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EXECUTIVE SUMMARY
“e- Zapper”

A Portable High-Energy Atmospheric Electron Beam Device to Remotely Deactivate Electronic Ordnance Devices or Terrorist Bombs.
Overview:

The e-Zapper is a portable 20 MeV electron beam gun which produces a pencil beam with a useful range of 270 feet in air. It can be used to deactivate any electronic timing device (as might be associated with a timed bomb). The same device can be used to neutralize bio-weapons such as anthrax powder. The cost of the prototype machine should be quite low: $45k for all the device components, since it is constructed from reconditioned hospital radiation equipment (purchased new: $480k). The time for deactivation of an electronic timer is essentially instantaneous. The length of the beam gun is only 3 feet, weighing about 200 lb, making it easily transportable. The primary limitation of this proposal is possible radiation exposure, which can be overcome by making the unit remotely controlled. 

Background
A method is proposed for a non-invasive method to deactivate the electronics of unknown containers that might be considered a terrorist bomb. Non-invasive techniques would be especially useful to defeat booby-trapped parcels. Previously, the only non-invasive method pursued was a micro-wave gun which met with limited success, in part because it is relatively simple to shield against. We have investigated using other types of particle beams, and have conducted experiments with protons, neutrons, electrons and high energy photons to deactivate a bomb’s control circuits. Neither photons nor neutrons showed significant promise for reasonable exposures. Both protons and electron beams shows instant immobilization of electronics. Proton guns are impractical as a portable device; however a suitable electron gun can be packaged in a light mobile unit. 

[image: image1.png]


We have evaluated the use of e-beams for various electronic timing devices and have found that it is 100% effective. It has no effect on any materials other than electronics, and neutralizes timing electronics within 1 second. The device has not been tested for its effect on live explosives.

Device Construction
The proposed device is a remotely controlled cart, similar to those used by metropolitan police forces, which carries a specialized 20 MeV electron beam generator. The concept is shown in the Figure. The cart is remotely guided to within sight of the suspected box, aligned and then activated. The cart generates an intense high-energy electron beam capable of penetrating more than a foot wood or 1½ inches of solid aluminum. Since the location of a timing device may be unknown, the gun will sweep the parcel with its beam and in a period of a minute or two the device deactivates any electronics. The weight of the cart is about 200 lbs, and associated control and power modules are about the same (see box connected with umbilical).

Experimental Background:

During 2002, tests were made to determine the effect of 3 MeV electrons on the operation of electronic timing circuits and whether there was a threshold of electron dose that would cause the circuits to cease operation. Measurements were made at Radiation Dynamics Inc. (NY), and used three different battery-operated timers. The first test was a failure as the electron radiation destroyed the LED timer screen within the first second. Two electronic clocks with mechanically driven timing displays were then tested, and following a surface exposure of approximately 2 M-Rads at the sample, each timer stopped and could not be restarted. This is the equivalent of less than a 1 second exposure with a 10μA/cm2 electron beam. The proposed e-Zapper device will be able to deliver up to 1000x this current, and will slowly scan over the surface of the package.
Note: Using the nickname “e-Zapper” had been criticized as being flippant. But on the other hand, almost everyone who has heard about this proposal later has instant recognition when they hear the term. So for the present, we have kept the name as a useful memory tickler.
TECHNICAL SECTION

(1) Scientific Technical Merit

· The prototype 20 MeV e-beam machine will be built out of standard commercial components, and its operation should pose few engineering problems. Several hundred similar tools are made every year for other industrial applications, as noted in the Background. Various companies recondition hospital electron beam tools for resale, primarily to overseas customers. Such tools come with complete electronics and typically a 90 day warrantee. We propose to shrink the electronic control sections using standard COTS components. Our team has lengthy experience building accelerators using RF electronics. The USNA has particular expertise in constructing remote control vehicles as more than 30 are made each year in the Systems Engineering Dept. Remote operation of military hardware is a recognized and advanced specialty in military engineering studies.
·  Special attention will be made concerning operator safety from radiation exposure. Thousands of MeV electron accelerators are in operation in factories every day, so this problem should be tractable, especially for operation in a remotely controlled vehicle. Various industries which use tools similar to the e-Zapper are: hospital radiation oncology centers, the sterilization of medical equipment, the sterilization of postal packages against bio-weapons (e.g. Brentwood postal center for Congress), and the sterilization of meat products for extended room-temperature storage.

