Optical delay lines kits for ultrashort laser pulses
This tender applies to the purchase of 6 optical delay line (ODL) kits for pulsed lasers of different wavelengths and pulse durations. Each ODL kit must be new, adapted for the use of the corresponding laser parameters and meet requirements specified in the tables hereafter, especially in terms of size, reflectivity, resistance to laser induced-damage, and low group delay dispersion (GDD). The ODL lines must be single-pass optical delay lines. The displacement stage cannot require other supplies (e.g. gas, fluid) than electricity and computer connection.
The 6 ODL kits are split into 3 groups corresponding to 3 different laser systems associated with each group (specified below). The optical delay must be computer-controllable and tunable between 0 and at least 500 ps and with an accuracy (error comprising both the on-axis absolute accuracy and bidirectional repeatability of the stage) of

· less than or equal to 16 fs for group 1 (containing 3 ODL kits);

· less than or equal to 16 fs for group 2 (containing 1 ODL kit);

· and less than or equal to 5.5 fs for group 3 (containing 2 ODL kits).
The inherent delay (at 0 stage displacement), must be the same (±10 ps) for all the optical delay lines within one group.
We require at least one controller per group of ODL kit. Within one group, it must be possible to control all the ODL kits simultaneously with a single, provided, software. Controllers and softwares may be different between groups (but must be identical within one group).
Also, each group of ODL kit will be associated with a different computer. We therefore require the possibility to install the appropriate delay-control software(s) on at least 3 different computers.
Each of the 6 ODL kits must be composed of 

· a precise, motorized and computer controlled uniaxial displacement stage;

· 1 controller of the stage with proper connections to the stage and to a computer; except for the group 1 for which only one controller must be provided (with adequate connections), able to control the 3 ODL kits within this group and with connections to the computer taking no more than one USB;

· an appropriate power supply;

· a user-friendly software to control and vary the optical delay;

· all optomechanics, optics, screws, etc. to built the necessary reflection systems  on the stage and partly, if needed, out of the stage. All the optics involved must be adapted for the laser parameters (beam size, peak intensity, anti-reflection coating, GDD, etc.) associated to each ODL kit (see tables hereafter);

· at least 3 mounted apertures centred to the same height (relative to the plane of the optical table where the ODL kits will be installed) to precisely align the system.
For each ODL kit, the necessary reflecting systems considered in this description must be split into 2 parts: 

· the movable reflecting part, which can be fastened on the moving base of the displacement stage;

· and the entrance reflecting part to be fastened on another, fixed, part of the stage or on the optical table of the Contracting Authority (metric, M6 threaded holes).

To have sufficient degree of freedom for the optical alignment, at least one of these 2 reflecting parts (either the entrance reflecting part or the movable reflecting part) must be composed of 2 separated mirrors, each of them properly mounted and centred, at fixed and the same height. The 2 mirrors mounts must be orientable independently, with at least 2 precision micrometric screws per mirror and so that mirrors can be easily replaced.
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The other reflecting part can be also made the same way. 

The other possibility for the other reflecting part is to provide a precision right-angle reflecting prism of appropriate size compared to the laser beam diameter.

In this case, if it concerns the entrance reflecting part, then it must be a precision right-angle prism with 2 lateral side reflecting. Else, if it concerns the movable reflecting part, it must be a precision retro-reflecting prism mirror (cube corner). 

In either cases it must be easy to align: the mount should be pre-aligned or a precision rotation stage for it must be provided.
The entrance reflecting part must be removable.

The system must be build in such a way that the paths AB and CD (see Fig. 1) are parallel when the system is operating at any delay, within the precision due to yaw and pitch specified in the tables.

