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DC Field Emission Studies from Isolated Niobium Nanoparticles and Arrays  
 
PROJECT OVERVIEW: Field Emission (FE) in niobium currently limits Superconducting RF (SRF) 
cavity performance. While good progress has been made in recent years in mitigating the negative impact 
of FE the physics and materials science aspects of the degradation process are not well understood.  This 
proposal in collaboration with Dr. G. Myneni of Jefferson Labs, Newport News, Virginia, focuses on 
fundamental studies of FE in engineered nanoparticles and nanostructures of niobium with the intention 
of identifying factors and diagnostics needed to help mitigate the limitations posed by FE in SRF cavity 
performance. 
 
Specifically the project will undertake in Stage 1 – the construction of a versatile FE apparatus and utilize 
it to carry out: 
 

• DC Field Emission studies from isolated niobium nanoparticles collected on regular and large 
grain electropolished niobium as well as on silicon and graphite substrates.  The nanoparticles 
will be well characterized for their structure through high resolution scanning electron 
microscopy (SEM) and scanning tunneling microscopy (STM). 

• Studies of the effect of hydrogen loading on FE from nanoparticles. Recent work at the 
University of Virginia has revealed that hydrogen uptake occurs in Nb nanoparticles even at room 
temperature and it is generally accepted that avoiding hydride formation during cavity 
construction and processing is seminal to achieving superior performance. 

• Studies of the effects of adsorbates other than hydrogen such as oxygen and nitrogen on FE. 
• An investigation of the influence of the interface between the nanoparticle and the substrate on 

FE 
 
In stage 2 of the project the FE apparatus will be augmented to function at cryogenic temperatures and 
will be utilized to: 
 

• Perform DC FE studies in nanoparticles that are rapidly cooled after hydrogen loading. 
• Study effect of fluxons created in weak magnetic fields on FE from regularly spaced nano 

emitters in niobium. 
 
This project directly impacts topic ID:154 - field emission diagnostics; topic ID:100  - RRR issues - 
hydrogen degassing, low temperature bakeout; topic ID:102 - Solid Nb versus deposition on substrate, 
sputtering etc. and indirectly impacts topic ID:166 - coatings to reduce HV gun field emission.  These 
topics are as identified in the 2005 Linear Collider potential project list. 
 
BROADER IMPACT:  The project has a direct impact on the development of the high Q and high field 
gradient SRF cavities that are finding applications in such diverse areas as storage ring light sources, free 
electron lasers, accelerator based neutron sources, accelerator based transmutation to reduce nuclear waste 
etc.  The graduate students trained in this project are invaluable to the further development of SRF cavity 
technologies.  In fact, such specialized training is essential for the further employment of scientists in 
national labs such as the nearby Thomas Jefferson National Accelerator and other similar facilities.  The 
cryogenic FE measurement instrumentation that will be developed for this project will have wide 
applicability.  It will be made available to researchers exploring alternate SRF cavity materials such as the 
new high Tc superconductors (MgB2) as well as to those researchers involved in fundamental studies of 
FE in novel nanoscale structures (e.g. nanotubes).  The fundamental knowledge gained about field 
emission will assist in technological development of better field emission displays that are ubiquitous in 
medical and consumer electronics. 



(I) Introduction:  A number of recent studies have demonstrated that field emission inside SRF 
cavities is a leading cause of the limitation of their performance1.  It is generally accepted that 
while microparticles, invariably present during the processing and installation of the SRF 
cavities are responsible for FE the mere presence of a microparticle is not sufficient2. Other 
conditions, such as the microgeometry of the particle3, the nature of the adsorbates on the 
particle and the interface between the particle and the substrate could also play an important 
role4.   
 

A majority of the FE studies performed to date on niobium maybe characterized by the 
term “macroscopic” in the sense one typically starts out with a “large” substrate, several cm2 in 
area, which possess an enormous number of microparticles (potential emitters) on them.  
However it is found that even at an accelerating field of 100 MV/m, the number of field emitters 
is far smaller than the total number of micro-particles present. It is not clear what makes some of 
the microparticles into emitters and others to be passive.  This proposal seeks to provide answers 
to such questions by confining the study to engineered individual nanoparticles and nano-arrays.  
By controlling the geometry of the nanoparticles, by absorbing relevant condensed gases on 
individual nanoaparticles and by tailoring the interaction between the nano-particle and the 
contact layer on the surface we will seek to establish detailed criteria for attaining superior SRF 
performace. 

