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Intro

This is rough report/set of notes on the molecular foundry conference held at LBL on April4-5, 2002. The conference was organized to present the facility to potential users/collaborators and to get their feedback on the proposed orientation and facility.  We’re just going to present our notes and commentary in the order that they were recorded, skipping or abbreviating talks that weren’t of much use (Mark covered day one, Ken covered the morning of day two). At the end of this document is our summary of the conference as it might relate to the engineering division.

The Molecular Foundry: Concept and Design  

A.P. Alivisatos
A revolution in thinking at this scale: interchangeable parts for nanostructures.

A comprehensive facility


Building to be located next to NCEM, opens in Q2 2006


Expecting CD-1 in the next couple months


All scales from atomic to macroscopic.


All methods of processing under one roof



Lithography, atom manipulation, cell culture, chemical synthesis



Mix and match! Everyone has access to all processes



Expected synergy between different methods and approaches

There are many interesting problems in the conjunction of “hard” (ie. Silicon, CdSe crystal) and “soft” (ie. Nerve tissue, protein) matter. This facility aims to address these

Some nano building blocks that we expect to work with and/or offer to users


Nanocystals, nanorods, nanotubes, dendrimers, AFM probe tips,


Patterned surfaces, cell membranes, DNA, proteins.

The foundry will be broken into 6 facilities


Inorganic nanostructures, nanofabrication, Organic polymer/biopolymer synthesis


Biological nanostructures, imaging and manipulation, and theory

We will have presentations today from the heads of all 6 divisions

A sample problem that the molecular foundry will/could tackle is presented


Solar cells using polymers, aluminum and nano tubes, etc.

We are planning on a support staff for each of the 6 facilities.  Each division is roughly the same number of people (20ish). A mix of scientists, postdocs, students, technicians and administrative.

The kinds of users we expect


Short term use of facility to create sample(s)


Longer term user


Collaborator with foundry scientists

Foundry is to be a user facility, access is by proposal for all 6 facilities. No preference given based on LBL or UC status. Modeled on ALS and NCEM guidelines.

Mentions connection with other LBL facilities. Mentions other national labs. No mention of engineering

3 talks on interesting directions in nanoscience
The next three speakers gave talks on their current work. I think the goal was to give the audience a feel for the kinds of things that the molecular foundry would like to do when it opens. I took a few notes on the first one and skipped the next two.

The mechanical bond in nanoacrhitectonics

J.F. Stoddart

Mechanical bonds, as opposed to covalent and non-covalent bonds

Mechanical bond example 1: two links of chain

Mechanical bond example 2: a ring around a long bar, trapped on the bar by barbells on either end

Very early stage work

Self assembly by using hydrophilic and hydrophobic surfaces

Motion between either end of the bar is by oxidation/reduction reaction

Could be used for digital storage

Could be used to make tiny motors (rotary and linear)

Crafting new optical materials from the nanoscale

E.L. Hu

Skipped

Nanoparticles for chemical selectivity: Adsorption and Catalysis

G.A. Somorjai

Skipped

The Molecular Foundry Facilities: Inorganic Nanomaterials
A.P. Alivisatos
Notes a bit choppy, came in a few minutes late

Some supported processes: High vacuum vapor deposition, colloidal growth, basic characterization

An example of interchangeable parts: nanodots, wires, rods in high quanity and purity. Available as building blocks for those interested.

Instruments he’d like to build for the facility


Microfluidics for control of nanocrystal growth



Small volume, fast control of temperature and concentration.


Automation robotics: macroscale robots to control growth of nanostructures.

The Molecular Foundry Facilities: organic, Polymer/biopolymer sythesis
J.M.J. Frechet

Building blocks with natural and synthetic components for directed self-assembly into functional nanostructures.

Targeting organic (“soft”) and macromolecules 

Create a library of characterized compounds for users to employ

Capabilities


Organic synthesis, combinatorial synthesis, polymer synthesis, 


Hybrid (organic-inorganic, biological-synthetic)

Several examples from chemistry given


Isomers, catalysts


Keeps mentioning “building block” approaches (does he get a percentage?).



Also likes “self-assembly”

Instrumentation needs


NMR, spectrometer, etc.


Also mentions robotics, perhaps automation, but is vague

The Molecular Foundry Facilities: Theory
S.G. Louie

Skipped

The Molecular Foundry Facilities: Nanofabrication
J. Bokor

Shows several MEMS devices

Shows a small (the smallest?) FET

We will have our own capabilities but will work closely with the UCB microlab


Molecular Foundry will serve as conduit to and from lab


Foundry staff will facilitate access to campus lab


A strong connection is expected

Capabilities expected:


E-beam nanolithography, film deposition, focused ion-beam lithography, Plasma


Etching, optical microlithography, wet etching, soft lithography, resist processing

The Molecular Foundry Facilities: Biological Nanostructures
C.R. Bertozzi

Nature does this all the time!

