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1 SETUP

All documentation about Frozzer alighment, Frozzer software and Frog_Processing software is

1.1

accessible in clicking on “Documentation” in Frog_Processing software.

COMPONENTS

The setup comprises, at least:

1.2

One optical module

One controller unit (PI, E-871 or E-873) with a power cable adapter
One spectrometer

Two USB cables

One spectrometer trigger cable

A set of pedestal posts and clamps

A USB key with softwares

+ optional optics and spectrometers

OPTICAL SPECIFICATIONS
Input polarization: linear, S-polarization (vertical if the optical unit is horizontal)
Optical aperture: max 2 to 3 mm
Typical energy input range: 0,1 to 10 W (5 to 10 Wl is recommended for alignment)
Max scanning range : 70 ps
Input beam height: Minimum 2”
Mirrors: gold
Lens: non coated BK-7 (or non-coated CaF; for Frozzer 1-9um)
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2 OPTICAL CONFIGURATION

7- Pair of gold mirrors >SHG crystal

A

6- Collimating lens 4- Off-axis parabola 1-Inputrts

(BK-7 or CaF,)

t0=+0.78mm

1” filter or density
Optional mount (not provided)

. 3- Motorized mirrors
Serial number

SelECHTITSGes compensator  2- 50/50 beamsplitter

“Time-zero” position (for short pulses)

3 INSTALLATION

3.1 MOUNTING
a. Mount the feet under the optical module
b. Mount the feet under the spectrometer

3.2 CONNECTIONS

Do not connect the USB cables to the computer (computer not provided)
Connect the optical module to the controller (DB25-type cable(s))

Connect the power adapter to the controller and connect to the power supply
For NIRQuest spectrometer: power on the spectrometer (power cable)
Connect the computer to internet

® oo oo
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3.3 SOFTWARE INSTALLATION

-> Insert the provided USB key

» FASTLITE (F:) v Search FASTLITE (F:)

Mame Date modified Type Size
ﬁ setup-frozzer-36.exe 21472017 17:04 Application 378,532 KB

3.3.1 Install setup-frozzer-xx.exe

[[EJ Setup - Frozzer

Select Destination Location
Where should Frozzer be installed?

Setup will install Frozzer into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

[c:\Program Files\Frozzer]

Browse...
At least 0,7 MB of free disk space s required.
Next > Cancel
-> Next
ﬁl Setup - Frozzer -
Select Components
Which components should be installed?
Select the components you want to install; dear the components you do not want to
install. Click Mext when you are ready to continue.
Full installation ~
Frozzer
FROG Processing
Avantes spectrometer driver
MIRQuest spectrometer driver 174.6 MB
P1 E&71 driver (translation stage) 122.9MB
Current selection requires at least 238, 1 MB of disk space.
-> Next

(you can skip “NIRQuest spectrometer driver” installation in unchecking the box if your Frozzer isn’t
delivered with a NIRQuest spectrometer)
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151 Setup - Frozzer -

Select Start Menu Folder
‘Where should Setup place the program's shortcuts?

i | Setup will create the program's shortcuts in the following Start Menu folder.
—

To continue, click Next. If you would like to select a different folder, click Browse.

-> Next
ﬁl Setup - Frozzer —
Select Additional Tasks
Which additional tasks should be performed?
Select the additional tasks you would like Setup to perform while installing Frozzer,
then dick Next.
Additional shorbouts:
Create a desktop shortcut for frozzer.exe
Create a desktop shortcut for frog_processing. exe
< Back Cancel
-> Next
ﬁl Setup - Frozzer —
Ready to Install
Setup is now ready to begin installing Frozzer on your computer.
Click Install to continue with the installation, or dick Back if you want to review or
change any settings.
Destination location: ~
C:'\Program Files\Frozzer
Setup type:
Full installation
Selected components:
Frozzer
FR.OG Processing
Avantes spectrometer driver
MIRQuest spectrometer driver
F1 E&71 driver (translation stage)
v
< Back Install Cancel
-> Install
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Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

Thiz wizard helps you install the software drivers that some
computers devices need in order to work.

5

To continue, click Mext.

Back Mext > Cancel
-> Next
Device Driver Installation Wizard
N Completing the Device Driver
Q\' Installation Wizard
The drivers were successfully installed on this computer.
You can now connect your device to this computer. i your device
came with instructions, please read them first.
Driver Name Status
" Fastlite (\WinUsb) visals... Readyto use
-> Finish
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3.3.2 Pl translation stage drivers installation

@ E-871 PIShift Controller - InstaliShield Wizard X
Welcome to the InstallShield Wizard for
E-871 PIShift Controller

The InstallShield(R) Wizard will install E-871 PIShift
Controller on your computer. After this it will run the setup
for the E-871 PIShift Controller USB driver. To continue, click
Next.

WARNING: This program is protected by copyright law and
international treaties.

-> Next
;@ E-871 PIShift Controller - InstallShield Wizard X
License Agreement
Please read the following license agreement carefully. P I
Preamble ~

Physik Instrumente (Pl) GmbH & Co. KG (hereinafter referred to as ,PI’) is a leading
supplier of nanopositioning technology and motion control systems (hereinafter referred

to as "Hardware”).

For operating the Hardware, Pl provides advanced software products or tools, as for
example the NanoCapture™ Software, PIMikroMove ™ Software and further software
tools as the Pl General Command Set, Labview Driver Set or Dynamic Link Libraries

(DL~ frre a mband slame ims ae e inbasestiam aith third sorhe cafhees meadoebe

(@ 1 accept the terms in the license agreement Print

()1 do not accept the terms in the license agreement

InstallShield
-> accept and next

;@ E-871 PIShift Controller - InstallShield Wizard X

Customer Information
Please enter your information. P I

User Name:

Organization:

poo

(® Anyone who uses this computer (all users)
(O Only for me (300¢)

InstallShield

-> complete your information and Next
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;@ E-871 PIShift Controller - InstallShield Wizard

i PI

Choose the setup type that best suits your needs.

