating conditions without editing the operating parameters. It also allows
two spectra to be loaded simultaneously for the purpose of subtracting them or dividing them.

Fields can also be used cooperatively. The fields become cooperative when any data
acquisition method that requires multiple fields is activated. For example, there is an automatic
background suppression method which acquires background spectra in one field (Field 3), signal
spectra in another field (Field 1) and automatically divides them to improve the signal to noise
ratio of the signal spectra. When any cooperative method is active (Automatic Background
which used Field 3, Automatic Calibration which uses Field 1, Power Normalization which used
Field 2 or Frequency Lock which uses Field 4), the menu parameters and toggle controls in Field
1 control the program’s operation no matter which field is being displayed. In other words,
changing fields in cooperative mode allows you to see what is happening in the various fields but
it does not change the program’s operation. Also, the menu parameters and toggle settings in
Fields 2, 3 and 4 cannot be changed while the fields are cooperative. If you want to change
parameters in these fields, you must return to Field 1 and turn off the cooperative methods first.

To the right of the Field control is the A/D input control. Clicking on the yellow box
changes the selected A/D input channel. To the right of the A/D input control is the polynomial
order (Poly) control. This controls the order of the polynomial which is used to model the
baseline in the nonlinear spectral fits. Third order is usually a good choice. Excessively high
polynomial orders are seldom necessary and always risky. To the right of the polynomial order
control is the Data update display. Whenever enough spectra have been accumulated to average
them and display or fit them, the red circle advances one step in the clockwise direction. Hence,
this display gives a visual indication of the data processing rate. Finally, to the right of this
display is the serial (RS232) Port control. When the serial port is open, the circle is green. It is
white when the port is closed. Clicking on the label toggles the state of the port.
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Underneath these controls is a long white bar — the History Bar. TDLWintel writes
messages in this bar. These include simple declarations of program activities (spectrum saved,
reference spectrum checked, etc...) as well as warnings and error messages. The complete list of
messages, including user created comments is stored. Although these can be viewed using the
History Bar, it is more convenient to view the complete list using the History window which
can be accessed under the Window menu tab.

3.3 Lower Panel

The lower panel contains the Toggle Controls control, the Status control, the View
Burst Spectra control, the Playback Frame by Frame control, the Laser temperature and
current (or voltage) control and the large numeric display. We will discuss each of these in turn
beginning with the Toggle Controls.

Toggle Contrals Status j Laser 1: T=-15.93
825 Je0.0 Ton[302.7 K P N
10: [1.OHz [100%

TIC) -15.8
552 kHz 2.4 kHz =
| 4 B0e5 Pulse Volts: 8.7

Figure 6. TDLWintel lower panel.

The Toggle Controls are a collection of command buttons which can be clicked to adjust
Methods. Many of the buttons are true toggles — they are either on or off. When a method is on,
the button is colored blue, when it is off, the button is gray. Some of these features are not true
toggles since they cycle through several states. The parameters are usually field specific, so
when you change fields the Toggle Controls will be modified. None of these operating
parameters are saved in the configuration file since the desired state is likely to vary frequently
within a session. For most of the toggles buttons, left clicking will turn the method on and off
and right clicking will open a menu to configure the method. Let’s discuss each of the toggle
buttons in turn beginning in the top row.

1) The wd button toggles the write to disk method. When it is on and the program is in
stream mode or burst mode, the molecular concentrations which are returned from the
spectral fits are written to a file with the extension “.str”. A time stamp is also written
for each measurement. Other information may also be written to disk at the users
discretion (see section 6.2 on Data Output).

2) The gl button toggles the guess last method. When selected, the results of the latest
nonlinear least squares fit are used to provide the initial guesses for the next fit. This
option only works in stream or burst mode. It tends to give faster time response since
the fits converge faster. However, there is increased risk of the fit failing to converge
if conditions change too rapidly.

3) The f1 button controls the binomial filter method. The spectrum can be filtered using
a binomial filter to reduce noise. The order of the filter is varied by clicking on this
button. The lowest order (order =1) is equivalent to no filtering at all and is the
recommended setting.

4) The ASS button toggles the automatic spectral save method. When selected, spectra
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that are automatically saved to disk as they are acquired in a special binary file format
with extension “.spb”.

5) The pn button toggles the pulse normalization method. This is used to normalize
pulse to pulse amplitude variation when using pulsed lasers. It is sometimes also
used to normalize continuous wave lasers. Before turning it on, several parameters
must be determined and set. See the description of the Power Normalization
Method the Chapter 7 for more information.

6) The RS button toggles the RS232 output method. When selected, species
concentrations determined in stream mode or burst mode are written to the serial port.
This is analogous to the wd option except that the concentrations and time stamps are
sent to the serial port to be logged by another computer.

7) The CAL button toggles the automatic calibration method. With this option active,
the program will periodically acquire a calibration spectrum by adding calibration gas
to the sample cell. The result of the calibrations is reported to a calibration output
file. For further information see Section 8.3.

8) The flk4 button toggles the “frequency lock in field 4” method. With this method the
frequency of the laser is monitored (either occasionally or continuously). If
significant frequency drift is detected, it is corrected by modifying the laser frequency
— usually by temperature tuning the laser. For further information see Section 6.3.

9) The abg button toggles the “automatic background” method. With this active, the
program will periodically acquire a background spectrum with no sample present in
optical path and will store this background spectrum in Field 3. Future signal spectra
are normalized by this background spectrum in order to remove baseline curvature,
interference fringes and possibly background gas absorption. For a complete
description see Section 8.2.

10) The ebg button toggles the manual background subtraction method. This option is
used to subtract a weak but constant waveform from the signal spectrum. A good
example would be structured electronic pickup, synchronous with the modulation
waveform. The interfering waveform is acquired once and saved. This waveform is
subtracted from all subsequent signal spectra.

11) The PL button toggles the pressure lock method for systems that have software
controlled inlet valves. When this is activated the program will adjust the inlet
valve(s) to maintain the desired pressure in the optical absorption cell(s). This is
discussed in detail in an appendix.

12) The ds button chooses between the three spectral display methods: display signal
(ds), display transmission (dt) and display residuals (dr). The normal display is
display signal. If the data has been least squares fit, then the fit has returned an
estimate of the baseline under the spectral peaks and an estimate of the spectrum
itself. This allows the program to calculate a transmission spectrum (dt) and a
residual spectrum (dr).

13) The AR button toggles the auto range method. When this option is activated the
spectral window will automatically rescale itself when the signal becomes too small
or too large. This is useful when aligning the optical system and trying to obtain the
largest possible signal. If the AR button is clicked a second time, it will switch to AF
or automatic follow. In this case, the window sized is constant, but it moves up and
down to stay centered on the waveform.
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14) The AS button toggles the automatic startup method. If you exit the program with
this option activated, then the next time that the program is launched it will
automatically start taking data. Specifically, it will tune the laser frequency to the
correct value, enter stream mode and begin saving data without operator intervention.
The details of this method are discussed in an appendix.

This is a good place to clarify the differences between Methods and Modes. Modes are
the fundamental data acquisition states. Modes cannot be combined. We cannot conceive of
being in Current Signal at the same time as we are in Signal Average. Modes always make sense
within a single field, they do not require multiple fields.

In contrast, methods do not make sense by themselves — they must be applied to a
specific mode. Methods are more like procedures. Examples of methods are Frequency Lock
and Guess Last. Methods can generally be applied to more than one data acquisition mode.
Often, though not always, methods are multi-field or multi-input in nature. For example,
Frequency Lock automatically employs Field 4 to evaluate the reference spectrum. And Pulse
Normalization can monitor two detectors in order to normalize the signal. Multiple methods can
be active simultaneously. For example, Frequency Lock, Guess Last and Auto Background can
all be active at the same time. There are restrictions however. Not all methods can be freely
combined and the way that they are allowed to combine may depend on the data acquisition
mode.

The Status control displays several important experimental variables. In the first row,
the Signal Range, the Sample Pressure, and the Sample Temperature are displayed. The
range is a measure of the amount of light on the detector. The temperature (T) and pressure (P)
are the values used to do the spectral fit to the acquired spectra. They can either be set to fixed
values or measured continuously. See the discussion under P,T,L in the Edit menu for details.

The second row of the Status control reports the Accumulation Time, the Repetition
Rate and the Duty Cycle for the last data sample. The Accumulation Time is the amount of
data which is being reported expressed as an amount of time. This should be approximately to
the Data Update Time which is the requested time resolution. However, it may not be an exact
match and the Accumulation Time may not be the same for each acquisition. For various
reasons, the amount of data collected is usually not exactly the amount requested. The Duty
Cycle parameter reports the fraction of the available waveforms that are actually being acquired
and processed. The goal is to achieve a Duty Cycle between 90 and 100% while acquiring and
fitting spectra. The Repetition Rate is the frequency for the arrival of new spectra. In other
words, its inverse is the time between new samples. The inverse of the Repetition Rate (time
between samples) should be equal to the Accumulation Time (time in sample) divided by the
Duty Cycle. For unity duty cycle, the time between samples is the accumulation time.

The third row of the Status control reports the Clock Rate and the Sweep Rate. The
Clock Rate is the rate of individual digital to analog conversions. The Sweep Rate is the
inverse of the modulation waveform period. The Sweep Rate is equal to the Clock Rate divided
by the number of points in the modulation waveform. Typical values for these parameters are
500 kHz and 5 kHz (for 100 points).
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The View Burst Spectra control is not visible except in Burst mode. This control
appears after a burst acquisition is finished and is used to navigate through the collection of
spectra which have been acquired. This control is described in detail in the chapter on Burst
mode.