The total price excluding VAT for the 6 optical delay line kits must include the displacement stages, the necessary controllers, power supplies and connections, all necessary suitable optics and optomechanics, the software, the delivery, and warranty of at least 24 months.
The details of required parameters are given in the tables below.
ODL kits of group 1
In this group, 3 ODL kits are required: #1.1, #1.2 and #1.3 with only one common controller, using only one USB port connection.
The ODL kit #1.1 must be appropriate for 
· 1030 nm Central Wavelength (CWL) pulsed laser, 

· with 240 fs pulse duration (FWHM), 

· with 2 mJ/pulse, 
· with 2 kHz repetition rate,

· Gaussian spatial profile with 4.8 mm beam diameter at 1/e2 of the intensity,

· with linear polarization.
The ODL kit #1.2 must be appropriate for 
· 515 nm CWL pulsed laser, 

· with 240 fs pulse duration (FWHM), 

· with 0.8 mJ/pulse, 
· with 2 kHz repetition rate,

· Gaussian spatial profile with 4.8 mm beam diameter at 1/e2 of the intensity,

· with linear polarization.
The ODL kit #1.3 must be appropriate for 
· 343 nm CWL pulsed laser, 

· with 240 fs pulse duration (FWHM), 

· with 0.4 mJ/pulse, 
· with 2 kHz repetition rate,

· Gaussian spatial profile with 4.8 mm beam diameter at 1/e2 of the intensity,

· with linear polarization.
Other needed features which are the same for the 3 ODL kits within this group 1 are summarized in the following table.
	ODL kit of Group:
	1

	Parameter name
	Desired value

	quantity of ODL kits
	3 (1 for each of the different laser parameter sets specified above)

	Maximum tunable delay  (without considering the inherent delay of the device)
	≥ 500 ps

	Minimum incremental delay (associated to minimum incremental motion of the stage) over the 0-500 ps delay range
	≤ 2 fs delay

	Accuracy in the optical delay (including error and bidirectional repeatability of stage) over the 0-500 ps delay range
	 ≤ 16 fs

	Maximal yaw over 0-500 ps delay range
	≤ ± 100 µrad

	Maximal pitch over 0-500 ps delay range
	≤  ± 100 µrad

	Optical delay control
	Via software

	Type of stage 
	Unidirectionnal, motorized

	Maximum velocity of displacement
	At least 20 mm/s

	 Minimum load capacity without loss of accuracy and repeatability
	At least 2 kg

	Maximal surface occupied  by the ODL kit over the whole delay range (including the controller, without considering connection to computer and power supply)
	≤ 20 x 60 cm

	Height of the input and output beam in the system
	Between 8 cm and 16 cm

	Type of optics of the ODL kit

	Movable reflecting part
	Either:

· 2 mirrors (substrate UV FS)  of appropriate size compared to the laser beam diameter, mounted on precision mounts at fixed and the same height on the stage (2 mounts fixed on the same plate/base);

or

· a retro-reflecting prism mirror (cube corner) of appropriate size compared to the laser beam diameter. It must be easy to align: mount must be pre-aligned or a manual precision rotation stage must be provided for it).

	Entrance reflecting part
	Can be*, either:

· 1 right-angle reflecting prism (right-angle prism with 2 lateral side reflecting). It must be easy to align: mount must be pre-aligned or a manual precision rotation stage must be provided for it).;

or

· 2 mirrors (substrate UV FS)  of appropriate size compared to the laser beam diameter, with precision mounts at fixed and the same height on the stage (2 mounts fixed on the same plate/base);
* if a retro-reflecting prism mirror is chosen for the movable reflecting part then the 2 mounted mirrors option must necessarily be provided here.

	Properties of each reflecting optics

	Suitability of each optical element
	Must be suitable (especially in terms of wavelength range and damage threshold) for the sets of laser parameters specified above (1 ODL kit adapted for 1 set of parameters).

