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1. Overview

General Information

FROG Scan is a high-performance ultrashort laser pulse measurement system that runs under the
VideoFROG laser pulse measurement software. It uses a unique combination of a high performance
servo delay line and a high performance, compact spectrometer. This combination provides real time
performance and high dynamic range. FROG Scan has the following features:

- High speed, high accuracy servo delay line

- Easy to align optical platform

- USB interface

- Compact spectrometer that is field replaceable
- Small footprint

- Full compatibility with VideoFROG

Specifications

Environmental

Operating temperature: +10 Cto+40 C
Storage temperature: -55 Cto+75 C
Humidity: 95% non-condensing

Operational

Computers vary widely in their characteristics and performance. The exact pulse retrieval rate depends
on many factors including the speed of the processor, the speed of the bus, the speed of the memory,
and the graphics card. Typically, FROG scan runs from about 1 to 4 Hz on modern Core Duo computers
running a Windows Operating system.

Safety Considerations

While FROG Scan does not present the operator with many safety hazards, this instrument is
intended for use with laser systems. Therefore, the operator should be protected from any hazards the
laser system may present. The greatest hazards associated with laser systems are damage to the eyes
and skin due to laser radiation. Under some circumstances the reflections in the device can be present at
sufficient levels to cause harm. A significant reflection hazard exists from the doubling crystal. Whenever
the cover is removed, great care must be taken.



Optical radiation hazards

While the beam is well contained (be careful of the reflection from the doubling crystal') when FROG
Scan is properly aligned, use of this instrument may require the operator to work in the optical path itself
where exposure to hazards may be sufficient to warrant the use of protective equipment. Take care to
mind reflections from the doubling crystal when tuning the crystal for different wavelengths. Unless the
laser’s optical path is enclosed, at least to the point where the beam is attenuated for use with the camera
system, the operator, as well as other personnel, should be protected against accidental exposure.
Exposure hazards include reflected radiation as well as radiation from the direct beam. When there is an
open beam path it is advisable to work with the laser when it is not in operation or operating at eye-safe
power levels. Whenever there is risk of dangerous exposure, protective eye shields and clothing should
be used.

Electrical hazards

FROG Scan utilizes only low voltages, derived from the USB bus in the host PC and the servo power
supply (+/- 18V). Therefore, it poses little risk of electrical shock. FROG Scan should always be
operated with its covers in place and in accordance with its manufacturer's recommendations. Your
computer should always be operated with a properly grounded AC power cord. Proper grounding of the
servo power supply is also required for satisfactory performance and safety.

2. Setup

Unpack the Box
The box contains 6 major items.
1) FROG Scan
2) Servo Power Supply
3) VideoFROG Software package.
4) USB to RS232 converter
5) USB spectrometer cable
6) This manual, containing calibration sheets and i nformation

First, setup FROG Scan

Place FROG Scan (black box) in the approximate location on the optical table. Remove the four
screws holding the cover in place and remove the cover. Carefully remove any coverings protecting the
optics taking care not to move or damage the optics. They may be held on with a rubber band at the
base of the mount. Then, CAREFULLY REMOVE THE RUBBER BAND HOLDING THE SERVO
MOTOR!!

Next, place the servo power supply in a location that is out of the way. The power cable is 8 feet long
(2.4m) so it can be placed quite a distance away from FROG Scan. Connect the 4 pin molex connector
to the receptacle on the servo controller, which is attached to the baseplate for the servo stage.

DO NOT CONNECT EITHER USB CABLE TO THE COMPUTER UNTIL YOU ARE HAVE
COMPLETED THE SOFTWARE INSTALLATION. CONNECTING THE SPECTROMETER OR THE USB
TO RS232 CONVERTER WILL CAUSE THE INCORRECT DRIVERS TO BE LOADED, WHICH MAY
MAKE FROG SCAN UNUSEASBLE ON THAT COMPUTER.



Software Setup

The entire process of software setup requires that VideoFROG, the spectrometer and the servo all
work in concert to obtain the data. Therefore software installation is a three step process.

1)Install the VideoFROG software

0 Do NOT let the installation auto start under Window s Vista. You must explore the
CD, and right click on setup.exe to select “Run as Administrator.” If the installer is
not run as an Administrator, it won't be able to in stall and register the hardware
drivers. Consequently, windows will install the wr ong hardware drivers.

2)Install the Ocean Optics OmniDriver (The Java In  stallation is part of this)
3)Install the USB to RS232 converter driver.

Installing the VideoFROG software

Everything required for the VideoFROG installation, including hardware drivers are included on the
VideoFROG installation disk. It is VERY important that you use the hardware driv___ers supplied with
VideoFROG unless you are instructed otherwise by Me __sa Photonics.  Insert the VideoFROG
program CD into your CD-ROM drive. The installation program should automatically start.

e mportant**** Do not let the installation auto _matically start under Windows Vista. Right click
to select “Run as Administrator.” If you don’t do this, the hardware drivers won't install.

The installation program is designed to be as simple to use as possible. Please follow the installation
program’s prompts and instructions. Please use the default directories whenever possible as well as
other default settings. This will make it easier for us to help you in unlikely event there is a problem.

After the VideoFROG installation, a Java installation will start. This is required for the spectrometer. A
few other command line windows will pop up, and the software installation will exit.

Once the software is installed, you are ready to attach the USB cables from FROG Scan to the
computer. Connect the spectrometer first. The new hardware wizard will appear, select not to look on
the web for the drivers. They have been installed during the VideoFROG installation process. So click
no. The USB to RS232 converter does not invoke the new hardware wizard.

Once the hardware wizards have completed, you are ready to start by aligning the laser into the FROG
Scan pulse measurement system.



Input Beam

Aligning the Laser into FROG Scan

Fig. 2. Beam diagram of FROG Scan. The input beam eatetie right though the
1%iris and passes through the second iris onto ¢aentsplitter and the servo stage.

Shown above is a keyed image showing the different optical components of FROG Scan. The beam
enters from the right, passing through the 1% iris. The servo stage is on the far left and provides the
scanning delay. The two prisms form a retro reflector that directs the beam back to the focusing mirror.

When sending the beam into FROG Scan, or any other device, always use two mirrors. In the front of
FROG Scan is a small metal plate with a hole in the center. The beam passes through this hole and

SHG Crystal
2nd Position Mirror

Beam Splitter
1t Iris
Focusing
o |ris Mirror
Servo Stage

14t Position Mirror
Overlap Mirror



through the 2 small irises mounted to the optical plate. See the layout below.

The input beam, in passing from right to left, passes through the first and second irises before hitting the
beam splitter. By adjusting the two input mirrors, make the beam pass through the center of both irises
by alternating between the front and back mirrors. Closing down both irises and using the small,
vignetted beam can obtain better accuracy in the alignment.

FROG Scan Alignment

The beam splitter sends approximately %2 the beam up to the fixed delay and the other half to the servo
stage. The servo stage reflects the mirror directly back to the focusing mirror while the fixed delay sends

Figure 3. Image of the spectrometer iris
with the fundamental (purple) and sec
harmonic positions (blue). You will not
be able to see center second harmonic
because the servo stage will probably not
be at exactly t=0, or, if it is moving, it
will pass through the t=0 position too
quickly to be seen. VideoFROG,
however, should be able to see the FF
trace at this point.

Pl
the beam onto the “overlap mirror,” which reflects the beam onto the focusing mirror. The focusing mirror
directs the two beams onto the 1* position mirror, which directs the focusing beams into the SHG crystal.

The second harmonic from the spatially and temporally overlapped beams is directed through a third iris
into the spectrometer.

