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© New Project: Ifthe purpose of the project is substantially different from a prior project, please start a new project.

OR
© Follow-on to Project Number: N12.0067.2 If it is a direct continuation of work begun under a prior project, enter the prior
NanoFab Project Number.

New or Updated Project Title: Enter a short, descriptive title, sufficient for someone to understand the main purpose of the project.
If this is a follow-on project application, update the title if the purpose has changed; if it has changed substantially, start a new project.
Liquid cell for control and TEM analysis of nanoparticles.

Estimated Budget: $15,000.00  T7his estimate will generally be arrived at in coordination with the NanoFab Manager and the User Office.
You can leave this blank if the estimate is not yet available.

O This project will be proprietary: To be proprietary, no federal employees, including NanoFab staff members, may assist in the work.
By Department of Commerce policy, full rates will be charged.
OR

© This project will be non-proprietary: Non-proprietary projects are expected to freely share any processes developed and the outcome
of the work, and may be conducted with the assistance of NanoFab staff members.

o | request that this non-proprietary project be considered for reduced rates: A/l NanoFab rates are based on the operating
cost to the CNST. The CNST Director may authorize a non-proprietary NanoFab project to be charged reduced rates, with the balance of
the project’s costs to be paid by the CNST. The decision to award reduced rates will be based on the extent to which the proposed project
will develop innovative nanoscale measurement and fabrication capabilities to support nanoscale technology from discovery to production,
including the likelihood of publications, patents, new processes, commercial products, and other outputs that benefit the public.

I learned about the NanoFab from: Please help us understand the most effective outreach mechanisms by identifying how you learned
about the NanoFab.

My NIST postdoctoral mentor has had a series of projectsin the NanoFab.

B. PARTICIPANT INFORMATION

Applicant Name: John A. Smith
Primary Work Phone: 301-975-9999
Primary Work Email Address: john.smith@nist.gov

Employer: List the Institution where you are employed (i.e., who pays you). If you are a NIST federal employee, simply list “NIST”. If you are a
NIST Associate, and not a NIST federal employee, do NOT list NIST, list your primary affiliation.

Department of Chemistry, State University

o | am a NIST Associate in Division: 643 If you are already on-site as a NIST Associate
(i.e. you have a NIST badge and are in the NIST Name Lookup), list the Division number that is hosting you.

If your primary office is not located at NIST, provide your complete mailing address: I your institution is only in one location,
you may simply provide the department and institution (we will look-up the address). If your institution has multiple locations—for example, your
company has office locations around the country—please provide your complete address.

Address Line 1:

Address Line 2:

City State Select State Zip Country

C NS Center for Nanoscale N Nlllsr ,
Science & Technology WWW.NIST.GOV/CNST Smn:;:;:qu":s':'grl:i:logy

U.S. Department of Commerce
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B. PARTICIPANT INFORMATION ( )

I am the Principal Investigator (Pl): Check this box only if you are both the applicant and the leader of the overall research project.
Note that NIST-funded projects must have a Pl that is a NIST employee (although an Associate may be the Applicant and NanoFab user).

If you have checked the box above, you do not need to provide your information again; otherwise, please provide the PI’'s name and contact
information below.

Principal Investigator Name: Project A. Leader
Primary Work Phone: 301-975-8388

Primary Work Email: Project.|eader@nist.gov
Employer: NIST

If primary office is not at NIST, provide complete mailing address:
Address Line 1:

Address Line 2:

City State Select State Zip Country

List all collaborators on this research project from the same Department and Institution as the PI: List the names of

all the people from the PI’s department who are collaborating on this research, even those not expected to work in the NanoFab themselves;
i.e., anyone expected to be a co-author of a presentation or publication associated with this NanoFab project. Please include middle initials if
possible. If there are more than ten names, please email the other names when you submit your application.

Polly P. Postdoc

First N. Collaborator
Second N. Collaboratortwo
Third N. Collaboratorthree

Group L. Leader

List all other collaborators from different Departments or Institutions: Following the same guidance as above, list here all
collaborators from other departments or institutions. If there are more than seven names, please email the other names when you submit
your application.

Nist E. Employee, Other OU1, NIST
John N. Rcpostdoc, Other OU2, NIST
Susan S. Professor, Department of Chemistry, Foreign University, Other Country

Busin S. Owner, Startup Company
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HNICAL D RIPTION

Describe the overall goal of your research and how this NanoFab project will contribute to that goal: Frovide a concise
description (2 to 4 sentences) of the goal of the overall research program to which this NanoFab project will contribute and how this project will

contribute to that goal. This description should be written for the scientific generalist and enable one to quickly ascertain the purpose of your
research and how using the NanoFab will help achieve it.

For the past two years we have been developing a novel device to enable TEM analysis of nanoparticlesin liquids
viain-situ electrical addressing By incorporating electrophoretic and electroosmotic control, this cell will be able
to manipulate individual nanoparticles and position them on demand in the field of view of the TEM, allowing
detailed analysis as a function of time, nanoparticle composition, and fluid chemistry. Thisisacomplex project
requiring a comprehensive set of high performance nanofabrication and nanometrology tools. The NanoFab is
particularly well equipped, with all the specialized capabilities needed for this high-priority NIST project. Access
to the NanoFab is critical for the successful (and timely) completion of this NIST project.

