Příloha č. 1 Kupní smlouvy – Technická specifikace 
Název: Systém skenovacího elektronového mikroskopu s fokusovaným iontovým svazkem pro přípravu vzorků pro tomografii atomovou sondou
Z důvodu jednoznačnosti požadavků jsou jednotlivé body technické specifikace uvedeny v angličtině, jež je jazykem v oboru elektronové mikroskopie dominantně používaným. Účastník výběrového řízení vyplní sloupec označený jako „Compliance with requirements“ dle následujících pokynů: „Yes“ v případě, že odpovídající požadavek je splněn, „No“ v případě, že odpovídající požadavek není splněn. U některých požadavků jsou vyžadovány doplňující informace, jako například „Range/Value“ – účastník doplní rozsah/hodnotu požadované veličiny, „Description of proposed solution“ – účastník doplní popis nabízeného řešení atd. 


The Institute of Thermomechanics of the Czech Academy of Sciences intends to purchase a scanning electron microscope combined with a focused ion beam (FIB-SEM) for the preparation of samples to be analyzed using CAMECA's LEAP 6000 XR Atom Probe Tomography (APT).
The FIB-SEM must be capable of processing a broad range of sample types, including metals, semiconductors, and insulators. The system must also support work with magnetic materials and provide solutions for electron- and ion-induced charging compensation for insulating or semiconductor samples.
Additionally, the system must be capable of fabricating, imaging, and analyzing atom probe samples at cryogenic temperatures. This requires the integration of a cryo stage and a cryo micromanipulator for in-situ sample cooling. Sensitive samples will be transferred from the FIB-SEM to CAMECA's APT system at cryogenic temperatures under ultra-high vacuum conditions using the Ultra High Vacuum Cryo Transfer Suitcase (UHVCTS). Therefore, the FIB-SEM must be fully compatible with the UHVCTS manufactured by Ferrovac. 







	Requirement No.
	Necessary basic requirements – not scored
	Compliance with requirements (Yes/No)

	
	ELECTRON COLUMN
	

	
	Electron Source
	

	1
	Field emission electron gun (FEG) with Schottky emitter source (not Cold field emission gun).
	Yes/No

	2
	The minimum guaranteed lifetime of the FEG source is at least 24 months. 
	Yes/No

	
	Objective Lens
	

	3
	An objective lens that allows observation in a mode where no magnetic or electrostatic fields affect the sample. The lens enables safe imaging of magnetic materials, powders, or non-conductive samples. All available imaging modes can be switched on or off as needed.
	Yes/No
Description of proposed solution:

	
	Electron beam parameters
	

	4
	Accelerating voltage minimum range: 200 V to 30 kV (without sample bias/beam deceleration mode).
	Yes/No
Range:

	5
	Beam current minimum range: 5 pA to 100 nA   
	Yes/No
Range:

	6
	The current in the primary electron beam is continuously adjustable within the available range by means of a condenser. Adjusting the current by changing FEG parameters is not allowed. 
	Yes/No

	7
	The system features a beam deceleration mode, which reduces the landing energy of the primary electrons to at least 20 eV.
	Yes/No
Electron landing energy range achievable in beam deceleration mode:

	
	Electron beam resolution
	

	8
	Electron beam resolution <= 1 nm at 30 kV accelerating voltage 
	Yes/No
Resolution: (Please read a note below Req. No. 10) 

	9
	Electron beam resolution <= 1.7 nm at 1 kV accelerating voltage (without sample bias/beam deceleration mode).
	Yes/No
Resolution: (Please read a note below Req. No. 10) 

	10
	Electron beam resolution <= 4.5 nm at eucentric settings (15kV, >1nA) 
                                                    
	Yes/No
Resolution: (Please read a note below Req. No. 10) 

	Note: Besides the resolution value, also please provide a detailed description of the method used for resolution determination, along with an image of the measured intensity profile curve.

	
	ION COLUMN
	

	
	Ion source
	

	11
	Gallium Liquid Metal Ion Source (Ga-LMIS)
	Yes/No

	12
	The minimum guaranteed lifetime of the Ga-LMIS source is at least 2000 µAh when operating at a target emission current of 2µA.
	Yes/No

	
	Ion beam parameters
	

	13
	Accelerating voltage minimum range: 500 V to 30 kV 
	Yes/No
Range: 

	14
	Ion beam current minimum range: 1.5 pA to 60 nA
	Yes/No
Range: 

	15
	The ion beam current can be adjusted within the available range using an automated aperture strip, which consists of a series of apertures, and a beam current control system.
	Yes/No


	16
	Does the supplier's proposal include high-resolution images alongside measured spot diameters to demonstrate the performance of the focused ion beam? The demonstration must include images and measurements of at least two circular spots etched into a silicon substrate using the maximum specified beam current, a 30 kV accelerating voltage, and a 5-second dwell time per spot. Each spot must be round, with uniform diameters, and exhibit minimal deviation from circularity.
	Yes/No


	
	Ion beam resolution
	

	17
	Ion beam resolution <= 3 nm at 30 kV accelerating voltage
	Yes/No
Resolution: (Please read a note below Req. No. 18) 

	18
	Ion beam resolution <= 350 nm at 1 kV accelerating voltage 
	Yes/No
Resolution: (Please read a note below Req. No. 18)

	Note: Besides the resolution value, also please provide a detailed description of the method used for resolution determination, along with an image of the measured intensity profile curve.