Make sure that the two beams are hitting on either side of the center of the third iris. The SHG signal

from the overlap of the beams passes through the center of the iris. Open the iris just enough to block
the fundamental (input) beams.

Also, in order to see a FROG signal, both beams must hit the same point on the SHG crystal at the
same time. Having the beams overlap both temporally and spatially can be difficult. One trick that | have
used to make sure that the beams overlap spatially is to walk the beams off the SHG crystal. At the edge
of the crystal, the beams will diffract, and you can see this on a business card. If the beams are in the
same place, when moving the 1% positioning mirror, you will see the diffraction on both beams at the

same time. The overlap mirror will adjust the overlap. Do this for both X and Y (vertical and horizontal)
directions.

Adjust the Crystal Tilt

Adjust the tilt on the crystal to maximize the SHG strength by eye by manually tilting the crystal. To free
the crystal, loosen the 4-40 locking screw on the side of the crystal mount. Once the screw is loose, the
crystal can freely rotate around the pin at the center.

Because FROG Scan comes prealigned, this is often all that is required to obtain a FROG signal. At this
point, we’'ll walk you through the VideoFROG software and then using VideoFROG to check out and

tweak the alignment. Typically, the FROG scan is set up at 800 nm, which is what the crystal tilt will be
set at.

Be sure to check the polarization of your input beam. The crystal is set for horizontal polarization.



VideoFROG Software controls

Turn

on the servo power supply (beige box) and start the VideoFROG application. This will start the

data acquisition and the inversion process. Let the servo and FROG Scan warm up for a few minutes
before looking for the FROG signal. The zero time will drift as the servo warms up so the FROG trace
may not appear in the scan window immediately after power up.

By opening the “Live View” by double clicking on the Live View icon, you should be able to see the
FROG Trace at this point. Try (and if you can’t see the FROG trace), and experiment with the following to
get a feel for the operation and optimization of the instrument.

1)

2)

3)

4)

Expand the time range of servo. If the FROG trace is visible, it will narrow. If it appears off-
center, then use the centering control to center the servo so that the center of the FROG trace is
at t=0.

Open the spectrometer iris until you begin to see a spectral line all the way across the Live View,
then close it down until it goes away. If the FROG trace goes away when the iris is closed down
enough to completely block the horizontal line across the Live View, the spectrometer position
mirror should be adjusted to center the SHG beam on the spectrometer iris. You will know that
the beam is properly centered when you can close down the iris just enough to remove the
horizontal lines, but not attenuate the FROG trace.

Once you have a FROG trace that is visible, you can adjust the overlap mirror to maximize it and
make it symmetrical. Favor symmetrical FROG traces—not maximum intensity. On some lasers,
the beam may not be exactly collimated, and the spatial chirp may be large enough (especially
OPAs—they have BAD spatial chirp) to cause the FROG trace to be asymmetric. This occurs
because the SHG crystal may not be exactly at the focus and, therefore, there may be some
structure in the region where the two beams overlap.

To maximize the SHG FROG signal, the servo steps can be set to 0. This stops the servo stage
from moving, keeping the time delay between the two paths fixed. You can then observe the
spectrometer signal by opening up the “Spectral Data” icon.
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Setting the “Servo Steps” to zero freezes the servo, which allows the spectral data to be observed in the
spectral data window. If you do not freeze the servo, the spectral data will not remain constant, making it
difficult to optimize.

Optimizing the spectral data signal is done by adjusting the “Overlap mirror” using a 2 mm allen wrench to
adjust the overlap between the servo beam and the fixed delay beam. It is easy to saturate the signal, so
reducing the input power may be necessary.



When FROG Scan is being stubborn

OK, sometimes the simple approach won't work. Don’t panic. We have the same problem when we
have to initially align the device so we made tools to help you through it.

1)

2)
3)

4)
5)

Replace the crystal with the supplied 50 um pinhole. Make sure that both beams go through the
pinhole. Use the 1* position mirror to get the beam from the servo stage through the pinhole.
Then use the overlap mirror to get the beam from the fixed delay to get through the pinhole. Use
the second position mirror to move the two beams such that they are positioned equidistant from
the center of the spectrometer iris as shown in Figure 3.

Make sure the second harmonic would go through the center of the iris, and open the iris.

Adjust the grid size of VideoFROG to 256 x 256 and set the time spacing to be about 2X smaller
than your approximate pulse width.

Increase the time span using the time span control and look for the FROG trace in the live view.

You can also use the live view of the spectrometer to view the spectrometer output as the servo
is scanned.

When FROG Scan is REALLY STUBBORN

Sometimes, even the pinhole doesn’t work. Aligning for simultaneous temporal overlap and

spatial overlap can be troublesome. In this case, we need to systematically reduce the number of
unknowns. Loosen, BUT DO NOT REMOVE, the screws that hold the crystal holder to the base plate,
and push the entire crystal holder assembly forward, toward the center of the FROG Scan device. What
you are doing is placing the crystal to a point where the input beams are large enough to be visually
overlapped without the use of a pinhole. You may need to change the spectrometer pointing mirror to get
the FROG signal to go through the center of the spectrometer iris.

Adjust the overlap mirror so that the beams are overlapped. Now look for a FROG signal by

running the software on a large grid size. Once you see the signal, adjust the scan centering control to
center the FROG trace. The device is now “timed.”

Slowly, and systematically walk the crystal back to the point where the beams are focused while

adjusting the spatial overlap of the beams (and the spectrometer pointing mirror).
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3. Retrieving Pulses

Once the system is aligned and FROG traces are visible in the live FROG trace display, pulses should be
automatically retrieved by the VideoFROG software. Through the use of controls visible on the main
panel, the “FROG Area” can be adjusted and optimized for the measured FROG trace. By increasing the
grid size, larger time bandwidth products can be accommodated. Shown below is a screen capture of
VideoFROG while retrieving traces.

By changing the time spacing of using the scan range control, you can adjust the time window. Note that
when the time window increases, the spectral window decreases. If your pulse is so chirped that you
must increase the time window in order to capture the entire temporal part, but you are clipping the
spectral portion of the FROG trace, the grid size will need to be increased. Selecting the “Advanced
Features” menu item under the temporal menu accesses the grid size radio buttons.

Please realize that increasing the grid size increases both the amount of time required for data acquisition
and the amount of time required for convergence. While typical frame times for a 64 x 64 grid size is
about 1 second for the USB4000 spectrometer, increasing the grid size to 256 x 256 increases the frame
to about 4 seconds (0.25Hz.).

Optimizing the FROG Trace

For the best retrievals, the FROG trace should be symmetric about the t=0 delay. If the live FROG trace
is not symmetric, there may be significant spectral chirp present in the pulse. Large amounts of spatial
chirp are often observed in ultrafast optical parametric amplifiers. If you are having problems with the
FROG trace symmetry, it is best to adjust the overlap mirror until the FROG trace is symmetrical. This
may result in reduced signal, but smaller signals are better than inaccurate results.

Background Subtraction

The spectrometer has a large offset that can cause problems with retrievals unless it is removed. The
best way to remove this background is to do a background subtraction. Select, under the Temporal
Analysis drop down menu, “Background Subtraction,” which brings up a window that shows the frame
used in the background subtraction, and allows another frame to be captured. Use the drop down menu
at the top of the background subtraction menu to select the “Block Beam” method for background
removal.

Bt s recio B -—i@-—-ﬁ Block the beam into the FROG Scan, and click the “Take
T T B Sample” button. This takes a background frame, and uses it
to subtract from the data frame. See Appendix E for a series
Block beam and press showing background removal.