	Possibility to unount and change reflecting optics
	Yes, easily unmountable and changeable optics (including the possible reflector or right-angle reflecting prism)

	Reflection coefficient
	≥ 98% at 45° incidence for both s and p polarization and

· over a wavelength range of ± 30 nm around the CWL for the  ODL kit #1.1 associated with 1030 nm CWL
· over a wavelength range of ± 25 nm around the CWL for the  ODL kit #1.2 associated with 515 nm CWL
· over a wavelength range of ± 10 nm around the CWL for the  ODL kit #1.3 associated with 343 nm CWL

	Maximal GDD
	· ≤ ± 40 fs² over a wavelength range of ± 30 nm around the CWL for the  ODL kit #1.1 associated with 1030 nm CWL
· ≤ ± 40 fs² over a wavelength range of ± 25 nm around the CWL for the  ODL kit #1.2 associated with 515 nm CWL
· ≤ ± 40 fs² over a wavelength range of ± 10 nm around the CWL for the  ODL kit #1.3 associated with 343 nm CWL

	Surface quality
	20-10 scratch and dig or better

	Surface flatness
	≤ lambda / 10 at 633 nm

	Optomechanics of the ODL kit

	Apertures
	Yes, at least 3, mounted and centred the same height (relative to the support level) to make possible precise and user-friendly alignment of the ODL; removable.

	Mirrors mounts type
	Precision kinematic mounts for each mirror

	Mirrors mounts adjusters
	At least 2 adjusters 

Resolution of the mount adjusters: ≤ 5 µrad
Mechanical range of the adjusters: ≥ ±4°

	Mirrors mounts fixations
	Necessary posts, post holders, bases, so that the mirrors centre is at the same height.

Necessary clamps to fasten mirrors on the optical table (Metric, M6 threaded holes) and/or on the moving base of the stage.

	Mount of retro-reflecting prism mirror or of the right-angle reflecting prism if provided.
	Mount must be precisely pre aligned or fastened on a manual rotation stage with a rotation precision ≤ 5 arcminutes.

	Controls

	Interface to connect to the computer
	At least USB, but only 1 common controller for the 3 ODL kits within this group 1

	Software
	Included, at least in English, licence not limited in time, with possibility to install it on computers operating under Microsoft Windows 10. The software must be able to control the 3 ODL kits of group 1 simultaneously.

	Others

	Included accessories
	Necessary power cables, connection to controller and connection cables to computer, at least 3 m long.

	Warranty of the full kit
	≥ 24 months


ODL kits of group 2
In this group, 1 ODL kit is required: #2.1.
The ODL kit #2.1 must be appropriate for 
· pulsed laser 

· with wavelength ranging from at least 1.5 µm to 3 µm, 
· with 1 ps laser pulse duration (FWHM),

· with up to 0.5 mJ/pulse, 

· with 100 kHz repetition rate,
· Gaussian spatial profile with 4 mm beam diameter at 1/e2 of the intensity.
Other needed features for the ODL kit of this group 2 are summarized in the following table.
	ODL kit of Group:
	2

	Parameter name
	Desired value

	quantity of ODL kits
	1

	Maximum tunable delay  (without considering the inherent delay of the device)
	≥ 500 ps

	Minimum incremental delay (associated to minimum incremental motion of the stage) over the 0-500 ps delay range
	≤ 2 fs delay

	Accuracy in the optical delay (including error and bidirectional repeatability of stage) over the 0-500 ps delay range
	 ≤ 16 fs

	Maximal yaw over 0-500 ps delay range
	≤ ± 100 µrad

	Maximal pitch over 0-500 ps delay range
	≤  ± 100 µrad

	Optical delay control
	Via software

	Type of stage 
	Unidirectionnal, motorized

	Maximum velocity of displacement
	At least 20 mm/s

	 Minimum load capacity without loss of accuracy and repeatability
	At least 2 kg

	Maximal surface occupied  by the ODL kit over the whole delay range (including the controller, without considering connection to computer and power supply)
	≤ 20 x 60 cm

	Height of the input and output beam in the system
	Between 8 cm and 16 cm

	Type of optics of the ODL kit

	Movable reflecting part
	Either:

· 2 mirrors of appropriate size compared to the laser beam diameter, mounted on precision mounts at fixed and the same height on the stage (2 mounts fixed on the same plate/base);

or

· a retro-reflecting prism mirror (cube corner) of appropriate size compared to the laser beam diameter. It must be easy to align: mount must be pre-aligned or a manual precision rotation stage must be provided for it).