The Playback Frame by Frame control is not visible except when Playback mode is
executed and the frame by frame option is selected. This control is discussed elsewhere.

The Laser frequency control is located to the right of the Status control. It takes on
various forms depending on the type of laser that is being controlled. The example shown in the
figure is for a pulsed QC laser. This control allows the user to adjust either the laser voltage or
the laser temperature for either laser. The control contains two command buttons: one labeled
“+” and one labeled “-*“. These buttons increase or decrease the selected laser property - voltage
or temperature in this case. The selected property is displayed at the top of the control. Clicking
on this label steps through the list of available properties. For a single pulsed laser system two
properties are available: voltage and temperature. For a dual pulsed laser system four properties
are available: the voltage and temperature for each laser. The properties can be adjusted in
various step sizes by clicking on the box that shows the current step size. The Laser frequency
control also displays the measured values of the laser temperature and voltage (or current, if
available).

The final element of the lower panel is the large numeric display which is located to the
far right. This can be used to display any of the values in the Status control for more convenient
viewing. Simply click on the Status control label that you want to enlarge.

3.4 Middle Panel

The middle panel is a display area which can contain several different sub-windows. At
startup only the Absorption Spectrum is displayed in the middle panel (see Figure 4). The
Absorption Spectrum is a plot of laser intensity versus channel number. The channel number is
simply the index for the discrete data points which make up the frequency scan. Increasing
channel number corresponds to increasing laser frequency but the relationship is not perfectly
linear.
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A set of command buttons are provided for manipulating the portion of the spectrum
being viewed and its magnification. There are three buttons for the horizontal axis and three for
the vertical axis. The four zoom in and zoom out buttons are self-explanatory. The third button
on the vertical axis is labeled Frame. Clicking this button will frame the spectrum vertically.
The third horizontal button is labeled Full. Clicking this button will frame the spectrum
horizontally — that is the full spectrum will be displayed.

The mouse can also be used to manipulate the portion of the spectrum being viewed. If
the left mouse button is clicked and dragged, a box will be drawn on the screen. When the
button is released the horizontal and vertical axes will be redefined to display the area defined by
the box. If this same operation is performed with a right click, the box will be drawn and can be
used to measure peak heights and widths, but when button is released, the axes will not be
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Figure 7. Stripchart window and status report window.

rescaled.

The mouse can also be used to place fit markers on the absorption spectrum. Fit markers
are used to define the location and type of nonlinear least squares fit. The location for the fit
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marker is chosen with a left mouse click. The type of fit marker is chosen from a popup menu
that appears with a right mouse click. A complete description of this procedure is given in the
chapter on “Setting Up a Fit.”

The second type of sub-window which can be displayed (see Figure 7) in the center panel
is the Concentration Stripchart window which plots molecular mixing ratios versus time. In
some ways this window behaves similarly to the Absorption Spectrum window. It has the
same six buttons for zooming in and out, horizontally and vertically. It also allows you to zoom
in with a left mouse drag or measure areas with a right mouse drag. The stripchart window also
has some unique features. There is a button labeled “Now” that automatically zooms into the
data that is currently being acquired. There is a button labeled “Plot Scaled MR’s” that will plot
the mixing ratios for multiple species on a common normalized scale. Also the stripchart has
eight labels at the bottom of the window which report the average mixing ratios of up to sixteen
species (8 at a time) as well as the root mean square variation in these averages. When multiple
species are being acquired, it is sometimes difficult to view all of the graphs at the same time.
For this reason, it is possible to suppress the plotting of any species by left clicking on its label.
Also, the color for each displayed plot can be chosen by right clicking on the appropriate label.

There are three other windows which can be displayed in the central panel — the Fit
Report window, the Status Report window and the History window. The fit report provides
information about the details of the nonlinear least squares fits as they are performed. This
information includes the number of iterations required to converge, the duration of the fit and the
values returned by the fit. The status report, shown in Figure 7, gives a quick look at many
important parameters. It provides the range of each laser in each field, the gain settings and AD
settings in each field, and the values of pressure, temperature and path length used in each field.
It also gives information about the state and scheduling of all 8 valves and switches which may
be controlled by TDLWintel. Finally, it provides the voltage readings for several of the slow
analog inputs from the slow analog card. The first two inputs are sample pressure and sample
temperature. The history window is a detailed summary of all messages which have appeared in
the History Bar and their associated time stamps.

4. Using the Pull Down Menus

4.1 Overview

The pull down menus are the most important set of interface controls. We devote a
chapter to them because they are the primary method for configuring TDLWintel. Most changes
which are made using the pull down menus will be saved in a configuration file and
remembered. The File menu has options for saving various file types and for loading saved
spectra. The Edit menu allows the user to edit the current operating parameters which control
the function of the program. The Command menu allows the user to execute various tasks.
These include tasks like performing a nonlinear spectral fit, operating valves and switches,
measuring the laser tuning rate and subtracting two spectra. Finally, the Window menu allows
the user to choose which of the available sub-windows are actually displayed in the middle
panel. We will discuss each of these menus in turn.
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4.2 The File Menu

The File menu deals primarily with
saving and loading files. It is displayed in
Figure 8. The first three entries are
concerned with configuration files (*.con).
When TDLWintel starts up, it always
loads the tdl.con file that it finds in its
startup folder. This file stores all hardware
and menu parameters from the previous
session. The first two menu items allow
you to update the tdl.con file or to save a
copy of the current tdl.con file with a
different name. The tdl.con configuration
file is saved automatically at the close of
each session and whenever menu
parameters are edited. However, it is not
saved after each new spectrum is acquired
or after each modification of the fit
markers. Therefore, it is sometimes useful
for the user to manually save the
configuration file. It can also be useful to
save the current configuration under a

W TDL Wintel
: File Edit Command Window Help
Save configuration as tdl.con
Save configuration as...
Load configuration...

Load spectrum (spe)...
Save spectrum (spe)

Ctrl+5

Browse binary spectrum (spb)...
Collect binary -k ra via time stamp...
SPB --> SPEs

SPEs --> SPB

Change data folder...
Change transient data drive

Exit

ata
oo

Figure 8. Options under the File menu.

different name in order to save it for future use. The section option allows for this and the copy
is stored in the Configs folder. TDLWintel also automatically saves configuration files in this
folder to create an archive of past operating conditions. The third item in this section of the
menu allows you to load a previously saved configuration file. This will restart the program
using the parameters in the specified configuration file.

The configuration file contains a header with information that does not change often and
cannot be accessed while the program is running. The header information must be edited
directly in the “tdl.con” file if it needs to be changed. The header information includes things
like the title bar for the program, the number of lasers controlled, the indexes for addressing the
data acquisition boards and the serial port specifications. This is discussed in detail in the

chapter on file structures.

The second section of the File menu allows you to load and save basic spectral files
(*.spe). Spectral files are files which contain previously recorded absorption spectra. However,
they contain much more than just the spectrum. Each spectral file contains the menu parameters
which were in effect when it was saved. Each spectral file also contains the result of any fits
which were performed upon it and the fit markers which were used to define the fit. See the
chapter on file structures for a more detailed discussion of spectral files. When a spectrum is
loaded, the menu parameters saved with the spectrum replace those that are currently being used.
This can be used to revert to a previous set of experimental conditions.

The third section of the File menu concerns binary spectral archives (*.spb). These SPB
files are created by the program whenever it automatically saves spectra. Rather than creating
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one SPE file for each data point, the program creates one binary archive (for each hour of the
day) and packs all spectra (of a given type) into that binary archive. This greatly reduces storage
requirements and greatly speeds up data transfer and data reanalysis.

The first SPB related menu item is Browse Binary Spectrum. This feature will open one
or more binary archives and allow you to see the spectra. Simply select the folder that contains
the SPB files of interest. They are loaded into Field 1 of TDLWintel and refit. A control
appears in the bottom panel of the interface that allows you to step from spectrum to spectrum or
from archive to archive or to even just enter a date and time to find the associated spectrum.

This option actually puts the program in Playback mode and executes a “frame by frame”
playback while selecting reasonable playback parameters. The same thing can be accomplished
more flexibly by editing the Playback parameters directly under the edit menu. See below for a
full discussion of the Playback mode and its configuration options.

The other SPB options support various manipulations of the SPB files. The first of these
options allows the user to specify a set of time stamps which the program then uses to find
individual spectra with selected SBP archives. This collection of spectra are then co-averaged.
The second and third options allow the conversion of an SPB archive file to a folder of SPE files
or vice versa.

TDLWintel also creates stream files (*.str) and stream conditions files (*.stc). The
stream files contain the results of the spectral analysis, that is, the mixing ratios derived from
each spectrum and the associated time stamp. Each line of the stream file gives the mixing ratios
at one moment in time. The stream conditions file has a similar structure. It reports various
housekeeping variables as a function of time. These STR and STC files are saved in the default
data folder. This default data folder can be specified by the user under the File menu. If the user
does not specify a folder, then a folder named “Data” is created and used.

