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CHEM CAL AND BI OLOG CAL AGENT SENSOR ARRAY DETECTORS
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BACKGROUND OF THE INVENTION

The present invention relates to detector systems for chemical and biological sensing.
The present invention also relates to small form factor, portable, handheld and
wearable detector systems and in particular to portable, handheld and wearable
detector systems including sensor arrays configured for biological and chemical
analyte detection, and which are configurable with software modules to detect and
analyze a variety of environmental conditions and which have low operating power

requirements and long lifetimes.

Civilian and military personnel, Coast Guard and Customs, State and Federal
Emergency Responders, and Industrial Workers would greatly benefit from a personal
early-warning system to identify changes in environmental conditions, such as the
release of hazardous airborne chemicals or biological agents, in time to either

evacuate or don protective equipment, such as chemical protective equipment (CPE).
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(CPE) . For exanple, releases of toxic industrial
chemcals (TICs) may occur accidentally in the course
of normal operations, fromunseen | eaks in fueling,
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(BStbS6AQCAISR hand held and portable but has a limited operational life on a
single charge, requiring frequent recharging. In addition, the JCAD has to be handled

impairing use of other devices simultaneously. Standoff detectors, such as the Joint
Services Lightweight Standoff Chemical Agent Detector (JSLSCAD), can
continuously protect personnel from CWAs, but (1) lack spatial resolution and (2)
have detection limits much larger than the Immediately Dangerous to Health and Life
(IDLH) level. General limitations of current badge or wearable detectors (e.g.,

SafeAir, ToxiRAE) include: 1) analyte-specificity: these require detailed a priori
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Life (IDLH) |evel. General limtations of current

badge or wearable detectors (e.g., SafeAir, Toxi RAE)

i nclude: 1) analyte-specificity: these require
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Fous” sensi ng®ne ol ogi es

While improvements have been made in the field of chemical and biological sensing,
the diverse set of potential target compounds and numerous sensing methodologies
has limited progress. Most current low-cost sensors are based on a single sensing

approach optimized to detect one, or a class, of compounds.

On the biological side, significant recent research has been directed toward
fluorescence-based arrays for genomic and proteomics applications (Kristensen et al.,

Biotechniques, 30(2):318 (2001); Harrinton, et al., Curr. Opin. Microbiol, 3(3):285
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bi ol ogi cal side, significant recent research has been
directed toward fluorescence-based arrays for genomc
and proteom cs applications (Kristensen et al.
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The present invention provides improved biological and chemical analyte detection

systems and devices. The present invention also provides portable and wearable
detector systems and devices, such as badges. In certain aspects, such systems and
devices are analyte-general, rather than analyte-specific, and therefore provide an
optimal way to notify and protect personnel against known and unknown
environmental conditions and events such as airborne chemical and biological
hazards, without the device having to be handled. Such devices according to aspects

of the present invention are advantageously low-cost, have low-power requirements,
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unknown environmental conditions and events such as
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following features or attributes:

. uses a non-specific sensor array to detect one or multiple

environmental conditions, e.g., TICs and CWAs at IDLH levels,

o uses polymer-composite sensors which are stable in the presence of
moisture,

. measures relative humidity and ambient temperature,

o can be used in a wide range of operating conditions (relative humidity:

0-99% non-condensing; temperature: -15°C to 40°C or greater)
J is passive and requires no user-interaction or user-attention during

field-use,
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tenperature: -150C to 40C or greater) is passive and
requires no user-interaction or user-attention during
field-use, includes downl oadable flash nenory to
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According to certain aspects of the present invention, polymer-composite sensor
technology is used to construct arrays of two or more sensors useful for various
applications, such as portable or wearable detector devices for detecting and analyzing
environmental conditions and changes therein such as the presence of TICs, BWAs
and CWAs. Such devices including PCS sensors are particularly advantageous as
they can be configured to be compact, light-weight, wearable, rugged, stable, low-
cost, low-power, and analyte-general. Polymer-composite sensors do not have the
same humidity-performance limitations as conductive-polymer sensors. Since
polymer-composite sensors are low-power sensors rather than no-power sensors (e.g.,
current off-the-shelf (COTS) badge detectors), detector devices according to certain
aspects of the present invention are able to produce alarms with no interpretation
errors and allow for datalogging capabilities. By combining a sensor array with
techniques for detection and identification, detector devices according to certain
aspects of the present invention are advantageously non-analyte-specific, addressing

another limitation of current COTS detectors and others.
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pol ymer - conposite sensors are | ow power sensors rather
t han no- power sensors (e.g. , current off-the-shelf
(COTS) badge detectors), detector devices according to
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Phdildedd a Tomngisda8h hyddulebdill nbdCheitle Sordiguted talrbdeyvetind

sensi ng devi ces, each devj ce i ncluding an array of two

oprogess sigals s thenluialjbtplsasing deydessat e and a wi rel ess

comuni cation nodule for renote communi cation. The

S I |
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I clainsg wily realipe othes fahgesnandadearaagbs of dmpresmtmwemron Further

PSSRl LR BT A ot P 5 BekfBlh weperaon
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specification, 1ncludihg the drawngs and clainms, wll

r gapéct o the Iaecrommvmge;ka\mgs ahmthﬂ tiryangolike tﬁelpnmmbers
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pPuics fﬁlg?rﬁ%ﬁ ctiopa %é%@l?%& 9 structure and
operation of various enbodi nents of t he present

i nvention, ar eBREBEDHSCRIPTIONIGF THEDRWWINGSr espect
to the acconpanying draw ngs, i the draw ngs, |ike
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simlar el ements.
during an analyte exposure, and a representation of how data are converted into

response patterns, respectively according to an aspect of the present invention.
FIG. 2 illustrates IDLH levels of various agents.

FIGS. 3a and 3b illustrate portable detection devices according to embodiments of the

present invention.

FIG. 4 shows a typical response curve to a transient event.
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illustrate a representation of a conposite detector

wWoreaoendebo r espondi ng duri ng an anal yt e exposurBCT/HRH0H032774

representation of how data are converted into response
patterns, respectively according to an aspect of the
present invention. FIG 2 illustrates IDLH | evel s of
VG, 6 showg emnexampit 65 d@actandevide ddcbidiig tatad epodahdi® of the
detectj on devi ces according to enbodi nents of the
pFECBhIVERAEnt i on. FIG 4 shows a typical response
curve to a transient event.FIG 5 shows an exanpl e of
oS e it BEF FU o] S TRAME e or s
csterditigdn as paibediniant bfithepgesdat iavtriton. devi ces accor d| ng
to an enbodi ment of the present invention. FIG 7

t Ypi res r.a devi usi ng 32
J00LT ot P e {FPORR G 4 80wkt SRS or
| ndependent Mddeling of C ass Analogy (SIMCA). FIG 9
I FIGU 8 illwstrates @padtiel 8sin@Kof ed¥peiadent Mdd%ﬁn%&ﬁ@ﬁ%i&ﬁﬁb gy
whi ch an end-of-service-life indicator (ESLI) nodul €
i (§EYIled) ng one or nore PCS sensors are useful. FIG 10
illustrates a systemincluding a distributed network

I . .

o PSR aR s SRS DR RELIRER PR A A JFRBhvice-tit
sudieatat (ESIrI)stdlsle mctding oné ommBesP @8I s¢nsbisfage hseftilcat or
Fi xture accordi ng to an enbodi nent of the present

ST Bl v mnctidhing R4S iaRud SRl BB i srrsor devices

aﬁ@&ﬂﬂi§l’t6 ah @mBOdieEAP o {8 Preseht ihihtiBhesent i nvention.
FIG 13 shows signal to noise ratio neasurenents for

| e sensors. FIG 14 shows addressing for a

@éﬁsé illpsrafys asehsidtia genreseatision o a Besdnal Lifa Iodica®r Fixture
nbodi ment. FI G
%E&Wﬂ %s:étgﬂ%&?) @ﬂ%&gfyﬁgg’g glg“it%e nglg eofoFII genls. FI G

17 shows the response of the cell of FIG 15 to
ddGahdillustrates a mask-based filter interface system including a detector device

module according to an embodiment of the present invention.

FIG. 13 shows signal to noise ratio measurements for multiple sensors.
FIG. 14 shows addressing for a sensor array according to one embodiment.
FIG. 15 shows a sensor cell according to one embodiment.

FIG. 16 shows the I-V response of the cell of FIG. 15.

FIG. 17 shows the response of the cell of FIG. 15 to octanol.

FIG. 18 shows an adaptive bias circuit according to one embodiment.

FIG. 19 shows a table of four SMCB materials.
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FIG 18 shows an adaptive bias circuit according to
one enbodinent. FIG 19 shows a table of four SMCB

woredosnda@be. FI GS. 20a and 20b show t he chem cal PCT/US2004/032774

structures of polyanilina and pol yt hi ophene,
respectively. FIG 2 1 illustrates a sol-ge
encapsul ation process. FIG 22 illustrates a power
ﬁﬁ?@%ﬂ%@& 205 SRRY tRCGH S Sl RuiRE 6 £ SED AT EMA potytiopBene,
ITTustrates a detection process and a"typical response
easpetivabecor di ng to one enbodi ment. FI G 24a shows the
correlation between traditional and breath-based

' oses. FI G .24b sho di scrinination of bacteria
gi‘ggrﬂdﬁlﬁaﬁ%s Bipl-sa L eReapsSUAHeR AP DESCRI PTI ON OF THE

I NVENTI ON The present invention relates to an
PG e AluSEhte€5HSV @NaRTRanest métaed aedordngl tdime anghodithent.
sensing systemon a silicon chip. Such chips according
to the present invention are advantageousl Iom#cgst,
F& Poillestratenafietectionmiragsys arkhBIahESBRFF Gﬁ’%’etaﬁ%ﬂr 1ag,jo one
%&ES%ﬁnmﬁlaSSify’ guantify, and track a wide variety
of chem cal and/or biol ogical species in air or other
carrier nmedium Such devices are able to detect these
F@ciesshatvs tonaerdatmnibstvecenftradjjionel ardrbreathybdsadgliegnoses.
magni t ude | ower than current | owcost sensor

Fiiorth S e r e PR et R LRRBEE Vo cos:

(<$5 per node), self-assenbling, wreless networks,

such that cheRTA#lERMEICRIPAGOBEOF JEHEINMYENEYONecone

as ubiquitous as tenperature and pressure sensing.
Suehréleni iaesntionglates tdaeibcated réataicy-basedphemén and

manuf acturing, and a cleaner environnment. The present
ibislegicalsansing pystans on 2 siliepB chips Uk £Pa RCRRHNS FLIbs Fressnt
sensi.n ec . : :
IR HOR ab SR AR REE STl Iy Yo, SRR b8l rchding devices
Re4tfcan deBee clRidfyeqidntisy, nad attk e wide varity of eheindesd bayd/or

avai | abl-e systens. Sensing materials .i ECL ude

alegispk spesies BRHPFIRE caufs srediupc Rudhsdayies Ats able to detect these

" | )
R
addi sehant tedhnbdlogns Thedelchips anclalse adigpnagbyusty cangistant withr e

%isstgbllljtgg gétw-gr es, glgc%sa% I’fct>w-cost (<$5 per node), self-assembling, wireless

" networks, such that chemical and biological sensing may become as ubiquitous as

temperature and pressure sensing. Such devices result in enhanced safety, improved

manufacturing, and a cleaner environment.

The present invention exploits a number of chemical and biological sensing
technologies that are VLSI compatible and which have a number of superior chemical
sensing performance properties relative to most previously available systems.

Sensing materials include nanoparticle composite sensors such as polymer composite
sensors, sensors based on nanotubes, and sol-gel based biological sensors (biogels).
In addition, intrinsically conducting polymer sensors are also used. The present

invention also provides fabrication techniques for the deposition of nanoliter size



i nvention al so provides fabrication techniques for the
deposition of nanoliter sizedrops of these conplex
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provi des a nunber of solutions or suspensions of

sensing materials that are stable dispersions at the
nanoneter size regine. The present invention provides
ﬁ%—gésocﬁ(%hé/se lé%ﬁ'{p!’éx #Ana A0 ThBipedsest ifRdntidR A&L provides a

t can be utilized across a w de range of

ampitiec af sawigonsrod stdpensidusy of sandingmatstigisdbattabastabladispersions at
rﬁsult in extrenely | owcost sensing. Chem cal and
BhePYYPIST SGSHEBHY i s general |y rel egated to

| abor at ori es using highly sophisticated instrunments or

tthel}fRbdeht R SSTEITBMISs Albioadlyaefl biednticalevidee bioldical sensor that
br oad- based, | ow cost, sensing technol ogy exists that

can bpatitized agpossapvidy sangs of errlicatiognspndstherglore firive volumes that

appl i O or,
SRS P Pl B LAl PR ST Qe
?@Eﬂaﬂ?&él@gatéﬁiﬁ) laboratoeids weihgihighly sophigtitated metstimektiy briospoint

0 not exist, except,. for ex | e, . carhon nmonoxi de
SeeRsBreIaRES einERARd-Iskbdevicss pNoPra#-baseidAWoge oSS <.
gﬁ%ﬂlog ue%é‘s?s %ﬁf célme%agiﬂy\?ﬁ?@ed%@o% h QRd B g O U FpBERions (as a

ut are not” lrmted to, fire protection, .
| 15 knethertor @hs chrpmbitdgtaph che tie othietldhoratgryssetiingedSinaé each potential

S e R R S S

SRR E SaboR nBHdkidRRESREKRIGh Bi¥e Bd28 aa¥MEdbh a 9RWRGHIdET basis.
i mpact ‘goes well beyond those |i sted. tector devices

according to the present invention preferably include,
afpplicationy for ghis layr-coss selutiemene nymepesisyangd incdesdep by arg not limited
Sensors. .pol - ' . DI .
RO PR ATR g Bod R R bt i macn

t ¥aheeepbli@diRas isWharacrrivel bygeridsranppdf gueminl tegetchmpounds.
el ectrodes, electrons travel across _the sepsor via

pAtfesyamplsn stesnentipnsd pelpy tut thenycrablesqremisgmpagh goes well

%@oﬁ&ﬁﬁ)gé i%t%ﬁi stance i s neasured. Sensor resistance
i s7one 0 % € sinplest measurenents of the state of

the sensor and is related to the nunber of nolecul es
sDeteetdr devitdseacsandingrto thespreseangeentivnsprcmbly sxlwicanaway (i.e.,

is_proportional to a change in the,mass of sorbed
BB ot PR A IROR Lot MRS CSDRISfsSargpr (PCS)
OfyPRAILS BRERIES alcBndibiial hitMi0h pSBARcphady, EndBed Ele@EbRS. When
déscribed herein to optimze chem cal and/or )

bi voltagie dnbprdiedlaptogs thetetastrpdes, elpefrons travel across the sensor via

pathways consisting mainly of the conducting media, and sensor resistance is
measured. Sensor resistance is one of the simplest measurements of the state of the
sensor and is related to the number of molecules sorbed in the sensor - a change in
sensor resistance is proportional to a change in the mass of sorbed molecules. In
certain aspects, The PCS sensors, or other sensors in an array of sensors, are modified
as described herein to optimize chemical and/or biological analyte detection. For
example, in one aspect, a specific receptor is grafted, or otherwise attached, to the
surface of a conductive particle for specific biodetection applications. As another

example, traditional electrodes are replaced with microfabricated vertical carbon

10
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appl i cations. As another exanple, traditiona

el ectrodes are replaced with m crofabricated vertica

car bonnanot ube electrodes in one aspect. The nanoscal e

yaﬁ&uﬁeegueé& ek th leét gr‘hg‘ﬁaﬁd%EﬁE 3D réffls th 4 GHaIP hfﬁecconstam
rop, ere tector sensitivity. In

sadadow ohhmmdltopeﬂlerabs eahma@ketactortsmmmem cal vapor

that is in contact with a sensor, there is a

,(.:[8 t ggotr W @ﬁﬁ}?gegisisu A as &aﬁe Iéfg}e%ﬁgitgs 1n contact with a

Cseﬁs%g &hér i NorfcdRHaffessE E\ldhads aQhahdeSin GeEee A& Btdhcand
a subsequent difference in chem cal potenti al between

tchengenéhfr vapay phm cougee a chingsan therhemikial peleniil @f ity components
res