 
The macroscopic studies performed to date have been valuable in dictating the adoption 

of clean room practices in SRF cavity assembly.  Thus the contribution of external particles 
appears to be minimized and under reasonable control5.  However, it is possible that with further 
improvements in maintaining a “clean” environment a situation is reached where the intrinsic 
nanoparticulate nature of the niobium surface itself is the ultimate limiter.  Thus understanding 
FE from engineered nanoparticles will prove to be valuable. 

 
The large area studies have also revealed the importance of adsorbates (ref. 4).  An 

adsorbate that is difficult to avoid in niobium processing is hydrogen.  Current understanding is 
that hydrogen is trapped in grain boundaries and finds its way into the niobium crystal structure 
to cause a degradation of the Q and the field gradient in SRF cavities.  In recent work at the 
University of Virginia we have found that isolated niobium nanoparticles have the same ability 
to adsorb hydrogen as observed in the bulk.  This presents an opportunity to directly study the 
role of hydrogen in the field emission process.  There is a second advantage that the study of 
isolated nanoparticles offers.  It is known from nuclear reaction analysis that the hydrogen depth 
extends only down to 15 to 35 nanometers from the surface of the bulk (see figure below)6.  Thus 
a niobium nanoparticle less than 50 nm in diameter is likely to have hydrogen homogeneously 
distributed through out.  Thus it is a “clean” model system to study the effects of hydrogen 
loading as compared with the bulk where studies are complicated by the inhomogenous and 
partial uptake of hydrogen. 
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Figure 1: Depth dependence of Hydrogen concentration in Niobium as obtained through 

Nuclear Reaction Analysis 
 
 

 In general it might be expected that the interface between the nano(micro) particle emitter 
and its interface with the substrate will also influence whether a particle will be an emitter or not.  
However, not many controlled experiments have been performed thus far to investigate this issue 
carefully. 
 
(II) Proposed Work:  In broad terms in this project we will investigate the following topics with 
regard to FE in niobium: (a) nanoparticle geometry, (b) the effect of different  adsorbates such as 
hydrogen, nitrogen and oxygen and (c) the effect of the interface between the nanoparticle and 
the substrate.  The project is a collaboration between between the PI at the University of Virginia 
and Dr. G. Myneni at the nearby Jefferson Lab who will contribute his expertise with UHV/XHV 
techniques and field emission7.  We will follow his design in the construction of the field 
emission apparatus8.  For the fabrication of the niobium nanoparticles and nanostructures we will 
utilize techniques already well established at the University of Virginia.  These are described 
below. 
 

(II.1) Nanoparticle growth:  The PI maintains a ultra high vacuum dual beam pulsed 
laser deposition (PLD) system in the department of Physics at the University of Virginia.  In this 
system a high powered pulsed Nd:YAG laser is used and its energy focused on targets in a UHV 
chamber to generate nanoparticles of various metals and alloys.  These particles are collected on 
a desired substrate which can be maintained at a steady temperature anywhere from 300 K to 
1100 K.  The production of nanoparticles can also be carried out in the presence of a residual gas 
intentionally admitted into the vacuum chamber.  The following picture shows the apparatus and 
also a schematic to explain the dual beam technique.  While a single beam is sufficient to 
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produce particles of pure elements such as Nb, the dual beam PLD apparatus enables the creation 
of nanoscale “heterostructures”.  Thus nanoparticles of niobium formed by the first beam can be 
“coated” with another material with the second beam to modify the niobium particle surface. 
 

 
 

Figure 2: Dual Beam Pulsed Laser Ablation Apparatus for Synthesis of Niobium 
nanoparticles 

 
 
The PLD apparatus has been used regularly at UVa to 
produce nanoparticles of niobium and other metals.  An 
example of a collection of randomly arranged individual 
niobium nanoparticles collected on an aluminum capped 
quartz substrate is shown in the figure on left.  The 
particle size distribution and the shape of the particles are 
fairly controllable.  For the conditions under which the 
sample shown in the picture was obtained the particles 
are oblong rather than spherical.  These particles are 
visible as white dots on the grey background substrate.  