Please select a setup type.

(@) Complete
All program features will be installed. (Requires the most disk space.)

i

() custom
Choose which program features you want installed and where they will
be installed. Recommended for advanced users.

InstallShield
-> choose “Complete” and Next

;@ E-871 PIShift Controller - InstallShield Wizard X

E-871 PIShift Controller GCS LabVIEW Driver Selection P I

Select the LabVIEW driver to be installed.

Depending on the LabVIEW version installed on your system, select one of the
following drivers:

O E-871 PIShift Controller GCS LabVIEW driver (32-bit
rsion)
Select this driver if you are using a 32-bit version of LabVIEW.

(@) E-871 PIShift Controller GCS LabVIEW driver (64-bit version)
Select this driver if you are using a 64-bit version of LabVIEW

InstallShield
-> select option according to your system

and Next
X

;@ E-871 PIShift Controller - InstallShield Wizard

Ready to Install the Program P I

The wizard is ready to begin installation.
Click Install to begin the Installation.

If you want to review or change any of your installation settings, click Back. Click Cancel to exit

the wizard.

InstallShield
-> Install
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ﬁ E-871 PIShift Controller - InstallShield Wizard X

Pl

InstallShield Wizard Completed

The InstallShield Wizard has successfully installed E-871
PIShift Controller. Click Finish to exit the wizard.

ﬁ E-871 FTDI USB Driver - InstaliShield Wizard X
Welcome to the InstallShield Wizard for
E-871 FTDI USB Driver

The InstallShield(R) Wizard will install E-871 FTDI USB Driver
on your computer. To continue, click Next.

WARNING: This program is protected by copyright law and
international treaties.

:@ E-871 FTDI USB Driver - InstallShield Wizard X

License Agreement

Please read the following license agreement carefully.

Preamble ~
Physik Instrumente (Pl) GmbH & Co. KG (hereinafter referred to as ,PI’) is a leading
supplier of nanopositioning technology and moation control systems (hereinafter referred
to as "Hardware™).

For operating the Hardware, Pl provides advanced software products or tools, as for
example the NanoCapture™ Software, PIMikroMove ™ Software and further software
tools as the Pl General Command Set, Labview Driver Set or Dynamic Link Libraries

MV 1 o) far a ctand alans iea are an intaaratinn weith thicd ok cafhuaes aradoeis

(@)1 accept the terms in the license agreement Print

()1 do not accept the terms in the license agreement

InstallShield

FASTLITE

-> Finish

-> Next

-> Accept and Next
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ﬁ E-871 FTDI USB Driver - InstallShield Wizard

Ready to Install the Program

The wizard is ready to begin installation.

Click Install to begin the installation.

If you want to review or change any of your installation settings, click Back. Click Cancel to exit
the wizard.

InstallShield

< Back Install Cancel

,_@ E-871 FTDI USB Driver - InstaliShield Wizard

Pl

InstalliShield Wizard Completed

The InstallShield Wizard has successfully installed E-871
FTDI USB Driver. Click Finish to exit the wizard.

FASTLITE

-> Install

-> Finish
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3.3.3  NIRQuest spectrometer drivers installation

= setup — X
Setup - OmniDriver-win64-2.40
Welcome to the OmniDriver-wing4-2.40 Setup
Wizard.
< Back Cancel
-> Next
B2 Setup - X
\Which version do you want to install? l {
@ Redistributable version (for end-users)
O Development version (requires password)
Snck T ! c I
< Bacl ext > ance . .
= -> Select Redistributable version and Next
& setup — x
Installation Directory ! ‘
Please specify the directory where OmniDriver-win64-2.40 will be
installed.
Installation Directory ([}
< Back Next > Cancel
-> Next

FASTLITE 11 | 37



B& Setup — X

7
Install VCREDIST silently rrE

OmniDriver requires the Microsoft Visual C++ redistributable DLLs. This
option determines whether you will be prompted to answer various
questions during the VCREDIST phase of the installation. If you choose
“silent” mode (recommended), the appropriate answers will be
supplied automatically for you.

Install VCREDIST silently
® Yes

O No

Cancel

-> Select Yes and Next

B2 Setup — X
Ready to Install V’E

Setup is now ready to begin installing OmniDriver-win64-2.40 on your
computer.

-> Next (installation)

B2 Serup — *

Completing the OmniDriver-wing4-2.40 Setup Wizard

Setup has finished installing
OmniDriver-wing4-2.40 on your computer,

Cancel

-> Finish

-> Connect the USB cable from NIRQuest spectrometer to your computer

FASTLITE
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Installation du périphérique

Installation de Ocean Optics NIRQuest-512

Patientez pendant que le programme d'installation installe les fichiers nécessaires
sur votre systéme, Cette opération peut prendre plusieurs minutes.