	
	VACUUM SYSTEM
	

	19
	The vacuum system must be completely oil free. 
	Yes/No

	20
	The system enables the shutdown of rotary (scroll) pumps once a high vacuum is achieved in the microscope chamber using a vacuum buffer/tank. The rotary pumps only operate for the short intervals required to evacuate the buffer/tank.  
	Yes/No


	
	Neutralization of negative charges left by the electron beam
	

	21
	The system operates either in low vacuum mode (also known as variable pressure mode), allowing chamber pressures of up to 500 Pa, or with local charge compensation while maintaining high vacuum to effectively reduce charging effects when imaging and analyzing non-conductive, uncoated samples.
	Yes/No
Description of proposed solution: Maximum chamber pressure for low vacuum mode:

	22
	In low vacuum mode (also known as variable pressure mode) or when using local charge compensation, non-conductive, uncoated samples can be imaged and analyzed (by EDS or EBSD) using an electron beam voltage range of 200 V to 30 kV and an electron beam current range of 5 pA to 100 nA.
	Yes/No

	23
	The transition to low vacuum mode (also known as variable pressure mode) is fully automated for chamber pressures at least up to 50 Pa, eliminating the need to open the chamber or manually install additional components. 
	Yes/No

	
	Neutralization of positive charges left by the ion beam
	

	24
	The system provides a technique for neutralizing positive charges, either by using an electron beam with sufficient intensity or by using a device such as an electron flood gun, also known as a charge neutralizer, which emits low-energy electrons to neutralize charges on the sample surface.
	Yes/No
Description of proposed solution: 


	
	DETECTION
	

	25
	The system is equipped with an Everhart-Thornley (E-T) secondary electron detector mounted in chamber.  
	Yes/No

	26
	The system is equipped with at least two completely independent "in-lens"/"in-column" detectors. The signal from these two detectors can be captured simultaneously, independently of any other installed detector (different modes or segments of the same detector cannot be considered as an independent detector).
	Yes/No

	27
	The system is equipped with an "in-lens"/"in-column" backscattered electron detector capable of detecting backscattered electrons at low energies (as low as 1 kV) and low currents (up to 50 pA) without using a beam deceleration mode.
	Yes/No

	28
	The system is equipped with an "in-lens"/"in-column" secondary electron detector. 
	Yes/No

	29
	Requirement No. 29 must be fulfilled when the low vacuum mode (also known as variable pressure mode) is proposed in Requirement No. 21.
The system is equipped with a gaseous secondary electron detector (also known as variable pressure secondary electron detector) designed to operate in the low vacuum mode (also known as variable pressure mode) of the FIB-SEM system at chamber pressures up to 500 Pa.   
	Yes/No

	30
	The system is equipped with a retractable segmented detector for backscattered electron detection. The detector features concentric ring segmentation and angular sector segmentation. The concentric ring segmentation mode allows separate detection of electrons emitted at different take-off angles. There must be at least three concentric segments that can be acquired simultaneously, and mixing of individual segments must be possible. Angular sector segmentation has a minimum of three outer sectors. 
	Yes/No

	31
	The system is equipped with a retractable detector that enables scanning transmission electron microscopy (STEM) imaging of thin samples. The detector consists of angular sections and at least three concentric sections. The inner concentric section for bright field (BF) imaging, the middle concentric section for dark field (DF) imaging, and the outer concentric section for high-angle annular dark field (HAADF) imaging.
	Yes/No

	32
	A sample holder capable of holding a minimum of four samples for STEM imaging.
	Yes/No

	33
	An infrared side-view chamber camera for live viewing of sample and chamber.
	Yes/No

	
	CHAMBER, STAGE, MICROMANIPULATOR
	

	34
	The FIB-SEM system must be equipped with a docking system for the Ferrovac Ultra High Vacuum Cryo Transfer Suitcase (UHVCTS). In situations when UHVCTS is not attached to the instrument, the suitcase docking station in combination with the transfer arm can be used as a load-lock to introduce and retrieve samples without venting the FIB-SEM chamber.     
	Yes/No