The distance between the particles is much greater than the particle size thus facilitating the  
positioning of a collector tip for individual particle studies. 
 
PLD is a versatile technique through which nanoparticles of almost any material can be formed 
in a controlled manner9.  The methods and the apparatus adopted for this project can be utilized 
for field emission studies from nanoparticles of other competing superconducting materials such 
as the A-15 compounds, MgB2, and high Tc copper oxide superconductors.  There appears to be 
interest in utilizing these materials also for SRF cavities10. 
 
 

(II.2) Design and Construction of the Cryogenic FE apparatus:  An apparatus to 
measure field emission at room temperature from carbon nanotube samples was constructed at 
the Jefferson Labs by Dr. Myneni, the collaborator on the current proposal.  Our basic approach 
is to start from this established design and augment it for low temperature functionality.  The 
figure 3 is an overall schematic of the proposed apparatus.  
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Figure 3: Field Emission Apparatus General Schematic  

It consists of  a turbo V250 high vacuum pumping system to obtain base pressure of 1.5 x 10-10 
or better.  A residual gas analyzer (RGA from Stanford Research Systems) and an ion gauge  
 

 
Figure 4: FE Apparatus - Details of Ballast Resistor Network 
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(Varian UHV 24P) will monitor the system partial and total pressures.  The system is designed 
so that different gas sources (e.g. air, N2 and H2) can be introduced into the apparatus for 
diagnostic purposes.  A high voltage power supply (205A- BERTAN) will be used through a  
voltage distribution circuit to power the field emission.  The details of the voltage distribution 
circuit together with a ballast resistor R in series with the cathode used to avoid the current surge 
that may hurt the emitter is shown in figure 4 where the anode or the collector is shown in planar 
form . 
 
In our studies the planar collector will be replaced by a sharp tungsten tip.  The distance between 
the nanoparticles and the tip will be controlled through a bellows arrangement as shown in figure 
5. 
 

 
Figure 5: FE Apparatus – XYZ manipulator 

 
In the second stage of the project a cryogenic stage will be added to cool the sample to 
temperatures approaching 4 K.  The apparatus when constructed will permit us to carry out tests 
in a number of categories.  It will: 
 

(a) enable the investigation of normal emission performance that is acquired under high 
vacuum for a clean surface.  Sample can be baked to 500 C or higher to degas the sample 
and measurements obtained when system pressure is lower than 5x10-9 torr. 

(b) enable the study of the emission behavior under various vacuum and cryogenic operation 
conditions. 

(c) Enable I-V curve mapping on individual nanoparticles - to investigate the emission 
uniformity over the entire surface on the order of 100 nanometer I-V performance can be 
mapped.  
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(II.3): FE studies of adsorbates on nanoparticles: Utilizing a sensitive surface acoustic 
wave based mass loading technique we have recently shown that hydrogen uptake in isolated 
niobium nanoparticles is similar to that in bulk niobium11.  This provides an opportunity to study 
FE from hydrogen loaded nanoparticles of niobium.  Hydrogen is known to be a potentially 
important cause of residual resistance for bulk niobium cavities. It is believed that hydride 
precipitates with typical dimensions of several hundred Å to a few picometers, form/migrate 
during cavity cooling between 70 K and 170 K. Empirically one finds that the residual resistance 
increase from hydrogen can be prevented by rapid cool-down.  Crossing the range of dangerous 
temperatures fast enough to make sure that the dissolved hydrogen atoms have no time to “settle 
down” in undesirable locations is presumed to be the mechanism.  However, the precise details 
are unknown12.  
 
In our FE studies different experiments will be carried out in order to study the effect of 
hydrogen in the niobium nanoparticle case. Outgassing of niobium nanoparticles will be carried 
out (upto high temperatures of 350 C) to investigate different trapping mechanisms for hydrogen, 
such as  dislocations and impurities.  Rapid cryogenic cool down will be carried out to 
investigate the effect of hydrogen “poisoning” referenced above.  Similar experiments will also 
be carried out with O2 and N2 as adsorbates. 
 