8 et C g Phos i R ey ber B 3R ey g the vapor

WhatdIerhié Bigfeychieein eHentibal poemeiol refds ifaest @dinsphﬁ Mﬁﬁﬂecules
potential for that conponent. This net transport of

riptoets Quief the genser, dlep 1 Whether the ¥aror 95 Hie sspsrsdag groater
NAIREL) BbteRPfi REANADIGHINED, Thid F 6300RR0rHIABARS ol o

ranspor con I 'naes “unt chem ca
b indhe fekistainte sinopithe antrber of stot’t&adsmsﬂeoules inhbe semparchanges,

and sensor. FIG 1A sho are ent at enso
raid Shsacdt Waas&?r%q%nemﬁéifheﬁhﬁ D Brieail Ll Ggpnsg is the
AAHMh Bhe dP&hsRY FI6. 1A RBowd DEpPQBHEHivd SonSHResRAse to a

b
to air ané@ %e sensor reS|stance ga%se l[ine is
csheysttmnge i the eortdentratianaf] apsnilyteal Fop ageried ahtime;Tihe sensor is

sensor, is.th d.t r .on") that .
ORpSH b Sirapd BcpeRrprarind: Krein Ry g e sl ge ot
tasthAs eFHe%@nso? BN Bxpoded R PR (ha Féﬁtﬁf’?ﬂﬂﬂb&ﬁhns air and an

potential of the vapor phase. Ml ecules of analyte
tanalytd thit was tiereseap during the daseline, capging amnsrease Hiibp ghemical

ot SRS oot YERRbutt ol RRSGLHERy AL nB B aiigp o

Ve Berlsbf ca@ivOdn inSrease inaRgRImBstRE sesledutestthat apnsdrécein the
("vapor off) and is exposed only to air again, analyte
rsneqs dnd 81 iicsensh i sepRvT IREIStaRaes Br When the serseRisgio longer exposed

ELSHAE B AR B hosaet 068 AR g dsor

| fré¥a abesenber a{ndlﬂle Seheor xaswtap@rdeicﬁaamses dretbedeline rasistangeayThe
of pol yner-conposjte sensors the array produces a

PO AEsPoRse 1§ Ke\rRlaled By g since nost, if not all,
sensors in the array
AR = (R_Rbaseline)/ Ruasetine [1]

When a vapor is presented to an array of polymer-composite sensors, the array
produces a pattern, as shown in FIG. 1B, since most, if not all, sensors in the array
preferably produce different responses. The chemical potential of a vapor component
is proportional to the percent saturated vapor pressure. (Percent saturated vapor
pressure is equivalent to relative humidity for water content.) The chemical potential
of a vapor component in the sensor is proportional to the number of sorbed molecules

and is inversely proportional to the average interaction energy of the sorbed molecule
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preferably produce different responses. The chemi cal

potential of a vapor conponent is proportional to the
w@ersan7edat ur at ed vapor pressure. (Percent sapCF/ESBO4/032774

vapor pressure is equivalent to relative humdity for

wat er content.) The chem cal potential of a vapor

conponent in the sensor is proportional to the nunber

gfﬁgﬁgé 9&%{%}@?&1&% Aed f thP ga{sﬁﬁﬁlgaggf% g)gbﬁﬁ%nafl @ the

ver age eraction-energy o

ohdree ih éw thiss ol eorbed soiecutes e Alt aljsilibAumhahegrethechemial

sensqr, resi stance i s proportiqgnal to.the change in_.the
b S o

PREEYs oF

&oMPePeRt i the vappr ihe SFRSOT AL, qpﬁlethehsensor

g Hﬁ&%g@?ﬁﬁf&%ﬁi ragéﬁg@[ﬁh conmponent in the vapor

se an e sens equal , the sensor response

follows the scaling argunent: (ARI1 R) j ~jDP; /

Pm i (ARSR)s00) lsAl P/ A ii(Tbe)]e (DR /[2R)j is the sensor
response for the jth sensor in the array, e is the

i nteraction energy between the ith conponent in the
e (ARARY; ethie sbibos Aispetiseifor thb " smsaryin tR arsayt, Beis the
partial pressure of the ith conponent in the yapor, .
fafgtaciion energebetween thed d componrenp kb yaror@nd they ' sepsor in the

Evan 4t gl EreAPELLRRTE EoboddP SR Y Hicr, oyl e satwated

vap6r fhedstiey dmhe fjongabntan ahe/tapos pisout thaisensot temperature,
response of each sensor in the array will be different
flaansot: HENesethe inferpeion emigESY, i a9 didteraph Insashygnalytejsgnsgr pair, the

T TR LB b e 0
%t‘éf‘arcﬁo%rtlﬁg% gh,t i¥ 9 endaBlire Y EERbLMNBRNAY ¥ £98A8RAlyte and in

pairs.

PCS sensors are preferred, it is

weleinSkpats s ahlusermgingdedilg ewo acdeos efi magritnde Fur different

present invention may include other se
oAbt ASTRATS AMPRIELE <k

Sor. types i
VEISprs e PrsdesTede Hd$) _er%ﬂ?c{] that sensor

%?%Esq a&%ﬁcﬁxﬁ%%)ywﬁlé Rre@erﬁ Z&veﬁgén %}[}é@riﬁclﬁ&ﬁwtﬁé%en%(wpé%fin addition

IS corporate eference inits

- @0} drraftesnafioely ad, IPGSUsepsares, di scl ose chenical sensors
useful for detecting analytes in a fluid (e.qg.,

i e Pl w7 T 20K B0 PSS ek ST RRRh sy

qﬁ(‘!&rﬁ@ﬁtedlﬁydsefe?éfc@ i itNentirbry X8 alf Ppos] dibclbse dherneddy sensors

ncorporatéd by reference in its entirety for all

pusefud Sugletesting\anates i aifinidda gt ligrids sapas el ap useful polymer-
mat er i

composﬁé thalttis sl#or Iijoriyﬁre]le-cglﬁggs% %el%%}l Eﬁ?e?nsoind devices. U.S. Patent

No. 6,537,498, which is hereby incorporated by reference in its entirety for all

purposes, shows colloidal particles and other materials useful in the sensors devices of

the present invention.

In one aspect, the present invention provides highly engineered sensors created from
nanometer- sized carbon black particles stabilized with molecules or polymers
attached directly to the carbon surface. These surface-modified carbon black (SMCB)
sensor materials can be dispersed in a solvent and result in suspensions that preserve

the nanometer-scale particles where typical carbon black/polymer dispersions
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the present invention. In one aspect, the present
i nvention provides highly engi neered sensors created

w0 c@siloEsonet er - si zed carbon bl ack particl es PCT/US2004/032774

stabilized with nol ecul es or polyners attached
directly to the carbon surface. These surface-nodified
carbon bl ack (SMCB) sensor materials can be dispersed

ia!%g@gﬁ@ A ERtmRRh di8siebimd. 1546 ARG a0 e hiphly ﬁﬁ@sl%rw €he low-
e nanoneter-scale particles where typical carbo

BlodERe WPC%FQSpﬁﬂ prﬁs,@g trventiee latadditionnihe ﬁ@ﬂﬁlfs‘flfz’eOf these
r eagce s 18 c%%ﬁfftor@ 66 (’E anasrlr%llgﬁ &%ﬁosﬁg !sén%g% %hét 91051['3? utlhze the

|OMN SSes resent I nven

|sﬁrfaﬁdjmbdtﬂ&at1¢ﬂ‘lq;p‘i@mﬁl Extﬁnﬂmgamstdbﬁﬁ)ﬁsm&dawpabﬁlty % arange of
equal to or greater than simlar conposite sensors
tohgmicady detingt sensing magesialy is PAVANIARSEVS | cati on appr oach.
Extending this denonstrated capability to a range of
o Pl ealsB i SRR A ol AR AR B somsor
adeposmmnmhmqus ofithépriskemt sveston. deposictifsebgrhitchumdsgy is

t he rese |nv ntion. |1 C S
Sl T e S Wi R NGO RGI DR ety spugors
IHM b8 16/ fof Sa1HY filreNBi s MIKEeSEmaeFisls Raveb B Bsceptible to
known for some tine, historically these materials have
bn@lﬁmsmm@%lpng i enrebiabiesenson rerfosmancs Rpcentlyy nmmdm@s have

§6ns I new nateria v

eg? ?acbgf g%d&%r:@ q%bp Sfesﬁlﬂ) g%ow fpuch e %aéer sﬁq?q% g %sélFe
SIra&ltlbthYy tiesoitShsicatly chhéebting dftatials haveesgh sensitivity for certain
intrinsically conducting materjals have high
Jagls vanoy prepsis comppindsAHgRg chlpspepragonice admlfindentaining

gluding chlorine-, ammonia-, and sul fur- containing
g%ses Anot her cl ass of rmterl als that is suitable for
use in the present invention is carbon nanotubes. The
chertharallasd of swtdrials thapsbiitabld fos usf intthepesenh iren@disis carbon

SEpses) Thechaion gEFion fipe O viufie tuitersls bEye been recently
&Eédqlk@nggagtagrgg&e@&% MUY 62D eED00P). Th BreRETAMRRB, these

paralle urthernore, manufacturing
vaateads pictyamfally inreglnslatedtst lishestwieen pazalel hlegt:rodeBy Furthermore,

aver & behayi v.er otybes, single .
RO TR T aRiBRe PaBolIR s Ser AT oY Bere e Betfavior
Wkt a he@bet 6f RnbRbes, EdkicatibevandiliRy envhd ﬁa’@lhced or eliminated.
manuf act uri ng path t han has been preV|ous

derpwall tead doja moge tedieblgiand gepnopigal mav w@mﬁath than has been
'ﬂ?é!\ﬁt?&él}‘? BeMbANHHRS HELARE dspects, the present invention provides methods

to deposit nanotubes directly from a solvent that completely evaporates. This

approach focuses on using one or multiple nanotubes in a single sensor.

Another set of materials that is used in one aspect is surface-modified colloidal metal
particle sensors other than carbon black. These include surface-modified gold
nanoparticles as chemical sensors similar to the surface-modified carbon blacks
described above. Use of these materials as biopolymer based sensors has been
demonstrated (Frey et al., Langmuir, 17(8):2408 (2001); Ostuni et al., Langmuir,
17(9):2828 (2001); Engelkamp, Science, 284(5415):785 (1999)). These materials are
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to deposit nanotubes directly froma sol vent that
conpl etely evaporates. This approach focuses on using

wo@e@®sa067oml ti pl e nanotubes in a single sensor.PEIUS1v64/032774

set of materials that is used in one aspect is
surface-nodified colloidal netal particle sensors
ot her than carbon bl ack. These i ncl ude

dheh aderreR dsisel-agsintbling Mgl dyef (SYEM SerebRSikR alkane thiols are
sensors simlar to the surface-nodified carbon bl acks

93% el thoBiEce mradifisr whiehs e I@Pmslﬂxer@@ the Bkl girace. In

B AL SRR SRS s Sl
lyni'ﬁ&iiﬁoc(lﬂ&ﬂ 291d nengrektkaegmaysbée &me:ls reid{dnd bﬁ&edﬁ&ﬁmmal

(1999 .. These materials areoften referred to as
Sbel PLOASHEABEISAE nUIRTPHSIBIC TPashi! PERHLBramereToBUH PReRyement

% hi2ads S éa'i ﬁ&e&&ﬁf’tﬁﬁ% n%t gels%frﬁ élfgg@ée!ﬁl’?% ﬁ%PFtéou%E &E}face and

a RO ayer on t sur he présent
ideteetor Lo curtbexttly lim'ﬂsjihbsajdtaﬂceptd Ipbemnatarp did. | Adegulkdddvantage is

no artlcl and bio nmodi fi ed,gol d.
AER IR pefarils 18 somestiug i B dhd worioe and SSpsitia rpbadelagies of
@I'fléjptkéééhlt AchBdn. SERSO hiterillehavE Dbt dforlsGBLd AY bffective sensors.
provides a nore robust measurenment conpared to optica

dine datirication hbithesespuiare ts generally isigmites e that of thglvedonrtdask-based

surface, and detector that currently limts these

J&PP&s to laboratory use. A second advantage is that

these materials are conpatible with the sensing and

de paditibh enthestfacgomodified bivpolyneer BERoE fientitiv@HbooE) there is a

These materials have been denonstrated as effective
sepndresnerging biodstection feshndlpet wisfd in tiegupsent invepingy dihey

TPy e S LSRR UL e .

rgehércapedatad envaymet besed sénsora. ﬂ“hesenﬂo@rrmrg alra:goased on conductive

bi detect| n technol o useful in pr.esent
i ritgmsdueREs COBRRHAN %}d@omé@w i it (R SPFBRGTRMRIF are

1o R S0l A A A Wiogh Y M sHObiPements etect analytes
an g/ atrased an(indudog aems)lepcalngi detect arahgeiunspd, asougll. ddetection is
w th hioindi cat or .nol ec les .(e.q., enzynes ich are
Shtommaliid By St L e heitine FHS ot ol he
RRBLEorBLRIEDA 5 eletiely RAA(oM tRSordsr MahREow AR s@bdttery life is
i ncl udi ng”aer osol s) and detect analytes in soil, as

8. Tioe sensor anproashdes bers! utlghﬁgtjtotgﬁtm sparplatadcpactesia from an
0TR[] AR 8 Al JRPEee KR oFR bRl et can

( consunpt1en 1s ol
BperatmaithSyt coAsubadblerand lchi Betb& dlrectly in air.

In certain preferred aspects, an array of multiple, e.g., 32 sensors, is implemented in
the devices of the present invention, but arrays can be comprised of fewer sensors or
even more sensors as desired for the particular application. For certain specific
applications, an array of only four or five sensors is typically sufficient if sensors are
appropriately selected. In preferred aspects, an array of sensors includes a single PCS
sensor or multiple PCS sensors. Also, the array may include none, one or more other

sensor types.
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| ong. This sensor approach has been utilized to detect
sporyl ated bacteria froman aerosol at the 1000

woer@aniemn | evel . A key advantage of this bi 0SePGDUS1084/032774

that it can operate w thout consumabl es and can detect
directly in air. In certain preferred aspects, an

array of multiple, e.g., 32 sensors, is inplenented in
Uhfed ¥t 8atedt Noh 6,085 <3$6 Ryhitih mfetéb@rincdipbraas’dwef@@me in its
be conprised of fewer Sensors or even nore Sensors as
dutiretydgr plbpuippeespdiseussen aspecipef Wm&ﬁ offphandheld spisor system,

g\%}ﬁgq &%élﬁfl%p@{%a?@angls% d@ﬁ %f é 9{1‘ ofrz&g& 1n°a{ he(ddlﬁgld device

Sen ors ar
P Iﬁﬁfeh&écbﬂo}be&ﬁé@ fdreadmdb Iﬂar@b off appledtiasd c0hs such meladot,ahe
of sensprs includes a si l e PCS sensor, or multip

BusmeEnSoRY) (CAPQois & ﬁ@T§rhaa9h%yanqs éqlqugcwysmt » in one

A L T RO B Db SR TP A et P gamature

ipBttérh §or&n@were17qpofr c(rZ) abhemmtmcsystsm td |pse:saﬁtsthst appemtthe sefnsor
an exa a handhel d sensor syste |ncl
FTRB 1B CDOrP AP 5 PTG FSBRSPG e RS RAEBG Y ficvapor
Randhels g 91‘13' ﬁeﬁtehlf' athd 8320h R sﬁc‘%eﬁﬁlﬂﬁ%ﬁjﬁeﬁ 8¢ a ot 8&ector

range o [icati ons. One such sensor,
Gyr'His :{egi, hydnazmq D3RO0}, fosmaldehyrs, ﬁhvﬂdh@ oudv,apsﬁctlcldeS) as

nti ation i n one aspect includes:
Ffﬁiﬁ(%gﬁﬁﬁﬁgvggﬁgﬁgﬁﬁg éﬁ@ (PCS) array that
returns a signature pattern for a given vapor, (2) a
PG ISRl inStr£¥sSd pottdble @dte@s@ndevided a¢egrdingtto ahRmbodinsent of the
array, and (3% i npl ement ati ons of pattern recognition

aresertiinyapsiopoltig E’fﬁf‘?ff@;ﬁi thpidhg awngos&%aﬂ%rﬁ soprdl. fPgvace 10
DRAGES Bn o0 1597 B BPrBRA NG GREBEULY he' R IAGE pBrter

fcompaditbadenstes (RAI)ys e]meumd ﬁer,em rISngothll sngrﬂﬂa pjocassm@QDSPasmit 20
tieruab pad ocroR S PeB! 8o S8y 4 AN PSR AL DO RO AC
T
aensay artdy bf. Inr@rtam aspeads, sbnmonmiulqzﬂiefsendbdgd tormegovde an active
rel‘ﬁ%l yrrerco aﬁfag sor %dD%%) Wséggrammableor

h %‘s@i! tY)fe%hé!H‘ioﬂdhﬁ@ﬁ o5 P8us isgd%@ée%leﬁ I AMrEEIFS &M iAEluay a light such as
and stores data to menory 40. Pneumatic punp system 35

iag L&A, iaonkration moduleciad atsouad enitingunofulsr agi mdigh%@ gpeaker.
fgnesog rrﬁc%rg F%gﬁ%%cg?lgrrl g&dbfes t36'ap (:]%89 B8 For 131!6%5%%&1' ékternal

€ an 4
intelligence such as a central alarm system. In one aspect, a communication module

30 includes an interface device such as an RF transmitter (or transceiver) for
transmitting RF signals to an external device such as a command system or relay
node. Communication module 30 can also include a receiving device such as an RF
antenna (or transceiver) for receiving commands and data. Other useful interface
types include IR transmitters, Bluetooth, RS-232, USB and Firewire interfaces, and
any other wireless and physical connector interfaces (and associated protocols) for
interfacing with external intelligence devices and systems such as a computer system.

