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Abstract (300 word limit):

Scanning probe microscopy (SPM) has shown a great degree of nano-scale control, which led to the development of a wide variety of scanning-probe-based patterning and metrology methods. Some of the patterning capabilities in terms of resolution and metrology are unmatched by other lithographic techniques. However, the limited throughput of scanning probe lithography and metrology has prevented its exploitation for technological applications.
In this talk, we will present an overview of variety of scanning probe nanopatterning techniques with their Pros and Cons. Next, we will present the development of a high throughput scanning probe instrument (HT-SPM) which consists of several miniaturized SPM operating in parallel to meet the aforementioned  requirements. The ability to control the tip-sample force at subnanometer scale allows robust 3D nanopatterning. This is demonstrated by the patterning of nanocontact holes in various sizes (down to 10 nm) and pitches. Since these techniques will be used complementary to other existing nanopatterning techniques, i.e. optical nanolithography techniques in a hybrid configuration, it is important to be able to perform alignment metrology prior to patterning and overlay metrology while patterning. To meet the required accuracy, the overlay and alignment must be performed on the product features. Moreover, the presence of a metal resist and other opaque layers, which are optically non-transparent, makes the alignment and overlay very challenging. We have recently developed a technique called SubSurface Ultrasonic Resonance Force Microscopy (SSURFM) that can measure buried patterns though opaque layers with sub-10 nm resolution. 
Experimental results include the proof-of-principle of using SSURFM to locate existing buried nanopatterns (lines of 50 nm) and subsequently using our patterning technology to manufacture nanocontact holes aligned to the existing buried lines. This example demonstrates the usefulness of the suite of technologies developed at TNO consisting of the high throughput parallel scanning probe patterning and the subsurface nanoimaging capabilities for alignment and overlay, especially through opaque layers.
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Figure 1: Surface and subsurface probe microscopy of several samples. The surface topography does not reveal any information about the buried features and the subsurface probe microscopy resolves the buried features (patent pending).
Recent Publications 
1. Sounding out buried nanostructures using subsurface ultrasonic resonance force microscopy, MH van Es, A Mohtashami, PLMJ van Neer, H Sadeghian, MRS Advances, 1-6
2. D. Piras, Hamed Sadeghian, Analysis of contact stiffness in Ultrasound Atomic Force Microscopy: Three-dimensional time-dependent ultrasound modeling, 2017 J. Phys. D: Appl. Phys.

3. Maarten H van Es, Abbas Mohtashami, Rutger MT Thijssen, Daniele Piras, Paul LMJ van Neer, Hamed Sadeghian, Mapping Buried Nanostructures Using Subsurface Ultrasonic Resonance Force Microscopy, Ultramicroscopy, Vol. 184, Part A,  2018, Pages 209-216.
4. A. Keyvani, H. Sadeghian, M. Tamer, H. Goosen and F. van Keulen, Minimizing Tip-Sample Forces and Enhancing Sensitivity in Atomic Force Microscopy with Dynamically Compliant Cantilevers, Journal of Applied Physics, 121, 244505 (2017).
5. H Sadeghian, T Bijnagte, R Herfst, G Kramer, L Kramer, B Dekker, Automated Cantilever Exchange and Optical Alignment for High-Throughput, Parallel Atomic Force Microscopy, IEEE/ASME Transactions on Mechatronics, Vol. 22(6), pp. 2654 – 2661, 2017.
6. A Keyvani, F Alijani, H Sadeghian, K Maturova, H Goosen, F van Keulen, Chaos: The speed limiting phenomenon in dynamic atomic force microscopy, Journal of Applied Physics 122 (22), 224306.
7. 


Biography (150 word limit)
[bookmark: _GoBack][image: ]Dr. Hamed Sadeghian received his PhD (Cum Laude) in 2010 from Delft University of Technology. He then continued his career as a research associate and develop several nano-opto-mechanical instruments for nano-scale interaction measurement.  He is currently one of the Principal Scientists and Scientific Director of Nano-Optomechatronics Instrumentation (NOMI, https://nomiinnovations.com/ ) Program at TNO. He is also part-time Associate Professor at Eindhoven University of Technology. His research group NOMI focuses on development of Instruments for nanometrology and characterization at nano-scale. Examples are development of the parallel AFM as a sub-nm, high throughput metrology and inspection solution for Semiconductor industry, high resolution optical microscopy with metainstruments and 3D nanotomography to resolve invisible nanostructures under the surface. He is also the scientific leader of Early research program (ERP) 3D nanomanufacturing Instruments at TNO.  In the last 5 years he has participated in several European Union funded projects and proposals, such as E450EDL, E450LMDAP, SenaTe, Value4Nano and 3DAM.
In 2014 he also received his MBA degree from Leuven Vlerick Business School, Belgium. He was also co-founder, CTO and Managing Director of Nearfield Instrument B.V., a TNO’s spin-off company to industrialize nanometrology equipment for Semiconductor Industry. Dr. Sadeghian holds more than 50 patents, and has authored more than 70 technical papers and co-authored a book. He is a member of editorial advisory board of Sensors & Transducers Journal. He is also a member of technical committee of SENSORDEVICES conference since 2010 till present. He is also a recipient of several best paper awards. In 2012 he was awarded as “TNO excellent researcher”.   
His research interests are:
3D Nanometrology, Subsurface nanoimaging and nanotomogphy, High throughput and high precision nanomanufacturing instruments.

                                                                              E mail: h.sadeghian.marnani@tue.nl 









image1.png




image2.jpeg