(II.4): Effects of the interface between niobium nanoparticle and substrate:  The 
nanoparticles synthesized in our laboratory can be collected on any desirable substrate.  This 
affords the opportunity to study FE from niobium nanoparticles adhered to various materials and 
thus perform a study of the role of the interface.  Maintaining high substrate temperatures during 
nanoparticle deposition we should be able to anchor them sufficiently well that they are not 
dislodged in the FE apparatus due to the strong electric fields.  Since we perform routine TEM 
and SEM studies on niobium (and other) particles deposited on carbon grids we know that 
dislodgement of the particles from the grids due to the accelerating fields present in the 
microscopes is not a problem.  In this phase of the project the interface of niobium with the most 
common impurity metals found in bulk niobium used for SRF cavities will also be investigated.  
These include metals such as iron and vanadium.  In addition oxide layers of different 
thicknesses will be post deposited on electropolished niobium and nanoparticles collected on 
them as well to study FE.  

 
(II.5): FE Studies and fluxon effects:  Apart from field emission another leading limiter 

of SRF cavity performance is fluxon creation.  This happens at high enough gradient fields that 
the lower critical magnetic field of a type II superconductor is exceeded at the surface of the 
cavity.  This is an “intrinsic” effect. However, the magnitude of this lower critical field depends 
on surface shape and geometry as well as other detrimental features such as impurities.  In 
practical terms the appearance of a fluxon is characterized by a departure of the rf surface 
resistance from a linear dependence on field gradient to a more rapid exponential dependence.  
The appearance of the fluxon should be visible in field emission measurements in nanoparticles 
as well13. To perform these studies a retractable small permanent magnet will be attached to the 
underside of the sample holder to produce the requisite DC magnetic field.  FE measurements 
with and without the magnet in the same “run” will provide information about the role of 
fluxons. 
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It is of course true that our measurements are confined to DC magnetic field fluxons as opposed 
to the real world situation in SRF cavities where one is dealing with high frequency fields.  
However, there are studies demonstrating that from broad-area surfaces in DC and RF regimes 
when the sample was out-gassed carefully and exposed to a limited field and a limited current to 
avoid irreversible modifications of the emitter geometry, the Fowler-Nordheim parameters 
extracted from the experiment were the same in DC and RF regimes14. 
 
Through the comprehensive set of studies proposed above on niobium nanoparticles a definitive 
knowledge base will be attained to assist in the further improvement of SRF cavity performance. 
 
 
(III) Broader Impact:  
 
The project has a direct impact on the development of the high Q and high field gradient SRF 
cavities.  Such cavities are finding increasing applications.  These include their use in storage 
ring light sources, in free electron lasers, in accelerator based neutron sources, and in accelerator 
based transmutation to reduce nuclear waste. The graduate students trained in this project will be 
invaluable to the further development of SRF cavity technologies.  In fact, such specialized 
training is essential for the further employment of scientists in national labs such as the nearby 
Thomas Jefferson National Accelerator Facility and other similar facilities.  The graduate 
students working on the proposed project will interact on a regular basis with Dr. Myneni and 
other scientists working on SRF cavities at Jefferson Lab.  They will thus be exposed to the 
larger issues involved with accelerators and superconducting cavities. 
 
In addition the instrumentation that we will develop for this project will have its own impact.  
The cryogenic FE measurement instrumentation has wide applicability.  It will be made available 
to researchers exploring alternate SRF cavity materials such as the new high Tc superconductors 
(MgB2) as well as to those researchers involved in fundamental studies of FE in novel nanoscale 
structures (e.g. nanotubes).   
 
The fundamental knowledge gained about field emission through this project will assist in 
technological development of better field emission displays.  Such displays are ubiquitous in 
medical and consumer electronics.  
 
The PI of this project has initiated a new course “Introduction to Nanophysics” which is being 
offered for the second time in 2006.  This course is a natural place to integrate the knowledge 
gained from this project into the teaching curriculum for graduate and advanced undergraduate 
students.  As a scientific topic Field Emission is bound to capture the attention of today’s 
students who are already exposed to its applications in daily life. 
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(IV) Results from Prior Support (relevant to this project):   
 
Through support from NSF DMR-00073456 a dual beam pulsed laser deposition system has 
been brought on-line and utilized to deposit nanoparticles of niobium and intermetallic alloys of 
rare earth and actinide metals. A sensitive surface acoustic wave based technique has been 
developed to detect mass loading in nanoparticles and the method has been employed to study 
hydrogen adsorption in niobium nanoparticles.   
 

