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NSF Project Description Template (May 2017): 

The NSF Project & Award Policies and Procedures Guide (PAPPG) gives detailed information on proposal requirements. These may vary for some programs, so be sure to carefully read the solicitation for your program.

Formatting: 

a. Use one of the following typefaces identified below:

· Arial, Courier New, or Palatino Linotype at a font size of 10 points or larger;

· Times New Roman at a font size of 11 points or larger; or

· Computer Modern family of fonts at a font size of 11 points or larger.

A font size of less than 10 points may be used for mathematical formulas or equations, figures, table or diagram captions and when using a Symbol font to insert Greek letters or special characters. PIs are cautioned, however, that the text must still be readable.

b. No more than six lines of text within a vertical space of one inch.

c. Margins, in all directions, must be at least an inch.

d. Add page numbers to the project description.

e. 15 pages maximum, not including references.

Project Description (including Results from Prior NSF Support) 
(i) Content
The Project Description should provide a clear statement of the work to be undertaken and must include the objectives for the period of the proposed work and expected significance; the relationship of this work to the present state of knowledge in the field, as well as to work in progress by the PI under other support.

The Project Description should outline the general plan of work, including the broad design of activities to be undertaken, and, where appropriate, provide a clear description of experimental methods and procedures. Proposers should address what they want to do, why they want to do it, how they plan to do it, how they will know if they succeed, and what benefits could accrue if the project is successful. The project activities may be based on previously established and/or innovative methods and approaches, but in either case must be well justified. These issues apply to both the technical aspects of the proposal and the way in which the project may make broader contributions.

The Project Description must contain, as a separate section within the narrative, a section labeled "Broader Impacts". This section should provide a discussion of the broader impacts of the proposed activities. Broader impacts may be accomplished through the research itself, through the activities that are directly related to specific research projects, or through activities that are supported by, but are complementary to the project. NSF values the advancement of scientific knowledge and activities that contribute to the achievement of societally relevant outcomes. Such outcomes include, but are not limited to: full participation of women, persons with disabilities, and underrepresented minorities in science, technology, engineering, and mathematics (STEM); improved STEM education and educator development at any level; increased public scientific literacy and public engagement with science and technology; improved well-being of individuals in society; development of a diverse, globally competitive STEM workforce; increased partnerships between academia, industry, and others; improved national security; increased economic competitiveness of the US; and enhanced infrastructure for research and education.

Plans for data management and sharing of the products of research, including preservation, documentation, and sharing of data, samples, physical collections, curriculum materials and other related research and education products should be described in the Special Information and Supplementary Documentation section of the proposal (see Chapter II.C.2.j for additional instructions for preparation of this section).

(ii) Page Limitations and Inclusion of Uniform Resource Locators (URLs) within the Project Description
Brevity will assist reviewers and Foundation staff in dealing effectively with proposals. Therefore, the Project Description (including Results from Prior NSF Support, which is limited to five pages) may not exceed 15 pages. Visual materials, including charts, graphs, maps, photographs and other pictorial presentations are included in the 15-page limitation. PIs are cautioned that the Project Description must be self-contained and that URLs must not be used because: 1) the information could circumvent page limitations; 2) the reviewers are under no obligation to view the sites; and 3) the sites could be altered or deleted between the time of submission and the time of review.

Conformance to the 15-page limit will be strictly enforced and may not be exceeded unless a deviation has been specifically authorized. (Chapter II.A contains information on deviations.)

An example proposal is given below, courtesy of Dr. Cynthia Furse. 

Tattoo Antennas for Implantable Medical Devices

Implantable
 medical devices touch virtually every major function in the human body. Cardiac
 pacemakers and defibrillators [1], neural recording and stimulation devices,[2]  cochlear [3] and retinal [4] implants are just a few of the many implantable medical devices available today.  Wireless telemetry for these devices is necessary
 to monitor battery level and device health, upload reprogramming for device function, and download data for patient monitoring.  Antennas are inevitably one of the largest if not the largest component of the telemetry communication system and are generally mounted on or in the implanted battery pack, usually in a body cavity.  This limited real estate significantly constrains the performance 
of implantable antennas. Typical battery packs for cardiac devices are under 4cm long [5] and new devices for neural recording and stimulation are under 4mm in size. [2]
  Half wave antennas in the MedRadio band (402-405MHz) [5]-[8] are 36 cm 
in air and 6cm plus in the body.  In addition, implantation in the body cavity means the antennas have to transmit several cm through multiple layers of body tissues, where significant power is lost.  Lost power means lost distance and lost battery life.

