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3D MEA

AFM

BC
Biocompatibility

Bioimaging

Bio-Hybrid Neuromorphic
Electronics

Biological systems
Biosensor

BSAC

CCRM

Chip

CMOS MEMS

Core-shell type

nanoparticles
Die

DRIE

DAIX'PI D'NIIND ND'YAN

Three-dimensional microelectrode arrays

atomic force microscopy

Bio-Convergence

Appropriate biological requirements of a biomaterial or
biomaterials used in a medical device'.

A noninvasive process of visualizing biological activity in a
specific period?.

Ways to process biological information and replace biological
systems?>.

A complex network which connects several biologically relevant
entities®.

Device that measures biological or chemical reactions by
generating signals proportional to the concentration of an
analyte in the reaction®.

Berkeley Sensors and Actuator Center

Centre for Commercialization of Regenerative Medicine

The chip usually contains 1 die, not wafer. When the wafer is
ready it can be sliced up to extract all the dice on it.

CMOS (complementary metal-oxide-semiconductor) MEMS
(micro-electro-mechanical systems) fabrication technologies
and enabled micro devices of various sensors and actuators®.
A type of biphasic materials which have an inner core structure
and an outer shell made of different components’.

Wafer -> Slicing -> Die -> Packaging -> Chip

a small block of semiconducting material on which a given
functional circuit is fabricated®.

Deep reactive-ion etching (DRIE) is a highly anisotropic etch
process used to create deep penetration, steep-sided holes,
and trenches in wafers/substrates

TAnderson J.M. (2012). Polymer Science: A Comprehensive Reference. Volume 9, 2012, Pages 363-383.
https://doi.org/10.1016/B978-0-444-53349-4.00229-6

2 Malik, N., Arfin, T., & Khan, A. U. (2019). Graphene nanomaterials: chemistry and pharmaceutical
perspectives. In Nanomaterials for drug delivery and therapy (pp. 373-402). William Andrew Publishing.

3 Kim, K. N, Sung, M. J,, Park, H. L, & Lee, T. W. (2022). Organic Synaptic Transistors for Bio-Hybrid
Neuromorphic Electronics. Advanced Electronic Materials, 8(1)

4 Wikipedia, February 2023.

> Bhalla N., Jolly P., Formisano N.o, and Estrela P. (2016). Essays Biochem. 2016 Jun 30; 60(1): 1-8.

6 Qu, H. (2016). CMOS MEMS fabrication technologies and devices. Micromachines, 7(1), 14.

7 Nomoey, A. V. et al. (2015). Structure and mechanism of the formation of core-shell nanoparticles
obtained through a one-step gas-phase synthesis by electron beam evaporation. Beilstein journal of

nanotechnology, 6(1), 874-880.
8 Die, Wikipedia, December 2022



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/microelectrode
https://en.wikipedia.org/wiki/Biological_system
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4419578/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4419578/
https://en.wikipedia.org/wiki/Die_(integrated_circuit)

EMA European Medicines Agency

FDA U.S. Food and Drug Administration

GMP Good Manufacturing Practice. Minimum standard that a
medicines manufacturer must meet in their production
processes”’.

GLP Good laboratory practice. Rules and criteria for quality system

concerned with the organizational process and the conditions
under which non-clinical health and environmental safety
studies are planned, performed, monitored, recorded, reported
and archived.

ICT Information and communication technologies

ICT interface The ICT interface is required to transport sensor data and to
remotely access other resources'”.

I/UCRC Industrial/University Cooperative Research Centers

LOC Lab on Chip

MEA Microelectrode array (MEA)

Medical Device Device used for medical purposes

Medical Diagnostics Process of determining which disease or condition explains a
person’s symptoms and signs.

MEMS Microelectromechanical systems

MEOMS MEOMS, Micro Electro-Optical-Mechanical System or devices
combining electrical, optical, and mechanical components'.

Microfluidic Technology for manipulating small volumes of fluids to control
chemical, biological, and physical processes that are relevant to
sensing™.

MNFU Micro & Nano Fabrication Unit

NEMS Nanoelectromechanical systems

Neuromorphic Computing The use of electronic circuits to mimic neuro-biological
architectures present in the nervous system™.

OoC Organ on chip. Systems containing engineered or natural
miniature tissues grown inside microfluidic chips™.

9 The European Medicines Agency (EMA), November 2022

0 The European Medicines Agency (EMA), November 2022

" Ghorbani, Y., Zhang, S. E., Nwaila, G. T,, Bourdeau, J. E., Safari, M., Hoseinie, S. H., ... & Ruuska, J. (2023).
Dry laboratories-Mapping the required instrumentation and infrastructure for online monitoring,
analysis, and characterization in the mineral industry. Minerals Engineering, 191, 107971.

12 MEOMS, Wikipedia, December 2022.
13 Stroock, A. D. (2008). Microfluidics. In Optical biosensors (pp. 659-681). Elsevier.
14 Wikipedia, November 2022

5 Leung, C. M., De Haan, P., Ronaldson-Bouchard, K., Kim, G. A, Ko, J,, Rho, H. S., ... & Toh, Y. C. (2022). A
guide to the organ-on-a-chip. Nature Reviews Methods Primers, 2(1), 1-29.


https://www.ema.europa.eu/en/human-regulatory/research-development/compliance/good-manufacturing-practice
https://www.ema.europa.eu/en/human-regulatory/research-development/compliance/good-manufacturing-practice
https://en.wikipedia.org/wiki/Microoptoelectromechanical_systems
https://en.wikipedia.org/wiki/Neuromorphic_engineering

PDMS

PMMA

POC
Rapid Prototyping

RIE

Synthetic Morphogenesis

Wearable Technologies

16 Wikipedia, November 2022.
7 Wikipedia, November 2022.

Polydimethylsiloxane, also known as dimethylpolysiloxane or
dimethicone, belongs to a group of polymeric organosilicon
compounds that are commonly referred to as silicones'®.
Poly(methyl methacrylate). A group of materials called
engineering plastics. It is a transparent thermoplastic'’.
Point-of-Care

Prototyping can be repeated numerous times along the new
product design process using the test data to achieve the
desired part. Rapid prototyping is a relatively new term and, in
its simplest form, creating a prototype quickly to evaluate a part
or some part features visually and functionally®,

Reactive-ion etching (RIE) is an etching technology used in
microfabrication.

Based on natural morphogenic systems, synthetic
morphogenesis seeks to engineer, program, grow, and
maintain biological systems with complex structures'®.
technology that is designed to be used while worn (e.g.
smartwatches and smart glasses). Wearable electronic devices
are often close to or on the surface of the skin. They detect,
analyze, and transmit information®.

'8 https://engineeringproductdesign.com/knowledge-base/rapid-prototyping-techniques/

19 Teague BP, Guye P, Weiss R. Synthetic Morphogenesis. Cold Spring Harb Perspect Biol. 2016 Sep
1,8(9):a023929. doi: 10.1101/cshperspect.a023929. PMID: 27270296; PMCID: PMC5008072.

20 Wikipedia, December 2022


https://en.wikipedia.org/wiki/Polydimethylsiloxane#:%7E:text=Polydimethylsiloxane%20(PDMS)%2C%20also%20known,properties%20lead%20to%20many%20applications.
https://en.wikipedia.org/wiki/Poly(methyl_methacrylate)
https://engineeringproductdesign.com/knowledge-base/rapid-prototyping-techniques/
https://en.wikipedia.org/wiki/Wearable_technology
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40 Core-shell 3D printing "is based on the conventional micro-extrusion printing of two (or more)
materials through a coaxial die, with the shell material enclosing the core material". Dr. BoStjan Vihar
(2020), Core-shell bioprinting, IRNAS — institute for development of advanced applied systems, Ltd.

41 Optoelectronic applications that utilize living biomaterials as active controls. Such applications include
bioactivated light-emitting diodes (LEDs), biological lasers, active plasmonics, nanorobotics, biological
logic gates, light-harvesting antennas, molecular photonic wires, and biophotovoltaics. Zhang, Y., Wang,
Z., & Chen, Y. C. (2021). Biological tunable photonics: Emerging optoelectronic applications
manipulated by living biomaterials. Progress in Quantum Electronics, 80, 100361.
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>0 In the back-end process, the semiconductor is cut from the wafer and converted into a product. Matsusada

Precision Inc. November 2022.
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Microelectromechanical Systems (MEMS)
Bio-microsystems

Mechanobiology

Cryo-electron tomography
Microfabrication

Microfluidics

Soft lithography
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IT Lincoln Laboratory researches and develops a broad array
of advanced technologies to meet critical national security
needs. They focus on building operational prototypes and
design systems

MIT Lincoln Laboratory
2"NON

Potomac is helping its clients develop miniature products and
bring them to market. Utilizing a broad range of
technologies, Potomac can micromachine most materials
such as polymers, metals, ceramics, and glass with feature
sizes that cannot be achieved using conventional processes.

2"NON - Potomac

The company seeks to understand and exploit interesting
characteristics of 'soft' materials, such as polymers, liquid
crystals, and biological tissues, and hybrid combinations of
them with unusual classes of inorganic micro/nanomaterials -
- ribbons, wires, membranes, tubes or related. Their aim is to
control and induce novel electronic and photonic responses
in these materials, and to develop new 'soft lithographic' and
biomimetic approaches for patterning them and guiding their
growth. Their Our current research focuses on soft materials
for conformal electronics, nanophotonic structures,
microfluidic devices, and microelectromechanical systems, all
lately with an emphasis on bio-inspired and bio-integrated
technologies.

- Northwestern University
2"NON

CCRM supports the commercialization of regenerative
medicine-based technologies, and cell and gene therapies,
with strategic funding, dedicated infrastructure and
.specialized business and scientific expertise

NTP ,101N10 - CCRM

The company, founded in 2002, is a spin-off of the Fraunhofer
Institute for Applied Optics and Precision Engineering and the
Application Center for Microtechnology Jena. Specialists from
microfluidics, precision engineering, polymer
microtechnology, medical technology, chemistry, biology, and
diagnostics form a multi-disciplinary team to develop and
manufacture “lab-on-a-chip” systems primarily in polymers.
Using industrial manufacturing techniques allows for a
seamless transition from development stage via small batch
production up to mass fabrication.