Another option under the File menu is Change Transient Data Drive which allows the
user to select a local or remote drive to receive concentration data. The transient data option
allows data to be shared easily with other

networked computers. This is explained . TDL Wintel

further under Section 6.2 on Data Output. File | Edt Command Window Help

y Data
Finally, the program Exit % m mam
command is also located on this pull down | |— e
menu. . Master/Slave Role...
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4.3 The Edit Menu Playback Mode...
) The Ed¥t menu (see Figure 9) Fitting Params by Species ... Ctrl+F
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Figure 9. Options under the Edit menu.
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established with every new session. Most menu items are field specific — that is a different value
of the parameter can exist for each of the four data fields and changing the parameter in one field
does not affect the corresponding parameter in the other fields. However, there are a significant
number of menu items which are field independent. If these parameters are changed in one field,
they are changed in all fields. There are labels on the edit pages which clearly state which
parameters are field dependent and which are independent.

The first section of the Edit menu provides access to parameters which control the
mechanics of the basic data acquisition process: the creation of the modulation waveform and the
timing settings for driving the laser, monitoring the infrared detector and averaging the data. The
first Timing entry is the Data Update Time which is the length of time that the program signal
averages spectra before reporting a new result. If spectral fits are being performed, the data
update time is the time resolution for molecular concentrations. The Display Time is the time
between screen updates of the absorption spectrum and the strip chart. It must be greater than or
equal to the data update time. The Flow Cell Response Time is relevant if a flowing absorption
cell is in use. If so, the flow cell response time is the time required for the cell to be completely
flushed. Finally, the A/D Clock Rate is the rate of individual A/D conversions. A good choice
for this parameter is usually 1 MHz but the optimal choice will depend on laser characteristics.
The final parameter in this sub-menu is the time delay between the laser trigger and light pulse
detection. This parameter is only used with pulsed lasers and can only be adjusted in increments
of 50 ns.

The Modulation Waveform window is more complex (see Figure 3). It’s purpose is to
define the basic modulation waveform which is output by the analog output (DAC). For a single
laser system, this waveform is available on channel 0 (DACO Out). The adjustable waveform
parameters are on the left of the form and a graph of the selected waveform or waveforms is on
the right. The Y axis of the graph ranges from —10V to +10V (for cw lasers) or from 0 to +10V
for pulsed lasers, corresponding to the available output range of the DAC. The Y axis will also
have current labels, showing the range of laser current that results from the minimum and
maximum DAC voltages. It is the user’s responsibility to be sure that the selected
modulation waveform does not exceed the acceptable range of input voltage for the laser.

It is safest to begin with a small amplitude ramp centered at 0 V and to increase the
modulation gradually. There are several parameters which combine to specify the size and shape
of the waveform. The Number of Points is the number of data points acquired from the detector
during a single frequency scan of this laser. The slope of this ramp for this laser is determined
by the Ramp Range which is the magnitude of the voltage sweep provided by the digital to
analog converter (DAC) during a complete scan of this laser. The Central D/A Value is the
absolute value of the analog output at the center of the scan.

If the software is configured to multiplex two or more lasers, then there will be a tabbed
page for each laser. The three waveform parameters (number of points, ramp range and central
value) are repeated on each laser tab if there are multiple lasers being controlled by the software.
For a single laser system, there is a single graph displayed and the waveform is output on DACO
Out. For a dual laser system, there are two graphs displayed. The waveform for the first laser
(blue trace) is ouput on DACO and that for the second laser (green trace) is output on DAC1. For
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a four laser system (pulsed QC lasers only), there are again two graphs shown. In this case the
waveform output to DACO (blue trace) should be connected to the first and third lasers and the
waveform produced on DACI (green trace) should be directed to the second and fourth lasers.

At the bottom of the window are two general parameters that do not vary with laser
number. The Number of Points During Ramp Shutoff is the number of points at the end of the
scan during which the analog output is set to a constant value. For CW lasers this value should
be low enough to suppress lasing and to provide a measurement of zero laser light intensity. The
voltage level during this suppression is set by the D/A Value During Ramp Shutoff.

The second and third sections of this menu allow you to configure features that are
discussed in detail later in the manual. These include: 1) the Burst Mode entry which allows
editing of the parameters which control how data is acquired with high time resolution, 2) the
Playback Mode entry which allows editing of the menu items controlling the reanalysis or
redisplay of archived spectra and 3) the Master/Slave method which allows two instances of
TDLWintel to run from a single clock so that the two instances are phase locked.

The final section of the Edit menu concerns the items required to perform and quantify
nonlinear least squares fits. The Fitting Params by Species entry is the most important option.
It provides access to the individual fit parameters, their initial guesses and options to fix or float
them. It also specifies the spectroscopic constants used to fit the data. A detailed discussion of
these parameters will be deferred to the next chapter (“Setting Up a Fit”).

The Tuning Rate Params are accessed under the next entry. This entry is used to
display and to modify the existing tuning rate(s). The tuning rate for each laser is generally
determined using the Get Tune Rate From Etalon command under the Command menu. The
resulting tuning rate can be observed with the “Tuning Rate Params” menus item. It can also be
slightly modified using the stretch and distort buttons. This is not generally recommended but is
occasionally useful. Finally, the free spectral range parameter should be set to the appropriate
value for the etalon that is used to determine the tuning rate. Please note that the FSR can vary
between lasers because it may be a function of frequency.

The General Fit Params consist of five parameters which are not species specific. These
include the Maximum Number of Iterations in the fit and the Convergence Criterion for the
fit. Typical values for the quantities are 10 and 0.001 respectively and they should not require
frequent modification. The Signal Threshold for Fitting defines a lower limit to the Signal
Range, below which spectral fits will not be attempted. This prevents the program from fitting
to noise. The Polynomial Order is the same quantity which is displayed in the upper panel of
the TDLWintel window. This defines the order of the polynomial function used to simulate the
spectral baseline. Usually, the best choice is second or third order. The Maximum DC Level
for Fitting is intended for use with DC coupled liquid nitrogen cooled detectors. The output
voltage of these detectors rises when the detector warms up which can be used to stop the data
fitting process. Enter a value that is significantly larger than the detector’s DC output voltage
when cold. To disable this feature, simply set the parameter to a large value — like 10,000 mV.
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The Laser Characteristics

laser1 | Leserz ) menu is shown in Figure 10. There
are tabs for each laser that allow
Laser Line Halfwidth (cm-1) (typicalvalue =0001)  [ooi031 several parameters related to laser line

width to be adjusted for each laser.
The first of these parameters is the
Laser Line Halfwidth. In many

“ariation in Laser Linewidth (%) (typical value =5%) |

Instrumental Linewidth Options
- Treatinstrumental linewidth as additional Doppler broadening -

wvalid anly in optically thin limit - but fastest choice. applications the laser’s frequency
~ Treatinstumental linewidth as Gaussian to he convalved with width is not negligible compared to
model spectrum -valid for all OD's, but reduces maxfitting rate. the spectral width. If this is the case,
o PSS i K i el you should specify the observed laser
; width here and the fitting routines will
[~ Determine laser line width during fiting procedure. Tau= [20p s include this extra broadening in the
3 spectral simulations as an additional
Average Laser Power (m') 300 Gaussian broadening term. There is a
checkbox that causes the program to
] ot implement /% a.uton?aticaIIy' deteqnine the laser '
linewidth while fitting the data. This
Figure 10. Laser Characteristics menu options. should only be attempted while

monitoring a spectrum with good
signal to noise ratio. We do not recommend using this option while taking data. It should be
used once to determine the laser line width and should then be disabled. The second item in this
menu should be used with care. This item allows the user to account for variation in the laser
linewidth as a function of laser frequency; that is, as a function of location in the scan. There
are two options available under the Instrumental Linewidth Options frame. The first option is
the normal setting. The second option should only be necessary for optically thick lines (OD >
0.2) and relatively broad (i.e., pulsed) lasers.

The Average Laser Power parameter is not generally used unless it is not possible to
turn off the laser at the end of each scan. Suppressing lasing is a much better method of
defining the optical intensity. If the laser power parameter must be used, please be aware that
the value entered is interpreted as the average value of the power (averaged over all lasers) - but
ignoring the channels at the end of the scan during the ramp shutoff. It is sometimes useful to
use this feature to measure the “dark noise” of the spectrometer. This is discussed later in the
manual.

The Detector Characteristics menu option allows the user to activate a normalization
procedure that will attempt to correct the detector output if its response is non-linear. For mild
nonlinearity, selecting this option can give improved absolute accuracy and reduced variation of
retrieved mixing ratio with variation in optical power. This feature should be used with care
since there is no easy way to convert spectra acquired with this option to their original
uncorrected form.

The final set of fitting parameters (see Figure 11) is designated P,T,L for pressure,

temperature and length (optical path length). The pressure and temperature have the option of
either being specified by the menu values (fixed) or determined by the secondary analog board
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E
Pressure, Temperature and Path Length

Fressure
Cell Pressure (Ton) (1050205 | ~ Fixed © Measured tau=2pp s
Pressure Sensor -0.4000
Offset (Tom) Ambient Pressure (Tor)  [760.00
Temperature

4| Cell Temperature (K) 2978671 Fixed  Measured tau= W s

Optical Path Length

Cell Path Length (cm) 7600 Ambient Path Length (cm) 130.0

Do extra signal averaging when measuring P and T (applies to all fields).

Not recommended for data rates faster than 1 Hz.
Editing
Field 1

....................................

Reset | Quit Implement

....................................

A

Figure 11. Menu options for pressure, temperature and path length.