“Scrubbing” the Background

Even with background subtraction, “speckle” causes
problems with retrievals, placing noise out in the wings. This
speckle is a complete artifact, and can be removed using the
“Background Filter” in the “Advanced Features” pop-up
window. While the default settings work fairly well, the
settings can be adjusted so that the background speckle is
removed without removing the wings of the FROG trace.
Lower the “Threshold” if too much of the wings are being removed. The “Level” adjustment changes the

Current Background Data
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amount of speckle removed. Lower values increase the amount of speckle removed. See Appendix E for
and Section 9 for more information.

Determining if the Retrievals are Good

To determine if the measurements are good, two different approaches can be good. One is the FROG
trace error, which can sometimes be misleading. Typically, the FROG trace error should be below about
1-2% for small grids and less than 1% for larger grid sizes; however, if the trace is complex, the FROG
trace error might be larger than normal. Even FROG trace errors as large as 4-5% on a 64 x 64 grid can
be acceptable. BUT, in this case, you need another check to determine retrieval quality.

Another check for retrieval quality is to compare the measured FROG trace (The FROG trace fed into the
algorithm) to the retrieved FROG trace (The FROG trace that is constructed from the retrieved pulse).
The traces should be very close in general shape AND fine structure. If the two traces are generally
close, then you can be confident that the major features of the retrieved pulse are correct. To have an
excellent retrieval, the measured and retrieved FROG traces must be very nearly exact.

Advanced Useage

Spatial Chirp

Spatial Chirp usually only occurs in amplified ultrafast laser pulses when the stretcher and the
compressor of an amplifier are not well aligned. While FROG Scan cannot quantitatively measure spatial
chirp, it can give you an excellent qualitative indication of the spatial chirp. This is done by examining
only portions of the beam and examining the retrieved spectrum. Changes in the spectrum reveal spatial
chirp across the beam. Typically, these changes show up as spectral shifts, indicating that the spectral
content changes across the beam, or that there is spatial chirp.
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4. Program Operation

Overview

VideoFROG has been carefully designed to provide nearly turnkey operation while providing the user with
very sophisticated options for both FROG pulse retrieval and spatial beam-profiling.

New with Version 7 is an entirely new, more intuitive user interface that uses large, updating icons for the
different parts of the program that are used. Because the icons are updating, a glance at the screen can
make sure that everything is aligned and in working order. Double clicking on one of these icons opens
the window associated with the icon. Menus, such as control menus, are located only in the window, or
placed in the program, they affect. For example, because the FROG device setup affects the temporal
and the spatial parts of the program, the FROG setup is accessed from the main menu. However,
because the palette affects only the window it applies to, a palette menu is available for each window.

Be sure to have the USB cameras connected, with the green LED on showing that their drivers are
properly working, or in the case of the frame grabber version, have the video line connected to the frame
grabber and the camera turned on before starting the program. For some controls, clicking the proper
location can access the required operations.

New in version 7 is that the spatial and temporal modes work simultaneously—provided the capture
devices allow it. To view the spatial and temporal profiles simultaneously, two capture devices must be
used such as 2 USB cameras, two frame grabbers, etc. Unfortunately, even though the frame grabbers
can have two or more video sources connected to them, they cannot switch between the sources quickly
because of the finite amount of time required to lock the phase-locked loop to the video signal.

Main Menu

Main features

Allows different configurations of VideoFROG to be chosen
Camera and display setups

Palette choice

Algorithm reset

Advance Features

The Main Menu appears at the top of the VideoFROG front panel.

= e

) Spatlal Analy5|s |. ............................ = m Main Menu

J N

— Flle 1®

-—-"--—::Options :-:+::

Y- Show Work Area/Restore Work Area

@ Temporal Analysis — Wlndow @
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Main Menu File
File — has several data saving options and allows hardcopy output.

Save FROG Data — Saves the retrieved pulse, the gate, and the measured FROG trace in separate
files that include a time and data stamp for the file name. Consequently, no prompting for the
file name is done so that data can be saved as fast as possible. See Appendix B for details on
the file format. The directory where the data is saved is set using the VideoFROG
Configuration program.

Log FROG Data — Saves 10 files of FROG data in rapid succession.

Exit — exits the program

Main Menu: Options
Options —

Sound — turns on sound for the the opening and closing of windows.

Reset to Defaults — currently resets the program back to the default window settings. Future
version will reset all default settings.

Main Menu: Window

Window —
Close All — closes all the open windows.

Main Menu: Show Work Area

Show Work Area/Restore Work Area — Closes all the windows to allow the fromt panel to be
viewed. Restore Work Area opens all the previous windows.

Main Menu: Temporal Analysis

Temporal Analysis —

Pause Algorithm — stops the inversion algorithm, which is useful for slower computers. When the
algorithm is paused, all open temporal windows are frozen which allows the user to freeze the display.

14



Single-Shot Mode.. . — allows the user to select a threshold for accepting FROG traces or beam profiles
for calculation. If the grabbed frame is below the threshold, the frame will be ignored.

Reset Algorithm — if by chance, the algorithm gets stuck, which is indicated by the retrieved FROG trace
and the Measured FROG trace looking very different, the algorithm can be reset by pressing this button.

As robust as the PCGP algorithm is, it does occasionally stagnate. If this happens, click the "Analyze"
heading from the Main Menu to bring up a pull down menu for resetting the algorithm. If stagnation is a
common occurrence, then something such as poor calibration or a large artifact in the background is
usually the case. Also, when the beam is momentarily blocked, the retrieved pulse may become all
zeros. If this happens, reset the algorithm once the beam has been unblocked.

Deconvolution - turns on a deconvolution algorithm (Lucy — Richardson) to improve the resolution along
the wavelength axis. This will only work if there is data supplied with the GRENOUILLE to tell the
program the impulse response function.

Center trace in delay centers the FROG trace with respect to delay. This is important for proper
operation of the algorithm, and this item should be checked if the trace is somewhat off center either
because of alignment or pulse front tilt. Care must be taken to make sure that the background is properly
adjusted and removed. Otherwise, the calculated shift could be erroneous. Both "Center trace in delay"
and "Center trace in delay and remove tilt" cannot be applied simultaneously. However, both can be
turned off.

Center trace in delay and remove tilt  centers the FROG trace with respect to delay and removes tilt in
the trace caused by spatial chirp. If spatial chirp is present, the item should be checked if you are not
measuring spatial chirp. The algorithm will not function properly if the trace is tilted. Symptoms include
oscillating between two different pulse widths or spectral widths. Such oscillation does, however, indicate
VERY large amounts spatial chirp. Also, this correction is VERY sensitive to background. Make sure that
the background is properly adjusted and removed.

Center trace in wavelength  (Wavelength Offset Correction) — shifts the FROG trace in wavelength to
help remove linear phase in the frequency domain phase.

Calculate Spatial Chirp (large values) uses a perturbation calculation to determine the spatial chirp,
which should be used either if you have large amounts of spatial chirp, or if you have spatial chirp
together with higher order spectral chirp (cubic or higher). While it is more accurate that the FROG trace
tilt calculation, it requires significantly more computational effort. It will update at only a few Hz on slower
computers and significantly reduces the amount of CPU available for the inversion engine, which may
impact update rates. It should be used when you need to measure the spatial chirp.

Plot Interpolate — interpolates points to make the retrieved phase and intensity less pixelated when
smaller grid sizes are used.

Select Video Input... causes a window to popup that allows a capture device to be selected. Each
capture device is represented by its own tab.

Background Subtraction... causes a window to popup that shows the captured background data and
lets a method for the background selection to be chosen.

15



Select GRENOUILLE... this menu option brings up a window that allows different FROG device models
to be chosen. If the model you have does not appear on the list, choose "Other." You must then select
the correct camera orientation for your FROG device. Also, enter the calibration constants for your device
that are provided with your GRENOUILLE.