N'INNA - chip shop
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https://www.ll.mit.edu/
https://www.potomac-laser.com/
http://rogersgroup.northwestern.edu/
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thinXXS Microtechnology develops and produces disposable
microfluidic devices from plastics for the diagnostic,
pharmaceutical, analytical, and medical industries. They
developed customer specific solutions for applications in
immunology, clinical chemistry, DNA analytic or cell-based
research.

N'INNA — thinxxs

The location in Zurich is one of IBM's 12 global research labs.
The mission of the Zurich Lab, in addition to pursuing cutting-
edge research for tomorrow’s information technology, is to
cultivate close relationships with academic and industrial
partners, be one of the premier places to work for world-class
researchers, to promote women in IT and science. A new facility
for collaborative nano-scale research was opened on the IBM
Zurich  campus in  2011. The Binnig and Rohrer
Nanotechnology Center (top right) is part of a strategic

partnership in nanosciences with ETH Zurich

Y'llw 'Y - IBM Research

A-Line is the Industry Standard for chemical plants, water
treatment plants, pipeline companies, and other industries.
1,000's are in use every day by maintenance technicians. From
their equipment the mechanic receives a visual picture of how
the shafts are positioned and what it will take to move the
shafts into proper alignment.

2"NIN - A-line N12N

Sanmina designs, manufactures, and repairs some of the
most complex and innovative optical, electronic, and
mechanical products in the world. Sanmina provides end-to-
end design, manufacturing, and logistics solutions, support to
Original Equipment Manufacturers (OEMs) primarily in the
industrial, medical, defense and aerospace, automotive,
communications networks and cloud solutions sectors.

,N19VYN - Sanmina Medical
pLa\uk

The Wyss Institute at Harvard University is a research and
development engine for disruptive innovation. They have 8
enabling Platforms and Initiatives: Bioinspired Therapeutics &
D Organ Engineering, 3Diagnostics, Molecular Robotics,
Diagnostics Accelerator, Predictive BioAnalytics, Immuno-
Materials, Synthetic Biology, Living Cellular Devices

,TININN - WYSS institute
2"NIN [1LDI2

65


https://www.thinxxs.com/en/home/
https://www.zurich.ibm.com/
http://alinemfg.com/
https://www.sanmina.com/
https://wyss.harvard.edu/
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IC fabrication, like foundry
MEMS - micro needle fabrication, std MEMS

Microfluidic channels in glass
PMMA technology like ALIDE - adhesion & patterning

Manual sensor placement in the die (requires acquiring sensors or asking the
customer to buy)

3D patterning within SiO2 (like Louwers Hanique - SLE = selective laser induced
etching)

Glass bonding

Laser milling for SiO2, Laser milling, including transparent materials
SiO2 deep dry etch
Oxide etch Under Layer

Piezoelectric material deposition

Nitinol*® deposition

Oxide release

Anti-reflective

Metal dry etch thick layers

Deposition/coating on large 3D products

("2 N901) Qulab Medical N12NN 1995 |NW "7 HW NONNN TIY NN 2

>3 The lab is focused on the interface between materials and biology. They develop new materials and methods that
allow for bioelectrical and biomechanical leadless modulation of cells and tissues at all scales using light and
magnetic fields.

PRIV NIRIRY NN 54
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Masking and activation of large products

Deposition of long threads

Medical polymers (such as perylene)

Accurate rigid material molding

Accurate 3D printing

Deep accurate patterning of bulk materials

TSV

Assembly & packaging

Laser wf bonding

CMOS -MEMS

E-beam high performance nanolithography

DWL direct laser lithography system

PECVD deposition tools for thick oxide passivation and for CNTs

ALD/PEALD with versatile precursors

Thin film deposition including graphene

An DRIE/RIE tool combined with spattering tool to allow deposition of metals
without breaking vacuum

Vapor HF tool

Metal ICP etch

Xenon Difluoride - Dry Vapor Etch

Doping CVD tools

Laser cutting tool

3D printers for prototyping

Additional equipment for bio:

Chemical analytic tools

Imaging tools scanners and microscopes

Laser scanning microscopes

Microfluidics design and manufacturing tools

Sequencing tools

Glovebox facility

Biological hoods different classes

N"N 200 mm TV D'AD'I2 JINN'Y TI'Y

droplets 9w N'AI311002 NNTHVLOMP KW NIN'WND TYIIY DI'Y

('M"y2 NIN transistor FET YW [INND) D''A191'2 DIDI0

,TI0PY ,ph 122 DILNID D'TTINY DIW'N) NP'O'YIN 'WXNN DN2 29WH N1IW DD
(121 CO2
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battery protection, battery management , LED , optical NpanLupHNN Sw NoNTI
.(sensing
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Microfabrication (clean room)

DNA assembles

micro-fluidics

VLSI

Computation tools

Laser cutting and milling (Device fab)

PCB printer (Device fab)

Parylene deposition equipment (Device fab)

3D Bioprinters (Device fab)

3D printers (Workshop)

Electromagnets station (Workshop)

Environmental SEM (for wet specimen imaging) (EM)

Digital multimeter (Electrical characterization)
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Patch clamp (Electrical characterization)

Microelectrode array (Electrical characterization)

Stereo microscope (Electrical characterization)

Optical mapping system (Electrical characterization)

Tensile Force Tester (Mechanical characterization)

Nanoindenter (Mechanical characterization)

High end 3D printer for prototyping

Laser cutter

Plasma etcher - for treating surfaces before bonding microfluidics to glass or
applying protein

Oven - for baking PDMS for microfluidics

Silhouette blade cutter - for making custom wells for cell culture

Alveole Primo protein micropatterning system - lithography outside of a cleanroom

Sterilization station - a biohood where researchers sterilize microfabricated devices
before bringing them to their labs for cell culture, etc. (should have sterile ziploc
bags for transporting devices)

Printed electronics/flexboard electronics (2"NXI NDNN PN DY I'T YW NOODTN
v "Hnnlift off)

.D'D'¥N DY arrays niwyY Nan Sy WD"JIP'E) YW D'NDI2 NID'O INI'Y 101907
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%6 https://link.springer.com/book/10.1007/978-1-4614-4388-9
A cooperative research center (CRC) is an organization or unit within a larger organization
that performs research and also has an explicit mission (and related activities) to promote,

directly or indirectly, cross-sector collaboration, knowledge, and technology transfer, and
ultimately innovation. https://link.springer.com/book/10.1007/978-1-4614-4388-9
57 https://link.springer.com/book/10.1007/978-1-4614-4388-9
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D'9'21N D'OP'INON NN (20 1I'N) DY IPNN 'KW1 'D 5V D'OP'INDI 1NN MY D'PYINN A1
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38 https://iucrc.nsf.gov/about/
39 https://link.springer.com/book/10.1007/978-1-4614-4388-9

https://www.nsf.gov/awardsearch/showAward?AWD_ID=1655104 ©°
https://www.nsf.gov/awardsearch/showAward?AWD_ID=1655104 '

Gray, Denis & Walters, S.. (1998). Managing the Industry/University Cooperative Research Center: A Guide for 62
Directors and Other Stakeholders

+https://iucrc.nsf.gov/centers/?uni=8&sta=&prifoc=&prifoc=08&foc=3+6 3

NDAITY INT 4
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https://bsac.berkeley.edu/membership/visiting-industrial-fellow-program &
8 https://www2.eecs.berkeley.edu/Pubs/TechRpts/2013/EECS-2013-26.pdf

84 https://www.rtp.org/

85 https://en.wikipedia.org/wiki/Research Triangle Park
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8 Choi, J. I, & Markham, S. (2019). Creating a corporate entrepreneurial ecosystem: The case of
entrepreneurship education in the RTP, USA. Journal of Open Innovation: Technology, Market, and
Complexity, 5(3), 62.
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87 https://wyss.harvard.edu/

88 https://wyss.harvard.edu/about/

8 Disruptive technology - an innovation that significantly alters the way that consumers, industries, or businesses
operate.
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91 https://wyss.harvard.edu/collaboration/
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1. IMEC (Belgium)

2. |IBM Research Zurich - Binnig and Rohrer Nanotechnology Center (Switzerland)

3. CIME Grenoble (France)

4. The Southampton Nanofabrication Centre (UK)

5. The Biofabrication and Tissue Engineering Facility at Karolinska Institutet (Biofab) (Sweden)

6. Queen Mary University of London (UK) - Blizard Institute - Faculty of Medicine and Dentistry
- CREATE Lab

7. Politécnico de Leiria - CDRSP — Center for Rapid and Sustainable Product Development -
The Biofabrication Lab (Portugal)

8. LIONIX INTERNATIONAL (The Netherlands)

9. INL —International Iberian Nanotechnology Laboratory (Portugal)

10. MiQro Innovation Collaboration Center (Canada)

11. The Stanford Nanofabrication Facility (SNF) (USA)

1. IMEC (Belgium)

Imec employs more than 4,000 highly skilled researchers. They make use of world-class
infrastructure, including more than 12,000 square meters of 200mm and 300mm cleanroom
capacity containing the most advanced collection of microchip processing tools in the world,
and state-of-the-art (bio, wireless, imaging, ...) labs.

Infrastructure

2 State-of-the-art cleanrooms

300mm cleanroom

Delivering world-leading R&D on the next-generation technology nodes with our global
partners.
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All necessary 300mm equipment to allow advanced sub-7nm CMOS R&D. Class 1,000.
Operational 24/7

Advanced Lithography centered around ASML scanner equipment:
e EUV - Extreme ultraviolet lithography
e DSA: Directed Self Assembly

o State-of-the-art etch, implant, clean, metrology, deposition, ... equipment from
leading-edge OEMs

e Ballroom type of cleanroom
Total area: 7,200m?, 3,200m? Extended with 4,000m? in 2016
Process monitoring, cycle time improvement, quality control

200mm cleanroom

Development on demand for products for which heterogeneous integration is needed

Flexible platform to fabricate prototypes: process steps that are not available off-the-shelf in a
foundry

Low-volume production
Silicon pilot line with a 130nm TLM CMOS baseline process on 200mm wafers

Processing on Si and on alternative substrates such as IlI-V materials, organic semiconductors,
SiGe ...