-> Drivers finish to be installed

-> Disconnect the USB cable from NIRQuest
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3.3.4 Translation stage calibration

Open PlUpdateFinder

Prise en main
Sway

Cartes
Contacts
Paint

Calculatrice

R&camment ajout
[P Il"
i PlUpdateFinder

[l Explorateur de fichiers
@ Paramétres
(M Marche/Arrét

E Toutes les applications

m O g

PI p| ypdate Finder 1.2.2.9 - 0 X

PIEZD NANO POSITIONING WWW. PI. WS PI

Pl Update Finder

This tool will help you to keep your Pl software components up to date by sending information about
their versions to the Pl server. You can then decide what to download and install

The following software components have been found -
Module Version Directory
PlUpdateFinder 1229 C:\Program Files (x86)\PI\PIUpdateFi
PIMikroMove 21402 C:\Program Files (x86)\PI\PIMikroMo»
PI_GCS2_DLL 21500 C:\ProgramData\PI\GCSTranslator
PlIStageEditor(Application) 4600 C:\Program Files (x86)\PI\PIMikroMo:
MUT avmnion ' 294 P AMNvnmemnen Cllan 1LO0CWANMIIT aveninmal v

< >

Pl Update Finder will search for Pl software in the standard installation directories only

If your Pl software is installed elsewhere, Pl Update Finder cannot find it. In this case, specify the
directories where your Pl software components are installed. Once you are finished, Pl Update
Finder will search again for your Pl software

Click Find Updates to send the above version information to the Pl server I Find Updates I
and get information on which modules can be updated

If your computer is not connected to the Internet, click Use Offline Mode. Use Offline Mode

Click the directory links above to access the destination folders for the software you download

-> Find Updates
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Pl Update Finder X =+

D | update pi-portal.ws/index php?ver=1&len=82&info=3C0603000001020E000209040600002706030301000102( € Q Rechercher wBa ¥ @

PI

Pl Update Finder

Pl Software Found on Your System

Name Installed Version on Pl Release Download
Version Server Notes Link
PI LabVIEW Driver E-871 V6300 V6301 Release B Pl server
PIMikroMove V21402 V22401 R‘;':laf Pl server
PlIStageEditor (Application) V4.6.00 V4.9.0.0 Ri'szse Pl server
PlTerminal V6.3.3.1 V6.8.0.1 Pl server
-
> Release
3 » PlUpdateFinder V1229 V1421 note Pl server
e A
f PI GCS Library PI_GCS2_DLL (ZIP file, please V21500 V3001 Release Pl server
extract and run Install.bat) notfe
Pl LabVIEW Merge Tool V6309 V6.12.40 Rolease N piserver
2013/01/11 2016/03/16
Pl Stage Database PImiCosStages2 1056:00 10-39.42 Pl server
I——

Important note:
Before downloading and installing your update, read the corresponding release note to check if there are any
known compatibility issues.

If you have any questions or problems please contact us.
-> Download and install all Pl server links (a ZIP extraction is needed for Pl GCS Library_GCS2_DLL)
-> Close this page

-> Find Updates again

Pl Update Finder X

i) | update.pi-portal.ws/index.php?ver=18&len=1028&info=02030900013C0603000128060C040004576143283D56E ¢ Q Rechercher ﬁ B ¥ #

PI

Pl Update Finder

Pl Software Found on Your System

Name Installed Version on Pl Release Download
Version Server Notes Link
PI GCS Library PI_GCS2_DLL (ZIP file, please
extract and run Install bat) V3901 v39.01 v Up to date
Pl LabVIEW Driver E-871 V6.3.0.1 V6.3.01 L d Up to date
Pl LabVIEW Merge Tool V6.12.4.0 V6.12.40 ¥ Up to date
2016/06/15 2016/06/15
Pl Stage Database PIStages2 135936 125936 ¥ Up to date
. 2016/03/16 2016/03/16
Pl Stage Database PImiCosStages2 10-30-42 10-39:42 \d Up to date
PIFirmwareUpdater V1240 V1423 Reﬂljlaese Pl server
PIMikroMove V22401 V2.24.0.1 V¥ Up to date
PIStageEditor (Application) V46.0.0 V4900 R‘;'gf;se Pl server
PlTerminal V6.8.0.1 Vv6.8.0.1 Vup to date
PlUpdateFinder V1421 V1421 ¥ Up to date

Important note:
Before downloading and installing your update, read the corresponding release note to check if there are any
known compatibility issues.

-> Check if all software are up to date (you can update the new installed software: “PIFirmwareUpdater”
and “PIStageEditor (Application)”).

-> Close PIUpdateFinder
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-> Connect the USB cable from the Pl controller to your computer

-> Open PIMikroMove (calibration step)

Q Paramétres
E Photos
Y
GCSMergedLabVIEW
Pl GCS LabVIEW drivers
Pl LabVIEW Merge Tool
Pl Manuals
Pl Programming Files PI_GCS2 D...

PIFirmwarelpdater

PlStageEditor

PlTerminal

PlUpdateFinder

Samples

Prise en main

n
n
[ |
n
n
E
PIMikroMove
e
1
n

O m B ® &

PI
T p i

i 3 ® Bl I:I : D E (enter help search here) | Q) ? @

~
|15
L‘ > : E-852 A E-871 Controller
z -
1. Connect controller USB RS-232 USB Daisy Chain RS-232 Daisy Chain
~F
= LI 4 Description
=1y 5 P1 E-871 Controller SN 0116004151
? J"‘ ' E-861
2. Select connected stages  Stage Type Configuration X
ey PIMikroMove has detected that stage type Q-545.140 is connected to the controller axis 2.
| oS = ‘e But the controller axis 5 not configured for any stage type.
| — > Do you want to configure the controller axis 2 for stage type Q-545.140 7

3. Start up axes

673 m :
Baud rate 9600 19200

DIPswitchS| ON ON OFF

L, B v DIPswitch6 | ON OFF ON

Version Info...