Biopolymers(assemble into complexes(from which complex things (cells!)are built

Examples of some things we hope to work on


Molecular motors


Structural assemblies


Cell based biosensors


Biocompatible and biodegradable materials

How can we use self-assembly to our advantage?


Hey, viruses do it. 60 protein molecules self-assemble a capsid. Ta da!

Another idea, mimic natures cell to cell bonding in order to couple cells to our substrate


The captured cell could act as a sensor


Demonstration given of cells captured on a patterned silicon wafer.

Capabilities expected


Preparation of microbial, plant and animal cells


Preparation of cellular components


Protein expression and purification, cell culturing


Cytometry, horticulture, fermenation

The Molecular Foundry Facilities: Imaging and Manipulation
M. Salmeron

Group is concerned with imaging, characterization and manipulation of nanostructures

Wants to develop imaging machinery at the cutting edge

Facilities


Mostly scanning microscopes 



Atomic Force microscopes (AFM)



Scanning-tunneling microscopes (STM)



Electron microscopy is taken care of at NCEM, next door

He gave a quick catalog of scanning technologies to image molecules and atoms

He’s interested in a simple robot for manipulation of probe tips using piezos.

Also interested in imaging very soft matter


Showed conceptual design for this machine

Emphasizes again that they will develop their own machines

User types


Users are independent


Users work with staff scientists


Courses are offered

Staff scientists are responsible for maintenance and development of new equipment. Also do some research.

Question and Answer period regarding the Molecular Foundry Facilities

A.P. Alivisatos

Many questions were asked about the facility. I recorded a couple that are relevant to us.
Question: I see many slots in your staffing plans, but none with the title of “engineer”. What gives?

Answer: It is expected that some of the staff scientists will be engineers. I think we’re meeting with them (engineering division) in a few weeks. He also mentioned the engineering expertise in the bioinstrumentation group, specifically as regards protein crystallography on the ALS. We hope to work with them…

Question: Why does it open in 2006? How long does it take to build a building.

Answer: This is the art of the possible. It’s the best we could get.

Discussions groups

This was a chance to talk a bit more about a specific facility and to have a bit of Q and A with the Pis for that facility.  The first one I went to was nanofabrication. The second one was imaging and manipulation

Nanofabrication
Top down processes are contrasted with bottom up
Top down (from 1mm to 100nm)


Optical lithography


Nanoprobes, pattered onto a chip


Electron beam lithography


AFM tips as an etching tool

Bottom up (from <1nm to 1000nm)


Inorganic synthesis


Fluidic self-assembly


Biology based self-assembly


Would it be possible to build patterns with a top down approach and then get self-assembly to take place from the bottom up using the structure as a scaffold?

Question and Answer: Mostly covered above in facility talk for nanofabrication

Imaging and manipulation


Overview given of the following technologies, either here or almost here



Sensing at the atomic level



Manipulation at the atomic level



Observing the vibrational properties of a molecule



Moving atoms and molecules to initiate or stop reactions



Magnetic characterization of the molecule

Definitely a strong interest in building more scanning microscopes at the cutting edge. He is discussing with the Shank the possibility of beginning this work in earnest now, before the foundry opens in 2006.  LDRDs, etc.

Question and Answer: Mostly covered above in facility talk for imaging and manipulation

Wish for better metrology of probe tips mentioned. Very inconsistent, those tips.

Friday Morning, Ken chow’s Notes

Collaborating Nanoscience Centers
Two "sister" DOE facilities were presented at the Molecular Foundry Workshop: the Center for Nanophase Material Science at Oak Ridge National Laboratory, and the Center for Integrated Nanotechnologies (CINT) in Albuquerque, New Mexico. The presentations on these two facilities were brief (about half an hour long), and served as a counterpoint to the plans for the Molecular Foundry. 