If the beam can penetrate through to target electronics, we have shown that electronic timers can be destroyed in less than a second with a relatively low beam current, < 100 μA. It is expected that other common military electronic parts will respond similarly, except for CPLD parts, for which we have no data.

(2) Understanding of Navy / EOD Requirements

Proposal is directed at remote and reliable deactivation of ordinance electronics without detonating associated explosives. Demonstrations will use various ESA fuses, improvised RF weapons controllers (cell phones, model airplane controllers, garage door openers, TV remotes, etc.) and various timing devices. The selection of targets to be evaluated will be made with consultation with EOD personnel. The effects of shielding materials surrounding the ordnance will be evaluated.

(3) Potential for Field Transition

Since all components are available in mature technologies, the e-Zapper prototype creation and evaluation are not expected to provide serious engineering problems. Specification and preliminary designs for a lightweight portable device will be a major goal, with operation by two men. Radiation safety for a small unit will be an important consideration, and this will be evaluated. Most of the scientific effort will be directed in finding the correct beam conditions to efficiently deactivate all target electronics while not detonating any associated explosives.
INTRODUCTION
This proposal is for a portable 18-23 MeV electron beam, which can be remotely moved to within 200’ of an explosive weapon and deactivate its electronic detonation device. Past experiments have indicated that the beam will deactivate timing devices at distances exceeding 200’, almost instantaneously.

This kind of beam will also deactivate bio-weapons with solid thicknesses up to 4” (water equivalent), and can be used as a neutron source for the detection of hidden explosives using various nuclear signatures (many of these techniques are outlined in “The Analysis of Explosives”, J. Yinon, Pergamon Press, 1981). These latter applications will not be an explicit part of this proposal. 

Background

High energy electron beams may be constructed from commercial off-the-shelf components. These beams are routinely used in industrial applications that include:

· Radiation oncology, to treat deep tumors.

· Sterilization of medical equipment.

· Sterilization of postal packages (e.g. Brentwood postal center for Congress).

· Sterilization of meat products for extended room-temperature storage.

In all these cases, the electron beam is used to kill micro-organisms with exposures of a few seconds. For the USPO Brentwood center, the beam travels in air and penetrates packages to neutralize bio-weapon materials. This facility achieves this goal without significant radiation exposure to employees. 

This proposal concerns the construction, demonstration and evaluation of a portable e-beam for various military applications using reconditioned hospital equipment which is available from several sources.

We have conducted experiments to demonstrate the ability of an e-beam to disrupt and destroy electronics, especially electronic timers. Using the facilities of Radiation Dynamics Co. (NY) we exposed electronic timers to 3 MeV electron beams with currents of 10 μA. The clock electronics were destroyed within a second (about 3 M-Rad of deposited energy). Since CMOS devices will cease to function with as few as 4 holes injected in their device gate oxides, it is assumed that the e-beam dislodged a few atoms and the electronic coherence of the chips was destroyed. It only takes 25 eV to displace a gate atom, so with a 3 MeV electron beam such displacements would be widespread within the device.

An e-beam of 23 MeV will travel 80 meters through air, 260 feet,. (U. S. Bureau Standards, Rpt. NBSIR 82-2550-a). The beam will travel 76 m (248’) and still have a residual energy of 3 MeV, which is what we have shown is an adequate energy to disable electronics. This final penetration can be extended to the range through other materials, so there will be a residual 3 MeV after penetration of about 30 cm (1’) of wood or 4 cm (1.5”) of aluminum. 
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	Typical electron source, accelerator and focusing elements for 18MeV beam.


