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Introduction
[bookmark: _Toc481161597]Purpose
This Requirements Specification Document (RSD) lists the technical requirements and constraints on positioning systems for RA4 experiments in experimental hall E1. The positioning systems will be used for various purposes, e.g. to hold and position a solid sample, align a focusing mirror, hold a camera, microscope, etc.
[bookmark: _Toc481161598]Scope
This RSD contains all of the technical requirements: functional, performance, operational, transportation, safety and quality requirements for the following product: Positioning systems for E1 Endstations 2 (PBS number: E.E1.HXRS.POSS).

This product is a product Category B.

Category B is an Off-the-shelf Product with customization (e.g., product performance) that does not require any design modifications of the product. If there is no need in conducting specific tests regarding the product’s performances the Supplier shall verify all requirements defined by appropriate RSD within own outgoing inspection and testing procedure. All non-conformances (if any) must be addressed by the Supplier in a timely manner.
[bookmark: _Toc481161599]Terms, Definitions and Abbreviations
For the purpose of this document, the following abbreviated terms are applied:

	Abbreviation
	Meaning

	ASCII
	American Standard Code for Information Interchange

	CA
	Contracting Authority

	ELI
	Extreme Light Infrastructure 

	RA4
	Research Activity 4
(Applications in molecular, biomedical and materials sciences)

	E1
	Experimental hall 1

	OAP
	Off-axis parabola

	PBS
	Product Breakdown Structure

	RSD
	Requirements specification document

	W x L x H
	Width x Length x Height




[bookmark: _Toc481161600]Definition of translation and rotation axes
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Figure 1: The schematic drawing for definition of translation and rotation axes.


[bookmark: _Toc481161601]Functional, Performance and Design requirements
[bookmark: _Toc481161602]General Requirements on Positioning systems

REQ-020688/A
The delivery of Positioning systems shall consist of:
1. XYZ Sample positioner
1. Camera positioner
1. two 5D positioners
1. 6D OAP positioner
1. 4D positioner
1. three Linear positioners 
1. two Rotation positioners:
6. RS1 for high vacuum
6. RS2 for ultra-high vacuum
1. 4D “dark” positioner
1. Motion controllers for positioners in 3. – 8.
NOTE:	All positioning systems shall be vacuum-compatible. Required level of vacuum compatibility for each system is defined individually in sections bellow.
REQ-020690/A
Cables (with connectors) between the positioners and the vacuum feedthroughs shall have length at least 600 mm.
NOTE:	Preferred connectors are either Sub-D 15 pin or connectors for LEMO feedthroughs. Feedthroughs shall NOT be included in the delivery.
REQ-020691/A
Cables shall have the same vacuum compatibility as positioners.

REQ-020692/A
All positioners shall have metric holes to mount a sample/device on the positioner.
[bookmark: _Toc481161603]XYZ Sample positioner

REQ-020693/A
The XYZ Sample positioner shall be a stepper motor based positioner with 3 linear mutually orthogonal axes (x and y – horizontal, z – vertical).
REQ-020694/A
The XYZ Sample positioner shall have integrated limit switches to detect minimum and maximum positions of travel on each axis.
REQ-020695/A
Brackets and/or adapter plates to assemble the XYZ Sample positioner and mount it on a flat surface shall be included in the delivery.
REQ-020696/A
The XYZ Sample positioner shall have parameters listed in table n°1.

	Travel in x direction
	50 ± 1 mm

	Travel in y direction
	100 ± 1 mm

	Travel in z direction
	50 ± 1 mm

	Load capacity
	≥ 1 kg

	Resolution in full step (x and y direction)
	≤ 2.5 µm

	Resolution in full step (z direction)
	≤ 1.25 µm

	Total dimensions (xyz), including motors
	less than 235 mm x 325 mm x 245 mm

	Vacuum compatibility
	10-6 mbar or better


Table n°1: Required parameters of the XYZ Sample positioner.