The figure on the left is an 
example of results obtained from 
niobium nanoparticles with a 
total mass of 20 nanograms.  The 
vertical scale is the resonant 
frequency of a surface acoustic 
wave resonator operating at the 
nominal frequency of 315 MHz.  
In our set-up we can measure 
freuquency shifts at the 5 parts 
per billion level and thus we are 
able to detect a mass change at 

the picogram level.  Mass increase in nanoparticles due to hydrogen (or other gases) are readily 
measured.  In the figure one observes the cycling of the mass as the hydrogen pressure is 
changed as indicated by the blue line (right hand vertical scale – units being in torr). 
 
The above described work has also been aided by SURA graduate fellowship support provided 
through JLab to Mr. Adam Phillips currently working with the PI.   
  
The PI has developed a new course “Introduction to Nanophysics” which is being offered in its 
second consecutive year to a mixed batch of undergraduate and graduate students. He has also 
mentored an undergraduate student who participated in the development of the pulsed laser 
deposition system. This student is currently continuing in the graduate program in Physics at 
UVa. A high school student was also mentored during the summer of 2003. 
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FIRST YEAR PROJECT ACTIVITIES AND DELIVERABLES: 
 
The anticipated progress during the project period is as outlined in the main body of the 
proposal.  In the first stage of the project – essentially the first year – we will assemble 
the field emission apparatus and perform preliminary measurements of FE from isolated 
niobium nanoparticles.  Testing will be done with particles of different sizes and shapes 
collected on electropolished niobium and the results obtained corroborated with known 
measurements from large area sample studies published in the literature.  Thus 
measurements on nanopartilces subjected to the different baking and degassing 
procedures outlined in the proposal will be carried out. 
 
 
SECOND YEAR PROJECT ACTIVITIES AND DELIVERABLES: 
 
The second year of the project is essentially stage 2 outlined in the proposal.  In this stage 
a  cryocooler will be added to the FE apparatus and low temperature measurements of FE 
will be initiated on niobium nanoparticles.  During this year we will study in detail the 
effects of hydrogen loading as well as the effect of adsorption/desorption of other 
gaseous species on nanoparticle FE.  The role of the interface between the nanoparticle 
and the substrate will be investigated by working on samples appropriately prepared.  
Fluxon effects on FE from nanoparticles will be investigated through FE measurements 
on samples subjected to weak magnetic fields.  
 
BEYOND SECOND YEAR (FUTURE): We believe that the area of field emission in 
SRF cavities is rich enough to extend beyond two years.  In subsequent years we plan on 
extending our work to nanoparticles of other superconductors and nanomaterials of 
relevance to SRF cavities. 
 



BUDGET  
 
Year 1: 
 
PI: Bellave Shivaram    One month summer salary $7167 
 
Graduate Research Assistant:  12 months $ 22,000 
 
Undergraduate Research Assistant: $5200 
 
Materials and Supplies  $5000 
 
Travel:     $2000 
 
Equipment:  Item 1 - Turbo V250 high vacuum pumping system  $ 20,000 
  Item 2 – Bertan High Voltage Supply   $ 5,000 
Total Equipment   $25000 
 
Year 2: 
 
PI: Bellave Shivaram    One month summer salary $7453 
 
Graduate Research Assistant:  12 months $ 22,880 
 
Undergraduate Research Assistant: $5000 
 
Materials and Supplies  $5000 
 
Travel:     $2000 
 
Equipment: Item 1 -   Janis Cryogenic Base Station $ 20,000 
Total Equipment   $20,000 
 
 



YEAR ONE September 1, 2006 to August 31, 2007
                                                                  SUMMARY
                                                        PROPOSAL BUDGET FOR NSF USE ONLY

ORGANIZATION: University of Virginia PROPOSAL NO. DURATION (MONTHS)
Proposed Granted

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR AWARD NO.

