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[bookmark: _Toc486330822]Introduction

[bookmark: _Toc486330823]Purpose

This Requirements Specification Document (RSD) lists the technical requirements and constraints for the laser source designed to supplement experiment conducted on with home build L1 laser at ELI and potentially also support independent research activity alongside of L1 laser. The source is expected to have at least 21 fs pulse duration or shorter, central wavelength around 800 nm, 1 KHz repletion frequency and output at least 4 mJ or higher with long term carrier phase envelope stabilization better that 300 mrad for a shot-to shot measurement and minimal probability of phase jumps.  In addition to this the laser must allow synchronization with 80 MHz master Reference (radio) frequency source better that 500 fs and in combination with 9th or 12th harmonics of 80 MHz (960 MHz) better than 100 fs.
[bookmark: _Toc486330824]Scope

This RSD contains all of the top level functional, performance, design and operational, safety, quality and verification requirements for the following product (PBS code: EBIO.LAS.1): Synchronized pump beam laser (further “Laser”). This product is intended for use in the E1 experimental hall of the ELI Beamlines building.

This Product is a product Category B according to the ELI Beamlines RSD categories. Category B is an Off-the-shelf Product with customization (e.g., product performance) that does not require substantial design modifications to the product. Delta verification (test) programme shall be decided and performed on a case-by-case basis.
[bookmark: _Toc486330825]Terms, Definitions and Abbreviations

For the purpose of this document, the following abbreviations apply:

	Abbreviation
	Meaning

	CA
	Contracting Authority

	CEP
	Carrier to Envelope Phase

	E1
	Experimental hall number 1

	ELI
	Extreme Light Infrastructure

	FD
	Functional Demonstration

	FWHM
	Full Width at Half Maximum

	ICD
	Interface Control Document

	ID
	Identification

	L x W
	Length x Width

	L1
	ELI Laser 1 (1 kHz, 100 mJ, 20 fs)

	M2
	Beam quality factor

	NCR
	Non-Conformance Report

	R
	Review

	RA4
	Research activity 4 (Applications in Molecular, biomedical and materials sciences)

	RF
	Radio Frequency

	RMS
	Root Mean Square

	RSD
	Requirements Specification Document

	T
	Test

	VCD
	Verification Control Document

	Δλ
	interval of the wavelength

	1/e2
	distance between the two points on the marginal distribution that are 1/e2 = 0.135 times the maximum value



[bookmark: _Toc486330826]Reference documents

	Number of document
	Title of document

	RD-01
	00112523/A - E1 Room datasheet




[bookmark: _Toc486330827]General Requirements

REQ-019860/A	
The Supplier shall deliver:
· Synchronized pump beam laser;
· Interface Control Document (see REQ-019936/A);
· Software for the Laser;
· Product User Manual, technical reports and safety risk assessment; 
(see REQ-019886/A and REQ-019891/A);
· Installation, verification (including testing) and user-training at the ELI premises (see REQ-019876/A and REQ-019901/A).




[bookmark: _Toc486330828]Functional, Performance and Design Requirements

[bookmark: _Toc486330829]General System Requirements

REQ-019854/A	
[bookmark: OLE_LINK29]The Laser shall be movable between experimental locations and disassemble at old location and assemble (including adjustment) at new location within the same building shall not take more than 2 working days.
Verification method: R - review
REQ-019855/A	
[bookmark: OLE_LINK9]Dimension of the Laser shall not exceed 3 m x 2 m (L x W) footprint at 50 cm maximal height. 
NOTE: Additional supporting equipment such as power sources or chillers may occupy extra space in case they do not require optical table for its operation.
Verification method: T - test
REQ-019856/A	
Power consumption of the entire Laser shall not exceed 10 kW. 
Verification method: T - test
REQ-019857/A	
When turned on from steady state, the Laser shall reach full operational stability in less than 1 hour. 
Verification method: FD - functional demonstration
REQ-019858/A	
[bookmark: OLE_LINK1]Both the “Oscillator” and the “Amplifier” of the Laser shall include personal protection interlock (including remote interlock connector and key or digital key operated master control) and basic machine safety interlocks to prevent damage to the major components of the system.
Verification method: R - review
REQ-019859/A	
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The Laser system shall be able to operate from maximum of ten 230 V/50 Hz 1-phase sockets with 10 A circuit breaker with overcurrent delay of 2 sec. 
NOTE: Requirement for multiple independent phases for optimal running is allowed provided information what devices require independent phase is clearly defined.
Verification method: R - review
[bookmark: _Toc486330830]Amplifier performance requirements

REQ-019861/A	
[bookmark: OLE_LINK16]The “Amplifier” shall produce optical pulses with characteristics defined in table 1.
Verification method: T - test

