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Technical Specifications - Procurement of Electron Microscope (SEM and TEM)
HR TEM FEG 200 KeV and Dual Beam (SEM with Focused Ion Beam)
	Line Number 
	Specifications Required
	Specification offered
	Location in technical specification (datasheet) or original producer statement

	1. 
	HR TEM FEG 200 KeV
	
	

	1.1
	Electron emitter source 

200kV FEG STEM/TEM with flexible high tension

Electron emitter should have a brightness of ≥ 8 x 108 A/cm2 sr at 200kV 

Flexible high tension range from 20-200 kV
	
	

	1.2


	STEM 

Should have STEM unit with BF, DF and HAADF detectors 

STEM resolution should be ≤ 0.16nm

4 parallel imaging channels should be available to acquire 4 or more signals at the same time from 

different STEM detectors

STEM maximum magnification should be at least 150 Mx or more
	
	

	1.3
	TEM

TEM Information limit should be ≤ 0.12nm 

Camera should be a CMOS type sensor and have ≥ 16 Mpixels (4K x 4K)

Camera speed should be at least 25 fps at 512x512pixels frame

Camera dynamic range should be 16 bit

Camera should be retractable
	
	

	1.4
	PiezoStage

PiezoStage should be available in x and y directions and fully integrated in GUI. 

The minimum step size must be ≤ 40 pm
	
	

	1.5
	Goniometer 

Minimum specimen tilt angle (α/β) ±30 deg./±30 deg with the standard holder

Microscope should have a fully eucentric goniometer with all 5 axis motorized 

Maximum tilt for tomography application should be +/- 75 degrees or more 
	
	

	1.6
	Vacuum 

Microscope should have an oil free vacuum system 

Anti-contamination device (LN2) should be provided
	
	

	1.7
	EDX system 

EDX system should include  2 or more detectors to enable 3D EDX tomography

EDX solid angle should be ≥ 0.9 sr

EDX resolution on Mn Ka peak should be at least ≤ 136eV
	
	

	1.8
	Operation: 

It should be possible to operate the microscope remotely to minimize the interference from operator and maximize 

operator efficiency; the microscope must have a number of automated features to make it easy to use.
	
	


	1.9
	Holders:

The following holders must be provided:

· Single tilt holder for normal operation

· Analytical low background holder for use with EDX

· MEMS heating holder for dynamic experiments. Maximum temperature must be ≥ 1100 degrees C°
	
	

	1.10
	Software:

All software used to operate the instrument, acquire and process the data should be based on 64 bit 

platform such as Win 7 or compatible.

System must be provided with 2 x 24“ monitors
	
	

	1.11
	The offer must include also the next optons:

1 Spare FEG Source including labour for replacement after warranty expires (this additional Source will be delivered, any time at customer need it, after warranty expires)
	
	

	2. 
	HR-FIB-SEM (Scanning Electron Microscope with Focused Ion Beam)
	
	

	2.1
	The SEM must be a Field Emission Scanning Electron Microscope (FESEM), with a high brightness gun capable of delivering:

· Landing voltage range of 20 eV to 30 keV, continuously variable

· A beam current ≥ 100 nA
	
	

	2.2
	Secondary electron image resolutions must meet the following minimum resolution, without the use of beam deceleration:

· nm or better at 15 kV

· 1.8 nm or better at 1 kV 
	
	

	2.3
	The electron beam column should be equipped with an electrostatic final lens, providing the minimum required resolution specifications, as detailed in point 2.2 above (1 nm @ 15 kV, 1.8 nm @ 1 kV), on both magnetic and non-magnetic samples.
	
	

	2.4
	The electron beam column should be equipped with an automated sliding aperture system for controlling the beam current.
	
	

	2.5
	The system should be equipped with the following detection features:

· Everhart-Thornley SE detector

· High performance ion conversion detector for secondary ions

· 2 (Two) In-lens or in column detectors to enable the detection and display of BSE and SE images simultaneously

· Segmented retractable backscatter detector 

· Integrated beam current monitor

· A live IR CCD image for viewing the samples and chamber.
	