The electron accelerator shown in the figure is used in hospitals for radiation therapy. Patients are typically within one meter of this tube and are exposed to less than 100 mRem/hr for treatments of about five minutes. For the proposed deactivation of electronic devices, the beam used will be about 1% of the hospital flux, for less than 5 seconds. This should contain any radiation exposure to typical radiation-worker levels. The e-beam traveling through air will generate some x-rays, primarily from inner shell excitation of Ar atoms. However, the expected remote operation of the e-Zapper should minimize any operator exposure from the air excitation. There is no published data which could be found about the radiation created by ~20 MeV electron beams in air. Therefore the safety aspect of using this machine in air is a major portion of the proposal.
PROJECT TIMELINE
Phase I - Experimental Evaluation and Prototype Development (12 months)
1) Our tests have shown that electronic timing devices are permanently disabled by short bursts (<1s) of MeV e- beams. Further tests will be conducted with a much wider variety of electronic parts to determine the range of effectiveness of the e-Zapper approach.
a) Assemble electronic parts from DoD sources for testing: various ESAF components, electronic timers, etc. In particular, some parts will be supplied by Dr. Thomas F. Swean, ONR, and Scott Steward, Navy EOD, Indian Head, MD. Parts will be returned to originator after completion of tests.  
b) Establish safety protocols for testing parts at commercial e-beam facilities. Review protocol with Safety Office of both USNA and proposed site of experiments to assure safe experiments.
c) Establish testing protocols for experiments concerning the deactivation of various electronic parts. 

d) Determine dose and energy requirements for deactivation for each electronic part. Tests may be conducted at Radiation Dynamics Co. (NY), or at M.I.T. (MA), or elsewhere as convenient.
e) Establish deactivation of various common types of electronics with integrated circuits (CMOS logic, SRAMs, DRAMs and CPLDs, etc.)

2) Evaluate vendors of commercial e-beam accelerators which can be used for an e-Zapper. Determine capabilities, size and power requirements, portability and reliability.  
3) Evaluate suppliers of used e-beam accelerators which can be used for applications in electronic deactivation. Determine capabilities, size and power requirements, portability and reliability. 
4) Evaluate modifications of the accelerator electronics for operation as e-Zapper as described in this proposal. Of special concern is the effective operation of the electron accelerator at greatly reduced currents. Our tests have shown that deactivation will occur at less than 1/100th the typical available electron currents. It may be desirable to operate at these lower currents to minimize the chance of detonating nearby explosives.
5) Evaluate experimental sites for the testing to be done in Phase II. Consult with Safety Officers of all sites selected to outline required precautions which must be met before beginning experiments. These discussions will be codified in Phase II as the required experimental protocols before any experiments are conducted.
6) Deliver a technical report summarizing evaluations and containing technical specifications and cost information for prototype construction
During Phase I, no radiation experiments will be conducted at either USNA or NRL.

Phase II - Prototype Construction and Testing (18 months)
1) Purchase electron accelerator and electronics based on evaluations of Phase I.
2) Purchase suitable portable electric generator to meet requirements of e-Zapper. Depending on the results of Phase I (part 1), this source may be a simple set of batteries (for a single e-Zapper shot) or a more elaborate motor-generator set.

3) Design and build portable shock-resistant platform to mount e-Zapper equipment. An example would be to incorporate all equipment into a small trailer equipped with air-cushioned shock absorbers. This will allow portability between sites for various tests.
4) Integrate accelerator, electronics, power generator and shielding into portable trailer. 

5) Develop radiation shielding of portable trailer to lower radiation leakage to acceptable standards. 
6) Develop experimental testing protocols for the portable e-Zapper operation. All protocols, and the e-Zapper shielding, must be approved by the site Safety Officer at the selected test sites (probably NRL, Indian Head, or USNA) before any of the below tests are performed. Test sites will be selected as part of Phase I objectives.
7) Measure radiation leakage of e-Zapper unit under typical field conditions. Modify shielding as needed to assure safe operation.
8) Measure electron beam spread (lateral straggling) as a function of distance through the air to evaluate the dilution of the central beam intensity.