U.S. Patent No. 6,422,061, which is hereby incorporated by reference for all purposes,
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30

al arm when an al arm condi ti on has been determ ned,
e.g., when a progranmable or preset threshold

w@oendiled7en or val ue i s exceeded. Al arm 25 can PeDUSTIO4/632774

light such as an LED, a vibration nodule and a sound
emtting nodule, e.g., including a speaker. One or

nore conmmuni cati on nodul es 30 are provided for
dicRYsEledndBelWistib oL ¥seshiad onifighifddl th deadeeselgh waslasly, with a
central alarmsystem In one aspect, a conmunication

S wedoetAl udes an interface device such as an RF
transmtter (or transcei ver) for transmtting RF

P0G SorteRis 2 dBYbE1 81 ate HENI My SRR Bné BIEBRAGbBNR! Bl they
or y no nnunr tion no e 30 can also

inmagd hﬂiadmchmﬂp direcity abavected sustitabls fampaRiEcEart @rphaat(orns In

tran ver f.or I ving commands, and dat O hey.
wlgs,dp\gg%erpgg &N}S, pg, AEAC ep}rgeﬂ% tsélF% as 4 clip, strap or

% Aﬂyﬁ ﬁsﬂﬁ%ﬁde@%r%@tgchlﬁgﬁgt@ﬁ‘ Hodtlet, @Wirf BpéINb &Y, hakea ’th@ﬁ%k etc as is

other wireless and physical connector interfaces’
(camdems ot nmesaarspfomtthﬁ:parm)ulampphmt@mf aeebat@mdrbattery status

S MR T )

hereby |ncorporated by reference for al

FIGPSS QRustthies h persblbasdbiet devieNBIIr acByrdiry® anothbt gub&iiment of

tointerface, e.g., wirelessly, with a distribute

it IERAL inyjentiens nlgkmeﬁ%rrgd arpedisyesacer)0gs goriahle.gyeggAbje, has low
S

S P AR5l AEGUERES b AT Bussnsr

pﬂtretfa@ajélﬁrmtﬁ)pmbﬂ\daﬂ‘lﬁmhlch s mﬂrgamdeo bediye sm‘alscfmm a sensor

enbodi nents, an attachnent device 45 C ac
P e ehaE) T ROBAE IERRY 16 SPrseratRane 120 Gen sk
PrbédssdraR§dule PRI frocEQURE rddRfed 8izhals @vﬂ@%e Wicussed herein to

convenl ent or necessary for the partl cul ar
ah:pdct arat idemtify Aationst @w;roamdmbhe\teetgorwadlugnmsmry 140 is used

i atrsinodefil 20,6 sforP o B Rt fod g0t associated
deivih 68nt Q8@ it FRafii e frafi¥biv el MBAile 260 Esh&)nﬁ gured to
present invention. In preferred aspects, device 100 is
ritansmttl and regsivedbfosmatienstol and fronen exiemal misthgense sougce such as a

| i brat i 1
e SRRl SR an SBAER AAB DBl IR R B Eor.

eEetearii GRENS efd. ONiladn HERlY 125r1h6134démie o oowe b and;ual
provi de srgnals to a processgr nodule 120 (e.g
Prdisates sitchis gu LEDL 20 apdibry dJadigaterwich ag a Pvzﬁrr ef aq?ar%r a&é a

yéirn!lagahlg i SEHS %@&e&%ﬁqba a&r@va@e%ta@ﬁn @B@ule qex §ﬂ fo¥ onse ©,

envi ronmental events or Itirons.
| detaesionl and/or identification of an alarm event An optional dlsplay 135 is provided

to allow a user to view information related to event detection and identification
processing. Communication module 130 is included to provide a communication path
to external intelligence, whether directly connected (e.g., USB, Firewire, RS-232) or
remotely connected (e.g., wireless). It will be appreciated that one or both of modules

160 and 130 may be implemented on detector device 100.

Power supply circuitry module 155 is provided to control various modes of operation

of device 10. As will be deseribed in more detail below, for example, power supply
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by processor nodule 120 to store various data,
paraneters and al gorithnms associated with event

wa@ledosaed7en and i dentification. RF transcei ver poodulzm®o4/032774

160 is configured to transmt and receive informtion
to and froman external intelligence source such as a
renote conputer system a base station or node in a

dostdlichuties 9 esnpukedih c8RME QkFectsXo fpditRideviat A00NBY Slk€inode,
etc. Alarm nodul e 125 includes one or nore of a visu

PRERdEBIROET CRNBENRIoN IEYsle, and i ATTaken glevlﬁ@ﬂ%m@rplgwhml a full
B At gRRECH et A & oD & Y P SR8 s Doty

195 de;ty&ﬁctlu«?mfa amdn’enﬁonadi battery, asldresll of other pdmermoement

opti ona isplay 135 is ided to allow a user
\é\rl@waiﬂﬁﬁlar PRt aéﬁltllomt%. ety ég%@?a@wéeﬁ 16 i pigvided i in Some
'eﬂl%BHgﬁég 'aﬂBw%Pfeﬁﬁﬁélg%m o {:Igyﬁ HQ@E& ??:O 1O 6 é%sbe?l in

Inclu to provide a c to external

nnire Hétal beloey. Aunettdvhmedt devidd (yiotsimnma isedsq iechyded liSBearable
Firew RS- 32) or renotely connected (e.qg.,
\%FYIQ‘FE@E?dm}ePS\M |1 be appreciated that one or both of
nodul es 160 and 130 nay be inpl enented on detector

BRVice 10804 16DE Eerbdi BdpecR] 4r6 ﬁétdféfébgﬂﬂiﬂldi’nelﬁsﬁi in%r on a housing
provided to control various oper ati on of

deyeturs such age cadishanse arbsdge-ghwed plaphis Hrugliraqr ofer eqynpact
g%ﬁcftgr ad'ﬁ%gl?n%ﬁ)?\/@ e O%BQ ltya% CFFH gJe {lﬁg,' %@Xhﬁént fc&g user, etc

ure certarn aspe vi ce

sicﬁﬁmzﬂbdspect@ of B@l@@l&&ﬁld&@bﬁthemﬂﬁ'ﬁ%mﬁnma as amot d)evwes
awaken device 100 and place it jn a full power

d8rsad AP laﬁ“ﬁﬁﬁ@or@%ﬂlf}’e%fgﬁi viepsahilityp g perser CRESHIRS iR pelf-
%Hlmjaﬁonc‘ QHa %§Tnt BoteL Y anttide aﬁ@ﬁ; L Ro® pEABYEBEE K

a solar cell or ot power source
,ﬁhttfeumwtmﬁioyl, to @nplemeatitions innluﬂmgk;mﬂy:mexycom,sn&ifenﬁaqPCS)

50 I L O\f/l: ggg&gqylgy rgee%s%gb e@%g?ﬁt}?qrtt%l%ég V\fements
ow. An attachment device
?‘ﬁaztcl}é:a;%ﬁldnﬁwef SrRliRkly Reh.

I's al so |ncluded i n wearabl e device
enbodi ments. Devices 10 and 100, in certain aspects,
dewsopdeferinedsl y i npl enented in or on a housing
structure such as a card-shaped or badge-shaped
@eﬁ@ri'ng tcspcvlumenp@npcaﬂitecsmser agayspaconstant gutrent sowice ifwrngided to

R R T RO R T

ts 1ﬁHaﬁ§fbﬂhctidi1\&ﬁ@Eﬁ@ﬂnoﬁélﬁzﬁthﬁasmﬁ‘éﬂt% 1658 VhoBEIDOIA. aBhsors
100, including portability and wearability, |ow power
Yis berptshown te eperatgwiBy astlitdpas 5-10 uA. Also constant current provides

a more accurate means to detect sensor response due to a high degree of linearity.

Low Power Consumption

Typical polymer—compdsite sensor elements exhibit a base resistance of between
about 2 KOhms and about 100 KOhms, nominally about I0KOhms. The peak power
consumption (per sensor element) can easily be calculated (using a 10 uA constant
current driving scheme) as follows:

Ppk = (10E-6)*(10E-6,)*(10E3) = I0nW
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and event detection and identification wll now be
described with particular attention to inplenentations

WO p@baeki7eg pol ymer - conposite sensor (PCS) el enkeit/BS2004/032774

i s understood, however, that sensor elenents other

than PCS el enents nmay be additionally or alternatively
used. Sensor Interfaces Referring to pol ynmer-conposite
FRRBE thRHuddbRr céh BoRaheddlif thdlseddts dOubtared fo ¥ Qts@fty active.
to deliver constant |ow |evel dc current independent

dihat #sdhe EERECHOWETes i ndi cate a significant reduction

I n sensor _npl,seth bias currents | ess than 100 uA
Senso savﬁav%}geg# shown to operate with as little as

sttty B s e Tf? RGP R e R BRSO igsion,,

dRek/REp&se tiee Wonkv¥rsidnaithd3aysesdpotiruoRl tinR iflfiyRésctdlcapture the
pol ymer - conposite sensor_ el enments exhibit a base

sersos respee and pErcRRshe Hpurationk dRfsOBYRSian Sies stsgypically on
¢ %em%‘?%ﬁ%&éﬁd@bom | OKOhns.  The peak power

consunption (per sensor elenent) can easily be

cal cul ated (using a 10 uA constant current driving

dn baeeypeats oparhtiawst dePpdes of the PEese)tiqt@Eod, Al v {tEed)sly require
=WhWFur t her thi.s nunber can,be reduced [f the sensols
675 poite TR SRS B SSray Frdor Sin g gnbedimants
ANALALE oRBVRTS sdtd¥E. TR Kypidal lidtiiSofNddvicd diRrating at 1 milliwatt
duty_factor representing the percentage of the

doon Bregirder of iapproxsgelysevarilveceketmsea e years pramere. Further,
represent the total.1i it,.takes 1o captur .

sEReE PPt bt SRkt e ESEn FAuRBRbHY S vilfes ncrease the
qQFBAaE 5T #Ppowbisrcd € typically on the orders of
mlliseconds. In one aspect, operation of devices of

t he present invention advantageously require |ess than

s goahohivrarpbigbades dayieis opAmy! BOWRT masagemsat. (@ng gnheodiment
i | ; Ledor '

NSRRI R AR RSP RIGR FI 2, oon

iaspenn, thédevicetie plaskd app SDEER®T etry leepemear mude RE0 tfar a significant

several _years or re. Fyrther. power .management
CHPIBt P UPE<e § e O ar BUhaF OP 2Rl e it Scpenigzion ggeded
| BGoRESEmME NEhe processor wakes up periodically 210, for example, in response to

a wakeup signal from power supply circuitry 155, scans 220 across the sensor array
and determines whether an event has occurred or is occurring 230. Ifnot, the
processor is put back to SLEEP 200. If an event 1s detected, the processor executes
pattern recognition techniques 240 to identify the event. Once identified, the event is
announced 250, e.g., either displayed, an output signal is activated, an audible alarm
is activated, etc. or all of the above. Additional core average processing power is on

the order of uA’s.

Power Source

The device can be powered by a variety of means including an on-board battery or
solar cell 145. Coin size batteries, such as standard 3 V batteries, are particularly

useful and could last 5-10 years or more. The device might also be configured with
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lifetime of a power source. One goal of wearable badge
devices is optinmal power nmanagenent. One enbodi nent of

w@2psnareimnagenent nmet hod of the present inveP€T/082004032774

shown in FIG 22. hi one aspect, the device is placed
in a SLEEP or very | ow power node 200 for a
significant amount of tine, e.g., over 70% or 80% or

A0 ROdr IRhag tleffent slepedde 180,6rhdiesdalichiaagatise of El6®romagnetic
The processor wakes up periodically 210, for_ exanple,

ieRetgy dfsdivaaon @%M&%ﬁﬁbs#@mly dqliaéﬁeﬂéw}e deyisst yn RF or IR tag
% bodindnYs 5devEc%§H§ax?t§lQeoﬁ%l§%§)§est é?l%ugl? 9%9%){ fbhfhe g&gvation
et re I'S

eterm nes er an event-”has occu

@aecrgyisigngl 18 Pocebd infieinatioh and redpy@tkis infompidn ek ko the power

SLEEP 200. If_ an_event is detected, the processor
SQWEEH %ﬁtqf#ﬁﬁf@@gﬁif&%cw@mvmf%%m Y.S. Patent

i ] e ' i1 t ha:pve j :
LSl S48 RUS00 886 RN 1ot Ay RNoRh et Psiv
Segsal (dtermytdockttenimbean 0 B fbit108 50018 yriliecoatntsvaftvedch are

tc, or all of. the above. Additional core average
g\e@@gégqo%orﬁtsé@yr?fgregﬁe.t he order of uA's. Power Source
The device can be powered by a variety of neans

iSeglcagibigoan on-board battery or solar cell 145. Coin
size batteries, such as standard 3 V batteries, are

A kbt AH hgfebts, 1S 8YdtbmanchrTRMt th PeHiodicdll) MBAKS M pHBICE!
The devi%{? m ghtilalrgo be confi g%r e%l Wi %han RF orpHI%I%1

tchgmfllsamérﬂete@ninedﬁ theessen®o inpatreare Wfthirpthie clactrical pmratlmg range.
t tic !
R R e I R L U

eakile f@idiges. t he device instantaneously stores enough

energy fromthe activation energy signal to process

information and relays this information back to the
Defggfioge. Aspects of useful RF and IR tag

circuitry can_be found in U S. Patent Application .
SientiPetrpfionge implemented te fyrther mdbee averalppower consmptign. In one

T BRI o RRL R b BRIl WIBR o idny
ithe event(s)a tdnbdetectionrie titesholdebdsed Al drferaspecd.n Fomexaaipligiimone
TORCLOTCa Sy i Ot AR OO SR B HRkFC (fierupted) and
AR DL ok Pithetn A HibR pbcbfEs Ak RLENGAL i1@RRIF T ent.

range.

FIG. 23 is a generic block diagram illustrating a detection process 300 and a typical
response curve according to one embodiment. In the following description of aspects
of process 300, process parameters such as delay time, average response and threshold
have been chosen based on experimental results and are only meant to be exemplary

and not limiting in any way.

Data is first collected 310 from each of the sensors, e.g., sensor response signals are
collected. Each sensor response signal represents a resistive measurement in the case
of PCS sensors. The resistance changes depending on the type of event to which the
sensor is exposed. Each sensor element preferably responds in a different fashion. In

one aspect, the process 300 allows for a moving base resistance; the response is the
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If not, the system automatically biases each sensor
accordingly and adjusts its baseline readi ngs. Event

woeisaod7en Event Detection is inplenmented to fRCT/H82004/032774

reduce overall power consunption. In one aspect, an
event first detected, then pattern recognition nethods
are used to identify the event(s). Event detection is

parcesitvhhigd @R thd MoSiecens BrREurethedt vERBIRBHeR! to agpé%ﬂﬁloving base
aspect, once an event is detected the on-boar

W&%@% offl prg %ﬁ%ﬂzem@@%mmgb@pbwa%hmbg@ IgeVipg pecrage
pﬁ&e cb&il c{;&%%%glﬁlggeﬂm%{e‘a‘iﬁ HRoh- B‘&gg g}é%%gkfogg';fé%)ﬁf?&% Y

even eneric
rdpresshts attlm@paialdeteEtd store ti baselise R6IBtaacsloeakly pf thelchannels,
respon g%ye according to one enbodinent. In the
£ |n8w P Bt FbHTBF aspects of process 300,

process paranmeters such as delay tine, average

T8RS BRRSRe ARtdnbE 68 NPsLsHREHERREBPS o Qé’c%ﬁﬂt £ slow changes
experinmental results and are only neant to

axambilenir gonditignscuch anhvumidiyy iand temypenetyre, Dat a1y| snﬁqrrdsnft the

el S B o R B GY bndeli SoREERR Sl pfheona TR G re
SafiNo Paeh@eeNt el RS hid AvePadiBREMEL MR cah Be HlIRAC BHRe the

of PCS sensors. The resistance changes dependi ng on
flafe i gpeeanglysis \as acgsirethe v atshert periedef limedhpdelayitimeden

PR S ST S BBl it P Bk haiet vt poines.

novi ng base resistance; the response is thepercent
Fhe RBordeIhafl! @81158%31"5 chIBGIafel 3092y B%T%%Ect“{h% Qes?@ﬁsfée%‘{ / Ry, is
to a past noving base resistance. one aspect
edlewated fotalf feosarsl as b Hettivmabichangki lmlgsmmceng aver age
process is %@fﬂﬁfnd i npl enmented in the on-board
pr ocCessIR, ) fered data represents a tine
par anet er ‘to sRore the baseline resistance of each of
t he channel s, e.g., nunber of sensors in an array. The

I f ls
BSOS ok by GRSt Ebictine
wuistanas collasiadiat ¢ naindtes eabier. aThfrlespcch‘s fanindsadsad sensors are

dr| t.he basel resi stance const

S LRrs S B GHUPE LB iy G GT o ke AoHPBS aibelheba disturbance
Is%lﬁﬁjh@érsfﬁﬁ&. delay tinme and averaging tine-that can
be tuned. Since the data in one analysis was acquired

over a short period of tine, the delay tine (or
The sensor-averaged response is calculated 330. In oné aspect, the sensor-averaged

response, (AR / Ro)avg, is calculated to provide a robust measurement of the presence

or non-presence of a disturbance.