Advanced Features - this menu item opens a dialog box that allows the user to select features such as
Median Filtering, a Background Filter, as well as turning off the pulse centering and displaying the gate for
non-GRENOUILLE FROG device alignment.

Main Menu: Help

Help —
About VideoFROG - Brings up the about box for VideoFROG.

Email Tech Support — Emails a package of attachments to VideoFROG technical support. Use this if
you have problems with VideoFROG. Your email program will start and you will be able to add a
description of the problem.

Help — Brings up this help file.
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Setting the background in VideoFROG

Setting the background level in VideoFROG is a very important and relatively simple adjustment.
Indeed, background has a very deleterious effect on the retrieval of FROG traces. If too much
background is present, retrievals will appear noisy. However, if too much background is removed, the
pulses will not be measured correctly and unphysical time-bandwidth products can occur. Thus, it is
worth a few minutes of your time to become familiar with this adjustment. Beginning with version 6.0,
VideoFROG includes automatic adjustment of the background, and it is suggested that you use it.
However, under some circumstances, this automatic adjustment may not work properly. As a result, the
background may need to be adjusted manually.

Shown in Figures 3, 4, and 5 are examples of too much background, too much clipping of the FROG
trace, and good background level adjustment, respectively. If you are unsure about the adjustment, or
see what you think is too much "blue" speckle, error on the side of too much blue speckle. A background
filter that is normally on will remove the remainder of the background. (To turn this filter on or off, go to
the Temporal Analysis drop down menu and select "Advanced Features" at the bottom of the menu. A

popup window will appear with a check box for the background filter. A check in the box indicates that it
is on.)
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Figure 4. An image of a diode laser beam in the live view. Notice the blue around the beam. There
is too much background around the image to get a good, clean retrieval (If this were a FROG trace, of
course!).
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Figure 5. Diode laser beam with too much of the beam clipped caused by an incorrect level
adjustment.
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Figure 6. An image of a diode laser beam showing a correctly adjusted background.
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When setting the background level, be sure that you are using the "Modified Rainbow Palette." This
palette uses black at the zero level and white at the saturated level. The rest of the levels go from blue
(low) to red (high), in the order of the rainbow. To set the palette, go to the "View" menu and select the
"Palette” menu. Then select the "Modified Rainbow" palette. An image showing all the color levels will
also appear.

While it is easy to see the difference between Figures 3 and 4, it is more difficult to see the difference
between Figures 4 and 5. However, you can see that the beam in Figure 5 is smaller than the beam in
Figure 4. Because the Live View is on while you make the adjustment, it is not difficult to see the change
in the size of the FROG trace while you are adjusting the background. How do you know what is
background and what is the FROG trace? The FROG trace will be solid, not speckled, and it will usually
be close to the main trace. Once this adjustment is made, you will probably never have to adjust it again
unless you change the gain on the camera or use a different camera.
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5. FROG Trace Retrieval

FROG Mode Front Panel

Briefly, VideoFROG is intended to behave in a manner similar to standard oscilloscopes, but for
femtosecond light pulses. The temporal measurement section of the front panel, shown below, is outlined
in a red rectangle. Each icon, which updates at roughly 1 Hz, represents a part of the code that is used
when making FROG measurements. Double clicking on the icon of interest opens the window it
represents.

Syusht s |
it

FROG Results Temparal pactr .ﬁulo:rromim
Intensity and d
Phase |

W

v

M Measured Pulse | Measured Pulse | Retrieved Pulse | Retrieved Pulse
= - Amplitude - Intensity - Amplitude - Intensity

Screen capture of the FROG mode front panel. Ther ed rectangle indicates the temporal, or
FROG retrieval section of the program. The FROG Sc  an version of VideoFROG will look slightly
different, but will work in a similar way.

Raw video display

Main features
Real time display
Clicking the axes allows the calibration to be changed
Various data saving features are available from the main menu
Cursor position in both pixel coordinates and time and wavelength
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FROG

The icon shown above represents the FROG area, or live view from the temporal camera. Double
clicking on the live view icon brings up the following window:

Image Menu

Fle Options Edit Help

- Live View

The large screen in the center (Live View) displays the raw video directly from the temporal (FROG)
camera. The display is 640 pixels wide by 480 pixels high and can be set for cameras that are rotated
using the Setup GRENOUILLE. . .. The horizontal axis is the time axis, and the vertical axis is the
wavelength. The axes are set automatically based on the calibration values entered in the setup. The
time is in femtoseconds, so 1.4 picoseconds is entered as 1400. Wavelength is in nanometers. For
SHG FROG, for an input wavelength of 800 nm, the middle of the wavelength range shown on the raw
video display should be approximately 400 nm. For PG FROG, it would be 800 nm.

The rectangle around the FROG trace denotes the "FROG Area," which is the area used for the FROG
inversion. The FROG area can be adjusted using the mouse—nbringing the mouse pointer over the
FROG boundary changes the mouse pointer to a double arrow. The main menu is the same as for nearly
all of the imaging windows except for options that allow the FROG area to be reset.
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Wavelength Adjustment

The wavelength adjust is set on the left side of the front panel, just to the left of the temporal analysis, or
FROG icons. Set this number to be the same as center of the FROG trace in the Live view, or the second
harmonic of the fundamental wavelength of the laser.

FRAOGE

800.00 Center Wavelength Adjustment

(I eoes to Average

M Pulse Front Tilt is okay

BB FROG device wavelength is okay

B Spatial Chirp is okay
Measured Pulst

8 Background calibration needs adjustment - Amplitude

Background subtraction

Main features

Removes artifacts in the pulse wings
Reduces retrieval error

To use background subtraction, a background frame must be sampled. (Please note that the
background must be resampled if the number of frames to average changes.) To sample the
background, block the beam into the FROG device and click the "Take Sample" button. Once the
background is sampled, the "Current Background Data" image will show the sampled background. To
turn off the background subtraction, use the dropdown menu just below the title bar of the window.
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Background Subtraction i =18l

Method: Block Beam H
Block beam and press Take Sample

Current Background Data

Background Not

Yet Sampled

Retrieved pulse display
Main features

Displays the intensity and phase of the retrieved pulse

Automatically centers the pulses

Displays both the spectral and temporal intensity and phase at the same time
Allows line width of plots to be changed

Plot Zooming

Grid lines that can be turned on and off

There are two separate windows that plot the retrieved pulse. One is the spectral intensity and phase,
whose icon is labeled "Spectral Intensity and Phase" , while the other is the temporal intensity and phase,
and its icon is labeled "Temporal Intensity and Phase." Shown below is the spectral intensity and phase
window. The temporal window is similar. On each window is the plot area as well as the Plot Menu. The
plot menu allows the plot colors, line thickness, and grids to be changed. They also allow the plot to be
printed.
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If the mouse is placed over the plot, markers appear on the axes showing the values, along the
respective axis, of the point where the cursor is located. Plot axis limits are determined by the FROG
area and are not adjustable from the plot.

Plot zooming is accomplished by holding the left-mouse button and drawing a square around the area
you wish to zoom in on. Letting go of the mouse button zooms. A double click of the left mouse button
restores the plot to the original size.

There is a small button with a grid on the title bar at the top of the retrieved pulse display. Clicking this
button turns on and off the gridlines on the plot.

