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Defense Intelligence Agency 

Defense Analysis Report 

29 June 2009 

(U) Technology Forecast: Nonconventional Energy Sources for the Future Soldier 

tefAb)(3):1 0 usc 424 I Compact, efficient, lightweight, and long-lasting energy 
technologies are emerging as a force IHultiplier in Inilitary affairs. Innovative pOlver 
sources that can outperform the energy density of current batteries and fuel cells 
promise major weight and volunle reductions. Advances in nanotechnologies are 
playing a crucial role ill the development of new energy sources, generators, and 
harvesters. Many countries, illcluding China, Iran, Japan, Russia, South Korea, and 
Taiwan, are researching these techllologies. DIA judges with moderate confidence 
that while the United States can maintain its technological superiority in 
nonconventional energy sources for the 'text 5 to 10 years, technologies with strong 
commercial and hUlnanitarian applications could be assimilated by foreign countries 
with relative ease. These dual-use technologies could then be adapted and 
implemented into Inilitary systelns in support of future soldier programs. 

(U) This Defense Analysis Report summarizes the more technically detailed Defense Intelligence 
Assessment DI-1850-07-09, (U) Technology Review: Nonconventional Energy Sources for the Future 
Soldier, dated June 2009. This document is available on JWICS via byperlink 
at: http://www.dia.ic.gov/intel/worldwide/diaIDI-1850-07-09/DI-1850-07-09.htm 

(U) Source Summary Statement 

f&l4<b)(3):10 usc 424 lThis analysis relies almost exclusively on open-source intelligence 
reporting. DIA has moderate confidence in this assessment. 

(U) Energy Requirements for the Future Soldier 

(U) Many countries around the world have launched initiatives to develop fully integrated 
infantry soldiers who promise overwhelming battlefield superiority through superior 
lethality, maneuverability, survivability, endurance, and real-time situational awareness. 1 

In order to accomplish this, soldiers must carry an increasing number of power
consuming devices, such as ruggedized computers and communications, global 
positioning system, remote sensing, and video devices. Currently, a typical 72-hour 
mission requires each soldier to carry up to 30 pounds of rechargeable batteries (or 20 
pounds of nonrechargeable batteries) to supply them with 20 watts of average power for 
their electronic equipment (based on U.S. equipment). The mission is effectively limited 
by the weight and charge lifetime of the batteries soldiers carry. 
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(U) Electrochemical batteries have a primary drawback: an electronic or electrical 
device's operating time is limited by the size and weight of its battery and any spares 
carried with it. Although current developments in novel battery and fuel cell power 
sources have improved their perfonnance considerably, new energy source technologies 
are needed to mitigate the material limitations of current technologies. 

(U) A Plausible Regional Conflict in 2030 

CU) Soldiers' special missions currently are limited by their physical endurance and food and water 
supplies. Their ele~tronic equipment takes advantage of very-Iarge-scale integration techniques and uses 
isotopic batteries and various energy-harvesting technologies that complement soldiers' battery packs. 
Small, nonthelmal nuclear batteries continuously recharge their conventional batteries while performing 
their missions. Soldiers' uniforms are embedded with piezoelectric fibers and nanoantennas that convert 
motion and body heat into electrical power. While resting, soldiers deploy a short, narrow device that 
captures wind and converts it into electricity to recharge their few batteries. For short-duration missions, 
soldiers carry only small microturbine-based power generators that are fed by cartridges of hydrogen gas. 
Their battery packs weigh only one-third as much as, and are twice as small as, battery packs used at the 
beginning of the 21st century. 

(U) Transport vehicles are equipped with wireless power transmitters that charge the soldiers' electronic 
equipment's batteries while they are being transported to and from the field. Some of the available power· 
in the transport vehicle comes from thermoelectric generators that convert the waste heat from the 
vehicle's engine into electricity. Soldiers returning from patrol charge their batteries by just leaving their 
backpacks in a large tent that houses wireless power transmitters. 

(U) Some parts of the tents' fabric contain nanoantennas that collect solar radiation (exterior) and heat 
(interior) and convert them into electricity. Tall, thin masts positioned at various locations throughout the 
base are actually wind power harvesters that supply the base with extra electrical power. 

CD) Motion and chemical sensors powered by small fuel cells containing bacteria are placed on the 
ground around the base camp to provide early warning against attacks. These sensors require minimal-to
no servicing for years. 