The sensor averaged response is compared with a threshold value 340. In one aspect,

for example, if |(AR / Ro)avs| > 0.001 (or other threshold value, e.g., 0.01), then the

magnitude of the sensor-averaged response is too large indicating that an event has
been detected, e.g., a disturbance from normal operation has been detected. The
threshold value may be preset and adjustable. It is necessary to evaluate the

magnitude of the disturbance since sensor responses increase and decrease with a
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buffer) was set at 200 points (~2 m nutes) and
averaging tinme was set at 5 points. The response of

wa@bdosseiteors i s cal cul ated 320. In one aspect, PCT1ES2004/032774

response, AR | RQ is calculated for all sensors as a
fractional change in resistance, where R(t) is the

ti me-averaged resistance at the present tine and Ris
thehigb as eh emdron@nsdl sfatcorde tHeqreRac@bs #h dHviveh@Sntal condition
earlier, The responses_ for individual sensors are used
pesh a5 acfiner A RaQisyrhanPis detpciedeperia) oppraiQipistconnypd,
determ ne whether a di sturbance is a nuisance or a

oL k6 RAMEos@hs0r - aver aged response is cal cul ated 330.

In one aspect, the sensor-averaged response, (AR I is
ERkE Hh BT & nh Qo RhUktdRa35 b,ocpé" glb(ﬁ&%? H%QE@'HO@ELE%? rgsee e.g.,
presence or non-presence o0 I'sturbance. € sensor ©
8@ r22e The essponsee fiiom abetpanes awi teimparakily stotedlinl meadowg, e.g.,

40. I n one aspect, for exanple, if |[(M/ i ?0)ng| >
gpg\éam{doqon&taﬁf‘éftot BR8P P eraiiernse goplefoyeyy, codx pafiem
oI . - . r‘
BB B A OB R D o Spb b e

thichnignésinckadé Koneanest neighlmy KAIN)oCahascd) Exscrobeihate tAaxilysis

5 e 5 25 RS T0 he er
dbtifole DRNCE aSifMGA AR REWOES QONRE Ssuppét 985t Bilchine (SVM),
decrease V\n_th_ag:han(%e In an _environmental state or in
Fisbepkasardiscigningte @h4Y) ephatstsal condition such as a
fire. If no disturbance is detected, normal operation

LS ARG BB e RO, R A AR i,
egcaftached.to afdpal o2shirt of panty peienwith ah imeprated clip @8 p#, 8r wormn
are tenporarily stored in nenory,

atonpd thenact, JdotlendtesysErecken walelfiéwﬁg\é %siWﬁ?rA%A of 333@1 gletector

| i : !
R (R e B A ehP RS SR AER  BredEED). After
statulschegke thel detdctmtdbaligareanld shomiter Grebamvirhinbit, cofamoeriskyand

Di i m nat | ysi CDA), Soft.. |l ndependent in
OSSR B SR £ BB IS Tah e cled AR o1
UMM ry bk f Detedtor B@dg%@biglﬁtal’éﬁ Fiﬁclﬁd‘é\l&%duléyﬁﬁ%éordiﬁg H9% and
machi ne (SVM, Fisher Linear Discrimnate (FLD) and
otitetessly tlansmstngbifernistidy euahrdsdbadd ge D, sstates déerewtion and alarm

ggr?&ﬁ&o%%l%a%%n%ranceg%alarﬂoﬂi 09 Ist\é!tigrlil.ab’etector standardization using a

supplied standard to verify proper operation, either periodically or before use, and
battery replacement or recharging are typically user maintenance activities that may

be required.

Wireless portable detectors without pneumatic system 35 can be implemented for
applications that have stringent requirements for size, cost, power requirements and
ruggedness. Such scaled down detectors are useful as badge detectors for TICs,
BWAs and CWAs. Additionally, communication module 30 can be eliminated for

badge devices where a personal alarm is the only necessary feedback.
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e.g., attached to a lapel or shirt or pants pocket
wth an integrated clip or pin, or worn around the

woewk/10aa0@ when powered on would notify the wee@EBUSWN4/032774

normal detector status (e.g., green LED, no alarm and
battery status (e.g., green/red LED). After status
check, the detector badge would nonitor the

€1 Cbrit £ B¥pRLtsCONTod 0140 detbtondesicerin providedd dloe ek fple sz @dtebtor
events, e. via an _audi ble, visual (e.g., red LED)

lediice of mseaedyie s copplediq & POBRGEStion Breduls For cxample, a
gL s gh? ﬁ?ﬂe?{ is %Sﬁ%lg%(gﬂ) ﬁg@é %g%gwﬁ?ﬁ@%%ions platform

transmittin ornmat 1 o

ithdtailows thendetavtbraleviconte b uided in adistritatddoretwol. dhe platform
central, noni.tor station. tectqQr standardi zatj on .
&gnﬁg?%ewb%?%sga Wé’EeQﬁ’&H’YQJESBn%PP% IS PEIer megBlesan gppple with

&h :a&eiiﬁeﬁan inQdutdlshivh N pREhALE, YSBmuBRAHbAtdafbhtion, power

replacenent or recharging are typically user
re¢hatgerrad otheamdduiesi ds anbther ereyaptde ardetpetoraldyiceicaebess

portabl e detect.ors.w t hout pneupatic. s em 35 .can be
RRBIeEHBIRC o G G I PlorerE nY B EIRS FHaRA A & respiator
rBAHEEEBMID BScusicddn nfRs Hetail B¥BYE. I €QUi renent s and
ruggedness. Such scal ed down detectors are useful as

badge detectors for TICs, BWAs and CWAs. Additionally,
doumietectinswd@diss 30 can be el ininated for badge
devi ces where a _personal alarmis the only necessary

flo peferedd aspectedigiiah sigaplavecesssing (BRI unit Heinceroratebinithe
(BRI 67 e AR BB 550 B0 B e P

eheapifferert chsig®f delihit@ed Mapbeusslpeientimgearthé HauRembts of
plug into a thin comunications platformthat allows
ttheanpdicaliany [ Thess plagses aredistedis msgeagingrprderqifcomplrityy

net worgk. Tfﬁn@hé‘&&?&m > b dhG dddee éﬁﬁh‘ﬁ? ﬁld?JiFM\Al "s&ﬁﬁrs or
net wor kK connecti ons. sensor nodu can couple w

any addi ti @hsHallyioltHeasspousds of shepontineradray SWhen the threshold logic

communi cati.on,. ¢al i bration, power recharge and ot her ‘
modul es.  AdS %ﬁﬁlaflﬁiran_ °8?£‘8%%@"é%‘%$ (s o of four
i pl ement ede@RrAin' RSy kcdetié € tHrBGH TRy Qlie, af-a8rm é%ﬁvatﬁ, e.g.,

inserting the device in a respirator cartridge as w
be di scusseathrmnsraetivdedai | bel ow. Event Detection and

Anal ysi s hi eferred.aspects, digit si.gn .
ot ocods: ng RebleEy Fhirem SR i pwopd et HPREhe aragisgpmpared
devi ce conyg@phtferhd'Qod s 8 traln@SPRP SEBbral¥. OWden a match is found,
actionabl e answer. At |east,
the identity of the vapor is returned. Useful pattern recognition
techniques include KNN, CDA, SIMCA, PNN, ANN, SVM, FLD and
others. |
. Quantification: The response pattern from the array is used in certain

aspects to calculate the concentration of analyte in the vapor phase.

In certain aspects these techniques can be used individually or mixed-and-matched.
For example, simple detection can be used to detect that an event is occurring, and

pattern recognition can be used after event detection to identify the nature or source of
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three different classes of techniques may be used,
dependi ng on the requirenents of the application.

wabh@seocb@sses are listed in increasing order PET/US2004/032774

conplexity: Sinple detection: Thresholds are applied
to individual sensors or globally to the responses of
the entire array. Wen the threshold logic is

drtdveit. Siich aDSH Aethodelddl hhdheeh isele§iReEsRhilyfiRh passive sensor
exanpl e, | ny of four _sensors in an array exceeds a

i f
ERPREc8 28 & figkdetegionind flrpad BST lebamatory tests. " al arm 25 i s
activated. Pattern recognition: The response pattern

FoOMNG1 RVERY, tht[srlngﬁrl%ﬂ{ &%&&IQ iR roE %llle:&e Lt die@{cﬁse are

training set or ary. en a matc ound,
irdportant gincd the ADLValpwel hias beet idemtifitd ddnatalirgpednt €rrvonsistently

r,ecognition techni es | de KNN,. CDA, S , . PNN,
ARRE ke Preessa ) &@@w@%& gfﬂtqeﬁﬁl&fémtﬁat inimum
HEe:eRakIS FovRBINIDILY ofﬁ@ﬁi?e*k%nﬂfrri@ﬂlebs%ré!ﬁ%ﬂité &let&&{ohfﬂnm. A
aspects to cal cul ate the concentration of analyte In

tletectiangionit phagsefuliconespt taadescrlspibe psrivimeanee vé e miadytespecific
b d.indivi.dual | i xed- and- nat.ched. For )

Sisaing 18 Epiosly difineCes i Congrobdiopiial wigldg e seiser feegnse with

agigavieltndise 986 bl fda tReMoRBHIIeY (2. QRRBNI AldeRcESNIRE is

used after event detection to identify the nature or
PRty farsealylcenecifiisensoss i fewt dtbershemicatieouliblaye caused

i Si Ve . . arr h as. in
(RSGRIRF It [ ARBTRRY R Pl S
atfedytic geheralardys anyt ¢teentitalicould Haet eaisad tir regpoabssinde thBeensor
devigces are inportant since the IDLH | evel

et ect or I . . DLH | €
ﬁ%\%q 198 Eﬁ"el HEFHPHY-esgEmination imitsAandtidensifications gt ateimore

AR PhaR Y WRaPIREAHNE (X pe el i i dladiEtd Seflor array
Shediserimamation list indafingdend thy andlge dehe@ntraidon dtiwhith a Aethod of
detection .l.imt js a.useful. concept to descri.be the
BRIFEFSFRRULOB Pocube BRI sCuEats Hpenelite B & GBS s from the
tatabC@saYorlde Fing §bn@iFichiih AN GEMARE 0 thel Matytd il

c g{?trazﬁonat
sensof response with a signal-to-noise ratio equal to
whiohragg etbodl of/patigen fesognifion barcled) used tal eorsistantly idéntify thies

BERGFR e SR ASRSE TSR S
oEsRVMBEnced for theMDEGhiceRaihiaBpdetsl S applied to a single
sensor I n an

Since equation (2) is valid for individual polymer-composite sensors, this equation
can be used with experimental data for chemical species to estimate the MDL of the
sensor array for any other chemical. FIG. 2 shows IDLH concentrations on a plot of
concentration versus vapor pressure for CWAs and TICs. In FIG. 2, the sensor array
has a high probability of identifying any analyte with a symbol above the region
labeled “Minimum detectable levels for sensors in C320 (estimate).” This region will
be called the region for minimum detectable levels (RMDL). The sensor array has
moderate or low probability of identifying an analyte with a symbol inside or below
the RMDL, respectively. The further below the RMDL, the probability of identifying

the vapor decreases.
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anal yte-general array, any chem cal coul d have caused
the response since the sensor does not have

wep@silbd7ed ty. Discrimnation |imts and i denti PCTHS10041032774

limts are nore useful concepts when describing the
performance of an anal yte-general sensor array. The
discrimnation limt is defined as the anal yte

QoRgRMtis pidf@bblgusddfos theavimEishalleOtha ainglolifecfop (i fbllGRing
can be used to discrimnate an analyte in a carrier
§B80H% om t he carrier gas alone. The identification

limt _is defl: n ' Lch

a et fod of BACLror it BRR orBMETARAL A Abattile
consi st ent legvirahemdnitd that dre npiesatubde ehd sonhavredligiee valdes for
identification limt is preferably used as the ..
nmeasur enmen{UBmyER FiFtS?tﬁI&]ﬁg%Vei% rThef@phpgtions tead te Bpyp minimum
aspects. SiiBeEabRYBkt M odeflo fige X2l 1 d for individual

pol ymer - conposite sensors, this equation can be used

wi t h exper iSampieataridbilisy: fApplichtéorisdbat hepeanabges with significant

estinmate the. of the sensor .arr f.ar any other

chem cal . | FRECBY BT BECE e oF BRBHE R edalip dyvels

of concent MabiOHPUBSITMS tHARDy iREIBSSHHtraf dﬁz\%&l@ﬁﬁd to have
g

TICs. In FIG 2, the sensor array has a ﬁ‘:b
pr obabi | i t yniofming detecthledignitsnlossned kmeeAwi t h a synbol

above the reaqi.on. | abel.ed "M ni nrumdet ect able | evel.s .
for - sdnsor SHRHCRUPIPRUTE STARPE STy YRGS it applipation is
cal | ed t heidepgfiod) shedifidbdisoisroat Bt asdd(dl serlséM@hSonses can be

(RVDL). The sensor array has noderate or |ow |
pr obabi | i t yeBeveddn seftwatchty rgpoxe apymporignt infoymatipm@nd sensor

i nsi de or : r dvel Ve T

bel ow t he %%‘51?1’,%#22 "‘@@b‘ Sbi W@gﬁ?ﬂ ?%%hf%cl %@?‘Iﬁ%ﬂi{eﬂd have
vapor decr éas@yalies fgiminimsmpicaicaibilkeyelsisloskrftoting Be

MDLs rather than a single |line for the foll ow ng

KB Pdea detsHer £pesn b ATDRaF ot Qotat ThF B oRGH: 2. The two
¥AEHRBE Garla®Ny Enl% ARYEiRhBREEquIPANIERvE BPp RIS, Since a

detectabl e | evel s” " The applications tend to have
hadgerdetactisties fiald-eseldewice.senyirosmentabvariahditytendSteriptrgase the

@%1 btit %éﬁ%hyéﬁ%hfﬁ% Itsg%gg |stg{§g hg{}%\ée i%si%r\é Svgﬂc‘ldggtn?% rcausing the
ML 16! Heciedse C Sk applRvfbss tedd SR c@PM CHAAS M¥Ssome TICs, the

Mgi cally include natural products and tend to have
L can be improved by using the most appropriate sensor array for the application.

Tests of the C320 further validate the estimates in FIG. 2. During controlled tests of
CW As by independent laboratories (Midwest Research Institute and Battelle
Memorial Institute), sensor arrays in the C320 detected Tabun (GA), Sam (GB),
Soman (GD), VX, Sulfur Mustard (HD) and Nitrogen Mustard (HIN3) at or below a
9ppbv threshold limit. Additional testing by the U.S. Army Edgewood Chemical and
Biological Center showed the C320 correctly discriminated GB, GD, VX, HD,
Malathion and DMMP.
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m ni mum detectable limts closer to line A
Application-specific sensor array: Wen a specific

wa@ppbiteeso on is identified, specific sensors CRBECI/D82004/032774

used (or sensor responses can be renoved in software)
to renove uninportant information, and sensor
performance i nproves. Application-specific sensor

Detetysr deefvds Bevoadih@ibthe yrdserdSntedtiollafy AR HHEbR G &b ying and
| evel s closer to Iine B. For badge detector devices,

wissrimirating ngesosienlKplogives s -+ BNTI G RDEnANKQ argl otfpers) and

th‘é@arﬁé&sqﬁﬁtﬁ?ﬁg variability are approximtely equal and
osite effects. Since a badge detector is a
field-use device, environnental variability tends to
iAﬂmlyeargenarhie:hhﬁiﬁ.qal blert dewiopd &f the preabitlintentios aﬁ’aillvbntageously
sin che re well, defined, causing the
%i%?gfg'%@tms. inlesis gl eagmigalhazaidevents ppsing fiom @:wéerange
%@ehéﬁm ahliBRolobiesl MidesAR a?@nét'f@étﬂﬁ &4 1Py fesaélﬂlea BRort-list of
nost appropriaté sensor array f e app |cat|on.
Tes ndew TICHeInG32@irf aspedis effects ol atterferbmeemtlicnast-esactinity are

FI.G .2, ri cont.rolled tests ndependent
i Rt rettut iontd stiRh Pefiiefs the lecle” BRPABY AL design
BBYithal add¥drdwate &is de%&ﬂfeﬁrab@\rfé a8g b¥ent B@ce@?&%o discrimination
tect ed Tabun Sam Soman (QD), Sul f ur

oné irderderepdmp) eaw Niclnlrl@gf‘én mye@rdﬁtemy gﬁs ity em\ownment

I naI est |
X ol e B Bt arur HlnbiafD 0 il iyl gl
tgt’&du@ﬁ(bveﬂmﬁlﬁﬁéd ty hduscariddre abedcéddhizddds h2ard Blnts. Second
Ma| at hi on and DMVP. Det ect or devi ces accordi nglyto t he

PPESSRCOMRORHH fearota RO e netadosneterst curadatiye lpPigvelrgposure

SRR AR 1RR5OE) §5ulaf BB NGBt 1B i, e

&n@hﬂ@o@ns&taﬂl’@&) aensossl arakteble adé Véss esactite tohaoistuestnat other
i nventi on ar adva e y capabl e of tecting

SPSPBF SalcOAs BRI rg)hg['i*a cEmbyRiFY 05?8 iSRRPOFY B exent
@6t sPRass ﬁfm&ﬁ‘fe’l“aﬁé‘koﬁﬂ@e BiQl 2 Eﬁ@mﬂnaﬁaﬁ SR MJ ttern-

not restricted to a pre def i ned I st of
fepagtitios techniques arzipnefamblyotssd tcefdbmmﬂys:hemmahclassber Atthamgh

AP RREReRR At oY e ler A LSS Alata Rl g fative), a two-stage
aproadh Mikini A8 $hemisk(cH I8¢ hédJalves s, MALAnBH 61 clittnical event

descri bed above using event detection, discrimnation
detection followed by discrimination. In this case, even new and unknown threat

chemicals will register an event alarm for hazards above a threshold. 3) Interferent
Rejection: In addition, real-time pattern recognition is preferably used to screen for
and reject known interferents that may otherwise register as a chemical event, e.g.,

sudden increase in moisture content due to sea spray, spills or cleaning operations.

