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This is in final response to your Freedom of Information Act (FOIA) request dated January 2, 2008 for a
copy of information related to Microrobotic for Nonlethal Warfare.

Please reference Ms. Verlette L. Gatlin’s letter to you dated January 2, 2008, in which she informed you
that she was transferring your request to our office for review and direct release of a document that
originated at the Los Alamos National Laboratory.

I contacted the L.os Alamos Site Office (LASO) who has oversight responsibility for the L.os Alamos
National Laboratory (LANL). LASO forwarded the subject document to LANL for review and LANL
determined the document was totally releasable to you. It is enclosed in its entirety.

There are no fees chargeable to you.
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(505) 845-6393 and reference Control Number FOIA 08-014-P.
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V.

Los Alamos National Lahoratory
apabillty Sought and Poasible Uses -

We will dcvclop a microelecromechanical vehicla to perform intolligence gathering misslons

and 10 deliver uny quantities of exglosi 1 Iing
weapon sylum.y 1 plosive or chemical reagents 1o valperable points in

Technical Deseription

1

Frogress in the developmant of microlithographic techniques for fabrication of motors,
puaps. flexors, and other sctuntors, as well ag chemical, electromegnetic, snd mechanicel
sensors, has sumulated much speculation abous the application of such devices in warfare,
One aren of apcculation and research has dealt with construction of small — besrly
undetectable by dint of sizc — sonsor packages and thelr uee In colleging intelligence about
troop movements and other activities within enemy territory. These otile robots could
be dispensed by a Jow-obacrvable UAV and could be intesrogated from time to time by the
same aircrafy, probably by using & laser on the UAV and modulated comer cube on the robot.
A second area of speculation and research has deelt with constructl oniof micro-robots
capable of moving themselves, For an Intedigence mission, the morila rabot would avold the
use of an invasive alrcraft, which might provoke an escalation of the glmation,

The mare intercsting role for the rotile robot is its use a3 an antimatericl weapon. Each robot
could carry only a Liny quantity of explosive or chemical and would be Httle threat o
personnel, even if the robols badly malfunctioned. The robots would be programmed to find
their way to vulnershle companents of machincry and invoke  malfupction with minimal
collatcral effect, An underlying premise is that these devices could beimanufactured in large
quantides xnd at low cost, much the way integrated clreu{ls are manufactared 10day. High
probability of mission succets could be ensured by redundancy ~= the robots would be
unleashed in swarms. The concept ls nanuwal for nonlechal warfare of the future, as the target
Ia the enemy's cquipment -— not the soldier.

How far in the future is this technology and what do we know today? {The most importanc
eondideration for the motile micrarobot is the energetics of its locomagion. Fram some
analysis of utility in conflict, it appars that the two niost sffective m das of travel ac Nying
and jumping, The lattsr certainly scoms bizarrs at first blush, but jumping ls v yery real
option. It has both energy efficiency and stealth, Here is a summary 01 cnergetic
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considerations developed during & conference gt the RAND Co oration in Decernber

As 2 baseline design, we assume g rechargeable thinfilm (5- ?uuuum bauﬂ;wsinglagngl

rmorphous V,0; cathode (3.7 tp 1.5 V) with a specific encrgy of 444 WH - kgt We further

assume a microvehicle weight of 1 gm and & bartery weight of 1/3 gm. Rongh calcvlations

dexcuw that & w;ll;c;eugned alu vehicle could hover with a powar consumption of 30 mw, of
Y & an airspeed of 7 m - se¢™! with a power consimption of 45 mW. The hov

would therefore be 4.8 hr and the flight endurange wc?uld be32hbrfora mExn:ru;n Sau:ga:%?

81 km. The air vehicle could fly 10 km and retain 88% of jts encrgy for pecforming the other
tasks of ils miasion. A jumping microvehicle would require $ J fo trave! 1 km, so it could

take a sequence of jumps to exhaustion in 105 km or jump 10km with 90% of its encrpy
remamning for other wsks.

Tne first phase of a development program would be 8 detajled th lt'.ic:al design study for the

. miczovehicle. The stdy would be directed toward constructing a prafotype wgg ateention

YL

10 its eventusl mass manufacture using microlithographic fabricelionjicchniques, The first
Fhase would be construction of & prototype with attention to its eventual mass manufacturs
using microlithographic fabrication technigues. The sceond phase waquld be construction and
demonstrauion of the protatype vehicly and caroful measurement of its performance
characteristics. The third phase would be design and development of payloeds for the
microvehicle, whether they are intellipenee gathering apparatus or electrical, mechanical, or

chemical disrupters of various sorts. The fourth phase would be integration of one or more of
the microrabolic systems. _

Risks and Limitations

The concept of microrobots in nonlethal warfare is exceedingly ative, Although
microlithographic technlques have made impressiva progress, only eryde elcctromeghanical
systems have gcen demonstrated. No fundamental solentific breakthrop

microrobotics a reality, but myriad wechnical detsils may make if impractcel, The
injtial effort of the proposed program is to demonstraw s microvehicld capable of crossing
distancas of significance in milltary operations, Bven if this task is mplished, it will not
be immediately clear that these vehicles can be manufactured cheaply nor that they can serve
as an cffective platform for micromunitions necessary to the proposed jantimaterel mission.
Tht exact nature of that mission is omitled in this propossl because jt will be shapud'}:y the
performance of the vehlcls. However, {t is reasonable (o assumgc that the "vulnerable
points of weapons systems could bs pratected from sty;:ﬂght forward penetration. The
mtelligence-gathering mission s considerably morc difficult to thwart,

Project Plen ‘
The present proposal ja for a 3-year program (Phases 1 and 2) culminating in a prototype

demonstration. To aid the planning process, we include projection for g follow-on
intcgration and wcagoniza‘t’ion program (Pheses 3 and 4). Assuming an ‘Oclobcr 1994 start .

Phase 1. ‘Theorerical design stwdy for microvehicle.
Completion October 19935, ‘
Phase 2, Copstruction and demonstration of profotype vehicie and measurcment of
performance characteristics. S
Completion October 1997.
, | _
Lor Alamos MNatiarngl Laborasory 3 , Johndale Sole
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Fhas¢ 3. Design and development of payloads for the microvehicle.
Completion October 1999,

Phase 4, Integration of microrobotic system.
Completion October 2000. ‘

VII. Project Cost by Fisesl Year

Phase ] and 2: Prototype Demonstration
FY 1595 SIM |
FY 1996: $2M
FY 1997 $3M°

Phases 3 and 4 Integration

FY 1998: $3M
FY 1999: $3M
FY 2000: $3M -

IX. Orgsnization Point of Contact

Programmatic; _
‘ DoD Programs Office
‘Walter Xirchner, Director
MS F613
Los Alamoy Naticnal Laboratory .
Los Alamos, NM 87545 ‘

(508) 667-1778 .
(508) 665-4892 (FAX)

Tethnical!
Dr. Johndale C, Solem
Theoretdeal Division - MS B210
Los Alamos National Laboratory
Los Alamos New Mexico

Voice: (505) 667-3856
l_*AX: (505) 665-4035
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