3D-IC and 3D-WLP stacking IC baseline flows:
e Die-to-die bonding,
e Die-to-wafer
e Wafer-to wafer-bonding
All processes for heterogeneous integration:
e Bonding
e Grinding
e Thick Cu plating
e Deep Sietch
e Litho with back-to-front alignment
GaN-on-Si capabilities to process power devices
Bay & chase type of cleanroom

5,200m? of which 1,750m? in class 1 area
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Lithography Etching | Material Printing | Surface and bioassay | Packaging
Deposition and characterization
Annealing
High-NA EUV Directed | High temperature Contact angle (CA)
lithography — self- SiN (LPCVD) measurements
Extreme assembly | Extremely low loss
ultraviolet (DSA) waveguide (<0.1
lithography - dB down to 2
ASML NXE:3400B dB/m)
EUV mask Low temperature Cyclic voltammetry
SiN (PECVD) (V)
Wide wavelength
range (405 nm up
to 2500 nm)
193nm ASML Grazing angle Fourier
DUV stepper transform infrared
(65nm line spectroscopy (GA-
resolution) FTIR)
248nm ASML Quartz crystal
DUV stepper microbalance (QCM)
(150nm line
resolution)
365nm ASML |- Surface plasmon
line stepper resonance (SPR)
(350nm line
resolution)
EVG Hercules Confocal laser
300/200mm scanning microscopy
nano-imprint (CLSM)
track (40nm line
resolution)

Fluorescence labeling.

Nanoparticle
characterization

Ultraviolet (UV)
spectroscopy

Qnano® tool

Dynamic light
scattering (DLS)

Zeta potential
measurements

Thermo-gravimetric
analysis (TGA)

Dark field microscopy
(DFM)

Dot blot analysis
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2. IBM Research Zurich - Binnig and Rohrer Nanotechnology Center (Switzerland)

The Binnig and Rohrer Nanotechnology Center is a state-of-the-art exploratory cleanroom

fabrication facility combined with noise-free labs. These facilities support world-class

exploratory research aimed at nanotechnology applications. Both near-term and long-term
projects are being pursued.

The facility is the centerpiece of a 10-year strategic partnership in nanoscience between |IBM
Research, ETH Zurich and EMPA, where scientists can research novel nanoscale structures and
devices to advance energy and information technologies.

The Nanotechnology Center includes class 100 (ISO 5) to class 10,000 (ISO 7) cleanroom
facilities, including lithography for pattern definition; wet processing for substrate cleaning and
wet chemical etching; thin-film deposition of metals and insulators; dry etching for material
removal using reactive gases; thermal processing for oxidation and annealing; vapor phase
deposition; backend processes such as plating, lapping/polishing, dicing and bonding; and
polymer waveguide processing for optical interconnects.

Processes, most of which will be semiconductor-based (wafer sizes up to 200mm), will be
conducted on materials similar to those used in standard semiconductor technology, such as
silicon, metals, ins

CLEANROOM STRUCTURE AND CONDITIONS

The cleanroom is designed in a bay-chase layout, where individual cleanroom bays are
surrounded by a service area. The wafer processing and handling takes place inside the
cleanroom bays, while the service area or grey room houses auxiliary equipment and is used to
connect the tools to all necessary media (electricity, water, gases, ventilation, etc.).

The quality of a cleanroom is measured by its cleanroom class and ranges from class 100 (ISO
5) to class 10 000 (ISO 7) for the individual sectors. A cleanroom class of 100 means that a
maximum of 100 particles bigger than 0.5 micron size is allowed in a volume of 1 cubic foot air.
This particle count is typically 4 to 5 orders of magnitude lower than in the normal environment.
The low particle count in a cleanroom is achieved by the use of particle filters and a suitable air
flow.

Temperature and relative humidity in the cleanroom have to be controlled to 20° - 22° C and
45 %, respectively, to ensure process stability, for example for the processing of photo resists.

e Total size: 950 m2

¢ (Cleanroom classification: Class 100 (ISO 5) to Class 10 000 (ISO 7)
e Maximum air intake: 40 000 m3 /h

e Temperature control: 20°-22°C (+/- 1°C)

e Humidity control: 45 % (+/- 5 %)
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Lithography Etching Material Surface Packaging
Deposition and characterization
Annealing
Optical Wet benches Thin film Optical Lapping /
lithography with various deposition - microscopes Polishing tool
chemicals Evaporation
Mask Aligner for HF vapor phase | Thin film Scanning electron | Chemical
optical contact etcher deposition - microscope (SEM) Mechanical
printing Sputtering Polishing (CMP)
Direct Laser Writer | Reactive lon Atomic Layer Focus lon Beam Wafer Dicer
Etching Deposition (ALD) | (FIB) tool
(fluorine-based
chemistry)
Resist Coaters, ICP etching Plasma Enhanced | Ellipsometer Bonders (wire
Hotplates, (chlorine-based | Chemical Vapor bonder, die
Developer, Ovens | chemistry: CI2, Deposition bonder, wafer
HBr) (PECVD) bonder)
lon Beam Oxidation furnace | Atomic Force
Etching (dry and wet Microscope (AFM)
oxidation of Si)
Silicon Deep Rapid Thermal
Trench Etching Annealer (RTA)
using the
"BoschProcess”

Low Pressure
Chemical Vapor
Deposition
(LPCVD)

Carbon
Deposition -
PECVD for CNT
growth

Electroplating
setups

Carbon
Deposition -
Graphene growth
tool

3. CIME Grenoble (France)

CIME Nanotech is a joint center for education and research in microelectronics and

nanotechnologies, part of Université Grenoble Alpes and Grenoble Institute of Technology

(Grenoble INP).

Interuniversity Centre for Micro Electronics and Nanotechnologies - Micro and Nano

Manufacturing:
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Covering an area of 750 m? the CIME-Nanotech clean room brings together all of the

technological means intended for the manufacture of integrated electronic devices on silicon

and for carrying out micro- and nanotechnology operations.

Originally created to promote the teaching of microelectronics in initial training, it constantly

adapts to the evolution of micro- and nanotechnologies, by providing training courses and

research laboratories with means and equipment. of the highest quality.

The clean room opens up to manufacturers by allowing them to access its infrastructures so

that they can validate innovative equipment and processes.

Lithography

Etching

Material Deposition
and Annealing

Surface
characterization

Single-sided EVG, 2 and 4
inches.

ICP-RIE reactive ion

etching: available gases: SF6,
CHF3, 02, CI2, BCI3. Possible
engravings: Si, SiO2, Si3N4,
resin, IlI-V materials.

PECVD reactor: plasma-
assisted chemical vapor
deposition

reactor. Possible
deposits: silicon oxide
and nitride.

2 mechanical
profilometers

Single-sided, 2-inch
MJB3.

Deep reactive ion etching

LPCVD reactors: vacuum
chemical vapor
deposition

reactor. Possible
deposits: If
polycrystalline, Silicon
Nitride.

1 spectroscopic
ellipsometer 400-
850nm

MA®G 2 and 4 inches,
double sided.

Wetbench (cleaning, wet
etching)

Sputtering different
metallic, magnetic and
dielectric targets.

A non-contact
Rsquare
measurement
(induction)

MAB8-BA8 (Mask Aligner-

chemical etchings

Back side Aligner 8")

ALD — Atomic layer
Deposition

two Atomic Force
Microscopes

For each
photolithography
station: spinner, heating
plate, developer, rinsing
tank with resistivity
control, centrifuges.

Implantation ionique - Dopage

PVD — Physical Vapor
Deposition

lon Beam Etching

Phosphorus diffusion and
activation-diffusion
annealing

HF vapor - gas phase etching
by anhydrous HF

Rapid annealing furnace
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The Southampton Nanofabrication Centre is a state-of-the-art facility for microfabrication

and high-spec nanofabrication, as well as a wide range of characterization capabilities, housed
in a purpose built, 820m? cleanroom in the Mountbatten Complex at the University of

Southampton.

The Southampton Nanofabrication Centre provides a service for fabrication, characterization,

and collaborative research both internal to the University of Southampton and to the broader

community in the UK and the EU.

Lithography Etching Material Deposition | Surface Packaging
and Annealing characterization
Electron Beam Deep Reactive lon Atomic layer Focussed lon Beam - EVG 520 TB -
Lithography - Jeol Etching (DRIE) - deposition - OPT Zeiss NVision 40 FIB bonder
JBX 9300 e-beam Advanced Silicon FlexAl RPX System
writing system Etch (ASE)
Technology
Focused lon Beam - | Reactive lon Etching | OPT Plasmalab He lon Microscope - Scriber -
Zeiss NVision 40 (RIE) - lonfab 300 System 100 PECVD: Zeiss Orion helium Mitsuboshi
CrossBeam FIB plus amorphous silicon ion microscope Diamond
System deposition MS300A-CE
SUSS Microtech Inductively Coupled | OPT Plasmalab FESEM - A Jeol JSM Dicing Saw -
Plasma Etching (ICP) | System 100 liquid 7500F field emission Loadpoint

-Plasmalab System
100

source PECVD: nitride

scanning electron

& oxide deposition

microscope

Microace Series 3

EVG6200 Infinity - lon Beam Etching OPT Nanofab 1000 Zeiss EVO SEM Bonder -

robotic mask (IBE) - Plasmalab 80 | agile : nanotube & (scanning electron Innovative

aligner plus wire deposition microscope) Microelectronic
Production
Systems 4524 Ball
Bonder

EVG 620 TB - DSE - Deep Silicon Tempress LPCVD Poly | Woolham M-2000

double sided mask | Etcher - STS LPX Furnace spectroscopic

aligner Pegasus ellipsometer

EVG 620 TB - rapid | UV Ozone Cleaner Tempress LPCVD X-Ray Photoelectron

prototyping Nitride Furnace Spectroscopy (XPS) -

The Thermo
Scientific™ Theta
Probe

EVG 620 T - single

Oxygen Plasma

side mask aligner

EVG 150 - robotic

Etching Systems

Tempress Anneal
Furnaces

scanning probe
microscopy (SPM)

Wet Etch Room

resist processing
station

Jipelec Jetfirst 200

Rapid Thermal
Annealers

Electrical and RF
Characterization

EVG 510 - laminate
thick film resist
station

ASM Epsilon Epitaxy
System
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5. The Biofabrication and Tissue Engineering Facility at Karolinska Institutet
(Biofab) (Sweden)

The Biofabrication and Tissue Engineering Facility at Karolinska Institutet (Biofab) offers a

diverse range of Micro and Nanostructuring techniques for cell-based applications in the fields
of life-science and medicine.

At BioFab, we aim to bridge the gap between engineering and biology at Karolinska Institutet
and provide common grounds with respect to suitable material of use of modular design and
tunable structures for biomedical purposes.