In wearable badge detector embodiments, polymer-composite sensor arrays are
particularly advantageous as they are preferably 1) rugged and stable in various
environments; 2) compact, lightweight and wearable; 3) inexpensive to produce; and

4) low power consumption systems. More detail about such advantages follows:
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and interferent rejection techniques. 1) Event
detection: Changes in environnent (fal se positives)

waele@stias7senper at ure, hum dity, or chem cal bacRQF/Us2004/032774

occur gradually, over mnutes to hours, and are not
recogni zed as hazard events. Second, polyner-conposite
sensors (PCS) are not dosineters; cunul ative | owl evel

exposdre oRaiggb@und/Siamie; MéliineROdmpddite Gerisof ard kAP in the
(unlike colorinetric indicators). Third, the

pol ymer - coRfrssnacof ppustyre; alleswing the wenserpstay taaperpienyer a wide
reactive t [ : r §?ﬂ ( .
conducti ng Qap%@)? r?replén?dl{)}@:eb 92}8’ ?lﬁ at'l gi%{l%* I&%Sesn SASBTAS have

and event dedreeitedin Aglepss solutions fer Heatls &,q00ohiiM®us hours
risks. 2) Di.scrim_nation: Real-tinme patternrecognition
t echni ques " sTackpn pensor sehilitys Theewmray rlsoaperaiesaver a wide

cl asses. Aﬁri%@ W%%r%ﬁ%? NiFZQShEREEeE @gﬁlpfg?éﬁ SRk 2 geéneperature

regi ster a class a al'se negative), a two-s
approach nrangaiofed 5t 40°ckwitti nd affset onahatengers. Bynally, the

utilization of, chem ca (ent_, detection fall owed
di scri ni nafi8hhas %{gP 'Sgelgﬁ e SCBITATIIIHNANFPEGR RIQESAhfor up to

threat chepirgaydariMd dn HRBLSEIR ARireMBBAt iRA5HBrtBFy, and the
hazards above a threshold. 3) Interferent Rejecti’on:

I n addi ti optraysseghuir¢dueo spetiabpretreadnwyghbafprsnses

preferably used screen for d refect kpnown .
interfere ntds{) "i'%aac%ﬁh’ﬁﬁ[‘%? nléﬁ’ and 3’9?556&91' glfhe §Elpe?a8 R&nplgmented
event, €. gusing dﬁﬁ@ﬁiérﬂ@fﬁ?ﬁ@xﬂn&tﬂ? i1 gAsurel 2o N6 it a mass
to sea spraﬁ,a spills or cleaning operations.

I n
wear abl e batigévaeresssofn pefrate epress, thesthinmend benrsdl¢ device in
sensor arr c e
I T R ) LT
envi r onnenfighe{e. £ 01alt) and nghé peifghbly ded thdadbatt Esquade inch
I nexpensive to pro ,%ce' agjd 4). | ow power consunptijon
syst ens. D dibs GhipdpclRdesrasrsspyedatteny) sigksensors.

Rugged ."J‘”%ﬁ‘tﬁéihﬁﬁﬁa?&%éﬁﬁ?ﬁ b&:?ﬂ?ﬁ’cﬁ{ié\%dsflf? iregar €
stable in the presence of noisture, allTow ng the
sensowe ar r yexpensiyer Hieepadyeer-aompadite sansgearedy ik imdxgersyve

(0-99% noncondepnsi ng). PCS sensor arrays have been
Lested i n BEESUESEGE BREOTBHSAEA A7 5msgts of carbon black

cont i nUOUS zRPEOTSPIIImBR. §hé BREctRBSBRSASorThaRHAL id/very low,
The array al so operates over a w de range of

t enper at ur eg., sigmgicantyless Bwar$0ddnpl et ed over a

tenperature r ot .. 15C to 40C wth no effect he
sensors. Fliﬁ Xﬁf‘g‘?ﬂf %8 hIggrgo nglgaselnfj?{é TEHEPP nﬁ’i ngihoft power
Sensor arr ayisnd1aotendd 6petand0 Btk dhdh catPopePate for at least six months

or more using a typical battery.

In one embodiment, a four channel detector, operating in a variable humidity
environment, detects transient chemical events (malodors) of unknown composition
and triggers an alarm/response via an RF link when a programmable threshold value
is exceeded. In one aspect, no data is transmitted from the sensor, just an alarm state.
A typical response curve to a transient event is shown in FIG. 4 for such a device, and

an example of such a device is shown in FIG. 5; the backside contains the battery and
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| aboratory, and the arrays required no speci al
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Wear abl e: The chip can be inpl enented using di nensi ons

of approximately 1.25" x 1.25" x 0.25" with a mass of

a few ounces. In preferred aspects, the chip, and
BRNBerhh e I pietirddbad SoBmBHHR RN BIEr S is HodfheBmbBObtdr ind the
area of |ess than about 4 square inches (e.g., 2" x
detpctarsrerppndingpedle exsisgd foeths epvizenma@but | square inch
(e.g., (1" x 1"). The chip includes processors,

?ﬁf ![fertéét'oﬁ‘ggj PRNSYE, Further niniaturization can be
) . I nexpensive: The

ol yirer - 0S| r 1S, .V .
PRect OB D ROR TRt REBRGha R pesPp TSRS A B RS fetul
froddtc@ivd aa@peventiot@iRitickh & sticheibodaénts, devisensthe present
materials is very |ow _e.g., significantly |less than
gueption piefiatiy m?fudeppﬁ“ﬁ}%efrauc BHRRS Qreners ﬁé%lﬁlgnﬁﬂéamor godules
SR as W RRURE, SHDhARSIP AR o R A dSBEOE "bRbIfsfld PCT
oper at or at l‘east sIix nonths or nore using a
ApplicatlonBHO06/7924 3wl cle isdrebebyi in@mporated foyuefednan fiel all purposes,

etector, operating.in a variable hum di.t.
dhvicponras svaers B uhEmb ol Sonrhoss v bt presetul or fir
QERLAGLLRprOfentlBK RAYRaGORPRAS A A ¥oRBfef ddtSdRAS: llcations as
alarniresgbnse via ‘an RF |1 nk when a pro rannag e
dbsceibhdhereinal Signalsfremdbe BEY arali and ethes inebrded sensdrstaze i s

t itted f h i t tate., A.
PYRRBE A Do el o et PR ENISail Pordt it fiisances
lafid Fs&imthatcBetSbaNfiR S8l trd AShnRE sQif SdERYVieh @ highuiebrea of
device is shown in FIG 5; the backside contains the

senfidenge smak thaeduse dimeccurranee i felsepesilivesa ditfe- 6 shows an
enbodi nen [ . t

R e b R R St S S
Eibediaeine 61 the prexvet iffveanent i on I n certain aspects,

devi ces according to the present invention are

articularly useful in fire detection_and preventjon
uTeRLcheical SeOR REB AR ASTIERAg Gaerea) pRsot fites after the

REER& Bech axmdfgfglmgi eﬁba%kﬁniepr%ﬁge tRERs@hdoaY 1806k

one or nore a sensor
adequate for fire detection since time is of the essence. According to the present

invention, an algorithm detects an event as early as possible and immediately
identifies the event as a nuisance or fire. In the section following, examples of fire

and nuisance data are disclosed:

Fire & Nuisance Data

Table 1. Fire tests that were completed in fire room.

UL Fire Tests BSI Fire Tests Non-Standard Fire Tests
Gasoline 1 Alcohol 1 Dense plastic fabric
Gasoline 2 Alcohol 2 Flaming cotton fabric
Heptane 1 Cotton 1 Plastic curtain

Heptane 2 Cotton 2 Smoldering cotton 1
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such as a photodetector, an ionization detector and a
thermal detector. Published PCT Application

woOBsnTean3, which is hereby incorporated by re¢EUSV04032774
for all purposes, discloses sensor systens including
mul ti pl e sensor types which are useful for fire
detection and prevention applications as well as for

DpRRE 1det ect i on ap;l‘sljlﬁﬂﬁﬁé’%oﬁsl descri slﬁofa@ﬁﬁgeettonz

Signals fromthe array and other ipncluded Sensors

APapenBni t or ed and prBlamsl@WObsuan al gor$l_nhl_1r1ﬁnmg1hngu&qdastic

i oeancrac . and

LEPNEEFP Ly e sour celsHERIAR oaur§;ng;us;hf 3 Iméﬁhgcﬁaprﬁfdh

dﬁgl @k 2conf I dencepgRa@s2 T 0 reduce themgfieHhs 20T
alé%?{:)osu tives. FIIG é% shows_an exanpl e o % ?%1%?

dSmetﬂermgVéWbm i nd’cnlgmm@ladeﬁectl on de&mohlsnagpapedBng

cg‘;nf’@‘? mﬁg r%lu?’u’grwcg calnwa;lic,p Il?ladg’é’l%comn fabric
dworoar@rmltypes o SHBRIcARE Wodde TTTIE Mas been
active for a long period tinme. However, this

ug\é)odtﬁrdﬂl S not ad[e%meldenﬁg)quers detlection since

accphnen Neecnrdr ney + A ha nrocant
v | C P_r\/g

LILA *3 D, U| I_HC TOJS TOC~ '\COUUT T 1T9 T C ToTTC
WQ@P% an al gorfithm detects an event as early as

pOSSI—ﬁl e and 1mMmedi ately 1dentiires the event asS a

nui sance or fire. In E‘Qﬁleszecﬂlﬁ@ihcfa%sk oW ng, exgrrpl es

of fire and sal data—are sett—Fire
Nui sance mtchFQBT 1. Fire ds¥L% fat were cdm | et ed
in fire room| BRbE enElUdnsanCﬁ BRshS. Series Series
2 Bacon, operdoor Bacon Cigarette on pillow (igarette
1 Floor buf f i|fge@rigaeepilow2 Fru(égarctt@m ng Cgarette
puffs Gl, o goLe) Dry—at+—fresheper—G+—Eranel Sour
craut Nilotr :Ff%({rﬁmr%pcorn Cigareite >
Fries cooking Cigarette puffs
O1l, open door Dry air freshener
Oil Enamel
Sour craut Nilotron
Steam Popcorn
Sugar Rustoleum
Varnish
Wall Paint

In one embodiment, simple detection is used to detect that an event is occurring, and
pattern recognition is then used to identify the nature of the event. This two-tiered
algorithmic approach for detecting and identifying events works well for polymer-
composite sensor arrays. The first algorithm simply detects that an event occurs. All
fires must be detected, and, ideally, no nuisances would be detected. But it does not
matter whether the event is a fire or a nuisance at this point because the second

algorithm is used to differentiate between these two groups of events.
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Sugar Rustol eum Varni sh Wall Paint In one embodi nent,
sinple detection is used to detect that an event is

wo@e@aned7eg, and pattern recognition i s then useCI/US2004/032774

identify the nature of the event. This two-tiered

al gorithm c approach for detecting and identifying

events works well for polynerconposite sensor arrays.

Therefaire sdveril garairicbsns Bi thp Uytecttinedférithiathataie BNERbbly optimized

occurs, AU fires nmust be detected, and, Idealel%ét no

Auhebald Bresisefelered and emiwmal punberof ggiseneesarandstected. These
eSS fRfugevent is a fire or a nuisance at this

é%l%nt ecause the second algorithmis used to

di ffesent i &ype dndtmeder bfheasors wedgboasagifigievent s. There

are several raneters in the detectjon algorithmthat

are pf efer&k‘xg‘??e noggts pepdder IS AVEIARING; r s ar e

det ected apgmBerBfHommb img%ﬁffeﬁo@8§9it ces are

detected. These paraneters inc type and nunber
of semsor s thessuntien of eumeagivagpintsouthide thef thpeshaelti sands ed

for time ayeraging; er of iLnts in the buffer

(del ay ti néquagq%cgt'th%ﬁ%gﬁlo&tﬁ]@éﬁé@cut ive points

outside the threshold; and the value of the detection
Ah/ g HIokeshonle isyBb®alin FRS POMEE: b aisiovB2 PCEb&asors Wikl 32
an array of 32 PCS sensors when all” 32 sensors are

sRsers aFrviuged and tiepeumbst oppeintssnithe buféer hyd paramieter.aThe parameter

t : itil.e t on.the ..
B! B Heot o e BRICAA Fhe 10 sld debdifer S hiticr sl Bftsticatly
dffasted thalovyratifhegimde ofibe easpomdel nMagni t ude of the

response. Once an event is detected, the second part
f the event as

s L Qe 1 Sesand Dot Gl e EPRAEBRIET ARG D pf the
SRt ad HARPENIRREVRIEIG. %ﬁl%ﬁ%?@o%%s@%ﬁo{fﬁh%g?t

Addi tional useful algorit I sclo

Blaglebing #6Chnt Anglply (IMOA).Seri al No. 10/1 12, 151,
(Atty Docket 018564-007600US) filed March 29, 2002,

%\g iélr%o aglgugsgﬁui Iaf)gfgprm:é)sﬁ%}g ggsg Qe:ed Elttyni{e%cﬁeru%so 135 ter?tdAl? ication Serial
No. 10/112,151, (Atty Docket 018564-007600US) filed March 29, 2002, the contents

of which arc hereby incorporated by reference for all purposes.

Protective Absorption Based Filters

In certain aspects, devices of the present invention are useful in protective absorption
based filter systems. The actual useful life of a protective absorption based filter is a
function of the amount of absorbent material, the absorbent-sorbed species
interaction, and the concentration and duration of the exposure. Since this data is
almost always unknown, the manufacturers’ recommendations and civilian and
military specifications are based on a few marker chemicals and test scenarios and
offer only a rough guide as to when to replace or regenerate the filter. In most cases
as well, the end user does not know when the exposure starts or ends, and what
chemical’s biologic agents and concentration levels are present in the environment.

Sensor devices of the present invention incorporated into a filter or pneumatic
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Protective Absorption Based Filters In certain
aspects, devices of the present invention are useful

WO poopnied7ect i ve absorption based filter systensPCI82004/032774

actual useful |life of a protective absorption based
filter is a function of the anmount of absorbent
material, the absorbent-sorbed species interaction,
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Tefbireert, 950 e ~SEREAR ARG R Gty Pl
ipPotedivie @l filE06 PG sten@dfol Wolitite OrdahRr Cl®imicals (VOCs), biological
pneumat i cpat hway can Frovi de a tinely warning to the

agents anshetherhazawlens mejeialse Mygl pysjerny are mactp] 1y fyr exagple, filter

h he - def | . i S al '
SO RE RSl St ol Q18 P ik i
pistedtddegeiphtent pat @otorakhibkzard to these personnel .
Accordingly, in one aspect, the present invention

rovi de ol yner - ¢ Qsite sensor arrays in. protective

3 e pbodiiieli g GelE Rebielira STEgr G 9t A RSB ot VTSl
RIYEE in 4 FEBL MR GBA that H8Q6LRiveSbAdd)r Aetedtitth ALBIEAEBrough event (at
residual |ife indicators for personal protective air

fthe XDIH) lovelspd subseqhient aldohauidués @rrsapons! tolsensugaittion of the

OCs)., biol.ogical .agents and qther-hazar,dous .
kvt ot he PR BRI TRERRL BB ippraterably
fpldce@ bppropAitt R 6 Ppehnit ¥sihe BEit tim@ R tHRiHaz&datd dr¥a without undue
applications, cabin air systenms, personnel protective
etpstagpenfilteneerigdeet vehi cies. hi one embodi nment,
multiple mniature sensor devices arc positioned at

| . | . .