-> Choose E-871 (white controller) or E-873 (black controller, check on your packing list) in the list, Connect
and click “Yes, configure for Q-545.140”

(If no controller is recognized, disconnect and reconnect the controller power cable to reboot it)
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PI PiMikroMove 2.24.0.1 -

Connections Tools View Help

S 2 NEHANE & N EE| ehdwches | B 2|
- L= L
Eria'ljpkuvllz<.n“gv

- e -
Save all changes permanently? X

1. Connect controlier
By default, the stage seftings in the ler are ch d 0
and will be lost when the dler is switched off or rebooted
_— Advantage: It is possible to test the settings and, i necessary,
return to the previous settings by simply rebooting the controller.
2. Select connected stages If you are sure that the stage settings function correctly, you can save
o them p ty on the controlk ty saved settings vl stil be
available after rebooting or the next power-on.
| Advantage: The system & ready to work with other software (e.g. custom applications
i or third-party integrations) without the need for reload of stage settings.
3. Start up axes CAUTION: Saving the settings permanently can only be done giobally. —
So all settings for all stages are saved. Serial settings...
lml\.d-\g-wl [Slniﬂhvwiymm (hli potroler

DIPswitch5| ON ON OFF OFF
v DIPswich6 | ON OFF ON  OFF

E o | e :E

-> Click “Save all settings permanently on controller”

PI PIMikroMove 2.24.0.1 O X

Connections Tools View Help

B HNEHEAMNE |8 0B E|[emehpsarciren B ¢ | @

j; L= L
4 Start up controller - connected E-871 on USB SN 0116004181 X
| Selectal | | Selectunreferenced | | Select aes with stored states |
2 Q-545.140 yes yes servo off
f dected axes by ing to:

A :u'a-:E

-> Click “Automatic” to calibrate the translation stage
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PI PIMikroMove 2.24.0.1 =

Connections Tools View Help

B POREHNAMNE |5 0 B[t D ? | @

Start up controller - connected E-871 on USB SN 0116004181 X
| Selectal | | Selectunreferenced | | Select aves with stored states
o
B Axis Stage Ref. switch Uimi/hard stop  State
1, Connect controller 2 Q-545.140 yes yes oy
- o -
Servo for ads 2 is off.
2. Selact connecied stages i Do you want to switch on servo in order to reference?
Caution:
@ Do not switch on servo for stages without position sensor.
3. Start up axes [Swtchonservo| | skpaxs | | cancel
£ lected axes by moving to:
et | sach | pen e | | Avtomate |

:

-> Switch on servo (check that no items is blocking the translation stage)

PI PIMikroMove 2.24.0.1 =

Connections Tools View Help

S S NEHEAMNE B0 B B |[curhpmnbes | B ¢ | @

Start up controller - connected E-871 on USB SN 0116004181

- | Sectal | Selectunreferenced | | Select aves with stored states
Axis Stage Ref.swich  Umt/hardstop State
1, Connect controller 2 Q545140 yes yes unreferenced
- Reference Axes
C [This vl move the selected axes!
[ Start referencing immediately after dialog appearance  Close
2 E——
| Neg.bm | Refswitch | | Pos.bmt | I | Automatc |

=

-> Start
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PI PIMikroMove 2.24.0.1 O

Connections Tools View Help

S @ BECNANE|E | 0@ E|[cereas]d 2| O

] = L= 1
;’—-Eu'l up controller - connected E-871 on USB SN 0116004181 X F

u | Selectal Select unreferenced | Select axes wiith stored states |
1, Connect controller 2 Q-545.140 yes yes on target
All axes referenced X

6 All axes were successfully referenced.

3. Start up axes [[] Remember and do not show again oK
Reference selected axes by moving to:
Neg.kmk | Ref.switch | Pos.bmt | | Automatic

[Advanced... | Restore

E . Hebp | Close
Connections  E-871 (USB SN 0116004181) Tools View Help

S PO REBHEHEANE B | A B ME||etrhipmchies) | B ¢ | @

-> 0K

| [Jaxes | 3 Hostmacros | o Controler macros | v
Stage | I< < ‘I‘anﬂvd-‘>{>l Step size 'm""" ca-n-lvu—o-n-nnn-oa HALT ’s‘- g
2 »lossin J< |< 0000000 mm| > > | 0100000 mm I%- 29 [ oo ®
Q- I I A
2-Q-545.140 i
Ads:  |2-Q545.140 on E-671 on USB SN 2 ]
sater | “ontarget
Position:
= 0,000000
R Home > M
) e WAL S |
- 1["‘]"’ [0.000000 I 5

s o || E—
€671 (USB SN 0116004181): [: Ll

Vaocty: 1000000 | -> Close PIMikroMove

Close All Connections X

You are about to close the connection to all controllers,

[] Remember settings and do not show again

Close - Cancel

-> Remember settings and Close
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AutoConnect X

= Do you want to autoconnect currently connected controllers
o the next time you start PIMikroMove?

o . -
e e [I] - -> Remember and Yes

PI PIMikroMove 2.24.0.1

Connections  E-871 (Ut

Auto Connect Configuration X

- A4
E-871 on USB SN 0116004181 =

Connect controliers WALt [state |
™ @
.o ©
- Use S atteoon o ol
M USE SN 0116004181 L
Connect stages - A
2- Q545,140 ?
= = Version Information:
‘i » i PIMikroMove 2.24.0.1
! exe: C:\Program Fies (x86)\PT\PIMkroMove
L L \PIMikroMove.exe
Init axes date: 10/06/2016 16:08:08
help: Ci\Users\alex| AppData\Local\Temp
\PIMikroMove_SM148E
0S:  Windowes 8 (buid 9200), 64-bt ediion
GCS PATH:
(3264)  Ci\ProgramData\P1
Start host macro \GCSTH
(64bt)  Ci\ProgramData\P1
\GCSTransiator|
PIStageEdior:
Path:  C:\Program Fies (x86)\PI\PIMikroMove
e
< Version: 4600 >
Date: 08/01/2013 12:19:28 v