(U) Batteries, Fuel Cells, Generators, and Energy Harvesters 

(U) Advances in nanotechnologies are playing a crucial role in the development of 
compact and efficient energy sources, generators, and harvesters. 

• CU) Researchers in a number of countries investigated some promising energy 
technologies in the 1990s, including isotopic batteries and piezoelectric and 
themloelectric generators, but later abandoned this research after failing to achieve 
progress. However, recent developlnents in nanotechnology have sparked new 
interest in these technologies and may make them more feasible. 

2 
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(€ffb)(3):10 USC 424 !Although betavoltaic batteries have the highest energy 
density (131,400 watts-hour/kilogram) among power sources, the Inost promising and 
practical energy source appears to be lnicroturbine generators (up to 1,500 Wah/kg). 
Microturbine generators have the potential to produce 10 times nl0re power than today's 
best lithium-ion batteries of the same weight (see Table]). 

he fll0st promising energy harvesters are those fllade up of 
piezoe ectnc generators. ese generators do not depend on external sources (the sun or 
wind, for exmnple) and can ahnost continuously supply power to electronic devices or 
rechargeable batteries. 

UNCLASSIFIED 

WhJ' invesfi2ate 
nonconvelltionalenergy 
sourtes'! 

To mitigate material limitations of current energy sources. new technologies are 
needed to prOl'ide future soldiers with unprecedented amounts of energy, while 
removing the drawback of heavy. bulky, rechargeable sources. 

Isotopic Batteries 
• Energy density 850 time!; greater 
than Li ion batteries 

........ -... ... _ .. 
... 

Mitrnturbines 
.. L'ses hydrogen gas t.o rotate turbine 
• J 0 times energy density of Li ion batteries 

Solar Po,,"'er 
• Micrometer antennas 
collect IR mdiation 
• Flexihle shed could cost 
cents a yard 

Piezoe1ectrics 
.. Converts vibrations into 
electricity 
.. Small footprint 
• Independent of weather 