9) Test deactivation of electronics with prototype e-Zapper system. This step would repeat some of the experiments of Phase I, part 1d (using 3 MeV electron beams) to be sure that portable e-Zapper beam, at ~20 MeV, is equally effective.

10) One major advantage of the e-Zapper is to deactivate electronics without detonating any nearby explosives. Because deactivation of electronics has been shown to require less beam energy than 1 Watt spread over a cm of depth, tests will be designed at the Navy EOD Center, Indian Head, MD, in collaboration with Dr. Philip Miller, Director of Dynamics and Diagnostics. These tests will combine deactivation of electronics, attached to various explosives, to test the localized neutralization of electronics without detonation of explosives. The selection of the types of explosives to be tested will be done in consultation with ONR and the Navy EOD Division.
11) Develop interim technical report summarizing Phase II results
Phase III - Prototype Evaluation and Field Trials (18 months)
1) Evaluate radiation leakage for e-beam unit when in field operation. Correct any radiation leaks to produce a safe instrument.

2) Design magnetic scanning mechanism to sweep the beam and to allow irradiation of large targets (1m x 1m).

3) Conduct tests to evaluate the deactivation of electronics, attached to various explosives, to test the localized neutralization of electronics without detonation of explosives. The selection of the types of explosives to be tested will be done in consultation with ONR and the Navy EOD Division. Testing with live explosives is not included in the proposal budget.

4) Evaluate feasibility of a 2-man portable e-Zapper unit (<200 lb).

5) Evaluate effect of common shielding materials on deactivating electronics. Shielding will absorb the e-beam, and at some point the beam will be totally absorbed and no longer effective. The depth of such critical shielding is expected to range from a foot of wood, to 1.5 inches of aluminum (estimates from ICRU #37, by Berger and Seltzer of NIST, 1984).
6) Perform additional system field evaluation of electronic deactivation on devices supplied by military 

7) Design system for remote control of e-Zapper, both guiding it to a target and operating the e-Zapper controls. The remote controller design will depend upon the results obtained in Phase II, especially the determination of beam current, exposure time, probability of detonating nearby explosives, and exposure of a nearby operator to radiation. 

8) Building a prototype of the remotely controlled e-Zapper will depend on the complexity of the requirements for this unit. This can not be determined until Phase III, part 6, is completed. Further, implementation of an advanced remotely controlled vehicle which includes ability to traverse rough ground or climb stairs may require purchase of a commercial remote-controlled carrier (not included in proposal budget).

9) Develop detailed final technical report on e-Zapper project

MANAGEMENT SECTION

(4) USNA/NRL Capability, Experience, Facilities and Techniques

This proposal is a joint effort between the United States Naval Academy and Naval Reseach Laboratory. Both the USNA and NRL has built and operated beam accelerators for more than fifty years. They are experts in modeling radiation generation and exposure. They have world experts in the interaction of radiation with electronics. Both groups have access to special high-radiation testing areas, which can be used to safely evaluate and test e-Zapper components. Finally, they have extensive expertise in remote robotic operation of vehicles and equipment.

(5) Qualifications of Key Team Personnel

· James Ziegler – Professor of Electrical Engineering, USNA. World expert on effects of radiation on electronics. Also a world expert on interactions of beams with matter, and transport of beams in air. More than 200 publications in this area as well as 21 books.

· Martin Nelson – Professor of Nuclear and Mechanical Engineering, USNA. Expert in radiation safety, nuclear modeling and neutron physics. 

· James D. Zuber – Assistant Professor of Electrical Engineering, USNA. Expert in RF power  circuits similar to those used to drive the e-Zapper. 