Services

e Consultation about the proper choice of material and design with respect to the
biological application

e 3D CAD design

e Nanofabrication via cleanroom processing

e Surface energy patterning (tuning hydrophilicity and hydrophobicity)
Prices
Price for the in-house tool equipment: 1500 SEK/hour
Facility support: additional 1500 SEK/hour, or on collaborative bases.

For off-campus tools, prices are calculated based on each project.

Lithography Material Deposition and Surface and bioassay Packaging
Annealing characterization
Spin-coater Oven Contact angle goniometer | Polymer Speed
mixer
Soft lithography CNC micro Milling Scanning electron Collimated UV
microscopy (SEM) light
Nano reaction injection Atomic force microscopy
molding (NanoRIM) (AFM)
Soft lithography Profilometer
Electron beam
lithography
Nanoimprint
lithography
Photolithography (mask
aligner)
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6. Queen Mary University of London (UK) - Blizard Institute - Faculty of Medicine and
Dentistry - CREATE Lab

The CRoss-InstitutE Advanced Tissue Engineering (CREATE) Lab is a new core facility dedicated
to bio-fabrication of advanced 3D tissues and microfluidic devices. It houses state-of-the-art
equipment for 3D bio-printing, microfabrication, and device analysis. The aim of the CREATE
Lab is to support the development of next-generation 3D tissues and disease models for use in
biomedical research and regenerative medicine.

As a cross-faculty initiative, the CREATE Lab was established through the Queen Mary Strategic
Facilities Investment Fund and support from the Barts Charity. It is open to all Queen Mary
researchers and external partners, with a view to promoting cutting-edge interdisciplinary
research.

Training

Facility staff will provide all necessary training and technical support for users to operate the 3D
printing and microfabrication equipment. This includes formal training sessions, one-on-one
support, and training manuals and documentation.

Project development

The CREATE Lab team can also assist with new project development, including biomaterial
selection, construct design, and optimisation of bio-fabrication processes. In addition, we can
advise and consult on the technical aspects and costings for research proposals involving bio-
fabrication technologies.

Cell culture facilities

The CREATE Lab includes dedicated cell culture facilities for users to maintain and propagate
cells to be used in their 3D bio-printing and microfluidic applications.

Lithography Material Printing Surface and bioassay
Deposition characterization
and
Annealing
Spin coater | Plasma 3D Discovery bio-printing | Optical profilometer (Profilm 3D,
(SPIN150i, SPS) oxidizer system (regenHU) - The Filmetrics)
(Zepto, 3D Discovery Biosafety
Henniker) system is an advanced 3D

printer enclosed within a
class Il biosafety cabinet.
The system can be
configured with up to 4
print heads, including
syringe based extrusion,
micro-valve droplet
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Lithography Material Printing Surface and bioassay
Deposition characterization
and
Annealing

dispensing, and
thermopolymer extrusion.
The system also provides
temperature control for
print heads and the
printing platform, as well
as a UV tool for photo-
crosslinking and curing.

uv masking Two-colour fluorescence and

system (KUB-6, phase contrast image analysis -

Kloe) for automated detection of
defined cellular phenotypes

Hot plates Robotic capillary tool - for
isolation and downstream
processing.

7. Politécnico de Leiria - CDRSP - Center for Rapid and Sustainable Product Development
- The Biofabrication Lab (Portugal)

The mission of the Centre for Rapid and Sustainable Product Development (Centro para o

Desenvolvimento Rapido e Sustentado de Produto — CDRSP) of the Polytechnic Institute of Leiria

(IPLeiria) is to contribute to scientific and technological development, leading to new products,
materials and processes that are more fitted, more effective and more efficient, contributing to
a generation of added value to the industry and promoting the conscience of the importance
and of the role of the rapid and sustainable product development in the society. In order to
accomplish this mission, the CDRSP-IPLeiria leads scientific and technological research and
promotes dissemination, training and consultancy actions in strategic areas of product
development.

The aim of the strategic research programme is to consolidate and reinforce the national and
international position of the CDRSP-IPLeiria as a leading research group in the field of Multiscale
Direct Digital Manufacturing based on Additive Manufacturing, moving towards the fully
integrated concept of added-value manufacturing. This is possible due to the multidisciplinary
nature of the CDRSP Research Team, comprising researchers from different scientific
backgrounds. The main Scientific Research Areas of CDRSP-IPLeiria lays on Additive
Manufacturing, having a focus on 60% of applied research and 40% of basic research. To do so,
the development of Additive Manufacturing is supported by 3 core interconnected scientific
pillars: (i) Geometry and topology/Computer simulation (ii) Advanced materials; and (iii) Novel
manufacturing processes.
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The Biofabrication Lab has state-of-the art systems that produce scaffolds for tissue engineering
applications. The existing equipment are additive manufacturing systems enabling to process a
wide range of materials (polymers, polymer/ceramics and polymer/metals) in a layer-by-layer

fashion.
Lithography Printing
Bioextrusion system (home-made) - Bioextrusion-based Fab@Home - a low-cost 3D printer
Additive Manufacturing, destined to produce mono and system that produces three-

multi-material scaffolds containing or not cells and growth | dimensional objects, layer by layer
factors for Tissue Engineering applications. The fabrication using any material than can be

of these scaffolds is made through the extrusion of one or | squeezed through a syringe and holds
more materials (synthetic and natural biopolymers, its shape.

bioceramics and polymer/ceramic biocomposites) through
a layer-by-layer manufacturing process.

Dual-Bioextruder (home made) enables to process several
materials, namely biopolymers of synthetic/natural origin,
bioceramics and biocomposites, for the production of
multi-material scaffolds with functional gradients. In
addition, it allows the production of hydrogel-based
bioactive 3D structures for cell encapsulation and drug
delivery systems.

Multimaterial Stereo-thermal-lithography - The Micro-
Stereo-Thermal-Lithography Multi-Material (uSTLG multi-
material) was developed in order to overcome the
limitations of conventional stereolithography, such as the
production of multi-material functionally graded
components. Optical and thermal effects are simultaneously
used in this process to locally induce a phase change in the
liquid resin.

Electrospinning system (home-made)

8. LIONIX INTERNATIONAL (The Netherlands)

LioniX International is a leading global provider of customized microsystem solutions

specializing in integrated photonics and customized MEMS devices.
BIOMEMS

BioMEMS is the field in which MEMS are utilized for biomedical or biological applications, both
for R&D and for commercial use. BioMEMS overlaps with other fields in microtechnology such
as Lab-on-a-Chip, microfluidics optofluidics and Biosensors. BioMEMS find their use in for
example:

e Point of care Diagnostics

e Drug screening and Customized drugs
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Organ on a chip (O0CQ)
Genomics

Microarrays for DNA sequencing
Drug delivery

Analysis

Cell culturing

Microsurgery and endoscopy

LioniX International develops and produces customized BioMEMS based on glass and silicon
microtechnology. Examples of chips we have been working on are:

Optical biosensors
Electrochemical sensors
Microneedles

PCR chips

DNA sequencing chips

Cell counters

The LioniX International team is made up of around 60 engineers, project leads and

professionals.

LioniX photonic integrated circuit design (PIC design) are a core part of the client development

support package. LioniX supply expertise and facilities for the design of photonic integrated

circuits as well as simulation, production, testing and characterization.

LioniX International PIC design services include: Specification scoping/architecture design, PIC

layout design and mask design, Photonic simulation, Electronics design, Software design, PIC

packaging and assembly design.

***There is no detail of equipment on the company's website, therefore a mapping of capabilities

was done
Lithography Etching Material Deposition Surface Packaging
and Annealing characterization
photolithography Deep LPCVD Silicon Nitride dicing
reactive ion | (Si3N4)
etching
Proximity and contact Chemical SiRN Low stress silicon Packaging
lithography etching nitride Service (CPS)
Stepper process for Polysilicon
high lithography
resolution
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Lithography Etching Material Deposition Surface Packaging
and Annealing characterization

e-beam lithography for TEOS Silicon Dioxide

very small feature size Si02

and high resolution

PECVD silicon nitride
SixNy.

PECVD silicon dioxide
Si02

Borophosphosilicate
glass BPSG

RF magneton
sputtering

dry and wet thermal
oxide deposition
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9. INL - International Iberian Nanotechnology Laboratory (Portugal)

INL is a worldwide hub for the deployment of Nanotechnology. The INL was founded by the
governments of Portugal and Spain under an international legal framework to perform
interdisciplinary research deploy and articulate nanotechnology for the benefit of society.

The Research and Technology activities are focused on six clusters: Health, Food, Energy,
Environment, ICT and Future Emerging Technologies, which complement each other and
provide a base for interdisciplinary interactions.

The INL user facilities allow access not only to their infrastructure and systems but also to
microsystems and nanotechnology experts and their knowledge with considerable flexibility.
Access is open to both internal and external users.

The user facilities provide support throughout all research and development chain in cleanroom
processes:

e device modelling and design

e process integration and device fabrication

e packaging

e testing

e advanced microscopy and spectroscopy

e X-ray diffraction and scattering techniques

e photonics

e bioimaging and magnetic resonance imaging

Another impacting factor is the heterogeneous set of techniques available under the same roof
leading to competitive integration of different technologies and rapid prototyping thus paving
the way to methods and devices with performances out of reach of a given single technology.

The facilities are organized in four clusters:
¢ NANOPHOTONICS & BIOIMAGING
e ADVANCED ELECTRON MICROSCOPY
e SAXs AND XRD TECHNIQUES
e MICRO AND NANOFABRICATION
e Available technologies include:
e Advanced Si micromachining
e MEMS and NEMS

e Processes for spintronics, sensors and hybrid devices, microfluidics
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e Techniques involving graphene, carbon nanotubes (CNTs) and 2D electronics

e Thin-film silicon electronics

e Nanostructuring methods for solar cells and other devices

e Fabrication of flexible substrate systems

e Laser microstructuring, interconnects and packaging

The Laboratory is planned for 200 scientists, about 100 PhD students, and supporting technical
and administrative staff. The INL campus is set in a 38,000 m2 area of land in one of the best
parts of Braga, close to the Gualtar campus of Minho University.

To have access to INL user facilities, external users must first submit their application by filling

in the request form. All users must request license and complete training before they are allowed

to use any INL equipment. All users will be billed according to the number of hours used in each

equipment, based on INL current table of prices (available upon request). If assistance is

required, costs with personnel will also be charged. All users will be billed for the total number

of hours booked unless the user cancels it more than one day in advance. The users will not be

billed for a reservation if the equipment is down.