FROG Results

Main features

Displays retrieved pulse statistics for easy comparisons

Double clicking on the "FROG Results" updating icon opens the FROG Results window. This window
displays some general-purpose pulse statistics such as the pulse FWHM, the spectral intensity FWHM,
the auto correlation FWHM, and the time-bandwidth product of the pulse. If the exact phase is not too
important, these statistics can provide a "good enough" indication of the quality of the pulse re-
compression. In general, it is possible to measure changes in the pulse width of about 1 - 0.5 fs. Pulses
with time-bandwidth products of less than 0.5 are generally considered "transform-limited".
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The FROG Results window has a menu that is general to the Text Windows.

Tools - FROG Mode

View Retrieved FT and View Measured FT — both the intensity views and the e-field magnitude views
are shown for comparisons. Double clicking on the large updating icons opens the windows for display.
These windows are fully sizable and can be placed anywhere on the screen.

The following options are found under the the "Temporal Analysis" drop down menu in the Main Menu:
Resets PCGP algorithm — allows the operator to reset the algorithm in case the algorithm "sticks."

Time Offset Correction (Time Offset Correction) — centers the FROG trace along the time axis to
remove any effects of pulse front tilt.

Correct Central Wavelength  (Wavelength Offset Correction) — shifts the FROG trace in wavelength to
help remove linear phase in the frequency domain phase.
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6. Spectrometer and Servo Controls

Below is a figure containing the three large Icons that provide information about the status of
communication, the position, the update rates of the spectrometer and servo. If everything is working
well, these icons typically don't need to be opened.

e0FROG

Options Window Temporal Analysis Help

| MesaPhotonics o VID E D F RDG

il [ Cantral

ter Integration Time

‘-A
USB2000+ FROG Scan
Control

ps (Time=644 fs)

DN s:wiooth (ms)
The spectrometer icon, when opened, displays the read time of each spectrum from the spectrometer.
The servo control shows the position and the write time to the servo controller. The Servo Icon shows the
display range and the port status of the servo controller port. It is useful to examine this window if there
appears to be some problems with the communication between the computer and the servo controller. A
screen capture of that window is shown below.
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The Comm status tells you what the current status of the communication to the servo. “Okay” should
appear in the Comm status box if the communication between the servo and program is working properly.
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7. Plot Window Menus

At the top of each plotting window is a menu that contains the following drop down menus:

File —
Save — saves a bmp of the plot
Print — brings up a print dialog that allows the plot to be printed
Close - closes the window

Options —
Freeze Display — freezes the plot to allow a more detailed analysis

Plot Settings... -- allows line width, line color, background color and grid color to be changed. To
turn off the grid, set the color of the grid to the background color.

Edit —
Copy — Places a copy of the plot onto the clip board.

Help — brings up this section of the help file.

Image Window Menus

At the top of each image window is a menu that contains the following drop down menus:

File —
Save View — saves the entire image including axes to a bitmap file

Save Raw Image — save only the raw image to a bitmap file. Often, Mesa Photonics support likes
to have a bitmap file of the raw FROG trace so that they can input it into the
program and compare retrieval results with what you are seeing.

Print — brings up a print dialog that allows the plot to be printed
Close - closes the window

Options —
Freeze Display — freezes the plot to allow a more detailed analysis
Use Palette — uses the chosen palette for the image display
Choose Palette — allows a palette to be chosen from a list of 256 color palettes.
Maintain Aspect Ratio — keeps the image true to the aspect ratio of the capture device.

Edit —
Copy — Places a copy of the plot onto the clip board.

Help — brings up this section of the help file.
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Text Window Menus
At the top of each text window is a menu that contains the following drop down menus:

File —
Save — saves a bmp of the plot
Print — brings up a print dialog that allows the plot to be printed
Close - closes the window

Options —
Freeze Display — freezes the plot to allow a more detailed analysis

Format — brings up a font dialog box to allow font size and type to be changed.

Edit —
Copy — Places a copy of the plot onto the clip board.

Help — brings up this section of the help file.
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8. Device Calibration and Optimization

Calibration

Calibration is determined by the factory. Wavelength calibration is stored in the spectrometer, and the
temporal calibration is determined by the servo delay line. Typically, the delay line is about 1 fs/step plus
or minus a few percent. If you suspect that the temporal calibration is incorrect, please contact the
factory.

Center the FROG trace

Now VideoFROG is up and running and FROG traces are appearing on the raw video display. For best
operation, the FROG trace must be centered in the raw video display. If the trace is off-center along the
wavelength axis, a linear phase will appear in the spectral phase. This can be quite bothersome when
trying to null the phase of a pulse compressor, for example. If the FROG trace is not centered along the
time axis, the pulse and gate will separate in time causing a loss of accuracy of the retrieved pulse. For
the most accurate reconstruction, the pulse and gate should overlap perfectly.

To center the FROG trace in time, you can set the scan center by adjusting the servo center on the main
panel. You can also use the automatic FROG trace centering under the Temporal Analysis drop down
menu.

Saving data

The raw video is saved as a bit map file (“.BMP"), allowing it to be read by virtually any
presentation software package or paint program. Using the "Save Data" or "Log Data" buttons in the
"VideoFROG Menu" saves the VideoFROG output.

To save the raw data, left click on the raw video display. You will not be prompted for a file name,
but instead the data will be saved with the time and date in the file name. This allows you to save several
files in rapid succession.

Unlike previous versions of VideoFROG, when saving data in this version the FROG trace and
the retrieved pulse and gate are fully synchronized when using the "Save Data" feature in the
"VideoFROG Menu". The external LabView program is no longer required for saving synchronized data.

Customizing

VideoFROG supplies you with access to "pipes" to access the retrieved pulse and resampled
trace while the program is running in real-time. This allows you to run concurrent programs that have
access to the data. These could be error analysis, database, or a variety of other programs such as those
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used to save data in any format you choose. These programs are easily written in LabView using the
supplied VIs to monitor the specific data you require. Included in the VideoFROG/LabView folder is an
example LabView VI that monitors the retrieved pulse and the resampled FROG trace.
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9. Advanced Features

Advanced Features Menu Dialog

The "Advanced Feature..." menu item opens a dialog that allows the user to select different filtering
options and alignment selections for non-GRENOUILLE FROG devices. Shown below is a screen
capture of the dialog.
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Median Filter —the Median Filter is used to remove speckle in the measured, resized FROG trace. A 3 x
3 window is moved across the resized FROG trace one point at a time. At each point, the center point of
the 3 x 3 window is replaced by the median value, rather than the average. The median is better at
removing speckle noise than the average. Also, the median filter tends to preserve high frequencies
better than a low-pass filter. Use the median filter when you have sparse, but noticeable speckle.

Background Filter — the Background Filter is an adaptive filter that removes the background from the
FROG trace. By adjusting level and threshold sliders, all but the most severe backgrounds can be
removed from FROG traces. Typically, the best position for the "Level" slider is on the "Low" side, while
the best position for the "Threshold" sliders is on the Mid to High side. Use the Background filter when
you have background that the background subtraction cannot remove and retrieved pulse "wiggles." This
filter is especially useful when the camera gamma on the FROG camera is set to one.

Gate Display — the gate display is used to align FROG devices other than the GRENOUILLE. When this
feature is checked, the gate is displayed instead of the phase in the time domain window. There is no
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need to check this item when using a GRENOUILLE. The information displayed is redundant. For more
information, see the section on "Overlapping the pulse and gate."

Gate Intensity — when this item is checked, the gate intensity is displayed. This item is checked when
aligning an SHG FROG device that is not a GRENOUILLE, and it is unchecked when aligned a PG
FROG device.

Pulse Centering - this item is normally checked. Having the pulse centering checked helps to level the
retrieved phase and keep the pulse in the center of the plot.

Gate Centering — a centering feature for the gate when it is displayed.