· Harold Hughes – Manager of Solid State Devices, Naval Research Laboratories. Forty years of research in effects of radiation on electronic devices and integrated circuits. 
· Kenneth Purser – World expert on construction of beam accelerators. Founder and CEO of General Ionex Co., which sold more than $200M of RF-based accelerators from 1980-2000. Expert in RF electronics as applied to beam acceleration. Currently employed by Southern Cross Co. of Massachusetts.
· Philip Miller, Director of the Division of Dynamics and Diagnostics, Naval Explosive Ordnance Disposal Technology Division, Indian Head, MD.
COST SECTION

(6) Summary of Proposed Costs and Fees

Budget –Phase I  (October 1, 2004 thru September 30, 2005)
	Supplies
	$6,000

	Equipment and Services (Beam Time)
	$12,000

	Travel
	$3,250

	Purchase Services-NRL 

	$10,000

	Purchase Services-Southern Cross Co.

	$40,000

	James Ziegler ($325/day x 150 days) 

	$48,750

	Martin Nelson ($800/day x 25 days) 3
	$20,000

	Total phase I cost         
	$140,000


Budget –Phase II (October 1, 2005 thru March  31, 2007)
	Supplies
	$12,000

	Equipment
	$70,000

	Travel
	$3,500

	Purchase Services-NRL 1
	$35,000    

	Purchase Services-Southern Cross Co.2
	$40,000

	James Ziegler ($350/day x 250 days) 3
	$87,500

	Martin Nelson ($850/day x 20 days) 3
	$17,000

	James D. Zuber ($600/day x 28 ⅓ days) 3
	$17,000

	Technician Support
	$90,000

	Consultation with Navy EOD Unit at Indian Head 
for Phase II, part 10. Does not include direct 

costs of tests with live explosives.
	$15,000

	Total phase II cost          
	$387,000


(Budget –Phase III  (April 1, 2007 thru September 30, 2008)
	Supplies
	$9,500

	Equipment
	$10,000

	Travel
	$3,250

	Purchase Services-NRL 1
	$90,000 

	Purchase Services-Southern Cross Co. 2
	$40,000

	James Ziegler ($375/day x 250 days) 3
	$93,750

	Martin Nelson ($900/day x 15 days) 3
	$13,500

	James D. Zuber ($675/day x 20 days) 3
	$13,500

	Technician Support
	$90,000

	Total Phase III cost
	$363,500


Total project cost Phases I-III   $890,500

Funds transferred to USNA by use of MIPR - Address/phone:

Comptroller’s Office-US Naval Academy, Attn: Ruth Gibbons
181 Wainwright Road

Annapolis, Maryland 21402-5008

410-293-1617

Attachment A – CV of James Ziegler

James F. ZIEGLER

Professional Biography

Education

B.S., M.S., Ph.D.(1967) in Physics from Yale University.

Work Experience

James Ziegler joined IBM-Research in 1967.  His initial work involved ion channeling studies of impurities in crystals, ion implantation to form electronic devices and radiation damage in materials. He was involved in the introduction of integrated circuit (IC) fabrication at IBM, especially the use of ion implantation to make doped semiconductor junctions. This led to work in IC device design and the conversion of discrete component technology to equivalent IC circuit replication. His 1979 paper suggesting that cosmic rays were a substantial contributor to electronic reliability has become the benchmark in the analysis of system reliability of terrestrial electronics. From 1996-2000 he conducted research in new concepts of high-frequency communication technologies including the incorporation of MEMS concepts into integrated circuit RF designs.

He has been elected a Fellow of the International Electrical and Electronic Engineering Society (IEEE) and also a Fellow of the American Physical Society. In 1987 he was awarded the "von-Humboldt Senior Scientist Prize" by the German Government. He is the author or editor of 18 scientific books on the above topics, and holds 16 U. S. Patents, mostly in integrated circuit technology. He is an instructor in various IBM schools, including the IBM Technical Education Institute (engineering lectures on VLSI processing) and the IBM Technical Vitality Educational Institute (public scientific lectures on topics such as "Global Warming" and "Cold Fusion"). He is the Chairman of two international technical schools: The CEI Schools on VLSI Processing (Europe and Singapore), and The International School of Ion Implantation (given next in 2002).

He has been the manager of various IBM groups in the development and analysis of integrated circuit components and material science, and has published papers concerning VLSI design modeling, ion implantation, ion sputtering, ion beam lithography, micro-ion beams, ion accelerator development, the theory of ion penetration of matter; and the effects of radiation on VLSI and computer systems.

