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Introduction
[bookmark: _Toc478549985]Purpose
This Requirements Specification Document (RSD) lists the technical requirements and constraints on the VMI detector for the RA4 experimental programme (Applications in molecular, biomedical, and material sciences) at the ELI Beamlines facility. 
[bookmark: _Toc478549986]Scope
This RSD contains all of the technical requirements: functional, performance and design, delivery, safety, quality and verification requirements for the following product: Detector for VMI (PBS code: E.E1.CHI.VMI.1). This product is intended for use with the VMI spectrometer 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 programme shall be decided and performed on a case-by-case basis.
[bookmark: _Toc478549987]Terms, Definitions and Abbreviations
For the purpose of this document, the following abbreviations apply:

	Abbreviation
	Meaning

	ASCII
	American Standard Code for Information Interchange

	e-
	An electron

	E1
	Experimental hall 1

	ELI
	Extreme Light Infrastructure 

	EQE
	External quantum efficiency

	HV
	High voltage

	ITO
	Indium tin oxide

	L1
	Laser Hall 1

	MCP
	Microchannel plate

	NCR
	Non-Conformance Report

	P43, P46
	Types of phosphor 

	PSF
	Point spread function

	RA4
	Research activity 4

	RSD
	Requirements Specification Document

	SHV
	Safe high voltage

	UHV
	[bookmark: OLE_LINK8]Ultra-high vacuum

	VCD
	Verification Control Document

	VMI
	[bookmark: OLE_LINK1]Velocity Map Imaging

	VTC
	Video Teleconferencing


[bookmark: _Toc478549988]Reference documents

	Number of document
	Title of document

	RD-01
	00112523/A - E1 Room datasheet



[bookmark: _Toc478549989]Functional, Performance and Design requirements
[bookmark: _Toc478549990]General Requirements

REQ-019621/A	
The VMI detector shall include the following elements:
· Two imaging quality MCP plates in Chevron™ configuration;
· A P43 or P46 phosphor screen;
· [bookmark: OLE_LINK6]A vacuum flange with feedthroughs, mounts and bellows;
· Imaging optics;
· Gated image intensifier;
· A separate MCP signal output for an additional detection mode with an oscilloscope;
· A camera unit;
· Software for the camera;
· Accessories (necessary mounts, cables, bellows, power supplies etc.).

Verification method: Not To Be Tracked within VCD


[image: ]
Figure 1: VMI schematics.
REQ-019727/A	
The flange with feedthroughs, MCPs and phosphor screen shall be UHV compatible and shall be able to be totally operated under vacuum 10-6 Pa or better.
Verification method: Test, Review of documentation
[bookmark: _Toc478549991]MCP plates
[bookmark: _Toc478549992]Physical characteristics

[bookmark: OLE_LINK19]REQ-019622/A	
Quality Diameter (the area of the plates with the pores) shall be at least 75.00 mm.
Verification method: Test
REQ-019623/A	
Center-to-Center Spacing of the channels in the MCPs shall be less than 13 µm.
Verification method: Test
REQ-019624/A	
[bookmark: OLE_LINK3]Pore Size shall be not more than 10 µm in diameter. 
Verification method: Test
REQ-019625/A	
Bias Angle shall be 8° ± 1°.
Verification method: Test
REQ-019626/A	
Open Area Ratio of the MCP active area shall be at least 50%.
Verification method: Test
[bookmark: _Toc478549993]MCP stack

REQ-019627/A	
Two MCP plates shall be coupled in Chevron™ configuration.
NOTE:	MPC stacking configuration shall be agreed and accepted by the CA before the fabrication (REQ-019627/A and REQ-019629/A).

Verification method: Review of documentation
REQ-019628/A	
The two MCP plates shall be resistance matched.
Verification method: Not To Be Tracked within VCD
REQ-019629/A	
The two MCPs shall be stacked together without any spacers.
Verification method: Review of documentation
REQ-019685/A	
Matched bias currents for the two Chevron™ MCPs after stacking shall be tested and shall not exceed 10%.
Verification method: Test
REQ-019686/A	
Chevron™ dark count at a nominal operating voltage shall not exceed 3 cts/sec/cm2.
Verification method: Test
REQ-019687/A	
The gain of the Chevron™ MCPs shall be verified and shall be 106 or higher at an optimal operation voltage.
NOTE:	The results of this test shall be also a part of Calibration Certificate (see REQ-019695/A).