(measured). If they are measured, there is an option to average the measurement results with a
time constant defined in the “Tau” box. There is also an option to turn on extra electronic signal
averaging which results in more precise temperature and pressure measurements. This option

will noticeably slow the maximum fitting rate.

Other parameters in this menu include the Ambient Path Length and temperature which
are used when fitting spectral absorption features that occur outside of the low pressure multi-
pass cell. There is also a pressure sensor offset parameter that allows you to correct for drift in

the zero offset of the pressure sensor.
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4.5 The Command Menu
The command menu (see Figure
12) allows the user to execute many tasks.

Quick Kevstrokes., .. 13
Enable Laser Current. .,

Depending on your instrument’s hardware Adjust Laser Settings...
configuration, different options will be Operate Yalves and Switches. ..
presented under this menu. We will Schedule Valves and Switches. ..
describe some of the more important Supress Laser...
options in this section. Show Running Avg Spectrum
Display Baseline Integration
Adjust Laser Settings invokes a Control Inlet Valve(s)...
window for detailed control of the Do a Spectral Fit Ctri+N
temperature and voltage (or current for Clear fits
CW lasers) settings for all lasers. This Get tune rate from etalon fit Ctri+E
control allows you to set the values of Conwvolution Calibration
these parameters as well as to set software Measure detector saturation...
limits on their range. This window also ~ Apply Saturation Correction
displays the current value of all monitored Kopy konditions ko Kipboard Chri+k
parameters. Add comment ko histary
fidd time skamp to histary Chrl+H
The Operate Valves and Switches Resynch ms data timer to system clock

command is used to manually control
various solenoid valves or solenoid
switches that may exist. The software
allows up to 8 of these devices if the
proper hardware is available. Typical
applications are to control the flow of

background gas or calibration gas, to move _ -

Save relock conditions
Execute relock

Duplicate current field in all athers Chrl4+D
Duplicate tuning rates Chrl+U
Transfer Field Parameters ... Crl+T
Ratio, subtract, add...

select a beam path to send to the detector.

This option requires that the appropriate hardware is installed in the instrument. A related
command is Schedule Valves and Switches which allows the user to set a schedule for the
automatic opening and closing of the same 8 solenoid driven devices.

The Control Inlet Valves command applies to systems that have an Aerodyne pressure
control system installed to control the pressure in the sampling cell. This menu configures the
parameters used in the software control loop. This menu is discussed in more detail later in this
manual.

The next set of commands is related to nonlinear least squares fitting. Do A Spectral Fit
executes a single nonlinear least squares spectral fit. Before executing a fit, fit markers must be
defined and several menu parameters must be properly set. See the next chapter for a detailed
discussion of setting up spectral fits. Clear Fits removes the preceding spectral fit from the
screen and from memory. Get Tune Rate From Etalon executes a different sort of fit. It fits the
minima and/or maxima in an etalon trace to determine the tuning rate of the laser. To use this
function, insert an etalon in the optical system and acquire a high signal to noise ratio spectrum
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of the etalon fringe pattern. With the appropriate fit markers on the screen, this option will use
the interference pattern to determine the tuning rate of the laser as a function of frequency. A
detailed description of this procedure is given in the next chapter. The Convolution Calibration
creates a set of polynomial coefficients that can be used to correct optically thick spectra for
fitting errors introduced by the finite laser line width. The detector saturation entries allow you
to measure and correct for detector non-linearity effects. These tools can be used to set the
saturation parameters in the Edit/Detector Characteristics menu item.

The Kopy Konditions to Klipboard command is a very useful tool. It creates a brief
summary of current operating conditions and puts it on the computer’s clipboard. This summary
can be quickly pasted into your electronic notebook. The command to resynch the ms timer
defines the current time in the Windows millisecond timer to be equal to the current system time.
The program uses the Windows millisecond timer to time events precisely, but this timer is not
referenced to any absolute time and may need to be synchronized to an external time. Finally,
the resynch Master/Slave command phase locks two instance of TDLWintel which are running
in parallel.

The bottom section of w. jield to Field Transfer =10| x|

the menu has three commands

. . . What to transfer: Transfer from: Transfer to:
which allow information to be ) = = X
" Menu items only a ; " Field #1
exchanged between fields. : O
. ; . " Fitmarkers only © Field #2 Field #2
Fleld dependent information ¢! Spectrum orly e " Field #3
includes the menu parameters, ¢ Tuning rates only " Field #3 " Field #4
the fit markers and the spectral " Ramp only C Field #4 " all Fields
data. The Duplicate command (" Fit params only y
¢ All of the above

copies the values for all of this

data from the current field into ’ :

all other fields. The Transfer Quit [ Implement [
command (see Figure 13) is a
more selective version of the Figure 13. Menus for transferring parameters between Fields.

Duplicate command in two
ways. First, it transfers data from one field to a second field and requires the user to choose the
fields. Second, the data which is transferred can be specified as either the menu parameters, the
fit markers, the spectrum, the tuning rates, the ramp (modulation waveform), the fit parameters
or all of the above. The last command is the Ratio, Subtract, Add command which allows the
user to perform simple arithmetic with spectra which are specified by the field that they are
displayed in.

4.6 The Window Menu

The window menu is relatively simple. Options are provided to display or to hide the
several possible sub-windows: the Spectrum, the Mixing Ratio vs. Time, the Fit Report, the
Status Report and the History. In addition, an option to Auto Arrange these windows is given.
Auto Arrange is recommended and is the default choice. It automatically arranges the selected
sub-windows side by side with no overlap and with equal sizes. If you wish to arrange the
windows in a different fashion, then deselect Auto Arrange and adjust the windows to your
taste.
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5. Setting Up a Fit

5.1 Overview

One of the most powerful TDLWintel features is its ability to calculate absolute mixing
ratios for molecular species in real time. This feature relies on TDLWintel’s ability to interpret
spectra by fitting them to a model spectrum using nonlinear least squares fitting. The result
returned by the fit includes one or more mixing ratios or concentrations for the molecules which
are responsible for the spectrum. The nonlinear least squares fitting routine is crucial for absolute
absorption measurements and for lineshape studies. The fitting routine uses the Levenberg-
Marquardt approach. The laser power spectrum is represented as a slowly varying polynomial of
adjustable order; typically a quadratic or cubic polynomial is used. The absorption lineshapes
are fit to Voigt profiles. The program is capable of simultaneously fitting contributions from up
to five molecules. Separate fits can be done sequentially in order to fit up to sixteen molecules
within a single spectrum. In addition, the spectrum from each molecule can be composed of as
many as 1000 individual spectral lines. The contribution of each molecule to the spectrum is
simultaneously fit together with the laser polynomial baseline.

It is a significant complication that the frequency of the laser does not vary perfectly
linearly with the applied voltage ramp. Therefore we must measure the tuning rate. It can be
determined by using TDLWintel’s tuning rate utility which automatically determines the tuning
rate by analyzing a frequency scan acquired with an etalon inserted in the beam path. We
typically use an etalon with a free spectral range of 0.05 wavenumbers. The tuning rate is
determined using a numerical method based on cubic spline interpolation. For some instruments
the etalon can be automatically inserted into the optical path by toggling a solenoid.

There are three parts to defining a spectral fit: 1) Fit markers must be placed on the
spectrum, 2) The species specific fitting parameters must be defined, and 3) The laser tuning rate
must be defined. We will cover each of these tasks in detail beginning with the first task. We
presume that the General Fit Params, Laser Characteristics and P,T,L. menu items have been
set to appropriate values as described in the previous chapter.

5.2 The fit markers

Fit markers are placed on the spectrum at particular locations to define the types of fits
desired and the locations for those fits. Each fit must have a marker which defines the start of the
fit and a marker which defines its end. There are also markers to define the regions between
spectral peaks (baseline regions), the positions of peaks and the region where the laser is turned
off. We will cover each of these in turn but first let’s discuss how to place a fit marker on the
spectrum.
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This is accomplished

with the popup menu that Escape menu
appears when you click the right Deleta e del
mouse button in the Absorption Kill all fit markers F1,k
Spectrum window. The popu

p . popup [ Start polynomial fit segment. F1,[
menu presents a list of all e

) ] Stop polynomial fit segment. F1,]
possible fit markers and you ¥ Voigt fit
simply choosg the marker that D Dual Voigt fit.
you want. It is placed on the F Single species fingerprint fit. k
spectrum at the channel number 2 Dual species fingerprint Fit, F1,g
where the blue “+” sign sits. 3 Triple species fingerprint fit, F1,h
The “+” can be moved in two 4 Quad species fingerprint fit.
ways. First, the arrow keys S Quint spgcnes ﬁ'ngerprlnt fit.
. . x End nonlinear Fit. F1,x

move it left and right by one ,

h 1 . Th d o Zero light marker. F1,0
channe at‘ a time. CSECon T Marker for fingerprint tune rate,
approach 1s to ljlse a lefF mouse M Start/stop point for etalon tune rate. F1,n
click at the desired position for *or~ Peak 1 position F1,1
the marker. The fastest way to * or ~  Peak 2 position F1,2
enter several fit markers is as *or ~ Peak 3 position F1,3
follows. Left click at the *or ~  Peak 4 position F1,4
position for the first marker. { Start baseline measurement.
The plus sign will move there. ) Stop baseline measurement.
Then right click and select the Figure 14. Pop-up menu with fitmarker options.

appropriate marker. Now, left
click at the position for the second marker. Two things will happen. The plus sign will move
there as usual. In addition, the popup menu will automatically appear without a right click. This
is because the program is guessing that you may want to apply more fit markers. So, simply
choose the second marker. Then click at the location for the third marker and again the popup
menu will automatically appear with your list of options. When you are through, left click one
more time and choose Escape Menu to prevent the popup menu from automatically popping up
when you no longer want it to do so. You can remove unwanted fit markers in two different
ways. If you choose Kill All Fit Markers from the popup menu, you will erase all existing
markers. This is often the easiest approach. You can also delete individual fit markers by place
the blue plus sign over the fit marker and then choosing Delete from the popup menu or entering
the Del key stroke. This might seem difficult since it is difficult to know exactly which channel
the fit marker is in. To help with this problem, the “+”” marker turns yellow (“ ) when it is
placed in the same channel as a existing fitmarker. Another helpful tool is to move the plus
marker with the ALT-+arrow keystroke combination. Rather than moving the plus sign by one
channel, the plus sign will be moved to the next fitmarker.