Lithography | Etching Material Surface Packaging,
Deposition and characterization and Back-
Annealing End
Processes
E-beam Broad Beam ion Mutitarget Singulus | High resolution SEM
lithography milling with SIMS | sputtering tool for | (NanoSEM, FEI) Chemical
tool (Vistec end point detect magnetic mechanical
5200 ES 100 (Nordiko 7500) multilayers (Timaris Planarization
kV) MTM) (Logitech
ORBIS)
Direct write Multitarget Contact profilometer Dicing saw
laser Fluorine based confocal sputtering | (KLA TENCOR P-16+) (Disco DAD
lithography reactive ion etch tool (Kenosistec) 3500)
(Heidelberg system for oxides
DWL 2000) / nitrides (SPTS
APS)
Mask aligner | Chlorine based Metallization Resistivity mapper Wire Bonder
(Karl Suss MA | reactive ion etch Singulus sputtering | (AITCO) / Aluminum
BA model) systems for metals | tool for Al, TIW(N) Wedge, Pick
(SPTS ICP) and AI203 (Timaris and Place
FTM) (TPT HB)
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Lithography | Etching Material Surface Packaging,
Deposition and characterization and Back-
Annealing End
Processes
Optical resist | Silicon Deep EasyTube 3000 Opttical Wire Bonder
track (Karls reactive ion Graphene CVD profilometer/ellipsometer | / Gold ball
Suss Gamma | etching system furnace system (OPM hyperion with bond (TPT
Cluster) (SPTS Pegasus) confocal sensor / Oceon HB)
Optics NanoCalc XR)
E-beam resist | Plasma asher (PVA | SPTS MPX CVD Climate chamber (Weiss CNC - High
track (Karls TEPLA M360) system for oxides, WKL, -70C to 180 C, 10 to | speed
Suss Gamma oxi:nitrides and a- 98% rel hum) milling
Cluster) Si:H deposition system
(FlexiCAM )
Multiple TMAH / KOH Si PECVD (800°C) Compact scanning bench | 3D printers
ovens, etch tanks (AMMT | systems for CNT top probe microscope (Makerbot
including GmbH) and carbon layers (Nanosurf Flex AFM) and bQ
vapor deposition tool WITBOX)
priming (MicroSys 400 from
Roth & Rau
Microsystems)
Coater and Multiple fume Thin film silicon Manual and motorized Advanced
hotplates for | hoods and wet CVD system optical microscopes for desktop
substrates up | benches for (hotwire and radio- | AOI research
to 300 mm chemical frequency assisted, printer (LP50
(SCS/EMS) processes doped and intrinsic Roth & Rau
(Quimipol) Si layers) B.V.)
Oxide vapor etch | Cu Electroplating Optical microsystem Plotter/cutter
release system (AMMT GmbH) analyzer for MEMS (in- Silhouette
(SPTS/PRIMAXX plane, out-of-plane and Cameo 12"
uEtch) topography; Polytec MSA | (Fabriprint)
500)
XeF2 isotropic Si Laser scanning
etch system vibrometer for MEMS
(Xactic X4) (Polytec UHF-120, 1.2
GHz)
Super critical CO2 Multiple automated
point dryer wafer probers for
(Tousimis) electrical testing and
others

10. MiQro Innovation Collaboration Center (Canada)

The MiQro Innovation Collaboration Center (C2MI) was created thanks to funding of $218
million granted by the Ministere du Développement économique, de l'Innovation et de
I'Exportation (MDEIE) ($94.9 million), Industry Canada ($82.95 million), private partners (IBM and
Teledyne DALSA) and the University of Sherbrooke as part of Canada's Knowledge Infrastructure
Program.
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The MiQro purpose is to accelerate the development and commercialization of components
essential to digital technologies by promoting a collaborative ecosystem, a team of academic
and industrial experts as well as a world-class infrastructure.

Equipped with a fleet of analytical equipment specialized in the characterization of electronic
integrating
microelectronics components to benefit from the expertise and know-how developed at the

materials, the C2MI offers the opportunity to all industries using and

center over the years by our partners.

Lithography Etching Material Deposition | Surface Packaging
and Annealing characterization
MASKLESS Primaxx fxP SPT MICRO AVP- NANOMETRICS | STEALTH
DIRECT (VHF) 8200 LSN UNIFIRE 7900C DICING
IMAGING
SYSTEM (DW-
3000)
AXCELIS Xactix CVE SPTS VERSALIS EXP MCBAIN ELECTRONIC
TECHNOLOGIES | (XeF 2) APM200 DDR2000 SWIR - | SRL
200PC - Deep Infra-Red LEONARDO
UV Irradiator Monitoring of 300LO - Dry
the stripping and
alignment/lateral | stripping
dimension and processes
defects inside
bonded wafer
stacks
ASML PAS5500 | PRIMAXX EXP - SPT AVP-9200 OXIDE | N-K STRASBAUGH
/2008 - Aligner | Anhydrous VHF etch | Vertical Furnace for TECHNOLOGY STB P300 6EH
and multi-step | of sacrificial oxide in Wet/Dry Silicon INC - Pattern - Polishing
imaging Monarch 25 module Oxide Thin Film Recognition Thin | silicon, silicon
and XeF2 etch of a Growth and Film Metrology dioxide,
sacrificial silicon Hydrogen Annealing | Tool. copper and
tungsten on
200 mm
wafers
TEL TOKYO SPTS VERSALIS FXP IELD ENGINEERING — | RUDOLPH F30- EVG GEMINI
CLEANTRACK ISOPOD MODULE - YES PBV200 B30-E30 - 200/3 - Fully-
ACT-8 - Dry etch cluster tool VERTACURE - Automated automated
Distributor and Anneal/Bake/Cure frontside, edge wafer
developer of under controlled and backside bonding for
photoresist temperature and inspection in the | 200 mm
sub-atmospheric visible range for | wafers
pressure 200mm wafer,
and for 200 mm
diced and
stretched wafer
on film frame.
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https://www.c2mi.ca/equipement/nk-technology-inc/
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https://www.c2mi.ca/en/equipement/yield-engineering-yes-pbv200-vertacure/
https://www.c2mi.ca/en/equipement/yield-engineering-yes-pbv200-vertacure/
https://www.c2mi.ca/en/equipement/yield-engineering-yes-pbv200-vertacure/
https://www.c2mi.ca/en/equipement/rudolph-f30-b30-e30/
https://www.c2mi.ca/en/equipement/rudolph-f30-b30-e30/
https://www.c2mi.ca/en/equipement/evg-gemini-2003/
https://www.c2mi.ca/en/equipement/evg-gemini-2003/
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Lithography Etching Material Deposition | Surface Packaging
and Annealing characterization
SPTS VERSALIS FXP YIELD ENGINEERING NADATECH
APS MODULE- Dry — YES PBV200 DP4200S/INX
etch cluster tool VERTACOAT - Vapour - Sort, align,
deposition of FOTS flip and
SAM, HMDS and transfer
formic acid vapour wafers
between
SMIFs and
open
cassettes
SPTS VERSALIS FXP SPT MICRO AVP- SVS JIKJI-77 -
ICP MODULE- Dry 8200 LSN - Low Filling the
etch cluster tool Pressure Chemical vias passing
Vapour Deposition of through the
LSN thin film silicon wafer
with copper
and Au-Sn
SPTS VERSALIS SPTS VERSALIS EXP TORAY
RAPIER MODULE - APM200 - Plasma- FLIPCHIP
Plasma-enhanced enhanced chemical BONDER -
Chemical Vapour vapor deposition of Automated
Deposition of amorphous silicon, high
amorphous Silicon, silicon nitride, precision
Silicon Nitride, tetraethylorthosilicate multi-chip
Tetraethylorthosilicate | (TEOS) die bonder
(TEOS) for
positioning

and attaching
small
electronic
components
on printed
circuit board
or substrate.

AKRION GAMA SPT AVP-9200 OXIDE DISCO DED
ALKALI BENCH - - Vertical furnace for 6362 - Cut
Provide wet-chemical | wet/dry silicon oxide wafer at
wafer cleaning, thin film growth, and various chip
surface preparation, hydrogen anneal size

and etch

AKRION GAMA ACID | SPT MICRO AVP- STEALTH
BENCH - Provide wet- | 8200 TEOS - Vertical DICER DISCO
chemical wafer furnace for low DFL7340 -
cleaning, surface pressure chemical Silicon wafer
preparation, and etch | vapour deposition of laser dicing.

TEOS thin film

99



https://www.c2mi.ca/en/equipement/spts-versalis-fxp-aps-module/
https://www.c2mi.ca/en/equipement/spts-versalis-fxp-aps-module/
https://www.c2mi.ca/en/equipement/yield-engineering-yes-pbv200-vertacoat/
https://www.c2mi.ca/en/equipement/yield-engineering-yes-pbv200-vertacoat/
https://www.c2mi.ca/en/equipement/yield-engineering-yes-pbv200-vertacoat/
https://www.c2mi.ca/equipement/nadatech-dp4200s-inx/
https://www.c2mi.ca/equipement/nadatech-dp4200s-inx/
https://www.c2mi.ca/en/equipement/spts-versalis-fxp-icp-module/
https://www.c2mi.ca/en/equipement/spts-versalis-fxp-icp-module/
https://www.c2mi.ca/en/equipement/spts-avp-8200-lsn/
https://www.c2mi.ca/en/equipement/spts-avp-8200-lsn/
https://www.c2mi.ca/equipement/svs-jikji-77/
https://www.c2mi.ca/en/equipement/spts-versalis-rapier-module/
https://www.c2mi.ca/en/equipement/spts-versalis-rapier-module/
https://www.c2mi.ca/equipement/spts-versalis-fxp-apm200/
https://www.c2mi.ca/equipement/spts-versalis-fxp-apm200/
https://www.c2mi.ca/en/equipement/toray-flipchip-bonder/
https://www.c2mi.ca/en/equipement/toray-flipchip-bonder/
https://www.c2mi.ca/en/equipement/toray-flipchip-bonder/
https://www.c2mi.ca/en/equipement/akrion-gama-alkali-bench/
https://www.c2mi.ca/en/equipement/akrion-gama-alkali-bench/
https://www.c2mi.ca/en/equipement/spts-avp-9200-2/
https://www.c2mi.ca/en/equipement/disco-dfd-6362/
https://www.c2mi.ca/en/equipement/disco-dfd-6362/
https://www.c2mi.ca/en/equipement/akrion-gama-acid-bench/
https://www.c2mi.ca/en/equipement/akrion-gama-acid-bench/
https://www.c2mi.ca/en/equipement/spts-avp-8200-teos/
https://www.c2mi.ca/en/equipement/spts-avp-8200-teos/
https://neaman.sharepoint.com/sites/Micro-NanoBio-ConvergenceTechnion/Shared%20Documents/General/%D7%9E%D7%99%D7%A4%D7%95%D7%99%D7%99%D7%9D/Silicon%20wafer%20laser%20dicing.
https://neaman.sharepoint.com/sites/Micro-NanoBio-ConvergenceTechnion/Shared%20Documents/General/%D7%9E%D7%99%D7%A4%D7%95%D7%99%D7%99%D7%9D/Silicon%20wafer%20laser%20dicing.
https://neaman.sharepoint.com/sites/Micro-NanoBio-ConvergenceTechnion/Shared%20Documents/General/%D7%9E%D7%99%D7%A4%D7%95%D7%99%D7%99%D7%9D/Silicon%20wafer%20laser%20dicing.
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Material Deposition | Surface Packaging
and Annealing characterization

