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Abstract
This describes the qualification and selection procedure for the laser-augmented, in-situ transmission electron microscope.
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Abbreviations
Abbreviation	Description
TEM	Transmission electron microscope
CoC	Certificate of conformity

Introduction
Scope
[bookmark: _Int_7sCKLXYP]The following specifications are for the market consultation of the in-situ, laser-augmented (S)TEM that will be located at AMOLF as part of the SHINE proposal.
Purpose of specification
The specification is written to formulate the requirements of the (S)TEM. We can use the following definition of requirement (RD 1):
Requirement: a statement that identifies a product or process operational, functional, or design characteristic or constraint, which is unambiguous, testable, or measurable, and necessary for product or process acceptability (by consumers or internal quality assurance guidelines).


Specifications for the (S)TEM
This section details the minimum requirements regarding technical specifications and support of the transmission electron microscope. Any reply to this market consultation must meet all listed requirements. The applicant is requested to indicate its conformation to each individual requirement.
General features
The system is a scanning transmission electron microscope (S(TEM)), capable of switching between TEM mode and STEM mode, able to go up to 200 kV acceleration voltage. 
The microscope is equipped with a spherical aberration corrector of the condenser system to correct higher order aberrations.
The system is equipped with all relevant hardware for transmission electron microscopy, including an air compressor, goniometer stage, electromagnetic lenses, high tension tank, and computer(s). 
The workstation computer(s) must be able to manage the storage of the data stream generated by the acquisition of images
The STEM resolution is at least 82 pm at 200 kV and 50 pA and at least 136 pm at 80 kV and 50 pA. In TEM mode the resolution is at least 190 pm. The system allows for direct measurements of the beam current in STEM or TEM mode.
[bookmark: _Int_o7Wgxod0]Is equipped with all relevant hardware and software to operate the user interface and different detectors, and to enable the system to achieve the relevant specifications.  
The system must be equipped with a cold field emission gun with an energy spread of 300 meV FWHM or less at 200 kV. The emitter lifetime should exceed 6 years. The system will be pre-aligned by the manufacturer for at least two voltages: 200 kV and 80 kV. The settings for these alignments will be provided by the manufacturer. These will be tested at the Site Acceptance Test.
To ensure a minimal Cs coefficient of the microscope, the polepiece gap should not be larger than 6 mm.
[bookmark: _Int_hjZfnFgS]The system is designed to be able to accept an EELS spectrometer in the future. 
General system alignment can be done through the software either manually or by automated procedures. A sample designed to align the system is included.
[bookmark: _Int_psFj3keq]The system is compatible with a possible future installation of the Attolight Mönch holder or similar system. 
Turnkey and off the shelf solutions are preferred.