Shivaram, Bellave
A.  Senior Personnel: PI/PD, Co-PI's, Faculty and Other Senior Assoicates NSF-funded Person-months  Funds Requested 

By Proposer 
 FB 

       (List each separately with title, A.7, show number in brackets CAL ACAD SUMR
1. Shivaram, Bellave 1 7,167               4.2%
2. 
3. 
4. -                   Grad.Student AY $
5. 16,500$              
6. ( ) Others (List Individually on Budget Explanation Page) # Grad.Stud.AY
7. Total Senior Personnel (1-6) 7,167               1
B.  Other Personnel (Show numbers in brackets) Grad.Student Sum $
  1. () Post Doctoral Associates 27.3% 5,500$                
  2. ( ) Other Professionals (Technician, Programmer, Etc.) -                   #Grad.Stud.Sum
  3. (1)Graduate Students 22,000             0% 1
  4. () Undergraduate Students 5,000               4.2% Undergraduate $
  5. ( ) Secretarial - Clerical (If Charged Directly) 5,000$                
  6. ( ) Other: # of Undergraduates
  TOTAL SALARIES AND WAGES (A+B) 34,167             1
C.  Fringe Benefits (If Charges as Direct Costs) 511                  
  TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 34,678             
D. Equipment (List item and dollar amount for each item exceeding $5,000)

Turbo V250 High Vacuum Pumping System 20,000
Bertan High Voltage Supply 5,000
    

25,000             
E.  Travel 1. Domestic (Incl. Canada, Mexico and U.S. Possessions) 2,000               
               2. Foreign                                                                                                                                               

-                   

F. Participant Support Costs
  1.  Stipends  -$                           0
  2.  Travel -$                           0
  3. Subsistence -$                           0
  4.  -$                          0
(     ) TOTAL PARTICIPANT COSTS -                   AY Tuition Rem.

G.  Other Direct Costs 2,780.00$           
  1.  Materials and Supplies 5,000               # of Grad.Stud. AY
  2.  Publication costs/documentation/dissemination 1
  3.  Consultant Services Summer Tuition Rem.
  4.  Computer Services 1,100.00$           
  5.  Subawards # of Grad.Stud. Sum
  6.  Other Tuition Remission (No IDC) Long distance, Photocopying 3,880$        5,353               1
   TOTAL OTHER DIRECT COSTS 10,353             Health Insurance
H.  TOTAL DIRECT COSTS (A THROUGH G) 72,031             1,473.00$          
I.  Indrect Costs (Specify Rate and Base) 51.5% of MTDC # of students for Ins.

1

  TOTAL INDIRECT COSTS Base 43,151$       22,223             Phone/Copying
J.  TOTAL DIRECT & INDIRECT COSTS (H+I) 94,253             
K. RESIDUAL FUNDS (If for further support of current project see GPG 11.D.7.j.) -                   
L. AMOUNT OF THIS REQUEST (J) or (J Minus K) 94,253             
M. COST SHARING: PROPOSED LEVEL $            AGREED LEVEL IF DIFFERENT $           AGREED LEVEL IF DIFFERENT $
PI/PD NAME & SIGNATURE DATE NSF USE ONLY

INDIRECT COST VERIFICATION

ORG. REP NAME & SIGNATURE: Mike Glasgow DATE Date Checke Date of Rate Sheet Initials-ORG

NSF Form 1030 (7/95) Supersedes All Previous Editions * SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPM  lll.B)



YEAR TWO September 1, 2007 to August 31, 2008
                                                                  SUMMARY
                                                        PROPOSAL BUDGET FOR NSF USE ONLY

ORGANIZATION: University of Virginia PROPOSAL NO. DURATION (MONTHS)
Proposed Granted

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR AWARD NO.