£-671 (USB SN [ ox ][ cmen Help j

For finishing the software installation -> Restart your computer
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3.4 SOFTWARE SETTINGS

-> Connect USB cables from the spectrometer and from the controller

-> Run Frozzer software

Frozzer

Spectrometer settings SH-FROG acquisition

5 Frozzer Frog_late 2.h5 - o X
File
H &
E LEA REC%‘:UG P’I::ﬂt:ﬁ\s
select spectrometer
- connect continuous  save spectrum = |+,
1000~ 25000

875 1300

750

625 I~ 2000(

1400

500 -

Intensity (counts)

375
1500

2503 I 15000

125

1600
0od

r T T T T T T T 1
o 125 250 375 500 625 750 875 1000

|- 1000(
Wavelength (m)

spectrometer controls
exposure 10.00 s $ start|100.00 nm ¢ single freeze 17004

average 1 * stop 100.00 nm * | background dlear frozen

fps 20 * reset range bad pixels external trigger | buffer size: 100

data logging
log period 1.00 s : LOG | recorded spectra: 0 |LOG Analysis 1800

5000

controller ~  connect :'I

axis, -

1900 - o
r T T

@ @ T T T T T 1
activate e -500 -375 -250 -125 0 125 250 375 500
stop ||<=<|[0][>> move to/0.000  '2|speed|0.000 ¢ i56p |0 Delay (F5)

~ROG control

| [&]steplo.001 = 0.000 log
Scan Autocorrelation FWHM: 63.2 fs

define center center: 1.026 mm <] “lauto span: 9.000 ps

go to center steps: 51 2| [ fixed step

Translation stage settings

File:

Save: save the current FROG acquisition in a .h5 or .txt file

Load: load a saved FROG acquisition

Save config as: save the current spectrometer and translation stage configuration

Load config: load a saved spectrometer and translation stage configuration
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3.4.1 Spectrometer settings

select spectrometer
SimulationSpectro: 1 hd connect continuous save file =|*
centre@ 1581.13 nm | |fwhm: 206,17 nm | |FI'L: 17.6 fs | |inhegra|: 5.253E+3 | |fps: 15.50
10+
A5
5 ]
5
£
farg
% 5
=
2.5 1
[V
T T T T T T T T T T T T T
1000 1250 1500 1750 2000

Wavelength (nm)
spectrometer controls

exposure | 2,00 ms E single freeze
1
o . - -
2 av = background dear frozen -
g
= resetrange bad pixels external trigger | T: 0.00°C
o )
E data logging
2 =
5 log period | 1.00 s + || default_log. tet LOG recorded spectra: 5
2
&

-> Select the spectrometer in the list and Connect

-> Click on the arrow (top right) and select “Show controls”

-> Set the exposure time (here 2ms), click continuous

-> Click background (no beam in the spectrometer), click acquire, wait a few seconds and click OK
-> Double click on the Y axis or in the spectrometer window to rescale

The spectrometer is ready.

Select spectrometer panel:

Spectrometer list

Connect or Disconnect the spectrometer

Continuous: display real time spectrum acquisition

Save file: save spectrum data

Arrow: show controls panel, show data panel or load a file

Stats panel: display different real time statistics according to the acquired spectrum

Spectrometer controls panel:

Exposure: set the spectrometer exposition time

Average: set the number of acquisitions that are averaged

Start & Stop: set the acquired wavelength range

Single: acquire a single acquisition (unclick continuous to use this option)
Background: subtract the background (click acquire, wait a few seconds and click OK)
Bad pixels: you can remove the acquisition made on bad pixels

Freeze: display a spectrum landmark (use clear frozen to remove landmarks)
External trigger: spectrometer will start the acquisition according to the trigger signal (trigger cable provided)
Spectral correction: for software development

Buffer size

T: spectrometer detector temperature (only with NIRQuest spectrometer)

Data logging panel: record spectrums
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3.4.2 Translation stage settings

controller PIE-871 Controller SN 0116004181 v connect id axis reload 3

o

scanner controls
}
i
»

-> Select the controller in the list and Connect (if your translation stage isn’t recognized, click Reload)
(Controller reference: PI E-871 or E-873 / Translation stage reference: Q-545.140)

-> Click activate and reference if needed

-> Move the stage to the “time-zero” position defined during factory alignment and press Enter. (Noted on
the Frozzer optical module) / here t0 = 0.310 mm

controller  PI E-873 Controller SM 117001359 =

[] axis | 1:0-545. 140 -

stop << |0 }:slmuveb:nEI.DDDmm :IDEEdE.DDU o loop |-6.500:6.500
- || + |step|0.001 mm :| . 0,310 mm o

The translation stage is ready.

i0

Translation stage controls:

Controller list

Connect or Disconnect the translation stage controller

Add axis: not available

Reload: reload the controller list

Translation stage list (Q-545.140)

Stop: stop the translation stage

<< 0 >>: Move to the limits and to the middle position of the translation stage (-6.5mm / Omm / 6.5mm)
Move to: set the position of the translation stage

Speed: set the translation stage speed (recommended: 6.000)

+ - step: move the translation stage step by step / set the dimension of the step (here 0.001 mm)

If you can’t connect the translation stage, try to recalibrate the translation stage:
(when you disconnect the power cable of the translation stage controller, the controller can lose the
calibration of the stage)

check that the USB cable from the controller is plugged to the computer

close the software

unplug and replug the power cable of the translation stage controller

open Pl Mikromove software and follow the steps detailed pages 16 to 20 of this manual
run Frozzer software

m QO T Q
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3.5 AUGNMENT

Your Frozzer optical module comes pre-aligned

a. Adjust the input beam height and check that the beam propagated in a horizontal plane

b. Adjust the energy (alignment is easier when the energy is between 5 and 10 )
Check that your optical configuration is corresponding to your wavelength (splitter, SHG
crystal and spectrometer)
Check that the input polarization (vertical) is corresponding to your SHG crystal orientation
Align the input beam on the input iris and check that the beams after the beamsplitter and
retroreflective mirrors are at the design position with the help of the %" inch alignment
tool (half-moon shapes before the off-axis parabola) in moving all the optical module
before to clamp it.