The Center for Nanophase Material Science at Oak Ridge focuses on material science as the main thrust and will be next to the Spallation Neutron Source. The presenter for the talk was Ward Plummer. He emphasized that although their site is a user facility, Oak Ridge is defining the term "user" to mean "collaborator". Every project at their center will be required to have one or more of the core ORNL research staff as a co-principal investigator. They seem to be spending a lot of energy setting up collaborations with universities in the Eastern seaboard to Midwest area. They have set up 10 focus areas grouped into 4 categories: 1) soft materials, 2) complex nanophase materials, 3) theory/modeling/simulation, and 4) a nanofabrication research lab. Many of the group leaders for the focus areas are culled from universities with whom they expect to have substantial collaborations. In terms of size, they plan on having a core ORNL staff of 18 FTE's in the 10 focus areas, 18 collaborative core staff ("long term visitors"), and 36 postdocs. In terms of schedule, CD-1 was approved February 2002 and operating funds are expected October 2005. Oak Ridge is also working on getting projects started before the Center opens its doors, via proposals to Nanoscale Science,  Engineering, and  Technology (NSET) from the university professors who will be the group leaders of the focus areas. Their website is http://www.bnl.gov/nanocenter/.
The Center for Integrated Nanotechnologies (CINT) is a partnership between Los Alamos National Laboratory and Sandia National Laboratory and integration is their key word. Don Parkin was the speaker and he stated the focus of CINT as: to develop scientific principles that govern performance and integration of nanoscale materials. He paraphrased their focus as working on integrating the nano-, micro-, meso-, and macro-worlds. The core CINT facility will be a 83,000 square foot site in Albuquerque, located right outside of Sandia (on the outside of Kirkland Air Force Base). This core facility will cost about $40M. Associated to the core facility are 2 gateways, one to LANL and one to Sandia. The LANL gateway will be housed in a new building at LANL, about 31,000 square feet and costing $13M, and will focus on bio-nano areas. The Sandia gateway will be housed in an existing building and costs were not stated; it will focus on nano/micro fabrication. Although CINT is designated as a user facility, they are clearly focused towards much smaller participation in projects from outside organizations (as compared to Molecular Foundry or ORNL's center). Although CINT will be outside of Kirkland (so that visitors will not need the extensive security clearances to enter the center), they expect a close relationship to several facilities in Sandia that are inside Kirkland. In terms of size, CINT will have about 50-70 core CINT scientists, 40 postdocs, 40 students, and 100 university/industry collaborations. They did not mention any engineers, but I would expect their scientists will need to address a significant amount of engineering issues since they are working on integration of the nano to the macro world. They are planning on an operating budget of $18M. The CINT website is  http://nano.sandia.gov/NCINT.htm. 

LBNL National User Facilities

I also attended talks about the National Center for Electron Microscopy (NCEM), ALS, and NERSC. NCEM has a smaller staff than I expected, only 7 scientists, 6 technical, and 1 admin staff (not a single engineer). At the end of the presentations Paul Alivasatos emphasized that PI's will only need to submit a single proposal for Molecular Foundry projects that use one or more of these other LBNL facilities.

Summary, Conclusions, etc. (Mostly written by Mark)

The overriding fact at this workshop was that the Molecular Foundry is not scheduled to open until 2006 but that it seems like it will be an amazing facility. Hopefully it will be just as cutting edge in four years time.

Three of the six facility heads mentioned specific instrumentation they would like to build and implied a significant involvement for engineers. Paul Alivisatos mentioned a microfluidics system for nanocrystal growth as well as a general interest in macroscale robots for automating some aspects of the growth of nanostructures.  M. Salmeron is dedicated to building several new scanning microscopes that will push the state of the art. J.M.J. Frechet also mentioned an interest in automation robotics.

Its unclear what funding would be available between now and when the facility opens. If there is some, we could obviously play a role in developing and perfecting this equipment in the near term.  Seems like there would be a lot of interesting work there.

When it does open, it was also unclear to me whether the staff scientists at the molecular foundry will be hired directly in or matrixed in from our group.  Either way, we would hope to provide additional support to them from engineers not located in the foundry.  Seeing their presentation and listening to the discussion, it was clear that we would be able to better support them in what they were doing if we had available people who had a decent to semi-decent knowledge of biology and chemistry.  In the same way that we expect mechanical engineers to become at least conversant with the physics when working with accelerators, I think it will be essential to have some bio/chem knowledge to support these scientists. We might consider that in future hiring and training plans.

Once the facility was open, it would seem ideal to have built a close relationship.  It would be great if users, as part of their introduction to the facility, were also introduced to a significant engineering resource and encouraged to use this as well as the traditional “nano” facilities.  For instance, a strong capability in mesoscale machining would be a great complement to the types of processes they are considering. Ideally, we would get involved at the pre-proposal level and get incoming users to think about a broader project than just the molecular foundry could support.

Regarding the facilities at Oak Ridge and Sandia/LosAlamos, it seems to me(Ken) that the three nanoscience user facilities are structured in different formats. The Molecular Foundry is the closest to a true user facility where any proposal, whether the the PI's are from LBNL or not, are judged on the merits of the project alone. Like NERSC or the ALS, LBNL scientists conducting research at the Molecular Foundry will be in the minority. ORNL's facility forces proposal submissions to include an ORNL co-PI, so that number of ORNL scientists involved in research at their center will be at least 50%. CINT is structured so that a majority of the research is conducted by CINT researchers and not outside organizations.