In 2000, he left IBM to teach at the United States Naval Academy, Annapolis, MD, where he teaches science to Electrical Engineers.

EXTERNAL  HONORS

SYMBOL 183 \f "Symbol" \s 12 \h
Fellow, The American Physical Society (1980).

SYMBOL 183 \f "Symbol" \s 12 \h
Fellow, The IEEE Society (1996).

SYMBOL 183 \f "Symbol" \s 12 \h
Member: The Health Physics Society, The Institute of Physics

SYMBOL 183 \f "Symbol" \s 12 \h
Awarded the "von-Humboldt Senior Scientist Prize" by the German Government (1987, $50k) for research in “The Theory of Ion Implantation”.

SYMBOL 183 \f "Symbol" \s 12 \h
Awarded the "Ion Implantation Scientific Achievement Prize" by the International Conference on Ion Implantation (1990).

SYMBOL 183 \f "Symbol" \s 12 \h
Awarded the "Ion Implantation Distringuished Service Award" by the International Conference on Ion Implantation Technology (2000).

SYMBOL 183 \f "Symbol" \s 12 \h
Winner of I.R.-100 International Award for Industrial Research for "Dendritic Solar-Energy Conversion Surface" (1975).

SYMBOL 183 \f "Symbol" \s 12 \h
Chairman, NSF Physics Panel on Small Business Innovative Research (1987-1994).

SYMBOL 183 \f "Symbol" \s 12 \h
Board of Editors - Applied Physics Letters  (1977-1981).

SYMBOL 183 \f "Symbol" \s 12 \h
Board of Editors - Journal of Applied Physics (1977-1981).

SYMBOL 183 \f "Symbol" \s 12 \h
Board of Editors - Nuclear Instruments and Methods in Research in Physics (1981-   ).

SYMBOL 183 \f "Symbol" \s 12 \h
Moshinski Professor of Physics, National University of Mexico (1975, 1978, 1980, 1982).

Author / Editor of 19 Scientific Books :

SYMBOL 183 \f "Symbol" \s 12 \h
"Inelastic Electron Scattering by Nuclei"





288 pages,
U.S. Atomic Energy Commission (1967)

SYMBOL 183 \f "Symbol" \s 12 \h
"Ion Beam Surface Layer Analysis"





422 pages,
Elsevier Press of North Holland (1973)

SYMBOL 183 \f "Symbol" \s 12 \h
"New Uses of Ion Accelerators"





482 pages,
Plenum Press (1975) 

SYMBOL 183 \f "Symbol" \s 12 \h
"Hydrogen Stopping Powers and Ranges in all Elements"





317 pages, 
Pergamon Press (1977)

SYMBOL 183 \f "Symbol" \s 12 \h
"Helium Stopping and Ranges in all Elements"





367 pages, 
Pergamon Press (1978)

SYMBOL 183 \f "Symbol" \s 12 \h
"Bibliography of Experimental Range and Stopping Power Data"





207 pages,
Pergamon Press (1977)

SYMBOL 183 \f "Symbol" \s 12 \h
"Handbook of Heavy Ion Stopping Cross-Sections in all Elements"





489 pages,
Pergamon Press (1980)

SYMBOL 183 \f "Symbol" \s 12 \h
"Handbook of the Range Distributions of Energetic Ions in All Elements"





512 pages,
Pergamon Press (1980)

SYMBOL 183 \f "Symbol" \s 12 \h
"Ion Implantation - Science and Technology"





620 pages,
Academic Press (1984)

SYMBOL 183 \f "Symbol" \s 12 \h
"Ion Implantation Equipment and Techniques"





457 pages,
North Holland (1985)

SYMBOL 183 \f "Symbol" \s 12 \h
"The Stopping and Range of Ions in Solids"





321 pages,
Pergamon Press (1985)

SYMBOL 183 \f "Symbol" \s 12 \h
"Ion Implantation - Science and Technology, 2nd Edition"





501 pages,
Academic Press (1988)

SYMBOL 183 \f "Symbol" \s 12 \h
"Ion Beam Analysis" 





743 pages,
North Holland (1990).