[bookmark: _Toc481161604]Camera positioner

REQ-020697/A	
The Camera positioner shall be a stepper motor based linear translation positioner. 
REQ-020698/A
The Camera positioner shall have integrated limit switches to detect minimum and maximum positions of travel. 
REQ-020699/A
It shall be possible to mount the Camera positioner on a standard optical breadboard.
NOTE:	An adapter plate can be used for mounting.
REQ-020700/A
The Camera positioner shall have parameters listed in table n°2.

	Travel range
	150 ± 2 mm

	Load capacity
	≥ 7 kg

	Resolution in full step 
	≤ 2.5 µm

	Total dimensions (xyz), including motors
	Less than 325 mm x 80 mm x 45 mm

	Vacuum compatibility
	10-6 mbar or better


Table n°2: Required parameters of the Camera positioner.

[bookmark: _Toc481161605]5D positioners

REQ-020701/A
Two identical 5D positioners shall be delivered.
REQ-020702/A
Each 5D positioner shall be a piezo based positioner.
REQ-020703/A
Each 5D positioner shall have 3 linear and 2 angular motorized axes:
· x and y – horizontal axes
· z – vertical axis
· x – rotation around x axis
· y – rotation around y axis
REQ-020704/A	
Each 5D positioner shall have parameters listed in table n°3

	Travel in x direction
	≥ 3mm

	Travel in y direction
	≥ 3mm

	Travel in z direction
	≥ 3mm

	Angular travel x
	≥ 8 deg

	Angular travel y
	≥ 8 deg

	Load capacity
	≥ 1.2 kg

	Minimum incremental motion (for linear axes)
	≤ 30 nm

	Angular resolution 
	≤ 0.7 rad

	Total dimensions (xyz)
	less than 120 mm x 85 mm x 42 mm

	Vacuum compatibility
	10-8 mbar or better


Table n°3: Required parameters of the 5D positioners.

[bookmark: _Toc481161606]6D OAP positioner

REQ-020705/A
The 6D OAP positioner shall be a piezo based positioner.
REQ-020706/A
The 6D OAP positioner shall consist of:
· 3 linear positioners: x and y – horizontal axes, z – vertical axis
· 2 goniometers: x and z – rotations around x and z axes
· 1 rotation positioner (360 deg): y – rotation around y axis
REQ-020707/A
The two goniometers shall have a common center of rotation.
REQ-020708/A
The 6D OAP positioner shall be equipped with sensors on all 6 axes to allow closed-loop operation.
REQ-020709/A
Brackets and/or adapter plates to assemble the 6D OAP positioner and mount it on a flat surface shall be included in the delivery.
REQ-020710/A
Proposed layout of the 6D OAP positioner shall be approved by the CA (see REQ-020753/A).
REQ-020711/A
System assembly with cabling and final testing shall be performed by the Supplier (within outgoing check of the Product, see REQ-020751/A).
REQ-020712/A
The 6D OAP positioner shall have parameters listed in table n°4

	Travel in x direction
	≥ 39 mm

	Travel in y direction
	≥ 44 mm

	Travel in z direction
	≥ 29 mm

	Angular travel x
	At least ± 5 deg

	Angular travel y
	360 deg

	Angular travel z
	At least ± 5 deg

	Load capacity
	≥ 150 g

	Sensor resolution (for linear axes)
	≤ 2 nm

	Repeatability measured over the complete travel range (for linear axes)
	Better than ±70 nm

	Angular sensor resolution (x and z) 
	≤ 0.05 rad

	Angular sensor resolution (y)
	≤ 0.3 rad

	Total dimensions (xyz)
	less than 98 mm x  120 mm x 115 mm 

	Vacuum compatibility
	10-6 mbar or better


Table n°4: Required parameters of the 6D OAP positioner.