The proposed research seeks to fundamentally change the design of implantable antennas by tattooing (nearly invisible) conductive nanoparticles in the skin and adjacent fat layer at the body surface.  This will allow the antenna to use as much surface area as needed, and dramatically reduce the transmission lost in the body tissues.
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Figure 1 Tattoo Antenna
 for a medical implant. The battery pack mounted in the chest cavity holds the feed system, which transmits signals to the tattooed feed pickup in the skin/fat.  This feed then drives the tattoo antenna, which is made up of conductive (eg. gold) nanoparticles tattooed under the skin.  The fat, which is a relatively good insulator, reduces the short circuiting effect that the antenna would normally experience in body tissues/fluids.  The muscle, which is a moderate conductor, provides a reasonable ground plane for the antenna.  The antenna is now on/near the surface of the body, thus reducing the body transmission loss normally seen with conventional implantable antennas.  (There is still loss at the feed, but it is small compared to the whole antenna.)  And the antenna size is no longer constrained by the battery pack size/shape/location. 
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Antennas are critical elements in all communication systems.  They are typically one of the largest system components, causing real estate challenges for any miniaturized communication and power transfer system.  Designing antennas for medical implants is particularly challenging because (1) Significant power is lost (deposited) in body tissues.  This reduces antenna efficiency, plus power deposition is limited by RF safety regulations [8]-[12] (2) The antenna size is constrained by the size of the battery pack, which is shrinking.[5]

 REF _Ref253093785 \r \h 
[13]  For example, the Utah Electrode Array (Fig.2), is used for cochlear and optical implants, treatment of depression and Parkinson’s disease, and eventually perhaps to repair the spinal cord and other neural injuries.   Current designs use inductive coupling, but longer ranges and higher data rates are desired. We will design our antennas for this application.; (3) Implantable antennas are easily de-tuned by variation in body size, shape, composition, electrical properties, placement, etc. [14] [15]
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Today’s
 implantable antennas include a rectangular patch[4], a spiral or serpentine microstrip (Fig.3) [16]-[20], dipoles or monopoles [21]-[22], inductive coils[24]-[29], and a genetic algorithm (GA) design(Fig. 4) [30].The battery pack serves as the ground plane for many designs [31]. There are many other designs, virtually all physically mounted in or on the battery pack and therefore constrained to its size. Inductive antennas are the most common, although data rates and transmission distances are low. The challenge of miniaturization is that the antenna needs to be approximately half a wavelength in size. [13] In the MedRadio band (402-405 MHz), this is about 37 cm in air and 6 cm in 2/3 muscle.  Several miniaturization methods, described in the background, are applied, and effective antennas can now be designed to be 3-4 cm on a side in this band.  (Smaller antennas are found in the literature for higher frequency applications.)  Unfortunately, this is still much too large for an important class of applications using implantable micro electrode arrays for neural recording and stimulation.  (Fig. 2)  A major change in antenna design is needed in order to facilitate the major shift in size reduction required for next-generation devices.

	Objective 
– Transform Implantable Antennas



The objective of this project is to transform the available size and efficiency of antennas for implantable medical devices.  Rather than the existing paradigm of miniaturizing the antenna to fit on the battery pack, we will place only the feed system on the implant, and use conductive materials tattooed in the skin and or adjacent fat layer to form the (larger) radiator.  This will radically increase the options for antenna size, shape, and configuration.  It will also bring the radiator closer to the surface of the body, thus significantly reducing the transmitted loss and power absorption in the deeper body tissues.  
Background
 – Implantable Antennas

Antenna Miniaturization

To be a good radiator, antennas should be approximately a half wavelength long.  For the MedRadio band (402-405 MHz) this is about 36cm in air.  Inside the body the water-based tissues reduce this to about 6cm. But in direct contact with the body fluids, this antenna would be shorted out, so the antenna is typically insulated with silicone or other plastic to reduce this shorting. [16]-[19] This actually increases the wavelength and antenna size (the dielectric of plastics/glass is lower than tissue), bringing it back to about 8-15 cm, depending on the materials.  Higher dielectric substrates [32] and/or periodic materials [33] can reduce the size 
…….. and this review of previous work goes on for another couple pages, separated into subheadings as needed….

Preliminary Results 
for a Subcutanteous Tattooed Dipole Antenna
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Figure 5 Segmented gold dipole antenna (left) used to analyze the conductivity as a function of volume fraction (right).  The antenna was imbedded in the fat layer.  Conductivity increases approximately linearly up to about 80% volume fraction.  Volume fraction of 1.0 is actually off the chart.

