AFRL-OSR-VA-TR-2014-0165

(YIP 11) Nanoscale probe of magnetism based on artificial atoms in diamond

Ania Bleszynski Jayich

UNIVERSITY OF CALIFORNIA SANTA BARBARA

07/18/2014
Final Report

DISTRIBUTION A: Distribution approved for public release.

Air Force Research Laboratory
AF Office Of Scientific Research (AFOSR)/ RTD
Arlington, Virginia 22203
Air Force Materiel Command



Form Approved
REPORT DOCUMENTATION PAGE oM N e 68

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including
suggestions for reducing the burden, to the Department of Defense, Executive Service Directorate (0704-0188). Respondents should be aware that notwithstanding any other provision of law, no
person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
06-30-2014 Final Report 04-01-2011 To 03-31-2014
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Nanoscale probe of magnetism based on artificial atoms in diamond

FA9550-11-1-0013

5b. GRANT NUMBER
AFOSR-BAA-2010-3

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Bleszynski Jayich, Ania C.

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
The Regents of the University of California REPORT NUMBER

Univ of California Santa Barbara
Santa Barbara, CA 93106

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
Air Force Office of Scientific Research
AFOSR
11. SPONSOR/MONITOR'S REPORT

NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Distribution A - available for public release

13. SUPPLEMENTARY NOTES

14. ABSTRACT
This final report details our lab's accomplishments on nanoscale magnetic sensing using a nitrogen-vacancy (NV) center in diamond. Significant

accomplishments funded by this award include 1) characterization of the surface induced decoherence with shallow, depth calibrated NV spins
exhibiting long coherence times (accepted to PRL). 2) Construction of a combined atomic force microscope (AFM) and confocal microscope with

1 nm position stability. 3) The formation of high-quality factor single-crystal diamond mechanical resonators with integrated nanowire tips. 4) The
formation of high-quality NV centers via chemical vapor deposition diamond growth with nitrogen delta-doping and the development of techniques
such as patterned transmission electron microscope irradiation and patterned 12C implantation to form localized NV centers with long coherence
times. 5)Scanned probe detection of a nanoscale volume of Gd3+ ions attached to a scanning tip using relaxation imaging. 6) Detection of a
nanoscale volume of nuclear spins using a single spin in bulk diamond.

15. SUBJECT TERMS
magnetometry, quantum sensing, nitrogen-vacancy center

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER |19a. NAME OF RESPONSIBLE PERSON
a. REPORT | b. ABSTRACT |c. THIS PAGE | ABSTRACT g; ces | Ania Bleszynski Jayihe

19b. TELEPHONE NUMBER (Include area code)
(805) 893 8089

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39.18
Adobe Professional 7.0



AFOSR YIP Report Ania Bleszynski Jayich

Nanoscale probe of magnetism based on artificial atoms in diamond
Award #FA9550-11-1-0013
Program manager: Harold Weinstock

This final report details our lab’s accomplishments on nanoscale magnetic sensing using
a nitrogen-vacancy (NV) center in diamond, an atomic-scale, optically addressable
magnetometer. Significant accomplishments funded by this award include: 1) Characterization of
the surface induced decoherence with shallow, depth calibrated NV spins exhibiting long
coherence times. This result has been accepted to Physical Review Letters' and will be appear in
the next week. 2) Construction of a combined atomic force microscope (AFM) /confocal
microscope with 1 nm position stability, 1.49 numerical aperture optical access, and high power
RF electronics. This system was used in reference 1 and for the unpublished results in Fig 1. 3)
The formation of high-quality factor single crystal diamond cantilevers® with integrated nanowire
tips. The nanowire tips are 200 nm in diameter and act as waveguides for the NV fluorescence.
Continuing efforts in the lab are focused on performing magnetometry with these probes at low
temperatures. We are currently building a low temperature AFM with sub-nm position stability
in a closed cycle cryostat that should be completed Sep. 1. 4) The formation of high quality NV
centers via chemical vapor deposition diamond growth with nitrogen delta-doping® and the
development of techniques, such as patterned transmission electron microscopy irradiation* and
patterned ">C implantation to form localized NV centers with long coherence times. 5) Scanned
probe magnetic detection of a nanoscale volume of Gd** ions attached to a scanning tip using
relaxation imaging’ (Fig 1), and 6) Detection of a nanoscale volume of nuclear spins using a
single spin in bulk diamond' (Fig 2).
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Figure 1: NV-based scanning magnetometry a) AFM tip

functionalized with Gd*" spins is scanned over NV sensor

b) Image shows NV relaxation time (T)) as a function of

tip position. T, is dramatically affected by proximal Gd

ions. Gd ions are commonly used spin labels for

biological imaging.
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