Lithography

SPT AVP-8200 ISDP -
Vertical furnace for
low pressure
chemical vapour
deposition of ISDP
thin film

SPTS VERSALIS FXP
APMZ200 - Plasma-
enhanced chemical
vapor deposition of
amorphous silicon,
silicon nitride,
tetraethylorthosilicate
(TEQS)

SPT MICRO AVP-
8200 TEOS - Vertical
furnace for low
pressure chemical
vapour deposition of
TEOS thin film

SPT AVP-8200 ISDP -
Vertical furnace for
low pressure
chemical vapour
deposition of ISDP
thin film

SPT MICRO AVP-
9200 - Vertical
furnace for wet/dry
silicon oxide thin film
growth, and
hydrogen anneal

YES PBV200 -
Anneal/Bake/Cure
under controlled
temperature and
sub-atmospheric
pressure

YES PBV200HYV -
Anneal/Bake under
controlled
temperature and
high vacuum
conditions

100


https://www.c2mi.ca/en/equipement/akrion-gama-cleaning-bench/
https://www.c2mi.ca/en/equipement/akrion-gama-cleaning-bench/
https://www.c2mi.ca/en/equipement/spts-avp-8200-isdp/
https://www.c2mi.ca/en/equipement/ulvac-enviro-1xa-2/
https://www.c2mi.ca/equipement/spts-versalis-fxp-apm200/
https://www.c2mi.ca/equipement/spts-versalis-fxp-apm200/
https://www.c2mi.ca/en/equipement/spts-avp-8200-teos/
https://www.c2mi.ca/en/equipement/spts-avp-8200-teos/
https://www.c2mi.ca/en/equipement/spts-avp-8200-isdp/
https://www.c2mi.ca/en/equipement/spts-avp-9200/
https://www.c2mi.ca/en/equipement/spts-avp-9200/
https://www.c2mi.ca/en/equipement/yes-pbv200/
https://www.c2mi.ca/en/equipement/yes-pbv200hv/
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11. The Stanford Nanofabrication Facility (SNF) (USA)

The Stanford Nanofabrication Facility serves academic, industrial, and governmental researchers

across the U.S. and around the globe. SNF includes a 10,000 sq ft cleanroom housing tools for
device fabrication, satellite labs supporting Metal Organic Chemical Vapor Deposition (MOCVD),
new Experimental Fabrication methods (ExFab) and the new electronics shop for Systems
Prototyping (SPF). SNF supports researchers in applications ranging from medicine and biology
to fundamental physics and astronomy. SNF welcomes researchers from all disciplines wishing
to explore uses of micro- and nano- fabrication.

The Cleanroom. This space forms the core of SNF, housing equipment traditionally used to
support fabrication of electronics, but goes beyond conventional silicon today. The equipment
housed in the cleanroom are those that support particle-sensitive process and require
specialized gas and chemical handling .

The ExFab. The Experimental Fabrication labs are collection of lab spaces named for our favorite
California beaches. ExFab tools support fast-turnaround processing, heterogeneous integration,
and direct-patterning methods.

The MOCVD Lab. The "Metallo- Organic Chemical Vapor Deposition" (MOCVD) Lab occupies
1 kft2 of space in the Allen Annex building. The instruments here are used to deposit thin films
of IlI-V materials with application in wide bandgap devices, LEDs, and devices for extreme
environments.

The Electronics Shop (SPF). Also known as SPF (Systems Prototyping Facility), users of this
space can build boards and systems, from design to assembly, DIY or as a service.

Types of Lab-membership

Internal Labmembers are students, employees and other researchers with appointments at
Stanford or SLAC.

External Labmembers are researchers who employed by or have appointments with
organizations other than Stanford or SLAC.

Processing services: While the vast majority of researchers perform their own work, there are

options for processing services. Subject to limited availability, academic researchers from other
institutions can arrange for process support with SNF staff. For most processing services, we
recommend checking with our independent consultants who may be available for processing
services.

Lab User Guide

Each piece of equipment has its own page full of useful info, and if the users are not sure which
type or piece of equipment they need, there are some more curated ways to go about scoping
out projects by processing techniques. Some other features include being able to search for
tools based on materials you would like to use, links from equipment pages to cool projects
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that have been done using that equipment (and vice versa), and each tool page has a training

section to help make it clear how to get started using it.