Shivaram, Bellave
A.  Senior Personnel: PI/PD, Co-PI's, Faculty and Other Senior Assoicates NSF-funded Person-months  Funds Requested 

By Proposer 
 FB 

       (List each separately with title, A.7, show number in brackets CAL ACAD SUMR
1. Shivaram, Bellave 1 7,453               4.2%
2. 
3. 
4. -                   Grad.Student AY $
5. 17,160$                     
6. ( ) Others (List Individually on Budget Explanation Page) # Grad.Stud.AY
7. Total Senior Personnel (1-6) 7,453               1
B.  Other Personnel (Show numbers in brackets) Grad.Student Sum $
  1. (1) Post Doctoral Associates 27.3% 5,720$                       
  2. ( ) Other Professionals (Technician, Programmer, Etc.) -                   #Grad.Stud.Sum
  3. () Graduate Students 22,880             0% 1
  4. () Undergraduate Students 5,200               4.2% Undergraduate $
  5. ( ) Secretarial - Clerical (If Charged Directly) 5,200$                       
  6. ( ) Other: # of Undergraduates
  TOTAL SALARIES AND WAGES (A+B) 35,533             1
C.  Fringe Benefits (If Charges as Direct Costs) 531                  
  TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 36,064             
D. Equipment (List item and dollar amount for each item exceeding $5,000)

Janis Cryogenic Base Station 20,000

TOTAL EQUIPMENT 20,000            
E.  Travel 1. Domestic (Incl. Canada, Mexico and U.S. Possessions)
               2. Foreign                                                                                                                                               

-                   

F. Participant Support Costs
  1.  Stipends  -$                                0
  2.  Travel -$                                0
  3. Subsistence -$                                0
  4.  -$                               0
(     ) TOTAL PARTICIPANT COSTS -                  AY Tuition Rem.

G.  Other Direct Costs 2,891.00$                  
  1.  Materials and Supplies 5,000               # of Grad.Stud. AY
  2.  Publication costs/documentation/dissemination 1
  3.  Consultant Services Summer Tuition Rem.
  4.  Computer Services 1,144.00$                  
  5.  Subawards # of Grad.Stud. Sum

  6.  Other Tuition Remission (No IDC) Long distance, Photocopying 4,035$    6,798               1
   TOTAL OTHER DIRECT COSTS 11,798             Health Insurance
H.  TOTAL DIRECT COSTS (A THROUGH G) 67,862             2,763.00$                  
I.  Indrect Costs (Specify Rate and Base) 51.5% of MTDC # of students for Ins.

1
  TOTAL INDIRECT COSTS Base 43,827     22,571             Phone/Copying
J.  TOTAL DIRECT & INDIRECT COSTS (H+I) 90,434             -$                           
K. RESIDUAL FUNDS (If for further support of current project see GPG 11.D.7.j.) -                   
L. AMOUNT OF THIS REQUEST (J) or (J Minus K) 90,434            
M. COST SHARING: PROPOSED LEVEL $            AGREED LEVEL IF DIFFERENT $           AGREED LEVEL IF DIFFERENT $
PI/PD NAME & SIGNATURE DATE NSF USE ONLY

INDIRECT COST VERIFICATION

ORG. REP NAME & SIGNATURE: Mike Glasgow DATE Date Checke Date of Rate Sheet Initials-ORG

NSF Form 1030 (7/95) Supersedes All Previous Editions * SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPM  lll.B)



CUMULATIVE September 1, 2006 to August 31, 2008
                                                                  SUMMARY
                                                        PROPOSAL BUDGET FOR NSF USE ONLY

ORGANIZATION: University of Virginia PROPOSAL NO. DURATION (MONTHS)
 Proposed Granted

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR AWARD NO.

Shivaram, Bellave
A.  Senior Personnel: PI/PD, Co-PI's, Faculty and Other Senior Assoicates NSF-funded Person-months  Funds Requested 

By Proposer 
 FB Funds Granted by NSF (if 

different) 
       (List each separately with title, A.7, show number in brackets CAL ACAD SUMR
1. Shivaram, Bellave -      -       2            14,620             4.2%
2. -      -       -        -                   
3. -      -       -        -                   
4. -      -       -        -                   
5. -      -       -        -                   
6. ( ) Others (List Individually on Budget Explanation Page) -      -       -        -                   
7. Total Senior Personnel (1-6) -      -       -        14,620             
B.  Other Personnel (Show numbers in brackets) -      -       -        -                   
  1. () Post Doctoral Associates -      -       -        -                   27.3%
  2. ( ) Other Professionals (Technician, Programmer, Etc.) -      -       -        -                   
  3. (2) Graduate Students 44,880             0%
  4. (2 ) Undergraduate Students 10,200             4.2%
  5. ( ) Secretarial - Clerical (If Charged Directly) -                   
  6. ( ) Other: -                   
  TOTAL SALARIES AND WAGES (A+B) 69,700             
C.  Fringe Benefits (If Charges as Direct Costs) 1,042               
  TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 70,742             
D. Equipment (List item and dollar amount for each item exceeding $5,000) -                   