Micrnhial Fuel Cells 

• Convert!; waste into electricify 
.. Powers remote sensors 

Antimatter 
• Enormous amounts of energy 
• Not practical in the next 25+ years 

'il 
l\'licro Win d Power 

.. Small f()otprint 
• ]nvestigated heavHy 
worldwide 

.. ~~:., 
~~~~a., 

Thermoelectrics 
• Omvt!rts hi;!ut inH) 

electricity 
.. l:st!u to remOVi;! heat 

(U) Figure 1. Review of~onconventional Energy Sources for the Future Soldier2,3.4. S,6. 7 
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(U) Table 1. Summary of Batteries, Fuel Cells, Generators, and Energy Harvesters 

Batteries 

Fuel Cells 

Generatorsl~~~~~ ____________ -4 __ ~~~~~~~L-_ 

Micro Wind Power 8 
N anoantenna Solar Cells Not A vai lable 3 

Harvesters N anowire Piezoelectrics O.(X)0008 Medium 3 
'"'''I''l''I~'t ....... Dot Solar Cells Not Available Medium 3 

0.00034 Medium 4 
Medium 3 

2.5xlO 
-1----- ---y--- --------.1 
I i J ___ li 

(U) Various technologies can be coo1bined to provide a truly continuous flow of power to 
electronic devices. For exao1ple, betavoltaic batteries and isotopic cantilevers can share 
the same radioactive eleo1ent, or a quantum dot solar panel could incorporate 
thermoelectric generators that can use the heat reflected by the solar cell. 

(U) Foreign Research 

(U) Microturbilles 

(CNREUDO) Countries with well-established o1icrochip-fabrication industries, such as 
China, Japan, Singapore, and South Korea, are conducting concept feasibility, basic 
research, and structural studies on the developo1ent of microengines. ]9.20.21. 22. 23.24.25.26. 

27 '8 '9 B f h . .. . h h . d . d h . . ~ . ~ ecause 0 t elr assoclatlons Wlt t e semlcon uctor In ustry, t ese countnes 
could have the potential to bccolne world leaders in lnicroenginc dcvcloplnent. 

.. (U) The impact level column refers to the likelihood that a technology wilJ be applied to a fulure operational 
environment within a noted time: Low = unlikely within 25 year!o;; ::Medium = likely within 15 to 25 yenrs; High = 

likely within 10 to 15 years. 
t (U) Techno]ogy readine~~ level, a measure of the maturity or evolving technologies. 

4 
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(U) Nuclear Batteries 

(U) Only a few countries arc investigating using nuclear (including isotopic and 
betavoltaic) batteries for various long-duration missions, such as powering pacenlakers or 
sensors. Austria, Canada, China, Egypt, Malaysia, Russia, and the United States are 
anlong the countries with active research efforts in this field. 30

• 31. 32 

· r)(l): Sec. 1.4(c) 

• E€f~(b){3):1 0 USC 424 I A comparison of Chinese and U.S. scientific papers on 
betavoltaic batteries based on porous silicon shows that China's research appears to 
follow U.S. initiatives in the field. 35 

• (U) Egypt and Malaysia are collaborating on developing cantilever isotopic 
b 

. 3~ attencs: 

• (U) Canada and the United States are jointly pursuing porous silicon-based 
beta voltaic batteries.37 

(U) Piezoelectric Generators 

t€fA(b)(3):10 usc 424 IPiezoelectric generators use pressure applied to crystals to 
generate electricity. Research in Asia appears concentrated in China, where scientists are 
developing piezoelectric cantilever bealll generators for powering sensors and wireless 
network nodes.).~· 39, 40.41,42 

te1-South Korean scientists investigated optimizing the circuits of a vibration-based 
piezoelectric energy generator to efficiently su lower to wireless sensors and 
electronics for ubiquitous sensor networks, (b)(1); Sec. 1.4(c) 

~----~~--------~----~~~------------~--------~ In addition, South Korean and U.S. researc ers co a orate on eve opIng a cantt ever-
based piezoelectric power generator.44 

(U) Other countries interested in piezoelectric generators are Belgimll (investigated the 
power-processing circuits of vibration-based piezoelectrics), France, Taiwan, and the 
United Kingdom (researched piezoelectric cantilever beaIll generators).45. 46.47, 4!S 

re/~(b){3):10 usc 424 ~he Georgia Institute of Technology, the world's leading 
organization investigating nanowire piezoelectric generators, is actively working with 
several Chinese and Taiwan universities and institutes on the technology.49. so. 51. 52 OlA 
is uncertain of the inlpact of this collaboration on the Chinese, Taiwan, or U.S. progranls. 
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• (U) Georgia Tech's work is partly funded by the u.s. Department ofEnergy~ National 
Science Foundation, Defense Advanced Research Projects Agency, Director Defense 