	Description of parameter
	Value

	Central wavelength (+- 5 nm)
	800 nm

	Pulse duration (FWHM)
	20 ± 1 fs

	Pulse energy
	≥ 4 mJ

	Repetition rate
	1 kHz

	Beam diameter (1/e2)
	Any between 11 ± 1 mm 

	Beam pointing stability
	< 10 µrad rms at full beam diameter

	Spatial mode
	M2 < 1.6

	Polarization
	Linear (horizontal, 1:100)

	Pulse to pulse energy stability
	< 1 % RMS

	Long term pulse energy stability
	< 1 % (see REQ-019869/A)

	Contrast
	Better than 10000:1 pre pulse and 1000:1 post-pulse within 1 ns interval

	CEP shot to shot stability over 24h
	< 300 mrad



Table 1: Characteristics of optical pulses of the “Amplifier”.

REQ-019863/A	
The laser shall allow potential upgrade to at least 10 mJ output. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK14]Note: That means that the Supplier shall present proven solution for possible boosting of the Laser performance to at least 10 mJ without worsening other pulse characteristics more than 20 % (e.g. boosted pulses shall not exceed 20 x 1.2 = 24 fs, phase stability 300 x 1.2 = 360 mrad and etc.).
Verification method: R - review
[bookmark: OLE_LINK18]REQ-019864/A	
The Laser shall allow programmable spectrally resolved tuning of optical phase and amplitude across the entire pulse spectral bandwidth with spectral resolution of at least 5 cm-1 over entire pulse bandwidth. 
Verification method: R - review
REQ-019862/A	
[bookmark: OLE_LINK21]Phase adjustment of the Laser shall be a full phase cycle of 2π and intensity control dynamic range shall be at least 45 dB. 
NOTE: It shall be possible to exchange phase masks at 500 Hz rate (phase mask refreshing time better that 2 ms). 
Verification method: R - review
REQ-019865/A	
[bookmark: OLE_LINK19]The Laser shall allow switch to the operation mode where generated pulses duration are 33 fs (with adequate close to Fourier-transform limited spectra, mere detuning of a compressor does not count as this option). 
Verification method: FD - functional demonstration
REQ-019875/A	
The switching of the Laser between 20 fs and 33 fs operation mode shall happen from the software without need for any adjustment in optical settings.
NOTE: In the 33 fs operation mode, the Laser power can drop, but it shall not be below 3 mJ.

Verification method: FD - functional demonstration
REQ-019866/A	
Output pulses of the Lasers shall be CEP stabilized (to maintain specific fixed phase to envelope relation) for more than 24 h of continuous unperturbed operation. The CEP stabilization loop shall operate and allow logging at full laser repetition rate. User shall have option to freely adjust that phase within a full 2π cycle.
Verification method: FD - functional demonstration
REQ-019867/A	
The pointing stability of the Laser beam output shall be actively stabilized both in pointing and translation degrees of freedom with refreshing time at least 20 Hz.
Verification method: FD - functional demonstration
REQ-019868/A	
The “Amplifier” of the Laser shall allow decreasing of the repetition rate to values 100 Hz and 10 Hz without change in pulse characteristics (see Table 1).
NOTE: Shot to shot CEP stability is not required in such mode.

Verification method: T - test


REQ-019869/A	
The Laser output shall be equipped with active power stabilization that is capable of compensating at least 5 % variation of unstable output power. In standardized condition (temperature controlled) laser shall maintain long term power stability over 24h better than 1%.
Verification method: FD - functional demonstration
[bookmark: _Toc486330831]Oscillator performance requirements
[bookmark: _Toc486330832]Optical parameters

REQ-019870/A	
Optical “Oscillator” shall produce optical pulses with characteristics defined in table 2.
Verification method: T - test

	Description of parameter
	Value

	Central wavelength (+- 5 nm)
	800 nm

	Repetition rate
	80 MHz (subharmonic of 960 MHz ext. clock)

	Full performance output pulse Energy
	Enough to seed a pair of amplifiers specified in the Table 1 (chapter 2.2), but always at least 4 nJ

	Pulse Bandwidth, Δλ (FWHM)
	Δλ > 90 nm, the spectrum shall support < 15 fs pulses when compressed

	Power stability over 24h (RMS)
	0.5 % 

	Beam pointing stability
	< 10 µrad rms at full beam diameter

	Spatial mode
	M2 < 1.3

	Polarization
	Linear

	RMS noise at 1 Hz – 100 kHz
	< 0.05% 

	[bookmark: OLE_LINK24]Beam divergence (mrad)
	< 2 mrad

	CEP stability over 24h
	< 100 mrad (0.5 Hz – 2 MHz)



Table 2: Characteristics of optical pulses of the “Oscillator”.