	

	2.6
	The microscope stage should have the following minimum specifications: 

· Fully motorized high-precision 5 axis motorized stage

· x, y range: 100 mm 

· z range: 50 mm

· Tilt: -4° to +70°

· Rotation: 360°

· The repeatability of the X and Y movements must be 2 um or better

· A sample holder or set of holders must be available to accomodate in the chamber:

· ≥ 16 standard 12 mm stubs simultenously, 

· ≥ Three pre-tilted stubs simultenously, 

· two vertical row bar holders (≥ 4 TEM grids per row bar holder) simultenously

· two pre-tilted row-bar holders (≥ 4 TEM grids per row bar holder) simultenously
	
	

	2.7
	The FIB should be capable of delivering ≥ 65 nA
	
	

	2.8
	The FIB resolution should be ≤3 nm
	
	

	2.9
	The FIB column should be equipped with an automated aperture strip for controlling the ion beam current. 
	
	

	2.10
	The FIB should operate from 500 V to 30 kV acceleration voltage range. 
	
	

	2.11
	System should come with a digital camera which can be used to take an image of the specimen which can subsequently be used for navigation within the microscope UI
	
	

	2.12
	The system should be able to use the electron beam to neutralize the charge created by Ga+ ions in automated, software controlled manner when milling on an insulating sample
	
	

	2.13
	System must have a GIS for Pt deposition
	
	

	2.14
	The system should come with a nanomanipulator for lifting out lamella prepared for SEM. The nanomanipulator must be port based and have the following minimum specifications to enable simple and repeatable lift out:

· True Z movement over 5 um move < 500 nm

· Fully motorized

· Omnidirectional repeatability < +/- 150 nm

· Rotation – motorized

· Smallest step size 50 nm
	
	

	2.15
	The microscope must have a comprehensive and versatile scan system to enable appropriate strategies for a variety of samples. More specifically it should enable frame averaging, line averaging and interlaced scanning for dealing with challenging samples.
	
	

	2.16
	Images obtained at up to 6144 x 4096 pixel resolution, with exportable files saved in TIFF, BMP or JPEG file formats, and in 8-bit or 16-bit depth
	
	

	2.17
	It should be possible to false color images in the live image so grey area matching is fast.
	
	

	2.18
	It should be possible to save simultaneously captured images with a numerically incremented file name where all images saved are captured with the same incremental number for matching
	
	

	2.19
	System must have software to enable unattended automatic preparation of multiple TEM samples.
	
	

	2.20
	SEM must be supplied with a USB Manual User Interface (MUI) allowing adjustment of focus, magnification, contrast, brightness, beam shift, and stigmation via knob controls.
	
	

	2.21
	The microscope should be supplied with an integrated plasma cleaner for cleaning of the microscope chamber and the sample.
	
	

	2.22
	The microscope should come with an Energy Dispersive X-ray system. 

EDS system with 30 mm2 SDD (Peltier cooled) EDS detector with ≤ 129 eV resolution on Mn Kα, with integrated FET to provide excellent performance at low and high count rates (Input count rates > 1,000,000 cps; Output count rates > 300,000 cps)

EDS analyser system must provide spectral imaging (acquisition of a spectrum at every pixel of the electron image) complete with raw and net (quantitative) mapping real-time during acquisition. Following software options also must be included:

· Drift compensation software

· Library match software

Real-time (during acquisition) phase mapping based on advance statistical analysis software employing the algorithms developed by Paul Kotula at Sandia National Labs and defined in US Patents 6,684,413 and 6,675,106 and explained in Microscopy and Microanalysis 12 (2006) pp 36-38, 538-544
	
	

	2.23
	Microscope should be suplied with software for thim film analysis using EDS spectrometer.

Once the measurements have been done with the X-ray system (ED or WD), software measure the intensity ratio between the unknown and a bulk or a stratified standard at one or several accelerating voltages. 
	
	

	2.24
	The offer must include also the next optons:

1 Spare FEG Source including labour for replacement after warranty expires (this additional Source will be delivered, any time at customer need it, after warranty expires)
	
	

	3
	TECHNICAL CRITERIA
	
	

	
	TEM Technical parameters:
	
	

	3.1
	Flexible goniometer for full rotation. If the goniometer is able to continuously tilt from -90 to +90 degrees
	
	

	3.2
	The system has 4 EDX detectors symmetrically positioned around the sample for optimized 3D EDX tomography
	
	

	3.3
	The Electron emitter has a brightness of ≥1.8 x 109 A/cm2 sr for faster analysis  
	
	

	
	FIB-SEM technical parameters:
	
	

	3.4
	The beam current ≥ 400 nA for fast EDX analysis
	
	

	3.5
	The system has ≥ 3 uniquely positioned in column detectors enabling angular filtering of the electrons.
	
	

	3.6
	The nanomanipulator should be manufactured by the SEM supplier enabling superior integration for more automated TEM sample lift out
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