[bookmark: _Toc481161607]4D positioner

REQ-020713/A
The 4D positioner shall be a piezo based positioner.
REQ-020714/A
The 4D positioner shall consist of:
· 3 linear positioners: x and y – horizontal axes, z – vertical axis
· 1 rotation positioner (360 deg): z – rotation around z axis
REQ-020715/A
The 4D positioner shall be equipped with sensors on all 4 axes to allow closed-loop operation.
REQ-020716/A
Brackets and/or adapter plates to assemble the 4D positioner and mount it on a flat surface shall be included in the delivery.
REQ-020717/A
Proposed layout of the 4D positioner shall be approved by the CA (see REQ-020753/A).
REQ-020718/A
System assembly with cabling and final testing shall be performed by the Supplier (within outgoing check of the Product, see REQ-020751/A).
REQ-020719/A
The 4D positioner shall have parameters listed in table n°5

	Travel in x direction
	≥ 100 mm

	Travel in y direction
	≥ 100 mm

	Travel in z direction
	≥ 40 mm

	Angular travel z
	360 deg

	Load capacity
	≥ 300 g

	Sensor resolution (for linear axes)
	≤ 2 nm

	Repeatability measured over the complete travel range (for x and y axes)
	Better than ± 155 nm

	Repeatability measured over the complete travel range (for z axis)
	Better than ± 80 nm

	Angular sensor resolution (for rotation positioner)
	≤ 0.3 rad

	Total dimensions (xyz)
	less than  155 mm x 155  mm x 140 mm 

	Vacuum compatibility
	10-6 mbar or better


Table n°5: Required parameters of the 4D sample positioner.

[bookmark: _Toc481161608]Linear positioners

REQ-020720/A
Three identical Linear positioners shall be delivered.
REQ-020721/A
Each Linear positioner shall be a piezo based linear translation positioner. 
REQ-020722/A
Each Linear positioner shall be equipped with a sensor to allow closed-loop operation.
REQ-020723/A
Each Linear positioner shall have parameters listed in table n°6.

	Travel range
	49 ± 1 mm

	Load capacity
	≥ 3 kg

	Sensor resolution
	≤ 2 nm

	Repeatability measured over the complete travel range
	Better than ± 80 nm

	Total dimensions (xyz)
	Less than 76 mm x 25 mm x 11 mm

	Vacuum compatibility
	10-6 mbar or better


Table n°6: Required parameters of the Linear positioners.

[bookmark: _Toc481161609]Rotation positioners

REQ-020724/A
Two rotation positioners – RS1 and RS2 – shall be delivered.
REQ-020725/A
The RS1 positioner shall be compatible with vacuum level 10-6 mbar or better.
REQ-020726/A
The RS2 positioner shall be compatible with vacuum level 10-8 mbar or better.
REQ-020727/A
Each Rotation positioner shall be piezo based.
REQ-020728/A
Each Rotation positioner shall be equipped with a sensor to allow closed-loop operation.
REQ-020729/A
Each Rotation positioner shall have parameters listed in table n° 7.

	Angular travel range
	360 deg

	Load capacity
	≥ 2.5 kg

	Sensor resolution
	≤ 0.3 rad 

	Total dimensions (xyz)
	Less than 58 mm x 58 mm x 14 mm


Table n°7: Required parameters of the Rotation positioners.

[bookmark: _Toc481161610]4D “dark” positioner

REQ-020730/A
The 4D “dark” positioner shall be a piezo based positioner.
REQ-020731/A
The 4D “dark” positioner shall consist of:
· 3 linear positioners: x and y – horizontal axes, z – vertical axis
· 1 rotation positioner (360 deg): z – rotation around z axis
REQ-020732/A
The 4D “dark” positioner shall be equipped with sensors on all 4 axes to allow closed-loop operation.
REQ-020733/A
The sensors on the 4D “dark” positioner shall not use light with wavelength below 1.2 m to detect the position.
NOTE:	Other types of sensors, e.g. resistive or inductive, can be used.
REQ-020734/A
Brackets and/or adapter plates to assemble the 4D “dark” positioner and mount it on a flat surface shall be included in the delivery.
REQ-020735/A
The 4D “dark” positioner shall have parameters listed in table n°8.

	Travel in x direction
	≥ 20 mm

	Travel in y direction
	≥ 20 mm

	Travel in z direction
	≥ 12 mm

	Angular travel z
	360 deg

	Encoded angular travel
	≥ 310 deg

	Load capacity
	≥ 140 g

	Sensor resolution (for linear axes)
	≤ 250 nm

	Repeatability (for linear axes)
	Better than 3 m

	Absolute accuracy (for linear axes)
	Better than 1.5% of travel range

	Angular sensor resolution (for rotation positioner)
	≤  0.11 mrad

	Absolute accuracy (for rotation)
	Better than 2% of travel range

	Total dimensions (xyz)
	less than 48 mm x 48 mm x 74 mm

	Vacuum compatibility
	10-8 mbar or better


Table n°8: Required parameters of the 4D “dark” positioner.