2) Align the 2 arms in the
2 half-moon shapes with
the help of the %”
alignment tool

1) Align on the input iris

%" alignment tool

Red: measured beam / Green: sum-frequency beam

The beam must propagate in the top plane of the Frozzer base:

3) Orient the sum-frequency beam to
the spectrometer (free space
propagation or with optional fiber)
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You can detect the sum-frequency beam with a detector card (white paper, photosensitive card or liquid
crystal card depending of the wavelength):

-> Place the detector card just after the crystal and you will observe the sum frequency beam in the middle
of the second-harmonic beams of each arm:

i ?
I

-

Light intensity of the three spots on your detector card could be different.
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If you stop 1 arm of the Frozzer, you stop this arm and the sum-frequency beam:

Arm 1 stopped:

f. Set the spectrometer at the proper height

g. Direct the sum-frequency beam to the spectrometer: open-space or via a fiber (with
optional fiber collimator).

h. Close the cover to increase components lifetime

The complete realignment of the optical module is easy but a bit long so if you are unable to generate the
sum-frequency beam with the pre-aligned optical module, before touching the alignment, first check:

[

A\

S W N
—_ = — —

ul

6)

If the translation stage is at the “time-zero” position?

If the 2 separated arms are well aligned in the 2 half-moon shapes before the off-axis parabola?
If the 2 arms crossover is in the SHG crystal?

If the SHG crystal orientation corresponds to your vertical polarization?

If the sum-frequency beam is well oriented to the spectrometer in using the pair of mirrors at
the exit?

If you can increase the input energy? (max 10-15 )
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3.6 SH-FROG AcQuISITION

1
1500

15000

12 500

10000

7500

5000

2500

0

0%

1400
-
El 500
£
i)
B
]
B
=1600
1700+
-
1800 -
T T T T T T
-1 500 -1 000 500 0 500 1000
Delay (fs)
FROG control
Scan Autocorrelation FWHM: 82.0 fs
define center center: 1.026 mm 2| 7 auto span: 9.000 ps
go to center steps: 51 = fixed step

a. Improve the sum-frequency signal in the spectrometer (see chapter 4.2. Fast alignment)

b. Click “define center” to set the actual position as the central position

(reference position of the translation stage / “time-zero” position)
c. Center the spectrum with “start” and “stop” (in spectrometer controls panel)
Set the time span and the length of the step (you can define the number of points of the

acquisition in unchecking “fixed step”

(for fast acquisitions you can use 30 to 50 points / measurement duration < 10 sec,

for better acquisitions increase the number of points)
e. Use “Scan” to start a SH-FROG acquisition

Even complex FROG traces can be acquired and processed:

B Frozzer: 3.1_0.7W_13mmSi_Double300fs4.oxt
File

B &

Save Load Reconstruct Principals

(-]
select spectrometer

i connect continuous = save spectrum | = |v

1000
875
750
625
500
375
250
125

0

1 400

Intensity (counts)

1500 1

T T
0 125

Wavelength (nm)

T T T T 1
500 625 750 875 1000
Wavelength (nm)

T T
250 375
1600
spectrometer controls

exposure 10.00 s start|100.00 nm = single freeze

average 1 background clear frozen

fps 20

data logging
log period |1.00 s > LOG

1700

| stop | 100.00 nm
= external trigger buffer size: 100 %

reset range bad pixels

recorded spectra: 0 [LOG Analysis

1800 -

15000

I~ 12 500

~ 10 000

-~ 7500

[~ 5000

2500

@/ | spectrometer control

T T
controler connect | | = -1 500 -1 000

FROG control
axis
activate reference
< |speed 0.000 = loop 0

- [#|step 0.001 = 0.000 log

stop || <=||O|/>=> move to/0.000
define center

go to center

scanner control

T
-500

Scan

steps: 51

center: 1.026 mm

0
Delay (%)

e

500

auto

fixed step

T 1
1000 1500
Autocorrelation FWHM: 82.0 fs
0%

span: 9.000 ps =

FASTITE

Example of a complex SH-FROG acquisition (double pulse)
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3.7 DATA PROCESSING AND PULSE RETRIEVAL

3.71

Autocorrelation mode

You can access easily to the principal coarse characteristics of your pulse in clicking on “principals”.