Research & Engineering, and National Air and Space Adlninistration. 

(U) Solar Power 

(C,LfRBLIDO) The currently available solar cells use semiconductor nlaterials to convert 
solar energy into electrical energy. A new generation of solar cells is being proposed that 
could use quantUIn dots (specially engineered nanoscale crystals of semiconductor 
cOlnpounds) to convert energy more efficiently. DIA expects that countries conducting 
research on cOlnlnercial applications of quantuln dots~ such as sensors, lasers, light
en1itting diodes, and other optoelectronic devices, will acquire most of the necessary 
know-how to develop quantum dot solar cells. Japan and the United States are the 
leaders in solar energy research and have demonstrated forefront research programs in 
quantum dot solar cells. The European Union identified solar cells as having market 
potential and is likely to increase funding for quantum dot solar cell research in the near 
tenn.-'B 

• (U) Japan's University of Tsukuba is currently researching quantum dot soLar cells 
and predicts practical applications with 40 percent conversion efficiency 
(unconcentrated) by 2020, according to open-source technical reports.54

. 55 

(C,llRBLIDO) Interlocking arrays of nanometer-sized antennas are another pron1ising 
technology for collecting solar radiation, especially the infrared part of the spectrun1. 
Several countries are developing and applying these nanoantennas to a wide range of 
applications, including Inultispectral sensors, advanced optical telecommunications 
systems, high-resolution Inieroscopes, secure computer networks, Inore efficient optical 
data-storage devices, extremely sensitive pathogens and biowarfare detectors, and 
brighter and more efficient light-en1itting diodes,56 Countries developing nanoantennas 
include China, Hungary, Singapore, Switzerland, Taiwan, and the United Kingdon1.57

•
58

, 

59.60. (i1. 62 In addition, Gern1any and Switzerland; Denmark, France, and the United 
States; the Netherlands and Spain; Iran and Switzerland; Gern1any and Russia; and 
Gennany and Spain have collaborated on nanoantenna research. 63, M. 65, 66. 67,68 DIA 
expects these countries to develop the know-how to also apply nanoantcnnas to solar 
cells. 

(U) Thermoelectric Generators 

(U) Thermoelectric generators directly convert heat into electricity. Countries 
researching various aspects of nano-scale thermoele-etric generators include Australia, 
Chjna~ Gern1any, Japan~ Switzerland~ and Taiwan. 

6 
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• (U) Swiss researchers reported the highest energy density (O'{X)034 watt'i/cm2
) for an 

experimental flexible thennoelectric power generator that could be used as a wearable 
power source.69 

• (U) Australia, China, and Taiwan recently published scientific papers that 
characterized and evaluated therOl0electric nano- and micro-sized materials ,70. 71. 72. 73 

GerOlany, oleanwhile, showed interest in developing micro-sized thernl0electric 
generators for use in stand-alone sensor systeols for wireless data transolission.74 

(U) Forecast 

(U) Advances in nanotechnologies are playing a crucial role in the developlnent of 
compact and efficient energy sources, generators, and harvesters. 

• (U) Advances in signal processing and very-large-scale integration techniques are 
likely to reduce the power requirenlent of portable electronic devices, enhancing the 
feasibility of nonconventional energy sources. Developnlent of innovative electronic 
circuits for collecting, managing, and distributing the power produced by these 
sources will also help their adaptation. 

tEf~b)(3):1 0 usc 424 PIA judges with high contidence that the United States 
olaintains technological superiority in the technologies reviewed and should continue to 
donlinate for the next 5 to 10 years. 

tef)(3):10 usc 424 I D IA also assesses with high confidence that energy source 
technologies with strong commercial and humanitarian applications, such as quantmn dot 
solar cells, fuel cells, wind power, and microbial fuel cells for the treatment of sewage 
and potential purification of water, will probably be developed and incorporated into 
military systems lnore quickly and at less cost than will technologies lacking such 
applications. 

(U) Prepared by:' 

Dcrivcd from: (b)(3):1 0 USC 424 
Declassif)' on 

(b)(3):10 usc 424; (b)(6) 
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(U) Appendix 

(U) Associated Technologies 

(U) Wireless Power Transmissioll 

(U) Wireless power transolission devices are capable of transmitting electric power 