Grid Size — this changes the grid size on which the FROG calculations are made. For example, when a
64 x 64 array is selected, the region inside the red square on the raw video display is resampled to a 64 x
64 pixel array before the pulse characteristics are extracted from the FROG trace. Larger grid sizes
require more computational time, which causes the program to run more slowly. A good compromise
between speed and resolution is the 64 x 64 array, although for the high-speed computers available
today, real-time performance can be achieved on a 256 x 256 grid. If the program appears to update the
pulse slowly on large grid sizes, reduce the frame rate.

Memory-Mapped Files

VideoFROG allows access to both data and analysis results using memory-mapped files. A DLL supplied
with the VideoFROG package facilitates access to the memory-mapped files. A LabView VI is also
supplied to allow the user to write LabView programs that can run concurrently with VideoFROG.

VideoFROG has two main threads. The first thread is a data acquisition that displays video frames
obtained directly from the frame gabber. The second thread is a data inversion thread that runs the
phase retrieval algorithm to extract the pulse from the FROG trace. The data acquisition thread sends
video frames to the inversion thread whenever possible. Typically, the raw video display is updated at a
slightly faster rate than the retrieved pulse display. When a video frame is sent to the inversion thread,
the program retrieves the updated pulse from the inversion thread then sends a new, resampled FROG
trace to the inversion thread.

Using the data pipe

Usually, the end goal of using real-time measurement of ultra-short laser pulses is not just to look at the
pulses. We want to use the information gained from the pulse measurement to either learn something
new about the system or to control our experiment in some way. To do so, we must have real-time
access to the data in addition to the ability to conduct visual inspections of the retrieved pulses. It is
unrealistic, however, to expect any software program to be exactly what we need for a given experiment,
and software is almost impossible to customize.

To get around the need to customize the program, we provide real-time access to the retrieved pulse and
the original resampled FROG trace in the form of a DLL that can be called from any program that is
running simultaneously. VideoFROG has been designed with the sharing of computer resources in mind.
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LabView runs very well with VideoFROG, as do other programs. All you need to do is minimize the
VideoFROG program and run your application that uses the functions provided in the PCGPMonitor DLL.
For your convenience, LabView ViIs that call this DLL are provided with the VideoFROG software. If you
have LabView, you can check the calling sequence for any of the functions in the DLL. For those of you
who do not have LabView, full documentation of the DLL calls are provided in Appendix C.

LabView Vis

PCGPTestPipe.vi

This LabView VI tests to see if the memory-mapped file is available and if the PCGPMonitor DLL is
working properly.

PCGPMonitorPulseWidth.vi
This LabView VI returns the pulse width from the memory-mapped file.
PCGPGetSize.vi

This LabView VI returns the size of the FROG trace from the memory mapped files. Use this call to get
the size of the FROG trace for memory allocation.

PCGPMonitorPulseParams.vi

This LabView VI returns the pulse statistics displayed in the parameter display window to the right of the
raw video display.

PCGPGetPulseandGate.vi
This LabView VI returns the retrieved pulse and gate from the memory-mapped file.
PCGPSpecMonitor.vi

This LabView VI returns the resampled FROG trace from the memory-mapped file. The pulse and gate
retrieved from PCPGPulseMonitor.vi are retrieved from this FROG trace.
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10. Troubleshooting

Mesa Photonics’ Support Policy

We hope this product is trouble free and easy to use. Unfortunately, with all the operating systems,
computers, programs, and other systems beyond our control, it is impossible to guarantee the program
will work perfectly 100% of the time. If you have problems with the program within 30 days of installation,
feel free to call us (and feel free to continue to call us until the problem is resolved). After that time, we
would prefer you e-mail us. If for some reason we cannot resolve the issue over the phone or via e-mail,
we will be happy to fix the problem if you send us your computer. We expect you to pay for shipping to
our facility, but we will cover return shipping (not necessarily air or insurance, however). If we are still
unable to fix the problem, the only solution is to use a different computer. We will not cover hardware
issues in this matter. If you cannot get the frame grabber to work on your computer, then your computer
is incompatible with VideoFROG.

All users are entitled to at least one free upgrade. Upgrades are timed to come out near the end/first of
the calendar year and in mid-year. If you are not entitled to a free upgrade, the new upgrades are
available at a reduced cost.

What to try if VideoFROG doesn't work

VideoFROG says it can't find a file.

In order to minimize interactions with other software, VideoFROG does not set any path statements. Path
statements can often cause conflicts with other programs. Instead, all of the files required for running
VideoFROG are in the installation directory. Don't place any of these files into subdirectories. Also, don'’t
move any of the files from the sub-directory to the main directory.

The frame grabber isn’t working.

Be sure to install any demo software supplied by the installation program to be certain the frame grabber
installs properly. In addition, be sure to set the video channel correctly. If this doesn’t help, please
contact us.

The program runs, but the video freezes when | change between FROG and Spatial Profiling modes.

Make sure you have the channels set up properly for when you switch between the FROG and Spatial
Profiling modes. The program will not refresh the display unless it is receiving video. If you have a single
channel GRENOUILLE or FROG device, you'll want the channels to be the same. For the dual channel
GRENOUILLE, different channels can be used. Just make sure they have video connected to them!

| don’t see any video on either screen.
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Make sure you have live video being input to the channel the mode you are in expects (See the
discussion above). If you are reading from a file, make sure the file is available in the VideoFROG
directory. If the file can’'t be found, the program doesn’t prompt you, it just gives a blank screen.

| get really bizarre results when | use background subtraction, and I'm reading from a file.

Background subtraction can only be used when reading from an AVI file. The program assumes the first
frame, and only the first frame, is the background. If you don’t have background in the first frame, then
the first frame will be subtracted from the frame being viewed — you will be inverting the difference
between two FROG traces (bizarre indeed).

I'm reading from an AVI file, and | don't see anything.

AVI files must have at least two frames. The first one is assumed to be the background frame (See
above) and is never displayed.

| see wings on the FROG trace. Shouldn’t | see wings on the retrieved pulse?

That depends. The view you see in the raw video is actually proportional to the square root of the actual
FROG trace (provided the gamma on the camera is set close to 0.5 as it should be). The retrieved pulse,
on the other hand, is displayed as intensity. Only if the wings are large enough to be seen with the
gamma of the camera set to 1 will they be visible on the retrieved pulse. You may be able to view them
on the gate by turning off the "Gate Intensity" flag under the "Analyze" heading in the Main Menu.

When using the PCI frame grabber, VideoFROG hangs after 10 seconds to 10 minutes of operation.

This is caused by a hardware conflict. | bet that you have other data acquisition cards installed in the
computer! Unfortunately, we can't be around to check every computer that a VideoFROG gets installed
into. As an unfortunate result, sometimes hardware conflicts occur. The PCI frame grabber may be
sharing an interrupt with an interrupt hog. Or there may be another interrupt hungry card installed (such
as another frame grabber) that increases the latency time for interrupt processing. Another cause is that
a piece of hardware was improperly uninstalled from the computer. The first thing to try is to move the
PCI frame grabber to another PCI slot, causing the bios to select another interrupt for the card. (Uninstall
the frame grabber and re-install it in the new slot—DON'T just pull it out and move it.) If this doesn’t work,
try removing some of the other data acquisition cards (the fastest ones first). If that doesn’t work, you'll
have to use another computer.