o 2 - O %
Save Load Reconstruct Prindpals
®  celect spectrometer = FROG Principals - x
| 30 000
10TD Spectrum
T ?;g 1e406 o —— FWHM: 0.85nm L =6
z 625 750000
& 10 500 000
§ 375 - 20000
5 250 250 000
125
0 o=
o e e T T T T - 15000
0 125 250 3 1025 1027.5 1030 10325
wavelength [rm]
spectrometer controls Autocorrelation
= - 10000
exposure|10.00 5 =] start|100.00 nm 350 000 Autocarrelation FWHM: 1627.29 fs
g average 1 +|stop|100.00 nm | 300000 3 Puise FWHM (Gaussian): 1142.00 fs
£ = 250 000 L
< fps 20 : reset range — 5000
T 2 150 000
5 I 100 000
g log period|1.00s >
-4 50000 Lo
& [ T T T T T 1
T T T T 1 -1250 0 1250 2500 3750 5000
controler 5 25 0 25 5 Doy (f5)
time [ps]
axis
Scan Autocorrelation FWHM: 1627.3 fs
© | actvate @ | reference 0
- %
£ | stop |[==||0/|== movet0/0.000 % speed 0.000 % loop |0
8 0000000 0000000 define center center: 1.026 mm s auto span: 9.000 ps =
& ||| +|step0.001 |+ 0.000 log
5 go to center steps: 51 2 fixed step
FASHITE,

FASTLITE
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3.7.2 FROG reconstruction mode

Click on “Reconstruct” in the Frozzer acquisition software

B Froczer: L DOIW.13emems Dewbleli0fed bt - o %
Fie
B & «
See Loxd Recwmbuct Pncods
®  eecr spectrometer 1
| connect  contrucus sawe specum = [+ | [
1000 4
875 1400+
™ 250
g 65
& 500
E s 1 2 o
E 250 gLo00
125 5
G 4
f . , . 5] 2um
0 125 250 375 S0 65 750 &5 1000 §
Wavelength rm). 1600
sngle freeze 1 [ =0
z < |background|  cear frozen |
§ 166 recorded 20 L0G Analyss 1
1800 Lo
s — 450 1000 500 o S0 1000 1500
onmect = A
FROG control
san AutocorTeiton FWHM: 52.0fs
O actvate | reference
’é Bmove 100,000 speed 0,000 2 oop
define center n au pan: 5,000 p

Your data are sent to the reconstruction software “Frog_Processing” and automatically processed.

%, FROG Processing - m] X
File Algorithm Display Help
1)
® 6 G B & @
Importdata Saveresults Openresults Exportasimage Export to file Restart Stop Reconstructionmap Parameters Marginals Documentation
Preprocessing a
Experimental trace Reconstructed trace
Central lenath |3208.8 nm
205 4 205
B E Threshold value 3.44% Auto value
1 0.3 4 Fo3
200 3 b 20 ; Deconvolution
185 _f o 0.25 | _ 195 [0.25 (only apply deconvolution with MIRQuest spectrometer)
I i
E190 0.2 £ 180 Fo2
= 3 Z
8 1 2
5185 7 015 | 285 L o.15
] E [ E
BES 0.1 @180 o ot Apply preprocessing
175 4 - 3 -
q 0.05 E o.05 Reconstruction results 8 x
170 4
h 0 R Lo RMS error 1.01%
T T T T T T T T T T T T T
-1500 -1000  -500 0 500 1000 1500 -1500  -1000  -500 [ 500 1000 1500
delay (fs) delay (fs) FWHM pulse durati 58.92 fs
Retrieved time intensity Retrieved spectral intensity RISl by 54 .03 £
FWHM spectral width: 157.24 nm
1 -3 L 3
s Time Intensity s Spectral Intensity FWHM FTL durati 50.29 fs
: Timé Phase L= : Spectral Phase 2
0.75 0.75 Spectral Phase Fit
e C2 e
£0.625 = £0.625 - -
& g | & 3 Phase fitting 8 x
S o5 ro2 | < os g
= g | = a Fitting order 5 > Automatic
£0.375 [, | sosms =
Center frequency: 93.42 THz
0.25 0.25
E= Polynormial coefficients =
0.125 0.125
order 2 -1864.16 fs~2
0 s 0 order 3 216900.62 53
T T T T T T T T T T T T T T T
-1500 -1000 -500 0 500 1000 1500 75 80 85 90 95 100 105 110
time (fs) frequency (THz)
Processing stopped because maximum of iterations reached
a PP Apply fit

Example of a complex SH-FROG trace processing

All documentation about Frozzer alignment, Frozzer software and Frog_Processing software is accessible in
clicking on “Documentation”.
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4 REALIGNMENT

4.1 CONFIGURATION

5- SHG crystal

6- Collimating lens 4- Off-axis parabola
(BK-7 or CaF»)

7- Pair of gold mirrors 1- Input iris

1” filter or density
Optional mount (not provided)

. 3- Motorized mirrors
Serial number

3- Fixed mirrors compensator  2- 50/50 beamsplitter

“Time-zero” position (for short pulses)

8- Optional fiber connector

(depending on your wavelength
and spectrometer)
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4.2 FAST ALGNMENT
The complete realignment of the optical module is easy but a bit long so if you are unable to generate the
sum-frequency beam with the pre-aligned optical module, before touching the alignment, first check:
1) If the translation stage is at the “time-zero” position?
2) If the 2 separated arms are well aligned in the 2 half-moon shapes before the off-axis parabola?
3) If the 2 arms crossover is in the SHG crystal?
4) If the SHG crystal orientation corresponds to your vertical polarization?
5) If the sum-frequency beam is well oriented to the spectrometer?
6) If you can increase the input energy?