	Entrance reflecting part
	Can be*, either:

· 1 right-angle reflecting prism (right-angle prism with 2 lateral side reflecting). It must be easy to align: mount must be pre-aligned or a manual precision rotation stage must be provided for it).;

or

· 2 mirrors of appropriate size compared to the laser beam diameter, with precision mounts at fixed and the same height on the stage (2 mounts fixed on the same plate/base);

* if a retro-reflecting prism mirror is chosen for the movable reflecting part then the 2 mounted mirrors option must necessarily be provided here.

	Properties of each reflecting optics

	Suitability of each optical element
	Must be suitable (especially in terms of wavelength range and damage threshold) for the set of laser parameters specified above.

	Possibility to unount and change reflecting optics
	Yes, easily unmountable and changeable optics (including the possible reflector or right-angle reflecting prism)

	Reflection coefficient
	≥ 97% at 45° incidence over the whole wavelength range for both s and p polarization

	Maximal GDD
	≤ ± 60 fs² over the whole wavelength range

	Surface quality
	40-20 scratch and dig or better

	Surface flatness
	≤ lambda / 10 at 633 nm

	Optomechanics of the ODL kit

	apertures
	Yes, at least 3, mounted and centred the same height to make possible precise and user-friendly alignment of the ODL 

	Mirrors mounts type
	Precision kinematic mounts for each mirror

	Mirrors mounts adjusters
	At least 2 adjusters 

Resolution of the mount adjusters: ≤ 5 µrad

Mechanical range of the adjusters: ≥ ±4°

	Mirrors mounts fixations
	Necessary posts, post holders, bases, so that the mirrors centre is at the same height.

Necessary clamps to fasten mirrors on the optical table (Metric, M6 threaded holes) and/or on the moving base of the stage.

	Mount of retro-reflecting prism mirror or of the right-angle reflecting prism if provided.
	Mount must be precisely pre aligned or fastened on a manual rotation stage with a rotation precision ≤ 5 arcminutes.

	Controls

	Interface to connect ot the computer
	At least USB

	Software
	Included, at least in English, licence not limited in time, with possibility to install it on computers operating under Microsoft Windows 10.

	Others

	Included accessories
	Necessary power cables, connection to controller and connection cables to computer, at least 3 m long.

	Warranty of the full kit
	≥ 24 months


ODL kits of group 3
In this group, 2 ODL kits are required: #3.1 and #3.2.
The ODL kit #3.1 must be appropriate for 
· 800 nm CWL pulsed laser, 

· with 35 fs pulse duration (FWHM), 

· with up to 3.5 mJ/pulse, 
· with 1 kHz repetition rate,

· Gaussian spatial profile with 12 mm beam diameter at 1/e2 of the intensity,

· with linear polarization.
The ODL kit #3.2 must be appropriate for 
· 400 nm CWL pulsed laser, 

· with 35 fs pulse duration (FWHM), 

· with up to 1.7 mJ/pulse, 
· with 1 kHz repetition rate,

· Gaussian spatial profile with 12 mm beam diameter at 1/e2 of the intensity

· with linear polarization.
Other needed features which are the same for the 2 ODL kits within this group 2 are summarized in the following table.
	ODL kit of Group:
	3

	Parameter name
	Desired value

	quantity of ODL kits
	2 (1 for each of the different laser parameter sets specified above)

	Maximum tunable delay  (without considering the inherent delay of the device)
	≥ 500 ps

	Minimum incremental delay (associated to minimum incremental motion of the stage) over the 0-500 ps delay range
	≤ 1 fs delay

	Accuracy in the optical delay (including error and bidirectional repeatability of stage) over the 0-500 ps delay range
	 ≤ 5.5 fs