$30, St SRR shibnfl e Blp R B RN THRORARRICL e
|aeveatlingnol as einbedinemt ofihapresenttipwintion.o Asshpwndetators are

R EHBRENY B R TR A Aet horEby PRGIOdulE AN in fiter materialin
ﬁr %‘% S0 a¢h. PHAGSH d APPoRRAdi8 5y wiR REFE dond BN id monitored

fromthe hazardous area W thout Undue wastage of
fseini-eonttmously by€as Chir@natbgraphy esd eatimyously bireensor eutput. The

ru%gtrrga?ne Qetn%})rl 8 5] re%{;or?ds%g St‘llledlyrgslen%é E)F thle ggél%tw%en':thé hlrjsrt Filter Bed

experiences breakthrough while the still protected downstream sensors (2) and (3) do

not respond. This is analogous to consumption of 1/3 of the filter system capacity
(2/3 Life Remaining). As flow continues, downstream sensor (2) responds as the
second Filter Bed experiences breakthrough; this corresponds to consumption of 2/3
of the filter system capacity (1/3 Life Remaining). The final filter bed also serves as
the gas scrubber. The approximate stage-wise concentration in the filter bed is
preferably monitored by Gas Chromatography as well as by the polymer-composite

sensor system.
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according to an enbodi nment of the present invention.
As shown, detectors are sequentially positioned within

wa@2dosl1ees0 bed by enbeddi ng detectors in filterPeEUS20048032774

in a gas flow path. Inlet and approxi mate stage-w se

anal yte concentration is nonitored sem -continuously

by Gas Chromat ography and conti nuously by sensor
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dembiens todoin A nefwarke Ea¢l sush doeide peefgralelf éncliddes a transceiver or

' d by Gas. Chr omat ogr.aphy as .well .as by.the
SRRy Bt s S O R i oy Sgnats oo
exaiptetitpedte SdRNEuRA as hiceh@4l p‘i’(\(&’éﬁﬂ%mﬁ&{ cMtat BoBPuting device or
end-of -service-life indicator (ESLI) nodul e including

diseripedmntworicd compytrs andsonpgedagsing podss. Theibrseigtalbgese

i qed udi - di st 1] n rk of wireless
e S F
peovidesyahiablerinfoamativn theifiefreiot@cbperat@] 6r diby biitdhialbalBf activate
det é/Sl%t ems Qr. as stand-al one devi ces positioned

ti.
33 afsii e resbaldsredifiopdt met olnysopidarechn horsesung fagjoes include
¢y alokitRBird Skfe %cedr oh %Eg@[}gs%r gﬁle%fbcgt%éi’\@etennining
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col i.cati dul e.for communi cating.informtion
Bitguegy fae il s Semving 9vihEE Bt S Hbued & oifopesd from
Bf RES1RA¢ Hith&H8se 1aRVhE! gﬁfpﬁ%ﬁdaﬂg d 1 téd, Ahd it is ﬁ%sirable to

di stributed network of “conputers and or processi

paelgte amreciprm@ecviounsty wilgemng lavetien weh eidetestedredtent, agent or
signals received fromthe.yarious sensin

EOARERRRE Bha0RIcE s FOERRTETe P shirdiskah e vemEr gLl has

Bltreaped t Ated fF d¥BbuRH BIBRIgicaRldtYct e Wikt Pdupedbr flsapikiile

a threshold condition is net. In sonme aspects, the

KeRaElfg Ve sueat sletianse Tapdow gpsiblaw neowsi and highly sensitive
g S50 O 90 O 57 L S e
distratiainmoletoemgiof bivdogivd W #Srésigents (BWAs) and will advantageously

provide for improved monitoring of biological threats.

In one aspect, software processes are provided for both low level and high-level
contro] of node function, for aggregating and interpreting sensor data at a single node,
and for calibrating devices at the point of manufacture and in the field. In another
aspect, a pattern matching approach is used to detect and identify compounds from a
library. This library may reside either on the device or at a remote location. This

approach allows for rapid upgrading of instruments as new threats become important.
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is desirable to associate a precise (previously
unknown) | ocation with a detected event, agent or
envi ronnental paraneter. For exanple, a growing risk
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FIG. 12 illustrates a mask-based filter interface system including a detector device
module according to an embodiment of the present invention. The filter interface
system communicates with the filter-based detectors and provides status/alarm output
to the user based on filter status. The filter interface module is preferably configured
to be mounted on the facemask and to contain the batteries, the signal processing
circuitry and/or software and the visual and auditory alarms to indicate the status of

the filter. Such placement allows the durable electronics to be placed in the mask and

32



10

15

20

25

30

probabilities of passing fromone state to a second
state. The HW may use different algorithns to define

w0 b@saoqsobabi | ities such as a Viterbi al gori tPeg/us2004/032774

forwardbackward al gorithm or a Baum Wl sh al gorithm
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gﬁeferably configured to be nounted on the facenask

ghiarp lagnothienaspaet, b ipbpeatorysystemds mogntﬂd Vjthl@h: etggmntgs the

th audi
SbHlib do A R o AR Saffls oS Hite SRR oty
bisad ecrsot ar&i hidigely Fepott fitprescabenid iaaitas of thehﬁlcﬂi afAfism
in the nmask_andreused, thereby mnimzing the

Wﬁbﬁé&hlﬁé}a@aﬁ (filters) of the system Battery power
usage is mnimzed while provi d| ng both vi sual and

BAHrhBF i dekiEfcatiBn b P GoRaREis céégf gﬁEes conﬁgnation by

notification in a noisy Indu r|a nent
wisghlaed ghd;mlcsl racsn Stepd ardgirycedinres meqed grswiigoftlive cells for 24 to

vi ces .of .the se ,nventiqn so.as to not
BB a6tk SfuBuinrart be g eiret tibi Tsmriiame
RIBRHOLREC AP (4L ShdpéParid HeRial LRar2tEri §IER @ L stafrl€antibiotic
present i nvention provides autonmated Ia oratory
ngtrélbﬂltﬁb r Whée #us teshnigfie Isitimhoefinsumingn itds theri‘go}destandard” for
Spect an uto ted, i no ulaﬁlon and growt h systemis
ér OV 1 &1{18 afl%}glé)g e existing Bi oWatch
net wor k and a wireless infrastructure is provided to
It dnwelh knew e thae beweing niicrbrp@iidmiprodade thetaBoldeshtedre
|.ocation. I.n another aspect, a |aboratory systemis
ﬂ}a&ﬁt%ac o TherEraying: pagaome b his AdrntifisetigrOfmisrgPraniyms firom

ar r 5%\{’ B R8BS has TRARIESY HABSLARPRIES ubhh Ba8"
chromatography (GC) and/or mass spectroscopy (MS). Recently, Cyrano has

demonstrated that measuring the volatile metabolites of cell growth using a hand held
array based detector can also be used for discriminating B. anthracis (BA) in tests
conducted by the Midwest Research Institute on standard growth medium (TSA).
The test results show detection in as little as 3 hours using standard growth media is
feasible. Discrimination from other bacteria species (E. coli) and negative controls
was also clearly demonstrated. See FIG. 24a. A new medium, 3AT, was developed
for rapid growth and isolation of BA by the Air Force Research Laboratory (WPAFB,
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based sensor and uniquely reports the presence and
identity of the mcro-organisns with high reliability.

waaened7er y i dentification of bioterrori sm agePtBUS2004/032774

typically requires confirmation by visual and chem ca
nmeans. Standard procedures require growth of live
cells for 24 to 48 hrs foll owed by exam nation of the

i), MredluRB ANpRsIut e 2 RA-FlE icidase IR Yr&PinGate, {iRi&ESy 24 his
shape) and chem cal characteristics (gram+/- stains,

@mwm in s Bitleas oephishiGamiyped with the rrier yrawtmswisedgtection of

;
PPN Bosth 1, RS, A et 81 BEB
tdiug;tbeqro@wolego yietd over fgstoi womtspind dpetfieBioshb b Basilthgiecies, to

are characterlstlc of the_grow ng, organism This
itrericiusiwdiiofier spotriiprping baetpiia s Rorobrotereal migfogugepisms. The

el gpl i shed using
%lﬁggn%t&)o%%gﬁ%ég%tgan gr?l&% §spectroscopy (MB) .

Recently, Cyrano has denonstrated that neasuring the
\Riblagichlsamplesisod alressly bkingalollegedas Iturtﬁsﬁ the Bio Waatch frepchm.

B Y T A———s

T hBoMMdWRSpORSS RBFvedik | DRN') tlé%@at&{bss B dRndar@r2Wy8is to confirm

nmedi um (TS ). The test reSults show detection in as
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fro res qQssible in.less than 1 r. .
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% gram Thi s system reqw res daily manual retrieval
ermtose, degiise thedeemagite usgeetandard mecrqlmhgmwﬁma&aﬂlc bysis for

Qﬁﬁteen{\% > e Fathnﬁln%Qf%naé arnlyesﬁspec{ég posﬁllve result will not

ana ysI's
require any additional time for growth or amplification of the suspected micro-

organism. Also, samples can easily be stored in the same growth media for up to five

days and the organisms will still be viable.

In one aspect, current state of the art growth media is used to determine the earliest
possible detection of agents, e.g. 20 agents from the CDC’s Category A and B agents
list. For each agent, growth media and growth conditions are optimized and the
chemical nature of the metabolites is determined by GC or GC/MS. Simultaneous

with the analytical assessment, measurements of headspace metabolites will also be
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agents (BWAs) is mcrobiol ogy. These protocols are
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m cr obi ol ogi cal assay is used as the underlying
detection neans in a near real tinme system The
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Sensor Arrays

In certain aspects, multiple sensor types are integrated into a high density platform,
preferably on a silicon chip, or other substrate material as is well known. In preferred
aspects, the sensors are integrated onto a single chip. In addition to polymer-
composite and conducting polymers, useful sensor materials include, for example,
nanoscale polymer composites, carbon nanotube composites, nanogold composites,

intrinsically conducting polymers, sol-gel biosensors based on intrinsically
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In one aspect, a nechanical systemis provided for
aut omat ed i nocul ati on, storage, and neasurenent. Since
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aspects, the sensors are integrated onto a single
hip..In addition to pol ynmerconposite, and conducti ng
pdpisiedo one aresticamabimpeh & MEYCqpRIFSGE 800 pegpsor elements (e.g.,
r
T DRSS W T STE B RSB SR or
nenel(eg. j orgthp ekdaref $0,080 kenget elbmeste (g $0MXsIO))oor more may be
i nt.rinsjgallyconduct pol yners (e.q..., sol-gel
bRelieted; bt el ScbitaRus s Hitgo R iutesseor
dsachRy dre ASRICNINid J16105AREARY Bic thaAMpp¥BLiaiakdl S0RRF for 900 sensor
ot hers. Advantages of such high density arrays include
dérdcestppproyimately écm? fard 0,080 sernes dewicds). Reyisbswithayraysy
sensor. properties nd the ability.to i.ncl ud hi gh
By oPSPI A A el T tol A altresung e ilihdate' bette
fsiReded SBNEhip FGMN/D caRtrshanelifirtidr pf@&ﬁﬂﬁi% REongh GtBEL
0

n_noi se reduction, where n is the nunber of identical
addsessing schemes may be used. An example of addressing is shown in FIG. 13. In

one aspect, sensors are read serially one at a time. As array sizes increase, more off-
chip bandwidth is typically required to ensure latency between sensor readings is
minimized. Sensors can then be read out in parallel, for example, a whole row at a
time. Other, more advanced schemes for reading out sensors such as “address event”
coding may be used. In this method, “important” sensors (i.e., those that are

activated) are read out first, and more frequently than other non-activated sensors.

FIG. 15 shows a test unit sensor cell according to one embodiment. The cell as shown
is preferably fabricated using a 2 micron CMOS process. The sensor cell includes a

switch transistor and decoding logic. In one aspect, transistors at each sensor cell
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el enents. For exanple, the inclusion of 64 identical
sensors produces an overall signal to noise ratio

wappsosiemtely 8 tines that of a single sensorP(EE£2004/032774

FIG 13). Sensor arrays that are at |east an order of
magni t ude nore sensitive than those previously
produced can thus be achieved through the
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redundancy al so has additional benefits in terns
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%ﬁrﬁﬁed SFe cﬁull§ rdrarr@ceearrg %ﬁhb‘ﬁgﬁ &ddiig ﬁfdc@gsl @r%gsoﬁrarf&gwd.

data bei ng mul tipl exed off chip for
furthe rocessi ng, although other addressing schenes

Etshopna té'pmbl -& rgspoaskielesich agell @s shywnin FIGF11 63 and
e sensors ad serially one at a
errssp%se 5 AEFeTlo 2l SHRARE BbSaldle FF chi p” bandw ot h
|s typically reqU|red to ensure | at ency between sensor

e ank agbodimeni, ahdlog eﬁculﬁjé issiacladabtd proeide painreae s@nﬁor | Baseline
paral l el , for exanp a whole rowat a time. Qh
ﬁ@ﬂ@n&dWQﬁ@@Hn@Eﬁéﬁ%§%§&PmPgﬁgFﬁﬁnﬁﬁge§@ﬂ§%&§“@%5ﬁd@§0fﬂm
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ortant " ’sensor’s ose that are ac Iva
agmt irgedcoent divided by thebhsaimeerebistanes mtithput ]hmzmg)tbh:efculate this in

on-acti vat ed S FIG 15.shows .a test un
PSFORIRFYSSOL ?3{3 f%é% YRRt s PR Rt Z%H@C%ﬁrngé% one
ShPvlinient Bf @E$EARhYinl@RiohC @in%ﬁiu 486 gﬂ)v?de% baLdng @raﬁl\{ﬁg

process. The Sensor cell includes swtch transi st
satpnersdoditpyt dndgiceouplinginenasipade andlognsdst ors at each
sensor cel I perform decoding, primarily due to onI y two

n roc reul ty
Al Bl Gad BFwaet o R R IdE ) et thatam
eRgirslesy gold prdchdmeer weli g prodhicd e bfid@leadsI e 1Behestidfdon of
signals control a switch (M/) that toggles a current

elyyingmgayegEmen Othe spaducize sanbsused-enent . I1n one
aspect of this design, only

In one aspect, the present invention provides deposition techniques to efficiently

deposit up to thousands of unique sensors in a small area, using for example, ink
jetting approaches. Accordingly, the following focuses on useful, jettable
formulations, such as formulations of surface-modified carbon black sensors,
intrinsically conducting sensors, surface-modified nanoparticle metal sensors, and
nanotube based sensors for ink jetting. Once a formulation exists, physical deposition
onto a substrate is performed. In one aspect, ink jetting using known ink jet heads is

preferably used for deposition. Use of a positioning system that provides x, y and z
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one sensor is energized at a tinme to reduce power
consunption. To reduce noise and the switch

WO e®s80@nCe, transi stor M/ occupi es nost of theCHES04/032774

area. The decoding circuitry also selects a
transm ssion gate {e.g., M, M5, MB, MD) which passes
the sensor voltage to a colum output bus. This signal

contisl of eHedhk yet Aegd iof th@ ﬁ'n@Bﬁl ldvePRpiefeired OhE sdh skl is
processin al t hou on-chip proceSS|n may be
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aln a
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snﬁs&a‘actbmmrahhrwmﬁb@lmnt tdrepdxitsml),) and solids sdm@t&n deposition
vvlth ut havi alculate this in the

eﬁ‘rcéﬁ@%\é%ts mﬁﬁd iygaldpdsiancen adaptive bias circuit

200 according to one enbodi nent of the present
Y@ Spects] 4 iibhBer 40 QurPice i diRSe @S0 M8t (SQ@@B? thaterials are

rati ometric out?ut and ac couplln in one Slnp e
apinizgd é&errchgmical and h@u@maés@mngu sermplerials edn beproduced

BRAEYphicLS SRR 1A RES RN BanfoRt s eteiPheds
apyslichBad BV @ 0&/5001 1, Mehictard dkicb i irdordratad By %f@i«éﬁ&e foraH-
Q her conduct ive ma%ébe used. | n_ one_ aspect,

BR@esst LNHREASSSH Arepfes gidirest ceminal eltashmert ofr @ekegulle@r polymer
& fhk Shu: eﬂ{el&f a%%fb%ﬁ'ﬂlaékg) ﬂ:lé h?ﬁiﬁ‘g{h%%s%iﬂﬂ' %’ﬁur%ﬁyaﬁf)g‘mble

in a small area, using for exa
appicleds Itl&snanémemr dizag¢gime (hg., 1 00dno e typichD cwile ﬂleﬁjhemlcal

ful, e formul ati ons, such asfornulatlon ‘
gﬁf@fﬁ‘é‘@éﬁ{%ﬁw 1aie tﬁ%ﬁ%ﬁﬁ preaRicfezmspt | It hag ansdemlﬁﬁyated that
I
DGl 08 iefor Sutbing DRoERIKe b EOmARARG EhdieRly similec
jvee-phasg (cafpraychlack @Spaxbeﬂtm@nl}mﬁr)sswsorph iasomfazlspect this process is

G@Cel%%’ro uﬁ?(gl?r Ce w&gqt% o r{(g’ﬁtgt% gg}sgersmn quality

preferably used for deposition. Use of a positioning

By SieeRpédAoupPSPIOB RS ofials)ar @A ZaA6H ﬁ@ldi%%rsﬁm il SHendiSdily
head to the micron level is Elheferred e such system

ﬂ@femwla@as bihess et 1is3@<bintth@ b1 shgwadn FIGr He rleese matenals
hﬁ\lertﬁ: a?e\ﬁst% Dbl m%léf& QL ?%gtlfng %n hre eé(ﬁellent

pOSI ioni ng o m-cr
ifﬂn jetting candldates Other useful ink-j ettmg materials and jettable formulations

include surface modified gold nanoparticle formulations and nanotube formulations.
Such formulations preferably have solid to solvent ratios in the range of about 0.1-5%
solids, although greater or lower ratios may be used depending on the formulation,

desired ink jetting quality and dispersion stability characteristics.