There are five steps required to define a valid set of fit markers:

1) Use one marker to define the starting location of the fit and the type of the fit. There
are five types of spectral fits available. The list includes: single species fingerprint fit
(F), dual species fingerprint fit (2), triple species fingerprint fit (3), four species
fingerprint fit (4), and five species fingerprint fit (5).

2) Use one marker to define the end of the fit. This marker is always X.
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Figure 15. Appropriate fitmarkers for nonlinear least squares spectral fit.

3) Use one or more pairs of brackets ([,]) to define regions of baseline where there is
little or no absorption.

4) Use one pair of circles (0) to define a region where the laser is turned off.

5) Use one marker (* or *) to mark the spectral peak position for each species.

An example of properly defined fit markers is given in Figure 15. The regions enclosed by a pair
of brackets ([ ... ]) are used by the program to generate a first approximation to the shape of the
baseline underneath the peaks. The region enclosed by circles (o ... 0) is used to define the
detector output corresponding to the absence of laser light. The carats (") denote the location of

the main peak and can also be entered numerically under the Species Specific Fit Parameters
menu.

5.3 The species specific fit parameters

The Species Specific Fit Parameters are accessed under the Edit menu. The page is
shown in Figure 16. There are sixteen tabs available - one for each of the sixteen potential
species which can be fit. Each tab has several parameters that define the fit parameters for that
molecular species. TDLWintel uses a spectral fitting method that we call fingerprint fitting.
Fingerprint fits take full advantage of and require complete knowledge of the species’
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spectroscopy. At the start of a fingerprint fit, the program calculates a spectral template for each
species in the fit. This template can be quite complex, consisting of up to 1000 individual
spectral lines each described by a Voigt line profile. The calculation of this template requires
knowledge of the temperature, the pressure and the tuning rate function for the laser. The
unknowns in the fit are simply the concentrations of each species and the definition of the
frequency scale — that is the absolute frequency of any one point in the spectrum.

These first two parameters in the menu relate to defining the origin of the frequency
scale. The Peak Position is the channel number corresponding to the Fingerprint Fit
Frequency. The Fingerprint Fit Frequency is the frequency of one of the peaks being used —
usually the strongest line. The Fingerprint Fit Frequency is specified in this menu — it is not a
parameter in the fit. The Peak Position is a parameter in the fit and it can either be fixed (if the
position is known and is stable) or floated if you would like the fit to determine the position. If
the Peak Position is floated (determined by the fit), the value entered in the menu will be used as
a first guess for the Peak Position. This peak position menu item is equivalent to the peak
position described in the previous

section as the location of the “/” J’ Fit Parameters for Nonlinear Fitting

or “*” fitmarkers. Although the | Species#13 | Species#14 | Species#15 | Species #16
Peak Position value can be 1) | Species#9 ] Species #10 ] Species #11 ] Species #12
entered numerically in this menu, i | Species #5 y | Species #6 1 Species #7 ] Species #8

Species #1 ] Species #2 \| Species #3 ] Species #4

it is usually entered graphically

using the popup menu as Fit Parameters

. g . . Peak position (channels) - Display @1 @ FixC Float

described in the previous section. pointthat corresponds to the fingerprint 481 ' ;
s : frequency.
If the peak p051t19q 18 ﬂoated’ Fingerprintfrequency (cm-1) - Frequency ofthe  _ | 2203.161 il
then the peak pOSlthIl fitmarker peak position. Most meaningful for first species, —
: *
appears as a black asterisk (“ ”)- Species concentration (pphv). 2519g+3 " Fix  Float
If the peak position is fixed, then A : .
.. Fix concentration to another species?

the peak position fitmarker Species# [0 ¢ Tue & False

A9
appears as a blue carat ( ) MName of file containing line positions |C:\Hit\CO_22DU_2205Ahit

and strengths for this species (hitfile). Browse for Hit File |

The Species
Concentration is usually floated I~ Determine the MR of this species from the residual spectrum.
since the point of fitting is to ¥ Include this species during calibration fits.
learn the concentration.
However, it can be fixed if
desired. This is often useful to [ Fitthis species at ambient pressure.
either generate a spectral

I” Float peak position for this species during frequency lock.

simulation or to investigate an ernow ‘
o o requencies
attempted fit which is failing to
Th is al . Share All Edits Export this ‘ Change Species Editing
converge. ere 1s also an option with Al Fields Species... Number Field 1
to fix the concentration of this | |
species to that of another. This is L IR | (i ‘ EETE ‘

useful if the species has strong 3
spectral lines in one fit and weak

I” Fixthe baseline polynomial to a constant value of 1000.

|

lines in another. Figure 16. Species specific fit parameters.
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The Hit file is a table of spectral lines used to simulate the spectrum in this region. The
name Hit is used because the line list must be in HITRAN format. The HITRAN line list format
is defined in the chapter on file formats at the end of the manual. Briefly, each line of the line
list specifies the line strength and absolute frequency for one spectral line attributed to one
molecule. The Hit files should be located in the C:\HIT folder. The Browse button allows you
to search your computer for Hit files. If the hit file is found in a different folder than C:\HIT,
then a copy of the hit file will be moved to C:\HIT. The Show Frequencies button allows you to
see the line positions after they are extracted from the Hit file. This button is very useful for
providing an overview of all species that are being fit.

There are several checkboxes at the bottom of each tab. Two deserve special mention.
The option to float the peak position even during frequency lock overrides the default rule of
fixing all peak positions (in Field 1) during frequency lock. This is sometimes useful for strong
absorption lines at the edge of the frequency sweep where the laser tuning rate may be slightly
unstable. There is also an option to fit this species at ambient pressure. This allows the software
to measure and account for spectral absorption which occurs outside of the low pressure
absorption cell. This is particularly useful when monitoring carbon monoxide.

The yellow command buttons beneath the tabbed dialogs allow you to manipulate species
specific fit parameters more easily. The “Share All Edits with All Fields” button will transfer the
existing fitting parameters for all 16 species to all other fields. The “Export this Species” button
allows you to send the fitting parameters for one species in this field to another field. Finally, the
“Change Species Number” button allows you to rearrange the order of species specific fitting
parameters.

Before leaving the topic of fit parameters, we should address the issue of multiple fits.
For example: how many fits can be requested at once and in what combinations? The basic rule
is that the total number of species in all specified fits cannot exceed sixteen. Another important
point is that the specified fits are performed from left to right across the screen. Species number
one is always associated with the first or left most fit. Hence, if you specify a fingerprint triplet
fit on the left of the screen and a fingerprint singlet on the right, then species one through three
will be fit using the three species fit and species number four will be fit using the singlet fit.

This leads to an interesting question about multi-species fingerprint fits. How can each
species in the fit have its own Fingerprint Fit Frequency? Can there be more than one
frequency scale? No, there cannot. The Fingerprint Frequency associated with the first
species in the multi-species fit determines the frequency scale — the other Fingerprint Fit
Frequencies are ignored. Doesn’t this also imply that the Peak Position parameters for these
species are also irrelevant? Almost, but not quite. They are not used to establish the frequency
scale, but they are used by the program to estimate the concentrations of all species at the start of
the fit — that is the peak positions are assumed to point to strong absorption features which can be
used to provide a first guess of concentration for each species. So it is good practice, though not
essential, to specify the Peak Position for all of the species in a multi-species fit.

A final warning about nonlinear least squares fitting. This is an inherently multidimensional
problem. The method is very good at finding the best answer once it is close to the right answer.
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However, if the fit begins with a poor initial guess for any parameter, it is easy for the search to
become lost and to never converge. Hence it is very important to provide good first guesses for
the fit. This is accomplished by 1) specifying Peak Position in the menu or equivalently putting
the */* fit markers on the peaks, and 2) placing multiple pairs of polynomial fit markers (] ... ])
in regions with no interfering peaks. If you are having trouble getting a fit to converge, the best
thing to do is to fix all the parameters (including concentration) at “reasonable” values. When
you ask for a fit, you will be shown the initial guess since no parameters are allowed to vary.
Usually, it will be apparent which parameter is bad and how to fix it.