nearly omnidirectionally and with high eftlciency.75. 76 The power transmission is 
independent of the geoIlletry of the surrounding space and is not affected when objects 
obstruct the line of sight between the sending and receiving devices. Such a wireless 
power transmission system could be used on the battlefield to charge a soldier's 
electronic equipillent if the soldier is near a wireless power transmitter. It can also be 
incorporated in military transport vehicles to enable soldiers to charge their electronics 
while they are transported to or from the field. 

(U) The Casimir Effect 

(U) The CasiIllir etlcct plays a major role in Illodern microelectromechanical systellls 
(MEMS) and nanoelectromechanical (NEMS) systeIlls, such as sensors, actuators, and 
generators, because of its relatively short range. MEMS' and NEMS~ small size 
(typically far less than 1 micrometer) nlakes them vulnerable to an attractive nl0Ie.cular 
force (the van der Waals force) that causes friction, limiting the systems' reliability and 
efficiency. Research teanlS fronl China, Mexico, the Netherlands, Norway, and Russia 
are investigating the means to predict, detect, and dynamically control the Casimir effect 
in order to counteract the attractive molecular force and froduce Inore efficient and 
reliable energy-generating MEMS and NEMS.77• 7R. 79, RO. I. R2 

1 (U) JDA~ Scp 2008~ "'(U) Worldwide Future Soldier Modernization Programs~'~ Ovcrall document 
das~ification is U. 
2 (U) Website~ USSOCOM Dai(vlntel Home PClge~ "(U) Betavoltaic Battery Teases Us with 30 Year Life Span"; 
<http://www.soc()m.us .q luU osec/Hr/07/071 0/07 1012/0710 12pwO I.hlm>; OveralJ document c lassi fication is U. 
J (U) Websitc~ "(U) Engine on a Chip"; <hHp:l/lhcfulureoCthings.com/articJcs.php'?itemID=49/58/>~ Last nccessed 
I Dec 2008: Overall document classification is U. 
4 (U) Website; "(U) Harvesting the Sun's Energy with Antennas"~ 
<http://inlportal.inJ.gov/portal!server.pt'!open=SI4&objID= 1269&mode=2&featurestory=DA_1 0 1 047>; Last 
accessed 1 Dec 2008; Overall document classification is U. 
5 (U) Journal; Y.B. Jean. R. Sood,l.H. Jeong. S.O. Kim~ Jul 2005, Sensors ([nd AUualors A: Physical; "(U) l\-lE~tS 
Power Generator with Transverse Mode Thin Film PZT": Vol. 122. Issue 1, pp. 16-22; Overal1 document 
c1asl)ification is U. 
{) (U) Website; ~~(l}) Humdinger \\lind Energy"; <http://www.humdingerwind.com>: Last accessed 16 Oct 2008; 
Overal1 document c1al)sitication is U. 
-; (U) Journal; Cronin B. Vining; Oct 2001; Nature; '~(U) Semiconductors Are Cool"; Vol. 4] 3, pp. 577-78: Overal1 
document classification is U. 
8 (U) Briefing; M.V.S. Chandrm;hckhar, C.1. Thomas. Hui Li, M.G. Spencer, Amit Lal; Oct 2005; Cornel] 
Multidi~eiplinary .sensor Network Workshop; "(U) Design and F~lbrication Of.1 4" SiC 8etavoltaic CeU"; 
Overall document classification is U. 
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') (U) Journul~ A. Lal, R. Duggirala. H. Li~ Jan-Mar 2005; IEEE Journal (~f Per1'llJive C(}mpufillg~ "(U) Pervasive 
Powel': A Radioisotope-Powered Piezoelech'ic Generator"; Vol. 4. Issuc 1. pp. 53-61; Overall document 
classification is U. 
Hl (U) Websitc; '~(U) Micro Fuel Cells Get Closer to Replacing Batteries", 
<http://www.physorg.com/newsl46139643.html>; Last accessed 7 Apr 2009~ Overall document classification is U. 
II (U) Website~ Aug 2007~ '·(U) Breakthrouglt in Microbial Fuel Cell Design Boost Electricity Production"~ 
<http://www.engr.oregonstut.e.edu!news!storyI2185>; Last accessed 31 Oct 2008: Overall document classification is 
U. 
11 (U) Website~ "(U) Engine on a Chip"; <http://thefutureofthings.com/articles.php,?it.emID=49l58/>~ L,lst accessed 
1 Dec 2008: Overal1 document classification is U. 
13 (U) Journak William Rohhins, Ian Marusic; Pch 2006; Proceedingsfrom Re.f(nmil1!( the Electric Energy Systems 
Curriculum Workshop; ~~(U) Wind-Generated Electricity Using Flexible Pieznelectrics"; Overall document 
dus!o:ification is U. 
14 (U) Website: '~(U) Micro \Vind Turbines: Small Size, Big Impact4,: 
<http://www-inhabita1.com/2007 103/21/micnJ-wind,.turbines-small-size-big-impact>; Last accessed 17 Dec 2008~ 
Overall document classification is U. 
15 (U) Websitc~ "(U) Remarkable New Clothing )rlay Someday Power Your iPod~'~ 
<h1tp:/lwww.nsf.gov/news/news_summ.jsp?cnln_id=111038>~ Lasl accessed 5 Dec 2008; Overall documcIll 
classification is U. 
J(, (U) Journal~ E. Schwyrer. W. Glatz, L. DUl1'er, C. Hierold; May 2008; arXiv.org; "(U) flexible Micro 