Solutions and dispersions of intrinsically conducting polymers may also be deposited.
Such materials preferably complement the sensing characteristics of the sensors

described above. Preferred conductive polymers include polyaniline and
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structures such as those required in biogels. The
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atithiothg pogss ed tlersobgel deniwed nmtmo(slwrﬁtyetkae (sed Merendilngs
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20 gh&pfgﬁfeﬁﬁﬁca@lfymﬁ@@ﬁl cal Iy conducting polyners may
a so be deposited. Such materials preferably

| ement the sensing characteristics of the sensors
s ifigret xbamding the edlegel enrapeHatinn proecsp & yuraerous olbpLRigymes

n and Al r
%ﬁ% \Aﬁi fplrogsﬁrgé Pesgadfliﬁrg g?,o]\ga e((@%&c?eﬁ}pé"ﬁgéie %tsblm% cehfa? d@pa%ts to
include antibodies (J. Livage, et al, J. Sol-Gel Sci. Technol. 7, 45 (1996)) cells, (E.J.A.
Pope, et al, J. Sol-Gel Sci. Technol. 8, 635 (1997)), and even photosystems (B.C.
25 Dave, et al., Mat. Res. Soc. Symp. Proc. 435, 565 (1996)). It is important to

-

emphasize that the biomolecules are physically immobilized and not covalently
attached to the inorganic matrix and, therefore, the ability to incorporate biomolecules
in the gel requires only that the synthetic conditions do not cause protein aggregation
or denaturation (J.M. Miller, et al., J. Non-Crystalline Solids 202, 279 (1996)). In

30 | general, this means that the sol should have minimal alcohol content and pH near 7.
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conversion of these polynmers to their conducting
state, an anion (or counterion) is forned either as

wao b@saeitpugat e aci d foll owi ng protonati on of PCT/US2004/032774

pol yaniline, or as an anion of the oxidizing agent in
t he case of pol ythi ophene. It has been denonstrated
that the structure and stoichionietry of these
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1. In_addition to ext ing the sol-gel encapsul ation
E?Qféféggt fﬁaﬁle%psw%tﬁ% héﬂ%%lﬁﬁaé’ﬂ&ﬁdvaéﬁ?@re%%?@ﬁ%heﬂnal
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i 31%@0%{16‘&%’6’?6& ee{‘@ %Lrv‘%rsﬁﬁg S?@esawﬂ?gm&éip jgésterase,
SRGter HARIB0%E b P&z ﬁe a&ﬁz@t (Wa336tained ik sbiSgel %&b&lﬁ{%d Efnples

enphasi ze that t bi onol ecul es are physi cal
p¥ieroidi days authg mbsemgc ofpresareinglagenis.t hmmastound@e the same

f
ORI, SRt APl DS g5 8 aibebolfag cmae
bipeoty bifiat iA rdhﬁhﬂiﬁlilé Dbfeastinvalyea ¥aBiliy Risden reported by

regation
C%gn et. al.,(Q. Chen, et al., J. Am. Chem. Soc. 120, 4582 (1998)) where the half-life

of glucose oxidase at 63°C in a sol-gel silica matrix was 200 times longer than that in

aqueous buffer. These results indicate that tremendously enhanced stability of
encapsulated bioindicator molecules can be achieved over other reported
immobilization techniques, leading to extended device lifetimes. A further advantage
of this technique is that liquid nutrient is co-encapsulated with the bioindicator
molecule so that the latter can retain its vitality, but the final composition is truly a

solid state device and is dry to the touch and the encapsulated materials do not leach
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Non- Crystalline Solids 202, 279 (1996)) I n general,
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content and pH near 7.The inclusion of the bionvolecule
in the starting sol leads to a "tenpl ating" effect
where the inorganic network grows around the dopant
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Ivity was retal I'n sol -gel encapsul ated sanpl es
after 40 days in the absence of preserving agents. In
dpplications under the sane conditions, enzymatic
activity was al nost conpletely |ost after about 20
fraydlition mqh@snmommcerapplécatienmﬂeaﬁd)mdi above ars eertain aspects,
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tremepdous| 1¥pl P ﬁ]scirelqn usf tc)als Isuchyas utility and power, oil/gas

petrochemical, chemical/plastics, automatic ventilation control
(cooking, smoking, etc.), heavy industrial manufacturing,
environmental toxicology and remediation, biomedicine,
cosmetic/perfume, pharmaceutical, transportation, emergency response

and law enforcement;
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encapsul at ed bi oi ndi cat or nol ecul es can be achi eved
over other reported imuobilization techniques, |eading

wao eosoemted device lifetines. A further advane@yesmwh4/032774

this technique is that liquid nutrient is
co-encapsul ated with the bioindicator nolecule so that
the latter can retain its vitality, but the fina
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sol -gel gl ﬁ%t@@ﬁorﬂzﬁﬁﬁde%hﬁplﬁﬁﬁMﬁ@Svo@@i@ﬂr&@ctht Brson

conductive pol ymer transducers. These novel naterials

serve as chuiestegationsparsaakideatificsfion, nesimetrieonitoriog, Bagrance
devi ces th%rﬁ%htléto zgm{ he nol ecul ar recognition
processes inherent’in bionolecular function and thus

provi de exkslaeitdedvaely Sctetess, ryfusliik Snstidnk Vdhipping container
Researchers at HRL have recently denonstrated that
t hese sensﬁ?s§e?t@§p%‘?%osleé SPASE SYORYIREJPTS w;gwah@destmg, materials

bacteria d| t
treatnents o?ﬁ r({éélrlne%c1 ﬁ%gﬁ%ﬁl |t1<?i§f§'|90(31{1 d@aﬁl ca%l Fhs 1n
addition to the sensor device applications nentioned

& bnweampilen oner¢canicoaseads the ivtentiaas rdease ofl bhag;nit:ai or blogical

rese nvention can be u .10 det anal yze
BUEEL sstenndrtoonection e yly pEfy GRcudhmaarss
ameh1a0 BBrweeR RER ohh] AfRldisBhtcHaBrel s, Y- ﬁlay%tsev&m key
limted to: ppllcatlonsmlndustrles such as

. diffareniogs. abigstpibadavel of leglgimsan intentional release is likely to be very large,

however, the location of the leak is likely to be unknown. Second, the types of
materials in the two scenarios are likely to be different (specifically designed
chemical or biological agents in the case of an intentional release). The terrorist
scenario may require a very large number of very low-cost devices to be deployed at
relatively high density in high profile target areas (e.g., public areas such as a stadium,
subway, etc.). Sensor devices according to the present invention are very well suited

to this application area and will provide a great benefit to homeland security.

Sensor devices and arrays of the present invention are also effective in noninvasive

disease diagnostics, for example, by the evaluation of chemical markers in breath or
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petrochem cal, chem cal/plastics, automatic
ventilation control (cooking, snoking, etc.), heavy

w0 ps30476@l manuf act uri ng, environnmental toxi ceCDUy20841082774

remedi ati on, bionedicine, cosnetic/perfune,
pharmaceutical, transportation, energency response and
| aw enf orcenent; detection, identification, and/or
ek bodilyJuit (Y68 bR SrifkdS ThB dhtHeAiel@8fmetdbSiomics,
anbi ent air, emssions control, air intake, snoke,
esrelpiieg Biopharicalyastabaliesstosiisense, i grgvirngia imppearicon One

7% B R [ f ood nd aqric ral,.
APRSAON, B8lepos RO e DR A LAY, B
defeets hianp individindls bh sip taen CO8 i) bre@hiuppdreNThe mortality
process, and flavor conposition and identif]jcation;
e &erithissliseass is Bight (P29 Gahtavang prrtly tp pgey caglyrliagqsis, Low-

PRI R il S LA A
kosglatien betwdérchdeathriesedéiagzosks aﬁetfaidl(ijti(mal diagnagts measures
I , body fluyid | ysi L scover
{eibie Ghtinpedibe eues exboertily, DY S5 RBG) Her 540, s The
siBy AERLOr A pradeRPIhvMGESTLEA fov@Rak diagnostic

Identificatiron, perimeter nonitoring, ?ﬁa rance
capabilititahdprovidedor ebkrse linied studiey aref indetgoummss yariety of
refuel i ng operations,.shippi.n nt i ner i nspect.i on,
v rabh sRe etles POl T s Btk BBk o oRaBiffipe Bsrmma,
RRtRIfitrbsis, URADS (eubOrbpitltoryIiAeds byrdesnd), COPH (cafbndnd
qual ity testing. For exanple, one recent concern is
cheiryctive pelmenary diggasds endung andet aCOBD isiont ofjtheaost common
' L . e rhst &ctid Vi Wi | e n
SPUEH oPYyReam REUhiced 5futer R oo ol TRRY e

ipatcemthgoOofihdirithalsniyiigehdm@@PD i@ or the i rémyY (Wigile cancer
key differences. First, the level of leak in

sever al )
éﬂdﬁ?ﬂl’%ﬁ%tmathsé%‘é@éeqsﬁﬂgp-i kely to be very |arge,

however, the location of the leak is likely to be
Q%ﬁz‘&%me%?&%}'%e the types of materials in the two
[ re ii

scenarios a ely to be different (specifically
HCSLrRe gspects, devices of the present invention may include many different sensor

types in addition to, or in place of, PCS or other chemical sensors. Such additional
sensor types include, for example, radiation detection (e.g., geiger, scintillation, solid
state), chemical, nuclear, explosive, biological (e.g., DNA, oligonucleotide, antibody-
antigen, enzyme reaction, etc.) fire detection, and other sensor types. Suitable sensors
for the systems and devices of the present invention can also include, but are not
limited to, one or more of a conducting/non-conducting region sensor, a SAW sensor,
a quartz microbalance sensor, a conductive composite sensor, a chemiresitor, a metal
oxide gas sensor, an organic gas sensor, a MOSFET, a piezoelectric device, an
infrared sensor, a sintered metal oxide sensor, a Pd-gate MOSFET, a metal FET
structure, an electrochemical cell, a conducting polymer sensor, a catalytic gas sensor,
an organic semiconducting gas sensor, a solid electrolyte gas sensor, and a

piezoelectric quartz crystal sensor. It will be apparent to those of skill in the art that
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chem cal or biological agents in the case of an
intentional release). The terrorist scenario nay

WO e@aiteege@ very | arge nunber of very | ow cost PEWUSHE4/032774

to be deployed at relatively high density in high
profile target areas (e.g., public areas such as a
stadi um subway, etc.). Sensor devices according to
titalepioes entheiphdsenttih®htiah @a BlctuddbombithtiboBSof Shel dtinfore of the
application area and will provide a great benefit to
FORRQIAR sensets A seusosBiRssr  devi ces and arrays of the
present invention are also effective in noninvasive f
' | a4 [ . he .evial uation o
H Seae b aRRA 6o e A B R TR Bl PPy o
gensgrs,capitde df producing aegcond hespoided ih ¢hd preseiic@bf physical stimuli.
tapol.om.cs, .correl ating biochenm cal netabolites to
ihea cal detegtiof fepsprs Acteehpbypiga sEmubn Suitableipbusicad stimali
R B i & P By AR ARG SBREH R Bnical simut,
pressnré,>d81ah auagnetic stahili, agd sleppimal stinTkde nortality rate
for this disease is high (>25%, owing partly to poor

| y.di i S, wad ity. (e.qg,, ,n=32 hem cal
TR AT G T D—
Bédt) IdaBilb @ NeRRIpYERAL HdpRaity 'eﬂ@%iﬁicﬁi%ﬁéﬂﬁcﬁ#%tect stimuli that

tradi tional diagnostic nmeasures (conposite o o
tnehsler butgrenotdimitedrte, samius sysaBirgy sWBTa-viBe)rays wisitle.G

1 [ & VS Qf . th resent .nvention ..
b P dh A0S R0 P E Sl pBISBE SR R PR hicn
ctndiegientfags nattlingites). to Aisplacealens tvelbicit§, Rkeletation foRle@rql,
a variety of pulnonary djsease states with The
PCESPES. JaFs L9 i acowbigrtpvelenath rd aupifydesMaemeticspatorgcan

- S i i .
Bt AT RAe Vi o ALOL it SRl A AR
maneat, md@obirationcand mdgnetie pemsabidioymBlecitiatlsessod caheddtdet
in the United. States, apd.unlike all other post common
RipyiL puch i g‘ﬂﬂ%ﬁ?&ﬁﬁ?&gbﬁ@ﬂeﬁl HRC DRy VAR BHSEEPD
1 e- 1 S 3 i «

e e e R Y, PO R e
frggwncy.n certain aspects, devices of the present
i nvention may include many different sensor types in

dditio Oy i | ace of , PCS t her. ¢chem cal . .
Bt S PPl SRl e8! P G ef nvention.
Sixchnpbenal satbosd ihcindé] Suesie nonlifnited to, BRMBESuples, such as a
scinti]lation, solid state), chem cal, nuclear,

BRPFRAUFEDS Hesnepuples. (odseghernometry, fegmareiidies.  tsmistors,
ARtal ﬁf%ﬂiﬂ@fétsfsﬂ)?éj semiconducting thermoresistors, thermodiodes,

thermotransistors, calorimeters, thermometers, indicators, and fiber optics.

In other embodiments, various radiation sensors are suitable for use in the present
invention. Such radiation sensors include, but are not limited to, nuclear radiation
microsensors, such as scintillation counters and solid state detectors, ultra-violet,
visible and near infrared radiation microsensors, such as photoconductive cells,
photodiodes, phototransistors, infrared radiation microsensors, such as

photoconductive JR sensors and pyroelectric sensors. Optical sensors also detect
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enzynme reaction, etc.) fire detection, and other
sensor types. Suitable sensors for the systens and

waelewsaaese®df the present invention can al so i ncPCMEs2004032774

are not limted to, one or nore of a
conducti ng/ non-conducti ng regi on sensor, a SAW sensor,

a quartz m crobal ance sensor, a conductive conposite
SR meatintBesd dhd Shir@ed wavePalceflih Gehed 3tbs GMSTALs, vatous
organi.c _gas sensor, a MOSFET, a piezoelectric device,
sechHiea pensoseare shitable 1 Hecdpdbe prssent isentien ardhimglude,ut are

e EL Yoo all flostnt LA pd Rllpetus Gplacepent

séaisatsydpticabdisplaenisatt serdorspuiprasoric dplacanétiicénsogs, gadelectric,
sensor, solid electrolyte g@gﬁsensor, and a, .
HP‘@E%P@?@?W&T‘%{%?I%S?TS@FW%W gYerosqnsory; aqcelggation

t - af ' ' t Lces
ARBREARbs PiokfIeRa mEKabiclorboie, Brko, B BHas
arierosensomy andofiezdetectnor @gstalrgn®ensor s and sensor types.
In certain enbodi ments, an additional sensor can
incl ude si ngl e _sensor. or .an .array.of sensors capabl.e
o St Ben gt EuR R s s H  EhR L oo AT Shifibe
BoDEL Gidhe PiréseiH inventiod aRAYidheR! bteke Gt 1RGPS fleful oxide gas
detect physical stinmuli. Suitable physical stinuli
Benspisdeuchiag tingpxedergss spisais; euganis 52 Raisatsl cChemaegpgcitors,
cadi ation . _. , . il i .
A hlodRs, Shu e ordIBE BEROGR) ATl QRIE T ftrect transistor
MOSFET) ssivssele triadevitet, a6k salbdtivie/ HE Tor 9HL densdrsig@dlyndtic
are not limted to, tenperature, heat, heat flow, .
SR sensEs clecsshenrigal cetl gensper PEHiFOR 828 ASRSPES, pigROClectric or
JRIrRG ac Sl okl gvaxtel \3hsdrf Ghided séﬂ?&rs%tﬁfa@@ f)lagﬁlﬂ%%égofs%nd fiber
ganma rays, X-ray's, ultra-violet’ rays, visible,
opficahs@dprsim cr onaves and radi o waves. Mechani cal
sensors can detect stinmuli which include, but are not

jmted.to, displ. nt, velocity, .acceleratio
NaobS Stperieasors SBREER e IS BhepdlNEREUE e but are ot
TN Rl 20 Girftered AsbtAHRdel dehkdrs, MRARRICY fnifS SHR6:13, BBRbARLE Pd-gate
stinuli that include, but are not"limted to, nmagnetic

M@SBET faleptrochergivel ¢ells raonduating palymeerisgrgors fipidgndting sensors

magnet | ermeabi | ikty. Electrical .sepsors .can det ect
SEPEH FRR e her PR SRS o BersE Bicuude, but
ate ot litnited 9b,trAgel oxi@Siepbdd 6dh BATILRERINEGS sensors, catalytic gas
capaci tance, inductance, dielectric permttivity,

pRlSals) STRARIS ORIRNARERgEAE Fensens, sadidicleoirobiie B SPRFRIS,
P%@éﬁ?&ﬁgﬁ GOSY Sy@hfselirl, ML obtl prdB&, b TibRCe1fitfSHBhanical
system device, a micro-opto-electromechanical system device and Langmuir-Blodgett

films.