	35
	The Ferrovac transfer arm/manipulator with a grabber tool for atom probe pucks is required to load samples into the FIB-SEM.
	Yes/No

	36
	Dry scroll vacuum pump, with a flow rate of at least 190 l/min (11.4 m³/h), to pump the area between the UHVCTS and the load-lock.
	Yes/No

	37
	On-site installation and support of the Ferrovac docking system and transfer manipulator. 
	Yes/No

	38
	The relative angle between the FIB and SEM columns is less than 60 degrees.
	Yes/No
Angle:

	39
	The system must be equipped with at least a 5-axis X-Y-Z-TILT-ROTATE motorized stage with the following parameters: 
X and Y axis travel range at least 100 mm. Vertical Z-axis travel range of at least 40 mm. The stage must allow 360 degree rotation. The stage tilt range at least -4 to +70 degrees. Maximum sample weight (including sample holder) at 0 degree tilt at least 5 kg and at other than 0 degree tilt at least 500 g (including sample holder). 
	Yes/No
X/Y/Z travel range:
Tilt range: 
Maximum sample weight at 0 degree tilt: 
Maximum sample weight at other that 0 degree tilt: 

	40
	Rotatable (360 degrees) cryo stage with tilt capability and stable cryogenic cooling (< minus 170 degrees C) 
	Yes/No

	41
	Top plates for a room-temperature stage and a cryo stage, with a connection for Cameca pucks, compatible with the Ferrovac transfer arm/manipulator. 
	Yes/No

	42
	All necessary sample holders for SEM/FIB imaging, analytical techniques, and TEM/APT sample preparation.
	Yes/No

	43
	Micromanipulator for in-situ sample manipulation and lift-out at room temperature. It features motorized independent XYZ movement and motorized 360-degree rotation. The micromanipulator's operations are easily managed through the software interface, providing easy needle exchange and alignment. 
	Yes/No

	44
	A cryogenic micromanipulator or a modified room-temperature micromanipulator is required for lifting and transferring specimens under cryogenic conditions. The installation or modification must be operable on-site by the operator. The system must include probe tip temperature measurement and control.
	Yes/No

	
	CONTROL SOFTWARE
	

	45
	The microscope control PC with FIB-SEM control software is required. The computer workstation includes at least one factory colour-calibrated at least 24" LCD monitor, a keyboard, an optical mouse, and a large office desk.
	Yes/No

	46
	The FIB-SEM control software runs on 64-bit Windows 10 or newer. 
	Yes/No

	47
	The FIB-SEM control software provides comprehensive management of the FIB-SEM, offering complete control of the electron and ion guns, optics, vacuum system, stage, micromanipulator, detectors, and scanning and image acquisition.
It includes reliable auto functions such as automated image brightness and contrast adjustment, automated focus, and automated astigmatism correction. Additionally, the software offers user guidance, undo/redo commands, multi-user account management, customizable GUI layout, and customizable keyboard shortcuts.
	Yes/No

	48
	The control software allows at least four images of independent detector signals to be acquired, displayed and saved simultaneously.
	Yes/No
Number of images:

	49
	The images can be measured and annotated. The results can be saved with the images.
	Yes/No

	50
	The control software provides automated navigation functions for moving across the sample and selecting specific areas of interest for imaging and analysis. The navigation on image (click-to-center and drag-to-zoom functions) must be enabled. 
	Yes/No

	51
	The control software provides remote control to diagnose and repair the system. 
	Yes/No

	52
	Standard pattern shapes (line, rectangle, circle, annulus, and polygon) can be used for FIB milling/patterning. The ability to save and run macros with multiple patterns must be enabled. 
	Yes/No

	53
	Live SEM imaging during FIB operations must be supported. It allows precise monitoring of the milling process and live control of the final stage of sample preparation. Any detector (both chamber mounted and "in-lens"/"In-column" detectors) can be used in high resolution mode.
	Yes/No

	54
	High resolution digital scanning must be enabled. The pixel resolution of the SEM images must be at least 16k x 16k pixels.
	Yes/No

	55
	The SEM images are saved in a standardized image format including TIFF and BMP in at least 16-bit depth.
	Yes/No

	56
	The control software supports recording movies in a standardized format of the SEM scan, either in real-time or by capturing a series of individual images at user-specified intervals.
	Yes/No

	57
	Multi-function control panel for main microscope settings (focus, magnification, brightness, contrast, astigmatism correction, beam shift, and other functions).
	Yes/No

	58
	The control software must include a touch alarm algorithm that stops all movement if the sample/stage touches any part of the chamber or built-in detectors.   
	Yes/No