Lithography

EV Group
Contact

Aligner

Material
Deposition and
Annealing

Karl Suss MA-
6 Contact
Aligner 1

Tylanfga - Furnace
Annealing

Karl Suss MA-
6 Contact

Aligner 2

Aw610 | - Rapid
Thermal Annealing

ASML PAS
5500/60 i-line

Stepper
EVG 101

Spray Coater

Aw610 r - Rapid
Thermal Annealing

Tylan9 - Furnace
Annealing

Ex Fab

Develop Wet
Bench

Headway 3
Manual Resist

Spinner

Thermco1 -
Furnace Annealing

Thermco3 -
Furnace Annealing

Headway
Manual Resist

Spinner

Thermco4 -
Furnace Annealing

Heidelberg
MLA 150

Thermolyne -
Furnace

Savannah- Atomic
Layer Deposition
(ALD) - Thermal
ALD

Packaging,
End and
Surface Back-
characterization Processes,
3D
printing
AFM-Asylum EV Group
Wafer
Bonder
Alphastep 500 Finetech
Profilometer Lambda
Biologic SP-300 Karl Suss
Wafer
Bonder
CytoViva HSI Critical
Point Dryer
Flexus 2320 Stress Epilog
Tester Fusion M2
Laser
Cutter
Jasco UV-Vis-NIR Minitech-
GX
Micromill
Keyence Digital GnP POLI-
Microscope VHX-6000 | 400L -
Wafer
Polishing
Lakeshore Hall DISCO
Measurement System | Wafer Saw
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https://snfexfab.stanford.edu/guide/equipment/ev-group-contact-aligner-evalign
https://snfexfab.stanford.edu/guide/equipment/ev-group-contact-aligner-evalign
https://snfexfab.stanford.edu/guide/equipment/ev-group-contact-aligner-evalign
https://snfexfab.stanford.edu/guide/equipment/amat-p5000-etcher-p5000etch
https://snfexfab.stanford.edu/guide/equipment/amat-p5000-etcher-p5000etch
https://snfexfab.stanford.edu/guide/equipment/amat-p5000-etcher-p5000etch
https://snfexfab.stanford.edu/guide/equipment/tylanfga-tylanfga
https://snfexfab.stanford.edu/guide/equipment/fujifilm-dimatix-ink-jet-printer-nanoinkjet
https://snfexfab.stanford.edu/guide/equipment/fujifilm-dimatix-ink-jet-printer-nanoinkjet
https://snfexfab.stanford.edu/guide/equipment/fujifilm-dimatix-ink-jet-printer-nanoinkjet
https://snfexfab.stanford.edu/guide/equipment/fujifilm-dimatix-ink-jet-printer-nanoinkjet
https://snfexfab.stanford.edu/guide/equipment/afm-asylum-afm-asylum
https://snfexfab.stanford.edu/guide/equipment/ev-group-wafer-bonder-evbond
https://snfexfab.stanford.edu/guide/equipment/ev-group-wafer-bonder-evbond
https://snfexfab.stanford.edu/guide/equipment/ev-group-wafer-bonder-evbond
https://snfexfab.stanford.edu/guide/equipment/karl-suss-ma-6-contact-aligner-1-karlsuss
https://snfexfab.stanford.edu/guide/equipment/karl-suss-ma-6-contact-aligner-1-karlsuss
https://snfexfab.stanford.edu/guide/equipment/karl-suss-ma-6-contact-aligner-1-karlsuss
https://snfexfab.stanford.edu/guide/equipment/gasonics-aura-asher-gasonics
https://snfexfab.stanford.edu/guide/equipment/gasonics-aura-asher-gasonics
https://snfexfab.stanford.edu/guide/equipment/aw610l-aw610l
https://snfexfab.stanford.edu/guide/equipment/optomec-printer-optomec-printer
https://snfexfab.stanford.edu/guide/equipment/optomec-printer-optomec-printer
https://snfexfab.stanford.edu/guide/equipment/alphastep-500-profilometer-alphastep
https://snfexfab.stanford.edu/guide/equipment/alphastep-500-profilometer-alphastep
https://snfexfab.stanford.edu/guide/equipment/finetech-lambda-flipchipbonder
https://snfexfab.stanford.edu/guide/equipment/finetech-lambda-flipchipbonder
https://snfexfab.stanford.edu/guide/equipment/karl-suss-ma-6-contact-aligner-2-karlsuss2
https://snfexfab.stanford.edu/guide/equipment/karl-suss-ma-6-contact-aligner-2-karlsuss2
https://snfexfab.stanford.edu/guide/equipment/karl-suss-ma-6-contact-aligner-2-karlsuss2
https://snfexfab.stanford.edu/guide/equipment/lam-research-tcp-9400-poly-etcher-lampoly
https://snfexfab.stanford.edu/guide/equipment/lam-research-tcp-9400-poly-etcher-lampoly
https://snfexfab.stanford.edu/guide/equipment/lam-research-tcp-9400-poly-etcher-lampoly
https://snfexfab.stanford.edu/guide/equipment/lam-research-tcp-9400-poly-etcher-lampoly
https://snfexfab.stanford.edu/guide/equipment/aw610r-aw610r
https://snfexfab.stanford.edu/guide/equipment/voltera-voltera
https://snfexfab.stanford.edu/guide/equipment/biologic-sp-300-biologic
https://snfexfab.stanford.edu/guide/equipment/karl-suss-wafer-bonder-ksbonder
https://snfexfab.stanford.edu/guide/equipment/karl-suss-wafer-bonder-ksbonder
https://snfexfab.stanford.edu/guide/equipment/karl-suss-wafer-bonder-ksbonder
https://snfexfab.stanford.edu/guide/equipment/asml-pas-550060-i-line-stepper-asml
https://snfexfab.stanford.edu/guide/equipment/asml-pas-550060-i-line-stepper-asml
https://snfexfab.stanford.edu/guide/equipment/asml-pas-550060-i-line-stepper-asml
https://snfexfab.stanford.edu/guide/equipment/matrix-plasma-resist-strip-matrix
https://snfexfab.stanford.edu/guide/equipment/matrix-plasma-resist-strip-matrix
https://snfexfab.stanford.edu/guide/equipment/matrix-plasma-resist-strip-matrix
https://snfexfab.stanford.edu/guide/equipment/tylan9-tylan9
https://snfexfab.stanford.edu/guide/equipment/cytoviva-hsi-cytoviva
https://snfexfab.stanford.edu/guide/equipment/critical-point-dryer-cpd
https://snfexfab.stanford.edu/guide/equipment/critical-point-dryer-cpd
https://snfexfab.stanford.edu/guide/equipment/evg-101-spray-coater-evgspraycoat
https://snfexfab.stanford.edu/guide/equipment/evg-101-spray-coater-evgspraycoat
https://snfexfab.stanford.edu/guide/equipment/mrc-reactive-ion-etcher-mrc
https://snfexfab.stanford.edu/guide/equipment/mrc-reactive-ion-etcher-mrc
https://snfexfab.stanford.edu/guide/equipment/mrc-reactive-ion-etcher-mrc
https://snfexfab.stanford.edu/guide/equipment/thermco1-thermco1
https://snfexfab.stanford.edu/guide/equipment/flexus-2320-stress-tester-stresstest
https://snfexfab.stanford.edu/guide/equipment/flexus-2320-stress-tester-stresstest
https://snfexfab.stanford.edu/guide/equipment/epilog-fusion-m2-laser-cutter-lasercutter
https://snfexfab.stanford.edu/guide/equipment/epilog-fusion-m2-laser-cutter-lasercutter
https://snfexfab.stanford.edu/guide/equipment/epilog-fusion-m2-laser-cutter-lasercutter
https://snfexfab.stanford.edu/guide/equipment/epilog-fusion-m2-laser-cutter-lasercutter
https://snfexfab.stanford.edu/guide/equipment/ex-fab-develop-wet-bench-wbexfabdev
https://snfexfab.stanford.edu/guide/equipment/ex-fab-develop-wet-bench-wbexfabdev
https://snfexfab.stanford.edu/guide/equipment/ex-fab-develop-wet-bench-wbexfabdev
https://snfexfab.stanford.edu/guide/equipment/oxford-dielectric-etcher-oxford-rie
https://snfexfab.stanford.edu/guide/equipment/oxford-dielectric-etcher-oxford-rie
https://snfexfab.stanford.edu/guide/equipment/oxford-dielectric-etcher-oxford-rie
https://snfexfab.stanford.edu/guide/equipment/thermco3-thermco-3
https://snfexfab.stanford.edu/guide/equipment/jasco-uv-vis-nir-jasco-uv-vis-nir
https://snfexfab.stanford.edu/guide/equipment/minitech-gx-micromill-micromill
https://snfexfab.stanford.edu/guide/equipment/minitech-gx-micromill-micromill
https://snfexfab.stanford.edu/guide/equipment/minitech-gx-micromill-micromill
https://snfexfab.stanford.edu/guide/equipment/headway-3-manual-resist-spinner-headway3
https://snfexfab.stanford.edu/guide/equipment/headway-3-manual-resist-spinner-headway3
https://snfexfab.stanford.edu/guide/equipment/headway-3-manual-resist-spinner-headway3
https://snfexfab.stanford.edu/guide/equipment/oxford-iii-v-etcher-ox-35
https://snfexfab.stanford.edu/guide/equipment/oxford-iii-v-etcher-ox-35
https://snfexfab.stanford.edu/guide/equipment/thermco4-thermco4
https://snfexfab.stanford.edu/guide/equipment/keyence-digital-microscope-vhx-6000-keyence
https://snfexfab.stanford.edu/guide/equipment/keyence-digital-microscope-vhx-6000-keyence
https://snfexfab.stanford.edu/guide/equipment/gnp-poli-400l-cmp
https://snfexfab.stanford.edu/guide/equipment/gnp-poli-400l-cmp
https://snfexfab.stanford.edu/guide/equipment/headway-manual-resist-spinner-headway2
https://snfexfab.stanford.edu/guide/equipment/headway-manual-resist-spinner-headway2
https://snfexfab.stanford.edu/guide/equipment/headway-manual-resist-spinner-headway2
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-deep-silicon-etcher-pt-dse
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-deep-silicon-etcher-pt-dse
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-deep-silicon-etcher-pt-dse
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-deep-silicon-etcher-pt-dse
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-deep-silicon-etcher-pt-dse
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-deep-silicon-etcher-pt-dse
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-deep-silicon-etcher-pt-dse
https://snfexfab.stanford.edu/guide/equipment/thermolyne-thermolyne
https://snfexfab.stanford.edu/guide/equipment/lakeshore-hall-measurement-system-lakeshorehall
https://snfexfab.stanford.edu/guide/equipment/lakeshore-hall-measurement-system-lakeshorehall
https://snfexfab.stanford.edu/guide/equipment/disco-wafer-saw-disco-wafersaw
https://snfexfab.stanford.edu/guide/equipment/disco-wafer-saw-disco-wafersaw
https://snfexfab.stanford.edu/guide/equipment/heidelberg-mla-150-heidelberg
https://snfexfab.stanford.edu/guide/equipment/heidelberg-mla-150-heidelberg
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-dielectric-etcher-pt-ox
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-dielectric-etcher-pt-ox
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-dielectric-etcher-pt-ox
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-dielectric-etcher-pt-ox
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-dielectric-etcher-pt-ox
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-dielectric-etcher-pt-ox
https://snfexfab.stanford.edu/guide/equipment/savannah-savannah
https://snfexfab.stanford.edu/guide/equipment/lei1500-contactless-sheet-resistance-mapping-eddycurrent
https://snfexfab.stanford.edu/guide/equipment/lei1500-contactless-sheet-resistance-mapping-eddycurrent
https://snfexfab.stanford.edu/guide/equipment/lei1500-contactless-sheet-resistance-mapping-eddycurrent

Lithography

Material
Deposition and
Annealing

Heidelberg
MLA 150 - 2

MVD - Atomic
Layer Deposition
(ALD) - Thermal
ALD

Laurell
Manual Resist

Spinner

Fiji 3- Atomic Layer
Deposition (ALD) -
Plasma Enhanced
(PE) ALD

Mask
Scrubber

Fiji 1 - Atomic
Layer Deposition
(ALD) - Plasma
Enhanced (PE) ALD

Micro Mist
Coater PDR-
04

Fiji 2- Atomic Layer
Deposition (ALD) -
Plasma Enhanced
(PE) ALD

SVG Develop
Track 1

Epi2 - Chemical
Vapor Deposition
(CVD)

SVG Develop
Track 2

First Nano carbon
nanotube CVD
furnace -Chemical
Vapor Deposition
(CVD) - Carbon
Nanotube CVD
Growth

SVG Resist
Coat Track 1

Aixtron Black
Magic graphene
CVD furnace -
Chemical Vapor
Deposition (CVD) -
Graphene CVD
Growth th

SVG Resist
Coat Track 2

PlasmaTherm
Versaline HDP CVD
System - Plasma
Enhanced (PE)
CVD - Deposited
Amorphous Silicon
(PECVD)

Ultraviolet
Photoresist
Cure

Teos2 - Chemical
Vapor Deposition
(CVD) - Low
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Surface
characterization

Packaging,
End and
Back-
Processes,
3D
printing

Malvern Dynamic
Light Scattering (DLS)
Zetasizer

micromanipulator6000

IV-CV probe station

Nanospec 210XP -
Reflectometry

Nanospec 3 -
Reflectometry

Prometrix Resistivity
Mapping System

Reflectance

Spectrometer
Filmetrics F40

Sensofar S-neox -
Interferometry

Sinton Lifetime Tester

SPF Measurement
Bench



https://snfexfab.stanford.edu/guide/equipment/heidelberg-mla-150-2-heidelberg2
https://snfexfab.stanford.edu/guide/equipment/heidelberg-mla-150-2-heidelberg2
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-metal-etcher-pt-mtl
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-metal-etcher-pt-mtl
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-metal-etcher-pt-mtl
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-metal-etcher-pt-mtl
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-metal-etcher-pt-mtl
https://snfexfab.stanford.edu/guide/equipment/plasma-therm-versaline-ll-icp-metal-etcher-pt-mtl
https://snfexfab.stanford.edu/guide/equipment/mvd-mvd
https://snfexfab.stanford.edu/guide/equipment/malvern-dynamic-light-scattering-dls-zetasizer-malvern-dls
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Packaging,
. End and
Lithography Materl.a! Surface Back-
Deposition and o .
. characterization Processes,
Annealing
3D
printing
Pressure (LP)
CVD - Deposited
Oxide (LPCVD)
Wet Bench ThermcolTO - Tencor P2

Miscellaneous Chemical Vapor Profilometer
Deposition
(CVD) - Low
Pressure (LP)
CVD - Deposited

Oxide (LPCVD)

Ovens ThermcoNitride - Woollam -
Various Chemical Vapor Ellipsometry

Deposition (CVD)
> Low Pressure
(LP) CVD >
Deposited Nitride
(LPCVD)

ThermcoPoly1 -
Chemical Vapor

Deposition (CVD)
> Low Pressure
(LP) CVD >
Deposited
Amorphous Silicon
(LPCVD)