REQ-019871/A	
Output pulses of the “Oscillator” shall maintain CEP stability (keep a constant phase to envelope relation) via a feed forward operation (not by cavity or pump power adjustment but by continuous correction of output pulse train).
Verification method: FD - functional demonstration
[bookmark: _Toc486330833]Synchronization parameters

REQ-019872/A	
The output pulse timing of the “Oscillator” of the Laser shall allow synchronization to externally connected precise RF reference signal at a fundamental frequency of 80 MHz and to 9th or 12th higher harmonic of 80 MHz (960 MHz).
Verification method: T - test
REQ-019873/A	
The “Oscillator” jitter in respect to the RF frequency shall not exceed 550 fs (RMS; 0.02 Hz – 1KHz) when synchronized to 80 MHz RF source.
Verification method: T - test
REQ-019874/A	
The “Oscillator” jitter in respect to the RF frequency shall not exceed 100 fs (RMS; 0.02 Hz – 1KHz) when synchronized to 9th or 12th harmonic of 80 MHz RF source.
Verification method: T - test
[bookmark: _Toc486330834]Control system and electronics

REQ-019935/A	
Any control interfaces shall be equipped with an Ethernet port that will allow communication with the ELI Beamline computer. The communication shall be performed on a standard protocol, which can be implemented on the Linux based control system. 
NOTE: The Supplier shall assist with the integration of the instrument into the ELI Beamline network and software environment.

Verification method: R - review
REQ-019936/A	
The Supplier shall provide to the CA the Interface Control Document (ICD) which shall include at least the following information:
· Description of the data exchange format and protocol for exchange;
· General description of the interface;
· Dependencies regarding the interfaces where appropriate;
· Estimated size and frequency of data exchange;
· Description of implemented security.

Verification method: R - review


[bookmark: _Toc486330835]Building and Environmental conditions

REQ-019937/A	
All elements of the Laser shall be suitable for operation in the building and environmental conditions of the CA.
NOTE:	For further information regarding building and environmental conditions see the document "E1 room datasheet" (RD-01).


[bookmark: _Toc486330836]Transportation and Installation requirements
[bookmark: _Toc486330837]General requirements

REQ-019876/A	
The transportation to the final destination, the installation and the verification of the Laser shall be conducted by the Supplier.
REQ-019877/A	
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The Supplier shall ensure that their activities at the premises and the installation of devices will be performed without contaminating the place of installation unnecessarily. The premises include rooms with normal cleanliness and cleanrooms of class 8 and 7 according to ISO 14644.
REQ-019878/A	
The transportation and installation procedures shall be compliant with the CA’s installation regulations.
REQ-019879/A	
All participants to the installations shall undertake a lecture by the CA regarding safety, cleanliness, protection of the environment and working methods before starting their activities on the premises. The content of the lecture shall be adequate to the working area and the work activities expected.
REQ-019880/A	
The Supplier shall allow supervising the activities related to the transportation and installation by the CA.
NOTE: Any acts of supervision shall not mean that the CA assumes additional liability of any kind exceeding its liabilities according to the contract.

REQ-019881/A	
[bookmark: OLE_LINK12]All elements of the Laser shall be delivered in protective package preventing damage and contamination and a minimum of two plies separate clean packaging. 
REQ-019882/A	
Each item of the Laser should be cleaned and packaged in clean environment of class 7 according to ISO 14644 or cleaner (The CA also allows other equal standard/norm/solution). If the Supplier cannot fulfill class 7 cleanliness requirements, the Supplier and the CA shall agree on the cleaning method to be used to clean devices without decreasing the devices’ performance and to avoid contamination of the clean space of the CA.

REQ-019884/A	
All transportation and installation tools and equipment entering the clean rooms shall be cleaned and reviewed by the CA’s approved methods. The Supplier and the CA shall agree on the cleaning method to clean tools and equipment used at the installation without decreasing their performance or safety.

[bookmark: _Toc486330838]Safety Requirements

REQ-019885/A	
The Supplier shall supply a Declaration of Conformity or any other equivalent document legally recognized and accepted in the Czech Republic for each product type if the appropriate legislation determines the Supplier's obligation to have a Declaration of Conformity (or the equivalent document) for the purposes of a Device sale in the Czech Republic to fulfil the requirements of 2001/95/EC directive. 



[bookmark: _Toc486330839]Quality Requirements
[bookmark: _Toc486330840]General Quality Requirements

REQ-019886/A	
The Supplier shall provide the Product User Manual as part of the delivered Product. The Manual shall include the instructions and descriptions regarding the following procedures:
· transport, handling, storage, installation and verification;
· safe operation and maintenance procedures;
· [bookmark: OLE_LINK30][bookmark: OLE_LINK5][bookmark: OLE_LINK28]full alignment and proper cleaning procedures; 
· general use of provided software, SDKs and/or communication protocol documentation where necessary.