In another embodiment, the present invention includes detection using sensors as
disclosed in U.S. Patent No. 5,814,524, which issued to Walt, et al., on September 29,
1998, and which is hereby incorporated by reference in its entirety. An optical
detection and identification system is disclosed therein that includes an optic sensor,
an optic sensing apparatus and methodology for detecting and evaluating one or more

analytes of interest, either alone or in mixtures. The system comprises a supporting
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Such thermal sensors include, but are not Iimted to,
t her nocoupl es, such as a sem conducting thernocoupl es,

wmoiosaod7her nonetry, thernosw tches, thernm st orBCT/DE1084/032774

t her noresi stors, sem conducting thernoresistors,
t her nodi odes, thernotransistors, calorineters,
thernoneters, indicators, and fiber optics. In other

@it and s arraafor@es of Beteigbidus 8eERESle@iv polhéiHiths which
for use in the present invention. Such radiation

duirdion 8s sesingdecepfitunits endhate ablerfordetect avariaiy pedifferent analytes
ST ! o At ;
SRfteSor i REpanGTRAld:, Sy s SGIH. U A BordlpFEE RS

véawing add elreadcal adhsng with ifaging Eheoctemicdl §éhsoss.
phot oconductive cells, photodi odes, phototransistors,

infrared radi ati on ni cyosensors, such as . . .
R B ot P WOk reraa PR fiRichy PhEF RSPRNKiion can include
ORE bf RlbresRNSRS of fhSRr JLkEtk ﬁ@?! g%%dg i Raed e.?a,g

infrared waves. I n certain ot I ments, vari

nedividnil physisdrisvics lepationy,in abétwofloof ngles can ¢doh indledseste or

in tion and ingcl ude ut are not limted to, ;
RS aReRPPe OroreRpl s @i ut Rl vl el inom et s
Weafth@g eRReless) @BG0E fuclidMd £ sthgldiseioA BRREN ecORNPALSN that is
ul trasoni ¢ di spl acenment sensors, pyroélectric,

verdeg & (wisplgss) devicainstusingssyers! sansers of thepame|ogifferent type, a

.G | er@t .o ' nsSors
SEbART IS (uEE b AR i MR 0l Bnclude pne o ppore sensors
afitheshmaion diffeeemSEis and a nemdripmenied ggtion. ¢ cryst al
sensors. I n certain other enbodi nents, various

em cal or .biochem cal sepsors are suitable for use

TS G2 i tiioh PaoR CPHDSHBY MY OGaEHG aneterB of the
IsheBifi E&mbImBERE 3t is3S bEenB&St08 8 BRP R inP&fidn 35ndt! inifd 18 $he
gas sensors, organic gas sensors, chenbcapacitors,
diselos¢dti¢robimlimentyc Modke cantragg it is irferuizt] tté yocbe varieys medifitations

G50 S bR B RS PR B

Biathple! deviRD 86osding ke pesBRIThbdtio Phdy AR {Sdiagnose diseases
pell1stors gas sensors, piezoelectric or surface

HBI9E spRreptiatasensos endigusations Andanadyséealgerithms s Thérefwe, the scope

£ n i ber tical sensors. Various
SRR PBE S0 M b P e P 85
encceifaboall suvhlmetificdishs afi®sifflar kirfidefdniso, sintered
metal oxi de sensors, phthal ocyani ne sensors,
menbr anes, Pd-gate MOSFET, el ectrochem cal cells,

conducti ng polymer sensors, lipid coating sensors
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and netal FET structures. In certain preferred
enbodi nents, the sensors include, but are not limted

wo o05iret7ed oxi de sensors such as a Tuguchi gasPGENSWNE(032774
catal ytic gas sensors, organic sem conducting gas
sensors, solid electrolyte gas sensors, piezoelectric
guartz crystal sensors, fiber optic probes, a
m cro- el ectro-nmechani cal system device, a

@Vﬁﬁ l-egtieomechani cal system devi ce and

quRﬁ EDS: films. In another enbodi nent, the
present inve | ncl udes detection using.sensors as
di scl osed rAnlgIE’Jioglca e@ﬁaetﬁﬁlon?pgiﬁ‘ 2%PIRHRNE, i ssued
to Mahtybstatdd! -, on Septenber 29, 1998, and which is
her eby i ncorporated by reference in its entirety. An

opt i cah artey ettWaoer mers senzems arfangad oo thesypbsteate,ivgherein at least a
I th | ud
St e A 8RBl o P

péhteadl uating one or nore analytes of interest,
elther al one or in mxtures. The systen1conpr|ses a

s u p po prersAiRG B dals dlitsatln eoupjed torapliobihe Resersgd feBligured to
S SR o e P R
dlfferent anal ytes using spectral recognition

patterns. Using this system it possi bl e to fonblne
vi ewi Ry and DERBAATEEF ofglaum Agw i thﬁawﬁsgmf sigepiigured to

I r
B i BRR G dhcEf ] Qg RS ROl condition, and a
isexind gheocesethet idemtifees e msigisoithe sharigk an therendirdrireerdaltcondition.
type. Also, individual nodes, e.g., individua
physi cal device |ocations, in a network of nodes can
each igncl U@Fﬁe%ﬁﬁar%s GPbltahﬂ hewh&Ri e E3RAS prdcess includes a
exanple, a network may include one person that i's
wetiernmecognitionraggositlan. devi ce including a single sensor
type, a second person that is wearing a (wreless)
devi ce including several sensors of the sane or

di ffeyent tiReppaatkaftRGANY fithhet BeludiMg £dodgAumiEation module
di rect connected) that may 1 nclude one or nore sensors

epnfigiwed krprovide dhe (fléPlérﬂgflaHﬁ’ean g intelligende deayiret or
station. Wiile the invention has been descri bed by way

of exanple and in terns of the specific enbodi nents,

it issto ba‘h&mﬂpa:rsﬁleoﬁclahﬁﬂ whereimtte nbmanmicatiwimodule includes

limted. to the discl enb di rents. To the contrar
o0ne P PiRelATEIE25° GBY 8 POYSIFAL DU THEHCP oAU IGHHRE With the

s as woul d be apparent to those
%E{Qf!%laqgnt@ﬂl% TG, Pp

e art. For

6. The apparatus of claim 4, further including:
a power module for supplying power to the detection apparatus; and
a pick-up antenna, wherein the power is supplied by an external RF field

received by the antenna.
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exanpl e, devices according to the present invention

may be used to di agnose di seases using appropriate
w@esanee76onf i gurati ons and anal ysi s al gori t hnsPCT/US2004/032774

Therefore, the scope of the appended clains should be

accorded the broadest interpretation so as to

enconpass all such nodifications and simlar

ar r angementhe \Wheratud o CEINMEDukther ﬂacluﬁ‘u%I L RheRbatRBEAbdule

detection apparatus, conprising: a substrate; an array

@ﬁnﬁmecbto mv@e ﬁﬁg@at@natp paNeEd responsectodhhetpalt signal having a

Mhﬁé% ove e§1 ébrst one of the sensors includes a

S|ng A aﬂ?ed to detect a biologica

agent; and a proceSS|ng nodul e directly coupled to

each of the sensors and ponfigured to process signals

recei Yed f riddapperaiugef eleioydy whetelisbe sompupicetionr Bognle includes

%Fié BEL L& @@éakelz bué%f aﬁcf’%ga%‘oﬂ%e%aﬁ%ﬁ' m1, wherein

the processor 1s con ured to execute a first process

t hat detects a change in an environnmental condition,

and a second process that |de tifies an orﬁgln of the

changé- i n tIhe aBRPiuS RRElAI P, ?ramth%mre@ss gtace device
WS oPfn RF r

(R v

appsoeBtens of claiml1, further including a

comuni cati on nodul e configured to provide the out put

signal to an external intelligence device. 5. The

appar apus afheGl k)ﬁérmué’r of ¥HRA 81 WhiBH 1RO PHIAN L Bhd Eﬁ’erfﬂé@ HcPudes
includes one of a wireless interface and a physi cal

loue of an BS232ottop Udhparhindha Fingwisg portt he ext er nal
intelligence device. 6. The apparatus of claim 4,
further including: a power nodule for supplying power

to thgildet ethciapparafaar alalis 1, Whetemh Rt tWd theBéidors are
wherein the {)ovver is suppli ed by an external RF field

peb@ieyéanmﬂ Hengis-enna. 7. The apparatus of claiml,
further including a conmunication nodule configured to
provide information to a user in response to the

out puti2si griie apparhtng ofichvh Uewhérelr at ddasy£saaohd bRSbftthd sensors

val ue.
is a chemical sensor.

13.  The apparatus of claim 1, wherein the sensing element of the first
sensor is selected from the group consisting of a polymer composite sensor, a surface
modified carbon black sensor, a sol-gel encapsulated enzyme, a biopolymer, a self
assembling monolayer, an intrinsically conducting polymer, a carbon nanotube

composite, a nanogold composite and a nanoscale polymer composite.

14.  The apparatus of claim 1, wherein the apparatus has a dimension of

less than about 4 square inches.

15.  The apparatus of claim 1, wherein the apparatus has a dimension of

less than about 1 square inch.
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8. The apparatus of claim 7, wherein the comunication
nodul e i ncludes one of a LED, speaker, buzzer and
W@ Rsaed7en mechani sm 9. The apparatus of cl ai PEBUS2004/032774
wherein the wireless interface device includes one of
an RF transmtter, an RF transceiver, an IR
transmtter and an IR transceiver. 10. The apparatus
of claimb5, wherein the physical bus interface
i ncl udes one of an RS-232 port, a USB port and a
Fi r evvi16e pdihe appﬂlratu?.’bﬁc]amarwhersindhe sdnaommahd thdgoedssing
ggst two of the §§psors are pol ymer conposite
qquls aze infogratpd onthe sHbSiAe. of claim 1, wherein at
| east a second one of the sensors is a chem ca
sensor. 13. The apparatus of claim1, wherein the
sensi Ag. eIéﬂemppmﬁmshéchnnétﬁ@bmsodmmmggeuﬂadguaﬁmmwhmnmn
& grou con |st|q$ tﬁolymer conposite sensor, a
oAt B "RE BB APHT YK sensor, a sol - gel
encapsul at ed enzyne, a biopolyner, a self assenbling
nmonol ayer, an intrinsically conducting polyne

c ar bord8nan &h@@ép@f@hﬂp ofclein 17, wameigdhelattashpient méclwmfrra
al e osite. 14. The apparatus of
EW%ﬁfneﬁﬁgFggﬁnéﬁgquparatus has a di nension of |ess

than about 4 square inches. 15. The apparatus of claim

1, wherein the appar at us. has a djnension of |ess thafn
about 19- squdiearp#ans pé claipd, ﬁBﬁﬁF&%ﬁ§ﬂ§ﬂ¥§?§PﬁﬁPfﬂw st

{
R R Lot DR SRR o S nsisting of
@objanilihe ahd pdlyditiopheakudi ng an attachment mechani sm for
all ow ng a user to wear the apparatus. 18. The
apparatus of claim 17, wherein the attachnent
mechanipsm 'ﬂﬁl gﬁ%’tu@%?cﬁfmq whéeRinARd agpRatls 1s]1%ed TJ‘(ﬁagnose a
appar at us of 1, wherein the sensing el enent
tdieeade orsietmnwblpbgml agent bassd on Bflnyplmgwfg@ @tmcpﬂphere or a bodily
qﬁngner sel ected fromthe group consisting of

21.  The apparatus of claim 1, wherein a second one of the sensors includes
a sensing element configured to detect a biological element different from the

biological agent detectable by the first sensor.

22.  The device of claim 21, further comprising a communication module

configured to communicate with an external processor.

23. The device of claim 22, wherein the communication module includes a

wireless transmitter device.

24. The device of claim 23, wherein the wireless transmitter device

includes one of an RF transmitter and an IR transmitter.
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pol yani | i ne and pol yt hi ophene. 20. The apparat us of

claim1l, wherein the apparatus is used to diagnhose a
waele@sasce®dr determ ne a biol ogi cal agent basedP@RUS2004/032774

sanpling the atnosphere or a bodily fluid. 21. The

apparatus of claim11, wherein a second one of the

sensors includes a sensing elenment configured to

det ect,-.a biol 0gi C I . .different fromthe
bi ol oéﬁw ‘Aésgeg‘%”?étte@c?%wés@% the first sensor. 22.

The deyl@eligfofebming dicek ach devicoimphidiigun aray of two or more
comruni cati on nodul e configured to conmuni cate V\%I h an
ssnsersrraranged ek s@strateznd prkirel e copmpnication maodile for remote

wher -he. mmuni cati on nodul e i ncludes a wrel ess
tcfn%nsm ‘taglgl‘ri aglgvi ce. 24. The device of claim23,

wher eiarcehits] prbdesting aode, datddtremotedenn sadisamsdingidsyicsngncluding
of an RF transmtter and.an. IR transm.tter, 25. A

SerESig SOSRIE 0 HAOPETIRCHOBIRAdHY 59 gpaE BRBE sghfigured to
Qe S é)‘?@&gs Qgﬂeg% Frg{nnﬂila gﬁirﬂﬁy%Fs@fsfr@ﬂeofcle&V\D or nore

Sensors drrange subStrate and a wi rel ess
conmuni cati on nmodul e for renpte communi cati on; and a

centrg|_ progessin e cated remtefromsaid .
sensi%ﬁ'deSﬁ@é@?egﬁgﬁﬂ%#ﬁgfgﬁﬁ$3%%§gﬁﬁﬁﬁﬁ%%ﬁFé?%%%S%EH%
RPN Ie RidePR poBHIc BomPaiitd sede bei ng configured to

receive and process signals fromthe plurality of
sensing devices. 26. The system of claim25, wherein

at le afirst _on . ' AS| A . ude
a pol %r c@}?psggﬁe e&scgiﬁglzﬁ’ qvﬁ%ﬁh%gsoggéﬁg%g%ﬁ ﬁ%ﬁ%i m Includes
%?olyﬁ@f@nqpogﬁ@&m&,sai d sensing devices includes a

pol ynmer conposite sensor. 28. The system of - cl ai m 25,

wherein at least a first one of said sensing devices

i nclu a C i : : [ [ :
hgent 250" BRASEEOLIAEHIS WcRif BIBRS o Bl A 6L sensing

fdegvides tttudet a saisdr safiung] tdeleiecesbiohgicazest.a sensor
configured to detect a chem cal agent.

29.  The system of claim 25, wherein at least a first one of said sensing

devices includes a sensor configured to detect a chemical agent.

30.  The system of claim 25, wherein each sensing device includes a power
source selected from the group consisting of a battery, a solar cell, an RF tag module

and an IR tag module.

31.  The apparatus of claim 25, wherein at least one sensing device includes
a power source selected from one of an RF tag module and an IR tag module, and
wherein the communication module of the central processing node includes one of a
corresponding RF or IR transceiver for sending a corresponding RF or IR activation
signal to the at least one sensing device and for receiving an information signal from

the at least one sensing device.

50



30. The system of claim 25, wherein each sensing

devi ce includes a power source selected fromthe group
wa@omwsited7sig of a battery, a solar cell, an RF P@mUS2004/032774

nodul e and an IR tag nodul e. 31. The apparatus of

claim 25, wherein at | east one sensing device includes

a power source selected fromone of an RF tag nodul e

and agy| R g s{ReiH |o?claﬁﬁ@5"\®ﬁér€inrhtﬁgé§t £ ﬁl%tdeefée is

modul e of the central processing node 1Inc es one of

aelcmd &omcheli gm};lp RPEngstingR ftaruhguei opprpokive sem«m;l piggrface modified

din r .,I R act tion signal to the .
Fabbf Bk Subfl Mrghd e sl opetytigh & sof assembing
hm}@rary‘@lt iR 'imﬁhﬁé'baiy doh @Rt oRfméreA8rb oM BarkAils d¥dhposite, a
devi ce. 32. The Stemof clai'm25, wherein at |east a
napagoldseqmapasie aed/ pandsgals pblystes domipesiiet he gr oup
consi sting of a polyner conposite sensor, a surface
nodi fi ed carbon bl ack sensor, a sot-gel encapsul ated
enzymg3. a Ighepptatier claﬁnasl ‘fvh@’éﬁﬁiméaismﬁfw S@isiigalevicad includes
intrinsically conducting a carbon nanot ube
én mgwﬁ%ﬂy @nﬁ%ﬁﬁ@@mOM%rﬁﬁkg efl @oah thegroreessigting of polyaniline
gsite. 33. The systemof claim 25, wherein
gﬁ ¥g§ﬁ¥&ﬁﬁﬁlrst sensi ng device includes an
intrinsically conducting polynmer selected fromthe
group consi sting of polyaniline and pol yt hi ophene.
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