- don’t change the beamsplitter and the parabola alignment!
A - don’t change the motorized mirrors alignment!
- move the translation stage to the “time-zero” position defined during factory alignment

In order to improve the signal of the sum-frequency beam, you can:

1. move step by step the position of the motorized stage with the software
2. rotate the SHG crystal (axial -> polarization / vertical or horizontal -> phase matching)
3. move carefully the precision screws of the fixed retroreflective mirrors

<y

(You can lose easily
the signal with this

last step)
Coarse
horizontal
adjustment
Vertical
adjustment

Fine horizontal
adjustment

4. scan manually the position of the SHG crystal in moving slowly the baseplate or in moving the
precision screws of the mount:
a. unscrew the 2 M4 screws
b. scan manually the SHG crystal position to improve the signal
c. screw the 2 M4 screws

Polarization
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4.3 COMPLETE REALIGNMENT

If a complete realignment is necessary (despite good protection, optics can move during transportation),
first:

A - move the translation stage to the “time-zero” position defined during factory alignment
4.3.1 Place the optical module

Remove carefully the retroreflective mirrors on the motorized translation stage and check if the beam
propagate in the good direction through the Frozzer optical module

a. Unscrew carefully the screw on the top of the mount which is on the motorized translation
stage (don’t force on the motorized stage)

b. Remove carefully the mirrors

Place the %" alighment tool in the left slot

d. Check if the beam is well centered on the alignment tool (propagate through the alignment
tool hole)

e. If not, move the optical module or the beam in order to center the beam on the input iris
and on the alighnment tool

f.  Put back carefully the mirrors in the mount

o

d-f b f
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4.3.2 Beam splitter adjustment

Same method as the 1° step: remove carefully the fixes retroreflective mirrors and check if the beam
propagate in the good direction.

Qa0 T o

®

FASTLITE

Unscrew the screw on the top of the fixed mirror mount

Remove carefully the mirrors

Place the %" alignment tool in the lateral slot

Check if the beam is well centered on the alignment tool (propagate through the alignment
tool hole)

If not, adjust the beamsplitter mount tip/tilt adjustment in order to center the beam

Put back carefully the mirrors in the mount
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4.3.3 Retroreflective mirrors alignment

Each retroreflective mirror is composed of 2 hypotenuse coated right angle prism mirrors.
The 2 retroreflective mirrors can adjust the vertical direction of the beams.
Only the fixed retroreflective mirror can adjust the horizontal direction of one arm.

With the help of these adjustment possibilities, adjust the 2 arms to center them onto the alignment tool
placed in the 2 half-moon shapes before the parabola (one half-moon shape for each arm).

Retroreflective mirrors are 90° prealigned, so if the 2 first steps have been well realized, you don’t need to
touch the horizontal adjustment.

%" alighment

tool *

Vertical
adjustment

Vertical
adjustment
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4.3.4 Parabola alignment

If the first 3 steps have been well realized, the 2 arms are parallel and go through the alignment tool placed
in the 2 half-moon shapes before the parabola.

To prealign the 2 arms crossover, replace carefully the SHG crystal by the 1” alignment tool.

The 2 arms must go through the hole in the 1” alignment tool.

If not, adjust the parabola to orient the 2 arms in the good direction.

To adjust the position of the 1” alignment tool, you can follow the step 1 of the chapter “5.2 Fast alignment”.

a. Remember the orientation of the SHG crystal and replace it by the 1” alignment tool

b. Adjust the parabola to orient the beam
(for vertical adjustment: unscrew the screw on the side of the parabola mount and rotate the
parabola carefully by hand / don’t touch the gold coated surface)

c. Move the SHG base to put the beams crossover in the hole of the 1” alignment tool
(follow the step 1 of the chapter “5.2 Fast alighment”)

d. Replace the 1” alignment tool by the SHG crystal

b
a (vertical)

(horizontal)
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435 SHG crystal alignment

During this step, you will have to align precisely the 2 beams in order to place the crossover of the 2 beams
at their focusing points in the SHG crystal.

a. Verify that the motorized translation stage is at the “time-zero” position on the software

b. Place a detector card (corresponding to the wavelength of the second harmonic of the measured
beam: white paper, photosensitive card or liquid crystal card) just behind the SHG crystal.

c. Check if the crossover of the 2 arms is at the focusing point of each arm
Check if the crossover of the 2 arms is in the SHG crystal
Check if the SHG crystal orientation is corresponding to your vertical polarization

d. If yes, you must see the sum-frequency beam in the middle of the second harmonic beams of
each arm
If not, you can adjust different parameters to meet these 2 conditions:

a. Move finely the crystal base as the step 1 of the chapter “5.2 Fast alignment”
b. Adjust finely the crossover with the help of the fixed retroreflective mirror adjustment
possibilities (horizontally and vertically)

e. When you obtain a weak sum-frequency signal, orient it into the spectrometer with the last pair
of mirrors. It will help you to increase the signal with redoing the last 2 steps and in finely
adjusting the orientation of the SHG crystal (tip/tilt with the mount, fine axial rotation by hand).
You can also move by little steps the motorized translation stage on the software.

Well aligned Frozzer optical module: you can observe the sum-frequency beam on your detector card:

Vetector
card

<
o}
4
|©]
b
Q
o

If you can’t manage to obtain a sum-frequency signal, one option (if possible) is to increase energy at the
input of the Frozzer optical module (do not exceed the maximum energy! You will damage optics!). You can
also move the motorized translation stage (be careful because you add a temporal condition to the spatial
crossover condition to obtain a sum-frequency beam).
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4.3.6 Collimating lens, pair of mirrors and optional fiber adapter

You can adjust manually the position of the collimating lens to improve the collimation of the sum-frequency
beam.

Axial translation (unscrew the
M4 screw on the side)

Adjust finely the sum-frequency beam direction into the spectrometer with the help of the last pair of mirrors.
You can also use the optional fiber adapter to transmit the sum-frequency beam to the spectrometer through
a fiber.

M11x0,5 threaded
slot for optional
fiber adapter

To the
spectrometer

FASTLITE 37137