-                   
-                   
-                   
-                   
-                   

TOTAL EQUIPMENT 45,000             
E.  Travel 1. Domestic (Incl. Canada, Mexico and U.S. Possessions) 2,000               
               2. Foreign                                                                                                                                               -                   

-                   
-                   

F. Participant Support Costs -                   
  1.  Stipends  -$                    -        -                   
  2.  Travel -$                    -        -                   
  3. Subsistence -$                    -        -                   
  4.  -$                    -        -                   
(     ) TOTAL PARTICIPANT COSTS -                   
G.  Other Direct Costs -                   
  1.  Materials and Supplies 10,000             
  2.  Publication costs/documentation/dissemination -                   
  3.  Consultant Services -                   
  4.  Computer Services (Telephone, FAX, Photocopying Etc.) -                   
  5.  Subawards -                   
  6.  Other Tuition Remission (No IDC) TR 7,915   12,151             
   TOTAL OTHER DIRECT COSTS 22,151             
H.  TOTAL DIRECT COSTS (A THROUGH G) 139,893           
I.  Indrect Costs (Specify Rate and Base) -                   

-                   
  TOTAL INDIRECT COSTS 44,794             
J.  TOTAL DIRECT & INDIRECT COSTS (H+I) 184,687           
K. RESIDUAL FUNDS (If for further support of current project see GPG 11.D.7.j.) -                   
L. AMOUNT OF THIS REQUEST (J) or (J Minus K) 184,687          
M. COST SHARING: PROPOSED LEVEL $            AGREED LEVEL IF DIFFERENT $
PI/PD NAME & SIGNATURE DATE NSF USE ONLY

INDIRECT COST VERIFICATION

ORG. REP NAME & SIGNATURE: Mike Glasgow DATE Date Checke Date of Rate Sheet Initials-ORG

NSF Form 1030 (7/95) Supersedes All Previous Editions * SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPM  lll.B)



BUDGET JUSTIFICATION: 
 
Personnel - Faculty appointments are Academic Year (AY/9 mos.) beginning September 
1.  
B. Shivaram, PI – 1 mo. summer effort each year @ $64,500 AY; plus increases. 
 
Graduate Research Assistants (GRAs) and undergraduate students - 
GRA costs are estimated based on a 4% increase from current support levels in Physics.   
Salary Increases - A 4% salary increase is applied to and is accumulated annually from 
this date.  
 
Fringe Benefits -  4.2% on faculty summer and undergraduate wages..   
 
Travel - Travel funds requested are for the purposes of attending the American Physical 
Society 
March meeting and SRF meetings that are periodically organized.   
 
Materials and Supplies - Laboratory supplies for specific use in the research project 
(Niobium Targets, solvents, electron microscope supplies, maintaining the 
pulsed laser and electron beam deposition systems, copper gaskets, laser flash bulbs, high 
purity 
metals). Does not include office or other general purpose supplies. 
 
Equipment:   
Year 1:  We request a turbo vacuum system to house the field emission set-up and a high 
voltage supply to power the field emission tip. 
Year 2:  A cryogenic cooling stage will be added to the field emission apparatus 
assembled in year 1 so that the FE measurements can be performed at low temperatures.  
This will be performed in year 2.  
 
Other – 

a. Tuition Remission – is $2780 for academic year for graduate research assistants 
and $1100 for the summer for the first year and with a 4% increase planned for 
the second year 

b. Student Health Insurance – Effective July 1, 2005, it is the policy of the 
University of Virginia to provide health insurance for graduate research assistants 
as partial compensation for services. Amounts requested are Year 1 - $1,473 (2/3/ of total 
insurance) and Year 2 - $2763 (100% of total insurance with 25% increase). 
 
ADDENDUM: Expenses charged as fringe benefits are $1042 and as indirect costs are 
$44794.  The institution’s fringe benefit rate is 4.2 % on faculty and student wages and 
indirect cost rate is 51.5 %.  
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