5.4 The laser tuning rate

The laser tuning rate must be defined to properly execute the spectral fits. We give an overview
of the procedure here. There is also a step by step guide to determining the tuning rate function
in an appendix. As we described above, the tuning rate is represented by a numerical function
based on a cubic spline interpolation of the positions of etalon peaks. The tuning rate function is
determined using TDLWintel’s Get Tune Rate from Etalon utility (under the Command
menu) which automatically determines the tuning rate by analyzing a frequency scan acquired

with an etalon inserted in the beam path. See Figure 17. We typically use an etalon with a free
spectral range of 0.05 wavenumbers.
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Figure 17. Numerical analysis of etalon spectrum to determine laser tuning rate.
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When using the etalon-based tuning rate utility, there are a few points to keep in mind.
The very beginning of the spectrum does not usually contain well defined fringes. Typically, the
first 10 or 20 points should be skipped. The starting point must be defined by the user based on
good judgment and on the result of the fit to the fringes. The starting point is indicated by
placing a fit marker (N) at the appropriate location. At the user’s option, a second N fitmarker
can be placed on the trace to indicate the end of the scan. This is often useful to avoid false
extrema associated with the abrupt shutoff of the laser at the end of the spectrum. After the
utility is invoked, it will draw white carats (") at the positions of each of the maxima and minima
in the scan. It will also draw yellow vertical lines that show how well the tuning rate model
reproduces the positions of the maxima and minima. Sometimes there are extra carats or
misplaced carats due to noise in the spectrum. If this happens, vary the position of the N fit
marker to exclude bad regions or invoke a binomial filter to smooth the etalon fringes. The
smoothing option is under the Toggle control. A filter order of 5 to 9 is very often helpful. A
higher order filter may distort the spectrum enough to change the returned tuning rate.

The tuning rate that the program derives from the etalon spectrum is automatically stored
in the menu for the currently displayed field. In most cases, if you are happy with the new
tuning rate, you will want to copy it to all four fields. There is a command to do this under the
Command menu or you can simply use the keystroke Ctrl-u.

Now, that all three tasks are accomplished, you should be able to execute non-linear least
squares fits to your spectral data. You can test this by returning the program to Display Mode
while observing a typical spectrum. You can then command the program to do a single fit by
invoking the “Do a Spectral Fit” command under the Command Menu or simply by typing ctrl-n.
A blue trace should appear that closely follows the green spectra waveform. The blue trace is the
result of spectral fit.

6. Taking Data in Stream Mode

6.1 Overview

Stream mode is the data acquisition mode which is used to produce a continuous stream
of concentration or mixing ratio measurements. This is the most commonly used method for real
time data acquisition and analysis. The data stream can have time resolution as small as 20 ms
(depending on the complexity of the spectral fitting). The software can remain in Stream mode,
continuously collecting data, indefinitely.

Since Stream mode continuously performs nonlinear spectral fits to return molecular
concentrations, it is imperative that the fits be set up properly and that they remain valid for the
duration of the measurement. The usual approach to setting up the fits is to do so in Display
mode, using a spectrum that is representative of the data which will be collected in Stream
mode. This is done following the procedures presented in the previous chapter. Once the sample
fit looks good, it is safe to enter Stream mode using the Data Aqn. State control (see Figure 2).
It is also possible to start stream mode using the “F1, S” keystroke combination. “F1, S” means
F1 followed by S — not simultaneous keystrokes.

Upon entering Stream mode, the program should begin fitting each spectrum as it is
acquired. The results of these fits should be relayed to the Mixing Ratio vs. Time window.
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Open this window to verify that data is being displayed there in the form of a stripchart. Stream
mode attempts to provide the same time resolution as Current Signal mode. In other words, the
time resolution is controlled by the Data Update Time which is under the Edit/Timing
submenu. If performing the nonlinear fits takes more time than the Data Update Time, then the
time response will not be as fast as expected. Sometimes, turning on the Guess Last option
under the Toggle control can provide more speed if necessary.

Although starting stream mode is straight forward once the spectral fitting is properly
setup, there are a number of variations or modifications to stream mode that need to be
considered to make it work most effectively. Two of these topics are always relevant and will be
discussed in this chapter: data storage (Write Data method, RS232 method and Automatic
Spectral Save method) and frequency locking (Frequency Lock method). Other modifications to
stream mode will be discussed in subsequent chapters. These include the Pulse Normalization
method, the Calibration method and the Automatic Background method.

6.2 Data Storage

There are two primary types of data which are produced by TDLWintel: stream data and
spectral data. This was discussed previously in Section 4.2. Spectral data are stored in either in
ASCII .spe files or, more often, in binary .spb files. As discussed elsewhere, the SPE file
contains the spectrum, the fit to the spectrum, the tuning rate and most of the parameter settings
from the menu. It is the primary record of each data point. Whereas SPB archives contain many
spectral waveforms compressed into one file, but do not contain fitting information, tuning rates
or menu parameters. Stream data is created by analyzing a spectrum to produce one or more
concentrations and a time stamp. Stream data is highly processed. The basic storage mechanism
for stream data is that is stored in a .str file. A parallel file containing several experimental
variables as a function of time can also be created. It is called the stream conditions file (.stc).
There are options for automatically storing both the stream and the spectral data.

The automatic storage of spectral data is accomplished with the Automatic Spectral Save
method. This method is invoked with one of the toggle buttons (ASS) and configured under the
Edit menu. We recommend storing all spectral data if possible. The spectra are the primary
data record and can be reanalyzed if concerns about the stream data arise after the experiment.
These concerns could involve an
unknown spectral interference or an
improperly calibrated pressure gauge.
Since the spectra are stored in binary

. Automatic Spectrum Save Pars =10l x|

Save Frequency Special Save
Save 1 of every

archives, the storage space f Sample Spectra F ga"e I;Zﬁ?"e':pe"
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requirements are not severe. A 1 Ref Spectra  SaveR esidu:IsS -
typical single laser instrument 100 |QGERITHE i

running continuously at 1 Hz and
saving every spectrum will use only
200 MB/day or 6 GB for one month. _ Edtra Al
Hence an instrument computer Quit Implement | ’ Fields
starting with 100 GB of free space

could save and store a spectrum every | Figure 18. Automatic Spectral Save configuration
second for more than a year. page.

v Automatically organize saved spectra by date.
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The Auto Spectral Save configuration page is accessed by right-clicking on the ASS
toggle button. The page is shown in Figure 18. The Save Frequency option allows the user to
save a fraction of the total number of spectra which are acquired. This is obviously useful for
reducing the total amount of archived data. Again, we recommend saving all spectra where
possible. If it is not possible, this option allows a fraction to be saved. Note that there are three
different types of spectra whose “save frequency” can be individually adjusted: Sample Spectra
(most important), Ref Spectra or frequency lock spectra and PNorm or pulse normalization
spectra. The sample spectra are acquired in Field 1, the PNorm spectra are acquired in Field 2
and the Ref spectra are acquired in Field 4.

In general, spectral files are saved is SPB format and with a name based on the date and
time that the spectrum was acquired. The “autosave.spe” option creates an additional SPE file
with a well defined name that can be searched for by other programs that may want to display the
latest spectral data.

When Sample spectra are saved, the normalized version of the spectrum is saved. Hence
if the AutoBG method is enabled, then

the program saves what is displayed in r | F
) o . | Write Data P t (2| O et

Field 1 — in this case the ratio of the S Al

sample spectrum to the background File Options

spectrum. The save RAW option causes [v ‘Wiite archival stream (.str] file.

the program to also save a version of the

sample spectrum that has not been Iv “Wiite stream conditions [.stc) file. 1 line for every 1

divided by the background spectrum. [~ Write archival baseline integration (.stb] file.
The save Residuals Spectra saves [ Write transient mixing ratio file.

the difference between the sample

spectrum and the fit to the sample

spectrum. This can be useful for looking [~ Wiite binary diagnostic [.std) file.

for weak absorption lines in the presence

of stronger lines.

[~ Write transient STC file.

-

. . Transient File Parameters
Finally, the “automatically

organize...” is a handy feature that

File name: [doe1 _cwNO.dat

directs the program to place all Trans Folder. r\Mransient New Drive
automatically saved spectra for a given
day in one folder that is created by the Write to transient file after [ ggp  data point(s) accumulated.

program and whose name is that date.

. [v Start new archival files at midnight.
We now turn our attention to the

stream data — that is the processed Iv' Resynch time stamp to Windows clock on the hour.
concentration versus time data. The _
stream data are derived by fitting the Quit Ed,{-'i'glgf‘"

spectral data. As implied above, a
different set of fitting parameters will

Figure 19. Write Disk menu options.
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produce a different set of stream data. Hence the stream data are derived from the spectral data
and the stream data are NOT the primary experimental data. The stream data DO provide real
time feedback to the experiment operator. There are three digital methods of sharing/archiving
the stream data: 1) Write to Disk, 2) Write to RS232 port and 3) Write to Transient File. In
addition, there are supplementary data, so called stream conditions data, that can be saved to disk
in parallel with the stream data.

The simplest method for saving stream data is to store the data stream to the hard disk.
This is accomplished by clicking on the wd toggle. Once this is activated the result of each fit
generated in stream mode or burst mode (including a high resolution time stamp) is saved in a
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file with extension .str”.

The second method of data logging is to use the RS-232 port to send digital data to
another computer or data logger. This is accomplished with the RS toggle. The same data is
transmitted that is being written to disk — the mixing ratios and a time stamp. This method can
also be configured by right clicking on the toggle button. The configuration page allows you to
specify the serial port parameters (baud rate and port number) as well as the format of the data
line.