	Maximal yaw over 0-500 ps delay range
	≤ ± 60 µrad

	Maximal pitch over 0-500 ps delay range
	≤  ± 60 µrad

	Optical delay control
	Via software

	Type of stage 
	Unidirectionnal, motorized with stepper motor

	Maximum velocity of displacement
	At least 20 mm/s

	 Minimum load capacity without loss of accuracy and repeatability
	At least 2 kg

	Maximal surface occupied  by the ODL kit over the whole delay range (including the controller, without considering connection to computer and power supply)
	≤ 20 x 60 cm

	Height of the input and output beam in the system
	Between 8 cm and 18 cm

	Type of optics of each ODL kit

	Movable reflecting part
	Either:

· 2 mirrors (substrate UV FS)  of appropriate size (at least 30mm diameter) compared to the laser beam diameter, mounted on precision mounts at fixed and the same height on the stage (2 mounts fixed on the same plate/base);

or

· a retro-reflecting prism mirror (cube corner) of appropriate size (at least 30 mm) compared to the laser beam diameter. It must be easy to align: mount must be pre-aligned or a manual precision rotation stage must be provided for it).

	Entrance reflecting part
	Can be*, either:

· 1 right-angle reflecting prism (right-angle prism with 2 lateral side reflecting) of appropriate size (at least 30 mm) compared to the laser beam diameter. It must be easy to align: mount must be pre-aligned or a manual precision rotation stage must be provided for it).;

or

· 2 mirrors (substrate UV FS) of appropriate size (at least 30mm diameter) compared to the laser beam diameter, with precision mounts at fixed and the same height on the stage (2 mounts fixed on the same plate/base);
* if a retro-reflecting prism mirror is chosen for the movable reflecting part then the 2 mounted mirrors option must necessarily be provided here.

	Properties of each reflecting optics

	Suitability of each optical element
	Must be suitable (especially in terms of wavelength range and damage threshold) for the sets of laser parameters specified above (1 ODL kit adapted for 1 set of parameters).

	Possibility to unount and change reflecting optics
	Yes, easily unmountable and changeable optics (including the possible reflector or right-angle reflecting prism)

	Reflection coefficient
	≥ 98% at 45° incidence for both s and p polarization and 

· over a wavelength range of ± 60 nm around the CWL for the  ODL kit #3.1 associated with 800 nm CWL
· and over a wavelength range of ± 25 nm around the CWL for the ODL kit #3.2 associated with 400 nm CWL

	Maximal group delay dispersion (GDD)
	· ≤ ± 30 fs² over a wavelength range of ± 60 nm around the CWL for the  ODL kit #3.1 associated with 800 nm CWL
· ≤ ± 30 fs² over a wavelength range of ± 25 nm around the CWL for the  ODL kit #3.2 associated with 400 nm CWL

	Surface quality
	20-10 scratch and dig or better

	Surface flatness
	≤ lambda / 10 at 633 nm

	Optomechanics of the ODL kit

	apertures
	Yes, at least 3, mounted and centred the same height to make possible precise and user-friendly alignment of the ODL 

	Mirrors mounts type
	Precision kinematic mounts for each mirror

	Mirrors mounts adjusters
	At least 2 adjusters 

Resolution of the mount adjusters: ≤ 5 µrad

Mechanical range of the adjusters: ≥ ±4°

	Mirrors mounts fixations
	Necessary posts, post holders, bases, so that the mirrors centre is at the same height.

Necessary clamps to fasten mirrors on the optical table (Metric, M6 threaded holes) and/or on the moving base of the stage.

	Mount of retro-reflecting prism mirror or of the right-angle reflecting prism if provided.
	Mount must be precisely pre aligned or fastened on a manual rotation stage with a rotation precision ≤ 5 arcminutes.

	Controls

	Interface to connect ot the computer
	At least USB

	Software
	Included, at least in English, licence not limited in time, with possibility to install it on computers operating under Microsoft Windows 10. The software must be able to control the 2 ODL kits of Group 3 simultaneously.

	Others for each ODL kit

	Included accessories
	Necessary power cables, connection to controller and connection cables to computer, at least 3 m long.

	Warranty of the full kit
	≥ 24 months


�Figure 1: Schematic diagram of one of the required optical delay line kits.