What to e-mail us if you can't figure it out

E-mail Mesa Photonics the following files along with a description of the problem: VideoFROG.ini,
VideoFROG.LOG, SetupAxesINL.ini, and SetupinterpINLini. All of the files should be located in the
program directory and sub-directories. Send the e-mail to technical_
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10. Warnings

Pulse Front Tilt Warning

Quick Fix (one of the following):
Engage the automatic FROG trace centering
Adjust the servo center

Explanation:

If the FROG Scan is properly aligned, and the scan center is adjusted, the FROG trace will be
centered at t=0. If it is not centered, you will get this warning. Because FROG Scan cannot actually
measure pulse front tilt, this warning actually refers to a time offset that is large enough to cause
problems with the pulse measurement. The best way to fix this is to engage the automatic FROG
trace centering and adjust the servo scan center so that the FROG trace is centered. In a single shot
FROG geometry, the time offset is caused by Pulse Front Tilt.

Wavelength Offset Warning

Quick Fix (one of the following):
Adjust the wavelength in VideoFROG.
Engage the automatic FROG trace centering

Explanation:

When VideoFROG senses that the FROG trace is off center in wavelength, then the program
will issue a warning. This is quite easy to correct, as you can either adjust the wavelength control on
the FROG device or turn on the "Correct Central Wavelength" menu item in the "Measure Spatio-
Temporal Distortions" section (Checking this menu item allows the other parts of the section to be
checked.) of the “Temporal Analysis” drop-down menu. The quality of the retrieval does not suffer that
much when the wavelength is off center; however, if the wavelength is too far of center, then part of the
FROG trace may be clipped, or FROG Scan may not be providing the best possible FROG traces
especially if it is operating near its bandwidth limit. If the FROG trace is clipped, VideoFROG will issue
another warning.

FROG Trace Clipped Warning

Quick Fix (one or more of the following):
Change the shape of the FROG area to better accommodate the FROG trace
Use a larger grid size
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Explanation:

VideoFROG can sense when the FROG trace is being vignetted or clipped. The clipping can
occur either along the wavelength axis or the time axis. Clipping can, unfortunately, cause problems
with both the stability and/or the accuracy of the retrieval. If the FROG trace is being clipped
temporally, then the servo temporal scan range can be increased. However, if this causes the FROG
trace to be clipped along the wavelength axis, then a larger grid size must be used.

High Spatial Chirp Warning

Quick Fix (one or more of the following):
Re-align FROG Scan to make the FROG trace symmetric
Check for optics that can cause spatial chirp

Explanation:

Spatial chirp occurs when the color varies across the spatial front of an ultrashort laser pulse,
which can cause an asymmetric FROG trace. However, FROG Scan cannot detect this directly. Only
single shot SHG FROG devices can detect this directly. FROG Scan detects it indirectly. Because the
spectral content varies across the spatial profile of the beam, if only a section of the beam is used to
generate the FROG trace, the retrieved pulse spectrum will show a spectral shift or different spectral
characteristics. However, even in multishot geometries (such as FROG Scan) spatial chirp can make
the FROG trace asymmetric. This occurs because the crystal may not be set at the exact focus, and
the interaction at the crystal can still have spatial, and hence spectral variations. Because a spatially
chirped pulse is a pathological FROG trace, the algorithm can sometimes fluctuate between two pulse
lengths. Thus, you should correct the asymmetry by adjusting the overlap between two beams at the
crystal to make the FROG trace symmetric.

Background Warning

Quick Fix (one or more of the following):
Re-take the background

Explanation:

This warning appears either when the background hasn’t been subtracted out or when settings
have been changed such that the background needs to be taken again. Sometimes, the adjustments
are small enough so that that background looks OK. If this is the case, you can ignore the warning.
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Appendix A: Initialization File and Log File Refere nce

There are several initialization files used in VideoFROG Version 5.0:

VideoFROG.ini Main initialization file
Services.ini Determines services to be used by VideoFROG
Capture*.ini Initialization file for the capture DLL

Virtually all of the changes you need to make to these files can be completed using the VideoFROG
Configuration program. However, under some rare circumstances, you may need to edit these files
manually.

VideoFROG.ini contains items that control several features of the program. The main features of interest
are:

1) Image rotation
To set the image to be rotated by 90 degrees, locate the subheading "[Image]".
Edit the line "Rotate="to be 90.
Change the image width and height lines appropriately.

2) Screen display parameters
Displays parameters such as line width for the plots.
On slower machines, changing the line width on the plot to 1 will improve performance.

3) Setting DLL usage for the program

Most of the DLL's used are fixed. However, if the user would like to switch to PG FROG, the
PCGPPG.dIl can be selected by editing the line "PCGP DLL =" to PCGPPG.dIl. For SHG FROG,
it is set to PCGPSHG.dII.

4) Default settings for the program as well as the last settings used
The majority of the INI file is devoted to remembering the last settings used.

Services.ini determines which DLL is used for capturing the video image, either capturing from a file (AVI
or BMP) or capturing from the MV-510 frame grabber. To select file capture or frame grabber capture,
the following lines from the Services.ini file are edited.

[Service_MV5]

DLL=CaptureMV5.dll <-- Set equal to CaptureMV5_98.dlIl for Win 98/ME
Active=0 <-- Set equal to 1 for frame grabber capture
Startup=MV5

Pos=
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[Service_Replay]

DLL=CaptureReplay.dll

Active=1 <-- Set equal to 1 for file capture
Startup=Replay

Pos=

Capture*.ini is located in the "plugins" directory and sets the specifics for each type of capture device.
The listing of the two main files are:

CaptureReplay.ini

[Capture]
File=TestDatal.avi <-- Set to the file to be read
CaptureRate=12.000000 <-- Set to the default frame rate

CaptureMV5.ini

[CaptureMV5]

ChannelForSpatial=2

CaptureRate=15.000000 <-- Set to the default frame rate

[Frog]

Camera=2 <-- Not used

AtoDTop=192 <-- A/D settings for the FROG channel

AtoDBottom=43
ClampLevel=96

[Spatial]
Camera=2 <-- Not used
AtoDTop=192 <--A/D settings for the Spatial Profile channel

AtoDBottom=43
ClampLevel=96

Appendix B: File Formats of Saved Data

Raw Video (left click on raw video screen)

File Name Format: Capturedimage(date and time)(axis labels and values).bmp

File Format: 256 color bitmap. Palette is the raw video palette.
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Standard Data files ("VideoFROG Menu" "Save Data" and "Log Data")

FROG trace (resampled)

File Name Format: FROGTrace(date and time).txt

File Format: ASCII, space delimited

CR, LF after every row of the FROG trace. Rows are time delay, columns are
wavelength. No header, no time or frequency axis.

Pulse (retrieved) Data Files (3 different files, al | have the same pulse, but in different formats
and/or domains)

Pulse_Time_Domain(date and time).tx t— Time domain retrieved pulse
File Format: ASCII, space delimited
Three columns of data:
1)Time axis (in femtoseconds)
2)Time domain intensity
3)Time domain phase
Pulse_Freq_Domain(date and time).tx t— Frequency or Spectral domain retrieved pulse
File Format: ASCII, space delimited
Four columns of data:
1) Frequency axis (in Petahertz)
2) Wavelength axis (in nanometers)
3) Spectral intensity

4) Spectral phase

Pulse_Complex_Time_Domain(date and time).tx t— Complex (real and imaginary) version of the
time domain retrieved pulse

File Format: ASCII, space delimited
Three columns of data:

1) Time axis (in femtoseconds)
2) Real part of the time domain pulse
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3) Imaginary part of the time domain pulse

Gate (retrieved)
File Name Format: GATE(date and time).txt
File Format : ASCII, space delimited
Three columns of data:
1)Time axis

2)Real part
3)Imaginary part

No spectral data for the gate is stored because the gate is equal to the pulse in SHG
FROG and is equal to the intensity of the pulse in the case of PG FROG.