Tltermoelectric Generator based on Electrop)ated BI2+~Te3'1"; 
<http://arxiv.org/ftp/arxiv/papers/0805!0805 .0937 .pdt'>: Overall document classification is U. 
17 (U) Journal~ ~.E. Dutoit, B.L. Wardle; Nov 2006; Integrated Ferroelectric.'); "(U) Performance of 
Microfabricated Piezoelectric Vibration Energy Harvesters"; Vol. 83, Issue 1, pp. 13-32; Overall document 
chw;ification if:' U. 
J~ (U) Book; Charles W. Misner, Kip S. Thorne, John A. Wheeler: 1973; (U) Gravitatioll; Overa)) document. 
das!o:ification is U. 
19 (U) J()urnal~ P .. lin, Y.L. Gao. N. Liu. J .B. Tan, K. Jiang: Oct 2006; International Symposium (}Ii Instrumentatiol1 
Science and Techllology; '~(LT) Design and fubrication nf Alumina :\1icro Reciprocating Engine"; avera)) 
document classification i!o: LT. 
20 (U) Journal; W.M. Yang, S.K. Chou. H. Xue, Z.W. Li, D.T. Li. J.F. Pan; Sep 2003; Ellerg}' Conversion alld 
lJ![c/Illlgement; '~(U) )rlicroscaJe Combustion Research For Application To Micro ThermophotoYoltaic 
Systems"; VoJ. 44, Issue 16. pp. 2625-34; Overall document classificalion if.) U. 
21 (U) Journal~ M. Ishiham, Y. Sakai, K. Matsuzuki, T. HikollC; ~ov 2003; International Gas Turbine Congress; 
'·(U) Structural Analysis Ot' Rotational Pars Of An Ultra-:\ticro Gas Turbine"~ Overall document classitication 
is U. 
~2 (U) Journal; X.c. Shan, Q.C. Zhang. Y.F. Sun, Maeda: R.; Apr 2006; j\mposiuln Oil D('sigl7, T('si. Imegrmiol1 lind 
Packaging (~j'MElII!S ami MOEMS~ "(Ll) A .\-1iero Turbine Device \\lith Enhanced Micro Air Bearings": Overall 
document classification is U. 
~.~ (U) Journal~ K. Hashimoto. J. Ogaw". T. Toriy"ma, S. Sl1giyamu~ Oct 2003; Proceedings/hlll1 
Micromechatronics (.md Human Science: ~~(U) Design And Fabrication of a Resonant ~licro Reciprocating 
Engine For Power Gencration"~ Overall document c1assification is U; pp. 293-97, 
14 (U) Journal: T. Nagazaki, R. Tokuc. S. Kashima, Y. Ito; Nov 200J: l11ternational Gas Turbine Congress; ~~(U) 
Conceptual Design of Recuperaltor for Ultralmicro Gns Turbine4~~ Overall document classitication is U. 
2~ (U) J()urnal~ X.c. Shan, Q.c. Zhang. Y.P. Sun, Maeda. R.~ Apr 2006; Symposium on Design, Test. Integration and 
Plickagin~ {~f MEMS and MOEMS; ~'(LT) A \1icro Turbine Device \Vith Enhanced Micro Air 8earings4

'; Overall 
document classification is U. 
26 (U) Joumal~ M. Wu, 1.S. Hun. K. Kumar; OCl2005~ Micromechllnics and Microellgineerillg~ "(U) An Improved 
Micro-Combustor Design For A Micro Gas Turbine And Numerical Analysis"; Vol. 15, No. 10, pp. 1817-23; 
Overal1 document classification is U. 
27 (U) Journal; W.M. Yang. S.K. Chou. H. Xue, Z.W. Li. D.T. Li, J.F. Pan: Sep 2003~ Enerxy Conversioll and 
i'vlallllg£'n7l'lll; "(U) :\ticroscale Combustion Research For Application To Micro TltermophotoYoltaic 
Systems"; Vol. 44. Issue l6, pp. 262S-34~ Overall document classitication is U. 
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211 (U) Journal; X.c. Shan. Q.C. Zhang. Y.F. Sun. Maeda. R.; Apr 2006; S.V11lposium 011 Desixn, Test. Intexrat;on and 
Packaging of MEtiS and MOEMS~ "(U) A )iicro Turbine Device \Vith Enhanced Micro Air Bearings"; Overall 
document classification is U. 
2'} (U) Journal; 1.S. Kim. H.C. Choi, K.H. Kim; Aug 2005; International Energy Conversion Enxineering 
Conference; '~(U) Performance Characteristics Of Scale-Up Models With Two-Dimensional Rotors For A 
Micro Gas Turbine": OveraJl document classification is U . 
. ~o (U) Journal; A. Jan~k, C. Trummer. C. Steger. R. Weiss. J. Preishuber-Ptluegl. M. Pisrauer: Aug 2007; Euromicrv 
Conjiirem:e on DigiJaI ~)slem Design Archilec/ures, Methods, and Tools; "(U) Simulation Based Verification of 
[nergy Storage Architectures for Higher Class Tags Supported by Energy Harvesting Devices"; pp. 462-63~ 
Overall document classitication is U. 
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pp. 2758-62; Overall document classification is U . 
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Physical Revie~ .... ' B; "(U) Dielectric-Loaded Plasmonic )rlanoantenna Anoays: A .\'Ietamaterlal with Tunable 
Optical Properties"; Vo1. 76; Ovendl document cla:-;:-;ificaliol1 is U. 
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V.M. Shalacv; Oct 2007; Optics Bpress; H(U) )rlear-Fleld Excitation ofNanoantenna Resonance"~ Vo1. 15. ~o. 
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Characteristics ofSo)vothermally Pl'epared (BiSbhTeJ Mats Containing Nanosize Of Sheet-Tubes"; pp. 30-
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classification is tJ. 
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