If applicable, describe any materials and chemicals that you plan to bring into the NanoFab, along with their purpose:

After consulting with the NanoFab Manager, please list any materials and chemicals you require that are not currently available in the NanofFab.

Describe the composition of any non-commercial items and any associated safety or contamination concerns. Please provide MSDS information
for any unusual items.

Wewould like to use a PMMA formulation that is different from any currently offered in the NanoFab. This

PMMA will allow us the thin mask required to hold up to very long exposures to full strength HF. We will
provide MSDS info in advance.
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C. TECHNICAL DESCRIPTION (CONT'D)

Describe in detail as appropriate to the scope of the NanoFab project the work you propose to perform in the NanoFab,
including the tools and processes required and how you plan to use them. For complex projects, you may summarize

some steps and reference publications that describe the detailed methods: Sufficient information must be supplied for the
CNST to determine specifically how the NanoFab will be used; whether the tools and processes required to carry out the project are available
in the NanoFab or can be reasonably made available; whether the tool and process requirements are within our current capacity; the
technical/innovative quality of the project; and the feasibility that the proposed work will succeed in achieving the project’s goals. If appropriate,
provide a step-by-step process flow. Indicate if any of the steps will be performed (at cost) by NanoFab staff members (non-proprietary projects
only). Attach additional pages or supplemental material as necessary.

This process will require oxidation furnaces, contact photolithography, reactive ion etching, PECVD, metal
evaporation and several metrology tools. The processis not fully defined but will roughly follow this process.

We expect severad iterations with variations on this process flow on 100 mm Si wafers:
1. Thermal oxidation

2. PECVD silicon nitride

3. Photolithography

4. Wet etch

5. Strip and clean

6. Photolithography

7.RIE

8. Strip and clean

9. Photolithography

10. Aluminum evaporation (lift-off)

11. Solvent lift-off

12. Clean

13. Sinter

14. Metrology: Profilometer, ellipsometer, reflectometer, FE-SEM

See attached P. A. Leader, et a., J. TEM Tech. 99, 111 (2013).
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D. NANOFAB JUSTIFICATION

Briefly explain how you expect this project will support NIST’s mission to advance measurement science, standards, or

technology: Although direct support of the NIST mission is not a prerequisite for using the NanoFab, potential contributions to this mission are
one factor used in evaluating the relative merit of each project application. If your project is not expected to contribute in this way, enter “N/A”.

Thisnovel device will permit anew kind of in-situ TEM analysis of nanoparticlesin solution. By enabling
electrophoretic and electroosmotic control, one will be able to manipulate individual nanoparticles and position
them on demand in the field of view of the TEM, allowing detailed analysis as a function of time, nanoparticle
composition, and fluid chemistry. This hew measurement method will be important to fundamental sciencein

biology, materials science, and energy (catalysis), the development of nanoparticle reference materials, the
understanding of nanoEHS, and for nanomanufacturing technologies.

Briefly explain how you expect this project will support the CNST’s mission to advance fundamental nanoscale science

and technology, and/or accelerate commercial production of nanotechnology that will benefit the public: Although direct
support of the CNST mission is not a prerequisite for using the NanoFab, potential contributions to this mission are one factor used in evaluating
the relative merit of each project application, and a major factor used to decide whether the CNST will provide financial support through reduced

rates, if requested. If you have requested to be considered for reduced rates, this section must be filled in. If your project is not expected to
contribute in this way, enter “N/A”.

As described above, this new type of TEM fluid cell will have broad applications for both fundamental
nanoscience and multiple fields, and for accel erating commercialization of nanoparticle-based productsin
healthcare, energy, and materials. I1n addition, we are working closely with the NanoFab' sprocess engineers on
new methods to fabricate complex, three dimensional structures and integrate electrical connections within
complex geometries; the processes are being shared with the NanoFab community as they are developed, and

when optimized will be described in detail in peer-reviewed publications. These new process ashould be valuable
for the fabrication for awide variety of NEM S and nanofluidics devices.
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E. REPORTING AND ACKNOWLEDGEMENT REQUIREMENTS

These requirements must be read and understood by all participants in this project. The reporting requirements for all prior projects
led by the PI must be completed before any additional projects may be approved. This page must be signed by the Pl (not the
applicant if he or she is not the PI).

In submitting this application, the Principal Investigator agrees to the following:

= To provide a comprehensive list of collaborators associated with this project, including those collaborators who may not personally work
in the NanoFab.

» To provide annually a list of all outputs and accomplishments associated with this project, including all publications, presentations,
patent applications, media citations, honors, and awards.

» To include the acknowledgement “Research performed in part at the NIST Center for Nanoscale Science and Technology” in all research
publications and published documents reporting results associated with or made possible by this project.

« To acknowledge the NIST Center for Nanoscale Science and Technology in presentations reporting results associated with or made
possible by this project.

For Principal Investigators who have led prior NanoFab projects:

« | have been provided with a report of other NanoFab projects that | have led during the past three years:

Y The list of outputs (publications, patent, presentations) and collaborators was complete.

OR
| have provided a complete list of outputs and collaborators to the User Office.

» The CNST has been acknowledged in all publications associated with prior NanoFab projects that | have led:

Yes
" No
Explain: . .
In one early paper a collaborator who was the lead author did not include the acknowledgement and |
did not notice. However, | now check for thisin every paper and explain the policy to my coauthors.
Principal Investigator’s Signature Date / /

|| CLICK TO PRINT THIS PAGE | |
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