Appendix C: Function Reference for the PCGPMonitor DLL

General "C" code header file code for accessing the PCGPMonitor DLL calls

extern "C" double __stdcall __declspec(dllexport) GetPulseWidth(void);
extern "C" int __stdcall __declspec(dllexport) GetSize(void);
extern "C" void __stdcall __declspec(dllexport) ReturnPulseParams(double *);

extern "C" void __stdcall __declspec(dllexport) ReturnPulse(double *, double *, double *, double*,
double*);

extern "C" void __stdcall __declspec(dllexport) ReturnPulsewAParams(double *, double *, double *,
double*, double*, double *);

extern "C" void __stdcall __declspec(dllexport) ReturnPulseandGatewAParams(double *, double *,
double *);

extern "C" void __stdcall __declspec(dllexport) ReturnSpec(double *);

extern "C" void __stdcall __declspec(dllexport) GetintensityandPhase(double *, double *, double *,
double*, double*, int);

Function Descriptions:

double  stdcall GetPulseWidth(void)

Calling sequence:
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None.

This subroutine returns the pulse width.

int __stdcall GetSize(void)

Calling sequence:

None.

This subroutine returns the size of the FROG trace.

void __ stdcall ReturnPulseParams(double *PulseParam s)

Calling sequence:

PulseParams is a pointer to a 4 element double float array to receive all of the pulse
parameters.

This subroutine is void (returns nothing). All data is passed in the previously allocated double
array.

void _ stdcall ReturnPulse(double *pulse, double *t dl, double *tdP, double *fdl, double *fdP)

Calling sequence:

pulse is a pointer to double float array, double (64 bit float) of length 2 times the pulse
size to receive the complex raw, retrieved pulse.

tdl is a pointer to a double array of length of the FROG trace size (returned from GetSize)
to receive the time domain pulse intensity.

tdP is a pointer to a double array of length of the FROG trace size (returned from
GetSize) to receive the time domain phase.

fdl is a pointer to a double array of length of the FROG trace size (returned from GetSize)
to receive the frequency domain intensity (pulse spectrum).

fdP is a pointer to a double array of length of the FROG trace size (returned from
GetSize) to receive the frequency domain phase.
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This subroutine is void (returns nothing). All data is passed in the previously allocated double
arrays.

void __stdcall ReturnPulseandGatewAParams(double *p ulse, double *gate, double *axisparams)

This function returns the raw pulse and the raw gate together with the axis parameters. The axis
parameters is an array of six (6) doubles that contains, in the following order, the time axis spacing, the
start value of the time axis, the end value of the time axis, the frequency axis spacing, the start value of
the frequency axis, and the end value of the frequency axis.

Calling sequence:

pulse is a pointer to double float array, double (64 bit float) of length 2 times the pulse size to
receive the complex raw, retrieved pulse.

gate is a pointer to double float array, double (64 bit float) of length 2 times the pulse size to
receive the complex raw, retrieved gate.

Axisparams is a pointer to an array of six doubles that contains the axis parameters as described
above.

void _ stdcall ReturnPulsewAParams(double *pulse, d ouble *tdl, double *tdP, double *fdl, double
*fdP, double *axisparams)

This function returns the raw pulse, the time domain intensity and phase, and the frequency domain
intensity and phase as well as the axis parameters. See ReturnPulse and
ReturnPulseandGatewAParams for the calling sequence.

void _ stdcall ReturnSpec(double *Spec)

Calling sequence:

Spec is a pointer to double float array, double (64 bit float) of length isize*isize to receive
the spectrogram used in the inversion.

This subroutine is void (returns nothing). All data is passed in the previously allocated double
array.

void _ stdcall GetintensityandPhase(double *pulse, double *tdl, double *tdP, double *fdl, double
*fdP, int N)
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This function returns the intensity and phase in the time and frequency domain when provided a raw,
complex vector pointed to by pulse. N is the number of complex values in the pulse. Because the pulse
is a double, the complex values are stored as real and imaginary pairs where the even indices, starting
with 0, are the real values and the odd indices are the imaginary values.

Calling sequence:

pulse is a pointer to double float array, double (64 bit float) of length 2 times the pulse
size to send the complex raw, pulse for calculations

tdl is a pointer to a double array of length of the FROG trace size (returned from GetSize)
to receive the time domain pulse intensity.

tdP is a pointer to a double array of length of the FROG trace size (returned from
GetSize) to receive the time domain phase.

fdl is a pointer to a double array of length of the FROG trace size (returned from GetSize)
to receive the frequency domain intensity (pulse spectrum).

fdP is a pointer to a double array of length of the FROG trace size (returned from
GetSize) to receive the frequency domain phase.

N is the length of the complex pulse vector (N complex values = 2*N double values).

This subroutine is void (returns nothing). All data is passed in the previously allocated double arrays.
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Appendix D: Specifications

Input Pulse Wavelength Range
Pulse Length Range

Temporal Range

Temporal Resolution

Delay Increment

Spectral Resolution

Spectral Range

Pulse Complexity

Intensity Accuracy

Phase Accuracy

Realtime Sensitivity (Ipeaklave)
Averaged Sensitivity (Ipeaxlave)
Input Beam Size

Nominal Polarization
Acquisition Speed

Spectra required for measurement

Software

450 nm - 1800 nm
<15fs-10ps

30 ps

2 fs or better

1fs

0.20 nm -1 nm

100 nm - 600 nm
TBWP > 50

2%

0.01 radians

4 W?

<0.1W?

2 -4 mm collimated
Horizontal (Vertical by rotating crystal)
> 1 Hz 64 x 64 grid
number in grid

VideoFROG -- Included in price
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Appendix E: Background Subtraction

Pictured below is a sequence of images that will walk you through obtaining good background levels in
your FROG trace.

FROG Trace - Amplitude
Measured Retrievied

o s |

File Options Edit Help

FROG

[Auto Width: 139.23 fs
il TBW Product: 0.88

Temporal Spect) FROG Trace Error: 0.0022
mepsity and | 29|l ambda Offsct: 7.77c-01 nm
Ll ime Offset. 2.42e+01 fs

"&Jilcalc Rate: 1394 itcrations per trame

Calc Rate: 1299 Calculations per second
Frames Summed: 1
Video Frame Rate = 0.9 FP3

FROG Trace - | Sped
Resampled

The screen capture above shows a high background in the measured FROG trace. Using the
background subtraction, together with the background filter can remove the background.

FROG Trace - Amplitude
Retrievied

Edit Help |Method: 0ff

Background is not being removed

Current Background Data

th: 9.02 THz
i 19.08 nm
Auto Width: 139.63 fs
ITBW Product: 0.90
{\|FROG Trace Error: 0.0019

Lambda Offset: -8.91e-01 nm
Time Offset: -2.20e+01 fs

Calc Rate: 1374 iterations per frame
Calc Rate: 1293 Calculations per second
Frames Summed: 1
Yideo Frame Rate = 0.9 FPS
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The above image shows the Background Subtraction pop-up menu. The drop down menu in the pop-up
menu shows that no background subtraction is being used.

By selecting the Block Beam method, the “Take Sample” button appears. Clicking this buttontakes a
sample of the background, but block the beam first!

The background around the measured FROG trace is clean. However, the reason it is clean is that the
background filter is turned on. This filter is controlled and turned on in the “Advanced Features” dialog
under the “Temporal Analysis” drop down menu. This pop-up is shown below:
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Note that the “Background Filter” is checked, which turns it on. The level controls that amount of speckle
removed (Low=low amounts of speckle, High= larger amounts of speckle). The Threshold control
determines what levels in the FROG trace are filtered. High values can remove the wings of the FROG
trace, which causes errors in the retrievals. Always use the lowest threshold that give you a black
background (When using the “Modified Rainbow” palette).
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