The third method of logging data is to write the data to a transient file. The file is called
transient because it is a temporary storage location. The purpose of the transient file is to share
data with another computer program in real time. TDLWintel creates a transient file and
appends data to this file as it becomes available. Unlike the stream file, the transient file is
closed except when it is being written to. This means that it is available to be read from almost
all of the time. Typically, the transient file will be accessed by another program which will read
all of its data and then erase the transient file. This transient file concept is a very flexible
construct. The receiving program can do many things with the incoming data. The transient file
can be used for direct data logging, data display or for transmission through a serial port or
across the internet. The transient file can be located anywhere on the local area network — as
long as the drive has been mapped by the TDLWintel computer. The transient file option is
activated when the Write Disk toggle is invoked if the Write Disk method is configured to do
so. More details of this transient data sharing technique are presented in an appendix.

The configuration page for the Write Disk method is selected by right clicking the wd
toggle button (see Figure 19). In the upper section, several file options are offered. These
allow the user to choose which files are created when the Write Disk toggle is invoked. The
first two options are active by default. These two choices are the standard archival stream file
(*.str) and a file called the stream conditions file (*.stc). The stream conditions file contains
information about temperature, pressure, laser intensity, peak positions and goodness of fit for
each line of the stream file. The fourth and fifth options are to write to the transient stream file
and stream conditions file which have been discussed above. The other two file options are
highly specialized and not generally used. In the second section of the configuration page, the
user can select a name for the transient file and a disk drive for its location. At the bottom of the
menu are two very useful options that we highly recommend that you always use.
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6.3 Frequency Lock

Frequency stability is a very important topic in stream mode. Before entering stream
mode, you acquired one sample spectrum and set up the fit parameters so that the fit worked
well. Next you entered stream mode and the fit continued to work well — we hope. Presumably,
you were monitoring a strong absorption feature and the fit converged whether you chose to fix
the Peak Position at the observed location or to float it. This works well for short periods of
time and especially for strong peaks, but for long periods of time, the frequency of the laser may
drift — depending on the type of laser being used. Hence, we need an effective strategy for
dealing with frequency drift.

TDLWintel manages laser
frequency drift using the Frequency
Lock method. The Frequency Lock

r Y
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Global Lock Params

method uses a strong absorption line to Lock Timing

measure the laser frequency, to account W S R

for any frequency drift and to correct for
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drifts, TDLWintel simply observes the Figure 20. Frequency Lock configuration page.
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drift in Field 4 and makes appropriate corrections to the Field 1 peaks positions to account for
this drift. If the drift becomes too large, then TDLWintel corrects the laser frequency to move it
closer to its original frequency.

The configuration page for the frequency lock method is accessed by right clicking the
frequency lock toggle button (“flk4””). The “4” indicates that the frequency lock spectrum is
always stored in Field 4. The configuration page is shown in Figure 20.

Under the global frequency lock parameters, we can specify the lock timing and the lock
source. The default is that the lock is performed continuously at the same rate as data is being
acquired in Field 1. However, a slower rate for the frequency lock can be specified by checking
the Semi-Continuous checkbox and then specifying a “Lock Interval”. In some cases this is used
simply to spend less time doing the frequency lock. For example, if data is being acquired at 10
Hz, it might suffice to check the frequency lock at 1 Hz. The other common reason to use this
feature is if the frequency lock is implemented with a sealed reference cell that shares a detector
and must be flipped into the optical beam to be used. In this case frequency lock will be
performed much less frequently (perhaps once per minute). To exercise this option you should
check the toggle valve option. If you do so, there is a further option to set the phase of the
frequency lock by specifying its start time.

The Lock Source options allows you to select the source for frequency lock spectrum.
Select Signal Lock to lock to the sample spectrum in Field 1. Select PN Lock to lock to the
Power Normalization spectrum in Field 2. This choice makes sense when using the Null option
under the Power Normalization method which is discussed in a subsequent section. It is also
frequently used with the Toggle with Ref Check option in single detector instruments that share
one detector for both power normalization and frequency locking to a sealed reference gas cell.
The Ref Lock option acquires the frequency lock spectrum in Field 4 using the timing and AD
settings for that field. Typically, the beam path monitored in Field 4 is set up to pass through a
sealed reference gas cell. Finally, the Sig Lock without BG is an advanced option that allows
you to lock to the sample spectrum as if the Automatic Background method were disabled even
if it is enabled. This is useful if the species that you are locking to is present both in the sample
gas and the background gas. In this case its spectral features are removed when Automatic
Background is activated. This option allows you to lock to these lines even though they are
being removed from processed sample spectrum.

Below the global frequency lock parameters there is a laser specific tabbed control which
allows you to specify laser specific frequency lock parameters. The five parameters at the top
define basic properties of the lock method. The Lock Range or Deadband is the number of
display points that the laser frequency is allowed to drift before making a correction to the laser
frequency to resist the drift. It can be set to less than one channel if desired. The Lock Offset
allows the user to define a difference between the lock position in Field 4 and that in Field 1.
Normally, this should be set to zero. The Laser Tune Rate refers to the derivative of the laser
frequency with respect to laser temperature. This is expressed in units of degrees Celsius per
display point. The Gain is used to attenuate the corrections applied by the frequency lock
method in order to avoid possible oscillations. The Lock Time Response is the amount of time
required for the laser frequency to stabilize after making a frequency correction. During this
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time period, the program will refrain from making further laser frequency adjustments. This
parameter is important since the laser frequency may oscillate if this parameter is too small. In
general, oscillation problems can be avoided by reducing the gain and/or increasing the time
response.

There are three checkboxes at the bottom of the laser specific parameters. There is an
option to lock the peak position to a specific channel number. This is almost always used. There
1s an option to suppress the frequency lock if the peak absorbance in the frequency lock spectrum
becomes too small. This is very useful when using sample lock. For example, it allows the
frequency lock to survive the addition of zero gas to the sample cell. Finally, the Exclude
Lasers from Frequency Lock option allows you to selectively choose which lasers to lock.

Once all of the parameters are properly set, the frequency lock method is activated by
clicking on the flk4 toggle button. This will initiate spectral analysis in Field 4 to perform the
frequency lock which will run in parallel to the sample spectral analysis in Field 1. This requires
that the fitmarkers in both fields be correct. In particular, the peak position marker(s) in Field 4
must be in the proper locations (near the reference peaks) or the lock will not initiate properly.
The step by step procedure for properly initiating the frequency lock is discussed in Appendix A.

7. Power Normalization Method

The Power Normalization method is used to account for amplitude noise in the sample
spectrum. This method used to be called the Pulse Normalization method because it was first
used with pulsed laser systems with large

pulse to pulse amplitude variation. The . Pulse Normalization Me -|O| x|
method worked by simultaneously ~ Normalization Method

monitoring the signal pulse train and a {+ Single Detector, Dual Trigger

reference pulse train and using the reference € Dual Detector, Single Trigger

pulse train to normalize the signal pulse & B2 D Tz

train. We have since extended this method
to cw lasers and modified its name to reflect
its broader utility. ~ Null Method

i ~ [~ Use Null Method Set Null
The configuration page for the Paramaters

Power Normalization method is shown in ‘ '
Figure 21. There are three possible Delay for reference pulse ns)  Field 2 [200

v Apply normalization to Continuous Ref Lock?

normalization methods which can be . .

selected in the Normalization Method Delay before signal pulse [ns] Field 1 [450
checkbox. The fl,rSt op”tlon 18 Slngle Reference AD input channel  Field2[7
Channel, Dual Trigger” which is only

applicable to pulsed systems. In this Reference AD input gain Field 2 l—

arrangement a single infrared detector is
employed to detect both the signal pulse and
the reference pulse — but they arrive at the Quii | Implement
detector at different times. Hence there is a

dual trigger. The second option is “Dual
Channel, Single Trigger” which can be used

Editing All
Fields

Figure 21. Power Normalization
configuration page.
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either with pulsed or cw lasers. In this case the signal and reference beams are detected by
separate detectors but at the same time using a single trigger. The final option is intended for
pulsed lasers only. It is called “Dual Channel, Dual Trigger.” In this case the signal pulse and
the reference pulse are detected on separate detectors at separate times.

The next item in the configuration page is a checkbox that allows the power
normalization to be applied to the frequency reference spectrum. We generally recommend
checking this box to take advantage of this feature.

The next section of the page selects whether or not to use the Null method. The Null
method is a special version of power normalization. Instead of normalizing the sample spectrum
with a spectrum obtained by directly monitoring the laser output, a spectrum that passes through
a reference cell is employed. Typically the reference cell contains a fixed mixing ratio of the gas
being measured in the sample path. By dividing the sample spectrum by the reference cell
spectrum, one obtains a spectrum with no net absorption when the sample column density equals
the reference column density. This greatly reduces noise that is proportional to the mixing ratio
as well as laser amplitude noise. This method was developed to improve the precision of carbon
dioxide isotope ratio measurements. If this method is used, you must provide mixing ratio
values for the reference gas. This can be done by clicking on the Set Null Parameters button.
The Null method is described in more detail later in the manual.

The four parameters at the bottom of the menu page complete the configuration of power
normalization. The “Delay for reference pulse” and the “Delay before signal pulse” are the
number of nanoseconds between the time that the laser trigger pulse occurs and the time of the
respective analog to digital conversions. These timing parameters are critical for pulsed
operation. The other two parameters are the AD input channel and gain for the reference path.
All four of these parameters are presented here for convenience but can also be set directly by
editing these parameters in Field 1 or 2 respectively.