	
	AUTOMATION SOFTWARE
	

	59
	Software for fully automated TEM sample preparation and semi-automated APT sample preparation.
	Yes/No


	60
	Software for automated sequential milling and imaging through a user-defined volume of a sample for 3-dimensional reconstruction and further analysis. The software must enable acquisition of multiple signals (SEM imaging, FIB imaging) and independent settings (stage position, kV, beam current, lens mode, image resolution etc.) for each slice.     
	Yes/No

	61
	Software for automated acquisition and stitching of multiple images, enabling efficient capture of large areas with precise alignment and batch processing.
	 Yes/No

	
	ACCESSORIES
	

	62
	Gas Injection System (GIS) for beam-induced in-situ deposition of platinum on a sample surface. Platinum containing precursor gas must be included.
	Yes/No

	63
	Integrated plasma cleaner (decontaminator) for a chamber and sample cleaning.
	Yes/No

	64
	Integrated current measurement for a given SEM and FIB probe current range (with sub-pA resolution) using a Faraday cup to capture charged electrons and ions.
	Yes/No

	65
	An air compressor to operate the pneumatic valves and the levelling system of the microscope.
	Yes/No

	66
	Air-cooled water chiller, if required for operation, to regulate and maintain system operating temperature.
	Yes/No

	
	SHIPPING, INSTALATION, TRAINING, WARRANTY, SOFTWARE
	

	67
	The price includes shipping and import duties. The buyer is not responsible for loss or damage of the goods. 
	Yes/No

	68
	The price includes installation labor and materials. 
	Yes/No

	69
	FIB-SEM basic operator training of at least 2 days.
	Yes/No

	70
	Advanced FIB-SEM application training of at least 4 days, organized several months after installation completion at buyer's request.
	Yes/No

	71
	User manual
	Yes/No

	72
	The warranty period is at least one year and covers defects, defective parts, and labor for all diagnostic and service work.
	Yes/No

	73
	Spare parts available during the warranty period and for at least 8 years from the end of the warranty period.
	 Yes/No

	74
	FIB-SEM control software and automation software updates are provided free of charge for the lifetime of the system. 
	Yes/No







	Optional requirements - scored
	Points Awarded
	Compliance with requirements (Yes/No)

	75
	The system is equipped with the third independent "in-lens"/"in-column" detector for collecting the weakest secondary electrons at very low energy and beam currents for enhanced surface sensitivity. The signal from this detector can be captured independently of any other installed detector.  
	Yes: 17 points
No: 0 point
	Yes/No

	76
	The system is equipped with a detector for secondary ion detection.
	Yes: 17 points
No: 0 point
	Yes/No

	77
	Energy Dispersive Spectroscopy (EDS) detector for elemental analysis with the following parameters: SDD-type detector with active area at least 65 mm2, energy resolution of the detector <= 127eV at Mn Kα. The control software allows export of measured data and the connection with the EBSD system. Off-line license to enable data processing on a non-control PC, on-site training, installation labor and installation material is included.
	Yes: 15 points
No: 0 point
	Yes/No

	78
	Electron Backscatter Diffraction (EBSD) system to identify phases, grain orientation and grain boundaries. The required parameters are as follows: camera resolution: at least 640 x 480 pixels, speed/pattern acquisition rate: at least 1300 pps. The system must enable automatic and high-quality indexing of diffraction patterns even at low electron beam currents (down to 100 pA) and low accelerating voltages (down to 5 kV). Off-line license to enable data processing on a non-control PC, on-site training, installation labor and installation material is included. 
	Yes: 28 points
No: 0 point
	Yes/No

	79
	Navigation camera or electron detection-based method for imaging the top view of the sample holder allowing easy navigation between individual samples. The navigation camera must be placed inside the chamber of the microscope so that images can be captured as samples are placed in the chamber.
	Yes: 4 points
No: 0 point
	Yes/No
Description of proposed solution: 


	80
	The FIB column, the SEM column, and the axis of EBSD port are in the same plane, perpendicular to the tilting axis of the stage. This geometry allows analytical measurements to be made without the need for a pre-tilted stage.
	Yes: 7 points
No: 0 point
	Yes/No

	81
	The supplier shall provide information on the duration (in minutes) of the automated preparation of a TEM lamella from a steel material, including chunk milling, lift-out process, final thinning, and polishing (production time).
[bookmark: _GoBack]The number of points will be calculated according to the formula specified in the adjacent column. The maximum number of points is twelve (12). 
The duration (in minutes) of the automated preparation of the TEM lamella from steel material may be used as the decisive criterion for choosing the economic operator in the event of an equality of number of points in several bids (see Art. 5 of the Procurement Documentation).
	(Production time of the most advantageous offer ÷ Production time of the evaluated offer) × 12 
= (Number of points)

​
	Duration (in minutes) of the automated preparation of a TEM lamella from a steel material, including chunk milling, lift-out process, final thinning, and polishing (production time):