SYMBOL 183 \f "Symbol" \s 12 \h
"Handbook of Ion Implantation Technology"





700 pages,
IIT Press (1994).

SYMBOL 183 \f "Symbol" \s 12 \h
"Ion Implantation - Science and Technology, 6th Edition"





727 pages,
Ion Implant Press (1998)

SYMBOL 183 \f "Symbol" \s 12 \h
"Ion Implantation - Science and Technology, 2000 Edition"





776 pages,
IIT Press (2000)

SYMBOL 183 \f "Symbol" \s 12 \h
"Ion Implantation - Science and Technology, 2002 Edition"





776 pages,
IIT Press (2000)

SYMBOL 183 \f "Symbol" \s 12 \h
"The Stopping and Range of Ions in Solids"





588 pages,
IIT Press (2002)

SYMBOL 183 \f "Symbol" \s 12 \h
"Soft Fails – History,Trends and Challenges"





422 pages,
Cypress Semiconductor Press (2004)

United States Patents :

· 3,470,305 – “Internote Coupling Means for an Electropiano”

· 3,963,172 - "Contact Metallization for Semiconductor Devices" 

· 4,005,698 - "Photon Energy Converter"

· 4,053,925 - "A Method and Structure for Controlling  Carrier Lifetime in Semi-Conductor Devices"

· 4,111,720 - "A Method for Forming a Non-Epitaxial Bipolar Integrated Circuit"

· 4,110,625 - "A Method and Apparatus for Monitoring the Dose of Ions Implanted  into a Target by Counting Emitted X-rays"

· 4,528,212 - "Coated Ceramic Substrates for Mounting Integrated Circuits"

· 5,912,210 - “Enhancement of Persistent Currents in High TC Superconductors”

· 6,179,767 - “Focussing of Therapeutic Radiation on Internal Structures of Living Bodies”

· 6,230,038 - “Imaging of Internal Structures of Living Bodies by Sensing Implanted Magnetic Devices”

· 6,238,946 - Process for Fabricating Single Crystal Resonant Devices that are Compatible with Integrated Circuit Processing”

· 6,245,005 - “Method and Apparatus for Facilitating Radiation Treatment of Deep Tumors”

· 6,262,464 - “Encapsulated MEMS Band-Pass Filter for Integrated Circuits”

· 6,275,122 - “Encapsulated MEMS Band-Pass Filter for Integrated Circuits”

· 6,337,627 - “System of Providing Medical Treatment”

· 6,348,846 – “Filter circuit including system for tuning resonant structures to change resonant frequencies thereof”
 (5 more patents filed and pending)

IBM - Patent Awards :

SYMBOL 183 \f "Symbol" \s 12 \h
IBM - Invention Achievement Awards : Plateaus 1, 2, 3, 4, 5 and 6.

IBM - HONORS

IBM  - Outstanding Achievement Awards :

SYMBOL 183 \f "Symbol" \s 12 \h
"A New Method to Profile Boron in Silicon" (1972).

SYMBOL 183 \f "Symbol" \s 12 \h
"Investigation of Cosmic Ray Effects on Computer Memories" (1980).

SYMBOL 183 \f "Symbol" \s 12 \h
"Development of a Krypton Screening Tool" by IBM-GTD Division (1982).

SYMBOL 183 \f "Symbol" \s 12 \h
"Hera Project", by IBM-GTD Division (1988).

SYMBOL 183 \f "Symbol" \s 12 \h
"Hera Project", by IBM-Research Division (1988).

IBM - Corporate Prize Awards :

SYMBOL 183 \f "Symbol" \s 12 \h
IBM Corporate Recognition Event of 1981.

SYMBOL 183 \f "Symbol" \s 12 \h
IBM Corporate Recognition Event of 1990.

International Conference Organizing Committees :

SYMBOL 183 \f "Symbol" \s 12 \h
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