In order to assess the feasibility of using subcutaneous nanoparticle tattoos to communicate with implantable medical devices, we performed a set of numerical simulations use CST Electro-Magnetic Studio (EMS).  Three major concepts were evaluated.  First, ….
The description of preliminary work goes on for another page or two
Research Plan

The overriding goal 
of this project is to enable a transformative change in the available size and effectiveness of antennas for implantable medical devices.  Rather than the existing paradigm of miniaturizing the antenna as much as possible to fit it on the small implantable battery pack, we will place only the feed system on the implant, and use conductive materials tattooed in the deep skin or subcutaneous fat layer as the (larger) radiator.  
This will radically increase the options for antenna size, shape, and configuration.  It will also bring the radiator to the near-surface of the body, thus significantly reducing the transmit loss and power absorption in the body tissues.  These changes can significantly improve the efficiency and effectiveness of wireless communication with implantable medical devices. 
   The following four major tasks 
will be used to achieve these research goals:
Task I. Measure Electrical Conductivity and the Foreign Body Response of Tattooed Conductive Particles (Biocompatibility).



    

     [Years 1-2
]
In this task, we will measure the electrical conductivity of conductive tattoos, to enable the antenna designs in Task 2.  We will compare …..
And these various tasks go on for a page or two.
Task IV. Disseminate and Educate 





    [Years 1-3]
One of the important and unique aspects of this project is that we will not rely just on traditional journal/conference dissemination channels.  The PI is an award-winning teacher ….
Since my broader impacts rely in part on dissemination activities, I’m including them as a specific task in the proposal.
Research Team

Dr. Cynthia Furse is a Professor of Electrical and Computer Engineering and the Associate VP for Research.  Dr. Furse is a Fellow of the IEEE and an expert in …..
Include all of your senior personnel here… 

Results from Previous NSF Support
 
The purpose of this section is to assist reviewers in assessing the quality of prior work conducted with current or prior NSF funding. If any PI or co-PI identified on the proposal has received NSF support with a start date in the past five years (including any current funding and no cost extensions), information on the award is required for each PI and co-PI, regardless of whether the support was directly related to the proposal or not. In cases where the PI or any co-PI has received more than one award (excluding amendments to existing awards), they need only report on the one award that is most closely related to the proposal. Support includes not just salary support, but any funding awarded by NSF. NSF awards such as standard or continuing grants, Graduate Research Fellowship, Major Research Instrumentation, conference, equipment, travel, and center awards, etc., are subject to this requirement.

The following information must be provided:

(a) the NSF award number, amount and period of support; 

(b) the title of the project; 

(c) a summary of the results of the completed work, including accomplishments, supported by the award. The results must be separately described under two distinct headings: Intellectual Merit and Broader Impacts;

(d) a listing of the publications resulting from the NSF award (a complete bibliographic citation for each publication must be provided either in this section or in the References Cited section of the proposal); if none, state “No publications were produced under this award.”

(e) evidence of research products and their availability, including, but not limited to: data, publications, samples, physical collections, software, and models, as described in any Data Management Plan; and

(f) if the proposal is for renewed support, a description of the relation of the completed work to the proposed work.

If the project was recently awarded and therefore no new results exist, describe the major goals and broader impacts of the project. Note that the proposal may contain up to five pages to describe the results. Results may be summarized in fewer than five pages, which would give the balance of the 15 pages for the Project Description.

Intellectual Merit

The
 proposed research seeks to fundamentally change the design of implantable antennas by tattooing (nearly invisible) conductive nanoparticles in the skin and adjacent fat layer at the body surface.  This will allow the antenna to use as much surface area as needed, and dramatically reduce the transmission loss in the body tissues.  This is a fundamental, transformative shift 
in antenna design for implantable medical devices, enabling the next generation of tiny wireless sensors and devices in the body.  This work will evaluate the fundamental options and tradeoffs in implantable antenna design including losses in the antenna (resistive losses), coupled feed system (near field body losses), and antenna radiator (body losses).  The effects of normal variability in individuals (size/shape/electrical properties), variability with weight gain/loss, movement, orientation and flexing of the antenna and feed, etc. will be evaluated in detail. Both SAR and MedRadio regulations will be taken into account.  This work covers fundamental electrical issues for this and other flexible, on or near-surface electronics including the effect of imperfect conducting materials, and the use and implementation of injectable conductive inks through both simulation and experimentation.  This work represents a fundamental antenna modality transformation needed at this time, as applications for implantable medical devices surge and electronics shrink dramatically.
Broader Impact
s
Implantable medical devices now touch virtually every major function of the human body, with more applications on the immediate and distant horizon.  One of these applications is neural recording and stimulation, for which the University of Utah is a major research player.  This project will target this and other very small (mm sized) medical implants,  thus facilitating a whole new genre of communication with medical devices.  