Verification method: Test
[bookmark: _Toc478549994]Phosphor screen

REQ-019630/A	
Phosphor screen shall be made of P43 or P46 phosphor type.
Verification method: Review of documentation
REQ-019631/A	
Phosphor screen shall have a viewing port made of an ITO glass and/or with an aluminum layer.
Verification method: Review of documentation
REQ-019632/A	
The distance between the back of the MCP and the phosphor screen shall be minimal to reduce PSF of the detector.
NOTE:	This distance should be less than 600 µm. 

Verification method: Test
REQ-019633/A	
The phosphor screen shall be vacuum sealed into the flange to form a vacuum seal.
Verification method: Review of documentation


REQ-019634/A	
The vacuum sealed flange with the electrical feedthoughs shall have a leak rate of < 1∙10-10 mbar∙l/s of helium.
Verification method: Test
REQ-019689/A	
The variation of the gain across the sensitive area of the detector which includes Chevron™ MCPs and phosphor screen in the vacuum sealed assembly shall be evaluated by exposing the detector to a uniform illumination field. 
NOTE1:	The images of the detector testing shall be provided. 
NOTE2:	The variation of the gain shall not exceed 30 %.
[bookmark: OLE_LINK23]NOTE3:	The results of this test shall be also a part of Calibration Certificate (see REQ-019695/A).

Verification method: Test
[bookmark: _Toc478549995]Flange with feedthroughs

REQ-019635/A	
The vacuum flange shall be DN160CF according to the following standard:
· ISO/TS 3669-2:2007, Vacuum technology - Bakable flanges - Part 2: Dimensions of knife-edge flanges.

Verification method: Review of documentation
REQ-019636/A	
The vacuum flange shall be made of a non-magnetic stainless steel (316LNS).
Verification method: Review of documentation
REQ-019637/A	
[bookmark: OLE_LINK4]The flange shall be equipped with one SHV vacuum feedthrough (or similar HV vacuum feedthroughs) rated to 7.5 kV voltage (for the phosphor screen) and six SHV vacuum feedthroughs rated to 5 kV. 
Verification method: Review of documentation
[bookmark: OLE_LINK5]REQ-019728/A	
The configuration of six SHV vacuum feedthroughs rated to 5 kV shall satisfy the following requirements:
· Two of the 5 kV SHV feedthroughs shall be connected to the MCPs front and back for voltage bias. 
· One 5 kV SHV feedthrough or an alternative suitable electrical feedthough can be used as a separate MCP signal output to enable an additional operation mode using an oscilloscope. 
NOTE:	If the Supplier is not able to provide such an output the Supplier shall assist in developing an electronic branching unit from the back MCP output to a HV power supply unit and an oscilloscope. 
· The remaining 5 kV rate SHV feedthoughs shall remain unused (spares).
NOTE:	The configuration of vacuum feedthroughs shall be agreed and accepted by the CA before the fabrication.

Verification method: Review of documentation
REQ-019638/A	
The seven feedthroughs shall be placed radially around the flange to enable easy access to the viewing port of the phosphor screen as shown in Fig 1.
Verification method: Review of documentation
[bookmark: _Toc478549996]Imaging optics

REQ-019639/A	
An optical lens shall be included in the assembly to image the phosphor screen into the camera.
Verification method: Not To Be Tracked within VCD
REQ-019640/A	
The resolution of the lens shall be compatible with the resolution of the camera; suitable for a 1.5 megapixels camera or higher.
Verification method: Review of documentation
REQ-019641/A	
The lens shall be equipped with a standard mount compatible with the mount of the camera.
Verification method: Review of documentation
REQ-019642/A	
The back focal distance of the lens (in air) shall be appropriate for the sensor distance of the camera.
Verification method: Review of documentation
REQ-019643/A	
The front focal lengths of the lens shall be adjustable within the range appropriate for the distance from the phosphor screen to the entrance pupil of the lens.
Verification method: Review of documentation
REQ-019644/A	
The lens shall be equipped with an adjustable iris.
Verification method: Review of documentation
REQ-019645/A	
The angular field of view of the lens shall be wide angle, at least 
54° × 42°.
Verification method: Review of documentation
REQ-019646/A	
The front focal length and the angular field of view shall be appropriate to image the phosphor screen without losses.
Verification method: Review of documentation
[bookmark: _Toc478549997]Camera system

