Motivation tender procedure 
After careful market research focusing on the complete workflow from sample preparation to highest resolution investigation by (scanning) transmission electron microscopy ((S)TEM) we have come to the decision that FEI (part of Thermo Fisher Scientific) as a single supplier can offer us the best workflow by providing us with a Helios G4 DualBeamTM, a Themis Z TEM/STEM and expert support.

This workflow enables us to (semi)automatically prepare site specific, high quality TEM specimens with direct investigation possibilities using the in-chamber STEM detector for screening without taking specimen outside the vacuum chamber. Samples can then be investigated without any further treatment in higher detail (up to picometer scale) using HR-(S)TEM. The automation software included in the workflow decreases the time and skills needed to prepare the high quality results we are aiming at. Learning curves for both (S)TEM sample preparation and for HR-(S)TEM imaging will therefore be steep allowing us to produce good results fast by multiple users. Thermo Fisher Scientific is able to provide application support and close-by access to high-end facilities to directly start the research and ensure well-trained staff (in both cases) on the complete workflow.

Dedicated FIB-SEM:

i. Helios is able to deliver us high quality TEM lamella within 1 hour for a wide range of materials.

ii. FEG-SEM provides a current up to 100 nA without any implication on the high resolution imaging modes.

iii. The FEG-SEM provides a resolution of at least 0.7 nm at 30kV, 0.8 nm at 15 kV and 1.2 nm at 1 kV without beam deceleration.
iv. System is equipped with a very flexible and fully motorized high precision sample stage:
a. x,y = 110 mm, z = 65 mm, Tilt = -15° to 90°, Rotation = 360°
b. The repeatability of the X and Y movements is 3 um or better
c. Stage has compucentric rotation and tilt 

v. Ga-FIB column provides highest resolution and the capability of delivering a round spot at a high beam current. It is able to operate from 500V to 30kV. The Time of Flight correction gives an accurate beam for e.g. nano-prototyping and milling. For smallest gentle FIB milling, minimum current settings are available.

vi. The system is equipped with a retractable, high contrast STEM detector and has 4 concentric DF segments in addition to the BF and HADF segmentation allowing better identification of material structure/density.

vii. System must have an ICE-detector for imaging ions (as well as electrons) which is very instrumental with end-point detection during TEM lamella preparation.

viii. Complete cycle of TEM sample preparation including transfer of lamella from bulk sample to grid holder by manipulator, thinning and polishing at low-kV (2 kV, 1 kV and 0.5 kV) with good quality FIB imaging, and final control of lamella quality using STEM detector can be done in the microscope chamber without breaking the vacuum.

ix. Fully integrated nano-manipulator is capable to perform TEM lamella preparation by automated or semi-automated procedure for fast obtaining results of repeatable quality. This procedure interactively and automatically performs the main operations: placement of patterns, movements of stage and manipulator, select optimal beam parameters for operation and other associated operations. This procedure has proven to be suitable for a large range of materials and allows us to make a high quality TEM-lamella in ca. 1 hour.
x. MAPS software enables us to acquire detailed images (e.g. 6k x 4k or higher) and to perform stitching of large number of such images to create high resolution maps of large sample area. The process is done in an automated way and it also allows us to correlate light microscopy images.

xi. Delivery of the Helios is possible within 3 weeks after placing the purchase order.

Dedicated analytical high resolution (S)TEM:

i. Considering the running costs and space limitations, we would like to purchase a single TEM which can deliver us all required capabilities based on one microscope column.

ii. The microscope is equipped with both TEM image corrector and STEM probe corrector. This allows us to move from angstrom scale resolution to picometer resolution values.
iii. Considering the wide range of materials to be studied with the TEM, we need to have the microscope to be capable of wide high tension (HT) range from 30 kV to 300 kV. Themis Z has the upper HT value of 300 kV, and we have received 30 kV high resolution imaging results acquired on our specimen (graphene) on Themis Z during our market research, showing clearly that Themis Z HT range fits our expectations. 

iv. System is equipped with constant power lenses. This allows us time-efficient operation, because drift is minimized and user can carry out undisturbed microscope operation during HT switches, TEM-STEM mode switches and switches within different TEM imaging modes. 

v. Themis Z is equipped with a monochromator to allow us to investigate beam sensitive materials at low kVs (minimized knock-on damage) and to overcome the resolution loss due to dominant chromatic effects at these lower kVs. Having a monochromator will also provide us with a very narrow energy spread and a symmetric zero loss peak with minimized zero loss peak tail, which are crucial for our future HR-EELS goals.
vi. Themis Z comes with a new image formation method, named integrated differential phase contrast STEM (iDPC-STEM), with which low Z elements can be seen with high S/N ratio, having bright contrast with dark background with less dependence on defocus/thickness variations compared to conventional ABF-STEM. Having a higher S/N ratio provides a capability of low dose imaging, which is crucial for beam sensitive materials we want to study.
vii. Themis Z’s XFEG source has an emission current stability of ≤1.5 %/day. Long term emission stability is crucial for e.g. long-lasting tomography acquisitions. Themis Z allows tilt series of ±70 degrees with a specialized tomography holder and yields a total of 141 images, which are used in volume reconstruction. Advanced software for 3D-reconstruction and subsequent numerical experiments on physio-chemical properties of tomography data sets is foreseen.
viii. Microscope must be equipped with de-scan functionality for large field of view STEM imaging as well as for future large field of view STEM-EELS spectrum imaging studies.
ix. Microscope is equipped with EDS detection system with high x-ray collection efficiency (solid angle). For future purposes a symmetric (with respect to sample holder) EDS detector design (multiple SDDs) is preferred to allow EDS tomography. The new Dual-X EDS system of Themis Z answers our full expectations.
x. Delivery of the instrument is possible before June 30th 2018.