ThermcoPoly? -
Chemical Vapor

Deposition (CVD)
> Low Pressure
(LP) CVD >
Deposited
Amorphous Silicon
(LPCVD)

TylanBPSG -
Chemical Vapor

Deposition (CVD)
> Low Pressure
(LP) CVD >
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https://snfexfab.stanford.edu/guide/equipment/thermconitride-thermconitride1
https://snfexfab.stanford.edu/guide/equipment/woollam-woollam
https://snfexfab.stanford.edu/guide/equipment/thermcopoly1-thermcopoly1
https://snfexfab.stanford.edu/guide/equipment/thermcopoly2-thermcopoly2
https://snfexfab.stanford.edu/guide/equipment/tylanbpsg-tylanbpsg

Lithography

Material
Deposition and
Annealing
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Deposited Oxide
(LPCVD)

Packaging,
End and
Surface Back-
characterization Processes,
3D
printing

Aix-ccs -Chemical
Vapor Deposition
(CVD) > Metal-
Organic (MO) CVD

Aix200 - Chemical
Vapor Deposition
(CVD) > Metal-
Organic (MO) CVD

AJA Evaporator -
Physical Vapor

Deposition (PVD) >
Evaporation

AJA2 Evaporator -
Physical Vapor
Deposition (PVD) >
Evaporation

Hummer V Sputter
Coater -Physical
Vapor Deposition
(PVD) >
Sputtering

Innotec Evaporator
-Physical Vapor
Deposition (PVD) >
Evaporation

Intlvac Evaporation
-Physical Vapor
Deposition (PVD) >
Evaporation

Lesker Sputter -
Physical Vapor

Deposition (PVD) >
Sputtering

Lesker?2 Sputter -
Physical Vapor

Deposition (PVD) >
Sputtering

105



https://snfexfab.stanford.edu/guide/equipment/aix-ccs-aix-ccs
https://snfexfab.stanford.edu/guide/equipment/aix200-aix200
https://snfexfab.stanford.edu/guide/equipment/aja-evaporator-aja-evap
https://snfexfab.stanford.edu/guide/equipment/aja2-evaporator-aja2-evap
https://snfexfab.stanford.edu/guide/equipment/hummer-v-sputter-coater-hummer
https://snfexfab.stanford.edu/guide/equipment/hummer-v-sputter-coater-hummer
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https://snfexfab.stanford.edu/guide/equipment/lesker-sputter-lesker-sputter
https://snfexfab.stanford.edu/guide/equipment/lesker2-sputter-lesker2-sputter
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MEMS, MEOMS

Microfluidics

A microfluidic chip embedded with measurement electrodes
Bio-Sensors

Biosensors for Environmental Sensing and Medical Diagnostics
Bio-MEMS

Integration between electronics and biology

Nano Photonics

Microphysiological Systems - MPS

Organ-on-chips (OOCs); Developing organ-on-chip module
Tissue Chip for Drug Screening

Miniaturized fluid channels molded into glass, silicon, or polymer.
Lab on chip (LOC);

Fabrication techniques for making economical integrated MEMS/NEMS in large quantities.
Synthetic Biology

Three-dimensional microelectrode array technologies (3D MEA)

Micro Chemistry Lab for handheld chemical analysis system that combines sample handling,
separation, and detection.

Tissue-electronics hybrids and composites
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e' Micro & Nano Fabrication Unit (MNFU)
MICRO & NAND Technion

MMFLU is a national infrastructure for micro & nano device engineering, encompassing
more than 700m? of Class 100 & Class 1000 cleanroom with a team of 10 highly
experienced process engineers, from all process departments with experience both in the
industry and the academy.
We are here to help you succeed!

Our Advantages
= Compatibility with a wide range of substrate
materials and sample sizes

=  Fabrication capabilities for deposition and
patterning of a variety of materials
= Various working options:
=  Single processes of fabrication or
inspection
=  Prototyping
= Small scale production
= Independent work in the clean room

Tools
Exposer (Lithography)
+  Mask aligners
+  Maskless Exposer tools
=  Lithography Hoods
+  E-beam Nanolithography exposer

Film Creation

+  E-beam evaporators
*  Thermal evaporators
=  Sputter

= ALD o
=  PECVD —oxide & nitride

= LPCVD & Diffusion Furnaces

- RTA |
. MVD

= Easy access to work with us, no IP issues, high
flexibility to customer needs

T - i
Capabilities — Just a Taste

= Traditional Microelectronics

" Pattern Transfer (Etch)

= RIE .
. SiDRIE (Bosch) = All processes tools — layer formation,

*  ICP Chlorine Chemistry IhOETAPRY: £LL REUCeHa
= Plasma Cleaners * Mask fabrication @
= Wet Etch Hoods | - Nanotechnology .
f"_: =  Nano gratings 0 @
Characterization E: = Waveguides a
*  SEM L | - Biomed .
_‘;;' = Microfluidics

= AFM ..
= Optical Microscopes

= Surface Profilers B =  Bio Sensors for Diagnostics
= And more.. == = Lab on Chip

| | - Material Science
Assembly e = Special depositions [
T e - =  Dne stop shop for characterization ;
+  Bonder

122NN INN2 N2NINY ,1INN NININ NI AN 23 T HY aND) 2

109


https://mnfu.technion.ac.il/

1NN1 781NV TDIN
TI'RIXT 'R 1j7NNY7

NUYWYNNN D'A'N] 'T' DY 1I2N21W DN2T 'NID0 - 'TNHD)
N'DTPNNDI

["1D02 BC -n DINN2 niYyoH NnaIT .1

-1"29 NT2YNN NINT {11102 NIRIDI-I'2 NDTIND NVIIPDONN 1IN NINY 'DIND T Y NANDI IT NYNN
.N121100-11)

Towards a Technion Bio-Convergence Institute

Prof. Amit Meller

Faculty of Biomedical Engineering

Technion - IT
Haifa, IL

www.meller-lab.net

Nanopore

!

A~ Fi
TECHNION ; }: 1AM SRNY T
FAs

u Israel Institute 29122022
of Technology

1 Meller slides 291222 - January 3, 2023

110



N
—
1NN1 781NV TDIN
TI'RIXT 'R 1j7NNY7

D) A12NP-12N DINNY NPPT2N DTV 0T MYONM NMIPDNRNN 1PN

INM NPTINA YT OV MAYIAN MNNA 220 VT 5w 119wa 11ann 21 0 nsnn Y xan mioen 2an :pyaanp-m

L 5y moanm orminm manme e 91 12w MKM2N DINAY (71 K2 TR) 792 IMNNN DK 127 nWR1 2151 NeDnn 1Tvnn - TiPm mnn nednn

TATPR Ivnen

JWINPN DTN T TRY TDWN2 A 100 N T30 10RO 100 121 0700 DrDen 1270 Dnpn 2V n¥enn nman
D21 N21 ,1ITPRI DIPIN2 01 T IYAIM DMWY NN 1WAR TR 12N 0D 100 D3%wn aiin 'mnna
Meynn

DNIMN X DMPOK DTINY MRINT

DYDTIN-11 DIPNn
(M NPATM MAP1 NPTN) MYl npaTn »
T2 N9 IPPLPD TN
APMNI0M "NIIAD 0PN »
NP KA NPODNID

SMNNNA WK NN MM

TN TN YT NN D'0IMUE? '0117 71 D01 0TI VT DOMIN? DDMINn ,ATPnn 0NN IWN1 IKN2 T2 Iioin mon-
2D NS VT DTN RINNA D'0IMeD 2w navwm

D0 OVIRD WA IRDD Madn-

TINTPR] N nen

CryoEM- N*120 man1a o NoaTn 001N DUpnn DMenD o] Dy Tom Inwn wdn 4

9™MAR DM DY P
1) 1esw 'nx, CTO, pon IMEC

Meller Lab 2) MINTL IS8 1190 BME
3) TR T 5118, WYSS Institute, Harvard

2 Meller slides 291222 - January 3, 2023

111



N
C___Jd
1NN1 781NV TDIN
TI'RIXT 'R 1j7NNY7

Bio-chip, bio-convergence activities @ Technion

(Some examples)

flow cut flowin

MNames list (partial)

Shulamit Levenberg (BME)
Yossi Shamai (BME)

Nati Korin (BME)

Josue Sznitman (BME)
Lior Gepstein (MED)

Oren Capsi (MED)

Amit Meller (BME)

‘Yoav Shechtman (BME)
Daniel Ramez (BME)

Roes Amit (BTE)

Esti Segal (BTE)
Havazelet Bianco-Peled (CE)
Assaf Zinger (CE)

Avi Schroeder (CE)
Hossam Haick (CE)

Alex Leshansky (CS)

Hemi Rotenberg (BME)
Yoram Gotfroind (MED)

Mealler Lab
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Bio-chips fabrication / prototyping involve multi-scales, multi-material
classes and diverse biological materials/methods

L)
| ‘—){guman Health Initative

Bio-substances u
Fabiication length-scales _ Blo-methods
: ) MEMS Biomolecules g?;i?jggé Single-molecule genomics,
Electronics and organc transcriptomics, proteomics
nm molecular i _
sensing Electronics Cell lines Biosensors
Metals ' Cell cytometry and microscopy
B sensors, etc. ] Drug
pm FlL:f'CS';gd ) Tissue development
sl Lo SETEE L Dru Optical tissue imaging
materials fluidics Organ g
development
mm Medical devices i ) Molecular ) _ Whole body imaging methods,
ShLi recognition, etc. Whole body |Medical devices ultrasound, MRI,..

o~

TECHNION io-chi
g Israel Institute ‘ Bio Chlp < Meller Lab
of Technology P,
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e E-beam high performance nanolithography

e DWL direct laser lithography system

e PECVD deposition tools for thick oxide passivation and for CNTs

e ALD/PEALD with versatile precursors

e Thin film deposition including graphene

¢ An DRIE/RIE tool combined with spattering tool to allow deposition of metals without
breaking vacuum
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Vapor HF tool

Metal ICP etch

Xenon Difluoride - Dry Vapor Etch
Doping CVD tools

Laser cutting tool

D 3printers for prototyping

Additional equipment for bio:

Chemical analytic tools

Imaging tools scanners and microscopes
Laser scanning microscopes

Microfluidics design and manufacturing tools
Sequencing tools Basic

Bio laboratory equipment

Glovebox facility

Biological hoods different classes
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