Sample holder requirements 
The system comes equipped with tomography single-tilt holders that can rotate over one single axis from -80° to 80° or more without touching the pole piece. The laser must be able to reach the sample over the same tilt range as the holder.
The system comes equipped with double-tilt holders that can rotate from -30° to 30° or more in one axis, and at least -15° to 15° for the other axis, without interfering with imaging. The laser must be able to reach the sample over this full tilt range.
The system is compatible with MEMs-based holders that expose the sample to in situ external stimuli such as controllable heat, electrical bias, gases, or liquids. The laser illumination and in situ external stimuli can be operated and applied to the sample simultaneously. 
The system comes equipped with a beryllium holder for low-background EDX analysis of copper containing samples.
Detectors – must haves 
The system is equipped with a full range of STEM detectors (BF, ADF, HAADF). 
The system is outfitted with a single energy-dispersive X-ray spectroscopy (EDX) detector that reaches a solid angle of 1.1 steradian or more with 1% or less spurious peaks and a Fiori number of at least 4000. 
The system includes a retractable imaging direct electron detector with a time resolution of 1.56 ns time resolution of at least 512x512 pixels. 
The system includes a camera with a time resolution of at least 300 frames per second at a full pixel resolution of at least 16 million pixels. The dynamic range is at least 10,000:1. 
The system must include a segmented annular all field (SAAF) detector or equivalent.
Light incoupling requirements 
Light can be brought directly into the chamber onto the surface of the specimen.  
The laser spot size is 50 μm or smaller and impinges on the sample at the same location as the electron beam.  
All optics used to bring the laser into the microscope should be compatible with laser light from 350 nm to 1700 nm wavelength. Fiber incoupling of a separate laser source must be possible. 
The light source can be exchanged for different light sources if desired.  
The system is equipped such that laser pulses can be synchronized with the electron pulses with a chosen delay. 
Under laser excitation, the STEM resolution must remain 90 pm @ 200 kV or better. The vendor must provide evidence of this performance on a previously installed operating system to show technological maturity.
Ultrafast pump-probe requirements 
Electrostatic blanker with a pulse time down to 100 ns, where the ratio between on and off times of the electron beam can be varied, such that there is control over pulse duration and a beam current at the sample. .  
The electrostatic blanking must be compatible with STEM to achieve dose control in STEM mode including dose painting where different pixels can be chosen to have different doses. 
Software requirements 
The insertion and retraction of lenses, holders, detectors, and other elements inside the electron column must be controllable through a graphical user interface.  
The electron voltage and dose must be controllable with a graphical user interface. 
A graphical user interface should be implemented for easy dose control in TEM and STEM mode when using the electrostatic beam blanker.
The software should be intuitive, designed to support multiple users with different skill levels. 
The software allows one to define user/engineer/service access levels, each with different rights
General properties and conditions 
The system can operate in regular lab environments and not be limited to operation in a clean room. 
The system should be new and not used. 
The vendor should provide all pre-installation requirements.
The system should comply with all relevant safety regulations.
Offline software licenses are provided for processing/quantization of the imaging and EDX data acquisition in TEM and STEM mode.
Mandatory options: warranty and service 
[bookmark: _Int_LV9ENCu6]All equipment should be guaranteed for trouble-free operation and against manufacturing defects for a minimum period of 5 years after the acceptance test at AMOLF. Sufficient numbers of rapidly wearing and consumable parts are to be included with the system to cover the warranty period. A new equivalent warranty period shall apply to all the products delivered by way of replacement. If applicable, the warranty period shall be extended by the period during which the product could not be used due to damage. The Contracting Authority may demand from the supplier that he replace the products at his expense within the set term, if they show defects which do not permit normal use in accordance with the terms of the contract, for a period of one year counting from the date of provisional acceptance at the place of delivery. 
The vendor should guarantee the availability of spare parts and service support for at least 10 years. 
Technical help desk support should be available during normal local office working hours.  
The company must have a local (Benelux) service department.  
The language of all support (visits and technical help desk) should be English or Dutch. 
The Vendor should offer software updates for at least 10 years.

System price 
The Total Price of the system should not exceed € 2,929,000 including VAT. This will include delivery, installation, warrantee, and training, as well as a pre-installation site check.
Process demonstration 
The vendor selected at the evaluation of the tenders could be asked, on request of The Contracting Authority to demonstrate the capability of the offered system to meet the above requirements, specifically the resolution in TEM and STEM mode for the different column accelerations with simultaneous laser incoupling.
Logistics
Shipping and delivery 
The system must be delivered no earlier than 01/04/2024, and no later than 9 months after the award of the contract by AMOLF.
The holder ensures, under his full responsibility, the transport and installation of all equipment on the site.
Customs, shipping, transport, transport insurance and taxes are the responsibility of the holder.
Delivery of the microscope uses the as-is path to room E 0.04.
Packaging
The system must be packaged for shipment in a way to ensure safe delivery. 
Documentation
The following documentation should be provided as electronic pdf files, in English language: 
· installation Manual 
· operation Manual 
· maintenance Manual 
The following details should be provided in the documentation:
· system footprint 
· system dimensions and weight 
· infrastructure requirements 