8. Automatic Calibration and Automatic Background Methods

8.1 Overview

Each of these methods performs an important function periodically without operator
intervention. The automatic calibration method will periodically acquire a spectrum of a
calibration gas in the sample cell and record its measured mixing ratio. The automatic
background method periodically acquires a sample spectrum with the sample cell filled with dry
nitrogen. This background spectrum is used to normalize future sample spectra. At the very
least, this will eliminate curvature in the baseline due to the varying intensity of the laser source.
Being able to analyze the spectrum on a flat baseline leads to improved accuracy. When the
Auto Background method is performed very carefully, this technique can also remove etalon
interference fringes from the signal spectrum providing significantly enhanced sensitivity. Each
of these methods is activated using a toggle button in the Toggle control. Each of these methods
is configured by right clicking on the respective toggle button — either cal or abg.
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8.2 Automatic Background

The Automatic Background method is used very frequently and is straightforward to
implement. The Automatic Background method periodically replaces the sample gas stream
with a gas stream that lacks the target gas. This is accomplished by toggling a three way
solenoid valve on a periodic schedule that can be defined in the configuration page (see Figure

22). The solenoid valve used to acquire the
background spectrum must be Valve #2. This
is not adjustable. Usually the background gas
is dry nitrogen, although more elaborate
designs are some times used. The
background spectrum is acquired in Field 3.
When Automatic Background is activated the
sample spectra in Field 1 are divided by the
background spectrum in Field 3 producing a
transmission spectrum with a range of 0 to 1.
This transmission spectrum is scaled by a
factor of 1000 mV and displayed in the Field
1. Hence, sample spectra appear as
absorption features on a flat 1000 mV
background.

The configuration page for Automatic
Background allows the user to adjust four
parameters and to activate seven checkboxes.
The first variable is the Auto Background
Interval. This interval is simply the time
between the initiations of successive
background acquisitions. The Auto
Background Duration variable is the
amount of time spent acquiring the
background spectrum. The Cell Flush
Time is the time required to fully replace the
contents of the sample absorption cell. This
is equivalent to the synonymous parameter
under the timing menu and the auto
calibration menu. The starting time is the
time that defines the initiation of the series of

Automatic Background
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v Specify starting time for cycle

Auto Background Interval (s)
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[~ Switch valve but don't do ratiol
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[~ Do BG on external command

= When auto saving spectra, save
raw spectrum as well as BG ratioed.

™ Slide BG to correct frequency drift.
I~ New method. Save flush spectra.

Quit | Implement

| Editing
All

Reset |

Figure 22. Automatic Background
configuration page.

background measurements. This parameter is only used if Specify starting time for cycle is
checked. Otherwise the background cycle begins as soon as the abg toggle is activated.

To present a concrete timing example, consider the timing parameters in Figure 22. The
interval is set to 300 seconds which means that a cycle will begin every five minutes. Since the
starting time is set to midnight, these background acquisitions will begin on the hour and every 5
minutes thereafter. Consider a particular background acquisition that begins at 8:10. At 8:10:00
the acquisition begins with the activation of the background valve. Since the flush time is set to
10 seconds, the period from 8:10:00 to 8:10:10 is neither pure sample nor pure background and
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spectra acquired during this time are discarded. The actual background spectrum is acquired
between 8:10:10 and 8:10:40. All spectra acquired during that time window are averaged to
create a background spectrum which is stored in Field 3. At 8:10:40 the background valve is
deactivated which begins a second flush period. This flush period ends at 8:10:50. At this time
normal sample spectra are acquired again. The total time used to acquire the background
spectrum is therefore 50 seconds. Thirty seconds are spent acquiring the background spectrum
and twenty seconds are spent flushing the cell.

There are several check boxes at the bottom of the page which allow Auto BG to be
further customized. The Specify starting time for cycle option was discussed above. The
Switch Valve but don’t do ratio option causes the program to activate the Auto Background
valve according to the specified timing but to not acquire or use background spectra. This can be
useful if two instances of TDLWintel are running on the same instrument but only one instance
needs to use the automatic background method. The Do Ratio but don’t switch valves option
does the opposite. The Do BG on External Command option allows background acquisitions
to be triggered by another program or process. This is described in the appendix on
TDLWintel’s External Command Language. If this option is selected, then the timing
parameters at the top of the configuration page are ignored. The “... save raw spectrum...”
option instructs TDLWintel to save a set of spectra without the BG spectrum applied when Auto
Spectral Save is turned on. The Slide BG option is not supported at present. Finally, the Save
Flush Spectra option instructs TDLWintel to save spectra while the cell is transitioning between
sample and background. These spectra are labeled FNF (neither fish nor fowl) and are only

saved if Auto Spectral Save is active.

8.3 Automatic Calibration Calibration Parameters

Automatic Calibration Calibration Interval (s) W
periodically replaces the sample gas
stream with a calibration gas stream. Calibration Duration (s) 300

This is accomplished by toggling a : : e
three way solenoid valve on a S N IO ECEIN 16

periodic schedule that can be defined Starting Time (hh:mm:ss) 00:-10.00
in the configuration page (see Figure -

23). The solenoid valve used for the V' Specify starting time for cycle
calibrations must be Valve #1. This
is not adjustable. The calibration
spectrum is analyzed using the same v Reportresults at refit rate

fit markers and parameters used to ¥ Open BG valve with CAL I~ E;;e:nly
analyze the sample. The results of the Do CAL on external command
calibration gas analysis are written to

a special file. There is one file
created for each day. Its format is
identical to that of a normal stream i L

file but it has a slightly different 'm
All

™ Report CAL even during flush time
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name. The format for the name is
“yymmdd CAL.str”.

Figure 23. Automatic Calibration configuration page.

42



Several of the calibration cycle parameters are analogous to those defined above for the
automatic background method. The calibration cycle timing is defined by the four parameters at
the top of the calibration page. The Calibration Interval is the time between the start of one
calibration cycle and the start of the next calibration cycle. The Calibration Duration is the
amount of time spent actually acquiring calibration spectra. The Cell Flush Time is the time
required to fully replace the contents of the sample absorption cell. This is equivalent to the
synonymous parameter under the timing menu and the auto background menu. The starting time
is the time that defines the initiation of the series of calibrations. This parameter is only used if
Specify starting time for cycle is checked. Otherwise the calibration cycle begins as soon as
the cal toggle is activated. The Report CAL even during flush time option instructs the
programs to perform fits during the transition periods between sample and calibration gas and to
include the results in the calibration file. If the Report Results at Refit Rate option is checked,
then the program will divide the Calibration Duration into individual spectra and report several
calibration values for each calibration cycle. If it is not checked, then the program will average
all the spectra acquired during the Calibration Duration and will analyze only this average
spectrum providing one calibration value per calibration cycle. The Open BG Valve with CAL
option causes the program to open both the calibration valve and the BG valve when performing
calibrations. This can be useful when calibrating with a permeation tube. Finally, the Do CAL
on External Command option allows calibrations to be triggered by another program or
process. This is described in the appendix on
TDLWintel’s External Command Language.

. .. .. . Burst P k -|0O] x
If this option is selected, then the timing , ; X
. — Trigger Type ~ Digital Trigger Polarity -
parameters at the top of the configuration page & Digital Pulse
are ignored. € Kepbomd " Highto Low
" Laser block {* Lowto High

9. Burst Mode

Burst Mode allows TDLWintel to
acquire spectra with very high time resolution
for finite time periods (up to a few seconds).
This burst of data is initiated with a trigger
event. Burst mode acquires a series of spectra
before and after this trigger event. These
spectra can be displayed, saved and/or
analyzed. The spectra before the trigger can
be used to normalize those after the trigger if
desired. Burst Mode is turned on by selecting
it in the Data Acquisition State control at the
top, left of the display. Before turning on
Burst Mode, you must configure it. There are
several software options. In addition the
trigger pulse must be connected.

1) Your trigger pulse should be connected to
PFI1 on the National Instruments BNC panel.
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2) The software options are selected in the pull down menus under Edit\Burst Mode. Let me
describe each option:

a) The only choice under Trigger Type is Digital Pulse. This may be extended in the
future.

b) Trigger polarity selects which edge of the trigger pulse is used.

c) Post Burst determines whether you stop taking data after the event to examine the
spectra or whether you immediately prepare for the next trigger.

d) Background Ratio determines whether the spectra taken after the trigger are
normalized by the average of the spectra taken before the trigger. Using the background ratio
will reduce systematic noise in the spectra.

e) Aggregate Spectrum determines whether the average of all the spectra taken after the
trigger pulse is saved to disk. This does not save the series of spectra - just the average of the
series. If you want to save the entire series, you should select the Auto Spectral Save option
(ASS) under the Toggle Status control at the bottom of the TDLWintel application window.

f) The pretrigger duration controls how much time before the trigger pulse is used to
measure the pretrigger or background spectrum.

g) The burst duration controls the length of time that spectra are measured after the
trigger pulse.

h) The time resolution determines how many individual laser sweeps are used to create
each spectrum in the series. This time can be as small as the time it takes to acquire one sweep
or can be made larger to improve sensitivity at the expense of time resolution.

The pretrigger duration, the burst duration and the time resolution are each expressed in
units of milliseconds.

After a series of spectra is acquired they will be automatically analyzed if a nonlinear fit
has been defined using the fit markers. The concentration determined in the 