Another of the important and unique aspects of this project is novelty of the articulation and  dissemination channels.  ……. More about this here.  

Both PIs on this project are committed to education of students with diverse
 skill sets and thoughts. This proposal was generated in part from the work of a group of three past and four current undergraduate students (two female) doing their senior design project, mentored by two Latino and one woman graduate student, under Dr. Furse’s mentoring and direction.  This project, if funded, will impact science and technology, personalized medical care, local, national and international education, and the next generation of curious, creative, motivated research engineers.  This is not risk-free research.  Design problems and trade-offs abound
.  .
REFERENCES

[1] A. J. Johansson, “Simulation and verification of pacemaker antennas,” Proceedings 25th Annual Int’l Conf. IEEE EMBS, Cancun, Mexico, Sept 17-21, 2003  << Any full reference format is acceptable.
Fig. 2 Utah Electrode Array (4mmx4mm) for neural recording and stimulation, with onboard electronics � REF _Ref138504078 \r \h ��[2]�
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Fig. 4 GA Design � REF _Ref253052639 \r \h ��[30]�








�I try to make the title simple and fit on one line.  It is the only ‘larger’ font in the proposal. The rest is Arial 12.  Times New Roman or Arial 11 are allowed, but use as large a font as you can (less words = easier reading = hopefully more understanding!).


�In this paragraph, talk about the big picture problem you are solving.  You want this whole page to be readable by ‘anyone’, and that they should LOVE your research concept (it should feel appealing).


�All the cool things this can be used for …


�Why we need it


�What’s the problem


�Definitely include solid references that show you know what is going on


�If you can quantify things, that is good… sometimes you can, sometimes you can’t


�Simply put, the problem is…. (‘everyone’ should be able to understand this, no special lingo, etc.)


�Bold and italic.  Here is the big picture goal.  Fundamentally change, transform, etc.  And again, everyone should be able to understand this.


�I like to have a ‘signature’ picture on the front page that visually defines what my project is and brings the reader ‘into’ the project.  Also, at a panel review, some people will have printed these out, and they’ll be sitting around on the table.  This is an ‘advertisement’ /signature picture for my proposal.


�Something messed up in my figure caption formatting here when I started adding comments.  It was a little prettier before that…


�What is the status today?  LOTS of good references to what is going on in the world today, what is good about it, and what still needs to be improved.  Be generous with references in this section … the people on the panel and their friends are likely to be amongst your references.  You don’t have to be exhaustive, but you should be thorough, at least in the narrow area of your proposal.


�Here we are back at the big problem again.


�Big objective clearly stated.  I like these black lines, by the way.  They really outline your proposal at a glance and make it easy to flip through when it is printed out. This objective will show up multiple times throughout the proposal.


�I like the format I’ve used in this proposal, the black lines that divide up the major headings and bold/underlined for lesser headings.  I saw this at a panel I was on, and it was so easy to flip through and find parts of the proposal in real-time.  This is ESPECIALLY a big deal when reading it on the computer, where all the text kind of blurs together.


�This is the bulk of the technical background/literature review.


�And I remind them what the background is about


�Each of these will be dominant technical headings/issues.


�I always point specifically to prelim results.  These could eb integrated into the background section but then I think they get lost. So I have a specific section for them.


�This is a restatement of the bold/italic section on the first page


�And this is the major innovation


�What will we get (this will feed into broader impacts later)


�Ok,now what are we going to DO


�Because I didn’t have room for a gantt chart…


�Why you are qualified to do THIS project.  It is also a place you could include references to previous work. In this proposal, I included that in the background section and not here.  I often have them here too… just didn’t this time.


� This is a good place to tell the panel that you can deliver. You are required to have this section for NSF work done in the past 5 years.


�You need to have these sections EXACTLY


�This is from page 1, cut/paste


�This is what we are looking for…what are you going to change and does it matter


�Gotta have this section too.  Include both the impact of the project and also of special stuff (like outreach) you are going to do.  I’m not sure what happened to the formatting when I added the comments… this originally fit perfectly into 15 pages.  Note the larger arial font size.  It is 11, 10 is minimal.


�NSF cares about diversity, so if you have anything you can say about your past experience or future plans, do it. A photo of a diverse lab is also a great addition.


�15 pages MAX.  There is no forgiveness on this


�These will be uploaded separately. I usually find it useful to just write the document with the references at the end. When I am ready to upload, I just ‘print’ to PDF the first 15 pp (for the description) and all remaining pages (for references), giving me the two separate documents to upload.
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