[bookmark: _Toc481161611]Motion controllers
[bookmark: _Toc481161612]General Requirements

REQ-020736/A
The delivery of motion controllers shall consist of:
· MC1 – motion controller (or controllers) for 5D positioners
· MC2 – motion controller (or controllers) for 6D OAP positioner, 4D positioner, Linear positioners and Rotation positioners
· MC3 – motion controller (or controllers) for 4D “dark” positioner
NOTE:	19” rack-mounted controllers are preferred.
REQ-020737/A
The motion controllers shall be delivered with EU compatible power supplies.
REQ-020738/A
The motion controllers shall be delivered with cables between vacuum feedthroughs and the controller. 
REQ-020739/A
The motion controllers shall have RJ45 or RS232 socket that allows communication and control from a remote host computer. This control shall be possible through one of the following protocols: 
· ASCII based command protocol (protocol is documented); 
· Linux 64bit compatible C++ libraries (libraries are part of the delivery). 
NOTE:	The RJ45 socket can be provided by extender/convertor or by mounting on a DIN rail.
[bookmark: _Toc481161613]Motion controller(s) MC1

REQ-020740/A
The MC1 shall have at least 10 channels to control two 5D positioners.
REQ-020741/A
The MC1 shall operate in open-loop.
[bookmark: _Toc481161614]Motion controller(s) MC2

REQ-020742/A
The MC2 shall be compatible with these positioners:
· 6D OAP positioner
· 4D positioner
· Linear positioners
· Rotation positioners
REQ-020743/A
The MC2 shall have 15 channels to control 15 motion axes.

REQ-020744/A
The MC2 shall use feedback from the positioner’s sensor to control the position (closed-loop operation).
[bookmark: _Toc481161615]Motion controller(s) MC3

REQ-020745/A
The MC3 shall have at least 4 channels to control the 4D “dark” positioner.
REQ-020746/A
The MC3 shall use feedback from the positioner’s sensor to control the position (closed-loop operation).

[bookmark: _Toc481161616]Operational conditions

REQ-020757/A
The Supplier and the CA shall agree on the cleaning method to clean devices that are not placed in vacuum (e.g. controllers) without decreasing the devices’ performance and to avoid contamination when used in a Class 7 clean environment according to ISO 14644. 
REQ-020758/A
All elements of the positioning systems shall be suitable for operation at temperature 18 – 25 °C.

[bookmark: _Toc481161617]Delivery Requirements

REQ-020747/A
The transportation to the final destination shall be conducted by the Supplier.
REQ-020748/A
The technologies and instruments shall be delivered in protective package preventing damage and contamination and a minimum of two plies separate clean packaging.

[bookmark: _Toc481161618]Safety Requirements

REQ-020749/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 or applicable Czech law.

[bookmark: _Toc481161619]Quality Requirements
[bookmark: _Toc481161620]General Quality Requirements

REQ-020750/A
The Supplier shall provide the Product User Manual as part of the delivered Device (positioning systems). The Manual shall include the instructions and descriptions regarding the following procedures:
· transport, handling, storage, installation and cleaning; 
· safe operation and maintenance procedures.
REQ-020751/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.
NOTE: Alternatively the Supplier might provide the CA with information (e.g.: catalogue/technical data sheets, product manuals or other similar documentation) subject to the condition that such documentation is detailed enough to prove meeting all requirements stipulated herein.
REQ-020752/A
The Supplier shall establish and maintain a non-conformance control system compatible with ČSN EN ISO 9001.
[bookmark: _Toc481161621]Specific Quality Requirements

REQ-020753/A
The Supplier shall provide a final suggestion of each positioning system configuration that is to be accepted by the CA before manufacturing starts.
REQ-020754/A
The unit system of the mounting holes, sizes and layout shall be SI base units (metric) or other units derived from them.
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