REQ-019647/A	
The assembly shall include a scientific grade monochromatic CCD or CMOS camera.
Verification method: Review of documentation
REQ-019648/A	
EQE of the sensor of the camera shall be at least 60 % at 510-545 nm, which is the maximum of the emission spectrum of P43 phosphor, or at 470-500 nm, which is the emission of P46 phosphor (if P46 is chosen), and shall cover 475 nm – 650 nm wavelength range.
Verification method: Review of documentation
REQ-019649/A	
[bookmark: OLE_LINK13]The pixel sizes shall be not bigger than 9.7 µm x 9.7 µm. 
Verification method: Review of documentation
REQ-019650/A	
The resolution of the camera shall be at least 1280 × 1024 pixels. 
Verification method: Review of documentation
REQ-019651/A	
The frame rate of the camera shall be at least 50 Hz.
Verification method: Review of documentation
REQ-019652/A	
Sensor Well Capacity shall be at least 25000 e-.
Verification method: Review of documentation
REQ-019653/A	
Sensor Dynamic Range shall be at least 60 dB.
Verification method: Review of documentation
REQ-019654/A	
Sensor Read Noise shall be less than 4 e- median.
Verification method: Review of documentation
REQ-019655/A	
Dark current shall be less than 0.05 e- /pixel/sec.
Verification method: Review of documentation
REQ-019656/A	
The camera shall be equipped with a standard lens mount compatible with the provided lens.
Verification method: Review of documentation
REQ-019657/A	
The camera system shall be equipped and provided with all mounts and bellows necessary to mount it on the detector flange.
Verification method: Not To Be Tracked within VCD
REQ-019658/A	
The camera shall be provided with all necessary power supplies, cables, accessories and software.
Verification method: Not To Be Tracked within VCD
REQ-019659/A	
The software for the camera shall be Linux-compatible.
Verification method: Review of documentation
REQ-019660/A	
The camera shall be equipped with a TTL trigger input/output.
Verification method: Review of documentation
REQ-019661/A	
The camera shall be equipped with a USB 3.0 or Ethernet interface.
Verification method: Review of documentation


[bookmark: _Toc478549998]Imaging intensifier/gating unit

REQ-019662/A	
An image intensifier or a different gating unit (a HV gate of the back plate of the MCP for instance) shall be included in the assembly of the detector.
Verification method: Not To Be Tracked within VCD
REQ-019663/A	
[bookmark: OLE_LINK21]The image intensifier/gating unit shall have at least 0.5 µs gating. 
Verification method: Review of documentation
REQ-019664/A	
The image intensifier/gating unit shall have 1 kHz repetition rate.
Verification method: Review of documentation
REQ-019665/A	
The image intensifier focal distances shall be compatible with the imaging optics and the camera to enable the integration in the system.
Verification method: Review of documentation
REQ-019666/A	
The image intensifier shall not decrease the ultimate resolution of the detector system defined by the MCPs, the camera and the imaging optics.
Verification method: Review of documentation
[bookmark: OLE_LINK15]REQ-019667/A	
The gain of the image intensifier shall be more than 102.
Verification method: Review of documentation
REQ-019668/A	
The image intensifier/gating unit shall have all mounts or bellows to allow for integration in the detector system, for instance standard mounts compatible with the camera’ and the lens’ mounts to allow mounting the unit between the camera and the lens.
Verification method: Review of documentation
REQ-019669/A	
All necessary power supplies, connector, cables, drivers and the software for the image intensifier/gating unit shall be included in the assembly.
Verification method: Not To Be Tracked within VCD
REQ-019670/A	
The software/interface (if any) for the image intensifier/gating unit shall be Linux compatible.
Verification method: Review of documentation
[bookmark: _Toc478549999]HV Power supplies

REQ-019671/A	
The VMI detector shall be compatible with typical Wienner + Iseg HV power supplies (nominal voltages a few kV and nominal currents a few mA for the phosphor screen, a few tens or hundreds of uA for the MCPs) otherwise separate power supplies shall be included with the assembly.
Verification method: Review of documentation
[bookmark: _Toc478550000]Control system and electronics

[bookmark: OLE_LINK22]REQ-019672/A	
The VMI detector shall be delivered with all necessary camera and image intensifier software, drivers, controllers, EU compatible power supplies and cables.
Verification method: Not To Be Tracked within VCD
REQ-019673/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: Review of documentation


[bookmark: _Toc478550001]Building and Environmental conditions

REQ-019674/A	
All elements of the VMI detector 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).

Verification method: Review of documentation

[bookmark: _Toc478550002]Delivery requirements

REQ-019675/A	
All elements of the VMI detector shall be delivered in protective package preventing damage and contamination. The package shall have a minimum of two plies separate clean packaging. 
Verification method: Not To Be Tracked within VCD
REQ-019676/A	
Each item shall be cleaned and packaged in clean environment of class 7 according to ISO 14644 or cleaner. 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.
Verification method: Review of documentation

[bookmark: _Toc478550003]Safety Requirements

REQ-019693/A	
The Supplier shall supply a Declaration of Conformity for each product type if the appropriate legislation determines the Supplier's obligation to have a Declaration of Conformity for the purposes of a Device sale in the Czech Republic. 
In such a case the Declaration of Conformity shall comply with Act No. 22/1997 Coll., as amended.
Verification method: Not To Be Tracked within VCD


[bookmark: _Toc478550004]Quality Requirements
[bookmark: _Toc478550005]General Quality Requirements

REQ-019678/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 and storage; 
· installation and calibration (see REQ-019695/A);
· safe operation and maintenance procedures;
· general use of provided software, SDKs and/or communication protocol documentation where necessary.