REQ-019887/A	
The Supplier shall provide information on execution of outgoing check of the Product. At least this information shall comprise declaration about execution of outgoing check and declaration of conformity with technical requirements defined by the product RSD and completeness of the Product.
REQ-019888/A	
The Supplier shall establish and maintain a non-conformance control system compatible with ISO 9001. The CA also allows other equal standard/norm/solution.

[bookmark: _Toc486330841]Specific Quality requirements

REQ-019889/A	
All tests shall be performed by the test equipment with valid metrological confirmation. 
REQ-019900/A	
In case of a warranty repair of the Laser by the Supplier, the Supplier shall redo necessary parts of the verification procedure. The results of this process shall be provided to the CA.
REQ-019901/A	
The Supplier shall provide basic training at ELI premises on how to operate the Laser. This training shall take place after the successful acceptance of the Laser (see chapter 8.3). 
NOTE: Minimal duration of the training shall be 1 working day with possibility for further training via VTC (e.g. by Skype) or another convenient way.
[bookmark: _Toc486330842]Verification requirements for the Supplier

[bookmark: _Toc486330843]General

REQ-019890/A	
Verification shall be accomplished by the Supplier through one or more of the following verification methods:
1. Review; Verification by Review shall consist in using approved records or evidence that unambiguously shows that the requirement is met, (examples of such records are reports, technical descriptions, and engineering drawings, manuals and accompanying operation documentation).
2. Test (including functional demonstration); Verification by Test shall consist of measuring product performance and functions under realistic operating conditions. When the test objectives include the demonstration of qualitative operational performance (functional demonstration), the execution shall be observed and results recorded. 
REQ-019891/A	
The test report (protocol of the measurement) shall be made by the Supplier and approved by the CA.
NOTE1: The content of the Test Report shall be agreed with CA. 
NOTE2: The analysis of data derived from testing shall be an integral part of the test and the results included in the test report.
REQ-019892/A	
The results of the test, functional demonstration and the review of documentation shall be tracked in the VCD (see section 8.2).


[bookmark: _Toc486330844]Verification Control Document (VCD)

The Verification Control Document (VCD) lists the requirements to be verified with the selected methods at the defined levels. The VCD is a living document and provides traceability during contract phases (manufacturing, acceptance etc.) how and when each requirement is planned to be verified and is actually verified.

The VCD represents a formal tool of communication between the Supplier and the CA (formal record, reporting tool).
The VCD will be provided by the CA and it can be accommodated to Supplier’s needs.

REQ-019893/A	
The Supplier shall provide a Verification Control Document (VCD) for the reviews as agreed with the CA. 
NOTE1:	Guidelines for the VCD preparation can be provided by the CA.
NOTE2:	The content of the VCD shall be agreed between the CA and the Supplier.
NOTE3:	VCD specifies HOW and WHEN each requirement is planned to be verified, when it was actually verified. 
NOTE4:	The VCD will also record agreement on which requirements are verified at the Supplier site (Supplier’s outgoing test) and which requirements are verified at ELI site after delivery.

REQ-019894/A	
The final issue of the VCD shall be submitted to the CA after the approval of the last test report, within the time frame agreed with the CA. 
REQ-019895/A	
The Supplier shall make available to the CA for consultation the VCD’s supporting documentation in addition to the reports.


[bookmark: _Toc486330845]Acceptance

Acceptance of the Laser shall be performed according to the relevant sections in the contract and follow the successful outcome of a verification process.

REQ-019896/A	
In the acceptance stage performed by the CA and the Supplier the verification shall demonstrate that the Laser is free of fabrication errors and is ready for the intended operational use.
REQ-019897/A	
Acceptance shall be carried out on the final hardware and software after installation at ELI premises. 
REQ-019898/A	
Acceptance shall be complete when the Laser complies with all the requirements verified by the Supplier’s outgoing tests (see REQ-019887/A) and after successfully passing acceptance tests carried out by the Supplier and the CA.
NOTE: Supplier’s outgoing test shall be carried out prior to delivery.

REQ-019899/A	
The results of acceptance stage of verification shall be recorded in the VCD (see REQ-019893/A).
REQ-019902/A	
In case of successful acceptance phase the CA shall provide to the Supplier signed acceptance protocol.
REQ-019903/A	
In case of unsuccessful acceptance stage the Contracting Authority shall provide to the Supplier Non-Conformance Report (NCR) and ELI non-conformance control process shall be applied (see 
REQ-019888/A).
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