Verification method: Review of documentation
REQ-019679/A	
The Supplier shall provide information on executed 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.
[bookmark: OLE_LINK11]NOTE:	The requirements related to the section 2.4 – 2.9 are an integral part of the declaration of conformity.

Verification method: Not To Be Tracked within VCD
REQ-019695/A	
The Supplier shall supply Calibration Certificate which shall establish:
· the relation between quantity values with measurement uncertainties provided by measurement standards and the corresponding indications with associated measurement uncertainties; 
· the relation for obtaining a measurement result from an indication (if required).
NOTE:	The Supplier shall define calibration interval for the VMI detector.

Verification method: Review of documentation
REQ-019680/A	
The Supplier shall establish and maintain a non-conformance control system compatible with ISO 9001.

Verification method: Not To Be Tracked within VCD


[bookmark: _Toc478550006]Specific Quality Requirements

REQ-019681/A	
The Supplier shall provide a final suggestion of the complete VMI detector configuration that is to be accepted by the CA before manufacturing starts.
Verification method: Review of documentation
REQ-019682/A	
The unit system of the mounting holes, sizes and layout shall be SI base units (metric) or other units are derived from them.
Verification method: Not To Be Tracked within VCD
REQ-019683/A	
In case of a warranty repair of the VMI detector components by the Supplier, the Supplier shall redo necessary parts of the verification procedure. The results of this process shall be provided to the CA.
Verification method: Not To Be Tracked within VCD
REQ-019688/A	
A calibration curve of the gain of the Chevron™ MCPs as a function of the bias voltage shall be provided. 
Verification method: Review of documentation
REQ-019726/A	
All tests shall be performed by the test equipment with valid metrological confirmation. 
Verification method: Not To Be Tracked within VCD


[bookmark: _Toc478550007]Verification requirements for the Supplier
[bookmark: _Toc478550008]General

REQ-019715/A	
Verification shall be accomplished by the Supplier through one or more of the following verification methods:
1. Review (including review of documentation); 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.
Verification method: Not To Be Tracked within VCD
REQ-019716/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.

Verification method: Not To Be Tracked within VCD
REQ-019717/A	
The results of the test and the review of documentation shall be tracked in the VCD (see section 7.2).
Verification method: Not To Be Tracked within VCD


[bookmark: _Toc478550009]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-019719/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 Supplier.
NOTE3:	VCD specifies HOW and WHEN each requirement is planned to be verified, when it was actually verified. 

Verification method: Review of documentation
REQ-019720/A	
The final issue of the VCD shall be submitted to the CA after the approval of the last test report and before the delivery.
Verification method: Review of documentation
REQ-019721/A	
The Supplier shall make available to the CA for consultation the VCD’s supporting documentation in addition to the reports.
Verification method: Not To Be Tracked within VCD


[bookmark: _Toc478550010]Acceptance

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

REQ-019691/A	
Acceptance shall be carried out on the delivered components of the VMI detector.
Verification method: Not To Be Tracked within VCD
REQ-019723/A	
At the acceptance stage performed by the CA, the verification process shall be considered completed when the CA approves the final issue of the VCD by confirming that:
1. [bookmark: OLE_LINK2]All components of the VMI detector have been successfully verified by the Supplier’s outgoing check (see REQ-019679/A) and this process has been documented in an appropriate way through test reports (REQ-019716/A) and VCD (REQ-019719/A);
1. That the delivered components of the VMI detector is free of fabrication errors and is ready for the intended operational use;
1. All detected non-conformities have been solved in accordance with the REQ-019716/A and REQ-019680/A.
NOTE:	The Supplier’s outgoing check shall be carried out prior to delivery.

Verification method: Not To Be Tracked within VCD
REQ-019724/A	
In case of successful acceptance stage (confirmation by inspection according to REQ-019723/A) the CA shall provide to the Supplier signed acceptance protocol.
Verification method: Not To Be Tracked within VCD
REQ-019725/A	
[bookmark: OLE_LINK16]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-019680/A).
Verification method: Not To Be Tracked within VCD
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